




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































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 ol each circuit correlates to the entry in the Sourees sectlion.

Low-Power dc Tripler

Low-Power dc Quadrupler
Low-Power dc Doubler
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LOW-POWER dc TRIPLER

& > +12V

22 kQ

=~ 134V
out

WILLIAM SHEETS

FIG. 111-1

This dc voltage-tripler circuit based on the 555 can produce a dec output voltage equal te ap-
proximately 3 the de supply voltage.

LOW-POWER dc QUADRUPLER

+12v
+
: 10 pF
1k 16V
4, |8 =

N 22 uF - 22 WF
7 B T
22 uwF 22 uF
omkn o B NE |3 + "
o| 555 R

omuil 1 %f

5

22 pF

Eom45V

Diodes IN4148
WILLIAM SHEETS

FiG. 111-2

This de voltage-quadrupler circuit based on the 555 can produce a de outpul voltage equal to ap-
proximately 4 the dec supply voltage.
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LOW-POWER dc DOUBLER

> 12V
10 }LF+J—
tev T 1k IN4148
= 4| s
7
2 NE
=422V

22 k() 555

L
FiG. 111-3

WILLIAM SHEETS
This dc voltage-doubler circuit based on the 555 can produce a de output voltage equal to ap-

proximately 2X the dc 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 cach circuit correlates to the entry in the Sources section.

Window Comparator
Multiple-Aperture Window Discriminator
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WINDOW COMPARATOR

n
l‘:: 10 k2
>
R2
1kQ

R3
1 k2

WILLIAM SHEETS

FIG. 112-1

IC1-¢c functions as a noninverting compara-
tor, and IC1-a operates as an inverting compara-
tor. Potentiometer R1 and fixed resistors R2 and
R3 form a divider chain that delivers slightly dif-
ferent vollages to the two comparators. These
voltages define the upper and lower limits of the
circuits switching “window,” which can be
changed easily by varying R2 and R3. The LED
glows only when the input voltage falls within the
window region.

MULTIPLE-APERTURE
"WINDOW DISCRIMINATOR

p—o Vin >V

—C V3<.V|~<V‘

—o Vo< Vi< Vg

POPULAR ELECTRONICS FIG. 112-2

V1 through V4 are reference voltages that
are derived from separate sources or from a com-
mon voltage divider.
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Index

Numbers preceded by a*1", “IL" “1117, “TV,” or “V" are from Encyclopedia of Llectronic Cirewits Vol LI T, IV, or V

respectively,
A
ahsolute-value circuits, I-87, IV-274
amplifier, 1-31

full wave rectificr, 11-528
Norton wmplifier, TH-11
precision, 1-37, IV-274
ac motors (sez also motor control
circuits)
control for, [I-375
power brake, I1[-451
three-phase driver lor, 11-383
two-phase driver for, T-456, 11-382
ac/de indicator, IV-214
ac-to-dc converters, I-165
fixed power supplies, IV-395
full-wave, [V-120
high-impedance precision rectifier,
1-164
acid rain monitor, T-245, 111-3561,
V-a7l
acoustic field generator, V-338-341
acoustic sound recéiver/iransmitler,
IV-311
aclive anternas (see antennas,
active)
active filters (ses also filter circuits)
band reject, 11-401
bandpass, [[I-150, 1-221, 11-223
variahle bandwidth, 1-286
digitally tuned low-power, [I-218
five pole, -279
fourth-order low-pass, V-184
high-pass, V-180, V-188
fourth-order, V-188
seeond-order, 1-297
low-pass, V-178, V-181, V-188

digitally selected break frequency,
m-216
unity-gain, V-187
low-power
digitally selectable center
frequency, 1T1-186
digitally tuned, I-270
programmable, [[1-185
RC, up to 150 kHz, I-294
speech-range filter, V-185
state-variable, [1I-189
ter-band graphic equalizer using,
11-684
three=amplifier, 1-289
tunable, [-28Y
universal, 1I-214
adapters {see also conversion and
converters}
de transceiver, hand-held, 1TT-461
line-voltage-to-multimeter adapter,
V-312
program, second-audio, 111-142
traveller's shaver, [-495
adder circuits, I1-327
binary, fast-action, IV-260-261
AGC (see automatic gain control
{AGD)
air conditioner, auto, smart clutch
far, 11T-46
air motion and pressure
Mow-detector, 1-235, 171-240-242,
T1-202-203, TV-82, V- 154
flow-meters (anemometers)
hot-wire, 111-342
thermally based, I[-241
pressure change detector, 1V-144

molion detector, T-222, 11-364
girplane propeller sound effect, T-592
alarms (see also annuciators;

sirens), 1-4, T1-3-9, TV-84-89,
v-1-18

B656-based alarm, V-11

alarm-lone generatar, V-563

audio-sensoer alarm, V-8

auto burglar, [-3, 1-7, 1-10, 11-2,

-4, TV-563
automatic-arming, TV-G0
automatic turn-off, 8 minute
delay, TIV-52
MOS8 low-current, IV-56
horn as loudspeaker, [V-54 -
motion-actuated car/motorcycle,
1-9
security system, [-5, IV-40-568
single-1C, III-7, IV-55

auto-arming automotive alarm, I¥-50

automatic turn-off, IV-54

8 minute delay, IV-52
bahy-alert transmitter/receiver,
V-95-96

bells, electrenic, 11-33, [-636

blowm fuse, 1-10

boat, I-9

burglar alarms, L1-8, [il-8, IV-86

burglar chaser, V-16
latching circuit, 1-8, I-12
NC and NOQ switches, TV-87
NC switches, IV-87
one-chip, UL-6
self-latehing, TV-85
timed shutoff, TV-85
.camera triggered, IIT-444
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alarms (ront.)
capacitive sensor, I1I-515
current monitor and, [11-338
dark-activated alarm, pulsed tone
ontput, V-13
delayed alarm, V-4
differential vollage or current, II-3
digital clock circuil with, [11-84
door-ajar, 11-284, 111-46
Hall-effect circuit, TIT-256
door minder, V-7
doorbells (see annuciators)
driver, high-power alarm driver, V-
2
exit delay lor burglar alares, V-10
fail-safe, seiniconductor, IT-6
field disturhance, 11-507
flasher signal, V-197
flex switch alarm scunder, V-15
Mood, 1-390, [11-206, 1V-183, V=374
freezer raeltdown, [-13
headlights-on, II1-52, V-77
heat-activated alarm, V-9
high/low-limit, I-151
horne sceurity system, 1-6, IV-87
ice formation, I1-58
infrared wireless systern, [V-222-223
light-activated, V-9, V-273
high-output, pulsed tone, V-14
precision design, V-12
precision with hysteresis, V-14
self-lalch, tone outpul, V-16
with latch, V-12
light-beam intruder-detection
alarm, V-11,V-13
loop circuit alarms
closed-loop, V-3
rnulti-loop parallel alarm, V-2
parallel, V-3
series/parallel, V-3
low-battery disconnect and, I[1I-65
low-batlery warning, 11I-68
low-volls, 1-49:3
multiple cireuit for, 1-2
no-doze alarm, V-8
one-chip, 111-5
photoelectrie, 11-4, I[-319
piezoelectric, [-12, V-10
power failure, [-681, I-682, [1I-511
printer errer, 1V-106
proximity, 11-508, 1617, V485486
pulsed-tone, 1-11, V-559
purse-snatcher, capacitance
operated, I-134
rain, 1-442, 1-443, 1V-189
road ice, T1-67
security, [-4, TM-3-9
self-arming, 1-2
shutoff, avtomatic, [-4
signal-reception, receivers, III-270
silerit alurm, V-18
siven, V-bh9
smoke alarms, 11-278, I11-246-253
gas, 1-332
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innizatinn chamber, 1-332-333
line-operated, IV-140
operated ionization type, I-696
photoelectrie, line-operaled, 1-696
SCR, TT-251
solar powered, -13
sonic defenders, IV-324
spaceship alarm, V-560
speed, [958
Star Trek red alert, 1577
strobe flasher alarm, TV-180, V-6-7
tamperproof burglar, I-8
temperature {see alsa
temperature-related circuits),
11-4, 11-643
adjustable threshold, 11-644
light, radiation sensitive, II-4
timer, I1-674
trouble tore alert, II-3
varying-frequency warning, I[-579
wailing, 11-572
warbling, [1-573,%-7
watchdog timer/alarm, IV-h&4
water leakage/level (see also fluid
and moisture}, 1-389, [V-180, V-
a74
allophone generator, HL-733
alternators
hattery-alternator monitaor, car, TMT-
63
regulater for automobile alternator,
V-76
allimeter, digital readout, V-296
AM radio-related circuits, 1-544
armnplitude modulator, II-370
broadcast band signal generator,
wv-302
car radio Lo shortwave converter,
TV-500
demadulator, TI-160
envelope detector, TV-142
microphone, wireless AM
microphone, [-679
medulation monitor, [V-289
power amplilier for, 1-77
receivers, [[-625, 181, 111-629, [1I-
530, TV-455, V-486
1.5V broadeast, V0497
mixer/oscillator for AM receiver,
V-412
transistor radio, ¥-502
carrier-current, I11-81
integrated, [1T-535
signal generators, IV-301, [V-302
AM/FM-related circuits
clock radio, 11-543, 111-1
stuelch circuit, 16547, 111-1
amateur radio related circuits
linear amp, 2-30 MHz 140-W, IT-260
receiver for, I[I-534
rf variable-frequency oscillator
(VFO), v-532
transceiver relay interfuge, V-243
transmitter, 80-M, [[I-675

voice identifier, V-550
ambience amplifier, rear speaker, IT-
458
arubient light effects, cancellization
circuit, [[-328
ambient light-ignoring optical
sensor, 111-413
ammeter, [-201
low-gurrent, V-307
nang, 1202
pico, T-154, 157, 1-202
guarded input circuit, T-156
six-decade range, 11-153, [[- 156
amplifiers (see also audio
amplifiers), [[-5-22, 11I-10-21
V-17-26
1 watt/2.3 GHz, 11-540
2 to 6-W, with preamp, IT-451
2 to 30 MHz, 140W amateur radio
linear, 1-665
4W bridge, I-79
5W output, two-meter, 1-567
6W 8-ohm output-transformerless,
1-75
10 dB-gain, 1I1-543
10 W power, I-76
10 x buffer, [-128
12-W low-distortion power, 1-78
16-W bridge, 1-582
2h-watt, 1-452
30 MHz, I-567
40 dB gain, [V-36
60 MHe, I-567
80 Mliz cascade, [-567
B0W PEP broadband/inear, [-857
100 MH=/400MHz neutralized
common sairee, I-565
100%W PEP 420-450 MHz push-pull,
1-564
100x buffer, [-128
135 to 175 MHz, 1-564
160W PEP hroadband, 1-556
200 MHz neutralized common
source, [-568
45(+-MHz corunon-source, [-568
600-W rf power, 1-559
abselute-value, 1-31
ac amplifier, noninverting, V-18,
v-1%
ac servo, bridge type, [II-387
ac-coupled, dynamic, I1I-17
aeoustic field generator, V-338-341
AF drive indicator, V-346
AGC, T-17
squelch control, [11-33
wide-band, [1I-15
adjustable-guin noninverting, 1-91
amatear radio, linear, 2 to 30 MHz,
140W, T-665
ambience, rear speaker, [[-458
AM radio power, [-77
attenuator and, digitally contrelled,
1-53
audio (see audio woplifiers)



audio converter, two- to four-wire,
1I-14
audio limiter, low-distortion, TI-15
audic power amps (32 audio and
sound cirenits, power amps;
audio signal amps (see sudio and
sound circuils, signal amps)
audio-to-TTHF preamp, V-24
automatic fade circuit for, 11-42
autornatic level control, [I-20
automative audio amplifier, 1V-66
Av/200, stereo, I-77
balance, 11-46
inverting, [-33
Ioudness control, T-47, I1-305
bootstrap circuit, V-350
bridge, [-74
4 watt, [-79
16 watt, I-82
ac servo, 1-4568
audic power, -51
high-impedance, [-353
transducer, I1I-71, [I-84, 1-351
breadband
low-noise, 1-562
PEP, 160-W, 1556
linear/PEP, 80W, 1-657
buffers
10x, 1-128
100x, 128
ac, single-supply, [-126
battery-powered, 1-351
rf anp with modulator, TV-490
sine-wave outpnt, I-126
unity-gain, stable design, 11-6
car stereo booster amp, V-T2
cascade, [II-13
80 MHz, 1-567
casvode, rf amplifiers, 1V-488
CD4049 audio signal amp, IV-40
chopper, +/— 16V, 11I-12
chopper channel, -350
stabilized, II-7
clamp-limiting, active, 11T-15
color video, [-34, 111-724
COTAION SO
460 MHz, I-568
low-power, I1-84
complementary-symmetry audio, I-
78
composite, 11-8, TI-13
compressor/amphifier, low-
distortion, IV-24
constant-bandwidth, 111-21
cool-down circuit, V-354, V-367
current feedback amp, V-100 ma
at 100 MHz, V-25
current-shunt, [11-21
current collector head, 11-11, I-295
current-to-voltage, high-speed, 1-35
Darlington, pusti-pull, V-22
dc serva, [-487
de-stabilized, fast, IT-18
-de-to-video log, 1-38

detector, MC1330/MC1352, TV 1F,
[-688
difference ampliticr, V-18, V-21
differential, I-38, TT-14
high-impedance, }-27, -354
high-input, high-impedance, li-19
instrumentation, 1-347, I11-283
instrumentation, biomedical, IT-
282
programmable gain, [II-507
two op amp bridge type, 11-83
diserete current-booster, V-23
distribution amplifiers
audio, 1-39, 11-39, V-53
signal, 1-39
duai power supply, V-465
dynarnic, ac-coupled, III-17
ear protector circuit, V-482
electret microphone preamp, V-21
electrometer, overload protected,
[1-155
Tast-inverting, high-input
impedance, V-18
FET input, [I-7
offset gate bias, V-22
video, cascade, I-691
flal. response, 1-92, TM-673
forward-current booster, III-17
four-quadrant phote-conductive
detectar, 1-3569
frequency counter prearup, V-24
gain, 10 dB, 111-543
gain-controlled, 1-34
gate, 1-36
guitars, matching audio signal
amps, IV-38
harmonic distortion analyzer,
V-261
harmonic distortion meter, V-312
hi-fi compander as, I-12
hi-fi expandor, II-13
high-frequency amplifiers, 111-269-
265
29-MHz, [11-262
3-to-30 MHz, 80-W, 12.5-13.6V,
111-261
amateur radio, linear, 2-30 MHz
140-W, 111-260
noninverting, 28-dB, III-263
RF, broadcast band, [[I-264
UHF, wideband with high-
performance FETs, TII-264
wideband, [T1-265
high-impedance/high-gain/high-
frequency, 1-41
high-impedance/low-capacitance,
1-691
High-input-high-impedance
amplifiers, II-19, 11-44
TF amplifiers, I-690, IV-459
456-kHz, V-622, V-623, V-524
45-MHz, crystal filter, V-527
AGC system, IV-458
preamp, IV-460

receiver, JV-1459
quadrature detector, TV sound 1Y,
1-690
two-stage, 60 MHz, I-663
wideband, [-689
infinite sample and hold, 1I-668
input-inverting, fast, high-
impedance, V-19
nput/output buffer for analog
multiplexers, TIT-11
nstrumentation amplifiers, [-346,
1-348, 1-349, 1-352, 11-293-295,
11-278-284, IV-229-234, V-233-
235
+/-100 V cornon mode range,
111-294
current collector head amplifier,
T-285
differential, I-347, I-349, 1353, I-
354, II1-282, 111-283
extended common-mode design,
W-234
high-impedanee low-drift, [-365
high-speed, 1-354
low-driftlow-noisc de amplifier,
v-232
tow-signal levelhigh-impedance,
1-350
low-power, TT1-284
meter driver, [[-296
preamps, III-283, IV-230-231
precision FET inpud, 1-355
saturated standurd cell amplifier,
11-296
strain gauge, [[I-280
triple op amp, [-347
ultra-precision, lI-279
variable gain, differential input,
1-344
very high-impedance, [-354
wideband, TIT-281
inverting, I-42, [1-41, I11-14 -
ac, high-gain, 1-92
balancing ¢ircuit in, 1-33
gain of 2, lag-lead compensation,
UHF, 1-566
low-power, digitally selectable
gain, T-333
power amplifier, I-79
programmable-gain, [[I-505
ity gain amplifier, I-80
wideband unity gain, 1-35
isolation
capacitive load, [-34
level-shifting, [-348
medical Lelemnetry, -352
f, [1-547
JFET, V-20
500-Mohm input impedance, V-23
hipolar cascade video, [-692
current source biasing, V-21
preamplifier, V-22
line amps, 111-37
duplex, telephone, [T-616
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amplifiers {cont.)
universal design, IV-39
linear amplifiers
2-30MHz, 140W PEP amateur
radio, 1-6565
100 W PEP 420-450 MHz push-
pull, I-554
160 W PEP broadband, 1-556
amateur radio, 2-30 MHz 140-W,
TIT-260
audio power amplifiers, V-51
CMOS inverter, II-11
inverter, linear amp frem inverter,
1-11
of, [V-480-441, [V-484-485
load-line protected, 76W audio, 1-73
lngarithroic ampliliers, 1-29, 135,
-8
de to video, I-38
iog-ratio amplifier, [-42
logic amplificrs, 11-332-335
low-power bitwry, Lo 10n gain
low-frequency, TM-333
low-power inverting, digitally
selectable gain, [1-333
low-power noninverting, digitally
selectable input and gain, [1-334
precision, digitally programmable
input and gain, T-335
programmable amplifier, 1T-334
log ratio, I-42
loudness control, 1I-46
low-level video detector circuit
and, [-687
low-noise design, IV-37
medical telemetry, isolation, I-352
meter-driver, tf, 1-MHz, TIT-545
micro-powered, high-input/high-
impedance, 20 dB, [[-44
micro-sized, TT-36
microphene, [-87, TH-34
electronically halanced input, 1-86
microwave amplifiers, IV-316-319
B.7 (3Hz, Iv-317
bias supply for preamp, IV-318
preamplifiers, IV-316-319
mini-stereo amplifier, V-583
moncstable, T1-268
MOSFET, high-impedance hiasing
method, V-1¢
neutralized common source, [-565,
1668
noninverting amplifiers, I-32, 1-33,
I-41,11-14
ac power, I-T9
adjustable gain, I-41
compatator with hysteresis in,
1-153
high-frequency, 28-dR, I11-263
hysteresis in, I-153
low-power, digitally selectable
input and gain, II-334
power, 1-79
programmable-gain, [1-505
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single supply, I-74
split supply, [-75
Narton, absolute-value, I11-11
op amp {see operational amplifiers)
oscilloscope sensitivity, II1-436
outpul, four-channel YA, II-165
phono, [-80, I-81, 1-89
photodiode, 1-361, 11-324, 11119,
11672
phototransistor amplifier, V-40%
playback, tape, III-672
polarity-reversing low-power, 111-16
power (seg power iups)
power supply, V-464, V-465
pre-amps (see preamplifiers}
precision amplifier, I-40, T-335
programmable amplifiers, 1I-334,
111-504-508
dilferential-input, programmable
gain, TI-507
inverting, programmable-gain,
[11-505
noninverling, programmable-gain,
MI-505
precision, digital
control/programring, 1-506
programmable-gain, I-32, T1-9
variable-gain, wide-range digital
control, HI-606
programunable gain, 1-32, [1-9
pulse-width proportional controller
circuit for, 11-21
push-putl
Darlington, V-22
PEP 100-W, 420-450 MHz, 1-554
PWM servo, 11I-379
recording mnplifier, 1-90
reference voltage, [-36
remote, I-91
1f {see rf amplifiers)
sample-and-hold, I-687, I[-5568
selectable inpul, programmable
gain, I-32
servo amplifiers (see also motor
controls}, I-452
400 Hz, I1-386
bridge type ac, 1-4568
de, [-467
molor drive amplifier, [1-384
signal amplifiers, audio, 11-41-47,
W-34-42
signal distribution, 1-39
sound-activated, gain-controlled,
IvV-524

silicon-contrelled amplifiers (SCA),

V-53h-036
decoder, [-214, TI-166, 11-170
demodulator, [I-150, TII-565
subcarrier adapter, FM tuner, V-
534
sinewave autput buffer, 1-126
sound mixer and, I1-37
zource follower
bootstrapped, V-20

JFET, V-20
gpeaker amplifiers, 11-16, -39
speech compressor, 1I-15
sterco amplifiers, 1-77, 11-9, 111-34
hass tone cantrol, V-584
subwaoofer power supply, V-464
summing, 1-37, III-16
fasl-action, [-36
inverting, V-18, V-20
precision design, 1-36
viden, clamping circuit and, 111-
IO
switching power, 1-33
lape playback, 1-92, IV-36
tape recording, 1-90
telephone, 1-621, IV-555, IV-560,
V614
test bench amplifier, V-26
thermocouple, [-654, TT-14
cold junction compensation in,
11-649
high-stability, 1-355
transducer, I-86, III-669-673
transformerless, 6-W, 8-ohm
output, I-75
transislorized, I-85, 11-43
tremaolo circuil, voltage-controlled,
1-598
tuhe amplifier, high-voltage
isolatior, TV-426
TV audio, III-39
two-meter, I-562, [-567
Lwo-stage |, [-563, I-689
ULk, I-360, 1-565

Tty gain, 1-27, I1-7

noninverting, V-21, V.22
variable-gain, for oscilloscopes,
V-426
VHIY, single-device, 80-W/560-ohm,
[-558
viden, [-692, TIL-708-T12, V-655, V-
GhG, V65T, V-G08, V-A02
75-ohm video pulse, H1-711
buffer, low-distortion, III-712
color, 1-34, [11-724
de gain-control, [11-711
FET rascade, [-691
gain block, 1I1-712
P, low-level viden detector
circuit, I-689, 1I-687
JFET bipolar cascade, 1-692
line driving, [[I-710
log amplifier, 1-38
RGB, T1-709
summing, clamping cireuit and,
11-710
voice activated switch, [-608
voice-operated circuits, V-551
voltage, differential-to-single-
ended, [11-670
voltage-controlled (sez voltage-
controlled amplifiers)
vollage-follower, signal-supply
operation, 11-20



volume, 1[-46
walkman, 17-456
write, 11I-18
amplitude medulation (see AM
radio-relaled sircuits; AMFM)
analog circuits
counter civeuit, 1I-137
delay line, echo and reverb, 1V-21
multiplexers, 11-431, 11-396
multiplicr, 11-392
switch, differential analog switch,
1-622
analog-to-digital converter, I[I-23-31,
I1-22-26, IV-5-6, V-27-30
3-bit, high-speed, [-50)
8-bit, 1-44, [-46
8-hil successive approgimation, 1-47
10-hit, TT-28
10-bit serial outpt, 1-27
12-bit, high-speed, [1-29
16-hit, II-26
board desigu, 1V-6
buffer, high-speed 6-bit, 1-127
capacitance meter, 3.5 digit, I[I-76
cyelic, 11-30
differential inpul system lor, 11-31
eight-channel, for PC clones,
Y2530, V26
fast precision, 1-49
four-digit {10,000 count}, 1I-26
half-flash, 11I-26
IC, low-cost, 1-50
LCD display, 3.5 digit,, 1-49
poller, V-28
successive approximation, 11-24,
1-30,1-45
switched-capacitor, 111-23
three-decade. logarithmic, 1-48
three-1C, low-cost, 1.50
tracking, 111-24
video converter, IV-610-611
analyzer, gas, [I-281
AND gate, I-395, V-216
large fan-in, [-395
ancmometers (See also air
motlen/pressure)
hot-wire, TIT-342
tharmally based, [I-241
angle-of-rotation detector, 1I-283
annunciators (see also alarms;

sirens), 11-32-34, I-27-28, TV-710

ac line-voltage, MM-730
hell, elactronic 1-636, [1-33, IV-9
buzzers, 1-11, 1-12, TV-8, V-170
chime circuit, low-cost, 11-33
door buzzer, IV-8
doorbells/chimes, 1218, 1443, IvV-8
hurzer, Y-170
buzzer, two-door, IV-10
musical-tone, [V-522
rain alarm, [-44}
single-chip design, TV-h24
sliding tone, 11-34
twin-bell, V-170

large fan-in, [-395
SCR circuit, self-inlerrupting load,
V-9
twin-bell doorhell, V-170
two-doorannunciator, IV-10
answering machines (see alsv
lelephone-related circuits)
beeper, IV-559
antennag, TV-11-14, ¥-31-38
active, 111-1-2, 1v-1-4
wideband rod, V04
with gain, Iv-2
balun, V-34
T broadband antenna preamp, V=36
HF/VHF switchable active antenna,
V-h24
loop antenna,
3.5 MHz, 1V-12-13
dual band, 80-16-M, V-32
preamp, V-38
preamps
HF broadband, V-36
VLF 60-kHz, V-33
widehand antenns, V-35
selector switch, IV-538-539
TR switch, automatic, V-37
tuner
1-to 30-MHz, 1V-14
low-power, V-38
VLI 60-kllz antenna preamp, V-33
VLI/VLE wideband, low-noise,
active, V.33
wideband antenna, preamp, V-35
antitheft de¥ice, -7
arc lamp, 26-W. power supply lor,
11-476
are welding inverter, wltrasonic, 20
KHz, TIT-700
arc-jet pewer supply, starting circuit,
[-47%
astable mullivibrators, TT-269, T-510,
11-146, TI-233, TIT-238, V-387,
V388
op amp, T1-224
free-running square-wave oscildalor,
V-386
programmable-frequency, MI-237
square wave gereration with, T1-597
attendance counter, T-138
attenuators, M1-28-31
analog signals, microprocessor-
controlled, I11-101
digitally prograruuable, [II-30
digitally selectable, precision
design, 1-H2
programmable, 1-30
programmabie (1 to L.00001), 1-53
of, [V-322
variable, [-52
voltage-controlled, T1- (8, TIT-31
audia amplifiers (see also amplifiers;
audio and sound circuits, audio
power amplifiers), H-41-47, I1I-
32-39, IV-34-43

40 d3 gain design, TV-36
AGE, squelch control, 11-33
andio compressor, [1-44
automotive slereo systemn, high-
power, 1V-66
balance, T-46, H-47, TV-21H
Raxandall tone-control, IV-5588
booster, 20 dB, 111-35
CD4049 design, 1V-40
circuil, bridge load drive, TIT-35
complementary-symmetry, I-78
compressor, 11-441
distribution, I-39, 1I-34
electric guitar, IV-38
fader, aulomalic, 11-42
fixed powor supplies, IV-398, V-
407
high-slew rafe power op amp, 1-82
gain-controlled, stereo, [1I-34
line amplifier, {I[}-37, IV-39
load ling protection, 76W, .73
loudness, [1-46
low-noise design, IV-37
lew-power, [1-454
micro-sized, [11-36
microphone, 11-45, 111-34
micropower high-input-impedance
20-dB amplifier, TT-44
mini-stereo, [-38
power (see audio power amplifiers)
power supply, V-465
pre-amps
1000x, low-noise, [V-37
general-purposs, TV-42
irpedance-matching, 1V-37
low-noise, 1V-41
magnetic phono cariridge, [V-35
microphone, 1V-37, IV-41, IV-42
NAR tape playvhack, professional,
11-28
phono, [I1-37, IV-35, IV-36
RIAA, III-38 -
stereo, 1I-43, 11-45
Q-mulliplicr, [1-20
signal (see audio signal amiplifiers)
speaker, hand-held transceivers,
-39
iape playback amplifiers, [V-35
television type, I1[-39
tone conlrol, LI-686
transistor headphone amplifier, TT-13
ultra-high-gain, T-87
volume indicator, 11-46, IV-212
audio and sound circuils (see afso
audio amplifiers; sound
generators, somd-operated
circiits)
acoustic field generator, V-338-341
acoustic sound
receiver/lransmilter, IV-311
AF drive indicator, V-346
ampliliers (geg audino amplifiers)
audio-frequercy genarator, V-416-
417
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audio and sound circuits (coni.)
audio-frequency meler, V-305,
V-320
audio-rf signal tracer probe, 1-527
audio-sensor alarm, V-8
audio-test oscillator, V-420
audio-to-ADC interface, V-242
audio-to-TTHF preamp, V-24
‘gutematic gain control {AGCH, T-17
automatic level control (ALY},
V-62
AGC systern for-CA3028 [F amp,
IV-458
tf amplifier, wideband adjustabie,
1I-545
squelch control, IMT-33
wide-band amplifier, I1I-15
hooster, 11-455, 111-35
hiquad filter, III-185
bridge load drive, IT1-35
carrier-current transmittar, 11-79
clipper, precise, 11-394
compressor, [[-44
continuity tester, I-550
converter, two- to four-wire, 11-14
distribution amplifier, [-3%, 11-39
expander, V-582
fillers (see filters)
frequency doubler, IV-16-17
frequency meter, 1311
generators (see sound generators)
LED bar peak program meter
display, 1-254
level meters, sound levels, III-346,
N1-614, 1V-305, IV-307
limiters, 1I-15, V-335
millivoltmeter, T-767, [I1-760
mixers (see mixers)
notch filter, [1-400
octave cqualizer, V-353
nscillators, 1-64, 11-:24, [11-427, [V-
374, W-375
Z0Hz to 20kHz, variable, 1-727
light-sensitive, III-315
sine wave, [[-662
power (see audio power amplifiers)
power meter, 1-488
Q muitiplier, I1-20
receivers (ser Teceivers)
rf signal tracer probe, 1-527
scramblers, [V-25-27
sclector, digital, V-158
signal amplifiers {see audio signal
amplifiers)
sine wave generator, T[-5ii4
squeleh, 11-394
switches
eight-channel, V-588-589
video/audio switch, V-586
switching/mixing, silent, 1-59
transmitters (see transmitters)
waveform generators, [11-230
audio generators (see sound
generators)
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audin-operated circuits (see sound-
operated circuits)
audio power amplifiers, I1-151, T1T-
454, [V-28-33
AW, with preamp, [11-454
18-W bridge, V-49
20-W, 11-456
33-W bridge composite, V-46
3951, V-39
40W, V41
HO-W, TIT-451
TO W, composite, V-44-45, V 44
audic amplifier, IV-32
basic design, V-b1
bridge, 1-81, V-49
bridge composile, V-46
bul horn, 1V-31
composite,
33-W bridge, V-16
TOW, V-44-45
nverting 10W, V-47
neminwverting 10W, V-47
dual, V-12-43, V-42
general-purpose, 5-W, ac, [V-30
half-watt, single-channel, V-4i
inverting composite, V-10W, V-47
Tinear, fast, high-voltage, V-51
MOSFET, V47
noninverting composite 10W, V-47
op amp, simple design, 1¥-33
personal-stereo type, V-48
receiver audio cireuit, 1V-31
sterco amnp, 1V-29, v-40
subwooler amp, V-4%, ¥-50
audio signal amplifiers, 11-41-47,
[V-34-42, V-52-59
booster, V-58
cornpressor, audio, V-57
constant-volwmne, V-55
distribution amplifier, ¥-59
dual preamp, V-H8
headphone amplifier, V-53
headphone amplifier, JFET, V-57
Line driver, ¥V-54
mini-amp, V-55
phonograph, magnetic pickup, V-58
tunable-filter design, V-56
volume limiter, V-59
audio-frequency generator,
V-416-417
andio-frequency moeter, V-308, V-320
andio-to-TTHF preamp, V-24
audic/video switcher cirenit,
I¥-540-541
auto-advance projeclor, 11-444
antndrum sound etffect, 11-691
anto-fade cirenit, 171-42
auto-flasher, 1-299
aulo-zeroing scale bridge circuits,
111-64
automatic gain control (AGC), II-17
AGC system for CABOSS 11F aanp,
V-458
rf amplifier, wideband adjustable,

IH-545
squedeh eontrol, [11-33
widte-band amplificr, 11I-13
automatic level control (ALC),
V-60-62
AlzC system for audie signals, V-62
basic design, V-62
digital design, V-61
alitomotive circiits, 11-48-63, TI1-40-
52, IV-43-67, V-63-77
accessory-power controller, V-70
alarms (se¢ also alarms/security
circuits?y, ¥-1
automatic-arming, IV-a0
antomatic turm off, IV-52
CMOS design, low-curvent,; IV-56
horn as loudspeaker, 1V-54
single-1C design, 1V-65
air condilioner smarl. cluteh, 111-46
alternator/battery monitor, 11-63,
V-83
alternator reguiator, V-76
AM radio Lo shortwave converter,
V-500
amplifier, booster for car stereo,
V72
analog expanded-scale meter, IV-46
audio-amplifier, high-power, IV-66
back-up beeper, H1-49, IV-51, [V-56
bar-graph voltmeler, [1-64
battery chargers/ionitors (see
rise battery-related circuits)
charger, ni-cad, -115
condition checker, I-108
current analyzer, [-104
clectrie vehiele battery saver, O1-67
monitor, I-106, 1-222, 111-60-67
supply circuit, +/- 15- and 5.V,
Iv-391
battery cranking-amps tester, V-84
battery/alternator menitor, V-88
hrake and turn Indicator, V-74
brake lights, V-65
delayed extra, 1T-44
flashing, V-69
flashing third, III-51
nighi-safely light for parked car,
V61
third brake light, IV-60
burglar alarms, 1-3, 1-7, 1-10, 11-2,
11I-4, IIT-7. IV-53
cassette recorder power circuit,
V548
courtesy lights
delay awitch, I11-42
light extender, I1i-50
dc power adapter, V-T0
digi-lach, [-61
directional signals monitor, 11[-48
deor ajar monitor, TTT-46
electric vehicles, battery saver,
11-67
clectrical tester, IV-4b
electronic cireuits, IV-63-67



engine-block heater reminder, V-74
exhaust emissions analyzer, 1I-51
fan thermostatic switch, V-68
fog light controller with delay, IV-59
fiel gange, digital readout, [V-46
fuse monitor, V-77
garage slop light, 11-53
generator regulator, V-76
glow-plug driver, 11-52
headlights, IV-57-62
alarm, [11-52, V-77
automatic-off controbier, [V-61,
V.78
delay circeait, 1-107, T1T-49, T1-6%
dimmer, 11-57, TT-63
flasher, ¥V-73
ori-lights reminder, V-74, V-77
switching circuil, v-75
headlight/spollight contrel, V-67
High-speed warning device, I-101
ice formation alarm, I1-68
ignition circuit, V-64
cut-off, IV-563
ejeclronic ignition, 1V-65
substitute ignition, TT-41
timing light, TI-60
immaohilizer, H-50
kill-switeh for battery, time-
delayed, V-71-74
light circuils, 1IV-67-62
lights-on warmng, [1-55, TIT-42,
IV-58, TV-6{, TV-62
locator, antomoebile lorator, 111-43
night-safety light for parked car,
W-61
oil pressure gauge, digital readout,
v-a4, IV-47
PTC thermistor automotive
temperature indicator, II-566
radio receiver, 11-625
radio WWV converter, V-119
read-head pre-amplifier, TT-44
road ice alarm, 11-57
security system, I-0, IV-40-5&
spotlight/headlight control, V-67
tachometers, [-94, [-100, I-102,
[[-175, 111-3:35, 111-340, 111-347,
V-65
analog readout, IV-280
valibrated, TT-H98
closed loop feedback control, 11-390
digital readout, II-61, [II-45,
IV-268-269, 1v-278
dwell meter/tachometer, TI1-45
feedback control, 11-378, [1-390
frequency counter, 1-310
low-frequency, [I-5396
minimurn-component. design, [-406
motlor speed controllers, T-378,
11-389
optical pick-up, I1-347
set point, HI-47
temperature gauge
digital readout, 1V-48

PTC thermistor, -6
thermostatic switch for auto fans,
V-68
turn signals, V-65
audible reminder, V-74
monitor, TT-48
secuential flasher for, II-109, III-1
smart, V-66-67. V-66
reminder, V-73
vacuun gange, digital readout, [V-45
voltage gauge, TV-47
voltage regulator, 111-48, IV-87
voltrneter, hargraph, 1-8%
water temperature gauge, 1V-44
windshield wiper cireuits, [-105,
11-55, 11-62
control circudt, 1-103, 1-105, T1-02
delay circuit, II-55, 1V-64
hesitation control unit, I-105
intermittent, dynamic braking,
11-49
interval controlier, TV-67
slow-aweep control, I1-55
windshield washer fluid watcher,
[-107
WWV converter for radio, V-119

