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l_ntroduction 

The Encyclopedia, of Electronic CircnUs, Volume V adds approximately 1000 new 
circuits to the treasury of carefully chosen circuits that cover nearly every phase of 
Loday's electronic Lechnology. These five volumes conLain a wealth of new ideas and 
up-to-date circuits garnered from prestigious industry sources. Also included are 
some of the authors' original designs. 

Each circuit is accompanied by a brief explanation of how it works, unless the cir­
cuit's operation is either obvious or too complex to describe in a few words. In the lat­
ter case, the reader should consult the original source listed in the back of the hook. 
The index includes all entries from Volumes I to V This provides instant access to 
about 5000 circuits, which make up the most extensive collection of carefully catego­
rized modern circuits available anywhere. 

Once again, the authors wish to extend their thanks to Ms. Loretta Gonsalves, 
whose virtuoso performance at the word processor contributed so much to the sue> 
cessful completion of the manuscript for this work. We look forward to the pleasure 
of working with her on Volume VI, which is now under development. 

Rudolf F. Graf and William Sheets 

xi 
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Alarm and Security Circuits 

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

High-Power Alarm Driver 
Multi-Loop Parallel Alarm 
Series/Parallel Loop Alarm 
Parallel Loop Alarm 
Closed-Loop Alarm 
Delayed Alarrn 
Door Minder 
Strobe Alert System 
Warble Alarm 
Audio Alarm 
No-Doze Alarm 
Heat- or Light-Activated Alarm 
Piezoelectric Alarm 

Exit Delay for Burglar Alarms 
555-Based Alarm 
Light-Beam Alarm for Intrusion Detection 
Light-Activated Alarm with Latch 
Precision Light-Activated Alarm 
Dark-Activated Alarm with Pulsed Tone Output 
Light-Beam Alarm Preamplifier 
Precision Light Alarm with Hysteresis 
High-Output Pulsed-Tone/Light-Activated Alarm 
Self-Latching Light Alarm with Tone Output 
Alarm Sounder for Flex Switch 
Burglar Chaser 
Silent Alarm 



POPULAR ELECTRONICS 

POPULAR ELECTRONICS 

HIGH-POWER ALARM DRIVER 

FIG. 1-1 

In this circuit, a low-powered SCR is used to 
trigger a higher powered SCR. When a switch is 
opening (S2, S3, 84) or closing (S5, S6, S7), ei­
ther SCRl or SCR2 triggers. This triggers SCR3 
via Dl, D2, and R5. BZl is a high-powered alarm 
of the non interrupting type. 

MULTI-LOOP PARALLEL ALARM 

FIG. 1-2 

This alarm has status L~Ds connected across each inverter output to indicate the status of its as­
sociated sensor. S8 is used to monitor the switches v:ia the LEDs, or to trigger an alarm via Ql and 
SCRl. BZl should be a suitable alarm of the noninterrupting type. 
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SERIES/PARALLEL LOOP ALARM 

+6-12V 

S7 

POPULAR ELECTRONICS FIG. 1-3 

'I\vo SCRs are used with two sensor loops. One loop uses series switches, the other loop parallel 
switches. When a switch actuation occurs, the SCR triggers. The alarm should be a noninterrupting 
type. 

PARALLEL LOOP ALARM 

POPULAR ELECTRONICS FIG. 1-4 

Four parallel switches are used to monitor 
four positions. When a closure occurs on any 
switch, SCRl triggers, which sounds the alarm. 
The alarm should be of the noninterrupting type. 

CLOSED-LOOP ALARM 

,-u--.o--, •SEE TEXT 
s2· 

SENSOR 
LOOP 

C2 
.1 

POPULAR ELECTRONICS 

S3" 

+6 12V 

FIG. 1-5 

A string of three series-connected, normally 
closed switches are connected across the gate of 
an SCR. When one opens, the SCR triggers via 
RI, sounding an alarm. The alarm should be of 
the noninterrupting type. 
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DELAYED ALARM 

----+9 12V 

POPULAR ELECTRONICS FIG. 1-6 

The alarm/sensor circuit shown is built around two SCRs, a transistor, a 4049 hex inverter, and a 
few support components, all of which combine to form a closed-loop detection circuit with a delay 
feature. The delay feature allows you to enter a protected area and deactivate the circuit before the 
sounder goes off. 

Assuming that the protected area has not been breached (i.e., Sl is in its normally-closed posi­
tion), when power is first applied to the circuit, -a positive voltage is applied to the input of Ul-a 
through Sl and RI, causing its output to go low. That low is applied to the gate of SCRl I causing it to 
remain off. At the same time, C6 rapidly charges toward the+ V supply rail through 82, LED2, R4, and 
D3. The charge on C6 pulls pin 5 of Ul-b high, causing its output at pin 4 to be low. That low is ap­
plied to the base of Ql, keeping it off. Because no trigger voltage is applied to the gate of SCR2 (via 
QI), the SCR remains off and BZl does not sound. 

But should S1 open, the input of Ul-a is pulled low via R9, forcing the output of Ul-a high, light­
ing LEDl. That high is also applied to the gate of SCRl through Dl and R3, causing SCRl to turn on. 
With SCRI conducting, the charge on C6 decays, the input of Ul-b at pin 5 is pulled low, forcing its 
output high, slowing charging CB through R8 to a voltage slightly less than the positive supply rail. 

Transistor Ql remains off until CB has charged to a level sufficient to bias QI on, allowing suffi­
cient time to enter the protected area and disable the alarm before it sounds. Once CS has developed 
a sufficient charge, QI turns on and supplies gate current to SCR2 through R6, causing the SCR to 
tum on and activate BZL If the circuit is reset before the delay has timed out, no alarm will sound. 

The delay time can be lengthened by increasing the value of either or both C6 and R5; decreas­
ing the value of either or both of those components will shorten the delay time. 

All of the switches used in the circuit are of the normally-closed (NC) variety. Switch SI can be 
any type of NC security switch. Switch S2 can be either a pushbutton or toggle switch. Because S3 is 
used to disable the sounder (BZl) only, anything from a key-operated security s\Vitch to a hidden 
toggle switch can be used. 

4 
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DOOR MINDER 
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REGULATED 
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110 
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':" 

D3 
1N4001 

R16 
100. 

':' 

C13 
.047 

C10 ..L+ 
100 I 

01 
%N39M 

R13 
10K 
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• ti 

R14 ! 
ce...1± 10K 
1b 

SPKR1 
8-160 

A6 
10K 

C7 
.01 

":' 

R12 
100K 

C11 
01 

C4 ,+ 

47 

A10 
4.7K 

R9 
22()1( 

04 
ZN3904 

FIG. 1-7 

This circuit monitors a door to determine if it has been left open. After 24 seconds, the alarm sounds. S1 is a magnetic sen­
sor. The alarm is an electronic chime sound that is struck once per second. 



FROM 
SENSOR 

+ 

C5• 
100 

GROUND 

•SEE TEXT 

R20 
SEE TEXT 

Jl O--YW\r--1 

U1 
VTLSC3 

J2 0--------' 

D 
1N4007 

R5 
470K 

TO STROBE 
CIRCUIT 

B 
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STROBE ALERT SYSTEM 

R3 
470K 

D2 
IN4007 

+ 

C4• 
100 

S2 
TEST 
..L 

+330V 
OUT 

A 

POWEA SUPPLY 
INPUT= 117VAC 
OUTPUT:: 12VDC ~v 

20mAOR 
SO. MAY 

BE 'PLUG•IN" 
TYPE 

GNO I 
I 

+1 

C18* 
I 

PL1 

~SEE TEXT 

RB 
470H 

S1 

S2 

C 

TO 
POWER 
SUPPLY 

TO 
STROBE 
CIRCUIT 

FIG. 1".'8 

The circuit is activated by an LED/photorcsistor isolator (Ul), which is a combination of a light­
dependent resistor (LDR) and an LED in a single package. That device was chosen because of its 
high isolation (2000 V) characteristic, which is necessary because the strobe part of the circuit is di­
rectly connected to the ac line. 
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STROBE ALERT SYSTEM ( Cont.) 

The voltage divider is formed by R2, U l's internal resistance, and Ra. When U l's internal LED is 
off, Ul 's internal LDR has a very high resistance-on the order of 10 MO. The voltage applied to NE 1 
is considerably below iLs ignition voltage of approximately 90 V de. 

The optoisolator1s internal LED is activated by a de signal supplying 20 rn.A. The external sen­
sor( s) that supply the signal are connected to the strobe part of the circuit at .n and ,J2. 

When the internal LED lights, the LDR's resistance decreases to around 5 kQ. Under that con­
dition, about 125 Vdc is applied across Cl, R4, and C2. The neon lamp periodically fires and extin­
guishes as capacitor C3 charges through R4, and discharges via NE 1 and the SCR gate. 

Resistor R4 restricts the current input to C3, and thereby controls the firing rate of NE 1-about 
three times per second. The discharge through NE l is applied Lo the gate of SCRl. 

SCRl, a sensitive-gate unit, snaps on immediately when N.81 conducts, which completes the 
ground circuit for transformer Tl (a 4-kV transformer). As SCRl toggles on and off in time 
with the firing of NEl, capacitor C2 (connected in parallel with Tl's primary) charges via Rl, and 
then cliseharges very rapidly through Tl's primary vvinding. A voltage pulse is applied to the trigger 
input of FL1, a Xenon fl.ash lamp. 

It is important to remember that the circuit is cormcctcd directly to the ac line. Resistor R6 is in­
cluded to limit the amount of line current available to the circuit. The value of R6 can be decreased 
if you intend to modify the circuit for more fl.ash power. 

Warning: Even though the circuit is fuse-protected, it can still be dangerous if handled care­
lessly. 

WILLIAM SHEETS 

+220 µF 
25V 

R1 

C1 
10 µF 

WARBLE ALARM 

IC1 NE:556 dual time 

1N4007 

-= 

FIG. 1-9 

This circuit uses a 556 to first generate a low frequency square wave, that is modulated to pro­
duce two alternate tones of about 400 .and 500 Hz. Circuit generates warble alarm of European emer­
gency vehicles. Th~ frequencies of the oscillators are determined by the vaiues of R 1, C 1 and R2, C2. 
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AUDIO ALARM 

POPULAR ELECTRONICS FIG. 1-10 

In the circuit, Ul amplifies the audio picked up by the condenser microphone. Resistor Rl lim­
its current, while R2 and R3 center the output of the amplifier to ½B+ to allow a single-ended sup­
ply to be used. Diodes Dl and D2 rectify the output of Ul, and C3 filters the resulting pulsing de. 
Thus, a de voltage that is proportional to the ambient sound level is produced. 

That voltage is presented to the noninverting input of U2. The inverting input is provided with 
a reference voltage of between O and ½B+, which is set by Rll. 

As long as the noise level is low enough to keep the voltage at pin 3 lower than the voltage at pin 
2, the output of U2 st~ys low (approximately 1 V). That is enough to bias-Ql partially on. A voltage 
divider, formed by R8/R10 and Ql (when it's partially on), prevents Q2 from turning on. 

When the noise level is high enough to bring the voltage at pin 3 higher than the-voltage at pin 
2, the output of U2 goes high. That turns Ql fully on and drives Q2 into saturation. The piezo buzzer 
then sounds until the power is cut off. 

..J:.. 
S2 

R3 
100K 

C1 
4 

U1-a 

2 S3 

3 

1/2 MC146388 
7 

1--w...---1-.... 

8.12,13,15 

POPULAR ELECTRONICS 
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NQ .. DOZE ALARM 

Sl 

C21 .1 

+ 

B1 T 
9V_L 

FIG. 1-11 

This circuit sends out a loud tone if the 
input switch (82) is not retriggered at pre­
set intervals. If you fall asleep and miss re­
triggering the circuit, it will sound until you 
press 82. 



HEAT .. OR LIGHT-ACTIVATED ALARM 

s 3 
e 
n 
s 1N914 
0 4 

= 
1 kfl 6.8 kfl 

= - = 

SENSOR CIRCUITS 

+12V +12 V +12V +12V 

= = = 
Darkness Light Cold Heat 

WILLIAM SHEETS FIG. 1-12 

The tone generated by a 555 oscillator can be turned on ( activated) by heat or light. That causes 
Ql to conduct transistor W2 (TIP 3055).Q2 (TIP 3055) acts as an audio amplifier and speaker driver. 
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PIEZOELECTRIC ALARM 

,--------.G 
~2Zh~Zi:'i';:JXDC 

f '------------, C1 ,C2. ... .. . .047 Disc Capacitor 
01 ,02 .......... 2N3906 Transistor 
R1 ........................ 6.8K Resistor 

02 R2 ......................... 33K Resistor 
C2 R3 .................. 200 ohm Resistor 

R1 R4 ......................... 75K Resistor 
C1 XDC ... .................... Piezoelectric 

transducer 

R2 

FIG. 1-13 

The alarm uses a fixed-frequency piezoelectric buzzer in conjunction with the cadmium-sulfide 
(CDS) cell and the two-transistor circuit to provide a unique effect. Whenever light reaches the CDS 
photo-electric cell, the alarm is silent. But when no light strikes the cell, transistor Ql turns on, and 
the circuit emits a high-pitched tone. 

The alarm consists of a piezoelectric disk that oscillates at the fixed frequency of 3.137 kHz, cre­
ated by transistor Q2, capacitor Cl and C2, and resistors Rl through R3. Transistor Ql is used as a 
switch. It is forward-biased "on" by R4; however, the CDS cell Lums Ql "off' when the lighL is strik­
ing it. 

A CDS photo cell is made from cadmium sulfide, a semiconductor material that changes resis­
tance when the light strikes it. The greater the amount of light1 the lower the resistance. The low re­
sistance conducts positive voltage to the base of pnp transistor Ql, keeping iL turned "off' when the 
light shines on the CDS cell. As soon as the light is removed, the CDS cell provides a resistance of 
over 100 k!1. That causes Ql to turn "on,U allowillfs a positive voltage to reach the emitter lead of Q2, 
which then begins to oscillate. That then causes the piewelectric element (transducer) to produc:e 
a loud signal. 

EXIT DELAY FOR BURGLAR ALARMS 

.----------------------• +9-12V 

01 
tN914 

POPULAR ELECTRONICS 

10 

R-3 
1MEG 

01 
2N3906 

03 
1N914 l D4 

1N914 

TO SIMILAR 
SENSOR 
INPUTS 

FIG. 1-14 

Depressing S 1 charges Cl to the supply 
voltage. This biases Ql on via bias resistors R2 

. and 11,;3. A voltage is available for the duration of 
the delay period, to hold off the alarm circuit. 
Cl can be increased or decreased in value to al­
ter the delay times. 



555-BASED ALARM 

POPULAR ELECTRONICS 

+9 -nv 

C3 
l 

FIG. 1-15 

The alarm circuit has a single 555 oscillator/timer (U1) performing double duty; serving both in the 
alarm-trigger circuit and the entry-delay circuit. In this application, the trigger input of Ul at pin 2 is 
held high via RI. A normally-closed sensor switch, SI, supplies a positive voltage to the junction of R2 
and Cl, and lights LEDl. With both ends of CI tied high 1 there is no charge on Cl. But when Sl opens, 
Cl (initially acting as a short) momentarily pulls pin 2 of Ul low, triggering the timed delay circle. 

At the beginning of the timing cycle, Ul produces a positive voltage at pin 3, which charges C4 
to near the positive voltage at pin 3, which charges C4 to near the positive supply voltage. Transistor 
Ql is heavily biased on by R3, keeping its collector at near ground level. With QI on, SCRI's gate is 
clamped to ground, holding il off. When the delay circuit times out, pin 3 of Ul goes low and ties the 
positive end of C4 to ground. That turns QI off. 

When Ql turns off, the voltage at the gate of SCR goes positive, turning on the SCR and sound­
ing the alarm. The delay time is adjustable from just a few seconds (R6 set to its minimum resis­
tance) to about one minute (R6 adjusted to its maximum resistance). 

10kf! 

CDS 

= 

LIGHT-BEAM ALARM FOR INTRUSION DETECTION 

~---------,.....,_,- I 12V 

IN4007 

C106 

SCR1 

*Indicator 
lamp 

• Lamp should nrAw '" """" 1 00 mA 
to sensure SCR1 on 
during alarm cycle 

When the light beam that falls in the CDS 
photocell is interrupted, transistor (EN:3904) 
conducts thereby triggering SCRl (C 106) and 
activating alarm bell. 81 resets the SCR. The 
alarm bell should be a self-interrupting electro­
mechanical type. 

WILLIAM SHEETS FIG. 1-16 
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ELECTRONICS NOW 

RS 

R6 
470K 

LIGHT-ACTIVATED ALARM WITH LATCH 

R1 
2.21< 

+6TO +14V 

01 
1N4D01 

S1 
RESET 

R4 
4700 

FIG. 1-17 

In this circuit, light causes R5 to conduct forward-biasing Ql. R6 sets sensitivity. SCRl is trig­
gered from the emitter voltage on LQI, sounding the alarm bell. When SI is depressed, SCRl un­
latches. Be sure that a self-interrupting alarm ( electromechanical buzzer or bell) is used. 

WILLIAM SHEETS 

PRECISION LIGHT-ACTIVATED ALARM 

r---------1-----------------------1---------+12v 

-R2 
22 kn 

22 k!l 

IC1 
TL081 

µA741, etc. 

R3 
330!} 

LED 

IC2 

To load 
orconrol 
device 

FIG. 1-18 

The light-sensitive CDS cell RB configured in a bridge circuit with ICI as a comparator causes 
ICl 1s output to go high when light strikes the CDS cell RB, triggering SCRl. This lights LEDl and 
turns on opto isolator IC2, which switches the load. 
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WILLIAM SHEETS 

DARK-ACTIVATED ALARM WITH PULSED TONE OUTPUT 

0.1 µ,F 

R1 
680 kfl 

470 pf 

R2 
1.2MH 

1 kH CDS 

call 

r--~R3 
4 

250kfl 

To audio 
amplifier 

Pin 14 CD4001 

FIG. 1-19 

NOR gates a and b form a low-frequency oscillator that is activated when the CDS cell, under 
dark conditions, causes NOR gate a to see a logic zero at one input. This low-frequency (10 Hz) gates 
a high-frequency oscillator (c and d) to oscillate at around 1000 Hz. Rl can be varied to change the 
pulse rate and R2 to change the tone. R3 sets the trigger point. 

WILLIAM SHEETS 

LIGHT-BEAM ALARM PREAMPLIFIER 

C1 
0.1 µ.F 

Photo ff. diode 

100 kfl 

+12V 

2.2MH 

+12V 

Output 

FIG. 1-20 

This circuit can be used for light beams to 20 kHz. The gain of the operational amplifier is set for 
a 40-dB gain. 
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WILLIAM SHEETS 

PRECISION LIGHT ALARM WITH HYSTERESIS 

CDS 
cell 

0 1 µF 

--I>------~ 

7 

680 kn 

d 
11 

To amplifier 

___ co_1~_:m_
1 
__ 1.

2

_M_n ___ ,:L:::•~' 

i 

IC2 

1 Mn 

100 kil 

R3 
Hysteresis 

ad/ust 
10MO 

lGND 

FIG. 1-21 

The TL081 is used as a comparator in a Wheatstone bridge circuit. When the CDS cell resistance 
decreases due to exposure to light, the output from IC2 cause the low-frequency oscillator (a) and (b) 
to generate a 10-Hz square wave, gating the 1000 Hz oscillator (c) and (d) on and off. This signal dri­
ves an amplifier. R3 controls hysteresis, which reduces on-off triggering near the threshold set by R4. 

HIGH-OUTPUT PULSED-TONE/LIGHT-ACTIVATED ALARM 

01 µ,F IC1 470 pF 

220n 

WILLIAM SHEETS 

1N40Ri01 lSll Horn 
· speaker 

02 1N4007 

82fi l -= 

l :3055 FIG. 1-22 

This circuit can produce up to 1 W of audio power to drive a speaker or horn. When the CDS cell 
is struck by light1 its resistance decreases thus activating NOR gate (a) thereby causing (a) and (b) 
to produce a low-frequency (10-Hz) square wave. This pulses the 1-kHz oscillator ( c) and ( d), caus­
ing it to generate a pulsed I-kHz tone at a 10-Hz rate. Ql and Q2 amplify this signal. Q2 (2N3055) 
drives the speaker. 
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WILLIAM SHEETS 

SELF-LATCHING LIGHT ALARM WITH TONE OUTPUT 

RA 
250kn 

100 kfl 

------------..---- 112V 

1:!l b 

L~s 
Rase71_ 

0.001 µ,F 

.-------11 ~---.--~ 

680kU or 
CD4000 

1------)11,- GND 

FIG. 1-23 

A decrease in the resistance of the CDS cell when lighL strikes it activates latch a and b, enabling 
tone oscillator c and d which produces an output of about 1000 Hz. RA sets the trip level. SI resets 
the circuit. 

ALARM SOUNDER FOR FLEX SWITCH 

+5 TO +15V 

Plastic outer sheath 
Rubber separators Al S2 R2 

1K 6 Flex switch 4.7K 
7 4 

R4 Cl + R3 
100K U1 10 200K 

6 15515 

2 3 '=' 
Conductive foil strips 

A 
SPKR1 + C3 C2 

.1 80 2.2 

B 

POPULAR ELECTRONICS FIG. 1-24 

This is a cross-sectional diagram of a flex switch. They can be used as pushbutton or even posi­
tion sensors. This schematic diagram shows an oscillator, which is used as an alarm sounder, trig­
gered by a flex switch. 

15 



BURGLAR CHASER 

R3 

R1 R2 

C1 

C2 

1991 PE HOBBYIST HANDBOOK 

-82 ................................. .Metal Hom Buzzer 
C1 ..........•..•........ 5 14f 250 volts Capacitor 
C2............ .022 µ.F Green Cap (223 K5K) 
D1 ......................................... 1N4007 Diode 
FT ................... Micro Strobe Tube/Reflector 
L 1 ............................................. Neon Lamp 
01 ............................. C1740 SW Transistor 
Q2 ................................................ 106SCR 
A1 ................................... 200 ohm Resistor 
R2 ................................... B20 ohm Resistor 
R3 ...................................... 1 o meg Resistor 
T1 ............................... Inverter Transformer 
T2 .................................... 4 kV Trigger Coll 

FIG. 1-25 

The burglar chaser makes a great accessory for any alarm system. It creates brilliant fl.ashes of 
white light and a loud, irritating sound from a metal horn buzzer. Transformer Tl is connected to Ql, 
Rl, and R2 to form a blocking oscillator. This creates a 6-Vac signal on the primary of Tl. Because of 
Tl's large ratio of turns from primary to secondary, the 6-Vac signal is stepped up to a level of over 200 
Vac, which is then rectified by D1. The resultant de voltage is applied to storage capacitor Cl and the 
neon relaxation oscillator made up of R3, C2, and 11. Each time C2 charges up to a sufficient level, it 
ionizes 11, which causes SCR Q2 to fire. The firing SCR causes the charge on C2 to be applied to the 
trigger coil. The trigger coil converts the 200 V into the 4000· V pulse that is needed to fire micro xenon 
strobe tube/reflector Pr. The cycle repeats itself after the strobe tube fl.ashes. 

SILENT ALARM 

POPULAR ELECTRONICS FIG. 1-26 

A sensor switch triggers a set-reset flip flop and lights an LED. 

16 



2 

Amplifier Circuits 

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

Difference Amplifier 
Fast-Inverting Amplifier with High Input Impedance 
Noninverting ac Amplifier 
Inverting Surn:mi.ng Amplifier 
N oninverting ac Amplifier 
Fast High-Impedance .Input-Inverting Amplifier 
Nonlinear Operational Amplifier with Temperature-

Compensated Breakpoint 
MOSFET High-Impedance Biasing Method 
Inverting Summing Amplifier 
Bootstrapped Source Follower 
30 Mn JFET Source Follower 
JFET Source Follower 
Unity-Gain Noninverting Amplifier 
JFET Amp with Current Source Biasing 

Electret Mike Preamp 
Difference Amplifier 
General-Purpose JFET Preamp 
FET Amplifier with-Offset Gate Bias 
Push~Pull Darlington Amplifier 
Noninverted Unity-Gain Amplifier 
500 MO Input Impedance with JFET Amp 
Discrete Current-Booster Amplifier 
Frequency Counter Preamp 
Audio to UHF Preamp 
V- & I-Protected Intrinsically Safe Op Amp 
Current Feedback Amp Delivers 

100 mA@ 100 MHz 
General-Purpose Preamplifier 
Test Bench Amplifier 

17 



DIFFERENCE AMPLIFIER 

+V 

R4 

_ R3 + R2 R4 R2 
- V - -V2- - V1 

OUl - R1 + A4 R1 R1 

FOR Rl "' R3 AND R2 = R4 
R2 

VouT = - {V2-V1) 
R1 

R111A2:A3IIR4 

POPULAR ELECTRONICS FIG. 2-1 

FAST-INVERTING AMPLIFIER WITH HIGH 
INPUT IMPEDANCE 

POPULAR ELECTRONICS 

C2 
150pf 

FIG. 2-2 

Ul is used as a voltage follower to feed in­
By using two inputs as shown, a difference verter U2. Because Ul is in the voltage-follower 

amplifier yielding Lhe differential between U 1 and configuration
1 
it exhibits a high impedance. 

U2, times a gain factor results. 

NONINVERTING ac AMPLIFIER 

Rl 
1MEG 

+V 

R2 
10MEG 

V0!1T = R1 + R2 V 
R1 IN 

R,N=·R3 

R3=R1IIR2 

POPULAR ELECTRONICS FIG. 2-3 

A general-purpose noninverting ac amplifier 
for audio of other low-frequency applications is 
shown. Design equations are in the figure. Al­
most any general-purpose op amp can be used 
for Ul. 

18 

INVERTING SUMMING AMPLIFIER 

R1 

+V R4 

V -R4 - + - + [
v, v2 vl) 

OUT R1 R2 R3 

R5= R111R2IIR311R4 

POPULAR ELECTRONICS FIG. 2-4 

The output of Ul is the sum of Vi, V2, and V3, 

multiplied by R/R4 , R/R4, and respectively. Rl, 
R2 R3 are selected as required for individual , 
gains. R4 affects gain of all these inputs. 



·NONINVERTING ac AMPLIFIER 

R1 
1MEG 

+V 

R2 
10MEG 

V0ur = R1 + R2 V 
R1 IN 

R1N = R3 

R3=R1IIR2 

FAST HIGH-IMPEDANCE INPUT­
INVERTING AMPLIFIER 

C2 
150pF 

POPULAR ELECTRONICS FIG. 2-5 POPULAR ELECTRONICS FIG. 2-6 

NONLINEAR OPERATIONAL 
AMPLIFIER WITH TEMPERATURE 

COMPENSATED-BREAKPOINT 

MOSFET HIGH-IMPEDANCE 
BIASING METHOD 

1 i,.F 

10 µ,F 

+ 

I 
rnoMn 

3.91<H 

elN 0---, 

l 
+12V 

WILLIAM SHEETS FIG. 2-8 

POPULAR ELECTRONICS 

High-impedance biasing method for an N­
channel MOSFET to form a linear-inverting am­

F/G. 2-7 plifier. 
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INVERTING SUMMING AMPLIFIER -BOOTSTRAPPED SOURCE FOLLOWER 

+12 V 

R1 
v, 

R2 22MO 
V2 +V R4 

Va 6 Vour 
Out 

R5 

(
v, V2 V3 ) 

Vour•-R4 -+ - +-
R1 R2 R3 

RS= R111R211R311R4 1~MO 
WILLIAM SHEETS FIG. 2-10 

POPULAR ELECTRONICS FIG. 2-9 This bootstrapped source follower uses an 

30-Mn JFET SOURCE FOLLOWER 

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

2701tn MPF 102 

0.01 µ,F 
Audio --.J 1---i------; 
input -----i 

f 

WILLIAM SHEETS 

10µF 

+ + 
16 

V Audio 1------- o u t put 

f 
4.7k0 

FIG. 2-11 

N-channel MOSFET. It has a high input 
ance. 

JFET SOURCE FOLLOWER 

+12V 

MPF 102 

+12 V 

This JFET source-follower uses an MPF102 WILLIAM SHEETS FIG. 2-12 
with offset biasing. It has an input impedance of 
>30Mn. 

20 

The circuit uses positive gate bias to improve 
the operating point for better dynamic range. 



UNITY-GAIN NONINVE-RTING AMPLIFIER 

+10V 

NCH 
0.001 µF MOSFET 

Input 

WILLIAM SHEETS FIG. 2-13 

Input 

JFET AMP WITH 
CURRENT SOURCE BIASING 

MPF102 

~1~F 

4.7 Mfi 

+ 
10 µF 
16 V 

+12V 

4.7 k!l 

+ (--D 
10 µF Output 

16V I 
2N3906, 2N2905, etc. 

1N751 

-12V 

2.2 kfi 

-WILLIAM SHEETS FIG. 2-14 

Biasing methods for an N-channel MOSFET A current source (MPF102) in the source 
to form a unity-gain noninverting amplifier or lead of bipolar transistor 2N3906 permits accu-
source-follower. rate control of drain current. 

ELECTRET MIKE PREAMP 

+1.SV 

2.2K 

= 

ELECTRONICS NOW 

Cl 
.001 

C10 
221,lf 

+ I-

FIG. 2.;15 

This circuit is suitable for using an electret 
microphone for many applications. A 1.5-V bat­
tery is used. C 1 and R3 provide treble boost/bass 
cut; they can be eliminated, if desired. 

DIFFERENCE AMPLIFIER 

+V 
R2 

R4 

R3 + R2 R.4 R2 
- Voor= -- -V,r- V1 

Rl + R4 R1 Rl 

FOR R1 = R3 AND R2 = R4 
R2 

Vour=- (VrV1) 
R1 

R1/JR2:R3I1R4 

POPULAR ELECTRONICS FIG. 2-16 
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GENERAL-PURPOSE JFET PREAMP 

Input 

49 µF 
25 V 

~i-µ.F MPF 102 
r 2.2MO 
_ 2.2 kO 

WILLIAM SHEETS 

1 kn 

FIG. 2-17 

FET AMPLIFIER WITH OFFSET GATE BIAS 

,--------i----------+24V 

100k0 4.7kH 1DµF 
__ +-~ 

l° 
Output 

WILLIAM SHEETS FIG. 2-18 

In this amplifier circuit, the gate of the 
This JFET preamplifier has a gain of about MPF102 is biased with an external voltage. This 

20 dB and a bandwidth of over 100 kHz. It is use- circuit achieves tighter control of the operating 
ful as a low-level audio amplifier for high-imped- point and biasing conditions. 
ance sources. 

PUSH-PULL DARLINGTON AMPLIFIER 

Rl 
220K 

R2 
100K 

Ul 
2N391M 

POPULAR ELECTRONICS 

C2 
1 

+V 

R5 
3K 

OUT 

FIG. 2-19 

This circuit has a high-Z input and push-pull 
output via the output taken across R4 and R6. 

22 

NONINVERTED UNITY-GAIN AMPLIFIER 

V+ 

R1 

-= v-

WILLIAM SHEETS FIG. 2·20 

An op amp can be used as a unity gain am­
plifier by connecting its output to its inverting 
input as shown. RI should be low enough so the 
bias current of the op amp does not cause an ap­
preciable offset. 



500-MQ INPUT IMPEDANCE WITH JFET AMP 

330k0 
+18 V 

+18V 

Input 

f 

WILLIAM SHEETS FIG. 2-21 

A current source using a 2N3904 transistor plus bootstrapping, achieves an input impedance of 
500 MO. A second 2N3904 transistor can be added at X to lower the output impedance. 

POPULAR ELECTRONICS 

RS 
15K 

DISCRETE CURRENT-BOOSTE-R AMPLIFIER 

C3 
1 I'' _________________ .,_.__ +24V 

Cl 
\ 

R11 
15K 

A12 
10K 

Suitable as a line driver, this circuit is useable in many similar audio applications. 

R4 
1301{ 

FIG. 2-22 
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FREQUENCY COUNTER PREAMP 

Jl 
INPUT 

RADIO-ELECTRONICS 

C2 
47µF 

+'=' 

+SV 
01 

1N914 

D2 
1Nl14 

-5V 
+5V 

-5V 

OUTPUT 

R12 
5100 

as 
2N2319 

FIG. 2-23 

Based on the LM733 or NE592, the preamp shown has a bandwidth of 100 MHz. The FET inputs 
provide about 1-Mn input impedance. Q4, Q5, and IC2 provide signal conditioning. 

AUDIO TO UHF PREAMP 

100,..F RFC 

,---~Si-;;.•_.....,.3"'V'
90

~,...,_H_.....( +6\IOC REGULATED 
/11 J 2'1mA 

01 

~ RF OUT 
~017!'.itl 

r,._20d8 

73 AMATEUR RADIO TODAY FIG. 2-24 

24 

The Signetics NE5204 or NE5205 can be 
used in this AF to 350-MHz (-30 dB) preamp. If 
600 MHz @ 3 dB is needed, use the NE5205. The 
noise figure is 4.8 dB at 75 n, 6 dB at 50 Q. Gain 
is approximately +20 dB over the passband. 



WILLIAM SHEETS 

y .. & I-PROTECTED INTRINSICALLY SAFE OP AMP 

R1 
56011 

] Load 

FIG. 2-25 

The circuit is designed to drive an external load. A fault condition in the external load circuit 
could feed excessive current or voltage back into the line drive circuit. If excessive voltage appears 
from the load, the two zener diodes will clamp that voltage to a safe level, which in this case is 10 V. 

The current in the zener diodes, op amp, and the remainder of the circuitry is limited to a safe 
level by resistors Rl, R2, and R3. D1 protects the op-amp output stage from 10 V appearing across 
the clamp diodes under a fault condition. 

The advantage of this circuit is that, although it1s designed as unity gain buff er, the same tech­
niques can be applied to inverting, noninverting, or differential gain stages. 

CURRENT FEEDBACK AMP DELIVERS 100 mA@ 100 MHz 

NATIONAL SEMICONDUCTOR FIG. 2-26 

Using a NS LM6181, this IC is useful in cable 
drivers. The supply voltage is ±5 V to ±15 V. 
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GENERAL-PURPOSE PREAMPLIFIER 

GENERAL PURPOSE PREAMPLIFIER 

~------------1.Y- e>---+9V 
S1 

RJ 
TOOK 

01 
BC109C 

R4 
47DK 

ON/OFF 

CJ 
10 

Suitable for general audio use, the preamp 
circuit uses a feedback pair. Current gain is set by 
the ratio of (R4 + R6)/R4. 

POPULAR ELECTRONICS FIG. 2-27 

01 
1N34 

"SEE TEXT 

POPULAR ELECTRONICS 

TEST BENCH AMPLIFIER 

J4 

EXTERNAL½ 
12V DC R4• 
SUPPLY -=- 22n 

S1 
POWER 

02 Bl 
1N4001 9V 

---•----lt-i 
+ -:e:-

ON 

SPK1 
16!2 

OUT IN 

S3 
SPKR 

J2 
SPKR 
OUT 

J3 
AUDIO 

OUT 

FIG. 2-28 

This amplifier might be useful in servicing or bench testing as a signaLtracer or as a building 
block in various systems. 
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3 

Analog-to-Digital Converter Circuits 

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

ADC Poller 
8-Channel AID Converter for PC Clones 

27 



ADC POLLER 

4.9152-MHz 74HC4040 oscillator 
15 

240GHz 
CLKIN Vollaga 

relerence SCLK 

+ AIN ·5V Signal AGND 

MOOE +5 V 
CS 16 } 

To 74HC107 
CS5501 

SCLK t-1"='9-+-------_,,.1.,...1, ...-------. 
SOATA r--2-8-----12- 74HC59S ...... 9 __ --'-1 DROY r--1_8 _____ 14-1 ..._ ___ __. 

74HC595 

ELECTRONIC.DESIGN FIG. 3-1 

Because the CS5501 16-bit-delta-sigma analog-to-digital converter lacks a "start convert" com­
mand, it converts continuously, outputting conversion words to its output register every 1024 cycles 
of its master clock. However, by incorporating a standard dual J-K flip-flop into the circuit, the ADC 
can be configured to output a single-conversion word only when it is polled. 

The CS5501 converter can be operated in its asynchronous communication mode (UART) to 
transmit one 16-bit conversion word when it is polled over an RS-232 serial line (see figure). A null 
character (all zeros) is transmitted to the circuit and sets the flip-flop FF2. The CS5501 can then out­
put a single-conversion word, which is transmitted over the RS-232 line as two bytes \Vi.th start and 
stop bits. 

The baud rate can be chosen by selectLr1g the appropriate clock divider rate on the 7 4HC4040 
counter/divider as the serial port clock (SLCK) for the ADC. This type of polled-mode operation is 
also useful when the ADC's output register is configured to operate in the synchronous-serial clock 
(SSC) mode. In this case, the converter will load one output word into a 16-bit serial-to-parallel reg­
ister (two 74HC595 8-bit registers) when polled to do so (see figure). 
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r.o 

8-CHANNEL AID CONVERTER FOR PC CLONES 

The following program causes the A-D conve11ar to perform eight ~ential 
conversions and display the result. It's written in TurbQ BASIC/Power BASIC 
s;ource code, bul il will run under 1he GW-BASIC inlerpralllr if you repfalCe 1he delay 
stat8Tllflls wilh FOR/NEXT loops, and add line nurrt,ers as shown in the second 
listlng. These PfOOl'8ITI8 are available on ll'le 73 BBS U1dar Ile tilv~ AOC Tur• 
bo.BAS and ADCGW.BAS. 
INITIALIZE: 'remadu, follow the aposrropbe 

sctHfl O '18111 mode 80 column& 
color 14.0 'ylllklwonblue 
els 'dear It!$ sc,een 
clear 'dear al ll&l1ld)fe$ 
.. 18'%=2 'nilialize v111riablilla 
cddsign%-O 

MINORLOOP: 
wh~nolinSbll 

OU1888,1 
delay 1 

01.II 888.0 
delay.OM 

fotch%aOI07 
out9118,8 
out888,0 
out8882 
out890,0 

for sbw%-O kl 1 ·nut tlloW'K. 
out890,1 
001888,2 
out890,0 

fDr $10W%a.O 10 1:nellt slow% 
out890.1 
Out 1!18!1.odds,gn'Y. 
~ ocldsign%,1oggla% 
out890.0 

fDr sJoW%,,:() lo 1:next slow% 

::::!.1ectt"J. 
011teso.o 

fer Slow%,,aO to 1:IW!xt slow% 
out.890,1 
out 888.select0% 
out890,0 

tor slow"Jl.=O to 1.r111J(t sloW"4 
out.890.1 

READBITS: 

'keep going until I key IS in,aed 
~llnah91 
wall 1 Sl8CCllld befonl nllld sampte 
"l9'lt up 1h4t 111111118\or 
'Walt 54111~ to 11!al:lilize 
'!IClll'l8d11111nel$ 
'CShighpi,S 
'CSlow 
'lltall bit ill always...., Ol lme 
'dock high pin 1 of 08 25 pri'ller 
'slradleflcloc:kpl.lls8 
'dacklow 
'8 single ended mear.uramenls Mlec:ted 
'clock high 
'slre1Ches cJodc putsa 
'clocklow 
'pa.It DI the: channtl Ulecton stmg 
\oggles bel-1 Ngh and low 
'clock!\~ 
'stretches Clock pulse 
'docfclow 
'pan ol !he channel S&ledion s;img 
'cloc:klilgh 
'strtl1Ches clock pulse 
'eloct low , 
'J)alt of lhe channel seiechon Siring 
'clockh9'1 
'stl'81dle1; CIQ(:k pulse 
'clock low 

tor brA.=7 to o step • 1 'MSB is first out 
out 890,0 'c:lock hgh 

kw sloW'lii=D to 1 ne11t slow% Sll'M:hei. clock pulse 
oul 890, 1 'cloc:k low 
ed%airip(ll89) 'polt889pin10 7-low135-h9' 
if ad'Y.c120 tlen l>J1S%=byte%i{2"1>ito/o) 
nelltllll~ 
ifch'!l.-olhen 
If ch'l!r,,,,t lhen 
if ch'--2 then 
if Ch"Jl,,,.3 then 
,fc:h""'"4 ltlln 
it ch%=5 thlln 
Jfch'll,...6 Iha'! 
If ch%,. 7 lhen 
b)'te%=O 

neJCtch% 
pmiusr,g 

Nlecl1%a(): sekN:10%,,0 ch0Yolls=byte%151 
Nlec:t1%=0; SllkH:10%=2 chlVOlts-by\eo/a/51 
!felect1%=0 58lecl0%=2 ch2VO~s-tlyteo/al51 
selecl:t%-2: salectO'll,:,,O ch3vo~S=bVle%/51 
Nllllc:t1% .. 2: salicl0%=0 ch4vDlls,,,bJH1%/51 
selec:11 %-=i' selecl0%=2 chSvohS=byte%/51 
IICllecll"Jl,"'2: seleel0%a2 ch6\lo11S=~1 
selecl1"4=0 selK10%sO ch7volls=tJrte%151 

•H.t":chOvots, ch111olls, c:h2volts.ch3COlls.cfl4vol1s.ch5voltS.ch6Vobs,ch7'\lolls 
wend 

73 AMATEUR RADIO TODAY 

GWBASIC Version 
10 • The lol!owilg progiam causes the A-D CMVel1er to pertorm e1gnt 
20 • sequential conversi:lns and displll!,' 1118 result 
30 SCREEN 0 'l$ltl mode BO do1u11ms 
40 COLOR 14,0 'yellow on blue 
50 CLS 'clear lhe screen 
eo CLEAR 'clear all variables 
70 TOGGLE%a.2 ln~alize vaiilbles 
8000DSIGNIJl.s.O 
90 IF INl<EY$< >"" lHEN END 'keep going until a key is p,essed 
100 OUT 888, 1 'regulator line high 
110 OUT 8118,0 Tigm lll> the regulator 
120 FOR W%.sO TO 500:NEXT W%. 'wai S4 mseotindl! 10 SUlbifize 
130 FOR CH%-O TO 7 'scan 8 channel6 
140 OUT 888,8 'CS high pin 5 
150 OUT 888,0 'CS low 
160 OUT 888,2 'star1 bll is et.ays tugh DI line 
170 OUT 890,0 'clock high pin 1 of D8 2'5 printer 
180 FOR SU>W%---O TO 1 NE)(T SLOW% 'stretches clack pulse 
190 OUT 890, 1 'dl'ldl; loW 
200 OUT 888,2 '8 s;n!Jle en~ maasuNll'l!enls •ledld 
2100UT890,0 'ctool.t)9'1 
Z!O FOR SLOW%=0 TO 1 :NEXT St.OW% 'stivtches cli:ick pulse 
230 OUT 690, 1 'clod( low 
240 OUT 888,00DSIGN% 'part of ttMt ciu1nnel selectt0n stmg 
250 SWAP OODSIGN"4.TOGGLE% ,agg1es between higt, and low 
260 OUT 890,0 'clodt h91 
270FORSLOW%=010 1:NEXT SLOW% 'ISl19b:hes doci< pulse 
280 OUT 890,1 'ciOCk low 
290 OUT 888.SELECT1%. 'part of 1he channel selection string 
300 OUT 890,0 'ciOCk high 
3,0 FOR SLOW%=ll TO 1 :NEXT SLOW% 'slnllche1 clock pulse 
320 OUT 890. 1 'ciock low 
330 OUT 888,SELECTII% 'part of the channel selection string 
341> OUT 890,0 'clock high 
350 FOR SLOW%=010 1.NEXT SLOW% 'stretches clock p111&& 
360 OUT 890, 1 'dtw:k low 
370 REM 're¥! oulpul brtt 
380 FOR BIT%=7TO O STEP ·1 'MSB is first out 
390 OUT 890.0 "Clock high 
400 FOR SLOWo/,,,,-O TO 1:NEXT SLOW% 1f ad"4'stretchas doe); pulse 
4 ,0 OUT 890.1 'clock low 
4201\0%.clNP(889) 'port 889 pin 10 7-low 13S-h,gh 
4SO IF AD%ct20 THEN 8VTE%=BYTE%+(2"BIT%) 
440 NEXT BIT% 
450 IF CH~ THEN SELECT1%=0: SELECT0%st0: CH0VOLTS=BYTE%1Sr 
480 IF CH%=1 THEN SELECT1%-0: SEl:.ECT0%=2: CH1VOLTS•BYTE%151 
470 IF CH'Jl.=2 THEN SELECT1%=0: SELECT0%=2: CH2VOLTS-BYTE%151 
480 IF CH%=3 THEN SELECTt%a2:: SELECT0%=0: CH3VOLTScBYTE%151 
490 IF CH%=4 THEN SELECT1%=2 SELECTO'l\.a0 CH4VOLTS=BYTE%151 
500 IF CH'll.aS THEN SELECT1%=2. SELECT0%,.,2 CHSVOlTS2 BYTE%151 
5l0If CH%-6 THEN SELECT1~: SELECT0%-=2: CH6VOLTS,.SYTE'Y.151 
5201F CH%=7 THEN SELECT1%=0: SELECT0%=0: CH7VOLTS=BYTE%151 
530 BYTE'X,.O 
fi4Qneldch% 
550 PRINT UStNG•tu":CI-IOVOLTS. CHWOLTS. CH2VOLTS.CH3COLTS, 

C1-14VOLTS.CH5VOLTS,CH6VOLTS.CH7VOLTS 

FIG. 3-2 



a-CHANNEL AID CONVERTER FOR PC CLONES ( Cont.) 

NA\.06 INPUTS 

' 
A!lCOll:'16 

COM 
c.RO 

MON 

UIIIO 

IM 

I -
!. 

I 

I 

I 

I 

f "" 

•cc 

cs-~ 
D l ..._ -

n• ,.__.,__ 

DO 

... 
"•H I--

AG•Dr7 

-
•Ot 

- _I 

J 

4 
470 

101,l~ .,, 
I\ 

l rD 
,e-,.,J' 

~ 

-r-----·---

r;i r!, 
!'>.,, 
F![GUL.IITOR 
!URf'AC! 
MOUIIT 

L!J T 
I 

l>1!1NT£R PORT 
CO"ll<IECT01'! 

'3 \/Oll .. ?; 10, ~ Hi----/ ' + . -. -" . 
" . . 

0 . 
.-ITT I 

. - . . 
-==--. 

f 

An AID converter by National Semiconductor (ADC0888), converts 0- to 5-V analog inputs to a 
digital data format. A 9-V battery is used. The converter connects to the pointer port cormector via 
a 25-pin connector. 
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4 

Antenna Circuits 

The sources of the fol10vving circuits are contained in the Sources section, which begins on page 
675. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Dual-Band Loop Antenna For 80 & 160 m 
VLF-VHF Wideband Low-Noif:ie Active Anterma 
VLF 60-kHz Antenna/Preamp 
Simple Balun 
Wideband Ante1ma Preamplifier 
HF Broadband Antenna Preamp 
Automatic TR Switch 
Low-Power Antenna Twi.cr 
Loop Anterma Preamplifier 
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DUAL-BAND LOOP ANTENNA FOR 80 & 160 m 

• ..------;•-. -----7 

1• 
18 

S1 

I 
f L1• I 
I - I L _____ .J 

r------. 
• 

C2 
120pf 

"SEE TEXT 

POPULAR ELECTRONICS 

C1 
365pf 

A 

B 

02 
2N81M 

R2 
150K 

C4 
.047 

R3 
1K 

C5 
.047 

r 
T 81 
I +9V 

-I. 

FIG. 4-1 

This antenna might help to reduce power-line noise. A plastic "hula hoop" or conduit 3 feet in di­
ameter, covered with aluminum foil as a shield is used for LI and L2. LI is two turns and L2 is one 
tum, threaded through the loop. 81 selects 160- or 80-m operation. Ql and Q2 form a preamplifier 
for the loop antenna. Do not transmit with this antenna-it is for receiving only. 
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VLFNHF WIDEBAND LOW-NOISE ACTIVE ANTENNA 

........ 

ELECTOR ELECTRONICS USA 

nolon PCB 
(phantom supply) 

Ce 

:J!!on 

--------------· I I 
I ----+ 12V I 
I I Lll * &OmAI 
I : 470i,tH ... 4mH I 

I ~ I u I 

: 0 ~ I c
7 

1330n ~ It l , _____________ .J 

FIG. 4-2 

A 30- to 50-cm whip anterma provides reception from 10 kHz to over 220 MHz. Tl, a dua}.,,gate 
MOSFET, provides low noise, high-input impedance, and high gain. The circuit is powered via the 
coaxial cable used to connect the antenna to a receiver. 
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VLF 60-kHz ANTENNA/PREAMP 

SCOTCH 
TAPE !> 
r[RJIITE 
l'lOOS 
TOGETHER 

§1 
~ 
Pi . . 

' I 
I 
I 
I 
! 

I 
I 
I 

!>00-600 I 
TUIINS ! 
No l0-36 I I 
WIRE ON I , 

~i:lllTE AOO ~ 

IOOpF 
S 14 

,ooor 
$. M 

f'LAT Sll>E 
FRONT 

a 
~1-----------+-------~ 

+9\1 

Q,()I 

~ 

FIG. 4-3 

Suitable for 60-kHz standard frequency reception~ here is a schematic for a FET preamp and an­
tenna. 
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The wires must be bound tightly together, 
but windings may be slightly spaced if 
necessary. The diagram shows a bifilar 

balun with two coils. 

50/75 
ohms 

Ferrite rod 

A 

An example of a 4: 1 
bifilar (a), and (b) a 

1 : 1 trif ilar balun. 

B 

50/75 
ohms 

PRACTICAL WIRELESS 

SIMPLE BALUN 

A 

The wire connections for the 4:1 balun. 
After connecting up and testing, the 
coils and ferrite rod may be located 

inside the-plastics film container. 

C 

S0259 

Plastics 
film box 

FIG. 4-4 

An old ferrite rod from a junked broadcast receiver can be used to construct an antenna balun, 
as shown. 
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ELEKTOR ELECTRONICS 

WIDEBAND ANTENNA PREAMPLIFIER 

20 
nH 

C1 

IC1 

2 

22n 
cer 

A 

909514 • 12 

l oou 'Tj0n 
16V tMA 

20 
nH 

1, B . 

B 

FIG. 4-5 

This wideband antenna preamplifier has a gain of around 20 dB from 40 to 860 MHz, covering 
the entire VHF, FM, commercial, and UHF bands. A phantom power supply provides de to the pre­
amp via the coaxial cable feeding the unit. 
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POPULAR ELECTRONICS 

HF BROADBAND ANTENNA PREAMP 

1600 kHz 32 MHz 
HIGH-PASS FILTER LOW-PASS FILTER 
~ ~ 

Ct C2 C3 L4 L5 
.002 .0~1 .002 .3µH .3µH 

J2 
TO 

RECEIVER rot-----.11--1 

INTERFACE 
BOX 

TO Ext X 
L6 

1mH 

(~~~~ o-- - -1-C9- -6----"'"""¥R~1 r--------C-8 .. 

. 1 1500 .1 

A 

Rl 
8.2n 

IN 0----.---¥1------+---0 OUT 

R2 
9100 

B 

R3 
9100 

FIG. 4"6 

The HF/SW receiver preamplifier is comprised of a broadband toroidal transformer (Ll-a and 
Ll-b), LC network (comprised of a 1600-kHz, high-pass filter_and a 32-MHz, low-pass filter), L2 and 
L3 (26 turns of #26 enameled wire wound on an Amidon Associates T-50-2, red, toroidal core), a pair 
of resistive attenuators (ATTNl and ATTN2), and a MAR-x device. 

Shown here is the composition of a basic 1-dB pi-network resistor antenuator. This is the 
method of supplying de power to a preamplifier using only the RF coax cable. 
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AUTOMATIC TR SWITCH 

RIG 

Two Meter 
Transceiver 
Connect,on 

flJ Ll 

TwoMe1tr 
Antenna 

Con1111C1ion 

CNVTR Receive Con11erttr COM8Cli01\ 

0 1nc1,ca1es Wilkinson Hybod sect,on - See text ror c!iscuss,on 

C1, C2 • 39pf m;c.a caps 

D1, D2 IN914, 1N4148S,D~s 

L 1 • 2 turns I 18 tinntd wite. 114 onch IO. 0.2 11\Ch long 

m. n2 and n3 c:on•is1or 1sncoasll9Cl•ons, 114walftllthecenttrofthe 
trallSC91ver iran1mltter band iypicall:, 147 Mhz 
n1 and na a-. combined ,none co111,nuous length of~ - 112 wav.length total. 

Siiie ltllt lor tddilional OIIICV$&10n 

A 

73 AMATEUR RADIO TODAY 

ANT 

Antenna 
Connect,on 

C1, C2 • 39pF mica caps 

01, 02 - tN914, 1N4148 S. DiOcles 

..rt-c:t:==:::::::J:>---f-< RIG 

CNVTR 
SeaMtl COM~iOtl 

Two Mele! 
T,an-iwr 
Connec1,on 

L 1 • 2 turns # 18 tinned "111'1!1, 11, inch 10. 0 2 inch lol'lg 

n1, n2 and ns con&1st of 7S Il coax NC!iOl'l!i, 1f4 wave at the c:enter ol the 
lflill11091Wr ltal\$111ltttr band typically I 47 Mh2. 
n1 and n3 aNJ combined ,n ona continuous length of cable • 112 wavti.ngth IC{al. 
see !tld k>r edclitlonal ds.cutilon 

B 

FIG. 4·7 

A pair of diodes and a quarter-wave transmission line are used as an automatic TR switch. D 1 
and D2 conduct during transmit periods, short-circuiting the scanner input. In this mode,-the ¼-wave 
line appears as an open circuit. In receive, the circuit acts as a Wilkinson power divider. 
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LOW-POWER ANTENNA TUNER 

This antenna tuner is suitable for use with 
low-power (less than 5 W) transmitters or SW re­
ceivers. S2 selects inductance and S2 connects 
the 365-pF capacitor to either the transmitter or 
the side of the inductor. The tiny tuner is com­
prised of a tapped inductor (Ll) and a variable 
capacitor (Cl), which is connected to the induc­
tor through a center-off SPDT switch (Sl). That 
switch arrangement pennits the capacitor to be 
connected to either the input or the output of 
the circuit. 

1993 ELECTRONICS HOBBYISTS HANDBOOK FIG. 4-8 

LOOP 

LI 
TAP 

LOOP ANTENNA PREAMPLIFIER 

QI 
MPFI02 

02 
NPN 
2N3904. ETC 

R4 
10k 

C3 

C5 OUT TO 
0.01 RCVR 

RS 
I k 

~ 

*CI- SEE TEXT 
T01 ?4 ;;--f' 

GSD CBE 
MPf102 NPN 
PIN OUTS - BOTTOM VIEW 

73 AMATEUR RADIO TODAY 

+ 
9-12V 

This preamplifier has a built-in regeneration control boost gain selectivity. Cl is a single or multi­
gang AM broadcast-band tuning capacitor. 11 is a ferrite loop antenna, tapped at about 15 to 25% of 
total turns. This circuit should prove useful for low-frequency (up to 3 MHz) reception, where a loop 
would be advantageous to reduce man-made noise pickup. 
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5 

Audio Power Amplifjer Circuits 

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

20-W + 20-W Stereo Amplifier 
40-W Amplifier 
Half-Watt Single-Channel Audio Amplifier 
Dual Audio Amplifier 
A 70-W Composite Amplifier 
A 33-W Bridge Composite Amplifier 
MOSFET Power Amplifier 
10-W Noninverting Composite Amplifier 

10-W Inverting Composite Amplifier 
LM380 Personal Stereo Amplifier 
Subwoofer Amplifier 
18-W Bridge Audio Amplifier 
Subwoofer Crossover Amplifier 
Audio Power Amplifier 
Fast High-Voltage Linear Power Amp 
Single-Chip 40-W Amplifier 
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1991 PE HOBBYIST HANDBOOK 

20-W + 20-W STEREO AMPLIFIER 

C1,C2,C12,C13 ...... 4.7µF Elec-
trolytic Capacitor 

C3,C4,C5,C6, 
C7,C14,C15 .. 1 DO µF Electrolytic 

Capacitor 
C16,C17,C18,C8, 
C9,C1O,C19,C2D, 
C21 ...... 0.47µF MylarCapacitor 
C11 ...... 3300 µF, 25V Electro-

lytic Capacitor 
D1 .......... 3 Amp Rectifier 
L1 ............ Red LED 
A1, A11 .. 47 ohm, 1 watt Resistor 
R2, R12 .. 33K, 1/4 watt Resistor 
R3,R5,R13,A14 ...... 12 ohm, 114 

watt Resistor 
R4.R 19 . . 120K, 1 /4 watt Resistor 
RS, R 15 .. 2K. 1 /4 watt Resistor 
R7,R16 .. 1 K, 1/4 watt Resrstor 
RB ·····---· 680 ohm, 1/4 watt 

Resistor 
~9.R10,R17,R18 .... 3ohm, 1/4 

watt Resistor 
P1 ,P2 .... 50K Dual Potentiometer 
IC1, IC2 NEC70001AB Amplifier 

·F/G. 5-1 

The 20-W + 20-W stereo amp consists of two complete, separate 20-W RMS bridge-type ampli­
fiers. The input signal source is brought into the amplifier through the voltage divider network, which 
is made up of Rl, R2, and Pl. Resistor Rl provides a load impedance between the signal source a~d 
ground. Resistor R2 couples that signal to potentiometer Pl. 

The signal is coupled by capacitor Cl to the noninverting (+)input (pin 1) of internal amplifier 
(A) of ICI, where the signal is greatly amplified. Capacitor C2 couples the (+)input of the other (B) 
internal amplifier of I Cl to ground. That causes the input signal, which is referenced to ground, to be 
coupled to both amplifiers because both the inputs and outputs of I Cl (A) and I Cl (B) are connected 
in a bridge configuration. Notice that the output of ICl (A) from pin 10 is connected to one side of 
the speaker and the output of ICl (B) from pin 8 is connected to the other side of the speaker. That 
is why the speakers used cannot have one side connected to ground. Resistors R6 and R7 set the gain 
of the amplifier. Resistors R9 and RIO and capacitors C9 and CI O provide frequency stability and pre­
vent oscillation. Capacitors C6 and C7 provide "bootstrapping," which prevents distortion at low fre­
quencies. LED Ll lights up by way of a series resistor connected from the anode to +12 Vdc when 
power is applied. 

Power for both ICl and IC2 is brought in through DI (to protect amplifiers from reverse polar­
ity). Capacitor Cl 1 provides additional power supply line filtering. This booster is capable of pro­
ducing 20 W RMS output out of each channel. 
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ELECTRONICS NOW 

R1 
3320 

40-W AMPLIFIER 

r· -R3 1 r--------------------- .., --- ,c ---1 
I 1MEG : ! C6 • R11 C14 1- i 
I .----- I I R7 47pF 10 0.2 

I cs I I ..... ~2,.,.Kir--41-------....------"I' I .____ .4711 
I I I R6 
I ...... ~---.-~ I : 11( 
I II 
I 11 : ____ .. l\ 
I •1 I i, 
I --I----' I I I ,__ ___ ____, I ! 
I C.t I I R8 
I .47)1f 11 ti( 
L_ ---- - -------- ------ - -J L ___ -
~-
I 
I 
I 
I 
I 
I 
I 
I 
I INPUT 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I ,.. I 

L--------------------------------J 

I 
I 
I 
I 
I 
I 
I 

J 

OUTPUT 

FIG. 5-2 

This circuit uses two LM1875 devices and a de servo loop. This circuit provides 40-W output. IC3 
and IC5 must be heatsinked. 

C1 
4.7µF 

o-±i 
Input 

l R1 
rnK 

ELECTRONICS NOW 

-HALF-WATT SINGLE--CHANNEL AUDIO AMPLIFIER 

+9V 

FIG. 5-3 

This circuit uses an LM386 IC and will work 
from 6- to 12-V battery sources. Output is about 
0.5 W into 8 n. 
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* PHILIPS 4312..0ZD-317111 

,. 
SILICON CHIP 

42 

DUAL AUDIO AMPLIFIER 

+15V 

I 
I 

Sia 

AMPLIFIER // 

/ 1 

I 
I 

I 
I 

I -= 

~ ........ . 
DTIIER 0'\ 

CHANNEL El:.,_:_!JC 
VIEWED FROM 

BELOW 

PWTIC1 SIDE 

CB 
8F-,IB139 

~ 
BCE 
TIP-

MOIIIITOR 
821 

SOURCE~TAPE 

D1 

Uk 

vov~':Es..-----­
DLOG 

MT~DE 
r-1+ 831 

f i'mEo 
OTIIER 

CIWUlfl 

Zll11C551 
C 



.ti 

-= lfI 
----------------------1.JIALAIICE 

"=' 1:VN 

Q4 

_g, 

OUTPUT 

FIG. 5-4 
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A 70-W COMPOSITE AMPLIFIER 

r----------------------------------------------, 
I 
I 
1 
I 
I 

Cl 
150pF 

•------..... -w"--.... ------------------------DUAL-INVERTING 
COMPOSITE-AMP A 

I DC SERVO 
: AMPD 
I 
I 
I 
I 
I 

• I 
I ~Mr--,._=< 
I 
I 
I 
I 
t 
I 
I 

' 

+15V R2 
4.99K 

C6 
47pf 

C9 
100pf 

+25V 

+ C12 C13 
l00µF .1 

-25V 

i 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
l 
I 
I 
I 

I -,._;::._ ..... w.------------------JI : ---- ,------------ _________ J 
I I 
I I 
I I I ._ _ ___.., ..,_..___ I 
I I 

: + C19 C20 I 
I 100µF .1 I 

: -25V I 
I '=' -- I L __________________________ J 

r ------------------, 
INPUT 

BRIDGE 

R18 
1OK 

INVERTER C23 t 
: AMPG "=" -15V + lµF ,01 I ... __________________ ..:;::- _..J 

ELECTRONICS NOW 
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r-------------------------------------------------~ 
I ____.w..,-~ --•-- : I R20 -=- C24 I 
I 3320 150pf I 
I I 

r...--------w1.-.-------------------------,I 
I + 15V R21 ..--11---. DUAL-INVERTING I 

t
i 4.99K COMPOSITE-AMP B I 

C29 
~ 47pF 
I 
I 
I 
I 
I ....w~.-~ 

DC 
SERVO 

+15V 

6 

C31 
.01 

-= 

R29 
4.021< 

A30 
650. 

+25V 

+ C35 
100µF 

-25V -:-

C45 
.2µf 

RJ1 
1n 

_,__.,...VW'l...---------------....1 I 
~---------------------J 
: RL 
I Bil 
I 

I 
I 
I 

I - : 
I -25V -= - I 
L----------------------------J 

~ 
OUTPUT 

Four LM1875 devices, suitably heatsinked, and a ±25-V supply, 70 W of output are available 
from this circuit. IC6 is a phase inverter. 

FIG. 5-5 
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A 33-W BRIDGE COMPOSITE AMPLIFIER 

I 
I 
I 
I 
I 
I 

C7 C8 : 
100p.F .1 I 

I 
-25V "=' I 

AS 
150K 

C9 
.47 

R6 
1MEG 

--------------------------~ ,.. ------ - - ----
INPUTO-_,._-"iMr-....1

1
....._,....-iiNr----­

R9 ,-,. --------------------------, 
; +15V +25V J 

10K I 
I 
I 
I 
I 

I 
I 
I 
I 

I I 
I I 
I I 
I I 
I ·t 

I ... ---, ' 
I : 
I .01 1µF I 
1.AMP a - 15V "=' I L!:------------- J r----

• R12 
I R11 4.99K 
I 332n 

' 1-=-

4 

-25V -= 

L ______________________________ AMP l!J 

ELECTRONICS NOW 

R8 
1MEG 

OUTPUT 

FIG. 5-6 

1\vo LM1875 JCs provide 33 W of audio. IC4 is used as a phase inverter. IC6 and IC2 must be 
heatsinked. 
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MOSFET POWER AMPLIFIER 

-0 

IIS 
100k 

20V 

20V 

JFR520 
IFR9520 

I 
G' b 's 

LIi 

lfl 
~w 

303 CIRC.UITS FIG. 5-7 

INPUT 

10-W NONINVERTING COMPOSITE 
AMPLIFIER 

C6 
.1µJ 

CB 
1µF 

OUTPUT 

ELECTRONICS NOW FIG. 5-8 

Two complementary MOSFETs are used to 
deliver 20 W into 8 .Q. A TL071 op amp is used as 
an input amplifier. The MOSFETs should be 
heatsinked 'With a heatsink of better than 5°C/W 
capability. THD is less than 0.15% from 100 Hz to 
10 kHz. 

10-W INVERTING COMPOSITE AMPLIFIER 

INPUT 

F\4 
1MEG 

+1BV 

ELECTRONICS NOW 

+18V 

C6 
.1µF 

ce 
.11,&f 

OUTPtJT 

FIG. 5-9 

By using an LM1875, suitably heatsinked, a Using an LM1875, a 10-W amplifier can be 
10-W amplifier Lhat uses two IC devices can be build using just two IC devices. The gain R/R

3
. 

built. IC2 must be heatsinked. Note that IC12 must be heatsinked. 
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LM380 PERSONAL STEREO AMPLIFIER 

CHANNEL 1 
POWER AMP 
INPUT 

CHANNEL2 
POWER AMP 
INPUT 

R16 >"11-----' 
SOK 

R 16 ,..1------1 
50K 

R11 
41K 

1987 R-E EXPERIMENl"ERS HANDBOOK 

A 

,-----...-------...., 9-tSV 

+ cs 
47W.F 

-= C13 
470µF 

~,;7 n1 
o.i L_'-4 
R13 
2.7 

SPKR1 
en 

.------------- 9-lSV 

+ C10 
470~F 

B 

SPKR2 
an 

FIG. 5-10 

With the simple circuit, you can use your personal stereo to drive standard 8-Q speakers. 
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TO 
CROSSOVER 

OUTPUT 
,---A--. 

A1 
101< 

Cl 
1.0 
30V 

•SEE TEXT 

POPULAR ELECTRONICS 

+35V 

2.2 
-35V 

SUBWOOFER AMPLIFIER 

C2 
2.2 

+ 

C4 
.001 

R3 
100K 

R4 
6.04K 

R6 
1000 

DAMPING 
CONTROL• 

I l • 
"} I TO I 

I SPEAKER 
I 
I 
J 
I 

• I R5 t 
l 10 
I m 

FIG. 5-11 

Designed to feed a low-frequency subwoofer speaker system, the amplifier is capable of up to 
100 W into an 8-0 load. The OPA541BM op amp requires heatsinking and is manufactured by Burr­
Brown Corporation. A damping control and a relay to eliminate turn-on and tum-off thump in the 
speaker is included. 

18-W BRIDGE AUDIO AMPLIFIER 

18•WATi BRIDGE AMPLIFIER 

C7 C8 
.2 .2 

R7 
14.4V 2200 R6 14.4V 

2200 
C5 R2 C6 
.2 1MEG .2 

R3 R4 R5 
220U 2.20 2.20 

AUDIO~ -:: Rt 
IN C1 100K 

10 
CJ C4 

+ 470 470 + 

POPULAR ELECTRONICS FIG. 5-12 

Two LM383 IC devices are used in a bridge circuit that is useful for auto sound applications. 
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01 
0 

TO 
HEADPHONE 

JACK 

R3 ~ 10K 

'::' 

RADIO-ELECTRONICS 

R7 t R2 10.2K 
100K 

+15V C4 

f:-i, 

R8 
10K 

I 

LEVR l 0 
ADJ 

I 

SUBWOOFER CROSSOVER AMPLIFIER 

I +15V R6 
C6 10.2K 

- ........ 8 .1 
HIGH PASS OUTPUT 

I 
(NOT USED) 

R12 
2.55K C2 

.15 

j 
R14 

1 1 -1tv C7 Tl K 2.55K C3 LOW Ai\SS OUTPUT 

_ 1/2LM"38N I .15 TO .1 
IC POWER AMPLIFlER 

RS 
10.2K I ~IU3•b~ I +15V 

Cl R11 
R9 10.2K 

10.2K .15 I R13 
10.2K 

FIG. 5-13 

The electronic-crossover circuit contains a summing amplifier that combines the left and right channels from a stereo's head-
phone Originally used in a subwoofer system, the above circuit be useful in similar audio applications. 



AUDIO POWER AMPLIFIER 

PDPULAR ELECTRONICS 

C3 
470 

7 
SPKR1 

en 

FIG. S-14 

The circuit, built around an LM7 41 op amp configured as an inverting amplifier, is used to drive 
complementary transistors (QI and Q2). The op amp's feedback loop includes the base-emitter 
junctions of both transistors-an arrangement that helps to reduce crossover distortion that would 
normally occur as-a result of the emitter-to-base junction voltage drop of about 0.6 V. Potentiometer 
R5 varies the amplifier's voltage gain from 1 to about 20. As much as 0.5 W can be obtained from the 
circuit if a heatsink is added to the transistors. 

FAST HIGH-VOLTAGE LINEAR POWER AMP 

1000 100k 

ELECTRONIC DESIGN FIG. 5-15 

An Apex PB50 Booster Amplifier, plus an IC op amp, can be used in a high-voltage op amp that 
converts a small analog signal to a 180-V p-p signal. 

Apex Microtechnology manufactures a number of power op amps. The above circuit uses a PB50 
booster amplifier to deliver a 180-V p-p signal into a 90-0 load, from a ±100-V supply. 
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6 

Audio Signal Amplifier Circuits 

The sources of the following-circuits are contained in the Sources section, which begins on page 
675. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Headphone .Amplifier 
Audio Line Driver 
Constant-Volume Amplifier 
Mini Amplifier Using LM1895N 
Audio .Amplifier with Tuneable Filter 
Audio Compressor 

JFET Headphone Amplifier 
Dual Preamp 
Magnetic Pickup Phono Amplifier 
Audio Booster 
Audio Volume Limiter 
Audio Distribution Amplifier 



0 

0 

P1 
25klog 

303 CIRCUITS 

.I.. 

220 n 4701' 
1BV 

R1 1 

HEADPHONE AMPLIFIER 

A4 

F1 

• 

• 

EIS' 

15V 

A 

1N400i 

05 

8D241 R6 15V 

B0241 15V 

D6 

1N4001 

B 

BD241 

B E 

C 

C 

FIG. 6-1 

Built arow1d Precision Monolithics Inc. OP-50 op amps 1 this amplifier will drive 100-Q to 1-kQ 
headphone, is flat within 0.4 dB from 10 Hz to 20 kHz, and has a THD of less than 0.01 % over most 
of the audio range. Amplification factor is about 6X. 
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0 

303 CIRCUITS 

A--~ v- R1 

AUDIO LINE DRIVER 

u 

802418 

• = 112W 

* • ue tot 

1011 
40'1 

36V 

36V 

17Ut 

FIG. 6-2 

This line driver can drive low-impedance lines with up to 70 V p-p max. I Cl is a low-noise op amp 
suitable for ±15-V operation. Tl and T2 are regulators for the power supply for ICL T3 and T4 form 
a complementary power output stage. Frequency response is flat QP to 100 kHz. 
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WILLIAM SHEETS 

CONSTANT-VOLUME AMPLIFIER 

~------------------------{ , +12 V 

82k0 

33 kfl 

10 kfl 

330 kO 

1 µF 
35 V 

+ 

2N3565 

2N3904 

10 µ,F 
16V 

r-----------1a---+--i f-> Output 

2.2kn 

33 kf1 

FIG. 6-3 

The amplifier has an output level that shifts about 6 rlB for a 40-dB input variation. 

