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Introduction 

The enthusiastic reception of the first five volumes of The Encyclopedia of Elec­
tronic Circuits prompted the authors to produce this volume-the sixth in the pop­
ular series. 

Taken together, the six volumes contain approximately 6000 circuits-by far the 
largest and broadest collection of practical electronic circuits available anywhere. 

As in the other volumes, the I 000+ circuits presented here are arranged alpha­
betically, by category. All circuits in this volume, as well as those from the previous 
five volumes, arc included in the index, which now has approximately 6000 entries. 

We express sincere appreciation to the many electronic industry sources and 
publishers who graciously allowed us to utilize some of their materials. Their coop­
eration is gratefully acknowledged. 

Once again, it gives us great pleasure to extend our sincerest thanks to Loretta 
Gonsalves-Battiste, a fine lady whose skill at the computer and willingness to work 
long and hard made on-time delivery of the manuscript for this book possibie. 

Rudolf F. Graf & William Sheets 
September 1995 
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AGC and ALC Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 

707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

AGC Audio Preamp 
3'MHz Low-Noise AGC System 
IF AGC Network 
Audio Leveler 
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Fig. 1-1 

The circuit uses an easily obtained 741 op amp set for an internal gain of about 200. A portion of 
the op amp's out.put signal is rectified by the 1N4148 diodes, then filtered and fed to the gate of the 
FET input shunting circuit. As the output rises, more and more input shunting takes place. That is, 
more of the input signal isbypassed, effectively keeping the output level constant. 

The circuit offers a 100: I limiting action. The input level can change over a 100: 1 ratio with little 
or no effect on the output level. The output level itself can be set from less than unity all the way up 
to nearly the gain of the amplifier, making the circuit. usable in other applications as well. 
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""' HIGH-PASS 

"' 1000 

32MHz 
LOW-PASS 

-· (•t 300K) 

RF 
OUTPllT 
:1.25V 

Fig. 1-2 

The AD600 dual volt.age-controlled amplifier in this circuit provides a 3-MHz AGC system with 
80-dB range. 
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ELECTRONIC DESIGN 
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"" 30.H 

Fig. 1-3 

A simple IF AGC circuit that features wide dynamic range and excellent linearity can be achieved 

with two chips: Tl's TL026C voltage-controlled amplifier JC and Linear Technology's LT1014 (or any 

other similar basic quad op amp). 

1994 EXPERIMENTERS HANDBOOK 
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Fig. 1-4 

A low power programmable compandor chip, the Signetics NE577 IC is used. Incoming audio is 

compressed, rectified m1d conditioned so that the input signal level always remains about the noise 

level. The compressor is an ALC circuit that outputs a constant level and the expander part of the IC 

is not used. 
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Air-Flow Circuits 

The sources of the following circuits are contained in the Sources section, which hegins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

4 

Hot-Wire Anemometer 
Electronic Anemometer 
Air Flow Detector 
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ELECTRONIC DESIGN 

HOT-WIRE ANEMOMETER 

I+-- Filament thermostat --1+----- S(VF'-ZI computation 

i\~1 
Filament VF 

12182 l 

Notes: -
All transisto~ • 1ff CA3D81 
All op amps • 114 LMC6484 

+5 

Flow 
DUI 

Fig. 2-1 

An anemometer can be realized by utilizing the inherent transconductance match of transistors 
in the array, instead of passive series resistances, to control filament current. As a result, as Al serves 
the collector current of Q4 and thereby the voltage across Rl, it simultaneously adjusts the filament 
(a 2182-type incandescent lamp denuded of its glass envelope) voltage, v;. The ratio of the filameilt 
to Rl current is stably maintained by the identical temperature and operating points of Ql through 
Q4. The net result is that Al drives the filament temperature to the value that causes filament resis­
tance to equal Rl/3 = 3;3 n. This is about double the cold resistance of the filament and therefore, as­
suming tungsten wire with a 0.0045/degree coefficient of resistance, represents a filament operating 
temperature of around 230°C. This is hot enough that moderate changes in ambient temperature are 
unimportant factors in filament power demand, but not so hot as to cause the filament to burn. 

Rail-to-rail input amplifier A2 continuously serves the collector current of Q5 to YclR,, making 
the v;,,. of LQ5 a logarithmic function of v;. A3 multiplies this log by 4 and applies the product of Q7. 
Q7 does the antilog function so that its collector current is proportional to the fourth power of v;. 
Thus, by King's law, it's proportional to air speed in the vicinity of the filament. This current is offset 
and scaled by A4 to produce a voltage output that, thanks to the rail-to-rail output capability of the 
LMC6484, can range from 0.01 to 4.99 V. Full-scale air speed can be adjusted, using R7, to any value 
in the range of 1 to 10 meters/s. 
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ELECTRONIC ANEMOMETER 
PROCESSOR BOARD MONITOR r------------------------ir-----------, 
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POPULAR ELECTRONICS Fig. 2-2 

A motor used as a generator is used as a transducer to generate a de voltage that is proportional 
to wind speed. Kl prevents the transducer voltages from being applied to the circuit if no de power 
is present. UlA through UlD is a de amplifier, integrator, and buffer. This circuit drives the meter Ml. 
The processor board is mounted in a housing along with the generator Ml. 

POPULAR ELECTRONICS 

AIR FLOW DETECTOR 
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R4 
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*SELF HEATING IS USED TO DETECT AIR FLOW 

Fig. 2-3 

The self heating of a semiconductor that is cooled by airflow is used as a sensing method. 
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Alarm and Security Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Burglar Alarm Circuit 
Auto Security System Transmitter 
Home Security System 
Auto Security System Receiver 
Flashing Brake Light for Motorcycles 
Car Alarm Decoy 
Motorcycle Alarm 
Simple Bike Horn 
Door Ajar Indicator 
Motorcycle Burglar Alarm 
Horn Circuit for Motorcycle Use 
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BURGLAR ALARM CIRCUIT 
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POPULAR ELECTRONICS Fig. 3-1 
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This alarm circuit is built around a single 
4081 (CMOS) quad AND gate. It offers an exit 
and entry delay (around automatically reset 
two minutes after tripping. provided that the 
trip input is not left high). 

The arming switch must go high to arm or 
low to disarm. After arming, Ul-a begins to 
charge CJ via R6. Around 20 seconds later (af­
ter the exit delay), Cl has a sufficient charge 
to produce a high at the pin-5 input of Ul-b. 
Also, when the circuit is armed, QI is turned 
on to indicate arming, and one input of LI 1-d is 
brought high. 

Aft.er the exit delay times out, if the trip in­
put opens, it causes an output on gate LI 1-b. 
Transistor QI is turned on, lighting the trip indi­
cat.or (LED3), C2 ins\m1Uy charges, and the out­
put of Ul -c goes high. At that point, C:3 begins 
charging to provide the entry delay 

After 20 seconds, C3 has sufficient charge 
to produce a high at pin 18 oflJJ-d. That forces 
LI 1-d's output high, tuning Q3 and Q4 on, which 
activates the alarm indicator (LED2) aµd 
sounder (BZl), respectively. lf disarmed after a 
trip pulse, but before the 20-seconrl, entry delay 
ti.me out, pin 12 of U 1-d goes low, so the gate's 
output rloes not go high mid the alarm does not 
sound. 

Components C2 and RIO holrl lJJ-c on f"or 
around 2 minutes and 20 seconds to provirle 
the two-minute alarm. Alter C2's charge drops 
below half of the supply voltage, Ul-c's output 
goes low, awa.iting another trip pulse to set it 
off again. 



AUTO SECURITY SYSTEM TRANSMITTER 
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Fig. 3-2 

This tnmsmitter operates at 49 MHz and uses an M145026 progranunable digital encoder to gen­
erate a unique digital code, depending on the positions of 82 and 83, to control ignition and lighls or 
horn. Ql is the oscillator, Q2 the power amplifier. The antenna is a 36-inch whip or wire antenna. 
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POPULAR ELECTRONICS 
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Fig. 3-3 

At the heart of the main-control unit is U16, Zilog's ZS-8-bit microcontroller, which receives its program instruction from Ul 7, 
a 27C64 SK x 8 EPROM_ The home security system in its most basic form, features eight individual protection zones, adjustable 
entry and exit delays, a panic SV>itch (for emergency situations), automatic system reset, support for an auto-dialer (which, in 
case of emergency, dials pre-programmed telephone numbers), it's X-10 compatible (allo'>'ing it to control house lights and ap­
pliances), has a backup battery (to keep the system on-line during a power failure), and there is also an optional zone-status panel 
that is used to indi<idually show the condition of each protectiori zone. 

This system's power supply provides 12 Vdc for the sirens and digital keypad, and 5 Vdc for the on-board electronics, while 
also providing a constant 12-V output that's used to charge the backup-battery. 



AUTO SECURITY SYSTEM RECEIVER 
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Fig. 3-4 

This receiver is a superheterodyne type tuned to 49 MHz. U2 is a mixer, followed by a 10.7-MHz 
filter and two-stage IF (U3, U4) and detector. The encoded received RF pulse signal from the an­
tenna produces detected pulse from the MC1330P These pulses are amplified by U5 and fed to de­
coder IC U6, and MC1450278. Two channels are available at the output, which drives Kl anrl K2. 
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FLASHING BRAKE LIGHT FOR MOTORCYCLES 
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POPULAR ELECTRONICS Fig. 3-5 

When brake-light switch Sl is closed, power is applied to Ul and IJ2. 1\vo inverters of U2, a 4049 
hex inverting buffer, are connected in a low-frequency oscillator circuit that feeds clock pulses into 
Ul, a 4017 decade counter/divider. Outputs 0, 2, 4, 6, and 8 of Ul arc coupled to the gate of Ql 
through a I N9 l 4 diode. As the 4017 counts down, it turns the brake light on and off four times and 
then leaves it on until the brake switch is released. The on/off rate can be set by potentiometer R2; 
for best results, the on/off rate should be set so that it is rapid. 
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Fig. 3-6 

The device will simulate the presence of a 
burglar alarm in automobiles or homes. Mount Rl 
where daylight can fall on it. During darkness, 
LED 1 flashes, making potential intruders think 
an alarm-system is installed. 

MOTORCYCLE ALARM 
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Fig. 3·7 

A dual timer is used to generate a long pulse, which gates a second timer, producing a square 
wave (nonsymmetrical) and controls the on/off time of the horn. Siren operation can be selected 
with a jumper. In this case, the output of Ql will be continuously on ru1d not cycled. Sensor Sl is a 
row of adjacent circuit board traces with a stainless steel ball bearing laying on them. Any movement 
causes momentary shorting and opening of the circuit, triggering Ul-a. 
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POPULAR ELECTRONICS 
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Fig. 3-8 

The horn circuit uses only one gate of a 4093 
quad 2-input NAND Schmitt trigger, Ul, con­
nected in a simple, low-frequency, square-wave 
oscillator circuit. The oscillator's output, at pin 3, 
drives the gate of QI. The drain of that FET 
drives a small horn speaker. 

Potentiometer Rl can be adjusted to set the 
horn's output frequency. Some horn speakers are 
frequency sensitive, so play with the oscillator's 
frequency control for the best or loudest sound. 

DOOR AJAR INDICATOR 
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12V 

PIEZO OR ELECTRO-MECHANICAL 
SOUNDER 

C1 ' 
1 

02 
2N2222 

A 

--r--O-··-·----

t_;___,,_~ 

B 

DOOR 
CHIME 

DOOR 
CHIME 

TRANSFORMER 

Fig. 3-9 

This simple sounder (A) makes a good door annunciator. If the buzzer is replaced with the cir­
cuit in B, the annunciator can be made more pleasant to the ear. 
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A2 
100K 

C1 
.1~ 

R1 
100K 

' 8 

U1 
555 

RJ 
1 MEG 

C2 
100 

MOTORCYCLE BURGLAR ALARM 

(TO 
MOTORCYCLE 

BATIERY) 
~ 

S1j 

(TO { SIREN 
OR 

HORN) 

A 555 JC is connected in a one-shot timer cir­
cuit that turns on a FET transistor and either a 
siren or the bike's horn for a preset time period. 
Switch SJ is used as an on/off switch. 

01 

~---t----'~;;'! IRF511 

Closing either of two switches, 82 and 83, 
will trigger the IC. When either switch closes, pin 
2 of Ul goes low. That triggers the IC to produce 
a positive output at pin 3 and sounds the alarm 
for the time period set by R3. The mercury 
switch, S:3, is the switch that activates the alarm 
should anyone move your bike. Switch S2 can he 
used as a panic switch. 

S3" 
MERCURY 

SWfTCH 

s2· 

'SEE TEXT 

POPULAR ELECTRONICS 

"' 

U1·b U1·a 
1/44093 

5 
114j®3 14 

C1 
1 

POPULAR ELECTRONICS 

16 

"'-

Fig. 3-10 

HORN CIRCUIT FOR MOTORCYCLE USE 

..:t... 
e--- +12V S1 

R2 
250K 

SPKR1 

01 
IRF511 

Fig. 3-11 

Gates Ul-a and Ul-b of the 4093 quad 2-
input NAND Schmitt trigger are connected in 
variable, low~frequency, square~wave oscillator 
circuits. The output of gate Ul-a is connected to 
one of the inputs of gate Ul-b. The square-wave 
output of gate Ul-a modulates oscillator Ul-h, 
producing a two-tone output. A really interesting 
sound can be produced by carefully adjusting po­
tentiometers Rl and R2. 



4 

Amateur Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

1.2-kW 144-MHz Amplifier Power Supply 
1.2-kW 144-MHz Amplifier Control Circuitry 
1.2-kW 144-MHz Linear Amplifier 
Four-Stage 75-Meter SSH Superhet Receiver 
Improved CW Transmitter Keying Circuit 
One-Chip AFSK Generator 
Programmable CW Identifier 
Audible SWR Detector Adapter 
Audio Breakout Box 
One-Watt CW Transmitter 
PTT Control from Receiver Audio 
Transceiver Memory Backup 
80-Meter SSH Receiver 
CW Audio Filter 
RF Line Sampler/Coupler 
Battery Pack and Reverse Polarity Protection 
Simple Identifier 
Transmit Keyer Interface Circuits 
Mobile Radio On-Alarm Timer 

17 



QST 

1.2-kW 144-MHz AMPLIFIER POWER SUPPLY 

"' 
"f'~'\r+-~~-..~".f';..,_~+-~~ 

240 v 

"' 
,,-'--.. 

" 240 v ~ 

" 
120 v 

120 v 
om 

"' 

+ 

O< " 
nso v 

°' " '00' 225W 

...Rl=£ 
4.5 kV 

" .. 
"" 

2.2k 

E•o•pl o• lndlcotod, doolmol v<llu•• of 
oopooitonce or" In m'°"''"'"d• ( l'F ); 
ot~e<O ore i., pltofo,od• (pF): 
,.,;,lance• ore in or.ms: k~1,000 

t\2 Vdc 

"' 

Schematic diagram -or the high-voltage power supply recommended for use with the power amplifier. 

3200 v .. 
'° Fo~vro 2 

--""-
1/2 w 

,_ 
,. 

Fl9uro 2 

Fi9ur• 2 

01-_04-Strings of 4 each, 1000-PIV, 3-A (1-mA meter movement used wilh series T1-High-vollage power transformer, 
diodes, 1N5408 or equivalent resistors shown in drawing) 240-V primary, 2250-V. 1 2-A secondary 

K1-0PST relay, 120-V ac coil, 240-V-ac, MOT1-Cooling fan. Torin TA-300 or (Avatar AV-538 or equivalen1) 
20-A contacts (M1dl_and Ross equivalent T2-Stepdown transformer, Jameco 
187-321200 or equivalent) Q1-2N2222A or equivalent 112125. 240-V to 120-V, 100 VA 

K2-SPDT miniature relay, 12-V de coil Q2-MPF102 or equivalenl T3-Power transformer, Jameco 104379, 
(Radio Shack 275-248 or equivalent) 81-20-A hydraul1c/magnet1c circuit 120-V primary: 16-4 V, 1-A secondary 

M1-H1gh-voltage meter, 5 kV de full scale breaker (Potter and Brumfield (half used) 
W68X2Q12-20 or equivalen!) 

Fig. 4-1 

A schematic diagram of the high-voltage power supply recommended for use with the power 
transformer. This power supply can also be used for other equipment with similar requirements. 
CAUTION: hazardous high voltages. 
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1.2-kW 144-MHz AMPLIFIER CONTROL CIRCUITRY 

ll5l 

PREHEAT 

~ 052 

READY 

Koying Jack 

KEYING 
INHIBIT 

(10 Seconds) 

D~ 1: ~.., tof•guro2 

'" 

+ 

+12 v 

" '" 

+ 

" 2 2. 

GRID 
OVERCURRfNT +12 V frorn 

~--------------! KV p,., Supply 

(ri~u'" 8) 

E•cepl 05 indicoled. decimal 
valun of copocltoncf> ore 
in mjcroforodo ( µF ); o!he'" 
or& in pkororod• (pf): 
reoiotonces or~ in ohm$. 
k•1,000, M•l,000,000. 
NC-not coonodod 

t___NC_J9Q 

RESET 

NORMAL 

~ 

°'' 

Schematic diagram of the amplifier-control circuits. 

ll2 v 

"' 
R<g 

°"' " '" + 
" O.~? 

Set G"~ 

0.01 

to Figure 2 

°' 

''° EV 

" 

FILAMENT OELAY 
(4 Second•) 

'"' 

" iW 

" 

11G, 

Fig. 4-2 
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QST 

20 

" INPlJT 

"' " 

to Control 
Boord 

(figur• 4) 

1.2-kW 144-MHz LINEAR AMPLIFIER 

"' " 

l2Q.. 

'" 

" " 
" '"' 

"' 

\o Figure 4 

~~~~~_,,~-0-~~~~-"'-A~~_,HVB+ 

'° ngure 

' 

E•c.,pt os indicoted, decimol vo•ues of 
copoc;tonce ore in microforods ( i-F ). 
oth•rs oro in p;coforod• ( pF ); 
res;s\onces ore in ohms. l<-1,000 

A 120 v 
C<ithode 

HV 8-

" " " 25W 
Figure 

' 
lo Fiou" 4 

C1-C4-100 pF, 5 kV, type 850 
CS-1000 pf, 5 kV 
C6-Anode-tuning capacitor; see text and 

Figure 5 for details 
C7-0utput-loading capacitor; see text 

and Figure 7 for details 
C8-C10-1000-pF silver mica. 500 v 
C11-30-pF air variable 
C12-0.01 µF, 1 k.V 
01-1000 PIV, 3-A diode. 1N5408 or 

equiv 
02-8.2-V, 50-W Zener diode, ECG 

5249A 
J1-Chassis-mount BNC connector 
J2-Type-N connector fitted to output 

coupling assembly (see Figure 7) 
L 1, L2-Plate lines; see text and Figure 6 

for details 
L3-5 t no. 14. 1/2-inch diameter, close 

wound 
L4-3 t no. 14, %-inch diameter, 

'/•-inch spacing 
RFC1-7"-t no.14, 5/,-inch diameter, 

1 i1, inch long 

FILA'-!ENT 

AFC2, AFC3-10 t no. 12, 
'/,-inch diameter, 2 inches long 

T1-F1lament transformer. Primary: 120 V; 
secondary: 6.3 V, 25 A, center tapped 
Available from Avatar Magnetics 
(Ronald C. Williams, W9JVF, 24.Q 
Tamara Trail, Indianapolis, IN 46217, 
317-783-1211 ); part number AV-539 

M1-Grid m1lliammeter, 200 mA de full 
scale 

M2-Cathode ammeter, 2 A de full scale 
MOT1~ 140 free-air elm, 120-V ac blower, 

Dayton 4C442 or equivalent. 
Sources for some of the "hard to get parts" 
include: 
Fair Radio Sales, 1016 E Eureka, Lima. 
OH 45802, tel 419-227-6573 
Surplus Sales of Nebraska, 1502 Jones 
Street, Omaha, NE 68102, tel 402-
346-4750. 

120 v 

Schematic diagram of the 2-meter amplifier. 

Fig. 4-3 
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" ~ 

FOUR-STAGE 75-METER SSB SUPERHET RECEIVER 

1.1; • .,, 

O• 

"' J7 to 40 MH1 
5 V P-P 

4067J 
JN2\1 

" " " " " 0 

'" 
//,',:1 " 

JO'~ 100 

100 • 

" " "' 0.01 

C7 ;:;:::~ 

"' 
10 V P-P I 

50 to SJ MH1 "" 2N4.,lb 

" rn 
~ 

"' '" "" '" " C22 JO +' +"' f ~;' II~ ,, '" 9.1 v 
l.IAIN 

TUNING 
220 • ' 0.4 w 

100 CAL 
tl7 ~ II "" "' I Poly 220 11-H 

5.0 l.jf<z osc freq ~ 4 0 MHz RX freq rf-7 
5.J MHz osc treq • J.7 MHz RX freq 

Prod Oet/BFO 

" 40673 
4 V P~P Ji\1211 

Aud.a Amp 
LMJ65 

" 9 000 MHz \ r.?. "' '-.:..:.L....J~u c1s+~V 10 µF 

~ 

D "' " " ' '" " o.oJ, 
11 .. 

•oo • 
T C12 

"' 

11"' I ..l C1J RFC2 

J," T t00 22µK 

I 1 ;',;;;'~"' 
C1<1_[- WI 
22 L_ 

I 

E>c,.pt <>• ind<cotO'd, decomol 
Wllue• al copocitonce ore 
in m.crofcrod• ( l'F ): ether• 
ore in picola<ods (pF); 
rtt•i•tonces ore in ohm•: 
k•1000. 1.1-1000 OO!J. 

Poly ~ PcOystyr•ne 
NC ~ i'fo Connect.on 

" 1.5 k 

"O" .. 
0 •• s 

01. 02 

c1e + 

470"'1-
'" 

GQO 
' 
°' Bottom y,,,. 

,, 
470!:!_ 6-!l 
J& V PHONES ±it-o-vJ "° " " 

"' ,+," 

"' 

+12 Y (JO mA) 

" +9 V (10 mA) 

Top 11;e,. ·o, ' ' J U1 6 . ' 

Fig. 4-4 

A simple superhet receiver for SSB reception in the 75-meter amateur band is shown. Yl acts as a crystal filter. 



IMPROVED CW TRANSMITTER KEYING CIRCUIT 

•12V 

R4 
1K 

10K 
P2 

ADJ 
STBY 
VOLT 

R5 

'"' 

A-6 10K 

~c< 
1Cu/25V 

R8 
-100K 

U2 
LM358 

o) 

C1 

•12V 
T 

1"T 

KEY 

>---i 
•12V IN 

R7 REG 
10K 

01 

+ 

~ 100u/25V 

RO 

7 
8 
A11 100K 

C5 

047u FILM 
R12 
1K 

•12V 1N4148 U1 

CODE 

KEY 

R1 
1K 

3 

C2 
001 

01 

1N4148 

R2 47K 

R3 

100K 

~ 

100K 5 

?1 6 U1 
DELAY 

+C3 

TO AMPS 

R1 
1 5K 

+ C2 

T 

1" 

ca R10 

+ 

10 1f2W 

TIP 41 

02 

C6 

1u/25v 

8 

' 
C040118 

~ 10u/25V 

•15V IN 

1
•12V KEYED 

5 m• 

~ 
1-JV 

STANDBY 5 ms I 

KEYED OUTPUT VOLTAGE 

GND 
•12V TO T\R 

VFO SPOT 

OFF·SET 

73 AMATEUR RADIO TODAY Fig. 4-5 

Typical (A) QRP keying circuit; (B) Improved QRP keying circuit with CMOS T/R keying control. 
Op amp U2b is a basic inverting amplifier with a gain of one. The capacitor C5 across the feedback 
resistor Rl 1 makes it an integrator. The RC time constant of Rl 1 and C5 determine the ramp time. 
The values shown will produce a 5-ms ramp. Use a good-quality capacitor for C5, such as a mylar or 
polypropylene type. A power transistor is placed inside the feedback loop so that the circuit can sup­
ply several hundred milliamperes of current. Control P2 sets the stand-by output voltage as seen at 
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IMPROVED CW TRANSMITTER KEYING CIRCUIT (Cont.) 

the emitter of Ql. U2a buffers the voltage from P2. This isolates the pot from the input of the inte­
grator. With the key up, adjust the pot until you just start to see an output from your transmitter, 
then back it off a little. Typically, this will be between 2 and 4 V. Your output signal will now have the 
proper 5-ms leading and falling edges and there will be no delay between key closure and the start of 
the output signal. 

You must supply the op amp and collector of Q2 with at least 15 V to produce a full 12-V output 
on the e1nittcr. 

Parts list 
Rl, R4, Rl2 
R2 
R3, R8, Rll 
R6, R7 
R9 
RIO 
Pl 
P2 

Ql 
Q2 
U1 
U2 

1 kQ y. w 
47kQY.W 
100 kQ 
22kQ 
470 
JOQ 
100 kQ or 500 kQ trimpot 
10 kQ trimpot 

2N3904 NPN 
Tip 41-to-220 NPN 
4011B CMOS NAND gates 
LM:358 dual op amp 

Cl 
(~2 

C3, C4 
C5 
C6 
C7 
cs 
Dl,D2 
D:J, D4, D5 

0.01 µF disk 
0.001 µF disk 
10 µF, 25 V electrolytic 
0.047 µF poly-film type 
1 µF, 25 V electrolytic 
Skipped 
100 µF, 26 V electrolytic 
1N4148 diode 
1N40011-A diode 

ONE-CHIP AFSK GENERATOR 

10µF 5.1k 5.1k 

+ 

T 

XR-2206 
based 

AFSK unit 50 k 

73 AMATEUR RADIO TODAY 

,------------------{)AfSK 
,------=---------,-,--ooutput 

~---oTTL level 
input 

Fig. 4-6 

Built arow1d an XR220G IC, this circuit will generate AFSK signals in the 1000- to 3000-Hz range. 

23 



" ·~ 1N4001 . 
DC ~2 ' " ' 
·~ 

" 47k(l 

I " 
' ' 
' ' 
' ' • • 
' ' 
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rh 

~1-ic1 
rf,'' 

QST 

PROGRAMMABLE CW IDENTIFIER 

"' ,.,,,_11 ch I 78L05 

" 
I Rog +-- 2NJS06 

K::i\ 1
1N our 

"o 

rh ~ 

" MTA81010 

' "' "'' .!!.... ' "' RTCC "'-nc-p '" '° "'p "' " r-17! '"' RA1 h 4 

SffVoo RAO 23 

' ''° 0SC1 " .. ' '" 1:::1"' Jc, 
" ' '" MCVoo JQ__~ 
" 

x ' '" 1"-1 "' " 

> 

' ' ' . 

" 
> 

'80 > • 

--

" 10k0x5SIP 

> . . 

' ' ' ' ' 

, " 
''° 

I 
0 

' 
'" 

" 2N2222A 
' rv ' 

\!!> 
;; 

" 2N2222A 

' rv ' 
KEY 

" ,,. ,,, llL-- 9 OS< ~r--1 " ~~ 
12 

RBS 

~ 
,( ~ 

'0 ' "' 
,,, ;;;. -~ "' 

' ' "' "' Yellow 

"' ~nc !'--' '" ,, • -
' I J ·- ;; 

' ' • ' ' ' ' L..2.:Q 
"'~~ 

Except os indkated, decimal •Olves o 
> > > > ta AT Ke)'baard capocilance "'"in microta,ads ( µ>) . , .. . . --'- others ore ;n picofarads ( pF); 

resistances or" 1n ohms; k~1,000 

' ' ,...J_, 
R147~nx7 

" 
;; 

$1 Control Settings 
WPM 5 7.5 •O '3 " '8 20 25 
S1-1 off "' off off 00 00 00 00 
$1-2 off off 00 00 off off 00 00 
$1-3 off 00 Off 00 off 00 off 00 

TIMER OFF 5Mm 10Min Continuous 
81-4 off off 00 00 

51-5 off 00 off 00 

S1-6-0S1 on/off 
51-7-Speaker on/off 

PC-Board Connections 
ID-A momentary ground on this terminal causes the I Der to play its message; same 

as pressing !he PLAY/PROGRAM pushbutton 
PTT-An open-collector output which goes to ground 250 ms before the CW output 

occurs. This output rs used to place radio in transmit mode and is monitored by the 
red LED. 

KEY-An open-collector output that goes to ground during CW keying. This output 
Is monitored by the speaker and the yellow LED 

Fig. 4-7 

The identifier uses an MTA81010 microchip, containing a 1024·bit serial EEPROM and a micro· 
controller. It rwis from a 9.y battery. A standard AT·type keyboard is used to program the desired 
message. Speed varies from 5 to 25 wpm. 
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;wo 

mT 

°' "v 
0 4 w 

" 2.2 k 

02 

'" 0_4 w 

+ 7 to 
+18 v 

G"O 

AUDIBLE SWR DETECTOR ADAPTER 

cm 
LMJ58N 

11 iEN 
R2 

10 220 k 

Except as Indicated; decimal values of 
capacitance are in rnic:rofarads (µF): 
others are ITT picofarads (pF): 
resistances are 111-ohms; k ~ 1,000 

+5 v 

~~>-++-l>CO 
SlNSITIVITY ~-~ RG!I <_._c_f;'-1 

25' 

+5' 
~~ 

6 

"" 3 
1RNC 

'" 

100 1>F + 
C< 

C6 

25V 0' 

VOLUME 

(') 

''° 

" 220 k 

" 
R68 
25' 

VOLUME 

(B} 

c• * 
7805 

Rog 

C> 

" 
~ 

038 
1/2 LM358N 

to II lo .~2--0 
llrmlplimlf"' 

" 

'" "' 1--.----.--+--1 +5' 

''° + 
C5 

100 µF " '°' °' 
(C} 

Fig. 4-8 

This SWR detector audio adapter is designed specifically for blind or vision-impaired amateurs, 
but anyone can use it. Instead of using a meter (or meters) to inrlicate antenna system forward and 
reflected voltages, this adapter generates two tones with frequencies that are proportional to the re­
spective voltages. The tones arc fed to a pair of stereo headphones (the milliaturc types are ideal) so 
that one ear hears the forward-voltage tone and the other ear hears the reflected-voltage tone. Thus, 
tw1ing up a transmitter is simply a matter of tuning for the highest-pitched tone in the left ear and 
the lowest-pitched tone in the right car. 
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AUDIO BREAKOUT BOX 

<o +12 v 
Power 

Supply~ " +12 v 100 k 

Audio 

'" 
" °' + 

100 µF 

'" 
" "'" 
~+ 

'" +12 I/ 

'" 100 k 

" + 

100 µF 

'" " 100 k 

+12 v 

" 100 k 

" + 

100 µS 

'" "" 100 +< 

' µC ---,-sv 
+12 v 

'" 100 k 

'" + 

100 µF 

'" '" 100 k 

~ 

+12 v '" 

'" ~ .. +~~~~~'"OLUME 

Exc91>\ o• Indicated. d"cimol values of 
copocltonce ore in microforods { µF ); 
other~ ore In picoforods { pF ); 
resistoncH ore in ohms: k-1,000 
NC•Not C°"n~ted. 
IC pins not oho10n ore unu~ed. 

*-s ... 1 ... 1 

'" 100 k 

" ''" 
" 

"' 

"' LMJSO 

ow 

"" O.• 

"' '' 

GAIN 

+ 
R4* ~ 

100 k 16 v 

GAIN 

"* 100 k 

+ 

Out 1 

"' 

Out J 

"' 
Rl2* 100µF 
100-k 15 I/ 

Out 4 
C12 J5 

+ 
100 µF 

'"' 
C14 l. 
0' 

Fig. 4-9 



AUDIO BREAKOUT BOX (Cont.) 

In many radio shacks, one receiver audio-output line feeds a multitude of add-ons, such as one 
or more TNXs, SSTV modems, PC plug-in boards, and, perhaps, speakers. Having to manually plug 
the audio source from one accessory to another is inconvenient, if not frustrating as well. Overload­
ing the sources by connecting the loads in parallel isn't satisfactory, either. 

The audio breakout box takes the audio output from a receiver (or other audio source) and ap­
plies it to the inputs of four identical, independent, low-level AF buffer/amplifiers and one high-level 
(1-W output) AF channel. Each low-level output channel can provide up to 20 dB of gain that's in­
dependently adjustable. 

QST 

ONE-WATT CW TRANSMITTER 

R1 
100 k 

C6,C7 

C1 

R2 
3.3 k 

70 pF 

=x1 

01 
2N4401 

R3 

C3 1 k 

0.1 µ.:..L 

820 pF disc ceramic (160 meters) 
4 70 pF disc ceramic (80 meters) 
220 pF disc ceramic ( 40 meters) 
150 pF disc ceramic (:30 meters) 
100 pF disc ceramic (20 meters) 
82 pF disc ceramic (17 meters) 

Ferrite 
Bead * 

Place small ferrite 
on gate lead of 03 

50 Ohm 
Ant en no 

Output Filter 

J; K•y 

Ll 
33 turns, #30, T37-2 (160 meters) 
2a turns, #30, T37-2 (80 meters) 
1 7 turns, #26, T37-2 ( 40 meters) 
14 turns, #26, T37-2 (30 meters) 
12 turns, #26, T37-2 (20 meters) 
10 turns, #26, T37-2 ( 1 7 meters) 

Fig. 4-10 
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PTT CONTROL FROM RECEIVER AUDIO 

., 
'M 

" 

=',uc,' 
C> 

(TX) ~100pF 
Audia 

Ou! _ 

-Ut • LM324 

"' 4. 7K 

., 
2N2222 

··II 09 = 
•• 

•TT ~~~~~~~~ 

1 "" "' 
>1 

73 AMATEUR RADIO TODAY 

560 "" 
'l = 
"" 

"" 2.2K 

= 

"' 

"" 2.2K 

., 
= 

'" ,. 

•• 

c" I,, 

= 

= 

"" 'OK 

"" "" 

I
C" 

" 

Fig. 4-11 

This system will key a transmitter or other device that can be keyed by a relay closure. Audio is 
amplified, limited, and is rectified and drives relay driver Q2 and LED indicator. The transmitter au­
dio output was used to feed a keyed transmitter and can be deleted or ignored where this feature is 
unnecessary. 

13 8\1 INPUT 
FROM CAR OR 

POWER SUPl"LY 

. 

" "" l/2W 

TRANSCEIVER MEMORY BACKUP 

, 

POWER TO 
TR~7730 

-- 10 VOLTS -I (8 NICADS) 

- )>---.. ----~) -

Although designed for a Kenwood TR77:30, 
this idea might be adapted to other transceivers. 
This circuit will retain the frequencies in memory 
while moving the rig from car to house and vice 
versa. When coru1ected to an external power 
source, battery Bl is charged through Rl and DI. 
Dl prevents Bl from discharging when connected 
to an external supply that is turned off. When ex­
ternal power is removed, D2 provides a current 
path to the TR-7730 to retain the memory's con­
tents. However, the TR-7730 power switch should 
be turned off before external power is removed 
because Bl will not provide power for normal op­
eration. 

73 AMATEUR RADIO TODAY Fig. 4-12 
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Tune Control 

" Linear Taper 

1DOK 

4 • 40pF ~ 47pF 

-b ) 4 

80-METER SSB RECEIVER 

78LO!I 

4.7µF 

~~~~~~~~--if-* 

.1 µ F 

axiel leed 

HC 49U Holder 
Mouser PN: 332-1052 

19 18 

MC333!5P 

Omit Change 
YR (9 volt Reg) C ·From 100pF NPO lo 47pF NPO 
C 10µF Cap 
R 1001\ 
VD MV209 Verloap Diode 

73 AMATEUR RADIO TODAY 

+t2V 

100µ F 

!. .. "E-r 
i"° 

Sk Audio Gain 
Linear Teper 

b) 

Fig. 4-13 

This circuit uses an MC3:335P IF chip and features a 3-pole crystal filter made from micro­
processor crystals. Tuning is done either with a varactor diode or air-variable capacitor, as shown. 
Values are for 80 meters. 

Audio In 

73-AMATEUR RADIO TODAY 

1.52} µF 

5.80 
mH 

CW AUDIO FILTER 

.245H 

Audio Out 

Fig. 4-14 

A high-performance passive filter. The center frequency is 700 Hz; -3-dB bandwidth is 200 Hz. 
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WILLIAM SHEETS 

RF Jn/out 

C? 

RF LINE SAMPLER/COUPLER 

#18 wire passed 
through toroid 

T1 ~ 0.375" 
Freq. range = 2 to 30 MHz dia. core 

Ferroxcube 
4C4 material 

Toroid= 10 Turns 
#28 enamel 

51 n 
t/4W 

RF In/out 

~ 
P= 10Wmax. 

~ -20-dBTap 

):' output 

Fig. 4-15 

Suit.able for RF line sampling, this coupler is useful where an indirect. measurement. of line cur­
rent is needed. A 10: 1 turn ratio yields a secondary current about Xo (ideally) of the line current. A 
51-0 resistor terminates the secondary. Insertion loss in the main line is negligible,< 0.1 dB. For 
higher power levels, use proportionately larger core for Tl. 

BATTERY PACK AND REVERSE POLARITY PROTECTION 

0 

Externol 
Power or 
Battery 
Charger 

QST Fig. 4-16 

Schematic diagram and parts list for the reverse-polarity protection circuit (optional). 
Dl 1NG400 silicon diode 
F 1 1-A fast-acting fuse 
Sl SPST rocker switch 
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QST 

" rL0.1 µF 

- RTCC -·-

SIMPLE IDENTIFIER 

"' 7BL06 

R•g 

+3 5 lo 

"' 

IN ouri--.------~ 

'" 

PDIP, SOIC, 
CERDIP Window 

" rLQ.1 µ~ 

RA1 -

RAO -

OSC1 .,._ --

OSC2/CLKOUT -

'oo 

"" 
"" 
"" 

" PIC1654 
eel" 

" "'' RTCC 

"'' " 
'oo 

.. - '" OSC1 ,,, 

"' ' "° 
"' ' "° 

"' io ~o 

" 100 ~o 
SPEED 

" 2"3904 

Fig. 4-17 

This identifier uses a PW 16C54 microcontroller which must be programmed for your desired 
identifier. 

TRANSMIT KEVER INTERFACE CIRCUITS 

Drilltng the Input lines 

TTL or 5-volt 

CMOS~ 

Connecting the keying output 

73 AMATEUR RADIO TODAY 

to MSG, TONE 
orSPD lines 

To xmitter k•y 
connection 

Mechanical ! 
.. 

switch t-(closed= 1) to MSG, TONE 
orSPD lines 

10!< to 
100k 

...... 
reedr91.t.y ? To:mittorkey connection 

Fig. 4-18 

These circuits are for use with Morse kcycrs and identifiers. They can be used to interface vari­
ous devices with the identifier ·circuitry. 

31 



MOBILE RADIO ON-ALARM TIMER 

" Fuse Normally Open 
o-:-'c--:-::~>'V~~~~~~~~~~~-r~--.. 

+ Voltage 

From Auto Battery Mob lie 
~~---j Equipment 

o• 
+13.8V 

1N414B 

"Hot" When 
Ignition " " " Oo 

" 
100K 100K r· o• 
1N4148 

LED 1 
R4 Green 

= 470K 
13.8V 

~ c• 

I' '·' ' 
"' NE555 

"[ C3 
.01_ .. , Ti"'a Delay ,. 

'" Min. 
2.2M 4.5 Min. ,. " Min. 

"" " Min. 

73 AMATEUR RADIO TODAY 

4,, 

03 
TN414B 

White 

Blu& 

Toggle 

'" 
Byp•H Set 

p" Toggle ,,. Bypass On 1 '""'"' Opoo 
Bypass o On 

~ 

" J' 

'" 

I 
co 
100 u F 

~ 
LED 2 

"" 

"1 
Yellow 

'·' 
"' NE555 

2,6 , 

Open. No••"'" I 

"' " 

"' "° 

~ 
LED 3 
Yellow 

04 
TN414B 

Fig. 4-19 

This system will prevent you from accidentally leaving your mobile radio on, draining the battery. 
LEDl will light when the vehicle's ignition is on, or while the car is running. Switch SI in the ON po­
sition will close relay Kl, completing the power circuit to the equipment. If the ignition switch is shut 
off, and switch SJ is still in the ON position, an alam1 (piezo) will begin to beep and LED2 will flash. 
Returning Sl to the center position will shut everything off. If equipment operation is desired after 
shutting off the vehicle, you can place switch Sl in the AUTO position and momentarily press 82, a 
normally open push-button switch. Depressing this switch begins a timing cycle. The length of time 
that the Mobile-ON alarm/timer operates before shutting everything off can be "progranuned" by se­
lecting R6. The approximate time delays are provided in the chart with the schematic. Or, you could 
change the value of C6. These components control the holding time of relay Kl. LED3 will light while 
the circuit is in AUTO status. Incidentally, you can also cancel the time delay at any time during the 
delay period by simply switching it off. 
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5 

Amateur Television {ATV) Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 

707. The figure number in the box of each circuit correlates to the entry in lhe Sources section. 

5-W ATV Transmitter for 440 MHz 
5-W ATV Transceiver 
Mini ATV Transmitter 
Dummy Load and Video Detector for Transmitter Tests 
Mast-Mounted ATV Preamp 
Three-Channel 902- to 928-MHz ATV Transmitter 
ATV Downconvertcr for 902 to 928 MHz 
Three-Channel 420- to 450-MHz ATV Transmitter 
ATV Downconverter for 420 to 450 MHz 

33 



"' ... 
XTAL1.i 01 

Al j. c:::J MPN870D 

2.2K$ I-
" 

~ 

CJ XTAL3 

,, 
03 1 330{} 

.,,_po 
" 

"" ~ 

,,. 
" ·= 

5-W ATV TRANSMITTER FOR 440 MHz 

" " 2..2pf ~F 

1 1 "" '~' "' '"' 
"' """" 

"" ·~ 

2-~F I 

"" 
m 

.~11 ·* . 
" ·= 

"' "' "" ~ ... 
·~ 

,,. 
:l,tlk IE 

Ji:.' Jt - 1 co· ~· .. 
L......._J ""' I + C17 ·-''° uoo '" ~· •121W 

----------~ 
--------- Lll" L1r 1 ---------------- ~~ 

sou+1001SABLE1roll"tlr-- WERAMl'l.IFIER c20r;r ·~ I I E~;, I I I ! = ro~-> . I "~ - '" 

=-I '"co·-
1 IOOpF TIW 

'' I I )I I ' I 

--'I' 
"' '" ,,, ,,,. 

i 
"' '"' "' ~" ;:, 1 :. 
"' ..... 
""' 

ELECTRONICS NOW 

"' '"' 
= 
"'' 

Lts•;;i 

"" ,,.. 

"" ~ 
~· " 

I 08DRIVER 
Rze I MRF568 _, 

I 
I -t m2 
I ~loon '" .... 

ll•• '~ -'" 2-1~ 

= -
'" •OO 

l15' 

,,. 
~ 

'"'" ~· ·-
'" ~ ... 

'" '"' 

""" '"" 
~ 

'"' 
I 
I 
I 
I l __ -----+---:'i.f- ------------ -

_____________ ...J 

"' ~ 
~~~ .. ~~~~~~~~~~--1-~~-0•~ 

-... "' ·~ 

ow 
~~ 

MODULATOR 

'" "" ~~~~~+----~~ 

+12.llY 

! " IN~7 

"'.1 ~ -
"'l r ''""' '""" 

""'"'" 

RF OUT (5001 
TO ANTENNA 

OR RELAY 

Fig. 5-1 

The circuit will produce typically 6 W RF output on synch tips. A crystal oscillator drives a doubler to produce a 220-MHz output. 
Another doubler produces 440 MHz to drive the power amplifier. A high-level series modulator provides the video modulation capa­
bility. A sound subcarrier is generated using a VCO circuit and combined with the video information. A complete kit of parts, includ­
ing the PC board, is available from North Countcy Radio, PO.Box 53, Wykagyl Station, New Rochelle, NY 10804-0053A. 
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5-W ATV TRANSCEIVER 
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ELECTRONICS NOW 

o" 
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"" 1K R54 

,., 
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'·"' 
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0" 

'""" LINE SAMPLER 

r SEE PARTS LIST) 
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LOCA>. 
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""'"" ... 
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"' ,..,,., 
"" ""' 
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" OUT 
TOlV 
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"' '"" 
o" ,.,,.,. 

"" '"" 

"" ·" 

Fig. 5-2 

For the transmitter schematic (part of this transceiver), see entry entitled "5-W ATV Transmit­
ter for 440 MHz, Fig. 5-L" The downconverterportion is shown here. 

This transmitter contains both a video and sow1d section. Five to six watts PEP on synch tips of 
NTSC video are produced. Three channels are available. Channel switching is via PIN diodes. Power 
supply voltage is 12 to 14 Vdc. The receiver function is provided with a downconverter circuit and is 
tunable. A relay is used for T-R switching. A complete kit of parts, including PC board, is available 
from North Country Radio, PO.Box 53, Wykagyl Station, New Rochelle, NY 10804-0053A 
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3300 06 33'1 -"" ""' 4.5MHZ 
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©__ 
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f\16 f\14µ LINEARITY 1K 1K 
{VIDEO 
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"" """ 
Rn 

""' 

.. 
OT 

""'"' 

.,, 
'" 

ELECTRONICS NOW Fig. 5-3 
This low-power NTSC video and sound transmitter is useful for amateur radio, video handie-talkie, RIC and surveillance pur­

poses. A crystal oscillator-multiplier RF power amplifier. Video modulation is via a three-transistor series modulator. The sound 
subcarrier is generated with a VCO circuit and is combined with the video information. The output is 0.4 to 1.2 W with supply volt­
ages of 9 to 14 volts. A complete kit of parts, iIJcluding PC board, is available from North Country Radio, P.O. Box 53, Wykagyl Sta­
tion, New Rochelle, NY !0804-005.3A. 



DUMMY LOAD AND VIDEO DETECTOR FOR TRANSMITTER TESTS 

Input 

Max. input ~ 
+16 dBm -.::-

100 MHz to 1.3 GHz 

WILLIAM SHEETS 

5 pF chip 

100-!1 
chip resistors 

1 kl1 
1f1o W 

HP 5082 
2835 

Output ? Toscope 
= 1 M!1//20 pF 

BW 75 MHz 

Fig. 5-4 

This circuit is useful as a video modulation monitor for testing low-power video transmitters. For 
higher power inputs, use a suitable attenuator bet.ween the detector and the source. The detector 
should be connected to scope with as short a cable as possible to preserve video bandwidth. 

MAST-MOUNTED ATV PREAMP 

L 
IHAWGAMP 

C1 C3 
2.2pF 4.7pF 

";-I r-~-~ f-4--+-{ 

+12vDC 

73 AMATEUR RADIO TODAY Fig. 5-5 

This simple ATV preamp covers the 427- to 439-MHz ATV frequencies and can be mast mounted 
and de powered through the feedline. 
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THREE-CHANNEL 902· TO 928-MHz ATV TRANSMITTER 

01-DJ 
Rl MPNJ4G4 or C5 

2.2 k MPNJ700 C2 2.2 Doubler 

=" 

,+, 
R2 

Fl 2.2 k 

01 39 11 RB 
Osc/ 10 
Doubler 

02 

3 

FREQ F2 
=" 

R7 C7 L4 
2.2 k 

56rl, 03 Cl 
115 56 230 -MHZ 

""' 

QF3 ;+., 
R3 

2.2 k 

=x3 

1 ' 
11'1 +9 v ;+., 

L2 
CB 

Output 470 rl, 
Freq(MHz) +11 y 

R9 910.25 C4 100 R6 rL0.01 923.25 100 Denotes Mutual 
+12.6 v Coupling 

XTAL 
Freq (MHz) 

X1 56.891 
X2 Optional 
X3 57.703 

R29 to C22 Wl 
C20 1-5 

R32 
33' + lOk 915 MHz 

C40 + C37 R31 
1 "' ~ri 50 v 100 k 5oV 

C38 100 k C4~ T 
O.C02 ;+.., O O~ 

C24 C25 

10C~OC~ 04 D5 M\/2112 

2NJ555 05 
R30 Audio R19 

C~5 
MPF102 

lOk 33' 

" 
4.5 MHz 

vco 
+ C40 

L17 

II C36 R24 -~:: (rP ~~ov 2-18 pF ri 120 

R33 ( to 
100 k 1 V) 

Audio Goin 

* L9 - L12 Etched on 
PC Boord ** RJ4 Ronge 2.2 k to 4.7 k 
C45 Range 1 pf to .3.J pF *** Hect Sink (See Text) 

QST 

Except os indicoted, c'ecimal value~!· 
capacitance are 1n micro farads ( µF); 
others are in pica farads ( pF'): 

I resistances ore in anms; k=l,000 
L CH=Chip Copac1tor __ ____j 

1 ' 

C.!5 '°'* 
2.2 (Nom1nol) 

Neciotiwi 
Sync) 
Video 
Input 

RlB 

1 ' 
LINEARITY 

R23 
330 

R22 
B2 

R20 

1 ' 
Video Goin 

This transmitter is for ATV applications in the 902- to 928-MHz band. It has three crystal-con­
trolled channels, and will accept standard NTSC video input. It also has a 4.5-MHz sound subcarrier. 
Because this is an AM transmitter, audio can be transmitted as AM on the RF carrier. Simply use the 
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** R34 Video Modulator TPS 

4.7 k(Nominol) 

C14 
2-10 Doubler !) 'lk l 

L7 

08 

R12 

C18 180 

2-10 
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C19 
100 CH T 

rh 

+ 7 to +9 V Modulated 

CZJ CJ1 ,L 100 CH ,L 100 CH 

C29 C.30 

1ocH,L1oc~ 

czo 
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7 
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L8 

RlJ 
33 

CJ4 
5 CH 

PA 

OC 
Input 

04 
1J v 

' 
1N4007 

~ 

CJ2 
100 CH 

Video Amp 

07 
2N3569 

*** 011 
MJE200 r 

Bio:s 

R17 R21 
1 k. 100 

06 
2N4J55 

R25 
15 

+ C4~ 

~ ~ TontollJm CH rh 16 v 

L16 

Fig. 5-6 

video input. Bandwidth of audio can be restricted to 20.kHz by placing a capacitor with a value of 
about 0.002 µF across R34. The output is LG to 2 watts PEP into a 50-0 load. A complete kit of parts 
including PC board, is available from North Country Radio, P.O. Box 53, Wykagyl Station, New 
Rochelle, NY 10804-0053A. 
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QST 

ATV DOWNCONVERTER FOR 902 TO 928 MHz 

R2 TP7 
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" 
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e 
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"' 
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C25 

T~ rt-, 25" 

. R10 C21 

'''(' ?' )'" ' s" J, ~o~ 
0 02 

, J 5 7 01 
5 °' 

QJ 
~PSH/31 

'" 2.2 k ,,,".. B 
BlueDot,,.,..OOOO c22 
on Pin 1 0000 ( 0.01 j 

2 4 6 8 Wide 25139 rf-"7 
~'~'+-'-<>--------'~~,~~·:_m __ r_'_"_'_";_~_'~-':_:_"'_' ____________________ _ 

rf-J ' 10,u.F 
2H 

This downconverter converts ATV signals in the 902- to 928-MHz range to a Gl.25- or 67.2R-MHz IF 
output frequency (CH :3 or CH 4) to enable reception of these signals on a stm1dard VHF TV receiver or 
monitor. It features a low-noise RF amp feeding a Schottky diode double-balanced mixer, a tunable LO 
and one IF preamp stage. The RF amplifier is a low-noise dmil-galc GASFET that is followed hy a sec­
ond RF stage using m1 MMIC. Five tuned circuits are used in the !ff amplifier. This feeds a packaged 
Schottky diode mixer assembly for better dynamic range and reduced susceptibility to interrnodulation 
m1d strong signal areas. The on-hoard local oscillator (LO) is voltage tuned and if desired can be set up 
for remote tuning. All necessary circuitry for remote tuning is on board for coax de and IF feed. This en-
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Fig. 5-7 

ables the downconverter to be mast mowitcd to get around feedline losses generally associated with this 
frequency range. No sepITTate de feed is necessary because the coax (RG59/U reconunended) carries de 
power, tuning voltage, and IF signal. A de block is used at the receiver for the purpose of separating de 
voltage supply and the tuning voltage. This allows a cable run of several hundred feet, if needed. 

By using this downconverter and transmitter, a physically small 915-MHz ATV station or even a 
video HT can be constructed because both units are each 2.50 x 4.00 inches x 1.00 high, and can be 
stacked together. A complete kit of pITTLs, including PC board is available from North Country Radio, 
P.O. Box 53, Wykagyl Station, New Rochelle, NY 10804-0053A 
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THREE-CHANNEL 420- TO 450-MHz ATV TRANSMITTER 

R2 
F2 2:2 kO 

R3 
2.2 kn 

F 
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R28 
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1 µF R32 

02 

03 

R4 
1 kU 
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-
\ r-.-J\f\I\~_. 1 µF 

_[) 50V 
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kn 

Audio in 
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5 mV-1 V 

RMS -=-

R33 
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Audio gain 

+ 

01 
2N3563 
osc 

RS 
3300 

R26 
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RUDOLF F. GRAF AND WILLIAM SHEETS 

L 1 71/2T 
=--+- cs C<; 1,1 

2.2 3.3 Multiplier 
NPO NPO 

~ 
C3 

C1 18 
L2 ~ RS 

39 TNPO 3112T 1on 
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02 

C2 C4 MPS3866 

TNPO 0.01T C7 R7 
56 pF RB 

56 pF 2.2 
- - 100 0 NPO k!l - -

RF exciter section 

C32 + 
1oµFT 
16V _ 

MV2112 

Sound 
subcarrier 

switch 
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To.01 

-::;- µ.F 

C37 
2-18 

L13 pF 

C3S 
68 

(NPO) 

Toroid 

4.5 or 
5.5 MHz 

C36 

T 120µF 
(NPO) 

~ 

Os 
MPF102 

R24 
1kn 

R23 
330 
kn 

06 
IN757 

C42* 
2.2pF 

R20 
Video gain 

NTSC or PAL >----+ 
video in 

IVPP 75 fl 
(NEC synch) ~ 

*C42 1 to 3.3 pF can be used to vary subcarrier level. 

This transmitter is a 2-watt PEP output device for 420- to 450-MHz amateur TV operation. It has 
three crystal-controlled channels and will accept standard NTSC video input. It also has a 4.5,MHz 
sound subcarrier capability. Because this transmitter has AM modulation, audio can be transmitted in 
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Fig. 5-8 

AM form on the RF carrier by applying audio to the video input. Bandwidth of audio can be restricted 
to 20 kHz by placing a 0.002-µF capacitor across R34. A complete kit of parts, including PC board is 
available from North Country Radio, P.O. Box 5:3, Wykagyl Station, New Rochelle, NY 10804-0053A. 
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ATV DOWNCONVERTER FOR 420 TO 450 MHz 

RF AMP- MIXER--- IF AMP 
(+ 19.SdB TOTAl) (-9.SdB TOTAL) (+15dB TOTAL) 

RF AMP BALANCED 
ST FILTER +20dB OT FILTER MIXER 

- 0.3dB Nf,,1.5dB -2dB - 7dB - Q.SdB 

INPUT ~ {:?,- H LP ~ OUTPUT FILTER 

430MHz 430MHz 
BW=10MHz 

-3d8 ~ 

02 vco 
350- 380 

MHz 

TUNING 
REMOTE 

PONTENTlOMETER TUNING 
VOLTAGE 

RADIO·ELECTRONICS Fig. 5-9 

This ATV downconverter converts the 420- to 4RO-MHz ATV band, which is several channels be­
low the lower limit of the UHF band, to channel 3 or 4 for viewing on virtually any TV. The down­
converter has a low-noise preamplifier stage and a double-balanced passive mixer for good 
performance and a wide dynamic range. That is necessary with today's crowded UHF bm1ds. The 
converter draws about 27 milliamperes from a 13.2-volt de source, so it can be used in portable and 
mobile applications. An extra IF stage gives mi overall gain of about 25 dB. A block diagram of the 
downconverter is also shown. A complete kit of parts, including PC board, is available from North 
Country Radio, P.O. Box 53, Wykagyl Station, New Rochelle, NY 10804-005:3A. 
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ATV DOWNCONVERTER FOR 420 TO 450 MHz (Cont.) 

-t ¥1\ 
R2 R3 "EXTERNAL R17 C21 J2 

100K 220K GAIN CONTROL 4.7K 1BpF OUTPUT 
C2 7 cs c10· C6 -'T' 470pf C2S 2-10pF RS 0.6pf 2-lOpF (OPTIONAL\ 

! 470pF 10il l3 
C17 ~ ) 025µH 
6Bpf 

1'6pf 7 01 l2 ~ 25137 .025µH• 
l7 1 LB 

410-440 S RF AMP R4 .095µH ClB 0.2-0.4µH 
MHz 

+2V Pc7 ch 
330K l6 T'''' +BV c~ l_NPUT 

.095pH '=" R18 7 

J1 R1 470pF .01 C16 470!2 R15 .01 
1aon L.P. FILTER 39pF IF AMP 470!1 

7 7 C4 
q 

+ 
470pF 

+12V x R6 C26 D3 
22on R M1 CASE .D1 lN4007 

SBL-1 7 
1 i.6 VOLT 

l 
OC INPUT 

C11 + C24 
470pF 

R11 
470µF 

~ 
C23 l4 
lOpF (PART OF 15H 

PC BOARD) R12 7 
7 390il 

C13 D2 R10 
7 "AFMOTE R9 ::& 3.Jpf .,f Mi211DJ 

toK 7 

R7 3300 TUNING 

6.8K VOLlAGE 
+9V (OPTIONAL) 

7 RB C14 I 
C15I 

R13 R16 
2.2K 470pF 470n 1K 

01 
1N757 1 OµF • A14 C27 04 

10K .011 1N757 
7 7 7 "SEE TEXT 
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6 

Amplifier Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Operational Transconductance Amplifier with Booster 
VCR Head Amplifier Tester 
Lowpass Amplifier 
Highpass Amplifier 
!SD lOOOA Record/Playback Circuit 
Remote Amplifier 
Programmable Gain Amplifier 
Programmable Input Amplifier 
Remotely Powered Sensor Amplifier 
Tuned Amplifier 
Difference Amplifier with Wide Input Common-Mode Range 
Bandpass Amplifier 
High-Side Current-Sensing Amplifier 
High-Input Impedance ac Amplifier 
MOSFET Push-Pull Amplifier 
Low-Voltage Microphone Preamp 
Basic Logarithmic Amplifier Using Op Amp 
Crystal Tuned Amplifier 



OPERATIONAL TRANSCONDUCTANCE AMPLIFIER WITH BOOSTER 

Vt 
+15 v 

BZYBS.CBV2 

3.3 k 

3.3 k 

BlY88-CBV2 

68 k, 
2.5% 

68 k, 
2.5% 

10 k 

V· o-------------' ·15 v 

ELECTRONIC DESIGN 

59, 
0.5% 

-

03 
1N4148 

590, 
0.5% 

D4 
1N4148 

1/4 OPA404 

-------------: 

IABC 
(IABCmu. 2 mAI 

01 oV+ 
1N4148 

:--i,~--
•+"'"--

lout -

1/40PA404 

02 
1N4148 

Fig. 6-1 

Implementing a bidirectional precision current amplifier in an operational transconductance am­
plifier (OTA) can boost the OTA's output current. To accomplish this task, two diodes and a comple­
mentary stage are added to this otherwise simple design. 
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VCR HEAD AMPLIFIER TESTER 

a 

lllllll!1lllllllll1lllll[11111111111,,1111111111 l 

MECHANICAL 
ALIGNMENT PROBLEMS 

WORN OR BAD HEADS, 
e 

11:111111111111
1

1111111!11-----

ROTARY TRANSFORMER OPEN/SHORT 
PROBLEMS JN PREAMPS OR HEAD SWITCHERS. 

IMPROPER WAVEFORMS. Waveforms a-dare caused by mechanical misalignment 
of the tape guides. The waveforms in e and f indicate proper alignment, but show that 
there's a problem with either the video heads, pre-amps, or head switcher. 

R7 
lK 

R4 Q2 
C3 lOOK 2N2222 C4 
001 001 J2 

Cl 
Jl .001 

7 

INPUT@-lf-+='-H. 
4.5V -lE- OUTPUl 

R2 
220K 

R-E EXPERIMENTERS HANDBOOK 

R5 
150K 

3.8V 

R6 
2-2K 

Fig. 6-2 

This amplifier enables you to use a signal from a working VCR to test the head amplifiers of a sus· 
pected defective VCR. The circuit is basically a video amplifier. 
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+ 

,, 

I 
POLE FREQUENCY= fp = 

211 
RL CL 

PASSBAND GAIN~ K(~ J 

Lowpass Amplifier 

MAXIM 

+ 

CORNER FREQUENCY= Fe= (211) (~t) {Ct) 

PA.SSBANDGAIN=K(~J 

Highpass Amplifier 

MAXIM 

13 

,, 

50Cl COAX 

srn 

-LOWPASS AMPLIFIER 

vou1 

~ 
z 
~ ·12 co 

18 

24 

30 

FREOU£NCY(HZ) 

Lowpass Amplifier Gain vs. Frequency 

HIGHPASS AMPLIFIER 

Vou1 

500 

"' "' " < 
"' 

IB 

11 

6 

" 
30 

"" '°' 

RESPONSE OF 
FIGURf 10 CIRCUll 
Rt= 1000 
RL ~ 250 
C1 =68nF 

1001 IM 

FREQUENCY(H1) 

Highpsss Amplifier Gain vs. Frequency 

Fig. 6-3 

IOM tOOM 

Fig. 6-4 
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ISO 1000A RECORD/PLAYBACK CIRCUIT 

record reset enable 

2.2K 

1 b+sv I 
10.1µF 

2.2K +5v 2.2K 

0.1µF J 
+5v 

4.7µF 470K 

+5v 1 +5v o-t--Wltv---, 

2.2K 1 µF 0.22µ 

ISD1000A 
A1 A2 A3 A4 AS NC NC A6 Ai AUX GND GND SP+ 
2 3 4 5 6 

mlc 

+ 

0.22µ J 22µF 

10il 

+5v an speaker 

_t 47K 
(typ) 

f-.AJ>Nv--1- - - - J 
22µF 

address select 

ELECTRONICS NOW Fig. 6-5 

This circuit uses the Information Storage Devices JSD!OOOA chip (Radio Shack P/N 276-1325). 

.---+--+'<' + 

" UM 

NATIONAL SEMICONDUCTOR 

50 

" '" 

REMOTE AMPLIFIER 

Fig. 6-6 

Useful for transducers and such where a sin­
gle two-wire pair are the only leads available. 



PROGRAMMABLE GAIN AMPLIFIER 

Digital control inputs 

A B C D 

R2 

R3 

R4 

RS 

Input 

R1 

IC1 
Output 

~--j+ 

AMPLIFIERS, WAVEFORM GENERATORS & OTHER LOW-COST IC PROJECTS Fig. 6-7 

The gain of this amplifier is -R/R
1 

where R, ~ effective value of resistance selected by the digi­
tal Rl inputs. 

!Cl op amp 
IC2 CD4066 quad bilateral switch 
Rl 1-kr.!, Y.-W 5% resistor 
R2 10-kQ, Y.-W 5% resistor 
R3 4. 7-kQ, Y.-W 5% resistor 
R4 2.2-kQ, Y.-W 5% resistor 
R5 1-k.Q, X-W 5911 resistor 
R6 2.2-kQ, Y.-W 5% resistor 
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A B c 
Digital control inputs 

AMPLIFIERS, WAVEFORM GENERATORS & OTHER LOW·COST IC PROJECTS 

This amplifier has eight inputs selectable digitally. 

!Cl CD4051 SP8T bilateral switch 
IC2 op amp to snit application 
Cl 0.1-µF capacitor 
Sl SPST switch 

Rl 
R2 
R3 

10-kn. :-0-W 5% resistor 
22-kQ, X-W 5% resistor 
18-kQ, X-W 5% resistor 

REMOTELY POWERED SENSOR AMPLIFIER 

-lV FS 

.~v TWISTED PAIR 

QI 
2N2222 

Al 
5000 

" 5000 

MAXIM 

For remote sensor applications, this circuit enables use of a single twisted pair. 
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Fig. 6-8 

Fig. 6-9 



+ 

HIGH CORNER FREQUENCY" fli = ~ 
211 'l(Lt)(L-t) 

Q IS A FUNCTION OF PARASITICS OF Lt AND Ct 

Figure A Tuned Amplifier 

MAXIM 

TUNED AMPLIFIER 

VOUT 

san 

40 
RESPONSE 6F " " 

30 

20 

~IGURE 14 CIRCUIT 

-10 

-10 

_,, 

L1=293µH 
Cc• 99pF 
RL = 25n 

--~ ,,. 
<O 

IM 

,r / 

10M 100M 

tliEaUENCY(r1l) 

Figure B Tuned Amplifier Gain vs. Frequency 

~ 

Fig. 6-10 

This circuit is a tuned amplifier circuit, tuned to the resonant frequency of the LC transconduc­
tance network: 

F = l 
' 2rr VLCf 

t t 

The impedance of the transconductance network is a ntinirnun1 at the resonant frequency, pro­
viding maximum amplifier gain at that frequency. The Q of the amplifier is a function of the parasitic 
components associated with the LC network. The graph is the frequency response of the circuit, with 
L, = 2.93 µHand C, = 9.9 pF. 

DIFFERENCE AMPLIFIER WITH WIDE INPUT COMMON-MODE RANGE 

LINEAR TECHNOLOGY 

VREF 7500 

V' 
3.3V 

1.2V ,__,.._,_t-_,,,.,..,._~ 

LT1004-12 
10k 1k 

I Ok 

lk 

_,, --'IN'v----+-----i 

>Ok 

GAIN= 1. VouT = v~EF FOR V1N1DIF1 = 0 
:rlOV COMMON-MODE RANGE 
BANDWIDTH= 3M Hz 

0.1µF 

q 
Vour 

Fig. 6-11 
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+ 

LOW CORNER FREQUENCY .. Fl ,,--1-
(2:ri:) (Rt) (C1) 

POLE FREQUENCY ;fp _ 
1 

(211:) (AL)(Cl) 

PASSBAND GAlN" K(ti) 

Figure A Bandpass Amplifier 

MAXIM 

RL 

BANDPASS AMPLIFIER 

,, 
r '" ,,_ 

~ 
~ 

18 

12 

·6 

-12 

-18 

-24 

·30 

·30 

" 
Figure 8 

IOk IOOk IM IOM IOOM 

FAEOUENCYiH1) 

Fig. 6-12 

The circuit A is a bandpass amplifier, with the low comer frequency set by the impedance of the 
transconductance network. The high comer frequency is set by the impedance of the RC network at 
the amplifier output. The passband gain is (k) x (R/R,). Figure Bis a plot of the circuit in Figure A, 
with R, = 100 Q, C1 = 20 nF, R1 = 25 Q, and C1 = 395 pF. 

LINEAR TECHNOLOGY 
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HIGH-SIDE CURRENT-SENSING AMPLIFIER 

CHANGE SENSE RESISTOR 
o.o1u /TO CHANGE SENSITIVITY TO 

5' ~_,,,,""">---0----.-------..-- MEASURED 

IOk 

IOk 

CIRCUIT 

OUT 

>'4--+-- ~6~g~~~AENT IN 
MEASURED CIRCUIT 

0.1µF 

ONO-----+-----+----+--~._- ONO 

Fig. 6-13 



NATIONAL SEMICONDUCTOR 

HIGH INPUT IMPEDANCE ac AMPLIFIER 

XI= 
J 

RZ 
19.6~ 

1% 

" "" 

R) 

"' 

Cl 
0.1 µf 

RS 

"" 
"' 182k 

" 
( 

"') R2TR3TR4 
A1,...-R1 1+R3; Av= RZ+A3 

OUTPUT 

X1 = 
TRANSDUCER 

Fig. 6-14 

This figure shows an op amp used as an ac amplifier. It is unusual in that de bootstrapping is used 
to obtain high input resistance without requiring high-value resistors. In theory, this increases the 
output offset because the op amp offset voltage is multiplied by the resistance boost. 

But when conventional resistor values are used, it is practical to include R5 to eliminate bias­
current error. This gives less output offset than if a single, large resistor were used. CI is included to 
reduce noise. 

-15 v 
MCGRAW-HILL Fig. 6-15 

This amplifier can be used for audio or as a driver for inverter service. 
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" '" " 
RI '" l.2M 

Cl - 0.02µf 

C2 
~5ok 0.05J-1f 

R2 " 6.2M R4 " 
"™ 

100k 
R6 

2.2M 

- - -
•mu gain trim 

NATIONAL SEMICONDUCTOR 

LOW-VOLTAGE MICROPHONE PREAMP 

v, 
1.5V 

-,,. 
\Ok 

ZQUT - 6800 
•5 !<.Hz 

CJ Av s 1k 0.47 µf 

') l1-100Hz 

•2-5kHz 

AL - 500 

Fig. 6-16 

A microphone amplifier is shown. The refer­
ence, with a 500-kHz unity-gain bandwidth, is 
used as a preamplifier with a gain of 100. Its out­
put is fed through a gain-control potentiometer 
to the op amp, which is connected for a gain of 
10. The combination gives a GO-dB gain with a 10-
kHz bandwidth, unloaded, and 5 kHz loaded at 
500 n. Input impedance is 10 k!l. 

Potentially, using the reference as a preampli­
fier in this fashion can cause excess noise. How~ 
ever, because the reference voltage is low, the 
noise contribution, which adds root-mean-square, 
is likewise low. The input noise voltage in this con­
nect.ion is 440-500 n V Hz, about equal to that of the 
op amp. 

BASIC LOGARITHMIC AMPLIFIER USING OP AMP 

See 
text 

+v (NPN) 

10 k 
VIN 6 

5 
Log V1N 

GND 

-V 

ELECTRONICS NOW! Fig. 6-17 

This logarithmic amplifier uses a single op amp. The current in the feedback loop of the op amp 
is equal to the current flow at the input of the op amp. 
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MAXIM 

CRYSTAL TUNED AMPLIFIER 

+ 
V111 CRYSTAL 

CENTER FREQUENCY= Fe =CRYSTAL FREQUENCY 

Crystal Tuned Amplifier 

0 
~ESPONSE OF F1GuRE 16 C1RCuir1 

-

0 f!YSTAL ff!EOUENCY = 25MH? . 
FIL~ 250 

0 

0 

10 

.2iJ 

.JQ 

·40 
FREQUENC'l'lMH1) 

Crystal Tuned Amplifier Gain vs. Ff8qusncy 

Vour 

100 

Fig. 6-18 

57 



7 

AID Converter Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

58 

High-Speed AID Converter System 
AID Converter for PCs 



HIGH-SPEED AID CONVERTER SYSTEM 

1k0 
ENCODE 

10 36 
son ~ 10pF 

ENCODE A ENCODE B 
6490 

-VREF A 5, 9, 22, .v, •• v 
~VREF s 24, 37, 41 

9 
0.1µF ANALOG 3240 

JNA 200 
RZ1 :t0.5V AD8001 AINA 18 

Da.t.. (LSS) • 1.JkQ 17 
I • 16 

2 I • ~ -2V 
+V1NT 15 • a 20k11 

3 I 14 ~ 
0.1µF -v • ~ +VREF A ,, 

• ~ 
12 

TVREF 6 • 11 
D1A (MSB) • 1:3k0 

6490 AD9058 RZ2 
(J-LEAD) 008 (LSB) 

28 • 29 -ANALOG 3240 I • INB 30 20tl I • ::! :Hl5V 40 31 
A1N B • N 

I 32 ~ • ~ I 33 • ;! 
COMP I 34 • 

0.1µF? 079 {MSB) 
35 • 

-v, 7, 20, 
-SY 

RZ1, RZ2 "2,00011 SIP (8-PKG) 26, 39 

O.lµF 1N4001 
4,19, 21 25, 27, 42 

ANALOG DEVICES Fig. 7-1 

The AD8001 is well suited for driving high-speed analog-to-digital converters, such as the AD9058. 
The AD9058 is a dual 8-bit 50 Msps ADC. In the circuit shown, there are two ADSOO!s driving the in­
puts of the AD905f8 which are configured for 0- to +2-V ranges. Bipolar input signals are buffered, 
amplified (-2x), and offset (by +l.O V) into the proper input range of the ADC. Using the AD9058's 
internal +2-V reference connected to both ADCs (as shown) reduces the number of external com­
ponents required to create a complete data acquisition system. The 20-Q resistors in series with ADC 
input are used to help the AD8001 drive the 10-pF ADC input capacitance. The two AD800ls only 
add 100 mW to the power consumption while not limiting the performance of the circuit. 
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AID CONVERTER FOR PCs 

CLK 
f3 11 +12V...,r-12V 

+•v~--1---...--------.-----+---'~'cr;;:v.:,--;cicfKl CLK 9 4141_1 
U4-a a L...:!l D 04-b a I 5 I US-a~ 

C4 
.~1 .. 1 ex 

.__.,,...,._•_,2'-!RX 
LJ•15 

10 
Q 

'" 
AST ABLE 

TRIGGER 

,. 10 

~ '" SERIAL IN 

,! 

2 
CLOCK 

U2 
74165 

112 7474 112 7474 
2 

D ITT ill GNO 13 1• 

I 
107 GND 

SERIA~OUT l l 1~~~~~~~~'; 
LOAD l-'-0----· 

GND B , .. 

601 
089 
TO 

RS-232 
PORT 

RX 

25K 
BAUD-MFE 

ADJUST 3 

U3 
4047 

ENABLE 1lS _J---------,_ ~ 
•""",.,...,.,,...,,.,.....,,..,.,_.,o•,,...,o.,, _.o.,o.. BAR-GRAPH 

4 5 6 DISPLAY +5V 
O' O& "' 04 03 ,, 12 13 14 3 

CXRX 

____i AS'i'ABtE 

--~1~2.,RETRIGGER 
,__..!. RESET 

_!.TRIGGER 
GNO 

------~I' ,,. 
+SV 

R3 

10K~ 
R14 

4 

1K + 1 
ZERO 

ADJUST 
R4 
1K +5Vl20 7 

___!! CLKR ., 
10K °" "" 

+5V 1 2 

LJ 

,, 

WR 

' J1r4 v,. 

61~~ 

A5-R12 
1.SK 

RS 

"" 
12 13 14 15 16 17 

•c{ 
18 

"' 05 04 03 02 01 DO 

"" 
"' AOCIMl04 

CLK INTR V1N(+) AGND VAEF/2 GND 

4 5 8 8 9 10 

LOAD 

, 
2 

3 

4 

5 

• 
7 

8 

• 
10 

DISP1 

'Cl 
;::-.., - e 16 

, .... 
T0-92 

(rgi 
BOTIOMVIEW 

+SI/ ,..-.-+51/ 
R2 

~ .. i~· ,.(, ~· 
1/•LM324-,,. \..: ~-

t--+--=-~ _ N.C. 
V,.,12 

"".o~~5 '" CJ,~ 
.i~ * , ,. 

POPULAR ELECTRONICS Fig. 7-2 

An ADC0804 ND converter converts analog data to digital. This is fed to a 74165 8-bit shift reg­
ister and converted to serial data. U3 provides a baud-rate clock. U4A and U4B are used to generate 
start and stop bits needed at beginning and end of each data word. 
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8 

Antenna Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Remote Tuned Active HF Antenna 
Miniature Broadband Antenna (3 to 30 MHz) 
FM Auto Radio Diversity Antenna 
Tunable FM Antenna Booster 
Matchbox Antenna Tuner 
Antenna Tuner 
Active Antenna for UHF Scanners 
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To Ref 
Ant 

To Active 
Ant 

REMOTE TUNED ACTIVE HF ANTENNA 

'.SW·1b 
NCO~+ 

f--+-------0 12 v 
_y_-

+ Variable Volts 
To Varactor 

A1>t. 

73 AMATEUR RADIO TODAY 

PC board pattern and parts placement diagram. 

"' 

II
,., 
"' 

+ Varlable 
Voll• 

BS17CIP 
85170 

"'" 

" (see text) I' 
- 8 ,., 

BSHO 

,, 

~
To Rcvr 
Coupl., J310 

MPF102 

= --j'~ 
1··- ~ 

GO 
OGS GSO 

BS170P MPF102 
J310 

Bottom View 

Fig. 8-1 

An MV1662/S varactor diode twies this active antenna/preamplifier. R 1 varies gate bias on the 
BSl 70 FET. Tl is a 3:1 toroidal winding suitable for the frequencies of interest. 
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MINIATURE BROADBAND ANTENNA (3 TO 30 MHz) 

20 k 

0.05µF I 

ELECTRONIC DESIGN 

100pf 
200 pf 

110 k 100 k 5% 100 k 120 k 5% 

1500 1500 

1n 2N5911 - 1n 2N5911 

,----- -------------5 
' 

! ___________ _ 

CA3018 
LM3028 

0.05 µF 

Receiver~ 

75 
5% 

75n coax 

0.05 µF -

1 mH 

270 

Out 

Antenna 

Fig. 8-2 

A short dipole antenna and impedance converter combined together can be rotated to null out 
an interfering signal. The converter supplies a tremendous current gain so that the voltage appear­
ing at the dipole's output eventually drives a 75-Q load. 
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FM AUTO RADIO DIVERSITY ANTENNA 

C11 '~ C7 
R1 ' 

~ C6 H C5 
R6 ' 

F C4 : • C20 : .., C19 : < C21 C2"~ 
.001 .001 

J4 
AUDIO 
INPUT 

·PJ 
/ " 

R22 

"'' (INPUT 
LEVEL) 

c 
1 
16'• 
µF 

2 1 

3 

.001 
47K 

R2 
10K 

2~ ~- 1 

,_d + IC3·a 
R3 ..... , 

1.8K 

~ 

+ 12V 

J5 
+12V 

POWER IN 

·-

"" ""' 
... 

6's 
47µF 

J3 
ANTENNA 

' A 
1/ v 

'~ J1 
RAO 
INP 

J2 

10/ v 
UT 

' A ANTENNA 2, If 

•• R5 
1.SK 1.8K 

"" 
R17 
1K 10K 

~ 1., CLR a ' 
cl. CK IC2·a 

____!. n 74C74 I PR 
a' 

R30 ~ R25 1500 09 33K 470pf 

" " 
R16 C13 

47~pF 100 

C10 .. 
470pF .. 

I .. 
R31 R26 
1500 33K 

.001 .001 .001 R7 .001 .001 
47K 47K 

:'~ 
R23 R27 R29 "' 10K 10K 

_j~ 
10K 

13~ ~: 1~3-b ' 
. . ....:..:: - 14 

10 12 
4 ..... , _. + IC3-c ,.....;,.:: + tC3-d ..... , 
~ LF347 

R24 "" R33 R32 
c22 l 1.8K 1.6K 100K 1.6K 

6BOpf 
+ C24 
:; "'1oµF C1 

• 16 .033; 

- I Yoc lNL~ 

lS FREQ Aom 1... 

~\ 
C3 * 14 

FIL LLOE .!_ 
LED3) ( 390pf 

(PILOT) c2., ~~ -~ 
IC1 

,.!... .033 LM1800N LO 
LED1 R10 ; <C12 ~ 2... 

~~2) +12V 
13K .01 PHA0n RO 

R9 11 RL~ ~~ R~ 
3.3K - MON 

1.6K 10 7 

ce 1~ 
LAMP -

..':::-~ 8 
""'~ .068 THRSH v,. 

~ ~ 
(FREQUENCY ~ 

S£T) 

1ANT1) ·----·~ 

C17:::F'O 
R13 0.1 
33K 13 

01 1 CLR 
R15 

3/K.)2 1MEG 
11 CK • +12V R12 4 l1 1 ·- 2 

33K 
- R20 

22µH 6800 .. 
OJ__ 01 IC2-b '·· ,.,J, 1N914 74C74 - 9 02 1 0-

3.fK\, 
C18 !cci; .001.,... 

~-....J A r,; 0 
~ 

R14 C14 + +12V 10 PR ~ 1000 ·"" ~ 
·~ 

ELECTRONICS NOW Fig. 8-3 

A second antenna, installed on your vehicle as far away from the original equipment antenna as 
practical, provides the second FM signal. The figure is a simplified block diagram of the diversity system. 

The cables from both antennas are connected to the electronic antenna switch. The 19-kHz pi­
lot signal from the receiver's audio output is passed through a high-gain bru1dpass active filter, which 
attenuates audio programming that is much stronger than the pilot signal. After amplification, the pi­
lot subcarricr becomes the reference frequency for a phase-locked loop (PLL) circuit. The output of 
the PLL locks to the 19-kHz pilot signal and functions as a subcarrier detector. When the reference 
frequency becomes noisy, the PLL will lose "lock" arrd trigger the 11ip-l1op, whose output switches the 
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FM AUTO RADIO DIVERSITY ANTENNA (Cont.) 

state of the electronic antenna switch. This action switches the alternate anterma into the system 
while disabling the original antenna. 

If that second antenna is positioned for better reception, the received signal will clear, and the 
P11 will again lock to the subcarrier and hold the switch in that state until the pilot signal drops out 
again. If the second antenna does not restore the pilot signal reception after a 0.1-second delay, the 
primary antenna is switched back on. 

When the radio is receiving AM, the absence of the 19-kHz subcarrier will also reactivate the pri­
mary antenna that is tuned to the receiver for the best AM reception. 

TUNABLE FM ANTENNA BOOSTER 

ANT1 
(NOTE 1) R2 R3 R4 

2.2K 22oK 2.2K 
C5 OUTPUT 

R1 (NOTE3) 
22oK C4 30pF 

30pF 

TP3 
+ 

L1 i B1 
INOTE2) C2 1 ev 

4.&-<;5pF L1 -

C6 C7 
INOTE2lb 

10µF 30pF S1 

NOTES: 1. 1 ELEMENT OF INPUT RABBIT EARS. ... 
2. SEE TEXT FOR WINDING INSTRUCTIONS 
3. TO ANTENNA OF FM RECEIVER 
4. VOLTAGES AT TEST POINTS: TP1..0.68V, TP2"'3.85V, TP3=0.68V. 

ELECTRONICS NOW Fig. 8-4 

This two-transistor amplifier circuit with tunable tank circuits boosts the distant FM signals. 
Coils 11and12 arc l\f turns #20 AWG bail tinned wire wound around a%" diameter mandrel. 
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MATCHBOX ANTENNA TUNER 

c, C2 
0 

~ 

" 
Unbalanced 

Outputs 

Input Bolonced 

p>--o I Output 
I 
I 

Ground I 
I 

I 

~] I ) 
I 
I Balanced 

) Output 

QST Fig. 8-5 

Cl is a split stator capacitor and C2 is a dual differential capacitor. The top unbalanced output 
connection is used for high-impedance unbalanced loads, and the other is used for low-impedance 
unbalanced loads. In the latter case, the unused balanced load connection is grounded. 

QST 

ANTENNA TUNER 

Input 

500pF 

500 pF Unbalanced 
Outputs 

'----+--------.__-------+----! Ground 

Fig. 8-6 

This is a circuit diagram of the Collins Model 1808-1 antenna tuner. Three unbalanced configu­
rations are available, two of which form an L-network and the other is a It-network. The tuning range 
is impressive. 
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Coaxial 
feed 

1/2" tube with 
3f1e" center 

Choke conductor 
3/4" x 3" 

brass 

6" 
dipole 

Solder 
Corner 

reflector 
antenna 

12" on-side 

WILLIAM SHEETS 

ACTIVE ANTENNA FOR UHF SCANNERS 

-------------------------------~ 

! /Weather 

I 
1-
1 
I 
I 
I 
I 
I 
I 

IC1 

4 MAR-6 

390 
n 

3 turns #22 
1/4" dia. x 1/4" long 

f ~ 800-1000 MHz 

100 
n 

:.V- proof 
case 

Up to 50' 
RG/BU coax 

Connector 

! _______________________________ ~ 

+ 
=-12 v 
I 

Fig. 8-7 

This active antenna is a 1'-wave dipole mounted in a 12" x 12" x 12" 90° comer reflector. A built­
in active preamp !Cl, fed de through the RF coaxial line, provides 15 dB gain at 900 MHz to offset ca­
ble losses. This provides superior reception for scanners covering the 800- to 1000-MHz range. 
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9 

Attenuator Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Switchable Power Attenuator 
Variable Voltage Attenuator 



SWITCHABLE POWER ATTENUATOR 

XCVR K1A 

Attenuator 

+ 12v1----, 

D1 D2 
K1 K2 

RCV 

~ 
QST Fig. 9-1 

Schematic diagram of a switchable power attenuator that can be used to reduce the power out­
put of transmitters that don't have ALC lines. 

Values for 10 and 20 dB: 
lOdB: R1 =R,=91Q 

R2 = 75 Q nearest standard values 

20 dl3: R1 = R3 = 62 Q 
R2 = 240 a nearest standard values 

Note: Rl must handle the largest share of the input power, and R2 somewhat less. This depends 
on attenuation selected. 
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Jl 

~ 

POPULAR ELECTRONICS 

VARIABLE VOLTAGE ATTENUATOR 

RF 
BANDPASS 
FILTER N0.1 

RF 
BANDPASS 

FIL TEA N0.2 

03 

TO 
RF AMPLIFIER 

OR MIXER 

r-'W'r-+-----1J 
~ R2 

4700 

02 

C3 
.1 

Cl 

R2 
lOK 

Al 
lOK 

RF AITENUATOA 
~--w..--+ 12VDC 

01 
PIN C2 

DIODE .1 
AITENUATOR 

Fig. 9·2 

The front-end of this circuit is a bank of selectahle bandpass filters. The output of the filter banks 
are shunted to ground via capacitor (Cl) and PIN diode (Dl). The PIN diode acts like an electroni­
cally variable resistor. The resistance across the diode's terminals is a function of the applied bias 
voltage. This voltage, hence the degree of attenuation of the RF signal, is proportional to the setting 
of potentiometer R 1. The series resistor (R2) is used to limit the current when the diode is forward 
biased. This step is necessary because the diode has a very low resistance when a certain rather low 
potential is exceeded. 
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10 

Audio Signal Amplifier Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Vacuum Tube Audio Amplifier 
Micropower Linear Amplifier 
NB FM Audio Amplifier 
Two-Transistor Audio Amplifier 
Personal Stereo Audio Amp 
Transistor RIAA Preamp for Magnetic Phone Cartridges 
Dynamic Microphone Preamp 
Balanced Microphone Preamplifier 
RIAA Line Amplifier/Driver 
Single-Ended HI-Z Microphone Preamp 
Low-Level Audio Amplifier 
Simple 20-dB Gain Audio Amplifier 
High-Gain Dynamic Microphone Preamplifier 
FET Phono Cartridge Preamp 
Simple High-Gain Audio Amplifier 
RIAA Preamplifier 
Basic Complementary Class-AB Slngle-Supply Amplifier 
High-Impedance Microphone Input Circuit 
Electronic-Ear Low-Noise Audio Amplifier (for Parabolic Dish Mikes) 
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VACUUM TUBE AUDIO AMPLIFIER 

Vee 
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10K PRE/ 
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-15V V2 
6632 ,----- - ----- -· --------------- - -------- - ---- ------ -- - - ---- - --------------------, 

' ' 
' 
' ' 
' ' 

' 
' 

J3 
RIGHT C27 
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R" 

"' 
"' "' 
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+ISV 

ICS..a 

''"" 
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+45V~y;,-,~-.---.-----~ 

cw 
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"'' 01 

R56 
150K 

= 
'"' 

"' ""' "" ""' 
R42 

"" ' 

"" 1001< 

= 
"" 

R51 

"'"' SYMMETRY 

""' '"' 

~ ·- -........ ~ 7 + 100K I '"" 

"' '70K 

R63 

""' 
0 

R38 

'""' 
R41 

"" 
cw 

"" 10K 
OUTPUT 

.... 
RIGHT 

""' 

i7 L_ 

/, 
1~~~ "REF ~ 12VAC :: :.= at6 

R58 \t!) - f"'-'l\ii;·,•.C. -+-----------"-------:!__--oM.-~"--_J 
1000 LED3 I 
------------------------------------------------------------------------------~ 

ELECTRONICS NOW Fig. 10-1 
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VACUUM TUBE AUDIO AMPLIFIER (Cont.) 

This schematic is for a tubehead amplifier. The output from transformer T 1 is positive half. 
wave ac rectified by Dl and filtered by Cl, C2, and Rl for a +15-V supply. A-15-V supply is avail­
able from D2, C3, C4, and R3. The plate supply for the 12AX7 tubes is produced by a voltage multi­
plier. 

Some listeners prefer the sound of a vacuumtube audio system. Although this is rather subjec­
tive and a personal preference, this circuit can be used to simulate the "tube sound" preferred by 
these listeners. 

MICROPOWER LINEAR AMPLIFIER 

Al 
lO 10MEG 

INPUT 

ELECTRONICS NOW 

06 

G 

R1 
!SEE TEXT) 

R2 
!SEE TEXT) 

D 

D 

+ 15V -
12 

OSCILLOSCOPE 
PROBE r------- ------, 

: A3 ,........_~ C1 : 

J 10MEG 15pf l 
L-- -- ____ J 

OUTPUT 

Fig. 10-2 

This circuit, based on the inverter in the CD4007UB CMOS linear amplifier, shows a method 
for reducing drain current. 
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10 
k!l 

+ 10 µF T 16V 

Audio o------i f--~\ 
input 0.1 µF 470 !l 

100mV1 
P-P ~ 

WILLIAM SHEETS 

NB FM AUDIO AMPLIFIER 

100 
k!l 

10 k!l 
'~-----++9V 

µA741 
etc. 

47 µF 
16V 0.15H 

1 kfl Deviation 
f----+-r'r-rr'--<~--'-, e set + 

0.047 

T µF 

0.047 T µF 
To FM 

modulator f 2v P-P 

Fig. 10-3 

This audio system amplifies, limits, and filters an audio voice signal for use with an FM modu­
lator or VCO. It has pre-emphasis of 6-dB/octave 300-3000 Hz. Almost any suitable op amp can be 
used. 

Input 

C? 

WILLIAM SHEETS 

TWO-TRANSISTOR AUDIO AMPLIFIER 

0.47 µF 

100 k!l 

~-------<>----------.+9V 

4.7 
k!l 

11 Primary of any transistor 
::-radio output transformer 
II 

+ 
470 µF 

J1 
See text 

Fig. 1o-4 

This is a general-purpose audio amplifier for driving a pair of stereo earphones in monaural 
mode. Two can be used for stereo. In this case, ground the center top of the earphone (sleeve of 
Jl). 
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PERSONAL STEREO AUDIO AMP 

LEFT 
OUTPUT 

~ 

C6 ~1 
.... 220 
+ 16WVDC 

C4 ~ + 

100 '"' 

V+ 

16WVDC 

C3 ~ ~ 
.1 

RS , 1 
10 2 

R7 • .2 
R6 100K: U1 

1MEG 4 
ULN2274B 

5 

" 6 

" C2 7 

.01 
R9 : C1 5.6K 

.002 
" 
" R5 I +" 

1MEG ~ 

·~ R3 R4 4.7 

1MEG 150K 16WVDC 

VOLUME 112 WATI 
CONTROL 

R2 R1 
680K 390K 

1f2 WATT 1/2 WATT .. 
( 

POPULAR ELECTRONICS 

RIGHT 
OUTPUT 

~ 

C11 
220 

;~6WVDC 
1~ 

C9 
.1 

" ,. 
R17 

14 10 
-
13 

~ 
R16 
100K A15 11 

1MEG 
10 

9 

_§__ HCB 
.01 

~ A18 
~ 5.6K 

C10 + 
4.7 ; ;( 

16WVDC 

R1£ 
1MEG 

VOLUME 

R14 

" 
1MEG 

" 
... 

C7 
.002 

R13 
R11 150K 

680K 1/2 WATI 
CONTROL 112WATT 

R10 
390K 

112 WATT 

( 

~~ 
RIGHT ... 
INPUT 

Fig. 10-5 

You can make your personal stereo do double duty as a small room stereo by adding this 2-watt 
amplifier. 
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TRANSISTOR RIAA PREAMP FOR MAGNETIC PHONE CARTRIDGES 

10 µ,F 
16 v 

Input~ 

R,~ 

Rx= T.o suit 
cartridge used 

WILLIAM SHEETS 

100 
k!l 

= 

27k!l 

330 k 

270 k!l 

10 
k!l 

2N3904 

10 µ,F 
t----1--+-----J+ I ~ Output 

~Z,>10k!l 

1 
k!l 

+100µ,F 
10 v 

RIAA Time Constants 

3180 µ,S 
318 µs 
75 µs 

Fig. 10-6 

This two-transistor circuit has around 40 dB (midband) gain at 1 kHz. A magnetic cartridge is 
used as a source. 

DYNAMIC MICROPHONE PREAMP 

+9V 

4.7 

1 µ,F 
k!l 

33 kl! 
0+ + ( 0 

100 
10 µ,F 

1 µ,F k!l 

Input o-j I+ 
2N3565 

f 22 
k!l = = 

= 

WILLIAM SHEETS Fig. 10-7 

This preamplifier provides 40- to 43-dB gain when used With a low-impedance ( <l kn) dynam­
ic microphone. 
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PERSONAL STEREO AUDIO AMP 

,. 

LEFT 
OUTPUT 

~ 

cs ~1 
.... 220 
+ 16WVDC -C4 + 

100 : .. 

V+ 

16WVDC 

C3 l ~ 
.1 

RB 1 
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R7 : ..-2 RS 100K 
1MEG 4 

5 .. 6 

" C2 ~ ,.....]. 
.01 

R9 
C1 5.6K 

.002 .. 
" R5 

1MEG .. 
R3 R4 
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R2 R1 
6BOK 390K 

1/2 WATT 1/2 WATT 

) 

"-v--'~ 
LEFT 

INPUT 

U1 
ULN2274B 

+,, I 
cs 
4.7 

16WVDC 

POPULAR ELECTRONICS 

RIGHT 
OUTPUT 

,--A-,_ 

C11 
.,..._ 220 
1~ 
+ 1f'NWDC 

C9 
.1 

" ,. 
=R17 

!i.. 
m 

13 

~ 
R1S 
100K : Rf5 11 

1MEG 
10 

9 

• : o;CB 
.01 

R1B 
R14 

5.6K 
1MEG 

C10 + .. 
4.7 '* " 

.. 
C7 16WVOC'----

.002 

R12. R13 
1MEG R11 150K 

VOLUME: 680K 1/2 WATT 
CONTROL• V2 WATT 

R10 
390K 

112 WATT 

" ~ "* RIGHT 
INPUT 

Fig. 10-5 

You can make your personal stereo do double duty as a small room stereo by adding this 2-watt 
amplifier. 
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BALANCED MICROPHONE PREAMPLIFIER 

+V(9 to 15 V) 

R3 
R6 

(see text) 
1 k 2 

2 Output 
R7 

J1 R4 4.7 k 
XLR 1 k 

R1 R2 R5 
10 k 10 k (see text) 

; 
Channel 1 

R13 
(see text) 

R10 
1 k NE5532 

7 
2 Output 

R14 
J2 R11 4.7 k 

XLR 1 k -V(9 to 15 V) 
R8 R9 R12 

10 k 10 k (see text) 

Channel 2 

ELECTRONICS NOW Fig. 10-8 

A balanced input for microphones can solve hum and noise pickup problems. R6 and Rl3 
should equal li5 and R12, respectively. Typical values would be 10 kQ to 22 kQ. 

FROM RIAA 
PREAMPLIFIER + l!i'J 

- ,, .... 
'" 

lOOfl +l!iV 

"' 
047pf ~ 

ANALOG DEVICES 

RIAA LINE AMPLIFIER/DRIVER 

"" 

"" 

™" 

LINE 
OUTPUTS 

Fig. 10-9 

1\vo op amps by Analog Devices are used in 
Lhis audio line amplifier, which is suitable for 
interfacing with an RIAA preamplifier. 
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ANALOG DEVICES 

SINGLE-ENDED Hl-ZMICROPHONE PREAMP 

C4 
10µF 

DYNAMIC OR CRYSTAL 
MICROPHONE 

z,. 6000 

R7, 64.9k0 
~--'V'VV----<>------<l>---0 +V5 = +5V 

+ C5 

"' 49.9kO l 
C2 

R3 \J 
22.1k0 

'% 
..._-+--"/\~ 

100µF 
25V 

R4 
22.lkO 

100Q 

"'' 2210 

"' GAIN=l+fi2 

R2b 
2.SkO 
REV LOG 

"' 22.1kQ 

"· 
T100µF 
'\J 25V 

100µF 
25V 

U1: 1/2 SSM2135, 
AD822, A0820 

47kn 

Fig. 10-10 

This low noise circuit works on a +5-V supply. Gain range is 20 to 40 dB and bandwidth is 20 
kHz with the AD820. THD is 0.05% with 1 V RMS into a 2-kQ load. Noise output with the input 
shorted is less than 200 µ V. 

LOW-LEVEL AUDIO AMPLIFIER 

Cl 
12 

CJ 
12 

,---~r---.--ll~OUT 

Al 
56K 

R4 
4.7K 

IN <>--lt--+--tt 

R2 
15K C2 

100 

-V 

RJ 
l.5K 

SIMPLE 20-dB GAIN AUDIO AMPLIFIER 

1 M!l 

LM741, LM324, 
LM1458, etc. 

Any op amp 

POPULAR ELECTRONICS Fig. 10-11 WILLIAM SHEETS Fig. 10-12 
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HIGH-GAIN DYNAMIC MICROPHONE PREAMPLIFIER 

Dynamic 
microphone o--i 
Z~1k!l = 

WILLIAM SHEETS 

0.47 µF 
+ 

150 
k!l 

.---------------..-+12V 

33 
k!l 

2N3565 

. 4.7 
k!l 

1 µF 

---~--+71 r-( ---<O 

2N3904 

f 

680 fl 

R,~ 10k!l 

Fig. 10-13 

This microphone preamplifier is capable of about 70 dB or more gain at audio frequencies. Its 
gain is approximately equal to the product of the h,, of both transistors times the ratio of the load 
resistance to the input resistance of the preamp. As an approximation, these resistances arc usually 
similar in value ( ~2 to 5 kQ) for most applications, so this ratio can he taken as unity. 

From 
hi-z 

cartridge 

WILLIAM SHEETS 

FET PHONO CARTRIDGE PREAMP 

10 µF .J± 
25V T 

0.1 ,,_FT 
= = 

MPF102 

10 Mll 

= 

100!! 

10 µF 
16 v 

+6 to 18 Vdc 

...----<~--<+ t------o To transistor 

0 audio amp 
2.2 _L 
k!l 

Voltage gain = 0.5X 

Fig. 10-14 

A high-Z phono cartridge can he matched to a low-Z amplifier with this circuit. The FET pro­
vides a current gain of over lOOOx and a voltage gain of about 0.5x. 
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Rs 1 µF 

-~I' 

Source 
-=- (microphone, etc.) 

SIMPLE HIGH-GAIN AUDIO AMPLIFIER 

~ 

10 
k!1 

10 
kl! 

4.7 
k!1 10µF Ott 

( r.. LI pu .._ ____ -----""+ ~ RL 

(5 kl!, etc.) 

Transistors can be most 
any NPN small 

signal 2N3904, etc. 

100 k 

WILLIAM SHEETS Fig. 10-15 

This amplifier has a very high gaill in the audio range and is approximately the product of the 
current gains of the three transistors multiplied by the ratio of RL to (R1N + R8).R1N is approximately 
to: 

INPUT 

ANALOG DEVICES 

(js01 + I) (2o) 

/EQI 

RIAA PREAMPLIFIER 

+ HiV 

"" 
m ""' 

- H~\I .... .... .... 
1100 

~.471<F 
11cn 

•MM "' MOVING MAGNET 
••MC " MOVING COIL 

~ 7!inF 

'0 
LINE 

AMPLIF1El'I; 

VOLUME~ 
A.OJUST. 7 

"' 

0 Oi-<F 

2MO 

- \!i"' 

Fig. 10-16 

This preamp for RIAA phone use uses two op amps by Analog Devices. A ,;wit.ch selects com­
pensation for moving magnet or rnoving coil pickups. 
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BASIC COMPLEMENTARY CLASS-AB SINGLE-SUPPLY AMPLIFIER 

:~i RL (see note) 
y 
I 
I 

Input 

o-i 
/!:C R J{' ; IXcl < 1 iJ at lowest audio frequency 

~,._L_~~-d-~ 

WILLIAM SHEETS 

Note 
RL can be also 
returned to Vee 

(Reverse capacitor C) 

HIGH-IMPEDANCE MICROPHONE INPUT CIRCUIT 

+ 47 µ,F 
22 T 16V 
k!l 

1kl1 
+12V 

High Z ino------J f-+--+----...------1 
0.22 µ,F 

WILLIAM SHEETS 

22 
kl1 

100 
k!l 

.----+-----'-'+ >-----.----+-'-< >-----oLo·Z out 

10 µ,F 
16 v 4.7 

kl1 

10 µ,F 
16 v 

Fig. 10-17 

Fig. 10-18 

This input circuit will enable use of a high-impedance microphone where a low-impedance 
microphone would be needed. 
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Rl ELECTRONIC-EAR LOW-NOISE AUDIO AMPLIFIER (FOR PAROBOLIC DISH MIKES) 

Rl 

Rl t 10\::0 

Mike 

4.7MO 

C2 R2 
.47µF 1000 

~ ~ 

fl/ 
Cl __J 220pF 

+V 

R2 I Headphone amp 21k () 
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I lk {} 
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4 • ·1~vv 
Cl R4 

.47µF 3.lkO 
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Rl 
lOkO, 

b 

R5 
2200 

R6 
J.Jk {} 

Dl 
1N34A 

C6 I 220pF 

Cl 
~ .47µF 

'>s I t--o 

+ C4 
I.OpF 

Recorder interface 

Jl 

To tape circuit 
or headphone amp 

Power supply 
decoupling.lfil tering 

+V 

aha 
lOOOµF µ.lµF 

Fig. 10-19 

Use this circuit with a parabolic reflector. m\crophone for eavesdropping on distant sounds. 



11 

Audio Power Amplifier Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Audio Power Amplifier, 1.5 W, 12 V 
Parallel Power Op Amps 
10-Watt Audio Amplifier 
Power Bridge Amplifier with Single-Ended Output 
Line-Operated Audio Amplifier 
Basic Complementary Class-AB Power Amplifier 
Simple Vacuum Tube Amplifier 
Power Supply for Vacuum Tube Amplifier 
16-W Bridge Amplifier 
RFl-Proof Audio Power Amplifier 
Basic Quasi-Complementary Power Amplifier with Split Power Supplies 
RIAA Phono Amplifier 
Basic Quasi-Complementary Power Amplifier Circuit 
Phone Amp 
80-Watt IC Audio Amplifier 
Basic Complementary Power Amplifier Circuit 
General-Purpose AF Amplifier 
Bridge Connection of Two Power Op Amps 
90-V 10-A High-Power Amplifier 
Mini-Megaphone 
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10 ,,.F 

Input o----1 
f 
= 

470il 

470il 

AUDIO POWER AMPLIFIER, 1.5 W, 12 V 

~~~~~~~~--.--____,,+t-:-I 
470 ,,.F = 

~----+------ +12 v 

TIP31A 

1il 470 µF 
16 v 

+6V 

1il 

+5.3V 
2N3906 

TIP31A F 
8-il 

Q speaker 
7 ..L 

-

0.1 

T"F 
100il 

= 
4.7kil 

2.2 
kil 

WILLIAM SHEETS 

= 
100 kll 15 kl! 

Fig. 11-1 

Although !Cs have largely replaced circuits such as this, this circuit still finds use where the flexibil­
ity of a discrete device design is desirable. Parts are easy to obtain and the problem of IC obsol~s­
cence is eliminated. The TIP31A can be heatsinked to a small metal heatsink, if desired. 

" "' 

NATIONAL SEMICONDUCTOR 

84 

PARALLEL POWER OP AMPS 

.. 
0.1 

" 0.1 

OUT 

Fig. 11-2 

The power amplifiers, A2 and A3, are wired 
as followers and connected in parallel with the 
outputs coupled through equalization resistors. 



10-WATT AUDIO AMPLIFIER 
+12 v '" to preamp . .--<~- LM7812 f--.-----+-----+·--+--+--- +24 V 

if required 
0

_
1 0

_
01 

~µF ~ µF 
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n ss v • 

1 µF TIP42A* 
-35 v 

·~,,!~!., 
MJE2055 l ~1 "' 

0.1 er' JI+ 2N3904 

~ 

22 kn 
22 
kn 

WILLIAM SHEETS 

22 
kll 100 

n 

100 µF T 16V 

0.33 
fl 

TµF 

*Heatsinked to 
same metal mass 

Fig. 11-3 

This circuit is a general-purpose 10-W audio amplifier for moderate-power PA or modulator use 
in an AM transmitter. With higher voltages and a change in bias resistors, up to 30 W can be obtained. 

POWER BRIDGE AMPLIFIER WITH SINGLE-ENDED OUTPUT 

NATIONAL SEMICONDUCTOR 

Bridge amplifier with a single-ended output 
uses floating supply. Either input can be 

grounded. 

Fig. 11-4 
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LINE-OPERATED AUDIO AMPLIFIER 

0.05 ~F 

··f 
NATIONAL SEMICONDUCTOR 

t98Y0 c 

i I BIAS 20mA 

-----'1/\,1\,---A 11111,3 Voe 
\OM 

\OM 820 

Fig. 11-5 

An audio amplifier which operates off a +98-Vdc power supply (the rectified line voltage) is of­
ten used in consumer products. The external high-voltage transistor, Ql, is biased and controlled by 
the LM3900. The magnitude of the de biasing voltage, which appears across the emitter resistor of 
Ql is controlled by the resistor. The resistor is placed from the (-) input to ground. 

WILLIAM SHEETS 
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BASIC COMPLEMENTARY CLASS-AB POWER AMPLIFIER 

---~----+v 

PNP 

C= 50 µF 

Low-Z 
Load 

Fig. 11-6 



INPUT 

SIMPLE VACUUM TUBE AMPLIFIER 

20R5 

n· 

II 

20R5 

"SEE TEXT 

V1 

3 4 3 

A2 
47'l r2· 

R4 

ll[OOTPUT 2200 
A1 

250 

A3 
470 

• 
V2 

OOFX5 

+120VDC 
FILAMENT 

+92VDC 
-PLATE/SCREEN 

POPULAR ELECTRONICS Fig. 11-7 
Using a pair of 60 FXfi tubes, direct operation from 120 Vac is possible. However, the use of a 

power supply with an isolation transformer is recommended. Rl is adjusted for equal voltages at pin 
1 of Vl and V2. The power output is about 2 to 3 watts. 

POPULAR ELECTRONICS 

POWER SUPPLY FOR VACUUM TUBE AMPLIFIER 

+120VDC 
FILAMENT 

R1 
3300 

Fig. 11-8 

The power supply for the amplifier uses two low-voltage transformers com1ected back-to-back. 
The full-wave bridge rectifier, BRl provides de for the filaments, plates, and screens. 
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Vs 
14.4V 

470µF 

NATIONAL SEMICONDUCTOR 

T 
D.2µF 

m 

2.2 

16-W BRIDGE AMPLIFIER 

., 
• 

7 O.ZµF 

22D 

0.2µf T 

22D 

V5 
14.4V 

70.2.F 
r---<11 ...... --t 

+ 

T 

This circuit delivers 16 W RMS audio into a 4-Q load (RL). The !Cs are LM383s. 

RFl-PROOF AUDIO POWER AMPLIFIER 

+12 v 

Ferrite 
bead 

+ t2lpF 

= 100µ,F 
15 v Ferrite 

bead 

111 

10µF 

10Dk 

Fig. 11-9 

10 kil 0.01 pf 

~f----~~----j 

Input 
>---1r--~--H--.-D--< Spkr 

470pF T 
100 fl 1 2.7 fl 

= = 
= 

WILLIAM SHEETS Fig. 11-10 

ThLs 1-watt audio amplifier was used in an FM repeater and proved to be immune to strong RF 
signal pickup. It functioned well in very strong RF fields. 
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BASIC QUASI-COMPLEMENTARY POWER AMPLIFIER WITH SPLIT POWER SUPPLIES 

+Vee 

R, 

PNP NPN 
NPN 

Bias 
diodes Rs RE 

NPN 
R, 

Input 

R1 PNP R, 

= J_ 

t NPN NPN 

R, 
Rs 

RE 

R 
-Voe 

IGA/NI =: 
1 

WILLIAM SHEETS Fig. 11-11 

This is the basic circuit used in many audio power output stages where split supplies are used. 
This amplifier is inherently de coupled and has high open loop gain and good de stability if the feed­
back network is properly designed. 

NATIONAL SEMICONDUCTOR 

RIAA PHONO AMPLIFIER 

•• 
2.SM 

t1 
ZlDpf 

+181J 

R, • 1.liM 

Co 
lllD~F 

·~11:·~ ... 2.?0 

.. l .. c • an 

....... c 
·.~: 0.1 ~F 

R 1 +150k0 
Mid-band gain = -----

150 kQ 

Fig. 11-12 
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BASIC QUASI-COMPLEMENTARY POWER AMPLIFIER CIRCUIT 

r 
Input 

I 

WILLIAM SHEETS 

NATIONAL SEMICONDUCTOR 

R, 

R, 

R1 
75K 

Bias 
diodes 

NPN 

RE 

Rs RE IXci < R,f1o 

+V/2 

~ + 

PNP 

PHONOAMP 

Vs= 18V 

Co 
500 1.1F 

8 + 

.,. 
2.7!l 

Cc:* - -
0.1 µF"'~' 

t 
Output 

I 

Fig. 11-13 

Fig. 11-14 

The figure shows the LM380 with a voltage-divider volume control and high-frequency roll-off 
tone control. 
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80-WATT IC AUDIO AMPLIFIER 

1000µF rl + 

0.1µFjj 

+"""25V 

~v·c'•,_... ____ _ 

100k an 

1k ·25V 

1oµFI 20k 

24k 

NATIONAL SEMICONDUCTOR 

+25V 

+ h 1000µF 

~0.1µF 

I10µF 

Fig. 11-15 

This audio power amp will deliver 80 W of audio into an 8-Q load. The LM3875 IC devices should 
be suitably heatsinked. Note that the amplifier is a bridged circuit, with both speaker leads "hot." 

WILLIAM SHEETS 

BASIC COMPLEMENTARY POWER AMPLIFIER CIRCUIT 

Bias 
diodes 

~---.....--~~+Voe 

~----+-----+-------o Output 

C1 

Input o-------j f-+~--+--_, NPN 

Fig. 11-16 
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+12 v 
J2 

QST 

GENERAL-PURPOSE AF AMPLIFIER 

C4 + CS 

1~~ tl•---~T o.1 

~--~V\l\r---------+----1 LINE* 

Eic<;;ept 011 indicated, decimal ...alue11 of 
copacltonce Qre "1 microforods ( µ.F ); 
others ore in picoforad1 (pf); 
resi11lonces ore in ohme:; k=1.000. M=l,000,000. 
IC Pins not shown ore unused. 
nc=Not connected. 
*=See text. 
**~H1at sink (see text). 

C.6 
100 µ.f 
16V 

B + >'--.--iH LS * 

supply Voltage: 12 to 14 v 
Input impedance: 50 k\l (nominal) 
0...tput impedance (LS(speoker] terminal): B n 
Output Impedance (LINE terminal): 560 0 
Goin: Up to 70 dB, continuously variable 
Bandwidth: 16 Hz to JO kHz, minimum 

RB 
2.7 

C7 
0.1 

Fig. 11-17 

Schematic of the general-purpose AF amplifier. All resistors are Y.-W, 5%-tolerance carbon-com­
position or metal-film units. Equivalent parts can be substituted. General-purpose JC replacements 
are sl1owr1 in parentheses. 

BRIDGE CONNECTION OF TWO POWER OP AMPS 

NATIONAL SEMICONDUCTOR 

92 

Fig. 11-18 

These bridge connections provide differen­
tial outputs that approach twice the total supply 
voltage. Diode bridge clamps output to the sup­
plies. 



90-V 10-A HIGH-POWER AMPLIFIER 

our 
R13 L1 
3.3 •µ 

R2 " 2k 2k 
0.1% 

0. '" IN 
R1 
1k 

O. IX. " " 10k 1k ,. 0.1~ 

-

NATIONAL SEMICONDUCTOR 

Thfa amplifier can drive ±90 Vat 10 A, more than twice the output swing of the LM12. The IC 
provides current mid power limiting for the discrete transistors. 

R1 
2.2K 

Cl 
.22 

+ C4 
470 

2 

R3 
10K 

VOLUME 

POPULAR ELECTRONICS 

6 

C3 
470 

LM316 
5 

C2 
.1 

+ 

*SEE TEXT 

MINl-MEGAPl'IONE 

Fig. 11-20 

The Mini-Megaphone is comprised of an elec­
tret microphone (M!Cl), and LM:386 low-voltage 
audio-power amplifier (Ul), a horn speaker 
(SPKRl), and a few other components. 
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12 

Automotive Circuits 

The sources of the following circuits arc contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

94 

Electronic Auto Stethoscope 
Automotive Electrical Monitor 
Car Alternator Monitor (Idiot Light) 
Cigarette Lighter 9-V Adapter 
Motorcycle Turn-Signal System 
Tachometer Signal-Conditioning Circuit 
Smart Tum Signal for Autos and Motorcycles 
Turn-Signal Alarm 
High-Power Audio Amp for Automotive Installation 
High-Power 12-V IC Auto Amplifier 
Capacitor Discharge Ignition System 
Car Audio Power Supply 
Motorcycle Headlight Monitor 
Headlight-Off Indicator 
Auto Battery Isolator Circuit 
Automotive HI-Z Test Light 



p 
T s1 
'9V 

-"-

MIC1 

C7 
033 

POPULAR ELECTRONICS 

ELECTRONIC AUTO STETHOSCOPE 

R1 A3 
~ C11 

2.7K 18K 0.1 
C1. + 

47 
R2 + C2 R4 

2.7K 10 18K 

... 
C3 

+ ---------------· 4.7 C8 

' '' + 
GND -------------:t + 

A7 
10K 

C8 
.033 

A9 
10K 

AB 
SOK 

TONE 

cs_l• 
1 

AG 
10K 

C4 
33pF 

A12 
880K C9 

10pF 

AS 
220K 

A13 
1000 

A11 ..-~~~1t--..--¥1,.,_,, 

1SK 

A10 
SOK 

VOLUME 

+ c10 

~ 
~~ 

Fig. 12-1 

The heart of the Stethoscope is the NE5532 audio op amp, Ul. That component directly drives 

low impedances and allows the use of headphones without adding another amplifier. 
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AUTOMOTIVE ELECTRICAL MONITOR 

TABLE 1-AUTOMOTIVE EtECTRICAL FAULTS 
Condition 

Vehicle at rest 

Cranking 

Idling 

Running 
minimum load 

Running 
minimum load 

Running 
maximum load 

12V INPUT 
~ 01 1 •,.__1_N4004 ___ ~_, 
... 

A3 
35711 

A4 
4870 

A5 
1.3K 

A6 
9.53K 

POPULAR ELECTRONICS 

R7 
220K 

8 

6 

7 

3 

9 

Normal Voltage 
12.6 volts 

>9 volts 

>12.8 volts 

> 13.4 volts 

<15.2 volts 

> 13.4 volts 

13 

Possible Faull 
<12.4 volts: bad cell or 

severely undercharged battery 
<9 volts: Weak battery 

<12.8 volts: Not charging; 
bad alternator or wiring 

<13.4 volts: defective alternator 
or voltage regulator 

>15.2 volts: Overcharging; 
defective regulator 

<13.4 volts: alternator 
defective or belt slipping 

R10 
470'1 

02 
1N4148 

R11 LED4 
4700 RED 

INSUFFICIENT 
CHARGING 

LEDS A12 
470!l RED 

OVERCHARGING 

Fig. 12-2 

The automotive electrical diagnostic system is built around a Maxim MAX8214ACPE five-stage 
voltage comparator, which contains a built-in 1.25-volt precision reference, and on-board logic that 
allows the outputs of two of the comparators lo be inverted. 
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+ 

CAR ALTERNATOR MONITOR {IDIOT LIGHT) 

330 fl 
~~.-~9~V~~~o-.J\,,l\/'v----..~~~~~-.--~~-.--~~~.-... +12V 

IN757 

1 "if 50 kfl 3.3 kil 

10 kfl 

10 kfl 

WILLIAM SHEETS 

50 kfl 

Max. 
-= set 

10 kfl 
>--A.N\r-+-1 2N3906 

- MC1458 or 
any dual 

-= op amp IC 

10 kfl 

1 kfl 

LED 
Indicator 

(red) 

Fig. 12-3 

A window comparator is used to detect a too-low or a too-high system voltage. The minimum 
and maximum settings are set with two 50-kn pots, as desired. 

WILLIAM SHEETS 

CIGARETTE LIGHTER 9-V ADAPTER 

470 fl 
1/4 w 

IN757 

+9-V output 
100 mA 

Fig. 12-4 

A simple way to provide +9 Vat 100 mA from a 12-V auto source. Applications include small ra­
dios, cassettes, etc. 
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POPULAR ELECTRONICS 

MOTORCYCLE TURN-SIGNAL SYSTEM 

(TO 
MOTORCYCLE 

BATIERY) 
~ 

} + L__R_l_G,.,.HT 

A1 
10K 

C1 ..J.. 
.1 

LEFT 

01 
1N4002 

A3 
250K 

0$1 

D2 
1N4002 

+ C2 
47 

RIGHT 
TURN 
UGHT 

LEFT 
TURN 
LIGHT 

R2 
22011 

~\ 
01 

IR511 

Fig. 12-5 

Tired of making hand signals? Build this simple turn-signal system and keep your hands on the 
handlebars. 

TACHOMETER SIGNAL-CONDITIONING CIRCUIT 

+sv 
R1 

From 1.2 k 

points 
C1 

1 µ.F 

Chassis 
ground 

ELECTRONICS NOW 

R2 
10 k 

C2 
68 pF 

D1 
3.3V 

2 

R3 IC1·a 
330 n '14 4093 

IC1·b 
l/4 4093 

To 
counter 

Fig. 12-6 

This circuit, for use with auto tachometers, cleans up the ragged distribution waveform before it 
is sent to pulse counter circuits. 
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SMART TURN SIGNAL FOR AUTOS AND MOTORCYCLES 

+12V 

R10 R1 R2 R11 
1MEG 10K 10K 1MEG 

+ + 

r~ cs 
S1 S2 25 

~ LEFT RIGHT ~ 

2 ....L ...I.. 2 

T 3 5 

~ 
C1 C2 
.05 01 02 ~ .05 

1N4001 1N4001 

R3 R9 R12 R4 
10K 1K SOK 10K 

+12V +12V 
RS 03 R6 
10K 2N3904 7 10K 

06 
2N3SMM 

3 + 

C6 
47 

01 R7 ~ 
C3 
.05 R8 02 

IAF511 10K 10K IRF511 

POPULAR ELECTRONICS Fig. 12-7 

Momentarily pressing Sl starts the left on-time timer and produces a positive output at pin 3 of 
Ul. Power for the on/off signal timer, U3, is supplied through Dl. 

Also, a positive bias is supplied from Ul 's output to the base of Q3, turning it on and turning Q4 
off. Undamped Ql turns the left turn-signal lamp on and off at that same low-frequency rate. Be­
cause U2 is not activated, its output at pin 3 is low, keeping Q5 off. With Q5 turned off, Q6 is on, 
clamping the gate of Q2 to ground and keeping it from responding and supplying an output for the 
right turn-signal lamp. The left turn signal continues to operate until the Ul timer circuit times out; 
the right turn signal operates in a similar manner, with U2 setting its operating tin1e. 

Potentiometer Rl 0 sets the running time for the left turn signal and Rl 1 sets that for the right 
turn signal. 
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TURN SIGNAL ALARM 

