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303 CIRCUITS 

de/de CONVERTER 

12 V Nl ... NS= IC2 = 4049UB 

+ 

14 • 

I Cl 
CD4047B 

C3 

4 x 1N4148 

12 

"' 16V 

U2 

85424-1 

FIG. 11()-1 

This low-power converter will supply about 100 mW of de to a load and it is useful to isolate or 

derive de voltages. It operates at around 200 kHz. Ll is wound on a 22-mm diameter x 13-rmn high 

pot core with #32 magnet wire. The primary is 80 turns and the secondary is 80 turns (for 12-V nom­

inal output). The two windings should be insulated for the expected voltage difference between in­

put and output in insulation applications. 

SIMPLE dc/ae INVERTER 

,----..... ..... 

Rl 
100 kil 

4.7k0 
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o.osµFI 

WILLIAM SHEETS 

8 

NE 
555 

3 2.2 kO 
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Io.01 

1 kO 

f=150Hz 

2N 
3904 

02 

03 

Tip41 

Tip42 + 
1000 µF 

llc
120V 
output 
150 Hz 

6.3V-117V 
transformer 
(2A size) 

FIG. 110-2 

This dc-to-ac inverter is based on the popular 555. A 555 oscillator circuit drives a buffer amplifier 

consisting of Ql, Q2, and Q3. The circuit operates at 150 to 160 Hz. Tl can be a 6.3-V or 12.6-V fila­

ment transformer as applicable. The frequency can be changed by changing the values of Rl and/or Cl. 
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111 

Voltage Multiplier Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
675. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Low-Power de Tripler 
Low-Power de Quadrupler 
Low-Power de Doubler 
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22k!l 

WILLIAM SHEETS 

LOW-POWER de TRIPLER 

NE 
555 
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22 µF 3 >--"+ ______ _ 

22 µF 

I0.01 µF 

22 µF 

+ 
22 µF 

+ 
~--~---.--.... = + 34 v 

out 

FIG. 111-1 

This de voltage-t.ripler circuit based on the 555 can produce a de output volt.age equal to ap­

proximately ;J X the de supply voltage. 

LOW-POWER de QUADRUPLER 

,-----.----.----t~---.----.--:iio-+12v 

4 8 

22kn NE 
555 

0.01 µFI 5 

I -- -=- -=-

WILLIAM SHEETS 
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+ 
I10µF 

16 v 
-=- 22 µF 

f-'--.... --1:>1--~•+-122,,.~ 22 µF 
+ 

Y+ 
22 µF 

Diodes I N4148 

FIG. 111-2 

This de voltage-quadrupler circuit based on the 555 can produce a de output voltage equal to ap­

proximately 4X the de supply voltage. 
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LOW-POWER de DOUBLER 

NE 
555 
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22 µ,F 
3 f--'-+ _ __.>---f>f-._-~o = + 22 v 

IN4148 r 
FIG. 111-3 

This de voltage-doubler circuit haserl on the 555 c:an produce a de output voltage equal to ap­
proximately 2 X the de supply voltage. 
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112 

Window Comparator and 
Discriminator Circuits 

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

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

Window Comparator 
Multiple-Aperture Window Discriminator 
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WINDOW COMPARATOR 

Input 

13 

WILLIAM SHEETS 

R4 
3300 

LED1 

'5 v 

FIG.112-1 

!Cl-c functions as a noninverting compara­
tor, and !Cl-a operates as an inverting compara­
tor. Potentiometer Rl and fixed resistors R2 and 
R3 form a divider chain that delivers slightly dif­
ferent voltages to the two comparators. These 
voltages define the upper and lower limits of the 
circuit's s\Vitching "vvindow," which cart be 
changed easily by varying R2 and R3. The LED 
glows only when the input voltage falls within the 
window region. 
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Index 

Numbers preceded Uy a "I,", "II," "ITT,", "TV," or "V" are from Encyclopedia of b'lectrun'ic Circuits Vol. I, IT, HI, TV, or V 
rcspedively 

A 
absolute-value circuits, I-37, IV-274 

amplifier, I-31 
full wave reclificr, U-528 
Norton runplilicr, III-11 
precision, l-!37, IV-274 

ac nwtors (see also motor control 
circuits) 

control for, II-375 
power brake, II-451 
thrcc-phW:Jc driver for, II-383 
two-phase driver for, T-4GO, II-382 

ac/dc inrlk:at.or, IV-214 
ac-to-dc converters, I-165 

fixed power supplies, IV-095 
full-wave, IV-120 
hig.h-irnpeJance precision rectifier, 

I-164 
acid rain monitor, TT-245, III-361, 

V-371 
;~coustic field generator, V-338-341 
acoustic sound receiver/tnmsmittcr, 

IV-311 
active u11tcrn1as (see antermas, 

active) 
active filters (see also filter circuits) 

band reject, II-401 
bandpass, lll-190, 11-221, 11-223 

variable bandwidth, I-280 
digitally tunerl low-power, II-218 
five pole, T-279 
fourth-order low-pass, V-184 
high-pass, V-180, V-188 

fourth-order, V-188 
sceond-ordcr, I-297 

low-µao;s, V-178, V-181, V-188 

digitally selected break frequency, 
TT-2Hi 

unity-gain, V-187 
low-power 

digitally seh~ctable center 
frequency, ITT-18fi 

digitally tuned, I-279 
programmable, III-185 
RC, 11p to 150 kHz, I-294 
spf!f!r.h-range filter, V-185 
state-variable, III-189 
ten-band graphic equalizer using, 

II-684 
three-amplifier, l-28U 
tunable. l-28[) 
universal, II-214 

adapters (_see also convcrsiou and 
converters) 

de transceiver, hand-held, III-461 
line-voltage-to-multirneter adapter, 

V-312 
program, second-audio, lll-142 
traveller·s shaver, 1-495 

adder circuits, lll-327 
binary, fast-action, lV-260-261 

AGC (see auto1natic gain control 
(AGC) 

air couditiouer, auto, smart dutr:h 
for, IIJ-46 

air motion and pressure 
How-detector, 1-2:15, II-240-242, 

III-202-203, fV-82, V-154 
flow-meters (anemometers) 

hot-wire, III-342 
thermally based, II-241 

pressure change detector, lV-144 

motion detector, I-222, III-364 
llirplaue propeller sound effect, IT-fi92 
alunns (see also armuciators; 

sirens), I-4, III-3-9, IV-84-89, 
V-1-16 

555-based alann, V-11 
alarm-lone generator, V-563 
audio-sensor alarm, V-8 
auto bur!41ar. l-3, I-7, I-10, II-2, 

111-4, IV-53 
automatic-arming, TV-GO 
automatic turn-off, 8 minute 

delay, TV-52 
CMOS low-current, IV-56 
horn as loudspeaker, IV-54 
motion-actuated car/motorcycle, 

1-9 
ser.urity system, 1-5, IV-4U-56 
single-IC, III-7, IV-55 

auto-arming automotive alarm. IV-50 
automatic: turn-off, IV-54 

8 minute delay, IV-52 
baby-alert transmitter/receiver, 

V-95-96 
bells, electronic, II-33, I-636 
blo'NII fuse, I-10 
boat, 1-9 
burglar alarms, Ul-8, llI-9, IV-86 

burglar chaser, V-16 
latchir1g circuit, I-8, I-12 
NC and NO swikhes, IV-87 
NC sv.itchcs, IV-87 
one-chip, Jll-5 
sdf-Jatchit1g, IV-85 
tinted shutoff, TV-8G 

cainera triggered, III-444 
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alarms (cont.) 
capacitive sensor, III-515 
CWTenl IllUiliLor and, 111-308 
dark-activated alarm, pulsed tune 

output, V-13 
delayed alarm, V-4 
differential vollage or current, II-3 
digital duck drcuil with, 111-84 
rloor-ajar, II-284, III-46 

Ha.JI-effect circuit, TTT-256 
door minder, V-:J 
doorbells (see annuciators) 
driver, high-power alarm driver, V-

2 
exit delay fur burglar alarms, V 10 
fail-safe, senUconductor, III-6 
field rlisturhanre, TT-GO? 
flasher signal, V-197 
flex switch alarm sounder, V-15 
fluud, 1-390, 111-206. lV-188, V-!J74 
freezer meltdown, I-1~1 
hearllights-on, TTT-G2, V-77 
heat-activated alarm, V-9 
high/low-limit, I-151 
horne security syslem, 1-6, IV-87 
ice formation. II-58 
infrared wireless syste1n, IV-222-223 
light-ac:tivated, V-!=J, V-273 
high-output, pulsed tone, V-11 
precision design, V-12 
precision with hysteresis, V-14 
sdf-lalch, lone oulpul, V-15 
with latch, V-12 

light-beam intruder-detection 
alarm,V-11,V-LS 

loop circuit alarms 
closed-loop, V-3 
rnulti-luup punilld ulunn, V-2 
parallel, V-3 
series/parallel, V-3 

low-battery disconnect and, III-G5 
low-baltery warning, III-59 
low-volls, 11-4\.l:J 
multiple circuit for, 11-2 
no-doze alarm, V-8 
one-c:hip, TTI-G 
photoelectric, II-4, TI-319 
piezoelectric, I-12, V-10 
power failure, I-581, I-582, III-511 
printer error, lV-106 
proxintity, II-506, III-517, V-485-486 
pulserl-tone, J-11, V-559 
purse-snatcher, capacitance 

operated, I-134 
rain, 1-442, 1-44:J, lV-18\.l 
road ice, II-57 
security, T-4, TTT-3-9 
self-arming, I-2 
shutoff, automatic, I-4 
signal-reception, receivers, III-270 
silent alarm, V-16 
siren, V-559 
smoke alarms, TI-278, III-246-253 

gas, T-382 

700 

ionization r.hamher, J-882-383 
line~operated, IV-140 
operated ionization type, I-596 
photoelectric, linc-oµeralcd, l-5!.l6 
SCR. TTT 251 

solar powered, T-13 
sonic defenders, IV-324 
spaceship alann, V-560 
speed, 1-95 
Star Trek red alert, II-577 
strohe flasher alarm, IV-180, V-6-7 
tamperproof burglar, I-8 
temperature (see also 

temperature-related circuits), 
11-4, 11-643 

adjustable Urrcshold, 11-644 
light, radiation sensitive, II-4 

timer, II-G71 
trouble tone alert, II-3 
varying-frequency ·warning. II-570 
wailing, 11-5 72 
warbling, II-573,..V-7 
watchdog timer/alarm, IV-G84 
water leakage/level (see also fluid 

and moisture), I-389, IV-190, V-
374 

allophone ,l(enerutur, 111-733 
alternators 

hat.tery-altemator monitor, car, TTT-
68 

regulator for automobile alternator, 
V-76 

allirneter, digilal readout, V-2\.l6 
AM radio-related circuits, 1-544 

amplitude modulator, II-370 
broadca.~t band signal generator, 

IV-302 
ear radio io shortwave converter, 

IV-500 
demodulator, TT-160 
envelope deter.tor, TV-142 
microphone, wireless M1 

microphone, I-679 
nwdulalion monitor, IV-299 
power arnpfil1er for, I-77 
receivers, II-525, III-81, III-529, III­

G8G, IV-4G5, V-496 
l .G V broadc:ast, V0497 
mixer/oscillator for AM receiver, 

V-412 
transistor radio, Y-502 
carrier-current, III-81 
integrated, TTT-G3G 

signal generators, IV-301, IV-302 
fu'WFM-related circuits 

duck radio, ll-543, 111-1 
squelch circuit, II-547, III-1 

amateur radio related circuits 
linear amp, 2-30 MHz 140-W, JJI-200 
receiver for, III-534 
rf variable-frequency oscillator 

(VFO), Y-532 
transceiver relay interface, V-243 
trar1s1nit.ter, 80-M, III-675 

voice identifier, v:550 
amhienc:e amplifier, rear speaker, IT-

458 
arnbient light effects, cancellization 

circuit, 11-:328 
ambient light-ignoring optical 

sensor, III-413 
ammeter, I-201 
low-currcnl, V-307 
nano, l-202 
pico, II-154, II-157, I-202 

guarder! input circuit, TT-156 
six-decade range, II-lfi3, TI-lfifi 

amplifiers (see also audio 
amplifiers), II-5-22, III-10-21 

V-17-26 
l watt/2.:3 GHz, 11-540 
2 to 6-W, with preamp, II-451 
2 to 30 MHz, 140W amateur radio 

linear, I-555 
4W bridge, I-7!.l 
5Vv' output, two-rneter, 1-567 
6\V 8-ohm output-transfom1erless, 

I-75 
10 dB-gain, III-543 
10 \I./ power, I-76 
10 x buffer, l-128 
12-W low-distortion µower.1-76 
16-\\i bridge, I-82 
2G-watt, TT-452 
30 MHz, I-GG7 
40 dB gain, IV-36 
60 MHz, I-567 
80 MHz cascade, I-567 
80\V PEP broadband/linear, I-557 
100 MH7J400MHz neutralized 

common source, I-56G 
lOOW PEP 420-450 MHz push-pull, 

1-554 
lOOx buffer, I-128 
185 to 175 MHz, I-564 
160W PEP broadband, T-GGG 
200 MHz neutralized common 

source, I-568 
450-MHz conunon-source, I-568 
600-W rf power, 1-559 
absolute-value, I-31 
ac amplifier, noninverting, V-18, 

V-1!1 
ac servo, bridge type, III-387 
ac-coupled, dynamic, III-17 
acoustic field gcneralor, V-338-341 
AF drive indicator, V-346 
AGC, II-17 

squelch control, III-33 
wide-band, flI-15 

adjustable-gain noninvcrting, 1-91 
an1ateur radio, linear, 2 to 30 MHz, 

140W, T-555 
amhienc:e, rear speaker, TT-4GR 
AM: radio power, I-77 
attenuator and, digitally controlled, 

I-53 
audio (see audio rnuplifiers) 



audio converter, two- to four-wire, 
II-14 

audio lirniter, low-distortion, 11-lfi 
audio power amps (see audio and 

sound circuits, power amps) 
audio signal amps (see audio <Utd 

sound circuits, signal amps) 
audio-to-UHF preamp, V-24 
autum.atic fade r.irr.uit for, II-42 
automatic level control, II-20 
automotive audio amplifier, IY-66 
Av/200, stereo, 1-77 
balance, 11-46 

inverting, 1-3:J 
loudness controL TT-47, II-895 

bootstrap circuit, V-.'Vifi 
bridge, T-74 

1 watt, I-79 
16 watt, I-82 
ac servo, 1-458 
audio power, T-81 
high-impedance, I-353 
transducer, III-71, II-84, 1-351 

broadband 
low-noise, 1-562 
PEP, 160-W, I-556 
linear/PEP, SOW, T-557 

buffers 
I Ox, T-128 
lOOx, I-128 
ac, single-supply, I-126 
battery-powered, I-351 
rf arnp with modulator, TV-490 
sine-wave output, I-126 
unity-gain, stable design, II-6 

car stereo booster amp, Y-72 
cascade, III-13 
80 MHz, 1-567 

ca:;eode, rf amplifiers, IV-488 
CD4049 audio signal amp, IV-40 
chopper, +/- 15V., III-12 

chopper channel, 1-350 
stabilized, II-7 

clamp-lirniting, active, JJT-lfi 
color video, I-34, IIT-724 
conunon source 

450 MHz, I-5G8 
low-power, II-84 

r.omplementary-synunetry audio, I-
78 

composite, II-8, III-13 
cornpressor/amplifier, low-

distortion, IV-24 
constant-bandwidth, 111-21 
cool-down circuit, V-354, V-357 
current feedback amp, V-100 mA 

at 100 MHz, V-2G 
current-shunt, III-21 
current collector head, II-11, 11-295 
current-to-voltage, high-speed, I-35 
Darlington, push-pull, V-22 
de servo, I-457 
de-stabilized,. fast, ITT- IR 
de-to-video log, T-38 

detect.or, MC1330/MC1352, TV IF, 
I-688 

difference ampWler, V-18, V-21 
differential, 1-38, ITI-14 

high-impedanr.e, I-27, I-354 
high-input, high-impedance. U-19 
instrumentation. l-347, III-283 
instrwnentatiun, biomedical, TTI-

282 
programmable gain, III-507 
two op amp hridge type, II-83 

clif!crete current-booster, V-23 
distribution amplifiers 

audio, I-3!.l, U-39, V-59 
signal, 1-39 

duai power supply, V-40fi 
dynamic, ar.-r.oupled, III-17 
ear protector circuit, V-482 
electret microphone prcarnp, V-21 
electrometcr, overload protected, 

U-155 
fast-inverting, high-input 

impedance, V-18 
FET input, II-7 

offset gate bia.':l, V-22 
video, ca.':lcade, I-691 

flat response, I-92, TTT-67.1 
forward-currP.nt booster, III-17 
four-quadrant photo-conductive 

detector, I-359 
frequency counter prcarnp, V-24 
gain, 10 dB, III-543 
gain-controlled, III-34 
gate, 1-36 
guitars, matching audio signal 

amps, IV-38 
harmonic distortion analyzer, 

V-291 
harrnonic distortion meter, V-312 
hi-fi compander as, II-12 
hi-fi expandor, II-13 
high-frequency amplifiers, llI-259-

265 
29-MHz, 111-262 
3-Lo-30 MHz, 80-V.', 12.fi-13.G V, 

111-261 
amateur radio, linear, 2-30 MHz 

140-W, TII-260 
noninverting, 28-dB, III-263 
RF, broadcast band, III-264 
UHF, wideband with high-

pcrfonnance FF.Ts, 111-264 
wideband, TTI-265 

high-impedance/high-gain/higlt­
frequency, I-41 

high-irnpedUitl:e/low-capacitance, 
1-691 

lti.Mh-input-high-impedance 
amplifiers, II-19, II-44 

TF amplifiers, I-690, IV-45!.l 
455-kHz, V-522, V-623, V-524 
45-MHz, eiystal filter, V-527 
AGC systern, IV-458 
preamp, IV-460 

receiver, IV-1fi9 
quadrature detector, TV sound II•', 

I-690 
two-stage, 60 MHz, I-563 
wideband, I-689 

infinite sample and hold, II-558 
input-inverting, fast, high-

impedancc, V-19 
inpul/uutput buffer for analog 

multiplexers, TIT-I I 
instrumentation amplifiers, I-346, 

T-848, I-849, I-352, II-2!.l3-295, 
III-278-284, IV-229-204, V-233-
235 

+/-100 V conunon mode range, 
ll!-294 

current collector head amplifier, 
TT-29fi 

differential, I-347, I-34!.l, 1-353, I-
354, III-282, lll-283 

extended eonm10n-rnode design, 
IV-234 

high-impedance low-drift, I-355 
high-speed, I-354 
low-drift/low-nollie de <implifier, 

IV-232 
low-si.g1 ta! level/high-impedance, 
l~!J50 

low-power, III-284 
meter driver, II-296 
preamps, III-283, IV-200-231 
precision FET inpul, 1-355 
saturated star1dard cell amplifier, 

Il-296 
strain gauge, HI-280 
triple op amp, I-347 
ultra-precision, III-27!.l 
variable gain, differential input, 

I-04!.l 
very high-impedance, I-354 
wideband, TII-281 

inverting, I-42, II-41, III-14 
ac, high-gain, I-D2 
balancing Circuit in, I-33 
gain of 2, lag-lead compensation, 

UHF, I-566 
low-power, digitally selectable 

gain, TT-338 
power amplifier, I-79 
programmable-gain, 111-505 
unity gain arnpWler, I-80 
widebar1d Lulity gain. T-3fi 

isolation 
capar.itive load, I-34 
level-shifting, I-348 
medical ldcmetry, I-352 
rf, 11-547 

JFET, V-20 
500-Mohm input impedance. V-23 
hipolar cascade video, I-6!.l2 
current source biasirig, V-21 
preamplifier, V-22 

line amps, 111-37 
duplex, telephone, TH-010 
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amplifiers (cont.) 
universal design, IV~39 

linear amplifiers 
2-30MHz, 140W PEP amateur 

radio, 1-555 
100 W PEP 420-4fi0 MHz push· 

pull, I-554 
160 W PEP broadband, 1-556 
amateur radio, 2-30 MHz 140-\V, 

TTI-260 
audio power amplifiers, V-51 
CMOS inverter, II-11 
inverter, linear amp from inverter, 

11-11 
rf, IV-480~'1,81, IV-484-485 

load-line protected, 75W audio, I-73 
logarithmic anlpllfiers, 1-29, l-:J5, 

II-8 
de to video, I-38 
log-ratio amplifier, I-42 

logic amplifiers, 11-332-335 
low-power binary, lo lOn gain 

low-frequency, TT-3:33 
low-power inverting, digitally 

selectable gain, II-333 
low-power noninverting, digitally 

selectable input and gain, II-334 
precision, digitally progrmmnable 

inpnt anrl gain, TT-335 
programmable amplifier, TT-334 

log ratio, I-42 
loudness control, II-46 
low-level video detector circuit 

and, 1-687 
low-noise des~n, IV-!37 
medical telemetry, isolation, I-352 
meter-driver, rf, 1-MHz, TJJ-G45 
m.icro-powered, high-inpuUhigh-

impedmice, 20 dB, II-44 
micro-sized, III-36 
microphone, T-87, TII-34 

electronically balanced input, T-86 
microwave amplifiers, IV-3lfi-319 

5.7GHz,IV-317 
bias supply for preamp, N-318 
preainpliiiers, IV-316-31!.l 

mini-stereo amplifier, V-583 
monostable, TI-268 
MOSFET, high-impedance biasing 

method, V-19 
neutralized common source, I-5G5, 

I-568 
noninverting amplifiers, I-:32, J-!33, 

I-41, III-14 
ac power, I-79 
adjustable gain, I-!.ll 
comparator with hysteresis in, 

I-153 
high-frequency, 28-dB, III-26!3 
hysteresLs in, I- I S3 
low-power, digitally selec:t.able 

input and gain, II-334 
power, l-7~ 
pro)?anunablc-gain, lll-505 
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single supply, I-74 
split suµµly, l-75 

Norton, absolute-value, IH-11 
op amp (.~ee operational amplifiers) 
oscilloscope sensitivity, III-13fi 
outpul, four-channel DIA, III-165 
phono, I-80, I-81, 1-89 
photodiode, T-361, II-324, Ill-19, 

III-672 
phototransistor amplifier, V-409 
playback, tape, III-672 
polarity-reversing low-power, III-16 
power (see µowerurnps) 
power supply, V-464, V-465 
pre-amps (sm'! preamplifiers) 
precision amplifier, J-40, 11-335 
programmable amplifiers, 11-384, 

111-504-508 
differeutial-input, programmable 

gain, JH-507 
inverting, programmable-gain, 

III-505 
nonir1verling, programmable-gain, 

III-505 
precision, d~ital 

control/progranmling, III-506 
prograrnmahlP,-gain, T-32, TI-9 
variable-gain, wide-range digital 

control, III-506 
progrwnmablc gain, 1-32, II-9 
pulse-width proportional controller 

circuit for, II-21 
push-pnll 

Darlington, V-22 
PEP 100-\\r, 420-4:)0 MHz, T-fiG4 

P\VM servo, III-378 
recorclirl,I( urnplifier, 1-!.lO 
reference voltage, 1-36 
remote, I-91 
If (see If amplifiers) 
sarnple-and-hold, I-587, II-558 
selectable inpul, programmable 

gain, I-32 
servo amplifiers (see alsn 1notor 

controls), I-4G2 
400 Hz, II-380 
bridge type ac, I-458 
de. 1-457 
molor drive amplifier, II-384 

signal aruplifiers, audio, U-41-4 7, 
JV-34-42 

signal distribution, T-39 
sound-activated, gain-controlled, 

lV-528 
silicon·controlled amplifiers (SCA). 

V-:)3G-fi3fi 
decoder, I-214, II-lfifi, IT-170 
demodulator, II-150, III-Sfifi 
subcarrier adapter, FM tuner, V-

536 
sinewave output buffer, 1-126 
sound mixer and, II-37 
source follower 
bootstrappecl, V-20 

.JFE'f, V-20 
speaker amplifiers, TI 10, TTT-39 
speech compr-essor, II-15 
stereo urnplifiers, l-77, II-9, III-34 

bass tone control, V-584 
subwoofer power supply, V-464 
summing, I-37, HI-lfl 
fasl-action, I-36 
inverting, V-18, V-20 
precision desiJ,(11, 1-36 
video, clamping circuit and, 111-

710 
s;vitching power, J-33 
lape playback, I-92, N-30 
Lupe recording, I-90 
telephone, 111-621, IV-555, lV-560, 

V-614 
test, hench amplifier, V-26 
thermocouple, J-Ofi4, TII-14 

cold junction compensation in, 
11-64!.l 

high-stability, 1-355 
transdncer, T-86, TII-669-673 
transformerless, fl-\\T, 8-ohm 

output, I-75 
trartsislorized, I-85, II-43 
trenwlo circuit, voltage-controlled, 

I-598 
tube amplifier, high-voltage 

isolation, IV-420 
TV audio, III-89 
two-meter, I-562, I-507 
lwo-stage, 1-563, I-689 
UHF, 1-560, 1-565 
unity gain, I-27, Il-7 

noninverting, V-21, V-22 
variable-gain, for osdllmwopes, 

V-426 
VHF, single-device, 80-W/50-olun, 

I-558 
virleo, T-692, III-708-712, V-655, V-

G50, V-O.G7, V-O:J8, V-662 
75-olun video pulse, JJJ-711 
buffer, low-distortion, III-712 
color, 1-04, lll-724 
de gain-coutrol, lll-711 
FF.'f cascade. I-691 
gain block, III· 712 
IF, low-level video detector 

circuit, I-589, II-fi87 
JFET bipolar cascade, I-692 
line driving, III-710 
log amplifier, I-38 
RGB, ITJ-709 
summing, clamping circuit anrl, 

111-710 
voice activated switch, 1-608 
voice-operated circuits, V-550 
voltage, differential-to-s.ingle-

ended, JTJ-670 
voltage-controlled (.~ee voltage­

controlled amplifiers) 
voltage-follower, signal-supply 

operation, 111-20 



volwnc, 11-46 
walkrnan, TT-4fifi 
vaite, JII-18 

amplitude modulation (_/;ee A.1\1 
radio-rdalcd drcuits; A111FM) 

<U1alog circuits 
counter drcuit, II-137 
delay line, echo and reverb, lV-21 
multiplexers, 11-4:.H, 111-396 
multiplier, 11-!392 
switch, differential analog switch, 

I-622 
analog-to-digital converter, II-23-31, 

III-22-26, IV-5-6, V-27-30 
3-bit, high-speed, 1,50 
8-bit, 1-44, 1-46 
8-bit successive approximation, T-47 
10-bit, JT-28 
10-hit serial output, II-27 
12-bit, high-speed, II-2\J 
16-bit, II-26 
board dcsi.,i,(u, IV-6 
buffer, high-speerl fi-hit,--1-127 
r:apadtance meter, 3.5 digit, III-76 
cyclic, II-30 
differential inpul systern fur, II-31 
eig.hl-charmd, fur PC clones, 

V-29-!30, V-29 
fast precision, 1-49 
four-digit (10,000 count), II-25 
half-flash, III-26 
IC, lmv-cost, I-50 
LCD display, 3.5 digit, 1-49 
poller, V-28 
successive approximation, II-21, 

IT-30, 1-4fi 
s"'itched-capacitor, III-23 
three-decade logariUunic, 1-48 
three-JC, low-cost, I .50 
tracking, JTT-24 
video converter, IV-610-611 

analyzer, gas, II-2.81 
AND gate, I-385, V-216 

large fan-in, l-:J!J5 
ar1cmo1neters (see also air 

nwtion/pressure) 
hot-wire, TTT-:142 
thermally hased, II-241 

angle-of-rotation detector, II-283 
armunciators (see also.alarms; 

sircn<;).11-32-34. III-27·28, TV-710 
ae line-voltage, JTT-7'10 
bPll, Pl02ctronic I-G86, II-33, IV-9 
buzzers, I-11, I-12, IV-8, V-170 
chime circuit, lo>v-cosL, 11-!3!3 
door buzzer, IV-8 
doorbells/chimes, T-218, I-113, IV-8 

bm>:zPr, V-170 
buzzer, two-door, IV-10 
musical-tone, IV-522 
rain alaun, l-44:J 
single-chip design, IV-.524 
slidirl.'l tone, II -34 
twin-bell, V-170 

large fan-in, I-395 
SCR circuit, self-i11lcrrupti:n.t( load, 

lV-l.l 
twin-bell doorhPll, V-170 
two-door annunr.iator, IV-10 

ans>vering machines (see afoo 

telephone-related circuits) 
beeper, fV-5.59 

antenna.s, TV-11-11, V-31-38 
activP, 111-l-2, IV-1-4 

\\ideband rod, IV04 
with gain. IV-2 

balun, V-34 
llF broadband anterma preamp, V-3f\ 
HF/VHF switchable active anterma, 

V-G24 
loop anterma, 

3.51-IHz, lV-12-l!J 
dual band, 80-16-M, V-32 
prea1np, v.:33 

prearnps 
HF broadband, V-36 
VLF 60-kHz, V-:J0 
\'.idebam.l auterum, V :35 

sekctor switch, IV-538-539 
'fR switch, automatic, V-37 
tuner 

1- to 30-MHz, IV-14 
low-power, V-38 

VLF 60-kllz illlterma preamp, V":33 
VLF/VU[<' wideband, low-nois02, 

active, V-33 
\\ideband ant02nna, preamp. V-36 

m1titheft deVice, I-7 
arc lamp, 25-\\.'. power supply for, 

II-476 
arc wdding inverter. ultrasonir:, 20 

KHz. TTT-700 
arc-jet power supply, starting circuit, 

III-479 
ast..ablc rnullivibrators, II-269, II-51 0, 

lll-196, III-233, TTT-238, V-387, 
y_:333 

op amp, TTI-22-1 
free-running square-wave oscillalor, 

V-386 
prograrrunal.Jlc-frequeney. III-237 
square wave generation with, Tl-597 

attendar1ce counter, JT-1.~8 
attenuators, TIT-29-:11 

analog signals, microprocessor­
controlled, III-101 

digitally progr<ilmual.Jle. III-:30 
iligitally selectable, prPcision 

dPsign, I-fi2 
programmable, III-30 
programmable (1 lo 0.00001), I-5!3 
rf, IV-322 
variable, I-52 
voltage-controller!, IT-18, TII-31 

alidio amplifiers (see also amplifiers; 
aurlio and sound circuits: audio 
power amplifiers), II-41-47, 111-
32-38, IV-34-42 

40 Lill gain design, IV-;10 
AGC, srp1Pkh control, III-33 
and10 compressor. II-44 
automotive slcrco syslcm, hi}(h-

power, JV-66 
balance, TT-40, II-47, IV-21G 
Raxandall tone-control, IV-688 
booster, 20 dB, III-35 
CD4048 design, JV-40 
circuit bridge load drive. JH-35 
co111plementary-symmetry, T-78 
compressor, TT-11 
distrihut.ion, I-39, II-39 
electric guitar, IV-38 
fader, aulornalic, 11-42 
fixed power supplies, IV-:398, fV-

407 
high-slPw rate power op amp, I-82 
gain-controlled, stereo, III-34 
line amplifier, III-:J7, IV-:J\:! 
load line protectiou, 75V./, J .. 7:3 
louduess, II-46 
low-noise design, IV-37 
low-power, II-454 
micro-sized, Ill-36 
microphone, 11-45, 111-:34 
micropower high-input-imp02rlance 

20-dB amplifier, H-44 
mini-st02reo, III-38 
power (see audio power amplifiers) 
power supply, V-465 
pre-amps 

lOOOx, low-noise, IV-37 
general-purpose, TV-42 
irnpedanr:P-matching, IV-37 
low-noise, IV-41 
magnetic phono cartridge, IV-:J5 
microµhont', IV-37, IV-41, IV-42 
NAB t<t.pe playhar:k, professional, 

HT-:18 
phono. III-37, IV-35, IV-36 
RIAA.- III-38 
stereo, II-43, 11-45 

<J-mulliplier, II-20 
sigual (see audio signal amplifiers) 
speaker, han<l-hPld transceivers, 

HJ-,19 
tape playback amplifiers, IV-35 
television type, IIl-3fl 
tone control, 11-686 
lrmJSistor headphone amplifiPr, II-13 
ultra--high-gain, 1-87 
vol11rne indicator, II-46, IV-212 

audio and sound circuils (see al/;o 

audio muplifiers; sound 
generators; srnmd-operated 
circuit.s) 

acoustic field generator, V-338-341 
acoustic sound 

receiver/lransrniltcr, IV-311 
AF drive indicator, V-346 
amplifiers (see audio amplifiers) 
audio-frequency g02nerator, V-4Hi-

417 
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audio and sound circuits (cont.) 
audio-frequency rncler, V-305, 

V-320 
audio-If signal tracf!r probe, I-527 
audio-sensor alarm, V-8 
audio-test oscillator, V-420 
audio-to-A.DC interface, V-242 
audio-to-TJHF preamp, V-24 
automatic gain control (AGC), H-17 

automatic level control (ALC), 
V-64 

AGC systc1n for·CA3028 IF amp, 
fV-458 

rf amplifier, wideband adjustable. 
III-54G 

squelch control, HI-88 
\\-ide-band amplifier, III-lG 

booster, 11-455, Ul-35 
biquad filter, III-185 
bridge load drive, IH-35 
carrier-current transmitter, TTT-79 
clipper, precise, II-394 
eonlpressor, U-44 
.:ontinuity tester, I-550 
converter, two- to four-wire, Il-14 
distribution amplifier, T-29, TT-39 
expander, V-582 
fillers (see filters) 
frequency doubler, IY-16-17 
frequency ineter, I-311 
genern.tors (see sound ~enerators) 
LED bar peak program meter 

display, I-254 
level meters, sound levels, III-840, 

111-614, IY-305, IV-307 
limiters, II-15, V-:J!J5 
fftillivoltmeter, m- 767, III-769 
mixers (see mixf!rs) 
notch filter, II-400 
octave equalizer, Y-353 
oscillators, I-64, Il-24, 111-427. IY-

871, TV-275 
20Hz to 20kHz; variable, I- 727 
light-sensitive, III-31 G 
sine wave, II-562 

power (see audio power amplifiers) 
power 1neter, 1-488 
Q multiplier, II-20 
receivf!rs (see receivers) 
rf signal tracer prohe, J-G27 
scramblers, IV-25-27 
selector, digital, V-158 
signal an1pliliers (see audio signal 

amplifiers) 
sine wave generator, TT-G04 
squelch, ll-3!.l4 
switches 

eight-charmel, V-588-58!.l 
virleo/aurlio switch, V-586 

S\\-itching/mixing, silent, I-59 
transmitters (see transmitters) 
waveform generators, III-230 

audio generators (see sound 
generators) 
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m1dio-operated circuits (see sound­
operated drruit.s) 

audio power amplifiers, II-1Gl. ITT-
454, IY-28-33 

6-\\T, with preamp, 111-454 
18-\V hrirlgP, V-49 
20-\V, III-456 
:33-\~r bridge composite. V-40 
39-51, V-:J[.l 
40\V_ V-41 
GO-W, 111-451 
70 V-.', composit.P, V-44-45, V 44 
audio amplifier, IV-82 
basic design, V-51 
bridge, 1-81, V-4U 
Lridge c01nµosilc, Y-46 
hull horn, IV-31 
composite, 

33-\V bridge, V-10 
70 \V. V-44-45 
invertillf\ lOW, Y-47 
noninvertiI1,IS 10\\-', \/-47 

dual, V-12-1:~, V-42 
general-purpose, 5-\V, ac, fV-80 
half-watt, single-chmmel, V-41 
inverti11g cornposite_ V-10\\-', V-47 
lineal', fast, ltil{it-voltagc, Y-51 
\fOSFET, V-47 
noninvertmg composite 10\V, V-47 
op amp, simple demgn, IV-:18 
personal-stereo type. V-48 
receiver audio circuit, IV-31 
stereo arnp, IY-2!.l, Y-40 
subwoofer amp, V-48, V-50 

audio signal amplifiers. II-41-47, 
IV-84-42, V-G2-G9 

booster, V-58 
c01nprcssor. audio, V-57 
constant-volume, V-55 
distribution amplifier, V-59 
dual preamp, V-G8 
headphone amplifier. V-53 
headphone amplifier, JFET, V :)7 
lu1e driver, V-54 
mini-an1p, V-55 
phonograph, magnetic pickuµ, V-58 
tunable-filter rlesign, V-56 
volume limiter, V-59 

audio-frequency generator, 
V-416-417 

audio-frequency ineter, V-305, Y-320 
audio-to-TTHF preamp, V-24 
audio/video switcher cirniit, 

IV-540-541 
auto-advance projector, II-444 
autodrum sound effed, Il-591 
auto-fade cirrnit, TT-42 
auto-flasher, I-299 
aulo-zeroing scale bridge circuits, 

lll-6!.l 
automatic gain conlrol (AGC). II-17 

AGC system for C.i\302811" ump, 
IV-4'18 

rf amplifier, wideband adjustable, 

lU-545 
squelch conlrol, III-33 
wide-band amplifier, lll-15 

automatic level control (ALC), 
V-60--02 

AGC system for audio signals. V-62 
basic dl'sign, V-62 
digital design, V-61 

automotive circnits, JJ-48-63, III-40-
52, IV-48-07, V-08-77 

accessory-power controller, V-70 
aJ;unl.'; (see also alarms/security 

circuits), V-1 
automatic-arm.iu~, IV-50 
autom:'l.t.ic turn off, N-52 
C:\fOS design, low-current; IV-56 
horn as loudspeaker, IV-fi4 
siitglc-IC design, IV-55 

air contiilioner smarl clutch, 111-46 
alt.Pmatnr/battery inonitor, 111-Q:J, 

V-88 
alternator regulator, V-70 
i\ll1 radio lo shortwave converter, 

IV-500 
amplifier, booster for car stereo, 

V-72 
analog f'.Xpanded-.scalf'. mf'Jf'.r, TV-46 
audio-amplifier, high-power, IV-00 
back-up beeper, 1II-4D, lV-51, IV-56 
bar-graph voltJneler, ll-54 
hattery chargers/1no1titors (see 

n}so hatteiy-related circuits) 
charger, ni-cad, I-115 
condition checker, I-108 
current analyzer, I-104 
electric vdticle baltery saver, III-67 
monitor, I-106, I-222, 111-60-67 
snpply circuit., +/- 15- a11d 5-V, 

JV-391 
baLLer:y cranking-amps tester, V-84 
battery/altl'rnator rnonitor, V-88 
hrake and turn indicator, V-74 
hrake lights, V-65 

delayed eA1:ra, 111-44 
flashing, V-69 
flashing third, III-51 
night-safety light for parked car, 

IV-61 
third brake light, IV-60 

burglar alarms, T-.'i, J-7, J-10, II-2, 
III-4, III-7. IV-:"J3 

cassette recorder power circuit, 
IV-548 

courtesy lights 
dP.!ay switch, IIJ-42 
light extender, III-50 

de power adapter, V-70 
<li;?i-tach, 11-61 
directional sig1tals 1no1titor, 111-48 
cloor ajar monitor, III-46 
electric vehicles, battery saver, 

III-67 
electrical tester, IV-45 
clcclronic circuits, IV-63-67 



engine-block heater reminder, V-74 
exhaust emissions analyzer, II-51 
fan lhennostatk switch, V-68 
lbg light. cont.roller with delay, IV-59 
fuel gauge, digital readout. IV-46 
fuse monitor, V-77 
garage slop li}(ht, 11-5:3 
generator regulator, V-70 
glow-plug driver, TI-l"l2 
headlights, IV-57-62 

alarm, III-52, V-77 
automatic-off controller, JV-61, 

V-75 
delay circuit, I-107, IIT-49, TT-fi9 
dinm1er, TT-57, 11-08 
flasher, V-78 
on-lights reminder, V-74, V-77 
switching circuil, V-75 

headlighl/spoUil{ht control, V-67 
hi~h-speed warning dPvice, I-101 
ice formation alarm, II-58 
ignition circuit, V-64 

cut-off, IV-53 
eleclronic ignition, IV-65 
substitute i,lsnition, TTT-41 
timing light, TT-t10 

immobilizer, II-50 
kill-switch for battery, time-

delayed, V-71-7~ 
lighl cin.:uils, lV-57-62 
lights-on warning, II-55, JJT-42, 

IV-58, IV-60, TV-62 
locator, antomohile locator, III-43 
night-safety light for parked car, 

IV-61 
oil pressure gauge, dil{ital readout, 

IV-44, IV-47 
PTC thermistor automotive 

temperature indicator, II-56 
radio receiver, Il-5~5 
radio \VWV converter, V-119 
read-ltead pre-arnplifier, TTT-44 
road ice alarm, TT-57 
security system, I-G, IV-49-56 
spotlighUheadlight control, V-67 
tachometers, I-\J4, 1-100, 1-102, 

Il-175, lll-335, Ul-340, Hl-347, 
V-65 

analog readout., IV-280 
calibrated, TTI-G98 
dosed loop feedback control, ll-3\JO 
digital readout, Il-61, lll-45, 

1V-268-26U, lV-278 
dwell 1neter/tachometer, JJT-4f'i 
feedback .:ontrol, II-378, ll-390 
frequency coill1ter, 1-310 
low-frequency, lll-596 
minimurn-curnpune11t de.sign, I-405 
nwtor speed controllers, TT-378, 

II-,389 
optical pkk-up, III-847 
set point, III-47 

temperature gauge 
digital readout, lV-48 

PTC thermistor, JT-fifi 
thermostatk .'nvitr.h for auto fans, 

V-08 
tum signals, V-65 

audible rcm.inJer, V-74 
rnonitnr, IJT-48 
sequential flasher for, II-10\J, Ill-1 
smart, V-66-67. V-66 
reminder, V-73 

vm:uurn gauge, di,$tal readout. IV-4G 
voltage gauge, TV-47 
vnltage regulator, III-48, IV-67 
voltmeter, bargraph, I-9U 
\Vater temperature gauge, JV-44 
windshield wiper circuits, I-105, 

ll-55, U-62 
c011trol circuit, 1-103, 1-1 Of'i, II-t12 
delay r.in:11it, II-G5, IV-64 
hesitation control unit, 1-105 
intermittent, dynamic brak.in,!.\, 

ll-4U 
interval controller, TV-!17 
slow-sweep control, II-55 

windshield washer fluid watcher, 
I-107 

\V\VV converter fur railio, V-119 

8 
B-field measurer, TV-272 
haby monitor, V-370-371 
baby-alert transmitter/receiver, 

V-95-96 
back-biased GaAs LED light sensor, 

11-321 
back-ET\IF PM motnr speed control, 

JJ-379 
backup-light beeper, car, lV-51, 

IV-56 
bagpipe sound effed, TV-fi21 
balance irn-Jicator, audio amps, 

IV-21G 
balance meter, stereo, V-583 
balancer, stereo, 1-619 
balance amplifiers, III-46 

lowJne.ss control in, H-29G 
Lialance indicator, bridge orcnit, II-B2 
balun, V-24 
hand rejPct filter, active, II-401 
har1dpass filter (see also filter 

circuits_), 11-222, V-180, V-181 
0.1 to 10 Hz, I-2% 
160 Hz, I--296 
adive, II-221, II-223. III-190 

lkHz, 1-284 
20 kHz, 1-297 
60 dB gain, 1-284 
variable hanrlwidth, I-286 

hiq11ad, I-28G, III-188, V-190 
Chebyshev fourth-order, lll-l!Jl 
high-Q, 1-287, V-17U 
MFB, nmltichUimd tune decoder, 

1-288 
1nLLltiple feedback, T-28f"l, I-297, 

II-224 

notch, Il-223 
Sallen-Kcy, 500 Hz, 1-291 
second-order biqua<l, 111-188 
speerh-range filter, V-185 
state variable, 1-290 
tunable, lV-171 
variable bar1dpa.ss, V-184 
variable-frequency, V-18t1 

hang-bang power controllers, IV-38[.l 
bar-r.ode scarmer, Ill-363 
bar-expanded scale meter, II-186 
bar graphs 

ac signal indicator, IT-187 
voltmeters, TT-54, II-99 

harrkade flasher, I-299 
barometer, IV-273 
bass tone control in stereo arnplifier, 

V-584 
bass twter, II-362 

12V, T-111 
200 mA-hour, 12V Ni-Cad, 1-114 
automatic shutoff for, 1-110 

batlery-UJK'rated equipment (see 
also battery-related circuits) 

ac power cnntrol switch, IV-387 
antomatic shutoff, IIl-61 
bipolar power supplv, ll-475 
black light, V-2-81 
-buffer amplifier for standard cell, 

l-351 
calculators/radios/cassette players, 

pnwPr pack, I--509 
rassette deck power circuit, car, 

IV-548 
fence charger, 11-202 
flasher, high-powered, TT-229 
lanten1 circuit, T-880 
light, capacitance operated, 1-131 
On indicator, lV-217 
undervoll..age indicator for, I-123 
warniitg light, II-320 

battery-related circuits (SAA aL<;o • 
hattery-operated equipment), 
V-82-89 

l1 .. A. cells, +5 V/+3.6 V power 
supply. V-452 

baltcry life extenders, IV-72, V-87 
9-V, III-62 
disconnect sv.itr.h, fV-7G 
eler.tric vehicles, III-67 

capacity tester, lll-66 
car battery/alleniator morLitm·, V-88 
chargers, 1-113, II-64, TT-69, III-53-

59, TV-!18-72, V-78-81 
12-V charger, IV-70 
constant voltage, current limited. 