303 CIRCUITS 

MINI AMPLIFIER USING LM1895N 

j':,o~ 
~O'i 

LS 

Hl 
IW 

FIG. 6-4 

With 3-V to 9-V supplies, this amplifier ean 
provide from 100-m W to 1-W output into a 4 n 
and bandwidth is approximately 20 kHz @ 3 dB. 
This circuit is useful for low-power and battery 
applications. Drain is 80 mA @ 3 V or 270 mA @ 

9 V at maximum signal conditions. 
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AUDIO AMPLIFIER WITH TUNEABLE FILTER 

AF 
IN 

r-1'-.. 

l 

POPULAR ELECTRONICS FIG. 6-5 

This audio amplifier can tune from 500 to 1500 Hz and will drive a speaker or headphones. Use­
ful for CW reception or other receiver applications, only two IC devices are needed. 
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AUDIO COMPRESSOR 

.... 1 ... 1 

303 CIRCUITS 

Cl 

11., 
tOV 

FIG. 6-6 

This compressor will compress a 25-m V p-p to 20-V p-p audio output to input levels remaining 
between 1.5 V p-p to 3.5 V p-p, and has a frequency response of 7 Hz to 67 kHz. It is suitable for au­
dio and communications applications. 

WILLIAM SHEETS 
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JFET HEADPHONE AMPLIFIER 

O~~-L-~-~-~-~-,-L~u~ 
- control 

+12V 

4.7kfi 

Hl-2 
>SkO 

+1µ
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FIG. 6-7 

This circuit can drive high-impedance headphones from a low impedance low-level source. Gain 
is about 5X to 1 OX depending on headphone impedance. A volume control is included. 
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C2 
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R2 
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DUAL PREAMP 

If y_ou wish to amplify low-level signals, such 
as the output of a turntable, the signal must first 
be fed to this preamp. 

1987 R-E EXPERIMENTERS HANDBOOK FIG. 6-8 

MAGNETIC PICKUP PHONO AMPLIFIER 
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001 ~ 

C6 
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0 0015 
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Al 
47K 

C3 + 301 
C2 
1 
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2-N3392 

S1 
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100K 

POPULAR ELECTRONICS FIG. 6-9 POPULAR ELECTRONICS FIG. 6-10 

This circuit has a maximum gain of about 22 
This preamp is RAA compensated for use dB (voltage gain), and it can be used for miscel-

-with magnetic phone cartridges. lancous audio circuits. 
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J1 
INPUT 

1992 R-E EXPERIMENTERS HANDBOOK 

AUDIO VOLUME LIMITER 

R3 
100K 

J2 
OUTPUT 

~ 
100!1 i 

FIG. 6-11 

IC 1-a is connected as an inverting ::::.1,npn1 tL1r.:r whose gain is controlled by the LDR portion of an op­
tocoupler. 

AUDIO DISTRIBUTION AMPLIFIER 
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1 3 
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R1 
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C2 
100 

POPULAR ELECTRONICS 

R2 
1MEG 

-
7
----o OUTPUT A 

.,_a __ "° OUTPUTB 

14 -------o OUTPUTC 

FIG. 6-12 

Three low-Z audio outputs are available from this circuit, using a quad TL084 FET amplifier. The 
input is high irnpedru1ce. ~c can be 6 to 12 V for typical applications. 
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7 

Automatic Level Control Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
675. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Digital Automatic Level Control (ALC) 
AGC System for Audio Signals 
ALC (Automatic Level Control) 
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RG. 7-1 

This approach to automatic level control (ALC) makes use of digitally switched audio attenuators in the signal path. The out­
put level of the system is sensed, compared to a reference, and audio pads are inserted via analog switches. This method is nearly 
instantaneous and eliminates the compromises necessary in conventional Rd network ALC systems using fast attack, slow-decay 
approaches. 



AGC SYSTEM FOR AUDIO SIGNALS 

100µF 

WILLIAM SHEETS 
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ALC (AUTOMATIC LEVEL CONTROL) 
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This circuit is an AGC system for audio-fre­
quency signals. AGC systems usually consist of 
three parts: an amplifier, rectifier, and controlled 
impedance. In this circuit the functions of an am­
plifier and a rectifier are performed by a single op 
amp. This makes the system simple and cheap. 

The rectifier is made with the output push­
pu 11 cascade of the op amp and R

5
, Rv and CB. 

The transistor Ql and Dl are used as a voltage­
controlled resistance (Z). The input signal is (Z 
+ R1)/Z times, diminished by the voltage divider 
and l + R/R1 times, amplified by the op amp. C2 
eliminates influence of de bias voltage. R3 pro­
tects Ql and Dl from excessive current. 

The rectifier input is tied to the input. This 
makes gain inversely proportional to input level 
so that a 20-dB drop in input level will produce 
a 20-dB increase in gain. The output will remain 
fixed at a constant level. The circuit will main­
tain an output level of ±1 dB for an input range 
of + 14 to -43 dB at l kHz. Additional external 
components will aJlow the output-level to be ad­
justed. 
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Automotive Circuits 

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

CD Ignition System for Autos 
Brake and Tum-Stgnal Light Circuit 
Vehicular Tachometer Circuit 
Smart Tum Signal 
Manual Headlight/Spotlight Control for Autos 
Thermostat Switch for Automotive Electric Fans 
Flashing Brake Light 
Power Controller (for Automotive Accessories) 
Automotive Power Adapter for de-Operated Devices 
Time-Delay Auto-Kill Switch 
Booster Amplifier for Car Stereo Use 
Auto Turn-Signal Reminder 

Headlight Flasher 
Automotive Audible-Turn Indicator 
Engine Block Heater Minder 
Headlights-On Reminder 
Brake and Turn Indicator 
Lamp-Switching Circuit 
Automatic Turn-Off Control for Automobiles 
Alternator Regulator 
Auto Generator Regulator 
Lights-On Reminder 
Auto Fuse Monitor 
Headlight Alarm 
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CD IGNITION SYSTEM FOR AUTOS 
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C4 
1 
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POPULAR ELECTRONICS RG. 8-1 

At the heart of the CD4-MX is an astable multivibrator, built around Ql and Q2, that feeds step-up transformer Tl. The out­
put of Tl is rectified by D3 to D6 and used to charge capacitor C4. When the points close, a small voitage is fed to the gate of SCRl, 
causing it to fire 1 dUittping the charge of C4 to the vehicle's ignition coil. The circuit also contains optional subcircuits to accom­
modate different types of auto ignitions. 

X15 + and X15 are alternative trigger configurations for nonpoint breaker ignition systems. R6 is not used for these systems 
and must be removed. Optocoupler Ul can be used (pin 4) in conjunction withX15 or X 15 + depending on polarity of sensor. Note 
that 60 to 70 kV is available from this system,.so observe suitable safety precautions. 



TO BRAKE 
SIGNAL 
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TO LEFT­
TURN 
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SOLJ-RCE 

CJ 
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POPULAR ELECTRONICS 

BRAKE AND TURN-SIGNAL-LIGHT CIRCUIT 

FIG. 8-2 

This circuit enables single-filament tail lights to serve as combination brake lights and turn signals. 

VEHICULAR TACHOMETER CIRCUIT 
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10.1 µF j_ 0.11-LF 

6.8 k!l 

820 n 0.0068 µ.F 

~ 39k0 

6 

7 

8 

NE555 
IC2 

I 10µ.F 

4 

3 

1N4148 + 10 kfl 

VV\,---------1 ---;f ------1i------+------i2 ~5 

0.01 µ.F I I 1N751 0.01 µF 

10-100µ,FI 

-=-
0.1 µ,F 

+ 

0-1 MA 

FIG. 8-3 

In this automotive application, the 555 is a pulse counter. ICl regulator provides proper operat­
ing voltage for IC2. This circuit is for vehicles with conventional breaker points. 
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ELECTRONICS NOW 

66 

BRAKE-ON 
+12V 

TOP 

SMART TURN SIGNAL 

SOURCE 
DRAIN 
GATE 

R7 
fK 

TO FLASHER 
XTERMINAL 

STS schematic. The 02 gate voltage increases with the charge on C3. After 
15 seconds of charging, the buzzer will warble. As the -charging continues, 
the sound will grow louder. 
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I 
I 
IC1 RESET 

TURN SIGNAL 
Off 

Circuit waveforms. Point A shows the signal from the flasher. The voltage 
at point D will increase as long as the pin-3 output of IC 1 (point C) remains 
high. The C1-R2 time constant (point 8) determines how long the output 
will be high. 

B 

FIG. 8-4 



SMART TURN SIGNAL (Cont.) 

FLASHER 

+12V 
+12VDC -TO STOP 

LIGHTS L/c __ 

r--- --- - -- - - - --- - --- ---------- ---
: SMART 
1 TURN SIGNAL 
I 
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I 
I 
I 
I 

I 
I 
I 
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: 
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p~~~R I 
-~~ 

L-- ____________________________ J 

Flasher terminal L connects to the load and X connects to the 12-volt supply. 
When the driver engages the turn signal, the L terminal voltage varies with 
the blinking lights. The STS senses the changing voltage and, after 15 sec­
onds, it applies power to a buzzer through a current-limiting device to 
control loudness. 

C 
This circuit-reminds a driver that his tum signal has been left on for more than 15 seconds. 

When stopped for a light, the brake-on signal holds the warning off. 

Spot 
or 

head 
lights 

WILLIAM SHEETS 

MANUAL HEADLIGHT/SPOTLIGHT CONTROL FOR AUTOS 
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20-A contacts 
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FIG. 8-5 

Pressing the START pushbutton turns on either the headlights or spotlights for a predetermined 
time. After 1 minute (RI and Cl determine this), the lights will shut off as the NE555 completes its 
cycle. 
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THERMOSTAT SWITCH FOR AUTOMOTIVE ELECTRIC FANS 

ft 
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8 

VIEWED FROM 
GNDmo • • • • • • ' • ' • I. • BELOW 
VEHlct.E DIVIDER CURRENT CNMIII Sf:NSE 

SILICON CHIP FIG. 8-6 

The circuit is based on a commercial temperature sensor (TS6178) and an MC3334P ignition chip. When the radiator tem­
perature increases, the sensor pulls the base of Q2 lowvia Ql, which is wired as a diode. Q21s collector thus goes high and trig­
gers ICI, which switches its pin 7 output high and turns on the fan motor via Q3. 
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FLASHING BRAKE LIGHT 
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10 IC3 
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-- 04 
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D5 
ECG5850 

TO TO 
LEFT• RIGHT 
BRAKE BRAKE 
LIGHT LIGHT 

FIG. 8-7 

When power is first applied, three things happen: the light-driving transistor (QI) is 
switched on because of a low output from U2, pin 3; timer Ul its timing cycle, with the 
output (pin 3) going high, inhibiting U2's trigger (pin 2) via D2; and charge current hegins to 
move through R3 and R4 to CL 

\Vhen Ul's output goes low, the inhibiting bias on U2 pin 2 is removed, so U2 begins to oscillate, 
flashing the third light via Ql, at a rate determined by R8, R6, and C3. Oscillation continues until the 
gate-threshold voltage of SCRl is reached, causing it to fire and pull Ul 's trigger (pin 2) low. With its 
trigger low, U1 's output is forced high, disabling U2's triggering. With triggering inhibited, U2's out­
put switches to a low state, which makes QI conduct, turning on 11 until the brakes are released. Re­
moving power from the circuits resets SCRl, but the RC network consisting of R4 and C 1 will not 
discharge immediately and will trigger SCRl earlier. So, frequent brake use means fewer flashes. 

Bear in mind that the collector/emitter voltage drop across QI, along with the loss across the se­
ries-fed diodes, reduces the maximum available light output. If the electrical system is functioning 
properly (at 13 to 14 V for most vehicles), those losses will be negligible. 
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POWER CONTROLLER (FOR AUTOMOTIVE ACCESSORIES) 

+ 12VOC{REG) +12VDC 
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ELECTRONICS NOW 
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! S1~c:r--~:----. 
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l LED1 
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-FIG. 8-8 

Because the power controller is powered from the vehicle's accessory switch) the load can re­
ceive power only when the ignition key is on. Using half of a dual flip-flop (CD4013), a load of up to 
10 A is controlled by a momentary pushbutton. This circuit was -originally intended for automotive 
power control, but could have other applications as well. 

AUTOMOTIVE POWER ADAPTER FOR de-OPERATED DEVICES 

U1 0 
LM317 t---.......------------0-----. 

R2 
Pll ADJ 2400 Pl2 

R3 R4 
470U 2.4K 

9V 

R1 3V 6V 
1.5K S1 

1993 ELECTRONICS HOBBYIST HANDBOOK FIG. 8-9 

In the schematic diagram for the car-power adapter, note how the value of RB (which is Rl and 
S1 in the center position) is changed by putting R3 or R4 in parallel with RI. 

70 



4 
N.C. ~ 

n o ~ 
X o>-----___;3:........oo--+J--'4 

5 

15 
N.C.~ 

C ~ 
B ~ 

N.C. o 8 o I • 
I 

K1 
12V 
4por-----

STARTER 
SOLENOID 

DJSTAIBUTEA 

POPULAR ELECTRONICS 

TIME-DELAY AUTO-KILL SWITCH 

TO AUTO BATTERY 

01 R1 
1N4081 1 8MEG 

RS R2 
1K 10K 

c, + 
100 

6 
_LJ1 

8 LM556CN 

R3 
1K 

9 5 

3 7 11 

C2 C3 
.0047 .0047 

A 

CUT 
-x-

CUT 
D - )(- E 

COIL 

r 0 N.O. 
TO OPTIONAL ALARM • 

0 
B 

R4 
10K 

R6 
1K 

L S2 r RESET 
R7 
1K 

C6 
1 

FIG. B-10 
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TIME•DELAY AUTO-KILL SWITCH ( Cont.) 

The automobile delayed kill switch is simple in concept. When you get out of your car, a secretly 
located pushbutton switch is pressed. Nothing apparently happens, but at the end of a predeter­
mined time1 a relay is pulled in and locked. When the relay is pulled in, contacts open, and the hot 
lead from the ignition to the coil and the hot wire from the key switch to the starter solenoid is 
opened or disconnected. If the engine is running, it stops immediately and the starter will not oper­
ate. When you get into the car, another pushbutton switch is pressed and the relay drops out and 
everything goes back to normal. 
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1990 PE HOBBYIST HANDBOOK FIG. 8-11 

Only one channel of this circuit is shown. The other is practically a carbon copy. 
The input to the circuit, taken from your car radio1s speaker output, is divided along two paths; 

in one path, a high-power divider network ( consisting of RB through RlO) provides 4.5-Q resistance 
to make the circuit's input impedance compatible with the output impedance of the car radio. In the 
other path, the signal is fed to the input of U 1 through resistor LR7, trimmer potentiometer R21, and 
capacitor C2. Together, R7 and R21 offer a minimum resistance of 27,000 n. 

Integrated circuit Ul (a TDA-2004 audio power amplifier) amplifies the signal, which is then out­
put at pins 8 and 10 and fed to the loudspeaker. Note: This amp is designed for use only with car radios 
whose speaker outputs are referenced to ground: do not use it with radios that·have balanced outputs. 
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AUTO TURN-SIGNAL REMINDER 
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FIG. 9 .. 12 

This circuit counts tum signal flashes. At the end of about 70 flashes, a chime sounds to remind 
the driver to turn off the turn signal. By using various taps on U2, the period can be changed if de­
sired. BZl is a buzzer or chime module. 
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POPULAR ELECTRONICS 
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82K 

a 1 ti 

U1 
618 

2 

+ C2 
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T 

11 
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FIG. 8-13 

The headlight flasher is nothing more than a 555 oscillator/timer that's configured as an astable 
multivibrator (oscillator). Its input is used to drive the gate of an IRF53IND hexFET, which, in turn, 
acts like an on/off switch, turning the lamp on and off at the oscillating frequency (1 Hz). 
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AUTOMOTIVE AUDIBLE-TURN INDICATOR 

POPULAR ELECl'AONICS 

TO RIGHT 
TURN 
INDICATOR 

FIG. 8-14 

This little circuit should be useful to the 
hearing impaired. It produces a tone each time a 
dashboard turn indicator lights. The tone drops 
in frequency for as long as-the indicator is lit. 
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ENGINE BLOCK HEATER MINDER 

POPULAR ELECTRONICS FIG. 8-15 

If you live in the frozen north, knowing your 
engine-block heater is working is a comfort. This 
device will let you know if yours is okay. Plug in 
PLl to your power outlet. NE 1 should light. 
Then, plug in the block heater. Depressing S1 
should cause the indicator to get brighter. If not, 
your block heater might be open and inoperative. 
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11
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POPULAR ELECTRONICS FIG. 8-17 

This might be a quick solution to getting the 

This circuit will sound alarm BZl if the igni- two-wire truck harness to support both turn and 
tion is turned off with the headlights on. braking indications. 
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LAMP-SWITCHING CIRCUIT 
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02 
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100K 

":" 

POPULAR ELECTRONICS FIG. 8-18 

A normally open pushbutton switch (81) delivers a positive input pulse to pin 4 of m, triggering 
the IC into action. The output of Ul at pin 6 supplies base-drive current to a Darlington pair com­
prised of QI and Q2, activating Kl. A 10-µF capacitor and any resistor value of from 1 to 10 MQ can 
be used as the timing components. 

To use the circuit on an auto 1s headlights, connect the relay's normally open contacts across the 
car's headlight switch and press S1 to extend the on time. In connecting the circuit to control an ac­
operated lamp, turn off the ac power and connect the relay contacts in parallel with the lamp's power 
switch contacts. 

-WILLIAM SHEETS 

AUTOMATIC TURN-OFF CONTROL FOR AUTOMOBILES 
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FIG. 8-19 

When the ignition switch is on, relay Kl is energized continuously, and the headlights can be 
turned on. Turning off the ignition turns on timer ICl,which keeps ICI energized for a time deter­
mined by Rl and Cl. With the values shown approximately a 1 minute delay will result. The values 
of Rl or Cl can be changed to vary this delay time. 
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-ALTERNATOR REGULATOR 
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FIG. 8-20 

This alternator regulator uses a 3-transistor de amplifier, and is designed for a "pulled up 11 field 
system, where one side of the alternate field returns to the + 12-V supply, and the other end is pulled 
toward ground. The circuit monitors the state of the battery through a resistive divider and causes 
the voltage to change at the field terminal. 
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FIG. 8-21 

This regulator is for the purpose of controlling a de generator. The field configuration is that one 
side of the field is grounded. D4 prevents the battery from discharging through the generator and 
takes the place of the mechanical cut-out relay. Rl O adjusts the system voltage setting. 
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LIGHTS-ON REMINDER 

TO UGHTS ,-------n-~ 

POPULAR ELECTRONICS FIG. 8-22 

A relay and two diodes are all that is needed­
the relay performs the job of a buzzer so no annun­
ciator is required. ¥/hen the lights are left on, but 
the ignition is off, the normally closed relay con­
tacts are in series with the relay coil. That means 
the relay interrupts its own power each time it be­
comes active, so it chatters and acts like a buzzer. 
This is a real minimalistic headlight reminder. It 
doesn't even require an annunciator because the 
relay acts as buzzer. 
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fuse 

1989 R•E EXPERIMENTERS HANDBOOK 

To 
ignition 
switch 
fuse 

R2 
10K 

FIG. 8-24 

AUTO FUSE MONITOR 

WILLIAM SHEETS 

LED1 

LED2 

Fuse under test 
(12-V circuit only) 

FIG. 8-23 

This circuit can quickly check a fuse in an 
automobile circuit. Connect across suspected 
fuse-either LED glows, fuse is blown. The cir­
cuit must be live for this test to work. 

The base of Ql is connected to the car's igni­
tion circuit; the easiest point to make that connec­
tion is at the ignition switch fuse in the car's fuse 
panel. Also, one side of the piezoelectric buzzer is 
connected to the instrument-panel light fuse; 
when the headlights or parking lights are on, the 
instrument panel is lit, too. ¥/hen the headlights 
are off, no current reaches the buzzer. Therefore, 
nothing happens. What happens when the head­
lights arc on depends on the state of the ignition 
switch. When the ignition switch is on, transistors 
Ql and Q2 are biased on, effectively removing the 
buzzer and the LED from the circuit 

When the ignition switch is turned off, but 
the headlight switch remains on, transistor Ql is 
turned off, but transistor Q2 continues to be bi­
ased on. The result is that the voltage across the 
piezoelectric buzzer and the LED is sufficient to 
cause the buzzer to sound loudly and the LED to 
light. 
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Battery Charger Circuits 

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

78 

Lead-Acid Trickle Charger 
RF-Type Battery Charger 
Battery Charger 
Solar-Powered Battery Charger 
Intelligent Battery-Charging Circuit 



T1 
18V 

POPULAR ELECTRONICS 

LEAD-ACID TRICKLE CHARGER 

01 
1N•002 

C2 
.033 

D2 
1M4002 

Rl 
7600 

C1 U3 
8000 TL430C 

65WVDC 

03 
o4 1N4002 

TN•002 

07 05 
1NC002 1N'802 

C3 
.033 + 

A2 
280U 

R3 
2.52K 

+ 
~ 

TO 
INVERTER 

FIG. 9-1 

The charger can be used as a stand-alone charger or for emergency lighting and burglar alarm 
systems using lead-add batteries. 

RF-TYPE BATTERY CHARGER 

This type of charger couples RF from L2 to an external pickup coil. The pickup coil connects to 
a rectifier and battery to be charged. This idea is handy because no wire or contacts are required. L2 
is lOT #24 wire and L3 is 10T #30 wire. Both coils are mounted on a P x W' ferrite rod. 

1992 R-E EXPERIMENTERS HANDBOOK 

C6 
1000µf 

© 

+ 

LED2 

RX 
OPTIONAL R8 

(SEE TEXT) 22K 

FIG. 9-2 
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POPULAR ELECTRONICS 

T1 02 
25 VAC 1 N540D 

2A 

D3 
1N40O1 

01 
2N2222 

BATTERY CHARGER 

0.2 
2N2222 

TO f2V CAR BATTERY 

•5 
1N4742 

06 
1N4OO1 

TRICKLE 
AUTO 

R6 
2.7K 

FIG. 9-3 

The circuit is capable of supplying either a trickle (50 mA) or high-current (1-A) charge. You can 
select either charging method or an automatic mode that will first trickle charge a battery if it is par­
ticularly low before switching to high-current eharging. 

If the battery's voltage is low, Zener-diode D5 will not conduct sufficient current to produce a 
voltage drop across R6 to turn Q2 on. With Q2 off, R4 pulls the base of Ql high, turning it OIL That 
activates Kl. With Kl active, the only thing between the battery and the power supply is R2 and D4 
(which prevents current from flowing through the circuit from the battery). 

Once the battery charges a bit, the current through D5 increases, causing a voltage drop across 
R6 that is of sufficient magnitude to tum on Q2. Transistor Q2, in tum, groW1ds the base of QI, keep­
ing it off. With QI off, Kl remains in its normally closed state. That places Rl in series with the bat­
tery, thereby reducing the current to a trickle. 
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SOLAR-POWERED BATTERY CHARGER 

Soter Array 

Vin 

L1 - 300µH 01 - 1N6492JANTX 

3.50 ·11.00 + Vin ......,..._ _____ Switch 

Cin I 
10.0µF ~ 

Comp 

47~nFI 
Re 

2.20K 

NATIONAL SEMICONDUCTOR 

LM1577K-12/883 Feedback 
U1 

Simple Switcher 

Ground 

NiCd Batteries 

Vout 
12.0V 

+ 800mA 

I Cout 
'!:-" 1.20µF 

FIG. 9-4 

A National Semiconductor LM1577 IC is used in a step-up regulator to charge Nicad batteries 
from a solar panel. 

RADIO-ELECTRONICS 

INTELLIGENT BATTERY-CHARGING CIRCUIT 

5600 

~ Charging 
LED 

2N3638 

Ni-Cd *RC 
----1,---...-~,r--1--------0-,1'""\ 

+ 

+ V OUT n-----1-------...1 SOOK 

Ground L>------------------~ 

*Value of current 
limiting resistor 
depends on the 
battery voltage 

FIG. 9-5 

Intended for a Nicad application this charging circuit can be used with a wide range of batteries. 
A low~battery detector is intended. The trip voltage is set via the 500-kQ pot. Select Re for the bat­
tery you intend to use. 
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Battery Test and Monitor Circuits 

The sources of the following circuits arc contained in the Sources section, which begins on page 
675. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Battery Tester 
Car Battery Tester for Cranking Amps 
Supply Voltage Monitor 
Battery Watchdog 
Battery Test Circuit 
Battery Voltage Monitor 
Battery Saver Circuit 
0-2-A Battery Current Monitor with Digital Output 
Car Battery and Alternator Monitor 
Relay Fuse for Battery Charges 
Bargraph LED Battery Tester 



10 BATTERY 
UNUffi TEST 

+ 
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BATTERY TESTER 

R2 

P1 

FIG. 10-1 

The battery tester uses four transistors and two LEDs to indicate the condition of any battery_you 
want to test. Q3 and Q4 are connected in a Darlington configuration that has extremely high gain_ LED 
12 lights when a small positive potential appears on the base of Q3. Transistors Ql and Q2 form a direct­
coupled de-amplifier circuit. The output of this stage drives the red LED Ll. Rotary switch SI is used to 
select different ranges (which have been previously set by adjusting trimmer resistors Pl through P5). 

The positive ( +) lead goes through the selected contacts of SI to the biasing resistors R3, R4, 
and R5. The negative ( - ) lead of the battery under test goes to the ground or common lead of the 
circuit and the (+)side to one side of Pl through P5. 

Ll 
L2 
P 1 through P5 
R1 
R2,R3 
R4,R5 
R6 
S1 
S2 

Red LED 
Green LED 
5-k!l trimmer resistor 
100 kil 
33 k!l 
470 n 
12 Q 1 W 
2 P6 position NS rotary switch 
NO pushbutton switch 

Depending on the position of S 1, a particular trirruner resistor ( wiper lead) is selected. That lead 
goes through the contact on S1 to resistor RI and into the base of npn transistor QI. If the battery 
is good enough, ( +) voltage goes to the base of Q 1, turning it on. Thls turns Q2 off, which then al­
lows Q3 to turn on. That causes Q4 to tum on and light green LED L2. 

If the battery is weak, QI will not turn on, which will cause Q2 to be biased on by R3, which in 
turn lights red LED 11. When Ql is on, it biases the base of Q3 negative, and causes Q3 to be turned 
off. That prevents 12 from turning on. 

The circuit operates in the same manner for all ranges except the first two, where a 9-Vbattery 
has been added by Sl to be in series with the input voltage to allow for testing of very low voltage 
batteries. That is because at voltages below 2 V de, LEDs will not light and the circuit would be un­
able to set a low-voltage (-<2-V) battery without-the additional internal-battery voltage. A load resis­
tor has also been included; it allows the battery under test to be connected to a load to give a better 
indication of its condition. That load resistor is connected across the battery when normally open 
(NO) s'Witch S2 is depressed. 
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-,:.. 

CAR BATTERY TESTER FOR CRANKING AMPS 

R1 
23.7K 

R7 
10I( 

TP1 

IC2 

R2 
20K 

10 

(+ )ALUGPJOR 
CLIP 

~(RED) 

TP3 

c1,t;+ ~ LM2131Z 
·1 C2 + 

10~1F IG 
R10 

2700 
---11•>-----+l--~•.,__~t#IV§lr .. ~•1-----1 

-:!: 

ELECTRONICS NOW 

TP4 

R16 
33K 

R5 
4700 

R6 
68D 

TP8 

1 o S1 

2 
64 

~ .. 3 

5 

06 
TP9 TIMER 

R18 
10MEG 

tL. C4 
I10µF 

-= 

TP2 

RESET 

':' 

R20 
1K 

TEST 

TP7 

R19 
151< 

FIG. 10-2 

This circuit determines the cold cranking amps of a battery by first discharging the surface charge, then checking the inter­
nal resistance. This gives a more realistic measurement than simply measuring the instantaneous drop in volta~e Vvith a load. A 
constant-current source draws 2.5 A. Then, after one minute, a drop measurement is made under load. 



+ C1 
100 

R2 
18K 

R1 
1 Meg 

RB 
100K 
UN 

+ C2 

POPULAR ELECTRONICS 

@ 

D2 
14V 

R2 
1200 n 

I12-V 
battery 

D1 
11 V 

R1 
6800 

73 AMATEUR RADIO TODAY 

R3 
100K 

Optional 

IC1 
1144001 
1 

SUPPLY VOLTAGE MONITOR 

+V 

4 8 
When supply voltage exceeds a preset lcvel1 

the 555 oscillates, and flashes LED 1. The tlash 
rate is controlled by varying C3. 

2 

U1 
555 

3 

LED1 
TIL209 

FIG. 10-3 

BATTERY WATCHDOG 

1 kU 

5 D 
s 

R3 

0 
1 aooou 

IC2 

3 C 1/24013 15 2 NC 
R 

Plug 

E~teneion cord 

~ Receptacle 

FIG. 10-4 

This circuit uses a pair of Zener diodes to monitor battery voltage of a 12-V battecy. If below 11 
-V) Dl ceases to conduct, pin 3 of IC2 goes high, setting FF IC2 turning on Qll Kl, and the battery 
charger. At excess of 14-V-battery voltage (full charge), D2 conducts, resetting FF IC2, and cutting 
off the battery charger. 
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BATTERY TEST CIRCUIT 

·+ input'' 

•tow level" 

GND 

ELECTRONIC DESIGN 

+S V 

02 
1N4733 
(5.1 VI 

D3 
LED 

~ 

FIG. 10-5 

Using this circuit, tlu-ee levels of voltage can be displayed-normal (11 to 15 V), high (> 15 V), 
and low ( <11 V). When the voltage is low, the LED glows steadily. In the normal range, the LED is 
off. \Vhen the voltage is high, the LED blinks at a 1-Hz rate. This circuit is useful for assuring proper 
electrical system operation. 

R 1 
18K 

• 

C 1 n 1 100 
VN10KM 

d 

POPULAR ELECTRONICS 
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R2 
100K 

C2 
1 

R3 
101( 

BATTERY VOLTAGE MONITOR 

R4 
1MEG 

4 8 C4 

100 
UI • 
555 

+I/ 

FIG. 10-6 

When battery voltage goes low, pin 4 of Ul 
goes high as Ql fails to conduct. This activates 
oscillator Ul and generates audio tone. R5 sets 
level at which the circuit activates. 



POPULAR ELECTRONICS 

BATTERY SAVER CIRCUIT 

+ 

B1 i 
9VOC j_ 

r 
~ S1 

+ Cl 

Rl 
10MEG 

100 

14 

13 

U1 11 
4811 10 

9 

8 01 
1N914 

} ~VDC 
OUT l HHOAD 

-FIG. 10-7 

This battery saver circuit can automatically turn off a small piece of test equipment after a de­
sired period of timel allowing you to leave your shop worry free. 

This circuit uses a CD401 l TC to act as a simple timer. One section acts as an RC discharge timer 
(pin 7). This causes its output to go low, holding the three other outputs high acting as a 9-V source. 
After Cl/Rl discharges approximately 10 minutes, the output drops to zero. Sl resets the circuit. 

0-2-A BATTERY CURRENT MONITOR WITH DIGITAL OUTPUT 

0 1µ' 

~ 

CS Vee 
+ LTC1096 CLK t----t---t-------------< 
- Doo·i---t--+----------....... 
GND Vpff r---...... -. .. --~----'\/VI,--, TOµP 

LTI004-11 

LINEAR TECHNOLOGY FIG. 10-8 

IC devices by Linear Technology make up this current monitor circuit. Drain is only 70µA from a 
3- to 6-V battery. 
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CAR BATTERY AND ALTERNATOR MONITOR 

+ 
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_L 1 
L2 
P1 
01-04 
R1 
R2,R3 
R4,R5 
Misc. 

Red LED 
Green LED 
2.5-kfl trimmer resistor 
2N3904 transistor 
100-kfl resistor 
33-kO resistor 
470-H resistor 
PC board, wire 

FIG. 10-9 

The monitor is a simple voltage comparator in which a car battery serves as the battery for op­
eration. The input voltage to the comparator is set by adjustment potentiometer Pl j which must be 
adjusted so that the green LED 12 is on when the alternator is operating properly and red LEDl is 
on when the alternator is inoperative. 

The circuit operates as follows: When the alternator operates properly, the battery voltage is 
higher and P 1 is set so that transistor Q 1 causes Q2 to be off. That results in Q3 and Q4 being fully 
on, thus applying current to green LED 12. If the battery voltage is lowered (alternator inoperative), 
transistor Ql is turned off. That allows transistor Q2 to turn fully on, applying current to red LED LI, 
indicating trouble. Once Q2 is on, it causes Q3 and Q4 to go out of conduction. 

ELEKTOR ELECTRONICS 

88 

RELAY FUSE FOR BATTERY CHARGES 

1N40O1 + l 
05 

1N4001 ' 

FIG. 10-10 

Charged capacitor C3 and momentary push­
button switch S2 are used to momentarily energize 
relay RE2. The battery under charge energizes the 
relay to hold it closed. S2 -Will energize the relay 
even if the battery is too far discharged initially to 
energize it. 



BARGRAPH LED BATTERY TESTER 

LED NO 1 N02 
g 3 8.-160mA 

v- 2 17 MOOE V+ 
LEON03 

~ v' 3 16 
6 Refnl 

10 
LEON04 

DIVIDER (LOW END) 
16

LED NO 5 7 Refout 

1 SIGNAL INPUT 
5 14 

IC1 LED N06 

DIVIDER (HIGH END) e 13
LEDN07 LM3914 

REFERENCE OUTPUT 
7 12 

LED NO 8 
R&ladJ, 

REFERENCE ADJUST 
8 

i1 LED NO 9 .,. 
MODE SELECT 

9 lOLEDNO 10 -Sall. 1 , 
4vs: 

D.U.T. Rio V• 

ELEKTOR ELECTRONICS USA FIG. 10-11 

The LM3914A bargraph LED"lS used here as a voltmeter for battery testing. The circuit is pow­
ered by a 4.5-V battery and compares the battery under test with an internally derived reference, set 
by Rl/R2/Pl. Each LED of the 10 represent 10% of full scale. For best results, the battery (D.U.T.) 
should be loaded with an appropriate resisLor. 
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Buffer Circuits 

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

90 

Buff er/ Amplifiers 
High Current Buff er 
VFO Buff er Amplifier 
MOSFET Buff er Amplifier 
3-V Rail-to-Rail Single-Supply Buffer 
Simple Video Buffer 
Low-Offset Simple Video Buffer 



POPULAR ELECTRONICS 

BUFFER/AMPLIFIERS 

_c-i·---------+9-12V 
-:- C2 

.1 

R4 
1001< 

C3 A5 
.Ol 47K 

Cl 
100pf 

Rl 
100K A2 

1500 

R2 
8200 

OUTPUT 

r-A4~~4,-,,K ______ .,___--iiu 

A 

R3 
100n 

B 

RS 
12K 

R3 
240fl 

01 

T1~ •UTPUT 

~ 
01 

40873 
NTEZ22 
ECG222 

·SEE TEXT 

These two buffer/amplliiers that have been successfully used with VFOs: one (shown in A) is 
based on a pair of bipolar npn transistors, and the other (shown in B) is built around a dual-gate 
MOSF'ET. 
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+9-12V 

3 

5 

7 

9 

11 

14 

IN 

POPULAR ELECTRONICS 

POPULAR ELECTRONICS 

Cl 
.0022 

HIGH CURRENT BUFFER 

OUT 

FIG. 11·2 

By _parallel connecting all six gates of Lltis 
4049 hex inverting buffer, you can obtain a much 
higher output current than would otherwise be 
available. 

VFO BUFFER AMPLIFIER 

.----l,1---------- + 9- 'f2V 
-½ c2 

.1 
OUTPUT 

,.....ui.,_ _ _,._ _ __.5LJ 
R3 

240n 

FIG. 11-3 

A two-transistor feedback pair provides broadband operation. The gain is approximately R/R1• 
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MOSFET BUFFER AMPLIFIER 

R4 
100K 

Cl 
100pf 

R3 
100n 

INPUT o---lt---1-----..,... 

R1 
100K 

POPULAR ELECTRONICS 

ch 
.01 ll~ OUTPUT 

a, 
40873 

NTE222 
ECG222 

C2 
.01 

'SEE TEXT 

FIG. 11-4 

A MOSF.ET is used as a wideband buffer am­
plifier. Tl is wound on a toroid of approximately 
½11 diameter, with material suitable for frequency ·­
( usually 1- to 20-MHz range). The turns ratio 
should be about 4: 1 depending on load imped­
ance. Typically, at 4 MHz, there are 18 turns on 
the primary, 4 turns on the secondary, and the 
stage gain is about 14-dB voltage (ZL = 50 Q). 

SIMPLE VIDEO BUFFER 

ELECTRONICS NOW 

Video 
out 

FIG. 11-6 

This simple emitter follower can be used as a 
video buff er. 

3-V RAIL-TO-RAIL 
SINGLE-SUPPLY BUFFER 

NATIONAL SEMICONDUCTOR FIG. 11-5 

The LMC6484 provides a 3-V p-p rail-to-rail 
buffer with a +3-V supply commonly used for 
logic systems. 

LOW-OFFSET SIMPLE VIDEO BUFFER 
+ ________ ....,_ +5 V to 12 V 

10 µF_ 

Video 
in 

2.2 k!1 

10n 

-5 V to -12 V 

~10 µF 

WILLIAM SHEETS FIG. 11-7 

This circuit has proved to be an effective 
video buffer and will easily drive a 75-Q load to 
1.5-V p-p output. BW is better than 20 MHz and 
there is less than 0.05-V de offset, which is the 
difference in ~E of QI and Q2. The supply lines 
should be well bypassed,± 5 V or more. 
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Carrier-Current Circuits 

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

94 

Carrier-Current Baby-Alert Transmitter 
Carrier-Current Baby-Alert Receiver 



co 
01 

CARRIER-CURRENT BABY-ALERT TRANSMITTER 

C10 

J: 
117 1N401M 
VA.C NEUT. {

HOT D1 

• I R9 03 
+6.BV 47()1( 1NU311A 

6.8V 

04 
1N4148 

R10 
22K 

-

13.6V 

CJ 
470 

8 

3 

4 I U3 
LMC555CN 1 7 

1 I 2 16 

C8 
.033 

R14 
4.75K 

R15 
2.211( 

3 

'Z" I n I ,c; '- I I '---------• ":" 

8 2 
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~ 
3 

U2 Ll 
LMC555CN I 6 

+1 C7 
10 

R17 
1000 

a1 
MPSA42 

07 
P7055 

FIG. 12-1 

The baby-alert transmitter is built around an LM324 quad op amp (Ul), two L:\1C555CM CMOS oscillator/timers (U2 and 
U3), and a few support components. The transmitter sends a signal on receipt of a sound at MIGL It has a frequency of around 
125 kHz and can be used to trigger an alarm receiver. 



CARRIER-CURRENT BABY-ALERT RECEIVER 

117 {HOT 
VAC NEUT. 

R20 
1 N4004 3.3K LED2 

R21 
10K 

C12 
.001 

C13 
.001 

3WATT 
06 

C14 
.001 

1N4750A 
27V 

R23 
470K 

l1 

f 1.5mH 
TK3203 
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+ C11 

C16 
.01 

470 R25 
100K 

R26 
4.7K 

C17 + 
2.2 

R28 
4.7K 

821 ~ 

04 
2N3tfM 

FIG. 12-2 

The baby-alert receiver is comprised of three transistors: Q2, which is configured as a high-gain 
linear amplifier; Q3, which serves as both an amplifier and detector; and Q4, which is essentially used 
as a switch; and a few additional components. It sounds an alarm BZl on receipt of a 125-kHz signal 
from an alarm transmitter via the 120-V power lines. 
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C.lock Circuit 

The source of the following circuit is contained in the Sources section, which begins on page 675. 
The figure number in the box of the circuit correlates to the entry in the Sources section. 

Binary Clock 
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A21 
68'1 

14 

5 D V+ 
Q 

U1-a 
3 CP 1/2'813 Q 2 

G 

s G R 
6 7 

U4-a 
1/2 ~18 

R20 
2000 

4 

1 
H10 
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8 

BINARY CLOCK 

05 
1N4148 

RB 
10K 

R7 
10K 

+14V 

9 
D 

U1-b 
O 13 

11 CP 
1/z 4813 O 12 

C2 
.1 

-=-
06 

1N4U8 

+14V 

tit 

s R 
10 

R26 
330U 

PL1 

R9 
22K 

C3 
.1 

-= 

Tl 
12VAC 

.SA 

+14V 

MlO 

+14V 

" ~1 RESET 

10 15 

cf> RS 
U5-b 

CP 
9 

1/t. 4518 

3 2 1 0 
14 13 12 11 

4 2 

Ml 

This circuit is an unusual clock in that the LEDs are bi-color red/green displays that indicate the 
time in binary coded decimal form. 
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LEDs 21 through 24 read out seconds 
LEDs 5, 18, 19, and 20 read out 105 seconds 
LEDs 14 through 17 read out in minutes 



C6 
.1 

+14V +14V 

+14V 

r.R14 

U3-a 
1/2 '511 

V+ U3-b 
10 - 1/24511 

CP RS1-1;..c..S __ --4-___ _ 

-=-

+14V 
cs 

'

1 

• I S2 R15 
'l HOLD 1K 

S3 
r,\ST 

..:t.. 

09 
1H148 

D8 

CP RS 
7 

S4 
SLOW 

..I.. 

+14V 

16 8 
V+ G l 

1N4148 7 U6·a CP 
RS 1/2 4518 CP 2 

1 0 
4 3 

'II' ,,. M>81 

+14V 

= 

R18 
10K 

G CP 
8 9 

15 
RS 

U6·b 
1/2 4518 

3 2 1 
14 t3 

8 4 

CP 
CP 

0 

12 11 

$1 

10 

9 

U2-d 
11~ 4093 

010 
1N4148 

--

LEDs 4, 11, 12, and 13 read out in 105 minutes 
LEDs 7 through 10 read out the-hours 
LEDs 1, 2, 3, and 6 read out tens of hours 
The 60-Hz line is used as a timebase. 
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Code Practice Circuits 

The source of the following circuits are contained in the Sources section, which begins on page 675. 
The figure number in the box of each circuit correlates to the entry in the Sources section. 

100 

Code Practice Oscillator Uses Optoisolator 
Electronic CW "Bug'' Keyer 
QRP Sidetone Generator/Code Practice Oscillator 
Morse Practice Oscillator 
Code Practice Oscillator 
Variable Frequency Code Practice Oscillator 
Single-Transistor Code Practice Oscillator 



CODE PRACTICE OSCILLATOR USES OPTOISOLATOR 

LEO 

POPULAR ELECTRONICS 

ENCLOSURE 

+5V 

U1 
VTL10G1 

R5 
10K 

A 

OPAQUE 
OBJECT 

PHOTOTRANSISTOR OR 
PHOTODIODE 

R3 
4.7K 4 

8 

U2 

7 

8 

R1 
1K 

R2 
100K 

TO REDUCE VOLUME. 55S 2 
INSERT A 10°0 ADJUSTABLE 

BENO A SMALL RESISTOR HERE. 
PIECE OF TIN OR 

THIN SHEET METAL 
INTO THIS TYPE 

OF FORM. 

VTL1091 
OPTOISOLATOR 

B 

SPKRl 
an 

3 

Cl + 
1 

FIG. 14-1 

A slotted-pair isolator (A) is effectively an enclosed-pair isolator with a slit that will allow an ob­
stacle to intem1pt the light path. That could be useful for building a code key (B). 
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ELECTRONIC CW "BUG" KEVER 

118 
IOM 

117 
•OM 

R2 

PAogl;1 >---10_0,_, +--.. 

R~ 
R3 !114 •OM 
IOM iOM 

RI 

PAO~t~ I >-----1..,.00_k __ _ 

73 AMATEUR RADIO TODAY 

ICI 
4093 

R9 
IOM 

RIO 
IOM 

Rl2 
4 7k 

01 T
C3 

02 
l'-1914 

~EY 
c~ OUTPur 
0.01 

FIG. 14-2 

This keyer uses skin conductivity to simulate the old-fashioned mechanical CW bug keyer. When 
the "dir paddle is touched the bias on the inverter, IC 1-a is shunted to ground, and it produces a logic 
high, causing oscillator sections C&D to generate a low-frequency square wave keying QI for a series 
of '1dits." When the "dahH paddle is touched, section b produces a logic high, driving keyer Q] on. 

QRP SIDETONE GENERATOR/CODE PRACTICE OSCILLATOR 

IOk 

Pl 
1'17 

JI 

I(~~ r; (O'---~ 

J2 

73 AMATEUR RADIO TODAY 

QI 

Ql-04 ·2N:l904 
Q5 2N1906 

fU 
47k 

03 

114 
10• 

R5 
!Ok 

Q5 

FIG. 14-3 

For use with low-power transmitters with a positive keying voltage. Ql/Q2/Q3 form a switching 
amplifier. \Vhen the key is pressed, the collector of Q3 goes to ground, turning on Q5 and activating 
ICl, an audio oscillator. Q4 drives the speaker. For use as a code practice oscillator, insert Pl and Jl 
and a key in .J2. 
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MORSE PRACTICE OSCILLATOR 

----------IY"'O....---• +9V 
R1 
4.7K 

S1 
4 KEYSWITCH ,_........___....__,, 

R2 
100K 

C1 
.022 

7 

6 

2 

U1 
555 

POPULAR ELECTRONICS 

C2 
3 

100 

+ 

C3 
.47 

SPKR1 
40-80!1 

FIG. 14-4 

A 555 timer configured as an astable 

CODE PRACTICE OSCILLATOR 

Freq. 
control 

WILLIAM SHEETS 

7 8 

NE555 

2 

6 

_ 9-V 

cw 
key 

I battery 

To 
earphones 

5 1 
control 
v~~om~r~~soo .n 

.....___,. ....... 

Jo.01 µ.F 

FIG. 14-5 

multivibrator is used in this circuit Lo generate The tone and volume of the sound produced 
an audio note. Cl can be changed to vary the when the telegraph key is depressed can be var-
audio note as desired. ied in this code practice oscillator. 

VARIABLE FREQUENCY CODE PRACTICE 
OSCILLATOR 

+3-12V 

R2 
101< 

C4 
.1 

RS 
SOK 

FREQ. R1 
ADJ. 1K 

POPULAR ELECTRONICS 

SPKRl 
sn 4-INCH 

.----------. SPEAKER 

Cl 
u 

+3-12V 

7 6 

U1 
MC34119 

2 3 
+ + C2 

1 

R3 
471( 

4 

C3 
.1 

FIG. 14-6 

SINGLE-TRANSISTOR CODE PRACTICE 
OSCILLATOR 

Cl 
.'22 

(l1 

2N366 

Rl 
100n 

R2 
10K 

Sl 
KEYSWITCH 

POPULAR ELECTRONICS 

+ 

Ts, 
1 91/0LTS 

..!.. 

FIG. 14-7 

A 2N:366 is configured as an audio feedback 
The variable frequency andio oscillator can oscillator using an audio transformer is shown. 

be used as a low-level alarm sounder or a code- Adjusl Rl for proper operation and desired audio 
practice oscillator. note. 
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15 

Color Organ Circuit 

The source of the following circuit is contained in the Sources section, which begins on page 675. 
The figure number in the box of each circuit correlates to the entry in the Sources section. 

3-Channel Color Organ 
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3-CHANNEL COLOR ORGAN 

1991 PE HOBBYIST HANDBOOK FIG. 15-1 

The ac line power is brought back into the circuit through Fl, a protective 5-A fuse. One side of 
the ac line is connected to one side of each ae outlet. The other side of the ac line is connected to 
each SCR or silicon-controlled rectifier. Each SCR is, in turn, connected to the other side of each ac 
outlet. 

An audio signal is brought into the circuil from a stereo speaker by transformer Tl. This trans­
former has 500-Q impedance on the primary and 8-U impedance on its secondary. Connect Tl so 
that the 8-0 side is connected to the speaker and the 500-Q side is connected to potentiometer PL 

Potentiometer Pl is used as a level or sensitivity control. The signal from its wiper lead is applied 
to each RC filter stage. Because each SCR has a different RC (resistor/capacitor) filter on its gate 
lead, each will respond to different frequencies. The rt ... .,, .... ,.£, .... the capacitance in the filter, the lower 
the frequency that the SCR will respond to. 
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16 

Computer Circuits 

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

Printer Sentry 
PC Password Protection 
Buff er 12C Data and Clock Lines 
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0 
........ 

PRINTER SENTRY 

18 0 0 0 

10 0 0 010 

+51/ I 

4~ 

U2 

+I C1 r • 555 

1 ·3 

+SV 

U1 j O ~ 
7805 • 

C8 IG C7 
1000 I .041 

¥
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J1 
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POPULAR ELECTRONICS 
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FIG. 16-1 



PRINTER SENTRY ( Cont.) 

ACKNOWLEDGE·-----. 

BUSY--------. 

PAPER EMPTY 

SELECT 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 

•LOW-GOING PULSf 
----INITIALIZE* 

GROUND ------•SELECT 

TABLE 1-PIN CORRESPONDENCE 

DB-25 
Centronics-

Style Connector Connector 

1 1 
10 10 
11 11 
12 12 
13 13 
14 14 
15 32 
16 31 
17 36 
18 19 

Handy for monitoring printers, this circuit displays all the signals on a parallel link. It monitors 
the status of the lines, enabling remote monitoring of the operation oLa printer, and it also gives an 
indication of troubles (paper empty, busy, etc.). 
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PC 
.EXPANSION , ., 

BUS 
CONNECTOR 

A17 .,,,.,,, A14 
- -

Al8 ,,, A1l ..._..._ 

AU ~ ~ A12 

--
A11 .,, A15 
A1 ,,, - 16 
A1 ' 17 

JI. .:; 1 
At ; n 
A2 ' 

J A'. -
A -... 

A ; &71'1 

AJ - ~ 

A ' AM 
A ; 1423 ,. - 4" 

A1 ~ A21 
A11 _; A?l1 

A1~ _; A19 
A1~ ::; A18 

' MEMW .,._,,. 811 

MEMR --.... ..... 
.,._,, 812 
- -

+5V ,,_,,. 803 ---
GND ,,,. 801 

- -
07 .,,..,,. A2 
m ~ A3 
u=i :;, A_d 

1)1 _; A5 
M ::; All 

02 ;; A7 

D1 ; il 

DO ::: A9 
' -

ELECTRONICS NOW 

PC PASSWORD PROTECTION 

1/tnt.SM '"""'nl 13 

- lC2-d 
¼74L8D 

JU1 
1 2 - --

IC1•a 
1/e7a9'M r -0 0 

l • 

I 
IC1-b 

1/e11UM 
s 8 

!Ct-(; 
1/e74UN 

- +5V I IC2-b 
5 !!.!1.._4U21 

IC3 

Cl 
.01 

74131 
7 V7 fl G1 

Y6 9 

Y5 0 
4

: G2A Y4: 1 

5 G2B YJ 'J 

3 C V2 
! 

2 8 Y1 4 

1 A YO 5 

1 
AO 

g A1 
8 

A2 7 
A3 

6 A4 
S AS IC4 
4 A6 '3258 
3 

A7 
2!: 
24 A8 

A9 
AlO 
A11 

' 
A12 
A13 

27 WE 
22 

OE A14 

\t. 
IC5 __:::i} '::4 -½ 741.1241 

g A8 88 11 - 1D7 
8 A7 87 12 lnR 

l A6 B6 13 IDS 
6 

A5 B5 14 ID4 
!i A4 84 15 ID9 

-4 A3 83 18 1D2 
3 A2 8217 1D1 
2 

A1 0
, ,a 100 

A/8 EN 
11 ')'19 

C2 
.01 

I 

I 

cs 20 

DO l1 

Dl 112 
D2 13 

DJ 15 

D4 16 

o: 17 

I 

I 

C3 
.01 

OS !L... 
07J! 

I 

C4 
,01 

-
-
--
--
-

-
-

-

-
-

-

-

-

SH 

SH 

S1-c 

S1-d 

S1-e 

S1-f 

S1•g 

S1-h 

2-

aL>-1-
IC2-a 

¼7'Ll28 

~ 
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1/e74LSM 

FIG. 16-2 

With this circuit, a PC will be protected, requiring a password to boot. After three times, the 
computer will have to have a cold reboot and the password tried again. Software for this system is 
available-consult the reference for further details. 
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BUFFER 12C DATA AND CLOCK LINES 

A 

All npn's: 2N39114 All pnp's:: 21139!16 All lli11lles = 1H5712 

B 
ELECTRONIC DESIGN FIG. 16-3 

The I2C serial bus is a popular two-wire bus for small-area networks. I2C Clock and Data lines 
have open collector ( or drain) outputs for each device on the network. Only a single pull-up resistor 
is needed. With this architecture, each device can "talk11 on the network, rather than just "listen." Jn 
some circumstances, it might be desirable to buffer these lines to expand the network, which can 
sometimes be a tricky task. The obvious approach (Fig. I) wont work because it latches in either the 
higher or lower state. A circuit for a noninventory nonlatchi.ng buffer is also shovvn. · 

The circuit is symmetrical about its center so that the input and output can be swapped. Ql and 
Q8 are the output open collector drivers. Q2, Q3, Q6, and Q7 provide the nonlatching functions. The 
capacitors prevent switching glitches by ensuring the inhibit trm1sistors turn off before the output 
transistors do. 

Operation can be best explained by example: if the input is high, Q4 turns off, and the voltage 
across R8 goes to zero. This turns off Ql and Q8. The output then goes high, which is the circuit's 
norrnal resting place. If the input is pulled low, Q4 is turned on. 

Diode D1 remains reverse-biased, preventing Q3 from turning off Q4. With Q4 on, current is sup­
plied to both Q2 and QI to turn them on, but Q2 turns on first to keep QI off. This prevents the in­
put from latching. Q4 also turns on QB. D4 is now forward-biased, so Q6 turns on, and thus turns off 
Q5. With Q5 off, Q7 will not turn on. The output remains low. ~~ven with both the input m1d the out­
put externally driven low) the circuit will nol latch. The circuit, using the values shown in Fig. 2, 
reached a clock rate of 80 kHz with a VOH of 5.0 V and a VOL of 0.5 V. 
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17 

Control Circuits 

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

6-Digit Coded ac Power Switch 
VCR TV On/Off Control 
Simple Power Down Circuit 
Simple ac Voltage Control 
Dual-Control Switch Uses ac Signals 
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...... ..... 
I\) 

6-DIGIT CODED ac POWER SWITCH 

I l T T T f I -- 1 -f T T I I ~ 

IC1 ... IC4 = 4013BE 
ICS = 40£9BE 
IC6 = MOC3063 

BC109 

C~E 

t • • I ' ! .t, ! • t • t ' • 

AL 

ELEKTOR ELECTRONICS 

. ' ' . ' 
Semiconductors: 
IC1-IC4 4013BE 
IC5 4069BE 
IC6 MOC 3063 
T1, T2 BC109 
D1, 03 1N4001 
D2 LED.green 
T n 1 BT A 26-6008 

9 ... 12V 

N 

i 
ICS 

··-·' ' ' ~ T T ~-@E 

FIG. 17-1 

This switch uses four CD4013 BE dual flip-flops, an ,n .. r,o-rr,:.-r and an G'1P1~c·1::c1c,....,.,,J,. to drive a triac. The circuit can switch 
25-A ac load current. A standard 4 x 3 telephone keyboard is used to enter a code. In case df a ""Tortg code, a signal is 
available to activate ah alarm. The disarming method is a secret reset button that can be any number on the keyboard. 



....... 
~ 

CA) 

T1 
24VCT 
450mA 

PL2 

JI.. 
VCR AUTO 

R3 
10K 

R1 
10K 

R5 
100K 

1993 ELECTRONICS HOBBYISTS HANDBOOK 

1A :r-1 

VCR TV ON/OFF CONTROL 

C9 
.1 

Pl1 -
117VAC 

+12V 

K1 
12V 

fl 
3A 

FIG. 17-2 

This circuit senses the video from the VCR When the VCR is turned on, video signal is amplified by U3A and B to drive Q 11 

activating Kl. In this manner, it is not necessary to tum on and off two video devices every time. In many cases, this avoids the 
use of a cable box, the cable-ready VCR perfomung this function . 



SIMPLE POWER DOWN CIRCUIT 

.-----------a--o +12V 

- -
Vee 

U1 = CD4001 10k ADn&9 
MJ7774 

- -
ELECTRONIC DESIGN FIG. 17-3 

This circuit adds a power-dmvn function to analog I/O ports (for example, the AD7769 and 
AD777 4). Moreover, the diodes ordinarily needed to protect the devices against power-supply mis­
sequencing can be eliminated (see the figure). 

In the circuit, MOSFETs QI and Q2 switch the +5- and +12-V supplies, respectively, in a se­
quence controlled by two cross-coupled CD4001 CMOS NOR gates (UIC and UID). The sequence in 
which power is applied is important: The controlled circuits may be damaged anytime ¼7c exceeds 
VDD + 0.3 V. ConscqucnLly, the NOR gates must be powered from a 12-V supply throughout the 
power-down sequenee. 

Bringing the power do'\VIl control high ( +5 VJ applies power to the controlled circuit by turning 
on all MOSFETs. Specifically, raising the power -down brings the outpuL of Ul C low, causing capaci­
tor Cl to discharge VOL exponentially with time consLanLR1C1• As the voltage on Cl falls, two events 
occur. First, it puts a negative gate-source voltage on P-channel Ql, turning it on. . 

Second, it causes output gate U ID to go high. With the output of U 1D high, capacitor C2 charges 
exponentially to YOH-about 12-V-applying a positive gale-source voltage to turn on Q2. In the 
power down mode, the Power Do'\VIl control is brought low and the RC circuits and their delays work 
in reverse. Consequently, capacitor C2 discharges to the logic input of UlC before Cl can charge. 
Hence, Q2 turns off before QI. 

PL1 

POPULAR ELECTRONICS 
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LAMP 
DIMMER 

0 

SIMPLE ac VOLTAGE CONTROL 

FIG. 17-4 

Lamp dimmers can be used for more than 
jnst controlling lights. Just provide one with an 
ac line cord and a socket, and discover just how 
useful they can be. 



DUAL-CONTROL SWITCH USES ac SIGNALS 

nJ 
+6-10V 

2kHz 
AC 
IN 

LJ7 
+6-10V 

2kHz 
AC 
IN 

POPULAR ELECTRONICS 

Cl 
.1 

311 1K 

D1 
1Nl14 

C2 
.47 

02 
1N914 

D5 
10V 

ZENER 

R3 
1000 

FIG. 17-5 

The Dual-Control Switch uses two 6-10-Vac sources to trigger the circuit on and off; one source 
for each function. 
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1-8 

-Converter Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
675. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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One-Chip Crystal-Controlled Converter 
High-Performance Shortwave Converter 
3-A de-de Converter Needs No Heatsink 
Simple WWV Converter for Auto Radios 
Digital-to-Analog Converter 
Temperature-to-Frequency Converter 
VLF Converter 
800- to 1000-MHz Scanner Converter 
Crystal-Controlled Frequency 

Converter Using MOSFET 
Temperature-to-Digital Converter 

Simple 2-m-6-m Transverter 
Sine- to Square-Wave Converter 
439.25-MHz ATV Downconverter 
Sine-Wave-to-Square-Wave Converter 
ATV Downconverter 
28-V de to 5-V de Converter 
Current-to-Voltage Converter 
Temperature-Compensated One-Quadrant 
Logarithmic Converter 

de/de Converter Circuit with 3.3-V 
and 5-V Outputs 



Jl 
RFIN 

,..SEE TEXT 

POPULAR ELECTRONICS 

ONE-CHIP CRYSTAL-CONTROLLED CONVERTER 

.-----,4 

U1 8 
NE602 1------

...._ _______ .._ ..... 2 .___,..___,___. 7 

3 6 C3 C4 

A 

•SEE TEXT 

B 

47pF 240pF 

C5 

1.001 

C4 
10pF 

TO PIN 6 
ON U1 

C61 
.84 

C2 
.001 

0 

! J2 ~ RF OUT 

+12 
voe 

FIG. 18-1 

This eircuit cm1 work over a Vvide range of frequencies. XTAL Lis a fundamental-frequency crys­
tal. Tl and Cl are tuned to the input frequency. An application of this circuit is a simple shortwave 
converter for AM radios, etc. A tuneable oscillator can also be used, as shown. 
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HIGH-PERFORMANCE SHORTWAVE CONVERTER 

1990 PE HOBBYIST HANDBOOK 

' I 1,. _________ _, 

C3 
220pF C2 

32pF 

5 
7 8 

U1 
NEID2 

FREQUENCY CONVERTER 

'"INSTALL FOR 6.0 - 6.5MHz OPERATION 

R2 
1K 

01 
2N4811 

C4 
.04 

FIG. 18-2 

The NE602 chip, Ul, contains oscillator and mixer stages. The mixer combines the oscillator sig­
nal with the input RF signal to produce signals whose frequencies are the sum and difference of the 
input frequencies. For example, an 8.5-MHz oscillator and a 10-MHz incoming signal will give output 
signals at 18.5 MHz (10 + 8.5) and 1.5 MHz (10 8.5). Recall that 1.5 MHz is 1500 kHz and an ordi­
nary AM radio \Vi.II tune to it. 

The choice of crystal depends on what shortwave band you want to hear. The 9.5- to IO-MHz 
band is less crowded and includes the time-signal station WWV. For that band, you'll need a crystal 
of 8.5 to 8.9 MHz. There is no standard microprocessor crystal in that range, but you can use an am­
ateur radio crystal, have a crystal custom-made, or use a CB crystal. 

Transformer Tl rejects signals that are outside the band you are interested in. Transformer Tl 
should pass signals from 9 to 11 MHz and attenuate all others. 

The transformer, Tl, used in the circuit is a 10.7-MHz IF transformer salvaged from an FM radio. 
They are fairly easy to obtain new from parts stores and mail-order houses. Most 10.7-MHz IF trans­
formers will tune across the 9.5- to 10-MHz band without modification; all you need to do is turn its 
tuning slug. To receive the 6.0- to 6.5-MHz shortwave band, you'll have to add a 150-pF capacitor.· 
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Capacitors 
Cl 150-pF, ceramic disc text) 
C2 32-pF, ceramic disc 
C3, C5 220-pF, ceramic disc 
C4 0.04 or 0.05-µP, ceramic disc 
Additional Parts and Materials 
Ul NE602N frequency-converter integrated circuit 
DI 6.2-V, 0.4 or 1-W Zener diode 
Rl 10,000-0 panel-mount potentiometer 
R2 1000-.Q, ¼-W, 5% resistor 
,Tl, .J2 RCA phono jack 
S1 DPDT, toggle switch, panel mount 
Tl 10.7-MHz IF transformer (green color coded) 
XTAL 1 8.5-MHz crystal or CB channel-5 receiving crystal (see text) 
XTAL 2 5.0-MHz microprocessor crystal for 6-MHz band 



3-A de-de CONVERTER NEEDS NO HEATSINK 

Boost Boost 
.--............. V+ drive Top gate drive 

+ V+ Top gata feedbac· ....... ----+--1 
11µ.IT_ 
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C1 
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Bias Top 
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driver Sense • __ ,,," •-

Bottom gate 
driva 

Bottom gate 
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Ground 

8-to-24-V 
input 

Ryop 
Compen- V+ Vin 

salion LT1431 
programmable REF 

reference 
.......,,"·u·,, _________ ,Outplll·transistor 

collector L 1 • Colllronics CTX50-3MP 
Ag= Vlshay,Ultroni1 RCS01, SM1 
lselek Corp. ISA·PLAN SMR 

ELECTRONICS DESIGN 

f 

FIG. 18-3 

This regulator delivers 9091} efficiency at 12-V input, 5-V output. It uses an LTl 158 and LT1431 
by Linear Technology, Inc. High efficiency is obtained by synchronously switching two power MOS­
FETs in a step-down switching regulator. The LT1431 voltage reference combines with the LT1158 
half-bridge driver to form a constant off-time current mode loop. 

SIMPLE WWV CONVERTER FOR AUTO RADIOS 

+9VDC A1 
lK 

Tl* ,-------........ --1 
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POPULAR ELECTRONICS 
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4 ~----i-[-l 11MHz 
I t OUT 
I I 

5 I I 
L-------..l 

FIG. 18-4 

This simple frequency converter mixes the 15-MHz WWV/WVH signal with a 16-MHz signal from 
the LO to convert it down to l MHz so that it can be heard on AM-band receiver. 
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(SEE TEXTI 
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1992 R•E EXPERIMENTERS HANDBOOK FIG. 18-5 

Figure A is an R/2R resistor ladder. Each switch that is closed increases the amount of current at 
1

0
.u,. A simple channel AID converter is shown in F'ig. B. The voltage reference (fl2) is common to all 

channels, buUhe value of the dropping resistor (R9) varies as the number of DACs installed in the 
system. IC15 is a DAC0808 AID converter chip. ICI6A is an op amp to interface the output current 
from the DI A convert to an analog voltage output. 
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RADIO-ELECTRONICS 

TEMPERATURE-TO-FREQUENCY CONVERTER 
+6'11 

10mV/"C 
110mV/"F) 

A1 
100K 

R2 
121< 

C3 
01 

FIG. 18-6 

In this circuit an LM34 or LM35 produces a frequency proportional to temperature. Reference 
current (138 µA} is set via R3. The output can be used to drive a display, frequency counter, or other 
indicating device for temperature readout. 

303 CIRCUITS 

l1 
100rnH 

10 ... 150 kHi 

C4 

330p 

VLF CONVERTER 
4 MH1 

x, 

II 10 12 1J 

IC1 
S042P 

6 ... 12 V 
5 .. 1DmA 

C9 

J!oon 
100µH 

5 

l6 

10n 

' 4010 . 4150 l<Hr 

8~484 

FIG. 18-7 

This converter convcrtslO kHz to 150 kHz to 4.01 to 4.15 MHz for use with a shortwave receiver 
for VLF reception. A 4-MHz L.O. frequency is used. Xl can be a microprocessor XTAL or another 
suitable type. The antenna should be as long as possible. 
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800- TO 1000-MHz SCANNER CONVERTER 

A6 A7 
1K 10K DELTA TUNE 

RADIO-ELECTRONICS 
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~ 
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OR 
12-20VAC 

60Hz 

ro LE01 
/OPTJONAL1 

FIG. 18-8 

This converter enables reception of 800 to 1000 MHz on any scanner covering the 400 to 500-
MHz range. The converter can be set up to cover either 800 to 900 MHz or by readjustment 900 to 
1000 MHz. Sensitivity is very high because of the GASFET front end. For best results, the scanner 
should be of a programmable variety. A complete kit is available from North Country Radio,·P.O. Box 
53, Wykagyl Station, NY 10804. 
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CRYSTAL-CONTROLLED FREQUENCY CONVERTER USING MOSFET 

Jl J2 
RFIN G2 Rf OUT 

G1 

-, 

r 
I 

Cl• I 
I -, -~ 

~ 

C4 C6 R3 
0.1 0.1 10011 

.SEE TEXT +12 
VDC 

POPULAR ELECTRONICS FIG. 18-9 

The second gate (G2) of a MOSFET can be used to incorporate a crystal oscillator into the same 
stage as a frequency mixer. Although old hat with tubes, this scheme is seldom seen in dual-gate 
MOSFET circuitry. L3, C3, and XI form Lhc crystal oscillator, and T2 is an IF output transformer. Tl 
and Cl are tuned to the converter input frequency. This circuit should be useable up to 25 MHz or 
so, or higher with third-overtone crystals. 

TEMPERATURE-TO-DIGITAL CONVERTER 

.----------------1-------------- +SV 

+ 3.9k 

OUT 
LM35 

GNO + 

75 

J_ LM385 

1µF 

IN 

REF 
1.28V 

ADC08031 
SERIAL 

--- DATA OUTPUT 

----CLOCK 

,__ _____ ENABLE 

-------------------1--------------GND 

NATIONAL SEMICONDUCTOR FIG. 18-10 

The devices shown from National Semiconductor are used in digital temperature circuit sensor 
LM35 and reference LM385 feed A-D converter ADC08031. 
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Connection 
To 

SIMPLE 2-m-6-m TRANSVERTER 

U4 
RJ TUf-3H 

2-Meter Rig A, 

C4 
.001 

From 12 VDC 
Switched 
·source 

o, 1 

73 AMATEUR RADIO TODAY 

150 

FIG. 18-·11 

Using the bilateral properties of a balanced mixer this transvcrtcr will produce 6-m output with 
2-m inputs. Yl is a 90-MHz crystal. Note that the input on 2 mis 143 to 144 MHz for 53 to 54-MHz 
output. This avoids possibility of extraneous 2-m reception during receive periods. If your radio will 
not transmit below 144 MHz, then use a 93- or 94-MHz crystal frequency. 

SINE- TO SQUARE-WAVE CONVERTER 

47 kn 

Cc 
Sine 0.47 µ,F 6.8 kll 

wave G----i ....,._-'V'v\r---------, 
input + 

Cc should have 
reactance 

.~ "- 5 kft@ ~n 

WILLIAM SHEETS 
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47 kO 

4 

NE555 

---------- + 5-15 V 

5 

Square 
3 f------, 1 wave 

output 

I 001 µ,F 

This 555-based Sclunitt trigger circuit 
is useful for creating clock pulses from 
analog signals since it readily converts 
sine·waves into square waves. 

FIG. 18-12 



439.25-MHz ATV DOWNCONVERTER 

R4 Rl4 

Cl 
CYC-40,000 

GftEf'.N 

-~;......tL.-4t--==-~lN.3~•.,... ____________ r_.z_3_v_.,......1e~o,_ __ ~v 

RI 
470 

FB· FERRITE BEAD 
LI, 1.2, L3 • MICROSTRIP 

w 
9.76V 

C26 
O.OOlp.Fl 

CI, C8- SPRAGUE !GREEN\ CYC 40,000 
CUI- S~RAGUE (WHITEl CYC 20,000 

73 AMATEUR RADIO TODAY 

C7 
0.001µ.F 

SET FOIi 8ANO RANGE 
2.211 GIVES 440MHz 

Cl6 -;J;' 15pF 
,...._ ___ T\/ 

CH 
r,;-42-4 

Cl9 
J;'O,OOlp.F 

FIG. 18-13 

Most ATV (Amateur Television) transmitters transmit a DSB signal and commercial television 
stations use a VSB (Vestigial Sideband) signal. This fact is made use of in this converter to use the 
lower sideband. This results in less interference from repeaters that occupy the 440- to 445-MHz por­
tion of the band. However1 thls approach might suffer from VHF image responses from channel 29, if 
that channel is active in your area. 

SINE-WAVE-TO-SQUARE-WAVE CONVERTER 

IN~ 

f le, 
-=- .1 

---------+3-9V 

U1-a 
1/4 

14 4093 
3 OUT 

POPULAR ELECTRONICS FIG. 18-14 

This circuit turns a sine wave into a square 
wave. It is comprised of a single 2-input NAND 
Schmitt trigger that's configured as an inverter 
with a trigger level adjustment at its input. As the 
input voltage rises above the gate's trigger point, 
the output snaps to its alternate state, producing 
a square-wave output. 
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ELECTRONICS NOW 
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R13 

470.Q 
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1N757 

R17 
4.7K 

C26 
.01 

I 

I 

! R16 
1K 

* 

I 

C21 J2 
18pF OUTPUT 

I ?i12.6 VOLT 
OCINPUT 

':" 

*REMOTE 
TUNING 
VOLTAGE 

IOPTIONAL) 

•SEE TEXT 

FIG. 18-15 

This RF converter converts amateur TV signals in the 420- to 450-MHz to VHF channel 3 or 4, allowing reception 
of those signals on a standard TV receiver. RF amplifier Ql feeds mixer l\H, and Q3 acts as an IF amplifier. Q2 is an oscillator 

around 378 MHz and is tuneable over about a 30-MHz range. A c<:::rn1p1e1ce kit is available from North Country Radio, 
Wykagyl Station, NY 10804. 