B
B-field measurer, IV-272
bahy monitor, V-370-371
bahy-alert transmitter/receiver,
V-95-46
back-biascd GaAs LED light sensor,
11-321
bark-EMF PM motor speed contrel,
11-379
backup-light beeper, car, IV-51,
V-84
bagpipe sound effect, TV-h21
halance indicator, audio amps.
V215
kalance meter, stereo, V-583
balancer, sterso, I-619
balance amplificrs, TH-46
Ioudness contrel in, T-395
halance indicator, bridge cireuit, 11-82
balun, V-34
band reject filter, active, H-401
bandpass filter (see also filier
circuits), 1-222, V-180, V-181
0.1 Lo 10 112, 1-295
180 Hz, T-296
active, [1-221, 11-223, TII-190
1¥kHz, [-284
20 kHz, 1-297
80 (B gain, 1-284
variahle bandwidth, [-286
biquad, 1-285, 1I[-188, V-190
Chebysheyv fourth-order, 111-191
high-Q, [-287, V-179
MFB, mullichannel tone decoder,
1288
multiple feedback, 1-285, T-207,
224

noteh, [I-223
Sallen-Key, 500 He, [-291
second-order biquad, TT-188
speech-range filter, V-185
state variable, 1-290
tunabie, [V-171
vuriable bandpass, V-184
variable-frequercy, V-186
hang-bang power controllers, [V-380
har-code scanner, 11[-363
bar-expanded scale meter, [-186
bar graphs
ac signal indicator, T-187
voltreters, IT-H4, T1-99
harricade flasher, 1-209
harometer, IV-273
bass tone control in stereo amplilier,
V-584
bass tuner, [1-362
12V, 111
200 mA-hour, 12V Ni-Cad, I-114
automatic shutoff for, 1-113
batlery-operated equipment (see
alzo battery-related cireuits)
ac powsr control switch, IV-387
antomatic shutoff, II-61
bipolar power supply, 11-475
black light, V-281
buffer amplifier for standard cell,
1351
caleulators/rading/cassette players,
power pack, I-H09
cassette deck power circuit, car,
V-548
fence charger, 11-202
flasher, high-powered, 11-226
lantern circiit, -380
light,, capacitance operated, 1-131
{nindicator, IV-217
undervollage indicator for, 1-123
warning light, I1-320
battery-related circuits (see also -
hattery-operated equipment),
V-82-89
AA cells, +5 V/+3.6 V power
supply, V-452
baliery life extenders, IV-72, V-B7
9-v, TI-62
tisconnect switch, TV-ThH
electric vehicles, I11-67
capacity tester, 111-66
car battervallernalor tmonitor, V-88
chargers, 1-113, I[-64, T1-69, II-53-
59, IV-68-72, V-7T8-81
12-V charger, IV-70
constant vollage, current rnited,
[-11B
intelligent circuit, V-81
mobile charger, +12 Vde, IV-71
ni-cad, 1-112, 1-116, II-57
rf type, V-79
solar-powered, V-81
temperature scising charger,
[v-77
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hattery-related circuils (ot )
trickle charger, lead-acid, V-79
checkers (see battery monitors,
below)
condition checker, [-108, [-121
control for 12V, 1-112
eonverter, de-to-de, TV-119
cranking-amp test cireuit, V-84
current limited 6V, I-118, IV-TC
current moniter, 0-2 A batteries,
V-RY
disconnect switch, life-extender,
W-7H
dynamic constant current test, 11-75
fixed power supply, 12-VDC/120-
VAC, lil-464
gel cell, 11-66
high-voltage generator, [11-482
indicatars (sez battery monitors,
below)
internal resistance tester, [V-T4
kill-switch, time-delayed, V-71-72
lead/acid, IT1-65
level indicatar, 11-124
" lithium, 1I-67
charge indicator, 11-78
low-batlery delection/warning, [-
124, 1177, 11-66, 1L1-64, 11163,
TII-65, TV-56, TV-50
low-cost trickle for 12V storage,
I-117
monitors, 1-106, I-222, H-74-79, 11I-
60-67, IVY-73-80, V-82-83
ri-cad batteries, 1-118
analyzer for, [11-64
charger, I-112, I-116, TH-57
12 v, 200 mA per hour, I-114
current and voltage limiting, I-114
last-acting, 1118
portable, TV-69
temperature-sensing, TV-77
thermally controlled, Ii-68
packs, automotive charger for,
1115
portable, 11-47, IV-89
protectiot circuit, TIT-62
simpli-cad, I-112
temperatiure-sensing charger,
V-77
test circuit, [V-79
thermally controlled, 11-68
zappers, [-6, [I-66, 11-68
power supply and, 14V, 11-73, III-
42
proleclion gircuit, ni-cads, I11-62
PUT, II-64
regulator, I-117
relay fuse, V-88
saver circuit, V-§7
sensor, quick deactivating, I1-61
simpli-cad, I-112
solar cell, 1-71
splitter, II1-66
status indicator, II-77
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step-up switching regulator, 6-V,
11-78
supply-voltage monitor, Y-85
test circuits, IV-78, V-83. V-84
LED bargraph, V-89
ni-cad, IV-79
thermally controlled ni-cad, 1-68
threshald indicator, 1-124
LT, 1I-56
undervoltage indicator, [-123
universal battery, 111-56, I[I-58
versatile battery, 11-72
voltage indicators/inonitors, 1-79,
TV-80, V-86
automotive baftteries, TV-47
detector relay, [I-76
HTS, 1-122
regulator, IV-T7
solid-state design, 1-120
watchdog circuit, V-85
wind powered, II-70
zapper, simple ni-cad, [-116
Baxandall tone-control audic amp,
TV-588
BCT rotary switch, digital, V-160
BCD-to-analog converter, 1-160
BCD-to-paraliel converter,
multiplex, 1-169
beacon trangmitier, U-683
beep transformer, IT-655, [11-566
beepers, T-19, 11149
bells, electronic (see also alarms;
annuciators), [-636, 11-33
bench top power supply, 11-472
bicycle speedometer, IV-271, [V-282
bilateral current source, 1H1-4689
hinary counter, 11-135
biomediral instrumentation
differential amplifier, 11I-282
bipolar de-de converter with no
induetor, II-132
bipolar power supply, 11475
bipolar voltage reference souree,
1I-774
bigquad audio filter, I11-185
sccond-order bandpass, II[-188
RC active bandpass, 1-285
bird-chirp sound effect, [I1-677, 11-688
hird feeder moniter, V-371
bistable multivibrators, I-133, 11-465
inverter, III-103
debeuncer, [V-108
flasher, 1-2089, 1[-234
lamp driver, IV-160
pushbutton trigger, V-388
RS flip-flop, {-395
SCR, 1-367
SR Mip-flop, V651
touch-triggered, I-133
bif. grabber, computers, TV-105
black light, battery-operated, V-281
blender-motoer control circuit, V-379
blinkers (see flashers and blinkers)
blown-fuse alarm, 1-10

baoiler control, I-638
bongos, electronic, [I-587
booslers
12ns, [1-97
ac line voltage boost, V-349
audio, 11-455, [11-35, V-5
beosler/buffer for reference
current, 1V-425
alectronic, high-speed, 11-96
forward-current, Ti-17
LED, [-307
power booster, op amp design,
-1V-358
rl amnp, broadeast band boost,
V457
shortwave FET, 1-561
baotstrap circuit, V-358
source follower, V-20
cable, 1-34
brake lights (see aulomolive
cireaits)
brake, PWM speed control/energy
recovering, III-380
briakers
12ns, 11-97
high-speed electronic, 11-96
breaker power dwell meter, [-102
breakout hox, buffer, II-120
breath alert alcohol tester, 111-359
brealh monitor, HI-350
bridge balance indicator, [1-82
bridge circuits, I-552, 11-80-85,
MM-F8-71, [V-81-83
ac, I-81
ac servo amplifier with, II1-387
accurate null/variable gain circuit,
111-69
air-flow-sensing therrmistor, IV-82
auto-zeroing seale, IIT-69
~balance indicator, I1I-82
bridge (ransducer amplifier, [1}-7T1
crystal-controlicd oscillaler, 1V-137
differential arplilier, two op-amp,
11-83
inductance bridge, [V-83
load driver, audio rireuits, I11-35
low-power common source
ampliticr, [1-84
one-power supply design, 1V-83
LRI SWHR, TIT-336
rectifier. fixed power supply, TV-388
remctesensor loop transmitter,
Hi-70
of bridge, V-50-Mliz, V-303
strain gauge signal conditioner,
11-85, 1II-71
transducer, amplifier for, I1-84
Wien-bridge {see Wien-bridge)
brightness controls, 111-308, 111-316
contrast meter, 1-472, 11-447
LED, T-2560
low-loss, I-377
broadband communications (see
radio/rf circuits)



buck converter, 5V/0.54, 1-494
buck/boost converter, 11-113
bucking regulators
add 12-V output to 5-V, V-472
high-voltage, I1I-481
buffer amplifiers, V-91
10x, I-128
100%, 1-128
ar, single supply, I-126
hattery powered, standard cell,
11-351
MOSFET design, V-93
sine wave output, 1126
VFO design, V-92
huffers, TV-88-90, V-90-93
amplifiers (see buffer amplifiers)
ac, single-supply, high-speed,
1-127-128
ADC inpul, high-resolution, 1-127
AD, 6-bit, high-speed, [-127
hoostermuffer for reference
current, [V-425
capacitance buffers
low-input, 11-498
stabilized low-input, IT-602
data/clock line serial bus for T'Ca,
V-110
hex-buffer crystal oscillator, V-136
high-current, V-92
input/oulput, for analog
mulliplexers, HI1-11
inverting, [[-299, IV-90
oscillator buffers, IV-89
precision-increasing design, TV-89
rail-to-rail single-supply buffer, V-93
rf amp, buffer arp with modulator,
1vV-440
stable, high-imepedance, 1-128
ity gain, stable, good speed,
high-input impedance, 1[-6
VFO buffer amplifier, V-02
video buffer, II-712, V-93
wideband, high-itnpedance/low-
capatitance, 1127
bhuffered hreakout bosx, MT-120
hug detector, T-3656, V-150
bug fracer, {11-358
bull horn, I1-453, T¥-31
burglar alarms (see alarms;
annueialors; sirens)
burst generators (see also function
generators, sound generators;
waveform generators}, 11-86-80,
1I-72-74
multi-, syuare wavelorm, 11-88
rf, portable, TIT-73
single timer IC srquare wave, [[-85
single tone, [I-87
strobe tone, 1100
tone, [I-90, 111-74
burst power control, [H-362
bus interface, eight bit uP, II-114
Butler oscillators
aperiodic, -196

common base, 1-141
crystal, I-182
emitter follower, 1-190-191, T-194
Butterworth filters
fourth order high-pass, 1-280, V-17¢
fourth order low-pass, V-180
order low-pass, V-181
huzzera (ser annuciators)

Cc
cable
hootstrapping, 1-34
tesst circuit, 1T-639, V-25%
calibrated circuit, DVM auto, 1-714
calibrated tachometer, TII-598
calibrators
crystal, 100 kHz, [-185
electrolylic-capacitor reforming,
1V-276
ESR measurer, TV-279
oscilloscope, T1-433, T11-436
portable, [-644
square wave, 5-V, 1-423
stundard for calibration, 1-408
radio calibrator, V-298
tester, TV-200
wave-shaping, high-slew rates,
V-850
cameras (see photography-related
circuils; Lelevision and video)
canary scund simulator, V-557
canceller, central image, 111-368
capacitance huffers
low-input, I1I-408
stabilized low-input, III-502
capacitance controller, digital, V-159
capacitance meters, 400, 1-91-94,
IM-76-77
A, 3.5 digit, II1-76
capacitance-to-voitage, 11-92
digital, II-94
capacilance muliiplier, [-416, 1-200,
V206, V347
capacitance tester, one-10 design,
V-306
capacitance-to-pulse width
converter, [1-126
capacitance-to-voltage meter, [I-42
capacitor discharge
high-voltage generator, TI1-485
igrition system, 11-103
capacitors, hysteresis compensation,
V-353
capacity Lester, ballery, [11-66
car port, automatic light controller
for, 11-308
cars {see automotive circuits)
carrier-current circuits (see also
radio/rf circuits), 1-78-82, 1V-
91-93, vV-94-06
AM receiver, 1T1-81
audio transmitter, TT-79
haby-alert receiver/transmitter, V-
95, V-96

data receiver, 1V-93
data transmitter, IV-92
FM receiver, TTT-80
intercom, I-146
power-line modem, [11-82
receivers, 1-141, [-143
1C, 1-146
single transistor, I- 145
relay, [-675, [V-461
remote control, [-146
lransmitlers, 1-144
1C, 1145
onfoff 200kHz line, T-142
cascaded amplifier, TT-13
cassette bias oscillator, [[-426
cassette interface, telephone, [11-G18
centigrade thermometer, 1-666,
11-648, [1-662
central image canceller, ITT-358
charge poal power supply, II-469
charge pumps
positive input/negative output,
1-418, 1-360
regulated for fixed power supply,
TV-306
chargers (see battery-related
cireuits, chargers)
chase circuit, l1-147, I-326
Chebyshev [ilters (see afso liter
cireuits)
bandpass, fourth-order, 111-191
fifth order multiple feedback low-
pass, 11-219
high-pass, fourth-crder, 11I-191
chime circuit, low-cost, 11-33
chopper cireuils
amplifier, [1-7, [11-12, 350
de outpnt, V-345
JFET, V-352
checkers (see measurement/test
cireuils)
chroma demodulator with RGB - +
matrix, ITT-716
chug-chug sound generator, 1-576
circuit breakers (see also protection
cireuits)
12ns, 1197
ac, 111-512
high-speed electronic, I1-96
trip circuit, TV-423
circuit protection (s2e protection
circuits)
clamp-on-current probe
compensator, 11-501
clarnp-limiting amplifiers, active,
1I-15
clamping circuits
video signal, 11I-726
video suruning arnplificr and,
1-710
class-D power amplifier, TIT-453
clippers, 11-394, TV-648
audin-powered noise, 11-396
audio-clipper/limiter, IV-355
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clippers {cont.)
zener design, fast, symumetrical,
[V-329
clock circuits, 11-100-102, 111-8:3-85,
V9799
60Hz clock pulse generator, [1-102
adjustable TTL, [-614
binary clock, V-938-99
bulTer seriat bus, ¥-110
comparator, [-156
crystal oscillator, micropower,
[vV-122
digital, with alarm, 1I1-84
gas discharge displays, lI-12-hour,
1-454
oscillator/elock gencerator, 11-85
phase lock, 20-Mhz to Nubus, 1II-106
run-down clock for games, TV-205
sensor touch switch/clock, IV-501
single op amp, 111-85
souree, clock source, 1-729
stepper motors, V-673
three-phase from reference, 11-101
TTL, wide-frequency, III-85
Z80 computer, II-121
clock generators
oscillator, 1-615
precision, 1-193
pulse generator, 60 Hz, TM-102
clock radio, 1-542, [-543
CMOS circuits
555 astable true rail-to-rail square
wave generator, 1I-BY6
G-hit, I11-167
coupler, optical, IT1-414
crystal nscillator, TTT-134
data acquisition system, [[-117
dimmer, V-270
Nasher, HI-199
inverter, linear amplifier from, 11-11
line receiver, V-497
mixer, [-67
multivibrators, V-385
optical coupler, I[i-414
ascillator, 1615, 1-187, [-199,
TI-429, TI1-430, V-420
piezoelactric driver, V-440
programmable precision timer,
1-652
short-pulse generator, 11I-5623
louch swilch, [-137
uriversal logic probe, 111-499
variable-frequency oscillator
(VFO), V-418
coaxial cable
drivers, couxial cable, 1-266, 1-560
five-transistor pulse booster, 1I-191
test circuit, V-299
Cockeroft-Walton cascaded voltage
doubler, [V-6835
code-practice oscillators, 1-15,1-20,
1-22, [1-428-431, IV-373, IV-375,
1V-376, V-100-103
keyer, “bug” type, V-102
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Moarse code practice, V-103
optoisolator design, V-101
QRP sidetone generator, V-102
single-Lransistor design, V-103
VFO design, V-103
coil drivers, current-limiting, T-173
coin flipper circuit, I11-244
color amplifier, video, 11I-724
color-bar generalor, [V-614
color argan, [1-583, [1-584, V-104-
105
color video amplifier, I-34
Colpitts crystal oscillators, 1-194, I-
572, 11147, V-411
1-10-20 MHz, 1V-123
frequency checker, 1V-301
harrmonic, [-18%-190
two-frequency, TV-127
combination locks, electronie, II-196
three-dial, 1I-195
cornmutator, four-channel, 1-364
companders (see
rompressor/expander circuits)
comparators, [1-86-80, H-103-112, 1-
157
demonstration circuit, 11-109
diode feedback, 1-150
display and, 1105
donuble-ended limit, T-105, T-156
dual limit, [-151
four-channel, [11-80
frequency, [I-109, 11-110
frequency-detecting, 11I-8%
high-irmpedance, 1-157
high-ingut impedance window
comparator, 7T-108
high-low-level comparator with one
op amp, {I-108
hysteresis, 167
inverting, [-154
noninverting, I-153
inverting, [-154
jitter suppression, V-342
latch and, 111-88
LED frequency, 110
lirnit, 11-104, I-156
low-power, lessthan 10uV
hysteregis, 11-104
microvolt
dual lireit, 1I1-89
hysteresis, [II-88
monoslable using, 11-268
opposite polarity-input voltage, I-
155
oscillator, tunable signal, I-69
_pewer supply overvoltage, glilches
detection with, 11-107
precision
balanced input/variable offset, T11-
89
photediode, 1-360, [-384
time out, I-153
TTL-compatible Schunill trigger, 11-
111

three-input and gate, op amp
design, IV-363
variable hysteresis, 1-149
vollage comparator, IV-669
voltage monitor and, TI-104
window, T-152, T-154, TI- 106, TIT-87,
I1-90, I1I-776-781, IV-656-658
COIMpass
digital design, [V-147
Hall-ellect, 111-258
talking Hall-effect corpass, V-221
compensator, clamp-on-current.
probe, 1I-501
composite amplifier, 11-8, 11I-13
composite-video signal text adder,
111-716
compressor/expander circuits, 11T-
a1-95, TV-94-97
amplifier/compressor, low-
distortion, IV-24
audio, 11-44, V-B7
audio compressorfaudio-band
aplitter, TV-Gi
clock cireuit, I-156
guitar, sound-effect circuit, IV-519
hi-f1, II-12, 1I-13
de-cinphasis, 11-95
pre-emuphasis, TI1-93
low-voltage, 111-92
protectar circuit, IV-361
speech, 1I-2
universal design, [V-96-97
variable slope, [11-94
computalarm, I-2
computer cireuits (sea also
interfaces), -113-122,
11-96- 108, V-106-110
ADC, eight-channel, for PG clones,
V-29-30
analog signal attenator, II-101
alarm, 1-2
ASCH triplex LOD, 8048/MS0C48,
1-116
bit grabber, IV-1056
buffered breakout box, 1-120
buffer serial-bus for data/clock
lines, V-110
bus interface, 8-bit uP, 1I-114
rlock phase lock, 20-Mhz-to-Nubis,
11-105
CMOS data acquisition system,
u-117
CPU interface, one-shot, IV-239
data separator for floppy disks,
I-122
deghitcher, 1V-109
display, cight-digit, [I1-106
dual 8051s execute in lock-step
circuit, TV-99
VM adapter for PC, V-310
EEPROM pulse generator, 5V-
powered, II[-99
eight-channel mux/demux system,
1-116



eight-digit. microprocessor display,
1I-106

flip-flop inverter, spare, [1I-103

high-speed diuta acquisition
system, I1-118

interface, 680x, (50x, 8080
families, I1I-98

interval timer, programumable, [1-678

keyboard matrix interface, IV-240

laptop compiter power supply,
V-463

line protectors, 3 uP 1/0, IV-101

logic-level translators, IV-242

fogic line monitor, [[I-108

fong delay line, togic signals, [11-107

memory/protector power supply
monitor, TV-425

memory saving power supply, 1-486

microcomputer-to-triac interface,
V-244

microprocessor selected pulse
width control, TI-116

modem protector circuit, V-478

madem/fax profector for two
computers, V-482

multiple inputs detector, 1102

one-of-cight channel transmission
systern, III-100

oscilloscope digital levels, TV-108

password protection circuit, V-109

power supply watchdog, 11-494

puise width contrel, 11-116

printer error alarm, Iv-106

printer sentry, V-107-108

reset protection, childproof, TV-107

RGR blue box, TII-9%

RS-£32 dataselector, automatic,
1I-97

RS-2320 line-driven CMOS circuits,
v-104

RS-232-t0-CMOS line receiver,
Im-102

RS-232C LED circuit, 11I-103

short-circuit sensor, remote data
lines, [V-102

signal attenuator, analog, M-101

sleep-mode sound-operated
circuits, V-547

ancket dehugger, coprocesscer,
1-104

speech synthesizer for, J1-732

stalled-outpul detector, IV-109

switch debouncer, TV-105

anto-repeating, [V-106

triac array driver, 1I-410

Vpp generalor for EPROMs, 11-114

XOR gates, IV-107

up/down counter, [H-105
780 bus monitor/debugger, 1V-103
780 clock, 11121
contact switch, I-136
continuity testers, I-550, [-681, 11-

533, [[-515, 111-346, 111-538-540,
1v-487, [V-289, 1V-296

andible, 11-536, V-317
buzz box, 1-651
cable tester, IT1-539
Jatching desigr, [V-255
low-resistance circuits, V-319
chmmeter, linear, I[-540
PCR, 11342, 11-535
ratioretric, 1-550
R decade box, V-294-295
resistance-ratio detector, il-342
single chip checker, lI-G34
visual, V-293
contrast meters, 11-447
automatic, [-472
brightness controls, 1-250, 1-377,
1-308
control circuits (see fluid and
moisture, light-controlled
circuils; motor control cireuits;
speed controllers; temperatura-
related circiits; tone controls)
controller circuit, [V-142
conversion and converters, 1-503,
11-123-132, 111-109-122, TV-110-
120, V-1i6-128
A-to-b ¥V regulated output, 111-739
4-t0-18 MHz, T-114
4-t0-20 ma current loop, IV-111
5V-to-isclated BY at 20MA, [[1-474
5V-10-0.5A buck, [-444
9-lo-5-V converler, [V-119
1E-to-8V, 7.5, ord V, 1608
18-te-16 V, TI-747
28-to-b Vde converter, V-127
50+ V feed forward switch mode,
1495
50+ V push-pull switched mode,
1-494
100 MHe, T1-130
100 V-t0-10.25 A switch mode, I-501
800-t0-1000 MHz scanner
converter, V-122
ac-to-de converters, 1-165
Tixed power supplies, IV-345
fuli-wave, IV-120
high-impedance precision
rectifier, 1-164
analog-to-digital (see analog-to-
digital conversion)
ATV downconverter, V-125, V-126
ATV f receiver/converter, IV-420
BCD-to-analog, T-160
BCD-to-parallel, multiplexed, I-169
buck/boost, I1I-113
caloulator-to-stopwatch, [-153
capacitance-to-pulse width, 11-126
crystal-controlled, ene-chip, V-117
current-to-frequency, IV-113
wide-range, [-164
current-to-voltage, 1-162, 1-165,
V-127
grounded hias and sensor, 11-126
photodiode, [1-128
de autornobile power adapter, V-T0

do-lo-de, TV-118, V-119, V-128
1-to-5V, TV-119
3-to-h V bartery, IV-119
3-to-25 V, [[I-T44, Iv-118
bipolar, no inductor, 11-132
fixed 3- to 18-V supply, TV-400
isolated +15V, TM-115
push-pull, 400 V/60 W, 1-210
regulating, 1-210, 1-211, II-125,
II-121
step-up/step-down, III-118
de/ac inverter, V-6692
de/fde converter, V-669
digital-to-analog (see digital-to-
analog conversion)
fixed power supply, 111-470
flyback, 1-211
selfl oscillating, 1-170, 11-128,
T1-748
voltage, high-efficiency, III-744
frequency, [-159, V-123
frequency-lo-vollage (see
frequency-to-voltage
COTVETSIoN)
high-to-low-impedance, [-41
intermittent converter, power
saver, [V-112
IR-pulse-to-audio converter, V-2:24
light int engity-to-frequency, 1-167
line-veltage-to-rultimeter adapter,
V-312
logarithmic
fast-action, I-169
temperature-compensated, V-127
low-frequency, llI-111
ohms-to-velts, I-168
ascilloscope, 471
nerind-to-voltage, IV-115
pico-ampere, 70 V with gain, [-170
PIN photodiode-lo-frequency,
[i-120
polar-te-rectangular -
converter/pattern generator,
V-288
polarity, I-166
positive-to-negative, 111-112, 1{-113
power supplies, inductorless, V-456
pulse height-to-width, TT-119
pulse train-to-sinusoid, TT-122
puise width-to-voltage, 1I-117
radio heacon converter, [V-495
rectangle-to-triangie waveform,
IV-116-117
regulated 15-Vout 6-V driven,
01745
resistance-to-voltage, I-161-162
rf converters, IV-494-501
ATV receiver/converter, 420 MHz,
low-noise, TV-496, IV-497
radio beacon converter, IV-400
receiver frequency-converter
stage, IV-499
SW converter for AM car radio,
W-500
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conversion and converters {cont.)
two-meter, [V-495
up-converter, TVR() subcarrier

reception, [V-501
VLI converler, 1vV-497
WWV-to-SW converter, [V-499
receiving converter, 220 MHz,
F-500

RGB-composite video signals, [II-T14

RMS-to-de, 11-129, I-167
50-MHz thermal, 1L-117
RGB-to-NTSC, IV-611
sawtooth wave converter, TV. 114
scanner converter, V-800-to- 1000
MHz, V-122
shortwave, [[1-114, V-118
sitnple LYF, 1-546
sine-to-square wave, [-170, 1V-120,
V-124, V-125, V-569, V570
square-to-sine wave, I1I-118
square-to-triangle wave, TTL, 1I-123
Lemmperature-to-digital, V-123
temperature-to-frequency, 1-168,
V-121
remperatre-to-time, I1-632-633
- transverter, V-2-to-6 meter, V-121
triangle-to-sine wave, II-127
TTL-o-MOS logic, II-125, I-170
two-wire to [our-wire audio, 11-14
unipolar-to-dual voltage supply,
Tm-743
video converters
a/d and d/a, IV-G10-611
RiGB-to-NTSC, IV-611
VLI converlers, 1-647, ¥V-121
rf converter, [V-497
voltage (sae voltage converters)
voltage raultipliers, V-665-669,
V-668
WWY converler, car radios, V-119
WWV-to-8W ol converter, IV-193
conl-down circuit, V354, V357
coprocessor socket debugger, TII-104
countdown timer, II-680
counters (se¢ also dividers), 1-133-
139, 111-123-130, V-129-133
analog circuit, 11-137
attendance, 11-13%
hinary, 11-1356
divide-by-N
1+ GHz, [V-155
1.5+ divide-by-n, IV-156
CMOS programmable, I-257
7490-divided-by-n, IV-1564
divide-by-odd number, TV-153
frequency counters
2 MHz, V-130-131
10 Mlz, v-132-133, v-132
prearnp, V-24
frequency dividers, I-258, 11-251,
I1-254, T-213-21R, TI-340, 1TT-768
1.2 GHz, 111-129
10-MHe, 111-126
clock input, IV-151
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decade, 1-269
divide-by-1.5, 111-218
low-cost, TTT-124
low-frequency, T-253
preamp, [II-128
progranmable, 1V-152-163
stalrcase generator and, 1-730
tachameter and, T-310
geiger, [-6306-53T, V-217-219
microfarad counter, IV-275
minimum/maximum selector, four-
inpud, V-342
odd-nuwmber divider and, HL-217
preamplifier, oscilloscope, 111-438
precision frequency, 1-253
programmable, low-power wide-
range, HI-126
ring counters
20 kllz, 11-135
incandescent lamp, T-301
low-cost, T-7301
low-power pulse cireuit, IV-137
SCR, I-19&
variable timing, 11-1:34
time base, function generators, 1
Hz, TV-201
universal
10-MHz, [-255, II-139
40-MHz, III-127
up/down counters
&-digit, 11134
extreme count lreezer, [11-125
XOR gate, TIT 105
coupler circuits
linear couplers
ac analog, [I-412
analog, 1-41:3
de, 411
optocoupler, instrurmentartion,
11-417
optical couplers/optocouplers,
V-407
CMOS design, 111-414
interface circuits, V-406-407
linear, instrimentation, 1-417
stable, [[-40%
TTL design, llI-416
photon, 1I-412
lransiniller oscilloscope for CB
signals, 1-473
courtesy lights (see automotive
cireiits)
CRO doubler, I11-439
cross fader, [1-312
cross-hateh generator, color TV,
111-724
croasover networks, 11-35
5V, 1-518
ac/de lines, electronic, I-5156
aclive, 1-172
asyrmuetrical third order
Rutterworth, 1-173
electronic circuif for, T-36
crowbars, I-516

electric, III-510
electronic, II-9¢
SCR, 11-496

crystal oscillators (see also

oacillatora), 1-180, 1-183-185, 1-
195, 1-198, 1I-140-151, TIT-131-
140, 1v-121-128, V-134-140
1-to-20 Mk, TTL design, 1V-127
1-to-4 MHz, CMOS design, IV-125
10 MHz, TT-141
10-to-150 kHz, IV-125
10-t0-80 MHe, IV-125
B0-13-160 MHz, [V-126
96 MLlz, 1-179
150-t0-30,000 Kllz, 1¥-126
330 MHz, TV-125
activity tester, V-135
aperiodic, parallel-maode, 1-196
basic design, V-135
bridge, crystal-controlled, [V-127
Butler oscillator, I-182
calibrator, 100 kHz, [-185, TV-124
ceramie, 10 MHz, varactar tuned,
I-141
clock, micropower design, IV-122
CMOS crystad oscillators, 1-187,
M-134
1-to-4 MHz, TV-125
Colpitts crystal oscillators, 1-194,
1-572, II-147
1-to-20 MHz, IV-123
frequency checker, 1V-301
hiarmonic, 1-189-180
two-frequency, IV-127
crystal-controlled oscillator as,
1I-147
crystal-stabilized IC timer for
subhiarmonic frequencies, 11-151
crystal tester, 1178, [11R86, [1-1561
doubler and, 1-184
eagy start-up, 111-132
FET, 1 MHz, [I-144
fundamental-frequency, 11I-132
Hartley oscillator, V-140
hex-bufler, V-136
high-frequency, I-175, [1-148
high-frequency signal generator as,
1I-150
IG-compatible, 1I-145
impedance checker, V-136
LO for S81 transmitler conlrolled
by, T1-1423
low-frequency, I-184, TI-146, V-135
10 kHz to 150 kHz, I1-144
low-noise, iI-145
marker generator, 11-138
mercury cell erystal-controlled
oscillator as, TM-149
OF-1 HI oscillator, international,
1-197
QF-1 LO oscillator, international,
1-189
overtone oscillators, 178, 11177, 1-
180, 1- 183, I-186, I1-146, T11-146



50 MHz Lo 100 MHz, I-181
100 MHz, TV-124
crystal, 1-176, [- 180, 11-146
crystal switching, 1-183
fifth-overtorne, 1-182
third-overtone oscillator, TV-123
Pierce pacillator, V-140
1-MHz, TTI-134
crystal, I-195, 11-144
harmonic, -199, 11-192
JFET, 1-198
Ipw-Trequency, M1-133
quartz, two-gate, III-136
reflection oscillator, crystal-
controlled, 111-136
Schmitt trigger, 1-181
signal source controlied by, M1-143
sine-wave nscillator, -198
stable low-frequency, 1-108
standard, 1 MHz, I-107
temperature-corpensated, 1-187,
1I-142, U1-137
Lest cireuit, V-138
third-overtone, I-186, IV-123
time hase, I11-133, IV-128, V-137,
V-138
TTL design, 1-179, [V-127
TTL-compatible, 1-197
{ransistorized, 1-188
tube-type, -102
VHF erystal oscillator, [I1-138-140
voltage-controlled (VCO), UI-135,
IV-124
wide-range, V-139
cryslal switching, overtone oscillator
with, I-183
current analyzer, auto batlery, [-104
carrent booster, [-30, 1-356
currenl. collector head amplifier, [1-
11, 11-295
current feedback amp, V-100 mA al
100 MHz, V-25
current limiter, V-146
inrush current, V-358
currert loops
4-lo-20-mA converter, TV-111
controller, SCR design, [V-387
current meters and monitors, 1-203,
1-152-157, 11-265, 111-338, 1V-
284, V-144-146
alarm and current monitor, TT-3:38
ac current indicator, TV-290
current. sensing in supply rails,
M-153
electrometer amplilicr with
overload protection, T-150
Hall-clfect sensora, TI-255, IV-284
high-gain ¢orrent sensor, IV-291
line-current, monitor, 11-341
picoammeter, [-202, 1[-154, 11-157,
[11-338
guarded input, II-156
range ammeter, six-tecade, 1[-153,
11-156

current readoul, rl, 1-22
current sensing, supply rails,
1i-153
current sirk, T-206
1 mA Tor fixed power supplies,
V402
voltage-controlled, IV-629
current sources, I-205, 1-697,
V-141-143
O-t0-200-n4A, IV-327
bilareral, [[I-469, [-694-605, V-143
hipolar sources
inverfing, I-697
noninverting, 1-695
constant, 1-697, I-472
Tixed power supplies
bootstrapped amp, IV-406
differential-input, fast-acting,
V-405
low-current source, IV-399
limiter, V-146
low-resistance measureiments, V-
142
negative, V-143
offset-adjusting, ¥-145
positive, V-142
preeision, [-205, 1-206
regulator, variable power supply,
111-450
variable power supplies, voltage-
programinable, IV-420
voltage-controlled, grounded
source/lpad, 111-468
current-limiling regulator, V-458
current-shunt woplifiers, TM-21
current-lo-frequency converter,
1V-112
wide range, 1-164
current-lo-voltage amplifier, high-
speed, 1-35
cutrent-to-vollage converter, 1-162,
1-165, V-127
grounded bias and sensor in, 11-126
photodiode, 11-128
curve tracer, V-300
diodes, IV-274
FET, 1-397
CW-related circuits
CW/SSB recciver, V-80- and 40-
meter, V-499
filter, razor sharp, 1[-21%
keying circuits, IV-244
cffset indicaror, [V-213
S8R/CW product detector, 1V-139
transceiver, b W, 80-meter, 1V-602
transmitters
1-W, TMI-678
20-M low-power, V-640
40-M, T1-684, V-648
G02-MHz, [11-686
HF low-power, [V-G01
QRP, 11I-690
cyelic A/D converter, 11-30

D
Trark-activated {see light-controlled
circuils}
darkroom equipment (see
photography-related circuils)
Darlington amplifier, push-pull, V-22
Darlington regulator, varizble power
supplics, IV-421
data-manipulation circuits, IV-129-
133
acuisition circuits, TV-131
CMOS systern, TI-117
femr-channel, 1-421
high-speed systerm, II-118
analog-signal transmission isolator,
W-133
link, IR type, 1-341
proscaler, low-frequency, IV-132
read-type circuit, 5 MHz, phase-
encoded, 11-365
receiver, carrier-current cireuit
design, TV-93
receiver/message demuxer, three-
wire, IV-130
selector, R3-232, II1-07
separator, floppy disk, [1-122
transmission circuits, TV-82
de adapter/fransceiver, hand-held,
TT-461
de generators, high-voltage, 111-481
de motors (see also motor control
circuils)
direction control, T-452
driver controls
fiberoptic control, 11-206
fixed speed, HI-387
servo. bipolar, 11-385
reversible, 115381, TIT-388
speed control, 1-452, 1-454, 111-377,
111-380, 111-385
dc restorer, video, II1-723
de servo drive, bipolar controel input,
11-385
e static switch, 11-387
de-to-ae inverter, V-247, V-669
de-to-de conversion, [V-118, V-66%
1-to-b V, [V-119
3-to-B V battery, TV-11%
B0-25 Y, 1M1-744, TV-118
3.3- and 5-V autputs, V-128
3 A, no heatsink, ¥-119
bipolar, no inductor, 11-132
fixed 4- Lo 15-V supply, TV-400
isolated + 16V, 115
push-pull, 400 V/60 W, [-210
regulating, 1-210, 1-211, 11-125,
m-121
step-up/step-down, TI-118
de-Lo-de SMPS varizble power
supply, TT-480
dehouncers, [[[-592, [V-105, V-316
auto-repeat, [V-106
computer applications, IV-105, IV-
108, [V-108
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debouncers (cont.}
Dip-flop, TV-108
debugger, coprocessor sockets,
II-104
decibel level detector, audio, with
meter driver, 11I-154
decoders, 11-162, [}1-141-146
10.8 MHz FSK, 1-214
24-percent bandwidth tone, 1-215
direction detector, [11-144
dual-tone, [-215
encoder and, 111-144
frequency division rmultiplex
sterao, 11-169
PAL/NTSC, with RGB nput, IT-717
radio controlreceiver, I-574
35C4, [-214, 111-166, [11-170
second-audio program adapter,
1142
sound-activated, [1-145
stereo TV, 1I-167
time division multiplex stereo, II-168
tone alert, 1-213
tone dial, [-630, 1-631
tone decoders, 1-231, [11-143
24% bandwidth, 1-215
dual time constant, [I-166
relay output, I-213
tone-dial decoder, 1-630, 1-631
video, NTSC-to-RGB, IV-613
weather-alert detector/decoder,
w-140
degliteher cirenit, TV-109, V-336-337
delay circuits/ delay units, III-146-
148, V-147-148
adjustable, 111-148
analog delay line, echo and reverh
effects, [V-21
door chimes, 1-218
echo and reverb effects, analog
delay line, IV-21
exit delay for burglar alarms, V-10
headlights, 1-107, 11-59
leading-edge, II[-147
long duration time, I-217, [-220
power-on delay, V-148
precision solid state, [-664
pulse, dual-edge trigger, T1-147
pulse generator, II-60%
relay, ultra-precise long time, 11-211
timed delay , [-668, 1I-220
constant-current charging, [I-668
windshield wiper delay, 1-97, 11-656
demodulators, [I-158-160, [11-149-150
5V FM, 1-233
12V FM, 1-233
665 SCA, LI-160
AM demodulstor, 11-160
chrorna, with RGB matrix, H1-718
FM demodulator, 1-544, TI-161, V-
151, V-155
narrow-band, carrier detect, II-159
linear variable differential
transformer driver, [-403
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LVDT demodulators, TI-337, 111-
323-324
sterco, 11-159
telemetry, [-1229
demaonstration corparator circuit,
1I-103
demultiplexers (see also
multiplexers), [11-394
differential, I-425
eight-channel, 1-426, 11-115
descramblers, 11-162
gated pulse, [I-165
outband, II-164
sine wave, [[-163
derived center-charnel stereo
system, IV-23
detect-and-hold circuit, peak, I-585
detectors (see fluid and moisture,
light-controlled circuits; motion
and proxirity; motor control
circuits; peak detectors; smoke
detectors; speed controllers;
temperature-related circuits;
Lone controls; zero-crossing)
deviation meter, IV-303
dial pulse indicator, telephone, M-813
dialers, telephone
pulse-dialing telephone, [II-6G10
pulse/tone, single-chip, III-603
Lelephone-line powered repertory,
[-633
tone-dialing telephone, H1-607
dice, electronic, 1-325, TI1-245, IV-207
differential amplifiers, 1-38, IT-14, V-
18,v-21
high-impedance, [-27, [-354
high-iniput high-impedance, 11-19
instrumentation, [-347, I1-283
instrumentation, biomedical, [[[-282
pregrammable gain, [1I-507
two op amp bridge type, [[-83
differential analog switch, 1-622
differential capacitance
measurement circuit, [I-665
differential hold, I-589, [1-365
differential muitiplexers
demultiplexer/, [-425
widle band, [-428
differential thermometer, 11-661,
11-638
differential voltage or current alarm,
1I-3
differentiaiors, 1-423, V-347
negative-edge, 1-419
positive-edge, [-420
digital-capacitance meter, 11-94
digital-IC, tone probe for testing,
11-504
digital-frequency meter, I[1-344
digital-logie probe, 11-497
digital audio tape (DAT), ditherizing
cirenit, TV-23
digital circuits, ¥-156-160
audic selector, V-158