1-115 
intelligent circuit, V-81 
mobile charg-er, + 12 Vdc, IV-71 
ni-cad, 1-112, I-116, III-57 
rftype, V-79 
solar-powered, V-81 
temperature sertsing charger, 

IY-77 
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battery-related cin:uits (cunt.) 
trkkle charger, lead-add, V-79 

checkers (see battery monitors, 
belO\V) 

condition checker, I-ltl8, I-121 
control for 12V, I-112 
converter, de-to-de, TV-119 
cranking-amp test circuit, V-84 
current limited 6V, I-118, l'l-70 
current rnonitor, 0-2 A batteries, 

V-87 
disconnect sv.itch, life-extender, 

IV-7G 
dynamic con~tant current test, II-7S 
fixed power supply, 12-VDC/120-

VAC, Hl-464 
gel cell, 11-66 
high-voltage generator, III-482 
indicators (see battery monitors, 

below) 
internal resistance tester, IV-7 4 
kill-switdt, tllue-dclayed, V-71-72 
lead/ark!, TTT-55 
level indicator, 11-124 
lithium, II-67 

charge indicator, II-78 
low-battery detcclion/warning, I-

124, II-77, 111-56, Hl-59, lll-6:.l, 
-TTI-65, TV-56, IV-80 

low-cost trickle for 12V storage, 
I-117 

monitors, I-106, I-222, II-74-79, III-
60-67, lV-73-80, V-82-83 

rt.l-cad batterks, 1-118 
analyzer for, III-64 
charger, f-112, T-11 fl, TH-57 

12 v, 200 mA per hour, I-114 
current and voltage limiting, I-114 
ra~t-actiug, 1-118 
portable, IV-69 
temperat1JrP.-sensing, TV-77 
thermally controlled, II-08 

packs, automotive charger for, 
1-115 

portable, III-47, IV-69 
protection circuit, III-62 
simpli-carl, J-112 
temperature-sensing rharger, 

IV-77 
test circuit. IV-7\J 
thermally controlled, II-68 
zappers, I-6, II-66, 11-68 

power supply anrl, 14V, TT-73, III-
42 

protection circuit, ni-cads, III-62 
PUT, III-54 
regulator, T-117 
relay fusP., V-88 
saver circuit. V-87 
sensor, quick deactivating, III-61 
sirnpli-cad, 1-112 
solar cell, 11-71 
splitter, III-66 
status indicator, II-77 

706 

step-up switching regulator, 6-V. 
ll-78 

S\}pply-volta,l(e mouitur, V-85 
test circuits, TV- 78, V-8:1. V-86 

LED bargraph, V-88 
ni-cad, IV-7!.l 

thermally cuntruilcd rt.l-cad, 11-68 
thr!'!sholrl indicator, T-124 
C.TT, III-GO 
undervoltage indicator, I-128 
universal battery, III-56, III-58 
versatile battery, 11-72 
voltage indicators/mort.ltors, ll-7B_ 

TV-80, V-86 
automotivf! hatt.P.ries, TV-47 
detector relay, II-70 
HTS. 1-122 
regulator, IV-77 
solid-state design, 1-120 

watchdog rirr11it, V-85 
wind powered, II-70 
zapper, simple ni-cad, I-116 

JJaxa11dall tone-control audio amp, 
JV-588 

RCD rotary switch, digit.al, V-160 
BCD-to-analog convertP.r, I 100 
BCD-to-parallel converter, 

multiplex, I-16\J 
beacon tnurnm.itler, 111-683 
beep transfonner, III-555, 111-566 
beepers, 1·19, III-49 
hells, F!lP.rtronir (see also aJarrns; 

annuciators), 1-080, TT-38 
bench top power supply, II-472 
bicycle speedometer, IV-271. IV-282 
bilateral curreut source, 111-46!.l 
hinary counter, Jl-135 
biomedical instrumentation 

differential amplifier, III-282 
bipolar de-de converter 'l'.'i.th no 

indudur, II-1!32 
hipolar power supply, II-475 
hipolar voltagf! rP.forence so.i..Jrce, 

III-774 
biquad audio filter, III-185 
sccond~order bandpass, III-188 
HC active bandpass, l-285 

bird-chirp smmd effect, III-577, II-588 
birrl fP.P.rlermonitor, V-371 
bistable mulUvihratorn, I-133, TJ-40'1 

inverter, III-103 
debouncer, IV-108 
Hasher, 1-299, 11-234 
lamp driver, TV-160 
pushbutton trigger, V-388 
RS flip-flop, l-3!.l5 
SCH, 11-367 
SH Ilip-11op, lV-.651 
touch-triggered, I-1:33 

hit grahhP.r, computP.rs. TV-105 
black light, battery-opP.rat.ed, V-281 
blender-motor control circuit, V-879 
blinkers (see flashers and blinkers) 
blown-fuse alarm, 1-10 

boiler control, 1-088 
bongos, electronic, II-587 
boosters 

12ns, ll-97 
ac linP. voltage boost, v. 349 
audio, Il-45G, III-8G, V-G8 
boosler!buffer for reference 

i.:urreut, lV-425 
electronic, high-speed, II-96 
forward-rurrent, UT-17 
LED, I-307 
power booster, op amp design. 

IV-358 
rf wnp, broadcast band boost. 

IV-487 
shortwave FET, I-.561 

bootstrap circuit, V-3GO 
source follower, V-20 
cable, I-34 

brake li,l(hts (see autornotive 
circuits) 

hrakP, PW1vl spP.P.d control/P.nergy 
recovering, III-380 

breakers 
12us, 11-97 
high-speed E'iectronic, II-96 

hrP.akP.r power dwP.11 meter, I-102 
breakout box, buffer, II-120 
breath alert alcohol tester. III-358 
breath monitor, III-350 
bridge balance iI1dicalor, 11-82 
bridge circuits, I-552, ll-80-85, 

ITI·68·71, IV-81-83 
ac, II-81 
ac senro amplifier with, III-887 
accurate null/variable gain circuit. 

111-69 
air-flow-sensu"l,IS thennistor, IV-82 
auto-zeroing scalP., 111-09 
balance indicator. II-82 
bridge transducer amplifier, III-71 
crystal-coutroilcd o~cillalur, IV-127 
differeutial amplifier, two op-l\lnp, 

TT-83 
inductanre hrirlge. IV-83 
load driver, audio circuits, III-3G 
lo\v-power corruuon source 

amplifier, ll-84 
one-power supply design, IV-83 
QR.P S\VH, TTI· 3:35 
rectifiP.r. fixP.d power supply, TV-.'398 
remote·sensor loop transmitter, 

111-70 
rJ bridge, V-50-Mllz, V-30;J 
strain gauge signal conditioner, 

II-85, HI-71 
transducer, amplifier for, II-84 
'Nien-bridge (see \Vien-bridge) 

brightucss controfa, 111-308, IIJ-316 
contrast meter, I-472, II-447 
LF:D, 1-250 
low-loss, I-377 

broadband corruuunications (seP 
radio/rf circuits) 



buck converter, 5V/0.5A, I-4D4 
buck/boosl converter, 111-113 
bucki1"1A regulators 

arld 12-Vontput to G-V, V-t172 
high-voltage, III-481 

buffer amplifiers, V-Ul 
lOx, 1-128 
lOOx, 1-128 
ar., single supply, T-120 
battery powered, standard cell, 

II-351 
MOSFET design, V-U:J 
sine wave outµut. l-126 
VFO design, V-92 

buffers, N-88-90, V-90-98 
amplifiers (sei? bnffer amplifiers) 
ac, single-supplv, high-speed, 

I-127-128 
ADC input, high-resolutiort, 1-127 
.iVD, 6-bit, .high-speed, I-127 
booster!h11ffer for referenr:P 

current, IV-42S 
capacitance buffers 

low-input. Ul-498 
stabilized low-input, III-502 

data/clock line serial bus for PCs, 
V-110 

hex-buffer crystal oscillator, V-13G 
high-current, V-92 
input!oulpul, for analog 

rnultiµlexcrs, 111-11 
iI1vcrtiil.t{, II-299, IV-90 
oscillator buffers, IV-89 
prerision-inr:reasing design, fV-89 
rail-to-rail Ringle-supply buffer, V-93 
rf amp, buffer amp with modulator, 

1V-4UO 
stable, high-iinpedance, 1-128 
unity gain, st.able, good speefl, 

high-input. impedance, II-6 
VFO buffer amplifier, V-D2 
video buffer, Ill-712, V-\J:.l 
wideband. high-.i.Inperlance/low-

capacitance, I-127 
buffered hreako11t. box, TT-120 
hug detector, TIT-8flS, V-IGO 
hug tracer, III-3S8 
bull horn, II-453, IV-31 
burglar alarms (see alarms: 

rumuciators; sirc11s) 
burst generators (see also function 

generators; sound generators; 
waveform generators), II-86-90, 
III-72-74 

multi-, square wavefonn, 11-88 
rf, portable, TTT-73 
Ringle timer TC Rquare wave, TI-89 
Ringle tone, II-87 
strobe tone, II--90 
tone, II-!.lO, III-74 

burst power cw1trol, 111-362 
Lus interface, eight bit uP, II-114 
Butler oscillators 

aperiodic, T-196 

corrunon base, 1-1!.ll 
crystal, I-182 
emitter follower, TT-190-191, TT-194 

Butterworth filters 
fourth order high-pass. I-280, V-179 
fourlh order low-pass, V-180 
order low-pass, V-181 

bllzzers (see annudators) 

c 
cable 

bootsln1ppiil.t{, l-;34 
test eircuit, III-53-9, V-299 

calibrated circuit, DVM auto, I-714 
r:alihrat.Prl tar:hometer, TII-fl98 
calibrators 

crystal, 100 kHz, I-185 
electrolylic-capacitor rcfonning, 

lV-276 
ESR measurer, TV·279 
oRr.illoRr.ope, TI-483, TU-430 
portable, I-644 
square wave, 5-V, 1-423 
stru1dard for calibration, I-406 
radio calibrator, V-298 
tester, JV-26fi 
wave-Rhaping, high-Rlew rates, 

IV-650 
cameras (see photograph.y-relatcd 

circuits; ldevision ru1rl video) 
cruiar.v sow1d siiuulator, V-557 
canceller, central image, III·358 
capacitance huffers 

low-input. III-198 
Rtabilized low-input, III-502 

capacitance controller, digital, V-159 
capacitw1cc n1cters, 1-400, 11-91-94, 

III-75-77 
AID, 8.fi digit, III-70 
capacitance-to-voltage, II-92 
digital, II-D4 

capacitru1cc 1nulliplicr, l-416, ll-200, 
V-205, V-347 

capacitance tester, one-TC design, 
V-300 

capacitance-to-pulse ;vidth 
converter, II-126 

capacitance-to-voltage meter, Il-!.l2 
capacitor discharge 

Jtig.h-voltag.e generator, III-485 
ignition system, Tf-103 

r:apadtors, hyRtereRis compensation, 
V-353 

capacity lcslcr, battery, IU-66 
car port, automatic light controller 

for, lI-308 
cars (.~ee automotive circuits) 
carrier-current circuits (see a!,so 

radio/rf circuits), III-78-82, IV-
91-!.l3, V-94-96 

A111 receiver, III-81 
audio transmitter, TIT-79 
baby-alert receiver/transmitter, V-

9S, V-90 

rlat.a receiver, IV-!.l3 
data transmitter, IV·92 
FM receiver, ITT-80 
intercom, I-146 
power-line modem, Ill-82 
receivers, 1-141, I-143 

IC, 1·146 
single transiRtor, I- l 1S 

relay, I-575, IV-461 
remote control, I-146 
lrw1srnitters, 1-144 
IC, I-145 
on/off 200kHz line, T-142 

casr:aded amplifier, TIT-13 
cassette bias oscillator, II-426 
cassette interface, telephone, III-618 
centigrade thermometer, I-655, 

11-648, 11-662 
eeutral iinage canceller, III-358 
r:harge pool power m1pply, IIT-409 
charge pumps 

positive inputfnegative output, 
1-418, lll-:J60 

regulated for fixed power supply, 
N-396 

chargers (see battery-related 
circuits, chargers) 

chase circuit, III-1!.l7, I-326 
Chcbyshev filters (see alsu filter 

eircuits) 
bandpass, fourth-order, III-191 
fifth order multiple feedback low-

pass, IT-219 
high-pass, fourth-order, III-191 

chime circuit, low-cost, II-33 
chopper circuits 

ainplifier, II-7, III-12, I-350 
de outpnt, V-849 
JFET, V-352 

checkers (see measurement/test 
circuits) 

chro1na de1nodulator with RGB • 
matrix, Iff.716 

r:hug-r:hug sounrl generator, TII-S70 
circuit breakers (see a!,so protection 

circuits) 
12ns, II-D7 
ac, lll-512 
high-speed electronic, II-96 
trip circuit, JV-423 

cirruit protection (see __ protection 
circuits) 

clamp-on-current probe 
co1npensator, II-501 

clamp-limiting amplifiers, active. 
III-15 

clamping circuits 
video signal, III-726 
video sununing runpilller and, 

III-710 
cla.ss-D power amplifier, IIT-453 
clippers, IT-394, TV-048 

audio-powered noise, II-396 
audio-clipper/limiter, IV-355 
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dippPrs (crrnt.) 
zener design, fast, symmetrical, 

IV-32\J 
clock circuits, 11-100-102, 111-80-85, 

V-97-99 
t10Hz dork pu\sp generator, IT-102 
adjustable TTL, I-614 
binary clock, V-\J8-\J\J 
buffer serial bus, V-110 
c01nparator, I-156 
crystal oscillator, micropower, 

IV-122 
digital, ;vith alarm, III-84 
gas discharge displays, III-12-hour, 

J-25!J 
oscillator/dock generator, HI-86 
phase lock, 20-:rvll12 to Nubus, III-105 
nm-dmvn dork for gamPs, IV-20:i 
sensor touch switch/clock, IV-591 
single op amp, III-85 
source, clock source, J-729 
stepper motors, V-573 
thrf!e-phase from refenmre, IJ-101 
TTL, wide-frequency, III-85 
ZSO computer, II-121 

clock generators 
oscillator, 1-615 
precision, I-193 
pnlse gPnerator, 60 Hz, TT-102 

clock radio, I-542, I-G43 
CMOS circuits 

555 astable true rail-to-rail square 
wave generator, II-5U6 

9-bit, 111-167 
coupler, optical, III-414 
crystal oscillator, TII-134 
data acquisition system, II-117 
dirruner, V-270 
Hasher, 111-199 
inverter, linear a1nplifier from, II-11 
line receiver, V-497 
mixer, I-57 
multivibrators, V-385 
optical coupler, III-414 
oscillator, 1-615, J-187, 1-199, 

III-429, III-430, V-420 
piezoelectric driver, V-440 
programmahle prPcision timer, 

III-G52 
short-pulse generator, III-523 
touch switch, l-137 
universal logic probe, lll-4!;1!;1 
variable-frequency oscillator 

(VFO), V-418 
coaxial cable 

drivers, coaxial cable, l-266, J-560 
five-transistor pulse booster, II-191 
test circuit, V-299 

Cockcroft-Walton .:asca<led voltagP 
doubler, IV-635 

code-practice oscillators, I-15, I-20, 
1-22, ll-428-431, IV-373, IV-075, 
IV-376, V-100-103 

keyer, "bug" type, V-102 
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Morse c:ode practicP, V-103 
optoisolator design, V-101 
QRP sidetone generator, V-102 
singk-lrunsistor design, V-103 
VFO design, V-103 

c:oil drivers, .:urrent-lirniting, JIT-173 
coin flipper circuit, III-244 
color amplifier, video, III-724 
color-lmr generalor, lV-614 
color organ, II-583, II-584, V-104-

105 
color video amplifier, I-34 
Colpitts crystal oscillators, I-194, I-

572, II-14.7, V-411 
l-lo-20 MHz, lV-123 
frequency checker, JV-301 
ham10nic, I-189-190 
t.wo-freq11ency, IV-127 

combination locks, electronic, II-19G 
three-dial, II-195 

cormnulator, four-charmcl, U-064 
i.;01npauders (see 

compressor/expandPr dr.:uits) 
comparatorR, III-86-90, II-103-112, I-

157 
den10nslration circuit, Il-lOU 
diode feedback, 1-150 
display aml, II-105 
double-ended limit, TI-105, T-156 
dual limit, I-Hi! 
four-channel, III-90 
frequency, II-109, II-110 
frequency-detecting, III-88 
hig.h-ilnµedancc, J-157 
hip,h-inµut impedance wil1dow 

comparator, IJ-108 
high-low-level comparator with one 

op amp, II-108 
hystercsi~, 1-157 

inverting, I-154 
noninverting, f-158 

inverting, 1-154 
jitter suppression, V-342 
latch and, III-88 
LBD frequency, 11-110 
liluit, II-104, I-156 
low-power, less than lOuV 

hysteresis, JJ-104 
microvolt 

dual limit, III-89 
hysteresis, III-88 

rnonoslablc using, Il-268 
opposite pola1·ity--input voltage, I-

lfifi 
oscillator, tunable signal, I-69 

.power supply overvoltagc, glitches 
detection with, II-107 

precision 
halan<:Prl input/variab]P offset, fH-

89 
photodiode, I-360, I-384 

time out, I-153 
TTL-cornpatible Schmill trigger, 11-

111 

three-input and gate, op amp 
deRign, IV-3fi3 

variable hysteresis, I-149 
vollagc comparator, IV-65D 
voltage nwnitor and, II-104 
window, J-1G2, T-lfl4, TI-lOfi, TTI-87, 

III-90, III-776-781, IV-656-658 
compass 

digital design, IV-147 
Hall-effect, III-258 
talking Hall-effect compass, V-221 

compensator, clamp-on-currf'!nt 
probe, II-501 

composite amplifier, II-8, III-13 
contposite-video signal text adder, 

111-716 
c01npressor/expancler circuits, III-

9!-9fi, fV-94-97 
amplifier/compreRsor, low­

distortion, IV-24 
audio, 11-44, V-57 
audio c01npressor/audio-L;u1d 

splitter, TV-9fi 
clock circuit, I-156 
guitar, sound-effect circuit, IV-519 
hi-fi, II-12, Il-13 

de-en1phasis, lU-95 
prt'-entpha.sls,· III-9:3 

low-voltage, UI-92 
protector circ:uit, IV-8G1 
speech, II-2 
universal design, IV-96-97 
variable slope, III-94 

computalarn1, I-~ 
con1puter circuits (see alsu 

int.erfaces), TT-113-122, 
III-9G-108, V-106-110 

ADC, eight-channel, for PC clones, 
V-~!;l-00 

analog si,!Snal attenuator, III-101 
alarm, T-2 
ARCH triplex LCD, 8018/IM80C48, 

II-116 
bit grabber, IV-105 
buffered breakout box, 11-120 
buffer serial-bus for datu/dock 

lines;V-110 
bus interface, 8-bit uP, IT-114 
clock phase loc:k, 20-Mhz-to-Nuhns, 

III-105 
CMOS data acquisition system, 

U-117 
CPU interface, one-shot, IV-239 
data separator for floppy diRks, 

II-122 
deglitcher, IV-lOD 
di.splay, ei.Mltt-Jigit, III-106 
dual 805ls execute in lock-step 

circuit, IV-!.19 
DVM adapter for PC, V-810 
EEPROM pulse generator, 5V­

powered, III-99 
eight-channel mux/demux system, 
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eight-rligit mkroprocessor display, 
III-106 

flip-flop inverter, spare, Hl-lO:J 
high-speed data ai.;quisition 

syste1n, II-118 
intP.rfacf!, AAOx, OGOx, 8080 

families, III-98 
interval timer, progranunable, 11-678 
keyboard rnatrix interface, IV-240 
laptop computer power supply, 

V-46:3 
line protectors, 3 uP I/O, IV-101 
logic-level translators, IV-242 
logic line n10nitor, Ill-108 
iong delay line, logk si,llnals, III-107 
1nemury/µrutector power supply 

rnonitor, fV-425 
mP.mory saving power supply, II-486 
mkrocomputer-to-triac interface, 

V-244 
rnicroprocessor selected pulse 

width control, II-116 
modem protector circuit, V-4 79 
modem/fax protector for two 

computers, V-482 
multiple inputs detector, 111-102 
one-of-eight cham1el transmission 

system, III-100 
osciHoscopP. digital lP.vels, IV-108 
pa.<;sword protection circuit, V-109 
power supply watchdog, II-494 
pulse width control, Il-116 
printer error alarm, IV-106 
printer sentry, V-107-108 
reset protection, childproof, IV-107 
RGR blue box, UI-99 
RS-232 dataselector, automatic, 

III-97 
RS-202C line-driven CMOS circuits, 

IV-104 
RS-282-to-CMOfl line receiver, 

III-102 
RS-232C LED circuit, III-103 
short-circuit sensor, renwte data 

lines, IV-102 
signal attenuator, analog, III-101 
sleep-mode sound-operaterl 

circuits, V-S47 
sor:ket debugger, coprocessor, 

III-104 
speech synthesizer for, lll-732 
st.alled-oulput detector, IV-109 
switch debouncer, N-1 OS 

auto-repeating, IV-106 
triac array driver, II-410 
Vpp generator for EPROMs, II-114 
XOR gates, IV-107 

up/down cow1ter, III· 105 
Z80 bus monitor/dehugger, IV-103 
Z80 dock, II-121 

contact switch, I-136 
continuity testers, 1-550, l-551, 11-

530, Il-535, JU-345, lII-538-540, 
IV-287, IV-289, IV-296 

audible, Il-536, V-317 
buzz box, 1-551 
r:allle tester, III-539 
latching rlesign, IV-29G 
low-resistance circuits, V-319 
ohnuneter, linear, 111-540 
PCll, 11-042, 11-535 
ratiornetric, I-550 
RC decarle box, V-294-295 
resistance-ratio detector, II-342 
single chip checker, II-534 
visual, V-2!.l3 

contrast meter:;, II-447 
<1utonmtic, I-472 
briglitness controls, I-2SO, I-377, 

III-308 
control circuits (see fluid and 

moisture; lighl-controlled 
circuils; 1110Lor control circuits; 
speed controllers; temperature­
related circuits; tone controls) 

controller circuit, IV-142 
conversion and converters, I-503, 

11-123-102, lll-109-122, IV-110-
120, V-116-128 

3-to-5 V regulated output, ITT-739 
4-to-18 MHz, III-114 
4-to-20 mA current loop, IV-111 
5V-to-isolated 5Vat 20MA, lll-474 
5V-to-0.5A buck, l-4!.l4 
!.l-lo-5-V converler, IV-119 
12-to-9 V, 7.5, or 6 V, I-508 
12-to-16 V, III-747 
28-t.o-fi Vrlc converter, V-127 
50+ V feed forward sv:itch mode, 

I-495 
50+ V push-pull switched mode, 

1-494 
100 MHz, II-130 
100 V-to-10.25 A s..,.,.itchmode, I-501 
800-to-1000 MHz scanner 

converter, V-122 
ac-to-dc converters, I-165 

fixed power supplies, fV-395 
full-wave, IV-120 
high-impedanr:e precision 

rectifier, I-164 
analog-to-digital (see analog-to-

digital conversion) 
ATV downconve1ier, V-125, V-126 
ATV rf receiver/converter, IV-420 
BCD-to·analog, T-160 
BCD-to-parallel, multiplexed, I-169 
buck/boost, III-113 
calculator-to-:;tupwatch, I-153 
capacita11ce-to-pulse width, II-120 
crystal-r:ontrolled, one-chip, V-117 
current-to-frequency, IV-113 
·wide-range, I-164 

current-to-voltage, 1-162, 1-165, 
V-127 

growuled bias and sensor, IJ-126 
photodiode, II-128 

de automobile power adapter, V-70 

de-to-de, IV-118, V-119, V-128 
1-to-5 V, IV-119 
3-to-S Vbattery, IV-119 
3-to-25 V, III-744, IV-118 
bipolar, no induclor, 11-1:32 
fixed ;3_ tu 15-V supply, IV-400 
isolated +lflV, rtt-llfi 
pnsh-pull, 400 VIGO V.l, I-210 
regulating, I-210, I-211, II-125, 

111-121 
slcp-uf)/step-down, III-118 

dc/ac inverter, V-669 
de/de converter, V-fifi9 
digital-to-analog (see digital-to-

analog conversion) 
fixed power supply, III-470 
flyback, 1-211 

self oscillating, I-170, II-128, 
III-748 

voltage, high-efficiency, III-744 
frequency, I-159, V-123 
frequency-to-voltage (see 

frequency-to- voltage 
conversion) 

high-to-low-impedance, I-41 
intermittent converter, power 

saver, IV-112 
IR-pulse-to-audio converter, V-224 
light inteusity-to-frequency, I-167 
line-voltage-to-multimeter adapter, 

V-312 
logarithmic 

fast-action, I-169 
temperature-compensated, V-127 

low-frequency, Hl-111 
o1uns-to-volts, I-168 
oscilloscope, I-471 
period-to-voltage, IV-115 
pico-ampere, 70 V with gain, l-170 
PIN photodiode-to-frcquency, 

lll-120 
polar-to-rectangular 

converter/pattern generator, 
V-288 

polarity, I-166 
positive-to-negative, 111-112, JU-113 
power supplies, iuductorlcss;-V-456 
pulse height-to-width, III-119 
pulse train-to-sinusoid, TTT-122 
plilse v.irlth-to-voltage, III-117 
radio beacon converter, IV-495 
rectangle-to-triangle wavefom1, 

IV-116-117 
regulated 15-Vr,ut 6-V driven, 

IJT-74S 
resistance-to-voltage, I-161-162 
rf converters, IV-494-501 

ATV receiver/converter, 420 MHz, 
low-noise, IV-496, IV-497 

radio beacon converter, IV-49G 
receiver frequenr:y-converter 

stage, IV-499 
SW converter for M1 car radio, 

IV-500 
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conversion and converters (cont.) 
two-meter, TV-498 
up-converter, TVRO .'mhcarrier 

reception, IV-501 
VLF converter, 1V-4U7 
W'WV-to-SW converter, IV-499 
receiving convert.er, 220 lVTHz, 

IV-500 
RGB-composite video signals. III-714 
RMS-to-de, ll-12U. 1-167 

50-MHz tl1erm.al, 111-117 
RGR-to-NTSC, IV-611 
sawtooth wave converter, TV 114 
scanner converter, V-800-to- l 000 

MHz, v-122 
shortwave, III-114, V-118 
simple LF, 1-546 
sine-to-square wave, 1-170, IV-120. 

V-124, V-125, V-569, V-570 
square-to-sine wave, ITT-118 
square-to-triangle wave, TTL, II-123 
temperature-to-digital, V-123 
temperature-to-fre4ucncy, 1-168, 

V-121 
temperature-to-time, TTT-032-633 
transverter, V-2-to-G meter, V-121 
triangle-to-sine wave, II-127 
TTL-lo-MOS logic, 11-125, 1-170 
two-wire to four-wire audio, 11-14 
unipolar-to-dual voltage supply, 

TTT-743 
video converters 

aid and d/a, IV-GlO-GI I 
RGB-to-NTSC, N-611 

VLF converters, 1-547, V-121 
rf couverter, lV-497 

volt.age (wm voltage converters) 
voltage multipliers, V-G08-fifi9, 

V-668 
WWV converter. car radios, V-llU 
\V\VV-to-SW rJconverter, IY-l!J:.l 

cool-dm~m circuit, V-354, V-3,57 
coprocessor socket debugger, III-104 
countdown timer, TI-080 
counters (see also dividers), II-188-

13!.l, 111-123-130, V-129-133 
<utalog circuit, 11-137 
attendance, II-138 
binary, II-135 
divide-hy-N 

1+ GHz, IV-155 
1.5+ divide-by-n, IV-156 
CMOS progrmmnable, I-257 
7490-clividecl-by-n, IV-154 

divide-hy-orlrl nnmher, TV 153 
frequency counters 

2 MHz, Y-130-131 
10 Mllz, Y-132-133, Y-132 
preainp, V-24 

frequency dividers, I-258, II-2.SL 
II-254, III-218-218, JII-840, TTT~768 

1.2 GHz, III-129 
10-MHz, III-126 
clock input, N-151 
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decade. 1-25!.l 
dividc-by-1.5, 111-216 
low-cost, Ill-124 
low-frequenr:y, TT-2G8 
preamp. III-128 
prograrmnable, lV-152-153 
stalrcase 1'(eneratur w1d, 1-7:Jo 
tachometer and, T-310 

geiger. I-53fi-G87, V-2 l 7-219 
microfarad counter, N-275 
minimum/maximum selector, four-

inµul, V-TJ2 
odd-nwnber divilier w1d, 111-217 
preamplifier, osulloscupe, III-438 
predsirm fre111iem-:y, J-253 
programmahle, low-power \Virle-

range, III-126 
ring cow1lcrs 

20 .k.llz, 11-1:.!5 
inf'.andescent lamp, I-301 
low-r:ost, 1-301 
low-power pulse r:irr:111t, IV-137 
SCR, Ill-1U5 
variable timing, 11-134 

time base, fwtction .'{euerators, 
Hz. TV-201 

universal 
10-MHz. I-25G, II-139 
40-MHz, III-127 

up/down counlcrs 
8-d.igit, ll-L.l4 
extreme count freL'zer, 111-125 
XOR.gate, TH 105 

c:oupler c:irr:uit.s 
linear couplers 

ac analog, II-412 
wialo_g, 11-410 
de, II 411 
optocouplPr, inst.n1mentation, 

II-417 
optical couplers/optocouplers, 

V-407 
CMOS Ue::;ign, 111-414 
interface circuits, V-406-407 
linear, instrmnentat.ion, TT-417 
stahle. II-'109 
TTL design, III-416 

photon, II-412 
lransmillcr oscilloscope for CB 

sip,nab, l-4TJ 
r:ourtesy lights (see automotive 

circuits) 
CRO doubler, III-439 
cross fader, Il-312 
cross-lt01td1 ).(cnerator, color TV, 

TIJ-724 
crossover networks, TI-3G 

5V, I-518 
ac/dc lines, electronic, I-515 
active, 1-172 
asynunetrkal tlLi.rd orde1 

R11tt.envorth, T·l 73 
electronic circuit for. TT-36 

crowbars, I-GlG 

electric, III-510 
electronic, II-99 
SCH, 11-4!.ll:i 

crystal oscillators (see alsu 
oscillators), J-180, J-183-185, I-
195, I-198, II-140-151, III-131-
140, lY-121-128, V-134-140 

1-to-20 Milz, TTL design, lY-127 
1-to-4 MHz, CMOS design, IV-125 
JO MHz, TT-141 
10-to-150 kHz, IV-12G 
10-to-80 MHz, IV-125 
50-to-150 MHz, N-126 
96Mllz,1-17U 
150-to-!JOJJOO kllz, IV-126 
330 MHz, N-125 
ar:tivity tester, V-138 
aperiodic, parallel-mode, I-190 
basic design, V-135 
bridf\t\ crystal-controlled, IY-127 
Butler oscillator. I-182 
ralihrator, 100 kHz, I-185, IV-124 
ceramic, 10 MHz, varac:tor tunerl, 

Il-141 
dock, micropo\ver design, IV-122 
CMOS crystal oscillators, 1-187, 

rrr.1:34 
l-to-4 MHz, TV-125 

Colpitts crystal oscillators, I 194, 
I-572, 11-147 

l-lo-20 MHz, N-123 
frequency checker, IV-301 
ltannonic, 1-18!.l-lUO 
two-frequency, IV-127 

cry8tal-controlled oscillator as, 
II-147 

ciystal-stabilized IC timer for 
sublw.rrnonic frequencies, 11-161 

crystal tester, I-178, I-186, 11-151 
rlmibler and, J-184 
ea8y start-up, JII-132 
FET. 1 MHz, II-144 
fundainental-frequency, III-132 
Hartley oscillalor, V-140 
hex-buffer, V-136 
high-frequency, I-175, II-148 
high-frequency signal generator as, 

II-IGO 
IC-c:ompatible, II-145 
impedance checker, V-136 
LO for SSU transrnitter controlled 

by, II-142 
1ow-fre1111ency, I-184, TT-14fi, V-1.'35 

10 kHz to 150 kHz. II-146 
low-noise, H-145 
1na.rker p;euerator, 111-1!38 
mercury cell ciystal-controlled 

oscillator as, JT-149 
OF-1 HI oRc:illator, international, 

I-197 
OF-1 LO oscillator, international, 

I-189 
overtone oscillators, I-176, l-177, 1-

180, I-183, I-186, II-146, III-146 



50 MHz lo 100 MHz, I-181 
100 MHz, IV---124 
crystal, 1-170, 1-180, 11-146 
r:rystal switching, 1-183 
fifth-overtone, 1-182 
third-overtoue oscillator, IV-128 

Pierce oscillator, V-140 
1-MHz, 111-184 
r:ry.stal, 1-195, II-144 
harmonic, l-HlU,-11-192 
JFET, 1-198 
low-frequency, Hl-188 

quartz, two-gatf\ 111-186 
ref1edion o.sr:illator, crystal-

r:ontrolled, Ill-136 
Schmitt trigger, 1-181 
signal source controlled by, fl-118 
sine-wave oscillator, T-198 
stable low-frequency, I-198 
sta.ndard, 1 MHz, I-107 
temperature-cornpcnsated, I-187, 

II-142, lll-137 
lest circuit. V-12!'.J 
third-overt.one, I-186, IV-123 
time hase, III-133, IV-128, V-137, 

V-138 
TTL design, 1-17!:1, IV-127 
TTL-cornpatilile, J-197 
lransistorized, 1-188 
tube-type, T-192 
VHF r:ryst.al oscillator, 111-138-140 
voltage-controlled (_VCO), 111-135, 

IV-124 
wide-range, V-1!39 

cryslal switchln,is, overtone o.scillator 
with, 1-182 

current analyzer, auto battery, 1-104 
current booster, I-30, J-!35 
current collector heo.d amplifier, II-

11, II-295 
current feerlhark amp, V-100 mA al 

I 00 MHz, V-25 
r:urrent limiter, V-146 
inrush current, V-!358 

currenl loops 
4-lo-20-rnA converter, IV-111 
coutroller, SCH design, IV-387 

current. meters and monitors, 1-203, 
TT- I :i2- I :J7, Ill-255, Ill-338, !V-
284, V-144-146 

alarm and curreut monitor, ITT-838 
ac current indicator, JV-290 
current sPnsing m supply rails, 

TT-1G3 
electrometer amplifier with 

overloud protection, TT- !GS 
Hall-effect sensors, TTT-2GG, IV-284 
high-gain cnrrent sensor, IV-2\.ll 
line-r:urrent monitor, Ill-341 
pkoammeter, 1-202, ll-154, 11-157, 

III-338 
guarded input, II-156 

range armneter, six-rler:ade, II-153, 
11-156 

current rcadoul, rI, 1-22 
current sensiug, supply rails, 

Jl-15:3 
CUffl'llt siIIk, r 20fi 

1 nu\ for fixer! power supplies, 
IV-402 

voltagP-controlled, IV-62U 
current sourr.es, I-205, I-6!J7, 

V-111-143 
O-to-200-TLA., IV-327 
hilar.eral, III-46\.l, I-6U4-6U5, V-143 
hipolar sources 

inverting, I-6U7 
noninverting, I-6U5 

constant, I-697, III-472 
fixed powPr supplies 

bootstrappPrl amp, IV-406 
differential-input, fast-acting, 

1V-40fl 
low-rurrent source, IV-3UU 

limit.er, V-146 
low-resistance measurcmenls, V-

142 
negative, V-143 
offset-adjusting, V-145 
positive, V-142 
precision, 1-205, 1-206 
regulator, variable power supply, 

III-4UO 
variable power supplies, voltagP­

programmalile, lV-420 
voltage-controlled, grounded 

source/load, 111-468 
CWTent-lirniling rL\'iulator, V-4fi8 
current-shunl arnpliflers, Tll-21 
currcnl-lo-Irequency converter, 

lV-113 
wide range, I-164 

currcn(.-lo-voltage amplifier, high­
speed, 1-05 

current-to-voltage couvL~rter, J-162, 
I-1G5, V-127 

grounded bias and sensor in, 11-126 
photorliodP, II-128 

curve tracer, V-300 
diodes, IV-274 
FET, J-!J97 

C\\1-related circuits 
C\V/SSB receiver, V-80- and 40-

meter, V-4UU 
filt.Pr, razor sharp, ll-2l!J 
kPJ'ing circuits, IV-244 
offspt inrlkator, IV-213 
SSR/C\\' product detector, IV 108 
transceiver, 5 Vv', 80-mcter, !V-602 
transmitters 

1-V.', IIl-G78 
20-M low-pO\ver, V-64-U 
40-M, III-684, V-648 
902-MHz, III-686 
HF low-po;ver, lV-601 
QRP, III-690 

cydir: AfD converter, 11-!JO 

D 
Dark-activated (see light-controlled 

circuils) 
darkroom equipment (see 

photography-related circuits) 
Darlington amplifier, pushcpuli, V-22 
Darlington regulator, variable power 

supplies, IV-421 
data-manip11lation circuits, IV-12U-

183 
acquisition circuits, JV-1.'31 

CMOS system, II-117 
four-channel, I-421 
high-speed systl'm, II-118 

aualo.'(-signal transmi.ssion isolator, 
lV-138 

link, IR type, 1-341 
prescaler, low-frequency, IV-132 
read-type drcnit,_E MHz, phase-

encoded, 11-365 
receiver. carrier-current circuit 

rlesign, IV-93 
receiver/rnessuge demuxer, thrPe-

wire, fV. J 30 
sPler:t.or, R.S-232, III-U7 
separator, floppy disk, II-122 
transmission circuits, N·92 

de aduptcr/transceiver, hand-held, 
III-461 

de generatorn, high-voltage, lll-481 
dc motors (see also motor control 

cireuils) 
direction control, I-452 
rlriver controls 

fiberoptic conlrol, II-206 
fixed speed, ITT-387 
.servo, bipolar, II-385 
reversible, 11-:381, IJT-888 

speed r.ontrol, 1-452, I-454, III-377, 
III-380, III-388 

de restorer, video, III-723 
de servo drive, bipolar control input, 

11-385 
de static switch, II-357 
rlr:-to-ac inverter, V-247, V-669 
de-to-de conversion, IV-118, V·6R!=J 

l-to-5 V, IV-119 
3-lo-5 V battery, JV-119 
!J-to-25 V, JTT-744, IV-118 
3.3- and :i-Voutputs, V-128 
3 A, no heat.sink, V-lHl 

bipolar, no induclor, 11-132 
fixed 3- to 15-V supply, TV-400 
isoluted+I5V, Til-Jlr1 
push-p1ilL 400 V/60 W, 1-210 
regulating, I-210, 1-411, II-125, 

III-121 
step-up/step-down, ITT- l 18 

de-lo-de SMPS variahle power 
supply, TT-480 

debonncern, III-592, IV-105, V-316 
a11t.o-repeat, IV-106 
computer applicalions, IV-105, IV-

106, IV-108 
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debouncers (com.) 
Jlip-flop;"IV-108 

debugger, coprocessor sot:kets, 
III-104 

decibel level detector, audio, with 
meter driver, III-154 

decoders, II-162, III-141-145 
10.8 MHz FSK, T-214 
24-percent bandwidth tone, 1-215 
direction detector, III-144 
dual-tone, I-215 
encoder and, 111-144 
frequency division 1nultiplex 

stereo, IT-169 
PAL/NTSC, with RGB input, Irt-717 
radio control-receiver, I-574 
SCA, 1-214, Ill-166, lII-170 
second-audio progran1 adapter, 