Unregulated 
MIL-STD-740O 

Input +V1N 

NATIONAL SEMICONDUCTOR 

3 

28-Vdc TO 5-Vdc CONVERTER 

Feedback 4t--------------. 

LM1575-5.0 

2 
Output 

L1 330µH 

5 

1 N6492JANTX 

+5V@ 1A 
Regulated 

Output 

Cour 
330µF 

FIG. 18-16 

The National Semiconductor LM1575-5.0 allows a very simple switching regulator, with >80% ef­
ficiency, operating as a 5-V source@ IA from a +28-V bus. 

CURRENT-TO-VOLTAGE CONVERTER 

+V R1 

.-----'INwr--1+ V0u1 = 11,.Al 

..,.... ____ ....,4 "FOR MINIMUM ERROR DUE TO 

= BIAS CURRENT R2 R1 

POPULAR ELECTRONICS FIG. 18-17 

TEMPERATURE-COMPENSATED ONE-QUADRANT LOGARITHMIC CONVERTER 

R, 

INPUT _,. 
l1N 

10nA < I1N < 1 mA 
SENSITIVITY IS 

1 V PER DECADE 

POPULAR ELECTRONICS 

02 
2N2920 

R2 
21< 

RS 
1K 

081 

C3 
20pF 

+V 

V+15V 
R3' 

1 5MEG 
1'¾ 

·DETERMINES CURRENT FOR ZERO CROSSING 
ON OUTPUT lOµA AS SHOWN 

FIG. 18-18 

A logarithmic converter used to produce an output voltage that is proportional to the logarithm 
of an input current is shown. Rs is the input impedance of the input source. 
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+ 

av 
TO 

30V 

de/de CONVERTER CIRCUIT WITH 3.3-V AND 5-V OUTPUTS 

1N5822 
SHORT 

I- .--a-----,..,--41--------------------- 5V, 0 05A TO 0.4A 

+ 330µF 
50V 
SXE 

V1N Vsw 
LT1076 

GNO Ve FB 

a:. 
0 
:c 
Ul 

• L 1 
86µH 

1N5822 

SHORT 

SHOAT 

S P.G. SINGLE POINT GROUND, (STAR GROUND) 

SHOAT 

SHORT 

DARK UNES INDICATE HIGH CURRENT PATHS (SEE TEXT) 
L 1 "' HURRICANE LABS HL8685 

"COILTRONICS CTXOH 1959 
All ELECTROLYTIC CAPACITORS. UNITED CHEMICON SXE SERIES 

10k 

LINEAR TECHNOLOGY CORPORATION 1993 FIG. 18-19 

Input voltages can range from 8 V to 30 V. The load range on Lhe 5 Vis 0.05 A to 5 A while the 3.3-V 
load range is 0.1 A to 1 A. The circuit is self-protected under no-load conditions. Over all load and lipe 
conditions,_includmg cross regulation, the 3.3-V output varies from 3.25 V to 3.27 V. The 5-V output 
varies from 4.81 V to 5.19 V w1der the same conditions. 

In a typical application to 0.5 A on the 3.3 V and 0.25 A on the 5 V, efficiency is typically 76%, 
With an input voltage of 30 Vanda full-load condition, the efficiency drops to 66(¼1. In normal oper­
ating regions, efficiency is always better than 70%. The 5-V ripple is less than 75 rnV and the 3.3-V 
ripple less than 50 m V over all line and load condiLions. 
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19 

Counter Circuits 

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

2-MHz Frequency Counter 
IO-MHz Frequency Counter 
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FIG. 19-1 



2-MHz FREQUENCY COUNTER ( Cont.) 

XTAL DIVIDE-
OSCILLATOR BY-10 

START 
TRIGGER LATCH OSCILLATOR 

STOP 

1993 ELECTRONICS HOBBYIST HANDBOOK 

DIV1DE-
BY-10 

GPJI 

ANALOG 
AMPLIFIER 

16-ST~E 
BINARY DIVIDER 

:888B 

COUNTER 

This is a schematic and block diagram of a 2-MHz frequency counter. It uses and LSI counter/dis­
play driver, LCD readout, and a few logic chips for timebase and timing pulse circuitry. Q2 and Q3 
form a signal (input) amplifier. 

The circuit contains a crystal osc-illator built around U3-c and XTALl, which provides the pri­
mary timing-reference signal. That signal is then divided twice to provide two additional timing ref­
erences, giving the circuitry three selectable timing references. The ICM7224IPL is an integrated 
circuit that consists of the counter and display driver to drive the LCD-004 display. 
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10-MHz FREQUENCY COUNTER (Cont.) 

The circuit consists of an ICM7208 seven-decade counter (Ult an ICM7207 A oscillator con­
troller (U2), and a CA3130 biFET op amp (U3). Integrated circuit UI counts input signals, decodes 
them to 7-segment format, and outputs signals that arc used to drive a 7 ~digit display. Integrated cir­
cuit U2 provides the timing for UI, while U3 conditions the input signal to provide a suitable wave­
form for input to UL The 5.24288-MHz ccystal frequency is divided by U2 to produce a 1280-Hz 
multiplexing signal at pin 12 of U2. That signal is input to Ul at pin 16 and is used to scan the display 
digits in sequence. The cathodes of each digit are taken to ground several times each second, acti­
vating any segments of the digits whose anodes are high as the result of decoding by Ul. The ccystal 
frequency is further divided to produce a short "store" pulse at pin 2 of U2, followed (after about 0.4 
ms) by a short "reset" pulse at pin 14 of U2. The frequency of the pulses is determined by the state 
ofU2 pin 11. 

When pin 11 of U2 is taken to ground through S 1, the pulses occur every 2 seconds and cause U2 
pin to go high for one second, which prevents additional input signals from entering UL That causes 
the count latched in Ul 's internal counters to be transferred to the display. 

Integrated circuit U2 pin 13 then goes low for one second, allowing a new count to be entered 
into the seven decade counters of Ul. That cycle is repeated, continuously updating the display 
evecy two seconds. 

\'/hen U2 pin 11 is taken to the positive supply rail ( +5 V), the "store" and "reset" pulses occur 
at 0.2-s intervals, resulting in a 0.1-s count-period. Ten input pulses must be counted in order for a 
"l" to appear on the first digit, D 1, so that the frequency being measured is obviously 10 times larger 
than the frequency that is shown on the display. In that mode, the decimal points are driven by Mand 
visually indicate that the 0.1-s count period is being used. 

The display must have at least seven 7-segment common-cathode multiplexed LED digits. Any 
common-cathode seven-segment display can be used; no particular display is specified. 
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Crystal Oscillator and Test Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
675. The figure number in the box of each circuit correlates to the entry in the.Sources section. 
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Low-Frequency Crystal Oscillator 
Crystal Oscillator 
Easy Crystal Impedance Checker 
Hex Buffer Crystal Oscillator 
Multi-Output Timebase 
Crystal Activity Tester 
10- to 1-Hz Timebase 
Crystal Tester 
Wide-Range Crystal Oscillator 
Pierce Oscillator 
Crystal-Controlled Hartley Oscillator 



LOW-FREQUENCY CRYSTAL OSCILLATOR 

NTE312 

RF DESIGN 

1 µF ~ 

....L = 

0.1 

I 
C 

1N4148 4.7 nF 

39 k 

1.5 k 

R 

-t 15V 

0 t\..i 
Output 

NPN transistors: (4) BC548 

FIG. 20-1 

QI, Q2, and the associated circuitry form a modified astable multivibrator in which the loop gain 
is automatically adjusted Lo the threshold of oscillation by means of field effect transistor Q:3. Q4 lin­
early amplifies the-signal present at the collector of Q2 and isolates the oscillator section of the cir­
cuit from the output. This stage features wideband operation and delivers a clean 2.5-V amplitude 
sine wave into a resistive load greater than or equal Lo 20 kO.. The stage comprising Q5 has a voltage 
gain of 1 and its sole purpose is to isolate the nonlinear effects of rectifier DI from the output. 

220 kO 

...________ ______ _ 

CMOS ~r-.. - --
gate ~ 

XTAL 

CRYSTAL OSCILLATOR 

The CMOS amplifier is biased into the linear 
region by resistor Rs- The pi-type crystal network 
(Cl and C2, and XTAL) provides the 180° phase 
shift at the resonant frequency which causes the 
circuit to oscillate. 

------,Dr----------

22pF I 
WILLIAM SHEETS 

Parallel 
resonant 

fundamental 
cut 

5 to 50 µF 
tnmmer 

FIG. 20-2 
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EASY CRYSTAL IMPEDANCE CHECKER 

(Ok) 

Swept RF source ---• 

(NG) 

ELECTRONIC DESIGN FIG. 2D-3 

On occasion, microprocessors/microcomputers and microprocessor crystals just aren't compati­
ble with each other. Many microprocessor data sheets specify maximum values for a crystal's equiv­
alent series resistance (R8) that aren't met by some crystals advertised for microprocessor/ 
microcomputer use. As a result, a crystal with an R5 value greater than the maximum specified for 
the chip might cause problems, such as a·balky or even inoperative clock oscillator. 

To tackle this problem, a suspected crystal can be given a quick check for R8 with a simple test 
setup that consists of a sweep generator, oscilloscope, and three resistors (see the figure). When the 
frequency source is brought to the crystal's frequency, output 2 will maximize. If it exceeds the am­
plitude of output 1, the crystal's R8 value will be less than the R8 reference resistor's value. If it 
doesn't exceed output 1 's amplitude, the crystal's R8 value is too large. 

ELECTRONICS NOW 
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HEX BUFFER CRYSTAL OSCILLATOR 

Output 

10 k 

68 pF 

FIG. 20-4 

A 4049 single section acts as a crystal oscilla­
tor, driving another section as a bufferl leaving 
four sections for other use. Use a 32- or 20-pF 
parallel resonant fundamental crystal. 
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(see text) 
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RADIO-ELECTRONICS 
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FIG. 20-5 

A 1-MHz oscillator drives a binary counter to produce pulse widths from 2 to 65,536 ms. V+ is 
any CMOS suitable level (5 to 15 V, etc.). 

137 



I.SM 

lk 

A 
73 AMATEUR RADIO TODAY 

CRYSTAL ACTIVITY TESTER 

TO FREQUENCY 
,couNTER 

di +5\IDC 

B 

FIG. 20·6 

This circuit will check a crystal for activity. 1\vo sections of a 7 400 act as an oscillator and its out­
put is rectified and drives an npn transistor that switches an LED (Fig. A). In Fig. B, a meter replaces 
the LED. 

+12V 

l 0.01 
8 

..----------. 
2 

6 
r 

U10 
MM5369 

Y1 
3. 79 

10M 

5 

T 33 pF 7-25 pF ,, 

73 AMATEUR RADIO TODAY 

10- TO 1-Hz TIMEBASE 

+5V +sv 

1 Hz 

Reset 

14 pf 

FIG. 20-7 

This system uses an MM5369 IC to derive a 60-Hz signal from a 1'V burst crystal (3579 MHz). V8 
.and V9 produce a 10-Hz and 1-Hz signal from this 60-Hz signal. Yl can be any parallel-mode 8.579-
MHz crystal. 
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CRYSTAL TESTER 
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AOJUST 5k POT FOR 9VOC AT 
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+ 
9V 

CONNECTING TO CRYSTAL TESTER 

FIG. 20-8 

Ql acts as a Colpitts crystal osciJJator, and if the crystal under test is operational, the RF signal 
is rectified by Dl and turning on Q2 and lighting indicator LED2. LEDl is a power indicator. 

3.579545 MHz 
'-----Ii-----~ 

73 AMATEUR RADIO TODAY 

WIDE-RANGE CRYSTAL OSCILLATOR 

r----!JJ1 

U1 =7400or74LSOO 

FIG. 20-9 

A circuit using one 7400 TTL lC can use crys­
tals of the fundamental type, from 1 to about 13 
MHz. Output is rich in harmonics, making this os­
cillator useful for calibrations and test applica­
tions. 
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PIERCE OSCILLATOR 

22 kn 

•,-~ 

01 

10pF I 470 pF 

7 
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Q1 = 2N3563 

WILLIAM SHEETS 

This Pierce oscillator uses a fundamental-mode 65-MHz crystal. 
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Current-Source Circuits 

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

Current Source for Low-Resistance Measurements 
Precision Positive Current Source 
Bilateral Current Source 
Precision Negative Current Source 
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CURRENT SOURCE FOR LOW-RESISTANCE MEASUREMENTS 

..:r... 
..i;:s1 R~ 

81 POWER 4 L1 
l.5V.1 4.7mH 
B2 + C1 + A1 1.svr 100 82K U1 C6 

-t TLC555 01 ,47 
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~POWER C2 02 .-001 
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R2 
1000 

ADJUST 
1AMP 

s 
U3 

TOP VIEW 
-+ R10 

~ RS .100 
1.3K 1WATT 

~s 01 ~ FRONTVIEW 

1993 ELECTRONICS HOBBYISTS HANDBOOK FIG. 21-1 

Useful for low-resistance measurements, this 1-A current source will produce 1 A in unknown 
resistance Rx. For best results, R:i: should be less than 1 to 2 n, because only 3 V are available. U l is 
a .flyback converter to generate 9 V for U2. 

PRECISION POSITIVE CURRENT SOURCE 

LM4431 

1.0V to 12V R2 

NATIONAL SEMICONDUCTOR FIG. 21-2 
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An LM4431 precision 2.5-V reference and an 
LMC6062 op amp to make a positive current 
source, from 1 mA to 10 mA. 



BILATERAL CURRENT SOURCE 

R6 
11< 

BALANCE 

R3VlN 
luur,: -­

R1R5 

R3 = R4 + R5 
R1 = R2 

POPULAR ELECTRONICS 

R2 
100K 

R4 
49.SK 

R3 
SOK 

FIG. 21-3 

Using two op amps, this circuit produces current proportional to ½N· 

•2.SV to -12V 

NATIONAL SEMICONDUCTOR 

PRECISION NEGATIVE CURRENT SOURCE 

LM4431 

R2 

FIG. 21-4 

A National Semiconductor LM4431 reference 
and an LMC6062 op amp make up a negative cur­
rent source. Current range is 1 µA to l mA. 
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Current Limiter and Control Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
675. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Offset-Adjusting Current Source 
Inrush Current Limiter 



OFFSET-ADJUSTING CURRENT SOURCE 

1. Though this setup can act as a 
cost-effective current source with an 
output accurate to 1 %, the voltage offset 
will turn on the current source even 
when Vee equals Vin· 

A 

Load 

Load 

2. Modifying the configuration 

Vee 

of Figure 1 can rectify the problem of the 
current source being t1;1rned on by the 
voltage offset. The addition of R7 allows 
an adjustment that guarantees turn-off 
for any op-amp offset specification. 

B 
FIG. 22-1 

By carefully choosing components, you can create a cost effective circuit for a current source 
with an output that's accurate to 1 % (Fig. A). lrnrr (the current flowing from the collector of Ql) is 
Vc0-Vrn (the voltage at the wiper of R3) divided by the value of R2• 

In some instances, it's important to be able to turn off the current source (within the limits of 
I cEo for Q 1). Unfortunately, in about half of these cases, the offset voltage (V 0 8) of the op amp will 
turn the current source on even when Vee :::: ½N· That's because the offset voltage ( when the nonin• 
verting input needs to be at a higher potential than the inverting input to get an output of O V from 
the op amp) is impressed across R2. This offset voltage forces Ql to turn on enough to yield a col­
lector current of V08 divided by R 2. 

Figure B offers a fix for this predicament. The addition of R7 presents the emitter of Q2 vvith a 
Thevenin equivalent voltage and resistance represented by: 

u _ l'cc (1 Rr) 
YTH-

R5 +R1 

R _ RF>xR7 
Tl!- R R 

5+ 7 

The difference between l'cc and VTH is l'c:·c (R/R5 + R7). If Vac (R5/R5 + R7) is set equal to the max­
imum Vas spec for the op amp in question, the circuit is then guaranteed to turn off. This circuit has 
an output current of VTH i,;N divided by RTir 

The compromise of Fig. B does present another error term in the circuit. The term (VTH - 1'1N) 
will have to be 2 x i;Js to guarantee a current output for whole population of the op amp chosen. This 
error can be made arbitrarily··small (but not zero) by increasing the voltage of D2 and l'cc while rais­
ing the value of D2 and l'cc while also raising the value of the equivalent resistance RTH' 
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AC 
INPUT 

HOT 

C1 
1.2µF 

D2 
1Nl7~ 

NEUTRAL 

ELECTRONICS NOW 

INRUSH CURRENT LIMITER 

R2 
2.2MEG 

R9 
1MEG 

C2 + R3 
220µF 22K 

RS 
100K 

02 
MPUM 

D5 
11M812 

0 UT 

FIG. 22-2 

QI is an npn-Darlington and Q2 is a pnp Darlington. MOVl is a metal-oxide varistor and R8 is an 
NTC thermistor for limiting inrush current. 

This circuiL limits ac line current to a load. When a predetermined interval has passed, RYI 
shorts out thermistor or resistance RB. R4 can be 150 kQ if R9 is not used. If power is removed, the 
circuit is ready for immediate rcstarL. 
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Delay Circuit 

The source of the following circuit is contained in the Sources section, which begins on page 675. 
The figure number in the box of the circuit correlates to the entry in the Sources section. 

Power-On Delay Circuit 

147 



POWER-ON DELAY CIRCUIT 

r--4"'-~-+-+--------------------r., o-----6) 
I 

0 

ELEKTOR ELECTRONICS 

Re1 = V23127•A0006·A101 

I 
I 

1 

0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 

DELAY TIMES 

Swi1ches S1 Time(s) 

2 3 4 

0 0 0 0.0 
0 0 1 5.1 
0 1 0 10.2 
0 1 1 15.4 
1 0 0 20.5 
1 0 1 25.6 
1 1 0 30.7 
1 1 1 35.8 
0 0 0 41.0 
0 0 1 46.1 
0 1 0 51.2 
0 1 1 56.3 
1 0 0 61.4 
1 0 1 66.6 
1 1 0 71.7 
1 1 1 76.8 

FIG. 23-1 

Using an IC to count ac mains pulses, the circuit produces 16 various delay times, where ac 
power is applied to a load after a preset interval. 
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24 

Detector, Demodulator, and 
Discriminator Circuits 

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

Bug Detector 
FM Demodulator 
555 Missing Pulse Detector 
Simple Full-Wave Envelope Detector 
Open-Loop Peak Detector 
Closed-Loop Peak Detector 
Past Pulse Detector 
Air-Flow Detector 
Negative Peak Detector 
Low-Drift Peak Detector 
455-kHz FM Demodulator 
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ANT1 

'::" 

R13 
47K 

R3 
39K 

R2 
100K 

13 
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BUG DETECTOR 

R4 
4700. 

C4 
.01 

01 
1SS99 

cs 
.01 

cs 
1/4 MC3•03P .004l 

14 

R14 
10K 

C3 
.01 

R18 
47K 

C10 
10 

1/4 MC3401P 
9 

1 I• MC3403P + 

R19 
10K 

R20 
1000. 

C7 
.01 

R10 
100K 

R2L 
47011 

':" 

FIG. 24-1 

The circuit, built around a single integrated circuit (Ul, an MC3403P quad op amp); three tran­
sistors (Ql-Q3), and a few support components, .receives its input from the antenna (ANTI). The 
signal is fed through a high-pass filter, formed by C 1, C2, and R1, which eliminates bothersome 60-
Hz pickup from any nearby power lines or line cords located in and around buildings and homes. 

From the high-pass filter, the signal is applied to transistor Ql (which provides a 10-dB gain for 
frequencies in the 1- to 2000-MHz range) for amplification. Resistors R2, R;3, and R4 form the biasing 
network for Q 1. The amplified signal is then ac coupled, via capacitor C4 and resistor R7's (the sensi­
tivity control) wiper, to the inverting input (pin 2) of Ul-a. Op amp Ul-a is configured as aver; high 
gain amplifier. With no signal input from ANTI, the output of Ul-a at pin 1 is near ground potential. 

When a signal from the antenna is applied to the base of Ql, it turns on, producing a negative-go­
ing voltage at the cathode of D 1. That voltage is applied to pin 1 of Ul-a, which amplifies and inverts 
the signal, producing a positive-going output at pin 1. Op amps Ul-b and Ul-c along with C8, RlO 
through R18, and Q2 are arranged to form a voltage-controlled oscillator (VCO) that operates over the 
audio-frequency range. As the output of Ul-a increases, the frequency of the VCO increases. The VCO 
output, at pin 8 of Ul-c, is fed to the input of Ul-d, which is configured as a noninverting, unity-gain 
(buffer) ampillier. The output of Ul-d is used to drive Q3, which, in tum, drives the output speaker. 
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Ul ..... 

A1 
1oon 

R3 
101( 

FM DEMODULATOR 

+9V TP3 +9V 

RlOh 1000 

16 -=-
3 CIN 
4 VCOUT P1 2 

C5 
.1 

,... _____ ....:.1..;..i' SIN 

P'P~1 

P2 13 

~--~6 cx 1c2 
'--------'7'-lcx CDCIMI 

+rN 

5 INH VCOIN J!_j 1 
__ _,l~R1 DEMOl16:. I( +Vt • t'tf a (i 

12 R2 ZENllS . ,. .., ., 

R8 
SOI( 

Rll 
1 Ok 

+ 

FM damodulatcr. An LM311 connoa,rat1::;r a small analog signal 
to a digltal level for the CD4046 or11ase1-1ocKeia loop, which is configured 
as a first-order FM demodulator. 

ELECTRONICS NOW 

+9V 

Rt6 
tOK 

C9 
.1 

I 
R18 1 

Ctl 10K : 
.Ot VOLUME J 

I 
I 

I I L ___________ _. 

MOUNTED 
Off BOARD 

+9V 
C13 

100pf 

Vrx, V01 
41v IC3 

' 11 MCM11t V02 

C12 
0.1 

FC2 CD GND FC1 

+!2 11 11+13 

i SQUELCH 

i 

FIG. 24-2 

An LM311 comparator converts a small analog signal to a digital level for the DC4046 phase-locked loop, which is config­
ured as a first-order FM demodulator. This demodulator works with a 50-kHz FM modulated input It has applications 
in FM light beam receivers or in remote control applications. Pin 1 of IC3 can be used to squelch the receiver if it is lifted from 
ground; if not n,....,,..,.,,,rf leave it 



555 MISSING PULSE DETECTOR 
+10 V 

Clock 
-------------------·28 

220 kH 

4 

3300 J 
LED 

NE 
6 555 3 t-------l----~ 

\/\ ,--------1----l 7 
5 

2N3906 
_J_ I 0.01 µF 

-=- I 0.1 µF 

WILLIAM SHEETS 

This missing pulse detector can use an LED or relay output. 

SIMPLE FULL-WAVE ENVELOPE DETECTOR 

RF transformer with center-tapped 
secondary 

]~ 
Last i-I 

V+ 

Class-A __ _ 

bias 

.I. RF bypass 

ELECTRONIC DESIGN 

2N4124 

1N914s 
(optional) 

RFbypassI 

V+ 

Negative-going 
rectified envelope 

2N4124~ 

Posilive-gomg 
rectified envelope 

Relay 

FIG. 24-3 

FIG. 24-4 

Simple, yet sensitive, this amplifying full-wave detector circuit has an almost zero rectification 
threshold. lt presents a highly linear RF load to the final IF stage. The gain for the collector output is 
given (approximately) by r/re The emitter output gain is slightly less than unity. 
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LINEAR TECHNOLOGY 

OPEN-LOOP PEAK DETECTOR 

Rs 
500 

Re 
50k 

-5V 

5V 

-5V 

Ct 
RLI1000pF 
50k 

FIG. 24-5 

In this open-loop design, the detector diode is D 1, and a level shifting or compensating diode is 
D2. Load resistor R 1, is connected to -5 V, and an identical bias resistor R,, is connected to -5 V, and 
identical bias resistor RB is used to bias the compensating diode. Resistors with equal values ensure 
that the diode drops are equal. Low values of RL and R3 (I k.Q to 10 k.Q) provide fast response, but 
at the expense of poor low-frequency accuracy. High values of RL and Rn provide good low-frequency 
accuracy, but cause the amplifier to slew rate limit, resulting in poor high-frequency accuracy. A good 
compromise can be made by adding a feedback capacitor C FB' which enhances the negative slew rate 
on the ( - ) input. 

LINEAR TECHNOLOGY 

CLOSED-LOOP PEAK DETECTOR 

As 
500 

5V 

FIG. 24-6 

This dosed-loop peak detedor circuit uses a SchoUky diode inside feedback loop to obtain 
good accuracy. The 20-.Q resistance R0 isolates the 0.01-µF load and prevents oscillation. The de 
value is read with a DVM. At a low frequency, the error is small and dominated by the decay of the 
detector capacitor between cycles. As the frequency rises, the error increases because capacitor 
charging time decreases. During this time, the overdrive becomes a very small portion of a sine­
wave cycle. -Finally, at approximately 4 MHz, the error rises rapidly because of the slew-rate lim­
itation of the op amp. 
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-FAST PULSE DETECTOR 

-5V 

LINEAR TECHNOLOGY 

CL 
RL T- 1000pF 
10k 

FIG. 24-7 

A fast pulse detector can be made with this circuit. A very fast input pulse will exceed the am­
plifier slew rate and cause a long overload recovery time. Some amount of dv/dt limiting on the input 
can help this overload condition, however this will delay the response. 

U?. 
LM335 

R4 
10K 

AIR-FLOW DETECTOR 

• 15V 

R;.' + 15V 

-15V 

TRIP POINT >4---­ U3 
LM335 

ADJUST 

·sELF HEATING IS USED TO DETECT AIR Fl OW 

POPULAR ELECTRONICS FIG. 24-8 

Toro precision temperature sensors are used 
to detect a small temperature difference. When 
air flow occurs, self-heating of the LM335 is re­
duced, and the output of the two temperature 

NEGATIVE PEAK DETECTOR 

+ tSV 

C1 
-15V i15 

sensors is unequal. This is amplified by UL POPULAR ELECTRONICS FIG. 24-9 
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POPULAR ELECTRONICS 

LOW-DRIFT PEAK DETECTOR 

Leakage of D2 is provided by feedback path 
through Rr 

Leakage of circuit is essentially lb (LF155, 
LJ:i,156) plus capacitor leakage of Cp. 

Diode D3 clamps Vout (Al) to Vrn -VD3 to im­
prove speed and to limit reverse bias of D2. 

Maximum input frequency should be <<½n 
Rp02, where is shunt capacitance of D2. 

FIG. 24-10 

455-kHz FM DEMODULATOR 

INPUT FROM 
HAMMARLUND 
HO 170~A 

,----e,----+-+9V 

RI 
101< C2 

l l_OiµF 

R2 *Cl 
5230 CfOOlµF 

10 8 

s 

Ci 
100 p, 6. 27pF -9V 
IN PARALLEL 

AUOIO OUT TO 
EXTERNAL 
AMPLIFIER 

*C3 IS REQUIRED TO ELIMINATE POSSIBLE OSCIU.ATION IN THE 
CONTROL CURRENT SOURCE 

73 AMATEUR RADIO FIG. 24-11 

Free-running frequency of VCO:J~s 1.2/4 (R 1) (C) 

lock rangef1 = ±BJ/~c 

capture range fc = ± ½1t 
r 

where r = (3.6 x 103) (C2) 

Useful for NB.FM reception on older shortwave receivers lacking this capability, Utls circuit uses 
a PLL IC, an N565N, to achieve this. It was originally used with an old Hammarlund HQ-170 receiver, 
for both 6- and 10-m FM reception. 
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25 

Digital Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
675. The figure number in the box of each circuit correlates to the entry in Lhe Sources section. 
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Digital Entry Lock 
Digital Audio Selector 
Digital Multiple-Gang Potentiometer Control 
Digital Resistance Control 
Digital Capacitance Control 
BCD Rotary Switch 



1 SENSE INPUT 
(ENABLE) 

V 14 ss 

2 UNSELECTED KEYS LOCK CONTROL 13 
(RESET) OUTPUT 

3 I l CONVENIENCE 12 1 DELAY 
4 12 SELECTED KEYS SAVE INPUT 

11 

5 IN SEQUENCE SAVE INDICATOR 10 
Ii OUTPUT 

6 14 Voo 9 

LOCK INPUT LOCK INDICATOR 8 
OUTPUT 

lS7WI 

The LS7220 keyless /oak (a pmout 
ofwl'lich is shown here) is a spec/a/­
purpose IC designed to accept a 
four-digit code. 
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DIGITAL ENTRY LOCK 

KEYPAD 
COMMON 

S01 

+6-12VDC 

+ Cl 
220 

-::-

-------14 24 -------1 
23 4 

22 5 

12 

13 
Ul 

__ -6'-I ll72211 11 21 

20 2 9 

19 7 

18 

17 

16 

15 

14 

13 

.----0 N.C. } 
~COM. OUT 
---:-0 N.O. 

+ C2 
3.3 

FIG. 25-1 

A block pinout diagram of the 1S7220 keyless-lock IC is shown. The keypad must provide each 
key with a contact to a common connection. In this case, the common connection goes to the posi­
tive supply rail so thal when a key is pressed, a positive voltage is passed through to the wire associ­
ated with that key. Each of the 12 keys are brought out to separate wires, and each wire is connected 
to a different pin of a 24-pin socket (801). 

To activate (unlock) the circuit, a preprogrammed four-digit access code must he entered in the 
proper sequence. The fom·~digit access code must be entered in the proper sequence. The four-digit 
access is programmed into the circuit by connecting jumpers between terminals of a 24-pin plug-in 
header. 

When the correct access code is entered (in the proper sequence), positive voltages appear at 
pins 3, 4, 5, and 6 of Ul. That causes lJl to output a positive voltage at pin 13, which is fed through 
resistor R2 to the base of QI, causing it to conduct. With QI conducting, its collector is pul1ed to 
ground potential, energizing relay Kl. The normally open relay contacts close, switching on any ex­
ternal device. 

Capacitor C2 controls the total time that the output of U1 at pin 13 is positive after the release 
of the first key. With a value of 3.3 µF for C2, active time# after release of the first key is about two sec­
onds, assuming a 6-V supply or four seconds with a 12-V supply. Therefore, if you push the subse­
quent keys too slowly, the relay might not close at all! To increase the time allotted for code entry, 
you will have to increase the capacitance of C2. 
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303 CIRCUITS 

DIGITAL AUDIO SELECTOR 

--------------------+-----i-------..----.... 0 

tC1 = 741,,.s,s. 74LS 145, 
74HCUS, 74HCT14S 

15 V 
7mA 

FIG.25-2 

This circuit uses svv:itchcd emitter followers, rather than the usual analog switch CMOS chips. 
This yields better reduction of crosstalk between channels. This circuit can handle up to 4 Vrms with 
less than -80-dB crosstalk 

WILLIAM SHEETS 

DIGITAL MULTIPLE-GANG POTENTIOMETER CONTROL 

4 8 

555 

5 

Jo.01 µF 

Audio in 

Audio out 

N Analog switches 
CD4016, CD4066, etc. 

'"""'ft-Out/in 
Control analog switch 

FIG. 25-3 

A 555 timer can be configured to simulate a multi-gang potentiometer by controlling the mark­
space ratio. The switching rate should be at least twice the maximum expected signal frequency the 
potentiometer has to handle. 
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DIGITAL RESISTANCE CONTROL 

R 
IC1a 

A 
A = 500 n to 500 kfi 

2R RroTAL =- 0 to 15R 

IC1b 

B 
A, 8, C, D = Logic input 

RroTAL 
IC - CD4016 or CD4066 

4R 
IC1c 

C 

BR 
IC1d 

D 

Quad 
analog 
switch 

WILLIAM SHEETS FIG. 25-4 

Digital resistance control is possible with bilateral switches. Do not forget that analog switches 
have "on" resistance. 

DIGITAL CAPACITANCE CONTROL 

Logic 
input 

IC1 4066B 
Quad analog sw•tch 

A 
(LSB) 

91 l----l--~ 

C 

D 
(MSB) 

8C 

!cl-----
CroTAL CroTAL = Cto 16C 

C = 100 pF to 1 µF, e1c. 

WILLIAM SHEETS FIG. 25-5 

Digital capacitance control is possible with 
bilateral switches. Do not forget to consider "ON" 
resistance ofthc analog switches. 
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BCD ROTARY SWITCH 

A1 ... R9 

b:tOOk 

IC2 c 40708 

,_+-1!--1--f--t--____ ......,.1 4 IC1 

,.._--1--1--t--t-----,2 ! 401478 

lg 

e, 

--,..-+--+------~i CF6-+-""l 
4 7 
5 i 

3 ... 18V 

10 .: Dl-'-14~r1..._.2 ~ 
• 13~ 

15 

ELEKTOR ELECTRONICS USA FIG. 25-6 

This circuit allows a simple rotary svviLch Lo emulate a BCD switch. The circuit draws about 200 
mA. A 10-position rotary switch is used. 
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26 

Display Circuits 

The sources of the follo'wing circuits are contained in the Sources section1 which begins on page 
675. The figure number in the box of each circuit correlates to the entcy in the Sources section. 

4033 Display Circuitry Common Cathode 
Cascaded 4026B Counter/Display Driver Circuit 
Large LCD Display Buffering Driver 
7-Segment LCD Driver 
LED Display Leading-Zero Suppressor 
7-Segment Common-Cathode LED Display Driver 
7-Segment (LED) Display Driver 
4543B 7-Segmcnt LCD Driver 
Gas Discharge Tube or Display Driver 
451 lB Common-Anode Display Driver 
Fluorescent Tube Display Driver 
4543B Cormnon-Cathode LED Driver 
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4033 DISPLAY CIRCUITRY COMMON CATHODE 

To next decade (hundreds) 

5 Tens 

CY 
Out a 10 

b 12 

C 
13 

d 9 Display 

11 

3 
e 

RBI f 6 

16 Vee 7 .. g 
GND LT Cl RS CK 

18 14 l2 115 1 l Oom. H .. - - cathode 
+ Vee --

5 Units 

CY 
Out a 10 

b 12 

G 
13 

d 9 Display 

11 e 
3 

RBI 6 f 
16 Vee 7 ... g 

GND LT Cl RS CK 

18 14 l2 115 1 1 
'f 

Com. .. 
cathode "' - -

+ Vee -=-

V 

Clock in 

WILLIAM SHEETS FIG. 26-1 

To drive two or more common-cathode displays two or more 4033 decode counters can be cas­
caded. 
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Clo ck In ... 
~ 

WILLIAM SHEETS 

CASCADED 40268 COUNTER/DISPLAY DRIVER CIRCUIT 

3 
-- DIE 

16 

4------ Vee 

H 
Reset 

Vee 15 

--

3 - DIE 

16 

4------ Vee 

'f Reset 
+ Vee 15 

---

To next 
decade if needed 

I 
a 
b 

C 

40268 d 

e 
f 

g 

C1 GND CK 

l2 18 1 

-

5 

CY out 

a 
b 
C 

4026B d 
e 
I 

g 

C1 GND CK 

12 18 
-

Tens 

10 

12 

13 

9 Display 
11 
6 

7 

1 Cathode 

Units 

10 

12 
13 

9 Display 
11 
6 

7 

1 Cathode 

FIG. 26-2 

Thro or more 4026B counters can be cascaded as shown to give a multiple-digit dispiay. 'l\vo, 
three or more displays can thus be connected. 
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-0) 
-r:,. 

5V O • I • • I 

ELECTRONIC DESIGN 

IC1 
MAX7231 

COM 
line 

control 

LARGE LCD DISPLAY BUFFERING DRIVER 

IX,Y,Z ~ 
2X,Y,Z 9·11: 

1X,U 2H9 

COM1 

, COM! 14 

1M 

J 

1'1 

-

1M 

1 M 

< 
-L 

1 M 1M 
S V o---A,/\/v~,--, 

.------•• • Bias 2.5 V 

IC2 
ICL7631 

Digit 1 Digit 2... Digit 8 

FIG. 26-3 

Large LCD devices of l II or more exhibit a large driving capacitance to the driver circuits. To solve this problem, the drive cir­
cuit shown (see the figure) introduces a buffer amplifier for each of the three common lines. Each amplifier can be programmed 
independently for a quiescent current of 10, 100, or 1000 itA. In this application, the bias network applies a voltage that sets the 
three quiescent currents to 100 µA. 

The display driver and triple op amp operate between 5 V and ground, and the COM signals range from 5 V to = 1 V. To en­
sure that these signals remain within the amplifiers' common-mode range, the are attenuated by one-half and the buffers 
operate at a gain of two. The circuit drives eight 1-inch displays, and is suitable for ambient temperature variations of 15°F or less. 
At the highest expected te1np1era1twre Rl sho~d be adjusted so that no "off' u ___ _.,,,. .. ,.,_ ... ,.,..., are visible. 



BCD 
mputs 

A 

8 

C 

0 

7448 
74LS48 

B1/RBO 

7-SEGMENT LCD DRIVER 

a 

b 

C 

d 

e 

2 Required 
7486, 74LS86, etc. 

exclusive OA gates or equivalant 

RBI g 

LT 

a 

b 

C 

d 7 Seg. 
LCD 

e display 

g 

-----+----------r ,_____, .... Square wave 
50 Hz 

L--------------,r}--~sv 

WILLIAM SHEETS FIG. 26-4 

This circuit shows how a 7448 IC is used to drive a 7-segment LCD display. An external 50-Hz 
square wave supplies necessary phase signals to the back plane of the display. 

LED DISPLAY LEADING;zERO SUPPRESSOR 

...--------1 RBI 

~----~> RB:::~D 

RBI 

> MSD 

RBO/BI 

RBI 

> MSD 

ABO/Bl 

~ 

RBI 

> LSD 

WILLIAM SHEETS 

1-----DISP 

-1 

1----- DISP 

-2 

1----- DISP 

,____ ____ DISP 

The diagram shows how to connect 7 44 7-
type IC devices for leading-zero suppression in 
an LED display. 
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7-SEGMENT COMMON-CATHODE LED DISPLAY DRIVER 

A 

D•t<{ B 
input C CD 

D 4511B 

LT 

BL 

Vee 
GND 

+ 12V 

Ax 
a 

C Common 
cathode 

d LED 
display 

e 

LEg 

Rx should limit drive current to segment rated value 

R _ Vee - VrnsPLAY 
x- / SEGMENT 

Typical values Vee= 12 V, VDISPLAY = 2.5 V, 
lsEG - 20 mA 

12 - 2.5 
Rx= ~ = 475 n (use 470 il) 

WILLIAM SHEETS FIG. 26-6 

A CD4511B CMOS LED display driver can be used to drive a common cathode LED display. Cur­
rent limiting resistors limit the se~ment current to the rated value at maximum supply voltage. A 
sample calculation is shown. 

A A 

B B 

C C 
D D 

Ax 
a~•·""~ 

b ........,,,/\/\.--< b 

>---''•"".--< c Common 

........,,,",.---. d a~~e 

Bl/ABO e t---'\1\/\,.....---, e display 

RBI 

LT g -'V\/'v-- g 

= 

7-SEGMENT (LED) DISPLAY DRIVER 

R - VouT - V SEGMENT 
X / SEGMENT 

Typical · VouT ~ 4 3 V VsEGMENT = 2.5 V Ism = 20 mA 

A _ 4.3- 2.5 ~ 
x- 002 180!l 

= ~-------~-+sv 

An IC1 like a 7447 drives a 7-segment com­
mon anode LED display. Current limiting resis­
tor R should limit the segment current to the 
rated value at maximum supply voltage. A sam­
ple calculation is shown. 
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BCD{ 
input 

A 

B 

C 

D d 

e 

LD 

~ g 
D Phase BL 

= 

WILLIAM SHEETS 

FIG. 26-7 

4543B 7-SEGMENT LCD DRIVER 

LCD 

Bai::kplane 

Square 
wave 

FIG. 26-8 

The circuit shows a frequently-used method 
of driving an LCD display. A square-wave drive is 
necessary for this application. 



WILLIAM SHEETS 

CD4543 8 

GND 

8 

J_ 

CD4511 B 

WILLIAM SHEETS 

+V 

16 

RADIO-ELECTRONICS 

CD4543B 

Phase GND 

6 8 

= 
WILLIAM SHEETS 

GAS DISCHARGE TUBE OR DISPLAY DRIVER 

Segment 
drive ,__ ___ ___,,," " _ _, 

+ v, FIG. 26·9 

Gas discharge 
tuoe 

npn 
Va0 ;;.• 125 V2 

To drive the display, RA should provide 
a dnve of about l mA to the gas discharge 
tube. RB is a current-limiting resistor. 

Phase 

6 

e 

4511B COMMON-ANODE DISPLAY DRIVER 
+V 

t 
Common anode 

Segment drive 
( 

2N2222 ) 

The use of a switching transistor 
(like a 2N2222 or 2N:3904) allows use of 
the CD4511B with a common-anode 
display. R

11 
should be chosen to provide 

about 1 mA to drive Ql and R
I 

should 
provide enough current to drive the dis­
play. For this circuit, the transistor gain 
(H FE) should be at least the ratio of the 
segment drjve current to the current 
through RY. 

2N3904 typically 

FIG. 26-10 

FLUORESCENT TUBE DISPLAY DRIVER 

SEGMENT 
DRIVE 

OUTPUT 

FLUORESCENT 
TUBE 

-V 

FIG. 26-11 

A fluorescent tube or display car1 be driven 
with a 4f:i4:1TI ICl as shown. 

4543B COMMONMCATHODE LED DRIVER 

FIG. 26-12 

This circuit shows a way of driving a com­
mon-cathode display segment or an LED-with a 
CD4543B. 
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27 

DoorbeU Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
675. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Electronic Doorbell 
'I'win Bell Circuit 
Electronic Door Buzzer 



O') 
(I.) 

• loDOOR 
'l O BELL 

$1 

·~· 

+6V 

R1 +.1.. C2 
2.2MEG ~100 

C1 
.1 

-=-

A2 
4.7MEG 

RB 
8.2K 

.-------. 4 

ELECTRONIC DOORBELL 

R3 
3.3MEG 

C6 
2.2 

I 
02 8© 

+6V 

R10 
10K 

3 J U2-a I ! t (I • • • 1/2_, 15. *M I • 

"SEE TEXT 

POPULAR ELECTRONICS 

D1 
1N914 

R14 
220K 

C11 
.033 

U1-e 
116 74C14 

R6• j_c5 
150K I.01 

+6V . 
BC~ 

05 
BC337 

FIG. 27-1 

When the doorbell switch is pressed, the two monostable stages are activated in sequence, applying bias to a pair of voltage­
controlled resistor stages. These then modulate the outputs from a pair of tone generators. The resulting signals are fed to an au­
dio xr::-:.pj:n-::.t~r. then to the speaker. 



TWIN BELL CIRCUIT 
s::r 

.!. 
7J 

01 

Y,1 

303 CIRCUITS Tr1 = bell transformer 

----------, 
I 
I 

FIG. 27-2 

It is often desirable for a single doorbell to be operated by two buttons, for instance, one at the 
front door and the other at the back door. 

The additional button, S2 in series with the break contact of relay Rel, is connected in parallel 'With 
the original bell-push, SL When 82 is pressed, the bell voltage is rectified by Dl and smoothed by CL 
After a time, t = R1Rp2, the direct voltage across C2 has risen to a level here Tl switches on. Relay Rel 
is then energized and its contact breaks the circuit of S2 so that the hell stops ringing. After a short 
time, Cl and C2 are discharged, the relay returns to its quiescent state and the bell rings again. 

In this way, S1 will cause the bell to ring continuously, while S2 rnakes it ring in short bursts, so 
that it is immediately clear which button is pushed. 

8 

ELECTRONIC OOOR BUZZER 

6-toS V 
battery 

NE555 3 

This simple electronic door buzzer draws 
no quiescent current. 'When S1 is pressed the 
speaker produces a Lone. The NE555 (Ul) gen­
erates signal. ----------1 6 

5 
I0.11-1F 

POPULAR ELECTRONICS 
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Tone frequency <; 330 Hz 
Vary Rx to change tune 

FIG. 27-3 
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Fax Circuit 

The source of the following circuit is contained in the Sources scction1 which begins on page 675. 
The figure number in the box of the circuit correlates to the entry in the Sources section. 

Fax Mate 

-171 



----- IN FROM TELEPHONE LINE 

,- -
I 

I 

I 
I 

J1 

DATA PATH 

DECODE AND CONTROL PATH 

L - -

TO ALL OTHER TELEPHONE EQUIPMENT 

FAX MATE 

TO FAX MACH:NE 

RING 
TRANSFORMER 

DASH UNES INDICATE ACTUAL FAX-MATE 

FIG. 1-BLOCK DIAGRAM for the Fax·Mate. The upper path is for data, and the lower one 
Is the decode and control path. 

1992 R-E EXPERIMENTERS HANDBOOK 

R7 
27K 

.~1 ~------
SIGNAL 

CONDITIONING 

-------·· 

TRIGGER LINE 

6 
7' 

~'------' 

RING TIMER 

FIG. 2-SCHEMATICfor the Fax-Mate. Notice how it closely resembles the block d1$gram. 
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FIG. 28-1 

CH 
.47 

250V 

R12 
1K 

FIG. 28-2 



FAX MATE(Cont.) 

The fax mate separates the fax machine from the phone line, rings the fax machine on com­
mand, connects equipment to incoming lines, and senses the end of the message. When a touch 
tone pound signal(#) is detected, it actuates a ring greater and driver for the fax machine (the# 
signal is not used in ordinary dialing). The connect signal is inhibited for this time (ring cycle). 
1C46 runs for 15 sand drives part of the connect IC. Then the fax or modem has fired up and is 
sending out a handshake tone. IC6 connects the equipment for initial hookup and keeps the con­
nect section powered. When the fax machine hangs up, the loop current detector turns off, and re­
sets the system. 
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Field-Strength Meter Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
675. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Remote Field Strength Meter 
Amplified Field Strength Meter 
Simple Amplified Field Strength Meter 
Simple Field Strength Meter I 
Simple Field Strength Meter II 



REMOTE FIELD STRENGTH METER 

'" II ~:~ 
I ~L F s SENSOR 
~INPUT 

C 

1 
COAX 

I 
t F S SENSOR 

J2 OUTPUT 

IN34 0 

~ 
73 AMATEUR RADIO TODAY 

01 

~ 

+12\/ 
REC. 

ALT[R«AT[ ~•7 
ANTEIIINA 'f 

I 
t 
I 

C2 
ANTENNA 
1 M£TEJ;!S 
MAX 

-- j 

FIG. 29-1 

This field strength meter consists of a tw1ed crystal detector producing a de output voltage from 
a transmitted signal. The de voltage is used to shift the frequency of a transmitter of 100-mW power 
operating at 1650 kHz. The frequency shift is proportional to the received field strength. This unit 
has a nmgc of several hundred feet and is operated under FCC part 15 rules (100-mW max power 
into a 2-m-long antenna between 510 and 1705 kHz). 

PLUG-IN COIL 
ILO·BANOli 

73 AMATEUR RADIO TODAY 

J2 

AMPLIFIED FIELD STRENGTH METER 

ANT 

l ±9v s,e 
l 0.01 

~ 
RF'C 

10, 
1111914 10D1 

SiA 

M 
0·200,.A 

FIG. 29-2 

FET Q 1 acts as an RF amplifier to boost sensitivity of the usual diode detector field strength me­
ter. 
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C• 
000• 

lltl 
5001! 

l,lN!,l'l'IYIT'r 

73 AMATEUR RADIO TODAY 

l o.oo, 
02 

DI 

73 AMATEUR RADIO TODAY 
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SIMPLE AMPLIFIED FIELD STRENGTH METER 

•• \II! 
IUO 

It 

FIG. 29-3 

This circuit uses a FET as a de amplifier in a 
bridge circuit. R4 is set for meter null with JI 
short circuited. Any surplus 50-mA meter can 
serve in this circuit. RFC 1 is any suitable RF 
choke for the band in use. A 2.5-mH RF choke 
will do for broadband operation. Rl is a sensitiv­
ity control. The antenna can be any small whip 
antenna (2 ft or less). 

SIMPLE FIELD STRENGTH METER I 

RI 
•Uk 

FIG. 29-4 

Useful for checking transmitters and anten­
nas, this circuit uses a voltage-doubling detector 
D 1 and D2 (HP 5082-2800 hot carrier types). D 1 
and D2 can also be type 1N34 or IN82. Mis a 100-
mA meter movement. 

SIMPLE FIELD STRENGTH METER II 

M1 

50tJA 

FIG. 29-5 

This simple field-strength meter provides a 
cheap way to monitor an amateur radio or CB 
transmitter (or even an antenna system) for 
maximum output. 
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Filter Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 675. 
The figure number in the box of each circuit correlates to the entry in the Sources section. 

Active Low-Pass Filter 
High Q Notch Filter 
Universal Stale Variable Filter 
Adjustable Q Notch Filter 
Fourth Order High-Pass Butterworth Filter 
Tunable_Notch Filter 
High Q Bandpass Filter 
Simulated Inductor 
Bandpass Filter 
Fourth Order Low-Pass Butterworth Filter 
Active High-Pass Filter 
400-Hz Low-Pass Butterworth Filter 
Bandpass Filter 
Active Low-Pass RC Filter 
Passive L Filter Configurations 
Passive Pi Filter Configurations 
Four-Output Filter 
Variable Q Filter for 400 Hz 
Twin T Notch Filter for 1 kHz 
Variable Bandpass Audio Filter 
Active Fourth-Order Low-Pass Filter 

Audio Notch Filter for Shortwave Receivers 
Active Second-Order_Bandpass Filter 
Variable-Frequency Audio BP Filter 
Variable Low-Pass Filter 
Variable High-Pass Filter 
1-mV Offset, Clock-Tunable, 

Monolithic 5-Pole Low-Pass Filter 
Unity-Gain Second-Order High-Pass Filter 
Active Unity-Gain Second-Order Low-Pass Filter 
Active Fourth-Order High-Pass Filter for 50 Hz 
Simple High-Pass (HP) Active Filter for_l kHz 
Equal Second-Order HP Filter 
Second-Order Low-Pass Filter for 10 kHz 
Simple Low-Pass (LP) Active Filter for 1 k..l-fz 
Current-Driven Sallen Key Filter 
455-kHz Narrow-Band IF Filter 
Audio-Range Filter 
BI-Quad RC Bandpass Filter 
Passive T Filter Configurations 
Full-Wave Rectifier/Averaging Filter 
I -kHz Tone Filter 
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ACTIVE LOW-PASS FILTER HIGH a NOTCH FILTER 

POPULAR ELECTRONICS 

R2 
10K 

POPULAR ELECTRONICS 

178 

+V 

R3 
5MEG 

C3 
270pF 

FIG. 30-1 POPULAR ELECTRONICS FIG. 30-2 

UNIVERSAL STALE VARIABLE FILTER 

HIGHPASS 
OUT 

R7 
10K 

C1 
.001 

BANDPASS 
OUT -:-



ADJUSTABLE Q NOTCH FILTER 

C2 
270pf 

C3 
270pF 

-V 

A2 
130K 

FOURTH ORDER HIGH-PASS 
BUTTERWORTH FILTER 

Rl 
200K 

RS 
240K 

POPULAR ELECTRONICS -FIG. 30-4 POPULAR ELECTRONICS FIG. 3CJ..5 

TUNABLE NOTCH FILTER HIGH Q BANDPASS FILTER 

POPULAR ELECTRONICS 

R3 
100K 

.001 

VIN 

R1 
62K 

FIG. 3(>.6 POPULAR ELECTRONICS 

C4 R7 
lpF 620K 

6 VOUl 

FIG. 30-7 

179 



SIMULATED INDUCTOR 

POP.ULAR ELECTRONICS 

BANDPASS FILTER 

Rl 
1K 

FIG. 30·8 POPULAR ELECTRONICS FIG. 30-9 

FOURTH ORDER LOW-PASS 
BUTTERWORTH FILTER 

ACTIVE HIGH-PASS FILTER 

Cl 
,01 

POPULAR ELECTRONICS 

180 

C3 
,01 

Cl 
02 

Rl 
110K 

VI No---)..-~11-1--'V'.,...--t 

FIG. 30~10 POPULAR ELECTRONICS 

+V 

FIG. 30-11 



--400-Hz LOW-PASS BUTTERWORTH FILTER 

POPULAR ELECTRONICS FIG. 30-12 

Designed for a 400-Hz cutoff frequency, the cutoff can be scaled by varying the element values 
proportionally to frequency 

BANDPASS FILTER 

POPULAR ELECTRONICS FIG. 3()..13 

is: 
Appropriate center frequency of this circuit 

1 

RP2 

c1:::;;c2, R1=R4 

PASSIVE L FILTER CONFIGURATIONS 

LOW PASS 

~ 
o-L-o 

HIGH PASS 

LOWf'ASS 

HIGH PASS 

~ ~ 
~ o----L-.o 

ACTIVE LOW-PASS RC FILTER 

POPULAR ELECTRONICS 

R4 
100K 

FIG. 30-14 

The circuit shown has a cutoff frequency at 
about 1 kHz. Rl, R2, Cl 1 and C2 can be scaled to 
change this to any oLher desired frequency. 

PASSIVE Pl FILTER CONFIGURATIONS 

LOW PASS 

LOW PASS 

HIGH PASS HIGH PASS 

POPULAR ELECTRONICS FIG. 30-15 POPULAR ELECTRONICS FIG. 30-16 
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Notch 

ELECTRONIC DESIGN 

FOUR-OUTPUT FILTER 

High pass 

A 
High-pass 

B 

Bandpass 

R510 k 
Bandpass 

low pass 

F center= 21rR0Co 

Low pass 

1 
fcenler"' 21tR0Co 

FIG. 30:17 

The classic "state-variable" (two-integrator) filter (see Fig. A) is famous for its insensitivity to 
device parameter tolerances, as well as its ability to provide three simultaneous separate outputs: 
high pass 1 bandpass, and low pass. These advantages often offset the fact that a quad operational 
amplifier is needed to implement the circuit. 

A modification of the classic scheme that applies the input voltage via amplifier U0 , rather than 
U A provides a bandpass output with a fixed peak gain that doesn't depend on the Q of the filter. It 
was found by using that configuration, a fourth notch-filter output can be obtained if R1 = R6 
Fig. B). 

If R1 == R6 = R2, the gains of both the notch and bandpass outputs are unity, regardless of the Q 
factor, as determined by R3, Rl, R2, R4, R5, and R6. The resonant (or cutoff) frequency is given by 

· ro, - l/R0 x C0 . Depending on the capacitor values and frequency co, resistance R0 might also share 
the same monolithic network for maximum space economy. As with the classic configuration, reso­
nant frequency ro can be electrically controlled by switching resistors R0 , or by using analog multi­
pliers in series with the integrators. 
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VARIABLE Q FILTER FOR 400 Hz 

33 kfl. 33 kn 

AF in 

3300 

10kH 

WILLIAM SHEETS FIG. 30-18 

A bootstrapped twin T notch filter in this circuit can yield an effective Q of up to 10. R8 adjusts 
the feedback, hence the Q. Values of C1 and C2 can be changed to alter the frequency. RF is a fine­
tune null control. 

WILLIAM SHEETS 

TWIN T NOTCH FILTER FOR 1 kHz 

33k0 

0.01 µF 0.01 µF 
470k0 

½ LM1458 Output 

= 
FIG. 30-19 

The circuit shown uses a twin T notch filter and an amplifier. Used to remove unwanted fre­
quency. 
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VARIABLE BANDPASS AUDIO FILTER 

ELECTRONICS NOW FIG. 30-20 

This circuit is a variable audio bandpass filter that has a low cutoff variable from about 25 Hz to 
700 Hz and a high cutoff variable from 2.5 kHz Lo over 20 kHz. Rolloff is 12 dB/octave on both 
and low ends. R2-a-b and R6-a-b are ,g:1:::t~!e:d potentiometers for lower and upper cutoff fre-
quencies, respectively. 

WILLIAM SHEETS 

ACTIVE FOURTH-ORDER LOW-PASS FILTER 

R7 
47 kn 

RB 
6.8 kfi 

C3 
0.002 µF 

IC1 a, bop amp= LM1458 

AS 
39 kfi 

Output 

FIG. 3D-21 

This circuit is a fourth-order low-pass filter with values for kHz. The values of RP R2 , C1 and C2, 

and R3, R4, C3 and C4 can be scaled for operation at other frequencies. Roll-off is 24 dB/octave. 
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AUDIO NOTCH FILTER FOR SHORTWAVE RECEIVERS 

POPULAR ELECTRONICS 

AF IN 
r-A--.. 

cs1. 1 
.1 -= 

R3 
10K 

!>OOHz A 1kHt TO 3 llH2 ) 
TO 1.5 kHz i 

,-- C2 Cl 
1 S 1 •a .005 .005 
I 

R1 I R2 
47K t 1001< 

I 
J 
I 

R9 A 
10K 
TUNE 

A4 
10K 

R6 
\OK 

C7 R6 
47 10K 

+9V 

...---C---8 ... + 
__ .... 220+ 

R7 
lOK 

FIG. 30-22 

The notch filter can be added to just about any receiver to attenuate a single frequency by more 
than 30 dB. This filter should be handy for reducing heterodynes and whistles. 

ACTIVE SECOND-ORDER BANDPASS FILTER FOR SPEECH RANGE 

51 kH 

0----, -----1--------J 

0.01 µF 

Op amp LM1458 dual, etc. 

WILLIAM SHEETS FIG. 30-23 

This filter circuit which uses LM1458 or similar op amp has a response of 300 Hz to 3.4 kHz -with 
12 dB/octave roll-off outside the pass band. SGction A is the high-pass one, followed by low-pass sec­
tion B. Values of-either section can be scaled to alter the pass band. 
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VARIABLE-FREQUENCY AUDIO BP FILTER 

rf 
-=- 100 

\ RB 
\ IOK 
\ 
\ \ 

\ - I 

\.. - -- --- -------~ 
A 

POPULAR ELECTRONICS 

PRE AMP 
STAGE 

MIKE 

our! 
IN 

I 

L 

I 
, Sl e 

I 

TWO POLE 
HLTER 

CkT 

l•ur 

IN 'Sl-b 
I 

I _______ .J OUTPUT 
AMP 

AF 
OUTPUT 

The fihn rnn ht• wired into an exis1iJ1R umpl/fier l,y 
insarmg the jilter circuu Ot'fll"t'l'II the ump's preamp w1d owput 
.Hcige~ as slw1111 lrere. 

FIG. 30-24 

This variable-frequency, audio bandpass filter is built around two 741 op amps that are con­
nected in cascade. 1\vo 741 op amps are configured as identical RC active filters and are connected 
in cascade for better selectivity. The filter's tuning range is from 500-Hz to 1500 Hz. The overall volt­
age gain is slightly greater than 1 and the filter's is about 5. The circuit can handle input of 4 
V peak-to-peak 'Without being overdriven. The circuit's input impedance is over 200 kQ and its out­
put impedance is less than 1 kn . 

VARIABLE LOW-PASS FILTER 

330 pF 

VARIABLE HIGH-PASS FILTER 

A1a 
47 kn 

o-J t----<------, f-----.11 ........ a-----, 

C1a 
0.01 µF 

0---------------0 
WILLIAM SHEETS FIG. 30-25 WILLIAM SHEETS FIG. 30-26 

This second-order low-pass filter uses a 741 
op amp and is tuneable from 2.5 kHz to 25 kHz. 
This circuit is useful in audio and tone control ap­
plications. Rl and 2 are ganged potentiometers. 
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This second order filter which should prove 
useful in audio applications uses an LMl 458 or 
other similar of op amp. It is tuneable from 30 to 
300 Hz cutoff. R2a, bare ganged log-taper poten­
tiometers. 



1-mV OFFSET, CLOCK-TUNABLE, MONOLITHIC 5-POLE LOW-PASS FILTER 

2 

-=- 3 -sv~------1 
LTC1063 

"'I"U.1µF 4 

A 

CLOCK OUT= 1/RC 

LTC1063 

-::I:"' 0 1 µF 4 

LINEAR TECHNOLOGY CORP. 

Vour2 

-
6----sv 
5 ~01µF 

C 
~200pF 

TO OTHER 
LTC1063s DJtlSJ.1'01 

FIG. 30-27 

UNITY-GAIN 
SECOND-ORDER HIGH-PASS FILTER 

Al 
10 k 

o-----j t----ta-----, r------>------, 

Cl C2 
R2 

V+ 

Input 0.0039 µF 0.0039 µF 
20kH V-

IC1: Any general-purpose 
op amp (µA741, LM1458, etc.). 

Output 

The LTC1063 is the first monolithic low-pass fil­
ter that simultaneously offers outstanding de and ac 
performance. It features internal or external clock 
tunability, cutoff frequencies up to 50 kHz, 1-mV typ­
ical output de offset, and a dynamic range in excess of 
12 bits for over a decade of input voltage. 

The LTC1063 approximates a 5-polc Butterworth 
low-pass filter. The unique internal architecture of 
the filter allows outstanding amplitude matching from 
device to device. 'Typical matching ranges from 0.01 
dB--at 25% of the filter passband to 0.05 dB at 50% of 
the filter passband. 

An internal or external clock programs the filter's 
cutoff frequency. The clock-to-cutoff frequency ratio is 
100: 1. In the absence of an external clock, the 
LTC1063's internal precision oscillator can be used. An 
external resistor and capacitor set the device's internal 
clock frequency. 

ACTIVE UNITY-GAIN 
SECOND-ORDER LOW-PASS FILTER 

l._ -,, ,, fl ,~ '""'" - etc. 
33 kll 

r--------< > Output 
,? 680 pF 

?33kll '~•;7 
WILLIAM SHEE"FS i 47

1ill FIG. 30-29 

WILLIAM SHEETS FIG. 30-28 
This second-order Butterworth filter cuts off 

This filter circuit has a cutoff frequency of near 10 kHz. The values of C1 and C2 can be 
--2900 Hz with the values shown. changed to alter the frequency, or else calculated 

1 
..t;.utolT:::: 2.83rcRC 

R ::::Rl 

R2 == 2Rl 
C::::Cl ::::C,l 

from the formula. 

l 
fcutoff :::: 2.83rtRC 

c1 ::::2C~ 
R2 ::::R?, ::::R 
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ACTIVE FOURTH-ORDER HIGH-PASS FILTER FOR 50 Hz 

l ----
31.6ilis ~---"33,'\klf'.,l~ ---A 

C C4 
01 JJ-F 

Op amp LM1458 

WILLIAM SHEETS FIG. 30-30 

SIMPLE HIGH-PASS (HP) 
ACTIVE FILTER FOR 1 kHz 

C1 
0.0015 

~C:- '.~ K{, G ~"' 
Any G.P. op amp -=-

LM741, etc. 

WILLIAM SHEETS FIG. 3D-31 

This simple 1 kHz filter uses a voltage fol­
lower and an RC section for aSiltcr elernent. For 
other frequencies / 1 dB 1/6.28 R1C1. The re­
sponse drops 6 dB/octave below f 3 dB. 

SECOND-ORDER 
LOW-PASS FILTER FOR 10 kHz 

C1 
0.0051,F 

R1 
47 ki1 

A2 
33 kfl 

WILLIAM SHEETS FIG. 30·33 

This circuit uses equal value capacitors. The 
cutoff frequency (fc) is 

1 
fc = 2.83rcRC 
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This circuit which uses an LM 1458 or similar 
op amp is a fourth-order high-pass filter with a 24 
dB/octave roll-off. The values of R/R2, R/R4, 

C/C2, CjC4 can be scaled to suit other cutoff fre­
quencies. 

EQUAL COMPONENTS 
SECOND-ORDER HP FILTER 

R3 

~--7 C1•~1-
~~: ; ~~ 
In C2 <., Out 
, 0.0039 µ.F <, ZO k 

-7 l t.-a 1500 Hz 

IC1 General-purpose op amp (741, etc.) 

WILLIAM SHEETS FIG. 30-32 
This filter circuit uses equal value compo­

nents and is sho1wn for 1500 Hz. The values can 
be scaled for other frequencies. 

1 
j~utoff 2.83rcRC 

R=R1 
R2 = 2Rl 
c = c1 = c2 

SIMPLE-LOW-PASS 
(LP) ACTIVE FILTER FOR 1 kHz 

0-

R1 
100 K.fl 

WILLIAM SHEETS 

,av 

IC1 1/2 LMH56 
or general-purpose 

op amp FIG. 30-34 

This simple filter uses an RC section for a fil­
ter element, with a voltage follower for other fre­
qucncies /3 dB= 1/6.28 R1C1_ Response drops 6 
dB/octave abovef3 dB. 



CURRENT-DRIVEN SALLEN KEV FILTER 

A B 

ELECTRONIC DESIGN FIG. 30-35 

The low-pass Sallen-Key filter is staple for designers because it contains few components (A). 
By redesigning the filter, a current to voltage conversion can be avoided when the input signal to be 
filtered is in current form (B). 

455-kHz NARROW-BAND IF FILTER 

330 D. 

• 
68TOp 22H•1t* •TI* •n:* •HOTp 680p 

*See text 

* 1n2 * 680p * 680p * 
D D D D D 

330D. 

• 

86442-1 

303 CIRCUITS FIG. 30-36 

This filter uses five 455-kHz ceramic resonators. The impedance is 330 n, the bandwidth is 800 
Hz, and the ultimate rejection ·~60 dB. The ceramic resonators could be replaced by crystals. 
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LMF 
380 

16 kHz 
Out 

11 12 14 

Out Out 

500 Hz 
0'11 

NATLONAL SEMICONDUCTOR 

-5V 

AUDIO-RANGE FILTER 

8 kHz 
o .. , 

11 12 14 

250 Hz 
OL>I 

Out 

le~ 5 kHz 

4 kH1 

Out 

-SV 

11 12 14 

125 Hz 
Out 

2 kHz 
Out 

11 12 

Out 

Out 

14 

1 kHz 
Out 

11 12 14 

Out 

31 3 Hz 
Out 

FIG. 30-37 

The LMF380 switched audio filter by National Semiconductor is used here to obtain a third-oc­
tave filter set that covers the entire audio range. 

Bl-QUAD RC BANDPASS FILTER 

RJ 
100K 

Al 
100K 

+V Cl 
330pf 

a-+-"'Vl~t-------<-...,,VOUT 

+V 

RB CJ 
100K 10 

+ R1 
100K 

PASSIVE T FILTER CONFIGURATIONS 

LOW PASS LOW-PASS 
L1 L2 

=:E: ':f• f c,~ : 

HIGH PASS HIGH PASS 

: 
POPULAR ELECTRONICS FIG. 30-38 POPULAR ELECTRONICS FIG. 30-39 
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FULL-WAVE RECTIFIER/AVERAGING FILTER 

Rl R2 R3 R7 R8 
C1 G2 20K 20K 201< 20K 2.51< 

AC 
4 7 4.7 1'% 1% ,% 1% CAL 

INPUT o--+1(-----} + 

DC 

02 
OUTPUT 

FOHi +V 

-POPULAR ELECTRONIC$ FIG. 30-40 

The input signal is rectified by Dl and D2 op amp Ul-a, and fed to output amp U2. R8 is set for 
correct circuit calibration. 

0.022.t-LF 

8.2 kfl 

Audio 

1 

Q adJ. 

@•Most any IC op amp LM1458, LM324, etc. 

WILLIAM SHEETS 

1-kHz TONE FILTER 

FIG. 30-41 

The Wien-bridge based filter has a variable 
bandwidth and a center frequency of 900 Hz. The 
circuit will oscillate if the 10-k.O pot is set too low. 
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31 

Flasher Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
675. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Sequential Flasher 
36 LED Flasher Driver 
LED Flashers 
Dark-Activated LED Flasher 
Super LED Flasher 
LED Flasher for 2 tolO LEDs 
Flash Signal Alarm 
LED Christmas Tree Light Flasher 



SEQUENTIAL FLASHER 

117 Vac:---.----f--------------------------------------. 
+ Vee 

8 4 

R-E EXPERIMENTERS HANDBOOK 

CLK 
14 

16 

IC2 
4017 

8 

0 3 
1 2 

4 
2 7 

• See text 

= 

FIG. 31-1 

A 555 timer, IC 1, drives a 4017 CMOS decade counter. Each of the 4017's first four outputs drives 
a CA3079 zero-voltage switch. Pin 9 of the CA3079 is used to inhibit output from pin 4, thereby dis­
abling the string of pulses that the IC normally delivers. Those pulses occur every 8.3 ms, i.e., at a 
rate of 120 Hz. Each pulse has a 'Width of 120 µs. 

Because of the action of the CA3079, the lamps connected to the triacs turn on and off near the 
zero crossing of the ac waveform. Switching at that point increases lamp life by reducing an inrush of 
current that would happen if the lamp were turned on near the high point of the ac waveform. In ad­
dition, s'Witch..ing at the zero crossing reduces radio frequency interference (RFI) considerably. Cau­
tion: The CA3079s are driven directly from the 117-Vac power line, so use care. 
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R14 
100K 

POPULAR ELECTRONICS 

114 
4001 

36 LED FLASHER DRIVER 

RlJ 
47K 

LED12 

16 

4 

3 

15 

14 

C2 
4 7 

+ Cl 
470 

14 

FIG. 31-2 

Originally intended as a 3-bell anim.ation circuit for Christmas decorations, the circuit can be 
used for many other purposes that require a flasher of this kind. By re-connecting U2 (see the data 
manual), more than three outputs can be be obtained. 

194 



LED FLASHERS 
.-------------------+9V 

10 kO. 
r--~~8 _, 330 0 to 2.2 kH 

7 

100 kfi 6 
NE555 

2 

+ c1+ .........,,....
5
-......,...~ 

10to 100 µ,FI 
0.01 µ,FI 

= 

8 

100k0. NE555 

c1+ 5 

10 to 100 µ,F I 0.01 µF ½ 
= 

WILLIAM SHEETS 

3 

3 

LED 

Single 

LED 

Double 

LED 

FIG. 31-3 

A 555 is used to switch an LED on and off. 
Cl determines the flash rate. Single ended (one 
LED) and double-ended (alternating) flashers 
are shown. 

DARK-ACTIVATED LED FLASHER 

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

Wit.LIAM SHEETS 

A1 
CDS 

cell 

10 kO 

100 kil 

6.8kH 

C1 
10 lo 

100µ,FI 

10 µ,F + 
16V I 

330 n 

LED 

FIG. 31-4 

This circuit can be used as a small beacon or marker light, and toys or novelty items. Rl is an 
LDR that has ~10 kn dark-resistance1 or a CDS photocell. Cl determines the flash rate. 
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R1 

7 

6 

2 

1991 PE HOBBYIST HANDBOOK 

4 

IC1 
3 

SUPER LED FLASHER 

D1 
C2 

04 
C3 

3 

5 

8 

IC2 

7 

6 

2 

C1, C4 ......... .4.7 µF Electrolytic 
Capacitor 
C2, C3 ..... 330 pF Disc Capacitor 
D1 ........................... Yellow LED 
D2, D3 ........................ Red LED 

R6 D4 ........................... Green LED 
IC1. IC2 ................ 555 Timer IC 
R 1 , R4 ............ 100 ohm Resistor 

c4 R2, RS ............ ., .... 82 k Resistor 
· R3, R6 .................. 33 k Resistor 

FIG. 31-5 

The super LED flasher is actually two complete LED flasher circuits on one circuit board. The 
first LED flasher is made up of ICl and LEDs D1 and D2. ICl is a 555 timer IC configured as an 
astable (free-running) multivihrator -with its output on pin 3. 