R2 
4.7 k 

D1 
IN4001 To flasher-\ + 

relay 
~~~~~+-~~vV'-'~~-<o 

2 

R4 3 IC1 

10 k 555 

R3 
4 

+ C2 
47 k 4.7 µF RS 

10 k 

RADIO-ELECTRONICS 

C1 
500/16 v 

8 

7 

6 

5 

R6 
100!1 

+ 

+ 

R1 
470 k LED 1 

PB1 

C3 
68/16 v 

Piezoelectric 
buzzer 

Fig. 12-8 

This circuit can be used to tell the driver of a vehicle when his or her turn signal has been left on 
for too long. The circuit consists of !Cl, a 555 timer; transistor QI, and MPS3702 PNP preamp/driver; 
PB!, a piezoelectric buzzer; along with an assortment of resistors, capacitors, and diodes. The 555 is 
connected in the monostable mode, requiring only a momentary negative pulse at pin 2 to trigger the 
timing cycle. 

Power for the circuit is picked off the flasher relay and applied to JC!, pin 8, provided by an ini­
tially discharged capacitor, C2. After the initial triggering, the voltage across C2 rises as it becomes 
charged through R4, a 10-kQ resistor. This prevents subsequent interference with the delay function 
caused by false triggering. 

Capacitor C3 and resistor Rl determine the delay. With the component values shown, a delay of 
about one minute will be provided before \he intermittent tweet sound generated by the circuit l>e­
gins. If higher values are used for C2 and Rl, a longer delay time will result. The light-emitting diode, 
LEDl, provides a voltage drop to assure complete transistor blocking during the off periods of the 
flasher. Alternatively, two diodes in series can be used. 
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HIGH-POWER AUDIO AMP FOR AUTOMOTIVE INSTALLATION 

f: D3 05 
1N4735A 

R8 1N4737A 
1K R12 7.5V 7.5V 

5110 08 
C8 6 R20 IRF9B40 
.1 100'1 01 20.50 

I ll MPS8598 05 R2 
I 01 2.05K MPS8D91 

11N4744A 15V R21 C4 
C10 "' 20.sn 1500pF 

R7 1 5K 

10K R13 

C1 5110 R18 
Jl R24 R25 1.5K 

INPUI 10µF 2.0SK 2.0SK "' 
~ 

2.0SK R19 
R14 1000 

R17 51hl 
- Rl 

R10 
2.0SK 

10K "" 2.0SK 20.5'1 

09 CJ 
68pF R3 R27 06 IRFD48 

2.05K 10011 02 MPS85H r: MPSBO!IB 
R22 R4 

1001.J 02 20.SU 010 t 04 R15 D6 1RF840 
1N4744A C9 1N4735A R11 5110 

C7 + 15V .1 ~-5~ 
1K 1N4737A 

lOOµF 7.5V 

RADIO-ELECTRONICS 

C5 
.1 

F1 
4AMPS 

+47V 

-4TV 

F2 
4 AMPS · 

·] 
Fig. 12-9 

'I\vo of these audio amplifiers can be used to make a stereo amplifier 200 W per channel. IRF640 
and IRF9640 power MOSFETs are used to drive the output load, which might be 4 or 8 Q. Response 
is 12 Hz to 45 kHz (-3 dB), THD <0.1 %. Power is supplied by a switching-type power supply, which 
is external to the amplifier (±47 V). About 600 W total power (peak) is needed. 

WILLIAM SHEETS 

HIGH-POWER 12-V IC AUTO AMPLIFIER 

10 µF 
16 v 

o-jf-+---l 
Audio 
input 

470 µF 
16V 

3.30 

+ 

LM 383 (Heatsinked) 

~----------- 12 v 

4 

330!1 

+ T 0.22 µF 

2200 µF 
16V 

Output 
=SW with 
4~f! Speaker 

4tosn +11 1 fl* Speaker 

T 0.2· µF 

-=- *Place close 
to pins 3 and 4 

Fig. 12-10 
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~ 

0 

"' 

R5~ 
R4 ~ Dl I R2' ' 

~ R6~ ~ Q 

3 

R7 

MCGRAW-HILL 

CAPACITOR DISCHARGE IGNITION SYSTEM 

+<>----<>""'-~~~~~--~­d 
d ignilion Ignition nm 

Stan ar '"---:-----::::., I 

Ignition start 

shorting plug T I +CD ;gnition 

r.ILI:IJ ~ . Plug on , 101 rr51 LY ---------;;---------=---___ 
"' 

Ballast 

.-----------t- --- -- , I I LI 
02 C2 

' l--rr ' 

0

R9'f 
I I I IR13 

' ' Rl 1 

"1 ~~ I I RIO 
Q4 I Q5' 

I I DJ' 

' I 
Cl1 I ~c4 

R12 
I I ~ I 

Distribution 

Wire 
that 

went 
to 

plus 
of 

RB *Do not operate in free air inside air tight chassis. 

Fig. 12·11 

This ignition system charges a capacitor (C2) to 350 V and discharges it through the ignition coil. 



A Parts list 

CAPACITOR DISCHARGE IGNITION SYSTEM (Cont.) 

QJ-2N3055 
Q2-2N3053 
Q3-2N3241 
Q4-2N3241 
Q5-RCA 40657 
Dl-IN3193 
D2-IN319S 
03-1Nl763A 
04-12 V, 1/• W 
Cl-0.25 µ.F, 200 V 
C2- l µF, .o400 V 
CJ-1 µF, 25 V 
C4-0.2S µ.F, 25 V 
F-5A 
Ll-10 µH, 100 Turns of No. 29 Wire Wound on a 

2.w Resistor (100 Ol"lms or More) 
Rl-1000 ohm1, lfl W 
R2-35 ohms, 5 W 
RJ-22,000 ohms, 1f2 W 
R4-1000 ohms, 1f2 W 
RS-18,0.00 ohms, 112 W 
Rb-15,000 ohms, 1/2 W 
R7-8200 ohms, t;, W 
RS-0.39 megohm, 1;, W 
R9-220 ohms, l W 
Rl0-1000 olims, 1/2 W 
R 11-68 ohms, 1/2 W 
Rl 2-4700 olim1, 1/2 W 
RIJ-27,000 o!ima, 'h W 

+ 

Details of inverter transformer 

CAR AUDIO POWER SUPPLY 

HOT 

Ff r 
PL1 6AMP1 

NE! II ~ 0 z 
=> 

'"" :;i => R1° w 

" z 

•DEPENDS ON NE1 

nb, CHASSIS 

I 
I ,. 
I 
I 
L---

F2 
6AMP 

BAI 
10AMP 
100 PIV + ---, 
• I _, 

I 
I 
I 
I - J 

2 

R2 
2200 

01 
1N4001 

82 

R4 
5K 

1WATI 

r 
83 I -_, R5 

SK 
1WATT 

POPULAR ELECTRONICS Fig. 12-12 

This supply has a variable output voltage feature and a dual voltage switch, S2. Ql should be ad­
equately heatsinked. 
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MOTORCYCLE HEADLIGHT MONITOR 

(TO 
MOTORCYCLE 

BATTERY! 
~ 

+ 

HEADLIGHT 

POPULAR ELECTRONICS 

R1 
4701"1 

HEADLIGHT 
SWITCH 

Fig. 12-13 

The headlight on most newer hikes is keyed 
on with the ignition switch to guarantee that you 
are never underway without your headlight be­
ing on. However, many older hikes have a fac­
tory headlight switch, and a growing number of 
the newer hikes are owner-modified in the same 
way. 

A simple headlight monitor circuit consists 
of just an LED and a curren\-lirni\ing resistor 
wired across the headlight switch, as shown. 
When the ignitionis on and the headlight switch 
is off, the LED will glow. 

AUTO BATTERY ISOLATOR CIRCUIT 

To main 
electrical 
system 

From 
alternator 

To 
(starter, etc) ~--~ accessories 

+ 
..:. Main 1 battery 

ELECTRONICS NOW 

+ Aux _ 

battery r 
Fig. 12-15 

The diodes ensure that current can flow in 

HEADLIGHT-OFF INDICATOR 

(TO 
MOTORCYCLE 

BATTERY) 
~ 

R1 ~ 
4.7K 

POPULAR ELECTRONICS 

U1 
665 

R3 
3300 

HEADLIGHT 

HEADLIGHT 

s~ 

R2 
100K 

c1 
6 10 

2 

Fig. 12-14 

Increasing the value of R2 or C1 will lower the 
oscillator's frequency and decreasing one of those 
values will increase the frequency. The IC's output 
at pin 3 drives the LED through R:l ancl sends 
power lo \he piezo sounder. Use a bright LED so 
that you will be able to see il in the daytime. 

AUTOMOTIVE Hl-ZTEST LIGHT 

PROBE 
R2 

10MEG 

CASE 

'--'""~---4-_J 01 
R1 

2MEG 

POPULAR ELECTRONICS 

VN2221 
OR BS170 

Fig. 12-16 

both batteries from the alternator, but the main This test light. has a high-input impedance 
battery can't feed the accessory sysLcm, nor vice and draws only 1 mA at 12 V. Ql switehes rlc to a 
versa. battery and larnp circuit. 
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13 

Battery Charger Circuits 

The sources of lhe following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Smart Battery Charger 
Rechargeable LED Flashlight 
Battery Charger Controller 
Single-Cell Lithium Battery Charger 
Battery-Charging Current Limiter 
Three-Cell Lithium Charger 
NiCad Battery Charger 
Backup Battery Monitor/Charger/ Alam1 
NiCad Charger/Zapper 
2- to 5-Cell Lithium Battery Charger 
Lead-Acid Trickle Charger 
NiCad Battery Charger 
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D2 
1N4004 

SMART BATTERY CHARGER 

01 01 

CELL r.0 UNDER 81 
CHARGE 

-l 1N4004 2N61D7 R2" 

r--t>l-----t--,CJ.:--~-'...l u2 o + LM31 n l"--_.,.,1\.---+--W---.6 

T1 
6-9VAC 

D7 
1N4148 

D4 
+ C1 ADJ 1N4004 
::C10 ~----~ 
,,. 

A1 
470'1 
1W 

DS 
1N4148 

C4 
.1 

U1 0 +SV t-+f-1""'-i AN78L05 f"-<j>C-~t---.---~----~ A10 
4.7MEG 

ELECTRONICS NOW 

+ C2 
100 

,,. 
A 

R6 
1K 

B c 

'<102'--" 11 
03 

1N4739 
5.iV 

G 

R4 
10K 
CAL @ 

,,. RS 
54.9K 

3 
2 U3·a P-'c+-\-" 

1f4 CD4011B 

R9 
1MEG 

03 

06 
1N4148 

BS170 

... 

AS cs 
470K .1 

,,. 

"SEE TEXT 

Fig. 13-1 

This charger will work with NiCad or the new rechargeable alkaline batteries. The Smartcharger 
is comprised mainly of four chips-an AN78L05 5-V, 100-mA regulator (Ul), an LM317T 1-A ad­
justable-voltage regulator (U2), a CD4011BE quad 2-input NAND gate (U3), and an LN393N dual­
voltage comparator (U4). The value and rating of R2 is selected as described in the text. R2 is 
selected for a 1.2-V drop across it at the charging current (3 Q for 400 mA, 6 Q for 200 mA). 
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COAXIAL 
JACK 

J1 
12.6 
VAC 

INPUT 

01 
1N4001 

RECHARGEABLE LED FLASHLIGHT 

+ IC1 O +5V 

LM7805 3 02 

c 2 1N4001 
+ C1 C2 + 

33µF 33µF 

61 + ----11----1 
+ R2 

I 
I 

~N.O. 

-o--"N.C. 
1K 

~~f------------4---Y,R,.1 ___J(SEE TExn 

LED1 1 K '---<>+Q ON 
(SEE TEXD (SEE TEXT) 

OFF 
$1 0 

ELECTRONICS NOW Fig. 13-2 

This flashlight is useful for applications where night vision and/or darkness adaptation must be 
maintained. It uses an HLMP8150 T4 LED with a wavelength of 637 nm. This schematic is for the 
flashlight module. When the battery pack consisting of the four NiCad cells is fully charged (and 
there is no voltage at Jl), 4.8 Vdc flows through trimmer potentiometer R2, the normally closed con­
tact of relay RY!, and push-on/push-off power switch Al. Trimmer R2 limits the current flowing 
through LEDl. Switch Sl can turn LEDl on and off when the battery is not being charged. 

10 kn 

IN914B 

6.2 v 
IN754 

= = 

BATTERY CHARGER CONTROLLER 

270 kn 
TL081 

100 kn 
+ 

Set = 
point 

1ookn 

= 2.2Mfl 

To 
charger 

IN914B 

2.2 kO 

1 kn 

1 MH = 

120 
Vac 

Bat(+) 

II 
IN4007 

2N3569 

= 
rsat(-) 

WILLIAM SHEETS Fig. 13-3 

When the battery voltage is low, the TL081 comparator produces a high output, turning on the 
2N3569 relay driver. As the battery voltage approaches the set point, the relay driver is cut off, open­
ing the 120-Vac supply. 
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SINGLE-CELL LITHIUM BATTERY CHARGER 
1N40G1 

In Dul 
. 

LP2951 
.330pF + ~> 2M I • regulator > 1% 

Feedback 6-to-10-V de 
input Shutdown GNO 

806k :> Li-Ion • 
1% ~> Clll 

1 
• -- ---- --

VoH>ie c 0.1 µ.f 2.2,F > adjul ~ > 50k 
< 

ELECTRONIC DESIGN Fig. 13-4 
An LP2951 regulator was chosen for this single lithium cell-charging circuit for its built-in cur­

rent-limiting capability. In addition, the regulator's output voltage is extremely stable, which is a pre­
requisite for lithium battery charging. This figure details an example circuit designed to recharge a 
single cell. The required output set voltage was Bpecified as 4.200 V (±0.025 V) with a maximum 
charging current of about 150 mA. 

An LP2951 regulator was selected for two reasons. One is that its built-in current limiter holds 
the maximum current to 160 mA (typical). The other is because the output voltage can be very ac­
curately set to 4.200 V, thanks to the regulator's st.able internal bandgap reference. 

The 1.23-V reference appears between the feedback pin and ground, which causes a precise 
current to flow in the output resistive-divider string. The amount of current flowing in these resis­
tors determines (sets) the charger output voltage that appears across the battery terminals. Large­
value resistors keep the battery drain below 2 µA when the de input is removed (a customer 
requirement). A trimming potentiometer sets the output to 4.200 V. It must be adjusted when the 
battery isn't connected to the charger output. A blocking diode is required at the LP295l's output to 
prevent current from flowing out of the battery and back into the output when the de-input source 
is removed. Because the diode is in series with the output, the minimum input-output voltage dif­
ferential required for this circuit to operate is about 1.5 V. • 

POPULAR ELECTRONICS 

BATTERY-CHARGING CURRENT LIMITER 

01 
1N4002 

R1· 
LED1 

U1 0 

VIN l ·_ LM3~DJ r-+-'11R2,.,oo'r-.---<>. ) TO 

- BATI'ERY 

--~~~~~~~~~~~~~-o 

·see TEXT 

Fig. 13-5 

This circuit uses an LM317 as a current regulator to limit charging current to a lead-acid battery. 
R2 should produce a 1.2-V drop at the desired limiting value of charging current. 
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ELECTRONIC DESIGN 

THREE-CELL LITHIUM CHARGER 

01 
1N914 

02 
1N914 

3Rjk 

01 
2N3904 

03 
6.9-V 
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R4 
100 k 

Q3 
n·FET 
(2ll) 

In 
Compensation 

LM3420·12.6 

GNO 

+ 

+ 
ThreHell -=­

Li-Ion -=.. 

Fig. 13-.6 

This :3-A, three-cell charging circuit for lithium batteries includes a built-in on/off switch made 
up of Q3, R4, and D3. When a de input is present, D3 turns on Q3, which allows current to flow 
ttu·ough the LM3411 and Ql. If de voltage is removed, Q3 turns off, cutting battery drain to zero. 

FAST CHARGE ~ OV 
TRICKLE CHARGE> 2V 
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VN2222L 

LINEARIECHNOLOGY 
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JJOOpF 

NICAD BATTERY CHARGER 
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Cou1·· 
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+ 10V 

' DALE 5930226X002502W 
••DALE 593D107X0016E2W 

t DALE WSL2010-0. 10· 1 % 
ti L1 SELECTION 

MANUFACTURER 
CO!LCRAFf 
COILTRONICS 
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PART NO. 
003316-104 
CTX100·4P 
C0105·101 

138k 01 
MBAS130LT3 Voo; 

~-------------<>-------..ir--- ~AN~~T CHARGE 

RsENSE
1 

0.100 

0.lA TRICKLE CHARGE 
DN9$ FOS 

Fig. 13-7 

The LTC1265 is eonl"igurcd as a battery charger for a four-NiCad stack It has the capability of 
performing a fast charge of 1 A, a trickle charge of l 00 mA, or the charger can be shut off. In shut-off, 
diode Dl serves two purposes. First, it prevents the LTC1265 circuitry from drawing hattery current 
and second, it eliminates "back powering" the LTC 1265, which avoids a potential latch condition at 
power up. 
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: }ro et1TH~Y 

73 AMATEUR RADIO TODAY 

Battery Condition 
Meter Calibration 

Lead-Acid Battery Lead Calcium Battery 
Color Voltage Color Voltage 
Reel 11.6 and below Reel 11.6 and below 
Yellow 11.6 to 12.0 Yellow 11.6 to 12.0 
Green 12.0 to 13.8 Green 12.0 to 13.5 
Reel 13.8 and higher Reel 13.5 and higher 

Fig. 13-8 

Charging voltage is constant at the normal full-charge level, so the charging current drops as full 
charge is approached, and full charge is maintained with a trickle current. The charging voltage can 
be adjusted between approximately 10 and 15 Vdc to acconunoclate lead-acid (13.8 V) or lead-cal­
cium (13.2 V, 13.5 V maximum) deep-cycle storage hatteries. 

A separate connection is provided so that an external charger can be used when greater than 3 
A is needed to charge a partially discharged battery. Internal circuitry will maintain the charging volt­
age to the battery at the nominal full-charge voltage level, regardless of the voltage supplied by the 
external charger, which will be 2 V or more greater than that applied hy the regulator to !he storage 
battery. Warning: do not fast-charge deep-cycle storage batteries! 

A pair of meters calibrated to indicate 20 Vele and 20 Ade full-scale monitor voltage and current 
when battery power is used. 

A separate, suppressed zero, expanded-scale meter calibrated over the range of about 10 to 15 
V de allows immediate and constant indication of the state of charge of the station's backup battery. 
This meter scale is calibrated in hands of red, yellow, and green, as explained in the table. The nar­
row yellow segment. is based on the assumption that solid-state transceivers might not operate prop­
erly _below + 12 V de. The internal power supply is used to calibrate this meter. A DMM should be used 
for greatest accuracy. 
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BACKUP BATTERY MONITOR/CHARGER/ALARM (Cont.) 

An alarm circuit is included to indicate when the battery has been discharged by 60 percent to 
the 11.6-Vdc level. When battery voltage is above 11.6 V, the green LED will be illuminat~d; when 
voltage falls to 11.6 V, the green LED goes out and the red LED lights. A piezo audible alarm sounds 
at this low-voltage level unless silenced by the toggle switch controlling it. 

A pair of fixed three-terminal regulators are included to provide +9 and +6 Vdc. 

12V AC/DC 

e.ov 

RB 
lOOk 

220k 

73 AMATEUR RADIO TODAY 

lOOk 

4.7 

NICAD CHARGER/ZAPPER 

JOk 

RESET 

J, 

r 120mA 
19 1 somA 

78L08 

JM 

' 150 

"ZAPPING• 
LEO 
!REDI 

VOLT 
METER._~~~.._~,.-~-' 

• 

Cl C2 

F-33300 

"CHARGING" 
LEO 
{GREEN I 

2N3904 + 

NTElBl 

_ BATTERY 
-:- TO BE j. ZAPPED 

Fig. 13-9 

The Ni Cad charger/zapper has a built-in charger and zapper circuit to clear shorted NiCads. This 
circuit delivers a high-current pulse to trim out internal shorts. 
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DC inpu1 

2- TO 5-CELL LITHIUM BATTERY CHARGER 

RUM 
Vol1age 
limi191 

.~. 

,----.,,.---T--~Wv--+---~UlA+C--~ 
LM358A 

01 
n·FET 

'• O.O!i,1 W 

D1 
lM4B40A·5 

D2 
Schottky 

,, 
402 k. 0.1% 

"""" 2tn5cells 

_1 

ELECTRONIC DESIGN Fig. 13-10 

A more generally applicable circuit-design concept for recharging lithium batteries could easily 
accommodate different cell types and various numbers of cells. That's because both the charger out­
put-voltage set point and current limit, or maximum charging current, can be adjusted by simply 
changing a resistor. 

LEAD-ACID TRICKLE CHARGER 
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R2 ..!.. 
7600 28012 

+ Cl U3 
8000 TL430C R3 

65WVDC 2.52K ,_J Fl 
2A 

Pl 1 
TO 

INVl-Rfl::R 

POPULAR ELECTRONICS Fig. 13-11 

This lead-acid battery trickle charger can be used as a stand-alone circuit (for alarm systems and 
such) or combined with the circuit in the figure to create an emergency lighting system. 
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This circuit has a current regulator and uses an external timer to control the charging rate. 
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Battery Monitor Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Battery Monitor 
Battery Butler 
Undervoltage Indicator for Single Cell 
Battery Charger Probe 
Low-Battery Circuit 
Battery Charge Indicator 
Battery Status Indicator 
Lithium Memory Backup Replacement 
Battery-Condition Indicator for 12-V Batteries 



BATTERY MONITOR 

+12V 

2.H 
R1 R3 

16.91 13.0 k R5 
1 M 

CR1 
1N4148 Battery Red 2.2k 

fault 
GNU LM339 

From CR2 
12-V 1N4148 

lead-acid Rz R4 Green 2.2 k 
1k battery 11.0 k 9.09 k 

Red= battery taun 
l•I RTN lb) Green= ballery OK 

ELECTRONIC DESIGN Fig. 14-1 

One typical application for the detector involves monitoring a lead-acid battery. It indicates a 
fault when the battery voltage is outside an 11- to 14-V window. Because the circuit is powered by 
the battery, the input and reference were switched to keep the comparator inputs within its com­
mon-mode range. 

The circuit's reference is 5.0 V. The resistor values in divider, Rl/R2 were selected to produce 5:5 
Vat the inverting input when the battery voltage is 14.0 V. Divider R3/R4 is set to produce 4.5 Vat 
the noninverting input when the battery voltage is equal to 11.0 V. 

When the battery voltage is within the window, the noninverting input is more positive than the 
inverting input which is clamped at 4.5 V by CR2, the noninverting input continues below that, the 
comparator's output goes low, and the LED turns on. When the battery voltage rises above 14 V, the 
noninverting input is clamped at 5.5 V by CRl, the inverting input continues above that, the com­
parator output again goes low, and the LED turns ort. Resistors R5 and R6 show that hysteresis might 
be added to this circuit in a conventional manner. 

If an op amp, such as an LM324 is used as the comparator, two LEDs can be implemented. The 
green LED will turn on when the battery voltage is within the window, and the red LED turns on 
when the battery voltage is outside the window. 
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BATTERY BUTLER (Cont.) 

The battery buller solves the common problems associated with the maintenance and operation 
of NiCad batteries. The battery butler, by initially discharging a Ni Cad battery to a preset point, re­
duces the possibility of the "memory" effect occurring. Once discharged, a battery is then usually 
charged at 2G% and reduce the internal cell pressure increase by 40% or more. Once the battery is 
fully charged, a trickle charge is provided to maintain the battery in a fully charged stale. The bat­
tery buller circuit can be bypassed, and lhc existing fast-charger used, if needed. 

UNDERVOLTAGE INDICATORFOR SINGLE CELL 

.---.--v· 
R! 

R1 " 620h 

RI " /// 
llft 

RED 

-::' 
-:: 

flashes about 1.2V 
ra1e Increases with 

R4 voltage 

-:: Al 
910h ,.,. 

NATIONAL SEMICONDUCTOR 

When operating with a single cell, it is necessary to incorporate switching circuitry to develop 
sufficient voltage lo drive the LED. A circuit that accomplishes this is drawn in the figure shown. Ba­
sically, il is a voltage-controlled asynunetrical multivibrator with a minimum operating threshold 
given by: 

Above this threshold, the flash frequency increases with voltage. This is a far more noticeable in­
dication of a deteriorating battery than merely dimming the LED. In addition, the indicator can be 
made visible with considerably less power drain. With the values shown, the flash rate is 1.4 sec -1 
at 1.2 V with 300-µA drain and 5.5 sec -1 at 1.55 V with 800-µA drain. Equivalent visibility fur con­
tinuout:1 operation would require more than 5-inA drain. 
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BATTERY CHARGER PROBE 

LED2 R2 
01 1.2K 

'---ttlft--'-"-1o"•'-' -+ 1/2 w 
~ GREEN 

LEDi TO NEGATIVE 
BATTERY CHARGER CLAMP 

POPULAR ELECTRONICS Fig. 14-4 

This battery-charger probe can keep you from damaging batteries or yourself by testing to see if 
the charger is already on and/or connected improperly. 

To use the probe, the positive cable clamp is first connected to the positive battery terminal. 
Then, the test plate is touched to the negative terminal of the battery. If the battery is connected 
properly, current will pass from the test plate through Rl, LED 1, DI, the negative charger, and into 
the positive side of the batteries. If LEDl (the green LED) lights, you can clamp on the negative lead 
and turn on the charger. 

If the terminals are reversed, current will flow in the opposite direction, causing LED2 to light, 
warning you of danger. When the cable is reversed, Dl protects LEDi from excessive reverse volt­
age. If that happens, immediately turn the power off, and right the cable connections. Finally, if the 
battery charger is on, both LEDs will light because chargers actually produce pulsating de and rely 
on the battery to act as a filter. 

LOW-BATTERY CIRCUIT 

I 

WAIT Vee 

: ~ MAX6934 
MAX8/}(}L 
MAXBOOM 

20V1o55V - . ~ PFI PFO >---

; 
GNO 

_L 

MAXIM Fig. 14-5 

A Maxim MAX691A series JC allows low-battery detection. 
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TO 
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Fig. 14-6 

When a battery is charging, a voltage drop across RsENSE causes Ql to conduct, and lights LEDl. 

RsENSE should be chosen as follows: 

NATIONAL SEMICONDUCTOR 

RI .... 

., 
l2k 

RSENSE (ohms)= 0.65 
/CHARGE (amps) 

BATTERY STATUS INDICATOR 

...----------.... -- + 

Rl 

"" 
•• l.Sk 

01 ,y 

LEO dims Oe!ow 7¥ 

Fig. 14-7 

In battery-powered circuitry, there are some advantages to having an indicator to show when the 
battery voltage is high enough for proper circuit operation. This is especially true for instruments 
that can produce erroneous data. 

The battery status indicator is designed for a 9-V source. It begins dimming noticeably below 7 
V and it extinguishes at 6 V. If the warning of incipient battery failure is not desired, R3 can be re­
moved and the value of R1 is halved. 
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LITHIUM MEMORY BACKUP BATTERY REPLACEMENT 
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Fig. 14-8 

Physically very small high-capacitance capacitors are available for memory backup. Here, a 0.1-
F (100,000 µF) capacitor and two diodes replace the lithium battery. The lithium battery can be re­
tained as well, providing double backup. 

McGRAW-HILL 

BATTERY-CONDITION INDICATOR FOR 12-V BATTERIES 

r· 
Vol"gel Input 

LED! 

Fig. 14-9 

A sin1ple battery condition indicator. Choose the Zener diodes to provide a "window" for over/un­
der voltage indication. 
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15 

Bridge Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Single-Supply Bridge Amplifier 
Wheatstone Bridge 
Bridge Amplifier with Low Noise Compensation 
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SINGLE-SUPPLY BRIDGE AMPLIFIER 

+3V 

1500 
R,<1l 

3V 

NOTE: (1) R, required to create proper common-mode voltage, 
only for low voltage operation - see text 

BURR-BROWN 
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49.9k 
12.4k 
5.62k 
2.61k 
1.02k 
511 
249 
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49.9 
24.9 
10 

4.99 

Fig. 15-1 

The INAl 18 can be used on single-power supplies of +2. 7 to +36 V. The figure shown is a basic 
single-supply circuit. The output Ref terminalis connected to ground. Zero differential input voltage 
will demand an output voltage of 0 V (ground). Actual output voltage swing is limited to approxi­
mately 35 m V above ground, when the load is referred to ground as shown. The typical performance 
curve "Output Voltage vs. Output Current" shows how the output voltage swing varies with output 
current. 

With single-supply operation, +V1N and -v;N must both be 1.1 V above ground for linear opera­
tion. You cannot, for instance, connect the inverting input to ground and measure a voltage con­
nected to the noninverting input. 

To illustrate the issues affecting low-voltage operation, consider the circuit in the figure. It shows 
the INAl 18, operating from a single 3-V supply. A resistor in series with the low side of the bridge en­
sures that the bridge output voltage is within the common-mode range of the amplifier's inputs. 
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POPULAR ELECTRONICS 
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Fig. 15-2 

This circuit can be used to measureresistances. R7 is calibrated and fitted with an indicator dial, 
then: 

Rx R. K ------ = -' or R = -' x (R1 through R5) 
(R1 through R

5
) R5 x R, · 

A frequency ol" 1 kHz for the audio oscillator is usually used. 

BRIDGE AMPLIFIER WITH LOW NOISE COMPENSATION 

+V 

POPULAR ELECTRONICS 
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Fig. 15-3 
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16 

Buffer Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure nwnber in the box of each circuit correlates to the entry in the Sources section. 
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Unity-Gain ADC Buffer 
Hi-Z Microphone Buffer Amplifier 
Wideband General-Purpose Buffer 
ADC Buffer 
Single-Supply ac Buffer Amplifier 
Analog Noninverting Switched Buffer 
Voltage Follower 
Simple Bidirectional Buffer Design 
Buffer for AID Converters 



UNITY-GAIN ADC BUFFER 

REF IN 
+ 15\I 

:: 10V 
ANALOG ANA 

INPUT COM 

HIGH 
BITS 

AD674A 

MIDDLE 
B!TS 

ANALOG DEVICES Fig. 16-1 

This buffer is suitable for ADCs of 12 bits with conversion times of 5 µs or greater. The wide 
bandwidth of the AD845 ensures a low output impedance at higher frequencies in the voltage fol­
lower (buffer) configuration. 

WILLIAM SHEETS 

Hi-Z 
mike 

Hl-ZMICROPHONE BUFFER AMPLIFIER 

MPF 103 

2.2 
M!l 

1.5 v 
o----iJ_ 

Lo-Z output 

Voltage gain = 0.Sx 

Fig. 16-2 

A low impedance output from a high-Z microphone can be obtainer! with this circuit. No voltage 
gain is obtained, but a power gain is obtained because the output impedance is much lower (300 Q), 
with -6-dB voltage gain. 
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ANALOG DEVICES 

WIDEBAND GENERAL-PURPOSE BUFFER 
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R, 
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I 
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-sv 10 
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Fig. 16-3 

This circuit has unity gain and response up to 70 MHz. Ul is an Analog Devices AD817. 
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ANALOG DEVICES Fig. 16-4 

Useful for driving high-speed, 10-bit ADCs, this circuit was developed to drive an 18-MSPS 10-
bit ADS. It works from ±5-V supplies. 
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SINGLE-SUPPLY ac BUFFER AMPLIFIER 
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Fig. 16-5 

This buffer might be used with a single sup­
ply without special considerations. The input is 
de biased to mid-operating point and is ac cou­
pled. Its input impedance is approximately 500 
kQ at low frequencies. Note that for de loads ref­
erenced to ground, this quiescent current is iI1-

creased by the load current set at the input de 
bias voltage. 

ANALOG NONINVERTING SWITCHED BUFFER 

Vour 
± 10V V1NJ 0-.... <Y" o-+.--+-----l 

Here is noninverting solution. 

ANALOG DEVICES 

AoN"' 
1DOll 

NATIONAL SEMICONDUCTOR 

Fig. 16-6 

VOLTAGE FOLLOWER 

" 

Op Amp 

LM101. LMlOS, LM7.41, LF151 
LHD022, LH0042. LH0052 

LF155, LF1 58, LF157, LH0024, LH0032 

LH0024, LH0032 

"' D.I µF q, 
•sc 

G.1 µf 

-15Y 

Recommended 
Buffer 
LHD002 

LH0033 

LH00<3 

~ 

OUTPUT 

Fig. 16-7 
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SIMPLE BIDIRECTIONAL BUFFER DESIGN 

+5 v 

2 k 2 k 

Ao-----· 

IC-18 
, 74LS241 -·- ------ ---- --- ----- --- ---- --- --___ , 

ELECTRONIC DESIGN Fig. 16-8 

This circuit shown in the figure uses two 74LS24ls_ When both input/output lines are high, IC­
lA and IC-2B turn on, and Cl and C2 are charged to high voltage_ Meanwhile, IC-lB and IC-2A are 
off to prevent a logic "1" latch. 

BUFFER FOR AID CONVERTERS 

Vee 

~1µF 

Vo 

Vee (REF) 

CLK TO µP 
LTC1288 

Dour 

DIN 
v, 

LINEAR TECHNOLOGY Fig. 16-9 

This circuit uses an LT1:566 driving an LTC1288 two-channel micropower A/D_ The LTC1288 cm1 
accommodate voltage references and input signals equal to the supply rails. The sampling nature of 
this AID eliminates the need for an external sample-and-hold, but might call for a drive amplifier be­
cause of the A/D's 12-µs settling requirement The LT1366's rail-to-rail operation and low-input off­
set voltage make it well suited for low-power, low-frequency AID applications. In addition, the 
op-llillp's output settles to l % in response to a 3-mA load step through 100 pF in less than 1-5 µs. 

128 



17 

Clock Circuits 

The sources of the following circuits are contained in the Sources section, which hegins on page 

707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Set Time Windows within a Clock 
Low-Frequency Clock 
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5· v 
square· 
wave +5V 
input 

1 14 2 3 N JJ JJ 

{clock UlA ..}. U18 
signal) 

SET TIME WINDOWS WITHIN A CLOCK 

5 
JJ 

6 R5 

C1 U1C 
1 k +5 v 

1000 pf 

4 R1 

10 k Cz.I.. 1000 
-=- pf 

(Falling,edge adjust) !Rising-edge adjust) 
C3 

Rs 
C4 

~ 0.1 µFl 1 k _r.1 µF 

- -=-

5·V 
variable 

pulse 
outpul 
...n...n.. 

ELECTRONIC DESIGN Fig. 17-1 

At times, it is necessary to produce pulses of adjustable width and whose start times might vary 
with reference to a master dock. The input signal is inverted and buffered by UlA, while UlB and 
UlC reinvert the signal to produce square, buffered renditions of the input signal. Potentiometers RS 
and R4 set references for the comparators. 

The input polarity of U2A keeps its output transistor turned on until the voltage at the nonin­
verting input exceeds the reference set by R4 (the rising edge adjustment). When this referen~e 
voltage is exceeded, the output transistor is turned off and the output signal is pulled up via Rfi. 
Meanwhile, the input polarity of U2B keeps its output transistor turned off until the voltage at the in­
verting input exceeds the reference set by RS (the falling edge adjustment). When this reference 
voltage is surpassed, the output transistor of UZR is turned on, pulling the output signal low through 
the wired-OR configuration of U2. The output of U2 is then double-inverted and buffered by UlD and 
UlE. What res1ilts is a pulse wl10se start time (rising edge) can be adjusted by R4, and whose stop 
time (falling edge) can be adjusted by R3. 

The output of the comparators is pulled up to the input waveform through resistor R6 to UlC. 
This prevents the comparators from switching during the low cycle of the input waveform, regard­
less of the positions of RS and R4. This has the effect of "locking out" changes during the low period 
of the input signal, and would probably require additional logic if it were done strictly in the digital 
domain. 

The circuit, with the component values shown, works well between about 50 and 150 kHz. 
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300 µF 

ELECTRONICS NOW 

LOW-FREQUENCY CLOCK 

2 

,----,a 

7 

3 3909 6 
I-'---<> 

5 

81 1----1 + 
(See text) 

+ 
300 µF 

.i:=J 
220!1 sok - T 

2 7 

3 3909 6 

4 5 

81 
1----1 + 

(See text) 

Fig. 17-2 

The LM3090 is an LED flasher IC that is designed to oscillate at low frequencies. The clock out­
put of the first circuit can be changed by changing the value of the capacitor, and the second circuit 
lets you adjust the frequency with the trimmer. Bl can be one or two alkaline 1.5-V cells. The 
LM3909 can supply up to 45-rnA pulses at greater than 2 V. 
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18 

Computer-Related Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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RS-422 to RS-232 Converter 
Printer Port 
PC Password Protector 
Key Wireless RTS with Data 
Microprocessor Supervisory Circuit 
Computer-Powered RS-232 
+ 12-V Flash Memory Programming Supply 
EEPROM Programming Doubler Circuit 
Monitor Power Saver for Computers 
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ELECTRONIC DESIGN Fig. 18-1 

The circuit supplies two LEDs for visual indication of line activity and terminating resistors when needed. The 220-Q resis­
tors and 5-V zeners at the RS-422 line inputs supply circuit protection. 

S>vitch SW7 allows the circuit monitor both transmitted and received signals when tee-connected into an RS-232 line. One 
function of this optional feature is the ability to test a software-locking device that connects to the COMl port on an IBM PC. 
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ELECTRONIC DESIGN 
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prinler 

''" 

. 
18 
19 

15 

PRINTER PORT 
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Fig. 18-2 

A 16-step programmable current generator can he modified so that it's controllable by a printer 
port. This is done by switching the resistor connected between the output of the generator's OAl op 
amp and the input of0A2. The CMOS single IO-channel analog multiplexer (JC!) chooses one resis­
tor at a time, in accordance with the code sent by the printer port through four of its eight data-out.­
put. lines (pins 2 to 9). Jn addition, one control line (pin 1) is used to enable the operation. As a res11lt., 
16 outputs can be selected by a 4-bit word (the table shows the relationship between data word and 
selected resistor). 

The following must he fulftlled in order for the circuit to work as a true current. generator: 

R2 xRct-Rb x R, = 0 

The smaller the resist.ors' tolerance (especially Rl through R16), the greater the output resis­
tance of the generator. 

Because the OA2 is cmmected as a repeat.er, the current / 2 = 0, and only the load current flows 
through one of the Rl through R 16 resistors. Therefore: 

I = V:,ut 
out (R+R) 

x on 
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PRINTER PORT (Cont.) 

where voot = v,,,; x = 1...16; andR no<; 150 Q (for VDD = 10 V) is the resistance of one analog switch 
(CD4067) in conduction. 

Therefore, the values of resistors R1 through R16 can be inferred from the needed currents: 

R = (V'")-R x J on 
not 

The Turbo C++ program also controls the current through the load. 

TURBO C++ CONTROL PROGRAM 
#include <stdio.h> 
#include <dos.h> 

#define 
#define 

OUT PORT Ox378 
CTR~ PORT Ox37A 

int main(void) 

int data; 
outport (CTRL_PORT , Ox01); 
delay (1); 

/*printer output port address */ 
/*printer control port address */ 

II enable operation 

outporfb(OUT_PORT) , data): II one of Rl -Rl6 selected (table) 
printf(~\n\aR%d selected.",data+l); 
return O; 
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PC PASSWORD PROTECTOR 
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Fig. 18-3 

IC4, a static RAM, is mounted in a "smart" huilt-in switch over circuitry. This retains SRAM con­
tents when power is otl. The rest of the circuitry consists of address decoding logic and jumper .rm, 
used to decode a 16K address space for the :32K static RAM. Soft ware is necessary and this is con­
tained ir1 the original article (see reference). 
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RS·232 DB25F C3 
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9 

NOies: C1·C5 • lµF, 35-V Ta C7·Ce • 100-pf disc R1'5%, 118 W Ul 'S1pex SP232 UZ.UJ, Philips HFE4731 

ELECTRONIC DESIGN Fig. 18-4 

This simple keyer supplies both the RTS control and data delay nccdcdto interface a digital ra­
dio with an RS-232, data-only system. It supports speeds to 19.2 kbits/s sync or async. 

MAXIM 

MICROPROCESSOR SUPERVISORY CIRCUIT 

UHAEGULATEO DC REGULATED +J:N OR +J_IJV M!CAOPROCESSOR 

~-+--------.lvcc 
Al 

Vee ''"'I RESET l----'eESET 

Pf! PfD l----'NMI 

3.6'1 A1AXl.Mw1 
LITHIUM MAX690T/SIR 

R2 
!IAffiRY 

+ VBATI 

l = = 
GND 

= 
Fig. 18-5 

This circuit provides a reset pulse during power up, down, or low-voltage battery back up, 
switching, a watchdog timer and a 1.25-V threshold detector for power failure or power fail warning, 
or to monitor another supply. 
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COMPUTER-POWERED RS-232 
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ELECTRONIC DESIGN Fig. 18-6 
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COMPUTER-POWERED RS-232 (Cont.) 

Commercializing battery-operated equipment that must interface to a computer via the RS-232 
port rw1s into the problem of power consumption. To load the system batteries strictly to power the 
interface is unacceptable. An alternative is to let the computer that the device is connected to pro­
vide the interface's power. One snag is that the RS-232 specification doesn't have a power tap on the 
cormector, but it does provide RTS and DTR (request to send and data terminal ready) signals that 
assert a negative voltage in their quiescent state. 

Figure 18-6A shows a simple scheme of deriving a 5-V potential from the RTS and DTR signals. 
R7 and RS and diodes D 1 and D2 mix the return current to the RS-232 port so that the RTS and DTR 
drivers split the current drawn hy the interface. This scheme, even from a laptop computer, can sup­
ply 12 mA to the interface. The only drawback is that the TTL device must be isolated from the com­
puter's ground (earth ground) because the interface treats the RS-232 ground as a positive voltage. 

A modified optocoupler system shifts the RS-232 level to TTL voltages (Fig. 18-6B). It will sup­
port up to 9600 hit.sis. C3 is charged up to about 1 V less than the RTS voltage while the TTL line as­
serts a marking state. As the capacitor is charging, Q3 is biased into saturation, thus providing a 
negative voltage (with respect to RS-232 growid) to the RS-232 RXD line. When a spacing bit is driven 
from the TTL line, Q3 switches off and Q4 switches on. This biases Q4's emitter up to the RS-232 
ground. That ground potential is summed with C3's charge to create an RS-232-compatible spacing 
signal (approximately 1 V less than a-VRTs). 

The discharge rate on C3 is limited by Rl5 to prevent the signal sag from becoming a problem 
down to 110 bits/s. The C2/Rl time constant must be fairly close (within 4 times) to the C3/Rl5 tifl:le 
constant to ensure that Q3 turns off correctly. 
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+12-V FLASH MEMORY PROGRAMMING SUPPLY 

.. 
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" ..... Ll 1115817 +12\1 

MAXIM Fig. 18-7 
The MAX734 can deliver up to 120 mA @112 V from a +5-V supply, using few external compo­

nents. This supply can also be used for other applications than memory programming. A logic level 
is used for shutdown. Efficiency is about 85%. 
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ELECTRONIC DESIGN Fig. 18·8 

Even though electrically erasable PROMs offer the convenience of single-byte write and erase 
operations, \he parts require a somewhat nonstandard programming voltage-21 V. A simple circuit 
that develops the appropriate voltage from a computer system's standard 12-to-15-Vdc supply, reme­
dies the problem nicely. Moreover, it permits the prograrrnning voltage to be pulsed under the control 
of an external CPU. 

As shown in the figure, the chip uses its complementary outputs, Ql and Q2 to trigger a bridge 
rectifier through capacitors C2 and C3. Resistors R2 and R3 and diodes Dl and D2 limit the current 
and protect !Cl from spikes from C2 and C3. If required, the regulator will deliver up to 150 mA. 

Circuit IC~3 is an open-collect.or TTL gate whose output, when low, disables IC2 and causes it to 
pnt ant 5 Vdc. The regulator delivers the 21-V progranuning pulse. 
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ELECTRONICS NOW 
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Fig. 18-9 

The circuit monitors PC keyboard activity through five-pin ll!N connector Jl. When the user 
presses a key, the keyhoarrl sends a series of negative-going pulses on pin 2. In conjunction with Ql 
and C3, the op amp essentially functions as an integrator, which stretches the continually varying pe­
riods of the input pulses to a relatively constant period with a higher average de value. 

Inverters !Cl-c and !Cl-b buffer the peak detector's output to trigger IC4, an MC14536B pro­
grammable timer. 
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19 

Continuity CJrcuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Short-Circuit Beeper 
Adjustable Continuity Tester 
Simple AudioNideo Cable Tester 
Audible Continuity Tester 
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ELECTRONIC DESIGN Fig. 19-1 

This design offers a way to trace resistance in the milliohm range, right to a short between 
bridged traces beneath a solder mask. It simply translates resistance into an audible tone, which in­
creases in pitch as the 1neasured value approaches zero. 

In the classic op-amp multivibrator (shown in the inset), oscillation frequency is determined not 
only by the Rl/Cl time constant, but also by the hysteresis set by the R,fR3 resistance ratio. Al in the 
main figure, with current boosters QI and Q2, is this same configuration. . 

Assuming a virtual ground at the output of A2, free-run frequency is about l kHz-quite audible 
through a tiny 8-Q speaker. Ql and Q2 deliver a ±10-V squarewave to R4, dumping a ±100 mA 
through a short circuit placed across the probe tips. R5 ensures that open circuit voltage never ex­
ceeds ±0.l V 

A2 monitors the voltage between the probes. The differential input must have its own separate 
path to the probe tips to eliminate test lead resistance from the measurement. Miniature "zip-cord" 
sold as loudspeaker wire makes a tidy two-conductor test lead. 

When the probes arc open, A2's gain equals the R4/R5 divider loss, and the output of both am­
plifiers is identical. This has two effects: first, hysteresis is greatly increased and the frequency falls 
to a low growl; second, the loudspeaker that bridges the two in-phase outputs is effectively silenced. 

The dead short across the probe tips will return nothing to A2 and the circuit will squeal at its 
nominal 1-kHz rate. Anything less than a perfect short produces some output from A2, increasing 
multivibrator hysteresis and lowering the pitch. The circuit has so much "leverage," and the ear is so 
~sensitive to pitch changes in this range, that it's easy to resolve minute resistance differences. 

Any general-purpose op amp will suffice in this circuit-a couple of 741s or an equivalent dual. 
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ADJUSTABLE CONTINUITY TESTER 
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ELECTRONICS NOW Fig. 19-2 

A problem with most continuity testers is that the exact decision point (circuit resistance) be­
tween continuity and open is indefinite. This circuit allows setting of this point to a known resistance 
between 1 and 50 n. 

+ 

ELECTRONICS NOW 

SIMPLE AUDJONIDEO CABLE TESTER 
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test 
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J1 
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B1 
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J3 
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F 

Fig. 19-3 

As simple as it looks, the audio/video cable tester tests cables while they are plugged in. You can 
fiex them vigorously while listening to the built-in buzzer. 

Simply plug the ends of the cable in the appropriate jack. Only one end of the cable need be 
plugged in for a complete short test; the other end is left free. If the buzzer sounds, there is a short 
circuit somewhere in the cable. If nothing is heard, test fur an intermittent short by flexing the cable 
several times, particularly in the plug area of both the free and plugged-in ends. 
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20 

Converter Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the hox of each circuit correlates to the entry in the Sources section. 
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WWV Converter 
Simple HF Receive Converter 
225-W, 15-V Output Converter 
12-Bit DAC 
Driven Flyback Converter 
Sine-Wave Converter 
SCR Converter 
5-V, 5-A Step-Down Converter 
Sync-to-Async Converter 
Differential Voltage-to-Current Converter 
Direct-Conversion 7-MHz Receiver 
Low-Frequency Converter 
Prograrmnable Current-to-Voltage Converter 
Current-to-Voltage Converter with Boost Transistor 
Current-to-Voltage Converter for Grounded Loads 
Output-to-Current Converter 
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RADIO CRAFT Fig. 20-1 

This converter heterodynes the 15-MHz WWV signal with a 16-MHz oscillator so that it can be 
heard at 1 MHz on an AM broadcast receiver. Tl and T2 are a modified 10. 7-MHz IF transformer and 
AM BC oscillator coil, respectively. 
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CB CB needed = t 26.0 MHz 1 pF 

-----1 (----- =--
= 100 pF 

~~PF 9-100 
pF 

27.1 MHz 1 J5spF 
= 

1 µ.H 

= + 
100!1 12 v 

= J0.1 µ.F _r-
WILLIAM SHEETS Fig. 20-2 

Designed for CB reception, this crystal-controlled converter uses one 40820 dual-gate MOSFET. 
The circuit will work with any crystal either 3rd overtone or fundamental, over 1 to 50 MHz. 
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~ 

115 v 
6-0 lh 

Cl 

" 

Power-line 
bridge rectifier 

+t-----, 
DI 

RI 

R2 

McGRAW-HILL 

Series-­
regulator 

QI 

Q2 

225-W, 15-V OUTPUT CONVERTER 

20-ldh inverter 

+12ov 

QS 

RB 

RH 
C2 

R7 

T2 

R9 

RIO 

C3 

Error-feedback amplifier 

R12 

Output bridge rectifier 
R, 

-ISV-t-

C4+ 

cs 

RIS 

Z4 

Fig. 20-3 

A converter designed to supply ±15 Vdc is shmvn. This converter is several times lighter in weight than an equivalent. 



ANALOG DEVICES 

225-W, 15-V OUTPUT CONVERTER (Cont.) 

C1 -2500 µF, 350 V Electrolyic 
C2 - 0.1 µF Disc Ceramic 
C3 - 0.1 µF Paper 
C4 - 1 O µF Electrolyic 
CS - 0.25 µF Paper 
01 - MDA-980-4 Bridge Rectifier Assembly 
D2, D3, D4, D5 - 1 N5826, 20 V 15 A 

01, 05, 06, - 2N6307 
02, 04 - 2N5052 
03-2N5345 
07-2N4870 
08-2N3905 
09-2N3903 

All Resistors in Ohms and 1/2 W Unless Otherwise Noted 

R1-1,10W 
R2-100 
R3-82 
R4-22K 
R5-1.5K, 15 W 
RB-200 
R7-15 
R8-4.7K 
R9-51 

T1 - Core - Magnetics Inc. 80623 - 1/2 D - 080 
N1, N2 - 20 Turns Each, No. 30 AWG (Bifilar) 
N3, N4 - 3 Turns Each, No. 20 AWG 

T2 - Core - Arnold 6T 5800 D 1 
N1, N2 - 100 Turns Each, No. 20 AWG (Bifilar) 
N3 - 7 Turns No. 26 AWG 

R10-1K 
R11-10K 
R12-270 
R13-1K 
R14-7.5K 
R15-2.5K 
R16-5K 
R17-3.5K 

N4-12 Turns Each, No. 12 AWG (No. 16 AWG, 3 in Parallel) 

Z1-1N4733,5.1 V 
Z2, Z3-1N4760, 68 V 
Z4-1N4736 

" D.1µi 

"' 1!.BkO 

V REF l .2J5V 

"' AD~B9 

12-BIT DAC 

U1 
DAC8043 

"' 
" !Sk!l 

JB Sk!l 

" "° !OT. FILM 

DIGITAL S~ ----------~ 
SERIAL {Cl K --·- -

INPUTS LO -------------~ 
ALL FIXED RESISTORS 1%, .50ppml°C 
U2 ~ OP295 OR AD620iA0622 
(SEE TEXT) 

Fig. 20-4 

This circuit uses an Analog llevices DAC-8043 12-bit multiplying DAC. The output voltage will 
be D/4096 x v,er where Dis the numerical value of the digital input word (0 to 4095). V"' is 1.235 
volts in this circuit. 
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DRIVEN FLYBACK CONVERTER 

+sv 1N916 

300!l 

5 kO !N916 

SVT60·5 

0.02µF 
1N916 

s20 n 
osc c,-

4.7 
SH COMP µi:+. 
DN 

GND 

Ground 0.001 µF 

McGRAW-HILL Fig. 20-5 

This circuit uses an SG 1524 Silicon General regulating pulse width modulator and provides ±15 
V from a 5-V supply rail. 

13 
Clock 14 

2 3 7 

WILLIAM SHEETS 

SINE-WAVE CONVERTER 

+9V 

TO.Q1 µF 

4 
16 

5 
CD401B 6 

.B 9 10 12 15 11 

I 
20 k!l (4) 

Sine-wave 
output 

47k!1 I 10µF 

Fig. 20-6 

This circuit produces a sine wave with a low-frequency clock input. The clock rate should be 100 
Hz or less. 
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SCR CONVERTER 
+28V 

390il 
390.Q IW R2 

3300.Q 3300 .Q IW 

0.22µF 0.22µF' 

GE 2N656A 

0.IµF 

Trigger Trigg« GE 220 .Q 2200 22oon GE 

"""" •"'"' IN536 IW n IN536 output output 

DI 
GE IN609A 

-11, 12, 14, & 15 

McGRAW-HILL 
Fig. 20-7 

Tum SCR devices are used in a push-pull driver to convert 28 Vdc to 155 Vdc, using the trans­former and bridge shown. A center-tapped transformer with 24 V:l20 V could be used for 60-Hz ap­plications. The trigger circuit supplies a push-pull drive signal. 

MAXIM 

5-V, 5-A STEP-DOWN CONVERTER 
Input 

10Vto40V 
(10 Vto 60 V) 

220 + 
µF'J' 

2.7 k 

0.01 
µF"J" 

v" 

Ve 

Output 
50 µF 5 Vat SA 

-Ysw 
MAXIM 

MAX724 MBR745 2.8 k 
(MAX724A) + 470 

FB µF 

2.21 k 

God 

SA step-down converter 

Fig. 20-8 
This circuit is useful where power must be distributed by a higher (10 to 60 V) bus. The circuit reduces power dissipation and eliminates inefficient passive linear regulators. The switching fre­quency is in the 100-kHz region. 
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SYNC-TO-ASYNC CONVERTER 

DTE Sync MAX138 MAX238 MAS7838 

1 
1 

3 

15-4-~~!.f-{)c...+L-~~---l 

16 17 
17 ----"-1-j~xr-+''---------l 

1,5,6,7,1~--i 

DB25M 

~ 8 

1311 
9 
15 

+ 
11 

10 9 

14 13 

4 1 

15 

8 11 

16 JP1 

4.91 MHz 

C1 

--i:::,__ 

14 78LD5 
RTS 

Async DCE 

DB25 F 

1N4001 

1 

3 

4 ... 181 

- 1'11111 "'4RTS 

Point-topoint adapter wiring 
1 ........ 1 
5 ........ 5 
6 ........ 6 
7.. ...... 7 
8 ........ 8 
9 ........ 9 

10 ........ 10 
15 ........ 15 
17.. ...... 17 
20 ........ 20 
21.. ...... 21 
24 ........ 24 

ELECTRONIC DESIGN 

Notes: 
• Maxim RS132 interlace: MAX238 
•Sipex A/S converter: MAS7B38 
•Generic regulator: 7Bl05 
•C1 and C2 • 20-pf dkk-type; other 
capacitors(&) • 1 µF, 35 V 
•Resistor• 1/8 W, 5% 

Fig. 20-9 

This simple converter consists of two !Cs and a voltage regulator. The Sipex MAS7838, which acts 
as the converter, selects the conversion speed to that of the synchronized data clock. It has internal 
switches and registers to perform the async-to-sync, or sync-to-async, conversion. The Maxim MAX238 
provides the RS-232 drivers and receivers for interfacing with the data bus. These chips require a 5-V de 
power supply; a generic 78L05 reduces the + 12 V at the DB25 pin 9 to the +5 V needed. A crystal fre­
quency of 4.91 MHz is suitable for converting to 19.2 kbits or a sub-multiple (9.6, 4.8, 2.4, etc.). T\vo 
1N4001 diodes protect the external RTS (ready to send) control circuitry if the RTS is enabled by Sl. 
When JPl is removed, the converter is transparent in the sync mode and no conversion will occur. 

The completed unit is mounted atop a universal breakout adapter, and the control lines are 
jumpered according to the chart in the figure. The physical size is approximately 1x2.25 x 2.5 inches 
and will easily plug into the DB25 socket on a synchronized data communications equipment (DCE) 
comrnwlication device. 
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v,. 
+ 

A, 19 Error 

OPA1n 
OPA602 
0PA128 

BURR-BROWN 

±1.SnA 
±1pA 
±75fA 

DIFFERENTIAL VOLTAGE-TO-CURRENT CONVERTER 

DESIRED Re 
GAIN (Q) 

1 NC 
2 50.00k 
5 12.50k 

10 5.556k 
20 2.632k 
50 1.02k 

Load 100 505.1 
200 251.3 
500 100.2 
1000 50.05 
2000 25.01 
5000 10.00 
10000 5.001 

NEAREST 1% fie 
(Q) 

NC 
49.9k 
12.4k 
5.62k 
2.61k 
1.02k 
511 
249 
100 
49.9 
24.9 
10 

4.99 

Fig. 20-10 

DIRECT-CONVERSION 7-MHz RECEIVER LOW-FREQUENCY CONVERTER 

JN A NE802 VccrB~,.__+-..---, 
C4 

330pf 
2 

IN B OSC EMITTER 7 C
5 3 

GND 330p 
·osc aASEr6~.._._ .. 

4 OUT A OUT B 5 

RADIO-ELECTRONICS Fig. 20-12 

RADIO-ELECTRONICS Fig. 20-11 This converter circuit translates the 350- to 
500-kHz range to 4.35 to 4.50 MHz, enabling the 

An NE602 is used to mix signals in the 7-MHz frequency range to be received on a conventional 
range with an LO and to produce audio output. shortwave receiver. 
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c~ 

McGRAW-HILL 

PROGRAMMABLE CURRENT-TO-VOLTAGE CONVERTER 

R2 

R3 

RS 

IC2 

R1 IC2 

-v 

Fig. 20-13 

Programmable current-to-voltage converter 
permits you to electrically select from 16 resistor 
values using bilateral switches. 

ICl 741 op amp (or similar) 
IC2 CD4066 quad bilateral switch 
Cl 0.1-µF capacitor 
R1 10-kQ, '4-W 5% resistor 
R2 4. 7-kQ, '4-W 5% resistor 
R3 2.2-kQ, '4-W 5% resistor 
R4 1.2-kQ, '4-W 5% resistor 
R5 100-Q, '4-W 5% resistor 

CURRENT-TO-VOLTAGE CONVERTER WITH BOOST TRANSISTOR 

01120r11AIDAC 

OAC 

• 

Sto&5pf •• 12 ,. 
"' ~ . 

' 
''""(~) 

Dll2SlmA! , .. 
~ 

ELECTRONIC DESIGN Fig. 20-14 

A transistor such as the M.lE200 can be added to an Analog Devices AD830 to produce this cur­
rent to voltage converter. Loads to 250 mA can be driven. The 5- to 65-pF trtmmer is for compensation. 
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CURRENT-TO-VOLTAGE CONVERTER FOR GROUNDED LOADS 

ELECTRONIC DESIGN 

" •v, 
X INPUT 

" A0534 
OUTPUT 

" z, 

z, 

" V INPUT ,, -v, 

ANALOG DEVICES 

Load 

Fig. 20-15 

This circuit uses an Analog Devices ADS:JO 
video difference amplifier. The circuit consists of 
lwo differential inputs. Unlike a conventional op 
amp, the AD830's output is nulled when the sum 
of the differences of the two inputs is zero. 

The AD830's stated unity-gain bandwidth is 
60 MHz, and the device is capable of driving up to 
±30 mA directly. The differential input voltage is 
limited to ±2 V, while the maximum power supply 
is ±15 V. 

If more output current is desired, the AD830 
can drive a bipolar transistor (such as an MJE200) 
directly. This will produce a one-sided output. 

A ferrite bead can be placed on the base to 
prevent oscillation under some conditions. Com­
pensation can be added by splitting R, and 
adding a variable capacitor. A resistor can be po­
sitioned at the input to match the amplifier's in­
put to a transmission hne. 

OUTPUT-TO-CURRENT CONVERTER 

CURR ENT .SENSING 
RESISTOR 

I lour -
··~ " 

v, 

¥~lour R, 

lour 2 ~ 
10 R, 

Fig. 20-16 

Occasionally, it is preferable to generate a Cll1'­

rent, rather than a voltage, output into the load. 
The avallability of differential inputs allows this to 
be accomplished in any of the four basic modes. 

If the output is to integrated, ZL cru1 be sim­
ple high-quality capacitor, unloaded by an op 
amp connected as a high-impedance follower. 
Note that, if desired, one side of a rest switch can 
be grounded. 

The compliance constraint for this configura­
tion, where VL·is an arbitrary comrnon-n1ode po­
tential, is: 
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21 

Crystal Oscillator Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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FET Quartz Crystal Oscillator 
Crystal Oscillator I 
FET VXO Circuit 
UJT 100-kHz Calibration Oscillator 
Crystal Oscillator with FM Capability 
Crystal Oscillator II 
de-Switched Crystal Oscillator 
Crystal Oscillator with Adjustable Frequency 
Frequency Doubler and Crystal Oscillator 
Crystal Oscillator III 
Colpitts Oscillator 



FET QUARTZ CRYSTAL OSCILLATQR 

L1 
2.2mH 
CHOKE 

+9V 

C1 

l1 
Ot---+----i 

XTAL1 
1-10MHz 

R1 
1MEG 

~ R2 
470!1 

POPULAR ELECTRONICS 

01 

MPF1021 
C2 

0011 
A Four 

Fig. 21-1 

CRYSTAL OSCILLATOR I 

R3 
3.3K 

POPULAR ELECTRONICS 

R2 
470!1 

+9-12V 

C2 
.1 

... 

1 
C1 
.1 

1vf,_p 
RF our 

Fig. 21-2 

In this circuit, series-resonant crystal XTALl 
This oscillator uses an MPF102 JFET as an is used as a frequency-determining element. 

active element. XTALl is between 0.1to10 MHz. 

FET VXO CIRCUIT UJT 100-kHz CALIBRATION OSCILLATOR 

R1 
1MEG 

c::::i XTAL1 
3.579MHz 

L1 
10µH 

cs '=" 
385pF 

POPULAR ELECTRONICS 

+12V 

C4 R2 
.1 4700 

01 
MPF102 

C3 
.01 

2Vp.p 
RF our 

Fig. 21-3 

An MPF 102 is used in a Colpitts-type oscilla­
tor in order to pull the crystal frequency slightly. 

XTAL1* 
01----+~ 

R2 
470!1 

*SEE TEXT 

POPULAR ELECTRONICS 

+5V 

C1 11 

4Vp.p 

nJ1 

Fig. 21-4 

This unusual 100-kHz oscillator (whose fre­
quency is determined by XTALl) can be used as a 
marker generator to calibrate the analog dial of a 
communication receiver, or its output can be fed to 
a divider counter to produce a stable lower-fre­
quency output for use as a clock-signal generator. 
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CRYSTAL OSCILLATOR WITH FM CAPABILITY 

Freq. set 
1 to 5 µ,H 

6.8kf! 

+9-V Reg. 

100{! 

T 0.01 µ,F 

Audio 0.1 "F 27 µ,H =--
1to2 ~ 1-__._,-y--,r-r'-~Kf---+_,""'---1D>---o-----o--< 
V RMS 100 pf 2N3563 

B~=~ ~~ ~ 
I 105 1 Mf! 48-MHz 3.9 kf! = (2) 3rd T 0.001 µF overtone = parallel 

220 kl! 

20 pF 

+ 
T 10 µ,F T 001 µ,F 

10 kf! 
Bias 

= 

= 150 pF 

O.Q1 µ,FT 

= 

22 pF 

0.15 µ,H 

270f! 

= 

Output 
0.3 V RMS 

WILLIAM SHEETS Fig. 21·5 
This crystal oscillator produces a good FM signal that can be tripled to 146 MHz and produces a 

clean 5-kHz deviation signal for FM voice. The bias control is adjusted for cleanest audio while the I­
to 5-µH coil is adjusted to set the oscillator frequency to the exact setting required. 

CRYSTAL OSCILLATOR II 

CJ XTAL1 C1 3MHz-10MHz +12V 100pF 

C2 

0 
100pF 

U1 f---<> RFouT 
7IOS 

8 7 6 5 
C4 Wp_p 

G .01 

U2 
C3 NEGG2 
1 

1 3 

POPULAR ELECTRONICS Fig. 21-6 

An NE602 can be used as a crystal oscillator. 
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+9to+12V 

WILLIAM SHEETS 

t 
Selector 
switch 

de-SWITCHED CRYSTAL OSCILLATOR 

All diodes 
3.3 kn MPN3700 

X1 = 
T 

3.3 k!l 

3.3kn 

I 
I 
I 
I 
I 

RN 

XN = 
T 

2N706 
2N918 

2N2222 2.2 pF 
2N390~4_e_tc_. -+-----+-j I_~ High-Z 

1 kn 

10 pF 

T56pF 

0~01 µFT 

~ out 

L1 

C Lo-Z 
out 

4:1 turns 
ratio 

1oon 

+9to12 V 

L1 = depends on frequency 
XN = series resonant 3rd overtone 
Frequency variation between crystals 
1 Oo/o typical max. 

Fig. 21-7 

This circuit is useful where several different crystal frequencies must be switched using a de 
source. The values shown are typical for 40- to 60-MHz third-overtone crystals. Limitation on number 
of crystals depends on PIN diode capacitance and layout factors, but up to 5 or 10 crystals is possible. 

RADIO-ELECTRONICS 

CRYSTAL OSCILLATOR WITH ADJUSTABLE FREQUENCY 

I 
I 
I 
I -
L--------

Fig. 21-8 

In this crystal oscillator circuit, C3 adjusts the frequency of the oscillator for exact netting. The 
crystal is a ftmdamental type. C 1 = 100 pF and C2 = 1000 pF are typical. 
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FREQUENCY DOUBLER AND CRYSTAL OSCILLATOR 

1 6 IN A Vcc·>-"-~--~~+sv 
C1 NE602 . C2 

.04µF 2 OSC 
IN B EMITTER 7 

>--=-<3 GND 

4 
OUT A 

This frequency doubler produces a sine wave 
at twice the frequency of XTALl. Notice that the 
output is taken only from OUT B (pin 5), while 
OUT A (pin 4) is left open. 

RADIO-ELECTRONICS Fig. 21-9 

U1 
NE602 
6 

c1· c2· 

: : CJ" 0 ----11 
XTALH 

"SEE TEXT 

RADIO CRAFT 

GRQUNO 
ORV00 

Vre--

* 
fMHz 

2 

4 

10 

20 

RADIO-ELECTRONICS 

160 

CJ 
.047 

CRYSTAL OSCILLATOR Ill 

...----<0 

These circuits are for use with a crystal-con­
trolled LO using the NE602. Cl, C2, and C3 are 
for crystals in the 5-MHz region and are approxi­
mately chosen from 

I L1 

C1=100pF/Jf 

100 

70 

50 
32 

22 

I 
I 

' 

XTAL1• c2· 

'""' 
R1 
22K 

"SEE TEXT 
C3 is for fine tuning the crystal frequency 

Fig. 21-10 and will be 20 to 50 pF typically. 

COLPITTS OSCILLATOR 

' '----.: ___ Here: L 1 = 7 µH{f, C1 = C2 = C:; = 2400 pF/f, 
where.fis in MHz. In this circuit, the oscillator is 
free-runniI1g. 

C2=1000pF/f 

1000 

500 

250 

100 

50 

Fig. 21-11 



22 

Current Source and Sink Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 

707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Current Generator 
Voltage-Controlled Current Source 
Voltage-Controlled Current Sink 
Multiple Fixed Current Source 
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" l 
'" 

R1 
1000· 

(SEE TEXT) 

01 
5.6V 

R2 1NS232B 
1K 

!SEE 
TEXT) 

R3 
4.02K' 

@ 

"' 1K 

R15 
25K 

NULL 

6 

C1 
33 

LF356 R12 
1K 

;-ZOV 

R13 
OFF 10K 

• 

'20V 

RS 
R7 1K' 

10K' 

A6 
1001<" 

RS 
3.32K' 

10µA 

1µA 

C2 
1 

R11 
1K 

l COMPLIANCE 
?;<~~~R~1~,~~~~~-i.~--t-t. 

1000 

'1%, 114-WATT,-METAL-FJLM 

POPULAR ELECTRONICS 

CURRENT GENERATOR 

S2 
RANGE 

01 
2N4036 

03 , . ...,. 

Fig. 22-1 

This circuit is useful for supplying constant 
current lo test semiconductors. V,HrT from U2 
reads the voltage across the load connected to 
/ 011r R13 adjusts the supply compliance from I to 
about 18 V. 

VOLTAGE-CONTROLLED CURRENT SOURCE 

NATIONAL SEMICONDUCTOR 

A7 
1M 

AS 

R3 
1M 

91K ~ 

R6 
30K 

v• 

R1 R2 
10K 1K 

: 
I 10 • 1 mANolt V1N 

Fig. 22-2 

A voltage-variable current source is shown in the figure. The transconductance is -(1/R
2

) as the 
voltage gain from the input terminal to the emitter of Ql is -1. For v;,, = 0 Vdc, the output current is 
essentially 0 mA de. Resistors Rl and R6 guarantee that the amplifier can turn OFF transistor Ql. 
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R1 
1M 

R3 
100K 

"' 1M 

NATIONAL SEMICONDUCTOR 

"' 81Cn " 

,. 
.. 
"' 

NATIONAL SEMICONDUCTOR 

" '" 

VOLTAGE-CONTROLLED CURRENT SINK 

i _ i 10 " 1 mANolt (V1N) A voltage-variable current sink is shown in 
the figure. The output current. is 1 mA per volt of 
v,., (as R, = 1 kQ and the gain is +l). This circuit 
provides approximately 0 mA output current for 
Vin= 0 VDCL. 

"' 1K 

Fig. 22-3 

MULTIPLE FIXED CURRENT SOURCE 

Al 1Voc 

"' 

A multiple fixed current source is provided 
by the circuit.. A reference voltage ( 1 V de) is es­
tablished across resistor R3 by the resistive di­
vider (R3 and R4). Negative feedback is used to 
cause the voltage drop across Rl to also be 1 V de. 
This controls the emitter current of transistor Ql 
and if we neglect the small current diverted into 
the (-) input via the 1-MQ input resistor (13.5 
µA) and the base current of Ql and Q2 (an addi­
tional 2% loss if the ~ of these transistors is lOQ), 
essentially this same current is available out of 
the collect.or of Ql. 

Larger input resistors can be used to reduce 
current loss and a Darlington connection can be 
used to reduce errors caused by the ~of Ql. 

The resistor, R2, can be used to scale the col­
lector current of Q2 either above or below the 1-

Fig. 22-4 mA reference value. 
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23 

de-to-de Converter Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Isolated de-to-de Converter 
de-to-de Converter I 
illtra Low-Power de-to-de Converter for Personal Communications Products 
Negative Step-Up de-to-de Convert.er 
de-to-de Converter II 



+-8VCC 

15K 8 • 
7 § ill 3 

U5 a:~ OUT+ 15K 
< go 

2 1 ' 
Cl 

r 01 

C19 

r .01 

73 AMATEUR RADIO TODAY 

ISOLATED de-to-de CONVERTER 

NC 

PRI 

D4 
1N4002 

C21 
22 MF 

+ 

+ 5 VOLT TO Load 

...L 
D5 r 

C22 
1 

5 vo1t return from load 

05 5.2 volt Zener diode 

Fig. 23-1 

A NE555 timer is used to drive a small transformer to change the 5- to 7-Vp-p output of the 
NE555 to a suitable value to drive a rectifier/Zener combination. This method is useful where a small 
isolated power source is needed. 

WILLIAM SHEETS 

0.2-.1 
µ.F 

de-to-de CONVERTER 

+9 v 

1/so V IN4007 
~---+--T, f-+--.~-< >t---~--0+50to 150 V 

22k0 

transistor 

= 

= 

1 µ,F 

T150V 

Fig. 23-2 

This converter should be useful where a few milliamperes of de at a higher voltage than available 
supplies can deliver is needed. Tl is typically a 1 kQ CT:lO-kQ transistor audio transformer. De­
pending on Tl, about 50 to 150 Vdc can be obtained at a few milliamperes. 
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ULTRA LOW-POWER de-to-de CONVERTER 
FOR PERSONAL COMMUNICATIONS PRODUCTS 

5 TO 7 CELL ----,., 
INPUT + C1 

--r- 15µF 
...L. 12 5V 

ON 

l t MBR0520L OFF 

C1 PANASONIC SP SERIES (201) 348-4630 
C3 AVX TAJ SERIES (603) 956-0690 
L 1 · COIL TRON I CS OCT AP AK (407) 241-7876 

R1 
91 k 

R2 
30k 

C2 
6 SnF 

+ C3 

T
33µF 
20V 

LINEAR TECHNOLOGY Fig. 23·3 
The LTC 117 4 step-down converter is designed specifically to eliminate noise at audio frequen­

cies while maintaining high etliciency at low output currents. This circuit shows a 5-V, 120-mA out­
put derived from 5 to 7 NiCad or NiMH cells. Small input and output capacitors that are capable of 
handling the necessary ripple currents help conserve space. In applications where shutdown is de­
sired, this feature is available (otherwise short this pin to Vin). 

The LTC1174's internal switch, connected between V"' and V,w, is current controlled at a peak of 
approximately 340 mA. Low peak switch current is one of the key features that allows the LTCl 174 
to minimize system noise compared lo other chips that carry significantly higher peak currents, eas­
ing shielding and filtering requirements, and decreasing component stresses. Output current of up 
to 450 mA is possible with this device by connecting the 1 pgm pin to V;,,· This increases the peak 
current to 600 mA, allowing for a high average output current. 

CJ + 
1"1" .,,, 

MAXIM 

166 

NEGATIVE STEP-UP de-to-de CONVERTER 

lliOO\)F 

FBl-----4--­
A<AXIM 

MAX124 

GNO 

0 01µF 

R1 
2 21k 

Vswt--.--~ 

l 1 
25µH 

D1 
MBR?>; 

+ 
~,, 

lOOOµF 
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Fig. 23-4 

A Maxim MAX724 is used in a step-up switch­
ing converter to provide -15-V output from a-5- to 
-15-V input. 



C2 
.1 + C4 

POPULAR ELECTRONICS 

470 

C1 
.01 

R1 
1K 

8 7 6 

U1 
555 

R2 
1.SK 

1 2 3 4 

de-to-de CONVERTER II 

P=20T 

01 
IRF511 

S·100-200T 

... 

1~175 

VDCOUT 

C3 + 
.15 

Fig. 23-5 

In this de-to-de converter, the 555 is used to produce a rising and collapsing field in Tl's primary, 
generating a high voltage in Tl's secondary winding. That voltage is then full-wave, bridge rectified 
by DJ through D4, and filtered by C3. Tl is an Amidon Associates EA-775-375E core and nylon bob­
bin, with #26 wire for the primary and #28 or #30 for the secondary. About 5 W of power is available. 
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24 

Decoder Circuits 

The sources of the following circuits are contained in the Sources section, which he gins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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DTMF Decoder 
FM Stereo Decoder 
Typical NE567 Tone Decoder Circuit 
Video Line Decoder I 
Video Linc Decoder II 
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ELECTRONICS NOW 
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Fig. 24-1 

This DTMF decoder uses a Motorola 68705P3 rnicrocontroller and a 75T202 DTMF receiver (Sil­
icon Systems, Inc.). An LCD module is used for the display (MODI). Switch SI is used to scroll the 
display, 82 clears the display, and S3 clears the memory. 
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C10 

'''T 

100 mA 
STEREO 

LAMP 

NATIONAL SEMICONDUCTOR 

FM STEREO DECODER 

r-1 ~~025 
-:"COMPOSITE......), i,;'_.j....;Cj 

INPUT/ 

R1 C6 
J.9K 2µF 

• LM1800 

" 
Cl 

0.47µF 

11 19 kHz MONITOR 
PIN 

10 

C5 
O.JlµF 

., 
5K 
vco 

'-----.... ADJUST 

Fig. 24-2 

Using an LM1800, this circuit takes composite baseband MPX input and recovers L7R audio 
channels. The VCO is set for 19 kHz (or 15.7 kHz for TV applications) or as needed. 

WILLIAM SHEETS 

TYPICAL NE567 TONE DECODER CIRCUIT 

co 

Input o--1 
~ 

3 

f0 = 1f1.1R,c, 

4 

NE567 

~----+---0 +Vee 5 to 9 V 

7 

8 
<--'----+---n Output (low with tone input) 

5 l..flJ 
R1 

1----+----D NV\ 
6 

aw= 1 o70/V;~c2 V1 ~ 200 mV RMS 

10 Hz C, - 2C, 
C2 µF 
v, v 

This circuit illustrates use of NE567 as a tone decoder. 
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VIDEO LINE DECODER I 
Lino;, Line 
24 257 

Composne " Sync in 

" Clk V" " " " 
'" " 
""' " Vertical 

" Sync in 

L,, " 
" " " ""° 

Grournf 

ELECTRONICS NOW Fig. 24-4 

This line decoder uses only one pin for the line indicator. 

ELECTRONICS NOW 

VIDEO LINE DECODER II 

Compo5rte 
syncm 

Vertical 
sync In " 

[---
c" 

" "' ,c, " 
'"' M 

" '" " <S '" G'° 

Ground~--+-· 

" " 
" 

" " 
" IC2-b 

1124002 

Fig. 24-5 

This circuit will produce pulses useful for gating lines 24 and 257 of a video signal, but by chang­
ing the decoding logic, other lines can be decoded. 
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25 

Delay Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Time-Delay Generator 
Simple Time Delay Circuit 



'" 

'" 

INPUT GATING SIGNAl 
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t 
,, 
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NATIONAL SEMICONDUCTOR 

• 
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" "' 
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" 
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Fig. 25-1 

This circuit uses a charging capacitor and three comparators to read the voltage across it. 

SIMPLE TIME DELAY CIRCUIT 

8 4 
R 10 k +V Res 

7 
Dis Out 

3 
To 

T~ 1.1 RC 
6 Thr 555 alarm 

Trigger 

...LC 
2 Trig FM 5 

0.01 µ.F 

ELECTRONICS NOW Fig. 25-2 

Rotating the potentiometer wiper will change the time delay from the 555 IC. 

173 



26 

Detector Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707.The figure number in the box of each circuit correlates to the entry in the Sources section. 
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High-Speed Peak Detector with Hold and Reset Controls 
Lock Detector 
Linearized RF Detector 
Glitch Detector 
VCR Video Detector Controller 
Grid-Leak Detector 
Negative Peak Detector 
Double-Ended Limit Detector 
Positive Peak Detector 
LM556 Timer Frequency Detector 
Single-Comparator Window Detector 
15-kHz Tone Detector 
Crystal Radio Detector 
Switch Closure Circuit 
Air Flow Detector 
Low Drift Peak Detector 
Negative Peak Detector 
Positive Peak Detector 
455-kHz AM Detector 
ac Noise Detector 



HIGH-SPEED PEAK DETECTOR WITH HOLD AND RESET CONTROLS 

15V 

1k 

1k 

15V 

47 5 >"11
'6--00UTPUT 

-15V 

• 
7 

i.:
5'--+.:10

<>-1sv 

NATIONAL SEMICONDUCTOR Fig. 26·1 

The LH0033 and LH0063 are useful in high-speed sample-and-hold or peak detector circuits be­
cause of their very high speed and low-bias-current FET input stages. The high-speed peak detector 
circuit shown could be changed to a sample-and-hold circuit simply by removing the detector diode 
and reset circuitry. For best accuracy, the circuit can be trinuned with the 10-kQ offset adjustment 
pot shown. The circuit has a typical acquisition time of900 ns, to 0.1% of the final value for the 10-V 
input step signal, and a droop rate of 100 µ V /ms. Even faster acquisition time can be achieved by re­
ducing the hold capacitor value. 

175 



v 

ELECTRONIC DESIGN 
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Fig. 26-2 



LOCK DETECTOR (Cont.) 

This PLL lock indicator not only can detect a "locked" or "off-of-lock" condition, but also even if 
a single pulse or transition has been missed. 

When being sampled by the flip-flop, if the V signal leads the input reference signalR and the rising 
edge of R is lost, the D signal will remain high throughout the interval, allowing the flip-flop to be clocked 
high (Fig. 26-2A). If the R signal leads the V signal when the transition is missed, the rising edge of the 
V signal will trigger the D signal of the phase detector, causing the LED to blink (Fig. 26-2B). 

A "lock" detector often is used with a phase-locked loop (.PLL) or synthesizer to indicate when 
the loop is phase-locked with an input signal. This circuit can be helpful, but single cycle skips usu­
ally will go undetected because of the presence of the low-pass filter. 
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ELECTRONIC DESIGN 
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Rg 
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1% 
Rg 

+ 1k 
"3.0 V' 
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91190 lo OVM 

1% 
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Fig. 26-3 

The circuit produces an extremely linear de output for RF inputs between 80 m V rms and 4.0 m V 
rms. For inputs below 50 V rms, the de output quickly drops to 0 V. 
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POPULAR ELECTRONICS 

GLITCH DETECTOR 
.----.-------+12V 

+ C2 
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LED1 I I 
s1i;i 

RESET 

5 

C1 
.1 

SCR1 
2N5061 

Fig. 26-4 

In the circuit, two op amps (half of an LM324 quad op amp) and an SCR are direct coupled in a dc­
voltage monitoring circuit. Op-amp Ul-a is configured as a voltage follower, which feeds the bridged in­
puts of the second op amp, Ul-b. A resistor/capacitor combination (R2/Cl) connected to the negative 
input of UJl-b forms an RC time-delay circuit. As long as there is no change in the de-voltage level at 
either of Ul-b's inputs, its output is near zero. If a voltage glitch occurs, the RC timing circuit will delay 
the voltage change at the op amp's inverting input, causing its output to go high, triggering SCRl and 
causing LEDl to light. The circuit's sensitivity allows itto detect voltage changes in the millivolt range. 
Pressing S 1 diverts the SCR's holding current to ground, causing it to tum off and reset the circuit. 

POPULAR ELECTRONICS 

VCR VIDEO DETECTOR CONTROLLER 
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Fig. 26-5 

This circuit uses the video output from a VCR or camera to control a relay. Video turns on Ql, 
cutting off Q2, allowing Q3 to be forward biased, activating relay Kl. You can use the timer in your 
VCR and this unit to generate long time delays as well. 
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GRID-LEAK DETECTOR 

ANTENNA 

L1 

ELECTRONICS NOW Fig. 26-6 

Tuned-circuit receiver with grid-leak detec­
tion. 

DOUBLE-ENDED LIMIT DETECTOR 
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POPULAR ELECTRONICS 
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NEGATIVE PEAK DETECTOR 
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Fig. 26-9 
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LM556 FREQUENCY DETECTOR 

R5 
14 Vee 

13 Diseharge 

12 Threshold 

11 Control Voltage 
e4 

10 Resel 
.T_ 

Output - Outp"'._J-
Input R1 

Trigger 

Rs 
IL 
j_ 
- -

ELECTRONIC OESIGN Fig. 26-10 

The circuit (see the figure), is built around an LM556 dual-timer IC. The 556's first timer is wired 
as a one-shot and is used to stretch the incoming pulses into fixed-length pulses. The second timer, 
which is similar to an astable multivibrator (pin 13 remains discomiected), functions as follows: 

The one-shot's fixed-length pulses, which are output on pin 5, turn on Ql and discharge C2 
through R5. If the frequency of the pulses is high enough, the voltage on C2 will fall below% VCC and 
the second timer's output, pin 9, will go to a logic 1. Conversely, if the frequency is low enough or.is 
zero, the voltage on C2 will charge through R6 to a level above% VCC, and the pin 9 output will go to 
a logic "0. 1

' 

The idea is to keep the upper and lower peak voltage on C2 below% VCC and% VCC, respectively 
for a logic 1, and above% VCC and% VCC, respectively, for a logic 0. 

To find the one-shot values, R3 and Cl, select a pulse width (1.1 x R3 x C1) that's greater than 
the largest input pulse width and less than twice the inverse of the highest input frequency. To find 
R5, R6, and C2, first determine the duty cycle (t,,Jt

0
rr) of the input signal. Next, choose a standard 

value for C2 and calculate R6: 

R 
_ [(t,,rr X 0.61)2 + t,,rrl ,- c, 

Also, R5 ~ R6 (t
0
n!t

0
ff). A tweak of resistors R5 and R6 might be needed to get the preferred re­

sponse. Input signals with low duty cycles work the best. Finally, notice that capacitors C3 and C4 
can be any value between 0.01 and 0.1 µF. 
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ELECTRONIC DESIGN 

SINGLE COMPARATORWINDOW DETECTOR 
VREf 

Notes: 
Vt• 1 V 
VH"4V 
V1•VL +VCR 
VpVH ·VCR 
VA=1 V+0.5V=1.5V 
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lnpul DK 

CR2 VA 

R4 
15 k 

Fig. 26-11 

Simply by adding two steering diodes, a window detector can be built using only a single com­
parator. The detector performs well for windows of about 1 V or greater, but it isn't suitable where 
extreme precision is required because the forward drops of the diodes vary. 

In the basic circuit, two resistive dividers set threshold voltage levels at both the inverting and 
noninverting inputs of the comparator by dividing the reference voltage. The inpul voltage is steered 
to the appropriate comparator input by diodes CRl and CR2. 

When the input voltage is within the window, neither diode conducts, and the comparator is bi­
ased for a high output. When the input goes above the window, CR2 conducts and pulls the inverting 
input high, causing the comparator output to go low. When the input voltage goes below the window, 
CRl conducts, pulling the noninverting input low, again causing the comparator output to go low. The 
sow-ce resistance of V,n must be low compared to the equivalent parallel resistance of each divider. 
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This circuit detects the presence of a 15-kHz 
audio signal and light the LED when it does so. 
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ELECTRONICS NOW! Fig. 26-12 
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CRYSTAL RADIO DETECTOR 

ANTENNA 

01 

L1 C1 

a c 

0 

d 

b 

ELECTRONICS NOWI Fig. 26-13 

This is a crystal detector receiver with headphones (Fig. 26-13A), audio-frequency signal (Fig. 
26-13B), modulated signal (Fig. 26-13C), and a demodulated wave (Fig. 26-13D). 

ELECTRONIC DESIGN 

SWITCH CLOSURE CIRCUIT 

c, 
0.0015 µf 

lsolaled \ 
switch 

load 
130mAmax. 0.0011 µF 

Fig. 26-14 

A standard proximity detector circuit for the Cherry Semiconductor CS209 IC can detect an iso­
lated switch closure by adding a few turns of wire around the circuit's inductor (Radio Shack 273-
102). Moreover, the technique doesn't require any isolated power (see the figure). With the switch 
open, the potentiometer Pl is adjusted until the output switches off. When the switch is closed, the 
Q of the circuit changes and the output turns on. Capacitor Cl should be silvered mica, and poten­
tiometer Pl should be a multiturn type such as the Bourns 3006P-l-203. A 9-V supply can be used 
for Vee. 
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AIR FLOW DETECTOR 
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5kHZ 
MOOULATING 
SIGNAL-6dB H.P. 3326A 
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455-kHz AM DETECTOR 
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Figure A. The LTC1278 undersamples the 455-kHz 
carrier to recover the 5-kHz modulating signal 

Figure B. Demodulating an IF by undersampling 

LINEAR TECHNOLOGY Fig. 26-19 

TheLTC1278 undersamples the 455-kHz carrier to recover the 5-kHz modulating signal. The ap­
plication shown uses the LTC1278 to undersample (at 227.5 ksps) a 455-kHz IF amplitude-modu­
lated by a 5-kHz sine wave. Figures 26-19A and 26-19B show, respectively, the 455-kHz IF' carrier and 
the recovered 5-kHz sine wave that results from a 12-bit DAC reconstmction. 

POPULAR ELECTRONICS 

ac NOISE DETECTOR 

+9V 

AC 
INPUT 

R2 
100K 

OUTPUT 

This circuit can be added to the glitch detector to trigger on ac noise. 
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27 

Differential Amplifier Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit. correlates to the entry in the Sources section. 

Basic Op-Amp Differentiai Amplifier 
Precision High Gain Differential Amp 
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BASIC OP-AMP DIFFERENTIAL AMPLIFIER 

R2 

Von 1 o---vR"'l ~--.,_-

R3 
V;n 2 o---vVv---+--

'>-_j,------< Vout 

R4 

McGRAW~HILL Fig. 27-1 

In most cases, R
1 

is equal to R2 , and R3 has the same value as R4• These equalities don't always 
have to be true, but they do significantly simplify the circuit design in most practical applications. In 
any case, for a true differential amplifier, the R3:R1 and R4:R2 ratios must be equal. That is: 

The circuit still functions even if these ratios are not maintained, but the signals at the inverting 
and noninverting inputs are subjected to differing amounts of gain, which would be undesirable in 
most practical applications. 

These resistance ratios determine the gain of the amplifier: 

G = R:i = R4 

RI R, 

Assuming that the resistance ratios are maintained, the output voltage is equal to the differences 
between the two input voltages, multiplied by the gain. That is, 

VOUT = G x CV1 - V,) 
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PRECISION HIGH-GAIN DIFFERENTIAL AMP 

IM 

OUTPUT 

MAXIM Fig. 27-2 

This circuit has a gain of 60 dB and a gain bandwidth of 8 MHz. 
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28 

Display Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure nurober in the box of each circuit correlates to the entry in the Sources section. 
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Multiplexed BCD Decoder-Driver Circuit 
Color-Shifting LED Display 
Stereo Level Display 
High-Efficiency Display Contrast and Backlight Control 
Bar-Graph Level Gauge 
Simple Color Organ 
Voice Level Meter 
LCD Contrast Temperature Compensator 
LED Bargraph Driver Circuit 



MULTIPLEXED BCD DECODER-DRIVER CIRCUIT 
3-DIGIT 
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ELECTRONICS NOW Fig. 28-1 

The BCD decoder-driver circuit will interface with any standard BCD output to produce a digital 
display. 

POPULAR ELECTRONICS 

COLOR-SHIFTING LED DISPLAY 

This circuit is used to make a tricolor LED 
gradually change color from yellow to red to yellow 
to green, and then back to yellow, where the cycle 
repeats. !tis very simple to make, and the theory JJf 
operation is also simple. Both of the timers in the 
556 dual oscillator/timer are configurer! for astable 
operation with a 50% duty cycle. One timer is set 
to oscillate much faster than the other. The tinling 
capacitor voltage of each is sent to two compara­
tors, which apply a voltage across the tri-color LED 
whose polarity depends on which capacitor voltage 
is ill,gher. The rapidly changing capacitor's voltage 
causes the red and green elements of the LED to 
be alternately lit, thus giving the illusion of yellow 
light. AB the slowly rising and falling voltage from 
the slower trimming capacitor changes in average 
value, it shifts the duty cycle to favor one color or 
the other. That gives the transition between colors 

Fig. 28-2 a smooth appearance. 
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POPULAR ELECTRONICS 
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Fig. 28-3 

1\vo bar graph drivers and LEDs are used in this volume (level) indicator. R3a and R3b set the sensitivity of the circuit. The 
LEDs can be either bar graph units or individ,ual LEDs can be used. 



HIGH-EFFICIENCY DISPLAY CONTRAST AND BACKLIGHT CONTROL 

KP-20 

EX ZTX849 OR ROHM 2SC5001 
Cl-WIMAM 

Q1.Q2-ZET 

I I • COILTR 

L2- COIL TR 

L3-GOILTR 

V iCCfli 
OV TO 5V 

SHUTDOWN 

ONICS CTX110605 

ONICS CTX\00-4 

ONICS CTX02·1 2403 

'5 
40 2k _,,, 

C7 1~tF 

f" >-j: 

~l:µF R7 1k 

LINEAR TECHNOLOGY 

1 

2 

3 

4 

5 

6 

7 

8 

UP TO 10mA 

0 
' j, 3 

_l C5 
.±L. C36 

"' 'J:'22~1F 
- - 1000pf 220k -:- 35V 

" 

C2 
27pf 
3kV 

. . 
4 5 

"3 ~3~ 
100k~02 01;. 

. 
" " 100.uH 1N:8~3 

CCFl " ' PGND CCFL Vsw .J 

""' BULB ,.!!.... 

om BAT 
14 

LT1182 
GCfl VC ROYER 

13 

AGND v,, 12 

SHON FBP 
11 

LCDVC FBN 10 

LCD 
LCD Vsw 

9 
PGND 

V (CONTRAST) 
R9 20k. 1°, 

0\1 TO 5V 

L1 

~C3A ra}C T22uF 
35V 

"' - + C11 75(}U 
T2.2µF 

":" 35\1 

• 03 wt C10 J_ ,. J 1 N5934A 
24V 

10µ~T 02 35V 
... 1N914 - . 

N =-1·2 
. 
°' 1N914 

V1r1 

I ;!;L C4 
~ 3\1 

"' 
*22uf 54.9k 

1•, 

R12 
4.99k 

1'·, 

R10 15~k. 1'·, 
~ 

B AT 
a VTO 28\1 

POSCON 

NtGGON 

Fig. 28-4 

The LT1182 and LT1183 are compact high-performance solutions for powering LCD screens 

used in portable computers and instruments. Backlight control using a Cold Cathode Fluorescent 

lamp (CCFL) is accomplished with a switching regulator at efficiencies up to 90%. A second switch­

ing regulator converts the positive input to either positive or negative bias voltages used for LCD 

contrast control. Both regulators allow full range of adjustment using a D/ A converter, PWM or po­

tentiometer control. Grounded bulb configurations are also easily controlled with minimal parts 

count. The 200-kHz switching frequency minimizes the size of transformers and external compo­

nents. A shutdown mode powers down both regulators and reduces supply current to just 35 µA. 
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BAR-GRAPH LEVEL GAUGE 

R1 R2 
v,. 

- ""' 
v. 

MAXIM 
l.182Y 8 REF MAX92.f 

y. ' 

"" 

MAXIM Fig. 28-5 

A quad comparator and divider network form a 4-level comparator that drives 4 LEDs. Rl and 
R2 can be used to scale the basic sensitivity of 250 m V/LED to higher voltages than the basic 1 volt 
(for all 4 LEDs lit). 
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" 
c' 

Cl 

" 

" 
R) 

A1.1cho " input Tl 

" C< 

Ji 
" "' 

c' 

''° 

McGRAW-HILL 

SIMPLE COLOR ORGAN 

0, 

'" 

02 

'" 
), 

"' 
'" 

!Cl 
K:2, ICJ, 1(4 
01, 02, DJ 
04, 05, 06 
Tl 

Cl, C2, CJ, C4 
cs 
(6 
C7,CB,C9 
Rl 
R2 
RJ 
R4 

RS 

•• 
R7 

RB, RlO, Rl2, R14, R16 

R9 
Rll, Rl3, R15 

"' 
'C> 

R'3 

"' 

'°' lj 

06 

C8 

op amp 
LM3909 LED flasher/oscillator 
diode (1N914, 1N4148,-or similar) 

LED 
impedance-matching transformer (8 0:1 kfl­
see text) 

0.1 µ.F capacitor 
0.047 µ.F capacitor 
0.01 µ.F capacitor 
47 µF 6 V electrolytic capacitor 

100 k!l. potentiometer 
47 kn 'I• W 5% resistor 
2.2 kn 11. W 5% resistor 
680 n y. w 5% resistor 

220 kn 11. W 5% resistor 

390 n 'I• W 5% resistor 

1.2 kn 'I• W 5% resistor 

10 kO 'I• W 5% resistor 
3.3 kn v. W 5% resistor 

33 kfl 1/• W 5% resistor 

Fig. 28-6 

Three active filters that divide the audio spectmm into three bands drive rectifiers and then 

drive IC2, 3, and 4, flashing the LEDs at 6 Hz. D4, D5, and D6 should be three different colors for best 

effect. 
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VOICE LEVEL METER 

LE02-LE011 

0 LE02 

I~/ I; I/ I; ij /; I; I; BD415 
R1 I/ 

2.2K 
Cl 18 17 16 15 t4 13 12 11 
.22 

U2 
+ LM311S .,,. 

R2 3 6 7 8 2 4 9 
10K +12V • b c R13 R14 

.,,. 

~ 2.2K 5.6K 

MIC1 01 
80436 

.,,. 
R4 R9 R16 

2.7K 330K 1.2K 
+ 

+ C10 
03 C4 R5 220 

100 2.7K 1N47M 
R3 R8 

220K 22K 
.,,. 

02 
C2 AA111 
.22 C5 

4.7 

C9 + + R17 10 
M R7 

10K 
R11 .,,. LEVEL C7 01 R12 8.8K 470K R10 .22 470K 10K 2.2K AA111 

This volume meter can be handy anywhere you need to measure the relative sound level in 
a rnom. It is readily adjustable to increase its usefulness. 

POPULAR ELECTRONICS Fig. 28-7 

Using an LM3915 VU meter LED bar graph driver, 10 LEDs are driven. A simple audio amplifier 
drives a detector circuit, which provides de drive for the LM3915. 
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-=.. NiCd 
-:=- 5 cells 

l 

LCD CONTRAST TEMPERATURE COMPENSATOR 

4 

IC1 
MAX716 

Q to 1.25 V from internal DAG (V[.)iAl 18 

R, 
50 

R, 
280k, 1% 

5V (V1) 

R, 

R,. 
NTC 

SE024 ·10Vto-15V 
CD54 10 µF at 40 mA {V6) 
ssµH 3sv

1 _ "13A1003-5: 200 kn at 2s0 c 
- (Alpha Thermistor Inc.) -=-

ELECTRONIC DESIGN Fig. 28-8 

Negative temperature-coefficient resistor R5 modifies feedback in this switching regulator, 

which results in a negative output voltage that varies with temperature. With properly chosen resis­

tor values, the circuit produces a temperature-compensated bias voltage that ensures constant con­

trast in an LCD. 

ELECTRONICS NOW 

LED BARGRAPH DRIVER CIRCUIT 
LED1-LED10 

IC1 
LM3914 

5 6 

"' " 

8~111t= \>S~l.o---~ 

' 

Rl 
1K 

8 

Dl 
1N4001 

9 

f 12V 

Fig. 28-9 

This circuit is used as an audio indicator. Sl selects direct input or a 1-kQ (high impedance) au­

dio input. R2 is a sensitivity control. 
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29 

Driver Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in \he box of each circuit correlates to the entry in the Sources section. 
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Two-Input Video MUX Cable Driver 
Impedance-Matched Line Driver with 75-Q Load 
Tests Driver for Hobby Servos 
Stereo Line Driver 
High-Speed Shield/Line Driver 
Simple Neon Light Driver 
High-Side MOSFET Driver 
TTL-Based Speaker Driver 
Low-Distortion Composite ±100-mA Linc Driver 
Video Cable Driver 
Coax Cable Driver 
Ultra Low Distortion ±50-mA Driver 
Very Efficient Solenoid Driver 



TWO-INPUT VIDEO MUX CABLE DRIVER 

VIN A 
75>1 

R; 

'"' 
R· 

75!l 

'"' 
CABLE .,. 

VoJT 

V1~J s 
75'1 

75u ,, .,. 
'"' 

R• 
.,. '"' 

LINEAR TECHNOLOGY 

IMPEDANCE-MATCHED LINE DRIVER WITH 75-0 LOAD 

RIM RF 

411\IU 499() 

ANALOG DIALOG 

RG-6 OR RG-59 
75Q CABLE 

Vour 
1V p-p ., 
7511 

This circuit is a wideband 75-0 line driver, for video applications (1 V p-p into 75 0). 

TESTS DRIVER FOR HOBBY SERVOS 

POWERo----.-----.---~-•5V 

CONTROL r--'Yll'r-' 

Fig. 29-1 

Fig. 29-2 

R5 ... This circuit will generate the pulse used to 
control hobby servos. With the components shown 
the servo should produce a 90° total rotation. 

GND 
' C1 

1 

= 

POPULAR ELECTRONICS Fig. 29-3 

197 



STEREO LINE DRIVER 

+18V 

50' RG 316 

1/2 OP·275 ' ! 'I 
@LEFT 

LEFT@ 
OUTPUT 

'+ (29pF·Fn 
INPUT 

2k0 

' -
1/2 OP·275:XY' -'VV-...J--Sr-ji::=====i-1 ir-0 "G"' 

®' --.{,) - >::::,) OUTPUT RIGHT ;-
INPUT 

-18V 

ANALOG DEVICES Fig. 29"4 

One Analog Devices OP-275 can be used for stereo line driver applications. 

HIGH-SPEED SHIELD/LINE DRIVER 

----------fr-)--(l OUTPUT f" !UIHERMINATED) 
v• 

B.l µF 

r "' 

v-

SIMPLE NEON LIGHT DRIVER 

R1 
1MEG 

Q2 
2N3806 

T1 
6.3V 

r---;-;,!-~~...riiiiiiiiir~ 
I I 
I R2 •. I 
1100K'"• I NE1 

: L-~·~~~--4 .. 1-·-----L ADDTHIS 
'-RESISTOR 

IF 
NECESSARY 

POPULAR ELECTRONICS Fig. 29-6 

NATIONAL SEMICONDUCTOR 

NEl, a neon lamp, is lit by this simple inverter 
circuil. Tl is a 20:1 turn ratio transformer (transis­

Fig. 29-5 tor radio output, etc.). 
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Control 
input 

73 AMATEUR RADIO TODAY 

R\7 
\OOK 

HIGH-SIDE MOSFET DRIVER 
vcc 

8 

14 
>---'ju• ' 

R4' 
100 

18 
\OOK 

vcc 

R22 
\OK 

2 LTC1t54 

• 

0\ 
2N2222A 

R23 
'71< 

To gates 
ol Power Mos1et 

vcc 

High Side charge pump tor 
driving power mosfets 

Extra control for input and shut 
down shown 

This input is pulled high to tum on 01 
01 then pulls pin two low. tuming on 
the charge pump 

Fig. 29-7 

A Linear Technology LTC1154 is used as a charge pump to drive the gate of a high-side power 
MOSFET. 

TTL-BASED SPEAKER DRIVER 

C2 

TO ~~12- \0~ OUTPUT~ 
1/6 7404 SPKR1 

... 
POPULAR ELECTRONICS Fig. 29-8 

A TTL IC, such as a 7404, can drive a small speaker with enough audio to be used as an alarm or 
annunciator. The speaker can be a 32- or 100-Q unit. 
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ANALOG DEVICES 

LOW-DISTORTION COMPOSITE± 100-mA LINE DRIVER 

>--, " lk\1 

VOLUME ~>-W~-{O)o + 
AD744JN 

50kr< U1 

COMP. 

(SEE TEXT) 

" 4kil 

+V = +12 TO +17V 

-V--12T0-17V 

*HEAT SINK U2 

" 49.9() 

'l'i;~-'\N'v--0 Vmn 

" 6650 

'· GAIN•1 + ~ 

R, GAIN 
SET A. ~7-1 

Fig. 29-9 

This line driver combines the high input impedance of an FET-input IC and a 100-mA op amp. 
Ul's output is left open. The compensation terminal (pins) drive U2's high-Z input for increased 
overall phase margin. Gain is 14 dB, THD +Nat 5 V, and RMS output is around 0.001%below20 kllz. 

VIDEO CABLE DRIVER 

Vout 

Summing node 

ELECTRONIC DESIGN Fig. 29-10 

The driver's frequency response is tunable for a specific cable length via co1nponents corutected 
to the summing node. By shw1ling Rl, R, acts to increase the amplifier's gain, and C, controls the cut­
in frequency of the compensation. 

These three components peak the amplifier's frequency response to counteract the cable's roll­
o!T characteristic. By squeezing more bandwidth out of a given cable, higher-performance cables 
aren't needed. 
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0 001 ~f 

q 
INPUT 

NATIONAL SEMICONDUCTOR 

COAX CABLE DRIVER 

., 
,, 
50 

'FOf: LH0002, AuM "" 1000, lW 

LH0033, ALIM - 1000, 1W 

LH0063, RuM - son. SW 

••Jumper for LH0033 and LH0063 only 

Fig. 29-11 

Because of their high-current drive capability, the LH0002, LH0033, and LH0063 buffer ampli­
fiers are suitable for driving terminated or unterminated coaxial cables, and ltigh-current or reactive 
loads. Current-limiting resistors should be used to protect the device from excessive peak load cur­
rents or accidental short circuit. No current limiting is built into the devices other than that imposed 
by the limited beta of the output transistors. This figure shows a coaxial-cable drive circuit. The 43-
Q resistor is included, the output voltage to the load is about half what it would be without the near­
end te:rmination. 

ULTRA LOW DISTORTION ±50-mA DRIVER 

A2 R1 
100~2 909!.2 

ANALOG DEVICES Fig. 29-12 

For a 600-Q load, THD is typically -115 dB at 20 kHz, 3-V RMS output, with ± 15-V supplies. The 
-3-dB BW is 6 MHz. 
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"'"'"~\\ 60·Hzlin:__? 

Microprocessor 

VERY EFFICIENT SOLENOID DRIVER 

Solenoid 

""' loads 

/\ /\ /\ 24-V rms, 
{ V V \ lull-wava reclitied, 

unllllered 

1ZJ45678 
+5Vdc 

r-Se_ria_l d_ala _ _, Out Out Ou! Out Out Ou1 Out Out K 10 R5 
Clock 1 2 3 4 5 6 7 8 - 8 5k 14 
b~ U1 OE 

UCN5843 

Re R1 
100k 50k 

Clock --1lIUUlruUl.Jl~--------------
Serial Data 8 bits) 

••• 0.5 seconds 

ELECTRONIC DESIGN 

Rs 
100k 

Rg 

t5Vdc 

Ra 
" 1N414B 

5k 
[>!'13'+-Vv'v--o +5 Vdc 

In the circuit shown, the IC in the center, Ul, contains a microprocessor-compatible serial-in, 
parallel-out shift register, with strobed latch and !ugh-level solenoid drives (see the figure). 

The strobe pulse turns on the selected loads at full power for its pulse width, which is 0.5 sec­
ond. Following the strobe pulse, the driver outputs are pulse-width modulated by the multivibrator, 
whlch is set for a duty cycle of 25%. The solenoids are therefore held in the engaged position with a 
voltage that's 25% of the nominal supply voltage. 

U2B acts as the basic multivibrator in the circuit, and U2A sets the duty cycle by setting the dis­
charge current of capacitor Cl. U2D overrides the oscillation during the strobe pulse. And U2C pro­
vides the Power-On Reset (POR), inhlbiting the solenoid loads from turrling on during the initialization 
period of the microprocessor. 
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30 

Electronic Lock Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 

707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Electronic Lock 
Frequency-Based Lock 
Simple Lock 
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ELECTRONIC LOCK 

+6-15V 

RS 18 R6 s, .i.. 
1MEG 2 45K o, s, R7 

45K 

R3 a, s, 
10K R8 

0, 3 
45K 

15 

D1 R9 

1N914A 0, 7 
45K 

U1 R10 
C2 + "°"' ,, 45K 
47 o, 

R11 .,,. 
45K o, 4 

R4 R12 
1000 14 5 45K 

o, 

01 o, 10 
8$170 

R2 13 8 220K (TO 
LOCK-

DRIVING 
C1 CIRCUIT) 
1 C3 

R1 1 
10K 

.,,. 

POPULAR ELECTRONICS Fig. 30-1 

The heart of the circuit is a 4022 octal counter. When first powered up, C2 is charged via R5, so 
the reset input of the counter is kept high. That causes output Q

0 
to go high while all other outputs 

are low. With the switches wired as shown, when 84 is pressed, the BSl 70 is switched on via de­
bouncing network R2/Cl, and Ul receives a clock pulse. Also, C2 is discharged via R4 and Dl, re­
movingthe reset signal of the counter, allowing it to advance. The time required for C2 to chW"ge via 
R5 (i.e., to reset the counter), is the maximum time that can lapse before the next key is pressed. 
The above cycle is therefore repeated only if SS (connected to the Ql output) is pressed in time. 
When all keys have been pressed in time and in the correct order, Q7 goes high for about four sec­
onds to drive the "unlock" circuitry (e.g., a relay driver for an automatic door opener. A builder can 
change the code by reviewing the switches. The code for the lock shown in the circuit diagram is 4-
8-0-1-5-7-0. However, the 4022 octal counter can be replaced by a 4017 divide-by-10 counter. That 
will make it possible to add two more digits to the combination. 
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3 

B 
4 

9 Ul 
4049 

11 

14 7..,... 

5 6 

POPULAR ELECTRONICS 

FREQUENCY-BASED LOCK 

(TO <>------., 
CONTROLLED~ 

DEVICE) o------"" • r-11----11-+-------i=t 
':" 81 

Sl 
,.I.;;'NLOCK 

0 

...I... 

Cl 

0 
82 

RESET 
1 

R1 
5.6K 

PL1 801 

A2 
10K 

C2 
1.1 

9V 

4 
3 

5 

6 

1 

02 
1N4001 

U2 
587 

7 2 

" 

Kl 
6V 

R3 
22K 

Fig. 30-2 

The system is formed by two separate circuits-a key and a keyhole. The key engages the key­
hole with a mating pair of connectors. The key is a tone-generator circuit consisting of a 4049 hex in­
verter CMOS JC (111), switches (Sl and 82), a resistor (RI), and a capacitor (Cl). The value of the 
tone generated by that circuit in Hz is determined by; 

1 

The keyhole is a 507 tone-decoder circuit that can be configured to detect any frequency from 
0.01 Hz to 500 kHz. The frequency it detects Cf), via the 567 IC, turns on the relay (Kl). Compo­
nents R3 and D 1 are used to latch lhc circuit, so the output stays on even after the input tone is re­
moved. When 82 is pressed, the system is reset. Switch 83 resets the circuit from inside. 

POPULAR ELECTRONICS 

SIMPLE LOCK 

~ 
PL1 

CIRCUIT 

J1 

POWER 
SUPPLY 

Fig. 30-3 

Only an appropriately wired plug of the right size will activate circuits with a nonshorting jack in 
their power supply circuit. 
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31 

Fiber-Optics Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Experimental Data Transmitter for Fiber Optics 
Experimental Fiber-Optic Data Receiver 



External input 

Enable 

McGRAW-HILL 

RI 
220kn 

EXPERIMENTAL DATA TRANSMITTER FOR FIBER OPTICS 

+5Vdc 
RS 
560 

(see text) 

R4 
33kO. 

Qi 
2N2222 

Fig. 31-1 

This schematic for an experimental data transmitter uses optical fibers and a laser diode. Trans­
mission frequency of the free-running oscillator is approximately 3 kHz. R5 might have to be varied 
to suit your laser diode. !Cl is a CD4093. 

McGRAW-HILL 

EXPERIMENTAL FIBER-OPTIC DATA RECEIVER 

QI 

RI 
220kfl 

b Q2 
2N2222 

+5Vdc 

Note: 
Ground all remaining inputs 
on 4093 JC. 

Fig. 31-2 

An infrared phototransistor acts as the sensor for this receiver. !Gia is a section of a CD4093 
CMOS NAND gate. 
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32 

Filter Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

State Variable Filter 
Sallen-Key High-Pass Filter 
Active Bandpass Filter Circuit 
High-Pass Filter 
Second-Order Voltage-Controlled Filter 
Combination Filter 
Shortwave Receiver IF Filter 
Pin Diode Filter Selection Circuit 
High-Pass Active Filter 
AM Broadcast Trap for Simple SW Receivers 
Shortwave Interference Trap 
Programmable Analog Filter 
Active Low-Pass Filter 
Two Op-Amp Bandpass Filter 
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Single 3.3-V Supply 4-Pole State Variable Filter 
High-Q Notch Filter 
Adjustable Q Notch Filter 
Digital Comb Filter 
Voltage-Controlled Low-Pass Filter 
VSB Filter for LM2889 
20-kHz Butterworth Active Filter 
Bandpass Filter 
Sallen-Key Low-Pass Filter 
Active High-Pass Filter 
RC Notch Filter 
I-kHz 4th-Order Butterworth Filter 
Saw-Filter Impedance-Matching Preamplifier 
One Op-Amp Bandpass Filter 



lnpt1I 

STATE VARIABLE FILTER 

Rg 10 k 

Rg 10k 

Rq 8.9 k 

m 

741 

10 k 

High-pass 
lil!er 

,, 10k Ct 

10k 0.01 ~f 

Bandpass 
!liter 

,, 
10k D.9-1f!.F 

Low·pass 
filter 

ELECTRONIC DESIGN Fig. 32-1 

The state variable filter shown consists of only three op amps and a few passive components. It 
provides several key features. These include the ability to simultaneously provide low-pass, high­
pass, and bandpass filter fw1ctions, and adjust bandwidth in a wide range hy changing the values of 
Cr and Rf' The device also is easy to tune and simple to construct, while the quality factor (Q) of each 
filter is independent of each other. 

SALLEN-KEY HIGH-PASS FILTER 

McGRAW-HILL 

Cl 
I n put o----------j 

°l 

R3 and R4 set the circuit gain 

usually C1 = C2 , R1 = R2 

C2 

Rl 

R2 

f = 1 
' 27tyR R C C 

1 2 1 2 

rO Output 

R3 m 

R4 

Fig. 32-2 
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Input Rl 

McGRAW-HILL 

In this circuit, 

RADIO-ELECTRONICS 

ACTIVE BANDPASS FILTER CIRCUIT 

Cl 

R3 

R2 

f,, 
Q = BW K =circuit gain, J,, =center frequency 

R= Q 
1 2itf CK 

" 
2Q R ---

2 - 2itf,,C 

Q 
R, = 2itf,,C(2Q-KJ 

HIGH-PASS FILTER 

lOOOpf 820pf 1500pf 

TO 50~~E--j-lt;";CEIVER 
ANTENNA •• 1 1

00 

6800pfu 2200pf 

3.4µH 4.BµH 

29 TURNS 30 AWG 35 TURNS 30AWG 
ON T-37-2 CORE ,.. ON T-37·2 CORE 

Output 

Fig. 32-3 

Fig. 32-4 

This high-pass filter will attenuate AM stations by 40 dB. Its low-frequency cutoff is about 2.2 
MHz. This filter is usefuLfor SW listening in areas of high AM radio signal strength. 
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SECOND-ORDER VOLTAGE-CONTROLLED FILTER 

Ee 
(Olo10V) 

V;n 
20 v p·p 

Design equations forsecond-order lowpass 
lill8' 

Ti=R1C1 

T2 = R2C2 

ELECTRONIC DESIGN 

-

l•I 

1 X1 Vp 14 ~c0-
2 X2 13 
3 U1 w 12 R(=- 330 pf 

4 AD734 11 11 1690 
5 12 10 
6 Y1 9 

~ 7 Y2 VN 8 

-

1 X1 Vp 14 
2 X2 13 
3 U2 w 12 

- 4 AD734 11 11 
5 12 10 
6 Y1 g 
7 Y2 VN 8 

For the above second-order Bessel low-pass filter: 

fn<maxl= Wn(max) =495 kHz@Ee =lOV 
2n 

and Q=li 
(b) 

Compensallon network ii T1 or T2 <200 ns 

Vout 

562 

Fig. 32-5 

Desirable second-order voltage-controlled low-pass filter response can be achieved with this 
voltage-controlled filter (A). By using !ow-distortion, wide-bandwidth multipliers, it achieves higher 
cutoff frequencies than switched-capacitor filters. If the circuit's RC network has a time constant less 
than 200 ns, it should be replaced by a lag compensator network (B). 

211 



ELECTRONIC DESIGN 

R 

COMBINATION FILTER 

I Higti pass I 
RpR~2 

Cenlet frequency 
Ro adjust Co 

I Bandpau I 
0 

I Lowpm I 

Ro Co 
l-~>-A./\f\r-+---1 

Gain adjust 

(see design R3 = R'/K3 
example) ~----~vv\r-----~ 

Damping 

Fig. 32-6 

The classic "state variable" two-integrator filter is known for its insensitivity to component varia­
tions, and its ability to provide three separate simultaneous outputs-low pass, high pass, and bandpass. 

Typically, a quad op amp is used to implement the state-variable filter. The classic configuration 
uses two integrating amplifiers, a filter input amplifier, and a filter feedback amplifier. 

The design described here combines both input and feedback amplifiers into one adder/suhtrac­
tor amplifier, achieving a three op-amp filter design (see the figure). 

WILLIAM SHEETS 

SHORTWAVE RECEIVER IF FILTER 

3-MHz IF filter 
BW~ 700 Hz 
IL~ 4 dB 

X1 through X4 3.000 MHz ±50 Hz 
Cx = C1 through C5 33 pf :±::5o/o NPO 

Fig. 32-7 

An inexpensive filter can be made from microprocessor crystals. This filter has 700 Hz BW (3 
dB) and has a flat response ( <l dB) for about 400 to 500 Hz. Although a 3-MHz crystal was used, any 
frequency from 2 to 15 MHz (using fundamental crystal) should work, with appropriate scaling of 
components. Crystal resonant frequencies should match within 20% and preferably 10% of expected 
bandwidth (which is narrower as C x increases. Impedance is reduced with wider bandwidths. 
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PIN DIODE FILTER SELECTION CIRCUIT 

cs 

R13 
47012 

IN 

R14 
4700 

C1 

R10 

D1 

R1 

-=- 03 

D7 

D9 

R1-R12 ARE 2.2K UNITS 
C1-C8 ARE .01 UNITS 

POPULAR ELECTRONICS 

D2 

R3 

R11 

DS 

R2 

Cl C6 D4 D5 
FILTER f---,)~-1>-f4-,._-.+-1~-, 
N0.1 

RS 
R6 

R4 06 ":" 

..--o--:>---- + 12VDC 

81 

.__-o....,.o----..-12voc 

C2 

R9 

FILTER 
-N0.2 

C3 

RS 

R12 

D10 011 

D12 

R15 
470n 

OUT 

R16 
47011 

C4 

R7 

Fig. 32-8 

Selecting IF handpass filters via series/shunt PIN-diode switching can be accomplished with this 
circuit. 

NATIONAL SEMICONDUCTOR 

HIGH-PASS ACTIVE FILTER 

" llDK 

c1· c2• 
0.02 .11F 0.01 l'F 

IN,LIT ~ ~+--l 1--e-'--! 

" I 10K 

>-+-ouTPUT 

'Values are !or··wo Hz cutott. Use 
metalized polycarbonat& capacitors 
for good temperature stability 

Fig. 32-9 
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McGRAW-HILL 

McGRAW-HILL 

AM BROADCAST TRAP FOR SIMPLE SW RECEIVERS 

Cl 
0.00lµF 

C4 
0.00SµF 

25 turns 
#30 enameled wire 

wound on 
T-50-2 form 

C2 
820pF 

C3 
0.001 SµF 

cs 
0.0022µF 

35 turns 
#30 enameled wire 
wound on 
T-50-2 form 

SHORTWAVE INTEflFERENCE TRAP 

Antenna 

L1 II 
24 turns, 11 

#26 enameled 11 
wireonT-50-2 II 

toroidfonn 

lOOOpF 
To top of 

L 1 in receiver 

50-420pFJrimmer 
(Radio Shack, 272-1336) 

or 
266pF variable capacitor 

(DC Electronics, #24TR218) 

Fig. 32-10 

Fig. 32-11 

Build this interference trap to help block strong shortwave, broadcast, and FM stations from 
coming in on the shortwave bands. 
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ELECTRONIC DESIGN 

PROGRAMMABLE ANALOG FILTER 
Digital -1~------~i 
word in T 01·012 T 

lligh-pass out Bartdpass out Low-pass oul Notch out 

Fig. 32-12 

The circuit in the figure shows how an analog, digitally programmable filter can be built using a 
UAF42. This monolithic, state-variable active filter chip provides a two-pole filter building block with 
low sensitivity to external component variations. It eliminates aliasing errors and clock feed though 
noise common to switched-capacitor filters. Low-pass, high-pass, bandpass, and notch (band-reject) 
outputs are available. 

lriput 

McGRAW-HILL 

ACTIVE LOW-PASS FILTER 

R2 

R1 
[,3 

J l C2 

In this circuit, R 
1 

= 2 
R2 =R4 
R, = 2RI 
C1 = C2 

Cl 

~--+---~ Output 

1 
f = 2rrRC 

This circuit has a rolloff of 6 dB/Octave. 

Fig. 32-13 
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TWO OP-AMP BANDPASS FILTER 

R1 
39K 

C1 
0.1 ~LF 

~ RS 
75K 

R6 
39K 

RB 
10 = 1 kHz y+ R2 62K 

R7 
120K 

i> ...... --ovo 

Q = 25 62K y+ 
GAIN= 15 (23 dB) ~------w.----'------' 

NATIONAL SEMICONDUCTOR Fig. 32-14 

This circuit uses only two capacitors. The amplifier on the right supplies a controlled amount.of 
positive feedback for improved response characteristics. Resistors R5 and RS are used to bias the 
outvoltage of the amplifiers at V+/2. 

LINEAR TECHNOLOGY 
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SINGLE 3.3-V SUPPLY 4-POLE STATE VARIABLE FILTER 

Cl 
10.000pF 

IOk 

C2 
10 OOOpF 

"1 'lu RESISTORS 

10,000pF 

wo'" 1/(R1 x C1 x R2. C2i 
R1=1/1waxDxC1\ 

Rz = a11rno x c21 

1 O.OOOpf 

Fig. 32-15 



R1 R2 
10 MEG 10 MEG 

C3 
540 pF 

HIGH-Q NOTCH FILTER 

R3 1 
5 MEG lo= 2'1TR1C1 

"'60 H:i: 

R1=A2-2A3 

C3 
Cl - C2 = -

Response of High and Low Q Notch Filter 
C1 

270 pF 
C2 

270 pF 

NATIONAL SEMICONDUCTOR 

2 

Fig. 32-16 

This shows a twin "T" network connected to an LM102 to form a.high Q, 60-Hz notch filter. The 
junction of R3 and C3, which is normally connected to ground, is bootstrapped to the output of the 
follower. Because the output of the follower is a very low impedance, neither the depth nor the fre­
quency of the notch change; however, the Q is raised in proportion to the amount of signal fed back 
to R3 and C3. 

ADJUSTABLE-Q NOTCH FILTER 

NATIONAL SEMICONDUCTOR Fig. 32-17 

This figure shows a circuit where the Q can be vaned from 0.3 to 50. A fraction of the output is 
fed back to R3 and C3 by a second voltage follower, and the notch Q is dependent on the amount of 
signal fed back. A second follower is necessary to drive the twin "T" from a low-resistance source so 
that the-notch frequency and depth will not change with the potentiometer setting. 
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DIGITAL COMB FILTER 

+v 

ClO 

C9 r;i, 
I' 16 

16 

Clock in 10 9 11 

1(1 
7 12 

(04040 IC2 

6 9 (84051 

6 

7 

8 

Signal 

input), 

This circuit uses an eight-step switching sequence, so n=B. 
This makes the center frequency equal to: 

Fe= 
1 

(Zn RC) 

1 
(2 x B)RC 

1 

16RC 

Using the component values suggested in the parts list, the 
circuit has a main center frequency of: 

Fe= 
(16 x 1000 x 0.00000001) 

1 

1 
; 

0.00016 

6250 Hz 

McGRAW-HILL 

218 

ll 

14 

15 

12 

1 

5 

2 

4 

ICl 

1C2 

Cl 

C2 

CJ 

C4 

cs 
C6 

C7 

ca 

Cl-CB 
C9, ClO 

Rl 

Signai 

roulput 

Rl 

Suggested parts list 
for the digital comb filter 

C04040 BCD-ripple counter 
CD4051 BCD-to-decimal decoder 

($P8T rotary bilateral swi1ch) 

0.01 µF close tolerance capacitor 
0.1 µF capacitor 

1 K '/, W So/a resistor 

Fig. 32-18 



VOLTAGE-CONTROLLED LOW-PASS FILTER 

dB 

" '• 
0 c-+---• 

CONTROL x, •v, OUTPUT 6 

INPUT -6dBIOCT /, 

" x, 
A0534 OUTPUT A ' 

OUTPUT OUTPUT B • 1 • T1P 
1 + TlP 

" z, R 

,, OUTPUT A • --' -

SIGNAL 
1 • T2P 

INPUT v, le 
'· T1~~•RC 

v, -v, 
T2·....!_~!QRC 

w2 Ee 

ANALOG DEVICES Fig. 32-19 

The voltage at Output A, which should be unloaded by a follower, responds as thoughE, were di­

rected to the RC filter, but the filter's break frequency were proportional to E, [i.e,. = EJ(20it/IC)]. 

The frequency response has a break atf2 and the 6-dB/octave roll off The voltage at Output B has the 

same response, up to [f1 (f1 = l/(2it/IC)], then levels off at a constant attenuation ofj2!f1 = EJlO. 

For example, if R = 8 kQ, C = 0.002 µF, Output A has a pole at 100 Hz to 10 kHz and can be loaded. 

The circuit can he converted to high-pass by interchanging C and R. 

LM 2889 

IMOOCTOltS >'H 
CAPACITOl!S pf' 

NATIONAL SEMICONDUCTOR 

'" 

VSB FILTER FOR LM2889 

~ANN[L 3 Fl.TUI ,,. 
·" 

180(1 

" ,,. 

Fig. 32-20 

This filter is for CH3, in order to get a vestigial sideband TV signal. It is designed for 75-Q in1-

pedance levels. 
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20-kHz BUTTERWORTH ACTIVE FILTER 

R3 R1 R1 
1.2k 2.Sk 2.5k 

C3 
T00078µF 

C2 
0.0078µF 

Vour 

0~84 • FO.I 

0 

-10 

-20 

Cii -30 

;- -40 

" c.!:I -50 

-60 

-70 

-80 

-9{) 

- -
- -

\ 

-
- -
- -

1k 10k 100k 1M 10M 
FREQUENCY (Hz) 

Filter Frequency Response 

LINEAR TECHNOLOGY Fig. 32-21 

This filter will be useful for anti-aliasing or band limiting in an audio system. The op amp is a Lin­
ear Teclmology, LT1124, LT1355, or LT1169. 

NATIONAL SEMICONDUCTOR 
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c2 
0.1 ~tF 

BANDPASS FILTER 

R2 
1K 

R1 
10M 

INPUT 

6 >-... -OUTPUT 

Fig. 32-22 



McGRAW-HILL 

McGRAW-HILL 

c1 = c, = c" 
R1 = 6R2 

McGRAW-HILL 

Rl 

,, 
SALLEN-KEY LOW-PASS FILTER 

R3 and R4 set the circuit gain 

R4 

Fig. 32-23 

ACTIVE HIGH-PASS FILTER 

In this circuit, 

~Output 

Fig. 32-24 

RC NOTCH FILTER 

1 
fco = 2rr.RC 

R1 Input 
c~~~~~~~....-~~-

ICl 
VA 

Output ----..r-C3---r--<O 
C2 

' 

R2 

R2 =R2, + R'° 

Reject frequency (notch), F = 
1 

' 27tCY3R2,R2b 

Fig. 32-25 
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R1 
29.s~· 

LINEAR TECHNOLOGY 

1-kHz 4TH-ORDER BUTTERWORTH FILTER 
C1 

10,000pF 

10k 

C2 
10,000pF 

10,000pF 

10.000pF 

VouT 

Fig. 32-26 

The filter is a simplified state variable architecture consisting of two cascaded 2nd-order sec­
tions. Each section uses the 360° phase shift around the two op-amp loop to create a negative sum­
ming junction at Al's positive input. The circuit has low sensitivities for center frequency and Q, 
which are set with the following equations: 

02 1 
(1} = 

(R1 x C1 x R2 x C) 

where, 

R
1 

= ---1--- and R. = __ Q~_ 
(filO x Q x C1) 

2 (filO x C2 ) 

The de bias applied to A2 and A4, half supply, is not needed when split supplies are available. 
The circuit swings rail-to-rail in the passband making it an excellent anti-aliasing filter for NDs. The 
amplitude response is flat to I kHz then rolls off at 80 dB/decade. 

SAW-FILTER IMPEDANCE-MATCHING 
PREAMPLIFIER 

100 12.Y 

.::I:. 0.01 "'' 

"" "' 1.lpM 

p 
" "' " 

This circuit matches a saw filter to an IF am­
plifier. 

ONE OP-AMP BANDPASS FILTER 

l0 =1kHz 

Q = 5 

GAIN= 1 

" 1.6M 

" 51DpF 

Cl 
510pF 

Rl 
JM 

> .... -ov, 

NATIONAL SEMICONDUCTOR Fig. 32-27 NATIONAL SEMICONDUCTOR Fig. 32-28 
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33 

Flasher Circuits and Blinker 

The sources of the following circuits are contained in the Sources section, which begins on page 

707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Random LED Strobe 
Flashing Neon Christmas Lights 
Flashing Christmas LED Display 
Dual Flasher Add-On for 555 Circuits 
Variable-Frequency High-Power LED Flasher 
LED Pulser 
LED Pulser with Audible Output 
Sinwle Lamp Pulser 
LED Flasher 
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POPULAR ELECTRONICS 

RANDOM LED STROBE 

+lOV 

•5V 
01 

~ 
'' ,.._ 

R7 9 
A' 100K A10 Dl R5 
1M 100K '~1N4148 10K 

C2 U2 
1 I IV) 

~ 

' ' .. D2 
~ .. 1N4148 

Q~ ' RS :~~7 ~ R15 '"""' I 7 U3 '" 47 5K ~ ... 9 

i 

R'6 2 n R9 

I 
42 2K ls rn<in .sv R'2 

~~'~ I 

"' 10K 

S2 
RESET 

e------0 .::;;_ 

5' 
STATUS/TEST 

.::;;_ 
-----0 . 

LED1 v-
LED2 '5 

1 
,5 LED3 

""' 
'5 

LEDS 5 

LE06 5 

-_____!:~-~ r 5 

I.EDS :5 

LED16 5 
~ 

LED15 ,~ , 

~ 

b S1 
POWER 

J1 
(TO 12VDC) 

10K 

R9 
10K 

[._ 
.___I_ 

' 
9 

10 

11 

12 U1 
PIC1ec5.5 

19 

" 
15 

" 
17 

" 
19 

10 

5 
11 " c6

1
2 ,~ 220pF .. .. , . 

""- •5V 

2 

;~;;; 

' ,,. 
1 

I " 
A2 
10K 

27 

:;II;: 226~F " l 22on 

, 
25 

" 
" ------

22 

21 

20 

~,-... LE09 

.:::::g LED10 

""'"-= I '®LED11 

~r.""!.. LED12 

::::: ;;:).. LED1 3 

--= -..... r;-::.., LED14 

= ' 

R11 
10K 

f'Q~-.--.... .-.--0 + 1 OV 

R1' 
2200 

C1Q 
1000 

i 
I 

I 

Fig. 33·1 

This circuit generates a random output that is translated into LED "movement" by a prepro­
grammed PIC16C55 rnicrocontroller, UL That PIC also senses and records the bias of the LED's 
movement" This device was originally used for an application involving psychokinesis testing where 
the person was asked to "think" the lights in either a clockwise or counterclockwise direction" 
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FLASHING NEON CHRISTMAS LIGHTS 

NE4 
HE-2 C4 

.05 

NE3 
HE-2 C3 

.05 

NE1 
HE-2 C1 

.05 

R1 
2.2MEO 01 • 

90V 

+ 1----1 
'SEE TEXT 

~ 

POPULAR ELECTRONICS Fig. 33-2 

This flashing set of neon Christmas lights will 
make an attractive decoration for any time of 
year. Bl is made up of ten 9-V transistor radio 
batteries in series. The battery life can be mea­
sured in months. 

FLASHING CHRISTMAS LED DISPLAY 

+3V 

5 04 
3909 

6 

LE04 

6 

LE03 

~ 

6 

LED2 

~ 

POPULAR ELECTRONICS Fig. 33-3 

Using LEDs and 3909 !Cs, you can make ·a 
flashing-light circuit that will rnn for months on 
two AA batteries. 

DUAL FLASHER ADD-ON FOR 555 CIRCUITS 

ANY 555 
CIRCUIT 

3 

POPULAR ELECTRONICS 

+V 

Fig. 33-4 

A pair of hex FETs drive two incandescent 
lamps in an alternating flasher circuit. The lamps 
can be 12-V automotive types, etc. 
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VARIABLE-FREQUENCY HIGH-POWER LED FLASHER 

+JV 

6 5 

!Cl 

4 

ICl LM3909 LED flasher/oscillator IC 
Ql NPN transistor (2N3904, Radio Shack RS2009 or similar) 
Dl LED 
Cl 100 µ,F 5 V electrolytic capacitor 
Rl 470 0 1/4 W 5% resistor 
R2 50 kO potentiometer 

McGRAW-HILL Fig. 33-5 

LED PULSER 

LED1 

Cl 
SEE 

TEXT 

POPULAR ELECTRONICS Fig. 33-6 

In this circuit, the LM3909 is used to drive a 
pair of series-connected LEDs. 
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LED PULSER WITH AUDIBLE OUTPUT 

SPKR1 
BU 

Sl 

POPULAR ELECTRONICS 

+ 

Cl 
SEE 

TEXT 

6 

Ul 
LM3909 

2 

Fig. 33-7 

The LM3090 can also be used to drive both 
an LED and a speaker. In this circuit, each time 
that LEDl blinks, SPKRl (an 8-Q speaker) emits 
a sharp click sound. 



SIMPLE LAMP PULSER 

+3-5V 

8 

C1 U1 
100 LM3909 

+ 117VAC 
2 ,.....-"-. 

11 
100 WATT 

U2 LAMP 
MOC3010 

6 

R1 

~ 1800 

2 4 

POPULAR ELECTRONICS Fig. 33-8 

Here, the LM3090 (configured as a timing oscillator) is used to control a 117-Vac lamp through 

an MOC3010 optoisolator/coupler. 

LED FLASHER 

r1· ---.,R1 .. 
SV c1·· '.t ' ' 3 8 I A. .. • I 

U1 7 ' .... ii 
ICL7660 ----..J 

OR ~ ICL7660S 5 

2 4 LED1 
+ 

C2 'SEE TEXT 
47-220' ** C1=.01,fm1HZ; 
&WVDC C1 •. 001, f· 10Hz 

POPULAR ELECTRONICS Fig. 33-9 

This circuit provides a low-cost way to flash an LED from a single 1.5-V source. Based on the 

!CL 7660 de-to-de voltage converter, the circuit makes use of an external capacitance (Cl) on the os­

cillator rate-control pin to decrease the charge/dump time to the desired flash rate. A de resistance 

(Rl) on the same pin can also be used to disable the oscillator and extend the power-cell's life. That 

optional de resistance (in the form of a photoconductive cell) will shut off the oscillator in daylight. 
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34 

Flip-Flop Circuits 

The sources of the following circuits arc contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

228 

Trigger Flip Flop 
Two-Amplifier Flip Flop 



Cl 

Rl 
200K 

TRIGGER FLIP FLOP 

Rl 
1M 

v• 

R2 
2M 

100pf R5 Rti 

V1N ~ ~°11-JV'1\JK'v-°11-J\1'1'.IK'v--4>---~ 

CR1 

NATIONAL SEMICONDUCTOR 

•• 
1M 

>-... --OVo 

CR2 

Fig. 34-1 

Trigger flip flops are useful to divide an input frequency as each input pulse will cause the out­

put of a trigger flip flop to change state. Due to the absence of a clocking signal input, this is for an 

asynchronous logic application. A circuit that uses only one amplifier is shown. Steering of the dif­

ferentiated positive input trigger is provided by diode CR2. For a low-output voltage state, CR2 

shunts the trigger away from the (-) input and resistor R3 couples this positive input trigger to the 

( +) input terminal. This causes the output to switch high. The high-voltage output state now keeps 

CR2 off and the smaller value of (R5 + R6) compared with R3 causes a larger positive input trigger to 

be coupled to the (-) input, which causes the output to switch to the low-voltage state. 

229 



OUTPUT 1 0-~~-< 

NATIONAL SEMICONDUCTOR 
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TWO-AMPLIFIER FLIP FLOP 

0.001µ.F 

100K 

100pf T 
INPUT 

0.001µ.F 

100K 

JUlI 

t,, 
2 

Fig. 34-2 



35 

Frequency-to-Voltage Converter 
Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Industrial Frequency-to-Voltage Converter 
Frequency-to-Voltage Converter 
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INDUSTRIAL FREQUENCY-TO-VOLTAGE CONVERTER 

'~r-~--~ R11 
R1 

R4 '• -Amp 2 
R13 13 

R7 R" 
,,+ 14 R.12 

,, R3 R3 
13 

R; D5 

Input 
07 Ra 11 

____j 

ELECTRONIC DESIGN Fig. 35-1 

Control and process equip1nent often require the indication of frequency (speed or rate) of lin­
ear or rotary mechanical movement. Motion can be detected using various pulse-generating pickups 
and proximity detectors tha\ ou\pu\ ac or de pulsed signals. 

This industrial converter can serve in a wide variety of applications. The circuit operates around 
a quad-FET input op amp and is designed to be self-contained or run from a bipolar supply. The in­
put signal of de pulses or ac waveforms is applied to R2. 

Amplifier 1, which acts as a Sclunitt trigger, supplies a squarewave output of Iixed amplitude lo 
G4. Resistor R8 and capacitor C6 filter out input noise, and R4 and RR determine the switching lev­
els, and Zener diode Z3 sets the amplitude. 

Amplifier 2 gives a fixed-duration pulse on the positive transition of C4, with a tin1c constant set 
by C4 and R6 and the switching level set by R7 and RS. Resistor R9 and Zener diode Z2 fix the am­
plitude of the pulses and amplifier 8 integrates them via RI 0 and CR. Diode D6 blocks negative inte­
gration and Rl 1 discharges C5 with a long-time constant. 

Hence, the de outpu\ of mnplifier 3 is proportional \o \he frequency applied \o \he inpu\. Amplifier 
4 inverts and buffers the negative output of amplifier 3 and provides amplitude adjustment volt.age. 

The complet€ circuit is linear and sufficiently accurate providing that C4 is chosen to give a pulse 
duration less than the maximum input frequency and that Rll >RIO. 
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FREQUENCY-TO-VOLTAGE CONVERTER 

20k 

: 1N4148 = 

.---++--'v-'0,..',.......,vou1 
1V F.S. 

5nF 7.5k 0.33 µi 

ANALOG DEVICES Fig. 35-2 

The AD537 can also be used to perform frequency-to-voltage conversion. The transistor pair shown 
here operates as an exclusive-or gate to perform the phase comparison. It locks onto the input fre­
quency within two cycles. The configuration requires only 3 mA for frequencies up to 10 kHz. In most 
situations, an output buffer will berequired to unload the filter. Use 0- to 5-V pulses or square waves 
with 40-µs minimum pulsewidth. 

233 



36 

Function Generator Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Function Generator 
Sweep/Function Generator 
Simple Function Generator 
Accurate, Stable Function Generator 
Wide-Range Function Generator 



FUNCTION GENERATOR 

+5V WIDE PRONG IF ONLY USING A 2-WIRE C40 
.001 

~f--ot----- \ CORD. 

2 

3 

4 

5 

6 

7 

8 

14 011 
914 

IC? cc1,,_3 ~"-----' 
4518 t2 _____ 2Q.H_! __ ~ 

11 ______ 5Qtj_Z __ J 

14 

10 

9 

16 3 

+SV 

R66 
47K 

010 
914 

R67 
100K 

R55 
10K 

5 1~ 

2 7 

12 IC8-a R56 R57 

'-""--+'11"1 112 4538 ,,o,__.,1,_oK,...__._,.1 OOM-K-f--".l 
C30 .-

IC8-b 

4 
1/2 4538 

004±10 
- ' 0 TOS1-s,b,d -+----..J 

JS 
INPUT 
EXT. 

C32 
4.7µF 

0 

R60 
22K 

012 
1N914 

C31 
470pF 

~ 

+sv---a---

C33 
220pF 

R64 
2.2MEG 

013 
1N914 

R61 
1MEG 

R62 
2200. 

SJNEWAVE FROM C7 

R63 
1MEG 

POWER 
OFF 

86 1 
L------

CQNNECTEO TO R49 
RAMP LEVEL 

R58 
10K 

R65 
3.3K 

MOD1 

R69 
2.2MEG 

SUB-CUB II 

THE COUNTER MODULE (MOD1) has a 0.35-inch high, six-digit liquid crystal 
display. Pulses at 1-second intervals are derived from the AC power line which has a 
typical accuracy of 99.99 °/o. 

ELECTRONICS NOW Fig. 36-1 

These three circuits make up an audio frequency function generator ru1d can be individually 
used for custom applications. 
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"' "' CJ) 

C17 
.47 

FUNCTION GENERATOR (Cont.) 

R52 R53 
47K 50K 

R51 
10K 

RAMP TRIM 

-
R37 
10K 

I o• •••T 4 14 

6 

01 
2N2907A 

R36 
10K 

A34 A35 
4700 100K 

RAMP TIME 

+12V C16 
47µF 

+If-
I ~ A.O IOOK 

6800 PULSE TIME 

10 
IC5-b 

... 

021 

IC5-a H 
2N4001 

1/2 ICM 2 
76561PD 

!J 09 V2 ICM ~- 0 W1DE 
91• 

~~~ 6 

... 

S6 a 75561PO 

C18 I ?+JC26 .001 • 7 47µF 

... 
54-a 

C21 
.1 I I C29 +12V R42 

33j>F t 3.3K 

" ,f w. t* lC25 +~~ A41 

R48* A43 2N4401 ~TO BURST 
6.SK 10K J3 POSITION 

A45 PULSE OF S1-d 
A47 47" 

SWEEPf1K A44 04 R46 _[""° GROUND 
LEVEL 1K 2"4401 3.3K TO 51-d 

SET ... 
A49 0 TOS2 
5K 7 

t f~~p 
(SINE· TAI-SOU ARE) 

RAMP ' ' R50 LEVEL..- ' IC6·b 
' 4.7K 
' V2 3240 

TOS6 - - - - l 

POWER ON/OFF "' 
A DUAL CMOS TIMER'S (ICS) output triggers another timer's input. Once 02 
starts ICS-a on initia~ power-up, the circuit continues to oscillate. 



"' ~ 

+12V R9 
1MEG 

IC2-a 
1/2 3240 

,f C1 ,,I.. 
10µFy ~ 

7 

6 

JL C2 
R1 

R4 ~ 
6.BK R7 ca 

10K .47 

~ " 
2 -

R18 
10K 

~ 

R17 
1MEG 

R19 
~ 

FREQ. TRIM g WOll 

R20 
5K 

FREQ. 

R21 

~R23 
1K 

07 
914 

06' 
914" 

05' 
914 

• c;;. t 
03 

914 

R16 
4700 

tt~ 
.033 

C5 
47 

-}I 

.. 
01 
914 

10K 

7 

C10 R22 
.001 tK 

? 

C4 
01 

-}~ 

CB 
.33 

~ 

0,2 
914 

-
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SWEEP/FUNCTION GENERATOR (Cont.) 

TABLE 1 
FUNCTION GENERATORJ:HARACTERISTICS 

Waveform Maximum Frequency Conditions 
output P·lo·P 
Sine (1) 5V 10 Hz·lOO kHz 1 V@800 kHz 
Triangle (1 I av 10Hz· 50kHz 1 V>500 kHz 
Squaro (2) 5V Positive output DC-coupled, 

ground ref: rise/fall >50 ns 
Ramp (3) Descending, 6 rates 
{1) Output level variable trim min. to max. 
(2) Output level not adjustable. 
(3) X and Y amplitude internally adjustable. 

TABLE2 
SWEEP RANGES OF THE FUNCTION GENERATOR 

Switch Condition Frequency range 
1 Preset 20Hz to >2kHz 
2 Preset <400Hz to> 1 OkHz 
3 Preset <1 kHz to >25kHz 
4 Preset 5kHz to> lOOkHz 
5· Resistance tuned 2kHz to 1 OOkHz 

Resistance & VCO tuned <1 OHz to > 1 OOkHz 
6" Resistance tuned <40kHz to >800kHz 

Resistance & VCO tuned <1 OOHz to >800kHz 
* Ranges show for positions 5 and 6 represent the total tuning range of the function generator 

and do not imply one continuous sweep. 

Both IC2 and IC4 are Exar XR2206 monolithic function generators; 1C4 functions as a ramp gen­
erator, and IC2 functions as a generator of sine, triangular, and square waveforms. Dual operational 
amplifier !Cl produces a sealed, level-shifted ramp output that is capable of rleflec:ting an oscillo­
scope's horizontal sweep. 

Any frequency of interest along the horizontal axis of an oscilloscope that is coupled to tJojs func­
tion generator can be measured with an external frequency counter by manually tuning the function 
generator's VCO instead of sweeping it. The performance characteristics of the sweep/function gen­
erator are summarized in the Table. 

The generator's sweep rate and frequency can be set by front-panel rotary six-position switches, 
Sweep Rate Switch S5 and Frequency Switch S2. The VCO control R30 manually tunes the VCO. 
Table 2 lists the sweep ranges of the function generator. Sweep ranges not covered in ranges I to 4 
can be set up as required on positions 5 and 6. Selecting the VCO setting on the front panel toggle 
switch 84 permits tuning any fixed frequency within the total frequency range of the instrument with 
both frequency switch S2 and VCO control R:30. 

The sweep rate or duration of the sweep ramp is selected by the rotary six -position Sweep Rate 
Switch 85. Table 3 lists the sweep rate durations for each of the six positions. Longer periods should 
be used for lower frequency sweeps. 
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POPULAR ELECTRONICS 

SWEEP/FUNCTION GENERATOR (Cont.) 

TABLE3 
SWEEP RATE OR DURATION 

_sweep 
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5 
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Fig. 36-3 
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Fig. 36-4 

Supply-limited oscillators usually are sensitive to temperature and power-supply changes, are 
never symmetrical, and don't operate at high frequencies because the amplifier's output is saturated 
when it reaches the supply lines. 

The circuit shown, a function generator, can alleviate these problems. Its square-wave output 
boasts a rapid rise time, quick settling time, and an amplitude that's temperature insensitive. Also, its 
triangular output waveform features a perfectly constant rate of change throughout its range. 

Amplifier Al together with A2 generates a stable + 10 V. This signal, which is integrated using A3, 
C2, and R2, makes a negative-going ramp. When the peak output of AS equals-10 V, the output of Al 
and A2 change state and the A3's output ramps up. When A3's output equals + 10 V, the outputs of Al 
and A2 change state again and new cycle starts. 
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Fig. 36-5 

The sine, square, triangle function generator is exceptionally useful_ Various IC circuits have been published for generating 

square and triangle waveforms in an attempt to duplicate the general-purpose function generator. However, these simple circuits 
are usually limited to about 10 kHz and have no sine-wave output_ The function generator shown here provides all three wave­

forms and operates from below 10 Hz to 1 MHz with usable output to about 2 MHz. 
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Game Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Electronic Craps Game 
21 Game 
First-Response Monitor I 
Z-Dice Game 
Three-Input First-Response Monitor 
Electronic Coin Toss 
Electronic One-Arm Bandit 
Digital "First-to-Respond" Box 
First-Response Monitor II 
Analog First-Response Monitor 
Wheel of Fortune 



ELECTRONIC CRAPS GAME 
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POPULAR ELECTRONICS Fig. 37-1 

1\vo gates of a 409:3 quad, 2-input NAND, Schmitt-trigger CMOS JC are connected in astable-os­
cillator circuits as clocks. The two 4017 JCs have six LEDs connected to its first six outputs. As the 
clock pulses enter pin 14 of the 4017s, \he !Cs count from one to six over and over as long as the clock 
pulses are present. When SJ and/or S2 are released, one of \he LEDs in each circuit will remain on, 
indicating a number from one to six. 

The circuit is set up so \hat you can roll the dice together by pressing Sl and 82 at the same time, 
or roll each die one al a tirne. 
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21 GAME 
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POPULAR ELECTRONICS Fig. 37-2 

Two 2N2647 unijunction transistors serve as the clock generators for the two 4017 !Cs. A single 
"deal" push-button switch, 81, operates both clock generators at the same time. Diodes DI and D2 
isolate the two clock circuits, allowing Sl to operate both. 

The 401 7 counter/readout circuits are identical in circuitry and operation. As long as clock 
pulses enter pin 14 of each 4017, the JCs count from 1to10 over and over until the clock pulses stop. 
When 8 I is released, the clock pulses stop and one LED from each JC remains on to indicate a card 
with a number value of 1 (1or11) to 10. 

The position of switches 82 and 83 determines whether the number I ("Ace") output of the 
4017s count as an 11 or a L Both 82 and 83 can be switched in either position before or after the 
cards arc played. 

The cards can be played either face up or face down. When switches 84 and 85 are in the posi­
tion shown in the figure, the cards are dealt face down. Transistors Q3 and Q4 are turned off in this 
position and no current can flow through the LEDs. Pressing 86 turns both transistors on, lighting 
the LEDs. 
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FIRST-RESPONSE MONITOR I 
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POPULAR ELECTRONICS Fig. 37-3 

Three interlocked flip-flops enable the detection of the first input. 81, 82, and 83 are inputs. 
Analog switches controlled by logic gates, or other logic circuitry could be sub-statement for 81, 82, 
and 83. 
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POPULAR ELECTRONICS 
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Fig. 37-4 

Using a microcontroller (U2) keeps the parts count and the cost of this 5-dice LED display relatively low. Z-dice uses five 
clusters of seven LEDs to represent the marks or "pips" on five dice. Buttons below. each of the LED dice let the player mark a 
die to be rolled on the next throw. Marked dice show up as dinuued LEDs. Pressing the button to the right of the display rolls the 
marked dice. If the player changes his or her mind about rolling a particular die before pressing the roll button, he or she can un­
mark it by pressing its button a second time. If no dice are marked at the time the player presses the roll button, then all of the 
dice are marked to be rolled. A second press starts them rolling, aninlating the LEDs of the marked dice for a second or so before 
displaying the results of the roll. Z-Dice doesn't count rolls or keep score, so it's still up to the players to make sure that nobody 
cheats! 

This diagram shows the wiring details of the dice display. For space and simplicity, only the first and last dice are shown. A 
programmed microcontroller is needed for this circuit. Refer to the original article for software. 



POPULAR ELECTRONICS 

POPULAR ELECTRONICS 

THREE-INPUT FIRST-RESPONSE MONITOR 
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Fig. 37-6 

Integrated circuit Ul is connected in a two-stage counter circuit that counts "one-two" over and 
over as long as clock pulses enter pin 14 of the 4017. When the clock pulses stop, one of the LEDs 
will remain on, indicating the last even or odd count. Designate one LED as "heads" and the other as 
"tails" and you have an electronic coin flipper. 
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The one-am1 bandit circuit is made up of three clock circuits and three counter/readout circuits. 
A single roll switch, Sl, turns on all tluee clocks at the same time. When Sl is closed, capacitors C4, 
C5, and C6 are charged through D:31, LX32, and D33 to about 8 V. After Sl is released, the three clocks 
nm, taking energy from the three charged capacitors. As the capacitors discharge, the three clocks 
begin to slow down, producing the effect of the drums in a mechanical bandit slowing to a slop. 

The 401 Ts 10-output LEDs can be numbered or designated as apples, cherries, bells, wild cards, 
or anything you like to make the game more interesting. Additional logic circuitry can he added to 
the 401 7 outputs to sound an alert or turn on a light when any three numbers or output items match. 

Three potentiometers, Rl2, Rl3, and Rl4, can be varied for each roll lo change lhe clock's fre­
quency and the roll rate. 
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POPULAR ELECTRONICS Fig. 37-8 
This device is useful for quizzes and games to determine first response. Ul is an octal D type latch IC, an 74LS373. 
When a button is pushed, this circuit lights the corresponding LED. QI conducts, sow1cling an alarm (BZl) connected to driver 

Q3, and Ql supplies bias to Q2, disabling the rest of the latches in Ul. 



POPULAR ELECTRONICS 
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Fig. 37-9 

Two interlocking flip !lops are used to detect the first of two inputs. Sl and 82 are input devices, 
but a logical-level signal can be substituted. 

ANALOG FIRST-RESPONSE MONITOR 
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POPULAR ELECTRONICS Fig. 37-10 

The analog first-response monitor is built around a pair of cross-coupled SCRs, each of which re­
ceives its gate trigger current from the anode of the other SCR. 
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R6 ...................... 2.2K Resistor 
R7 ................ 390 ohm Resistor 
RS ................ 100 ohm Resistor 
R9 ................ 680 ohm Resistor 

-S 1 .. .. .. .... .. .. Pushbutton Switch 

Fig. 37-11 

The oscillation of Q2 is amplified by Q3 and fed to Johnson counter !Cl. The output of !Cl drives 
the LEDs in sequence to give the impression of a spinning red ball. 
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38 

Humidity Sensor Circuits 

The sources of the following circuits arc contained in the Sources section, which begins on page 

707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Humidity Monitor 
Digital Relative Humidity Gauge 
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40018 
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R7 RS 
806K 7.SK 
1% 1% 

R9 
!OK C3 

.11 1% 

+5V 
SOURCE 

+ 
C6 

IOµF 
16V 

~ 

01 
4 IN914 

OUTPUT 
0-lV 

0-100%RH 

~ 

Fig. 38-1 

This circuit uses a Phillips capacitive humidity sensor that has a L'.C variation of 45 pF over 0 to 
I 00 pF RH. IC2 is an oscillator whose frequency is determined by the RH sensor. It is compared to 
fixed oscillator, and the difference frequency is taken by IC3C and rectified, outputting a 0- to 1-V 
signal for RH between 0 and 100%. 
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"' !'J 

DIGITAL RELATIVE HUMIDITY GAUGE 
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·~~ 
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POPULAR ELECTRONICS 
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R4~, ~ 
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25 
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12 
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1,. I,, 110 113 
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22 17 

18. 3 

·1--:-:11-1 
,1----:11-1 
-, -

DISP1 
LC0001 

l1: ' 

11 I" !9 l~KE 
10 

21 

38 

A10 W C7 

39 
100K T 100pF 

40 

"SEE TEXT 

Fig. 38-2 

Sensor SENl outputs a de voltage that varies linearly "ith relative humidity. This de voltage is fed through Rl and R2 to AID 

converter chip U2. Zero set is performed with R4. The LCD display is calibrated with R7 to read 0 to 100 percent. 



39 

Indicator Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Model Car Derby Winner Indicator 
Current Indicator 
Receiver Signal-Strength Indicator 
LED Output Indicator for 555 Circuits 



R11 R12 
47Dn 470'1 

LE03 
8EPl7Dl-1 

MODEL CA~ DERBY WINNER INDICATOR 

14 13 

~-~11'<U1-b 12 
06 

1Nt14 1
/• 74COI RS 

~,;._-.i---+--,~'r.u~11°").3~t----.1~'~~• 

09 5 
12 

1Nl14 

R6 

•• 07 1K 
100K 1N914 9 

10 

R3 05 
22on 042< 

C3 

+ + 05 .1 
C2 12V 
" ZENER 

~ LJb,JT1 ~-r--~ 
12.6V 

T 

POPULAR ELECTRONICS 

9 

11 

"'~ 1/e 74C04 

+ 

C4 
1 

•• 15K 

T 

..1.. 

S1 
CLEAR 

Fig. 39-1 

This derby-winner indicator uses infrared emitters and sensors to detect a car crossing the fin­
ish line. The first car to finish locks out the data from the second car, and the system can be reset by 
pressing S 1. 

CURRENT INDICATOR 

Rx 
Source o---+--'\ Load 

2 
Rx= l,(rnA) kil 

LEDs (Can be different colors for polarity indication) 

WILLIAM SHEETS Fig. 39-2 

An LED requires 1.5 to 3 V across its terminals to light. This circuit uses a resistor shunt in se­
ries with source and load to produce this drop and cause the LED to light. At higher currents (>I 00 
mA) use limiting resistors in series with LEDs to limit current to a safe value. 
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0.1 µF 

RF input 

RECEIVER SIGNAL-STRENGTH INDICATOR 

·R5 
200 ll 

9 LMHI 

o----<13 VPOS 

Limiter 
output 

LMLO 8 >---+--o 

l-)-~r--j f-'--!16 I NHI INLO 
slope 

adjustment 
::': 10°/o 100 pF AD606 

100 pF 

NC = no connect 

ANALOG DEVICES 

Logarithmic 
output 

R3 
412 kll 

intercept 
adjustment 
±5dB 

Fig. 39-3 

Using an AD606 log amplifier, this indicator gives a logarithmic output of +0.3 Vat -80-dBm in­
put to +3.5 Vat 10-dBm input. ·Frequency range is to 50 MHz for this JC device. 

LED OUTPUT INDICATOR FOR 555 CIRCUITS 
+V 

ANY 555 LED1 
CIRCUIT 

3 
R1 

OUTPUT 

LED2 

R2 
4-700 

~ 

POPULAR ELECTRONICS, JANUARY 1994, P. 73 Fig. 39-4 

A pair of LEDs connected as shown here can be used with just about any low-frequency 555 os­
cillator to give high-/low-output indications. When the output goes high LED2 turns on, and when 
the output goes low LEDi turns on. 
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40 

Infrared Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 

707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Audio-Modulated IR Transmitter 
Audible IR Detector 
Wireless IR Headphone Transmitter 
TV Remote-Control Relay 
Single-Tone Infrared Control Transmitter 
IR Illuminator for Night-Vision TV Cameras and Scopes 
Low-Power Infrared Data-Link Receiver 
Infrared Body Heat Detector 
IR Detector Circuit 
Steady-Tone Infrared Transmitter 
FM Infrared Receiver for Audio Reception 
General-Purpose IR Receiver 
Wireless IR Headphone Receiver 
Pulse Frequency-Modulated IR Transmitter 
Single-Tone Infrared Receiver 
Audible-Output Infrared Receiver 
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AUDIO-MODULATED IR TRANSMITIER 
R3 

10on 

• Cl R2 
" 2.2K .,. ca A1 

47 1013.11 

100K 

RI 
220K C6 

" .1 
AF IN 01 

:Ul3I04 

681lpf R5 
10K 

R6 
1K 

' ; 

01 

"' 
3 • 

" C3 
0.1 0.1 

C2 C4 
0.1 0.1 

T ~ 

POPULAR ELECTRONICS Fig. 40-1 
This circuit produces an effect similar to frequency modulation (FM) by varying the voltage at 

pin 6 of the PLL using an audio signal. The FM IR signal can be picked up by a receiver with an FM 
detector suitably tuned. 

AUDIBLE IR DETECTOR 

+9V 

A1 A2 A3 
15K 22K 10K 

R5 
C1 4 • 25-0K 

. 1 
2 U1 

555 

3 5 ;!,C3 
~ c2 4.7 

05 

~ A4 
l.ED1 4700 ~ 

POPULAR ELECTRONICS Fig. 40·2 

An IR-detector circuit offers an audible (as well as a visual) output, <md also st.retches the on 
time of the detected pulse to make the output easier to see, as shown. 

Photoresistor Ql detects a remote's IR output pulse and sends a negative-going pulse to the trig­
ger input (pin) of the 555 JC, Ul. The 555 is connected in a one-shot timer circuit; the output (pin 
3) on time is set by the values of C.3 , R

3, and R,. When an input pulse is detected, pin 3 goes high, 
lighting LED l and activating the piezo buzzer, BZ I. 

For longer output pulses, set R5 to its maximum resistance value. To lengthen the circuit's on­
time range, increase the value of C3, and to shorten the on-time range lower the value of C3. 
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WIRELESS IR HEADPHONE TRANSMITTER 

7-14V~ 
81 

SPST RS 
270n 

s.sv...:sv 

PL1 
AUDIO 

IN 
0 

+ 

C2 
2.2 

C1' 
50 

R2' 

"" 
•SEE TEXT 

POPULAR ELECTRONICS 

R1 
1K 

R3 
1.5K 

C3 
.047 

9 

16,15 

vco,, 

5,8, 
3,14 

R4 
270K 

ZENER 

U1 
41146 
PLL 

11 

C5 
.1 

' 

VCOwr 

12 

R5 
150K 

+ 

T 

4 

7 

cs 
100 

C4 
100pf 

R7 
1000 

C7 
25pf 

RB 
5.1K 

Fig. 40-3 

Audio input from PLl frequency modulates the VCO section of a 4046 PLL chip. The VCO out­

put drives Ql, a switching transistor. Ql drives two IR LEDs. The signal produced is around 100 kHz, 

FM carrier VCO sensitivity is around 7. 5 kHz/V 

POPULAR ELECTRONICS 

R3 
470 

R2 
18.2K 

1% 

01 
2.4V 

02 
2.4V 

TV REMOTE-CONTROL RELAY 

R4 R1 100K 
18.2K 02 

2N3906 

a 
v+ ' 7 DIS AST 

03 
1N914 

U1 ... 
6 R5 

THR 10K 
2 TAG OUT 

3 

1 
GNO VcoN 

5 

01 

C1 C2 2N2222 

001 .1 

T 

MOD1 
GPIU52X 

OUT II/ 
v+ 

GNO 

LED3 
SY~IR53l \\ 

Fig. 40-4 

This circuit functions as an IR "repeater" to extend the range of your TV remote control. MOD 1 

is a PIN GP1U52X IR detector and the receiver is available as Radio Shack PIN 276-137. 
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POPULAR ELECTRONICS 

SINGLE-TONE INFRARED CONTROL TRANSMITTER 

C1 
0.1 

C5 
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! )I 
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0.1 i
CJ 

Cl C4 
!1.1 !1.1 

R4 
15K 

R1 
1K 
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...1..,, 
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U1 
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LED1 
(IRO) 

~ 

R3 
1()0l1 

QI 
2N3904 

R\4 • 

A13 • 

R12• 

A11 • 

R10• 

". ... 
"' . 
R6 • 

,,. 

N.O. ~ Sl 

l 
T s1 
I +9V _,_ 

Fig. 40-5 

A modulated beam of IR light is produced by this transmitter. This circuit can be used for on/off 
controls or tone (<~VJ) co1nmunications. The pot can be replaced by several pushbuttons and resis­
tors, as shown for multitone applications. 
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IR ILLUMINATOR FOR NIGHT-VISION TV CAMERAS AND SCOPES 

--,_ C2 + 
PL1 47 
TO 01 
J1 1N814 

R4 
02 1MEG 

1N914 

R1 
220K 

5 
4 

14,9,10,12,13 
Ul-!1 6 

2 U1·a )0"
3-jf--+""-L_,; 

1/4 4001 7 

POPULAR ELECTRONICS 

C1 
.01 

1/4 4001 

...:t.. 
$1 

LED1 

LEDS 

LED2 

tE06 

LED3 

LED7 

LED4 

\\ LEDS 
R2 

56'1 \\ 
01 R3 

IRF611 560 

Fig. 40-6 

This source uses LEDs and an astablc oscillator to control the switch, duty-cycle, and effective 
IR illumination output. 

LOW-POWER INFRARED DATA-LINK RECEIVER 

10pf 

0V 

Al'IAXl.M •5V 

Mi'X403 *01µ.F 
2 

SIEMENS BP· 104 
*0.1µF 

""Z.+ PHOTODIODE • 
DATA 

100> m 100> ..MAXI.NI = •5V ~ 
Mi'X907 

1000pF ~ 

1000pf ~ 

MAXIM Fig. 40-7 

The Maxim MAX403 in this circuit consumes only 1 mA and is capable of speeds over 1 MBPS. 
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ELECTRONICS NOW 

INFRARED BODY-HEAT DETECTOR 
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NOTE 1: SWITCH S1 IS PART OF POTENTIOMETER R1S 

R17 
1MEG 

• • 
01T02T 
9V_L9':L 

R18 
1MEG 

b 
<[Ji 

PYR1 BASE 
IBOTTOM) 

Fig. 40-8 

This circuit uses a pyroelectric detector to detect IR emissions in the 6- to 14-micron range. It is 
useful for security or infrared experiments. PYRI is a pyroelectric TR detector. The unit should he 
mounted in a case with an IR lens to focus energy on the detector. 

R1 +9V 
1SK 

POPULAR ELECTRONICS 

266 

IR DETECTOR CIRCUIT 

Fig. 40-9 

The circuit uses an IR phototransistor, Ql, to 
detect a remote control's IR output signal. A PNP 
transistor, Q2, then amplifies Ql's output and 
lights LED 1. That indicates that an infrared sig­
nal has been detected by the phototransistor, or 
in other words, that your remote control works. 



McGRAW-HILL 

STEADY-TONE INFRARED TRANSMITTER 

!Cl 
Dl 
D2 
Cl 
Rl 

+ 1 5 v 

D2 

~' Dl 6 

8 ICl 
Rl 

2 

LM3909 LED flasher/oscillator IC 
infrared LED 

5 

4 

diode 11N4148, 1N914, or similar) 
1 µ.F 5 V electrolytic capacitor 
1.5 k!1 •;, W 5% resistor 

Fig. 40-10 

This oscillator pulses an IR LED at about 1000 Hz. It should be useful as a test for lining up IR 
communications links or setting up fiber-optic cables, etc. 
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FM INFRARED RECEIVER FOR AUDIO RECEPTION 

Cl Rl R4 
0.1 47K 270!:1 r '9V 

+ RS C8 + C9 IC10 R9 
47 

lK 15K 101 
47 

LEDl 
R3 cs = = 
2.2K /,,-' SBOpF 

RS 
= 1 K 

Cll 
8 7 4.7 C12 

,---;-I 47 
Ul R7 5 

567 lOK + 
Ql 

2NJ904 2 
C4 

3 4 SPKR1 

= = OlµC5 = = 
0.1 

C7 = 
C3 0.1 
0.047 = 

POPULAR ELECTRONICS Fig. 40-11 

Modulated IR energy strikes Q2, a phototransistor. QI is a tuned amplifier, and feeds PLL detec­
tor U l. U2 is an audio amplifier that drives a speaker. 

+9 v 

Rl 

Ql 

McGRAW-HILL 

GENERAL-PURPOSE IR RECEIVER 

7 

+ 

4 

R.l 

>,
6
,....--4>--+. Output 

IC1 
Ql 
Cl 
Rl 
R2 
R3 

741 op amp 

infrared phototransistor 
0.01 µ.F capacitor 
100 kn 1

/4 W 5% resistor 
2.2 kll '/4 W 5% resistor 
1 Mil 11. W 5% resistor 

Fig. 40-12 

Suitable for amplitude-modulated IR beams, this receiver provides an audio signal that corre­
sponds to the modulation envelope. Phototransistor Ql should be properly mounted and shielded 
from stray light. This receiver should drive a small earphone directly. 
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·sEE TEXT 

POPULAR ELECTRONICS 

WIRELESS IR HEADPHONE RECEIVER 

U1 
CA3237E 

R4 
200 

5 7 9 

" 1000 R9 
3300 

+ 5.5-6V 

R6 
68K 

C10 
100pf 

R7 
120K 

"11 
100K 

R12 
100K 

R10 
24K 

-~ -ll-' 
C15 
10 

SPKR1 & SPKR2 
8-~2(1SPEAll.ER 

Fig. 40-13 

A photodiode Dl feeds high gain IR remote control preamp JC, a CA3237E. U2 is a PLL FM de­
tector tuned to around 100 kHz. The detector output is amplified by U3 and it can drive a speaker or 
a set of headphones. 

PULSE FREQUENCY-MODULATED IR TRANSMITTER 

... 6Vdc 

McGRAW-HILL Fig. 40-14 

Schematic diagram for the pulse frequency-modulated LED transmitter. Adjust the frequency by 
rotating Rl. With components shown, the frequency range is between 8 and 48 kHz. 
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SINGLE-TONE INFRARED RECEIVER 

<1lV 
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POPULAR ELECTRONICS Fig. 40-15 

Phototransistor Q3 acts as a sensor that detects modulated IR energy. Ql is an amplifier and Ul 
is a tone decoder. LED I lights on reception of an IR signal with proper tone modulation. 
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+9 v 

McGRAW-HILL 

AUDIBLE-OUTPUT INFRARED RECEIVER 
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IC2 
01 
SPKR 
C1 
C2 
R1 
R2 
R3 
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R6 

op amp (741 or similar) 
LM386 audio amplifier 
infrared phototransistor 
small loudspeaker 
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220 µF 15 V electrolytic capacitor 
100 k!l 1/4 W So/o resistor 
1 kfl 1/4 W 5°/o resistor 
680 kn 1/4 W 5°/o resistor 
25 k!l potentiometer 
500 n potentiometer 
47 n 1/4 W 5°/o resistor 

R6 

Fig. 40-16 

This receiver is designed to demodulate amplitude-modulated (AM) IR light heamsand will drive 
a loudspeaker. R5 is an auxiliary volume control and it could be omitted. Ql should be suitably 
mounted and shielded from st.ray light pickup. 
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41 

Instrumentation Amplifier Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates lo the entry in the Sources section. 
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xlOO Instrument.at.ion Amplifier 
Instrumentation Amplifier 
Variable-Gain Differential-Input. Instrumentation Amplifier 
Prograrrunable Gain Instrumentation Amplifier for Single-Supply Applications 
Differential-Input Instrumentation Amplifier 
High Input-Impedance Instrumentation Amplifier 
ac-Coupled Instrnment.at.ion Amplifier 
Low-Noise Instrumentation Amplifier 
Low-Power Instrumentation Amplifier 
Ultra-Low-Noise Single-Supply Instrumentation Amplifier 
Instrumentation Amplifier 
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CMRR vs. frequency. 
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INSTRUMENTATION AMPLIFIER 
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VARIABLE-GAIN DIFFERENTIAL INPUT INSTRUMENTATION AMPLIFIER 

INPUT 

POPULAR ELECTRONICS 
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PROGRAMMABlE GAIN INSTRUMENTATION AMPLIFIER 
FOR SINGLE-SUPPLY APPLICATIONS 
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ANALOG DEVICES Fig. 41-4 

This is a two-op-amp programmable-gain instrumentation amplifier for single-supply applica­
tions. UlA and UlB are Analog Devices AD822 or OP-213 !Cs. 
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ac-COUPLED INSTRUMENTATION AMPLIFIER 
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Fig. 41-7 
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A Maxim MAX412 IC amplifier is used in this 
circuit. The supply current is ±5 V at 5 mA. 
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This amplifier requires less than 20 mA from 
a ±15-V supply. 



ULTRA-LOW-NOISE SINGLE-SUPPLY INSTRUMENTATION AMPLIFIER 

ANALOG DEVICES 

LINEAR TECHNOLOGY 

+5V TO +315V 

•ALL RESISTORS 

10- t"-. 125PPMfC 

.,. 
(200ll + 12.70) 

GAIN"' ~+6 ., 

INSTRUMENTATION AMPLIFIER 

Rl R2 
20k 2k 

+~~~~~~~~ 

RS R4 
432U 20k 

R3 
2k 

A ,,~f1.-.!..!~+~]+R2+R3!~104 
v R3 l 2 1 Rl R4 R5 j 

TRIM R5 FOR GAIN 
TRIM A1 FOR COMMON-MODE REJECTION 
BW ~ 120kH2 

Vour 

Fig. 41-10 

Fig. 41-11 
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Integrator Circuits 

The sources of the following circuits are contained in \he Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Integrator with Bias-Current Compensation 
Simple Integrator 
ac Integrator 



INTEGRATOR WITH BIAS-CURRENT 
COMPENSATION 

SIMPLE INTEGBATOR 

2 INTEGRATE 

R2 
2.2MEG 

R3• 01 R4 
20K 1 H457 75K 

R1 

R3 
1 oou 

~/~ 
c~ 

+V 

>.::.6~>-oVour 

•ADJUST FOR ZERO INTEGRATOR DRIFT 
CUl\RENTDRIFT TWICALL Y 0.1 n/A"C 

OVER -55°C TO 125°C 
TEMPERATURE RANGE 

POPULAR ELECTRONICS 

1 ·(t; 
Vour '° - A1C1j I VINdl 

1, 

1--1-
" 2ttA1C1 "=' 

Al"' R2 

FOR MINIMUM OFFSET ERROR DUE 
TO INPUT BIAS CURRE!JT 

Fig. 42· 1 POPULAR ELECTRONICS 

ac INTEGRATOR 

CF 

s=j2nf 

>-+-Ea 

Eo (s) ,., RF ---fors>>-1-
E1 Rs (1 + sRFCF) RFCF RFC. 

WILLIAM SHEETS 

LM107 

Fig. 42-2 

Fig. 42-3 

This op-amp circuit can be used with a wide variety of op amps. The values of R1 and R, depend 
on gain, but will be 1 kn to 1 Mn in most cases. c, depends on the pole frequency needed. Ul is a 
741-type op amp, etc. 
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Interface Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Tirner/ac Line Interface 
Interfacing Resistive Transducers 



POPULAR ELECTRONICS 

TIMER/ac LINE INTERFACE 

TO 
TIMER 

CIRCUIT ,,...,.__. 

N.C 

2 

3 

RlO 
~-"'U3'--~6 180!! 

MOCJ009 
MOCJ010 
MOC3011 
MOCJ012 

TRl 
Q2004f31 

4 

N.C. 

Pll 
117VAC 

Fig. 43-1 

This circuit illustrntes the use of an optoisolator to enable the control of a triac connected to the 
ac line and load, while maintaining de ru:1d ac isolation between the ac line and the timer circuit. A 
555 or other timer circuit can be used. 

ANALOG DEVICES 

INTERFACING RESISTIVE TRANSDUCERS 

RF.SISTIVE 
TRANSDUCER 

Fig. 43-2 

All types of resistive-element transducers, such as servo-pots, level indicators, thermistors, pho­

tosensors, strain gages, and so on, cru:1 be directly connected to the AD537. The scale-correction fac­
tor, K, is a function of resistance, varying from 0.65 to 0.98 for values from 3 to 100 kll. 
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Inverter Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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SCR Inverter and Trigger Circuit 
Simple Inverter 
Vehicle Audio Amplifier Inverter 
Positive-to-Negative de/de Inverter 
1-kW 10-kHz Sine-Wave Inverter 



+28 v 

SCRI 

D4 

RIO 

+28 v 

RI 

RI 75 Q, 10 watt 

SCR INVERTER AND TRIGGER CIRCUIT 

RI2 

Induction 
motor 
load 

240T 

cs 

SI 

T2 

RI3 

An SCR inverter and trigger circuit. This inverter oper­
ates well over a wide load range and can be used to power 
inductive devices, such as motors. c;.,_.1 E1ectnc: s.m""''"'""1°' Prod 

"""" Depl 

RIO, Rll 
Rl2, Rl3 
cs 
D4,DS 
SCRI, SCR2 
T2 
Ll 

lil,20W 
12 fl. I W 
2-4 µfd units in parallel, G.E. #61F254 
G.E. IN2IS7 
G.E. C40A 
G.E. #9T33Y267 
G.E. #95/a333/4 266 

Square-wave inverter 

SCR2 

DS 

RI I 

Square-wave trigger circuit 

Cl 0.1 µfd, G.E. #61F25AA104 Tl G.E. #9T33Y268 
Dl 16-18 volt breakdown diode, 1 watt All resistors 1h watt except RI 

McGRAW-HILL Fig. 44-1 

In this circuit, Ll and C5 arc used as commutating elements. Ll resonates with C5 at the fre­
quency corresponding to the half period of the waveform. 
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SIMPLE INVERTER 

+24V 

Strobe 

+sv 
1/2 CD4011 [11IU 

McGRAW-HILL 

Oow-<>fl) o--.,--.. 

400 ill 

800 ill c 

VEHICLE AUDIO AMPLIFIER INVERTER 

ULN-3701 Z(J'DA2002Z 

,..-----~ ......... ~ -------"'-----~ 

0 0 
+ 

2 3 4 5 2 3 4 5 

Input o--i + + 
JO 470 0.2 µF 470µF -=- 220 n I µF µF M 

n 1·2 n 40 y J_ 220 n 
2.2 n + µF 

1.2µF 0.2µ1 IIOµF 
100 
k!l 

-- ~ 

2.2 n 
McGRAW-HILL 

An audio amplifier can drive a step-up transformer to obtain 120 Vac. 
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Fig. 44-2 

120-V 
winding 

I 

:~[J 
12.6-V 
winding 

14.4 
v 

+ 
IIOOµF 

Fig. 44-3 



MAXIM 

POSITIVE-TO-NEGATIVE de/de INVERTER 

01 - MOTOROLA M8A745 
C1 · NICHICOO UPL 1C221 MRH6 
C2 - NICHICON UPL 1AI02MRH6 
l 1 · COIL TRDNICS CTX25-5-52 

v. 
+"4.5VT0+40V 

ALL RESISTORS HAVE 1 % TOLEAANCE 

Cl 

v. 
Vsw 

""""""' MN<124 

Al 

Ve GND 

C3 
0.1 F 

' 220µH sov 

L1 
50µH 

5A 

RI 
5.lk 

" 2 74k 
R2 
10k 

DI 

" C< 1.82k 
0.01µF 

' 
C2 
IOOOµF 
IOV 

·SV 

" 
Fig. 44-4 

If a source of negative 5 V de is needed and only a positive supply is available, this circuit can be 
used. 

:; lSOV 

McGRAW-HILL 

1-kW 10-kHz SINE-WAVE INVERTER 

SOµF 

SCR2 
C141D 

4.7 µF 

3mH 

Load 
50 µF,__..,.,.,__. 

SCRl 
C!41D 

390 

0.022µF 

30µH 

30µH 

390 

0.022µF 

Fig. 44-5 

SCRs can produce considerable power at frequencies up to 30 kHz or more. This circuit can sup­
ply 1 kW at 10 kHz. The load is shown as an equivaient load, and practically this will be the primary 
of the transformer for isolation purposes. The power supply can be a 120-V bridge rectifier and filter 
combination. 
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Ion Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Negative Ion Generator 
Ion-Sensing Electroscope 
Negative Ion Generator 
Ion Detector 



NEGATIVE ION GENERATOR 

R2 
I k{J 

7 4 8 

RI R3 

IS k{J !CI 3 
2.2 ill 

McGRAW-HILL Fig. 45-1 

An NE555 drives a Darlington connected pair of transistors. Tl is a small high-voltage trans­

former or auto ignition coil, B/W TV flyback, etc. C3, C4, and Dl must be rated for 10 to 15 kV. The 

fan blows air across the discharge point. 

ION-SENSING ELECTROSCOPE 

POWER 
TRANSFORMER 

---i" 

r----, 
I I 

t-/'~--j PLATE I 
' I L ___ _, . ' ' 

NEZ ~ 120V 

"'--------to 

73 AMATEUR RADIO TODAY 

"' 

Fig. 45-2 

Negative ions are sensed by a plate antenna. A negative charge induced on the plate cuts off a 

vacuurn tube, causing the neon indicator to go out. 
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NEGATIVE ION GENERATOR 

2AV2 

3.SM 3.5M 3.5M 

.015,..f OA MORE 

'" 
~------~~-....._---7NEGATIVE TON POINTCSI 

•ow 3000 ~ 
120V -----------------(@ fAN 

73 AMATEUR RADIO TODAY Fig. 45-3 

In this circuit, air is circulated past a pointed electrode that has a high negative voltage applied 
to it. The transformer is a small 4- to 6-kV output type with a filan1ent winding. A good source of parts 
is a discarded electronic bug catcher. 

ANT1 

R1 
100MEG 

1/2W 

01 
PNZ907 

ALUMINUM TAPE 
OR 

EARTH GROUND' 

ELECTRONIC HOBBYISTS HANDBOOK 

ION DETECTOR 

'SEE TEXT 

Fig. 45-4 

This circuit detects static charges and free ions in the air. It can be used to indicate the presence 
of ion emissions, high-voltage leakage, static electricity, electrostatic fields, etc. The ground connec­
tion is made by either an earth ground or by touching the alwninum foiLclectrode with your hand. 
Ml is a 100,µA meter. R3 is a sensitivity control. 
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Laser Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 

707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

High-Current Drive Circuit for Single Heterostructure Laser Diodes 
12-V High-Voltage Supply for lie-Ne Laser 
Light-Beam Receiver and Sound Effects Generator for Laser Pistols 
Laser Diode Transmitter 
JR Laser Light Detector 
PLL IR Laser Light Receiver 
Op-Amp Diode Laser Driver 
Laser de Supply 
IC Laser Diode Driver 
Pulsed Double Heterostructure Laser Driver 
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HIGH-CURRENT DRIVE CIRCUIT FOR SINGLE HETEROSTRUCTURE LASER DIODES 

r RI 0 
lkQ 

Bl R2 Retainer nut 
67.5 Ydc 1 lOOkQ 

Window / 
B2 R3 

67.5 Vdc 7.5KQ 

I '4 Q] l~l~X~~l-) ----,An-od.,....,e lo---:"•d 
Cl 

.OlµF 
250V 

Typical Injection laser d-iode 
(pulsed type) 

(A) High-current drive circuit for a single heterostructure laser diode. (B) Power leads far the typical sh laser 
diode, showing single lead far the anode. 

RI 
R2 
R3 
R4 
CI 
QI 
Bl,B2 
Misc. 

I kilohm resistor 
I 00 kilohm potentiomeler 
7 .5 kilohm resistor 
1 ohm resistor, carbon composition, 5 watts 
0.01 µ.F capacitor, 250 V or higher 
2N2222 or equivalent; see text 
67.5 Vdc batterie,; 
Single heterostructure laser diode, heatsink 

All resistors are 5 to IO percent tolerance, 1/4 watt, unless otherwise indicated. 

McGRAW-HILL Fig. 46-1 

The transistor is operated in the avalanche mode. You might need to try several 2N2222 devices 
before finding one that oscillates. R2 is adjusted for optimum oscillation. This supply provides pulse 
of 10 to 20 amps at about 50 ns. 
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12-V HIGH-VOLTAGE SUPPLY FOR HE-NE LASER 

\2Vdc 
500ma 

Rl 
21on 

Cl + Ql 

:"T""·~ 
Cl-C5 2KV 
D2-D5-2KV 
R2 3watt minimum 
QI tln heatsink 

Dl 
1N4001 

200 rna input minimum 

MeGRAW·HILL 

C2 
lµF 

Tl 
See text 

R2 
lSO<n 

Tl is a 6-V:330-V de/de inverter transformer with a 57.4:1 turn ratio, rated at 7 W. 

Rl 
R2 
Cl 
C2 
C3-C6 
DI 
D2-D5 
Ql 
Tl 

270-Q resistor 
180-kQ resistor, 3 to 5 W 
22-µF electrolytic capacitor 
1-µF electrolytic capacitor 
0.02-µF capacitor, 1 kV or more 
1N4001 diode 
High-voltage diode (3 kV or more) 
TIP 140 power transistor 
High-voltage de-to-de converter transformer; see text for specifications 

Fig. 46·2 

All resistors are 5 to 10% tolerance, Y. W, unless otherwise indicated. All capacitors are 10 to 20% 
tolerance, rated 35 V or more, unless otherwise indicated. 
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LIGHT-BEAM RECEIVER AND SOUND EFFECTS GENERATOR FOR LASER PISTOLS 
+9Vdc: 

McGRAW-HILL 

Noic: 

Ground all remaining inputs 
on 4050. 

RJ 
IOOkQ 

C2 
.OlpF

3 
IC2A 

"'"' 8 

+9Vdc: 

IC2 

"' ' 

SPXR 

Fig. 46-3 
Schematic diagram for light beam amplifier and sound-effects generator (using a 555 timer IC 

and speaker). The light striking Ql generates a siren-like sound. 

McGRAW-HILL 
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Amplified 
audio 
input 

LASER DIODE TRANSMITTER 

1'i.~ o--!E- _, 

"' La"' 

3 

4 

Note: With components show, center 
frequency is 40.3 J kHz; replace R l 
with \OOK pot to adjust center fre­
quency. 

12Vdc 

S1 \ 

IC! 
LM555 

Calculate center frequency using the 
formula: f _ 1.44 

- C3 (RI + 2R2) 

7 

RI 
56k!l 

R2 
IOkO 

C3 
470pF 

+ C2 
33µF 

Fig. 46-4 



McGRAW-HILL 

R2 
lkQ 

IR LASER LIGHT DETECTOR 

From SIA 

From SIB 

Rl 
10k0 

6 

R4 
!OkQ~ 

S!A 

9Vdc} I 
o--"'T .. Vdc 

+ C3 I l30µF 
+ 

9Vdc 

L ~0>---SIB 0 -9Vdc 

C4 
100 

RS 
!OQ 

C2 
220µF 

Fig. 46-5 

The universal laser light detector. The output of the LM386 audio amplifier can be cormected to a small 8-Q speaker or ear· 
phone. Two g. V batteries provide power. Decrease RI to lower sensitivity; increase R3 to increase gain of the op amp (avoid very 

[g high gain or the op amp might oscillate). Ql·is an infrared phototransistor. 
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"' '.I: 

McGRAW-HILL 

PLL IR LASER LIGHT RECEIVER 

From SIA 

Notes: 

R2 
lHl 

From SIB 

Replace R4 with lOk pot to 
vuy center tuning frequency of 
565. OK to use other PU. chip. 

Increase overall gain of circuit by 
increasing R3 (up to IMO). 

Rl 
IOkO 

6 

With wmponcnts shown. center frec­
rurming frequency of 565 PLL is 39.75kHz. 

Calculate PU. fr-ee-rurmin'g fr~uency with 

the formula: r ~ 3.7 l4C2 R in ·kfi; C in µF 

R4 
6.81Ul 

JOI 8 

t IC2 R5 
565 IOkO 

5 
__r 
3 

1~ 
C2 

.OOIµF 

-1 
_h 

9Vdc 

9Vdc L 

SlA 

~T .. y,, 

+ C3 
1330µF 

' -
~0 0-9Vdo 

SlB 

C8 
100 

R6 
100 

C7 
220µF 

+ 

Fig. 46-6 

Circuit schematics for the 555-based PLL laser light PFM receiver_ Although R4 is shoWn as a resistor, you might want to sub­
stitute it 'kith a 10-kQ precision potentiometer so that you can "dial in" the center frequency of the transmitter_ Experiment with 
the value of C1 for the best high-frequency response. Notice that circuit is functionally identical to the laser light detector/re­
ceiver shown in the figure, but with the addi\ion of the 565. 



" IOOk~l 

OP-AMP DIODE LASER DRIVER 

o ..... . - ' ' ..... 
: RCA. CS6002E 

McGRAW-HILL Fig. 46-7 

This circuit is one way to automatically adjust drive current using a discrete op amp. Use the 
transistors specified or replace them with a suital>lc Darlington power transistor (such as TIP 120). 

!Cl 
HI, R5 
R2 
R3 
R4 
R6 
Cl 
C2 
Ql 
Q2 
Laser 

RCA CA 313 operational amplifier 
100-kQ potentiometer 
10-kQ resistor 
3.3-kQ potentiometer 
10-kQ potentiometer 
30-Q, 10-W resistor 
100-µF electrolyt.ic capacitor 
0.1-µF disc capacitor 
2N2101 transistor 
2N3585 transistor 
RCA C86002 (or equivalent laser diode) 

LASER de SUPPLY 

C5 

001T 
n 
5' 

n 
450V-30mA 

"' 117V 

" co 
'ALL DIODES: .OOlT 

11U007f1N54nB 

POPULAR ELECTRONICS 

,,. 
" "' '° 

JJOK 
1W 

" " 330K 

'° 1W 

"' " '° 
330K 
1W 

"" 
" " 10 330K 

1W 

" 03" 001 

04' 05" 

~~ -

" .001 
ROS9 

LASER 
TUBE • 

Fig. 46-8 

The supply provides about 6 kVdc when open circuited, dropping to around 1375 Vdc when 
loaded. The R099 is a laser tube. 
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3 

Rl 
lOOkQ 

4 

SlB 

-5Vdc 

McGRAW-HILL 

4 

Rl 
47k'2 

7 

R2 
lkQ 

6 

Cl 
.JµF 

2 

McGRAW-HILL 
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5 8 

3 
r - - -

!Cl 
IR3C02 

7 

2 

IC LASER DIODE DRIVER 

R2 
220 

Fig. 46-9 

JC Sharp IR3C02 laser diode driver JC 
Rl lOO-kfl resistor 
R2 22-fl resistor 
C: l 22-µF electrolytic capacitor 
Sl DPDT switch 
Misc. Double heterostructure laser diode 

(such as Sharp LT020), heatsink 

PULSED DOUBLE-HETEROSTRUCTURE LASER DRIVER 

+6Vdc 

8 

!Cl 
555 

3 

R3 
1000:.--+-' 

Fig. 46-10 

JC! 555 timer JC 
R1 47-kfl resistor 
R2 
R3 
Cl 
Misc. 

1-kfl resistor 
100-kfl potentiometer 
0.1-µF disc capacitor 
Double heterostructure· laser diode, 
heatsink 

All resistors are G to 10% tolerance, X W. All 
capacitors are 10 lo 20% tolerance, rated 35 V or 
rnore. 
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Light-Controlled Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Traffic Light-Sequencer Circuit 
Tachometer Adapter 
Suri-Tracking Circuil for Solar Arrays 
Optical Fringe Counter 
Low-Noise Light Sensor with de Servo 
Photodiode Amplifier 
Light-Switched LED Blinker 
Single-Supply Photodiode Amplifier 
Light-Controlled Monostable 
Darkness Monitor 
Programmable Light-Activated Relay 
Traffic Light Controller 
Colorimeter 
Eight Decade Light Meter 
LED Lightwave Communications Transmitter 
LED Lightwave Receiver 
Solar Power Supply 
Solar Power Supply with Linear Regulator 
Photodiode Log Converter!Transmitter 
Rechargeable Solar Power for Sun Tracker 
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R1 
1 Meg 8 4 

7 

ELECTRONICS NOW 

TRAFFIC LIGHT-SEQUENCER CIRCUIT 

16 

4017 
3 14 

CL QO 
3 

2 

R3 
1 k 

R4 
1k 

01 
2N2222 

Q2 
2N2222 

09 

+5V 

~ 
~ t 

010 

RY 1 
(NOTE1) 

-...-~-RY2 

(NOTE1) 

~ 
l...~.il~-t~j-;:;;-:;-.-~ 

NOTE 1: Relays rated for 5 Vdc 
contact ratil"!g: 2A, 120 Vac 

Fig. 47-1 

This circuit uses a 555 timer to drive a 4017 counter. The counter outputs drive transistor relay 
drivers. Time lights "on" can be proportioned by changing corrnections of outputs of counter. 

WILLIAM SHEETS 

TACHOMETER ADAPTER 

Light Photo- 3 to 9 V 

~-:._-:._ -:._~-:._-:._ -:_-:ansistor ~C __ +c; 1 I e--+---_,T .. o freq. 

U t R counter 

Propeller, 
fan blades, etc. 

Light can be 
transmitted or reflected 

Fig. 47-2 

Use of a phototransistor and light source can enable a frequency counter to act as a tachometer: 

Frequency Counter Rea.ding Hz 
RPM~ 60 x-----------­

# Blades or Spokes 

The light source is interrupted by the number of propeller blades, fan blades, spokes, or other 
marking. R can be anywhere from 1 to 100 kQ. Try several values for best results. 