III-142 
sound-activated, HI-145 
stereo TV, II-167 
time division multiplex stereo, II-168 
tone alert, 1-21:.J 
tone dial, 1-630, I-631 
tone decoders, I-231, III-143 

24% bandwidth, I-215 
dual time constant, II-166 
relay output, 1-213 
tone-dial decoder, 1-630, 1-631 

video, NTSC-to-RGB, N-613 
weather-alert detector/decoder, 

IV-140 
deglitcher circuit, IV-109, V-336-337 
delay circuits/ delay units, III-146-

143, V-147-148 
adjustable, Ill-148 
analog delay line, echo and reverb 

effects, IV-21 
door chi.Ines, 1-218 
eeho and reverb effects, ana!og 

delay line, IV-21 
exit delay for burglar alarms, V-10 
headlights, T-107, TJ-59 
leading-edge, III-147 
long duration time, I-217, I-220 
power-on delay, V-148 
precision solid state, 1-664 
pulse, dual-e~e trigger, III-147 
pulse generator, II-509 
relay, ultra-precise long time, II-211 
timed delay, I-668, II-220 
constant-current charging, II-668 
windshield wiper delay, l-97, 11-55 

demorlulators, II-158-160, ill-149-150 
5VFM, I-233 
12V FM, I-233 
565 SCA, Ill-150 
AM: demodulator, 11-160 
chroma, with RGB 1natrix, III-716 
FM demodulator, J-544, II-161, V-

151, V-1G5 
narrow-band, carrier detect, II-159 

linear variable differential 
tnui.sforrner driver, I-403 
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LVDT demodulators, II-337, ITT-
323-324 

stereo, U-159 
telemetry, I-229 

demonstration r:omparator circuit, 
II-109 

denmltiplexers (see also 
multiplexers), lll-394 

differential, I-425 
eight-channel, J-426, JJ-115 

descramblers, II-162 
gated pulse, II-165 
uutband, II-164 
sine wave, ll-163 

derived center-chatu1el stereo 
system, fV-23 

detect-and-hold circuit, peak, T-58G 
detectors (see fluid and moisture; 

light-controlled circuits; motion 
and proximity; n10tor contrul 
circuits; peak detectors; smoke 
detectors; speed controllers; 
temperature-related circuits; 
tone controls; zero-crossing) 

deviation rnetcr, IV-303 
dial pulse indicator, telephone, ill-613 
dialers, telephone 

pulse-dialing telephone, IIT-010 
pulse/tone, single-chip, III-603 
telephone-line powered repertory, 

I-633 
tone-dialing telephone, III-607 

dice, electronic, I-325, III-245, IV-207 
differential amplifiers, 1-38, TTT-14, V-

18, V-21 
high-imbedance, I-27, I-354 
high-input high-i.rnpedance, II-HJ 
instrumentation, I-347, III-283 
instn1mentation, hiomedkal, TII-282 
programmable gain, III-507 
two op amp bridge type, II-83 

differential analog switch, 1-622 
differential capacitance 

measurement circuit, II-665 
differential hold, T-fi89, II-36G 
differential multiplexers 

demultiplexer/, I-425 
wide band, 1-428 

differential therrnon1eter, II-661, 
UI-638 

differential voltage or current alarm, 
II-3 

differentiators, I-423, V-34 7 
nei:.iative-edge, 1-419 
positive-edge, I-420 

digital-capacitance meter, II-94 
digital-IC, tone probe for testing, 

II-504 
digital-frequency meter, III-344 
digital-lo,Ri.c µrobe, III-497 
rligital audio tape (DAT), ditherizir\!S 

circuit, IV-23 
digital circuits, V-156-100 

audio selector, V-158 

RCD rotary switch, V-160 
capacitance control, V-159 
entry lock, V-157 
i.r1verters, V-246 
potentio1neter control, V-158 
resistance control, V-159 

digital multimeter (DMM), IV-291, 
V-291 

J4lital voltmeters (DVM), lll-4 
3.5-digit, I-713, III-761 
3.75-digit, 1-711 
4.5-digit, I-717, III-760 
auto-calibrate circuit, I-714 
automatic nulling, I-712 
calibrated circuit, DVM auto, 1-714 
interface and temperature sensor, 

IT-647 
LED readout, IV-286 

digital-to-analog converters, I-241, 
II-179-181, III-163-169, V-120 

0-to -5V output, resistor 
terminated, I-239 

3-digit, BCD, I-239 
8-bit, I-240-241 
high-speed, l-240 
output current to volt.age, 1-243 
to 12-bit, two, II-180 

9-bit, CMOS, TII-167 
10-bit, I-238 
4-quad, offset binary coding, 

multiplying, I-241 
+lOV full scale bipolar, 1-242 
+lOV full scale unipolar, 1-244 
12-bit 
binary two's complement, ITT-166 
precision, I-242 
variable step size, H-181 

14-bit binary, 1-237 
16-bit binary, I-243 
fast voltage output, T-238 
high-speed voltage output, I-244 
multiplying, Ill-168 
octal converter, V-3SO 
output runplifier, four-charmel, 

ITI-165 
video converter, IV-610-61 J 

digitizer, tilt meter, III-644-646 
dinuner switches, I-369, II-309, N-

247, IV-249 
800 w' 11-309 
de lamp, II-307 
four-quadrant, IV-248-249 
halogen lamps, III-300 
headlight, II-57, II-63 
low-cost, I-373 
soft-start, 800-W, I-376, III-304 
tandem, II-312 
triac, I-375, II-310, III-303 

diode emitter driver, pulsed 
i.r1frared, II-292 

diode tester, 1-402, 11-343, lll-402 
go/no-go, I-401 
zener cliodes, 1-406 

diode-matching circuit, IV-280 



dip meters, 1-247, ll-182-183 
basic grirl, 1-247 
dual gate TGFF:'f, l-24G 
little (lipper, II-183 
varicap tuned FET, l-246 

diplexer/rnixcr, IV-335 
direction detectorn/findern, 

JV-146-149 
r.ompasses 

digital design, IV-147 
Hall effect, Ul-258 
talking llall effect, V-221 

dccorler, Ill-144 
directional-signals monitor, auto, 

TTT-48 
optir.al direction discrirninat.ur, V-

408 
thermally operated, IV-13G 
radio-signal direction finder, IV-

148-149 
direr.tion-of-rotation circuit, 111-3!35 
directional-signals 1no1Litur, auto, 

111-48 
discu strobe light, TT-GlO 
discrete current booster, ll-30 
disr.rete sequence oscillator, 111-421 
discriminators 

multiple-aperlun.', window, IIT-781 
pulse runplitude, lII-356 
pulse width, ll-227 
window, III- 770-781 

display cirr.uit.'l, II-184-188, lII-170-
171, V-lGl-167 

:1112 digit DVM COl!Ul\Oll <mode, 
II-713 

60 dU dot mode, TT-2G2 
audio, LED har peak program 

meter, II-254 
bar-graph indicator, ac si."\.nals, 

II-187 
brighlncss control, 111-.~IG 
cascaded counter/display driver, 

V-16:1 
r.ommon cathode, 4033-bru;ed, 

V-162 
common-rutode, V-167 
cmnpuratur <md, IJ-1 on 
cxdwnation point, II-2G4 
expanded sr.ale meter, dot or bar_ 

B-180 
fluorescent tube, V-167 
gas-discharge tube, V-167 
LCD 

7-segment, V-lfif.i 
large-size, V-164 

LED 
7-segrncnl, V-166 
uudio, peak program meter, 11-254 
co1rm10n·cathode, V-lfi7 
driver, 11-188 
leading-zero suppressed, V 165 
two-variable, III-171 

oscilloscope, ci.ghl-charmel volt.age, 
lII-435 

dissolver, lamp, solid-st.ate, III-304 
distribution circuits. II-35 
rlislribution an1plifiern 

audio, T-89, II-89, V-59 
signal, I-39 

dividers, IV-150-156 
binary chain, 1-258 
divide-by 2-or-8 c:ircuit, IV-154 
divide-hy-N 

I+ GHz, IV-155 
1.5+ divide-by-n, lV-156 
CMO~ pn,1groutmlable, T-2fi7 
74UO-divided-by-n, TV-IG1 

divide-by-odd n11mher, IV-153 
frequency dividers, I-258, II-251, H-

2ii1, III-213-218, III-340, 111-768, 
V-343 

1.2 GHz, 111-129 
lO·Mllz, III-126 
clock inpnt, fV-lGl 
der.ade, I-259 
divide-by-1.5, 111-~16 
low-cosl, 111-124 
low-frequency, IT-2fi3 
preamp, TTT-128 
programmable, IV-152-153 
stairc:ase generator and, 1- 730 
tachometer and. 1·310 

mathernutical, one trim, TTT-320 
odd-nwnber count.er an<l, lII-217 
pulse, non-integer progranunable, 

ll 511, TTT-22() 
Dolby noise reduction circuits, Ul-399 

decode mode, III-401 
encode mode, 111-400 

doorbells/chirnes (see annudators) 
door-open alarm, Tl-281, lII-46, lII-256 
door opener, III-366 
door minder security circuit, V-5 
dot-expanded scale meter, H-180 
doublc-sidebar1d Sllppressed-carrier 

modulator, TTT-877 
rf, II-300 

rlrn1hlers 
0 to !MHz, Il·252 
150 to 300 MHz, 1-314 
audio·frcqueit<.:y doubler, TV-10- l 7 
broadbcmd frequency, T-313 
CHO, oscilloscope, TTI-439 
crystal osc:illator, I-184 
frequency, I-313"III-215 

broadband. 1.;.n:.i 
digital. III-216 
GASFET' design, IV-324 
single-chip, lII-218 
low-frequency, l-:Jl4 

voltage doublers, llI-459, IV·63S 
cascuded, Cuckcroft.-\Valton, 

IV-635 
triac·controlled, III-468 

downbeat-emphasized metronon1c, 
III-353-364 

drivers and drive circuits, 1-260, TT-
18U-1!.l3, 111-172-175, JV-157-100 

SO ohm, 1-262 
alarm driver, lli,!:0:1-power, V-2 
bar-gruph driver 

LED, TT-188 
tran.'listorized, IV-213 

BlFET cable, l-264 
bridge louds, audio circuits, TTI-35 
capacitive load, T-2G3 
Christmas lights driver, IV-254 
coaxial cable, I-266, I-560 

five-transistor pulse boost, ll-191 
coil, currenL-lintitillR, III-173 
CRT dellcction yoke, T-20G 
dc1n0Uulator, linear variable 

differential transformer, I-403 
diode-emitter driver, II-292 
F'ET driver, lV-241 
fiberoptic, 50-Mb/s, III-178 
flash slave, I-483 
glow-plug, TT-fi2 
high-impedance meter, I-265 
indicator lamp driver, lll-413 
instrumentulion 1neter, IJ-290 
l.runp drivers, 1-380 

llip-flop independent design, 
IV-100 

low-frequency flasher/relay, l-300 
optical coupling; IU-413 
neon lamps, 1-379 
short-r:frcuit-proof, IT-310 

!user diode, high-speed, I-263 
LED drivers 

bar graph, 11-188 
emitter/follower, l-V-159 

line drivers, 1-262 
50-o!un trwtsmission, TT-192 
600-ohm balanced, II-192 
audio, V-54 

piezoelectric driver, V-440 
555 oscillator, V-441 
CMOS, V-440 
Hticrupositioner, V-440 
full rail excursions in, II-100 
high-output 600-ohm, Il-H13 
synchronized, lll-174 
video amplifier, Ill-710 

line-synchronized, lll· l 7 4 
load drivers 
audio, III-35 
timing threshold, Ill-648 

LVDT demodulator and, 11-337, Ill-
323-324 

meter drivers, II-296 
rf ainplifier, 1-MHz, III-545 

microproce.'lsor triac array, II-410 
motor drivers (see rnotor control, 

drivers) 
multiplexer, high-speed line, I-264 
neon lamp, 1·379 
op amp power driver, IV-158-159 
optoisolated, high-voltage, Ill-482 
power driver, op amp, IY-158-159 
pulsed infrared diode ernitter, 

II-2!.l2 
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drivers and drive circuits (cunt.) 
relay, I-264 

delay and rontrols dosnre time, 
II-G30 

low-frequency. I-300 
with strobe, 1-266 

rf drivers, low-distortion, TI-:J38 
R8-232C, low-power, III-l 7G 
shift register, I-418 
solenoid, I-265, III--571-573 
SSB, low-dislorlion 1.6 lo :30f..Ui, 

11-5:38 
st.eppi.r"l,IS motor, TT-370, TTT-390, 

TV-.'349, TV-3GO 
three-phase motor driver, Il-383 
totem-pole, '.vi.th bootstrapping, 

IIl-175 
tnu1sformer driver, I-403 
triac array driver, TT-41 0 
two-phase motor driver, I-456, II-382 
VCO driver, op-amp design, IV-362 

drop-voltage recovery for .tong-line 
syste1ns, IV-328 

dn1m sound effort, 11-G9 ! 
rl11al-tone rler.oding, II-G20 
dual-tracking regulator, III-462 
duplex line amplifier, telephone, 

lll-616 
duty-cycle related circuits 

detector, TV-144 
metPr, TV-27'1 
monitor, III-329 
multi\·ibrator, 50-percent, III-584 
oscillators 

50-perce11l, 111-426 
variable, fixed-frequency, ITI-422 

D\Fl\1 adapter for-PC, V-310 
dwell meters 

breaker point,.1-102 
d@tal, III-45 

E 
cur proledor, V-482 
eavesdropper, telephone, wirPless, 

HT-620 
erho effect, analog delay line, IV-21 
edge detector, I-266, III-157 
EEPROM pulse generator, 5V-

po>vered, 111-llll 
.!'.:KG sirnulator, three-chip, III-350 
elapsed-ti.rne timer, TT-fi80 
electric-fence charger, II-202 
electric-vehicle battery saver, 111-67 
eleclrolytic-cupucilor rcform.irl,I{ 

circuit, IV·276 
elertromagnet.k-field sensor, V-308 
electrometer, IV-277 

amplifier, overload protected, Il-155 
electrostatic detector, 111-007 
ernergcncy lights, 1-008, 1-378, lV-250 
cntissions analy:.:er, automotive 

exhaust, II-51 
emitter-follower cirr.11it, 
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cornplementary/hila.tPral ac, 
V-.1:i8 

emulators, II-108-200 
c;_q_1acita1tce multiplier, TT-200 
.JFET ac conpled integrator. II-200 
resistor multiplier, 11-lllll 
simulated inductor. Tl-199 

encoders 
decoder and, 111-14 
telephone handset tone dial, T-fl81, 

TTT-fll8 
tone encoders, i-67, l-62ll 

two-wire, II-364 
two-tone, V-fl29 

enlarger timer, Il-446, 111-445 
envelope detectors, III-155 

AM signals, TV-142 
full-wave, V-152 
low-level diodes, 1\-141 

envelope gPnerator/modulator, 
musical. IV-22 

EPHO:Vl, \'pµ genL'fator fur, II-114 
equalizers, T-071, TV-18 

octave equalizer, V-353 
Len-band, graphic, active filter m, 

H-684 
ten-hand, octave, III-658 

equipmenl-011rcnlindcr,1-121 
exhaust emissions analyzer, Tl-GJ 
exit delay for bnrglar alarms, V-10 
expanded-scale melcrn 

analog, IH-774 
dot or bar, TI-18fl 

expander circuits (see 
cornprcssor/cxµ;_u1der cir'cuits) 

extended play cirruit, tape­
recorders, III-600 

cxlraclor. squarL'-wave pube, llI-584 

F 
555 timer cirruits (~r:e a./8() t1rnPrs) 

alarm hased on GG:l timer, V-11 
a.stable, low-duty cycle, II-267 
beep transformer, 111-566 
FM modululor, V-:J67 
ir1tegralor to multiply, 11-669 
irussi.r\~-pulse detector, V-1'12 
ramp genf'rator, V-203 
RC audio oscillator from, II-567 
square wave generator using. ll-5!J5 

fader circuits, 11-42. 11-:n2, lV-17. 
V-658 

fail.safe semicond11ctor alam1, ITT-(j 
fans 

infrared heat-controlled far1, 1V-22ti 
speed coutrollcr, autu1natic, nr.:382 
L11ermostatic sw1t.ch, V 68 

Fahrenheit thennomet.er. J-(jfi8 
fault. monitor, smgle-supply, III-495 
fa," circuits, V-171-173 

modem/fax protector for Lwo 
cornpuLcrs. V-482 

fax/lcleplto1tc switch, remute­
cuut.rulled, fV-552· 55:3 

feedback oscillator, I-67 
fence chargers, 11-201-203 

battery-powered, 11-202 
electric, TJ-202 
solid-st.ate, 11-203 

FET circuits 
amplifier, offscl gate bias, V-22 
de cuutrulled switch, V-fJ92 
ltcxFET switch, v.592, V-fl93 
dual-trace scope swit.ch, 11-482 
ir1put amplifier, TT-7 
Hlicrophone mixer, V-303, V-3fl1 
probe, TIT-'101 
voltmeter, TTl-7fiG, llf-770 

fiberoptics, Tl-204-207, III-17fl-181 
driver, LF:D, fiO-Mh/s, III-178 
interface for. 11-207 
link, T-2(i8, T-2(i9, T-270, III-179 
motor control. de, II-206 
receivers 

10 :MHz, 11-205 
SO-Mb/s. III-181 
digital, III-178 
high-sensitivity, 1-270 
low-cost, 100-M baud rate, 111-180 
low-sensilivily, 1-271 
very-high-scnsilivily, low-spL'cd, 

3n\V, 1-268 
repealer, 1-270 
speed control, 11-206 
lransrnitLcr, 111-177 

field dislurbancc scnsorh1hunt, II-507 
field-strcnglh rncLcrs, 11-208-212, III-

182-183, 1\1-164-166, V-174-176 
1.5-150Mllz,1-275 
udjusi..abk seusitivity i.ndicator, T-274 
illnplified field, V-175 
hi,l.(h-sensitivity, TT-211 
LForHF,Il-212 
microwave, low-cost, I-273 
remote, V-17G 
rfsniffer, 11-210 
sensitive, I-271, 111-183 
signal-strPngth meter, IV-166 
simple design, thrPe versions, Y-176 
transmission indicator, II-211 
timer!, I-27(i 
T'HF fields, IV-l(iG 
nntuned, I-276 

filter circuits. 11-210-224, lll-184-
lll2. IV-167-177, \1-177-191 

oictive (see active filters) 
ant.ialiasing/sync-compensation. 

IV-173 
audio fillers 

biquad, 1-292-293, III-185 
twLalile. IV-169 

andio range filtPr, V-190 
bandpass (.'if?e bandpass filters) 
hand-reject, active, H-401 
.bi.quad, l-2ll2-2ll3 

audio, 1-292-29!3, III-185 
HC active bandpass. T-285, V-190 



bridge filter, twin-T, 
programmable, II-221 

Butterworth 
high-pass, fourth-order, 1-280, 

V-17!.l 
low-pass, Jourth-order, V-180, 

V-181 
Cltebyshev (see Chebyshev filters) 
C\V, razor-sharp, II-219 
dyuarnic filter, III·190 
Jour-output filter, V-182 
Jull wave rectifier and avPraging, 

I-229, V-191 
hi,qh-pass (see high-pass filters) 
IF filters, narrow-band, V-189 
L filters, V-181 
low-pass (see-low-pass filters) 
networks of, T-291 
noise, dynamk, TTT-190 
noisy signals, TII-188 
notrh filters, I-283, II-397-403, 

IJJ-402-404 
4.5 MHz, I-282 
550 Hx, 11-:J!.l!.l 
1800 llz, u-;398 
active band reject, IT-401 
adjllstable Q, 11-398, V-179 
audio, TI-100 
bandpass and, II-22-3 
high-Q, III-404, V-178 
.selectable bandwidth, I-281 
three-amplifier design, I-281 
tunable, II-399, II-402,-V-179 

passive-bridged differentiator, 
II-403 
hum-suppressing, 1-280 
op amp, ll-400 

twin-ntoch for 1 kHz, V-18!J 
twi..n-T, 111-403 
shortwave receivers, V-185 
\Vi.en bridge, 11-402 

passive-Lfiltern, V-181 
passive Pl filters, V-181 
passive T filters, V-190 
Pi filters, V-181 
prograrrnnable, twiu-T bridge, II-221 
rejection, 1-283 
ripple suppressor, lY-175, IV-396 
run1blc, lll-192, 111-660. lV-175 

LM:Js7 in, 1-297 
turntable, lV-170 

rumble/scratch;III-660 
Sallen-Key filters 

10 kHz, I-279 
500 Hz bandpass, l-2lll 
current-driven, V-189 
low-pao;s, active, IV-177 
low-pass, equal component, T-292 

scratch fi\tP.rs, TTI-189, ITI-000, 
JV-17G 

LM287 in, I-2U7 
simulated inductor, V-180 
speech fillern 

bandpass, :JOO Hz 3kllz, I-295 
second-order, 800-to-3,400 Hz, 

TV-174 
t\vo-section, 300-to-3,000 Hz, 

IV-174 
speech-nmgc Jilter, bandpass, 

V-185 
st.ate-variable filters, IT"21:), III-189 

multiple outp11t.s, TIT-190 
second-onler, I kHz, Q/10, I-293 
universal, T-290 

T' filters, V-190 
tone filter, V-1 kHz, V-191 
turbo, glitch free, 111-180 
twin-'f hridge filter, II-221 
\Vien-hridge, TTI-Ofi9 
variah1<2 Q filt.er, V-183 
variahle-frequency bandpass filter, 

V-186 
variable-state, mriversal, V-178 
voltage-controlled filters, III-187. 

IV-176 
fixed power suppli.es. III-457-477, 

IV-3ll0-408 
12-VDC batteiy-operated 120-VAC, 

III-464 
+24 V_ 1.5 A supply front + 12 V 

source, IV-401 
+!- 35 V ac, IV-3!.l8 
+!- 35 V, 5 A, mobile, IY-407 
15 V isolated to 2,500 V supply, 

IV-407 
ac motors, IV-3'"J5 
automotive ballery supply, +/-15 V 

and 5 V, IV-3Ul 
auxiliary supply, IV-3!:!4 
bias/reference apµlieations, 

auxiliary negative de supply, 
IV-404 

bilateral current source, UJ-469 
bridge rectifier, N-398 
charge pool, III-469 
charge pump, regulated. TV-396 
constant-r11rrent sourr.e, safe. 

TTI-172 
converter, III-470 

5V-to-isolated 5V at 20MA, 111-474 
ac-to-dc, IV-3ll5 
de-to-de, !J-to-15 V, lV-400 

current sink, l rnA, IV-402 
current sources, IV-399, TV-405, 

IV-406 
de adapter/transceiver, hand-held, 

TTT-461 
dual-tracking regulator, III-462 
GASFET power supply, IV-405 
general-purpose, III-465 
inverter, 12 V input, IV-395 
isolated feedback, III-460 
LCD display power supply, IV-3U2, 

IV-403 
linear regulator, low-cost, low­

dropout, 111-459 

low-cun·ent source, TV-299 
low-power inverter, III-46G 
negative rail, GET, with CMOS 

gates, IV-408 
negative supply from +12 V source, 

JV-401 
negative voltage frOin positive 

supply, IV-:J~7 
output stabilizer, lV-393 
portable-radio 3 V µoi.ver supply, 

IV-:J!.l7 
positive arid negative volta,l\e 

power supplies. IV-402 
pnµ regulator, zencr increases 

volt.age output, II-484 
programnmblc. III-467 
reclillers, 111-471. [\l-398 
regulated supplies, III-462, III-46:3, 

JV-401 
ripple suppressor, TV-39fi 
IlTTY machine current s11ri_ply, 

TV-400 
stahilizer, CMOS diode network, 

TV-400 
switching supplies, III-458, III-473, 

IV-408, TV-101, IV-408 
threP-raiL IIT-100 
11nintern1ptible +5V, III-477 
voltage doubler, III-459, III-468 
voltage regulator.s (see voltage 

rP.gulator.s) 
voltage-c:nntrolled current 

srn1rce/grounded .source/load. 
IIl-408 

fixed-frequency generator, III-231 
flame ignitor, III-362 
flame monitor, III-313 
flash/flashbulb circuits (see 

photography-related circuits) 
flashers and blinkers (see also light­

controlled circuits: 
photography-related circuits), 1-
304, II-225, 111-1!.l:J-210, lV-178-
183, V-l!.l2-lll7 

1.5 V, mininnun power, l-!308 
1 k\V flip-flop, 11-204 
IA lamp, 1-306 
2 kW, pholodedric control in, II-232 
3V, 1-306 
ac_ III-196 
alternating, I-307, II-227 
astable rnultivibrator, III-lll6 
auto, I-2llll 
autrnnatic safety, I-.302 
automotivP turn signal, .sequential, 

T-109 
bar display "'1.th alarm, I-252 
barricade, 1-2!.l!.l 
boaL l-2ll9 
brake light flasher, V-69 
Christmas tree light fla.~her, V-197, 

V-264-2fiG 
CMOS, III-199 
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flashers and blinkers (cont.) 
de. adjustable on/off timer, I-305 
dual LED CMOl::i. l-!J02 
electronic, 11-228 
Pmergenry lanten1, I-308 
fast-action. I-300 
flash light, 60-\li, III-200 
flicker .li.ghl, 1V-18;J 
l1ip-flop, I-299 
follr-parallel LED, T-.'307 
headlight flasher, V-73 
high-efficiency parallel circuit, I-308 
high-voltage, safe, I-307 
high-power ballcry operaled, U-22\.l 
incam.lcscent bulb, III-198, I-306 
LED flashers, IV-181, V-195, V-196 

2-t.o 10-LED, V-l!=lfi 
alternating, III-198, III-200 
Christmas tree lights, V-197 
cont..rol circuil, IV-18:_! 
dark-activated. V-195 
driver, V-194 
multivibrator design, IV-182 
PUT used in, II-239 
ring-around, lll-194 
sequential, reversible-direction, 

IV-182 
three-year, TTT-194 
II.TT used in, II-281 

lo\v-current consumption, II-231 
low-voltage, I-305, II-226 
miniature.transistorized, II-227 
m.i1llinum-cornpouc11L, 111-201 
neon flashers, I-:308 

five-lamp, TTT-198 
two-state oscillator, III-200 
tube. I-304 

oseillulor/flashcrs 
h.igh·drive, II-23.5 
low-frequency, TT-234 

photographic fla.~hes 
slave-flash trigger, SCR design, 

IV-380. IV-382 
lirne-deluy flash trigger. IV-:J80 

relay driver, low-frequency l<unp, 
r.:300 

running lights, V-2fi9 
SCR flashers, II-280, III-197 

chaser, III-197 
relaxation. II-230 
rirtg cow1ler, 111-l\.l5 

sequencer, V-263, V-264-265 
Sf!CjUf!ntial, Il-2:13, TI-2:~8, JV-181' 

V-193 
pscudorandom simulated, IV-179 

s®ml alann, V-197 
single-lan1p, HI-196 
strobe ahnn. TV-180 
telephone, II-fi29, IV-fi:lfi, IV-Gfi8, 

IV-559. IV-661 
transistorized, I-303, II-236, III-200 
variable, r-:J08 
xenun li~ht, lV-180 

flashlight finder, I-.300 
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flex s\vitch, alanu sounder circuit, 
V-15 

flip-flops (see Uislable 
mltltivibrators) 

floor! alarm, J-,190, TTI-200, IV-188 
flow-detectors, II-240-242. 

lll-202-203 
air, ll-242 
liquids,_II-248, IIJ-202-20.'3 
low-rate thennal, ITT-20.~ 
thermally based anemometer, II-241 

fluid and moisture detectors, I-388. 
I-3!.lO, 1-442. Il-243-248, lll-204-
:210, IV-184-191, V-373-375 

add rain 1nonitor, II-245, V-371 
alarm, water-activated, V-374 
d1eckPr, TTT-209 
control, I-388, III-206 
cryogenic fluid-level sensor, I-386 
dual, 111-207 
flood alann, III-206, IV-188, V-374 
flow-of liquirl, TT-248, TTT-202-208 
full-bathtub indicator, IV-187 
full-cup detector for the blind, 

IV-18ll 
hurnidity, II-285-287, HI-266-267 
ir1clicator, II-244 
level of liquirl, T-107, T-28G, T-887, T-

88R I-389, I-890, II-174, II-244, 
II-246, III-205, III-206, III-207, 
III-20D, III-210, IV-186, IV-190, 
IV-1\Jl 

1noisture detector, l-442, lV-188, 
V-375 

monitor. TTT-210 
plant water, II-245, II-248, III-208 
pump controller, single-chip, II-247 
rain alarrn, U-244. J\i-18!.l 
sensor and control, II-246 
soil moisture, 11-245, Tl-248, TII-208 
temperature monitor, U-G18. IU-200 
\Vater-leak alarm, IV-190 
"'°indshield-washer level, I-107 

fluuresccnl lamps 
lli,iSh-volta,l\c power supplies;-cold-

cathode desi,lin, JV-411 
inverter, 8-\\', TTT-80fi 
vacuum, fluorescent display, II-185 

flyback converters, I-211 
self oscillating, I-170, 11-128, III-7 48 
vollage, high-efllciency, 111-744 

llyback regulator, off-line, II-481 
F'M-rPlatPd circuits (.~rM riL~n 

radio/rf circuirs) 
5 V, I-233 
12V,1-2!33 
clock radio, AlvVF!\1, I--543 
demodulators, T-fl44, IT-lfi9, TT-lfil. 

V-!GI 
IF amplifier with quadrature 

detector. TV sound IF. I-600 
generators, low-frequency. IU-228 
nwdulutors, V-366 

555-baseU circuit, V-367 

radio, I-545 
receivers 

27.145 MHz, V-495 
carrier-current circuit, TTT-80 
light-beam, V-259 
MPX/SCA receiver, III-530 
narrow-band, 111-5!J2 
optical receivernransmitter, 50 

kHz, r,:361 
zf'ro cf!nter indica.tor, I-888 

SCA subcarrier adapter, V-536 
snooper, III-680 
speakers. remote, currier-currenl 

systern, 1-140 
squelch circuit for AM, I-547 
stereo demorlulation system, l-G44 
transmitters, I-fi81, V-641 

27.125-MHz NBFM, V-637 
4U-MHz, V-643 
irtl"rareU, voice-modulated pulse, 

fV-228 
light.-beam, V-2G9 
multiplex, III-688 
one-lransistor, 111-687 
oplical, 1-367, 11-417 
optical receiver/transmitter, 50 

kHz, 1"361 
radio. V-fi48 
snooper, III-680 
stereo, V-575, V-580 
voice, III-678 

luner, 1-231, Ul-529 
wireless microphone, III-682, III-

685, III·691 
F'M/A\1 clock radio, I-S48 
fog-light controller, automotive, IV-59 
foldback current, HV regulator 

lirnitirtg, 11-478 
followers, JTT-211-212 
invP.rting, high-frequency, III-212 
noninverting, high-frequency, III-212 
source. photodiode, III-41D 
unity gain, I-27 
voltage, IH-212 

forward-current booster, III·l 7 
free-running multivibrators, JT-485 

100 kHz, l-4fiG 
programmable-frequency, III-235 

free-running oscillators, I-531 
square wave, I-615 

freezer, voltage, III-763 
freezer·meltdown alarm, I-13 
frequency comparators, II-109, III-88 
LED, II-110 

frequency eonlrul, telephone, ll-623 
frequency converter, 1·159 
frequency counters, UI-340, III-7fi8, 

fV-800, V-129-188 
1.2 GHz, III-129 
2 MHz, V-130-131 
10-MHz, III-126, V-132-133 
100 Mllz, period and, II-136 
low-cost, III-124 
preainp, III-128, V-24 



precision, I-253 
ladwmeLer awl. t-:JIO 

frequency detectors, II-177, HI-158 
beat inrlicator, T-22fl 
boundary detector, III-156 
comparator, III-88 
digitul, 111-158 
limit, frequency limit, II-177 
window, frequency "Winrlow, III-777 

frequency dividers, I-2G8, II-251, 
II-254, III-213-"218, III-340, 
III-768, V-043 

1.2 GHz, U1-12U 
10-MHz, III-126 
clock input, IV-151 
rlecade, T-2fi9 
divide-by-1.5, III-21G 
low-cost, III-124 
low-frequency, H-253 
prean1µ, III-128 
programmable, TV-lfi2-lfi2 
staircase generator and, I-730 
tachometer and, I-010 

frequency-division nmltiplcx slcreo 
decoder, II-169 

frequency doublers, I-81 :3, JTT-215 
hroadbanrl, 1-318 
digital, III-216 
GASFET design, IV-324 
low-frequency, 1-014 
single-chip, lll-218 
to lMllz, Il-252 

frequency generators, fixed-
frequency, TIT-221 

frequency indicator, beat, I-336 
frequency inverter, lll-297 
frequency rnelers, 1-310, 11-249-250, 

IV-282, IV-«301 
analog, V-307 
audio-frequency meter, V-305, 

V-320 
audio, 1-311 
linear, 1-::no 
low-cost, II-250 
pmver, TT-250 

frequency multipliers, II-2GI, ITI-
213-218, V-198-199 

counter, odd-number; III-217 
doublers, I-310. Ill-215 

broadband, J-;313 
digital, IH-216 
GAfiFET rlesign, IV-824 
single-chip, III-218 
low-frequency, l-014 
to lMlb:, 11-252 

pulse-v;idth, TTI-214 
tripler, nonseler:tive, TI-2:)2 

frequency-boundary detector, III-156 
frequency oscillator, tunable. 11-425 
frequency-ralio rnoniloring circuil, 

IV-202 
frequency-shift key (FSK) 

communications 
data receiver, 111-fi88 

decoder, 10.8 MHz, 1-214 
l{cHerator. low-cost desi,l.\H, III-227 
keying circuits, TV-245 

frequency synthesizer, 
programmable voltage 
conlrollr.xl, 11-265 

frequency-to-voltage converter, 
1-318, TT-25fl-2G7, TTT-219-220 

dr:, lOkHz, l-81G 
digital meter, I-317 
optocoupler input, IV-193 
sarnplc-and-hold circuil, 1V-l!J4 
si11gle-suµµly-dcsig11, lV-195 
zener regulated, I-317 

fuel g:rnge, automotive, TV-4fl 
fnll-wave rer:tifierB, IV-828, IV-GGO 

absolute value, II-528 
averaging filler. V-l!_ll 
op ;unp circuit, V-403 
precision, T-2:14, TTT-587 
silicon-controlled (fiCR). I-87fi 

function generators (see al.so burst 
generalors; sowtd generalors: 
waveionu l{e1terators), 1-729, 
II-271. III-221-242, III-2.58-274, 
TV~-190-202,V-200-207, V-:109 

GGfi astable, low-duty cycle, II-2G7 
acoustic field generator, V-338-341, 

V-338 
A\1 broadcust-bar1d signal 

generator, lV-302 
A.\1/IF sij.;nal p;enerator, 455 kHz, 

TV-301 
astahle multi\ihrators, TI-2fi9, 

II-510, II-597, III-196, III-224, 
111-2:sJ. III-237, 111-208 

audio l'wtction .>{l'Jtcrator, IV-197 
audio·frequency generator, V-410-

417, V-41G 
bistable multhibrators, I-133, I-

2!J!J, l-3!_l5, Il-367, 11-465.111-103, 
lV-108, lV-651 

bistable inultivibrators, I-1.33. II-465 
capacitance multiplier, V-205 
clock generator/oscillator, 1-19~3, 

1-Gl:J 
complementary signals, XOR gate. 

Ill-226 
DAC controlled, 1-722 
debouncer, IV-108 
emitter-ronpled R.C oscillator, TT-2flfl 
fixed-frequency, III-281 
flasher. I-2DD. II-234 
YM, low-frequency, 111-228 
free-numil~ multivibrator, 

programmahle-freq1iency, Til-22G 
frequency-ratio monitoring cirruit, 

IV-202 
frequency synthesizer. 

prw,;nunrnablc voltage 
controlled, II-265 

FSK, low cost, TTT-227 
harmonic generators, 1-21, 111-228, 

IV-€i19 

high-frequency. ll-150 
illVl'Jter, III-103 
lamp drivPr, TV-1 !10 
line/har generator, video, V-GG2 
linear ramp. II-270 
linear triarl).(ll'isquure wave VCO, 

II-263 
logarithmic 

dynamic-range, V-201 
fast acting, V-202 

monostable multi\ibrators, I-465. 
111-229. lll-230, 111-285, 111-287 

i1tput lockout, I-464 
linear-ramp, TTT-237 
photocPll, monostable, 11-329 
positive-rriggered, III-229 
TTL, monostable operation, I-464 
UJT, rnonostabk operalion, 1-46J 
video a1nplifier and comp;u·ator, 

TT-208 
multiplying pulse v..idth circuit, 

II-264 
multivibralors 

low-frequency. III-2!37 
single-supply, TTT-232 

nonlinear potentiometer out.puts, 
IV-198 

one-shots, I-465 
digit.ally controlled, 1-720 
precisio1t, 111-222 
rctri~l'rable, III-238 

oscillator/amplifier, "Wide frequency 
range, TT-202 

pattern generator/polar-to-rect. 
converter, V-288 

polynomial gencrutor. V-687 
potentio1neter-position V/F 

convertPr, TV-200 
precise wave, II-274 
programmed. I-724 
pseudo-random bil seQU{'ncc 

generator, V-351 
pulse p:enerators, II-508-.51 l 

2-ohm, TTT-231 
300-V, III-S21 
SSS-circuit, IV-439 
astable multivibrator, II-510 
dock, 60Hz, 11-102 
CMOS short-pulse. III-523 
delayed-pulse, TT-fl09, TV-440 
rlividPr, programmable, 11-f>l l, 

III-226 
EEPROM, 5V-powered. lll-ll!_l 
free rwullil).(, IV-4:38 
int.ern1pting pulse-genPration, 

l-8G7 
logic. III-520 
logic troubleshooting applicalions, 

1v-4;35 
pro,>{rturnnable. l-529 
sawtooth-wave generator and, 

TTT-241 
single, II-175 
train, pulse train, IV-202 
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function generators (cont.) 
transistorized, IV-437 
two-phase pulse, 1-502 
unijwu.:lion Lrauslstor design, T-rJ.'30 
very low-duty-cycle, TTI-fi21 
voltage-controller and, III-524 
\Vide-ranging, III-522 

quad op amp, four siinultuneous 
synchronized waveform, IJ-259 

rarnp generators, I-540, JT-521-G23, 
III-525-527, N-443-447, G:'"Jfi 
basf!d, V-203 

accurate, III-526 
integrator, initial condilion reset, 

III-527 
linear, U-270 
vw"iable reset level, TT-207 
volta.ge-controlled, II-523 

rfosdllator, V-530-531 
root extractor, V-207, V-288 
RS flip-flop, r-:Ju5 
sawloollt generators, V-491 

linear. V-205 
triggerecl, V-204 

sawtooth and pulse, III-241 
Schmitt trigger,-transislorized, 

V-204 
SCR, 11-367 
self-retriggeri.t1,IS timed-on 

generator, V-34;1 
signal generators , V-204 

AM hroadcast hand, IV-302 
A1f/IF, 455 kHz, IV-301 
high-frequency, Jl-150 
square-wave, III-583-585 
stairca.se, TTI-580-G88 
two-fundion, TII-234 

sine-¥tave generators, IV-505, 
IV-506, V-542, V-54:3, V-544 

60 Hz. lV-507 
audio, II-564 
battery power, V-G11 
LC, f\T-f"i07 
LF, IV-512 
oscillator, audio, 111-559 
square-wave and, tuuable 

oscillator, III-232 
VLF audio tone, TV-508 

sine/cosine (0.1-10 kHz), II-260 
sine/square wave oscillators, I-65 

TTL design, IV-512 
tunable, I-65, lll-2!J2 

siugle control, III-238 
s111,1Sle supply, TI-278 
square-'\\'"3Ve generators, II-504-600, 

II-225, III-23U, 111-242, ll1-58!3-
585. l\i-52U-536, V-568-570 

1 kHz, lV-5:36 
2 MHz usi.t1,IS two TTT. gates, II-ti0.'l 
555 timer, TT-fi9G 
astahle cirr:uit, IV-534 
astable multivibrator, II-5U7 
CMOS 555 astable, true rail-lu-

rail. II-5U6 
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duly-cyde 1nultivibrator, TTT-50-
percent, Ill-584 

four-der:ade design, IV-535 
high-current oscillator, 111-585 
line frequency, 11-599 
low-Jrcquc1tcy TTL oscillator, 

II-595 
multih11rsr. generator, II-88 
multiVibrator. IV-536 
oscillators, I-612-614, 1-610, 11-596, 

II-507, 11-016, IV-5!32. IV-533 
phase-trackiilp;, t!U"ee-pha.se, TT-'198 
µulse extractor, TTT-fi84 
quadrature-outputs oscillator, 

TTT-fi8G 
sine-wave and, tunable oscillator. 