RBCD rotary switch, V-160
capacitance control, V-159
entry lock, V-157
inverters, V-246
potentiometer control, V-158
resistance control, V-159
digital multimeter (DMM), [V-281,
V-291
digital voltmeters (DVM), 111-4
3.5-digit, 1-713, TI1-781
3.7h-digit, 1-711
4.5-digit, I-717, 111-760
aute-calibrate cireuit, [-714
automatic nulling, [-712
calibrated circuit, DVM aulo, 1-714
interface and temperature sensor,
m-647
LED readout, [V-286
digital-to-analog converters, 1-241,
11-179-181, 11I-163-16%, V-120
O-to -5V output, resistor
terminated, 1-239
3-digit, BOD, 1-239
8-hit, [-24G-241
high-speed, 1-240
output current to voltage, [-243
to 12-bit, two, TT-180
9-bit, CMOS, T-167
10-bit, [-238
4-quad, offset binary coding,
multiplying, I-241
+10V full scale bipolar, 1-242
+10V full scale unipolar, [-244
12-hit
binary two's complement,, TTT-166
precision, I-242
variable step size, iI-181
14-bit binary, [-237
16-bit binary, 1-243
fast. voltage outpnt, [-238
high-speed voltage output, I-244
mutiplying, II-168
oclal converter, V-350
output amplifier, four-channel,
T1-165
video converter, IV-610-611
digitizer, tilt meter, III-644-646
dimmer switches, -369, 11-309, IV-
247, Iv-249
KO0 W, 11304
de lamp, [1-307
four-quadrant, TV-248-249
halogen larnps, IT1-300
headlight, II-57, 11-63
low-cost, 1-373
soft-start, 860-W, [-376, 111-304
tandem, 11-312
triae, 1-375, 11-310, II1-303
dicde emitter driver, pulsed
infrared, 11-292
diode tester, 1-402, 11-343, [11-402
gomo-go, 1-401
zener dindas, 1-406
diode-matching cirenit, TV-280



dip meters, [-247, 11-182-183
basic grid, 1-347
dual gate IGFET, 1-246
little dipper, 1I-183
vaticap tuned FET, |-24¢
diplexer/mixcr, [V-335
direetion detectors/finders,
TV-146-149
COMpasses
digital design, 1vV-147
Hall effect, 111-258
talking Hall effect, V-221
decoder, T-144
directional-signals monitor, auto,
111-48
optical direction discritninator, V-
408
thermally operated, TV-135
radiv-signal direction finder, IV-
148-149
direction-of-rotation circuit, 111-335
directional-signals monitor, auto,
111-48
disco strobe light, TI-610
discrete current booster, 11-30
discrete sequence oscillator, 111-421
discriminaters
multiple-aperture, window, [T1-781
pulse amplituds, TIT-356
pulse width, 11-227
window, IT1-776-781
display circuirs, [I-184-188, 1I-170-
171, V-161-167
31/2 digit DVM cormunon anode,
1I-713
60 dI3 dot mode, TT-252
audio, LED bar peak program
meter, [I-254
bar-graph indicator, ac signals,
1I-187
brighlness control, TT-316
cascaded counter/display driver,
V-163
common cathode, 4033-based,
V-162
commorn-anode, V-167
comparator and, 11-106
cxclarmation point, 11254
expanded scale meter, dot or bar,
11-186
fluorescent tube, V-167
gas-discharge tube, V-167
LCD
7-segment, V-165
large-size, V-164
LED
T-segment, V-166

audio, peak program meter, 11-254

common-cathode, V-167
driver, 11-188

leading-zero suppressed, V-165
two-variable, [11-171

oseilloscope, cighl-channel voltage,

1I1-435

dissolver, lamp, solid-state, ITIT-304
distribution cireuits, 11-35
digtribution amplifiers

audio, 1-39, [[-39, V-59
signal, -39

dividers, IV-150-156

binary chain, 1-258
divide-hy-2-or-3 cireuir, IV-154
divide-hy-N
1+ GHz, [V-155
1.5+ divide-by-n, 1V-156
CMOS programmable, T-257
T490-divided-by-n, 1¥-154
divide-by-odd number, [V-152
frequency dividers, [-258, 1I-251, il-
254, M1-213-218, II1-340, 111-768,
V-343
1.2 GHz, 11I-129
10-MILz, 11-126
clock inpmt, [V-151
decade, I-259
divide-by-1.5, [1I-216
low-cosl,, 111-124
low-frequency, T1-253
preamp, JTT-128
programmable, IV-152-163
staircase generator and, 1-730
tachometer and, 1-310
mathematical, one trim, IT-326
odd-number counter and, T-217
pulse, non-integer programmable,
1 511, T711-226

Dalby noise reduction circuits, 11-399

decode mode, [11-401
encode mode, H1-400

doorbells/chires (see anmiciators)
door-open alarm, -284, 111-46, 111-256

door opener, 11I-366
daor minder security cireuit, V-b
dot-expanded scale meter, T1-186
double-sideband suppressed-carrier
rmodulator, TM-377
f, 1366
donblers
010 IMHz, [1-252
150 to 300 MHz, 1-314
audio-frequency doubler, IV-16-17
broadband frequency, -313
CRO, oscilloscope, T-439
crystal ascillator, [-184
frequency, I-313, Il1-215
broadband. 1-313
digital, [1I-216
GASFET design, TV-324
single-chip, III-218
low-frequency, 1-314
voltage doublers, 111-458, IV-635
cascaded, Cockeroft-Waltorn,
IV-635
triac-controlled, III-463
dewnheat-emphasized metroneme,
II1-353-354
drivers and drive circuits, 1-260, TT-
180-193, 1I-172-175, IV-157-160

50 ohm, 1-262
alarm driver, high-power, V-2
bar-graph driver
LED, T-188
transistorized, [V-213
BIFET cable, [-264
bridge loads, audio circuits, [M-35
capacitive load, 1-263
Christmas lights driver, IV-254
coaxial cable, I-266, I-560
five-iransistor pulse boost, 11-191
coil, current-limiting, T1-173
CRT dedlection yoke, 1-265
demaodulator, linear variahle
differential transformer, I-403
dinde-emitter driver, [[-292
FET driver, IV-241
fiberoptic, 50-Miys, TII-178
flash slave, [-483
giow-plug, TT-52
high-impedance meter, I-265
indicator larap driver, [[1-413
instrumentation meter, 77-296
lanp drivers, 1-380
Hip-flop independent. design,
W-160
low-frequency flasher/relay, 1-300
optical coupling, [[f-413
neon lamps, 1-379
shorl-cireuit-proof, I-310
laser diode, high-speed, 1-263
LED drivers
bar graph, I1-188
emitter/follower, [V-159
line drivers, 1-262
E(-ohm transmission, T1-182
B00-nhin balanced, 11-152
audio, V-D4
piezoelectric driver, V-440
556 escillalor, V-441
CMOS, V-440
micropositioner, V-440 .
Tull rail excursions in, 1I-190
high-cutput 600-chm, [1-194
synchronized, [1I-174
video amplifier, 111-710
line-synchronized, MI-174
load drivers
audio, TI-35
tirning threshold, I11-648
1.VDT demodulator and, 1-327, TI-
323-324
meter drivers, [1-296
rf amplifier, 1-MHz, [11-545
micraprocessor triac array, 11-410
motor drivers (see motor control,
drivers)
multiplexer, high-speed line, I-264
neon lamp, 1-379
op amp power driver, [V-168-159
optoisolated, high-voltage, [11-482
power driver, op amp, IV-158-159
pulsed infrared diode emitter,
292
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drivers and drive circuils {cemt.)
relay, [-264
delay and controls closure time,
[1-530
low-frequency, [-300
with strobe, 1-266
rf drivers, low-digtortion, T-638
RE-232¢, low-power, [II-175
shift register, 1-418
solencid, 1-265, II-571-573
38B, low-distortion 1.6 to 30MH,
H-538
stepping motor, T-376, TTT-390,
TV-349, IV-350
three-phase motor driver, 1[-383
totem-pole, with bootstrapping,
1175
transformer driver, 1-403
triac array driver, 1-410
two-phage mator driver, 1-456, [1-382
VCO driver, op-amp design, [V-362
drop-voltage recovery for long-line
systerns, IV-328
drurn sound effect, 11-H81
dual-tone decoding, II-620
duai-tracking regulator, I11-462
duplex line amplifier, telephone,
11-616
duty-cycle related eircuits
detector, TV-144
meter, TV-275
maonitar, 111-329
multivibrator, 50-percent, I1I-584
oscillalors
50-pereent, H1-426
variable, fired-frequency, TI-422
TVM adapter forPC, V-310
dwell meters
breaker peint, 1-10:2
digital, 111-45

E
car protector, V-482
eavesdropper, telephone, wireless,
T-620
echo effect, analog delay line, IV-21
edge detector, I-266, 1II-157
EEPROM pulse generator, 5V-
powered, 111-94
EKG simmulator, three-chip, ITT-350
elapsed-time timer, T-680
electric-fence charger, [1-202
electric-vehicle battery saver, 1L-67
electrolytic-capacitor roforming
circuit, 1V-276
electromagnetic-field sensar, V-308
electrometer, IV-277
amplifier, overload protected, 1i-155
electrostatic deteclor, 11-337
emergency lights, 1-308, 1-378, [V-250
cruissions analyzer, automotive
exhaust, 1I-H1
emitter-follower cirenit,
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complementary/bilateral ac,
V-363
emulators, [I-198-200
capacitance multiplier, T-200
JPET ac coupled integrator, 11-200
resistor multiplicr, 11-199
simulated fnductor, T1-188
enroders
decoder and, 111-14
telephone handset tome dial, 1-634,
M-613
tone encoders, i-67, 1-629
two-wire, 11364
twn-tone, V-629
enlarger timer, [1-446, 111-445
envelope deteciors, 111-165
AM signals, T¥-142
full-wave, ¥-153
lw-level diodes, 1V-141
envelope generatormodulator,
musical, IV-22
EPROM, Vpp geneeator lor, 1TT1-114
equalizers, I-071, IV-18
octave equalizer, ¥-355
len-band, graphic, active (iter in,
T-684
ter-band, octave, III-658
equipment-on reminder, 1-121
exhaust emissions analyzer, T1-h1
exit delay for burglar alarms, V-10
expanded-scale melcrs
analog, [1-774
dot or bar, TI-186
expander circuits (see
compressor/eapander circnits)
extended play circuif, tape-
recorders, HI-600
cxlraclor, squarc-wave pulse, 11IT-584

F

BA5 timer circnits {sre also timers)
alarm based on H55 timer, V-11
astable, low-duty cycle, II-267
beep transformer, 11-566
FM modulater, V-367
integrator to mudtiply, [[-66%
rmissing-pulse detector, V-152
ramp generator, V-203
RC audio osciliator from, II-567
square wave generator using, 11-595

fader circuils, 11-42, 1-312, IV-17,

V658

Iail-safe semiconductor alarm, [11-6

fans
infrared heat-controlled fan, IV-226
speedd contreller, autowmatic, 1TT-382
thermostatic switch, V-68

Fahrenheit tharmametar, 1-608

fault. manitor, single-aupply, I111-455

fax circuits, V-171-173
modem/fax protector for Lwo

compulers, V-4582
faxAelephone swilch, remote-
controlled, TV-552. 553

feedback oscillator, I-67
fence chargers, 11-201-203
battery-powered, [[-202
electric, T1-202
solid-state, 11-203
FET circuits
amplificr, offscl gate bias, V-32
de controlled switch, V-582
hexFET switch, V-592, V-H33
dual-trace scope switch, 11-4:32
input araplifier, 71-7
mucrophone mixer, V-363, V-364
prabe, TTT-501
voltmeter, TIT-765, TMT-770
fiberoptics, TM-204-207, TI-176-181
driver, LEDY, B0-Mb/s, TTI-178
interface for, I1-207
link, T-268, 1-269, 1-270, 111-179
motor control, de, [[-206
receivers
10 MHz, II-205
50-Mby/s, 111181
digital, 11I-178
high-sensitivity, 1-270
low-cost, 100-M baud rate, 111-180
low-sensitivily, 1-27%
very-high-sensitivily, low-speed,
anw, 1-264
repealer, 1270
speed control, 11-208
transinitter, -177
field disturbange sensorflaem, 11-607
field-strenglh meters, 11-208-212, 111-
182-183, 1vV-164-166, V-174-176
1.5-150 Mllz, 1-275
atdjustable sensitivity indicator, 1-274
ariplilied field, V-175
high-sensitivity, T-211
LF or HF, T1-212
microwave, low-cost, I-273
remote, V-170
vf aniffer, TT-210
sensitive, I-274, TI-183
signal-strength meter, IV-166
simple design, three versions, V-176
fransmissinn indicator, 1[-211
tuned, I-276
UHF fields, IV-165
untuned, [-276
filter circuits, U-213-224, 111-1584-
192, 1v-167-177, V-177-181
active (see active filters)
antialiasing/sync-compensation,
V173
audio fillers
biguad, 1-292-293, 11I-185
tunable, 1V-169
anudio range filter, V-£90
handpass (see handpass filters}
band-reject, active, li-401
biquad, 1-292-293
audio, 1-292-293, I1I-185
RO active bandpass, T-285, V-180



bridge filter, twin-T,
programmable, II-221
Butterworth
high-pass, fourlh-order, 1-250,
V-179
low-pass, fourth-order, V-180,
V-181
Chebyshev (see Chebyshev filters)
CW, razor-sharp, [1-219
dynarmic {ilter, II1-190
Tour-output filter, V-182
Tull wave rectifier and averaging,
1220, V191
high-pass (sae high-pass filters}
IF filters, narrow-hand, V-1589
L filters, V-181
low-pass (ser low-pass filters)}
networks of, 1-291
noise, dynamie, TT1-1%0
noisy signals, 1T1-188
noteh filters, I-283, 11-397-403,
TM-402-404
4.5 MHz, 1282
550 Hx, 11399
1800 11z, 11-398
active band reject, T-401
arljustable @, T1-398, V-179
audin, T-400
bandpass and, II-223
high-(p, II[-404, ¥-178
selectable bandwidth, I-281
three-amplifier design, [-281
tunable, [I-399, II-402,V-179
passive-bridged differentiator,
I1-403
hum-suppressing, [-280
op amp, 1I-400
twin-ntoch for 1 kHz, V-183
twin-T, 111-403
shorlwave receivers, V-185
Wien bridge, 11-402
passive L fillers, V-181
passive PLfillers, ¥-181
pagsive T fHliers, ¥-190
bi filters, v-181
programuuable, twin-T bridge, 11-221
rejeclion, 1-283
ripple suppressor, 1V-175, 1V-396
rumble, 111-192, 11-680, [V-175
LM387 in, 1-297
turntable, 1IV-170
rumnhble/sceratch, 111-660
Sallen-Key filters
10 kHz, 1-279
500 Hz bandpass, 1-291
currenl-driven, V-189
low-piss, active, IV-177
low-pass, equal cornponent, [-292
scratch filters, T11-189, TM-660,
IV-175
LM287 in, [-297
simulated inductor, ¥-180
speech fillers

bandpass, 300 tlz 3kll=, 1-295
second-order, 300-t0-3,400 Hz,
W-174
two-gsection, 300-10-3,000 Hz,
V-174
specch-range [ilter, bandpass,
V-185
state-variable filters, [1-215, TII-189
mnltiple outputs, TIT-190
second-order, 1kHz, Q/10, I-293
urivarsal, 1290
T filters, V-190
tone filter, V-1 kHz, V-151
turho, glitch free, II-186
twin-T bridge filter, [[-221
Wien-bridge, T-609
variable Q filter, V-183
variable-frequency bandpass filter,
V-186
variable-gtate, universal, V-178
voltage-controlled filters, 111-187,
W-176
fixed power supplies, [1I-457-477,
IV-300-408
12-¥D{C battery-operaled 120-VAC,
11-464
+24 ¥V, 1.5 A supply from +12 V
source, [V-4(1
+-36V ac, [V-398
+-36V, 5 A mobile, 1V-407
15 V isolated Lo 2,500 V supply,
IV-407
ac motors, IV-398
automotive baliery supply, +/-15V
and 5V, [V-391
auxiliary supply, {V-194
bias/refercnce applications,
auxilinry negative de supply,
[V-404
Lilateral current source, TT-469
bridge rectifier, TV-398
charge pool, IIT-469
charge purnp, regulated, TV-396
conatant-current source, safe,
1472
converter, I1-470
5V-to-isclated BV at 20M4, 111-474
ac-to-de, [V-395
de-lo-de, 3-10-15 V, 1V-400
current sink, 1 mA, IV-402
current sources, TV-399, TV-405,
V408
de adapterftransceiver, hand-held,
1-461
dual-tracking regulator, 111-462
GASFET power supply, IV-405
general-purpose, [1-465
inverter, 12 V input, IV-395
isolated feedback, 1II-460
LCD dizplay power supply, IV-352,
V-403
linear regulator, low-cost, low-
dropout, [[[-459

low-current source, TV-399
low-power inverter, [II-466
negative rail, GET, with CMOS
gates, IV-408
negative supply from +12 V source,
V-401
negative vollage from positive
supply, IV-397
outpul stabilizer, 1V-393
porlable-radio 3 V power supply,
V-397
posilive and negative voltage
power supplies, IV-402
pop regulator, zener increases
voltage output, 11-484
programunable, T1-467
recliliers, 11-471, [V-398
regulated supplies, 462, 1T1-4A3,
V401
ripple suppressor, IV-396
RTTY machine current supply,
TV-400)
atabilizer, CMOS diode network,
TV-408
awitching supplies, HI-458, 111-473,
1V-403, IV-1041, IV-108
three-rail, TI-466
uninterniptible +5Y, 11II-477
valtage doubler, I-459, 111-468
voltage regulators {see voliage
regulators)
voltage-comtrolled current
sonree/grounded sourceddoad,
M-468
fixed-frequency generator, III-231
flame ignitor, [1I-362
flame monitor, [11-313
flash/flashbulb circuits (see
photography-related circuils)
flashers and blinkers (see afso light-
controlled circuils; .
photography-related circuits), I-
304, 11-225, 111-193-210, 1IV-178-
183, V-192-147
1.5 V, minimun power, [-308
1 kW flip-flop, 11-2:34
1A lamp, [-306
2 kW, photoclectric control in, II-232
3y, 1-306
ac, MT-196
alternating, I-307, 1I-227
astable multivibrator, III-196
auto, I-299
autoinatic safety, [-302
automotive turn signal, sequential,
I-109
bar display with alarm, [-252
barricade, [-299
boat, 1-289
brake: light lasher, V-69
Christmas tree light flasher, V-197,
V-264-265
CMOS, 111199
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flashers and blinkers (ront.}
de, adjustable on/eff timer, [-305
dual LED CMOS, [-302
electronic, 11-228
emergency lantern, 1-308
fast-action, I-306
flash light, 60-W, [1I-200
flicker light, 1V-183
flip-flop, 1-299
four-parallel LED, T-307
headlight. flasher, V-73
high-efficiency parallel circuit, I-308
high-voltage, safe, ]-307
high-power ballery operated, U-229
incandescent bulb, 111-188, I-306
LED flashers, TV-181, V-195, V-196
2-to 10-LED, V-196
alternating, 11I-198, I11-200
Christmag tree lights, V-197
control circuil, 1V-183
dark-activated, V-195
driver, V-194
multivibrator design, IV-182
PUT used in, 1[-239
ring-around, 111-194
sequential, reversible-direction,
V182
three-year, 111-194
1T used in, 11231
low-cwrrent consumption, 11-231
low-voltage, I-3056, 11-226
miniature lransistorized, 11-227
midmuro-component, 11-201
neon flashers, 1-303
five-lamp, TTT-198
two-state oscillator, 111-200
tube, [-304
oscillator/flashers
high-drive, I-235
low-frequency, 11-234
photographic flashes
slave-flash trigger, SCR design,
1V-380, [vV-382
tme-delay flash trigger, [V-380
relay driver, low-lrequency lamp,
1300
running lights, V-263
SCR flashers, [1-230, TII-197
chagser, 11I-197
relaxation, II-230
ring counter, 111-195
seqguencer, V-263, V-264-265
sequential, T1-233, 11-238, 1V-181,
V-193
pscudorandom simulated, IV-179
sighnal alarn, V-197
single-larp, IT-186
strobe alarm, TV-180
telephone, [1-629, IV-656, TV-HHS,
[V-559, IV-561
transistorized, 1-303, [I-234, 11I-200
variahle, 1308
xenon light, IV-180
flashlight finder, [-300
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flex switch, alarm sounder circuit,
Y-15
flip-flops (see bistable
raultivibrators)
flood alarm, 1-390, TT-206, TV-188
flow-detectors, 11-240-242.
111-202-203
air, 11-242
liquids, 11-248, 111-202-203
low-rate thermal, TTT-203
thermally hased anemometer, 11241
fluid and moisture detectors, 1-3388,
1-880, 1-442, 11-243-248, LlI-204-
210, 1v-184-191, V-373-175
acid rain monitor, 11-245, V-371
alarm, water-activated, V-374
checker, [11-2090
conirol, [-388, HI-206
cryogenic fluid-ievel sensor, [-386
dual, 111-207
fiood alarer, 1206, TV-188, V-374
fierwr-of liguid, TT-248, TT1-202-203
full-bathtub indicator, [V-187
full-cup detector for the blind,
1V-189
huarnidily, H-285-287, 1II-266-267
indicator, 11-244
Tevel of lquid, T-107, T-235, I-387, T-
388, 1-389, [-350, II-174, 11-244,
11-248, 11I-205, 1I1-206, 11I-207,
1209, II1-210, IV-136, IvV-190,
v-191
moisture detector, [-442, [V-1588,
V3ATh
meritor, TIMT-210
plant water, 11-245, 11-248, 1I[-208
pump controller, single-chip, I[-247
rain alarm, 11-244, [V-18%
sensor and control, 11-246
s0il mnisture, T1-245, 11-248, 111208
remperature moritor, 643, 1-206
water-leak alarm, [V-190
windshield-washer level, 1-107
fluerescent lammps
high-voltage power supplies;-cold-
cathode design, TV-411
inverter, 8-W, TI1-306
vacuum, fluorescent display, H-185
flyback converters, I-211
self oscillating, 1-170, 1I-128, 111-748
vollage, high-cfficiency, 111-744
Hyback regulator, oll-line, 11-481
FM-related civcuits (see also
radio/rf circuirs)
5V, 1-233
12 v, 1-233
clock radio, AM/FM, 1-543
demaodulators, T-644, T1-159, TI- 161,
V-151
IF amplifier with quadrature
detector, TV sound IF, [-690
generators, low-frequency, 11-228
modilators, V-366
a55-based circuit, V-367

radio, [-5645
receivers
27.145 MHz, V-495
carrier-current circuit, T-80
light-beam, V-259
MPX/SCA receiver, 11I-530
narrow-band, 111-532
optical receiverfransmitter, 50
kHz, 1-361
zero center indicator, 1-338
SCA subcarrier adapter, V-536
snooper, HI-680
speakers, remote, carricr-currenl
svstern, 1-140
squelch circuit for AM, I-547
gteren dernodulation system, T-544
transmitters, [-681, V-641
27.125-MHz NBFM, V-637
49-MHz, V-643
infrared, voice-modulated pulse,
[V-228
light-beam, V-259
multiplex, II[-688
one-transistor, I1-687
oplical, 1-367, 11-417
optical receiver/transmitter, 50
kHz, 1-361
radio, V-648
snooper, 11-680
stereo, V-575, V-580
voice, 111-678
Luner, 1-231, 11-529
wireless microphone, [I-682, TI1-
685, 1I1-681
FM/AM clock radio, I-543
fog-light controller, autometive, [V-59
foldback current, HV regulator
Liniting, 11-478
followers, TIT-211-212
inverting, high-frequency, III-212
noninverting, high-frequency, II-212
source, photodiode, [11-419
unity gain, [-27
voltage, 111212
forward-current booster, IT11-17
free-running multivibrators, TT-485
100 kHz, 1-465
programmable-frequency, I1I-235
free-running cscillators, [-531
square wave, |-615
Freezer, voltage, [11-763
freezer-meltdown alarm, [-13
fraquency comparators, 11-109, II1-88
LED, TI-110
frequency conlrol, lelephone, [-623
frequency converter, [-159
frequency counters, TIT-340, TI1-768,
[V-300, v-129-133
12 GHz, 111-129
2 MHz, V-130-131
10-MHz, IHI-126, V-132-133
10} Milz, period and, 11-136
low-cost, IT-124
preamnp, II-128, V-24



precision, [-263
Lachorneter and, 1-310
frequency detectors, 11-177, TT1-158
beat indicator, 1-336
boundary detector, 1II-156
comparator, [11-88
digital, {I1-158
liredt, frequency broit, [I-177
window, frequency window, IIT-777
frequency dividers, 1-258, [1-251,
11-254, II-213-218, 111-340,
[II-768, V-343
1.2 GHz, 111-189
10-MHz, IT1-126
clock input, [V-15]
decade, I-259
divide-by-1.5, II[-216
low-cost, 11I-124
low-frequency, 11-253
preamp, 1T1-128
programmable, IV-152-153
staircase generator and, I-730
tachometer and, [-310
fregquency-division multiplex stereo
decoder, [1-169
frequency doublers, 1-313, TTT-215
hroadband, 1-313
digital, 11216
GASFET desgign, IV-324
low-frequency, 1-314
single-chip, [11-218
to IMIIz, 1362
frequency generators, fixed-
frequency, 11-231
frequency indicator, beat, [-336
frequency inverter, III-297
frequeney malers, 12310, 11-249-250,
TV-282, IV-301
analog, V-307
audio-frequency meter, V-305,
V-320
audio, [-311
linear, [-310
lrw-cost, TI-250
power, 1T-2560
frequency multipliers, 11-261, 111-
213-218, V-198-199
counter, odd-number, [I1-217
doublers, I-313, I11-215
broadband, 1-313
digital, TII-216
GASFET design, TV-324
single-chip, I11-218
low-frequency, I-314
to 1Mz, 11-252
pulse-width, T1{-214
tripler, nonselective, 11-252
frequency-boundary detector, III-156
frequency oscillator, tunable, 11-425
frequency-ralio moniloring circuit,
wv-202
frequency-shift key (FSK)
communications
data receiver, 111-533

decoder, 10.8 MHz, 1-214
generator, low-cost design, 11-227
keying circuits, TV-245
frequency synthesizer,
programmable voltage
cantrolled, 11-265
[requency-to-voltage converter,
T-318, T-255-257, TN-219-220
de, 10kHz, I-316
digital meter, I-317
optocoupler input, IV-193
sample-and-hoid cireuid, 1V-194
single-supply design, 1V-195
zener regulated, [1317
fitel gange, antomntive, TV-46
full-wave rectifiers, [V-328, IV-650
absolute value, 1[-628
averaging filler, ¥-191
op wnp cireuit, V-403
precigion, T-234, TM-537
silicon-controlied (SCRY. 1-375
function generators {see also burst
goenerators; sound generalors;
wavelorm generators), [-729,
I-271, MI-221-242, TIT-2558-274,
TV196-202,V-200-207, V-309
hhh astable, low-duty cyele, lI-267
acoustic field generator, V-338-341,
V-338
AM broadeasl-band signal
goenerator, 1V-302
AM/F signal generator, 455 kHz,
™-301
astable multivibrators, 11-269,
1I-510, 11597, 11I-196, 111-224,
I-2:33. 11-237, 11-238
audio funetion generator, IV-197
audio-frequency generator, V-416-
417, V-416
bistable multivibrators, I-133, I-
299, [-395, 11-367, 11-465, 111-103,
1V-108, IV-651
bistable multivibrators, 1133, 11465
capacitance multiplier, V-205
clock generator/oscillator, 1-193,
1615
complementary signals, XOR gate,
III-226
DAC controlied, 1-722
debouncer, IV-108
ernitter-coipled RC oscillator, T-266
fixed-frequency, [1I-231
flasher, I-299, 11-234
FM, low-frequency, 111228
free-running multivibrator,
programmable-frecquency, M-235
frequency-ratio monitoring cireuit,
Iv-202
frequency synthesizer,
programmable voltage
controlled, 11-266
F3K, low-cost, TTT-227
harmonic generators, 1-24, TII-228,
IV-6419

high-frequeney, 11-150
inverter, 11-103
lamp driver, TV-160
line/bar generator, video, V-662
linear ramp, I[-270
lincar triangle/square wave VOO,
11-263
Iogarithmic
dynamic-range, V-2G1
fast acting, V-202
monostable multivibrators, 1-465,
11-229, 111-230, 11-235, 111-237
input lockout, I-464
linear-rarnp, T-237
photoeell, monostable, 1-329
positive-triggered, [1-22%
TTL, monostable operation, [-464
LT, monostable operation, 1-463
video arplifier and comparator,
T-268
multiplying pulse width circuit,
11-264
multivibraiors
low-lrequency, TII-237
single-supply, TT1-232
nonlinear potentiometer oufpits,
1V-108
one-ghots, [-465
digitally controlied, I-720
precision, 181222
retriggerable, IM1-238
ostillator/araplifier, wide frequency
range, IT-262
patiern generator/polar-to-rect.
converter, V-288
polynomial gencrator, V-287
potentiometer-pesition V/F
converter, IV-201(
precise wave, II-274
programmed, [-724
pseudo-random bil sequence
generator, ¥-351
pulse generators, 1-508-511
2-ohm, T-231
300-V, 1I-52L
bhb-cireuit, IV-439
astable mullivibrator, 11-510
clock, 60z, [1-102
CMOS short-pulse, [I1-523
delayed-pulse, [I-50%, TV-440
divider, programmable, 1T1-H11,
111-226
EEPROM, 5V-powered, 111-99
[ree running, 1V-438
intermipting pulse-generation.
1-367
logic, III-520
logic troubleshooting applications,
1V-4:36
progranuuable, 1-529
sawtooth-wave generator and,
TT-241
single, {I-17%
train, pulse train, 1V-202
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function generators (cont.)
transistorized, [V-437
two-phase pulse, 1-5:32
urijunclicn transistor design, T-530
very low-duty-cycle, T1-021
voltage-controller and, I[1-524
wide-ranging, 1II-522
quad op amp, four siimultaneous
synichronized wavelorm, T1-259
rarmp generators, 1640, T1-621-523,
MI-525-527, TV-443-447, 55
hased, V-203
accurate, [[I-526
integrator, initial condilion reset,
11-527
linear, [1-270
variable reset lavel, IT-267
voltage-controiled, TI-623
rf oscillator, V-530-531
root extractor, V-207, V-288
RS flip-flop, 1-395
sawloolh generators, V-491
linear, V-205
triggeredt, V-204
sawtooth and pulse, [11-241
Sehmitt trigger; transislorized,
V-204
SCR, 11-367
sell-retriggering tired-on
generator, V-343
signal generators , V-204
AM broadeast band, IV-302
AM/IF, 455 kHe, IV-301
high-frequency, Il-160
square-wave, [II-683-585
staircase, I11-586-D8Y
two-function, [I1-234
sire-wave generators, IV-605,
IV-506, V-542, V-543, V-544
60 Hz, 1V-507
audio, 11-564
hattery power, V-011
Lo, W-R0T
LF, IV-512
oscillator, audio, [H-559
square-wave ad, tunable
oscillator, M1-232
VLF audio tone, IV-508
sinefcosine (0.1-10 kHz), 11260
aine/square wave oscillators, 1-65
TTL design, IV-512
tunable, [-65, 111-432
single control, [T1-238
single supply, 11-273
square-wave generators, 11-504-600,
[1-225, II1-239, 111-242, 111-583-
585, IV-529-536, V-568-570
1 kllz, IV-536
2 MHz using two TTL gates, TI-008
#66 timer, [1-595
agtable circuit, IV-534
astable multivibrator, 11-687
CMOS 555 astable, true raii-lo-
rail, I[-696
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duly-cycle multivibrator, TIT-50-
percent, [11-584
four-decade design, [V-535
high-current oscillator, H1-586
line frequency, 11-589
lew-Irequency TTL oscillator,
11-595
multiburst generator, 11-88
multivibrator, IV-536
oscillators, I-812-514, [-618, 11-5986,
1I-597, 1I-6186, 1V-532, [V-533
phasc-tracking, three-phase, TI-598
pulse extractor, TIT-584
quadrature-outputs ascillator,
TI-585
sine-wave and, tunable oscillator,
111-232
three-phase, 1-600
Lone-burst generator, single timer
IC, TI-5%
friangle-wave and, III-239
precision, 11I-242
prograiuenable, 11-225
wide-range, 1-242
TTL, LSTTL, CMOS designs,
1V-530-h32
variable duty-cycle, IvV-533
variable-frequency, [V-535
SE flip-flop, [V-651
staircase generators, 1-730, 11-601-
B0, LI-HR6-588, [V-443-447
sweep generators, [-472, TIT-438
timebase
1 Hz, readout, and counter
applications, IV-201
oscilloscopes, V-425
time-delay generator, [-2217-218
tone burst generator, repeater,
V-629
triangle-wave, [11-234, V-204, V-205
clock-driven, V-206
square wave, 11-226, TT1-239, [MT-242
Lirner, lincar, [11-222
Lriangle/square wave generator,
V-2068
tanable, wide-range, [1I-241
two-function, III-234
UJT monostable circuil insensitive
to changing bing voltage, [1-268
variable duty cycle timer outpat,
111-240
voltage controlled high-speed one
shat, 11-260
waveform {see wavelorm
generators)
white noise generator, [V-201
funk hox, TI-593
furnace exhaust gas/smoke deteclor,
temp monitor/low-supply
detection, 111-245%
furnace fuel miser, V-328-329
luses
battery-charger relay fuse, V-85
electronic, V-477

monitor for car fuses, V-77
relay fuse, V-478

fuzz box, [[1-575

Tz sound effect, TT-H90

G
GaAsFET circuils
amplificr, power, with single supply,
10
fixed power supplies, [V-405
gain control circuits
amplifier, stereo, gain-controlled, I1-
9, 11134
automatic audio gauin congrol, 1117
aulornatic gain control (AGC), T-17
AGC systern for CA3028 IF amp,
W-4158
rf amplifier, wideband adjustable,
[-545
squelch control, 111-33
wide-bared amplifier, TM-156
gain block, video, TMT-712
game feeder controller, I1-36¢
game roller, [-326
games, [[-275-277, 11-243-245, IV-
203-207, v-208-211
coin flipper, IM-244
clectronic dice, TI1-245, IV-207
electronic roulette, [I-276, IV-205
lie detector, 11-277. IV-206
iz master, ¥-210
reaction timer, 1V-204
ring launcher, electromagnetic, V-209
rowjeile, 11-278, IV-205
run-down clock/smind generator, IV-
205
slot machine, V-211
Wheel-of-Fortune, 1V-206
whe's {irst, 111-244
garage stop light, TT-53
gas detectors (see also smoke alarms
and detectors), [-332,
11-278-279, I1[-246-253, LI[-2486, V-
212-214
analyzer and, 11-281
combustible gas detector, V-214
explosive gas detector, V-213
furnace exhanst, temp monitorlow-
siupply detection, II-248
methane concentration, linearized
output, i1-250
Loxic, 11-280
SCR, MTI-2561
smoke/gas/vapor detector, 1II-250
gated oscillator, last-cycle
completing, [1-427
galed-pulse descrambler, TT-165
gates, V-215-216
AND, T-395, V210
OR, 1-395
programmable, [-394
sync gating circuit, V-595
XOR gate, 1V-107
geiger counters, 1-536-537, V-217-219



high-vollage supply, 11-489
pocket-sized, T 514
gel cell charger, 11-66
generators, electric-power
corona-wind generalor, 1v-633
de generator, V-443
high-voltage generators, [V-413
ion generator, V-248-249
battery-powered, I1I-482
capacitor-discharge, 111-485
de voltage, 1H1-481
negative-ions, 1IV-634
regulator for automohile generator,
V-6
ulira-high-voltages, 11-488
generators (see function generalors:
sound generalors; wavelorn
generators)
gliteh-detector, comparator, T-107
glow-plug driver, 11-562
gong, electronic, V-563
graphic equalizer, len-band, aclive
lilter in, [I-684
grid-dip meters, 1-247, 11-182-183
bandswitched, IV-208
hagic grid, [-247, IV-208
dual gate IGFET, [-246
little dipper, 11-18:3
varicap turted FET, 1-246
ground tester, TT-345
ground-fanlt Hall detector,
IV-208-208
ground-noise probe, battery-
powered, HI-500
guitars
compressor, sound-affect circnit,
WV-519
matching audio signal amplifiers,
v-38
mixer, low-noise, four-channel,
V-360-361
treble hnost for, T1-683
tuner, 11-362
gun, laser, visible red and
conlinuous, 11-310