298 



R1 
75 !l 

R9 

POPULAR ELECTRONICS 

SUN-TRACKING CIRCUIT FOR SOLAR ARRAYS 

+12V C1 
.02 

~~~~~--~~~~~-+-~~~-.--i( 

R2 
10 k 

R4 
20 k 

01 
2N4401 

c__ _ _n K1 

,---c.J7·9V 

02 
TIP120 

Fig. 47-3 

The sun tracker uses a combination of three photoresistors. R7, RS, and R9, to ensure that the 
circuit will follow the sun during the day, but not look for it at night. Photoresistor cells, R7, RS, and 
R9 have a value of 160 Qin full sunlight and 4880 Qin the shade, that is not absolutely critical. R7 is 
mounted in a "well" with a narrow slit so that sunlight falls upon it only when the photoresistor is 
pointed directly at the sun. When that occurs, the resistance of R7 drops. That photoresistor and po­
tentiometer R4 form a voltage divider at the base of the Darlington transistor, Ql. When R7's resis­
tance is low, Ql will be kept off. 

When the sun swings a little westward, R7 will no longer be in sunlight, causing its resistance lo 
go up, which raises the base voltage of Ql and turns that Darlington on. That, in tum closes the relay, 
Kl, providing current to the drive motor, MOTl, which is a 1.5-Vdc, low-torque hobby motor. The mo­
tor then turns slowly (resistor R6 limits the maximum current to the motor and keeps it from nmning 
too fast), putting R7 in direct sunlight again; Ql's base voltage then drops and the tracker stops. That 
is repeated again and again as the sun moves across the sky. Photoresistor R8 is mounted on the out­
side of the well so that it receives a wide angle of full s1mlight. When the sun is shining, RS's resistance 
is low, keeping Q2 turned off, and allowing the tracker to act as described, without interference. But 
if the sun "slips" behind a cloud, RS's resistance goes high, producing a forward bias on the base of Q2. 
That turns that transistor on and sinks the base of Ql to near grmmd so that Ql then remains off. That 
inunobilizes the tracker drive; that also keeps the drive shut down in the dark of night. 

Photoresistor, R9, is the dawn sensor. It is mounted on the back of the sun tracker. When the 
tracker stops at sunset, pointing toward the west, R9 is pointing toward the east. When the sun rises 
the following morning and shines on R9,its resistance goes low, turning Q2 off and allowing Ql's base 
to go high. That presents current to the relay and therefore to the drive motor, causing the tracker 
to swing around to the east. 
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&h 

2 
250KO 

OPTICAL FRINGE COUNTER 

R4 
IOOKO 

' 
6 

18 

Latc::h Enable 1-4 . 
15-17' 

Display Select 

IC2 A 
7 

74C926 

B 

R5-Rt2• 

b 

Ql-Q4 
2N2222 

LED Segmen[ 
(X4) 

BB nn - on 
Ql 

Q2 

c "-"'----- QJ 

D f1'-'1'-----I -- --

• Not required if +V is 4V or less 
t Optional. IOKO to lOMO, for sensitivity 

McGRAW-HILL Fig. 47-4 

For work with interferometer and optical experiments, this fringe counter can be useful. Photo 
transistor Ql provides light and dark sensing. As the sensor is moved across the fringe pattern alter­
nate light and dark areas translate to an electrical waveform. This is amplified by IC 1 and counted by 
IC2. A Schmitt trigger circuit can be added, if desired. 

LINEAR TECHNOLOGY 

300 

LOW-NOISE LIGHT SENSOR WITH de SERVO 

D2 
1N914 

R1 
1M 

:>---c:,::-2 ----+- Vou1 

0 022ciF 

/t-~I Co 
- J 1~9\4 RJ 

1k 

R2 
100k 

'=' 2N3904 . J--.-1.-'VVY-+'< 
HAMAMATSU 

S1336·::.BK 
19081231·0%0 

V-

R5 R4 
10k lk 

R2C2 > C1R1 
Co~ PARASITIC PHOTODIODE CAPACITANCE 
VouT z 100rnV µWATT FOR 200nm WAVE LENGTH 

330mV .. µWAn FOR 633nm WAVE LENGTH 

Fig. 47-5 



ELECTRONIC DESIGN 

PHOTODIODE AMPLIFIER 

,, 
10Dk 

+ 

,. 
75 

,, ,. 

,, ,. 

;;r--+--'V-tv-+_.-ovo 
OPT2D1 

Fig. 47-6 

A photodiode amplifier combined with a de-restoration circuit will reject !ow-frequency ambient 
background light, easing measurement of a light signal. 

LIGHT-SWITCHED LED BLINKER 

{
b -?@ I ACTIVATES WHEN DARK 

TO REST R3 LO 
OF CIRCUIT ~ALWAYS ACTIVATED 

?~------~- R3 

POPULAR ELECTRONICS 

R2 
10K 

.-'M--<~•+5V 

01 
2N2222 

LE02 
(BLINKING UNIT) 

Fig. 47-7 

This circuit can be used to flash an LED during periods of darkness. Use it for burglar alarm sim­
ulators for boats, docks, autos, etc. 
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TLE2425 

Common 

ELECTRONIC DESIGN 

SINGLE-SUPPLY PHOTODIODE AMPLIFIER 

+15 v 

0 4.3 

J2.5 
v 

21.4 
k 

2.2 
k 

08-
µF -

R • 10 k 

100 

8 4.7 +5V 

11>+'\/l/'v+-O?v' 

0.047 µF 

Fig. 47-8 

This circuit provides a reverse-bias operating point and output voltage offset and uses a single­
polarity power supply. The floating reference voltage from TLE2425 serves to bias the diode in a re­
verse-polarity mode. It also provides a clamping level at the output. Consequently, linear response to 
illumination is maintained for a 5-V range from dark current to full sunlight conditions. 
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LIGHT-CONTROLLED MONOSTABLE 

Vee 

R6 R2 Rl 
RS 

RI 2MEG Cl 
47K 47K 47K lOK 10 

+ 

A 
8 7 6 .. 

U2 
555 

2 3 4 
B 

OUTPUT 

R3 

~ 12K 
R9 

RS R4 Sl 270!! 
LEDl 

~ 

POPULAR ELECTRONICS Fig. 47-9 

The light-controlled monostable was produced by combining a 555 monostable multivibrator 
with a pair of light-controlled comparators. The circuit can be used to enable the operation of the 
load device, depending on lhc time of day. During the daylight hours, the timer U2, is disabled, and 
so produces no output. However, during the nighttin1e hours, U2 is enabled by the output ofUl-b so 
that pressing Sl initiates a timing cycle, which activates LED! for a time determined by RS and Cl. 

POPULAR ELECTRONICS 

R1 
10K 

01 
ECG3031 

DARKNESS MONITOR 

..-~~~~--<,__~~~~~~~-..gv 

R3 

.. 

R2 
10K 

C1 
.1 

1K 

SCR1 
2NS061 

S1 L 
RESET r 

Fig. 47-10 

When light strikes detector Ql, Q2 is cut off, allowing bias to reach SCRl, triggering SCRl and 
lighting LED!. SI resets the circuit. 
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PROGRAMMABLE LIGHT-ACTIVATED RELAY 

+v 

Cl 
RS R6 R7 RB -~1 Kl 

Rl ~ y--o lo 
Dl C'o•d 

- - - - - - - -D 

R2 
c 

IC2 
R9 

B 

A R4 
Ql 

m 

RJ 

McGRAW-HILL Fig. 47-11 

Digital inputs A, B, C, D select different light levels hy varying the value of bridge circuit resis­
tance R4. 

304 

!Cl 
IC2 
Ql 
Dl 
Cl 
Rl 
R2,R3 
R4,R5 
R6 
R7 
RS 
R9 
Kl 

741 op amp 
CD4066 quad bilateral switch 
NPN transistor (2N2222, 2N3904, or similar) 
diode (1N4002, or similar) 
0.1-µF capacitor 
photoresistor 
390-kQ, Y.-W 5% resistor 
1-MQ, X-W 5% resistor 
820-kQ, X-W 5% resistor 
470-kQ, X-W 5% resistor 
270-kQ, X-W 5% resistor 
100-kQ, X-W 5% resistor 
relay to suit load 



TRAFFIC LIGHT CONTROLLER 

+12V 
11 117 VAC 

R1 
RED 
~ 

16 1800 3 6 

2 U2 

01 M0C3010 TR1" 

1N4002 4 
7 

2 
12 

U1 02 YELLOW 
1N4002 

.,,. R2 
4017 1800 

4 6 

10 

15 lJ3 
TR2" 

6 
ll0C3010 

4 

13 
2 GREEN 

14 .,,. 

TR3" 

+12V 

5 
4 

3 

.,,. 1/4 4011 
C1 + R5 R4 
10 250K 1 MEG 

•SEE TEXT 

POPULAR ELECTRONICS Fig. 47-12 

Oscillator U5A-B drives a 4017 dividc-by-10 counter. The first output of Ul appears at pin 3, 
which supplies a µositive voltage to U2, a MOC 3010 optocoupler/triac-driver IC, turning it and triac 
TRI on. That lights 11, the red lamp. The second output appears at pin 2 and passes through D 1 tu 
the second MOC 3010, U3, thereby lighting the yellow lamp, 12. The third output at pin 4 turns on 
U.J4 and the green lamp, 13. The fourth output at pin 7 travels through D2 and into U3 to light the yel­
low lamp, 12, again. 

If you would like the traffic-light system to follow the normal sequence of green, yellow, and red, 
make the following circuit changes: Disconnect pins 10 and 15 ofUl from each other. Remove Dl and 
D2 and connect pin 2 of Ul to pin I of U3. Then connect pins 7 and pins 15 of Ul together. Use U2 to 
drive I3 (the green light) and U4 for 11 (the red light). 
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TABLE 1-LED COLORS AND 
CODES 

LEO Wav• Color Activation 
length Value 

LED1 470nm Blue 2°-1 
LED2 560nm Green 21. .. 2 
LE03-a 590 nm Yellow 22::c4 
LED3-b 700 nm Red 2'.a 
LED4 630nm Orange 2•.1s 
LEDS 665nm Crimson 25:32 
LEDS 482nm Aqua 28 

... 64 

ELECTRONICS NOW 
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COLORIMETER 

PC 
EXPANSION 

BUS 14 20 

A9 "A2~''----''"'3 P5 05 Vee o 1 

AS A23 15 P6 ao' 
A? A24 17 P7 01 5 

AS ~A2"'5'---~8~ P3 74~~~688 
AS ~A2>£6'----'6~ P2 

02 7 

Q3 9 

A4 A2? 4 

A3 A2S 2 

AEN "A"-l '-l --'-'l 

+12V 89 

1f 

+-12V 

GND 831 

IOW 
813 

P1 

PO 

P4 

M 
19 +SV 

R10 
2 4.7K 

IC4-a 
\16 7406 

+SV 

20 
Vee 

,o 
IC3 

74HCT533 

" 

DO A9 '-"-~----------"'' 10 
01 AB 

02 A7 

03 A6 

04 AS 
05 A4 

06 "' 
07 A2 

R1 18 17 16 t5 14 13 12 11 
10K 4 C~KOl~1 02 03 04 05 06 07 

0------'1~9 CLK R 
Cl 

220pf 

._ ___ ___,_., cs 

6-----'7'-'VIN­

>----~''<GNDA 

-------'
1
"'1° GNDo 

IC2 
AOC803 

4 

2 

R9 RB 

470U 151( 

~ 
R7 

LED1 47,l BLUE 

~ 
RS I LE02 33011 GREEN 

6 ~ 
JC4-c 

VB 7*'6 LE03-a 
YELLOW 

Q1 
SEE 

TEXT 01 
1Nl14 

R3 
R2 220K 

470K 

Fig. 47-13 



COLORIMETER (Cont.) 

LISTING 1-CALIBRATION PROGRAM 
10 'CALIBRAT.BAS calibration program 
20 CLS:KEY OFF:N=O:ADR=512:0PEN"R",l,"CAL1·.1s:oPEN"r".2,*ca12",24 
30 FIELD l.2AS B$,2AS G$,2AS Y$,2AS 0$,2AS C$,2AS RS,2AS AS,2AS AG$ 
40 FIELD 2,24AS 10$ 
SO PRINT •reterance number",N+l:OUT ADR,2S5:BEEP:INPUT "Enter Name of Standard 
or 'E' Tc End"1TEMPlD$ 
60 IF TEMPID$="E" OR TEMPID$:•e• THEN N=O: GOTO 200 
70 IF TEMPID$="n" THEN INPUT"enter n to redo •,N:N~N-l:GOTO SO 
SO N=N•l:FOR HuO TO 7:K~O:IF H<7 THEN Z=2~H ELSE Z=194 
9:0 OUT-ADR,ZoFOR I=l TO SOO:NEXT I 
100 FOR J~l TO SO:K=K+INP(ADR) :NEXT J 
110 IF H=O THEN LSET B$:MKI$(K) 
120 IF H=l THEN LSET G$=MKI$(K) 
130 IF H=2 THEN LSET Y$:MKI$(K) 
140 IF H•3 THEN LSET O$=MKI$(Kl 
150 IF H•4 THEN LSET C$=MKI$(K) 
160 IF H:S THEN LSET R$•HK1$(K) 
170 IF H=6 THEN LSET A$=HK1$(K) 
180 IF Hs7 THEN LSET AG$=HKI${K) 
190 NEXT H:LSET ID$=TEMPID$:PUT l,N:PUT 2,N:CLS:GOTO 50 
200 N=N+l:GE'T 11,N:GET 12,N;IF N>(LOF(l)/16) THEN END 
210 B=CVI (BS) :G=CVl (G$) : Y=C'/I [Y$) l Q,,.CVI (O.$) :c .. cv1 (C$ l ; R=CVI (R$) :A,,CVI {A$) : 
AG<=CVI {AG$ J 

220 PRINT N,IDS:GOTO 200 

LISTING 2-IDENTIFICATION PROGRAM 
1 'IDENTIFY.BAS identification program 
10 ADR•Sl2:0UT ADR,255:PRINT:1NPUT "Hit Enter To Scan/Identify Unknown 
Color• ;A 
2-0 IF A=SI THEN RUN"fcal" 
30 ERP=1E+20:0?EN"R",l,"eal1",16 
40 EOR H=O TO 7;K=0:IF H<7 THEN Z:2~H ELSE Z=194 
SO OUT ADR,Z1 FOR I=l TO SOO:NEXT I 
60 FOR J=l TO SO:K=K+INP(ADR} :NEXT J 
70 IF H=O THEN BU=K ELSE IF H=l THEN GU:K ELSE IF H=2 THEN YU=K 
80 IF H:3 THEN OU=K ELSE IF H=4 THEN CU;K ELSE IF Hc5 THEN RU=K 
90 IF Hz6 THEN AUaK ELSE IF H=7 THEN AGU:K 
100 NEXT H:BEEP 
110 OUT 512,2SS:OPEN"r",2,•ca12•,241FIELD l,2AS B$,2AS G$,2AS Y$,2AS OS,2AS 
CS,1 AS R$,2AS A$,2AS AG$:BzLOFl1)/16 
120 FOR N=l TO B:GET 11,N:IF ABS( CVI{B$)-8UJ~4UO THEN 140 
130 ER=(CVI(B$)-BU)~2+{CVI(G$)-GU)A2+(CV!(Y$)-YU)A2+(CVI(0$}-0U)A2+{CVI{C$)-
CU)A 2+1CVl(R$J-RU)A2+1*({CVI(A$)-AU)A2J+2*((CVIIAG$)-AGUl~2) :IF ER<ERP 
THEN ERP:: ER:NN::N 
140 NEXT N 
150 FIELD 2, 24AS 10$: GET 12,NN 
160 CLS!PRINT •Best Color Match·,ID$;PRINT"Relative Error".ERP:PRINT"reference 
number• ,NN:RUN 

A hardware/software combination activates. In turn, one of several LEDs emits a portion of the 
visible spectrum. A phototransistor measures the light reflected by the surface being measured, and 
an 8-bit analog-to-digital converter (ADC) translates the phototransistor's output into a digital for­
mat that the computer can interpret. Seven LEDs (blue, aqua, green, yellow, orange, crimson, and 
red) provide a range of readings across the visible spectrum. Lack of spectral continuity among ad­
jacent LED colors could skew results, so the circuit provides built-in compensation for this error. 

Two simple BASIC programs control the circuit's operation. One allows you to define a set of 
standards by measuring known color samples and recording the values with an associated name. The 
other program measures tmknown samples and provides the best match with the defined standards, 
as well as a relative error factor. 
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CJ DlufT 

'" m 

" ,.. 

NATIONAL SEMICONDUCTOR 

EIGHT-DECADE LIGHT METER 

C1 

"' llD022~f 

'"' ,. 
" JATH~~}., 
N f-

" '" 

"" '" 

119 ":' 

" 
'" 

OJ 
IN4H 

" 1_ 2N4Hll 

T " 
'" "" I •• 
m "' I 

'::' 

t V1 "" Oliti1N = 100 nA 

t Vl = -0.24V011N = 10 pA 

M1 - OOl1N • 10 pA 

•• Ml - f.s.•l1N "" 1 mA 

Fig. 47-14 

A logarithmic amplifier is adapted to a battery-powered light meter. An LMl 0, combined op amp 
and reference, is used for the second amplifier and to provide the regulated voltage for offsetting the 
logging circuit and powering the bias-current co1npensation. 'fhis can provide input current resolu­
tion of better than ±2 pA over 15 to 55° C. Because a meter is the output indicator, there is no need 
to optimize frequency compensation. Low-cost single transistors are used for logging hecause the 
temperature range is limited. The meter is protected from overloads by clamp diodes D2 and D3. 

Silicon photodiodes arc more sensitive to infrared than visible light, so an appropriate filter must 
be used for photography. Alternately, gallium-arsenide-phosphide diodes with suppressed IR re­
sponse are becoming available. 
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Tip 

JI 

RI 
47k0 

+9Vdc 

McGRAW-HILL 

LED LIGHTWAVE COMMUNICATIONS TRANSMITTER 

R8 
!Ok\l 

cs 
Cl R3 -

.002µF 470k0 
R2 I IOOµF 

470k0 

C2 
. lµF 

C7 
3 C6 I30µF 

i.2µF 

R1 ,R4 
R2,R3 
R5,R6 
R7,R9 
RB 
Cl 
C2 
C3 
C4 
C5 
C6 
C7 
IC1 
01 
LED1 
Jl 
Sl 

2 

47 kO 
470 kO 
33 0 

R4 
47kO 

C3 
l80pF 

R7 
20k0 

1 kO potentiometer 
1 O kn potentiometer 
0.002 µF disc 
0.1 µF disc 
180 pf disc 
1 O µ.F polarized electrolytic 
100 µ:F polarized electrolytic 
1 .2 µ.F polarized electrolytic 
30 µ.F polarized electrolytic 
5532 low-noise amplifier IC 
A7937 transistor 
High-output LED (see text) 

R9 
lkO 

-
7 

R6 
330 

Miniature phone jack (for electret condenser microphone) 
SPST switch 

All resistors are 5 to 10 percent tolerance. 1/4 watt. All capacitors are 10 to 20 
percent tolerance, rated at 35 volts or more 

+9Vdc 

I 

b 

Fig. 47-15 
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LED LIGHTWAVE RECEIVER 
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Fig. 47-16 



SOLAR POWER SUPPLY 
+ 

L1 01 + )'~ + C1 1mH 1N5819 C2 
PC1 100 3 1000 OUT 

5 ... 
PC2 U1 6 ... 

MAX830CPll 

PC3 R1 
(SEE TEXT) 

4 7 
PC4 R2 

100K 
1 O/o 

PC5 PC6 PC7 PCB 
ELECTRONICS HOBBYIST HANDBOOK Fig. 47-17 

This circuit delivers either 4.8 or 7.2 V regulated at 15 mA with a 3-V input from a bank of pho­
tocells. Rl should be 453 kQ for a 7.2-V output and 274 kQ for a 4.8-Vdc output. Regulator efficiency 
is around 70%. This should be considered when selecting suitable solar cells. 

SOLAR POWER SUPPLY WITH LINEAR REGULATOR 

+ 

) + 01 + cs v, .. C4 2N390B RS PC1 100 1K 1000 OUT 

PC2 = A3 = 
26.1K 

101o 
PC3 LM35BN 

A4 PC4 10K 
1°/o 

... 
PC5 PC6 PC7 PCB 

ELECTRONICS HOBBYIST HANDBOOK Fig. 47-18 

This regulator delivers a constant 2.4 Vdc for powering small devices that run on two AA cells, 
such as cassettes and small radios. Regulator drop is about 0.3 volt. This should be considered when 
choosing solar cells. Load current is typically 125 mA. 
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PHOTODIODE LOG CONVERTER/TRANSMITTER 

"' 1N4Sl 

" 10k 

" 

" "' " 
NATIONAL SEMICONDUCTOR 

~· 

'o' l 

Rl tt 
\2Dk 

' " 

" D.ODI ~F 
.. 
" " 

1 mA s: lour:: 5mA 

f50 /LA S: lo s: 500 µ.F 

ttCenter scale tnm 

tScale factor tnm 

'Copper wire WO!.lnd 

Fig. 47-19 

A logarithmic conversion is made on the output current of a photodiode to compress a four­
decade, light-intensity variation into a standard transmission range. The circuit is balanced at mid­
range, where R3 should be chosen so that the current through it equals the photodiode current. The 
log-conversion slope is temperature compensated with R6. Setting the reference output to 1.22 V 
gives a current through R2 that is proportional to absolute temperature because of D 1 so that this 
level-shift voltage matches the temperature coefficient of R6. Cl has been added so that large-area 
photodiodes with high capacitance do not cause frequency instabilities. 

RECHARGEABLE SOLAR POWER FOR SUN TRACKER 

01 , ..... ·~ D2 
1N34A + -

00 
1N34A 

D4 
1N34A - + 

05 • 1N34A 

s1\ 
( 

+121/ 
~ 

F1 
1AMP 

+1•-01-1· 
,12v · l-+ 

'----v-----' 
12VDC 

SOURCE 

POPULAR ELECTRONICS 
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\\ PC1" 

0 0 0 0 

0 0 0 0 ~ 

0 0 0 0 

""' 
PC2" 

0 0 0 0 

0 0 0 0 f-

0 0 0 0 

SUN· GND TRACKER 
CIRCUIT 

•sEE TEXT 

Fig. 47-20 

This application circuit provides rechargeable 
solar power for the sun tracker, as well as for an­
other 12-volt device. PC! and PC2 can be mow1ted 
on sun tracker assembly. 
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Logic Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Logic State Change Indicator 
Combinatorial Logic Multiplexer 
AND Gate 
Relay "AND" Circuit 
Relay "OR" Circuit 
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INPUT_n_ 

NASA TECH BRIEFS 

LOGIC STATE-CHANGE INDICATOR 

100Q 

c, A, 

1 N270 

0.001 
,F 

c ' 3 ' 4 ~-"----'---'~ 6 

100Q I 
1 N270 

0.001 c ,..FJ 1 

11296l02 
MONOSTABLE 

MUL TIVIBRATOA 

a 

5 ~----,-----~ 7 
8 

__n_n_ OUTPUT 

___.j ~ 

Fig. 48-1 

A circuit consisting of a one-shot rnultivibrator IC, a pair of diodes, and some resistors and ca­
pacitors delivers an output pulse when the logic state at its input terminal changes-either from high 
to low or from low to high. Thus, this circuit can serve as a state-change indicator or as a frequency 
doubler for a square-wave input. 

Any monostable can be used; the arrangement in the figure achieves low power dissipation (80 
milliwatts) by using half of a Fairchild 96102 transistor-transistor-logic dual muitivibrator. The 96102 
is triggered when pins 3 and 5 are high and pin 4 changes state from low to high. It also triggers if pin 
3 is high, pin 4 is low. 

The circuit shown here allows these conditions to be satisfied with a single input terminal, plus 
the fixed bias on pin 3; the arrangement of resistors, capacitors, and diodes automatically biases pin 
5 high when transmitting a rising transition to pin 4 and biases pin 4 low when applying a falling tran­
sition to pin 5. 

For example, if the input terminal has been low and then goes high, Cl charges through a for­
ward-biased diode that shunts its 100-0 resistor; therefore pin 5 goes high immediately. C2 charges 
through 100 O; however, because its diode is back-biased, the rising level is not applied to pin 4 un­
til 5 is already high. Therefore, the conditions for triggering an output pulse are satisfied. 

The output pulse duration, t, is set by the value of time constant RxC,. 
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l•I 

tel 

ELECTRONIC DESIGN 

A 

COMBINATORIAL LOGIC MULTIPLEXER 

TRUTH TABlE 
Function 

c • A '"' 
0 0 0 0 
0 0 1 1 
0 1 0 0 
0 1 1 1 
1 0 0 1 
1 0 1 1 
1 1 0 0 
1 1 I 0 

1 .. AC+AB+cB 

4:1 Multiplexer 
00 

~----<01 Out I 

~---110 

~-----;11 
~-~ 

SEL ~,,__~(B,~A~) ~ 

' ' 

A 

~ - - - - ____ - - - - 1 CA 
t~l New term added 

___,,__, ___ _, 00 

SEL 

tel 

+ 
~---<01 

t------j10 

11 

[B, A) 

Out I' 

Fig. 48-2 

Combinatorial logic can be implemented simply by using a multiplexer instead of logic gates. 

Shown are the truth table (A), its logic circuit (B), and the multiplexer connections (C). If the logic 

circuitry is changed (D), the multiplexer would be reconnected (E). 

AND GATE 

+V 

7 R5 R4 

R1 " 1K -R7 

100K +V JK 
A 

R2 
100K 

B 

RJ 
100K 

c 
R6 

~T 
1K 

POPULAR ELECTRONICS Fig. 48-3 

An LM139 is configured as an AND gate (TTL or CMOS is usually used). With this idea, you can 

use leftover IC sections and save an extra package in so1ne-instances. 
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RELAY "AND" CIRCUIT 

WILLIAM SHEETS 

v--0 NC 
=-----0 c 
"--0 NO 

Fig. 48-4 

All switches Sl through Sn must be closed to operate the relay. If one opens, the relay drops out. 
Use this circuit for burglar alarms, etc. 

RELAY "OR" CIRCUIT 

+12 v s, 12·V relay 

D v--0 NC 
=-----0 c 
"--0~0 

~ 

SN 

WILLIAM SHEETS Fig. 48-5 

Closing any switch Sl, 82, S3, or Sn will actuate the relay (N =any number). Use this circuit for 
burglar alarms, etc. 
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Mathematical Cjrcuits 

The sources of the following circuits are contained in the Sources section, which begins on page 

707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Low-Cost One-Quadrant Multiplier/Divider 
Low-Cost Accurate Square-Root Circuit 
Low-Cost Accurate Squaring Circuit 
Bridge Linearizing Function 
Square Rooter 
Analog Variable Multiplier/Divider 
Difference of Squares 
Approximation for Sin <I> 

Simple Analog Averaging Circuit 
Simple Analog Multiplier 
!1% Ratio Computer 

317 



LOW-COST ONE-QUADRANT MULTIPLIER/DIVIDER 

" "'" 

" • 

" ~· " .. .... 

" -nm pf 

+15Y 

not -1001! 
•x--.-~Y.---S ""' 

ADJUST ,. .. 
-ISY 

NATIONAL SEMICONDUCTOR Fig. 49-1 

This circuit will produce an output that is proportional to the product of the (X) and (Y) inputs 
divided by the Z input. All inputs must be positive, limiting operation to one quadrant. For very low 
level inputs, the offset voltage in the LM:iOSs might create large percentage errors referred to input. 
A simple scheme for offsetting any of the LM308s to zero is shown in dotted line; the positive input 
of the appropriate LM308 is simply tied to R, instead of ground for zeroing. The summing mode of 
operation on all inputs allows easy scaling on any or all inputs. Simply set the input resistor equal·to 
(Vin(m.x/(200 µA). Vuut is equal to: 

R, 
Input voltages above the supply voltage are allowed because of the Sllillllling mode of operation. 

Several inputs can be sllillllled at X, Y, and Z. 
For a simple (X) • (Y) or (X)IZ fw1ction, the unused input must be tied to the reference voltage. 

Perturbations in this reference wlll be seen at the output as scale factor changes, so a stable refer­
ence is necessary for precision work. For less critical applications, the unused input can be tied to 
the positive supply, with 
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LOW-COST ACCURATE SQUARE-ROOT CIRCUIT 

INPUT 
0 S: V1111 ~ + 10V '>-_,..,,,,,_..,....;;.,i 

NATIONAL SEMICONDUCTOR 

/ 
I 
\ 

-UV 
REGULATED 

"Trim for full scale accuracy. 

30 pf 

75 pf 211 

" 
JDDk 
1% lN

457 
100µA l.s. 

Fig. 49-2 

The circuit will generate a square-root function, accurately and inexpensively. The output is a 
current that can be used to drive a meter directly or be converted to a voltage with a summing junc­
tion current-to-voltage converter. The -15-V supply is used as a reference, so it must be stable. A J 'Ji, 
change in the-15-V supply will give a ?1% shift in output reading. No positive supply is required when 
an LM301A is used because its inputs can be used at the same voltage as the positive supply (ground). 
The two 1N457 diodes and the 300-kQ resistor are used to temperature-compensate the current 
through the diode-connected \<:LM394. 
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NATIONAL SEMICONDUCTOR 

LOW-COST ACCURATE SQUARING CIRCUIT 

INPUT 
O~V1111 :S:. +1DV 

300 pf 

JO pf 

~Trim for full scale accuracy. 

I 

2k 
5% 

10Qi.iA l.1. 

---- ...... 
\ 
I 

":"/ 

' I 

/ 

15Dk 
1% 

--

150k 
1% 

-15V 
REGULATED 

Fig. 49-3 

The circuit shown will square the input signal and deliver the result as an output current. Full­
scale input is 10 V, but this can be changed simply by changing the value of the 100-kQ input resis­
tor. As in the square root circuit, the -15-V supply is used as the reference. In this case, however, a 
1 % shift in supply voltage produces a 1 % shift in the output signal. The 150-kQ resistor across the 
base-emitter of l{LM394 provides slight temperature compensation of the reference current from the 
-15-V supply. For improved accuracy at low input signal levels, the offset voltage of the LM301A 
should be zeroed out, and a 100-kQ resistor should be inserted in the positive input to provide input 
to provide optimum de balance. 
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ANALOG DEVICES 

INPU 
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(:tSV 

T 

I 

BRIDGE LINEARIZING FUNCTION 

f x, •Vs 

x, 
AD534 

OUTPUT 

SF " 
z, 

v, 

....r::- v, -Vs 

-- Eour 

-
1-Eourl !YI" v. Eour 

10 

Eour(1-.!__IEY 
10 

Eourz1Q_:!.._ 
1 y 

WHERE v" _Y_ 
llOVJ 

Fig. 49-4 

If one arm of a Wheatstone Bridge varies from its nominal value by a factor, (1 + 2.x), the voltage 
or current output of the bridge will be (with appropriate polarities): 

.'.C 
y~-­

. 1 + .x 

Linear response requires very small .x and, usually, preamplification. The circuit shown here en­
ables large-deviation bridges to be used without losing linearity. 

The circuit computes the inverse of the bridge function, i.e., 

.x~_Y_ 
l+y 

Depending on which arm of the bridge varies, it might be necessary to reverse the polarity of the 
z connections. 
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ANALOG DEVICES 
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' 
PTIONAL 
UMMING 
NPUT. A 
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IEouT . Al' • 10Z 

Eour •v11"117+ A 

Fig. 49-5 

This illustration shows the corrnection of the AD534 for square-rooting, with differential inputs. 
The diode prevents a latching condition-common to this configuration-which would occur if the 
input momentarily changed polarity. As shown, the output is always positive; it can be changed to a 
negative output hy reversing the diode polarity and interchanging the X inputs. Because the signal 
input is differential, all combinations of input and output polarities can be realized. If the output cir­
cuit does not provide aresistive load to ground, one should be connected to maintain diode conduc­
tion. For critical applications, the Z offset can he adjusted for greater accuracy below 1 V. 

ANALOG VARIABLE MULTIPLIER/DIVIDER 

R3 
•MO 

NC= NO CONNECT 
A1, A2: OP-249 

+15V 

-15V 

ANALOG DEVICES Fig. 49-6 
An output voltage CW~ X1 x Y/lf

1) is produced by this multiplier circuit. The AD734 is a four­
quadrant multiplier. 
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ANALOG DEVICES 

DIFFERENCE OF SQUARES 

Y,(A+ Bl 
i'.i(A + B){A - B) • y, E 
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IA+Bl<S:25V 

Fig. 49-7 

A single AD534 can be used to compute the difference of the squares of two input signals. The 

function can be useful in vector computations, and in weighting the difference of two magnitudes to 

emphasize the greater nonlinearity. 

APPROXIMATION FOR SIN <jl 

,, •v, • 15Y 

x, 
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-::- E E (911401 Es - 1 V 
0 • 8 (1/40) Ee . r7.J/12) ~no l- .. ne 

WHERE e • !:. ....!L 
2 (10Vl 

ANALOG DEVICES Fig. 49-8 

The AD534 is remarkably easy to use in the implementation of the approximation formulas de­

scribed in Chapter 2-1 of the Nonlinear Circuits Handbook. Many of these involve implicit loops to 

generate the function and previously required several additional op amps for the addition and sub­

traction of the various terms. This circuit is an example of what can be done with external resistors 

only. For <jl between 0° and 90°, the approximation maintains a theoretical accuracy to within 0.5% 

of full-scale; 0. 75% is practical with AD534L and 0.1 % resistances were used. 
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SIMPLE ANALOG AVERAGING CIRCUIT 

,, 
+12V 1 m .. "A" 0.1% 
_,,, o-J ,, 
+12V ,,, 

"B" 1.1% 

-12V ,, 1 

""3 • ,,, Ollm 
a~illSt 

"C" 0.1% -12V " 
,, 

-12V 

"' '" ""3 ,,, 
'• 11.1% DV -::-

-UV O/AH·Tll84 
0/A 5" LF441 
P1-f'ii1re1Uk 

VOitage 

" points TABLE 

"A" •5 •5 -5 +1-5 -1 ., •10 .10 

"B" .. -5 -5 -3 -3 •• •10 -9 

"G'' •5 •5 •• -6 -5 -3 .10 "' "D" ., •5 ., +2.5 -8 . , •• .10 

Output across RL .. +2.5 0 -1.25 -4.25 +5.5 1"9.75 +5.25 

ELECTRONIC DESIGN Fig. 49-9 

At times, an analog circuit that averages rather than sums can be quite handy_ You won't usually 
find this type of circuit in op-amp books, possibly because the op amp is used only as a buffer_ For 
best accuracy, an FET should be used with the offset adjusted out. In addition, the "averaging" re­
sistors (RI through R4) should be of close tolerance. 

Looking at the test circuit, op amps 1 through 4 are used to alleviate interaction between ad­
justment potentiometers Pl through P4 and so that Rl through R4 see the same low impedance. 

The table shows some arbitrarily set voltages and the resulting output voltage across R1 . 
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RI 

v, 

NATIONAL SEMICONDUCTOR 

SIMPLE ANALOG MULTIPLIER 

v' 

RJ 

" 
" 

•• 

RS- R1 (~~) 
v, > 0 

Fig. 49-10 

Circuit operation can be w1derstood by considering A2 as a controlled-gain amplifier, amplifying 

V2, whose gain depends on the ratio of the resistance of PC2 to R5 and by considering Al as a con­

trol amplifier, which establishes the resistance of PC2 as a fw1ction of Vl. In this way, Your is a func­

tion of both VJ and V2. 

A 1, the control amplifier, provides drive for the lamp, 11. When an input voltage, VJ, is present, 

11is driven by Al until the current to the summing junction from the negative supply through PCl 

is equal to the rnrrent to the sununing junction from Vl through Rl. Because the negative supply 

voltage is fixer!, this forces the resistance of PCl to a value that is proportional to Rl and to the ra­

tio of VJ to V-. 11 also illuminates PC2 and, if the photoconductors are matched, causes PC2 to have 

a resistance equal to PC 1. 
A2, the controller! gain amplifier, acts as an inverting amplifier whose gain is equal to the ratio of 

the resistance of PC2 lo R5. If R5 is chosen equal to the product of R 1 and V-, then Vour becomes 

simply the product of VJ and V2 . R5 can be scaler! in powers of 10 to provide any required output 

scale factor. 
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t.% RATIO COMPUTER 

9kll ,, •v, 
-= ,, 

AD534 
,.n 

OUTPUT EouT 

-=- SF z, 

,, 
B INPUT 1. J_ Eou1 I !Bl 

!POSITIVE v, '° =- 8 ·A 
Qi'\jL YI 10 

v, -v, A-8 -= Eour "" 100 -
8
-

l\%PERVOLTI 

A INPUT 

ANALOG DEVICES Fig. 49-11 

The percentage-deviation function is of practical value for many applications ir1 rneasurernent, 
testing, and control. For example, the output of this circuit might be applied to a pair of biased com­
parators to stimulate particular actions or displays, depending on whether the gain of a circuit under 
test were within limits, or deviating by a preset amount in either direction. 

The indicated scale factor, 1 %/V, is convenient_ However, other sensitivities, from 10%/V to 
0.1 %/V, as required by the application, can be obtained by altering the feedback attenuation ratio, 
from 1 to Y,,,_ Gain or attenuation is easily applied to the A signal externally for calibration to the nor­
malized form. 
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50 

Measuring and Test Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Electronic Level 
Single-Chip Digital Voltmeter 
Inductance with DVM Measuring Circuit. 
Negative Reference Voltage Circuit 
Precision Current Source 
1-kW Power Meter 
Logic Chip Tester 
Power Supply for 10-MHz Frequency Standard 
Three-Terminal Regulator Current Source 
Four-Wire Resistance Measurement Hookup 
Audio Frequency Meter 
ELF Monitor 
St.rain-Gage Sensor 
Minute Marker 
Digital Barometer 
Reference Circuit 
Transistor Matching Circuit 
Auto-Ranging Digital Capacitance Meter 
Frequency Divider for 10-MHz Frequency Standard 
Electroscope 
Optical Isolator Watt.meter 
Digital Three-Phase Wave Generator 
Simple Test Audio Amplifier 
Gate Dip Oscillator I 
Accelerometer (G Meter) Circuit 

Gate Dip Oscillator II 
Two Remote Meters 
Novel RF Power Met.er 
Nanoammeter 
1.5-V Logarithmic Light Level Met.er 
ac Power Monitor 
100-W Variable RP.sistor Simulator 
!MD Test Circuit. for Pin Diodes 
VCO and Input Frequency Comparer 
ECG Amplifier with Right Leg Drive 
Power Transformer Tester 
4- to 20-mA Process Controller 
Simple High-Current Measurer 
Analog Circuitry Calibrator 
Simple Signal Generator for Signal Tracing 
Simple Harmonic Distortion Analyzer 
Sound Subcarrier Generator 
Inductance and Capacitance Determiner 
with SWR Bridge 

Motorcycle Tune-Up Aid 
50-MHz Frequency Counter 
10-MHz Frequency Standard 
Programmable Capacitor Circuit. 
Programmable Resistor Circuit. 
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f/2NES58 5 

3 7 

R10 
4.7K 

B 12 10 

U2-b 
f/2NES58 

R11 
100K CJ 

.01 

Fig. 50-1 

The electronic level uses a pair of phototransistors and an infrared LED to sense bubble position. 
In this circuit, the amounts of infrared radiation received by phototransistors Ql and Q2 are trans­
lated by op-amp Ul and dual-timer U2 into either a steady tone, or a fast- or slow-pulsing one. 
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B1 

SINGLE-CHIP DIGITAL VOLTMETER 
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ELECTRONIC EXPERIMENTERS HANDBOOK Fig. 50-2 

This 4"-digit DVM circuit is built around a Maxim ICL7129ACPL ND converter and LCD driver. An JCL8069 CCZR 1.2-V 
band-gap reference diode is used for a voltage reference. S2a-b-c select dne of four ranges up to 200 V (maximum). The met.er 
also has a piezoelectric buzzer for continuity testing. 83 selects either DVM or continuity. Crystal I can be changed to 100 kHz if 
maxin1urn rejection of 50 Hz is desired. The crystal normally provides 120 kHz for best 60-Hz rejection. This is caused by the dual-

~ slope conversion teclmique used in ICl. 
<O 
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INDUCTANCE WITH DVM MEASURING CIRCUIT 
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Fig. 50-3 

The inductance meter comprises an oscillator and pulse shaper. The square wave from the oscillator is differentiated and the 
differentiator output is shaped and read on a DVM. This will be proportional to inductance. RlA, B, C set calibration and R6 is an 
offset control. 



NASA TECH BRIEFS 

NEGATIVE REFERENCE VOLTAGE CIRCUIT 

+V 

+ Positive·Reference- -
Voltage Circuit 

~v•--< 
Rs 

Notes: 
1. Vos=Ollset voltage of operational amplifier 
2.VREf= -VA± IVosl"' -VA 

because IVosl ~ error in VREF 

-V 

Ro 

= 

Fig. 50-4 

This figure illustrates a circuit that supplies a precise negative reference voltage. To meet re­
quirements of accuracy and stability, it incorporates a highly precise positive reference voltage by 
use of a high-gain, stable feedback booster circuit. 

The booster circuit includes an operational amplifier and a transistor, which handles the load 
current. Typically, a positive-reference-voltage circuit can handle only relatively small load currents. 
This consideration does not apply in the present circuit because the positive-reference-voltage unit 
is placed in the voltage feedback loop of the booster circuit in parallel with resistor Rs- Thus, from 
the perspective of the positive-reference-voltage unit, Rn is a constant load. This feature enhances 
the stability of the circuit by removing the load regulation factor. 

Provided that the offset voltage of the operational amplifier is low, the accuracy of the overall cir­
cuit depends only on the accuracy of the positive-reference-voltage unit. The overall circliit draws 
very little power for its own operation. It can handle unexpectedly heavy loads; the feedback config­
uration and the high gain provided hy the combination of the operational amplifier and the transistor 
give the circuit a very low output impedance. The capacitors reduce the noise voltage and help sta­
bilize the circuit. Jn the event that the load becomes a short circuit, R0 protects the transistor by lim­
iting the load current. 
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Fig. 50-5 

A complete, battery-powered current source suitable for laboratory use is shown. The op amp 
regulates the voltage across the range resistors at a level determined by the voltage on the arm of the 
calibrated potentiometer, R:3. The voltage on the range resistors is established by the current 
through Q2 and Q3, which is delivered to the output. 

The reference diode, Dl, determines basic accuracy. Ql is included to ensure that the LMll in­
puts are kept within the common-mode range with diminishing battery voltage. A light-emitting 
diode, D2, is used to indicate output saturation. However, this indication cannot be relied upon for 
output-current settings below about 20 nA, unless the value of R6 is increased. The reason is that 
very low currents can he supplied to the range resistors through R6 without developing enough volt­
age drop to turn on the diode. 

If the LED illuminates with the output open, there is sufficient battery voltage to operate the cir­
cuit. But a battery test switch is also provided. It is connected to the base of the op-amp output stage 
and forces the output toward V +. 

332 



1-kW POWER METER 
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Fig. 50;6 

The power meter shown uses only one transistor pair to provide the complete (X) (Y) function. 
The circuit is intenrlerl for 117 Vac ± 50 Vac operation, but can be easily modified for higher or lower 
voltages. It measures true (nonreactive) power being delivered to the load and requires no external 
power supply. Idling power drain is only 0.5 W. The load current-sensing voltage is only 10 mV, keep­
ing load voltage loss to 0.01 %. Rejection of reactive load currents is better than 100:1 for linear loads. 
Nonlinearity is about 1 % full scale when using a 50-µA meter movement. The temperature correction 
for gain is accomplished by using a copper shunt ( +0.:32%/"C) for load-current sensing. This circuit 
measures power on negative cycles only, so it cannot be used on rectifying loads. 
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LOGIC CHIP TESTER 

"ELECTRONICS NOW Fig. 50-7 

This device compares two logic signals and indicates whether the two logic signals are the same 
or different. To use the tester, first connect the test input to the suspect pin of the DlJT. Next, con­
nect the reference input to the same pin of an identical reference chip that is known to be good. Push 
the reset button to begin the test; the green section of the bicolor L~D will be illuminated. Any sig­
nal on the test device that differs from the one on the reference device will then momentarily light 
the LED lamp that corresponds to that pin, and also latch on the red section of the bi-color LED. That 
indicates that the device under test is faulty. If the reference and DUT signals are the same, the DUT 
is OK, and the green LED will remain lit. 
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POWER SUPPLY FOR 10-MHz FREQUENCY 
STANDARD 

RADIO-ELECTRONICS Fig. 50-8 

THREE-TERMINAL REGULATOR CURRENT 
SOURCE 
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ELECTRONICS NOW 
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Fig. 50-9 

A three-terminal voltage regulator acts as a 
This simple power supply can be used in place current source in this circuit. A resistor is being 

of battery Bl of the 10-MHz frequency standard. calibrated using a DMM and the current. source. 

FOUR-WIRE RESISTANCE MEASUREMENT 
HOOKUP 

AUDIO FREQUENCY METER 
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ELECTRONICS NOW 
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Fig. 50-10 
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POPULAR ELECTRONICS 
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0- lrnA 

RS 
10on 

Fig. 50-11 

A true four-wire resistance measurement A pulse-shaper is used in a tachometer cir-
hookup. cuit to drive a meter. 

335 



McGRAW-HILL 
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Fig. 50-12 

A telephone pick-up coil is used as a sensor for low-frequency magnetic fields. The signal is am­
plified and detected, then used to drive a comparator. 
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ANALOG DEVICES 
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Fig. 50-13 

In this loop-powered strain-gage sensor application, a 50-mV full-scale (FS) bridge output is am­
plified and calibrated for a 4~20-mA transmitter output. Power is furnished by the remote loop sup­
ply of 12 to 36 V. 
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ELECTRONICS NOW Fig. 50-14 

The figure shows the schematic of a minute marker. The output of transformer Tl is 12.6 Vac 
at 60 Hz, which is rectified by Dl and regulated by IC4, and LM7805 regulator, to provide 5 Vdc 
for the circuit. The unrectified ac is bandpass-filtered by Rl, R2, R5, Cl, and C2. Resistors R2 and 
R5 also form a de-voltage divider, which biases the input of Schmitt trigger IC3-a to 2.5 V. The 
Schmitt trigger generates a 60-Hz square wave, which is fed to the input of IC!, a CE4040 12-
stage binary counter. 

The outputs of the counter are a 4081 quad AND gate (IC2), and the decoded output is fed back 
to the reset input of the counter, which resets the counter when the desired count is reached. 

The pulse from IC2-d is inverted by Schmitt trigger IC3-d, and passed along to the output pulse 
generator. The output pulse is generated by two Schmitt triggers cross-connected as an RS flip-flop 
(IC3-b and IC3-e). The output of the !lip-flop is fed to 3, R4, and C3, whose values set the output 
pulse duration. The output pulse duration (T) can be approximated by the formula T = 1.2 x C,1 x (R3 

+ R4 ). A positive or negative-going pulse is selected by SI, and buffered by the remaining AND gate 
(!CZ-a). 
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-DIGITAL BAROMETER 
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POPULAR ELECTRONICS Fig. 50-15 

A pressure sensor is used in this application. This outputs a voltage to amplifier U2, and a 3:6 
digit AID converter module. It is calibrated to read barometric pressure in inches of mercury. 
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ELECTRONICS DESIGN 

REFERENCE CIRCUIT 

+Vs o--------, 
16.3 lo 15 ~ see !ext) 

U1 

Oulpul !able 
U1 VouilVI 

REF192 2.5 
REF1!14 4.5 
REF1!15 5.0 

REF19X ~------.: Voul 
EnableV----t--+:-ll[!!se~e ~lab~le'l.J 

C1 
mi·.on ,iOµf 
TTL 'O' • ofl 

Vin common 

C2 4 
0.1 µF 

I Heavylead 
(see !ext) 

+ 

Common 

Fig. 50·16 

In this high-performance reference circuit, Ul is a device from the REF190 series producing de­
vice-selectable outputs of 2:5, 4.5, and 5 V with simple, noncritical external circuitry. An Analog De­
vices REF 19 X (see the table in the figure) is used to derive a reference voltage. 

TRANSISTOR MATCHING CIRCUIT 

+9V 

3 R7 DVM AB 
2 1K 2 

1K 
II ii A4 

A1 A2 10K 
1MEG 100K R6 

&0@ 1MEG 
R3 RS 

10K 100K @ 

*SEE TEXT 
~ 

POPULAR ELECTRONICS Fig. 50-17 

In order to match two transistors, select Ql and Q2 so that they give zero readings (or as close 
as possible) on a DVM. The DVM acts as a null detect.or. An analog meter can be substituted. Sl 
should be set for an appropriate level of base current (approximately 8, 80, or 800 µA). 
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AUTO-RANGING DIGITAL CAPACITANCE METER 

" 
11 "tlHIGE SEOUEtf(;ER" 

•"' " " - ""' 

'COl.R<ITCl.OCK· . .., 
c• 
' 

~ 

"" 
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1MEG 

"' .. 
a 

' 
"SYSTEM Cl.OCK" 

POPULAR ELECTRONICS 

"" "' '"" 
"'" '"" 

"" "' "" ·-

" ,._ 

"' .~, 

~ ., 
TEST :t:cx 
"'9--J . •"' 

IA 21 

" " ' 1D 18 

" " DISPl 
,. ~ 

''°"' "" ~ 15 
20 14 
2E 13 ,,,. 
" ' 

"' 

"" lMEG 

"' 1MEG 

" " " ,. 

Fig. 50-18 

This digital capacitance meter reads from 1 pr' to 1000 µr'. Basically, a timer (U4) uses the unknown 
capacitance to generate a pulse of duration, depenc:ling on the value of unknown capacitance, and the 
pulse duration is measured. The display is an LCD 0003 driven by a 7 4C94 7 counter/display driver. 
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FREQUENCY DIVIDER FOR 10-MHz FREQUENCY STANDARD 

y x 10MHz OUT ,,---, 
3 IC7-a 

v, 74LSDO 2 

lOMHz 

5V 

2.5/5/lOMHz 
OUT 

,,---jJL_.§_6,j !C7-b 
IC7-r; ~i, 74LSOO 2346710 

A !>', 74LSOO 10 

RADIO-ELECTRONICS 

CHARGE COLLECTOR 
(SHORT UARE WIRE OR 
SMALL MET Al SPHERE) 

+9V 

Q1 
MPF102 

R2' 
33K 

'SEE TEXT 

POPULAR ELECTRONICS 

R1 
150K 

M1 
200µA 

IC6-b 
!f, 74LSOO 4 

T 

IC!> 
74LS73 

lKH R21 j 
r-::::--~------ 5MHz 

Fig. 50-19 

ELECTROSCOPE 

Fig. 50-20 

This circuit is useful for detecting electrostatic 
charges. In operation, Cl reduces ac noise 1 but low­
ers the sensitivity a bit. The MPFJ 02 ancl Rl form a 
voltage divider. When the FET's gate is earth­
grounded, the divider's output will be about 4.5 V 
giving a half-scale reading on Ml, a 200-µA meter. A 
positively charged object (like cotton-rubbed glass) 
will give a positive deflection frorn half-scale, artU a 
negatively charged object (a plastic: comb, for ex­
ample) will give a negative meter deflection. 

The whole circuit (including the 9-V battery 
supply) should be in a metal enclosure, and a short 
piece of bare wire makes a fine charge collector. 
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6PTICAL ISOLATOR WATTMETER 

Hot 

l R1 
tzl t 100 k 

115 Vac PS2501-4 
Powtr•1300W Vt l2 l4 ZL 

l Neutnl 

(Copper shun!) 

+15V 
Q4 

11 9 10 
Span@ R530k 

Out 
+ Ci 1 v.1oow 

4.7 µF 

10k 16V 
6 

Zero _i_@ TI 

-

ELECTRONIC DESIGN Fig. 50-21 

The quad-channel optical isolator, consisting of LED Ll through L4 and phototransistors Ql 
through Q4, is connected in a double bridge configuration. The arrangement serves to compute the 
four-quadrant product of ac line voltage and Zl load current. The result is an accurate representa­
tion of the true instantaneous power delivered to the load-even iJ' the line voltage wanders and the 
load is reactive and nonlinear. This wattmeter function is, of course, optically isolated frorn the ac 
line, has full-scale limit of 1300 W, and is output with scale factor of 1 V/100 W. 
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DIGITAL THREE-PHASE WAVE GENERATOR 

4 

::: } Fllp-llop1 

11234551234561 
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ELECTRONIC DESIGN Fig. 50-22 

With a simple digital circuit, three-phase square waves can be produced from a single-phase 
square-wave signal source. The timing diagram shows that the second and third phases are 1200 and 
240° behind the first phase, respectively. 

The frequency range over which the three-phase outputs will occur is limited only by the capq­
bility of the logic used. The output frequency is ii of the input frequency. 

+ 

INPUT 

ELECTRONICS NOW 

SIMPLE TEST AUDIO AMPLIFIER 

R1 
10K 

VOLUME 

3 

2 

+V 

5 + 

C1 
220µF 

+ 

OUTPUT 

Fig. 50-23 

This circuit has a gain of about 20. A suitable power supply voltage is 5 to 12 V, depending on the 
desired audio output power level. 
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METER 
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POPULAR ELECTRONICS 

B 
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DSC. 
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READING 

SHARP DECREASE 
IN METER READING 

WIRE 
LINK 

(2-3 TURNS) 

,------- ... 

~ 
COUPLING TO A TUNED 

CIRCUIT RESONATING AT 
THE SAME FREQUENCY 

AS THE OSCILLATOR 

c 

D 

COAX 
CABLE 

TO ANTENNA 

Fig. 50-24 

The typical dip meter is comprised of a tuning coil, RF oscillator, a detector, and a meter as 
shown in A When the meter's tuning coil is coupled to a tuned circuit resonating at the same fre­
quency as the GDM, the reading dips (C). The GDM's tuning coil can be coupled to the coaxial feed 
line of an antenna through a few (perhaps 2 to 3) turns of wire, and used to determine the antenna's 
resonant frequency (D). 
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ACCELEROMETER (G METER) CIRCUIT 

" POWER 
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[ "' DISP1' '"" 
111 r1c1 " ,, 
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" O> 
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" "' " "" '" "' "" """ ZERO ADJUST 

""" "" " " " " " " "! 49 9K 

"'' "" co "" "" '" "" "''" 100pF "' 470K " •scE TEXT "'" 

POPULAR ELECTRONICS Fig. 50-25 

As this schematic shows, the ADXL50 accelerometer, U2, interfaces with an AID conve1ter, U3, to 
drive a 3!1-digit LCD module, DISPL Because that module displays any number from-19.99to + 19.99, 
the circuit is designed to measure g's within that range. The heart of the circuit is U2, the ADXL50 ac­
celerometer. The sensitivity of that chip is set to ±20 g's in order to accommodate the full scale capa­
bility of LCD module DISPI (19.99). Circuit gain is determined by the values of R4, R5, and RG, 
potentiometer R2, and R3 provides a way to manually set the zero-g voltage-output level at pin 9 of U2 
to half the supply voltage-2.5 V. That output voltage will vary linearly by 0.1-V/g of acceleration. 

In order to achieve good circuit performance at low g levels, the bandwidth of the amplifier is 
limited to about 30 Hz by C6. The digital-display section of the circuit is composed of DISPl and U3. 
Included in U3 are the AID converter, clock oscillator, storage resistors and latches, 3Jl-digit seven­
segment decoders, mid backplane generator. 

The differential analog input of U3 is applied between pins 30 and 31. The positive input, pin 31, 
is driven by output-pin 9 of U2 through RS, a buffer resistor, and the negative input, pin 30, is biased 
at a fixed voltage of 2.5 V by a voltage-divider string composed of R9 and RIO. 

A reference voltage is required by U3. Full-scale display, 19.99, occurs when the differential, ana­
log input voltage applied between pins :31 and 30 is equal to twice the reference voltage. The decimal 
point of the LCD has to be illuminated to display readings from 0.00 to 19.99. That is done by invert­
ing the backplane square-wave drive signal appearing at pin 21 of U3, through MOSFET Ql, and ap­
plying the 180-degree out-of-phase signal to pin 12 of DISPI. 
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GATE DIP OSCILLATOR II 

TABLE 1-COIL WINDING DATA 
Band (MHz) Turns Wire Size(Type 

3.5 6.5 45 32-enameled 
6.5 11 32 26-enameled 
11 19 14 20-enameled 
15 24 10 20-enameled 
21 36 7 insulated connection wire 
32 56 4 insulated connection wire 
60 J10 LI-shaped" 16 enameled 

Useful for measuring the resonant frequencies of antennas, tuned circuits, and also as a tuned 
detector, this circuit is a modem variation of the classic vacuum tube grid dip oscillator. It coupled 
the G.D.O. to a tuned circuit and caused RF energy to be absorbed by the unknown tuned circuit 
when the G.D.O. frequency was the same as that of the tuned circuit in question. This showed as a 
"dip" in the meter reading. 
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VM1 10 k' 

(0108 V) 

2k' 

-

VM2 10k' 

ID lo 8 VI 

2 k' 

*1% resistors 
All npns: 2N3904 
All pnps: 2N3906 
M1,M2:4mA,12DH 

680 
IC3A 

15k' 10k' 

IC3B 10k' 

39k 

IC3C 

TWO REMOTE METERS 

• 5 v 

_. v 

1P.·l 
33k 

-
Black (5 v p-p, 40 Hz) 

220 

• 5 v 
2.1 

33 k 

1N914 

3911 

M1 

510 

.s v 

4.7 
µF 

390 

M2 

ELECTRONIC DESIGN Fig. 50-27 

Two remote meters can be driven independently using just one wire pair. This "constant current" 
design eliminates the effects of wire-pair resistance up to 200 n. Driving two remote meters inde­
pendently usually requires two wire pairs (one pair for each meter). 

In the circuit, !Cl and IC2 generate a 40-Hz symmetrical square wave (the frequency isn't criti­
cal). Q5 through QS amplify the square wave to 5 V p-p, which is applied to the "return" (black wire) 
for the rernote n1eters. 

Amplifier IC3Abuffers the input signal voltage Vmi' intended for meter Ml (0 to 8 V), and sends 
it through emitter-follower Q3 to a I 00-Q current-sense resistor. The other end of this resistor is tied 
to the "supply" (red wire) of the remote me\ers. IC:3B amplifies the voltage across the sense resistor, 
which corresponds to the current sent to remote meter Ml, and closes the feedback loop to IC3A. 

This results in a voltage of 0 to 8 Vat the Ml input, generating a current of 0 to 10 mA to Ml. 
Transistor QI gates this current on and off synchronous to the 40-Hz square wave so that meter Ml 
actually sees a 50% 0-to-+ 10-mA peak (0 to 5 mA average) current. 

Similarly, IC3C, IC3D, Q2, and Q4 provide a 0- to -10-mA peak current for M2. Ml and M2 are 
isolated by the two-reverse-connected 1N914 diodes in the remote-meter box. Variable resistors 
across Ml and M2 permit calibration. The extra 1N914 diode in the M2 drive circuit prevents inter­
ference between Ml and M2. 
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RF DESIGN 

NOVEL RF POWER METER 

ARRA 4752-600 
Voltage Controlled Attenuator 

CW/Pulsed 

RF In 

"' +12V 
01 

In Outf----KJ-----'1 U2 
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R1 

10k 

~ 

Det. Diode 

-12V 

R3 R7 
Gain Adj. ~-'\/\~-~ 

R2 

1k 

0 

--0.5 

-1 

-1.5 

-2 

-2.5 

-3 0 

1 Volt= 10 dBm 

2 ' 4 

R6 

10k 

-12V 

~ 

TL082 

9 10 

Time(µs) 

Meter 

Fig. 50-28 

The circuit matches the diode with a voltage-variable attenuator that has a logaritlunic response. 
By varying the attenuation until the diode output is zero, the resulting attenuation value then corre­
sponds to the input power level. Because the voltage-variable attenuator's output is logaritlunic, 
diode nonlinearities become negligible. 
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NANOAMMETER 
Resistance Values for 

DC Nano and Micro Ammeter 

I FULL SCALE 

100 nA 
SOOnA 
1 µA 
5 µA 

10 µA 
50 µA 

100 µA 

+ 

1N914 

NATIONAL SEMICONDUCTOR 

R1 [!lJ 

1.SM 
300k 
300k 
60k 
30k 
6k 
3k 

01 1N914 

Cl 
0.1 µf 

oz 

R't[nJ 

1.SM 
300k 

0 
0 
0 
0 
0 

R, 

+1.5V 

-1.SV 

6 

•1.5V~ 

Bl -=- lSV 

_r I 
82-=- 1.5V 

-uv o--_,J 

POWER 
SUPPLY 

Fig. 50-29 

Potentiometer R2 provides an electrical meter zero by forcing input offset voltage v;,, to zero. 
Full-scale meter deflection is set by Rl. Both Rl and R2 only need to be set once for each op amp and 
meter combination. For a 50-µA 2-kQ meter movement, Rl should be about 4 kQ to give full-scale 
meter deflection in response to a 300-mV output voltage. Diodes Dl and D2 provide full input pro­
tection for overcurrents up to 75 mA. 

With an R,. resistor value of 1.5 MQ, the circuit becomes a nanoammeter with a full-scale reading 
capability of I 00 nA. Reducing R, to 3 kQ in steps, as shown in the figure increases the full-scale de­
flection to 100 µA, the maximum for this circuit configuration. The voltage drop across the two input 
terminals is equal to the output voltage ( i-;,) divided by the open loop gain. Assume that an open loop 
gain of 10,000 gives an input voltage drop of 30 µV or less. 
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1.5-V LOGARITHMIC LIGHT LEVEL METER 

.. 
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CAL 

R2 R4 
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LM114 

• 
R1 M 0-200 µA 

7.5k 
1% 

RI 
2.Sk ,. 

Fig. 50-30 

A portable light-level meter with a five-decade dynamic range is shown. The circuit is calibrated 
at mid-range with the appropriate illwnillation by adjusting R2 such that the amplifier output equals 
the reference and the meter is at center scale. The emitter-base voltage of Q22 will vary with supply 
voltage; so R4 is included to minimize the effect on circuit balance. If photocurrents less than 50 nA 
are to be measured, it is necessary to compensate the bias current of the op amp. 

The logging slope is not temperature compensated. With a five-decade response, the error at the 
scale extremes will be about 40% (a half stop in photography) for a ±18°C temperature change. 

If temperature compensation is desired, it is best to use a center-zero meter to introduce the off­
set, rather than the reference compensation. It can be obtained by making the resistor in series with 
the meter a copper wire-wound unit. 

If this design is to be used for photography, it is important to remember that silicon photodiodes 
are sensitive to near-infrared light, whereas ordinary film is not. Therefore, an infrared-stop filter is 
called for. A blue-enhanced photodiode or an appropriate correction filter would also produce best 
results. 

350 



ac POWER MONITOR 

4 X 1N4004 2.7 M 

'AC PWR' 

1011R~ 140' 'VOLTS' 
'70' 

115 Vac 100 k 

-----------' 

r 2N3906 

Qt 

4 TLC555 
IC1 

-=-- 9V + 
470 33 k 

• 0.47 

0.01-r 

All capacitors in microfarads. 
Diodes are 1H914 excepl wbere olberwise noled. 

ELECTRONIC DESIGN 

LED 1 
'DROP' 

'CYCLES' 
'1' 

R21 M 

33k 

30'1 

7 V RS 
6 DIS OUT 

TH 

TLC555 

"' 3 

" 
'RESET' 
~ 

Fig. 50-31 

The 0- to 130-V voltmeter and neon "AC PWR" lamp provide an average indication of the ac 

power. The fuse and metal oxide varistor (MOV) protect the monitor against overvoltage spikes. 

Four 1N4004 diodes rectify the ac voltage, generating negative-going pulses twice per cycle 

(every 8.33 ms for 60-Hz power). Variable-resistor Fl supplies a reduced amplitude sample of these 

pulses to a missing pulse detector consisting of Ql, !Cl, and associated circuitry. As long as the pulse 

amplitude exceeds the threshold value set by Rl, !Cl continually triggers, keeping its output high. 

When the pulse amplitude drops below the threshold value, IC 1 times out with a time constant set by 

variable resistor R2 and the 0.47-µF capacitor. R2 is calibrated to read the number of cycles required 

for a dropout indication. It can be set between 1 cycle (about 17 ms) and 30 cycles (0.5 second). 

When !Cl times out, its output goes low. This turns on LEDl. The low output also triggers IC2, 

which is configured as a set-reset flip-tlop. This turns on LED2. When the voltage returns to normal, 

ICl again starts triggering and its output returns high, turning offLEDl. LED2, however, remains on 

until the manual reset button is pressed. 
The circuit is powered by a 9-V battery and is assembled in a plastic or grounded metal case. No­

tice that there's no isolation between the ac power line and the monitor circuitry. Be careful to avoid 

electrical shock when testing the circuitry. 
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100-W VARIABLE RESISTOR SIMULATOR 

• 

ELECTRONIC DESIGN Fig. 50-3_2 

Variable resistive loads with precise load steps often are required in automatic testers used to 
test and calibrate power supplies. The action of a high-power (100 W) variable resistor can be simu­
lated with the circuit shown. 

The voltage drop across RI, which is proportional to the FET current, is compared against a vari­
able input voltage reference using a high-gain op amp. Error voltage developed by the amplifier drives 
the gate, controlling the transconductance of the r'ET. 

Power dissipation is limited by the safe-operating-area curve of the selected FET. The FET 
should be mounted onto a properly sized heatsink or a heatsink-fan combination to maintain its case 
temperature within sal'e limits. The circuit is designed to dissipate a maximum power of 100 W if the 
FET-case temperature is maintained below G0°0. The potentiometer (RVl) can be replaced by a dig­
ital-to-analog converter so that it can adapt to the computer control for use in automatic testers. 
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IMO TEST CIRCUIT FOR PIN DIODES 

INPUT 5 pf 5 pF OUTPUT 

~ ! 
,,'~H II 51 

TUNING 

CAP OIODES +30 v +10 v 

9-JS pF MV1650 
100 kO 

TIJNING 1/4 w 
10 kO 

52 TUNING 
PIN 

MV1650 

QST Fig. 50-33 

A loosely coupled tuned circuit for testing !MD production by PIN and tuning diodes in a narrow­
band preselector, Sl, TUNING, selects whether Cl or a pair of back-to-back MV1650 tuning diodes 
resonate Ll. 82, PIN, adds or removes an MPN3700 PIN diode in series with Cl. Ll consists of 33 
turns of #28 enameled wire on a t-37-6 toroidal powdered-iron core. The MV1650, a "20-V" tuning 
diode, exhibits a nominal capacitance of 100 pF at a tuning voltage of 4 V. 

ELECTRONIC DESIGN 

VCO AND INPUT FREQUENCY COMPARER 

Hysteresis 
set 

4046 
pp 1 
P1 2 
P2 13 

Reference 
frequency se1 

VCOIN>-'~--~ 

OEMO 18 
ZEN 15 

Output signal 

,5v 

± 
Fig. 50-34 

Comparison of an input signal's frequency Cf,) with that of voltage-controlled oscillator C.fvco) 
can be accomplished with just one CMOS phase-locked loop IC and a transistor (see figure). The 
phase and the frequency can be compared with a phase comparator, which, along with the VCO, is 
part of the HEF4046 PLL IC. The transistor helps introduce hysteresis, enabling the circuit to be 
used as a switch driver. 
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ECG AMPLIFIER WITH RIGHT LEG DRIVE 

~~-r-r----------------

RLH-+-IYW-.__< 10kn 
390kl2 

BURR-BROWN Fig. 50-35 

POWER TRANSFORMER TESTER 

T1 
Variac 

F1 Oto 130 Vac 
3A 

~=:~~ ~Neutral._ _____ ._ __________ _,~ 
• 120·V lamp8+11 ___ _,~~ 

(See text) 3 Tllx1E Danger Sec high 
voltage 

Warning: observe existing shock hazard 

WILLIAM SHEETS Fig. 5o-36 

Very often a power transformer is suspect and connecting a shorted transformer to an ac source 
can be hazardous. This test method will detect a defective or shorted transformer. The primary of the 
power transformer is energized through a Variac (0 to 130 Vac) and a lamp equal in wattage to about 
half that of the transformer under test. Connect the transformer, set Variac at zero, then energizecir­
cuit. Apply voltage to suspected transformer (Tx) as shown. The lamp should not light. If it does, Tx 
is shorted. Next, short the secondary of suspected Tx. This time, the lamp should light. For multiple 
winding transformers, repeat for each secondary winding. Beware of the shock hazard as the open 
windings of Tx can develop full-rated voltage. 
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LT1121·3.3 

IN 

CLK 

'" CS/LO 

LINEAR TECHNOLOGY 

4- TO 20-mA PROCESS CONTROLLER 

90k 5k 

1µf { 
CLK Vcr; VREF 

FROM 45k Sk 
OPTO·ISOLATED '" LTC1453 OUT 

INPUTS 

CS/LO 

1k 

VLOOP 
3-JV TO 30V 

Fig. 50-37 

The figure shows how to use an LTC1453 to make an optoisolated digitally controlled 4- to 20-mA 
process controller. The controller circuitry, including the optoisolator, is powered by the loop voltage 
that can have a wide range of 3.:3 V to 30 V. The 1.22-V reference output of the LTC1453 is used for 
the 4-mA offset current and Vaur is used for the digitally controlled 0- to 16-mA current. R8 is a sense 
resistor and the LT1077 op amp modulates the transistor Ql to provide the 4- to 20-mA current 
through this resistor. The control circuitry consumes well under the 4-mA budget at zero scale. 

POPULAR ELECTRONICS 

SIMPLE HIGH-CURRENT MEASURER 

R1 
0.1U 

20WATI 

Fig. 50-38 

Testing heavy-load devices with a ten-amp maximum meter can be accomplished with this 
straightforward meter add-on. If done right, it could be made from a high-current extension cord. JI 
and J2 are well-insulated jacks to accept meter probe tips. 
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XICOR 

DIGITAL 
CONTROL 

ANALOG CIRCUITRY CALIBRATOR 

POTO 

OP-AMP OFFSET ADJUST 

SDA VOLTAGE REGULATOR ADJUST 

SCL 

POT2 

OP-AMP GAIN ADJUST 

J_ 
':" OSCILLATOR FREQUENCY ADJUST 

X9241 

Fig. 50-39 
An XICOR X9241 Quad POT IC can be used to digitally adjust four analog circuits, as shown in 

the example schematic. 

POPULAR ELECTRONICS 

SIMPLE SIGNAL GENERATOR FOR SIGNAL TRACING 

R2 
2MEG 
PITCH 

OUTPUT 

" .0022 ~~~" Jl~ <~I 
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2N464 J 

I 
I 

a1 ~s1 ----.J 
2Nll6 :I. 

i 81 
1 '+9V 

' 
l 

~ T 

C2 
012 

A simple R·C oscillator generates a harrnonic·rich waveform for signal injection. 
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POPULAR ELECTRONICS 

SIMPLE HARMONIC DISTORTION ANALYZER 

C1* c2• 
.01 .01 
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'--- ---'--
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1% 
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1% 
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1% 

C4 
0.1 

cs 
0.1 

51 

R7 
SK 

CAL 

J2 
Vour 

TEST 

R8 
10K 

Fig. So-41 

This simple circuit lets you accurately measure the total harmonic distortion (THD) using your 
true-RMS voltmeter. 

This THD circuit is somewhat different from the usual types: it can operate at the standard fre­
quency of 1000 Hz, but it also is tunable from 970 Hz to 1030 Hz, and has an adjustable Q factor of 
0.3 to over 50. Op-amp Ill, a TLC272 CMOS unit, contains the two voltage-followers required 'to 
buffer the input to the bootstrapped twin-T notch filter. Tuning is accomplished by Rl, R2, and R3, 
which are standard linear-taper slide pots "ganged" together by mounting them side-by-side and glu­
ing their sliders together. The only other important construction hint is to use twisted pair at the cir­
cuit's input and output. 

To calibrate the CJrcuit, input a 1000-V RMS signal at 2000 Hz, set Sl to TEST, and adjust R7 for 
a reading of 0.99-V RMS on a true-RMS voltmeter at the output. 

To use \he circuit, set Sl to TUNE, input a 1000-Hz sine-wave signal to the amplifier under test, 
and set the amplifier's output to the THD adapter and tune Rl/R2/R3 for the lowest output signal. 
Then, set Sl to TEST and read the RMS voltage. To calculate the percent THD use: 

THD = ( ~:t) x 100 
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Fig. 50-42 

This circuit will generate an FM sound subcarrier at 4.5 or 10.7 MHz for FM and TV IF testing 
and alignment. Ql is an audio amplifier and Q2 is a VCO modulated by an MV2112 varactor. Devia­
tion up to 1 % of frequency can be obtained. L is chosen to resonate with the circuit capacitance to 
either 4.5 or 10.7 MHz. The values will be around 2 to 10 µH, depending on the frequency. 

QST 

INDUCTANCE AND CAPACITANCE DETERMINER WITH SWR BRIDGE 

SWR 
Analyzer 

Short Piece of 
RG-58 or RG-8 

Alligator Clips 

Fig. 50-43 

At resonance, the SWR will be 1:1 with a 50-Q resistance, as reactance is zero. If either Lor C is 
known: 

IXLt 
IXcl = IXll = - 1

- = 2n/L 
2njC · 

L 1 
unknown (21tj)'2C 

c = 1 
unknown (2rcf)'2£ 
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POPULAR ELECTRONICS 

MOTORCYCLE TUNE-UP AID 

SPARK 
PLUG 

1/4-INCH-THICK 
PLASTIC MATERIAL" 

"SEE TEXT 

rro 
r-1GNITION 

COIL) 

s1· 

(TO 
ENGINE 

GROUND) 

Fig. 50-44 

Performing a tune-up on a newer bike is made a lot easier with this h€lpful circuit. Because of 
the high voltages present, make sure that S 1 has an insulated handle . and that the fixture is 
grounded. With the ignition turned off, remove one of the spark plug wires and connect it to the 
spark plug on the fixture. Slip the fixture's end cap over the spark plug on the cycle and you're ready 
to go. Open Sl and start the engine. Then, close SJ; the cylinder with the fixture should not fire and 
a spark should be seen at the fixed gap. Be sure that the fixture is connected to the engine ground 
before closing SL 
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"' ~ 50-MHz FREQUENCY COUNTER 
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POPULAR ELECTRONICS 
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~Vee 
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47K 

I I A9~VEE 10K 

1 Vss 

I I 
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04 03 10 
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02 05 12 

085 
01 06 13 
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00 07 14 

087 
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__!!C16C54 
;i,. 

DIS Pf 
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Fig. 5D-45 

This inexpensive frequency counter uses a microcontroller as the counter. The microcontroller feeds an LCD display module 
that accepts standard ASCII code. The frequ?ncy is displayed as Hz, kHz, or MHz and the counter is autoranging. 
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10-MHz FREQUENCY STANDARD 

IC3 5-VOLTS LOOP GAIN 

7805 R16 

200!! - + C14 C15 + 
JOK 

LO 
FREQ 

~ C16 I R19 i t 1.3K R14~ER 
R13 9V OFF. 81 
10 O;;;fl + 9V 

K SJ ON l----1 
1µF 1µF R17 J.. ~ 

c 2 
2K 

l lN 

Cl +V 20V MAX .1µF , ... l ,~··<'10)--1, 
---"( I "~ '2' _ -------- +Vee........ "TJ ------ I R15 r----- IC2 : .01 

200!! I NE564 1 

I I 

: PHASE : 
' COMPARATOR I 

3 5 6 ,1, : "' "' ' ' ,,, '" ~ 
' ' '" ' "' ' '1 

-- ' " ' ' 
Rl ·~, ,,, '"' '" ''"' \ = l '~' •495 7 ~ LOW ,, 

"'" "' " ' "' ',' ~ > "' •• \ .. ~,, '"' ' 't< ' ' "'"" ' 
• ; m • "' " • ),., '"'"' '"~ " ____ ,,, __ , 

" ' '" L ' ' M-• n "'-''"''""or i-.:1 
- ; @ ~ ' , l oooo•ro• '------.. ~-~4 - en ci1 c!;XTAL 1 

'" ~""""" ~ ' ' ~ 
.,.-

R4 
270!1 

RADIO-ELECTRONICS 

CARRIER 
INSIDE ; MAIN ~ 

TIME KUBE: BOARD - .,.-

C7 
.1 .1 
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Fig. 50-46 

A Radio Shack 10-MHz receiver is used as a basis for this circuit. The L.0. and IF frequencies are added. When the receiver 
is tuned to 10 MHz (Vi\VV), the sum of the 1.0. and IF are used to phase Jock a VCO to the 10-MHz signal. By using a divider in 
the loop, 2.5 or 5 MHz can be used as well. 



PROGRAMMABLE CAPACITOR CIRCUIT 

+v 
Digital control inputs 

A B c D C6 

' ' ~~ 

'13 :s :6 '12 14 

' ' ' ' c;} 1 ' ' ' ' 
' ' ' 2 

.. 
' ' ' 4 ' ' ' c;,2 

' - ' 
. 

3 
.. 

' ' 
' ' <;:} 8 ' - ' 9 

.. 
' 

11 ' y,4 
- 10 

.. 

7 !Cl 

J 
cs 
" 
" 

' 
McGRAW-HILL Fig. 50-47 

IC 1 CD4066 quad bilateral switch 
C 1 10-µF, 25-V capacitor 
C2 22-µF, 25-V capacitor 
C3 4 7-µF, 25-V capacitor 
C4 100-µF, 25-V capacitor 
C5 1-µF, 25-V capacitor 
C6 0.1-µF, 25-V capacitor 

The programmable capacitor can be very useful in circuits where you need to switch capacitance 
values. Remember that the "ON" resistance of !Cl appears in series with the capacitors and must be 
taken into account in some applications as it is not negligible. 
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PROGRAMMABLE RESISTOR CIRCUIT 

Digital control inputs +v 

A B c D 
0 0 0 

Cl 

'13 :s :6 '12 14 ~ ' ' ' 1 ' ' ' Rl 
' ' - ' ' 2 
' ' ' 4 ' ' ' R2 

' v 

' 
. 

3 
' ' 

8 ' ' RJ 
' 
' 9 ' 

11 ' R4 
v 

10 

7 ICl 

,), 

.RS 

0 ,, 

McGRAW-HILL Fig. 50-48 

!Cl CD4066 quad bilateral switch 
Cl 0.1-µF capacitor 
Rl 10-kO, X-W 5% resistor 
R2 4.7-kO, X-W 5% resistor 
R3 2.2-kO, X-W 5% resistor 
R4 1-kO, X-W 5% resistor 
R5 1-MO, X-W 5% resistor 

A programmable resistor can replace a potentiometer or fixed resistor. Remember that the "ON" 
resistance of!Cl might have to be taken into account in some applications. 
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51 

Metronome Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 

707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Visual Metronome 



IC1, IC2 
IC3 
SPKR 
81 
C1 
C2 

McGRAW-HILL 

AUDIBLE METRONOME 

5 

ICl 

8 
4 

5 

+ 
IC2 

8 
4 

LM3909 LED flasher/oscillator 
7400 quad NANO gate 
small loudspeaker 
SPST switch 

RI 

R2 

1 µF 1 O V electrolytic capacitor 
100 µF 10 V electrolytic capacitor 

SI 

+sv 

R3 

C4 R4 

r-m 

+ JC3 

CJ 
C4 
R1 
R2 
R3 
R4 

47 µF 10 V electrolytic capacitor 
0.01 µF capacitor 
50 kfl potentiometer 
3.3 kfl 1/4 W 5°lo resistor 
47 kfl 1/4 W 5°/o resistor 
500 fl potentiometer 

Fig. 51-1 

IC:l generates an andihle frequency while a variable very low frequency is generated by IC:2. Rl 
sets the metronome rate. The two signals are combined in IC:3. 
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ICl 
Dl 
Sl, S2 
Cl 

McGRAW-HILL 
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VISUAL METRONOME 

+ 1.5 v 

5 2f---....---­
+ Cl 

ICl 

4 
6 81----+-----' 

LM3909 LED flasher/oscillator 
LED 
SPSTswitch 

Dl 

100 µF 6 V electrolytic capacitor 

R1 

R2 

C2 
Rl 
R2 

4 7 µF 6 V electrolytic capacitor 
50 kO potentiometer 
3.3 kn 1/4 W 5°/o resistor 

Fig. 51-2 



52 

Miscellaneous Treasures 

The sources of the following circuits are contained inthe Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

MOSFET Drive Current Booster 
Simple Event Counter 
Frequency Doubler 
Atmosphere Noise Monitor 
Tachometer Derived from Brushless Shaft Angle 
Resolver 

Vocal Stripper 
Vocal Stripper Power Supply 
Single-Chip Message System 
Television Vertical Deflection Circuit 
Tone Burst Generator 
Audio Volume Limiter 
Simple Intercom for Noisy Environments 
Ditherizer 
Triac Lamp Dirnmer Circuit 
500-ksps 8-Channel Data Acquisition Circuit 
Hydrophone 
Your Name in Lights 

Underwater Microphone 
Pulse Echo Driver 
Simple Pseudorandom Voltage Source 
TV Horizontal Deflection Circuit 
Muting Circuit 
Simple Remote Gain Control 
Loop Oscillator Eliminator 
1-A Voltage Follower 
Electronic Fish Lure 
Heartbeat Transducer 
Contact Debouncer 
Positive Feedback Cable Terminator 
xlO Frequency Multiplier 
Jacob's Ladder 
Master-Slave Device Error Checker 
Ground Loop Preventer 
Dual Tone Generator for Audio Servicing 
Diodeless Peak-Hold Circuit 
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MOSFET DRIVE CURRENT BOOSTER 

10mA 
..fU1_ \ 
0 Input \ 

"'"'"' o-+-~ 

ELECTRONIC DESIGN 

Dionics 
DIG-12-08-045 

Pbolovollaic diode array 

1N914 

1 ill 

1M 

MTP 
10N25 

MTP 
10N25 

Load 

Fig. 52-1 

A clean and inexpensive way to eliminate the floating-gate supply is to use the vollage available 
at the MOSFET's drain to drive its gate. Tying the collector of' Ql (a high-voltage, small-signal, 400-
V NPN) to the MOSFET's drain supplies sufficient gate-drive voltage when it's needed most-when 
the MOSFET's drain-to-source voltage is high. Two such circuits used back-to-back form an ac relay. 

Using the emitter follower attached to the drain increases gate-drive current and decreases the 
MOSFET's turn-on time by a factor equal to the high-voltage NPN's beta. The resulting drain-to­
source voltage fall times depend on the MOSFET's size and its required gate charge. The circuit 
that's used gives a fall time of 200 µs for an MTP10N2f5 10-A, 250-V MOSFET. With such fall tin1es 
cutting switching losses, pulse-width modulation at frequencies under 100 Hz is possible. 

During tune-on, V08 falls rapidly until it reaches the sum of the 1N914 diode's 0.7-V drop, the col­
lector-emitter saturation voltage of Ql, and the gate-to-source voltage required to support the load cur­
rent. At that point, the diode array completes the MOSFET's turn-on, unaided by the buffer. This slows 
the fall of Vns considerably when it reaches about 5 to 7 V. In high-voltage, low-frequency systems, tail­
ing of V08 is tolerable because the tail's voltage magnitude constitutes a small fraction of the switching 
voltage. The IN914 makes it possible for V08 to exceed Vns as the MOSFET completes turn-on. 

368 



SIMPLE EVENT COUNTER 
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= 

POPULAR ELECTRONICS Fig. 52-2 

SI is a power switch. U2 drives counter U3 by producing a pulse when S2 is depressed. U4 and 
DISPl read the count of counter IC U3. 83 is a reset to zero switch. The counter is a basic one-digit 
circuit useful as a holding block or by itself. 

FREQUENCY DOUBLER 

+15V R2 
1.6k AD734 0.1µF 

X1 VP rw X2 DD 

I uo w R3 
13k 20Vpp 

U1 Z1 
R4 200kHz 

U2 Z2 4.32k J 
Y1 ER 

0.1µF w 
Y2 VN ~ -15V ' 

* NC • NO CONNECT 

ANALOG DEVICES Fig. 52-3 

An Analog Devices AD734 four-quadrant analog multiplier is used as a frequency doubler. 
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ATMOSPHERE NOISE MONITOR 

Rl 

Tl TZ GRN lOOK 

llQ II 01 
1Nl4A 

BLU Cl .1 
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CZ + 
1000 

JI 
INPUT 

.,,. 
BLU 
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R3 
!MEG 

R2 
Sl rl !MEG 

N.D . 
DISCHG 

F.S. ADJ. 
R4 
5K 

~--..,+ 

s1 T 
+9V 1 

..!.. 

S3 
OUTPUT 
SELECT Ml 

SPOT + 

r ·-'~~R5, 
6----v 10!! 

POWERb SZ 

SPST 

J3 
0-10mV 

OUT 

POPULAR ELECTRONICS Fig. 52-4 

Tune an urnnoclified transistor radio to an unused frequency near 540 kHz that's free of broad­
cast-station interference; the receiver is used to pick up sferics. The received signal is fed from the 
receiver's earphone jack through a patch cord to the input jack (Jl) of the circuit. The back"to-back 
audio transformers, Tl and T2, provide a suitable impedance match and signal level when the unit is 
used Vlith various receivers. 

Diode Dl rectifies the audio input from the receiver to pulsating de, which is filtered by Cl, ~l, 
and C2 to provide a time constant of several minutes. That dampens out fluctuations in most cases, 
unless lightning flashes are very infrequent. 

The voltage appearing at the output of the filter is a function of signal strength transferred by Cl. 
Switch Sl is included to provide a convenient way to discharge the capacitors, if adjustments are re­
quired during a monitoring session. 

·integrated circuit Ul (one section of an LM324 quad pro op amp) is used as a high input-resis­
tance voltmeter. Resistors R2 and R3 determine amplifier gain, and potentiometer R4 is used to ad­
just full-scale meter deflection for a suitable voltage levBl at the input. A value of 1.5 V has been 
satisfactory for use with several receivers tried, but they can be changed. 

If the monitor is to be used only as a meter, the milliammeter can be connected directly between 
R4 and chassis ground, omitting R5, S3, J2, and J3. The latter components provide suitable output 
for use with a chart recorder having a full-scale range of either 10 mV or 1 rnA. The circuit, when 
powered from a 9-V battery, draws about 1 mA. 
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TACHOMETER DERIVED FROM BRUSHLESS SHAFT ANGLE RESOLVER 
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Fig. 52-5 

The tachometer circuit operates in conjunction with a brushless shaft-angle resolver. By performing a sequence of straight­
forward mathematical operations on the resolver signals and utilizing a simple trigonometric identity, it generates a voltage pro­
portional to the rate of rotation of the shaft. 

The figure illustrates an analog tachometer circuit that processes the input and output signals of a two-phase, brushless, 
transformer-type shaft-angle resolver into a signal with instantaneous amplitude proportional to the instantaneous rate of rota­
tion of the shaft. The processing in this circuit effects a straightforward combination of mathematical operations leading to a fi­
nal operation based on the well-known trigonometric identity [sin(x) ]' + [cos(x)]2 = 1 for any value of x. 

The resolver is excited with a periodic waveform; a sinusoid is indicated in the figure, but a square, triangular, or other peri­
oclic waveform could be used instead. Thus, the two outputs of the resolver are k1 sin(rot)sin(S) and k

1 
sin (rot)cos(S), where k1 

is a constant proportional to the amplitude of excitation, rot is 2ru; the frequency of excitation, tis time, and e is the instantaneous 
shaft angle. 

The two outputs of the resolver are then processed, along with a replica of the sinusoidal excitation, by demodulators. These 
signals are then differentiated with respect to time in two differentiator circuits. Notice that d8/dt is the rate of change of the 
shaft angle and is the quantity that one seeks to measure. 

Next, a multiplier circuit forms a product of the demodulator and differentiator outputs proportional to sin(S), and the prod­
uct of the demodulator and differentiator outputs proportional to cos(S). The output of the cosine multiplier is fed to a unit-gain 

'.:l inverting amplifier. 
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Fig. 52-6 

The schematic of the lead vocal filter is shown in the figure. The left and right channel signals are 
coupled through Cl and C2 to buffer amps IC4-a and IC4-b. From the buffer amps, the left and right 
charmel signals pass through active crossovers IC5-a and IC5-b, sending all low frequencies to a final 
mixer IC6-c, and all middle and high frequencies to analog delay lines !Cl and IC2, RD510G 25G-sam­
ple bucket-brigades. Integrated circuit IC2 delays the lcft-charmel signal by 2.4 ms, set by the fixed­
frequency clock generated by :4JC3, R47, and C24. The right channel signal is delayed by !Cl with a 
variable-frequency clock generated by )IJC3, R48, R49, and C23. Potentiometer R49 is.used for phase 
adjustment. 

The output of each delay line from !Cl and JC2 passes through low-pass filters JC6-a and -d, and 
their associated parts, to filter out high-frequency sample-steps produced by !Cl and IC2. Balance 
control R3G is adjusted for equal amplitude of the left and right channels. IC6-b is a difference arn­
plificr thatcar1ccls all lead vocals that are conunon to both channels. The resulting signal from IC6-h 
is remixed with low frequencies by IC6-c and is then sent to the ontpnt via buffers JC4-cand IC4-d. 
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RADIO-ELECTRONICS 

F1 
0.5A 

S1 

VOCAL STRIPPER POWER SUPPLY 

T1 
24VAC 

H1 
220.l:l 

01 
+ 1N4742 

C1 12V 
1000µF 

G2 !!... 
1000µF'i' R2 

220U 

C5 
0.1 

±L C3 
10µf 

02 
1N4742 

12V 
C4 

1011F 

The power supply schematic for the lead vocal filter circuit. 

SINGLE-CHIP MESSAGE SYSTEM 
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Fig. 52-8 

The ISD1016 is a complete analog audio record/playback system on a chip. The analog signal is 
sampled and the samples stored in an EEPROM as analog levels. Upon playback, the analog data is 
read ouL and amplified. Up lo lfi seconds of data (audio) can be stored. 
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McGRAW-HILL 

TELEVISION VERTICAL DEFLECTION CIRCUIT 
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Fig. 52-9 

Two transistors arc used to drive the yoke (2.5 mH + 0.3 Q) in this deflection circuit. RS samples 
the yoke current and provides feedback to Q2, resulting in a very linear current ramp through the yoke. 
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R3 

McGRAW-HILL 

TONE BURST GENERATOR 

R2 R1 

R4 

2 

6 
C1 + 

l 
C2 

+ 
C3 

IC2 

+v 
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4 14 13 

12 

IC1 8 
556 

9 

7 11 

CD4066 

A 

B Digital 
control 

C inputs 

D 

R6 

csl 
Output 

I' 

The burst lcngLh is digitally controlled by inpuls A, B, C, D. This input selects the necessary val­

ues of Rand C. The circuit shown in the figure generates a burst of tone followed by a silent period, 

then another tone burst is sounded and so forth. The timing of the tone bursts is digitally conLrolled 

via the CD4066 (IC2). A parts list for this circuit is given in the table. 

!Cl 
IC2 
Cl 
C2 
C3 
C4,C6 

556 dual timer (or two 555 timers) 
CD4066 quad bilateral switch 
1-µF, 25-V elcclrolytic capacitor 
4.7-µF, 25-V electrolytic capacitor 
10-µF, 25-V electrolytic capacitor 
0.01-µF capacitor 

C5 
Rl 
R2,R4 
R3 
RG 
R6 

0.047-µF capacitor 
100-kQ, Y.-W 5% resistor 
220-kQ, X-W 5% resistor 
680-kQ, Y.-W 5% resistor 
12-kQ, Y.-W 5% resistor 
4.7-kQ, X-W 5% resistor 
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AUDIO VOLUME LIMITER 
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VTL-5C4-2 

\\ 
~lDR 

R5 
IK 

R2 
lMEG 

CJ llD~ 
lOR Lj~._ID~Op_F+-4 

RI 
IOK 

1 

R3 
TOOK 

•+¥. ~ 
R4 C5 

330K IOOpFJ C4 
1(:- I 

Cl J2 
22µF DUTPUT 

•L 'f+-!1 er-'+ RS 

22j..\f 1001! "=' 

RADIO-ELECTRONICS Fig. 52· 11 

In this circuit, amplifier !Cl-a provides signal amplification of -40 to +40 dB depending on the 
value of the LDR. The LDR (light dependent resistor) is driven by rectified audio from voltage fol­
lower !Clb and bridge rectifier Dl through D4. 

POPULAR ELECTRONICS 

SIMPLE INTERCOM FOR NOISY ENVIRONMENTS 
(TO 

MOTORCYCLE 
BATTERY) 

R4 ~ 

r--\.;.-~~~-.-~··'~n---.-<r"j' { 
St -= 

5 

R3 
4.70 

LM386 

R2 
2.2K 

C1 
.22 

+ 

C4 
47 

Z2 

MIC2 

Fig. 52-12 

This intercom was originally designed for motorcycle to passenger communications. A simple 
"passenger-to-pilot" intercom circuit is shown. Two LM386 JCs are connected in a low-gain amplifier 
circuit with the headphone output of one paired to the microphone input of the other. The micro­
phones are electret elements and the earphones can be of the in-ear type or of the small stereo/mono 
type that will fit inside a helmet. Both amplifiers in the circuit operate at a minimum gain of 20 dB. 

376 



DITHERIZER 
Ali 

+lBV lOK 
DITHERING 

Rl 
lMEG 

POPULAR ELECTRONICS 

Cl 
0.1 
' 

AUDIO 
IN 

R3 
lMEG 

R8 
lOK 

RS 
+18V 100K 

R2 
lOOK 

CJ 
0.1 

R4 
10on 

RIO 
lOOK 

+18V 

R6 
lOOK 

R5 
lOK 

Al 
lOOK 

R12 
\MEG 

VOLUME 

6 

+18V 

R14 
lOK 

6 

R13 
lOK 

C4 

"-:;:14JIH())AUOIO 
,..- +. OUT 

Fig. 52-13 

In digital audio, a noise signal of amplitude less than one significant bit is often added to the au­
dio to reduce the quantizing effect and improve the audio quality by trading digital "noise" for ana­
log noise, which does not have the harsh sound. This circuit consists of a noise generator to add a low 
level of noise to an analog signal to be digitized, or an analog signal from a digital source. 

TRIAC LAMP DIMMER CIRCUIT 

Lamp L, MT2 
r---+"1'1--.-""""'~..---------- - - - .., 

IOOµH 

c,, 
• O.lµF 

I ,_ 
<::. R 
..:-
< --"":;.. 

MTl '1 
120 Vac I 

60Hz CI __ J _ -
0.1 
µF 

QI 

RCA 
D3202U ... -r- .... 

~-----------------+-- - _J c 

McGRAW-HILL 

For 220-V, 50/6{)-Hz Operation. 
replace T2800B with T2800D. 

Snubber network 

Fig. 52-14 

The brightness of a lamp or lamps can be varied with this circuit. The snubber circuit values are 
typically 0.1 µF and 100-Q. R8 is typically 25 to 100 kQ. 
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500-ksps 8-CHANNEL DATA ACQUISITION CIRCUIT 

8 INPUT 
CHANNELS 

±2.SV 
RANGE 

sv 

sv 

Yoo 011 t--... 
001--... 

LTC1278 CS l+---1 µP 
RD l+---1 gSRP -

l!USV 

-sv 

CD4520 

02 ENABLE 
~-----t01 COUNTER 

OU RESET ._ ____ _._.~ 
LINEAR TECHNOLOGY Fig. 52-15 

The high input impedance of the LTC1278 allows multiplexing without a buffer amplifier. Both sin­
gle charmel and multiplexed high-speed data acquisition systems benefit from the LTC1278/LTC1279's 
dynamic conversion performance. The 1.6-µs and 1.4-µs conversion and 200-ns and 180-ns S/H acqui­
sition times enable the LTC1278/LTC1279 to convert a 500 ksps and 600 ksps, respectively. The figure 
shows a 500-ksps 8-channel data acquisition system. The LTC1278's high input impedartce eliminates 
the need for a buffer amplifier between the multiplexer's output and the Ade's input. 

R4 
';V i61dl 

HYDROPHONE 

ICI. IC2, and IC3 SVCMOSop amp 
IC4 386 audio amp 
IC5 7805 S·V Regulator 

-c10 
0.1 µF 

9V 

CI< 
220µF 

Rl3 
lO ill 

McGRAW-HILL Fig. 52-16 
A cornmercially available hydrophone transducer is used in this system. The transducer is con­

nected via a cable to the amplifier, which remains out of the water. The hydrophone should be suit­
ably mounted for intended application. 
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YOUR NAME IN LIGHTS 

,,• 

LE.D LS 

01-oe 
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• SEE TEXT 

73 AMATEUR RADIO TODAY Fig. 52-17 

This circuit will enable you to put a name or callsign in lights using seven-segment LEDs. The 

display will spell the desired name out sequentially. Select the correct type of LED. Solder the cor­
rect leads together to form the letters you want. Alter mounting the appropriate current-limiting re­

sistor, the 7 445 can only sink 80 mA, so a PNP transistor is needed to handle the current required to 

light the letters. The heart of the circuit is a 555 oscillator into a 7490 decade counter, which is de­
coded by a 7 445 open-collector driver chip. 

R3 _1 
2.2K 2 

UNDERWATER MICROPHONE 

A4 
4.7K 

AS +9V 
10K 

'~'~~l---..--l-~----1W-~---i 
+ C5 

33 

SPKR1 

'" 
M!C1 
l
;, 

~ u1 r'--t~~-t-~--....~1..u 
~-+-~3_, TBA820M 6 

4 

SHIELD[[) 
CABLE 

ELECTRONIC HOBBYISTS HANDBOOK 

R2 
1on 

co + 

391 
C1 

270pf 

Ci 
220 

Al 

"' 

C8 
220 

C4 
1 

Fig. 52-18 

This circuit uses a TBA820 audio IC to amplify underwater sounds. The microphone must be wa­

terproofed. This project was originally used in a home aquarium to monitor fish sounds. 

379 



Gata _JLJL 
pul11 

Y1n 'V'VV 

-

ELECTRONIC DESIGN 

PULSE ECHO DRIVER 

+5V 

R310 
1 µF 

p+ OPA2662 
1 +VCC +VOUT 

16 
3 EN1 14 
2 81 C1 

R1100 E1 
7 

82 6 EN2 11 

IQ C2 
E2 10 330 

Rs 8 -vcc ·YOU! 9 Ra GND 
5110 4 

-
1 µF r- R410 

-5 v 

High voltage 

-To 
re11ln 
cl111llry -

Fig. 52-19 

This pulse-echo driver uses the OPA2662 dual operational transconductance amplifier (OTA) 
from Burr-Brown (the receive circuitry isn't shown). The OTA is preferable over an op amp for driv­
ing low impedances because it provides a current output rather than a voltage output. 

Ultrasonic pulse-echo applications often incorporate a transformer-coupled crystal to obtain a 
high-voltage pulse because the echo can be orders of magnitude smaller in amplitude. The trans­
former turns ratio also provides tuning at the resonant frequency of the crystal, which usually means 
a relatively low-impedance primary winding. 

An operational transconductance amplifier (OTA)is preferred over an op amp to drive such a 
low impedance. One part.icular application involves a pulse-echo driver circuit using the OPA2662. 
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McGRAW-HILL 

SIMPLE PSEUDORANDOM VOLTAGE SOURCE 

ICl 

IC2 

IC3 

IC4 

R2 

2 
+ 

Cl 

Rl 

+9V 

R3 ., 
•t--4......, 13 

'------! 
5 ,- -
L-. r - ..J 

RS •• 

4 8 11 

ICS 14 

,- -
' ~--+&-,_,, r- - ... ,..- J r-

+ 

C3 
81--4>---' 

li' '"2---, rJ---, ·-9--' 10 ., 

IC1-IC4 
IC5 
C1 
C2 
C3 
C4 
C5 
R1 
R2 
R3,RB 
R4 
R5 
R6 
R7 

Output 

•• I' 

LM3909 LED flasher/oscillator 
CD4066 quad bilateral switch 
1 00 µF 6 V electrolytic capacitor 
220 µF 6 V electrolytic capacitor 
330 µF 6 V electrolytic capacitor 
470 µF 6 V electrolytic capacitor 
0.01 µF capacitor 
33 kO 1/4 W 5°/o resistor 
1 O kO 1/4 W 5°/o resistor 
47 kO 1/4 W So/o . .resistor 
68 k!l 1/4 W 5°/o resistor 
100 kn 1/4 w 5°/o resistor 
220 kn 1/4 W 5°/o resistor 
1 MO 1/4 W So/o resistor 

Fig. 52-20 

An approximation to a pseudorandom voltage is produced by combining the outputs of four low­

frequency oscillators with 0,3, 0,6, 0.9, and 1.4 Hz frequencies. The summing network is a quad bi­

lateral switch and resistor network. 
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+30V +140V 

2.7!l j~0056 1 Lee 
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llOOOpF 

McGRAW-HILL 

TV HORIZONTAL DEFLECTION CIRCUIT 

Le 
0;18µF 

43µH 0.082~.lµF 

120 

FemteU 

bead I YOKE t: 2.2µH 

r·F-"t-'. :.= 
1

r 
220!1 ~ 

l3.3µF 

FOCUI 
HY 
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HV 
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+o:!1µF 1 k!l 

330!1 1000pF 

Pincuslllon oom:ction 
circuitry 

25 kV to 
picture tube 

11000 

+220V 

rl.SµF 

Fig. 52-21 

The circuit illustrates the method of using two SCR devices in a TV horizontal deflection application. This circuit was "idely 
used by certain TV manufacturers as an alternate to the vacuum tube or transistor deflection circuit. 



MUTING CIRCUIT 

., 
2k 

Vee 

03 

,, 
200 

t cc 

I'" 
'" 2 k 

Notes: 

Ql, Q2 should be matched ; 

Q3 is not critical. 

VouT .B.!._ 
VcTRLlow, --=- . 

VIN R~:1 

V CTRL high, ~ -4 0. 
VrN 

V 0uToc -i- constant . 

·ELECTRONIC DESIGN Fig. 52-22 

The circuit operates as follows: The signal is input to Vrr, and a de control voltage is applied to V,. 

vb,,, determines the desired bias point current. Assuming the foliowing component and voltage values: 

V = 7.6 Vdc cc 

Vh,,, = 1 Vdc 
Vrr, = 1 Vp-p, ac signal centered about 3.8 Vdc bias 
R1 

=2kQ 
RE = 200 kQ 
R., 1 = 2 kQ 

Q3 bias current is I mA, and de output voltage is about 5.8 V with an ac gain of about -1, Ql and Q2 

form a current switch and Q3 acts as a constant current source. 
For unmuted operation, V, = 0 Vdc, ai1d all of the bias current !lows through Ql. Consequently, 

the circuit operates as a normal conunon emitter stage, with ac gain= -R11R,, 1• When v, = 5 Vdc, all 

of the bias current !lows through Q2, reducing the signal gain to zero. However, because the san1e de 

current llows through RL in both cases (unmuted and muted), the bias point at the output remains 

fixed. The CJR1-:1 network is required to bypass the Q3 current source (which is a high impedance) 

to achieve a low ac impedance at the emitter of the QI common emitter stage during unmuted oper­

ation. C, is chosen to be a short circuit at signal frequencies of interest. The circuit works best if the 

QI and Q2 pair is matched. Typical chai1ge in the output de voltage from unmuted to muted condi­

tion is <5 n1Vdc. 
RL, RE, and Vb'" are chosen for desired de operating conditions and signal dynamic range. Vb'" 

can be generated via a Vee voltage divider. The signal at v,., can be ac coupled, but a bias circuit must 

be added toQl's base to generate a de component. RE 1 is chosen for desired ac gain. V:n must be cen­

tered about a de component, anc!, to assure proper switching action, VcTR1 must be higher than v,n 
by an amount greater than one VBE drop. 
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SIMPLE REMOTE GAIN CONTROL 

Canlronics ,rinler ~ort 
~--------

' ' ' SIR 1' Signals: 
' 2' : DATA 1 

I I GND 

·5 v 
I DATA2 cs 

081666 {Da•2) 
Bu~ GND CS U/D 00: U1 Vee 

PO uro x=x= 50 k 
Ve {Dara1) SleT 

LOW w HIGH ' GND 
R2 iNC ' 

R1 
- {SIB) --iJlJ a 

Mfl 6 Ml\ 10 k -1,11==- Tel>10Dns · lf351 
I Tll>50Gns 

·5 v 5 v. 
-

e1 · • e2 U3 22 µF + 
GND 

· 22 µF 

ICL7660 

- {h) 

REMOTE CONTROL OF GAIN using a digital audio resistor is possible with this circuit scheme {a). It requires only three I Cs and 
a sin~ 5-V supply to provkffi-gain control via a PC printer port. The input signals to U1 from the printer port are given (b). 

100 REM LPGAIN.BAS 
120 REM GAIN CONTROL FROM PC PRINTER PORT 
200 OPEN "LPTl:" FOR OUTPUT AS fl 
210 INPUT "GAIN UP OR DOWN {l/0); "; X 
220 IF X<O OR X>l THEN GOTO 210 
300 REM 
310 INPUT "NUMBER OF COUNTS: "; C 
320 REM SUBROUTINE WOULD START HERE 
330 PRINT fl, CHR$ (X); 
340 C ~ C-1 : IF C>O THEN GOTO 330 
350 PRINT fl, CHRS (3) 
360 GOTO 210 
380 RETURN 

ELECTRONIC DESIGN Fig. 52-23 

The listing is a test program that demonstrates circuit operation using an IBM-compatible PC. To 
form a subroutine for a main program, use lines 330 to 380, deleting line 360. The calling program 
then would pass values for X (wiper direction) m1d C (number of increments). 
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A 
Clock 

Comparator 

510 Rs io! 
~ -5.2V 2k 

V1 

ELECTRONIC DESIGN 

LOOP OSCILLATOR ELIMINATOR 

510 
1/210131 

D FF2 -5.2V 

E 

,_..--.--iC Q,_...._......., 
510 510 

1N4148 
01 -5.2V -~2V F 

Phase 
180' tr 

135' 3tr/4 

90' tr/2 

45· tr/4 

-100 -50 0 50 
(µA) of i, 

G R, 

From 
I current 

source 
;,i 10k c, 

510 10k 
H R, 

10k 

-5.2V 

1 0 

Fig. 52-24 

This circuit uses negative feedback to a digital-to-time converter, and can supply a current-con­

trolled delay to replace the oscillator in a phase-locked loop that handles input frequencies from 40 

kHz to 40 MHz. 
A current sourced into the inverting input of the op-amp integrator's summing node can phase 

shift the pulses at Fin relation to those at Eby up to 180°. 
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1-A VOLTAGE FOLLOWER 

DI 02 
1Nl14 1N914 

•• 
"' 

...-------------..---•15V 
R, 

"' 

C2 

Cl 
16 pf 

QI 

LM195 

INPUT-'Vl,..,,_. _ _..,_--t 

tSolid tantalum. 

NATIONAL SEMICONDUCTOR 

Al 
410 

L----------.... ----15V 

This power voltage follower is good to 300 kHz. 

73 AMATEUR RADIO TODAY 

I. 5V 
AAA f2l 

ELECTRONIC FISH LURE 

501"1' 
2'V 
ELEC 

·--'-1'1>---1'1~---~ 

~ EAR>"O'E •ROM 
HEP2J0 

• ~-_,llG°' """ ? i:~~o'"ToR 
50~F ... 
ELEC. 

Fig. 52-25 

Fig. 52-26 
The click-click sound lures fish to the vicinity, where your bait or lure can do the rest. The trans­

former is a subrniniature type with a 500-0, center-tapped primary and a 3.2-0 secondary. Put the 
circuit in a watertight container and lower it into the water. 
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HEARTBEAT TRANSDUCER 

.----.-------~ +5V 

R1 
15011 

POPULAR ELECTRONICS 

R3 
101< 

R2 
1K 

01 
IYUl'T 

v, 

OUTPUT 

GND 

-EMITTED / \ REFLECTED 

IR I ' IR "".,/ \/ 
' ' , ' 

TUBES 
IR 

IR LEO PHOTO TRANSISTOR 

Fig. 52-27 

A simple heart-beat transducer can be made from an infrared LED and mi infrared phototran­

sistor. It works because skin acts as a reflective surface for infrared light. The JR reflectivity of one's 

skin depends on the density of blood in it. Blood density rises and falls with the pumping action of 

the heart. So the intensity of infrared reflected by the skin (and thus transmitted to the photo tran­

sistor) rises and falls with each heart.beat. 

ELECTRONICS NOW 

CONTACT DEBOUNCER 

+ 
C1 

10µ.F 

+5V 

= 

n. 

Fig. 52-28 

A contact de bouncer using a Schmitt trigger, such as a TTL 7 414, provides a "clean" pulse from a 

switch contact closing. 
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POSITIVE FEEDBACK CABLE TERMINATOR 

R1 Rf 

R1 R2 1k 1k 

+Vs• 3U - ADC11661 -

Ai Jee Rs High speed 
11·bil 

EE ADC + LM7131 
- - --

RJERM +In 
50 

RJ R4 R1,R2.R3•1k 
R1•1.1k -
Rp5.1 -

Zo. 51 

ELECTRONIC DESIGN Fig. 52-29 
Positive feedback along with a series output resistor can provide a controlled output impedance 

from an op-amp circuit. The circuit is useful when driving coaxial cables that must be terminated at 
each end in their characteristic impedance, which is often 50 0. Adding a 50-Q series resistor on the 
op amp's output obviously reduces the available signal swing. 

fin 
(1 to 10 kHz) 

WILLIAM SHEETS 

x10 FREQUENCY MULTIPLIER 

16 

14 

3 

9 

10 
k!l 

1 + 
µF~ 

0.01 µF 

6 

CD4046 

13 

100 k!l 

= 

4 

5 

11 

12 5 

74C90 
.;. 10 

231067 

14 

Fig. 52-30 
In this circuit, the CD4046 is set up so that the Vco operates at 10 to 100 kHz. The output pin ( 4) 

is fed back to a -cl 0 counter. When the input frequency is Xe the output, lockup will occur. 
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JACOB'S LADDER 

WILLIAM SHEETS 

12" Electrodes 
spaced as shown 

Fig. 52-31 

A "Jacobs Ladder" can be made from an old neon sign or oil burner ignition transformer. A rat­
ing of 12 to 15 kV at 20 to 30 mA will be adequate. Make sure to mount the electrodes to a pair of in­
sulators, at least 2" apart, and bent and spaced, as shown. The ladder should be enclosed in a clear 
plastic housing to prevent accidental contact with the high voltage and to ensure a stable arc. Vent 
holes should be placed top and bottom to allow gases to escape. 

MASTER·SLAVEDEVICE ERROR CHECKER 

Control/ 

Masler communicalion R
2 

11V o------",/\/'v-, 
470 

4·1o·10·mA adiuslmenl Ri 

3.Jk 

1 
Soul u-----.--. 

U4A 
Vee 7406 

S;n/ ~ 3 /(, 
Error ~\:--'-'-o<(_ 

1 

7486 U5A 
1489 _L 

ELECTRONIC DESIGN 

l 

UIA 
7406 

Slave communication 

TXD 

UJA 
7486 

><>-'--'-i~xa 
U1A 

1489 

Fig. 52-32 

An error-check mechanism introduced into master and slave communication devices can indi­
cate mismatches when both the master and slave start sending data simultaneously. The error flag 
goes high and indicates a mismatch in the data. 

The master is the one that can interrupt the communication from a device at the other end and 
force it to listen. It docs this forcing a low voltage level over the communication line by raising the 
control line to a high level. This inhibits data flow over the lines from the slave device. As a result, the 
slave turns into a listen mode (not a hardware feature, but rather incorporated in the software). The 
slave device can transmit the data after communication from the master device ceases. 
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ELECTRONICS NOW 

GROUND LOOP PREVENTER 

Instrument 1 

,.,.,, 
Source of 

ground loop 

Instrument 2 

" 

Source of~ 
ground loop ~ 

Resistors show 
10 

" 
possible wire 
resistance and 

source of ground 
loop voltages 

Instrument 1 lnstrument-2: 

" 

" 

" 

Instrument 3-

Instrument 3 

Fig. 52-33 
Ground loops are caused by improper grounding. Ground-loop voltages can interfere with test 

measurements because the voltages in a ground loop can be larger than the signals you're trying to 
measure. To prevent ground loops, use two wire plugs to provide the line power to the test instru­
ments and a separate wire to bring the input grounds of the instruments to a common ground. 

DUAL TONE GENERATOR FOR AUDIO SERVICING 

500 "' 

R6 
5000 

OUTPUT 
J1 

R1 
3K 

"' 56K 

•• v 

t 
51 

E 
R3 

10 
-4700 

R4 
3K 

U1 13 ... 
R5 

100K 
6 12 

LE01 

37 11 \\ 

C2 C4 
.01 C3 .02 

.01 

POPULAR ELECTRONICS Fig. 52-34 
This dual-tone generator cru1 insert a distinctive tonein the audio section of a circuit under test. 

That way, you cru1 work your way back from the speaker, stage-by-stage, to locate a faulty section. 
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DIODELESS PEAK-HOLD CIRCUIT 

1-12:av +tn 

cw 11 

t12V 

... .. ~~~--..~~~ 
(011ilV) 

'" "' ~71,i' 

' .... ' 12 iJH 

.... 
lOlottV) 

" 
.. 

11 

-1n ~ "' 

"' '"'' 
" 

""' •• 

ELECTRONIC DESIGN Fig. 52-35 

The input pulse is fed into the samplecand-hold amplifier (an inexpensive AD582), as well as the 

comparator U3. The SHA's output also is fed into the comparator. If the input pulse is higher in am­

plitude than the SHA's output, the comparator output goes low and the 4538 one-shot produces a 10-

µs pulse that is fed back to cause the SHA to sample and then hold the voltage. Subsequent input 

voltages that are less than the held value won't cause the one-shot to fire again. 
Gates U4A and U4B are used to inhibit the sampling when necessary. Gates U4C and U4D, at the 

one-shot's output, can force the AD 582 into the sample mode. This feature is useful to reset the output 

to zero by forcing a sample when the input to the AD582 is zero. The polarity of the peak-hold circuit 

can be easily changed from positive-to-negative peak hold by reversing the inputs of the comparator. 
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53 

Mixer Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

392 
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Op-Amp Audio Mixer 



33 k!1 

33 k!1 
2 

33 k!1 
Inputs 3 

33 k!1 
4 

33 k!1 
5 

WILLIAM SHEETS 

SIMPLE AUDIO MIXER 

47 µF 

' 

3.3 
k!l 

+12 v 

4.7 
k!1 

47 µF 
33k!1 16V 

' ~---4>--,-< f-----o Output 

2N3565 

Fig. 53-1 

A single transistor is used as an audio mixer, the transistor serving as a feedback amplifier. 

WILLIAM SHEETS 

OP-AMP AUDIO MIXER 

10 µF 
+ 

RF 
1 M!l (10X) 
100 k!l (1X) 

>''---+---:+d t---o Output 

10 µF l 

100 k!1 
\ ~....--_, .. + 12 v 

100 
k!l 

Fig. 53-2 

This circuit will mix several audio signals to a common output. R,. can be made 1 MQ for I 0 x (20 
dB) or 100 kQ for unity gain. 
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54 

Model and Hobby Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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MODEL RAILROAD CROSSING FLASHER 

Fig. 54-1 

Gate Ul-c is set up as an oscillator whose frequency is determined by Cl and Rl. Gates Ul-b and 
Ul-d are set up as an RS fup-flop that is gated on by Ul-a. Gate lJl-a in conjunction with Ql operates 
as the control gate for the flip-flop. Components Dl, C2, and IR5 act as a delay circuit to compensate 
for any light getting through the gaps between cars as they pass over the phototransistors. The light­
emitting diodes are connected so that they operate alternately, depending on the outputs of Ul-d 
and Ul-b. 

Basically, R6 is adjusted so that ambient room-light striking Ql (and any other phototrru1sistors 
connected in series) keeps the output of Ul-a at pin 3 low. When a car passes over the phototransis­
tor, which is installed between ties in the track, pin 3 goes high, allowing a high to be placed on pins 
5 and 13. That allows the high output of Ul-c at pin 10 to enable pin 12, which in turn allows pin 11 
to go low. That makes a complete path for LED2 to operate. When pin 10 goes low, pin 11 goes high. 
That makes pin 5 high, ru1d thus, enables pin 4 to go low and completes the circuit for LED!. That al­
ternates the LEDs, which are installed in a railroad-crossing signal. 
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MODEL RAILROAD TRACK CONTROL SIGNAL 

+9V 

11 TRACK RED 
R2 

SIGNAL 

R1 1K 

D1 12 
8 4 1N914 GAE EN 

+ 

l12VDC 
7 3 

U1 

6 555 2 K1 
D2 5V 

5 
1N914 

+ 
C1 

C2 
.01 

S1 -: 
REED 

SWITCH 
IN TRACK 

RED-LAMP ON TIME (SECONDS) 

R1 (KILOHMS) C1 = 10µF C1=100µF 

100 2 16 

220 3 32 
.. ···--· 

470 6 70 

1000 15 175 

POPULAR ELECTRONICS Fig. 54-2 

When a train passes 81 (a red switch), a small magnet glued to the underside operates Sl and 
causes Ul to ·generate a pulse, activating relay Kl and changing the signal from green to red. After a 
time determined by Rl and Cl (see table), the relay de·energizes and the signal goes back to green. 
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55 

Modulator Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the cntzy in the Sources section. 

Varactorless HF Modulator 
Modulator for Video 
Digital Pnlse-Wirlth Modulation Circuit 
Four-Quadrant Multiplier as DSB Modulator 
Pulse-Width Modulator 
Linear (AM) Amplitude Modulator 
Video Modulator Hookup 
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VARACTORLESS HF MODULATOR 

+Vee 11v1 

25 nH 0.5 RF 
pf output 

f-Q 
5pf .1 

34 k 

r~F 01 
BFT25A 

100 k - -

-

R1 10 nH 0.5 

10 k pf 

Vmod 
Modulation input 

R1 15 pf 75 

-

ELECTRONIC DESIGN Fig. 55-1 

Traditionally, high-frequency oscillators are frequency-modulated by using a varactor. However, 
varactors usually require a large voltage change to achieve a reasonable capacitance change-a prob­
lem in many battery-powered systems. 

Such a problem can be overcome by employing base-charging capacitance modulation. Resistor 
RI establishes Ql's current, and R2 allows control of the collector bias current by Vmoct· The trans­
mission line (Tl) in the negative resistance-type oscillator determines the frequency of oscillation. 
Tlis a high-quality, low-loss, ceramic coaxial shorted quarter-wave transmission line. Under proper 
terminal impedances, a negative resistance is "seen" at Ql's base. Tl reacts with this negative resis­
tance to produce sustained oscillations. 

Frequency modulation is accomplished by changing Ql's collector bias current and thus chang­
ing Ql's base-charging capacitance. This effect is "seen" at Ql's base and causes a frequency shift in 
the resonators quarter-wave node. 
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MODULATOR FOR VIDEO 

0.0027 j.lf 

10µ.F 

o---{£' 
l µf 

..__r.:_+ __ lO_Kn __ _......._. VIDEO 

~ CLAMP 

GROUND 

'"" ''" 
II 

6e pF' 
R.F. 

240 .0. 
OSCILLATOR 

''" 
CH ; 

CH 3 

CH 3 

2-400 

II 
RS. 
OSCILLATOR 

CH> 
240U 

FM SOUHD 
OSCILLATOR 

Vee 

Vl0£0 
INPUT 

MOO 
OEPTH 

CH J RJ. 

CH 4 RS. 

1oon 

Sources: SAWFs 

Crystal Technology, tnc, 
1035 E. Meadow Circle 
Palo Alto, CA 94303 

Kyocera International, Inc. 
8611 Balboa Ave. 
San Diego, CA 92123 

MuRata Corp. of America 
1148 Franklin Rd. S.E. 
Marietta, GA 30067 

CRYSTALS 

Saronix 
4010 Transport at San Antonio Ad. 

Palo Alto, CA 94303 

COILS 

Toko America, Inc. 
5520 W. Touhy Ave. 
Skokie. Ill. 60077 

23 µH 

0.l µF' 

10 Kn 

0.01 

+ 12 v 

0.01 I !10µ.F 

-

750 

NATIONAL SEMICONDUCTOR Fig. 55-2 

This circuit uses an LM2889 and a saw filter for use as a TV modulator. 
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C7 

IC8 
7402 

.,,. 

0.01 µF ~ 5 

IC15 

5 

NASA TECH BRIEFS 

DIGITAL PULSE-WIDTH MODULATION CIRCUIT 

+5V +5V +5 v +5V 

4 

+5 v 

IC1 
7490 
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21 31 sl ?bol 
.,,. 

11 

IC15 

5 

21 31 6171'1 
-

+5 v 
C5 R2 
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' 14 11 
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__ 5 

+5 v 
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SI 11 I 14 
IC3 

7490 
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I ·I sl ?hol 2[2 
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10 pF 

10 

12 

SI 11 I 14 
IC4 

7490 
Decade Counter 

+5 v 

14 

16 IC? 
74LS74 

0 Flip-Flop 

14l /~ex·1nverte~ 217 

7402 
.,,. 

NOR Gate 

+5V +5V !C15 

3"'- 4 
219 16115 219 16115 2 9 

IC9 
74LS161 

31 41 5161 11 a .,,. 
CB 
0.01 µF .I. 5 --,-

IC9 
74LS161 

31 •I sl 61 71 s .,,. 
C9 __ 

IC9 
74L$161 

3 4 5 6 

.J«Uol 0.01 µF ~ 5 1 .,..,,.., ...., - r 
--, -

7 8 .,,. 

Z1 

+5V 

C2 1A1 CJ 
0.01 µF 10 K 10 pF 

2 

7 .,,. 

IC15 
7404 
Hex 
Inverter 

13 

.,,. 

7406 
Open­
C-Ollector 
Inverter 

12 

R3 2.2 K 
,---,/W'--

28 v 
A4 100 K + -

AS 100 K rd 
A6 
47K 

LM311 
Voltage Comparator 

7 
_. Out 

R7 
12 K 

16 h fil1..Ql2_ 
IC12 
7475 

Quad Latch 

1~ 
IC13 
7475 

Quad Latch 
IC14 J 1N533BB .,,. 

E E E E 
32333435 

E E E E 
36373839 

7475 
Quad Latch 

•••• E E E E 
32333435 

IC15 

41312 
7404 
Hex Inverter 

I I-=- "<] 

Fig. 55-3 



DIGITAL PULSE-WIDTH MODULATION CIRCUIT (Cont.) 

This circuit incorporates low-power Schottky transistor/transistor-logic (TTL) devices in critical 
high-speed parts. The 5-MHz clock signal is converted to a I-MHz signal by a 7490 decade counter 
configured to divide by 5. The 1-MHz signal is sent, via a clock synchronizer, to a three-stage binary 
divider that consists of three cascaded 7418161 binary dividers. The synchronizer consists of a 
74LS74 D flip-flop, a 7404 inverter gate, arid a 7402 NOR gate. The dividers are progranuned from the 
STD bus by means of three 7 4 75 quad latches; this makes it possible to program the frequency divi­
sion from 1 to 4096 ( 12 bits). 

The I -MHz signal is also divided by 1000 by use of three cascaded 7 490 decade counters, each 
configured to divide by 10; this provides a 1-kHz signal, which is sent to a 54121 monostable multivi­
brator configured to provide a 0.1-µs pulse, bombarded with an ion beam source in preparation for 
the materials about to be deposited. While the surface is bombarded with an ion beam, an electron 
beam source is activated so that a layer of fused silica is vapor-deposited to a total desired thickness 
value (typically, 1 micron or 10,000 A). The layer of fused silica serves as a surface stabilization.layer 
for the next step. 

A metal mask with an aperture in the specified pattern of the sensor film is placed on the surface 
at the specified sensor location. The surface area exposed through the mask is cleaned by ion-beam 
bombardment for a predetermined time. Then as the bombardment continues, a metal (typically, 
nickel, platinum, and/or palladium) is vapor-deposited through the mask from the electron-beam 
source to form the sensor film. Deposition is continued 1mtil the thickness of the film reaches the value 
specified in the particular sensor design. A representative value for a nickel sensor film is 2500 A. 

Next, a pattern for thin film leads is defined by taping directly on the surface of the model with 
Kapton (or equivalent) polyimide tape. The thin film leads are fabricated by a combination of ion­
beam bombardment and electron-beam vapor deposition like that used to deposit the sensor film. 
The metal vapor deposited in this step is typically copper, gold, or aluminum. A typical thickness for 
copper leads on the nickel sensor film is about 10,000 A. 
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FOUR-QUADRANTMULTIPLIER AS DSB MODULATOR 

Modulation Gain vs Control Voltage 

'" 
['... ' ' Vs=:t5V _ 

'" VfSs2.5V 

1.0 

0.8 

MODULATION --<'--';.'';;,' ~-..::.21-r1vr ~;:;;;;':;;;;;, '"'-!"'-!"'------, 0.6 

O< 1"'-
lMHz_J l-+--.--~1-/:-... CARRIER ( [ 02 " 1"'-

a.lµF 10k" I'\ Rn '" 
z 0 

" 1.5k 1.5' CD -0.2 

" -0.4 I' 
-0.6 

10k ' 
I"\. 

-0.8 

0.5 1.0 1.5 2.0 2.5 
21~~~~--+-------------~ 

VouT 
CONTROL VOLTAGE, PIN 3 (V) 

*O.lµf 

LINEAR TECHNOLOGY 

POPULAR ELECTRONICS 

X1 +Vs 
MODULATION 

·~=~T -Xl AD534 

" ,, 

" '-------' 

ANALOG DEVICES 

402 

·TRIM FOR SYMMETRY 

Fig. 55-4 

PULSE-WIDTH MODULATOR 
v,, 
ffN 

Rt R2 
100K 100K 

+V 
VolJI' 

RS 

6 
tOK 

Ct 
.47 

R4 
tOOK 

R3 Ot 
1000 02 6.2V 

6.2V 

" 
Fig. 55-5 

LINEAR (AM) AMPLITUDE MODULATOR 

Eour 

~Ec,~nwct •Eour-Eclinwct 

Eout • !1 + EMf10l Ee 1ifl wet 

Fig. 55-6 

This is a very simple amplitude modulator. It 
makes use of the Z2 terminal to add the carrier 
directly to the output, thus bypassing the multi­
plier for zero modulation input. It has the advan­
tage of allowing operation from a differential 
modulation input. 



WILLIAM SHEETS 

VIDEO MODULATOR HOOKUP 

Audio o------i ._+_~ 
in O 10µF 

J_ 16 v 

Case 

Video o------i 1-+~~ 
in O 470 µF 

J_ 16V 

Can be part 
of modulator 

Audio 
in 

ASTEC 
UM1683D 
modulator 

Video B+ 
in 

= 

10 
kO 

10 + 0.01 µ,FT T µ,F 

RF out 
to TV set 

CH3 or CH4 

CH4 Freq. 
.cHi select 

+8 to 9 V 

Fig. 55-7 

This circuit uses an ASTEC UM1683D, but it is typical of many RF video modulators used in 
VCRs and satellite receivers. 
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56 

Morse Code Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

404 

Active CW Audio Filter 
Morse Messenger 
CW Identifier with Sine-Wave Audio Output 
Simple Code Practice Oscillator 
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Fig. 56-1 

The audio filter shown has a bandpass of 200 Hz centered on 700 Hz, Resistors are 1 % tolerance and capacitors should be 5% 
tolerance. 



MORSE MESSENGER 

Message 
SpGa~~' MSG2 MSG1 MSGO No. 

lED> 0 0 0 0 

~" 0 0 1 1 
KEY '"" 0 1 0 2 . JSll 2 

'"" 
.. 0 1 1 3 .. XMTR 1 0 0 4 

.s OSCI ·~ 1 0 1 5 

"' 
~ .. 1 1 0 • l'.f!Gfl ~ 1 1 1 7 

GNO 

"5GO 
Sldetone 

TONE1 TONEO !Hz) 

"''" SP01 0 0 400 

"'" SPOO 
0 1 525 
1 0 650 

TOHEO TONE1 1 1 775 

Speed 
SP02 SPD1 SPDO (WPM) 

- 0 0 0 7 
0 0 1 10 
0 1 0 15 

Set up as shown, the chip will play message no. 0 0 1 1 20 
at 7 words rcr minute, lowest sidetone freque~ 1 0 0 25 
(400 Hz). L Os indicate oscillator wannup (X A) 1 0 1 30 
and keying (KEY). 1 1 0 35 

1 1 1 40 

Simple hook-up diagram for the Morse Messenger chip. The table indicates the range of 
messages, sidetones, and keying speeds. 

73 AMATEUR RADIO TODAY Fig. 56-2 

This keyer uses a PIC16C54 micro-controller to generate a Morse code message. The microcon­
troller must be progranuned to suit users call IC or desired message. 
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Start 

Get Data from MSG, 
TONE & SPO Bits 

Load Values !or Tone 
(audio freq) and Speed 

(length of Morse 
elemen1s) 

Set XMTR Bit and Wait 
0.5 Seconds 

Get Length ot Selected 
Message 

Clear XMTFI Bit and 
Power Down 

MORSE MESSENGER (Cont) 

No 

Key a Morse Character 
. ~, ~~:0 

Look up Encoded 
Pattern in Table 

Store a Copy of Pattern 
in I and Strip off Frve 
Mesi-Significant Bits 

let I= 1-1 

%:·.··_,_,,, .. _ ... ____ .·'«'.:;.-

Character Sent:"t>:One-i' 

Clear Bit 2 of Pattem [Make 
sixth element a-dit (O)] 

letl=6 
[Sixth element is a dah {1)) 

Logic of the Morse Messenger's program. This algorithm can be adapted to other devices with the 
help of the Morse encoding table. 
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0 
OJ 

CW IDENTIFIER WITH SINE-WAVE AUDIO OUTPUT 

"' 'M 

R2 

" 
c' 
'"' tanllllum 

.. 
U3 

78L05 

9Vlo ~ ' VI VO 

~~ery lo~l:F GNO 

-
REGULATED 
POWER SUPPLY 

•• 

7 

U1 
TLC555 

' 

"REQUIRES PROGRAMMED 
PART FROM SOURCE IN 
PARTS UST 

R3 

'"" 

73 AMATEUR RADIO TODAY 

" 

... 
1'1g;F 

~" 
KEY 

XMTR U2 
PIC 

16C54* DSC1 

TRGR 

GNO 

"' " 
I 

R7 

""" 

•• (d1rec:C 1rom battery) 

RS C7 
3.3k 0. 1µF 

("°'~~~. ~· AUDIO 

~TT~~ I ~1 ~r~~iro 

/llX: I I I ' 11--o +s 

02 
2N2222 

ca 
0.1µF 

Programming jumpers: 
Jumper to ground"' O 
Jumper to +5Vdc = 1 

MSGO 
•• n r 

MSG1 SP01 

MSG2 !?: SPOO 
D 

TONEO TONE1 

Fig. 56-3 

This identifier can be used to drive a hidden transmitter in a radio "fox hunt" activity, where the object is to locate a hidden 
transmitter. 



POPULAR ELECTRONICS 

SIMPLE CODE PRACTICE OSCILLATOR 

+3-5V -~----~ 

C1 
.2 

SPKR1 
80 

8 5 

U1 
LM3g09 

2 4 

l
b $1 
KEY SWITCH) 

R1 
'=' 47n 

Fig. 56-4 

With only a minor circuit change, the basic LM3909 oscillator configuration can be turned into a 

code-practice oscillator. 
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57 

Motor-Control Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

410 

Precise de Motor Speed Controller 
Accurate Motor Speed Control 
Motor Direction Control Using Discrete Transistors 
Long Time-Delay Motor-Control Circuit 
Full-Wave Speed Control for Motors 
SCR Motor Speed Control 
Triac Motor-Control Circuit 
Low-Voltage de Motor-Speed Controller 
Motor Direction Control 
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DlfD2 
su~ ~RI 

.,- !Ok 

~· 2W 
' 1%0V 1 

to..:. I 

_;,; ~\ I t _I+ 
I.amp-I Cl-
1(1 w 100 

pP 
!sov 

I 
GE 

D3 I I Z4 
XL 
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0.05pP 
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~ 47k 
Rl7 

1-2 
25W 

Q3 
GE 
CSB 

!).( • 18 

C2 
0.33pP 

C3 ~ 

~~Lr~in 1 l°" tri l 01l 

McGRAW-HILL 

Motor~ven apcrtlll'e disc 

Ump-I~ - -U-0:Q4 
GEL9B 
Ligh:t-.ctmited SCR 

D1-D10 D12 & 013 • GF.Al.48 

Rl8 
33fi 

Fig. 57-1 

A series de motor can be made to have the same characteristics as an ac synchronous motor using this circuit. This control 

technique is useful where a constant motor speed is needed. 



18k 
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0.1 I 
" -=- ., 

ACCURATE MOTOR SPEED CONTROL 

1111 

" 1111 

c __ , 

151 +12V 
471 
11~-~ 

r.--t---+~ 
1C-2b 
l'C-1 
CD - 11 

I 

OHM •ZIZZ22 
Ol•SL1• 
D1,D2•11M141 

-.v"'T ~ ivLor/ ~ / .1 

TI 12 -1-13 -fJ\..1 
(M) (C•1) 

(A•O.I (A=1,l•D•C) --1-.-11=1,A·D·C)-i-- (A·D·I) 

• 

This motor velocity profile is provided by the controUer. Note the smooth acceleration and decelera~ 
tion profiles and the constant motor speed between the two ramps. 

ELECTRONIC DESIGN Fig. 57-2 

This circuit can control de motors used in machines that pull materials, such as wire, yarn, film, el.c., 
from the supply rolls and rewind them onto smaller rolls. Its motor velocity profile is shown in the figure. 

A lightweight disk with at least 32 slots is mounted on the motor shllit. It works in a slotted op­
tical switch (MOC781 l) to sense the motor speed. Phase comparator 2 (PC-2) of the phase-Jocked 
loop (IC-CD 4046B) compares the frequency Cfv) at the output oftheVCO with the pulse rate (fm) 
at the optical switch output. The PC-2 output drives the motor via the transistors whenfv >f,,,, and 
removes the supply to the motor when J',, > f~- The drive system quickly reaches an equilibrium con­
dition whenfm =_( 

Op amps IC-la, lb, and le form a tracking integrator whose output always smoothly reaches and 
remains at a voltage equal to the command voltage (E) presented at the inverting input of' op-amp 
IC-la. When the digital control inputs are set to CA= 1, B = 0 = C), the integrator generates a posi­
tive slope ramp that sweeps the VCO frequency and, thus, accelerates the motor. The acceleration 
rate and the constant speed VHI can be adjusted by presets P4 and Pl, respectively. 

Similarly, when the inputs are set to (A = 0 = C, B = 1), the integrator generates a negative slope 
ramp that decelerates the motor. Presets P5 and P2 can be adjusted to set the required deceleration 
and the constant speed VLo• respectively. 
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MOTOR DIRECTION CONTROL USING DISCRETE TRANSISTORS 

Forward Control 
Forwud 1 r­

orr o-1 

Reverse Control 
Reverse 1 r-D­

orr o-1 

McGRAW~HILL 

R3 
1 to 3kll 

~41 

Q3 
TIP41 

+12Vdc 

T~l 

Q4 
TIP41 

• 

c R4 
1 to 3kll 

b 

Fig. 57-3 

For best operation, mount the transistors on heatsinks. The transistors specified are fine for small 
hobby motors, or up to about 6 volts de and between 800 and 1000 mA. Ml is a small hobby motor. 

LONG TIME-DELAY MOTOR-CONTROL CIRCUIT 

+5V 
~Forward 
.6........L.... motor. 

Reverse 
motor 

~ 
"'-'--a 

Fig. 57-4 

Circuit controls forward and reverse motors. Every hour, one motor runs for 10 seconds. 
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McGRAW-HILL 

FULL-WAVE SPEED CONTROL FOR MOTORS 

Field 

117 VK 

CR2 CR3 

GEA45B 

CR4 CR5 
GEA44B 

RI 
2 ill CR6 GE Al48 
IW 

Pl 
51<0 
2W 

CR! 
GEA14B 

SCR1 
GE222B 

Armature 

Fig. 57-5 

A bridge rectifier provides pulsating de to a universal motor, and the SCR is used as a phase-con­
trolled switch. This circuit allows smoother operation of the motor at low speeds. 

SCR MOTOR SPEED CONTROL 

v.c(\ /\ Rl 400 Series 
field o\J v.c CRl SCR 

117 volts Pt 
GEDT230B 

(A) 
50 

ARM v. v. 

McGRAW-HILL Fig. 57-6 

An SCR is used in a phase-control type application to supply a variable pulsating de voltage to a 
motor. 
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Ac!N 

TRIAC MOTOR-CONTROL CIRCUIT 

Ri $-of--, 
200k0 

Cl R2 
.!pf IOkO 

C2 
.lpF 

MT2 

AcOITT 

Fig. 57-7 

An SCR-controlled ac mot.or control circuit.. This is a full-wave circuit. and is best used when the 
load remains constant. 

LOW-VOLTAGE de MOTOR-SPEED CONTROLLER 

ELECTRONICS NOW Fig. 57-8 

This circuit varies the duty cycle, rather than the voltage. The two diodes control the positive 
and negative halves of the capacitor's charging cycle. 
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MOTOR DIRECTION CONTROL 

McGRAW-HILL 

QI through Q4 
Channel Power MOSFET 
(IRF-~H 1 or Equiv.) 

Ml is a small hobby de motor. 
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Fig. 57-9 



58 

Multivibrator Circuits 

The sources of the following circuits arc contained in the Sources section, which begins on page 

707. The figure number in the box of each circuit correlates to the entry in the Sources seetion. 

Astable Multivibrator with Starting Network 
Bistable Multivibrator 
Astable 
Astahle with Variable Pulse Width 
One-Shot Multivibrator 
Basic 555 Astahle Multivibrator 
Astable Multivibrator 
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ASTABLE MULTIVIBRATOR WITH STARTING NETWORK 
+3to+12V 

1.5 0.22 1.5 
kn µF kn 

IN4148 IN4148 

68 68 
kn kfl f=2kHz 

2N3904 

0.005 0.005 
~ µF µF ~ 

WILLIAM SHEETS Fig. 58-1 

This circuit will start with a slowly rising supply voltage waveform. 

RI 
IM 

,TL 

. n 

BISTABLE MULTIVIBRATOR 

>-+-ova 

Positive feedback is provided by resistor R4, 
which causes the latching. A positive pulse at the 
"set" input causes the output to go high and a 
"reset" positive pulse will return the output to es­
sentially 0 V de . 

NATIONAL SEMICONDUCTOR Fig. 58-2 

C2 
.1 

+5-15V 

R2 

r-'N>-...--t-+'OOK>-'---+~ 
R1 

47K 

01 
1ll014 

ASTABLE 

At the instant that power is applied to the 555 
astable, timing capacitor C 1 is initially discharged, 
causing the output of the chip output at pin 3 to he 
high. Once Cl has charged to about% of the supply 
voltage, its output goes low, and the discharge 
transistor turns on, draiJling the charge on Cl. 

POPULAR ELECTRONICS Fig. 58-3 
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ASTABLE WITH VARIABLE PULSE WIDTH 

+12V 

C2 LED1 R1 
.1 
~ 

100K 

... 
R3 

4700 

8 7 6 

lJ1 
555 

1 2 3 4 

C1 
.1 

R2 
100K 

OUTPUT 

POPUL-AR ELECTRONICS Fig. 58-4 

This produces a positive variable width pulse 
and has a symmetry control. RI and R2 control 
the pulse width and symmetry. 

BASIC 555 ASTABLE MULTIVIBRATOR 

R2 7 

6 
2 

+ Ci 

McGRAW-HILL 

+v 

Rl 

4 8 

555 

F = 1.44 
(R1 = 2R2) C1 

Output 
3 

Fig. 58-6 

ONE-SHOT MULTIVIBRATOR 
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v., 

... 

Cl 
100pF 

R2 
1MEG 

01 
1Nl14 

R1 

R3 
1MEG 

1MEG 

... 

+V 

R4 
10K 

C2 
.001 

02 
IN914 

POPULAR ELECTRONICS Fig. 58-5 

2.2 
k{I 

An LM139 section can be used as a one shot. 

ASTABLE MULTIVIBRATOR 

~--..---.---.---+3 to +12 V 

~ 

68 
kn 

2.2 
kl1 

The transistors are 2N3904 

0.01 
µF 

WILLIAM SHEETS Fig. 58-7 

419 



59 

Noise Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

420 

Noise Generator 
Dolby Noise-Reduction Circuit 
Audio Noise-Based Voting Circuit 
Adjustable Noise Cllpper 
Simple Noise Limiter 
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This noise generator uses a Zener diode. The transistors are part of the LM389. 

DOLBY NOISE-REDUCTION CIRCUIT 
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-'Al ...- R2 = 1 kn total 

NATIONAL SEMICONDUCTOR 

Q.OOH).'F 

• 
1l U 11 lO 

CJ 
O.OOJl ).'F 

LM15!14 

O.l µF 

p~~ 
- " - . 1-'~--·-----~ 

cm 
OUTI'UT 

RICHT 
OUTPUT 

TO VOLUll[ 
CONnOL ,t..ND 
'0WU AW,LlflUS 

Fig. 59-1 

Fig. 59-2 
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AUDIO NOISE-BASED VOTING CIRCUIT 

"' +12 II C4 100 k U<A 
+ 4053 Dr CH A GAIN 16 

CAJ240E TP1 12 "" 2S v ,. 
2 V P-P cs 

+12 v H + 

"EE 
1 

1 ~F 
Jl R5 Cl • 2S v 

Aud;oA~ 
,, '"' RJ 

" '" '" • 100 k 
1 k 0.1 ' 

11 
TX 0 

+• v Input Amplifiers ., 
CJ 100 k + TP2 E, 2 V P-P Noise Rectifiers 

2S v ••• 
" 1 1" 

Aod;oa~2 

lo CA3240E 
1 k 0.1 •• +12 II 

100 k RIJ 
4.7 k 

' +6 v 
Ce 

J 

0.0047 

BALANCE 

R17 

1" 

"" 4.7 k • 
C9 

1 
s 

+12 II 0.0047 ••• 
10 k 

RJJ 
10 k 

J4 8 
CORA 

R34 10 COR A 
IN 

USC 

10 k 9 

+12 v SI 

DISABLE~ +12 II 
RJ5 ' 
10 k 

JS RJ6 
COR B 11 COR B 

IN 
10 k 

QST 

The purpose of this circuit is the selection of the output of two receivers, tuned to the same 
channel, that has the better signal to noise ratio. This circuit compares the two noise leads from the 
receivers and selects the one with the lower audio noise level. 
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Substitution 
Cotes 

U4B 

----'~,, 
' 15 

---~1"' ' 
L-.,__~ 

+12 v .,. 
" 

~ ~~o I 
~ 

U4C 

----•,,. 

3 " 

' 9 

10 

z • 

R37 

10 k 

R38 

10 k 

+12 v 

R22 
220 k 

R21 
10 k 

C10 + 
47 l'r T 
25 v r+., 

+12 v 

R2' 
220 k 

R29 

10 k 

TPJ 

R30 

"k ~+Tc11 
25V rh 

R23 

COR 1111 GATE 

01 
21112222 

R31 
220 k 

J6 

J7 
Power-Supp!y 

filter 
+12 V Input RIO 

10 

47 ,uF + C6 25Vrl 

+12 v 

Rll 
10 k 

+12 v 

L--.---( +• v 
+ C7 

R12 j 47 µF 
lOkrh 2sV 

ComparotOl's OSl 

6 

COR Out 
to Tl< 

• 
R25 
4.7 k 

B Better 

Memory Lotch 

+12 v 

+12 v 

052 
A 

~ 
R32 
4.7 k 

7 

+12 v 

053 
~SEL 1'. 

R26 
4.7 k 

l
.,, 
4. 7 k 

054 
~SEL B 

d irnot values of Except os lndlco~ed, - er:farods ( µ.F ) ; 
copocitonce ore.

111 m~,. k=l.OOO, M-1,000,000. 
resistances are '" oh ' 

IC pins not sh1:1wn ore unused. 

Fig. 59-3 
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ADJUSTABLE NOISE CLIPPER 

Audio 
in u--~, 

1 kfl Audio 
\l'·~--+-----.~--u out 

3to1ovo--i 
p-p = IN914 IN914 

-WILLIAM SHEETS 

10 kfl 

100 + clipping 

µFT 

= 

Fig. 59-4 

This circuit uses two diodes and is a peak-to-peak limiter. The capacitors charge up to a de level 
determined by the peak-to-peak audio signal and the clipping control. A positive or negative peak or 
spike is clipped if it exceeds this level plus the diode drops. The circuit should he operated at several 
volts level for best results. 

1V R~lnput 

= 
WILLIAM SHEETS 

SIMPLE NOISE LIMITER 

5.1 v 
zener 

33 kil 

2.2 
kil 

470 !l 
\l'·~---.+9V 

= 

Clipping 
level 

2.sv + ~10kn Noise limited 
/\,--+----< clipped output 

--J r-+--;o-------; 

0.47 µF 

10 
k!l 

2N3565 

0.47 µF 0.0033 
µFT 

Fig. 59-5 

This circuit uses a symmetrical limiter ohtained hy hiasing a transistor to a Q point that is half of 
the supply voltage and driving it into saturation and cutoff. An input of 1 to 2 V RMS is sufficient. This 
output will be approximately 4 V p-p into a high-impedance load. 
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60 

Operational Amplifier Circuits 

The sources of the following circuits arc contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Basic Op-Amp Circuits 
Op Amps with Long RC Time Constants 
Op-Amp Offset Null 
Basic Op-Amp Audio Amplifier 
Input Guarding for HI-Z Op Amps 
Enhanced Op-Amp Balanced Amplifier 
Paralleled Power Op Amps 
Single-Supply Op-Amp Applications 
Current Regulator Op Amp 
Op-Amp Resistance-Multiplication Circuit 
Pseudoground 

425 



BASIC OP-AMP CIRCUITS 

R2 

;>-k>-•-)cl-
2 

<> OUT V1 

R2 

Rl 

;>-._.,>-•iclf-0 OUT I\;-
/"\. v IN O-:ft-0--~--l 

•c1 
"R3 

*SEE TEXT 

I 

RADIQ..ELECTRONICS Fig. 60-1 

The two simplest op-amp configurations are the inverting (A) and the noninverting (B). Resis­
tor R3 is needed only if Cl is used in the noninverting circuit. 

OP AMPS WITH LONG RC TIME CONSTANTS 

NATIONAL SEMICONDUCTOR Fig. 60-2 

This circuit multiplies RC time constant to 1000 seconds and provides low output impedance. 
Cost is lowered because of reduccdxesistor and capacitor values. 
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OP-AMP OFFSET NULL 
R2 

R1 
IN o--~f'.--_.---t:"' 

A 1oon .>----*-------OOUT 

R3 
"=' lOOK 

V+ V-
50K 

50K 
V+ -----..,.------ V-

:~OK ~ 

~ "" l :+U1 R

2

>---_l _----O OUT 

INO [$> 8 

RADIO-ELECTRONICS Fig. 60-3 

Offset problems can occur in the best of circuits (and often do) without regard to whether the 
circuit is inverting (A), or noninverting (B). Offset-nulling potentiometers are useful in correcting 
the output to zero, but their effectiveness will vary wider different conditions. 

RADIO-ELECTRONICS 

BASIC OP-AMP AUDIO AMPLIFIER 

V+ 

Cl Rl 
300 1000 

INO JI 

V-

R2 
10K 

CJ 
0.1 

C4 
0.1 

C1 
5 

Any general-purpose op amp can be used in this application. 

Fig. 60-4 
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INPUT GUARDING FOR Hl-ZOP AMPS 

OUTPUT 

" 

a. Inverting amplifier 

" 

>"-... -OUTPUT 

INPUT 

b. follower 

"' 

" 
':"' INPUT 

c. non-inverting amplifier 

Input guarding for vatious op amp connections. The guar.d 
should be connected to a point at the same potential as 
the inputs with a low enough impedance to absorb board 
leakage without introducing excessive offset. 

NATIONAL SEMICONDUCTOR 
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COMPENSATION 0 ~ 

• 

/ 
v-

Bottom view 

Input guarding can drastically reduce surface 
leakage. Layout for metal can is shown here. 
Guarding both sides of board is required. Bulk 
leakage reduction is less and depends on 
guard ring width. 

Fig. 60-5 



ELECTRONIC DESIGN 

ENHANCED OP-AMP BALANCED AMPLIFIER 

R2 150 

-lnpUI 

+Input 

~npul 

+lnpul 

R1 150 

>--W\r---11>---1+ 
>-4-~I Ou~ul 

R3 150 

R7 450 

Ra 
150 

R4 
150 

Given: Gain 11 A 
R1 , R3 • C""'nlent value 
1>10X lhe souRe Impedance) 
Ri-R4•AxR1 

R& 450 

Oulpul 

Given: Gain= A, desired input impedance= Z 
R1•0.5x Z x IA/IA+ 1) + 1) 
RpAxR1 
R4 • 0.5 x Z x Ai{A + 1) 
R3•0.5xZ-R4 

Fig. 60-6 

The classic sir1gle op-arnp balanced circuit works well in low-source-impedance configurations, 
but tends to struggle in higher-source-impedance applications because of the varying input imped­
ance oLthe inputs referred to ground. 

A modified version of the classic op-amp configuration of the figure uses a different set of for­
mulas to determine the resistor values. It equalizes the impedance of both inputs by considering tllJ' 
op amp's active participation. 

NATIONAL SEMICONDUCTOR 

PARALLELED POWER OP AMPS 

Cl R3 
s~ 10• 

>j...:.,,.,,,_-+-our .. 
0.1 

Fig. 60-7 

1\vo power op amps can be paralleled using this master/slave arrangement, but high-frequency 
performance suffers. 
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SINGLE-SUPPLY OP-AMP APPLICATIONS 

V• 

R3 R2 
47K 

C2 RI 
IN C3 

OUT 

R5 
Cl R4 IK 
1.0 TO 5.0 47K .... 

... 
A 

V• 

R3 
100K R2 

Cl RI 
C3 .... OUT 

IN 

C2 R5 
R4 IK 
IOOK .... 

8 

RADIO~ELECTRONICS Fig. 60-8 

An op amp that normally needs two supplies can be used when only a single supply is needed. 
The value of V+ should be twice the rninlrnum allowable values of the positive and negative voltages 
normally needed. For example, a 12-V single-supply application would require an op amp capable. of 
±6-V operation. 

CURRENT REGULATOR OP AMP 

....---..... + 

"' 
(A2 + R3) VREF 

lour - RtA3 

" " 

NATIONAL SEMICONDUCTOR Fig. 60-9 
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OP-AMP RESISTANCE MULTIPLICATION CIRCUIT 

NATIONAL SEMICONDUCTOR 

'" 

RI 

"'" " 

" """ " 

t HUll 

,. 

... .... 
" 

.,,. 

VauT 

Fig. 60-10 

Equivalent feedback resistance is 10 GQ, but only standard resistors arc used. Even though the 
offset voltage is multiplied by 100, output offset is actually reduced because error is dependent on 
offset current, rather than bias current. Voltage on summing junction is less than 5 mV. 

ANALOG DEVICES 

C1 
10µF 

r­
' I 

C3 ....!...._+ 
10µF ..­

(OPTIONAL : 
WIAD780) I 

I 

PSEUDOGROUND 

.sv 

~--e U1 = AD780 OR REF-43 

IL 
<-

'----f"--0+2.5V OUTPUT 
'J (2.SV OR 3.0V 

AD780: 
JUMPER~ 

FOR 3V OUTPUT 

WIA0780) 

Fig. 60-11 

For op-amp circuits, a "pseudo ground" is often needed; a voltage reference IC can be used. The 
Analog Devices AD780 is used here for this application. This can sink or sourc.e current. 
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61 

Oscillators (Audio) 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in lhe Sources section. 

432 

Easily Tuned Sine-Wave Oscillator 
Quad Tone Oscillator 
One-Transistor Phase-Shift Oscillator 
Basic LM3909 Audio Oscillator 
Low-Distortion Sine-Wave Oscillator 
Low-Frequency Astable 
TTL-Based Audio Oscillator 
Variable Duty Cycle from Astable 
Simple Variable-Frequency Oscillator 
Wien-Bridge Oscillator I 
Wien-Bridge Oscillator II 
Logic-Gate Sine-Wave Oscillator 



C1, C2 
Min Max 

Frequency Frequency 

0.47 l'F 18 Hz 80Hz 
0.1 l'F 80Hz 380Hz 
.022 !'F 380 Hz 1.7 kHz 

.0047 l'F 1.7 kHz 8 kHz 
.002 !'F 4.4 kHz 20kHz 

NATIONAL SEMICONDUCTOR Fig. 61-1 

The circuit will provide both a sine- and square-wave output for frequencies from below 20 Hz to 
above 20 kHz. The frequency of oscillation is easily tuned by varying a single resistor. This is a con­
siderable advantage over Wien bridge circuits, where two elements must be tuned simultaneously to 
change frequency. Also, the output amplitude is relatively stable when the frequency is changed. 

Art operational amplifier is used as a tuned circuit 1 driven by square wave from a voltage com­
parator. Frequency is controlled by Rl, R2, Cl, C2, and R3, with R3 used for tuning. Tuning the filter 
does not affect its gatn or bandwidth, so the output amplitude does not change with frequency. A 
comparator is fed with the sine-wave output to obtain a square wave. The square wave is then fed 
back to the input of the tuned circuit to cause oscillation. Zener diode, Dl, stabilizes the amplitude 
of the square wave fed back to the filter input. Starting is ensured by R6 and C5, which provide de 
negative-feedback around the comparator. This keeps the comparator in the active region. 
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QUAD TONE OSCILLATOR 

0.01 µF 0.047 µF 

1 µF 1 µF 

220 
+ f--<osc.A 

82 
+ f--<osc.C 

n !l 51 
0.1 µF k!l 

= = 

6.8 100 
kn !l 

+12V 
A 

6.8 100 
kn !l 

0.1 µF 

51 

·~c 
kn 330 

n + f--<osc.B 

n 0.047 µF 

+ f--<osc._o 
1400 1 µF 1 µF 
Hz 

330 
Hz 

y k!l 

O.D1 µF 0.047 µF 

WILLIAM SHEETS Fig. 61-2 

A quad op amp (TL084, etc.) can be used to produce four audio tone generators for use in a test 
setup. The circuit uses a 12-V supply. 
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WILLIAM SHEETS 

ONE-TRANSISTOR PHASE-SHIFT GSCILLATOR 

100 
k!l 

27 
k!l 

22 4.7 
k!l k!l Values shown for 

630 Hz (approx) 

0.0047 0.0047 0.0047 1 µ.F 

µ.F µ.F µ.F 35V 

+ f---D 
,,__ ______ ___, 2N3565 

1 
k!l 

Adjust for 
best waveform 

A single transistor is used as an active element in an RC phase shift oscillator. 

BASIC LM3909 AUDIO OSCILLATOR 

+v 

NC NC 
R2 

c 
8 7 6 5 

LM 3909 Speaker 

2 3 4 

NC NC 

McGRAW-HILL 

Fig. 61-3 

Fig. 61-4 

The LM3909's oscillator frequency can be fine-tuned by adding a resistor to a basic circuit. 
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LOW-DISTORTION SINE-WAVE OSCILLATOR 

cs 
Spf 

.. 
tDK 

z 

3 

c• 
t5Dpf 

tC1 • C2 

• 

• • Frequency Adjust 
• Clipping Level Adjust 

1 
Fo !!If 2trC1 ./R3 R, 

NATIONAL SEMICONDUCTOR 
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Cl,C2 
0.47 µF 
0.1 µF 
0.022 µF 
0.0047 µ.F 
0.002 µF 

Min. Frequency 
18 Hz 
SO Hz 

380 Hz 
1.7 kHz 
4.4 kHz 

Rl 
SK 

RS ... 

Dt 
lY 

DZ 
lY 

R8 
ZOOK 

R2. 
ZOOK 

Rt 
33DK 

C3 
ISO pf 

Max. Frequency 
80 Hz 

380 Hz 
1.7 kHz 
8 kHz 
20 kHz 

R3'" 
tK 

DJ 
1N914 

Fig. 61-5 



2.2 
k!l 

2N3904 

WILLIAM SHEETS 

R1 
2.2 
Mil 

2N3565 

C2 

+ -

LOW-FREQUENCY ASTABLE 

R2 
2.2 
M!l 

2.2 
kfl 

..-----~~-~--{) Output 0.15 Hz 

T~ 0.7(R,c, + RzCz) 

C1 

- + 

C1 and C2 ~ 2.2 µF tantalum 

Fig. 61-6 

By using a high-gain low-current transistor, such as the 2N:3565, a pair of Darlington-connected 
transistors (2N3565 and 2N:1g04) can be used in a high-impedance configuration. 

TTL-BASED AUDIO OSCILLATOR 

+SV A1 

2 15000 3 

U1: }OUTPUT V•7-r 
C1 

~-----~· 1 

POPULAR ELECTRONICS Fig. 61-7 

Half a 7 404 will produce a tone around 1000 Hz with this circuit. 
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VARIABLE DUTY CYCLE FROM ASTABLE 

2R, 2R, 2R, 2R, 
R, = 2.2kl1 

R1 
R3 = 100 kl1 
R1 =18kil= R2 
C1 = O.D1 l'F = C2 

2N3904 C2 2N3904 

C1 
= = 

WILLIAM SHEETS Fig. 61-8 

If R1 = R, =Ra and C1 = C2 = C3 

If potentiometer R3 is set at N% of rotation, then 

TTOTAL = 0.7 [(R +NR3)C+[R + (1-N)R,PJ 

TTOTAL = 1.4 (R + R3)C and the duty cycle can be varied without changing frequency. 

POPULAR ELECTRONICS 

SIMPLE VARIABLE-FREQUENCY OSCILLATOR 

R1 
4.7K 

C1 
.47 

R3 
50K 

... 

+3-5V 

8 5 

U1 
LM3909 

2 4 ... 
R2 

47n 
$PKR1 

an 

Fig. 61-9 

Jn this variable audio frequency oscillator, the output of Ul at pin 2 is used to drive an 8-Q 
speaker through R2 (which functions as a current-linliter). 
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R4 
56 k!l 

RS 
10 kl! 

WILLIAM SHEETS 

POPULAR ELECTRONICS 

WIEN-BRIDGE OSCILLATOR I 

220 
kl! 

1 100 
,--~kn kl! 

1.2 
kl! 

Values shown 
10 = 1700 Hz 

R1 
4.7k!l 

C1= C2 
RA= R1 + R2 = Rs 
R8 ~ R4 11 R5 

WIEN-BRIDGE OSCILLATOR II 

RS 
22K 

R3 
10K 

C1 
.01 

A1 
10K 

02 
1N814 

6 

01 
1N914 

C3 
J 

C2 AS 
.01 10K 

A2 
10K A4 

10K 

C1 
0.01 µF 

+9-16V 

'V 
1.SVpp 
1.SkHz 

+ 

C4 
47 

... 

Fig. 61-10 

Fig. 61-11 

The operating frequency of this Wien-bridge oscillator is determined by Cl, C2, Rl, and R2. It 
can easily be modified to act as a tunable oscillator by substituting a dual-gang linear potentiometer 
for Rl and R2. 
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POPULAR ELECTRONICS 

LOGIC-GATE SINE-WAVE OSCILLATOR 

c, L, 

.018 
'SEE TEXT 

50mH 

.018 2mH 

.047 5mH 

1 1H 

1 10H 

'•"' 
9kHz 

14kHz 

5.5l<Hz 

300Hz 

100Hz 

J1.I 

C2 
100 

+I~ 
rv 
OUT 

Fig. 61-12 

An inductor and capacitor are used here as frequency-determining elements in an LC oscillator. 
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62 

Oscillators (Miscellaneous) 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Variable-Frequency Astable I 
Astable Oscillator I 
Astable Oscillator II 
Variable-Frequency Astable II 
Quadrature-Wave Oscillator 
Stabilized Wien-Bridge Oscillator 
Digitally Controlled Square-Wave Oscillator 
50% Duty-Cycle 555 Circuit 
Varied Rep Rate, Duty Cycle with 555 
DDS Digital VFO 
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VARIABLE-FREQUENCY ASTABLE I 

RUN 
81 

U1-a 
1/4 4093 

3 

R1 
22MEG 

r--+-~o..-o-~.,.,.,-t 

"' I C1 
: 70pf- 10MEG 

I .001µf 
I -

~~-+~Ft 
330pF 

PS4 
POPULAR ELECTRONICS 

5 14 

6 "-
4 

C2 
.1 

7 U1·b 
1!4.U93 

~ 

+ 
C3 

R3 100 

1MEG 

R, 

1MEG 

10MEG 

22ME6 

1MEG 

10MEG 

22MEG 

DCI~ 
OUTPUT 

,.,:, 

1.. t.., 

2.8kHz 45kHz 

300Hz 5kHz 

130Hz 2.5kHz 

2.5kHz 171cHz 
270Hz 1.85k.Hz 

115Hz 835Hz 

} C=70pF-
.001µF 

} C.170pf-
.0011µF 

Fig. 62-1 

This circuit is a variable-frequency oscillator using a trinuner capacitor or a three-gauge AM 
broadcast capacitor salvaged from an old AM radio. The three sections must be paralleled. 

ASTABLE OSCILLATOR I 

RUN 
81 

STOP 

POPULAR ELECTRONICS Fig. 62-2 

In this circuit, two gates from the quad 4093 package are used to form a simple astable square­
wave oscillator. 

442 

The values for Rx and C x are approximately as follows: 

ex 
0.001 µF 
0.1 µF 
1 µF 

Rx 
lMQ 
lMQ 

lOMQ 

fo 
3kHz 

30 Hz 
0.03 Hz 

These values can be scaled for other frequencies. 



POPULAR ELECTRONICS 

C2 
.01 

ASTABLE OSCILLATOR II 

2 

Ul-a 
,,, .t898 

Cl 
.01 

3 

Al 
100K 

R2 
100K 

5 

6 

14 
4 

UH> 

C3 
.1 

DC l 'I• .tall OUlPUT 

R3 
1K 

+ (-oAC 
C4 
100 

LOW FREQ. 

Fig. 62-3 

By using transistor switch Ql/R2/R3, the frequency of an astable oscillator can be changed with 
a de voltage or logic level. 

POPULAR ELECTRONICS 

VARIABLE-FREQUENCY ASTABLE II 

RUN 
51 

OFF 

Cl 
1 

l+1<> 
52 

2 4 

C2 3 
.1 C3 

.01 

C5 
.1 

R2 
1MEG 

Al 
100K 

C4 
.001 

+ 
C6 
100 

,_ 

DC )OUlPUT 

AC 

Cl = 2Hz TO 32Hz 
C2 • 30Hz TO 310Hz 
C3 = 285Hz TO 2.851<Hz 
C4 = 2.751<Hz TO 30kHz 

Fig. 62-4 

This circuit uses a single potentiometer and switched capacitors to cover 2 Hz to 30 kHz. 
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~. 
1111 

"" "' 

ELECTRONIC DESIGN 

QUADRATURE-WAVE OSCILLATOR 

'" Y1 

"" , .. 
II~ 11 ... 

:IA -
1.ry-1aµF ,, 

'".I ""'' '" l.1µF 

.... 
1. DillffS .. 1N4141 
!. U1 =ltA51125. uz.cD74ACDI 

"" "" -
'" l '"" 

Ru.-c 1lk 

"" "' 
" "' ... 

" . l.1y1¥ 
... .., .. 

'" l.1µF 

... ~-'VllY--_._-A/'./V--, 

" 

" "'" 
" " "' n 

- "' , .. 
'Ii :iii .. 1 ~:::c .,,., 

"" OUM 

OU1l 

0/13 

Fig. 62-5 

By using a high-frequency quad current-feedback amplifier (the IIA5025) as an RC oscillator, 
four quadrature sine waves can be generated. The HA5025's four separate amplifiers generate the 
sine waves, and the quad NAND gate, U2, is biased at its threshold, so it acts as a sine-wave to 
square-wave converter when the sine waves are ac coupled into its input. 

x, •Vo ••n ,,, 
x, 

AD534 
OUTI>UT 

" ,, ., 
v, .,,. 
v, -V, 

ANALOG DEVICES 

444 

STABILIZED WIEN-BRIDGE OSCILLATOR 

1.Bk 

.,,. 

1.8k 

OUTPUT 

19kHZ 
!.12VPK . 

In this application, the AD534 is used as a vari-
ablc-gaffi amplifier for the feedback signal from the 
output to the Y input, via the Wien bridge. The 
peak-rectifier and filter combination applies suffi­
cient voltage to the X (denominator) input to 
mamtain a stable oscillation-amplitude (with about 
0.2% ripple). At startup, because X is small (di­
vider mode), the gain is high, and the oscillation 
builds up rapidly. This is but one of several possible 
schemes, involving no external active elements. Its 
forte is simplicity, rather than high performance; 
nevertheless, the amplitude is not greatly affected 
by sup_ply and temperature variations, about 0.003 

Fig. 62_6 dB per volt, and 0.005 dB per degree. 



Control 
inputs 

DIGITALLY CONTROLLED SQUARE-WAVE OSCILLATOR 

Output 
J;o 

CJ C2 CS 
0.022 0.01 0.005 

C4 

0.05 
µ.F CD4066 µ.F µ.F µ.F 

Cl 

0.01 
µ.F 

A 

B 

c 
D 

.-----t----11----i---+---, 

1--...----1--t----..--,0+9 v 
C6 

IC2 l 0.1 
µ.F 

Rl 

2.2 k R2 
10 k 

8 2 R3 
JCl 2.7 k 

LM3909 
5 

R4 
4 470 k 

McGRAW-HILL Fig. 62-7 

ICl 
IC2 
Cl, C2 
C3 
C4 

LM3909 LED flasher/oscillator 
CD4066 quad bilateral switch 
0.1-µF capacitor 
0.033-µF capacitor 
0.047-µF capacitor 

C5, C6 
Rl 
R2 
R3 
R4 

0.1-µF capacitor 
2.2-kQ, V.-W 5% resistor 
10-kQ potentiometer 
2.7-kQ, V.-W 5% resistor 
4 70-Q, V.-W 5% resistor 
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+2-18V 

4 8 
RES +V 

!Cl 
TLC555 

DS 7 

TAG 2 

TH 6 

CV -V 

1 
C2 
.D1µF 

'1-.i 
50% D.C 

ELECTRONICS NOW 

50% DUTY-CYCLE 555 CIRCUIT 

D1 
1N4148 

R1 
1 Meg 

R2 
1K 

C1 
.005 µF 

IC2a 
1/6 4049 

Fig. 62-8 

Using an external charge transistor and 
diode enables a 50% duty cyde and easy fre­
quency control. When the 555's discharge tran­
sistor is cut off, the 2N2222 acts as an emitter 
follower. When the discharge transistor turns on, 
the 2N2222 turns off and Cl discharges through 
(R

1 + R
2

) at the same rate. The IN4148 provides 
temperature compensation. 

VARIED REP RATE, DUTY CYCLE WITH 555 

··ou1y qclo" 

I R4 ~ 3 
H.C. 5k 't' 

100% 

Select R1 anti Ct !or ap,tlealion Ut 555 limer, U2: 741 or equivalenl 

R3 
1k 

02 
IRFMI 

To independently vary rpm and dwelt, or duty cycle, a 555 timer 'is used to produce 
a ramp waveform, which is compared to an adjustable reference. 

ELECTRONIC DESIGN Fig. 62-9 
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QST 

Pl 

9 
8 
7 
6 

11 
18 
12 
17 

Computer ~ 5 
LPT ~.'------!_., 
Port c

3
;-----;.;-t 

2 

14 Through 25 

IC pins not shown 
are unused. 

" 

DDS DIGITAL VFO 

U1 
HSP45102PC-40 

DDS 

SELL/M 
SF'TEN 
MSBLSB 
LOAD 
ENPHAC 
TXFR 
so 

22 

Ul 
4-0-MHz Clock 

Vee 1--<1>-1~•-1 CU< 

GND 

7 

8 

U4 
7805 

U2 
CA3336AE 

DAC 

Vee 

J1 
OUTPUT 

C2 
~.1µ.f 

Fig. 62-10 

The DDS chip (Ul) generates a data stream that is converted by DIA converter U2 into a sine 

wave. Ul is programmed via the input from Pl, from the LPT port of an IBM PC. The system uses a 

40-MHz TTL output clock module. 
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63 

Oscillators (RF) 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Frequency Modulated Oscillator 
JFET Variable-Frequency Oscillator 
AM Oscillator for Wireless Microphones 
Reinartz Oscillator 
Remote-Oscillator High-Frequency VFO 
Beat-Frequency Oscillator for AM/SW Radios 
Butler Oscillator Circuit 
455-kHz Oscillator 
Modified Hartley Oscillator 
VLF LC Oscillator 
Grounded-Base Tuned Collector Oscillator for 

AM Broadcast Band 

HF VFO Circuit 
Darlington Transistor Oscillator 
FM HF Oscillator With No Varactor 
Tunable UHF Oscillator 
"Universal" VFO 
Oscillator Circuits 
Colpitts Oscillator 
Clapp Oscillator for 100 kHz 
Tuned Collector Oscillator 
Hartley Oscillator 



~udio _ __J 
mput~ 

1 to 2 V pp o. 1 
µF 

WILLIAM SHEETS 

FREQUENCY MODULATED OSCILLATOR 

330!1 
+12 v 

+ 47 µF 
IN757 

O.D1 

T 16V 10 TµF 

= k!1 

1 Ml1 2N3563 

Lr 82 4.7 
0.15µH pF k!1 
nominal 

10kl1 5 pF = 
22 pF t-- Output 

+3dBm 

22 2 to 10 82 1 

MV2107~ TpF 
pF TpF kl! 

= = 
Fig. 63-1 

This circuit can be used for FM wireless audio, microphone, and part-15 applications where a 

stable frequency modulated oscillator is needed .. LT can be varied to cover 75 to 150 MHz, as needed. 

POPULAR ELECTRONICS 

JFET VARIABLE-FREQUENCY OSCILLATOR 

L1' 

C1' 

C5' 

01 
1N914 

"SEE TEXT 

L1 
fcJAl-IZ (TURNS) 

2-8 36 

H 25 

7-14 20 

c2· 

U1 
7808 

C4 

12-18V 

.001 OUTPUT 

R1 
100K 

+---+---11(--o TO 
BUFFER 

C3' 

C2 AND C3 C1 VARIABLE 

(pF) (pF) C5(pF) 

680 150 100 

470 100 100 

470 100 50 

Fig. 63-2 

This simple JFET-based variable-frequency oscillator can be used in receiver and transmitter 

circuits. 
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AM OSCILLATOR FOR WIRELESS MICROPHONES 

330 ll 
+12 v 

0.1 µ.FT 10 
kll 

Audio in 
2 v p-p o-:i 

2.2 
kfl 

+ 
-47 µ.F 330 ll 

I- - - - - - - - - - -I 
0.1 I µ.F 
16 v 

0.1 
µ.F 

0.01 µF 

AM oscillator coil 
from transistor radio 

t0 = 1 MHz 

3' antenna 

WILLIAM SHEETS Fig. 63-3 

This circuit will generate an AM-modulated signal in the AM broadcast band that can be picked 
up on a receiver. About 2 V of audio input will produce about 30% modulation of the oscillator signal. 
An old AM broadcast oscillator coil or other two-winding coil with about a 10:1 turn ratio and about 
50 to 150 µH inductance cru1 be used for Tl. 

T 
10 
kfl 

2.2 
kll 

= 

REINARTZ OSCILLATOR 

L1 

L3 
2N3904 

0.01 

Tµ.F 
L2 

0.01 __J_ 1 
µ.FT kl! 

= 

c 

= 

__ 1_ 
10 -2 CLc· 'IT\' 3 

C = 330pF f= 1 MHz 
L ~ 75 µ.H 

WILLIAM SHEETS Fig. 63-4 
This oscillator uses inductivity coupled emitter and collector windings to its main tank circuit. 

Take care so that Ll and L2 are not coupled to each other, otherwise this circuit is susceptible to par­
asitic oscillation at other frequencies. Typically, Ll has 5 to 10 times the number of turns that L2 has. 
Ll, L2, L3 are wound on same coil form. This oscillator is more suited to lower frequencies, 510 MHz. 
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QST 

REMOTE-OSCILLATOR HIGH-FREQUENCY VFO 

+5V 

C12 R~uloted 

~ 0.1µ.F 0.1~ 
20 

CB 
0.1 µ,F 

~ 
01 

1N4148 G 

C6 
R1 

22pF 
100kl'J 

CiG 

21 MHz 

I 270pF 
L1 "''" I C4 c•c 

C1 C2 JE3 W1 
~ 

20pF 47pFl10pF 
C5 

CJIJG j CJIJG 220µF 

CiG 
L2 

D,. drain 
G ... gate 
S"' source 

to Q1,C4 
and CS 

for Bond 1 

nc,. no connection 

(A) 
02 

MV1662 

U1 
74HC240 

Buffer 

01 
MPF102 

Osclllotor 

C9 

~ 
c•c 

C7 
47pF 

c•c 

R2 
100k0 

Ditto, Bgnd 2 (--a 
Ditto, Bond 3 r-o 
Ditto, Bond 4 r---9 

cg to Ul 

t>--..----<P--lr--i and RJ 

BAND 

(B) 

to 02 
and R2 

v" 

' "' 

"' 
7 

"' 
9 

"' 

"' 
"' 

RJ 100k JJ 
TUNING 

VOLTAGE 
INPUT 

C10 
0.02µ,F ~ 

Band-Specific Oscillator 
Component Values 
Band L 1 Approximate Tuning 
(m) (turns•) Rang9t (kHz) 

10 3 110 
12 4 100 
15 5 80 
17 6 65 
20 7 50 
~ 10 ~ 

•close-wound #20 enameled wire on a 
3/e-inch plastic rod; see text 

twith an MV1662 diode used at 01, and 
C7 (Figure 2) equal to 47 pF. See text, 
Note 2 and the Figure 2 parts list. 

Fig. 63-5 

A remote VFO is sometimes used to control a transmitter or receiver. The circuit shown uses an 

MPF102 FET and is controlledby a de voltage at J3. The table shows values for L1 for various bands 

from 30 to IO meters. Ul serves as a buffer amplifier. 
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O.i 
µFT 

Ti ~ 455 kHz 
transistor 
radio IF 

WILLIAM SHEETS 

BEAT-FREQUENCY OSCILLATOR FOR AM/SW RADIOS 

r--------, 
I ,\. I 

I 011: 
10 I _l_ I 

I 
I 

18 
kO 

3.3k0 

0.1 
TµF 

= AGC 
disable 

, ........... 
I 
I 
I 

......_..+9Vto12V 

10k0 :l BFO pitch 

Fig. 63-6 

This BFO can be added to inexpensive AM/SW receivers to enable reception of CW signals. Out~ 
put couples to base of last IF stage. Tl is any 455'kHz IF transformer. The BFO switch should be a 
DPDT type (as needed), and the radio AGC circuit will probably have to be disabled for CW reception. 

BUTLER OSCILLATOR CIRCUIT 

RADIO-ELECTRONICS Fig. 63-7 

This circuit uses an overtone crystal in a Butier oscillator. Ll is approximately 1300 µH, and the 
crystal frequency shouid be from 20 to 50 MHz. 
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TPl 

- _, 

McGRAW·HILL 

455-kHz OSCILLATOR 

Cl C2 
lOpF 180pf 

R2 
lk!l 

Rl 
lk!l 

(4 -= 
180pf Bl 

+ 

9V 

SW1 
SPST 

Fig. 63-8 

The 455-kHz oscillator circuit uses a field-effect transistor (FET) for Ql. The output signal is 

taken from the source circuit of Ql. Tl is a 455-kHz IF transformer. 

+12V 

WILLIAM SHEETS 

MODIFIED HARTLEY OSCILLATOR 

T 
330 !l L1 

vv----.------«:f 
0.1 L2 

Tl'F YL 

33 

100 
pF 

L1 + !.;, ~ 100 l'H 

fosc 1.5 MHz approx. 

k!l 10pF 
_,.,---+---j f---co Output 

Fig. 63-9 

This oscillator uses a tapped coil in the collector circuit, with the tap grounded for the signal. LI 

and L2 are coupled inductively and typically have a 3:1 turn ratio, and generally are sections of one 

entire winding. 
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+6-12V 

01 
2N5485 

R3 
150K 

AF our 

R2 
2.2K 

lc2 
.047 

C1 02 
.047 2N3906 

f»---,-Lo'1 
10-100mH 

C.T. A1 
TOROID 4.7K 

COIL 

POPULAR ELECTRONICS 

VLF LC OSCILLATOR 

Fig. 63-10 

The VLF oscillator uses a large toroid coil as 
the frequency-determining component and a 
2N5485 FET as the active device. R3 is used as a 
feedback control and also by running the circuit 
with slightly less feedback than neecled for oscil­
lation, can serve as a regenerative amplifier or 
detector. 

GROUNDED-BASE TUNED COLLECTOR OSCILLATOR FOR AM BROADCAST BAND 

WILLIAM SHEETS 

454 

~-----~,.____, 2N3906 30 to 350 

10 
kil 

1.5 
k!l 

pf ~ 

+---"'--I f---L--<1>{ L-o 530 to ~0~~0 kHz 

001 t 

10 µ,F 
1svT o.1T 

µ,F - .j. 

1 
k!l 

+12 v 

µF 50/0 
tap 

L 1 240 µH tapped at 5°/o 
L1:L212:1 turns ratio 

Fig. 63-11 



C4" 
2-12pF 

R1 
100K 

01 
1N914 OR 

1N4148 

Cl 
100pF 
MAIN 

TUNING 

' ' ' ' l1: 
' I iJ/J C2" c3• 

TRIMMER 68pF 
50pF 

POPULAR ELECTRONICS 

' ' 

HF VFO CIRCUIT 

+ 0 U1 
,_..___, 78L06 1---.~---.~-+12voc 

C7 
1 G 

= 

01 
MPF102 

OSCILLATOR 

R2 
100K 

C10 
.1 

R3 
100U 

L2 
1mH 

R4 
330!1 

+ C9 

J
10 

c 
.1 

= 
02 

MPF102 
BUFFER 

AMPLIFIER 

o---tJ---o OUTPUT 

c11· 
100pF 

•• AIR DIELECTRIC 
TRIMMER CAPACITOR 

'-NPO CERAMIC, 
SILVERED MICA 

OR POLYSTYRENE 

Fig. 63-12 

This typical HF VFO circuit has several stability-enhmicing features, including well-chosen ca­
pacitor types. The frequency of the VFO is approximately 2it (C1 + C2 + C.3) L1. Ll should be an air­
core type coil, rigidly mounted, with high (>200 value) value of Q. 

POPULAR ELECTRONICS 

DARLINGTON TRANSISTOR OSCILLATOR 

L1 
1T 

LOOP 
COIL c2· 

.1-.47 

R2 
270K 

R3 
1K 

Fig. 63-13 

This oscillator uses a very large capacitmice-to-inductance ratio. Ll is a one-turn coil consisting 
of a loop of #12 wire 12" in diameter. This circuit is useful for metal detectors, etc., where a loop an­
tenna is used. 
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FM HF OSCILLATOR WITH NO VARACTOR 

25 nH B.5 RF 
pF out-ut 

5ph 
34k 

~F 01 
BF125A 

100k - -

-
R2 16 nH B.5 

1Bk pF 
Vmod 

Modulalion input 
R1 15 pf 75 

-
ELECTRONIC DESIGN Fig. 63-14 

Instead of using a varactor to frequency-modulate a high-frequency oscillator, this circuit uses 
base-charging capacitance modulation. Consequently, the large voltage change required by a varac­
tor, which can be a major problem in battery-powered systems with limited supply voltages, is elim­
inated. Tl is a ceramic coaxial quarter-wave resonator. 

5.6 
k!1 

2.2 
k!1 

WILLIAM SHEETS 

100 
pFT 

330 
n 

TUNABLE UHF OSCILLATOR 

1 to 5 
pF 

Output 

Microstrip 
0.1"W x 1.5"L 

Er= 4.8 
G-1 O material 0.062" thick 

f0 = 350 to 500 MHz 

Fig. 63-15 

This oscillator is typic.al for 350- to 500-MHz operation. The microstrip inductor is a PC board 
trace. The tap is typically 15% from the bottom end. The output power is 55 to 100 mW into 50 n, 
with the frequency stability typically 0.1 % over 0 to 50°C. 
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~Tun 

R1 
100K 01 

1N4148 

~----· 

1- I I 
-~ 

May Be Grouped 

(a; 

73 AMATEUR RADIO TODAY 

"UNIVERSAL" VFO 

C3 
.1µ F 

" !-----.------~------<; +12 VDC 
C10 

I220µF 

-:- C11 

.,i;:--1".1-'--µF....._ __ .__~>-----' 

"' 100 

"' 1100K 
- "' - 100 

May Be Grouped 

(b) 

co 
.1 µ F 

Fig. 63-16 

Figure 63-16A shows the basic circuit for the VFO, except for the tuning circuits (which are 
shown in Fig. 63-16B). Transistor QI is a junction field-effect transistor (JFET) oscillator stage. The 
device to use at Ql includes MPF-102, 2N4416, and the replacement devices from the popular lines 
of "service" parts e.g., ECG and NTE). 

Two different oscillator configurations can be accommodated by this design (i.e., both Clapp and 
Colpitts oscillators can be built). Both oscillators arc the same from point A in Fig. 63-16C forward, 
and both depend on a capacitor voltage-divider feedback network. The Clapp oscillator (Fig. 63-16A) 
is series-tuned and the Colpitts oscillator is parallel-tuned (Fig. 63-16B). 

The de voltage supplied to the oscillator transistor (Ql) is voltage-regulated. The voltage regu­
lator can be any 78Lxx series from 78L05 to 78L09. 
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OSCILLATOR CIRCUITS 

U1 U1 U1 
C2 NEI02 NE602 llEll02 

,~' 
6 6 

RADIO CRAFT 

These are methods of using an NE602 with a tunable VFO. 

RADIO-ELECTRONICS 

COLPITTS OSCILLATOR 

I 

L11 C4# Cl o-~+---o 
I 

Vee 1~ 

J GROUND 
... ORVr£ 

I 
I 
I 
I ~ 

~------~ 

L1 = 7 µHif(in MHz) 
C1 = C2 = C3 = 2400 pF/f 

In this circuit, the oscillator is free-running. 

WILLIAM SHEETS 

0.001 
µFT 

CLAPP OSCILLATOR FOR 100 kHz 

4.7kn 1skn 

+10 µF 
T 16V 

rYY'<L--<,_--1 2N3565 
3.5 MH 

0.0068 
µF 

470 pF 

.-----+----< f--------o Output 

4.7 
k!l 

C2 
100pF 

Fig. 63-17 

Fig. 63-18 

Fig. 63-19 

This Colpitts oscillator is very stable and usable where good stability is needed,.but crystal con­
trol is not desirable. It is capable of 1 part in 104 to 105 with good-quality components. 
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10 
kfl 

2.2 
k!l 

WILLIAM SHEETS 

TUNED COLLECTOR OSCILLATOR 

9 to 180 
pF 

t------.---j 2N3904 

L1 

0 

0.01 
T µ,F 

100 pF 

100 !l 

-Feedback 

HARTLEY OSCILLATOR 

L1, L2 osc. coil 
turns ratio 10:1 TYP 
L1~1.2 ,,,H 
t~ 12 to 30 MHz 

470 pF 
>--------<1>--__,~+9V 

~----<1----n----<1>----<1>-----; MPF102 
100 pF 
NPO T IN914 

WILLIAM SHEETS 

~ f0 = 1.8 MHz 
rob~ mpF 

µ,H L_,,_ >-.. E---------------------i ~Output 

Tap at 1/4 total turns 

Freq. range up to >150 MHz 
with suitable components 

Fig. 63-20 

Fig. 63-21 

This circuit uses a tapped inductor in a Hartley oscillator circuit. The tap is generally at 25 to 
35% total turns in most instances. 
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64 

Oscilloscope Circuits 

The sources of the following circuits arc contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Scope Voltage Cursor Adapter 
Sampling-Rate Phase Lock 
Differential Amplifier for Scopes 
Delayed Video Trigger for Scopes 



+15V 
TO 

+25V 

J1 

IN 

+ 

C1 
47µF 

ELECTRONICS NOW 

SCOPE VOLTAGE CURSOR ADAPTER 

12V 

OUT 
(REG) 

IC1 
MC78L12 

GND 

MC7Bl12 
T0-92 

3. INPUT 
GROUND 

1. OUTP-UT 

A1 
1K 

C2 
(CAL) 

0.1 

t : 
cw (10 

TURN) 

A2 
5100 

A5 
62K 

• 4 
+V o a RS 

5 
CV 

IC2 
2 ICM7555 

TG 

~TH GD 
1 

6 I 
cs 

S1 0.001 

CB 
0.1 .. .~--~ 

~"-!--!----"! GD 7 

1 
IC3 

CD4066 S 
11 

03 
0.1 

C4 
0.01 

LO-F 

NORM 

R4 
10K C7 

0.1 
2 4 9 10 PL1 

+ 
CB 

1.0µF 

Fig. 64-1 

The voltage cursor adapter superimposes horizontal cursor lines on the top and bottom of the 
waveform-a kind of electronic calipers-to permit direct readout of the voltage value. The cursor 
lines extend across the entire screen. The MC78Ll2 voltage regulator (!Cl) supplies regulated 12-
Vdc to the rest of the circuit. The ICM7555 timer (IC2) drives the CD4066B, a CMOS bilateral switch 
(IC3). This drive frequency can either be a normal frequency (NORM) of 100 Hz or a low-frequency 
(LO-F) of 10 kHz, depending on the setting of switch Sl. Set Sl to LO-F for inputs below 500 Hz. 

The de reference voltage supplied to pin 3 of !C3 is set by R3, a 10-turn, 5000-Q precision po­
tentiometer. The voltage can be read directly from a turns counter dial coupled directly to the po­
tentiometer's wiper. The accuracy of this reading can be 1 % or better. Trimmer potentiometer Rl 
permits the voltage to R3 to be calibrated to precisely 10 V 

The circuit is calibrated by setting the digital reading on the turns counter of R3 to the full clock­
wise position and adjusting Rl for a reading of 10 Vat the wiper of R3 with a digital voltmeter. 

Bilateral switch !C3 converts the dereference to a square wave with exactly the same wiper am­
plitude. The square-wave output appears on common pins 4, 9, and 10 of IC8 and coaxial plug PL!. 
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Iii 
1110 

ELECTRONIC DESIGN 

74HC14 

SAMPLING-RATE PHASE LOCK 

>--~~---iln 
+ 

78LD5 

GND 

Out ,_ _ _.,,_ ___ ~---0+5V To scope's 
e111m11 

100 FI I JJ olool 

.------·----------'·_7"-F-----.-0.1,.F ~ 
~---------~13 lo01Hller -=-

VCOln PC! t-'\1f\5 trv--..,-- 2.1 t .---------X-01014 

SIGin 74HCllM&A 4.7 µ.F """f.. + 1512 

r---1 COMPin -t70 µ.F ~ : 1---1256-0 

10 • INH Iii R1 C1A C1e Out ~------~ct> 
~-~~----~-~ 11 74HC4040 e 

1111 c1 R 
R1 0.001 iJ 

Z20 k 
• 

Q9 14 

Fig. 64-2 

Most digital scopes have record lengths that are power of 2 (e.g., 1024 points) and sampling 
rates constrained to a 1-2-5 sequence. This can lead to measure1nent errors on power-line wavefor1ns 
because an integral number of line cycles can't be captured. Digital scopes that calculate measure­
ments, such as the rnu; level, across the entire record will be in error. 

One solution to this problem is to phase-lock the scope's sampling rate to Lhc line frequency by 
exploiting the external clock Input found on some digital scopes. Phase-locking the sampling to lir)e 
frequency also tracks variations In the power-line frequency. 

A 9- or 12-Vac wall transformer provides the circuit's power and the frequency reference. The 
negative output of the diode bridge refines the circuit ground. The 78L05 regulator provides the +5-
V supply for the three !Cs. R3 and C2 create a low-pass filter on the half-cycles from one of the float­
ing transformer outputs. RS also limits the current into the internal diode clamps of the inverter gate. 
The Inverter output becomes the power-line frequency reference and is one Input (SIG In to the 
phase comparator) of the Signe tics 7 4HC4046A phase-locked loop (PLL). The 7 4HC4040 divides the 
PLL output frequency by 1024 and feeds the divided dock back to the other PLL phase-comparator 
input (COMP In). The phase-comparator output (PC2) is filtered and drives the PLIJs control volt­
age (VCO in) so that the output frequency is 1024 Limes the reference frequency. 

With the loop filter shown, the output frequency locks to the line frequency in about 10 s. The 
oscillator is locked to both 50- and 60-Hz inputs using a 74HC4046A and the values shown for resis­
tors Rl and R2 and capacitor Cl. 

The out.put signal is buffered and sent to the scope's external clock input, which is typically a 
TTL-compatible input. A different Lap from the 7 4HC4040 can be selected to control the number of 
cycles captured in one scope record. 
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DIFFERENTIAL AMPLIFIER FOR SCOPES 

~ 
C3, 

5·211pF 

0.1µf, 200V S3A 
DIFF 

w ·~ INF D F1M 
AC 10, 111% 1 v 

DIFF -=-
INF 

DC 1DV 
GMD 

1GDV 10t 
S3B 

S1 
11111 t 

10 t 

4.7 
DIFF ~---------~ - t, 

S3C INF 20% 
@ 

-15V 10t 

S3D 
0~>-0·......,~-VllV--..-------"V'A-~ 

~ S'I ~~~o 11111 v 

r;;;;;;i 1 M DIFF 1M 
t!l!.J 1¥ 10 v 

0·>---+'-"-1 >-----41 

C3b ~211 pF 

ELECTRONIC DESIGN 

11111t 
0.5 µf 

IC1 • Tl072 (A0712JI 
IC2 •NE530 (AD711KI 
IC3 • LM31D (AD711JI 
IC4 • OMC (AD711KI 

91111 t 

DC CMRR ad Jut 
470,20% @ 

10 k 11 
9740 

950 D.01 · 

1eJ1J~o.1 
µF 

22, 111% WB 1tllz 
3.3t, 
1
D'iot 10t 161111 22. 111% I S5 SIGDUI 

~ 

Fig. 64-3 

Differential inputs and comparator modes can be added to any general-purpose oscilloscope us­
ing this circuit setup. Calibration doesn't change because the circuit operates in unity gain in most 
modes. Amplifier noise level is low enough not to degrade low-level signals, and its dynamic range can 
handle signals up to ±12 V peak. Notice that all of the resistors are 1%, unless specified otherwise. 
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--video In 

" .1 

~ 
= 

"" 

A1 
A2 
R3 
C1 
C2 
C3 

ov 

01 

1K 

= 

= 

73 AMATEUR RADIO TODAY 

DELAYED VIDEO TRIGGER FOR SCOPES 

9V 

R3 

C3 
., 

02 

= 

9V ov 9V 

" 
' " "' ' "" 

= ., 
= 

680K r· 
= 

3.3k 
1 meg potentiometer, linear taper 
1k 
0.0047 µF 
0.033 µF 
0.1 µF 

"' 

01,D2,D3,D4 
01 
U1 
U2,U3 
J1 ,J2,J3 
51 

Note: Resistors are all 5% 114 watt. Capacitors 
are all polyester type. 

1 N914 silicon diode 
MPF102 JFET 
LM11381 video sync separator 
4013 O type flip-flop 
ACA phono jack 
SPOT switch 

R2 

Fig. 64-4 

This circuit will extrace vertical sync from a video signal, produce a vertical sync pulse, and add 
an adjustable delay. This permits a delayed sweep effect to enable a scope to look at any particular 
horizontal line. It is useful for older scopes. 
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65 

Photography-Related Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Charger for Photoflash Capacitor 
Slide Stepper 
Photo Super Strobe 
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CHARGER FOR PHOTOFLASH CAPACITOR 

CJ-0.2 µ.F- ±20%, 100 V 

RI 

: 

f+ 
2.4 

C (l~d C•iucltor~A80 µ,F, 500 V 
01, D2-MR814 (Fa1t·R•covery R•ctif1er) 
Q1-MPS6520 (Selected) 
Q2-MPS6563 (S.lecled) 
Q3-MPS6562 (Selected) 
Q.f-MP3613 (Selected) 
YR-Neon l1!'!!p (Selected 5 AG) 
Rl-391C 
R2-1QO{l 
RJ-1.0IC 
R4-120!l 
RS-15ofi 
Rb---2700 ±5% 
R7-7.5ll :::S% 
RB-1.0 MO 
R9-2.0 MO Pot 
Rl0-390K :±:5% 
Note: All re1i1tor1 ±10%, lj, W, Un1en 

Otherwise Specified 

R4 

Ql 

R2 
Q2 

R3 

RS 

R6 

Duty cycle 

Shutoff 

Ll: Timing Inductor 

Core: F_erroxcube 266Tl25-3E2A 
Winding: 145 Turns. No. 36 Wire 

L2: Drive-Oscillator Transfonner 

Core: 
Bobbin: 
Air Gap: 
Windings: 

Ferroxcube No. 18/11PL00·3B7 
18l!F2D 
0.005 in 
WI: 40 Turns, No. 28 Wire 
W2: 20 Turns, No. 30 Wire 
W3: 140 Turns, No. 36 Wire 

L3: Output Transformer 

Core: 
Bobbin: 
Windings: 

Air Gap: 

Ferroxcube No. 26/16P-L00..3B7 
Ferroxcube No. 26/16F2D 
Nl: 11 Turns, No. 18 Wire 
N2: 1100 Turns, No. 38 Wire 
0.030 in 

'• 

RB 

R9 

D2 

_, 

+ 
c 

McGRAW-HILL 

This circuit charges photoflash capacitor C ( 480 µF, 500 V) for photoflash usage. 
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R4 
tOOK 

R3 
100K 

7 

R2 6 
1K 

2 

C1 
47µF 

8 

Vee 

D!SCH 

THRES 

TRIG 

SLIDE STEPPER 
PROJECTOR 

REMOTE 
RED 

r: WHITE 

YELLOW 

I 

I 2~ FWD 
3 CAROUSEL 

REV SLIDE 
5 

COM. 
PROJECTOR 

~ 

Fig. 1-0RIGINAL CONFIGURATION of 
the slide projector's remote control. 

+ 1----1 
81 

R1 9V 
4 1500 

RS 
P1 

IC1 ... 
OUT 

3 

J1 

TD 
PROJECTOR 

GND RY1 

[Jl 
Fig. 2-SCHEMATIC DIAGRAM. The stepper circuit replaces the remote and will-auto­
matically advance the slides with a variable time delay. 

REMOTE P2 J1 

J 
2 

FWD 
3 

REV PROJECTOR 

5 COM 

3 

~·~PER.I 
Fig. 3-CABLE MODIFICATION. This will allow the remote and the stepper circuit to be 
swapped easily. 

ELECTRONICS NOW Fig. 65-2 

This stepper circuit replaces remote controls and will automatically advance slldes in a projector. 
The time delay is variable with R4. The cable connections are for a Kodak carousel slide projector. 

467 



ELECTRONICS NOW! 

PHOTO SUPER STROBE 

J1 C1 "' INPUT 006 10K 
" R6 .005 1(11( 

R7 
10K 

+V 

R1 R2 
1K .... 

R3 C3 

"' ~ 

R16 R18 
101< 1K 

01 D3 R10 
1H41G tN4141 101< 

"" 1MEG 

+V 

R22 
3300 

"" 33K 

LE03 
POWER 

S3 
SAff/ARM 

~ 

R24 
1.5'< 

:u~o Q ~-------:Jr! ;6 
SENSOR - GND 

2) SUOE HEAT SHRINK OVER 
CONNECTION ANO SHRINK 

\ MIC1 

='.~~ ='::::==::Jl=-~ \~-C J:J 
RG174rl! 3) SLIDE HEAT SHRINK OVER 1 l SOLDER THESE CONNECTIONS 
COAXIAL MIC ANO CONNECTIONS AND SHRINK NOTE FLAT MARKS 
CABLE I COLLECTOR 

~. ~ __::s:o• ~ 
·~ ' )-:7---JlllD-~~ 

SHIELD BRAID A::>S 

MAKE THE SENSOR ASSEMBLIES with heat·shrink tublng and small diame­
ter coax la I cable such as RG-174,"U. The space between the coaxial cable and the outer 
heat-shrink tubing is-·filled with a little silicone rubber. 

Fig. 65-3 

A change in audio or light level on the sensor connected to Jl is amplified by !Cl-a 1md !Cl-b 
(rectified), and used to trigger IC2. Rl2 sets the delay between the trigger and the flash. !Cl-c drives 
indicator LED2 and triggers SCRl, which sets off the strobe connected to J2, A photo cell or a mi­
crophone can be used as a sensor. 
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66 

Piezo Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Piezoelectric Driver Circuit 
Piezoelectric Buffer 
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R1 
3304< 

R3 
20K 

A2 
1MEG 

ACTIVATION 
SIGNAL 

POPULAR ELECTRONICS 

PIEZOELECTRIC DRIVER CIRCUIT 

A2 
1K 

A 

c 

3-20VOLTS 

FEEDBACK 
TERMINAL 

-
C1 
.001 

A3 
1K 

A2 
1.6MEG A1 C1 

1MEG .001 

AES1 

PKM8-laAO FEEDBACK 

TERMINAL 

e 

Fig. 66-1 

Three-terminal piezoelectric elements are typically driven by transistor circuits (A), or logic 
gates (B). Two-terminal devices can be driven by two NAND gates. A booster coil is used to com­
pensate for the sound-pressure attenuation caused by the case. 

Piezo film 

McGRAW-HILL 

PIEZOELECTRIC BUFFER 

RI 
2.2k.O 

QI } 

1500 

L

----2N_3_8_\9--+-R2----0 O"'P"' 

A1 2.2 kfl 
A2 150 0 
01 2N3819 FET transistor 
Misc. Piezo disc 

All ruistors ares to 10 percel'lt tolerance, '/4 watt. 

Fig. 66-2 

This circuit will serve as a buffer for experiments with Kynar film, a piezoelectric material, or 
with piezo devices. 
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67 

Power Line Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources sect.ion. 

ac Power Controller 
ac Power-Linc Monitor 
Power-Line Modem for Computer Control 
Low-Volt.age Power Controller 
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ELECTRONICS NOW 

ac POWER CONTROLLER 

.. 

I" ' • -.--O+SV 

"' • 

'" """'"'"' 

:ff 110 

... 

..,, .. ::;J iii 2 

"' " 

+Sv W! ~I 

"" " 

~v ~,,y, 11 ... 
" 

+SV •·• 11 v' ... 
>K 

+6V ·;:. 11 

"" " 

"" 
I 1--· ·~':" 

" OUTPUT 

Fig. 67-1 



ac POWER CONTROLLER (Cont.) 

This circuit is used to vary the power delivered to a 120-Vac load under software control. A 
68705 micro controller can control eight discrete power triacs, each of which delivers power in 32 
smoothly graduated steps, ranging from 0 to 97% of full power. The value delivered to one channel is 
independent of the value delivered to any other channel. Loads can include light displays, universal 
motors, heaters, and other appliances. 

The power level is set by software, not a potentiometer. The software includes a basic set of rou­
tines for processing interrnpts and setting the power level. The software also includes five test and 
demonstration routines for putting the circuit through its paces. Moreover, there's plenty of room to 
add your own routines to the 68705's built-in EPROM. 

The basic circuit is simple, yet versatile enough to accept inputs from on-board DIP switches; al­
ternatively, the inputs can be driven from a microcomputer bus or parallel port, or a stand-alone de­
vice with TTL-compatible outputs. There are 12 input bits to set modes and specify values. 

117VAC 

LE01 

POPULAR ELECTRONICS 

ac POWER-LINE MONITOR 

+9V 

R3 
470K 

U1 
ECG3041 +9V 

SCA1 
2N5061 

01 
- IRF511 

Fig. 67-2 

When the power-line voltage source fails, Ql turns on, activates optoisolator U2, and trtggers 
SCRl. For small SCRs, U1 might directly trigger SCR 1. 
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~ 
-'>· 

+5V 

R10 
1K 

S02 
(SEE 
~) 

1 

2 

A9 
1K 

t-
~ 

ELECTRONICS NOW 

POWER-LINE MODEM FOR COMPUTER CONTROL 

A) 
1K 

2 0-- 7 

+5V 

R11 20 220U 

RS 
1K 

~l : __. : ? 
2 1A1 

,----======~ 

~
4 1A2 

_ 
6 

1A3 

B 1A4 

v cc , v, r1,,•_.,..,._-1i* 

' ' ' ~P10 
S1 

2 Pl.1 
3 P1_2 

R1 

1]K 
+5V 

ttt--------=;-]4 P1 3 
~-tt-t--------_;

5

JP1-4 '.:::--i-t+----=====~~ P1-5 -;---ii+----~-:-==~P1.6 D +SV 
8 

P1.7 

C3 .t 1~ RESET 

R3 
4.7K :if; 03 

1N914 

R4 i: 04 
100!1 ~1N914 

.. 
RS 
1K 

+5V 

05 
~1N914 

06 
1N914 .. 

10µF lJ INTO 

R6 14 INT1 

10K TO .,.,. 15 T1 
16 

WR 
17 

C1 RD 
30pF 18 X2 

XTAL1 0 
11.059MHz 

19 X1 
C2 

'S°' 3,0pf 31 ENVP 

+SV 
40 

Vee 

IC4 +SV 
LM7805CT 3 

J1~V1N-···~~~~- µ_.!.a.. C8 

I ~ ~1'41F 
-= 

IC1 
87C51 

Vss 
201. ... 

PO_O 39 

PO 1 JS 

PO?. 37 

P0_3 36 

P0.4 
35 

P0-5 
34 

P0.6 33 

P0.7 
32 

P2_0 21 

P2_1 22 

ilt2A1 

13 2A2 

15 
2A3 

17 
2A4 

1 

IC3 
74LS240 

A14 LE913 
12 220U 

1Y41'fw+ 

2Y 1 ~ LE04 '=' 

2Y2~
7 

2Y3 5 

2Y4 
3 

~-----------~+5V 

P2.? 23 16 VccF-_. C6 
P2.3 24 CS 10µF 

25 10µF IC2 2 + 
P2-4 MAX232 V+ 
f.'2_5 26 

V- 6 C7 
27 C4 10µF 

P:<'G 10µF 15 + 
P:>-7 2s Vss _ 
, 10 9 B -.ixo LL OUT RS IN TRANSMIT 
rxo 11 10 LL IN RS OUT 

7 
ALE/P 

30 

29 
PSEN 

S01 

COMMON 
~ 

7 

RECEIVE 

3 2 

~ o o o o o b o o o b b o) 
000000000000/ 

NOTE: X·10 INPUT FROM TW-523 
1. ZERO CROSS 
2. COMMON 
3. RECEIVE 
4. TRANSMIT 

Fig. 67-3 

This circuit uses an 87C57 microcontroller and a few peripherals to condition X-10 power-line carrier-code formats from a 
personal computer to use an X-10 power-line ,interface iri a home-control system. Software details are available in the reference. 



LOW-VOLTAGE POWER CONTROLLER 

The circuit has a duty-cycle generator that will produce an output varying from fully off to fully 
on and pulses of any duty cycle in between the two extremes. 

This method of operation is called PWM (pulse width modulation). The circuit can be fed tram 
any de supply source of between 10 to 15 V. Half of an LM556 dual oscillator/timer and U2-a (~of an 
LM339 quad comparator) combine to form a voltage-to-pulse-width converter. The first half of the 
dual oscillator/timer (Ul-a) is configured as an astable oscillator, generating a continuously oscillat­
ing ramp voltage. Op amp U2-a compares the voltage at its noninverting input (pin 5)-which is con­
nected to pins 2 and 6 of Ul-a-to the voltage at its inverting input (pin 4). The op amp will produce 
a low output if Rl's wiper voltage is higher than the instantaneous voltage that is present at pins 2 
and 6 of Ul-a. The output of U2-a at pin 2 will have an on/off ratio that is proportional to the voltage 
at Rl 's wiper. 

The output of U2-a is fed to Ul-b, which is used to buffer the signal. The low-impedance, pulsed 
output of Ul-b at pin 9 is fed to the gate of MOSFET Ql, driving it on or off. The circuit also has a 
power-input detector, built around U2-band and LED 1. If the input power is OK, LED 1 will shut off. 

Diode D 1 is used to suppress the reverse voltage spikes that are generated by inductive loads 
during turn off; without that diode, the MOSFET might be destroyed. If the circuit will not be used 
to drive inductive loads (motors), Dl can be eliminated. 
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68 

Power Supply Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

r'oldback Current Limiter 
Current-Limiting Regulator Circuit 
Switching Power Supply 
Transformerless de Power Supply I 
+5-V at 1.5- to 3-A Supply, +6- to +15-V Input 
Transformerless de Power Supply lI 
Fast 3.3-V Regulator 
Power Supply for High-Power Autosound Amp 
IC Regulator Protection 
3.3-V Switching Regulator 
NE602 Power-Supply Options 
Simple 9-V Power Supply 
Tracking Power Supply 
Power Efficient Voltage Regulator 
Low Drop-Out Regulator 
SCR Switching Supply for Color TV Receivers 
Regulator Circuit for Bilateral 

Source/Load Power System 
Fast 3.3-V Adjustable Regulator 

476 

1\vo-Tcrrninal 100-mA Current Regulator 
1\vo-Phase Rectifier 
Low-Noise 5-V Supply 
Positive Regulator with 0- to 70-V Output 
Simple 12-V Power Supply 
3.3 V from 5-V Logic Supplies 
12-V Supply 
4- to 70-V Regulator 
Switched Power-Control Circuits 
Multiple On-Card Regulator Adjuster 
Simple 9-V Power Supply 
+5-V at I-A Supply with +3- to +5-V Input 
5-V de Regulated Supply 
Buffered Reference Supply 
5-V Logic Regulator with Electronic Shutdown 
12-V de Regulated Supply 
Junked Transistor Regulators 
Teleprinter Loop Supply 
5-A Constant-Voltage Supply 



FOLDBACK CURRENT LIMITER 

R6 01 v~ 
1K T1P41 R3 

v. 100 
'24V R2 C1 

22K 10 

• ~ 

01 Q2 
3.9V 2N2222 RS 

3.3K 
~ 

~ 

18 

18 

1 12 

!I 
i 

9 

~ • 
3 

0 
20 40 60 80 100 120 140 160 180 

LOAD CURRENT (mA) 

• 
POPULAR ELECTRONICS Fig. 68-1 

This regulator uses the drop across R3 to sense current draw, turning on Q2, removing drive 

from Ql, and lowering the output voltage. Limiting occurs when Q2 has 0.65 V across the base-emit­

ter junction. This circuit has foldback characteristics as seen from the figure. 
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v. 
>24V 

01 
3.9V 

CURRENT-LIMITING REGULATOR CIRCUIT 

Al 
1K 

18 

15 

12 

• 

• 

' >-

' 
0 

01 A2 
TIP41 4.70 

Cl 
10 • 

02 A3 
2N2222 "' 10K 

3.3K 

A 

\ 

. . 
~ ~ ~ ~ 100 1~ 1~ 1~ 1~ 

LOAD CURRENT (mAj 

B 

v~, 

~ 

As shown in B, maximum load current is practically the same at all supply volt­
ages with constant current limiting. 

POPULAR ELECTRONICS Fig. 68-2 

This regulator uses the drop across R2 to turn on Q2, removing base drive from QI and reducing 
the current through RI. About 0.65 V must be dropped across R2 before limiting occurs. To set limit 
current, 

R ~ 0.65 
' I LJMIT (amps) 

Output voltage= Your= (3.9) 
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SWITCHING POWER SUPPLY 

+VBATI-------~~-------------.-----~ 
C4 C3 8.5Vto15 v 

C6 
Shutdown 0.1 "f 

C7 
270 pf 

Ce 

13300 
pf 

R1 
510 

U2 
LT1006 

ELECTRONIC DESIGN 

Rg 
1M,1% 

9 
10 
4 
6 
5 

U1 
LTC1148·3.3 

VIN 
N/C PDRIVE 1 

SHUTDN QN1 14 CT NDRIVE 4 
ITH St9410DY 
INTVCC SENSE+ 

9 
7 

C5 SENSE-
PGND SGND 2200 

12 11 pf 

Cg 200 pf 

1M,1% 

33 µf + + 33 µf 
25 v 25 v 

01 

MBR5140 --

R3100 II 16l~H 
R2 

R4 100 0.033 +Vout 

C1 220 µf ' C2 220 µF 
10 v 10V 

point 

Fig. 68-3 

In many switching-regulator applications for portable computers, the microprocessor is located 
some distance from the power supply. With the latest processors, total load currents range into sev­
eral amperes. Thus, regulation at the load can become a problem. 

The Im pin (pin 6) of the LTC1148 is approximately proportional to the load current. It scales 
nearly linearly from 0 Vat no load to 2.0 Vat current limit. U2, acting as a unity-gain differential am­
plifier, inverts the Ul pin 6 voltage (referenced to SENSE-, pin 7) and causes a current proportional 
to load current to flow in resistors R5 and R6. A small voltage drop appears across current-sense fil­
ter resistors R:3 and R4. This makes the voltage measured by the internal feedback divider appear 
low. The duty factor is adjusted to bring this back to the correct volt.age. As a result, the output is in­
creased slightly as a function of load. Capacitor C9 rolls off the high-frequency gaill of the correction 
amplifier. 

where: Rc:rnnp = RFi = R6 

Rm,= R3 andR4 

v(:IHT = Mea~rured drop. 

Rcomp 

(~in' x R,m) 

~Orr 
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TRANSFORMERLESS de POWER SUPPLY I 
C2 
I WARNING! 

CJ SHOCK HAZARD 
2 NO BODY CONTACT 

RI C4 PEMISSIBLE 
5!l 82 3 

SI C5 
CID 
0.56 

4 
cs 
5 ~., CJ C1G60 10 

+VouT 
R2 

Cl 330K •• 0.47' 04 IOOK 
1N4148 

+ C9 
01 ca 2500 

ZD33 I R3 01 03 
10WATT IOOK BY127 1N41'8 
ZENER 

-VouT 

TABLE 1-0UTPUT CURRENT/VOLTAGE AT SPECIFIED LOADS 

Load 
Capacitance 100 Ohms 200 Ohms 1000 Ohms (µF) 

~~T Current ~~~T Current ~~'f Currenl 
(mA) (mA) (mA) 

1 3.2 31 6.0 29 25 24 
2 6.4 61 11.2 54 41 41 
3 9.0 87 16.1 78 52 52 
4 11.8 113 20.7 100 61 61 
5 15.5 147 24.7 120 67 67 
6 17.8 169 28.8 140 68 68 
7 18.5 176 31.9 155 69.4 68 
8 20.3 195 36.8 173 70 71 
9 22.8 220 41.0 193 70 71 

10 24.9 238 42.0 204 71 71 
11 27.1 259 44.9 219 - -
14 33.0 317 52.7 257 - -
20 43.5 422 65.8 322 - -

POPULAR ELECTRONICS F/g. 68-4 
An SCR fires on the positive half cycles of the ac line voltage. Switched capacitors are used to se­

lect the output voltage. These must all be ac-rated, nonpo!arized types. 
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+5-V AT 1.5-TO 3-A SUPPLY, +6-TO +15-V INPUT 

ON/OfF o--"W\~--~----+-----~ INPUT 
VIN= fN TO 15 5V 

MAXIM 

" 1k 

01 
1N9H 

03 
1N91~ 

Jl 

R6 
<O<lk 

A3 
150k 

C3 
0.1µF::r 

A1 
22\Jk 

cs . 
'°"FI 

~a 

" 
" 

~ 

A1 
HXlk 

19 10 

v. l'SEL FREQ 

przft< CSA 15 

R5 
a ll5!l 

SLOPE CSB 
14 

.MAXIM 
MAif141D 

"11Ef 

SS 

DUTY 

POL 

Ul'LO 

= = 

OUTB 

C•~ 
1oF 

5 vou1 !-'--,.___+----.-----~ 

" 16.9k 

R7 
lllk 

01: NSQ03M3. SCHOTTKY 

Operating efficiencies of 80 to 90% are possible using the MAX741D and this circuit. 

115 Vac 

McGRAW·HILL 

TRANSFORMERLESS de POWER SUPPLY II 

RI 

!0 I W 
R2 39 ill RS 

DI !N4003 

R3 390 n 

C2 05 µF 100 Q 

R6 

+ 
10 kO + 1000 µF 

Cl 15 v 

SCR 
MCR1304-4 

De 
output 

Fig. 68-5 

Fig. 68-6 

Although it is simple, this supply can provide 10 to 15 Vat 100 mA directly from the ac lines. This 

circuit has no isolation from the ac line; therefore, there is a shock hazard and it should only be used 

where no possibility of contacting external devices, circuits, or personnel exists. 
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THEFIMALLOY 
70208-MT 

FAST 3.3-V REGULATOR 

r----------------, 
I PLACE IN SOCKET CAVlfY I 

4.75V TO I I 
5.25V I I --.------;IN OUT 1--.----~-.------.p-----~-1 MICROPROCESSOR + C1. C2 + C4 I + CS TO C10 C11 TO C20 I LOAD 

220µF LT1585CT-3.38 T 1200µF I T 220µF ....,..- 1µF I T 10V 16V I 10V ...L 16V I 
":" SANYO OS-CON ":" NICHICON PL I ":" AVX TPS ":" AVX YSV 0805 I 2x GNO I 6x -1ox I 

AVX CORPORATION: (803) 448·9411 
NICHICON (AMERICA) CORPORATION: (708) 843-7500 
SANYO V!OEO COMPONENTS (USA) CORPORATION: {619) 661-532'2 
THERMALLOY INCORPORATED: {214) 243-4321 

1-----------------~ 
01181FG1 

FOR CORRECT OPERATION OF MICROPROCESSOR, DO NOT SUBSTITUTE COMPONENTS 

LINEAR TECHNOLOGY Fig. 68-7 

New high-performance microprocessors require a fresh look at power-supply transient response. 
The LT1585 linear regulator features 1 % initial accuracy, excellent temperature drift and load regu­
lation, and virtually perfect line regulation. Complementing superb de characteristics, the LT1585 
exhibits extremely fast response to transients. Transient response is affected by more than the reg­
ulator itself. Stray inductances in the layout and bypass capacitors, as well as ~capacitor ESR domi­
nate the response during the first 400 ns of transient. 

The figure shows a bypassing scheme developed to meet all the requirements for the Intel P44C-VR 
nricroprocessor. Input capacitors Cl and C2 function primarily to decouple load transients from the 5,Y 
logic supply. The values used here are optintizcd for a typical 5-V desktop computer "silver box" power­
supply input. C5 to ClO provide bulk capacitance at low ESR and ESL, and Cll to C20 keep the capac­
itance at lowESRand ESL low at high (>100 kHz) frequencies. C4 is a dan1per and it minimizes ringing 
during setting. Trace C is the load current step, which is essentially flat at 4 A with a 20-ns rise time. 

Trace A is the output settling response at 20 m V per division. Cursor trace B marks -46 m V rel­
ative to the initial output voltage. At the onset of load current, the microprocessor socket voltage 
dips to -38 mV as a result of inductive effects in the board and capacitors, and the ESR of the ca­
pacitors. The inductive effects persist for approximately 400 ns. For the next 3 µs, the output droops 
as the load current drains the bypass capacitors. The trend then reverses as the LT1585 catches up 
with the load demand, and the out.put settles after approximately 50 µs. Running 4 A with a 1.7-V 
drop, the regulator dissipates 6.8 W. 
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POWER SUPPLY FOR HIGH-POWER AUTOSOUND AMP 

R112 
7SK 

R104 
24.9K 

C102 
2.2µF 

A105 
5.62K 

12 VOLTS {MAIN 

F101 
30AMP 

12 VOLTS fCONTROLJ 

C108 
100pf +2.5V 

R102 
10K 

+2.5V 2 

3 

R10J C103 4 
24.9K 100pF 

5 
6 

7 

R106 8 
14K 9 

-R101 
10K 

IC101 
SG35ZllN 

RADIO·ELECTRONICS 

16 

15 

" 13 

12 
11 

A111 
10.H 

C101 
1000µF 

0107 
1N4752A 

R108 
20.50 

R109 
20.SD: 

0101 
IRFZ40 

0105 
0106 1114002 ··-

0102 
IRFZff 

+ C105 
1000µF 

0101 
FRI05 

0102 
F111115 

0103 
F111115 

0104 
F11805 

L101 
26µH ..... +47V 

+ C107 

l102 
1°"°"' 

26µH =-= -4N 

Fig. 68-8 

A switching mode inverter is used with a pulse-width modulation voltage regulator (SG35260). 

Four IRF240 power MOS FE Ts are used as switches. The out.put is ±4 7 V at about 5 A peak. Trans­

former TlOl is a four-turn center tapped primary, and 16-turn center tapped secondary on a Ferrox 

cube ETD-34 core. 

01 
1N4002 

LM111 

IC REGULATOR PROTECTION 

v,. V1N VourH_--< .... --.... ~vour Vour = 1.25V ( 1 + ~) + R2• !ADJ 
R1. 

ADJ 

NATIONAL SEMICONDUCTOR 

02 
1 N4DDZ 

"' 

"' 240 

... 
C2 TlllµF 

Cl 

~>25µf 
01 protects against C1 (input-shorts) 

DZ protecls against C2 (outpul sl'lorta) 

This circuit protects an IC regulator against various fault conditions. 

Fig. 68-9 
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3.3-V SWITCHING REGULATOR 

-4.SVTO 5.SV -+---------<>---~ 
INPUT 

C2 
T.,,. 100nF v,, 

10 
SHUTDOWN P DRIVE t----t Q1 

Si9430DY 

+ C3 

T '"'''' 25V 

LT1148-33 L1 R2 

t--"5'l"µ"H'"'--..-'O.l/I05,.,n-..---1~ 3.3V 
SENSE•t--1t----t---~ 2A 

r--------'6'i1TH 

R1 

" 
C4 
3.JnF 
X7R 

LINEAR TECHNOLOGY 

4 
~---<C1 

C5 
470pF 
NPO 

SGND 

11 

.,,. 

C6 
10nF 

SENSE-'""'"--<>---f--------' 

12 

.,,. 

ON74•F«! 

D1 
MBRS140T3 

+ 07 

T
220µFx2 
10V 

Fig. 68-10 

For the LT! 129-3.3, dissipation amounts to alittle under 1.5 Wat full output current. The 5-lead 
surface-mount DD package handles this without the aid of a heatsink, provided that the device is 
mounted over at least 2500 mm2 of ground or power-supply plane. Efficiency is around 62%; dissi­
pation in linear regulators becomes prohibitive at higher current levels, where they are supplanted 
by high-efficiency switching regulators. The synchronous buck converter is implemented with an 
LTC1148-3.3 converter. The LTC1148 uses both Burst Mode™ operation and continuous, constant 
off-time control to regulate the output voltage, and maintain high efficiency across a wide range of 
output loading conditions. 

NE602 POWER-SUPPLY OPTIONS 

+4.5-8.0V 

Al 
1500 

(OPTIONAL) 

Cl 

8 

3 
0.04µF ~--~ 

a 

RADIO·ELECTRONICS 

+9V 

Al 
1K 

Cl 
0.04µF 

+8- l8V 

8 R1 
lK 

NE602 

3 
01 

8.2V 
0.4W .,,. 

b 

~ 

c 

Fig. 68-11 

Here, Figs. 68-llA through 68-llC show an RC-filter used as both current limiter (Rl) and in­
tegrator (Cl), as well as for isolation. In Fig. 68-l!A, +4.5 to 8.0 Vdc is the normal operating range 
of the NE602. In Fig. 68-llB, Rl drops voltage, and is used because a +9-Vhattery can go higher, and 
a +9-V wall supply can produce up to II V. In Fig. 68-l!C, a +8- to 18-Vdc supply is regulated using 
a 8.2-V Zener for lll. 

484 



120V 
60 Hz 

SIMPLE 9-V SUPPLY 

IN4002 

LM7805 
o---<~-+--1 heatsinked f-+----.-----...----0 + 

3~prong 

plug 

WILLIAM SHEETS 

120:12 v 
1 A fused 

0.1 
µF 

O.Q1 
µF 

250!! 
set for 

9V 

+ 10 
µF 

9V 
O.SA 

Fig. 68-12 

This circuit uses an LM7805 with a resistive volt.age divider in the common leg of the regulator. 

The regulator can be "fooled" into producing an apparent higher output voltage in this manner. This 

supply is useful for running radios, tape recorders, or other 9-V devices. 

TRACKING POWER SUPPLY 

+40 V unregulated 

4 

R1 
390 k 

R3 
18 k 

R4 R6 
15k 39k 

RS 
2.4 k 

>----.----<~---._------<>----t-~P.S.C. 

4 

-40 V unregulated 

NATIONAL SEMICONDUCTOR 

R7 
39 k 

>,6,-----------+--- -vou1(reg) 

Output voltage is variable from ± 5 V to 
±35 v. 
Negative output tracks positive output to 
within the ratio of R6 to R7. 

Fig. 68-13 

Two op amps are used in this basic op-amp regulator circuit. The outputs can be fed to current 

amplifier stages or emitter followers, if needed. 
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(+) 
A 
' 

: Vs 
:s.21o&V 

C1 
0.1 µF 

y Rs 
(-) 0.1 

POWER EFFICIENT VOLTAGE REGULATOR 

R12 
10 k 

Enable switth 
(see Fig. 2a) 

6 2.5V 

R& 02 
75 k, 2N3904 
1% 

lq 
49.9k, 

Rs 111 
499, 
111 

R9 

R10 
10 k 

10k1% 

01 
Sl94330Y 

Q3 
2N3904 

0~1 µFfilm 

Ra 

U2A 24.9 k, 111 
OP291 or 
ADll22 

Sansa 
You! 

5V 

R1 
49.9k, 

111 + 
C3 

R1 
100 µFl 

49.91, 
25V 

1% 5V 
Sense common 

FD"8 

ELECTRONIC DESIGN Fig. 68-14 
Included in the many features of this power-efficient, voltage-regulator circuit is shutdown 

power control with a current output up to several hundred milliamperes (expandable to amperes, if 
desired). Current limiting can he preset to a fixed level for controlled dissipation in QI and the cir­
cuit requires no auxiliary voltage supply for the pass transistor. 

ELECTRONIC DESIGN 

+V1=5V 

c, 
0.1 µf 

v.-comm11.; 

LOW DROP-OUT REGULATOR 

~-..-----<t-<"Vo I 

Cz 
111-Ffllm 

Rz 
BO k 

(28 k) 

R1 
100k 
(25k) 

UV 

C3 
10 µF~5 V 

Relerence 
common 

Fig. 68-15 

This low-dropout reference produces a 4.5-V output from a supply just a few hundred millivolts 
greater. With 1-mA de loading, it maintains a stable 4.5-V output for inputs down to 4.7 V. 
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,.. 
"' "' 

SCR SWITCHING SUPPLY FOR COLOR TV RECEIVERS 

IN4003 1N4003 

O.OlµF 

Ac input 

0.01 µF 
2N4442 

500 µII 

SCR bridge rectifier 

-r1 - 1 · l pulse transfor~r 
ResislGrs - in ohms 11z W. unless specified 
Capacitors- 1n µF 400 \' unless specified. 

McGRAW~HILL 

.n 

100 

15 ill 
lW 

r- -Filt~ -- - -, 
I L20 w 5.20 w I 27000 

22 ill 

l k!l 43001 

1N5859 
13 v 

36 ill 

MSD7000 
1sooµF -l-6ooµF-L I I 
110ov T 10o·v T R, 1 
I~ I 
L "= - 1)4 w... ' ______ ..J 

MPU 131 

_l 
0.003µFl 

-:-

24000 

0.02µF 

t--i 

0.lµF 
JOOV 
(Mylar) 

t-i 

Fig. 68-16 

An output +80 Vat up to 1.5 A is available from this supply. A rrilnimum load of 200 mA is reqUired because of the SCR hold­
ing current. Notice that no ac line isolation is provided and a shock hazard exists. 



REGULATOR CIRCUIT FOR BILATERAL SOURCE/LOAD POWER SYSTEM 

Oulpul Voltage 
Measured Here 

Vullage 

-NASA TECH BRIEFS 

Power-Sw1tch1ng 
Devices 

Current Sensor 

OHse\ Voltage 

1i1 
Aamp-Wavefo·­

Voltage 

Fig. 68-17 

The figure shows a circuit that regulates an output voltage, regardless of the direction of flow of 
output current. More specifically, it regulates the voltage at the left source or load, which can either 
supply power to or receive power from the right load or source, depending on the voltages and the 
direction of flow of current at the load/source terminals. 

The overall system can be characterized as a voltage-controlled current source with bilateral 
current capability. The current flowing between the two source/loads, averaged over a power-switch­
ing cycle, is made to depend on the pulse-width modulation that governs the operation of the two 
powercswitching devices, and this pulse-width modulation is, in turn, a function of amplified current­
error and voltage-error signals. The voltage error is the difference between the actual output voltage 
and the output-refer~nce voltage, which is the nominal output voltage al zero current. The pulse­
width modulation is varied to increase or decrease the current, as needed, to linlit the excursion of 
output voltage from the reference value. 

An additional feature of this control circuit is that the maximum current in either direct.ion ean 
be limited by limiting the excursion of the output voltage from the zero-current value. Thus, exter­
nal current-limiting circuitry is not necessary. 
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FAST 3.3-V ADJUSTABLE REGULATOR 

4.75VTO 
5.25V 

+ C1. C2 
T 220µF 

10V 
SANYO OS-CON 
2x 

LINEAR TECHNOLOGY 

IN OUT 

LT1585CT 

GNO 

C3 
330nF 

I 16V 
AVX X7R 0805 

R1 
11on 
0.5-% 

R2 
18912 
0.5% 

+ C5 TO C10 
T 100µF 

10V 
AVX TPS 
6x 

3.38V 
4A 

C11 TO C20 
T1µF 

16V 
AVX YSV 0805 
10x 

Fig. 68-18 

The adjustable version of the LT1585 makes it relatively easy to accommodate multiple micro­
processor power-supply voltage specifications. To retain the tight tolerance of the LT1585 internal 
reference, a 0.5% resistor adjustment is recommended. Rl is sized to carry approximately 10 mA 
idling current ('.£124 Q), and R2 is calculated from: 

R9 ::: Vo - V:.er 
LJ Vref + lADJ 

RI 
where: 

J ADM = 60 µ and v;,f = 1.250 V. 

TWO-TERMINAL 100-mA CURRENT REGULATOR 

Cl 
511 pf 

NATIONAL SEMICONDUCTOR Fig. 68-19 

The circuit has a low temperature coefficient 
and operates down to 3 V. The reverse base cur­
rent of the LMl 95 biases the circuit. 

A 2N2222 is used to control the voltage 
across current-sensing resistor, R2 and diode D 1, 
and therefore the current through it. The voltage 
across the sense network is the VBE of the 
2N2222 plus 1.2 V from the LM113. In the sense 
network, R2 sets the current and DI compen­
sates Ior the V8E of the transistor. Resistor RI 
sets the current through the LMl 13 to 0.6 mA. 
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AC 
current 

1!!, 
10% 10 k, 2% 

R1 
Cr 

-

TWO-PHASE-RECTIFIER 

-

101,2% 

15 k, 
5% I 0.1~f,50V 

' , ', 

-

-, 
' . '. '" 

. -' 

20k,Z% 

101, 2% 

- 10 k,2% 

10 k, 
1% 

Notes: 
Ci= 0.1to0.12 µf, 50 V 
Amplifier sopply voltages: :':15 V 
All diodes= 1N4003 
All resistors are 114 W, excepttor. 
R1 o50W 
Balance-and Phase·Adjust pob = 314 W. 

201,2% 

C7 --1 (-- 201,2% 

out 

100, 5% 
10k,1% 

10k,1% 

10 k, 1% 

' . 
',· " , ', .. 

Radians 

_,__ 
-

.· 
' , 
" 

-

' , 
', 
" 

... 

A single-phase AC signal can be converted to two phase with this circuit. It rectifies and sums the signal to 
a de voltage level. 

ELECTRONIC DESIGN Fig. 68-20 

The waveform generated by the two-phase rectifier illustrates that the ripple is Jess than half 
that of a conventional single-phase circuit's waveform. Also, the ripple frequency is double that of the 
conventional circuit. The circuit will follow amplitude changes in the ac input signal very rapidly, and 
it works equally well with current or voltage inputs. 
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ELECTRONIC DESIGN 

LOW-NOISE 5-V SUPPLY 

9-to-12-V --....----<.---..---, 
input 

220 
4.7 

Read LED .. + I 4.7µF 

10 
zao949• 

In 1/2 W 
LT1021-5 Out1----+-- 5-V/200-mA 

GND output 
2.0 

+ 10 µF 
.:C Ta 

*Zetex Inc. 
**Glows in current limit. Do not omit. 

Fig. 68-21 

Standard three-terminal regulator !Cs can be noisy. The key is the noise over the 10-Hz to 10-

kHz band; measurements revealed a 40-dB improvement over standard three-terminal regulators. 

The regulator is built around a 5-V buried-Zener reference. It's the buried Zener's inherently low 

noise that makes the finished supply so quiet. Measured over a 10-Hz to 10-kHz band, the 5-V out­

put contains just 7 µV rms of noise at full load. The 10-Hz to 10-kHz noise can be further reduced to 

2.5 µV rms by adding a 100-µH, 1000-µF output filter. The noise characteristics of the reference are 

tested and guaranteed to a maximum of 11 µ V over the band of interest. 
An external boost transistor, the ZBD949, provides gain to meet a 200-mA output current re­

quirement. Current limiting is achieved by ballasting the pass trarnLstor and clamping the base drive. 

Although the oscillator only requires 200 mA, it's possible to extend the output current to at least 1 A 

RI 
1.7k 

02 
HU57 

01 
U1B85 

2.SV 

" 700 

POSITIVE REGULATOR WITH 0- TO 70-V OUTPUT 

NATIONAL SEMICONDUCTOR Fig. 68-22 

The op amp has one input at ground and a 
reference current drawn from its summing junc­
tion. With this arrangement, the output voltage is 
proportional to setting resistor R2. A negative 
supply is used to operate the op amp within its 
common-mode range, providing zero output with 
sink current and power a low-voltage banrtgap 
reference, Dl. The current drawn from this sup­
ply is under 150 mA, except when sinking a load 
current. The output load capacitor, C2, is part of 
the op-amp frequency compensation. 
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POPULAR ELECTRONICS 

SIMPLE 12-V POWER SUPPLY 

T1 
51 16-18V 

l~· 
'----v---' 

120 VAC 

+ 

R1 
470n 

01 ... 

Fig. 68-23 

This 12-V power supply is easy-to-build, and it produces a smooth output. Dl is a 14-V, \1-W 
Zener diode. The voltage can be varied by a few volts up or down to change the output voltage. 

3.3 V FROM 5-V LOGIC SUPPLIES 

4.SV TO 5.SV 5 ~,-N-----ou-T1---.--.-3.3V OUT 
700mA 

+ 3.3µF * SOLID TANTALUM 

LT1129-3.3 
4 

SHUTOOWN SENSE 

GND 

3 

LINEAR TECHNOLOGY Fig. 68-24 

Microprocessor chip sets and logic families that operate from 3.3-V supplies are gaining accep­
tance in both desktop and portable computers. Computing rates, and in most cases, the energy con­
sumed by these circuits, show a strong improvement over 5-V teclmology. The main power supply in 
most systems is still 5 V, necessitating a local 5-V to 3.3-V regulator. Linear regulators are viable so­
lutions at lower (!

0 
,;1 A) currents, but they must have a low dropout voltage in order to maintain reg­

ulation with a worst-case input of only 4.5 V. The figure shows a circuit that converts a 4.5-V minimum 
input to 3.3 V with an output tolerance of only 3% (100 mV). The LT1129-3.3 can handle up to 700 
mA in surface-mount configurations, including both 16-µA shutdown and 50-µA standby currents for 
system sleep modes. Unlike other linear regulators, the LT! 129-3.3 combines both low-dropout mid 
low-voltage operation. Small input and output capacitors facilitate compact, surface-mount designs. 
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ELECTRONIC DESIGN 

47 
µf 

3.3to5V 
Voo o1 

1N5817, 
etc. 

12-V SUPPLY 

02 

100 H 
1H5817, 

µ etc. 
• 

1 
µF 

Generated 12 V 

12 v 
DZ1 1N5242, 

••• 
c, • 

47 
µF 

~ 
EL7262 

PulN input 
!ram system 

Fig. 68-25 

When driving a power MOSFET from a 5-V or 3.3-V system, a significant number of components 
usually are needed to generate an extra+ 12 V. 

It's possible, however, to apply the second channel in a typical dual MOSFET driver to derive a 
+12-V power supply. By using a driver with the drains brought to separated pins, you can connect an 
inductor between then-channel drain and the logic supply without connecting the p-charmel device. 

The driver operates as a standard flyback-style switched-mode circuit (see the figure). When 
the output n-channel device is on, current starts flowing in the inductor, which stores energy. When 
then-channel device is turned off, current must continue flowing. Therefore, it flows through diode 
D2 to charge up Cl and C2. As the cycle repeats, the Cl and C2 voltage rises until the Zener diode 
prevents further voltage rise. This is needed to prevent the driver's derived supply from exceeding 
the part's maximum voltage rating. 

4- TO 70-V REGULATOR 

~---.--....-.rsl!Ov 

°' Llo!J29 
N 

" "' 

" Vk 

"' " 
" .. 
'" 2.lk 

NATIONAL SEMICONDUCTOR 

.. 
''" 

02 Ql 
1~12,J ZN36~0 

h 

''" 
" 100>1 

Fig. 68-26 

This regulator operates from a single supply. 
If the op amp is not able to control an overvoltage 
condition, the SCR will crowbar the output. 
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SWITCHED POWER-CONTROL CIRCUITS 

+is3~1V 
IR11Dtl 

SWitched Vs +V13ta1Vo ~ 
Q1 S19'3311Y 

lli ( S.tt.hej vs[ 

1111 

Enable 2 3 
Enable 

U!A U28 
1M 7411CIM u 

V11 colll'IKll 
Y11CCN111111111 

1•1 - 1~1 eo-

ELECTRONICS DESIGN Fig. 68-27 

Load currents of a few milliamperes to amperes can be turned on and off hy these switched 
power-control circuits. The IJ2 CMOS inverter stage works as a simple power switch for load currents 
less than 5 mA (Fig. 68-27 A), allowing easy reference shutdown. If appreciably higher switched out­
put currents are called upon, an alternate CMOS inverter driving a low-threshold PMOS device can 
be used to switch currents of up to I A or more (Fig. 68-27B). 

MULTIPLE ON-CARD REGULATOR ADJUSTER 

LMll1 

v,N v,N Vour~.,._ .... _vour 
ADJ 

" "' 
1N4002 

'----+--------+---- - - - --+----' 

NATIONAL SEMICONDUCTOR 

" " 'AH outputs within ± 1 00 mV 

tMinimum lmd - 10 rM 

Fig. 68-28 

This circuit allows one pot to control several on-card regulators for adjustment within ±100 mV 
of each other. 
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WILLIAM SHEETS 

SIMPLE 9-V POWER SUPPLY 

1ooµ:F+ 
3V I 

IN4002 

Adjust for 
9 V output 

Fig. 68-29 

This supply will provide 9-V transistor radios or cassettes from a 12-V auto electrical system. 

MAXIM 

+5-V AT 1-A SUPPLY WITH +3-TO +5-V INPUT 

.-AXUM 
MAX141U 

ON.{)FF 

SLOP£ FREQ 

SYNC v. 
VSEL OUTA 

PrUN OUTB 

Vour ORV· 

VREf 
C6 -1i)µf :;i;: A1 Ul/LO 

150k 
SS 

C3 
01µfr GND 

EAO 

R2 
100k 

INPUT 
V1N"2.NT05V 

l1 
20µH 

C4 
6800of 

cs 
470pf 

01 

• C1 
I 150µF 
7 6.3V 

VO\ff .sv 

Fig. 68-30 

A MAX741U switching-mode power-supply controller and a switching FET Ql are used to pro­

vide +5 V at 1 A. 
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S1 

McGRAW-HILL 

+3V Of! MORE 

ANALOG DEVICES 

5-Vdc REGULATED SUPPLY 

0 

C2 ' 
lµF 

RI 
21on 

BUFFERED REFERENCE SUPPLY 

U1 = AD820, AD822, 
OP295, OP495 

01 AD588 
1,235V REFERENCE 

~--+---0 VoUT:: 1.235V 

o• 
VOUT ~ 1.235V • (1 + R21R3) 

I 
-, - - - 0 +1.235V (UNBUFFERED) 

f m 

•SVdc 
Source 

Fig. 68-31 

Fig. 68-32 

This buffered reference (for 1.23 V or more) uses a supply voltage of greater than 3 V. 

5-V LOGIC REGULATOR WIT-H ELECTRONIC SHUTDOWN 

lllH 1V-J5V 

" OJ~F 

"Min output = 1.2V 

""" 

R2 

"' 

NATIONAL SEMICONDUCTOR 

496 

"' "' 

Fig. 68-33 

The circuit will shut down to 1.2 V under 
fault conditions. 



McGRAW-HILL 

A 

02' 

POPULAR ELECTRONICS 

12-Vdc REGULATED SUPPLY 
Si 

JUNKED TRANSISTOR REGULATORS 
v,. 

TO FILTERED DC SOURCE A 
~ 

01' • -1 
7 

c 

A 

RO 
4-150 

04' 

•SEE TEXT 

R4 
(SAME AS R3) 

Fig. 68-34 

• 
Fig. 68-35 

Old transistors can make excellent regulators. Simply use one as a Zener to control the base cur­

rent to another transistor (Fig. 68-35A). If the pass transistor cannot supply enough current, you can 

use two pass transistors in its place (Fig. 68-35B). 

TELEPRINTER LOOP SUPPLY 

MJl!30U O • 100 inA 

>r-+-...IVIA..,-{..L. • 

" 

= III = -:- -:-
$.I K 
112 W 2NU22 

HQ µP, 50 VCl'C Each 

73 AMATEUR RADIO TODAY Fig. 68-36 

A circuit to power a teleprinter, using transistors as current-controlling devices. The power sup­

ply used provides a constant current in a loop, normally 60 mA or 20 mA, depending on the machine. 
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On 

OT1~ 
Off S1 I 

120 
Vac 

ELECTRONICS NOW 

5-A CONSTANT-VOLTAGE SUPPLY 

R3 
0.27!! 

2W 