III-232 
three-phase, 11-600 
lo1te-burst generator, singl<! timer 

IC. TI-89 
triangle-wave and, III-239 

precision, III-242 
prograrmnable, 111-225 
iA-ide-n11tMc, III-242 

TTL, LSTTL, CMOS designs, 
IV-530-532 

variahle duty-cycle, IV-533 
variable-frequency, IV-535 

SR flip-flop, IV-651 
staircase generators, I-730, II-601-

002, 111-586-588. IV-443-447 
sweeµ generators, I-472, TTI-4~8 
timebase 

1 Hz, readout and counter 
applications, IV-201 

oscilloscopes, V-425 
tirne-dclay ge1tcrator, I-217-218 
tone burst generator, repeat.er, 

V-029 
triangle-wave, III-234, V-203, V-205 

clock-driven. V-206 
square wuve.111-225, III-239, III·242 
limcr. linear, III-222 

triangle/square wave generator, 
V-20fi 

t11nahle, •vide-range, III-241 
two-function. III-234 
UJT monostable circuit irtserl.'litive 

to changirtg bias volta,!.\e, II-268 
varlablc Uuty cycle timer 011tp11t, 

III-240 
voltage controlled high-speed one 

shot, II-266 
waveforrn (see waveform 

genl'rators) 
white noise generator, IV-201 

funk hox, II-593 
f11mace exhaust gas/smoke detector, 
temp monitor/low-supply 

detection, 111-248 
funtacc fuel ntiscr, V-328-:329 
fuses 

battery-charger relay fnse, V-88 
electronic, V-477 

monitor for car fuses, V-77 
relay fuse, V-478 

fuzz box, lll-575 
fuzz sound effect, TT-f"J90 

G 
.GaAsFET circuits 

amplifier, power, with single supply, 
II-10 

fixed power supplies, IV-405 
gain rontrol circuits 

amplifier, stereo, gair1-controlled, II-
9. III-34 

automatic audio gain control, II-17 
aul<Jinatic ,!.\a.in control (AGC), H-17 

AGC system for CA8028 IF amp, 
TV-4fl8 

rf amplifier, wideband adjust.able, 
III-545 

squelch conlrol, lll-!33 
wide-band ainplifier, TTT-1 5 

gain block, vidf!o, TII-712 
gamf! feeder controller, II-360 
gamP- roller, I-326 
games, II-275-277, UI-243-245, IV-

203-207, V-208-211 
coirt flipµer, III-244 
electronic dice, ITT-24G. IV-207 
electronic roulette, II-276, IV-205 
lie cletector, II-277, IV-206 
quiz master, V-210 
reaction timer, IV-204 
ring launcher, clcctrom.agnetic, V-209 
roulette, 11-276, IV-205 
rw1-down dock/sound generator, IV-

205 
slot machine, V-211 
\\-'heel-of-Forlm1c, IV-206 
who's first, III-244 

1'\ara,ge stop light, IT-58 
gas detectors (.<>ee al<>o smoke alarms 

and detectors), I-332, 
II-278-279, III-24-6-253.111-246, V-
212-214 

rumlyzcr and, ll-281 
cornbustible gas detector, V-214 
explosive gas deter.tor, V-213 
furnace exhaust, temp monitor/Iow-

snpply detection, III-248 
methane concentration. linearized 

output, lll-250 
loxic, 11-280 
SCR, III-251 
smoke/gas/vapor detector, III-250 

gated oscillator, last-cycle 
complctiitg. lll-427 

gated-pulse descrainbler, Tf-1 fi5 
gates, V-215-216 

AND, I-.395, V-210 
OR, 1-89G 
prograrrunable, I-394 
sync gating circuit, V-595 
XOR gate, IV-107 

geiger cowiters, I-536-537, V-217-219 



1Ligl:1-voltw~e suµµly, ll-489 
µocket-sized, TT 514 

gel rell charger, IT-fifi 
generators, electric-power 

corona-¥.ind gencralor, JV 63:J 
dt: gcuerator, V-44:3 
high-voltage gPnerat.ors, IV-118 
ion generator, V-248-249 
battery-po\vered, III-482 
capacitor-discharge, 111-485 
de vollage, 111-481 
11cg<ttivL~-ions, IV-6:34 
regulator for aut.omohile generat.or, 

V-70 
ultra-high-voltages, II-488 

generators (see function generalors: 
sound gcncralurs; 1.vavefonn 
generators) 

glitch-detector, comparator, Tl 107 
glow-plug driver, II-52 
gong, electronic, V-553 
graphic equalizer_ len-band, adive 

filter in. II-684 
grid dip metiern, T-247, TT-182 188 

hanrlswitrhe<l, TV-298 
basic grid, I-247, IV-298 
dual gate IGFET, 1-246 
litllc dipper. ll-180 
varicaµ twtcd FET, I-246 

ground tester, JT-.'345 
grounrl-fault. Hall detect.or, 

JV-208-209 
ground-noise probe, battery­

powered, 111-500 
guilarn 

crnnpressor, sound-Pffed cirr11it, 
TV-:"i\9 

matching audio signal amplifiers, 
IV-38 

mixer, low-noise, fow·-charucel, 
V-360-361 

treble boost for, H-088 
t.1mPr, 11-802 

gun, laser, \isible red and 
continuous, 111-:.no 

H 
hall-duplex inforrnation 

transmission link, Ill-079 
half-flash analog-to-digital 

converters, III-26 
half-\\.-dVe ac phase conLroiled 

circuit, l-!377 
half-'i'laVP rPctifiPrs, I-280, IIT-:J28, 

IV-325 
fast, 1-228 

lla.11-effecL circuits, ll-282-284, 
III-254-258, \'"220-222 

anglE' of rotation dPt.iect.or, 11-288 
compass, IH-2:J8 
compass;talking. V-221 
current monitor, III-255, IV-284 
door open alarm. 11-284 
grow1d-foult deledor, IV-208-209 

oscillarors, V-222 
secmity door-ajar alarm, Ill-256 
switches using, III-257. IV-63!.l 

halogen lrunps 
diuuner for. TTT-300 
prot.Pctor, V-271 

handitalkies, I-19 
two-meter preamplifier for, 1-1!.l 

hands-free tekµl101te, lll-605 
!1<U1ds-off i1ttL·rco1n, rII-291 
handset encoder, telPpbone, III-018 
harmonk <list.ortion 

analyzPr, V-291 
meter, V-312 

harrnonie generulors, 1-24, 111-228. 
lV-64~ 

1Ia1tley oscillator, T-fl71, V-140 
HC:-base<l oscillators, III-423 
HCTJ/HTC-based oscillator, III-426 
headlights (see aulornolive circuils, 

hcadligltts) 
headphones 

amplifier for, IT-18 
Par protector circuit. V-482 
infrared (IR) receiver, V-227 
infrared (lH) lr<UrnHtitlcr. V-227 
sigrntl amµJiiier, V-53. V-57 

ltea1t rate monitor, TT-:148, TT-849, 
V-842 

hPat.-activatPd alarm, V-9 
hPat sniffer, electronic, III-627 
heaters/heater controls (see also 

lemperaturc-rclaled circuits), 
Jc639 

element controllPr, TT-042 
induction heater, ultrasonic, 120-

KHz 500-\'l, rII-704 
proteclor circuil, servo-sensed, 

111-624 
temperatl1n' sensitivP, 1-010 

hPe-haw sirPn, IT-578, III-565 
hexFET switch, V-5!.l2 

dual-controL V-5l.t3 
hi-fi circuils (see stereo cirt:uits) 
lliglt-µass filters, I-296 

active, T 296. V-180, V-188 
fourth-order, V-188 
second-order, I-297 

Butterworth, fourth-order, I-280, 
V-17U 

ChdJyshl'V, Iou1th-urder, rII-191 
equal components second-order, 

V-188 
fourth-order, 1oo~Hz, IV-174 
second-order, 100-Uz, IV-175 
sixth-order elliptical, rTT-191 
unity-gain second-order, V-187 
variable, V-180 
·widPband two-pole, II-215 

high-volt.age power supplies (see also 
gencralors, ckclrical power; 
µower supµlies), II-487-490, ill-
486, IV-409-41:3, Y·442-447 

9- to 1.5-Vdc input, V-4GO 

10,000 V de supply, IV-633 
arc-jet power supply, st.urling 

circuit, Hl-479 
basic circuit, V-440 
hattery-powerPd gPnerator, nr-482 
bucking regulator, Ill-481 
de generalor, 111-481, V-443 
de suµply, 120-240 Vdc, single·chip 

circuit, V-44fi 
fhmrPsrent-lamp supply, V-444 

cold-cathode design, rV-411, V-447 
geiger counter supply, ll-48!.l 
generalors (see generators, 

dcdrical power) 
inverter, III-484 

40\V. 120Vac, TV-410-111 
lasPr circuits, V-253 
negative supply, V-446 
negative-ion gcneralur, IV-634 
uµtoisolated driver, Ill-482 
photomultipliPr snpply, V-141, V-11G 
preregulatPd, III-480 
pulse supply, IV-412 
rcgulalurs. lU-486 

foldback-current lim.itin,i;;, II-478 
solid-state, remote adjustable, 

TTT-480 
strobP power supply, IV-413 
tube amplifier, high-volt isolation, 

IV-426 
ullra high-voltage generator, ll-488 

hubby circuits (see model and 
hobby circuits) 

holrl butt.on, telephone, 612, II-G28 
home security systems (see alarms; 

annuciators) 
horn, automobile, lll-50. IV-54 
hour/time delay sampling circuit, 

II-008 
Howland cWTent pump, II-648 
hum reducer circuit, receivers, V-34 7 
hwuidiLy sensor.11-285-287, 

III-266-267 
hybrid power amplifier. TIT-4GG 

re product detectors, IV-143 
re timer, crystal-stabilized, 

subhunno1tic frequencies for, 
II-151 

ice formation alarm, I-100, JJ-G7, 
JJ-G8 

rCOM IC-2A battery charger, 11-65 
IF ruupliilcrs, 1-690, IV-459 

AGC system, TV-4.')8 
preamp, IV-460 
receiver, IV-459 
quadrature detector, TV sound IF, 

I-6!.lO 
two-stage, 60 r-.rnz, r-563 
widebar1d, I-689 

ignition circuits, automotivP, V-fi4 
capacitor discharger, I-103 
cut-off circuit, automotive, IV-53 
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ignitions circuits, aulornotivc (cun/..) 
electronic, IV-65 
substitute ignition, TTT-41 
timing light for ignition system, II-60 

ignitor, III-362 
illurni:nation slabilizcr, macltine 

vision, II-306 
image caneeller, TII-3G8 
immobilizer, II-50 
impedance checker, V-136 
impedance converler, high-to low, 

I-41 
itnpedance sensor, nanoampere, I 00 

megohm input, I-203 
indicators (8ee measurement/test 

circuits) 
in-use indicator, telephone, U-62!;! 
it1ductuuce rneter, linear, V-316 
induction heater, ultrasonic, 120-

KHz GOO-W, III-704 
inductors 

active, I-417 
sin1ulated, II-199, V-180 

infrared circuits (.sne afao light-
controlled circuitR; remote 
control devices), II-288-292, 
III-271-277, IV-21U-228, V-223-
22U 

data link, I-:341 
detector, II-289, III-276, TV-224, 

V-225 
emitter drive, puL~ed, II-292 
fan controller, IV-226 
filter circuit, narrow-bar1d, V-18!.l 
headphone receiver, V-227 
headphone trans1nitter, V-227 
TR pulse-to-a11rlio convf!rter, V-224 
laser rifle, invisible pulsed, II-291 
long-range object detector, lll-270 
loudspeaker link, rernote, 1-343 
low-noise detector for, II-289 
object dete<:tor, long-range, ITI-278 
people-detector, IV-225 
preamplifier for IR photodiode, 

V-226 
proximity switch, infrarcd­

activatcd, lV-345 
receivers, I-342, II-292, Ill-274, TV-

220-221, V-226, V-229 
remote A/B switch, V-225 
remote controller, 1-342, IV-224. 

V-22!.l 
renwte-control analyzer, V-224 
remote-r:ontrol tester, TV-228, V-

228, V-229 
remote-extender, IV-227 
transmitters, 1-040, ll-289, 11-290, 

111-274, lll-276, lll-277, IV-226-227 
digital, Ill-275 
pulserl for on/offc:ontrol, V-228 
remote-control, I-342 
voice-modulated pulse FM, IV-228 

wireless speaker system, IIl-272, 
IY-222-223 
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injectors 
three-in-one Ret: logic probe, signal 

tracer, injector, IV-429 
injector-tracers, 1-621, 1-522, 11-500 
inµut sdecturs, audio, luw­

distortion, n-:~8 
inputJoutput buffer, analog 

multiplexers, III-11 
. input/output circuits, N.1<:602-bascd, 

V-355 
instrumentation amplifiers, T-346, T-

348, T-84!'.l, T-8G2, Il-298-295, III-
278-284, IV-229-234, V-233-235 

+/-100 V corruuon mode range. 
III-2U4 

current collector head illllJJlifier, 
II-295 

differential, T-:147, T-:1G1, III-283 
biomedical, TII-282 
high-gain, 1-353 
input, J-!354 
variable gain, 1-349 

extenrl.ed c:ommon-mode design, 
IV-234 

.high-impedance lo;v-drift. I-355 
high-speed, 1-354 
LM6218-bascd, high-speed, V-235 
LMC6062-based, V-234 
low-drift/low-noise de: amplifier, 

IV-232 
low-signal level/high-impedance, 

1-350 
low-power, !ll-284 
meter driver, II-296 
prean1ps 

osdllosc:opl'!, IV-230-231 
thermocouple, lll-283 

precision FET input, l-!J55 
saturated standard cell amplifier, 

II-296 
strain gange, III-280 
triple op amp, 1-347 
ultra-precision, lll-27[.l 
variable gall1, differential inµul, 1-349 
very ltiglt-irnµcd<ulCe, 1-354 
wiLleL<utd, llI-281 

instrumentation meter rlriver, TI-29() 
intPgratorn, II-297-300, III-285-286, 

V-23G-237 
active. inverting buffer, 11-2!.l!.l 
JFET ac couµlcd, ll-200 
gwunw. ray pulse, I-536 
long time, TT-:100 
low-drift, 1-423 
noninverting, improved, ll-2V8 
µhoto>:urrcnt, 11-326 
progranm1able reset level, TTI-28fi 
ramp generator, initial c:ondition 

reset, III-G27 
resettable, lll-286 

intercoms, I-415, II-301-303. Hl-287-
2Ll2, Y-238-240 

bidirediunal, III-290 
carrier current, I-146 

handR-off, III-291 
party-line, Il-303 
pocket pager, Ul-288 
tdeµhone-intercmns, JV-557, 

V-239, V-240 
two-way, III-292 
two-wire design. IV-235-2!37 
voicc-activaled, oue-way, V-239 

ir1tercoms (see also telephone-
related circuits), V-288 

interfa<:eR (see also computer 
circuits), IV-238-242, V-241-244 

680x. 650x, 8080 fa1nilies, 111-!;!8 
amateur radio trartscl'ivcr, relay 

i.uterface, V-243 
audio-to-ADC interface, V-242 
cassette-to-telephone, III-618 
CPU interface, one-shot design, 

IV-23U 
DVM, lemµerature sensor and, 

11-647 
FF.'T' driveL low..J.evel power FET, 

IV-241 
fiberoptic, II-207 
keyboard matrix ir1tedace, IV-240 
lugic-level translators, IV-242 
microcomputer-t.o-triac interfac:e, 

V-211 
optical sensor-to-TTL, III-314 
optocouplers, V-406-407 
optoisolalors, V-406-407 
prcurnµ receiver interface, V-24:3 
process control, I-30, V-242 
remote-<:ontrol tran.'lmitter 

intf!rface, V-fill 
tape recorder, II-614 
telephone 
audio interface, V-612 
telPphone-line interface, V-605 

video interface with sync stripper, 
V-659 

interrupter, grourtd fault.1-580 
ir1tcrval ti.Iner, low-µuwer, 

nticroµrocessor programmahle, 
II-678 

intrnder-detector, light-beam 
activated, V-11 

preamp, V-13 
inverters, lll-2!.l3-2!.l8, Y-245-247 

250 watt, Y-246 
dc-to-ac. V-247 
rl.c-to-rl.<:/a<:, 1-208 
digital, V-246 
fast. 1-422 
fixl'd µower ;;upplies. 12 V input, 

nr.395 
tlip-tlop, III-103 
fluorescent lamp, 8-W, III-306 
frequency inverter, III-2!.l7 
high-voltage, 111-484 

40 W, 120 Vac, IV-410-411 
low-power, fixed power supplie.'l, 

TTT-4fi6 
on/off switc:h, III-594 



picture, video circuits, III-722 
power, III-298 

12 VDC-to-117 VAC at 60 Hz, 
III-294 

1nediwn, III-296 
MOSFET, lII-295, V-247 

rectifier/inverter, progranunable 
op-amp design, TV-364 

ultrasonic, arc welding, 20 KHz, 
111-700 

variable frequency, complementary 
output, III-297 

voltage, precision, III-298 
inverting amplifiers, T-41-42, III-14 

ac, high-gain, 1~92 
balancing circuit in, I-33 
gain of 2, lag-lead compensation, 

UHF, I-566 
low-power, digitally selectable gain, 

II-333 
power amplifier, I-79 
prog.nurunable-gain, III-505 
unity gain atnpliiicr, I-80 
wideband unity gain, I-35 

ion generator, V-248-249 
isolated feedback power supply, 

III-460 
isolation runplifiers 

capacitive load, I-34 
level shifter, I-348 
medical telemetry, I-352 
rf, II-547 

isolation and zero voltage switching 
logic, II-415 

isolation transformer, V-349, V-470 
isolators 

analog data-signal transmission, 
IV-133 

digital transmission, II-414 
stimulus, III-351 

J 
JFET 

ac coupled-integrator, III-200 
runplifiers 

500-Mohrn input imedance, V-23 
CWTent source biasing, V-21 

chopper circuit, V-352 
heaclphone audio signal atnplifiers, 

V-57 
preamplifier, V-22 
source follower, V-20 
voltn1eter, V-318 

jitter suppression, V-342 

K 
kaleidoscope, sonic, V-548-549 
Kelvin thermometer, I-655 

zero adjust, III-661 
key illuminator, V-333 
keyer, electronic CW "bug" keyer, 

V-102 
keying circuits, IV-243-245 

autontatic operation, n~15 

automatic TTL morse code, 1-25 
CW keyer, IV-244 
electronic, I-20 
frequency-shift keyer, IV-245 
negative key line keyer, IV-244 

L 
larnp-control circuits (see 

li,qhts/ligl:1t-activated and 
controlled circuits) 

laser drcuits (see also li,~hts/ligJ-1t­
activated and controlled 
circuits; optical drcnits), TI-313-
317, III-309-311, V-250-254 

diode sensor, IV-321 
discharge currertt stabilizer, II-316 
gun, visible red, III-310 
handheld laser, V-252 
light detector, II-314 
power supply, IV-636, V-251, V-254 
high-voltage, V-253 
with starter circuit, V-252 

pulsers, laser diode, J-416, III-311 
receiver, IV-368 
rifle, invisible IR pulsed, II-291 
silnulated laser using LED, V-253 

latches, V-356 
12-V, solenoid driver, III-572 
comparator and, ITI-88 

latching relays, de, optically 
coupled, III-417 

latching switches 
double toucllbutton, I-138 
SCR"replacing, UI-593 

LCD display 
7-segment, V-16S 
fixed-power supply, IV-392, IV-403 
lar,i.\e-size, V-164 

lead-acid batteries (see also battery-
related circuits) 

battery chargers, 111-55 
life-extender and charger, IV-72 
low-battery detector, III-56 

leading-edge dela.Y circuit, III-147 
LED circuits 

7-segment, V-166 
ac-power indicator, IV-214 
alternating flasher, IIT-198, III-200 
back-biased GaAs LED light 

sensor, II-321 
bar graph driver, II-188 
battery-charger test circuit, V-89 
brightness, I-250 
Christmas tree light flasher, V-197 
conunon-cathode display, V-167 
driver, emitter/follower, IV-159 
flashers, V-195, V-196 
alternating, TIT-198, III-200 
Christmas tree lights, V-197 
control circuit, IV-183 
dark-activated, V-195 
driver, V-194 
multivibrator design, IV-182 
PUT used in, II-239 

ring-around, III-194 
sequential, reversible-direction, 

IV-182 
three-year, III-194 
UJT used in, 11281 

frequency comparator, II-110 
li,qht sensor, back-biased GaAsFET, 

tr-321 
leading-zero suppressed display, 

V-165 
matrix display, two-variable, IIJ-171 
nilllivoltmeter readout, IV-294 
1nultiplexed corrunon-cathode 

display ADC, III-764 
panel meter, III-347 
peakmeter, III-333 
ring-aroillld flasher, TTI-194 
RS-232C, computer circuit, III-103 
sitnulated-lascr circuit, V-253 
three-year flasher, lll-194 
voltmeter, IV-286 
VU meter, IV-211 

level, electronic, II-666, IV-329 
level controllers/detectors (see also 

fluid and moisture), ll-174 
alarm, water, J-389 
audio, automatic, II-20 
audio (ALC), V-60-62 
cryogenic fluid, I-386 
hysteresis in, I-235 
level of liquid, 1-107, I-235, I-387, 

I-388, I-389, I-390, U-174, II-244, 
TI-246, IIT-205, III-206, III-207, 
III-209, III-210, fV-186, IV-190, 
IV-191 

meter, LED bar-!dot, I-251 
peak, I-402 
sound, T-403 
three-step, I-386 
visual, III-269 
warnll:ig 
audio output, low, I-391 
high-level, I-387 

level shifter, negative -to-positive 
supply, I-894 

LF or HF field strength meter, II-212 
LF receiver, IV-451 
lie detector, II-277, N-206, V-255-250 
light-beam cornmunication circuits, 

V-257-261 
receiv-'"rs 

audio, visible-light, V-261 
FM light-beam, V-259 
modulated ligl:1t, V-258 
voice-communication, V-260 

transmitters 
audio, visible-light, V-261 
FM light-beam, V-259 
n10dulaled light, V-258 
voice-co1rununication, V-260 

light-controlled circuits (see also 
laser circuits; optical circuits), 
II-304-312, II-318-331, III-312-
319, V-262-283 
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light-controlled circuits (ront.) 
860 W limiterl-range light controL 

I-87G 
alarms, V-D. V-273 

d.urk-activateU alann, pulsed tone. 
V--13 

high-output, pulse-tone, V-14 
precision design, V-12 
self-latch, tone oulµul, V 15 
wilh hysteresis, V-14 
witlt latch, V-12 
light-beam intn1der-detection. 

V-11, V-18 
ambient-light cancellization circuil, 

II-328 
arnbicnt-lighl i1:U10rirl,I\ optical 

sensor, III-41!3 
audio oscillator, light.-sensitive, 

ITT-81G 
back-biased GaAs LED sensor. 

11-321 
bluek li~ht, battery-operated, V-281 
logarithmic light, T-8fi() 
optical intem1ption sensor, IV-366 
battery-powered light, capacilartec 

operated, 1-131 
brigl:1lncss control, 1-.377, III-316 
curµort lip,ht, automatic, TT-.'308 
cha.ser lights, sequential aciivation, 

IV-2Gl, TV-2S2 
Christmas light driver, TV-254 
Christmas tree lights sequencer, 

V-264-265 
cornµlementary, I-372 
controller, IV·252 
r:ross fader, II-812 
detectors of light, I-362, TV-36D 
dimmers, I-J6D, 11-00!.l, IV-247, 

lV-249, V-266 
800 W, II-309 
CMOS touch dimmer, V-270 
de lamp, II-307 
four-quadrant. IV-248-24U 
halogen lamps, liI-300 
heaiJ14lht, II-57, II-63 
low-cost. I-873 
phasP-controlled, V-2G7 
soft-st.art, 800-W, l-376, III-304 
tandem, II-312 
triac, I-375, u-:JHJ, lll-!J03 

iliss0lver, solid-state, III-304 
drivers, lamp drivers, l'380 

flip-flop independent design, 
IV-160 

low-frequency flasher/relay, I-300 
MOS lamp driver, V-269 
optical coupling, TTI-413 
neon lamps, I-879, V-270, V-459 
short-circuit-proof, II-310 

emergency light, I-378, 1-581, 11-
340, JU-017, 111-415, IV-250 

exposw·e 1neter, photo enlarger, 
V-438 
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flame monitor. III-313 
flasher. dark-activated, V-Hl5 
floodlamp power, l-:J73 
fluorescenl-larnp high-voltage 

power supplies, lV-411, V-444, 
V-447 

halogen lamp protector, V-271 
holiday lights sequenr.er, V-2111-

265. V-264 
ir1dicator-lamp driver, optir.ally 

coupled, TTT-418 
irlfrared circuits (.~Pe infrarf'd 

circuits; remotP control) 
ir1terruption rlPter.t.or, I-301 
irwerter. fluoresr.ent., 8-V•/, TII-80G 
key illuminator, V-833 
LF:Ds (seP LED r.irr.uits) 
levPl of light, I-86G, 1-867, I-876, I-

377, T-880, T-889, III-313, III-316 
life-extender for lightbulbs, III-302 
light-hulb changer, automatic 

design, IV-253 
lights-on \Vaming. IV-58, IV-62, 

IV-250 
light-seeking robot, 11-:345 
logarithmic lighl sensor, 1-366 
logic circuit, l-3D0 
machine vision illumination 

stahilizer, II-306 
marker light, TII-817 
meters, light-mf!ters. 1-882, I-388, 

V-305 
µholu e1tlargers, V-434-435 

inodulator, 111-302 
monostable pholocell, sdl"-adJust 

trigger, U-:J2U 
mooring light, aulornatic, ll-:J23 
neon light drivers, l-37D, V-270, 

V-459 
rught lights 

automatic,- I-3GO. III-306 
telephone-cont.rolled, III-G04 

on/off relay, T-3fl() 
on/off reminder 

auloinolivc lights, I-109 
with ice alurm, 1-106 

one-shot timer, Ill-317 
optical interruption sensor, IV-360 
osr.illator, light-controlled, V-279 
outdoor light c:ontrol, V-275 
phase control, TT-;103, II-80:J 
photo ala.rm, TT-:319 
photocell, monostable, self-adjust 

tri,i.(ger, II-!329 
pltotor:urrent integrator, TT-32() 
pholodiode sensor an1plifier, II-324 
photoeleclric controller, lV-!369 
photoelectric sensor. V-477 
photoelectric switches, 11-321, 

II-826, III-819 
phototransistor, V-279 
porch liglit control, V-2fifi, V-270 

projector-lamp voltage regulator, 
If·305 

power outage light, line-operated, 
III-415 

pulsc-generutio1t iittcrruption, J.:357 
reluys, I-366, V-275, V-278, V-279 
r"mote-cont.roller, I-370 
robot 

eyes, II-327 
lighl-sceking robot, II-325 

rwmiI!,I\ light sequencer, V-209 
sensors, T-:107 

amhient-light ignoring, III-.413 
hack-biased GaAs LED, II-321 
logarithmic, I-366 
multiple-i.npul, V-27!J 
optical sensor-to-TTL interface. 

III-814 
photoeler.trit., V-277 

sequencer, V-263, 
holiday lights, V-264-265 
pscudorar1dorn, III-301 
running light, V-2fi9 

shimmering light, V-268 
short-circuit proof lamp driver, 

II-810 
signal condilioncr, photudiode 

dcsign, H-;]!30 
solid-state light sources, V-282-283 
soumi-cont.rolled lights, I-609, V-652 
speed controller. N-247 
strohe 
high-voltage power supplies, 

IV-41:.l 
photo strobe, V-4:35, v,437 
trigger, V-436 
variable, III-589-590 

Sllil tracker, lll-318 
switches, ll-!320, III-314 

adjustable, 1·:362 
capacitance switch. 1-132 
dark-activated. V-274, V-276 
light-/ dark activated. V-27 4 
light-activaled, self-lalcltirig, V-278 
light-controlled, II-320, III-314 
µltutoelectric, II-:321, TT-:326, 

III-!319 
solar triggered, III-818 
zero-point triac, ll-311 

tarry light, I-57U 
lelephonc iI1-use light, II-625 
lhree-wuy light control, TV-2fil 
touch lamp, three-\vay, IV-247 
triac circuit, V-268 
triac controller, V-267, V-671 
lriac switch, irtductive load, TV-253 
turn-off circuit, SCR capacitor 

design, TV-2G4 
t\\ilight-triggered..circuit, II-322 
video, low-level video IF arnplifier, 

I-687-68!.l 
voltage regulutor for projection 

larnp, II-305 



wake-up call light, II-324 
warning lights, II-320, III-317 

lig.hl-sr.:cklltg robot, ll-325 
!unit comparators/detectors, T-156, 

III-JOG 
alarm, high/low, I-151 
double r.:nded, l-2:JO, l-2:J:J, 1-156, 

11-105 
micropower, 1·155 

frequency-limit deter:tor, IT-177 
limiters, III-320-322, IV-255-257 

audiofuniter, V-335 
clipper/limiter, IV-355 
low-dislorlion, U-15 

dynaruk noise reduction circuit, 
III-321 

hokl-r.nrrent, solenokl (!Jiver, 
III-573 

noise, III-321, II-395 
one-zener design, lV-257 
output, III-322 
power-consumption, TII-572 
transmit-timf! limiter/timer, IV-580 
voltage limiter, adjustable, IV-256 

line amplifiers, III-37 
duplex, lelephonr.:, 111-616 
Lutivcrsul desi,l\n, IV-39 

line drivers, I-262 
f>O-ohm transmis.'lion, TT 192 
GOO-ohm balanced, II-Hl2 
audio signal amplifiers, V-54 
full rail excursions in, II-1!.lO 
high-output 600-olun, ll-1!.l3 
syudtroniz:ed, IIl-17 4 
video ainplifier, III-710 

line-dropout deter:tor, TI-98 
line-frequency square wave 

generator, II-5!.lU 
line reeeivers 

digital data, III-534 
low-r:ost, TTT-fi32 

line-sync, noise inunune 60 Hz. 
II-367 

line-current detector/moititors, 
111-341 

optically coupled. lll-414 
line-hum touch switch, IIT-664 
line-synchronized driver drc11it, 

TII-171 
line-voltage armouncer, ac, III-730 
line-voltage rnonitor, 111-511 
line-vollage-to-rnultimeter adapter, 

V-312 
linear amplifiern 

2-30MHz, 140\V PEP amateur 
radio, J-555 

100 V./ PEP 420-450 MH:.: push-pull, 
I-554 

160 V.l PF:P broadhanrL T-556 
an1ateurradio, 2-30 MHz 140-\V, 

III-260 
audio power amplifiers, V-51 
CMOS ir1verlcr, Jl-11 

inverter. linear amp from inverter. 
11-11 

rf ;.unpliJiers 
fl-m, lOOW, TV-480-481 
903 MHz, IV-484-48S 
ATV, 10-to-15 \V, IV-481 

fu1r.:ar couplers 
ac analog, II-412 
analog, TT-413 
rlr., TT-411 
optocoupler. instrumentation, II-417 

linear IC siren, III-664 
linear ramp generator, 11-270 
link, llbcroptic, 111-179 
liquid-level detectors (see fluid and 

moisture detectors) 
lithium batteries 

charger for. II-67 
state of charge indicator for, II-78 

Jillie dipper dip rnclcr, 11-183 
load-sensing circuits, V-284-285 
locator, lo-parts treamJTe, T-409 
locks, electronic, II-194-197, 

IV-161-163 
cornbination, I-583, 11-1!.l6 
digital CllLIY lock, lY-162, V-157 
keyless desi,l\n, IV-163 
three-dial combination, JT-19G 

lor:omotive whi.'ltle, II-S89 
logaritlunic amplifiers, I-29. I-35, II-8 

de to video, I-38 
log-ratio amplifier, I-42 

logariUunic convcrlcr, fosl, 1-16!.l 
Jogaritlunic J.ii,\ht sensor, I-366 
logarit.lunic sweep VCO, ITI-7:38 
logic/logic r.irr.uits 

amplifiers, logic amplifiers, 
11-3!32-336 

low-power bimuy, to lOn gain 
low-frequency, TT-333 

lo>v-power inverting, digitally 
selectable gain, II-333 

low-power noninverting, digitally 
selectable input and gain, ll-334 

precision, digitally pro).{rar1111tuble 
irtput and galn, II-3!35 

programmahle amplifier, TT-3:14 
a11dihle pul.~e.'l, TT-34G 
converter, TTL to MOS, I-170 
four-state. single LED indicator. 

11-061 
isolation aud :.:cro voltage 

S\\itching, TT-41 fl 
level shifter, negative-to-positive 

supply, I-394 
light-aclivalcd, 1-393 
line rnonitor, III-108 
overvoltage protection, T-517 
pr<ibes, logic prohe.'l, T-G20, T-G2fi, 

I-G2G, IV-430-431, IV-434 
CMOS, I-523, I-626, III-499 
digital, III-4\.l7, V-310 
four-way opcn1lion, lV-432 

memory-tester, installed, I-525 
single-JC design, lY-433 
three-in-one set: probe, signal 

tracer, injer.tor, IV-429 
pulse generator for logic-

troubleshooting, IV-436 
pulser, 111-520, V-489 
signals, long delay line for, III-107 
testers 

audihlf!, 111-343, V-313 
TTL, I-527 

translators, logic.-Ievel translators, 
IV-242 

long-duration tlluer, PUT, II-675 
long-rai"\ge object detector, III-273 
loop antennas 

3.G MHz, IV-12-13 
dual band, 80-160 m, V-32 
preamp, V-38 

loop transmitter, re1note sensors, 
III-70 

loop-thru vidPo amplifier, fV-fiJ(j 
loudness controls, II-46, II-47 

amplifier, loudness amp, II-46 
balance -mnplifier wilh, 11-395 

loudspeakers 
coupli11g circuit, J- 78 
horn as loudspeaker, TV fi4 
protector-r.ircuit, V-483 
remote link, I-343 

low-distortion input selector for 
audio use, II-38 

low-frequeucy·oscillators, Ill-428 
crystal, I-184, II-146 
oscillator/flasher, TT-2:14 
Pierr.e oscillator, III-133 
TTL oscillator, II-595 

low-pass filters, 1-287 
active, V-178, V-181, V-188 

digitally seler:ted hreak freqnenr:y, 
II-210 

fourth-order, V-184 
Butterworth, V-180, V-181 
Chebyshev, fifLh-order, multi-

Ieedback, II-219 
clock-tunable, rnonolithic, lmV, 

V-187 
pole-active, I-295 
fast-response, fast settling, 

lV-168-16!.l 
fast-scttlllig. precision, II-220 
precision, fa.st settling, II-220 
flallen-Key 

10 kHz, I-279 
active, IV-177 
equal con1ponent, I-292 
second order, I-289 

second-order, V-188 
second ordf!r flallen-Kf!y, I-289 
unity-gain-second-order, V-187 
variable, V-186 

low-vollage alann/ir1dicalor, 1-224, 
II-493, III-769 
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low-volt.age power discorrnector, U-\J7 
LVDT circui!B, U-336-339, Ill-323-324 

driver demodulator, II-3:37 
signal conrlitioner, II-338 

M 
machine vision, illumination 

stabilizer for, ll-306 
magnetometer, 11-341 
nmgnets 

current sensor, magnetic currents, 
HI-341 

electromagnetic-field sensor, V-308 
permanent-magnet detector, IV-281 
preamplifiers, rnagnclic, 1-89, 1-91, 

lll-37, 111-673, IV-35, IV-36 
pruxinlity sensor, V-.'308 
transducer, magnetic: transducer, 

I-233 
mains-failure indicator, IY-216 
marker generator, lll-1:38 
n1Urker li,qht, III-317 
mathematical circuits, III-..'325-327, 

IV-2G8-263, V-286-288 
adder circuits, III-327 

binary, fast-action; lV-260-261 
divider circuits, JV-150-156 

binary chain, I-258 
clivide-by-2-or-3 drc:uit, IV-154 
divirle-hy-N 

1+ GHz, IV-155 
1.5+ divide-by-n, IV-156 
CMOS progranunablc, 1-257 
7490-divided-by-n, rv:154 

divide-by-odd number, 1V- lfi3 
frequency divirlers, I-258, II-251, 

II-254, III-213-218, III-340, III-768 
1.2 GHz. III-12\J 
10-1\tHz, III-126 
clock i11put, TV-151 
rler:arle; l-2fi9 
divide-hy-1.5, III-216 
low-cost, III-124 
low-frequency. U-250 
preamp, 111-128 
µrug:ranmmble, IV-152-153 
staircase- generator and, I-730 
tachometer anrl, 1-310 

odd-number counter and, III-217 
one trim, Ill-326 
pulse, non-integer µrol{rrumnuble, 

Il-511, III-226 
minimum/maximum selector, four-

input, V-332 
multiplier circuits, IV-325 
luw-Jrequ~rwy 1nultiplier, IV-325 
precise commutating amp, 

TV-202-208 
voltage multipliers, IV-631-637 
2.000 V low-current supply, 
IV-f:l;.!6-637 
10,000 V de supply, TV-633 
corona winrl genPrat.or, fV-038 

rloublern, ITI-1G9, IV-G35 
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cll.'lcaded, Cockcrotl-Walton, 
fV-635 
triac-controlled, III-468 

laser power supply, IV-6:36 
negalive-ion generator, h~h-

voltage, IV-6:34 
tripler, low-current, IV-G37 

polar -to-rectangular 
converter/pattern generalor, 
radio di, V-288 

pol:vrturnial generator, V-287 
root extractor, V-207, V-288 
slope integrator, progranunable, 

IV-2fi9 
subtractor, III-327 
MC1330/MC1352 televi~iun JF 

runplifier, 1-688 
rncasurernenUtest circuits (srw aJ.~o 

monitors; probes), II-310, 
III-268-270, III-328-348, IV-210-
218, IV-264-311, V-2:30-232, 
V-28!.l-021 

100 K megaohrn de, T-524 
3-in-1 test set, TII-330 
ahsolnte-value circuit, IV-274 
ac hot 'Nire, I-581 
ac-current indicalor, IV-290 
ac-powcr iltdicutor, LED display, 

IV-214 
ac/dc indicator, TV-214 
ac outlet tester, V-318 
ar: \\iring locator, V-317 
ac-watts calculator, V-304 
acoustic-sound receiver, IV 311 
acou~tic-sound trru1snlitter. IV-311 
activity tester, crystal oscillators, 

V-188 
alarm and, I-337 
altimeter, digital, V-2\J6 
anuneter, low-current, V-307 
anemon1eter, hot-v.ire, TTT-342 
auclihle logic tester, HJ-343 
aurlih\e-TTL, I-G24 
audio frequency meter. I-311, 

V-305, V-320 
audio millivoll, Ill-767, 111-769 
audio power, I-488 
audio-rf signal tracer, I-527 
automatic contrast, I-479 
automotive electrical tester, IV-45 
automotive-temperature indicator, 

PTC thennistur, 11-56 
U-fidd rneasurer, IV-272 
balanr.e inrlir:ator, IV-215 
balance meter for stereo, V-583 
barometer, IV-273 
ballery indicalors/testers, I-108, 

1-121, I-122, I-124, V-74, TV-78, 
TV-79 

heat frequency, I-336 
breath alert alcohol tester, Ill-35ll 
broadband ac active rectifier, lV-271 
buzz box coulinuity checker, T-551 
cable tester, IIl-539, V-299 

c:alibrator (see calibrators) 
capacitance buffer 

low-input, 111-498 
stabilized low-input, TIT-fi02 

capacitance meters, I-400, II-91-94, 
III-75-77 

ND, 3.5 digit, Ill-76 
capacitru1ce-to-voltage, II-92 
dip,J:tal, II-94 

capacitor testers, TV-2fiG, IV-279, 
V-806 

clamp-on-current compensator, 
Il-501 

CMOS logic, J-523 
continuity testers, I-550, I-551, 

II-:342, II-5.'3.'3, II-5.'34, TI-5.'3!>, 
TTT-34fi, IJI-G88-G40, IV-287, 
IV-289, IV-295, IV-296, V-2U3, 
V-317, V-31U 

crystal tester, 1-178, I-186, II-151, 
Y-139 

current meters and monitors, 
I-203, II-152-157, III-338 
ac current indicator, IY-290 

current sensing i11 supply rails, 
II-153 

elec:trorneter amplifier with 
overload protec:tion, II-155 

Hali-effect sensors, III-255, IV-284 
high-gain current sensor. IY-2\Jl 
picoarnmeter, 1-202, 11-154, ll-157, 

III-338 
guarded input, II-156 
range ammeter, six-decade, 

TT-lfi3, Jl-!Gfi 
curve tracer, 1-397, IV-274, V-300 
CV..' offset indicator, IV-213 
devialion Hleter, IV-303 
dial pulse, TTT-fi1:1 
rligital frequency meter, III-344 
digital multimeter (DMM), IV-2Ul, 

V-291 
digital voltmeters (DVM), III-4 

0.5-digit, I-713, III- 761 
3.75-cligit, I-711 
4.5-digit, I-717, JJJ-700 
arlapter for PC, V-310 
auto-calibrate circuit, I-714 
automatic nulling, 1-71~ 
interface and temperature sensor, 

11-647 
LED readout, TV-28fi 
temperature sensor and DVM, 64 7 

diode tester, 1-401, 1-402, l-406, 
U-340, 111-402 

dip 1neters, I-247, TI-182-183 
bandswitched, IV-298 
hasic grid, I-247, IV-298 
dual gate IGFET, 1-246 
little dipper, ll-183 
varicuµ tw1ed FET, 1-246 

direc:tion-of-rotation circuit, III-33G 
diorle-r.mve tracer, IV-274 
diode-matching circuit, IV-280 



dosage rate, I-G31 
driver, meter-driver rf amplifier, 

1-Mllz, lll-545 
duty-cycle meter, lll-328, IY-265, 

fV-27fi, TV-280 
dwell meter, I-102, III-4.G 
E, T, and R measurement/test 

circuits, 1V-283-2!J6 
electrolytic-capacitor reforrning 

circuit, IV-276 
electromagnetic-field sensor, V-308 
electrometer, IV-277 
electrostatic detector, III-337 
energy consumption monitor, V-290 
expanded-scale analog meters, II-

186, III-774, IV-46 
FET prohe, JJT-501 
FETvoltmeter, III-70fi, 111-770 
field-strength meters, II-208-212, 

lll-182-183, IV-164-166, 
V-174-176 

1.5-150 MHz, I-275 
adjustable sensitivity inrlkator, 

I-274 
high-sensitivity, II-211 
LF or HF, 11-212 
microwave, low-cost, 1-273 
rf sniffer, II-210 
sensitive, 1-274, TTI-183 
signal-strength meter, fV-166 
transmission indicator, II-211 
tuned, I-276 
UHF fields, IV-165 
untw1ed, I-276 

filter analyzer, audio filters, IV-
309 

flash exporure meter, I-484, IIl-
446 

frequency counter, lll-340, IV-300 
frequency meters, I-310, II-249-

2fi0, fV-282, fV-301 
analog, V-307 
audio, I-311 
linear, 1-310 
low-cost, II-250 
power, II-250 
power-line, 1-311 

frequency shift keyer tone 
generator, 1-723 

geiger counters, I-536-537, II-489, 
11-514, V-217-2Hl 

general purpose rf detector, II-500 
go/no-go test circuits, I-401, I-157 
grid-dip meter,o;, I-247, fV-298 
ground, I-580, II-345 
ground-noise, ballery-powered, 

III-500 
harmonic distortion 

analyzer, V-291 
meter, V-312 

impedance checker, V-136 
in-u.se indicator, telephone, II-629 

inductance rneler, linear, V-316 
infrared detector, low-noise, II-289 

injectors, lV-429 
high-frequency and rftester, 

IV-297-303 
LC checker, III-334 
Lli:D rnetcrs, I-251, III-347 
level indicators (see fluid and 

moi.'lture, level) 
line-current monitor, TTT-.'341 
light meters, I-382, I-383, V-802 
line-voltage-to-multimeter adapter, 