H

hall-duplex information
transmission link, M-679
half-flagh analog-to-digital
converters, 111-26
half-wave ac phase controlied
circuit, [-377
half-wave rectifiers, 1-230, 111-528,
IV-325
fast, I-228
Hall-ltect cireuils, 11-282-384,
TII-254-268, V-220-222
angle of rotation detector, 11-283
compass, [IT-268
compass;talking, V-221
current monitor, [II-255, 1V-284
door open alarmn, [[-284
ground-faull detector, IV-208-209

aucillators, V-222
security door-ajar alarm, 1II-256
switches using, I1[-267, [V-53%
halogen lamps
dirnruer for, TT-300
protector, V-271
handitalkies, 1-19
two-meter preamplificr for, 1-19
hands-free telephone, 111-605
hands-ofl intercon, I-291
handset encoder, telephone, TIT-613
harminnie distortion
analyzer, V-291
meter, ¥-312
harmonic generalors, 124, HI-228,
V6549
Hartley oscillator, T-571, V-140
HC-bhased oscillators, TH-423
HCIVHTC-hased oscillator, [11-426
headlights {see aulomotive circuils,
hendlights)
headphones
arplifier for, I1-43
ear protector circuit, V-482
infrared (IR) receiver, V-227
-infrared (ER) transmitler, V-227
signal amplitier, V-53, V-B7
hiesiet rate monitor, 11-348, 171-349,
V-342
heat-aciivated alarm, V-G
heat sniffer, electronic, III-627
heaters/heater controls {se¢ also
Lemperature-reluted circuits),
1839
slemnent controller, TT-642
induction heater, ultrasonic, 120-
KHz 500-W, [I-704
protleclor circuil, servo-sernsed,
11-624
temparature sensitive, 1-640
hee-haw siven, [[-678, OI-565
hexFET switch, V-502
dual-control, V-593
hi-fi circuils (see stereo cireuits)
high-pass filters, 1296
active, T 296, V-180, V-188
fourth-order, V-188
second-order, [-297
Butterworth, fourth-order, I-280,
V-179
Chebyshoev, lourth-order, TIT-191
equal compoenents second-order,
V-188
fourth-order, 100-Hz, 1¥-174
second-order, 10011z, IV-175
sixth-oeder elliptical, TTT-191
unity-gain second-order, V-187
variable, V-186
wideband two-pole, [I-215
high-voltage power supplies (see also
gencrators, cleeirical power;
power supplics), [1-487-480, -
486, TV-400-413, V.442-447
9 to 15-Vdo input, V-45606

10,000 V dc supply, IV-633
arc-jet power supply, starting
circuit, 111-474
hasic circnit, V-446
hattery-powered generator, III-482
bucking regulator, 111-451
de generator, [H-481, V-443
de supply, 120-240 Ve, single-chip
cireuit, V-4460
fluorescent-lamp supply, V-444
vald-cathode design, [V-411, V-447
geiger counter supply, L1-489
generalors (seve generators,
clectrical power)
inverter, I11-484
40W, 120V ac, IV-410-111
laser circuits, V-253
negative supply, V-445
negalive-ion generalor, [vV-6ild
uptoisolated driver, TTT-482
Photomultiplier supply, V-144, V=440
preregulated, 111-480
pulse supply, [V-412
regulaiors, 111-485
Toldbuck-current lirdting, [1-478
solid-state, remecte adjustable,
TTI-486
strobe power supply, [V-413
tube amplifier, high-volt isolation,
[vV-426
ullra high-voltage gencrator, I1-488
hobby ¢ircuits (sea model anid
hobby cireuits)
hald button, telephone, 612, 11-628
home securiiy systems (see alarms,
annuciators)
horn, automobile, [1-50, 1V-54
hour/time delay sampling circuit,
1668
Howland current pump, i[-G48
hurmn reducer circudt, receiviers, V-347
hurnidity sensor, 1-285-287, -
11-266-267
hybrid power amplifier, TIT-455

|
IC product detectors, IV-143
IC timer, crystal-stabilized,
subharmonic frequencies for,
11-151
ice formation alarm, 1-106, TI-57,
11-58
TCOM [C-2A battery charger, 1I-65
1F amplificrs, [-690, [V-459
AGC system, TV-458
preamp, IV-460
receiver, IV-450
quadrature detector, TV sound [I7,
1-680
two-stage, 60 MHz, [-563
wideband, 1-689
ignition circuits, automotive, V-64
capacitor discharger, 1-103
cut-off circuit, automotive, 1V-563
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ignitions circuits, autorotive (cord.}
electronic, IV-65
substitute ignition, T-41
timing light for ignition system, 1-60
ignitor, I11-362
Humination stabilizer, machine
vision, 11-306
image canceller, III-358
immobilizer, [I-50
impedance checker, V-136
impedance converler, high-to low,
141
impedance sensor, hanoampere, 100
megohm input, 1-203
indicators {see measurement/test
circuits)
in-use indicator, telephone, H-629
inductance meter, linear, V-316
induction heater, ultrasonic, 120-
KHz 500-W, TI-704
inductors
active, I-417
simulated, 11-199, V-180
infrared circuits (see also light-
controlled circuits; remaote
control devices), [I-288-292,
[11-271-277, IV-219-228, V-224-
229
data link, [-341
detector, 11-289, [I1-276, TV-224,
V-225
emitter drive, pulsed, II-202
fan controller, IV-226
filter circuit, narrow-band, V-184
headphone receiver, V-227
headphone transrdtter, V-227
TR pulse-to-anudio converter, V-224
lager rifle, invisibie pulsed, II-291
long-range object deteclor, UL-273
Toudspeaker link, remote, 1-343
low-nolse detector for, II-289
ohiect detector, long-range, I11-273
peaple-detector, [V-225
preamplifier for IR photodiode,
V-226
proximity swilch, infrared-
aclivated, [V-345
receivers, [-342, 11-292, 1IT-274, TV-
220-221, V224, V-229
remote A/B switch, V-225
remote controller, 1-342, [V-224,
V-229
remote-control analyzer, V-224
remote-control tester, IV-228, V-
228, v-225
remote-extender, 1V-227
trangsiuitters, 1-34:3, U-289, 11290,
NI-274, T-276, TIT-277, TV-226-227
digital, I11-275
pulsed for on/off control, V-228
remote-control, [-342
voice-modulated pulse FM, [V-228
wireless speaker system, I11-272,
1V-222-223
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injectors
three-in-one set: logic probe, signal

tracer, injector, [V-429

injector-tracers, 1-521, 1-522, 11-500

input, sclectors, audio, low-
distortion, I1-38

input/output, buffer, analog
multiplexers, {I-11

. input/output circuils, NEBU2-based,

V-355
instrumentation amplifiers, T-3486, T-
348, 1-349, 1-352, 11-293-205, III-
278-284, [V-220-234, V-233-235
+/~100 V common raode range,
11294
current collector head amplilier,
1295
differential, I-347, 1-354, 111-283
hinmedical, 111-282
high-gain, 1-353
input, 1-354
variable gain, [-34%
extended common-maode design,
1v-234
high-impedance low-drift, [-355
high-speed, [-354
LMB218-bascd, high-speed, V-235
LMCANB2-hased, V-234
low-driftdow-noise de amplifier,
v-232
low-signal level/high-impedance,
1-350
low-power, [[I-284
meter driver, 11-296
Preamps
oscilloscope, IV-230-231
thermocouple, I11-283
precision FET input, 1-3558
saturated standard cell amplifier,
11-296
strain gange, ITI1-280
triple op amp, 1-347
ultra-precision, III-279
variable gain, differential input, 1-349
very high-immpedance, 15364
widehand, TI-281
instrumentation meter driver, [[-226
integrators, 11-207-300, 111-285-286,
V-236-237
active, inverting buffer, 1[-294
JFET ac coupled, 11-200
garruna ray pulse, 1-536
lomg time, 11-300
low-drift, 1-423
neninverting, improved, 11-298
photoeurrent, 11-326
programmable reset leve], T11-286
ramp generator, initial condition
reset, [11-H27
resettable, HI-286
intercoms, -415, II-301-304, 1il-287-
292, V-238-240
bidirectional, [11-290
careier current, I-146

hands-off, [11-261
party-line, 1I-303
pocket pager, 111-288
telephone-intercoms, TV-B57,
V-239, V-240
two-way, [[[-252
two-wire design, 1V-235-237
vojce-activaied, one-way, V-239
intercoms (see also telephane-
related circnits), V-238
interfaces (see alse computer
circuits), IV-238-242, V-241-244
680x, 650x, 8080 families, 111-93
amnaleur radio transceiver, relay
interface, V-243
audio-to-ADC interface, V-242
cassette-to-telephone, II-618
CPU interface, one-shot design,
w239
DVM, Lemperature sensor and,
11-647
FET driver, low-level power FET,
1V-241
fiberoptic, 11-207
keyboard miatrix interface, IV-240
logic-level translators, TV-242
microcomputer-fto-trias interface,
V-241
optical sensor-to-TTL, [1I-314
optocouplers, V-406-407
optoisclalors, V-406-407
preamnp receiver interface, V-243
process control, I-30, V-242
remote-control transmitter
interface, V-G11
tape recorder, I}-614
Lelephiene
audio interlace, V-612
telephone-line interface, V-605
video interface with sync stripper,
V-659
interrupter, ground fautt, 1-580
intervad Limer, low-power,
microprocessor programmable,
11-678
intrinder-detector, light-beam
activated, V-11
preamp, V-13
inverters, [11-293-298, V-245-247
250 watt, V-246
de-to-ac, V-247
de-to-defac, 1-208
digital, V-246
fast. 1-422
fixed power supplies, 12 Vinput,
W-395
flip-flop, I-103
fluorescent lamp, 8-W, 1II-306
frequency inverter, 111-297
high-vollage, 111-484
40 W, 120 V ac, [V-410-411
low-power, fixed power supplies,
TT-466
on/off switch, 111-6594



picture, video circuits, II[-722
power, [11-208
12 VDC-to-117 VAC at 60 He,
11294
meditm, [[1-296
MOSFET, [11-295, v-247
rectifierfinverter, prograrmable
op-amp design, [V-364
ultrasenic, are welding, 20 KHz,
[1-700
varighle frequency, complementary
output, IIT-297
voltage, precision, 111-298
inverting amplifiers, [-41-42, 111-14
ac, high-gain, 1-92
balancing cireuit in, I-33
gain of 2, lag-lead compensation,
UHF, 1-566
low-power, digitally selectablie gain,
11-333
power amplifier, }-79
programmable-gain, I11-505
unity gain amplifier, 1-80
wideband unity gain, 1-35
ion generator, V-2486-249
isolated feedback paower supply,
111-460
isolation amplifiers
capacitive load, [-34
levei shifter, 1-348
medical telemetry, 1-352
tf, 1547
isolation and zero voltage switching
logic, 11-415
isolation transformer, V-349, V-470
isolators
analog data-gignal transmission,
IvV-133
digital transmission, I[-414
stimulus, IM-351

J
JFET
ac coupled-integrator, ITI-200
amplifiers

500-Mohm input imedance, V-23
current source biasing, V-21

chopper circuit, V-352

headphone andio signal arplifiers,

V-57

preamplifier, V-22

source follower, V-20

voltmeter, V-318

Jitter suppression, V-342

K
kaleidoscope, sonic, V-548-549
Kelvin thermometer, I-6565
zero adjust, 111-661
key illuminatar, V-333
keyer, electronic CW “bug” keyer,
V-102
keying circuits, [V-243-245
automatic operation, Ii-15

autornatic TTL morse code, [-26
CW keyer, [V-244

electronic, [-20

Trequency-shifl keyer, IV-245
negative key line keycr, 1V-3244

L
lumup-control circuits (see
lights/light-activated and
controlied circuits)
laser circuits (see afso lights/light-
activated and controlled
circuits; optieal cirenits), M-313-
317, 11I-309-311, V-250-254
diode sensor, 1V-321
discharge current stabilizer, II-316
gun, visible red, 111-310
handheld laser, V-252
light detector, I1-314
power supply, IV-636, V-251, V-254
high-voltage, V-253
with starter circuit, V-252
pulsers, laser dinde, 1-416, TTI-311
receiver, [V-368
rifle, invisible IR pulsed, I1-291
sirnulated laser using LED, V-2563
latches, V-356
12-V, solenoid driver, IIT-572
comparator and, 11-B5
latching relays, de, aptically
coupled, [1I-417
latching switches
double touchbutton, I-138
"8CR-replacing, II1-593
L{D display
7-segment, V-165
fixed-power supply, IV-392, TV-403
large-size, V-164
lead-acid batteries (see ulso battery-
related circuits)
battery chargers, 111-55
life-extender and charger, TV-72
low-battery detector, 11I-56
leading-edge delay cireuit, II-147
LED circuits
T-segment, V-166
ac-power indicator, TV-214
alternating flasher, TIT-198, [{1-200
back-biased (Gads LED light,
sensor, [I-321
bar grapt: driver, [I-188
Lattery-charger test cireuit, V-89
brightness, 1-250
Christmas tree light flasher, V-197
common-cathode display, V-167
driver, emitter/fallower, Iv-159
flashers, V-195, V-196
alternating, T11-198, IT1-200
Christmas tree lights, V-197
control cirenit, [V-183
dark-activated, V-195
driver, V-194
multivibrator design, 1V-182
PUT used in, 11-239

ring-around, [II-194
sequiential, reversible-direction,
TV-182
three-year, 111-194
UJT used in, 11231
frequency comparator, II-110
light sengor, back-biased GaAsFET,
I-321
leading-zero suppressed display,
V-165
matrix display, two-varizble, T1T-171
millivoltmeter readout, IV-294
multiplexed common-cathode
display ADC, III-764
panel meter, 111-347
peakmeter, III-333
ring-around flagher, IT1-194
RS-232C, computer eircuit, II1-103
sirnulated-laser circuit, V-2563
three-year flasher, 111-194
voltmeter, IV-2586
VU meter, IV-211
leveld, electronie, I1-666, IV-320
level controllers/delectors (see also
fluid and meisture), [[-174
alarm, water, 1-389
audio, automatic, 11-20
audio (ALC), V-60-62
cryogenic fluid, I-386
hysteresis in, 1-235
level of liguid, 1-107, 1-235, 1-387,
1-388, [-388, 1-390, [1-174, 11-244,
11-246, T1-205, TI1-206, 111-207,
M1-209, 11-210, TV-1586, TV-190,
Iv-191
meter, LED bar/dot, [-251
peak, 1-402
sound, 1-403
three-step, I-336
visual, II-269
warning
audio output, low, [-391
high-level, 1-3R7
level shifter, negative to-positive
supply, -394
LF or HF field strength meter, 11-212
LF receiver, IV-451
lie detector, H-277, IV-206, V-255-256
light-bearn cormmunication circuits,
V-257-261
receivers
audio, visible-light, V-261
FM light-beam, V-259
moduluted ght, V-258
volee-communication, V-260
fransmitters
audic, visible-light, V-261
FM light-beam, V-250
modulated light, V-268
voice-corarunication, V-260
light-controlled circuits (see also
laser circuits; optical circuits),
11-304-312, I1-318-331, TI1-312-
319, V-262-283
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light-controlled circuits (eomnt.)
860 W limited-range lisht control,
[-376
alarms, V-9, V-273

dark-activated alarm, pulsed tone,

V13
high-output, pulse-tone, V-14
precision design, V-12
self-latch, tonewulpul, ¥-15
wilh hysteresis, V-14
with latch, V-12
light-beam intruder-detection,
V-11,V-13
ambient-light cancellization circuil,
11-328
ambient-light ignoring uptical
sensor, [11-413
audio nscillator, light-gsensitive,
Mm-315
bhack-biased GaAs LED sensor,
11-321
hlack light, battery-operated, V-281
logarithmic light, I-366
optical interruption sensor, 1V-366
bhattery-powered light, capacilanice
operated, [-131
brightness control, [-377, TH-316
carport light, automatic, T-308
chaser lights, sequential activation,
W-251, IV-25h2
Christmas light driver, [V-254
Christmas tree lights sequencer,
V-264-266
complementary, [-372
controller, IV-252
cross fader, 1-312
detectors of light, 1-383, [V-369
dirnmers, [-369, 11-309, 1V-247,
1v-246, V-266
800 W, T1-309
CMOS touch dimmer, V-270
de lamp, 1I-307
four-quadrant, 1V-248-249
hajogen lainps, Lil-300
headlight, I1-67, I1-63
tow-cost, 1-373
‘phase-controlled, V-267
soft-start, 300-W, I-376, I11-304
tandem, [[-312
triac, [-375, [1-3140), 111-303
dissolver, solid-state, 111-304
drivers, lamp drivers, =380
flip-flop independent design,
TV-150
low-frequency flasher/relay, [-300
MOS lamp driver, V-262
optical conpling, 111-413
neon lamps, I-379, V-270, V-459
short-circuit-proof, [}-310
emergency light, [-378, 1-b81, il-
320, I-317, 11-415, IV-250
cxposure meter, photo enlarger,
V438
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flame moenitor, 1II-313
flasher, dark-activated, ¥-195
floodlamp power, [-373
fluorescent-lamp high-voltage
power supplies, 1V-411, V-444,
V-447
halogen lamp protector, V-271
holiday lights sequencer, V-2641-
265, V-264
indicator-lamp driver, optically
coupled, M-413
infrared civeuits (ses nfrared
circuits; remote control)
interruption detector, 1-3064
inverter, fluorescent, 8-W, [I1-306
key lluminator, V-333
LEDs (see LED rircuits)
level of light, 1-365, 1-367, [-376, I-
A77, 1-380, 1-389, 111-313, 111318
life-extender for Lightbulbs, [II-302
light-tndb changer, automatic
design, IV-263
lights-on warning, IV-68, IV-62,
v-250
light-seeking robot, 11-325
logarithmic lighl scnsoer, 1-366
logic circuit, 1-393
machine vigion llumination
stabilizer, 11-306
rnarker light, 111317
meters, light-meters, 1-382, 1-383,
V305
photo enlargers, V-434-435
modulator, [11-302
moernostable photocell, self-adjust
trigger, 11-329
meoring light, aulematic, 11-323
neon light drivers, 1-379, V-270,
V-458
night lights
autornatic, I-360, III-306
telephone-cantrolled, [II-604
on/off relay, 1-366
on/oll reminder
aulomolive lights, 1-109
with ice alarm, 1-106
one-shot tireer, I1[-317
optical interruption sensor, [V-366
ogcillator, light-controlled, V-279
outdanr light control, V-275
phase control, 11-303, TI-305
photo alarm, T1-319
photocell, monostable, self-adjust.
trigger, [[-32%
photocurrent Integrator, T-326
pholodiode sensor amplifier, [1-324
photoelectric controter, [V-369
photoelectric sensor, V-277
photoelectric switches, [[-321,
11-326, MII-319
phototransistor, V-279
porch light contral, V-266, V276

projector-larp voltage regulator,
M-305
power outage light, line-operated,
1-415
pulse-generation interruption, 1-357
retays, 1-366, V-275, V-278, V-279
remote-controller, [-370
rohot,
eyes, 11-327
lighi-sceking robot, I1-325
running light sequencer, V-263
sensors, [-367
ambient-light ignoring, 111-413
back-biased GaAs LED, [[-321
legarithmie, [-366
multiple-inpul, V-37:3
optical sensor-10-TTL interface,
1I-314
Photoelectric, V-277
sequencer, V-263,
holiday lights, V-264-265
pseudorandom, [13-301
running light, V-26%9
shimmering light, V-268
short-circuit proof lamp driver,
11-310
signal conditioner, photodiode
design, 11-330
solid-state light sources, V-282-283
sound-controlled lights, 1-609, V-552
apeed confroller, IV-247
strobe
high-voltage power supplics,
V-413
photo strohe, V-435, V-437
trigger, V-436
variable, III-589-590
sun tracker, 111-318
swilches, 11-320, 111-314
adjustable, 1-362
capacitance switch, 1-132
dark-activated, V-274, V-27¢
light-/dark activated, V-274
light-activaled, self-latching, V-278
light-¢controlled, T-320, 111-314
photoelectric, TT-321, 11-326,
-319
aolar triggerad, [1I-318
zero-point triae, 11-311
tarry light, I-579
Lelephone in-use light, I1-625
three-way light control, TV-251
touch lamp, three-way, 1IV-247
triac circuit, V-268
triac controller, V-267, V-271
{ring swilch, inductive load, TV-253
turn-off circuit, SCR capacitor
design, TV-204
twilight-triggered circuit, 11-322
video, low-level video 1} amplificr,
T-GRT-689
vollage regulator lor projection
Larnp, 11-305



wake-up call light, [I-324
warning lights, 1I-320, LII-317
light-sceking robot, 11-325
himit comparatorsidetectars, 1-156,
I- 106
alarm, high/low, I-151
double ended, [-280, }-23:3, 1-166,
11-105
micropower, 1-155
frequency-tmit detector, 11-177
limiters, [H-320-322, [V-255-257
audio himiter, V-335
clipper/limiter, [V-355
tow-distortion, 11-15
dynamic noise reduction circuit,
111-321
hold-current, solenoid driver,
nI-673
noise, 11I-321, II-395
onc-zener design, [V-257
output, IT-322
power-consumption, TIT-572
transmit-time limiter/timer, IV-580
voltage limiter, adjustable, IV-256
Iine amplifiers, I1I-37
duplex, elephone, 11-616
universal design, V-39
line drivers, [-262
50-ohm transmission, [1- 192
600-ochm balanced, 1I-192
audio signal amplifiers, V-54
full rail excursions in, 1I-190
high-output 600-oluon, 11-193
synchronized, 111-174
video amplifier, TII-710
line-dropont detector, 1T-98
line-frequency square wave
generator, 1I-699
line receivers
digital data, I11-534
leaw-cost, TIT-532
line-syne, neise immune 60 Hz,
11-367
line-current detector/monitors,
111-341
optically coupled, 111-414
line-hura touch switch, I11-664
Tine-symchronized driver circuit,
TM-174
line-voltage announcer, ac, lII-730
line-voltage monilor, 11-511
line-vollage-to-multimeter adapter,
v-312
linear armplifiers
2-30MHz, 140W PEP amateur
radio, 1-5565
100 W PEP 420-450 MHz push-pull,
I-554
160 W TPEP broadhand, 1-556
amareur radio, 2-30 MHz 140-W,
1-260
audio power amplifiers, V-51
OMOS inverter, 11-11

inverter, linear amp from inverter,
1I-11
rf ampliliers
6-m, 100 W, IV-480-481
903 MHz, 1v-484-485
ATV, 10-to-15 W, IV-481
lincar couplers
ac analog, 1412
analog, T-413
de, =411
optocotpler, instrurmentation. 1I-417
iinear [C siren, I1I-564
linear ramp generator, [[-270¢
tink, liberoptic, 111-179
liguld-level detectors (see fluld and
moisture detectors)
lithium hatteries
charger for, [[-67
state of charge indicator for, [I-T8
litlle dipper dip meler, 1-18:3
load-sensing circuits, V-284-285
lorator, Io-parts freasure, T-409
locks, electronic, 11-194-197,
IV-161-163
cormbination, 1-583, [[-196
digitad entry lock, [V-162, V-157
keyless design, IV-163
three-dial combination, TT-195
locomotive whistle, [T-H89
logarithmic amplifiers, I-29, 1-35, II-8
de to video, [-38
log-ratic amplifier, 1-42
logarithmnic converler, fast, 1-169
logarithrnic light sensor, 1-366
logarithimic sweep VCO, TTIT-738
logic/logic cirenits
amplifiers, logic amplifiers,
1[-338-335
Iow-power binary, to 10n gain
low-frequency, 11-333
law-power inverting, digitally
selectable gain, [1-333
low-power noninverting, digitally
selectable inpul. and gain, [1-334
precision, digitally programruable
input and gain, 11336
programmable amplifier, 11-334
andible puises, 11345
converter, TTL to MOS, I-170
four-state, single LED indicator.
11-3961
isolation and zero voltage
switching, [[-415
level shifter, negative-to-positive
supply, [-394
light-activaled, 1-393
line monitor, T1-108
overvoltage protection, I-517
prabes, logic probes, 1-620, [-525,
1-526, IV-430-431, TV-434
CMOS, I-623, I-526, 11I-499
digital, [11-447, V-310
four-way operalion, [V-432

memory-tester, installed, [-525
single-1C design, 1V-433
three-in-one set: prebe, signal
tracer, injector, 1V-429
pulse generator for logic-
troubleshooting, [V-436
pulser, H1-520, V-489
signals, long delay line for, ITI-107
testers
audible, I11-343, V-313
TTL, [-627
translators, logic-level translators,
1V-242
long-duration timer, PUT, TI-675
long-range object detector, [I1-273
loop antennas
3.5 MHz, IV-12-13
dual band, 80-160 m, V-32
preamp, V-48
loop transmitter, remote sensors,
m-70
Toop-thru video amplifier, IV-616
loudness controls, I1-46, I1-47
amplifier, loudness amp, 11-46
balance amplifier with, 11-395
loudspeakers
coupling circuit, 1-78
harn as loudspeaker, TV-54
protector-cireuit, V-483
remote link, 1-343
low-distortion input selector for
audio use, lI-38
low-lrequency-oscillators, 111-428
crystal, [[184, TI-146
oacillator/flasher, 11-234
Pierce oscillator, I11-133
TTL oscillator, [I-595
low-pass filters, 1-287
active, V-178, V-181, V-158
digitally selected hreak frequency,
1I-216
fourth-order, V-184
Butterworth, ¥-180, V-181
Chibyshev, fifth-order, multi-
feedback, 1-219
clock-tunable, monolithic, 1V,
V-187
pole-active, I-295
fast-response, fast settling,
IV-168-16Y
fast-seltling, precision, 11-220
precision, fast settling, [3-220
Sallen-Key
10 kHz, I-279
active, IV-177
equal cormponent, 1-292
second order, [-289
second-nrder, ¥V-188
second order Sallen-Key, I-280
unity-gain-second-order, V-187
variable, V-186
low-voltage alarmv/indicator, [-224,
11-491, TI1-769
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low-voltage power disconnector, 11-97
LVDT circuits, [1-336-339, T1-323-324
driver demodulator, I1-337
signal conditioner, 1-338

M
machine vision, illumination
stabilizer for, II-306
magnetometer, 11-341
mignets
cUrrent sensor, magnetic currents,
111-341
electromagnetic-field sensor, V-308
permanent-magnet detector, [V-281
preamplifiers, magnelic, -89, 1-91,
11-37, W-673, IV-35, IV-36
proximity sensor, V-308
transducer, magnetic transducer,
1-233
mains-failure indicator, [V-216
marker generator, HI-138
marker light, TII-317
mathematical circuits, 111I-325-327,
IV-258-263, V-286-288
adder circuits, I[II-327
binary, fast-aclior, IV-260-261
divider circuits, [V-150-156
binary chain, [-258
divide-by-2-or-3 circuit, IV-10b4
divide-by-N
1+ GHz, [V-155
1.6+ divide-by-n, IV-156
CMOS programunable, 1-267
T490-divided-by-n, IV:154
divide-by-odd number, T¥-153
frecuiency dividers, 1268, I1-251,
1I-254, 11-213-218, TII-340, HI-T68
1.2 GHz, III-129
10-MFz, 11I-126
clock input, TV-151
decade; [-255
divide-by-1.5, II[-218
low-cost, 1II-124
low-frequency, 11-25:3
preamp, 111-128
programmable, TV-152-153
staircase generator and, I-730
tachometer and, I-310
add-number counter and, III-217
one trim, III-326
pulse, non-integer programmable,
I-511, 1I-226
minimum/maximurn selector, four-
input, V-332
nultiplier circuils, [V-325
-luw—l'requémlcy multiplier, IV-325
precise commutating amp,
V-262-263
volrage multipliers, IV-631-637
2,000 V low-current supply,
1V-636-637
10,000 V de supply, TV-633
rotona wind generator, TV-633
doutslers, TTI-459, IV-635

724

cascacded, Cockeroft-Walton,
TV-635
triac-controlled, III-468
laser power supply, IV-636
negalive-ion generator, high-
voltage, [V-634
tripler, iow-current, IV-G37
polar-to-rectangular
converter/pattern generalor,
radio di, V-288
polynormial generator, V-287
root extractor, V-207, V-288
slope integrator, programmable,
V-259
subtractor, [[I-327
MC1330/MC1352 television IF
amplificr, |-688
measurement/test circuits (see nlso
monitors; probes), T-340,
II[-268-270, 111-328-348, IV-210-
218, 1V-264-311, V-230-232,
V-284-321
100 K megachra de, 1-524
3-in-1 test set, TI-330
ahsohite-value circuit, IV-274
ac hot wire, [-681
ac-current indicator, 1V-29¢
ac-puwer indicator, LED display,
V214
ac/de indicator, TV-214
ac outlet tester, V-318
ac wiring locator, V-317
ac-watts calculator, V-304
acoustic-sound recejver, 1V-311
acouslic-sound transmitter, IV-311
activity tester, crystal oscillators,
V-138
alarm and, [-337
altimeter, digital, V-296¢
amyeler, low-current, V-307
anermometer, hot-wire, T-342
audible logir tester, I[11-343
audible TTL, 1-524
audio frequency meter, [-311,
V-305, V-320
audio millivoil, 1-767, 111-769
audio power, [-4R8
audio-rf signal tracer, [-527
automatic contrast, 1-479
aitomotive electrical tester, IV-45
automotive-temperature indicator,
PTC thermistor, 11-56
B-licld measurer, IV-272
balance indicator, IV-215
balance meter for stereo, V-5683
barometer, [V-273
batlery indicalors/testers, [-108,
11121, 1-122, 1-124, V-74, TV-T8,
W-79
beat frequency, 1-336
breath alert alcohol tester, [11-35Y9
“broadband ac active reclificr, IV-271
buzz box continuity checker, [-551
vable tester, 111539, V-260

calibrator (see calibrators)
capacitance buffer
low-input, 111-498
stabilized Tow-inpat, TI-602
capacitance meters, I-400, 11-91-94,
11-75-77
A/D, 3.6 digit, 11I-76
capacilance-to-voltage, 11-92
digital, 11-94
capacitor testers, TV-265, IV-279,
V-306
clamp-on-current compensator,
11-501
CMOS logic, 1-523
continuity testers, 1-5650, I-A51,
11-342, 11-633, {1-534, 11-535,
TI1-345, 1T1-538-540, TV-287,
[V-289, IV-295, IV-296, V-293,
V-317, V-319
cryslal tester, 1-178, 1-186, TI-151,
V-13%
current meters and monitors,
[-203, 1I-152-157, 111-338
ac current indicator, [V-290
current sensing in supply rails,
7153
electrometer amplifier with
overload protection, Il-155
Hall-effect sensors, 1II-265, 1V-284
high-gain current sensor, IV-241
picoarmumneter, [-202, 11-164, 1[-157,
-338
guarded input, II-166
range arameter, six-decade,
11-153, TI-166
curve tracer, [-397, [V-274, V-300
CW offset indicator, 1V-213
deviglion meter, [V-303
dial pulse, M-613
digital frequency meter, I11-344
digital multimeter (DMM), IV-291,
V-291
digital vollmeters {DVM), 1114
3.5-digit, [-713, 111-761
3.75-digit, 1-711
4.5-digit, 1-717, M1-760
aclapter for PO, V-310
auto-calibrate circuit, [-714
automatic nulling, {-712
interface and termperature sensor,
11-647
LED readout, TV-286
temperature sensor and DVM, 647
diode tester, I-401, [-402, -408,
11-34:3, 111-402
dip meters, -247, TI-182-183
handsgwitched, TV-208
basic grid, I-247, IV-298
dual gate IGFET, 1-246
little dipper, 11-183
varicap luned FET, [-246
direction-of-rotation circnoit, M-335
dinde-curve tracer, [V-274
diede-matching circuit, 1V-280



dosage rate, 1-534
driver, meter-driver rf amplifier,
1-MHz, 11]-545
duty-cycle meter, 111-339, [V-265,
V=275, TV-280
dwell meter, I-102, [11-45
K, T, and R measurement/test
circnils, 1V-283-296
electrelytic-capacitor reforming
circnit, IV-276
electromagnetic-field sensor, V-368
electrometer, IV-277
electrostatic detector, II[-337
onergy consumption monitor, V-290
expanded-scale analog meters, II-
186, 1774, IV-46
FET probe, TIT-501
FET voltmeter, III-765, TTT-770
fleid-strength meters, II-208-212,
11-182-183, Iv-164-166,
V174176
1.5-150 MHz, 1275
adjustable sensitivity indicator,
1274
high-sensitivity, [I-211
LF or IIF, 11-212
microwave, low-cost, 1273
f sniffer, [1-210
sensitive, 1-274, TMT-183
signal-strength meter, IV-166
transmission indicator, I1-21 1
tuned, 1-276
ULE ficlds, 1V-166
untuned, [-276
filter analyzer, audio filters, IV-
309
flash exposure meter, I-484, III-
446
frequency counter, H1-340, IV-300
frequency meters, 1-310, 11-249-
260, IV-282, TV-301
analeg, V-307
audio, 1-311
linear, [-310
low-cost, 11-250
power, 11-250
power-line, T-311
frequency shift keyer tone
generator, 1-723
gelger counters, [-536-537, 11-489,
U-514, v-217-219
gereral purpose rf deteclor, I1-500
go/mo-go test circuits, 1-401, [-167
grid-dip meters, I-247, TV-298
ground, I-580, 11-345
ground-noise, ballery-powered,
T1-500
harmonic distortion
analyzer, V-291
meter, V-312
impedance checker, V-136
in-use indicator, telephone, 1I-629
inductance meler, linear, V-316
infrared detector, low-nwise, I1-289

injectors, 1V-429
high-frequency and rf tester,
1V-297-303
LC checker, [II-334
LD melers, 1-251, T11-347
level indicators (see fluid and
moisture, level)
line-current monitor, 11T-341
ght meters, 1-382, 1-383, V-302
line-voltage-to-multimeter adapter,
V-312
logic probes, 1-520, 1-625, 1-A26,
W-430-431, IV-434
CMOS, 1-523, 1-526, TT1-499
digital, 11497, V-310
four-way operation, IV-432
memory-tester, installed, [-525
single-IC design, 1V-433
three-in-one test set: probe, signal
tracer, injectaor, IV-429
logic tester, I-527, 11-345, TII-343,
V-313
low-current measurement, [[1--345
low-ohms adapter, TV-290
low-valtage, TT1-769
magnet/magnetic detectors, 11-
341, IV-266, TV-281, V-308
magnetometer, [[-341
ains-failure indicator, IV-216
measuring gauge, linear variable
differantial transforrer, 1-404
meter tester, IV-270
metrenomes, [-411-413, [[-353-355,
I[1-353-354, IV-312-314, V-392
microammeter, de, four-range,
1v-292
microfarad counter, IV-275
microvolt, [[-49%
millivoltmeters, I1I-T67, ITI-769,
IV-289, IV-294, IV-295
ac, 716
audio, 111-767, [11-76%
de, IV-285
four-range, TV-259
high-input impedance, I-715
LED readout, IV-254
modulation monitor, I11-375, IV-299
mone audio-level meter, IV-310
motion sensor, unidireclional,
11-346
motor hour, 111-3440
multiconductor-cable tester,
IV-288
multimeters, [V-291, IV-203
noise generator, [V-308
ohmmeters, [-549, TIT-540, TV-280
On indicator, IV-217
on-the-air, i11-270
op-amp de offset shift tester,
V119
optical light probe, IV-369
oscilloscope adapter, four-trace,
v-267
overspeed, 1-108

overvoltage protectiorn, I-150, 1-
517, II-96, [1-107, II-496, 11-513,
1UI-762, IV-389

paper sheet discriminator, copying
machines, 11-339

peak detectors, 11-174, T1-175, T1-
434-436, 11I-771, IV-138, IV-143

analoy, with digital hold, [II-153

decibel peak meter, [[i-348

digital, TIT-160

high-bandwidth, TIT-161

high-frequency peak, II-17H

high-speed peak, [-232

LEI design, peak meter, 111-333

level detector, 1-402

low-crift, ITI-156

negative, 1-225, 1-234

op amp, [V-145

positive, [-225, 1-235, 11-435,
LI-16%

true rms, 1-228

ultra-low-drift peak, [-227

voltage, precision, I-226

wide-bandwidth, II[-162

wide-range, II[-152

pH tester, 1-399, 11I-501

Phase detection/rianipulalion
circuits

detectors, T-406, I-476, T-344,
_[1-439, I[I-441, 11-442, 1M1-440-442,
IvV-127
10-bit accuracy, II-176
digital VOM, [V-277
phase-difference deteclor, 0- to
180-degree, 11-344
phase selector/sync
rectifier/balanced madulator,
11]-441
sequencers, phase sequence, I-
476, T-437-442, 111441
e circuit, phase sequence
reversal detection, [I-438
reversal, rc circuit to detect,
11-4:38
thres-phase testor, [1-440
shifters, phase shifters, 1V-647
0-180 degree, [-477
0-360 degree, 1-477
single-transistor design, 1-476
splitter, precision, 1II-582
tracker, threc-phase square wave
generator, I1-598
picoarnmeters, 1-202, 11-154, H1-338
cireuit for, II-157
guarded input circuit, [I-1566
polarity indicator, V-231