+ 

~~~---OHigh 

~-e.-olow 
R4 

0.27n 
2W 

02 
2N6549 

C1 
1000 µF 
50V 

S2 

C2 
0.01µ.F 

RL 
1oon 

01 
MJ2955 

1 In 

7805 

GND 
3 

Outt=2--.----<t~-..---<> 

+ 

C3 C4 

Regulated 
de voltage 

0.01 µF 100 µF 
50V 

Fig. 68-37 

This constant-voltage supply has a variable output. It can supply more than 5 A, and has two 
switchable current limits. 
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69 

Power Supply Circuits (High Voltage) 

The sources oLthe following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Fluorescent Lamp 12-V Supply 
High-Voltage Regulator 
Night-Vision Scope Power Supply 
High-Voltage Power-Supply Control Circuit 
-100-V de Supply 
ac-Operated He-Ne Power Supply 
HV Regulator with Foldback Current Limit 
Kirlian Device Supply 
High-Voltage Tripler 
200-V Regulator 
Pulse-Width Modulated Laser Supply 
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POPULAR ELECTRONICS 

FLUORESCENT LAMP 12-V SUPPLY 

Cl 
33 

R3 
3300 

C2 
.1 

~2 
100 

Rl 
151< 

C3 
47 

25WVDC 

Sl] 

R4 
2700 

01 
2NaOAH 

+ } FROM 
CHARGER 

AND 
BATTERY .,__--<> 

1tt LAYER 
56 TURNS 

NO. 22WIRE 

3"' LAYER 
163 TURNS 

NO. 28WIRE 

82 

'----v---' 
4• LAYER 
28TURNS 

NO. 28WIRE 

FLUORESCENT 
TUBE 

Fig. 69-1 

This high-voltage power supply can operate fluorescent tubes from a 12-V source, even if the 
tube has a defective filament. It essentially is an oscillator that excites a home-made autotrans­
former. Tl is wound on a ferrite rod 'JO," diameter by !%" long, in layers. S2 is an optional lamp fil'1.­
ment switch. 

HIGH-VOLTAGE REGULATOR 

I 
ZN30H __... 

Vw•UVO-.... - .... ----,. 
RI ... 

-33mA 

NATIONAL SEMICONDUCTOR 

This circuit produces 48 V from an 80-V input. 

500 

LMJ4D·15V 1-<t-~t-O YouT --cav 

,,. 

01 
lNS3141 
33V 

CZ 

l"0.1~F 

• Gem1rli1111t 1itnal diode 

w ¢ "'"'· 
Fig. 69-2 



9V C R1 

D " 

" '""'' 

"" 

O.&VDC 

D' 
1N914 

NIGHT-VISION SCOPE POWER SUPPLY 

n 

II 

''":,,-/Vl 
"' ,..., 

6.4VDC 

"' "" 

' ' o Sms 

"" 

"" 
A 

K 

" 0.047µF 

""' 
A 

" I 
"" C1060 

'~cS 
E B C 

a' 

C3 TO C8. 22q>F TO 0.00111f/5kV 

03 TO DB • BIJY600 

C3 " 

4.5kV .. ,, 

NOTE 1 
+13.DIN 
OUTPUT 

L_ _ _.__._ __ _. __ _. _______ _._--j----+---------- NOTE2 

ELECTRONICS NOW 

NOTES: 
1-RED HV WIRE TO IMAGE TUBE 
2·SLACK GROUND WIRE TO IMAGE ruee 

Fig. 69-3 

This high-voltage power supply has an inverter around Ql that supplies 150-V pulses to the con­

verter of SCRl and C2. The output of T2 is a 4.5-kV pulse that is multiplied by the voltage-triplcr net­

work (right) to produce 1:3.5 kV 
Tl is a :1-kQ to 500-0 CT transistor audio transformer, T2 is a flash tube trigger transformer with 

a 6-kV secondary. 

WILLIAM SHEETS 

HIGH-VOLTAGE POWER,SUPPLY CONTROL CIRCUIT 

IN4002 

HV start 

N.O 3 3 kil 
+12 v .... . _."'7..~J\f\1\-~-j 

5' 
470fi 

----- ---.. +12 v 
Relay DPDT 12 v 150(l 

IN4002 

2N3904 

,,.---0-----0 NC }To HV 
e>------0-- ----0 0 control --- · 
~NO circuit 
v----0 

4.7 
kn 

10kfl 
sensitivity 

_rVVv:- +---->-----

~ r:! 
H.V. 

supply 
3400V 

IN4002 
(2) 

Fig. 69-4 

To start the HV supply, Sl is pressed, latching the relay. The 10-kQ pot is set so that the relay 

just latches. \Vhen·HV current becomes excessive (arc-over, etc.), an excessive voltage is developed 

across the 10-Q WW pot, cutting off the 2N3904, causing the relay to unlatch. This circuit was used 

in a 1000-W linear RF power amplifier. 
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R2 
5600 

-100-Vdc Sl.IPPLV 

~---.----.-- +-9-15V 
R1 C3 + 

100K 22 

R3 T1 

. .-ir-'-·7_K+--tt-~---,4-10Vr~-_, 

• , 

c• ce 
.05 .05 

-~~~~lif--
_____ ...l l.---

cs C7 
.05 .05 

• 

+ 

-100V 
DC 

OUT 
,-----A----.. 

c• + 
.05 

R4 
2MEG 

}NEQA~ 
H.V. 
OUT 

POPULAR ELECTRONICS Fig. 69-5 

The combination Hartley oscillator/step-up transfom1er shown in A cah generate significant nega­
tive high-voltage-especially if the voltage output of the transformer is multiplied by the circuit in Fig. 
69-5B. Tl is a small low-voltage filament transformer of arow1d 4- to 10-Vac output, 120-V primary. 

ac-OPERATED HE-NE POWER SUPPLY 
SI 

IS~~n 

l" D2 
Cl IN 

See text .02µF 
C3 

2µF 
D3 

Anode 

IN 

High•voltage Luer Tube 

IM 
output 

.0 2F 
C4 

2µF 

m 
Cathode 

McGRAW-HILL Fig. 69-6 
Tl is a 120-V to 1000-V step-up 60-Hz transformer. Cl, C2, C3, C4 and D2 through D5 form a 

voltage quadrupler. The initial voltage is 4 to 5 kV, which drops when the laser tube fires. 
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HV REGULATOR WITH FOLDBACK CURRENT LIMIT 

r---------..----1l------+--HCIY5;Y1t11 $HDY 

Cl ..... "' ... 

"' " .. 
"' UM 
1% 

01 
1N457 

•• , .. 
'"' 

02 
IN457 

C2 
1000 pF 

Q2 
ZN3431 

•• 1M 

.. 
1N4717 
11¥ 

+ 

"' "' 

Cl 

"' 

•• ,...., 
DI ,...., 

.. 
u 

..... ,.,.,i'o-... ----------4 .... --------------~-~o•o 
NATIONAL SEMICONDUCTOR Fig. 69-'7 

The output current is sensed across RS. This is delivered lo the current-limit amplifier through 

R7, across which the foldback potential is developed by R6 with a threshold determined hy D4. The 

values given limit the peak power below 20 W and shut off the pass transistors when the voltage 

across them exceeds :310 V. With unregulated input voltages above this value, start-up is initiated 

solely by the current through R5. Q4 is added to provide some control on current before A2 has time 

to react. 
The circuit is stahle with an output capacitor greater than about 2 µF. Spurious oscillations in 

current limit are suppressed by C2 and R4, while a strange, latch-mode oscillation coming out of cur­

rent limit is killed with Cl and Rl. 
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TR2 

McGRAW-HILL 

KIRLIAN DEVICE SUPPLY 

Rcetificr v" 

R4 sn R3 
20W 4.7k0 

IC! 
Voltage 

regulator 

R2 
47k0 

RI 
2.2 k!l 

( 
R2-) Fn:q. 

conuol 

Fig. 69-8 

This device is essentially a high-voltage variable-frequency ac supply. A CD4049 IC multivibrator 
circuit drives a Darlington connected transistor pair, which drives TR2, an IN transformer. 

HIGH-VOLTAGE TRIPLER 

Cl through C6 
150pF 3kV 

mf~ 
McGRAW-HILL 

DI through D6 
3kV 

OHV output 

Fig. 69-9 

This tripler is useful for low-current and high-voltage applications. The capacitors can be 0.001-
µF, 3- to 6-kV discs, and the diode's 3-kV Wlits, or three each JN4007 in series. 
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R2 
VOUT .. Ri VREF 

" I.DH"' 

., .. .. 
"' 2M .. 

" .... 

" IN4ll 

" IOµF 

+ 

DI 
1N457 

200-V REGULATOR 

With high-voltage regulators, powering on 

the TC through the drive resistor for the pass 

transistors can hecome quite inefficient. This is 

avoided with the circuit shown. The supply cur­

rent for the JC is derived from Ql. This allows R4 

1.o he increased by an order of magnitude without 

affecting the dropout voltage. 
Selection of the output transistors will de­

pend on voltage requirements. For output volt­

ages above 200 V, it might be more economical to 

cascade lower-voltage transistors. 

.__ __ .... ,__ ______ .... ,__ ____ COMMON 

NATIONAL SEMICONDUCTOR 

+ 

c 
IOµF 

!Cl 
LM555 

McGRAW-HILL 

C6 
.0611F 

Fig. 69-10 

PULSE-WIDTH MODULATED LASER SUPPLY 

Rll 

""" 

c.~~----u.. __ ,_ ____ ~~ 
Fig. 69-11 

ICl initially provides drive for Ql and HV transformer Tl, and it rectifies D4 through Dl9. When 

the laser tube ignites, Q2 is triggered; this activates relay RLl, reducing the duty cycle. Rl3 controls 

the duty cycle of the pulses through the laser tu he. 
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70 

Power Supply 
Circuits {Multiple Output) 

The sources of the following circuits are contained in the Sources section, which begins on page 
706. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Experimenter's Power Supply 
Quad Power Supply 
Activate Back-Up Power Supply 
CCFL Supply with Variable Contrast 
de Power Source for Experiments 
Stable VFO Power Supply 
High-Efficiency Triple-Output Supply for Notebook Computers 
General-Purpose Power Supply for Automotive Projects 
±15-V Power Supply 



EXPERIMENTER'S POWER SUPPLY 

02 

FOR LED CURfiENT LIN I TING 
RESISTOR VALUE, R3, R3, R6. R9, 
Fl I 0, RI 6•(Vout-.7)/.0 LS 

SEE TEXT 

12 

" NOT!: C<1pacltcrs Cl .::-c2s are mounted In 
the output voltage terminals 

73 AMATEUR RADIO TODAY 

OSI 

DS2 

LM337Tt-~~-t,-'.'.-;'I~.,.._,.,,-,"'°~°"',,(. 

sKR11220 ~,"~ii','"J"i(+J4 
1<10" 

DS4 

Fig. 7(J.1 

Passive linear IC regulators are used to make up a supply delivering +12, +9, +5, -5, -9, and-12 

Vdc. Tl and T2 are 12-V, 3-A transformers. 
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QUAD POWER SUPPLY 

SI 

!Cl 7812 
0 Positive Rail +J2V 

+12Y REG 

c 
+ + C2 

+ + 
Cl .~t C4 

2200µ lµF lOOµF 

Ground Ra.il Ground 

+ + C7 
+ cs C5 .~~ 2200µ IµF 100µ-F 

c 
IC2 7912 

0 Negative Rail -12V 
-12V REG 

IC3 7805 
Positive Rail 0 +5V 

+5V REG 

c 
+ + CIO CI! 

+ + 
C9 1~J,IF IOOOµF l µF lµF 

Ground R1i!O Ground 

+ + Cl4 CI5 
+ 

Cl3 Cl6 
IOOOµF l µF lµF IOOµF 

c 
IC! 7905 0 Negative Ra.ii -5Y 
-5V REG 

McGRAW·HILL Fig. 70-2 
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ACTIVATE BACK-UP POWER SUPPLY 

A +15Ydc 1 v 4_! 7 +15 

B_ +15Vdc 4 , --< 
" 

' I 

: 
..... 1 -ts 

A -15Vdc 3 , 

- 6 I 9 
-

I 

e -15Vdc R R 1 

81S Positive s15 Negative J.. ..± 
, {,~wer-supply r.!;{ower-supp~ · - K 

rt66V LED,\;J) dropnul R7 LE01 ~f}. droll'ul B' ~ _ ' 

R ~pit!I . 2 B R 1.78 k 1 B 100 ml (K, on) tti;;ts ~ 
46lkll Enable Vee - 5 V5

mA 1o'k I Enable Vee . - 5 j R,,JU±5'l.,1/1WRC 

· u 0,11-- 1 r::-- 8 U Ou!"'- 11 mA;>'"-=-~ 
7 Sense Tl7701A Ou! 6 !'"' O, LMJ58N ~,___!. Sense TL7701A Ou! 6 ~, O, K, = W388COX-6M 

R, 1N1111 3 A167V R, h 1N1111 Coil-11Y 1 
• REF GNO $CR.anode 1.11k -i;, 4 ty·. I REF GNO SCA-anode 1.11k c I - -op'o 
., '1 ]4 13 R pica .F# 14 31 on acts -

10k C,-'-' • C1 ·1 , C,,C2 =0.1,F< 

_ 0.1~Ff 1.54k 0.1."F Teslp01nl Allresislors=lyp 

;;ound ::.1%, 1/SW{exi 

Posilive detector - 1 g 

ELECTRONIC DESIGN 

de DUI 

Vdcout 

0 

gnecraft 
0" 
·, 11A 

;eramic 
RN55C, 

:epl R,.) 

round 
Fig. 70-3 

A circuit, which can be built around two Tl TL7702 chips, monitors a 15-V power supply and activates a relay to turn on a 

back-up supply if the voltage drops below ±14.1 V. With the back-up in place, the malfunctioning supply can be replaced without 

any down time. The TL 7702 power-supply voltage supervisor chips are intended for use as reset controllers in microprocessor 

systems, but they work well in their modified form for this application. 

One chip detects the positive supply (Ul), and the other is used for the negative (U2). A pair of output-relay drive transistors, QI 

and Q2, form a wired OR circuit so that relay Kl is activated by the positive or negative voltage detector that switches Ul or U2 on. 

The supervisor chips have a direct connection to the input comparator so that the trigger level is set by a resistor-di,ider network 

(RI and R2) at the sense-input pin. These chips also have an internal, stable, reference-voltage source set at +2.53 V, typical. The pos­

itive-sensed voltage drops enough to activate the comparator, its output goes low, switches the internal gate, and triggers the silicon­

controlled redifier (SCR). The output comparator then forces the two output transistors to switch, one high and one low. The output 

transistor (pin 5) turns on the light-emitting diode (LED), and the output transistor (pin 6) turns on the relay driver, Ql. 

The negative detector is preceded by half of the dual op amp LM358N (U3a)-an inverting amplifier with a gain of -0.178. R5 

connects to the -15 Vdc being sensed. The output of U3a is usually set at 2.67 V, higher than the +2.53-V reference voltage. There­

fore, no switching occurs. Ifthe-15-Vdc voltage decreases, U2 switches Q2 and activates Kl in the same manner as described for 

"' the Ul-Ql positive detector. R3, R4, and RS through RlO serve as current-limiting resistors. 
0 
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CCFL SUPPLY WITH VARIABLE CONTRAST 

Al.UMllNUM ELfCTROL 'fTIC IS RE'COMMENOED FOR C3B WITH AN 
TO PA EVENT DAMAGE TO THE LT1182 HIGH-SIDE ESR<!0.50 

SENSE RES 
C1 MUST 
01,Q2·ZET 

L1 •COIL 

fSTOFI OUE TO SURGE CURRENTS AT TURN-ON. 
BE A LOW LOSS CAPACITOR. C1 "WIMA Ml(P-20 

EX" ZTX849 OR ROt!M 2SC5001 
TRONICS CTX210605 
TRONICS CTX1CI0-.4 
TRONICS ClX0:!-12403 

L2 •COIL 
L3mCOIL ... ,.,, """"""'·-ICS (407) 241-7876 COIL TRON 

OµATO~ 
CURRBllT 
DmAT06mA 
BULB CUR 
THIS IS EOUAI. 
0%T090% 
CYCLE FD 
PWMSIG 

ICCfl 
GIVES 

RENT. 
TO 

DIJlY 01 
R THE 8ATil5 
NAL ~ 

·~ .. 
46.4k 
1% R5. 43.2k, 1 % 

... .tl_ 

1.G5 ... 
-r- 1000pF '"" 

R3 
1 .. 

1 CCFL 
PGND CCRVsw 

' fccFL BULB 

3 
2.2µF "" "" 

~·~ 
010 BAT 

LT1182 
CCFL Ve ROYER 

' AGNO Vw. 

UPT06mA 
'"'i:AMP ... 

C2 

I 10. 
' -21pF 

•T"v 
3 ' 1 

.. 
' Z, _C3B 

T'"'' ~ 35V 

C1' 
0.068,i.f 

~t;-1~.~ 
"'i" ~ 

• • l2 01 
' 100µH 

1• I 1N5818 
• r -.1L-

14 

13 

12 
.,, 

' f8P 11 • :;Ojl~F 7 -LCOVc "' 
10 

I R7, iOK 8 
LCD LCOVsw ' PGND R9. 4.9$k. ,,.. 

"' 

LINEAR TECHNOLOGY 

l1 

:tL C3A T'.., 35V 

"' 
. .,, -~ T'.., 35V 

D3 

BAT 
8\IT028V 

EITIER N£GCON OR POSCON 
MUST BE GROUNDED. 
GROUNDING NEGCON GIVES 
VARIABLE POSITIVE CONTRAS T 
FROM10VT030V. 
GROUNDING POSCON GIVES 
VARIABlE NEGATIVE CONTRAS 
FFIOM-tOYT0-30V. 

L3 
POSCON 

1 ~)H5934A 

~lie 
7 C11 + 24V 4 

' ""' - :::: 
9 asv' • - 02 

•• 1N914 2 

N s 1:2 

"" 
NEGCON 

1N814 

'" :--v,. ""' I .ll.c. '3V 

'" ".J:"'2.2,U '"" .,, 
1% 

C9,0.01µf ..L,,. '" :~ 1.2111 1" 0.01µF 1% 

--= R10. 10k. 1% R11. 20k!.-1% ,,..,.,,., 

Fig. 70-4 

The figure is a complete floating CCFL circuit with variable negative/variable positive-contrast 
voltage capability, based on the LT1182. Lamp current is programmable from 0 mA to 6 mA using a 
0- to 5-V I-kHz PWM signal at 0% to 90% duty cycle. LCD contrast output voltage polarity is deter­
mined by which side of the transformer secondary (either POSCON or NEGCON) the output con­
nector grounds. In either case, LCD contrast output vo!Lagc is variable from an absolute value of 10 
V to 30 V. The input supply voltage range is 8 V to 28 V The CCFL converter is optimized for photo­
metric output per watt of input power. CCFL electrical efficiency up to 90% is possible and requires 
strict attention to detail. LCD contrast efficiency is 82% at full power. 
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McGRAW-HILL 

12V 
- + 

de POWER SOURCE FOR EXPERIMENTS 

Spring clips 

+ 

view IC2 
Front w ICl 

regulator IC3 

Cl 
3300µF 

In Out 

G 

ICl 
In 7809 Out 

IC2 
In 7806 Out 

IC3 
In 780S Out 

Ground 

C2 Jl 

T OlµJ 

)2 

To _ 0.lµF 

C4 JJ 
To.iµF 

cs l4 

T 0.lµF 

JS 

+12V 

+9V 

+6V 

+sv 

Com-

Fig. 70-5 

This supply uses IC regulators to supply +5, +6, +9, and + 12 volts regulated from a nominal 12· V 

supply. 

STABLE VFO POWER SUPPLY 

+6VDC REGULA TED + 12VDC REGULATED 

0 U2 0 U1 + 15V UNREGULATED 

78LD6 781:2 DC POWER 

C3 
C2 + + C1 

.1 G G 
1 10 

~~~'°" + C4 

AF All OTHER 100 

CIRCUITS 

POPULAR ELECTRONICS Fig. 70-6 

A de power-distribution system for a stable oscillator should use a separate voltage regulator just 

for the oscillator circuit. 
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"' ~ 
"' HIGH-EFFICIENCY TRIPLE-OUTPUT SUPPLY FOR NOTEBOOK COMPUTERS 

- \11N 22µF ..l±. 

I" 
.1 !6.5V TO 35V T 
": 18\1) x2 ':" 
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R2 RI 111Qn 1000 

02 N-OfHVE 5 
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I . 

,, 
~ 

12VENABLE --.-----+---' 
OV=12VOFf 

~ 

>3V = 12VOlll 
(6V MAX) 

Vou15 
5V/2A 

12V11somA -""1-"1r---<r------, 

D3 !,"' T ~i~· RsENSE3 KRL SL-1R05QJ 
RsENSE5'KAL 5L-1R040J 

Lt .COIL TRON I CS CTX-33-4 
T1 PRIMARY= ~H 

PRIMARY· SECONDARY~ 1 :1 8 
DALE LPE-6562-11026 

+ 
22µF -25\II 2iJpF " "" ~--.----f ADJ 

Vour 
SHUTDOWN MBRS140l.. 

V1N T tO(l()pF LT1121 

" 300k I G~D I ""'"'"" 

-
LINEAR TECHNOLOGY Fig. 70-7 

The circuit is configured to provide output voltages of 3.3 V, 5 V, and 12 V. The current capability of both the 3.3-V and 5-V 
outputs is 2 A (2.5 A peak). The logic controlled 12-V output can provide 150 mA (200 mA peak), which is ideal for flash memory 
applications. The operating efficiency shown in the figure exceeds 90% for both the 3.3-V and 5-V sections. 

The 3.3-V section for the circuit in the figure is comprised of the main switch Q4, synchronous switch Q5, inductor Ll, and 
current shunt RsENsc:· Clirrent-sense resistor RSENSE monitors the inductor current and is used to set the output current accord­
ing to the formula OUT= 100 mV/RsE>:SE' Advantages of current control include excellent line and load transient rejection, inher­
ent short-circuit protection, and controlled start-up currents. Peak inductor currents for Ll and Tl for the circuit in the figure are 
limited to 150 mV/RsENSE or 3.0 A and 3.75 A,.respectively. 



GENERAL-PURPOSE POWER SUPPLY FOR AUTOMOTIVE P-ROJECTS 

R3 
27 0 ll 

Operating 
car voltage 

Electrical 
ground 

+ 
;i';C9 

1000 µF 
50 v 

~R1 • 
1 in 

270 ll I; " C1 
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50V .01 µF 

R2 
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~: C5: 
1000 µ.F =: C6 

50V .01 µ.F 

"'-'C10 

. . 
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2 
C3: 

.01 µ.F 

IC2 
7812 
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2 
en 

.01 µF 

Buffered 
car voltage 

01 
1 N4002 

" 

" 

~ 0: C4 

Regulated 
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50 

-
02 
1 N4002 

v 
Electrical 
ground 

-Regulated 
12 volts 

+ ; ;: ca 
100 
50 

11~.. ~~~ 
Voltage~•~--'\\l'<Y\-•--l..._.5 .... o_v ________ ...,o alternator 

(seetext) R4 voltage 

2700 
Chassis Chassis 
ground-----------------<> ground 

ELECTRONICS NOW Fig. 70-8 

This supply produces 12 V and 5 V for a variety of automotive projects. F4 is connected directly 

to the alternator field winding (usable only if your car has a separate regulator). 

RADIO-ELECTRONICS 

:t15-V POWER SUPPLY 

• 
ct 
2200 

U1 
7815 
REGULATOR 

GNO 

r-----.---o+ 15 VOLTS 

C3 
1-5 

15V o----------~ 

C1 
2200 
25V 

U2 
7815 
REGULATOR 

GNO 

t-----.--o -1!i VOL TS 

C4 
1-5 

0 COMMON 

Fig. 70-9 

A simple bridge rectifier feeds two IC regulators. This circuit should be useful for op-amp circuitry. 
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71 

Power Supply Circuits 
(Variable Output) 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

514 

Variable Voltage Regulator with Current Crowbar Limiting 
Adjustable 0- to 5-V Supply 
Transceiver Power Supply for Variable Lab Source 
Adjustable Power Supply 
Variable-Voltage Regulator with Wide-Range Current Limiting 
General-Purpose 0- to 30-V Power Supply 
Adjustable Positive Regulator 
Adjustable Bias Regulator 



VARIABLE VOLTAGE REGULATOR WITH CURRENT CROWBAR LIMITING 

01 
3.9V 

POPULAR ELECTRONICS 

RB 
1K 

3 

Q3 

TIP42 

R5 
3.90 Q4 

TIP42 

R3 
100 

01 r+-1'-~~~-\~+-~-+-~-<>V­

T1P41 

A 

A2 
22K 

Q2 

ZN2222 

C1 
10 

R7 
3.3K 

zo 40 60 ~ 100 1~ 1~ 100 1~ 

LOAD CURRENT (mA) 

• 
Fig. 71-1 

The variable voltage regulator with current-crowbar limiting. shown in Fig. 71-lA, overcomes 

the disadvantages or constant and foldback limiting. As you can see in the graph (Fig. 71-lB), the 

current crowbar quickly shuts down the supplied power when a preset current is exceeded. It also 

has excellent load regulation over its operating range. 
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ADJUSTABLE 0-TO 5-V SUPPLY 

+Y1n= 
10Vlo 

20V C4 
5 L1 I 0.1µF R7 

Vout 2.2 k cm D11·5A·52 
C1 Vin Vsw 4 - 5% 

• 330 pf R2 Ai 
35 v 3.65 k 3.01 k 

1% 1% 
FB 

GND Ve R3 U1 4 LT1029 • 
3 2 10.65 C3 

R5 
LT1DD6 

R1 1% 0.01 µF 
220 2.7 01 1% 

1/4 w 
MBR340P 5% 

-

ELECTRONIC DESIGN Fig. 71-2 

Although linear-regulator !Cs are frequently used in variable power-supply applications, they 
might noLalways be the best choice. At low output voltages, power losses in these regulators can 
cause headaches for designers. For example, if an output current of 1.25 A is required at 1.25 V from 
an input of 8 V. a regulator (such as the LT317) dissipates more than 10 W. 

The figure depicts a dc-dc converter that functionally replaces a linear regulator in the just de­
scribed application. The converter not only eliminates the problem of power loss, but it can be ad­
justed for output voltages (as low as 25 mY) while delivering an output current of 1.5 A. 

The circuit uses a basic positive-buck topology with one exception. A control voltage is applied 
through R4 to the feedback summing node at pin I of the LTI076 regulator JC, making it possible to ad­
just the output from 0 V to approximately 6 V. This range encompasses the 3.3-V and 5-V logic supply 
voltages for portable and desktop equipment, as well as battery-pack combinations of one to four cells. 

As R4 is driven from 0 to 5 V by the buffer (Ul), more or less current is required from R2 to sat­
isfy the loop's desire to hold the feedback swrnning point at 2.37 V. This forces the converter's out­
put to swing over the range of 0 to 6 V. 

The LTI076 is capable of I. 75-A guaranteed output current in this application, 1md 2 A is typi­
cal. If more current is required, the LTl 07 4 can be substituted for the 1:r1076. 
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TRANSCEIVER POWER SUPPLY FOR VARIABLE LAB SOURCE 

R1 

J1 
+ 

o. 1 a 
to 

R2 
SW 10 a 

Power Supply 2W 
J2 

RJ 01* 

~ 
SW 

* See text and caption 

** Heat Sink 

U1 
L.M317T 

1RJ 
AOJmlN 
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(lob) 

Top View 

01 
MJ2955 

01 
MJ2955 ** 

U1 * 
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LM317T 

2 ••• 
(J) 

IN OUT 
ADJ 

U1 
LM317K 

220 0 
1W 

RS 
OUlPUT 

L.£VEL 

(Cose). 3 OUTO 
ADJ~~IN 

Bottom vi-. 

0 

+ 0-1.5 

- M1 

2.5 kO 

2JN 

J4 

OST 
Fig. 71-3 

A variable voltage regulalor provides 1to11 Vdc for lab bench work, using an existing 13.8-V 

transceiver supply. 

WILLIAM SHEETS 

120:24 v 
1 A 

ADJUSTABLE POWER SUPPLY 

+2200 ~F 
35V 

LM317 

+1.5to22Vdc 
1----.~~~~-..-~~~-0c 

5-k!l 
pot 

0.22 
~F 

Fig. 71-4 

Using an LM317, this supply delivers 1.25 to 22 Vdc for various purposes. The LM317 should be 

hcatsinked. This supply will deliver 600-mA output current. 
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VARIABLE-VOLTAGE REGULATOR WITH WIDE-RANGE CURRENT LIMITING 

v. 
+24V 

01 
3.9V 

R7 
3.3K 

R8 
1K 

R3 
100 

R1 
1K 

R2 
22K 

02 
2N2222 

R8 
10K 

In this circuit, R9 acts as a control to set cur­
rent limiting. If R9 = 0, limiting occurs at 47 mA. 
Input is 24 V, output is 

(R, + R,) x (3.9) 
R, 

depending on the setting of R6. 

POPULAR ELECTRONICS Fig. 71-5 

GENERAL-PURPOSE ADJUSTABLE POSITIVE REGULATOR 
0-TO 30-V POWER SUPPLY 

Ul311 

... 
-l!VTO-ttV 

NATIONAL SEMICONDUCTOR 

518 

112 v .. 

" " 

Fig. 71-6 NATIONAL SEMICONDUCTOR 

Voi.n• (1+~)¥111 • 

Fig. 71-7 



R2 

WILLIAM SHEETS 

ADJUSTABLE BIAS REGULATOR 

+ 

Is> bias current 
of power stage 

~-------+--- vbias to power stage 

R1 

Bias 
transistor* 

*Thermally connected 
to power stage 

If the wiper of R2 is set at N% rotation, the bias voltage will be: 

Fig. 71-8 

This method derives a bias voltage that tracks Vm: of this bias transistor. If the bias transistor .is 

thermally linked to the power stage, tracking over a wide temperature range will result. 
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72 

Probe Circuits 

T11e sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Current Probe Amplifier 
Simple Logic Probe with Alphanumeric Display 
Simple RF Probe 
125-MHz Logic Probe 
pH Probe Amplifier 
8-Digit 100-MHz Frequency Prohe 



CURRENT PROBE AMPLIFIER 

R3 
0 +9V 

680 k C3 330 nF 

C1 + 

10 µF 
81 

Rs Compensated 

From R5 
470 

probe 
Di red 

To 

R2 39 oscilloscope 

100 k 500 
+ 

- C2 10 µF 

Box -9V 

ELECTRONIC DESIGN Fig. 72-1 

A clamp-on current probe, such as the Tektronix P6021, is a useful means of displaying curre11t 
waveforms on an oscilloscope. A less-expensive and sin1ple alternative is shown in the figure. 

The more sensitive range on the P602 J is 2 mA/m V, but it has a roll-off of 6-dB per octave below 
450 Hz. The purpose of the compensator is to counteract the low-frequency attenuation, which is 
achieved by means of C:1 and R4 +Pl in the feedback around op amp Nl. It's important that the lat­
ter is a low-noise type, such as the LM725 shown in the figure. On top of that, it's necessary at some 
point to limit the increasing gain with decreasing frequency; otherwise, amplifier noise and drive will 
overcome the signal. The values shown for G, and g 1 give a lower limit of less than 1 Hz. 

A test square wave of ±1 mA is fed to the current probe so that Pl can be adjusted for minimum 
droop or overshoot in the output waveform. It's vital that the sliding core on the probe is fully closed. 
At high frequencies, the response begins to fall off at 100 kHz. Therefore, for most waveforms, switch 
SI is moved to "direct," above a fundamental frequency of, for example, 10 kHz. 

This circuit's current conswnption is quite low, and it can be battery powered. If a mains power 
supply is built-in, it must be well screened to prevent hwn problems. 

521 



SIMPLE LOGIC PROBE WITH ALPHANUMERIC DISPLAY 

+ 

INPUT 

+SV 

R1 
220ll 

2 4 ~ 

~ 
... 

r-------- --- ---- -- ------- --- - --- -
I TO PINS 213 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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fl-lb 
I 9 I 

•I I' ,_, 

) 

' 
d 

~---+-0 TO PIN 4 

LED1 
GREEN (LO) 

LED2 
RED(HI) 

HIGH LOW 
' ' L- - -- -- ----- - - - - ---- - - - - -- -- --- - - - -- - -- ...J 

OPTIONAL OISPLA Y 

ELECTRONICS NOW Fig. 72-2 

A logic probe also includes BCD decoder module. The reel LED lights to indicate a logic high, and 
the green LED lights to indicate a logic low. This probe circuit will light a green (low) or red (high), 
and if desired, an alphanumeric display can be obtained with two 7-segment LED displays. · 

'°" °''"' Ho-+----

TO RF 
SIGNAL 

IN&O 
DIOOE 

>OM 
l72W 

73 AMATEUR RADIO TODAY 
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SIMPLE RF PROBE 

Fig. 72-3 

Your VTVM can measure peak voltage up to 
200 MHz by using this probe. The maximum RF 
that can be measured is determined by the diode; 
with a 1N60, the probe is limited to 30 V. To in­
crease the capacity, substitute a higher-voltage 
small-signal detector diode. House the circuit in a 
metal enclosure and use shielded wire. 



POPULAR ELECTRONICS 

01 
2N3904 

R1 
470<2 

125-MHz LOGIC PROBE 

1/4 74F02 

..._ _ ____,:'-\ U1-b )o-4"-1~2~~.,.._ 
3 UH )o-1--, 

R2 
470<2 

81 

V4 74F02 LED1 
RED 

R3 LED2 
150ll GREEN ~ 

Fig. 72-4 

This logic probe features either high-low (LED) indication or latching operation. When SI is 

closed, the indication of a pulse is latched and the red LEDl stays on. Piezoelectric buzzer BZl is 

used as a beeper to sound that a logic high is preset. 

pH PROBE AMPLIFIER 

V08 ADJUST 
100il.Q +V5 4 1 +1SV 

-Vo -v,•~c:: 
1VOLTlpH UNIT 

19.15110 

RT 
"0 
+ 3!§00ppm/ °C 

ANALOG DEVICES Fig. 72-5 

The low-noise precision FET op-amp AD795 has around 1014-Q common-mode impedance, low­

offset voltage (250 µV max) and 113 µVe drift make this device ideal for low-voltage measurements 

from high-impedance sources. 
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~ 8-DIGIT 100-MHz FREQUENCY PROBE 
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RADIO-ELECTRONICS 

Vee 
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+SV 
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II 

II RJ 
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18 
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1-SV-

Fig. 72-6 

Small enough to mount in a probe, this frequency counter circuit is good to 100 Y!Hz. It operates from +5 to + 15 Vdc. An 
11C90 prescaler drives a 10-MHz count.er chip (ICM7216B). Note the dotted line connecting RlO with pins 5 and 6 of IC2; that 
variable connection controls the decimal point and total count appearing on DSPl and DSP2. The relative intensities and dura­
tions of ON/OFF time for LEDl (green) and LED2 (red) give a rough indication of logic level and duty cycle. 



73 

Protection Circuits 

T lte sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Short-Circuit Protection Circuit 
Polarity Protector 
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POPULAR ELECTRONICS 

SHORT-CIRCUIT PROTECTION CIRCUIT 

OUTPUT 
TO POWERED 

DEVICE 

REGULATED {o ~ DC INPUT 
FROM ~ 

POWER SUPPLY I 

OUTPUT o~;+----iEJ-_+,-~ LED1 
(RED).-::;. 

24-VOLT ! FILTERED 
DC INPUT 

FROM 
BRIDGE 

04 
1N4001 

S1 

K1 
24V 

16000 

R1 
10K 

R2 
2.2K 

LED2 
(GREEN) \\ 

03 
1N4001 

Fig. 73-1 

When Sl is pressed, the coil of Kl is energized, closing its normally open contacts_ If the regu­
lated de input is between 1 and 24 V, that voltage feeds the base of Ql through Rl, turning on the 
transistor, and latching the relay_ When that occurs, LED2 glows indicating that all is okay_ 

If there is a short to ground at the circuit's output (Le., in the device being powered), the volt­
age that feeds the base of Ql goes to zero, turning off the transistor. Then, LEDl glows because Kl 
is de-energized to indicate the short circuit. 

POLARITY PROTECTOR 

From de 
source <>----+-----1 ">f--~-----0+ 

Alt diodes 
IN4007 

WILLIAM SHEETS 

526 

de out to 
equipment 

Fig. 73-2 

The use of a four-diode bridge guarantees 
correct polarity irrespective of input de polarity_ 
Remember that two diode drops (about 1.2 to 1.5 
V) are lost from the input voltage using this cir­
cuit. 



74 

Radar Detector Circuits 

The sources of the following circuits arc contained in the Sources section, which begins on page 

707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Display Board for Radar Gun 
2.6-GHz Oscillator for Radar Speed Gun 
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DISPLAY BOARD FOR RADAR GUN 
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POPULAR ELECTRONICS 
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Fig. 74-1 

This circuit takes signal ( dopplcr) from a radar gun, amplifies and limits it, and feeds the fre­
quency into a counter (U4) and display circuit (DISPl, DISP2, U5, Un). Counter calibration is set by 
clock circuit U2B. Calibration is obtained via R2 l and R22. R2 l can be changed if kilometers/hour 
readout is desired. 
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2.6-GHz OSCILLATOR FOR RADAR SPEED GUN 
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L-------~----------~ 
•sEE TEXT 

POPULAR ELECTRONICS Fig. 74-2 

This circuit consists of 2.6-GHz oscillator Q2, a coupling microstripline to ANTl, a 1.1" V.-wavc 
probe, detector DZ, and audio amp Ql. The oscillator feeds power to the antenna, which radiates the 
signal. The reflected signal from a moving target mixes with the oscillator signal in D2. The resultant 
beat note ( doppler shift) is amplified by Ql and fed to jack Jl, which is used to feed the circuit 12 V de. 
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Radiation Detector Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Geiger Counter 
Voltage Tripler for Radon Detector Ionization Chamber 
Flyback Power Supply for Radon Monitor 
Radon Monitor Amplifier and Head 

·ron Detector 



GEIGER COUNTER 

+v°" +v°' 
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R7 
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Dl 
200 V Zener 

R4 
JO MO 

D5 

Fig. 75-1 

An HV generator (IC!, IC2, Ql, Tl, and associated components) power a G-M tube. A pulse from 
the GM tube is interfaced through Q2 and !Cl to pulse generator IC3, which drives a speaker. 

VOLTAGE TRIPLER FOR RADON 
DETECTOR IONIZATION CHAMBER 

Rt 
Ct 
0.1 

47K 

HOT 

120VAC 
INPUT 0-NC 

NEUTRAL C3 
R2 0.1 

GROUND 47K 

COMMON 
CAPACITORS ARE 250V 

ELECTRONICS NOW Fig. 75-2 

The voltage tripler charges the ionization 
chamber capacitor. It is powered from the 120-
Vac line. Warning: Shock hazard exists. 

FLYBACK POWER 
SUPPLY FOR RADON MONITOR 

+ 

Ct 
470 
µF 

15V 

+1 TO +SV 
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(SEE TEXT} 

DI 
1N814 
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100K 

D2 
1N4004 
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1N4004 
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01 

HV 
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+ 

ELECTRONICS NOW Fig. 75-3 

This blocking-oscillator fiyback circuit is an 
alternative for charging the ionization chamber 
capacitor. 
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"' kl RADON MONITOR AMPLIFIER AND HEAD 
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RADON MONITOR AMPLIFIER AND HEAD (Cont.) 

IONIZATION CHAMBER 
SHIELD .----------, 
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I 01 
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: -500V 

: C1 
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ELECTRONICS NOW 
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TEXT) R2 
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TEXT) 
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+ 
C3 C4 

470µF 1µF 

OUTPUT 

Fig. 75-4 

A positively charged anode wire attracts electrons and a negatively charged cathode attracts 

positively charged ions. The recombir1ation of electrons and ions causes a current that produces a 

voltage pulse. The cathode is maintained at -500 V hy a charge on the 0.1-µF capacitor. 

A beverage can forms the chamber, an alwninum can forms the cathode, and half cans form pro­

tective end covers. The amplifier circuit board is shown to the left of center. 

ANT1 

R1 
100MEG 

1/2W 

01 
PN2907 

C1 
470pF 

ALUMINUM TAPE 
OR 

EARTH GROUND* -

POPULAR ELECTRONICS 

ION DETECTOR 

•SEE TEXT 

Fig. 75-5 

ANTI is a short whip antenna from a junked radio or other device. R.3 is adjusted to bring the me­

ter on scale. This device should be grounded to operate properly. A length of alurninwn or copper foil 

tape attached to the instrument case makes contact with the hand, and the body serves as a ground 

via hand contact with this tape. 
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Receiving Circuits 

The sources of the following circuits arc contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

AM Radio 
ac/dc Vacuum-Tube AM and Shortwave Receiver 
WWV Receiver 
Shortwave Receiver 
AM/FM Receiver Circuit 
118- to 136-MHz Aircraft Receiver 
Dual-Inverter Line Receiver 
Toroidal-Core TRF Shortwave Receiver 
Nine-Band Shortwave Receiver 
One-Tube Regenerative SW Receiver 
One-Tube Regenerative AM Receiver 
Two-Band Radio 
Simple Crystal Radio 
Video Line Receiver 

534 

Two-Chip AM Receiver 
Relay Interface to RC Receivers 
Basic Regenerative Receiver 
Simple Radio Receiver 
One-Tube AM Receiver 
Balanced Line Receiver 
Superhet Front End 
Receiver Preamp 
Regenerative Receiver for 6 to I 7 MHz 
Two-Stage TRF Regenerative Receiver 
Economy Shortwave Receiver 
Variometer-Tuned Radio 
Old-Fashioned Crystal Radio 
WWV Receiver 
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To grid 
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o plate 

ClO 
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R4 
on 

= 

+27V 

-
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1 
l 

L2 
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Ground 

The primary winding of L 1 has 21 turns of #24 or #26 enameled wire; L2 has 1 OB turns; 

and L3 has 15 turns of wire. All are wound on 1 ~-inch PVC pipe form. 

Fig. 76-1 

A 184 regenerative detector feeds an LM386 audio IC (JCl). 1.5-V D cells and three 9-V hatter­

ies are used for a power supply. 
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ac/dc VACUUM-TUBE AM AND SHORTWAVE RECEIVER 

® © 
lli$A7 

' 

' 

IF=455KC 

POPULAR ELECTRONICS 

® .. E " 
" " " .. .. .. 

This circuit was used in a World War Tl vintage AM/SW (6 to 18 MHz) receiver and shows typical 
circuits used ir1 receivers at that time. 
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Fig. 76-2 
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WWV RECEIVER (Cont.) 

--------} 
10112T 

---------

27112T 

GND 03 

Transformer T1 is a home-made unit comprised of 40 closely wound turns 
of #26 AWG enameled wire on a 14-inch diameter air-core form, with taps at 
21h and 101h turns from each end; after each tap, the winding continues in 
the same direction. 

A 

B 

A A' 

B BC C' 

c 

Construction details for T2 (the 
mixer transformer) are shown here. 
The diagram in A is a schematic 
representation of the unit once 
completed; B illustrates how the 
three lengths of wire are wound as 
a set on the bobbin; and C shows 
how the bobbin is connected to the 
pinned base. 

RF amplifier Q3 feeds diode mixer Dl-D2 and Ql-Q2 provide 10-MHz L.O. injection to Dl 
through Tl and T2. !JlA, UlB and U2 are audio amplifiers. Details of Tl and T2 are shown. 
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TABLE 2 

C2 C18, C19 C23 L1, L2 (Ant) L3 (Osc) 
(pFJ (pF) (pF) (#of turns on T-37-2 core) 

100 
100 

82 
87 
82 
82 
68 
68 

Pin 1 
Pin 2 
Pin 3 
Pin 4 
Pin 5 
Pm 6 
Pin 7 
Pin 8 

01 

0.9') v 
1.61 v 
2.?6 v 

120 68 
120 68 
100 47 
100 "' 100 47 
100 47 
82 33 
87 33 

TABLE 3 

NE602 

1.27 v 
1.27 v 
ov 
3.64 v 
3.59 v 
4.99 v 
433 v 
5.05 v 

02 

0.80 v 
1 45 v 
3 30 v 

5. 41 45 
4, 30 34 
4, 26 29 
3, 22 24 
3. 17 19 
2, 15 17 
2, 14 15 
2, 13 14 

MC34119 

ov 
4.15 v 
4.11 v 
3.97 v 
4.14 v 

-9.09 v 
ov 
4 20 v 

03 04 

0-27 v ov 
0.82 v 0.58 v 
9.17 v 7.41 v 

Fig. 76-4 

This receiver covers 8.5 to 11.5 MHz in two bands and has a sensitivity of under l µ V. An NEf\02 
mixer feeds a 455-kHz IF amplifier (Ql and Q2), detector D4, and audio amplifier JC2. Q4 serves as 
an AGC amplifier coil data is given in the table. The LO is varactor tuned. 
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AM/FM RECEIVER CIRCUIT 
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LM1868 
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"' ~·:.1:' :. 

~ 
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m 
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• 30 d8 quieting sensttiVity 3 5 l"v • MaximU'f1 sensttMty: too p.V/m 

' [Cf· 

• -3 dB~~ sensitivity: 7 µ.V • 20 ce quieting sensittYity: 250 ,,_111m -=-
• Tweet• worst case: 5% 

100 mV/m: 1.5% 

'Tweet is an audio tone produced by the 2nd and 3rd harmonic of the IF 
beating against the received Signal. It iS meeStXed as an equilfalent moOO­
lalion leYel: i.e .. a 30% twee1 has the same ampitude at the detector as a 
desinKI signal with 30% modulation. ., L I 

1r~ I ______ _J 

NATIONAL SEMICONDUCTOR 
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":" ""=' 
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"' 
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Fig. 76-5 

This circuit shows the LM1868 as a complete AM radio and FM IF section. An external FM front end is used for the 88- to 

~ 108-MHz band. Audio output is 0.5 Wand eit~er 9-V battery or line operated supply can be used. 



118-TO 136-MHz AIRCRAFT RECEIVER 

ClO R7 R11 ca1 "' + 51 """]; 

R5 10 " 1K 10 220 e1T 
1K + + ,.., I 

" " '" .001 1 2 MC1180 
R6 U1 1 

271JO "'"' 8 D2 

'""' 7 R8 "" C7 C9 "' .001 .01 10K 

C12 "' l5 27pF 10K 
l4 " "' ,01 R25 - " 
C5 +9V 

"' 3.llpf 

'" 
.1 

C3 R1 .1 
R18 R17 

3.9pF D1 R9 
10K 47K 10< 

TUNING R22 
l2 .... '" 33' 

.33µH CIR +9V .,,, ·- '" + "' C1 C15 R19 
.001 10 100K 

+9V 

"' D3 
10 1Nt14 C22 + 

+ +9V .47 
R23 R14 10K 

"'' 
1MEG 

"' "" 1K "'' R3 "' 47K C25 10K 10K 

'" 10 IQUB.CH VOLUME 

"" + 

RADIO CRAFT Fig. 76-6 

This receiver covers the 118- to 136-MHz AM aviation band. It has a 10. 7-MHz IF amplifier. Ll, L3, 
and L5 are 1 )f turns of #24 wire. F!Ll is a 10. 7-MHz ceramic filter. IF bm1dwidLh will be about 250 kHz. 

v. 

ANALOG DEVICES 

R1 

'"" 

DUAL-INVERTER LINE RECEIVER 

R2 

"'"o 

R8 6490 R7 1 kO 

•• 1oka 
C1 R5 
SpF 10k0 

OP-275 

FOR,&= !!J. 
R2 R4 

G•~=;&_ 

*
"' 
(-)0-----------~ 

VIN R1 

This circuit is for audio applications. 
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Antenna 
L1 , 

3 
turns 

TOROIDAL CORE TRF SHORTWAVE RECEIVER 

2 L7 
SWl In ICl cs LM386 1!\<F 

ZN414 + CB 
l2 10µ.F 220µF 

3 Ground 1J4 + 
J 

~11 t-L 2 Head-
lOkll phone 

-=OJ µF = -= jack 

To Cl 

Rl R2 

CJ 
100 ll lkll 

001,.F 

DPST toggle switch 

L2 

Enlarged view 

Toroid 

= C6 
24F 

+15V 

To antenna 

l1 

L 1-3 turns of #24 enameled magnet wire wound over center of l2. 
L2-34 turns of #24 enameled wire----coils wound on toroid iron core 
form T-50-2-tapped at the 17th turn. Form has only 1/2-inch diameter. 

~ C9 

Io.os,.F 
R4 
100 

+nv 

Wind 34 turns, with a tap at the 17th turn, for L2 on the small X-inch diameter iron core form. 

McGRAW-HILL Fig. 76-8 

A Z:N414 IC feeds an LM386 audio amplifier in this TRF circuit. SWl is a band-switch. Coverage 

is up to 18 MHz. 
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NINE-BAND SHORTWAVE RECEIVER 

01 
T1 

"L 
1N4001 

24V 100µH 
PL2 CT 

117VAC 
C1 
470 S1? C3 

1 

L2 PL1 ~ C2 • 
100µH ---,____ 470 

ANT1 

!:11 

R3 R6 R9 R11 4.7MEG 22K Q2 150K 3.3K 
R12 

2N3904 C14 470(1 Q1 56pF 
100pF MPF102 C15 

G L4·a· 1 
22~1H 

R4 
R8 

H131C17 
1K L3 l4-b" R10 C16 

2.2MEG R& H7 · 8 2µH 221tH 47K .1 
2.2K 10K 

L13 
18µH L12 

.33µH 

C31 
3.5-20pF 

L 11 

56µH l 
3.i.~~pF 3.i~~pF 

~-+~~-<o--.+.c~-'--+--" 7 8 
6 9 

L 10 
82pH 

.-----~ 52 04 

L9r:-C--- f j ~ ~AND 40673 
1µH I 'Q I G2 

i. ,I 2f ,? t-I I c:: 
C28 C27 ! C26 ~ : I : "T"'330pF 

3.5-_20_p_F.__._
3
_5-__ ,_0_P'..__.__,._5-_20~ I 

T ~~ H13 

~ C25 l,j 5--20pF 

L7 L6 
2.21lH 3.911H 

C24 
3S-20pF 

15 
5.6µH 

C23 
3.t>--20pF 

C32 
3-18pF 
TUNE 

82.5U 

1 C34 

T120pF 

R20 
s1n 

C35 

C36 
.1 

L14 
47~tH 

R23 
560K 

1K 

R19 
402n 

R22 
10MEG 

03 
1N914 

.1 

POPULAR ELECTRONICS 

Dual-gate MOSFET Q4 is used as a regenerative amplifier in this circuit. An active antenna feeds 
the signal to Q4, and a short whip antenna is adequate. Detector Q5 feeds volume control R24, and 
audio amplifier U5, an LM~l86. The frequency range is 49 to 11 meters in nine bands (6 to 27 MHz). 
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~ U1 0 I lJ2 lo I U3 0 
71L12 

2 .,... 78L06 G .,+ 

G ,.cs G G ,_c48 
,. 

1 C9 
R1 

.1 470 

C4- + 2.2K 
22 ;ji; R2 Cl; "' ; 

o,c• C47'~ ~ cs CiO 

2200 
1 22 F;. 4700 

22 
.1 

" 
'- " 

TO 

-- - COUNTER 

C18 R15 
~ 

H~F 
15K 

J4 JO .. + I 
-1\ R16 " 

R14 L. 100K •Ir 02 C21 c~g >< 
4.7K FINE ·f-1N34 1 

;1=:C20 (REGEN) C22 ,...., R29 

1 .~ 
C19 < m~~ 499D. 

22 ' " 2N3904 ' 

.. 
All 
SK 

R27 R28 

COARSE 
A26 3_9K 1K 

(REGEN) 
499n 

R21 J; 
81(),U 

a• I 
.. 

I ~ c;6~ 
- 2N3904 

*c;s C42:: !< 
1 

22 + ·-
+;~C37 

22 1 
3 

R C45 J2 ·sEE TEXT 

~ --~ I 5 
470 PHONES 

--'-
U5 

~: ~j 
C411 "' 

LM386 FB1 

4 
SWITCH BAND 

~I;:: C43 
POSITION (METERS) 

1 "" 
100 

I 

1 49 

J3" 2 41 

I ~ 
3 31 

C44 :;:I::_ 
4 25 

/'&? L15 05 

a~..._) 56µH 
• 21 

. 6 19 

2N3904 R24 SPKH1 7 
R25 16 

C39: 
5K 10.U 

INT. 

.1 C40;j;; VOL SPKR ' 13 

1 • 11 
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McGRAW-HILL 

ONE-TUBE REGENERATIVE SW RECEIVER 

Cl 
6-SOpF 

Jl 

Tickler 
coils 

l3&LS 

L1 

l2 

7 
L4 9 Turn 

l5 6 Turn 
10 

C2 
Stator 140pf 

Rl 2.2MO 

3 

C3 27pF 

Ql 
154 

CS RFCl C6 
'----,~'-;c-.....,..,-,v':'-.-,;--;;';i~~-t----t----t-.J2 

270pf T 2.Smh 0.001,.F High-

sw2 impedance 
~ + ~ 1.SV headphones 

~· (20000) J. V B1_9V 9V 9V+ 27V 
- DPS~ OHHI-'-'~----~ 

SW B2 

C : To ground Top of coil L 1 c -7 Turn _ 
-..,2~3------l~To Cl 

: 

Ground 

L2t 13Turn 

54 Totapof7 

: 
To RFCl 

l3 t 6 Turn 
· To9ofl5 
b~ : Totap4ofl2 

L4 ( 9 Turn 

All coils are close 
wound with 
#24 or 26 enameled 
magnet wire. 
Spacing between 
each coil is 1/8 inch. 

Spacing between ____..... ~ To C3 & Rl 
coils is 1/8 inc~ LS t 6 Turn : To pin 6 of L3 

Bottom of coli 1- To pl-ate pins 2&6 

How-to wind L 1, l2, and LJ with taps. This receiver tunes in 
the 40- and 80-meter range of frequencies. 

Fig. 76-10 

A 154 tube is used in a regenerative detector circuit. Details for coils are shown and frequency 
range can be shifted within 1.5 to 20 MHz by proportionally adjusting the number of turns on coils. 

546 



McGRAW-HILL 

Coil 

ONE-TUBE REGENERATIVE AM RECEIVER 

L2 15 turns C4 T 270pF 

2 and 6 
/ ::-:=-=-'>-- 5 NC 

+f--~4 

C2 
365pF 

3 
270pF 

Bl 
~ +1.5V 

- \sw~ s2 

cs 
0.lµF 

R2 
50k!l 

~--S_PD_T __ _,-01010 + 27V 

• 

RF coil 
2.5 mH 

)1 
• 2ooon 

headphones 

I ... L2 L1 
31/4'' ------l•~I 

mounting ---....__ 
hole -.........__ T 

0 0 1/2'' 

Taps every 101urns 

Rec PCl 108turnsof#24or#26 G d 
10 enameled wire roun 

15 turns of#24 or 
#26 enameled wire 

Wind both coils on PVC pipe using either #24 or #26 enameled wire. For coil L 1, wind 108 

turns on the pipe, and tap every 10 turns. 

Fig. 76-11 

Suitable for AM reception and as a simple radio project, this circuit uses a single tube as a re­

generative detector. 
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McGRAW-HILL 

TWO-BAND RADIO 

70 turns #24 enameled wire 

L2 

Medium 
wire 

l3 

L1 

Ferrite rod 

5 

B ZN416E 
IC1 

SW1 R 3 4 
Long 
wire 

250 turns C2 
#30 enameled wire 0.1µ.F 

12 turns 
#24 enameled wire 

Scramble wound 
250 turns 

#30 enameled wire 
l3 

_j_r-tm!--
0.333-inch 

diameter T L....Wl.L-.ffl 
12 turns 

#24 enameled wire 
(close wound) 

To To 
SWl pin 8 

6 vcc 

5 

~ 
l.SV 

7 

cs 
O.lµF 

To 
SW1 

SW2 
SPST 

70 turns 
#24 enameled wire 

(close wound} 

81 

To 
pin 8 

All three coil windings are wound on one long ferrite form. Two different coils are switched 
into the circuit, covering the longwave (lw) and medium-wave (mw) broadcast band. 

Fig. 76-12 

This TRF receiver covers the AM broadcast band and longwave bands (used in Europe and Asia 
for broadcasting). A loop antenna is used for reception and an external antenna can be connected. 
Frequency coverage is 150 to 1600 kHz. 
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McGRAW-HILL 

0 

I< 

SIMPLE CRYSTAL RADIO 

Antenna 

J1 

l2 l1 
25 turns 90 turns 

)2 • 

Ground 

LI l 1 
25 turns 

#24 or #26 
enameled wire 

• 

SWl 

~1/a"I~ 
space 

Cl 

l2 

Crystal 
(XTALI 

Dl 

I 

90 turns #22 
enameled wire 

31/2" 

J3 

20000 
headphones 

)4 

11 
0 
T 
11/2'' 

1 
' 

Wind 90 turns or 21h inches of #22 enameled wire for L2, and 25 turns of #24 or #26 
enameled wire for L 1 on a 1 ~-inch PVC plastic pipe form. 

Fig. 76-13 

An INMA (D 1) is used as a detector in this crystal radio. A good outdoor anterma should be used. 
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R, 
tkQ 

~ o-_ -"/\IV--+-{ 
VIN R3 

L.. +0---'\'AkO/y-..---.--QJ 

c, 

•, 
1kQ 

+Vs 0.1µF 

i 
6 

VIDEO LINE RECEIVER 

This circuit can achieve 46-dB comrnon­
mode rejection if Rl, R2, R3, and R4 are matched 
to 1 % . CI is adjusted for hest CMR above 1 MHz. 

R, 
tkQ SpF -Vs 

ANALOG DEVICES 

POPULAR ELECTRONICS 

AC CMR 
ADJUST 

Fig. 76-14 

TWO-CHIP AM RECEIVER 

\J7ANT1 
I C1 

100pF 

"L1 

C7 
470 

+ 

100T 

30T 

C2 
.22 

"SEE TEXT 

C5 
365pF 

16 14 13 

U1 
TOA7000 

C3 
.22 

5 6 7 
C4 
.22 U2 

LM386 ca 

··~ 
+ -SPKR1 

51 

Fig. 76-15 
This receiver is comprised of a TDA 7000 single-chip FM receiver (lJI), an 1M386 low-voltage au­

dio-power amplifier (U2), a pair of hand-wound coils (11 and 12), and a few additional components. 
11 and 12 arc 100 turns of #28 wire on toroidal cores (about 240 µH each). Ll is tapped at 30 turns. 
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RELAY INTERFACE TO RC RECEIVERS 

rA STEERING 
T9 

03 • . 04 

FORWARD/ { T 1 
1N4001 1N4001 

REVERSE T2 
01 ,. ' .02 . 

RECEIVER 1N4001 1N4001 . ' 
07 oa 

1N4001 1N4001 

\I \I 

05 06 63 " 
1N4001 1N4001 C4 

" .. ' ' . :;; Cl 

' .1 

~ ~ - ~ 

• • .1 I 
- I ; 

I I - j I . 
Lil 

I 

~ L-fi ~ 
' Kf • ' 

"/ 
K1 K3 K4 

6V 5V 5V 5V 

* 
MOT2~ eMOT1 

POPULAR ELECTRONICS Fig. 76-16 

You can add relays to some iI1expensive RC receivers to operate your own chassis. 

BASIC REGENERATIVE RECEIVER 

... 
81 

~----<l>-"-'111----1 + 

ELECTRONICS NOW Fig. 76-17 

SIMPLE RAD!O RECEIVER 

ANTENNA 

-L1 C1 

ELECTRONICS NOW Fig. 76-18 

Vacuum-tube detector receiver. 
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POPULAR ELECTRONICS 

R1 
22K 

C1 
.01 R2 

100fl 

ONE-TUBE AM RECEIVER 

R3 
22K 

C2 
.1 

C4 
.01 

C5 
365pF 01 

1N34 

C6 
100pF 

~s1-a+1------_ --.1S1-b 
T s1 T 02 
I 6V I 90V - ..... *SEE TEXT 

Fig. 76-19 

This radio uses an untuned RF stage to boost the signal voltage up to the linear portion of the 
crystal diode's characteristic curve. The circuit's distortion and wide bandpass and a good-quality 
transformer make for a great-sow1ding AM radio. Ll is a winding of #22 enamelled wire 2" long on a 
2" diameter plastic pipe Tl is a tube-type radio output transformer, rated at 2000 Q to the speaker 
voice coiL 

BALANCED LINE RECEIVER 

R1 R2 r--------------0-YooT 
2SkQ 251<0 I 

(-) 

··] 
"' 25kQ 

"' R6 10kQ 
10kQ 

(+) 

5kQ 

ANALOG DEVICES Fig. 76-20 

Unity-gain inve1ter Ll2 drives R4 (usually grounded at -V
0
ut' equalizing currents in ±input legs, 

and provides a choice of balanced p-p output with a gain of R/R1). 
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SUPERHET FRONT END 

U3 
78L05 

+ 
G 

CJ 
1 

Cl C2 
.047 

t--~---~~>N>--1>---~+12 
RB + c4 voe 

1oon I 4.7 

= Tl' 

r + 
8 = cs 

.1 

'"' {' Rl CB 

4 47on .01 
INPUT U1 

CONFIGURATION 
NE602N 

2 

!----ff-! Ol~T 
I I 

2 .... _ - - - J 
B = 

6 7 
Fll1 R7 C9 

"-v--' 5 6K .1 

ANY 1 DSC CB 

"SEE TEXT CONFIGURATION .1 = 
+ 12VOC ' 

+lc11 

... ,,., 
R4 RS 

4.7K 10K R6 
1 GAIN 5.1K 

= 
RADIO CRAFT Fig. 76-21 

This superhet receiver front end is simple and uses an NE602 followed by an MC1350 IF amplifier. 

WILLIAM SHEETS 

RECEIVER PREAMP 

_rj >-(--<1>-----...L.•,-1_0_ •• + 12 v 
-= 0.1 rcF 

TµF 
390 il 

( ::;} 50 il out 
0.1 rcF J:' 

Freq. range 0.5-500 MHz 
Power gain GP = 17 dB @ 50 MHz 

Fig. 76-22 

Suitable for HF and VHF receivers, this preamplifier can be mounted on the back of the receiver 
for a boost in gain. Useful gain is about 17 dB at 50 MHz. 
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~ 

ELECTRbNICS NOW! 

ANT1 
(NOTE 1) 

REGENERATIVE RECEIVER FOR 6 TO 17 MHz 

L4 
(SEE TEXT) 

A7 
47n 

HEADPHONES 
(SEE TEXT) 

l3 
(TICKLE Al 

A4 
270K 

6 ~ 
·Jc ... ~I 1 vn 
c 11 ,_o--1\ 
33µF I 

"' lMEG 

• • ~ .. "';::::.] D 
- I 1 ' 

C3 .l. CS A2 ~ '~~F '::r 
L1¢! ~l2 I C2 4(llF C6 1'002 ~1.5K 

lOpF MAIN 01 

jFINE I TUNE)!,""' TUNE) RS -.. 
(NOTE3) 27K~ I T C7 33µF 

NOTES: 
1. ANTENNA: 100FT COPPER WIRE 
2. ADJUST Cl FOR ANTENNA USED 
3_ C2 OPTIONAL (SEE TEXT} 
4. 51- DUAL ON OFF SWITCH. 
5. FOR COIL-WINDING DIRECTIONS SEE 

FIG 9-a 

. 

I 02 

41-~~-111-----

A6 I 4•-s;-1~,, 
10K .l!" 9V (NOTE 4) 

(AEGEN)"f"' C12 ----
33;1F ,.., 

2N4416 

GATE~DAAIN 
CASE soiJRCE 

AD74SJN 

ANTENNA 
7 TURNS INPUT 

NOTES: 

\ ,~ .. 11 TURNS 

~~~ 
TO 01 OAAJJO AFC TO ANTENNA 

1. All WINDINGS ARE N0.22 
INSUlATED STRANDED COPPER 
HOOKUP WIRE 

2.1v2-1N. 00 PVC PIPE 

C10 
.01 

COMMON 
OPEN 

C13 
+I 33µF 

Fig. 76·23 

The headphones are 32 .. Q stereo types. The common lead is left floating so that the two sides are in series, giving 64 Q. 



TWO-STAGE TRF REGENERATIVE RECEIVER 

""' (NOTE 1) 

AF AMPLIFIER DETECTOR AUDIO AMPUREA 

--m* 
,.. -----------------, 

! ~ " l ! L.~:~'' -----,A i 
6 ~ HEADPHONES 

~fitj~ 
'" """ 

_, 

L3 TICKLER 

L1~· 
r 

a' '-~---'cs 
·-. 18 t~ H=T- ~~ 

(VOLU-:E) 

sl j''~ I °" "" ' I 

NOTES: 

C4 
1<»< I 3:¥ 

C1-.a ~RFGA~ 
(NOTE 2) r REGEN) 

1. ANT 1 IS 100-FT COPPER WIRE 
2. C1 IS 3-SECTION GANGED 

VAR1ABLE:10 TO 365pF EACH 
SECTION 

3. S1 IS DUAL GANGED SWITCH 

8 TURNS.._~\ 

""'O' 00~~~,,,~ 
TO OZ GATE 

REFER TO FIG. 10 

b 

C>< 
c'~ 

(NOTE2) 
!!NOTE 2) 

"' """' c' 
-011 R6 

"" 
4. FOR COIL-WINDING DIRECTIONS 

SEE FIG. 9 
5. MODIFICATION FQfl: 2 CASCADED 

REGENERA.TIVE STAGES 
(SEETEXT) 

• 

4TURNS a 

•I 

I "' "" (DET 

cm I REGEN) ,.., 

'"'"' 
GATE~ORAIN 

CASE SOURCE 

} :/ 

'"""'~· 71ili/~~~ 
' )))~/ 'Z TO RFC 

NOTE3 TOQ1 

TOQ~GA.lE 

REFER TO FIG. 10 

c 

C9 

·" 

01T T 
DV: I B2 

..!.. : ov 

~~~~~ 

AD'<&.IN 

Ct41+ ,.., 
c" 
·" 

"' """ 

~5 TURNS 

""'"Z..·:.~~ ~\<"rnrn 
NOT~~TOl.2 DRAIN 

TO 01 GA.T~Af' TO mTEW>IA 

REFER TO FIG. IO 

d 

NOTES· 

1. !\LL Wll\OINGS A.RE NO 22 
INSQATEO STRANDE[) COPPER 
HOOl(UPWlRE 

2. 1"N. 00 PLASTIC PILL OOTILE OR 
3. 1·1N 00 PVC PIPE 

ELECTRONICS NOW Fig. 76-24 

This regenerative receiver uses a tuned RF stage to improve performance. The coil in Fig. 76-24D is for the purpose of adding 

~ a second regenerative stage (RF amp). This s;oil is L5 in the schematic. 
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L1 

ECONOMY SHORTW AVE RECEIVER 

1~~~f1cr~:"l~~t-r-~~~~r-+1f----,-_..,.,1o.-~ 
C1 

. 01 cs 
250pF .01 1N34R .01 AS + 

510K C9 R7 

<TUNE)"" 10µF 1 

20K RB 
200ll 

.,,, 

R2 
10K 

R3 
C4 SOK 
.01 

C3 
1'05pF 

C6 
2000pF 

02 
2N2222 

R4 
2000 

+ 

CB 

+ 33µF 

C7 
33µF 

1. ANT 1IS100-FT 
NOTES: 2 FOR C COPPER WIRE 
DIRECTIONS SOIL WINDING . 

14 TURNS 6TURNS 

'--... 
TO 01 COLLECTOR 

REFER TO FIG . 11 

EE FIG. g 

RS 
2K 

T e1 
1 9V 

..!.. 

NOTES: 

03 
2N2222 

HEADPHONES 

a~ 
COMMON 

C10 OPEN 
.01 

1. ALL WINDI INSULATE~~S ARE N0.22 
2 HOOKUP WIR~RANDED COPPER 

· 1-IN OD p 
3. 1-IN·. OD p';;6s;:c PILL BOTTLE 

PEORNOTE3 

Using three t -· ili =•••Coo ili Rg. ,.,5 
e range t 1 ' 18 receiv o a ower or high er covers the er frequency range of 6 to 1 7 MH . z. Cmls can he I a tered to 

ELECTRONICS NOW 
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VARIOMETER-TUNED RADIO 

ANT' 

C1 
100pF 01 

1N34 

(TO 
HIGH-IMPEDANCE 

--EARPHONES) ____,_______ 

ANT o-+-.----.1-~ 
' 

L1" 
:+: C3" C2 

I .001 

~+----4---0GNo• 

L2" 

"SEE TEXT ~----+---0 GND" 

POPULAR ELECTRONICS Fig. 76-26 

The two fixed coils of the variometer, 11 and 
18, are wound on an 8:-f-inch-long piece of 1-inch­
diameter plastic pipe (its outer diameter is about 
UI, inches). Each coil is 2!4 inches long. The num­
ber of turns is not critical, but 86 tightly wound 
turns of #22 enameled wire were used. When 
winding the coils, make sure you start at a point 
that will allow them to be placed 2 inches apart 
on the pipe. Drill holes in the pipe and run the 
leads of the coils out the end of the pipe that is 
closest to each. 

The movable coil, 12, is wound on a piece of 
rn-inch plastic pipe (its outer diameter is about 
1% inches). The winding is 2 inches long. Like 11 
and 13, the actual number of windings of this coil 
are not critical, as long as the winding is approxi­
mately the right length. 

OLD-FASHIONED CRYSTAL RADIO 

Coil: Wound on 10" long 2" 
diameter form 

Antenna 

L 1: 200T #24 on 2" dia. form 
L2: 200T #24 on 2" dia. form 

spaced 1 /4" from L 1 
tapped at 80, 120, 160 turns 

WILLIAM SHEETS 

L1 

:3 
Finish 

L2 Finish 
200T 

160T 

120T 

SOT 

Start 

D1 
IN34 

Cl 
365 
pF 

C2 
0.005 

µF 
2000-!1 

headphones 

Fig. 76-27 

11and12 are wound on 4" diameter 10" forn1 and are 200 turns of #24 wire. PVC pipe can be used. 
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R3 
1000 

••• I 

~15+ C6 r 5: Fll1 
<55KH< 

CERAMIC 
FIL TEA 

WWV RECEIVER 

C11 
.1 

R8 
150U C12 

10,.F 

.... ---, r---
1 t SFU 
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D. 
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R1 
I MEG I ..LC3 

.1 

R2 

"""' 

IF IF 6 17 

XTAt.1 0 
9.545MHz 

C7 

""" 

TICK 

[ 

5 

C8 1-
UTC VOICE 

ANNOUNCEMENT 

600Hz 
TONE 

UTC VOICE 
ANNOUNCEMENT 

600Hz 
TONE 

RIO 
8.21< 

TICK 

\ 

~/151~ 
525 

.~ I J, 
52.5 

I 
00 4

1
5 I 610 
5'5 

4
1
5 60 
' 11 

52 5 

SP
1

ECIAL 

ELECTRONICS NOW 

SPECIAL 
ANNOUNCE MF NT 
OR <;OOHz TONE 

ANNOUNCEMENT 
OR 500Hz T 0Nt 

"" 100K 
~ "" 331< 

~? 
5600 

C17 

C18 
1 

R19 
10K 

3 

I 

= 
470U 

""' '"" 

ICS 
MC3C119 

' 
C19 

4.7µF 

•+9V 

I* C21 "'"' 

Fig. 76-28 

This receiver for IO-MHz WWV signals uses a 10.7-MHz FM receiver IF transformers as front-end components. It is a super­
het with a 455-kHz IF frequency. By changing the front-end components 5- or 15-MHz reception could be obtained. A 3- to 6-foot 
antenna is usually adequate. 
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Reference Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Low-Voltage Reference 
Positive Voltage Reference 
Negative Voltage Reference 
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+V53to6V 

~ 
SW1 

lsee test) 

Vs common 

C1 
0.01 µf 

LOW-VOLTAGE REFERENCE 

R5 
100 

Q1 
2N3904 

R5 
100 k 

Output table 
Vout IV) R1 R2 R3 R4 

lall values In kllohms) 
1.3 402 21 1.1 20 
2.0 402 249 12.7 154 
2.5 402 412 21.0 205 
3.0 402 576 30.1 237 
3.3 402 665 34.8 249 
4.5 402 1070 53.6 287 
5.0 402 1210 61.9 301 

.---c------e-_,,_ ___ .,._ __ --1~ Vout 
IREF 

~ 60µA 
R3 

1.1k11%) 

14 

.+ 20kl1%) 
' 

01 ! VREF' 1.235 V A0589 

' 

U1 
6 OP90G 

C1 
0.01 µf 

1.3 v 

R2 
21kl1%) 

R1 
402k11%) 

Common 
ELECTRONIC DESIGN Fig. 77-1 

This circuit illustrates a number of techniques that are useful for low-voltage, series-mode, 
power-efficient references. Intended for output currents of up to l 0 mA, this design has an enabled 
standby current of about 100 µA; it can be easily programmed over a wide range of output voltages. 

POSITIVE VOLTAGE REFERENCE 

R1 

D1 
1N4611 

6.6V 

= 
NATIONAL SEMICONDUCTOR Fig. 77-2 

Dl is used as a reference. R2, R3, and R4 pro­
vide desired output voltage to the op-amp volt­
age follower. 
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NEGATIVE VOLTAGE REFERENCE 

R4 
2 7 

3 
LM107 

6 
vout 

D1 
R3 + 4 1N4611 

6.6V 

R2 

R1 

v-

NATIONAL SEMICONDUCTOR Fig. 77~3 
Dl is used as a reference. R2, R3, and R4 are 

voltage dividers to obtain desired out.put voltage 
to the op-amp voltage follower. 
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Regulator Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

:3.:3-V I-A Surface-Mount Regulator 
Logic Control of 78XX Regulator 
Low-Cost Step-Down Regulator 
Dual-Output Regulator 
Low-Noise Regulator (5 to 3.3 V) 
Reducing Ripple in a Switching Voltage Regulator 
Low-Dropout Three-Terminal Regulators for New Microprocessor Applications 
Low-Dropout Regulator 
Positive Regulator Sinks Current 
5- Lo 3.3-V Surface-Mount Switching Regulator 
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LINEAR TECHNOLOGY 

3.3-V 1-A SURFACE-MOUNT REGULATOR 

v,_ 
4VT0--<>---...----<>----<0-~ 

12V 
1. 13 0 1µF 

V1N PWR V1N 

LB1N SW 1--+--+---~ 

LTC1265-3.3 
12 

270pF LBouT PGND 
5 11 

£r SGNO 

SHUTDOWN 
iO t- 1k 6 9 

lrHR NC 

SENSE• 

1000pF 

"' 47µH 

RSENSEtt 
010 

Vour 
'-------------..... --3.3V 

• AVX TPSE686K020 + Cour .. 1A 
•• AVX TPSE227K010 '"""I" 220µF 

tCQILCRAFT 003316-473 ..L 10V 
ltOALE WSL2010-0.1-1% 

Fig. 78-1 

This figure shows a typic:al LTC1265 surface-mount application. It provides 3.3 Vat 1 A from an 
input voltage range of 4 V to 12 V. The peak efficiency approaches 93% at mid-current levels. 

ELECTRONICS NOW 

LOGIC CONTROL OF 78XX REGULATOR 

R2 
500 fl 

C1 
.47 µ.F 
16V 

R3 
1 K 

Q2 
TIP32 

R1 
150 {l 

01 
2N2222 

Voltage 
regulator 

78XX-

,_.__-oVOut 

C2 
0.1 µ.F 

~-------r------+-------<>Gnd 

Fig. 78-2 

Transistors can be used to control any 78xx series regulator with logic signals. Both transistors 
are controlled by the logic level present at the base of Ql. 
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LOW-COST STEP-DOWN REGULATOR 

Vin 0 C1 

.-----.-----+--1 ~ Noles: 

R1 

R1 

R3 

C2 R4 

R5 

CR1 C3 ' 
I 

ELECTRONIC DESIGN 

CR1 

L1 

L2 

C1•470µF,25V 
Cp220 µF 
C3, 1:4· 1000 µF, 16 V 
CR1·1N5819 
CR2•13.6 V (2 x 1N4099) 
l1•120 µH, 0> 40@250 kHz, R <D.5 

-=- lp 220 µH, 0 > 4G@ 250 kHz, R<D.B 
R1, R3, • 2.2 k!l, 114 W 
Rp 510 n, 1/4 W 
R4, R5•100 h, 114 W 
01 •2SA1359Y 
02 •2N3904 

C4 I Rt 

lnout = 18.0 V, OutDU1 taken at C3 

Output (V) Load (Ohm) (mVnn\ 

12.54 1k 50 

12.52 90.9 25 

12.49 47.6 40 

12.45 24.4 70 

lnout = 18.0 V, Outout taken at C4 

Output (V) Load (Ohm) (mVnn) 

12.53 1k 58 

12.46 909 15 

12.37 47.6 1.5 

12.20 24.4 l.s 
Output taken at C3, Load = 24.4 Ohms 

Input {V) Output (V) CmVPPl 

15.0 12.35 73 

18.0 12.45 70 

21.0 12.53 75 

Ripple 

lkHzl Eff. (%) 

4 67 

112 96.5 

58 88.9 

31 91.8 

R; le 

(kHz) Eff. (%) 

08 67 
- 86.5 
- 88.4 

- 90.4 

Ri nle 

,(kHz) Eff. (0/o) 

17.8 93.4 

31.0 91.8 

43.3 90.8 

Fig. 78-3 

This inexpensive and efficient discrete step-down regulator is based on a complementary transistor arrangement that uses 
both positive and negative feedback and is referenced to a Zener diode. Inductor Ll is selected to maintain the switching fre­
quency above the audible range for the intended operating load. The output filter L2 and C4 reduces ripple to less than 10 mV 
p-p over a large range of loads, with only a slight decrease in efficiency. 



LINEAR TECHNOLOGY 

INPUT 
6V 

T025V 

DUAL-OUTPUT REGULATOR 

INPUT BOOST 

02 
1N914 

LT1376-5 C2 
Vsw 1--0:;.1;.::µ;;.F~....,;:rt"Y'"--,._ OUTPUT 

5V 
BIAS 

SENSE 1-<1---+----' 
SHON GND 

03 
1N5818 

Fig. 78-4 

If load can go lo zero, an optional preload of I to 5 kQ can be used to improve regulation. Many 
modem circuit designs still need a dual polarity supply. Communication and data acquisition are typ­
ical areas where both 5 V and -5 V are needed for some of the JC chips. 

The current mode architecture and saturating switch design allow the LT1376 to deliver up to 
1.5-A load current from the 8-pin SO package. Ll is a 10-µH surface-mounl inductor from Coiltron­
ics. The second winding is used to create a negative-output SEPIC (Single-Ended Primary Induc­
tance Converter) topology using D3, C4, C5, and the second half of Fl. This converter takes 
advantage of the fact that the switching signal driving L l as a positive buck converter is already the 
correct amplitude for driving a-5-V SEPIC converter. During switch-off time, the voltage across Lis 
equal \o the 5-V output plus the forward voltage of D l. An identical voltage is generated in the sec­
ond winding, which is cormccted to generate -5 V using IJ:3 and C5. Without C4, this would be a sim­
ple flyback winding connection with modest regulation. The addition or C4 creates the SEPIC 
topology. Note that the voltages swing at both ends of C4 is theoretically identical-even without the 
capacitor. The undotted end of both windings goes to a zero ac voltage node, so the equal windings 
will have equal voltages at the opposing ends. Unfortunately, coupling between windings is never per­
fect, and load regulation at the negative output suffers as a result. The addition of C4 forces the wind­
ing potentials to be equal and gives much better regulation. 
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LINEAR TECHNOLOGY 

LOW-NOISE REGULATOR (5 TO 3.3 V) 

r----...-----..---...-----v'" sv 

12 
LB1N 

11 
LBouT 

6 
IPGM 

V:N 

LTC1574 

SHUTDOWN u ·. 
3, i4 100µH 

SW 

Vrs 
10 

GND 

2. 4. 13, 15 

• AVX TPSD107K010 

t 100~1F· 
-:r:-1ov 

56k 

33k 

C2 
6.BnF 

+ 

- ·• COILTRONICS CTX100·4 

100!JF" 
IOV 

VN\IOFO' 

Fig. 78-5 

In some applications, it is important not to introduce any switching noise within the audio fre­
quency range. To circumvent this prohlem, a feed-forward capacitor cru1 be used to shift the noise 
spectrum up and out of the audio band with C2 being the feed-forward capacitor. The peak-to-peak 
output ripple is reduced to 30 mV over the entire load range. A toroidal surface mount inductor Ll 
is chosen for its excellent self-shielding properties. 

REDUCING RIPPLE IN A SWITCHING 
VOLTAGE REGULATOR 

Switching Transistor 

~-~:"'f'"°'""-'~L~0,._,..-..--,.-0--, 
______ I 

NASA TECH BRIEFS 

--- ' ' -/-(' ~ I 

: L1 ; __ ~ 
- - J - - C1 

co 
Load 

Fig. 78-6 

Simple additional circuitry that consists of 
relatively small components can reduce the out­
put ripple by a factor of about 10. The additional 
components are indicated by the dashed lines. 

A current opposing the ripple is injected into 
the filter capacitor. The essence of the present 
technique is to inject, into this capacitor, a cur­
rent opposile to that which already flows into 
this capacitor. A small additional winding, Ll, in 
inductor LO provides Lransformer coupling to 
generate the current that. opposes the original 
ripple current. The circuit from Ll Lhrough CO is 
completed by a small additional external induc­
tor L2 and coupling capacitor <Cl. 
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LINEAR TECHNOLOGY 

LOW-DROPOUT THREE-TERMINAL REGULATORS 
FOR NEW MICROPROCESSOR APPLICATIONS 

Recommended LT1584 Adjustable Circuit for 
the Intel P54CT Microprocessor 

THERMALLOY 
70208·MT 

4 · 7 ;~2~e-----~IN OUT 

C1.C2 t LT1584CT 
220,LJF T 

10V ':' ~-A~DJ-~ 

C3 
330nF 16vT 

Rl 
110U 
05% 

R2 
189U 
05% 

PLACE IN MICROPROCESSOR 
SOCKET CAVITY ---------------------. I 3 38V I 

I 7A : 

: + C5TOC10 C11TOC20 : . T 100µF T 1.LIF I 
: 1W 1~ I . ' ~-: ________ .::_ ________ : 

Fig. 78-7 

The LT1584/LT1585/LTL1587 are high-performance, low-dropout regulators designed to meet 
the demands of the newest high speed, low voltage microprocessors. These devices are designed to 
regulate from 5-V supplies to output vollages between 1.25 V and 3.6 V. The LT1584 can provide up 
to 7 A of current, making it ideal for powerful Penliumprocessor or similar applications. The LT1585 
can supply up to 4 A, while lhc LT1587 supplies up to 3 A. The excellent transient response capabil­
ily allows them to maintain good regulation even with significant load steps. Fixed 3.3 V, 3.45 V, :1.6 
V and adjustable output voltages are available. 

LOW-DROPOUT REGULATOR 

0• 
MJE17D 

•VJN <>-..-+-1>-------, 

" + •OOµF/25\/ 
ILOW ESA) 

ELECTRONIC DESIGN 

"' :1112Hl 

" 1µf FILM 

"' "" 
"' 1TA8LEj 

" O.Oiµf 

"' '""" 

VOUT 

3- &ll1TA8lEI 

OUTPUT TABLE 

Your R1 VIN (min) 

6V 383kn 6.2V 

SV :Wlkrl 5.2V 

4V 2261;0 4.2V 

J.JV 169kU J.5V 

J.OV 14JkO 3.2V 

+ 
" 1IX'.lf1~?$Y 

ILOWESllJ 

COlollMON 

Fig. 78-8 

This low-dropout reference produces a 4.5-V output from a supply just a few hundred rnV 
greater. With 1-mA de loading, it maintains a stable 4.5-V output for inputs down to 4. 7 V. 
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POSITIVE REGULATOR SINKS CURRENT 

Vin R3 v, IL 

+5V 18 R1 le 
+3 v 

500 A1 
U1 3 

2.5 v + + 
C1 RL MC1403 

50 "F 
3 2 

R2 LM324 11 MPSU45 
2.5 k 

ELECTRONIC DESIGN Fig. 78-9 

Generally speaking, conventional positive voltage regulators can only source current; they can't 
sink it. However, the positive regulator shown breaks that rule because it can perform both functions. 
The idea is to have the control transistor Ql in shunt so that the regulator can either source or sink 
current. 

The circuit provides +3-V output from a +5-V supply. Ul is a bandgap reference that supplies a 
stable +2.5-V reference to the error amplifier (Al). The output voltage (V0 ) is sampled by the resis­
tor network (Rl and R2). If V0 were to increase, Al will drive the base of Ql harder, increasing the 
collector current (IJ. 

This increases the drop across R3 and V0 decreases, thus regulating the output voltage. The out­
put voltage is given by V0 = 2.5(1 + R/R2). 

Under no load conditions, Ql draws 110 mA [(V;,, -V0 )1R.J. With a load connected, and as the 
regulator begins to source load current (IL), I, decreases to keep the drop across R3 constant. 

At IL = 100 mA, Ql carries 10 mA. If RL is connected to the positive supply higher than V0, then 
the regulator must sink current, and IL becomes negative. AtIL = -100 mA, Ql carries 210 mA while 
maintaining the output voltage at +3 V. The output voltage will remain constant at +3 V ~even if the 
load current changes sign. 

With the proper heatsink on Ql, the regulator can sink more than 300 mA. If a "sink only" option 
is desired, the dissipation in Ql can be reduced by using a 180-Q resistor for R3. R4 limits the base 
current drive for Ql and prevents the output of Al from being clamped at 2 V

8
E. 

5- TO 3.3-V SURFACE-MOUNT SWITCHING REGULATOR 

~~~.-~~--.~--.... --~+ 
100µF· 

~10V v" 
12 

LTC1574-33 

LB1N SHUTDOWN 

II 10 
LBouT Vour 

IPGM SW 
3. 14 L'"-C!.J"i10v0pvH ·..._· --"- Vmir 

GNO 
2, 4 13. 15 

-:- "AVXTPSD107K010 

lOOµF" 
IOV 

+ 

"" COILCRAFT 003316·104 

LINEAR TECHNOLOGY 

33V 
150mA 

0~96 FOi 

Fig. 78-10 

This converter provides 3.3 V at 150 mA 
from an input voltage of fi V. Peak inductor cur­
rent is limited to 340 mA by connecting pin 6 
(I PGM) to ground. For applications requiring 
higher output current, connect pin 6 to V ;n· Un­
der this condition, the maximum load current is 
increased to 425 mA. 
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79 

Relay Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

568 

Latching Relay Alarm Circuit 
Momentary Relay Circuit 
Latching Relay Driver for +12-V Loads 
High-Impedance Relay Driver 
Latching Relay Driver 
Transistor Relay Driver 
Fast Tum-On/Delayed-Off Relay Circuit 
Low-Frequency Relay Oscillator 



WILLIAM SHEETS 

LATCHING RELAY ALARM CIRCUIT 

Any number 
N.O. switches 

sensors 

Reset 

;;:::=g } Output 
~ toalarm 

D 
12-V Relay 
DPDT K1 

1 
NC 

push 
button 

S1 

+12 v 

Fig. 79-1 

Momentarily closing any sensors will cause Kl to latch. Sl must be depressed to reset circuit. If 
any sensor is still closed circuit will not reset. 

WILLIAM SHEETS 

MOMENTARY RELAY CIRCUIT 

+ 

12 v 

Ro 
4.7 k!l 

+ -
C 1000 fLF 

to 4000 fLf 
as needed 

,,....-0 NC 
=--0 c 
"--0 NO 

12-V 
500-fl coil 

Fig. 79-2 

The charging current of a capacitor can be used if a momentary relay-on circuit is needed. De­
pending on the relay characteristics, C will vary from 1000 to 4000 µFor so for a 1-s hold time if a 
500-Q relay is used. R" discharges capacitor C to ready the circuit for the next operation. The value 
should be high enough so as not to maintain the relay closure at highest expected supply voltage. 
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WILLIAM SHEETS 

LATCHING RELAY DRIVER FOR +12-V LOADS 

4.7kl1 

2.2 
kl1 

~-----------+--+12 Vin 

IN4002 

IN4002 

"" 4.7 k!l 

v----0 NCC 

Off 

NO Relay 
10-A. >contacts 
Rcoil --150 fl 

,._ ___ ,\/\ /\. ___ ,...-- · ~------• + 12 V to load 

Reset N.O. ~ 
pushbutton V 1_ 

On 
Latching 

10 amps max. 

Fig. 79-3 

A 4-V signal will cause the relay to pull in when Ql turns on. Latching is obtained by feedback 
through a 4.7-kQ resistor. A switch is used to select latching or nonlatching operation. A NO push­
button releases the circuit. 

15Ml1 

HIGH-IMPEDANCE RELAY DRIVER 

~-------+-----------~~+12V 

IN4002 

2N3906 

----------
IN4002 

12-V 150-11 relay 

v---0-- NC 
=-----0----- c 
""---o----- N 0 

WILLIAM SHEETS Fig. 79-4 

A CMOS gate is used to drive a switching transistor and relay. 
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4.7 k{l 

WILLIAM SHEETS 

LATCHING RELAY DRIVER 

IN4002 

2N3904 

2.2 
k{l = 

Relay 
12 V >l.50-fl coil 

= 

,,----0 NC 
--oc 
"---a NO 

o_g ~' f ,, .l.'-·, 
IN Unlatch 

Fig. 79-5 

An input of 4 V or greater will d1ive this circuit. When the relay pulls in, one pair of contacts is 
used to latch the relay closed. It will remain closed until Sl is pressed. 

WILLIAM SHEETS 

TRANSISTOR RELAY DRIVER 

4.7 k!l 
Input_____,,_~, 

2.2 
k{l 

+12 v 

IN4002 

2N3904 

Relay 
12 V > 150-n coil 

....__~ 

IN4002 

~---uNC 
----o---0 c 

NO 

An input of 4 V or greater will drive this relay circuit. 

Fig. 79-6 
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WILLIAM SHEETS 

FAST TURN-ON/DELAYED-OFF RELAY CIRCUIT 

12-V Relay 
IN4002 R = see text coil 

+12-V n---1 ;,+----..---~ 
coil input 

c 

Fig. 79-7 

C is a large capacitor Lhat has a charge time of Rsupply C, assuming Rsupply <Reau· The discharge 
time will be R"" C neglecting relay coil inductance. With C = 10,000 µF and R, 0;1 = 500 11, a release 
time constant of 5 seconds might be obtained. Many relays will hold in until the coil current decays 
to 25% of the pull-in current so that the actual time constant depends on the relay holding current. 

WILLIAM SHEETS 

LOW-FREQUENCY RELAY OSCILLATOR 

v-0--0 NC 
=--0---0 c 
"'----0---o NO 

R 

D + c 

T
2200 

µ,F 

Relay 
12·V 400-!1 coil 

Fig. 79-8 

Depending on the value of C and the resistance of the relay coil, and the difference in pull-in and 
drop-out voltage, this circuit will oscillate at a low frequency. R limits in rush current to capacitor C 
to a level that the relay eontacts can handle. Typically, for a 400-Q relay, R can be 20 to 440 ohms. 
Flash rate is approximately 1 cycle/seeond, depending on the relay. 
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Sample-and-Hold Circuits 

The sources of the following circuits arc contained in the Sources section, which begins on page 
707. The figure nwnber in the box of each circuit correlates to the entry in the Sources section. 

Micropower 4-Channcl Sample-and-Hold Circuit 
Low-Drift Sample and Hold 
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MAXIM 

MICROPOWER 4-CHANNEL SAMPLE-AND-HOLD CIRCUIT 

. ., 
13 

v. 

MAXI.NI 
MAX321 

IN3 l~H IN2 INt V- GNO 

16 

MAXIM 
MAX<IJT 

TYPICAL DROOP AT +25°C. SQiN/sec 
TYPICAL SUPPLY CURRENT WITH 
fN TO +9V LOGIC INPUTS= 6µA 

Fig. 80-1 

Three Maxim !Cs make up this sample-and-hold circuit. The supply current is only 6 µA. 

INPUT 

NATIONAL SEMICONDUCTOR 

574 

LOW-DRIFT SAMPLE AND HOLD 

Low Drift Sample and Hold" 

"' 

tTellon polyethylene or polycarbonate 
d1e1ectr1c capacitor 

•worst cate dr~t lesa than 3 mV sec 

Fig. 80-2 
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Sawtooth Generator Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Op-Amp Linear Sawtooth Generator 
Sawtooth Generator 
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POPULAR ELECTRONICS 

OP-AMP LINEAR SAWTOOTH GENERATOR 

01 R7 
1N914 SOOK 

02 fadj 
1N914 

03 
1N914 

04 
1N914 

R1 
1K 

C1 
.1 

02 
2N3904 

R2 
10K 

R6 
47n 

R3 
10K 

C3 + 
470 

3-5V p.p 

~-+----.--+---<>/VVl 

C2 
.01 

R4 
22K 

RS 
47K 

Fig. 81-1 

Ql is connected in a simple constant-current generator circuit. The value of Ql's emitter resistor 
sets the constant-current level flowing from the transistor's collector to the charging capacitor, Cl. 

One op amp of an LM324 quad op-amp IC, Ul-a, is connected in a voltage-follower circuit. The 
input impedance on the voltage follower is very high and offers little or no load on the charging cir­
cuit. The follower's output is cormected to the input of Ul-b, which is configured as a voltage com­
parator. The comparator's other input is tied to a voltage-divider setting the input level to about 8 V. 

The output of U 1-b at pin 7 switches high when the voltage at its positive input, pin 5, goes above 
8 V. That turns on Q2, discharging Cl. The sawtooth cycle is repeated over and over as long as power 
is applied to the circuit. 

The sawtooth's frequency is determined by the value of C 1 and the charging current supplied to 
that capacitor. As the chargir1g current increases, the frequency also increases, ar1d vice versa. To in­
crease the generator's lrequency range, decrease the value of Cl' and to lower the frequency, in­
crease the value of C1• The output is about 3 to 5 V. 
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POPULARCLECTRONICS 

SAWTOOTH GElllERATOR 

c-'YV.----.--+9-12V 
R1 
47K 

3 

,---------0 JlJlJl. 9V p.p 
R3 

100K 
/'1,/V1VP-P 

01 

R2 C1 :IN914 .J.. C2 

~1K_.__·,(·------1~.2 

Fig. 81-2 

A sawtooth waveform generator circuit using a 555 IC is shown. The IC is cormected in an 

astable oscillator circuit with the majority of the output contained in the positive portion of the cy­

cle. The negative output is a very brief pulse. 
Capacitor C2 charges through R3 in a positive direction during the time that the !C's output (at 

pin 3) is high. When the output goes negative, C2 is rapidly discharged through Dl and the !C's out­

put. 
Peak-to-peak sawtooth output is about 1 V. The linearity of this circuit is best when R3 is as large 

as possible. The oscillator's frequency is about 200 Hz and can be increased by lowering either the 

value of R1 or C 1; to decrease the frequency, increase the values of those components. 
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82 

Scanner Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Scanner Silencer 
Shortwave Converters for Scanners 



FM 
DETECTOR 

OUTPUT 

' 
47µF* 

100k 

NATIONAL SEMICONDUCTOR 

':" 16k 

FM SCANNER NOISE SQUELCH 

+12V 

1k 

VOL 

100k 6.2k 

6 

8 

1k 

T0.1µF 

1QQµF 

:m} 
~.OSµF "::" 

Fig. 82-1 

The LM389 is operated in the cut-off mode with pin 12 grounded via one of the internal transis­

tors. A sample of detected noise is taken through a 5-kHz filter. Upon reception of signal, the detec­

tor output quiets, and noise level drops. This increases impedance at pin 12 of the LM389, causing 

audio to be passed. The three transistors are part of the LM389. 

SCANNER SILENCER 
C3 

+f2V 220 

~. 
7 03 

1N914 

A2 02 A3 
501 4.7K 1N914 2.2K 

C1 01 
10pF 01 ....... 

A1 1N914 + 
C2 

4.7K 10 

"SEE TEXT 

POPULAR ELECTRONICS Fig. 82-2 

When a scanner is used at amateur radio or CB stations, the scanner sometimes picks up trans­

mitted signal mid howls or squeals. When RF is detected, Ql turns on, energizing Kl and discon­

necting the scanner speakers. SO 1 is connected to the transmit antenna lead via a tee fitting. C 1 is 

optimum for 5- to 10-W 30-MHz use. For higher power or higher frequencies, reduce Cl to as low as 

needed. If Cl is so small as to be impractical, Rl can be shunted with a 10- or 22-pF capacitor, as 

needed. 
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SHORTWAVE CONVERTERS FOR SCANNERS 

SW1 

~1 
l 

I k R1 

' 10,..FI 
C6 ,;, 

C3 
6-lSpF 

C7 
O.Ol,..F ANTlfl 10-7511 Cl 

LI LZ 36SpF 

EARTH>----, 
GROUND rh 

73 AMATEUR RADIO TODAY 

47pF 

C4 

XTAL X1 
55MHz 

If----], 

70 

NE-602 
C2 
SpF 

L3 r -118-136 

""' SCANNER 

• 

I
OOlf'F 

CB 

LI 6 TURNS 1/4 in_ DIA WOUND OVER L.2 

LZ 20 TURNS 114 1n. DIA l 1n SPACING 

ll 6 TURNS l/4 1n. DIA OVER 112 in SPACING 

l4 3 TURNS 114 in. DIA OVER Ll 

All COILS USE No.22 MAGNET WIRE 

Fig. 82-3 

The AM aircraft band at 118 to 136 MHz is used in this converter design as an IF output. The sec­
ond harmonic of the 55-MHz crystal (110 MHz) mixes with the shortwave input of 8 to 36 MHz. An 
NE602 JC is used for the mixer. Sensitivity is about 3 µV. If desired, a crystal tuning circuit for fine 
tuning can be obtained using a varactor. 
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83 

Siren, Warbler, and Wailer Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Fire Siren 
Warble Oscillator 
Electronic Siren 
Wailing Sound Generator 
Two-Tone Siren 
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~NC ~~-~ 

WILLIAM SHEETS 

IC1 
CD4011A 

4 

C1 
10 µ.F 

FIRE SIREN 

HF tone 
adj. 

C3 

RB 
2.2 kf! 

4 ·B 

IC2 
6 NE555 3 

HFosc 

0.1 µF--;I;:' 5 

10 

LF osc. 

R4 
470 k!l 

R1, R2 
Freq. and duty 

cycle adj. 

R5 
10 kf! 

modulation 

+ C2 

1
470 
µF 

( -. Audio 
C-------- out 

C5 
0.1 µ.F 

Fig. 83-1 

!Cl is an LF oscillator that is variable in attack and decay time with Rl and R2. The LF output 
modulates HF oscillator IC2. R5 varies the modulation depth. By proper control adjustment, sirens 
of various types can be simulated. 

WARBLE OSCILLATOR 

100 + 
µFT 

16V _ 

Logic 3 8 
input 11 

6800 

10 
82 kf! 

0.01 150 k!l 

µFT µFT 1kll 

IC= 74HC132 ~ 

WILLIAM SHEETS Fig. 83-2 

Sections A & B form an oscillalor running at 2 Hz, which gates sections C and D, a 1-kHz oscilla­
tor. This drives the TIP31 speaker driver. 
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+3-SV 
..:t.. • '--'w.-o 

111 51 C2 
100U 470 

8 

U1 
LM3909 

C1 
.15 2 

R2 SPKR1 
47<1 

POPULAR ELECTRONICS 

WILLIAM SHEETS 

R2 
10kl1 

an 

+ 

':" 

ELECTRONIC SIREN 

In this circuit, the LM3909 is used in a simple 
electronic siren. When Sl is closed, C2 begins to 
charge rapidly through RI. When the charge on 
C2 reaches ahout 1 V, the oscillator starts. As the 
voltage across Cl increases toward+ V, the oscil­
lator's output frequency also increases. Releasing 
(opening) S 1 removes power from the circuit. 
The oscillator continues to operate, with a de­
cline in output volu1ne and frequency until Cl 
discharges to about the 1-V level. 

Experiment with the siren circuit by select­
ing different R/C2 combinations to obtain a de­
sired rise and fall output. Change the value of C 1 

to vary the oscillator's frequency. Keep the value 
or R2 at or above 4 7 Q to protect the IC from 

Fig. 83-3 drawing too much current. 

WAILING SOUND GENERATOR 

= 

C2 
0.1 
µF 

+ 
Cl 

100 µF 

Tl 

~-o-(llc:w Speaker 

+ 
6V =-

I 

Tl ~250!1to1 kl1Ct 
to 4- to 16-0 speaker 

(transistor radio output) 

Fig. 83-4 

In this circuit, C2 and Tl determine the tone generated and C/R2 control the blocking rate. The 
signal produced is an interrupted tone, like a police whistle or toy ray gun, depending on Cl and C2. 

583 



ICl, IC2 
SPKR 
Cl 
C2 
Rl 
R2 
R3 
R4 

McGRAW-HILL 

TWO-TONE SIREN 

LM3909 LED flasher/oscillator 
small 8 !1 speaker 
0.1 µF capacitor 
470 µF 6 V electrolytic capacitor 
1 0 k!l 1/4 W 5 o/o resistor 
4.7 k!1 y, W 5% resistor 
1 00 !1 potentiometer 
3 3 n 1/4 w 5 o/o resistor 

C1 

R1 

R2 

Cl 

+ 1.5 v 

R3 R4 

5 
2 

ICI 

8 
4 

8 5 

IC2 

2 
4 

Fig. 83-5 

!Cl generates the main siren tone while IC2 generates a low-frequency square wave, switching 
!Cl between two different tones. 
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84 

Sound-Effects Circuits 

The sources of the Ioli owing circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Complex Sound-Effect Generator 
Dual-Tone Generator 
Surf Man Sound Generator 
Electronic Whistle 
Bird-Chirp Sow1d-Effcct Generator 
Robotic Chatter Sound Generator 
Electronic Wind Chime 
Gunshot Sound-Effects Generator 
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Cl 

RI 

R2 

J 
SI 

CJ .1.. 
+ 

S2 

:t 
cs 

IC1-IC4 
!C5 
SPKR 
51, 52, 53 
Cl 
C2 
C3 

McGRAW-HILL 

COMPLEX SOUND-EFFECT GENERATOR 

ICI 

4 

a 

R3 

R4 

a 
(2 

1(2 

2 
+ 

10 
C4 

a 

LM3909 LED flasher/oscillator 
7 400 quad NAN D gate 
smal I loudspeaker 
SPST switch 
0.1 µ.F capacitor 

+5 v 

22 µ.F 6 V electrolytic capacitor 
10 µ.F 6 V electrolytic capacitor 

C6 + 

Rs 

" 

C4 
cs 
C6 

8 

R1, R3, RS 
R2, R4, R6 
R7 
RB 

C7 

~ 
R7 

RB 

SPKR 

5 

1(4 

47 µ.F 6 V electrolytic capacitor 
33 IJ.f 6 V electrolytic capacitor 
4.7 µ.F 6 V electrolytic capacitor 
2.2 kn v~-w 5% resistor 
1 O kn potentiometer 
33 n 1/4 w 5% resistor 
100 n potentiometer 

Fig. 84-1 

This system uses four free running oscillators to produce a wide variety of complex sounds. LF 
oscillator JC3 modulates IC2, which modulates JCl. The audlo from ICl is combined with a variable 
·frequency from JC4. Switches at various points allow oscillators JC3 to be switched in or out, !Cl and 
IC2 to be varied in frequency, and IC4 also can be varied in frequency. The circuit is not critical and 
different arrangements can be tried to produce various sound effects. 
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POPULAR ELECTRONICS 

A9-a 
100K 

C1 
.001-.22 

U1 
555 

R4 
10K 

DUAL-TONE GENERATOR 

\ 
'---

R1 
1.5K 

+9V-12V 

C7 + 
470 R9-b 

_ 100K \ 

---------------- __ .l. 

SPKR1 
6-16!l 

Q2 
2N2222 

R7 
100K +V 

SPKR2 
6-16!l 

CJ 
.001-.22 

R5 
10K 

R2 
1.SK 

B 7 6 

CB 
10 

C2 
.001-.22 

U2 
555 

C4 
.001-.22 

~------' l 
R3 $1 $2 
10K o---+--o o--<----.._ _ _. 

RB 
100K 

--r --r 
Fig. 84-2 

1\vo 555 oscillator/timers are configured similarly as audio oscillators, with each oscillator feed­
ing a separate speaker. 

A dual 100-kQ potentiometer is use to tune the two oscillators simultaneously. The oscillators' 
frequency range is controlled hy a dual-transistor switch, which selects the timing capacitor for both 
oscillators. Although the circuit only shows two range-switching circuits, any number can be added 
by simply duplicating the two-transistor switching circuit. 
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SURF MAN SOUND GENERATOR 

81 Sij+9V 
9V + 01 _rf----1~ + 1N4148 

C16 
~ 33µF A2 
- - 100K 

R1 
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+9V ... 
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1/6 74HC14 

2 
IC1-0 

1/s 74HC14 

4 

ELECTRONICS NOW 

+9V 
R10 

Cl 33K 
.01 6 

1C1-c-
02 1/s 74HC14 

1N4148 

R11 
1MEG 
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.01 !SEE TEXT) ... +9V 04 

1N4148 
R17 
10K R18 ... 39K 

A20 
1501( C13 

.05 

R27 
50K 

R24 
15K 

... 

R14 
150K 

03 
1N4148 

A19 
47K 

R21 
100K 

A22 
1K 

R25 
680K 

7 

R13 C14 
680K 220pF 

+9V 

R15 
2.2K 

C10 
10µF 

R16 
2.2K 

C11 
C12 4.lµf 

.o5 R23 

A26 
1-2012 

1K 

C15 
220pF 

~--<------~ 

+ 

J1 

R12 
15K 

Fig. 84-3 

Three low-frequency oscillators (!Cid, e, f) are used to simulate "wave action" of the surf. Ql is 
an emitter-base junction used as a diode noise generator, biased by de derived from oscillator !Cl-c. 
The noise is fed into two voltage-controlled filters R22, R23, C12, C13, with D3 and D4 as "tuning" el­
ements. The low-frequency oscillator signals randomly vary the filters, therefore, the spectrum of 
the noise signal fed through them. This simulates the sound of a surf. 
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WILLIAM SHEETS 

ELECTRONIC WHISTLE 

>-------1>-----1 ~ Output 
Any op amp 0_01 µ,F 

RS 
100 kn 

R4 C4 
100 kn To.002 

~ µF 

Fig. 84-4 

The circuit shown is a twin-tee oscillator. Rl varies the pitch, R2 the duration, and R3 the for­
mat (bell, rise & fall time, etc.). Vary R4, R5, C4 and C2, C3 for large shifts in frequency. 

+ 
Cl 

C2 

McGRAW-HILL 

BIRD-CHIRP SOUND-EFFECT GENERATOR 

2 

1(1 

8 

4 

IC2 

2 

4 

+ 1.5 v 

5 >----4' 

5>----4' 

Rl 

ICl, 1(2 
Cl 
(2 
Rl 
R2 
R3 
SPKR 

LM3909 LED flasher/oscillator IC 
33 µ.F 5 V electrolytic capacitor 
0.1 µ.F capacitor 
15 kO 1/4 W 5% resistor 
33 n 11. W 5% resistor 
250 n potentiometer 

small 8 n speaker 

Fig. 84-5 

A low-frequency oscillator modulates a higher frequency oscillator, which drives the speaker. 
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ROBOTIC CHATTER SOUND GENERATOR 

+5 v 

cs 

I' 
16 RS 
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1(1 
+ Cl R6 
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8 R7 
4 10 

m Rl R8 
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R9 
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,,, 
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C6 
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2 

R14 

+ 
1(4 (4 
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8 

4 
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R4 

McGRAW-HILL Fig. 84-6 

This circuit simulates sound effects of a robot, for toy or novelty applications. 
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1Cl-IC4, IC6 
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SPKR 
Cl 
C2 
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C4 
cs 
C6 
Rl, R3, R14 
R2, R4, R13 

R2 

Rl 

1 51 
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McGRAW-HILL 

ROBOTIC CHATTER SOUND GENERATOR (Cont.) 