V-312 
logic probes, 1-520, l-525, 1-526, 

TV-430-431, IV-434 
CMOfl, T-523, 1-526, III-499 
digital, III-497, V-310 
four-way operation, IV-432 
rnernory-tester, installed, I-525 
single-IC design, JV-433 
three-in-one test set: probe, signal 

tracer, injector, TV-429 
logic tester, I-527, II-34fi, IIT-34:1, 

V-313 
low-curreut rneasurcrnent, lll-345 
low-ohms aclapter;·rv-290 
low-voltage, TTI-769 
magnet/magnetic rletectors, TU-

341, IV-266, fV-281, V-308 
rnagnetometer, II-341 
mains-failure indicator, IV-216 
rneasurirlJ;: gauge, linear variable 

differential trausfonner, 1-404 
met.er tester, IV-270 
metronome,o;, T-411-413, II-353-355, 

III-353-354, fV-312-314, V-392 
microammeter, de, four-range, 

IV-292 
microfarad cow1ter, IV-275 
microvolt, H-499 
millivoltmeters, III-767, III-769, 

IV-280, IV-294, fV-295 
ac, l-716 
audio, III-767, Ill-768 
de, IV-295 
four-range, TV-289 
high-input impedanc:e, T-715 
LED readout, IV-294 

modulation monitor, III-375, fV-299 
mono audio-level meter, IV-310 
motiou seusor, wtidirectional, 

TT-.'346 
motor hour, TI1<~40 
multiconductor-cable tester, 

IY-288 
rnultllneters, lV-291, lV-283 
noise generator, IV-308 
ohmrneter,o;, I-fi49, IIT-540, TV-290 
On indicator, IV-217 
on-the-air, III-270 
01-1-<unp de offset shift tester, 

V-319 
optical light probe, IV-:369 
o,o;cilloscope arlapt.er, four-trace, 

fV-2G7 
overspeed, I-108 

overvoltage protection. T-JGO, T-
517, II-96, II-107, II-496, II-Sl 3, 
III-762, 1V-38!J 

paper sheet discrllninator, copying 
machine,o;, TTT-339 

peak detectors, II-171, II-17'1, TT-
434~436, III-771, IV-138, IV-143 

analo,I(, with digital hold,- III-153 
decibel peak n1eter, lll-348 
rligit.al, TH-160 
high-bandwidth, TTT-161 
high-frequency peak, II-17-fi 
high-speed peak, I-232 
LED design, peak meter, III-333 
level detector, 1-402 
low-drift, III-156 
negative, T-225, T-234 
op amp, IV-145 
positive, I-225, I-235, II-43.G, 

111-168 
true rms, I-228 
ultra-low-drift peak, I-227 
voltage, preci,o;i-0n, 1-220 
wide-bandwidth, III-162 
wide-range, III-152 

pH tester, 1-399, 111-501 
pllase detection/rnrutipulalion 

r:irr:uits 
deter:tors, I-400, T-476, U-344, 
_II-439, II-441, II-442, IIT-440-442, 
IV-127 
10-bit accuracy, II-176 
digital VOM, IV-277 
phase-difference detector, 0- to 
180-degree, II-344 

phase ,o;elector/,o;ynr: 
rectifier/balanced modulator, 
111-441 

sequencers, p_hase sequence. 1-
470, TT-437-442, III-441 
re circ:uit, phase sequence 
reversal detection, II-438 
reversal, re circuit to det&t, 
11-438 
three-phase tester, ll-440 

shifters, phase shifters, IV-647 
0-180 rlegree, I-477 
0-360 degree, T-477 
single-transi,o;tor design, 1-4.76 

splitter, precision, III-582 
tracker, three-phase square wave 

generator, II-598 
picoammeters, T-202, 11-154, III-338 

circuit for, II-157 
guarded input circuit, II-156 

polarity indicator, Y-231 
power gain meter, 60 MHz, 1-489 
power line frequency tester, I-311 
power meter, I-489 
power supply te,o;t load, constant­

current, IV-424 
prescalcr, 650 MHz amplifying, 

II-502 
pressure gauge, di,gital, V-314 
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measurement/test circuits (canl.) 

probes, 4-to-220 V, III-499 
proxiruity sensor, magnetic, V-308 
pulse-width meter, III-336 
QRP SWR bridge, III-336 
RC decade box, V-294-295, V-294 
receivcr-sigual alarm, III-270 
rdkdometer, I-16 
remote-control infrared device, 

TV-228 
resistance measurement, ll-342, 

IV-285 
resistance/continuity meters (see 

continuity tester, above) 
rf bridge, V-303 
rf output indicator, IV-299 
rf power indicator, I-16 

wide-range, III-332 
rf probe, I-523, III-498, 111-502, 

IV-433 
rf test oscillator, V-412 
rf voltmeter, III-700 
rf-actuated relay, III-270 
S meter for communications 

receivers, V-311 
scale, eleetronic, V-297 
SCR tester, III-344 

short-tester, V-313, V-31G 
shutter, I-48G 
signal generators, V-309 
Ml broadcast-band, IV-302 
AM/IF, 455 kHz, iV-!301 

signal strength meter, III-342, IV-166 
signal tracer, IV-429, V-309 
simulated, I-417 
single injer.tor-tracer, II-500 
soil moisture, III-208 
sound-level meters, Hl-346, IV-305, 

IV-007 
telephone, III-614 

sound sensor, TV-218 
sound-test circuits (see also sound 

generators), IV-304 
speedometer, bike, JV-271, IV-282 
static detector, IV-276 
stereo test circuits 
audio-level meter, JV-310 
audio-poWP.r meter, III-331;IV-306 
halante indicator, I-618-619 
reception indicator, III-26-9 

stud finder, lll-339 
supply-volta,l\e monitor, V-320 
suppressed zero, 1-710 
SWRpower, I-16, I-22, IV-26-'J 
tachometers, I-D4, I-100, I-102, 

II-175, 111-335, III-340, III-:34 7, 
V-65, V-596-598 

analog readout, TV-280 
calibrated, JJT-fi98 
closed loop feedback control, II-390 
digital readout, II-61, III-45, 

IV-268-269, IV-278 
dwell meter/tachorncter, III-45 
feedback control, II-378, II-390 
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frequency counter, I-310 
low-frequency, III-5\.16 
minimwn-cornponent desiRn, I-405 
rnolor ;;peed controllers, TI-378, 

II-389 
optic:al pick-up, III-347 
set point, III-4 7 

telephone 
in-use indicator, II-629, IV-GOO, 

IV-563 
line-tester, V-015 
off-hook, I-633 

temperature (see temperalure-
related circuits_) 

temperature indicator, IV-570 
lcsl probe, 4-220 V, III-499 
tester, IV-270 
thermometers, III-637-643 
three-in-one set, logic probe, signal 

tracer, injector, IV-429 
three-phase tester, II-440 
till ntelcr, Ill-644-646, V-.'302 
tone, digital IC testing, II-504 
transistor tester, I-401, IV-281, 

V-200 
transmitter-output indicator, IV-218 
tri-color indicator, V-232 
TTL logk tester, I-527 
w1iversal test probe, TV-431 
UHF source dipper, TV-299 
undervoltage, battery operated 

equipment, I-123 
universal test probe, IV-431 
vibration meter, 1-404 
video-signal runplitude measurer, 

v-:Jo9 
visual ntodulation, I-430 
visual level, III-269 
voltage level indicators, l-335, 

I-337, 1-338, i-718, III-758-772, 
V-301, V-:315 

voltage probes, V-474 
voltmeters, ITI-7G8 

3.fi digit, I-710, I-713, III-761 
4.5-digit, III-760 
5-digit, III-760 

-ac, I-716, Ul-765, III-772 
add-on thennometer for, JJT-040 
bar-graph, I-99, IJ-54 
de, TTI-702, JIT-703, V-301 
digital voltmeters (DVM). Ill-4 

3.5-digit, common anode display, 
1-713 
3.5-digit, full-scale, four-decade. 
IIJ-7fil 
3.75-digit, I-711 
4.5-digit, III-760 
4.5-digit, LCD display, I-717 
auto-calibrate circuit, I-714 
automatic nulling, I-712 
interface and temperature 
sensor, II-047 
LF.D readout, IV-286 
temperature sensor and DVM, 64 7 

FET,I-714, ITT-76fi, TIJ-770 
high-inpnt resistance, III-768 
.TFET, V-318 
LED expanded scale, V-311 
millivoltineters (see 

1nlllivoltrnetern) 
rf, T-40G, III-766 

voltolunmeters (VOM) 
field strength, I-276 
phase melcr, di.W.tal readout, 

IV-277 
volume indicator, audio amplifier, 

TV-212 
VOR signal simulator, IV-273 
VU meters, I-715, II-487, IJJ-487, 

IV-211 
watch tick linter, V-292 
water-level measurement circuit, 

IV-191 
wavemeter, tuned RF, IV-302 
wideband test amplifier, IV-303 
wire tracer, 11-343 
zener diode test set, V-321 
zener diode tester, J-400, 1-400 
zero center, FM receivers, I-338 

medical elP.ctronk circuits, II-347-
-~'1!'.l, III-349-352 

biomedical instrumentation 
differential arnp, III-282 

breath monitor, III-350 
EKG sirnulator, three-chip, IIT-3GO 
heart rate monitor, II-348, IJ-349, 

V-342 
preamplifier for, Il-349 
stimulator, constant-curn.'rtt, lil-352 
stimulus isolator, 111-:351 
thennorneter, 

implantable/ingestihle, III-641 
melody generator, single-chip 

design, IV-520 
memo alert, V-352 
memory-related circuits 
EEPROM pulse generator, 5V-

powered, IJI-99 
rnemmy protector/power supply 

monitor, IV-425 
memory-saving power supply, 11-486 

metal detectors, ll-350-352, IV-137, 
V-322-324 

low-cost design, V-323 
nticropower, 1-408 
pipe detector, V-323 

meters (see measuremenlllest 
circuits) 

methane concentration detector. 
linearized output, III-250 

metronomes, I-413, Il-353-355, IIl-
3S3-3G4, IV-312-314, V-392 

top octave generator, V-393 
ac-line operated wtijunction, II-355 
accentuated beat, I-411 
downbeat-emphasized, TTI-3G3-3G4 
electronic, IV-313 
low-power dP.sign, IV-313 



novel design, IV-314 
sight and sound, I-412 
si.Inpl~', ll-:J54 
version IL II-355 

mirroammPt.Pr, rlr:, four-rangP, T\l-292 
microcontroller, musical organ, 

preprogranuned single-chip, 
1-600 

nlicrophone circuits 
amplifiers, 1-87, lTI-34 

eler:trnnic halanr:ed input, 1-86 
electret, preamp circuit, V-21 
external mic circuit for 

transceivers. V-351 
FM wireless,.-III-682, III-685, III-691 
n1ixer, II·:37, V-363, V-364 
preamplifiPrs, II-4fl, IV-37. IV-12 

low-impedance, IV-41 
tone control for, II-687 
Lnu1sformcrless, Uitbalmtced 

input, I-88 
transformerlP.'lS, unbalanced 

input, I-88 
"'ireless, IV-652-654 

AM "'ireless, 1-67!;! 
rnieroprocessors (see con1puter 

circuits) 
rnir:rovolt r:omparatorn 

dual limit, III-89 
hysteresis-including, III-88 

microvolt probe, ll-4!.l!.l 
nlicrowavc arnpliiiers, lV-315-319 

5.7GHz,IV-317 
bias supply for prPamp, TV-318 
preamplifier.'l 

2.3 GHz; IV-316 
3.4 GHz, IY-316 
bias supply, IV-318 
single-stage, 10 GHz, IV-317 
two-stage,--io GHz, IV-319 

microwave field strength meter, I-273 
MIDI (see rnusical ein:uils) 
Miller oscillator, 1-193 
inillivoltmeters, III-767, III-769, 

TV-289, TV-294, IV-29fi 
ac:, I-7Hl 
audio, III-767, III-769 
de, IV-2!.l5 
four-range, 1Y-28ll 
hip,h-input irnpedance, I-715 
LED readout, IV-294 

mini-stereo audio amplifiers, III-38 
minimum/maximum selector, four-

inpul, V-332 
mixers, III-367-370, IV-330-336, 

V-359-:104 
1- MHz, I-427 
audio, I-23, I-59, II-35, IV-336, 

V-362, V-364 
CMOS, I-57 
common-source, I-427 
digital mixer, lV-334 
diplexer, IV-335 
doubly balanced, I-427 

dynamic audio mixer, IV-331 
four-charmel, 1-56, 1-60, 11-40, 111-

369, lV-333 
four-input, l-'15, TV-334 
guitar mixer, low-noise, four-

channel, V-360-361 
HF lransceiver/Jnixcr, lV-457 
hybrid, I-60 
inp11t-h11ffPrPd, TTT-5lfi9 
local oscillator, double-balanced 

mixer, V-415 
microphone, II-37, V-363, V-364 
m.ixer/oscillalor for AM receivers, 

V-412 
n1ultiplexer, I-427 
one-transistor design, T-G9 
passive, I-GS 
preamplifier "'ith tone control, I-58 
signal cmnbincr, lll-368 
silent audio switchit~, I-59 
sound amplifier and, TI-37 
.'ltereo mixer, pan controls, IV~332 
unity-gain, four-input, IV-334 
ulilily-dcsign mixer, lV-3:36 
w1iversal sta)o\e, III-:370 
video. high-performance operation, 

IV-fi09 
mobile equipment, 8-amp regulated 

power supply, II-461 
rnodel and hobby circuits, IV-337-340 

controller, modcl-lruiu m1d/or slot-
car, IV-338-340 

rocket launcher, TT-358 
modems 

power-line, carrier-current circuit, 
III-82 

protector, V-479, V-482 
modulated readback systems, 

disc/tape phase, I-89 
modulation indicator/monitor, I-430 

CB, I-431 
rnodulators, l-437, 11-368-372, 

III-371-377, V-365-367 
455-kHz, V-.'366 
+12V de .'lingle .'lupply, balanced, 

I-437 
Mi, I-438, II-370 
balanced, 111-376, 111-441 
double-sideband suppressed-

carrier, III-377 
FM, V-3fifi, V-307 
linear pulse-width, I-437 
monitor for, IIl-375 
rnusical envelope generator, I-601 
pulse-position, 1-435, TTT-375 
pulse-width, I-435, I-436, I-438-440, 

III-376, IV-326 
rf, I-436, II-36!.l, III-372, III-374 
saw oscillator. lll-373 
TTL oscillator Jor television 

display, JJ-.'372 
TV, 1-439, 11-433, II-131 
VHF, I-440, III-684 
video, I-437, II-371, II-372 

moisture detector (see fluid and 
rnoisturc delcclors) 

monitors (see also alarms; fluid and 
moisture; light-controlled 
circuits; motor control circuits; 
speed conlrollcrs; lernpcralure­
related circuits; tone controls), 
V-368-372 

add rain, III-3fi1, V-371 
hahy monitor, V-370-371 
battery monitors, I-106, I-222, II-

74-7U, Ill-60-67, IV-73-80 
bird feeder 11101litor, V-:371 
blinkit~ phone l.ight, II-624 
breath monitor, TTT-3:i0 
current, III-2Gfi, IV-284 

alarm and, III-338 
directional signals, auto, 111-48 
door-ajar, autmnotive circuits, III-46 
duty c:yele, TTI-329, TV-275 
flame.'l, III-313 
home security system, I-6 
line-current, 111-341 
Lille-voltage, III-511 
logic line, III-108 
modulation, III-37G, TV-299 
overvoltag protection, I-150, I-517, 

II-96, II-107, II-496, III-513, 
IIl-762, IY-38!.l 

power-supply rnonitors, 11-491-497. 
111-493-495, IV-422-427 

backup supply, drop-in maffi­
ar:tivatPd, IV-424 

balance monitor, III-494 
booster/buffer, boosts reference 

current, IV-425 
circuit breaker, trip circu.it, IV-423 
r:onner:tions monitor, ar: linP.'l, 

III-510 
fault monitor, single-supply, III-4!J5 
rncrnory prolcctor/supply 

monitor, IV-425 
polarity-protection relay, TV-427 
8CR design, IV-38fi 
test load, constant-current, IV-424 
triac for ac-voltage control, IV-426 
tube amplifier, high-vollagc 

isolation, IV-426 
voltage monitors (see voltage 

monitors) 
room monitor, V-3G9 

monostable multivibrators, I-465, 
lll-22U, lll-230, 111-235, 111-237, 
V-386, V-387 

input \or:kout, T-404 
linear-ramp, III-237 
photocell, monostable, Il-32U 
positivc-lriggercd, Ul-22U 
TTL, rnonostable operation, I-464 
UJT, monostaLle operation, T-463 
video amplifier and comparator, 

II-2fi8 
mooring light, automatic, II-323 
MOSFETs 
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MOSFETs (cont.) 
amplifier, high-impedance biusin,i;(, 

V-19 
audio power amplifiers, V-47 
biasing, high-impe-dance method, 

V-19 
buffer amplifier, Y-93 
frequency converter, V-123 
rnixer/oscillator for AM receivers, 

V-412 
power control switch, IV-386 
power inverter, III-295, V-247 

mosquito repelling circuit, 1-684 
motion.lproxim.ity detectors, 

1-135-136, I-344, 11-135, TI-136, 
II-505-507, Ul-.'l14-.S18, 
IV-341-346, V-376-377, V-484-486 

acoustic Doppler motion detector, 
IV-343 

alann Jor, II-506 
auto alarm, 1-9 
baby monitor, V-370-371 
capacitive, III-515 
field distillbancc sensor/alarn1, 

Il-507 
infrared-reflection S\.vitch, IV-345 
light-beam intruder-detection 

alarm, V-11, V-13 
low-current-drain design, 

IV-342-343 
magnetic, Y-308 
microwave circuit, V-377 
ntutorcycle alarm, T-9 
object detector, long-range, III-273 
optical detector circuit, V-405 
optical interruption sensor, lY-366 
people-detector, infrared-

activated, IV-225 
proximity switch, infrared-

activated, IV-345 
relay-output, IV-345 
room monitor, V-369 
SCR alann, llI-517 
self-biased, changing field, I-13fi 
switch, IU-517 
UHF, III-5 Hi, IV -344 
tmidirectional, II-346 

motor control circuits, lV-347-353, 
V-378-381 

400 Hz servo amplifier, JT-386 
ac motors, IT-375 
ac servo amplifier, bridge-type, 

III-387 
bidirectional proportional control, 

11-374 
blender control circuit, V-379 
r.ompressor protector, IV-351 
de motors 

direction controls, 1-452 
driver controls, 

fixed speed, III-387 
reversing, II-381 
servo, hipolar control input, 
JJ-38G 
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speed-cont.rolled reversible, 
IIT-388 

fiberoptic controls, II-206 
direction controls 

de rnotors, l-452 
series-wounrl motors, I-448 
shunt-wound motors, I-456 
stepper motor, IV-350 

driver controls 
ac rnotors 

three-µha.se, II-383 
two-phase, I-4GG, H-382 

constant-speed, III-386 
de motors 

fixed speed, 111-387 
reversing, ll--'J81 
servo, bipolar control input, TI-385 
speed-controlled reversible, 
TIT-388 

N-phase motor, II-382 
piezo drive, Y-380 
PWM, V-380 
reversing, rlc control signals, II-381 
servo motor amplifier, I-452, II-384 
stepper motors, III-390 

half-step, IV-349 
quarlcr-slcp, IV-350 

lwo-µhase, II-456 
fiber-optic, de, variable, II-206 
hours-in-use meter, III-340 
induction motor, I-454 
load-dependent, universal motor, 

I-451 
rnini-drill control, IV-348 
n10del train and/or car, T-4G3, I-455 
phase control, hysteresis free, I-373 
piezo motor drive, V-380 
power brake, ac, 11-451 
power-factor controller, three-

phase, II-388 
power-tool torque, I-458 
PWM: motor controller, III-389 
PWM: servo amplifier, III-379 
P\V!.1: speed control, 11-376 
PWM speed control/energy-

recuverin,g brake, III-380 
self-titning control, huilt-in, 

universal motor, I-451 
servo motor amplifier, I-452, Il-384 
servo system, III-384 
speed control (see speed 

controllers) 
start-and-run motor circuit, III-382 
stepper motors, V-571-573 

half-step, IV-349 
quarter-step, IV-350 
speed and direction, JV-350 

tachometers, T-94, T-100, I-102, 
U-175, JJT-33fi, III-340, III-347, 
V-G5, V-596-598 

analog readout, IV-280 
calibrated, IIl-598 
closed loop feedback control, 

ll-390 

digital readout, Il-61, lll-45, 
IY-268-269, IV-278 

dwell n1eter/tachometer, III-45 
feerlhack control, II-378, II-390 
frequency counter, I-310 
low-frequency, 111-596 
ntiniinwt1-component design, I-405 
inotor speed controllers, II-378, 

II-389 
optical pick-up, III-347 
set point, III-47 

three-phase controls, II-383, JI-388 
two-µhase controls, I-456, II-382 

motorcycle alann,-motion actuated, 
11-9 

multiburst generator, square 
waveform, II-88 

multirneters (see al.su digital 
rnultiineters (DMM), fV-291, 
IV-293 

multiple-input detector, III-102 
multiplexers, III-391-397, V-382-383 

1-of-8 chrumd transmission 
syste1n, III-395 

analog, II-392, V-383 
0/01-percent, II-392 
buffered input and output, 111-396 
input/output buffer for, Jll-11 
single- to four-trace converter, 

11-431 
capacitance, II-200, II-416 
conuuon-cathorle LED-display 

ADC, III-7G4 
de-, III-394 
differential multiplexer, 1-425, 

1-428, ll-428 
driver, highcspeed line driver, I-264 
eight-channel mux/demux, I-4Z6, 

II-115 
foill-charmel, low-cost, lII-394 
frequency, III-213-218 
line driver, I-264 
1nathernatical, one trim, III-326 
oscilloscopes, add-on, III-437 
pulse-width, III-214 
resistor, II-109 
sample-and-hold, Uu-ee-channel, 

111-396 
two-level, III-392 
video, 1-of-lfi cascaded, III-393 
wkleband differential, II-428 

multiplier circuits, lV-325 
capacitance multiplier, V-205, 

V-347 
low-frequency multiplier, IV-325 
photomultipliers, high-volt power 

supply, V-444, V-445 
precise corrunututing amp, 

lY-262-263 
voltage·nulltipliers, IV-631-637 

2,000 V low-current supply, 
IV-636-G37 

10,000 V de supply, IV--633 
corona wind generator, IV-633 



doublers, III-459, IV-635 
cascaded, Cockcroft-Walton, 
IV-6!35 
triar:-r:ontrolle<l, III-4G8 

laser power supply, IV-63G 
negative-ion gencraLor, hi~1-

volta,i.\e, IV-634 
tripler, low-currP.nt, TV-037 

rnultivihrator.'l, V-384-388 
l 00 kHz free running, II-485 
astable multivibrators, II-26!.l, 

II-510, 11-5~7, lll-196, III-224, 
111-233, HI-237, III-238, V-386-388 

bistable multivibrators, T-133, IT-46G 
invert.er, TTT-103 
<lehmmcer, IV-108 
flasher, I-299, II-234 
lamp driver, JV-160 
pushbutton trigger, V-388 
RS flip-flop, T-3flG 
SCR, TI-367 
SR flip-flop, IV-651 
touch-Lriggercd, 1-133 

car battery, II-106 
CB nwdulation, U-431 
CMOS, V-38G 
current, II-203 
duty-cycle, 50-percent, III-584 
free-running 

100 kllz, 1-465 
progranunable-frequency, IIJ-235 
with op amp, V-388 

low-freqnenr:y, TII-237 
low-voltage, U-123 
modulation, II-430 
monoslable nmltivibrators, 1-465, 

IIL-229, III-230, III-235, TTT-237, 
V-38!1, V-387 

input lockout, I-464 
linear-ramp, III-237 
photocell, n1011osLablc, 11-:329 
positive-triAAered, III-229 
TTL, rnonostable operation, I-404 
UJ'T', monostah\P. operation, Jc463 
video amplifier and comparator, 

II-2G8 
one-shot, I-465, 1-720, 11-266, 

ll-465, 111-222, 111-2!38, lII-317, 
lll-654, V-388 

oscilloscope, IT-474 
single-supply, TII-232 
sound level, II-403 
square-wave generators, lV-536 
telephone line, II-628 
very-low-frequency, V-38G 
\Videhan<l radiation, II-535 

music circuits (see also sound 
generators_), V-38!.l-:Jll:J 

envelope gcncratur/nwdulator, IV-22 
im;trwneut tune-up, audio 

generator, V-39-0 
melody drruit, V-393 
melody generator, singie-chip 

design, IV-520 

1netrononle (see metronomes) 
MIDI receiver, V-:192 
MIDI transmitter, V-393 
multi-tone generator, V-566 
rnusic maker circuit, III-360, IV-521 
1nus1cal chimf's, T-fi40 
m1rnir:al envelope, modulator, 

I-601, IV-22 
octave equalizer, y_;35:_i 
perfecL pitch circuit, V-391 
synthesizer, V-10-note, V-561 
telephoni< mnsir:-on-hol<l circuit. 

V-601, V-60:'S 
mux/demux (see multiplexers) 

N 
N-phase motor drive, III-382 
NAB preamps 

rP.conl, TTT-G73 
two-pole,--III-673 

NAB tape playback prc-runp, ilI-38 
nano anuneter, 1-202 
NE602 

dr: power circuit, V-358 
input/output circuits, V-355 

negative-ion generator, IV-604 
neon flashers, J-303 

five-lwnp, Ill-198 
two-state oscillator, TTT-200 
tube, T-304 

networks 
crossover networks, I-172-173, II-35 
-sv, I-518 
ac/dc lines, electronic, I-515 
active, I-172 
asymmPtrir.al third or<ler 

Butterworth, I-173 
electronic circuit for, 11-36 

filter, 1-281 
speech, telephone, II-633 

ill-cad batteries, I-118 
analyzer for. III-04 
charger, I-112, I-116, III-57 

12 v, 200 mA per horn, 1-114 
currenl ru1d voltage funititlg, I-114 
fast-actit1g, 1-118 
portable, IV ·69 
temperature-sP.nsing, IV-77 
thermally controlled, II-68 

packs, automotive charger for, I-115 
portable, III-47, IV-6!.l 
pruleclion circuit, 111-62 
sirnpli-cad, f-112 
tP.mpP.rature-sensing charger, IV-

77 
test circuit, IV-7!.l 
tltennally controlled. II-68 
zappers, I-6, II-66, H-68 

night lights (see lights!light-
ar:tivated an<l controlled 
circuits) 

no-doze alarm, V-8 
noise generators (see sow1d 

generators) 

noise reduction circuits, II-393-396, 
III-398-401, IV-354-056, 
V-:Jll6-:Jll8 

arnplified noise limiter for 8W 
n~reivers, V-397 

audio clipper/limiter, IV-055 
audio dynarnic systern, V-!397 
audio shunt noise limiter, IV-355 
audio squelch, TT-394 
balance amplifier with loudness 

control, II-395 
blanker, IV-356 
clipper, 11-894 

audio-powered, III-396 
Dolby B, decode mode, TIT-401 
Dolby R, encorle mode, III-400 
Dolhy B/C, III-399 
dynamic noise reduction, 111-321 
filters (see filters) 
lirniter, II-395, III-321 
low-level signal noise, V-398 
rP.r:eiver application, V-398 
shortwave receiver noise lirnitcr, 

V-8!.l7 
nunit1vert.ing runplifiers, I-32, I-33, 

I-41, III-14 
ac PO\ver, T-79 
adjustable gain, I-91 
comparator \Vith hysteresis in, 1-153 
high-frequency, 28-d13, 111-263 
hyslercsis in, 1-153 
low-power, digitally selectable 

itlput and gain, TI-334 
powP.r, 1-79 
programmable-gain, III-505 
single supply, 1-74 
split supply, I-75 

nonselective frequency tripler, 
transi.'ltor .'laturation, II-252 

Norton amplifier, absolute value, 
III-11 

notch fillcrn (see alsu filter 
circuits), 1-283, II-397-403, 
III-402-404 

4.5 MHz, T-282 
fi:iO Hx, II-399 
1800 Hz, II-398 
active band reject, II-401 
adjustable Q, II-:JU8, V-179 
audio, 11-400 
bandpass and, II-223 
high-Q, IIT-404, V-178 
selectable band"'idth, I-281 
shortwave receiver filter, V-185 
three-amplifier design, T-281 
tunable, H-399, II-402, V-179 

passive-hri<lged differentiator, 
II-403 

hum-suppressing, 1-280 
op amp, ll-400 

lwir1-notclt for l kHz, V-183 
twir1-T, III-403 
\'lien bridge, TT-402 

N'TSC-to-RGB video decoder, IV-613 

729 



nuclear particle deleetor, 1-537 
null eireuiL variable gain. acc11rat.e, 

ITI-69 
null detector, I-148, III-162 

0 
octal DIA converter, V-350 
o1munetcrs, 1-549 
linear, III-540 
linear scale, T-ii49 

five-range, TV-290 
ohms-to-volts converter, 1-168 
oil-pressure gauge, aulornotivc, 

lV-44, lV-47 
011/off control, 1-665 
OJI/off inverter. TTT-.'194 
on/off touch s-witches, II-G91. III-663 
one-of-eight charmel transmission 

system, III-100 
one-shot fwtdion generators. T-4fifl, 

V-388 
digit.ally rontrolled, I-720 
precision, III-222 
pulse generator, Y-4\J0-491 
rclriggcrablc, 111-2;33 

one-sltot tirners, III-654 
lip,ht-controllerl, ITT-317 
voltage-controlled high-speed, II-266 

op amps, II-404-406, lII-405-406, 
IV-357~364, V-3!.l!.l-403 

xlO, l-:J7 
xlOO, 1-37 
a.stable inultivibrator, ITT-224 
alldio amplifier, JV-33 
bidirectional compound op amp, 

IV-361 
clamping for, 11-22 
clock circuit llsing, TTT-8fi 
comparator, three-input and gate 

comparator, IV-363. 
composite amplifier, Y-401. V-403 
eornpound ov-<unp, lV-364 
de offsct-sllift tester, V-319 
driver, TV-158-lii9 
feedhark-stahilized amplifier, 

IV-3fi0 
free-running multivibrator, V-088 
full-\vave rectifier design, V-403 
gain-controlled op wnp, IV-361 
ltigh-gain/bandwidth, V-40:1 
intrinsically safe proter.ted, III-12 
inverter/rectifier, programmable, 

IV-364 
nticrophone rnixer, V-364 
on/off si.1,itch, transistorized, IV-54G 
polarity gain adjustment, V-400 
power op amp, V-402 
po\verbooster, IV-068 
po\ver driver circuit, 1\1-158-159 
quad. siruultai1eous waveform 

generator using, TI-2ii9 
single potentiometer to adjust gain 

over bipolar range, II-406 
S'\l,'ing rail-ray, LM324, IV-363 
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tPmperat11rP.-r.ompensated 
hreakpoint, nonlinear. V-lU, V-401 

tunable notch filter with, 11-400 
V- rntd I-protected, V-25 
variable gain, TT-40fi, V-,102 
VCO driver, IV-362 
Yideo op amp circuits, lV-615 

optical tircuils (see alsu lasers; 
lights/J..4(ht-activated and 

controlled circuits), 
H-407-419, fV-8G5-8G9, V-404-
409 

SO kHz center frequency FM 
transmitler, 11-417 

ac relay.111-418 
two photon couplers, TT-412 

ac switcher, high-voltage, III-408 
amhient light-ignoring optical 

sensor, III-413 
CMOS coupler, 111-414 
conunWlication system, TI-41(\ 
couplers/optoronplers, II-409, II-417 

analog coupler, linear ac, Il-412 
analog coupler, linear, 11-413 
CMOS desigI1, 111-414 
de lirtear coupler, II-411 
instrwnentation, linear, TT-417 
optof'.011plers, Jl-409, II-417 
stahle. II-409 
TTL design, III-416 

de latching relay. lll-417 
digit.al lransrnissiort isolator, II-414 
direction discriminator, V-408 
high-sensitivity, NO, two-terminal 

zero voltage switch, II-414 
indicator lamp driver. III-413 
integrated solid slate relay, Il-408 
interfaces, 

optocollplers/optoisolators, 
V-40fi-107 

interruption sensor, lV-366 
isolation and zero voltage switchLrig 

logic, ll-415 
isolators/optoisolators, TV-47ii 

driver, high-voltage, 111-482 
telephone status monitor using, 

l-G26 
light-detector, IV-36U 
line-current detector, 111-414 
microprocessor triac array driver, 

II-410 
optocm1pler, V-,107 
interface circuits, V-406-407 

optoisolator 
inlerJace circuits, V-406-407 
relay circnit, TV-4 7G 

paper tape reader, II-414 
photoelectric light controller, 

IV-369 
photoreceiver, ovtirnizcd 

noise/response, V-405 
phototransistors 

amplifier, V-409 
variahle-sensitivity, V-409 

power outage !~ht, lir1e~operat.ed, 
Ill-415 

probe, TV-3fi9 
proximity detector, V-405 
pyrometer, 1-654 
receivers, 1-364, II-418 

50 kHz FM optical transmitter, 
11-118 

light receiver, IV-367 
optical or laser light, lY-367, 

lV-068 
relays, Ill-412, ffI.417, TTT-418 

de solid-st.ate, open/dosed, 111-412 
safety-rircuit switch, V-409 
Schmitt trigger, I-362 
sensor. ambient light i.gnoririg, 

III-413 
sensor-to-TTLinterface, TTT-314 
source follower, photodiode, 

TII-119 
telephone ring detector, 111-611 
transmitter, I-863, 1-367, lV-!368 
light trtutsrnitter, rv.:368 

triggering SCR series, IJl-411 
TTL co11pler, optical, IIl-416 
zero-voltage switching 
dosed half-wave, 111-412 
solid-state, 111-410 
solid-state relay, III-416 

optocouplers (see optkal circuits, 
couplers) 

nptoisolators (see optical circuits, 
isolators) 

OR gate, l-3U5 
organ, musical, 1-415 

preprogranuued single d1ip 
microcontroller for, I-600 

stylus, I-420 
oscillators, 11-420-429, 111-420-432, 

lV-370-377, V-410-421 
l kHz, II-427 
1.0 MHz, T-fi71 
2 MHz, II-G71 
5-V, III-432 
50 kHz, I- 727 
400 MHz, 1-571 
500 MHz, 1-57{1 
800 Hz, I-68 
adjllstahle over 10:1 range, II-423 
AF power oscillator, V-412 
astable, I-462, V-420 
audio, 1-245, 111-315, III-427, 

IV-374, IV-375 
audio-frequency generator, V-416-

41 7 
audio-test oscillalor, V-420 
basic designs, V-414 
beat-frequency audio generator, 

IV-371 
huffer rircuits, IV-89 
Butler 

aperiodic, I-1U6 
corrunon base, 1-191 
crystal, 1-182 



ernitter follower, TI-190-191, 
TI-194 

cassette bias, II-426 
clock generator, l-615, 111-85 
CMOS, l-615, lll-429, III-430 

1 MHz to 4MHz, T-199 
crystal, 1-187 

code practice, I-15, I-20, I-22, 
II-428, III-431, IV-373, lY-375, 
IV-376, Y-100-103 

Culpitts crystal oscillators, I-194, 
I-572, II-147, V-411 

1-to-20 MHz, fV-128 
frequency checker, IV-301 
harmonic, I-189"190 
two-frequency, IV-127 

crystal (_see crystal oscillaturs) 
double fr<x1uency output, I-314 
discrete sequence, HI-421 
duty cyr.le 

GO-percent, III-426 
variable, fixed-frequency, 111-422 

emiller-cuupled 
bi}( looµ, II-422 
flC, II-266 

exponential rligitally controlled, 
I-728 

feedback,- I-67 
flasher and oscillator 

high-drive, 11-235 
low-frequency, II-234 

frce-rW1lling, I-531 
square wave, T-fllfi 

frequency doubled output from, 
II-425, II-596 

frequency switcher, V-418 
gated, 1-728, V-413, V-419 
last-cycle cDmpleting, Tlf-427 

Hall effect circuits, V-222 
Hartley, I-571, V-140 
he-based, III-423 
HCU/HCT-buscd, 111-426 
high-current, square-wave 

generator, IIT-585 
high-frequency, HI-426 

crystal, 1-175, II-148 
LC audio oscillator, V-411 
LF oscillator, V-413 
light-controlled, V-27!;1 
loud-switching, 100 1uA, 1-730 
local-oscillator. douhle-halanced 

mixer, V-11fi 
low-distortion, I-570 
lo\v-duty-cyde pulse circuit, IV-4:39 
low-frequency oscillators, TTT-428 

ciystal, I-184, IT-146 
oscillator/flasher, II-234 
Pierce oscillator, III-133 
TTL oscillator. ll-5!.l5 

low-noise cryslal, U-145 
Miller, l-193 
MOSFET nlixer/oscillator- for AM 

receivers, V-412 
NF.602 local osr.illator, V-411 

neon flasher, two-state, III-200 
one-second, 1 kHz, 11-423 
one-shot, voltage-controlled 1-Ugh-

speed, IT-266 
ov<>rtone oscillators, I-176, I-177, 

I-180, I-183, I-186. 11-146, lll-146 
50 MHz to 100 MHz, 1-181 
100 f..Ulz, IV-124 
crystal, f-176, T-180, TT-14fl 
crystal switching, I-188 
fifth-overtone, I-182 
third-overtone oscillator, IV-123 

phase-locked, 20-Mliz, IV-374 
Pierce oscillator, V-140 

1-Ml-Iz, III-134 
crystal, II-144 
harmonic, T-Hl9, H-192 
.JFET, I-198 
low-frequency, III-133 

quadrature, 1-72!;1, 111-428 
squan.'-w<ive generator, III-585 

quartz, III-1:36 
RIC. 1-612 
reflection, crystal-controlled, III-136 
relaxation, IV-376 

SCR, III-430 
resistance-controlled dip.ital, II-

426 
rf oscillators, 1-G50-fiG1, I-G72, 

V-528-G82 
6.fi MHz VFO, V-529 
G MHz VFO, II-551 
ham band VFO, V-532 
NE602 circuit, V-531 
rf-,l{enie, II-421 
shortwave p11lsed-marker, V-582 
sidetone, rf-powered, I-24 
signal generator, V-530-531 
test oscillator, V-412 
transm.itter <Uld, 27MHz and 

49MHz, I-680 
RLC, Tlf-428 
sa•vtooth wave, modulator, III-373 
Schmitt trigger crystal, I-181 
sine-wave (see sine-wave 

oscillalurs) 
sine-w<ive/square wave, tunahle, 

I-65, III-232, TV-512 
single op amp, I-G29 
siren oscillator, V-567 
square-wave, I-613-614, 11-587, 

Il-616, IV-532, lV-53!3, V-569 
0.5 Hz, I-616 
lkHz, I-012 
astable multivibrator and, V-386 

start-stop oscillator pulse circuit, 
IV-438 

s'vitdt, oscillator-triggered, V-590 
switching, 20 ns, 1-729 
temperature-compensated, III-137 

crystal, I-187 
low-power 5V-driven, II-142 

temperature-stable, lf-427 
third overtone, I-186, lY-123 

tirne b<ise, crystal, IIT-1!33, TV-128 
tin1er, 500 timer, I-G81 
tone-burst, decoder and, I-726 
transmitter and, 27 MHz and 49 

MHz rf, l-680 
triari,qle-wave oscillator, V-20G 
triangle/square wave, I-616, II-422 
TTL, f-179, I-613, IV-127 

l:MHz to lOMHz, I-178 
lMHz to 20MHz, IY-127 
crystal, TfL-compatible, I-179 
sine wave/square oscillator, 

IV-512 
television display using, II-372 

tuhe type crystal, I-192 
tilllable frequency, II-425 
tilllable single cornpurator, I-69 
varactor tw1ed 10 MHz ceramic 

resonator, II-141 
variable oscillators, II-421 

audio, 20Hz to 20kHz, II-727 
four-decade, single control for, 

ll-424 
sine-wave oscillator, super low-

ilistortion, III-558 
wide range, f-780, II-429 

variable-duty r.ycle, III-422, V-419 
variable-frequency oscillator (_see 

variable-frequency oscillators 
(VFO) 

VHF crystal oscillator 
20-MHz, III-138 
50-MHz, ITI-140 
100-MHz, III-1~9 

voltage-controlled (VCO) (see 
voltage-controlled osdllaturs) 

wide-frequency range, II-262 
wide-r;ui,qe, I-69, III-425 

valiahle, 1-780, fl-429 
\Vien-bridge oscillators, I-62-63, 

I-66, I-70, Il-566, III-42ll, lll-558, 
lV-371, IV-377, lV-511, V-415, -
V-419 

CMOS chip in, II-568 
low-distortion, thermally stable, 

TTT-GG7 
low-voltage, III-432 
sine wave, I-66, I-70, II-566, 

IV-510, IV-513 
sirtgle-suµµly, III-558 
thermally stable, HI-557 
three-decade, IV-GIO 
variable, III-424 
very-low-distortion, IV-5l:J 

XOH-gute, III-429 
yelp, II-577 

oscilloscopes, II-480-433, 
II!-433-439, V-422-426 

analog multiplexer, single- to four-
trace scope converter, H-4!31 

beam splitter, l-474 
calibrator, II-433, III-436 
converter, I-471 
CRO doubler, fH-489 
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oscilloscopes (cont.) 
eight-channel voltage display, III-435 
cxlendcr,_JU-434 
FET dual-trace switch for, II-432 
four-trn.ce osdllosr.ope adapter, 

IV-267 
monitor, I-474 
multiplexer, add-on, 11J-4;37 
preainplifier, III-437, V-423 

counter, IJT-438 
instn1mentation amplifiers, 

IV-230-231 
sensitivity amplifier, III-436 
spectrum analyzer adapter, Y-424 
timebase generator, V-425 
tri&qer selector for tin1ebase, V-425 
triggered sweep, III-438 
variable-gain amp, V-426 
voltage-level dual readout, IV-108 

outbawJ. descrarnbkr, 11-164 
out-oJ-boW1ds pulse-width detector, 

TTT-158 
outlet tester, V-318 
output limiter, III-322 
output-gating circuit, 

photornultiplier, II-516 
output-stage booster, III--452 
over/unrler temperature monitor, 

rlual output, II-U46 
overload indicator, V-478 
overload protector, speaker, II-16 
overspeed indicator, I-108 
overtone oscillators, 1-176, .l-177, 