.power gain meter, 60 MHz, 1-489

power line frequency tester, 1311

power meter, 1-489

power supply test load, constant-
current, [V-424

prescaler, 660 MHz amplifying,
I1-502

pressure gange, digital, V-314
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measurement/test circuits (cond)
probes, 4-13-220 V, 11{-499
proximity sensor, magnetic, V-308
rdse-width meter, 1I1-336
QRP SWR bridge, I11-336
RC decade box, V-294-295, V-2564
receiver-signal alarm, IE-270
rellectometer, 1-16
remote-control infrared device,
V-223
resistance measurement, 11-342,
IV-285
resistance/continuity meters (see
continuity tester, above)
i bridge, V-303
rf output indicator, IV-299
rf power indicator, I-16
wide-range, I1I-332
rf probe, 1-523, 111-498, 111-502,
IV-433
f test oscillator, V-412
rf voltmeter, H1-7606
rf-actuated relay, III-270
S meter for cornmunications
receivers, V-311
scale, electronic, V-297
SCR tester, TMT-344
short-tester, V313, V-315
shutter, [-486
signal generators, ¥-309
AM broadeast-band, IV-302
AM/IF, 455 kHz, iv-301
signal strength meter, T-342, TV-166
signal tracer, IV-429, V-309
simulated, 1-417
single injector-tracer, 11-500
soil moisture, III-208
sound-level meters, 1[1-346, IV-305,
1v-307
telephone, TII-614
sound sensor, TV-218
sound-test circuits (see also sound
generators), [V-304
speedometer, bike, 1V-271, IV-282
static detector, IV-276
stereo test circuits
audio-level meter, TV-310
audio-power meter, 111-331; IV-308
halance indieator, 1-618-619
reception indicator, II[-269
stud finder, I11-339
supply-volluge monitor, V-320
suppressed zero, I-716
SWR power, [-16, [-22, IV-269
tachometers, [-94, I-100, 1-102,
[[-175, 111-335, T340, TI1-347,
V-65, V-596-508
analog readout, TV-280
calibrated, TT1-598
closed lnop feedback contrel, [I-390
digital readout, I1-61, 1I[-45,
IV-268-269, IV-278
dwell meter/tachometer, [11-45
feedback control, I1-378, 11-390
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frequency counter, [-310
low-frequency, HI-596
mintmun-component design, I-405
motor speed controllers, I1-378,
[1-388
optical pick-up, 1I-347
set point, [II-47
telephone
in-use indicator, I-629, IV-560,
V563
line-tester, V-GL5
off-hook, [-633
femperature (seg¢ temperalure-
related circuils)
temperalure indicator, IV-570
Lesl probe, 4-220 V, [1-499
tester, [V-270
thermometers, I-637-643
three-in-one set, logic probe, signal
tracer, injector, IV-429
three-phase tester, 11-440
tit meter, TH-644-646, V-302
tene, digital 14 testing, 11-504
transistor tester, [-401, [V-281,
V-306
transmitter-output indicator, IV-218
tri-color indicator, V-232
TTL logic tester, 1527
universal test probe, [V-431
THF source dipper, TV-209
undervoltage, hattery operated
equipment, 1-123
universal test probe, 1V-431
vibration meter, 1-404
video-signal amplitude measurer,
V-304
visual modulaticn, [-430
visnal level, [[[-269
voltage level indicators, 1-335,
1-337, [-338, 1-718, III-758-772,
V-301, V-316
voltage probes, V-474
voltmeters, T11-758
3.5 digit, I-710, I-713, 1II-761
4.5-digit, II-T80
B-digit, III-760
-ag, 716, 11-765, [T1-772
add-on Lhermometer for, 11T-640)
bar-graph, 1-99, 11-54
de, M-762, 1I1-763, V-301
digital voltmeters (DVM), I1I-4
3.5-digit, common anode display,
[-713
1.5-digit, full-scale, four-decade,
H-761
3.75-digit, [-711
4.5-digit, [II-760
4.5-digit, LCD display, [-T17
auto-calibrate circuit, 1-714
automatic nulling, I-712
interface and termperature
sensor, [[-647
LED readout, 1V-286
temperature sensor and DVM, 647

FET, [-714, TM-765, 11770
high-inpit resistance, [11-768
JFET, V-318
LED expanded scale, V-311
millivolimeters (see
millivoltmeters}
rf, 1-405, TI-766
voltohmmeters (VOM)
field strength, [-276
phase meter, digital readout,
277
volume indicator, andio amplifier,
v-212
VOR signal simulator, IV-273
V1I meters, -715, [I-487, 111-487,
w211
watch tick limer, V-292
water-level measurement cireuit,
TV-191
wavemeter, timed RF, [V-302
wideband test amplifier, 1V-303
wire tracer, [[-343
zener diode test set, V-321
zener diode tester, 1-400, T-406
zern center, FM receivers, 1-338
medical electronic circuits, 11-347-
349, I1-349-352
biomedical instrumentation
differential arnp, 111-282
breath monitor, II-350
EKG simulator, thres-chip, [-350
hesart rate monitor, T1-348, 11349,
V-342
preamplifier for, 11-340
stinmilator, constant-cwrrenyt, H1-1563
stimulus isolator, 11-351
thermometer,
iplantabledngestible, MI-641
melody generator, single-chip
design, IV-520
memo alert, V-352
memery-related circuits
EEPROM pulse generator, HV-
powered, TI-99
memory protector/power supply
monitor, IV-425
memory-saving power supply, 11-486
metal detectors, [-350-362, IV-137,
V-322-424
low-cost design, V-323
micropower, T-408
pipe detector, V-323
meters {se¢ measurement/lest
cireuits)
methane concentration detector,
linearized output, I1I-250
metronomes, 1-413, 11-353-365, 111-
353-354, IV-312-314, V-392
top octave generator, V-393
ac-line operaled unijunctior, I1-355
accenluated beat, 1-411
downbeat-emphasized, 111-303-354
electronic, IV-313
low-power design, IV-313



naovel design, [V-314
sight and sound, 1-412
simple, [1-354
version 1T, I1-3585
microarnmeter, de, four-range, TV-252
microcontroller, musical organ,
preprogramuned single-chip,
1-600
micrephone circoits
amplifiers, 1-87, TIT-34
electronic balanced mput, [-86
electret, preamp circuit, V-21
external mic circuit for
transceivers, V-351
FM wireless, TH-682, IIT-685, TIT-691
mixer, 11537, V-363, V-364
preamplifiers, I1-45, IV-37, [V-42
low-impedance, IV-41
tone control for, II-687
transforinerless, unbalanced
input, I-88
transformerless, unbalanced
input, I-88
wireless, IV-052-654
AM wircless, 1-679
MICrGNrOCessors (sae coreputer
circuits)
microvaolt comparators
dual limit, I11-89
hysteresis-including, 11I-88
microvolt probe, L1-499
mjcrowave amplificrs, 1IV-315-319
5.7 GH, IV-317
hias supply for preamp, IV-318
preamplifiers
2.3 GHz; Iv-314¢
3.4 GHz, [V-316
bias supply, [V-318
single-stage, 10 (1Hz, IV-317
two-stage, 10 GHz, IV-319
microwave field strength meter, [-273
MIDI (see musical circuils)
Miller oscillator, 1-193
millivoltmeters, IT-767, TH-769,
TV-280, IV-294, [V-295
ac, I-T16
audio, III-T&7, I1I-769
dc, IV-205
four-range, [V-289
high-input impedance, 1- 715
LED readout, TV-294
mini-sterec audio amplifiers, I11-38
minimum/maxirmum selector, four-
input, V-332
mixers, NI-367-370, IV-330-334,
V-309-304
1- MHz, I-427
audio, [-23, [-69, [I-35, IV-335,
V-362, V-364
CMOS, 157
common-source, 1-427
digital mixer, TV-334
diplexer, IV-335
donbly balanced, [-427

dynamie audio mixer, 1V-331
four-channel, 1-56,1-60, 11-40, 111~
A60, 1IV-333
four-input, T-H5, TV-334
guitar mixer, low-noise, four-
channel, V-360-361
I transeeiver/mixer, 1V-457
hyhrid, 1-60 :
input-taiffered, TT-369
local oscillator, double-balanced
mixer, V-415
microphone, 11-37, V-363, V-364
mixer/oscillator for AM receivers,
V-4i2
multiplexer, I-427
nne-transistor desigr, 1-69
passive, [-58
preamplifier with tene control, 1-68
signal cornbiner, 111-368
silent azudio switching, 1-59
sourd amplifier and, T-37
stereo mixer, pan controls, TV-332
unity-gain, four-input, [V-334
ulility-design mixer, 1V-336
universal stage, III-370
viden, high-performance operation,
wW-609
mobile equipment, 8-amp regulated
power supply, 11-461
model and hobby circuits, [V-337-340
controler, model-Lrain and/or slot-
car, IV-338-340
rocket latmcher, T-368
madems
power-line, carrier-current circuit,
11-82
protector, V-479, V-482
mocdulated readback systems,
disc/tape phase, I-89
modulation indicator/monitor, I-430
CB, 431
modulators, 1-437, 1-368-372,
TM-371-377, V-365-367
455-kHz, V-3606
+12V de single supply, balanced,
1-437
AM, 1-438, II-370
balanced, 111-376, 11[-441
double-sidebund suppressed-
carrier, II-377
FM, V-366, V-367
linear pulse-width, [-437
monitor for, II-375
musical envelope generator, I-601
pulse-position, 1-4356, TT-375
pulse-width, 1-435, [-436, 1-438-440,
111-376, IV-326
i, [-436, 1I-36Y, 111-372, 11I-374
saw oscillator, HE-373
TTL vscillator lor television
display, 11-372
TV, 1-439, 11-433, 1-434
VHF, [-440, [11-684
video, [-437, I1-371, 11-372

moisture detector (see fluid and
moisture detectors)
monitors (see alse alarms; fluid and
maoistire; light-controlled
cireuits; motor control circuits;
speed conlrollers; Llemperalure-
related circuits; tone controls),
V-3658-372
acid rain, [II-361, V-371
baby moniter, V-370-371
battery monitors, [-106, 1-222, 1I-
74-749, II-60-67, 1V-73-80
bird feeder monitor, V-371
blinking phone lght, 11-624
breath monitor, TIT-350
current, [11-255, IV-284
alarm and, [11-338
directional signals, auto, [[I-48
door-gjur, autormotive circuits, [T11-46
duty cycle, IT-326, TV-275
flames, III-313
home security system, -6
line-current, 11-341
line-voltage, 111-511
logic line, 1M1-108
modulation, 111-375, TV-299
overvoltag protection, [-150, [-517,
11-96, I1-107, 11496, II1-513,
1I-762, [V-384
power-supply monitors, 11-491-497,
i11-493-495, TV-422-427
backup supply, drop-in main-
activated, TV-424
balance monitor, [II-494
booster/buffer, boosts reference
current, 1V-426
cireult breaker, trip circuit, 1V-423
connectiong monitor, ac lines,
11-510
fault ronitor, single-supply, [1I-445
menory prolector/supply
monitor, [V-425
polarity-protection relay, IV-427
SCR design, IV-385
test load, constant-cuarent, [V-424
triac for ac-veltage control, IV-426
tube amplifier, high-vollage
isulation, IV-426
voltage monitors {see voltage
rnonitors)
room monitor, V-369
monostable multivibrators, [-465,
11-289, 11-230G, 111-235, 113-227,
V-386, V-387
input. lockont, T-4064
linear-ramp, [[I-237
photocell, monostable, 1[-329
pusilive-triggered, LI-229
TTL, monostable operation, 1-464
UJIT, monostable operation, T-463
video amplifier and comparator,
11268
meoring light, automatic, 11-323
MOSFETs
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MOSFETs (cont.)
amplifier, high-impedance biasing,
v-19
audio power amplifiers, V-47
biasing, high-impedance method,
v-19
buffer araplifier, V-93
Trequency converter, V-123
rmixerfoscillator for AM receivers,
V-412
power control switch, [V-386
power inverter, [II-295, V-247
mosquito repelling circuit, [-684
motion/proximity detectors,
1-135-136, 1-344, 11-130, TI- 136,
11-506-607, TIM-514-518,
TV-341-346, V-376-377, V-484-486
acoustic Doppler motion detector,
Tv-343
alarm lor, [1I-606
auto alarm, T-9
baby moniter, V-370-371
capacitive, 1II-515
field disturbance sensor/alarm,
1-607
infrared-reflection switch, TV-345
light-beam intruder-detection
alarm, V-11, V-13
low-current-drain design,
V-342-343
magnetic, vV-308
microwave cireuit, V-377
motorcycle alarm, -9
object detector, long-range, 111-273
optical detector circuit, V-405
optical interruption sensor, 1V-366
people-detector, infrared-
activated, IV-225
proximity switch, infrared-
activated, IV-345
relay-output, [V-345
room monitor, v-369
SCR alarm, [11-617
sell-biased, changing field, I-135
switch, ITI-617
UHF, NI-516, IV-344
unidirectional, I-346
metor control cireuits, 1V-347-353,
V-378-381
400 Hz servo amplifier, 11-386
ac motors, 11-375
ac servo amplifier, bridge-type,
1M1-387
bidirectional proportional control,
374
blender control circuit, V-379
compreasor protector, IV-351
de motors
direction controls, [-462
driver controls,
fixed speed, 1I1-387
reversing, I1-381
servo, bipolar contrel input,
11-385
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speed-controlled reversible,
1T-388
fiberoptic contrels, 11-206
direction controls
dc motors, [-452
series-wound motors, 1-448
shunt-wound motoers, [-456
stepper metor, [V-350
driver controls
ac molors
three-phase, 11-383
two-phase, 14066, 11-382
constant-speed, I11-386
de motors
fixed speed, 1I[-387
reversing, 11-381
servo, bipolar control inpaat, T-385
speed-controlled reversible,
TI1-388
N-phase motor, [[-382
piezo drive, V-380
PwM, V-380
reversing, de¢ control signals, 11-381
serve motor amplifier, 1-452, 11-384
stepper motoers, I11-390
half-step, 1V-349
quarler-step, IV-350
(wo-phase, [1-456
fiber-optic, dc, variable, [[-206
hours-in-use meter, [[I-340
induction motor, [-454
load-dependent, universal motor,
1-451
mini-drill centrol, IV-348
model train and/or car, 1-453, I-455
phase contrel, hysteresis free, [-373
piezo motor drive, V-386
power brake, ac, I[-451
power-factor controller, three-
phase, 11-388
power-tool torque, [-458
FPWM motor controller, [[[-38%
PWM servo amplifier, 1LI-374
PWM speed control, 11-378
PWM speed control/energy-
recovering brake, TI1-380
sell-timing control, built-r,
universal motor, [-451
servo motor amptifier, 1-452, 11-384
servo system, 1[[-384
speed control {see speed
gontrollers)
start-and-run motor circuit, 111-382
stepper motors, V-571-573
half-step, IV-344%
quarter-step, [V-350
spied and direction, IV-360
tachometers, 1-94, 1-100, I- 102,
T1-175, TM-335, TI1-340, 111-347,
V-65, V-596-598
analog readout, IV-280
calibrated, III-548
closed loop feedback control,
11390

digital readout, 1I-61, 111-46,
1V-268-269, IV-278
dwell meter/tachometer, T-45
feedback control, II-378, 11-390
frequency counter, I-310
low-frequency, 111-596
minirmum-component, design, [-406
motor speed controllers, I1-378,
11-359
optical pick-up, III-347
set point, [11-47
three-phase controls, H-383, T1-3588
two-phase controls, 1-456, 11-382
matorcycle alarm, maotion actuated,
-9
muttiburst generator, square
waveform, {1-88
muitimelers (see afso digital
multirmeters (DMM), TV-291,
Iv-293
rultiple-input detector, 111-102
multiplexers, [[1-391-3897, V-382-383
1-0f-8 charmel transmdission
systern, TT1-395
analog, 11-392, V-383
0/01-percent, 11-392
huffered input and output, [[1-396
input/output buffer fer, 11-11
single- Lo four-trace converter,
11-431
capacitance, II-200, 11-416
cormon-cathode LED-display
AT, IT-764
de-, 111-394
differential muitiplexer, 1-425,
1-428, 11-428
driver, high:speed line driver, [-264
eight-channel mux/demux, 1-426,
I-115
four-channel, low-cost, II11-3%4
frequency, 111-213-218
line driver, [-264
mathematical, one trim, [1I-326
oscilloscopes, add-on, 111437
pulse-width, [1I-214
resistor, I[-199
sample-and-hold, three-channel,
111-396
Lwo-level, TIT-392
video, 1-of-15 cascaded, 111-393
wideband differential, [I-428
multiplier circuits, [V-325
capacitance multiplier, V-205,
V-347
low-frequency multiplier, [V-325
photomultipliers, high-volt power
supply, V-444, V-445
precise commutating amp,
1vV-262-263
voltage multipliers, IV-631-637
2,000 V low-current supply,
IV-636-637
10,000 V dc supply, IV-633
corona wind generator, IV-633



doublers, I1I-459, IV-636
cascaded, Cockeroft-Walton,
V-635
triac-controlled, TI-468

laser power supply, IV-630

negative-ion gencralor, high-
voltage, IV-634

tripler, lew-current, TV-037

multivibrators, V-384-388
100 kHz free running, [I-485
astable multivibrators, [I-264,
1-510, 11-597, 111-196, 111-224,
11-233, 111237, TH-238, V-386-358
bistable multivibrators, I-133, TT-465

inverter, M- 103

debouneer, IV-108

flasher, [-299, 11-234

lamp driver, 1V-160

pushbutton trigger, V-388

RS flip-flop, 1-395

SCR, 11-367

SR flip-flop, IV-651

~touch-lriggered, 1-133

cur battery, II-106

CB modulation, 1T-431

CMOS, V-85

current, [1-203

duty-cycle, 50-percent, [[I-684
free-running

100 kl1z, 1-465

prograrmmable-frequency, T-235

with op amp, V-388

low-frequency, [11-237

low-voltage, 1[-123

modulation, [I-430

monostable nultivibrators, 1-465,
1M-229, TM1-230, [I1-235, TIT-237,
V-386, V-387

input lockout, [-464

linear-ramp, III-237

photocell, monostable, 11-329

pusitive-triggered, TT1-229

TTL, monostable operation, T-464

TITT, monoatable aperation, [-463

viden amplifier and comparator,
11-268

one-shot, I-465, [-720, [[-266,
11-465, 111-322, 1238, TT1-317,
11i-654, V-388
oscillosenpe, 1T-474
single-supply, TM-232
sound level, 1I-403
square-wave generators, 1V-536
Lelephone line, [1-628
very-low-frequency, V-385
wideband radiation, [1-535
music circuits (se2 aiso sound
gererators), V-389-394
envelope generator/modulator, IV-22
ingtrument tune-up, audio
generator, V-380
melady circuit, V-393
melady generator, singie-chip
.design, IV-520

metrononme (see metronomes)

MIDI receiver, V-3532

MID] transmitter, V-393

multi-tone generator, V-b66

music maker circuit, [I-360, IV-521

musical chimes, T-640

musical envelope, modulater,
1601, Iv-22

octave equalizer, V-:3564

perfecl pitch cireuit, V-391

synthesizer, V-10-note, V-561

telephone music-on-hold etreuit,
V-601, V-603

mux/demux (see multiplexers)

N

N-phase motor drive, [11-382
NAR preamps
record, TM-673
two-pole 1II-673
NAB tape playback pre-amp, i11-38
nano armrneter, 302
NEG&D2
de power cirenuit, V-368
input/output circuits, V-3565
negative-ion generator, 1V-634
neon flashers, 1-303
five-larnp, II-148
two-state oscillator, TMT-200
tube, T-304
natworks
crossover networks, [-172-173, 11-35
"BV, 1-518
ac/de lines, clectronic, 1-515
active, [-172
asymmetrical third order
Butterworth, 1-173
electronic circuit for, [1-36
filer, 1-291
specch, telephone, 11-633
ni-cad batteries, I-118
analyzer for, 1I-64
charger, 1-112, [-116, [II-57
12 v, 200 mA per hour, 1-114
current and voltuge limiting, [-114
fasl-acting, 1-118
portable, TV-69
temperature-sensing, TV-77
thermally contrelled, I11-68
packs, automotive charger for, I-115
portable, 11[-47, [V-6%
protection cireuit, 111-62
simnpli-cad, I-112
temperature-sensing charger, IV-
7
tesl circudd, IV-79
thermatly controtled, I1-68
zappers, -6, [1-66, IT-68
night lights (see lights/light-
activated and controlled
circuits)
no-deze alarm, V-8
noise generators (see sound
Hgenerators )

noise reduction eirewits, [1-393-396,
111-398-401, [V-354-366,
V-396-308

amplified noise limiter for SW
raceivers, V-397

audio clipper/limiter, [V-355

audio dynamic systern, V-397

audio shunt noise limiter, TV-355

audio squelch, -394

balance amplifier with loudness
contral, [[-395

blanker, IV-356

clipper, 11-394

audio-powered, 111-396

Dolby B, decode mode, TIT-401

Daolby B, encode mode, I1-400

Dolby B/C, IIT1-399

dynamic noise reduction, 11i-321

filters {see filters)

limiter, [1-395, TIT-321

Tow-level signal noise, V-398

receiver application, V-398

shortwave receiver noise limiter,
V-397

noninverting ampliliers, 1-32, 1-33,

141, TM-14
ac power, I-79
adjustable gain, I-91
comparator with hysteresis in, 1-153
high-frequency, 28-dB, 111-263
hysteresis in, 1-153
low-power, digitally selectable
input and gain, T-334
power, 1-79
programmable-gain, 111-505
single supply, 1-74
splil supply, 75

nonselective frequency tripler,
transistor saturation, II-252

Norton amplifier, absolute value,
1I-11

noleh fillers (see also flter
circuits), [-283, T1-397-403,
1T-402-404

4.5 MHz, 1-282
560 Hx, 11-399
1800 Hz, 11-398
active band reject, 11-401
adjustable Q, 11-398, V-179
audio, [1-400
bandpass and, 11-223
high-Q, IT-404, V-178
selectable bandwidth, [-281
shortwave receiver filter, V-185
three-amplifier design, 1-281
tunable, 1-399, 11-402, V-179
passive-bridged differentiator,
11-403
hum-suppressing, 1-280
op amp, {1-400
twin-notch for 1 kHz, V-183
twin-T, TI1-403
Wien bridge, 11-402
NTSC-to-ROB viden decoder, [V-613
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nuclear particle detector, [-637

null ¢ircuit, variable gain, accurate,
1164

mull detector, I-148, 111-162

o)
octal D/A converler, V-350
ohnunelers, 1-549
linear, HI-540
linear scale, 1-549
five-range, [V-290
ohms-to-volts converter, 1-168
oil-pressure gauge, aulornotive,
1V-44 V47
onfoll control, 1-665
on/off inverter, TIT-594
on/off touch switches, [[-691, I[I-G63
one-of-eight channel transmission
system, HI-100
one-shot function generators, 1-4465,
V-388
digitally controlled, I-720
precision, III-222
pulse generator, V-490-491
relriggerable, U1-238
ane-shot timers, IT-654
light-controlled, TM-317
voltage-controlled high-speed, [-266
op amps, [I-404-408, I11-405-406,
IV-35T7-364, V-393-403
x10, [-37
x100, 1-37
astable rmultivibrator, 111224
andic amplifier, TV-33
bidirectional compound op amp,
[V-361
clamping for, 11-22
clock cireait using, M-85
comparatror, three-input and gate
comparator, [V-363,
composite amplifier, V-401, vV-40:3
cornpound op-arp, [V-364
di offsct-shilt tester, V-319
driver, TV-158-159
“feedback-stabilized amplifier,
1V-360
free-running multivibrator, V-388
full-wave rectifier design, v-403
gain-controlled op amp, IV-361
high-gainbandwidth, V-403
intrinsically safe protected, I1I-12
inverter/rectifier, programmable,
TV-364
mierophone mixer, V-364
on/off switch, transistorized, IV-b46
polarity gain adjustment, V-400
power op amp, V-402
power booster, [V-168
power driver circuit, 1V-158-159
quad, simultaneous waveform
generator using, 11-259
single potentiometer to adjust gain
aver bipolar range, 11-406
swing rail-ray, LM324, [V-363
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temperatire-compernsated
breakpoint, nonlinear, V-19, v-401
tunable notch filler with, 11-400
Vo and L-protected, V-25
variable gain, 1T-405, V-102
VOO driver, IV-362
video op amp circuils, 1V-615
optical circuils (see also lasers;
lightsAlight-activated and
controlled circuits),
T-407-419, [V-365-369, V-404-
409
70 kHz center frequency FM
transmitier, 11-417
ae relay, 1418
two photon couplers, MM-412
ar switcher, high-voltage, 111408
ambient light-ignoring optical
sensor, [1I-413
CMOS coupler, 111-414
communication system, T-416
conplers/optoconplers, [I-400, I-417
analog coupler, linear ac, 11-412
analog coupler, linear, 11-413
CMOS design, 1i-414
de lineur coupler, T1-411
instrurnentation, linear, M-417
optocouplers, 11-409, 11-417
stable, 11-409
TTL design, 111-416
dc latching reiay, 11-417
digital transmission isolator, 11-414
direction discriminator, V-408
high-sensitivity, NO, two-terminal
zere voltage switch, 11-414
indicator lamp driver, [[I-413
integrated salid state relay, 11-408
intlertaces,
optocoupiers/optoisolators,
V-406-107
interruption sensor. IV-366
isolation and zero veltage switching
logic, 11-415
isolatarsfoptoisolators, TV-475
driver, high-voltage, 111-482
telephnne statis monitor using,
[-626
light-detector, IV-269
line-current deteclor, 111-414
microprocessor triac array driver,
411}
optoconpler, V-107
interface circuits, V-406-407
optoisolator
inlerlace cireuits, V-406-407
relay circnit, [V-475
paper tape reader, 11-414
photoelectric light controller,
1V-389
photoreceivier, optlimized
noise/response, V-405
phototransistors
amplifier, V-409
varizhle-sensitivity, V-409

pewer oulage light, line-operated,
1I-415
probe, TV-269
proximity detector, V-405
pyrometer, 1-664
regeivers, 1-364, 11-418
50 kHz FM optical transmitter,
1-418
light receiver, IV-367
optical or laser light, 1V-367,
1v-368
relays, 11412, 1417, TIT-418
de solid-state, oper/closed, [I1-412
safety-circuit switch, V-409
Schmict trigger, [-362
sensor, ambient light ignoring,
[11-413
sensor-to-TTL interface, TIT-314
source follower, photodiode,
111119
telephone ring detector, I11-611
transmitter, [-363, 1-367, IV-368
light, transmitter, TV-368
triggering SCR series, 111-411
TTL conpler, optical, III-416
zero-voltage switehing
closed half-wave, 111-412
solid-state, 111-410
solid-state relay, T1-416
optocouplers {see optical circuits,
cauplers)
aptoisnlators (see optical circuits,
isolators)
OR gate, 1-396
organ, musical, 1-415
preprograrmmed single chip
microcontroller for, 1-600
stylus, I-420
oscillators, 11-420-429, 111-420-432,
IV-370-377, V-410-421
1 kHz, I1-427
1.0 MHz, 1-571
2 MHz, II-571
5-¥, 111-432
50 kHz, I-T27
400 MHz, 1-B71
500 MHz, [-570
#00 Hz, 1-68
adjustable over 10:1 range, II-423
AF power oscillator, V-414
astable, [-462, V-420
audio, [-245, (11315, TII-427,
[V-374, IvV-375
andio-frequency generator, V-4185-
417
audio-test oscillator, V-420
basic designs, V-414
beat-lrequency avdio generatar,
W-AaT1
huffer circuits, IV-89
Butler
aperiodic, I-196
common base, 1-191
crystad, [-182



ermitter follewer, T-190-181,
m-194
cassette biag, [1-426
clock generator, [-615, 111-86
CMOS, 1-615, [11-429, II1-430
1 MHz to 4MHz, T-199
crystal, 1-187
cade practice, I-15, [-20, [-22,
11-428, M-431, IV-373, IV-375,
V-376, V-100-103
Colpitts crystal nscillators, 1-184,
1-572, T-147, V-411
1-tn-20 MHz, TV-123
frequency checker, IV-301
harmonic, [-188-190
two-frequency, IV-127
crystal (see crystal oscillators)
double frequency output, 1-314
discrete sequence, TT-421
duty cycle
H0-percent, [11-426
variable, fixed-frequency, 1{1-422
ermilter-coupied
big loop, [1-422
L, 11-266
exponential digitally controlled,
1-728
feedback, I-67
flasher and oscillator
high-drive, 1-235
low-frequency, 11-234
free-running, 1-531
sepuare wave, [-015
fraquency doubled output from,
11-425, 11-594
frequency switcher, V-418
daled, 1-T28, V413, V419
last-cycle completing, TM-427
Hall effact, circuits, V-222
Hartley, I-571, V-140
he-based, I1[-423
HCU/HCT-based, I11-426
high-current, square-wave
generator, TIT-H85
high-frequency, T1-426
crystal, 1-175, [1-148
LC audio oscillator, V-411
LF oscillator, V-413
light-controlled, V-279
loud-switching, 100 mA, T-730
locat-oscillator, double-halanced
mixer, V-415
low-distortion, I-570
low-duty-cyele pulse wircuit, [V-439
low-[requency oscillators, TT-428
crystal, I-184, 11-144
oscillator/flasher, 11-234
Pierce oscillater, 11I-133
TTL oscillator, 1I-695
low-noise cryslal, 11-145
Miller, 1-193
MOSTFET mixer/oscillator for AM
receivers, V-412
NEADZ Incal oacillator, V-411

neon flasher, two-state, 111-200
one-second, 1 ktlz, 11-423
one-shot, voltage-contrelled high-
speed, 1T-266
overtone oscillators, I-176, [-177,
1-180, 1-183, I-186, 11-1486, 111-146
50 MHz 10°100 Mliz, [-181
100 Mz, [V-124
crystal, T-176, T-180, TI-146
crystal switching, I-183
fifth-overtone, 1-182
third-overtone oscillator, IV-123
phase-locked, 20-Mlz, IV-374
Pierce oscillator, V-140
1-MHz, 1TT-134
crystal, IT-144
harronic, [-199, T1-102
JFET, I-198
low-frequency, HI-133
quadrature, 1-729, 111-428
squarc-wave generator, [11-H85
quartz, III-136
R/C, T-612
reflection, crystal-controlled, HI-136
relaxation, IV-376
SCR, 1I-430
resistance-controlled digital, I1-
426
of nscillators, 1-660-551, -072,
V-b28-h32
6.0 MHz VFO, V-529
5 MHz VFO, II-551
ham band VFO, V-532
NE602 circuit, V-331
ri-genie, 11-421
shortwave pnlsed-marker, V-532
sidetone, rf-powered, 1-24
signal generator, V-530-631
test oscillator, V-412
transmitter and, 27MHz and
49MHz, 1-680
RI.C, MT-423
sawtnoth wave, modulator, 1I-373
Schmitt trigger crystal, 1-181
sine-wave {see sinc-wave
oscillalors)
sine-wave/sguare wave, tunable,
1-65, T1-232, TV-512
single opr amp, 1-529
siren oscillator, V-567
square-wave, [-613-614, [[-BY7,
II-616, IV-B32, 1V-533, V-b69
0.5 Hz, 1-616
1%Hz, T-612
astable multivibrator and, V-386
start-stop oscillator pulse circuit,
Iv-438
switch, oscillator-triggered, V-590
switching, 20 ns, 1-729
temperature-compensated, [11-137
crystal, I-187
low-power 5V-driven, [[-142
terperature-stable, [[-427
third overtone, 1-186, 1v-123

time base, crystal, [-133, TV-128
timer, 500 timer, 1-531
tone-burst, decoder and, I-726
transmitter and, 27 MHz and 49
MHz rf, 1-680
triangle-wave oscillator, V-2073
triangle/square wave, 1-614, 11-422
TTL, I-179, [-613, IV-127
1MHz to 10MHz, 1-178
IMHz to 20MHz, 1V-127
crystad, TTL-compatible, 1-17%
sine wave/square oscillator,
TV-512
television display using, II-372
tube fype crystal, [-192
tunable frequency, [[-425
tunable single comnparator, -69
varactor tuned 10 MHz ceramic
resonator, 11-141
variable oscillators, I[I-421
audin, 20Hz to 20kHz, 1I-727
four-decade, single control for,
11-424
sine-wave oscillater, super low-
distortion, TI-5568
wide range, [-730, 11-420
variable-duty cycle, [11-422, V-419
variable-frequency oscillator (see
variable-frequency oscillators
(VFO)
VHE erystal oscillator
20-MHz, III-138
50-MHz, TTT-141}
100-MHz, ITI-139
voltage-controlied {(VCO) {see
voltage-controlled oscillators)
wide-frequency rangs, I1-262
wide-range, [-69, TTT-425
vartahle, 1-730, [[-420
Wien-bridge oscillators, I-62-63,
[-66, I-70, I[-666, I11-429, [[I-668,
Iv-471, Iv-377, IV-511, V-415,
V-414
CMOS chip in, I1-568
tow-digtortion, thermally stable,
I1-657
low-voltage, I1I-432
sine wave, [-86, I-70, 11-666,
IV-510,IV-513
single-supply, [II-668
therrnally stable, [11-557
three-decade, IV-510
variable, 11I-424
very-low-distoriion, 1v-513
XOR-gate, 111-429
yelp, II-577
oscilloscopes, 11-430-433,
111-433-439, V-422-426
analog multiplexer, single- to four-
trace scope converier, 11-4:31
beam splitter, 1-474
calibeator, [1-433, 111-436
converter, 1-471
CRO doubler, TMT-43%
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oscilloscopes (cont.)
eight-channel voltage display, 1I1-435
cxlender, 111-434
FET dual-trace switch for, [1-432
four-trace oscitloscope adapter,
V-267
monitor, [-474
rmultiplexer, add-on, 1H1-437
preamplifier, II1-437, V-423
comiter, TT-438
instrumentation amplifiers,
IV-230-231
sensitivity amplifier, II[-43G
spectrum analyzer adapter, V-424
timebase generator, V-425
trigger selector for timebase, V-425
triggered sweep, ITT-438
variable-gain amp, V-426
voltage-level dual readout, [V-108
oulbard descrambler, 11-164
out-ol-heunds pulse-width detector,
TM-158
outlet tester, V-318
output miter, 111-322
oulput-gating circuit,
photormudtiplier, 11-516
output-stage booster, I-452
overfunder temperature monitor,
dual output, II-646
overload indicator, V-478
overload protector, speaker, II-16
overspeed indicator, I-108
overtone oscillators, 1-176, 1177,
1-180, [-183, 1-186, TI-146, 111-146
50 MHz to 100 MHz, 1-181
100 MHz, IV-124
crystal, [-176, I-180, 1I-146
cryslal swilching, 1-183
fifth-overtone, [-182
third-overtone oscillator, 1V-123
overvoltage protectien, [-15C, [-517,
11-96, [i-107, 11-496, 111-613,
11-762, 1V-389, V-480
comparator Lo detect, 107
monitor for, M-762
protection circuit, T-96, 11-496,
15613
undervaltage and, indicator, [-150,
11-762