1(1 1----11~-o 6 

IC2 f--11~-< 

IC) /----11~-0 

IC4 

ICS 
Decoder 

LM3909 LED flasher/oscillator 

OutpuN +V 

RS 6.8 kn 11.- W 5% resistor 
74LS138 three-line to eight-line decoder R6 10 kO potentiometer 
small. loudspeaker R7 2.2 kn 1/4 W 5% resistor 
10 µ.F 10 V electrolytic capacitor RB 33 kO V4 W 5% resistor 
22 µ.F 10 V electrolytic capacitor R9 3.9 k.O V4 W 5% resistor 
33 µF 1 O V electrolytic capacitor RIO 4.7 kn 1/4 W 5% resistor 
100 µF 10 V electrolytic capacitor Rll 100 k!l 114 W 5% resistor 
0.01 µF capacitor R12 470 kn 11 .. W 5% resistor 
0.1 µF capacitor R1S 100 n potentiometer 
l 0 kO potentiometer R16 33 n 1/4 w 5% resistor 
3.3 k!l 1,/4 W-5% resistor Rl 7 1 Mil 114 W fixed resistor 

ELECTRONIC WIND CHIME 

R3 

Output 

Fig. 84-7 

The value of R
4 

controls the damping or de­
cay time of the feedback circuit (a twin Tee oscil­
lator). When Sl is closed, the circuit breaks into 
oscillation. When Sl is opened, the circuit stops 
oscillating generating a decaying tone like a bell. 
The frequency is approximately '!J?C. Cl, C2, and 
C3 are typically in the 0.01-µF.range. 
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McGRAW-HILL 

GUNSHOT SOUND-EFFECTS GENERATOR 
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Fig. 84-8 

Gunshot sow1d-effects generator built around a Texas Instruments SN764 77 sound chip. An in­
put pulse causes !Cl to generate a gunshot sound. 
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85 

Square-Wave Generator Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The ligme nwnber in the box of each circuit correlates to the entry in the Sources section. 

Square-Wave Generator 
Sharp Square Waveforms from Multivibrator 
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POPULAR ELECTRONICS 

SQUARE-WAVE GENERATOR 

Q2 

'"'" 

OUTPUT 

r 
LEVEL 

ADJUST 
R1 

?SK 
R2 _ 

4700 -

Bl I 
1.5 VOLTS I 

I '----yR3'i'r-4-S<J1 f'I ~ l : 
470n I -L __________ ....L_.:...J 

Fig. 85-1 

A 60-Hz waveform from Tl drives an audio amplifier to clipping. Output is 60 Hz with about 0- to 
1.4-V p-p amplitude. 

SHARP SQUARE WAVEFORMS FROM MULTIVIBRATOR 

R1 Fl2 

IN914 IN914 R1 ~ 2.2 kl! 

C2 

C1 

WILLIAM SHEETS Fig. 85-2 

By using diodes as shown, the loading effect on the collector of the transistors caused by the tim­
ing capacitors cart be avoided. As the collector of the transistors rises toward Vee• the diode discon­
nects the timing capacitors. 
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86 

Staircase Generator Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to theentry in the Sources section. 

Stepped Triangle Waveform Generator 
Video Staircase Generator 
Free-Running StaircaseWave Generator 
Up/Down Staircase Wave Generator 
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STEPPED TRIANGLE WAVEFORM GENERATOR 

+9V 

t 
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+ :c * ): 4 < U1-b I 6 

\. U1-a 2 

C1 1/4 4011.J: 
R2 _ R1 > 

16 .01 10DK -1MEG 14 " 
" 3 

- OUTPUT 
01 RB 

2 1N914 6.BK 
... 

02 R7 

4 
1N914 4.7K 3V P-P 
"' R.6 03 

7 1N914 3.3K 

04 RS 
10 

1N914 2.2K . 
U2 

. 
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1N914 
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9 1N914 

09 010 
1N914 • 1N914 

11 
R4 

B I 13 115 1K .. 
~ = 

POPULAR ELECTRONICS Fig. 86-1 

Two gates of a 4011 quad two-input NAND gate (Ul) are connected in a pulse generator circuit. 
The square output at pin 4 of Ul-b, connects to the clock input, pin 14, of a 4017 decade counter TC 
(U2). For each input clock pulse, the 401 7 takes a single step. Because the 401 7 counter is set up to 
cow1t ten and then repeat the count, the stepped output frequency will only be Xo of the clock fre­
quency. For a 100-Hz output, the clock generator must operate at 1 kHz. 

The 401 7's positive output pulses begin at pin 3 and progress to pin 11 in a serial manner. The 
first output pulse, at pin 3, passes through Dl and RS and appears across R4 to produce the first step 
up the triangle. The second pulse is routed through D2 and R7 to produce the second step. The out­
puts at pins 10 and 1 form the top of the waveform and outputs at pins 5, 6, 9, and 11 produce the 
down steps. 
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VIDEO STAIRCASE GENERATOR 

COMP BLANKING ~-~D __ ~C __ ~B __ ~A~ = 
Clock Enable 

Data inputs 

252 kHz 
(16 H) 

WILLIAM SHEETS 

Clock 
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= 
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Diodes IN4148 
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-5V 

>----+~~Video 
output 

+5V 

-5V 

Fig. 86-2 

Using a 74HCH\l counter and a simple D-A converter using an op amp and resistor network, a 
very simple video staircase generator for gray-scale generation (12 bars) can be obtained. The out­
put is clean and mostly free of "glitches." 
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FREE-RUNNING STAIRCASE WAVE GENERATOR 

30K 
1N914 

"'" 
0.01 JJ.F 

T 
'" 

PULSE GENERATOR ,. 
1.5M 

100 pf 

NATIONAL SEMICONDUCTOR 

v• 

1N914 

" 1-3K 

>-... JL 

ONE SHOT wl 
INPUT l:OMPARATOll 

., 
1.:?M 

510K 

RESET 
PUISE 

-----

" '" 

Fig. 86-3 

This free-running staircase generator uses all four of the amplifiers, which are available in one 
LM3900 package. Amp I provides the input pulses that "pump up" the staircase via resistor RI. Amp 
2 does the integrate and hold function and also supplies the outpu\ staircase waveform. Amps 3 and 
4 provide both a compare <md a one-shot multivibrator function. Resistor R4 is used to sample \he 
staircase output voltage and to compare it with \he power supply voltage (V+) via R3. When the out­
put exceeds approximately 80% of V + the connection of Amps 3 and 4 causes a IOO-µs reset pulse to 
be generated. This is coupled to the integrator (AMP2) via R2 and causes the staircase outpu\ volt­
age to fall to approximately 0 V. The next pulse out of Amp 1 then starts a new stepping cycle. 
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INPUT PULSES 

NATIONAL SEMICONDUCTOR 

UP/DOWN STAIRCASE WAVE GENERATOR 

DOWN -

" -
fll ll 

"' 

_,_ 

1N914 

"' 

" 
>--+---OOUTPUT 

" 

.. 
SCHMITT - TRIGGER 

Fig. 86-4 

This staircase waveform first steps up and then steps down by the circuit shown. An input pulse 
generator provides the pulses that cause the output to step up or down, depending on the conduc­
tion of the clamp transistor, Ql. When this is ON, the "down" current puise is diverted to ground and 
the staircase then steps "up." When the upper voltage trip point of Amp 2 is reached, Ql goes OFF 
and as a result of the smaller "down" input resistor (one-half the value of the "up" resistor, Rl), the 
staircase steps "down" to the low-voltage trip point of Amp 2. The output voltage, therefore, steps 
up and down between the trip voltages of the Schmitt Trigger. 
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87 

Stepper Motor Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

600 

Stepper Motor Pulse Generator 
Stepper Motor as Shaft Encoder 
Stepper Motor Encoder Circuit 



STEPPER MOTOR PULSE GENERATOR 

•12V 
0.1,FI R2 ~--+----~ 

1M 
PC-1 R5 

1k 

R1 ! 1M R3 
D1 

Push-button o--H4--+:W22v0k-I 
swllch ...,.. vco 
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4041B 
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15µF_:r c1 
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- 02 

D1 ,2' IN 4141; llt ; 2N2222 
C2 

-I10,F 
35V 

,, 
C3 

0.1µF 

R6 
100k 

-

Fig. 87-1 

When the switch is in its normally closed (NC) position, capacitors C 1 and C2 are held dis­
charged by diodes DI and D2. Switching off transistor Ql inhibits the voltage-controlled oscillator of 
the PLL. The two inputs and, hence, the output of the EX-OR gate (phase comparator 1) of the PLL 
remain at the logic 0 level. 

When the pushbutton is· pressed, Cl and C2 arc allowed to charge via resistors Rl and R2. The 
VCO is enabled only after a time delay C~0.5 second) set by Rl, R3, and Cl. During this delay period, 
the EX-OR gate output follows the logic level at the switch output. As a result, one-shot pulses can 
be generated by pressing the pushbutton, then releasing it within 0.5 second. R5 provides the 
switch-debouncing function. 

If the pushbutton is pressed for more than 0.5 second, the VCO is enabled. The rising voltage at 
the control input (pin 9) causes a linear increase in VCO frequency and thus accelerates the step­
per motor. Releasing the pushbutton discharges Cl and C2 and inhibits the VCO. 

PHASE 1 

0 0 
STEPPER 

riJ 
MOTOR 

0 0 

PHASE2 

ELECTRONICS NOW 

STEPPER MOTOR AS SHAFT ENCODER 

Fig. 87-2 

To use a stepper as a shaft encoder, the out­
put signals must be converted to square waves 
with a pair of voltage comparators. 
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STEPPER MOTOR ENCODER CIRCUIT 
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4.7K 1N914 4.71< 1MEG 100K LLJ 

~-~-"· -~ 
ELECTRONICS NOW Fig. 87-3 

This circuit translates shaft rotation and direction to a readout on an LED display. A stepper motor is used as an encoder. 
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Switching Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Isolated Switch 
Analog Switched Inverter 
Analog Switch Circuit 
Low Output Impedance Multiplexer 
Op-Amp and Analog Switch RON Compensator 
Oscillator Triggered Switch 
Basic Zero-Crossing Switch Circuit 
Analog Switch 
Shunt Pin-Diode Switch 
Receiver Bandswitching 
Resistor Pin-Diode Switch 
Digitally Controlled One-of-Four Analog Switch 

Pin Diode Switch 
Transceiver T/R Switch 
Series/Shunt Pin-Diode RF Switch 
Auto-Off Power Switch 
Switch-On Delay Circuit 
HEXFET Switch Circuits 
Alternating On/Off Control 
Audio-Controlled Switch 
Switch Debouncers 
Simple Switch Debounccr 
Analog Switch Circuit 
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POPULAR ELECTRONICS 

+5-12V 

A3 
4700 

ISOLATED SWITCH 

+ 

61 
A2 

10MEG 
9V 

1----li-+----<>---"o I 

SWITCH 

Fig. 88-1 

This de-controlled switch uses an optoisolator/coupler, Ul, to electrically isolate the input signal 
from the output control device. 

ANALOG DEVICES 

+lOV 

_llQV 

±10V 

_i1QV 

ANALOG DEVICES 

604 

ANALOG SWITCHED INVERTER 

,., 
,., 
'" 
,., 

QUAD 
SWITCH 

AoN""' 
10on 

'" 
Your 

ANALOG SWITCH CIRCUIT 

QUAD MAY BE REQUIRED 
FOR $TABtllTY SWITCH ,,Ji TO COMPENSATE Cl EFFECT OF Cs 

' '°' 

' Your ' ~ c, 
Am,. "' -r 
10011 "' v 

Fig. 88-2 

Fig. 88-3 



Inhibit 

ELECTRONIC DESIGN 

Input B 

R& 
100k 

LOW OUTPUT IMPEDANCE MULTIPLEXER 

R1A 
75 

U1 : CD4011; U2 : HA5022~4 

R2,1 
681 

Die 
1N414B 

R4A 
27 

R4B 
27 

+5V Ou~ut 

Fig. 88-4 

Both inputs are terminated in their characteristic impedance; 75 Q is typical for video applica­

tions. Because the output cables usually are terminated in their characteristic impedance, the gain is 

O.G. Consequently, amplifiers U2A and U2B are configured in a gain of +2 to set the circuit gain at 1. 

R
2 

and R3 determine the amplifier gain; if a different gain is desired, R2 should be changed according 

to the equation G =(I+ R,fR2). R5, LCLl, and Dl make up an asymmetrical charge/discharge time 

circuit that configures Ul as a break-before-make switch to prevent both amplifiers from being ac­

tive simultaneously. The multiplexer transition time is approximately 15 µs with the component val­

ues shovvn. 

OP-AMP AND ANALOG SWITCH RON COMPENSATOR 

RF 
\Ok 

ALWAYS 'ON" PHASE COMPENSATION 
TO CANCEL EFFECT OF Cs 

SW1 

Al 10k SW2 

R2 10k SW3 

RJ lOk SW4 Vour 

' CMOS SWITCH :!:c50F 
.~ .. SWITCHES 

•: 

ANALOG DEVICES Fig. 88-5 

This switch is in series with feedback resistor to compensate gain. 
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POPULAR ELECTRONICS 

OSCILLATOR TRIGGERED SWITCH 
U2 

4H25 
.--~~-... 

+ 5- 12V --"1'"'-'+--i r--t---::-'~ 

+9-12V 

RI 
4700 

2 

C4 
.1 

1K 

~ 

Tl 

... 
R2 

B2K 

5 

C2 01 
.1 1H914 

1K 

02 
1H914 

R3 
B20K 

03 
10V 

ZENER 

+ C3 
10 

Fig. 88-6 
In this circuit (the oscillator-triggered switch), the HEXFET's base bias is provided by a signal 

generated by an astable oscillator. 

BASIC ZERO-CROSSING SWITCH CIRCUIT 

r---e~r~---------------, 
I TRANSISTOR SNUBBER I 0--l--, 
I 
I 

oc I 
CONTROL I 
SJGNAL I 

I 
LED 

ZEAO­
VOLTAGE 
TRIGGER 
C!ACUIT 

I IB~ 
L----------------- _____ _J 

ELECTRONICS NOW 

AC 
POWER 

Fig. 88·7 
Here is the schematic of a solid-state ac relay with zero-crossing. The triac permits the relay to 

switch to ac directly. 
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ANALOG SWITCH 

ELECTRONIC DESIGN 

01 
1N6263B 

02 
1N6263B 

~ 10k 

Fig. 88-8 

This design lakes advantage of the strobed output stage of a CA:>l40 amplifier. With the strobing 
capability, the circuit's output voltage can be set to either of the input voltages by grounding one of 
the control inputs, either A or B. 

When the strobe input at pin 8 is taken below 1 V, that amplifier is disabled. The remaining am­
plifier then acts as a unity-gain high-impedance buffer. 

The 10-kQ output resistor enables the output voltage to swing clown to 20 mV from ground. The 
Zener-diode clamps and associated resistors connected at the strobe inputs can be omitted for the 
lowest-cost applications. However, experience has shown that they allow the an1plifiers to shrug off 
the effect of high transient voltages. 

The circuit is particularly suited to 8-bit microcontroller applications, where the strobe inputs 
can be driven directly from two open-collector output pmts under software control. 

The use of Schottky diodes for D 1 and D2 makes possible an output swing of 2.5 V when the cir­
cuit is powered from a 5-V supply. 

SHUNT PIN-DIODE SWITCH 

R1 S1 
~~Mr--o-o.o--+12VDC 

0 

C2 

IN ~H~---.---111-------<>our 
C1 

01 

POPULAR ELECTRONICS Fig. 88-9 

This PIN-diode switching circuit directs sig­
nals to ground when Dl is forward-biased. Rl is 
typically 470 Q to 2.2 kQ. C

1 
= C

2 
= 0.1 µF. 
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RECEIVER BANDSWITCHING 

L2 
3.3µH 

J1 C3 
L1 7.7pF 

5SOµH ... ... C4 
7.7pF 

C1 R1 
1 4700 

R2 
+ a2on ... C2 

10 

03 

81 
+12VDC ---ef 

POPULAR ELECTRONICS 

R3 
a2on 

BANDPASS FILTER N0.1 

cs 
01 82pF 

L3 
33µH 

LS 
SBµH 

C11 

cs 

L4 
39µH 

100pF C7 
100pF 

.1 ~ 

LS 
33µH 

BANDPASS FILTER N0.2 

C9 
150pF 

CB 
180pF 

L7 
82µH C10 

180pF 

C12 LS 
.1 . 68µH 

02 

C13 
.1 

.__.___,!--<> OUT 

R4 
4700 

04 

Fig. 88-10 

Eight-band receiver front-end selection can be accomplished by using PIN diode switches. 

POPULAR ELECTRONICS 

RESISTOR PIN-DIODE SWITCH 

C1 
.1 

St 
rw.--0+-o--+12voc 

R1 
2.2K 

01 

0 

C2 
.1 

IN ~t-.__-l>t--,~---J1t--oour 

R2 
2.2K 

Fig. 88-11 

This circuit uses resistors instead of RF chokes to keep costs low. The values of R1 and R2 should 
be no iower than about 1 kQ to mirtimize loss. 
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DIGITALLY CONTROLLED ONE-OF-FOUR ANALOG SWITCH 

McGRAW-HILL 

POPULAR ELECTRONICS 

A B 

Digital 
control 
inputs 

1(1 

IN 

+v 

Cl I ,,r1 
4 

3 

ICJB 

IC! ~ CD4066 
IC2 ~ CD4001 
IC3 ~ CD4049 

All capacitors~ 0.1 µF 

PIN DIODE SWITCH 

A1 Si 
--+12voc 

II 
0 

L1 
C2 

01 .1 
OUT 

C1 

II .1 
l2 

Fig. 88-12 

Fig. 88-13 

This PIN diode switch uses RF chokes and a single diode. RI is typically 470 Q to 2.2 kQ. 
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TRANSCEIVER T/R SWITCH 
~~~ANTENNA 

TRANSMITTER RECEIVER 

ANT. ANT. 

C1 
C2 /--= ).14 TRANSMISSION LINE SECTION =-1 

+-----1>1-------1>---C:JI E::J---.--4 
01 

02 

POPULAR ELECTRONICS Fig. 88-14 

This trm1scciver's transmit/receive switch uses PIN-diode instead of a relay. On receive, DI is cut 
off, D2 is cut off and the antenna connects to the receiver. During transmit, DI is forward-biased, as 
is D2. This connects the receiver input. This causes the input impedance of the transmission line to 
be high, so little transmitter power reaches the receiver. Although not shown in the schematic, the 
12-V supply should have a series resistor of JOO Q to 2.2 kQ, depending on diode current, to limit 
diode current to a safe value. 

SERIES/SHUNT PIN-DIODE RF SWITCH 

+12VDC 

S1 

R1 rF~ 
-12VDC 

II L3 

C1 01 02 C2 
!No-.) OUT 

L1 II 03 II L2 

POPULAR ELECTRONICS Fig. 88-15 

A combination of series and shunt switching, like that shown here, rBsults in superior isolation 
between the input mrd output when in the off condition. 
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"" 
UM 

1001< 

MAXIM 

AUTO-OFF POWER SWITCH 

4,SV TO 6.0V -=... 

~ IN-

-=-

_l_ 

v • 

.MAXIM 
MAX921 

V- GNO 

-=-

MOMENTA.RY 
SWITCH 

IN+ 3 

0 T 
\.'BATI-0.15V 

10mA 

R 

Fig. 88-16 

This timed switch circuit can be used where a timed power source is needed. The on-time is ap­

proximately 4.6 RC. 

WILLIAM SHEETS 

C1 
100 
µ,F 

SWITCH-ON DELAY CIRCUIT 

R2 
330 

SCR1 
1 A 

25 v 

+ 

LoadR<~ 
I holding 

up to max. SCR rating 

Fig. 88-17 

When Sl is turned on, a very small current flows through the load. Ahnost the entire supply volt­

age appears across the SCR When Cl changes up to the firing voltage of Ql (approximat,ely the 

standoff ratio of Ql times V, usually 0-4 to 0.6 V) through Rl, Ql fires, turning on SCRL This deliv­

ers full voltage to load, minus SCR drop (about 1-2 V)_ Notice that load current must exceed SCR 

holding current. 
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POPULAR ELECTRONICS 

HEXFET SWITCH CIRCUITS 

'SEE TEXT 
Q1 

IRF511 

1: ~ ,,.! 
B 

R2' 

R3' 

Fig. 88-18 

The HEXFET can switch de power to relays (as shown in A), motors, lamps, and numerous other 
devices. That arrangement. can even be used to switch resistors in and out of a circuit, as shown in Fig. 
88-18B. RI, R2, and R3 are possible load resistors and represent load configurations that can be used. 

Switch~ 

WILLIAM SHEETS 

ALTERNATING ON/OFF CONTROL 

10 kn 

8 10 kn 

IC1 A,B =-Two inverters 
CMOS any type 

Output 

Fig. 88-19 

When the switch is closed, it causes a change in the state of pins 1 through 8. This will provide a 
toggle flip-flop action. 
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AUDIO-CONTROLLED SWITCH 

,---.-----.-----------0------"M---------.--ifo--- +9-12V 

C5 • "' 100l 27K 

R4 
10K 

R1 
10K 

7 

MIClNl~1 U1 
3 741 

.1 • 4 
RJ 
27K 

C6 • 
47 

POPULAR ELECTRONICS 

R12 
1MEG 

" .22 

RI 
1oon 

R6 01 
470K 2N2222 

,----!__,,,-...., 

02 
111914 

R8 
4.7K 

01 
1N914 

C4 
47 

R9 
220K 

R11 
4.7K 

S1 

+ 9-12V 

1 
OJ l IRF511 -0 l OAO 

Fig. 88-20 

The audio-controlled switch combines a pair of 7 41 op amps, two 2N222 general-purpose tran­
·sistors, a HEXFET, and a few support components to produce a circuit that can be used to tum on a 
tape recorder, a transmitter, or just about anything using sound. 

L_ 

~ 
0.1 µF 

... 

I__ 

~ 
0.1 µF 

... 

ELECTRONICS NOW! 

200 K 

a 

200 K 

b 

SWITCH DEBOUNCERS 

_n_ 

Fig. 88-21 

These circuits will cure problems caused by 
switch-contact bounce. The one shown in Fig. 
88-21A provides you a positive output pulse, and 
the one shown in Fig. 88-2 lB provides you a neg­
ative output pulse. 
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S1 ~ 
y 

SIMPLE SWITCH DEBOUNCER 

R1 
10 H 

R2 
22 
kl! 

~------.----0 +5 to 15 V 

C1 11 l'F 

R3 
2.2 
kl! 

01 
2N3904 

Pressing Sl discharges Cl through Hl, causing Ql to cut off, forcing the output high. Once CJ is 
discharged below the VBE (ON) of Ql, switch bounce will have no effect on the output. 

WILLIAM SHEETS 

ANALOG DEVICES 

614 

ANALOG SWITCH CIRCUIT 

±tOV o-+--o-+--4 

'"' ±1 ov o--1-- o-+-+-_,,,..,., ....... 1-l 

±1 OVo-+-o_,,,.,"v-o-t-~ 
Ro""" 1oon 

'"' 
>_._-ovauT 

Fig. 88-22 

Fig. 88-23 
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Sync Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 

707. The figure number in the box of each circuit corrclales to the entry in the Sources section. 

PLD Synchronizes Asynchronous Inputs 
Sync Tip de Restorer 
Sync Stretcher Circuit 
Synchronizer Circuit 
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PLO SYNCHRONIZES ASYNCHRONOUS INPUTS 

Internal feedback path 

Synchronized 

-Asynchronous input 

input 

System clock 
Syslem clock 

~sg E 
Asynchronous 

input 

01 

01 

ELECTRONIC DESIGN Fig. 89-1 

A programmable electrically erasable logic (PEEL) device can easily supply the synchronizing 
function. Digital systems often require synchronization of asynchronous inputs to avoid the potential 
metastability problems caused by setup-time violations. A common synchronization method uses 
two rippled 74LS72 D-type flip-flops. 

Jn this circuit, the asynchronous input feeds into the Djnput of the first flip-flop and its Q out­
put feeds into the D of the second. Because the first flip-flop latches on the falling edge of the sys­
tem clock, to avoid setup-time violations, the D input signal to the second llip-fiop will be stabiliz~d 
before the rising edge of the clock. Even experienced programmable-logic device designers often re­
sort lo such a TTL flip-flop circuit lo handle the synchronization function, because of the architec­
tural limitations of standard PLDs. 

A programmable electrically erasable logic (PEEL) device, such as the f'EEL18CV8 from JCT, 
however, can easily supply the function. The user-programmable 12-configuration 1/0 macrocells in 
the device can internally feecl back a signal before the output register. With this feedback arrange­
ment, designing a two-stage input. is sin1ple. 

A gated-latch internally latches the asynchronous input on the Jailing edge of the system clock, 
generating signal Ql. ANDingthe input with Ql through the internal feedback path, eliminates a pos­
sible hazard condition during the clock's high-to-low transition time. The latch then holds Ql stable 
to ensure meeting the setup-time requirement of the subsequent D flip-flop, which, as before, regis­
ters the signal on the next rising system clock ecige. 

If by chance the input pulse width violates the set-up time of the gated latch, the clock's low time 
will give more time for settling. 
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" VIDEO IN 1k(l 

CLAMP IN (TTL) 

ANALOG DEVLCES 

SYNC TIP de RESTORER 

C• 
10µF 

"' 6490 

01 ,II'/ 

RED LED 

RlO Rl 1 
1DkQ lkl.1 

U1 
1 A08ll 

" '"n 

CLAMP DRIVE 

+Vs +12V 

oo~:!:.-c-,~-:r:..--c,~~-:r:..-~cs0 

0.1/LF 

~+----<>-----• 

-12V 

I 

SHADING 
0 

" 47kQ 

I 
I 

I " I 100 

I 
I 
I 
I 
I 
I 
I 

_J 

~ "" ::;:: 49.9kn 

"' 64!11::1 

+~~Vs 
R1 3 BASELINE OFFSET 

10ki1 

Fig. 89-2 

The de restorer shown supplies a video signal with sync tips clamped to a baseline level. Clamp 
drive signal is supplied from elsewhere, usually a sync generator or a sync separator. 
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SYNC STRETCHER CIRCUIT 

Incoming 
video <>-l-h._.._.,._---1 >---_.,____, 

1.0Vp-p 

R1 

R1 
47k 

75 

+ 

C2 
47 µF 

Rs 
R4 33 k 

9.1k 

+12 v 

R10 
2.lk 

~--..--...( Rg 
1k 

R3 Re 
1 k 1k 

R1 
270 

C4 
47 µF 

+12 v 

Sync level 

R12 
330 

Rjj 04 
18 k 2N5089 

Output 

R15 
2.2 k 

ELECTRONIC DESIGN Fig. 89-3 

Ql, Q2, and Q3 comprise a simple video amplifier and sync stretch circuit. Transistor Ql sync 
strips the incoming video, which is amplified and mixed with the stripped sync in Q2. Q3 supplies in­
version and video amplitude control. 

ELECTRONIC DESIGN 

SYNCHRONIZER CIRCUIT 

Asynchronous 
input 

Synchronized input 

System clock 

System clock~'----/ ~ ~ 
Asynchronous ____ ~~ 

input 01 _____ ''-_\':_\':_\':_-:::_-:::_-:::_-:::_,-~=======~== 
02--------------

This common synchronization method uses two rippled 74LS74 D-type flip-flops. 
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Telephone-Related Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure numher in the hox of each circuit correlates to the entry in the Sources section. 

Telephone Line Tester 
Caller ID Circuit 
Telephone Call Restrictor 
Telephone Scrambler 
Universal Telephone Hold Circuit 
Telephone Ring Amplifier 
Bell System 202 Data Encoder 
Telephone/ Audio Interface 
Telephone Recording Circuit 
Telephone Bell Amplifier 
Phone Line Simulator 
Phone Helper 
Telephone Ring Signal Detector 
Telephone Hold Circuit 
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RI 
4.7K 

RADIO-ELECTRONICS 

+ 

Ml 
0-lMA 

R1 
lOK 

TELEPHONE LINE TESTER 

01 
1N4003 

R3 
SOK 

01 
1N4003 

04 
1N4003 

R4 
lOOK 

03 
1N4003 

LINE/RING 

hQfil / 

Sl·a \...-,.,. 

R5 
47011 
v, 
WATT 

/ 
/ 

\ 

R6 
470!1 
h 
WATT 

\ 

..> 

LEDi 

~Pl 05 
1N4803 

RI 
lOK 

Fig. 90-1 

The telephone-line tester shown in the figure is connected to the telephone line through modu­
lar connector Pl. Because the tester's LED polarity indicator is always connected when the tester is 
plugged in, the instant that the unit is connected, you will have an indication of the polarity. If it is 
correct-that is, if the green wire is the positive side and the red wire is the negative side-nothing 
will happen. If the situation is reversed, the LED will light. 

With switch Sl set for LINE/RING, both SI-a and Sl-b are open and the meter indicates the con­
dition oithe line voltage. Any line-voltage reading in the LINE OK range (more on the meter in a mo­
ment) indicates a line voltage that is higher than 40 V de. If the telephone is caused \o ring, either by 
using a ringback number or by dialing from another phone, the meter will indicate RING OK, and the 
LED will pulse (indicating ac), if the ringing voltage/current is correct. The actual position of the me­
ter's pointer depends on how many ringers are connected across the line. 

When Sl is closed the voltage range of the meter is changed and a nominal load resistance of 
230 n (R5 and R6) is cormected across the line to emulate the off-hook load of the telephone. If the 
meter indicates LOOP OK, you can be certain that you have sufficient loop vollage for satisfactory 
telephone operation. If you place another load on \he line, perhaps by taking an extension telephone 
off hook, the meter reading will almost invariably drop below the LOOP OK range. If lifting the hand­
set causes the meter reading to drop, yon can at least be certain that the telephone's hook switch is 
working and that the repeat coil is connected to the line. 

620 



CALLER ID CIRCUIT 

C4 
Cl 470pf 

.2 

R3 
10K 

.sv r-R-,--+-.,--~>c-A-10---1'-R-1-1--.-,R~l-2-~•SV 

2K 2K 10K 10K 10K 
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TELEPHONE 
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GRN 
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C3 
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3 
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R7 ~---Jt---~w.-----'-i 
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IC2 
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MC145447 

12 

13 

15 

2 Vee 

.,t-f s1t-f 
REVIEW 

BACK 
REVIEW 

FORWARD 

2 
Voo 

6 IC1 
RAO PIC16Cl56 

7 
RA1 

6 R42 RB7 
17 

R13 DISP1 E ENABLE 9 RA3 RBS 
16 

C10 
.1 

R19 
47K 

01 
1N753 01 

MPS-A13 

C11 
47µF 

~ 

47K 16x t-LcO 7 
DBO 

R14 3 Vee DB1 
8 

10K 
092 ' 

1 V55 08310 

5 R/W DB4 11 

085 
12 

DBS 13 

087
14 

THE HEART OF THE CALLER 10 circuit Is mlcrocontroller IC1 which processes 
the serial data from IC2, outputs ASCII cheracters to DISP1, and monitors switches 
S1-S3. 

AASTAING 
2SECONDS 

RING DETECT (12) 

'·""=...........__. CARRIER DETECT (13) 

DATA OUT (Hi) 

POWERUP(7} 

1 0.5 1 SECOND RING 
I SEC I 2 SECONDS 

DATA 

DATA 

TIMING RELATIONSHIPS between the-data present on the phone line (top), 
and the output pins of IC2. 

ELECTRONICS NOW 

DO 07 25 
RC7 RB5 

15 

01 D6 24 RCS RB4 
14 

02 05 
AB3 

13 

03 04 AB2 
12 

04 03 AB1 ll 
05 D2 ABO lO 
06 0 ATCC 

1 

07 DO 26 
MCLR 

OSC2 Vss 4 

OSC1 

P1 

P2 

P3 
P4 

PS 

P6 

R16 
10K 

"" P7 

R17 
10K 

P7 

P6 

P5 

P4 

P3 

P2 

P1 

.sv 

Fig. 90-2 

This circuit requires progranuuing of the microcontroller. Software inforn1ation is available from 
the reference in the original article. 

621 



TELEPHONE CALL RESTRICTOR 

LED1 

1477Hz R4 
+5V 

A1 A2 150CI 
4.71< 7.6K 941Hz C9 A3 +5V 0.1 

+5V C5 10K 
PL1 + 

0.1 IC2 
MODULAR PIC16C54 

PHONE PLUG C2 C4 13 RB7 Voo 14 +5V 
0.1 2.2j<F 

12 AB6 RTCC 3 
RED IC1 11 

RB5 01 MC145436 RAO 17 

1N748A 4 DV 12 10 RB4 " 2 CLK Vuo RA1 
3.9V 

S GT DB 13 g R83 RA2 
1 3 DI GREEN 

3 
EN D4 14 S AB2 f1A3 2 4 DO 

02 6 XEN D2 1 l RU1 MCLR 4 
T1 1N748A 

I 3.9V S GND 01 2 6 ABO Vss 5 

XIN 
10 15 

OSC2 

XTAL1 16 OSC1 
C1 3.58MHz 
0.1 D 

C7 
15pF 

IC4 A5 .... 
10K 3 

'l +5V 
03 04 

1N769A 1N7511A 4 

12V 12V 

IC5 C13 
8LQ6 0.1 

+ 
1 VtN Vour 3 

+5V 

TO GND 
9VOCOR 2 

12VDC C11 C12 
ADAPTER 0.1 0.1 

ELECTRONICS NOW Fig. 90-3 

This circuit is designed to restrict phone calls with the area codes: 900, 976, and G40. This device 
uses a microcontroller to compare the DTMF decoded tones with telephone numbers stored in EEP­
ROM (IC:3). This device requires a programmed microcontroller. Software and details of program­
ming can be found in the original n1agazinc article. 
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Rl 
"' 

TELEPHONE SCRAMBLER 

XTAL 
3.58MHz +5V +5V 0 

~ C1 C2 '=' 

1"0~* I 
R2 

I 
15pf 

R19 
15pf 

A17 * 2.2K ~ 
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~ -6 NOAMALJSCAAMBLE 
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--i JV3 ~ R21 ca 2200pf R20 JVl MIC 
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? 001µF 
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.001µF 

'\, I IC4 f +5V "=E' - 2 
71LD5 

r:;s1 R13 R7 C15 C9 R12 
OWl'R 51K .001µF +5V 

.1µF 1K c + 1K • T 01 C1~T C17 LE01 _L9V .1µF 10µF GREEN 6 
\\ • 8 HANDSET SPEAKER 

3 IC2 .,.. + MC34119 5 HANDSET SPEAKER • C16 7 
1.0µf 

--"'R1 
100K 

ELECTRONICS EXPERIMENTERS HANDBOOK Fig. 904 

This circuit uses the usual speech inversion algorithm, implementing it with a COM9046 ASIC. This unit is designed to fit be­
tween the handset and base of a standard telephone. It is powered by a 9-V battery. 
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UNIVERSAL TELEPHONE HOLD CIRCUIT 
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ELECTRONICS NOW Fig. 90-5 

The telephone line is connected to the hold components through bridge rectifier BR! so that the 
input is not polarity sensitive. If you have touch-tone telephone service, you can now put a call on 
hold from any phone in your house by plugging this simple device into any telephone jack. The wli­
versal hold circuit works with any phone that has a key pad with a# key. To put a call on hold, press 
the# key and hang the phone up. A timer extends the #-key function while you hang up phones that 
have a keypad built into the handset. 

ELECTRONICS NOW 
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Fig. 90-6 

This circuit takes its operating power from the telephone line. BZl is a piezoelectric transducer. 
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ANALOG DEVICES 

CMOS!TTL 
DATA INPUT 

6.2k 

6.2k 

BELL SYSTEM 202 DATA ENCODER 

~""'~--<>• 
OUTPUT 

rn 
FILTER 

Fig. 90-7 

The AD537 is well-suited for frequency-shift modulator and demodulator applications. Requir­
ing little power, it is especially appropriate for using phone-line power. The Bell-System 202 data en­
coder shown here delivers the mark frequency of 1.2 kllz with the data input low. When the input 
goes high, the timing current increases to 165 µA and generates the space frequency of 2:2 kHz. The 
trim shown provides a ± 10% range of frequency adjustment. The out.put goes to the required band­
pass Jilter before transmission over a public telephone line. A complementary demodulator is easy to 
implement. 

- Bl.ACK 
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-Jl 

POPULAR ELECTRONICS 

TELEPHONE/AUDIO INTERFACE 
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--:--
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PR1l II SEC R2 .~~ f 8~~ 
.__--'14.1117K\,-...._---S_P_DT-=' r 

REC ~ 

Fig. 90-8 

The telephone audio interface-essentially, a sin1ple isolation/couple circuit-isolates the phone 
line from any connected audio circuit without presenting any danger to the phone line, the equip­
ment, or the user. 
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To ph-onc line 

Ring 

RLI 

To phone instrument 

McGRAW-HILL 

TELEPHONE RECORDING CIRCUIT 

••••t:=;::i<±>I > Mike input 

R3 
IOkO 

RI 
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····~:::I:!> Rernote control 

Note: On 1nosl phone wiring, ring is red; tip is green. 

A1 
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C1 
C2 
T1 
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4.7 KO 
10 kO 
0.47 µF disc 
0.001 µF disc 
8 kO-to-1 kO impedance-matching transformer 
SPST reed relay 

All resistors are 5 to 10 percent tolerance, 1/4 watt. All capacitors 
are 10 to 20 percent tolerance. rated at 35 volts or more. 

Fig. 90-9 
This device will automatically record telephone calls. An ordinary cassette recorder can be 

hooked to it. 

TELEPHONE BELL AMPLIFIER 
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3904 BZ1 

9to12V 

R1 R4 
Telephone 47 K 10 !l 

R3 + line R2 C2 10 K 02 C3 
47 K 0.22 

3904 20 "F 

ELECTRONICS NOW Fig. 90-10 

Telephone "bell" amplifier circuit will let you hear (or see) an enhanced alarm if you are away 
from your telephone. 
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PHONE LINE SIMULATOR 
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ELECTRONICS NOW 
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Fig. 90·11 

This device contains a ringing generator and a tone oscillator. The tone oscillator is set to either 
350 or 440 Hz. The ringing generator is a potted module delivering 86 Vac at 20 Hz. It is available 
from a source listed in the reference. 

!SEE TEXT) 

RADIO·ELECTRONICS 

PHONE HELPER 
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0.1 SPOTTOGGLE 
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Fig. 90-12 

This phone-line simulator uses a 60-Hz transformer instead of a ring generator. The dialtone is 
provided by an NE555 astable oscillator. 
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ELECTRONIC DESIGN 

TELEPHONE RING SIGNAL DETECTOR 

" 1M4148 

,, 
'" 

--

•cc 

,, 

IC1 

4N35 

c, 
~n~'~~~~l:•'-"-"'~~~~~--~~-

Fig. 90-13 

Discriminating hetween telephone-ring signals on a phone line can be accomplished by using 
dedicated !Cs, such as AT&T's LB1006AB or Texas Instruments' TMS1520A. However, if the system 
already is using a microcontroller, those dedicated chips can be replaced with simpler hardware and 
a few bytes of code. 

Looking at the setup, the ringing voltage pulses the optoisolator's LED, which, in turn, pulses the 
low-asserted RD line to the microcontrollcr. The firmware analyzes the pulses to determine whether 
a valid ringing signal is present. 

The frequency limits of a valid signal are 20 to 80 Hz, which is modulated 2 seconds on and 4 sec­
onds off (with distinctive ringing, though, this cadence can vary). Therefore, the simplest analysis is 
to count down at least 20 pulses of RD in 1 second. 

The routine could he expanded to determine what type of ring signal is present in a distinctive 
ring setting. Such a system could switch the phone line to various output jacks. As a result, several 
phone devices could use the same line without first picking up the line to determine if it's a voice, fax, 
or data call. 

R1 
1 kll 

R2 
1 kll 

WILLIAM SHEETS 

628 

R3 
1.5 kll 

01 
Red 
LED 

SCR1 
MCR104 

TELEPHONE HOLD CIRCUIT 

Red } 
Tel.--line 

Green 

Fig. 90-14 

When the hold button SI is pressed, SCRI 
fires via Rl and R2, firing SCRl, and seizing the 
line via the path through R3, Dl, and SCRl. 
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Temperature-Related Circuits 

The sources of the folluvving circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Electronic Thermostat 
Ten1perature Controller 
Manual Control for Heater 
Proportional Temperature Controller 
Eight-Input AID Converter for Temperature 

Measurements 
Cold Junction Compensation for a Urounded 

Thermocouple 
Absolute Temperature Log with RS-232 
Centigrade Thermometer with Cold-Junction 

Cornpensation 
1.5-V Electronic: Thermometer 
Two-Wire Temperature Sensor Output 

Referenced to Ground 
Two-Wire Remote Temperature Sensor with 

Sensor Grounded 
Single-Supply Temperature Sensor (-50 to 

+300°F) 
Basic Fahrenheit Temperature Sensor 

Temperature-lo-Frequency Converter (Celsius) 
Temperature-to-Frequency Converter (Kelvin) 
Differential Thermometer 
Optoelectronic Pyrometer 
Bar-Graph Room-Temperature Display 
LM:19 l l Temperature Controller 
Thermocouple Amplifier with Cold-Junction 

Cornpensation 
Precision RTD Amplifier Circuit for +5 V 
Full-Range Fahrenheit Temperature Sensor 
Improved Thermostatic Relay Circuit 
Thermocouple Cold-Junction Compensation 
Temperature Differential Detector 
Thermostatic Relay Application 
Temperature Controller 
Temperature-to-Digital-Output Converter 
:Freeze-Up Sensor 
Zero-Voltage Switching Temperature Regulator 
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ELECTRONICS EXPERIMENTERS HANDBOOK Fig. 91-1 

Using a 1N914 diode as a temperature sensor, this straightforward circuit has hysteresis and set-point adjustments. Usable 
range is about -50 to + 150°C. 



TEMPERATURE CONTROLLER 

AC 

R1 
10k Heating 

1>1.5Wi elemenl 

150 

2.5V Temperature Sensor v. 1.2k 
sensor and 

voltage 
26.1k reference 2N6073B 

MOC3012 
60 c 

02 
tN752 -

• (6.SV) 4.64k 
Window 

C1 
comparalor 

100 µF 
110~ 30 c 

47.5k 

-

GNO H~stertsis 

generator 
5 mVtK 

D1 
IN914 

AC 

ELECTRONIC DESIGN Fig. 91-2 

The temperature sensor/controller (the TMP-01) is a monolithic device whose low power allows 
it to operate with a simple half-wave rectified power supply directly from the ac line. Such an ar­
rangement greatly simplifies the power-supply design requirement to the point of only needing a few 
low-cost components to provide a single +6-V de supply, 

The TMP-01 is essentially a "thermostat on a chip." It includes a linear temperature sensor 
(5 mV/K), and also has two comparators that switch at externally detemlined set points. These set 
points are established by resistively dividing the internal 2.5-V reference to set appropriate voltages 
on the inputs to the comparators. 

One comparator is used in tllis circuit to turn on the heating clement when the temperature 
drops below 30°C; it corresponds to a volt.age of 1.52 Von the comparator's input. 
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-=- C1 

ELECTRONIC DESIGN 

MANUAL CONTROL FOR HEATER 

1M 

• 
Cz J:: 47 "F 

-

LM339 

50 k 
R3 
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22 k 112 W 1N4004 

R5 01 

1 k 

R5 
47 k 

1N4004 
D1 

120 v" 

Rt _c< 
(healer) -=-

SCR T1D6D1 

Fig. 91-3 

Built around an LM339 quad comparator, this circuit provides manual control of the output or a 
resistive heater or other load with a long time constant. The circuit's design uses minimal parts, thus 
it's inexpensive, and generates very low RF!. 

Comparators a, b, and c form a low-frequency pulse-width modulator. Sections a and b form a 
sawtooth oscillator (of approximately 0.25 Hz), with capacitor Cl being charged through Rl and dis­
churged through section a's open collector output. R2 and R3 set the upper voltage limit for the saw­
tooth wave. The hysteresis means that Cl is discharged to nearly 0 V, creating a voltage swing that is 
identical to the adjustment range of R3. 

Comparator c, in cortjunction with potentiometer R3, converts the sawtooth wave form to a vari­
able duty-cycle drive for the silicon-controlled rectifier. 

Increasing voltage at R3's wiper means increasing the "on" time. Section d holds the SCR gate low 
if the line voltage is above approximately 3.5 V, preventing turn on at mid-cycle and ensuring low RF!. 

The oscillator frequency is roughly determined by 1/0. 7R
1
C

1
. Resistance R1 must be greater than 

4R
2 

or the oscillator will lock up. Reducing R2 will increase the lower voltage limit of the sawtooth; in­
creasing it might cause lock-up. 
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ELECTRONIC DESIGN 

PROPORTIONAL TEMPERATURE CONTROLLER 
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Fig. 91-4 

Most temperature-controller circuits use upper and lower trip points to control a heater ele­
ment, with the heater power full on and full off. Usually, this results in a temperature hysteresis of 
several degrees. This relatively large temperature hysteresis effect might cause modulation in the 
output of the circuit that's being controlled. 

A proportional temperature controller eliminates this problem by continuously providing the 
power needed to maintain the "oven" at the desired temperat.ure--within 1 °C. From a cold start, 
maximum power is applied until the temperature is within 2°C of the set point. 

The circuit's mechanical construction is important. The five heater resistors (Rl2 through Rl6), 
the temperature-sensor IC (Ul), and the circuit being controlled are mounted with them1al epoxy to 
a small piece of aluminum. This provides excellent heat transfer between the components. The 
heater resistors must be selected to raise the temperature from ambient to the set point within an 
acceptable wann-up time. 

Ul is Analog Devices' TMP-01 temperature-cont.roller JC_ The voltage proportional to absolute 
temperature (VPTAT) has a temperature coefficient of exactly 5 mVi°C. The set point is determined 
by the R/R2 raLio. U2 is a Linear Technology LT 1014 quad precision op amp. U2C is an oscillator with 
a 50% duty cycle that supplies a triangle wave between% and% of the supply voltage at U2-2. 

U2R compares the amplified VPTAT to the triangle wave, which drives Ql at a duty cycle of 
100% or less_ Because the triangle wave's peak-to-peak amplitude is 2. 7 V, and VPTAT is amplified by 
a factor of 300, a temperature change of approximately 2 mVmoves the duty cycle from 100% to 0%. 
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EIGHT-INPUT AID CONVERTER FOR TEMPERATURE MEASUREMENTS 
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POPULAR ELECTRONICS Fig. 91-5 

The actual processing circuitry of this ND converter consists of only four parts: U2, U3, Rl and 
R2. Eight temperature probes are used with the circuit; however, they can be replaced with other 
types of sensors, as long as resistors R3 through RIO are removed. 
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EIGHT-INPUT AID CONVERTER FOR TEMPERATURE MEASUREMENTS (Cont.) 

CLIP OFF THIS LEAD 

HEAT.SHRINK A 
(1/8·1NCH DIAMETER) 

A 

HEAT -SHRINK B 
(3116-INCHDlAMETER) 

8 

HEAT·SHAINK C 
(1/4-INCH DIAMETER) 

To protect the temperature probe 
connections, three pieces of heat-shrink 
tubing must be used. Heat-shrink A 

_prevents the negative lead form coming 
into contact with the positve one (A). 
heat-shrink B protects both leads (BJ, 
and heat-shrink C covers the entire 
probe (C). 

COLD-JUNCTION COMPENSATION FOR A GROUNDED THERMOCOUPLE 
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TR1 and-R6 ara 1 %, 50 ppm/'C. 

Fig. 91-6 

A circuit for use with grounded thermocouples is shown. To trim, short out the LM329B and ad­

just R5 so that V" = o.T, where o. is the Seebeck coefficient of the them10couple and Tis the absolute 

temperature. Remove the short and adjust R4 so that V" equals the thermocouple output voltage at 

ambient. A good grounding system is essential here, for any ground differential will appear in series 

with the thermocouple output. 
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ABSOLUTE TEMPERATURE LOG WITH RS-232 
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ELECTRONIC DESIGN 
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Fig. 91-7 

In the setup, Tl (an LM334 temperature sensor) generates a constant current that's propor­
tional to absolute temperature, and equal to 25 µA at :323 Kelvin (50°C). RI sets this constant of pro­
portionality. The current discharges the parallel combination of Cl and C2 connected to the trigger 
and Lhe threshold pins of Ul, which is a CMOS implementation of the venerable 555 analog timer. 
The negative-going ramp is compared by Ul to an internal 2.5-V trigger level controlled by Zl. When 
the ramp gets there, Ul triggers. The output pin (3) will go high, presenting a "start" bit to the con­
nected communications port, which causes Ql to source 100 µA to the timing node. At. the same 
time, the discharge pin (7) will open, allowing R2 and the bottom end of Cl and Tl to be supplied by 
Cl, and isolates iL from C2. 

Consequently, the current supplied by transistor Ql will go solely to C2 so that when the result­
ing positive-going ramp reaches 5 V, exactly 25 nC (2.5 V x C2) will have been deposited in the tim­
ing node by the recharge cycle because its threshold level (6) will have been reached. This causes 
both the output. pin to return to the negative rail, restoring the "marking" condition of the R2-232 in­
terface, and Ql to st.op recharging C2. Ul's discharge pin (7) now connects R2 to the negative rail, 
causing the charge that was deposited by Tl on Cl during the recharge interval to rapidly redistrib­
ute between CI and C2. This arrangement creates a very linear (0.01 % ) relationship between Tl cur­
rent and pulse output. frequency. 

While this is happening, the PC's communications port hardware assembles a valid (although 
meaningless) character because the positive pulse output by Ul looks like the start bit of a charac­
ter. A simple program rumting in the PC ean then count the frequency of these characters and con­
vert. the resulting rate into a direct readout of temperature. Because of the 3.1-Hz/degree slope of 
frequency versus temperature, a 30-second average suffices for 0.01° resolution. 
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CENTIGRADE THERMOMETER WITH COLD-JUNCTION COMPENSATION 
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as LM308A or LH0044C. see te"1 

NATIONAL SEMICONDUCTOR Fig. 91-8 

This electronic thermometer has a 10-mVl°C output from 0°C to 1300°C. The trimming proce­

dme is as follows: first short out the LM329B, the LM335 and the thermocouple. Measure the output 

voltage (equal to the input offset voltage times the voltage gain). Then apply a 50-mV input voltage 

and adjust the GAIN ADJUST pot until the output voltage is 12.25 V above the previously measured 

value. Next, short out the thermocouple again and remove the short across the LM335. Adjust the TC 

ADJUST pat so that the output equals 10 mVl°K times the absolute temperature. Finally, remove the 

short across the LM329B and adjust the ZERO ADJUST pot so that the output voltage equals 10 

mV/°C times the ambient temperature in °C. 

NATIONAL SEMICONDUCTOR 

1.5-V ELECTRONIC THERMOMETER 
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'tnm lor scan 

ttrim tor zero 

Fig. 91-9 

An electronic thermometer design, useful in the range of -55°C to 150°C, is sho-wn. The sensor, 

Sl, develops a current that is proportional to absolute temperature. This is given the required offset. 

and range expansion by the reference and op amp, resulting in a direct readout in either °C or °F. 
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TEMPERATURE-TO-FREQUENCY CONVERTER (CELSIUS) 

10HV"C 

f ~ 10 {TA - 273') Hz 

2.74k, 1% = 

ANALOG DEVICES Fig. 91-14 

The 1.00-V reference output can be combined with the 1-mVl°K output to realize various tem­

perature scales. For the Celsius scale, the lower end of the timing resistor must be offset by 273 mV. 

This is easily accomplished, and it results in an output from 0 to 1 kHz for temperatures from D°C to 

+ 100°C. Other offsets and scale factors are equally easy to implement. 

TEMPERATURE-TO-FREQUENCY CONVERTER (KELVIN) 

ANALOG DEVICES Fig. 91-15 

This simple connection results in a direct conversion of temperature to frequency. The 1-m V l°K 

temperature output serves as the input to the buffer amplifier, and the osciilator drive current is 

scaled to be 298 µA al 298°K ( +25°C). Use of a 1000-pF capacitor results in a corresponding fre­

quency of 2.98 kHz. A single-point trim for calibration is normally sufficient to give errors less than 

±2°C from -55°C to + 125°C. An NPO capacitor is preferred to minimize nonlinearity that results 

from capacitance drift. 
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DIFFERENTIAL THERMOMETER 

10kQ 100k.Q 

NATIONAL SEMICONDUCTOR 

100mV/°C 

Fig. 91-16 

The differential thermometer shown in the 
figure produces an output voltage which is pro­
portional to the temperature difference between 
two sensors. This is accomplished by using a dif­
ference amplifier to subtract the sensor outputs 
from one another and then multiplying the differ­
ence by a factor of 10 to provide a single-ended 
output of 100 m V per degree of differential tem­
perat11re. 
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'•· 

Fig. 91-17 

This setup optically measures the temperature of an incandescent body. It makes use of the shift 
in the emission spectrum of a black body toward shorter wavelengths, as temperature is increased. 
Optical filters are used to split the emission spectrum, with one photodiode being illwninated by 
short wavelengths (visible light) and the other by long (infrared). The photocurrents are converted 
to logarithms by Ql and Q2. These are subtracted to generate an output that varies as the log of the 
ratio of the illuminati·on intensifies. Thus, the circuit is sensitive to changes in spectral distribution, 
but not intensity. 
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HEAT 
FINS 

dV 

] 

BAR-GRAPH ROOM TEMPERATURE DISPLAY 

67 68 69 70 71 72 73 7475 76 77 76 79 80 81 82 83 84 85 86 F 
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20,,FT 
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18 17 16 15 14 13 

I LM3914 
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•7V 
+ v, 

I OUT 
LM34 1 - 402ll Ve 

402U' 
R1 

,. 
2k' 

±1-, µF 
,, 

I '{, " / 5000 "' 1k .... "" 

Wk 

' • • . . - - - . . 
12 11 10 18 17 16 15 14 13 

I I LM3914 

7 I" 12._µ1-,j,' p 4 5 6 ,.. 
'" 

402n• 

• - 1 % or 2% film resistor 

-Trim Ra for V8 ~ 3.S25V 

-Trim Re for Ve= 2.725V 

-Trim AA for VA .., 0.085V -+- 40 mV/"F >< TAmtHnt 

-'-EJemple: VA = 3 28SV at BO"F 

-
12 

7 

. , 

. . L '" EO> 

11 10 

I 
8 

~: 
(+2.25V) 

VB 

1k' 

" RB 
• _ 1k 

NATIONAL SEMICONDUCTOR Fig. 91-18 

This display shows temperature as a bar graph. The range is 67°F to 86°F. 

Al Cl 
15K .1 

A2 3 
lOK 

A3 
24K 

POPULAR ELECTRONICS 

LM3911 TEMPERATURE CONTROLLER 

A4 
7.5K 

4 

Ul 
LM3911 

~ 

t 12V 

R5 
lOK 

Fig. 91-19 

The LM3911 requires only a few resistors 
and a capacitor to turn into a full-function tem­
perature controller. The LM3911 requires very 
few external components to implement a full­
function temperature controller_ The figure illus­
trates the simplicity of the freeze fighter circuit. 
The resistor network consisting ofRl, R2, and R3 
is used to provide the set point voltage for the 
feedback input of the LM391 L 

Resistor R4 limits the current through the in­
ternal voltage reference of the LM3911 and can 
Le selected from a wide range of values. 7.5 kQ is 
specified in most ofthe application notes. 

Resistor R5 pulls the output of the IC high 
when the temperature is below the set point. The 
internal resistor is in series with a diode that al­
lows a switching voltage up to 35 V to be used 
with the device. 
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THERMOCOUPLE AMPLIFIER WITH COLD-JUNCTION COMPENSATION 

V+ 

10.0V 6 
REF102 2 

A, A, 

4 

P1100 DESIRED I\. NEAREST 1°/o ~ 
GAIN (Q) (Q) 

Cu 
1 NC NC 

K 2 50.00k 49.9k 
Cu s 12.SOk 12.4k 

10 5.556k S.62k 
A, 20 2.632k 2.61k 
1 oon • RTD at 0°c so 1.02k 1.02k 

100 505.1 S11 
200 251.3 249 
soo 100.2 100 

SEEBECK 1000 SO.OS 49.9 
ISA COEFFICIENT 2000 25.01 24.9 
TYPE MAlERIAL (µVi"C) R,.~ 5000 10.00 10 

E +Chrome! 58.S 66.Skll 
10000 5.001 4.99 

- Constantan 

J +Iron S0.2 76.Skll 
- Constantan 

K +Chrome! 39.4 97.Skll 
-Alumel 

T +Copper 38.0 102kll 
- Constantan 

BURR-BROWN Fig. 91-20 
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PRECISION RTD AMPLIFIER CIRCUIT FOR +5 V 

ANALOG DEVICES 

,,. 
26.7kn 

1CIOn 
RTD 

1000 = o•c 
166.6Hl " 175"C 
229.6n1 " 300°C 

NOTES: 
'1-0.5%,±2Sppmt'C 
"t 1%, ±50ppm/°C 

"' ZERO 

5000" 

" 0.1µF 

.,. 
26.7kn ~ 

... 
1oon 

"" + 

" 1.02kO' 
"' 1Zlk0' 

+---'V\A~-- 0.2V 

"' 11.Skn' 

.SV 

RG-.!N 

~ 

"' 
"' FULL SCALE 

son·· 

C7 
0.47µF "ouT 

0 - 4.00V 

0 - 400"C 

©--,;~~:u·· 

U1 "OP295 

UNEARITV 
ERROR 
(@112 F.S.) 

Fig. 91-21 

This circuit uses a platinum resistance temperature device to sense temperature. It has a range 

of 0 to 300'C. The RTD bridge is driven with a regulated 200-µA current to minimize self heating of 

the RTD. A 5-V supply is used. 

FULL-RANGE 
FAHRENHEIT TEMPERATURE SENSOR 

~''"' 
-rf'' 

-Vs 

CHOOSE R1=(-V5)/50 pl. 
Vou1•+3.000mVAT +300°F 

• + 750 mV AT T 75"F 
=-50DmVAT -50°F 

NATIONAL SEMICONDUCTOR Fig. 91-22 QST 

IMPROVED 
THERMOSTATIC RELAY CIRCUIT 

POWER 
Switch K2A 

K28 

(Additional Circuit Switched by K2 not Shown) 

Fig. 91-23 
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THERMOCOUPLE COLD-JUNCTION COMPENSATION 

15V 

IOk 

LMJ35 

-15V 

4.7k 

LMJ29B 

NATIONAL SEMICONDUCTOR 

.,. 
20011 

RI 
IOk 
TC ADJ 

-

"' m 

.,. 
200k 

"" IM 

ZERO ADJ 

( 
VI ••• 
\_: 

-

( 
V2 A6"' 

\_: 

Thermocouple 
Seebeck 

Coefficient Type 
(µV/"C) 

52 3 
T 42.8 
K 40.8 
s 6.4 

] OUTPUT 

R4 R6 

(fl) (!!) 

1050 385 
856 315 
816 300 
128 46.3 

"A3 lhru R6 are t% 5 ppm1°C (10 ppm/'C tracking.) 
1R7 1S 1 %. 25 ppm/'C 

a 
choose R4 = --- • R3 1omv1·c 

choose A6 = -To• a• (0 9A5) 
Vz 

choose A7 = 5 •RS 

where T 0 is absolute zero ( -- 273 16"C) 
Vz is the reference voltage (6.95V for LM3298) 

THERMOCOUPLE 
+ 

Fig. 91-24 

A single-supply circuit is shown. R3 and R4 divide down the IO-rnV/°K output of the LM329B and 
its associated voltage divider provide a voltage to buck out the O'C output of the LM335. To calibrate, 
adjust R1 so that V

1 = o: T, where o: is the Seebeck coefficient and Tis the ambient temperature in 
degrees Kelvin. Then, adjust R2 so that V1 - v, is equal to the thermocouple output voltage at the 
known ambient temperature. 
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T R3 
10K 

(R.S.271-110) 

R1 
10K 

10-TURN 
THRESHOLD 

10K 
(R.S.271-110) 

POPULAR ELECTRONICS 

TEMPERATURE DIFFERENTIAL DETECTOR 

RS 
10K 

R6 
10K 

LE01 

6 

+12V 

R7 
1.5K 

~ 
2 

4 8 

U2 
H5 

... 

RB 
47K 

R2 
SOOK 

FAN RUN 
7 TIME SOLID 
6 STATE 

RELAY 
3 (10AMP) 

R9 
1.5K 

C1 + 

50 LED2 

~ 

FAN 
SPEED 

CONTROL 

Fig. 91-25 

This circuit measures temperature differences, not temperature. Once the difference passes a 

certain threshold, the timer is triggered, activating the solid-state relay. 
Op amp Ul is placed in a comparator configuration with two thermistors-one located at the 

ceiling, one at the floor. The IC senses the temperature difference between the ceiling and floor, but 

is unaffected by the overall room temperature differential increases. The upper thermistor will de­
crease in resistance, eventually causing the voltage at pin 2 of Ul to exceed that pin 2 of Ul to go low 

and trip the timer. This adds hysteresis to the op amp"s output, preventing the motor from chatter­

ing. When tripped, the timer activates the relay, which activates the fan. 

QST 

THERMOSTATIC RELAY APPLICATION 

POwER 
Switch 

/--0 
Power 

Source 

Power 
Relay 

(Circuit Switched by K2 not Shown) 

Fig. 91-26 

Kl, the thermostatic relay, energizes power 
relay K2, which handles the circuit's power 
switching. The drawing doesn't show K2's power­
switching contacts. 
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TEMP. ADJUST 

'" 

NATIONAL SEMICONDUCTOR 

SET POINT 
110 mV~Fl 

TEMPERATURE CONTROLLER 

• 15¥ 

OPTIONAL 
,------------, 

+15V 

' ,, c, 
400 ,,~ 

'" 
,, 

10M 

c, 

z ·' 
11a: HEPJER 

INDICATOR • 

"'" MnAR ., 
• 

' " : 4G rftA 
' ' ' L----, - ) 

%7k L-~-~~ 

" I I 
\ I 
\ - '=" I 

~----------------J 
ACTUAL 

TEMPERATURE 
110 •Yl"'f) 

THERMALLY COUPlED 

Fig. 91-27 

A proportional temperature controller can be made with an LM34 and a few additional parts. The 
complete circuit is shown. Here, an LMlO serves as both a temperature-setting device and as a driver 
for the heating unit (an LM:195 power transistor). The optional lamp, driven by an LP395 transistor, 
is for indicating whether or not power is being applied to the heater. 

TEMPERATURE-TO-DIGITAL-OUTPUT CONVERTER 

.---------~~---..---·" 

• l.9k 
DUT IN 

'"" SERIAL DATA + 1 28V "' OUTPUT 

'" 100 ,,,. CLOC~ • 
Fl 

lMJU ENABLE 

• 
1 •' !Ok 

GROUND 

NATIONAL SEMICONDUCTOR Fig. 91-28 
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+12V 

R1 
!!000 

R7 
33000 

RS 
10K 1% 

5000 

POPULAR ELECTRONICS 

D3 

"" 10K1% 

R6 
100K 

FREEZE-UP SENSOR 

120-~TSAC!~RAL-WHITE ~Rs?.A~~~ 
0 

BLACK-HOT 

+12V 

Fig. 91-29 

Using a bridge circuit to provide an accurate activation temperature, this circuit will tum on a 
heating unit or other device when the temperature drops below the trip point set by R2. Use a 10-kQ 
resistor in place of the themlistor to calibrate it for 32°F activation. 

"' 100 kQ 

ZERO-VOLTAGE SWITCHING TEMPERATURE REGULATOR 

''Tbennost.at•• 
:.!-win: 
cable 

S200A4, modifiNl 
power-control module 

,..------~---------~------~------

QI 
2N6027 

Modulator 

RO 

<00 
kil 

"'=' ' I lw I 

r-~~~xr""°~~r--:c~,~--1 

RJ 
220ill 

Band: 2"F 
--Period: 30 sec 

0.047 µF 

R, 

2soo n 

Set-point 
adjust 

(150011@ 70.F; 100 il/"F) 

R6 
4700 n 
..t 10% 

R, 

2soo n 

C<1librate 

5W 
'-4----C 

McGRAW-HILL Fig. 91-30 
In this arrangement, an integral number of cycles of ac is fed to the heater. No RF! or EM! is gen­

erated with this method. The thermostat uses a thermistor as a sensor. The PA424 (GE) device gen­
erates trigger pulses for lhe triac only at zero crossings of the ac line cycle. 
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92 

Timer Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Alarm Clock Timer 
Lan1p Tirncr 
Long-Period Timer 



F1 
1.5 

T1 
9VAC 

POPULAR ELECTRONICS 

ALARM CLOCK TIMER 

C1 
330 

+ 

D1 
1N4003 

SCR1 
200V 

4A 

K1 
12VDC 
18-0'1 

R1 
30K 

APPLIANCE 

APPLIANCE 
POWER 
SUPPLY 

S2 
SPST 

Fig. 92-1 

Turn your alarm clock into a specialized timer with this simple circuit. The clock used with the 
circuit should be the kind that turns on a little lamp when the alarm is activated. 

POPULAR ELECTRONICS 

LAMP TIMER 

TO COMMON 
ANODE DISPLAY 

1 

+SV 

9 16 

11 

01 
1N914 

lAMP 
ASSEMBLY 

13 >=---+---'"' K1 
sv 

02 
1N914 

Fig. 92-2 

A timed switch uses a f>55 oscillator/timer wired to operate in the astablc mode. The timer sup­
plies a positive pulse to the clock input of a 74193 4-bit binary up/down count every five minutes. Be­
cause the 74193 is set to operate in the count-down mode, the output of the 555 is connected to the 
count-down input of the 74193. 

As the binary counter is reset, it starts counting at nine and counts down to zero witl1 each clock 
pulse. When the counter hits zero, the output from the 74193 goes low, turning off the relay and the 
light. The light can be turned back on by pressing the reset button again. 
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LONG-PERIOD TIMER 

.ov 

200 k 
4 

1N4148 6 Reset Vee 
Threshold 

2 Trigger Output 
555 Output 

Discharge 5 
1 k 

Control voltage 
Ground 

2N2907 1 
!.47µF 101µF 

ELECTRONIC DESIGN Fig. 92-3 

Adding a transistor to the 555 timer can create long timer periods, which is a key factor when the 
timer is operating at low speed. The transistor basically acts as a current divider or capacitance mul­
tiplier. The problem with low speed, however, is that the timing resistors and capacitors must be 
large and the charging current must be small, particularly when the desired timing period is in the 
range of seconds. 

'fypically, electrolytic capacitors are used in these situations, but their leakage current tends to 
aggravate or even prohibit operation at very low charging currents. 

This problem can be solved by adding a transistor. In effect, the transistor is used as a current di­
vider or a capacitance multiplier. The normal charging current (emitter current) is divided by the 
transistor's current gain so that the capacitor charging current (base current) is reduced consider­
ably. For example, 10 µA of emitter current will requlre approximately 0.1 µA of base current, based 
on a current gain of 100. 

In this circult, the capacitor will be charged with such a low charging current that timing perio\fs 
will typically be 100 times longer than usual. This means that substantial time periods can be 
achieved with film or ceramic capacitors that have much better leakage characteristics and are phys­
ically smaller. 

The circuit's output period was approximately 6 seconds, compared to 80 ms without the tran­
sistor. The transistor multiplied the normal time period by a factor of approximately 75. 
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93 

Tone Control Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Treble-Control Circuit 
Bass Tone-Control Circuit. 
Combined Bass and Treble Control 
Active Bass- and Treble-Tone Control 
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WILLIAM SHEETS 

TREBLE-CONTROL CIRCUIT 

O>-------~ 

0.0471 
µF 

25 kfl 
log taper 

0.47 

µFI 

3.3 kfl 

330 fl 

EouT z, > 100 kfl 

Fig. 93-1 

This tone control has an insertion loss of 20 dB at flat setting and is effective above 1 kHz. It has 
little effect below about 1 kHz. 

BASS TONE-CONTROL CIRCUIT 

3.3 
kfl Boost 

E1N 25 kfl t 
Zs< 1 kfl log taper 

i 
EouT Cut 

330 fl 
z, > 100 k!l 

WILLIAM SHEETS Fig. 93·2 

This tone control has an insertion loss of 20 dB at flat setting and is effective below 350 Hz. The 
control has little effect above this frequency. 
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E1N 
Zs< 1 kfl 

WILLIAM SHEETS 

COMBINED BASS AND TREBLE CONTROL 

EouT z, > 100 kil 

l 

Fig. 93-3 

This positive tone control system uses two pots to control hass anrl trehle. 

ACTIVE BASS-AND TREBLE-TONE CONTROL 

0.047 kil 

100kil 10µF 

+12 v 

4.7 
k!l 

3.9 kil bass 3.9 kf! 16 V 
.-.~\/\ /"\ ~~----1~+ ____ __. 

10 µF 0.0022 
16 V µF 

Input ~ r( +'--'I,.____,) 1-1--'\ 
Zs ~ 2 kilo---, 1 00 kil 

_L treble 

WILLIAM SHEETS 

10 µF+ 
16V T 100 

kl! 

22 
kil 

+ L__,.._ 
\ ~__....--'--~ Output 

10µF 9 z,~5kil 16V ..L 

2N3565 

Fig. 93-4 

A single transistor used as a feedback amplifier is connected with ac feedback through the tone 
controls, which determine the frequency response of the stage. 
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94 

Touch/Proximity Control Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Simple Touch Switch 
Simple Timed Touch Switch 
Capacitive Sensor System 
Touch Switch 
Proximity Alarm 



OT ouch 
plate 

R1 
100 kl! 

WILLIAM SHEETS 

C1 
0.01 µ.F 

1 kV 
02 

IN914 

01 
IN914 

= 

SIMPLE TOUCH SWITCH 

C2 R2 

o.01T 10 
µ,F Ml! 

= 
Fig. 94-1 

Q2 is held cut o!I since Ql normally is conducting. When the touch plate is contacted by a large 
object (human body, etc.), stray 60-Hz pickup is rectified by Dl and D2, and produces a negative 
voltage across R2-C2 and the gate of QI. Ql cuts off, causes Q2 to conduct, and the output goes low. 

McGRAW-HILL 

Touch 

"'""'! 

SIMPLE TIMED TOUCH SWITCH 

+v 

., 
Rl 

P-T"----o Oulpur 

Cl 

This circuit produces an output for a time approximately equal to time constant R,C,. 

!Cl, IC2 
IC3 
Cl 
C2 
C3 
C4 
C5, C6, C7 
Rl, R3, R4, R6 
R7, R9, RlO, Rl2 
R2, R5, RS, Rll 

CD40! l quad NAND gate 
CD4066 quad bilateral switch 
4 7-µF, 25-V electrolytic capacitor 
I 00-µF, 25-V electrolytic capacitor 
220-µF, 25-V electrolytic capacitor 
4 70-µF, 25-V electrolytic capacitor 
O.i-µF capacitor 
100-kQ, '!.-W 5% resistor 

10-MQ, '!.-W 5% resistor 

Fig. 94-2 
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NASA TECH BRIEFS 

CAPACITIVE SENSOR SYSTEM 

Exlemal Object 
To Be Detected 

Driven 
Shield 1 

Driven 
Shield 2 

I c, 

lI 
Fig. 94-3 

This figure illustrates the electric-field configuration of a capacitive proximity sensor of the "ca­
paciflector" type. It includes a sensing electrode driven by an alternating voltage, which gives rise to 
an electric field in the vicinity of lhe electrode; an object that enters the electric field can be de­
tected by its effect on the capacitance between the sensing electrode and electrical ground. 

Also, it includes a shielding electrode (in this case, driven shield 1), which is excited via a volt­
age follower at the same voltage as that applied to the sensing electrode to concentrate more of the 
electric outward from the sensing electrode, increasing the sensitivity and range of the sensor. Be­
cause the shielding electrode is driven via a voltage follower, it does not present a significant elec­
trical load to the source of the alternating voltage. 

In this case, the layered electrode structure also includes a reference electrode adjacent ·to 
ground, plus a second shielding electrode (driven shield 2), which is excited via a voltage follower at 
the same voltage as that applied to the reference electrode. Driven shield 2 isolates the reference 
electrode from the electric field generated by driven shield 1 and the sensing electrode so that a 
nearby object exerts no capacitive effect on the reference electrode. 

The excitation is supplied by a crystal-controlled oscillator and applied to the sensing and ref­
erence electrodes via a bridge circuit. Fixed capacitors Cl and C2 (or, alternatively, llxed resistors 
Rl and R2) are chosen to balance the bridge; that is, to make the magnitude of the voltage at sens­
ing-electrode node S equal the magnitude of the voltage at reference-electrode node R. 

The voltages atS and Rare peak-detected and fed to a differential amplifier, which puts out volt­
age Vu proportional to the difference between them. When no object intrudes into the electric field 
of the sensing electrode, the bridge remains in balance, and Vu - 0. When an object intrudes, it 
changes C,, unbalances the bridge, and causes V" to differ from zero. The closer the object comes to 
the sensing electrode, the larger (V) becomes. 

An additional output voltage KV, is available, where K is the amplification and V, is the voltage 
on the reference electrode. 

656 



To 
touch o-i 
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WILLIAM SHEETS 

22 
Mil 

TOUCH SWITCH 

11 33 k!l 

332 
k!l{ 

_,.-----0 Output 

2N3904 

IC1A, B CD4093 sections 

Two NAND Schmitt triggers are used as a flip-flop to produce a bridged touch switch. 

U1-a 
1/6 4049 

C1 
9-SOpF 

4 

R1 
47K 

C2 
9-50pF 

4·1N.x6-IN. 
PLATE 

ANTENNA 

POPULAR ELECTRONICS 

PROXIMITY ALARM 

U1·b 
1/s 4049 

C3 
680pf 

01 
1N914 

+ C6 

02 
1N914 

100 

C4 
.1 

C5 
39pf 

R2 
100K 

R3 
1K 

+ 

BZ1 :::t: 

01 
2N2222 

Fig. 94-4 

Fig. 94-5 
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95 

Tracer Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Wire Tracer 
Cable Tracer 
Signal Tracer 



WIRE TRACER -
C3 + 
47 

..1... + 
0 o-1•----1 

S1 01 
+9V 

cs ~ 
.01 

G4 + CB 
47 .01 

J1 
R6 OPEN LOOP 

47Q 

J2 
CLOSED LOOP 

~------+---..-----<>----<> J3 COM. 

At the heart of the McTrak is a 567 tone decoder, configured as a simple squarewcH'e 
oscillator. operating at about 250 Hz. 

ELECTRONICS HOBBYIST HANDBOOK Fig. 95-1 

This tracer works by placing a square-wave signal on the line to be traced. The square wave is 
rich in harmonics. A small transistor radio placed close to a wire carrying this signal will buzz. The ra­
dio, therefore, is used as a probe to trace out the wire. 

CABLE TRACER 

+1.5Vdc------~ 

8 7 6 5 

10 K LM3909 

Groundo---------

ELECTRONICS NOW Fig. 95-2 

This circuit generates a 1-kHz square wave 
for cable tracing. Because this circuit is simple 
and generates from 1.5 V, several can be used at 
the same time to generate multiple tones for 
tracing multiconductor cables. 

SIGNAL TRACER 

INPUT 

P\~11 Cl 

' ~ 

0\ RI 
1Nl88 I 2MEG 

POPULAR ELECTRONICS 

°' 2N464 

Rl 

CJ 

' 

2MEG --, 
' 
' 

1-----~ 
' ' " : 9V 

t 
Fig. 95-3 

This circuit uses a simple detector-audio am­
plifier. The output can be connected to head­
phones or another audio amplifier. 
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96 

Transmitter and Transceiver Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Wireless Guitar Transmitter 
Micro TV Transmitter 
Wireless Microphone 
FM Stereo Transmitter 
FM Bug 
Low-Power VHF Beacon Transmitter 
Low-Cost 6-W, 40-M CW Transmitter 
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Fig. 96-1 

This transmitter has a built-in distortion effects unit and a touch "''~tch to S'-"itch effects off and OIL The circuit operates 
from a 9-V battery. !Cl-a and ICl-b are used in the effects circuitry. !Cl-dis an input preamp and JC2 is a quad analog switch to 

~ handle audio smtching. QI acts as a varactor.diode modulator while IC-4 is an 88- to 108-MHz FM oscillator. 
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ELECTRONICS NOW Fig. 96-2 

For very low power, noncritical applications, this small TV modulator can be useful as a short­
range (50 feet) transmitter for video signals. A small camera module can be used as a source. Rll is 
used to vary de offset of the modulator. 
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..!.. 8.2V 27K 22K lOK lK 
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ELECTRONICS EXPERIMENTERS HANDBOOK Fig. 96-3 

An op-amp IC (741) amplifies the audio signal from M!Cl, and R12 controls its gain. Audio is fed 
to the oscillator circuit Ql and related components. D2 is a varactor diode. Audio fed to D2 causes FM 
of the oscillator signal. Ll is 2'5 turns of #18 wire on a Y.c" diameter form. The antenrm is a 12" whip. 
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FM STEREO TRANSMITTER 

THE HEART OF THE FM TRANSMITTER Is a BA1404 FM stereo transmitter IC. 
The left lnput-slgnal level is adjusted via R1, pre-emphasis ls provided by C1 and R3, 
and audio is coupled by C10 into the left-channel Input. The righl-ehannel input 
circuitry is idcmtlClll. 

ELECTRONICS NOW Fig. 96-4 

An FM stereo transmitter can be built around the BA1404 IC. This IC has all the functions nec­
essary to generate an FM MPX signal. A separator oscillator circuit uses a 2N5210 transistor instead 
of the difficult-to-find 38-kHz crystal that is normally used. Tl is a 45R-kHz IF transformer with 
0.0039-µF capacitance added across it to enable tuning to 38 kHz. With this circuit, oscillator stabil­
ity should be adequate. 
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Fig. 96-5 
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LOW-POWER VHF BEACON TRANSMITTER 
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Fig. 96-6 

A crystal oscillator and tripler make up the low power beacon transmitter. U l generates a pulse 
that keys the transmitter at a 10:1 duty cycle (100 ms on, l s off) to conserve battery power. This 
transmitter was used as a locator beacon. 
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POPULAR ELECTRONICS 

LOW-COST 6-W, 40-M CW TRANSMITTER 
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Fig. 96-7 

Ll and L2 are wound on a%" diameter form. Ll is 15 turns #22 plastic-covered wire, and L2 is 7 

turns #22 plastic-covered wire. 

665 



97 

Ultrasonic Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Ultrasonic Remote-Control Tester 
illtrasonic Motion Detector 
Ultrasonic CW Transceiver 
Ultrasonic Proximity Sensor 
Simple Ultrasonic Generator 
Ultrasonic Sound Receiver 



ULTRASONIC REMOTE-CONTROL TESTER 
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Fig. 97-1 

This circuit picks up the ultrasonic tone via MIC!, amplifies it, and divides it by 10 in IC U2, a 
741890. The output of U2 drives an audio amplifier and a piezoelectric element is used as a speaker. 
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POPULAR ELECTRONICS 

ULTRASONIC MOTION DETECTOR 
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Fig. 97-2 

A 567 PLL IC operates in a dual-function mode as a signal generator and an FM receiver. The 
567's square-wave output at pin 5 is coupled to the base of QI, and from Ql's emitter to the input of 
the power amplifier (Q2 and Q6). The output drives the piezo speaker, SPKRI. 

The receive portion of the circuit operates as follows: transistors Q3 and Q4 are connected in a 
two-stage, high-gain, audio-frequency amplifier circuit, with the input connected to a second piezo 
speaker (SPKR2) operating as a sensitive microphone. The amplifier's output is coupled to the 567's 
input at pin 3. When an in-band signal is received, the LED lights. 

The 567's FM output is coupled from pin 2 to the input of a very-low-frequency single-transistor 
amplifier, Q5. The amplifier's output at Q5's collector drives a voltage-douhler circuit (Cll, DI, D2, 
and C 12). The de output feeds a 0- to 1-mA analog meter. 

By placing the two piezo speakers one foot apart and aiming them in the same direction, toward 
a nonmoving solid object, the signal from the transmitter's speaker will reflect back into the receiver's 
speaker, and the frequency at the 567's input will be the same as the one being transmitted. 

The ac output at pin 2 is zero when the outgoing and incoming frequencies are the same. How­
ever, when the signal is reflected from a moving object, the received frequency will be either lower 
or higher than the transmitted one. If the object is moving away from the speakers, the received fre­
quency will be lower; if the object is moving toward the speakers, the frequency will be higher. 

The pin-2 signal is fed through a 470-µF capacitor to the base of Q5, where the signal is ampli­
fied and fed to a voltage doubler, and then on to a meter circuit. 

If you wish, the voltage doubler and meter can be removed and replaced with headphones con­
nected between the negative side of C 11 and circuit ground. That will allow you to listen to the dif­
ference-frequency signal as objects move in front of the speakers. 

668 



ULTRASONIC CW TRANSCEIVER 

POPULAR ELECTRONICS 

" " 
=II BZ1 

" "''" 

1N91'1 

With the telegraph key at 82 "up" (open), 
the 567 PLL's input at pin 3 is coupled to the 
output of Q3. Transistors Q3 and Q4 are operat­
ing in a high-gain, two-stage audio-amplifier 
circuit. The piezo speaker is coupled to the in­
put of the amplifier though a 0.1-µF capacitor 
and a 680-Q isolation resistor. 

In the receive mode, the piczo speaker oper­
ates as a sensitive microphone. Ultrasonic signals 
travel from the microphone through the two-stage 
amplifier to the input of the G67, and, if the signal's 
frequency is within the !C's bandwidth, the LED 
will light and piezo-sounder BZl will sing out for 

Fig. 97-3 

each "dit" and "dal1" received. The receiver can be 
tuned to the incoming ultrasonic signal by adjust­
ing Rl 7. Of course, adjusting that potentiometer 
also changes the transmitter's frequency. 

The transmitter operates each time the 82 is 
closed. When the key is closed, diode D8 supplies 
a path to grmmd for BZ 1, causing that sounder to 
produce an audible signal for each "dit" and "dah" 
transmitted. Also, Q2's bias is taken to ground 
througl1 D2, allowing QI to pass the 567's square­
wave signal on to the input of the power amplifier 
and out through the speaker. 

ULTRASONIC PROXIMITY SENSOR 

t12V 

"' "' "' "'"' '""" 2.2K " '" 
C< 

' "' "' "' "' '''" ' '"'" 2.2K 

, '" 
"' "' 1Ni14 .22 

POPULAR ELECTRONICS Fig. 97-4 

A 100-kQ potentiometer, R4, sets the cur­
rent fed to the Sonalert sounder. The poten­
tiometer is adjusted to a point where the sounder 

just begins to make an audible sound. A single­
transistor audio amplifier (Ql) is coupled to the 
positive side of the sounder and its output is fed 
to a voltage-doubler circuit. The doubler's de out­
put drives the base of Q2, which, in turn, oper­
ates the relay (Kl). As long as the Sonalert is 
producing a sound, the relay stays energized. 

When a solid object is moved in close prox­
imity to the front of the sounder, the Q of the 
piezo element is lowered and the Ronalert's inter­
nal circuit ceases to operate; as a result, the relay 
drops out. By carefully adjusting R4, the circuit 
can be made quite sensitive. 
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SIMPLE ULTRASONIC GENERATOR 

r-'11--..---..-- +9-12V 
C2 
470 R2 

R1 
22K 

100K 4 8 

7 
SPKR1 

This basic ultrasonic generator can he built 
easily and quickly. An NE555 drives a speaker. 
The frequency range is 12 to 50 kHz. SPKRI is 
a piezo tweeter, etc. 

You won't he disappointed with the performance of this sensitive ultrasonic receiver. It can let 
you listen to bugs, bats, engines, and virtually any other source of ultrasonic sounds. This circuit uses 
a piezo tweeter as an ultrasonic microphone, amplifier stages QI, Q2, and an LO using a 567 JC. Q3 
is a mixer that heterodynes the ultrasonic sounds down to the audible range. U2 is an amplifier that 
will drive a pair of headphones. 
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98 

Video Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 

707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Video Titler 
Video Amplifier 
RGB Video Amplifier 
One-of-Two Video Selector 
NTSC-to-RGB Converter 
Video IF Amplifier/Detector 
Video Cable Driver 
Simple NTSC Gray-Scale Video Generator 
LM1201 Video Amplifier 
Simple Video Gray-Scale Generator European Line Standard 
Video Switch 
Adjustable Video-Cable Equalizer 
Video Summing Amplifier 
Vicleo Amplifier 
Twisted-Pair Video Driver/Receiver Circuit 
250-mA 60-MHz Current-Feedback Amplifier for Video Applications 
Video Driver/Amplifier 
Video Line Driver 
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D89 
MALE 

(TO VIDEO TITLER) 

2 

D89 
MALE 

3 

(TO VIDEO TITLER) 
1 

D89 
MALE 

(TO VIDEO TITLER) 
1 

VIDEO TITLER (Cont.) 

IBM PCfAT RSZ32 SERIAL CABLE 

' 
IBM PC/AT KEYBOARD CABLE 

b 

RS485 CABLE 

5 PIN DIN 
RECEPTACLE 

(TO KEYBOARD) 
2 

(DATA) 

(SPARE) 

(GROUND) 

(CLOCK) 

l+SVDC) 

D89 
FEMALE 
(TO PC) 

2 

S·PIN DIN 
RECEPTACLE 

1Q• 
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2 

no AS485 NETWORK) 

c 

There is a different cable for each interlace. The RS-232 serial cable is shown in a, the 
PC/AT keyboard cable is shown in b, and the RS-485 cable is shown inc. 
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VIDEO TITLER (Cont.) 
The figure shows the schematic of the video titler circuit. The power-on reset function is generated 

by !C7, a Maxim MAX699 reset, and watchdog pulse generator. That device supplies a reset pulse of 140 
to 500 ms at power-up. This is accomplished with some external parts, as well as the OSD controller in 
!Cl. First, the horizontal and vertical sync from the composite video input is detected by IC2, which is 
set for NTSC specification horizontal and vertical synchronization tinting via resistor R4. 

The detected horizontal and vertical sync is fed to !Cl. The OSC controller in !Cl uses these sig­
nals to internally synchronize the overlay text to the incorning video. The frequency of the dot clock 
is controlled by components Ll, C5, and C6. Text is overlaid by video multiplexer IC5, which is con­
trolled by !Cl. 

The overlay character outline and intensity are controlled via solid-state potentiometers, allow­
ing the nticrocontroller to control the position of their wipers and store the settings in mi onboard 
EEPROM. The rrticrocontroller's OSC logic controls the multiplexer tinting from the BF (IC I, pin 30) 
and VIDCTL (!Cl, pin 25) signals. The BF signal switches the video multiplexer between character 
and character-outline video, and VIDCTL switches the multiplexer between the input video and the 
overlay video from !Cl. The de levels from IC3 and IC4 set the character and outline intensity, mid 
these levels are fed to video multiplexer IC5. 

The video titler can store mid recall text from EE PROM IC6, which has enough capacity to store 
one overlay screen and other required data, such as network address, horizontal and vertical overlay 
fine position, and type of interface. 

The RS-232 interface is provided by a MAX202 transceiver. The RS-485 interface is provided by 
an LTC485 transceiver that provides both transntit and receive functions. The keyboard interface is 
basically a direct connection to the microprocessor. 
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ANALOG DEVICES 

VIDEO AMPLIFIER 
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v ~75'1 

75'1 

75'1 
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7512 

Fig. 98-2 

The AD8001 has been designed to offer outstanding performance as a video line driver. The im­
portant specification of differential gain (O.Ql % ) mid differential phase (0.025°) meet the most ex­
acting HDTV demands for driving one video load. The AD8001 also drives up to two back-terminated 
loads with equally impressive performance (0.01 %, 0.07°). Another important consideration is isola­
tion between loads in a multiple-load application. The ADSOO 1 has more than 40 dB of isolation at 
5 MHz when driving two 75-Q terntinated loads. 
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RGB VIDEO AMPLIFIER 

OOlµF 

NATIONAL SEMICONDUCTOR Fig. 98-3 

This circuit is a three-channel RGB video amplifier with individual brightness, black level and 

drive controls. 
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NTSC-TO-RGB CONVERTER 
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Fig. 98-5 

This circuit takes baseband NTSC video, decodes it, and derives RGB video suitable for driving a color multisync computer 

~ monitor. This enables the user to take advantage of the generally better resolution of computer monitors. 
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Al! caps in uF unless noted 

VIDEO CABLE DRIVER 

13 

51n 

This is a MAX436 coaxial-cable driving circuit. 
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SIMPLE NTSC GRAY-SCALE VIDEO GENERATOR 

2.2K 
V+ 

U1 

CK G 

73 AMATEUR RADIO TODAY 

.... 
Q9 • 

13 12 
• • .. 

Level 
Adjust 

• C3 1.0µT 
., 

18 ohma 

• C4 I 1.0 µF 

Video Output 
(75R) 

ov 

Fig. 98-8 

A 4.032-MHz crystal oscillator (256 x horizontal line scan rate) drives a BCD counter. The binary 
outputs of' the counter are fed to R2 through R5, asimple weighting network for DI A conversion, re­
sulting in a staircase video output with a rep rate of 15.75 kHz. This circuit should be useful for am­
ateur TV linearity testing and setup purposes. 

LM1201 VIDEO AMPLIFIER 

Yee 
+ 12V 

2000 750 
10,5V~ 0.1J.IF~ 0.1 µr~ 

51 o 

1''..~" 
0.1 µF 

-.& 
" " ,. 1J 12 \I " 

1N91• LM 1201 2000 

' 1.svA/ 
'"'i 0.lµf~ 0. 1 µF 0. 1 µF 

i i 750 +12V GNO 

+12¥ 

Con!ru\ Gale In 1.5V 
Con\rGI 

NATIONAL SEMICONDUCTOR Fig. 98-9 

This video amplifier has 75-Q bi-phase outputs. 
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SIMPLE VIDEO GRAY-SCALE GENERATOR EUROPEAN LINE STANDARD 

( SIMPLEST PATIERN GENERATOR ) 

• IDEAL VALUE 1 JK5 

4060 

CK G 
8 6 

ADJ 

73 AMATEUR RADIO TODAY 

( ZUABS) 

+4 TO +12 VOLTS 

BC548 

V1DEO OUTPUT 
[75R) 

ov 

Fig. 98-10 

A simple gray-scale generator (staircase waveform) can be obtained with a CD4060 counter, a 
1-MHz crystal oscillator, and several resistors to act as an elementary DIA converter to convert the 
binary count output to analog equivalent. This circuit is for European (PAL) standards. 

750 Tra-nsmisslon 
Lines 

INPUT 1 " 
750 

15 

-= 
INPUT2 " 

75ll .. 
-

NATIONAL SEMICONDUCTOR 

VIDEO SWITCH 

" R2 = 75!1 

' 
" 1k0 

LH.4266 -
21 7 17 20 -sv 

+SV 

CONTROL +1sv -1sv 

"lnput1 GND Plane 

••1nput2 GNO Plane 

750 z0 = 75!1 

-
750 z0 = 75.0. 

750 Zo = 75ll 

750 z0 = 75.ll 

Fig. 98-11 

Using National Semiconductor LH4266 and LH400o, this circuit switches one of two inputs to 
four output (75 Q) lines. 
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ADJUSTABLE VIDEO-CABLE EQUALIZER 
.v 1.5k 

10k 

6------VFs(LT1256PIN12) 

U3 
l T1004 Ve (L T1256 PIN 3) 
(2.5) 10k CONTROL VOLTAGE 

1k 

240U 
OVERALL GAIN 
ADJUST 

5000 

LINEAR TECHNOLOGY Fig. 98-12 

The figure is a complete schematic of the cable equalizer. The LT 1256 (Ul) is a two-input/one­
output 40-MHz current feedback amplifier with a linear control circuit that sets the amount that each 
input contributes to the output. One amplifier (input pins 1:3 and 14) oft.he LT1256 is configured as 
a gain oI one with no frequency equalization. The other amplifier (input pins 1 and 2) has frequency 
equalizing components in parallel with the 12-kQ gain resistor. An additional amplifier (U2, LT1227) 
is used to set the overall gain. Two amplifiers were used here to make setting the galn a single ad­
justment, but in a production circuit, the LT1256 can be configured to have the necessary gain and 
the whole f1mction can be done with one chip. 

VIDEO SUMMING AMPLIFIER VIDEO AMPLIFIER 

+ 

V1N1 Rt1 

+ 

V1N2 Rt2 

MAXIM 

C1 

R3 
10K 

R1 
10K 

I 1K 

R2 R4 
10K 10K 

Fig. 98-13 POPULAR ELECTRONICS 

+12V 

1 I( 
C3 
1 

C2 
30pF 

cs 
2pf 

R5 
20K 

LH0024 

C4 
20pF OUTPUT 

RS+(R3R4~ 

Av= (R3)(R4) " 5 

Fig. 98-14 
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TWISTED-PAIR VIDEO DRIVER/RECEIVER CIRCUIT 

VIDEO 
IN 

"'" 
TW!STEO PAIR 

75n 2oon 1000 

T 
+SV ·5V 

MAXIM 

This circuit should be useful where a twisted-pair video line is to be used. Rl is adjusted for 
proper gain (monitor brightness and contrast) and Cl is adjusted for best color. 

250-mA 60-MHz CURRENT-FEEDBACK AMPLIFIER FOR VIDEO APPLICATIONS 

LINEAR TECHNOLOGY 
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Noninverting Amplllier with Shutdown 

'5V 

'OPTIONAL USE WITH CAPACITIVE LOADS 
··GROUND SHUTDOWN PIN FOR 

NORMAL OPERATION 

Large-Signal Response, Ct• 10,000pF 

Fig. 98-16 



WILLIAM SHEETS 

C? Video 
= m 

VIDEO DRIVER/AMPLIFIER 

330 !l 

330 
!l 

1.5 
k!l 

~---+---->-+ 12 v 

\ ~-+------'-<+ t------<i 
1.5 kl! 470 µ.F l 

Fig. 98-17 

This simple circuit has a voltage gain of about 5x and will drive low-impedance loads (75 Q) to 
1.5 V p-p or better. 

ANALOG DEVICES 

AG 
6490 

VIDEO LINE DRIVER 

"" 6490: "" 75n 750 CABLE 

,-IM....,----"l>tv----.,...Wr--€CJ-~ Vour 11 
c, 

100µf/25V +Vs 

~-

0.1µF~ 

-v, 

Ru 
75Q 

750 750 CABLE 

'f.ic), 4_,,.,,,,__!I::=H-<>Vour 1112 

"" c, 75Q 

Fig. 98-18 

This video buffer/line driver operates at a gain of +2 and drives a pair of 75-Q lines with 75-Q 
back terminations. The overall terminated gain is unity. 
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99 

Voltage-Controlled Amplifier Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

684 

Voltage-Controlled Amplifier 
Voltage-Controlled Audio Amplifier 



VOLTAGE-CONTROLLED AMPLIFIER 

CONTROL { 
,, •V, •15V 

INPUT Ee 
0 TO !SV 

" .0..0534 
SET GAIN OUTPUT Eour. ±12V PEAi( ,.. 

.v, " " ,. 3,. 
" 

0.005 

"' ,, 
SIGNAl I " 

-- ~-E~ • ~ Eour 
E, 40 

INPUT E,,. 
Eour • 40 Ee Eit~ 1SV PEAK v, .v, '" " 
fOR TYPICAL SETTING IGAIN • 10Ecl 
EouT; 110Ecl E.i. 

ANALOG DEVICES Fig. 99-1 

A constant or varying signal applied to the X input, E,, controls the gain for a constant or vari­
able signal applied to the Y input, E,n. The inputs could be interchanged. 

For this circuit, the "set gain" potentiometer is typically adjusted to provide a calibration for gain 
of Z 10 per-V-of-E,. The bandwidth is de to 30 kHz, independent of the gain. The wideband noise 
(10 Hz to 30 kHz) is 3 mV rms, typically, corresponding to full-scale signal-to-noise of 70 dB. Noise, 
referred to the signal input (E, ~ ±5 V) is 60 µV nns, typically. 

VOLTAGE-CONTROLLED AUDIO AMPLIFIER 

t20k 47µF"J" 

GAIN 39k 7 

_..a!.10 F 
-r- " 

+10V 

'" 

rn 

'" 
-: 0 lµF 13 

'OPTIONAL r f:'"''I--""' .......... 
TREMOLO + 

INPUT 2y 15 

V,N 2k 
SIGNAL 

... 
NATIONAL SEMICONDUCTOR 

+12V 

5.6k 

c· R' 
0 OSµf rnk 

... 
1.2k 

2./k 

The LM389 has internal transistors used in this circuit. 

*0.1µF 

220,F 

·~ 2.7Jl 

T0.05µF -

... -
•tremolo freq. :o; 2,,,. (R ~ lOk)C 

Fig. 99-2 
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100 

Voltage-Controlled Oscillator Circu1ts 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Three-Decade VCO 
Voltage-Controlled Two-Phase Oscillator 
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THREE-DECADE VCO 

+15V 

Vpu=5V 

R1.R4 MATCHED. LINEARITY 0.1% OVER 2 DECADES 

POPULAR ELECTRONICS 

R9 C3 
25K 1 

r---'V\f'r---, 

R8 
10K 

... 

10 

2 

-5V RI 
300K 

A range of 10 Hz to 10 kHz is covered by this circuit. 

ANALOG DEVICES 

VOLTAGE-CONTROLLED TWO-PHASE OSCILLATOR 

UENCV FREQ 

'°' " 
TROL 

'"' '· 

- _,, 

- ,, 
" " 

~ " 

'• 

,.,-- " 

l\ Z2 
91V 9.IV 

'· . ., 

.,, 

'" 
OUTPUT 

" 
" 

.,, 

10V ••n 

L .. .,, J.. " 1: io_, -:-1 

- '• M2 
P.4 llOk 

T 
OUTPUT ' 

" "J " ·~ " ... .. ' 
0\1 «" ..,, 

,, 

" " l0.01 -·· J0.01 
-£" 

,, .,, 

A5 
10K 

Fig. 100-1 

Fig. 100-2 

This circuit uses two multipliers for integration-with-controllable-time-constants in a feedback 
loop. R2 and R5 will be recognized in the AD534 voltage-to-current configuration; the currents are 
integrated in Cl and C3, and the voltages they develop arc connected at high impedance in proper 
polarity to the X inputs of the "next" AD534. The frequency.control input, EY, varies the integrator 
gains, with a sensitivity of 100 Hz/V, and frequency error typically less than 0.1 % of full scale from 
0.1 V to 10 V (10 Hz to 1 kHz). C2 (proportional to Cl and C3), R3, R4 provide regenerative damp­
ing to start and maintain oscillation. Z

1 
and Z

2 
stabilize the amplitude at low distortion by degenera­

tive damping above ±10 V 
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101 

Voltage-Measuring Circuits 

The sources of the following circuits are conlaincd in the Sources section, which begins on page 
705. The figure number in the box of each circuit correlates to Lhe entry in the Sources section. 
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Meter Amplifier for 1.5-V Supply 
Voltage Monitor 
ac Voltmeter Has Unique Features 
de Voltmeter 
Expanded-Scale de Meter for 12-V Systems 
Simple 3-Digit DVM 
Inexpensive Voltage Calibrator 
Double-Ended Voltage Monitor 
Audible Voltage Inrlicator 
Low-Drain Meter Amplifier 



METER AMPLIFIER FOR 1.5-V SUPPLY 

1NPUT 
lOmV, 100nA 

" 100k 

" 

fULLSC:ALE ....--..--.---'"! 
D2 R2 
1N451 7M 

NATIONAL SEMICONDUCTOR 

A4 .. 

R2 
I.SM ,. 

" 

R5 + Bl 

'J' UV 

Fig. 101-1 

An LMlO is used as a meter amplifier. Accuracy can be maintained over a 15°C to 55°C range for 
a full-scale sensitivity of 10 rnV and 100 nA. The offset voltage error is nulled with R5, and the bias 
current can be balanced out with R4. The zeroing circuits operate from the reference output and are 
essentially unaffected by changes in battery voltage, so frequent adjustments should not be neces­
sary. Total current drain is under 0.5 mA, giving an approximate life of 3 to 6 months with an "AA" 
cell and over a year with a "D" cell. With these lifetimes, an ON/OFF switch might be unnecessary. A 
test switch that converts to a battery-test mode might be of greater value. 

VOLTAGE MONITOR 

'" VOTH= 5.5V 
VuTH"~.5V .SV 

R3 

"'" 
v. 

JT UNOEAVOL T AGE 

10k 
R2 R5 POW'f:R GOOD 

UTB = OVERVOLTAGE 

V-
Al 

= = 
MAXIM Fig. 101-2 

A MAX923 dual comparator is used as a window detector. For a threshold of 4.5 V and 5.5 V, 
R1 = 1.068 Mn, R2 = 61.9 kn, and R3 = l Mn. 
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ac VOLTMETER HAS UNIQUE FEATURES 

565,1% 
High-pass lllle1 

0.015 µF, 400 V ~ XlOO 
5400, 

39 
1% 

f----i,10Hz-=- 5•V k 
0.15 µf, 400 v S1 15 mV 5 

f--o1 Hz 50mV 150 k 

160 
DC 990 k, 

·30 0.001 µF 1% 
56 M 2000, 1% 500mV -

9900, 700, 1% 
1% 1.5 v -

2 k, 5V S2A 200, 1% 

100, 5% (Non·shortingl 100, 
1% 15 v 1% 

50V -

150 v 

[Qi[] 1 N4001 

+15 v -
51 

To 0.99X 3.3 k 
meter 
seclio~ 4.7 K 500 S6 
(Fig. 2) kHz 0.2 kHz 

0 °]_ 
300 k 10 kHz 

4300 pf 0.24 
µF 

1 N4001 
-15 v - Low-pass liller 

ELECTRONIC DESIGN 
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-

0 

-

10 k, 
1% 

[illjliJ 

S2B 

47 
100. 

100, 
1% -

+ 
THIS meter ~ale ean be enlarpd 
on a copier and 1Uacbed to a met« face 
for the daa"-ale IC voitmeter. 

Fig. 101-3 



From Input 
filler 

section 
(seefig.1) 

ac VOLTMETER HAS UNIQUE FEATURES (Cont.) 

10 k, 1% 181587 or 
1N4149 

S3A 150 LM351 
6 

Neg. 

(Pos~ 0 0 
838 0 

S4C 0 -

10k,1% 

1N4149 

10 k 

3.3 µF. 16 V 

+15 v o-...... ~--h-...--· 

10k,1% 

1 k 

E401 10 k +15 v 

22 M 0.047 µF 

E-i Peak 
-::- Average Hold 

1M 10 •. 1% 

RMS·caf 

!RMS 

10 k 

-15 v 

-15 v 
S4A 

100 
0 

0 Off lo 
0 

H 0 0 

3.3 µF * 0.1 µfT 848 "--i r;;:::;:-i 82 k, 
--=-~ 1% 

50 µA 
7.5 k 

10 k, 
1% 

Though it's built with standard components, this ac voltmeter contains many features not typi­

cally found in commercial meters; the most unusual is a selection of rectification modes. The meter 

responses available include true RMS (TRMS), average, RMS-calibrated average responding, positive 

peak, negative peak, positive-peak hold, and negative-peak hold. 
High- and low-pass filters (SI and 86, respectively) allow the -3-dB-passband to be varied from 

as little as 10 Hz to 200 Hz, to as wide as de to 500 kHz. The low-pass filter also is effective in the lOOx 

an1plifier mode, where the input equivalent noise level is only 0.3 µV, with 10-kHz roll-off. 
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de VOLTMETER 

Resistance Values for a DC Voltmeter 

V FULL SCALE Rv [!1] Rt [!1] R't [!1] 

10 mV 100k 1.5M 1.5M 

1..00 mV 1M 1.5M 1.5M 

1V 10M 1.M 1.5M 

10V 10M 300k 0 

100V 10M 30k 0 

A, 

+ Rv +1,SV 

Vo 
01 02 

IN914 

" SK 
Cl 

0.1 µF "· 
Ri 

HIM 

- - --1-SV 

VOLTMETER 

NATIONAL SEMICONDUCTOR Fig. 101-4 

A wide-range voltmeter circuit. This inverting amplifier has a gain varying from -30 for the 
10-mV full-scale range to -0.003 for the 100-V full-scale range. Diaries DI anrl D2 provide com­
plete amplifier protection for input overvoltages as high as 500 Von the 10-mV range, but ifover­
voltages of this magnitude are expected unrler continuous operation, the power rating of Rv shou!d 
be adjusted accordingly. 

QST 
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Rl 
2.2k 

01 

10V 
400 mW 

EXPANDED-SCALE de METER FOR 12-V SYSTEMS 

Fig. 101-5 

This circuit can be used to monitor a 12-V 
system with a meter reading 10 V to another volt­
age. Expect 10 to 20 V, depenrling on the setting 
ofR2. Depending on the characteristics ofDl, Rl 
might be increased or eliminated entirely. 



Input to be measured 

100k 

11 CA316?E' 

" 

'°' 
73 AMATEUR RADIO TODAY 

SIMPLE 3-DIGIT DVM 

":~' 12 t3 

CA3162E ;; r 
2N2907s 

I /o, 
MAN 12/ 
~~~~~r 
onodo LED 
Ol•plav 

+ 5 volts 

Fig. 101-6 

A CA3102ZE A-D converter drives a CA3161 BCD decoder/driver and LED display to form a sim­
ple DVM circuit. The 50-kQ gain control and 100-kQ/10-kQ voltage divider determine full-scale 
range. 

INEXPENSIVE VOLTAGE CALIBRATOR 

+9-12V 
A1 R2 S1 

4700 10K 5V 
R3 

8 7 1K 
4V 

U1 R4 
555 1K 

2 3 0 
3V 

R6 

U2 
1K 

7805 2V 
C1 R7 R6 
.22 G 1K 1K 

1V 
+ 

POPULAR ELECTRONICS Fig. 101-7 

In the voltage calibrator, two low-cost ICs~a 55fi oscillator/timer and a 78055 5-V 1.5-A voltage 
regulator~along with a precision voltage divider network are used to provide outputs of 1- to 5-V 
peak -to-peak. 
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DOUBLE-ENDED VOLTAGE MONITOR 

" J.JM 

~~--<t-~--<o--v• 

VTH' = 15V 

~~k 01 ~H"' 6V 

Cl 
20 µF 

R4 
S.1M 

!lash rate incraa5a11 
above 6V and 
below 15V 

NATIONAL SEMICONDUCTOR Fig. 101-8 
This circuit has the added feature that it can sense an over-voltage condition. The lower activa­

tion threshold is given by equation (1), but above a threshold, 

R4(R1 + R2) V"""' VTH = ----~-~~~--
R1(R3 + R4)-R3(R1 +R) 

oscillation again ceases. Below V'.1w the op amp output is saturated negative, but above VT!!' it is sat­
urated positive. The flash rate approaches zero near either limit 

POPULAR ELECTRONICS 

AUDIBLE VOLTAGE INDICATOR 

01 
1N4004 

03 
1N4004 

R1 
2.2K 

02 
1N4004 

4 TO 200V 
AC/DC 

,-----A------, 

05 
12V 

04 
1N4004 

R2 
56K 
1W 

HIGH 

Fig. 101-9 

The audible voltmeter can be used to test for ac or de voltages in a circuit. With Sl closed, the 
circuit can be used to test for voltages between 4 and 24 V, and when Sl is open, it can be used to 
check for the presence voltages of up to 200 V 
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LOW-DRAIN METER AMPLIFIER 

'· R, 

t1.5V 

~ 1.5V 

NATIONAL SEMICONDUCTOR Fig. 101-10 

Meter amplifiers normally require one or two 9-V transistor batteries. Because of the heavy cur­
rent drain on these supplies, the meters musl be switched to the OFF position when not in use. The 
meter circuit described here operates on two 1.5-V flashlight batteries and has a quiescent power 
drain so low that no on/off switch is needed. A pair of Eveready No. 950 "D" cells will serve for a min­
imum of one year without replacement. As a de ammeter, the circuit will provide current ranges as 
low as 100 nA full-scale. 

The basic meter amplifier circuit shown is a current-to-voltage converter. Negative feedback 
around the amplifier ensures that currents /

1
N and 11 are always equal, and the high gain of the op amp 

ensures that the input voltage between pins 2 and 3 is in the microvolt region. Output voltage V, is 
therefore equal to -I,R,. Considering the ±1.5-V sources (±1.2 Vend of life) a practical value of V

0 
for 

full-scale meter deflection is 300 mV. With the master bias-current setting resistor (R,) set at 10 MQ, t~e 
total quiescent current drain of the circuit is 0.6 µA for a total power supply drain of 1.8 µW. The input 
bias current, required by the amplifier at this low level of quiescent current, is in the rm1ge of 600 pA. 
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102 

Waveform Generator Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Simple Triangle Waveform Generator 
Triangle-Wave Generator 
Generate Accurate PWM Signals 
Triangle-Wave Generator 
Low-Frequency Pulse Generator 
Sine/Cosine Audio Generator for Galvanometer Experiments 
Basic 555 Monostable 
Op-Amp Sawtooth Generator 
Digital Sine-Wave Generator 
Signal Source for Audio Amplifier/Inverter 
Simple Test Signal Generator 



SIMPLE TRIANGLE WAVEFORM GENERATOR 

+9-12V 

.n.s 8-11V p.p 

R2 200HZ 

3 
100K .SV P-P 

A/V'v 200Ht 

2 R1 
47K C1 C2 

.1 
I2 ( 
~ 

POPULAR ELECTRONICS Fig. 102-1 

The circuit is a triangle waveform-generator circuit that uses as few parts as possible. A 555 

timer IC, two resistors, and two capacitors make the triangle waveform. The IC is connected in a 50% 

duty-cycle astable square-wave oscillator circuit. The square-wave output is fed from piii 3 of the IC 

to an RC shaping circuit. 
When the 555's square-wave output goes high, C2 begins to charge through R2 and the voltage 

across C2 increases as long as the output remains high. When the !C's output goes low again, C2 be­

gins to discharge through R2 reducing the voltage across C2 as long as the output remains low. The 

resulting waveform across C2 takes the shape of a trialigle. The beBt wavefonn linearity is obtained 

when R2 and C2 are made as large as possible. With the component values shown, the peak-to-peak 

output is 0.5 Vat a frequency of about 200 Hz. 

POPULAR ELECTRONICS 

R1 
10K 

TRIANGLE-WAVE GENERATOR 

R5 
47K 

C2 + 

4.7 

C1 
.22 

R2 
10K 

C4 

C3 
220 

+ 

7 
100 2Vpp 

>'-+-:-f4:---o 5()-00Hz 
+ OUT 

Fig. 102-2 

This oscillator, which is built around an LMI 458 dual op amp and a few inexpensive components, 

produces a 2-V peak-to-peak, triangular waveform. 
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GENERATE ACCURATE PWM SIGNALS 

14 

13 

·1 
- -

Jlff I On 0----• 
'Select tor 10X the 
desired PWM frequency 

ELECTRONIC DESIGN 

15 

47 k 

Vee 

1e2 

eLK 

ENA 

RSI 

4017 

09 11 
co 12 

Du~·cycte 
select 

4001 

PWM 
out 

PWM 
out 

Fig. 102-3 

Accurate I 0 to 90% duty-cycle PWM signals can be generated using this simple circuit setup. 
The desired duty cycle is selected by a single jumper block. PWM clock IC I runs at lOx the desired 
pulse drive frequency. IC2, a 4017 divide-by-IO counter, decodes the clock pulses into one of 10 out­
puts. Output 0 resets IC3, the PWM latch. The latch stays reset until the desired duty-cycle output 
set by the jumper block is reached. At this point, the PWM latch is set, and the PWM output line re­
mains high until output 0 is decoded again. 

By calling IC2's output (0) the "reset" line for the latch, the PWM output is forced inactive if the 
jumper strap is removed to change duty cycles without first powering down. 

Using the zero-state reset allows IC2's reset pin to be used as an on/off control line for the cir­
cuit. The complementary PWM output could be used in a full bridge design. 

ELECTRONICS NOW 

TRIANGLE-WAVE GENERATOR 

F - 1 
- 1.4 RC 

R c 

Triangle 
wave 
out 

Fig. 102-4 

The first two gates are set up as a square-wave oscillator, and the last one makes the conversion 
to triangle waves. 
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NATIONAL SEMICONDUCTOR 

LOW-FREQUENCY PULSE GENERATOR 
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Fig. 102-5 
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SINE/COSINE AUDIO GENERATOR FOR GALVANOMETER EXPERIMENTS 

-McGRAW-HILL 

R6 
lkO 

Cl 
]pf 

ICJA 

'" 
-6-J2Vdc 

C1-C3 
IC1 
JU2 

R4 

"" Symmetry 

Rl 
L2kO 

Cl 
lpF 

lClB 

"' 

1 µ.F polarized electrolytic 
LM747 dual op amp IC 
1 /s-inch miniature phone jack 

12 

All resistors are 5 to 10 percent tolerance, 1/4 watt. 
All capacitors are iO to 20 percent tolerance. rated 
at 35 volts or more 

Cosine 
output 

Si11c ou1put 

R2 '=-' 
1.21:.0 

1 ~~0 Frequency 

Ci 
lpF 

Fig. 102-6 
This circuit shows how to implement a sine/cosine audio generator for operating two gal­

vanometers. 

BASIC 555 MONOSTABLE 
+v 

R1 

I i 
4 8 

~, 

>---- 6 
+ (11 Output 

555 3 

Tri gger 

'" - 2 

' 1 

l 

McGRAW-HILL Fig. 102-7 
T + 1.1 R 1C1 
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OP-AMP SAWTOOTH GENERATOR 

01 
1N914 
02 

1Ni14 
03 

1N914 

04 
1N914 

R1 
1K 

C1 
.2 
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500K 

fadj 

R2 
10K 

-~--~-~r-+12V 

R3 
104< 

R6 
22K 

'* C4 l470 
~ 

C2 
1 

POPULAR ELECTRONICS Fig. 102-8 

The sawtooth generator circuit shown is reset at the end of each cycle. The result is a constant 

peak-to-peak output throughout the circuit's frequency range. 
The constant-current generator circuit, the vultage-follower circuit, and the comparator circuit 

produce the waveform. A 555 timer IC (U2) is configured as a one-shot multivibrator that's triggered 

by the comparator's negative output pulse. 

ELECTRONIC DESIGN 

DIGITAL SINE-WAVE GENERATOR 

1Dk 

E IC28 
M~ 1114520 

00 01 02 Q3 

Fig. 102-9 

The sine-wave generator starts with an 8-MHz signal and divides it by eight to obtain I MHz at 

Cl (!Cl's 2-MHz and 500-kHz outputs can serve as alternate drive signals). Ql level-shifts the 1-MHz 

pulses so that they can drive the bipolar circuitry necessary for producing a bipolar output. Syn­

chronous counter IC2 divides 1 MHz by 256 to give the desired output frequency (3906 Hz), and IC3 

filters the harmonic frequencies. 
The filter's clock is taken from the first divide-by-2 tap of IC2 to assure a 50% duty cycle. IC2 fur­

ther divides this signal by 128 to ensure that the filter's input signal (1 MHz/256) falls within the flat 

portion of the filter response. 
The output of the switched-capacitor filter resembles a sampled sine wave. It can be smoothed 

by building a first- or second-order low-pass filter around the otherwise uncommitted output op amp. 
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SIGNAL SOURCE FOR AUDIO AMPLIFIER/INVERTER 
c 

~~1 

l x 10' 
t~--IU 

2CRC! 

When R is in ohms. 
When C is in µF. 

10 kil 

+ 
100 µF 

io kO 

1.5 ill 

lkil 

IN914 

Square-wave >--.---.- output 

10 kQ 

5.6 ill 

10 ill >-If-• 
Sine-wave 

output 

McGRAW-HILL Fig. 102-10 
Two op amps (741, etc .. ) are used in this oscillator circuit. A square wave is available and a sine 

wave, obtained by shaping the triangle waveform, is also provided. 

C1 

ELECTRONICS NOW 

SIMPLE TEST SIGNAL GENERATOR 

R1 
1MEO 
FREQ 

8 4 

"' R3 
SK 

GA.IN OUTPUT 

Fig. 102-11 

An NE555 generates signals for test purposes. Frequency range is from 20 Hz to IO kHz, de­
pending on the setting of SI. +Vis 5 V. 
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Waveguide Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 

707. The figure number in the box of each circuit correlates to the entzy in the Sources section. 

IO-GHz Waveguide Detector for Amateur Radio Use 
10-GHz Waveguide Transition for Amateur Radio Use 
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10-GHz WAVEGUIDE DETECTOR FOR AMATEUR RADIO USE 

73 AMATEUR RADIO TODAY 

314" 

I 
1~1 

1/4 

Threaded Type 
BNC, SMA Or N Connector 
(BNC Is Best Fit) 

RF Choke Made 
From Brass Slug 
.250 Dia. Insulate 
From Brass Tube 

Brass Block 
Snug Fit To 
Bottom Of 
1N23 Diode 

Waveguide 
Flange 

Xg Dimension = Back Of Waveguide To 
Center Of Probe Or Milter 

Fig. 103-1 

This shows the construction or a waveguide detector for use at the 10-GHz amateur radio fre­
quencies. 

10-GHz WAVEGUIDE TRANSITION FOR AMATEUR RADIO USE 

73 AMATEUR RADIO TODAY 

Flush Mount Type 
BNC, SMA Or N 
Connector 
Center Pin On 
Xg Back Of Guide 
Spacing 

Dimension From Flange To 
Probe Or Mixer Diode Not 
Critical, Space To Suit 
Your Needs 

Fig. 103-2 

A transistor adapts the waveguide to coaxial cable or other types or transmission lines. 
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White-Noise Generator Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Zener"Diode White-Noise Generator 
White-Noise Generator 
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WILLIAM SHEETS 

ZENER-DIODE WHITE-NOISE GENERATOR 

10 µF + 
16V T 5.1 v 

ZD 

+9V 

2.2 
k!l 

Fig. 104-1 

This circuit uses a Zener diode as a noise source. C is chosen to pass the lowest-desired fre­
quency components of the noise. 

WHITE-NOISE GENERATOR 

+24V 

10 µF 
+ b_ 

WILLIAM SHEETS Fig. 104-2 

Here, a 2N3904 E-B junction is used as a noise generator, reversed bias. C is chosen to pass the 
lowest-desired frequency components of the noise. 

706 



Sources 

Chapter 1 
Fig. 1-L QST, 2/D5, p. 58. 
Fig. 1-2. Analog Devices, Analog Dialogue, 

Vol. 26, No. 2, p. 5. 
Fig. 1-3. Reprinted with permission from 

Electronic Design, 2/95, p. 108. Copy­
right 1995, Penton Publishing, Inc. 

Fig. 1-4. 1994 Experimenters Handbook, 
p. 113. 

Chapter 2 
Fig. 2-1. Reprinted with pennission from 

Electronic Design, 10/94, p. 90. Copy­
right 1994, Penton Publishing, Inc. 

Fig. 2-2. Reprinted 1.'Vith permission from 

Popular Electronics, 1/94, p. 37. (CJ 
Copyright Gemsback Publications, Inc., 
1994. 

Fig. 2-3. Reprinted with permission from 
Popular Electronics, Fact Card No. 270. 

(CJ Copyright Gemsback Publications, 
Inc. 

Chapter 3 
Fig. 3-1. Reprinted with permission from 

Popular Electronics, 9/94, p. 26. (C) 
Copyright Gemsback Publications, Inc., 

1994. 
Fig. 3-2. Reprinted with permission frorrl 

Popular Electronics, 10/94, p. 48. (CJ 
Copyright Gernshack P_ublications, Inc., 
1994. 

Fig. 3-3. Reprinted with permission from 
Popular Electronics, 10/94, p. 35. (C) 
Copyright Gernsback Publications, Inc., 
1994. 

Fig. 3-4. Reprinted with permission front 

Popular Electronics, 10/94, p. 49. (CJ 
Copyright Gernsback Publications, Inc., 
1994. 

Fig. 3-5. Reprinted with permission from 
Popular Electronics, 5/95, pp. 69-70. 
(CJ Copyright Gernsback Publications, 
Inc., 1995. 

Fig. 3-6. Reprinted with pernli.ssion from 
Popular Electronics, 9/94, p. 24. (CJ 
Copyright Gernsback Publications, Inc., 
1994. 

Fig. 3-7. Reprinted with permission from 
Popular Electronics, 2/94, p. 37. (C) 
Copyright Gernsback Publications, Inc., 
1994. 

Fig. 3-8. Reprinted with permission from 
Popular Electronics, 5/95, p. 70. (CJ 
Copyright Gernsback Publications, Inc., 
1995. 

Fig. 3-9. Reprinted with permission front 
Popular Electronics, 9/94, p. 25 (CJ 

707 



Copyright Gernsbac.k Publications, Inc., 
1994. 

Fig. 3-10. Reprinted with permission from 
Popular Electronics, 4/%, p. 70. (C) 
Copyright Gernsback Publications, Inc., 
19D5. 

Fig. 3-11. Reprinted with permission fron1 
Popular Electronics, fi/9G, p. 71. (C) 
Copyright Gernshack Publications, Inc., 
1995. 

Chapter 4 
F'ig. 4-1. QST, 12/94, p. 36. 
Fig. 4-2. QST, 12/94, p. 35. 
Fig. 4-3. QST, 12/94, p. 34. 
Fig. 4-4. QST, 5/89, pp. 25-27. 
Fig. 4-5. 73 Amateur Radio .Today, 5/94, pp. 

58-f59. 
Fig. 4-6. 73 Amateur Radio Tuday, 8/89, p. 60. 
Fig. 4-7. QST, 4/%, p. 56. 
Fig. 4-8. QST, 7/94, p. 24. 
Fig. 4-9. QST, 3/95, p. 28. 
Fig. 4-10. QST, 10/94, p. 65. 
Fig. 4-11. 73 Amateur Radio Today, l/D5, p. 

32. 
Fig. 4-12. 73 Amateur Radio Today, 6/83, p. 

99. 
Fig. 4-13. 73 Amateur Radio Today, 10/94, 

p, 14. 
Fig. 4-14. 73 Amateur Radio Today, 5/94, p. 

10. 
Fig. 4-1 G. William Sheets. 
Fig. 4-16. QST, 4/%, p. 61. 
Fig. 4-17. QST, 10/94, p. 42. 
Fig. 4-18. 73 Amateur Radio Today, 6/94, p. 

48. 
Fig. 4-19. 73 Amateur Radio Today, 6/94, 

pp. 32-:34. 

Chapter 5 
:F'ig. 5-1. Reprinted with permission from 

Electronics Now, 7/94, p. :14. (C) Copy­
right Gemsback Publications, Inc., 1994. 

Fig. 5-2. Reprinted vvith pennission from 
Electronics Now, 7/94, p. 39. (C) Copy­
right GerrLsback Publications, Inc., 1994. 

Fig. 5-3. Reprinted with pennission frorrt 
Electronics Now, 7/94, p. 36. (C) Copy­
right Gcmsback Publications, Inc., 1994. 

Fig. 5-4. Williarn Sheets. 

708 

Fig. 5-5. 73 Amateur lladio Today, 9/94, p. 62. 
Fig. 5-6. QST, 11/94, p. 23. 
Fig. fi-7. QST, 12/94, p. 28. 
Fig. 5-8. Rudolf F. Graf and Williant Sheets. 
Fig. 5-9. Reprintf'.d with pennission from 

Radio-Electronics, September 1992, p. 
79. (CJ Copyright. Gernsback Publica­
tions, Inc., 1994. 

Chapter 6 
Fig. 6-1. Reprinted with permission from 

Electronic Design, 11/93, p. 102. Copy­
right 1993, Penton Publishing, lnc. 

Fig. 6-2. I{eprinted with pennission from 
Radio-Electronics, Experintenters Hand­
book, p. 4. (CJ Copyright Gcrnsback 
Publications, Inc., 1994. 

Fig. 6-3. -Max.int, Vol. III, New Releases Data 
Book, 1994, p. 8-17. 

Fig. 6-4. Maxim, Vol. Ill, New Releases Data 
Rook, 1994, p. 8-17. 

Fig. 6-5. Reprinted with perntission from 
Electronics Now, 2/94, p. 75. (CJ Copy­
right Gen1sback Puhlications, Inc., 1994. 

Fig. 6-6. Reprinted with permission of Na­
tional Semiconductor Corporation, Na­
tional Semiconductor Linear Applica­
tions Handbook !DD!, p. 492. 

Fig. 6-7. Amplifiers, Waveform Generators 
& Other Low-Cost IC Projects, McGraV\r­
Hill, pp. 104-lOfi. 

Fig. 6-8. Arnplifiers, Wavefornt Generators 
& Other Low-Cost IC Projects, McGraw­
Hill, p, 107. 

Fig. 6-9. Maxi1n, Vol. III, New Releases Data 
Book, l 994, p. 3-30. 

Fig. 6-10. Maxiin, Vol. TTI, New Releases 
Data Book, 1994, p. 8-18. 

Fig. 6-11. Linear Teclmology, 2/95. 
Fig. 6-12. Maxim, Vol. Ill, New Heleases Data 

!look, 1994, p. 8-18. 
Fig. 6-13. Linear Technology, 2/9fi. 
Fig. 6-14. Reprinted with permission of 

National Senticonductor Corporation, 
National .Semiconductor Linear Appli­
cations Handbook 1991, p. 594. 

Fig. 0-15. Power Supplies, Switching Regu­
lators, Inverters, and Converters, Mc­
Graw-Hill, pp. 127-128. 



Fig. 6-16. Reprinted with permission of 
National Semiconductor Corporation, 
National Serniconductor Linear Appli­
cations Handbook 1991, p. 501. 

Fig. 6-17. Reptinted with permission fro1n 
Electronics Now, f,/94, p. 12. (CJ Copy­
right Gerr1sback Publications, Inc., 1994. 

Fig. 6-18. Maxim, Vol. Ill, New Releases 
Data Book, 1994, p. 8-19. 

Chapter 7 
Fig. 7-1. Analog Devices, AD8001 Data Sheet. 

Fig. 7-2. Reprinted vvith perntission from 
Popular Electronics, 4/94, p. 47. (CJ 
Copyright Gernsback Publications, Inc., 
1994. 

Chapter 8 
Fig. 8-1. 73 Amateur Radio Today, 12/93, p. 

32. 
Fig. 8-2. Reprinted with perrnission ·from 

Electronic Design, 2/95, p. 107. Copy­
right 1995, Penton Publishing, Inc. 

Fig. 8-3. Reprinted with permission fron1 
Electronics Now, 11/93, p. 31. (CJ Copy­
right Gemshack Publications, Inc., 1993. 

F'ig. 8-4. Reprinted with permission fro1n 
Electronics Now, 5/94, p. 49. (C) Copy­
right Gemshack Publications, Inc., 1994. 

Fig. 8-5. QST, 5/95, p. ,% 

Fig. 8-5. QST, 5/95, p. 35. 
Fig. 8-7. William Sheets. 

Chapter 9 
Fig. 9-1. QST, 10/94, p. 4 7. 
Fig. 9-2. Reprinted \Vith permission fro1n 

Popular Electronics, 12/94, p. 88. (C:) 
Copyright Gernsback Publications, Inc., 
1994. 

Chapter 10 
Fig. 10-1. Heprinted with permission from 

Electronics Now, 5/94, p. :J4. (CJ C:opy­
right Gernsback Publications, Inc., 1994. 

Fig. 10-2. Heprinted \Vith permission from 
Electronics Now, 5/93, p. 65. (C) C:opy­
right Gernsback Publications, Inc., 1992. 

Fig. 10-3. William Sheets. 
Fig. 10-4. William Sheets. 

Fig. 10-5. Reprinted with penn.ission from 
Popular Electronics, J 2m4, p. 31. (CJ 
Copyright Gerr1sback Publications, Inc., 
1994. 

Fig. 10-6. William Sheets. 
Fig. 10-7. William Sheets. 
Fig. 10-8. Hcprinted with permission from 

Electronics Now, 8/94, p. 12. (CJ C:opy­
right Gernsback Publications, Inc., 1994. 

Fig. 10-9. Analog Devices, The Best of Ana­
log Dialogue, 1967-1992, p. 180. 

Fig. 10-10. Analog Devices, Analog Dia­
logue, Vol. 27, No. 2 (1998J, p. 22. 

Fig. 10-11. Reprinted with permission from 
Popular Electronics, Fact Card No. 229. 

(C:) Copyright Gemshack Publications, 
Inc. 

Fig. 10-12. William Sheets. 
Fig. 10-13. William Sheets. 
Fig. 10-14. William Sheets. 
Fig. 10-15. William Sheets. 
Fig. 10-16. Analog Devices, The !lest of Ana-

log Dialogue, 1967-1991, p. 180. 
Fig. 10-17. William Sheets. 
Fig. 10-18. William Sheets. 
Fig. 10-19. Gordon McContb's Gadgeteer's 

Goldmine, McGraw-Hill, p. 329. 

Chapter 11 
Fig. 11-1. William Sheets. 
Fig. 11-2. Reprinted with permission of 

National Semiconductor Corporation, 
National Semiconductor Linear Appli­
cations Handbook 1991, p. 1058. 

Fig. 11-3. William Sheets. 
Fig. 11-4. Reprinted with per1nission of 

National Se1niconductor Corporation, 
National Semiconductor Linear Appli­
cations Handbook 1991, p. 1060. 

Fig. 11-5. Reprinted with permission of 
National Semiconductor Corporation, 
National Semiconductor Linear Appli­
cations Handbook 1991, p. 253. 

Fig. 11-6. William Sheets. 
Fig. 11-7. Reprinted with permission frorn 

Popular Electronics, 1/95, p. 54. (CJ 
Copyright Gerr1sback Publications, Inc., 
1995. 

Fig. 11-8. Reprinted with perrrtission from 

709 



Popular !electronics, l/9G, p. 54. (C) 
Copyright Gernshack Publications, Inc., 
1995. 

Fig. 11-9. Reprinted with permission of 
National Senticonductor Corporation, 
National Serniconductor Linear Appli­
cation Specific !C's Dat.abook 1990, p. 
1-14. 

Fig. llclO. William Sheets. 
Fig. 11-11. William Sheets. 
Fig. 11-12. Reprinted with permission of 

National Senticonductor Corporation, 
National Semiconductor Linear Appli­
cations Handbook 1991, p. 199. 

Fig. 11-1:3. William Sheets. 
Fig. 11-14. Reprinted with per1nission of 

National Sernlconductor Corporation, 
National SenUconductor Linear Appli­
cations Handbook, 1991, p. 198. 

Fig. 11-15. Reprinted with perrnission of 
National Semiconductor Corporation, 
National Semiconductor Linear Edge, 
#8, p. 14. 

Fig. 11-16. William Sheets. 
Fig. 11-17. QST, 12/94, p. 44. 
Fig. 11-18. Reprinted 'With pern1ission of 

National Semiconductor Corporation, 
National Scnliconductor Linear Appli­
cations Handbook 1991, p. 1059. 

Fig. l"l-19. Reprinted with perniission of 
National Semiconductor Corporation, 
National Semiconductor Linear Appli­
cations Handbook 1991, p. 1059. 

Fig. 11-20. Reprinted with pernrission from 
Popular Elcctrortics, 5/94, p. 80. (CJ 
Copyright Gernsback Publications, Inc., 
1994. 

Chapter 12 
Fig. 12-1. Heprinted with pc-rmission from 

Popular Electronics, 4/95, p. 47. (CJ 
Copyright Gemsback Publications, lnc., 
1995. 

Fig. 12-2. Reprinted with permission from 
Popular Electronics, 3/95, p. 67. (CJ 
Copyright <..1ernsback Publications, Inc., 
199G. 

Fig. 12-3. William Sheets. 
Fig. 12-4. William Sheets. 

710 

Fig. 12-5. Reprinted with pernrission from 
Popular Electronics, 4/95, p. 70. (CJ 
Copyright Gernsback Publications, Inc., 
1095. 

Fig. 12-6. Electrortics Now, 4/94, p. 25. 
Fig. 12-7. Reprinted with permission frorn 

Popular Electronics, 5/95, p. 69. (CJ 
Copyright Gernsback Publications, Inc., 
1995. 

Fig. 12-8. Reprinted with pennission from 
Radio-Electronics, June 1984, p. 39. (CJ 
Copyright Gernsback Publications, Inc., 
1984. 

Fig. 12-9. Reprinted vvi.th pemlission from 
Radio-Electronics, 1994 Electronics Ex­
perimenters Handbook, p. 37. (CJ Copy­
right Gernsbal'.k Publications, Inc., 1994. 

Fig. 12-10. William Sheets. 
Fig.12-11. Power Supplies, Switching Heg­

ulators, Inverters, and Converters, Mc­
Graw-Hill, p. 104. 

Fig. 12-12. Reprinted with pernrission from 
Popular Electronics, 6/95, p. 32. (C) 
Copyright Gernsback Publications, Inc., 
1995. 

Fig. 12-13. Reprinted with permission from 
Popular Electronics, 4/95, p. 68. (C) 
Copyright Gernsback Publications, Inc., 
1995. 

Fig.12-14. Reprinted with pP-rmission fro1n 
Popular Electronics, 4/95, p. 68. (C) 
Copyright Gernsback Publications, Inc., 
1995. 

Fig. 12-15. Blectronics Now, 4/95, p. 18. 
Fig. 12-16. Reprinted with permission from 

Popular Electronics, 6/95, p. 30. (CJ 
Copyright Gernsbal'.k Publications, lnl'.., 
1995. 

Chapter 13 
Fig. 13-1. Reprinted with permission fro1n 

ElPctro11ics Now, 5/9fi, p. 65. (C) Copy­
right Gernsback Publications, Inc., 1995. 

Fig. 13-2. Reprinted with permission fron1 
Electronics Now, 10/94, pp. 65-66. (C) 
Copyright Gemshack Publications, Inc., 
1994. 

Fig. 13-3. William Sheets. 
Fig. 13-4. Reprinted with pern-U.ssion from 



Electronic Design, 6/94, pp. 42-43. Copy­
right 1994, Penton Puhlishing, Inc:. 

Fig. 13-5. Hcprintcd with pem-Ussion from 
Popular Electronics, 6/95, p. 32. (C) 
Copyright Gerr1sback Publications, Inc., 
1995. 

Fig. 13-6. l{eprinted with permission fron1 
Electronic Design, 6/94, p. 42. Copy­
right 1994, Penton Publishing, Inc. 

Fig. 13-7. Linear Teclmology, Design Note 
#98. 

Fig. 18-8. 73 Amateur Radio Today, 6/93, p. 
41. 

Fig. 13-9. 7;3 Amateur Radio Today, 6/93, p. 
35. 

Fig. 13-10. Reprinted with permission from 
Electronic Design, 6194, p. 42. Copy­
right 1994, Penton Publishing, Inc. 

Fig. 13-11. Reprinted vvith permission from 
Popular Electronics, 6/93, p. 76. (C) 
Copyright Gernsback Publications, Inc., 
1993. 

Fig. 13-12. 73 Amat.eur Radio Today, G/9;i, 
p. 69. 

Chapter 14 
Fig. 14-1. Reprinted with permission from 

Electronic f)esign, 1/95, pp. 81-82. Copy­
right 1995, Penton Publishing, lnc. 

Fig. 14-2. Spring 1994 Electronics Hobbyist 
Handbook. 

Fig. 14-3. Reprinted with permission of 
National Semiconductor Corporation, 
National Senliconduclor Linear Appli­
cations Handhook 1991, p. 499. 

Fig. 14-4. Heprinted with permission from 
Popular Electronics, 3/92, p. 74. (C) 
Copyright Gemsbar.k Publir.ations, Inc., 
1992. 

Fig. 14-5. Maxim, Vol. III, New Releases Data 
Book, 1994, p. 529. 

Fig. 14-fi. Reprinted with permission from 
Radio-Electronics, June 1984, p. DO. 

Fig. 14-7. Reprinted with per1nission of 
National Semiconductor Corporation, 
National Semiconductor Linear Appli­
cations llandbook 1991, p. 498. 

Fig. 14-8. QST, 10/94, p. 75. 
Fig. 14-9. Laser Cookbook, McGraw-Hill, p. 

183. 

Chapter 15 
Fig. 15-1. Reprinted with perrnission of 

Burr-Brown Corporation, Burr-Brown 
Data Sheet 1NA118, (CJ 1989-1995 
Ilurr~Brown Corporation. 

Fig. 15-2. Reprinted with permission from 
Popular Electronics, 3/94, p. 83. (CJ 
Copyright Gernsback Publications, Inc., 
1994. 

Fig. 15-3. Reprinted with permission from 
Popular Electronics, Fact Card No. 248. 
(C) Copyright Gernsback Publications, 
Inc. 

Chapter 16 
Fig. 16-1. Analog Devices, The. Best of Ana­

log Dialogue, 1967-1991, p. 180. 
Fig. 16-2. William Sheets. 
Fig. !G-3. Analog Devices, Analog Dialogue, 

Vol. 26, No. 2, 1992, p. 17. 
Fig. 16-4. Analog Devices, Analog Dialogue, 

Vol. 26, No. 1, 1992, p. 12. 
Fig. 16-5. Reprinted with pem1ission of 

National Serniconductor Corporation, 
National Semiconductor Linear Appli­
cations Handbook 1991, p. 542. 

Fig. 16-6. Analog Devices, The Best of Ana­
log Dialogue, 1967-1991, p. 117. 

Fig. 1G-7. Reprinted with permission of 
National Semiconductor Corporation, 
National Semiconductor Linear Appli­
cat.ions Handbook 1991, p. 543. 

f'ig. 16-8. Hcprintcd with permission from 
Electronic Design, 8/94, p. 104. Copy­
right 1994, Fenlon Publishing, Inc. 

Fig. 15-9. Linear Technology, f)esign Note 
#89. 

Chapter 17 
Fig. 17-1. Reprinted with permission from 

Elect.ronic Design, 11/94, p. 115. Copy­
right 1994, Penton Publishing, Inc. 

Fig. 17-2. Reprinted with penn.ission front 
Electrortics Now, 3/95, p. 8. (C) Copy­
right Gernsback Publications, Inc., 1995. 

Chapter 18 
Fig. 18-1. Reprinted with permission from 

Electronic Design, 4/89, p. 108. Copy­
right 1989, Penton Publishing, Inc. 

711 



Fip;. 18-2. Reprinled with per1nission front 
1'\cctronic Design, 10/94, pp. 107-108. 
Copyright 1 UU4, Penton Publishing, Inc. 

Fig. 18-3. 1994 Electronic Experi1nenters 
Handbook, p. 99. 

Fig. 18-4. RP.printed with pP.rmission from 
Electronic Design, 12/U4, p. 115. Copy­
right 1994, Penton PuLlishing, Inc. 

Fig. 18-5. Maxim, V'ol. Ill, Ne\v Releases 
l)ata Book, 1994, p. 5-17. 

Fig. 18-6. Reprinted 1Nith permission frorn 
Electronic Design, 10/94, p. 101. Copy­
right 1994, Penton Publishing, Tnc.. 

Fig. 18-7. Maxim, Vol. 111, Ncvv Hclcascs 
Data Book, 1994, p. 4-107. 

Fig. 18-8. Reprinted with per1nission front 
Elec.tronic f)esign, 1/84, p. 440. Copy­
right 1984, Penton Publishing, Inc. 

Fig. 18-9. Reprinted with pennission from 
Electronics Now, 5/95, p. 44. (C) Copy­
right Gemsback Publications, Inc., 1994. 

Chapter 19 
Fig. 19-1. Reprinted with permission from 

Electronic Design, :J/95, p. 111. Copy­
right 1995, Penton PuLlishi11g, Inc. 

Fig. 19-2. Reprinted with permission from 
Electronics Novv, 8/94, p. 8. (C) Copy­
right Gernsback Publications, Inc., 1994. 

Fig. 19-3. Reprinted with permission frorn 
Electronics Now,4/95, p. 83. (C) Copy­
right Gernsback Publications, Inc., 1995. 

Fig. 19-4. Sowul Light and Music, Dellon T. 
Hom, McGraw-Hill, p. 168. 

Chapter 20 
Fig. 20-1. Radio Craft, 199:3, p. G4. 
Fig. 20-2. William Sheets. 
Fig. 20-3. Power Supplies, Swit<.~hing Regu­

lators, Inverters, and Converters, Mc­
Graw-Hill, p. 97. 

·Fig. 20-4. Analog Devices, Analog Dialogue, 
Vol. 27, No. 2 (1993), p. 21. 

Fig. 20-G. Power-Supplies, Switching R.cgu­
lators, Inverters, and Converters, Mc­
Graw-Hill, p. 103. 

Fig. 20-G. William Sheets. 
Fig. 20-7. Power Supplies, Switching Regu­

lators, Inverters, and Converters, Mt> 
Graw-Hill, pp. 170-173. 

712 

Fig. 20-8. Maxim, Vol. III, New Releases 
Data Book, 1994, p. 4-79. 

Fig. 20-U. Hcprintcd ¥.1th permission from 
Electronic Design, 11/93, p. 89. Copy­
righl 1995, PeILton PuLlishing, Inc. 

Fig. 20-10. Reprinted with pemtission of 
Burr-Brown Corporation, Burr-Brown 
Data Sheet INA118, (CJ 1989-1995 
Burr-Brown Corporation. 

b'lg. 20-11. Hcprlnted with permission from 
Radio-Electronics Experirnenters .Hand­
book, p. 76. (C) Copyright Gernsback 
P11hlications, Inc., 1994. 

Fig. 20-12. Hcprintcd with permission from 
Radio-Electronics Experirnenters Iland­
book, p. 76. (C) Copyright Gernsback 
P11hlir.ations, Inc., 1994. 

b'ig. 20-1:3. Amplifiers, Waveform Genera­
tors & Other Low-Cost IC Projects, Mc­
Graw-Hill, pp. 65-66. 

Fig. 20-14. Reprinted with permission from 
Electronic l)esign, :J/U5, p. 96. Copy­
right 1995, Penton Publishing, Inc. 

Fig. 20-lf>. Reprinted with permission from 
Electronic l)esign, :J/D5, pp. 04-96. 
Copyright 1995, Penton Publishing, Inc. 

Fig. 20-15. Analog Devices, The Best of 
Analog Dialogue, 1967-1991, p. 75. 

Chapter 21 
Fig. 21-1. Reprinted with permission from 

Popular Electronics, 2/94, p. 80. (C) 
Copyright GernsLack Publications, lnl'.., 
1994. 

Fig. 21-2. Ileprinted with permission frofft 
Popular Electronics, 2/94, p. 81. (C) 
Copyright Gernshac.k Puhlications, Tnc.., 
1994. 

Fig. 21-3. Reprinted with pern1ission from 
Popular Electronics, 2/R4, p. 81. (C) 
Copyright Gcrnsback Publications, Tnc., 
1994. 

Fig. 21-4. Reprinted with perrnission fro1n 
Popular Electronics, 2/94, p. 80 .. (C) 
Copyright Gernsback Publications, Inc., 
1994. 

Fig. 21-G. William Sheets. 
Fig. 21-6. Reprinted with permission from 

Popular Electronics, 2/94, p. 90. (C) 
Copyright. Gemshack Puhlications, Tnc., 
1UU4. 



Fig. 21-7. William Sheets. 
Fig. 21-8. Reprinted with penn.ission from 

Radio-Electronics Experimenters Hand­
book, p. 75. (C) Copyright Gcrnshack 
Publications, Inc., 1994. 

Fig. 21-9. Reprinted with pennission from 
Radio-Electronics Experimenters Hand­
book, p. 76. (C) Copyright Gcmsback 
Publications, Inc., 1994. 

Fig. 21-10. Radio Craft., 1993, p. 63. 
Fig. 21-11. J{cprintcd with permission from 

Radio-Electronics Experimenters I-land­
hook, p. 76. (C) Copyright Gemsback 
Publications, Tnc., 1994. 

Chapter 22 
Fig. 22-1. Reprint.ed lNith perrnission frorn 

Popular Electronics, 5/95, pp. 30-31. 
(C) Copyright Gernsback Publications, 
Inc., 1995. 

Fig. 22-2. Reprinted with permis.sion of 
National Sen1iconductor Corporation, 
National Serniconductor Linear Appli­
cations Handbook 1991, p. 245. 

Fig. 22-:J. Reprinted vvith permission of 
National Se1niconductor Corporation, 
National Semiconductor Linear Appli­
cations llandbook l!J!Jl, p. 245. 

Fig. 22-4. Reprinted vvith permission of 
National Semiconductor Corporation, 
National Semiconductor Linear Appli­
cations Handbook, 1991, p. 245. 

Chapter 23 
Fig. 23-1. 73 Amateur Haclio Today, 3/95, p. 

62. 
Fig. 23-2. William Sheets. 
Fig. 23-3. Linear Teclmology, l)esign Note 

#86. 
Fig. 23-4. Maxim, Vol. TH, New __ Releases 

Data !look, 1094, p. 4-92. 
Fig. 23-5. Reprinted with pennission from 

Popular Electronics, 1/94, p. 73. (C) 
Copyright Gcrnsback Puhlications, Inc., 
1994. 

Chapter 24 
Fig. 24-1. Reprinted with permission from 

Eleclrorrics Now, 11/93, p. 53. (C) Copy­
right G0mshack Pnhlications, Inc., 1993. 

Fig. 24-2. Reprinted with permission of 
National Semiconductor Corporation, 
National Se1niconductor Linear Appli­
cations Handbook 1991, p. 300. 

Fig. 24-3. William Sheets. 
Fig. 24-4. Reprinted with pcnnission from 

Electronics Now, 3/95, p. 86. (CJ Copy­
right. Gemsback Publications, Inc., 1995. 

Fig. 24-5. Heprintcd -with permission from 
Electronics Now, 3/95, p. 86. (CJ Copy­
right Gen1sback Publications, Inc., 1995. 

Chapter 25 
Fig. 25-1. Reprinted with per1nission of 

National Semiconductor Corporation, 
National Semiconductor Linear Appli­
cations Handbook 1991, p. 267. 

Fig. 25-2. Reprinted with pennission from 
Electronics Now, 8/9:3, p. 12. (CJ Copy­
right Gernsback Publications, lnc., 1993. 

Chapter 26 
Fig. 26-1. Reprinted >vith permission of 

National Senticonductor Corporation, 
National Semiconductor Linear Appli­
cations Iiandbook, 1991, p. 541. 

Fig. 26-2. Reprinted with pennission frorn 
Blcctronic Design, 12/94, p. 129. Copy­
right 1994, Penton Publishing, lnc. 

Fig. 26-3. 1994 Analog Application Issue, 
Electronic Design, June 27, 1994. 

Fig. 26-4. Reprinted with permission fron1 
Popular Electronics, 10/U4, p. 82. (C) 
Copyright Gen1sback Publications, Inc., 
19D4. 

Fig. 26-5. Reprinted with permission from 
Popular Electrorrics, 12/94, p. 30. (C) 
Copyright Gcmshack Puhlications, Inc., 
1994. 

Fig. 26-6. Reprinted with pennission from 
Blectronics Now, 3/94, p. 68. (C) Copy­
right Gernsback Publications, Tnc., 1994. 

Fig. 26-7. Reprinted with permission of 
National Sen1iconductor Corporation, 
National Semiconductor Linear Appli­
cations Handbook, 1991, p. 271. 

Fig. 26-8. Reprinted with pennission from 
Popular Electronics, Fact Card No. 249. 
(CJ Copyright Gemsback Publications, 
Inc. 

713 



Fig. 26-!J. Reprinted with pennission of 
National Semiconductor Corporation, 
National Semiconductor Linear Appli­
cations Handbook, l!J!Jl, p. 271. 

Fig. 26-10. Reprinted with pennission--frorn 
Electronic Design, 9/94, p. 1:16. Copy­
right 1994, Penton Publishing, Inc. 

Fig. 26-11. Reprinted with pemtission from 
Electronic Design, 1/95, p. 81. Copy­
right 19%, Penton Publishing, Inc. 

Fig. 26-12. Reprinted with pemtission from 
Electronics Now, 11/93, p. 8. (C) Copy­
right Gernshack Publications, Inc., 1993. 

Fig. 26-13. Reprinted with permission from 
Electro1tics Now, 3/94, p. 67. (C) Copy­
right Gerr1sback Publications, Inc., 1994. 

Fig. 26-14. Reprinted with permission from 
Blcctronic Design, 5/90, p. 79. Copy­
right 1990, Penton Publishing, Inc. 

Fig. 26-15. Reprinted with permission from 
Popular Blectronics, Fact Card No. 270. 
(CJ Copyright Gernsback Publications, 
Inl'.. 

Fig. 26-16. Reprinted with permission from 
Popular Electronics, Fact Card No. 270. 
(C) Copyright Gernsback Publications, 
Inc. 

Fig. 26-17. Reprinted with pernlission frorn 
Popular Electrorlics, Fact Card No. 269. 
(C) Copyright Gernshack Publications, 
Inc. 

Fig. 26-18. Reprinted with pernlission from 
Popular Electronics, Fact Card No. 269. 
(CJ Copyright Gemsback Publications, 
Inc. 

Fig. 26-19. Linear Technology, Design Note 
88. 

Fig. 26-20. Reprinted with permission front 
Popular Electronics, 10/94, p. 82. (C) 
Copyright Gcrnsback Publications, Inc., 
1994. 

Chapter 27 
Fig. 27-1. Arnplifiers, Waveform Generators 

& Other Low-Cost IC Projects, McGraw­
Hill, p. 37. 

Fig. 27-2. Max.int, Vol. III, New Releases 
Data Book, 1994, p. 3-45. 

714 

Chapter 28 
Fig. 28-1. Reprinted with permission from 

Electronics Now, 3/95, p. 64. (C) Copy­
right Gemsback Publications, Inc., 1995. 

Fig. 28-2. Reprinted with perrnission from 
Popular Electronics, 1194, p. 24. (C) 
Copyright Gernsback Publications, Inc., 
1994. 

Fig. 28-3. Reprinted with permission from 
Popular Electronics, 1/94, p. 25. (C) 
Copyright Gemsback Publications, Inc., 
1994. 

Fig. 28-4. Linear Technology, Advertise­
ment. 

Fig. 28-5. Maxim, Vol. III, New Releases 
Data Book, 1994, p. 3-127. 

Fig. 28-6. Sound Light and Music, Delton T. 
Hom, McGraw-Hill, pp. 132-135. 

Fig. 28-7. Reprinted with permission from 
Popular Electronics, 2/94, p. 26. (C) 
Copyright Gemsback Publications, Inc., 
1994. 

Fig. 28-8. Reprinted with permission from 
Electronic Design, 12/93, p. 7 4. Copy­
right 1993, Penton Publishing, Inc. 

Fig. 28-9. Reprinted with permission from 
Electronics Now, 3/95, p. 61. (CJ Copy­
right Gemsback Publications, Inc., 1994. 

Chapter 29 
F'ig. 29-1. Linear Technology, 2/95. 
Fig. 29-2. Analog Devices, Analog Dialogue, 

Vol. 26, No. 2, 1992, p. 18. 
F'ig. 29-3. Reprinted with pemtission from 

Popular Electronics, 10/94, p. 24. (C) 
Copyright Gernsback Publications, Inc., 
1994. 

Fig. 29-4. Analog Devices, Analog Dialogue, 
Vol. 26, No. 2, 1992, p. 12. 

Fig. 29-f.i. Reprinted with permission of 
National Semiconductor Corporation, 
National Senliconductor Linear Appli­
cations Handbook, 1991, p. 542. 

Fig. 29-6. Reprinted with pennission from 
Popular Electronics, 1/94, p. 24. (C) 
Copyright Gernsback Publications, Inc., 
1994. 

Fig. 29-7. 73 Amateur Radio Today, 3/95, p. 
62. 



Fig. 29-8. Reprinted with permission fron1 
Popular Electronics, 11/94, p. 31. (C) 
Copyright (-Jemsback Publications, Inc., 
1994. 

Fig. 29-9. Analog Devices, Analog Dialogue, 
Vol. 27, No. I (1993), p. 17. 

Fig. 29-10. Reprinted with . .permission from 
Jelcctronic Design, 7/94, p. 62. Copy­
right 1994, Pent.on Publishing, Inc. 

Fig. 29-11. Reprinted with per1nission of 
National Sen1iconductor Corporation, 
National Se1niconductor Linear Appli­
cations Handbook, 1991, p. 541. 

Fig. 29-12. Analog Devices, Analog Dia­
logue, Vol. 27, No. I (1993), p. 16. 

Fig. 29-13. Reprinted "With pennission fro1n 
Electronic Design, 9/94, p. 135. Copy­
right 1994, Penton Publishing, Inc. 

Chapter 30 
Fig. 30-1. Iteprinted with permission from 

Popular Electronics, 4/95, pp. 29-:Jo. 
(C) Copyright Gcrnsback Publications, 
Inc., 1995. 

Fig. 30-2. Reprinted vvith permission fron1 
Popular Electronics, 4/95, p. 31. (C) 
Copyright Gernsback Publications, Jnr.., 
1995. 

Fig. :J0-:3. Reprinted with permission front 
Popular Electronics, 4/95, p. 30. (C) 
Copyright Gen1sback Publications, Inc., 
1995. 

Chapter 31 
Fig. 31-1. Laser Cookbook, McGraw-Hill, p. 

231. 
Fig. 31-2. Laser Cookbook, McGraw-Hill, p. 

231. 

Chapter 32 
Fig. :32-1 . He.printed with permission from 

Electronic Design, 2/95, p. 115. Copy­
right 1995, Pent.on Publishing, Inc. 

Fig. 32-2. Amplifiers, Wavefonn Genera­
tors, & Other Low-Cost IC Projects, Mc­
Graw-Hill, p. 186. 

Fig. 32-3. Amplifiers, Wavefor1n Generators 
& Other Low-Cost IC Project.s, McGraw­
Hill, p. 193. 

Fig. 32-4. Radio-Electronics Experiinenters 
Handbook, p. 66. 

Fig. :32-5. Reprinted with pennission from 
Electronic Design, 12/94, p. 104. Copy­
right 1994, Pent.on Publishing, Inc. 

Fig. 32-6. Reprinted with perrnission from 
Electronic Design, 0/94, p. 79. Copy­
right 1994, Pent.on Publishing, Inc. 

Fig. 32-7. William Sheets. 
Fig. 32-8. Reprinted ¥.Tith permission from 

Popular Electronics, 12/94, p. 42. (C) 
Copyright Gcrnsback Publications, Inc.., 
1994. 

Fig. 02-9. Reprinted with pcrrnission of 
National .Semiconductor Corporation, 
National Semiconductor ,Linear Appli­
cations Handbook, 1991, p. 1202. 

Fig. 32-10. Radio Receiver Projects You Can 
Build, McGraw-Hill, p. 165. 

Fig. 32-11. Badio Receiver· Projects You Can 
Iluild, McGraw-Hill, p. 291. 

Fig. 32-12. Reprinted with pernlission fro1n 
Electronic Design, 8/94, p. 102. Copy­
right 1994, Penton Publishing, Inc. 

Fig. 32-13. Amplifiers, Waveform, Genera­
tors & ()ther Low-Cost IC Projects, Mc­
Graw-Hill, p. 178. 

Fig. 32-14. Reprinted with pern1ission of 
National Senliconductor Corporation, 
National Se1niconductor Linear Appli­
cations Handbook, 1991, p. 229. 

Fig. 32-15. Linear Techi1ology, 2/95. 
Fig. 32-16. Reprinted with permission of 

National Semiconductor Corporation, 
National .Semiconductor Linear Appli­
cations Handbook, 1991, p. 1187. 

Fig. :J2-l 7. Reprinled with permission of 
National Semiconductor Corporation, 
National Semiconductor Linear Appli­
cations Handbook, 1991, p. 1187. 

Fig. 32-18. Ainplifiers, Waveform Genera­
tors & Other Low-Cost IC Projects, Mc­
Graw-Hill, p. 222. 

Fig. 02-19. Analog Devices, The Best of 
Analog Dialogue, 1967-1991, p. 79. 

Fig. 32-20. Heprinted with permission of 
National Se1niconductor Corporation, 
National Semiconductor Linear Appli­
cations Handbook, 1991, p. 1032. 

715 



Fig. 32-21. Linear Teclu1ology, Design Note 
#84. 

Fig. :32-22. Hcprinted with permission of 
National Sen1iconductor Corporation, 
National Senliconductor Li.near Appli­
cations Handbook, 1991, p. 1202. 

Fig. :32-23. Amplifiers, Waveform Genera­
tors, & Other Low-Cost IC Projects, Mc­
Graw-Hill, p. 180. 

Fig. 32-24. Amplifiers, Waveform Genera­
tors, & Other Low-Cost IC Projects, Mc­
Graw-Hill, p. 185. 

Fig. 32-25. Amplifiers, Waveform Genera­
tors & Other Low-Cost IC Projects) Mc­
Graw-Hill, p. 201. 

Fig. 32-20. Linear Technology, Design Note 
#89. 

Fig. :32-27. Reprinted with permission of 
National Serniconductor Corporation, 
National Semiconductor Linear Appli­
cations Handbook, 1991, p. 1015. 

Fig. 32-28. Reprinted with perrnission of 
National Semiconductor Corporation, 
National Semiconductor Linear Appli­
cations Handbook, 1991, p. 228. 

Chapter 33 
Fig. 33-1. Reprinted with pennission frorn 

Popular Electronics, 5/95, pp. 57-59. 
(C) Copyright Gcmsback Publications, 
lnc., 1995. 

Fig. 33-2. Reprinted with perrnission fron1 
Popular Blcctronics, 6/95, p. 77. (C) 
Copyright Gernsback Publications, Inc., 
1995. 

Fig. 33-3. Reprinted with permission from 
Popular Electronics, 6/95, p. 78. (C) 
Copyright Gernsback Publications, Inc., 
1995. 

Fig. ;3;3_4, Heprinted with permission from 
Popular Electronics, 1/94, p. 73. (CJ 
Copyright Gemsback Publications, Inc., 
1994. 

Fig. 3:3-5. Sound Light and Music, Delton T. 
Horn; McGraw-Hill, p. 34. 

Fig. 33-0. Reprinted with permission from 
Popular Electronics, 5/U:J, p. 70. (C) 

716 

Copyright Gernsback Publications, Inc., 
1998. 

Fig. :33-7. Heprinted with permission fron1 
Popular Electronics, 5/93, p. 70. (CJ 
Copyright Gernsback Publications, Inc., 
1998. 

Fig. 33-8. Heprinted with permission from 
Popular Electronics, 5/93, p. 72. (CJ 
Copyright Gemsback Publications, Inc.., 
1993. 

Fig. 33-9. Reprinted vvith pennission fro1n 
Popular Electronics, 2/94, p. 25. (C) 
Copyright Gcrnsback Publications, Inc., 
1994. 

Chapter 34 
Fig. 34-1. Reprinted with perrnission of 

National Semiconductor Corporation, 
l\fational Semiconductor Linear Appli­
cations Handbook, 1991, p. 241. 

Fig. 34-2. Reprinted with permission of 
National Semiconductor Corporation, 
National Semiconductor Linear Appli­
cations Handbook, 1991, p. 241. 

Chapter 35 
Fig. 35-1. Hcprintcd with permission from 

Electronic Design, 2/94, p. 115. Copy­
right 1994, Penton Publishing, Inc. 

Fig. 35-2. Analog Devices, The Rest of Ana~ 
log Dialogue, 1967-1991, p. 75. 

Chapter 36 
Fig. :3G-l. Reprinted with permission from 

Electronics Now, 4/94, pp. 41-45. (C) 
Copyright Gerr1sback Publications, Inc., 
1994. 

Fig. 06-2. Reprinted -with permission fron1 
Electronics Now, 5/95, pp. 53-55. (CJ 
Copyright Gernsback Publications, Tnc., 
1995. 

Fig. 36-3. Reprinted with pernlission fro1n 
Popular Electronics, Fact Card No. 249. 
(C) Copyright .. (}crnsback Publications, 
Inc. 

Fig. 36-4. Reprinted with permission frorn 
Electronic Design, 10/94, p. 110. Copy­
right 1994, Penton Publishing) Inc. 



Fig. 36-5. Heprinted with per1nission of 
National Senticonductor Corporation, 
National Semir.onductor Linear Appli­
cations Handbook, 1991, p. 368. 

Chapter 37 
Fig. 37-1. Reprinted with permission fron1 

Popular Electronics, 9/94, p. 81. (C) 
Copyright GernsLack Publications, Inc., 
1994. 

Fig. 37-2. Reprinted with permission fro1n 
Popular Electronics, 9/94, p. 83. (C) 
Copyright Gernsback Puhlications, Ine., 
1994. 

Fig. 37-3. Reprinted with pennission fro1n 
Popular Electronics, 4/94, p. 79. (C) 
Copyright Gernsback Puhlications, Inc., 
1994. 

Fig. 37-4. Reprinted with permission front 
Popular Electronics, 12/94, pp. 44-47. 
(C) Copyright Gernshack Publications) 
Inc., 1994. 

Fig. :37-5. Heprinted with pennission front 
Popular Electronics, 4/94, p. 80. (C) 
Copyright Gernsback Publications, Inc., 
1994. 

F'ig. :J7-6. Reprinted with permission from 
Popular Electronics, 9/94, p. 81. (CJ 
Copyrtght Gcrnsback Publications, Inc., 
1994. 

Fig. 37-7. Reprinted with permission from 
Popular Electronics) 9/94, pp. 83 and 
92. (CJ Copyright Gernsback Publica­
tions, Inc., 1994. 

Fig. 37-8. Reprinted with pennission fro1n 
Popular Electronics, 5/93, p. 62. (C) 
Copyrighl Gemshack Publications, Inc., 
199:1. 

Fig. :37-9. lteprinted with pennission front 
Popular Electronics, 4/94, p. 78. (C) 
Copyright Gernsback Publications, Inc., 
1994. 

Fig. 37-10. Reprinted with perrnission from 
Popular Elecl.ronics, 4/94, p. 78. (CJ 
Copyright Gcrnsback Publications, Inc., 
1994. 

Fig. 37-11. Reprinted with permission from 

Popular Electronics liobbyist Hand­
book, 1991, p. 4. (C) Copyright Gerns­
back Publications, Inc., 1991. 

Chapter 38 
Fig. 38-1. Reprinted with permission from 

1987 Hadio-Electronics Experiinenters 
Handbook, p. 63. (C) Copyright. Gems­
back Publications, Inc.., 1987. 

Fig. 38-2. Reprinted with permission fron1 
Popular Electronics, 1/94, p. 62. (C) 
Copyright Gernsback Puhlic:ations, Tnc., 
1994. 

Chapter 39 
Fig. :39-1. Heprinted with perinission front 

Popular Electronics, 6/93, p. 7 4. (C) 
Copyright Gemsback Publications, Inc., 
1993. 

Fig. '.JU-2. William Sheets. 
Fig. 39-3. Analog Devices, Analog fJialoguc, 

Vol. 27, No. I (1993), p. 21. 

Chapter 40 
Fig. 40-1. Reprinted with pennission from 

Popular Electronics, 4/90, p. 102. (C) 
Copyright Gernsback Publications, Inc., 
1990. 

Fig. 40-2. Reprinted with permission from 
Popular Elec:tronics, 6/95, p. 76. (C) 
Copyright Gemsback Publications, Inc., 
1995. 

Fig. 40-3. Reprinted with permission from 
Popular !Clectronics, 12/93, p. 31. (C) 
Copyright Gernsback Publications, Inc:., 
1993. 

Fig. 40-4. Heprinted with pennission fron1 
Popular Electronics, 5/94, p. 69. (C:) 
Copyright Gemshac:k Publications, lnc., 
1994. 

Fig. 40-5. Reprinted with pennission front 
Popular Electronics, 4/90, p. 90. (C) 
Copyright Gernsback Publications, Inc., 
1990. 

Fig. 40-6. Reprinted with permission from 
Popular Electronics, 4/94, p. ;34_ (C) 

717 



Copyright Gemsback Publications, Inc., 
1D94. 

Fig. 40-7. Maxim, Vol. III, New Releases 
Data Book, 1994, p. 3-100. 

Fig. 40-8. Reprtnted -with permission from 
Electrortics Now, 2/94, p. 38. (CJ Copy­
right Gerrtsback Publications, Inc., 1994. 

Fig. 40-9. Replinted with permission from 
Popular Electrortics, 6/95, p. 76. (CJ 
Copyright Gernsback Publications, Inc., 
199F.i. 

Fig. 40-10. Sound Light and Music, Delton 
T. Horn, McGraw-Hill, pp. 140-142. 

Fig. 40-11. Reprinted with permission front 
Popular Electronics, 4/90, p. 103. (CJ 
Copyright Gemsback Publications, Inc., 
1990. 

Fig. 40-12. Sound Light and Music, Dell.on 
T. Horn, McGraw-Hill, pp. 144-146. 