1-180, 1-183, I-186, 11-146, III-146 
GO MHz to 100 MHz, f-181 
100 MHz, IV-124 
crystal, I-176, I-180, II-146 
crystal swilchirl,ll, J-183 
fifth-overtone, 1-182 
third-overt,one oscillator, IV-123 

overvoltage protection, 1-150, I-517, 
II-96, 11-107, II-496, III-513, 
Ill-762, !V-38!.l, V-480 

cornparator lo detect, 11-107 
monitor for, III-762 
protection circuit, TT-96, IT-49fi, 

11I-G13 
Wldervoltage and, indicator, I-150, 

III-762 

p 
pager, pocket-size, Ill-288 
PALINTSC decoder, RGB input, 

TTT-717 
palette, video, IIl-720 
panning circuit, two-channel, l-57 
paper-sheet discrirninator, copyirig 

1nachines, III-339 
paper-tape reader, II-414 
parallel connections, telephone, 

III-611 
party-line intercom, 11-303 
password protection circuit, PCs, 

Y-lUll 
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pattern generator/polar-to­
rectangular converter for radio 
direction, V-288 

PCR continuity tester, IT-342, TT-fi:ifi 
peak detectors, II-17 4, 11-175, II-434-

436, III-771, IV-138, IV-143 
analog, wilh digital hold, lll-153 
closed-loop, V-153 
decibel peak meter, ITT-348 
digital, T11-Hi0 
high-band...,idth, IIl-161 
high-frequency peak, II-175 
high-speed-peak, 1-232 
LED design, peak rnetcr, 111-333 
level detector, I-402 
low-drift, III-156, V-155 
negative, I-22G, I-231, V-154 
op amp, IV-145 
open-loop, V-153 
positive, 1-225, 1-2;)5, II-435, III-169 
true m1s, 1-228 
11ltra-low-drift peak, T-227 
voltage, precision, I-226 
wide-bandwidth, Ill-162 
ovide-nul,l(e, Jll-162 

peak program detector, III-771 
peak converter, preeision addc, 

TT-127 
people-detector, infrared-activated, 

IV-225 
period counter, 100 MHz, frequency 

and, 11-106 
period-tu-voltage converter, IV-115 
pest-repeller, ultrasonic, IIJ-699, 

TTT-706, ITI-707, IV-605-606, 
V-427-428 

pH meters/probe, 1-3!.l!.l, IIF501 
phase detection/nmnipulation 

circuits 
detectors, 1-406, I-476, II-344, 

II-439, II-441, II-442, III-440-442, 
IV-127 

10-bit accuracy, II-176 
di.Jlital VOM, IV-277 
phase-difference detector, 0- to 

180-degree, Tf-344 
phase selector/sync 

rectifier/balanced modulator, 
III-441 

sequencers, phase sequeucc, I-476, 
11-437-442, III-441 

re circuit, phase sequence 
reversal detection, II-438 

reversal, re circuit to detect, II-438 
three-phase lester, 11-440 

shifters, phase shifters, IV-647, 
V-429-4:11 

0-180 degree, I-477 
0-360 degree, I-477 
eight-output, V-431 
single-transistor design, 1-4 76 

splitter, III-582, V-430 
long-tail pair, V-430 

phase-lockerl loop, V-:147 

tracker, three-phase square wave 
generator, ll-598 

phasor gw1, I-606, IV-523 
phonograph-related circuits (.~RR 

stereo/phonograph circuits) 
photo-conductive detector amplifier, 

four quadraut, I-359 
photo memmy switch for ac power 

rontrol, T-363 
photo stop action, I-481 
photodiode/photoelectric circuits 

ac power switch, III-3Hl 
alann systern, l-13, U-4 
arnpW"iers, I-361, lll-19, ll-324, 

III-672 
battery charger, solar, 11-71, V-:127 
comparator, precision, I-360 
controller, IV-369 
current-lo-voltage converler, ll-128 
flasher, photocell-controlled, 

TT-232 
integrator, photocurrent, 11-32G 
level detector, precision, I-365 
light controller, IY-369 
rnonostable photocell, self-adjust 

trigger, II-329 
output-gating rirruit, 

photomultiplier, IT-516 
PIN, thermally stabilized signal 

conditioner with, II-330 
PIN-to-frequency converters, IU-120 
prearnpWier for IH photodiode, 

V-226 
sensor amplifier, II-:124 
smoke alarm/detectors, I-595, I-

696 
source follower, Ill-4Hl 
switches, II-321, II-326, IIl-318, 

TTT-:119 
photoelectric sensor, V-277 
photography-related circuits, II-443-

44!.l, III-443-449, IY-378-382, 
V-432-438 

auto-advance projector, II-444 
camera alarm trigger, III-444 
camera trip circuit, IV-381 
contrast meter, II-447 
darkroom enlarger timer, III-445 
darkroom timer, V-436 
electronic Oash trigger, II-448, 

IIl-449 
enlarger exposure meter, V-438 
enlarger light meter, V-434-435 
enlarger timer, II-446 
exposure meter, I-484, V-438 
flash meter, TTI-446 
flash slave driver, I-483 
flash slave unit, V-433 
flash triggers 

electronic, 11-448 
remote, I-484 
sound-triggered, II-449 
time delay, V-433 
xenon flash, III-447 



light meter, enlargers, V-434-435 
photo-event liiner, IV-37!'.J 
photoflash, electronic, 111-449 
pidure fixer/inverter, III-722 
shutter speed tester, 11-445 
slave-flash unil trigger, IV-380, 

IV-382, V-433, V-430 
slide projector auto advance, 

IV-381 
slide-show timer, III-444, llI-448 
so11nrl trigger for flash unit, II-449, 

IV-382 
strobe, V-435, V-436, V-437 
time-delay flash trigger, IV-380, 

V-433 
photomultipliers 

high-voltage power supply, V-444, 
V-445 

phototransistor, V-279 
anlpWler, V-409 
variable-sensitivity, V-40!.l 
timer, I-485 
xenon flash !.:rigger, slave, TH-447 

picoamrnelers, I-202, H-154, 
III-338 

circuit for, IT- I fi7 
guarded input circuit, II-156 

picture fixer/inverter, Ill-722 
Pierce oscillators, V-140 

1-MHz, Ill-134 
crystal,-1-195, II-144 
harmonic, I-199, II-l!'.12 
JFET, I-198 
low-frequency, 111-133 

piezoelec:trlc circuits 
439-441 

alarm, 1-12, V-10 
drivers, V-440 

555 osci\Jator, V-441 
CMOfl, V-440 
micropositioner, V-440 

temperature controller, fan-based, 
III-027 

PIN photodiode-to-frequency 
converters, rr1~120 

pi.Ilk noise generator, I-468 
pipe detector, metal pipes, V-323 
plant-watering accessories, I-443, 

11-245, II-248 
playback aniplifier, tape, I-77 
PLL/BC receiver, TI~520 
pocket pager, III-288 
polar-to-rectangular 

converter/patlcrn generator, 
radio direction finder, V-288 

polarity converter, I-166 
polarity gain adjustment, op mnp 

circuit, V-400 
polarity indicator, V-231 
polarity-protection relay, IV-427 
polarity-reversing amplifiers, low-

powcr, III-16 
poller, analog-to-digital converters, 

V-28 

polvnornial generator, V-287 
position inrlicatork:ontroller, tape 

rer:order, II-615 
positive input/negative output 

charge pwnp, III-360 
posilive regulator, NPN/PNP boost, 

III-47fi 
potentiometers, digital control, V-158 
power amplifiers, 11-450-459, 

III-450-456 
2- to ti-watt audio amplifier with 

preamp, H-4fil 
lOW, I-70 
12 W low-distortion, I-76 
2fi W, II-452 
90 W, safe area protection, II-4.59 
M1radio,1-77 
audio, II-451, 1TI-4G4, IV-28-33 

20-W, IJT-4GO 
50-W, III-451 
fi-W, ..vi.th prearnp, III-454 
booster, 11-455 

bridge audio, T-81 
bull horn, TI-453 
class-D, III-453 
GaAsFET ..vi.th siiiglc supply, IT-10 
hybrid, III-455 
inverting, l-79 
low-distortion, 12 V.l, I-76 
low-power audio, II-454 
noninverting, I-79 
op amp/audio amp, high-slew rate, 

T-82 
output-stage booster, III-452 
portable, lll-452 
rear speaker ambience amplifier, 

II-458 
rf power amplifier 

1296-MHz solid state, IU-542 
5W, II-542 
600 V./, 1-559 

switching, J-33 
two-meter 10 W, I-562 
walkm:m amplifier, II-456 

power supplies (see also voltage 
indicators/meters), II-460-486, 
III-464, V-448-472 

+1.5-V supply for ZN416E circuits, 
V-469 

+5 V supply, V-471 
± 5 to± 35 V tracking, V-469 
0- to 12-V, V-1 A variable, V-460 
13.8-Vdc, V-2 A regulated, V-459 
20-Vadjustable, V-461 
5V power supply ..vi.th momentary 

hackup, II-464 
GV, 0.5A power supply I-491 
8- from 5-V regulator, V-409 
2,000 V low-current supply, 

IV-636-637 
AA cells, +5 V/+3.6 V, V-452 
ac outlet tester, V-318 
ac wiring locator, V-317 
ac-·watts calculator, V-304 

adjustahle current limit and output 
voltage, I-505 

adjustable 20-V, V-461 
amplifiers, audio, 

dual power supply, V-465 
subwoofer power supp_ly, V-464 

antique radio de filament supply, 
V-470 

arc lrunp, 25\V, 11-470 
arc-jet, starting circuit, lll-479 
automotive-accessory power 

controller, V-70 
backup supply, drop-in main­

activated, IV-424 
balance indicator, TII-494 
battery (sec battery-related 

circuits) 
battery charger and, 14V, 4A, 11-73 
battery power pack, I-509 
bench top, 11-472 
benchtop, dual output, I-505 
bipolar 
battery instruments, 11-475 
tracking double-output, V-449 

booster, I-28, I-33, V-349 
buck regulator, add 12-V output to 

5-V, V-472 
cha.t·se pool, JJI-469 
confignrable, V-455 
connections-monilor, ac lines, 

III-510 
consumption limiters, TH-G72 
consumption monitor, V-290 
controllers, TV-388-389, V-111-115 

ac switches, IV-387, V-112, V-115 
ac voltage control, V-114 
automotive-accessory power, 

V-70 
bar1g-ba.ng controllers, IV-389 
burst-type control, III-362 
current-loop control, SCR design, 

IV-387 
dual-control ac switch, V-1 l:i 
high-side switches, 5 V supplies, 

lV-384, IV-385 
monitor, SCR design, IV-385 
MOSFE'f' switch, IV-386 
overvoltage protection, 1-150, 

1-517, II-96, II-107, 11-496, 
III-513, III-762, IV-389 

power controller, universal 
des@l, IV-388 

power-do-wn circuit, V-114 
pushbutton switch, lV-388 
three-phase, power factor control, 

II-388 
converter, inrluctorless, V-456 
current limiter, V-146, V-358, 

V-458 
current sources, 1-205, I-697, 

V-141-143 
O-to-200-nA, IV-327 
bilateral, III-469, I-694-695, V-143 
bipolar sources, I-095, I-607 
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power supplies (r:cn1,t.) 
constant, I-G97, III-472 
fixed power supplies, IV-405, 

IV-406 
low-current soLU'ce, lV-39!;1 
low.-resistance, V-142 
negative, V-143 
offsel-adjusting, V-145 
_positive, V-142 
precision, I-205, I-206 
regulator, variable _power ::;upply, 

III-490 
variable power supplit~s, voltage­

programmable, IV-420 
voltage-controlled, grounded 

solll'ce/loact, UJ-468 
rlc-to-dc SMPS variable 18 V lo 

30 V out at 0.2A, JT-480 
de power circuit, NE002-haserl, 

V-358 
delay circuit, V-148 
rlisconnector, low-voltage, 11-97 
dual polarity, I-497 
dual power supply, amplifiers, V-46G 
failure/outage alarms/monitors, 

1-581-582, 11-107, II-486, II-175, 
II-491-497, Ill-493-495, lll-511, 
TV-422--427 

backup supply, drop-in Ina.in­
activated, IV-424 

balance monitor. III-494 
booster/buffer, boosts referenr:e 

clil'renl, IV-425 
circuit breaker, trip-circuit, IV-423 
connections inonitor, ac line~, 

III-510 
fault monitor, single-m1pply, 

lll-4U5 
memory prolector/supply 

monitor, IV-425 
polarity-protection relay, IV-427 
SCR design, IV-38G 
test load, constant-curffmt, 

IV-424 
triac for ac-vollage control, IV-426 
tube atnpWler, high-voltage 

isolation, IV-426 
voltage sensor, IV-423 

fixed power supplies (see fixed 
power supplies) 

frequency, power/frequency meter, 
ll-250 

fuses, V-477, V-478 
-gain, power-gain test circuit, 60 

MHz, I-489 
general-purpose, III-465 
glitches in, c01nparator to detect, 

IJ-107 
high-voltage (see ltigh-voltagc 

power supplies) 
increasing zener diode power 

rating, II-485 
induclorless converter, V-456 
inverters, Hl-2!.l8, V-457 
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12 VDC-to-117 VAC at 60 Hz, 
III-294 

medium, UI-296 
MOSFET, JII-29fi 

isolated feedback, 1II-4GO 
isolation lransformer, V-349, V-470 
laptop-co1nputer supply, V-460 
laser power supplies, IV-636, 

V-251, V-2G2, V-2fi8, V-2fi4 
level sensor, voltage level, ITI-770 
loss detector, II-175 
low-riµµk, 1-500 
LTC, single suµµly, V-454 
meters, power 1neters, I-489 

audio, I-488 
frequency and, II-2GO 
rf, I-16 
SWR, 1-16 

me1nory save on power-do~n, 
Jl-48fi;-T\'-425 

micropower bandgap reference, 
Il-470 

rnicroprocessor power supply 
watchdo,>\, II-494 

modem, power-line, III-82 
monitors, II-491-497, IH-493-495, 

IV-422-427 
backup supply, drop-in main­

aclivaled, IV-424 
balance n101Utor, 1Il-4!.l4 
booster/buffer, boo~ts reference 

current, IV-425 
circuit breaker, trip circuit, IV-423 
connections monitor, ac lines, 

!11-510 
fault rnonitor, single-supply, 

III-495 
memory protector/supply 

monitor, IV-42fi 
polarity-protection relay, IV-427 
SCR design, IV-385 
test load, con.'.llant-current, 

fV-424 
triac for ac-voltage control, lV-

420 
tube amplifier, high-voltage 

isolation, IV-426 
voltage monitors (see voltage 

indicators/meters) 
multivoltage supply, V-458 
negative supply, V-457 
neon lamp driver, V-5- to 15-V 

supplies, V-459 
oulage light, line-operated, III-415 
overload indicalor, V-478 
overvoltage protection, I-150, 

I-517, II-9fi, II-107, TT-496, 
III-513, III-7G2, JV-889, V-480 

power-down circuit, V-114 
prugranunable, III-467 
protection circuits, 1-515, 1-518, 

IT-98, II-107, II-474, 11-486, 
TT-49fi, TI-497, III-511, IV-425, 
IV-427 

push-pull, 400V/60W, II-473 
rectifiers, V-4G4, V-400 
reference, O-to-20 V, I-694 
regulated power supplies 
8-amp, for mobile equiprncnL 

operation, II-4fil 
10 A, current and thermal 

prolection, Il-474 
12-14 V, !Ji\, 11-480 
13.8-Vdc, V-2 A. V-459 
+l:JV 1-A, TTI-462 
~15V 1-A, III-4fi3 
split, I-492 

regulator loss cutter, V-467 
rcgulalorn (see voltage 

regulator~) 

reset circuit, II-366 
short-tester, V-313, Vc315 
split, I-512 
stand-by, non-volatile CMOS 

RAMs, 11-477 
subwoofer amplifier µower ~upply, 

V-4fi4 
supply-voltage monitor, V-820 
s~itchil}g power supplies, JI-4GG, 

ll-470, lll-458, V-453, V--461, 
V-462,V-468 

50-W off-line, III-473 
GOO kHz switching invert.er for 

12V, II-474 
complementary ac switch, I-879 
power-switching circuit, II-466 
variable. 100-KHz multiple-

output, 111-488 
synchronous stepdown switdlirtg 

regnlator, V-408 
telecom converter ---48 to +S V at 1 

A, V-47'.:l 
three-rail, lll-466 
undervoltage detector/rnonitor, 

IIT-702, fV-138 
uninterrupbble, II-4fi2, JIT-477, 

V-471 
universal laboratory supply, V-450-

451 
variable power supplies, 111-487-

492, IV-414-421 
0- to 12-V, V-1 A, V-460 
r:nrrent source, voltage­

programmable, IV-420 
de supplies, IV-418 
dual universal supply, 0-to-50 V, 

5 A, IV-416-417 
switr:h-selerted fixed-voltage 

supply, IV-419 
swilching regulator, low-power, 

111-490 
switchlltf.\, 100-KHz rnulliple-

output, III-488 
tracking preregulator, III-492 
transformerless supply, TV-420 
universal 3-30V, III-489 
volt.age regulators for variable 

supplies, Jll-4UO, III-4!.l2, IV-421 



voltage doubler, V-460 
volta~e probes, V-171 
voltagekurrent regulator, V-455 
voltage regulators (see vollal{e 

regulators) 
voltage sensor, power supplies, 

TV-422 
voltage-level, III-770 
voltage sources 

millivolt, zenerless, I-696 
progranunable, I-694 
voltage splitter, TTT-788 

preamplifiP.rn, T-11, V-26 
antenna preamp 

HF broadband, V-:J6 
loop anteruw, V-38 
VLF 60-kII:.:, V-33 
wideband, V-2fi 
6-meter, 20 dB gain and low-NF, 

II-543 
lOOOx, low-nollie dl'S@, IV-37 

audio preumplifiers, II-45 
2- to 6-watt, JJ-4fil 
0-\V and, ITI-454 

audio-to~UHF preamp, V-24 
bias supply, IV-:Jl8 
dual audio signal ;unplifiers, V-.'i8 
declret nlicrophone preamp, V-21 
equalized, for magnetic phono 

cartriclges, III-671 
freqnency counter/divider, lll-128, 

V-24 
GaAsFET, rf amplifiers, V-516 
general purpose, I-84, JV-42 
lmnditalkies, two-meter, 1-19 
HF, rf amplifiers, V-515 
IF, 80 MHz, IV-460 
IR photodiodc prerunp, V-226 
irnprxlu.nce-matching, TV-:17 
ir1stru1nentation amplifier, 

TV-220-281 
.JFET, V-22 
light-beam activaled alann circuit, 

V-13 
LM382 phono, I-91 
IOW-llOise, I-88, T-501, TV-41 
magnetic, T-89, I-91, III-37, III-673, 

fV-8S, IV-36 
meclical instrument_ 11-34!.l 
microphone prcmnplillcrs. II-45, 

IV-37. IV-42 
luw-irnpedance, TV-41 
tone rontrol for, II-687 
transformerless, unbalanced 

input, 1-88 
trmisfonnerless, 11nbala.nr.ed 

input, I-88 
microwave preamplifiers, 

IV-816-319 
mixers, I-58 
NAB prerunplifiers 

tape playback, professional, JII-88 
record, III-67:3 
two-pole, IfI-678 

oscilloscope prcurnplillers, III-437, 
111-4!38, lV-230·231, V-428 

uscilloscop14ronntf'r, III-438 
power amplifier v,.ith preamp, 

II-451, III-454 
read-head, autornotive circuits, 

111-44 
receiver interfar.e, V-243 
rf amphfiers, V-526, V-527 
RIAA, III-38 
RIAA/NAB compensation, J-92 
slcrco/phonograph preamps, I-91, 

II-43, II-45, V-fi84 
low-noise, IV-36 
magnetic, I-91, III-37, IlI-673, 

IV-..'35, IV-36 
tone control, V-581 

lape, 1-90 
Utennocouple instn1mentation 

amplifier, III-283 
tone control preamplificrs, 1-675 

high-level, 11-688 
IC, 1-673, III-657 
mixer, I-58 

transmit!rer.eive sequencer, V-348 
UHF-TV, III-546 
ultra-low-leakage, 1-38, 11- 7 
VHF, I-560 
VHF/CllF, rfarnplifiers, V-i""1lS 
video. V-660 

preregulators 
high-voltage power supplies, 111-480 
tracking, III-492 

prescalers 
data circuits, low-frequency, TV-132 
probe, amplifying, OSO MHz, II-502 

preselectorn, rf amplifiers. IV-483, 
IV-485, IV-488 

pressure gauge, V-314 
printer-error Warm, compnter 

circuits. TV-1 Ofi 
printers 

printP.r-error alarm, IV-106 
printer sentry. computer circuits, 

V-107-108 
two-sheets irt printer detector, 

lV-136 
probes (see also measurement!test 

circuits), TT-498-504, II-4\J6-503, 
IV-428-434, V-473-474 

100 K megaohm Jc, 1-524 
ac hol wire, 1-581 
audible TTL, T-G24 
aurl.io-rf signal tracer. I-527 
capacitance buffer 

low-input, 111-498 
stabilized low-input, ITI-fi02 

darnp-on-current rompensator, 
II-501 

CMOfi logic, I-523 
FET, III-501 
general purpose rf detector. IT -500 
ground-noise, battery-powerecl, 

111-600 

logic probes, I-620, I-525, 1-626, 
IV-430-4:31, IV-4:34 

CMOO, 1-523, I-526, TTT-499 
digital, TTT-497 
four-way operation, IV-432 
memory-tester, installed, 1-525 
single-IC desi~l. IV-433 
three-in-one test set: prohe, signal 

tracer, injer:t.or, IV-429 
mkrovolt, II-499 
optical light probe, IV-36ll 
pH, I-3\J!.l, 111-501 
prescaler, 650 MHz amplifying, 

ll-502 
rf, I-523, IIT-498, TII-G02, IV-433 
single injector-tracer, II-500 
test, 4-220V, III-4\J\J 
three-in-one lest set: logic probe, 

signal tracer, injector, TV-429 
tone, digital IC testing, II-504 
universal test probe, IV-431 

process control interface, l-:JO, V-242 
processor, CW si.MJ1ul, I-18 
product detector, T-228 
prONatM1able a;mplifiers, II-334, 

IIT-fi04-:J08 
rlifferential-input, programmable 

gain, III-507 
inverting, progr<umnable-gain, 

111-505 
noninverting, programmahle-gain. 

III·505 
precision, digital 

contro1'programmirig, 111-506 
programmablc-gairL selectable 

ir1put, J-:32 
vcu·iable-gain, wide-range digital 

r:ont.rol, III-506 
projectors (see pholography-related 

circuits) 
prolcctio1t circuits, H-95-99, Jll-S09-

513, V-475-488 
12ns circnit hreaker, II-97 
aut.om:itic power dO¥,'Il, Il-!.l8 
circuit breakers 

ac, III-512 
elcclronic, high-speed, H-90 

cornpressor protector, IV-8Gl 
crowbars, elertronir., II-99, III-510 
ear proter.tor:V-482 
fnse, electronic, V-477 
halogen lamp protector. V-271 
healer protector, servo-sP.nsed, 

III-624 
line protectors, computer 1/0, !J uP, 

IV-101 
line dropout detector, Il-98 
linc-voltuge rnonitor, JIJ-fil l 

loudspeaker protector, V-483 
low-voltage power d.isconnector, 

TT-97 
modem protector, V-479 
modem/fax protector for two 

computers, V-482 
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protection circuits (cuut.) 
optical safP.ty-r:ircuit switch, V-409 
overload indicator, V-478 
overvoltage protection, I-150, 

I-517, ll-96, ll-107, ll-496, 
IIT-513, Til-762, fV-389, V-480 

password protection for PCs, V-109 
polarity-protection relay for power 

supplies, JV-427 
power-down, ll-98 
power-failure alarm, III-511 
power-line r:onnf!r:tions monitor, 

ar:, III-510 
power supply, II-497, I-518 
relay fuse, V-478 
reset-protection for computers, 

fV-100 
safety r.ircuit, V-477, V-483, V-589 

timed, V-481 
short-tester, V-313, V-315 
shutdown circuits, V-537-538 
speaker protector, V-476, V-479 

__ proximity sensors (see 

motion/proximity detectors) 
pseudorandom sequencer, III-301, 

Y-351 
p.uLse circuits, lY-435-440 
amplitude discrimiHator, IlI-356 
coincidence detector, II-178 
converters 
height-to-width, III-119 
pulse train-to-sinusoid converters, 

lll-122 
COW1ter, riI~ cuwiter, low-power, 

fV"437 
delay, dual-edge trigger, ITI-147 
detectors 

fast pulse, V-154 
missit-~pulse, V-152 
out-of-hounds pulse width, III-158 
sequence detect.or, TT-172 

divider, non-integer programmable, 
II-511, III-226 

extractor, square-wave, III-584 
generators, pulse .'(eneraturs, 

H-508-511, V-487-492 
2-ohm, III-281 
300-V, III-521 
555-circuit, IV-439 
add-on, V-488 
astable multivibrator, 11-510 
basic, V-488 
clock, GO Hz, II- I 02 
CMOS short-pulse, III-523 
delayed-pulse, II-509, IV-440, 

V-492 
divider, programmable, II-511, 

III-226 
EEPROM, 5V-powered, III-99 
free running, IV-438 
interrupting pulse-generation, I-357 
logic, III-520, V-489 
logic troubleshootit1~ applications, 

fV-436 
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onc-shol, V-4-90-4!.ll 
progranunaUle, I-529 
sai.vtooth-wave generator and, 

III-241, V-491 
single, II-175 
traln, pulse train, lV-202 
transistorized, TV-4:37 
two-phase pulse, I-G32 
unijunction transistor design, I-530 
variable duty cycle, V-492 
very low-duly-cycle, 111-521 
voltage-controller and, lll-524 
wide-ranging, III-522 

missing-pulse deter.tor, V-152 
modulators 

pulse-position, III-375 
pulse-width (PV•/M), III-376. IV-326 

brightness coutrolier, III-:307 
control, mi.croprocessor 
selected, 11-llfi 
motor speed control, II-376, 

III-38!.l 
multiplier circuit, 11-264, 111-214 
out-of-bounds detector, III-158 
proportional-controller cirr:uit, 

II-21 
servo amplifier, III-379 
speed conLro1'energy-recovering 
brake, III-380 
very sliort, nwa.surement circuit, 

III-33fi 
oscillators 

fast, low-duty-cycle. IV-439 
slart-slop, stable design, IV-438 

pulse-position modulator, 111-075 
stretchers, IV-440 

negative pu!Re stretr:her, fV-436 
positive pulse stretcher, IV-438 

supply circuit, high-voltage power 
supplies, IV-412 

widtl1, out-of-bow1ds pulse ,,.. .. kith 
detector, TII-lfi8 

pulse-dialing telephone, IIT-fi I 0 
puLse-width-to-voltage converters, 

111-117 
µulse-wiJU1 n10dulators (PWM), 

III-376, IV-326 
brightness cont.roller, UI--307 
control, mir:roprocessor selected, 

II-116 
motor speed control, II-376, III-389 
multiplier cireuil, 11-264, 111-214 
out-of-bounds detector, III-158 
proportional-umtroller r:ircuit, 

II-21 
servo arnplificr, III-07!.l 
speed controllenergy-rccuverir1g 

brake, III-380 
very short, measurement circuit, 

III-336 
pulse/tone dialer, single-chip, III-603 
pulsers, laser diode, III-311 
µwup circuits 

controller, single chiµ, ll-247 

positive inpuUnegative output 
charge, 1-418 

push switch, on/oIT, electronic, 11-359 
push-pull amplifier, Darlington, V-22 
push-pull power supply, 400V/60\V, 

II-473 
pushbutton power control switch, 

IV-388 
PlJT circuits 

battery chargers, III-54 
long-duration timer, II-675 

µyrorneler, optical, 1-654 

a 
Q-mult.ipliers 

audio, II-20 
transistorized, I-566 

QHP circuits 
18-, V-21-, V-24-.MHz, V-644-645, 

V-f\44 
CVv' transmitter, III-690 
sidetone generator/code practice 

oscillators, V-102 
SWR bridge, III-336 
transmitters, V-10-M DSB 'With 

VFO, V-038-689 
quad op amp, simultaneous 

waveform generator using, 
ll-259 

lJUadratun; oscillators, 111-428 
square-wave generator, III-585 

quiz mast.er ganw, V-210 

R 
race-car motor/crash sound 

generator, 111-578 
radar detectors, II-518-520, 

IV-141-442 
one-chip, II-519 

radiation detectors, II-512-517 
alann, 11-4 
micropower, II-513 
monitor, wideband, I-535 
photomultiplier out.put-gating 

circuit, II-516 
pocket-sized Geiger counter, II-514 

radio/rf circuits 
A11 radio 

car-radio to short-wave radio 
convertPr, TV-GOO 

demodulator, II-160 
power amplifier, I-77 
receivers, 11-525, 111-81, III-529, 

UI-535, IV-455, V-496, V-497, 
V-fi02 

AM/FM radio 
clock radio, I-543 
SLJuekh circuit, II-547, 111-1 

an1ateur radio, III-260, III-534, 
TIT-675 

transceiver relay int.PrfacP, V-243 
VFO, V-532 
voice identifier, V-550 

amplifiers (see rf amplifiers) 



antique radio de filament power 
supply, V-470 

attenuator, IV-322 
automotive receiver, II-G25 
bridge, V-GO-MHz bridge circuit, 

V-303 
broadband, U-546, lII-264, IV-271 
burnt generators, portable, III-73 
calibrator, V-298 
carrier-current circuits, Ill-78-82, 

IV-91-93 
AM receiver, Ill-81 
audio transnlittcr, lll-79 
data receiver, IV-93 
data transmitter, fV-92 
FM receiver, TII-80 
intercom, I-146 
power-line modem, Ill-82 
receivers, 1-141, 1-14:3, 1-145, I-146 
relay, 1-575, IV-461 
remote control, 1-146 
transmitters, I-144 

IC, I-145 
on/off200kHz line, 1-142 

clock, 1-542 
converters, IV-494-501 
ATV receiver/converter, 420 MHz, 

low-noise, IV-496, IV-497 
radio beacon converter, IV-495 
receiver frequeru..:y-converter 

stage, IV-49-9 
SW converter for AM car radio, 

IV-500 
two-meter, IV-498 
up-converter, TVRO subcarrier 

reception, IV-501 
VLF converter, IV-497, V-121 
WWVforcarradio, V-119 
WWV-to-SW converter, IV-499 
receiving converter, 220 MHz, 

IV-500 
current readout, 1-22 
CW-related circuits 
filter, razor sharp, II-219 
keying circuits, IV-244 
offset indicator, IV-213 
SSB/CW product detector, IV-139 
SSB/CW receiver, V-499 
transceiver, 5 W, 80-meter, IV-f\02 
transmitters, UT-f\78, III-684, 

IH-680, III-Of.JO, IV-601 
detector, II-500, IV-433 
direction finder, radio si};lnals, 

IY-148-149 
polar-to-rectangle 

converter/pattern generator, 
V-288 

double-sideband suppressed-
carrier 

modulator, III-377 
rf, II-366 

FM radio, l-G4G 
5 V, I-233 
12 V, I-233 

clock rarlio, AMJFM, I-543 
demodulators, I-544, II-159, 11-

161 
IF arnplificr with quadrature 

detector, TV sound IF, I-690 
generators, low-frequency, III-228 
receivers, I-338, 1-361, lll-80, 

III-530, lll-532, V-495 
snooper, III-680 
speakers, remote, carrier-current 

system, I-140 
squelch circuit for AM, I-547 
stereo demodulation systcnt, 

I-544, II-159 
transnliLLcrs, 1-361, I-367, I-681, 

11-417, III-687-688, IV-228 
tliller, I-231, UT-G29 
wireless microphone, III-682, 

III-685, III-691 
genie, Il-421 

input circuits, NE602, V-GOO 
1nea.surement/test circuits, IV-297-

303, V-412 
modulators, I-436, II-369, III-:372, 

III-374 
oscillators, I-550-551, I-572, V-G28-

532 
5 MHz VF'O, Tl-GGl 
6.5 MHz VFO, V-529 
ham band VFO, V-529 
NE602 circuit, V-531 
transmitter and, 27MHz and 

49MHz, I-680 
rf-~enie, II-421 
shortwave pulsed-marker, V-532 
sidetone, rf-powered, 1-24 
signal generator, V-530-531 

output indicator, IV-299 
power meters, T-lfi, 1-24, III-332, 

IIT-592 
portable-radio 3 V fixed power 

supplies, IV-397 
probe, I-523, lll-498, III-502 
radio beacon converter, TV-495 
radio-conunercial zapper, 

V-334-33G 
rer.eivers 

AM radio, II-525, Ill-81, 111-529, 
III-535, IV-455, Y-4!;16, V-497, 
V-502 

automotive receiver, TI-fi25 
carrier·current, I-141, I-143, 

I-14G, I-146 
CW/SSB receiver, V-80- and 40-

mctcr, V-499 
data receiver, TV-93 
FM radio, I-338, I-361, III-80, 

TI-G2f.l, III-530, III-532, V-4!;15 
old-time design, IV-453 
radio-control receiver/decoder, 

l-574 
reflex radio receiver, TV-452 
short-wave rec:eiver, IV-454 
superheterodyne, V-503 

Till" radio receiver, TV-4G2 
VLF whistler, V-496 

shortwave transmissions 
converters, IIl-114, IV-500 
FET booster, I-561 
receiver, JV-454 

single-sideband (SSB) 
communications 

CW/SSB product detector, IV-139 
driver, low-distortion 1.6 to 

30MHz, II-538 
generators, IV-323 
transmitter, crystal-controlled LO 

for, II-142 
signal tracer probe, audio, I-527 
sniffer, II-210 
static detector, IV-276 
superheterodyne receivers, V-503 
switch, low-cost, III-361 
VHF/UHF diode switch, IV-544 
VLF converter, V-121 
VLF whistler receiver, V-496 
voltmeter, T-40G, III-766 
WWV converter for car radio, 

V-119 
radio beacon converter, IV-495 
radio-control circuits (see also 

remote control devir.es) 
audio oscillator, II-G67, III-555 
motor speed controller, I-576 
phase sequence reversal by, II-438 
oscillator, emitter-coupled, II-266 
receiver/decoder, l-574 
singlc-SCR design, II-361 

radioactivity (see radiation 
detectors) 

rain warning beeper, Il-244, IY-189 
RAM, non-volatile CMOS, stand-by 

power supply, II-477 
ramp generators, I-fi40, II-521-523, 

IIT-52G-527, IV-443-447 
fiGfi based, V-203 
accurate, III-526 
integrator, initial coudition reset, 

111-527 
linear, II-270 
variable reset level, II-267 
voltage-controlled, JI-523 

ranging system, ultrasonic, 111-6~7 
RC decade box, V-294-295 
reaction tiincr, IV-204 
read-head pre-amplifier, automotive 

circuits, III-44 
readback system, disc/tape phase 

modulated, I-8~ 
receivers, (:.ee also transceivers; 

transmitters), 
II-524-526, ITT-G28-535, IV-448-460, 

V-493-503 
50kHz FM optical transrnitter, 

I-361 
acoustic-sow1d receiver, TV-31 l 
AGC system for CA3028 IF 

arnpli:fier, fV-4G8 
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delay awl controls closure time, 
ll-530 

with strohe, I-2GG 
ftrne, V~478 
latching relay, solid-state, V-505 
.light-bcwn operated on/off, I-3GG 
lip,ht-sensitive, V-278 
monostable relay, low-consumption 

design, IV-4 73 
optically coupled relays 

ac, III-418 
de latchit-ig, III-417 

optoisolator, TV-47:i 
polarity-protect.ion for power 

supplies, IV-427 
pulser, sensor-activated, Y-507 
rf-actuated, 111-270 
ringer, ldephone, III-606 
solid-state relays, 1-365, I-623, 

TT-408, IIJ-412, III-416, III-569-
570, IV-472, IV-474, V-505-506 

sound actuated, 1-576, I-610 
telephone, I-631 
tirne delayed, T-219, I-fifi3, V-506 
tone actuated, I-G7G 
'l'R drcuit, II-532 
triac, contact protection, 11-531 

remote control devices (see also 
infrared; radio-control circuits), 
lV-224, V-229, V-508-513 

NB switch, IR-controlled, V-225 
ac switch hookup, t.wo-way, V-592 
amplifier, I-99 
analyzer, V-224 
carrier, currenl. 1-146 
drop-volta.1-(e recovery for long-line 

systems, IV-328 
extender, infrared, IV-227, V-512 
fax/telephone s"'itch, IV-552-553 
infrared circuit, lV-224 
lamp or appliance, I-370 
loudspeaker via IR link, T-343 
loop transmitter for, IIJ-70 
on/off switr:h, I-G77 
n~r:eiver, V-510, V-513 
ringer, telephone, III-614 
sensor, temperature transducer, 

I-64U 
servo systern, I-575 
telephone monitor, TI-fi2G 
te1nperature SP.nsor, II-654 
tester, infrared, IV-228, V-228, V-229 
thermometer, II-669 
transmiltcr, V-509, V-513 

interface, V-511 
ultrasonic. V-512 

transmitter/receiver, IR, 1-042 
video switch, IV-61U-621 

repeaters 
beeper, 1-19 
C:uropcan-type, tone burnt 

generator for, JII-71 
fiberoptic link, I-270 
telephone, JII-607 

reset buttons 
child-proof cmnputer reset, fV-107 
power-on, n-:366 
proter:tion cir<:uit for computer, 

IV-100 
resistance conlroller, digital, V-159 
resisllmcc/continuity testers, I-550, 

I-551, H-242, IT-fi33, II-534, 
TT-G3fi, III-345, III-538-540, 
IV-287, IV-289, IV-2U5, lV-296 

audible, V-317 
audible, adjuslable, II-536 
buzz box, 1-551 
cable tester, III-5.'39 
latching design, fV-295 
low-rP.sistance circuiis, V-31[) 
.ohmmeter, linear, Ill-540 
PCB, II-342, ll-535 
ratiomelric, l-550 
HC decade box, V-2!M-295 
resistance-ratio detector, II-342 
single chip checker, II-534 
visual; V-2U3 

resistwtcc-to-voltage converter, 
I-161-162 

resistor multiplier, JI-199 
resistors, voltage-controlled, I-422 
resonator oscillator, varactor tw1ed 

10 MHz ceramic, 11-141 
restorer, video de, III-723 
reverb effed 

wtalog delay line, fV-21 
stereo system, I-002, I-606 

reversing motor drive, de control 
signal, II-381 

rf amplifiers, ll-537-549, III-542-547, 
IV-476-493, V-514-527 

1 V./, 2.3 GHz, TT-540 
2 metP.r FET power amplifier, V-521 
10 W, 225-400 MHz, Il-548 
10-W, 10-M linear aruplifier, V-520 
10 dB-gain, lll-543 
2- to 30 Mllz, III-544 
4 W amp for 900 MHz, TV-4 77 
5 y.,r 150-MHz, HI-546 
5 W power, II-542 
6-meter kilowatt, II-545 
0-meter preamp, 2UdB gain and 

low-NF, II-543 
20 W, V-1296-MHz module, V-fi22 
20 W, V-450 MHz amplifier, V-519 
:JO MHz, V-Fi19 
fiO W 225-400 MHz, III-547 
125 W, 150 MHz, II-544 
455-kHz IF runplifier, V-522, V-523, 

V--524 
500 MHz, IV-491 
1,296 MHz, JV-486 
!,GOO W, IV-478-479 
AGC, wideband adjustable, III-545 
broadcasl-bw1d, III-264, II-546, 

IV-487, V-516, V-517 
buffer amplifier 'vith modulator, 

IV-490 

ca~r:ode amplifier, IV-488 
common-gate, 450-MJ!z, lil-544 
GaAsFET prewnpliller, V-4:35 MHz, 

V-516 
HF' preamplifier, V-515 
HF/VHF switchable active anterma, 

V-524 
IF wnpWicr, V-455-kHz, V-522, 

V-523, V-524 
IF amplifiers, V~45-MHz, crystal 

filter, V-527 
isolation arnplifier, ll-547 
LC tuned, V-525 
linear runpWlers, IV-480-485, V-520 
low-dllitortion 1.6 to 30MHz SSB 

driver, U-fi.38 
meter-rlriver, 1-MHz, III-545 
MOSFET rf-amp stage, dual-gate, 

IV-489 
power runpWiers, I-559, TT-G42, 

III-542, V-517, V-519, V~521, 
V-52:i 

preamplifiers, V-527 
GaAsFET, V-516 
HF, V-515 
receiver/scanner with MAR~ 1 

MM:IC, V-.521 
VHF/UHF, V-515 
wideband, V-526 

preselectors, IV-483, lV-485, 
IV-488 

receivcr/scrumer prean1p with 
-MAR-1 MM:IC, V-521 

TV sound systf~m, V-519 
UHF, V-523 
IJHF -TV amp/preamp, III-546, 

IV-482, IV-483 
VHF/UHF prcwnplifier, V-515 
wideband amplifiers, IV-479, IV-

489, TV-490-493, V-518, V-519, 
V-G2G 

rf circuits (see radio/rO 
RGB video amplifier, III-709 
RGB-cornposite video signal 

converter, III-714 
HGB-to-NTSC converter, IV-611 
ring counters 

20 kHz, II-135 
incandescent lamps, I-301 
low-cost, I-301 
pulse circuit, low-power, IV-437 
SCR, lll-195 
variable timing, II-134 

ring launcher game, 
electromagnetic, V-209 

ring-arow1d flasher, LED, JTI-194 
ringers, telephone, t-628, IV~556 

detectors, ring detectors, I-634, 
T-635, III-611, III-619 

extension-phone ringer, IV-561 
high-isolation, II-625 
multi-tone, rernotc programmable, 

II-634 
musical, II-619 
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ringers, lclcphonc (cont.) 
piezoelectric, I-6:36 
ping-in, remote, TJ-627 
relay, III-606 
remote, Il-627, III-614, IV-562 
silencer, lV-557 
tone, T-627, 1-628, II-630, II-631 

ripple suppressor, IV-17G 
fixed power supplies, IV-396 

RLC oscillator, III-423 
nus-to-de converter, I-167, II-129 

thern1al, 50-Mllz, lll-117 
true nns detector, I-228 

road ire alann, TI-57 
robots 

eyes for, II-327 
light-seeking, II-325 

rocket law1cher, ll-358 
room monitor, V-369 
root extractor, V-207, V-288 
rotation detector, II-283 
roulette, electronic, II-276, IV-205 
HS-2;32 interface 

CMOS-to, line receiver, llI-102 
rlataselector, automatic, III-97 
drive circuit, low-power, ITI-175 
LED circuit, III-103 
line-driven CMOS circuits, IV-104 

!iS llip-flop, 1-0!J5 
RTD signal conditioners 

5V powered linearized µlatinuut, 
JJ-650 

predsion, linearized platinum, 
II-639 

RTTY machines, fixed current 
supply, IY-400 

nunble filters, III-192, Ill-660, 
fV-17S 

LM387 in, I-297 
turntable, IV-170 

s 
S meter, III-342, V-311 
safe area protection, power 

amplifier with, III-45!.l 
safety circuits (see protection 

drcnits) 
safety flare, II-608 
Sallen-Key filters 

10 kHz, 1-279 
500 Hz bandpass, I-2!.ll 
current driven, V-189 
low-pass 

active, IV-177 
equal component. I-292 
secoud order, 1-289 

sample-and-hold circuits, I-590, 
IT-fifi2-559, JJI-548-553, 
V-502-G03, V-S33-534 

x 1000, I-589 
charge-compensated, II-559 
de-glitch circuit, V-336-337 
fast and precise, 11-556 
filtered, Ill-550 
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frequency-to-voltage conversion, 
IY-Hl4 

high-accuracy, l-5!JO 
high-performance, II-557 
high-speed, l-G87-G88, 1-590, ITT-550 
infinite, II-558 
inverting, Ul-552 
JFET, I-586 
\ow-drift, I--586 
offset adjustment for, T-588 
three-channel multiplexer ¥.'ith, 

III-3!J6 
track-arid-hold, 1II-54!J, III-552 

satnplin}( circuit, hour tiinc delay, 
11-668 

saturated standard cell ainplifier, 
II-290 

sa\.\'tooth waves 
converter, IV-114 
generator, 

digital design, IV-444, IV-446, 
V-491 

linear, V-205 
lr-iggered, Y-204 

oscillator rnodulator, 111-073 
pulse generator and, III-241 

RCA (.see silicon-controlled 
amplifiers) 

scale, I-398, V-297 
scaler, inverse, I-422 
scrulller, bar codes, III-363 
scruu1ers, rccciver/scmmer preamp 

with :MAR-1 :MMIC, V-521 
Schmitt triggers, I-593, III-153, V-356 

crystal oscillator, T-181 
programmable hysteresis, I-592 
square-wave generators, V-569, 

V-570 
transistorized, V-204 
TTL-compatihle, II-111 
without hysteresis, I-592 

SCR (see silicon-controlled 
rectifiers) 

scrrunblcrs, audio (see also sound 
generators; voice-activated 
circuits), TV-25-27 

telephone, II-618 
voice scramblerfdescramhler, 

IV-26, IV-27 
scratch filters, III-189, IV-175 

LM287 in, 1-297 
second-audio prograrn (SAP) 

adapter, III-142 
security circuits (see alarms; 

mmunciators) 
sense-of-slope tilt rneter, ll-664 
sensors"(see alaTms; fluid and 

moisture; light-controlled 
circuits; motion/proximity 
detectors; motor control 
circuits; smoke detectors; speed 
controllers; lcmperature-related 
circuits; toue controls) 

sequence indicator, phase, I-476 

sequenr.er, pm~udorandom, TII-301 
sequential flashers, I-109, II-233, 

Il-238 
sequential tirner, Ill-651 
series cormectors, telephone, 111-60!.l 
.servo amplifiers (see alsn motor 

controls), I-452 
400 Hz, 11-386 
bridge type ac, 1-458 
de, I-457 
motor drive amplifier, II-384 

servo systems (see al.~o motor 
controls) 

controller, III-384 
remote control, 1-575 

shaper, sir1e wavc, 11-561 
shift registers, I-380, II-366 

driver for, I-418 
shifter, phase (see phase) 
ship siren, electronic, II-576 
short-circuit proof larnp driver, 

II-310 
.short-drcuit tester/sensor, V-315 

computer remote data lines, IV~102 
for 120-Vequipment, V-313 

shortwave lransmissions 
converters, 111-114, IY-500, V-118 
FET booster, I-561 
noise limiter, V-397 
notch filter, V-18.G 
pulsed-marker rf oscillator, V-:132 
receiver, IV-454, V-501 

shunt, multimeter shunt, IV-293 
shutdown circuils (see protection 

circuits) 
shutoff, automatic, battery-powered 

projects, III-61 
shutter speed tester, II-445 
sidetone oscillator, rf-powered, 1-24 
signal amplifiers, audio, II-41-47, 

TV-34-42 
signal attenuator, analog, 

microprocessor-controlled, 
III-101 

signul combiner, III-368 
signal conditioners, lY-649 

5V powered linearized platinurn 
R'T'D, TT-650 

bridge drcuit, strain gauge, IT-85 
linearized RTD, precision design, 

Il-63!.l 
LVDT, Il-:J38 
themlally stabilized PIN 

photodiorle, II-:130 
signal distribution amplifier, I-39 
signal generators (see function 

generators; sound generators; 
waveform ,i;ienerators) 

signal injectors, III-554-555 
signal sources, c:rystal-controlled, 

II-143 
signal tracer, V-309 

lhree-in-one set: logic probe, signal 
tracer, irtjeclor, IV-42!.l 



signal-strength meters, TTI-342, 
IV-100 

silent alarm, V-16 
silicon-cont.rolled runplificrn (t::ICA), 

V-535 
decoder, I-214, II-10!), TT-170 
demodulator, II-150, III-565 
MPX-SCA receiver. IIl-530 
subcarricr adapter for FM tw1ers. 