P
pager, pocketl-size, 11I-288
FAL/NTSC decoder, RGB input,
T-717
palette, video, II[-720
panning circuit, two-channel, I-67
paper-shect discriminator, copying
machines, 111-339
paper-tape reader, 1[-414
parallel cannections, telephone,
1611
party-line intercom, [I-303
password protection circuit, PCs,
V-104
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pattern generator/polar-te-
rectangular converler for radio
direction, V-288
TCB continuity tester, 11-342, TI-535
peak detecters, 11-174, 11175, 11-434-
438, III-771, IV-138, [V-143
analog, wilh digital hold, W-153
closed-loop, V-153
decibel peak meter, TI-348
digital, {11-160
high-bandwidth, 11I-161
high-frequency peak, lI-175
high-speed peak, [-232
LED design, peak meter, 11-333
level detector, 1-402
Tow-drift, 111-156, V-155
negative, [-225, I-234, V-154
op amp, [V-145
open-loop, V-1563
positive, 1-225, 1-235, I1-435, TIT-169
true rms, [-228
tltra-low-drift peak, [-227
voltage, precision, 1-226
wide-bandwidth, III-162
wide-range, U-152
peak program detector, 11771
peak converter, precision ac/de,
1I-127
people-detector, infrared-activated,
Iv-225
pericd counter, 100 MHz, frequency
and, 11-136
period-to-voltage converter, IV-115
pest-repeller, ultrasonic, I1-699,
T1-706, M-707, TV-605-606,
V-427-428
pH meters/probe, [-394, 111-501
phause detection/imanipulation
circuits
detactors, 1-406, 1-476, I1-344,
[1-439, 11-441, [1-442, 111-440-442,
Iv-127
10-bit. accuracy, 11-176
digital VOM, IV-277
phase-difference detector, 0- to
180-degree, TM-344
phase selector/syne
rectifier/balanced modulator,
[1-441
segquencers, phase sequence, 1-478,
11-437-442, TI1-441
re circuit, phase sequence
reversal detection, 11-438
reversal, re circuit to detect, II-438
three-phase Lester, 11-440
shifters, phase shifters, [V-647,
V-429-431
{-180 degree, [-477
0-360 degree, 1-477
eight-output, v-431
single-transistor design, 1-476
splitter, [11-582, V-430
long-tail pair, V-430
phase-locked loop, V-347

tracker, three-phase square wave
generator, 11-698
phasor gun, 1606, 1V-523
phonngraph-related circuits (see
stereo/phonograph circuits)
photo-conductive detector amplifier,
[our quadrant, [-369
photo memory switch for ac power
cantrol, 1-363
photo stop action, 1-481
photodiode/photeelectric circuits
ac power switch, II[-319
alarm systerm, [-13, [[-4
ampliliers, 1-361, I11-19, 11-324,
672
battery charger, solar, 1I-71, V-227
comparator, precisien, [-360
controller, [V-369
current-to-voltage converter, [1-128
flasher, photecell-controlled,
T-232
integrator, photocurrent, II-326
level detector, precisiorn, [-365
light controller, 1V-369
monostable photocell, self-adjust
trigger, [I-329
outpnt-gating circuit,
photomultiplier, I[-516
PIN, thermally stabilized signal
conditioner with, 11-330
PIN-to-frequency converlers, [11-120
preamplilier for IR photodiode,
V226
aensor amplifier, [1-324
smoke alarm/detectors, [-595, I-
596
source follower, 111-419
switches, [1-321, 11-326, T11-318,
m-319
photoelectric sensor, V-277
photography-related circuits, 11-443-
444, 111-443-448, IV-378-382,
V-432-435
auto-advance projector, 11-444
camera alarm trigger, 11-444
camera trip cirenit, IV-381
contrast meter, I1-447
darkrecm enlarger timer, 111-446
darkroom timer, V-436
electronic Nash trigger, [1-448,
111-449
enlarger exposure meter, V-438
enlarger light meter, V-434-435
enlarger timer, [I-446
exposure meter, [-484, V-438
flash meter, M{-446
flash slave driver, I-483
flash slave unit, V-433
flash triggers
electronic, 11-448
rermote, -484
sound-triggered, 11-449
time delay, V-133
xenan flasgh, IT1-447



light meter, enlargers, V-434-435
photo-event iimer, [V-379
pholoflush, electroric, II-449
picture fixer/inverter, II[-722
shutter speed tester, {1-445
slave-flash uni} trigger, TV-380,
Tv-38E, V433, V-436
slide projectar auto advance,
V-381
slide-shaw timer, III-444, 111-448
soind trigger for fash unit, 11-449,
w-382
‘strobe, V-435, V-436, V-437
time-delay flash trigger, [V-380,
V433
photorultipliers
high-voltage power supply, V-444,
[-445
phototransistor, V-279
amplifier, V-409
varighle-sensitivity, V-409
timer, I-485
xenon flash trigger, slave, TIT-447
picoammeters, 1-202, 11-154,
111-338
circuit for, TT-167
guarded input circuit, 1I-166
picture fixer/inverter, II{-722
Tierce oscillators, V-140
1-MHz, [1i-1:34
crystal; [-195, II-144
harmonic, I-199, 1I-192
JFET, [-198
low-frequency, 11I-133
plezoelectric circuits
439-441
alarm, [-12, V-10
drivers, V-440
535 ogeillator, V-441
CMOS, V-440
micropositioner, V-440
temperature controller, fan-based,
III-627
' PIN photodiode-to-frequency
converters, 12120
pirk noise generator, [-468
pipe detector, metal pipes, V-323
plant-watering accessories, [-443,
11-245, 11-248
playback anuplifier, tape, 1-77
PLL/BC receiver, T1-526
pocket pager, 111-288
polar-to-rectangular
~converter/patlern generator,
redio direction finder, V-288
polarity converter, I-166
polarity gain adjistment, op amp
cireuit, V-400
polarity indicator, V-231
polarity-protection relay, [V-427
polarity-reversing arplifiers, low-
power, 1II-16
poller, analog-to-digital converters,
V28

polynemial generator, V-287
position indicator/controller, lape
recorder, 1615
pasitive input/negative output
charge pump, 1T1-360
posilive regulator, NPN/PNP boost,
11-4%5
potentiometers, digital control, V-158
power amplifiers, {1-450-459,
[11-450-456
2- to S-watt audin amplifier with
preaxmp, [-451
10 W, 1-76
12 W low-distortion, I-76
25 W, 11-452
90 W, safe area protection, 11-459
AM radio, 1-77
audio, TT-451, M-464, [V-28-33
20-W, TT-456
50-W, III-451
6-W, with preamp, III-454
booster, 11-455
bridge audio, T-81
bull horn, 13-453
-clasg-1, TI-463
GaAsFET with single supply, 11-10
hyhrid, II1-455
inverting, [-7%
low-distortion, 12 W, I-76
low-power audin, 11-454
noninverting, 1-79
op amp/audic amp, high-slew rate,
1-82
olitput-stage booster, IT-452
pertable, [11-452
rear speaker ambience amplifier,
11-458
vf power amplifier
1296-MHz solid state, 111-542
5W, 11-542
600 W, [-659
switching, T-33
two-meter 10 W, 1-562
walkman amplifier, I1-456
power supplies (see aiso voltage
indicators/melers), I1-460-486,
11-464, V-448-472
+1.5-V supply for ZN416E circuits,
V-469
+5 V supply, ¥-471
+ B to = 35 V tracking, V-469
0- to 12-V, V-1 A variable, V-460
13.8-Vde, V-2 A regulated, V-459
20-V adjustable, V-461
5V power supply with mementary
hackup, [I-464
5V, 0.54A power supply 1-491
8- from B-V regulator, V-469
2,000 V Jow-current supply,
IV-A36-637
AA cells, +5 V/+3.8 V, V-452
ar: outlet tester, V-318
ac wiring locator, V-317
ac-watts calculator, V-304

adjustable current limit and outpnt
voltage, I-605
adjustable 20-V, V-461
amplifiers, audio,
dual power supply, V-485
subwoofer power supply, V-464
antique radio de lament supply.,
V-470
are larap, 26W, 11-476
arc-jet, starting circuit, [1-479
automotive-accessory power
controller, V-70
hackup supply, drop-in main-
activated, IV-424
balance indicator, 111-454
ballery (see battery-related
circuits}
hattery charger and, 14V, 4A, TI-73
hattery pewer pack, [-b09
bench top, 11-472
bencitop, dual cutput, [-505
bipolar
battery instrurnents, 11-475
tracking double-output, V-449
booster, 1-28, [-33, V-349
buck regulator, add 12-V output to
5V, V472
charge pool, TII-469
configurable, V-455
connections-monilor, ac lines,
1I-510
consunption liriters, [M-HT2
consumption monitor, V-290
conirollers, TV-383-389, V-111-115
uc switches, IV-387, V-112, V-115
ac voltage contrel, V-114
automotive-accessory DoOwer,
V-70
bang-bang contrellers, IV-38¢
burst-type control, I1-342
current-loop control, SCR design,
W-387 -
dual-control ac switch, V-115
high-side switches, 5 V supplies,
[v-384, IV-385
manitor, SCR design, [V-355
MOSFET awitch, IV-386
overvoltage protection, I-150,
1-517, I1-96, 11-107, 11-496,
MI-513, [11-762, IV-389
power controlier, universal
design, IV-388
power-down cireuit, V-114
pushbutton switch, IV-388
three-phase, powsr factor control,
11-388
converter, inductarless, V-456
current limiter, V-146, V-358,
V-458
current sources, 1-206, [-697,
V-141-143
0-to-200-nA, IV-327
bilateral, I1}-469, -694-695, V-143
bipolar sources, I-G05, I-697
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power supplies (ront.)
constant, 1-697, [11-472
fixed power supplies, IV-405,
1V-406
low-current source, 1V-3199
low-resistance, V-142
negative, V-143
offscl-adjusting, V-145
positive, V-142
precision, 1-205, [-206
regulator, variable power supply,
[11-490
variable power supplies, voltage-
programmable, IV-420
voltage-controlled, grounded
sourcesload, 111-468
de-to-de SMPS variable 18 V o
30V out ar 0.24, TT-480
de power circuit, NEG(2-baged,
V-3568
delay circuit, V-148
disconnector, low-voltage, 1-87
dual polarity, [-437
dual power supply, amplifiers, V-465
failure/cutage alarms/monitors,
1-581-682, 11-107, 11-488, 11-175,
-11-491-467, 11[-493-495, [11-511,
TW-422.427
haclup supply, drop-in main-
activated, [V-424
balanice monitor, [1-494
booster/buffer, boosts reference
current, [V-425
circuit breaker, trip circudt, IV-423
connections moniter, ac lines,
1510
fault monitor, single-sipply,
1I1-495
mermory prolector/supply
monitor, TV-425
polarity-protecticn relay, TV-427
SCR design, TV-385
test load, constant-current,
1v-424
triac for ac-vollage control, [V-426
tube amplilier, high-voltage
isolation, IV-426
voltage sensor, [V-423
fixed power supplies (sge fixed
power supplies)
frequency, power/frequency meter,
11-250
fuses, V-477, V-478
-gain, power-gam test circuit, 60
MHz, [-459
general-purpose, 1I-465
glitches in, comparator to detect,
1-107
high-voltage (see high-voltage
power supplies)
increasing zener diode power
rating, I[-485
induclorless converter, V-456
inverters, 11-298, V-457
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12 VDC-to-117 VAC at 60 Hz,
111-294
medium, 11T-286
MOSFET, 11I-295
isclated feedback, T11-46{
isolution transformer, V-349, V-470
laptap-computer supply, V-46:3
lager power supplies, IV-636,
V251, V252, V-253, V254
level sensor, voltage level, ITI-770
loss detector, 1I-175
low-ripple, I-500
LTC, single: supply, V-454
meters, power meters, [-489
audio, I-488
frequency and, IT-2560
tf, I-16
SWR, I-16
merory save on power-down,
TI-486, TV-425
micropower handgap reference,
11-470
1nicroprocessar power supply
watchdog, 11-494
modem, power-line, 111-82
monitors, [I-481-497, TH-493-495,
IV-422-427
backup supply, drop-in main-
aclivaled, [V-424
balanee inenitor, |[-494
booster/buller, hovsts reference
current, [V-425
circuit breaker, trip circuit, TV-433
connectiong monitor, ac lines,
11-510
Fault monitor, single-supply,
11495
memory protector/supply
monitor, [V-425
polarity-protectien relay, IV-427
SCR design, IV-385
test load, conglant-current,
V424
triac for ac-voltage control, 1V-
426
tube amplifier, high-voltage
isclation, IV-426
voltage monitors (see voltage
indicators/meters)
rultivoltage supply, V-458
negative supply, V-457
neon lamp driver, V-5- to 15-V
supplies, V-459
oulage light, line-operated, II1-415
overload indicalor, V-478
overvoltage protection, 1-1560,
1517, IT-96, TT- 107, 17-496,
10-513, I-762, TV-385, V-480
power-down circuit, V-114
programmable, I[I1-467
protection cireuits, [-815, 1-618,
LG8, T1-107, 11474, 11-486,
[1-4%6, T-497, TIT1-511, TV-425,
V427

push-pull, 400V/60W, 11-473
rectifiers, V-464, V-464
reference, 0-to-20 V, [-694
regulated power supplies
B-amp, for mobile equipment,
aperation, I1-461
10 A, current and thermal
prolection, [1-474
12-14 W, 34, 11-480
13.8-Vde, V-2 A, V450
+15V 1-A, TI[-462
~15V 1-4, I[1-163
sphit, [-492
regulator loss cutter, V-467
regulators (see voltage
regulators)
reset circuit, I[I-366
short-tester, V-313, V-315
split, [-512
stand-by, non-velatile CMOS
RRAMSs, 11-477
subwoofer amplifier power supply,
V-464
supply-veltage moenitor, V-320
switching power supplies, I1-466,
1-470, [1I-458, V-453, V481,
V-462, V-468
H0-W off-line, T11-473
500 kHz switching inverter for
12V, 11474
complementary ac switch, I-379
power-switching circuit, II-466
variable, 100-KHz multiple-
output, 11-488
synchronous stepdown switehing
regilator, V-468
telecom converter —48 to +5 V at 1
A, V-472
three-rail, 11-466
undervoltage detectar/monitor,
III-762, TV-138
uninterruptible, 11-462, TI1-477,
V471
uriversal laboratory supply, V-450-
451
variable power supplies, 1L-487-
492, TV-414-421
0-to 12-V, V-1 A, V460
currernt sonrce, voltage-
programmable, TV-420
dc supplies, [V-418
duad universal supply, 0-te-50 V,
5 A V-416-417
switch-selected fixed-voltage
supply, [V-419
swilching regulator, low-power,
131-490
switching, 100-KHz mulliple-
ontput, II1-488
tracking preregulator, [11-492
transformeriess supply, TV-420
universal 3-30V, III-489
voltage regulators for variable
supplics, 111-490, I[1-492, IV-421



voltage doubler, V-460
voltage probas, V-474
voltage/rurrent regulator, V-455
voltage regulators {see vollage
regulalors)
voltage sensor, power supplies,
V423
voltage-level, III-770
voltage sources
millivoll, zenerless, 1-696
programmnahle, 1-694
voltage splitter, TII-T38
preamplifiers, -1, V-26
antenna preamp
HF broadband, V-36
loop antenna, V-38
VLF 60-kITz, V-33
wideband, V-35
B-rneter, 20 dB gain and low-NF,
11-543
1000x, low-noise design, IV-37
audio preamplifiers, T-45
2- to 6-watt, 11-451
6-W and, 111454
audio-to-UHF preamp, V-24
bias supply, 1V-318
dual audio sigral amplifiers, V-H8
electret microphone preamp, V-21
equalized, for magnetic phono
carfridges, III-671
freqiency counter/divider, [1-128,
V24
GaAsFET, rf amnplificrs, V-516
generad purpose, 1-84, TV-42
handitatkies, two-meter, 1-19
HF, rf amplifiers, V-515
1F, 30 MHz, IV-460
IR photodiode preamp, V-226
impedance-matching, TV-37
instrumentation amplifier,
W-230-231
JFET, V-22
light-bearn activated alarm circuit,
V-13
LM382 phono, 1-91
low-noise, 1-88, -661, TV-41
magnetic, [-89, [-91, 111-37, IIL-673,
IV-35, IV-36
medical instrument, 11-3449
miicrophene proampliliers, 1145,
IV-37, 1V-42
low-impedance, TV-41
tone control for, 11-687
transformerless, unbalanced
input, 1-88
transformeriess, inbalanced
input, 1-88
microwave preamplifiers,
W-316-319
mixers, [-68
NAB preamplificrs
tapc playback, professional, IT-38
record, TI-673
two-pole, TIT-673

oseilioscope prearplifiers, TT-437,
H1-438, [V-230.231, V423
oscilloscope/oomnter, [11-438
power arplifier with preamp,
11451, 111-454
read-head, automotive circuits,
11-44
receiver interface, V-243
rf amplifiers, V-526, V-527
RIAA MI-38
RIAAMNAB compensation, 1-92
slereo/phonograph preamps, 1-91,
1-43, 11-45, V-584
low-noise, I¥-36
magnetic, 1-91. 1I1-37, [1I-673,
W-35, IV-36
tone control, V-581
Lape, 1-90
thermocouple instrumentation
amplifier, II1-253
tane control preamglifiers, L-675
high-level, 11-688
1C, 1-673, TTI-657
mixer, I-68
transmit/receive sequencer, V-348
UJHF-TV, 1II-546
ultra-low-leakage, 1-38, 11-7
VHF, I-560
VHE/UHE, el amplifiers, V-515
video, V-BB0
preregulators
high-voltage power supplies, [11-480
tracking, [11-492
prescalers
data circuitls, low-Trequency, TV-132
probe, amplifying, 650 MHz, 11-502
preselectors, rf amplifiers, [V-483,
TV-485, IV-484
pressure gauge, ¥-114
printer-error alarm, compliter
circuits, TV-106
printers
printer-error alarm, IV-106
printer sentry, computer circuits,
V-107-108
two-sheels in printer detector,
IV-136
probes {(seq also measurement/test
circnits), 1-4%8-504, [1-496-503,
1V-428-434, V-473-474
100 K megaohin de, [-524
ac hol wire, 1-681
audible TTL, I-524
audio-rf signal tracer, I-527
rapacitance buffer
low-inpul, 111-498
slabilized low-fnpt, TIT-502
clamp-on-ciyrent compensator,
11-501
CMOS logic, I-623
FET, Il[-501
general purposc rf detector, IT-500
ground-noise, battery-powered,
1LL-300

lngic probes, I-520, 1-525, }-3146,
[V-430-431, IV-434
MO, 1-623, 1626, TT1-45%
digital, TT-497
four-way operation, [V-432
memory-tester, installed, 1-525
single-1C design, IV-433
three-in-ome teat sef: probe, signal
tracer, injector, [V-429
microvalt, [1-499
optical light probe, IV-363
pH, I-344, 111-501
prescaler, 650 MHz amplifying,
H-502
rf, 1-523, TM-488, [II-502, IV-423
single injector-tracer, 11-500
test, 4-220V, 11I-499
three-in-one Lest set: logic probe,
signal tracer, injector, TV-425%
tene, digital TC testing, 11-504
universal test probe, IV-431
process control interfacc, 1-J0, V-243
processor, CW signal, I-18
product detector, T-223
programmable amplifiers, 11-334,
TI-504-508
differential-input, prograrmunable
gain, III-607
inverting, progriutunable-gain,
11-505
noninverting, programmable-gain,
TIT-505
precision, digital
control/programming, 111-606
programmable-gain, selectable
input, 1-32
variable-gain, wide-range digital
control, III-506
projectors (see pholography-related

circuits)
prolection circuits, 11-85-99, TM-509-
513, V-475-483 -

12ns circuif breaker, 11-97

automatic power down, 11-98

circuit breakers

ac, II-612
eleclronic, high-speed, TT-96

compressor protector, IV-351

crowhars, electronic, I1-99, 11-510

ear protector, V-482

fuse, electronic, V-477

halogen lamp protector, V-271

healer protector, servo-sensed,
111-624

line protectors, computer 10, 3 up,
1v-101

-line dropoul detector, I1-68

linc-voltage monitor, I1-511

Ipudspeaker protector, V-483

low-woltage power disconnector,
n-a97

modem protector, V-47%

modervfax protector for two
computers, V-482
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protection circuits (comt.)
optical safety-circuit switch, V-408
overload indicatar, V-478
overvoltage protection, I-150,
1-517, 11-96, 11-107, [[-496,
M-513, TM-762, TV-359, V-480
password pratection for PCs, V-109
polarity-protection relay for power
supplies, [V-427
power-down, 11-98
power-failure alarm, [II-511
power-line connections monitor,
ac, [[I-510
power supply, I1-497, [-518
relay fuse, V-478
reset-protection for computers,
V-100
safety circuit, V-477, V-4583, V-E89
timed, V-481
short-tester, ¥-313, V-315
shutdown circuits, V-537-648
speaker protector, V-476, v-479
proximity sensors (sea
motion/proximity detectors)
pseudorandem sequencer, III-301,
V-351
puise circuits, 1V-435-440
amplitude discriminator, [I1-356
coincidence detector, TI-178
converters
height-to-width, 111119
pulse train-to-sinusoid converters,
-122
counter, ring counter, low-power,
V-437
delay, dual-edge trigger, TT-147
detectors
fasl pulse, V-1564
missing pulse, ¥-152
out-of-hounds pulse width, II1-158
sequence detector, TI-172
divider, non-integer programmable,
II-611, HI-226
extractor, square-wave, 111-584
generators, pulse generators,
T-508-511, V-487-492
2-ohm, [[1-231
300-V, III-521
566-circuit, IV-439
add-on, V-488
astable multivibrator, 1-510
hasic, V-488
clock, 60Hz, 11102
CMOS short-pulse, 111-523
delayed-pulse, 11-500, IV-440,
V-492
divider, programmable, 11-511,
111-226
EEPROM, 5V-powered, 111-99
free running, IV-438
interrupting pulse-generation, [-367
logic, 1T1-520, V-4R9
logic troubleshooting applications,
V434
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one-shol, V-490-441
prografunabis, 1-529
sawtooth-wave generator and,
111-241, V-481
single, i[-175
train, pulse train, 1V-202
fransistorized, TV-437
two-phase pulse, [-532
unijunction transistor design, [-530
variable duty cycle, V-492
very low-duly-cycle, H-5631
valtage-controller aned, 11-624
wide-ranging, 1II-622
missing-pilse detector, V-152
modulators
pulse-position, 11I-375
pulse-width (PWM), II-376, IV-326
brightness controller, I1-307
control, microprocessor
selected, II-116
motor speed control, [I-376,
11I-384
multiplier circuit, 1-264, 111-214
ont-of-boumds detector, TII-158
proportional-controller circuit,
1I-21
servo amplifier, 11I-379
speed control/energy-recovering
brake, 1T1-380
very short, measurement circuit,
I-336
oscillators
fast, low-duty-cycle, [V-439
slarl-slop, stable design, IV-438
pulse-position modulator, HI-375
stretchers, IV-440
negative pulse stretchar, TV-436
positive pulse stretcher, IV-438
supply circuit, high-voltage power
supplies, [V-412
width, cut-of-bounds pulse width
detector, I1I-158
pulse-dialing telephone, [I-G10
pulse-width-to-voltage converters,
117
pulse-widlh modulators (PWM),
111376, [V-326
brightness controller, TIT-307
control, microprocessor selected,
[i-116
motor speed control, II-376, I1[-385
mulliplicr circuit, [1-264, 1[[-214
out-of-bounds detector, [[I-158
proportional-controller circuit,
1I-21
serve amplificr, HI-378
speed controlfensrdy-recovering
brake, ITT-350
very short, measurement circuit,
1I-336
pulse/tone dialer, single-chip, 11I-603
pulsers, laser diode, [II-311
purnp cireuils
cantroller, single chip, 11-247

positive input/negative output
charge, 1-418
push switch, on/ofl, electronic, 1-359
push-pull amplifier, Darlington, V-22
push-pull power supply, 400V/60W,
11-473
pushbutton power control switch,
IV-388
PUT circuits
battery chargers, I1[-54
long-duration timer, I[-675
pyremaeler, optical, [-664

Q
-multipliers
audio, 11-20
transistorized, [-5666
QRP circuits
18-, V-21-, V-24-MHz, V-644-645,
V-644
CW transmitter, [T1-620
sidetone generater/code practice
ostillators, V-102
SWR bridge, I11-336
transmitters, V-10-M DSB with
VFQ, V-638-639
quad op amp, simultaneous
waveform generater using,
1-2569
guadrature oscillalors, 1-428
square-wave generator, [[1-585
quiz rnaster game, V-210

race-car motor/crash sound
gencrator, UL-578
radar detectors, 1I-618-520,
1V-441-442
one-chip, II-5618
radiation detectors, 11-612-617
alarm, 11-4
micrepower, I1-513
monitor, wideband, I-635
photomultiplier owtpt-gating
circuit, 11-5615
pocket-sized Geiger counter, [-614
radin/rl circuils
AM radic
car-radio to short-wave radio
converter, TV-500
demaodulator, I1-160
power amplifier, [-77
receivers, 1-525, 111-81, [I-529,
TII-636, IV-455, V-498, V-497,
V-502
AM/FM radio
clock radio, 1-543
squelch circuit, 11-547, 111-1
amateur radio, [11-260, T-534,
T-675
transceiver relay interface, V-243
VFO, V-532
voice identifier, V-550
amplifiers (see rf amplifiers)



antique radiec dc filament power
supply, V-470
attenuator, 1V-322
automotive receiver, [1-525
bridge, V-50-MHz bridge circuit,
v-303
broadband , 11-5486, 111-264, TV-271
burst generators, portable, II1-73
calibrator, V-298
carrier-current cireuits, I11-78-82,
IV-91-93
AM receiver, 111-81
audio transmittcr, M1-79
data receiver, TV-03
data transmitter, [V-52
FM receiver, [I1-80
intercom, 1-146
power-line moderm, 111-82
receivers, [-141, 1-143, 1-145, [-146
relay, 1-575, IV-46]1
remote control, 1-146
transmitters, I-144
1C, 1-145
onv/off 200kHz line, 1-142
clock, [-542
converters, V-494-501
ATV receiver/converter, 420 MHz,
low-ninise, [V-496, IV-497
radio beacon converler, [V-495
receiver frequency-converter
stage, 1V-49%
SW converter for AM car radio,
W-500
two-meter, [V-408
up-converter, TVRO subcarrier
reception, IV-501
VLE converter, TV-497, ¥-121
WWV for car radio, V-119
WWV-to-5W converter, [V-499
receiving converter, 220 MHz,
[V-500
current readout, 1-22
CW-related circuits
lilter, razor sharp, 1I-219
keying circuits, IV-244
offaet indicacor, IV-213
SSB/CW product detector, IV-139
SSBACW recelver, V-499
transceiver, 8 W, 80-meter, TV-602
transmitters, TT-678, [11-684,
TI1-686, 111-690, [V-801
detector, II-500, IV-433
direction finder, radio signals,
1V-148-149
pelar-to-rectangle
converter/pattern generator,
v-288
double-sideband suppressed-
carrier
modulator, MT-377
rf, -366
FM radio, I-645
5V, 1233
127, 1-233

clock radio, AM/FM, I-543
demodulators, 1-544, 1I-159, 1I-
161
IF amplifier with quadrature
detector, TV sound IF, I-650
generators, low-frequency, III-228
receivers, [-338, 1-361, LI[-80,
[[1-530, 1I-632, V-495
snooper, [T-680
speakers, rernote, carrier-current
system, T-140
squeleh circuit for AM, [-647
stereo demodulation systern,
1544, 1I-159
transinitiers, 1-361, 1-367, 1-681,
11-417, IIL-RAT-B6RY, TV-228
tuner, 1-231, M-629
wireless microphone, [1-682,
111-685, 111-691
genie, 11-421
input circuits, NEGOZ, V-500
measurement/test cireuits, IV-297-
303, V-412
modulators, I-436, 11-369, [I-372,
11-374
oscillalors, I-850-551, T-h72, V-528-
532
5 MHz VF0), T1-561
6.5 MHz VFO, V-529
ham band VFO, V-529
NES02 circuit, V-531
transmitler and, 27MHz and
49MHz, 1-680
rf-genie, 11-421
shortwave pulsed-marker, V-632
sidetone, rf-powered, [-24
signal generator, V-530-531
outpul indicator, [V-28%
power meters, 1-16, [-24, 11-332,
1-592
portable-radic 3 V fixed power
supplies, [V-397
probe, 1-523, 11[-498, III-502
radio beacon converter, TV-495
radio-cormercial zapper,
V384395
receivers
AM radio, I1-625, [11-81, 111-529,
[1-535, 1V-465, V-496, V-497,
V-502
autormotive receiver, [1-H25
carrier-current, I-141, 1-143,
1-145,1-146
CW/SSB receiver, V-80- and 40-
meler, V-499
data receiver, TV-93
FM radio, 1-338, I-361, 111-80,
[-52%, III-530, 1II-532, V-445
old-time design, 1V-4563
radio-control receiver/decoder,
[-574
reflex radio receiver, TV-452
short-wave receiver, IV-454
superheterodyne, V-503

TR radio receiver, [V-452
VLF whistler, V-496
shortwave transrissions
converters, I[[-114, [V-500
FET booster, -661
receiver, IV-454
single-sideband (S5B)
communications
CW/SSB product detector, TV-139
driver, low-distortion 1.6 to
30MHz, I1-538
generators, IV-323
transmitter, crystal-controlled LC
for, 1[-142
signal tracer probe, audio, 1-527
sniffer, 11-210
static detector, TV-276
superheterodyne receivers, V-503
switch, low-cost, [[I-361
VHF/UHF diode switch, 1V-544
VLF converter, V-121
VLF whistler receiver, V-496
voltmeter, 1-405, TII-766
WWYV converter for car radio,
v-119
radio beacon converter, IV-495
radio-control circuits (see alse
remote control devices)
audio escillator, [1-067, I-565
maotor speed controller, I-676
phase sequence reversal by, [[-438
oscillator, emitter-coupled, [I-266
receiver/decoder, 1-674
single-SCR design, TT-361
radicactivity (see radiation
detectors)
rain warning beeper, 11-244, [V-189
RAM, non-volatile CMOS, stand-by
power supply, 11-477
ramp generators, 1-640, 11-521-523,
M-525-527, [V-443-447
555 based, V-203 -
accurate, I11-626
integrator, nilial condition reset,
[13-527
lincar, 11-270
variable reset level, 11-287
voltage-contralled, 11-523
ranging system, ultrasonic, 111-697
RC decade box, V-294-295
reaction timer, IV-204
read-head pre-amplifiar, atntomotive
circuits, I1-44
readhack system, disc/tape phasc
medulated, 1-89
receivers, (see also transceivers;
transmitters),
11-624-526, [[-528-535, [V-448-460,
V-493-503
50kHz FM optical transmitter,
1-361
acoustic-sound receiver, TV-311
AGC system for CA3028 [F
amplifier, [V-458
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delay and controls closure time,
11-530
with strobe, I-266
fuse, V-478
latching relay, solid-state, V-505
lighl-beam aperated on/off, T-366
light-sensitive, V-278
monostable relay, low-consumplion
design, IV-473
optically coupled relays
ac, ll1-41%
de fatching, IT-417
optoisolator, TV-475
polarity-protection for power
supplies, IV-427
pulser, sensor-activated, V-507
rf-actuated, [[I-270
ringer, telephone, TIT-606
solid-state relays, 1-365, [-623,
T-408, 111-412, 111-416, I11-569-
n70, IV-472, [V-474, V-505-506
sound actuated, I-576, [-610
telephone, 1-631
tirme delayed, 1-219, I-663, V-506
tone actuated, T-676
TR circuir, II-632
triac, contact protection, H-531
remote control devices (see also
infrared; radio-control circuits},
1V-224, V220, V-h08-513
A/B switch, TR-controlled, V-225
ac switch hookup, two-way, V-592
amplifier, 1-59
analyzer, V-224
carrier, current, 1-146
drop-vollage recovery for iong-line
systems, TV-328
extender, infrared, IV-227, V-512
fax/telephone switch, [V-5B62-5563
infrared circuit, [V-224
lamp or appliance, 3370
loudspeaker via TR link, 1-343
loop transmitter for, [11-70
on/off switch, T-H77
receiver, ¥-510, V-513
ringer, telephone, I11-614
sensor, temperature transducer,
1849
servo systern, 1-575
telephone monitor, 1-626
temperature sengor, [-654
tester, infrared, IV-228, V-228, vV-229
thermometer, 11659
transmitier, V-609, V-513
interface, V-611
ultrasonic, V-612
transmitter/receiver, IR, [-342
video switch, [V-619-621
repeaters
beeper, 1-19
Furppean-type, tone burst
generator for, M-74
fiberoptic lirk, [-270
telephone, TI-607

reset buttons
child-proof computer reset, TV-107
power-on, I1-366
protection circuit for computer,
TV-100
resistance conlroller, digital, V-15%
resistance/continuity testers, [-550,
1-551, M-342, 71-5633, 1-534,
11-535, 111-345, 111-538-540,
1V-287, IV-289, IV-208, IV-296
audible, ¥V-317
audible, adjustable, I1-536
buzz box, 1-551
cable tester, T11-539
latching design, TV-205
low-resistance circuiis, V-319
oshmmeter, linear, 111-640
PCB, 1I-342, 1I-635
raticmetric, 1-550
RC decade box, V-204-295
resistance-ratio detector, 1I-342
single chip checker, 11-5:34
visual, V-293
resislance-to-voltage converter,
[-161-162
resistor multiplier, T-199
resistors, voltage-controlled, I-422
resonator ogcillator, varactor tuned
10 MHz ceramic, 11-141
restorer, video di, 1I-723
reverb cffech
analog delay line, TV-21
stereo system, [-602, 1-606
reversing motor drive, de control
signal, 1I-381
rf amplifiers, [[-5:37-549, II[-H42-547,
IV-476-408, V-514-527
1 W, 2.3 GHz, T1-540
2 meter FET power amplifier, V-621
10 W, 225-400 MHe, [1-548
10-W, 10-M linear aruplificr, V-520
10 dB-gain, I1I-543
2- 1o 30 Milz, IT1-544
4 W amp [or 900 MHz, TV-477
5 W 150-MHz, T-646
5 W power, 11-542
6-meter kilowatt, [[-545
6-meter preamp, 20dB gain and
low-NF, [1-543
20W, V-1296 - MHz module, V-h22
20 W, V-450 MHz amplifier, V-510
A0 MHz, V-519
60 W 225-400 MHz, ITI-547
125 W, 150 MHz, 1I-544
456-kHz [F amplifier, V-522, V-523,
V524
500 MHz, TV-491
1,206 MHz, 1¥-486
1,500 W, IV-478-479
AGC, wideband adjustable, II1-545
broadcasl-band, 11I-264, I[I-546,
1v-487, V-516, V-517
bulfer amplifier with modulater,
TV-4490

cascode amplifier, [V-488
coramon-gate, 450-MHz, 111-544
GaAsFET preamplifier, V-435 MHz,
V516
HF preamplifier, V-515
HF/VHF switchable active antenna,
V-524
1F amplilicr, V-455-kHz, V-522,
V-523, V-5624
1F amplifiers, V-45-MHz, crystal
filter, V-527
isolation arnplifier, 1I-547
LC tuned, V-526
lirear amiplitiers, TV-480-48h5, V-520
low-distortion 1.6 to 30MHz S5B
driver, 11-5638
meter-driver, 1-MHz, [1I-54&
MOSFET rf-amp stage, dual-gate,
V-489
power ainplifiers, 1-559, 11-542,
11-542, V-517, V=519, V-521,
V-H25
preamplifiers, V-527
GaAsFET, V-516
HF, V-515
receiver/scanner with MAR-1
MMIC, V-5621
VHF/UUHF, V-515
wideband, V-526
preselectors, IV-483, [V-485,
Iv-488
receiver/scanner preamp with
MAR-1 MMIC, V-521
TV sound system, V-H10
UHF, V-h23
UHF-TV amp/preamp, 1I[-546,
1V-482, IV-483
VHF/UHF preamplifisr, V-515
wirdeband amplifiers, IV-479, IV-
489, TV-400-493, V-518, V-519,
V-526
rf circuits (see radio/rf)
RGB video amplifier, III-709
RGB-composite video signal
converter, [[1-714
RGB-to-NTSC converter, IV-611
ring counters
20 kHz, 11-135
incandescent lamps, I-301
low-cost, 1-301
pulse circuit, low-power, IV-437
SCR, 11-195
variable timing, 11-134
ring latincher game,
electromagnelic, V-209
ring-around flasher, LED, TTT-194
ringers, telephone, 1-628, [V-558
detectors, ring detectors, 1-634,
1-635, III-61 1, [11-61%
extension-phone ringer, 1V-561
high-isolation, 1I-625
multi-tone, rermote programmable,
11-634
musical, [I-619
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ringers, lelephone (cont.)
piezoelectric, 1636
plug-in, remote, 11-627
relay, I11-6(6
remmote, [I-637, 111614, [V-562
silencer, IV-587
tone, [-627, 1-628, T1-630, 11-6:31
ripple suppressor, IV-175
fixed power supplies, [V-396
RLC oscillator, II1-423
ris-lo-de converter, I-167, 11-129
thermal, 50-MHz, 111-117
true rms detector, [1228
road tce alarm, I1-57
robots
eyes for, II-327
light-seeking, [1-325
rocket launcher, 11-358
room monitor, V-369
root extractor, V-207, V-288
rotation detector, II-283
roulette, electronic, II-276, IV-205
RS-232 interface
CMOS-to, line receiver, 1l11-102
dataselector, automatic, 1II-97
drive circuit, low-power, M-175
LED circuit, [1I-103
line-driven CMOS circuits, 1V-104
RS Hip-flop, 1-395
KTD signal conditioners
5V powered linearized platinum,
11-650
precigion, linearized platinm,
11639
RTTY machines, fixed current
supply, [V-400
rumble filters, 111-192, 11-6680,
V-175
.LM387 in, 1-297
turntable, IV-170