The frequency of the 555's oscillation is controlled by R2, R3, and Cl. Resistor Rl limits the in­
put voltage to a low enough level to prevent damage to the IC. As the 555 IC oscillates, the output of 
pin 3 goes high ( +) then low (-). When the output is high it supplies current to D 1, which lights up. 
When it is low, pin 3 sinks current and D2 lights up. This happens because LEDs are polarity-sensi­
tive (like all other diodes, they permit current flow in only one direction) and one lead of each LED 
has been connected to the-respective polarity needed to light that LED. 

The second LED flasher, made up of IC2 and LEDs D3 and D4, operates in the same way as the 
first LED flasher. 

4.7kH 

15 k!l 

WILLIAM SHEETS 

LED FLASHER FOR 2 TO 10 LEDs 
~---~--~---~-~+~ 

----174 8 

2 

NE555 

5 
47 µF 

0.011-1-F 

# LEDs 
1-5 

R1 

A,. R2. Vee - 2(#LEDs) 

{LED 

Typically Voe 12 V 
#LEDs 2 

ho 30mA 

(# LEDS 1 to 5 per side) 

A1, A2 12 - 2(2) "" 267 fl 
0.03 

use270f! 

FIG. 31-6 

This LED flasher has double-ended output connection. The circuit can be used with 1 to 5 LEDs 
on each side as indicated. 
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200-
400 Vdc o--_.._1_M_e_g ---~ 

Flash tube 
Flash 

Transformer 
0--~>-----, 

Trigger ~..--+--..-SCR 
Ground .().-.j.,_._ ____ ____. 

1. Choose an SCA with the 
proper power ratings 

2. Be careful since hrgh 
voltages are present 
at the flash tube 

RADIO-ELECTRONICS 

FLASH SIGNAL ALARM 

FIG 31-7 

This circuit is useful if you need a low-energy 
flashing alarm. The 200 to 400-dc supply should 
have enough internal resistance to charge the 0.5 
µF capacitor between flashes, about 2 or 3 time 
constants, which means about 500 kQ to 1 MQ 
for a 1-s rate. Use lower values for higher rates. 

LED CHRISTMAS TREE LIGHT FLASHER 

R4 
3K 

Cl 
500µF 

6V 

R•E EXPERIMENTERS HANDBOOK 

R5 
2.2K 

C2 
500µF 

sv R6 
2.7K 

C3 
5001,1-f 

6V 

LEDlD 

JI/ 

R3 
220n 

Bl + 
l.!iV T 
82 .U-

1.5V 

FIG. 31-8 

Three individual flashing circuits that use an LM3909 LED flasher/oscillator IC create the ap­
pearance of a pseudo-random firing order. The combination of C/R4, C/R5, and C/R6 control the 
blink which is between 0.3 and 0.8 s, and the inherent wide tolerance range (-20% to +80%) of 
standard electrolytic capacitors add to the irregularities of the blink cycles. The continuous current 
drain is about 10 mA; however, if you decrease the values of R4 through R6 or Cl through 03 in or­
der to increase the blink rate, the current \vill then increase proportionally. 

Note in particular that external current-limiting resistors aren't needed for LED13 through 
LED18; the resistors are built into the ICs. LEDlO, which serves as the tree's "star," is a special kind 
of flashing LED that blinks continuously at a fixed rate. 
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32 

Frequency Multiplier Circuit 

The source of the follmving circuit is contained in the Sources section, which begins on page 675. 
The figure number in the box of the circuit correlates Lo the entry in the Sources section. 

Frequency Multiplier Without PLL 
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ELECTRONIC ENGINEERING 

FREQUENCY MULTIPLIER WITHOUT PLL 

Gene­
rator 

2 1~ 

2 I I I I 
3 IIUIHIHIIIIIIHIIUllllll!IIIIJIHIHIH\IHH 

4 1/1/VL, 
s 11111111111111111111 
6 J7J7J7..J7.__r 

Cl Reverse Carry Cl D 6 a 
counter 1-----

5
---1 fhp-flop 

B •--- a 
Load ---

FIG. 32-1 

An input rectangular signal is differentiated mtd short impulses arc formed from its edges. These 
impulses ,;,vrite the content of counter A to a latch that clears the counter after a very short time. 
Cow1ter A counts impulses of the frequencyf

0 
that are much greater than that of the input signal. 

The pulses come from an impulse generator. Thus1 the nwnbcr, which is written to the latch, ex­
presses the number of these impulses between the edges of the input signal. The impulses from the 
same generator pass to (reverse) counter B. The carry impulse loads the content of the latch to 
counter B. The latch is connected with the reverse counter such that. the number written to th1s 
counter is 2Mtimes smaller than the number introduced to the latch. This can be readily achieved by 
omitting M most significant bites of counter B. Because the number loaded to counter n is 2M times 
smaller than the number in the latch, Lhc carry impulses of counter B have frequency 2M times 
greater than the frequency of the impulses at the output of the differentiaLor. The carry impulses are 
fed to a D flip-flop, which divides their frequency hy two. Tn this way, the output frequency is 2M 
greater than input frequcncy_f

1 
as long as the frequency of impulse generator fq is much than 

2Mfo• 
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33 

Function and Signal Generator 
Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
675. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Function Generator 
I 00-dB Dynamic-Range Log Generator 
Function Generator 
Fast Logarithm Generator 
Triangle-Wave Generator 
555-Based Ramp Generator 
Triggered Sawtooth Generator 
Signal Generator 
Transistorized Schmitt Trigger 
Linear Sawtooth Generator 
Capacitance Multiplier 
Triangle-Wave Oscillator 
Clock-Driven Triangle-Wave Generator 
Triangle- and Square-Wave Generator 
Root Extractor 



FUNCTION GENERATOR 

n_J 
LT1011 

J:: 0.1µ.f 

+5 

ELECTRONIC DESIGN FIG. 33-1 

This function generator, based on an LT1016 high-speed comparator, will generate from a single 
+5-V supply. The slow rate of the op amps used determines the maximum useable frequency of this 
circuit. 

POPULAR ELECTRONICS 

100-dB DYNAMIC-RANGE LOG GENERATOR 

R6 
1K 

C1 
36Opf 

Q1 
2N2920 

02 
2N292D 

C2 
150pf 

R3 
1.5MEG 

C5 
.01 

FIG. 33-2 

E om = constant x (Log E1N). This circuit has 100-dB dynamic range, which is five decades of volt­
age change at the input. 
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SI 
IU,NG~ 

HI lLO 

le, 
0.01 

JI Ai 

JZ Yi 

R4 
100k 

FIIEOU(NCV 

DI 
IN914 

RS 
33k 

02 
IN914 

R!O 
33~ 

73 AMATEUR RADIO TODAY 

C3 
0001 

FUNCTION GENERATOR 

N I"\> 

RIIS 
410k 

-------+--+--' ce 
!000.,.F 

R!7 S2 !118 
20k GAIN 470~ 

Cl2 
47Qµ.F 

03 

J5 
-'6-I2\/AC IN 

IN4001 

04 
IN4001 

CII 
33µF + 

RIS 
39k ...------;-1.,. t-(-------,,00) J4 ~ 

RZO 
5.6• 

01 
2N3904 

Cl3 
•70µF 

FIG. 33-3 

A quad op amp makes up the heart of this f1mction generator. U 1-a generates a square wave, and 
outputs this to J3. JI and J2 are pulse outputs obtained by differentiating the square wave. Integra­
tor Ul-b generates a triangle-wave shaper to obtain a sine wave. QI is an outpuL_.amplifier. 

-FAST LOGARITHM GENERATOR 

+V 

POPULAR ELECTRONICS FIG. 33-4 

In this circuit, Eon = (constant) x log E 1N. The circuit shou Id be useable with op amps other than 
the ones illustrated. 

202 



TRIANGLE-WAVE GENERATOR 

-SV 

R6 
5K R5 

AMPLITUDE 10K 

POPULAR ELECTRONICS 

R4 
22K +2V-/\ A 

-~~_/ V\ 
+4v-n n .ov ____ _ 

-4V J u L 

FIG. 33·5 

This is a simple triangle-wave generator using two IC devices and a transistor. The triangle wave 
is used as feedback to the square-wave generator. S1 allows range switching in three ranges from 100 
Hz to 100 kHz. Extra positions could be used to extend the range·to lower frequencies, using larger 
values of capacitance. 

555-BASED RAMP GENERATOR 

01 = fast charge 02 = fast discharge 
..-------1-----------------1 + 

8 4 

7 0 R 
DIS 

IC1 

555 
Olli_ 

CV 

5 

ELEKTOR ELECTRONICS 

2 x 1N4001 

:0214 
I 
I 

~~, M 
I I 

: : R3 
3 I I 

5 ... 15V 

FIG. 33-6 

This circuit is used to generate a ramp voltage 
for turling a radio receiver. An mnning at 
about 0.1 Hz, is used as an astablc multivibrator. 
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TRIGGEREo--sAWTOOTH GENERATOR 

+ ,-..------------1------------<--------- +1-2 V regulated 

WILLIAM SHEETS 

10 µF 
16V 

4.7 kf! 

2 

3 

4 

NE 
555 

8 

5 

IO.o1µF 

2N3904 

2.2k0 

+ 
470µ,F 
16 V 

Saw out 

Pulse out 

FIG. 33-7 

1\vo 2N3904 transistors and a 555 form a triggered sawtooth generator. A sawtooth or other ris­
ing voltage input provides a pulse output when the trigger point is reached. 

SLGNAL GENERATOR 

4 8 

22k0 

NE555 
3 

220 kO 
0.001 µ.F 

10 kO ~ t---0 Output 

0.001 µF 

_l 10 probes 

= = 
--

WILLIAM SHEETS FIG. 33·8 

This simple oscillator is rich in harmonics 
which make this circuit useful for signal tracing 

TRANSISTORIZED SCHMITT TRIGGER 

+V 

applications. POPU1.AR ELECTRONICS FIG. 33-9 
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LINEAR SAWTOOTH GENERATOR 

+ ...------------------------a.----.. + 12 V regulated 
10 µ,F 

16V I 
15 k!l 

470 pF 
2 

0--------, 
Trigger 

T 
1 --

4 8 
3 

NE 6 
555 

7 

5 

I 

Pulse 
out 

0.1 µ.F 

>------..-.. Output 

- 12 V 

"""8 V P-P 
sawtooth 

WILLIAM SHEETS FIG. 33-10 

The 2N3906 transistor is used as a constant-current source, to assure that the 555-based saw­
tooth generator generates a linear ramp wavefonn. 

CAPACITANCE MULTIPLIER 

Al 
C= - C1 

R3 

V08+ 10sA1 
t=---

Rs= A3 

R3 

Cl 
10 
) 

R1 
10MEG 

1% 

OUTPUT 

POPULAR ELECTRONICS 

A3 
1K 

C2 
30pf 

R2 
10MEG 

FIG. 33-11 

TRIANGLE-WAVE OSCILLATOR 

THRESHOLD 
DETECTOR 

+V 

AMP 

POPULAR ELECTRONICS 

R4 
8 2K 

INTEGRATOR 

C1 
0.1 

FIG. 33-12 

Ul -b acts as an integrator while Ul -a is a 
Capacitance multiplier uses the gain of an op threshold detector. R2 sets the trip level and 

amp to produce an effective capacitance-in this therefore the amplitude. R3 controls charging 
case 100,000 µF. current of Cl and the frequency. 
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CLOCK-DRIVEN TRIANGLE-WAVE GENERATOR 

·11V ·12V 

·UY 

ELECTRONIC DESIGN FIG. 33-13 

U2-a, C3 and R2 operate as an integrator. Q2 and Q3 are alternately switched at 256 cycles. 
U2-b, Q4, Q5, and R8 through Rll arc a constant current generator, and Rll is set for a symmet­
rical triangular waveform. 

WILLIAM SHEETS 

TRIANGLE- AND SQUARE-WAVE GENERATOR 
Square 
wave 

--------0 Triangle 
wave 

R2 Ri 
_________ __J 

FIG. 33-14 

The circuit will generate precision triangle and square waves. The output amplitude of the 
square wave is set hy the output swing of op amp Al, and R/R2 sets the triangle amplitude. The fre­
quency of oscillation in either case is approximately l/0.69RC. 

The square wave will maintain 50% duty cyclf'-even if the amplitude of the oscillation is not 
symmetrical. The use of a fast op amp in this circuit will allow good square waves to be generated to 
quite high frequencies. Because the amplifier runs open-loop, compensation is not necessary. The 
triangle-generating amplifier should be a compensated type. A dual op amp, such as the MC1458, can 
be used for most applications. 
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INPUT 

POPULAR ELECTRONICS 

01· 
2N372B 

ROOT EXTRACTOR 

-= ~ 
•MATCHED PAIRS 

QJ· 
2N3728 

04• 
2N3728 

OUTPUT 

FIG. 33-15 

This circuit produces a voltage that is proportional to the root of the input. This gives a logarith­
mic response, Jog V1N-'v = N log V1N. 
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34 

Ga.me Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
675. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Electromagnetic Ring Launcher 
Quiz Master 
Electronic Slot Machine 



C2 + 
14 

R2 
100K 

-SEE TEXT 

+5V 

ELECTROMAGNETIC RING LAUNCHER 

G 

+ G4 
4700 

U3 
JJ------------1--11 1,1t11 16 

6 

U7 
7116 
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U6 
MOCll1t 

0 

R5 
4700. 

2 
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12 14 
1----+---I 
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7 1 2 6 

L----------........ ----+----O 

lJ 5 VOLT 
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RB 
lMEG 

s 

OISP1 

cc 

cc 

G3 
10 

FIG. 34-1 

The electromagnetic ring launcher is comprised ofJour subcircuits: a clock circuit (built around 
U5, a 555 oscillator/timer configured for astable operation), a count-down/display circuit (built 
around U3), a 74190 synchronous up/down counter with BCD outputs that is configured for count­
down operation; U4, a ECG8368 BCD-to-7-segment latch/decoder/display driver; and DISPl, a corn­
mon-cathode seven-segment display), a trigger circuit ( comprised of U6), an MOC3010 optoisolator/ 
coupler with Triac-driver output; TRI, an SK3665 200-PIV, 4-A Triac; and a few support compo­
nents), and a reset circuit (comprised of Ul, a 7400 quad 2-input NAND gate; U2, a second 555 os­
cillator/timer configured for monostable operation; and a few -support components). 

This circuit is that of a repulsion coil (Ll) used to demonstrate the principle of electromagnetic 
repulsion by propelling a metal ring around the core of L 1 through the air. A countdown circuit is 
provided to count seconds before launch. 
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P1 

S2 

~ 
'--+-+--0s1 + 

L1 

/., 

QUIZ MASTER 

ICl 6 

5 

N.~--tl----1--------...,,_--~ 

P3 

ca 

1991 PE HOBBYIST HANDBOOK 

A11 

FIG. 34-2 

Up lo eight players each have Lheir own answer button to press, corresponding to the four Red 
Team and four Green Team LJ:iJDs on the master control board. As soon as the first contestant who 
thinks that he knows the answer presses the button, a loud tone sow1ds, all other contestants are 
locked out, and the contestant's indicator LED lights on the control board so that it's obvious who 
buzzed in first. 

The control board also features two selectable "time out" periods-each adjustable from 3 to 15 
seconds, setting specified time intervals in which the player must answer before the "time's up!" tone 
sounds. Eight SCRs form the heart of the circuit. The anode ol' each SCR has a positive ( +) bias on it 
by way of an LED and a negative ( - ) bias on each cathode. As soon as a contestant depresses his or 
her switch buLLon (S4 through S11), a positive bias is applied to the respective SCR gate. That bias 
latches the contestant's SCR on, which in turn lights up the appropriate LED on the master control 
board. At the same time, the activity of the SCR latching on turns on the answer buzzer (BZ) and 
locks out all other contestants. The lockout occurs because relay K2 contacts operate to remove the 
availability of a bias voltage to the gate of the other SCRs. 

The other circuitry consists of a timer circuit and a "'time1s-up" tone-generating circuit. The timer 
circuit consists of transi8tor QI, capacitor Cl, resistors Rl through R3, and trimmer resistors Pl and 
P2. Depending on the adjustment of the trimmer resistors and selection switch S3, a specific time pe­
riod can be set. The time's-up tone-generating circuit is made up of ICl, transistors Q2 and Q3, and 
the associated resistors and capacitors. The "on" time of the tone can be set by P3. Relay Kl, which 
is operated by the timer circuit, serves to reset the entire unit for the next question. 
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ELECTRONIC SLOT MACHINE 

1991 PE HOBBYIST HANDBOOK FIG. 34-3 

The slot machine's realistic action is provided by seven ICs and three displays, as shown. 1\vo 
555 CMOS timer ICs generate pulses. ICI is used to generate the dock pulses for the entire elec­
tronic slot machine. The pulses are coupled from the output (pin 3) to the clock inputs of IC4, IC5, 
and IC6, the display-driver ICs. 

The displays are conunon-cathode 7-segment LED types. They are \vired to display three differ­
ent symbols, an "L," a "7," and "bar." When all three displays show the same symbols, IC7 (a 4023 
triple :3-input NAND gate) decodes a winner and sends a signal to pin 5 of IC:3. That IC is a 4001 
CMOS NOR gate and it turns on IC2, a 555 timer IC. JC2 actually produces the winner tone on its out­
put, pin 3. 

Transistors Q4 through Q12 are- used to drive the common-cathode displays. An LED is used to 
indicate the clock pulses, and a variable resistor is provided for each of these functions. Trimmer re­
sistor Pl controls the overall clock rate, P2 controls the "winner" tone, and P3 controls the display 
brilliance. 
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35 

Gas Detector Circuits 

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



EXPLOSIVE GAS DETECTOR 

+SV 0 

R26 
1000. 
1/2W 

C5 + 
100 

+8V 

-::S, 10 

-::S, 11 

~ 12 

~ 13 

? 14 

~ 15 

? 16 

? 17 

,1,, 18 
,,,,,, 

1 

OISP1 

·SEE mrr 

POPULAR ELECTRONICS 

+8V 

3.9 ~ 

cs· 
.1 

Cl4 
+ , 

IN 1-
5-1-----~ 

U7 
UG11• 

8 

2.4 R27 

R13 
100K 

CAUTION 
SET 

R14 
100K 

DANGER 
SET 

1.21K, 1•1c 

R28 
3.63K, 1% 

Ul 
MOC804218•ND 

!R10 l 22K 

12V 
250mA 

2Hz 
OSCILLATOR 

PL1 
117VAC 

R25 
4.7K 

1kHz 
OSCILLATOR 

FIG. 35-1 

A gas sensor (TGS823 from Allegro Electronics, Cornwall Bridge, CT 06754) conducts in the 
presence of explosive gases. U5 is a voltage-to-frequency converter that produces a frequency pro­
portional to the sensor conductance. The output frequency ranges from 100 Hz in clean air to 8 kHz 
in a contaminated atmosphere. The de voltage from the sensor also drives bar graph LED U7 and 
comparators U4-b and U4-c to sense present caution and dang.er levels. Ul drives an ac load up to 
100 rnA (relay, indicator,_alarm, etc.). 
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COMBUSTIBLE GAS DETECTOR 

,--------.----------------------------~+ 
01 

1N40D1 

12•?Jii 
02 

1N'801 

I 
l 

J. 
81 "r 

9VDCI 
.J. 

ELECTRONICS NOW 

+ C1 
470µf 

100-MESH SUS 318 
STAINLESS STEEL GAUZE !DOUBLE) 

THE GAS SENSOR is mainly 
composed of tin dioxide on a ceramic 
base; the resistance of the sensor varies 
depending on the concentration of re­
ducing gases in the air. 

BZ1 ~ 

FIG. 35-2 

The circuit shown is usefuJ for the detection of dangerous levels of combustible fumes or gases. 
It uses a comparator circuit to trigger an alarm buzzer. The sensor's resistant element is connected 
in series with resistor RI to form a voltage-divider circuit; Rl is specifically matched to each gas sen­
sor by the manufacturer. 
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36 

Gate Circuit 

The source of the follo'wing circuit is contained in the Sources section, which begins on page 675. 
The figure number in the box of the circuit correlates to the entry in the Sources section. 

AND Gate 
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AND GATE 

+V 

~ 

Rl 
100K +V 

Ao :7 
100K 

B 

R3 
100K 

co ...... 
R6 

~T 
1K 

"=" 

POPULAR ELECTRONICS FIG. 36-1 

A left-over section of a quad op amp can be used to save cost and eliminate an extra logic chip 
for this AND ~ate. 
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37 

Geiger Counter Circuits 

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

Geiger Counter I 
Geiger Counter II 
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GEIGER COUNTER I 

R1 R2 R3 
22K 1K 100 

U2 
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T 01 
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~ 02 
A7 TIP12D + J2 

047 1001< TO 
AS G-MTU8E 

100K 

9 

R6 
10K 

POPULAR ELECTRONICS FIG. 37-1 

The circuit is built around a 4049 hex inverter (Ul), a pair of 555 oscillator/timers (U2 and U3), 
two transistors, a Geiger-Muller tube, and a few additional support components. The first 555 (U2) 
is configured for astable operation. The output of U2 ( a series of negative-going pulses) at pin 3 is 
fed to three parallel-co1mected inverters (Ul-a, Ul-b, and Ul-c). The positive-going output pulses of 
the inverters are fed to the gate of Ql, causing iL Lo toggle on and off. 

The output of QI, which is cormected in series with the primary of step-up transfonm~r Tl, pro­
drn:es a stepped-up series of pulses in Tl's secondary. The output of Tl (approximately 300 V) is fed 
through a voltage doubler (consisting of Dl, D2, C3, and C4), producing a voltage of around 600 V 
Three series-connected Zener diodes (D3, D4, and D5) are placed across the output of the voltage dou­
bler to regulate the output to 500 V, fed through R4 (a 10-MQ current-limiting resistor) and J2 to the 
anode of the GM tube. The limiting resistor also allows the detection ionization to be quenched. 

The cathode side of the tube is connected to ground through a 100-kQ resistor, R5. When a par­
ticle is detected by the GM tube, the gases within the tube ionize, producing a pulse across R5. That 
pulse is also fed through C5 and applied to the base of Q2 (a TIP120 npn transistor), where it is am­
plified and clamped to 9 V. The output of Q2 is invert,ed by gate Ul-d, then it is used to trigger U3 
(the second 555, which is configured for monostable operation). The output of U3 at pin 3 causes 
LEDl to flash, and produces a click that can be heard through speaker SPKRI or headphones. The 
circuit is powered by a 9-V alkaline battery and draws about 28 mA when not detecting radiation. 
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GEIGER COUNTER II 

ALPHA 
WINDOW 

GAl 

- + 

S1 

cs 

BZ .......... Blue Piezo Buzzer 
C1 ......... 4.6-µF Electrolytic Ca­

pacitor 
C2-C4 .... 0.005-µF 1-kV Disc Ca­

pacitor 
C5 .......... 01-µF 1-kV Disc Ca­

pacitor (103 M) 
C6 .......... 1-µF 100-V Mylar Ca­

pacitor (104 k) 
C7 ......... 33-µF Electrolytic Ca­

pacitor 
D 1-D5 ... 1 N4007 Diodes 
GR1 ....... Alpha Window Geiger 

Mueller Tube 
L1-L6 ..... Neon Lamps 
Ml ......... 0-200 Microamp Meter 
Q1 ......... 02-GE PNP Power Tran-

sistor 
Q2 ......... 2N3906 Transistor 
Al .......... 47-ohm Resistor 
A2, R3 ... 3.9-k Resistor 
R4, R5 ... 4.7-Meg Resistor 
R6 ......... 220-k Resistor 
R7 .......... 27-k Resistor 
AB .......... 18-kfl Resistor 
Sl .......... SPOT Slide Switch 
Tl ....... .. Inverter Transformer 

FIG. 37-2 

QI is a pnp power transistor used in conjunction with a ferrite transformer to form a blocking­
type oscillator. This oscillator is a fixed-frequency type, and the feedback to sustain oscillations is 
from capacitor C 1. Because of the turns raLio of Tl, Lhe small ac voltage produced on its primary is 
converted to a large ac voltage on its secondary. That high-voltage ac is applied to the voltage trip­
per stage, which consists of capacitors C2, C3, and C4 and diodes DI, D2, and D3. The resultant volt­
age is now over 800 V and.it is regulated by neon lamps 11 through 16. Diode D4 rectifies the high 
voltage and applies it to the cathode lead of the GM tube. The positive ( +) bias on the GM tube is ap­
plied to the anode by way or load resistors H4 and R5. Each time a r-aclioactive particle strikes the GM 
tube, it causes the gas inside to ionize. This ionization of the gas creates a pulse, which drives the 
piezo speaker and is also coupled by diode D5 to the base of Q2. Transistor Q2 is a pnp type and is 
used to "integrate" the pulses in conjunction with capacitor C6. That produces a de voltage level, 
which is in proportion to the quantity of pulses arriving at the base of Q2. The collector of Q2 is con­
nected thro~h resistor RS to the ( +) terminal of the meter. The other side of the meter goes directly 
to ( - ) of the battery. 
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Hall Effect Circuits 

The sources of the follmving circuits are contained in the Sources section, which _begins on page 
67fi. The figure number in the box of each circuit correlates to the entry in the Sources section. 

The Talking Compass 
Unusual Hall-Effect Oscillators 
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THE TALKING COMPASS 

TABLE 1-1,8188 TRUTH TABLE 

Declmal 
Directory tnout Outlll Equivalent 

A4 A3 A2. A1 AO BO B1 82 83 84 85 B6 B7 
North L H L H H 0 0 0 0 0 0 0 1 1 
N.W. L L L H H 0 0 0 1 0 1 a 0 20 
West L J. H H H 0 0 , 0 1 0 0 0 40 
s.w. L L H H L 0 0 1 1 1 1 0 0 60 
SoUlh L H H H L 0 1 0 1 0 0 0 0 80 
S.E. L H H L L 0 1 1 0 0 1 1) 0 100 
Ealt L H H L H 0 1 1 1 1 0 0 0 120 
N.E. L H l L H 1 0 0 0 1 1 0 0 140 

- -
R13 , :R14 

116 

. RS : R6 : RB :R10 • R12 

La . 10K , •10K: ~ R7 • 10K ~ R9 · • 101( , R11 : 10K 10K : • 10!( . 
10 9 • • 1QK •10K ~ 10K 1 28 

!~~ 
7 2 JU t C3 ,~c2 

11 .1 .1 
6 3 

1 I) R15 .. s 4 13 
::2 10 K: 

12 U3 4 5 
I - 7'9188 R1 • 2>J)'-- 3 {I 10K 

) ) - A16, 2 9 U2 17 
·10K: IID1nl II 

"I II' 1 10 
c• 13 8 23 

114 f15 7 !~ .. -
20 .22 MIC1 

R3 

[J~ 10K 

¼ o PLAY _TS3 REC 27 - D1 
-

14 ..I ..Jl1 1N.a1 U1 ~ 
19 15 ... I I ~ OFFO 

.. , 
t ..... 7181 ' !ltC1 cef R4 •• rr R2 t:: 81 l 

, 
4.7 ,11<: 100 SPKRl 

,-!V--1: 
22 

• II" 
- - -

1993 ELECTRONICS HOBBYISTS HANDBOOK FIG. 38-1 

A talking compass is made up using a Hall-effect direction sensor (MODI) and an JSD1016 ana­
log audio storage device. It is possible to program eight two-second announcements, for each of the 
eight main compass directions. 

The Talking Compass is comprised of a digital compass (MODl), and ISD1016 analog storage de­
vice (U2), a 74S188 preprogrammed PROM (U3), and a handful of additional components. 
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POPULAR ELECTRONICS 

UNUSUAL HALL-EFFECT OSCILLATORS 

+9-12V 

+ 9-12V 

U1 
U8N3113U 

U1 
UGN3113U 

2 3 

/l/v1+4-5V 

1 TO 50Hz 

+ 

l1 
20 TO 300 

SEE RELAY COIL 

TEXT NORTI-1 

FACE 

A 

D1 
1H4002 

R1 
220K 

Cl 
,1 OR 
4.7 
(SEE 

-= lEXT) 

B 

POOLE LI 

U8N311SU 

01 
IRF511 

L1. 

•sEE TEXT 

FIG. 38-2 

Although not intended for this application, Hall-effect switch can be used as the basis for a rather 
unusual oscillator. The oscillator can be reconfigured, as shown in Fig. B, to allow the circuit's oscil­
lating frequency to be controlled via an RC network, comprised of Rl and Cl. 
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Infrared Circuits 

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

Remote-Control Analyzer 
IR-Pulse-to-Audio Converter 
IR-Controllerl Remote A/B S-witch 
Simple IR Detector 
Infrared Receiver 
Selective Preamplifier for Infrared Photodiode 
Wireless IR Headphone Transmitter 

Wire less IR Headphone Receiver 
Infrared Remote-Control Tester 
Pulsed Infrared Transmitter for On/Off Control 
Very Simple IR Remote-Control Circuit 
IR Receiver 
Remote-Control Tester 
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POPULAR ELECTRONICS 

REMOTE-CONTROL ANALYZER 

C1 
1000 

Ul 
7805 

G 

Pl2 

MOOl 

CASE 

FIG. 39-1 

A schematic diagram for the remote analyzer is shown. The circuit is powered from a simple 5-V 
supply, consisting of PLl, S1, Tl, a bridge rectifier (comprised of Dl through D4), capacitor Cl, and 
a common 5-V regulator, Ul. Switch Sl is the on/off control and is optional. The power-supply trans­
former used in the prototype is a 12.6-Vac unit, but any transformer that can supply at least 5.6-Vac 
will do. The 12.6-V unit was used solely because of its availability. 

The output of Tl is full-wave rectified by diodes Dl through D4 and filtered by Cl. The bumpy 
de output from the capacitor is regulated down to 5 V by Ul, a 7805 integrated regulator. LEDl acts 
as a power indicator to let you know that the circuit is active. 

The 5-Vdc powers a GPIU52X infrared-detector module* (MODI), which demodulates the 40-
kHz carrier used by most infrared remotes. After demodulation, the resulting logic pulses are sent to 
an oscilloscope via PL2, a BNC connector. 

*Radio Shack part #276-137 

IR-PULSE-TO-AUDIO CONVERTER 

POPULAR ELECTRONICS 

GP1U!i2X 
(276-1371 

M001 

01 
5.1V 
3 

Cl 
.1 

A2 
lOK 

FIG. 39-2 

If your ear is good, you can use this IR-pulse-to-audio converter to troubleshoot infrared remote­
controls. It is also a good project for detecting infrared-light sources. A photo cell module (Radio 
Shack P/N 276-137) detects IR radiation and drives audio IC Ul. This circuit is useful for trou­
bleshooting IR remote controls. 
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IR-CONTROLLED REMOTE A/B SWITCH 

RECEIVER MODULE 

R3 
lMEG 

S-VOIJ' ZENfll 
REGUUl"OR 

5 

C12 
lµF 

IC2 
LM587 
TONE 

R8• 

4 

8 

DECODER 

7 1 

+ + 

C3 C5 C4 
lµF 2.2(Lf 22µF 

RADIO ELECTRONICS 

WALL TRANSFORMER~ 
9-12VDC -

C7 
1µF 

OUTPUT J2 

14 

R18 
10K 

IC3 1C4-b 
1h7'74 '1-7404 

R13 
4.71( 

12 0 FLP-FLOP 9 1 2 
D O XJ~ ...... 

11 
CLK 

Rt1 
10K 

FIG. 39-3 

Useful for A/B control) the IR receiver shown controls a relay from an infrared beam that has a 
pulsed tone-modulated signal. Ql is the photo receptor feeding op amp ICl, tone decoder 1C2, and 
flip-flop IC3. IC5 turns off the indicator LEDs after about 15 seconds. 

SIMPLE IR DETECTOR 

POPULAR ELECTRONICS 

TO 
SCOPE 

FIG. 39-4 

Useful for IR detection, this circuit uses an op amp of the 741 family (or similar) to detect and 
amplify IR pulses. 
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WILLIAM SHEETS 

Photo 
diode 

INFRARED RECEIVER 

47 µ,F 

I 0.047 µ.F 

13 4 8 
2 

TOA3047/48 
3 

0.0047 µF 

0.022 µ.F 

Data 
out 

10H 

0.0068 µ.F 

FIG. 39-5 

The circuit operates from a 5-V supply and has a current consumption of 2 mA. The output is a 
current source that drives or suppresses a current of more than 75 µA with a voltage swing of 4.5 V. 
The Q-killer circuit eliminates distortion of the output pulses because of the decay of the tuned in­
put circuit at high input voltages. The input circuit is protected against signals of more than 600 m V 
by an input limiter. The typical input is an AM at a frequency of 36 kHz. 

WILLIAM SHEETS 

SELECTIVE PREAMPLIFIER FOR INFRARED PHOTODIODE 

1 Mfl 
.-+---a-----..../\/\/\,-------e---......,_ + 9 to 12 V 

1 µ.Fr-

22mH 

Photo 
diode 

470 pF 

0.0047 µ.F 

4.7 kfi 

f=51 kHz 

FIG. 39-6 

The circuit uses a tuned circuit to achieve frequency selection. Values are for operation at about 
51 kHz. The 2N3565 amplifies the output developed by the tuned circuit. 
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POPULAR ELECTRONICS 

WIRELESS IR HEADPHONE TRANSMITTER 

7-14V ---o-"o-----.,__------_____.~-----, 

+ 

C2 
2.2 

c1· 
50 

R2* 
220 

•SEE TOO 

R1 
1K 

S1 
SPST 

5.5V-6V 

R8 
2700 

16,15 

ZENER 

9 
VCCJiN U1 

R3 
1.51< 

C3 
.047 

5,8, 
3,14 

R4 
270K 

-· Pll 
11 

VCOOUT 

RS 
1501( 

+ C6 
100 

4 

7 

C4 
100pf 

R7 
1000 LED1 

C7 
25pf LED2 

FIG. 39-7 

The transmitter for the v\iireless headphones is built around a CD4046 CMOS phase-locked loop, 
coupled with a driver transistor, and a pair of infrared LEDs. Although the CD4046 is comprised of 
two phase comparators, a voltage-controlled oscillator (or VCO), a source follower, and a zencr ref­
erence, only its VCO is used in this application. 

~ 
D1 C 

Fil.JC 
1 2 

C5 

Ul 
CAa287E 

680pF + C
6 

R3 
51K 

·SEl:TEXT 

POPULAR ELECTRONICS 

1 

WIRELESS IR HEADPHONE RECEIVER 

C9 ., 

R2 
100:Q R9 

3300 

5.5-6V ClO 
100pF 

11 

R6 
68K 

'=-

R7 
121)1( 

C4 
.0047 

RlO 
24K 

C13 
.1 

1----1 
Bl 
9V 

SPKRl & SPKR2 
8-320 SPEAKER 

FIG. 39-8 

IR detector diode DI intercepts the TR signal at around 40 kHz and feeds it from Ul, a high-gain 
preamp, to PLL, U2, a 4046 configured to serve as an FM detector. U3 is an audio amplifier that feeds 
a pair of headphones or a speaker. 
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INFRARED REMOTE-CONTROL TESTER 

P1 
+ S1 

R1 

1991 PE HOBBYIST HANDBOOK 

+ 

T B1 
•gvoc 

..!.. 

FIG. 39-9 

The infrared remote-control tester uses a sensitive P.N-type solar sensor that is connected di­
rectly to a Darlington ampillier made up of transistors QI and Q2. Biasing is provided by RI and Pl, 
a variable resistor that serves as a sensitivity control. The collector lead of QI is the output lead of 
the Darlington amp, and it is connected to a red LED and the primary of transformer Tl. The func­
tion of Tl is to convert the low-voltage output to a level high enough to drive a small piezo disc. 
That disc makes a clicking sound when the sensor picks up an infrared signal that is varying in fre­
quency or amplitude. The infrared sensor will also pick up visible light. The use of an IR filter (Wrat­
ton #87) is recommended. 

BZ Piezo Disc 
Ll .Jumbo Red LED 
Pl 2-Mn Trimmer Resistor 
QI 2N3904 Transistor 
Q2 2N3906 Transistor 
Rl 270-n Resistor 
S 1 Solar Sensor 
Tl Audio Transformer 

PULSED INFRARED TRANSMITTER FOR ON/OFF CONTROL 

+ 

RADIO ELECTRONICS 

INFRARED 
LE04 

SEP8703·1 

FIG. 39-10 

This transmitter consists of an oscillator and LEDs. It generates a pulsed tone of around 850 Hz. 
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VERY SIMPLE IR REMOTE-CONTROL-CIRCUIT 

..J:..S1 
------~o 

POPULAR ELECTRONICS 

LED1 
SEP8788-001 

USE A LIGHT SHIELD 
TO PREVENT LIGHT 

SCATTER. 

A 

FIG. 39-11 

USE A LIGHT 
SHIRO TO 

PREVENT FALSE 
TRIGGERING 

B 

RECEIVER 

I~ a? 

Here is a complete IR remote-control system that consists of a simple transmitter (A) and an 
equally simple receiver (B). 

IR RECEIVER 

ELECTRONICS NOW 

To LED 
9 Vdc buzzer, etc. 

6 

FIG. 39-12 

REMOTE-CONTROL TESTER 

ELECTRONICS NOW FIG. 39-13 

This circuit is jusi about the simplest IR re- The IR Tester circuit lets you know if the but-
ceivcr you can build. The parts are cheap, the lay- ton you press on a remote control is working. QI 
out is not critical, and a 9-V battery will last a long is a photo transistor that is activated by IR en-
time. ergy. 
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Indicator Circuits 

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

230 

Polarity Indicator 
Tri-Color Indicator 



POPULAR ELECTRONICS 

POLARITY INDlCATOR 

GREEN 
ELEMENT 

REO 
ELEMENT 

TO 
RED 
CLAMP 

FIG. 40-1 

This circuit consists of a tii-color LED, a resistor, wire, and a coin-size test plate. You will have to 
build two such circuits-one for each black clamp on a set of auto battery jumper cables. The author 
installed the c.:ircuits inside the black clamps them.selves using lengths of wire to make the connec­
tions to the red clamps. 

The first step is to connect one red clamp Lo what you believe is the positive post on the okay 
battc:,;y. Then, Louch the test on the black clamp at the end of the cable to the negative termi­
nal on the good battery. The LED wilJ light red if the red clamp is on the wrong terminal. H so move 
the clamp to the other post and check again. If all is well, Lhe LED will light green. Pick up the other 
black clamp and connect it to the remaining post on the good battery. 

Cormect the remaining red clamp to what you assume to be the positive terminal on the bad bat­
tery. Now, touch the test plate on the remaining clamp to the engine block or a bare area on the dead 
car1s frame. If the LED appears or doesn't glow, switch the red clamp to the other terminal and test 
again. \Vhen the LED glows green, attach the hlack clamp to the car's frame (which will prevent any 
sparks from occurring near the battery). \Vhenyou remove the clamps) take the clamps off in reverse 
order to avoid sparks. 

231 



Bl-COLOR INDICATOR 

+12V 

~ 
R4 

560!1 LEOl 

R2 R3 
56DfZ 68K 

01 

r 2N2222 

POPULAR ELECTRONICS FIG. 40:2 

With Sl open, base bias is supplied to Q2 through a voltage divider (formed by R2 and R3), thus 
turning on the green element in the LED. That indicates that power is being supplied to the project. 
If you close S1, current through Rl biases QI on, thereby grounding the voltage divider and turning 
off Q2. That reverses the flow of current through the LED, which causes its red element to light. That 
indicates that the circuit is under _power and SI (really a DPDT switch), whose remaining section 
controls another circuit, is active. In this circuit, a bi-color LED is used to indicate when a circuit is 
under power and the status of SL In that way, the LED does the job of two indicators. 

232 



41 

Instrumentation Amplifier Circuits 

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

LMC6062 Instrumentation Amplifier 
LM6218 High-Speed Instrumentation Amplifier 

233 



All Op Amps 
1/2 LMC6062 

NATIONAL SEMICONDUCTOR 

LMC6062 INSTRUMENTATION AMPLIFIER 

A2 
10k 

Rs 
44.2k 

Pot. --,Pu-...---~ 

If A1=Rs, Ra=Rs and A4=A1 
Then: 

Vour R2 + R1 R4 --=--x-.. -
V1N R2 Ra 

:.AV= 100 for circuit shown 
(R2=4.91k) 

50k Pot. 

FIG. 41:1 

Useful for +5-V single-supply applications, this op amp circuit features low drain (around 1 mA), 
high input resistance (1014 .Q), and low bias current ( ""'10-HAJ. 
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LM6218 HIGH-SPEED INSTRUMENTATION AMPLIFIER 

1kn 

NATIONAL SEMICONDUCTOR 

20pF 

20pF 

1kf.l 

FIG. 41-2 

This amplifier features 400-µsec settling time (to 0.01 %), 140-V/µsec slow rate, and 17-MHz 
gain-bandwidth product. The supply voltage can be ±5 Lo ±20 V. 
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Integrator Circuit 

The source of the following circuit is contained in the Sources section, which begins on page 675. 
The figure number in the box of the eircuit correlates to the entry in the Sources section. 

Fast Integrator 
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POPULAR ELECTRONICS 

Ct 
150pf 

C3 

FAST INTEGRATOR 

VouT is the integral of V1 in this circuit 

dt. 

FIG. 42-1 
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Intercom Circuits 

The sources of the following circuits are contained in the Sources -section) which begins on page 
675. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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One-Way Voice-Activated Intercom 
Very Simple Telephone Intercom Circuit 
Telephone Intercom 



POPULAR ELECTRONICS 

ONE-WAY VOICE-ACTIVATED INTERCOM 

,..............----.---YIJ\r-;..----------4.---------...----...,. +12V 

MICI~ 
Cl T 

.1 

+12V 

Rl 
2 2K 

C5 
.22 

+ C7 
470 

R10 
SK 

FIG. 43-1 

An omnidirectional electret microphone can be used to pick up the sound and convert it into an 
electrical signal. The outpuL of Lhc microphone is fed along two paths. In the first path, the signal is 
sent to the inverting input at pin 6. In the second path, the microphone signal is fed to the non-in­
verting input of U2, where it is amplified and output to the speaker, SPKRl. 

VERY SIMPLE TELEPHONE INTERCOM CIRCUIT 

PHONE 1 

Al RED 01 500.Q 

11)11 1N4001 
U1 0 SWATT GREEN 

ii 7812 

Cl + G R2 
1000 soon 

35WVDC 5WATT 

RED GREEN 

PHONE 2 

POPULAR ELECTRONICS FIG. 43-2 

'lwo telephones can be used as an intercom by using this circuit. Older style rotary phones that 
are nonelectronic might work best in this application. handsets only might be powered this way. 
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TELEPHONE INTERCOM 

MODULAR 
CONNECTOR 

WIRES 

l 
"=' ------+--+----------.-----------+12V 

rG;; -'ii'Eo 
I TO O-++----e 

I TELEPHONE 
CIRCUITRY 

BLU RED 
~ 8Z2 

7 

I BLK t 
~ON.!_1 ______ ..J 

rGRN - REo 
I TO 0---1--1--S-1-• 
I TELEPHONE ..J:.. 

CIRCUITRY 
I RED 

BLU 
I ~ BZ1 

, 
I 

I BLK I 
L!.H~E,L _____ _j 

Rl 
100n 

POPULAR ELECTRONICS FIG. 43-3 

An intercom using dual-modular wall jacks is shoM"L in this circuit. If the wires are available in 
the home telephone cable, this system can be installed with little trouble. 
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Interface Circuits 

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

Audio-to-ADC Interface 
Process-Control Interface 
-Relay Interface for Amateur Radio Transceivers 
Receiver Interface Circuit for Preamps 
Microcomputer-to-Triac Interface 
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• 5V 
1PIN25 Of P1) 

AUDIO 
ltJPUT 

RADIO-ELECTRONICS 

P15 
10K 

INPUT 
LfVFL 

Rl2 
101< 

JffSL l 

R6 
10K 

AUDIO-TO-ADC INTERFACE 

R9 
10K 

B2 
-v~t-.fil'.-1 + 

FIG. 44-1 

This simple general-purpose driver for an analog/digital converter uses two 7 41 IC devices with 
adjustable gain and offset. Other op amps might be substituted, but some circuit adjustments might 
be needed. 

PROCESS-CONTROL INTERFACE 

PRECISION PROCESS·CONTROL INTERFJ\CE 

,---------------------+ 15V 
FROM 2 WIRE TRANSMITTER o---+------4_0 _-2_0_0m--,V 

SIMILAR TO A Ll-10045 

r.1 
1 

POPULAR ELECTRONICS 

U1 

,t 20rnA 
INPUT 

2 
LH0020 AJ 

3 90.91< 

A4 
10K 

ZERO R6 
3921.l 

6 
VOl!T 

10V FOR 20mA 
OV FOR 4mA 

~--+--R-
9
--------+15V 

RS 
1MEG 

50K 
SPAN 

C3 
01 

FIG. 44-2 

'fhis circuit can be used to interface a 2-wire transmitter/sensor combjnation to an external de­
vice or measurement setup. 
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RELAY INTERFACE FDR AMATEUR RADIO TRANSCEIVERS 

-12ov 

IOK 
KENW0oo------------t--1 

T5440 

73 AMATEUR RADIO FIG. 44-3 

The relay power in the linear is obtained from the -120-V bias supply, and the transmit keying 
output from the Kenwood is +12 Vat 10 mA maximum. The key ingredient in the circuit is the pnp 
driver transistor, which must be capable of handling at least 150 Vat about 250 mA. 

RECEIVER-INTERFACE CIRCUIT FOR PREAMPS 

SHlELD r------------, 
I C9 : 

J3 .01 J4 
TO TO 

PREAMP: :RECEIVER 
I l 
I L7 I 

f 1mH B1 I 
I 9V 0..S1! 
: + ·1----lt-0 o-t 
L-----------J 

POPULAR ELECTRONICS FIG. 44-4 

The purpose of the receiver/interface circuit is to pass RF to the receiver through capacitor C9, 
while adding de power to the feedline through R2 and RF choke L 7. 
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RADIO-ELECTRONICS 

MICROCOMPUTER-TO-TRIAC INTERFACE 

MOC 3010 
phototriac 

optocoupler 

3300 
+SV --'\/\ftn--~ 

PORT-----__. 

100 watt 
hght bulb 

2N6154 
TRIAC 

WARNING: 

110 VAC 

Extreme shock hazard on 
right half of this circuit! 

FIG. 44-5 

A microcomputer-to-triac interface uses a phototriac optoisolator to Jet safoty-isolated logic sig­
nals directly control high-power loads. Depending on the input waveforms and the load, this circuit 
can be used in either an on/off switch or a proportional phase control. A low input powers the lamp. 

244 



45 

Inverter Circuits 

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

250-W Inverter 
Digital Inverter 
dc-to-ac Inverter 
Power MOSFET Inverter 
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+l2V 
(FROM CAR 8/VTERY) 

250-W INVERTER 

fl 
20AMPS 

120VACOUT 
(SQUARE WAVEl 

\/cc u-------.----_..,_ ______ ,v 

(.j.13V) 

IC1 
555 

6 
Tl!RWIOLO 

2 
TRIGGrn 

ELECTRONICS NOW FIG. 45-1 

A 555 timer (ICl) generates a 120-Hz signal that is fed to a CD4013BE flip-flop (ICl-a), which 
divides the input frequency by two to generate a 60-Hz clocking frequency for the FET array (Ql 
through Q6). Transformer Tl is a 12-/24-V center-tapped 60-Hz transformer of suitable size. 

Input 

WILLIAM SHEETS 

246 

PCH 
MOSFET 

NCH 
MOSFET 

DIGITAL INVERTER 

Output Input 

J_ 

FIG. 45-2 

A CMOS digital inverter is formed by con­
necting two MOSFETS, as shown. 



-12V 

Al 
15K 

02 
2N3838A R2 

15K 

POPULAR ELECTRONICS 

dc-to-ac INVERTER 

C2 
0.047 

C1 
":" 

0.047 

R4 
2201l 

04 

T1 
OLD FILAMENT 
TRANSFORMER 

11iVAC 
OUTPUT 

FIG. 45-3 

A multivibrator circuit drives a pair of 2N3055 power transistors. Tl is a 12.6~V CT filament 
transformer with a 120-V primary. 

R4 
1001<. 

R1 
47K 

R3 
100K 

A2 
471{ 

POPULAR ELECTRONICS 

01 
IRF511 

02 
IAF511 

POWER MOSFET INVERTER 

+12V 
~ 

+ 

r-­, 
I­
I 
t I L __ .., __ J 

OUTPUT 
~ 

Ai, 
47K-100K 

Tl is a suitable transformer for the vo]tage desired, with a 12.6-V CT winding. 
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Ion Generator Circuit 

The source of the following circuit is contained in the Sources section, which begins on page 675. 
The figure rnnnber in the box of the circuit correlates to the entry in the Sources section. 

Negative Ion Generator 
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NEGATIVE ION GENERATOR 

Pl1 

1993 ELECTRONICS HOBBYIST HANDBOOK 

R2 
1K 

This oscillator-driver induces a high voltage in the windings of T2. 

FIG. 46-1 
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Laser Circuits 

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

250 

Efficient Laser Supply 
Laser Power Supply and Starting Circuit 
Handheld Laser 
High-Voltage Power Supply 
Fantastic Simulated Laser 
-Laser Power Supply 



Vin 
9Vto 
35 V 

EFFICIENT LASER SUPPLY 

150 

2.2 µF 

HV diodes-= Semlech·FM-50 

Vin 

Ve 
+ 

0.01 µF 
5 kV 

L2 
145 µH 

Vsw fB 

LT1170 

GND 

I1DµF 

1 23 V 

1800 pf 
10 kV 

1800 pf 
10 kV 

10 k 

0.47 µF:: Wima (Mannheim, Germany) l X 0.15 µF, type MKP·20 
01, 02 = Zetn m-849 
L1 = Coi!tran1cs CTX0211128-2 
L2 = Pulse Engineering PE-92105 
Laser= Hughes 3121 H·P. 6 S· mA beam current 

ELECTRONIC DESIGN 

47k 
5W 

1H4002 
lalll 

Laser t 1K = 6.5mA 

190 
1% 

Ip 
1.23 V/191H1 

FIG. 47-1 

Driving Helium-Neon Lasers can be simplified considerably using this power-supply configura­
tion. When power is applied, the laser doesn't conduct and the voltage across the 190-n resistor is 
zero. However, a resonant circuit and a v~'11i::w:e tripler then produces over 10 kV to turn on the laser. 
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Tl 
110 PRI 
lk\/ SECOND'V 
MAX. 
850\1 MIN 

73 AMATEUR RADIO TODAY 

LASER POWER SUPPLY AND STARTING CIRCUIT 

+ 0 47 
'T' 'I~\/ 

I 

VOLTAGE QUAORUPLER MULTIPLIES 
2,\1 TO APPRO'.IC IOt\l PFAK 

IOOpF 
, 15.V 

IOOpF 115k\/) 

RES1STOA NE:TWORK 8ALLAST FOR 

50k 
3W 

LASER 'TUBE PROTECTION CURRENT LIMIT 
EXAMPLE 10 ll'IW LASER REOI.JIRES 100 k 
BALLAST RESISTOR LIM!TS CURRENT 
TO ? -5 111A @ 2 5W 

-HV • HV 
LASER TUBE 

100k 
3W 

IOOk 
3W 

FIG. 47-2 

This circuit delivers 10 kV peak, then limits current to 7.5 mA@ 2 kV. The resistors shown pro­
vide ballasting. The starting circuit cannot maintain the 10 kV under load and appears as a series­
pass circuit "With little drop in voltage. 

HANDHELD LASER 

HEATSINK 

PD 

A5 
l1 1700 

(SEE R6 

._T-'-EX-'--'T .... \ ----~-------------------~1r------,--,,-~ 51< 
TEST POINTS-ENCIRCLED 

3~1 BASE OF 
LASER 

2 
DIODE 

1992 R-E EXPERIMENTERS HANDBOOK 

SIMULATED LASER 
DIODE 

FIG. 47-3 

A laser diode TOLD9200 (Toshiba) is used as a source of laser light. Q3, Q2, and S1 form a touch 
s"Witch to control theJaser. LI is an RF pickup coil to pick up energy from an RF-type battery charger. 
It is 10 turns of #18 wire on a ½1' diameter. 
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HIGH-VOLTAGE POWER SUPPLY 

3.3 
k!l 

..__ __________ • ---a-------1 
0.01 µF 

WILLIAM SHEETS 

a-f Six sections 
CD4049 or 74C04 

+ 12 V 

1 

+ 
100 µFI 

1N4007 

Pri . 

+ 12V 

Output 
=20kV 

FIG. 47-4 

The high-voltage power supply is a CMOS-based oscillator that pulses a high-voltage ignition 
transformer. The transformer output is around 20 kV. 

FANTASTIC SIMULATED LASER 

C1 1µF 
IC1 = 555 

ICl 
L 1 = Bright LED 
P1 = 50 kfl pot. 
R1, R2 = 4.7 kfl 
R3 = NO push button 

1991 PE HOBBYIST HANDBOOK FIG. 47-5 

The circuit uses a 555 timer IC to power an ultrabright LED. The output is a pulsing red light 
that can be projected using lenses. An ultrabright Stanley LED, capable of 300-millicandle output, is 
tied to pin 3 of the 555 timer IC. That IC has been configured as an astable multivibrator. The fre­
quency of this multivibrator is controlled by Rl, R2, Cl, and Pl. You can vary the frequency by ad­
justing which changes the output from a slow blinking to a fast pulsating light. Resistor R3 is used 
to limit the current flowing into the circuit to a safe value, to prevent the LED and the IC from burn­
ing out. Switch Sl applies power to the circuit when its button is pressed. 
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F1 
.5A 

Pl1 
117V 

AC 

C5 
.001 

C8 

• All DIODES: .OOl 
1N-7(1N64R 

POPULAR ELECTRONICS 

01· 

LASER POWER SUPPLY 

C1 + 
10 

R1 
330t( 
1W 

R2 
330K 
1W 

R3 
330K 
1W 

A4 
330K 
1W 

C6 
.001 

C9 
.001 

R099 
LASER 
TUBE_ • 

07* oe· 

FIG. 47-6 

This supply generates an initial high voltage for ignition purposes. Aller ignition, the supply gen­
erates about 1300 to 1500 V. If a higher ignition voltage (than the 6000 V supplied) is necessary, more 
multiplier stages can be added to D5 and DB. 
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48 

-Lie Detector Circuit 

The source of the following circuit is contained in the Sources section, which begins on page 675. 
The figure number in the box of the circuit correlates to the entry in the Sources section. 

Simple Lie Detector 
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SIMPLE LIE DETECTOR 

1991 PE HOBBYIST HANDBOOK FIG. 48-1 

The circuit uses a two-transistor direct-coupled oscillator that has a frequency determined by 
Cl, R2, and the (skin) resistance across the touch pads. Since Cl and R2 are fixed values, only the 
skin resistar1ce across the touch pads can vary the sound of the oscillator. To sustain oscillations, Cl 
feeds a portion of the output from Q2 back to the input of Ql through resistor RL 

Transistor Ql is an npn type and transistor Q2 is a pnp type. The output of Q2 is fed into a small 
speaker. The circuit relies on the fact that the human skin conducts electricity. 

Cl 0.01-µF Capacitor 
Ql 2N3904 Transistor 
Q2 2N3906 Transistor 
Rl 4.7 k!l Resistor 
R2 82 k.Q Resistor 
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49 

Light Beam Communication Circuits 

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

Modulated Light Transmitter 
Modulated Light Receiver 
FM"Light-Beam Receiver 
FM Light-Beam Transmitter 
Light-Wave Voice-Communication Transmitter 
Light-Wave Voice-Communication Receiver 
Visible-Light Audio Transmitter 
Visible-Light Receiver 
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MODULATED LIGHT TRANSMITTER 

.----------.--------.---------lltJV.--------------+----<.,,- 0---- +SV 

c, 
100 

MIC1 
XTAL 
MIKE 

POPULAR ELECTRONICS 

R1 
1 2MEG 

CJ 
0 47 

R4 
5601( 

R5 R7 
4.71( 1K 

C4 
10 

02 
BC107 

R6 
680f2 

SI 

11 
3.5V 
0.15 OR 0.3A 

FIG. 49-1 

A light-bulb filament can be modulated with audio as a method of optical transmission. Ampli­
fier Ql/Q2/Q3 drives emitter-follower TR4. Adjust RlO for the Q point (light bulb) giving best results. 
It should have a filament with low thermal inertia for best audio responses. 

Al 
680H 

POPULAR ELECTRONICS 

C2 
.22 

01 
ZN577-7 

MODULATED LIGHT RECEIVER 

E
-

C 
.00 

R2 
1.5MEG 

02 
BC1D9 

R4 
1 5MEG 

------,C'?n.--------- ·9V 

03 
BC179 

R5 
3.9K 

C5 
10 

51 

PHONES 

~ 

Using a phototransistor, this receiver will detect and demodulate a modulated light beam. R6 af­
fects sensitivity. 
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ELECTRONICS NOW 

FM LIGHT BEAM RECEIVER 

+ C4v 10 l'-F 

cs 
1 

1001! 

-::- 40 kHz HIGH PASS 

R9 
1Slu1 

ca +ij_ 100n 
10 l'-F 

C9 
1 

-b 

60 kH? LOW PASS 

C16 
01 

FIG. 49-3 

This receiver will pick up IR or light beams that are frequency modulated on a 50-kHz carrier. 
Q2/Ql/Q3/Q4 from an active filter and amplifier and differential amp Q5/Q6 provide more gain. 

FM LIGHT-BEAM TRANSMITTER 

16V +6 V 

C9 -! 101,Fr 

+ 
LED4 

I 
4 ICl 

RST V 
NE,5!15 

R11 DSCH 
w 

R1 ~ R2 R7 R9 SOI( QLJT 3 11( 22K 5.6K 11( 
Canter TRIG 

I frequency 6 THRES 
adJU:11 CONT GND 

Fl16 
1K 

MIC1 c, a2 o.~r 2NS904 

~ 
11<,F 

11 

AB 
2.2K 

R3 R10 + 
10K 4701\ 

C5 1 ,._f 
101<,F 

ELECTRONICS NOW FIG. 49-4 

This transmitter uses two-stap;c amplifier Ql/Q2 to frequency modulate an NE555 (configured 
as a VCO) operating at about 50 kHz. The resultant FM-modulated pulse train is converted to light 
pulses via LEDI through LED4, driven by Q3 and Q4. 
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WILLIAM SHEETS 

LIGHT-WAVE VOICE-COMMUNICATION TRANSMITTER 

+9V 

Mic 

R8 
330 !l 

Any 
LED 

FIG. 49-5 

This transmitter uses a 7 41 op amp as a high-gain audio amplifier, which is driven by a micro­
phone. The output of the 7 41 is coupled to Ql, which serves as the driver for a LED. Potentiometer 
Rl is the amplifier~s control. Miniature trimmer resistor R6 permits adjustment of the base bias 
of Ql for best transmitter performance. Gain control Rl can be eliminated if Cl and R2 are con­
nected directly to pin 2 of the 7 41. For maximum increase the value of R2 from 1 to 10 
Mn and use a crystal microphone with a large diaphragm. 

C1 
0.1 µF 

IC1 
µA741 

WILLIAM SHEETS 
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LIGHT-WAVE VOICE-COMMUNICATION RECEIVER 

,-----------------i-+9V 

FIG. 49-6 

This light-wave receiver consists of a 741 op­
erated as a preamplifier and an LM386 operated 
as a power amplifier. Potentiometer R2 is the gain 
control. Various kinds of detectors can be used as 
the front end of the receiver. Phototransistors are 
very sensitive, but they do not work well in the 
pretience of too much ambient light. A 100-k.Q se­
ries resistor is required if you use a phototransis­
tor. Solar cells 1 photodiodes, and LEDs of the 
same semiconductor as the transmitter all work 
well in this circuit. 



VISIBLE-LIGHT RECEIVER 

Sl 

POPULAR ELECTRONICS FIG. 49-7 

This receiver for amplitude-modulated light signals uses phototransistor QI mounted in a para­
bolic reflector (to increase range). Any npn phototransistor should work. Emitter-follower Q2 drives 
amplifier Q3. The output from Q3 feeds volume control R7 and audio amplifier Ul. A 9-to 12-V supply 
is recommended for the receiver. 

POPULAR ELECTRONICS 

VISIBLE-LIGHT AUDIO TRANSMITTER 

C2 
.1 

"SEE TEXT 

FIG. 49-8 

In the visible-light transmitter, a 7805 volt­
age regulator is connected in a variable-voltage 
configuration, and an audio signal is fed to the 
common input, to modulate the output voltage. 
The modulated output voltage is used to transmit 
intelligence via an incandescent lamp. 
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50 

Light Control Circuits 

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

262 

Light Sequencer 
Holiday Light Sequencer 
Automatic Porch-Light Control 
Dimmer for Low Voltage Loads 
Three-Power-Level Triac Controller 
Phase-Controlled Dimmer 
120-ac Shimmering Light 

Simple Triac Circuit 
Running Light Sequencer 
MOS Lamp Driver 
CMOS Touch Dimmer 
Neon Lamp Driver for 9-V Supplies 
Sensitive 'Iiiac Controller 
Halogen Lamp Protector 



LIGHT SEQUENCER 

ICl 4 T---------

R23 

120VAC -OUTPUT + 

1991 PE HOBBYIST HANDBOOK FIG. 50-1 

The light sequencer uses two JCs and 10 SCRs to create_an ac sequencer. The first IC, a 555 
timer, is used to provide dock pulses for IC2. The IC is configured as an astable multivibrator, and its 
output is on pin 3. 

Capacitors C 1 and-C4, along with resistor R2 and potentiometer Pl, control the frequency of the 
pulses. IC2 is a 4017 Johnson counter, which shifts a high-signal level to each one of its 10 output 
pins in sequence. Each output pin is resistively coupled to Lhe gate lead on an SCR. When the re­
spective output pin on the 401 7 is high and the positive half of the ac cycle is on the anode lead of 
the SCR, it turns on. The lamp that is connected to its anode lights. 

Power is brought into the PC board by the line cord, then the circuit is fuse-protected. Diode 
LDl changes the ac to pulsating, which is smoothed by C2 and C3. R23 limits the current, and zener 
diode D2 limits the de voltage to 6 Vele. 

CI, C4 
C2 
C3 
Dl 
D2 
ICl 
IC2 
Pl 
Ql-QlO 
Rl 

0.1-µF Capacitor 
100-µ.F Capacitor 
4 7 -µF, 350-V Electrolytic Capacitor 
1N4007 Diode 
6-V Zener (M747814) 
555 Timer IC 
4017 CMOS IC 
500-Hl Potentiometer 
106 SCR 
560-Q Resistor 

R2, R4, R6, 
R8, RlO, Rl2, 
Rl4, Rl6, Rl8 
R20,R22 
R3,R5,R7 
R9, Rll, R13 
Rl5, Rl 7, Rl9 
R21 
R23 

100-kQ Resistor 

2.2-kQ Resistor 
15-kQ 7-W Resistor 

263 



EARTH 
GRUUNO 

,:, 

2 

3 

R3 
UK 

U3 
6 

MOCJDIO 5 
OPTO 
COUPLER 4 

MT2 TRt 
6A 
400V 
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R1 
180!1 

HOLIDAY LIGHT SEQUENCER 

Rf 
221( 

7 
U1 

Cl 
1000 

lilili 
OSC/TIMER ...-----,g C3 

U4 
MOC31UO 
OPTD 

3 COUPLER 

R4 
I.BK 

T 

MT2 

R2 
22K 

4 

TR2 
6A 
400V 

RB 3 

,eon 
R5 
1.8K 

-=-

us 

11 

7 

12 

MOCJ010 
OPTO 
COUPLER 

MT2 

16 3.3 

U2 • . __ A+ E----i"=' 
74Cl7S ..!.!.._ 1 
0-TYPE 
FLIP-FLOP 1-4 __ -a" 

4 

TR3 
6A 
400\1 

MT1 

503 

15 

13 
10 

R9 
1eon 

2 

R6 
I.BK 

-= 

S2 

U6 
MOCJD10 5 
OPTO 
COUPLER 4 

R10 
,son 

MT2 TR4 
6A 
400V 

TO METAL ENCLOSURE 

FIG. St>-2 



HOLIDAY LIGHT SEQUENCER ( Cont.) 

Integrated circuit Ul (a 555 oscillator/timer) is wired as a conventional pulse generator. The fre­
quency of the pulse generator is controlled by potentiometer Rl 1. Resistor R2 puts a reasonable limit 
on the highest speed attainable. 

The output of the pulse generator is fed to the common clock input of U2, a 7 4C 175 quad D-type 
flip-flop. Each flip-flop is configured so that its Q output is coupled to the D input of the subsequent 
.flip-flop. 

In.formation on the D input of each .flip-flop is transferred to the Q (and Q) outputs on the lead­
ing edge of each clock pulse. Switch S2 allows you to invert the information on the D input of the first 
.flip-flop at any time during the cycle. This allows you to create a number of different sequences, 
which are determined by the state of the CQ output at the time of the switching. 

Some of the possible sequences are: 
• 1 through 4 on, 1 through 4 off; 
• 1 of 4 on sequence; 
• 1 of 4 off sequence; 
• 2 of 4 on sequence; 
• 1 and 3 on to 2 and 4 
• and other instances when the sequence of events is difficult to determine. 
However, if S2 is switched to position B while all outputs are high or all are low (which seldom 

occurs), the sequence stops and the outputs remain either all on or all off. If that happens, you only 
need to switch back to position A for at least one pulse duration, then back to position B again. 

Likewise, S2 should be in position A (pin 4 connected to pin 14) each time the power is turned 
on. This is because the data on pin 4 must be a logic 1 in order to start a sequence; otherwise all out­
puts remain at logic 0, regardless of the clock pulses. 

Each output of the sequencing circuit is connected to an MOC3010 optoisolator/coupler (G3 
through U6), which contains an infrared-emitting diode with an infrared-sensitive diac (triac driver 
or trigger) in close proximity The iliac triggers the triac, which carries the 117-volts ac. 

Each time that the infrared-emitting diode receives a logic 1, it turns on and causes the diac to 
conduct. With the optoisolator/coupler's internal diac conducting, the triac turns on, and power is 
supplied to whatever load is plugged into the corresponding ac socket. So, the sequencing circuit and 
the 117-V ac outputs are "optically coupled" and are effectively isolated from each other. 

Power for the sequencing circuit is provided by a 6.3-Vminiature transformer. The output of the 
transformer is rectified by a four~diode bridge circuit, the output ofwhlch is filtered by Cl (1000-µF 
electrolytic capacitor). Capacitor C3 is added at the supply pin of l J2 to suppress transients. 
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AUTOMATIC PORCH-LIGHT CONTROL 

R1 

SJ.:C.. ~~~ H~Jlio 
0-..-.\oAAr--------...----------------

U2 
MDC3D41 

2 

1993 ELECTRONICS HOBBYISTS HANDBOOK 

BR1 
1A 

100V 
C1 

1000 

R3 
10MEG 

16 

10 U1 
4020 

D1 
8 

6.2V 
5W 

*SEE TEXT 

FIG. 50-3 

The automatic porch-light conLrol circuit holds a triac on until a 4020 divider counts a numher 
of 60-Hz powerlinc pulses. The circuit turns off a light after a predetermined time hy using pins other 
than pin !3 of U 1. Various times can be set. Consult the 4020 data sheet for information. 

DIMMER FOR LOW VOLTAGE LOADS 

$-JOY 

1112 

A 1...A2 : IC 1 = CA3240 

303- CIRCUITS FIG. 50-4 

This circuit controls a low voltage de supply by pulse width modulation. The switching rate is 
200 Hz. Input supply voltage should be +5 to +30 V. lJp to 5 A can be controlled. 
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A 
B 

ELECTRONIC DESIGN 

THREE-POWER-LEVEL TRIAC CONTROLLER 

04 
1N4001 

Rs 
27k11/2W 

Teccor HT32 
R2 

100, 1/4 W 

Ac load 

'-2 Ac input l1 

FIG. 50-5 

Three power levels are supplied by the two logic inputs of this enhanced circuit. R5, D4, D5, and 
C2 form a power supply for the logic IC. They can be omitted if another source of low voltage is avail­
able. 

250K 

PHASE-CONTROLLED DIMMER 

, 00 watt 
light bulb 

2N6154 
TRIAC 

A phase-controlled dimmer delays the triac 
11 O VAC turn-on to a selected point in each successive ac 

,--__ ... half cycle. Use this circuit only for incandescenl 
lamps, heaters, soldering irons, or "universal'1 

motors that have brushes. 

WARNING: Extreme shock hazard! 

RADIO-ELECTRONICS FIG. 50-6 

267 



120VAC 

1991 PE HOBBYIST HANDBOOK 

120-ac SHIMMERING LIGHT 

02 

03 

Rl 

- D1 

C1 

A 
SCR 

...,._ ____ ___, C 
G 

FIG. 50-7 

You can tum any ordinary household bulb into one that shimmers or blinks. This circuit works on 
any incandescent light up to 200 W, and runs on standard 120 Vac. The circuit uses ru1 SCR to cause 
an ordinary lamp Lo shimmer. Note that one side of the lamp is connected directly to 120 Vac, and the 
other side of the lamp goes to the cathode of the SCR. As ac voltage is brought into the circuit through 
the line cord, it is full-wave rectified by diodes Dl and D2. That changes the ac to de, and a portion of 
that dr voltage is applied to capacitor Cl through R2. Diode D3 blocks the (+)de voltage so that only 
the voltage from the path of Rl and D3 is clear. That forms an oscillator, which has a frequency de­
termined by the setting of potentiometer Pl (because the other components have fixed values). 

Remember to use extreme caution when using a device that connects to the ac line. Never use 
it outside or near water and always mount the entire kit inside a wooden or plastic (insulated) box 
to prevent. any contact with the ac voltage. 

100 wall 
hght bulb 

2N6154 
TRIAC 

SIMPLE TRIAC CIRCUIT 

110 VAC 

A triac can be used as a line-operated ac 
power switch that can directly control lamps, 
heaters, or motors. A brief and small current 
puisA into the gate turns the triac on; it remains 
on until the main current reverses. 

WARNING: Ewtreme shock hazard! 

RADIO-ELECTRONICS FIG. 50-8 
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303 CIRCUITS 

11V1 
400MW 

7 

6 

2 

8 4 

IC1 
555 

5 

RUNNING LIGHT SEQUENCE 

12 V •• 

R1 
3300 

11 

13 

E 4 

R4 R3 IC2 
F 5 

UAA170 
G3 

H 2 
12 C 7 
15 0 6 

Re 

++ 
0 

FIG. 50-9 

This rwming light sequencer drives 16 LEDs and runs from a 12-V supply. Cl can be varied to 
alter the rate of operation. 

MOS-LAMP DRIVER 

+6-12V 

POPULAR ELECTRONICS FIG. 50-10 

The circuit shows a way of using a MOSFET as a load driver. II can be a lmnp, or any other load) 
that does not exceed the current rating of Q 1. 
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ELEKTOR ELECTRONICS 

CMOS TOUCH DIMMER 

1N4148 

F1 

.2AT 

1N4148 
{) ~ ~ s ;, C IP a 

Is IGA TE F-1--'I--+--.----=.,. 
SLB0586A 

6 IN 'sYNC l-'
4-1--+--,.__--t 

(<Q c, 

100A 

i.a1 

C1 

1OOn 
250VAC 

t0 •.• 4OOW 

0 

FIG. 50-11 

A Seimens SLB0586A IC allows the construction of a simple touch-controlled dirmner circuit. 
The circuit controls a triac ac switch1 which allows control of loads from 10 to 400 W. 