Fig. 40-13. Reprinted \.vith permission from 
Popular Elect.ronics, 12/93, p. 32. (C) 
Copyright Gernsback Publications, Inc., 
1D93. 

Fig. 40-14. Laser Cookbook, McGraw-Hill, 
p. 187. 

J:<'ig. 40-1 G. Heprtnted -with permission from 
Popular Electrortics, 4/90, p. 91. (CJ 
Copyright Gemsback Publications, Inc., 
1990. 

Fig. 40-16. Sound Light and Music, Mc­
Graw-Hill. 

Fig. 40-17. Reprinted with permission of 
National Semiconductor Corporation, 
National Se1niconductor Linear Appli­
cations Hand.book, 1991, p. 209. 

Chapter 41 
Fig. 41-1. 
Fig. 41~2. Linear Technology, 2/9F.i. 
Fig. 41-3. Reprinted with permission front 

Popular Electronics, Fact Card No. 248. 
(C) Copyright Gernsback Publil'.ations, 
Inc. 

Fig. 41-4. Analog Devices, Analog Dialogue, 
Vol. 27, No. 2 (1993J, p. 17. 

Fig. 41-5. Reprinted with permission from 
Popular Electronics, Fact Card No. 248. 
(CJ Copyright Gernsback Publications, 
lnl'.. 

718 

Fig. 41-G. Reprinted with permission from 
Popular Electronics, Fact Card No. 247. 
(CJ Copyright Gernsback Publications, 
Inc. 

Fig. 41-7 ... Reprinted with permission of 
Ilurr-IlroVVIt Corporation, Burr-Brown 
Data Sheet INA118, (C) 1989-1995 
Burr-Brown Corporation. 

Fig. 41-8. Maxim, Vol. III, New Releases 
Data Book, 1994, p. 3-33. 

Fig. 41-9. Maxim, Vol. III, New Releases 
i)ata Book) 1994) p. 3-69. 

Fig. 41-10. Analog Devices, Analog Dia­
logue, Vol. 27, No. 1 (1993), p. 20. 

Fig.A 1-11. Linear Technology, 2/95. 

Chapter 42 
Fig. 42-1. Reprinted with permission from 

Popular Electronics, Fact Card No. 247. 
(C) Copyright Gernsback Publications, 
Inc. 

Fig. 42-2. Reprinted with permission from 
Popular Electronics, Fact Card No. 249. 
(C) Copyright Gernsback Publications, 
Inc. 

Fig. 42-3. William Sheets. 

Chapter 43 
Fig. 4:1-1. Reprinted with permission from 

Popuiar lllectronics, 4/90, p. 78. (CJ 
Copyright Gernsback Publications, Inc.) 
1990. 

Fig. 43-2. Analog f)evices, The Rest of Ana­
log Dialogue, 1967-1991, p. 75. 

Chapter 44 
Fig. 44-1. Power Supplies, Switching Regu­

lators, Inverters, and Conve1ters, Mc­
Graw-Hill, pp. 173-17 4. 

Fig. 44-2. Power Supplies, Switching Regu­
lators, Inverters, and Converters, Mc­
Graw-Hill, p. 126. 

Fig. 44-3. Power Supplies, Switching Regu­
lators, Inve1ters, and Converters, Mc­
Graw-Hill, p. 128. 

Fig. 44-4. Maxim, Vol. lll, New Hclcascs 
Data Book, 1994, p. 4-92. 

Fig. 44-5. Power Supplies, Switching Regu­
lators, Inverters, and Converters, Mc­
Graw-llill, pp. 152-153. 



Chapter 45 
Fig. 45~ 1. Fantastic Electronics, McGraw­

Hill, pp. 36-38. 
Fig. 45-2. Tl Amateur Iladio Today, 7/82, p. 

5:3. 
Fig. 45-3. 73 Amateur Radio Today, 7/82, p. 

53. 
Fig. 45-4. Spring 1994 Electronic Hobbyists 

Handbook. 

Chapter 46 
fig. 46-1. Laser Cookbook, McGraw-Hill, pp. 

165-167. 
Fig. 46°2. Laser Cookbook, McGraw-Hill, pp. 

157-158. 
Fig. 46-:J. Gordon McC01nb's Gadgeteer's 

Goldntine, McGraw-Hill, p. 125. 
Fig. 46-4. Laser Cookbook, McGraw-Hill, p. 

201. 
Fig. 46-5. Laser Cookbook, McGraw-Hill, p. 

190. 
Fig. 46-6. Laser Cookbook, McGraw-Hilli p. 

200. 
Fig. 46-7. Laser Cookbook, McGraw-Hill, p. 

170. 
Fig. 46-8. Ileprinted with pennission from 

Popular Electronics, 6/93, p. 78. (C) 
Copyright Gernshack Puhlications, Inc., 
1993. 

Fig. 46-9. Laser Cookbook, McGraw-Hill, p. 
169. 

Fig. 46-10. Laser Cookbook, McGraw-Hill, 
p. 168. 

Chapter 47 
Fig. 4 7-1. Reprinted with permission from 

Electronics Now, 5/94, p. 12. (CJ Copy­
right Gernsback Public:ations, Inc., 1994. 

Fig. 47-2. William Sheets. 
Fig. 4 7-3. Ileprintcd with pcnnission from 

Popular Electronics, 6/95, p. 54. (C) 
Copyright Gernsback Publications, Inc., 
1995. 

Fig. 47-4. Laser Cookbook, McGraw-Hill, pp. 
140-141. 

Fig. 47-5. Linear Technology, 2/gfi_ 
Fig. 4 7-G. Reprinted with permission frorn 

Electronic Design, 12/93, p. 75. Copy­
right 1993, Penton Publishing, Inc. 

Fig. 47-7. Reprinted with permission from 
Popular Electronics, 9/94, p. 24. (C) 
Copyright Gernsback Publications, Inc., 
1994. 

Fig. 4 7-8. l{eprinted with pennission from 
Electronic Design, 10/94, p. 92. Copy­
right 1994, Pent.on Publishing, lnc. 

Fig. 47-9. Reprinted with permission from 
Popular Electronics, 4/90, p. 77. (CJ 
Copyright Gernsback Publications, Inc., 
1990. 

Fig. 47-10. Heprinted with pern1ission fro1n 
Popular Electronics, 9/94, p. 83. (C) 
Copyright Gernshack Publications, Jnc., 
1994. 

Fig. 47-11. Amplifiers, Wavef~11n Genera­
tors & Other Low-Cost IC Projects, Mc­
Graw-Hill, pp. 82-83. 

Fig. 4 7-12. Rcpiintcd with permission from 
Electronics Now, 5/94, p. 45. (CJ Copy­
right Ge111sback Publications,lnc., 1994. 

Fig. 47-13. Reprinted vvith permission from 
Popular Electronics, 1995, p. 77. (C) 
Copyright Gernsback Publications, Inc., 
19%. 

Fig. 47-14. Heprinted with permission of 
National Semiconductor Corporation, 
National Senliconductor Linear Appli­
cations Handbook, 1991, pp. 589-
590. 

Fig. 47-15. Gordon McComb's Gadgeteer's 
Goldmine, McGraw-Hill, p. 218. 

Fig. 47-16. Gordon McComb's Gadgeteer's 
Goldmine, McGraw-Hill, p. 219. 

Fig. 47-17. Spring 1994 Electronics Hobby­
ist Handbook. 

Fig. 47-18. Spring 1994 Electronics Hobby­
ist Handbook. 

Fig. 47-19. Reprinted with permission of 
National Semiconductor Corporation, 
National Semiconductor Linear Appli­
cations Handbook, 1991, p. 493. 

Fig. 4 7-20. Reprinted with permission from 
Popular Electronics, 6/95, p. 56. (CJ 
Copyrigllt Gen1sback Publications, Inc., 
1995. 

Fig. 47-21. Ileprinted with permission from 
Electronics Now, 9/94, p. 66. (C) Copy­
right Gemsback Publications, Inc., l 994. 

719 



Chapter 48 
Fig. 48-1. NASA Tech Ilnefs, Spring 1877. 
Fig. 48-2. ReprinLed with penn.ission frorn 

Electronic Design, 12/9;i, p. 73. Copy­
right 1993, Penton Pubhshing, Tnc. 

Fig. 48-3. --Reprinted with permission frorn 
Popular Electronics, Fal'.L Card No.268. 
(C) Copyright Gcrnsback Pnhlications, 
Inc. 

Fig. 48-4. Williarn Sheets. 
Pig. 48-G. William Sheets. 

Chapter 49 
Fig. 49-1. Reprinted with perrnissioIL of 

National Scn1iconductor Corporation, 
National Semiconductor Linear Appli­
cations Handbook, 1991, p. 520. 

Fig. 49-2. Reprinted with permission of 
National Semiconductor Corporation, 
National Se1niconductor Linear Appli­
cations Handbook, 1991, pp. 519-fi20. 

Fig. 49-3. Reprinted with permission of 
National Serniconductor Corporation, 
National Semiconductor Linear Appli­
cations Handbook, 1991, p. 519. 

Fig. 49-4. Analog Devices, The Best of Ana­
log~Dialoguc, 1967-1991, p. 78. 

Fig. 49-5. Analog Devices, The Best of Ana­
log Dialogue, 1967-1991, p. 79. 

Fig. 49-6. Analog Dialogue, Analog Devices, 
Vol. 26, No. I, pp. 14-15. 

Fig. 49-7. Analog Devices, The Best of Ana­
log Dialogue, 1967-1991, p. 78. 

Fig. 49-8. Analog Devices, The Best of Ana­
log Dialogue, 1967-1991, p. 78. 

Fig. 49-9. Reprinted with perrnission front 
Electronic I>csign, :3/95, p. 11G. Copy­
right 1995, Penton Publishing, Inc. 

Fig. 49-10. Reprinted vvith per1nission of 
National Semiconductor Corporation, 
National Semiconductor Linear Appli­
cations Handbook, 1991, p. 27. 

Fig. 49-11. Analog Devices, The Best of 
Analog Dialogne, 1957-1991, p. 77. 

Chapter 50 
Fig. 50-1. Reprinted with pern-Ussion fron1 

Popular Electronics, 4/95, p. 54. (C) 
Copyright Gernsback Publications, Inc., 
1995. 

720 

Fig. 50-2. 1904 Electronic Experimenters 
Handbook, p. 89. 

Fig. D0-3. 73Aniateur Radio Today, 7/93, p. 34. 
F~. 50-4. NASA Tech Briefs, Nov12mher 

1993, p. 56. 
Fig. 50-5. Reprinted with pern1ission of 

National S12micond11ctor Corporation, 
National Semiconductor Linear Appli­
cations Handbook, 1991, p. 588. 

Fig. R0-6. Reprint12d with per1nission of 
National Semiconductor Corporation, 
National Sen1iconductor Linear Appli­
cations Handbook, pp. !)19-520. 

Fig. 50-7. lleprinted with permission from 
Electronics Now, 3/95, p. 42. (CJ Copy­
right Gemshack Publications, Inc., 1995. 

Fig. 50-8. l.{eprinted with permission from 
Radio-Electronics, February 1989, p. 
t.4. (C) Copyright. Gemsback Publica­
tions, Inc., l!J8!J. 

Fig. 50-9. Reprinted vdth permission from 
F:lect.ronics Now, fi/%, p. 10. (C) Copy­
right Gernsback Publications, Inc., 1995. 

Fig. 50-10. Reprinted with pernlission from 
F:lcct.ronics Now, 5/95, p. 10. (C) Copy­
right Gernsback Publications, Inc., 199G. 

Fig. 50-11. Reprinted with permission from 
Popular El12ctronics, Fact Card No. 221. 
(C) Copyright Gcmsback Publications, 
Inc. 

Fig. 50~12. Fantastic ·Electronics, McGraw~ 
Hill, pp. 52-60. 

Fig. 50-13. Analog Devices, Analog Dia­
logue, Vol. 27, No. 2, p. 20. 

B'ig. 50-14. F:lcct.ronics Now, 9/94, pp. 73-74. 
Fig. 50-15. Reprinted with permission from 

Popular Electronics, 1/94, pp. 31-36. 
(C)·Copyright Gernshack Publications, 
Inc.) l!J!J4. 

Fig. 50-16. Electronics Design, June 27, 
1994, p. 33. 

Fig. 50-17. Reprint12d with permission fro1n 
Popular t:lcct.ronics, l 0/94, p. 90. (CJ 
Copyright Gernsback Publications, Inc., 
1994. 

Fig. 50-18. Reprinted with permission fro1n 
Popular Electronics, 11/04, p. 62. (C) 
Copyright Gernsback Publications, Inc., 
1994. 



Fig. 50-19. Radio-Electronics, Feh. 1989, p. 
64. 

Fig. 50-20. Reprinted with pennission frorn 
Popular Electronics, 11/94, p. 91. (C) 
Copyright Gemshack Pnhlir.ations, Inc., 
1994. 

Fig. 50-21. Reprinted with permission from 
Electronic Design, 10m4, pp. 102-104. 
Copyright 1994, Penton Publishing, Inc. 

Fig. 50-22. Reprinted with pemlission fron1 
Electronic Design, 12/94, p. 132. Copy­
right 1994, Penton Publishing, Inc. 

Fig. 50-23. Reprinted vvith pennission fron1 
Electronics Now, 3/95, p. 63. (CJ Copy­
right Gcmsback Publications, Inc., 1995. 

Fig. 50-24. Heprinted with permission lrom 
Popular Electronics, 5/95, pp. 47-48. 
(C) Cop~ht Gernshack Publications, 
lnc., 1995. 

Fig. 50-25. Reprinted with pernlission fron1 
Popular -Electronics, 5/95, pp. 47--48. 
(C) Copyright Gcmsback Publications, 
Inc., 1995. 

Fig. 50-26. Reprinted with perntission front 
Popular Electronics, 11/94, p. 38. (CJ 
Copyright Gernsback Publications, Inc., 
1994. 

Fig. G0-27. Reprinted with permission from 
Electronic Design, llJ/94, pp. 92-94. 
Copyright 1994, Penton Publishing, Inc. 

Fig. o0-28. RF Design, August 1994, p. 78. 
Fig. 50-29. Reprinted with permission of 

National Se1niconductor Corporation, 
National Semiconductor Linear Appli­
cations Handbook, 19[Jl, p. 206. 

Fig. 50-30. Reprinted with permission of 
National Senticonductor Corporation, 
National Semiconductor Linear Appli­
cations I-Iandbook, 1991, p. 50U. 

Fig. 50-31. Reprinted with perntission front 
!electronic Design, 11/94, pp. 116-118. 
Copyright 1994, Penton Publishing, Inc. 

Fig. 50-32. Reprinted with pennission from 
Electronic Design, llJ/94, pp. 107. Copy­
right 1994, Penton Publishing, Inc. 

Fig. 50-33. QST, 12/94, p. 27. 
Fig. 50-34. Reprinted wilh perrnission fro1n 

Electronic Design, 8/94, pp. 109. Copy­
right 1994, Penton Publishing, Inc. 

Fig. 50-35. Reprinted with permission of 
Burr-Brown Corporation, Burr-Brown 
Data Sheet INA118, (C) 1989-1995 
Burr-Brown Corporation. 

Fig. o0-86. William Sheets. 
Fig. 50-37. Linear Technology, Design Note 

96. 
Fig. 50-38. Reprinted with perrrtission front 

Popular Electronics, 11/94, p. 31. (C:) 
Copyright Gemsback Publications, Inc., 
1994. 

Fig. 50-39. Reprinted with permission ofXI­
COR, XICOR Data Sheet, p. 7. (CJ 
Copyright XICOR, Inc. 

Fig. 50-40. Reprinted with permission from 
Popular Electronics, Fact ,Card No. 221. 
(C) Copyright Gemsback Publications, 
Inc. 

Fig. 50-41. Reprinted vvith permission from 
Popular Electronics, 11/94, p. 30. (CJ 
Copyright Gernsbal'.k PuLlicatious, Inc., 
1994. 

Fig. 50-42. William Sheets. 
Fig. 50-43. QST, 10/94, P. 75. 
Fig. 50-44. Reprinted with permission from 

Popular Electronics, G/95, p. 69. (C) 
Copyright Gernsback Publications, Inc., 
1990. 

Fig. 50-45. Reprinted vvith permission-from 
Popular Electronics, 11/94, p. 33. (CJ 
Copyright Gernsback Publications, Inc., 
1994. 

Fig. 50-46. Reprinted with permission from 
Radio-Electro11ics, February 1989, pp. 
68-65. (CJ Copyright. Gemsback Publi­
cations) Inc., 1989. 

Fig. 50-47. Arnplifiers, Waveform Genera­
tors & Other Low-Cost IC Projects, Mc­
Graw-Hill, p. 4G. 

Fig. 50-48. Arnplifiers, Wavefonn Genera­
tors & Other Low-Cost IC-Projects, Mc­
Graw-Hill, pp. 40-41. 

Chapter 51 
fig. 51-1. Sound Light and Music, Delton T. 

Horn, McGraw-Hill, p. 123. 
Fig. 51-2. Sound Light and Music, Delton T. 

Horn, McGraw-Hill, p. 120. 

721 



Chapter 52 
Fig. 52-1. Reprinted with permission from 

Electronic DP.sign, G/94, pp. 79-80. 
Copyright 1994, Penton Publishing, Inc. 

Fig. 52-2. lleprinted with perntission from 
Popuiar Electronics, 1194, p. 26. (CJ 
Cop~ht Gemsback Publications, Inc., 
1994. 

Fig. 52-:J. Analog Devices, Analog Dialogue, 
Vol. 26, No. I, 1992, p. 15. 

Fig. 52-4. Reprinted with pernlission front 
Popular Electronics, 8/89, pp. 33-3fi. 
(C) Copyright Gernsback Publications, 
Inc., 1989. 

Fig. 52-5. NASA Tech Briefs, March 1995, 
pp. 39-40. 

Fig. 52-6. Reprinted with permission from 
Radio-Electronics Experimenters Hand­
book, pp, 98-99. (C) Copyright Gems­
back Publil'.alions, Inc., 1994. 

Fig. 52-7. Reprinted ffith permission front 
Radio-Electronics Experirnenlers Hand­
book, p. 99. (C) Copyright Gemsback 
Publications, Inc., 1994. 

Fig. 52-8. 1994 Electronics Experiinenters 
Handbook, p. 57. 

Fig. 52-9. Power Supplies, Switching Regu­
lators, Inverters, and Converters, Mc­
Graw-Hill, pp. 119-123. 

Fig. 52-10. Ainplifiers, Waveform Genera­
tors & Other Low-Cost IC Projects, Mc­
Graw-Hill, pp. 121-122. 

Fig. 52-11. Reprinted vvit.h permission from 
Radio-Electronics Experimenters Hand­
book, pp. 36-:38. (C) Copyright Gerns­
back Publications, Inc., 1994. 

Fig. 52-12. Reprinted vvith pern1ission fro1n 
Popular Electronics, 4/95, p. 70. (C) 
Copyright Gernsback Publications, Inc., 
1995. 

Fig. 52-13. Reprinted vvith permission front 
Popular Electronics, 4/90, p. 37. (CJ 
Copyright Gerrtsback Publications, Inc., 
1990. 

Fig. f.i2-14. Power Supplies, Switchiiig Reg­
ulators, Inverters, and Converters, Mc­
Graw-Hill, pp. 175-177. 

Fig. 52-15. Linear Technology, Design Nole 
88. 

722 

Fig. 52-16. Fantastic Electronics, McGraw­
Hill, p. 59. 

Fig. 52-17. 73 Amateur Radio Today, 6/83, 
p, 99. 

Fig. 52-18. Spring 1994 Electronic Hobby­
ists Handbook. 

Fig. 52-19. Reprinted with perrnission from 
Electronic Design, 1/95, p. 78. Copy­
right 1995, Penton Publishing, Inc. 

Fig. 52-20. Sound Light and Music, Delton 
T. Horn, McGraw-Hill, p. 123. 

Fig. 52-21. Power Supplies, Switching Reg­
ulators, Inverters, and Converters, Mc­
Graw-Hill, pp. 140-145. 

Fig. 52-22. Reprinted with permission from 
Electronic Design, 3/85, pp. 111-112. 
Copyright 1995, Penton Publishing, Inc. 

Fig. 52-23. R~printed with permission from 
Electronic Design, 3/95, p. 94. Copy­
right 1995, Penton Publishing, Inc. 

Fig. 52-24. Reprinted with permission from 
ElecLronic Design, 4/89, p. 107. Copy­
right 1989, Penton Publishing, Inc. 

Fig. 52-25. Reprinted with permission of 
National Serniconductor Corporation, 
National Semiconductor Linear Appli­
cations Handbook, 1991, p. 367. 

Fig. 52-26. 73 Amateur Radio Today, 6/8:3, 
p. 99. 

Fig. 52-27. lteprinted vvith perntlssion frorn 
Popular Electronics, 4/94, p. 02. (C) 
Copyright Gemsback Publications, Inc., 
1994. 

Fig. 52-28. Reprinted with perrnission from 
Electronics Now, 2/94, p. 16. (CJ Copy­
right Gemsback Publications, Inc., 1994. 

F'ig. 52-2!). Iteprinted with perrnission from 
Electronic Design, 3/95, p. 91. Copy­
right 1995, Penton Publishing, Inc. 

Fig. 52-30. William Sheets. 
Fig. 52-31. William SheeLs. 
Fig. 52-32. Reprinted with permission from 

Electronic f)csign, 7/94, p. 96. Copy­
right 1994, Penton Publishing, Inc. 

Fig. 52-33. Reprinted with permission from 
Electronics Now, 4/94, p. 11. (CJ Copy­
right GelT'.sback Publications, Inc., 1994. 

Fig. 52-34. RepriI1ted vvith permission from 
Popular El~ctronics, 5/95, p. 30. (C) 



Copyright Gernsback Publications, lnc., 
1994. 

Fig. 52-30. Reprinted with permission front 
Electronic Design, 12/94, pp. llG-116. 
Copyright 1994, Penton Publishing, lnc. 

Chapter 53 
Fig. 53-1. William Sheets. 
Fig. 53-2. William Sheets. 

Chapter 54 
Fig. 54-1. Iteprinted mth permission from 

Popular Electronics, 10/94, p. 28. (C) 
Copyright Gernsback Publications, Inc., 
1994. 

Fig. 54-2. Reprinted with pennission from 
Popular Electronics, 10/94, p. 26. (C) 
Copyright Gernsback Publications, Inc., 
1994. 

Chapter 55 
Fig. 55-1. Reprinted with permission from 

Electronic Design, I 0/94, pp. 94-96. 
Copyright 1994, Penton Publishing, Inc. 

Fig. 55-2. Heprinted with permission of 
National Semiconductor Corporation, 
National Semiconductor Linear Appli­
cations Handbook, 1991, p. 1033. 

Fig. 55-3. NASA Tech Briefs, January 1995, 
pp. 28-29. 

Fig. 55-4. Linear Technology, 2/95. 
Fig. 55-5. lleprinted with permission from 

Popular Electronics, Fact Card No. 249. 
(CJ Copyright Gernsback Publications, 
Inc. 

Fig. 55-6. Analog Devices, The Best of Ana­
log Dialogue, 1967-1991, p. 75. 

Fig. 55-7. William Sheets. 

Chapter 56 
Fig. 56-1. 73 Amateur Radio Today, ii/94, p. 

12. 
Fig. 56-2. 73 Amateur Radio Today, 6/94, pp. 

4G-48. 
Fig. 56-3. Reprinted with permission from 

Popular Electronics, 5/93, p. 71. (C) 
Copyright Gernsback Publications, Inc., 
1993. 

Chapter 57 
Fig. 07-1. Power Supplies, Switching Regu­

lators, Inverters, and Converters, Mc­
Graw-Hill, pp. 167-169. 

Fig. 57-2. Reprinted with permission from 
Electronic Design, 10/94, pp. 104-105. 
Copyright 1994, Penton Publishing, Inc. 

Fig. 57-3. Gordon McComb's Gadgeteer's 
Goldnune, McGraw-Hill, p. 355. 

Fig. 57-4. Electronics Now, ii/90, p. 8. 
Fig. 57-5. Power Supplies, Switching Regu­

lators, Inverters, and Converters, Mc­
Graw-Hill, pp. 166-167. 

Fig. 57-6. Power Supplies, Switching Regu­
lators, Inverters, and Converters, Mc­
Graw-Hill, pp. 163-166. 

Fig. 57-7. Gordon McComb's · Gadgeteer's 
Goldmine, McGraw-Hill, p. 48. 

Fig. 57-8. Reprinted with permission from 
Electronics Now, 5/94, p. 10. (CJ Copy­
right Gemsback Publications, Inc., 1994. 

Fig. 57-9. Gordon McComb's Gadgeteer's 
Goldmine, McGraw-Hill, p. 357. 

Chapter 58 
Fig. 58-1. Williant Sheets. 
Fig. 58-2. Reprinted vvith permission of 

National Semiconductor Corporation, 
National Semiconductor Linear Appli­
cations Handbook, 1991, p. 240. 

Fig. 58-3. Reprinted with permission from 
Popular Electronics, 1/94, p. 72. C9J 
Copyright Gen1sliack Publications, Inc., 
1994. 

Fig. 58-4. Reprinted with· permission from 
Popular Electronics, 1/94, p. 73. (C) 
Copyright Gernsback Publications, Inc., 
1994. 

Fig. 58-5. Reprinted with permission from 
Popular Electronics, Fact Card No. 268. 
(CJ Copyright Gcmsback Publications, 
Inc. 

Fig. 58-6. Arnplifiers, Waveform Generators 
& Other Low-Cost IC Projects, McGraw­
Hill, p. 24. 

Fig. 58-7. William Sheets. 

Chapter 59 
Fig. 59-1. Reprinted with permission of Na-

723 



tional Semiconductor Corporation, Na­
tional Semiconductor Linear Application 
Specilic !C's Databook 1993, p. 1-38. 

Fig. 59-2. Reprinted \Vi.th permission of Na­
tional Semiconductor Corporation, Na­
tional Semiconductor NSLAH 1991, p. 
998. 

Fig. fi9-8 QST, 10/92, p. 22. 
Fig. 59-4. William Sheets. 
Fig. 59-5. William Sheets. 

Chapter 60 
Fig. 60-1. Reprinted with pennission front 

Radio-Electronics, .June 1987, p. 69. 
(CJ Copyright Gcmsback Publications, 
Inc., 1U87. 

Fig. 60-2. Reprinted \Vi.th permission of 
National Semir.onductor Corporation, 
National SenUconductor Linear Appli­
cation Handbook, 1991, p. 578. 

Fig. 60-3. Reprinted with permission from 
Radio-Rlcctronics, .June 1987, p. 70. 
(C) Copyright Gernsback Publications, 
Inc., 1987. 

Fig. 60-4. Reprinted \Vi.th permission fro1n 
Radio-Electronics, June 1987, p. 75. 
(C) Copyright Gernsbar.k Publir.ations, 
Inc., 1987. 

Fig. 60-5. Reprinted with pennission of 
National Se1niconductor Corporalion, 
Nalional Semir.ondnr.tor Linear Appli­
cations Handbook, 1991, P. 576. 

Fig. 60-6. Reprinted with perrnission front 
Electronic Design, 12/94, p. 118. Copy­
right 1994, Penton Publishing, Inc. 

Fig. 60-7. Reprinted with per1nission of 
National ·se1niconductor Corporation, 
National Scrrticonductor Linear Appli­
cation Handbook, 1991, p. 1058. 

Fig. 60-8. Reprinted vvit.h permission from 
Radio-Electronics, June 1987, p. 75. 
(CJ Copyright Gemsback Publications, 
Inc., 1987. 

Fig. 60-9. Reprinted with permission of 
National Semiconductor Corporation, 
National Se1niconductor Linear Appli­
cations Handbook, 1991, p. 491. 

Fig. 60-10. Reprinted with permission of 
National Semiconductor Corporation, 

724 

National Senliconductor Linear Appli­
caLions Handbook, 1991, p. 578. 

Fig. 60-11. Analog Devices, Analog Dia­
logue, Vol. 27, No. 2 (1993), p. 17. 

Chapter 61 
Fig. fi 1-1. Reprinted \Vi.th permission of 

National Sen1iconductor Corporation, 
National Senticonductor Linear Appli­
cations Handbook, p. 1209. 

Fig. 61-2. William Sheets. 
Fig. 61-3. William Sheets. 
Fig. 61-4. AmplifiPrs, Waveform Generators 

& Other Low-Cost JC Projects, McGraw­
Hill, p. 17. 

Fig. 61-5. Reprinted \Vi.th pPrmission of 
National Semiconductor Corporation, 
National Semiconductor Linear Appli­
cations Handbook, 1991, P 1210. 

Fig. 61-6. William Sheets. 
.F'ig. 61-7. lteprin.ted with permission fro1n 

Popular Electronics, 11/94, p. 31. (C) 
Copyright Gernshack Publications, Inc., 
1994. 

Fig. 61-8. WtlliamSheets. 
Fig. 61-9. Reprinted with permission from 

Popular Electronics, 5/D3, p. 71. (C) 
Copyright Gernsback Publications, Inc., 
1993. 

Fig. 61-10. William Sheets. 
Fig. 61.::11. Heprinted \·vith permission from 

Popular Electronics, 3/94, p. 83. (C) 
Copyright Gernsback Publications, Inc., 
1994. 

Fig. 61-12. Reprinted with perrnission front 
Popular Electronics, 12/93, p. 71. (CJ 
Copyright Gemsback Publications, Inc., 
1993. 

Chapter 62 
Fig. 62-1. Reprinted with pennission front 

Popular Electronics, 12/93, p. 70. (CJ 
Copyright Gernsbar:k Publications, lnc., 
1993. 

Fig. 62-2. Reprinted with pernrission from 
Popular Electronics, 12/93, p. 68. (CJ 
Copyright Gcrnsback Publications, Inc., 
1993. 

Fig. 62-3. Reprinted \Vi.th permission from 



Popular Electronics, 12/93, p. 71. (CJ 
Copyright Gernsback Publications, Inc., 
1993. 

~'ig. 62-4. l{cprinted with perrnission fron1 
Popular Electronics, 12/93, p. 70. (CJ 
Copyright Gernsback Publications, Inc., 
1993. 

Fig. 62-5. Heprinted v.i.th pennission fro1n 
Electronic Design, 11/94, pp. 130-132. 
Copyright 1gg4, Penton Puhlishing, Inc. 

Fig. 02-6. Analog Devices, The Best of Ana­
log Dialogue, 1967-1991, p. 79. 

Fig. 62-7. Amplifiers, Waveform Generators 
& Other Low-Cost IC Projects, McGraw­
Hill, p. il6. 

Fig. 02-8. Reprinted vvith permission from 
Electronics Now, 12/93, p. 16. (CJ Copy­
right Gernsbal'.k Publications, lite., 1993. 

Fig. 62-9. Reprinted with permission from 
Electronic Design, 7/94, p. 94. Copy­
right 1994, Penton Publishing, Inc. 

Fig. 62-10. QST, 5/%, p. 50. 

Chapter 63 
Fig. G3-1. William Sheets. 
Fig. 60-2. Reprinted with permission frorn 

Popular Electronics, 3/94, p. 84. (C) 
Copyright Gernsback Publications, Tnc., 
199:3. 

Fig. 63-3. William Sheets. 
Fig. 63-4. William Sheets. 
Fig. 6:3-5. QST, 4/D5, pp. 38-39. 
Fig. 6:3-6. William Sheets. 
Fig. 63-7. Reprinted v;ith permission from 

Radio-Electronics Experimenters Hand­
book, p. 75. (CJ Copyright Gernsback 
Publications, Inr:., 1994. 

Fig. fl3-8. Radio Receiver Projects You Can 
Build, McGraw-Ilill, p. 237. 

Fig. 63-9. Williant Sheets. 
Fig. 63-10. Reprinted with permission from 

Popular Electronics, 2/94, p. DO. (C) 
Copyright Gernsback Publications, Inc., 
1994. 

Fig. 63-11. William Sheets. 
Fig. 63-12. Heprinted with permission fron1 

Popular Electronics, ll/94, p. 42. (C) 
Copyright Gernsback Publications, Inc., 
1994. 

Fig. 63-13. Reprinted with pernrission front 
Popular Electronics, 2/94, p. 90. (CJ 
Copyright Gemsback Publications, Inc., 
1994. 

Fig. 63-14. Reprinted with perrnission front 
Electronic Design, 10/94, p. 90. Copy­
right 1994, Penton Publishing, Inc. 

Fig. 63-15. William Sheets. 
Fig. 6:1-16. 73 Arnatenr Radio Today, fi/94, 

p. GG. 
Fig. 63-17. Radio Craft, 1993, p. 63. 
Fig. 63-' 18. Radio-Electronics Experimenters 

Handbook, !DD2, p. 76. 
Fig. 63-19. William Sheets. 
Fig. 63-20. William Sheets. 
Fig. G3-21. William Sheets. 

Chapter 64 
Fig. 64-1. Heprinted with permission from 

Electronics Now, 5/95, pp. 65-66. (C) 
Copyright Gemsback Publications, Inc., 
1995 . 

.Fig. 64-2. Reprinted vvith permission from 
F:lectronic Design, 11/94, pp. 118-120. 
Copyright 1994, Penton Publishing, Inc. 

F.ig. 64-3. Reprinted with perrnission front 
F:lectronic Design, 9/94, p. 84. Copy­
right 1U94, Penton Publishing, Inc. 

Fig. 64-4. 73 Amateur Radio Today, 7/94, p. 
39. 

Chapter 65 
Fig. 65-1. Power Supplies, Switching Regu­

lators, Inverters, and Converters, Mc­
Graw-Hill, pp. 107-108. 

Fig. 65-2. Reprinted with permission from 
Electronic' Now, 5/95, p. 91. (C) Copy­
right Gemsback Publications, Inc.., 1995. 

Fig. 65-:3. 1994 Electronics Experimenters 
Handbook, p. 67. 

Chapter 66 
Fig. 66-1. Reprinted with perrnission front 

Popular F:lectronics, :3/94, p. 70. (C) 
Copyright Gernsback Publications, Inc., 
1994. 

Fig. 66-2. Gordon McComb's Gadget.eer's 
Goldmine, McGraw-Hill, p. 94. 

725 



Chapter 67 
Fig. 67-1. Reprinted vvith -permission from 

Electronics Now, 5/95, pp. 67-68. (C) 
Copyright Ger1tsback Publications, Inc., 
1995. 

Fig. 67-2. Reprinted with permission from 
Popular Electronics, 10/94, p. 84. (C) 
Copyright GernsbaLk Publications, Inc., 
1994. 

Fig. 67-3. Rcprtnted vvith pe:rrnission fro1n 
Electronics Now, 3/94, p. 59. (C) Copy­
right Gerr1sback Publications, Inc., 1994. 

Fig.-67-4. Reprinted with permission from 
Popular Electronics, 12/94, pp. 57-59. 
(C) Copyright Gernsback Puhlic.ations, 
Inc., 1994. 

Chapter 68 
Fig. 68-1. Reprinted with perrnission from 

Popular Electronics, 4/95, p. 60. (C) 
Copyright Gemsback Publications, Inc., 
1995. 

Fig. 68-2. Reprinted with permission from 
Popular Electronics, 4/95, p. 00. (C) 
Copyright Gemsback Publications, Inc., 
1995. 

Fig. 68-3. Reprinted with permission from 
Electronic Design, 11/94, p. 133. Copy­
right 1994, Penton Publishing, Inc. 

Fig. 68-4. Reprinted with permission from 
Popular Electronics, 4/90, pp. 45-46. 
(C) Copyright Gemsback Publications, 
Inc., 1990. 

Fig. 68-5. Maxim, Vol. lll, New Heleases 
Data Rook, 1994, p. 4-131. 

Fig. 68-6. Power Supplies, SwitLhing Regu­
lators, Inverters, and Converters, Mc­
Graw-Hill, p. 13:3. 

Fig. 68-7. Linear Technology, Design Note 
#87. 

Fig. 68-8. 1994 Electronics Exper.imenters 
Handbook, p. 39. 

Fig. 68-9. Reprinted with perrnission of 
National Semiconductor Corporation, 
National Semiconductor Linear Appli­
cations Handbook, 1991, p. 449. 

Fig. 68-10. Linear Technology, Design Note 
#74. 

Fig. 68-11. Reprinted with pennission from 

726 

Radio-Electronh;s Experimenters Hand­
book 1992, p. 74. (CJ Copyright Gerns­
back Publications, lnl'.., 1992. 

Fig. 68-12. William Sheets. 
Fig. 68-13. Reprinted with permission of 

National Semiconductor Corporation, 
National Se1niconductor Linear Appli~ 
cations-Handbook, 1991, p. 30. 

Fig. 68-14. Reprinted with permission fron1 
Electronic Design, 7/94, p. 34. Copy­
right 1994, Penton Publishing, Inc. 

Fig. 68-15. Reprinted with permission frorn 
Electronic Design, 6/94, p. 32. Copy­
right 1994, Penton Publishing, Inc. 

Fig. 68-16. Power Supplies, Switching Reg­
ulators, Inverters, and Converters, Mc­
Graw-Hill, pp. 161-163. 

Fig. 68-17. NASA Tech Briefs, August 1994, 
p. 39. 

Fig. 68-18. Linear Technology, Design Note 
#87. 

Fig. 68-19. Reprinted with permission of 
National Semiconductor Corporation, 
National Semiconductor Linear Appli­
cations Handbook, 1991, p. 367. 

Fig. 68-20. Reprinted with permission from 
Electronic Design, 12/94, p. 130. Copy­
right 1994, Penton Publishing, Inc. 

Fig. 68-21. Reprinted with permission from 
Electronic Design, 10/94, pp. 108~110. 
Copyright 1994, Penton Publishing, Inc. 

Fig. 68-22. Reprinted with perrnission of 
National Semiconductor Corporation, 
National Semiconductor Linear Appli­
cations Handbook, 1991, p. 1063. 

Fig. 68-23. Reprinted with permission from 
Popular Electronics, -6/95, p. 78. (C) 
Copyright Gernsback Publications, Inc., 
1995. 

Fig. 68-24. Linear Technology, Design Note 
#74. 

Fig. 68-25. Reprinted with permission from 
Electronic Design, 9/94, p. 140. Copy­
right. 1994, Penton Publishing, Inc. 

Fig. 68-26. Heprinted \.vith perrnission of 
National Serniconductor Corporation, 
National Semiconductor Linear Appli­
cations Handbook, 1991, p. 1063. 

Fig. 68-27. Reprinted with permission from 



Electronic Design, 7 /94, p. 30. Copy­
right 1994, Penton Publishing, Inc. 

Fig. 68-28. Reprinted with permission of 
National Semiconductor Corporation, 
National Semiconductor Linear Appli­
cations Handbook, 1991, p. 450. 

Fig. 68-29. William Sheets. 
Fig. 68-30. Maxim, Vol. III, New Releases 

Datallook, 1994, p. 4-131. 
Fig. 68-31. Laser Cookbook, McGraw-llill, 

p. 172. 
Fig. 68-32. Analog Devices, Analog Dia­

logue, Vol. 27, No. 2, p. 19. 
Fig. 68-33. Reprinted with permission of 

National Semiconductor Corporation, 
National Semiconductor Linear Appli­
cations Handliook, 1991, p. 450. 

Fig. 68-34. Laser Cookbook, McGraw-Hill, 
p. 172. 

Fig. 68-35. Reprinted with permission from 
Popular Electronics, 5/95, p. 94. (CJ 
CQpyright Gernsback Publications, Inc., 
1995. 

Fig. 68-36. 73 Amateur Radio Today, 5193, 
p. 51. 

Fig. 68-37. Reprinted 'With pennission from 
Electronics Now, 12/93, p. 14. (C) Copy­
right Gernsback Publications, Inc., 1993. 

Chapter 69 
Fig. 69-1. Reprinted with pennission from 

Popular Electronics, 6/93, p. 77. (CJ 
Copyright Gemsback Publications, Inc., 
1993. 

Fig. 69-2. Reprinted with permission of 
National Senlico11ductor Corporatio11, 
National Semiconductor Linear Appli­
cations Handbook, 1991, p. 351. 

Fig. 69-3. Reprinted with pennission from 
Electronics Now, 10/94, pp. fi8-61. (C) 
Copyright Gernsback Publications, Inc., 
1994. 

Fig. 69-4. Wiiliam Sheets. 
Fig. 69-5. Reprinted 'With permission from 

Popular Electronics, 6/9:J, p. 77. (CJ 
Copyright Gernsback Publications, Inc., 
1993. 

Fig. 69-6. Laser Cookbook, McGraw-Hill, p. 
163. 

Fig. 69-7. Reprinted with permission of 
National Semiconductor Corporation, 
National Semiconductor Linear Appli­
cations Handbook, 1991, p. 498. 

Fig. 69-8. Fantastic Electronics, McGraw­
Hill, p. 177. 

Fig. 69-9. Gordon McComb's Gadgetecr's 
Goldmine, p. 269. 

Fig. 69-10. Reprinted with per1nissio11 of 
National Semiconductor Corporation, 
National Sen1iconductor Linear Appli­
cations Handbook, 1991, p. 497. 

Fig. 69-1 l. Laser Cookbook, McGraw-Hill, 
pp. 160-161. 

Chapter 70 
Fig. 70-1. 73 Amateur Radio Today, fi/83, p. 

32. 
Fig. 70-2. Laser Cookbook, McGraw-Hili, p. 

172. 
Fig. 70-3. Heprinted with _permission from 

Electronic Design, 5/90, p. 80. Copy­
right 1990, Penton Publishing, Inc. 

Fig. 70-4. Linear Technology, Design Note 
#99. 

Fig. 70-5. Radio Receiver Projects You Can 
Build, McGraw-Hill 4256, p. 241. 

Fig. 70-6. Reprinted 'With permission from 
Popular Electronics, 11/94, p. 41. (CJ 
Copyright Gernsbal'.k Publications, Inc., 
1994. 

Fig. 70-7. Linear Technology, Design Note 
#78. 

Fig. 70-8. Reprinted 'With pemtission front 
Electronics Now, 2/94, p. 83. (C) Copy­
right Gernsback-Publications, lnc.i 1994. 

Fig. 70-9. Reprinted with perntission froHt 
Radio-Electronics, June 1987, p. 7fi. 
(CJ Copyright Gemsback Publications, 
Inc., 1987. 

Chapter 71 
Fig. 71-1. Reprinted with permission fron1 

Popi!lar Electronics, 4/95, p. 96. (C) 
Copyright Gemsback Publications, Inc., 
1995. 

Fig. 71-2. Reprinted with penttission fron1 
F:lectronic Design, 6/84, p. 62. Copy­
right 1994, Penton Publishing, Inc. 

727 



Fig. 71-3. QST, I 0/92, p. 50. 
Fig. 71-4. William Sheets. 
Fig. 71-5. Reprinted with pennission front 

Popular Electronics, 4/90, p. 96. (C) 
Copyright Gcrnsback Publications, Inc., 
1995. 

Fig. 71-6. Reprinted with perrnission of 
National Semiconductor Corporation, 
National Semiconductor Linear Appli­
cations Handbook, -1991, p. 450. 

Fig. 71-7. Reprinted with permission of 
National Semiconductor Corporation, 
National Serniconductor Linear Appli­
cations Handbook, 1991, p. 495. 

Fig. 71-8. William Sheets. 

Chapter 72 
Fig. 72-1. Reprinted with pem1ission from 

Electronic Design, 1/95, p. 133. Copy­
right 1995, Penton Publishing, Inc. 

Fig. 72-2. Reprinted with permission fron1 
Electronics Now, 3/95, p. 64. (C) Copy­
right Gcrnsback Publications, Inc., 1995. 

Fig. 72-:J. 73 Amateur Radio Today, 6/83, p. 
99. 

Fig. 72-4. Reprinted with permission from 
Popular Electronics, 2/94, p. 58. (C) 
Copyright Gernsback Publications, Inc., 
1994. 

Fig. 72-5. Analog l)evices, Analog l)ialogue, 
Vol. 27, No. 1 (1993), p. 20. 

Fig. 72-6. Reprinted with permission from 
Hadio-Elcctronics Experimenters Hand­
book, pp. 77-82. (CJ Copyright Gems­
back Publications, Inc., 1994. 

Chapter 73 
Fig. 73-1. Reprinted with perrnission front 

Popular Electronics, 11/94, pp. 31 and 
91. (CJ Copyright Gemsback Publica­
tions, Inc., 1994. 

Fig. 73-2. William Sheets. 

Chapter 74 
Fig. 7 4-1. Reprinted with pennission fro1n 

Popular Electronics, 6/90, p. 38. (C) 
Copyright.Gemsback Publications, Inc., 
1995. 

Fig. 74-2. Reprinted with permission front 

728 

Popular Electronics, G/95, p. 39. (C) 
Copyright Gernsback--Publications, Inc., 
1995. 

Chapter 75 
Fig. 75-1. Fantastic Electronics, McGraw­

Hill, pp. 67-73. 
Ftg. 7G-2. Reprinted with permission from 

Electronics Now, 1/94, p. 61. (C) Copy­
right Gernsback Publicatio1LS, Inc., 1994. 

Fig. 75-3. Reprinted with pe1111ission from 
Electronics Now, 1/94, p. 61. (C) Copy­
right Gernsback Publications, Inc., 1994. 

Fig. 75-4. Reprinted with permission from 
Electronics Now, 1/94, p. 59. (CJ Copy­
right Gemsback Publications, Inc., 1994. 

Fig. 75-5. Reprinted with permission from 
Popular Electronics, 5/9:J, p. 40. (C) 
Copyright GerrlSback Publications, Inc., 
1993. 

Chapter 76 
Fig. 76-1. Reprinted with perrnission front 

Popular Electronics, 5/95, p. 66. (C) 
Copyright Gerr1sback Publications, Inc., 
1995. 

F'ig. 76-2. Hcprinted with permission from 
Popular Electronics, 1/95, p. 49. (C) 
Copyright Gerrtsback Publications, Inc., 
1995. 

Fig. 76-3. Hadio Receiver Projects You Can 
Build, McGraw-Hill 4256, pp. 122-129. 

Fig. 76-4. Radio-Electronics-Experi1nenters 
Handbook, p. 65. 

Fig. 76-5. Reprinted with permission of 
National Se1niconductor Corporation, 
National Semiconductor Linear Appli­
cation Specific IC's Databook 1990, p. 
2-38. 

Fig. 76-6. Radio Craft, 1993, p. 50. 
Fig. 76-7. Analog Devices, Analog Dialogue, 

Vol. 27, No. 1 (1993), pp. 15-16. 
Fig. 76-8. Reprinted with perrnission front 

Popular Electronics, 3/94, p. :l5. (C) 
Copyright Gernsback Publications, Inc., 
1994. 

Fig. 76-9. Radio Receiver Projects You Can 
Build, Mc.Graw-Hill, pp. 158-165. 

Fig. 76-10. Radio Receiver Projects You Can 
Build, McGraw-Hill, pp. 138-147. 



Fig. 76-11. Radio Receiver Projects You Can 
Build, McGraw-Hill, pp. 102-109. 

Fig. 76-12. Hadio Receiver Projects You Can 
Build, McGraw-Hill, pp. 196-202. 

Fig. 76-13. Radio Receiver Projects You Can 
Build, McGraw-Hill, pp. 32-41. 

Fig. 76-14. Analog Devices, Analog Dia­
logue, Vol. 26, No. 2, 1992, p. 19. 

Fig. 76-15. Reprinted with perntission from 
Popttlar !Clcctronics, 5/94, p. 79. (C) 
Copyright Gemsback Publications, Tnc., 
1994. 

Fig. 76-16. Reprinted with perrrtission fron1 
Popular Electronics, 10/94, p. 25. (C) 
Copyright Gernsback Publications, Inc., 
1994. 

Fig. 76-17. lteprintcd with permission front 
Electronics Now, 3/94, p. GS. (C) Copy­
right Gerrtsback Publications, Inc., 1U94. 

.F'ig. 76-18. Reprinted with perrnission fro1n 
Electronics Now, 3/94, p. G7. (CJ Copy­
right Gerrtsback Publications, Inc., 1994. 

Fig. 7G-19. Reprinted with perntission fro1n 
Popular Electronics, 10/94, p. 62. (C) 
Copyright Gernsback Publications, Inc., 
1994. 

Fig. 76-20. Analog Devices, Analog Dia-
logue, Vol. 27, No. 1 (1993), p. 15. 

Fig. 76-21. Radio Craft, 1993, p. 64. 
Fig. 76-22. William Sheets. 
Fig. 76-2:J. Reprinted with permission from 

Electrorrics Now, 3/94, p. 69. (CJ Copy­
right Gernsback P11hlications, lite., 1994. 

Fig. 76-24. Reprinted ffith permission from 
Electrmrics Now, 3/94, p. 69. (CJ Copy­
:right Gem.shack Puhlicatio1ts, II1c., 1994. 

Fig. 76-25. Heprinted with permission fro1n 
Electrorrics Now, 3/94, pp. 70--72. (C) 
Copyright Gemsback Publications, Inc., 
1994. 

Fig. 76-26. Reprinted "With permission from 
Popular Eleclrorrics, 5/95, pp. 55-56. 
(C) Copyright Gernsback Publications, 
Inc., 1995. 

Fig. 76-27. William Sheets. 
Fig. 70-28. Reprinted with perrnission fro1n 

Electronics Now, 3/95, p. iiO. (C) Copy­
right GernsbaCk Publications, Tnc., 
1994. 

Chapter 77 
Fig. 77-1. Reprinted with pernUssion from 

Electronic Design, 6/94, p. 29. Copy­
right 1995, Penton Publishing, Inc. 

Fig. 77-2. Reprinted with permission of 
National Semiconductor Corporation, 
National Semiconduclor Linear Appli­
cations Handbook, 1991, p. 26. 

Fig. 77-3. Reprinted "With permission of 
National Se1niconductor Corporation, 
National Semiconductor Linear Appli­
cations Handbook, 1991, p. 2G. 

Chapter 78 
Fig. 78-1. Linear Technology, Design Nole 

#98. 
Fig. 78-2. Reprinted with pennission fron1 

Electronics Now, 7/94, p. 12. (C) Copy­
right Gemsback Publications, Inc., 1994 . 

Fig. 78-3. Reprinted with pennission fro1n 
Electronic Design, 2/95, p. 118. Copy­
right 1U05, Penton Publishing, Tnc. 

Fig. 78-4. Linear Technology, Design Note 
#100. 

Fig. 78-5. Linear Technology, Design Note 
#98. 

Fig. 78-6. NASA Tech Briefs, August 1994, 
p. 38. 

Fig. 78-7. Linear Teclu1ology, Adve1tiscment 
LT/1294. 

Fig. 78-8. Reprinted with perrnission front 
Electronic Design, 7/94, p. 32. CorY­
right 1994, Penton Publishing, Inc. 

Fig. 78-9. Reprinted. vvith perrnission from 
Electronic Design, 1/95, pp. 1:13-134. 
Copyright 1995, Penton Publishing, Inc. 

Fig. 78-10. Linear Technology, Design Note 
#98. 

Chapter 79 
Fig. 79-1. William Sheets. 
Fig. 79-2. William Sheets. 
Fig. 79-3. William Sheets. 
Fig. 79-4. William Sheets. 
Fig. 79-5. William Sheets. 
Fig. 79-6. William Sheets. 
Fig. 79-7. Williarn Sheets. 

729 



Chapter 80 
Fig. 80-1. Maxim, Vol. III, New Releases Data 

Rook, 1994, p. 3-30. 
F'ig. 80-2. Reprinted with permission of 

National Semiconductor Corporation, 
National Semiconductor Linear Appli­
cations Handbook, 1991, p. 1202. 

Chapter 81 
Fig. 81-1. Heprinted with perntission from 

Popular Electronics, 11/94, pp. 75-76. 
(CJ Copyright Gernsback Publications, 
Inc., 1994. 

Fig. 81-2. Reprinted with perrnission from 
Popular Electronics, 11/94, pp. 74-75. 
(C) Copyright Gcmsback Publications, 
Inc., 1994. 

Chapter 82 
Fig. 82-1. Reprinted with per1nission of 

National Semico11ductor Corporation, 
National Semiconductor Linear Appli­
cation Specific !C's Databook 1993, p. 
1-37. 

Fig. 82-2. Reprinted with permission from 
Popular Electronics, 9/94, p. 73. (C) 
Copyright Gemsback Pul:Jlications, Inc., 
1994. 

Fig. 82-3. 73 Amateur Radio Today, 4/95, 
pp. 54-58. 

Chapter 83 
Fig. 83-1. William Sheets. 
F'ig. 83-2. William Sheets. 
F'ig. 83-3. Reprinted with permission from 

Popular Electronics, 5/93, p. 71. (CJ 
Copyright Gernsback Publications, Inc., 
1993. 

Fig. 83-4. William Sheets. 
Fig. 83-G. Sound Light and MusiL, Delton T. 

Horn, McGraw-Hill, pp. 105-106. 

Chapter 84 
Fig. 84-1. Sound Light and Music, Delton T 

Horn, McGraw-Hill, pp. 106-110. 
Fig. 84-2. Reprinted with permission from 

Popular Electronics, 1/94, p. 75. (C) 
Copyright Gernsback Publications, Inc., 
1994. 

730 

Fig. 84-3. 1994 Electronic Experiinenters 
Handbook, p. 53. 

Fig. 84-4. William Sheets. 
Fig. 84-5. Sound Light and Music, Delton T. 

Hom, McGraw-Hill, pp. 98-100. 
Fig. 84-6. Sound Light and Music, Delton T. 

Horn, McGraw-Hill, pp. 114-115. 
Fig. 84-7. Amplifiers, Waveform Generators 

& Other Low-Cost IC Projects; McGraw­
Hill, p. 147. 

Fig. 84'8. Gordon McComb's Gadgeteer's 
Goldmine, McGraw-Hill, p. 127. 

Chapter 85 
Fig. 85-1. Reprinted with permission from 

Popular Electronics, Fact Card No. 221. 
(CJ Copyright Gernsback Publications, 
Inc. 

Fig. 85-2. William Sheets. 

Chapter 86 
Fig. 8G-1. Reprinted with pernlission from 

Popular Electrorrics, 11/94, pp. 76 and 
91. (CJ Copyright Gernsback Publica­
tions, Inc., 1994. 

Fig. 86-2. William Sheets. 
Fig. 86-3. Reprinted with permission of 

National Semiconductor Corporation, 
National Semiconductor Linear Appli­
cations Handbook, 1991, p. 235. 

Fig. 86-4. Reprinted with permission of 
National Semiconductor Corporation, 
National Senriconductor Linear Appli­
cations Handbook, 1991, p. 236. 

Chapter 87 
Fig. 87-1. Reprinted with permission from 

Electronic Design, 7/94, p. 94. Copy­
right 1[)94, Penton Publishing, Inc. 

Fig. 87-2. Reprinted with permission from 
Electronics Now, 2/94, p. 55. (CJ Copy­
right Gernsback Publications, Inc., 1994. 

Fig. 87-3. Reprinted with pemrission from 
Electrorrics Now, 2/94, p. 57. (C) Copy­
right Gcmsback Publications, Inc., 1994. 

Chapter 88 
Fig. 88-1. Reprinted with permission from 

Popular Electronics, 6/93, p. 71. (CJ 



Copyright Gemsback Pnhlications, Inc., 
1993. 

Fig. 88-2. Analog Devices, The Iles\ of Ana­
log Dialogue, 1%7-1991, p. 117. 

Fig. 88-3. Analog Devices, The Best of Ana­
log Dialogue, 1967-1991, p. 117. 

Fig. 88-4. Reprinted with permission from 
Electronic Design, 7/94, pp. 96-97. 
Copyright 1994, Penton Publishing, Inc. 

Fig. 88-5. Analog Devices, The Ilest of Ana­
log Dialogue, 1967-1991, p. 117. 

Fig. 88-6. Reprinted with permission front 
Popular Electronics, 6/93, p. 71. (C) 
Copyright Gernsbac:k Publications, Inc., 
1993. 

Fig. 88-7. Reprinted with permission from 
Electronics Now, 5/95, p. 63. (CJ Copy­
right Gemsback Publicatio1ts, Inc., 1995. 

Fig. 88-8. Reprinted with permission front 
Electronic Design, 1/94, p. 118. Copy­
right 1994, Pent.on Publishing, Inc. 

Fig. 88-9. Reprinted with permission front 
Popular Electronics, 12/94, p. 41. (CJ 
Copyright Gernsback Publications, lnc., 
1994. 

Fig. 88-10. Reprinted with permission from 
Popular Electronics, 12/94, p. 42. (CJ 
Copyright Gcmshack Publications, Inc., 
1994. 

f'i.g. 88-11. Repri.nted·with permission from 
Popular Electronics, 12/94, p. 41. (CJ 
Copyright Gemsback Publications, Inc., 
1994. 

Fig. 88--12. Amplifiers, Waveform Genera­
tors & Other Low..:Cost IC Projects, Mt:­
Graw-Hill, p. 72. 

Fig. 88-13. Reprinted with pennission from 
Popular Electronics, 12/94, p. 41. (CJ 
Copyright Gemsback Publications, Inc., 
1994. 

Fig. 88-14. Reprinted with pernti.ssion fron1 
Popular Electronics, 12/94, p. 41. (C) 
Copyright Gernsback Publications, Inc., 
1994. 

Fig. 88-15. Reprinted with perrnission fro1n 
Popular Electronics, 12/94, p. 41. (C) 
Copyright Gernsback Publications, lnc., 
1994. 

Fig. 88-16. Maxim, Vol. 111, New Releases 

Data Ilook, 1994, p. 3-125. 
Fig. 88-17. William Sheets. 
F'ig. 88-18. Reprinted with permission from 

Popular Jelect.ronics, 6/93, p. 71. (C) 
Copyright Gems back Publications, Inc., 
1993. 

Fig. 88-19. William Sheets. 
Fig. 88-20. lteprinted with permission fro1n 

Popular Electronics, 6/9:3, p. 72. (CJ 
Copyright Gernsback Publications, lnc., 
199:3. 

Fig. 88-21. Electronics Now, 8/93, p. 12. 
Fig. 88-22. William Sheets. 
Fig. 88-23. Analog Devices, The Iles\ of 

Analog Dialogue, 1967-1991, p.117. 

Chapter 89 
Fig. 89-1. Reprinted with perrrti.ssion from 

Electronic Design, 10/88, pp. 126-128. 
Copyright 1988, Penton Publishing, lnc. 

Fig. 89-2. Analog Devices, Analog Dialogue, 
Vol. 26, No. 1, 1992, p. 12. 

Fig. 89-3. Reprinted with permission from 
Elec.tronic Design, 11/93, p. 99. Copy­
right 1993, Penton Publishing, Inc. 

Fig. 89-4. Analog Devices, Analog Dialogue, 
Vol. 26, No. 1, 1992, p. 13. 

Fig. 89-5. Heprinted with perrnission from 
Electronic Design, 10/88, p. 128. Copy­
right 1988, Penton Publishing, Inc. 

Chapter 90 
Fig. 90-1. Reprinted with permission froin 

1987 Radio-Electronics Experimenters 
Handbook, p. 51. (C) Copyright Gerns­
back Publications, lnc., 1994. 

Fig. 90-2. Reprinted with pemlission from 
Electronics Now, 2/94, p. 33. (CJ Copy­
right Gernsback Publications, Inc., 1994. 

Fig. 90-3. Reprinted with permission from 
Electronics Now, 10/94, p. 53. (CJ 
Copyright Gernsback Publications, lite., 
1994. 

Fig. 90-4. 1994 Electronics Experimenters 
Handbook, p. 123. 

Fig. 90-5. Reprinted with pe1111ission front 
Electronics Now, 4/95, pp. 39-40. (CJ 
Copyright Gernsback Publications, Inc., 
1995. 

731 



Fig. 90-6. Heprinted with permission from 
Electronics Now, 8194, p. 26. (CJ Copy­
right Gernsback Publications, Inc., 1994. 

Fig. 90-7. Analog Devices, The Best of Ana­
log Dialogue, 1967-1991, p. 7'1. 

Fig. 90-8. Reprinted with permission frorn 
Popular Electronics, l~/90, p. 62. (C) 
Copyright Gernsback Publications, Inc., 
1990. 

Fig. 90-9. Gordon Mc.Comb's Gadgeteer's 
Goldmine, McGraw-Hill, JJP. 335-3:16. 

Fig. 90-10. Reprinted with permission from 
Electronics Now, 2/94, p. 16. (C) Copy­
right Gcmsback Publications, Inc., 1994. 

Fig. 90-11. Reprinted with pernlission from 
Electronics Now, 8/93, pp. GS-63. (C) 
Copyright Gernsback Publications, lite., 
199:1. 

Fig. 90-12. Reprinted with permission from 
Radio-Electronic.s, August 199:3, pp. 
58-63. (C) Copyright Gernsback Publi­
cations, Inc., 1993. 

Fig. 90-13. Reprinted with permission fron1 
Electronic f)esign, 8/94, p. 116. Copy­
right 1994, Penton Publishing, Inc. 

F'ig. 90-14. William Sheets. 

Chapter 91 
Fig. 91-1. 1994 Electronics Experimenters 

Handbook, p. 63. 
Fig. 91-2. Reprinted with pennission fnnn 

Electronic Design, 7/94, p. 93. Copy­
right 1994, Penton Publishing, Inc. 

Fig. 91-8. Reprinted with permission frorn 
Electronic Design, 11/93, pp. 90-92. 
Copyright 1993, Penton Publishing, Inc. 

Fig. 91-4. Reprinted with permission front 
Electronic Design, 1/95, pp. 80-81. 
Copyright 1995, Penton Publishing, Inc. 

Fig. 91-5. Reprinted with pennission front 
Popular !Clectronics, 6/95, p. 48. (C) 
Copyright Gernsback Publications, Inc., 
1995. 

Fig. 91-6. Reprinted with perntission of 
National Senliconductor Corporation, 
National Serniconductor Linear Appli­
cations Handbook, 1991, p. 524. 

Fig. 91-7. Heprinted with perrnission from 
Electronic Design, 1/94, pp. 118-119. 

732 

Copyright 1994, Penton Publishing, Inc. 
Fig. 91-8. Reprinted with pernlission of 

National Semiconductor Corporation, 
National Sen1iconductor Linear Appli­
cations Handbook, 1991, p. G24. 

Fig. 91-9. Reprinted with permission of 
National Semiconductor Corporation, 
National Semiconductor Linear Appli­
cations Handbook, 1991, p. 500. 

Fig. 91-10. Reprinted with permission of 
National Se1niconductor Corporation, 
National Senliconductor Linear Appli­
cations Handbook, 1991, p. 1076. 

Fig. 91-11. Heprinted with per1nission of 
National Se1niconductor Corporation, 
National Semiconductor Linear Appli­
cations Handbook, 1991, p. 1076. 

Fig. 91-12. Heprinted with pemtission of 
National Se1niconductor Corporation, 
National Semiconductor Linear Appli­
cations Handbook, 1991, p. 1076. 

Fig. 91-13. Reprinted with permission of 
National Semiconductor Corporation, 
National Semiconductor Linear Appli­
cations Handbook, 1991, p. 1076. 

Fig. 91-14. Analog Devices, The Best of Ana­
log Dialogue, 1967-1991, p. 75. 

Fig. 91-15. Analog Devices, The Best of Ana­
log Dialogue, rnm-1991, p. 75. 

Fig. 91-16. Reprinted with pennission of 
National Semiconductor Corporation, 
National Senticonduc.tor, NSLAH 1991, 
p. 1079. 

Fig. 91-17. Heprinted with pernlission of 
National Se1niconduc.tor Corporation, 
National Semiconductor Linear Appli­
cations Handbook, 1991, p. 493. 

Fig. 91-18. Reprinted with permission of 
National Semiconductor Corporation, 
National Semiconductor Linear-Appli­
cations Handbook, 1991, p. 1077. 

Fig. 91-19. Reprinted with permission from 
Popular Electronics, 5/93, p. 43. (C) 
Copyright Gernsback Publications, Inc., 
1990. 

Fig. 91-20. Reprinted with pemussion of 
Burr-Brown Corporation, Burr-Brown 
Data Sheet INA118, (C) !989~199G 

Burr-Brown Corporation. 



Fig. 91-21. Analog Devices, Analog Dialogue, 
Vol. 27, No. 2, p. 22. 

Fig. 91-22. Reprinted with per1nission of 
National .Semiconductor Corporation, 
National Sen1iconductor Linear Appli­
cations Handbook, 1991, p. 1076. 

Fig. 91-23. QST, 5/95, p. 8fi. 
Fig. 91-24. Reprinted with permission of 

National Serniconductor Corporation, 
National Scmicondnctor Linear Appli­
cations.Handbook, 1991, p. 523. 

Fig. 91-25. Reprinted with pennission from 
Popular Electronics, l/9fi, p. 28. (CJ 
Copyright Gernsback Publications, Inc., 
1995. 

Fig. 91-26. QST, 5/95, p. 8fi. 
Fig. 91-27. Reprinted vvith permission of 

National Serniconductor-Corporation, 
National Scmicondnctor Linear Appli­
l'.ations Handbook) 1991, p. 1079. 

Fig. 91-28. Reprinted with permission of 
National Semiconductor Corporation, 
I\Jational Semiconductor Linear Appli­
cations Handbook, 1991, p. 1076. 

Fig. 91-29. B,eprintcd with permission front 
Popular Electronics, 1/95, p. 29. (C) 
Copyright Gentsback Publications, Inc., 
1995. 

Fig. 91-30. Power Supplies, Switching Reg­
ulators, Inverters, and Converters, Mc­
Graw-Hill, pp. 163-164. 

Chapter 92 
Fig. 92-1. Reprinted with pennission from 

Popular Electronics, 9/94, p. 26. (CJ 
Copyright Gems back Publications, Inc:., 
1994. 

Fig. 92-2. Reprinted with pennission fro1n 
Popular Electronics, 2194, p. 2fi. (C) 
Copyright Gernsback Publications, Inc., 
1994. 

Fig.--92-:3. Heprinted with pennission fron1 
Electronic Design, 3/95, pp. 114-116. 
Copyright 1995, Penton Publishing, Inc. 

Chapter 93 
Fig. 93-1. William Sheets. 
Fig. 93-2. Williant Sheets. 
Fig. 93-:3. William Sheets. 

Fig. 93-4. Willia1n Sheets. 

Chapter 94 
Fig. 94-1. William Sheets. 
Fig. 94-2. Arnplifiers, Wavefom1 Generators 

& Other Low-Cost IC Projects, McGra\v­
Hill, p. 92. 

Fig. 94-3. NASA Tech Briefs, August 1994, 
pp. 34-:35. 

Fig. 94-4. William Sheets. 
Fig. 94-5. Reprinted with permission from 

Popular Eler:tronir:s, Falt Card No. 270. 
(CJ Copyright Gemsback Publications, 
Inc. 

Chapter 95 
Fig. 95-1. Spring 1994 Electroiiics Hobbyist 

Handbook. 
Fig. 95-2. Heprinted \.Vith permission front 

Electronics Now, 5/95, p. 8. (CJ Copy­
right Gcmshar:k Publications, Inc., 1995. 

Fig. 95-:J. Reprinted with permission front 
Popular Electronics, Fact Card No. 221. 
(C) Copyright Gernsback Publications, 
Inc. 

Chapter 96 
Fig. 96-1. Reprinted with permission front 

Electronics Now, 6/93, pp. 41--46. (CJ 
Copyright Gernsback Publications, lnc., 
1993. 

Fig. 96-2. Reprinted with permission from 
Electronics Now, 12/93, p. 29. (CJ 
Copyright Gemshar:k Publications, Inc., 
1993. 

Fig. 96-3. 1994 Electronics Experimenters 
Handbook, p. 105. 

Fig. 90-4. lteprintcd with permission fron1 
Electronics Now, 1994 Experimenters 
Handbook, p. 77. (CJ Copyright Gerns­
back Publir:ations;lnc., 1994. 

Fig. 96-5. Gordon McComb's Gadgeteer's 
Goldn1ine, McGraw-Hill, pp. :340-:141. 

Fig. 96-6. 73 Amateur Radio Today, 5/U3, p. 
56. 

Fig. 96-7. Reprinted with permission fron:t 
Popular Electronics, 8/92, p. 45. (C) 
Copyright Gernshack Publi~ations, Inc., 
1992. 

733 



Chapter 97 
Fig. 97-1. Reprinted with permission from 

Popular Electronics, G/95, p. 29. (C) 
Copyright Gernshack Publications, Inc., 
1995. 

Fig. 97-2. Reprinted with permission fron1 
Popular Electronics, 1/95, pp. 72-78. 
(CJ Copyright. Gemsback Publications, 
Inc., 1990. 

Fig. 97-3. Reprinted with permission fro1n 
Popular Electronics, 1/95, p. 71. (CJ 
Copyright Gernsback Pubiications, Inc., 
199fi. 

Fig. 97-4. Iteprinted with permission from 
Popular Electronics, 1/95, p. 7:l. (CJ 
Copyright Gernsback Publications, lnc., 
1995. 

Fig. 97-5. Reprinted vvith permission frorn 
Popular Electronics, 12/94, p. 72. (CJ 
Copyright Gernsback Publications, Inc., 
1994. 

Fig. 97-6. Reprinted with permission from 
Popular Electronics, 12/94, pp. 74-75. 
(CJ Copyright Gemsback Publications, 
Inc., 1994. 

Chapter 98 
Fig. 98-1. Reprinted with permission frorn 

Electronics Now, 5/95, pp. 50-51. (C) 
Copyright Gernsback Publications, Inc., 
1995. 

Fig. 98-2. Analog Devices, AD8001 Data 
Sheet. 

Fig. 98-3. Reprinted with perrnission of Na­
tional Semiconductor Corporation, Na­
tional Senli.conductor Linear Application 
Specific !C's Databook 1993, p. 8-fiO. 

Fig. 98-4. Reprinted with permission of Na­
tional Semiconductor Corporation, Na­
tional Senriconductor Linear Application 
Specific !C's Databook 1998, p. 3-3:3. 

Fig. 98-5. Reprinted with permission front 
Radio-Electronics Experimenters Hand­
book, pp. 88-88, 1994. (C) Copyright 
Gernshack Publications, Inc., 1994. 

Fig. 98-6. 1-{eprinted with pern1ission of 
National Semiconductor Corporation, 
National Semiconductor Linear Appli­
cations Handbook, p. I 021. 

734 

Fig. 98-7. Maxirn, Vol. 111, New Releases 
Data Book, 1994, p. 8-16. 

Fig. 98-8. 73 Amateur Radio Today, 7193, p. 
74. 

F'ig. 98-9. Reprinted with pennission of Na­
tional Semiconductor Corporation, Na­
tional Semiconductor Linear Application 
Specific !C's Databook 1993, p. 3-32. 

Fig. 98-10. 78 Amateur Radio Today, 7/9:3, 
Jl. 74. 

Fig. 98-11. Reprinted with pennission of Na­
tional Semiconductor Corporation, Na­
tional Semiconductor Linear Application 
Specific !C's Databook 199:3, p. 3-13. 

Fig. 98-12. Linear Technology, Design Note 
#92. 

Fig. 98-13. Maxim, Vol. III, New Releases 
Data Book, 1994, p. 8-16. 

Fig. 98-14. Reprinted with permission from 
Popular Electronics, Fact-Card No. 268. 
(C) Copyright Gemsback Publications, 
Inc. 

Fig. 98-15. Maxim, Vol. 111, New Releases 
Data Book, 1994,p.8-19. 

Fig. 98-16. Linear Teclmology, 2/95. 
Fig. 98-17. Analog Dialogue, Analog De­

vices, Vol. 26, No. 1, 1992, p. 11. 

Chapter 99 
Fig. 99-1. Analog Devices, The Best of Ana­

log Dialogue, 1967-1991, p.75. 
Fig. 99-2. Reprinted with permission of Na­

tional Semil'.onductor- Corporation, Na­
tional Semiconductor Linear Application 
Specific !C's Databook 1998, p. 1-37. 

Chapter 100 
Fig. 100-1. Reprinted with permission from 

Popular Electronil'.s, Fact Card No. 269. 
(CJ Copyright Gernsback Publications, 
Inc. 

Fig. 100-2. Analog Devices, The Best of 
Analog Dialogue, 1967-1991, p. 79. 

Chapter 101 
Fig. 101-1. Reprinted with permission of 

National Semiconductor Corporation, 
National Semiconductor Linear Appli­
cations Handbook, 1991, p. 500. 



Fig. 101-2. Maxim, Vol. III, New Releases 

Data Book, 1994, p. 3-126. 
Fig. 101-3. Reprinted with per1nission from 

Electronic Design, 11194, pp. 127-128. 

Copyright 1994, Penton Publishing, Inc. 
Fig. 101-4. Reprinted V\ith pern1ission of 

National Se1niconductor Corporation, 

National Semiconductor Linear Appli­
cations Handbook, rn91, p. 207. 

Fig. 101-5. QST, 4/95, p. 61. 
Fig. 101-6. 73 Amateur Radio Today, 3195, p 

G3. 
Fig. 101-7. Reprinted with permission from 

Popular Electronics, 5/94, p. 80. (CJ 

Copyright Gcrnshack Publications, Inc., 
1994. 

Fig. 101-8. Reprinted with per1nission of 
National Semiconductor Corporation, 
National Semiconductor.Linear Appli­
cations Handbook, 1991, p. 499. 

Fig. 101-9. Reprinted with permission from 

Popular Electronics, 5/94, p. 79. (CJ 
Copyright Gernsback Publications, Tnc., 

1994. 
Fig.101-10. Hcprinted with permission of 

National Semiconductor Corporat.ion, 
National Semiconductor Linear Appli­

cations Handbook, 1991, p. 206. 

Chapter 102 
Fig. 102-1. Reprinted with perrnission from 

Popular Electronics, 11/94, p. 74. (C) 

Copyright Gcrnsback Publications, Inc., 
1994. 

Fig. 102-2. Reprinted with pernrission from 
Popular Electronics, 5/94, p. 90. (C) 

Copyright Gernsback Publications, Tnc., 

1994. 

Fig. 102-3. Reprinted with permission from 

Electronic Design, 12/94, pp. 118-119. 
Copyright 1994, Penton Publishing, Inc. 

Fig. 102-4. Reprinted with permission fron1 

Electronics Now, 8/93, p. 14. (CJ Copy­
right Gernsbal'.k Publications, lnl'.., 1993. 

Fig. 102-5. Heprinted with permission of 
National Semiconductor Corporation, 

National Senriconductor Linear Appli­

cations Handbook, 1991, p. 208. 
Fig. 102-6. Gordon McComb's Gadgetcer's 

Goldmine, McGraw-Hill, p. 197. 
Fig. 102-7. Amplifiers, Waveform Genera­

tors & Other Low-Cost IC Projects, Mc­

Graw-Hill, p. 21. 
Fig. 102-8. Reprinted with permission from 

Popular Electronics, 11/04, pp. 76 and 
91. (CJ Copyright Gernsback Publica­

tions, Inc., 1994. 
Fig. 102-9. Reprinted. with pcrmi">sion from 

Electronic Design, 7/94, p. 96. Copy­
right 1994, Penton Publishing, lnc. 

Fig. 102-10. Power Supplies, Switching Reg­

ulators, Inverters, and Converters, Mc­
Graw-Hill, p. 129. 

Fig. 102-11. Reprinted with perrnission from 
Electronics Now, 3/95, p. 63. (C) Copy­

right Gernsback Publications, lnc., 1995. 

Chapter 103 
Fig. 103-1. 73 Amateur Radio Today, 12/93, 

p. 70. 
Fig. 103-2. 73 Amateur Radio Today, 12/93, 

p. 72. 

Chapter 104 
Fig. 104-1. William Sheets. 
Fig. 104-2. William Sheets. 

735 



Index 

Numbers preceded by an 'T', "Ji", "HI'', "IV", "V", or "VJ" 01rc fromEnr:yrlo]mdia qf Electron-fr: Cin:u·lts Vol. I, II, III, IV, V, 
ur VJ respectively. 
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ahsulutc-value circuits, T-;17, !V-274 
arnvlificr, 1-31 
full wave rectifier, II-f>2R 
Norton tunplifier, III-11 
precision, I-37, IV-271 

ar. am1Jlifier, high input impecl;Htcc, 
Vl-5.5 

ac line/timer interface, V1-2Rl 
ar. motors (see also motor control 

drcuits) 
r.ont.rol fur, II-'.375 
powPr brake, II-451 
three-vhasc driver for, 11-::JR:i 
two-phase driver for, f-1fifi, II :382 

ar. power monitor, VI-8fil 
ar.klr: indkalor, IV-214 
ar.-to-dc converters, I-Hl!J 

fixed vower supplies, fV-.195 
fnll-wavc, IV-120 
high-impedance precision rectifier, 

T-164 
af:celerumcler, VI-34G 
acid rain monitor, II-21G, IIl-361, V-071 
acoustic field generator, V-~:1:38-:341 
acoustic sound receiver/transmillcr, 

IV<lll 
active w1lcnnas (see m1tenn<is, 

active) 
ac-tivc fillers (see al.~o filter circuits) 

band rcjecr;II-401 
licmdpass, III-190, TT-221, 11-22'3 

variable bandwklth, 1-286 
!liJ\il . .all.y tuned low-power, 11-218 
five pole, I-279 
fourth-order low-pass. V-184 
hiflh-pass, V-180, V-188 

fourth-order, V-188 
second-order, 1-2!:17 

low-pass, V-178, V-181, V-188 
digitally selected lircak frequency, 

II-2Hl 
unity-gain, V -187 

low-power 
digitally seledalik center 

freqnenc,y, 111-186 
digitally tuned, 1-27() 

programmahle, 111-185 
RC, up to l GO kliz, 1-2D4 
speech-range filter, V-185 
state-variable, 111-18!) 
ten-hand gravhic equalizer usmg, 11-

G81 
three-amplifier, 1-280 
tunahle, l-28!:1 
universal, 11-214 

adapters (see afao con\'ersion and 
f:rmvertcrs) 

de transceiver, hand-held, TTl-4fil 
line-voltu,!,(e-to-multunet er ada 1.1t er, 

V-~112 
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program, second-a11diu, 111-142 
traveller's shaver, 1-495 

adder circuits, ITT-~27 
!Jiiwry, fast-action, lV-260-261 

1\FSK generator, one d1ip, VI-23 
AU-C (see automatir. gain control 

(AGC) 
air conditioner, auto, smart dulch 

for, III-46 
airerafl receiver. 118- tCT 136-MHz, 

Vl-542 
air rnoUon and pressure 

barumdcr, VI-338 
electronic anemometer, VJ-6 
flow-dclector, I-23:-i, JJ-240-242, III-

202-203, IV-82;V-lf>4, Vl-4-6, VI-
183 

now-meters (anemometers) 
hol-wire, III-342, V-fi, Vl-4-6. 

VJ-183 
tltcrrnally based, TT-24 l 

pressure change detector, IV-144 
molion detector, 1-222, 111-:364 

airplane propeller sound effecl, II-592 
alanns (see also annur.iaturs; sirens). 

1-4, III-3-9, IV-84-89, V-1-16, VI-7-
16 

555-based alarm, V 11 
alarm-tone generator, V-56:~ 
wnateur radio on-alarm and timer, 

Vl-32 
audio-sensor alam1, V-8 
aulo burglar, T-1, l-7, 1-10, II-2, III-1, 

IV-53 
alarm def:oy, Vl-1!3 
automatk-arrniJ1g, JV-50 
automatk turH-off, 8 minute 

delay,. JV-~2 
CMOS low-currcnl, IV-56 
horn as loudspeaker, IV-54 
motion-actuated ear/motorr.yde, 

J-9 
security sysLcrn, I-5, IV-19-Gfi, 

Vl-9, Vl-11 
single IC, 111-7, JV-55 

auto-arrn·mg uulomotive alarm, fV­
GO 

automatic· turn-off, IV-54 
8 minute delay, IV-52 

baby-alert transmitter/receiver, V-
95-9fi 

backup battery low alam1, VT-110 
bells, electronic. II-33, 1-0~fi 
blm~rn ruse, 1-10 
boat, I-~ 
hod~---heal detector. VI-2fifi 
b11rglar alurms, III-8, III-0, TV 86, VI-

8 
burglar chaser, V-10 
l;itd1iI1g circuit, 1-8, 1-12 
NC und NO switches, lV-87 
NC S\\itches, JV-87 

u11e-citip, III-5 
self-lalching, IV-85 
timed shutoff, IV-8:i 

camera lriggered, III-444 
c.apacilivc sensor, III-r->lf1 
current monitor and, III-:1:18 
dark-activated alarm, pulsed tom; 

outpul, V-13 
delayed alann, V-4 
differ·e1ttial voltage or current, 11-'J 
digit.a.I clock circuit "'ith, IIl-84 
door-ajar, 11-284, III-46, VI-14 

Hall-effect circuit, III-2:i0 
door m.iHdcr, V-5 
doorbells (see aru111ciators) 
driver, hi/.0:1-power alarm driver, V-2 
exit del<iy for burglar alarms. V-10 
fail-safe, semiconductor, III-fi 
field disturlmnce, II-507 
fla.~her signal, V-197 
flashiH/.\ brake light for motorcycles, 

VT-12 
flex swilch alarm sounder, V-1.5 
flood, J-!390, III-206, IV-188, V-:J74 
freezer meltdown, I-13 
headlighls-on, III-52, V-77 
heat-activated alarm, V-9 
high/low-limit, I-151 
home security system, J-6, JV-87, 

Vl-10-11 
ice forrnation, II-58 
infrared wireless system, TV-222-

22'J 
lalching relay alarm circuit, VI-560 
li/.O:tl-activated, V-9, V-27:3 

high-output, pulsed tune, V-14 
vrecision design, V-12 
precision ¥.ith hysteresis, V-14 
self-latch, tone output, V-15 
with latch, V-12 

lip;ht-beam intn1der-detcetion 
-alarm, V-11, V-13 

loop circuit alarms 
closed-loop, V-3 
multi-loop parallel alarm, V-2 
parallel, V-3 
series/parallel, V-:3 

low-battery discorn1ccl and, III-GG 
low-battery warning, 111-58 
low-volts, II-49:1 
motorcyde alarm, Vl-1(3 
motorcycle burglar ulurrn, VI- lG 
motorcyde horu alarrn, VI-14; VI-lf"i 
multiple r.ircuit for, II-2 
no-doze alarm, V-8 
one-f:hip, 111-5 
photoelectric, 11-4, II-310 
piezoelectric, 1-12, V-10 
power failure, 1-581, I-582, TIT-fill 
printer error, IV-106 
proxiJl\ity, Il-506. III-GI 7, V-485-

486, Vl-657 



pulsed-lone, 1-11, V-_fifl8 
purse-srw.ldter, caparitance 

operaled, l-1:34 
rain, 1-442, 1-443, TV-189 
road ice, 11-57 
security, 1-4, 111-3-9 
self-unning, 1-2 
sensor ampJifieL sensor amplifier, 

Vl-.52 
shulolI, automatir, 1-1 
s~nal-reeeption, receivers, Ill-270 
silent alarm, V-lfi 
siren, V-559 
smoke alunns. IT-278, IU-246-253 

gus, 1-:J:J2 
ionizalion charnher, 1-882-333 
line-operated, TV-140 
operuled ionization type, I-596 
photoelectric, line-operated, I-596 
SGR, 111-2.51 

solar powered, l-13 
sonic defenders, IV-."124 
spaceship alarm, V-fifiO 
speed, I-95 
Star Trek red alert, 11-fi77 
strobe flasher alarm, TV-180, V-G 
tamperproof burglar, 1-8 
temperature (see also temperature-

relaled circuits), IT-4, Il-018 
adjustable thre:;hokl, JT-011 
light, radiutiou sensitive, II-1 

timer, II-674 
trouble tone ulert, 11-.3 
turn signal use ulurm, VT-100 
varying-frequency warning, II-G79 
wailing, II-572 
warbling, II-570, V-7 
watchdog timer/alarm, IV-584 
water leakage/level (see tilso t1ukl 

and moisture), 1-089, IV-190, V-
371 

allophone generator, III-700 
alternators 

hattery-altemator moniLor, ear, Ill -
08 

regulator for automobile alternatoL 
V-7G 

altimeter, digital readout, Y-2\:J6 
AM radio-related circuits, I-544 

AM and shortwave, ac/dc vaeuum­
tuhe-design, VI-536-507, Vl-500 

AM-modulated oscillator for 
·wireless microphones, Vl-450 

amplitrnie modulator, II-370 
broark:ast hand signal generalor, 

JV-:102 
car radio to shortw·ave converter, 

IV-.500 
dt•111udulator, TI-lUO 
detector, 4fifl-kHz AM, Vl-184 
cuvelope detedor, IV-142 
linear (AM) amplitude modulator. 

Vl-402 
micruphrme, -wireless AM 

microphone, I-079 
modulation monitor, IV-2DD 
power amplifier for, I-77 
receivers, TT-fi2G, III-81, 111-528, III-

5!35, TV-4.'ifi V-496, VI-535 
1.5 V broadr:ast, V-197 
mixer/oscillator for AM receiver, 

Y-412 
lransistor radio, V-G02 
carrier-current, TTT-81 
f_M/AM_ receiver, VT-G41 
inlegrated, HI-53fi 
one-lube, Vl-552 

rcgcner;itive, one-tube, VI-547 
Lwo-chiJ.J, Vl-f1:iO 

shortwave radm AM hroadcast trap, 
VI-214 

si/l,Ital generators, IV-801, IV-302 
twted collector oscillator, for .AJvl 

broadcast band, VI-454 
AM/Fl\·1-related circuits 

dock radio, JJ-G48, 111-1 
squelch urcuit, JJ-fi47, 111-1 

arnatcur radio related circuits (_see 
fflso amate111" television), VI-l 7-
!J2 

AFSK gerlPrator, one-chip, VI-23 
mnvli11er control circuitry, 1.2-k\:V 

144-MHz, VT-19 
arnplilier JJOwer snpply, 1.2-k\V 144-

Mllz. Vl-18 
audio breakout. hox, Vl-2G-27 
ballCD' vack and reverse polarity 

protection, VT-80 
CV.I audio lilter, VI-29 
C\V identifier, programmable, VI-24 
C\\.' tr;m:;mitter keying circuit, VI-

22-20 
CW trausmitter, one-watt, VI-27 
idcutifier r:irr:nit, VI-81 
linear amp, 2-.':m MHz 140-\V, III-260 
lincaraJitpliJ'ier, Vl-1.2-k\V 144-

1\.lHz, Vl-20 
mobile radio on-alann timer, VI-32 
Morse code drcuit.s, \'1-401-409 
PTT control llum receiver audio, 

Vl-28 
receiver for, 111-534 
RF line sarnplcr/eouplPr, \1-30 
Ii variable-frequency oscillator 

(VFO), V-502 
SSB receiver, Vl-80-meter, \1-29 
superhet receiver, four-st.age 7fi­

meter, VI-21 
S\VR detector adapter, ;wdihle, VI-

25 
transceiver memory backup, VT-28 
transceiver relay inlerfaee, V-24:'l 
transmit key er interface cirf'.nit, VI-

31 
transmitter, 80-M, 111-675 
voice identifier, V-550 

amateur television (ATV) circuits, 
:'l8-1G, VI-33 

downconverter, 420 to 450 !1.Ulz, \1-
41-15, VI-44 

downconverter, 802 to--U28 Mll:t., V1 
40-41, VI-40 

dummy load for transmiller tesb, 
Vl-:17 

horizontal deflection circuil, VI-082 
inini transmitter, Vl-36 
parabolic: dish microphone 

amplifier, Vl-82 
preamp, mast-molli1ted, Vl-37 
Sl'>'itching supply for color TV, SCH. 

Vl-487 
tr;i.nsmitt.er for 440 MHz, Vl-5-v..-att, 

VT-34 
transmitter, VI-5-watt, VI-3.5 
transmitter, three-channel, 420- to 

4.50-MHz, Vl-4, VI-42 
transmitter, three-channel, 902-to 

B28-MH7., VT-88, VI-38 
Ullf :;canner active antenna, VI-67 
vertical deflection circuit. VI-374 
vidcu detector for transmitter tests, 

VJ-:J7 
arnbience amplifier, rear speaker, Il-

458 

mnbient light effects, cancellation 
circuit., 11-:128 

ambient light-ignoring optical sensor, 
111-41:3 

u11u11eter, T-201 
low-current, V-807 
Hano, 1-202 
1iif'.o, TT-lfi1, U-157, I-202 

g11arded input circuit, II-156 
six-decade range, II-153, II-156 

amj.JlifiPrS (.w~e a/SO audio amplifil'rS). 
JI-fi-22, III-10-21, V-17-26, Vl-40-
57 

I watt/2 .. "I GHz, II-540 
2 to 6-W, -with preamp, 11-451 
2 to 80 MHz, 110\\i amateur radio 

linear, I-GG5 
4\'v' bridge, 1-79 
,5w output, two-meter, I-567 
6W 8-ohm onpnt-transformerless, l-

75 
10 dB-gain, TII-543 
10 w J.JOWer, T-7G 
10 x buffer, I-128 
12-W low-distortion power, I-76 
Hi-V.' bridge, 1-82 
25-watt, ll-4fi2 
JO Ml fa, I-fifi7 
40 dB gain, Iv-.qG 
60 MHz, l-~fi7 
80 MHz casr:ade, l-Gfi7 
80\V PEP broadhand/linear, I-557 
100 Mll:d400 MHz neutralized 

COHU!lU!l source, I-GG5 
lOOW PEt' 420-4fi0 MHz push-pull, 

1-554 
lOOx buffer, J-128 
135 lo 175 MHz, T-fifi4 
160\V PEP Uro<tdband, T-fififi 
200 MHz neulralir.ed f'.ommon 

source, l-568 
450 MHz conm101t-source, I-GG8 
600-\\.' rf power, 1-.5.59 
absolute-value, 1-:_n 
ac amplifier. noni1tverting, V-18, V­

JD 
ac amplifier, hi;.\11 input impedance, 

Vl-55 
ac servo, bridge tyJJe, 111-:187 
ac-coupled, dynamic. 111-17 
acoustic field gencratur, V-:1!18-

341 
AF drive indicalor, V-:346 
AGC, 11-17 

squelch control, 111-00 
wide-band, 111-15 

arljnstable-gain noninvcrting, l-91 
amateur radio, linear, 2 to !JU MHz, 

110\V, 1-555 
amhienr:e, rear speaker, 11-458 
AM radio power, 1-77 
attenuator and, digit.ally contrulled, 

I-:J8 
andio (see audio amplifiers) 
audio converter, two- Lo four-wire, 

11-14 
audio limiter, low-dislortiou, ll- 15 
:lmiio power amps (see audio and 

sonnd circuits, power amps) 
audio signal amps (see audio <md 

srnrnd circuits, signal an1ps) 
aiidio-to-l~HF preamp, V-24 
automatic fade circuit for, Il-42 
a.utomatir: level control, Il-20 
a.utnmotive audio amplifier, IV-66 
Av/200, stereo, I-77 
bal;i!lce, Tl-4fi 
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amplifiers, continued 
inverting, I-'.l:'l 
loudness r.ontrol, 11-47, II-305 

bandpass amplifier, Vl-54 
bootstrap drr.nit., V -:356 
bridge, 1-71 

4 watt. I-79 
16 watt, I-82 
ac servo, I-4:i8 
audio POWf'X, I-81 
high-impedanr.e, l-!35!J 
transducer, TIT- 71, 11-84, 1-351 

broadband 
low-noise, I-!i02 
PEP, HiO-Vv', I-556 
linear/PEP, ROW, 1-557 

bridge amplifier, VI-122, Vl-123 
buffers 

I Ox, I-128 
lOOx, I-128 
ac, single-sup1_1ly, l-I-26 
battery-powered, l-!J51 
rf amp with mudulalor, IV-490 
sine-wave output, 1-126 
Wlity-gain, stable design. II-6 

car stenm hooster amp, V-72 
cascade, rrr-1:~ 

80 MHz, I-fi07 
cascode, rfampli11cr.s, IV-488 
CD4019 audio .sigrwl amp, JV-40 
chopper,± lfiV., 111-12 

chopper cham1d, 1-350 
stahiJi:;:ed, 11-7 

clamp-limiting, active, III-15 
color vidPo, J-:34, III-724 
common .source 

4GO MH~,, 1-568 
low-power, 11-84 

romplementury-symmetry ai1dio, l-
78 

r.omposite, 11-8, III-13 
r.ompte.ssor/urnplifier, low­

distortion, IV-24 
ronstai1t-lm11dwidth, III-21 
rontrol circuilry, 1.2-kW 144-MHi, 

VT-19 
cool-down circuit, V-354, V-.Sf>7 
crystal tLmcd amp, \1-57 
current feedback amp, 100 mA at 

100 Milz, V-25 
r.mTent-shtmt, IH-21 
rurreitt collector head, TI-11, Il-2\:15 
r11rreut probe amplifier, VT-fi21 
rurrent-lo-voltage. high-speed, J-:35 
Darli.Jtgton, push-pull, V-22 
rk servo, I-457 
iic-stabilized, fast, III-18 
de-to-video log, I-38 
detector, MC1330/MCJ.1fl2, TV IF, 

1-688 
difference amplifier, V-18, V-21, VI-

5:J 
differential, I-38, III-14 

lti,>lh-impedance, I-27, T-354 
high-input, high-impedance, 11-19 
instrumentation, I-347, TTT-28:3 
instrwncntation, biomedic;i.l, 

111-282 
vrograrrunable gain, JJI-507 
two op amp bridge type, 11-80 

discrete current-booster, V-2:J 
distribution amplifiers 

audio, I-39, II-39, V-59 
signal, I-39 

dual power supply, V-465 
dynamic, ac-coupled, 111-17 
car protector cirruit, V-482 
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e!ectrct microphone preamp, V-'.:ll 
electromelcr, overload protected, 

Jl-155 
fast-iuvert..ing, high-input 

impedance, V-18 
FF:T input, II-7 

off.set gate bias, V-22 
video, cascade, I-691 

flat response, I-92, III-G7.S 
fonvard-currcnt booster, ITI-17 
fm1r-l1uadrant photo-conductive 

detector, I-359 
frequency counter preamp, V ·24 
gain, IO dB. III-543 
gal11-controlled, III-34 
gate, 1-06 
guitars, matching andio signal 

illllps, IV-38 
ltarrnonic distortion analyzer, 

V-291 
harmonic distortion meter, V-:Jl2 
hi-li compander as. 11-12 
lti-ii expandor, II-12 
hi,ish-frcquency amplifiers, 111-25\:1-

265 
2\:J-MHz, III-2G2 
:J-to<.lO MHz. 80-W, 12.fl-13.6 V, 

111-261 
anwleur radio, linear, 2 .!JO Miiz 

140-W, III-260 
nw1inverting, 28-dB, TTT-26:3 
RF, broadcast hand, Ill-264 
UHF, wideband \\-ith hi,!.llt-

pcrforrnance FE1's, 111-264 
wideband, III-2fifJ 

l1igh-impedance/high-gai1liltigh­
frequency, I-41 

hi;;h-impedanrellnw-capacitance. I­
·m:n 

high-input-high-1mpetlancc 
amplifiers, TI-19, 11-44 

high-side rurrent-.sensi.ng amp, \1-G1 
highpass amplifier, Vl-49 
IF amplifiers, T-fi90, IY-459 

455-kHz, V-fi22, V-52!J, V-524 
45-MHz, crystal f"llter, V-5'27 
AGC system, JV-458 
preamp, IV-460 
receiver, TV-459 
quadrature r~tector, TV sound 

IF, I-fl90 
two-stage, 60 Ylllz, 1-563 
wideband, T-68\:J 

infinite sample and hold, II-558 
input-invPrting, fast, high­

imf.l!"dance, \1-1\:J 
inpnt/011tp11t buffer for analog 

multiplexers, 111-11 
instrumentation amplifiers, l-31fi, 1-

318, T-849. 
I-3G2, TI·29:J-2\:J5, IIl-278-281, 

IV-229 .. 2:34 
V-23:1-2.'3.5 
±100 V crnnmon mode range, 

III-294 
current rollector hcud 

amplifier, 11-2\:15 
differential, l-:J47, I-340, I-3G3, 

I-3G4, TTT-282, 111-283 
extPnded common-mode design, 

IV-2.'34 
high-impedance low-drift, I-3Sfi 
high-speed, 1-354 
low-drifUluw-noise de amplifier, 

rv.2:32 
low-signal level/high-impedance. 

I ~150 

low-power, 111-284 
meter driver, 11-2\:16 
preamps, Tff,28:3, IV-230-231 
precision FF:T input, I-355 
saturated standard cell amplifier, 

II-296 
strain gangP, 111-280 
triple op amp, 1-347 
ultra-prer.ision, IIl-27\:J 
variable gain, differenlial input, 

I-349 
very high-impedance, I-354 
'hideband, IIT-281 

inverting, J-42, 11-41, III-14 
ac, high-gam, 1-\:12 
balandng circuit in, I-33 
gain of 2, lag-lead compensation, 

UHF T-566 
low-po'wer, digitally selectable 

gain, JJ.333 
power arnpWler, I-70 
programmable-gain, III-505 
unity gain aiuplifier, I-80 
wideband unity gain, I-35 

ISD lOOOA record/playback drcuit., 
VI-GO 

isolation 
capacitive load, 1-34 
level-shifting, 1-:J48 
mediral telemetry, I-352 
rf, TT-547 

.TFF:T, V-20 
GOO-Moluu input impedanre, V-2:3 
bipolar cascade video, I-G92 
current .source biasing, V-21 
preamplifier, V-22 

linP am_ps, 111-37 
d11plex, telephone, III-Cilfi 
universal design, IV-39 

linear amplifiers 
2-kW 144-MHz, Vl-20 
2-:30 MHz, 140\\' PEP amateur 

r;i.dio, 1-555 
100 W PEP 420-450 MHz pu.sh­

pull, 1-554 
160 w PEP broadband, I-fifi6 
arn,•tcur radio, 2-30 MHz 140-W, 

111-260 
auilio power amplifiers, V-51 
CMOS inverter, II-11 
inverter, linear amp from 

inverter, II-11 
rf, IV-480-481, IV-484-485 

loatl-line protected, 7GW audio, l-7!J 
Jogurilhrnic amplifiers, T-29, 1-!J5, Il-

8 
tic to video, 1-:~8 
log-ratio amplifier, 1-42 
op amp, Vl-5G 

logic amplifiers, Il-:'l:'l2-335 
low-powerbinruy, to lOngain 

low-frequency, IJ-2$3 
low-power inverting, digitally 

selectable gain, JJ-:1:3:3 
low-power noninverting, 

digilally selectable. input ai1tl 
gain, II-334 

precision, digitally progrrunmable 
input and gain, TT-835 

programmable amplifier, 11-334 
log ratio, 1-42 
loudness control, 11-46 
low-level video detector circuit and, 

I-fi87 
low-noise design, IV-37 
!owpass amplifiPr, Vl-4\:J 
medical telPmPtry, isolalion, I-352 



meter-driver, rf, 1-MHz, III-545 
ntino-powered, high-input/high­

impedanre, 20 dB, II-44 
nticro-sized, IH-3fi 
microphone, 1-87, III-34 

electronically balanced input, I-86 
microwave amplifiers, IV-315-319 

5.7 GHz, JV-317 
bias supply for preamp, IV-318 
preamplifiers, IV-316-319 

mirti-stereo amplifier, V-583 
monostable, ll-2fi8 
MUSl•'BT 

high-impedance biasing method, 
V-19 

push-pull amplifier, VJ-55 
nculralized common source, I-565, 

I-568 
noninvl'rting <intplifiers, I-32, I-33, I-

41, 111-14 
ac power, 1-79 
adjust.able gain, 1-91 
comparalor with hysteresis in, 

I-15;3 
high-frequency, 28-rlB, III-263 
hyslcresis in, 1- l 58 
low-power, digitally selectable 

ir1pul mid gain, TT-334 
powl'r, I-79 
prograrmnable-gain, Hl-fiOS 
single supply, I-74 
split supply, 1-75 

Norton, absolute-value, 111-11 
op amp (see uperational amplifiers) 
oscilloscope sensitivity, lll-4::lfi 
output, four-charmel DIA, lll-1 fif) 
pH probe amplifier, Vl-523 
phono, I-80, I-81, I-89 
photodiode, I-361, ll-324, 111-19, 111-

672, VI-301, Vl-302 
phototransistor amplifier, V-409 
playback, tape, IIl-672 
polarity-reversing_ low-power, 111- lfi 
power (see power mnps) 
power supply, V-464, V-465, Yl-18 
pre-amps (see premnplifieP.;) 
precision amplifier, 1-40, 11-335 
precision RTD, for +5 Y, Vl-643 
programmable amplifiers, 11-:3:34, 

111-504-508 
differential-input, prograrnmable 

gain, III-507 
inverting, programm£tblc-gaiu, 

111-505 
noninverting, programmalile­

gain, III-505 
predsion, digital control/ 

programming, III-506 
programmable-gain, 1-32, II-!:I 
variable-gain, wide-range digilal 

control, III-506 
programmable gain, I-32, II~9, VI-51 
programmable input, VI-52 
pnlse-width proportional conlrollcr 

drcuit for, II-21 
push-pull 

Darlington, V-22 
MOSFET, VI-55 
PEP 100-W, 420-450 MHz, I-554 

PWM servo, IIl-379 
recorrling amplifier, I-90 
reference voltage, I-36 
remote, I-91, VI-50 
remotely powered sensor amplifier, 

Vl-52 
rJ (see rf amplifiers) 
sample-and-hokl, I-.fi87, II-558 

scledable input, programmable 
gairt, J-:32 

servo aruJJlifiers (see aJso motor 
controls), !-4.'i2 

400 Hz, n-:'!Rfi 
bridge type ac, I-4S8 
de, 1-457 
motor rlrive amplifier, II-384 

signal amplifiers, audio, II-41-47, IV-
04-42 

si,i.(1tal distribution, 1-39 
sound-activated, gain-controlled, 

IV-528 
silicon-controlled amplifiers (SCA), 

V-535-536 
decoder, 1-214, H-lfifi, 11-170 
demodulator, 11-1 fiO, TII-565 
subcarrier adapter, FM tuner, 

Y-536 
sincwavc output buffer, T-126 
sound mixer and, ll-::l7 
source follower 

bootstrapped, V-20 
JFET, V-20 

speaker wnplillers, TT-16, III-39 
speech compressor, TT-JG 
stereo amplifiers, 1-77, II-9, III-34 

bass tone control, V-fi84 
subwoofcr power supply, V-464 
summing, 1-37, 111-16 

fast-aclion, l-!36 
inverling, V-18, Y-20 
precision dcsi,!Sn, J-.'36 
video, Ill-710, Vl-681 

switching power, J-:33 
tape playback, 1-92, JV-36 
tape recording, 1-!:IO 
telephone, Iil-621, IV-555, IV-.'SfiO, 

V-Gl4 
telephone ring arnplificr, VJ-624, VT-

G26 -
test bench amplifier, V-26 
tester, VCR head mnplifier, Yl-48 
thermocouple, 1-654, IIl-14 

cold junction compensation in, 
II-G49, VT-642 

high-stability, 1-;355 
transducer, I-86, Ill-66!:1-673 
transformerless, 6-W, 8-ohm 

output, 1-75 
transistorized, 1-85, II-4:3 
tremolo circuit, voltage-controlled, 

I-S98 
tuhe amplifier, high-voltage 

isolation, IV-426 
tnnf!d amplifier, VI-53 
'T'Vaudio, III-39 
two-meter, 1-562, I-567 
two-st.age, I-563, I-680 
UHF, 1-fifiO, I-GG5 
urnty gain, I-27, II-7 

noninverting, V-21, V-22 
variable-gain, for oscilloscopes, V-

42' 
VHF, single-device, 80-\\'/50-ohm, 1-

:iGS 
virleo, I-G92, Ill-708-712, 

V-fifiS, V-fi5G, V-657, V-658, 
V-fifi2, VI-fi74, \.1-670, Vl-681, 
VT-fi8.q 

75-ohm video pulse, III-711 
250-rnA fiO-MHz current 

reerlhack, VI-G82 
buffer, low-rlistortion, III-712 
color, l-!34, III-724 
de gain-control, III-711 
FET cascade, I-fi91 

gal.a block, 111-712 
IF, luw-level video detector 

circuit, T-fi89, II-687 
JFBT bipolar r.ascade, 1-692 
line driving, III-710 
lug amplifier, I-,qs 
RGI3, lll-709, VT-fi7G 
surruni1!,I(, Ill- 710, Vl-fi81 

video IF amplifier/detector, VI-078 
voice activated swilch, 1-608 
voir.e-operated circuits, y _55;3 
voltage, differential-to-single-

cnded, 111-670 
voltage ir1dicators/metP.rs, Vl-G89 
voltage-controlled (see voltage­

controlled amplifiers) 
voltage-follower, signal-supply 

operation, 111-20 
voltmeter amplifier, low-drain, VI-

695 
volume, 11-46 
walkman, II-456 
write, III-18 

amplitude modulation (see AM radiu­
relaterl drcuits; AM/FM) 

armlog circuits 
cow1ter circuit, II-137 
delay line, echu and n~verh, IV-21 
multiplexers, 11-4:.31, 111-396 
multiplier, II-392 
switf:h, differential analog swilch, 1-

622 
an.alog-to-digital f:onverter, 11-23-31, 

III-22-26, lY-5-6, V-27-:10, \1-58-
60 

3-hit, high-speed, I-50 
8-bit, I-44, l-46 
8-liit successive approximation, I-47 
10-bit, 11-28 
10-bit serial output, 11-27 
12-bit, high-speed, 11-29 
16-bit. II-26 
hoarrl design, IV-6 
buffer cirf:uit, 1-127, VI-128 
capacitance meter, 3.5 digit, III-76 
cyclic, ll-:3CI 
differenlial input system for, 11-31 
eight-channel, for PC clones, V-29-

30, V-29 
fast prP.cision, I-49 
four-digit (10,000 count), II-25 
half-ila.sh, Hl-2fi 
high-speed system, VT-fi9 
IC, low-cosl, 1-50 
LCD display, 3.5 digit, 1-49 
personal computer AID converter, 

Vl-60 
puller, V-28 
successive apprnximation, 11-24, II-

30, 1-45 
switched-capacitor, 111-20 
temperature measurement 

f:onverter, VI-234-235, Vl-6:.34 
three-decade logaritluuic, 1-48 
three-IC, low-cost, I-50 
tracking, III-24 
video conve1ter, JV-610-fil 1 

analyzer, gas, 11-281 
AND gate, I-305, V-216, Vl-315 

large fan-in, I-395 
re1"ly cirr.uit, VI-31G 

anemometers (see aL~o air 
motion/pressure), VT-4-0 

hot-wire, JIJ-'.342, Vl-5 
thermally based, Il-241 

angle-of-rotation detector, 11-28:.3 
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omnunciators (see alsn alarms: 
sirens), II-32-31, TTl-27-28, JV-710 

ac line-voltage, III-7;10 
bell, electronic I-fi.1fi, TT-33, IV-U 
buzzers, I-11, I-12, IV-8, V-170 
chime circuit, low-cost, n.;3:3 
door buzzer, IV-8 
door-bells/chimes, I-218, 1-44-!3, JV-8 

buzzer, V-170 
buzzer, two-door, IV-10 
musical-tone, IV-G22 
rain alarm, I-448 
single-chip design, TV-fi24 
sliding tone, 11-34 
lv·.ri..n-bell, V-170 

large fan-in, I-39!J 
SCR circuit, self-interrupting load, 

N-D 
twin-bell doorbell, V-170 
lwo-door annunciator, IV-10 

answering machines (see also 
telephone-relatP.rl cir-cuits) 

beeper, IV-GG9 
untennas, IV-11-14, V-:31<18, Vl-61-67 

active, llI-1-2, IV-1-4 
V>ideband rod, IV-4 
with gain, IV-2 

balun, V-34 
FM automobile radio diversity 

antenna, \1-04-fifl 
FM tunable antP.nna booster, Vl-65 
HF broadband antenna pricamp, V-

36 
HF/VHF switchable active anll'nna, 

V-524 
loop antenna, 

3.:JMHz. IV-12--J:J 
dual hanrl, 80-16-M, V-32 
preamp, V-38 

matchbox ante1uta tuner, VI-66 
miniature broadband (!J to 30 

MHz), Vl-6:3 
preamps 

HF' hroadba.Hd, V-36 
VLF' fiO kHz, V-30 
wirleband antenna, V-35 

rHnote tuned active HF, \'1-62 
SP.lect.or switdt, lV-5'.38-538 
TR svlitch, automatic, V-37 
tuner, VI -66 

1- to :JO-Milz, IV-14 
low-power, V·38 

TJHF' sca1mer aclive antenna, Vl-fi7 
\-1.F' 60-kHz anlenna preamp, V-::l::l 
VLF/VHF vvicleband, low-noisfl, 

active, V-33 
v.-idebwtd antenna, preamp, v-.15 

;rntitlteil device, I-7 
arc lamp, ~5-\V, power supply for, 11-

476 
arc welding inverter, ultrasonic, 20 

kHz, III-700 
arc-jd power supply, starting circuit, 

lll-47ll 
astable multivibrators, II-209, JI-fl 10, 

111-Hlti, III-233, III-238, V-887, V 
:388, Vl-418, VI-419 

op amp, III-224 
l"rec-rurminp; square-wavP. oscillator, 

V-086 -
prograrrunable-frequency, TTl"237 
square wave generation with, JJ-587 
starling network VI-418 
variable pulse \\idth, Vl-419 

allendance counter, IT-188 
ullcnuators. III-29-81, VT-68-70 
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analog signals, microproccssor­
controllerl, 111-101 

digitally programmable, 111-30 
digitally selectable, precision 

design, I-fi2 
programmable, Tii-30 
programrnahlP. (1to0.00001), I-53 
rf, IV-322 
s>>itchable power, Vl-69 
variable, l-!J2 
variable voltage, VI-70 
voltage-controller!, 11·18, 111-01 

audio amplifiers (see a.L~o amplifiers; 
audio anrl sound drcuits; audio 
power amplifiers), 11-41-47, III-
32-39, IV-84-42, V\-71-82 

10-watt amplifiPr, Vi-85 
20-dB gain amp, Vl-18 
40 dB gain rlemgn, lV-:J6 
ACC, sqnekh control, IH-03 
audio compressor, Jl-44 
automotive stPreo system, hi,R;h-

power, IV-fi6, VJ-101 -
balance, IT-4fi, 11 47, IV-215 
Baxanrlall tonfl -control, lV-588 
booster, 20 r!R, IH-:35 
CD4049 design, JV-40 
circuit bridge load drive, 111-05 
class AB single-SUJJPIY wnp, 

complemPntary, Vl-81 
complP.mentary-sy11unelry, 1-78 
compressor, JJ-44 
distribution, l-3<J, U-0U 
electric gi1itar, JV-:38 
elP.ctronic-ear low noise amp, 

paraholic dish rnicrophones, VI-
82 

farler, automalic, II-42 
fixerl power supplies. IV-398, IV-407 
high-g<iin arnp, VI-80 
higl1-sll'w rule power op amp, 1-82 
gain-conlrollcd, stereo, III-34 
lirte <implificr, IU-37, IV-39 
line<ir amp, micropower, VI-7.~ 
load line protection, 75\lv', I-73 
1.-ouducss, ll-46 
low-level amp, VI-78 
low-uoisc design, IV-37 
lol'.:-JJOWCr, ll-454 
micro-sized, III-36 
microphone, II-45, Ill-34, Vl-81 
Hticropower high-input-impP.rlance 

20-ctn amplifier. 11-41 
miiti-slereo, III-38 
NU FM audio amp, VI-74 
personal stereo amplifiP.r, VT- 7.5 
power (see audio power ampli11ers) 
power supplv, V-10G, Vl-48:3 
pre-amps 

lOOOx. low-noise, IV-.17 
AGC, Vl-2 
balanced microphone, VI" 77 
dynamic microphone, VT·76, Vl-7H 
FET phono cartrirlge, VI- 79 
general-purpose, IV-42 
irnpedance-matching, IV-:17 
low-noise. IV-41 
magnetic phono cartridge, JV :35 
microphone, IV-17, IV-41, JV-42 
NAB tape playback, professional, 

III-38 
phono, III-37, TV-:i<i, f\/_;35 
RlAA, III-38, Vl-80 
singl.e-enrlP.d high-z irticrophone, 

Vl-78 
stereo, II-42, TT-45 

transistor IUAA for lclephone, 
VI-76 

Q-m11ltiplif:r, 11-20 
RIAA linfl am1Jlilier/driver, Vl-77 
signal (.wm audio signal wnplifiers) 
signal sonrce f'ur audio 

amplifier/in\-e1ter, VI-702 
speaker, hand-held transceivers, III-

38 
tape playhack amplifiers, IV-35 
television type, !ll-:J<J 
test circnit, Vl-34:3 
tone control, 11-686 
transistor headvhonc wnplifier, II-43 
two-transistor design, VI-74 
ultra-high-gain, 1-87 
var.1111m tube amplifier, VI-72-73 
vehidP. audio amplifier inverter, VI-

284 
volumP imJ.icator, 11-46, IV-212 

audio anrl sound circuils (see also 
anrlio amplilicrs; sound 
gP.nerators; sound-operated 
circuits) 

acoustic field gcncralor, V-338-341, 
V-.188 

acoustic sound 
rP.ceivPr/tnwsmilter, IV-311 

AF drive rndicator, V-346 
amplifiers (see audio amplifiers) 
aurlio-frequency generator, V-4Hi-

417 
audi.-, frequency meter, V-305, V-

:120 
andio·rf signal lracer probe, I-G27 
audio-sensor alarm, V-8 
audiu-t!'si oscillator, V-420 
audio-to-ADC interface, V-242 
awJ.io-to-UHF preamp, V-24 
<:Httomalic gain control (AGC), 11-17 

autornalic level control (ATI:), 
V-62 

AGC system for CA-3028 IF' amp, 
IV-458 

rf amplifier, wideband adjustable, 
111-545 

s4udch control, III-33 
wide-band amplifier, IIT-IG 

boosler, II-455, llI-3!J 
bi4uad filter, III-18fi 
bridge load drive, III-3G 
canier-current transmittf'.r, Ill- 79 
clipper, precise, II-.394 
compressor, II-14 
continuity tester, I-GfiO 
converter, two- t.o four-wire, 11-14 
CV-./ audio filter, Vl-405 
C\V identifier, VT-408 
distribution amplifier, H:!<J, 11-:JU 
ditherizer, VI-.377 
dual tone generator, VJ-:J!:lO 
expander, V-fi82 
filters (see filters) 
frequency doubler, IV"lf:i-17 
frequency mP.ter, T-311, VJ-'J:J5 
gain controL remote, Vl-384 
generacors (see sound generators) 
LED bar peak program meter 

display, I-2fl4 
level meters, sound levels, 111-346, 

III-011. IV-:305, l V-:307 
leveler, ALC, Vl-3 
limiters, IT-lfi, v.335 
millivoltmPter, JII-767, III-76U 
mixers (.wm mixers) 
muting circuit, VJ-:J8!J 



noisl'-based voting cirr.uit, VI-422-
4:;;3 

noldt filter, IJ-4110 
odave equ<ilizer, V-:1:i1 
oscillators, 1-64, 11-24, III-127, IV­

:J74, JV-:37!1, VI-4.12-410 
~() llz to 20 kHz, variable, I-727 
Jight·SPnsit.lVP, JII-315 
sine wa1lP, ll-fifi2 

po>ver (see andio powpr amplifiers) 
power mPrPr, 1-488 
power supply for auto sound amp, 

VJ-48:3 
Q multiplier, 11-20 
receivers (see rPcPivers) 
rf si,l.(Hal tracer prohe, 1-fl22 
SlT<uublers, IV 2.'J-27 
selector, digital, V-l:i8 
si,>(n<il amplifiers (see audio signal 

<unpliJiers) 
sine wave gPnf!rator, II-GG4 
squel1:il, ll-194 
switclles 

eight.-rhannPL V-G88-589 
video/ai1dio s'i\ritch, V-586 

switr.hing/mixing, silent, I-59 
telPphone/andio interface, VI-625 
transmitters (Mm transmitters) 
wavPfonn generators, III-230 

audio genPrat.ors (see SOlll\d 
genPrat.ors) 

<iudio-opPrn.tPd r.ircnits (see sound­
operat.Pd r.ircuits) 

audio power amplifiers, II-451, III-
454, IV-28-33, V-39-51, VI-83-83 

1.5 watt. VT-12 V, \1-84 
0-W, with preamp, 111-454 
10-watt, VT R.'J 
18-W bridgP, V-49 
~0-\V, 111-456 
;J:J-W OriUise composite, V-4G 
40W, V-41 
50-\V, 111-451 
70 w. COJ!ljJOsite, V-44-4fi 
80-waU IC, VJ-91 
!JO-V 10-A high powPr, Vl-93 
AF mnplifier, Vl-92 
audio amplifier, IV-32 
basic des4\n, V-51 
bridge, 1-81, V-49, Vf-88 
bridge connccLioH of two power op 

amps, Vl-'J2 
bridge composiLe, V-46 
bull horn. IV-:Jl 
class-AB arnp, V!-80 
complementary mup circuit, Vl-!H 
composite, 

33-\V bridge, V-46 
70 V-l, V-44-46 
invening 10\V, V-47 
nonmverting 10\V, V-47 

dual, V-42-43 
gPneral-purpose, 5-W, ac, JV-:JO 
half-watt, single-chmmd, V-41 
inverting composilc, 10\V, V-47 
line-operated, VI-86 
linear, fast, high-vollagc. V-51 
mini-megaphone, VI-\.(l 
MOSFET, V-47 
noninverring composite 10\!,', V-47 
op amp, simple design, IV-33 
parallPl prrwer op amp, VI-84 
pPrsonal-stereo type, V-48 
phono amp, \1-90 
powPr hlidge amp \\rith single­

endPd out.put, Vl-8:J 

quasi-complewentary, VI-90 
quasi-complementary, split. power 

suµplil's, VJ-89 
receiver uuclio circuit, IV-31 
RFl-proof, VJ-88 
RlAA phollo <>inpilfiPr, VI-89 
sLerco amp, IV 29, V-40 
subwuul·er amp, V-19, V-GO 
var:uurn tuhp amplifiPr, VI-87 

audio si,!Snal amplifiPrs, 11-41-47, IV-
04-42, \I Fi2-fl9 

booster, V-58 
compressor, andio, V-G7 

audio si,l.(nal amplifiers, constant-
volwue. V-55 

disLribution amplifiPr, V-G9 
dmtl preamp, V.FJR 
headphone amphfiPr, V-fi3 
headphone am1)lifiPr, .TFET, V-57 
linl' driver, V-.54 
mini-aw1.1, V-fifl 
phouograph, rnagnetir. pickup, V-58 
tuna!Jle-11ltPr dP.sign, V-G6 
volume limit.er, V-G9 

audiu-frequPnr,y generator, V-416-417 
audio-l'req1wnry meter, V-305, V-320 
;iudio to-llHF preamp, V-24 
audio/vidPo switcher circuit, IV-540-

541 
<iuto-aclva.nrP. projer.tor, 11-444 
autoUrurn sound pffect, II-591 
auto-l"ade cirr11it. 11-42 
auto-flasher, 1-299 
auto-zeroing srale bridge circuits, III-

69 
;iuL011w.tic gain ront.rol (AGC), II-17, 

Yl-1 
AGC system for CA.1028 IF amp, IV-

458 
audio preamp, Vl-2 
IF nl'twork AGC, VT-.1 
low-noise :3-MH,.; AGC, Vl-2 
rf mnplifier, wideband adjnstahle, 

Ill-545 
squelch control, lll-3:'1 
'i\ridc-bm1d ilHtplifier, 111-lfi 

aut.omalic level control (ALC), V-G0-
62, Vl-1 

AGC sys Lem fur audio signals, V-02 
basic design, V-6~, VJ-!3 
digital design, V-61 

automotive circuits, 11-48-63, 111-40-
52, IV-43-67, V-O!J-77, VJ-94-104 

accessory-power conLroller, V-70 
alarms (see also a\<JTms!security 

circuits), V-1 
automatic-anning, IV-50 
automatic tum off, IV-52 
CMOS design, low-currcnl. JV-50 
decoy, Vl-13 
horn as loudspeaker, IV-54 
single-IC design, IV-55 

air conditioner smart clutch, 111-46 
alten1atoribattery monitor, 111-0;J. 

V-88, Vl-97 
alternator regulator, V-76 
AM radw to shortwave converter, 

JV-GOO 
amplifier, booster for car stereo, V-

72 
analog expanded-scale meter, IV-46 
audio-amplifier, high-power, IV-66. 

Vl-101 
aLidio :m1plifipr inverter, VI-284 
a.udio system power supply, VI-103 
back-up bPeper, 111-49, IV-51, IV-56 

bar-graph voltmeter, ll Fi4 
ba\.U.'IJ' cl1<1Tgers/monitors (see aL~o 

batLcry-relaLcd circuits) 
charger. Hi-cad, 1-11 Fi 
condiLion checker, 1-108 
current a.It<ily-;,er, I 104 
electric vehicle hat.tPry saver. 

111-67 
isolator circuit., Vl-104 
rnonitor, 1-106, 1-222, III-GO-G7 
supply circuit,± J.'J- and G-V, 

IV-391 
bultl'ry cranking-amps tP.ster, V-84 
baLlcry/altenwtor monitor, V-88 
brake and turn indicator, V-74 
brake lights, V-65 

delayed extra, ilJ-44 
flashing, V-69, V/-12 
flashing third, ll/-,'i1 
nighL-saiety light for parked car, 

lY-01 
third llr<tke light., IV-00 

burgJ;u- alarms, ]-!'!, I-7, I-10, II-2, 
111-4, lll- 7, IV-fi:1 

l'Jtssette recorder power circuit, IV-
548 

cigarette lightPr 9-V adapter, VI-87 
courtesy lights 

dela~,.. switrh, 111-42 
light extendPr, 111-GO 

de power adapt.Pr, V-70 
digi-tach, H-61 
dirc'l:tional signals monitor, IIl-48 
door ajar monitor, TII-1(i 
electric vehiclPs, hat.tPry saver. III-

67 
clcctric<il monitor, Vl-96 
dcclrical \.ester, IV-4fi 
dccLronk circuits, IV-fi:'l-67 
c11}(irtc-block heater rPmimler, V-74 
exhausL emissions analyzPr, 11-51 
fan lhcrmosLatic switrh, V-08 
FM radio divl'rsity a.ntPnna, Vl-61-

65 
fog lighL controller with flplay, IV-G9 
fu8lgaugl', digit;tl readont, IV-16 
fuse monitor, V-77 
garage slop light, 11-53 
generator regulator, V-76 
glow-plug driver, 11-52 
headlights, IV-57-62 

alarm, 111-52, V-77 
automatic-off conlroller, JV-f\l, 

V-75 
delay circuit, I-107, 11-5!:!, 111-49 
dimmer, II-57, II-63 
flasher, V-73 
monitor, VI-104 
on-lights reminder, V-74, V-77 
switching circuit, V-75 

headlighrJspotlight control, V-67 
high-speed 'vaming device, 1-101 
icP fonnation alarm, II-58 
ignition circuit, V-64 

capacitor discharge, Vl-102-lO;J 
cut-off, IV-53 
electronic ignition, IV-65 
suhst.itute ignition, III-41 
timing light, II-60 

imnmhilizer, If-50 
kill-switrh for hattery, time­

delaywl, V-71-72 
light circuits, 1V-G7-02 
lights-un warning, II-GG, 111-42, IV-

58, IV-611, TV-02 
localor, automobile lo~ator, III-43 
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aulomatic level control (ALC), 
continued 

motorcycle alarm. VI- I :1 
burglar alarm, VI-1 ~1 
flashing brake light, Vl-12 
headlight monitor, \.1-104 
horn alarm, VI-14, VI-15 
tune-up aid, vr-.qfig 
lurn-signal system, Vl-9R 

night-safety light for parked car, 1\1-
61 

oil pressure gauge, digital readoul, 
IV-44, fV-47 

PTC thermistor automotive 
temperature indicator, 11-56 

power supply, Vl-48:3, Vl-510 
radio receiver, 11-.525 
radio WV.'\.' ronveiter, V-119 
read-hear! pre-amplliler, 111-44 
road k.P alarm. H-57 
security system, 1-5, lV-49-56, V1-ll, 

Vl-11 
spotlight!hP.:'l.dlight control. V-67 
stethoscope for automobiles, VI-95 
tachometP.rs, 1-94, 1-HlU, 1-102, II-

17G, III-3:'lfi, Tll-:340, 
III-347, V-6G, Vl-}18 
analog readout, rv.280 
calibraterl, TIT-G98 
closed loop foedbaek control, 

II-390 
digital rPadout, ll-61, 111-45, 

IV-26R-20}), JV-278 
dwell meter/tarhrnneter, 111-45 
feedback control, ll-:J78, 11-390 
frequenry rounter, J-alO 
low-freq11ency, 111-596 
minim11m-rornponenl design, 

I-10G 
motor speed controllers. 11-378. 

II-.qR}l 
optical pick-up, llJ-a47 
set point, TTT-47 

temperature gauge 
digital readout, IV-48 
PTC them1istor, 11-50 

test light, high-Z, VI 104 
thermostatic switch for auto fans, 

V-GS 
turn signals, V-fl5 

alarm, VI-1 00 
motorcydR, VT-98 
audihle rP.minder. V-74 
monitor, TTT-48 
sequential flasher for, Il-10!.l, III-1 
smart. V-flfl-fl7, Vl-\19 
remindP.r, V 7:3 

vacuum gauge, di;.;ital readout, fV-
4fJ 

voltage ga11ge, IV-47 
voltage reg1llator, 111-48, IV-67 
voltmeter, hargraph, 1-99 
water temperature gaugc, IV-44 
windshiekl wiper drcuils, 1-105, II-

5G, II-02 
control drcuir, T- JO:J, 1-105. 11-62 
delay drcuit, 11-5.5, JV-64 
hesitation control u1tit, 1-105 
intermitt.ent, dynamic bn1king, 

Il-19 
interval rontroller, JV-67 
slow-swRep ro11trol, 11-55 

\\inrlshiP.ld "'-'asher 11uid watcher, I-
107 

V.'WV convt"rter for radio, V-110 
averaging-circuil, Vl-!324 
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13-field measurer, fV-272 
baby monitor, V-370-871 
baby-alert transmitter/receiver, V-~5-

86 
back-biased GaAs LED ligl1t sensor, 

II-321 
back-EMF P:\I motor speer! rontrol, 

II-379 
backup-light heepPr, rar·, IV-51, lV-56 
bagpipt>_ sound effect, JV-.521 
balanre indicator, audio amps, IV-2J:J 
balance melcr, stereo, V-583 
lialancer. stereo, 1-619 
lialance amplifiers, III-40 

loudJ:1css control in, ll-89G 
lialancc indicator, bridge circuit, ll-82 
balun. V-34 
band reject filter, active, II-401 
bandpass filter (see also filter 

circuits). II-222, V-180, V-181, VJ-
220 

0.1to10 Hz. 1-290 
160 Hz, I-2}!0 
active, TT-221, Tl 22:3, 111-190, \'1-210 

1 kHz, l-284 
20 kH~, 1-2\17 
60 dJJ gain, I-284 
variable bandwidth, I-2R(i 

mnplifier, VI-G4 
biquad, I-2RG, TTT-188, V-190 
Chebyslwv fourth-order, 111-Hll 
high-Q, f 287, V-179 
MFR, mullichanncl tone decoder, T-

288 
mulliplc feedback. I-28:J, I-2}!7, ll 

224 
notch, fl-22:1 
one op-amp dRsigr1, VJ-222 
SallRn-Key, 500 llz, 1-2!.ll 
secor1d-order biquad, III-188 
speech-range filter, V-18G 
slale variable, I-290 
lunable, IV-171 
two op-amp design, Vl 216 
variable bandpass, V-184 
variable-frequency, V-186 

bands\iiitchin,iS for receiver, VI-608 
bang-ba11;.( power controllers, IV-889 
bar-code scanner, III-303 
bar-expanded scale meter, TT-186 
bar graphs 

ac signal indicatm·, IJ-187 
voltmeters, 11-54, 11-~9 

barricade flasher. 1-299 
b:'l.rrnneter, IV-27a, Vl-338 
bass tone control i.r1 slcreo amplifier, 

V-!'i84 
hass t11ner.11-ao2 

12 v, 1-111 
200 rnA-hour, 12V Ni-Cad, I-114 
automatic shutoff for, l-113 

battery-n1.1erated equipment (see 
aJ.~n hattery-reialcd circuits) 

ac power control swiLch, IV-387 
automatic slluloff, 111-61 
bipolar power supply. 11-475 
blark light, V-281 
h11ffer a1nplifier for slm1dard cell, T­

,'3f1l 
ralc11 lators/radios/cassctte players, 

pnwer 1.1ack, 1-50!) 
rassette deck power circuit, car, JV-

548 
fence charger, 11-202 

flasher, high-powered, Jl-22!.l 
lantern circuit, T-:'lRO 
light, capacitance operated, 1-1'.31 
On indicator, TV-217 
undervoltage indicator for, 1-12:..J 
warning light, TT-::120 

battery-relater! cirruit1-; (see also 
battery-operaterl equipmenl), V-
82-88 

12-V hatt.ery stattJs indicalor, VI-
120 

AA cells, +!'i V/.+!3.6 V power supply. 
V-4G2 

aiann, VT-110-111 
automotive battery isolalor, VI-104 
battery-life extenders, IV-72, V-87 

9-V ITl-62 
dis~onnect switch, JV-75 
plectric vehicles, IlI-67 

burler, battery buUcr, VI-116-117 
capacity tester. 111-66 
car batteryhi!ternutor monitor, V-88 
rhargPrs, 1-11:3, Il-64, 11-69, III-53-

;59. IV-68-72, V-78-81, 
VT-lOfi-11!3, Vl-118 
12-V charger, JV-70 
constant volt-age, r:urrent limited, 

T-1 JG 
controller for chur;.(er, VI-107 
currPnt limiter for charger, VI-108 
intelligent circuil, V-81 
lead-acid trickle charger. VI-112 
lithium dwrger, VI-108, VI-109, 
VT-112 

mobile charger, +12 Vele, IV-71 
ni-cad, 1-112, 1-116, III-57, 

VT-109 Vlclll Vl-113 
photnf1a;h capu~·iLor, VI-466 
rftype, V-7\:J 
smart charger drcuil, VI-106 
solar-powerl'd, V-81 
temperature sensing charger, 

TV-77 
trickle charger, lead-acid, V-79 

checkers (see liatlcry monitors, 
below) 

condition cliecker; 1-108, 1-121 
control for 12V, 1-112 
convRrter·, rlc-to-dc, IV-119 
r.ranking-arnp test circuil, V-84 
current limited 6V, 1-118, IV-70 
current monitor, 0-2 A batteries, V-

87 
rlisr.mmect. switch, life-extender, 

IV-7fi 
rlynamic constant cUITl'Hl test, 

TT-7fi 
fixed power supply, 12-VDC/120-

VAC, 111-464 
gel cell, 11-66 
high-voltage generuLor, 111-482 
indicators (see butlery monitors, 

bRlow) 
internal resista11ce tl'sler, IV-7 4 
kill-switrh, time-delayed, V-71-72 
leatlfadrl, 111-55 
level indicator, ll-124 
lit.hi11m, TI-67 

backup battery replacement, 
VT-120 

charge indicator, II-78 
low-battery detecUon/warning, I-

124, 11-77, lll-56, 111-59, III-63, llI­
fo\ IV-56, lV-80, VI-118 

low-cost trickle for 12V storage, I-
117 



moHitors, 1-106, 1-222, 11-74·79, 111-
60-67 lV-7!3-80 V-82·83 VI-110 
111, \:1-114-120 ' 

ni-cad baLtcries, l- l 18 
wtalyzcr for, 111-64 
dtarger, 1-112, l-116.111-57, 

Vl-10\:!, Vl-111, Vl-ll:J 
16 v, 600 mA per llour, I 114 
curncnL and voltage limiting, 
1-114 

fusL-acLin,I\, 1-118 
port.able, IV-6\:! 
lcmpcraLurc-scnsin,I\, lV-77 
thcmw.lly conlrolled, 11-68 

packs. auLomol.ivc charger for, 
I-115 

portable, III-47, IV-6!J 
protection circuit, 111-62 
sirnpli-cad, I-112 
temperature-sensing charger, 

IV-77 
test circuit, IV-7!J 
thermally conlrolkd, II-68 
zappers, 1-6, 11-66, 11-68 

power supply and, 14V, 11-73, 
III-42 

probe for balLcry d1arger, Vl-118 
protecLion circuiL, rli-cads, 111-66 
PUT, 111-54 
redk1rgcabk LED flashli,l\hL, Vl-107 
regulator, I-117 
relay fuse, V-88 
reverse polariLy proLcction, Vl-30 
saver circuiL, V-87 
sensor, quick dcacLivaLin,I\, 111-61 
simpli-ead, I-112 
solar cell, 11-71 
splitter, III-66 
status indicator.--11-77 
step-up svdLching rcgulalor, 6-V, 11-

78 
supply-voltage monitor, V-85 
test circuits, IV-78, V-83, V-86 

LED bargraph, V-89 
ni-cad, JV-7U 

thermally conLrollcd 1Li-cud, 11-68 
threshold ir1dicator, 1-164 
UJT, III-56 
undervoltagc indicuLor, l-12:J, Vl-

117 
universal baLLCD', Hl-56, 111-58 
versatile battery, 11-72 
voltage indicators/monitors, 11-7\:!, 

IV-80, V-86 
automotive batteries, IV-47 
detector relay, II-76 
HTS, I-122 
regulator, IV-77 
sofid-state design, I-120 

watchdog circuit, V-85 
wind powered, II-70 
zapper, simple 1Li-cad. I-116 

Baxandall tonc-conLrol audio wnp. 
IV-588 

BCD decoder/driver, mulLipkxed. Vl-
18[.l 

BCD rotary swilch, d®lal, V-160 
BCD-to-analog convcrLer, 1-160 
BCD-to-parallel convcrLcr, rnulliplcx, 

I-16!J 
beat-frequency oscillator, Vl-452 
beacon transmiltcr, 111-683 
beep transformer, III-555, III-566 
beepers, I-l!J, Ill-4!J, Vl-14!J 
bells. electronic (_see also alarrns; 

annuciators), I-636, II-33 

hPnrh t.op powr.r supply, TT-172 
b1cydP spPr.rlomr.tr.r, IV-271, IV-282 
b1latPral f'.11rrr.nt srnlff'.r., 111-409 
bi nary f'.rnrnt.r.r, 11-1 :'JG 
biomerlif'.al instn1mr.ntat.ion 

diffPrr.ntial amplifir.r, ITT-282 
bipolar rlf'.-rlf'. f'.OlWPrtr.r -with no 

inrl11ctor, 11-1:12 
h1polar pow Pr supply, TT-4 7G 
bipolar voltagr. rr.forr.ncr. sourf'.r., 111-

774 
biquad audio filter, 1II-18G 

second·order banrlpass, 111- lRR 
HC active bandpass, 1-285 

bird-chirp sound effect, II-588, ITl-577 
bird keder monitor, V-371 
bistable multivibraturs, 1-13:3, llA6.5, 

Vl-228-2:30 Vl-418 
inverter, l!J-10:3 
debow1ccr, lV-108 
flasher, 1-299, 11-2:34 
lump Uriver, JV-160 
pusltbultur1 trigger, V :_188 
HS flip-11op, 1-:395 
SClL ll-!J67 
SH 11ip-11up, JV-6.51 
tuue\1-triggerPd, l-183 
Lrigger rn1-1-l1op, Vl·229 
Lwo-amp flip-!1op, Vl·230 

biL grabbl'r, co1nputers, IV-105 
black light, battery-operated, V-281 
blender-motor coHtrul circuit, V-379 
blinkers (o;ee fhisilers and blinkers) 
blown-lilsc alarnt, I-JO 
boiler control, 1-6:38 
bongos, dectronic, 11-587 
boosLcrs 

12 ns, 11-97 
ac line volLage boost, V-:34!:1 
audio, 11-455, 111-!35, V-58 
booslcr/bufkr fur reference 

current, lV-42.5 
electronic, lti,ish-s1-1eed, 11-96 
forward-current, lll-17 
LED. J-:307 
power booster, op arnp rlesign, IV­

:J58 
rf <Hllp, broadcast band boost, IV-

487 
shortwave }'t:;T, 1-561 

buotsLrap circuit, V-356 
sourel' follower, V-20 
cable, J-:34 

bra.kc Ji.!Shts (8ee automotive circuits) 
bra.kl', l-'\VM SJJeed control/energy 

reCOVl'J'iitg, 111-380 
brc'ukcrs 

12 ns, 11-97 
lti}Slt-speed elect.runic, ll-96 

breaker power dwell meter, 1-l 02 
breakout box 

;uuatcur r;idio, VJ-26-27 
buffer, 11-120, 

breath ale1t alcohol tester, lfl-3.'i9 
brc;1.tl1 111onitor, lll-:3!10 
bridge balance indicator, 11-82 
bridge circuits, 1-552, 11--80-SFi, TTT-68-

71, JV-81-8!3, vr.121.123 
ac.11-81 
ac servo ainvlifier with, 111-:387 
accurate 1tull/v;i.riable gain circuit, 

111-69 
air-l1ow-sensi1t,iS thermistor, 1\1"82 
wnplliler, 16-wutt, Vl-85, Vl-88, VI 

162, V1-12!J 
auto-zeroiil,I\ scale, 111-6!:1 

balance indicator, II-82 
bridge transducer amplifier, III-71 
crystal-controlled oscillator, IV-127 
differential amplifier. two op-amp, 

11-83 
inductance bridge, IV-83 
linearizing function circuit, VI-321 
load driver, audio circuits, III-35 
low-power conunon source 

an1plifier, II-84 
onr.-power supply design, IV-83 
QRP SWR, 111-330 
rr.difir.r, fixr.d power supply, IV-398 
rr.motr. sr.nsor loop transmittr.r, TU-

70 
rfhridgr.. V-GO-MHz, V-303 
strain ga11gP signal conrlitionr.r, II-

85, TTT-71 
transrluf'.er, amplifir.r for, TT-84 
\VilPat.stonr. hrirlgr., \1-12:1 
\\'ir.n-hrirlgr. (see \\'ir.n-hrirlgr.) 

brightnr.ss controls, 111-:108, III-310 
contrast mr.tr.r, T-472, 11-447 
LED, l-2GO 
low-loss, T-177 

broadband communications (see 
rarlio/rf drcuits) 

buf'.k f'.OIWP.rter, GV/0.GA, 1-194 
buck/boost converter, 111-111 
buf'.king rr.gulators 

adrl 12-Voutput to fi-\, V-472 
high-voltagr., III-481 

huffor amplifir.rs, V-91 
\Ox, 1-128 
lOOx, 1-128 
ac, singlr. supply, T-12fi, Vl-127 
hat.tRry powr.rr.rl, standard cell, TT-

3fil 
MOSFET dRsign, V-93 
sinR wavr. output, I-120 
VFO design, V-92 

buffPrs, lV-88-90, V-90-93, Vl-121-
128 

amplifir.rs (see buffr.r amplifiers) 
ac. singlr.-supply, high-speed, I-127-

128 
ADC buffers, I-127, Vl-12G, Vl-12G 
AID, G-hit, high-speed, 1-127 
AID convr.rterbuffer, Vl-128 
analog noninverting s-witched 

hnffer, VI-127 
birlirr.rtional dr.sign, Vl-128 
boostr.r/buffer for reference 

rnrrr.nt, IV-12:J 
capadtanrr. buffers 

low-input, 111-198 
stahilizr.d low-input, Ill-G02 

rlat.a/clof'.k linr. serial bus for PCs, V-
110 

hPx-buffor rrystal oscillator, V-13G 
high-rurrr.nt, V-92 
inpntloutpnt, for analog 

multiplr.xr.rs, 111-11 
inverting, 11-299, IV-90 
microphone buffer amplifier, high-

z, Vl-12G 
osrillator buffers, IV' -89 
pir.zoelectric, Vl-170 
prr.dsion-increasing design, IV-89 
rail-to-rail single-supplv buffer, V-

93 
rf amp, buffer amp -with modulator, 

TV-490 
st.ahlr., high-impedance, 1-128 
unity gain, stablr., good speed, high­

input impr.rlancr., TT-fi 
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buffer ampll!iers. r:011hniwd 
VFO buffer amphfier, V-92 
video buffer. III-712., V-0:'! 
voltage follower, VI-127 
\\ideband buffer, 1-127, VT-12fl 

buffered breakout box, IT-120 
bug detector, III-365, V-lGO 
bug tracer, 111-358 
bull horn, 11-453, IV-31 
burglar alanns (_see alarms; 

arumciators; sirens) 
bursl generators (see also function 

generators; sound generators; 
waveform generators), II-80-90, 
llI-72-74 

m1111.i-, square waveform, II-88 
rf, portable, III-73 
single timer IC square wave, II-8D 
single tone_ 11-87 
strobe tone, 11-90 
tonc.11-!JO, 111-74 

bur~l power control, III-362 
bus inLcrfacc, eight bit µP, II-11·1 
!Sutler oscillator. VI-452 

<1.pcriotlic. l-l!J6 
COl!UllOll bast', I-!Dl 
1:ryslal, 1-182 
emitter follower, Il-ID0-191, II-191 

Hutterworth fJlter, VI-220 
fourth-order, 1-kHz, VI-222 
fourth order high-pass, I-280, V 170 
fourth order low-pass, V-180 
order low-pass, V-181 

buzzt•rs (see mmuciators) 

c 
cable 

bootstrapping, l-:'l4 
coax cable driver, Vl-201 
driver, VI-678 
tenninator, positive feedb;tck, VJ-388 
test circuit. lll-fi:'l0, v.299 
tester, audio/vkleo r:able, Vl-144 
tracers, VI-GG9 
twisted-pair video driver/receiver 

circuit, V1-flR2 
two-input video MllX cable driver, 

VI-197 
video cahle driver, VJ-~OU 

calibrated circrnt, IJVM aulo, 1-714 
calibrators 

analog cirr:11its, Vt-:356 
crystal, 100 kH:1,, 1-185 
electrolytw·capadtor reforrning, IV-

27fi 
ESH measurer, 1V-27U 
osr:illosco1Je, ll-4!J!J, UI-436 
portable, 1-644 
square wave, 5-V, 1-423 
standard for calibration. I-406 
radi11 r:<illbrator, V-2!38 
tester, IV-265 
wavP sh<tJJing, high-slew rates, IV­

fi~O 
cameras (sec photography-related 

circuits; tekvision and video) 
canary sumtd sirnL!lalor. V-557 
nrnceJler. ceHtral image, III-358 
1·a1xwitaHce Luffcrs 

low-i1tput, lll-4D8 
st;ibilized low-input. III-502 

C<lJJ<idtancc controller, digital. \-l:J0 
l'<tJJadtance meters, I-400, II-01-91, 

Ill-76-77, Vl-340 
1VD, :J5 digit, III-7G 
cupadlance-to-voltage, 11-02 
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digiL.al, 11-!)4 
capacilartcc• multiplier, I-4JG. II-200, 

V-205. V-347 
l'apadl<mcc Lester, one-IC design, V­

:JU6, VJ-058 
c;i.pcwitunce-Lo-pulse width 

(_'U!lverter, ll-126 
c;-111a!:i\.<rn(:e-lo-vultagc met.er. 11-92 
ca1.1<icitur disd1argc 

higt1-volt.agic generator, IIl-485 
ig11itiuu syskm, 11-103 

CCi.J-iar:iturs 
hysteresis compensation_ V-3G3 
J.m_1granunable, Vl-'.362 

cap<icity tcsll'r, ball.er;,.', III-66 
C<ll' port, automatic light controller 

for, u-:Jo8 
l'<H'S (see automotive circuits) 
C<u'rier-currenl circuits (_see also 

radiu/rf circuits), III-78-82, IV-91-
9:]. V-!:14-!:16 

AM rei:eivl'r, 111-81 
a1Hlio tr<111s1uitlcr, 1II-7D 
h<lhy alert r·ccdvicr/trar1smiUer, V-

0;'1. v 96 
rl<lta receiver. 1\1-!:l'.J 
d'1.t'1 transmitter, JV !.!2 
FM receh1er_ lll-8U 
interr:orn, 1-146 
power line modem, 111-82 
receivers, 1-141, 1-143 

TC, l-146 
si~1gle tr;11tsistor, 1-145 

rebiy, l 57-5. IV-461 
remote control, 1-146 
transrnittt•rs, 1-144 

IC.1-145 
011/off ~UU kHz line. I-142 

casc;idcd amplifier, 111-13 
c·assetle bias uscillalor, 11-426 
cassl'ltc i1tterfaec, telephone, III-618 
centigrade UwnnometeL I-655, Il-

648, 11-662 
cicnlrul iruagc cunceller, III-358 
cilargl' pool power supply, llI-469 
d1a.rge pmnps 

JJosiliVl' input./negative output, 1-
418, 111-:JOO 

ricgulatccl for fixed power supply, 
1V-'.l!J6 

chargers (see battery-relat.ed drcnit.s, 
chargers) 

chase circuit. I-326, 111-197 
Chcbyshev filters (sp,e also fi]tp,r 

circuits) 
bm1dpass, fourth-order, Jll-191 
fifth order multiple feedback low 

pass, II-219 
high-pass, fourth-order, 111-191 

chime circuit, low-cost. JT.:r:; 
chopper circuits 

amph.tieL II-7, 111-12, l-'.'lf"iO 
de Output, V-'.319 
.JFET, V-3G2 

checkers (see meas11rement!test 
circlllts) 

chroma demodulator with fl.GR 
matrix, IJI-710 

chug-chu,q sound genPrator, 111-576 
circrnt breakers (see o!Bu pruleclioll 

circuits) 
12 ns, 11-07 
ac. Ill-Gl2 
high-~peerl electror1ic, 11-!:lfi 
trip circ11it. IV·42'.\ 

circ11it protedim1 (see protection 
cirruit.s) 

clamp m1-currenl probe 
cnn1pe11salur, 11-501 

darn JI li111iU1~ <nnplifiers, active, III­
lfi 

clarnprng circuits 
viden sigrw.I, 111-726 
viden s1m1rning amplifier mid. 111-

710 
Clapp oscillator, VI-458 
class-D power amplifier, 111-453 
clippers, 11-894, JV-648 

m1dio-powered 11uise, ll-:JU6 
m1dio-dipper/li11tiler, l\i-355 
noise c:l1pper, ;idjuslabk, Vl-423 
zener dPsign, fast, syuunctrical, IV-

:129 
clock cirr:uirs, 11-100-102, III-83-85. 

V-97-99. Vl-12!:!-l!Jl 
f\O Hz c·lock 1.1ulsic f(cncrutor, 11-102 
arljnst.ahle "ITL, 1-614 
binary clock, V 98-~~ 
buffer seriaf hus, V-110 
comparator, l l 56 
crystal oscillator,--rnicrupowcr, JV-

122 
digital, -with alarm, 111-84 
gas discharge display·s, 111-1~-ltuur. 

1·2G3 
low-frequency dock, VJ-l:Jl 
oscillator/dock gPnera.tor, 111-85 
phase lock, 20-:v!H~. to Nu13us, lll-

10G 
run-rlo\Vll dock ror g,11ncs, JV-205 
sensor touch switch/cloc.k. IV-5!H 
set t.imP \Vindov..s withi11 dock, Vl-

!80 
si11glf'. op amp, 111-85 
source, c:lock source, 1-72!) 
stepper rnntors, V-57'.J 
three-phase from rekrcnce, lI-101 
T'T'J,, widP- freqUl'llCY, iii-85 
7.80 r:mnputer, 11-121 

clock generators 
oscillator, 1-615 
precision, 1-HJ:J 
pulse generator, 00 Hz, U-102 

clock radin, 1-542, 1-543 
Ctv!OS r:irntits 

!ifi."i a.stable true rnilAo-rail square 
wave f(l'lll'rntor, ll-5!)6 

9 bit.111-167 
coupler, oplical. 111-414 
crystal oscillator, III-134 
d~t<i acquisition system, 11-117 
diuuncr_ V-270 
!1asher, 111-l!JG 
i1tvcrlcr, linear amplifier from. II-11 
line receiver V-497 
mixer, I-57 ' 
mullhibrators, V-385 
optical coupler, llI-111 
oscillator. I-187, 1-Glfi, 1-109, IIT-

42!.l, III-430, V-420 
piezoelectric driver_ V-,i10 
progrmmnable precision timer, IIT-

052 
short-pulse generator, IIl-fi28 
touch s\\itch. I-137 
universal logic probe, III-499 
variable-frequency O."icillator 

(VFO), V-,118 
couxial cable 

drivers, coaxial cahlP, T-2fifi, l-.56U 
five-transistor p11lse booster, 11-l!Jl 
test circuit. V-299 

Cockcroft.-\V'1.lton casc<ided vullage 
doubler, n·'-fi:lfi 



code-practice oscillators_ 1-15, I-20, I-
22. Il-428-43L IV-373, IV-375, IV-
37G, V-100-103, \1-404-400 

keyer, "bug" type, V-102 
Morse code practice, V-103 
optoisolator design, V-101 
QRP sidetone generator, V-102 
single-transistor design. V-103 
VFO design, V-103 

coil drivers, current-limiting, III-173 
coin flipper circuit, Ill-244 
coin toss game, Vl-250 
color amplifier_ video, III-724 
color-bar generator, IV-614 
color organ, II-583, II-584, V-104-105, 

Vl-103 
color video amplifier, I-34 
colorimeter, VI-306-307 
Colpitts crystal oscillators, I-194, I-

572, 11-147, V-411, VI-160, VI-458 
1-to-20 MHz, IV-123 
frequency checker, IV-30 l 
hannonic, I-189-190 
two-frequency, IV-127 

comb filter, Vl-218 
combination locks, electronic, II-196 

three-dial, II-195 
conunutator, four-channel, II-364 
companders (see 

compressor/expander circuits) 
comparators, I-1G7, II-103-112, III-86-

90 
demonstration circuit, II-109 
diode feedback, I-lGO 
display and, 11-lOG 
double-ended limit. II-lOG. I-lGfi 
dual limit, I-lGl 
fmJr-channel, IIT-90 
frequency, II-109, II-110, VT-2G:1 
freqnency-detect.ing, TII-88 
high-impedance, T-1G7 
high input impedance window 

comparator, Tl-108 
high-low ·level i-·omparator wirh one 

op amp, 11-108 
llJ'Steresis, I-1 f'i7 

inverting, 1-1 fi4 
noninverting, 1-1 ri:'I 

inverting, l- lfl4 
jitter suppression, V-!342 
latch aml, 111-88 
LED frequency, 11-110 
lliuit, 1-1,56, 11-104 
low-power, less Utarl 10 µV 

hysteresis, 11-104 
microvoll 

dual limil, lll-8U 
hysteresis. 111-88 

rnonostable usinp;, 11-268 
opposite polarily inpul voltage, 1-

155 
oscillator, tunable signal, I-69 
power supply ovcrvolt..a.gc, glilches 

detection vdth, II-107 
precision 

balar1ccd input/variable offscl, 
111-89 

photodiode, I-360, 1-384 
time out. 1-153 
TTL-compatible SchmitL trigger, II-

111 
three-input and gate, op amp 

desip,n, IV-363 
variable hysteresis. 1-149 
voltage comparator, IV-650 
voltage monitor and, II-104 
\'vindow, I-152, I-154~11-106. Ill-87, 

III-DO, IIJ-776-781. IV-656-668, 
Vl-181 

compass 
digital design, !V-147 
Hall-effccL. 111-268 
talldng Hall-effect t:ornpass, V-221 

compensator, clamp-on-curn;nt 
probe, 11-501 

cornposile umplificr, 11-8, Ill- l!J 
cornpositl'-vidco signul Lext adder, 

III-716 
compressor/expander circuils, Ill-91-

95, IV-94-97 
amplifier/compressor, low­

distorlion, IV-24 
audio, II-44, V-57 
audio compressor/audio-band 

splitter, IV-05 
clock circuit, 1-156 
guitar, sound-effect circuil, IV-519 
hi-fi, II-12, 11-13 

de-emphasis, III-95 
pre-emphasis, III-83 

low-voltage, llI-!J2 
protector circuit, IV-351 
speech, II-2 
universul design, IV-86-97 
variable slope, III-84 

computalann, I-2 
computer circuits (see also 

interlaces), 11-113-122, III-06-
108, V-106-110. \1-132-141 

ADC. eight-channel, for PC clones. 
V-29-30 

analog signal attenuator, III-101 
analog-to-digital converter for PC, 

Vl-60 
alarm, I-2 
ASCII triplex LCD, 80,18/IM80C48. 

11-116 
bitgrn.bber, TV-10:-i 
b11ffererl breakout box, 11-120 
buffer serial-bus for data/dock 

lines. V-110 
bus interface, 8-bit µP, 11-11,1 
dock phase lock. 20-MHz-to­

NnBns. ITT- I OG 
CM08 dat.a acquisition system, II-

117 
l"'.ontrast. anrl backlight control, 

high-efficiency, VT-191 
CPU interfal"'.e, one-sl1ot., TV-2;19 
dat-a acquisition circuit, VT-.178 
lhit<t separator for 11op11y disks, 11-

122 
deg_litcher, lV-109 
display, eig_ht-di,l(it, 111-106 
dual 805ls execute irt lock-st.eJJ 

circuit, lV-99 
DVMadapter fur PC, V-!JlO 
EEPROM progrmuminfl doubler 

circuit, Vl-138 
EEPROM pulse g_eneralor, 5\1-

powcred, 111-99 
cighL-cha.rmcl mux/demux system, 

11-115 
eight-dig.it microprocessor display, 

111-106 
error checker, nmster/slave device, 

VI-388 
flash memory progrmnming supply, 

+12 volt, Vl-l:J8 
flip-flop inverter, spare, 111-lO:J 
high-speed dala acquisition system, 

-II-118 
interface, 680x, 650x, 8080 families, 

III-88 

irtterval linter, prog.rmmn<-1ble, 11-
678 

keyboard matrix interface, lV-240 
laptop computer power SUJJply, V-

403 
LCD, CCfL supply wit.Ii variable 

contrast, Vl-510 
line protectors, :3 µ.\' 1/0, IV-101 
logic-level translators, IV-242 
logic line monitor, Ill· 108 
lo1t,1S delay lirre_ logic signals, 111-107 
l!ll'mory/protector power supply 

monitor, lV-425 
memory Sil.Vill,\S JJOwer Sllj_iply, Tf-480 
i1ticroco1nputer -tli-triac interface, 

V-244 
microprocessor sdl'cted JJulse 

widUt control, 11-110 
modem protector circuit, V-4 79 
modem/fax protector for t\vo 

computers, V-482 
multiple irtputs detector, 111-102 
one-of-eight chmmd lransmissio11 

system, 111-100 
oscilloscope digital levels, lV-108 
password protection circuit, V-109, 

Vl-l:J5 
power line modem fur computer 

control, Vl-474 
power saver for moniLors, Vl-l!J9 
power supply for notebook 

computer, triple-output, Vl-512 
power supply watchdog, 11-494 
pulse -..vidLlt control, 11-116 
printer error alarm, lV-106 
printer port, Vl-134-135 
printer sentry, V-107-108 
reset protection, childproof, IV-107 
ROB blue box, III-99 
RS-232, computer-powered, VI-138-

139 
RS-232 dataselector, automatic, III-

97 
RS-232C line-driven CMOS circuits, 

IV-104 
RS-232-to-CMOS line receiver, 111-

102 
RS-232C LED circuit, III-103 
RS-422 to RS-232 converter, VI-l33 
short-circuit sensor, remote data 

lines. IV-102 
signal at.tPnnator, analog, 111-101 
sleep-mode sound-operated 

drc11its, V-f')47 
socket rlebugger, coprocessor, 111-

104 
speech synthesizer for. TII-722 
stalled output detector, TV- I 09 
supervisory cirr·uit, VT-1 ::;o 
switch rlebouncer, TV- lOil 

auto-repeating, rv.100 
tele1.1rinter loop supply, VI-497 
triac array driver, 11-410 
voltage regulator for new 

n1ir.roprnressorn, Vl-ilOO 
Vpp generator for EPR.OMs, 11-114 
wireless HTS keyer with dat.a, Vl-

1;35 
XOHgates, lV-107 

u1.1/down L:ounter 111-105 
Z80 bus monitur/debugger, TV l 0;3 
Z80 cluck, 11-121 

cont;id switd1, l-1:36 
continuity testers, 1-550, 1-5,51, II 

5;3;3, 11-535, lll-!J45, lll-538-540, 
1\/-287, lV-289.1\1-296, Vl-142-
145 
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buffer amplifiers, conUnued 
adjustable contirn1ity tester, Vl-144 
audible, 11-G36, V-:'!17, Vl-145 
audioMdeo cahle tester, Vl-144 
buzz box, I-GGl 
cable tester, III-G.19 
latching design, IV-29.'i 
low-resistance circuits, V-:'!19 
ohrmneter, linear, III-G40 
PCB, II-342, II-G3G 
ratiometric, I-GGO 
RC decade box, V-294-295 
resistance-ratio detw:tor, 11-:342 
short-circuit heeper, VT-l4:J 
single chip checker, TJ.5;34 
visual, V-293 

contrast meters, 11-44 7 
automatic, I-472 
brightness controls, 1-250, 1~;377, III-

308 
control circuits (see 11Ltid and 

moistnre; light-controlled 
circuits; motor control eircuils; 
speed r:ontrollers; teiuperalurl'­
related circuits; tone controls) 

controller circuit, TV-142 
conversion and converters, l-50:J, ll-

123-182, TIT-109-122, IV-110-12.IJ, 
V-110-128, VT-146-155 

3-to-G V regulated output, III-73!.l 
1-to-18 MHz, 111-114 
4-to-20 mA current loop, IV-111 
f")V-to-isolated 5V at 20 .MA, 111-474 
GV-to-0.5A buck, 1-4-94 
9-to-fi-V conve1ter, IV-119 
12-to-9 V, 7.5, or 6 V, I-508 
12-to-16 V, 111-747 
28-to-5 Vdc converter, V-127 
50f- V feed forward switch mode, I-

495 
50+ V push-puil switched mode, I-

494 
100 Miiz, 11-l:JO 
100 V-to-10.26 A switch mode, I-

501 
225-W 15-Voutput converter, VI-

148-14!1 
800-to-1000 MHz scanner 

converll'r, V-122 
ac-to-dc converters, I-165 

fixed power supplies, IV-395 
full-wave, IV-120 
hi/.Ot-impcdance precision 

reclifier, I-164 
arnatcur TV downconverter, 120 to 

450 MHz, VI-44-45 
anmteur TV do\.\'TlConverter, 902 to 

928 MHz, VI-40-41 
analog-to-digital (see analog-to-

digital conversion) 
ATV downconverter, V-125, V-120 
ATV rfreceiver/converter, IV-420 
BCD-to-analog, I-IGO 
BCD-to-para1lel, multiplexed, J-109 
buck/boost, III-113 
calculator-to-stopwatch, l-1G3 
capacitance-to-pulse width, II-12fi 
crystal-controlled, one-chip, V-117 
current-to-frequency, IV-113 

wide-range, I-164 
current-to-voltage, I-102, I-105, V-

127, VI-154, \1-1G5 
grounded bias and sensor, TI-120 
photodiode, II-128 

de automobile power adapter, V-70 
de-to-de, IV-118, V-119, V-128, Vl-

164-Hi7 
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1-to-5 V. IV-119 
3-to-5 V battery, IV-119 
3-to-25 V, III-744, IV-118 
bipolar, no inductor, II-112 
fixed 3- to 15-V supply, IV-400 
isolated +15V, III-llG 
push-pull, 400 V/60 W, I-210 
regulating, I-210, I-211, II-12G, 

III-121 
stcp-up/step-do\.\'Tl, III-118 

dc/ac inverter, V-G69 
de/de converter, V-GG9 
differential voltage-to-curnmt 

converter, VI-153 
digital-to-analog (.~ee digital-to­

analog conversion) 
direct-conversion 7-MHz receiver, 

VI-153 
driven flyback converter, VT-150 
fixed power supply, ITT-470 
flyback, I-211 

self oscillating, 1-170, II-128, 
III-748 

voltage, high-efficiency, TH- 7 44 
frequency, I-1G9, V-12:1 
frequency-to-voltage (.wm 

frequency-to-voltage conversion) 
HF receive converter, VT-147 
high-to-low-impedanre, 1-41 
intermittent converter, power 

saver, IV-112 
IR-pulse-to-anrlio convert.er, V-264 
light intensity-to-freq11ency, 1-167 
line-voltagff-to-m u lti meter adapter, 

V-312 
logarithmic 

fast-action, 1-169 
temperat.1ll'e-co1npensated, V-127 

low-frequency, 111-111, Vl-163 
ohms-to-volts, 1-168 
oscillosrope, l-471 
011tpnt-to-current converlcr, Vl-165 
NTSC-to-Tl.GB converter, Vl-677 
perinrl-to·volt-age, JV-115 
photorliode log convcrlcr/ 

transmitter, Vl-:312 
pico-ampere, 70 V with gain, 1-170 
PIN photodiode-to-frequency, III-

120 
polar-to-recta.rl,'lular convcrler/ 

pattern generator, V-288 
polarity, [-166 
positive-to-negative, 111-112, III-113 
power supplies, inductorlcss, V-456 
pulse hei,l(hl-to-width, III-lHl 
pulse train-to-sinusoid, IIl-122 
pulse width-lo-voltage, 111-117 
radio beacon converter, IV-495 
r·ect<l.lt,!Sle-to-lriangle waveform, IV-

116-117 
regulal-cd 15-V" 1 6-V driven, III-74G 
resistance-lo-vo~tage, I-161-162 
rr converters, IV-4!J4-601 

ATV receiver/converter, 420 MHz, 
low-noise, IV-4!J6, IV-497 

radio beacon converter, IV-405 
receiver frequency-converter 

stage, IV-4!)9 
SW converter for Mi car radio, 

IV-500 
two-meter, IV-498 
up-converter, TVRO subcarrier 

reception, IV-501 
VLF converter, IV-497 
WWV-to-SW converter. IV-499 
receiving converter, 220 MHz, 

JV-500 

IKTl3-composite video signals, III-
714 

RMS-to-de, I-167, Il-120 
50-MHz thermal, III-117 

llGB-to-NTSC, IV-611 
sawtooth wave converter, IV-114 
seamier converter, V-800-to-1000 

MHz, V-122 
SCR converter, Vl-161 
shortwave, III-114, V-118 
simple LF, 1-546 
sine-wave converter, VI-150 
sine-to-square wave, I-170, IV-120, 

V-124, V-125, V-569, V-570 
square-to-sine wave, III-118 
square-lo-triangle wave, TIL, II-123 
step-down converter, 5-V 5-A, VI-

151 
syne-lo-async, Vl-152 
temperature-to-digital, V-123, VI-

646 
temperature-to-frequency, 1-168, V-

121, VI-630 
temperalure-to-time, III-632-633 
transverter, V-2-to-G meter, V-124 
triwigle-to-sine wave, II-127 
TTL-lo-MOS logic, II-125, 1-170 
two-wire to four-wire audio, II-14 
unipolar-to-dual voltage supplv, III-

743 
video converters 

aid and d/a, IV-610-Gll 
RGB-to-NTSC, IV-611 

VLF converters, I-547, V-121 
rf converter, IV-497 

voltage (see voltage convert,ers) 
voltage multipliers, V-008-fifi9 
W\VV converter, V-119, VT-147 
WWV-to-SW rf r:onverter, IV-19;3 

cool-down circuit, V-3fi4, V-357 
coprocessor socket dehugger, Hl-104 
cotmtdown timer, II-080 
cotmters (8eA a,lwJ divirlers), H-133-

139, 111-123-130, V-129-133 
analog circuit, II-137 
attendance, II-1:18 
binary, II-135 
divide-by-N 

1+ GHz, IV-15fi 
1.5+ divide-hy-n, IV-156 
CMOS programmable, l-257 
7490-divided-hy-n, IV-154 

chvide-hy-odrl number, IV-15:3 
event counter, Vl-369 
freqnenry rounters, Vl-360 

2 MHz, V-1:30-131 
JO MHz, V-132-133 
preamp, V-24 

frequency dividers, !-258, 11-251, 
IT-2fi4, !11-213-218, lll-340, 
TIT-7118 

1.2 Cl-Hz, [/1-128 
10-MHz, HI-126 
dock inpl1t, JV-I.51 
decade, J-259 
divide-hy-1.5, III-216 
low-rost, TII-124 
low-frequency, 11-253 
preamp, 111-128 
progranunable, JV-152-163 
stairease generator and, I-730 
tachometer and, I-:310 

fringe counter, Vl-:JOO 
Geiger, 1-536-5:37, V-217-219 
microfarad cow1tcr, IV-276 
minimwn/ma.xi:murn selector, four-

input, V "3:J2 



ndd- nurnber divider and, lJ l-217 
prearnplifier, oscilloscope, 111-438 
precision frequency; 1-25:3 
programmable, low-power wide-

range, 111-126 
ring cnuntern 

20 kHz, 11-1:1~ 
inr:andesr:ent. lamp, f-,qo1 
lnw-r:ost., f-,qoJ 
low-power pul.~e cirf'.uit, IV- 4:37 
SGR, 111-l!=Wi 
variable timing, 11-134 

time base, function genera.tors, l 
H7., TV-201 

universal 
10-MHz, 1-255, ll-1:39 
40-Mllz, 111-127 

up/down cow1ters 
8-di,!.lit, ll-1:34 
l'Xlrl'ml' count freezer, lll-12.5 
XOHgate, 111-105 

couIJler circuits 
linear eouIJlcrs 

ac a.italog, 11-412 
analog, 11-4 J;J 
de, 11-411 
optocoupler, inslntmentalion, 11-
417 

optical couplers/oplocouplcr:;, V-
407 

CMOS design, III-414 
interface circuits, V-406-407 
linear, insLnuncntaliun, II-417 
stable, 11-409 
TTL design, Ill-416 

photon, 11-412 
RF line sampler/coupler, VI-30 
transmitter oscilloscope for CB 

signals, I-473 
courtesy lights (see automotive 

circuits) 
craps game, VI-245 
CRO doubler, III-439 
cross fader, II-312 
cross-hatch generator, color TV, III-

724 
crossover networks, II-35 

5V, I-518 
ac/dc lines, electronic, I-515 
active, I-172 
asymmetrical third order 

Butterworth, I-173 
electronic circuit for, II-3G 

crowbars, I-51G 
electric, 111-GlO 
electronic, II-99 
SCR, 11-480 
voltage regulator, variable, wit-h 

crowbar limiting, VI-Gl5 
crystal osdllators (see aJsn 

oscillators), I-180, I-18:1-18fi, l-
19G, I-198, 11-140-lfil, 111-1:11-
140, IV-121-128, V-1:14-140, 
Vl-lGG-100 

l-to-20 MHz, ITL design, fV-127 
l-to-4 MHz, CMOS design. IV-125 
10 MHz, 11-141 
10-t.o-lGO kHz, IV-125 
10-to-80 MHz, IV-125 
50-to-150 MHz, JV-120 
90MHz,l-179 
lGO-to-:30,000 kHz, JV-12fi 
:1:10 MHz, JV-12fi 
activity test.er, V-1:18 
amplifier, tuned, VJ-il7 
apPriodic, parallel·mode, I 190 
hasir. rlesign, v .1;35 

bridge, r:rystaJ-co11trolled, JV-127 
Butler oscillator, 1-182 
calibrator, IOU kllz, 1-185. IV-124 
cerarnic, JO Milz, varactor tuued. ll-

141 
c·l1_wk. micropower design, IV-122 
CMOS crystal oscillators. I 187, fll-

1:14 
l-to-4 MHz, IV-125 

Colpitts crystal oscillators. I- 194, I 
;172, ll 147, VI- 160 
l·to-20MHz, IV-12:3 
!"requency ct1ecker, JV-:301 
ilan11onic, 1-18!:-J-l!:-JO 
two-freque1tcy, lV-127 

crystal-controlled oscillat1x as, 11-
147 

crystal-stabilized IC limcr for 
subharmonic frequencic:;, 11-1.51 

crystal tester, 1-178, 1-186, ll-151 
de-switched, Vl-15!:-J 
doubler and, 1-184 
easy :;tarl-up, 111-102 
FET, 1 Mllz, ll-144 
FET quarlz cryslal oscillator, Vl-

157 
FET VXC\ Vl-1.57 
FM capable, Vl-1.58 
frequency adjustable, Vl-159 
frequency doubler, Vl-160 
fw1dwncntal-frcqucncy, IIJ-l!J2 
Harl.Icy oscillator, V-140 
hex-buffer, V-136 
high-frequency, 1-175. 11-148 
high-frequency siMal p;enerator as, 

II-150 - -
IC-compatible, II-145 
impedance checker, V-136 
LO for SSE transmitter controlled 

by, II-142 
low-frequency, I-184, II-146, V-135 

10 kHz to 150 kHz, II-146 
low-noise, II-145 
marker generator, 111-138 
mercury cell crystal-controlled 

oscillator as, II-149 
OF-1 HI oscillator, international, I-

197 
OF-1 LO oscillator, ll1t.emat10nal, I-

189 
overtone oscillators, l-176, 1-177, 1-

180, 1-183, I-186, 11-146, III-140 
50 MHz to 100 MHz, I-181 
100 MHz, IV-124 
crystal, 1-170, I-180, 11-140 
crystal sv.-itching, 1-18~ 
fifth-overt.one, 1-182 
third-overtone oscillator, TV-12:1 

Pierce oscillator, V-140 
1-l\IHz, Tll-1:14 
r:rystal, l-19fl, TT-144 
harmonic, 1-199, TT-192 
JFET, J-198 
low-freqnenf'.y, llJ-1:1:1 

quartz, two-gate, 111-1:10 
radio detector, VJ-182 
reflection oscillator, f'.rystal-

cont.rolled, Tll-l:'lfi 
Schmitt trigger, 1-181 
signal srnirf'.R controlled by, TT-14:1 
sine-wavP osdllator, J. 198 
st.ahle low-frequency, 1-198 
standard, l MHz, 1-197 
t.PmpPrature-compensated, 1-187, 

11-142, TTJ.J~17 
test circuit, V-1 :39 
thin\-uvertone, 1-186, 1V-I2:J 

t.iml' base, 111-I3:J, IV-128, V 1J7, V-
1:38 

TTL dcsi,1-:n, 1-17\:l, lV-127 
TTL-compatible, 1-1\:!7 
transisturized, 1-188 
tLtbe-tyIJe, 1-1!:-!2 
U.J'l' 100-kl!z calibrati011 osdlhl.tor. 