S
S meter, 1342, V-311
safe arca protection, power
amplifier with, [11-459
safety cireults (see protection
cirenits)
safety flare, II-608
Sallen-Key filters
10 kHz, [-27%
500 Hz bandpass, [-291
current drivesn, V-18%
low-pass
active, [V-177
equal component, [-292
second order, [-289
sample-and-hold circuits, I-590,
I1-652-559, TTT-548-563,
V-502-603, V-533-534
x 1600, 1-589
charge-cormpensated, 11-559
de-gliteh circudt, V-336-337
[ast and precise, [1-556
filtered, 111-5560
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frequency-to-voltage conversion,
1V-194
high-accuracy, 1-590
high-performance, 11-557
high-speed, [-B87-H88, 1-690, TI-H50
infinite, 1I-558
inverting, {[1-552
JFET, 1-586
low-drift, I-586
offset adjustment for, 1-588
three-channel multiplexer with,
[II-3498
track-and-hold, [11-549, 111-552
sarmpling circuit, hour time delay,
T1-668
saturated standard cell amplifier,
11-296
sawtooth waves
converter, [V-114
generator,
digital design, [V-444, TV-446,
V-491
linear, V-206
lriggered, V-204
oscillator modulator, HEI-373
pulse generator and, II[-241
BCA (see silicon-controlled
amplifiers)
scale, [-398, V-297
scaler, inverse, [-422
scanner, bar codes, 111-363
SCANNETS, receiver/scanner preamp
with MAR-1 MMIC, V-521
Schmitt triggers, I-693, [-163, V388
crystal oscillator, T-181
programmable hysteresis, 1-592
square-wave generators, V-5668,
V-570
transistorized, ¥-204
TTL-compatible, 11-111
without hysteresis, I-592
SOR (see silicon-controlled
rectifiers)
seratnblers, audio (see also sound
generators; voice-activated
circuits), IV-25-27
telephone, 11-618
voice scrambler/descrambler,
IV-26, IV-27
scrateh filters, II-188, IV-175
LM287 in, 1-297
second-andio program (SAP)
adapter, [11-142
security circuits (see alarms;
annunciators)
sense-of-slope tilt meter, 1664
sensors (see alarms; fluid and
meisture; light-controlled
circuits; motion/proximity
detectors; motor control
circuits; smoke detectors; speed
controliers; temperature-related
circiits; tone controls)
sequence indicator, phase, [-476

sequencer, pseudorandom, J11-301
sequential flashers, I-109, 11-233,
[1-238
sequential timer, [1-651
series connectors, telephone, 111-609
servo amplifiers {see also motor
controls), [-4562
400 Hz, 11-386
bridge type ac, 1-458
de, 1-457
motor drive amplifier, 11-284
servo systems {see also motor
controls)
contreller, 111-384
remote control, 1675
shaper, sine wave, 11-561
shift registers, [-380, [I-366
driver for, I-418
ghifter, phase {see phase)
ship siren, electronic, [I-676
short-cireuit proof lamp driver,
11-310
short-circuit tester/sensar, V-315
computer remoete data lines, IV-102
for 120-V equipment, V-313
shortwave lransmissions
conwverters, 11-114, 1v-500, V-118
FET booster, 1-561
noise limiter, V-397
notch filter, V-185
pulsed-marker rf oscillator, V-532
receiver, IV-454, V-501
shunt, multimeter shunt, IV-293
shutdown circuils (see protection
circuits)
shuroff, automatic, battery-powered
projects, II-61
shutter speed tester, [1-445
sidetone oscillator, ri-powered, 1-24
signal amplifiers, audic, 11-41-47,
IV-34-42
signal attenuator, analog,
microprocessor-controlled,
11-101
signal combiner, 111-368
signal conditioners, [V-64%
5V powerad linearized platinum
RTD, NT-650
bridge circuit, strain gauge, 11-85
linearized RTD, precision design,
[-639
LVDT, [1-338
thermally stabilized PIN
photadiode, I-330
signal distribution amplifier, [-3%
signal generators (see function
gencrators; sound generators;
waveform generators}
signal injectors, II1-554-555
signal sources, crystal-controlled,
1-143
signal tracer, V-309
three-in-one set: logic probe, signal
tracer, injector, IV-429



signal-strength meters, [11-342,
V- 166
gilent alarm, V-16
silicon-controlled amplificrs (SCA3Y,
V-538
decader, 1-214, 1I- 166, [I-170
demoduiator, [1-150, III-565
MPX-3CA receiver, [l[-630
subcarrier adapler for M tuners,
V-536
silicon-controlled rectifiers (SCR)
cirenits
annunciator, self-interrupting load,
V-9
chaser, llI-187
crowhar, [1-496
Mashers, [1-230, TI1-197
chaser, [11-197
relaxation, 11-230
ring counter, I1I-195
flip-flop, 11-367
full-wave, [-375
gasfsmaoke detector, 111251
preregulator, [1-482
proximity alarm, [II-517
radio control using, [[-361
relaxation flasher, [I-230
relaxation oscillator, TTT-430
ring counter, 111-195
tester, I[[1-344
time delay circuit with, I[-67¢
triggering series, cptically coupled,
I11-411
simulators
EKG, three-chip, 11350
inductor, 11-199
VOR signals, IV-273
sine-to-square wave converter,
1V-120, V-124, V-125, V-560,
V570
sing-wave descrambler, T1-163
sine-wave generators, [V-505,
[V-506, V-542, V-543, V-b44
60 Hz, IV-507
audio, 1I-664
batlery powered, V-541
LG, 1v-507
LF, V512
aacillator, andio, I11-559
square-wave and, tunable
oscillator, III-232
VLEF audio Lone, IV-508
sine-wave oscillators, I-65, 11-560-
570, M-556-559, TIT-660, TV-501-
513, V-539-544
1-Hz, v-542
B0-11z, highly stable, V-540
555 used as RC audio oscillator,
T-567
adjustable, 1-568
audio, II-562, 11-564, [[1-559
generators (see sine-wave
generators)
L nsciliator, low-freguency, 1V-509

low-distortion, 11-561
cne-IC audio generator, 1I-569
phase-shift, audio ranging, [V-510
prograinable-frequency, [11-424
relaxation, modified 1T for clean
audia sinusoids, II-566
shaper, sine-wave, V-543
sine wave shaper, 11-561
sinefsquare wave TTL oscillator,
V512
two-tone generator, I1-670
two-transistor design, IV-508
variable, super low-distortion,
{11-558
very-low-distortion design, IV-509
voltage-controlled oscillator, V-666
Wien-bridge, T-66, 1-70, T1-564,
V510, IV-513, V-541
sine-wave output buffer amplifier,
[-126
sinefeosine generator, 0.1 to 10 kHz,
T1-260
sine/square wave converter, 1-170
sine/square wave ogcillators, 1-65
easily tuned, 1-65
TTL design, [V-512
tunable, 111-232
single-pulse generator, T-175
single-sideband (SSB)
communications
CW/35B product detector, [V-139
CW/S5B receiver, V-499
driver, low-distortion 1.6 to 30MIIz,
11538
generators, [V-323
transmitter, crystal-controlled LO
for, 11-142
sirens (see also alarms; sound
generators), 1606, T1-571,
11-560-568
alarm using, [I-572, II-673,
IV-514-517
7400, 11-575
adjustable-rale programmablc-
frequency, IT-563
electronic, MT-566, IV-515, TV-517
generator for, TT-H72
hee-haw, 11-578, TII-6565
high-power, 11-678
linear IC, 11I-564
low-cost design, IV-516
multifunction system lor, [[-H74
ship, electronic, [-576
sonic defender, TV-324
Star Trek red alert, II-577
tone generator, 1-573
toy, II-675
TTL gates in, TT-576
two-state, III-66T
two-tone, [[I-H62
varying frequency warning alarm,
[1-57%
wailing, 111-563
warble-tone siren, [V-516, IV-516, V-7

whooper, IV-51T
velp osciliator, I1-677, 111-662
slave-flash trigger, 1V-380, 1V-382
slide timer, TIT-444, TIT-448
slat machine, electronic, V-211
smart clutch, auto air conditiener,
11I-46
smoke alarms and detectors, I-278,
T-246-253
gas, [-332
ionization chamber, 1-332-333
line-operated, 1V-140
operated ionization type, 1-596
phatoelectric, [-595, 1-506
sniffers
heat, electronic, T-A27
rf, [[-210
snooper, FM, I1I-680
sockel debugger, coprocessor,
111-104
zoil heater for plants, ¥-333
gnil moisture meter, I1I-208
solar cireuits (see
photodiodé/pholoclectric
cireuits)
soldering iron control, V-327
soldering station, TR-controlled,
W-225
solenoid drivers, I-265, 11I-5671-573
12-V lateh, II[-672
hold-current limiter, 11-573
power-consumption lirniter, [[I-672
solid-state devices
ac: velay, TI-67
electric fence charger, II-203
high-voltage supply, remote
adjustable, 111-486
light sources, V-282-283
Tnad-sensing switch, V-285
relays, [II-563-670, V-503, V-506
- stepping switch, 11-612
switch, line-aclivated, lelephone, =
L1-617
sonic deferder, [V-324
sound-activated circuits (see sound-
operated circuits}
sonind éffects (see sound
generators)
sound generators {see afso burst
generators; [unction generators;
sirens; wavelorm generators),
1-605, T1-585-H33, TTI-55%-008,
575, TV-15-24, IV-518-524,
V-394-305, V-556-56T
acouslic ficld generator, V-338-341
alarm-tone generator, V-H63
amplifier, voltage-controlled, IV-
20
amplifier/compressor, low-
distortion, IV-24
allophone, 1E-733
audio-frequency generator, V-416.
417
audio tone generator, VILF, IV-008
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sound generators (cont.)
autodrurn, [1-591

hagpipes, electronic, III-661, IV-521

beat-frequency, IV-371

beeper, V-558

bird chirp, I-605, 11-588, 111-577

hongos, [T-H87

canary simulator, V-5h7

chime generator, [1-604, TV-H24

chug-chug, I-576

diat vone, 1-624, HI-609

ditherizing circuit, digital audio
use, IV-23

doorhell, musical tones, 1V-532

doubler, audio-fraquency daublar,
IV-16-17

duai-tone sounder, V-564

ccho and reverb, analeg delay line,

1¥-21

electronic, TI-360

envelope generator/madulator,
13-601

equalizer, 1V-18

fader, TV-17

frequency-shift teyer, tone-
generaior test civenit, T-723

funk box, II-593

fuzz box, II-690, III-B75

dong, electronic, V-563

guitar comprossor, 1V-519

harmonic generator, [-24, 1V-644

high-frequency signal, TTT-150

hold for telephone, 11-623

instrument tune-up, audio
generator, V-350

low-level sounder, V-564

nedse generators, [-467, 1-468,
169, TV-308, V-395

octave-ghifter for musical effects,
1v-523

one-16 desige, 11-569

perfect pitch circuit, ¥-391

phasor sound generator, IV-523

pink neise, I-468

portable, I-625

pulsed-tone alarm, V-659

race-car moter/crash, [II-578

run-down clock for games, 1IV-205

sound elfcets, [11-574-578

siren, V-5h9, V-bbh, V-567

sound-effects genervator, V665

space-age sonnd machine, V-562

spaceship alarm, V-560

speech deteclors, 1617, 1HI-615

steam locomotive whistle, L-589,
TI1-563

steam train/prop plane, 11-592

stereo system, derived center-
channel, IV-23

super, [11-564

gynthesizer, 11-699, ¥V-561

telephone call-tone generator,
V-562

telephone ringer, 11-619
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tone hurst generator, repeater.
V-G2Y
Lone chime, V-569
tone generators, 1-604, 1-6256
top octave generator, V 393
Touchtone dial-tone, telephone,
1i-60¢
truin chuller, 11388
tremalo circuits, [II-692-695, 1V-
h&y
twang-twang, [[-H02
two-tone, II-670, V-629
ullrasonic sound source, IV-605
very-low-freguency, 1-64
vocal eliminator, [V-19
voice circuits, T 729-734
waa-waa circuit, T1-590
warbling tone, [1-673
while noise, IV-201
sound-operated clreuils (see alse
nltrasonic clrouits; voice-
operalad cirenits), T-580-b84,
1I-5678-680, IV-H2h-528,
V-545-556
amplilior, gain-controlled, [V-528
color organ, H-583, 11-684
decader, TIT 145
facler, V-01%
flagh triggers, 1-181, [I-118, IV-382
kaleidoscope, sonic, V-548-549
lightls, 1-6089, V-554
e alert, V-352
noise clipper, 1396
relay, T-608. T 610
sleep-mode cirenit, V-R47
switch, II-581t, II-580, 111-600,
II-601, IV-526-527, V-553,
V-HR5, V-ail
ac, T-681
two-way, [-610
voice-operated, [[1-h80, TV-H2T
speech activity detector,
lelephone, HI-615
volce-operated switch, H1-580
vox box, 11-588
whistle-activated switch, V-551
sources (S2e current sources;
voltage sources)
source followers
boolstrapped., V-20
ST V20
phaotodiode, 111-419
SPDT switrh, ac-static, T1-612
space-age sound machine, V-562
space war, [-606
spaceship alarm, V-560
speaker systems
FM carrier current remate, T-140
hand-held transesiver-amplifiers,
11139
overlead protector for, 11-16
protection circuil, V-476, ¥-470
wircless, 14, 11-272
speakerphone, 611, H1-608

spectrum analyser adapler,
oscilloscopes, V-424
speech-related circuits
aclivily detector, 1I-617, 111-619
cotupresser, 11-15
filter
300 Hz-3kHz bandpass, 1-295
second-order, 300-to-3,400 He,
1v-174
specch-range bandpass filler,
V185
two-gection, 300-1o-3,000 Hz,
Iv-174
network, [I-633
serambler, V-554
speed adarm, 1-95
speed controllers (see edso molor
control), 1-400, T-453, 11378,
11-379, 11105, V-380, V-381
back EME PM, [I-379
casselbe-deck moler speed
calibrator, 1V-253
closed-toop, TIT-385
fans. autamatic, [{1-382
feedback speed, [-447
de motors, [-4562, 1-454, I1I-377T,
-850, 11388
de variable, fiheroplic, 1-206
ferdback, T 447
fixed, 111-387
high-efficiency, 111-390
high-torque motor, [-449
light-activated/controlled, IV-247
load-dependent, 1-451
model trains andfor cars, 1453,
I-455, TV- 338340
moLor (ses Motnr controls,
tachometers)
power Lool Lorque, 1-458
WM, 11-376, 1i1-380, V-381
radio-covtrolled, I-576
series-wornd motors, T-448, T1-456
shunt-wound matars, 1-156
stepper motors, direction and
speed control, 1V-360
switched-mode, 11-384
tachometers, 1-94, 1-100, 1-102, L-
175, TIT-335, TMT-340, [{1-347
analog readout, TV-280
calibrated, [1I-598
closed loop feedback control,
11-390
digital readout, 11-61, 11-45, 1V-
268-269, V-278
dwell meteriachometer, TT-45
feedback control, 1I-378, 11-390
Irequency counder, [-310
fow-Trequency, 11-596
minfmum-component design,
1-4007
motor speed controtlers, 1T-378,
II-389
optical pick-up, [[I-347
sel poinl, [11-47



tachometerless, 1I1-386, [V-349
tools and appliances, -446
universal motors, 11457, T1-451
speed wamning device, 1-906, 1-101
speedometers, bicycle, IV-E71, IV-282
splitters, II[-581-582
baltery, 11-66
phase, precision, TIT-582
precigion phase, 1-477
voltage, III-738, 111-743
wideband, 11I-582
squarer, precision, 1-615
square-wave generators, 11-594-600,
[11-583-585, TV-529-536,
V-H68-570
1 kHz, IV-536
2 MHz using two TTL gates, [I-508
10-Hz to 10-kHz VGO, V-570
6011z, V-569
555 timer, [-585
astable circuit, [I-587, IV-534
CMOS 555 astable, true rail-to-rail,
11596
duty-cyele multivibrator, TIT-50-
percent, [[I-584
fonr-decade design, IV-535
high-current oscillator, III-585
line frequency, [[-58¢
fow-frequency TTL oscillator, 1-595
multiburst generator, 11-88
multivibrator, [V-536
oacillators, T-613-614, T1-597, 11-616,
1V-532, TV-533, V-569
0.5 Hz, 1-616
1kHz, 1-612
trequency doubled output, I1-596
phase-tracking, three-phase, T-598
pulse extractor, III-584
guadrature-outputs oscillator,
111-585
Schraitt trigger, V-569, V-670
sine-wave and, tunable oscillator,
1I1-232
sine-to-gquare wave converter,
V-569, V-570
three-phase, [1-600
tone-hurst generator, single timer
1C, -89
triangle-wave and, TIT-23%
precision, I11-242
programmable, II[-225
wide-range, II1-242
TTL, LSTTL, CMOS designs,
V-530-632
variabie duty-cycle, IV-533
variable-frequency, 1V-535, V-570)
squarc-wave oscitlator
astable muitivibrator and, V-386
square-to-gine wave converters,
M-118
squelch circuits, II-394
AM/FM, I-547
volce-aclivated circuils, 1V-624
squib firing circuits, [1-357

stabilizers, fixed power supplics, 1V-
303, IV-408
staircase generators, (see alse
function generators; waveform
generators), I-730, II-601-602,
LI-586-588, 1V-443-447
stand-by power supply, non-volatile
CMOS RaMs, 11477
standard, precision calibration, [-406
standard-cell amplifier, saturated,
11-296
standing wave ratic (SWR)
meter, [V-268
power mater, 1-16
QRP bridge, III-336
warning indicator, [-22
Star Trek red alerl siren, 11-577
start-and-run motor circuit, TT-382
state-of-charge indicator, lithium
hattery, I[I-78
state-variable filters, 1I-215, LII-184Y
multiple oulputs, H1-190
second-order, 1kHz, /10, -283
universal, -280
static detector, IV-276
steam locometive sound effects,
[1-589, 11-692, [11-368
step-up swilching regulator, 8Y
battery, II-78
step-up/step-down de-de converters,
11-118
stepper motors (see also motor
control circuits), V-671-5673
direction control, IV-350
drivers, 11-376, 11-380
bipolar, V-572
FET-hased, V-573
half-step, [V-349
quarier-step, IV-350
dual elock clreuit, V-573
speed and direction, TV-300
stepping switch, solid state, [I-612
stereo/phonograph (hi-fi) circuits,
V-574-584
acoustic field generalor, V-338-341
amplificrs, 1-77, 1-80-81, -89, I-670,
11-9, 11-43, T1-45, TT1-34, T1-37,
TT-38, TV-29, TV-35, TV-36, TV-66
bass tone control, V-584
mini-sterec amplifier, V-5683
audio level meler, 1V=310
audio power ampliliers, V-40, V-
48
aucio power meter, [V-306
audio signal amplifier, V-8
balance circuits, -618-619, 11-603-
606, V-583
hooster amplifier for car stereo, ¥V-72
compander, T1-12, TTI1-93, 111-95
expander, II-13, 1193, 111-95, V-b82
decoders, 1I-18, [I-167-164
demodulators, 1-544, 11-159
derived center channel stereo
systemn, 1V-23

M stereo transioitter, V-575, V-580
frequency decoder, TT-169
frequency division multiplex, II-169
loudspeaker protector circuit, V-483
mixers, 1-66, [V-112
power meter, [I1-331
preamplifiers, I-90, -01, 11-43,
11-45, 11137, I1I-671, II-673,
1V-35, IV-36, V-B81, V-684
reception indicator, 11-269
reverb systems, 1-602, [-606, T1-9
gpeaker protection circuit, V-176,
V479
TDM decoder, II-168
test circuits, I-618-619, 111-269,
1-331, 1V-308, 1V-310
tone control elreuit, high-2Z input,
T-676
TV-stereo decoder, 1I-167, V-576-
579, V-580
Stimulator, constant-current, MI-352
stimulus Isolator, HI-351
stap light, garage, 11-53
strain gauges
bridge excitation, {1I-71
bridge signal conditioner, [1-85
ingtrumentation amplifier, 1TT-280
strobe circuits, 11-606-610
alarm system, V-6-7
disco-, [I-610
high-voltage power supplies,
IV-413
safely flare, 1I-608
tone burst generator, 11-90
trip switch, sound activated, 1-483
variahle strobe, {I1-589-5%0
stud finder, [I-33%
subharmonic frequencies, crystal-
stabilized TC timer, TI-151
subtractor circuit, 111-327
subwoofer amplifier, V-49, V-50
successive-approximation A/D -
converter, 1-45, 11-24, 11-30
sumrning wnplifiees, 1-37, T-16
fast action, I-36
inverting, V-18, V-20
precision design, 1-36
video, clamping circuit and, 111-710
sun tracker, I1[-318
superhelerodyne receiver, 3.5-t0-10
MHz, TV-450-451
supply rails, current sensing in,
11-153
suppressed-carrier, double-
sideband, modulator, HI-377
sweep generators {see also function
generators; wavefore
generators)
10.7 MHz, I-472
add-on riggered, 1-472
oscilloscope-triggered, 111-438
switches and switching cireuits,
M-611-612, T-591-H%4, TV-537,
V-585-093
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switches and switching circuits
{nomt)
ac switches, [11-408, [V-387
ac power switch, V-112, V-115
analog switches, 1621, [-622, ITT-
593
antenna selector, electronic,
IV-538-b39
audio swilch, eighl-chanmel,
V-b88-589
audio-controlled switch, V-590
audio/video switcher circuit,
TV-540-541
auto-repeat switch, bounce-free,
IV-545
bidirectional relay switch, 1IV-472
bistable switch, mechanically
controlled, TV-545
contact, 1-136
controller, {l1-383
dark-activated, V-274, V-276
dec contralled, V-586, V-592
de static, I1-367
debouncers, [[I-592, IV-105, IV-106,
Iv-108, V-316
delay, auto courtesy light, 11[-42
dimmer switches, I-369, 11-309,
IV-247, TV-249
500 W, 11-309
de lamp, 11-307
four-quadrant, [V-248-249
halogien lamps, 11-300
headlight, II-57, [1-63
low-cost, 1-373
soft-start, 800-W, 1-376, 111-304
tandem, 1I-312
triac, I-375, 1I-310, 11I-303
DTL-TTL controled buffered
analog, [-621
fax/telephone switch, IV-052-053
FET, dc controlled, V-592
FET dual-trace (oscilloscope),
1-432
flex switch, alarm sounder circuit,
V-15
frequency switcher/oscillators,
V-418
Hall-effect, I[1-257, IV-539
headlight switching cireuit, V-75
hexFET switch, V-592, V-593
high-frequency, [-622
high-side power contrel switch, bV
supply, IV-384, IV-385
infrared-activated, IV-345
IR-controlled A/B swilch, V-225
kill-switch for batteries, V-71-72
latching, SCR-replacing, 111-593
light-operated, T1-320, II1-314,
V-274, V278
adjustable, 1-362
capacitance switch, [-132
light-controlled, 11-320, 111314
photoelectric, [1-321, [1-326,
TI-319
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self-latching, V-278
solar triggered, 11I-318
zero-point triac, 11-311
load-disconnect switch, V-591
load-sensing, solid-state, V-285
mereiry-switch tilt detector, V-302
MOSFET power control switch,
Iv-86
onfoll inverter, 1I1-594
on/aff switch, T-577, 1T1-350, TV-543,
V-546
optical safety-circuit switch, V-409
optically coupied, 111-408, [f]-410
oscillator-triggered switch, V-590
over-terperature switch, IV-571
photocell memory, ac power
control, [-363
photoelectric, 11-321, [[-326
proximity, III-517
push onv/iff, 11-:359
pushbutton power control switch,
V-383
remote switches, [-63C, I-577, V-592
if switches, 111-361, [[I-5592
rotary switch, BCL digital, V-160
salety switch, V-589
satellite TV audio switcher, TV-543
solar-triggered, IIT-318
solid-state stepping, 11-612
sonar transducer/, lII-703
sound-activated, [-610, [I-581,
[1L-680, 111-600, 111-601,
TV-326-527, V-653, V-855, V-590
speed, 1-104
SPNIT, ac-static, II-612
switching controller, II1-383
iemperature control, low-power,
zero-voltage, 11-640
thermaostatic, for auto fan, V-68
tone switch, narrowband, [V-542
touch switches, [-131, I-135-136,
[-590-693, 111-661-666,
[V-590-594, V-270
touchomatic, [T-653
TR switch for antennas, automatic,
v-a7
triac switches, [-623, 11-311, [V-253
two-chanrel, [-623
twao-way switch wiring, V-591
ultrasenic, 1-683
undet-termperature switch, TV-570
VHFAIHF diode rf switch, [V-544
video awitches, [11-719, II[-725,
1-727, III-T28, IV-618-621,
V58T
viden/udin switch, V-H86
voice-operated, 1-608, I13-580,
[V-527, V-b53
whistle-activated switch, V-5651
wiring for two-way switch, V-591
zero crossing, 1-732
zero point, [-373, 11-311
zeTo-voltage switching, 1-623,
I13-410, T-412

switched-mode power supplies,
[1-470, I1I-458
24- 10 3.3-V, V-462
5. to 3.3-V, V-462
a0 W, off-line, 11473
160 kHZ, multiple-output, HI-488
converter, V-461
synchronous stepdown regulator,
V-468
voltage regulators for switched
supplies, V-453
3 A, 1472
5V, 6 A, 25 uHg, separate
ultrastable reference, [-497
6 A variable output, [-513
200 kHz, T-491
applicatien circuit, 3W, 1-492
fixed power supplies, 3 A, 1V-408
high-current. inductorless, II1-476
low-power, I11-490
multiple output MP17, [-513
positive, 1-498
step-down, [-493
step-up, 6V battery, II-78
converter, +50V push pull, 1-494
inverter, 500 kHz, 12 V, [[-474
power amplifier, I-33
switched light, capacitance, I-132
switching/mixing, silent audio, I-69
sync circuits, V-694-595
combiner, V-595
gating circuit, V-585
separators, 11-715, IV-616
synthesizers (see also musical
circuits; soung generators)
four-channel, 1-603
{requency, programmable voltage-
controlled, [1-265
music, 1-599

T
tachometers, 1-94, I-100, [-102,
11-175, TI-335, TH-340, 111-347,
V-65, V-596-598
analog readout, IV-280, V-59T7-598
calibrated, III-5698
closed loop feedback control, [1-390
digital readout, 11-61, TI1-45,
1V-268-269, TV-278
dwell meterftachometer, IT1-45
feedback contrel, i1-378, 11-390
frequency counter, 1-310
low-frequency, 1II-696
minirnuwmn-component design, [-405
motor speed controllers, 11-378,
11-389
optical pick-up, UI-347
set point, 111-47
tandern dimmer, 11-312
tap, telephone, HI1-622
tape-recorder circuits, 1-21, [-419,
11-599-601, TV-547-548
amplifiers, I-80, IV-36
audic-powered controller, IV-548



autornatic tape-recording switch,
121, [1-21
autometive-battery power circuit,
IvV-548
casselle-deck molor specd
calibrator, TV-353
extended-play circuit, 111-600
flat-response amplifier, I[I-673
interface for, II-614
personal message recorder, V-330-
331
playback amplifier, 11T-672, TV-36
position indicator/controller, II-615
preamplifier, [-90
sound-activated switch, 111-600,
11-601
starter switch, telephone-activated,
1-632
telephorie-activated starter switch,
1-632, 11622, II[-G16
telephone-lo-cassetie inlerface,
NI-618
telecorn comwverter -48 to +5 Voat |
A, V472
telemetry demodulator, [-225
telephone-related circuits {see also
intercoms), -616-635,
-602-A22, TV-549-564,
V-509-615
atarm dialer, V-612
amplifier, lII-621, [V-580, V-614
answering machine beeper, IV-569
auto answer and ring indicator,
1-635
autornatic recording device, I1-622
basic telephone circiit, V-615
bell simulator, V-604
blinking phone light monitor,
11-624, 11-820
call-tone generator, TV-562
caller ID, V-G13
cassette interface, 11I-618
decoder, touch-tone, IV-5556
dial pulse indicator, 111-613
dial-tone circuit, 5-V, V-610
dialed-phone number vocalizer,
TI-731
dialer
emergency dialer, V-603
pulse/tone, single-chip, [1-603
dual tone decoding, 11-620
duplex audio kEnk, IV-hb4
duplex line amplifier, NM-616
eavesdropper, wireless, 11I1-620
emergency dialer, V-603
fax-machine switch, remocte-
conirolied, TV-552-553
flashers, TI-629
phone-message, [V-566
tell-a-bell, IV-558
visual ring indicator, 1V-554,
Iv-5A1
frequency and volurmne controller,
11-623

hands-free telephone, [-605
handset encoder, T-634, 111613
hold button, I1-628, 11612
hold circuit, V-614
in-use indicator, 11-629, 1V-560},
TV-563, V-602
intercor, IV-557, V-233, V-240
interface
audio, V-612
T'CC Part 68, V613
for phone-line, V-605
light for, 11-625
line interface, autopatch, [-635
line monitor, [-628
line tester, V-616
message-taker, IV-563
monitors, 1-625, 11626
musical hold, 11-623, V-601, V-605
musical ringer, 11-619
night light, telephone controlled,
1I-604
off-hook indicator, I-633
optoisolator status monitor, 1-626
pager, V-60%3, V-611
parallel connection, [11-611
personal message recorder,
V-330-3531
piesoelectric ringer, 1-636
power switch, ac, TV-hh0
pulse-dialing, [I-610
recording calls, [-632, [I-616,
IV-b53, IV-658, V-600
redial, [13-606
relay, [-631
remote monitor for, I1-626
repeater, [[I-607
repertory dialer, line powered, [-633
ring converter, V-602
ring detectors, 11-623, 1II-611,
T-615, TV-564
ring indicator, V-604
ringers, IV-556, V-500
extension-phone ringer, IV-561
high-isolation, [1-625
multi-tone, remote
programmable, 11-634
musical, 11-619
piezoelectric, [-636
plug-in, remete, I-627
reiay, [[1-606
remole, [1-627, [II-614, TV-562
tone, [-627, 1-628, 11-630, T-631
scrambler, 11618, V-608
series connection, III-609
silencer, [V-85T
sound level meter monitor, [[I-614
speaker amplifier, [V-655
speakerphone, 11-632, III-608
speakerphone adapter, V-606-607
speech activity detector, 11-617,
11-615
specch neiwork, 11-633
status monitor using opteisolator,
1-A26

switch, solid-state, line-activated,
1I-617
tap, II[-622
tape-recorder starter controlled by,
1-632
telecom converter —48 to +H Vat 1
A, V472
timer, tele=timer, V-623
Loll-totalizer, IV-551
tone-dialing, 1T1-607
tone ringers, [-627, 1-628, 11-630,
1I-631 .
Touchtone generator, H1-609
touch-tone decoder, [V-656
vogalizer, dialed-phone number,
1I-731
volce-mail alert, V-607
television {see video circuits)
temperature-related circuits (see
also thermometers), [-641-643,
"1-648, 1-657, 11-645, 11-629-631,
IV-565-572, V-61R-620
(1-50 C, four-channel temperature,
1-648
alarms, II-4, [[-643, [1-644, V-9
aulomotive water-temperalure
-gauge, TLAR, IV-44, TV-48
boiler temperature control, 1-638
campensation adjuster, V-617
control circuits, 1-641-643, 11-636-
844, III-623-828, [V-567
defrost cycle, IV-566
heater element, 11-642
heater protector, servo-sensed,
111-624
heat sniffer, electronic, [1-627
lquid-level monitor, 11-643
lew-pawer, zero-vollage switch,
11-640
piezoelectric fan-hased, I1-627
proportional, III-626
signal conditioners, 11-639 -
single selpoint, 1-641
thermocoupled, TV-567
zero-point switching, I11-624
converters
logarithmic, V-127
temperature-to-digital, V-123
temperature-to-frequency, 1-646,
[-168, 1-656, 11-651-653, V-121
temperature-to-time, T-632-633
cool-down circuit for amplifiers,
V-354, V357
defrost cycle and control, I[V-566
differential terperature, [-654, I-
655
flame temperatiure, HI-313
furnace fuel miser, V-328-329
heater control, [-639, [-640, [I-642,
624
heat spifter, 1I1-627
hiflo sensor, [1-650
hook sensor on 4- to 20-mA loop,
V-618
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teraperature-related circuits (ool )
10 temperature, T-649
indicator, II-56, IV-570
isolaled temperature, I-651
logarithunic converler, V-127
low-temperature sensor, V-619
measiring circuit/sensors, 11-6563,
V572
melers/monilors, 1-647, 111-206,
TV-56Y4
op amp, temp-compensated
breakpoint, V-401
oscillators, temperature-contyntled,
1-187, 11I-427, 1II-137
over-temperature switch, IV-571
over/under sensor, dual output,
11-646
remote sensors, [-649, 1-654, V-619
sensors, 1-648, [-607, T1-645-600,
[11-829-631, [V-568-572, V-619
0-50-degree C four channel, [-648
0-63 degrees C, IIT-631
h V powered linearized platinim
RTD signal conditioner, TT-650
automotive-temperature
indicator, PTC thermistor, 1I-66
Centigrade thermometer, 11-648
coefficient resistor, pusitive, 1-657
differential, I-654, T-655
overinder, dual output, [I-646
DVM interface, II-647
hifle, H-650
integraled circuil, 1-649
isolated, I-651, II[-631
low-temperature, V-619
remote, 1-640, I-054, V-619
soil heater for plants, V-333
soldering iron conlrol, V-327
thermal monitor, [V-589
thermoconpie amplifier, cold
junction compensation, 11-649
thermocouple multiplex system,
11-630
zero-crossing detector, 1-73:3
signal conditioners, IT-639
aingle-setpoint, temperature, 1-641
temperatire-to-digital converter,
v-123
temperature-to-frequency
converter, 1-646, 1168, [-6566,
1I-661-653, V-121
temperatura-to-tima converters,
111-632-633
thermocouples
arnplilier, cold junclion
compensation, 11-649
control, IV-067
multiplex system, [I1-630
thermometers (see thermometers)
Lhermostal (see thermostats)
thertnostatic fan switch, V-68
transconducer, I-646, 1-649
under-temperature switch, IV-570
zaro-crossing detector, J-733
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Lemperalure-to-frequency converter,
[-168, I-656, 11-651-653
temperature-to-frequency
transconducer, linear, I-646
Lemperature-to-time converters,
LI-B32-6:33
ten-kand graphic equalizer, active
filter, 11-084
Tesla coils, 111-634-636
Lest bench amplifier, V-26
Ll circuils (see measurement/lesl
CHPCUITs)
text adder, composite video signal,
MM-716
theremins, H-654-656
digital, 11-656
clectronie, 1-655
thermal flowmeter, low-rate How,
T-203
thermocouple circuits
amplifiers, I-365, 1-654, II-14, I1-649
digital thermometer using, 11-668
raitiplex, termperature sensor
system, 1T-630
pre-amp using, MM1-283
thermometers (sge qliso temperatire-
relaled circuits), [I-65T-662,
UI-637-64:3, IV-673-577
0-50 degree F, 1-656
0-100 degree C, T-656
-V aperation, V-617
adapter, 1I-642
add-on for DMM digital voltmeter,
111-640
contigrade, 1-6565, (1648, 11-662
calibrated, T-650
ground-referred, 1-657
differential, I-652, II-661, III-638
digital, 1-651, [-6568, V-§18
ternperature-reporting, 115638
thermocouple, TT-658
uP controlled, I-600
electronic, I[I-660, 1II-639, IV-RTH,
IV-576
LFahrenheit, [-658
ground-referred, 1656
high-accuracy design, IV-577
implantable/ingestible, 111-641
kelvin, I-653, 1-655, TT-66 1
linear, 11I-642, IV-57:
low-power, [-655
meter, trinnened outpul, 1-655
remote, TI-659
single-de supply, TV-h75
variable offset, [-652
thermostats, 1-639, 1-640, V-60
third-overtone oscillator, 1-186,
v-123
three-in-one test sef, IM-330
three-minute timer, III-654
three-rail power supply, III-466
Lhrishold detecters, precision,
1I-157
tilt meter, 11-663-666, 111-644-646