NEON LAMP DRIVER FOR 9-V SUPPLIES 

D1 
T1 IN914 

4 8 
111 K 

C3 an 0.1 µF 
125 V -555 3 -

5 

C2 
0.1 µF 

-= 
RADIO•ELECTRONICS FIG. 50-12 

This circuit is for driving a neon lamp from a 9-V supply. The 555 generates an ac signal (stepped 
up by Tl), and lights the neon bulb. Tl is any small audio output transformer. 
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SENSITIVE TRIAC CONTROLLER 

R3 
"A" inpul 0-------./!\l'r----+--1 

2.7k 

R, 
22 k, 1/2W 

Teccor HT32 

2N412l 

R2 
100, 1/4 W 

Ac load 

Triac 
Teccor 

02004f31 

Common 0----------------------. 

L2 Ac input L1 

ELECTRONIC DESIGN FIG. 50-13 

The single transistor connected between the capacitor and the common side of the ac line allows 
a logic-level signal to control this triac power circuit. Resistor R2 prevents false triggering of the triac 
by the trickle current through the diac. 

303 CIRCUITS 

HALOGEN LAMP PROTECTOR 

..,..01 
0 
0 
oii::I' z -

-,-
6V: 

R1 

.Jtt. BUZ 
~ 10(A} 

C1 

GDS 

86468-1 

FIG. 50-14 

This circuit produces a soft Lum-on for halogen lamp filaments upon powering up. MOSFET 
used is a BUZlO, which has 0.2 n RDs on. Rl, R2, and Cl set the turn-on rate and DI discharges Cl 
at turn-off. 
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51 

Light-Controlled Circuits 

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

Light-pependent Sensor for Multiple Inputs 
Simple Light-Activated Alarm 
Precision Dark-Activated Switch with Hysteresis 
Combined Light-/Dark-Activated Switch 
Outdoor Light Controller 
Dark-Activated Relay with Hysteresis 
Porch Light Control 
Dark-Activated Switch 

272 

Photoelectric Sensor 
Precision Light-Sensitive Relay Switch 
Self-Latching Light-Activated Switch 
Simple Nonlatching Photocell Switch 
Light-Controlled Oscillator 
Phototransistor Circuits 
Dark-Activated Relay 



LIGHT-DEPENDENT SENSOR FOR MULTIPLE INPUTS 

~M---+---+---------+-• +6-12V 

POPULAR ELECTRONICS 

R7 
100K 

01 
2NJ904 

NEG. 
OUT 

FIG. 51-1 

This light-dependent sensor uses LDRs to 
detect the presence or absence of light. As long 
as the light source striking the LDRs remains 
constant, the alarm does not sound. But when 
the light is interrupted, the alarm is triggered. 

SIMPLE LIGHT-ACTIVATED ALARM 

r---------------- +12V 

1N4007 

WILLIAM SHE:ETS FIG. 51-2 

A cadmium-sulfide photocell conducts when 
a light beam strikes it. This triggers the SCR and 
activates the alarm device. 
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WILLIAM SHEETS 

PRECISION DARK-ACTIVATED SWITCH WITH HYSTERESIS 

--------------- 0+12V 

A2 
100 ld1 

R3 

R5 
10 Mn 

Hysteresis 
adjust 

II------'\/\_/\, ·A..N:v-

R7~ 
CDS R4 

cell 100 l<H 

2N3904 

Load to be 
switched 

FIG. 51-3 

A CdS cell is one leg of a bridge circuit. Potentiometer R6 in another leg sets the trip point. Po­
tentiometer R5 provides hysteresis adjustment to prevent 11chattering 11 or hunting of the relay. The 
light level has to increase noticeably before the 2N3904 turns off and the circuit deactivates. 

WILLIAM SHEETS 

COMBINED LIGHT-/DARK-ACTIVATED SWITCH 

r-----------.. -,a..---------------t1t-- ,---Jii,,, + V (10 to 15 V) 

IC1 LM1458 
IC2 MC3010, etc. 

optoisolator 

Set A4 so 1/2 of Vc0 appeare across R3. 
Set R2 for dark trip point 
Set R1 for light tnp point. 

t 
Dark 
signal 

FIG. 51-4 

1\vo op amps used in a bridge circuit configuration detect high and low light levels. Potentiome­
ter R2 sets the dark level and Rl controls the light level. R3 is set so Lhat about ½ the supply voltage 
appears across R4 at the desired light level. R1 and R2 set the trip point of the optoisolator IC2 at 
darker or lighter ambient levels, as required. 
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120 Vac 

WILLIAM SHEETS 

OUTDOOR LIGHT CONTROLLER 

0.1 µ.F 
600 Vac 

100 mH/6 amp 
(RFI suppression) 

CDS 
cell 

Load 
100W 
lamps 

(max. 5 lamps) 

C106B, etc. 
Heat sinker 

FIG. 51-5 

A neon bulb and a CdS photocell enclosed in a light-tight enclosure form an optocoupler. A 
diac/triac combination is used to provide the snap-switch effect. A second CdS photocell acts as the 
main sensor. 

As darkness approaches, the resistance of R4 Leg.ins to increase. At a threshold level, the diac 
triggers the triac and causes the neon bulb to light. This reduces the resistance of R6, causing the 
diac to trigger the triac, which lights the neon bulb and provides power to the load. 

As morning light comes up, the process is reversed. The neon bulb goes out and the SCR turns off. 

DARK-ACTIVATED RELAY WITH HYSTERESIS 

10 kO 

4 8 

2 3 

NE555 Opto1solator 

6 

0.01 µF _f 

WILLIAM SHEETS 

To con1rolled 
circuit 
or device 

FIG. 51-6 

The hysteresis of a 555 IC can be used to advantage for sensing a drop in light. An LDR or CDS 
cell with about 2 to 8 k rcsislance at desired light level should be used. 
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-PORCH LIGHT CONTROL 

.-------.11-------------------------+12v 

CDS 
cell 

25 kfi 

WILLIAM SHEETS 

R1 
68 kfi 330 kfi 

220 kn 

0.01 µ,F 

Trigger 
level C1 

220 j,i.F 

4 8 

2 

6 555 

7 3 

1 kfl 

5 
0.01 µ,F 

Optoisolator 

To triac 
and hght 
circuit 

FIG. 51-7 

Th.is circuit can control the on/off cycle of a light via a CDS photocell, and turn it off after a pre­
set period. The light can only be turned on when CDS cell is in darkness, and it stays on for a time 
determined by the 555 circuit. On time depends on RI and Cl and is about 80 seconds with the val­
ues shown. 

WILLIAM SHEETS 

DARK-ACTIVATED SWITCH 
R2 

1 kO 

D1 
IN4007 

----------- ..,._ 

Load (relay, etc.) 

FIG. 51-8 

In this circuit, lowering of the light level on the CDS cell turns on Q 1 and Q2 which switches on 
the load which could be a relay, light, etc. 

276 



+9-12 V 

POPULAR ELECTRONICS 

PHOTOELECTRIC SENSOR 

02 
2N3906 

R5* 

R1 
10 k 

~ 
1 MEG -:= 

FIG. 51..g 

The circuit can he used as a sensor that can trigger an alarm without direct contact being made 
by the intruder. In this circuit, a visible or invisible light source radiates on the sensor, keeping the 
delcction loop in what could essentially be called a normally closed condition. 

As long as the light source striking R5 remains uninterrupted, the switch remains closed. But if 
an intruder passes between the light source and the sensor, the circuit goes from closed to open, and 
triggers the alarm. 

A light-dependent resistor (LDR), whose resistance varies inversely in with the amount of light 
hitting its sensitive surface, is used. A bright light aimed at R5 causes its internal resistance to drop 
as low as a few hundred ohms; in total darkness, the unifs resistance can rise to several megohms. 
The light-dependent resistor (R5) is connected between the + V supply and the base of Q 1 . As long 
as R5 detects light, it supplies ample base current to cause Ql's collector to saturate to near ground 
level. That also pulls the base of Q2 (a 2N3906 general-purpose pnp transistor) to near ground level, 
turning it on and clamping its collector to the + V rail. 
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PRECISION LIGHT-SENSITIVE RELAY SWITCH 

A2 
CDS 
Cell 

WILLIAM SHEETS 

A1 
1 kfi 

v------0 
-+-0 
L-o 

12-V 
relay 

12 V 

FIG. 51-10 

A CDS cell in a bridge circuit vvith an op amp provides a simple means of operating a relay at a 
predetermined light level. Potentiometer R4 sets the sensitivity. 

SELF-LATCHING LIGHT-ACTIVATED 
SWITCH 

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

10k0 
-------'\AA,----..,._-----'l• +12V 

S.w1tched 
I"-. s· 
V _L R~sat 

to load 

WILLIAM SHEETS FIG. 51-11 

When light strikes the CDS cell it turns on 
the transistors which activates the relay which 
latches. Depressing SI grounds the base of the 
2N3565 and the relay resets. The 250 k poten­
tiometer adjusts the sensitivity of the circuit. 
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SIMPLE 
NONLATCHING PHOTOCELL SWITCH 

.--------a------- +3to2V 

II ~ Relay 
~ contacts 

3 to 12 V relay 

WILLIAM SHEETS FIG. 51-12 

A CDS photocell is used to drive the relay. 
The circuit operates from a + 12 V supply. 



LIGHT-CONTROLLED OSCILLATOR 

+SV 

R3 
100K U1 

6 666 
CDS '=" 

PHOTOCELL 

2 3 

C2 -1 

.01 

+ Cl 
2.2 

POPULAR ELECTRONICS FIG. 51-13 

This circuit can be used as a light detector 
and possibly as an aid for the visually handi­
capped. The frequency of the oscillator is deter­
mined by the amount of illumination striking 
LDR4. 

PHOTOTRANSISTOR CIRCUITS 

+V 

+V V 

WILLIAM SHEETS 

Phototrans1stor 
mode 

Photod1ode 
mode 

FIG. 51-14 

Here are four ways to connect a phototran­
sistor for general use in phototransistor circuits. 

DARK-ACTIVATED RELAY 

Sensitivity 

8.2 kil 
4 

6 

2 

O.Q1 

WILLIAM SHEETS 

8 

3 

NE555 

Optoisolator 

To controlled 
circuit 
or device 

-F/G. 51-15 

Configuring a 555 IC as shown yields a dark-activated relay with low hysteresis. CDS or LDR 
should be in the 2 k to 8 k range at desired light level. 
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52 

Light Sources 

The sources of the following circuits are contained in the Sources section, which begins on page 
675. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Battery-Operated Black Light 
Solid-State Light Sources 



+ "' -

S1 

1989 PE HOBBYIST HANDBOOK 

BATTERY-OPERATED BLACK LIGHT 

FTB 

Ti 

P1 

C1 

C1 - 1 µ.F Electrolytic Capacitor 
FTB - FTB8T6 Black-light Tube 
P1 - 2.5-k Trimmer Resistor (252C) 
Q1 - C1740 SW Transistor 
R 1 - 330 n Resistor 
R2 - 1-k Resistor 
S1 - Slide Switch 
Tl - Inverter Transformer 

FIG. 52-1 

The battery-operated blaek light uses a "U"-shaped, unfiltered, black-light tube, which requires 
approximately 2f50 Var. to operate. To create the 250-Vac 6-V battery, the circuit uses a one-transis­
tor blocking oscillator that drives a ferrite inverter transformer. A blocking oscillator tW'ns itself off 
after one or rnore cycles. In this circuit, it consists of C 1, Q 1, R 1, and T 1. The oscillations are sus­
tained because the base of Ql is com1ected Lo one of the windings on Tl. 

Transformer Tl is a step-up transfom1er that consists of a ferrite core, which has a few Lums on 
the primary and many turns on the secondary. The oscillating (ac) output of Ql is fed to Tl, which, 
because of its large turns ratio, converts the low~volLage signal into a high-voltage alternating cur­
rent, which is coupled through resistor R2 to the black-light tube. Resistor Rl and trimmer resistor 
Pl limit the current flowing through the circuit. As the control on Pl is rotated, more current flows 
in the circuit, producing a brighter lighi ouLpuL. 
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V+ 

t •tJ 

Vo 
(mV) 

21 
20 

15 

10 

5 

SOLID-STATE LIGHT SOURCES 

current output 

5 10 15 20 25 30 35 40 45 

LED Current (mA) 

A 

R1 
---,.. 

lo 

-lo 
(mA) 

10 
9 
8 
7 

6 
5 
4 
3 

2 

1 

50 

M2 

Variable LED 1 
PC1 

milliammeter 

de power 

~ 
photovoltaic 

R1 
5100 

supply M1 
milliammeter 

Variable 
de power 

supply 

R1 

M1 
Milliammeter 

cell 
(solar cell) 

B 

ED1 

::::-

i,..- =1CM ---I 
C 

PC1 

In A we show two LED output curves derived by experiment The circuit in B was used to 
get the data tor the short-circuit current plot, while the circuit in C yielded the data for the 
open-circuit voltage plot. 

+5VDC 

LED1 'l 
V+ 

RI 

Smee LED intensity is linearly related to the 
input current this circuit can be used to vary 
the LED's brightness via R2, 

You can drive an LED with an open-collector 
TTL inverter. The inverter shown must 
ground the LED to turn it on. 

POPULAR ELECTRONICS FIG. 52-2 

The 12 LED circuits shown are useful for experiments and applications of LED devices. The cap­
tions are self-explanatory and illustrate many common LED applications. 
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A totem-pole TTL output can drive an LED 
by grounding the LED's cathode, much like 
the open-collector driver. 

+SVDC 

R3 t 
2.7K 4~ 

(USED FOR TTL)~: 
I 
I 

V+ 

GENERIC : 
OAIV£R I R2 

1 10K,: 

*NOMINAL VALUE 

This driver circuit will work for either CMOS or 
TTL gates, but you don't need R3 in a CMOS­
driven circuit. 

V1 

V2 

+12VOC 

-12VDC 
~ 

LED1 
Vl<V2 

This is a bipolar output indicator that lets you know 
if one voltage is greater than, less than, or equal to 
another. 

BLACK 
SILICONE SEAL 

BLACK HEATSHRINK 
TUBING 

You can "roll your own" optocoupler by using 
some heat-shrink tubing, an LED, and optical 
transistor, and silicon sealant as shown here. 

LEDl 
Unlike TTL devices, integrated circuits made 
with CMOS technology can source enough 
current to power an LED as shown here. 

V+ 

A CMOS-based gate can sink current much 
like a TTL gate in order to activate an LED. 

LED1 

.------------"loN\,----o A ,, 
LED2 

R1 
\00011 

-------------.........0 B 

This simple polarity checker is easy to build 
and can be of help if you don't know much 
about a circuit's wiring or grounding convention. 

V 

LED1 

Ii/ 
This is a simpler voltage-level sensor than 
that shown back in Fig. 9. To use it you have 
to know the polarity of the voltage it is to monitor. 

LOGIC 
SIGNAL o---w1,,---.,... 
INPUT 

01 
2N2222 

This high sensitivity Darlington LED driver circuit 
can be used as a simple logic probe. You may have 
to vary the value of Rl to suit the circuit under test. 
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53 

Load-Sensing Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
675. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Load-Sensing Solid-State Switch 
Load-Sensing Trigger 



G 

Pll 

LOAD-SENSING SOLID-STATE SWITCH 

Rl* 
H1 

R2 

47n S01-b 
1/2 W COMPRESSOR 

When this triac circuit senses current flow 
through SO 1-a, it activates the device plugged 
into 801-b. The values of the resistors must be 
chosen for the specific devices to be plugged in. 

'SEE TEXT.__ ___ __. ________ ___, 

POPULAR ELECTRONICS 

TO 
CONTROL 

CIRCUIT {
, 

2 

FIG. 53-1 

LOAD-SENSING TRIGGER 

Ul 
MOCltl10 Rl 

6 220n 
HOT } 

MTi TO AC 
LOAD 

~ 
NEUTRAL] 

l~~s 6 1 TO 111 v•c 4 G 61 SOURCE 
MTl HOT 

Triacs can be controlled by low-power circui1s through 
Triac-driver optoisolators as shown here. 

TO 117 
VAC 

POPULAR ELECTRONICS 

Rt 
101< 

01 

02 

03 

SOl 

A 

B 

01-06 
1N4004 

TRI 
ECG-5616 
6A 
400 PIV 

MT2 S02 

FIG. 53-2 

A device plugged into SOI causes a voltage-limited gate trigger for triac TRl, and causes power 
to be applied to SC2. 
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54 

Mathematical Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
675. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Second-Order Polynomial Generator 
Polar-to-Rectangular Converter and Pattern Generator for Radio Direction Finding 
Root Extractor 



SECOND-ORDER POLYNOMIAL GENERATOR 

------ri Vg = a+ bVz.,. cVz2 
, 

z ' 
Notes: 

20 k, 1% 1. ~ =b I VR£f 1R1/a 

r--------------
: R1 2. K II U-b)/\ 

6.81 k, 1% 3. ~ 11 R1ff2/k (R2 · R1) 

4. R4/(A3 + R4) • ~ 
VREF = +2.5 V Ro : 

/--- ... !1!•.~~- 5. D<b<I 
6. ikcdl.1 

Pasaive adder _ 

ELECTRONIC DESIGN FIG. 54-1 

By using a circuit built with a single analog multiplier and five precision resistors, an output volt­
age ci:) can be made to create a second-order polynomial. 

The circuit implements the following quadratic: 

V=a+bV+cV 2 
0 X X 

The input terminals of I Cl are connected to create a positive square term and present the Vr sig­
nal to the output with a 1-10-V scale factor. Incorporating the voltage-divider network (resistors R3 
and R4) in the input signal path provides additional attenuation adjustment for the coefficient (c) of 
the square term in the quadratic. Then, the passive adder (resistors Rl, R2, and R

0
) is wired to I Cl's 

internal summing circuit to generate the polynomial's other two terms; the offset term (a) and the 
linear coefficient (b). 
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-POLAR-TO-RECTANGULAR CONVERTER AND PATTERN GENERATOR FOR RADIO 
DIRECTION FINDING 

100k IOOk 

100k iOOk 
S-METER------.,,..,--

+15V 

-1511 

l3 AMATEUR RADIO TODAY FIG. 54-2 

In order to display polar quantities (magnitude and direction of a received radio signal), a sine 
and cosine voltage proportional to an angle (antenna direction) is needed. In this r,ase, a sine-cosine 
potentiometer coupled to a directional antenna and a sample of a voltage proportional to received 
signal is used to display relative magnitude and direction of a received signal. 

INPUT 

POPULAR ELECTRONICS 
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C1 
300pf 
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55 

Measuring and Test Circuits 

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

Energy Consumption Monitor 
Harmonic Distortion Analyzer 
Watch Tick Timer 
Visual Continuity Tester 
RC Decade Box 
Digital Altimeter 
Electronic Scale 
Radar Calibrator 
Cable Tester 
Simple Curve Tracer 
Voltage Level Circuit 
Low-Drift de Voltmeter 
Light Meter 
Mercury Switch Tilt Detector 
50-MHz RF Bridge 
ac Watts Calculator 
Audio-Frequency Meter Circuit 
One-IC Capacitance Tester 
Transistor Checker 
Low-Current Ammeter 
Analog Frequency Meter 
Electromagnetic Field Sensor 
Magnetic Proximity Sensor 
High-Impedance Voltmeter 
Fast Video-Signal Amplitude Measurer 

Signal Generator 
Simple Signal Tracer 
DVM Adapter for PC 
Simple Digital Logic Probe 
S Meter for Communications Receivers 
LED Expanded Scale Voltmeter 
1-kHz Harmonic Distortion Meter 
Line Voltage-to-Multimeter Adapter 
Audible Logic Tester 
ShorL Tester for 120-V Equipment 
Digital Pressure Gauge 
Simple Short Finder 
Voltage Monitor 
Linear Inductance Meter 
DeBounce Circuit 
ac Wiring Locator 
Audible Continuity Tester 
ac Outlet Tester 
JFET Voltmeter 
Check for Op-Amp de Offset Shift 
Continuity Tester for Low-Resistance Circuits 
Supply Voltage Monitor 
Audio-Frequency Meter 
Zener Diode Test Set 
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R13 R15 D8 
lOK 1000 1NMA 

R14 
10K 

+ 

C10 
1000µF 

R17 
1.8K 

RADIO-ELECTRONICS 

ENERGY CONSUMPTION MONITOR 

TP3 

S1 
..::c.. 

01 
21U48Z 

COUNTER 
MOOULE 

4 (&) r&JjBJ (&) (&) 
3 

A19 
10K 

... 

A21 
2.2K 

R22 
1.5K 

R23 
660!.l 

R24 
1200 

-=-

7 VOLJMETER 

FIG. 55-1 

The E.CM circuit consists of four s,~t;r;,1e,~r-. s. as shown in the block diagram. A power converter gen­
erates a voltage that is proportional to the true of real power consumed by the load. That voltage 
feeds both a hargraph and a voltage-to-pulse converter. The bargraph gives an approximate indica­
tion of the amount of power used, and the voltage-to-pulse converter produces a whose fre­
quency is proportional Lo lhe power. The triggers the counter module, which displays the cost 
of powering the monitored load. 
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HARMONIC DISTORTION ANALYZER 

INPU~l1C=° 24tic1~ 
120VAC II 24VAC INPUT~ 

OUTPUT -:-
!TO J41 

F1 
O~A 

56 O 
POWER 

------

A16 
IOK 

RADIO-ELECTRONICS 

F\17 
10K 

C7 
22pF 

F\20 
909K JS 

-1, l5V 

-,~..,, 

C28 
33 

J6 

+ 
OVM 

J7~ 

C20 
1 

~--·-·1 
OPTIONAL 

EXT 
~Af\111 
GND 

FIG. 55-2 

The circuit includes a low-distortion, I-kHz oscillator and will measure THD at a user selected 
voltage level for voltage amplifiers, or for checking amplifiers of power levels to 600 W. It will detect 
THD levels of .005% (-86 dB). A built-in one-percent THD calibrator is included. The output device 
is a digital multimeter (DMM). 
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I\) 
(0 
I\) 

WATCH TICK TIMER 

10 k.!l 

.::;1'11.;J;JOIJ;;} Pulse on or near - Audio amp Audio amp Oiff & clipper shaper watch 

470fl 470fl 
VV7 r'VVv7 (4 I Ch1loo 

•I l•I ;, 
Bursts of 1 MHz signal 

wave 
µ.F 

XTAL 20 to 100 pF 

1 MHz Freq. adjust 

WILLIAM SHEETS 

Square wave 

+5V 

~d ~ in1erval between licks 

CJ D +4V 

J Q 

1-----+------<CK JK13 
FF 

K FFQ~-~ NC 

Gate 

Pulse flip flop 

shaper 
TRA 

Inverter 

External} To 
gate 

---------~......_ Count with external 
input gating input 

liiil 

FIG. 55-3 

This circuit adapts a frequency counter to measure intervals. It was origmally used as a shutter speed checker for a photo ap­
plication. The watch ticks are clipped and shaped and formed into a square wave. This square wave is used to gate an accurately 
known clock (1-MHz TTL XTAL OSC) and an external counter is used to directly count the clock pulses during the interval to be 
measured. A 1-MHz clock can be used to measure to a resolution of I µsec. Accuracy = ± time base ± I µs ± 1 count LSB. 



VISUAL CONTINUiTY TESTER 

+ r1-a1-• 14 
+9V 

14 1/• 4011 

'/4 4011 1/4 4011 

,, 
LEDl 

1,3 12 

2 3 

10 

I/ -=-
LED2 // 

LED3 

11 10 9 8 

U2 
41H 

4 5 6 7 

Lf04 

LEDS 

Cl R2 
0.1 1MEG LED7 \\ 

POPULAR ELECTRONICS FIG. 55-4 

By judging the rate at which a particular LED flashes, you'IJ be able to estimate the resistance. 
The circuit consists of two !C's (1 4011 CMOS quad 2-input NAND gate, Ul; and a 4024 binary 
counter, U2), seven LEDs, and a handful of additional _components. All of the gates in Ul are wired 
as inverters. 

Two of the inverters (U 1-a and U 1-b) comprise an astable-multivibrator (free-running oscillator) 
circuit, whose operating frequency depends on the amount of resistance detected between the test 
probes. Feedback from the output of the oscillator (at pin 4 of Ul-b) back to the input of the circuit 
(at Ul-a, pins 1 and 2) is provided via Cl. Resistor, Rl, along with tbe unknown resistance between 
the test probes, completes the RC timing circuit. The frequency of the oscillator decreases as the re­
sistance between the test probes increases. 

The output of the oscillator is fed to pin 12 and 13 ofUl-c, the output of which then divides along 
two paths. In the first path, Ul-c's output is applied to the clock input of U2 (a 4024 binary counter) 
at pin 1; in the other path, the signal is fed through D2 and across capacitor C2, causing it to begin 
charging. The charge on C2 is applied to Ul-d at pins 8 and 9. The output of that inverter (Ul-d) is 
fed to the reset terminal (pin 2) nf U2. If there is continuity or a measurable resistance between the 
test probes, U2's reset terminal is pulled low, triggering the counter and allowing it to process the in­
put pulses (count). 

The rate of the count is proportional to the resistance between the test ·probes. If the resistance 
between the test probes is low, the counter advances slowly. The counter provides a 7-bit binary out­
put that is wired to seven LEDs. 

When the test probes are placed across a short circuit, LED7 flashes. If the tester is placed 
across a resistance of, for example, 2 Mn, LEDl will flash. In either case, the LED whose assigned 
value most closely corresponds to the resistance connected between the two probes will flash con­
tinually at a steady pace, while the other LEDs will seem to flash intermittently. 
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IMEG 
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IMEG 
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100K 
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FIG. 55-5 



RC DECADE BOX ( Cont.) 

l R 2 5 C 6 1 R C 6 
0 •••••• 0 0 IC 0 0 ...... IC 0 

A B C 

1 R 6 1 R 6 C 1 
0 

GJ 
0 0 •••~. 

cl 
0 ~,c 

Rf i 3 T 4 3 

! i i 
D E F 

THE VARIOUS CONFIGURATIONS are set using S13: (a) resistor only and (b) 
capacitor only (both in position Ric); (c) series RC (position SER); (d) parallel RC (position 
PAR); (e) Low-Pass Filter (position LPF); and (f) High-Pass Filter (position HPF). The terminal 
numbers listed are those of bindinq-Dosts BP1-BP6. 

TABLE 1-DECABOX TERMINAL CONNECTIONS 

Configuration S13 Position IN/GND OUT/GND 

Resistance RIC IN: BP1 OUT: BP2 

Capacitance R/C IN: BP5 OUT: BP6 

Series RC SER IN: BP1 OUT: BP6 
Parallel AC PAR tN: BP1 OUT: BP6 

Low Pass Filler LPF IN: BP1 OUT: BP6 
(Integrator) GND: BP3 GND: BP4 

High Pass Filter HPF IN: BP6 OUT: BP1 
{Differentiator) GND: BP3 GND: BP4 

This decade box can he set for any resistance value between 10 n and 1 L 1 Mn in 10-!l stops. A 
switch can be used to configure several RC confi~urations. Use close tolerance components in the 
circuit. If possible, check components with .. an accurate bridge or other means to ensure accuracy. 
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DIGITAL ALTIMETER ,-, 
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/7 
L/ 

a3 f3 e3 d3 c3 r3 a3 1J2 f2 e2 d2 c2 b2 a2 c1 fl 11 d1 c1 bl al 
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2 

BACK PLANE 21 

- SIGN 20 

HALF DIGIT 19 

26 
~ 
27 

28 

C8 
.22 ,.. 
,. 

I.CDlll2
0SP1 23 22 17 18 19 20 21 27 26 13 14 15 24 25 32 31 If IU' 111~1301,__ ____ _____;,;23""- R19 

IC3 C7 
~------16-'--11CL7108CPL ~ 471< .47 

,~ 
Cl 

SEGMENT 
IDENTIFICATION 

__________ 2 ..... 4 F=,:::------1:-...., 
15 
18 

17 
22 
12 
11 
10 
9 
14 
13 

25 
5 

• 
3 
2 
8 
6 
7 

32 

~C4 
.M_T-47 

35 

cs 
38 H~f 

II 

R13 
39 1_05)K 

R18 
1MEG 

~~ 14 

.__....;f2-"'f+ IC1-d 
,,~LM324N 

RADIO• ELECTRONICS FIG. 55-6 

A pressure sensor (IC4) is used with a <le: amplifier to convert the bridge output (IC4) to a sin­
gle-ended voltage. ICld provides a reference voltage for setting barometric pressure. IC3 is an AID 
converter manufactured by Intersil. This drives an LCD module. Calibration reads out in fact. A vac­
mnn pump and a water-based manometer can be used for sensor calibration. 
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ELECTRONIC SCALE 
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IN REFREf 

IC,4 
ICL71DICPL 

lO COM HI LO INT BUFf 
30 32 38 27 28 

C4 
.01 

R15 
1MEG 

R18 
100!< 

C5 
.22 

A21 
47K 

R17 
4.75K 

C6 
.47 

DIGIT 2 DIGIT 3 

/7 
I I 

,-, 
I I 

29 

8 8 7 
E1 Fl 61 

OSC1 

C7 
o., 

* NOTE: UNUSED SEGMENT OF 
OISP1 • PINS 8,16,37.38 

ANO 39 ARE TIED TO BACKPLANE 
PIN. 

40 

FIG. 55-7 

An electronic scale using a pressure transducer (load cell) and an analog-digital (AID) converter 
to drive a digital display is shown. The scale range ae10~:r1tw on load cell. Display is calibrated in ap­
propriate units. Components are on main circuit and display boards. The off-hoard controls are on 
the front panel and case. The cell in this scale is rated for ~-~--:;~•;.1::~:::::.s (600 grams). 
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co 
OJ 
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J:;K 

LED2{t) 
EQ~~!l't'~ 

~ 

RADIO -ELECTRONICS 

IN4004 
01 

cs 
10µ.F 
25V 

L _____ ; 

10V 

--t IOµF 
25V 

C4 

RADAR CALIBRATOR 

1 16 t IC7 I 1 03 Voo - --- 1 ~ C 
2 D _ Q 15 2 E 

P, ' £ 
3 Or D,1 l'.!_.J... -= • 3 

4 13 "=' s lr..H ,c~ cf ,2 1s ic3 ~ sl . ics 
DpQ 4522 'D" 4522 I 0• 4518 

6 C Dp, l' -= 6 C 

7 Oo MR lC 7 R E 

8 9 '=" 8 -
Vss •, ?-

41 TR-

IC! 
555 

16 

R5 
2000!1' 

Ct 

_________ .J 

T, 14 "=' 
Vr,c~

5 

R23 

IK 

03 
IN4'41 

l1 13 

CL 12 

8'" r 6 
1 

IC2 11 -~ I ~" MMJ8B ;· 

lOµF 
25V 

I( 

~ '=" .__ ___ __. LED 1 '/ 

TRANSMIT _ 

•1% RESISTOR 

QJ 
ZN3904 

-=-

TIP 1ZO 

J1 
K--BANO OUTPUT 

FIG. 55-8 

This circuit is basically a system that generates a pulsed modulation signal for a Gunn diode microwave oscillator. Several 
speed settings are preset (S3 a and b). A 555 timer is used ¼ith a frequency divider chain to produce Doppler shift equivalents 
of 25, 35, and 55 mph, for both X- and D-bal)d radars. 



POPULAR ELECTRONICS 

CABLE TESTER 

81 S1 
•l-:.;9v•l---+-----10 . ...o----+-----------------, 

...-------(')2 -10 go--------, 

2 

AS 
2400 

...----~3 

3 

4 

4 S 7 

I t l 
I ( CABLE UNDER TEST) 
I I • 

8 

1h 1458 
5 

2 

R7• 
120.D 

R6 
240U 

01 D2 (OPTIONAL} 
1N914 1Nl14 -:-

"SEE TEXT 

R3 
4700 

FIG. 55-9 

At the heart of the cable tester arc two op amps, which are used as a window comparator to in­
dicate a short- or open-circuit condition. A third op-amp comparator is used to indicate a good cir­
cuit (i.e. 1 neither open nor shorted). Colored LEDs are used to show the condition of individual 
conductors within the cable w1dcr test; a red one to indicate a short between conductors, a yellow 
one to identify an open conductor, and a green one to signify that the conductor is okay. Individual 
LEDs of a bar-graph display are used to show which conductor in the cable is being tested. 
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NE1 
NE•2H 

R2 
1000 1% 

R3 
1KO 1% 

R4 
10K 1% 

1mAN 

SIMPLE CURVE TRACER 

CURRENT ~ 
LIMITER t----.---JJ 

AC 
SIGNAL 
SOURCE 

DEVICE 
UNDER 
TEST 

R 

TO SCOPE'S 
XINPUT 

- YINPUT 
v-Ai } TO SCOPE'S 

t------9----"'---0 

This is a simple block diagram of 
the EZ-Curve. Current-limited AC signals 
are passed through both the device under 
test and a precision resistor to yield 
current and voltage readings. 

PU 

10mA/V 

S2 

.1niA/V 

'-----------------«)) J1 
CURRENT/VERTICAL 

POPULAR ELECTRONICS 

S3 

J2 lot------' 

VOLTS/HORIZONTAL 

FIG. 55-10 

Useful for checking diodes, transistors, SCRs, resistors, and this curve tracer 
should prove useful in the experimenter's lab. It displays the volt-ampere characteristic of a two-ter­
minal device on an oscilloscope. 
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POPULAR ELECTRONICS 

A4 
2K 

A 

VOLTAGE LEVEL CIRCUIT 

.------------+9V 

-9V 

Rl 
1K 

+9V 
R3 

R4 3K TO 
2K PIN 6 

RS TO 
21( P!N9 

R6 TO 
2K PIN 13 

The variable voltage divider 
shown here can be used with 
the circuit to allow a wide range 
of input voltage settings. 

-B 

FIG. 55-11 

A DC op amp and a comparator with a ladder ref ercncc divider allow a de input voltage to light 
one or more LEDs, depending on voltage levels. 

LOW-DRIFT de VOLTMETER 

1 V _.. +6 Vto +9V 

02 
22 Mn MPF102 

3V 

6.28 Mn 

rnv 

2.2MH 5 kO 

30V ~ ·---Ji,,- -6 V to -9 V 

628 k!l 

100 V 

313 kn 

WILLIAM SHEETS FIG. 55-12 

This voltmeter uses a pair of JFETs in a balanced-bridge source-follower amplifier circuit. Ql 
and Q2 should be matched within 10% for IDss· This minimizes meter drift and maintains bridge bal­
ance over temperature. 
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A2 
1 KH 

R3 
1 Kn 

R4 
1 KU 

RS 
1 Kl1 

WILLIAM SHEETS 

TILT 

_J 
+5V 

+5V 

POPULAR ELECTRONICS 

302 

LIGHT METER 

LED 1 

LED2-5 
Regs 

lC1-LM339 

FIG. 55-13 

The outputs from the comparators will 
swing1 in sequence, from high to low as the input 
voltage rises above the reference voltage applied 
to each comparator. The output LEDs will then 
switch on in sequence as the voltage rises. 

The inverting inputs of the comparators are 
connected in common to the collector of photo­
transistor Ql. When Ql is illuminated, its collec­
tor-emitter junction conducts, thereby placing all 
the inverting inputs within a few millivolts of 
ground. For most settings of RI, each of the four 
reference voltages exceeds the value. Therefore, 
when Ql is illuminated, the output from each 
comparator is high and its respective indicator 
LED is off. 

MERCURY SWITCH TILT DETECTOR 

TILT 

~ 
HORIZONTAL 

FIG. 55-14 

If the mercury bulb in this circuit is tipped, 
Ul-a will light LED l by going low, indicating a 
"tilted" condition. 



50-mHz 1 input 

(+10 to 20 dbm) __ 

WILLIAM SHEETS 

50-MHz RF BRIDGE 

500-f! Linear pot* 

R2 
51 !l¼W 
carbon 

HP 5082-2835 

C2 
0.01 µF 

R1 

C1 
0.01 µF 

R3 
1 kH 

100 µA 
FSD 

r Unknown 
impedance 

*Cermet 
or carbon 

(RV6 style) 

FIG. 55-15 

The hridge shown was used for measurements on 50-MHz amateur radio antennas. RI is a minia­
ture 500 .n linear potentiometer. The unknown impedance is compared to R2, a 51-11 resistor. An ex­
ternal signal source is required. 
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Rs<<: Load 

The load's power factor, which is the cosine of the 
phase angle between the voltage across the load 
current, can be calcolated simply with this circuit. 
A 1: 1 isolation transformer is used to prevent direct 
contact with the line 

ELECTRONIC DESIGN 

ac WATTS CALCULATOR 

Vr 

By properly adjusting Rr, the vector diagram 
of voltages Vs, Vd, and V, forms an isosceles 
triangle, which simplifies the power calculation. 

FIG. 55-16 

The method basically consists of determining the power factor of the load-the cosine of the 
phase angle between the voltage across the load and the load circuit. Using a simple circuit, that an­
gle can be calculated quite simply. 

This circuit uses a 1: l isolation transformer to prevent direct contact with the line. It is wise to 
proceed 'With caution whenever voltages of this magnitude are utilized in a test setup, even though 
the voltages that will be measured are usually below 1 V. 

Rs is a circuit-sense resistor and Rr is a multi-turn potentiometer. The voltage across Rr is ap­
proximately 0.5% of the line voltage, which should be sufficient for most applications. 

R.r is adjusted so that IV)::: lV
8
I; then ~tis measured. In the vector diagram according to Kirch­

hoff's voltage law, V
8

, Vd, and Vr form a triangle, which becomes isosceles by adjusting Rr. ~, is in 
phase with the load current and Vr is essentially in phase with the load voltage. 
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The power delivered to the load can be calculated as follows: 

PL = ½, x 11, x Cos 0 

½_ x (~IR) x Cos [2 Sin-1 (~/2~)] 

[0 2 \If= 2 Sin-1 (~/2~)1 



AUDIO-FREQUENCY METER 

-==--31...,_ __ ........ .,__ __________ ....,..t9V 

.1V TO- Cl 
10V RMS .l 

AFIN ,..__ 

lci-t 

POPULAR ELECTRONICS 

.1 

A3 
lOK 

+9V 

,. SEE TEXT 

R4 
10K 

3 4 
C6 
.1 

~ 
+9V 

C5 
.1 

02 
1N914 

FIG. 55-17 

This meter differs from the norm in that it does not use a D'Arsonval movement or digital display 
to give a reading of the input frequency. Insteadl the measured frequency is read from a hand-cali­
brated dial. 

Any audio signal applied to the circuit is amplified by Ul and the resulting output is divided along 
two paths. In one path, the output signal is applied io the mixer; in the other path, the sj_gnal is ap­
plied to the input of U2 through Sl (a normally open pushbutton switch). 

The portion of the amplifier signal that is fed to the mixer is applied to the base of Ql, causing it 
to toggle on and off at the signal frequency. In the other path, when 81 is pressed, a portion of the op 
amp's output is applied to U2. If the signal is within the range of U2's internal oscillator's operating 
frequency, LEDl lights, and a signal is fed to the base of Q2. If the two signals arriving at the mixer 
do not match exactly, LED2 and LED3 light. That means that the circuit must he fine tuned, which 
is accomplished by releasing Sl and fine tuning Rl3 until LED2 and LED3 go out. The dial setting at 
that point gives the frequency of the input signal to 'Within 1 Hz ( or as close as the calibrated dial will 
allow). 
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RADIO-ELECTRONICS 

ONE-IC CAPACITANCE TESTER 

IC1-b CAL. 
¼ CA4011BE 

5 

+ 12V 

RS 
10OK 

R4 
10K 

8 

IC1-d 
1/4 CA4011BE 
12 

FIG. 55-18 

This circuit can be used to match capacitors, etc. The de output voltage is related to the capac­
itance values of Cx· The circuit values shown are for capacitors in the 0.01-µF order of magnitude, 
but they can be changed for lower or higher values. 

TRANSISTOR CHECKER 

Sl a 

POPULAR ELECTRONICS FIG. 55-19 

The circuit is built around a 7 41 general-purpose op amp that is configured as a voltage follower; 
with the components shown, the op amp has a voltage gain of one. The output of the 741 is used to 
drive a 50-µA meter movement. Potentiometer H..7 is used to zero the meter and R6 sets the meter's 
full-scale reading. 

Calibrating the meter is a snap. With no input applied to the circuit, set R6 to mid-position and 
adjust R7 to zero the meter. Once that is done, apply a positive 1-V de voltage to the input and adjust 
R6 for a full-scale reading. The voltmeter can he adjusted to read both positive and negative voltages 
by adjusting R7 for a center scale reading at the meter's zero position and a positive 1-V reading at 
the meter's full-scale position. 
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11 0 R1 

303 CIRCUITS 

LOW-CURRENT AMMETER 

Al ~ IC2 LF411, OP41 

R5 R10=511!1.1% 

D1 D2 1N4148 

a fOOpA 
b 1 ~A 

10nA 

d 100 nA 

e 1 ILA 

f 10;,.A 

g 100;,.A 

9V 

FIG. 55-20 

Without using high-value precision resistors, this circ:uit uses a current mirror, Tla/Tlb. Cur­
rents of 100 pA can be measured with this circuit. Ml is a 100-mA meter. Make sure to use a high­
quality PC board and low-leakage circuit construction. 

WILLIAM SHEETS 

ANALOG FREQUENCY METER 

6 

7 

0022,F I 
-

8 

Adj. for 1 kHz 
full scale 

50 kO cal. 

4 

555 

51 
I0.01 µF 

IN4148 

10pF 
16V 

::: 

, V regulated 
5tc9V 

FIG. 55-21 

This 1-kHz linear-scale analog frequency meter circuit uses the 555 as a pulse counter. Fre­
quenciis read on Ml, (or 1 mA meter) which car1 be calibrated to read Oto l kHz. 
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ELECTROMAGNETIC FIELD SENSOR 

1N914B 

0.47 µF 

Prick up ril 
6.8k0 

WILLIAM SHEETS 

TC! A,B 
TL082 

+ 
rnv I 
0A7µF 

Gain 

1W 
1 Mn 

-= 

1N!'J14ll 

Lo 12 V 

FIG. 55-22 

A telephone pick-up coil is used as a sensing coil. Any 60-Hz hum picked up by the sensing coil 
is rectified, amplified, and detected, and then drives a meter. 

MAGNETIC PROXIMITY SENSOR 

R1 
1K 

+5 TO +15V 

7 

S1 
MAGNETIC 

6 PROXIMITY 
SENSOR 

R3 01 R2 
100K 

6 
Ill& 4 4.7K 

2 3 

MAGNETIC OR 
MAGNETIZED 

OBJECT 

00 s 

--- 1------, 

C2 
.1 

SPKR1 
8{1 

+ C1 
2.2 

HIGH-IMPEDANCE VOLTMETER 

HIGH IMPED ENCE VOLTMETER 
R2 S2 

ON/OFF lMEG 

R3 
5MEG 

50V 

S1 
RANGE 

CA3140T 

.---....oro,-... 
+9V 

Cl 
1 

POPULAR ELECTRONICS FIG. 55-23 INPUT{C>-: _____________ ____ 

A magnetic need switch enables a 555 oscil-
lator, which drives a speaker. C2 can be varied for POPULAR ELECTRONICS 

different tone frequencies. 
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FAST VIDEO SIGNAL AMPLITUDE MEASURER 

Reset 

5&0 

DC out 

Coin~~>----1---------+-----------+-__,._-,1.._---1 

.5Y 
*l:utchEnabla 

ELECTRONIC DESIGN FIG. 55~25 

Video-signal amplitude can be measured with this simple circuit, which is basically a modified 
standard peak detector. The device can verify RGB generated by video RAMDACs. Ul is a high-speed 
buffer and U2 is a latched comparator. Cl is a hold capacitor. Reset is performed by Q3. U2 has a 
latch that maintains the last comparator state. The reset holds the comparator output low during the 
reset operation. The de output voltage is equal to the signal's maximum amplitude. 

SIGNAL GENERATOR 

c, 
0022 

OUTPUT 

~ 

SIMPLE SIGNAL TRACER 
INPUT CJ 

2 

1L, J 1 
I C2 
I 022 
I 

r Cl 
oon 

I-;--+} 
J:""" OUTPUT 

POPULAR ELECTRONICS 

0.2 
2N464 

I 

I 
I 
I 
I Js1 ___ _ 

Tai 
1 +9V 
I 

J 

+ 

01 
,NJ&B 

-:: .. 

FIG. 55-26 POPULAR ELECTRONICS 

"It" 

R2 
2MEG 

I 

I 

)-----~ 
I 
I 81 
: 9V 

i" 
FIG. 55-27 

Useful for troubleshooting audio, video, and In this circuit, Cl/Dl/Rl form an envelope 
lower frequency RF amplifiers, this circuit gener- detector. C2 couples audio to the base of Ql. R2 
ates a signal that is rich in harmonics. can be adjusted for the desired gain. 
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VIN 

~ 

R1 
10MEG 

A2 
1MEG 

R3 
10MEG 

POPULAR ELECTRONICS 

R7 
100 

02 
1N458 

R4 
10K 

01 
1N468 

DVM ADAPTER FOR PC 

J2 

• • 
• 

1 2 4 
+5V fOUT GND 

-= 

C3 
four +Vs 

U1 
0.1 ADl54 2 

GND +C2 
':' 

3 
-V111 -C2 

4 +Vu, -Vs 

cs 
R6 .1 

1K 

• • 
• • 

RS 
100 

8 

7 R9 
2.2K 

C2 
.01 + C5 

10 

5 

LED1 

C4 \\ .1 

FIG. 55-28 

The adapter consists of a voltage to frequency adapter with a signal conditioner and protection 
circuit. J2 connects to the game port of a PC. See reference listed for software for use with this cir­
cuit. 

TO POWER SUPPL V 
(ALLIGATOR CLIPS) 

SIMPLE DIGITAL LOGIC PROBE 

r..____..,.___-. 

PROBE TIP 

POPULA"R ELECTRONICS 

310 

-=-

LED2 
GREEN 

// 
R2 

330'1 

02 
ZN4403 

FIG. 55-29 

The design of the digital logic probe centers 
around a pair of complementary bipolar transis­
tors, which, in this application, are used as elec­
tronic switches. 



303 CIRCUITS 

S METER FOR COMMUNICATIONS RECEIVERS 

12 V < 40 mA 

csr--------------+ 
41onI 

CA 3189 

4 

= 

10 

9 

FIG. 55-30 

Because many amateur receivers are fitted with an S meter that functions far from logarithmi­
cally, the proposed circuit should be a welcome extension of such receivers. Although I Cs such as the 
CA3089 or the CA3189 are not in conunon use anymore, they serve a useful purpose in the meter cir­
cuit, because, apart from a symmetric limiter, a coincidence detector, and an AFC amplifier, they 
contain a very good logarithmic amplifier-detector. 

As is seen, the circuit is fairly simple, but remember that these ICs operate up to about 30 MHz; 
the wiring of the meter and its connections in the receiver should be kept as short as possible. 

LED EXPANDED SCALE VOLTMETER 

Battery...,+ ___ ... 

input 

73 AMATEUR RADIO TODAY 

Connect 9 lo 3 
for bar 
opeofordot 

1.5k 

390 

FIG. 55-31 

A 10-V zener diode is used to expand the scale of a 0- to 5-V voltmeter to a 10- to 15-V voltmeter. 
The LED bar graph lights one segment per 0.5-V input above 10 V. The 7805 IC provides a 5-V refer­
ence and 5 V for the bar graph LEDs. 
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WILLIAM SHEETS 

1-KHz HARMONIC DISTORTION METER 

16 kn 

(5%) 
0,02µF 

13 kn 

5k0 

IC1 
LM1458 

Input 

Dletortlon 
1 kn 

001 µFI 
To 
true 
RMS 
meter 

FIG. 55-32 

The circuit useful for distortion measurements notches out the fundamental frequency of 1 kHz 
to allow measurement of the residual level of harmonics. First a true RMS meter is used to measure 
the I-kHz input level E in by setting SA to the input position. Then, SA is placed in the distortion posi­
tion and the 2 k potentiometer is adjusted for a null. The residual reading is noted. The THD is then 
calculated based on the formula: 

POPULAR ELECTRONICS 

LINE VOLTAGE-TO-MULTIMETER ADAPTER 

PL1 

BANANA 
PLUGS TO 

MEHR 

PL3 

FIG. 55-33 

This ac line-to-multimeter adapter can make checking line voltage safer. You can use it to find 
taxing loads on your household -wiring. 
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RI R3 
IOOK 50K 

1989 R•E EXPERIMENTERS HANDBOOK 

AUDIBLE LOGIC TESTER 

+v 

01 
2N3904 

FIG. 55-34 

The tester provides an audible indication of the logic level of the signal presented to its input. A 
logic high is indicated by a tone, a logic low is indicated by a low tone, and oscillation is indicated 
by an alternating tone. The input is high impedance, so it will not load down the circuit under test. It 
can be used to troubleshoot TTL or CMOS logic. 

The input section determines whether the logic level is high or low, and enables the appropriate 
tone generator; it consists of two sections of an LM339 quad comparator. One of the comparators 
(I Cl-a) goes high when the input voltage exceeds 679<1 of the supply voltage. The other comparator 
goes high when the input drops below 33% of the supply. Resistors Rl and R2 ensure that neither 
comparator goes-high when the input is tloating or between the threshold levels. 

The tone generators consist of two gated astable multivibrators. The generator built around 
IC2-a and IC2-b produces the high tone. The one built around IC2-c and IC2-d produces the low 
tone. Two diodes, DI and D2, isolate Lhe tone-generator outputs. Transistor Ql is used to drive a 
low-impedance speaker. 

POPULAR ELECTRONICS 

SHORT -TESTER FOR 120-V EQUIPMENT 

11 
100-WATT 

S01 

FIG. 55-35 

Do you deal with old equipment in un­
known condition? If so 1 this little circuit could 
keep you from causing further harm to already 
shorted devices. 
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CAL 

A6 I R7 I 200K 41.2K R9 
10()1( 

R12 
1q~ 

R13 
22Hl 

1992 R-E EXPERIMENTERS HANDBOOK 

DIGITAL PRESSURE GAUGE 

--.. 40 

~ 39 

7 I 11 
I If 38 

,6tp,~ ~ C5 3 

.1 34 IC2 
ICL nu CPL ·~ 

~ 
!_g___jj_ 
13 12 

"'<. 

C7 25 

.47 29 14 

R18 9 

471< 28 10 

11 

27 21 
1 
C8 
.22 

i!F 

nl~P1 

BACK 
PLANE 
~ 

131 7 I e I 9 I 101 1 I 21 6 

FIG. 55-36 

This e1ectr·on1c pressure gauge uses a Wheatstone bridge-type pressure sensor tb drive a 312 digit AID converter and a dis­
ICl is a pump (quad) that interfaces the bridge sensor to the ND converter. R16 provides zero adjustment and R6 pro­

vides full-scale calibration. D 1 thru D4 Provide temperature compensation. 



SIMPLE SHORT FINDER 

D {germanium) 
Rg 

30 k 

04 l 
N3906 Switch I 

I 
y -4------------------------------1---------------' 

ELECTRONIC DESIGN FIG. 55-37 

Transistors Ql and Q2, together with resistors Rl through R7, make up the input balancing 
stage 1 which senses the resistance between points X and Y. The input stage is essentially a bridge, 
consisting of Rl, R2, R6, R7, and the resistance between points X and Y. 

-Transistors Q3 and Q4 and their associated passive components form a buzzer, which sow1ds 
when the tester detects a short. The buzzer is controlled by the output from Q2. When the input re­
sistance is high ( more than about 10 0), Q2 turns on, so its collector potential is close to ground, and 
the buzzer remains off. When the input resistance is sufficiently low, Q2 turns off, and the buzzer 
sounds. The frequency of the sound, which is about 1000 Hz, can be adjusted by varying the value of 
capacitor ( C). 

POPULAR ELECTRONICS 

A1 
100K 

+ 

'--v---' 
O.C. IN 

VOLTAGE MONITOR 

R3 
2.2K 

The adjustable voltage monitor can be used to check 
whether the voltage in a circuit remains within a given range. 

FIG. 55-38 

If the de volta~e is less than the voltage at pin 5 oHJl-B, then LED 1 will light. If the voltage is 
over 5V, LED2 will light. If the voltage is 'Within the window set by R4 and R5, neither LED will light. 
This circuit is useful as an under-or-over voltage monitor. 
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R3 
2200 

+!11,.__•'"""o+----1 

14 

LINEAR INDUCTANCE MET-ER 

A4 
1011 

C2 TO DIIM 

~ v,...o_LTS ____ ...., 0U'T"'UT OF N.11111D 2 

0 VOLTS 

TIME---

11-Af>UT TO NAMD 3 

lOV- - UPPEII TA!vliEII L£VfL 

I av- --- , LOWER TR!G(ifl! 1..EviL 
0\1 : _____ __, 

: OISCr<A"Gf OF 1'-DUCTOR 

lJ
!I\I: 

0\/ 

,,.., .. ,. ~.. . LI 
UNKNOWN INDUCTOR !H~50,.H ----i-.-.-,2-IJ--.---

J, 
10.47,.F l OUTPUT OF NANO 4 

ro DIGIT.Ill 
VOLTMETER 

+5\1 

A B 

73 AMATEUR RADIO TODAY FIG. 55-39 

Using the fact that in an RL circuit) the pulse width seen across the inductor is proportional to 
the inductance, this circuit reads this indirectly on a DVM. The range is about 5 to 250 µH. 

POPULAR ELECTRONICS 

DEBOUNCE CIRCUIT 

+5V 

S1 

CONTACT 
BOUNCE 

FIG. 55-40 

This debounce circuit 'Will keep the electrical noise generated by the mechanical switch (81) 
from reaching the next circuit in line. 
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303 CIRCUITS 

ii 
'cr---1..11 
I 
I 
I 
I 

A2 

ac WIRING LOCATOR 

_t"T•v 
9V _I_ IC1 

9V w 

A 1,A2,AJ • ¾ IC1 = LM 324 

This circuit uses a pick-up coil to sense the 50- or 60-Hz field around wiring-carrying ac. 11 is a 
telephone pick-up coil with a suction pad.-Dl (LED) lights during positive half waves, indicating that 
ac current is present. 

AUDIBLE CONTINUITY TESTER 

•----------------+9V 

4.7 kO 
8 

7 

R1 
47 kfl 

2 NE555 

6 

WILLIAM SHEETS 

4 

1 k!1 

Probes 

--------'-;, 10 kn 
Sensitivity 

1 k!l 

FIG. 55-42 

This 555 oscillator sounds a tone when conti­
nuity exists between the probes. Oscillator fre­
quency is determined by the values of RI and Cl. 
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ac OUTLET TESTER 

C1 ................ 50 µF Electrolytic 
Capacitor 
C2,C3 ... 047 µF Disc Capacitor 
01 ...................... 1 N4003 Diode 
IC1 ........................ 555 Timer IC 
L 1 .................. Jumbo Red LED 
R1 ............ 3.9K, 1 watt Resistor 
R2 ............ 2K, 1 /4 watt Resistor 
R3 . .. .. . . . 4. 7K, 1 /4 watt Resistor 
SPK ........ Piezoelectric Speaker 

1991 PE HOBBYIST HANDBOOK FIG. 55-43 

The tester consists of a rectifier circuit and a multivibrator circuit. The ac voltage is half-wave 
rectified by diode Dl and stored in capacitor Cl. Resistor RI is used to limit the current through Dl 
to a safe value. The voltage stored across Cl supplies ICl operating power. The IC, the versatile 555 
timer1 is configured to operate as a multivibration whose operating frequency is determined by C2, 
R2, and R3. The output of !Cl, on pin 3, is coupled to a piezoelectric speaker (SPK), which gives an 
indication of the presence of ac. An LED (11) also lights when ac is present. 

JFET VOLTMETER 

10MO 2.2kfi 

3V 
+ 

Skil 12V 
1 Mn Zero 

2.2 kfl 

100k0 

300V 

11 kfl 

WILLIAM SHEETS FIG. 55-44 

This very simple voltmeter circuit uses a 50-µA meter in a bridge circuit. It is user ul for noncrit­
ical applications. 
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LF412CN 

ELECTRONIC DESIGN 

CHECK FOR OP-AMP de OFFSET SHIFT 

mVold 

Adjllli input as req1ired le mai•lain 
10 v ,-11 at dewlCHlder-test oulput 

NES532N Tl082CP 

500 

1DD 

51 
Lf412CN 

0 

OVM -50 lf358J 

mVout NE5532N -100 
TL882CP 

-500 

·1INMI 

·1500 

·-
FIG. 55-45 

The de values of op-amp offsets c.:an't always be taken for granted when delivering ac outputs. No 
device is ever exactly synunetrical for maximum positive slew rate versus maximum negative slew 
rate. Consequently, there is always some range of output slew rates in which the device used limits 
in one direction more severely than in the other. What results in rectification of the ac signal and an 
apparent shlft of the de off set. 

This test circuit can check for the shlft phenomenon. The accompanying table and graph illus­
trate the results obtained for four devices, all of different types. As frequency and slew rate are in­
creased, the effect can be either relatively abmpt (LF412CN and NE55532N) or relatively gradual 
(LF'358,J and TL082CP). 

CONTINUITY TESTER FOR LOW-RESISTANCE CIRCUITS 

POPULAR ELECTRONICS 

PROBE o....----...,,,a-,;.+ ___ .-111;,,____, 
TIP 

ALLIGMOR 
CUP 

81 
1.5V 

11 

FIG. 55-46 

The continuity tester is little more than a battery and a lamp connected in series, with one end 
of the string terminated in an al~ator clip, and the other end.connected to the probe tip. 
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+ Cl 
100 

R4 
R2 VMEG 

18K 

+ C2 

POPULAR ELECTRONICS 

INPUT ~l R2 

~ ,.,, 
Cl 
022 

A4 

R3 
1•0K 

C3 
.1 

4 

6 

2 

SUPPLY VOLTAGE MONITOR 

Ul 
555 

+V 

8 

3 

LEDJ 
TIL2D9 

T' 

FIG. 55-47 

Excessive voltage causes Ul to oscillate, 
causing LED 1 to flash. R6 sets the desired trip 
level. 

AUDIO-FREQUENCY METER CIRCUIT 

Ml 
0-lrnA 

B 2K -=-

This simple tachometer circuit uses a pulse 
shaper Ql to drive Ml, a 0- to_J-µA meter. Cl can 
be varied to optimize operation. 

POPULAR ELECTRONICS FIG. 55-48 
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POPULAR ELECTRONICS 

ZENER DIODE TEST SET 

r--+l:----7 

1 DIODE 

01 
_ 

04 
UNDER TEST V OOT TO 

----1N4001 -=- MULTIMITTR 
,-- - - _- - , OR PROJECT 
I I ___ ...--,,........ 

I + 1 U1 
Llll17 

ADJ 

+ R2 
50k 

FIG. 55-49 

This versatile circuit can be used to test zener diodes or act as a stand-alone power supply. It re­
quires a voltmeter to work as a zener tester. 
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56 

Metal-Detector Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
675. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Metal Pipe Detector 
Low-Cost Metal Detector for Experimenters 
Metal Locator 



METAL PIPE DETECTOR 

L11 
I 
I 
I 
I 

02,03 = 1N4148 

L 1 • 500 turns •nam.tl•d copptr wir•. 
0.2 ... O.J mm d11. 
on 11,rit• rod 200 mm IOf'lt and 10 mm d••-

303 CIRCUITS 

Ce 

100n 

IC1 = CA3130 
IC2 • CA 3130, CA 3140 

<30mA 

r-~--,0 .±. 
I .,.. I 
I I 

' I : 9V 
I I ' :~: "--:_c·-' 0 

FIG. 56-1 

This circuit uses a 15-kHz oscillator coil. When metal placed in the energy field is withdrawn, the 
~oscillator voltage is rectified and compared to a reference. A drop in oscillator voltage therefore op­
erates comparator IC2 and D4 (LED) extinguishes. 

LOW-COST METAL DETECTOR FOR EXPERIMENTERS 

S1 

J 
Ta, 
19V .. 

POPULAR ELECTRONICS 

C1 
680pf 

FIG. 56-2 

This circuit is on oscillator with Ll being a 411 

diameter coil of 35 turns of #26 magnet wire. 
Metal in proximity to Ll will cause the oscillator 
to shift frequency. An AM transistor radio is used 
to detect the frequency shift. 
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METAL LOCATOR 

C3 

COIL C4 

C2 R1 
R2 

.__,._ _ _,._ __ +_., ____ I 

1991 PE HOBBYIST HANDBOOK FIG. 56-3 

The metal locator uses a one-transistor oscillator and an AM radio to detect metal. Transistor Ql 
is a pnp transistor that is connected to an oscillator. Resistor Rl provides the correct base bias and 
capacitors C8 and C4 and the search coil determine the frequency of oscillation. 

Capacitors C3 and C4 are fixed-fa value, but the search coil is an inductor that varies in induc­
tance (and thus varies the oscillator frequency) as metal is brought near it. The oscillator frequency 
is rich in harmonics and its output falls within the AM broadcast band. The metal detector works by 
combining its output with the local oscillator of the AM radio. The resulting net output of the radio is 
a low-frequency audio tone that changes-gets higher or lower-as metal is brought near or taken 
away from the search coil. Commercial metal detectors use two oscillators, so they don't require an 
AM radio. This metal locator provides an inexpensive alternative to an expensive commercial metal 
locator. 
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Cl, C2 
C3,C4 
Q] 
Rl 
R2 

0.01-µF Capacitor (103) 
0.001-µF Capacitor 
2N3906 Transistor 
47-kO Resistor 
100-Q Resistor 
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Miscella-neous Treasures 

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

Voice Disguiser 
Soldering Iron Control 
Furnace Fuel Miser 
Personal Message Recorder 
Four-Input Minimum/Maximum Selector 
Soil Heater for Plants 
Key Illuminator 
Radio Commercial Zapper 
Audio Limiter 
Analog De-Glitch Circuit 
Acoustic Field Generator 
Suppress Jitter with Hysteresis 
Heartbeat Monitor 
Self-Retriggering Timed-On Generator 
Frequency Divider for Measurements 
Video, Power, and Channel-Select 

Signal Carner 
7805 Tum-On Circuit 
AF Drive Indicator 
Phase-Locked Loop 
Capacitance Multiplier 
Practical Differentiator 
Hum Reducer for Direct-Conversion Receivers 
Preamp Transmit-Receive Sequencer 

de Output Chopper 
ac Isolation Transf armers Use 

Inexpensive 12-V Transformers 
ac Line Voltage Booster 
Octal DA Converter 
1-.dB Pad 
Pseudo~Random Bit Sequence Generator 
Simple External Microphone Circuit 

for Transceivers 
JFET Chopper Circuit 
Audio Memo Alert 
Octave Equalizer 
Complementary or Bilateral ac 

Emitter-Follower Circuit 
Capacitor Hysteresis Compensator 
Amplifier Cool-Down Circuit I 
NE602 Input Circuits 
NE602 Output Circuits 
Basic Latch Circuits 
Bootstrap Circuit 
Simple Schmitt Trigger 
Amplifier Cool-Down Circuit II 
NE602 de Power Circuits 
Inrush Current Limiter 
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VOICE DISGUISER 

--------,cr'o---e----------------------,--------, 
S1 

CB C9 R16 

005 005 6800 

I l R18 C10 
C19 2.7K 1.005 
.05 •A\ 

R27 R26 
9.1K 6800 

A31 R29 
27K 150K R40 • ) 3.3K 

C16 
.01 

+ C24 
47 

T 

C20 
05 

'=' 

POPULAR ELECTRONICS 

R9 

F\10 
100K 

lK >-ot-+-tt---..,_ __ ,,__ _ _,, 

VOL 13 

R12 
10K 

3 3K 

+ C7 R21 
10 27K +9V 

R17 R19 R20 
91K 150K 8.2K 1/4 MC3403 

R23 
C15 100K 
10 14 

+ 

R25 
10K 

R36 
10K 

FREQ 

SPKA1 

R22 
1 5K 

Cl1 
.OS 

9 

10 

5 

C23 
47 

R11 
1001< 

+~ 

CH J 05 

C12 
10 

FIG. 57-1 

A complete schematic diagram of the voice disguiser is shown. Microphone MICl pick-sup the 
voice signal and feeds it to an audio amplifier, consisting of Ql and Q2, and a few support compo­
nents. The amplifi~r has a low-pass gain response that limits the voice frequencies to 5 kHz or lower. 
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VOICE DISGUISER (Cont.) 

The voice signal is then fed to the input of the first halanced modulator, which is comprised of 
Ul-a, Ul-b, U2-a, and U3-a. The output of the first 4-kHz oscillator, built around U3-f and U3-e, is fed 
to the <:arrier input of the first modulator. The frequency of the first oscillator is controlled by the 
setting of potentiometer R13. The modulator output-a double-sideband suppressed-carrier signal 
centered on 4 kHz-is then filLered by the first 5-kHz low-pass filter, formed by U2-b, which elimi­
nates the upper-sideband signals. 

At this point, the voice frequency spectmm is inverted the frequencies that were low now 
become high1 and vice versa), makinp; the voice signal completely unintelligible. The output of the 
first low-pass filter is fed to a second modulator formed by Ul-c, Ul-d, and U3-b, where it is fre­
quency modulated with the output of the second carrier oscillator, comprised of U3-c and U3-d; the 
frequency of the second oscillator is controlled by potentiometer R36. 

The output of the second modulator is filtered by the second low-pass filter, which consists of 
U2-d and few support components, and amplified by Q3. The voice output signal from Q3 is fed to U4 
(an LM386 low-voltage, audio-power amplifier) through an impedance-matching transformer, Tl. 
The output of U4 is then used to drive SPKRl (an 8-Q speaker). 

In ,......,.,0 ... ~,.,.......... if both carrier oscillators are set to the same frequency, the voice signal from the 
speaker will be an exact duplicate of the input signal from the microphone. However, if the frequency 
of the second oscillator is varied (via R36) 1 the output voice also shifts in frequency. That 
makes the voice reproduced by the speaker sound higher- or 1""'"c,..•·-;..,·",",."r~•,.•".,,:~r._._1 than normal. 

SOLDERING IRON CONTROL 

S01 

1992 ELECTRONICS HOBBYISTS HANDBOOK FIG. 57-2 

A current control to temperature regulate a 
soldering iron uses a high-voltage integrated reg­
ulator, TL 783 (Ul). With the component values 
specified, the circuit should be used with a sol­
dering iron of 25 W or less. 
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D1 
+ 1N•o.t 

9 TO 15 + 
VOLTS DC C1 

INPUT •lO 

T 

4 8 
3 

R1 
1MEG 

14 

FURNACE FUEL MISER 

16 3 2 4 7 

f3 15 8 

T 

C2' "C2=22µF FOR GAS ANO ELECTRIC SYSTEMS 
C2=100µF FOR OIL SYSTEMS 

A 

OOUNTI O I 1 I 2 I 3 I 4 I 5 j 6 

U2 
PIN14 
ClOCK 

U2 
PIN3 
100% 

U2 
PIN2 
90% 

U2 
PIN4 
80o/o 

U2 
PIN7 
70% 

U2 
PIN12 
00-4 

U3 
PIN3 
DUTY 
CYCLE 

I 
I n _______________ 'n_ 

I 
I 

_n---~----' I 
I 
I ____ n._ _______________ _ 

_____ n _____________ _ 

START STOP 

B 

POPULAR ELECTRONICS 

R5 
1500 

FIG. 57-3 

A timer (LM555CN) and decode counter is used to generate duty cycles from I 0% to I 00% to 
control the time a heating system can operate. V2 is a decode counter that can be switched from 10% 
to 100% duty cycle. V3A and B fonn a latch that drive Al, LEDl, and V4. The triac TRI is used as an 
ac switch, in series with the thermostat that controls the heating system. 
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+ 

VOLTDC p11 INPUT .,__ _ __,...,...., 

117VAC 

When- the circuit is working 
properly, the output circuitry can be 
checked using a 24-volt step-down 
transformer, a Jk. re.1·istor, and an LED. 
Together those components simulate the 
load that the Fuel Miser sees during 
normal operation. 

WALL FUEL 
ADAPTER MISER 

This drawing shows the Fuel 
Miser connected in series with the 
thermostat of a two-wire gas furnace 
that's powered by a 24-w,/t transformer. 

EXISTING THREE WIRE 
24V FURNACE r--=•i=. i THERMOSTAT 

JffiR-M_ER_l __ -<7 I 

WALL 
ADAPTER 

FUEL 
·MISER 

EXISTING 
FURNACE 

RELAY 

Some oil-fired systems use three­
wire thermostats to control the operation 
of the burner mowr and ignition .<;_vstem 
by activating a relay. This is a typical 
installation for such s_vstems. 

FURNACE FUEL MISER ( Cont.) 

EXISTING THERMOSTAT r-,-, 
24V FURNACE 1 - I 

: l'Or-A_M_ER _____ ___,_L..r'\_ - - I 

WALL 
ADAPTER 

FUEL 
MISER 

AC 
LINE 

POWER 

~~ 

FURNACE 
HEATING 
ELEMENT 

Electric-heating systems may or ma~ not use a relay in the thermoSlat drcuit. 
Those that do have a relay can be controlled by the Fuel Miser by wiring its output 
circuit in series with the relay coil connections as shown here. 

A~t~E I POWER 

WALL 
ADAPTER 

,.--------

FUEL 
MISER 

THERMOSTAT 

K1 
ADDEO 

HEAVY DUTY 
RELAY OR 

CONTACTOA 

FURNACE 
HEATING 
ELEMENT 

Electnc-heatmg system~· that do not contain a '°"'·Current thermostat ( as in the 
prenous installation). use a hem·y-duty thermostat that directly feeds current to the 
hnllillR element.For such sntems, it will be necessar\' to install a heai·y-dutv re/av (Kl 
in this example) to control the heavy heatinR-element.current. - · 
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PERSONAL MESSAGE RECORDER 

+ 5V 
Cl 
220 

...c---tl----, .... 1+---C!'""c,---------1 
-:- 81 53 

U2 0 
LM7886 i-----........,.-~+1t-..-...,..-, 
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,r---------------, 
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rou 1 1 ~ 
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19 

C5 
4 7 

17 

C4 

R7 
4701< 

+ 

MlCl 

POPULAR ELECTRONICS 
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PERSONAL MESSAGE RECORDER ( Cont.) 

INTERNAL CLOCK 

ANAIN SP+ 
ANALOG TRANSCEIVERS 

ANA OUT 
SP-

V} 
a:. ANALOG L..U 
Q 

STORAGE ARRAYTM 0 
MIC (.) 

I.I.I 
0 

AUXIN 

AGC 

AO Al A2 A3 A4 AS A6 A7 TEST PD PIA CE EOM 

The personal message recorder is built around an 1SD1016 CMOS voice messaging system, 
which does away with the cumbersome and expensive analog-to-digital and digital-to-analog con­
version circuits. 