Vl-157 
VHF crystal oscillator, 111-138-140 
voltage-controlled (VCO), 111-135, 

IV--124 
wide-rauge, V-1:39 

crystal radio receiver, Vl-.549, Vl-.557 
r:ryst;il switchi1~, uverlone oscillator 

with, 1-18!3 
currenl a.nalyzcr, aulo battery, 1-104 
currcul buo:;tcr, 1-30, 1-35 
currenl cullcclor head runplifier, ll-

11, 11-2\:l.5 
currenl feedback amp, 100 mA al 100 

MHz, V-25 
eurrcnt-limitcr, V-146 

fuldback currenl, Vl-477 
ir1rush currcnl, V-358 
regulator, Vl-478 

current. loop:; 
4-Lo-20-ntA convcrlcr, lV-111 
euntrolkr, SCR design, IV-387 

curr('nlmclcrs and monilors, 1-203, 
11-152-157, 111-255, III-3a8, IV-
284, V-144-146, VI-25!J, \·1-'.355 

alarm and current monitor, III~338 
ac current indicator, IV-2!)0 
current sensing in supplv rails, II-

153 
electrometer amplifier \Vith 

overload protection, II-155 
Hall-effect sensors. III-255, IV-284 
high-gain current sensor, IV-291 
line-current monitor, III-341 
picoammeter, 1-202, ll-154, II-157. 

III-338 
guarded input, II-156 

range ammeter, six-decade, ll-1G3, 
II-156 

current probe, VI-521 
current readout, rf, I-22 
current regulators, op amp, \.1-430, 

VI-489 
current sensing, supply rails, Il-1G8 
current sink, I-200 

1 mA for fixed power supplies, IV-
402 

voltage-r:ontrolled, IV-029 
current sources, l-20fi, f-(197, V-141-

14:1, VJ-lfil-10:1, Vl-812, Vl-:'l:'!G 
O-to-200-nA, IV-:127 
hilateraL J-fi94-09.'1, Tll-409, V-14."l 
hipolar sources 

invPrting, T-097 
n-0nrnvRrtlng, 1-695 

constant, l-097, 111-472 
fixe<l power snpplies 

hontst.rappPd amp, JV-400 
differential-input., fast-acting, 

JV-405 
low-current smirr.e, IV-'.199 

generator, Vl-1 fi2 
limitRr, V-146 
low-resistance measurements, v. 

142 
multiple fixed current source, Vl-

10:1 
negative. V-143 
offset-adjusting, V 145 
JJOsitive, V-142 
preci:;ion, 1-205, 1-206 
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current sources, continved 
regulator, variable power supply, 

111-190 
variable power supplies, voltage­

programmable, IV-420 
voltage-controlled, III-4G8, VI-1G2, 

VI-1G3 
current-limiting regulator, V-458 
current-shunt amplifiers, III-21 
current-to-frequency converter, IV-

113 
wide range, I-1G4 

current-to-voltage amplifier, high­
speed, I-35 

current-to-voltage converter, I-162, I-
105, V-127, VI-154, VI-lGG 

grmmded bias and sensor in, Il-12G 
photodiode, Il-128 

curve tracer, V-300 
diodes, fV-271 
FET, I-397 

CV.' -relatP.d circuits 
audio filter, Vl-29, Vl-105 
CW/SSB receivP.r, 80- and 40-meter, 

V-199 
filter, razor sharp, 11-219 
identifier, VI-24, VI-408 
keying circuits, IV-211 
offset indicator, IV-218 
SSE/CW product detector, lV-139 
transceiver, fl W, 80-met.er, IV-002 
transmitters 

1-\V, 1II-fi78 
fi-V.' 40-M, Vl-fifi4 
20-M low-power, V-fi49 
40-M, TII-fi84, V-fi48 
902-MHz, TTT-fi86 
HF low· power·, 1\/-601 
keying circuit, Vl-22-23 
one-watt, VJ-27 
QHP, 111-69 
ultr<ismtic tr<Htsceiver, VJ-669 

cyclic AIU cu1tverter, 11-:JO 

D 
dark-ar:tivated (see ligl1t-«m1trolled 

circuits) 
darkroom equipment (see 

photography-related circuits) 
llarlingtu1t <impliiier, JJush-pull, V-22 
Darlington reguJ;i.tur, variable puwer 

supplies, IV-4::!1 
llarlin,l\toll tnmsistur usdllutur, Vl-

455 
dat.u-mu1tipulutiu11 circuits, IV-129-

1:3:3 
acquisition circuits, IV-131, Vl-378 

CMOS syslcm, 11-117 
four-chru:mcl, I-421 
high"speed system. 11-118 

analog-signal transmission isolator, 
IV-133 

link, IR type, I-341 
prescalcr, low-frequency, IV-132 
read-type circuit, 5 .MHz, phase-

encoded, II-365 
receiver, carrier-current circuit 

design, IV-93 
receiver/message demuxer, three-

"''ire, IV-130 
selector, RS-232, III-97 
separator, floppy disk, II-122 
transmission circuits, IV-82 

de adapter/transceiver, hand-held, 
III-461 
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de generators, high-voltage, III-481 
de motors (see also motor control 

circuits) 
direction control, I-452 
driver controls 

fiberoptic control, II-206 
fixed speed, III-387 
servo, bipolar, II-385 
reversible, II-381, 111-388 

speed control, 1-452, I-454, III-377, 
IIl-380, III-388 

de restorer, video, 111-723 
de servo drive, bipolar control input, 

II-385 
de static switch, 11-367 
dc-to-ac inverter, V-247, V-669 
de-to-de conversion, IV-118, V-66!), 

\.1-164-167 
1-to-5 V, IV-119 
3-to-5 Vbattery, IV-119 
3-to-25 V, III-744, IV-118 
-3.3- and 5-Voutputs, V-128 
3 A, no heatsmk, V-119 
bipolar, no inductor, II-132 
fixed 3- to 15-V supply, IV-400 
isolated, Vl-1G5 
isolated +15V, III-116 
negative step-up converter, VI-166 
push-pull, 400 V/60 Vv', I-210 
regulating, I-210, I-211, 11-125, III-

121 
stP.p-up/stP.p-down, III-118 
nltra low-power for personal 

communications, Vl-lGG 
de-to-de inverter, \.1-285 
de-to-de SMP8 variable power 

supply, 11-480 
dehonncers, TII-fi92, TV-Hlfi. V-Cllfl, 

VT-:1R7, VI-fiJ.q, VT-fil4 
auto-repeat. JV-lOfi 
crnnputE'r applications, JV- IO:i, lV-

106, TV-108 
tlip·t1op, lV-108 

debugger, coprocpssor sockets, lll-
104 

1-IP.cihel level detector, anrlio, with 
meter driver, TTT-154 

decoders, 11-162, TTT-141-14.'1, Vl-lfiR-
171 

10.8 MHz FSK, 1-214 
24-verceut bandwidth tone, 1-215 
L\CD decoder/driver, multiJJIPxed, 

Vl-189 
dirediun dekctor, 111-144 
DTMF decoder, Vl-169 
dual-lone, 1-215 
encoder mid, 111-144 
FM stereo decoder, Vl-170 
frequency division multiplex stereo, 

II-168 
PAIJNTSC, v.ith RGB input, 111-717 
radio control receiver, 1-574 
SCA. 1-214, III-166, III-170 
second-audio program adapter, 111-

142 
sound-activated, 111-145 
stereo TV, II-167 
time division multiplex stereo, II-

168 
tone alert, I-213 
tone dial, I-630, I-631 
tone decoders, I-231, IIl-143, VI-170 

24% bandwidth, 1-215 
dual time constant. II-166 
relay output, I-213 
tone-dial decoder, I-630, 1-631 

\'ideo, NTSC-to-RGB, JV-613 
video line decoders, VI-171 
weather-alert detector/decoder, IV-

140 
deglitcher circuit, IV-lOU, V-336-337 
delay circuits/ delay units, IIl-146-

148, V-147-148, Vl-172-173 
adjustable, III-148 
analog delay line, echo und reverb 

effects, IV-21 
door chimes, 1-218 
echo and revcrb effects, m1alog 

delay line, IV-21 
exit delay for burglar alunns, V-10 
headlights, I-107, Il-5U 
leadi~-edge, III-147 
long duration time, 1-217, 1-220 
power-on delay;V-148 
precision solid state, I-664 
pulse, dual-edge trigger, III-147 
pulse generator, II-50U 
relay, ultra-precise long time, II-211 
timed delay, I-668, II-220 
time-delay generator, Vl-173 
constant-current charging, II-668 
"'indshield "'iper delay, 1-97, II-55 

demodulators, II-158-160. III-149-150 
5V FM, I-233 
12V FM, I-233 
565 SCA, III-150 
AM demodulator, II-160 
chroma, with RGB matrix, III-716 
FM demodulator, I-544, II-161, V-

151, V-155 
narrow-band, carrier detect, 

ll-159 
linear variable differential 

transformP.r rlriver, I-403 
LVDT demorlnlators, 11-337, Ill-323-

,q21 
stereo, Tl-lfi9 
telemetry, T-229 

demonstration r.omparator circuit, 11-
109 

demultiplexers (see nlso 
mnltiplexf'rs), lII-394 

difforent.ial, T-42f"i 
eight-channel, 1-420, II-1 lf"i 

descramblers, II-lfi2 
gaterl pulse, 11-lfifl 
outband, IT-lfi4 
sine wave, Il-lfi3 

dE'rived center-channel stereo 
system, IV -2!3 

detect-and-hold eircuit, 11eak, 1-58!) 
detectors (see l1uid and moisture; 

Jight-cuntrolled circLtits; motion 
and proximity; motor control 
circuits; peak detectors; smoke 
detectors; speed controllers; 
temperature-related circuits; 
to1te co1ttruls; zeru-crossiHg) 

devialion mcler, lV-!JO:J 
dial pulse inilicalor, telephone, 111-

613 
dialers, telephoue 

pulse-dialin,I\ telephoite 111-610 
pulse/lone, sin,l\lc-dLip, 111-603 
tdephone-lirie powered repe1tory, 

I-6:33 
tone-dialing telephone, Ill-607 

dice, electronic, 1-:325, Ill-245, JV-207 
differential mnplifiers, 1-38, 111-14, V-

18, V-21, VI-185-287 
high-irnpcdancc, 1-27, I-!354 
high-input high-impcdru:1ce, II-19 



iitstnmtl'ntaLion, l-!J47, 111-28:3 
iitstnmtl'ntaLion, biomedieal, 111-282 
oscilloseopes, Vl-46!J 
progranunalJk gain, 111-507 
two op amp bridge tyµe, 11-8!3 
wide input common-mode range. 

Vl-5:3 
differential analog Sl'>'itch, 1-622 
differPntial capacitance me;i.surement 

circuit, 11-665 
differential hold, 1-.589, ll-:Jt\5 
differential multiplexers 

demulUplexer/, l-425 
wicle band, 1-428 

differential therino11teter, 11-661, 111-
638 

differential volt;ige or current alann, 
ll-3 

differentiators, J-42:J, V-:J47 
negative-edge, 1-41 Sl 
positive-edge, 1·420 

digital-capacitance meter·, 11-S\4 
digital-IC, tone probe l"or testing, ll-

GCl4 
digital-frequency meter, IT! !344 
digital-logk probe, 111-497 
digit.al audio tape (DAT), ditheri;-:in.>i 

rircuit, IV-28 
digit.al rircuits, V-1 fifi-160 

audio seledor, V- ff1R 
RCD rotary swit.ch, V-160 
r.apacitanr.ie r.ont.rol, V 159 
entiylor.k, V-lf17 
inverters, V-246 
potentiomPter control, V· 158 
resistanr.e control, V-159 

digital multimeter (TlMM), 1V-2Sll, V-
291 

digital voltmeters (IJVM), 111-4 
.3.5-digit, I· 71.3, IJl-761 
.'3.7.5-digit, 1-711 
4 .. 5-digit, I-717, 111-760 
auto-calibrate circuit, 1-714 
automatic nulfutg, 1-712 
calibrated circuit, llVM auto, l-714 
interface and temperature sensor, 

11-647 
LED readout, lV-286 

1_\igilal-lo-analog converters, l-241, 11-
179-181. lll-16!J-169, V-120 

_D-to -5V outµul, resistor 
terrninaled, 1-239 

:J-digiL. llCD, 1-23!) 
8-bil, 1-240-241 
high~spccd, 1~240 

output current to voltage, I-243 
to 12-bit, two, II-18D 

!J-bit, CMOS, III-167 
10-bit, 1-238 

4-quad, offset binary codmg, 
multiplying, I-241 

+IOV full scale bipolar; 1-242 
+IOV full scale urupolar, 1-244 
12-bit 

binary t\vo's complement, III-lGG 
DAC, \11-149 
precision, I-242 
variable step size. 11-181 

14-bit binary, 1-237 
Hl-bit binary, 1-243 
fast voltage output, 1-238 
high-speed voltage output, 1-244 
multipljing, 111-108 
or.ta] r.onverter, V-;1GO 
out.pu1. amplifier, fo11r-d1amwl, llT 

!Ofi 

video converter. IV-610-611 
digitizer, tilt meter. III-644-64G 
dimmer sVvitches, I-3G9, 11-309, IV-

247, IV-240, \1-377 
800 \\'. 11-30!) 
de lamp, II-307 
four-quadrant, IV-248-240 
halogcn lrnnps, Ill-300 
headlight. 11-57, II-63 
low-cost, I-3T3 
soft-start, 800-\\', I-376, 111-304 
tandem, II-312 
triac, 1-:375, II-310, IIl-303 

diode cmitLcr driver, pulsed infrared, 
II-292 

diode tester. I-402. II-343, III-402 
go/no-go, 1-401 
zcncr diodes, 1-406 

diode-matching circuit, IV-280 
dip meters, I-247, U-182-183 

basic grid, 1-24 7 
dual gate IOFET, 1-246 
little dipper, 11-18!3 
varicap tuned FET, 1~246 

diplcxer/mixer, IV-:J:J5 
dirccliou detectors/finders, IV-146-

14" 
COllljJaSSl'S 

d4{ital des~n, lV-147 
llall elTl'cL 111-258 
lalkinfl Hall effect, V-221 

decoder, 111-144 
dincctioHal-signals nH.miLor, auto, 

111-48 
optical direction discrirninator. V-

408 
thennally operated, IV-135 
radio-s~1tal direction finder, IV-

148-14!) 
direclion-of-rotalion circuit, III-335 
directional-signals monitor, auto, III-

48 
disco strobe light, 11-610 
discrete current booster, II-30 
discrete sequence oscillator, III-421 
discriminators 

multiple-aperture. window. III-781 
pulse amplitude, III-356 
pulse >>idth, II-227 
"Window, III-776-781 

display circuits, II-184-188, III-170-
171, V-161-167, VI-188-195 

3A digit DV11 common anode, 11-
713 

flO dB dot mode, II-2G2 
audio, LED bar peak program 

meter, ll-2G1 
bar-graph indir.ator, ar signals, 11-

187 
bar-graph level gauge, VI- HJ2 
bar graph room temperature, Vl-

011 
BCD deroder/driver, rn11ltiplexf'd, 

Vl-189 
brightness r.ontrol, 111-.11 fi 
r.asraded r.ounter/display fl.river, V 

lfi1 
rolor organ, Vl-19!'! 
rolor shifting LED display, Vl-l8Sl 
common c·athode, 40!3:3-based, V-

162 
rommrn1-anode. V·167 
rrnl111arator and. ll-Hl5 
cor1tr<•St and liackli,l\hl eonlrol, 

hi,1St1-el'J1ciency, Vl-l!:-11 
l'xclauwtion poirtL 11-254 

expanded sr.ale meter, dot or har, 
II-18G 

fluorescent tuhe, V-1()7 
gas-discharge tube, V-107 
LCD 

7-segment, V-1 G!i 
contrast temperature 

compensator, \-1-19G 
large-size, V-1G4 

LED 
7-segment, V-lGG 
audio, peak program meter, ll-2G4 
bargraph driver, Vl-19G 
Christmas lights, VI-22fi 
common-cathode, V-lfi7 
driver, II-188 
leading-zero suppressed, V-1 fifi 
two-variable, III-171 

oscilloscope. eight-channel voltage. 
III-435 

stereo level display, Vl-190 
voice level meter, VI-194 

dissolver, lamp, solid-state, Ill-304 
distribution circuits, II-35 
distribution amplifiers 

audio, I-30, II-3D, V-59 
signal, 1-30 

ditherizer, VI-377 
dividers, IV-150-156 

binary chain, I-258 
divide-by-2-or-3 circuit, IV-154 
divide-by-N 

l+ GHz, IV-155 
1.5+ divide-by-n, IV-156 
CMOS programmable, I-257 
7490-divided-by-n, IV-154 

divide-by-odd number, IV-153 
frequency dividers, I-258, 11-251, 11-

254, III-213-218, III-340, 111-7G8, 
V-343 
1.2 GHz, III-129 
10-MHz, III-12G 
clock input, IV-151 
decade, 1-259 
divide-by-1.5, Ill-2Hi 
low-cost, III-124 
low-frequency, II-2G3 
preamp, lil-128 
programmable, IV-1:J2-1G8 
staircase generator and. I-7:10 
tachometer and, 1-810 

mathematkal, one trim, JJl-120 
multiplier/divider, one-qnadrant, 

VJ-118 
multiplier/divider, variable analog, 

VJ-122 
odd-number counter and, 111-21-7 
pulse. non-integer 11rugrauunalill'. 

Il-flll, 111-226 
Dolby noise reduction circuits, lll­

;399, Vl-421 
decode mode, lJJ-401 
encode mode, IJl-400 

doorbells/chimes (see anHuciators) 
door-open alarm, 11-284, 111-40, lll-

2Fi6 
door opener, lll-:366 
dour minder security circuit. V-5 
dot-ex1Ja!ldl'd scale meter, 11-186 
doulile-sidcbm1d suppresscd-eanicr 

modulator, ll1-:J77 
rL 11-:Jt\ti 

doublers 
0 lo I MHz, 11-252 
150 lo :JOU MHz, I-314 
audio-frequency doubler. IV-16-l'i 
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doublers, continued 
broadband frequency, 1-313 
CRO, oscilloscope, 111-430 
cryslul oscillator, I-184 
EEPROM prograrruning doubler 

drcuil, VI-138 
frequency, I-313, III-215, \1-369, \1-

160 
broadbm1d, 1-313 
digiL.al, lll-216 
GASFET design, IV-324 
single-chip, III-218 
low-frequency, 1-314 

voltage doublers, 111-459, IV-G3G 
cascaded. Cockcroft-\Valton, 

IV-635 
triac-controlled, III-468 

downbeat-emphasized metronome, 
111-353-354 

downconverter, ATV, VI-40-41, VI-
44-45 

drivers and drive circuits, I-2GO, II-
· 1sD-1D3, III-172-175, IV-1G7-1GO, 
Vl-196-202 

50 ohm, 1-262 
alarm driver, high-power, V-2 
bur-graph driver 

LED, II-188 
lrnnsistorized, IV-213 

BCD decoder/driver, multiplexed, 
\1-18[) 

BIFET cable, 1-264 
bridge loads, audio circuits, II1-3G 
cable driver, VI-678 
capacitive load, 1-263 
Christmas lights driver, IV-2G4 
coaxial cable, I-266, I-560, VI-201 

five-transistor pulse boost, II-181 
coil, current-limiting, III-173 
CRT deflection yoke, I-265 
demodulator, linear variable 

differential transformer, I-403 
diode-emitter driver, II-292 
FET driver. IV-241 
fiberoptic, 50-}..{b/s. III-178 
flush slave, 1-483 
glow-plug, II-52 
high-impcdm1ce meter. I-265 
high-impedance relay driver, VI-G70 
indicalor larnp driver, IIl-413 
irrnlrrnncnlalion meter. II-296 
lump drivers, I-380 

flip-flop independent design. 
IV-160 

low-frequency flasher/relay, I-300 
oplical coupling, III-413 
neon lamps, I-379 
short-circuit-proof, 11-310 

laser driver 
high speed, I-263 
IC-based, \'1-206 
op-arnp circuit, VI-295 
pulsed double-heterostructure 

laser, VI-2U6 
single heterostructure diode. 

VI-290 
lalching relay driver, VI-571 
LED drivers 

bar graph, II-188, VI-195 
cmiltcr/follower, IV-159 

line drivers, I-262 
50-olun lrm1smission, II-192 
600-olun balanced, II-102 
audio, V-54 
impedance-matched 'h'ith 7G 

Ohm load, VI-197 
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low-distortion composite 1 OOmA, 
VI-200 

!me-synchronized, IIT-17 4 
load drivers 

audio, III-3G 
timing threshold, III-648 

LVDT demodulator and, IJ-:137, ITT-
323-324 

meter drivers, II-290 
rf amplifier, 1-MHz, IJl-G4G 

microprocessor triar. array, IJ-410 
MOSFET drivPr 

r.nrrent booster, VI-368 
high-Ride, VI-199 

motor drivers (see motor cm1trol, 
drivers) 

multiplexer, higl1-qieed line, 1-264 
neon lamp, T-379, Vl-198 
op amp power driver, IV"l 58-15\:l 
optoisolaterl, high-voltage, 111-482 
piezoelectric driver. V-440, Vl-470 

GGG osrillator, V-441 
CMOfl, V-440 
micropositioner. V-440 
full rail excursions in, II- l 90 
high-ontpnt 000-ohm, 11-19!'! 
synr.hronized, III-174 
-,,'ideo amplifier, Tll-710 

nower driver, op amp, TV-1S8- l.59 
Pulse echo driver, VI-::180 
pulsed infran~d diode emitter, IJ-

292 
relay, I-204 

delay and controls closure time. 
11-530 

low-frequenry, T-.''lOO 
wlth strohe, I-200 

RIAA line amplifier/rll'iver, Vl-77 
rf drivers, low-distmtion, 11 ,5:33 
RS-232C, low-power, fII.J7.5 
shield/line driver, high -speed, VJ-

198 
shift: rPgister, I-4 l 8 
solPnoid, I-2fiS, ITI-f17J.f:>7:'l, Vl-204 
SSB, low-rlistmtion l .fi to :30 MH1., 

II-G38 
srepping motor, JJ-:17fi, ITI-:190, TV. 

819, IV-.3ii0 
sterPo linP driver, VI-198 
test driver for hohhy servos, VJ- J 97 
threP-phase motor dnver, II 38:3 
totPm-polP, i,vith bootstrapping, 111-

17:) 
transfonner driver, T-408 
transistor relay driver, Vl-571 
triac arrayrlriver, IT-410 
twisted-pair video driver/receiver 

drcuit, VI-fi82 
two-input virleo MIJX cable driver. 

Vl-Hl7 
two-phase motor driver, 1-450, 11-

382 
nltra low rlistortion 50-mA driver, 

Vl-201 
VCO drivPr, op-amp rlesign, fV :30L 
video drivPr, VI-08:1 
video rahle driver, Vl·200 

drop-voltage recovery for long- line 
systems, IV-328 

dn1m sound effect, 11-591 
DTMF' decoder, VI 109 
rlnal-tonP deroding, IT-020 
dnal-trarking reg11latol', fll.462 
dnplex line amplifier, telephone, 111-

filfi 
duty-cyrle related circuits 

fifi:i drcnit, Vl-44fi 
detector, TV-144 
meter, TV-27.5 
monitor, III-329 
multivihrator, 50-percent, 111-584 
oscillators, Vl.438, Vl-446 

f10-percent, 111-426 
variable, fixed-frequency, Ill-422 

DVM adapter for PC, V-:310 
dwell meters 

breaker point, 1-102 
digital, 111-45 

E 
ear protector, V-482 
eavesdropper, telephone, wireless, 

111-620 
ECG amplifiers with riM]:1t kg drive, 

v1.:354 
echo effect, analog delay line, IV-21 
edge detector, 1-266, 111-157 
EEPROM pulse gener<itor, 5V-

powered, 111-99 
EKG simulator, three-chiIJ, 111-:350 
elapsed· time timer, ll-680 
eler.tric-fence charger, Jl-202 
eler.trif:-vehicle battery saver, III-07 
electrolytic·capacitor refun1lir1g 

circuit, IV-276 
Plectrornagnetic-Iield seJtsor, V-!J08 
electromet.er, IV-477 

amplifier, ove!'luad vrotceted, 11-155 
electroscope, Vl-:341 

ion-sensing, Vl-287 
elE'ctrostatic detector, 111-:J!J7 
ELF' monitor, VJ-:336 
emergenCJ' Lights, J-!J08, l-:J78, JV-250 
emissions a11uly:.:er, automolivc 

exhaust, 11-51 
emitter follower circuit, 

complemeJttary/bil<iteral ac, V-
853 

emulators, l!-198-200 
capacitance rnultivlier, ll-200 
.JF'E'f ac coupled integrator, 11-200 
resistor multiplier, !I-199 
simulatRd inductor, 11-199 

encoders 
decoder and, 111-14 
telephone handset toue dial, 1-6:J4, 

llT-fil:'l 
tone encoders, 1-67, 1-629 

two wil'e, ll-364 
two tone, V-629 

enlarger timer, 11-446, lII-445 
envelope detectors, 111-155 

AM sigr1als, JV-142 
full-wave, V-152 
low-level diodes, IV-141 

envelove generator/rnodulalor, 
musical, lV-22 

El'llOM, Vpp geJterutor fur, 11-114 
equafo:ers, I-671, JV-18 

octn.ve equali:.:er, V-:J5:J 
ten-hand, grapl1ic, active filter in, 11-

084 
ten -band, octave, llI-058 
video elJUalfaers, Vl-681 

elJuipment-ou reminder, 1-121 
error checker, muster/slave device, 

VJ.:389 
event counter, VJ-:369 
extw.ust emissioHs analyzer, II-51 
exit delay for burglar ulanns, V-10 
exp<utdcd-scalc meters 



analog, III-774 
dot or har, II-18(i 

expander circuits (see 
compressor/expander circuits) 

experimenter's power source, Vl-fi07, 
VI-fill 

extended-play circuit, tape­
recorders, III-GOO 

extractor, square-wave pulse, III-
584 

F 
555 timer circuits (see also timers) 

alarm based on 555 timer, V-11 
astable, low-duty cycle, II-207 
beep transformer, III-5GG 
dual flasher, VI-225 
duty cycle oscillator, VI-44f; 
FM modulator, V-3G7 
integrator to multiply, II-009 
missing-pulse detector, V-lfi2 
monostabie multivibrator, VI-700 
output indicator, LED, VI-200 
ramp generator, V-203 
RC audio oscillator from, II-5G7 
square wave generator using, II-595 

fader circuits, II-42, II-312, IV-17, V-
658 

fail-safe semiconductor alarm, III-6 
fan, 

infrared heat-controlled fan, IV-22G 
speed controller, automatic, 111-382 
thermostatic switch, V-68 

Fahrenheit thermometer, l-GG8 
fault monitor, single-supply, III-49G 
fax circuits, V-171-173 

modem/fax protector for two 
computers, V-482 

fax/telephone s""itch, remote­
controlled, IV-fifi2-fifi3 

feedback oscillator, I-67 
fence chargers, 11-201-203 

battery-powered, II-202 
electric, II-202 
solid-state, II-203 

FET circuits 
amplifier, offset gate bias, V-22 
crystal oscillators, \1-1G7 
de controlled s;vitch, V-G92 
hexFET switch, V-G92, V-fi98 
dual-trace-scope s-..vitch, II-132 
input amplifier, II-7 
microphone mixer, V-303, V-301 
preamp for phono cartridge, VI-79 
prohe, III-fiOI 
voltmeter, Ill-705, III-770 

fiberoptics, II-204-207, III-17fi- l 81, 
VI-200-207 

data receiver, VI-207 
data transmitter, VI-207 
driver, LED, fi0-l\1b/s, 111-178 
interfar.e for, II-207 
LED lightwave comm1rnications 

rer.eiver, VI-.'HO 
LED lightwave communications 

tran.'l!nitter, VI-309 
link, I-2fi8, I-209, I-270, 111-179 
motor control, rk, TT-200 
receivers 

IO MHz, TT-20.'l 
GO-l\1b/s, lll-181 
rligital, lll-178 
high-sensitivity, I-270 
low-cost, 100-Mbaud rate, IIl-180 
low-sensitivity, I-271 

very-high-sensitivity, low-
speed, 3n\V, I-2fi9 

repeater, I-270 
speed control, II-20fi 
transmitt.er, III-177 

fielrl disturhance sensor/alann, II-G07 
field-strength meters, 11-208-212, III-

182-183, IV-161-IOfi, V-171-170 
l.G-lGO MHz, I-27fi 
arljnstahle sensitivity indicator, I-

271 
amplified fielrl, V-l 7fi 
high-sensitivity, II-211 
LF or HF, II-212 
microwave, low-cost, 1-278 
remote, V-17G 
rfsniffer, II-210 
sensitive, I-274, Ill-188 
signal-strength meter, IV-166 
simple design, three versions, V-l 7fl 
transmission indicator, 11-211 
tnnerl, T-27fi 
T7HF fie\rls, IV-lfifi 
untnned, I-27fi 

filter circuits, II-218-224, III-184-192, 
IV-lfi7-177, V-177-191, VI-208-
222 

active (8ee active filters) 
analog, programmable, VI-21fi 
antialiasing/sync-compensat.ion, nr_ 

173 
andio filters 

hiquad, 1-292-298, III-18fi 
tunable, IV-lfi9 

andio range filter, V-190 
bandpass (.~ee bandpass filters) 
bandpass amplifier, VI-fi4 
hand-reject, active, 11-401 
biquad, I-292-298 

audio, T-292-29:'!, TTI-185 
RC active bandpass, 1-285, V-190 

brirlge filter, twin-1', programmable, 
IT-221 

Rntt.envorth 
active, VI-220 
fourth-order, 1-kHz, VI-222 
high-pa.<;s, fourth-order, I-280, 

V-179 
low-pa.-is, frnll"th-onler, V-180, 

V-181 
Chebyshev (see Chehyshev filters) 
crnnb filter, rligital, Vl-218 
combinatirm filter, VT-212 
C\VfiltPr, 11-219, VI-29, Vl-405 
rlynam1c filter, Tll- HJO 
four-output filter, V-182 
full wave rectiDer and averaging, 1-

229, V-191 
high-pass (see high.pass filters) 
hlghpass ampliller, Vl-49 
11'' filters 

narrow-band, V-189 
shortwave receiver, Vl-212 

L filters, V-181 
low-pass (see low-pass filten;) 
lowpass amplifier, Vl-49 
LP filter, actlve, Vl-215 
networks or, 1-291 
nube, dynamic, lll-190 
nuh;y si,iSHals, lll-188 
noLdt fillers, 1-28:3, ll-:J97-40:J, lll-

402-404 
4.5 MH:.:, 1-282 
550 llz, 11-:39!:! 
1800 llz, 11-!J\:!8 
adivc band rcjed, II-401 

adjustable Q, 11-898, V-179 
andio, II-400 
bandpass and, ll-228 
high-Q, ITI-404, V-178, Vl-21!'!, 

Vl-217, VI-220 
RC, Vl-221 
selectable handwirlth, 1-281 
three-amplifier rlesign, I-281 
tunable, ll-899, IT-402, V-179 

passive-bridged differentiator, 
IT-408 

hum-suppressing, I-280 
op amp, IT-400 

twin Tnotch for l kHz, V-18:'! 
twin-1', TIT-401 
shortwave receivers, V-185 
Wien bridge, IT-402 

passive I. fllters, V-181 
passive PI filters, V-181 
passive 1' filter·s, V -190 
Pi filters, V-181 
PIN rliorle filter selection circuits, 

Vl-21:'! 
progFammable, twin-1' bridge, IT-221 
rejection, 1-28:'! 
ripple suppressor, IV-175, TV-396 
nmi.ble, Ill-192, 111-fifiO, IV-17fi 

LM387 in, I-297 
turntable, IV-170 

n1mblelscratr.h, III-fiflO 
:fallen-Key filters 

10 kHz, 1-279 
GOO Hz banrlpass, 1-291 
current-driven, V-189 
high-pass, Vl-209 
low-pass, active, IV-177, VT-221 
low-pass, equal component, 
1-292 

saw-filter impeda.rtce-matclling 
preamp, VT·222 

scratch filters, Ill-189, 111-660, IV-
175 

LM287 in, 1-297 
second-order volt.age-controllerl, 

VI-211 
short,,.,'llve AM broadca.~t trap, \1-

214 
shortwave interfprence trap, VT-214 
simulated inductor, V- lRO 
speech filters 

bandpass, 800 Hz 3 kHz, T-295 
second-order, 300.-to-:3,400 Hz, 

TV-174 
two-section, 300·to-3,000 Hz, 

IV-174 
speech-range filter, bandpass, V-

185 
sta.te-varialile filters, 11-215, 111-189. 

Vl-209, VT-216 
multiple outvuts, 111-190 
secoud-urder, l kHz, Q/10, 1-29!3 
universal, 1-2!:10 

T 111ters, V-190 
tune filter, V-1 kHz, V-lBl 
turbo, glitch free, llJ-186 
t""in-'f bridge filter, 11-221 
Wien-bridge, Ill-659 
variable Q filter, V-180 
variable-frequency bandpass lilter. 

V-180 
varialile-stale, universal, Y-178 
voltage-cuntrolled filters, 111-187, 

IV-170, Vl-211 
VS8 filler fur LM 2880, Yl-219 

First-Hesvunse game, Vl-247, Vl-250, 
VI-252, V1-25:J 
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fish lure, electronic, VJ-:J86 
fixed power supplies, 111-457-477, lV­

.190-408 
12-VDC hattery-0J.1t'r<1ted 120-VAC, 

TTT-404 
+21 v, 1.f"i A SUI1Jily from +12 v 

sonrce, IV 401 
± :3G V ac, IV-398 
± ~1fi V, fi A, mobile, JV-407 
JG V isolated to 2,500 V supply, lV-

407 
ac motors, IV-:395 
automotive battery s.upply, ±15 V 

and 5 v, lV-0!:11 
auxiliary supply, lV-394 
bias/reference applications, 

auxiliary negative de supply, IV-
404 

bilateral current source, III-4G9 
bri~c rectifier, N-398 
ehar1'\c pool, III-46() 
charge pump, regulated, IV-396 
constant-current source, safe, III-

472 
converter, III-470 

5V-to-isolated 5Vat 20MA, III-474 
ac-to-dc, IV-395 
de-to-de, 3-to-lG V, IV-400 

current sink, 1 mA, IV-402 
current sources, IV-399, TV-405, TV 

400 
de adapter/transceiver, hand-held, 

III-461 
dual-trar.king regulator, Ill-462 
GASFET power supply, lV-405 
general-purpose, 111-465 
inverter, 12 V input, lv-;395 
isolated feedback, 111-460 
LCD display puwer supply, IV-3U2, 

IV-40:1 
linear regulator, low-cost, low-

dropout, 111-459 
low-current source, 1V-!J99 
low-power inverter, 111-466 
negative rail, GET, with CMOS 

gates, JV-408 
negative supply front +12 V source, 

N-401 
negativP volt.age from posilive 

supply, IV-3!:17 
output stabilizer, 1V-!J93 
portable-radio :.l V power supply, 

N-397 
positive and ne,i.lativc voltage power 

supplies, lV-402 
pnp regulator, zener increases 

voltage outpuL, II-484 
prograuuuable, lII-467 
rPd.il1ers, 111-471, IV-398 
regulated supplies, IIl-462, III-463, 

IV-401 
rip11le suppressor, IV-396 
RTTY machine current supply, IV-

401) 
stah1lizer, CMOS diode network, IV-

406 
s'.vitching supplies, III-458, III-47.3, 

IV-40:3, IV-404, IV-408 
three-rail, 111-466 
1rninterruptiblc +5V, III-477 
volt.age doubler, III-459, III-468 
voltage reguh1tors (see voltage 

regul<itors) 
voltage-controlled current source/ 

grouJtdcU source/load, III-468 
fixed-frequency generator, III-231 
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flame ignitoL III-862 
flan1e monitor, III-313 
flash/flashbulb circuits (see 

photography-related circuits) 
flashers and blinkers (see aL~o light­

controlled circuits; photography­
related circtuts), 1-801, IT-22'i, 
IIl-193-210_ IV-178-188, V-192-
107, VI-223-227 

1.5 V, minimum power, I-:108 
1 k\V flip-flop, II-231 
lA lamp, 1-306 
2 k\\', photoelectric control in, H-

232 
3V, I-306 
ac, IIl-196 
alternating, I-;107, 11-227 
astable miiltivihrator, 111-196 
auto, I-299 
automatir. safety, 1-::m~ 
automotive turn signal, sequcnlial, 

1-109 
bar display with alarm, 1-252 
barricade, 1-299 
boat, 1-2\:l!:I 
brake 11,lSltt Hasher, V-69 
Christmas tree lighl flasher. V-197, 

V-264-265 
CMOS, lII-19!:1 
de, adjustable on/off timer, I-305 
dual flasher for 555 circuits, Vl-22G 
dual LED CMOS, I-302 
eledronic, II-228 
emergency lantern, I-308 
fast-action, I-306 
flash light, 60-\\', III-200 
flicker light, IV-183 
flip-flop, I-299 
four-parallel LED, I-:107 
headlight flasher, V-7:1 
high-effi.cienr.y parallel cirr.nit, T-:i08 
high-voltage, safe, T-307 
high-power battery operated, 11"'229 
incandescent hulh, T-30fi, 111-1!18 
lamp pulser, VI-227 
LED flashers, IV-181, V-19fi, V-l!=lfi 

2- to 10-LED, V-19fi, VI-220, 
\1-227 

alternating, III-198, 111-200 
Christmas trPe lights, V-197, 

VI-22G 
control circuit., IV-18:1 
dark-activated, V-19fi 
driver, V-191 
light-S\.\itx:hed, Vl-:iOl 
multhihrator design, IV-182 
pulser, Vl-22fi 
PUT nsed in, 11-2:19 
ring-around, III-194 
sequential, rPversihle-rliredion. 

IV-182 
strobe, VI-224 
three-year, 111-194 
UJT used in, 11-231 

low-current consumption, 11-281 
low-voltage, T-:'lOfi, ll-22fi 
miniature transistorized, 11-227 
minimum-component, TTI-201 
model railroad. crossing flasher, Vl-

39fi 
motorcyde hrake light. t'la&IH:'r. VJ-

12 
neon flashers, I-:'JO:i, VI -225 

five-lamp, III-198 
two-st.ate oscillator, 111-200 
t.ubP, J-;104 

o~ci llalor/llashcrs 
high-drive, 11-235 
low-frequency, 11-234 

1it1utographic flashes 
slave-llaslt t1igger, SCR design, 

IV-:J80, IV-J82 
time-dday llash trigger, IV-380 

relay drher, low-frequency lamp, 1-
:300 

f'Ullllill~ lights, V-269 
SCH flashers, 11-2!30, III-1\.l7 

chaser, lll-l!J7 
relaxution, II-230 
1i11,1\ cow1lcr, 111-195 

sequencer, V-263, V-264-265 
sequential, II-233, 11-238, IV-181, V-

1U3 
pscudorandom simulated, fV-179 

signal alann, V-197 
single-lamp, III-19G 
strobe alarm, IV-180 
telephone, II-G29, IV-fififi, IV-fiGR, 

IV-559, IV-Gfil 
transistorized, I-:103, 11-230, llI-200 
vartable, I-308 
xenon light, IV- I RO 

flashlight, rechargeahle LF.D light, Vl-
107 

flashlight finder, T..,,'300 
flex SVl-itch, alarm sounder circuit, V-

lfi 
flip-flops c~ee bistable multivibralors) 
flood alarm, l-390, 111-206, lV-188 
flow-dPtectors, 11-240-242, JII-202-

203 
air, 11-242 
liquids, 11-248, 111-202-203 
low-rnte thcnnal, l!I-20'.3 
thennally based anemometer, II-

241 
l"IL!ili i1.Itd moisture detectors, I-388, I­

:390, 1-442, II-243-248. III-204-
210, lV-184-191, V-37-3-375 

add rain monilor, 11-245, V-371 
alarm, waler-activated, V-374 
dwcker, 111-209 
cuutrol, 1-088, III-206 
cryogenic fluid-level sensor, I-386 
dual, 111-207 
llood alarm, III-206, IV-188, V-374 
lloi,v-of liquid. 11-248, III-202-203 
full-bul.hlub indicator. IV-187 
full-cup detector for the blind, IV-

189 
humidity, 11-285-287, Ill-260-267, 

VI-255-2.57 
hydrophone. VI-378 
indicator, 11-244 
level of liquid, I-107, I-235, I-387, 1-

088, I-380, I-390, II-174, II-244, II-
246, III-205, III-206, III-207, 
III-20U, III-210, IV-186, IV-190, 
J\1-1(.ll 

moisture detector, I-442, IV-188, V-
!J75 

monitor, lII-210 
pimtt waler, II-245, II-248, III-208 
pump controller, single-chip, II-

247 
ruin alarm, II-244, IV-189 
sensor and control, 11-246 
soil moisture, II-245, 11-248, III-208 
tempcralure monitor, II-643, III-

206 
water-leak alarm IV-190 
wir1dshield-wash~r level, I-107 



n uorescent lamps 
high volt.agP power supplies, cold­

cathode design, lV-411 
inverter, 8-W,--111-:106 
vaf'.11um, tluorPscPnt rlisplay, 11-185 

tlybac·k convPrt.ern, 1-211 
sp]foscillating, 1-170, 11-128, 111-748 
voltagP, high-PffkiPncy, III- 744 

tlyback power supply, VI-fi:11 
tlyback regulator, off-linP, TT-481 
F'\1-rPlaterl. circuits (.wm nlso rarlio/ 

rf circuits) 
Fi v, l-2:3:3 
12 V. l-2:3;1 
antPnna booster, tunahlP, \-1 05 
antenna for automobile radio, YI· 

64-65 
liug, Vl-662 
duck radio, AM/t'M, l-54:J 
decoder, Vl-170 
demodulators, 1-544, 11-159, 11-161, 

V-151 
l''M-mudul<ited usdllatur, Vl-449 
F.\1/AM receiver, Vl-541 
ltiglt frequeucy uscilhi.tur, Vl-456 
IF amplifier with quadrature 

detector, TV sound 11", 1-690 
iitfrared FM audio rece1Jtiuu, Vl-268 
generators, low-frequency, 111-228 
modulators, v-:J66 

555-buscd circuit, V-:367 
Nl3 FM uudio mnplifier, Vl-74 
rmlio, 1-545 
receivers 

27.145 MHz, V-495 
eunicr-currcnt cin:uit, 111-80 
light-bcan1, V-25!.l 
MPXISCA reecivcr, III-530 
narrow-band, III-532 
optical receiver/transmitter, 50 

kHz, 1-361 
zero center indicator. 1-338 

SCA subcanier adapter, V-536 
scanner noise squelch, VI-570 
snooper, III-680 
speakers, remote. carrier-current 

system. 1-140 
squelch circuit for Ml, 1-547 
stereo demodulation system, I-544 
transmitters, 1-681, V-641 

27.125-MHz NBFM, V-637 
49-:tv!Hz, V-G43 
infrared, voice-modulated pulse, 

IV-228 
light-beam, V-2G9 
multiplex, III-G88 
one-transistor, IIT-G87 
nptkal, I-3G7, TI-417 
optkal rPceiver/tran&mit.ter, 

fiO kHz, T-3fll 
-radio, V-048 
snnopPr, TIT-080 
st.PrPo, V-f>7fi, V-fi80, VI-662 
vokP, IH-fl78 

tuner, 1-231, TIT-fi29 
wireless mkrophone. IH-fl82, ITI-

fl8fJ, HJ-fl91 
FM/AM dork radio, l-fi4:1 
fog-light cont.rollPr, autornotivP, JV fl9 
foldhark rurrent, RV rPg11lator 

limiting, 11-478 
followers, IH-211-212 

inve1ting, high-frP.qnency, 111-212 
noninverting, high-frequency, 111-

212 
source, pl10todiode, 111-418 

unity gain, 1-27 
voltage, IJJ, 212 

l'orwanl-current liooster, lll-17 
l'ree-nrnning multivibrators, 11-485 

100 kHz, 1-465 
programrnahle-t'rP.q11ency, TII-2:35 

l"rPe-nrnning osc1llators, l-fi'.11 
squarP wavP, 1-filfi 

frePzPr, voltagP, TII-70:1 
freezer-mP.ltdmvn alam1, T-1:3 
frequP.ncy romparators, 11-109, Til-88 

LED, H-110 
VCO anrl inptit, VT<~5:3 

rrequency rontrol, telephone, 11-62!3 
frequency converter, l-159 
frequenc.y counters, 111-:340, Jil-768. 

IV-300, V-129-1:3:3, Vl-360 
1.2 GHz, JIJ-129 
2 MHz, V-1!30-131 
10-MHt, 111-126, V-l;J2-l:J:J 
100 MHz, period and, 11-136 
luw-eust, 111-1~4 
prea1up, 111-128, V-24 
precision, 1-253 
tachometer and, 1-:JlO 

frequency detectors, 11-177, 111-158, 
Vl-180 

!Jeal indicator, 1-3:36 
bumtdary detector, lll-156 
comparator, 111-88 
digital, 111-158 
funit, frequency fun.it, 11-177 
window, frequency v.indow, IIl-777 

frequency dividers, 1-258, ll-251, 11-
254, lll-213-218, 111-340, III-768, 
V-343 

1.2 GHz, 111-12[) 
10-MHz, III-126 
10-MHz frequency standard, VI-341 
clock input, IV-151 
decade, I-250 
divide-by-1.5, III-216 
low-cost, III-124 
low-frequency, II-253 
preamp, III-128 
prograrruuable, IV-152-153 
staircase generator and, I-730 
tachometer and, I-310 

frequency-division multiplex stereo 
decoder, II-169 

frequency doublers, I-313. III-215, VI-
3G9 

broadband, I-313 
digital, lll-2Hi 
GASFET design, IV-324 
low-freqnenry, I-314 
single-rhip, HI-218 
to 1 MHz, TI-2G2 

frpqnency generators, fixPd-
frpq11PnC}', lU-2~1 

frpqnency inrlicator, hPat, T-:'l:'lfi 
frpqnPncy invert.Pr, IIl-297 
frpq1iPnry metern, 1-310, U-249-2fi0, 

IV-282, IV-:101, VI-3.'~fi 
analog, V-:307 
audio-frequency met.er, V--.'30fi, V-320 
anrlio, 1-:111 
linPar, T-.'110 
low-cost, TI-2fi0 
imwPr, ll-2fi0 

freqnPnry multipliers, II-2f> 1, 111-21 :1-
218, V-198-199, \-1-:388 

counter, odrl-nmnber, 111-217 
doublers, J-:31.'3, ITT-215 

broadband, T-:313 
digital, IIJ-216 

GASFET design, 1V-:J24 
single-chip, 111-218 
low-frequency, J-:314 
tu l MH~., IJ-2.52 

pulse-width, 111·214 
tripler, nonselective, 11-252 

frpquPnry-houndary detector, lll-156 
frpquPm--:y oscillator, tunable, TT-425 
fn~qnPnry probe, VJ..524 
frequency-ratio monitoring circuit, 

TV-202 
frequency shift key (FSK) 

communications 
data receiver, llJ-5:3:3 
decoder·, 10-8 MHz, 1-214 
generator, low-cost des~n, 111-227 
keying circuits, lV-245 

frequency standard, VJ-IO-Milz, Vl-
361 

frequency :;yitthesizer, pro,l(rauuna!Jk 
voltage controlled, 11-265 

frequency-tu-voltage e01tverlcr, l­
;Jl8, 11-255-257, lll-21!.l-220, Vl-
2:Jl-23:J 

de, 10 kHz, 1-:316 
di,l\italml'Ler, 1-:317 
uptucuupler iitput, 1V-19:J 
sample-and-hold drcuil, IV 1 !;14 
single-supply desiJ(n, IV-1[)5 
zcner regulated, 1-:Jl 7 

fuel ga~e, autumolivc, IV-46 
full-wuvc rectifiers, IV-328, IV-650 

absolute value, 11-528 
<1veraging filter, V-1[)1 
op amp circuit, V-403 
precision, I-234, III-537 
silicon-controlled (SCR), I-375 

function generators (see also burst 
generators; sound generators; 
waveform generators), I-729, II-
271, III-221-242, III-258-274. IV-
196-202, V-200-207, V-309, 
VI-234-243 

555 astable, low-duty cycle, 11-267 
acoustic field generator. V-338-341, 

V-338 
AM: broadcast-band signal 

generator, IV-302 
Af.1/IF signal generator, 455 kHz,. 

IV-301 
astable multi\ibrators, II-269, II-

510, II-597, III-19G, III-224, III-
233, III-237, III-238 

audio function generator, IV-197 
audio-frequency generator, V-1Hl-

417, V-4Hi 
histahle mn1tivibrators, 1-133, 1-299, 

l-39G, H-:1fl7, II-40G, IIT-103, rv-
108, IV-OGl 

hist.able mnlt.ivibrat.orn, 1-13:1 JT-40fi 
capacitance mnltipliPr, V-20fi 
dock genPrator/osdllator, 1-Hn, J-

fllfJ 
complementary signals, XOR gate, 

IIT-226 
DAC rontrolled, I-722 
dehounrer, IV-108 
PmittPr-conplPrl RC oscillator, JT-

2fi0 
fixPd-freqnP.rtcy, JTf-2:11 
tlashPr, T-299, H-2:14 
FM, low-frpq11enry, 111-228 
free-nmning multivihrator, 

programmable-frequency, 111-2!15 
frequency-ratio monitoring circuit, 

IV-202 
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function generators, contin'ued 
frequency synthesizer, 

programmahle voltage coutrolieti, 
II-2flG 

FSK, low-cost., HT-227 
harmonic generators, T-24, Tl 1-228. 

IV-049 
high-frequency, II-lGO 
mverter, III-108 
lamp driver, fV-HlO 
line/bar generator, video. V-662 
linear ramp, 11-270 
linear triangle/square wave VCO. ll-

2fl3 
logarithmic 

dynamic-range, V-201 
fast acting, V-202 

monostable m11ltivibrators, 1-465, 
IJJ-229, IJJ-210, TH-2:35, IU-2:J7 
input lockout, 1-464 
linear-ramp, HT-237 
photocell, monostable, ll-:J2!:J 
positive-triggered, 111-22!:1 
TTL, monostahle operatioH, 1-464 
If.IT, monostable operation, 1-46!J 
video amplifier ancl comparator, 

IJ-208 
multiplying pulse ·width drcuit, 11-

204 
mnltivihrators 

low-frequency, TII-237 
single-supply, IH-2:32 

no-nlinear potentirnneter outputs, 
IV-198 

one-shots, 1-465, VJ-41!:1 
digitally cont.foiled, 1-720 
precision, 111-222 
retriggerable, lll-2:J8 

oscillator/amplilicr, wide frequency 
range, ll-262 

pattern geuerator/polur-to-rect. 
conve1ter, V-288 

imlynornial geJtcrator, V-287 
potentiometer-posilion V/F 

converter, lV-200 
precise wave, 11-274 
programmed, 1-724 
pseudo"random bit sequence 

generator, V-351 
pLtbe generators, 11-508-511 

2-ohm. 111-231 
:JOU-V, 111-521 
55.5-drcuit, IV-43!) 
<istablc 11mltivibrator, II-510 
dock, 60 Hz, Il-102 
CMOS short-pulse, III-523 
delayed-pulse, II-509, IV-440 
divider, programmable, II-511, 

Ill-226 
EEPROM, 5V-powered, III-99 
free running, IV-438 
inlcrrupling pulse-generation, 

1-357 
logic !Il-520 
logic lroublcshooting 

applications, IV~436 
progrmrunable, I-529 
sawtooth-·wave generator and, 

111-241 
single, II-175 
train, pulse train, IV-202 
transistorized, IV-437 
two-phase pulse, !-532 
unijunction transistor design, 

I-530 
very low-duty-cycle, llT-G21 

754 

voltage-controller and. 111-524 
wide-ranging, III-522 

quad op mnp, four simultaneous 
synchronized waveform, 11-259 

rump generators, I-540, II-521-523, 
lll-525-527, IV-443-447 

555 based, V-203 
accurate, 111-526 
i11tegrator, initial condition 

rcsel, 111-527 
liltear, 11-270 
variable reset level, II-267 
voltage-controlled, II-523 

rJ' oscillator, V-530-531 
root extractor, V-207, V-288 
HS flip-flop, l-3U5 
sawlooth generators, V-491 

li.J1car, V-205 
Lriggcrcd, V-204 

sawtooth and pulse, III-241 
Sclunilt trigger, transistorized, V-204 
SCR, 11-367 
sdf-retriggering timed-on 

generator, V-343 
signul generators, V-204 

A_\1 broadcast band, IV-302 
A_\1/IF, 455 kHz, IV-301 
high-frequency, 11-150 
square-wave, III-583-585 
staircase, III-586-588 
two-function, III-234 

sine-wave generators, IV-GOG, fV-
506, V-542, V-543, V-G44 

60 Hz, IV-507 
audio, II-564 
battery power, V-G41 
LC, IV-507 
LF IV-512 
os~illator, audio, IIJ-:iG9 
square-wave and, tnnahle 

oscillator, III-282 
VLF audio tone. JV-:i08 

sine/cosme (0.1-10 kHz), 11-260 
sine/square wave osr.illators, 1-fifi 

TTL design, IV-G12 
tunable. 1-GG. 111-282 

single control, 111-288 
single supply, 11-273 
square-wave generators, ll-S94-fi00, 

III-225, 111-289, JJJ-242, JJT-Fi83-
58G. IV-:J29-G'.'lfi, V-f>fi8-S70 
l kHz, IV-G.1fl 
2 MHz using two TTL gates, 11-598 
:JGG timer, TT-fi9fi 
a.stable drr.nit, fV-S:14 
astahle multivihrator, ll-597 
CMOS :i:l:i a.~table, tnu:' rnil-to-

rail, TT-fi96 
duty-cyr.le multivibrator, 111-

fiO-percPnt, Ul-584 
frnir-dPcade desi,i.(n, lV-505 
high-current oscH!atur, 111-585 
line frequPncy, l!-599 
low-freque1wy TTL uscillatur, 

Jl-:l9G 
multih11rst generator, 11-88 
rnultivihrator, IV-5:36 
oscillators, 1-612-614, 1-616, 

Jl-S9fi, 11-597, 11-616, lV-532, 
TV fl33 

phase"trac:king, lhree-pl1asc, II-5U8 
pulse extractor, 111-584 
q11adraturc-outpuls oscillator, 

Jll-585 
sine-wave and, tunable 

oscillator, 111-232 

three-pha.~e, IT-f\00 
tone-burst generator, single 

timer IC, 11-89 
triangle-wave and, IIJ-2:39 

predsion, llT-242 
programmahl-P, JIJ-225 
wide-range, llT-242 

TTL, LSTTL, CMOS designs, 
IV-530-G82 

variable duty-cycle, JV-533 
variable-frequency, TV-S.1.5 

SR flip-flop, fV-flfil 
stable funr.tion generator, VJ-242 
staircase generators, J-TiO, 11- 60l -

G02, IIJ-G8fi-:i88, TV-443·447 
sweep generators. 1-472, ll!-4:38, Vl-

288-241 
timebase 

l Hz, readout and counter 
applications, IV-201 

oscilloscopes, V-425 
time-delay generator, 1-217-218 
tone hurst generator, repeater, V-62!:1 
triangle-wave, III-234, V-203, V-205 

dock-driven, V-206 
square wave, 111-225, JU-28!:1, 

llT-242 
timer, linear, TIT 222 

triangle/square wave generator, V-
20fl 

tunahle,--wide-range, lli-241 
two-firndion, 111-234 
UTT monostable circuit iltsensitivc 

to changing bias volt.a,llc, 11-268 
variable duty cycle ti.Juer output, 

llT-240 
voltage controlled hi,l\h-spced one 

shot, 11-266 
waveform (see wavcforrn 

generators) 
wllite uoise generator, IV-201 
wide-r<utgc function generator, VI-

24:3 
runk box, 11-S!:l:J 
rurnace exhaust gas/smoke detector, 

temp monitor/low-supply detection. 
ITT 248 

1·urnace fuel miser, V-328-329 
ruses 

battery-dturf\Cr rday fuse, V-88 
electronic, V-477 
moHitor for car fuses, V-77 
relay fuse, V-478 

fuzz box, 111-575 
fuzz sotmd effect, II-590 

G 
GaA.sFET circuits 

amplifier, power, with single supply, 
ll-10 

fi.xed power supplies, IV-405 
gain control circuits 

amplifier, stereo, gain-controlled, II­
!:J, 111-04 

automatic audio gain control,--II-17 
automatic gain cOntrol (AGC), II-17 

AU-C syst~m for CA3028 IF amp, 
lV-458 

rf arnplifier, wideband adjustable, 
III-545 
squelch control, III-33 
wide-band amplifier, IU-lG 

gain block, video, III-712 
galvanometer, sine/cosine generator, 

Vl-700 



game feeder controller, II-360 
game roller, I-326 
games, II-275-277, III-243-245, IV-

203-207, V-208-211, VI-244-254 
coin flipper, III-244 
coin toss game, VI-250 
craps game, VI-245 
electronic dice, III-245, IV-207 
electronic roulette. 11-276, IV-205 
First-Response Monitor, VI-247, VI-

250, VI-252, \1-253 
fish lure, electronic, V1-386 
Jacob's Ladder, VI-38[) 
lie detector, II-277, IV-206 
model car derby winner indicator, 

VI-259 
one-arm bandit game, VI-251 
quiz master, V-210 
reaction timer, IV-204 
ring launcher, electromagnetic, V-

209 
roulette, II-276, IV-205 
run-dovm clock/sound generator, 

IV-205 
slot machine, V-211 
Twenty-One game, VI-246 
Wheel-of-Fortune, IV-200, Vl-254 
who's first, III-244 
Z-Dice game, VI-248-249 

garage stop light, II-53 
gas detectors (see also smoke alarms 

and detectors), I-332, II-278-279, 
111-246-253, V-212-214 

analyzer and,_II-281 
combustible gas detector, V-211 
explosive gas deter.tor, V-213 
furnace exhaust, temp monitor/low-

supply detection, III-248 
methane concentration, linearized 

ontpnt, III-2GO 
toxic, II-280 
SCR, III-2fil 
smoke/gas/vapor detector, JJI-2fi0 

gate dip oscillator, VI-344, Vf-,q4fi 
gated oscillator, last-cycle 

completing, III-427 
gated-pulse descramhler, II-lfifi 
gates, V-21G-216 

AND, I-,q9fi, V-21fi 
OR, T-39G 
programmahle, T-3-94 
sync gating rirr.uit, V-fi9fi 
XOR gate, IV-107 

Geiger counters, l-.'i36-fi37, V-217-
219, Vl-5.31 

high-voltage supply, II-489 
pocket-sh:ed, 11-514 

gel cell charger, 11-66 
generators, electric-vower 

coroua-wiud geuerator, JV-68:J 
de geuerator, y_44;3 
high-voltage generator;;, JV-4l:J 
ion generator, V-248-249 
battery--powered, 111-482 
cavacitor-disdiarge, lll-485 
de voltage,- III-481 
negative-ions, JV-6:J4 
regulator for automobile generator, 

V-76 
ultra-lli~h-volta.gcs, 11-488 

generators (see functiou generators; 
sotutd gcucrators; wavefonn 
~encralors) 

glil<.:h-deleetor, comparalor, II-107 
glow-plug driver, ll-52 
gong, eleelronic, V-563 

graphic equalizer, ten-hand, active 
filter in, 11-684 

grid-dip meters, I-247, If-182-183 
bandswitched, IV-298 
basic glid, I-247, IV-298 
dual gate IGFET, I-24G 
little dipper, II-183 
varicap tuned FET, I-246 

grid-leak detector, VI-179 
grounding 

ground loop preventer, \1-390 
tester, II-345 
ground-fault Hall detector, IV-208-

209 
ground-noise probe, battery­

powered, III-500 
pseudoground, VI-431 

guitars 
r.ompressor, sound-effer.t cirr.uit, 

IV-Gl9 
matching audio signal amplifiers, 

IV-:38 
mixer, low-noise, four-channel, V-

300-361 
treble boost for, II-683 
tuner, II-362 

gun, laser, visible red and continuous, 
Ifl-310 

H 
half-duplex information transmission 

link, Ill-G79 
half-flash analog-to-digital 

converters, 111-26 
half-wave ac phase controlled cirr.uit., 

1-377 
half-wave rectifiers, I-230, III-G28, TV-

32G 
fast, I-228 

Hal\-effer.t circuits, II-282-284, III-
2G4-2G8, V-220-222 

angle of rotation detector, II-28:'l 
compass, III-2G8 
compass, talking, V-221 
current monitor, IIl-2GG, IV-284 
door open alarm, II-284 
ground-fault detector, IV-208-209 
oscillators, V-222 
ser.mity door-ajar alarm, Ill-2Gfi 
s-witches using, IIT-2G7, IV-G39 

halogen lamps 
dimmP.r for, 111-,qoo 
protP.ctor, V-271 

handitalkies, 1-19 
two-meter preamplifier for, 1-19 

hands-free telephone, 111-605 
hands-off intercom, 111-291 
handset encoder, telephone, 111-613 
harntunic disto1tion 

<malyzer, V-291, Vl-357 
meter, V-~112 

tw.rmonic generator;;, 1-24, 111-228, JV-
649 

Hartley oseillator, J-571, V-140, Vl-
453, VT-459 

HC-ba.sed oscillators, 111-423 
llCU/llTC-based oscillator, 111-426 
hea~hts (see automotive drcuits, 

lteadli,l.lltts) 
headphoues 

amplifier for, ll-4:J 
car vrotector circuit, V-482 
iufrarcd (IR) receiver, V-227, Vl-26!.l 
infrared (JR) transnlittcr, V-227, Vl-

263 

signal amplifier, V-G3, V-fi7 
heart rate monitor, II-348, II-349, V-

,'~42 
heat-activated alarm, V-9 
heat sniffer, electronic, IIl-fi27 
heaters/heater controls (see nlso 

temperature-related circuits), T-
039 

element controller, 11-642 
induction heater, ultrasonic, 120-

kHz 500-W, 111-701 
protector cirr.nit, servo-sensed,--llI­

G24 
temperature sensitive, 1-640 

hee-haw siren, II-G78, III-GfiG 
hexFET s-witr.h, V-G92 

dnal-r.ontrol, V-G93 
hi-fi circuits (.~ee stereo circuits) 
high-pass filters, 1-296, VI-210, Vl-221 

active, I-29fi, V-180, V-188, Vl-21.'3 
fourth-order, V-188 
second-order, 1-297 

amplifier, VI-49 
Butterworth, fourth-ordPr, 1-280, V-

179 
Chehyshev, fourth-ordPr, ITl-191 
equal components second-order, V-

188 
fourth-order, 100-Hz, TV-174 
Sa\len KPy, VI-209 
second-ordP.r, 100-Hz, IV-17/'i 
sixth-order elliptical, IIT-191 
unity-gain ser.ond-ordpr, V-187 
v:uiahlP., V-186 
'.vidPhand two-pole, 11-215 

high-voltagP power supplies (see also 
generators, electrical power; 
power supplies), 11-487-490, 111-
486, TV-409-413, V-442-447, Vl-
499-505 

9- to 15-Vdc input, V-456 
-100-Vdc SU]JVIY, VJ-502 
12-V supply for fluorescent lruuv, 

Vl-500 
10,000 V de SLlVJJiy, IV-60:3 
af'. operated He-Ne laser vower 

sup11ly, Vl-502 
arc-jet power supply, starting 

circuit, 111-479 
basic circLiit, V-446 
battery-powered generator, 111-482 
buckiitg regulator, lll-481 
control circuit, Vl-501 
de generator, 111-481, V-44:J 
de suvvly, 120-240 Vdc, sir1glc-dlip 

circuit, V-446 
fluorescent-lump supply, V-444 

cold-eutl10dc design, IV-411, 
V-447 

Geiger cow1lcr supply, II-48\.l 
generators (see generators, 

clcclrieal power) 
inverter, III-484 

40 'N, 120 Vue. IV-410-411 
Kirlian device supply, VI-504 
laser circuits, V-25!3 
negative supply, V-445 
negative-ion generator, IV-634 
night-vision scope power supply, 

\1-501 
optoisolated driver, III-482 
photomultiplier supply, V-444, V-445 
preregulated, III-480 
pulse supply, IV-412 
pulse-width modulated laser 

supply, VI-505 
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high-voltagP powPr supplies 
rontinued 

rPgulat.ors, TJT-4Rfi 
foldback-cmTPnt limiting. II 47R 

solirl-statP, rPmotP arljustablP, 111 4Rfi 
strohP powPr supply, IV-41 :1 
triplPr, VI-fi04 
tnhe amplifier, high-volt. isolation, 

IV-12(i 
nltra high-voltage ge1wrator, ll-4RR 
voltage regulators, VT-:iOO, VT-fJO.'i, 

Vl-:iOfl 
hobby drc1iits (.wm model and hobby 

circuits) 
hold butt.on, tPlephonP, T-fil2, JT-fi28 
homP secnrity systPms (see alarms; 

anrn1ciators) 
horizontal deflection cin:Ltit, VJ-:382 
horn, automobile, 111-50, JV-54 
hrn1r/t"nne delay sampr1ng circuit, ll-

068 
Howland current JJLmtp, 11-648 
hum reducer circuit, receivers, V-:J47 
humidity sensor, H-285-287, 111-266-

267, Vl-255-257 
hybrid power amplifier, 111-455 
hydrophone, Vl-:378 

I 
IC pruducl detectors, IV-140 
JC U1ner, cryslal-st.abilizcd, 

subharrnonie frequencies for, II-
151 

ice forrnalion alarrn, I-106, Il-57, II-58 
ICOM IC-2A ballcry charger, II-65 
IF arnplificrn, I-GUO, IV-45() 

AGC system, fv'-458 
preamp, IV-460 
receiver, IV-45!:l 
quadrature detector, TV sound IF, 

I-6!:l0 
two-stage, 60 MHz, I-663 
video IF amplifier/detector, VI-678 
"ideband, I-68!:l 

ip,nition circuits, automotive, V-64 
capacitor discharger, I-103 
cutooff circuit, automotive, IV-63 
electronic. IV-65 
substitute ignition, III-41 
tiilling light for ignition system, II-

60 
ignitor, III-362 
illumination stabilizer. machine 

vision, II-306 
image canceller, III-3:J8 
inunobilizer. II-GO 
impedance checker, V-1.10 
impedance converter, high-to low, T-

11 
impPdancP sensor, nanoampere, 100 

megohm input, 1-203 
indicators (see measurement/tesr 

circuits) 
in-use indicator, telephone, II-029 
inductance meter/testPr, V-:110, Vl-

330, VI-.'~G8 
induction heater, ultrasonic, 120-kHt. 

500-\1/, TII-704 
imiuctors 

activP, T-417 
simulated, 11-199, V-180 

infrared r.ircuits (see also light 
controlled r.ircuits: remote 
control dPvices), 11-288-292, 111-
271-277, TV-219-228, V-223-22B, 
Vl-261-271 
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body-ll!:'<it detector, Vl-266 
data link, J-.'341 
detector, 11-28!1, 111-276, lV-224, V-

225 Vl-262 VJ-266 
emitt~r drive, '_µutsed, 11-2!16 
t"ar1 controller, IV-226 
l"ilter circuit, 11arruw-ba11d, V 18!1 
headphone receiver, V-227 
lwadrihone transmitter, V-227 
ion dPi.Pctor, VJ-267 
JR rn1lse-to audio conve1ter, V-224 
laser light detet'tur, VJ-69;.l 
laser ril"Je, invisible pulsed, 11-6!11 
long- range objeC"t detector, 111-67!J 
loudspeaker liitk, reiuote, I-!J4:J 
J1_11,v-noise detector for, 11-28!1 
11ig_ht-vi;;io1t illumirtator, VI-265 
object detector, lo1~-rar1gc, 111-273 
peuple-detector, IV-225 
preamplifier for IH pholodiode, V-

626 
pruximily switch, ini'rnred­

aclivated, JV-346 
receivers, 1-342, 11-2()2, 111-274, IV-

220-221, V-226, V-22(), Vl-668 
audibil'-oulpul, VI-271 
data-liuk. low power, Vl-265 
FM audio reeeplion, Vl-268 
Jighl, Vl-2!.14 
pulse' frequency modulated, 

VI-26() 
single-lone, VI-264, VI-270 
slcady-lonc, VI-267 
wireless headphones, VI-26!:l 

rcmolc NB S>\itch, V-225 
remote controller, 1-342, IV-224, V-

22!.l 
remote-control analyzer, V-224 
remote-control tester, IV-228, V-

228, V-229 
remote-extender, lV-227 
transmitters, I-343, II-289, 11-290, 

III-274, III-27G. III-277, IV-220-
227 

audio-modulated, VI-2G2 
digital, III-275 
pU!.sed for onloff control, V-228 
remote-control, I-342 
voice-modulated pulse FM, IV-228 
wireless headphones, VI-2G8 

TV remote control relay, Vl-2n.'3 
wireless speaker system, 111-272, JV-

222-228 
injee;rors 

thrpe-in-one sPt: logic probe, signal 
tracer, injector, JV-429 

injertor-t.racPrs, 1-fi21, T-522, 11-500 
inp11t select.ors, aiidio, low-clisturt.ion, 

n-:18 
inputJoutput buffer, analog 

m11ltiplexers, lll-1 l 
inp11tJrn1tp11t circuits, NF'.602-based, 

V-8!'iS 
instrurne-ntat.ion amplifiers, 1-:346, 1-

848, J-:149, T-!1fi2, lf-293·295, 111-
278-284, JV-229·2,'34, \T.233-235, 
VT-272-277 

"'100 V common ruode J"<lJlge, lll-
294 

ac-coupled, VJ-276 
current r:ollector head a.mplif1er. 11-

295 
dilTerentiaJ, 1-347, l-!J54. lll-283 

biontedical, lll-282 
hi.git-gain, 1-35!J 
iuput, 1-354, Vl-275 
variable gain, 1-349 

exlcndcd corrnnon-mode design, 
IV-234 

high inpul-impedance, \.1-275 
high-i.Jnpcdancc low-drift, 1-355 
lti,l\h-sp-eed, I-354 
LM6218-bused, lti,l\h-spccd, V-235 
LMC6062-based, V-6!J4 
low-drifl/low-Hoise de arnplificr, 1V-

2:J6 
low-signal level/hi,i,th-irnpcdar1cc, I-

.'J50 
low-Boise, Vl-276 
low-power. 111-284, VI-276 
mcler driver, ll-296 
premnps 

oscilloscope. 1V-6!J0-231 
L.herrnocouplc, 111-283 

precision FET input, 1-355 
µrograrrnnable gain, VI-275 
saturated standard cell amplifier, U-

2()6 
slrair1 gauge, III-280 
lriple op amp, 1-347 
ultra low-noise. \·1-277 
uilra-precision, III-27!:l 
variable gain, differential input, I­

!J4!:l, Vf-274 
very high-impedance, 1-354 
wideband, III-281 

instrumentation meter driver, II-29G 
integrators, II-297-300, III-285-28G, 

V-236-237, \.1-278-279 
ac integrator, \.1-279 
active, inverting buffer, U-299 
bias-current compensated, VI-279 
JFET ac coupled, II-200 
garruna ray pulse, l-G3G 
long time, If-300 
low-drift, I-123 
noninverting, improved, 11-298 
photocurrent, II-820 
programmable resPt IPvel, lll-2Rfi 
ramp generator, initial condition 

reset, llI-fi27 
resettable, llI-28fi 

intercoms, I-1lfi, IT-301-30:1, llJ-2R7-
292, V-288-240, Vl-870 

bidiree;tional, 111-290 
carrier current, T-140 
hands-off, IIl-291 
party-line, 11-:108 
pocket. pagPr, lll-2RR 
tPlephone-intercorns, IV-557, V-239, 

V-240 
two·way, 111-292 
two-wire design, lV-235-237 
voice-activated, uuc-way, V-63!1 

intercoms (~ee al~u tclepltoHc­
related circuits), V-638 

interfaces (~ee afau computer 
circuits), IV-238-246, V-641-244, 
VJ-280-281 

680x, 650x, 8080 families, 111-98 
amateur radio transceiver, relay 

interrace, V-24:J 
<:Htdio/tele1.1ho1tc interface, VJ-625 
;wdio-tu-ADC irttcrfacc, V-242 
cassettc-lo-telephoHe, !Il-618 
CPU inlerfucc, onc-shol design, IV-

2!J!:l 
DVM, lempcralurc sensor and, II-

647 
FET driver, low-level power FET, 

JV-241 
fiberoplic, 11-207 
keyboard matrix interface, IV-240 
logic-level translators, IV-242 



microcompuLer-Lo-L1iuc inlerface. 
V-244 

O}llintl-scnsor-Lo-TTL. 111<314 
oplocouplers, V-406-407 
uploisolalors. V-406-407 
preamp receiver inLcrfacc•, V-240 
process conlrol.1-:JO. V-242 
HC rc'cciver relay inll'rface, Vl-5Gl 
rcmole-coHlrol LnmsmiLLer 

inLcrfacc, V-511 
rcsislivl' Lnmsducer inlerfacc, Vl-

281 
RS-232, cornpuler-powered, Vl-138-

130 
RS-422 to RS-232 converter, VI-133 
tape recorder, II-614 
telephone 

audio interface, V-612 
telephone-line interface, V-GOG 

timer/ac line interface, Vl-281 
transrrut keyer interface circuit, Vl-

31 
\ideo interlace with sync stripper, 

V-fill9 
intern1pter, gronmi fault, I-G80 
interval timer, low-power, 

rnkroprocessor programmahle, 
Il-fl78 

rntruder -dPtector, .light- bPam 
..activatPd, V 11 

JJreamp, V-1:3 
il1ve1ters, lll-2B:J-2B8, V-245-247. Vl-

282-;~85 

2.su wall, V-246 
uuulo,I\ switched iuverLer. Vl-604 
dc-Lo-uc, V-247 
dc-Lo-dc/uc, 1-208 
digil.ul, V-246 
fasL, 1-422 
fixed powl'r supplies, 12 V input, 

IV-305 
flip-flop, III-103 
fluorescent lump, 8-\V, TJI-306 
frequency inverter. 111-297 
high-voltage, 111-484 

40\V, 120Vac, IV-410-411 
low-power, fixed power supplies, 

III-466 
on/off S'l'.it.ch, 111-594 
picture. video circuits. III-722 
positive-to-negative de/de inverter. 

Vl-285 
power, III-208 

12 VDC-to-lf7 VAC at 60 Hz. 
III-2!J4 

medium. 111-296 
MOSFET. III-295, V-247 

rectifier/inverter, programmable op­
amp design. IV-364 

signal source for audio 
amplifier/inverter. Vl-702 

ultrasonic, arc welding, 20 kHz. III-
700 

variable frequency. complementary 
output, IH-297 

voltage, precision, III-208 
inverting amplifiers. 1-41-42, 111-14 

ac, high-gain, I-02 
balancing circuit in, I-33 
gain of 2, lag-lead compensation, 

UHF, I-5GG 
low-power. digitally selectable gain, 

II-333 
po\ver amplifier, I-79 
programmable-gain. 111-505 
SCR inverter and trigger, VJ-283 
.sine-wave inverter. Vl-28:! 

nniLy gain rnnplificr, l-80 
vdlick audio amplifier inverler. Vl-

284 
widl'band uniLy gain. 1-35 

ion dcleclor. Vl-267, Vl-5:J:J 
ion gencralor, V-248-~4(), VI-286-288 
isolall'd feedback power supply, Ill-

460 
isolalion amplifiern 

capaciLive load, 1<34 
levd shiflcr, 1-348 
medical telemetry, 1-352 
rf, 11-547 

isolation and zero voltage S\\itching 
logic. 11-415 

isolatiOn transfonner, V-349. V-470 
isolators 

J 

analog data-signal transmission, IV-
133 

digital transmission, II-414 
strrnulus, III-3Gl 

Jacob's Ladder, Vl-38\.l 
JFET eireuils 

ac coupled inLegralor, III-200 
amplifiers 

500-Mohm input impedance, V-23 
current source biasing, V-21 

chopper circuit, V-352 
headphone audio signal amplifiers, 

V-57 
oscillator. variable frequency, Vl-

449 
preamplifier, V-22 
wurce follower, V-20 
volt.nwt.er, V-;118 

jit.ter s11pprPssion, V-142 

K 
kaleidoscope, sonic, V-548-549 
Kelvin thcnnomelcr, I-655 

zero adjust. 111-661 
key illuminaLor, V-:333 
kcyer, clcclronic C\V "bug" keycr, V-

102 
ke:ving circuits, IV-243-245 

AFSK generator, one-chip. Vl-23 
automatic operation, II-15 
automatic TTL Morse code, I-25 
C\V keyer, IV-244 
C\V transmitter. VI-22-23 
electronic, I-20 
frequency-shift keyer. IV-245 
negative key !me keyer. IV-244 
PTT control from receiver audio, 

Vl-28 
transmit keyer interface circuits, 

Vl-31 
wireless RTS keyer 'l'.ith data. Vl-

136 
Kirlian de\-ice supply, VI-504 

L 
lamp-control circuits (_see lights/light­

activated and controlled circuits) 
laser circuits (see also lights/light­

activated and controlled circuits; 
optical circuits), II-313-317, III-
309-311. V-250-254, VI-28!J-206 

ac operated He-Ne laser power 
supply, \1-502 

de supply. VI-295 
diode sensor. IV-321 

discharge current stabilizer. II-316 
drivers 

IC-based, V1-2D6 
op-amp, VI-205 
pulsed double-hcLcrostn1cture 

laser, Vl-2()6 
single hclcrosLructure diode, 

Vl-2~10 

gun, visible red, III-310 
har1dhcld laser, V-252 
high-volt.age supply for He-Ne laser, 

Vl-201 
IR laser light detector, Vl-293 
light detector, II-314 
power supply, IV-636, V-251. V-254 

high-voltage, V-253 
with starter circuit, V-252 

pulse-1'.idth modulated laser 
supply, VI-50G 

pulsers, laser diode, 1-1-16, 111-811 
receiver, IV-808 

PLL IR, \1-294 
sound effect generator for laser 

pistol, \11-292 
rifle, invisible IR pttlsed, fi-291 
simnlated laser nsing LF.D, V-2fi8 
transmitter, Vl-292 

latd1es, V-.'~fifl 
12-V, solenoid driver, 111-572 
comparatur and, 111-88 

latching relays, Uc, uptically cuupled, 
111-417 

latchill,\S switches 
double loudibutlon, 1- l!J8 
SCH-replacing, 111-5\.l:.J 

LCD display 
7-scgmenl, V-165 
conLrast temperature compensator, 

\'1-105 
fixed-power supply, IV-392, IV-40:3 
large-size, V-164 

lead-acid batteries (see also battery-
rclaLed circuits) 

battery chargers, III-55 
life-extender and charger, IV-72 
low-batlcry detector, III-56 

lcadir1g-edge delay_ circuit, 111-147 
LED circuits 

7-segmenl, V-166 
ac-power indicator, IV-214 
alternating flasher, IH-198, III-200 
back-biased Ga.As bED light sensor, 

II-321 -
bar graph driver, II-188.--\'1-105 
battery-charger test circuit. V-8D 
blinker, light-controlled, \1-'.301 
brightness, I-250 
Christmas tree light flasher. V-107 

Vl-225 
color shifting LED display. \·1-189 
common-cathode display, V-167 
driver, emitter/follower, IV-150 
flashers, V-l!J5, V-106, Vl-226, Vl-

227 
alternating, III-108, 111-200 
Christmas- tree lights, V-197 
control ci-rcuit, IV-13:3 
dark-activated, V-105 
driver, V-104 
multivibrator design, IV-182 
PUT used in, II-239 
ring-around; III-194 
sequential, reversible-direction, 

IV-182 
three-year. IIl-194 
UJT used in, 11-231 

frequency comparator, II-110 
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LED circuits continued 
light sensor, back-biased (iaAsFE'L 

II-321 
leading-zero suppresserl display, V-

165 
matrix display, two-variable, IIT-171 
millivoltmeter rearlout, IV-294 
multiplexed common-cathorle 

display ADC, III-764 
output indicator for :Jfifi circuits, VI-

260 
panel meter, III-347 
peakmeter, III-333 
pulser, \1-226 
receivers for lightwave 

communications, VI-310 
ring-around flasher, III-194 
RS-232C, computer circuit, TII-10:1 
simulated-laser circuit, V-2;}:1 
strobe, random, VI-224 
three-year flasher, IIl-194 
transmitter for hghtwave 

communications, VI-109 
voltmeter, IV-28G 
VU meter, IV-211 

level, electronic, Il-6GG, IV-:129, \11-:128 
level controllers/detectors (see aL~o 

fluid and moisture), 11-174 
alarm, water, I-389 
audio, automatic, II-20 
audio (ALC), V-60-62 
ciyogenic fluid, I-38G 
hysteresis in, I-23G 
level of liquid, I-107, I-23G, T-:187, T-

388, I-389, I-390, II-174, II-244, Tl-
246, IIl-205, III-20G, IH-207, J-209, 
III-210, IV-186, IV-190, IV-191 

meter, LED bar/dot, T-2Gl 
peak, I-402 
sound, I-403 
three-step, I-33G 
visual, III-269 
warning 

audio output, low, J-:191 
high-level, I-387 

level shifter, negative-to-positive 
supply, I-394 

LF or HF field strength met-er, Tl-212 
LF receiver, IV-451 
lie detector, II-277, IV-20G, V-2firi-2;16 
light-beam communication circuits, 

V-257-261 
receivers 

audio, visible-light, V-201 
™light-beam, V-2fi9 
modulated light, V-2G8 
voice-comm1mk:ation, V-260 

transmitters 
audio, visible-light, V-201 
FM light-beam, V-2G9 
modulated light, V-258 
voice-communication, V.-260 

light-controlled drcllits (see also 
laser circuits; optical circuits), ll-
304-312, II-318-.~:'ll, IIT-:312-319, 
V-262-283, \1-297-212 

860 Vy' limited-range light control, 1-
376 

alarms, V-9, V-27:1 
dark-activaterl alarm, pulsed ltHtc. 
V-13 
high-output, pulse-tone, V-14 
precision design, V-12 
self-latch, tone output, V-15 
with hysteresis, Y.14 
with latch, V-12 
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ligiLt-!Jeam inlruder-detection. V-
11, V-13 

antbient-lighl cancellation circuit, 
11-:328 

a11t!Jie1tt-lighl ignoring optical 
sensor, 111-413 

audio osdllutor, light-sensitive, III­
:3 LS 

back-biased GuAs Lb:D sensor, II­
:321 

black li,ISht, lmUcry-operated, V-281 
battery-µowcrcd light, capacitance 

operated, 1-131 
brightness control. 1-377, III-316 
carvurt llJ.(ht, automatic, II-308 
chaser lights, sequential activation, 

JV-251, IV-262 
Christmas light driver, IV-254 
Christmas tree lights sequencer, V-

264-265 
culuriml'Ler, Vl-306-307 
cumplemcnlary, I-372 
controller, IV-252 
cross fader; 11-312 
d<trkncss n1ortitor, VI-303 
detectors of light, I-362, IV-369 
rlinuners, I-:J69, II-30!J. IV-247, IV-

249, V-266, Vl-377 
800 W, 11-30!.l 
CMOS touch dirrnner, V-270 
de lamp, ll-!J07 
four-quadnmt, IV-248-249 
halo,l.(cn larnps, 111-300 
headlight, 11-57, 11-63 
low-cost, 1<170 
vhasc-controlled, V-267 
soft-start, 800-Vl, I-376, III-304 
tandem, II-312 
triae, 1-!375, II-310, III-303 

dissolver, solid-state, III-304 
drivers, lurnp drivers, I-380 

llip-flop independent design. 
lV-160 

low-frequency flasher/relay, I-300 
MOS lurup driver,V-260 
uptkal couplinA, IU-413 
neon l<unps, 1-379, V-270, V-459 
slto1t-circuil-proof, II-310 

emergency light, 1-378, I-581, II­
:320, lll<ll 7, III-415, IV-250 

exposure mclcr, photo enlarger, V-
4:38 

llaruc monilor, 111-313 
llas11cr, dark-activated, V-195 
lloodlainp power, I-373 
lluorcsccnl-lamp high-voltage 

power supplies, IV-41L V-444, V-
447, VT-500 

fringe counter, VI-300 
halogen lamp protector, V-271 
holiday lights sequencer, V-2G1-2fifl 
indicator-lamp driver, optically 

coupled,- III-413 
infrared circuits (see mfrared 

circuits; remote control) 
iuterruplion detector, I-364 
inverter, fluorescent, 8-\V, III-30fi 
kcyillurninator, V-333 
larnp pulser, VT-227 
lamp timer, \1-649 
LEDs (_see LED circuirs) 
level of light, I-365, I-3G7, I-37fi, 1-

377, I-380, 1-389, III-313, TIT-.'ilfi 
life-extender for hghtbulhs, UT-302 
light meter, VI-308, Vl-3GO 
light-bulb changer, automatic 

design, IV-2f>:'l 
lights-on w:uning, JV-58, IV-62, 1V-

2GO 
light-seeking robot, IJ-:325 
logarithmic light SE'nsor, 1-306 
logic circuit, I-!393 
maC".hine \-ision illurninatiOH 

stabilizer, JJ-:10fi 
marker light, TIT-!il 7 
meters, light-meters, I ·382, l-38!J, 

V-30G 
photo enlargPrs, V-4!34-4:35 

modulator, TTI-.'302 
monostable rnultivilirator, ~ht­

controllerl, VT-80:3 
monostable photocell, self-adjust 

trigger, 11-:129 
mooring light, autumatic, ll-32!J 
name in lights, YJ-:379 
neon f:hristmas light llushcrs, Vl-

22fi 
neon light drivers, J-:37!:1, Y-270, Y-

4fi9, Vl-198 
night lights 

automatic, 1-360, lll-306 
telephone-r:ontrolled, lll-604 

night-vision illurninator, IR, YJ-205 
night-vision scope power supply, 

VT-fiOl 
on/off relay, T-.'iOR 
on/off reminder 

automotive lights, 1-109 
withicealann, 1·-106 

one-shot tinwr. TTT"317 
optical int.em1ption sensor, IY-:Jtiti 
oscillator, liglit-controlled, V-27!:! 
outdoor liglit control, Y-275 
phase control, 11-:303, 1J-!J05 
photo alarm, l!-319 
phot.or:ell, monostable, self-adjust 

trigger, 11-329 
photor:urrent integrator, ll-!J26 
photodiorle amplifier, VJ-:JOl, Vl­

:102 
photorliode log conve1ter/ 

transmitter, Vl-312 
photorliorle sensor amplifier, 11-:324 
photoelectric controller, IY-36\:l 
photoelectric sensor, V-277 
photoelectric sv.1tches, 11-321, 11-

326, 111-:119 
phototransistor, V-279 
porch light r·ontrol, V-266, V-276 
projector-lamp voltage-regulator, 11-

:'lOfi 
powPr outage light, line-operated, 

TTT-41 fl 
pulse-generation iittl'rruption, 1-357 
rer:eivers, LEU lightwavc 

communications, VJ-:JlO 
relays, 1"366, V-275, Y-~78, V-279, 

VT-!104 
rPrnote-controller, l-:J70 
robot 

eyes. 11-327 
light-seeking robot, u-:J25 

running light sequeHccr, V-26!:1 
SPnSOl"S, J<l67 

ambient-light ignoriiig, 111-413 
back-biased Ga.As LED, Il-321 
de servo, Vl-000 
logarithmic, l-:J66 
multiple-inpul, V-273 
01Jtical sensor-to-TTL interface, 

lll-:J14 
photodcclric, V-277 



selJLiencer, V 26!'l, 
:holiday lights, V-264-2fif) 
pseudor<utdon1, 111-301 
rwming light, V-2fi9 

slti1mtterill,I\ light, V 2fi8 
slto1t-circuit 11roor lamp drivPr, 11-

:JlO 
slg11<1I conditionPr, photodiode 

de>:.ign, ll-!330 
solar power supply, VI-111, v1-.q12 
solid-st;i.te light srn1rcPs, V-282-283 
sow1d-controlled lights, T-009, V-

55~ 
SJJeed eo11troller, lV-247 
starry light, 1-579 
strobe liglit, Vl-468 

hi.git-voltage power suppliPs, 
IV-4l:J 

photo strobe, V-435, V-417 
random Lt;ll, Vl-224 
trigger, V-436 
variable, lll-589-590 

sun tracker, 111-:318, VT-299, \.1-112 
switches, ll-!320, llT-.114 

adjustable, 1-362 
capacitance switch, l-132 
dark-activated, V-274, V-27fi 
light-klark adivat.Pd, V-274 
light-activatPd, sp\f-latching, 

V-278 
light-controllPd, JJ-:'l20, III-314 
photoelectrir., TT-.121, IT-:'l2(L 

lll-!319 
solar triggPrerl, JJJ-:'ll8 
1.ero-point triac, H-311 

tachometer adapter, VT-298 
tra111c light controller, VT-298. VI-30fi 
transmitter, LED light.wave 

<.:011uuwtications, VI-::;og 
telephoHe iu-use light, JJ-fi2fi 
three-way light control, JV-2fil 
toud1 larup, three-way, JV-247 
triac dn:uit V-268 
triac controller, V-207, V-271 
triac switch, inductive load, IV-2;)1 
turn-off cin:uit, SCR r.apadtor 

design, IV-2'14 
twiliglit-triggered r.ircnit., H-822 
video, low-level video IF-amplifiPr, 

1-687-689 
voltage regulator for project.ion 

J;:unp, 11-:305 
w;ike-up call light, 11-:124 
warning lights, IJ-320, BJ-!317 

li,l{ltt-seeking robot, IT-32/'i 
limit comp<irators/detedors, I-l:lfi, 

111-106 
alarm, ltiglt/low.1-151 
double ended.1-156, 1-2!30, I-2:'1."l, H-

105 
micropower, 1-155 

frequcncy-limil detector, 11-177 
limilers, 111-:320-3~~, JV-255-2.'i7 

audio limiter, V-:f35 
dipper/limiter, IV-:355 
low-distortion, 11 15 

dy1wmic uoise reduction r.irruit., rrr­
:321 

ltold-curreHt. soleuoid driver, Ill 
57;3 

noise, ll-:J!J5, lll-J21 
one-zener dcsi,llu, IV-257 
oulpul, 111-322 
power-consUJnptiou, 111-572 
transrnil-Liine liiniler/Uwer, IV-580 
voltage limiter, adjusl»ble, IV-256 

line amplifiers. III-37 
duplex, telephone, III-616 
RlAA line amp/driver, V1-77 
universal design, IV-39 

line drivers, l-2G2 
:JO-ohm transrmssion, 11-192 
fiOO-ohm balanced, II-192 
audio signal amplifiers, V-54 
full rail excursions in, 11-190 
high-output 600-ohm, ll-l!J3 
impedance-matched ~ith 75 Ohm 

load, Vl-197 
low-distortion composite 100 m.A., 

VI-200 
line receiver, balanced, Vl-552 
-line receiver, dual-inverter, \'1-542 
shield/line driver, high-speed, Vl-

198 
stereo line driver, VI-198 
synr.ltronized, III-174 
\ideo amplifier, 111-710 
video line driver, VI-683 
\ideo line receiver, Vl-550 

line-dropout detector, 11-98 
line-frequency square wave 

generator, ll-599 
line receivers, VI-542, \1-552 

digital data, III-534 
low-cost, lll-532 

line-sync, noise immune 60 Hz, Il-367 
lme-current detector/monitors, 111-

341 
optically coupled, lll-414 

line-hum touch s~itch, 111-664 
line-synchronized driver circuit, IIT-

174 
line-voltage announcer_ ac, III-730 
line-voltage monitor, lll-511 
line-voltage-to-multimeter adapter_ 

V-812 
linear amplifiers 

1.2-k\\i 141-MHz, VI-20 
2-80 MHz, 140\V PEP amat.eur 

radio, 1-GGG 
100 V-.1 PEP 420-450 MHz push-pull, 

I-GG4 
!GO \V PEP broadband, I-556 
amateur radio. 2-30 MHz 140-\.V, 111-

200 
audio power amplifiers, V-51 
CMOS inverter, Il-11 
inverter, linear amp from inverter, 

11-11 
mir.ropower, Vl-73 
rf amplifiPrS 

fi-m, 100 V.', IV-480-481 
90.1 MHz, fV-484-485 
ATV, 10-to-J:J \.V, IV-481 

linear couplers 
ac analog, 11-412 
analog, 11-411 
ck, II-411 
optocoupler, instrumentation, ll-

417 
linear TC sirPn, llI-GG4 
linPar ramp generator, ll-270 
link, fiberoptir., 111-179 
liquid-level dPtectors (see flwd and 

moisturP dPtPr.tors) 
lithium hattPriPs 

r.harger for, 11-07 
sratP of charge indir.ator for, 11-78 

little flipper clip met.Pr, 11-183 
load-sensing drr.uits, V-281-28G 
locator, lo-parts t.reasnre, I-409 
Jock detector·, Vl-176-177 

locks, dedrollil', ll-1!:14-ltl7. JV-161-
163, VI-203-205 

combination, l-58:J, 11-196 
digital enlzy lock, IV-162, V-157 
frequcncy-tmsed lock, VJ-204 
kcykss design, JV-16:J 
lock delecior, VI-176-177 
lhrce-dial combi11ation, 11-1 '.15 

locomotive whisUe, 11-589 
logaritlunic arupliliers, 1-29, [.:35, fl-8, 

VI-56 
de lo video, 1-08 
log-ralio amplifier, 1-42 

logariUunic converter, Ia.st, 1-169 
logariUunic l_ighL sensor, 1-:366 
logariUunic sweep VCO, lll-7:38 
logic/logic circuils, VJ-:310-016 

amplifiers, logic aruplifiers, Jl-:3!32-
335 

low-power birt<;l}', to lOn gain 
low-frequency, 11-:.tJ:J 

low-power irtvertiug, digit<-i.lly· 
sclceiablc gain, 11-3!J:J 

low-power noninverting, digitally 
scleclable input and gain, JJ.3!34 

precision, digilally prograrnmablP 
input mid gain, Jl-:335 

progrmmnable amplifier, JJ.:'J:'l4 
AND gale, Vl-315 
audible pulses, 11-345 
chip tester, VJ-:J:J4 
combiimtorial logic multiplexer, Vl-

315 
converter. Tl'L to MOS, 1-170 
four-st..ule, siugle Lt;ll i11dicator, 11-

361 
isolation arid zero voltage switching, 

U-415 
level shifter, negative-Lo-positive 

supply, I-394 
light-activated. 1-:_m;J 
line monitor, III-108 
logic control for 78xx regulator, Vl­

-562 
overvolt.agc proledion, 1-517 
power supply, 3.3-V from .5-V, Vl-

4(J2 
probes, logic prolies, 1-520, J-52.5, I 

526 IV-430-431 1V-4:J4 VJ-5~2 
VI-523 , , ·' 

CMOS I-523 1-526 111-4!:19 
digital'. III-49,7, V-3iO 
four-way operation, IV-432 
memory-icsier, iuslallcd, 1-5~5 
single-IC design. IV-4!J:J 
three-in-one set: probe, sigual 
tracer, injector, IV-42B 

pulse generator for logic­
troubleshooiing, IV-4:36 

pulser, 111-520, V-48!J 
regulator, 5-V, wit11 clcclronic 

shutdown, VT-4Ll6 
relay AND circuit, VI<llti 
relay OR circuit, \'1-!316 
signals, long delay line for, 111-107 
sine wave oscillalor, Vl-440 
state change indicator, V!-:314 
testers 

audible, Ill-343. v-:313 
TTL, I-527 

translators, logic-level translators, 
IV-242 

long-duration timer, PUT, II-675 
long-range object detector, III-273 
loop ante!Ulas 

8.G ~IHz, IV-12-13 
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logkAogic drcuits rontinued 
dual hand. 80-160 rn, V-:32 
preamp, V-:18 

loop osr.illators, Vl-:185 
loop transmitter, remote sensors, 111-

70 
loop-thru video :1.mplifier, lV-616 
loudness controls, 11-411, 11-47 

amplifier, loudness amp, 11-46 
balance amplifier \Vith, U-:395 

loudspeakers 
coupling drcuit, J .73 
horn as loudspeaker, IV-54 
protector drcuit, V-48:3 
remote link, J-!34:3 

low-distortion input sdedor for 
:1.lldio USP, JJ-:38 

low-frequency osdlluton;, 111-428 
crystal, I-184, 11-146 
oscillator/lla.sl:1cr, II-2:.W 
Pierce usdllutor, llI-133 
TTL osdlilllor, 11-595 

Jow-µass filters, I-287 
active, V-178, V-181, V-188 

digiL.ully selected break frequenry. 
11-216 

fourth-order, V-184 
arnplifier, V1-4D 
13utlcrworth, V-180, V-181 
Chebyshev, fifth-order, multi-

feedback, II-219 
clock-tllllable, monolithic, 1 mV, V-

187 
pole-active, I-29fi 
fast-response, fast settling, !V-168-

169 
fast-settling, precision, ll-220 
predsion, fa .. ~t settli11,15, 11-220 
~fallen Key, VT-221 

10 kHz, T-27!-J 
active, TV-177 
eqnal component, 1-2\:!2 
seron<l order, I ·289 

second-order, V-188 
ser.ond onler S;tllen-Key, 1-289 
un:ity-g:i.in secnnd-urder, V-187 
variable, V-1811 
voltage-controlled, Vl-21\:! 

low-voltage alarnl/indkator, I-224, II-
49.1, TIT-769 

low-voltage power dis<.:01mcctor, II-07 
LVDT circuits, ll-:J36-:3~J9. 111-323-324 

driver demodulator, 11-:_Kl7 
signal conditiu11l'r, 11-338 

M 
m:i.chine visiu11, illumination stabilizer 

for, JJ.3(16 
magnetometer, 11-!J41 
magnets 

current sensur, ma1{11l'Lic currents, 
ITI-!141 

elertromagnetic-Iidd sensor, V-308 
permanent-magnet detector, IV-281 
preamplifiers, mag1tetic, I-89, I-91, 

llT-:17, JJl-67:3, JV-35, 1V-:J6 
proximity sensor, V-:J08 
transducer, magul'Lk trar1sducer, I-

2.1.1 
mains-failure indicator, IV-216 
marker generatur, 111-138 
marker light, 111-:317 
mat.hematic<tl circuits, llI-325-.327, 

IV 2.'18-26~1 V-286-288 \1-317-
326. , ' 
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adder circuits, III-327 
binary, fast"action, IV-2fi0-2fil 

averaging circuit, VI-324 
bridge linearizing function, VI ·321 
difference of squares, VI-82:1 
divider circuits, IV- lfi0-1 fifl 

binary chain. I-2G8 
divide-by-2-or-3 cirr.uit, IV- I f14 
divide-by-N 

1+ GHz, IV-1fifi 
1.5+ divide-by-n, fV-lfil1 
CMOS prograrnmahle, 1-257 
7490-divided-hy-n, n 1-154 

divide-by-odd numbPr, IV-15:3 
frequency dividers, l-2G8, JJ-251. 

Il-254, III-2J;1-21R, IH-!140, lll-768 
1.2 GHz, llI-129 
10-MHz, III-1211 
dock inp1it, JV. 1.51 
derade, 1-259 
divi<le-by-1.5, III-216 
low-cost, !Il-124 
low frequeucy, Hc25:J 
preamp, 111-128 
progrunuuublc, IV-152-153 
staircase gcneralor and, I-730 
tachometer and, I-310 

odli-number counter and, III-217 
Olle trim, llI<J26 
µulsc, non-integer prograi"l1111ahle. 

II-511, 111-226 
minirnum/maximum selector, four­

input, V-332 
multiplier circuits, IV-32G, VI-32fi 

low-frequency multiplier, IV-:125 
precise commutating amp, TV-

262-263 
voltage multipliers, TV-0.11-fi37 

2,000 V low-r.urrent supply, IV-
636-637 
10,000 V de supply, IV-6:3:3 
corona \vind generator, lV--1:\!J:J 

doublers, III-1fi9, IV-fl:'lfi 
cascaded, Cor.kcroft-\\'alton, 

IV-635 
triac-controlled, TTT-4fl8 

laser power snpply, n'-11:16 
negative-ion gener:ltor, high­

voltage, IV-0:14 
tripler, low-rnrrent, IV-6:37 

multiplier/<livider, VI-::118, Vl-:322 
percentage-deviat.ion ratio 

computer, VJ-::126 
polar-to-rert:1.ng11lar 

converter/pattern generator, 
radio direction, V-288 

polynomial generator, V-287 
root. extractor, V·207, V-288 
sir1 approximat.ion, v1.:32:J 
slope integr:ltor, progranuuablc, IV-

2fi9 
square-root circuit, Vl :31 !:-!, VI-:320, 

VI-322 
subtractor, ITI-.127 

MC1330/MC13G2 television l~' 
amplifier, l-fl88 

measurement/test drcnits (see also 
monitors; probes), IT-!140, 111-268-
270, III-828-.148, IV-210-218, JV-
264-311, V-2:10-2:12, V-28\:!-!321, 
Vl-2·~.i8-2fi0, \1-827·!163 

100 Kmegaohm de, l-fi24 
3-in-l test set, TTJ-:1;10 
G5fi drrnits, LF:D output indicalor, 

VI-2GO 
ahsolnte-vahie circuit, JV-274 

uc hot wire, I-581 
uc-currenl indicator, IV-290 
ac-powcr indicator, LED <lisplay, 

IV-214 
ac/dc indicator, IV-214 
ac ouUcl tester, V-318 
ac power monitor, VI-351 
ac wirin~ locator, V-317 
uc-watts cukulator V-304 
accelerometer \1-345 
ucoustic-solUld receiver, IV' -311 
acoustic-solUld transnutter, IV-:111 
activity tester, crystal oscillators, V-

1!38 
alarm and, I-337 
altirnclcr, digital, V-29G 
anuneter, low-current, V-307 
anemometer, hot-v.ire, TTT-842 
atmosphere noise monitor, VJ.:370 
audible logic tester, llI-:143 
audible TTL, l-G24 
audio amplifier tester, Vl-34:J 
audio frequenry meter, J-311, V-

30G, V-320, VI-:3!35 
audio millivolt, JJ!-767, IJl-769 
audio power, T-488 
audio-rf signal tracer, 1-527 
automatic contrast, 1-479 
automotive electrical tester, IV-45 
:1.ntonmtive-teiuperaturc indicator, 

P'fC thermistor, 11-56 
R-field measurer, lV-272 
halance iwlicutor, IV-215 
balance mder fur stereo, V-58.3 
barometer, IV-273, VI-338 
battery irtdicalors/testers, 1-108, I-

121 1-122 I-124 IV-74 IV-78 fV-7U . , ' , , 

beal frequency, I-336 
breath alert alcohol tester, Ifl-:1G9 
broadband ac active rectifier, IV-

271 
buzz box continuity checker, 1-fi:"il 
cable tester, 111-539, V-299 
calibrator (see calibrators) 
capucil.u.nce buffer 

low-input, III-498 
stabilized low-input, III-G02 

capacitance meters, 1-400, II-91-94, 
III-75-77, \11-340 

AJD, 3.5 digit, III-76 
capacitance-to-voltage, II-92 
digital, II-94 

capacitor testers, IV-20.'"i, TV-279, V 
306, VI-358 

clamp-on-current compomsator, Jl. 
501 

CMOS logic, l-G23 
continuity testers, 1-GfiO, I-S.'11, JJ 

342, II-533, Il-G34, II-fi:'JG, TJJ-345, 
III-538-540, IV-287, IV-289, TV 
295, IV-296, V-293, V-.117, V-:119 

crystal tester, I-178, I-18fl, 11-1 fl l, 
V-130 

current meters and monitors, I-20:1 
11-152-157, III-338, VI-2G9, VI-::l:lf1 

ac current indicator, IV-290 
current sensing in supply rails. 

11-153 
ckctrometer amplifier v,ith 

overload protection, 11-1 fif1 
Hall-effect sensors, III-2fi:i, IV-284 
high-gain current sensor, TV-291 
picoarmneter, 1-202, IT-1G4, JJ- 157, 
III-338 

guarded input, II-lGfl 



range mnrnetcr, six-decade, II-
15J. 11-156 

curve tracer, r-:397, IV-274, V-300 
C\V offset indicator, IV-21!3 
deviation meter, IV-:303 
dial pulse, III-6l:J 
digital frequency meter, 111-:344 
digital rnultllul'ler (DMM), iV-2!H, 

V-2!:11 
digital voltmeters (D\'M), 111-4 

;3.5-digit, I-713, 111-761 
!3.75-digit, 1-711 
4.5-digit, I-717, 111-760 
adaptl'r for PC, V-310 
aulo-calii.Jrate circuit, I-714 
automatic nulling, I-712 
interface and temperature 

sensor, II-647 
LED readout, IV-286 
temperature sensor and DVM, 647 

diode tester, I-401, I-402, I-406, II-
343, III-402 

dip meters, I-247, 11-182-183 
bandswitched, IV-298 
basic grid, I-247, IV-208 
dual gate IGFET, 1-246 
little (lipper. II-183 
varicap tuned FET, I-246 

direction-of-rotation circuit, III-335 
diode-curve tracer, IV-274 
diode-matching circuit. IV-280 
dosage rate, I-534 
driver, meter-driver rf amplifier, 1-

MHz. III-545 
duty-cycle meter, 111-329, IV-265, 

IV-275, IV-280 
dwell meter, I-102, III-45 
E, T, and R measurement/test 

circuits. IV-283-29G 
ECG amplifiers with right leg drive. 

VI-3G1 
electrolytic-capacitor reforming 

circuit. IV-27G 
electromagnetic-field sensor, V 308 
electrometer, IV-277 
electroscope, \1-341 
electrostatic detector, III-337 
ELF monitor, VI-33G 
energy consumption monitor, V-290 
expanded-scale analog meters, ll-

18G, 111-774, IV-1fi 
FET prohe, 111-fiOI 
FETvoltmeter, JJJ-7fifi, JJT-770 
fiekl-strength meters, 11-208-212, 

TII-182-18.'i, TV-lfi4-lfifi V-174-
170 

1-fi 150 MHz, 1-275 
adjustable sensitivity indicator, 

I 274 
high-sensitivity, IT-211 
IP or HF, 11-212 
microwave, low cost, l-27:3 
rf"sniffer, n-210 
sensitive, 1·274, !ll-18:3 
signal-strength meter, TV-lfifi 
transmission indir.ator, TT-211 
tuned, J .276 
UHF fields, lV-165 
untuned, 1-276 

lilt.er aualyzer, audio 11lters, lV-309 
11ash exvosure meter, 1-484, 111-446 
frequency comparator. VCO a11d 

invut, Vl-:.l5:J 
frequency cowtter, 111-:340, lV-300, 

V!-:360 
frequency divider, Vl-10-MHz 

frequency standard, Vl-!341 
frequency ml'lers. 1-:JlO, II-24\:l-250, 

IV-282, lV-:JOl 
mmlog, v-:307 
audio, I-!311 
linear, 1-310 
low-cost, 11-250 
11uwer, 11-250 
/JllWl'r-Jillt', ]-!Jll 

frequency shill keyl'r tow: 
generalur, 1-72!3 

frequency standard, 10-Mllz, Vl­
:Jf::il 

gale dip oscillator, VI-:344, Vl-:J4f::i 
Geiger counters, I-5:Jf::i-537, II-489, 

Il-514, V-217-2Hl 
general purpose rf deteclor, 11-500 
go/no-go test circuits, l-401, 1-157 
grid-dip melcrs, 1-247, lV-298 
ground, 1-580, 11-345 
grow1d-noise, battery-powered, 111-

500 
harrnonie distortion 

analyzer, V-291, Vl<J57 
mclcr, V-!312 

irnpcdance checker, V-136 
in-use ir1dicalor, lclevhone, 11-029 

ir1ductarn:c melcr, linear, V-:J16, Vl-
330, VI-358 

infrared detector, low-noise, II-289 
injectors. IV-42[) 
ion detector, VI-267, Vl-533 
ion-sensing electroscope, VI-287 
high-frequency and rf tester, IV-

287-303 
LC checker, IIl-334 
LED meters, I-251, III-347 
level indicators (see fluid and 

moisture, level) 
line-current monitor, III-341 
light meters, I-382, I-383, V-302, VI-

308, VI-350 
line-voltage-to-multimeter adapter, 

V-312 
logic chip tester, VI-334 
logic probes, I-520, I-G25. I-526, IV-

430-431, IV-434 
CMOS, I-523, 1-526, III-499 
digital, III-497, V-310 
four-way operation, IV-432 
memory-tester, installed, l-G2G 
single-IC design, IV-133 
three-in-one test set: probe,-signal 
trar;er, injedor, JV-129 

logic testeL J-fi27, ll-34fi, JJI-343, V-
113 

low-r;1lfrent mea.~1lfement., 111-34:) 
low-ohms adapter, IV-290 
low-volragR, lll-7fi9 
magnet/magnetir. detectors, IIT-141, 

IV-2f\6, IV 281, V-10R 
magnetomPtRr, IJ-!141 
main.~- failure indir.ator, IV-2lfi 
mea.~11ring gange, linear variable 

differential transfonner, 1-404 
met.er testPL JV-270 
mPtronomes, 1-411-413, ll-3fi:1-:1:lfi, 

Ill ::in;3 !154, IV-312-314, V-!392 
rninoammeter, de, fo11r-range, IV-

292 
microl"arad cour1ter. IV-275 
microvolt. ll 499 
millivolt.11ieters, m 767, Ill 769, !V-

289, lV-294, JV-295 
ac 1-716 
au;_!iu, IIl-767, 111-70\:l 

de, IV-2\:!5 
four-ra1~e, JV-28\:l 
high-i.!1put i.!npcdtutce.1-715 
LED readout, lV-2!:14 

ml!tuk marker, Vl-!J:37 
model car derby wllmer indicator, 

VJ-25\:l 
1111.~Julatiun monitor, Ill :375, IV-299 
mono audio-level meter, lV-810 
mution sensor, unidirectional, II 

!346 
motor !tour, 111-340 
motorcycle tune-uv aid, VJ-:J59 
multicundudor-cable tester, IV-288 
multirueters, 1V-2!H, 1V-29::l 
nilllUillllIUeter, Vl-:349 
negative voltage rekrew:e, Vl :J:_n 
noise ,l\cncrator, IV-:J08 
olu!lineters, 1-54\:l, 111-.540, IV-290 
On irtdicator, lV-217 
on-lite-air, 111-270 
op-arnp de offset shill tester, V-!Jl9 
optical light probe, JV-36\:l 
oscilloscope adapter, four-trace, lV-

267 
ovcrspced, 1-108 
overvolta,l\e protcclimt, l-1.50, I-517, 

JI-96, 11-107, JI-496, JII-.Sl:J, lil-
762, 1V-:J8\:l 

paper sheet discrllninalor, copyi.!1g 
machines, III-33!.l 

peak detectors, 11-174, II-175, JI-
434-436, III-771, IV-l'.38, IV-14!3 

analog, \\-ith digital hold, Ill-15:J 
decibel peak meter, 111-348 
digital. III-160 
high-band\\-idth, III-161 
high-frequency peak, II-175 
high-speed peak, 1-232 
LED design. peak meter, III-333 
level detector, I-402 
low-drift, III-150 
negative. 1-225, I-234 
op amp, IV-145 
positive. I-225, 1-235, II-435. 111-
160 

true rms. I-228 
ultra-low-drift peak, 1-227 
voltage, precis10n, 1-226 
wide-bandwidth, III-162 
""ide-range, 111-152 

pH tester, 1-399, III-501 
phase detection/manipulation 

drcuits 
detectors, I-10fi, I-47G, II 344, 

TI-139, ll-11L II-142, 
llI-440-442. IV-127 
10-hitar;cnrar;y, JJ-17fi 
digital VOM, JV-277 
phase-differenr;e rletector, 0 

to 180-degree, II-.'i44 
phase sr.lector/sync 

rectifier/halancPd modulator, 
TTT-441 

sequenr;ers, phase seqnenr;e, 
T-47fi, H-487-442, TII-441 
rr; drc11it, phase sequenr;e 

rPversal r'lf'tpr;tion, 11-488 
revPrsal, re drr;uit to det.ed, 

II-4.'i8 
threP-phase test.er, 11-440 

shiftPrs, pliasP shifters, JV-!147 
0-1 RO dPgrePs, 1-477 
1).:350 degrees, 1.477 
single transistor design, 1-476 

splitter, precision, TTl-582 
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measurement/test circuits continued 
tracker, three-phase square wave 
generator, II-598 

picoummeters, I-202, II-154, TH-.'i.'i8 
circuit for, II-157 
guarded input circuit, II-156 

PIN diode tester, VI-353 
polariJy indicator, V-231 
power gain meter, 60 MHz, I-489 
power line frequency tester, I-311 
power meter, I-489, VI-333 
power supply test load, constant-

eurrent, IV-424 
power supply, 10-:tl.fHz frequency 

standard, VI-335 
power transformer tester, Vl-3fi4 
presealer, 650 MHz amplifying, H-G02 
µressure gauge, digital, V-314 
probes, 4-to-220 V, l!I-499 
process controller, VI-4- tD 20-mA, 

VI-355 
proximity sensor, magnetic;V-:108 
pulse-width meter, III-336 
QRP SWR bridge, III-336 
radon detectors, VI-531-538 
RC decade box, V-294-29fl 
receiver-signal alarm, HT-270 
receiver signal-strength indicator, 

VI-260 
reference circuit, Vl-389 
rcflectometer, I-Hi 
remote-control infrared device, IV-

228 
remote meters, VI-347 
resistance measurement, H-342, \V-

285, VI-33G 
resistor simulator, 100-W, Vl-352 
resistors, programmable, Vl-36:J 
resistance/continuity meters (see 

continuity tester, ahove) 
rfbridge, V-303 
rf output indir:ator, TV-299 
rf power indir:ator, 1-16, Ul-3::12, Yl-

348 
rfprobe, I-523, HT-498, ll!-502, IV-

433 
rftest oscillator, V-412 
rfvoltmeter, HT-766 
If-actuated relay, Hl-270 
S meter for communicatious 

receivers, V-811 
scale, electronir:, V-297 

SCR tester, TH-344 
short-tester, V-313, V-315 
shutter, I-48G 
signal generators, V-308 

AM broadca.5t-band, 1V-:J02 
AM/IF, 455 kH:.::, IV-301 

signal strength meter, 11I-:J42, IV-
166 

signal tracer, JV-428, V-30!.l 
signal tracking sigual generator, VI-

3;>6 
simulated, T-417 
single injector-tracer, 11-500 
soil moisture, III-208 
sound-level meters, 111-:346, IV-305, 

IV-807 
telf,phone, 111-614 

sonnd sensor, 1V-'.H8 
sonnd sub carrier generator, VI-358 
sound-test cin:uits (see also sound 

generators), IV-:J04 
speedometer, bike, fV-271, IV-282 
static detector, IV-276 
stereo test circuits 
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audio-level meter, IV-310 
audio-power meter, III-331, IV-
306 

tmlar1ce indicator, I-618-619 
reception indicator, III-269 

stud finder, III-330 
straiI1-gaugc sensor, Y1-33G 
su1_1ply-volt.agc monitor. V-320 
suppressed zero, I-716 
SWH power, 1-16, I-22, IV-269 
t.achomclcrs, I-04, I-100, I-102, 11-

175, 111-:335, 111-340, III-347, V-65, 
V-586-5!J8 

analog readout, IV-280 
calibrated, III-588 
dosed loop feedback.control, 

Jl-!J!JO 
digital readout, II-61, IIl-4:.i, IV-

268-268 IV-278 
dwcll met~r/tachometer, IT14f1 
feedback control, II-378, II-390 
frequency counter, I-310 
low-frequency, III-596 
minimum-component design, T-

405 
motor speed controllers, Il-378, 

II-389 
optical pick-up, III-347 
set point, III-47 

telephone 
in-use indicator, II-G29, IV-GflO, 

IV-563 
line-tester, V-G15 
off-hook, I-633 

temperature (see temperature-
related circuits) 

temperature indicator. IV-570 
test driver for hohhy servos, Vl~l97 
test probe, 4-220 V, Til-499 
tester, IV-270 
thermometers, HT-687-fi43 
three-in-one set, logir: probe, signal 

tracer, injector, TV-429 
three-phase tester, H-440 
tilt meter, III-644-646, v-:102 
tone, digital IC testing, II-G04 
transistor tester, 1-401, TV-281, V-

306 
transistor-matching cirC11it, V1-3::!8 

-transmitter-output indir:ator, IV-218 
tri-color indicator, V-282 
TTL-logic tester, T-fi27 
universal test probe, JV-431 
UHF source dippe.r, TV-299 
undervoltage, battery operated 

equipment, T-123 
universal test probe, IV-4:Jl 
VCR head amplifier tester, Vl-48 
vibration meter, 1-404 
video-signal amplitude 111casurcr, V-

309 
visual modulation, l-430 
visual level, 111-269 
voice level meter, Vl-1!:14 
voltage level indicators, 1-:335, I-

337, I-318, T-718, 111-758-772, V-
301, V-31G 

voltage probes, V-474 
voltmeters, TTl-758 

8.fi digit, 1-710, I-7l:J, JJl-761 
4.fl-digit, 111-760 
5-digit, Ill-760 
ar:, T-716, 111-765,111-772 
add-on thermometer for, III-640 
har-graph, l-!:19, 11-54 
dr:, TTI-762, 111-763, V-301 

digital voltmeters (DVM), III-4 
:J.5-digit, corrunon anode 

display, I-713 
3.5-diJ;lit, full-scale, four­

decadc, III-761 
!J. 75-digit, I-711 
4.5-digiL, III-760 
4.5-digit, LCD display, I-717 
auto-calibrate circuit, I-714 
automalic nulling, I-712 
iHterfacc and temperature 

sensor, II-647 
LED readout, IV-286 
temperature sensor and DVM, 
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FET, l-714, l!I-765, III-770 
hi,11,h-input resistance, III-768 
JFET, V-318 
LED CXPilllded scale, V-311 
millivoltmeters (see 

millivoltmeters) 
rf, I-405, III-766 
siI!Rle-chip digital, VI-329 

voltolmuneters (VOM) 
fil'id strength, I-276 
phase meter, digital readout, IV-

277 
volwnc indicator, audio amplifier, 

IY-212 
VOR signal simulator, IV-278 
VU meters, I-715, II-487, III-487, fV-

211 
watch tick timer, V-292 
water-level measurement r:irr:nit, 

IV-l!Jl 
wattmeter, optical isolator, VT-242 
wave generator, three-phase digital, 

VI-343 
wavemeter, tuned RF, IV-302 
wideband test amplifier, IV-303 
wire tracer, II-343 
zener diode test set, V-,q21 
zener diode tester, I-400, T-406 
zero center, FM receivers, I-38B 

1nedical electronic cirr:uits, TT-!14 7-
34!J, III-349-352 

biomedical instrumentation 
differential--amp, III-282 

breath monitor, III-3GO 
ECG amplifiers with right leg drive, 

VI-354 
EKG simulator, three-chip, TJJ-350 
heartbeat transducer, Vl-387 
heart rate monitor, 11-348, Tl-349, V-

342 
preamplifier for, H-349 
stimulator, r:onstant-current, 111-:352 
stimulus i~olator, TTI-351 
thermometer, implantable/ 

ingestible, TTI-641 
m&gaphone drr:nit, VT-93 
melody generator, single-chip desi~1, 

IV-520 
memo alert, V-3G2 
memory-related drr:uits 

EEPROM pulse generator, 5V­
powered, TII-99 

flash memory programrniilg supply, 
+12volt,VT-138 

lithium backup battery 
rt>:placF.ment, VI-120 

memory protector/power supply 
monitor, TV-425 

memory-savi:rlg power supply, II-486 
transceiver memory backup, VI-28 

messenger circuit 



Morse code, VI-406-407 
single-chip, Vl-:373 

metal detectors, 11-!350-!352, 1V-l:J7, 
V-322-324 

low-cost design, v-:J2:J 
micropower,-1-408 
pipe detector, V-:J2:J 

meters (see measurement/test 
circuits) 

mctl1anc concentration detector 
lincari:.:cd output, 111-250 ' 

metronomes, 1-41:3, 11-353-:355, lll-
35:J-:J54, 1V-:J12-:J14, Y-!3!:12, VJ-
064-:366 

w:-linc operalcd unijum:tiou, l/-:3.'i5 
accentuated beat, 1-411 
audible mctronornc, Yt-:J65 
downbcat-cn1phasizcd, 111-35!3-354 
electronic, 1V-:J1!3 
low-power design, IV<l13 
novel design, IV-314 
sight and sound, 1-412 
siffiple, II-:354 
top octave generator, V-!3!:1:J 
version II, II-:355 
visual metronome, Vl-!366 

micrommnctcr, de, four-ran.l(c, JY-2!:12 
microcontrollcr, rnusical organ, 

prcprogrmmncd single-chip, 1-600 
microphon<.e circuits 

AM-modulated oscillator for 
wireless microphones, Vl-450 

amplifiers, I-87, III-34 
electronic balanced input, 1-86 

buffer amplifiers, high-Z, Vl-125 
electret, preamp circuit, V-21 
external mic circuit for 

transceivers, V-351 
FM wireless, III-682, III-685, III-691 
high-impedance input circuit, VI-81 
miru-megaphone circuit, VI-93 
mixer, II-37, V-363, V-364 
parabolic dish mikes, electronic~.ear 

amp, VI-82 
preamplifiers, II-45, IV-37, IV-42 

balanced mic, VI-77 
dynamic mic, VI-76, Vl-79 
low-impedance, IV-41 
low-voltage, VI-56 
tone control for, II-687 
transforrnerless, tu1balanced 

input, I-88 
transforrnerless, unbalanced 

input, I-88 
underwater microphone, VI-379 
-wireless, I-G79, IV-652-654, Vl-661 

microprocessors (see computer 
circuits) 

microvolt comparators 
dual limit, III-89 
hysteresis-including, III-88 

microvolt probe, 11-499 
microwave amplifiers, IV-315-319 

fi.7 GHz, lV-317 
bias supply for preamp, IV-318 
preamplifiers 

2.3 GHz, IV-316 
3.4 GHz, IV-316 
bias supply, IV-318 
single-stage, 10 GHz, IV-317 
two-stage, 10 GHz, lV-.'319 

microwave field strength meter, 1-273 
MIDI (see musical cirr:uits) 
Miller oscillator, 1-198 
millivoltmetprs, III-7fi7, III-769, IV-

289, IV-294, IV-29fi 

ac, l-7lfi 
audio, Ill-7fi7. II1-7fi9 
de, IV·29fi 
rour range, IV-289 
high-mput impe<lance, I-71G 
LED readout, lV-291 

mini-stPreo andio amplifiers, III-38 
minimum/maximum selector, four­

input, V-332 
mixers, III-867-870, IV-830-33G, V­

.'1fi9-864, Vl-:392-393 
1- MHz, I-427 
audio, l-28, l-fi9, 11-3:\ lV-335, V-

862, V-864 
GMOS, 1-fi7 
r:ommon-s011n~e, I-127 
digital mixer, IV-.181 
diplexer, IV-88G 
doubly balanced, 1--427 
dynamir: audio mixer, IV-881 
t'our-channel, 1-fifi, 1-fiO, U-40, III-

!369, IV-.188 
l'uur--input, l-f1fi, IV-884 
guitar mixer, low-noise, fonr-

channel, V-8fi0-861 
H~' transceiver/mixer, IV-4G7 
hybl"id, 1-60 
input-huffored, 111-869 
local oscillator, d011ble-balanced 

mixer, V 4Hi 
microphone, TT-!37, V-.'~fi:i, V-864 
mixer/oscillator for AM receivers, 

Y-412 
multiJJlexer, l-427 
one-transistor design, l-fi9 
pa.ssive, 1-58 
preamplifier with tone control, I-f18 
si,l.(nal combi1ter, 111-368 
silent audio switclting, 1-59 
sound ainplifier and, 11-:37 
SLl'rco mixer, pait controls, !Y-332 
unity-gain, four-input, lY-334 
utility-desi,l.(n mixer, JY-:3!36 
UJ1iversal stage, 111-:370 
video, hi;.l.h-performa.nce operation, 

lV-609 
mobile e4uipmeut, 8-amp regulated 

power supply, 11-461 
model and ltvliby circuits, JY-:337-

!340, Vl-:J94-:J96 
controller, model-train aucllor slot-

car 1V-:J:J8-:J40 
rnilro;d crossing Hasher, VI-:J95 
ruilroud track control si,l.(nal, Yl-396 
rocket launcher, ll-!358 

modems 
power-line, carrier-current circuit, 

111-82 
power line modem for computer 

control, VI-474 
protector, V-47U, V-482 

modulated read.back syslcms, 
disc/tape phase, I-SU 

modulation indicator/monitor, 1-4!30 
CB, I-431 

modulators, 1-4~37, II-368-372, 111-:371-
377 V-365-367 Vl-097-403 

455-kHz, V-366 ' 
+12V de single supply, balanced, 1-

437 
AM, I-438, II-370 
balanced, III-376, III-441 
digital pulse width modulation, VI-

400-401 
double-sideband suppressed­

carrier, 111-377 

DSB modulator, four-quadrant, Vl-
402 

FM, V-366. V-367 
high-frequency, varactorless, Vl-

3D8 
linear (AM) amplitude modulaLor. 

Vl-402 
linear pulse-width, 1-4:37 
monitor for, III-375 
musical envelope generator, 1-601 
pulse-position, 1-4!35, llI<l75 
pulse-width, 1-435, I-436, l-4!38-440 

Ill-376, IV-326, Vl-402 
rf, 1-436. II-36U, III-372, III-374 
saw oscillator, 111-37'.3 
TTL oscillator for television display, 

II-372 
TV, I-439, II-433. II-434 
VHF, I-440, III-684 
video, I-437, II-371, II-372, Vl-399, 

VI-403. VI-3DU 
moisture detector (see fluid and 

moisture detectors) 
monitors for computers (see 

computer circuits-) 
monitors (see also alarms; fluid mid 

moisture; light-controlled 
circuits; motor control circuits; 
speed controllers; temperalurc­
related circuits; tone controls), 
V-3G8-372 

ac power line monitor, VI-473 
acid rain, III-3Gl, V-371 
baby monitor, V-370-371 
battery monitors, I-106, 1-222, II-7 4-

79, 111-60-67, IV-73-80 
bird feeder monitor, V-371 
blinking phone light, II-624 
breath monitor, IIl-350 
current, III-2fifi, IV-284 

alarm and, III-338 
directional signals, auto, III-48 
door-ajar, automotive circuits, 

111-46 
dnty cyde, III-329, fV-275 
flames, III-313 
home security system, I-6 
line-current. 111-341 
linP-voltage, III-fill 
logic line, III-108 
modulation. I11-37G, IV-299 
overvoltage protection, I-lGO, 1-517, 

ll-9fi, II-107, 11-496, III-G13, llI-
7fi2, IV-889 

power-supply monitors, II-491-497, 
lll-49!3-49f>, IV-422-427 

backt1p supply, drop-in main­
activatPcL IV-424 
booster/buffer, boosts reference 
current, TV-42:1 

circuit breaker, trip circuit, lV-428 
conuections monitor, ac lines, 

111-510 
fault monitor, single-snpply, 111-
4!:15 

memory protector/snpply 
monitor, IV-425 

polarity-protection relay, TV-427 
tiCH design, JV-:385 
test load, constant-current, IV-
424 

triac for ae-voltage control, IV-42fi 
tube arnplifier, high-voltagP 

isolation, lV-426 
volllil-(c moHitors (see voltage 
monitors) 
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monitors continnmt 
radon detedors, VI ,5:31_50~! 

room monitor, V :369 
monostable multivihraturs, 1-465, III-

229, nr-2;10, rrr-2:1.s, 111-2;J7, v-
380, V-;187, Vl-700 

input lockont, T-404 
light-controlled, VI-!109 
Jiitear-ramp, ITT-2.17 
photocell, ·monostahlP, TT :329 
positive-triggered, 111-229 
TTL, monostahle operation, 1-464 
CJT, monostahle opPratior1, 1-460 
video amplifier and compawtur, ll-

268 
mooring light, automatic, JJ-:320 
~Iorse code drr111ts, Vl-404-409 

code pradke oscillator, Vl-409 
CV./ audio filter, Vl-405 
CW identifiP.r, Vl-408 
messenger circuit, Vl-406-407 

MOSFETs 
amplifier, higl1-irnped011tce biasing, 

V-19 
audio power amplifiers, V-47 
biasing, higl1-im_µed011tcl' meLhod, V-

19 
buffer amplifier, V-9:J 
drive current booster, VJ-:368 
driver, high-side, Vl-199 
frequency conve1ter, V-12:3 
mixer/oscillatur for M1 receivers, 

V-412 
power rontrol switch, 11/-:386 
power inverter, 111-295, V-247 
pnsh-pull amplliler, VJ-55 

mosquito re._pellirig circuil, 1-684 
motion/_µruximiLy dclcctors, I-135-

1:36, J-:J44, ll-1:35, U-136, II-505-
f:>07, 111-514-518, IV-341-346, 
V-!376-!J77, V-484-486 

acoustk Doppler motion detector, 
IV-:J4:J 

alarl!l for, 11-506, VI-657 
auto al<-1rm, 1-9 
r:a11<witivc, lll-515 
capacitive sensor louch switch 

s,ystem, Vl-656 
field dislw·bancc sensor/alarm, Il-

507 
lnfrared-reflcction switch, IV-34G 
lighl-bcain intruder-detection 

al<inn, V-11, V-13 
luw-cmTcnl-drain design, IV-342.-313 
ma).lnelic, V-308 
microwave circuit, V-377 
n1olorcycle alarm,- I-9 
oUjccl detector, long-range, TTT-27.'i 
optical detector circuit, V-10:1 
oplical interruption sensor, JV-:100 
people-detector, infrarPd-activatPd. 

JV-225 
proximity s~itch, infrarpd-

aclivated, IV-34G 
relay-output, IV-345 
room monitor, V-369 
SCR alarm, III-517 
self-biased, changing field, T-l.1f> 
switch, 111-517 
UHF, III-516, IV-341 
ultrasonic motion deter.tor, Vl-668 
ullrasonic proximity dPtector, VI 

660 
unidirectional, II-81fi 

motor control circuits, JV :147-!3!1:3, V-
378-381, VI-110-110 
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400 Hz servo amplifier, Il-:J86 
ac motors, II-37:-i 
ac servo amplifiPr, bridge-type. lll-

387 
bidirectional proportional co1LtroL 

II-374 
blender control cirruit, V-:379 
compressor protector, TV-3."Jl 
de motors 

direction controls, J-4fi2 
driver controls, 

fixed speo:>d, Tll-387 
reversing, U-881 
servo, bipolar r;ontrol input, 11-
385 

speed-control!Pd reverslUle, lll-
388 

fiberoptic controls, TT-206 
speed control, VT-411 

direction controlln, Vl-4 l~L Vl-416 
de motors, T-4G2 
series-wound motors, J-448 
shunt-wound motors, l-456 
stepper motor, TV-!350 

driver r;ontrols 
ac motors 

thre.,-ph:o!.SP, IJ-88!'! 
two-phase, T-4SO, II ~~82 

constant-spPPd, 111-386 
de motors 

fixed spePd, 111-:J87 
reversing, ll-:381 
sPrvo, hipola.r· co!ltrol inpul, II­

.18fi 
spePd-controlled reversible, III­

.188 
N-phase motor, JI-:382 
piezn drive, V-:J80 
P\V\1, V-380 
reversing, de co1ttrol ~ignals, II­

:181 
sel'vo motor mnplifier, 1-452, II­

:184 
stepper motors, lll-390 

halt"--step, IV-049 
quarter-step, JV-050 

two-phase, 11-456 
fiher optic, de, vmiable, II-206 
hours-in-use melcr, UI-340 
imiuction motor, 1-454 
load-depemknl, universal motor, I-

451 
mini-drill control, IV-348 
modl'l train <tnd/or car, I-453, I-45:i 
phase co1tlrol, hysteresis free, I-378 
piezo molor drive, V-380 
power brake, ac, II-451 
power-factor controller, three-

phasc. II-388 
µowcr-lool torque, I-458 
PWM motor controller, III-889 
P\\.'~ servo amplifier, III-379 
PWM speed control, II-37fi 
PWM speed controllenergy-

recovcring brake, III-380 
~elf-limi.J1g control, built-in, 

universal motor, I-451 
servo motor amplifier, I-152, TT-.184 
servo system, III-384 
speed control (see speed 

controllers) 
start-and-run motor circuit, TTT-::182 
stepper motors, V-G71-fi78, VT-000 

602 
half-step. IV-349 
quarter-step, IV-8GO 

speed and direction, IV-.'if:>O 
tachometers, I-94, I-100, I-102, H-

175, IIl-33G, III-340, IIT-347 
V-65, V-59G-G98, Vl-98, VI-298, 

VI-371 
analog readout, IV-280 
calibrated, III-598 
closed loop feedback control, 11-

3!)0 
digital readout, II-Gl, III-4G, IV-

268-269 IV-278 
dwell met~r/tachometer, TTT-4f:> 
feedback control, II-378, 11-390 
frequency colll\ter, I-810 
low-frequency, IIl-G9G 
minimmn-component design, 1-405 
motor speed controllPrs, 11-878, 

II-389 
optical pick-up, IIT-847 
set pomt, III-47 

three-phase controls, Tl-38!3, Tl-388 
time-delay motor-control, long 

time, VI-113 
two-phase controls, T-4GO, 11-:382 

motorcycles (see automotive 
circuits) 

multiburst generator, square 
waveform, II-88 

multimeters (see also digital 
multimeters (DMM), TV-2!:H, IV-
293 

multiple-input detPctor, JI!-102 
multiplexers, TJJ-:191-397, V-:J82-:J80 

l-of-8 channel transmission system, 
III-39G 

analog, TT-.'192, V-38!3 
0/01-perr;ent, 11-392 
bufferer! input and output, III-'.3[.l6 
inputlontput buffer Jor, III-11 
single- to fow·-trace co1tvcrler, II-
4::11 

capaf:itance, ll-200, ll-416 
f:omhinatorial logic, Vl-:315 
f:omm0n-catl10de LED-display 

ADC, 111-764 
d.,-, TTT-::194 
differPntial multiplexer, l-425, 1-

428, JJ-428 
driver, high-s1.1eed Ii.He driver, I-264 
eight ,channel data acquisilion 

circuit, Vl-378 
eight-cha11nel n1ux/dcrnux, I-426, II-

115 
four-tha1mel, low-cost. III-3D4 
frequency, lll-210-218 
line driver, 1-264 
low outpul irnpedance, VI-605 
m01U1entalical, one trim, III-326 
oscilloscopes, add-on, III-437 
pulsc-'A-idllt, III-214 
resistor, II-l!J!J 
sainple-und-hold, three-channel, III-

:J\:16 
two-level, III-:392 
video, 1-of-15 cascaded, III-393 
wilicbai1d differential, II-428 

nwltiµlier circuits, IV-325 
capacilancc multiplier, V-205, V­

;347 
low-frequency multiplier, IV-32G 
pl:tolomultipliers, high-volt power 

supply, V-444, V-445 
precise commutating amp, IV-2fi2-

263 
resislance multiplication circuit, op 

mup, VI-431 



voltage multipliers, lV-631-637 
2,000 V low-current supply, IV­
fi3G-fi37 
10,000 V de supply, IV-633 
corona wind generator, IV-633 
doublers, 111-459, IV-635 

cascaded, Cockcroft-Walton, 
IV-G3G 

triac-controlled, III-468 
laser power supply, IV-636 
negative-ion generator, high­

voltage, IV-634 
tripler, \ow-current, IV-637 

multivihrators, V-384-388, VI-417-410 
100 kHz free n1nning, II-485 
astahle mnltivihrators, II-269, II­

filO, ll-fi97, llI-196, III-224, 111-
28:1, 111-287, 111-238, V-.~8fi-.'~88, 
VI-418-419 

bistable multivibratorn, 1-18.1, JJ-
465, VJ-418 

inverter, 111-10:3 
deboum:er, JV-108 
flusher, 1-2!:1!:1, 11-234 
lrnnp d1iver, lV-160 
pushbuLlon lrlf\ger, V-388 
RS flip-flop, l-:J!:l5 
SCR, II-"367 
SR flip-flop, IV-651 
touch-triggered. I- l!J!J 

car batte!1', II-106 
CB modulation. II-431 
CMOS, V-385 
current, II-203 
duty-cycle, 50-percent, III-684 
free-running 

100 kHz, I-465 
programmable-frequency, III-235 
""ith op amp, V-388 

low-frequency, 111-237 
low-voltage, II-123 
modulation, II-130 
monostahle multivibrators, I-465, 

III-229, IH-230. 111-235, III-237, V-
386, V-387 

input lockout, I-464 
linear-ramp, 111-237 
photocell, monostable, II-329 
positive-triggered, IIl-229 
TTL, monostable operation, 1-464 
Tl.IT, monostahle operation, I-463 
video amplifier and comparator, 

H-2fl8 
one-shot, J-4flfi, I-720, ff-2fiG, ll-4G:J. 

JJJ-222, JII-238, HT-317, 111-GG4, V-
388, VT-419 

osdlloscope, II-474 
single-si1pply, JII-232 
sound level, 11-403 
square-\Wl.VP generators, JV-G36 
telephone line, 11-028 
very-low-frequenr.y, V-38G 
wideband radiation, JI-G3G 

music r.irr.nits (see al8o sound 
generators), V-389-393 

envelope generator/modulator, IV-
22 

instrument tune-up, audio 
generator, V-190 

melody r.ircnit, V-393 
melody generator, single-chip 

design, TV-fi20 
metronome (see metronomes) 
MIDI rer.eiver, V-192 
MIDI transmitter, V-393 
multi-tone gPnPrator. V-fififi 

music maker circuil, III<J60. IV-521 
musical chimes, I-640 
musical envelope, modulaLor, 1-601, 

IV-22 
octave equalizer, V-353 
perfect pitch circuil, V-:J~H 
synthesizer, V-10-noLe, V-561 
lclephone music-on-hold cin:uit, V-

601, V-605 
•vireless guitar lnmsmi.Uer. Vl-661 

mux.ldemux (see mulliplcxers) 

N 
N-pha..se motor drive, TIT-382 
NAU prernnps 

record, 111-673 
lwo-pole, lll-673 

NAB tape playback pre-mup, lll-!J8 
nanoammcter, 1-202, Vl-349 
NE602 

de power circuit, V-358 
input/output circuits, V-365 

negative-ion generator, IV-634 
neorrflashers, I-303 

Christmas light flashers, VI-225 
five-lamp, III-198 
two-state oscillator, III-200 
tnbe, f-304 

networks 
crossover networks, 1-172-173, II-35 

fiV, I-G18 
ar./dc lines, electronic, I-GIG 
active, T-172 
asymmetrical third order 

Rutterworth, I-17:1 
eleL-tronic circuit for, JJ-1H 

lilter, 1-291 
s_pcedL, teleJ.ihone, ll-!1:1:1 

ui-cad batteries l-1 lR 
Uit<tlyzer for, ril-64 -
d!<U"ger, J-112, 1-1 J6, ]JJ.fl7 

12 v, 200 mA per hour, T-114 
current ;utli voltage limiting, T-114 
fri.st-adiug, 1-118 
port.able, 1\i-69 
temperature-sensing, IV-77 
U1ermally controlled, 11-68 

packs, automotive dw.rger for, T 11!) 
porlable, lll-47. IV-6!:1 
prolectioll circuit, 111-62 
simpli-cad, 1-112 
Lemperalure-sensi.Itg dtarger, IV-77 
Lest circuil, JV-79 
Lhernwlly conlrolled, 11-68 
zappers, 1-6, 11-66, 11-68 

nighl lighls (see ligltts/l.i,l\ht-activated 
arid controlled circuits) 

nighl-vision illumiI1ator, JH, VJ-265 
nighl-vision scope power supply, Vl-

501 
no-doze alann, V-8 
noise generulors (see sou11d 

generators) 
noise detector fur ac circuits, Vl-184 
noise reduction circuits, Il 393 396, 

111-398-401, IV-;3.54-:356, Y-:396-
0!:18 Yl-420-424 

rnnpfilied noise fuuiter fur SVv' 
receivers V-:J!:l7 

audio dipp~r/limiler, JV-:355 
audio dynillttic system, V-!397 
audio shunl noise liutiil'r, JV-355 
audio squckh, II-:J94 
balar1cc amplifier willt louditess 

control, II<l!l5 

blanker, JV-:366 
clipper, ll-!J!:l4 

adjustable, Vl-42:3 
audio-powered, Jl]-:J!:16 

Dolby, Vl-421 
Dolby 11, decode mode, 111-401 
Dolby 11, encode mode, 111 400 
Dolby 11/C, 111-:399 
dymunic itoise redur.tion, 111-:121 
fillers (see lilters) 
fuuiler, ll-!J!:l5, Jll-:321, VI 42!3 
low-level signal nuise, V-:398 
noise generator, VJ-421 
noise-based voti.Itg drcuit., VJ-422-

423 
receiver applicatiou, V-398 
shorlwavc receiver Boise limiter, V-

3!J7 
noise monitor, VI-370 
noninverting amplifiers, I-32, 1-33, 1-

41, III-14 
ac power, I-7!J 
adjustable gain, I-91 
comparator with hysteresis in, 1-153 
high-frequency, 28•dB, III-263 
hysteresis in, I-153 
low-power, digitally selectable input 

and gain, II-334 
power, T-79 
programmable-gain, III-GOG 
single supply, I-74 
split supply, T-7G 

nonselectivP frequency tripler, 
transistor saturation, II-2G2 

No1ton antplifier, ahsolut.e value, Tll-
11 

nokh lilters (see also filter circuits), 
l-2$J, ll-3!:17-40:3, !Jl-402 -404 

4.5 MHz, 1-282 
550 llz, 11-:J!:l9 
1800 Hz, 11-3!:18 
aclive band reject, 11-401 
adjuslablc Q, ll-:J!:l8, V-17!:1, VJ-217 
audio, 11-400 
bandpass mtd, 11-22:3 
higlt-Q, 111-404, V-178, v1-21:3, vr. 

217 Yl-220 
RC, vi-221 
sdcclable bandwidth, 1-281 
shorlwave receiver lilil'r, V-185 
thrce-arnplificr design. 1-281 
tunable, II-3!J9, 11-402, V-17!:1 

passive-bridged differentiator, 11-
403 

hum-suppressing, 1-280 
op amp, II-400 

twin-notch for 1 kHz, V-18:.l 
twin-T, III-40'.3 
\Vien bridge, 11-402 

NTSC gray-scale video generalor, Vl-
670 

NTSC-to-RGB converler, Vl-677 
NTSC-to-RGB video decoder, IV-61:.l 
nuclear particle detector, l-5:J7 
null circuil, lll-6!:1 

op rnnp offset null, VJ-427 
null dcleclor, 1-148, 111-162 

0 
octal DI A converter, V <J50 
ohrruneters, T-54!J 

linear, III-540 
linear scale, I-54!J 

five-range, IV-2!JO 
ohms-to-volts converter, 1-168 
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oil-pressure gau.gP., automotive, I\i-
44, IV-47 

on/off control, 1-fififi 
on/off inverter, IIl-G94 
on/off touch S'hitchP.s. 11·6!:11, 111-663 
one-arm bandit gamP, VI-251 
one-of-eight channP.1 transmission 

system, !If-100 
one-shot function gP.nP.ratoro;, 1-465, 

V-388, Vl-419 
digitally controllP.d, I-7211 
precision, III-222 
pulse generator, V-490.491 
retriggerable, 111-288 

one-shot timers, lll-fifi4 
light-controlled, 111-817 
voltage-controllP.d high-s_peed, 11-

266 
op amps, Il-404-400, 111-405-406, IV-

357-364, V-399-403, Vl-425-431 
xlO, I-37 
xlOO, I-37 
astable multivihrator. 111-224 
audio amplifier, IV-8,q, Vf-427 
balanced amplifier, VI-429 
bandpass filter, Vl-216, Vl-222 
bidirectional compound op amp, IV-

361 
bridge connections for power op 

amps, VI-92 
clamping for, II-22 
clock circuit using, ITl-85 
comparator, three-input aml gate 

comparator, IV-~08, 
composite amplifier, V-401, V-400 
compound op-amp, IV .!364 
current regulator, Vl-4:30 
de offset-shift tP.st.P.J', V-:Jl!:I 
differential amplifier, Vl-186 
driver, IV-158-1G9 
feedback-stabilized amplifier, IV-

360 
free-running m11ltivibrator, v-:J88 
full-wave rectifiP.r design, V-40!J 
gain-controlled op amp, 1V-:J61 
high-gain/bandwidth, V-40:J 
input guard for high-7. op amps, Vl-

428 
intrinsically safo protected, 111-12 
inverter/rectifier, prograrnmable, 

IV-3G4 
laser driver, V1-29fi 
logarithmic amplifier, VJ-56 
long RC time constants, VIc426 
microphone mixPr, V-;364 
mixer circuit, VI-:19;3 
offset null, VI-427 
on/off switch, transistorized, fV-546 
paralleled powPr op amps, VI-84, 

VI-429 
polarity gain adjustment., V-400 
power op amp, V-402 
power hoostPr, fV-:J58 
power driver circi.iit, JV 158-159 
pseudogronnd, v1.4:31 
quad, simultanPous waveforrn 

generator using, 11-25!:! 
resistance multiplication circuit. VI-

431 
sa...,1,ooth generator, VI-701 
single potentiometer lo adjust gain 

over hipolar rar1ge, 11-4116 
singl.,-supply applications. VI-430 
S>ving rail-ray, LM:J24, IV-363 
tempPrature-compensated 

breakpoint, nonlinear, V-19, V-401 
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transconductancP op <H!IP, with 
booster, VI-47 

tunable notch filter wit.h, 11-400 
V- and 1-protP.ctPd, V-25 
variable gain, II-405, V-402 
VCO driver, TV-:1fi2 
video op amp circuits, 11/-615 

optical circuits (.wm nlso lasers; 
lights/light-adivated a1td 
controlled circuits), ll-407-4HJ, 
IV-3GG-3fi9, V-404-40!:1 

50 kHz center frpquency FM 
transmittP.r, 11-417 

ac relay, III-418 
two photon CO\Jj)lers, 11-412 

ac switcher, high-voltage, 111-408 
ambient light-ignoriug optical 

sensor, 111-41:3 
CMOS couplP.r, lll-414 
communication 5ystem, 11-416 
couplers/optocouplers, 11-40!.l, II-

417 
analog c0nplPr, linear ac, 11-412 
analog couplPr, linear, 11-41!3 
CMOS design, 111-414 
de linear couplP.r, lf-411 
instrumentation, linPal', 11-417 
optocouplers, 11-409, 11-417 
stable, Il-409 
TTL design, 111-41 fl 

de latching relay, 111"417 
digital transmission isolator, 11-

414 
direction discriminator. V-408 
high-sensitivity, NO, two-Lennirial 

zero voltage switch, 11-414 
indicator lamp driver, 111-410 
integrated solid state relay, 11-408 
interfacPs, optocotlplen;/ 

optoisolators, V-406-407 
intern1ption sPnsor, IV-366 
isolation and zero voltage s>>itching 

logic, 11-4 lf> 
isolators/optoisolaturs, JV-475 

driver, high-voltage, 111-482 
telephone status monitor usirig. 1-
626 

light-detector, TV !369 
line-current dP.tector, 111-414 
microprocessor triac array driver, 

II-410 
optoconp!Pr, V-407 

interface circuits, V-406-407 
optoisolator 

interfacp circ11its, V-406-407 
relay circuit, IV-475 

paper tapP. rPader, 11-414 
photoP.lPctric light eonlroller, IV-

3G9 
photorPcP.ivPr, optimized noise/ 

responsP, V-405 
phototransistors 

amplifiPr, \'·409 
variahlP.-sP.nsitivity, V-40!.l 

power ontagP light, line-operated. 
III-415 

probe, IV-:109 
proximity detector, V-405 
pyromP.ter, 1"=654 
rpceivPrn, 1-364, 11-418 

50 kH7. F'M optical lrnnsmitter. 
11-418 

light rPceiver, IV-367 
optical or la.ser light, IV-367, IV­

!1f\8 
rPlays, lll-412, 111-417, III-418 

de solid-state, open/dosed. III-412 
safety-circuit switch, V-409 
Schmitt triggE'r, I-:J62 
sensor, ambient li,!Shl ignoring, III-

41.q 
sensor-to-T1'L interface, III-314 
source follower, photodiode, III-419 
telephonP ring detector, lII-611 
transmitter, I-.'36:3, 1-367, IV-368 

light transmitter, JV-068 
triggering 8CR series, 111-411 
TTL couplPr, optical, 111-416 
zero-voltagP switching 

closed half-wave, 111-412 
solid-state, 111-110 
solid-state relay, IJJ-416 

optocouplers (see optical circuits, 
conplPrs) 

optoisolators (see optical circuits, 
isolators) 

OR gate, I-395 
relay drcnit, VJ-:316 

organ, musical, 1-415 
preprogrammed sinp,le ehip 

microcontroller for, 1-600 
stylus, I-420 

osci!lators, 11-420-429, 111-420-432, 
IV-370-377, V-410-421, VI-432-
459 

l kHz, II-427 
1.0 MHz, T-f>71 
2 MHz, IT-571 
5-V, 111-432 
50 kHz, !-727 
400 MHz, I-fi71 
GOO MHz, J-fi70 
800 Hz, I-68 
adjustablP over 10:1 range, II-423 
AF powPr oscillator, V-412 
All-1-modulated oscillalor for 

\\-irPlPss microphones, VI-450 
astablP., 1-462, V-420, \-1-437, VI-

4~8, Vl-442, Vl-443 
audio, 1-245, 111-315, 111-427. IV-374, 

IV-37fi 
audio-frP.quPncy generator, V-416-

417 
audio-test oscillator, V-420 
basic designs, V-414 
beat-frP.quency audio generator, IV-

371 
beat-frP.quency oscillator, VI-452 
buffer circuits, JV~89 
Butlf'.r oscillator, Vl-452 

apPriodic, 1-196 
c:ommon base, 1-1!:11 
crystal, I" 182 
P.mittPr f'ollower, II-190-191, II-
194 

calihration oscillalor, UJT, 100-kHz, 
Vl-157 

cassP.ttP. bias, 11-426 
Clapp oscillator, VI-458 
clock generator, 1-615, III-8.'J 
CM08, 1-615, lll-429, lII-430 

I MHz to 4 MHz, 1-1!.l!.l 
crystal, f-187 

codP practke, 1-15, 1-20, I-22, II-
428, 1Il-4!Jl, IV-373, IV-375, IV-
376, V-100-103, VI-409 

Colpitts cry st.al oscillators, I-194, I­
;172, 11-147, V-411, VI-160, VI-4fi8 
l-to-20 MHz, IV-123 
frequE'1tcy checker, IV-301 
hannoHic. 1-189-HlO 
twu-frequcncy, IV-127 



crystal (see crystal oscillators) 
Darlinj\tun transistor oscillator, VI-

455 
double frcqueHcy outpnt, J-811 
discrete sPqueJtce, 111-421 
duW-cycle 

50-pcrccJtt, lll-426 
555 circuit, Vl.446 
variable, 111-422, Vl-488 

emiller-couµled 
big loop, 11-422 
RC, 11-266 

exponenlial di,!Sitally controlled, 1-
728 

feedback, 1-67 
flasher and oscillator 

high-drive, 11-2:35 
low-frcqucHcy, 11-2:34 

FM high frequency oscillator, Vl-
456 

FM-modulated oscillator, Vl-449 
free-running, l-5~n 

square wave, 1-615 
frequency doubled 011tp11t from, Il-

425, 11-5\:!6 
frequency switd1er, V-418 
guLe dip oscillator, Vl-844, Vl-84G 
gated, 1-728, V-41!3, V-419 

last-cycle contpleting. JJJ-427 
Hall effect circuits, V-222 
Hartley, 1-571, V-140, Vl-4S:1, Vl-

459 
he-based, lU-423 
HCC/HGT-based, 111 426 
high-current, square-wavP 

generator, 111-585 
high-frequency, 111-426 

crystal, 1-175, 11-148 
LC audio oscill<itor, V-411 
LF oscillator, V-41:3 
light-controlled, V-279 
!Oad-s'A-itd1inj\, 100 mA, 1-7:10 
local oscillator, double-halanced 

mixer, V-415 
loop oscillnlor eliminator, VJ-88:-i 
low-distorli011, J-570 
low-duly-cycle pulse drcuit, IV-

439 
low-frequency oscillators, IIl-428 

crystal, 1-184, Ll-146 
oscillalor/Ilasher, 11-2;:;4 
Pierce oscillator, 111-1 !3;:; 
TTL oscillator, 11-595 

low-noise cryst;il, ll-145 
Miller, I-Hl!J 
MOSFET mixer/oscillator for AM 

receivers, V-412 
NE602 local oscillator, V-411 
neon flasher, two-state, lll-2ll0 
one-second, 1 kllz, 11-42:3 
one-shot, voll<rgc-controJled high-

specd, 11-266 
overtone oscillators, 1-176, 1-177, 1-

180, 1-183, 1-186, ll-14f\, lll-14fi 
50 MHz lo 100 MHz, 1-181 
100 MHz, lV-124 
crystal, 1-176. 1-180, 11-146 
crystal switching, I- J 8.'i 
fifth-overtoue, 1-182 
third-overtoHe oscillator, JV-123 

phasc-lockl'd, 1!0-Mllz, TV-:_:;74 
phase-shift oscillator, Vl-48fi 
Pierce oscillator, V-140 

1-MHz, 111-1;34 
crystal, 11-144 
harmonic, 1-1\:l\:l, 11-192 

JFET, 1-1\:!8 
low-frequeJtcy JJI-1!18 

quad tone osdll<itor, Vl-4:14 
quadralure, 1-729, JTl-428, Vl-414 

squarc-wnve generator, lll-G8G 
quartz, 111-1:36 
R/C, 1-612 
reflection, crystal-f'.ontrolled. III-

1!36 
Reinartz oscillntor, Vl-4SO 
relaxation, lV-:376 

SCR, 111-4:30 
remote oscillntor lligh-freq11Pncy 

VFO, Vl-451 
resistm1Cc-conlrolled digital, JJ-

426 
rfoscillators, 1-550-551, l-fl72, V-

528-532, Vl-448-459 
6.5 MHz VFO, V-52\:l 
5 MHz VFO, 11-551 
ham band VFO, V-5:32 
NE602 circuit, V-5:31 
rf-genic, 11-421 
shOrtwaVl' pulsed-markPr, V-fi32 
sidctonc, rf-powered, l-24 
signal generator, V-5!30-S81 
test oscillator, V-412 
transntiller and, 27 MHz and 49 

MHz, 1-680 
RLC, III-42:3 
sa\\iooth wuve, modulator, JII-373 
Schmitt trigger cryst<il, 1-181 
sine-wave (see siue-wave 

oscillators) 
sine-wave/square wave, tunahle, I-

65, III-2:32, lV-512 
single op ump, 1-529 
siren oscillalor, V-567 
square-wave, 1-61:3-614, II-597, 11-

616. IV-5!J2, lV-5:33, V-509, Vl-
445 

0.5 Hz. I-616 
I kHz, 1-612 
astablc multivibr<itor anrl, V-38G 

start-stop oscillator JJL!lse circnit, 
IV-438 

switch, oscillator-triggered, V-fi90, 
VI-606 

switching, 20 ns, 1-729 
temperature-compensated, Til-137 

crystal, I-187 
low-power 5v-driven, 11-142 

temperature-st.able, 11-427 
third overtone, l-Hl6, lV-128 
time base, cryslal, 111-133, IV-128 
timer, 500 t.imer, 1-531 
tone-burst, decoder and, 1-720 
transmitter and, 27 MHz and 49 

:tl.fHz rl, I-680 
triangle-wave oscill<itor, V-20S 
triangle/square wave, 1-616, 11-422 
TTL, I-l 7!J, 1-61!3, lV-127, Vl-487 

1 MHz t.o 10 :'.\Hlz, 1-178 
I l\.IHz to 20 Mllz, lV-127 
crystal, TTL-compatible, J-179 
sine wave/square oscillator, IV-

512 
television displ<iy using, 11-372 

tube type crystal, 1-192 
tunable frequency, 11-425 
tunable single compar,i,tor, I-69 
tuned collector oscillator, Vl-4S4, 

VI-45!J 
UHF oscillalor, tunable, VI-45f\ 
varactor tuned 10 MHz ceramic 

resonator, II-141 

varinLle frequency oscillator, \.1-
4!38, Vl-442, VI-443, V1-'119, VI-
451, Vl-455, Vl-457 

variable oscillators, 11-421 
audio, 20 Hz to 20 kHz, 11-727 
four-decade, single control for, 

11-424 
sine-wave oscillator, snpPr low­

distorlioH, 111-558 
wide nmj\e, 1-730, II-429 

variable-duly cycle, 111-422, V-119 
VHF crystal oscillator 

20-MHz, lll-l!J8 
50-MHz.111-140 
100-MHz, lli- l!J\:l 

VLF LC oscillator, Vl-454 
voltage-controlled (VCO) (see 

voltage-conlrollcd oscillators) 
warble oscillator, Vl-582 
wide-frequency ra.rtge, 11-262 
wide-range, 1-6\:l, 111-425 

variable, 1-7:30, 11-429 
\Vien-bridge oscillators, 1-f\2-08, 1-

66, 1-70, 11-566, !ll-429, lll-fiG8, 
N-371, lV-:377, 1¥-511, V-41:-i, V-
41!.l, VI-4!J\:l, Vl-444 
CMOS chip in, 11-568 
low-dislorlion, t.11errnally stable. 