differential capacitance
measuremeni circuil, 11-666
mercury-switch, V-302
sense-nf-slope, 1T-664
ultra-simple level, [I-666
lime bases
crystal oscillator, IE-1:33, 1V-128,
V-137, V138
function generators, 1 Hz,
readout/counter applications,
V-201
oscilloscopes limebase generator,
V-425
trigger selector for oscilloscopes
timebase, V-425
time delays, 1-668, [I-220, TI-667-670,
II1-647-649
circull, precision solid slate, [-664
constant current charging, 11-668
electronic, T1-648
generator, [-218
hour sampling circuit, 1I-668
inlegralor Lo mulliply 555 Llimers,
low-cost, [I-669
long-duration, 1-220
relay, 1-219, 1-663
timing thresheld and load driver,
11-670, 11I-648
1ime division mulliplex stereo
decoder, II-168
timers (see also B5H tiner circuits),
T-6866, 1-668, T-671-681, TIT-650-
6R5, IV-R78-586, V-621-627
0.1 to 80 second, [-663
2- Lo 2000-minute, V-624
555-based alarm, V-11
741 timer, 1-667
adjustable, II-681, TV-585
alarm, 11-674
appliance-culoff tmer, IV-583
CMOS, progranunable precision,
m-6i52
countdown, V-627
darkroom, I-480, V-436
elapsed time/counter timer, II-680
clectronic egg, 1-665
crlarger timer, 11-446, 111-445
extended on-time, V827
1, crystal-stabitized, Tt-151
interval, programmable, 1-660,
11-678
long-dolay, I-214, V-626
long-duration, [1-675, 1V-685
long-interval, -667, IV-581, TV-582
long-period, V-624
long-term, 11-672, 111-663
mains-powercd, IV-579
one-shot, [1-266, U317, 111-654
photographic, T-485
darkroom enlarger, TIT-445
photo-event timer, IV-379
reaction timer, game eireuit, [V-204
reflex timer, V-622
SCR design, 1V-583



self-retriggering timed-on
generator, V-343
sequential, 1-681-662, [-663,
T-651, V-623
slide-show, ITI-1414, 1TT-448
solid-state, industrial applications,
1-6A4
tele-timer, V-623
ten-minnte 11 thmer, TV-584
three-minute, 111-654
three-stage sequential, V-623
thumbwheel-type, programmable
inlerval, 1-660
time-out circuit, IV-580, 1V-586
triangle-wave generator, linear,
1222
variable duty-cycle autput, 11T-240
vollage-controlled, programmable,
11-676
washer, [-668
watch tick timer, V-292
watchdog timer/alarm, TV-h84
wide-range, V-1-minute to 400
hours, V-625
timing light, ignition, 11-60
timing threshold and load driver,
TI-648
tone alert decodsr, [-213
tone annunciator, transformerless,
m-27-28
tone burst generators, [-604, -90,
174
tone circuits (see function
generators; sound generators)
tone controls (see niso sonund
generators), I-677, [I-682-689,
111-B56-660, [V-547-580, V-334,
V-630-631
500-Hz, II-154
active control, IV-H88
audio amplifier, I[-686
automalic level control (ALC),
V-60-62
bags, J-670, V-684, V631
bass and treble, 1-674, V-631
Baxandall tone-control audio
amplifier, [V-588
decibel level detectors, [11-154
equalizers, II[-G58, 11-684
lilter circuil, V-1 kHz, V-191
guitar treble booster, 11-68:3
high-quality, 1-675
high-z inpnit, hi fi, [-676
level meters, sound levels, 111-346,
TI-614, 1V-305, IV-307
leudness, [1-46
micraphone preamp, J-875, 11-687
mixer preamp, I-H8
passive circuit, 11-689
preamplifiers, I-68, I-673, 1-675,
11-687, [1-688, lII-667
rurhble/scratch flier, 11-660
stereo preamp with tone control,
V-h81

thres-hand active, 1676, 111-658
rhree-channe!, I-672
trebel control, V-G31
tremolo circuit, IV-589
volurme limiter, audio signal
amplifiers, V-59
Wien-bridge filter, 111-659
tone decoders, 1-231, 11I-143
dual time constant, 11-166
24 percend bandwidth, 1-216
relay output, [-213
tone-dial decoder, T-630, 1-631
tone detectors, H00-Hz, TMT-154
tone-dial generator, [-629
tone-dialing telephone, 11I-607
tone encoder, 1-67
subaudible, 123
tone-dial encoder, 1-629
two-wire, [[-364
Lone gererators {see sound
generalors )
tone probe, digital 1C tesiing with,
[1-504
tone ringer, telephone, [-630, T-631
totem-pole driver, bootstrapping,
1i-175
touch switches, F131, 1-135-136, 1-
137, IL-6O0-693, 111-651-665,
TV-590-544, V-632-635
CMOS, 1-137
bistable multivibrator, touch-
triggered, 1-133
bridging touch plate sensor, V-634
dinuner, CMOS based, V-270
double-button latching, 1-1:38
hum-detecting tonch sensor,
IV-594
lamp contrel, three-way, IV-247
low-current, 1-132
On/OIf, 11691, LI-663, 1V-503
latching switch, V-636
line-hum, 111-664
moementary operation, I-133
negative-triggered, IlI-662
an-only switch, V-645
positive-triggered, [11-662
sensar switch and clock, 1V-59]1
single-plate sensor, V-633
awitch, V-633, V-634, V635
time-on tonich switch, TV-594
touchomatic, II-693
Lwo-terminal, 1II-663
Touchtone generutor, lelephone,
609
toxic gas detector, II-280
Loy siren, I1I-575
TR circuit, [1-532
TR switch for anlennas, automatic,
V37
tracers

audio reference signal, probe, [-527

bug, II-358
closed-loop, I[-356
riceiver, [-357

Lrack-and-hold circuits, [{I-667T,
11-668
sample-and-hold circuil, 11-549,
111-562
tracking circuits, [11-666-668
positivemegative voltage reference,
I1-667
preregulator, TT-492
track-and-hold, TH-667, TIT-668
train chuffer sound effect, 11-H883
transceivers {see also receivers,;
Lransmuillers), 1V-605-603
transceivers
1750-meter, V-646
CE, 20-mn, TV-536-558
CW, 5 W, 80-meter, TV-602
external microphone circuit, V-361
hand-held, -39, T11-461
HF transceiver/ixer, IV-457
ultrasonic, MMI-702, MI-704
transducer amplifiers, I-86,
111-660-673
Tlal-response, lape, 1I-673
NAPR preamp, H1-673
photediode amplifier, TT-672
preamp, magnetic phono, TII-671,
11-673
tape playback, III-672
voltage, differential-to-single-
ended, 670
transtucers, I-86
bridge type, amplilier, [I-84, 171
detector, magnetic: transducer,
1-233
sonar, switch and, 111-703
Lemperature, remole sensor, 1-649
transformers, isolation iransformer,
V-249, V-470
transistors and transistorized
circuits
flashers, [1-236, HI-200
frequency tripler, nonselective,
saturated, [[-262
headphene amplifier, T-43
onfoff switch for op amp, TV-546
phototransistor, V-279
amplifier, V-409
variable-sensitivity, V-40%
pulse generator, 1V-437
sorter, 401
tester, 1-401, TV-281, V-308
turn-on cireuit, V-345
transmission indicator, I1-211
transmillers (see also receivers;
franscelvers), 1-674-691,
TV-HAh-603, V-636-640
Z-meter, [V-600-601
10-meter DSB, V-647
27.126-MHz NBFM, V-637
ucoustic-sound transmitter, IV-311
armateur radio, 80-M, 11I-875
amatenr TV, [V-599
ATV IR transmitter, V-440 MHz,
V-GA0
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transmitters (cont.)
audio, visible-light,, ¥-261
baby-alerl, carrier-current cireuit,
V4o
beacon, T-683, TV-603
broadeast, 1-to-2 MHz, [-680
carrier currcnt, i-144, 1-145, 1H[-79
computer ciecuit, 1-of-8 channel,
1-100
“OW transmitters, [-681, 684,
TI-686, 111-678, 111-690, [V-601,
V-548, V-649
DSB, 10-meler, V-647
fiberoplic, 1H-177
™M transmitters, -681, V-641
27.125-MHz NBFM, V-637
49-MHz, V-643
infrared, voice-modulated pulse,
IV-228
Light-bearn, V-259
multipiex, ITT-688
one-transistor design, II-G57
optical, I-361, 1-367, [1-417
radio, V-648
snooper, 11-680
steren, V-57h, V-680
voice, ITT-678
wireless microphone, [II-682,
1I1-685, 111-691
haif-duplex information
transmission link, low-cosi,
1I-679
HE, low-power, TV-598
infrared, 1-342, T-343, TI-289, 11-290,
M-275, M-277, IV-226-227,
[V-228
headphones, V-227
pulsed for anfoll control, V-228
fine-carrier, with on/off, 200 kHz,
112
low-frequency, [[I-682
MIDI transmitter, V-393
modwaled-light transmiller, V-258
Morse-code transruitter, V-6-W lor
7-MHz, V-641
multiplexed, 1-of-§ channel, TIT1-395
nepative key-line keyer, IV-244
optical, [-361, 1-363, I-417, 11-418,
IV-358
oscillator and, 27 and 49 Mltez,
1680
ourpnt indicator, TV-218
QRP, V-A38-638, V-644-645
remote-contrel, V-509, V-513
inlerface, V-511
ultrasonic, V-512
remote semsors, lnop-type, M-70
television, [I1-676
fracking transmitter, V-642
transceiver, V-1750-meter, V-644
transmil/recelve sequencer,
presung, V-348
ultrasonic, 40 kHz, [-685
ultrasound, Doppler, V-651
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vacuur-lube, low-power, V-80/40-
M, V642
voice-comrmimication, light-beam,
V-260
VHF, I[1-681, LI-684
lransverler, V-2-to-6 meter, V-124
treasure locator, lo-parts, 1-408
treble booster, guitar, 11-683
tremolo circuits, [-58, [-598,
11-692-695, [V-568%
Lri-color indicator, V-232
triac eircuits, V-268
ac-voltage controller, TV-426
contact protection, [I-531
controller circuit, V-267, V-271
dimmer switches, 1-375, 11-3149,
1II-303
drive interface, direct de, T-266
microcomputer-to-triac interface,
V-244
microprocessor array, [-410
relay-contact prolection with, 11-531
swilch, inductive load, TV-2563
trigger, 421
voltage douhler, TIT-468
zarn point switeh, 11-311
zero voltage, 1-623
triangle-to-sine converler, L-127
riangle/square wave oscillator,
14232 V206
triangle-wave generators, 1234,
V203
10-Hz to 10-kHz VOO, V-570
clock-driven, V-206
square/triangle-wave, |11-225,
11239, 111242
timer, linsar, TMT-222
triangle-wave oscillator, V-205
trickle charger, 12 V battery, 1-117
triggers
50-MHz, 11J-364
carnera alar, 111-444
{lash, photography, xenon flash,
TT-447
Inard-sensing, V-E85
optical Schmite, I-362
oscilloscope-triggercd sweep,
111-438
remote Mash, 1-484
SCTt series, optically conpled,
-411
sourl/light flash, [-482
triac, 1421
Lriggered sweep, add-on, [-472
tripler, nongelective, transistor
saturation, [[-252
Trouble tone alert, -3
TTL circuits
clock, wide-frequency, I-85
coupler, optical, TIT-416
gates, siren using, 11-576
Morse code keyer, 11-20
square-to-triangle wave converter,
1I-125

TTL-to-MOS logic converter, 1I-125
TTL oscillators, I-179, [-613, [V-127
1MHz to 10MHez, 1-178
1MHz {6 20MI1z, TV-127
crystal, TTL-compatible, T-179
sine wave/square oscillator, IV-512
television display using, 11-372
tube amplifier, high-voltage
isolation, IV-426
tuners
antenna tiner, TV-14, V-38
FM, I-231
guitar and bass, 11-362
turbo circuits, glitch free, HI-186
turn-on eircuit, V-345
Lwang-twang cirouit, [1-592
twilight-triggered circnit, 11-322
twin-T notch filters, [11-403
two-state siren, [[I-567
two-tone generalor, H-570
two-Lone siren, [11-562
two-way intercom, MI-252
two's complement, D/A conversion
system, binary, 12-bit, llI-166

U
LA2240 staircase generator, T-H87
UHF -related civcuits (ses alsn
racdio/f circuits)
amplifier, I-560-565
audic-to-UHY preamp, V-24
broadband rf amplifiers, V-523
field-strength meters, IV-185
rf anapliliers, TTHE TV-line
arnplifier, IV-482, TV-483
source dipper, IV-200
TV preamplifier, I1[-546
VHE/UHF rf diode swilch, 1V-544
VUF/UEFR rf preamplifier, V-515
wideband amplifier, 1-660, [-264
TIIT riveaits
battery chargers, III-56
metronome, 1-355
monostable eircuil, bias voltage
change insensitive, II-268
ultrasonic circuits (see also sound-
aperated circuits), [T1-696-707,
TV-B04-606, V-650-653
arc welding inverter, 20 KHz,
1I1-700
cleaner, V-652-65:3
induclion heater, 120-KHz 500-W,
1I-704
pest-controlrepel, 1-684, 11-685,
11-699, III-706, ILI-707, 1V-605-
506
ranging system, 11-697
receiver, HI-698, T-705
Doppler ultrasound, V-851
remote-control receiver, V-513
remote-control transmitter, V-512
sonar transducer/swilcl, 1I-703
sound source, [V-605
swilch, 1-6R3



transceiver, MM1-702, 1I1-704
transmitter, [-685
Doppler ultrasound, V-651
andervollage detector/monitor,
TI-762, IV-138
uninterruptible power supply,
1-462, [I1-477, V-471
unity-gain amplifiers
inverting, 1-35, 1-80
noninverting, V-21, V.22
ultra high-Z, ac, II-7
unity-gair buffer
stable, speed and high-input
impedance, I1-6
unity-gain follower, [-27
universal counters
10 MHz, [-255, T1-139
410-MHz, TIT-127
universal mixer stage, [11-370
universal power supply, 3-30V,
Hi-489
up/down counters
8-digit, 11-134
extreme count freezer, 111-125
XOR gate, 11I-105

Vv
vacuum fluorescent display circuil,
1-185
vacuum gauge, automotive, V.45
vapor detector, 1I-279
varactor-tuned 10 MHz ceramic
resonator oscillator, [[-141
variable current source, 100 mA-to
24, 11471
variable-frequency inverter,
complementary output, MM-2G7
variable-frequency oscillaters (VFQ)
5 MHz design, [[-551
A063 CMOS, V421
adjnstable temperaturs
compensation, V-420
amateur radio, V-532
. buffer amplifier, V-02
CMOS design, V-418
code practice oscillutors, V-103
rf, V-6.5 MHz, V-5H29
variable-gain amplifier, voltage-
controlled, I-28-29
variable-gain and sign op amp, [1-405
variable-gain circuit, accurate null,
1169
variable-state filters
universal, V-178
variable oscillators, 11-421
audio,- 201z Lo 2UkHz, LI-727
duty-cycle, [11-422
four-decade, single control, II-424
sine-wave oscillator, low-distortion,
11-558
wide range, II-429
vuriable power supplies, [11-487-492,
TV-414-421
N-to 12-V, V-1 A, V460

current source, voltage-
programuenable, 1V-42()
de supply
SCR variabie, TV-418
step variable, [V-418
dual universal supply, 0-t0-50 V, 5
A, TV-A16-417
reguiated supply, 2.5 A, 1.25-10-
25V
switch-selected fixed-voltage
supply, 1IV-419
swilching regulator, low-power,
M1-490
switching, 100-KHz multiple-
outpit, T-488
tracking preregulator, 111-492
transformerless supply, IV-420
universal 3-30V, 1I-489
voltage regulators for variable
supplies, TIT-490, 111-493, [V-421
variable current sonrce, 100mA to
24,1471
voltage regulator, 11I-491
VCR/TV orvoll control, ¥-113
vehicles {see automotive circuils)
VHF-related circuits (see also
radio/rf; television; UTHF)
amplifiers, [-5568
cryslal oscillators, I11-138-140
HF/VILE swilchable active antenna,
Vo524
modulater, 1-440, 111-684
tone transmitter, TI-681
transmitrers, [IT-681, TM1-684
VHF/UHF dicde rf switeh, IV-H44
VUI/URE rf preamplifier, V-515
video eircuaits, [H-T13-728, IV-607-
621, V-hhd4-662
amateur TV (ATV) down
converter, V-125, V-126
amplifiers, video, [-688, [-690,
1692, 111-39, 11I-708-712, v-482,
V483, V656, V-6B2
Th-ohm video pulse, III-711
buffer, low-distortinn, TIT-712
color, I-34, 111-724
de gain-control, IT1I-711
differential video loop-through,
V657
FET cagcade, 1-691
gain block, TM1-712
1P, 1689, II-687, V-655
JEET bipolar cascade, 1-692
line driving, 11-710
log amplifier, 1-38
outpitl, V-655
RGB, 1II-709
surruing, clamping circuit and,
710
TV amplifiers, [-688, 1-690, 111-39,
T¥-482, TV-483
variahle-gain video loap-through,
V-658
ATV videc sampler circuit, V-656

audiofviden switcher circuit,
1v-540-541

aulormatic TV turn-off, [-577

bulfers, V-93

camera-image tracker, analog
voltage. TV-608-609

camera link, wireless, 11I-718

chroma demodulator with RGB

roateix, 1L-716
color amplifier, [I1-724
color-bar generator, IV-614
cornrmercial zapper, V-334-335

compoesite-video signal text adder,

1II-716
converlers
RGB-to-NTSC, 1V-611
video a/d and d/a, IV-B10-611

cross-hateh generator, color TV,

1I-724
data inlerface, TTL oscillator,
11-372
de restorer, 111-723, V-658
decoders
NTSC-to-RGE, TV-i13
stereo TV, [[-167. V-576-579,
V-580
detectors

TF, MC130/MC1352 design, 1-688

low-lavel video, 1-687-689
differential video loop-through
amplifier, V-657
fader, V-6568

high-performance video switch.

1-728
TF amplifier, V-4.5-MHz sound,
V-655
IF detector, amplifier,
MEC130/MC1362, 1-688
line pulse extractor, [V-612
line/bar generator, V-6632
loop-then amplifier, TV-616
master circuit, video mastar,
V-661

mixer, high-performance video

mixer, [V-609

modulators, [-437, i-439, 11-371,

11-372, 11-433, 11-434

monitars, ROR, blue box, TT-99

monochrome-pattern generato
IV-617
multiplexer, cascaded, 1-0f-15,
TT-393
MIUX cable driver
multi-input, V-657
bwo-input, V-657
ap amp cireuits, 1V-615
output amplifier, V-655
PAI/NTSC decoder with RGH
input, III-717
palette, HI-720
picture fixerfinverter, III-722
preamplifier, HI-546, V-660

T)

rf amplifiers, TV sound systerm,

V-519
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video circuits (covit.)

i up-converter for TYRO
subcarrier reception, TV-501
ROB-composite converter, [11-714
sampler circuit, ATV video, V-656

satellite TV audic swilcher,
V543

selector, V-660

signal-arplitude measurer, V-309

signal clamap, 1II-726

sound, IF/FM IF amplifier with
quadrature, 1-690

sterco-sound decoder, U-187

stereo TV decoder, V-576-579,
V-H80

switching circnits, 1M-719, M1-720,
HI-727, IV-618-621

video/audio switch, V-586G
wideband for RGB signals, V-587

syne separator, [I1-715, [V-616

syne stripper/video interface,
V-A5h9

transmitter, TV, III-576, IV-649

TV sound system, rf amplifiers,
V-B14

variable-gain video loop-through
armplifier, V-658

VCR/TV on-off contral, V-133

video, power, channel-gelect signal

carrier, V-344-345
wireless camera link, [{I-71
VLEF/VHE widcband anlenna
low-noise, active, V-33
vocal eliminator, IV-19
voice cornmunications
light-beam transmitter/receiver,
V-260
persenal message recorder,
V-330-331
voice-mail alert for telephone,
V-607
voice scrambler/descrambler, 1V-26,
V27
voive subslitute, clectronic, 111-734
voice-activated ciredits (see also
sound-operated circnits;
telephone-related circiits), II-
T20-T34, IV-622-624, V-545-555
ac line-veltage armeuncer, [I-730
allophone generalor, [11-733
aruplilicr/switeh, 1-608
computer speech synthesizer,
111-732
dialed phone number vocalizer,
111-731
disguiser for voices, V-326-327
intercoms, V-239
scanner voice squeich, 1V-624
scrambler, V-bb4
speech detector, [I-617, [11-615
stripper, vocal stripper, V-546-547
swilches, H-BS80, 1V-B2T
switch/amplifier, I-608, V-553
vocal stripper, V-546-547

750

voice identilier for amateur radio
use, V-550

voice substitute, electronice, I11-734

VOX circuit, IV-623

voltage-conlrolled armplificr (VCA),

1-31, 1-608, V20
attenuator for, 11-18
differential-to-single-ended, I1I-670
reference, 1-36
tremoelo circuit, I-508
variable gain, 1-28-29

valtage-controlled oscillators (VCO),

[-702-704, 11-702, TIT-735,
TV-625-630, V-663-66T

3-6 ¥V regulated output converter,
11739

10Hz to 10kHz, I-701, III-735-741

three-decade, V-666

535-VCO, IV-627

andio-frecuency VOO, IV-620

basic cireuit, V-666, V-667

crystal oscillator, 1II-135, [V-124

current sink, voltage-controlled,
V629

driver, op-amp design, IV-362

linear, I-701, TV-628

triangle/square wave, 11-263

logarithmic sweep, I11-738

one-shot, 1I-266

precision, [-7032, 111-4:31

restricted-range, [V-627

sing-wave oscillator, V-666

sinusoidal 3-Hz to 300-kHz, V-664-
665

stable, IV-372-373

sguare-wave generators, V-670

supply voltage splitler, 111-738

three-decade, 703

TLN82-hased, V-6065

TMOS, balanced, 11-736

two-decade, high-frequency, [-704

varaclorless, 1v-630

variable-capacitunce diode-
sparked, [IT-737

VHF ascillator, voltage-tuned,
TV-H28

waveform generator, I-737

wide-range, IV-627, IV-629

voltage-controller, pulse generator,

11-524

voltage converters/inverters, TIT-742-

748, V-H68-669

12-to-16 V, TI-747

de-to-ac nverler, V-669

de-to-de, U1-744, TI1-746, V-669

flyhack, high-efficiency, 11T-744

flyback-switching, self-oscillating,
1I-748

negative voltage, uP-controlled,
V-117

offling, 1 5-W, LLi-746

regulated 15-Vout 6-V driven,
111-745

splitter, 1M1-743

unipolay-to-dual supply, TTT-743
voltage-to-current converters,
[-163, I-166, 11-124, III-11G,
[1I-120, Iv-118
voltage-lo-[requency converters,
[.707, TIT-749-75H7, TV-638-6842
| Hz-to-10MHe, 111-754
1 Hz-10-30 MHe, III-T50
1Hz-te-1.26 MHz, [11-755
3 KHz-lo-2Ml1z, LI-752
10 Hz to 10 kHz, [-706, TIT-110
accurate, T-756
differential-inpaat, 1I-750
function generators,
potentiometer-position, IV-200
low-cost, I1I-761
low-frequency converter, [V-641
negative input, I-708
optocoupler, TV-642
positive inpur, I-T0T
precision, [1-131
preserved inpul, 11I-763
ultraprecision, [-708
wide-range, TII-751, M1-752
voltage-to-pulse duration
canverter, [[-124
voltage-ratio-to-frequency
converter, [[I-116
vollage delector relay, battery
charger, 1I-76
voltage doublers, ITIT-459, TV-635,
V-460
cascaded, Cockeroft-Walton,
IV-635
triac-controlled, l[-468
vollage followers, 1-40, 101-212
Last, [-34
nontnverting, -373
signal-supply operation, amplifier,
1120
vollage inverters, precision, 11-298
voltage indicators/meters (see also
voltmeters), MM-758-772, TV-423
autamative battery voltage gauge,
Tv-47
battery-voltage measuring,
regulator, [V-77
corparalor and, 11-104
five-step level detector, I-337
frequency counter, 111-768
HTS, precision, I-122
level detectors, [-338, [I-172,
11-759, 111-T70
low-voltage indicator, [II-769
monitor, V-31%
multiplexed common-cathode LED
ADC, TH-764
over/under monitor, 111-762
peak program detector, U771
solid-state battery, 1120
ten-step level detector, 1-335
visible, 1338, TT-772
voltage freezer, [11-763
voltage-level circuit, V-301



voltage multipliers, TV-A31-637,
V-670-672

2,000 V low-current supply, [V-636-

637
10,000 V de supply, 1V-633
corona wind genevator, IV-A33
doublers, {I1-459, [V-635
cuscaded, Cockeroft-Walton,
IV-F15
de, V-A72
triac-controlled, TI-468
laser power supply, TV-636
low-frequency multiplier, IV-325
negalive-ion generator, high-
voltage, 1V-634
quadrupler, de, V-671
tripler, TV-637, V-671
voltage probes, V-174
voltage references, [11-773-770
bipolar source, 1I-774
digitally controiled, UL-775
expanded-scale analeg weter,
1I-774
positive/negative, tracker for,
11-667
variable-voltage reference source,
V327
voltage regulators, 1-501, 1611,
II-484, 1185
0- to 10-V at 3A, adjusrable, I-511
0- Lo 22-V, [-510
0- Lo 30-V, I-510
3 A, 11472
oV, lTnw-dropout, IIF-461
BV, 1A T-H00
5 V, ultrastable reference, 1-407
6 A, variable output switching,
1613
8- from B-V regulator, V-464
10 A, 510
10 A, adjustable, [11-492
10 v, high-stability, II1-468
15V, 1 A, remole sense, [-499
15V, slow-turn-on, UI1-477
-15 V negative, 1499
45V, 1 A switching, 1-499
90 V rms voltage regulator with
PUT, 11-479
100 Vrms, [-486
200 kHz, 1491
ac, TM-477
adjustable outpnt, I-506, I-512
application circuit, 1-492
aulomolive circuits, I11-48, IV-67
battery power supplicrs, I-117,
v-77
bucking, high-vaoltage, T11-481
combination voltage/current
regulator, V-455
corunon hol-lcad regulator, IV-467
constant voltage/constanl current,
[-508
current and thermal protection, 10
amp, [[-474

Darlingten, IV-421
dual-tracking, [11-462
efficiency -ituproving swilching,
V-161
fixed pnp, zener diode increases
oulpud, [[-484
fixed-currend regulator, IV-467
fixed supplies, [T1-461, 111-468,
M-AT1-477, TV-408, IV-462-487
flyback. off-line, IT-481
foldback-current limiting, T-478
high- or low-input reguiater, 1V-466
high-stability, 1-499, [-502, HI1-468
high-voltage power supplics, [-508,
[1-1¢8, TT-485, {11490
inductorless, MM-476
LM217 design, IV-466
loss culler, V-467
low-dropout, 5-V, 11[-461
lowe-power, T 695, I11-490
low-voliage, 1-502, T-511
linear, II-468, 111-159
mohile, [-448
MU, modtiple outpud, 1-513
negative, 1-498, 1-499, 111-474,
TV-165
npr/pnp boost, T11-475
off-line flyback regulatar, 1T-481
prp, 1-484
positive, 1-498, 1[1-471, 111-475
pre-regulators, [1-484) 111-480,
i11-492
programmable, TV-470
projection lamp, 11-300
PUT, 90 V rms, [1-479
radiation-hardened 1256A linear
regulator, 11468
ramote shutdown, 1-510
SCR preregulator for, II-482
single supply voltage regulator,
1471
sensor, LM317 regulalor sensing,
V-466
short-circuit protection, low-
voltage, [-H02
single-ended, [-493
single-supply, 11-471
slow-turn-on 15V, 1-499
step-idown, 1-493
step-up, 1-78
switching supplies, 1-491, 1-402,
[-493, 1-497, 1-498, 1.513, T1-78,
11-472, 111-476, 11-4%0, IV-108,
TV-463, V-453
3-4, 13172
3 W, application circuit, 1-492
3V, 6 A 25kHz, separate
ultrastabic reference, [-497
6 A, variable oulpul, [-513
200 kHz, 1491
high-current inductorless, 111-478
low-power, [11-120
multiple output, for use with
MPU, I-513

step down, 1-493
variable current source with
voltage reguiation, IV-470
variable supplies, [11-4%0, TIT-491,
1I-442 1V-4231, [V-468-470
current sowrce, 11-440
zener design, programrmable,
wv-470
vollage sources
millivoll, zenerless, [-695
programmahble, 1-694
voltage splitter, 1IT-738
voltmeters, I11-7H8
3.6 digit, I-710
fuli scale, III-761
lrue rmos ac, [-713
4.5-digil, UI-760
5-digit, 11-760
ac, IIT-765
wide-band, [-716
wide-range, III-772
add-un thermormeter for, [I-640
bar-graph, [-99, 11-54
de, III-763
high-input resistance, 111-762
low-drift, V-301
digital voltmeters (DVM), 11I-4
3.5-digit, common anode display,
I-713
3.0-digit, full-scale, four-decade,
III-761
3.75-digit, I-T11
4 5-digit, [[I-T60
4.5-digit, LOD display, [-717
auto-calibrate circuil, I-714
autematic nulling, 1-712
interface and temperature sensor,
11-647
LED readout, 1V-286
temperature sensor and DVM, 847
FET, 1-714, TI-765, TI1-770
high-input resistance, I1-768
JFET, V-318
LED expanded scale, V-311
millivoltineters, I-767, 111-769,
[V-289, IV-294, [V-285
ac, 1-716
audio, TIT-767, TT-769
de, IV-295
four-range, IV-289
high-input impedance, 1-715
LED readout, 1V-204
rf, 1-405, TIT-766
voltchmmeters (VOM}
ficld strength, 1-276
phase meter, digital readout,
W-277
volume amplifier, [1-46
volume control circuits, TV-A43-645
telephone, I1-623
volume indicator, audio amplifier,
iv-212
volume lirniter, audio signal
amplifiers, V-54



VOR signal sirulator, [V-273
vox box, 11-682, 1IV-623
Vpp generatoer, EPROM, 1I-114
¥U meters, [[I-487
extended range, 11-487_ I-715
LET display, TV-211

w

waa-waa circnit, II-690
wailers (see alarms; sirens)
wake-up call, electronic, 1[-324
walkmau arnplitier, 11-456
warblers {see alarms; sirens)
warning devices
auto lights-on warning, 11-65
high-level, I-387
high-speed, 1-101
light, 11-320, 111-317
low-level, audic output, 1-391
speed, 1-86
varying-frequercy alarm, II-579
water-level sensors (see fluid and
mgisture detectors)
water-temperature gauge,
automative, TV-44
wattmeter, I-17
wave-shaping circuits (see also
waveform generators),
1V-646-661
capacitor for high-slew rates, IV-650
clipper, glitch-free, 1V-648
flip-flop, S/R, TV-651
harmonic generator, IV-649
phase shifter, IV-647
rectifier, full-wave, [V-650
signal conditioner, IV-649
waveform generators (see also burst
generators; function generators;
sound generators; squarc-wave
generators; wave-shaping
circuits), 1-269, TT-272,
V-200-207
AM broadeast-band, [V-302
AMAF, 455 kHz, IV-301
audio, precision, III-230
four-output, 111-223
harmonic generatars, 1-24, T-228,
V649
high-frequency, TT-150
high-speed generator, I-723
paitern generator/polar-to-rect.
converter, V-288
precise, 11-274
ramp generators, 1-540, 11-521-623,
NI-525-527, IV-443-447
555 based, V-203
accurate, 111-626
integrator, initial condition reset,
T1-527
linear, 11-270
variahle reset level, [I-267
voltage-controlled, 1I-523
sawtooth generator, [11-241, [V-444,
1V-448, V-204, V-2056, V-481
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sine-wave generators, [V-505,
IV-508, V-541, V-542, V-543, V-544
60 Hz, IV-507
audio, 1I-664
LG, IV-507
LF, IV-512
oseillator, audio, 111-559
square-wave and, tunable
oscillator, [11-232
VELF audio tone, IV-508
sine/square wave generators, 1-65,
1I-232, IV-512
square-wave generators, [1-594-600,
11-225, TIT-239, 111-242, T1I-583-
585, TV-525-5636, V-HG68-070
1 ¥Hz, TV-536
2 MHz using two TTL gates, [[-548
555 timer, 1I-695
astable circuit, 1V-534
astable multivibrator, 1-597
CMOS 555 astable, true rail-to-rail,
11-596
duty-cycle multivibralor, 11-50-
pereent, UI-584
Tour-decade design, IV-535
high-current oscillator, I11-585
line frequency, II-599
low-frequency TTL oscillator,
11-595
multiburst generator, [1-88
multivibrator, IV-536
oscillators, I-613-614, 1-618,
TI-596, T1-597, 11-616, TV-53E,
IV-533
phase-tracking, three-phase,
[[-548
- pulse extractor, TTT-584
quadrature-outprts oscillator,
[13-585
sine-wave and, tunable oscillalor,
[11-232
three-phase, [I-600
tone-burst generator, single timer
IC, -89
triangle-wave and, HI-225, [II-239,
1242
TTL, LSTTL, CMOS3 designs,
1V-530-6:32
variable duty-uycle, IV-533
variable-frequency, IV-535
staircase generators, [-730,
11-601-602, T11-586-588,
TV-443-447
slepped wavelorms, [V-447
sweep generators, [-472, TI1-438
triangle-wave, 111-234, V-203,
V-205, V-208
square wave, -726, 111-225,
111-239, 111-242, V-206
timer, linear, 11-222
two-functiog, T-234
VCO and, IMI-737
wavemeter, tuned RF, IV-302
weather-alert decoder, IV-140

weight scale, digital, [1-398
Wheel-of Fortune garne, TV-206
whiatle, ateam locomotive, [1-589,
I-568
who’s first game circuit, 111-244
wide-range oscillators, T-69, 1-730,
TMi-425
wide-range peak detectors, 111-152
hybrid, 500 kHz-1 GHz, 11I-266
instrumentation, [11-281
mingature, 11265
“UHF amplifiers, high-performance
FETs, [I-264
wideband amplifiers
low-noise/low-drift, 1-38
two-stage, [-68Y9
rf, IV-489, 1v-490, [V-451
HF, IV-492
JFET, TV-493
MOSFET, IV-492
two-CA3100 op amp dosign, 1V 491
unity gain inverting, I-35
wideband signai splitter, II-582
wideband two-pole high-pass filter,
1215
Wien-bridge filter, III-65%
notch filter, 1I-402
Wien-bridge oscillators, 1-62-63,
1-66, I-70, T1-566, T-429, T1-008,
V-371, IV-377, V511, V-415,
V-419, V-541
CMOS chip in, 1I-558
low-distortion, thermally stahlc,
Ul-657
low-voltage, [I1-432
sine wave, 1-66, 1-70, TI-646, IV-510,
W-513
single-supply, III-558
thermally stable, I1-557
three-decads, IV-510
variable, [11-424
very-low-distortion, IV-513
wind-powered battery charger, II-70
windicator, I-330
window circuits, 11-106, I11-90, III-
T76-781, TV-RE5-65G, V-673-674
cotnparator, IV-656-6567, [V-658,
TV-65%, V-200, V-674
datector, [-230, III-776-781, IV-658
digital frequency window, 1II-777
discriminator, I1I-781, V-674
generator, 1V-657
~high-input-impedance, 11-108
windshield wiper circuits {see
automotive cireuits)
wire tracer, 11-343
wireless microphones (sea
raicrophones)
wireless speaker systern, IR, 1II-272
wiring
ac outlet tester, V-318
ac wiring locator, V-317
two-way switch, V-591
write woplifiers, 111-18



X
xenon flash trigger, slave, 111-447
XOR gates, TV-107
complementary signals generator,
11-226
oscillatar, 111-429
np/down counter, TT1-108

Y

velp oscillator/siren, II-577, TII-662

Z
£80 clock, II-121
zappers, battery, 1I-64, [I-66, 11-68
zener diodes
clipper, fast and symnetrical, IvV-329
increasing power rating, 1-496, [1-485
limiter using one-zener design, 1V-
57
test set, V-321
tester, 1-400
variable, [-607

voltage regulator, prograrmmihle,
-IV-470
zero crossing detector, I-732, [-733,
11-173
zero meter, suppressed, I-716
zero-point switches
temperature contrel, [11-624
triae, [1-311
zero-voltage switches
closed contact half-wave, 111-412
solid-state, 111-410, [[}-416
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