A functional block diagram of the ISD1016 is shown. The ISD1016 contains all of the functions 
necessary for a complete message-storage system. The preamplifier stage accepts audio signals di­
rectly from an external microphone and routes the signals to the ANA OUT (analog out) terminal. An 
automatic-gain control (AGC) dynamically adjusts the preamplifier gain to extend the input signql 
range. Together, the preamp and AGC circuits provide a maximum gain of 24 dB. The internal clock 
samples the signal and, under the conLrol of Lhe address-decoding logic, writes the sampling to the 
analog-storage array. Eight external input lines allow the ISD l 0 I o's message space to he addressed 
in 160 equal segments, each with a 100-millisecond duration. When all address lines are held low, the 
storage array can hold a single, continuous, 16-second message. 

However, there is a special addition to the POWER DOWN input (pin 24) of lJ 1. 1f the internal mem­
ory becomes full during recording, an overflow condition is generated in order to trigger the next de­
vice. Once an overflow occurs, pin 24 must be taken high and then low again before a new playback 
of record operation can be started. 

Transistor QI, C3, and R6 form a one-shot pulse generator that automatically dears any 
overtlow condition each time that start switch (S 1) is pressed. Switch S2 selects either the playback 
or the record mode. Switch S4-an 8-position (a-h) DIP switch-is included in the circuit to allow 
the circuit's record/playback time to be varied from Oto 16 seconds. The maximum time available is 
when all 8 switch positions are dosed (or set to the on position). Resistor network RS (a-h) is in­
cluded in the circuit to provide a pull-up function for the address lines, which thereby controls Ul 's 
record/playback time. 
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V1 

V2 

V3 

V4 

WILLIAM SHEETS 

FOUR-INPUT MINIMUM/MAXIMUM SELECTOR 

LM324 

IC 1 Op amp LM324 
IC2 Exclusive OR 7 4C86 
IC3 Analog SW. CA4066B 

Min/max 
control 

Output 

FIG. 57-5 

This circuit outputs the maximum (or the minimum) of the four input voltages VP V2, v;3, and V4. 

Each of these input voltages is in the range Oto 5 V. 
The output of the unit is the maximum of V1, V2, V3, and V4 if the control voltage input is 5 V (i.e., 

logical 1). The output is the minimum of V1, V2, V3, and V4 if the control input is zero. 
By cascadingN such units, one can select the maximum (or the minimum) of 3N + l input volt­

ages. 
Thus if k is the number of input voltages, we need [(k+l)/3] units. 
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SOIL HEATER FOR PLANTS 

Fl3 

I].. 
TIC ... 

RL > 2 n 

r----+------"-'
2 a IC1 = TDA 1024 

VEE 
A1A2G 

C1 C3 

B 

TIC 206; TIC 216; TIC 226; TIC 236 86469 · 1 

303 CIRCUITS FIG. 57-6 

A TDA1024 electronic thermostat senses soil temperature via thermistor R6. The circuit uses 
zero-crossing switching of the heater. The heater is made of elastic-coated steel wire. Pl is used to 
s.et the temperature. The heater should have 2 Q or more resistance and operate from the 9-Vtrans­
former. About 40 W of heat is available. 

+ 

S1 

POPULAR ELECTRONICS 

KEV ILLUMINATOR 

LED1 
(SEE TEXT) 

0 
2N2222 

BOTTOM 
VIEW 

FIG. 57-7 

Used as a 10-second momentary illuminator1 

this circuit can be useful in other applications as 
well. Pressing Sl charges Cl, which holds Ql on 
and holds the LED lit for about 10 seconds. 
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RADIO COMMERCIAL ZAPPER 

Vee 

R10 
1 MEG 

Vee 

Rll 
270K 

C6 
.047 

R13 
10K 

J3 
RJI RIGHT 
tK OUTPUT 

·FIG. 57-8 



RADIO COMMERCIAL ZAPPER ( Cont.) 

AIGHT 
INPUT o-.-----a.-i 
LEFT INPUTo-+ __ ...,. 

SUMMING 
AMPUFIER 

(JCJ-aJ 

TRANSITION 
CONVERTER 

!IC2-c) 

U--fLfl 

ENVELOPE 
DETECTOR 

tEAKV 
INTEGRATOR 

IIC2-dl 

COMPARATOR 
IIC2-bl 

DUAL 
VCA'S 

l!Cl-c, ICl-d) 

RIGHT 
OUTPUT 

LEFT 
OUTPUT 

BLOCK DIAGRAM OF THE COMMERCIAL KILLER: The envelope of the signal is used to vary 
the pulse rate from IC2-c. The pulses are integrated; the resulting signal controls the gains of a pair of 
VCA's. 

The L&R inputs are summed, dated and drive a comparator. The comparator senses level and 
generates a transition when audio inputs go above or below preset thresholds. The number of these 
transitions (corresponding to rapid volume changes) are integrated and feed voltage controlled am­
plifiers. This device actually senses dyr1amic range. 

AUDIO LIMITER 

To amp or 

Limit adjust speaker 

soon ~J +v 
16 V 

+ 
6001600 n ;o kn 

isolation gain 
transformer adjust 

earph_one II 
FromJ 
Jack Optoisolator 

RADIO ELECTRONICS FIG. 57-9 

An opLoisolator is used as an attenuator in this circuit. When the LM:386 draws more current on 
audio signals, the 2N3638 turns on, which biases the optoisolator on, and reduces the volume. 
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ANALOG DE-GLITCH CIRCUIT 

Fig, 1 

(I) 

ov 

100k 

Fig. 2 1M av 

ELECTRONIC ENGINEERING FIG. 57-10 
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ANALOG DE-GLITCH CIRCUIT ( Cont.) 

Low-frequency-signals produced by transducers, measurement equipment, or data loggers often 
appear like the first waveform in the figure. The circuit shown operates as a tracking sample-hold, 
and the transients are replaced in the output by the stored value of the current signal at the instant 
of the transient. 

The input signal is buffered and inverted by ICla, and the differentiated result shown at 2 ap­
plied to the inputs of two comparators IC2-a and IC2-b. VRl and VR2 set levels to prevent false or 
unnecessary operation. Either comparator output triggers the mono IC3 from positive or negative 
signal transients. When IC3 has not been triggered, TRl and TR2 'p' channel JFETs are on, and IClb 
operates as an integrator with a high leakage, and tracks the input signal. -When the mono is trig­
gered as at 3, TRl and TR2 turn off and the previous signal value is held constant, as shown at 4. The 
resulting output wavef onn can then be easily filtered to remove the harmonics from the restoring 
step at the end of the mono period, if needed. 

The criteria for successful operation are: 

t2 > t1 (mono period longer than glitch) 

t.jT small (to optimize output waveform) 

Signal bandwidthf0 = 21t~R 

Signal phase 0= tan-1 2~CR 

The signal range is approximately ±5 V, depending on the transient amplitude and polarity. The 
mono period shown is 100 mS, but this can be optimized in practical applications. The shorter the 
mono period in relation to the signal waveform, the better the quality of the result. 
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THE AFG IS MADE UP OF 10 relatively simple circuit •laments. 

A 

R·E EXPERIMENTER'S HANDBOOK FIG. 57-11 

Referring to the simplified ·schematic in A, the AFG is made up of 10 relatively simple circuit el­
ements. fCl-c and ICl-d arc configured as unity-gain noninverting buffer amplifiers. 

The summing (L+R) amplifier, IC2-c, combines equal amounts of the left and right signals, via 
R14 and Rl5, to develop a total composite signal. Left- and right-channel signals are applied equally 
through R13 and Rl2 to IC2-d, the difference (L-R) decoder. Any common to both channels is can­
celed by IC2-d, which exactly balances the inverting and noninverting gains of the amplifier for a per­
fect null. 

The stereo width-enhancement circuit made up from ICl-a and IC-b works similarly to the (L-R) 
decoder, except that C25 and C26 have been added in the inverting inputs of each op amp. ICl-b de­
velops the "left wide" signal because its inverting and noninverting inputs are connected to the left 
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ACOUSTIC FIELD GENERATOR ( Cont.) 

(L+R} 
INPUT 
FROM R64 

S1 10K 

R63 
10K 

C50 
.012 

CS1 
.01 LOW PASS 

3kHz-18d8 

R69 
1021( 

THE CENTER-CHANNEL SPEECH FILTER is built by cascading a 3•kHz low-pass 
filter with a 3QO.Hz high-pass filter to form a band-pass filter. 

INPUT 
FROM LEH R!i!i 

BUFFER TOOK 

lNPUT 
FROM RIGHT 

BUFFER 

RSli 
1001( 

+12V 

R57 
3301( 

B 

R61 
20K 

SUBWOOFEA 
OUTPUT 

~~9~--f"I 

LEVEL 

AN ACTIVE CROSSOVER NETWORK tor driving a high-power subwoofer system 
1s made from IC3-a and IC3-b. 

C 

and right channels opposite that of lCl-a. The output of the width-enhancement circuit is routed to 
S4, which selects either the "\Viden or the bypass signal for feeding the front-channel amplifier. 

The center-chrumel dialogue filter is built by cascading a 3-kHz low-pass filter with a 3-Hz high­
pass filter to form a band-pass filter. It has a sharp -18 dH/octave culoff, a flat voltage and power fre­
quency response, and minimum phase change \Vithln the passband. 

In C, 1C3-a and IC3-b form an active crossover network for driving a subwoofer. IC3-a sums sig­
nals from the left- and right-channel buffer amps, it inverts Lhe summed signal 180 degrees, ru1d pro­
vides a low driving impedance for the following filter stage. IC3-b and its associated RC network form 
a 75-Hz, 3rd-order low-pass filter. The filter inverts the signal another 180 degrees, so the signal that 
appears across R79 (which is the output-level control) is back in phase \Vith the original input signal. 

The delay section of the A.F'G, shown in D, is built around the MN3008 bucket brigade device 
(BHD), ru1d the MN3101 two-phase variable-frequency clock generator. The amount of delay re­
quired in this system varies between approximately 5 Lo 35 milliseconds. The delay time of a BBD is 
equal to the number of stages divided by t\Vice the clock frequency. Values were chosen for R5:3, R54, 
R77, and C44, to produce a clock frequency, adjustable via R77, which varies from about 30 kHz to 
130 kHz. 
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R:35 
47K 

R75 
iOOK 

ACOUSTIC FIELD GENERATOR (Cont.) 

R44 
16K 

D 

= 

Oo1put 

~ 

In A, S1 selects the signal to be delayed; either the difference signal (L-R) from IC2-d in the ma­
trix mode or the sum signal (L+R) from IC2-c in the concert mode. The selected signal is fed from 
81 to the delay section (D) where IC4-d is configured as an inverting amplifier; R75 adjusts the gain 
between unity and X3. Integrated circuits IC4-a and IC4-b, along with their assoicated RC networks, 
are identical 3rd-order 15=-kHz low-pass filters. Cascading two filters produces a very sharp cut off 
(-36 dB per octave). Potentiometer R76 adjusts the bias voltage required by the BBD to exactly one 
half the supply voltage, as required. 

The power supply of the AFG, shown in G, is of conventional design. A 25-V center-tapped trans­
formert along with diodes Dl and D2, produces about ±18-V unregulated de. 1\vo 2200-µF filter ca­
pacitors provide ample energy storage to meet the high-current demands of the audio output 
amplifier ICs during high output peaks. 
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FROM 
R78 

ACOUSTIC FIELD GENERATOR ( Cont.) 

HH 
201< 

!-171 R72 R7J 
10K 10K 101< 

cs, CSB 
5600pf 4]00pf 

TO 
s, 

E 

A 3rd-ORDER 7-kHz LOW-PASS FILTER is made from IC3-c and its associated RC 
network. 

L -18V R -lSV 

INPUT ta--+ INPUT ~ 
,1 ~ .I 

Cl3 Jtf 2.2µ.F 
NP NP 

R2 
22K 

RS 
1n 

TO 
ClS cg C17 Clii Cl2 CIB 

POWER 
22µF .1 .22 22µ.f l .22 

GROUNO NP NP 

TO 
AUOIO 

uROUND F 

THE SURROUND CHANNEL POWER AMPLIFIERS are designed around a pair of 
LM1875 monolithic: power-smpHfier tC's. 

TO LEFT POWER AMP u--------m RIGHT POWfR AMP 0----...... -----.----....;..i IC7 0 
1812 i------..... + 12V 

+IBV 

C Cl9 

S5

Fl T1l1Jo-~-'-----<1-----.,-.-.-------1~-1~_5µ_F--+--+-l-o AUDIO 
GROUND 

cs 
toµF 

0 
ice 1-c ____ ,._-o -12v 

TO tEFT POWER AMP - IBV 7912 o--------
TO RIGHT POWER AMP 

THE POWER SUPPLY produces about .!. 18-volts unregulated DC. G 
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SUPPRESS JITTER WITH HYSTERESIS 

Input& 

ELECTRONIC DESIGN FIG. 57-12 

When the comparator's output changes its state from low to high, the rising edge of the output 
pulse, differentiated by the C 1/Rl chain, opens Q 1. This blocks comparator M via its strobing input and 
sustains its output in the H state for a period of time, defined by the time constant R1C1. After Cl is 
charged by the current flow.mg through Rl, Ql is shut off and the comparator is released. When the 
comparator's output state changes from high to low, a similar process, involving elements R2, C2, and 
Q2, occurs. In many applications, the output transition in only one direction is of vital importance, and 
the elements, which provide temporal hysteresis for the opposite direction transition, can be omitted. 

E.LECTRONICS NOW 

2700 

F104 
(see text) 

HEARTBEAT MONITOR 

+5 Vdc 

1 Meg 

FIG. 57-13 

An IR photodiode, which senses IR skin reflectivity as a result of increased blood volume 
the periods that the heart forcibly contracts, is used to pick up a signal that is correlated with the 
heartbeat. A transistor and op amp raise this to a level suitable to trigger logic circuitry or to be dis­
played on a scope. 
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SELF-RETRIGGERING TIMED-ON GENERATOR 

9-16V .-.tt------C
1
----------------. 

11.16 

5 

4 

.1-10 

3 

Ul-a R2 
4.7K 1 h. MC14538B 6 

t---'Yt/l.r--t---t-11 

8.12,13.15 01 
1N914 

C2 
4,7 

LEOl 

POPULAR ELECTRONICS FIG.-57-14 

\Vhen power is first applied to the circuit, C2 begins to charge via LEDl, R3, and R4. \Vhen the 
voltage across C2 reaches U l's input trigger level, the output of Ul at pin 6 goes positive for a period 
that is determined by the values of C1 and R1• That turns Ql on, discharging C2 through DI and QI. 

At the end of the set period, the output of Ul at pin 6 goes low, turning Ql off and allowing the 
current to begin flowing through LEDl, R3, and R4 to gain charge C2, causing the cycle to repeat. 
The repeat time is detennined by the values of R3 , R4, and C2. The previous formula won't be as ac­
curate for this circuit, but it will at least you dose enough for the capacitor value; then R 4 can be 
fine-tuned to obtain the desired timing period. 

FROM 
STANDARD 

73 AMATEUR RADIO TODAY 

FREQUENCY DIVIDER FOR MEASUREMENTS 

•"jy 

•PINS 2, 3, 6,7, 10 TO GROUND 

IOH1 
TO US 
1>1111 S 

FIG. 57-15 

This circuit is meant to be driven by a I-MHz standard signal of a few volts amplitude. Ul 
through U5 are 7 490 decade counter/divider and produce a division ratio of 1001000: 1. Successive di­
visions of 10 can be tapped off, if desired, between stages. One or more stages can be added for still 
lower frequencies. 
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VIDEO, POWER, AND CHANNEL-SELECT SIGNAL CARRIER 

FROM 
REMOTE 
"1UX 

,12V 

INPUT CHANNELS 

CHI~ Cl!' 
-:;=- 01µf 

10 

~ 
+ CttASSJSGNO 

MAXIM ENGINEERING JOURNAL 

344 

R23 i!D 
+SV 

C20T 
0 l11F.!. 

A 

V, »rJ..fYP 

B 

~: 
g 

D CiNO 
lO 

MN.IMX 
00 AC VOO 

13 16 

CIIWIE.l. 
SH£CJ 
SWllCHES 

12 

T07~0HM 
IIIDEO 
MONITOR 

.w 
R26 
lfn 

S4 
t SfNO -½ BUTTON 

IC TABLE 

IC! I MAX456 

IC2 I 14HC1i1 

IC3 I 14HC132 

ICJ.I. _fu'Ln._ __ _ 
IC38 

ICJC 

IC3 74HC132 

FIG. 57-16 



VIDEO, POWER, AND CHANNEL-SELECT SIGNAL CARRIER ( Cont.) 

In the video system of Figs. A and R, a single coaxial cable carries power to the remote location, 
selects one of eight video channels, and returns the selected signal. The system can choose one of 
several remote surveillance-camera signals, for example, and display the picture on a monitor near 
the interface box. 

The heart of the multiplexer box (A) is a combination 8-channel multiplexer and amplifier 
(ICl). Cll couples the multiplexer's baseband video output to the coax, and Ll decouples the video 
from de power arriving on the same line, This power-approximately 30 mA at 10 V-supplies all cir­
cuitry in the multiplexer box. 

In interface box (B), a desired channel is encoded by three bits, set either by switches as shown 
or by an applied digital input. Momentary depression of the send button triggers downconverter ICI 
and gated oscillator IC2A to initiate a channel-selection burst. 

V unreg 

RADIO ELECTRONICS 

7805 TURN-ON CIRCUIT 

Ground 

FIG. 57-17 

A logic level can control a 7805 regulator 
with this circuit. Q2 is a series switching tnmsis­
tor controlled by QI. Ql is turned on by a Jogic 
voltage to its base. 
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AF DRIVE INDICATOR 

IC2 = tS38 

~------..n5 
-T -0 

30 .. 70V -,-..i;:;-...------------------------,._____J 

ELEKTOR ELECTRONICS FIG. 57-18 

This circuit was used with an audio power amplifier to detect the point at which output is ____;3 dB 
from maximum) indicated by LED D5, and at clipping, shown by LED D6. The indicator-can be used 
with any amplifier operating from a ±:30 to ± 70 V symmetrical supply. 
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PHASE-LOCKED LOOP 

POPULAR ELECTRONICS FIG. 57-19 

The PLL will lock onto an input signal. Both 
triangle- and square-wave outputs are available. 

CAPACITANCE MULTIPLIER 

C ~ C1 
R3 

Vos+l08Rl 
ll= --­

R3 

Rs= R3 

Cl 
10 
) 

R1 
10MEG 

1°/o 

OUTPUT 

R3 
1K 

C2 
30pf 

R2 
10MEG 

A quad op amp can be used in this circuit1 which POPULAR ELECTRONICS 

should be useful in the audio and LF radio region, 
FIG. 57-20 

PRACTICAL DIFFERENTIATOR 

1 
f=-­
c 2KR2C1 

1 t 
~~ -- = --

2rtA1C1 2xR2C2 

POPULAR ELECTRONICS 

C2 

C3 
30pf 

R2 

FIG. 57-21 

A differentiator has a high-pass characteris­
tic. Components arc chosen by using the design 
equations. 

HUM REDUCER FOR 
DIRECT-CONVERSION RECEIVERS 

TO 
'117VAC 

DC POWER 
SUPPLY 

+ 

+ 
DIRECT 

T1 

CONVERSION 
RECEIVER 

POPULAR ELECTRONICS FIG. 57-22 

One cure for ac power line hum and ripple 
( caused by 1eaKa,i:e current) is to use a well-reg­
ulated and filtered 9- to 18-Vdc power supply 
with a balancing choke (Tl in this illustration) 
between the power supply and the DCR. 
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w 
.J:,,. 
CX) 

PREAMP TRANSMIT-RECEIVE SEQUENCER 

J4 
-@ CW OUT JACk 
rt, TO XCVR 

I" I., . j~. ~~""' , ----, i .,, •~._____: 
t, n 10k ____________ ....:.,r-....,_ I..._ I S2 CW : 

PTT OUT 

TO J3. lCCVR 
Ml C CON NEC TOfl 

PTT OUT 
COMMON 

SET 

U3 
1"105 

:)ot t I ,:-,~------- ---1------ 7 ] 
I_L_ U2 : I U} 

+1211 

+5V 

SWITCH CLOSURE IRI 
FROM cw KEY l I Ok 
OR MIC PTT 
•SEE OETIIIL I 

+511 
t SI RIB 
~ lk 

B'l'PASS 

R5 
10~ 

I 
I .,- ....- I L _________ .J 

• POW£R QM Jl[fE' T 

J6 
AUX 

R7 
100k 

•1211 
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XC\lfl IIUX 
CONTACTS 

74HC02 I I 7405 
I I 
11 
11 
11 
: I 

02 
------~ SWITCHED 

I 11,1~02: • I 
• PREAMP Vee 

[=~--~ ~~== = =~ =~E~~L=I=~~ =~ ::_-_-_----~= J 

JI 

lollC Al/010 

TO U3 
PIN 5 

l Jl i----.. nTOUT 

) INPUT , , ~ FllOM Ill 
(

J --'--='-"--'--:"\ 1o11C PT~T r• CW K[Y (l ~ 
1 PTT CONNON ,~ 

I._/ PTT OUT 
COMMON 

14\C WDIO COIOOO'! 

J3 
MIC IN COIIIIECTOR llCVR MIC CONNECTOR 

~---------------------------------J 

0) 
SHIEL.OED Cll8LE 
TO PR£AMP 
Vee a GROUND 

•1211 
IN 

+5V OUT 

GROUND--------~ 
IN 

C5 
10,,.F 

FIG. 57•23 

This circuit is useful in amateur radio VHF and UHF work where a mast-mounted antenna preamp is used for receiving. The 
kit controls T-R switching and change-over relay sequencing so that high RF levels are prevented from accidentally being applied 
to the preamplifier during switching intervals. 



de OUTPUT CHOPPER 

MM74C107N 

+ --

,.,> > 
,s1.8M 160k :~ . . 

Input 2N6027 14 13 1 4 8 10 11 2·15Vdc P13T1 (0.5ml 
12 3 9 6f------O maximum) 

A G 
7 

, 
. -

~ _.!_ U.47µF flJ 
21lOpF ;;::: I( ~ 270k ,r,. 

< 20 V 

-- -
ELECTRONIC DESIGN FIG. 57-24 

Any de voltage source in the 2- to 15-V range can be chopped into a unipolar square wave that 
has a peak amplitude nearly equal to the de source voltage-with circuit (lightly loaded CMOS will 
s'\Vl.Ilg within a few millivolts of each rail at low frequencies). Depending on the actual voltage of the 
supply, the programmable-unijunction-transistor (PUT) relaxation oscillator produces 2000-Hz trig­
ger pulses. These pulses operate the cascaded 74C107 flip-flop, producing a square wave. 

ac ISOLATION TRANSFORMERS ac LINE VOLTAGE BOOSTER 
USE INEXPENSIVE 12-V TRANSFORMERS 

"Safety first" is a good motto to follow when When incoming ac power drops, you coo 
you play with electricity. You can follow that bring the voltage back up with this booster cir­
adage more closely with this homebrew isolation cult. It adds the transformer's secondary voltage 
transformer. to the ac line voltage. 

S01 

POPULAR ELECTRONICS FIG. 57-25 POPULAR ELECTRONICS FIG. 57-26 
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OCTAL DIA-CONVERTER 

5V 

11 o, 
3 

VREF 
1N5817 

GND 
24 

Ao Voo 1 =11V CAP+ 2 
23 A1 C1 C2 
22 A2 150µf CAP· 158µF 

21 WR 
IC! 

- MAlfi60 
2 
3 
4 

OlgHal 5 
data 6 
bus 

7 

9 

IC1 
MX7228 

-
ELECTRONIC DESIGN FIG. 57-27 

This .octal digital-to-analog converter operates on 5 V and provides eight output voltages, each 
digitally adjustable from supply rail to supply rail (0 to 5 V). Each output's resolution is 20 m V/LSB. 
The DAC chip (ICl) requires 3.5 V of "headroom" between its l£n and reference voltages. However, 
a voltage-doubler charge pump (IC2) removes this limitation by generating an approximate 10-V 
supply for l£rr All of the converter references are connected to the 5-V supply. IC2 doubles the 5:v 
input to an unregulated 10-V output that has an output impedance of less than 10 .Q. It can deliver 
100 mA, which enables the eight DACs to issue their maximum output currents simultaneously (8 x 
5 mA= 40mA). 

R2 
910 n 

POPULAR ELECTRONICS 

350 

R3 
910!1 

1-dB PAD 

FIG. 57-28 

The 1-dB pad is useful as a termination in RF 
work to limit possible mismatch range between 
system blocks, etc. 



Res~ 

I 
-

ELECTRONIC DESIGN 

PSEUDO-RANDOM BIT SEQUENCE GENERATOR 

R1 
3l 

-

Clack 
input 

!512 iHz) 

I 6 
I 

7486 I 7 

7496 
513 03 

10 Q5 
7 

+5V 

9 
8 

II 
10 Q11 0.1 JJ,f 10 JJ,f 

7 

PRIS output 

--------' ... ii sequence 
m sequence 

FIG. 57-29 

In this circuit, an additional exclusive-OR gate is connected after the modulo-2 feedback, with Cl 
and R2 applying the supply turn-on ramp into the feedback loop. This provides sufficient transient sig­
nal so that the PRBS generator can self-start a power-up. A shift-register length n of 10 is shown Vv'ith 
feedback at stages 3 and 10, providing true and inverted maximal length sequence outputs. 

This technique applies an input directly to the feedback loop. Therefore, it's considered more 
reliable than applying an RC configuration to the shift-register reset input to create a random turn-
on state. · 

SIMPLE EXTERNAL MICROPHONE CIRCUIT FOR TRANSCEIVERS 

73 AMATEUR RADIO FIG. 57-30 

Used originally for an Icom ICZAT handie 
talkie) this circuit might prove useful in other ap­
plications. 
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de 
input 

J_ 

WILLIAM SHEETS 

47kU 

JFET CHOPPER CIRCUIT 

0.1 µF 

03 
MPF102 

ac output 
= 1 kHz r 

Chop signal 
output 

-FIG. 57-31 

A JFET (MPF102) is used to chop a de signal for amplification in an ac coupled amplifier. Q3 is 
the chopper element and QI-Q2 forms the multivibrator to derive a chopping signal. RB sets the bias 
on the FET to keep the drive to MPF102 as low as possible. 

POPULAR ELECTRONICS 

S1 
SEE TEXT 

AUDIO MEMO ALERT 

...----1.....------------__,..+gv 

, FIG. 57-32 

This device prevents paper notes and memos from being overlooked. A paper note placed be­
tween two fingers made of a conducting material (metal or conductive plastic) breaks the circuit, al­
lowing pair 1 of Ul-a to go high. This causes Ul-c & Ul-d to act as an oscillator, pulsing piezo buzzer 
BZl. 
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OCTAVE EQUALIZER 

Cl 
f0 {Hz) C1 C2 

.. CUT 32 0.18,.,_F 0.018µF 
111 64 0.1,iF 0.01µF 10Ul 

125 0.047µF 0.0047,.,_F 
RJ 250 0.022µF 0.0022.,,F 1Mfi 

+liV 
500 0.012µ.F 0.0012µ.F 

VIN 1k 0.0056µ.F 560pF 
Vo 2k 0.0027µF 270pF 

4k 0.0015µ.F 150pF 

8k 680pF 68pF 

16k 360pF 36pF 

PRECISION MONOLITHIC$ INC. FIG. 57-33 

This circuit is one section of an octave equalizer used in audio systems. The table shows the val­
ues of Cl and C2 that are needed to achieve the given center frequencies. This circuit is capable of 
12 dB boost or cut, as determined by the position of R2. Because of the low input bias current of the 
OP-08, the resistors could be scaled up by a factor of 10, and thereby reduce the values of Cl and C2 
at the low-frequency end. In addition, 10 sections ·will only draw a combined supply current of 6 mA 
maximum. 

COMPLEMENTARY OR BILATERAL ac 
EMITTER-FOLLOWER CIRCUIT 

+ 
100 µF 

WILLIAM SHEETS 

..---------1------ + 12 V 

4.7kn 

1N914 
(2) 

4.7 kfl 

2N3904 

+~. 

2N3906 1' kn ° 

FIG. 57-34 

This noninverting circuit uses a pair of com­
plementary npn (2N3904) and pnp (2N3906.) 

CAPACITOR HYSTERESIS COMPENSATOR 

II+ 

111 
200k 

c,· IOM 
•SELECT FOR TIME. CONSTlNT C1 = ,:0 • 

.. ADJUST FOR AMPLITU0E 

transistors. LINEAR DATABOOK FIG. 57-35 
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120 V 
AC 

TO 
BLOWER 

OST 

AMPLIFIER COOL-DOWN CIRCUIT I 

51A T 1 

It; l.oo,, 
$ TO l"ILAMENTS/HEATERS 

+ 50\/ 

K1B t 
NO D2 

R1 

1000 + 

!50\/rJ/' 
-----. 5 

K1A 

CONTROL 

U3 
!5!55 

3 

8 
RESET "cc 1---41-----------------' 

4 EXCEPT AS INDICATED, DECIMAL 
VALUES OF CAPACITANCE ARE 
IN MICROFARADS ( µF ), OTHERS 
ARE IN PICOFARADS ( pF ), 
RESISTANCES ARE IN OHMS. 
k .. 1000, M = 1000 000 

IC PINS NOT SHOWN ARf UNUSED 

FIG. 57-36 

This cool-down relay circuit uses an IC timer to drive a relay, which keeps the blower on for a 
time delay from timer U3. The value of C2 can be changed to lengthen or shorten the time, as needed. 
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NE602 INPUT CIRCUITS 
Cl 
O.OS1-1F 

R F I N ________'I, 
<:200 ~ 

mv p-p NE-602 

C2 
Jo,OSµ.F 

A 

m 

C 

73 AMATEUR RADIO TODA V 

Cl 
NE -602 

Input circuits for the NE-602. 

:Jl 
I 

OPTIO~\ 
GROUND 

B 

Cl 

D 

NE-602 

Cl 
10.05µ.f 

NE602 OUTPUT CIRCUITS 

C~Si,tF 

I r.:::) RF OUT A 

USE 

~R 

~ RF OUT B 

C2 
o.os,.F 

A 

C2 

p~F------------v+ 
E Cl Ll 

------•~ 
NE-602 

(NOT USEO) 

C 
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Output circuits for the NE-602. 

OPTrONAL 
OUTPUT 
CIRCUIT 

"illE-602 

B 

8')i"' ~ 
~"OTUSEOI 

E 

FU 

NE-602 

C2 
l0,05J,<F 

FIG. 57-37 

l;/.--1••-R2--) Rf OUT 

D 

FIG. 57-38 
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BASIC LATCH CIRCUITS 

10K 22K 

~ r ~ ,t Clear ¼ Set Change ".f 0_ 1 µF 

(A) Relay converted to latch (B} Inverter pair used as latch. 
(C} Alternate action pushbutton. 

-ELECTRONICS NOW FIG. 57-39 

Some simple latches and alternate action circuits. 

1111111: 

1.G:(Rii1f,lt1 
2.AJll.~R,itli 
3. Hulllillkl'HlllltltftdNb'U, 

ELECTRONIC DESIGN 

+15Y 

BOOTSTRAP CIRCUIT 

FIG. 57-40 

Bootstrapping the substrate of a JPET am­
plifier reduces the distortion caused by the non­
linlearity of the JFET input capacitance. In the 
figure, a second feedback divider bootstraps the 
substrate of Ul. With R1 500 kQ (source im­
pedance), THD at 10 kHz was reduced an order 
of magnitude. 

SIMPLE SCHMITT TRIGGER 

.------------+9V 

Input 

1 

WILLIAM SHEETS 

356 

4 

6 

5 

NE655 

1
0.01,..F 

7 NC 

Output 

1 

FIG. 57-41 

A 555 IC is shown configured to function as 
a Schmitt trigger. Inputs above and below the 
threshold level will tum the circuit on and off 
producing a square wave output. 



QST 

120 V 
AC 

t20 I/ 
AC 

AMPLIFIER COOL-DOWN CIRCUIT II 

0 

OPEAATE 

QOFF 

OcooL 

COOL 

A 

OPERATE 

[_ K1B 
NO 

K2A 
THERMO 
RELAY 

B 

120 I/ AC 
TO FILAMENT/HEATER 

1 HANSFORMER PRIMARY 

120 \/ AC 
TO SLOWER 

TO FU.AMENT/HEATER 
TRANSFORMER PRIMARY 

__ ....... 120 V AC 
TO BLOWER 

FIG. 57-42 

High-power amplifiers used in RF service, using vacuum tubes, often benefit from leaving the 
blower air flow on after removal of filament/heater voltage. 
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NE602 de POWER CIRCUITS 

+12VO C ---
IC2 
78L05 

C2 
0.1,...F 

...---------111------.J, 

Rl 
100.n 

Cl 8 ~1-"'! ______ 0--11~ 

78LOS 
BOTTOM 
VIEW 

SEE FIG. 3 [INPUT A ~~'.&02 

INPUT B 

OUTPUT Al 

OUTPUT B 

LOCAL 
OSCILLATOR 
COMPONENTS 
IS££ FIG. 5) 

The de power snpp]y circuit for the NE-602. 

INRUSH CURRENT LIMITER 

TO SUPPLY 1~~ 
VOLTAGE 

"SEE TEXT .... ~-.;.. ..... -v..1\,-J 

POPULAR ELECTRONICS 

SEE 
FIG 4 

FIG. 57-43 

FIG. 57-44 

A 7805 can be configured as a constant-current regulator, to serve as an innrnh current limiter. 
Rl will have 5 V across it at all times so the total curr~nt through 11 will be 5 V/R1 + 5 mA, the 5 mA 
being the regulator operating current. In this case, R1 5 V/95 mA::: 52.6 n for 11 current== 100 rnA. 
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58 

Mixer Circuits 

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

Low-Noise 4-Channel Guitar Mixer 
Audio Mixer 
FET Microphone Mixer 

.LL.LLV ... _.U..L.1-L Four-Input Audio Mixer 
FET Op Amp Microphone Mixer 
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SILICON CHIP 

LOW-NOISE 4-CHANNEL GUITAR MIXER 

2.2 
INPUT 25VW 

1 o-=t1F'-+-"lrN~ 

10k 

u 
INPUT 25VW 

• o,-.":11-...... JM\,-'14 

10lk 

+15¥ 

101cf 

u1 
25~ 

ICl-a, ICl-b, IC2-a, and IC2-b all function with a gain of about 19. Their outputs are mixed via 
the level-control pots and the resulting signal amplified by IC3-a and fed to tone-control stage IC3-b. 
Finally, the output from IC3-b is fed to unity-gain buffer stage JC4-a via volume-control potentiome­
ter VR8. 
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FIG. 58-1 
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AUDIO MIXER 

+9Vdc 

C1 
.05 µF 

Mike 1 
A1 

5600 

C2 Output 1 µF 
-Line 1 

A15 
2200 

AS 
560 fl 

C3 
.05 µF 

Mike 2 0 #,,+A .... I 
R3 

5600 

ELECTRONICS NOW FIG. 58-2 

Designed around an LM3900 quad op amp, this mixer combines 2-line and 2-mike inputs and 
sums them at the output terminal. R7 through RIO can he changed to vary the gain (around +23 dB). 
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C1 

MIC 1 

MIC2 

MIC3 

WILLIAM SHEETS 

FET MICROPHONE MIXER 

RB 

R7 

R9 

S1 

81 

1------------<0 Out 

C5 

B-9 Vdc battery 
C1, C2, C3, C4-0.22 µF capacitor 
CS, C6-10-µF capacitor 
R1, R2, R3, R4-500 kn potentiometer, audio taper 
R5, R6, R7, R8-2.2 MH resistor 
R9-1 O Mn resistor 
R10-2.2 kn resistor 
R11--470 n resistor 
01-FET (field effect resistor), MPF102 
S1-SPSTswitch 

FIG. 58-3 

A .JFET transistor-is used as a high-to-low impedance converter and signal mixer. Input imped­
ance is approximately 500 kQ but it can be increased by increasing R5 to R8 as high as 10 Mn. Out­
put Z is about 2 k.O, but it can be increased or decreased by changing the value of Rrn. Use 560 or 680 
Q to feed a 600-Q input; use l 00 kQ to 1 MQ for high impedance. 
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Audio inputs 

470k!l 
In #1 

In #2 

In #3 

470kO 
In #4 

UNITY-GAIN FOUR-INPUT AUDIO MIXER 

470 k!l 

IC1 

Mixed 
output 
audio The circuit has four inputs. The voltage gain 

between each input and the output is held at 
unity by the relative values of the 4 70kQ input 
resistor and the 4 70kQ feedback resistor. 

EouT = - (In #1 + In #2 + In #3 + In #4) 

ICi --=- LM741, etc. 

WILLIAM SHEETS FIG. 58-4 

FET OP AMP MICROPHONE MI-XER 

Cl 
1 

IN1 {~,~:G 
R2 R9 

2 2MEG 2 2M(G 

-=-
C2 ... gv 1 

r~~ IN2 R3 _ 
lMEG 

-= 
C3 
.1 

IN3r-j RS 

A6 -9V 

2.2MEG 

lMEG 
RlO 
lK 

-= 
C4 ., cs + 

I o--------1 RB 10 

2 2MEG 

IN4l R7 
1M[G OUT 

-= 
POPULAR ELECTRONICS FIG. 58-5 
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59 

Modulator Circuits 

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

FM Modulator 
455-kl Iz Modulator 
555 FM Circuit 
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FM MODULATOR 
IC•l - Motorola MC·1648P 
All resistors 5%, O 25 W 
Zener - 5.1 V, 0.5 W 
All O 1 and O 01 uF capacitors ceramic, 16V 
C4 • 100 uF, 16 V electrolytic 
D1, D2 · Motorola MV·209 
L 1 • a1rwound, 6 turns, 3116'" d1a .. 5116'" long, 20 AWG 
C3 • 500 pf, silver mica 

10 12 

IC# 1 3 
51 0.01 OUTPUT 

~J2 

5 7 8 1 14.f 

D 01 + 

RF DESIGN 

The FM modulator is built with a Motorola 
MC1648P oscillator. 1\vo varactors, Motorola MV-
209, are used to frequency modulate the oscilla­
tor. The 5000-.Q potentiometer is used to bias the 
varactors for best linearity. The output fre­
quency of approximately 100 MHz can be ad­
justed by changin~ the value of the inductor. The 
output frequency can vary as much as 10 MHz on 
each side. The output level of the modulator is -5 
dBm. In this prototype, the varactor bias was 7 .5 
V for best linearity; but this could be different 
with other varactors. 

FIG. 59-1 

455-kHz MODULATOR 

10µF I 
2.2 k!l 4 8 

7 

100 kO NESSS 

2 3 

6 

0.002 µF I 5 

-= 

10 k!1 

~ +9 V 
-.J:.- 5ki1 

WILLIAM SHEETS 

366 

Frequency 
adjustment 

------0 Output 

Modulation 
input 

FIG. 59-2 

This circuit shows how to frequency-modu­
late the oscillator using a 555. Oscillator fre­
quency is set with the 5-k.Q potentiometer and 
the modulation signal is de-coupled. 



RF DESIGN 

IC-1 - Motorola MC-137 4P 
IC-2 - National LH0002C 

555 FM CIRCUIT 

L 1, L2 - Mouser Electronics #421 IF200 
C1, C2 - silver mica, 300 pF 
All 0, 1 uF cap., ceramic disc, 16V 
C3 - 100 uF, 10 V, eiectrolyt1c 
All resistors 5%, 0.25 W 
ADJUSTMENT: Adjust A 1 for minimum carrier; signal from function genera­
tor should generate 500 mVpp at pin 8 of IC-2 (suppressed carrier double 
sideband). AdIust R2 and function generator ieveLto achieve 800 mVpp at 
pin 8 of IC-2 (standard AM with earner}. Adjust L2 for 455 kHz. AdJust L 1 for 
maximum output. 

3 IC#:2 
2 

lo h£ 

01ur .n A--.f l INPUT ~ lc».F lit 

Circuit for applying a de-coupled FM or PPM to a 555 configured as an oscillator. 

FIG. 59-3 

367 



60 

Monitor Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
675. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Room Monitor 
Baby Monitor 
Bird Feeder Monitor 
Acid-Rain Monitor 



tk 

ELECTRET 
MICROPHONE 

SILICON CHIP 

1N +-
11VW _ 

tO 
11VW - + 

• Oc 
VIEWED FROM 

lflOW 

1 RIGHT IN 

D 1 

10k 

1D 

ROOM MONITOR 

+1.5V 

OIC 

IC1 
IA1404 

LOW• RIGHT CHANNE 
ATMPXOUT 

HIGH • LEFT + RIGHT 
CHANNELS AT 

MPX OUT 

1D0 
18 

+ 

.,. 

.01 

RF 
GN 

~ ANTENNA 
l8·10IIIHZ .~0 NPO 

01! 

l 1 , L2 : 1.ST 0.12mm ECW ON 5mm 
FORMER WITH FH CORE 

FIG. 60-1 

The circuit uses Q 1 to buff er the right-channel balance output while Q2 and Q3 form a VOX cir­
cuit. When the signal level from the microphone goes high) the output of the VOX also goes high and 
the multiplexer inside ICI switches the high-gain left-channel output through to a following buffer 
stage. This signal is then ac-coupled via C3 into an RF mixer stage and thence to an RF amplifier, 
which is tuned by C2 and L2. 

369 



C10 
22 

117 {HOT 1)1 
VAC NEUT lN4004 

+6.8V 

F\1 
1K 

3WATT 

+ 
Cl 
47 

LEDl 

\\ 

A9 
470K 

-=-

Rll 
lOOK 

4 

-BABY MONITOR 

R2 
33K 

JWATT 

02 
1N4731A 

6.81/ 

DJ 
1N47S8A 

6.8V 

':' 

D4 
1N4148 

RIO 
22K 

13.6V 

C2 
<170 

C3 
470 

+ 

4 

8 

U3 
LMC65&CN 

1 2 6 

CB 
033 

R14 
4.75K 

7 

A15 
2.21K 

>-8 ___ 2'----1 i-:3:__i--.....+-,y,,j,,.-------------.....l 

'l 

117 tOl D5 - --m----e= 
VAC NEUT 

1 N4084 3 3K LEDZ 
3WATT 

06 

R21 
1N4750A 

27V 
10K 

-=-

C12 
001 R23 C14 

470K 001 

L1 
C13 i 15mH 001 TK3213 

POPULAR ELECTRONICS 

370 

U2 7 
LMC555CN 6 

+ C11 
470 R25 

100K 

R22 
4 71< 

02 
2N39D4 

A24 
1001.t 

B 

+ Cl 
10 

A 

03 
2N3908 

R26 
4 7K 

C17 
2.2 

R13 
IOK 

+ 

Receiver 

R17 
100n 

01 
MPSA42 

Transmitter 

FIG. 60-2 



BAB¥ MONITOR (Cont.) 
Transmitter operation. Operating power for the transmitter circuit is derived direcUy from 

the ac line. The de power to operate the circuit is generated in two stages, one for an RF power-am­
plifier stage, and the second for the remainder of the circuit. 

The ac line voltage is applied to Dl, which half-wave rectifies the ac input. The resulting de volt­
age (approximately 30V under load) is fed across an RC filter ( comprised of R1 and Cl) and used to 
operate amplifier, Ql. The second stage of the power supply (composed of LEDl, R2, D2, D3, C2, and 
C3, which fonns a regulated+ 13.6-V, center-tapped supply) feeds the remainder of the circuit. LEDl 
is connected in series with R2 and is used as a visual power-on indicator for the transmitter. 

An electrct microphone element (MfCl) is used as the pick-up. The output of the microphone is 
ac coupled through C5 to Ul-a (a noninverting op amp with a gain of about 100). The output of 
Ul-a at pin 1 is ac coupled through C4 to the noninverting input of Ul-b (which provides an additional 
gain of 48) at pin 5. The output of Ul-b at pin 7 is then fed through D4 and RIO, and across Rll and 
Co to the inverting input of Ul-c which is biased to a positive voltage that is set by SENSITIVITY-control 
R19. This represents a threshold voltage at which the output of Ul-c switches from high to low. 

During standby, the output of Ul-c a.L pin 8 is held at about 12 V when the voltage developed 
across C6 is less than the bias-voltage setting at pin 10. When a sound of sufficient intensity and du­
ration is detected, the voltage at pin 9 of Ul-c: exceeds the threshold level (set by R19), causing 
Ul-c's output at pin 8 at go low. That low is applied to pin 2 of U2 (a 555 oscillator/timer configured 
as a monostable multivihrator). This causes the output of U2 to-go high for ahout one second, as de~ 
term.ined by Lhc time constant of Rl2 and C7. The output of U2 at pin 3 is applied to pin 4 of lJ3 (a 
second 555 oscillator/timer that is configured for astable operation1 with a frequency of about 125 
·kHz). That causes U3 to oscillate, producing a near square-wave output that is used to drive Ql into 
conduction. The output ofQl is applied across a parallel-tuned circuit composed a Tl's primary and 
CS. The tuned circuit, in turn, reshapes the 125-kHz signal, causing a sine-wave-like signal to appear 
across both the primary and the secondary of T 1. 

The signal appearing at Tl's secondary (about 1 or 2 V peak-to-peak) is impressed across the ac 
power line, and is then distributed throughout the building without affecting other electrical appli­
ances connected to the line. Transient suppressor D7 is included in the circuit to help protect Ql 
from voltage that might appear across the power line and he coupled to the circuit through TI.· 

Receiver operation. Power for the receiver, as with the transmitter, is derived from a tradi­
tional half-wave rectifier (D5). The resulting de voltage is regulated Lo 27 V by D6 and R20, and is 
then filtered by Cll to provide a relatively clean, de power source for the circuit. A light-emitting 
diode, LED2, connected in series with R20 provides a visual indication that the circuit is powered 
and ready to receive a signal. 

The 125-kHz signal is plucked from the ac line and coupled through R21 and C12 to a parallel­
tuned LC circuit, consisting of C13 and Ll. That LC circuit passes 125-kHz signals while attenuating 
all others. The 125-kHz signal is fed through Cl4 to the base of Q2 (which is configured as a high­
gain linear amplifier) 1 which boosts the relatively low amplitude of the 125-kHz signal. The RF out­
put of Q2 is ac coupled to the base of Q3 through C15. Transistor Q:3 acts as both an amplifier and 
detector. Because there is no bias voltage applied to the base of Q3, it remains cut off until driven by 
the amplified 125-kHz signal. When Q3 is forward biased, its collector voltage rises. 

Capacitor Cl 6, cormectcd across Q3's collector resistor, filters the 125-kHz signal so that it is es­
sentially de. When the voltage at the collector of Q3 rises, Q4 i8 driven into conduction. Thai causes 
current to flow into piezo buzzer BZl, producing a distinctive audio tone that alerts anyone within 
earshot that the baby needs attention. 
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+6V 

C4 + 
100 

8 7 6 

Ul 
MC34119 

2 3 

C2 + + C3 
R2 C1 4.7p1 

2.2K .22 

POPULAR ELECTRONICS 

0 
SI : 

FUNCTION: ---, 
READ 

R-E EXPERIMENTERS HANDBOOK 

BIRD FEEDER MONITOR 

5 

4 

R1 
2.2K 

Jl 

R4 
250K 
OAIN 

R3 
47K 

FIG. 60-3 

The first amplifier circuit is a bird phone. In 
this circuit, the electret mike (MICl) is mounted 
in the neck of a large plastic funnel. The amplifier, 
built around an MC34 l 19 ( which is available from 
D.C. Electronics, P.O. Box 3203, Scottsdale, AZ 
85271-3203; Tel. 800-467-7736, and elsewhere), 
is then placed outside of the funnel with the pick­
up facing a nearby bird feeder. The output of the 
amplifier is then connected to a 16-Q speaker. 

The amplifier's voltage gain is determined by 
the values of the input resistor (Rl) and the 
feed-back resistor (R3 and R4, respectively). The 
differential .gain of the amplifier is given by: R3 + 
R/R1 x 2. With the component values shmvn, the 
maximum voltage gain is about 270. This pcnnits 
listening to the activity at the bird feeder. 

ACID-RAIN MONITOR 

• 

sou 
DRAIN 

SOLENIOD 

INSIDI I OUTSIDE 

FIG. 60-4 

The drain-to-source resistance of QI varies depending on the acidity of the sample presented to 
QI 's gate circuit. That variable resistance varies the current flowing through the bridge; that current 
is proportional to pH. 
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Moisture- a.nd Fluid-Detector Circuits 

The sources of the following circuits are contained in the Sources section1 which begins on page 
675. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Water-Activated Alarm 
Simple Flood Alarm 
Moisture Detector 
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POPULAR ELECTRONICS 

WATER-ACTIVATED ALARM 

R2 
OK 

Cl 
.022 

RI 
IOOK 

6 

8 

UI 
665 

2 

+9V 
-------~ o----+ 

S1 
ON/OFF 

SENSOR 

4 
C2 

3 
100 

... 

SPKR1 
40-son 

-V 

FIG. 61-1 

When sensor gets wet, it conducts, forward-biases QI, and activates audio oscillator U1. A tone 
is heard from the speaker. 

POPULAR ELECTRONICS 

SIMPLE FLOOD ALARM 

'-,;----I 
WIRE LEADS 
10 SUMP PIT 

R2 Rl 
1K tK 

FIG. 61-2 

A common collector amplifier drives a 2N3904 switch to smmd alarm BZI. The wire leads to wa­
ter sensor or sump pit, level switch, etc. and used to allow the aJarm to operate and be mounted in a 
dry place. 
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MOISTURE DETECTOR 

...._RW'il3~---t l_g_y~1 + 

1991 PE HOBBYIST HANDBOOK FIG. 61-3 

The moisture detector uses two transistors and a piezoelectric transducer to sound an alarm 
tone when water is present. Transistor QI forms a crystal-controlled oscillator, using a portion of 
piezoelectric transducer XDC-which contains two piezoelectric crystal regions-as the crystal. The 
transducer has three separate leads. One lead goes to each of the crystals, and the third lead is com­
mon to both. 

The smaller internal c.rystal region sets the frequency of operation and the larger element is 
driven by Ql (when it is biased "on") to provide the loud tone output. Tb turn the pnp transistor Ql 
(used as an oscillator) "on" pnp transistor Q2 (used here as a switch) must-be on. To turn it "on" with 
the biasing that is normally connected, you would only need to connect a resistor from the collector 
of Q2 to the base, which gives the base a negative (-) bias. The resistor used is the water that is to 
be detected. That turns Q2 on, which, in turn, turns on Ql. The result when water touches the probe 
is that the transducer emits a loud sound. 

Cl, C2 
QI, Q2 
Rl 
R2 
R3 
XDC 

0.1-µF Mylar Capacitor 
2N3906 Transistor 
6.8-kU Resistor 
33-kn Resistor 
200-n Resistor 
Piezoelectric Transducer 
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Motion Detector Circuit 

The source of the following circuit is contained in the Sources section, which begins on page 675. 
The figure number in the box of the circuit correlates to the entry in the Sources section. 

Microwave Motion Detector 
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POPULAR ELECTRONICS 

":' 

R2 
220n 

A3 
47K 

ANT1 

ETCHED STRIP LINE 

f\15 
4700 

o GS -e, 
B8170 

BOTTOM VIEW 

MICROWAVE MOTION DETECTOR 

G19 ..J.t 
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02 
2N3904 

R5 
100K 
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,1 

C2 
10 
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RlO 
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R14 
10K 
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+IE • 
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- 02 • .,.,. 

1N914 -4. 

R21 
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1 

+ 
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FIG. 62-1 

Operating at around 1.1 GHz, the detector senses field disturbance in the neighborhood of the antenna. The Doppler signal 
from detector Dl is amplified and drives a power MOSFET switch. The antenna is a short (2 to 311

) length of wire. 
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Motor-Control Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
675. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Blender-Control Circuit 
PWM Motor-Drive Circuit 
Speed-Control S:witch Circuit 
Piezo Motor Drive 
Pulse-Width-Modulated Motor-Speed Control 
Speed-Control Switch 



0.68 µ.F 

1N4004 

13 V 220µF _ 

RADIO-ELECTRONICS 

3.3 Meg 
(xlH 

2.7 Meg 
(X 11) 

2.7 Meg 
IX 11 l 

BLENDER-CONTROL CIRCUIT 

2700 
1 Watt 1.5 Meg 

AC·OC 
MOTOR 

2N6154 
TRIAC 

110 VAC 

WARNING: Extreme 
shock haiard except 
at touch padal 

FIG. 63-1 

A 10-speed touch-control blender circuit that uses the low-cost LS314 chlp by LSI Systems. The 
11th touch pad is for power off. 
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PWM MOTOR-DRIVE CIRCUIT 

RADIO-ELECTRONICS FIG. 63-2 

This circuit will drive a small de motor over a 
wide range of speeds without stalling by control­
ling the duty cycle of the motor, rather than the 
supply voltage. 

SPEED .. CONTROL SWITCH CIRCUIT 

SCR1 
6A 

800PIV 

D2 
1N4DD7 

R4 
2.2K 

POPULAR ELECTRONICS 

SCR2 
6A 

BOOPIV 

R2 
270 

R7 
25K 

C1 
.22 

MOT1 

R3 
270 

FIG. 63-3 

A center-tapped 240-V transformer is used 
with two SCR devices to provide rectified ac 
(pulsating de) to MOTl. Ql is a UJT ramp gen­
erator used to generate trigger pulses for SCRl 
and SCR2. 

PIEZO MOTOR DRIVE 

R 20R 20R 

20A 

Rn 

Plezomotor 
-15 O to 630 volts output -330 

ELECTRONIC DESIGN FIG. 63-4 

Using two Apex Microtechnology PA41 devices in a bridge circuit, this piezo motor driver deliv­
ers 0- to 630-V output. 
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PULSE-WIDTH-MODULATED MOTOR-SPEED CONTROL 

POPULAR ELECTRONICS 

03 
1N4002 

04 
1N4002 

QI 
2Nl904 

+9-
15V 

FIG. 63·5 

Connected in this manner, an LM317 1-A adjustable-voltage regulator can be used to control the 
speed of a miniature de motor or vary the brilliance of a small lamp. The circuit does so by control­
ling the pulse width, and therefore the current, to the load device. 

To set the desired maximum output voltage, momentarily close S1 and adjust R3. Connect either 
a lamp or small de motor (as is shown in the schematic to the circuit's output) and adjust R4 for the 
desired results. Any device that is driven by this circuit should have a current requirement of 1 A or 
less. And you should be sure to use good-sized heatsink for the LM317 regulator IC. 

D3 
1N4007 

R6 
10K 
20W 

D4 
12V 
tow 

SCRt 
6A 

800PIV 

240VAC 

CT 
SCR2 

6A 
800PIV 

02 
-lN.40117 

R4 
2.2K 

A2 
27'l 

SPEED-CONTROL SWITCH 

R7 
25K 

C1 
.22 

MOT1 

R3 
270 

The speed-control switch offers reasonably 
good control and stability to both ends of its op­
erating range. This circuit uses two SCR devices 
in a full-wave configuration to control the de 
power to a motor. A center-tapped transformer is 
used to supply the SCRs. 

ZENER ...---Y111..---1>------+--' 

POPULAR ELECTRONICS FIG. 63-6 
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Multiplexer Circuit 

The source of the following circuit is contained in the Sources section, which begins on page 675. 
The figure number in the box of the circuit correlates to the entry in the Sources section. 

32-Channel Analog Multiplexer 
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32-CHANNEL ANALOG MULTIPLEXER 

+15V 15V 

1 12 27 

19 

Analog 
28 

Analog 
inputs output 

1-16 

4 

17 i6 i5 14 18 

+15 V -15V 

--

12 27 

19 28 

Analog 
inputs 

Inverter 17-32 

4 

17 16 iS 14 18 

WILLIAM SHEETS FIG. 64-1 

Using two Siliconix DG506 multiplexer chips, this 32-channcl analog multiplexer selects 1 of 32 
channels, depending on the data inputs A0 -A4. 

383 



65 

Multivibrator Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
675. The figure_number in the box of each circuit correlates to the entry in the Sources section. 
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Improved CMOS Multivibrator 
Very Low Frequency Mullivibrator 
Monostable Multivibrator I 
Astable Multivibrator or Free-Running 

Square-Wave Oscillator 
Astable Multivibrator I 

Monostable Multivibrator 11 
Astable Multivibrator II 
One-Shot Multivibrator 
Flip-Flop or Bistable Multivibrator 

with Pushbutton Triggering 
Free-Running Multivibrator Using Op Amp 



IMPROVED CMOS MULTIVIBRATOR 

R1 

74C04, etc. 

Output 

R2 C1 

WILLIAM SHEETS FIG. 65-1 

This circuit uses a protective resistor R2 in conjunction with feedback resistor RI. Together, 
form a voltage divider to reduce the input voltage amplitude for ICl-a so that the protective diodes 
never conduct. This improves temperature and voltage stability of the multivibrator. 

WILLIAM SHE-ETS 

VERY LOW FREQUENCY MULTIVIBRATOR 

~----------------------'1-+12 V 

22 
MO 

0.1 µF 

2.2k0 

JFETs Transistor: N•channel (MPFf02, etc.) 

FIG. 65-2 

The use of JFETs permits, high resistance and long time constants in this very low frequency 
multivibrator. The values-shown are for 0.15 Hz operation. 
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WILLIAM SHEETS 

MONOSTABLE MULTIVIBRATOR I 

.----------.t---------...+3 to 15 V 

R2 

C1 

A5 

R4 

R3 R1 

Pulse 0.7 (C1 x R3) 

~SW1 r Push to start 

FIG. 65-3 

This circuit is activated when SWI is pushed to ground the base of transistor Q2. The pulse rate 
is approximately equal to 0.7(R3xC1). 

ASTABLE MULTIVIBRATOR OR FREE-RUNNING SQUARE-WAVE OSCILLATOR 

0.1 µF 

f = 300 Hz 

E0 < 180° 

WILLIAM SHEETS FIG. 65-4 

This free-running square-wave oscillator uses two npn transistors. Output frequency is approx­
imately ::JOO Hz with the values shown. 
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ASTABLE MULTIVIBRATOR I 

100 k!l 
width 

100 kO 
frequency 

7 

2 

6 

4 8 

NE 
555 

5 

3 

I 0.01 µaF 

Output 

1 

WILLIAM SHEETS 

In this multivibrator circuit frequency and 
steering diodes (1N914) and two potentiometers. 

FIG. 65·5 

width can be separately controlled by using 

WILLIAM SHEETS 

MONOSTABLE MULTIVIBRATOR II 

~-------------fl +10 V 

47k0 

0.001 µF 2 o--J-----------1 
Trig. 

v 
J_ 3 

8 

NE 
555 

5 

4 

T""-"URC 

7 

6 

Pulse output 

FIG. 65-6 

The time constant of RAXC determines the period of the monostable multivibrator. A negative 
pulse at pin 2 of the 555 starts the cycle. 
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ASTABLE MULTIVIBRATOR II 

+9V 

RA 10 µF 

1 k!l 4 8 I 16V 

7 

RB NE 
33kH 6 555 

2 3 

Output 
C 

0.022 µF 5 1 
-= 

t = 1.44 
(RA+ 2Rs) C 

WILLIAM SHEETS FIG. 65-7 

An astable rnultivibrator based on the 555 is 
shown. Freq is approximately 975 Hz as deter­
mined by the values of RB and C. 

FLIP-FLOP OR BISTABLE MULTIVIBRATOR 
WITH PUSHBUTTON TRIGGERING 

+V 

= 

ONE-SHOT MULTIVIBRATOR 

::L 
V+ 

VIN 

~v 1 C1 
1ms 

0 

100pf Vou, 

R2 
2 

1MEG 

01 C2 
1H914 .001 -=-

":." 

R1 
1MEG 

-= 

POPJJLAR ELECTRONICS FIG. 65-8 

A section of a quad LM139 is used here as a 
one-shot pulse form~r. 

FREE-RUNNING 
MULTIVIBRATOR USING OP AMP 

R1 
160K 

>---+~ Eour 

•CHOSEN FOR 
OSCILLATION 

'--~---.....,-----IVlifltr--J AT100Hz 

ELECTRONICS NOW FIG. 65-9 POPULAR ELECTRONICS FIG. 65-10 
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66 

Musical Circuits 

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

Precision Audio Generator for Musical Instrument Tune-Up 
Perfect Pitch 
Musical Instrument DigitaLlnterface (MIDI) Receiver 
Electronic Metronome 
Musical Instrurnent Digital Interface (MIDI) Transmitter 
Melody Circuit 
Top Octave Generator 
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PRECISION AUDIO GENERATOR FOR MUSICAL INSTRUMENT TUNE-UP 

+ C1 
47 
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C13 C14 
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VOLUME 470K 0.1 
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1993 ELECTRONICS HOBBYIST HANDBOOK 

R16 

A15 
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A14 
10K 
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2!MA.01 

1K 
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+9V +9V 

16 16 

U6 12 14 U7 12 14 
C17 C17 

+ C19 

03 
2JM.t03 

470 

C11 
3 1.8V lO 
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... 

C12 
10 

+9V 

16 

U8 12 
Cl7 

R19 
9.1K 

J6 
AUDIO 

FIG. 66-1 

One section of the precision audio frequency generator uses an electret microphone element to 
pick up audio from the piano. That signal is then processed and sent to one channel of a dual-trace 
oscilloscope. The other section of the circuit is used to produce a variable-frequency signal that is fed 
to a digiLal frequency counter. After conditioning, the audio signal is presented to the second chan­
nel of the scope and output to a set of stereo headphones. 
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PERFECT PITCH 

+5V +5V +6V +5V 

31 40 

18 X2 E 15 4 
RS LIQUID 2 

19 X1 RW 16 5 
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A$ 17 6 E 

DO l 7 00 
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D6 7 13 06 +5V 
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1
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.t:°F'A.ST/SEL COUNTER TOr-14-.=.-------------' 
.,__--'1~0 RXD FRE 

s a, 

+5V 
3 

C8 
~---.,._-----' .1 

ELECTRONICS NOW FIG. 66-2 

Perfect pitch, which is based on the 8751 H microprocessor, is an inexpensive and easy-to-build 
instrument tur1er/frequency counter with a built-in headphone amplifier and a visual metronome. 
Perfect pitch converts the audio signal from your instmment to a digital signal, and displays the mu­
sical note you are playing and its frequency in real time on a 16-charactcr liquid-crystal display. It 
also has an auxiliary audio input for radio, tape, or CD players so that you can tune up and play along 
with your favorite artists. 
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MUSICAL INSTRUMENT DIGITAL INTERFACE (MIDI) RECEIVER 

-..... 

Cl 

ELEKTOR ELECTRONICS 

ICS • 74 .. C04 

BF2458 

., 
& 

FIG. 66-3 

Receiver photodiode SFH250 is used to convert optical data pulses at 32.5 Kb to electrical sig­
nals. Buffer T2 feeds the signals to cascade amplifier T3-T4l then to op amp IC4, and buffers ICS-f 
and IC5-e. IC5 supplies 9 V for the circuit. 

22 k!! 

RA rate 
100 kO 

ELECTRONICS NOW 
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ELECTRONIC METRONOME 

320 
Speaker 

FIG. 66-4 

RA sets the rate while RH sets the volume of 
clocks in the speaker. The 555 is configured as a 
low frequency oscillator. The circuit is powered 
by a 6 V battery. 



MUSICAL INSTRUMENT 
DIGITAL INTERFACE (MIDI) TRANSMITTER 

ELEKTOR ELECTRONICS FIG. 66-5 
Used for digital control of musical instru-

thls transmitter converts the digital data 
signals to equivalent optical for fiberoptic 
cable interface. Optocoupler ICl provides isola­
tion, and drives IC2-a and -b and Tl, and finally 
provides a cable driver LED (SFH750). 

MELODY CIRCUIT 

r 
-;;;;;;;;- 0.01µ -T 

9 volt ballery 

RADIO-ELECTRONICS 

(pitch) 

-=-

l100pl 

(tempo) 

0.1µ 

(duration) 

2.2M 

"'!" 

FIG. 66-6 

A high-quality melody circuit. The slow decay 
waveform produced will create chime-like notes. 
Pitch, tempo, and duration are all adjustable. 

TOP OCTAVE GENERATOR 

2.00240 Mhz 
CLOCK 
INPUT 

RADIO-ELECTRONICS 

Inputs and outputs are 12 volt square waves 

C C# D D# E F F# G G# A A# B C 

OUTPUT TONES 

FIG. 66-7 

Using an MK50240, this circuit produces 12 top octave tones. The input and output lines can be 
divided using a binary divider IC to obtain the lower notes. 
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67 

Noise-Generator Circuits 

The source of the following circuit is contained in the Sources section, which begins on page 675. 
The figure number in the box of the circuit correlates to the entry in the Sources section. 

Noise Generator 
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NOISE GENERATOR 

R2 

D1 

•see text 

303 CIRCUITS 

C3 

12 V 

< 10mA 

BV IOµ 

FIG. 67·1 

This circuit generates noise pulses that are suitable for test purposes, etc. A zener diode is used 
as a noise source. ICl is a relaxation oscillator. Pl determines noise bandwidth, and P2 and P3 the 
noise amplification. Current consumption is 10 m.A @ 12 V de. 
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68 

Noise-Limiting Circuits 

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

396 

Audio Dynamic Noise-Reduction System 
Amplified Noise Limiter for SW Receivers 
Receiver AF Noise Limiter for Low-Level Signals 
Simple N oisc Limiter for Receivers 



AUDIO DYNAMIC NOISE-REDUCTION SYSTEM 
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POPULAR ELECTRONICS 
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TO VOLUME 
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FIG. 68-1 

Ul is a dedicated IC (National Semiconductor) that achieves up to 10 dB noise reduction by an 
adaptive bandwidth scheme and a psycho acoustic matiking technique. 

AMPLIFIED NOISE LIMITER FOR SW RECEIVERS 

LOW LEVEL fl2 
INPUT 

R2C 
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73 AMATEUR RADIO TODAY 
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ro AUDIO 
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VOJC£ FIL TE'R 

TO FILTER 
INPUT 

ADJUST •OR 
BEST OPUAflON 

C6, C:7, C9. CIO, Cl!, C•2• ~OL • 
ST¥RHIE 

FIG. 68-2 

The noise limiter circuit has a preampJjfier clipper, and a switchable audio bandpass filter. Audio 
levels in the 5- to 50-mV range are amplified-in a preamp to several volts p-p, fed to a clipper, voice 
band filter, then to a narrow band aclive filter which can be switched in and out of the circuit. 
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RECEIVER AF NOISE LIMITER FOR LOW-LEVEL SIGNALS 
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220k 
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LJMl1 47µF 
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• •ADJUST FOR IIEST N L l'iESPONSE 

•CHOOSE R!5 

OUTPUT 

FOR BEST OUTPUT SYMMETRY, A IOk POTENTIA· 
METER COULD BE USED FOR £•ACT ADJUSTMENT 

FIG. 68-3 

A preamplifier in the audio frequency range amplifies a noisy audio signal to drive a diode clip­
per. Suitable audio input levels would be in the I 0-m V to 1-V range. 
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73 AMATEUR RADIO TODAY 
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SIMPLE NOISE LIMITER FOR RECEIVERS 
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FIG. 68-4 

This circuit uses a diode series clipper to limit noise peaks on a received signal. It is best used 
where several volts p-p of audio signal are available. 
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69 

Operational-Am pl if ier -Circuits 

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

Polarity Gain Adjustment 
Fast Composite Amplifier 
Non-Linear Operational Amplifier with 
Temperature-Compensated Breakpoints 

Power Op Amp 
Variable Gain Op-Amp Circuit 
Low Noise and Drift Composite Amp 
High-GBW Op Amp 
Single Op-Amp Full-Wave Rectifier 
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~ 
Input 

U1 = MC340B4 

ELECTRONIC DESIGN 

POLARITY GAIN ADJUSTMENT 

-

~ 3 
C4 

- 4.7µ.F 
·15 V 

Adder 13 

-

1 Ei 

R& 

10 k 

8 

Eout = .( E1 + E2) G-n_ 
~---t~==:::::i e-n­

Output G--
0-i...r 
G-Lr 

E2 

By adjusting one potentiometer, this circuit's output can be varied from a positive-going version 
of the input signal, smoothly through zero output, then to a negative-going version of the input (see 
the figure). If the input signal is a positive pulse of, for example, +2-V peak, the output pulse ampli­
tude can be smoothly varied from +2-V through ground (no output) to a -2-V peak. 

Taking a closer look at the setup, assume that the signal has a +2-V peak input. The A section of 
the quad op amp is an input buffer, op amp C provides a fixed negative-going output of -4-V peak, 
and op amp B supplies a positive-going output that varies from +2-V to +6-V peak. The D section 
adds the Band C outputs. Thus, by varying the B output, the circuit output varies smoothly from 
-2-V to +2-V peak. 

The circuit can, of course, also be used as a 0°/180° phase switcher. For instance, with a ground­
centered sine-wave input of 4V p-p, the output varies from 4-V p-p in phase with the input, smoothly 
through 0 V, to 4V p-p 180° out of phase with the input. 
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FAST COMPOSITE AMPLIFIER 

Dulp~I 

ELECTRONIC DESIGN FIG. 69-2 

An ultra-low-noise, low-distortion op amp-the AD797-is combined with the AD811 op amp, 
which offers a high bandwidth and a l 00-mA output drive capability. The composite-amplifier circuit 
serves quite well when driving high resolution ADC's and ATE systems. 

The fast AD811 operates at twice the gain of the AD797 so that the slower amplifier need only 
slew one-half of the total output swing. Using the component values shown, the circuit is capable of 
better than-90 dB THD \Vi.th a ±5-V, 500-kHz output signal. If a 100-kHz sine-wave input is used, the 
circuit will drive a 600-n load to a level of 7 V rms with less than -109 dB THD, as well as a 10-kn 
load at less than -117 rlB THD. 

The device can be modified to supply an overall gain of 5 by changing both the R/Rin ratio and 
RJR2 ratio to 4: 1. This raises the gains of AD8 l l and the Lota! circuit while maintaining the AD797 at 
unity gain. If only the R/Rm ratio is changed, the circuit might become unstable. In contrast, if only 
the RJR2 ratio is varied, the AD797 will then operate at gain. Subsequently, the circuit vVill have a 
lower overall bandwidth. R1 should be equal to the parallel combination of Rin and Rr 

POPULAR ELECTRONICS 

NONLINEAR OPERATIONAL AMPLIFIER 
WITH TEMPERATURE-COMPENSATED BREAKPOINTS 

FIG. 69-3 

Using resistor and transistor feedback ele­
ments, this operational amplifier circuit can be 
used as a nonlinear amplifier. R4 and R6 can be 
varied to change breakpoints, as required. 
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ELECTRONIC DESIGN FIG. 69-4 

This circuit from Apex Microtcchnology can deliver 180 V p-p@ 90 kHz into a 4-Q load. The 
PA04 can deliver 400-W RMS into an 8-0 load vvith low THD at frequencies beyond 20 kHz. 

VARIABLE GAIN OP-AMP CIRCUIT 

Input R1 
0-1\Nv-

Output 

~FET 

Control IO. 1 µ.F 

wb~ = ~ 
Ros(on) Max. gain R 1 R 

is "on" resistance 1 DS(onJ 

of FET Min. gain - R2 
R1 + Ros{off) 

if Ros(otl) > > > R2 

ELECTRONICS NOW FIG. 69-5 
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A JFET acts as a variable_attenuator for this 
op amp. Maximum gain is: 



LOW NOISE AND DRIFT COMPOSITE AMP 

1k 

10 This circuit offers the best of both worlds. It 
can be combined with a low input offset voltage 

Yout and drift without degrading the overall system's 
::..-------a dynamic performance. Compared to a sLandalone 

10H 

+16 V o __t: :::t ._ +V1 
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ELECTRONIC DESIGN FIG. 69-6 

VIN 
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0 = R, 10k 150 
-:N 560 l% 

5% 

I 
t~ 
.l_ 1% 

MAXIM ENGINEERING JOURNAL FIG. 69-7 

You can build a composite amplifier featuring 
high gainj wide bandwidth, and good de accuracy 
by cascading the sections of a dual video ampli­
fier and adding two appropriate phase-compen­
sation components. The op amp drives a 150-Q 
load and provides a closed-loop gain of 40 dB. 