V-536 
silicon-controlled rectifiers (SCR) 

circuits 
annunciator, self-interrupting load, 

IV-D 
chaser. IU-1\J7 
crowbar, 11-496 
flashers, II-230, IH-197 

.:hasf\r, TTI-197 
relaxation, II-230 
ring counter, III-105 

flip-flop, 11-367 
full-wave, I-375 
gas/smoke dete<:tor, III-2fi1 
preregulator, II-482 
proximity alarm, III-517 
radio control using, 11-061 
relaxation flasher, Il-230 
rclaxatio11 oscillatur, III-4:30 
ring counter, TIT-195 
tester, III-344 
time delay circuit "'ith, II-670 
triggering series, optically coupled, 

III-411 
sirnulators 
EKG, three-chip, III-350 
inductor, IT-199 
VOR signals, IV-273 

sine-to-square wave converter, 
IV-120, V-124. V-125, V-56\J, 
V-570 

sine-wave descramhler, TI-10.~ 
sine-wave generators, IV-505, 

IV-506, V-542, V-543, V-544 
60 Hz, IV-507 
audio, ll-564 
buttery powered, V 541 
LC, IV-507 
LF, TV-512 
oscillator, audio, TII-fifi9 
square-wave and, tunable 

oscillator, III-232 
VLF audio lone, IV-508 

sine-wave oscillators, I-65, II-560-
h70, II1-fifi0-fifi9, ITT-GOO. IV-:l01-
513, V-539-544 

1-Hz, V-542 
60-llz, highly stable, V-540 
.555 used as RC audio oscillator, 

TT-567 
arljustahlP, ll-S08 
audio, II-5G2, II-564, III-659 
generators (see sine-wave 

generators) 
LC oscillator, low-frequency, 1 V -509 

low-rlistortion, 11-501 
one-IC audio generator, 11-569 
phase-shift, audio ranging, JV-510 
prol-(rrumnable-frequency, IIl-424 
relaxation, modified TJJT for clP.an 

audio sinusoids, II-566 
shaper, sine-wave, V-543 
sine wave shaper, 11-561 
sine/square wave TTL oscillator, 

IV-512 
two-tone gP.nerator, TI-S70 
two-transLstor design, IV-508 
variable, super low-distortion, 

111-558 
very-low-distmtion design, IV"509 
voltage-controlled oscillator, V-666 
\'lien-bridge, T-00, 1-70, lT-GOfi, 

IV-510, IV·513, V-541 
sine-wave output buffer amplifier, 

1-126 
sir1e/cosine generator, 0.1 to lU kHz, 

Il-260 
sine/square wave converter, I-170 
sine/square wave oscillators, I-65 

easily tuned, 1-65 
TTL design, lV-512 
twiable, III-232 

single-pulse genPrator, TT-17h 
singlf\-sidehand (888) 

communications 
C\V/SSB product detector, IV-13U 
CV.'/SSB receiver. V-4!.l!J 
driver, low-distortion 1.6 to 30MIIz, 

II-538 
generators, IV-323 
transmitter, crystal-controlled LO 

for, II-142 
sirens (see also alarms; sound 

1-\eHerators), I-606, TI-571, 
III-.560·568 

alarrn using, II-S72, 11-573, 
IV-514-517 

7400. II-575 
adjustable-rate prograrnmablc-

frequeru;y, III-563 
L'ledronic, III-566, IV-515_ IV-517 
generator for, TT-fi72 
hP.P.-haw, TI-fi78, 111-SO:J 
high-power,--11-578 
linear IC, III-564 
low-cost design, IV-516 
rnultifwtction systenl Jor. Il-57 4 
ship, electronic, TT-570 
sonic rlefender, IV-324 
Star Trek red alert, II-577 
tone F(enerulor, 11-57:3 
toy, Il-575 
TT'L gates i11, TT-576 
two-state, lll-Gfi7 
twTi-tone, III-Gfi2 
varying frequency warning alarm, 

II-679 
wailing, 111-560 
wttrble-toue siren, IV-515, IV-516, y,7 

whooper, IV-517 
yelp oscillator, Il-577, Ill-562 

slave-flush trigger, !V-!380, lV-382 
slide timer, Ilf·444, TH-448 
slot machine. electronic, V-211 
smart clutch, auto air conditioner, 

III-46 
smoke alanns and detectors, II-278, 

IIT-246-253 
gas, I-882 
ionization chamber, I-332-333 
line-operated, IV-140 
operated ionization type, 1-596 
photoelectric, I-595, I-596 

sniffers 
heat, eledronk, ITT-627 
rf, TT-210 

snooper, FM, III-680 
socket debugger, coµroccs8or, 

111-104 
soil heater for plants, V-883 
soil moisture meter, TTI-208 
solar circuits (see 

photod.iode/p1tolocleclric 
circuits) 

soldering iron control, V-327 
soklering station, IR-contrnlled, 

JV-22fi 
solenoid drivers, I-265, III-571-573 

12-V latch. Ill-572 
hold-current limiter, 111-570 
po\ver-cousWLiption limiter. III-572 

solid-state devices 
ac relay, IT1-fi7fJ 
electric fence charger, II-208 
high-voltage supply, remote 

adjustable, 111-486 
lij{ht sources, V-282-283 
load-sensing S\Vitch, V-28fi 
relays, TTT-5fi9-G70, V-:105, V-506 
stepping switch, Il-612 
switch, line-activated, lclephonc, 

lll-617 
80nic defender, IV-324 
sound-activated cirruits (.wm sound­

opera.ted dr.:uits) 
smmrl effects (see sound 

generators) 
sound generators (see also burst 

generators; fw1ctiun gc11erators; 
sirens; wavefom1 generators), 
I-605, Il·585-h9:1, TTI-fiG9-fJ08, 
III-57G, IV-15-24, IV-518-524, 
V-394-385, V-556-567 

acoustir: field 1'\l'Itenitor, V-:J:33_:341 
alarm-tone generator, V-Gf\8 
amplifier, voltage-cont.rolled. IV-

20 
amplifier/compressor, low­

distortion. IV-24 
allophone. lll-7:33 
audio-frequency generator, V 416· 

417 
audio tone generator, Vl,F, TV-G08 
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sound generators (cont.) 
autodrw1t, Il-591 
bagpipes, elect.romc, lII-561, l\1-521 
beat-frequency, IV-871 
beeper, V-558 
bin!. chirp, 1-605, 11-588, Ill-577 
bongos, II-587 
canary sirnufa.t.or, V-ilf17 
chime generat.or, II-001, TV-il24 
chug-chug, lII-576 
dial tone. 1-62!.l, 111-60!.l 
ditltcriziHg circuil, iligilal audio 

use. rv-2:3 
doorbell, musical tones, lV-522 
doubler, a11dio-freq1ienc:y rlrnibler. 

N-lG-17 
dual-tone sounder. V-564 
echo illtd rcvcrb, analog delay line. 

IV-21 
eler.tronir, TIJ-:-mo 
envelope generator/modulator. 

11-601 
equalizer, 1\.'-18 
fader. TV-17 
frpq11enc:y-shift keyer. t.one-

generator t.est. drt:nit, T-72:~ 
funk box, II-593 
fuzz box, II-5UO, IIl-575 
f(oHF(, clcclrunic. V-56:3 
guitar COlllµI'L'SSOr. lV-51\J 
han11onic generator, 1-24, lV-64!.l 
high-freq11ency signal, III-160 
hold for telephone, TT-fi2:1 
instnunent tune-up, audio 

generator. V-3!JO 
luw-lcvd sow1dcr, V-564 
noise generators, I-467, 1-468. 

1-109, IV-208, V-.'395 
octave-shifter for muskal effer.t.s. 

lV-523 
one-IC Llesign, 11-56!) 
perfect pitch circuit, \ -J\Jl 
phasor sotmd generator lV-523 
pink noise, T-4fi8 
portable, I-fi25 
pulsed-tone alarm, V-559 
race-car rnotor/crash. III-578 
rw1-duwu dock for games, IV-206 
SOW!d cfkcls, 111-574-578 
siren, V-5.59, V-565, V-,567 
sound-effert.s generator, V-565 
space-age sonnd mac:hine, V-Gfi2 
spaceship alarm. V-660 
speech dcleclors, 11-617. 111-615 
st.earn locomotive wltistll', 11-58!.l, 

III-Sfi8 
steam train/prop plane, Jl-G92 
stereo system. derived center-

dtrumcl, lV-2:3 
SUPL'r, IIl-564 
synthesi:ter, 11-599, V-561 
telephone rail-tone generator, 

1V-:Jfi2 
telephone ringer, II-OJ 9 
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tone burst gr•nerator. repeat.Pr. 
V-62!.l 

LUI\l' chirne, V-560 
tone gener<iiors, 1-604, 1-025 
t.op octave gPneratnr, V .'iff3 
Touchtone dial-tone, telephone. 

111-60!) 
traiu cltufkr, 11-388 
trenmlo circuits. 111-692-695, 1V-

G89 
twang-twang. II-:J92 
two-tone, II-570. V-629 
ultrasonic sound source. IV-605 
vcry-luw-l'n'(!Uency, 1-64 
vocal eliminator, 1\1-lf.l 
vnke circuits, Ill 729- 7;34 
wan->v&'l. drc1iit, ll-fi9() 
warbling tone. II-:)78 
while noise, lV-301 

sumtd-upl'r<tlL'd circuiLs (see (l/so 
iiltra.snnic c1rcu1b; vuicl'-
01wra1.ed drc11it.s), ll-G80-il84, 
lII-579-580, IV-525-528, 
V-545-555 

arnplilkr. gaiu-cuntrollcd. IV-628 
color orgau, II-58!3, ll-584 
decoder, III 145 
fadPr. V-:J·19 
flash triggers. 1--181. II-,H9, IV-:382 
kaleidoscope. sonic. V-:)48-:)49 
lighLs. 1-60!.l. V-552 
ll\ClllU alert, V-:J52 
nois1_• clipper, 1-:396 
relay. T-fiOR.1610 
sh:l'p-rno.dP rirruit, V-il47 
s\\itch, II-381. III-:J80, IIl-000. 

111-601, lV-026-527. V-:)63, 
V-555, \'-5!)() 

ac, 11-fiRl 
t.wo->vay, 1-fi!O 
voice-opPrated, III-:180, IV-:J27 

speech activity detector. 
Ldephone, 111-616 

vuice-uµcrated switch, 111-580 
vnx bo;.;, II-582 
\Vhisrle-activated switch, V-551 

sources (see c11rrPnt srnJrcPs: 
voltage sources) 

source followers 
boot.strapped. V-20 
JFJ..;'1', \'-20 
phutudiudic, 111-41!.l 

SPOT swit.rh, ac:-static. Tl-012 
space-age sound machine, V-:ifi2 
space war. 1-606 
srx11_'t'shiµ alann, V-F.60 
speakPr systems 
~"M carrier c1Jrrent remote, I 140 
hand-held transcl,ivPr-amplifiers. 

II1-:39 
overload protector for. 11-16 
proLcctiou drcuil. V-476, V-47!.l 
wireless, 11{. 111-272 

speakerphuw_•, II-611.111-G08 

spPctrurn an;J.!y~er adapter, 
osdllosc:opPs, V-424 

speech-related circuits 
acLhily detector. II-617. III-619 
l'UHL[JI't'SSlll', Jl-15 
filtPr 

.100 Hz-8kHz handp:1ss, l-29G 
second-order, 300-to-3.400 Hz. 

lV-174 
spceclt-r<:u1gc bandpass filter, 
v 185 

two-sPrtion, :~OO-to-1,000 Hz. 
IV-171 

network, II-033 
scrambler, V-554 

spt'('d alarm, J-!)5 
spt'ed coutrullcrs (see also ntoLur 

control). 1-450, T-45'.3, TT :378, 
II-.179, II-·1il!l, V-880, V-881 

back EMF P:\1. II-37D 
casscLtc-deck rnotor speed 

calibrator, 1v~353 
dosPrl-loop, 111-.iR:i 
fans. automat.ic, III-882 
-feedback speed, 1-447 
de rnotorn, 1-452, 1~'154, III-377, 

111-;J8(), 111-'.J88 
1_k v;u"iablc, IiberuµLic, 11-206 
fp-prJhack. r 447 
f1xerl, JII-887 
high-effir.iency, III-890 
high-torque motor, I-449 
light.-acl-ivated/controlled. lV-247 
Joad-depe11denl. 1-451 
model trains omd/or cars, 1-453, 

l-4f1G. IV-T'lR 140 
mot.or (.~ee motor controls; 

tachometers) 
µuwer Luol lorque, 1-458 
P\VM, II-:376, 111-380, V-:J81 
radio-controlled, I-576 
s<0ries-wo11nd motors, T-448, 11-450 
shunt-wound motorn. Tl-1fi(i 
stepper motors, direction and 

sµeed control, lV-350 
switdted-mudc.111-:384 
tadtumdL'rs, 1-94, 1-100, 1-102.11-

175, Tll .3.'36, III-'.340. III-347 
analog rPafiout, TV 280 
calihrated, IIl-G98 
closed loop feedback control, 

11-:JUO 
Lligital reaLlouL 11-61. 111-45, 1V-

2n8-2H!=!, TV-278 
dwell meter/t.achometer, TTT-1G 
feedback control, II-378, II-390 
frequency counter, 1-:310 
low-JrcquL'Jtey, 111-5!.l6 
minimum-co1nponer1t des~11, 

l-·J();) 

motor spE>ed cont.rollers. IT-878, 
II-389 

optical pick-up, IIl-347 
set. poinL, 111-47 



tachometerless, III-386, IV-34D 
tools and appliances, l-446 
universal motors, I-457, II-451 

speed warning rlP.vicP., T-9fi, I-101 
spP.P.rlometers, bicycle, IV-271, IV-282 
splitters, III-581-582 

ballery, lll-66 
phase, precision, IIT-582 
precision phase, 1-177 
voltage, III-738, III-7 43 
wideband, III-582 

squarer, precision, 1-615 
squure-w<ive ,lo(enerators, II-594-600, 

III·583-585, IV-529-536, 
V-Gfi8-G70 

1 kHz, IV-G3G 
2 MHz using two TTL gates, II-5D8 
10-Hz Lo 10-kHz VCO, V-570 
60-Ilz, V-569 
555 timer, TT-59G 
astable circuit, II-597, IV-534 
CMOS 555 astable, true rail-to-rail, 

Il-5D6 
duty-cycle nu1ltiv1brator, III-50-

percent, IU-584 
fonr-clecade clesign, IV-53G 
high-current oscillator, III-585 
line frequency, II-599 
low-frequency TTL oscillator, 11-595 
rnultiLurst generator, II-88 
1nultivibrator, IV-536 
oscillators, T-613-014, TI-G97, TI-filfi, 

IV-G32, IV-S33, V-Sfi9 
0.5 Hz, I-616 
lkHz, I-612 
frequency doubled output, II-596 

phase-tracking, three-phase, TT-598 
pulse extractor, III-584 
quadrature-outputs oscillator, 

111-585 
Schrnitt tr.LAAer, V-569, V-570 
sine-i.vave and, tunable oscillator, 

TII-232 
sine-to-square wave converter, 

V-569, V-570 
three-phase, 11-600 
lone-burst ,lo(enerator, single tinler 

IC, II-89 
triangle-wave and, TTT-239 

precision, III-242 
programmable, III-225 
wide-range, III-242 

TTL. LSTTL, CMOS desi,isns, 
TV-510-'132 

variable duty-cycle, IV-533 
variable-frequency, IV-535, V-570 

square-\ntve oscillator 
;i;;table rnultivibratur and, V-386 

square-to··sine wave convert.ers, 
111-118 

squelch circuits, II-394 
AM/FM. I-547 
voice-aclivaled circuils, JV-624 

squib firing circuits, 11-357 

stabilizers, fixed power supplies, l\'-
39;3, IV-406 

stairca.se generat.ors, (.sne a1so 
function generators; waveform 
generators), I-730, II-601-602, 
lll-586-588, l v -443-44 7 

stand-by power supply, non-volatile 
CMOfi RAMs, II-177 

standard, precision calibration, I-406 
standard-cell amplifier. saturated, 

ll-2!.l6 
sta.11din,l.l wave ratio (S\VH) 

meter, fV-269 
power meter, 1-lG 
QRP bridge, III-336 
warning indicator, I-22 

Star Trek red alerl siren, 11-577 
sta1t-<md-ruu motor circuit, III-382 
state-of-charge indicator, lithium 

battery, II-78 
state-variable filters, II-215, III-18!.l 

mulliple oulpuLs, lll-1!.lO 
second-order, lkHz, Q/10, I-293 
universal, T-290 

static cletector, TV-27() 
steam locomotive sound effects, 

II-58D, II-5U2, lll-568 
step-up swilchirig rq~ulalor, 6V 

battery, II-78 
step-up/step-down rlc-rlc converters. 

IIT-118 
stepper motors (see al<;o motor 

control circuits), V-571-573 
direction conlrol, IV-:J50 
drivers, ll-!3?6, II-390 
bipolar, V-572 
FF.T-based, V-:'"i73 
half-step, IV-349 
quarler-slep, 1V-:J50 

dual clock circuit, V-573 
speed and direction, TV-:1:JO 

stepping switr:h, solid state, II-612 
stereo/phonograph (hi-fi) circuits, 

V-574-584 
acoustic field generator, V-338-341 
amplifiers, 1-77, I-80-81, I-89, I-670, 

II-9, II-43, TI-45, fTI-34, TTT-37, 
Tll-88, TV-29, IV-8.G, JV-80, TV-fifi 

hass tonf! control, V-584 
mini-stereo amplifier, V-583 

audio level nteler, 1v~:J10 
J.tudio µowl'r ounplifiers, V-40, V-

48 
audio power meter, IV-306 
audio signal amplifier, V-58 
balance circuits, 1-618-619, II-60!3-

605, V-583 
booster amplifier for car stereo, V-72 
compa.ndf!r, II-12, IIJ-93,·III-95 
expander, II-13, III-93, III-95, V-582 
decoders, II-18, II-167-169 
demudulalors, l-544, ll-159 
derived ccuter chamtel stereo 

system, IV-23 

FM stereo transmitter, V-575, V-580 
frequencyrlecod~r, TT-lfi9 
frequency division multiplex, II-169 
loudspeaker protector circuit, V-483 
mixers, 1-55, IV-:J32 
power n1eter, III-331 
preamplifiers, I-90, I-91, II-43, 

II-45; III-37, III-671, III-673, 
IV-35, IV-36, V-581, V-584 

reception iruJicatur, III-269 
reverb systems, I-602, I-606, U-9 
speaker proter.tion rircuit, V-17G, 

V-179 
TDM decoder, II-168 
test circuits, I-618-61!.l, UI-26D, 

Ill-331, IY-306, lV-310 
tune control circuit, high-Z input, 

T-676 
T\1-stereo decoder, II-167, V-576-

579, V-580 
slirnulalur, constant-current, III-352 
stirnulus isolator, III-351 
stop light, garage, II-G3 
strain gauges 

bridge excitation, III-71 
bridge signal conditioner, 11-85 
iristrwnentation amplifier, III-280 

strobe circuits, JI-606-610 
alarm system, V-fi-7 
clisco-, II-610 
high-voltage power supplies, 

IV-413 
safely flare, ll-608 
tune burst generator, II-90 
trip switch, sound activated, 1-483 
variable strobe, III-589-590 

stud finder, III-339 
subhannunic frequencies, crystal-

stabilized TC timer, TT-151 
suhtractor circuit, III-327 
subwoofer amplifier, V-49, V-50 
successive-approximation AID 

converter, 1-45, ll-24, ll-30 
swrunirig arnpWlers, I-37, III-16 

fast action, I-:36 
inverting, V-18, V-20 
precision design, I-3G 
video, clamping circuit and, IIF710 

sun tracker, III-318 
supcrhcterodyne receiver, 3.5-to-10 

MHz, IV-450-451 
supply rails, current sensing in, 

II-153 
suppressed-carrier, double­

sideband, rnudulator, III-377 
sweep generators (see aL~o funr:tion 

generators; wavefore 
generators) 

10.7 MHz, I-472 
add-on lri.ggered, I-472 
oseillu~cope-triAAered, III-438 

switches and switching circuits, 
TT-611-612, IIT-G91-fi94, IV-S37, 
V-fi8fi-G93 
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s\.Yitches and switching circuits 
(r,ont.) 

ac switches, III-408, IV-387 
ac power switch, V-112, V-115 
analog switches, I-621, I-622, III-

593 
antenna selector, electronic, 

IV-538-539 
audio switch, eighl-dmrutel, 

V-588-589 
audio-controlled switch, V-590 
audio/video switcher circuit, 

IV-540-541 
auto-repeat switch, bounce-free, 

IV-545 
bidirectional relay switch, IV-472 
bi'!table switch, mechanically 

controlled, IV-fi4fi 
contact, I-136 
controller, III-383 
dark-activated, V-274, V-276 
de controlled, V-586, V-592 
de static, II-367 
debouncers, III-592, IV-105, IV-106, 

IV-108, V-316 
delay, auto courtesy light, III-42 
dllruner switches, I-369, II-309, 

IV-247, IV-249 
BOOW, 11-309 
de lamp, II-307 
four-quadrant, IV-248-249 
halogen lamps, lII-300 
headlight, Il-57, U-63 
low-cost, I-373 
soft-start, 800-W, I-376, IIJ-304 
tandem, II-312 
triac, I-375, II-310, III-303 

DTL-TTL controlled.buffered 
analog, I-621 

fax/telephone switc:h, 1V-fifi2-fiG3 
FET, de controlled, V-592 
FET dual-trace (oscilloscope), 

II-432 
flex switch, alann sounder circuit, 

V-15 
frequency switcher/oscillators, 

V-418 
Hall-effect, lII-257, IV-539 
headlight switching circuit, V-75 
hexFET switch, Y-5~2, Y-593 
high-frequency, I-622 
high-side power control switch, fl V 

supply, IV-384, IV-385 
infrared-activated, IV-345 
IR-controlled NB switch, V-225 
kill-switch for batteries, V-71-72 
latching, SCR-replacing, 111-593 
light-operated, II-320, III-314, 

V-274, V-278 
adjustable, I-362 
capacitance switch, 1-132 
light-controlled, II-320, III-314 
photoelectric, II-321, II-326, 

III-319 

744 

self-latching, V-278 
solar triggered, III-318 
zero-point triac, H-311 

load-disco1mect switch, V-591 
load-sensing, solid-state, V-285 
mercury-switch tilt detector, V-302 
MOSFET power control switch, 

IV-086 
on/off iuverter, III-594 
on/off switch, I-577, II-359, TV-543, 

TV-fi46 
optical safety-circuit switch, V-409 
optically coupled, Ill-408, III-410 
oscillator-triggered switch, V-590 
over-te1uperature switclt, IV-571 
photocell 1nemory, ac power 

control, T-363 
photoelectric, II-321, II-326 
proximity, III-517 
push on/off, U-059 
pushbutton power control switch, 

TV-388 
remote switches, I-630, I-577, V-592 
rf switches, III-361, III-592 
rotary switch, BCU digit.al, V-160 
saJet.v switch, V-589 
satellite TV audio switcher, TV-548 
solar-triggen'!d, III-318 
solid-state stepping, II-612 
sonar transducer/, III-703 
sound-activated, I-610, ll-581, 

111-580, Ill-600, 111-601, 
IV-526-527, V-553, V-555, V-590 

speed, I-104 
8PDT, ar-static, II-612 
switching controller, III-383 
temperature control, low-power, 

zero-voltage, II-640 
thennostatic, for auto fan, V-68 
tone switch, narrowband, IV-542 
touch switches, I-131, I-135-136, 

Il-690-693, 111-661-665, 
IY-590-5~4, V-270 

tuuchon1atic, II-693 
TR switch for antennas, automatic, 

V-37 
triac s\\itches, I-623, II-311, IV-253 
two-channel, 1-623 
two-way switch wiring, V-591 
ultrw;onic, I-683 
under-temperature switch, IV-570 
VHF/TJHF diode rf switch, IV-544 
video s\\itches, III-719, III-725, 

III-727, Ill-728, IV-618-621, 
V-587 

video/audio switc:h, V-G86 
voice-operated, I-608, III-580, 

IV-527, V-553 
whistle-activated switch, V-551 
wiring for two-way switch, V-591 
zero crossing, I-732 
zero point, I-373, IJ-311 
zero-voltage switching, I-623, 

lII-410, III-412 

switched-mode power supplies, 
II-470, III-458 

24- lo 3.3-V, V-462 
5- to 3.3-V, V-462 
50 W, off-line, lII-473 
100 kHZ, multiple-output, III-488 
converter, V~461 
synchronous stepdown regulator, 

V-468 
voltage regulators for switched 

supplies, V-453 
3 A, III-472 
5 V, 6 A, 25 uHz, separate 

ultrastable reference, I-497 
6 A variable output, T-513 
200 kHz, T-491 
application circuit, 3W, I-492 
fixed power supplies, 3 A, IV-408 
high-current inductorless, III-4 76 
low-power, III-490 
multiple output MPU, 1-513 
positjve, I-498 
step-down, I-493 
step-up, 6V battery, II-78 

converter, +50V push pull, I-494 
inverter, 500 kHz, 12 V, II-474 
power amplifier, I-33 

switched light, capacitance, 1-132 
switching/mixing, silent audio, 1-59 
sync circuits, V-594-595 

combiner, V-595 
gatin,li circuit, V-595 
separators, TU-715, IV-616 

synthesizers (see al.so musical 
circuits; sound generators) 

four-channel, I-603 
frequency, programmable voltage­

controlled, II-26fi 
music, I-599 

T 
tachometers, I-94, I-100, I-102, 

II·l 75, III-335, III-340, ITI-347, 
V-65, V-G96-G98 

analog readout, IV-280, V-597-598 
calibrated, III-598 
closed loop feedback control, Il-390 
digit.al readout, ll-61, III-45, 

IV-268-269, IV-278 
dwell meter/tachometer, 111-45 
feedback control, II-378, II-390 
frequency counter, I-310 
low-frequency, 111-596 
nlinirnwn-cotnponent design, I-405 
motor speed controllers, II-378, 

II-389 
optical pick-up, III-347 
set point, III-47 

tandern dinuner, II-312 
tap, telephone, III-622 
tape-recorder circuits, 1-21, 1-419, 

III-599-601, IV-54 7 -548 
amplifiers, I-90, IV-36 
audio-powered controller, IV-548 



autornatic tape-recurcli.ng switch, 
T-21, TI-21 

automotive-battery power circuit, 
IV-548 

cassdtc-deck motor speed 
calibrator, fil-353 

extended-play r:ircuit, III-600 
flat-response amplifier, III-673 
interface for, II-614 
personal rnessage recorder, V-330-

331 
playback amplifier, JTT-672, TV-36 
position indicator/controller, II-015 
preamplifier, I-90 
sound-activated switch, III-600, 

III-601 
starter switch, telephone-adivated, 

1-632 
telephone-activated starter switch, 

I-632, II-622, III-616 
telephone-to-cassette interface, 

llI-618 
telecom converter -48 to +fl Vat 1 

A, V-472 
telemetry demodulator, I-229 
telephone-related circuits (see also 

inten:om.:; ), ll-616-635, 
III-602-622, IV-549-564, 
V-599-615 

alarm dialer, V-fi12 
amplifier, III-621, IV-560, V-614 
answering machine beeper, IV-559 
auto answer and riJlg indicator, 

1-635 
autornatic recording device, H-622 
basic telephone circuit, V-filf) 
bell simulator, V-604 
blinking phone light monitor, 

ll-624, II-629 
call-tone generator, TV-562 
caller ID, V-013 
cassette interface, III-618 
decoder, touch-tone. IV-555 
dial pulse indicator, 111-613 
dial-tone circuit, 5-V, V-610 
dialed-phone number vocalizer, 

TH-731 
dialer 

emergency dialer, V-603 
pulse/tone, single-chip, III-603 

dual tune det:odint(, ll-620 
duplex audio link, IV-554 
duplex line amplifier, IIT-filO 
eavesdropper, wireless, III-620 
e1ncrgency dialer, V-600 
fax-1nachine.switch, re1note-

controlled. N-552-553 
flashers, II-fi29 

phone-message, IV-556 
tell-a-bell, IV-558 
visual ring indicator, IV -55!.l, 

JV-561 
frequency and volume controller, 

II-623 

hands-free telephone, III-605 
handset encoder, I-fi34, IH-fi13 
hold button, II-628, III-612 
hold circuit, V-614 
in-use indicator, II-629, lV-560, 

N-5fi3, V-fi02 
intercom, IV-557, V-239, V-240 
interface 

audio, V-612 
FCC Part 68, V-613 
for phone-lli1e, V-605 

light for, II-62fi 
line interface, autopatch, I-635 
line monitor, I-628 
line tester, V-615 
1ncssage-t.akcr, IV-560 
monitors, I-625, II-626 
muskal hold, 11-623,.V-601, V-605 
musical ringer, II-Gl9 
night light, telephone controlled, 

111-604 
off-hook indicator, I-633 
optoisolator status monitor, 1-626 
pager, V-609, V-611 
parallel connection, III-611 
personal message recorder, 

V-3:30-331 
pie,.;oelectric ringer, I-636 
power sv,itch, ar:, JV-fifiO 
pulse-dialing, III-610 
recording calls, I-632, III-616, 

IV-553, IV-558, V-600 
redial, lll-606 
relay, I-631 
remote monitor for, If-626 
repeater, III-007 
repertory dialer, line powered, I-633 
ring converter, V-602 
ring detectors, II-623, III-611, 

Ill-619, TV-564 
ring indicator, V-604 
ringers, IV-556, V-600 

extension-phone ringer, IV-561 
high-isolation, 11-625 
multi-tone, rernote 

programmable, U-634 
mnsical, JJ-619 
piezoelectric, I-636 
plug-in, remote, Il-627 
relay, lll-606 
remote, 11-627, III-614, IV-562 
tone, I-627, I-628, 11-630, U-631 

scrambler, II-618, V-£08 
series connection, III-608 
silencer, lV-557 
sound level meter monitor, III-614 
speaker amplifier, TV-fi55 
speakerphone, II-632, ITT-608 
speakerphone adapter, V-606-607 
speech activity detector, II-617, 

111-615 
speech network, II-633 
status monitor using optoisolator, 

T-626 

switch, solid-state, line-activated, 
IIT-617 

tap, III-622 
tape-recorder starter controlled by, 

I-632 
teler.om converter --48 to +5 Vat 1 

A, V-472 
timer, tele 0 timer, V-623 
toll-tulalizer, IV-551 
tone-dialin,q, III-607 
tone ringers, f-627, T-628, II-630, 

II-631 
Touchtone generator, III-609 
touch-tone decoder, IV-555 
vocalizer, dialed-phone nmnber, 

111-731 
voice-mail alert, V-607 

television (see video circuits) 
temperature-related circuits (see 

also thermometers), 1-641-640, 
-I-648, I-657, II-645, III-629-631, 
IV-565-572, V-616-620 

0-50 C, four-channel temperature, 
I-648 

alarms, II-4, II-643, II-644, V-9 
automotive water-temperature 

gauge, II-56, IV-44, IV-48 
boiler temperature control, J-638 
compensation adjuster, V-617 
control circuits, I-641-643, II-636-

644, III-623-628, IV-567 
defrost cycle, IV-566 
heater elc1nent, 11-642 
heater protector, servo-sensed, 

TIJ-624 
heat sniffer, electronic, ffi-627 
liquid-level monitor, II-643 
low-power, zero-voltage switch, 

II-640 
piezoelectric fan-based, III-027 
proportional, IIl-626 
signal conditioners, II-639 
single sctpoint, 1-641 
thern10coupled, IV-567 
zero-point switching, III-624 

convertP.rs 
logarithmic, V-127 
temperature-to-digital, V-123 
temperature-to-frequency, 1-646, 

1-168, 1-656, 11-651-653, V-121 
tenlperature-to-time, III-632-633 

cool-down circuit for ainplifiers, 
V-354, V-357 

defrost cycle and control, IV-566 
difkrenti<tl tenlperature, I-654, I-

655 
flame temperature, III-313 
furnace fuel miser, V-328-329 
heater control, 1-639, 1-640, II-642, 

III-624 
heat sniffer, 111-627 
hi/lo sensor, II-650 
hook sensor on 4- to 20-mA loop, 

V-618 
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temperature-related d.rcuits (cant.) 

J(; tempPrat1Jre, T-649 
indicator, II-56, IV-570 
isolated temperature, I-651 
luga.ritlunic converter, V-127 
low-temperature sensor, V-619 
measuring drcuit/sensors, IT-058. 

IV-572 
n1elcrs/rnonitors, I-647, IIJ-206. 

N-569 
op amp, temp-co1npensated 

breakpoint, V-401 
oscillators, temperature-controllerl. 

I-187, II-427, III-137 
over-temperature switch, IV-571 
over/wuJ.er sensor, dual output, 

II-646 
remote sensors, T-649, 1-654, V-619 
seru:ors, I-648, I-fif'i7, Il-04:i-fi:JO, 

III-620-631, IV-568-572, V-619 
0-50-degree C four channel, 1-648 
0-63 degrees C, III-6:31 
f'i V powered linearized platinum 

RTD signal conditioner, Il-OGO 
automotive-temperature 

indicator, PTC thermistor, II-56 
CentWade U1ennonteler, Jl-648 
coefficient resistor, positive, l-657 
differential, 1-654, I-655 
over/under, dual output, II-fi1fl 
DV11 interface, II-647 
hi/lo, II-650 
iltlc,l{raled circuit, l-64D 
isolated, I-651, III-631 
low-temperature, V-619 
remote, I-049, I-fiG1, V-fi19 
soil heater for plants, V-333 
soldering iron control, V-327 
thermal monitor, N-569 
thermoconple amplifier, cold 

jWlction compensation, II-019 
thermocouple multiplex system, 

lll-630 
zero-crossinf( detector, 1-70!3 

signal conditioners, II-639 
single-sPtpoint, temperature, I-641 
temperature-to-digital r:onverter, 

V-123 
temperature-to-frequency 

couverter, 1~646, 1-168. 1-656, 
II-651-653, V-121 

temperature-to-time converters, 
III-632-G33 

lhermocouples 
a111pWier, cokljunclion 

r:ompensa.tion, II-649 
control, N-:ifi7 
multiplex system, III-030 

thermometers (see thermometers) 
thcnnostat (see thermostats) 
thennoslalic fw1 switch, V-68 
transconducer, I-646, I-649 
unrler-temperature switch, IV 570 
zero-crossing rletect.or, J-733 
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te1nperulurc-lo-frequency converter, 
I-168, I-656, II-651-653 

t.emperat1JIP-to-frequency 
transconduc:er, linear, I-G10 

temperature-to-time converters, 
UI-632-600 

ten-band grapluc eqLwJizer, active 
filter, IT-G84 

Tesla coils, III-G34-G3fi 
Lest bench amplifier, V-26 
lesl circuits (::.:ee rneusurernenl/test 

Cll'CUits) 
text adder, composite-video s.i,i;;.nal, 

Ill-71fi 
theremins, II-654-050 

digital, II-656 
elect..ronic, 11-655 

thennal flOWHtdL'r, low-rate flow, 
TJT-208 

thermocouple circuits 
amplifiers, I-355, I-654, II-14, II-049 
digital thermometer using, II-658 
multiplex, te1nperaturL' sensor 

systPm, TJT-f\111 
pre-amp using, TIT-283 

thermometers (see also temperature­
related circuits), II-657-662, 
U1-6!J7-643, 1V-573-577 

0-.SO degree F, I-656 
0-100 degree C, J.6.56 
G-Vopern.t.ion, V-017 
adapter, III-012 
add-on for DMM digital voltmeter, 

lll-640 
CL'lltigrade, l-655, 11-648, 11-662 

r:alihrated. I 050 
ground-referred, J-fiG7 

difforential, I-652, II-661, III-638 
digilal, 1-651, 1-658, V-618 

te1nperature-reporli11g, 111-638 
thermocouple, TT-658 
nP controlled, I-fi:iO 

electronic, II-GOO, III-039, IV-G7G. 
IV-576 

l"altrc11hciL, 1~658 
,iSrollltd-refcrred, l-656 

high-accuracy design, IV-577 
implantahle/ingestihle, TTI-641 
kelvin, I-G:i3, I-OGG. TT-fifi l 
linear, III-642, IV-574 
low~power. l-655 
meter, trinuned oulpul, 1-655 
remote, TT-659 
single-de supply, IV-G7G 
variable offset, I-652 

thenttostats, 1-60D, 1~640. \/ 60 
third-overtone oscillator, 1-186, 

JV-121 
three-in-one test set, ITT-880 
three-minute timer, III-OG1 
three-rail power supply, III-466 
threshold detectors, precision, 

111-157 
tilt meter. II-663-666, 111-644-646 

differential capacitance 
1neasurcrnenl circuit, 11-665 

mercury-switch, V-!302 
sPnsP-of-slope, TT-f\fi4 
ultra-simple leveL II-fififi 

Lime bases 
crystal oscillalor, lll-133, IV-128, 

v.137_ v 1!39 
fond.ion genern.tors, 1 Hz, 

readont/c:mmter applications, 
IV-201 

oscillo.scoµc.s lirncbase generator, 
V-42,5 

trigger selector for oscilloscoµes 
timeba.~e. V-42G 

time delays, I-008, 11-220, II-fifi7-fi70, 
III"647-649 

circuit, precision solid .slate. 1-664 
con.st.aut curreul dlW·giJ1g, ll-668 
elect.ronic, TTT-048 
generator, I-218 
hour sampling circuit. II-668 
il1legrator lo multiply 555 timers, 

low-cost, II-669 
long-duration, T-220 
relay, 1-219, l-fifi8 

timing threshold and load driver, 
II-670, III-648 

tirnc division multiplex stereo 
decoder, Il-168 

timers (see a.L~o .555 tilner circuits), 
T-fl6fl, T-6fl8, TT-671-681, TTI-6.50-
flGG, IV-G78-G8fi, V-fi2 l fi27 

0.1 to 90 second. I-663 
2- lo 2000-minute, V-624 
555-basL'd alann, V-11 
741 timer, J.6f\7 
adjnstable, Il-081, IV-G8G 
alarm. II-674 
aµpliance-culoff tirner, lV-583 
CMOS, pro,>(r<umuiible prc'cision, 

TTT-fi52 
count.dO¥.'Tl, V-027 
darkroom, I-480, V-180 
elapsed time/counter timer, II-680 
dcctronic egg, 1-665 
enlarf(L'r tirner, 11-446, 111-445 
extended on-time, V-627 
TC, crystal-stabilized, Tl-151 
interval, programmable, 1-fifiO, 

II-678 
long-delay, 1-21!.l, V-626 
lon.'(-duration, ll-675, lV-585 
long-interval, T-fif\7, TV-G81, JV 582 
long-period, V-024 
long-lerm, ll-672, III-65!3 
mains-powcred. IV-57!.l 
011e-shot, 11-266, 111-:317, lil-654 
photographic. T-485 

darkroom enlarger, TTT-44'1 
photo-event timer, IV-379 

reaction timer, game circuit, N-204 
reflex timer, V-622 
t:JCH design, J\i-583 



self-retriggering timed-on 
generator, V-343 

sequential, I-661-662, l-66:.J, 
TTI-fiGl, V-623 

slide-show, III-111, JU-448 
solid-state, industrial application.'l, 

I-664 
tele-timer, V-623 
ten-min11t.e ff) timer, TV-584 
three-minute, IIl-OG4 
three-stage sequential, V-028 
tltwnbwheel-type, prograrrunable 

iutcrval, 1-660 
titne-out cirl:uit, IV-580, JV-586 
triangle-wave generator, linear. 