III-557 
low-volt<rgc, 111-4:32 
sine wave, 1-66, 1-70, TJ~Sfifi, IV-

510, IV-5l!J 
single-supply, 111-558 
thermally stable, 11/-,'557 
threc-decude, lV-510 
variable, 111-424 
very-low-distortion, IV-518 

XOR-gate. 111-42\:l 
yelp, fJ-577 

oscilloscopes, 11-4:30-433, 111-488-139, 
V-422-426, \11-460-464 

analog multiplexer, single- to four-
tracc scope coJtverter, II-4;11 

beam splitlcr.1-474 
calibrator, ll-4:J:J, 111-436 
converter, 1-471 
CRO doubler, 111-4:39 
delayed video trigger, Vl-464 
differential rnnplifier, Vl-408 
eight-dmnncl voltage display, III-

435 
extender. Ill-4!J4 
FET dual-trace switch fnr, 11-112 
four-trace oscilloscove adapter, IV-

267 
monitor, 1-474 
multiplexer, add-on, lll-437 
preamplifier, 111-4!37, V-423 

counter, IIJ-4;38 
instrumentation rnnvlit1ers, fV-
230-231 

sampling rate phase loek, Vl-462 
scope voltage cursor adapter, Vl-

461 
sensitivity umplifier, !Jl-436 
spectrum armlyzer adapter, V-424 
timebase gencr<itor, V-42!1 
trigger selector for tirnebase, V-42S 
triggered sweep, 111-4:38 
variable-gain amp, V-426 
voltage-level dual re<idout, IV-108 

outband descrarubler, 11-164 
out-of-bounds pulse-width rlPtPdor, 

III-158 
outlet tester, V-:318 
output limiter, rn-:322 
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m1tput-gatir1g circuit, 
photomulliplier, II-Gl(i 

011tput-:;t.agc booster, IIl-4:J2 
011tput-to-current convertP.r, VT-155 
ovP.r/under temperature monitor. 

rlual outpul, II-646 
overload indicator, V-478 
overloarl protedor, speaker, II-Hi 
over.speed i.Itdicalor, I-108 
overtone oscillaLors, I-176, I-177, T-

IRO, l-18:3, I-186, II-14G, III-14fi 
50 MH1. to 100 MHz, I-181 
100 MHz, lV-124 
rrystal, 1-170, I-180, II-14G 
r.rystal swildling, I-183 
fifth-overtone, I-182 
third-overtone oscillator, IV-12!1 

overvoltage protection, I-150, I-517, 
TT-96, 11-107, II-496, III-fil8, TTT-
762, IV-:J8!J, V-480 

p 

r.ompar<1tor to detect, II-107 
monitor for, HI-762 
protection circuit, II-96, II-496, ITT-

5J8 
nndPrvoltage arid, indicator, I-150, 

ITT-702 

_pager, pocket-size, 111-288 
PAIAITSC deroder, HGU input, III-717 
palette, video, 111-720 
panning cirr.uit, twu-charmcl, I-57 
paper-sheet discrimiHator, copying 

machines, TTT-:J:J!:J 
paper-tape reader, llc414 
parallel connectioH:o., telephone, 111-

GJl 
party-line intercom, JI-:303 
password protection circuit, PCs, V-

109, VT-13.5 
pattern generator/polar-to­

rectangular converter for radio 
dirertion, V-288 

PCB continuity lester, II-342, II-G85 
peak detedors, 11-174, II-175, II-431-

180, TTT-771, JV-108, IV-148 
analog, with di,!{il.al hold, III- Hi3 
dosed-loop, V-153 
dedhel peak meter, III-348 
digital, 111-160 
high-baudv.idth, III-161 
high ·frequency peak, II-17f'i 
high-speed peak, I-232, VI-175 
LF.D design, peak meter, Tll-:1;3;3 
level detector, I-402 
luw-drifl, Ill-156, V-1G5, VT-18!3 
negative, I-225, I-284, V-1154, Vl-

17!:1. VI-183 
op amp, IV-145 
open-loop, V-1G8 
posilive, I-225, I-2:1G, TT-435, 111-16!.l, 

VI-170, VI-183 
true rrns, I-228 
ultra-low-drift peak, 1-227 
voltage, precision, 1-220 
wide-bandwidth, III- I 62 
'A-ide-range, III- I fi2 

peak program detertor, lll-771 
peak converter, predsio11 ae/dc, II-

127 
peak/hold circuit, Vl-!391 
pPople-deter.tor, infrared-activated. 

IV-22G 
percentage-dPviation ratio computer, 

"1'1-32() 
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period count.er, 100 MHz, frequency 
and, II-186 

period-to-voltage r:011vcrler. IV-lHi 
pest-repeller, 11ltra:;onic, UI-6DD, III-

70G. llI-707, IV-605-600, V-427-
428 

pH meters/proh!e, I ·39B, IIl-501, Vl-
523 

phase detection/mani11ulation circuits 
detectors, I-406, T-476, U-:J44, II-

430. 11-411, TI-442, 111-440-442, 
IV-127 

10-bit ar.r.nrary, 11-170 
digital VOM, lV-277 
lock detect.or, VT 176-1 77 
phase-difference detedor, 0- to 

180-degree, TT-344 
phase se!P.ctor/sync rectifier/ 

balanr.ed modulator, Ul-441 
sequencers, phase &equcncc, I-476, 

II-437-442, TTT-441 
re circuit, pha.~e seque11ec 

reversal detection, 11-4!38 
reversal, re drcuit to detect, II-
438 
three-phase tester, 11-440 

shifters, phase shift.em, [V-647, V-
420-431 
0-180 degree, 1-477 
0-360 degree, I-477 
e ight-output,-V-4:31 
single-transistor design, 1-476 

splitter. III-G82, V-4:30 
long-tail pair, V-4!30 

phase-locked loop, v,;347 
infrared laser light receiver, VI-204 
lock detectDr, \1-176-177 
tracker, three-phase square wave 

generator, 11-598 
phasor gun, 1-600, IV-523 
phonograph-related eircuils (see 

stereo/phonogra1Jh circuits) 
photo-condnrtive detector amplifier, 

four quadrant, J-:35!:1 
photo memory switch for uc power 

control, I-!10:1 
photo stop artion, 1-481 
photodiode/photoeleclric circuits 

ac powflr switch, III-31!.l 
alarm system, I-l:J, U-4 
amplifiers, l-~101, II-324, 111-19, ITT-

672, Vl-301, Vl~302 
battery charger, solar, II-71, V-827 
comparator, precision, I-360 
rontroller, IV-369 
c1irrent-lo-vollage converter, 11-128 
flasher, pholocell-controlled, TT-232 
integralor, photocurrent, TT-!326 
level detedor, precision, I-.165 
light conlroller, IV-309 
lug eonverter/transmitt.er, VJ-:312 
rnonoslable photocell, self-acljust 

lri,>\ger, 11-329 
output-gating circuit, 

photomultiplier. 11-516 
l-'IN. lhennally stabilized signal 

condiLloner 'A-ith. 11-3:10 
PIN-lo-frequency ronvPrter:;, lll-

120 
prcurnplifier for IR photodiode, V-

226 
sensor amplifier, H-.124 
smoke alarm/detP.rt.ors, J-5!:15, I-586 
solur power supply, Vl-:311, VI-312 
:;ource follower, 111-419 
sun tracker, VI-299, VJ-:Jl2 

switches, II-321, II-326, 111-:118, III­
:Jl!:J 

photoelectric.sensor, V-277 
photography-related circuits, 11-44!3-

44!:1, III-443-44!1, IV-378-.182, V-
4:}2-408. Vl-465-4G8 

auto-advar1ec projector, II-444 
camera a.la.nn lrigger, IIl-444 
camera trip circuit, IV-381 
charger for pholoflash capar:itor, 

Vl-466 
rontrast meter, II-447 
dark room enlarger timer, ITT-445 
dal'kroom timer, V-436 
eledrouic flash trigger, II-448, lTI-

449 
flnlarger exposure meter, V-428 
enlarger light meter, V-431-43fl 
enlarger tinter, II-446 
exposure rncter, I-484, V-188 
fla.'*1meter,111-446 
flash slave driver, I-483 
flash slave w1it, V-433 
flash triggers 

elw:tronie, II-448 
remote, 1-484 
smmrl-triggcred, II-449 
time delay, V-403 
XflllOil lfash, IIl-447 

light meter, V1-'.J08, VI-350 
ligl1t meter, enlargers, V-434-435 
photo-evenl limer, IV-379 
photol1ash, electronic, III-419 
picture llxer/ir1verter, III-722 
sh11tter :;IJecd lester, II-44fi 
slave-llash w1il trigger, IV-380, JV. 

382, V-433, V-436 
slide projector auto advanr.e, TV-381 
slide-show timer, III-444. 111-448 
slide stepper for projector, VT-467 
soLmd trlAAer for flash unit, TT-449, 

JV-082 
strobe, V-435, V-436, V-487, VT-468 
time-delay flash trigger, IV-:180, V-

4:3:._i 
photumnllipliers 

high-vollage power supply, V-444, 
V-445 

photulransistor, V.,279 
a.ruplifier, V-409 
vuriable-sensitivity, Vc409 
tirner, 1-485 
xenon flash trigger, slave, 111-447 

picocuruneters, I-202, JI-154, 111-'J:..\8 
circuit for, II-1G7 
guarded input drcuit, 11-156 

picture fixer/inverter, HI-722 
Pierce oscillators, V-140 

1-MHz, III-124 
crystal,l-19fi, 11-144 
harmonic, I-199, 11-1!:12 
JFET, I-198 
low-frequP.nry, 111-13!3 

piezoeler.tric rircuit:;, V-439-441, \.1-
469-170 

alarm, I-12, V-10 
buffer r:irruit, Vl-470 
drivers, V-440, VI-470 

G5G osdllator, V-441 
CMOS, V-440 
mirropositioner, V-440 

temperature cunlrollcr, fan-based, 
Jll-627 

PIN diodes 
filtflr selection circuit, Vl-213 
test circuit, Vl-353 



f'TN photodiode-to-frequenc:v 
ronverters, III-120 

pink noise generator, I-468 
pipe r!et.ertor, metal pipes, V-32~ 
plant-watering accessories, I-44!3, 11-

245, II-248 
i1layback amplifier, tape, I-77 
PLL/BC receiver, II-526 
pocket pager, III-288 
polar-to-rectangular convcrLer/ 

pattern generator, radio 
direr.tion finder, V-288 

polarity r.onverter, 1-166 
polarity gain adjustment, op runp 

circuit, V-400 
polarity indicator, V-231 
polarity-protection relay, IV-427 
polarity protector, VI-526 
polarity-reversing amplifiers, low-

power, III-Hi 
poller, analog-to-digital convcrlcrs, 

V-28 
polynomial generator, V-287 
position indicator/controller, tape 

recorder, II-615 
positive inputlnegative output charge 

pump, 111-:iGO 
positive regulator, NPN/PNP boost. 

llT-475 
JJutentiomet.ern, digital control, V-158 
power amplifiers, II-4G0-450, III-450-

456 
2- tu 6-watt audio amplifier v..ith 

preamp, II-4Gl 
10 w, 1-76 
12 W luw-distmtkm, I-76 
25 W, 11-452 
!JO W, safe area protection. II-459 
AM railiu, 1-77 
audio, 11-451, l/l-4fl4, TV-28-33 

20-W, 111-456 
50-W, 111-451 
6-W, wiLh pre<HllJl, III-451 
boosler, 11-455 

bridge audio, 1-81 
bull horn, 11-45:3 
class-D, 111-453 
GaAsFET with single snpply, II-10 
hybrid. 111-455 
inverting, 1-79 
low-distortion, 12 W, l-70 
low-power audio, 11-454 
noninverlir~, 1-7\:l 
op amp/audio amp, high-slew rate, 

I-82 
output-stage boosLer, 111-452 
portable, III-452 
rear speaker ambience 1uuplil'ier, TT 

458 
rf power amplifier 
1296~MHz solid st.all', lll-54~ 
G\V, 11-542 
600 V.l, I-559 

switching, I-33 
two-meter 10 \V, I-562 
walkman-amplifier, ll-456 

power line circuits, Vl-471-475 
ar. power controller, Vl-472-473 
ar. power line monitor, Vl-4 7;J 
low voltage power controller, Vl-475 
modem for computer control, Vl-474 

power meter, VI-333 
pmver supplies (see also volLage 

indicators/meters), 11-460-486, 
III-164, V-448-472, Vl-476-498, 
VI-506-519 

0- to :10-V supply, V1-518 
0- to 5-V snpply, VI-516 

1- l .fl-V supply for ZN416E circuils, 
V-469 

!l,'i-V from 5-V logic supplies, Vl-
492 

+f> V supply, V-471. \.1-481, Vl-4\:ll, 
\1-195 

5-A r.onstant-voltage supply, Vl-498 
± G to± 3G V tracking, V-46\:l 
0- to 12-V, V-1 A variable, V-460 
9-V supply, VI-485, VI-4!.l5 
JO-MHz frequency standard, Vl-!J!J5 
12-V supply. VI-402, VI-4!.l3 
lZ~Vdc regulated supply, Vl-497 
1::1.8-Vdc, V-2 A regulated, V-459 
± L'i-V snpply, Vl-513 
20-V adjustable, V-461 
.5V power supply with momcnt.ury 

backup, 11-164 
5V, O.GA power supply I-401 
8- from fi-V regulator, V-460 
2,000 V low-current supply, IV-636-

637 
AA r:ells, +5 V/+3.6 V, V-452 
ac outlet tester. V-318 
ac power controller, Vl-472-47!3 
ac power line monitor, VI-473 
ac wiring-locator, V-317 
ac-watt.s caknlator, V-304 
<idjustahle rurrent limit and output 

vultage, T-505 
adjustable 20-V, V-161 
adjustable snpply, Vl-517 
il.Ill<it.eur radio amplifier, l.2-k\\T 

144-MHz, VI-18 
ruuplliiers, audio, 

dual puwer supply, V-1fi:J 
subwoufer power supply, V-464 

antique radio de filament supply. V-
470 

arc Jmup, ~5W. ll-47fi 
arc-jcl, sLu1ting-circ1nt. JII-179 
autornolive-acces.~ory power 

conlrollcr, V-70 
aulornolive ;i.udio system supply, 

Vl-10:3, Vl-48!3 
aulomolivc power supply, VI-fil3 
balance indicator_ llI-494 
battery (see battery .. relaterl 

circuils) 
battery charger rutd,J 4 V, 4A, JI-78 
battery power pack. 1-.509 
bench top, II-472 
benchtop, duul output, 1-505 
bias regulator, Vl-51\:l 
hi polar 

battery instruments, 11-475 
tracking doublc-ouLput., V-449 

booster, I-28, I-33, V-049 
buck regulator. add 12-V oulJJUt to 

G-V, V-472 
CCF-1 supply with variable contrast. 

VI-GlO 
charge pool, 111-469 
r.onfigurable, V-455 
connections-monilor, a<.: lines, Ill 

510 
ronsumption limiters, 111--572 
r.onsumpti-on monitor, V-2\:lO 
controllers, IV-383-38(), V-111-115 

ac switches, IV-387, V-112, V-l 1.5 
ac voltage control, V-114 
a.11tomotive-accessory power, V-
70 

hang-hang r.ontrollers, IV-!38\:l 

burst-type control, III-362 
current-loop control, SCR 

design. IV-387 
dual-r.ontrol ac switch, V-115 
high-sirle switches, 5 V supplies, 

fV-38,1. IV-385 
monitor, SCR design, IV-385 
MOSFET switch, IV-386 
overvoltage protection, 1-150, 

I-fil 7, ll-96, II-107, 11-496, 111-
513, llI-762, IV-38!) 

power r.ontroller, universal 
r!esign, IV-388 

power-down circuit, V-114 
pushbutton S'Witch, IV-388 
three-phase, power factor 

control, Il-388 
converter 

22fi-W lG-Voutput, VI-148-14() 
inductorless, V-456 

CLJtTent limiter, V-146. V-358, V-458 
current regulator, 100-mA, VI-478, 

VT-489 
current. sourr.es, 1-205. I-6[}7, V-

141-141, \1-lG!-163 
0-tn-200-nA, IV-327 
bilateral, 111-169, I-694-6!J5, V-140 
bipolar sonrr.es, I-695, 1-6!.17 
constant, T-fi97, l!I-4 72 
fixed power supplies, IV-405, IV-

406 
low-current source, IV-309 
low-resistanre, V-112 
negative, V-148 
offset-adjusting, V- l 4G 
positive, V-142 
predsiun, l-20fl. I-20fi 
regulator, variahlP power supplv, 

111-490 
variable power s11ppliPs, voltage­
progrrumu<ible, IV-420 

vollagc-c01ttrolled, grrnrnr!f.d 
sourcclload, Ill 4fi8 

de-to-de SMPS variable 18V to 30 V 
oul at 0.2A. 11-480 

de power circuit., N~--:fi02-ha.~f.d, V-
358 

de power source, VI-Fi 11 
de supply, Vl-480, VJ 481. VI-19G 
delay cirCuiL, V-148 • 
differential volla)<(c-tu-current 

converter_ Vl-15:J 
disco1U1eclor, low-volt<ige, II-97 
dual polarity, I-4!.l7 
dual power supply, il.Inplifiers, V-

465 
ELF monitor, \'1-306 
Pxperimenter's powt'r source. VJ 

G07, Vl-511 
failure/out.age alarms/moniLurs, l-

581-582, 11-107, II-486, 11-175, lJ 
191-497, 111-4():3-495, 111-51 I, 
TV-422-427 
backup supply, drop-in maiu­
actlvated, IV-424 

balance monitor. 111-4\:!4 
booster/buffer boosLs reference 

current, IV-425 
circuit breaker, trip circuit, 1\1-423 
co1U1ections monitor, ac lines 

Ill-510 
fault monitor, singlr-supply, 111-

19G 
mPmory protector/supply 
monitor, IV-425 

polarity-protection relay, lV-427 
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power supplies continued 
SCH design, IV-385 
test load, eonstant-curre.nt., TV-
424 

triac for ac-voltage controi, IV-420 
t.tibe amplifier, high-voltage 
isolation, IV-426 

volta,i.(e sensor, IV-423 
fixed puv,cer supplies (see fixed 

power supplies) 
tlash mernory programming supply, 

+12 volt, VI-138 
flylJack power supplv for radon 

detector, Vl-531 
l"oldback current limiter, VI-477 
frequency, power/frequency nwter. 

ll-250 
fuses, V-477, V-478 
gain, power-gain test cirr.uit., fiO 

MHz, I-489 
general-purpose, II1-40:J 
glitch detector, II-107, VT-178 
grid leak detector, VI-1 79 
lli,l\h-voltage (see !ugh-voltage 

power supplies) 
IC regulator protector, Vl-48:1 
increasing zener diode power 

rating, II-485 
inductorless converter, V-4flfi 
inverters, III-298, V-1fi7 

12 VDC-to-117 VAC at. fiO Hz, lll-
2!J4 

medium. III-290 
MOSFET. II1-29G 

isolated feedback, 111-460 
isolation transformer, V-:349, V-470 
laplOp-computer supply, V-46!J 
laser power supplies, TV-6:36, V-251. 

V-252, V-2fi:1, V-254, Vl-2~1, VI-
295 

level sensor, voltage level, 111-770 
logic regulator, fi-V, with ekcLronic 

shutdown, \-1-496 
loss detector, 11-17.J 
low-ripple, I-fiOO 
low-voltage power r.ontroller, Vl-

475 
LTC, single supply, V454 
meters, power meteri;, 1-48~ 

audio, I-188 
frequenr.y and, 11·250 
rf. 1-10 
SWR, 1-16 

memory save on power-down, II-
480, IV-42fi 

micropower handgap refl'rC'nce, II-
470 

miuopror.essor power supply 
'h'a.tr.hdog, Tl-4!:14 

modem, power-liue, 111-82 
monitors, 11-491-4!:17, llI-493-495, 

IV-422-427 
bar.kup supply, drop-in main­

adivatwl, IV-424 
balanr.e monitor, 111-494 
booster/trnffer, bousLs reference 

r.nrrent, TV-425 
cirr.uit. ])feaker, trip circuit, IV-423 
r.onner.tions moniLor, ac lines, 

llI-fllO 
fault. monitor, single-supply, III-

4!1fl 
memory proLeclor/supply 
monitor. lV-425 

polarity-i_iroLeclion rela_v, 1V~427 
SCR desiRn, IV-385 
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Lest load, constant-r.urrent, TV-424 
Lriac for ac-voltage control, IV-420 
Lube amplifier, high-voltage 
isolation, IV-42G 

volt.age monitors (SAA voltage 
indicators/meters) 

multiple output, V1-G06-!il:'l 
multivollagc supplv, V-1G8 
NE602 power supply options. Vl-

484 
negative supply, V-4G7 
neon lamp driver, V-fi- t.o lfi-V 

supplies, V-459 
Boise detector for ac cirr.uit.s, Vl-

184 
notebook computer triple-output 

supply, Vl-512 
outage light. line-operat.erl, lli-415 
overload indicator, V-478 
oven'oltage-protect.ion, I~ 150, I-51 7, 

II-06, II-107, ll-19tl, ITT-51:3, lli-
762, IV-389, V-480 

polarity protector, VI-520 
power saver for r.omp11ter moniLors, 

\'1-139 
power-down circuit. V-114 
programmable, llI-407 
protection circuits, J-fll!':>, T-518, 11-

98, II-107, II-174, 11-486, ll-4~6, 
11-407, III-Gll, IV-42.J, IV-427 

push-pull, 400V/fi0\\', 11-47:3 
quad power supply, \TI.508 
rectifiers, V-164, V-406, Vl-490 
reference, I-694, VT-496 
regulated power supplles 

8-amp, for mobile equipmenl 
operation, 11-461 

IO A, r.urrent and therm.al 
proter.tion, 11-474 

12-14 V, :'JA, 11-480 
13.8-Vdc, V-2 A, V-459 
+lGV 1-A, 111-46~ 
-IGV 1-A, IIT-46~l 
split, 1-492 

regulator loss cutter, V-467 
regulators (see voltage regulators) 
reset circuit. 11-366 
short-r.ircuit protection circuit, VI-

G2fl 
short-tester, V-~il;J, V-:.H5 
solar powPr SUJJp!y, VJ.311, VI-312 
solenoid driver, VI-202 
split, I-fi12 
stand-by, non-volatile CMOS RAMs, 

11-477 
subwoofer am1Jlilicr power supply, 

V-464 
sun tracker JJowcr supplv, VI-312 
supply-voltage monitor, V-320 
switching power supplies, II-400, 11-

470, 111-458, V-453, V-4GL V-402, 
V-408 Vl-479 
;io.w ~ff-line, Ill-473 
GOO kHz swiLchir1g inverter for 

12V, 11-474 
r.omplemeHtary ac switch, I-379 
control circuits, VI-404 
power-switching circuit, II-400 
regulator, Vl-484 
SCH, for color TV receiver, Vl-487 
variable, 100-kHz multiple-out.p11t, 
Tll-488 

synchronous stepdown switr.hing 
regulator, V-468 

telecom converter -48 to +fi Vat 1 
A, V-472 

teleprinter loop supply, Vi-497 
three-rail, IIl-406 
tracking power supply, Vl-485 
Lransceiver supply for lab source, 

Vl-517 
transformer tester, VJ-:154 
undervoltage deter.tor/monitor, 111-

762, IV-138 
rn1interruptible, II-162, 111-477, V-

471 
ur1iversal laboratory supply, V-450-

451 
vacuum-tube amplifiPr supply, Vl-

87 
variable power supplies, m-487-

402, IV-414-121, \-1-514-519 
VFO supply, VI-fil 1 

0- to 12-V, V-1 A, V-460 
current r,onrr:e, vo\tage­

programmahle, IV-420 
de supplies, JV-418 
dual universal supply, 0-to-50 V, 

5A,IV-410-417 
switch-seler.ted fixed-voltage 

supply, IV-419 
switching reg1ilator, low-power, 

III-490 
switching, 100-kHz multiple-

output, Ill-488 
tracking preregulator, 111-492 
transformerless supply, IV-420 
lllliversal :1-.'iOV, 111-489 
voltage regulators for vuriable 

supplies, llI-490, lli-492, lV-421 
vocal stripper power suppiy, VI-373 
voltage doubler, Y-400 
voltage probes, V-474 
voltage/current regulator, V-455 
voltage regulators (see voltage 

reg11lators) 
voltagP sensor, power supplies, IV-

42.'1 
volrage-level, 111-770 
voltage sources 

millivolt, ze11erless,.I-6D6 
programn1able, 1-694 
voltage spllttcr, 111-738 

preamplifiers, 1-41, V-26 
AGG audio prearnp, \1-2 
am:1.teur TV, mast-mounted, VI-37 
antenna·preamp 

HF bruadbar1d, V-36 
loop antenna, V-38 
VI .F 60-kllz, V -33 
wideband, V-35 
6 meter, 20 dB gain and low-NF, 

ll-54:J 
IOUOx,low-noise design, fV-.'~7 

audio preamplifiers, II-45 
2- tu 6-watt, 11-451 
6-W and, III-454 

audio-to-UHF preamp, V-24 
balanced microphone preamp, \l-

77 
bias supply, IV~318 
dual audio signal amplifiers, V-fiR 
electret microphone preamp, V-21 
elJualized, for magnetic phono 

curtri~es, Ul-671 
FET phori.o cartridge, VI-79 
frequency counter/divider, Ill-128, 

V-24 
GA.asFET, rf amphli.ers, V-filfi 
general purpose, I-84, TV-42 
handitalkies, two-meter, 1-19 
HF, rf amplifiers, V-filfl 



IF, 30 MHz, IV-460 
IR photodiode prcmnp, V-226 
impedance-matching, IV-:J7 
mstrumentation arnpliller, JV-2:30-

231 
JFET, V-22 
light-beam activated alarm circuit, 

V-13 
LM382 phono, l-!:11 
low-noise, I-88, 1-561, lV-41 
magnetic, 1-89, I-!:11, 111-37, TTT-673, 

IV-35, IV-36 
medical instrurncnl, 11-:349 
microphone prcan1plifiers, 11-45, TV-

37, IV-42, Vl-56 
dynamic microphones, VJ-76, Vl-

79 
low-impedance, IV-41 
tone control for, II-687 
transformerless, unbalanced 

input, 1-88 
transformerless, unbalanced 

input, 1-88 
microwave preamplificrs, IV-316-

319 
mixers, 1-58 
NAB preamplifiers 

tape playback, professional, Ill :J8 
record, III-673 
two-pole, III-673 

oscilloscope preamplifiers, lll-4:37, 
III-438, IV-230-231, V-423 

oscilloscope/counter, 111-438 
power amplifier v.ith prean1p, 11-

451, III-454 
rearl-head, automotive circuits, 111-

44 
receiver interface, V-243 
receiver preamp, Vl-553 
rf amplifiers, V-526, V-527 
HIAA, IH-28, VI-80 
RIAA/NAR compensation, I-92 
saw-filter impedance-matching 

preamp, VI-222 
stereo/phonograph preamps, 1-!H, 

11-48, II-45, V-584 
\ow-noise, IV-36 
magnetic, I-91, III-37, III-673, IV-

35, TV-3fl 
tone control, V-581 

tape, 1-90 
U1ermocouple instn1mentation 

amplifier, TTI-283 
lone control preamplifiers, I-675 

hi,ish-level, TI-fl88 
IC, 1-673, 111-657 
mixer, 1-58 

trar1sislor RIAA for magnetic phone 
carlridges, VT-7fl 

trru1smil/receive sequencer, V-348 
UHF-TV, 111-546 
ultra-low-leakage, J-!38, II-7 
VHF, 1-560 
VHF/Ulll•', rf an1plifiers, V-515 
video, V-660 

prercgulators 
high-voltage power supplies, III-480 
tracking, 111-492 

prescalers 
data circuits, low-frequency, TV-132 
probe, amplifyin,IS, &"iO MHz, II-002 

preseleclors, rf <unplifiers, IV-48:1, fV-
485, IV-488 

pressure gaW(c, V-014 
printer-error alar1n, computer 

circuits, IV-106 

printers 
port, VI-134-135 
printer-error alarrn, IV-106 
printer sentry, compuler circuits, 

V-107-108 
two-sheets in printer detect.or, TV-

136 
probes (_see also measurernentltest 

circuits), JI-498-504, 111-496-503, 
IV-428-434, V-470-474, VT-520-
524 

100 K megaolun de, 1-524 
ac hot ;vire, I-581 
audible TTL, 1-524 
audio-rf signal tracer, 1-527 
capacitance buffer 

low-input, III-498 
stabilized low-inpul, 111-502 

clamp-on-current compensator, lI-
f>Ol 

CMOS logic, 1-523 
current probe amplifier, Vl0fi21 
FET, 111-GOl 
frequency probe, 8-digil, lOO-MH<1, 

VI-524 
g«neral purpose rf detector, 11-500 
ground-noise, battery-powered, 111-

500 
logic probes, I-520, I-525, 1-526, IV-

430-431, IV-434, VI-522, VI-52:.l 
CMOS, 1-523, I-526, 111-499 
rligital, IfI-497 
four-way operation, IV-432 
m«mory-tester, installed, 1-525 
single-IC destgn, IV-433 
thre«-in-one test set: probe, 

signal tracer, injector, rv-429 
microvolt, II-499 
optical light probe, IV-369 
pH, 1-399, III-GOl, Vl-523 
presc.aler, f\50 MHz amplifying, 11-

502 
rr, 1-52::;, IIT-498, 111-502, IV-433, VI-

522 
siJtg!e inj«ctor-tracer, II-500 
test, 4-220V, III-499 
three-in-onp t«st set: logic probe, 

signal tracer, injector, rv-428 
toue, digital re testing, 11-504 
w1iversal test probe, IV-431 

process control intertace, I-30, V-242, 
Vl-:355 

processor, Cv.,r signal, I-18 
product detector, I-222 
prograuunable amplifiers, II-334, III-

504-508 
diffcrential-inpt1t, programmable 

gain, 111-507 
invcrlin,I(, programmable-gain, III-

505 
noninvcrlin,I(, programmable-gain, 

III-505 
precision, digital 

control/programmrng, 111-506 
progranuuable-gain, selectable 

input, 1-:32 
variable-gain, wide-range digital 

control, 111-506 
projectors (<;ee photography-r«lated 

circuits) 
protection circuits, 11-95-99, III-fi09-

513, V-475-480, Vl-525-52fl 
12 ns circuil breaker, 11-97 
automatic power down, 11-98 
circuit breakcrn 

ac, 111-512 

electronic, high-speed, 11-!:16 
compressor protector, IV-051 
crowbars, electronic, 11-9!:1, 111-510 
ear protector, V-482 
fuse, electronic, V-477 
halogen lamp prolcclor, V-271 
heater protector, servo-sensed. Ill 

624 
IC regulator protector, VJ-483 
line protectors, compuler 1/0, 3 µP, 

rv-101 
line dropout detector, 11-!:18 
line-voltage monitor, 111-511 
loudspeaker protector, V-480 
low-voltage power discormector, IJ. 

97 
modem protector, V-47!:1 
modem/fax protector for two 

computers, V-482 
optical saJet.v-circuit switch, V-409 
overload indicator, V-478 
overvoltage protection, I-150, 1-517, 

II-9fi, fl-107, II-496, 111-510, 111-
7fi2. IV-389, V-480 

pas8word protection for PCs, V-109 
polarity protector, VI-526 
polarity-protection relay for powe1 

supplies, IV-427 
power-do-wn, II-98 
power-failure alarm. III-511 
power-line connections monitor, ac, 

TII-510 
power supply, II-497, 1-518 
relay fnse, V-478 
reset-protection for computers, IV-

100 
reverse polarity protection for 

battery pack, VI-30 
safety circuit, V-477, V-481, V-483, 

V-589 
short-circuit protection circuit, VI-

526 
sho1t-tester, V-313, V-315 
shutdown circuits, V-537-538 
speaker protector, V-47Q, V-479 

proximity sensors (.~ee 
motion/proximity detectors) 

pscudorandom sequencer, III-301, V­
;351 

pulse circuits, TV-48fi-440 
mnplitude discriminator, 111-356 
coincidence detpr:tor, 11-178 
converters 

hci.l.(hl-to-width, 111-119 
pulse trai1t-to-sin11soid converters, 
111-122 

counter, rin/S counter, low-power, 
IV-407 

delay, dual-edge trigger, III-117 
detectors 

fast pulse, V-154 
missinJ.( pulse, V-152 
out-of-bowtds pulsP wirlth, 111-158 
sequence detector, II-172 

divider, non-integer programmable, 
II-511, 111-226 

extractor, square-wave, HI-fl&! 
generators, pulse generators, II-

508-511, V-487-492, V1-fl99 
2-olun, III-201 
300-V, III~521 
555-circuit, IV-40!:l 
add-on, V-488 
astable multivibralor, 11-510 
basic, V-488 
clock, 60 Hz, II-102 
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pulse circuits co11tinned 
CMOS short-pulse, JJJ-fi23 
delayed-pulse, II-G09, TV-440, V-

492 
divider, programmable, 11-.'11 l, 

III-226 
EEPROM, 5V-powered, llT-99 
free running, IV-438 
iI1lerrupti~ pulse-generation, 

;357 
logic, III-520, V-489 
logic troubleshooting 

applications, I\..'-480 
one-shot, V-490-491 
programmable, I-529 
sawtooth-wave generator and, 

lII-241, V-491 
single, II-175 
lrnin, pulse train, IV-202 
transistorized, IV-4:17 
two-phase pulse, l-fi:'l2 
unijunction transistor desigrt, 1-530 
variable duty r.yde, V-492 
very low-duty-cyr.le, JII-521 
voltage-controller and, 111-524 
wide.:-ranging, III-fi22 · 

missing-pulse detector, V 152 
modulators 

pulse-position, llI-:'l7fi 
pulse-v.idth (PWM), Tll-:376, lV-

326, VI-400-101, VT-402 
brightness cont.roller, IH-307 
control, microprrwessor 

selected, H-llfl 
motor speed rontrol, 11-376, III-
389 

multiplier rircuit, 11-264, 111-214 
out-of-bounds detector, III-158 
proport.ional-controllcr circuit, 

11-21 
servo amplifler, 111-37(.l 
signal genen1tor, Vl-6D8 
~peed control/energy­
rec0vf'ring br<ike, III-380 

veiy short, measurement 
drc11it, JJl-:J;J6 

osdllatorn 
fast, low-duty-cyde, IV-43!:l 
stan-st.op, st;ible design, IV-438 

pnl.se-position umdulalor, III-375 
st.retcherli, lV-440 

negative pulse stretcher, IV-430 
posit.iv!" pulse slrclcher, IV-438 

supply cirn1it, high-voltage_ power 
supplies, lV-412 

'hidth, uut-of-bounds pulse width 
detector, lll-158 

p11lse-diali1ig telephone, III-010 
p11lse-width-lo-voltage converters, 

1!!-117 
pulse-width modulators (P\:V'M), ITT 

:370, 1V-!J26 
br~lttness controller, III-307 
co11trul, microprocessor selerted, fl 

lH:i 
rnotur speed control, II-37G, IIJ-.180 
rnultiJJlier circuit, II-264. III-214 
out-0J-bow1ds detector, III-lfiR 
pro1Jortional-controller circuit, 11·21 
servo amplifier, III-379 
speed conlrol/energy-rer.overing 

brake, llI-380 
very short, measurement circuit, 

111-006 
1.1ulse/tonc dialer, single-chip, 111-60;3 
pulsers, laser diode, III-;111 
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pump circuits 
controller, single chip, U-247 
positive input/negative output 

charge, I-118 
push S\\itch. on/off, electronic, 11-05() 
push-pull amplifier, Dal'iiri.gton, V-22 
push-pull power supply, 400V /60\!/, 

II-473 
pushbutton power control switch, IV-

388 
PUT circuits 

battery chargers, IIT-f>4 
long-duration timer, 11-675 

pyroineter, I-6fi1, \1-040 

Q 
Q-multipliers 

audio, II-20 
lransistorized, I-5GO 

QHP circuits 
18-, V-21-, V-24-MHz, V-044-645. 
C'0/ transmitter, III-080 
sidclone generator/code practice 

oscillators, V-102 
S\VH bridge, III-33G 
tr<111smitters, V-10-M D8R "With 

VF'O, V-638-639 
4uad op amp, simultaneous waveform 

generator using, II-2fi0 
4uadrature oscillators, llT-428, Vl-444 

s4uare-wave generator, TTT-585 
quiz master game. V-210 

R 
r'<ll'e-car motor/crash sonnd 

generator, III-578 
ruliar detectors, Il-518-G20, IV-441-

442, VI-527-529 
one-chip, II-519 
radar guns, VI-G28. VI-fi29 

radialion detectors, IT-fil2 517, Vl-
530-533 

alarm II-4 
Gcige~ counter, VI-:l!i l 
ion detector, VI-G3.1 
micropower. II-G1:1 
monitor, wideband, I-R::l5 
photomultiplier 011t.p11t :gati1W 

circuit, II-GIG 
pocket-sized Geiger counter, 11-514 
radon deter.tor, Vl-;'i'.31, Vl-5:J2-53~~ 

radio/rf circuits 
aircraft receiver, Vl-118- lo 1:J6-

MHz, Vl-fi42 
.iVvr and short.wave, ;ie/dc vacuum­

tuhe design, VJ-5!J6-5:J7 
AM radio 

broadcast. trap, S\.V rel'eivcrs, VI-
214 

r.ar-radio to shorl-wavc radio 
convert.er, IV-500 

dtnnodnlator, 11-160 
detector, 455-Jdlz, Vl-184 
pow~r amplifier, J-77 
rer.eivern, TT-525, 111-81, 111-52!:1, 

III-fi8fi, J\i.45.5, V-4Ll6, V-407, 
V-fi02, Vl-5:35, Vl-547, VI-550, 
V1-f>fi2 

AM/FM radiu 
clock radio, 1-540 
sqnelch circuit, 11-547, III-I 

amat.enr radio, 111-260, UI-534. III-
07!1 

t.ransceiver relay interface, V-248 
VF'O, V-5:J2 

voice ident.ifler, V-550 
amplifiers (see rf antplificrs) 
antique radio de iilumenl power 

supply, V-470 
antenna, remote tuned active HF, 

VI-62 
attenuator, TV-822 
automotive receiver, JJ-525 
beat-frequency oscillator, Vl-452 
bridge, 50-MHz bridge circuit, V-303 
broadband, IT-fi46, 111-264, IV-271 
broadband antenna, miILiaturc (3 to 

30 MHz), \1-63 
burst generators, portable, III-73 
calibrator, V-298 
carrier-current. circuits, lll-78-82, 

IV-91-9:1 
MvI receiver, 111-81 
audio transmitter, 111-7() 
dat.a receiver, JV-90 
data transmitter, JV-92 
FM receiver, 111-80 
intercom, 1-146 
power-line modem, Ill-82 
receivers, 1141, 1-143, I-145, I-146 
relay, J-fi75, JV-461 
remote control, 1-146 
transmitters, 1-144 

IC, I-14.':i 
on/off 200 kllz line, I-142 

dork, f-))42 
converters, I V-494-501 

ATV receiver/converter, 420 
MHz, low-noise, IV-4!:l6, IV-497 

HF receiver, Vl-147 
radio beacon converter, IV-495 
receiver frequency-converter 
sta~e, 1V-4UU 

SW converter for AM car radio, 
IV-500 

two-meter, IV-4!:l8 
up-converter, TYRO subcanier 
reception, IV-501 

VLF converter, IV-497, V-121 
WWV converter, VI-147 
WWV for car radio, V-119 
WWV-to-SW converter, TV-499 
receiving converter, 220 MHz, 

lV-500 
crystal radio detector, Vl-182 
crystal radio receiver, VI-fi49, VI-

557 
current readout, I-22 
C\V-rclated circuits 

filler, II-219, VI-10G 
identifier, VI-108 
keying cirruits, TV-244 
offset indirat.or, IV-21 :3 
SSB/C\V product detector, JV-l:W 
SSB/CW receiver, V-499 
transceiver, fi V/, 80-!lleler, lV-602 
transmitters, ITT-fl78, Jll-684, Ill-
680, ill-080, JV-fiOl, Vl-664 

detector, 11-500, TV-43!3 
direction finder, radin signals, lV-

148-149 
polar-to-rertanglf! conve1ter/ 
patten1 generator, V-288 

double-sideband suppressed-carrier 
modulator, JJJ-!377 
rf, II-3GO 

F~1 radio, I-G4f1 
5 V, I-2.13 
12 v, J-2:1:'! 
automobile radio diversity 

antenna, VT-64-65 



bug, Vl-662 
dock radio Mt/FM J.,54;3 
dcmodulat~rs, 1-544, 11-159, TJ-H\1 
high frequency oscillator, VI-4!}6 
IF amplifier with quarlratnre 

dl'Lcclor, TV sounrl IF, I-690 
gencr;iturs, low-frequency, III-228 
receivers, l-!3:38, J-,'161, III-80, III-

5:Jo, 111-532, V-49G 
sca.rmer noise squekh,-VI-G79 
Sl\OO]Jer. Hl-680 
speakers, remote, r.arrier-r.urrenr 
system, 1-140 

squelch circLtit ror AM, J-fi47 
slereo demodulation systf!m, I-

544, 11-159 
slereo transmitter, Vl-662 

FM/AM receiver. V1-541 
lransmitters, 1-361, 1-367, J-(i81, 

11-417, lll-687-688, IV-228 
tuner, 1-2!31, lll-fl29 
wireless microphone, JIJ-fi82, III-

685, lll-691 
genie, /1"421 

input circuits, NE602, V-GOO 
IF 11Jter r·or sliortwave rer.eiver, VI-

212 
line sampler, Vl-80 
linearized RF rleter.tor, Vf-177 
me<isurernentltest drr.uits, IV-297-

00:3 V-412 
modulators, 1-436, TJ-:ifi9, III-872, 

111-.'.!74 
Morse code ci1'Ct1its, VI-404-109 
oscillators, l 5FiO-fiGl, I-fl72, V-528-

,5:J2, Vl-448-459 
5 Milz VFO, JI-551 
6.5 Milz VFO, V-529 
!tarn baruJ. VJ<'O, V-529 
NJ'.;602 circuit,-V-5'.il 
Lrartsmitter and, 27 MHz and 49 

MHz, 1-680 
rf-genie, ll-421 
shorlwave pulsed-marker, V-fi::l2 
sidctone, rl~powered, 1-24 
s~nal generator, V-530-f:i::ll 

outpul indlcator, iV-299 
NB FM audio arnµWler, \Tl-74 
power rnclcrs, l-16, 1-24, 111-332, IIl-

592 
portable-radio 0 V fixed power 

supplies, IV-397 
probe, I-523, III-498, 111-502, Vl-522 
radio beacon converlcr, JV-4\:15 
radio-commercial zapper, V-004-

335 
RC receiver relay interface, VI-551 
receivers, VI-551 
A~I radio, II-525, Ill-81, IIl-529, 

III-f"i3S, fV-455, V-486, V-487, 
V-502 

automotive receiver, II-525 
r.arrier-r.urrent, I-141, I-143, I-

11f:i, I-14G 
C\V/SSB receiver, V-80- and 40-

meter, V-499 
data rer.eiver, IV'-93 
FT\1 radio, I-338, I-3Gl, III-80, IIl­

fi29, III-fl30, IIl-582, V-495 
okl-timP rlPsign, IV-453 
rn.dio-control receiver/decoder, I­

Fi74 
retlex rarlio receiver, IV-452 
regenerative rec~iver, Vl-:)51, VI­

.S.54, Vl-55fl 
sltoit-wave receiver, TV-4S1 

signal-strength indicaLor, Vl-260 
superheterod)11c. V-503 
TRF radio receiver, IV-452 
VLF whistler, V-496 

RF power meter, Vl-348 
scanner silencer cin:uiL, Vl-579 
scanners, VI-578-580 
series/shunl PIN-diode UF switch, 

Vl-610 
shortwave lrar1smissions 

converlcrs, 111-114, IV-500 
FET booster, 1-561 
interference lrap, Vl-214 
receiver, IV-454, Vl-540, Vl-54::l, 

Vl-544-545, VI0 546, Vl-556 
single-sideband (SSU) 

conuuunications 
C\V/SSB product detector, lV-189 
driver, low-disLorlion 1.6 tu 30 

MHz, II-5:38 
generators, IV-023 
transmitlcr, crystal-c011trolled 

LO for, II-142 
signal tracer probe, auUio, 1·527 
sniffer, Il-210 
static dcleclor, lV-270 
superhclcrodyne receivers, V-SO;i, 

Vl-550 
S\\-ilch, low-cosl, 111-:361 
tuned eollccLor oscillator, for AM 

broadcast bar1d, Vl-454 
two-band radio receiver, Vl-548 
L1IF scanner aclive ar1le1ma, Vl-07 
vacuum tube wnplilier, Vl-72-73, 

VI-87 
variometer-lru1Cd radio receiver, Vl-

557 
VHF/UHF diode swiLch, lV-544 
VLF converter, V-121 
VLF whistler receiver, V-496 
voltmeter, 1-405, III-766 
waveguides, VI-703-704 
W\VV converter for r.ar radio, V-119 
WV-lV receiver, VI-538-5!39, Vl-558 

radio beacon converter, IV-495 
radio-control circuits (see also 

remote control devices) 
audio oscillator, II-567, III-555 
motor speed controller, I-576 
phase sequence reversal by, ll-408 
oscillator, emitter-coupled, II-266 
rer.eiver/der.oder, I-574 
single-SCH design, II-361 

radioactivity (.~ee radiation 
dPtectors) 

radon detect.or, VI-581, \1-532-533 
r<iin warning heeper, II-244, IV-189 
HAM, non·volatile CMOS, stand-by 

1.1ower supply, II-477 
ramp generators, I-fi40, II-f:i21-523, 

111-525-527, IV-441-447 
555 IJ<:1.sed, V-20;:; 
accurate, IJl-.i'J20 
inlegr;J.tOJ', initial conrlition reset, 

llJ-527 
liHear', II ·270 
varialile reset IPvel, II-207 
vollage-co11trolled, II-fi2::l 

nmging system, ultrasonic, III-fi97 
RC decade liox, V-294-29n 
RC receiver relay iuterfacP, Vl-.'ifil 
reaction Umer. !V-204 
read-head pre-a1u1.1lilier, automotive 

circuils, 111-44 
readback system, disc/tape phase 

modulalcd, 1-8\:! 

rer:Pivers, (Bee aL>o transceivers; 
transmitters), II-524-526, III­
fJ28-fi::lG, TV-148-460, V-493-503. 
VI-fl::l4-G58 

fiO kHz FM optical transmitter, I" 
.161 

acoustir.-sound receiver, IV-311 
AGC system for CA3028 IF 

amplifier, IV-458 
aircraft receiver, 118- to 1:J6-MHz, 

VI-542 
AM and shortwave, ac/dc vacuum­

tube design, Vl-536-537 
AM radio, 11-525, III-81, III-529, III­

G3G, IV-455, V-496, V-407, V-502, 
VI-G8:J, VI-547, Vl-550, Vl-552 
mixer/oscillator for AM receivers. 
V-412 

analog, 1-545 
ATV rf receiver/converter, 420 

MHz, low-noise, IV'-496, IV-497 
audio circuit, IV-31 
audio receiver, visible-light, V-261 
automotive radio, II-525 
automobile security syslcm, Yl-11 
baby-alert, carrier-current circuil, 

V-96 
handswitching for receiver, Vl-608 
carrier current, I-141, 1-140, 1-145. 

l-14G 
r.arrier-operated relay (COR), lV-

1fH 
CMOS line, 1-546 
r.rystal radio receiver, VI-549, Vl­

G57 
CW/SSB receiver, 80- and 40-meter, 

V-499 
data rer.eiver/message demuxcr, 

t.hree--wire design, IV-130 
rlirer.t-r.onversion receiver 

7-MHz rer.eiver. VI-153 
1 OO-t.o-20 meters, V-494 
hum redur.er, V-847 
NE602, V-498 

flheroptk rer.eivers 
10 MHz, II-205 
f10-l'l1h/s, III-181 
data receiver, VI-207 
digital, JJTcJ78 
high-sensitivity, 80n\\i, 1-270 " 
low-cost, 100-M baurl rate, III-
180 

low-sensitivity, 300n\V, I-271 
very high-sensitivity, low-speed 
!JnW, 1-269 

FM radio, 1-::138, J-:361, III-80, IU-
529, Ill-500, 111-5:32, V-49fi 

light-beam, V-25\:l 
FM/AM receiver, Vl-541 
FSK data, 111-53!3 
ham-band, IIl-534 
·hum reducer, V-047 
IF amplifier/receivers, IV-459, IV-

460 
infrared, 1-042, 11-292, 111-274, IV-

220-221, V-226, V-229, Vl-208, 
Vl-294 

audible-oulpuL, Vl-271 
data-link, VI-265 
FM audio reception, Vl-208 
headphones, V-227 
single-tone, VI-270 
wireless headphones, Vl-26\:l 

laser, IV-368. \1-292 
LED lightwave communications, Vl-

810 
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rereiwirs conl'inued 
LF receiver, JV-451 
l\ne-t;ype, llJ-5:32, III-534, V-497, Vl-

"542, \11-552 
MIDI receiver, V-3U2 
modulated-lighl receiver, V-258 
monitor for, 11-526 
optif'.a] l'eL'eivers, I-!364, II-418. IV-

1fi7, l\/-!368 
photoreceiver, oplimized response, 

v 405 
PLL/BC, 11-526 
J))'ea1up for receiver, VI-553 
preamp receiver interface, V-248 
PTT conlrol from receiver audio, 

VJ-28 
pulse-freq-ucncy modulated, IV-4f'i.'l 
tadiu conlrol. decoder and, I-:J7 4 
radio (sef! radio/rf circuits, 

receivers) 
HC receiver relay interface, VI-G:Jl 
receiver/scanner preamp with MAR-

1 MMIC, V-521 
regeneralive receiver, IV-449, Vl-

.5.51, Vl-554, VI-555 
remote-cunlrol, V-510, V-513 
rf mput circuiLs, NE602. V-500 
RS-2:32 to CMOS, III-102 
S meter, V-011 
shortwave receiver, IV-454, V-501. 

Vl-540, VI-556 
A.l\I broadcast trap, \'1-214 
ni11e-ba1td, Vl-544-545 
regeneralivc, t.mc-tube, V1-54G 
toroidal core TRF, VI-543 
noise funiLer circuit. V-307 

signal-receµl.ion alarm, III-2.70 
signal-strength indicator; V1-2GO 
SSL~ receiver, \'1-80-meter, VI-29 
superheterodyne receiver, IV-450-

451, V-500, Vl-21, Vl-553 
tracer, ur-;357 
transceiver memory backup, VI-28 
transceiver T/R sv.itch, \'1-610 
tJ";tnscdver/mixcr, HF, IV-457 
tl'ansirtit/reccivc sequencer, 

preaJitp, V-048 
twisted-pair video driver/receiver 

circuit, Vl-682 
twu-band radio receiver. VI-548 
ultrasonic, lll-6U8, III-705, \'1-G70 

CW transceiver, Vl-660 
ultra.sound, Doppler, V-651 
varioml'Ler-luncd radio receiver. VJ-

5,57 
Vl.l" whisUer receiver, V-406 
video line receiver, VI-550 
voice-communication, light-beam, 

V-260 
\VV•/V receiver, VI-538-539, VI-G:J8 
:-:eru cenler indicator for FM, I-338 

r~curdiug devices (see tape-recorder 
circuiLs) 

rec·tangular-to-triangular waveform 
r.onverlcr, IV-116-117 

redifiers, 11-527-528. 111-536-537 
absolute value. ideal full wave. II-

528 
avera,l(ing filler, 1-220 
bridge rectifier. fixed power 

supplies, 1V-3U8 
broa.dbmtd ac active, IV-271 
diodeless, precision. III-537, V-400 
dual voltage-rectifier. V-464 

full-wave rectifiers, IV-328. IV-O:JO 
averaging filter, V-191 
op ump design, V-403 
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ahsnl ute value, 11-528 
precision, 1-2:34, 111-537 
silicon-conlrollcd (SCR), I-375 

half wa.vc, 1-228, 1-230. 11-628, IV-
825 

high impedm1ce precision. for ac/dc 
cnnve1icr, I-164 

inverte1·/rectilier, progrmnmable op-
arnp clesigH, JV-064 

low-forward-drop, 111,471 
1-irer1sion, I-422 
silicon-conLrollcd rectifiers (SCR) 

an11uncialor, self-interrupting 
load, JV-!:! 

chaser.111-1!)7 
cruwb;tr, 11-4!.16 
l"l;iShers, 11-2!30, III-195, IIJ.197 
l"lip-llop, 11-367 
g;is/smoke clclector. III-251 
pricrc,l\UllllOr, JI-482 
pruximlly alarrn, 111-517 
radio control using, II-361 
relaxalion flasher, II-230 
relax:;ition uscillalor, III-430 
ring cuunLer, 111-1!)5 
tPster, 111-044 
time de!;iy circuil with, II-670 
triggering_.~crics, optically 
c·nu1.1led, 111-411 

synchruuous, phasc detector­
selel'tor/bulanced modulator, III-
441 

two-p!Lase, Vl-490 
redial, electronic Lekµhone set v..ith, 

TIJ-606 
refere11ce volla,i,(es, I-605, III-773-775. 

Vl-339, Vl-55()-560 
:+- l OV.1-696 
:r:3v, 1-6!:16 
:;-5V. 1-6!:16 
0- to 20 \I power, I-694, I-609 
arnplifil'r, 1-06 
hipolar ouLpuL, precision, I-698 
dual-uutpul regulator, \1-564 
dual trackin,I\ voltage. precision, 1-

1198 -
high st;i.biliLy, 1-696 
logw coutrul for 78xx regulator, Vl-

562 
low-dropout, Vl-566 
low-noise buffered, precision, I-G98 
lo\v-nuise rc,l\ulalor, VI-565 
lnw-vuwt'r re,l\ulator. 1-605 
lrn .... -H.1lta.,l\c reference, Vl-560 
mictopower 10 V, precision, l-G97 
neg;1.tive reference. VI-331. VI-5GO 
positive vo!Lagc, VI-560, \1-567 
power supply, buffered, \11-49G 
np1_1le reducLion in S>\itching 

regulalor, VI-5fi5 
sqlWrl' wuvc voltage, precision, 1-

696 
standard cell replacement. 

1.1recision, I-699 
step-du1,vn regulator, VI-563 
surface-mowtL rc,l\ulalor, 3.3-V 1-A, 

Vl-562 
sur1·ace-mowtL sv.ilchlng regulator, 

5- tu :J.0-V, VI-567 -
switchiug regulalor, \1-567 
variabk-volla,l\c reference source, 

IV-!327 
reference dock, lhrce phase clock 

from, 11-101 
renection oscillator. crystal­

cunLrollcd, III-136 
refleclomclcr, 1-16 

regenerative receiver, one-transistor 
design, IV-449 

registers, shirt, t-:380, 11-066 
driver, l-418 

regulated power supplies 
8-amp, fl-461 
10-amp, currenUthennal 

protedion, !l-474 
12 to 14Vat ;3 A, 11-480 
1:18-Vrlc, 2 A, V-459 
+lf1Vl A,JII-462 
-lfiV 1-A, Ili-460 
split power supplies, I-4!.l2 

reg11lators (see volLage regulators) 
Rernart:.: oscillator, Vl-450 
rejediou filter, 1-283 
relax:<J-tion oscillator, llI-430. IV-376 
rPla.,ys, ll-529-502, IV-471-475. V-504-

507, Vl-568-572 
ac relays 

01Jtically coupled, III-418 
photon coupler in, II-412 
snlid-state latching, IV-472 

ANIJ circuit relay, VI-:316 
a11dio operated, 1-608 
hatt.ery charger relay fuse, V-88 
bidirectional switch, IV-472 
capacitanr.e, l-130 
carrier-operated relays (COR), I-

fi75, rv.451 
dark-activated, V-275, V-270 
de latching, <Jptically coupled, III-

417 
delay-off circuit, IV-4 70 
rlrivers, 1·264 

rlelay and controls closure time, 
Tl- fi:30 

with strobe, 1-266 
fast turn-u1u'ddayed off relay, VI-

ri72 
fuse. V-478 
high-impedance driver, Vl-570 
latr.hmg rel;iy alarm circuit, VI-560 
latching relay driver, VI-570, \1-571 
latd1ing relay, solid-stale, V-505 
light-beam operated on/off, I-366 
light-sensitive, V-278, VI-!304 
low-frequency relay, Vl-572 
momentar;y relay, VI-56!.l 
monostable relay, low-consumption 

design, IV-47;3 
opnc·ally coLlJJled relays 

ac, 111-418 
rlr.latehin,IS, III-417 

optoisolatur, JV-475 
OR circuit relay, vr-:315 
pola.r·ity-1.1rotl'l'tion for power 

supplies, IV-427 
pulser·, sensur-activaled, V-507 
rf-actuated, 111-270 
ringer, telephone, 111-606 
solifl,state relays, I-!365, 1-623, II-

408, !JJ-412, 111-416, lil-560-570, 
JV-472, JV-474, V-505-506 

sound actuated, 1-576, I-610 
te\pphone, 1·6~11 
thermostatic relay circuit, VI-643, 

VI-fi4fi 
time delayed, 1-219, 1-663, V-506 
tone actuated, 1-576 
TR circuit, ll-532 
transistor relay driver, VI-571 
t.riac. r.onta.ct protection, II-531 

remote control devices (see also 
infrared; radio-conlrol circuits), 
!V-224, V-22(), V-508-513 

AIR switch, IH-conlrolled, V-225 



ac swildt hookup, two-way, V ·592 
arnplificr, 1-99 
analyzer, Y-224 
carrier, current, 1-146 
drop-volL~e recovery Jor lung-line 

systems, 1V-:J28 
extender, infrared, lV-227, V-512 
fax/Lclephune switch, iV-552-55:3 
infrared circuit, IV-224 
IR TV rcmoLe relay, VJ-26:3 
lamp or appliance, 1-:370 
loudspeaker via IR link, 1-:J43 
loop transmiller for, III-70 
onloff swiLeh, 1-577 
receiver, Y-510, Y-51;3 
ringer. telephone, Ul-614 
sensor, temperaLurc Lransducer, 1-

640 
servo system, 1-575 
telephone monitor, 11-626 
temperature sensor, 11-654 
tester, infrared. IV-228, V-228, Y-229 
thermometer, 11-659 
transrnitler, Y-509, V-51:3 

interface, V-511 
ultrasonic, V-512 

lransmiLler/reeeiver, JH, 1-:342 
ultrasonic tester, VJ-667 
video swiLch, IV-619-621 

repeaters 
beeper, 1-Hl 
Europear1-lypc, lune burst 

generuLor-Jor, lll-74 
fiberoplic link, 1-270 
telephone, lll-607 

reset buttons 
child-proof computer reset, JV-107 
power-on, ll-366 
protection circuiL for computer, JV-

100 
resistomcl' controller, digital, V-159 
rcsistancc!continuity testers. 1-550, J-

551, ll-;J42, II-5:3:3, 11-5:34, 11-535, 
Ill-345, IIJ-5:38-540, !V-287, IV-
289, IV-295, IV-296 

audible, Y-:Jl 7 
audible, adjustable, l!-5:36 
buzz box, 1-551 
cable lester, JIJ-5;39 
four-wire huokltJJ, VJ-3:35 
lalching design, IV-295 
low-resislar1ce circuits, V :319 
o1unmeler, linear, llJ-,540 
PCB, II-:342, ll-5:J5 
ratiomctric, 1-550 
RC decade box, V-294-295 
rcsistancc-rutio detector II :342 
single chip checker, 11-5:)4 
visuul, V-29:J 

resist.ancc-lo-voltage cunve1ter, 1-
161-162 

resistors 
multiplier, II-199 
prograrnmable, VJ-:363 
simulator, 100-W, Vl-352 
voltage-controlled. 1-422 

resonator oscillator, varactor tunerl 
10 .MHz cerantic, 11-141 

restorer, video de, 111-72:3 
revcrb cffed 

ar1alog delay line, IV-21 
stereo system, 1-602, 1-606 

rcvcrsiil.>l motur drive, de control 
signal, JI-:J81 

rf arnp!ificrs, 11-537-549, 111-542-54 7, 
IV-476-490, V-514-567 

1 \V, 2.:1 GHz, U-540 
2 meter FET power amplifier, V-521 
HI \V, 225-400 MHz, ll-fi48 
JI). W, 10-M linear amplifier, V-G20 
10 dR-gain, lll-G43 
2 to !30 MHz, JJl-fi44 
4 \\'amp for 900 MHz, JV-477 
,5 \V lfiO-MHz, IH-540 
5 \\'power, II-G42 
6-meter kilowatt, II-G4G 
6-mPt.er preamp, 20 rlR gain and 

low-NF, II-548 
20-W, V-1296-MHz mminle, V-fi22 
20-W, VA50 MHz amplifier, V-519 
:JO-MHi, V-519 
60 W 225-400 MHz, TII-547 
1:!5 W, 150 MHz, T!-544 
455-kH:.: IF' amplifier, V-.''122, V-528, 

V-524 
500 MJJ:.:, IY·491 
1,296 MHz, IV-486 
L500 \V, IV-478-479 
,\GC, widPhand arljnstable, JJJ-fi4G 
broadcast-band, TJ-G4fl, 111-204, N-

487, V-Glfi, V-fi17 
buffer amplifier v.it.h rnorlulator, IV-

490 
casf:orle amplifier, IV-488 
common-gate, 4fiO-MHz, Jll~fi44 
GAasF'ET preamplifier, V-435 MHz, 

V-Filfl 
HF' preamplifier, V-filG 
HF/VHF' sv;ritchahle active antenna, 

V-fi24 
IF amplifier, 4fifi-kHz, V-522, V-G23, 

V-fi24 
IF amplifiPrn, 4fi-MHz, crystal filter, 

v 527 
isolation amplifier, JJ-:147 
LC tunerl, V-G2fi 
linear amplifiers, TV-480-48fi, V-fi20 
low-distortion·1.0 to .10 MHz SSB 

driver, II-fi28 
mPt.er-rlriver, 1-MHz, IIl-fi4fi 
MOSF'ET rf-amp stage, dual-gate, 

TV-489 
power amplifiers, I-5G9, II-fi42, III­

fi42, V-fi17, V-519, V-fi21, V-525 
prearnplifiern, V-527 

GasFET, V-:llfl 
HF',V-Glfi 
rpf:eiver/sf:anner with "MAR-1 
MMIG,V-fi21 

VHF/!JHF', V-Glfi 
-wirleband, V-G2fl 

preselectors. IV-488, TV-48fi, IV-488 
receiver/sf:anner preamp with MAR-

1 !\.1MIG, V-fi21 
'T'Vsonnrl system, V-fil9 
UHF, V-G28 
UHF-TV amp/preamp, III-540, IV-

482, IV-488 
VHF'/lfHF preamplifier, V-51fi 
wirlPhanrl amplifiers, IV-479, lV-

489, TV-490-493, V-518, V-519, V­
fi26 

rf circuits (see radio/rt) 
RGR video amplifier, III-709 
RGR-f:omposite virleo signal 

converter, 111-711 
HGR-to-NTSC converter, IV-Cill 
RIAA line amplifier/driver, VI-77 
RIAA preamp, VI-80 
ring counters 

20 kHz, ll-1:1fi 
incandesf:ent lamps, 1-801 

low-cost, I-301 
pulse circuit, low-power, IV-4-37 
SCR, III-195 
variable timing, II-134 

ring launcher game, electromagnetic, 
V-209 

ring-around flasher, LED, III-Hl4 
ringers, telephone, I-628, IV-556 

detectors, ring detectors, I-634, I-
635, 111-611, III-6Hl 

extension-phone ringer, IV-561 
high-isolation; II-Ci25 
multi-tone, remote programmable. 

11-034 
musical, II-619 
piezoelectric, I-63G 
plug-in, remote, II-Ci27 
relay, III-006 
remote, 11-027, 111-Cil4, lV-562 
silencer, IV-557 
tone, I-G27, 1-628, H-630, II-631 

ripple suppressor, IV-175 
fixed power supplies, IV-396 

RLC oscillator, III-423 
rrns-to-dc converter; 1-167, II-12D 

thermal, 50-MHz, III-117 
true rms detector, I-228 

road ice alarm. II-57 
robots 

eyes for, II-327 
light-seeking, II-325 

rocket launcher, II-358 
RON compensator, op amp and 

analog switch, VI-605 
room monitor, V-369 
root extractor, V-207. V-288 
rotation detector, 11-283 
roulette, electronic, II-276, IV-205 
RS-232 interface 

CMOS-to, line receiver, IIl-102 
dataselector. automatic, III-D7 
drive circuit, low-power, III-175 
LED circuit, 111-103 
line-driven CMOS circuits, IV-104 

RS flip-flop, I-395 
RTD signal conditioners 

5V powered linearized platinum, II-
650 

precision, linearized platinum, II-. 
639 

RTTY machines, fixed current 
supply, IV-400 

rumble filters. III-Hl2, III-660, IV-175 
LM387 in, l-2D7 
turntable, IV-170 

s 
S meter, Ill-342, V-311 
safe area protection, power amplifier 

with, III-459 
safety circuits (see protection 

circuits) 
safety flare. II-608 
Sall.en-Key filters 

10 kHz, 1-27D 
500 Hz bandpass, I-2Dl 
current driven, V-18D 
high pass, VI-209 
low pass, VI-221 

active, IV-177 
equal component, 1-292 
second order, 1-289 

sample-and-hold circuits. 1-5DO, II-
552-559, IIl-548-553, IV-502-503, 
V-533-534, VI-573-574 
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sample-and-hold circtuts contz11.ued 
x 1000, 1-589 
4-diannel micropower, VI-·~J71 
cltar,l\c-compensated, II-G:J8 
de-glitch circuit, V-336-337 
fost <illd precise. 11-556 
t'iltered, 111-550 
freque11cy-to-vollap;c conversion, 

!V-194 
high-<iCcuracy, 1-590 
higl1-perfonnancc, II-557 
higl1-spt'l'l.L 1-587-588, 1-590. III-G:J() 
infinite, 11-558 
inverliil,'(, 111-552 
,JF~;T.1-586 

low-drift, 1-586, \1-574 
olTsd ;iUjustment for, 1-588 
three-channel multiplexer with, III-

:3!:J6 
track-aud-hoid, III-549, IIl-552 

sampling circuit 
hour time delay, II-668 
RF line sampler/coupler, Vl-30 

saturated staudard cell mnplifier, II-
29fl 

saw mter,-VJ-222 
sa-.,,,.tooth waves, Vl-575-577 

converter, fV-114 
generator,\' 1-577 

digital design, JV-444, JV-446, V-491 
linear, V-20.S 
op arnp design, Vl-576, \'1-701 
triggered, V-204 

oscillator rnodulalor. III-373 
p11lse gener·ator mid, III-241 

SCA (see silicon-controlled 
arnplil'iers) 

sf:ale, T-398, ¥-297 
sf:aler, inverse, 1-422 
sf:anner, b;i.r code's, III-363 
sf:anners, Vl-578-580 

FM sca1mcr noise squelch, \1-G79 
receivl•r/sca1mcr preamp with rvL'\R­

l MMlC, V-521 
sl1011,,...-avc converter for scarmer, 

Vl-.580 
silencer circuit, VI-57D 

Schmitt trif\gcrs, I-5D3, III-158, V-«'.Jfifi 
crystal oscillator, I-181 
i1rogrmmnable hysteresis, I-fi92 
s4uarc-wave generators. V-fifi9, V 

570 
lrilltSistorized, V-204 
1yfL-compatible, II-111 
wilhout hysteresis, I-G82 

.':iCR (see silicon-controllerl rPdifiel'~) 
scramblers, audio (srw also sound 

generators; vokP-activated 
circuits), IV-2G-27 

telephone. II-018 
voice scramhlPrklPsf:rambkr, lV-20, 

IV-27 
scratch fllrers, IH-189, TV-17'6 

LM287 in, I-297 
second-audio progrn.m (SAf') 

adapter, III-112 
security circuits c~ee ala rrns: 

aimunciatorn) 
sense-of-slopP tilt. meter, 11-604 
sensors (>ee alarms; l"luid and 

moisrurP; light co1ttrollcd 
circuits; m-otion/1.1f'Oximily 
df't.Pctorn; motor control circuits: 
smokP rlPtPctors; speed 
controllPrs; tern1x'raLure related 
circ11it.s; tone coHlrols) 
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seqm•nce indicator, phase. l-47fl 
seqLiencer, pscudorandom, III-301 
sequeutial flashers, I-1 OD, II-233, II-

2:-18 
sPquenti;1.l Umcr, III-651 
sPries curuteclors, telephone, III-G09 
servo am_p!iJkrs (see also motor 

controls), 1-452 
400 Hz, 11-:386 
hridgP type ac, 1-458 
rlc, 1-4."17 
motor drive ainplificr, II-384 

sPrvn systems (see also motor 
contruls) 

controller, lll-J84 
rPmote control, 1-575 

shapPr, sir1e wave, 11·501 
shiPlding, ~hiekl/linc driver. high­

speecl, Vl-198 
shift. rP.gistt•.n;, 1-:180, II ·366 

dnvPr for, J-418 
shiftPL phase (see phase) 
ship sirPn, electronic, 11-576 
short-circuit pruul" huup driver, II-310 
short-cirf:uit 1-WOtection circuit, VI-526 
short-cin:11it tester/sensor, V-315 

computer n~rnote data lines, IV-102 
for 120-VequipmcuL V-Jl:J 

shortwave transmissions 
AM hroadcast trap, Vl-214 
AM and shortwave, ac/dc vacuum-

t11he desi,i.:11, Vl-.506-537 
convertPrs, 111-114, lV-500, V-118 
FF.'f hooster, 1-561 
IF filter for stwrtwavc receiver, \1-

212 
intp.rference trap, Vl-214 
noise limit1or. V-097 
notch 111ter, V-185 
p11lsed nw.rkcr rf oscillator. V-532 
receiver, JV-4,54, V-501, \'1-540, VI-

54:3, Vl-544-545, VJ.546, \1-55G 
scanner coJtvertcd to shortwave, 

Vl-580 
shunt, wultmtdcr shunt, IV-293 
shutdow11 circuits (see protection 

circuits) 
shutoff, automatic, battery-powered 

projects, 111-61 
stiuttcr spel'd Lester, II-445 
sicktoHe oscillator. rf-powerf'd, I-2-~ 
sifinal amplifiers. audio. II-41-17, TV-

:J4-42 
sit-(nal attenuator. analog, 

rnicroprocessor-controllerl, TTT-
101 

signal combiner, III-:~68 
signal conditioners, TV-040 

5v powered linearizP.d platinum 
RTD, II-G50 

bridge circuit, strain gauge, 11-85 
linearized RTD, prPcision clPsig11, !1-

638 
LVDT, II-338 
thermally stabilized PIN 

photod10df', II<no 
signal distribution amplifier. l :Ju 
signal generators c~ee f1mctiun 

generators; so11nrl gener;1tors: 
waveform gPnPrators) 

signal injec.t.ors, lll-f"Jfi4 fi55 
signal sourf:P.s, crystal-contrullcd, 11-

143 
signal rracer, V-'.100 

three-in-one set: lugic prubc, signal 
1.racPL injPr:tor, !V-420 

mgnal-strengtlt meters, III-342. IV­
JR6 

silent alarm, V-16 
silkon-r:ontrullcd amplifiers (SCA), 

V-fi:15 
convertPr VI-151 
dPf:OdPr. i 214, 11-166, U-170 
demodulator. ll-150.111-.565 
MPX-SCA receiver, 111-530 
sn\Jcarrier adapter fur Fh-1 tuners, 

V-G:'lfl 
silkon-f:ontn1llecl rectifiers (SCR) 

rirf:rnts 
anmmc1ator, self-inlcrrupLing load, 

JV-9 
chasPr, 111--187 
f:rowbar, 11-496 
flasl1ers, II-230. lll-H17 

diasPr, 111-197 
rPlaxanon, JJ-~ao 
ring r:onnter, 111-195 

flip-flop, n-:107 
full-wavP, T-:17,5 
gas/smoke detf!ctor, 111-251 
inverter and trigger, VJ-28;_1 
motor spP.Pd f:ontroller, Vl-414 
preregulator, H-482 
proximity alann, Ill .517 
rad10 control using; ll-:JfH 
relaxation flasher, ll-2:30 
relaxation oscillator; ill-4JO 
ring r:mmter, fll-195 
rester, 111-:144 
rime delay rirf:nit with, 11-670 
tnggering series, optic;illy coupled. 

III-411 
switf'hing supply !'or color T\, VI-

187 
simulators 

EKG, threP chip, Ill ~!50 
inductoL 11-199 
VOR signals, IV-27:3 

sffip approxirnation circuit, Vl-333 
sinp-to-square w;ivc converter, IV-

120, V 124. V-125, V-56!.l. V-570 
sinp-wavP cnnve1ier, VI-150 
sinp-wavP descrantblcr, il·l03 
sinp-wave geHcrators, IV-505, IV-50G, 

V-542, V-540, V-544, VI-701 
fiO H~., JV-507 
audio, 11,.564 
battery powered, V-541 
LC, IV-.507 
Lf, JV-512 
uscillator. audio. IIl-559 
s4uurc-wavc and. tunablf' oscillatoL 

111-232 
VLF audio tone. IV-G08 

siHe-wave inverter, VI-28fi 
sinc~wave oscillators, I-flfi, ll-fifi0-570. 

IJI-556-559.- III-fifiO, IV-fifl4-51:3, 
V-539-544, \1-'J.'l;'.J 

1-Hz, V-542 
60-Hz. highly stable, V-fi40 
555 used as RC audio oscillat.or, 11 

567 
adjustable, II-GG8 
audio. II-5G2, II-Gfi4, lll-f"1;1!=:1 
generators (.>ee sinP-wave 

generators) 
LC GBcillator,"low-frPque.rw.y lV-500 
logic gate design, VT-440 
low-distortion, ll-!"ifll, Vl-4:J6 
one-IC aurlio gPnPrn.tor, ll-569 
phasf'-shift., andio l'anging, IV-310 
programmahle-frequency, 111-424 



relaxation, modified LiJT for clean 
audio sinusoids, ll-566 

shaper, sine-wave, V-54:3 
sine wave shaper, 11-561 
sine/square wave TTL oscillator, TV-

512 
two-tone generator, ll-570 
two-transistor design, TV-508 
variable, super low-distort.ion, TTT-

558 
vcry-low-disto1tion design, TV-509 
voltage-coutrolled oscillator, V-f\Ofl 
Wien-bridge, 1- 66, 1-70, U-506, TV-

510, IV-51:3, V-541 
sine-wave out1mt buffer amplifiPr, 1-

126 
sinekosine generator, 11-260, Vl-700 
sinc!squarc wave converter, I-170 
sinc!squarc wave oscillators, 1-65 

easily tuned, 1-65 
TTL des~n, IV-512 
tunable, III-2:J2 

sinks (see current sources) 
single-pulse generator, 11-175 
single-sideband (SSI3) 

conunwtications 
C\N/SSB produd detector, JV-1 :39 
C\\i/SSB receiver, V-499 
driver, low-distortion 1.6 to 30 MH~,, 

11-538 
generators, IV <l23 
receiver, 80-mctcr, Vl-29 
transmitter, cryst.ul-conlrollcd LO 

for, 11-142 
sirens (see also alanns; sound 

generators), I-606, 11-571, lll-560-
568 

alarm using, 11-572, 11-573, IV-514-
517, VI-581-584 

7400, II-575 
adjustable-rate programmable­

frequency, III-563 
electronic, III-5G6, IV-515, IV-517, 

VI-588 
fire .'liren, VI-582 
generator for, II-572 
hee-haw, II-578, III-565 
high-power, II-578 
linear IC, IIl-GG4 
low-cost design, IV-51G 
multifllnction system for, II-574 
ship, Plectronir., 11:ri70 
sonic defonder, TV-321 
Star Trek rPd alPrt, II-G77 
tone generator, TI-fl78 
toy, TT-57f> 
T'l'L gates in, IT-fl70 
two-state, UT 5117 
two-tone, [IJ-5fi2, VI-fl84 
varyiug frequency warning alann, 

11-578 
w;iiling, JJJ-56:3, Vl-58:1 
warlile-toue siren, IV-515, IV-fil!l, 

V-7, VJ-582 
wiLuuper, IV-517 
yelp oscillator, U-577, IJl-fifi2 

slave-Ila.sh trigger, IV-.'380, TV-:182 
slide timer, lll-444, 111-448 
slot machine, electronic, V-211 
smart dutch, <iuto air conditioner, Ul-

46 
smoke alarms auci detect.om, TI-278, 

111-246-25:3 
~as, l-;J:J2 
ionization charulier, l-!3!J2-!333 
line-operated, IV-140 

opPratPd ionization type, I-596 
photoelectric, I-595, I-596 

sniffPrs 
heat, electronic, III-627 
rf, II-210 

snooper, FM, IIl-680 
.'locket debugger, coprocessor, III-104 
.'loi! heater for plants, V-333 
soil moisture meter, III-208 
solar circuits (see 

photodiode/photoelectric 
circuits) 

soldering iron control, V-327 
soldering station, IR-controlled, IV-225 
solP.noid drivers, I-265, III-571-573, 

VI-202 
12-V latch, III-572 
hold-current limiter, III-573 
power-consumption limiter, III-572 

solid-state devices 
ac rPlay, IIl-G70 
elPct.ric fencP. charger, II-203 
high-voltage supply, remote 

adjustable, III-48G 
light sonrcPS, V-282-283 
load-sensing .'lwitch, V-285 
rPlays, Ill-G09-570, V-505, V-506 
stepping switch, II-G12 
s'.vit.ch, linP-activated, telephone, 

III-fll 7 
sonic defonder, IV-324 
sound-activated circuits (see sound­

opPrated circuits) 
sound effects (see sound generators) 
suund generators (see aL~o burst 

generators; function g;~merators; 
sirens; waveform gPnerators), 1-
605, 11-585-59!3, TTT-559-fifl8, Ul-
575, JV-15-24, IV-518-524, 
V-:384-0!:!5, V-556-567, VI-fl8fi-
5!:!2 

acoust.ic field generatur, V-3!38·:341 
alarm-tone generator, V-56:3 
arnplificr, vollage-cuntrolled, TV-20 
an1plificr/compressor, low-

dislurlion, IV-24 
allophone, 111-7:3:3 
audio-frequency generator, V-416-

417 
audio lone gencralor, VLF, JV-508 
autodrum, 11-5!.ll 
bagpipes, electronic, 111-561, IV-521 
beat-frequency, IV-371 
beeper, V-558 
bird chirp, I-605, 11-588, lll-577, Vl-

589 
bongos, II-587 
canary simulator, V-557 
chime generator, 11-604, IV-524 
chug-chug, III-576 
color organ, \1-193 
complex sound-effect generator, VI­

G8G 
dial tone, I-629, III-60D 
ditherizing circuit, digital audio use, 

IV-23 
doorbell, musical tones, IV-522 
doubler, audio-frequency doubler, 

IV-lG-17 
dual-tone sounder, V-564, VI-3DO, 

V1-f"i87 
echo and reverb, analog delay line, 

IV-21 
elec:tronic, IIl-3GO 
envelope generator/modulator, II-

001 

equalizer, JV-18 
fader, IV-17 
fish lure, electronic, Vl-:386 
frequency-shill keyer, tone-

gcncrator test circuit, l- 72:1 
fwtk box, ll-59:J 
fuzz box, 11-590, 111-575 
gong, electronic, V-5f\:'l 
guitar compressor, IV-fl19 
gwtshot sound effect, \.1-f>92 
harmonic generator, 1-24, IV-049 
high-frequency signal, TTI-150 
hold for telephone, 11-62!3 
instnunent tune-up, audio 

generator, V-390 
laser pistol sound eHect 

ficncralor/receiver, Vl·292 
low-level sowtder, V-564 
muting circuit, VJ-:38;J 
noise generators, 1-467, J-468, 1-469, 

IV-308, V-3!:15, \11-421 
octave-shifter for musical effects, 

IV-523 
one-IC design, ll-56!:l 
perfect pitdt circuit, V-391 
phasor sound generator, JV-52~1 
pir1k noise, 1-468 
port.able, 1-625 
pulse echo driver, Vl-!J80 
pulsed-lone alarrn, V-558 
quad tone oscillator, V1-4!J4 
race-car motor/crash, 111-578 
robotic chatter, Vl-5!.l0-5!:11 
run-down clock for ga111cs, IV-205 
sound effects, III-574-578 
siren, V-550, V-565, V-567 
sound-effects generator, V-565 
sound subcarrier generator, \'1-358 
space-age sound machine, V-562 
spaceship alarm, V-560 
Rpeech detectors, 11~617, III-615 
Rteam locomotive whistle. II-58R 

IIl-GG8 
Rteam train/prop plane, II-592 
Rtereo system, derived center-

channel. IV-23 
Rnper, IIl-5G4 
Rnrf sound generator, VI-588 
synthesizer, Il-599, V-561 • 
telPphone can-tone generator, IV-

f>fl2 
telephone ringpr, II-G19 
tonP burst gPnPrator, VI-375 
tnne burst gPnPrator, repeater, V-

629 
tone chime;V-f>flO 
tulle generators, l-fl04, 1-()2!) 
toµ octave generator, v-:19,q 
Toud1tone dial-tone, telPphone, III-

60!:! 
lrai!t dtuffer, IJ-588 
tremolo circuits, lll-fi92-fl9fi, rv 

-589 
l""'UI\M-twang, JJ.592 
two-tone. fl-i170, V-fl29, VI-fi84 
ultrasonic sound sourcP, TV-GOG 
very-low-frequency, l-fl4 
vocal eliminaror, IV-19 
voice circuits, III-729-734 
waa-waa circuit, ll-590 
wailer, Vl-583 
warbliriM tone, 11-573, Vl-i182 
whisllc, VJ-589 
while noise geuerators, IV-201, Vl-

705-706 
wind chirncs, Vl-591 
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sound-operated circuits (see o.lso 
ullrasonic circuits; voice­
operated circuits), IT-GR0-584, 
Ill-579-580, IV-G25-528, V-545-
555 

amplifier, gain-controlled, IV-fi28 
color organ, II-583, II-581 
decoder, III-145 
fader, V-549 
flash tri~ers, 1-481, II-419, IV-:182 
kaleidoscope, sonic, V-518-fi49 
lights, 1-609, V-552 
memo alert, V-352 
noise clipper, I-39G 
relay, I-608, I-610 
sleep-mode circuit, V-547 
switch, Il-581, 111-580, JJJ-flOO, 111-

601, IV-526-527, V-fifi2, V-555, V-
590, VI-613 

ae, II-581 
two-way, I-610 
voice-operated. 111-GRO, IV-5:ol7 

speech activity detector, telephone, 
111-615 

voice-operated switch, TTl-580 
vox box, II-582 
whistle-activated switch, V-551 

sources (see current sources; voltage 
sources) 

source followers 
bootstrapped, V-20 
JFET, V-20 
photodiode, III-419 

SPDT switch, ac-stat.ic, ll-612 
space-age sound machine, V-562 
space war, I-GOO 
spaceship alann, V-560 
speaker systems 

FM canier current remote, 1-140 
hand-held transceiver amplifiers, 

III-39 
overload protector for, 11-16 
protection circuit, V-476. V-47!J 
wireless, IR, llT-272 

speakerphone, Tl-611, III-608 
spectrwn analyzer ali<1pLer, 

oscilloscopes, V-424 
speech-relat.ed circuits 

activity rtetector, 11-617, III-619 
compressor, II-15 
filter 

300 Hz.3 kHz bandpass, I-295 
sec:ond-order, ;JOO-to-3,400 Hz, 
IV-174 

speech-ra1t,1Se bandpass filter, V­
lRfi 

twoc.section, ;JOO-to-3,000 Hz, IV-
174 

network, ll-6;J;J 
scrambler, V-554 

speed ala.rm, 1-95 
speed cont.rollers (see also motor 

control), 1-450, 1-453, II-378, II­
.'i79, ll-455, V-380, V-381, Vl-412, 
VI-414 

ac:celerometcr, VI-345 
hack EMF PM, Il-37D 
cassette-deck motor speed 

calilirator, IV-353 
closed-loop, 111-385 
de motor speed controller, Vl-411 
fans, automatic, III-382 
feedliack speed, I-447 
de motors, I-452, I-454, III-277, HT-

380, 111-388, VI-415 
de variable, fiberoptic, ll-20fl 
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feedback, I-447 
fixed, III-387 
high-efficiency, TTI-.'i90 
high-torque motor, T-449 
light-activatedkontrollec!, IV-247 
load-dependent, I-4fil 
1nodel trains and/or cars, 1-450 1-

455, lV-338-340 
motor (see motor controls; 

tachometers) 
power tool torqne, I-4fi8 
P\VJl.f. II-37G, 111-380, V ~181 
radio-controlled, T-!176 
series-wound motors, 1-448, 11-456 
shunt-wound motors, 11-456 
stepper motors, directiou and 

speed control. JV- 350 
switched-mode, TJT.!384 
tachometers, J-94, l-100, l-102, II-

175, Iff-33:i, 111-:340, 111-34 7, VI-
98, Vl-298, Vl-371 

analog readout., IV-280 
calibrated, 111-598 
closed loop feedback control, II-
390 

chgital readout, ll-61, 111-45, IV-
268-209, IV-278 

dwell meter/tachometer, III-45 
feedhac:k control, ll-:J78, 11-390 
frequency counter, 1-010 
low-freq11enf'.y, 111-596 
minimum-com_ponenl design, I-
40:i 

motor spePd controllers, II-378. U-
389 

optical pick-up, lll-347 
set point, 111-47 

tac11ometerless, 111-086, IV-349 
tools and appliarn:cs, I-446 
universal motors, I-457, II-451 

speer! warni1t,1S device, I-06, I-101 
speedometers, bicycle, IV-271, IV-282 
splitters, lll-581-582 

hatt.ery, 111-66 
phase, precision, IIl-582 
precision _phase, 1-477 
voltage, lll-7:38, III-743 
wideband, 111-582 

squarPr, precision, I-615 
square-root circuit, Vl-319, VI-320, 

Vl-322 
sqnare-wavc generators, II-591-000, 

TTl-58:3-585, IV-529-536, V-Gfif!-
570, Vl-5U!J-5!J4 

l kHz, IY-536 
2 Milz using lwo TTL gates, JJ-f"i98 
l 0-Ilz to 10-kHz VCO, V-fi70 
60-Ilz, Y-56!J 
555 tirner, II-505 
astabk circuit, II-597,--IV-fi34 
CMOS 555 astable, trne rail-to-rail, 

11-596 
duty-cycle multivibrator, III-50-

pcrccnt, III-584 
four-decade design, IV-:J35 
higlt-current oscillator, III-fi8fi 
liue frequency, II-599 
low-frequency TTL oscillator, II-5!:-!5 
multiburst generator, II-88 
mullivibrator, IV-:J3G 
oscillators, 1-613-014, 11-597, 11-616, 

IY-532, IV-533, V-fifi9 
0.5 Hz, I-61G 
1 kHz, I-612 
frequency doubled output, 11-596 

phase-tracking, threP-pha.se, 11-598 

pulse extractor, 111-584 
quadrature-outputs oscillator, III­

G85 
Schmitt trigger, V-569, V-570 
sine-wave and, tunalile oscillator, 

111-232 
sine-to-sqnarP. wave converter, V-

569, V-570 
three-phase, 11-flOO 
tone-burst generator, single timer 

IC, II-89 
triangle-wavR and, lll-209 

precision, 111-242 
programmable, 111-225 
'Aide-range, JII-242 

TTL, LSTTT ., CMOS designs, IV-
530-G:'l2 

variahle duty-cyde, lV-533 
variahle-frequency, IV-535, V-570 

square wave oscillator, Vl-445 
astahle multivilirator and, V-386 

square-to-sine wave converters, III-
118 

squekh circuits, 11-094 
AM/FM, 1-547 
FM scanne[· noise squelch, VI-579 
voice-activated circuits, IV-624 

squih firing circuits, Il-'.J57 
stahilizers, fixed power supplies, IV­

:'l9:1, TV-406 
st.aircase generaLors,(see also 

function generators; waveform 
generators), I-730, 11-601-602, III-
586-588, lV-44:3-447, VI-595-599 

free-runnill,\.(, VI-598 
stepped trim~le wave, VI-59G 
11p-down staircase, VI-599 
video staircase generator, VI-fi97 

~tand-liy power supply, non-volatile 
CMOS RAMs, Il-477 

standard, precision calibration, 1-406 
standard-cell amplifier, saturated, II-

296 
standiI~ wave ratio (S\VR) 

detector adapter, audible signal, Vl-
25 

meter, IV-269 
power rneter, I-16 
QHP bridge, Ill-336 
w<trning indicator, I-22 

Star Trek red alert siren, II-G77 
start-mid-run motor circuit, lll-:'l82 
stale-of-charge indicator, lithium 

battel1', II-78 
state-variable filters, II-215, llT-189, 

Vl-20!J 
multiple outputs, 111-190 
second-order, l kHz, Q/10, 1-29:3 
single 3.3-V supply, 4-pole, VT-216 
universal, 1-290 

utatic detector, IV-276 
steam locomotive sound effects, 11-

589, Il-592, 111-fiflR 
step-up switching regulator, 6V 

batte!1', II-78 
sLep-up/step-down de-rte converters, 

IIl-118 
stepper motors (see o.L~o motor 

control circuits), V-571-573, YI-
600-602 

direction control, IV-350 
drivers, 11-376, II-290 

bipolar, V-fi72 
FET-based. V-fi73 
half-step, IV-:149 
quarter-step, IV-350 



rlual clock circuit, V-:!73 
encorkr circuit, VI-602 
pulse generator, VI-001 
shaft encoder use, VI-601 
spee<l and direction, IV-3GO 

stepping switch, solid state, II-G12 
stP.rP.o/phonograph (hi-fi) circuits, V­

G71-G81 
:1.constic fiP.ld generator, V-338-341 
:i.mplifiP.rn, I-77, I-80-81, 1-89, l-G70, 

JT-9, JJ-13, II-1G, III-34, III-37, lil-
38, IV-29, IV-3G, IV-3G, IV-GG, Vl-
7G 

hass tonP. control, V-G81 
mini-stP.rP.o amplifiP.r, V-G83 

audio lP.vP.1 mP.t.P.r, IV-310 
audio powP.r amplifiP.rs, V-40, V-18, 

Vl-90 
audio powE'r meter, IV-306 
audio signal amplifier, V-.'i8 
baJancE' cirr'.llits, I-fl 18-fl 19, 11-003-

605, V-58:3 
buuster am11lifier for r.ar stereo, V-

72 
cumpander, 11-12, lll-\:13, JJl-9fi 
ex1.1ander, 11· 13, llT-93, lll-9fi, V-fi82 
der:oders, IT-18, TT-lfl7-Jfl9, VI-170 
de1nodulators, T-544, TT-lfi9 
derived cent.el' r.hannel stP.rP.o 

systen1, IV-2:3 
FM bug, Vl-662 
FM stereu transmitter, V 575, V-

580 Vl-662 
frequ~ncy decoder, 11-169 
frequency division muJtiplE'x, TT-109 
ll'vd dh;µlay circuit, Vi-190 
line driver. Vl-198 
loudspeaker µroll'dor circuit, V-

48:3 
mixers, 1-55, IV-J06 
power mcler. 111-001 
prearnplificrs, 1-!JO, 1-!.ll, ll-4!J, 11-45, 

111-:37 111-671 111-67:3 IV-:J5 IY-
36, V~581, V-584, Vl-7!_l , 

reception indicaLor, 111-669 
rcvcrb sysLems, 1-606, 1-606, 11-9 
RIAA phono rnnplifier, Vl-8\:J 
speaker driver, TTL-based, Vl-l!:J!:J 
speaker protcclion circuil, V-476, 

V-479 
TDM decoder, 11-168 
test circuits, I-618-61!), lll-26!), 111-

331, IV-306, IV-:310 
tone control circuit, high-Z inpul, 1-

676 -
TV-stereo decoder, II-167, V-576-

579. V-580 
volume limiter, VI-376 

stethoscope for automobiles. \1-!J5 
stimulator, constant-current, III-352 
-stimulus isolator, 111-351 
stop light, garage, II-53 
stram gauges, VI-336 

bridge excitation, Ill-71 
bridge signal conditioner, II-85 
instrumentation amplifier, Ill-280 

strobe circuits, II-606-610, VI-468 
alarm system, V-6-7 
disco-, 11-GlO 
high-voltage power supplies, IV-

41.'3 
safety flare, II-GOS 
tone hurst generator, 11-90 
trip switch, sound activated, I-483 
variable strohe, 111-589-590 

stud finder. lll-33H 

subharmonic frequencies, cryslal-
stabilized IC timer, 11-151 

subtract.or circuit, IH-327 
subwoofer amplifier, V-49, V-50 
successive-approximation A/D 

converter, 1-45, II-64, Il-30 
sun1mini:; amplifiers, I-!J7, 111-16 

fast ad.ion, J-'.J6 
invertinp;. V-18, V-60 
precisioTI design, I-36 
video, clamping circuit and, 111-710 

sun tracker, III-318 
superheterodyne receivers, Vl-550 

3.5-to-10 MHz, IV-450-451 
amateur radio, four-stage 75-melcr, 

VI-21 
supply rails, current sensing in, II-15:3 
suppressed-carrier, double-sideband, 

modulator, III-377 
sweep generators (see also function 

generators: waveform 
generators), VI-238-241 

10.7 MHz, 1"472 
add-on tnggered, l-4 72 
oscilloscope-triggered, 111-438 

sv.itches and switching circuits, II­
Gll-G12, III-5Dl-5D4, IV-537, V­
G85-593. \1-603-614 

ac S\Vitches, III-408. IV-387 
ac power switch, V-112, V-115 
analog switches, 1-621, I-622, III-

G93, VI-G04, \1-G07, VI-G09. Vl-
011 

antenna selector, electronic. lV­
G.'38-G39 

audio switch, eight-channel. V-588-
:189 

a11dio-ront.rollerl sv.itch, V-S90, VI­
fil.'i 

audio/vidP.o switcher circuit, IV-
540-f'i41 

auto off power switch, Vl-fi 11 
auto-repeat. s\Vitrh, hmmce-free, IV-

.545 
liandswitching for receiver, VI-008 
b1dirert.ional rel:i.y sv.itrh, IV-172 
bistable s""itr.h, mechanically 

controlled, TV-fi4fi 
closure circuit, Vl-182 
contact, 1-136 
eontruller, l!J-:383 
d;1.rk-adivated, V-274, V-270 
de euJttrulled, V-.586, V-f'i92 
de static lJ-!367 
dl'liowtc~rs, 111-592, JV.105, TV-JOA, 

1\1-108, V-:Jl6, Vl-387, VT-613, Vl-
614 

dclay, auto courtesy li,IS!tt, 111-42 
dcluv circuit for switcl1 OIL Vl-611 
dirmncr switcl1es, 1-:369, 11-309, JV-

647, IV-649 
800 W, ll-!J09 
de lamp, ll-:307 
four-quadrant, !V-648-64!:1 
haloj.\cn hunps, 111-!JOO 
headlight, 11-57, ll-6!J 
low-cost i<J70 
soft-starl, 800-W, l-!J76, 111-:3021 
tandem, ll-!J16 
triac, 1-075, II-!JlO, 111-000 

DTL, TTL controlled buffered 
analog, 1-621 

fax/telephone switch, IV-556-550 
FET. de controlled, V-5!_l6 
FET dual-trace (oscilloscope), ll-

432 

lkx s""'ill"h, alarm sounrler circuit, 
Y-15 

frequency switdLerloscillatorn, V-
418 

llall-e!Ted, 111·257, IV-589 
headlight switching c:irniit, V-7:J 
hexFt;'l' switch, V-fi92. V-;193, Vl-

612 
high frequency, l-fi22 
high-side power control s""itch, :JV 

sup1_1ly, !V-384, IV-:38!J 
infrared-activated, rv 34fi 
i.r1vl'1tcr, analug, V!-604 
IH-coHtrolled Nl:l switch, V-22fi 
isolatl'd switch, VJ-604 
kill-swilclt for batteries, V -71-72 
latchin,'(, t:lCH-re1.1le1dng, 111-593 
li>(hl-operated, 11-060, 111-:314, V-

274, V-678 
at1iuslitbk, 1-066 
capacitance switch, 1-132 
light-conlrollcd, U-:J60, 111-314 
photocleclric, 11-061, 11-:J26, JJl­
!Jl!_l 
sdf-latdilll/l, V-678 
solar lrif\gcrcd, lll-:Jl8 
zero-poinl triac, II-311 

loud-discmml'd switch, V-591 
loud-sensinf\, solid-state, V-285 
mercury-switch till detector, Y-:302 
MOSFET power conlrol switch, JV-

386 
multiplexer, low output in1pedanc·l', 

Vl-605 
on/off i.rivcrtcr, 111-594 
on/off switch, 1-577, Il-359, !V-540, 

IV-546. \1-612 
optical safety-circuit switch, V-40!) 
optically coupled, III-408, III-410 
oscillator-triggered switch, V-5!.lO, 

VI-606 
over-temperature s'"itch, IV-571 
photocell memory. ac power 

control, I-363 
photoelectric, II-321. 11-326 
PIN diode s,,._itch, Vl-608 
proximity, III-517 
push on/off, II-35!J 
pushbutt.on power control switch. 

IV-388 
remore switches, 1-577, I-630. V-

592 
resistor PIN-diode s""itch, VI-608 
ri switches, III-3Gl, III-592 
RON compensator, op amp and 

analog switch, VI~G05 
rot:lry switch, BCD digital, V-160 
safoty switrh, V-fi89 
satellite TV audio sv.itcher, IV-G43 
series/shunt PIN-rliode RF switch, 

Vl-filO 
shunt. PIN-diode sv.itch, V1-fi07 
solar-triggered, JJJ-318 
soJid,state stepping, 11-012 
sonar transdurer/, III-708 
smrnrl-activat.erl, I-filO, II-581, III-

fi80, TTT-000, JJJ-GOl, fV-G26-S27. 
V-."15:1, V-f'ifi!), V-fi90 

speed, 1°-104 
SPDT, ac-static, ll-fil2 
.~witching controller, TTT-.'iR.'i 
temperature control, low-power, 

<1ero-vult-age, ll-fi40 
thermostatic, for auto fan, V-08 
tone switch, narrowband, JV-542 
touch swildtes, 1-1!31, I- l 35- l .3fi, JI-
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switches and s\Vitching drcuit.s 
cuntinued 

6[)0-603, III-GGl-rirJf°J, JV-f190-594, 
V-270 

Louchomatic. II-G93 
TR switch for antennas, automatic, 

V-'.J7 
transceiver T/R switch. VI-filO 
triac S""itches, I-623, Ii-311, fV-2fi:'l 
two-charmel. I-623 
Lwo-""-dY switch wiring, V-G91 
ultrasonic, I-683 
under-temperature switr.h, JV-;170 
VHF1UHF diode rf s""itch, fV-fi44 
video switches, III-719, III-72fi, Hf-

727, III-728, fV-018-621, V-!>87, 
VI-680 

video/audio s\Vitch, V-fi8fi 
voice-operated, I-G08, HJ-G80, rv 

527, V-·0·03 
whistle-activated switch, V-fifil 
wiring for two-way s\Vitr.h, V-591 
zero crossing, I-732, \1-fiOfi 
zero point, I-373, II-,q]] 
zero-voltage s\Vitching, f-fi2:1, 111-

410, III-412 
switched-mode power supplies, ll-

470, III-458, VI-179 
24- to 3.3-V, V-4G2 
5- to 3.3-V, V-462 
50 Vv', off-line; llf-47:1 
100 kHz. mnltiple-011t.put, lll-488 
color TV receiver, SCH, VJ-487 
control circuits. VJ-Ml4 
converter, V-1fll 
synchronous stP.prlnwn regulator, 

V-468 
voltage regulators for switdtcd 

supplies, V-453, Vl-484 
3 A, IH-472 
fi V, fl A, 25 kHz, sl'paralc 
ultrastable reference, I-4!:17 

6 A variable output, 1-513 
200 kHz, 1-491 
application circuit, ·:Jw, 1-492 
fixed powPr supplies, 3 A, IV-408 
high-current inducturlcss, IU-476 
low-power, 111-4!10 
multiple output MPU, I-513 
positive, 1-4!:!8 
step clown, 1-49!J 
step-UJJ, 6V ballcry, JI-78 

converter, +50\/ push pull, I-494 
mverte.r, 500 kHz, 12 V, JI-474 
power illnplifier, 1-33 

si.1,itched ~hl, capacitance, I-132 
switd1i1lfV'mixing, silent audio. I-fi9 
sync circuits, V-594-595. VI-fllfi-f\18 

combiner, V-595 
,IY."lLing circuil, V-585 
PLll synchronizes asynchronous 

inputs, VI-616 
separators, III-715, fV-f\16 
stretcher circuit, VI-018 
sync Up de restorer, VI-G17 

synthesizero; (see also musical 
cirntils; sound generators) 

four-dmrmel, I-603 
frcqul'llCY, programmable volt.age­

conlrolled, U-205 
music, I-59!) 

T 
Lachometers, I-94, I-100, I-102, Il-175, 

III-335, III-340, III-::l47, V-65, V-
596-598, VI-98, VI-298, vr :371 
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adapter, Vl-298 
;maJog readout, IV-280, V-597-G98 
calibrdLcd, III-598 
dosed loop feedback control, II-390 
ll.4(it.al readout. II-61, III-4G, fV-268-

269, lV-278 
dwell mcLcr/tachometer, III-45 
feedback control, II-378, II-390 
frequency counter, 1-310 
low-frequency, III-596 
minimum-component design, I-40fi 
motor speed controllers, II-378, II-

!J89 
optical pick-up, III-347 
set point, III-47 
si,>:nal-conditioning circuit, VI-98 

tandcrn dimmer, II-312 
tap, telephone, III-622 
tapl'-recorder circuits, I-21, I-419, fll-

59U-601 fV-547-548 
arnplificrs,'I-90, IV-36 
audio-powered controller, fV-G48 
aulonmtic tape-recording sv.itch, 1-

21, II-21 
automotive-battery power drr.uit, 

IV-548 
casseLLc-deck motor speed 

calibrator, IV-353 
extended-play circuit, 111-6-00 
flat-response amplifier, IJl-671 
inlerface for, II-Gl4 
personal message recordPr, V-.'~:'JO. 

331 
playback amplifier, III-672, fV-:'lfi 
position indicator/r.ontroller, fl-Rl 5 
preamplifier, I-90 
sound-activated swit.ch, Ill 600, 111-

601 
starter switr.h, t.elPphone-adivated, 

I-632 
telephone-activated starter switch, 

I-f\32, IT-022, III 616 
telephonP-to-cassette i11terface, 111-

618 
telecom convertPr .48 tu +5 Vat l A, 

V-172 
telemptry rlemodulator, 1-229 
telephonP-rPlat.ed circuits (see also 

interr.oms), 11-616-605, 111-602-
622, fV-f)49-.564, V-59!:J-ti15, Vl-
61~-628 

alann dialPr, V-612 
amplifier, 111-621, IV-560, V-614 
answP.l"ing madtine beeper, fV-559 
a11t.o answer and ring indicator, 1-

6!35 
automatic recording device, II-622 
ba.~il" telephone circuit. V-615 
bell simulator, V-604 
Rell System 202 data encoder, VI-

625 
blinking phone light monitor, II-624, 

11-62!1 
call-tu11c generator, fV-562 
call restridor VI-622 
caller Ill, V-6i!J, VI-621 
cassette interface. 111-618 
conve1icr, ultra low-power for 

personul communications, VI-lGG 
decoder, Louch-tone, fV-555 
dial pulse indicator, III-613 
dial-Lune circuit, 5-V, V-610 
dialed-phone number vocalizer, III-

701 
dialer 

emergency dialer, V-603 
pulse/tone. single-chip, 111-fi(),q 

dual tuuc decoding, H-620 
duplex audio fu1k, fV-554 
duplex line illnplifier, III-616 
eavesdropper, wireless, III-620 
emergency dialer, V-603 
fax. maJ..~hine sv.ilch, rcmote­

controlled, lV-552-553 
flasl1Prs, 11-629 

phone-messa.,l\e, IV-656 
tell-a-bell, IV-558 
visual ring indicator, IV-658, IV­
fi61 

frequency and volume controller, II-
02:3 

hanrls-free telephone, III-605 
handset eucoder, 1-634, III-613 
lielper/simulaLor, VI-627 
hold button, 11-628. III-612 
hold circuit, V-614, Vl-624, VI-628 
in-use indicator, II-629, fV-560, IV-

56:3, V-602 
intercom, IV-557, V-239, V-240 
interface 

audio, V-612, Vl-625 
FCC Part 68, V-613 
fur phone-line, V-605 

light fur, 11-625 
line interface, autopatch, I-635 
liHe monitor, 1-628 
li11L' simulator, VI-627 
line tester. V-615, VI-620 
message-Laker, fV-563 
monitors, I-625, II-626 
musical hold, IJ-623, V-601, V-

605 
musical ringer, II-619 
night light, telephone controlled. 

IIl-604 
off-hook.indicator, I-f\3.q 
op(.oisolator status monit.or, I-620 
pager, V-609, V-611 
parallei connection, fII-011 
personal message rPr.order, V-:'l::m 
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piezoelectric ringer, f-fl:'lfi 
power s\Vitch, ac, IV-GGO 
preamp. transistor RIAA for 

magnetic cartridges, VI-7fi 
pulse-dialing, III-61 O 
recordmg calls, l-fl::l2, III-Rlfl, IV-

553, IV-Gfi8, V-fiOO, VI -fi26 
redial, III-GOO 
relay, 1-681 
remote monitor for, II fi26 
repeat.Pr, fH-007 
repertory dialer, line puwered., 1-

03.1 
ring amplifier, Vl-624, Vl-626 
ring r.onvertPr, V-602 
ring rlet.ectol"S, ll-62:J, 111-611, III-

019. IV-564, VJ-628 
ring inrl1catnr, V-604 
ringern, IV ."i56, V-tiUU 

ext.ension-11hor\!:' rin~er, IV-561 
high-isolation, !J-625 
mnlt.i-t.m1P, remote 
programmable, 11-604 

musical, If.6J9 
piezoelectric, l-6:J6 
plug-in, rernote, 11-027 
relay, ITl-606 
remotr, 11-627, 111-614, IV-562 
tonP, f·fi27, J-668, ll-6:JO, 11-631 

scramhler, Il-618, V-608, Vl-623 
series connectiou, 111-609 
silrncet; JV-557 
sound level meter monitor, 111-614 



speaker amplifier, IV-555 
speakerphone, 11-632, 111-008 
speakerphone adapter, V-000-007 
speech activity detector, II-617, III-

015 
speech net\vork, 11-633 
status monitor using optoisolator, I-

626 
sv.itch, solid-state, line-activated, 

III-617 
tap, 111-622 
tape-recorder starter controlled by, 

I-632 
telecom converter -48 to +5 Vat l 

A, V-472 
timer, tele-timer, V-623 
toll-totalizer, IV-551 
tone-dialing, III-607 
tone ringers, 1-627. I-628, II-630, II-

631 
Touchtone generator, III-609 
touch-tone decoder, IV-555 
vocalizer. dialed-phone number, III-

731 
voice-mail alert, V-607 

teleprinter loop supply, Vl-497 
teie'llision (see arnalcur television; 

video circuits) 
temperature-related circuits (see 

also thermometers), I-641-643, I-
648, I-657. 11-645, III-629-631, IV-
565-572, V-616-620, VI-628-647 

0-50 C, four-chmmel temperature, 
I-648 

ND converter for temperature 
measurement. VI-234-235, Vl-634 

absolute temperature log. with RS-
232, VI-636 

alarms, II-4. II-643, II-644, V-9 
amplifier, precision RTD. for +5 V, 

VI-043 
automotive water-temperature 

gauge, II-56, IV-44, IV-48 
body-heat detector, VI-266 
boiler temperature control, I-638 
compensation adjuster, V-617 
control circuits, I-641-643, II-636-

644, III-623-628, IV-507, VI-631, 
Vl-G11, VI-64G 
defrost cycle, IV-GG6 
heater elPmfmt. 11-612 
heatPr protPctor. SPfVO-SPnSPd, 
TTT-fi24 

heat sniffer, Plectronk, TTT-fi27 
liquid-lPVPl mc1nitor, TT-fi4Cl 
low-powPr, ?.Pro-voltage sv.itr.h, 
11-640 
piezoelectric fan· based, JJl-627 
proportional, JJl-620 
si,l.(1t01! conditioners. JJ.6:39 
sillgil' setpoint, L-641 
Utermol:ouplecl, IV-567 
zcro-puiut switchlng, 111-624 

eunverters 
lug;1ritln11ic, V-127 
temperat.Lire-to-digital, V-12:3 
temperature-to-frequency, 1-168, 
I-646, 1-656, ll-651-65:J, V-121 

lcmpcraturc-to-time, llJ-6:J2-6:J:J 
cool-down circuit for amplifiers, V-

354, V-!357 
defrost c.vdc and control, IY-566 
differential temperature, 1-6,54, 1-

655, Vl-645 
flrunc lcmpcralurc, 111-:Jl:J 
freeze-up sensor, Vl-647 

furnace fuel miser, V-328-329 
heater control, l-63D, I-640. 11-642, 

III-624, \1-632 
heat sniffer, III-627 
hi/lo sensor, 11-650 
hook sensor on 4- to 20-mA loop, V-

618 
IC tcmperalurc, l-64U 
indicator, ll-56. IV-670 
isolated temperature, I-651 
LCD contrast temperature 

compensator, Vl-195 
logarithmic converter, V-127 
low-temperature sensor, V-6Hl 
measuring circuit/sensors, II-653. 

IV-572 
meters/monitors, I-647. IIl-206, IV-

569 
op amp, temp-compensated 

breakpoint. V-401 
oscillators, lcmperalurc-conlrollcd, 

I-187. 11-427, III-1:37 
ovcr-tcmpcralurc switch, IV-571 
ovcr/tmder sensor. dual outpul, 11-

646 
proportional temperature 

controller, Vl-6:J:J 
pyrometer, optoelectronic, Vl-640 
regulator, zero-voltaf(c swiLd1ing, 

VI-647 
remote sensors. I-649, 1-654. V-619 
room tcmpcraLurc display, bar 

graph, Vl-641 
sensors. I-648, 1-657, Il-645-650, 111-

629-6:31. IV-568-572, V-61U 
-50 to 300 F, single supply, VI-6!38 
0-50-degree C four charmel, 1-648 
0-63 degrees C, III-631 
5 V powered linearized platinum 
RTD signal conditioner, II-650 

automotive-temperature 
indicator. FTC thermistor, II-56 
Centigrade thermometer, II-648 
coefficient resistor, positive, I-657 
differential, I-654, I-655 
full-range Fahrenheit, Vl-643 
output referenced to ground, two­
•vire, Vl-638 
over/under, dual output. II-646 
DVM interface, II-64 7 
hi/lo, 11-GGO 
integrated circuit, I-G49 
isolated, I-G51, 111-631 
low-t.Pmperature, V-G19 
rPmote, I-G.1!( I-0G4, V-Ol~l VI­
O::l8 

soil heatPr for plants, V-:'l33 
soldering iron r.ontrol, V-327 
thermal monitor, IV-fi09 
them1of'.011plP amplifier, cold 
junction compensation, Jl·649 
thernmr.ouple multiplex syst.Pm, 
111 030 
~.ero·crnss1ng <leter:tor, I-7."l::J 

signal conditioners, TT-O::J9 
single·setpoint., temperatnre, 1-041 
tern1.1er;:J.ture to-digital r.onverter, V 

12!3, VJ-646 
tem1_1erature- t 0- rrequency 

cuuve1ter, J-168, 1-646, 1-656, ll-
651-65!3, V-121, Vl-6!3!1 

tempc'ralure-tu-time conve1ters, lll-
6~12-6!3:J 

U1c11nocoupil's 
mnpliiier, cold junction 
compcnsalion. 11-649, Vl-605, VI-

642, VI-644 
control, IV-567 
multiplex system, III-630 

thermometers (see thermometers) 
thermostat (see thermostats) 
thermostatic fan switch. V-68 
thermostatic relay circuit, \1-643, 

Vl-645 
transconduccr, 1-646, I-64!.l 
undcr-lcrnpcralure S'A-ilch, JV-570 
zero-crossing detector, I-733 

temperature-lo-frequency converter, 
I-168. I-656, II-651-653, Vl-638 

temperature-to-frequency 
transconduccr, liJ1car, 1-646 

lemperalurc-lo-lime converters, III-
632-6;33 

ten-bar1d graphic cqillllizcr, active 
filler, II-684 

Tesla coils, III-6:34-636 
lcsl bench amplifier, V-26 
lcsl circuits (see mcasurcmcnlllcsl 

circuits) 
text adder, comµosilc-video si,l.(nal, 

111-716 
U1cremins, 11-654-656 

digiLal, ll-656 
declroHic, 11-655 

lhcrnml flowml'lcr, low-rate flow, 111-
20:3 

lhennocouplcs, 11-64!.l, Vl-6:35, Vl-
642, Vl-644 

mnplifiers, l-!355, 1-654, 11-14.11-649 
digital thcnnomcter usin~, 11-658 
multiplex, temperature sensor 

syslcm, 111-6:30 
pre-arnp usin~, 111-28:3 

thcrmornelcrs (see also tcmpcrature­
relatcd circuits), II-657-662, III-
637-64!3, IV-573-577 

0-50 degree F, 1-656 
0-100 degree C, I-656 
1.5-V. VI-6'.37 
5-V operation, V-617 
adapter, IIl-642 
add-on for DMM digital voltmeter. 

III-640 
centigrade. 1-655, II-648, II-662 

calibrated, I-650 
ground-referred, 1-657 

differential. 1-652, II-661, III-638, 
\.1-640 

cligltal, I-651, I-658, V-618, \1-637 
temperature-reportmg, III-638 
thermocouple, 11-GGS 
µP r.ontrolled, I-6GO 

electronic, II-000, 111-039, fV-G7fi, 
IV-570 

FahrPnheit, I-6G8 
gronnd-refPrrPd, l-6f"16 

high-ar.r.urar.y dPsign, fV-G77 
implantable/ingPstihlP, III-fi41 
Kelvin, T-flfiil. 1-0fifi, Tl-flfll 
linrar. III-H42, TV-fi74 
low-powPr, 1-flfifi 
mf't.PL trimmPd out.put, 1-tlfifi 
remot.P, II-tlfi9 
singlP-1k supply, fV-fi7fi 
var·iahle offset, T-Oi'i2 

thermostats, I 6!39, J.640, V 00, VI 
6:30 

third-overtone oscillator, 1-180, IV 
12:3 

tltree-iu-one test set, 111-:J:JO 
tltrec-minutic timer, 111-654 
Lhrec-ruil power supµly, 111-466 
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thrPshold rldeetors, precision, 111-157 
tilt meter, IT-663-666, 111-644-D46 

differential ea_pacituncc 
measuremeut circuil, II-665 

me1'CU1')'·SV.itclt, V-:302 
sense-ot"-·slope, 11-664 
ultra-simple level, 11-666 

timP hasps 
crystal osrillator, lll-1:3:J, IV-128, V-

187, V-1:39 
fllnrtion gener;J.turs, l Hz, 

readuut/cuw1ter applicalions, IV-
201 

oscilloscopes timebase generator, 
V·425 

trigger selector fur oscilloscopes 
timebase, V-425 

time constants, operational 
a1111.1lil1ers, HC lirnc constants. VI-
426 

timP delays, 1-668, 11-220, 11-667-670. 
ITT-647-64!:1 

circuit, precision solid sLaLe, I-664 
constant curre11t drarging, 11-668 
Plertronif'., 111-648 
generator, I 218 
honr sampling c:irc.uit, 11-668 
integrator to multi1.1ly 555 limers, 

low-cost, H-669 
long-d11rati!1n, 1-220 
motor controller, Vl-41:3 
relay, 1-219, 1-66!3 

timing threshold aud load driver, 11-
f\70, ITT-648 

timf! division multlplex stereo 
riecoder, 11-168 

timf!rs (.~eo also 555 timer circuits), 
T-f\116 1-668 Jl-671-681 III-650-
f\fifl, Tv.578~586, V-621:6'27, v1-
f\48-f\~10 

0.1 to !=JO second, 1-66:3 
2- to 2000-minute, V-624 
!)fifi-ba.sed alarm, V-11 
741timP1'1 1-667 
a<"'. line/timer irtterface, Vl-281 
adjustable, 11 681, IV-585 
alann, JT-f\74, Vl-64!:l 
appliancP-cutoff timer, lV-583 
C,MOS, prograrrnnablc precision, Ill-

11fl2 
cmmtrlown, V-627 
darkroom, T-480, V 4;35 
elapsed time/coLmter timer, II-680 
elPdronk egg, 1-665 
enlarger timer, Il-446, 111-445 
extended on-time, V-627 
IG, f'.iystal-stabili;1ed, 11-151 
interval, prograuuuabk, 1-660, 11-

f\78 
lamp timer, Vl-64!:l 
long-delay, 1-21!:1, V-626 
long-duration, Jl-675, lV-585 
long-interval, I-667, lV-581, IV-582 
long-period, V-624, Vl-650 
long-term, 11-1172, 111-650 
main.'l-powered, IV-57!:J 
minute marker, Vl-337 
mobile radio on-alarm Li.Iner, Vl-32 
one-shot, 11-266, IH-317, 111-654 
photographic, T-485 

darkroom enlarger, 111-445 
photo-Pvent timer, 1V-:J7!:J 

reaction time!', g;une circuil, IV-204 
reflex timer, V-622 
SGR design, IV-583 
self-retriggerin,iS tirncd-on 
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generator. V-343 
sequential. l-6f\1-fi02, T-fi118, 111-6.''i L 

V--023 
slide-show, III-114, 111-448 
solid-state, industrial applirations, 

i-664 
t.ele-t.imer, V-\)23 
ten-minute ID timer, IV-G84 
three-minute, IIl-fiG1 
three-stage sequential, V-112;1 
thumbwheel-typP, programmable 

interval, I-flf\O 
time-out tircuit, JV-f"180, TV-586 
triangle-wave generator. linear, 111-

222 
variable duty-cyde mitput, lJI-240 
voltage-r.ontrollPd, prngran1nw.bll', 

ll-67fi 
washer, l-fi(i8 
watr.h tick timer, V-292 
watchdog timer/alarm, IV-584 
\VJ.de-range, V-1-mirnitP tn 400 

hours, V-02:J 
timing light, ignition, 11-110 
timing threshold and load driver, Ill 

648 
tone alert decoder, I-213 
tone anntmciator, transformerless, 

III-27-28 
tone burst generators, T-f\04, 11-rlfL 

III-74 
tone circlllts (see fnndion 

generators; .'lmmd genPrarors) 
tone controls (see also sound 

generators), I-077, 11-1182-089. 111 
656-660. IV-G87-G8H, V-.'1.'14, \' 
630-631, Vl-fiGl-fiG.'1 

500-Hz, III-1G1 
active control. IV-588 
amateur radio amplifier controls, 

1.2-k\V 144-MHz, vr-rri 
audio amplifier, TT-0811 
automatic level r.ontrol (ALG), v. 

60-62 
bass, 1-670, V-:J81, V-f\81, Vl-f\i'l2 
bass and treble, I-071, V-f\81, Vl-

653 
Baxandall tone-control anrlio 

amplifier, IV-G88 
decibel level detectors, 111-1 fl4 
equalizers, 11-081, TTT-fifi8 
filter circuit, V-1 kHz, V-191 
guitar treble boo8ter, Tl-()8.1 
high-quality, I-07G 
high-z input, hi fi, I-f\7fi 
level meters, sound levPls, TTT-.'3411, 

llI-614, IV-30G, IV-807 
loudness, II-46 
microphone preamp, 1-f\7!"1, TT-1187 
mixer preamp, I-G8 
passive cirr.nit, TI-f\89 
preamplifiers, I-G8, I-f\7:1, l-fi7n, 11-

687, II-688, III-fiG7 
rumble/scratch filter, III-fitJO 
stereo level display circuit. VJ-190 
stereo preamp with tone f'.ontroL V 
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three-band active, I-0711, lll-fif18 
three-chalillel, 1-072 
tone detector, 15-kHz, VJ-181 
trebel control, V-031, \-1-fl.>2 
tremolo circuit, IV-G89 
volume limiter, V-G9, Vl-:17fi 
\Vien-bridge filter, lll-OG9 

tone decoders. I-231, III-148, Vl-170 
dual time con8tant, ll-111f\ 

24 percent bandwidth, 1-215 
relay output, 1-213 
tone-diul decoder, 1-630, I-631 

toHc dl'Leclors, 500-Hz, Ill-154 
to1te-dial generator, I-629 
tu1te-dialiiig telephone, III-607 
tune encoder, I-67 

subaudible, 1-23 
tune-dial encodcr,--I-629 
two-wire, II-:354 

tone generators (see sound 
gcneralors) 

tone probe, digital IC testing v.ith, 11-
504 

tone riiigcr, telephone, 11-630, II-6.11 
Lotem-polc driver, bootstrapping, TII-

175 
Louch switches, I-131, I-135-136, 1-

137, Il-6D0-693, III-661-GGG, IV-
500-594, V-632-635, VI-GG4-0G7 

CMOS, 1-137 
bisLablc multivibrator, touch­

lrij\gcred, I-133 
bdd,i.:iI1g Louch plate sensor, V-G34 
capacitive sensor touch switch 

system, VI-656 
dimmer, CMOS based, V-270 
duublc-buUon lalching, 1-138 
ILum-detecling touch sensor, IV-

5~4 
lamp conlrol, three-way, IV-247 
low-current, I-132 
On/Off, 11-691. !II-663, IV-593 
laldtiI1g swilch, V-635 
lille-hwn, III-664 
momentary operation, I-133 
Jtegativc-lriggered, III-662 
un-only SV>ilch. v~635 
1.1ositive-Lriggered. III-662 
sensor switch and clock, IV-591 
single-plale sensor, V-633 
si,vilch, V-633, V-634, V-635 
ti.Jue-on Louch switch. IV-594 
tiined touch switch, VI-655 
tuuchonralic, II-6!J3 
t1No-terminal, III-663 

Tuuchtone generator, telephone, III-
60!:J 

toxic gas deleclor, II-280 
toy siren, 11-575 
TH circuit, 11-532 
'I'll. switch for antennas, automatic, V­

!37 
tracers, Vl-658-658 

audio reference signal, probe, I-527 
bug, lll-J58 
cable lracer, VI-650 
dosed-loop, III-356 
receiver, 111-357 
signal lracer, VI-650 
wire Lracer VI-65D 

track-and-hoid circuits, III-667, 111-
668 

sample-und-hold circuit, IIl-549, III-
652 

tracking circuits, III-666-668 
pusitive/ncgalivc voltage reference, 

111-667 
preregulator, 111-492 
tr<.1ck-and-hold, III-667, III-668 

tratkillfl power ~uppl:v, VI-485 
train chuffer sound effect, II-588 
transceivers (see also receivers; 

transmillers), IV-595-603 
1750-mcler, V-646 
CE, 20-m, IV-506-598 



CV;', 5 W, 80-mckr, IV-602 
external microphone circuil, V-!J51 
hand-held, 111-39, III-461 
HF transceiver/mixer, IV-457 
memmy backup, Vl-28 
power supply for lab source, VI-517 
T/R switch, VI-610 
ultrasonic, III-702, Ill-704 

transducer amplifiers, 1-86, III-66!:1-
673 

flat-response, t.<rpc, IIl-673 
NAB preamp, III-673 
photodiode amplifier, III-672 
preamp, magnetic phono, III-671, 

IIl-673 
tape playback, IIl-672 
voltage, differential-lo-single­

ended, 111-670 
transducers, 1-86 

bridge type, amplifier, II-84, 111-71 
detector, magnetic lransduccr, 1-

233 
interfacing resistive lrm1sducers, 

\1-281 
sonar, s~itch and, III-703 
temperature. remote sensor, 1-64!:1 

transformers 
isolation transfonner, V-:J4!:1, V-470 
power lcsler, Vl-354 

transistors and lnmsisLorizl'"d circuits 
flashers, II-236, 111-200 
frequency triplcr, nonsckclivc, 

saturated. II-252 
headphone arnplifier, 11-43 
on/off switch for op wnp, IV-546 
phototransislor, V-27!J 

amplifier, V-40!.l 
vaiiable-sensithity, V-40!.l 

pulse generator, IV-437 
sorter, I-401 
tester, I-401, IV-281, V-306 
tum-on circuit. V-345 

transistor-matching circuit, Vl-:J:J!.l 
transmission indicator, IJ-211 
transmitters (see also receivers; 

transceivers), III-674-691, IV-
595-603 V-6:36-64!.l Vl-660-665 

2-meter, r\1-600-601 . 
10-meter DSB, V-647 
27.125-MHz NBFM, V-637 
acoustic-sound transmiltcr, IV-:Jll 
amateur radio, 80-M, III-675 
amateur TV, IV-5!J!J, Vl-34-36 
ATV JR transmitter, V-440 MHz, V-

640 
audio, \isible-Jight, V-261 
automobile security system, Vl-!J 
baby-alert, canier-current circuit, 

V-95 
beacon, III-683, IV-603 
broadcast, 1-to-2 MHz, I-680 
carrier current, I-144, 1-145, III-79 
computer circuit, 1-of-8 channel, 

III-100 
CV.' transmitters, I-681, III-684, 111-

686, III-687, 111-6!.lO, IV-601, V-
648, V-649, Vl-22-23, Vl-27, 
VI-664 

DSB, IO-meter, V-647 
dummy load for transmitter tests, 

Vl-37 
fiberoptic, III-177, VI-207 
FM transmitters, l-68L V-641 

27.125-MHz NBFM, V-637 
19-MHz, V-043 
hug, VI-GG2 

inl'rared,-vok~-modnlatPd pulse, 
IV-228 

light-beam, V-2fi9 
n1ulti1-1lex, fll-088 
one-transistor dPsign, IIl-G87 
u1.1tical, 1-:'lfil, T-."lfi7, 11-417 
r·acliu, V-fi48 
snooper, IIT-fi80 
sten~o, V-fi7:>, V-G80, Vl-002 
voice, TIT-fi78 
wireless mif:rophonP, IIl-G82, 111-
686, T11-fi91 

lwll'-duplex mformation 
tr;msmission link, low-cost, III-fi79 

llF, low-power, TV-~G98 
infrared, J-,342, J-:141, TT-289, 11-290. 

llJ-27.'5, 111-277, TV-220-227, IV-
228 

audio-rnodul:i.tPd, VI-2fi2 
/1eadphones, V-227 
pulsed for on/off control, V-228 
pulse frequency modulatPd, VI-
209 

single-tone, Vl-264 
steady-t.one, Vl-267 
\'ilirelPss hPadphones, Vl-263 

keyPr int.Prface r.ircnit, amateur 
radio, VI-31 

la.~er diodP-hased, \1-292 
LED lightwavP communications, VI­

:509 
linP-carriPr, with on/off, 200 kHz, I-

142 
low-frpq11PnC}« TTI-082 
MIDI transmitter, V-393 
memory hacknp, Vl-28 
modulated-light transmitter, V-2G8 
Morse-code transmitter, V-0-\V for 

7-YIH~., V 041 
multiplexed, l-of-8 channPl, TTI-39G 
negative key-line keyer, fV-24'1 
optical, I :301, J-:1fi'.'l, II-417, Tl-'118, 

IV !308 
oscillator and, 27 anrl 49 MHz, 1-680 
out1-1ut indicaror, IV-218 
pl1otodiode log 

convertPr/transmitter, Vl-812 
QIU', V-fi!'l8-0."l9, V-fi44-61G 
remote control, V-G09, V-G13 

interface, V-fil 1 
Liltrasun1c, V-fi12 

remote sensors, loop-typP, TTT-70 
television. Tll-670 
tracking tfansmittPr, V-042 
transceiver, 17fi0-mPt.Pr, V-646 
transceiver 1'/R switch, Vl-010 
transmit/receive SPflllPncPr, 

preamp, V :348 
ultrasonic 

40 kHz, l-685 
C\V transceiver, Vl-fi69 
lluppJer, V fifll 

vacuum-tube, low-powPr, 80/40-M, 
V-042 

voice-cumrn11n1cation, light-hPam, 
V-260 

VHF, 111-681, 111-684, Vl-fifi3 
video detector for transmitter tests, 

Vl-:J7 
wireless guitar transmitter, VI-GO 1 
wireless microphone, Vl-661 

Lnmsvcrtcr, ~-tu-6 meter, V-124 
treasure locator, lo-pmts,.1"409 
treble booster, guitar, 11-683 
tremolo circuits, 1-5!:1, 1-598, Ill -692-

6!.15, IV-58!:1 

tri-color indicator, V-2'.32 
triac circuits, V-268 

ac-voltage controller, IV-426 
contact protection, II-531 
controller circuit, V-267, V-271 
dimmer switches, 1-375, II-310, 111-

303 
drive interface, direct de, 1-266 
microcomputer-to-triac interface, 

V-244 
microprocessor array, II-410 
relay-contact protection witl1, 11-

531 
switch, inductive load, IV-25'.J 
trigger, I-421 
voltage doubler, 111-468 
zero point switch, 11-311 
zero voltage, I-623 

triangle-to-sine converter, II-127 
triangle/square v.·a.ve oscillalor, II-

422, V-206 
triangle-wave generators, 111-234, V-

203, V1-5D6, \1-6D7, VI-6!J8 
10-Hz to 10-kHz VCO, V-570 
dock-driven, V-206 
square/triangle-wave, 111-225, lll-

23D, Ill-242 
timer linear 111-222 

triangl~-wave ~scillalur, Y-205 
trickle charger. 12 V baltczy, 1-117 
triggers 

50-MHz, III-364 
camera alarm, 111-444 
flash, photography, xenon flash, lll-

447 
load-sensing, V-285 
optical Schrnitt, I-362 
oscilloscope-triggered swcep.111-

438 
remote flash, I-484 
SCR series, optically coaplcd, 111-

411 
sound/light flash, I-482 
triac, I-421 

triggered sweep, add-on, 1-472 
tripler, nonselcclivc. trar1sislur 

saturation, ll-252 
trouble tone alert, JI-!3 
TTL circuits 

clock, wide-frequency, 111-85 
coupler, optical, 111-416 
gates, siren using, II-576 
Morse code keyer, II-25 
oscillator, Vl-437 
speaker driver, Vl-Hl!J 
square-to-triangle w,;1ve converter, 

II-125 
TTL-to-MOS logic converter, 11-

125 
TTL oscillators, l-l 7!J, I-613, IV-127 

1 MHz to 10 MHz, I-178 
1 :MHz to 20 MHz, IV-127 
crystal, TTL-compatible, 1-179 
sine wave/square oscillator, IV-512 
television display using, 11-372 

tube amplifier. high-voltage isolation. 
IV-426 

tuners 
antenna tuner, IV-14, V-'.38, Vl-66 
FM, I-231 
guitar and bass, II-362 

turbo circuits, glitch free, IIl-186 
tum-on circuit, V-345 
twang-twang circuit, II-592 
twilight-triggered circuit, II-322 
twin-T notch filters. III-403 
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Twenty-One garne, Vl-246 
two state siren, III-567 
t\vo-tone generator, 11-570 
two tone siren, llI-562 
two way intercom, IJI-282 
two's compil'mcnl. DIA conversion 

system, binmy, 12-bit, III-lGG 

u 
!..1A2240 slttin:ase generator, III-587 
L!if-relaled circuits (see also 

radio/rf circuits) 
ante1ma for UHF scanners, \1-ll7 
amplifier, I-560-5G5 
audio-lo-UHF preamp, V-24 
broadband rf amplifi.,rn, V-S23 
field-strength meters, TV- lf\5 
oscillator, tllllahle, \1-456 
rf amplifiers, lJHF TV-line amplifier, 

IV-482, IV-18:3 
source dipper, TV-299 
TV preamplifier, 111-540 
VHF/UHF rf diode switch, lV-544 
VHF/UHF rfprPalll_pliiier, V-515 
v.idehanrl amplifier, 1-560, 111-264 

UJT circuits 
battery chargers, 111-56 
calihratio11 oscillator, 100-kHz, VI­

lfi7 
mPtronome, 11-:355 
monostable circuil, bias voltage 

change inscnsilivc, II-268 
ultrasonic circuits (see also sound­

nperated circuils), III-696-707, 
TV-604-606, V-650-653, Vl-GG6-
670 

arc welding inverter, 20 kHz, III-700 
cleaner, V-652-653 
CW transceiver, VI-669 
generalor, VI-670 
induclion heater, 120-kHz 500-Vv', 

111-704 
rnotiondelcctor, VI-668 
pest-conlrolJrepel, I-G84, Il-08:J, JJl-

69!:1, III-700, III-707, IV-005-600 
proximity sensor, VI-GG9 
ran,ISing system, III-697 
receiver, 111-698, III-70G, Vl-070 

Doppler ultrasound, V-OGl 
remolc-control receiver, V-f°> 18 
rernole-control tester, V1-0tl7 
rcmole-control transmitter, V-G12 
sonar lransducer/s~'itch, 111-70:'; 
sound source, IV-GOG 
swilch, 1-683 
transceiver, III-702, III-704 
trar1sm.itter, I-68G 

Doppler ultrasound, V-tl:i l 
u11dervollage detector/monitor, Tll-

762, IV-138, Vl-117 
1_minterruptible power supply, TT-402, 

III-477, V-471 
unity-gain amplifiers 

irtvl'rting, 1-35, 1-80 
noniuverting. V-21, V-22 
ultra high-Z, ac, II-7 

unity-gain buffer 
stable, speed Md high-input 

impcdar1ce, 11-6 
u11ity-gain follower, I-27 
universal counters 

IO MHz, I-255, II-139 
40-MHz, III-127 

uitiversal mixer stage, Ill-870 
uHiversal power supply, 8-:'!0V. Ill 489 
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11p/l:lown counters 
R clt_.µt, 11-l!J4 
extreme count freezer, III-12G 
XOlt gate, III-105 

v 
vacuLUll lluorcscent display circuit, 11-

185 
vacuum guugc, automotive, IV-1r1 
vacuurn tube amplifier, VF72-7:\ VJ-

87 
vapor dclector, II-279 
varacLOr-luned 10 MHz ceramic 

resonator oscillator, 11-111 
variable current source, 100 mA to 

2A, II-471 
variable-frequency invertPr, 

complementary 011tp11t, lJJ.297 
variable-frequency oscillators (VFO) 

5 MHz design, TT-551 
4093 CMOS, V-421 
adjustahlP tPmperature 

compensation, V-420 
amateur radio, V 532 
buffer amplifier;·v-~2 
CMOS design, V-418 
code prartice oscillators, V-1 O;J 
rf, V-0.5 MHz, V-52!:1 

variable-gain an1plifier, vollagc­
controllecl, 1-28-2~ 

variahle-gain and sign op amp, II-405 
variahle-gaiH cireuil, accurate null, 

111-f\9 
vari:ihle-st;ik liltcrs 

universal, \'-178 
variable oscillators, 11-421 

audio, 20 Hz lo 20 kHz, II-727 
duly-cycle, III-422 
!"our-decade, single control, II-421 
siue-wave oscillator, low-distortion, 

JU-558 
wide nmge, 11-428 

variable power supplies, IIl-487-492, 
JV-414-421 

0- t-o 12-V, V-1 A, V-4GO 
current source, voltage­

pro,l\numnable, IV-420 
de supply 

SCH variable, IV-418 
slepvariable, IV-418 

dual universal supply, 0-to-fiO V, fi 
A, IV-416-417 

regulated supply, 2.5 A, 1.2G-to-2t> V 
swileh-selected fixed-volt.age 

sl\pply, IV-419 
sv.itching regulator, low-power, TTJ-

4!)0 
switehir1g, 100-kHz multiple-output, 

JJl-488 
tracking preregulator, 111-192 
transformerless supply, IV-420 
urtiversal 3-30\T, III-489 
voltage regulators for variable 

supplies, III-490, 111-492, IV-121 
vurialiic currenl source, lOOmA t.o 

2A, JI-471 
voltage regulator, III-491 

VCIUTV cirCuits. 
JSD lOOOA record/playbar:k circuit., 

Vl-50 
on/off control, V-113 
lester for VCR head amplifiPr, Vl-48 
video detector controller, VI-178 

vclticks (see automotive circuits) 
vertical deflection circuit., Vl-874 

VHl<'-rel<1ted circuits (see also 
r;1dio/rf; ll'ievision; UHF) 

ampliikrs, J-558 
beacon tnmsmilter, VJ-663 
r.ryst.al oscillators, HI-138-140 
HF'/\'HF switchable active antenna, 

v 524 
mmlulatur, J-440, III-684 
tone transmitler, III-681 
transmitters, 111-681, III-684 
VHF/UJIF diode rf S>\itch, IV-544 
\iHf/UllF rfprcamplifier, V-515 

video circuits (see also amateur 
television (ATV)), 111-713-728, 
JV-607-621, V-654-662, Vl-671-
680 

aruateur TV (A TV) do>vn convert.Pr. 
V-125, V-126 

arnplifiers, video, 1-688, I-fi90, T-092, 
III-38, III-708-712, IV-182, TV-48:l 
V-656, V-662, Vl-fi71, Vl-075, Vl 
679, VI-681, \1-082 
75-ohrn video pulsP, IIT-711 
buffer, low-distortion, TTT-7T2 
color, 1-34, 111-724 
de gain-control, TH- 711 
differential >iden loop-through, 

V-657 
PET ca8r:ade, T-691 
gain hlor:k, TTT-712 
IF, 1-089, IT-087, V-655 
.TFEl' hipolar cascade, 1-6!:12 
line driving, 111-710 
log amplifier, 1-38 
output, V-655 
RCIR, TIJ-70!:J 
summing, clarnping circuit and, 
111-710 

TV amplifiers, 1-688, I-690, 111-39, 
!V-482, JV-480 
1:aria!Jle-guin video loop-through. 
V-658 

arnpliller/diiver, Vl-683 
ATV video sarnpler circuit, V-656 
audio/video swilcher circuit, IV-

540-541 
alltomatic TV lurn-off, I-577 
buffers, V-!:10 
cable driver, Vl-200, VI-678 
cantera-iruagc lracker, analog 

voltage, IV-608-609 
camera link, wireless, III-718 
chroma dernodulator with RGB 

rnat1ix, III-716 
cuax cable driver, VI-201 
color ;unplifier, III-724 
color-bar generator, IV-614 
couunercial zapper, V-334-33G 
com1Josilc-video signal text adder. 

JII-716 
converters 

HGU-lo-NTSC, IV-611 
video aid arid d/a, IV-610-Gll 

cru~~-haldt generator, color TV, 111-
724 

data iuterface, TTL oscillator, II-372 
de restorer, IIl-72:3, V-650 
rlecoders 

NTSC-to-HGn, IV-613 
stereo TV, II-167, V-576-579, V-
580 

vidl'o line decoders, VI-I 71 
deltiyed video trigger for 

oscilloscopes, VI-464 
detectors 

JF, MC130/MC1352 design, 1--088 



low-level ;.ideo, I-687-689 
transmitter tests, VJ-:37 

do..,..nconverter, \.1-40-41, Vl-44-45 
differential ;.ideo loop-Uirough 

amplifier, V-657 
driver, two-input video MUX c;i.lile 

driver, VI-197 
dummy load for Lnmsm.itter tests, 

\.1-37 
equalizer, VI-681 
fader, V-658 
filter, VSB filter for LM 2881J, Vl-21 g 
gray-scale generator. Europe<m line 

standard, VI-680 
gray-scale video generator, NTSC, 

VI-G79 
high-performance video s'A-itch, 111-

728 
horizontal deflection circuiL. VJ-:J82 
IF amplifier, 4.5-MHz sotmd, V-6.'55, 

V1-G78 
IF detector, amplifier, 

MC130fl.JC1352, 1-688 
T8D lOOOA record/playbuck circuit, 

VI-SO 
line driver, Vl-683 
line pulse extractor, IV-612 
line receiver, VI-550 
line/bar generator, V-662 
loop-thru amplifier, IV-616 
master circuit, video maslcr, V-661 
mixer, high-performance video 

mixer, IV-G09 
rnodnlators, 1-437, I-438, II-371, 11-

!'!72, TT-188, 11-434, \.1-3!J!J, Vl-40:J 
mnnit.ors, RGB, blue box, III-\)() 
mormchrome-pattem generator, IV-

617 
multiplexer, cascaded, 1-of-15_ III­

:39:3 
MUX cable rlriver 

multi input, V-OG7 
two-input, V-GS7 

NTSC-to-RGB converter, VI-677 
one-of-two video selector, VI-676 
01_1 amp cnTuits, IV-G15 
output amplifier, V-G55 
PAL/NT8C decoder With RGB 

iu1.1ut, IH-717 
palette, IJJ.-720 
picture fixer/inverter, III-722 
µrl'amplifier, HT--04fi, V-GGO, VI-37 
remote controL TR relay, VI-2G3 
rf amplifiers, TV sound system, V-

519 
rf uµ-couverter for TVRO 

subcarrier recept.10n, TV-SOl 
RGI3-comµosite converter, III-711 
sarnµlcr circuit, ATV vidP.o, V-G:Jfi 
satcllilc TV audio switchPr, IV-S18 
seleclor, V-600 
signal-mnµlitude measurer. V-809 
signal dmnµ, Ill- 726 
sound, IF/l"M If amplifiP.r \Vitb 

quadruture, 1-090 
staircase ge11erator, VT-:i97 
sterco-sowtd decodPr, TI-107 
stereo TV decoder, V-570-fl79, V-

580 
swuming arnpliller, VI-681 
sweep/funeLi011,i.;ener;1tor, VI-2:18-

241 
switching circuits, lll-719, HT-72fi, 

IIl-727, IV-618-0Ll, Vl-680 
video/audio swiLdt, V-586 
wideband for HGU s_i,IS1tals, V-587 

switching power supply for color 
TV, SCR, VI-487 

s~11c circuits, \'1-615-618 
s~11c separator, III-715, IV-616 
sync stripper/video interface, V-05~ 
tester for VCR head an1plificr, Vl-48 
titler, VI-672-674 
transmitter, TV, III-676, IV-5~~, VI 

81, VI-35, VI-36, VI<.l8-;J~, VJ-42-
13 

TV sound system, rf arnplifiers, V­
!) 19 

hvisted-pair video driver/receiver 
circuit, VI-682 

variable-gain video loop-throllj\lt 
amplifier, V-658 

VCR video detector controller, Vl-
178 

VCR.ITV on-off control, V-133 
vPrtica\ deflection circuit, \1-374 
video, power, channel-selccl signal 

carrier, V-344-345 
UHF oscillator, tunable, VI-456 
VHF beacon transmitter, VI-660 
\virelP.ss r.amera link, III-71 

VLF/VHF wideband antenna 
low-noise, active,-V-33 

vocal eliminator, IV-HJ 
v01ce communications 

light-beam transmitter/receiw:r, V-
200 

1.1ersm1a\ message recorder, V-330-
,3:11 

voicP-mail alert for telephone, V-
607 

voice scrambler/descrambler, TV-26, 
JV-27 

voice substitute, eler.tronic, Ill-734 
voice-activatP.d drr.uits (see also 

sound-opprated cirr.uits; 
tl'leplmnP-related circuits), III-
7!!~-7:34, IV-fi22-fi21, V-545-555 

ac Hue-voltage announcer, III-730 
allo1.1hone genPrator, III-733 
rnuplilier/swit.ch, I-008 
com1.1ut.er speech synthesizer, 111-

7:32 
dialed 1.1hone number vocalizer, III-

7:31 
disguiser for voices, V-826-327 
inlcrcoms, V -2:39, VT-:17fi 
level meter. VT-194 
mcssaW:' syStern, single-chip, VI-373 
scrnmer voice squPkh, IV-fi24 
scrambler, V-554 
speech detector, 11-617, TU-Gl:J 
stripper, vocal stripper, V-G4fi-S17 
s\\itchcs, lil-580, IV-527 
s\\itch/umplifier, 1-608, V-!ifi:'l 
vocal stripper, V-546·547, VT-:172, 

VI-373 
voice identifier for amateur radio 

use, V-550 
voice subsLitute, electronic, ITT-781 
VOX circuit, JV-02~1 

voltage bias regulator, VI-G19 
voltagc-conlrolled amplifier (VCA), I-

31, I-598, JV-20, Vl-684-f\8.'i 
attenualor for, 11-18 
differenlial-lo-siu,i.;le-ended, 111-fi 70 
reference, 1-06 
tremolo circuit, 1-598 
variable gain, 1-28-29 

voltage~conlrolled oscillators (VCO), 
I-702-704, Il-702, 111-7:35, IV-62G­
G30, V-663-667, VJ-685-687 

!3-fi V regulated output converter, 
llT-7:19 

l 0 Hz to 10 kHz, I-701, l!I-735-741 
three-decade, V-GGG 

i"1flf>-VCO, IV-G27 
audio-frequency VCO, IV-626 
bask cirr.uit, V-G66, V-667 
crystal oscillator, III-135. IV-124 
current sink, voltage-conlrolled, 1V-

G89 
DDS digital, Vl-447 
driver, op-amp design, IV-362 
linPar, I-701, IV-628 

triangle/square wave, II-263 
logarithmic sweep, llI-738 
one-shot, ll-2GG 
precision, I-702, llI-431 
restrir.ted-range, IV-627 
sine-wave oscillator, V-666 
sinusoidal :1-Hz to 300-kHz, V-664-

fifi:i 
st.able, T\'-272<373 
square-wave generators_ V-570 
supply voltage splitter, III-738 
three-decade, I-703 
-based, V-fififj 
T\108, balanced, 111-736 
two-decade, high-frequency, I-704 
varact.orless, IV-630 
variable-capacitance diode-sparked, 

111-7:17 
VHF oscillator, voltage-ttmed, IV-

628 
wavefonn gP.nerator, 111-737 
wide-range, IV-fi27, IV-G29 

volla.ge-controller, pulse generator, 
111-524 

volla,i.lc converters/inverters, III-7 42-
7 48, V-668·669 

12-to-16 V, 111-747 
dc-Lo-ac inverter, V-fif\9 
de-Lo-Uc, 111-744, !TT-74fi, V-fiG9 
flyback, high-efficiency, III-714 
flyback-switching, self-osr.illating, 

111-748 
1tcgaLive vultagP, µP-controlled, I\/-

117 
offlirte, 1.5-\V, lll-74fi 
rc,i~ulated 15-Vour fi-V driven, III)45 
splilLer, 111-743 
tmipolar-to-dual supply, Tll-748 
volt.llf\c-to-current converters. I-

160, 1-166, 11-124, IH-110, III-120, 
IV-118, Vl-15:3 

voltage-Lo-frequency converters, T-
707, 111-74!:!-757, IV-638-042 
1 Hz-to-10 Milz, 111-754 
1Hz-to-:JO.Mllz,111-750 
1 Hz-to-1.25Milz,111-755 
5 kHz-to-2 Miiz, 111-752 
10 Hz to 10 kHz, 1-706, 111-110 
accurate, III-756 
differential-input, 111-750 
function gencralors_ 

potentioml'Ler-position, IV-200 
low-cosl, 111-751 
low-frequency conve1ter, IV-641 
negative input, 1-708 
optocoupkr, lV-642 
positive input, 1-707 
precision, II-131 
preserved inpuL, 111-753 
ultraprecision, 1-708 
wide-range, III-751, 111-752 

voltage-to-pulse clurul.imt converter, 
II-124 

785 



vollage converters/invertPrn, 
continued 

voltage-ratio-to-freq11enr.y 
converter, III-1 lG 

vo!Lagc detector 
@tdt detector, VI-178 
grid leak detector, VI-179 

volta,i.:e detccLor relay, battery 
charger, II-76 

voltage doublers, III-459, IV-fi8fi, V-
460 

cascaded, Cockcroft-\Valton, TV-fi.'3.'5 
Lriac-controlled, III-4G8 

vult.uj\c followers, I-40. III-212. Vl-
127, VI-386 

fru;L, I-34 
noninverting. I-33 
signal-supply operation, amplifier, 

III-20 
volLage inverters, precision, Jll-298 
vo!Lugc indicators/meters (smi rilsu 

voltmeters), IIl-758-772, TV-42:3, 
VI-688-695 

rnnplifiers, \1-689, 'v1-fi9fi 
audible voltage indicator, \1-f\94 
uutomotive battery voltagP ga11ge, 

lV-47 
lmLlcry-voltage measuring 

regulator, IV-77 
calibrator, VI-693 
comparator and. 11-104 
de meter. expanded sr.alP, VT 692 
five-step level deter.tor, T-887 
frequency counter. llI-7fi8 
HTS, precision, I-122 
level detectors, I-888. 11-172, 111-

759, III-770 
low-voltage indicator, rrr 769 
monitor, V-31G, V1-fi89, V[-694 
multiplexed common-cathode LED 

ADC, III-7G4 
over/under monitor, TTT-762 
peak program detector, 111-771 
solid-state battmy, 1-120 
ten-step level dHedor, I :335 
visible, I-338, III-772 
voltage freezer, ITl-76.i 
voltage-level circuit, V-801 

voltage multipliers, fV-fi,il-6:37, V-
670-672 

2,000 V low-currPnt supply, IV-636-
637 

10,000 V de supply, rv.5:3;3 
corona wind gPnP.rator, JV-6!J!J 
doublers, llI-4fi9, TV-635 

cascaded, Cockcroft-Waltun, 
IV-G85 

de, V-G72 
triac-controllPrl, lll-468 

high-voltage tripler, Vl-504 
laser power supply, 1V-6!J6 
low-frequency multiplier, IV-325 
negative-ion generator, high-

voltage, 1V-fl:14 
quadrupler, rlr, V 671 
tripler, IV-687, V-671, Vl-504, VJ-531 

voltage prohes, V-474 
voltage references, 111-773-775 

bipolar source, 111-774 
digitally rontrolled, Ill-775 
P.xpanrlPrl·seale. a1mlog Jneter, III-

774 
positive/negative, Lrackcr for, III-

007 
variahle-voltal-(e reference source, 

TV-827 

786 

vollagc regulators, 1-GOI, 1-fll l, Tl-
484, 111-485, VI-482, \1-48fi, Vl-
561-567 

0- lo 10-Vat 3A. adj1rntahle, 1-!'il l 
0- to 22-V, I-510 
0- tu 30-V, I-510 
:J A, IIl-472 
:J.:J-Y adjustable. Vl-489 
4- to 70-V. Vl-483 
5 V, low-dropout, III-4Gl 
5 V, 1A,1-500 
5 V, l!llrastable reference, 1-497 
6 A, variable output switching, T-

513 
8- from 5-V regulator, V-409 
10 A, I-510 
10 A, adjustable, IIl-192 
10 V, high-stability, IIl-468 
15 V, 1 A, remote sense, T-4!HJ 
15 V, slow-turn-on, IIl-477 
-15 V negative, I-499 
45 V, 1 A switchilig, 1-499 
UO V rms voltage regulator v.ith 

PUT, II-479 
100 Vrms. I-496 
200 kHz, I-491 
200-V. VJ-505 
ac, 111-477 
adjustable output, I-fiOfi, T-f>l2 
application circuit, 1-192 
automotive circuits, TII-48, TV-67 
battery power suppliers, T-117, JV-

77 
bilateral sourceiloarl power system, 

\'1-488 
bucking, high-voltagP, TTl-481 
combination voltagP!current 

regulator, V-4fifi 
common hot-lead regulator, JV-467 
constant voltagek:onstant currcnL, 

I-508 
current and thennal protedion, 10 

amp, II-471 
Darlington, IV-421 
dual0tracking, 111-462 
efficiency-improving switchi11R, lV-

464 
fixed pnp, zener rliorle i ncreascs 

output, II-184 
fixed-current regulator, JV-467 
fixed supplit!s, ITT-461, 111-468, 111-

471-477, IV-408, !V-462-467 
flyback, off-linP, TT-481 
foldbadc-r.11rrPnt. limitll1g, U-478 
high- or low-input regulatur,-IV-466 
lugh-stahility" T-499, 1-502, 111-468 
high-voltagP power supplies, I-508. 

II-178, TTl-485.111-490, VI-500, VI-
508 

IC regulator protector, Vl-483 
indudorlPss, 111-476 
junk transistors, Vl-497 
LM,ql 7 dRsign, JV-466 
loss cutter, V 467 
lmv-dropnut, !'i-V, 111-461, VI-486 
low-power, T-fi95, 111-490 
low-voltagP, 1·502, 1-511 
linPar, TT-4fi8, 111~459 
mohilP. T-498 
MPTl, m11ltiple output, I-513 
m11lt.iplP. on-card udjuster, VI-494 
negativP, 1-498, 1-499, III-474, IV-

40f1 
npn/pnp boost, lll-475 
off-I me flyback regulator, II-481 
pnp, 11-484 

positive, I-498, III-471, IIl-47.'1, Vl-
4\H, VI-518 

pre-regulators, II-482, ITI-480, ITJ-492 
progrnmmable, IV-470 
projection lamp, II-30G 
PUT, UO V nns, II-479 
radiation-hardened 12GA linPar 

rl'gulator, II-468 
remoLc shutdown, I-510 
t;CH prcrcgulator for, II-482 
sin1'(ll' supply voltage regulator, Tl-

471 
sl'nsor, LM317 regulator sensing, 

IV-466 
short-circuit protection, low-

voltagc, I-502 
singlc-c11ded, I-493 
single-suppl}·, II-471 
slow-tum-on 15 V, I-499 
step-down, I-493 
slcp-up, II-78 
switching supplies, 1-491, 1-492, 1-

4U3, I-407, I-498, I-G18, TT-78, 111-
472, III-476, llI-490, IV-408, 
IV-463, V-453, VI-181 

3-A, 111-472 
3 V./, application circuit, 1-492 
5 V, 6 A 25 kHz, separate 
ultrastable reference, I-497 

6 A, variable output, 1-Gl:'l 
200 kHz, I-491 
high-current inductorlPSS, 111-476 
loiA.·-power, IIl-490 
multiple output, for 11sP with 
MPU, I-513 

step down, 1-49,q 
variable current sonrr:P with volta,i.:c 

regulation, fV-470 
variable supplies, 111-490, 111-491. 

111-492, IV-421, fV-408 470 
crowbar limiting, Vl-515 
current limiting, VT-518 
current source, Hl-4911 

zener design, programmable, JV-4 70 
voltage sources 

millivolt, zenerless, I-09fi 
progranuuable, 1-094 
pseudorandom, \.1-.181 
voltage splitter, UT-7:18 

voltmeters, IIl-758 
3.5 digit, 1-710 

full scale, 111-701 
true rms ac, 1-71:1 

4.5-digit, III-700 
5-digit, III-700 
ac, I!I-7GG, VT-090-691 

wide-hanrl, 1-716 
wide-range, TTl-772 

add-on themiometer for, 111-640 
bar-graph, 1-99, 11-54 
de, IIl-708, Vl-692 

high-input resistaitce, JU-762 
low-drift., V-301 

digital voltmeter·s (llVM), 111-4, Vl­
G93, VI-:'l29 

3Ji-digit, common anudc display, 
I-718 

8.G-rligit, full-scale, four-decade, 
III- 761 

3.75-rligit, 1-711 
4.;J--<ligit., lll-760 
4.fi-rligit, LCD llisµluy, 1-717 
auto-calibr;i.te circuit, I-714 
automatic uulling, 1-712 
intPrface aud temperature sensor, 
TJ-647 



LBD readout, JV-28G 
temperaturP sPnsor and DVM:, 647 

fET, 1-714, lll-7fiG, 111-770 
high-input rPsistance, III-7G8 
JFET, V-318 
LED expandPd scale, V-311 
millivoltmeters, III-7G7, III-769, IV-

289, fV-294, IV-295 
ac, l-71fi 
audio, 111-707, III-769 
de, IV-29G 
fo.ur-rangP, fV-289 
high-input impedance, I-715 
LED n'!adout, IV-294 

rf, l-405, 111-700 
vultuhnuneters (VOM) 

field. strength, 1-270 
phase meter, rligital readout, IV-277 

volume amplifiPr, ll-1G 
volume control drcuits, IV-643-645 
Lelephone, Il-fi2~ 

volume indicator, aurlio amplifier, IV-
212 

volume limiter, audio signal 
wnplil1ers, V-G9 

VOR signal simulator, fV-273 
vuting circuit, noise-based, 'v1-422-

42:3 
vox box, 11-582, IV-fi23 
Vpp generator, F.PROM, II-114 
VU meters, ITT-487 

exLenUed rangP, IT-487, I-71G 
LED display, IV-211 

w 
waa-w& circuit, ll-590 
wailers (see alanns; sirens) 
wake-up call, electronic, 11-324 
walkman amplifier, 11-455 
warblers (see alurms; sirens) 
warning devices 

auto lights-on warniug, ll-.fifi 
high-le"vel, I-:J87 
high-speed, 1-101 
light, II-320, 111-317 
low-level, audio uutput., 1-391 
speed, I-96 
varying-frequeney alarm, TT-f"i79 

water-level sensors (see tluid and 
moisture detectors) 

water-temperaLure gauge, 
automotive, IV-44 

wattmeter, I-17, Vl-:J42 
wave-shaping circuits (see also 

waveform generators), IV-646 651 
capacitor for high-slew rates, IV-

050 
clipper, glitch-free, IV-548 
flip-flop, SIR, fV-651 
harm0-nic generator, IV-649 
phase shifter, fV-647 
rectifier, full-wave, IV-650 
signal conditioner, IV-64!:! 

waveform generators (see alsu lmrst 
generators; function generators; 
sound generators; squarc--wave 
generators; wave-shapirtg 
circuits), II-269, II-272, V-200-
207, VI-696-702 

AM broadcast-band, IV-302 
AM/IF, 455 kHz, fV-301 
audio, precision, III-230 
four-output, III-223 
harmonic generators, I-24, III-228, 

fV-fi49 

high-frequeJt<:y, ll-150 
high-speed. generator, I- 72:1 
monostable multivibrat.or, VT-700 
patLen1 gcner;i.tor/polar-to-rert. 

converter V-288 
precise, 11-274 
pulse gcuerator, Vl-fi99 
PWM signal gPnPrator, VI-098 
rrnnp generators, T-G40, ll-G21-G23, 

III-525-527, TV-44:1-447 
555 based, V-20:1 
accurate, lII-526 
ir1Legratur, initial conrlition reset, 
111-527 

linear, 11-270 
variable reset level, ll-2fi7 
voll<rge-cuntrolled, 11-'12:1 

sawtooUt generator, llT-241, fV-444, 
IV-446, V-204, V-205, V-491, Vl-
575-577, Vl-701 

signal source for audio 
amplifier/inve1ter, VT- 702 

sine-wave 1'\eHerators, TV-fiOfi, TV-
506. V-541, V-542, V-fi4:1, V-fi44, 
\'1-701 

60 Hz, lV-507 
audio, 11-564 
LC, IV-507 
LF, IV-512 
oscillator, auiliu, Jll-5fi9 
sqmrrc-wave ;utd, tunable 
oscillator, 111-2:32 

VLF audio Lone, JV-508 
sine/cosine ).leneratur, Vl-700 
sine/square wave generators, 1-fifi, 

III-232, IV-512 
square-wave generators, 11-.594-600, 

III-225, III-20!.l, III-242, 111-583-
585, IV-529-5:36, V-568-570, Vl-
593-594 
l kHz, IV-536 
2 MHz using two TTL gates, 11-598 
555 timer, II-5!J5 
astable circuit, IV-5:J4 
astable m"!Jltivibrator, 11-597 
CMOS 555 astable, lrue rail-to 
rail, II-596 

duty-cycle multivibrator, 111-50-
percent, 111-584 

four-decade design, 1Y-5!J5 
high-current oscillaLor, 111-585 
line frequency, II-59\J 
low-frequency TTL oscillator, 11-

595 
multiburst generator, 11-88 
multivibrator, IV-536 
oscillators, I-613-614, 1-616, II-

G9G, Il-597, II-616, IV-5!32, IV-5:J:J 
phase-tracking, three-phase, Il-598 
pulse extractor, III-584 
quadrature-outputs oscillator, Ill-

G85 
sine-wave and, tunable oscillator, 

111-232 
three-phase, 11-600 
tone-burst generator, siitgle Li.Iner 

IC, 11-89 
triangle-wave and, III-225, III-239, 

III-242 
TTL, LSTTL, CMOS designs, IV­

G80-G32 
variable duty-cycle, fV-533 
variable-frequency, fV-535 

stairr.asP generators, I-730, II-601-
602, IH-GB0-588, IV-443, Vl-595-
599 

stepped waveforms, IV-447 
sweep generalors, I-472,_lll-4:J8 
test signal generator, Vl-702 
three-phase digital, Vl-!J43 
triangle-l,',<JVC, Ill-234, V-203, V-205, 

V-206, \1-6l.l7, VI-698 
stepped, VI-596 
square wave, 1-726, 111-225, 111" 

239, 111-242, V-206 
timer, fu1car, 111-222 

two-function, lll-234 
VCO and, III~7!J7 

waveguide circuits, VI-70;3_ 704 
wavemeter, tuned RF, IV-:J02 
weather-alert decoder, IV-140 
'veight scale, digit.ul, II-398 
Wheatstone bridge, Vl-123, Vl-148 
Wheel-of-Fortune garnc, lV-206, Vl-

254 
whistle, steam locomotive, 11-589, 111-

568 
who's first game circuiL, 111-244 
wide-range oscillators, 1-69, 1-730, 111-

425 
\vide-range peak dctecLors, 111-152 

hybrid, 500 kHz-1 GHz, 111-265 
instrumentation, 111-281 
miniature, 111-265 
UHF amplifiers, l1*h-performance 

FETs, III-264 
wideband amplifiers 

low-noise/low-drift, 1-08 
hvo-stage, I-689 
rf, IV-480, IV-490, IV-491 

HF, IV-402 
JFET, IV-493 
MOSFET, IV-492 
two-CA3100 op amp desiW:1, IV-

191 
unity gain inverting, I-35 

wideband signal splitter, 111-582 
wideband two-pole high-pass filler, 

II-215 
\Vien-bridge filter. III-659 

notch filter, 11-402 
Wien-bridge oscillators, I-62-63, 1-60, 

I-70, II-566, 111-42\J, III-558, IV-
371, IV-377, IV-511, V-415, V-
119, V-541, VI-430, Vl-444 

CMOS chip in, II-568 
low-distortion, thermally stable, Ill­

Gfi7 
low-voltage, 111-432 
sine wave, 1-GG, I-70, II-566. IV-510, 

TV-G13 
single-supply, III-558 
thennally stable, 111-557 
three-rler.ade, IV-510 
variable, ITI-424 
very-low-rlistortion, IV-513 

wind chimes, electronic, VI-591 
wini:l-1mwPred battery charger, II-70 
windic:ator, J-330 
window circuits, 11- lOG, III-90, III-

77fi-781, IV-G55-G59, V-673-674 
comparator, IV-GGG-657, IV-658, IV-

659, V-299, V-G74 
detector, J-23fi, Ill-77Q-781, IV-658, 

VJ-181 
dl,lSital frequency v.indow, III-777 
discriminator, TTT-781, V-G74 
geHerator, IV-fiG7 
higlt-input"irnperlance, 11-108 

windshield wiper cirr.uits (see 
automotive circuits) 

wire tracer, 11-34:3 
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v.ireless micruphones (see 
microphones) 

"Wirf'Jess spe.aki:r system, IR, III-272 
v.1nng 

ac outlet tester, V-'Jl8 
ac wiring locator, V-'Jl 7 
two-way switeil, V-5~1 

write amplifiers, 111-18 
ViVv'V converter, Vl-147 
Vv'V.l\.t receiver, Vl-5:J8-5:J9, VI-558 

x 
xenon flash trigger, slave, lll-447 
XOR gates, IV-107 

complementary signals generator, 
III-22(i 
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oscillatur, 111-429 
11p/down cou1tter, III-105 

y 
yelp osdllator/sireu, 11-577. IU-562 

z 
ZSO clock, Il-121 
Z-Dice game 248-249, VJ-248 
zappers, battery, Tl-64, 11-66, 11-68 
zener diodes 

cltpper, fast and symmetrical, IV-
329 

increasing power rati1t,i.J, 1-496, II-
48G 

limiter using one-zener design, IV-
257 

test set, V-'J21 
tester, 1-400 
variable, 1-507 
voltage regulator, prograrrnnahle, 

JV-470 
zero crossi11,1S deleelor, I-732, I-733, 

IT-17:J 
zero r:rossin,i.J switch, Vl-606 
zero meter, suppressed, I-716 
zero-point swikhes 

temperature control. Ili-G24 
triac, 11-!Jll 

Zf'ro.vultage switches 
closed contact half-wave, III-112 
solid-stale, III-410, IIl-41G 
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