FET input operational amplifier, the composite 
amplifier circuit exhibits a 20-fold improvement 
in voltage offset and drift. 

In this circuit arrangement, Al is a high­
speed FET input op amp with a closed-loop gain 
of 100 ( the source impedance was arbitrarily 
chosen to be 100 kQ). A2 is a SuperBeta bipolar 
input op amp. It has good de characteristics, 
bir.,ET-levcl input bias current, and low noise. A2 
monitors the voltage at the input of Al and in­
jects current to Al's null pins. This forces Al to 
have the input properties of a bipolar amplifier 
while rnaintaining its bandwidth and low-input­
bias-current noise. 

SINGLE OP-AMP FULL-WAVE RECTIFIER 

R1 
!Ok 

R2 V+(5V) 

!Ok 

6 IN914 ----1--0 OUT 

MAXIM ENGINEERING JOURNAL 

R3 
100k 

FIG. 69-8 

This circuit operates from +5 V and uses a 
single op amp to deliver a full-wave rectified out­
put of the input signal. 
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70 

Optical Circuits 

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

404 

Optical Proximity Detector 
Photo receiver Optimized for Noise and Response 
Optoisolator and Optocoupler Interface Circuits 
Optocoupler Circuits 
Optical Direction Discriminator 
Optical Safety Circuit Switches 
Simple Amplifier for Phototransistors 
Variable-Sensitivity Phototransistor Circuit 



LED 
A 

POPULAR ELECTRONICS 

OPTICAL PROXIMITY DETECTOR 

...ENCLOSURE 
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REFLECTIVE 
TARGET 

R2 
150K 

+5V~ Rl 
220n,::: 
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SEP8701-001 

B 

OUTPUT 
~ 

tT-:1 J 
I 

K1 
12V 

FIG. 70-1 

A "reflector" isolator (A) detects the presence of an object by bouncing light off of it. This tech­
nique is useful in circuits that detect when an object is close enough to the sensor (B). 

PHOTORECEIVER OPTIMIZED FOR NOISE AND RESPONSE 
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ELECTRONIC ENGINEERING FIG. 70-2 
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OPTOISOLATOR AND OPTOCOUPLER INTERFACE CIRCUITS 

R1 
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0.01 

+15VDC 
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Interfacing equipment, whether TTL, RS-232C, or 20=mA current-loop based, 
with optoisolators. 

POPULAR ELECTRONICS 

406 

FIG. 70-3 



OPTOISOLATOR AND OPTOCOUPLER INTERFACE CIRCUITS (Cont.) 

+V1 +V2 

HIGHLJ 0--­
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A circuit for isolating a variable resistor is shown. An optoisolator Lhat has an LED and a phoLo­
conductive cell (or photoresistor) is used. The current through the LED controls its brightness, 
which in turn determines the resistance between terminals A and B. The LED current is set by the 
voltage of the de power supply and the value of the two resistors (Rl and R2). The fixed resistor (Rl) 
is used to limit the current to a maximum of 20 mA (when the resistance of the potentiometer, R2, is 
set to zero ohms), otherwise, the LED might burn out. 

POPULAR ELECTRONICS 

OPTOCOUPLER CIRCUITS 

+V1 

R1 

U3 

-..... 

+SVDC 

R2 
3900U 

TTL 
OUTPUT 

FIG. 70-4 

This circuit is a TTL-to-TTL isolator circuit. The driver circuit is an open-collector TTL inverter 
(Ul). When the input is high, then the output of the inverter is low. Thus, when the input is high, the 
output of Ul grounds the cathode end of the LED and causes the LED to turn on. 
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WILLIAM SHEETS 

IR 
LEO 

OPTICAL DIRECTION DISCRIMINATOR 

Vl 

D1 

C1 

V+ 

D2 

Disk with 
slot cutout 

Photodiode 

cw 

ccw 

ICs- CD4001, etc. 
D1, D2 IA photodiode 

FIG. 70-S 

The very simple circuit uses only two CD4001 packages, i.e., eight NOR gates and operates in 
the following way: Pulse streams are fed to an RS flop generating an output waveform which has 
a small or large duty cycle depending on the direction of rotation. The same input pulses are also fed 
to a NOR gate, which "adds" the two pulse trains. 

The rising of this waveform are used to produce short positive pulses from the circuit con-
sisting of Rl, Cl, D3, and a NOR gate used as an inverter. This is used to "sample" the outputs of the 
flip flop to detect the direction of rotation. The output, whose duty cycle is large, forces the sampling 
NOR gate to generate a pulse train which sets (or resets) the second RS flip-flop continuously giv­
ing a pemtanent indication of the direction of rotation. 
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POPULAR ELECTRONICS 

OPTICAL SAFETY CIRCUIT SWITCHES 

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

Cl 
.1 

----+-"\o!V\r-,l----+--------1~ 

C2 
.1 

.....---t--Y1~----+----t~ 

FIG. 70-6 

Use of two LDR devices replaces the two pushbuttons used in safety switches. The lamps pro­
vide light sources for the LDR devices. 

ELECTRONICS NOW 

SIMPLE AMPLIFIER FOR PHOTOTRANSISTORS 

9 Vdc 

R1 
220k 

FIG. 70-7 

This simple amplifier will work well with just about any phototransistor. The 741, although de-
signed to operate with a split supply, will work with a single-sided supply as well. · 

ELECTRONICS NOW 

VARIABLE-SENSITIVITY PHOTOTRANSISTOR CIRCUIT 

Photo 
transistor 

FIG. 70-8 

A variable resistor is used to vary the light-level response of a phototransistor. Phototransistors 
are more light sensitive than photodiodes, but they generally have poorer frequency response. 
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71 

Oscillator Circuits 

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

410 

NE602 Local Oscillator Circuits 
LC Audio Oscillator 
Colpitts Oscillator 
MOSFET Mixer-Oscillator Circuit for 

AM Receivers 
Simple RF Test Oscillator 
AF Power Oscillator 
Gated 1-kHz Oscillator (Normally Off) 
Gated I-kHz Oscillator (Normally On) 
Precision LF Oscillator 
Basic Oscillator Circuits 
Variable Wien-Bridge Oscillator 

Local Oscillator for Double Balanced Mixers 
Precision Audio-Frequency Generator 
CMOSVFO 
Frequency Switcher 
Precision Gated Oscillator 
Wien-Bridge Audio Oscillator 
Variable Duty-Cycle Oscillator 
Adjustable VFO Temperature Compensator 
409:3 CMOS Astable Oscillator 
Simple Audio Test Oscillator 
4093 CMOS VFO 



NE602 LOCAL OSCILLATOR CIRCUITS 
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Local oscillator circuits for the NE602. 
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FIG. 71-3 
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MOSFET MIXER-OSCILLATOR CIRCUIT FOR AM RECEIVERS 

QST 
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~ TO 02 

~IF!Gt) 

_,to.a, 

+t2V 

o.~ 

FIG. 71-4 
This circuit is an improved front end for upgrading a transistor AM receiver. This front end is 

useful when the radio is to be used as a tuneable IF amplifier with shortwave converters. 

SIMPLE RF TEST OSCILLATOR 

.----~------l"l,,,.,.0-- +I5V-18V 

C3 
.0033 

*SEE TEXT 

Sl 

POPULAR ELECTRONICS FIG. 71-5 

A simple oscillator for IF alignment ( 455 kHz) 
cart prove useful in field testing or where a stan­
dard signal generator is available. Ll should res­
onate at the desired output frequency with the 
series combination of C2 and C3. 
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AF POWER OSCILLATOR 

Frequency 

100k 30k 

RADIO ELECTRONICS FIG. 71-6 

An LM386 audio power IC is set up as a feed­
back oscillator. Any supply from 6 to 12 V can be 
used. The circuit cart drive a loudspeaker. 



GATED 1-kHz 
OSCILLATOR (NORMALLY OFF) 
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OSCILLATOR (NORMALLY ON) 

o-C~1 
1

N3904 

= 
Control 

> 0.13 off 
f. __ 1 .44 < 0.6 on 
080 {RA+ 2Rg}C 

f 1.44 
osc"" (RA ! 2Ra)C 

V< 0.6 V 

ELECTRONICS NOW FIG. 71-7 ELECTRONICS NOW FIG. 71-8 

This gated 1-kHz oscillator offers "press-to­
turn-on11 operation, A1 and waveforms at the out­
put of pin 3 and across C 1, B. 

This gated I-kHz oscillator offers "prcss-to­
turn-off" operation, A, and waveforms at the out­
put of pin 3 and across C 1, B. 

PRECISION LF OSCILLATOR 

ELECTRONICS NOW 

NE 
555 

8 

5 

= I 

Vee 

Output 
(V~c +o.~ 

T= 1.44 
(RA+ 2R8)C 

FIG. 71-9 

Using RI, R7, and D1 to preset Cl to one third of the supply voltage, this circuit avoids a longer 
first cycle period than subsequent cycles. 
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I 
= 

Bias 

Reinartz 

A 

Ca 

Bias 

BASIC OSCILLATOR CIRCUITS 

3 Coupled 
windings 

LT 

Bias 

t 

C1 

= 

1 Vee 

Series-tuned Colpitts (Clapp) 

B 

RF 
choke 

C1 = 2to 10 C2 
typical 

01 
(pnp) 

Colpitts 

+Vee 

Tuned 
collector 

D 

ELECTRONICS NOW 

= 
Hartley 

C 

E 

Ratio A: 8 
1 : 10 to 1 · 2 
typical 

FIG. 71-10 

Five basic types of LC oscillators are sho\VYl. The frequency can be chru1ged by using the for­
mula: 
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where L P.ffect1ve 

C effect!Vf, 

1 

21t L effective C effective 

= equivalent inductance 
= equivalent capacitance 



VARIABLE WIEN-BRIDGE OSCILLATOR 

D1,D2=1N4148 

----r-1_ns ___ o.L. 

A 1, A2 ~ IC1 = TLC272, TL072, OP-221 

303 CIRCUITS FIG. 71-11 

This circuit uses a single potentiometer to tune a 300- to 3000-Hz range. A FET op amp is used at 
Al and A2. The upper frequency limit is determined by the gain-bandvvidth product of the op amps. 

LOCAL OSCILLATOR FOR DOUBLE BALANCED MIXERS 

1112 
111 LI 

73 AMATEUR RADIO TODAY 

01 
2"13~63 

OSCII.L.AT0A 

"' 100 

Ct 
01 

VI 
7'110~ 
REG 

0 :1 00½ 

Al 
00 

•121/DC 
FIi. TER£D 

-- ct Joo, 

L) 
0121•" 

(11 
0 01 

},-ro p,,.,,. 
o, Cltll,I 

FIG. 71-12 

This circuit has an amplifier to supply + 10 dBm to an SBL series (Mini-circuits) or similar type 
doubly-balanced mixer assembly. This circuit has values shown for =80-to 90-MHz crystals, although 
values of oscillator circuit constants can be scaled for higher or lower frequencies. 
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47 
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PRECISION AUDIO-FREQUENCY GENERATOR 

1 9V 

0 

R1 
G C31 :>?K 

n R7 
47K 

R3 
1K 

T 

R10 
1K 

FINE 
C15 

FREO. ADJ. 001 

R11 9 us 
100K 4048 

COARSE 11 
Cl4 Rt? 1:? 

22 12K 
5 8 

R21 
+9V 10K A25 

VOLUME 470K 

R22 
47K 

Jc FLAT 
_r:-- ·· LP 

C? R6 51 
Ol 1 2MEG +9V 

R4 Cb GS C11 
12K 27pF 10 3 1 8V lO 

+ J3 

4.8V CH1 

R7 RB 
200K 331< 

5 

R9 
33K + G12 

10 

-=-

R16 
+9V +9V 1K 

16 16 
"::" 

R15 
91K 

14 us 12 14 U7 12 14 U8 12 

R14 
101( 

02 
ZN4401 

4017 

8 13 15 

03 
2N4403 

4017 4817 

R19 
9.lK 

+ C19 

T470 J6 
AUDIO 

'-----~@ 
-:!:-

POPULAR ELECTRONICS FIG. 71- 13A 

The precision audio-frequency generator consists of several subcircuits-an audio-amplifier/fil­
ter circuit, an automatic level control, a variable voltage-controlled oscillator, a frequency divider cir­
cuit, an integrator, and an audio output amplifier. 

An electret microphone element is us~d to pick up the audio tone produced by the instrument. 
That signal is then fed to an amplifier/filter/level-controlled circuit and output via channel 1 (CHI) 
to an oscilloscope for display. 

The variable voltage-controlled oscillator (VCO) is used to produce a signal of from less than 10 
kHz to more than 99 kHz. The VCO output is fed to a digital frequency counter for display, and is also 
routed to a chain of frequency dividers, where the signal is divided by 10, 100, or 1,000, depending 
on the setting of a selector switch. 
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PRECISION AUDIO-FREQUENCY GENERATOR (Cont.) 

Note/ Key# Hertz Stretch Note/ Key# Hertz Stretch 
Octave in Cents Octave in Cents 

A/0 1 27.184 -20 F/4 45 349.03 - 1 
BbJO 2 28.817 -19 Gb/4 46 369.78 - 1 
BIO 3 30.548 -18 G/4 47 391.77 1 
C/1 4 32.384 -17 Ab/4 48 415.07 - 1 
Ob/1 5 34.329 -16 A/4 49 440.00 0 
0/1 6 36.391 -15 Bb/4 50 466.16 0 
Eb/1 7 38.578 -14 B/4 51 493.88 0 
E/1 8 40.895 -13 C/5 52 523.25 0 
F/1 9 43.352 -12 DtvS 53 554.37 0 
Gb/i 10 45.956 -11 0/5 54 587.33 0 
G/1 11 48.717 -10 Eb/5 55 622.61 + 1 
Ab/1 12 51.644 - 9 EIS 56 659.64 + , 

A/1 13 54.746 - 8 F/5 57 698.86 + 1 
Bb/1 14 58.035 - 7 Gb/5 58 740.42 + 1 
8/1 15 61.522 - 6 G/5 59 784.44 + 1 
C/2 16 65.180 6 Ab/5 60 831.57 + 2 
Db/2 17 69.096 5 A/5 61 881,02 + 2 
D/2 18 73.204 - 5 Bb/5 62 933.41 + 2 
Eb/2 19 77.602 4 BIS 63 988,91 + 2 
E/2 20 82.217 4 C/6 64 1047,7 + 2 
F/2 21 87.106 - 4 Db/6 65 1110.7 + 3 
Gb/2 22 92.285 - 4 D/6 66 1176.7 + 3 
G/2 23 97.773 - 4 Eb/6 67 1246.7 + 3 
Ab/2 24 103,65 - 3 E/6 68 1321.6 + 4 
A/2 25 109.81 - 3 F/6 69 1400.1 + 4 
Bb/2 Z6 116.34 3 Gb/6 70 1484.3 + 5 
8/2 27 123.26 3 G/6 71 1572.5 + 5 
C/3 28 130.59 - 3 Ab/6 72 1667.0 + 6 
Ob/3 29 138.35 - 3 A/6 73 1766.1 + 6 
0/3 30 146.58 - 3 Bt:\16 74 1872.2 + 7 
Eb/3 31 155.29 -3 B/6 75 1984.7 + 8 
E/3 32 164.53 -3 C/7 76 2103.9 + 9 
F/3 33 174.31 -3 Db/7 77 2230.3 +10 
Gb/3 34 184.73 - 2.5 D/7 78 2230.2 +10 
G/3 35 195.71 - 2.5 Ebn 79 2506.3 +12 
Ab/3 36 207.41 2 E/7 ao 2656.9 +13 
A/3 37 219.75 - 2 F/7 81 2818.1 +15 
Bb/3 38 232.81 - 2 Gb/7 82 2989.2 +17 
8/3 39 246.66 -2 G/7 83 3170,6 +19 
C/4 40 261.32 - 2 Ab/7 84 3363.0 +21 
Db/4 41 276,86 - 2 A/7 85 3567.1 +23 
D/4 42 293.33 - 2 Bb/7 86 3783.6 +25 
Eb/4 43 '310.86 - 1.5 8/7 87 4013.2 +27 
E/4 44 329.44 1 C/8 88 4259.2 +30 

•Standard pitch, A49= 440 Hz 
Values shown are stretched for the average piano 

POPULAR ELECTRONICS FIG. 71-138 

From there, the selected signal frequency divides along two paths; one going to CH2 (which 
feeds the oscilloscope's sweep synchronization input) and to an integrator that converts the square-
wave output of the divider into a triangular waveform. The output of the integrator is then amplified 
and fed to a set of stereo headphones via an audio output jack. 

One section of the precision audio-frequency generator uses an electret microphone element to 
pick up audio from the piano. That signal is then processed and sent to one channel of a dual~trace 
oscilloscope. The other section of the circuit is used to produce a variable-frequency signal that is 
fed to a digital frequency counter and, after conditioningt is presented to the second channel of the 
scope and output to a set of stereo headphones. 
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CMOSVFO 

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

RUN 
C5 I ·1 

POPULAR ELECTRONICS 

4 

DC l UH 
1/• 4093 OUTPUT 

+ f--o AC 
C6 
100 

(RANGE 

Cl= 2Hz TO 32Hz 
C2 = 30Hz TO 31.0Hz 
CJ= 285Hz TO 2.85kHz 
C4 = 2.75kHz TO 30kHz 

FIG. 71-14 

The circuit shown has a frequency range of 2 Hz to 30 kHz. R2 is a linear or log potentiometer. 

POPULAR ELECTRONICS 

FREQUENCY SWITCHER 

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

R1 
100K 

R2 
100K 

CJ 1 ·1 

DC f Ul-b 
1 /4 4093 · OUTPUT 

+ (-o AC 
C4 
100 

LOW FREQ. 

S1 -+12v 
0 

HIGH FR.EQ. 

This transistor can achieve frequency svvitching in this CMOS astable oscillator. 
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PRECISION GATED OSCILLATOR 

= 

ELECTRONICS NOW FIG. 71-16 

A I-kHz gated oscillator with no long 'turn-on" 
cycle is shovvn. R2, R3, and DI preset the voltage 
on tuning capacitor Cl to¾ of the supply voltage. 

WIEN-BRIDGE AUDIO OSCILLATOR 
R4 
3K 

,----~~t--------01:uttJ 

QJ R6 
2N381t 100K 

--
R1 = A2 

POPULAR ELECTRONICS 

D8 
11114 

01 
7.5V 

01 
2N2t0& 

+ C3 
10 

'---------o -15V 

Cl =C2 f= _1_ 
:2JtfltC1 

FIG. 71-17 

For variablP.-freqnency operation, Rl and R2 
can be replaced by a dual potentiometer. 

VARIABLE DUTY-CYCLE OSCILLATOR 

~--------------- I Vee 

7 

IN914 

ELECTRONICS NOW 

4 

NE 
555 

Using a potentiometer and 
cle. Vary Cl to change frequency. 

8 

3 

} Output 

1 
µ,F 

T = 1.44 
(RA+ 2Ra)C 

NOTE: Diodes have the effect of slightly 
reducing the observed frequency-especially 
if Vee 10 Vas a result of 0.6 v offset. 

FIG. 71-18 

diodes, this 1.2-kHz oscillator 'Will provide 1 to 99% duty cy-
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ADJUSTABLE VFO TEMPERATURE COMPENSATOR 
OUTPUT 

L1 Cl C2 CJ 

*SEE TEXT 

C4 
47pf 
NPO 

C1 

C5 
N1500/P3K 

47pf 

·ca 
50pf'50pf 

POPULAR ELECTRONICS FIG. 71 -19 
Use of a differential capacitor allows temperature compensation of LC circuit using an NPO and 

NIGOO ceramic. C6 is a differential capacitor that has two stators and one common rotor. When one 
capacitance (stator) is maximum, the other is minimum. LI, Cl, C2, and C3 are tuning, trimming, 
and fixed capacitors, respectively. 

4093 CMOS ASTABLE OSCILLATOR 

~---------------------+12V 

C-1 
.1 

..rtr 
4 SOUAREWAVE 

OUTPUT 

.....____,, _______ ~ -SEE TEXT 

POPULAR ELECTRONICS 

'I\vo gates of the Quad 4093 are used to 
make an oscillator. R:r can be from about 5 kn to 
around 10 Mn. Cr can be from about 10 pF' to 
many µF, the limit being set by the leakage 
of the capacitor. Frequency is approximately 
2.8/R_.pf. (R Mn, Cmfd) . 

FIG. 71-20 

SIMPLE AUDIO TEST OSCILLATOR 
.----------~~ +9V 

as;~ II C4 cs s1 
TELEPHO~~ .068 .1 

R2 
100K 

COIL 

Ill 
2N3904 

C2 
-_47 

C3 
.47 

POPULAR ELECTRONICS 

420 

An 88-mH surplus telephone toroidal coil is 
used in a I-kHz oscillator. Up to 8 V p-p into a 
high-Z load is available. THD is 0.9%. 

FIG. 71-21 



POPULAR ELECTRONICS 

4093 CMOS VFO 

,..... ____________ __.. ___ ... +12V 

r-- ..... --0-..0-.---A.M.-_. 
I 
I 
I 
I 
I "=' '-~ f J:,.t 
330pF 
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~ 
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1ME0 
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22MEG 
1ME6 
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13DHI 
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4 

C2 
.1 

C3 
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4.wc 
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2.5kHz 

17kHz 

DC) .IU"L 
AC OUTPUT 

} 

C:70pF­
.001µf 

1.851<Hz 
i C=170pf­
J .00111,Lf 

835Hz 

FIG. 71-22 

Two gates of a Quad 4093 are used in an astable multivibrator. Cl is a three-gang 365 pF variable 
capacitor with sections paralleled. S3 and S4 switch in optional extra capacitors. 
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72 

Oscillosco.pe Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
675. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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OscilloscopP PrPam pl i fie r 
Simple Spectrum Analyzer Adaptor for Scopes 
Simple Oscilloscope Timebase Generator 
Trigger SelPction Circuit for Oscilloscope Timebase 
Variable Gain Amplifier 



":I' 

C14 
3-10pf 

C3 
100pF 

RB 
100K 

01 
1 ... ,. 

RADIO ELECTRONICS 

C2 
10pf 

R12 
10K 

VAR. 
GAIN 

+5VT0+7V 

-5VT0-7V 

OSCILLOSCOPE PREAMPLIFIER 

A18 
910K 

G11 
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R20 C13 
1MEG 4-40pF 

: ....-----1' 
--01 0--

R15 
1K 

VERT 
CAL. 

1 

-o : 82-<; 0-
1 

I 

0-
0-

Rl• 
1K 

VERT. 
CAL. 

--0 

-V 

S2-d 0-

0-

R10 
10K 

C10 
12pf 

DEFLECTION 
PLATE A 

FIG. 72-1 

An oscilloscope front-end amplifier can be built with low-cost transistor and video amp ICs. This 
preamp uses a FET input and compensated attenuators, and has approximately 100-MHz bandwidth, 
which is adequate for most general-purpose oscilloscopes. 
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SIMPLE SPECTRUM ANALYZER ADAPTOR FOR SCOPES 

ANTENNA 

VOLTAGE 
TUNED 

VFO OSCILLOSCOPE 

SAWTOOTH 
GENERATOR 

SWEEP SIGNAL 
X o y 

1--
---.---+ee.ocooc 

____ .... 00 00 ° 

Block diagram of a spectrum anafvzer. 
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•SEE TEXT 
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R8 
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R7 
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50K 
MAIN >4-o--.---o TO Vr 
TUNE 

10K 
FINE 
TUNE 

11< 

0.1 

SAWTOOTH 
INPUT 

L/1/1 
Here's an alternate 

tuning network J or the 
spectrum analyzer. 

C10 
.1 

R5 
1000 

I 
I 

_J 

-=-

':" 

R9 
47K 

C11 
.05 

TO 

02 
1N34 
1N60 

Y-AXIS 
INPUT 

ON SCOPE 

POPULAR ELECTRONICS FIG. 72-2 

Suitable for monitoring an amateur band or a segment of the radio spectrum, this simple adap­
tor uses an NE602 mixer-oscillator chip to produce a 455-k:Hz IF signal, which U2 amplifies, then 
feeds to detector D2 and the Y axis of an oscilloscope. v;., is used to drive the horizontal axis input of 
a scope. L2 and L3 are eoils suitable for the frequency range in use. For this circuit, coils are shown 
for the 10- to 15-MHz range. L2 and L3 are wound on Amidon Associates, T-37 or T-50 toroidal cores, 
and Ll is a commercial or homemade variable inductor, etc. 
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SIMPLE OSCILLOSCOPE TIMEBASE GENERATOR 

.--------------------a----------~ +15 V 

10 k!l 

4 8 
330pF 

0-i 1----1--------------1 
Ramp output (X) 

2 
7 

Trigger 
Time 
10 k!l 

ELECTRONICS NOW 

0.1 pF 

3.3V 
Zener 

NE 
555 

6 
Current 
source 

2N3906 

35 to 380 pF • 
-= 

-= 
0.02 µFI 

-= 

3 
Pulse out {E) 

• 20 µF...L 
--i_ I 12µFJ -::-

I 0.2 µF Time base 
-= range 

selector 

FIG. 72-J 

The 555 timer generates both a linear ramp and an output for Z-axis modulations of the CRT 
electron beam. 

TRIGGER SELECTION CIRCUIT FOR OSCILLOSCOPE TIMEBASE 

Trigger 
+7 polarity 

Vert. defl. switch 
signal from 
CRT plates Q 
(ac couple} _ Q---J 

100 k!l 

ELECTRONICS NOW 

l?-001 µF 

100 l<!l 

10 k!l Trigger level 
~ OP AMP: Any suitable high slew 

+ V REFERENCE - V REFERENCE rate type or video op amp 

FIG. 72-4 
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C5 
0.1µF 

ELECTRONICS NOW 

R10 
1 Meg 

VARIABLE GAIN AMPLIFIER 

+V 

0.47 µF 

Si~ 
R11 in 

1 Meg 

FIG. 72-5 

This circuit uses¼ of an LM3900 to build a simple variable-gain front end for an oscilloscope. R7 
is the gain control. Also sho-wn is a simple preamp if you need more Lhan IOX of gain. 
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73 

Pest-Control Circuits 

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

Pest Repcllcr 
Ultrasonic Pest Repeller 
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PEST REPELLER 

+IIV 

1992 PE HOBBYIST HANDBOOK 

The two timers in the bug repeller have some 
interesting characteristics. Both of them have 
their thresholds externally set; the oscillator on 
the left has a 50% duty cycle and the oscillator on 
the right acts as a VCO. 

FIG. 73-1 

ULTRASONIC PEST REPELLER 

R1 

______ .... _ 

1991 PE HOBBYIST HANDBOOK 

C2 
+ 

FIG. 73-2 

This circuit uses two transistors and one IC (555 timer IC) to produce a pulsating ultrasonic fre­
quency. Transistors QI and Q2 arc connected in a direct-coupled oscillator. The frequency of that os­
cillator is set by capacitor Cl. The oscillator output is taken from the emitter of Q2 to pin 7 of ICL 
Transistor Ql is an npn transistor, and Q2 is a pnp transistor. The signal of pin 7 on ICl causes the 
output signal appearing on pin 3 to be modulated or varied by the audio frequency developed by Ql 
and Q2. The IC itself is connected as a stable multivibrator with a frequency that is determined by 
C3. Capacitor C3 sets the basic freqU€nc:y to be well above the human hearing range (ultrasonic). 
The combined modulated ultrasonic frequency appears on pin 3 of ICl 1 where it is coupled by ca­
pacitor C4 to the piezoelectric transducer. 

Cl, C2 0.1-µF Mylar Capacitor R2 3.3-MQ Resistor 
C2 1-µF Electrolytic Capacitor R3,R6 10-kQ Resistor 
C3 0.001-µF Mylar Capacitor R4,R5 100-Q Resistor 
ICl 555 timer IC R7 18-kQ Resistor 
Ql 2N3904 Transistor R8 Potentiometer 
Q2 · 2N3906 Transistor XDC Piezoelectric Transducer Disc 
Rl 4. 7-kQ Resistor Misc IC Socket, 9-V Snap, PC Board 
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74 

Phase Shifter Circuits 

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

Long-Tailed Pair Phase-Splitter 
Phase-SpliLLcr Circuit 
Phase Shifter with Eight OuLputs 
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LONG-TAILED PAIR PHASE-SPLITTER 

+13.2 V 

t 

Input 

10kfi 1 10 kn 

8.2 kO 

+ 

I 1 k.U 

WILLIAM SHEETS FIG. 74-1 

The single-phase input produces out-of-phase outputs at the collectors of Ql and Q2. 

PHASE-SPLITTER CIRCUIT 

+12 V 

10 kn 

Out L 180° 

In L0° 0-j 1--+--i----1 

10 µ,F Out L0° 

01: 2N2222, etc. 

WILLIAM SHEETS FIG. 74-2 

This phase splitter uses a 2N2222 ( or other general purpose npn transistor) to achieve outputs 
that are 180° out of phase. 
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PHASE SHIFTER WITH EIGHT OUTPUTS 

Phase sh iller 
10k 

I 

0 : 

47k 

2.2 k 

, ________ • __________________________ Control _ , 

A = 1 /4 OPA404 
OTA=CA31180 

ELECTRONIC DESIGN 

A 

,-----,--u+5V 
2N2222 

220 

' ,...BA220 

--r---·o -5V 
Vo1 

Vo*Va2 
Yo7 Vo3 

Yo6 V04 
Vos 

B 

FIG. 74-3 

The circuit consists of eight cascaded identical cells, each cell being a de-controlled active phase 
shifter. Because the de control is c:ommon for all shifters, the circuit is adjusted by trirmning RA so 
Lhat the phase difference between ¼1 and V: is zero. As a result, each shifter will introduce a phase 
difference of exactly rc/r. The eight signals for PSK are available at the op amps' outputs. 

Phase accuracy is acceptable for l %-tolenuH_'.e resistors and 5%-Lolerancc 100-nF capacitors. 
Also, the amplitude of i,: (which is a 1700-Hz sine wave), should not exceed IV. 
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75 

Photography Related Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
675. The figure number in the box of-each circuit correlates to the entry in the Sources section. 
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Time-Delay Flash-Trigger Circuit 
Photo Flash Slave Unit 
Enlarging Light Meter 
Photo Strobe 
Darkroom Timer 
Photo Strobe Slave Trigger 
Strobe Light 
Enlarger Exposure Meter 



R1 
330K 

TIME-DELAY FLASH-TRIGGER CIRCUIT 

U1-b 
1/4 CD4093 

•SEE TEXT 

s1° ___ ., +9V 

11 

A3 
300K 

01 
1N4448 

A2 
100K 

+ 

Ul-c 
t;, CD4093 

C2 

R6 
3.31( 

RS 
-1K 

1992 PE HOBBYIST HANDBOOK FIG. 75· 1 

The circuit is built arow1d a single 4093 quad 2-input NAND Schmitt trigger. Two gates from that 
quad package (Ul-a and Ul-b) are configured as a set-reset flip-flop. 

PHOTO FLASH SLAVE UNIT 

0 • +9V 
SI 

ON/OFF 
R2 R4 
4.7K J9on 

Cl R3 JI 
+ 

Cl 
) 1701( {FLASH L€AO) 

100 

RI 
1001( 

QI 
2N51'17 

02 
BC101 

POPULAR ELECTRONICS FIG. 75-2 

Phototransistor Ql receives a light pulse from a photoflash unit. The pulse is ac-coupled to am­
plifier Q2. It then triggers SCRl, which triggers a flash unit that is connected to JI. 
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R1 
1001< 

01 
1N914B 

D2 
1N9148 

A12 
1200 

POPULAR ELECTRONICS 

ENLARGING LIGHT METER 

Cl 
.1 

R2 
fMfG 

R6 RS 
1.2K 3300 

R10 
220K 

R11 
820K 

A4* 
220.0. 

-= 

-= 

-= 

+ 

Rl4 
1K 

-=-
ltUll 

R13 
3300 

+ 

RlS· 
1500 
112w 

D3 
1N4007 

C2 
220 

'---y---1 

D4 
117VAC 

1N4007 

C3 
220 

*SEE TEXT 

FIG. 75-3 

Meter Ml, a +/-50-µA zero-center D'Arsonval meter moveme-nt is driven by Ul, a TL081 FET op 
amp, through R3. The gain of Ul is set at 11 by RI and R2, while capacitor Cl is used to restrict the 
bandwidth of Ul to 1.6 Hz. Power for the circuit is derived from a simple dual-polarity 12-V pow_er 
supply (consisting of Tl, D3, D4, C2, and C3). 

Alight-dependent resistor (LDR), Rl6 (which is a semiconductor element whose resistance de­
creases as it is exposed to increasing illumination), is used as a light-sensing device. One end ofR16 
is connected to the negative supply rail through Rl2, and the other end is connected to pin 3 of Ul, 
applying a negative current to Ul. A variable (over a 4:1 range) positive current determined by the 
settings of R14 and Sl (and derived from the positive supply rail) is also fed to pin 3 of UL 

When the two currents (of opposite polarities) are equal, they cancel each other out, so effec­
tively no current is applied to pin 3 of Ul. With no current applied to pin 3, the output of Ul is zero 
and meter Ml registers accordingly, indicating a null. Ilowever, when light striking Rl6 causes its re­
sistance to decrease, the current through the device increases, making the negative current greater 
than the positive current. Under that condition, the negative current causes the output of Ul to 
swing negative, causing the pointer to swing in the negative direction. 

That indicates that the light intensity must be reduced by using a smaller lens opening on the en­
larger (smaller f/stop). The opposite occurs if the light is too dim. Lamp 11, a 12-V 60-m.A 1'grain of 
wheat" unit, is used to illuminate the meter scale, and Rl5 is used to limit the meter's illumination to 
a faint glow that is just bright enough so that the face of Ml can be plainly seen in a photo darkroom. 
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ENLARGING LIGHT METER (Cont.) 

Resistors R8 and R4 should be selected for the met.er used. With a dual supply of +/-12 V, U l pro­
duces an output voltage of 10 V peak-to-peak. The resistance of R3 can be found by dividing the peak 
voltage (i.e., 10/2) by Lhe full-scale·mctcr current (in amps); i.e. 1 R:1 (10/2)/0.0005 = 100,000 n. R4, 
the shunt resistor, should be selected to have a value equal to the rr1eLer's internal resistance. 

ELECTRONICS NOW 

~ 
02 

PHOTO 
SENSOR 

C1 
.005 

PHOTO STROBE 

MIC1 +.-----, -..-----
SOUND 
SENSOR_ 

R7 
10K 

7 

C2 
.1 

R10 
10K 

R24 
S1 1.5K 

(PART 81 
OF R8) 

1
_!_\' __ 

FIG. 75-4 

Sound or light sensors cormected Lo J2 produce a voltage LhaL is amplified by ICl-a and ICl-b. A 
positive voltage that is developed by DI and D3 and amplified by lCl-cl 1 drives 1C2 and lCl to 
trigger SCRl. SCRI is connected to a strobe. This device is handy for photographic purposes to take 
pictures of events Lhat involve sound, such as impacts, etc. 
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DARKROOM TIMER 

..L 
... w---------as20---------. 

OAIVE IN R5 '1--Y----+--,.._.._,......, 
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az1 

R6 
10K 

FEEDBACK 
(BLUE) 

COMMON 
(BLACK) 

R4 
220K 

U1 
lii5li 

OSC/flMER 

Cl 
2.2 

C4 
22 

1991-PE HOBBYIST HANDBOOK FIG. 75-5 

The electronic darkroom timer is built around a 555 oscillator/timer, a pair of general-purpose tran­
sistors, a buzzer, and an LED. The 555 (Ul) is configured as an astable multivibrator (frce-rwming os­
cillator). The frequency of the oscillator is determined by the valuesR1 throughR3 and C1 through C4. 

Switch Sl is used to divide the capacitor network to vary the time interval between beeps; when S1 
is closed, the circuit beeps at intervals of 30 seconds. With SI closed, it beeps at 15-second intervals. 

When power is applied to the circuit (by closing switch S2), the output of U1 at pin 3 is initially 
high. That high is applied to the base of transistor Ql (an MPS2907 general-purpose pnp device), 
keeping it turned off. That high is also applied to the anode of LEDI (which is used as a power on in­
dicator) through resistor-H7, turning it on. 

Timing capacitors Cl through C5 begin to charge through timing resistors Rl through R3. de 
voltage is applied to BZl 's driver input through R5 and to its feedback terminal (through R4), which 
is also connected to Q2's base terminal. The V + voltage that applied to Q2's base causes it to turn on, 
tying BZ l 1s common terminal high. 

When the timing capacitors are sufficiently charged, a trigger pulse is applied to pin 2 (the tr_ig­
ger input) of U2, causing Ut's output to momentarily go low. This causes LEDI to go out and tran­
sistor QI to turn on. That, in turn, grmmds the common lead of buzzer BZl, causing BZl to sound. 
Mterward, the output of Ul returns to the high state, turning off QI, and turning on LEDl, until an­
other time interval has elapsed and the pmcess is repeated. 

The circuit is powered by a 9-Vac adapter, which plugs into a standard 11 7-V household outlet. 
Because the circuit draws only abouL 10 to 15 mA, a 9-V alkaline transistor-radio-baLtery can also be 
used to power the circuit. 

PHOTO STROBE SLAVE TRIGGER 

~i,~CENTER LEAD 

~ ll_r-. OUTER LEAD 

1991 PE HOBBYIST HANDBOOK FIG. 75-6 
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The photo strobe slave trigger circuit uses a 
solar cell and an SCR to flash any strobe when you 
trigger your "master" strobe. The tiny soJar cell 
produces a very small voltage when light falls on its 
surface. 



R1 02 + 

°"I 
120VAC 

C3 C6I 
01 P1 

C6 
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STROBE LIGHT 

C1,C2,C3 ... 10 µF 160V Electro­
lytic Capacitor 

C4,C5,C6 .,. 160 µF 200V Electro­
lytic Capacitor 

C7 ........ 0.5 µF 250V Mylar Ca-
pacitor 

D 1 , 02 . . 1 N4004 Diodes 
F1 ........ 1 Amp Pigtail Fuse 
FT1 ···-·· Giant Xenon Strobe Tube 
L 1 .. . . .. . . Neon lamp 
P1 ........ 10 Meg Potentiometer 
01 . . . ... . . 106D1 SCR 
R1 . . . . .. . . 20 ohm 1 0 Watt Power 

Resistor 
R2 . . . . . .. . 270K 1/4 Watt Resistor 
S 1 . . . . . . . . Slide Switch 
T1, T2 .. Trigger Coil 

FIG. 75-7 

This strobe light operates from standard 120-Vac power. Rl limits the amount of current applied 
to the voltage doubler stage, which is comprised of Cl, C2, C3, Dl, D2, C4, C5, and C6. Capacitors 
Cl, C2, and C3 are connected in parallel and fom1 a capacitance of 30 µFat 160 V. Capacitors C4, C5, 
and C6 are connected in series and form an equivalent capacitor of about 53 µF at 480 V. Diodes D l 
and D2 not only rectify the ac voltage, but also complete Lhe voltage doubler stage, which converts 
the incoming 120 Vac to the appropriately 300 V that are required by the xenon strolJe tube. 

The next stage of the circuit is the neon relaxation oscillator and trigger stage. This is 
made up of R2, Pl, C7, Ll, Ql, Tl, and T2. As the storage capacitor (made up of C4, C5, and C6) 
reaches its full-capacity charge, the voltage divider (made up of R2 and Pl) applies voltage to ca­
pacitor C7. As C7 charges up, it reaches a threshold voltage SCR QL When Ql has a positive 
pulse on its gate, it fires (causes a short from anode to cathode). That firing action discharges most 
of the energy stored in C7 into trigger transformers T 1 and T2 (which have secondaries connected 
in series to developer 8 kV). The frequency of the 8-kV pulses is determined by the setting of Pl 
and the value of Cr Because C7 is a fixed capacitor, only the si::?:t:mt~ of Pl adjusts the flash rate in 
this circuit. 

As soon as an 8-kV pulse is applied from the secondary of T2 wire) to the trigger lead of 
FTI, it discharges storage capacitors C4, C5, and C6, which causes it to ionize (flash). The cycle then 
repeats itself until the power is removed from the circuit board by turning ''off" S1 or removing the 
line cord. 
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ENLARGER EXPOSURE METER 

....----------e----<r 0------. 49V 

Al 
4 7K 

R4 
ORP12 

R3 
1MEG 
LOG 

1/4 
4011 

POPULAR ELECTRONICS 
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Sl 
ON/OFF 

14 

1/4 7,8,9,12,13 
4011 

FIG. 75-8 

Two gates of a 4011 arc used as a comparator. 
When the resistance of R4 decreases the voltage 
at pin 1 and 2 increases, producing a logic zero at 
pin 3, causing pin 4 to go high and activating the 
LED. R3 is calibrated in light units, or seconds ex­
posure time. To calibrate, set pot R3 so as to just 
be on the LED ON/OFF threshold. With a light 
level that is suitable to correctly expose a photo­
graphic print, use a known enlarger and a known 
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Piezo Circuits 

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

CMOS Piezo Driver 
CMOS Piezo Driver Using 4049 
Piezo Driver 
Piezo Micropositioner Driver 
555 Oscillator for Driving a Piezo Transducer 
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CMOS PIEZO DRIVER 

R1 
1MEG 

POPULAR ELECTRONICS FIG. 76-1 

CMOS PIEZO DRIVER USING 4049 

R1 R2 
39K 1/s 4CM9 3.9k 

C1 
1/s4041 0.1 

FIG 76-2 

A CMOS-gate and transistor buffer can be This circuit uses a 4049 IC to drive a 2N2222 
used as an effective driver for a piezoelectric switching transistor. The transistor drives crys-
transducer. tal 1 a piezo transducer. 

PIEZO DRIVER 

R 20A :20R 

-175 

ELECTRONIC DESIGN 

PIEZO MICROPOSITIONER DRIVER 

R 

-175 -175 

FIG. 76-3 ELECTRONIC DESIGN 

H!R 

PIEZO 
---~MICRO· 

POSITIONER 

c:::J 

FIG. 76-4 

Using a PA41 from Microtechnology, The PA41 from Apex Microtechnology is used 
this monolithic amplifier is capahle of 350-V op- here to drive a piezoelectric micropositioner. The 
eration and delivers 660 V p-p in a bridRe circuit. drive voltage is less than 20 V p-p at input. 
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555 OSCILLATOR FOR DRIVING A PIEZO TRANSDUCER 

Ver. 

R1 
4 8 100K 

2 

-=- U1 R2 
3 LM555 6 

310K 

AJ 
{SEE 5 

TEXT} 
C2 C1 .01 1000pf 

POPULAR ELECTRONICS FIG. 76-5 

A 555-timer oscillator is perhaps one of the most popular circuits for driving a piezoelectric 
transducer. 
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77 

Power Supply Circuits-H-igh Voltage 

The sources of the following circuits are contained in the Sources section) which begins on page 
675. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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High-Voltage de Generator 
Fluorescent Tube Power Supply 
Photomultiplier Supply 
Negative Voltage Supply 
Photomultiplier Circuit 
Single-Chip de Supply for 120-240 Vac Operation 
High-Voltage Supply 
Cold-Cathode Fluorescent-Lamp Power Supply 



C2 
220 
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C3 
.001 

HIGH-VOLTAGE de GENERATOR 

cs 
.001 

C7 
.001 

C9 
.001 

C11 
.001 

HIGH VOLTAGE 
OUTPUT 

+12V DC 
IN 

.__ _______ •c_11oo_

4

--+-+-----o} so~:C1 
FIG. 77-1 

In the miniature high-voltage de generator, the input to the circuit, taken from a 12-Vdc POV\-'.:CI 

supply, is magnified to provide a 10,000-Vdc output causing a pulsating signal, of opposite polarity, 
to be induced in Tl's secondary winding. 

The pulsating de ouLpuL aL the secondary winding of Tl (ranging from 800 to 1000 V) is applied 
to a IO-stage voltage-multiplier circuit, which consists of Dl through D10, and C3 through Cl2. The 
multiplier circuit increased the voltage 10 times, producing an output of up to 10,000 Vdc. The mul­
tiplier accomplishes its task by charging the capacitors (C3 through Cl2); the output is a series ad­
dition of the voltages on all the capacitors in the multiplier. 

rn order for the circuit to operate efficiently, the frequency of the square wave, and therefore 
the signal applied to the multiplier, must be considered. The output frequency of the oscillator (Ul­
a) is set by the combined values of R1, R5, and C1 (which with the values specified is approximately 
15 kHz). Potentiometer R5 is used to fine tune the output frequency of the oscillator. The higher the 
frequency of the oscillator, the lower the capacitive reactance in the multiplier. 

Light-emitting diode LEDl serves as an input-power indicator, and neon lamp NEl indicates an 
output at the secondary of 'fl. A good way to get the maximum output at the multiplier is to connect 
an oscilloscope to the high-voltage output of the multiplier, via a high-voltage probe, and adjust po­
tentiometer R5 for the maximum voltage output. 
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POPULAR ELECTRONICS 

FLUORESCENT TUBE POWER SUPPLY 

CJ 
47 

25WVDC 

"] 
AND 

BATTERY 

+ }
1 

FROM 
CHARGER 

-~ 

161 LAYER 

01 
2N3055H 

56 TURNS 
NO. 22 WIRE 

J•d LAYER 
163 TURNS 

NO 28 WIRE 

FLUORESCENT 
TUBE 

S2 

FIG. 77-2 

A 2N3055 oscillator (Ql) drives a homemade transformer, wound on a Yiu x 1½11 ferrite rod. S2 is 
used as a filament switch and it can be eliminated, if desired. A 20-W fluorescent Lube is recom­
mended. The supply is 12 V. 

PHOTOMULTIPLIER SUPPLY 

Cathode Typical PMT 

Capacitors low value 1 00-200pf 
diodes-ln4006 or Equiv 

73 AMATEUR RADIO TODAY 

Anode 

.. limit 
current 
0.5mA max 

FIG. 77-3 

A Cockcroft-Walton voltage multiplier supplies the stepped voltage required for the dynodes of 
the PMT without the power-wasting voltage-divider resistor string-that is traditionally used. 
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POPULAR ELECTRONICS 

NEGATIVE VOLTAGE SUPPLY 

C1 
.01 

A 

C4 C6 
.05 .05 

-::~~ff--
- - .J L ___ 

C5 
OS 

B 

II 

':" 

+ 

C7 -= 
.05 

-100V 
DC 

OUT ____,._____ 
C4 + 
.05 

l NEGATIVE 
H.V. 
OUT 

FIG. 77-4 

The combination Hartley oscillator/step-up transformer shown in A can generate significant neg­
ative high voltage, especially if the voltage output of the transformer is multiplied by the circuit. 

73 AMATEUR RADIO TODAY 

PHOTOMULTIPLIER CIRCUIT 

100 k 100 k 

I-< Output 
0.1 µF 

500-1200 Vdc r+ 
200 k 

FIG. 77-5 

This circuit is typical of the way that a photomultiplier tube is used. The circuit shown is ac cou­
pled, but if de coupling is needed, the capacitor can be omitted and a suitable interfacing method 
used. A typical tube is the widely available 931/931A 
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SINGLE-CHIP de SUPPLY FOR 120-TO 240-Vac OPERATION 

F1 Al 5W 

0 
too• 260VRMS 

470 630V 

6 

IC1 

HV4205E 
5 •24V 

91411:3-11 

ELEKTOR ELECTRONICS FIG. 77-6 

Direct derivation of 5 to 24 Vdc from ac maiI1s 1 without a transformer is possible with this cir­
cuit. Note that a direct mains connection to the de output exists. Suitable safety precantions musl 
be taken. 

HIGH VOLTNlE 
TERMINAL 

T2 
IGNI­
TION 
COIL 

POPULAR ELECTRONICS 

HIGH-VOLTAGE SUPPLY 

• 01 - D8 ARE 1 N4DD7 

••c2-C9ARE .o1 UNITS 

ELECTRODES 

FIG. 77-7 

This circuit uses a transistor oscillator and a voltage multiplier to charge ClO and Cl I to a high 
voltage. When the spark gap breaks down, T2 produces a high-voltage pulse via the capacitance dis­
charge of ClO and Cl 1 into its primary. T2 is an auto ignition coil. 
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COLD-CATHODE FLUORESCENT-LAMP POWER SUPPLY 

C1 = WIMA MKP-20 
~ 27pf 

011 02 = latex Zll-M9 CCFl 
L1: Coiltronla CTX 150-4 

n = Celllnfflics CTX 110-6112 CCFL 
or Sumida EPS-207 

Colllronlcs: (305) 781--
&!mlda: (708) 956·0666 T1 -

D1 
+7Vto+24V 1'"148 

+ 
1&µF I 

D2 -
- 114148 

+3.0 V ta 5.5 V 

1N5818 

I I l1 
+ 

2.2jJ.FI Vjn 10k 

E1 Vsw -
LT1172 

E2 
VfB 

GND Ve 
03 22k + 

2N7001 I 1µF 
- 3k -21 -

I211-F 
Shutdown - Dimming Input 

ELECTRONIC DESIGN FIG. 77-8 

This circuit is a 92%-efficient power supply for cold-cathode fluorescent lamps (CCFLs), which 
are used to backlight LCD in portable equipment. The efficiency depends heavily on the component 
types, particularly Cl, Ql, Q2, LI, and Tl, whose manufacturers are noted. 
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78 

Power Supply Circuits-Low Voltage 

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

448 

Tracking Double-Output Bipolar Supply 
Universal Laboratory Power Supply 
+5 V/+3.6 V from 4 AA Cells 
Inductorless Switching Regulator 
Single LTC Power Supply 
Configurable Power Supply 
Combination Voltage and Current Regulator 
HV Power Supply with 9-to 15-Vdc Input 
Inductorless Power Supply Converter 
Simple Negative Supply for 

Low-Current Applications 
Inverting Power Supply 
Multivoltage Power Supply 
Current-Limiting Regulator 
Neon Lamp Driver for 5- to 15-V Supplies 
13.8-Vdc 2-A Regulated Power Supply 
0- to 12-V, 1-A VariabJe Power Supply 
Voltage Doubler Supply 
Adjustable 20-V Supply 
Switching Regulator Converter 

5-V to 3.3-V Switching Regulator 
24-V to 3.3-V SvVitching Regulator 
Laptop Computer Power Supply 
Subwoofer Amplifier Power Supply 
Dual Voltage-Rectifier Circuit 
Dual Audio Amplifier Power Supply 
Diodeless Rectifier 
Regulator Loss Cutter 
Synchronous Stepdown Switching 

Regulator with 90% Efficiency 
±5- to ±35-V Tracking Power Supply 
8-V from 5-V Regulator 
+ 1.5-V Supply for ZN416E Circuits 
Antique Radio de Filament Supply 
Inexpensive Isolation Transformer 

(Impromptu Setup) 
5-VUPS 
+5-V Supply 
Add 12-V Output to 5-V Buck Rc~ulator 
Telecom Converter -48 V to +5 V @ I A 
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TRACKING DOUBLE-OUTPUT BIPOLAR SUPPLY 

D1 

t~I t::a 

0 + C19 

,.::. ,¥ Ct7 

" + .01 

05 I +1 WAL 114111 ~ , SEJMRE _TPJO( 
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----,.- _ C10 _;:DC I ... ,~ Oll1l'UT 

,c R11 
5100 

~T+ 

ELECTRONICS NOW FIG. 78-1 

This circuit is useful for a bench supply in the lab. Separate or tracking operation is possible. The regulatdrs should be properly 
heatsinked. Tl is a 24-Vac wall transformer of suitable current capacity. 



UNIVERSAL LABORATORY POWER SUPPLY 
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The value of the design lies in the use of ICI I an LM317HVK adjustable series-pass voltage reg­
ulator, for broad-range performance remainder supplies voltage-setting and current-limiting func­
tions. The input to ICl comes from the output of BRll which is filtered by Cl and C2 to about +60 
Vdc, and the input for current-sense comparator IC2 comes from BR2 1 which also acts as a negative 
bias supply for regulation down to ground. The output voltage is determined by: 

(VOUT 1.25 + 1.3)/(R15 + R16) L25/R8• 

Thus, the maximum value from each variable supply board is: 

V0n = (l.25/R8) x (R15 + R16) = 50.18 Vdc. 

FIG. 78-2 
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+5 V/+3.6 V FROM 4 AA CELLS 

L1• 100 µH 1N5818 Main _______ .,._ _ __. 

battery + 
011tput 

4XAA-=.. 
alkaline 

3-V _ 
lilhium-

120 
150~F 1 2 

luM Vjn SW1 
6 7 U AO--------_, 

SH LT1i73 FB ;....
8
------------

GNO SW2 240 
5 4 

39 k 

lf • 220µH 1N4933 

+ 

3 1 2 6 
SW1 luM Vjn AO i----1-----,r--

-------1 SET LT~ti3 Fer--8---w 

10µF ..GND SW2 
5 4 

'l1 =: TOKO 262LYF·0092K ••L2 = TDKO 262LYF-0096K 

-ELECTRONIC DESIGN 

I- 5 V/3.6 V 

+ 

33a: 

~ BkUP/NORM 

FIG. 78-3 

With this unique logic-power-converter the figure), a switchable 3.6 or 5 Vat 200 mA 
can be attained by using four AA cells. The supply incorporates a MOSFET switch that can switch to 
a lithium backup battery, providing a :3.4-V output when the main battery is dead or removed. The 
supply consumes only 380 µA under no-load conditions. 

The circuit operates in a somewhat novel mode as a step-up/step-down converter. \¥hen ~the 
cells are fresh (from about 6 V to about 5.2 V), the LT1173's gain block drives the p-channel MOS­
FET, which turns the circuit into a linear voltage regulator. This might seem inefficient, but the bat­
teries are quick to drop from 6 V to 5 V. With a 5-V input, the efficiency (for the 3.6-V output) is 3.6/5 
or 72%, which is reasonable. As the battery-pack drops in voltage, efficiency increases, reaching 
greater than 90% with a 4.2-V input. 

At a point below a 4-V input, the circuit switches to step-up mode. This mode squeezes the bat­
teries for all of their available energy. In this case, efficiency runs between 83% at approximately a 
4-V input to 73% at a 2.5-V input. 

The supply can deliver 200 mA over its entire operational range. In its linear mode of operation, 
the supply has no current spikes that, because of the fairly high internal resistance of the alkaline 
cells, can reduce battery life. The topology delivers over 9.3 hours of :1.6-V 200-mA output power, 
compared to just 7 hours using the traditional flyback topology that is used in other designs. 
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4 5V 

INDUCTORLESS SWITCHING REGULATOR 

45V All 
TO DIODES 
12V 5 IC1 1NSS17 

VOlJT 
R1 MAXI.All 
IM MAX641 +12V 

@2mA 
VfB EXT 

R2 
01µF ·~1 130k GND LBI '"''I r, 

-::-

Substttuting the diode-nipadtor network shown/or an inducwr 
allows thi.\· swiu:hing-regulator IC to deliver 2mA at comparable 
line and load regulation, with somewhat reduced efficiency. 

A 

TO ---------....-----------1-------~ ALL 
DIODES 
1N5817 12V 

1000pf 

R1 
1M 

5 
VOUT 

IC1 

V 

INA IC2 

1µF 

OA1-
7
---1 1-+------------c 

-.MAXI.All ""'4.AXIAI 

,--------- VFB MAX641 EXT---"-- INS MAX621 OB ,_5__..,__j 1-"'--+--ia,i.-.. 

R2 
130k 

lµF 

GND 

lntrodudnx an MOS driver {IC2) enables rite Figure I circuit to deliver as much as WmA. 

B 

MAXIM ENGINEERING JOURNAL 

+12V 
@20mA 

FIG. 78-4 

In conventional applications, switching-regulator ICs regulate l'ouT by controlling the current 
through an external inductor. The IC in A, however, driving a diode-capacitor network in place of the 
inductor, offers comparable performance for small loads. The network can double, triple1 or quadru­
ple the input voltage. 

Feedback from the Rl/R2 voltage divider enables ICl to set the regulated-output level. (As 
shovm., the circuit derives 12 V from a 5- to 12-Vinput and provides as much as 2 mA of output cur­
rent.) Adding a noninverting MOS driver (B) boosts the available output current to 20 mA. Substi­
tuting the diode-capacitor network shovvn for an inductor allows this switching-regulator IC to 
deliver 2 rnA at comparable line and load regulation, with somewhat reduced efficiency. 
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01 
~ 

SINGLE LTC POWER SUPPLY 

V111 
8VTO 24V 

0-
INPUT 

~ 
RETURN 

N -! P-GATE 

a.~ -r- 3 Vee P-DRtVE 

Vee SENSE• 
U1 

1TH LTC1149 
1µF- SENSE-

C10 6 
Ct 1/fi 4700pf 

15 SD2 N-GATE 

C11 I I $-GNO R-G'1ID P-G.ND 
100DpF 

11 14 12 

C1 TOCA: 2~F. 10V (SANYO OS-coN, "SA" SERIES) 
C5, C6: ~f. 35V, (UNITED CHEM-CON. "L.XF" SERIES) 

C12 ~ 24.9k 
100pf ~ 1% 

Cl TO C12: USE SIMILAR OIELEtmlCS, FOR TEMPERATURE TRACKING 
(00 NOT USE TYPE Z5!I CERAMIC CAPACITORS) 

Ra: 0.02:n. NO!flNDUCTM. IRC TYPE MSM-1-0.02D-:t:5%. 
l 1A. l 18, L2: SEE TEXT 
UNMARKED RESISTORS ARE 0.25Jt. 5-,. 

LINEAR TECHNOLOGY 

+ C7 
1µF 

01 Q2 
Si9435DY y ~ Si94350Y 

Q3 1N581~ t I 
Si9410DY 

+ C5 .J!.e& p~ 
5VOUT 

0A TO 3A 

' 
0 

+ C3 ....1±. C4 
220iu' -,- 2ZOµF 

l2 I 
I T 

OUTPUT 
RETURN ~ 17W 

1NS81!U I I 

-¥- TOTAL 

I f·~ rr-~ o.om ~ Si941oov 
• 

I 3,3Vour 
0A TO SA 

.t:2 ' • I + C1 
220,!f -,- 220µf I 

D2 f R2 
R1 
102k 1N4148 124k 
1% 1% . 

,.,, ... 

FIG. 78-5 

One LTC 1149 synchronous switching regulator can deliver both 3.3- arid 5-V outputs. The design's simplicity, low cost, and 
high efficiency make it a strong contender for portable, battery-powered applications. The circuit described accepts input volt­
ages from 8 to 24 V, to power any combination of 3.3-V and 5-V loads totalling 17 W or less. For input voltages in the 8-V to 16-V 
range, the LTCI 148 may be used, reducing both quiescent current and cost. 



POPULAR ELECTRONICS 

PLl 

CONFIGURABLE POWER SUPPLY 

Cl + 

D1 
1N-,01 

U1 
UQ'IT 

ADJ 

0 ~--...-.o+{RED) 
Al 

2400 

R2 
C2 ., 

A~S~v-;MENT Vn1CAS '--E-IS_OUTPU __ T_100_0------6-----------o-(8LACK) 

(T0-3) 
CANPAC1<AGE 

BOTTOM\tlfW 

2.2K 

FIG. 78-6 

The adjustable supply can be reconfigured by altering the value of and beefing up some 
other components, as is necessary. 

The output voltage is given by l1c_mT = 1.25 (1 + R/R1). R2 can be changed, as is necessary. 

COMBINATION VOLTAGE AND CURRENT REGULATOR 

POPULAR ELECTRONICS 

+18-24V 
IN 

C1 ., 

Ul 
1185 

G 

0 

S1 

78
U025 .,_o __ <.J+ OUT 

5-12V 
G RS 

470.0 

C3 ., 

FIG. 78-7 

This voltage-regulator/cwTent-lirn.iter combination can be made from two 7805 regulators as sho'Wil. 
Rl, R2, and .R3 should-be selected for a 5-V drop at the maximum allowable current limit. 81 selects one 
of the three current values. Do not forget that Ul requires 5 mA Lo operate and this means that the min­
imum current limit setting should be 10 mA or more (R1 1.25 kQ). Resistor values are as follows: 

R (kQ) = ~ volts 
.c (current l1,m1,t mA 5 rnA) 

For 100 rnA, 

5 5 
Rx = 

100
_
5 

= 
95 

kQ or 52.5 11 
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HV POWER SUPPLY WITH 9-TO 15-Vdc INPUT 

R2 
5600 

,----....... ----+-- +9-15V 

R1 
100K 

CJ + 
22 

C4 CG 
.05 .05 

C5 07 
.05 .(16 

• 

-100V 
DC 

OUT ,_......___ 

POPULAR ELECTRONICS FIG. 78•8 

The combination Hartley oscillator/step-up transformer shown in A can generate significant neg­
ative high voltage, especially if the voltage output of the transformer is multiplied by the circuit in B. 

INDUCTORLESS POWER SUPPLY CONVERTER 
D1 ll2 

1N4001 1N4001 

8S4l81 

303 CIRCUITS 

BC639 
8C640 

! 
EC8 

FIG. 78-9 

Using a 555 timer and voltage doubler, this circuit will supply 2:50mA at 20 Vdc. Tl and T2 act as 
power amplifiers to drive the voltage doubler. Frequency of operation is approximately 8.5 kHz. 
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SIMPLE NEGATIVE SUPPLY FOR LOW-CURRENT APPLICATIONS 

~--------------1------------- +12 V 

1 kO. 
8 4 

+ 
10 µF 7 

1 N914(2) 

10 k!1 
2 

6 

3 
10 µF 

NE + ( r• 1 • -20V 
555 No load 

,..,.... 10 µ.F 

_t-
- -- -

0.Q1µF I 5 I 0.01 µF 

f = 6.8 kHz 

WILLIAM SHEETS FIG. 78-10 

This de negative-voltage generator based on the 5fi5 produces a negative output voltage equal to 
approximately 2x the de supply voltage. 

INVERTING POWER SUPPLY 

·-...... ----------

73 AMATEUR RADIO TODAY 

, .. , 
z~v 

100k 

VouT 

FIG. 78-11 

This circuit will provide a negative de voltage that is approximately equal to the positive input 
voltage at no load and about 3 V less at 10 mA load. ~N is from +5 to +15 Vdc. Do not exceed 15 V or 
Ul might be damaged. 
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POPULAR ELECTRONICS 

Fl 
1A 

'17VAC 

MULTIVOLTAGE POWER SUPPLY 

------
+ 

C2 

D4 

J_ 5000 1 

3A 
JOOPIV 

Ul 0 
7812 

G 

'=' 

+12V 

CJ I·, 
+8V 

+5V 

-!iV 

-8V 

C7 
.1 

FIG. 78-12 

This dual-polarity, multivoltage power .supply can be built for a very small invcstmcnL. The cir­
cuit is built around 78XX and 79:XX series 1-A voltage regulators, four :3-A diodes, a 24-30-V 2-6-A 
transformer, and eight filLer capacitors. 

~ 
I 4 f I I 

POSrTIVE 
FILTERED 

PULSATING 
DC 

CURRENT-LIMITING REGULATOR 

POSITIVE­
VOLTAGE 

REGULATOR 
Floating adjustable regulators can be use<l as 

current limiters. Resistor Rl programs the cur­
rent flowing through R2. 

1"993 ELECTRONICS HOBBYISTS HANDBOOK FIG. 78-13 
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NEON LAMP DRIVER FOR 5- TO 15-V SUPPLIES 

+ .-----t1t----------.,------.... +5 to 15 V 

10 µF 

WILLIAM SHEETS 

1 kf1 

7 

2 

6 

0.005 µ,F 

4 

NE 
555 

5 

3 

I 0.01 µF 

T1 

Pulse 
x frmr 

1 :30 Step-up 

I= 15 kHz 

FIG. 78-14 

This neon-lamp driver based on the 555 Tl can be wound on an old TV llyback transformer core. 

13.8-Vdc 2-A REGULATED POWER SUPPLY 

C1 

BLACK 

1991 PE HOBBYIST HANDBOOK FIG. 78-15 

This regulated power supply consists of step-down Lransformcr Tl, a full-wave rectifier bridge 
(Dl through D4) 1 and a filtering regulator circuit made up of Cl, C2, Hl, R2, R3, and QI. When 
120 Vac is provided, the neon-lamp assembly 11 up, and transformer Tl changes 120 Vac to 
about 28 Vac. The rectifier bridge, D1 through D4, rectifies the ac into pulsatin~ de, which is then fil­
tered by Cl. Capacitor Cl acts as a storage capacitor. Zener diode D5 keeps the voltage constant 
across the base of Darlington regulator Ql, causing constant voltage across resistor R3 and the ( +) 
and ( - ) output terminals, where the load is connected. Fuse F2 is used to open ("blow"), if the <:nr­
rent through the output terminals is too high. Make sure to take proper precautions when using 
projects powered by 120 Vac. 
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0-TO 12-V, 1-A VARIABLE POWER SUPPLY 

2 IC1 3 

1 R1 R3 R5 + 
0-12VDC 05 

r-0 
+ P1 R2 C1 

1991 PE HOBBYIST HANDBOOK FIG. 78-16 

'rhis 0- to 12-Vdc variable power supply uses an IC voltage regulator and a heavy-duty trans­
former to provide a reliable de power supply. Looking at the schematic shown, you can sec that 
transformer Tl has a 120-V primary and a 28-V secondary-. 

Piltered de is ferl to the input (pin 2) of the LM317T voltage regulator, JC, which keeps the volt­
age at its output constant (pin 3) regardless (within limitations) of the input voltage. Pin 1 of the 
LM317T is the adjustment pin. Varying the voltage on pin 1 (via Pl) varies the output voltage. 

Diodes D5 through D7 and LEDs LI through 13 give an approximate indication of the output 
voltage. Each LED/diode path has a limiting resistor to limit the current to a level that is safe for the 
LED. 

POPULAR ELECTRONICS 

117 
VAC 

VOLTAGE DOUBLER SUPPLY 

,.......A __ ..,__..,._ ___ --t') + 30-34V 

8 

01 1,..... 
+ C1 

1000 

FIG. 78-17 

The voltage douhler is built around a pair of diodes (Dl and D2) and a pair of capacitors (Cl and 
C2) that are fed from, in this case, a 12-V, 1-A step-down transformer (Tl). 
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ADJUSTABLE 20-V SUPPLY 

• I! 

0-0+ 

SILICON CHIP FIG. 78-18 

This circuit can deliver 8 A or more and a maximum de voltage o[ a little over 20 V. It is designed 
around the readily available LM:317T adjustable 3-tcrminal regulator and has a pnp power transistor 
to boost the- current output. 

The transformer has an 18-V secondary rated at 6 A; this feeds to bridge rectifier and two 4700-
µF capacitors to yield around 25 V de. This voltage is fed to the emitter of the MJ2955 transistor and 
to the input of the LM317 via a 33-!l resistor. 

MAXIM ENGINEERING JOURNAL 

SWITCHING REGULATOR CONVERTER 

GND 

MAXIM 
MAX650 

-48VINPUT 

C 
+SV 

OUTPUi 

FIG. 78-19 

The Max:650 switching regulator produces a regulated 5 V from large negative voltages, such as 
the -48 V found on telephone lines. The resulting power supply operates with several external com­
ponents, including a transformer, and it delivers 250 mA. The device includes a 140-V 250-mA pnp 
transistor, short-circuit protection, and all necP.ssary control circuitry. 
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5-V TO 3.3-V SWITCHING REGULATOR 

Vin 
SV±S% 

Vin 

NATIONAL SEMICONDUCTOR, LINEAR EDGE 

~F_a ______ ~ vout 

l M2574M-3.3 
OUT 

PWR SIG 
GNO GND 

L = lOOµH 

D 
IN5817 

3.3V 
@0.SA 

C.out t330µf 

FIG. 78-20 

A National Semiconductor LM257 4 is used to derive 3.3 Vat 0.5 A from a 5-V logic bus. The duty 
cycle is: 

VD diode drop (0.39) 
v;NI> inductor de drop 
~'>AT saturation voltage of LM2574 (0.9 V typical) 

This circuit should be useful to derive 3.3 V for logic devices from existing +5-V buses. 

24-V TO 3.3-V SWITCHING REGULATOR 

Vin =24V 

On 2,2µFI 
Vin 

NATIONAL SEMICONDUCTOR, LINEAR EDGE 

l M2574M-3.3 

ON/ PWR 

OFF GND 

- -

FB 
Vout 
3.3V 

OUT 
L =220µH @O.SA. 

D Cout 
IN5818 t330µf 

--

FIG. 78-21 

The National Semiconductor LM2574 delivers 3.3 V out at 0.5 A from a 24-V source. The duty cy­
cle is: 
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v; = diode drop (0.39) 
½ND = inductor de drop 
V:'>iff = saturation voltage ofLM2fi74 (0.9 Vtypical) 
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LAPTOP COMPUTER POWER SUPPLY 

SCRI " Cl 

1100,-F 
251/0C 

RI 
01n 
5\11 

R3 02 

R2 
ion 
SW 

QI 
PNP 
MJ2955 

03 
IN!'i401 

O )n l N5401 .__"""'s w,,,,,_ ______ .....,.. ______ 111 ~~

31

7T 1-110;:;......i..__. ____ ~ 

C2 101,..F 

i:;j6 
,on 
114W 

R5 Resistor Value 
7500 
9100 
1.2K 
1.5K 
1.8K 
2.0K 
2.7K 
3.3K 
3.6K 
4.3K 

O• 
8 211 
IN4738 

Voltage Out 
SV 
6V 
av 
9V 

10V 
12V 
15V 
18V 
20V 
24V 

Note: Any output voltage value greater 
than 10V requires a higher input voltage 
than 13.6V. In addition capacitor working 
voltage ratings will have to be increased 
accordingly. Allow a minimum of 2.5 
times the voltage expected to appear 
across the capacitor as a standard for the 
working voltage. 

Table 1. Resistor value/voltage matchup. 

RB 
100n 
114W 

;t 
LED I 

RS• 
<SH TABLE 0 

FIG. 78-22 

A laptop r'.omputer supply Lhal has 9-V output, crowbar overvoltage protection, and operates 
from a 12-V supply is shown above. The supply volLa,'se should be at least 3.6 V above the expected 
output voltage. Ql should be heatsinked appropriately. R5 should have a value of 1.5 k.Q for 9-V out­
put. Table 1 gives values for other voltages. 
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SUBWOOFER AMPLIFIER POWER SUPPLY 

TO 117 VAC SWITCHED +15V 
POWER ON RECEIVER R11 01 

(TO CROSSOVER) 

820'1 15V 
1W -1N4744B 

F1 -= 
2A +35V 

(TO AMPLIFIER) 

C7 

C6 

II 
9000 

.005 
GND 

CB "=" 
9000 

RlO 
5K 
5W -35V 

(TO AMPLIFIER) 

-15V 

R12 02 
(TO CROSSOVER) 

820'1 15V 
1W 1N,74'11 

'::" 

POPULAR ELECTRONICS FIG. 78-23 

Although intended to power a 100-W low-frequency amplifier, this power supply should handle 
many mono or stereo amplifiers in Lhe medium power range that require ±30 to 35 V. 