III-222 
variable rluty-cyde output, JJT-240 
voltage-controlled, programmable, 

ll-676 
washer, I-668 
watch tick timer, V-292 
watchdog timer/alarm, IV-G84 
wide-range, V-1-minute to 400 

hours, V-625 
tirning li.i;;ht, i}(uitiou, 11-60 
timing threshold and load driver, 

III-018 
tone alert decoder, I-218 
tone annunciator, transformerless, 

111-27-28 
tone burst gcneralors, 1-604, U-\JO, 

III-74 
tone circuits (see Iw1ctiou 

generators; sound generators) 
tone controls (see also .'lonnd 

generators), I-677, II-682-G89, 
Ill-656-660, IV-587-58[.l, V-334, 
V-630-631 

500-Hz, III-1G4 
active control, IV-G88 
audio amplifier, II-686 
automatic level control (ALC), 

V-60-62 
bass,J-670, V-584, V-631 
hass an<l treble, I-674, V-631 
Baxandall tone-control audio 

amplifier, IV-588 
decibel level detector.'l, III-1S1 
equalizers, III-658, II-684 
filter circuit, V-1 kHz, V-191 
guitar treble booster, ll-680 
high-quality, T-675 
high-z input, hi fi, I-070 
level meters, sound levels, IU-346, 

III-614, 1\/-:.305, JV-307 
loudness, II-46 
microphone preamp, T-675, Il--687 
mixer preamp, I-fl8 
passive circuit, II-689 
preamplifiers, I-58, I-673, I-675, 

11-687, U-688, III-657 
run1ble/scratch filter, 111-660 
stereo preamp with tone control, 

V-581 

three-hand active. 1-676, lll-658 
three-channel, T-fi72 
trebel control, V-G3l 
tremolo circuit, IV-58\J 
vohune limiter, audio signal 

amplifiers, V-59 
Wien-hridge filter, llT-OG!=J 

tone decoders, I-231, III-143 
dual Li.Inc constant, 11-166 
24 µerecut bomlh~idtlt. 1-215 
relay output. I-213 
tone-dial decoder, T-630, I-631 

tone detectors, :iOO-Hz, IIT-154 
tone-dial generator, I-629 
Louc-dialing telephone, III-607 
touc cucodcr, 1-67 

subauclible, I-2!3 
tone-<lial encoder, I--629 
two-wire, II-301 

tone generators (see sound 
generators) 

tone probe, digital IC tcsLi.Iig with, 
II-fl04 

tone ringer, telephone, H-fi80, TT-6:31 
totem-pole driver. bootstrapping, 

111-175 
touch swilchcs, 1-1:.Jl, 1-135-136, I-

137, II-690-69:3, 111-661-665, 
TV-'190-594, V-632-635 

CMOS, I-187 
bistable multivihrat.or, tmich-

triggered, I-133 
bridging touch plate sensor, V-634 
dinum.'r, CMOl::l based, V-270 
double-button iatcl1.ing, l- l!J8 
hum-rietf!cting touch sensor, 

IV-591 
lamp control, three-way, IV-247 
low-current, 1-132 
On/Off, II-69L lll-663, 1V-5U0 
latching switch, V-635 
line-hum, IIl-004 
momentary operation, I- 183 
negative-triggered, III-062 
on-only swilch, V-635 
µositivc-lriggercd, 111-662 
sensor switch and clock, lV-5Ul 
single-plate sensor, V-633 
switch, V-633, V·634, V-635 
time-on touch s"'it.ch, IV-G94 
touchornatic, II-693 
two-terminal, III-663 

Touchtonc generator, telephone, 
nr~oog 

toxic gas deter.tor, II-280 
loy siren, II-575 
TH circuit, II-532 
TH switch for antcmms, automatic, 

v.:37 
tracers 

audio reference signal, probe, I-527 
bug, III-358 
closed-loop, III-356 
receiver, 111-357 

lJ"ack-and-hold circuits, III-G67, 
Ill-668 

sample-and-hold circuit, 111-54U, 
III-GG2 

tracking circuits, III-G00-008 
positive/negative voltage reference, 

III-667 
prerf!gulator, TTI-492 
track-an<l-hold, TTT-fifi7, TTT-608 

train chuffer sound effect. ll-fi88 
lransceivers (see also receivers; 

transmillcrs_), 1V-5U5-603 
transceivers 

17fiO.rneter, V-646 
CE, 20-m, IV-G96-598 
C\V, 5 W, 80-meter, JV-fi02 
external microphone cirr.uit, V-8G1 
hand-held, Jll-3U, 111-461 
HF transcl'iver/ntixer, IV-457 
11\trasonic, TTT-702, UJ-704 

transdur.er an1plifiers, T-80, 
III-669-673 

nut-response, tape, III-673 
NAB preamp. Ill-673 
photodiode a.rnplifier, III-672 
preamp, magnetic phono, III-671, 

III-673 
tape playback, III-672 
voltage, differential-to-single-

endcd, lll-670 
transducers, I-86 

bridge type, a.rnplifier, II-84, lll-71 
<leter.tor, magnetic transducer, 

I-233 
sonar, s\vitch and, III-703 
lcrnµcralurc, remote sensor, I-640 

transfonncrs, isolation trarrnfonner. 
V-849, V-470 

transistors and transistorizeri 
circuits 

flashers, ll-236, III-200 
frequency triµlcr, nonsclcctive, 

saturated, II-252 
hea<lphone amplifier, II-43 
on/off switch for op amp, fV-546 
phototransistor, V-279 

amplifier, V-409 
variable-sensitivity, V-409 

pulse gcncralor, lV-437 
sorter, I-401 
tester, T-401, TV·281, V-306 
turn-on r.irr.uit, V-34G 

transmission indicator, II-211 
transmitters (see also receivers: 

transceivers), 111-674-691, 
IV-G9:J-fi03, V-636-649 

2-meter, IV-000-601 
IO-meter DSB, V-647 
27.125-MHz NBFM, V-637 
acoustic-sound transmitter, IV-311 
amateur radio, 80-M, lll-675 
amateur TV, TV-599 
ATV .TR transmitter, V-440 MHz, 

V-610 
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transmitters (cont.) 
audio, visible-light, V-261 
baby-alerl, earrier-curreut circuiL 

V-95 
hf'acon, TII-08.1, fV-G0,1 
broadcast, l-to-2 MHz. I-680 
carrier currcnl, l-144, 1-145. HI-79 
cornµuter circuit, l-of-8 channel, 

III-100 
CV-.' transmitters, T-G81, III-684, 

III-f\8G, III-678, III-690, IV-601. 
V-648, V-64U 

DSB, 10-rnclcr, V-647 
fiberoµlie, 111-177 
FM transmitters, I-681, V-641 
27.125-MHz NRFM, V-637 
19-MHz, V-013 
infrared, voice-modulated pulse, 

IV-228 
light-lJea.rn, V-259 
multiplex, ITT-fi88 
one-t.ransistor design. III-G87 
optical. I-361, I-367. II-417 
radio, V-648 
snooper, 111-680 
stereo; V-575, V-580 
voice, ITT-678 
wireless microphone, III-G82, 

III-685, III-691 
half-duplex information 

transmission link, Jow-cosL, 
111-67!.l 

llF, low-power, fV-598 
infrared, T-342, J-343, TT-289, JT-290, 

ITT-27G, III-277, JV-22G-227, 
IV-228 

headphones. V-227 
pulsed for on/olT control, V-228 

line-carrier. with on/off, 200 kHz, 
I-112 

low-frequency, III-682 
MIDI transmitter, V-3U3 
rnodulaled-lighl trm1s11tiller. V-258 
Morse-code transntitter. V-6-\V for 

7-MHz, V-641 
mllltiplexed, l-of-8 channP.l, JJT-39i"i 
negative key-line keyer, IV-244 
optical, I-3Gl, I-363, II-417, II-418. 

IV-368 
oscillalor m1d, 27 and 49 MHz, 

I-680 
outpnt inrlkator, TV-218 
QRP. V-038-639, V-044-645 
remote-control, V-50!.l. V-513 

inLcrfacc, V-511 
ultrasonic, V-512 

remote sensors, loop-type, TIT-70 
r.elevision, ITI-fl70 
tradting transmitter, V-642 
transceiver, V-1750-meter, V-646 
Lransrnillreceive sequencer, 

premnp, V-!348 
ultrasonic, 40 kHz, I-685 
ultrasound, Doppler, V-6'11 
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vacuum-lulJe, low-power, V-80/40-
M, V-642 

voke-comm1mkation, light-heam, 
V-2GO 

VHF. III-681, IIl-684 
lransvcrlcr, V-2-to-6 meter, V-124 
treasure locator, lo-parts, 1-109 
trehle hoost.er, guitar, II-683 
tremolo circuits, I-59, I-598, 

III-692-605, IV-589 
tri-color indieaLor. V-232 
lriac circuits, V-268 

Cle-voltage controller, TV-42fi 
contact. protection, TI-G3 l 
controller circuit, V-267, V-271 
dimmer s\vitches, I-375, II-310. 

IIl-303 
drive interface, direct de, I-266 
ntkrocomputer-to-t.riac interface, 

V-211 
microprocessor array, Il-410 
relay-contact proleclion wit.h, 11-5!31 
switch, iududivc load, IV-25!3 
triAAer, I-421 
volt.age douhler, TTT-468 
zero point switch, II-311 
zero voltage, I-623 

triangle-to-sine convcrlcr.11-127 
triangle/square wave oscillator, 

11-422, V-206 
triangle-wave generators, ITT-284, 

v 203 
10-Hz r.o 10-kHz VCO. V-570 
dock-driven, V-206 
square/tri.angle-·wave. lll-225, 

Ul-2!J!J, 111-242 
tirner, linear, III-222 

triangle-·wave oscillat.or, V-205 
trickle charger, 12 V battery, I-117 
triggers 

50-MHz, 111-064 
caruera alarm, III-444 
Hash, photography, xenon flash, 

TTT-447 
Joa.cl-sensing. V-286 
optical Schmitt, I-362 
oscilloscope-triggered sweep, 

lll-438 
ren10te llW:lh. 1-484 
SCR series. optically couplecl, 

IIT-111 
sound/light flash, I-482 
triac, I-421 

lriggercd sweep. add-on, 1-472 
tripler, nonselectivf!,.t.ra.nsistor 

sat11rat10n, II-2G2 
trouble tone alert, II-3 
TTL circuits 

clock, wide-frcqueucy, Ill-85 
coupler, optical. III-416 
jo\ates, siren using, IT-57fi 
Morse cod<! k<!yer, IT-2G 
sqna.rP-to-triangle wave converter. 

II-125 

TTL-to-MOS logic converter, II-125 
TTL oscillators, I-179, 1-613, IV-127 

lMHz to lOMHz, 1-178 
lMHz lo 20M1Jz, IV-127 
crystal, TTL-compatible, 1-179 
sine \V-:'1.ve/square oscillator, fV-512 
television display using, II-372 

tube amplifier, high-volta,i.(e 
isolatiou, IV-426 

twiers 
antenna tuner, TV-14, V-38 
FM, I-231 
guitar and bass, II-362 

turbo circuits, glitch free, HI-186 
turn-on circuit, V-345 
lwm1g-twRJ;l,lol circuit, II-592 
twilight-triggered circuit., II-322 
twin-T notch filters, III-403 
two-state siren, Ill-567 
two-tone gcneralor, 11-570 
two-tune siren, III-562 
two-way intercom, fTT-292 
two's complement, DIA conversion 

system, binary, 12-bit, III-166 

u 
LJ},.2240 staircase generator, Tlf-587 
UHF-related circnits (.~ee nL~o 

rarlio/rf circuits) 
amplifier, J-560-565 
audio-to-UHF preamp, V-24 
broadband rf amplifiers, V-523 
field-strength n1elers, IV-165 
rf runplifiers, UHF TV-line 

arnplifier, fV-482, TV-483 
source clipper, fV-299 
TV preamplifier, III-546 
VHFJUHF rf diode swilch, lV-544 
VllF/UllF rf µrea.mplifier, V-5Hi 
wideband amplifier, 1-IifiO, JIT-264 

U.J'T' circuitR 
battery chargers, III-56 
metronome, II-355 
monostable circuit, bias-volia~e 

change i.nscn.sitive. II-268 
ultrasortie circuits (see also sound­

operated circuits), III-096-707, 
fV-604-606, V-G50-653 

arc wPlcling inverter, 20 KHz, 
III-700 

cleaner, V-652-650 
induclion heater, 120-KHz 500-W, 

III·704 
pest-control/repel, I-684, Il-685, 

III-69U, Ill-706, lll-707, lV-605-
606 

rml,l\ing system, III-697 
receiver, III-698, TJJ-70G 

Doppler ultr.asouncl, V-651 
remote-control receiver, V-513 
remote-control transmitter, V-512 
sonar transducer/switch, 111-703 
sound source, IV-605 
swilch, 1-683 



transceiver, TTT-702, III-704 
transmitter, I-08fl 

Doppler ultrasound, V-651 
w1dcrvoltagc detector/monitor, 

III-762, IV-1:38 
1minterrupt.ihle power supply, 

II-462, III-477, V-471 
unity-gain amplifiers 

inverting, l-:J5, 1-80 
noninverti11g, V-21, V-44 
ultra high-Z, ac, II-7 

unity-gain huffer 
stable, speed and high-input 

impedance, II-6 
wtity-gain follower, I-27 
wUvernal counters 

10.MH;.;, I-255, II-1:39 
10-MHz, ITT-127 

universal mixer stage, TTI-370 
universal power supply, 3-30V, 

lli-489 
up/down <.;Owlters 

8-rligit, 11-184 
extreme cmmt freezer, TTI-125 
XOR gate, III-105 

v 
vacuum fluoreseent tfr;µlay circuit, 

TT-18fl 
vacuum gauge, automotive, IV-45 
vapor detector, IT-279 
varactor-tuned 10 MHz ceramic 

resonator oscillator, II-141 
variable current soillce. 100 mAto 

2A, II-471 
variable-frequem--:y inverter, 

complementary output, TH-297 
variable-frequency oscillators (VFO) 

5 MH;.; design, 11-551 
4093 CMOS, V-421 
arljnstahle temperature 

compensation, V-420 
amateill radio, V-532 
buffer amplifier, V-D2 
CMOS design, V-418 
code practice oscillators. V-10:3 
rf, V-6.5 MHz, V-fi29 

variahle-gain amplifier, voltage-
controlled, 1-28-29 

variable-gain and sign op amp, II-40G 
variable-gain circuit, accurate null, 

III-69 
variable-state filters 

universal, V-178 
variable oscillators, II-421 

audio,--20Hz to 20kHz, II-727 
duty-cycle, III-422 
four-decade, single control, Il-424 
sine-wave osdllator, low-distortion, 

III-558 
wide range, II-429 

variable power supplies, III-487-492, 
IV-414-421 

0- to 12-V, V-1 A, V-460 

current source, voltage-
progr;urnnablc, 1V-42U 

rlr supply 
SCR variahle, IV-418 
step variable, IV-418 

dual universal supply, 0-to-50 V, 6 
A, IV-416-417 

regulated supply, 2.5 A, 1.25-to-
25 v 

S\.\itch-selected fixed-voltage 
supply, IV-419 

switdting regulator, low-power, 
III-490 

switching, 100-KHz multiµk-
outpnt, TTT-488 

tracking preregulator, lll-492 
transformerless supply, IV-420 
uuiversal :J-:JoV, III-489 
voltage rL'gulators for variable 

supplies, ITT-490, III"492, IV-421 
variable cnrrent. sonrce, I OOmA to 

2A, II-471 
vollage regulator, III-491 

VCR/TV 0nlo!Tco11Lrol, V-ll:J 
vPhides (see autonwtive circuits) 
VHF-rel:lt.ect circuits (see also 

radio/rf; television; TJHF) 
amplifiers, I-558 
cryslal oscillators, III-138-140 
IIFNIIF switchable active antenna, 

V-524 
modulator. I-440, 111-684 
tone t.ransmitter, TH-681 
transmitters, III-08!, 111-084 
VHF/CHF diode rf S\\itch, IV-G44 
VllF/UllF rt preamplifier, V-516 

video circuits, 111-713-728, IV-607-
021, V-OG4-662 

amateur TV (ATV) dm\oTl 
converter, V-125, V-126 

amplifiers, \ideo, 1-688, I-690, 
I-692, 111-:39.111-708-712, V-482, 
IV-488. V-656, V-662 

7G-ohm video pulse, III-711 
buffer, lm\·-distortion, lTT-712 
color, I-34, III-724 
de gain-control, III-711 
differcnlial \ideo loop-through, 

V-657 
FET cascade, I-691 
gain block, TIT-712 
IF, I-689, II-G87, V-flGG 
JFET bipolar cascade, I-692 
line drivir!J.(, 111-710 
log amplifier, T~!38 
output, V-GGG 
RGB, III-709 
stllruning, clamping circuit and, 

Ill-710 
TV arnpliikrs, 1-688, 1-6\JO, lll-0\J, 

TV-482, IV-483 
variahle-gain video loop-through, 

V-G58 
ATV \ideo sampler circuit, V-flGG 

audio!virleo S\\oitcher circuit, 
IV-540-541 

automatic TV tum-off, I-577 
buITers, V-!;!:J 
camera-image tracker, ;uialug 

voltage, fV-fl08-fi09 
camera link, wireless, IIl-718 
chronta dernodulator with RGB 

matrix, 111-716 
color amplifier, III-724 
color-har generator, TV-614 
commercial zapper, V-334-135 
composite-video signal text actder, 

111-716 
converters 

HGB-tu-NTSC, lV-611 
virlPo aid and d/a, IV-610-611 

cross-hatch gfmerator, color TV, 
III-724 

dalll ir1tcrface, TTL oscillator, 
Il-372 

de restorer, III-723, V-659 
decoders 

NTSC-to-RGB, N-fll3 
stereo TV. II-157, V-57G-G79, 

V-580 
detectors 

TF, MC130/MC1352 design, 1-688 
low-level video, I-687 689 

differential video loop-throngh 
amplifier, V-G57 

fader, V-658 
high-performance video switch. 

III- 728 
TF amplifier, V-4.5-MHz sound, 

V-GGG 
IF detector, amplifier, 

MC1:30/MC1352, I-688 
line pulse extrador, lV-61:: 
line/bar generator, V-662 
loop-thrn amplifiPr, TV-616 
master circuit, video master, 

V-661 
ntixcr, high-performance \idea 

ntixer, IV-609 
modul;_itors, I-437, l-439, ll-:J71, 

TT-372, TT-483. II-434 
monitors, HGR, blue box, ITI-99 
monochrome-pattern generator, 

IV-617 
1nultiµlcxcr. cascaded, l-of-15, 

rrr -!393 
MCX cahle drivPr 

multi-input, V-G57 
two-input, V-657 

oµ amµ circuits, lV-615 
output amplifier, V-655 
PAJ.JNT8C decoder with HGB 

input, III-717 
palette, III-720 
picture fixer/inverter, III-722 
µreamµill1cr, 111-546. V-660 
rf arnplifiers, TV sow1d system, 

V-519 
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video circuits (cont._) 
rf up-cuuverter fur TVHO 

subcarrier reception, TV-501 
RGR-r:omposite r:onverter, III-714 
sampler circuit, ATV video, V-656 
satellite TV audio swilchcr. 

IV-543 
select.or. V-660 
signal-arrtplitmie measurer, V-309 
signal damp, III-72G 
sound, IF/FM IF amplifier with 

quadrature, 1-6\.JO 
stcrcu-sowtd decorlcr, 11-167 
stereo TV decoder, V-.576-579, 

V-580 
switching circuits, ITT-719, Jll-72fl, 

III-727, IV-GlS-621 
video/audio switch, V-586 
wideband for RGU signals, V-587 

sync separator, III-715, IV-616 
sync stripper/video interface, 

V-f>G9 
transmitter, TV, III~676, IV-589 
TV sound system, rf an1plifiern, 

V-519 
variable-gallt video loop-through 

ainplifier, V-658 
VCR/TV on-off control, V-188 
video. power, channel-select signal 

carrier, V-344-345 
wireless camera link, Ill-71 

VLF/VHF wideband anlcrma 
luw-nuisl', active, V-33 

vocal elirninator, IV-19 
voice r:ommunications 

light-beam transmitter/receiver, 
V-260 

persunal 1ncssage recunicr, 
y_;3:30-3:3l 

voire-mail alert for telephone, 
V-007 

voice scrambler/descrambler, lV-26. 
lV-27 

voice subfililuLe, electronic, 111-734 
voice-activated circuits (see also 

sound-operated ci1Tuits; 
telephone-relaterl circuits), III-
729-784, IV-622-624, V-545-555 

ac line-voltage announcer, III-730 
allophone gencralor, 111-?:.l:J 
rnnplifier/switd1, 1-608 
eomputer spBech synthesizer, 

ITJ-732 
dialed phone number vocalizer, 

111-701 
disguiser for voices, V-326-:327 
intercoms, V-239 
scanner voice squelch, IV-fl21 
scrambler, V-554 
speech detector, II-617, IIl-615 
stripper, vocal stripper, V-546-547 
switches, lll-580, IV-527 
switdt!aiupliller, I-608, V-553 
vocal stnpper, V-546-547 

750 

voice identifier for <Uuateur radio 
LlSE', V-550 

voice substitute, eler:tronic, III-734 
VOX circuit, IV-623 

Yoltage-conlrolled ru:nplificr (VCA), 
J-:31, 1-598, lV-20 

attenuator for, TT-18 
diffr~rential-to-single-enrlerl, III-G 70 
reference, 1-36 
tremolo circuit, 1-588 
variable gain, 1-28-2!.1 

vult.age-cuntrolied oscillators (VCO), 
I-702-704, U-702, ITT-735, 
IV-fi2fi-fi30, V-flfl8-f>G7 

8-G V Fegulaterl outpnt converter, 
IIl-739 

lOHz to lOkHz, 1-701, III-735-741 
lhrcc-dccarle, V-666 

555-VCO, lV-627 
audio-frequency VCO, TV-020 
ha~ic circuit, V-OOG, V-fiG7 
crystal oscillator, lII-135, IV-124 
current sink, vollagc-cuntrolled, 

IV-629 
driver, op-amp design, IV-362 
linear. T- 701, TV-628 

triangle/square wave, II-2G3 
logarithmic sweep, Ill-738 
one-shot, II-266 
precision, 1-702, HJ-4!Jl 
rcslriclcd-rangc, lV-627 
siue-wavc oscillator. V-666 
sinusoidal 3·H7. to 300-kHz, V-fifi4-

(lfif"i 
stable, IV-872~373 
square-wave generators, V-570 
supply vollage spliller, 111-738 
Uu·ee-decade, I-70:3 
TL082-ha.~erl, V-f>O:J 
TMOS, balanced, Ill-736 
t\vo-decade, high-frequency, 1-704 
varaclorlcss. IV-6:.JO 
variable-capacitance Wude-

sparkecl, III-737 
VHF oscillator, volt.age-tuned, 

TVA128 
waveform generator. III-737 
wide-range, IV-627, 1V-62U 

voltage-controller. pulse generator. 
111-524 

voltage converters!inverters, TH-7 42-
748, V-fi08-0G9 

12-to-16 V, lII-747 
dc-to-ac invcrlcr, V-669 
lie-tu-de, 111-744, III-746, V-669 
flyback, high-efficiency, llT-744 
flyhar:k-s\\itr.hing, self-oscillating, 

III-748 
negative voltage, uP-controlled, 

lV-117 
offline, 1.5-W, 111-746 
rq(ulated 15-Vuut 6-V driven, 

III- 74.5 
splitter, TTI-743 

unipolar-to-dual supply, TTT-743 
volt.age-to-r:urrent converters, 

I-163, I-166, II-124, III-110, 
llI-120, lV-118 

vultctge-to-frequency converters, 
T-707, TTT-749-7f>7, N-038-042 

I Hz-to-IOMHz, III-754 
1 Hz-to-30 MHz, III-750 
lHz-to-1.25 MHz. Ill-755 
5 Kllz-lo-2Mllz, IIl-752 
10 Hz to 10kHz,1-706, III-110 
accurate, TTT-7fifi 
differential-input, III-750 
fnnr:tion generators, 

potentiometer-position. IV-200 
low-cost, IIl-751 
luw-frcqucrn:y cunve1tcr, lV-641 
negative input, 1-708 
optocoupler, N-642 
positive input, I-707 
precision, II-131 
preserved inpul, 111-753 
ultraprecision, I-708 
wide-range, III-751, ITT-752 

voltage-to-pnls<C rluration 
converter, II-124 

voltage-ratio-to-frequency 
converter, III-116 

vollagc dcleclur rcluy, battery 
charger, II-76 

voltage doublers, lII-459, TV-635, 
V-460 

casr:aderl, Cockr:roft-Walton, 
IV-635 

triac-controlled, lII-468 
vollagc followers, 1-40, lll-212 

fast, I-34 
noninverting, I-88 
signal-supply operation, amplifier, 

lII-20 
vollage inverters, precision, III-298 
voltage iI1dicators/meters (see also 

volt1neters), HI-758-772, IV-423 
automotive hat.teryvoltage gauge, 

IV-47 
battery-voltage measuring 

regulator, lV-77 
curnparalur and, 11-104 
five-step level detector, I-337 
freque11cy counter, JJT-768 
HTR, precision, I-122 
level detectors, 1-338, II-172, 

1II-75U, 111-770 
low-voltage iI1dicator, UI-769 
monitor, V-31G 
multiplexed corrunon-cathode LED 

ADC, III-764 
over/under monitor, lII-762 
peak prograrn rlcledur, 111-771 
sulirl-slutc battery, I-120 
ten-step level detector, T-335 
visible, 1-338, JJI-772 
voltage freezer, III-7G3 
voltage~level circuit, V-301 



voltage multipliers, TV-631 ·637, 
V-670-672 

2,000 V low-current supply, IV-030-
6!37 

I 0,000 V de Sltpply., 1V-6:J:J 
corona \\ind generator, f\.'·633 
doublers, Ill-459, N-fi3G 

cascaded, Cockcroft-Vv'alton, 
fV-635 

rk:, V-672 
triac-controlled, Tlf-·468 

laser power supply, TV-080 
lo,v-frequency multipher, JV-32fl 
IH~gativc-ion generator. high-

voltagc, l\'-6:..14 
quadntpleT, de, V-671 
tripler, TV-6:37, V-671 

voltage probes, V-171 
voltage references, III-773-77:) 

biµolar source, 111-774 
digitally cuntroikd, 111-775 
expanded-scale analo,I\ rndcr, 

Ill-774 
posilive/negative, tracker for, 

111-667 
variaLle-voltagc reference source, 

TV-:327 
voltagP rPgulators, l-50L l-511, 

II-484, III-18S 
0- to 10-Vat 3A, adjustable, 1-Sl 1 
0- lo 22-V, I-510 
0- lu 30-V, 1-510 
:3 A, III-472 
:i V, low-dropout, III-461 
:) V, 1 A. I-GOO 
5 V, ultrastahle referencP, 1-497 
6 A. variable output switching. 

I-513 
8- from S-V regulator, Y-46!:1 
10 A, I-510 
10 A, adjustable, III-192 
10 V, high-stability, Ill-468 
15 V, 1 A, remote sense, I-499 
15 V, slow-tunt-on, 111-477 
-IS Vnegative, I-499 
45 V, l A s-witr:hing, 1"499 
DOV :rms voltage regnlator with 

PUT, II-479 
100 Vrrns, l-4!J6 
200 kH:.:, 1-491 
ar:, TTT-477 
adjustable ont.pnt, T-506, l-512 
application circuit, l-192 
aulornoLive circuits, 111-48, N-G7 
hatte~, JJOWL'r suppliers, I-117, 

IV-77 
bucking, high-voltage, III-481 
combination voltagek111Jent 

regulator, V-455 
couuno11 hol-lcad regulator, IV-4fi7 
constant volta,l\c/constanl current. 

l-:i08 
current and thermal protectio11, 10 

amp, II-474 

Darlington, IV-421 
Llual-lracking, 111-462 
efficiency-irit]Jrovirig swilching, 

IV-101 
fixed pnp, zeneJ' diodP, increases 

oulpul. 11-484 
tlxed-cun·enl rcgulalor, IV-467 
fixed supplies, Ill-461, 111-468, 

III-171-177, TV-408. IV-462-467 
flyback off-line, 11-481 
foldback-current limiting, II-478 
high- or low-input reguiator, lV-4fifi 
high-stability, l-4!J!.l, 1-502, lII-468 
high-voltage power supplies, l-50D, 

TI-178, TTT-485, Ill-490 
induct.orles>i, TTT-47fi 
LM317 design, lV-40fi 
loss culler_ V-467 
low-Llropoul, 5-V, 111-461 
low-power, I 695, III-490 
low-voltage, l-S02, 1-511 
linear, II-4138, IJI-1!J9 
rnotJilc, l-4U8 
MPU, Hlultiµlc oulpul, 1-513 
negative, l-498, I-499.111-474, 

TV-1fiS 
npnlpnp boom,, TIJ-47;1 
off-line flyback regulator, IT-481 
pnp. 11-484 
JJOSitivc, 1-4U8. lll-471, III-475 
pre-regulators, 11-482, 111-480, 

TTT-492 
programmable, f\.'-470 
projection lamp. ll-30:i 
PUT, DOV :rms, II-479 
radialion-hardened 125A linear 

regulator, Il-468 
remote sh11trlown, 1·510 
SCR preregulator for, Il-182 
single supply voltage regulator, 

II-471 
sensor, LM!317 regulator sensing, 

fV-4fifi 
short-r.ircuit. protedion, low-

voltage, I-502 
single-ended. I-493 
single-supply, II-471 
slow-tw'!l-on 15 V. l-4DU 
step·down, l-49:3 
step-np, IT-78 
s'\oitching supplies, I-491, I-492. 

1-4U3. I-497, I-498, l-Sl.1, IJ-78, 
III-472, 111-476. 111-400, IV-408, 
lV-46:3, V-45:3 

3-A, III-172 
3 \V, application cirr.uit, 1-492 
5 V, 6 A 25kHz. separate 

ultrastabic reference, l-497 
6 A, variable oulµul, l-51:3 
200 kHz.--T-491 
high-current inductorless, III-476 
low-power. III-190 
multiple output, for use with 

.MPU, 1-51:3 

step dowu, 1-493 
variable current source wiU1 

voltage regulation, TV-470 
variable supplies, III-490, JIJ-491, 

111-4!)2, IV-421, IV-468-470 
current sow·ce, 111-4!)0 

zener dPsign, prograimnable, 
lV-470 

voilage sources 
rnillivolt, zenerless, I-696 
progranunablc, 1-6!)4 
volt.age splitter, lll-738 

voltmeters, ITT-758 
3.5 digit, l-710 

full scale, III-761 
lrue nns ac, I-713 

4.5-di,l\il, 111-760 
Ii-digit, TU- 760 
ac, Ill-7fifi 
wide-band, I-7 lfi 
wide-range, lII-772 

add-on L.hennometer for, III-640 
bar-graph, I-99, II-54 
de, JII-703 

high-input resi>itance, TTJ-762 
low-drift, V-301 

digital voltmeters (DVM), III-4 
3 .. 5-digit, co11unon anode display. 

T-71:3 
8.fi-digit, full-scale, fow·-decade, 

[JI-701 
3.76-digit, I-711 
4.5-cligit, III-760 
4.5-digil, LCD display, I-717 
auto-calibrate circuil, 1-714 
automatic nulling, I-712 
interface and temperature sensor, 

II-647 
LED rcadoul, IV-286 
temperature sensor and DVM, 64 7 

FFJ'f, 1-714, HJ-765, Ill-770 
high-input resi>itancP, ITT- 768 
JFET, V-318 
LED expanded scale, V-311 
nlillivoltntcters, III-767, Ill-769, 

JV-289, IV-294, IV-2!)5 
ar:, 1-716 
audio, IIl-7fi7, llf-769 
de. IV-29S 
four-range, IV-289 
ltiglt-input impedance, I-715 
LED readout, 1V-2U4 

rf, 1-40:), TII-766 
voltoluruneters (VOM) 

field slrength, I-276 
phase rnetc.r, digital readout, 

TV-277 
volume amplifier, II·46 
volume control r:irr:uits, TV-643-645 

telephone, II-G23 
volume indicator, audio amplifier, 

iV-212 
volwne liutiter, audio signal 

amplifiers, V-59 
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VOR signal sill1ulator,_f\T-273 
vox box, TT-f'i82, IV-023 
Vpp generator, EPROM, II-114 
VU meters, III-487 

extended range, II-487, I-715 
LED display, fV-211 

w 
waa-waa circuit, II-590 
wailers (see alarms; sirens) 
wake-up call, electronic, 11-324 
walkmru1 ainpWler, II-456 
warblers (see alarms; sirens) 
warning devices 

auto lights-on warning, II-55 
high-level, I-387 
high-speed, I-101 
light, ll-320, lll-317 
low-level, audio output, J-391 
speed, I-90 
varying-frequency alarm, II-57() 

water-level sensors (see fluid and 
rnuisture detectors) 

water-temperature gauge, 
automotive, fV-44 

wattmeter, I-17 
wave-shaping circuits (see also 

waveform generatorn), 
IV-646-651 

capacitor for high-slew rates, f\T-650 
clipper, glitch-free, JV-648 
flip-flop, 8/R, fV-fiGl 
harmonic generator, f\T-649 
phase shifter, IV-647 
rectifier, full-wave, IV-650 
signal conditioner, f\T-649 

waveform generators (.~Ae aL~o burst 

generators; function generators; 
sound generators; square-wave 
generators; wave-shapin,IS 
circuits), II-269, II-272, 
V-200-207 

AM br<>adc:ast-band, f\T-302 
AM/IF, 455 kHz, N-301 
audio, precision, III-230 
four-output, lll-223 
harruouic generators, I-24, III-228, 

fV-649 
high-frequency, II-lfiO 
high-speed generator, I-'Z23 
pattern generator/polar-to-rect. 

converter, V-288 
precise, II-274 
ramp generators, T-540, II-.G21-523, 

III-525-527, IV-443-447 
555 based, V-203 
accurate, 111-526 
integrator, initial condition reset, 

III-527 
linear, JJ-270 
variable reset level, II-267 
voltage-controlled, II-523 

sawtooth generator, III-241, JV-444, 

IV-446, V-204, V-205, V-491 
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sine-wave generators, IV-505, 
IV-506, V-541, V-542, V-543, y.544 

60 Hz, IV-507 
audio, II-564 
LC, TV-G07 
LF, N-512 
oscillator, audio, Hl-559 
square-wave and, tunable 

oscillator, TIT-232 
VLF' aurlio tone, IV-508 

sine/square wave generators, I-65, 
III-232, IV-512 

square-wave generators, lI-594-600, 
111-225, III-239, III-242, III-583-
585, IV-529-536, V-fit18-S70 

J kHz, N-530 

2 MHz usillg two TTL gates, II-598 
555 timer, II-595 
astablc circuit, lV-534 
astable multivibrator, IJ-fi97 
CMOfl Gfifi astahle, true rail-to-rail, 

II-590 
duty-cycle multivibralor, IH-50-

percc.nt, 111-584 
four-decade design, IV-5:35 
high-current osr:illator, III-G85 
line frequency, II-599 
low-frequency TTL oscillator, 

II-595 
multiburst generator, II-88 
rnultivibrator, fV-5;36 
oscillators, I-613-614, I-616, 

U-596, II-597, IT-61fi, fV-532, 
IV-G33 

phase-tracking, three-phase, 
II-598 

pullie extractor, III-584 
quarlrature-outpnts oscillator, 

III-585 
sine-wave and, tunable oscillator, 

III-232 
three-phase, II-600 
tone-burst generator. single timer 

re, n-89 
triangle-wave and, III-225, III-230, 

III-242 
TTL, LSTTL, CMOS designs, 

!V-530-5!32 
variable duty-cycle, IV-533 
variable-frequency, f\T-fi3fi 

staircase generators, I-730, 
II-601-602, III-586-588, 
IV-443-447 

stepped wavefonns, IV-447 
sweep generators, I-472, III-438 
triangle-wave, III-234, V-203, 

V-205, V-206 
square wave, I-726, 111-225, 

111-239, 111-242, V-206 
tllner, liI1ear, III-222 

two-functioll, TH-234 
VCO and, III-737 

wavemeter, tuned RF, IV-302 
weather-alert decoder, fV-140 

weight scale. ci.4lital, II-398 
Wheel-of-Fortune game, fV-200 
whistle, steam locomotive, II-589, 

III-568 
who's first garne circuit, Hl-244 
wide-range oscillators, T-69, T-730, 

TU-425 
wide-range peak detectors, III-152 
hybrid, 500 kHz-1 GHz, lll-265 
instrumentation, lll-281 
miniature, III-265 
UHF amplifiers, high-performanc:e 

FF:Ts, III-2fi4 
,.,.idehanrl amplifiers 

low-noise/low-drift, I-38 
t•vo-stage, I-689 
rf, JV-489, IV-490, IV-491 

HF, IV-492 
JFE'T', fV-493 
MOSFET, N-492 
two-CA3100 op arnp design, lV-491 

unity gain invertiI~, I-35 
wideband signal splitter, Til-G82 
'"idehanrl two-pole high-pass filter, 

11-215 
\Vien-bridge filter, Ill-65!.l 

notch filter, ll-402 
\Vien-bridge oscillators, I-62-63, 

I-66, I-70, II-566, Jll-429, III-f'iG8, 
fV-371, fV-377, TV-rill, V-415, 
V-4Hl, V-G11 

CMOS chip in, II-568 
low-distortion, thermally st.able, 

lll-557 
low-voltage, III-432 
sine wave, J-Ofi, J-70, Jl-GUG, fV-510. 

fV-Gl3 
single-supply, III-558 
thcnnally stable, 111-557 
three-decade, IV-510 
variable, TIT-424 
very-low-distortion, N-513 

\Vind-powered battery charger, Il-70 

windicator, I-330 
window circuits, ll-106, III-90, III-

776-781, fV-655-659, V-673-674 
c01nparator, IV-656-657, fV-fifi8, 

f\T-659, V-299, V-074 
rletPctor, l-23G, III-776-781, f\T-658 
digital frequency window, III-777 

discriminator, IIl-781, V-674 
generator, IV-657 
high-input-impedance, Il-108 

\.vinrlshielrl wiper circuits (see 

automotive circuits) 
wire tracer, ll-343 
wireless rnicrophones (see 

1nicrophones) 
wirelPss spPaker syRtem, IR, III-272 
wiring 

ac outlet tester, V-318 
ac wirillg locator, V-!317 
two-way switch, V-591 

vaite aruplifiers, III-18 



x 
xenon flash triAAer, slave, IU-447 
XOR gates, TV-107 

complementary signals generator, 
llI-226 

oscillator, lll-429 
up/clown colU1ter, IIl-105 

y 
yelp oscillator/siren, II-577, III-562 

z 
Z80 clock, II-121 
zappers, battery, II-64, II-GG, II-68 
zener diodes 

clipper, last and synunetrical, N-3'29 
inr:reasing power ratiI),i.(, 1-4!:16, 11-485 
limitP.r using one-zener design, lV-

2G7 
test set, V-321 
tester, T--400 
variable, I-507 

voltage regulator, prograrrunable, 
Pl-470 

zero crossing detector, I-732, I-733, 
II-173 

zero meter, suppressed, I-716 
zero-point switches 

temperature control, UI-624 
trim.:, ll-311 

zero-voltage switches 
dosed contact half-wave, III-412 
solid-state, III-410, Ul-416 
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