POPULAR ELECTRONICS 

1t7 
VAC 

DUAL VOLTAGE-RECTIFIER CIRCUIT 

____ ...,.. __ ....., ____ ..,_--n+15-18V 

01 
03 1N400I + 

1N4003 

04 02 
1N40031N4GOS 

--------,1..,_--0_1&-1av 

This stepped-up dual voltage supply provides ±15 to ±18 V unregulated. 
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SILICON CHIP 

DUAL AUDIO AMPLIFIER POWER SUPPLY 

ffi s 

&ND OUT 

• IN 

-3UV 

...... ----------15¥ 
PREAMPllflfR AND COITROL UNff 

FIG. 78-25 

A dual audio amplifier that will deliver 50 W per channel is shown in the schematic. It includes 
--preamp and tone controls, and also includes a headphone amplifier. The circuit depicts the power 
supply that supplies ±38.5 V and ±15 V regulated for the dual 50 watter. 
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(a) 

(b) 1 

ELECTRONIC DESIGN 

DIODELESS RECTIFIER 

Notes: 
1. fl2/R1 = 2 is crilical (1% resistors are 

recommended). 
2. ~. "4 are not critical. 
3. Ii and R& are gain reslsto11 

(k= ~5 + 1). In lhisenmpl; 
l = 2, thus the amplitude ol the 
outpul signal is twice as high as 
of Input slgnal. R& = 0 (k = 1) gives 
us equal input and autput amplltudts. 
The gain can be increased (H needed) 
for small input levels. 

FIG. 78-26 

It's common knowledge that when working with single-supply op amps, implementing simple 
functions in a bipolar signal environment can be difficult. Sometimes additional op amps and other 
clccLronic components are required. 

Taking that into consideration, can any advantage be attained from this mode? The answer lies 
in this simple circuit (A). Requiring no diodes, the circuit is a high-precision full-wave rectifier vVith 
a high-frequency limitation equalling that of the op amps themselves. Look at the circuit's timing di­
agram (B) to see the principle of operation. 

The first amplifier rectifies negative input levels vVith an inverting gain of 2 and turns positive 
levels to zero. The second amp, a noninvcrting summing amplifier, adds the inverted negative signal 
from the first amplifier to the original input signal. The net result is the traditional waveform pro­
duced by full-wave rectification. 

In of the limitation on the input signal amplitude (it must be less than ~c/2) 1 this circuit 
can be useful in a variety of setups. 
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.,::.. 

~ 

'• 15--UV 

ELECTRONIC DESIGN 

+ C1 
470 pf 
50V 

H1174 

GND Ve 
3 I 2 

C2 
0.1 µF 

lm,1 < 1.5 A: 11187&, 11188& 
leut < 5 A: Lr1174, ll'1U84 

REGULATOR LOSS CUTTER 

L1 

4.7k, 1% 

l t = Cllinlunks l:TXSll-5-52 
L2=Co1111'11nfcsCTX5-5-fR 

L2 
Vjn 

lT1084 Vom 
Yout I f ' '1.251o3UU 5 iJI 

~ 

I C5 
39iJ 

-::- 35V 

VREF=1.5Y 

1U,1% 

ADJ 

Co! = Nlclllco l)Pl 1H471 MRH 
C2 = Nlchicol UPL1H3311RH 
&3 = Nlmlton UPL1V3911EH 

R7 
1k 
1W 

Vout<Vln·8V 

• Ci 
11iJ 

Tantafllm 

FIG. 78-27 

Large input-to-output voltage differentials, caused by Vvide input voltage variations) reduce a linear regulator's efficiency and 
increase its power dissipation. A switching preregulator can reduce this pO\,ver dissipation by minimizing the voltage drop across 
an adjustable linear regulator to a constant 1.5-V value. 

The circuit operates the LT1084 at slightly above its dropout voltage. To mirtimize power dissipation, a low-dropout linear reg­
ulator was chosen. The LTl 084 functions as a conventional adjustable linear regulator with an output voltage that can be varied 
from 1.25 to 30 V. 

Without the preregulator (for a 40-V and a 5-V output at 5 A), it would be virtually impossible to find a heatsink large 
enough to dissipate enough energy to keep the linear-regulator junction temperature below its maximum value. With the prereg­
ulator technique, however, the linear regulator ,vill dissipate only 7.5 Wunder worst-case loading conditions for the entire input­
voJ.ta.e:e range of 15 to 40 V. Even under a short-circuit fault condition, the 1.5-V drop across the LT1084 is maintained . 



SYNCHRONOUS STEPDOWN SWITCHING-REGULATOR WITH 90% EFFICIENCY 

V111 
-=. 5.5VTO ½ 13.5V 

C2 
T0.1µF 

PDRIVE i--------1 

LTC1148-5 

01 
Si94300V L1 

6211H 
RSENSE 
somo 

OV ~ NORMAL 
> 1 5V = SHUTDOWN 

lO SHUTDOWN 
.,_ __ ....,....,...,r-T"'1,,_..,...~,,_.,..._., __ 5vm 

C1(TA) 

SENSE' l----e~---+-------1~-----' 

-------..;...i6 
1TH SENSE- 1------------,..--~I--------

14 
NORIVE 1-------1 

PGND 

12 

02 
SI9'410DV 

01 
MBRS140T3 

+ Cour 
....,..... 220µF x 2 
..L. IOV 

C1N AVX (TA) TAJD156K025ALR, ESR = 0.30. IRMS = 0 707A 
Cour AVX (TA)TAJE227K010RLA, ESR = o.osn, lrtMS ~ HA 

01 MOTOROLA SCHOTTKY. V8R = 40V 
RSENSE IRC LR2512-01-R050J Po -1w 
L 1 COILTRONICS CTX62·2•MP. OCR= 0.0350, MPP CORE (THROUGH HOLE) 

01 SIUCONIX PMOS, BVDSS • 20V, ROSoN = 0.10, CRSs" 400pF. DG = 50nC 
02 SILIC0NIX NM0S, BVOSS"' 30V. ROSQN = 0 050, CASS~ 160pF, aG 1 30nC 

L 1-1 COIL TRONICS CT:,C02· 117l5·2, DCR • 0.1 Hl. FERRITE CORE (SURFACE MOUNT) 
ALL OTHER CAPACITORS ARE CERAMIC 

A LTCt148 (5.5V-13.5V to 5V/2A) surface mount 

100 
~Ill 6V 

Ill -
~ 

90 

~ z 
Lu u 
.:.:: 
tb 80 

.,,,,,... 

+t 
,,,,. ... ""I 

i' ........ 
_..- -- ~ 

V ; ;;;,,-~ ... ,, 

/' / 
~ .... 

, 

' 
~~ 

, 

70 J 
2 20 200 2000 

OUTPUT CURRENT (mA) 

B L TC 1148-5: 5.5V to 13.SV efficiency 

LINEAR TECHNOLOGY FIG. 78-28 

A shows a typical LTC1148 surface-mount application providing 5 Vat 2 A from an input voltage 
of 5.5 V to 13.5 V. The operating efficiency, shown in B, peaks at 97% and exceeds 90% from 10 mA 
to 2 A with a 10-V input. QI and Q2 comprise the main switch and synchronous switch, respectively, 
and inductor current is measured via the voltage drop across the current shunt. R8ENSE is the key 
component used to set the output current capability according to the formula l0uT = 100 mV/RsENsE· 
The advantages of current control include excellent line and load transient rejection, inherent short­
circuit protection and controlled startup currents. Peak inductor current is limited to 150 mV/RsENSE 
or 3 A for the circuit in A. 
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:t:5- TO ±35-V TRACKING POWER SUPPLY 

+ 40V UNREGULATED 

4 01 
1NIHI 

R2 
75K 

D2 
LM103 

2.4 

C1 
300pF 

R1 
390t< 

+Voor(AEG} 

R6 
39K 

GND(;>---------e---------------+---. 

C2 
300pf R7 

-40V UNREGULATED 

39K 

-Vw, 
REG 

OUTPUT VOLTAGE IS VARIABLE FROM -f!JV TO :t35V. 

NEGATIVE OUTPUT TRACKS POSITIVE OUTPUT TO 
WITHIN THE RATIO OFA6 TO-R7. 

8-V FROM 5-V REGULATOR 

REGULATED 
+8V 

TO CIRCUIT 

lN SVOtJ 0 
REGULATOR ---

1200 G 

POPULAR ELECTRONICS FIG. 78-30 

If you have trouble locating an 8-V regulator, 
although they are commonly available, a 5-V unit 
can replace it by connecting the regulator, as is 
shown here. 

+1.5-V SUPPLY FOR ZN416E CIRCUITS 

POPULAR ELECTRONICS FIG. 78•29 POPULAR ELECTRONICS FIG. 78-31 

This regulator can be used 'With a +6-V-source 
This supply is designed to operate from a ±40- to supply ZN416E low-voltage TRF radio-receiver 

V nominal unregulated power source (bridge rec- IC the necessary + l .5 v R3 sets output voltage. 
tifiert etc.}. 
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POPULAR ELECTRONICS 

ANTIQUE RADIO de FILAMENT SUPPLY 

f1 
.1A 

I 
I I 
L ___ :-__ J 

C1 
1000 

+ 

.. 

U1 
LM7885 

G 

U2 
LM7805 

G 

5 VOLTS 
.,....--A--., 

FIG. 78-32 

This de supply is great for operating battery-powered antique radios 1 because it is designed to 
prevent harming the tube filaments. The circuit is useful for powering filaments of 00-A, 01-A, 112A, 
and 71A tubes, which require 5Vat 250 mA. 

INEXPENSIVE ISOLATION TRANSFORMER (IMPROMPTU SETUP) 

PL1 

117V rn 117V 

GROUND 

1993 ELECTRONICS HOBBYISTS HANDBOOK FIG. 78-33 

Using two 12-V filament or power transformers, an impromptu isolation transformer can be 
made for low-power (under 50 W) use in testing or servicing. S01 is an ordinary, duplex ac recept­
able. Use heavy-Vvi.re connections between the 12-V Vv'indings because several amperes can flow. 
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5-V UPS 

Vm (8 v 10 17 vi DJ 
1N4148 

D4 
1N5817 

You! 

R2 
(5V) 

2BOk C2 R5 R6 
1% 1 nF 47Dk 470k 

Lt Vs 7 6 
Vsel 

Sense Vout 
Vra + C4 

le 
6 S SHDN Vfn 

a 15D µf 
ICJ MAXC001 

MAX63D 3 
LBI 

IC2 
MAX666 C1 01 7 LBD + C3 

RJ 1N3904 1D µF LBR GNO 1flflk GND ,,~ R7 4 
100k 

Notes: 
1. Use greuod plane. 2. Resislllra are ±5% IJ.O.S. 

ELECTRONIC DESIGN FIG. 78-34 

A 9-V wall a.::::.;:r::::;n2r supplies V1N. IC2 contains a low-battery detector circuit that senses V1N by 
means of R6 and R7. The detector output (pin 7) drives an inverter (Ql), which in turn drives the 
shut-down inputs of 1C1 and SHDN of IC2. These inputs have opposite-polarity active levels. The 
common feedback ~L::.,s•1.E.'t,,..01t"s, R2 and R3 enable both regulators to sense the output voltage, Vour 

When IC2 shuts do-wn, its output turns off. However, when ICI shuts down, the whole chip as­
sumes a low-power state and draws under 1 µA. Ll, D2, Cl, C2, R2, and R3 are part of the 250-mW 
switching regulator. Diodes D3 and D4 wire-OR the power connection to TC2, and C3 improves the 
linear regulator's load regulation. 

J2 
12 VAC 
INPUT F2 OFF 

+5-V SUPPLY 

1 

/FR~ ON r-- - - - BR1- -1"'"·+1 
__. __ ..,._-e---t 

$1 I I 

AOJ 
3 I 

IC6 

POWER : l 
(VJ\ I I 

I I 
I I 
I I 

I \.. ---------J 
NOTE 
? = GROUND FOR VARIABLE SUPPLIES 
"\I "' GROUND FOR 5-VOLT SUPPLY 

ELECTRONICS NOW 

LM317T 

C13 
.22 

0 

~ LED2 
POWER V3 M\ R18 +5V 

IC7 2200 OUTPUT 
; LM317T O 2 

ADJ -C16 
1 10),iF 

R14 
1240 

R17 
+ R15 1600 C15 

25µF 3740 

FIG. 78-35 

The power supply shown is designed Lo operate from a wall transformer. This circuit can be used 
in conjunction with a variable supply to test circuits in the lab, etc. T2 is a 12-V wall transformer. 
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IC1 
um: 

+ 

l• p.fi 

ELECTRONIC DESIGN 

ADD 12-V OUTPUT TO 5-V BUCK REGULATOR 
¥111 

U111V 

Lx 7 

1115817 
I Ill 

47K 

-=-

Vpp 
On/all 

5 
SIIDN OUT z 

IC2 
MAXM7 

SET I 
GND 
4 

-=-
-

Yut1t i-5---------------11..----------0 

~ 
GNll CC t, .1;1.s11111ullll1;"111,JI,,_,..._ 

Colllnlllcll:IJD.lflMl-1 

FIG. 78-36 

By adding a flyback winding to a buck-regulator switching converter (see the figure), which is 
essentially a 5-V supply -with a 200-mA output capability, a 12-V output (~P) can be produced. The 
flybaek winding on the main inductor (forming transformer Tl) enables an additional low-dropout 
linear regulator (IC2} to create the 12-V output voltage thafs needed to program EEPROMs. The re­
quired input unlT•>ri,n is 8 to 16 V. 

TELECOM CONVERTER -48 V TO +5 V @ 1 A 

FB 

LM2575 
HVT-ADJ 

1N914 ---ta,---4111~• 1---a 

lOk ....,.V\A ...... 

-48V Input 

NATIONAL SEMICONDUCTOR, LINEAR EDGE 

SR306 

11----1----------....--t::> +5V @ s;1A • 

SR306 

01 
2N3906 

Output 

FIG. 78-37 

The circuit supplies 1 A at +5 V from the -48-V supply commonly used in telephone equipment. 
The National Semiconductor LM2575 is a simple switching regulator. 
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79 

Probe Circuits 

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

Simple Voltage Probe 
ac Voltage Probe 
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POPULAR ELECTRONICS 

R1 
470K 

'--.,-' 

PROBE 

SIMPLE VOLTAGE PROBE 

01 
2N3904 

C1 
680pF +6-9V 

FIG. 79-1 

This simple voltage probe can be helpful in checking and troubleshooting solid-state circuitry. 

ac VOLTAGE PROBE 

01 t!} PROBES 

POPULAR ELECTRONICS FIG. 79-2 

This simple probe can save your life by warning you of live circuitry. It's ideal for times when 
more than one person is working on a device. 

474 



80 

Protection Circuits 

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

Speaker Protector 
Electronic Fuse 
Safety Circuit 
Overload Indicator 
Relay Fuse for Power Supplies 
Speaker Protector 
Modem Protector 

Overvoltage Protection Circuit 
Timed Safety Circuit 
Modem/Fax Protector for 1\vo Computers 
Ear Protector 
Loudspeaker Protector 
Simple Safety Circuit 
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SPEAKER PROTECTOR 

V+ 

moM AMPLIFIER t +} TOLER 
LEFT CHANNEL _ - SPEAKER + 

C2 
D1 100 

1Nl1' 

R2 
47K ..,,.,, 

02 + 
1N91' C1 

R3 10 
47K 

moM AMPLIFIER{· 
RIGHT CHANNEL _ +} TO RIGHT 

_ SPEAKER 

R4 RS 
R6 01 

22K 221< 221( BC547 
112w 112w 

*SEE TEXT 

R7 
••SEE TEXT 

C4 cs 
47 47 22K 

-=-
04• 07" 05 .. 

+30-65V 1N4002 80819 1 .. 002 
V+ V+ 

FROM { R1• 
R15* AMPLIFIER 220'1 ca- 2,21( 

iGND 5W 100 1W 
[)6·· 

1N4002 
T -,r 

POPULAR ELECTRONICS FIG. 80-1 

Most of the transistors in this speaker protector function as switches. Normally, Q4, Q5, and Kl 
are on and the speakers are connected to the amplifier. However, if a large de voltage appears at an 
amplifier output, either Q3, or Ql and Q2 turn on, biasing Q4 off. That action Lurns Q5 off, de-ener­
gizes the relay, and discormecLs the speakers from the amplifier. Components Dl, D2, and Q6 form 
the overdrive-protection circuit. 
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ELECTRONIC FUSE 

RADIO-ELECTRONICS FIG. 80-2 

Basically, this circuit is an adjustable electronic circuit breaker1 containing a toroidal transformer 
that senses 60-Hz load current. Tl has a two-turn winding for primary, and 100 turns of #30 gauge 
wire for the secondary. A high-low range switch selects 0.1 to 6 A or 1 to 12 A The primary winding 
of Tl carries full load current and voltage; should be suitably insulated, as should be RYl. 

+ 

POPULAR ELECTRONICS 

SAFETY CIRCUIT 

,----------------+ 12V 

A2 
4700 

C2 
1000 

A1 S1 
470n ..I.. 

C1 + 
1000 

CONTROL 
OUTPUT 

~ 
I 

FIG. 80-3 

Because of the finite hold-on time of delay circuits Rl/Cl and R2/C2, both Sl and 82 must be 
pressed at the same time to power up the load. 
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ELEKTOR ELECTRONICS 

ELEKTOR ELECTRONICS 

478 

OVERLOAD INDICATOR 

FIG. 80-4 

'lvvo op amps are used as comparators to incti-
cate excessive magnitude of an AF either 

-positive or negative, even if the signal is asynunet­
rical. Pl sets the reference voltage for both op 
amps. This circuit is useful for audio-amplifier and 
op-amp circuits using split power supplies. 

RELAY FUSE FOR POWER SUPPLIES 

FIG. 80-5 

A method of adding overload protection to a 
power supply using a relay is shovm. In each cir­
cuit, the relay must be reset by a momentary 
switch using a charge on capacitor C2. This pre­
vents overload if the short still exists. 



SPEAKER PROTECTOR 

R3 

R2 

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

BCS60C 
BC55OC 
8CS6OC 
8C517 

l 
8 

=11 
t2V ii 

11 
1• 
11 
,1 ,, 
11 
11 
ti 
ll 
11 
11 
II ,, 
11 C4 ,, 
11 

12\I 

1, 1001,1 
:: 2511 
II 
11 
II 
1, 
II 
II 
11 
11 
rl 
II ,, 
" ,, 
II 
II 
1• ,, 
II 
ii 
11 ....__. _ __,lt----+--1---....,_-..,.,,,-..... -cHO 
11 obl-'.d-----_,_ _ ___,\ __ ~, 

ELEKTOR ELECTRONICS FIG. 80-6 

A speaker system can be protected against 
amplifier failure when de voltages ( on speaker 
line a-b) arc sensed by the circuit. Either positive 
or negative de voltages are sensed. A relay opens 
in this easel removing the de from Lhe speakers. 
About 12 Vat 50 mA is needed to .power the cir­
cuit, depending on the relay. 

MODEM PROTECTOR 

RING 
(RED) 

SVP1 
tSEE TEXT) 

SVP2 
(SEE TEXT) 

TlP 
(GREEN) 

ELECTRONICS NOW FIG. 80-7 

This protector uses surge voltage proteetors 
rated at. WO-V breakdown. An effective ground 
should he used. 
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.s:,. 
co 
0 

+36V 

ELECTRONIC DESIGN 

In 

D-32 Vdc to 
tircuil underhsl 

LM317l* 

U1 

Adj 

LM385 1.24V 

1k 

-10 V 

OVERVOLTAGE PROTECTION CIRCUIT 

+33V 

lM317lZ 
+33V 

+36 V 

-vvv--a 6.04k, 1% 

LM7BL12 --
U3 Dut +12V -

In 

>3H 
--
--

5 13 3 
m Vee 10k RST TRG 

U4B 
TRG& 1 

Out 
U4A 

TMG 12 
Out 

1/4 558 1/4 558 
TMG GND 

VN2222L L__ 

(er similar) 7 
U4 • 4,9,10,11,14,15,16 L_r -

U4A · 5 µI delay 
U48 • RS flip-Hop 

1M 

11M 

1f.! LM393 
7 

1DM 

+33V 

1M 

**C1£"]_ 

10 k 

i1Virlllll¥ IIIY 3-lenniul adjustable VR is Di. 
**C1, C, • U1 11-F to 1.1 µ.f prevent noise 
spins from false-lriggeri11 U5B. 
• 

0 01, oi • May lie needed K voltages treater 11ran 
V+ or GND are used elsawtlere on yo1r test setup. 

FIG. 80-8 

When testing a circuit, a source of voltage that is variable and has overvoltage shutdown is ve.ry useful. In this circuit, Rl is 
adjusted to 1 to 2 V below the eventual shutdown threshold. R2 sets the trip ur,

11-"'"1
"' When this voltage is reached, the circuit 

shuts the voltage to the circuit under test down. To reset, reduce Rl below trip threshold and depress reset switch Sl. 



POPULAR ELECTRONICS 

TIMED SAFETY CIRCUIT 

A3 
151< 

All 
1ME.G 

13 12 

U1 
MC145388 

3 4 5 

-::- C4 
+-12V .47 C2 +12V 

.1 Lo ..:t.o---+--_tf·­

R6 
100K 

+ 12V 

S2 

A12 
lMEG 

+12V 

16 15 

A7 
1001< 

R-1 
15K 

R2 
2201( 

-=-

14 13 12 

U2 
MC1888 

3 5 

+t2V 

RlO 
471< 

-= 

Cl 
.1 

11 

0 

6 

+12V 

11 

0 
6 

8 

01 
2N3908 

CONTROL 
OUTPUT 

D.C. 
LOAD 

8 

FIG. 80-9 

When Sl is closed, pin 9 of Ul goes low, turning on QI for a preset period. If S2 is closed during 
this period, Q2 is turned on for a preset period. RI 1 and R13 set the two time periods. 
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ELECTRONICS NOW 

MODEM /FAX PROTECTOR FOR TWO COMPUTERS 

REMOTE 

,---- -- - ------- ------, 
I I 

TRANSMIT! I TX 

TERMINAL 
OR 

PERSOHAL 
COMPl/TE~ 

TO 
GROUND I 

I ..,_ ____ _. ..... ~,:u.,: I (SEE TEXT;,. I 

L---------------------~ PF£ 

VARIATION OF THE MODEMIFAX PROTECTOR for uae In teleptlone llne 
connections between PC or terminal and larger distant computer. 

FIG. 80-10 

This modem/fax protector can be used in telephone-line connections between a PC or a termi­
nal and a distant computer. In this circuit, the SVPs (snrgP voltage protectors) are rated at 230 V. A 
good ground is a must for effective operation. 

POPULAR ELECTRONICS 

TO 
PIN 5 

OF 
MC34119 

c,l 
1 

02 
1N914 

G2 
1 

EAR PROTECTOR 

o----..-+6V 

A4 
10K 

OUTPUT 
TO 

PIN 1 
Of 

MC34119 

FIG. 80-11 

The ear protector is actually a peak audio-detector/shutdown circuit that disables the amplifier 
through its chip-disable input when the output volume of an amplifier reaches the set level. The cir­
cuit, although intended for the MC:34119 amplifier, should work with similar IC devices or applications. 
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LOUDSPEAKER PROTECTOR 

SILICON CHIP 

Ot 
111411111 

%.2 
~u1v-...!t•-....-"'iiWll\i,.......----1-t. 
ltE& 

. 
l'GWEII ON OEt.AY 

Alll'll'IEII 
DS 

1N4001 

n[~ ~ __ ..,.,IU.00.02 ... 1_ 
MAINS OH omcTOII 

+tzv .. 
QI 

ac:m 

I RL1 

I 

't/ 
NIOTECTIOII f 

llfl,A¥ I 
I 
I 
l 

FIG. 80-12 

Transistors Ql, Q2, and Q3 monitor the two outputs of the stereo amplifier. ff the offsets exceed 
±2 V, Q7 is turned off, which turns off QB-and the normally on relay. Diodes D2 and D5, together with 
Q4, provide a mains voltage monitor. As soon as the ac input voltage disappears, as when the ampli­
fier is turned off, Q4 turns off and Q5 turns on. This turns off Q7, Q8, and the relay. Hence, the loud­
speakers arc disconnected immediately after the amplifier is turned off. 

SIMPLE SAFETY CIRCUIT 

TO 
CONTROL 
CIRCUIT 

S1 S2 Rl ..:c.. ...:t... • 

f~~K1 
The simple two-hand safety-control switch 

shown here is little more than two pushbutton 
switches cormected in series; both must be de­
pressed in order to energize the relay. 

12-24VDC 

POPULAR ELECTRONICS FIG. 80-13 
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Proximity Circuits 

The sources of the follovving circuits are contained in the Sources section, which begins on page 
675. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Proximity Alarm I 
Proximity Alarm II 



R1 

1991 PE HOBBYIST HANDBOOK 

PROXIMITY ALARM I 

16 R3 

ICl ___ _ 

R2 

C2 

S1 

+ 

i 
9V I 

I 

SPEAKEJ-

...._ ____ "'-'i.-----,-GN-0-t---+---<Y-

FIG. 81-1 

ICl contains several oscillators and an amplifier. The low-frequency audio-signal oscillator is 
used to supply an input to the amplifier. That signal is the audio tone that is amplified, then supplied 
to the speaker by the amplifier. 

The high-frequency oscillator is purposely set to be very unstable. It is dormant or "off' until the 
resistor-capacitor (RC) network is changed. The resistance (R) in this case is made up of R2 and Pl. 
As the resistance of Pl fa decreased, the unit becomes more sensitive (more unstable), and less ca­
pacitance (C) is needed to cause the oscillator to oscillate. 

The capacitance required is provided by C2 and by any capacitance introduced via the antenna 
loop. When you come near that loop, your inherent body capacitance causes the high-frequency os­
cillator to-begin to oscillate, which then causes the low-frequency oscillator to be "switched on" in: 
temally. Once the alarm is sounding, the IC is designed so that it "latches1

', that is, it stays on until 
the power to it is switched off. 

Cl 1..;µF Axial Capacitor 
02 27-pF Silver Mica Capacitor 
C3 0.1-µF Mylar Capacitor 
ICl CMlOOlN IC 
Pl 50-kQ Trimmer Resistor 
-Rl 75-kQ Resistor 
R2 200-n Resistor 
R3 100-kn Resistor 
S1 SPDT Switch 
Spk Small Speaker 
Misc IC Socket, Battery Snap, Ground Plate, Wire,.PC Board 
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U1·a 
1/6 4049 

C1 
9-50pF 

C2 
9-50pF 

-4-IN.x6·1N. 
PLATE 

ANTENNA 

POPULAR ELECTRONICS 

PROXIMITY ALARM II 

U1-b 
1/6 4049 

C3 
680pF 

01 
1N914 

+ C6 
100 

C5 
39pF 

R2 
100K 

R3 
1K 

+ 

01 
2N2222 

FIG. 81-2 

A CMOS is used to make up this circuit When an object is near the antenna, the 
change in oscillator output is detected by Dl and D2 and ..,.,_ ...... ,•._1..u1U1

,
1J_'.C by UlC, which drives Ql, sound­

ing alarm BZl. 
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82 

Pulse-Generator Circuits 

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

Add-On Pulse Generator 
Pulse Generator 
Logic Pulser 
Precise One-Shot 
Digitally Controlled Sawtooth Pulse Gcneralor 
Delayed Pulse Generator 
Pulse Generator with Variable Duty Cycle 
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Trig. 470 pF 
input 0---, 
pulse 

Jl+6V 

WILLIAM SHEETS 

ADD-ON PULSE GENERATOR 

a 

C µ.F Pulse width 

4.7 40 ms to 540 ms 

0.47 4 ms to54 ms 

0.047 400 ms to 5.4 ns 

0.0047 40 µS to 540 µS 

470pF 4 µS to 54. µS 

FIG. 82-1 

This pulse generator can supplement a standalone pulse generator. Using a transistor and a 555 
timer, pulse widths of <5 µs to 500 µs can be produced. The value of C3 is approximately found from 
the formula: 

C;:i µF = 1.1 x 10-5 T where Tis the shortest pulse width (µs) desired in a 10:1 range 

(T should be greater than 5--µs) 
The capacitor values and consequent pulse width range are shown. 

PULSE GENERATOR 

4 10 

8 9 
Output 112 l/2 

5S6 1 470 pF 12 556 

@ 13 @ 

7 3 CI 
]9.01 µF 
-=- =-

Pulsewidth T = 1.1 RC 

In this circuit r ... 7.4 x 10-3 CµF to 0.117 x C11F seconds 

with C 0.1µF T= 740 µs to 11.7 ms 

WILLIAM SHEETS FIG. 82-2 

By using a 556 dual timer with IClA acting as a waveshaper and IClB as a pulse generator, a 10:1 
range of pulse widths can be generated. 

A sine wave can be used to trigger this circuit. 
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LOGIC PULSER 

VOUT 

02 
2N3904 

01 
2N3904 

11 8 4 

14 U3 BILATEAAl 7 
40888 SWITCH 

-= 
12 3 5 

R4 
10K 

13 12 

a Q 

9 D 
U2-b 

1/2@138 
14 

+V D FLIP-FLOP 

C 
11 -= 

R8 
A? 330D 

lMEG 

LED1 

10 9 
RESET OUT 

12 THRESH 11 
CONTR-........ -

Ul-b 
1/2 658 

OSC./TIMER 

C71 
0.01 '=" 

13 
DISCH 

TRIG 1-
8-----. 

G6 r 02 
1N914 

C5 
0.001 

A6 ~ 
1 4.7K 

Q R 4 

U2-a 
..._-----------1---13 

C 1/2 40138 a a-
2----

O FllP·FlOP 

14 
+V 

4 
RESET 

DISCH 
R1 
1K 

R3 
3.3K 

1990 PE HOBBYIST HANDBOOK 

s 3 
OUT CONTR 

U1-a 
1/2 558 

OSCJTIMER 

THRESH TRIG 
2 6 

R2 
3.3MEG 

500Hz 0 0.5Hz 

S1 --r-
SPST 

C2 
0.01 

C1 
+ 0.47 

0 S 
5 6 

01 
1N34A 

FIG. 82-3 

The logic pulser generates pulses at 500 Hz or 0.5 Hz. When the pulseris tip connects to an in­
put that is already being driven high or low, the pulser senses the.logic state and automatically pulses 
the input briefly to the opposite state. 

489 



PRECISE ONE-SHOT 

Trigger .--------, 4 
D n•stage shift 0 

>--______ .......,RCLK register 

Output 

Clock Jll1J1JlnnfillfillJ1flJ1flJl 

Trigger 

Flip·Flo~ 

Register_O _ __,.------------..... n ___ ....._ ____ _ 
n-stage shift 

Output ____J. ____________ -t~ _____________ ~~----~ 

A more precise and stable one-shot pulse is generated by this circuit (a). 
When a trigger pulse is present, the flip-flop initiates a one-shot pulse whose 
width is a multiple of the clock period (b). 

Trigger D1 01 

5 01 -Outpul 
£!2 02 

12 02 1/4 74HC08 
D3 03 

13 
03 

D4 04 
04 

Clock CLK 
CLK 

+5V 1/2 74HC175 

This simple one-shot circuit has a pulse width of one clock period and is 
more precise and stable than a multivibrator. 

ELECTRONIC DESIGN 
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FIG. 82-4 



PRECISE ONE-SHOT ( Cont.) 

This approach uses a t1ip-11op, a shift register, and two gates (A). Before the one-shot pulse, the 
output of the NOR gate is 0. Consequently, the data input of the D-type flip-flop is equivalent to the 
trigger. \hlhen a trigger pulse is present, the flip-flop initiates the one-shot pulse, and the n-stage 
shift register controls the pulse width, tw, which is a multiple of the clock's period (B). 

The precision of the one-shot pulse is determined by the clock period, which is inversely pro­
portional to its frequency. For the circuit to work properly, the width of the trigger pulse, tw,, should 
be greater than one clock period. 

The OR gate masks the trigger's effect when the circuit is generating the desired pulse. The net 
result is a circuit that functions as a nonretriggerahle multivibrator. 

\hlhen the pulse needs to be only one-clock-period wide, the circuit can be simplified. All thaL's 
required are two D-type flip-flops and an AND gate. However, despite its simplicity, this circuit gen­
erates a more stable and precise one-shot pulse than a multivihrator. 

WILLIAM SHEETS 

DIGITALLY CONTROLLED SAWTOOTH PULSE GENERATOR 

d1~ 

R4 

I C 
R 1 to R4 1 kH to 1 mn 

(typical) 

Analog 
switch 

CD4066B 
etc. 

Pulses 

Sawtooth 

Use of an analog switch as shown allows digital control of a UJT oscillator. 

FIG. 82-5 
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DELAYED PULSE GENERATOR 

I 
10 µF 

1 kn 

Input 470 pF 

f 

WILLIAM SHEETS 

22 kn 

4 

2 

6 NE 
555 
IC1 

8 

0.01 µF 

22 kn 1 5 

Io.01 µ,F 

4 

C1 

T 

NE 
555 
IC2 

8 

T 

4 

NE 
555 
IC3 

8 

Output 

µF 

FIG. 82-6 

Three 555 IC timers are used 1n this circuit to constmct a simple delayed-pulse generator. ICl 
acts as a waveform shaper to produce a rectangular waveform. IC2 produces a delaying pulse to trig­
ger IC3 on the trailing of the delaying pulse. Rl controls delay time and R2 controls pulse width. 
As much as a 10:1 range can be generated. 

Delay: Cl :::: 1.1 x 10-5 T delay c µF 
Pulse: C2 = 1.1 x 10 ~ T pulse T µsec 

PULSE GENERATOR WITH VARIABLE DUTY CYCLE 

4.7 kl! 

WILLIAM SHEETS FIG. 82-7 

Using only one IC and six passive compo­
nents, this pulse generator has a frequency range 
of 400 to 4000 Hz and an adjustable duty cycle of 
1 to 99%. A threshold detector (ICA) and an in­
tegrator (ICB) generate a triangular waveform. A 
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positive voltage at the output of ICA causes the 
output of ICB to become a negative-going ramp. 
When the output of this ramp reaches a certain 
value, TCA, by virtue of its positive-feedback net­
work, changes state; its output becomes nega­
tive, and the integrator generates positive ramp. 
This process continually repeats. A voltage fol­
lower (ICC) and a 100-kQ potentiometer pro­
vide a variable ±0.18-V reference voltage. This 
reference voltage, along with the triangular 
waveform, feeds into the positive and negative 
inputs, respectively, of comparator ICD. You can 
set the comparator's trip voltage at any point on 
the triangular waveform; rem, output changes at 
that point. Varying the reference voltage alters 
the duty cycle of the comparator's output by ad­
justing the potentiometer at the negative input 
of the integrator, thereby varying the integration 
time without altering the duty cycle. 



83 

Receiver -Circuits 

The sources of the following circuits are contained in the Sources S{-::c~~~·ce·n, which begins on page 
675. The figure number in the box of each circuit correlates to the in the Sources section. 

Simple Direct-Conversion 
1:teceiver for 160 to 20 M 

27.145-MHz NBFM Receiver 
VLF \Vhistler Receiver 
Basic AM Receiver Circuit 
Simple 1.5-V AM Broadcast Receiver 
CMOS Line Receiver 

NE602 Direct-Conversion Receiver 
80- and 40-M CW/SSB Receiver 
NE602 RF Input Circuits 
Super-Simple Shortwave Receiver 
Transistorized AM Radio 
NE602 Superhet Front End 
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SIMPLE DIRECT-CONVERSION RECEIVER FOR 160 TO 20 M 

SWI 

r----------------- • 9\i 

73 AMATEUR RADIO TODAY 

Cl7 

T3 

10.1 

37 vc1• 

Table. Component Values tor Different Banda 

Band 
160 
80 
40 
30 
20 

C1 
220pF 
47pF 

100pF 
47pF 

100pF 

VC1 + C10 C4 

C2 C3 T1 T2 
1 0 pF 220 pF BKXN-K3333R BKXN-K3333R 
3 pF 47 pf 8KXN•K3333R BKXN-K3333R 
8.2 pF 100 pF BKXN-K3334R BKXN-K3334R 
3 pF 47 pF BKXN-K3334R 8KXN-K3334R 
3 pf 100 pF BKXN-K3335R BKXN-K3335R 

cs C6 T3 
-All Sections + 100 pF 0.001 µF 0.001 µF 560pF 8KXN-K3333R 
All Sections + 100 pF 0.001 µF 0.001 µF 560pF 8KXN-K3334R 
1 Section + 47pF 560 pF 560 pF 270pF BKXN-K4173AO 
1 Section + 68pF 680 pF 680 pF 220pF BKXN-K3335R 
1 Section + 68pf 220 pf 220 pF 68pF BKXN-K3335R 

CPPll 

FIG. 83-1 

-Note that Tl and T2 are TOKO, including part numbers for the coils Tl and T2. The direct-con­
version receiver shown uses a double-tuned input network made from r~adily available TOKO coils. 
I Cl, an NE602, acts as a VFO and mixer, with the output being an IF frequency -in the audio range. 
1C2 is an audio amplifier, R4 is a volume control. 
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CHAAGE + ~ JZ • I 
12V DC OJ 

200-500MA -~ 
UNREGULATEO ' j_ 11aG3 

RX 

Dl 
11t4HI 

T 

Rll 

27.145-MHz NBFM RECEIVER 

) I J5 BATTERY 

~ )Lt,.1----17 S2 9.f!V 
PWR r )>-1 ___ __, 

.,__._ __ ""'"l Mi~;R 
C23 INPUT 

fM RECEIVER 

1ST MIXEFI 28 
INPUT 

--::0:"."":'::1-.._-lf-,._-+---llt--+--·00_
1
--..,;;,i2 BASE 

RX RF 

ELECTRONICS NOW 

C12 
120pF 

4 COLLECT 

5 2NDLO 
EMITTER 

6 2ND!O 
BASE 

2ND MIX 
OUTPUT 

Vee 

9 LIMITER 
INPUT 

10 LIMITER 
OfCOUPLf 

LIMITER 
DECOUPLE 

!5T MIX 
OUTPUT 

2'4DMIX 
OUTPUT 

2ND MIX 
INPUT 

MUlE OUT 

COMP 18 
OUTPUl 

COMP 17 
INPUT 

REC AUDIO 16 

FIG. 83-2 

Using a Motorola MC3363 LSI-one-chip FM receiver, the circuit is a dual-conversion FM receiver 
with a 10.7-MHz IF chain. IC4 provides power to drive a small speaker. 
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POPULAR ELECTRONICS 

VLF WHISTLER RECEIVER 

2 3 4 
+ C5 

470 

FIG. 83-3 

The VLF whistler rec-eiver is intended to listen to natural radio noise and signals that occur below 
20 kHz. Ll is a large loop antenna that is 250 to 300 turns #26 gauge wire on a form 31 diameter. LI 
should be mounted well away from power lines and is oriented for minimum 60- and 120-Hz pickup. 

POPULAR ELECTRONICS 

BASIC AM RECEIVER CIRCUIT 

,01 
L1• Q cs 

L2* 

C2 
.01 

C1 
365pf 

C4 
.1 

cm 
+ 100 

C6 
.01 

U2 
Ul.H3718M 

1 
cs + 
470 

'\Ir •SEE TEXT 

S1--a 

~ t 

s 
B2 + 

1.5V 

an 
41NCH 

SPEAKER 

FIG. 83-4 

Using a single ZN416E IC and a ULN:3718M, this simple TRF receiver can drive a loudspeaker. 
1\vo 1.5-V cells power the circuit. 
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SIMPLE 1.5-V AM BROADCAST RECEIVER 

Cl + 
220 

C5 -=-
.01 

I\ 
II 
II 

L1 II C1 
II 

LOOPS TICK tf 365pF 
ti 
11 
II 

C2 
.1 

POPULAR ELECTRONICS 

C6 
'1 

C4 
.01 

8 7 6 

U1 
ZN411E 

2 3 

5 

4 

C3 
.47 

B1 
1.5V 

S1o---:;:-I~ 

21 
LOW-2 

HEADPHONES 

This receiver uses the ZN416E made by GEC Plessey. The tuning is via Cl. 

CMOS LINE RECEIVER 

14 
13 

OUT 
2 

•:"' 

RJ 
1 M£Gn 

INTEGRATED CIRCUITS DATA BOOK 

This circuit will interface a line input to CMOS. The supply current is > 1 mA at +5 V. 

FIG. 83-5 

FIG. 83-6 
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NE602 DIRECT-CONVERSION RECEIVER 

+ U3 S1 

RB 78LOS 
01 ~ C3 C4 

10 .1 100.Cl + 1l4801 +9VOC 

cs + C13 8 .1 
4 10 

C9 

t .05 5 
U1 

·c. HEI02 

T1 2 5 C11 
10.7MHz 3 .1 

R4 
Cl 10K 
.05 

SPKR1 
80 

·c, 
*SEE TEXT 

•c, 

Table 1-- CAPACITOR SELECTION 

Band Capacitor values (picofarads} 

(meters) Cc Cd Ce Cf Cg Ch 

75/80 1000 1000 470 120 365 270 
40 330 330 120 150 365 68 

POPULAR ELECTRONICS FIG. 83-7 

An NEC602 is used as a mixer with a zero IF frequency output. U2 acts as an audio amplifier. 
This n~ceiver is primarily for SSH and CW signals. Tl and T2 are 10.7-MHz IF coils used in AM/FM 
transistorized radios, etc. or in any similar indicator. 
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80- AND 40-M CW/SSB RECEIVER 
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IOOpF 

c111• 
IOOpF c1s• 

220pF 

Cl6• 
220pf 

_.4,~Cl4 
IOOpf 1100pF' 

li!V REG • IH 

03 
ECG618 

47k 

R8 
.. , -A .... 6,.,_ __ .""S ~-

IOOk 

4LT£RNATIVE FOR 
36~pF AIR VARIABLE 

FIG. 83-8 

This direct-conversion receiver uses a TDA 7000 IC and it drives an LM386 audio amplifier. The TDA 7000 is used for its mixer 
.i:i.. and L.O. section. The frequency control can be either with an air variable capacitor or a varactor diode. 
co co 



Cl 
.047 

•see TEXT 

POPULAR ELECTRONICS 

A 

NE602 RF INPUT CIRCUITS 

C2 U1 
NElt2 .047 

2 

C 

E 

C1
• Ut 

NEIIZ 
2 

C2 
.047 

C1* 

Stci~AL { ]T1
1

1• 
SOURCE 

•SEE TEXT 

"SEE TEXT 

I 

2 .__ ___ -1 

C1 :t .047 
-=-
D 

C2 
i,047 

F 

U1 
NEll2 

FIG. 83-9 

Herc are a few of the many possible RF input circuits for the NE602. Just about any tuned or 
broadband circuit will work. 
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J, 
TO 

ANTENNA 

L1. 

C2 
$1 +9V .01 

POWER 

+l 
T B1 A2 

101( 
J_9V TUNING 

•SEE TEXT 

C20 
220 

J2 rr=;~ + 
TO 

SPEAKER _ 

POPULAR ELECTRONICS 

SUPER-SIMPLE SHORTWAVE RECEIVER 

D1 
MVAM·108 
OPTIONAL + QV 

R16 
20 

£121+ 
220 

L3 

R5 
210n 

C10 
.01 

R3 
10K 

VOLUME 

+9V 

R9 
11< 

C12 
.01 

A11 
10K 

T 

R13 
100K 

A10 
10K 

02 
1N34A 

C13 
01 

FIG. 83-10 

Integrated circuit Ul (an NE602 double-balanced mixer) is a combination oscillator and fre­
quency mixer. Signals from the anterma input ( at J 1) are fed through de-blocking capacitor C 1 to the 
RF-gain control, Rl, and fed to the input of Ul at pins 1 and 2. 

The local-oscillator frequency, which varies with the settings of R2 and 12, is mixed internally 
within Ul, resulting in an output. The mixer output at pin 4 of Ul is applied to a tunable 260-kHz 
band-pass intermediate-frequency (IF) transformer, through de-blocking capacitor 07. There­
fore, signals that are roughly 260 kHz above and below the local-oscillator frequency arc passed 
while others are effectively blocked. The IF frequencies are now amplified by Q2 and Q3. The AM au­
dio sj_.gnal is detected by D2 and its associated components, which bypass the RF signals, and leave 
only the audio signals. The signals are prearnplified by U1 -a (half of an LM358 dual op amp). The au­
dio is then boosted to speaker level by the LM386 low-voltage audio power amplifier, U3. 
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ANT 

OST 

t ~:: 

.01 

I--_--+ ... 

El20k 

TRANSISTORIZED AM RADIO 

MIXER/OSC 

t 0- 2.055 MH? 
IF AMP 

..,._ 
- AGC CURRENT 

68k !Ok 

FIG. 83-11 

Shown is a schematic of a typical transistor AM radio. This circuit uses npn transistors. The cir­
cuit is "generic;" therefore, no specific values are given for some components. This circuit is for ref­
erence, to serve as a starting point for experimenters. 
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NE602 SUPERHET FRONT END 

U3 +12 
781.15 R8 + C4 voe + CJ 

G 1 
1000 4.7 

Cl C2 
.047 1 

ANY r U1 INPUT 
CONFIGURATION NE882N 

2 

6 7 

~ 
ANY 
osc 

•sEE TEXT CON FIGURATION 

A4 RS 
+ C11 4.7K 10K R6 

1 GAIN 5.1K 

"=" 

POPULAR ELECTRONICS 

By using an NE602 'With a filter and an MCI:350P IC, a front end and an IF system for a basic su­
perheterodyne receiver can be built with few parts. Tl is any suitable IF transformer for 262 kHz, 
455 kHz, 10.7 MHz, etc. 
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84 

Relay Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
675. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Solid-State Latching Relay 
Solid-State Relay Circuit 
Solid-State Relay Circuits 
Time Delay Relay 
Sensor-Activated Relay Pulser 



SOLID-STATE LATCHING RELAY 

5V 

...1-. 
Output Set 4 16 2 

1/4 1/2 

HEF4043B PVR 3301 
.....J... 

Reset 
3 8 

5 
l:nable 

HEF4043B 
Signal In D1 8 Signal aut 

ov 

ELECTRONIC DESIGN FIG. 84-1 

This simple circuit provides a solid-state equivalent of the electromechanical latching relay (see 
the figure). What's more, the switching is clean, highly resistant to vibration and shock, and isn't sen­
sitive to magnetic fields or position. 

The circuit operates as follows: a set pulse to the 4043 RS latch takes its output high and turn on 
the 2N3904 transistor. Current will then flow through the photovoltaic relay's LED and the resistance 
between D 1 and D2 will fall from several gigaohms to less than 30 Q. The PVR will remain in this state 
until a reset pulse is received by the 4043 RS latch. 

POSITIVE 
INPUT 

+ 

DC 

4-10 VOLTS 

NEGATIVE 
INPUT 

RADIO ELECTRONICS 

SOLID-STATE RELAY CIRCUIT 

r--------------------~ 
I ~ M 1 

I 180fi 2.2K ~ 

I R1 
f 1000 
I 1W 
I 
I D1 
: 1N4002 
I G 
I MT1 TR1 I 
I 
I RS 
I 101< 

1 t LOAD WHITE 
I I (AC ONLY) (NEUTRAL) 1...----------------------.J 

FIG. 84-2 

R 1 limits input current while Q 1 acts as a current sink to protect IC 1. D 1 serves as a polarity pro­
tector. ICl provides a triac output to trigger the main triac 1 TRI. 
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WILLIAM SHEETS 

CDS 
cell 

= 

-souo-STATE RELAY CIRCUITS 

A 1-----------------,---------------- + 10 to 15 V 

4 8 
To controlled 
circuit 

!-----2~ NE 555 i-,;.
3--a----' 

Optoisolator 

µ.F 

_r 5 
220kH 

A A Temperature 

R1 and R2 

R1 
Thermistor-resistor pair 

The voltage at B should 
B go posiUve to activate 

the NE555 

R2 

FIG. 84-3 

This dark-activated relay switch can be used to turn on walkway or other outdoor lighting at 
dusk. By using alternate connections to A and B, increasing illwni.nation, high and low temperatures 
can be sensed. 

TIME DELAY RELAY 

1t CLOCK 

IC1 OUTPUTS 1201/AC 
40ft {TIE ONf TD INPUT 

l OSCIN TRAHS18t0fl 
INPUT. 

SEE TOO) 
SOLID AC 

DC ST~E i20VAC 
l> OSC OUT INPUT RELAY OUTPUT 12-32V) iSEE TEXT) 

8 + AC 

ELECTRONICS NOW FIG. 84-4 

Using a 4060 CMOS binary divider and built-in clock oscillator, a long-duration timer can be 
made very simply. The solid-state relay can be sized for your application, and can be replaced with a 
mechanical relay if a suitable power supply is available. With the components shown, a 4.5-Hz clock 
frequency is generated. Divided outputs are available from+ 4 to 16384 (about 4 hours). 
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WILLIAM SHEETS 

SENSOR-ACTIVATED RELAY PULSER 

8 

NESSS 1000 

Ra 
4 --

-
5 -1** 

+ 11 12 V 0.5-A lamp 

}.01 ;F r8µF 
- f=2 Hz -

--

Either RA or R8 can be sensors, as desired. A decrease in R8 or an increase in RA will 
cause the NE555 to flash 11. -RA and R8 should be :::::100 kO max. 

FIG. 84-5 

A sensor turns on QI to activate the low-frequency 555 oscillator, which pulses LAMP Il. Sensor 
may be sensitive to changes in light or temperature. 
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85 

Remote-Control Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
675. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Remote-Control Transmitter 
Remote-Control Receiver 
Interface Circuits for the Remote-Control Transmitter 
Remote-Control Extender 
Ultrasonic Remote-Control Transmitter 
Remote-Control Transmitter 
Ultrasonic Remote-Control Receiver 
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' ✓ 

.1 ... P15 ,. 
321 

IR TRANSMITTER SCHflUTIC. The 40-kHz carrier is derived by dividing IC1's 
oscitlator frequency (6 MHz) by 15, to get 400 kHz. which is divided by 10 by IC3. 

ELECTRONICS NOW 
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·+ 
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14 ~ 
Jl CLK IC3 

r... _ll; ftES fD1l 

1ys 

FIG. 85-1 

This transmitter sends an FM signal in the 88-to 108-MHz range, -with a tone of 19 kHz. This can be used to activate the FM 
MPX pilot carrier indicator, which can be interfaced to external devices. L4 is for use with a 15 CM wire antenna. Ll is 9 turns of 
#26 enamelled wire on a ¼-W 10-kn resistor (carbon type), L2 is 2 turns wound over LL L3 is 7 turns of #26 enamelled -wire on a 
10-kn ¼-W resistor. 



REMOTE-CONTROL RECEIVER 

Z1 28 
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34 ALE CE IC1 

INS8048L P10 'Zl IC2 

7 87C84 
P24 GND 

26 P11 
28 - M0D1 

48 P25 36 +5V GP1U52X 
D1 P12 29 Vee 

1N'801 37 P26 D2 
+8VOLTS DC 38 12 01 P27 OUT 

Cl P1 30 1t DO 
27pF 

P14 31 21 A10 

Tl 39 24 A9 

2S AB 

PSE g OE 3 A7 C2 .. 27pF P22 23 AtO 4 A6 
22 A9 +5V 5 

AS 
+5V 

P21 
21 A8 6 A4 P20 

D87 19 R3 R4 7 
A3 C5 18 1k 1K 8 
A2 .1 086 

D85 17 9 
A1 

Vss 084 
16 

A11 ~ 
1 AO 

D83 15 
A12 OE C3 14 A12 2 lµf D82 

4 
RES D81 

t3 
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Alf 23 
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ELECTRONICS NOW FIG. 85-2 

This circuit is based on the Sharp GP 1 U52X IR module and TNS8048L microprocessor. The 
GPI U52X is a hybrid IC/infrared detector that provides a strong clean signal for later filtering and de­
modulation. 
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INTERFACE CIRCUITS FOR THE REMOTE-CONTROL TRANSMITTER 
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POPULAR ELECTRONICS 
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K1 

V+ 

V+ +V 

Rz 
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FIG. 85-3 

Sho½'Tl here arc several possible interface circuits that can be used with the remote-control 
transmitter. The one in A illustrates a typical FM stereo MU X decoder with a load com1ected directly 
to the open-collector output of a TA7343 PLL. The circuit in B illustrates an optoisolator-coupler out­
put driving a 12-V relay coil via a general-purpose transistor. C shows the gate of an N-channel power 
MOSFET connected to the output of a 4N33. The final circuit, D, is a toggle flip-flop that allows push­
on/push-off control. 
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REMOTE-CONTROL EXTENDER 

+9 TO {OJl--+----•8} 
A3 TV 
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+9 .1 

6 ,-------- --------- -- - --, 

1991 R-E EXPERIMENTERS HANDBOOK 

I 
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I 

Rl3 l 
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1---r-----___. 

02 
iN222.2 

RJO 
!OK 

RB 
10K +9 

+9 

FIG. 85-4 

A signal from an IR remote control is converted from IR radiation Lo a frequency pulse that can 
be transmitted through coaxial TV cable or any other two-conductor wire to another room, where it's 
converted hack into an IR signal. 

ULTRASONIC REMOTE-CONTROL TRANSMITTER 

~ 51 TAA1 
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R3 
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.02 
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1K 

C1 
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J4--81S 
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9V 

+ 1----1---------------,it---------;--------
A 

POPULAR ELECTRONICS FIG. 85-5 

A GC Electronic PIN J4-815 ultrasonic transducer is used in this 40-kHz transmitter for remote­
control application. 
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REMOTE-CONTROL TRANSMITTER 
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POPULAR ELECTRONICS 
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2 MERCURY CELLS) 
8-1.tV 
C·t.1 TO 2:7V (VARIES WITH R3) 
D-0.3V 
E-2.7V 
F-1.lV 
G-0.BV 
H-0.4V 
J-2.7V 

FIG. 85-6 

This transmitter can be used for a variety of purposes. An INS8048L microprocessor generates 
various codes depending on keypad presses. The codes are modulated on a 40-kHz carrier. QI drives 
IR LEDs LEDl and LED2. 

+ C1 
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ULTRASONIC REMOTE-CONTROL RECEIVER 
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UN POWERED 
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9V SPST 

RELAY 

D1 
11MD01 

POPULAR ELECTRONICS FIG. 85-7 

A GC Electronics PIN H-815 transducer is used to receive 40-kHz acoustic remote-control 
nals. Th.e receiver drives a relay for control of another circuit. 
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86 

RF Amplifier Cir-cuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
675. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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HF Preamplifier 
VHF/UHF Preamp Using MAR-x 
Broadband RF Amplifier 
Low-Noise GASFET Preamp for 435 MHz 
Broadcast-Band RF Amplifier 
70-MHz RF Power Amplifier 
Miniature Wideband Amplifier 
30-MHz Amplifier 
20-W 450-MHz Amplifier 
Wideband Power Amplifier 
TV Sound System 
10-W IO-Meter Linear Amplifier 
2-Meter FET Power Amplifier for HTs 

Receiver/Scanner Preamp Using MAR-I MMIC 
20-W 1296-MHz Amplifier Module 
Simple 455-k Hz IF Amplifier 
UHF Amplifier 
144- to 2304-MHz UHF Broadband Amplifier 
455-kHz IF Amplifier 
Switchable HF/VHF Active Antenna 
455-kHz IF Amp for 1.5-V Operation 
5-W 7-MHz RF Power Amplifier 
LC Tuned Amplifiers 
Wideband Preamp 
RF Preamplifiers 
45-MHz IF Amplifier with crystal filter 



POPULAR ELECTRONICS 

HF PREAMPLIFIER 

1600 kHz 32 MHz 
HIGH-PASS FILTER LOW-PASS FICTER 
~ ~-

C1 C2 C3 L4 LS 
,002 .001 .002 .3µH .3µH 

J2 
TO 

RECEIVER lot--~t--t 
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TO EXT. X 
L6 

1mH 

(te~1i~ O-- - - -1-C9- _.,_ __ ---"RN1'1t------C-8 ... 

;J;', .1 150.0 .1 

FIG. 86-1 

This HF SW receiver preamplifier is comprised of a broadband toroidal transformer (11-a and 
Ll-b), a complex LC network (comprised of a 1600-kHz, high-pass filter and a 32-MHz, low-pass fil­
ter), L2 and L3 (26 turns of #26 enameled wire wound on an Amidon Associates T-50-2, red, toroidal 
core), a pair of resistive attenuators (ATTNl and ATTN2), and of course, the MAR-x device. Exter­
nal power for the preamp can be 9 to 12 V de. RI can be increased in value for higher voltages. 

Jf 
TO ANTENNA 

POPULAR ELECTRONICS 

VHF/UHF PREAMP USING MAR-x 

SHIELD r------------------------
1 

• I 

t 
I 
I 
I 
I 
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J2 
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1---t.,__-fOl RECEIVER 
INTERFACE 

1 BOX 
I 

-1 
I 
I 
I 

-L--- - ---------.J 

FIG. 86-2 

The MAR-x preamp shown will cover up to 1.5 or 2 GHz with the correct MAR-x IC. ATTN! 
should be omitted for low noise-figure .applications. ATTNl and ATTN2 provide a means of limiting 
possible tennination range, for less chance of device instability. 
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POPULAR ELECTRONICS 

BROADBAND RF AMPLIFIER 

C2 
.01 

'=' R2 
470 
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B1 
18V 
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S1 _L 

'S' 

HEPS1 
cs 
.003 

FIG. 86-3 

The use of a FET gives this amplifier a high input impedance. The bandwidth should be ade­
quate for LW through HF use (dc-30 MHz), as an active antenna preamplifier. 

435 MHz 
in 

2 to10 µ.F 

~ = 21D10µF f 
WILLIAM SHEETS 

LOW-NOISE GASFET PREAMP FOR 435 MHz 

} 
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O.Q1 µFI 
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chip I 
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100 µF 100{11 chip 
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T 
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5 W 1N4007 

• 
47pF 

I ( ~o) 435 MHz 

1 
out 

2 to10 µF 

FIG. 86-4 

This circuit is a low-noise preamplifier for the 435-MHz amateur satellite frequencies. The cir­
cuit uses a Mitsubishi MGF1302. A 28-Vdc source is shown, although by changing the 400-n 5-W re­
sistor lower voltages can be used. 
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Ci 
10 µF 

BROADCAST-BAND RF AMPLIFIER 

cs o.1l 
RF 16V 

e-±t.......,11----+--M 
input 

R1 
see 
text 

R-E EXPERIMENTERS HANDBOOK FIG. 86-5 

The circuit has a frequency response that ranges from 100 Hz to 3 MHz; the gain is about 30 dB. 
Field-effect transistor Ql is configured in the common-source self-biased mode; optional resistor Rl 
allows you to set the input impedance to any desired value. Commonly, it will be 50 Q. The signal is 
then direct-coupled to Q2, a common-base circuit that isolates the input and output stages and pro­
vides the amplifier's exceptional stability. Last, Q3 functions as an emitter-follower, to provide low 
output impedance (about 50 Q). If you need higher output impedance, include resistor R8. It will af­
fect impedance according to this formula: R8 :::;: ROIJT - 50. Otherwise, connect output capacitor C4 di­
rectly to the emitter of Q3. 

D101 
1N4148 

PRACTICAL WIRELESS 

70-MHz RF POWER AMPLIFIER 

R102b 
15 

C109 1on;J; 
L103 
===== 

C108 
,;100i,i 

FIG. B6-6 

The SDl 143 transistor provides a gain of about 14 dB in this circuit. It uses the fact that a 175-
MHz device has a much higher gain when used at lower frequencies. The amplifier was originally de~ 
signed to be used with a transverter. The output is 8 to 10 W for a 300- to 500-m W input. 
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MINIATURE WIDEBAND AMPLIFIER 

1----17 + 6-8V 
u 
2200µ.H "=' 

C2 75n 
.1 Vour 

_~7 
v cc +6-8 voe--------------_,, 

.1 I
C2 

'=" 

C5 
.1 

SINCE THE NE5205 FUNCTIONS as a gain block, two or more can be easily cascaded to 
provide additional amplification. In this circuit, which uses two NE5205s, the overall gain is t.0 dB. 

IF THE POWER SUPPLY is fed through the signal-carrying coaxial cable, the amplifier can be 
mounted in a weatherproof enelosure directly at lhe antenna. 

R-E EXPERIMENTERS HANDBOOK 

Except for the coupling and decoupling capacitors, IC 1 is a complete wideband amplifier that 
has a fixed gain of 20 dB to 450 MHz. No external compensation is required. 
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30-MHz AMPLIFIER 

+5 V 

ELECTRONIC DESIGN FIG. 86-8 

Using a CLC406 op amp, this video amplifier 
has a voltage gain of +2 and is flat to 30 MHz. The 
circuit should be useable in video switching and 
interfacing applications. 

WIDEBAND POWER AMPLIFIER 

73 AMATEUR RADIO 

CA•481SM 
10-,oooMHr 
17119 GAIN 
100 ... w 

2.l.~.I. 1 

CA-l870 
20-400MHi 
Hd8 GAi"' 
400m YI 

• 
t:MIP I
o,,.., 

2.l,U 

FIG. 86-10 

Using TRW PIN CA-81GH, a 17-dB gain am­
plifier that delivers 100 mW over 10 to 1000 MHz 
can be constructed. The CA-2870 will yield 0.4 w· 
with 34-dB gain from 20 to 400 MHz. 

20-W 450-MHz AMPLIFIER 

73 AMATEUR RADIO 

MOTOROLA 
M>iW-72.0 
!4~0Mtl1l 

4 :, 6 1 

ftF-IN 

FIG. 86-9 

Delivering 20-W output, this amplifier has a 
gain of 21 dB at 450 MHz. A 12-V supply powers 
this circuit. 

TV SOUND SYSTEM 

POPULAR ELECTRONICS 

R3 
10K 

FIG. 86-11 

An LM2808 performs IF amplification of the 
-4.5-MHz sound subcarrier, limiting, detectionl 
and audio amplification. If the center frequency 
must be changcdl then change Ll/C4. Audio out­
put is 0.5 W. R3 is the volume control. 
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tNFIIOl,I 
oe 

NIGN...,_lt 
(AMP IN LINEI 

10-W 10-METER LINEAR AMPLIFIER 

1i,i 

+12V OH TIIAH1>Ml T 

UI 
LMJl7 

R2 
27 

TOP Vl['fl 

~ ~-.... 
9CE 321 

•V REG 
OUT ADJ 

C7 
QI LI L2 

I I ...,...,..,... :I .....,. I < our 
t9 t<;o CIO r•OOpF 120Dpf r•OOpF 

L TWIST TWO ENAMELED WIRES TOGETHER. ITS HELPFUL TO 
USE DIFFERENT COLOR$ 

TO AMP INPUT ------.0 o-------+ TO OUTPlJT OF AMP 
A-------A' 

TO lCMTR I WATT 

~~ 
LOW POWER 
INO AMPI 

HI/LO POWER SWITCH 

T0 ANTENNA a a· 

2. WIND THE A, B PAIR AROUND TOROID THE RIGHT NUMBER 
OF 1'UIU~S 3. SOLDER END S TO Elil0 4'. 

A double-pole double-throw switch 
can be used to switch the amplifier in and out 
of the circuit. .~ •. ~ 

Bifilar winding details for Tl. T2 and T3. 

Table 1. Output fllter values for other bands. 

Band (meters) C1,C3 C2 -L1,L2 

12 
15 
20 
30 
40 
80 

117pF 
138pF 
138pF 
-289pF 
400pF 
700pF 

220pF 
270pF 
420pF 
579pF 
SOOpF 

1415pF 

8 turns, T-50-6 toroid 
9 tums, T-50-6 toroid 

12 turns, T -50-6 toroid 
12 tums, T-50-2 toroid 
14 turns, T-50-2 toroid 
19 turns, T-50--2 toroid 

Note: use #26 wire for C1 and C2. Use capacitors that are closest to 
these suggested values. As the operating frequency decreases, 
the gain will increase as well as the possibility for instability. You 
may have to use RC feedback to negate this effect. Values for the 
above table were obtained from the QRP Notebook by Doug 
OeMaw. 

73 AMATEUR RADIO TODAY FIG. 86-12 

This linear amplifier delivers 10-W PEP output with 1.25-W drive on 10 m. Tl, T2, and T3 are 10 
turns of bifilar windings on an FT-50-43 toroidal core. The transformers are broadband. Filters for 
other bands, if desired, are shown. 
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2-METER FET POWER AMPLIFIER FOR HTs 

R4 
I.Bk 
IL2W 

RFC2 
20 TURNS 
#16 
0.30 in. ID R3.--_ __...,.,_ _______ 1--__ .....,...V'Y"\ __________ -<+ 

!Ok + C7 CS r~&OpF 1~~pF Jg·'61 
... D• 1 ~i~F 1 0.1 •EEOTHRU f'EE:OTHRU r-

3.SV 
ZENER 

R2 
1011 

C6 
lo.01 

RI 
10k 

C5 
680pf 
SM 

D2 05 06 

AF IN 

Cl2 
4·38pF 

73 AMATEUR RADIO TODAY FIG. 86-13 

Using a power MOSFET, this amplifier can boast a 2-W handic-talkie power level to around 
10 Won 2 meters. A transmission-line RF switch is used for T/R switching. 

RECEIVER/SCANNE-R PREAMP USING MAR-1 MMIC 

V+ 

~----- f1 -=- c3• 

R1=(V+)-V 
I 

V; 5-7VOC 
I-0.015A 

POPULAR ELECTRONICS 

CDLOR~O 

BEVELED~ 
END 

2 

FIG. 86-14 

The low-cost Mini-Circuits MAR-X series of 
chips off er the RF builder a real advantage, with 
their inherent 50-fl input and output impedances 
(needed for RF systems). An MAR-1-based re­
ceiver/scanner preamplifier is shown. C 1 and C2 
are chip capacitors. Use 0.01 µF for HF, 0.001 for 
VHF, and 100 pF for above 100 MHz, depending 
on the low-frequency limit that you desire. C3 
can be a ceramic disc of 0.01 µFor 0.001 µF, de­
pending on frequency range. LI is an RF choke 
that is suitable for the frequency range that you 
desire (0.1 to 10 µH). 
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IN>---
1 

lpF IF:~ 
NECESUl'IY : 

,·h 

20-W 1296-MHz AMPLIFIER MODULE 

l,IUTSUOISMI 
M!11U 

0 001 FOi I C2 fB 11 0.001 

o.ootl ~ OUT 
10,-F BY-PASS C.t.PACITOl'IS 

M ~ 3-0001 (10001)1' CHIP C.111'1 
,j, , 3 - 10,-F TANTALUM 

'-----+----•;;.i-f8 

• ll.8V _____ +_11._1_~ Gl=----h _ _. 

+av 
ON WMT 

3K 

73 AMATEUR RADIO 

9 VOLT 
l'IEGULA TOR 

J 

/ 

I 

I 
I 

I 

r-----------------------
1 

I WS176Z 

IN4001 / 

I 
I 

I 

/ 
I 

I 

I 
I 

/ Rf AF 

, •NPIJ'f ~~~~j_W~~ru~~~~fil .... OUT 

rrP PC LAYOUT 

FIG. 86-15 

Using a Mitsubishi M57762-amplifier module, this amplifier delivers 20-W output on 1296 MHz. 
A single 12-V nominal power supply can be used. 

SIMPLE 455-kHz IF AMPLIFIER 

POPULAR ELECTRONICS 

C1 
.05 

L1 
1 

2.5mH 

IF J 
IN o--11 

FROM RESl 
MIXER 455kHz 

C4 
.01 

C3 
.47 

C2 
.1 

C7 
100 

+ 
Rl 

1000 

AF 
OUT 

FIG. 86-16 

The ZN416E can be configured as a simple 455-kHz [F amplifier. Tn this case, the circuit's center 
frequency and bandwidth are set by RE81 (a Murata CSB455E ceramic resonator). 
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A:> 
11< 

IN 

R3 
330U 

C? 
2-20pF 

UHF AMPLIFIER 

C1 
lpF 

+v 

R1 
2t< 

R4 
4/0H 

C4 R5 

OUT 

001 ?70.il 

NOTE 

l2 
:n 

126 
RUS 

WIBF 

V 

R[SISTOns- 1:, WATT CARBON 
L 1 & L2 WOUND ON FERROXCUBE VK200 09/38 
WIDEBAND fKliEADEO CORE 

POPULAR ELECTRONICS FIG. 86-17 

144-TO 2304-MHz 
UHF BROADBAND AMPLIFIER 

Table 1. 
Oevlce MH.mA Normal Approx. 

CurrentmA. Gain 1-GHz 

MAR-1 40 20-30mA 18 dB 
MAR-2 60 30-40mA 13dB 
MAR-3 70 30-S0mA 12d8 
MAR-4 85 50-70mA BdB 
MAR-6 50 15-25mA 17d8 
MAA-7 60 25-40mA 13dB 
MAR-8 65 30-S0mA 23dB 

Table 2. 
MMIC Amptltler Performance 

144 MHz 
220MHz 
432MHz 
902MHz 
1296 MHz 
2304MHz 

73 AMATEUR RADIO 

18.2dB 2.7dBN/F 
18.3dB 
16.5d8 
15.0dB 
13.0dB 
88d8 

l,IAR-6 

RrC 
21 <JU 
t!l•n 10 
SPAC.tO W111E 
OlAMETER 

62011 

Io.o, 

2.6d8N/F 
2.8d8N/F 
2.9dBN/F 
3.5d8N/F 
4.2dB N/F 

l FEEOTl<IIU +I) eoc 
CAP 

FIG. 86-18 

Based on an MAR-6 preamp, this circuit 
yields low noise figures and useful gain for the 
144-MHz to 2304-MHz amateur bands. 

455-kHz IF AMPLIFIER 

IF 

C1 
.05 

IN o.--fl 
FROM RES1 
MIXER 455kHz 

POPULAR ELECTRONICS 

AF 
OUT 

FIG. 86-19 

Up to 60 dB of gain at 455 kHz is available 
with the MC1350P. RESl is a ceramic: resonator, 
LC, or crystal filter. Keep the leads to pins, 1, 2, 3, 
and 7 short. 
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POPULAR ELECTRONICS 

SWITCHABLE HFNHF ACTIVE ANT-ENNA 

ANT1 
.---t!i,,._ ________ ~~--+9V 

~ ~l----•---1 +-----ao , 
-:- 81 ON/OFF I 

'N I 82-b 

0 

R3 
100K 

C5 
.01 

FIG. 86-20 

The AA-7 active antenna contains only two active elements: Ql (an MFE201 N-channel dual­
gate FET) and Q2 ( a 2SC25 70 npn VHF silicon transistor), which provide the basis of two 'indepen­
dent, svVitchablc RF preamplifiers. 

POPULAR ELECTRONICS 

455-kHz IF AMP FOR 1.5-V OPERATION 

IF 
INPUT 

R1 
uon 

R6 
10K 

C4 
.1 

R4 
56!l 

+ 12 

~,------.....--+-"INll,----­
C5 

C3 
.01 

.1 

7 
IF 

+12 OUTPUT 

t R7 
10K 

MANUAL 
GAIN CONTROL 

FIG. 86-21 

The ZN416E can be configured as a simple 455-kHz IF amplifier. In this case, the circuit's cen­
ter and bandwidth arc set by RESl (a Murata CSB455E ceramic resonator). 
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5-W 7-MHz RF POWER AMPLIFIER 

0 l ~:o~:-,-----1-1 

iRll..11..A~ 

Lt 1 ' lURHS ifllrU,.AFt ON 
,T-ll-0 

-· . L~ • 

73 AMATEUR RADIO TODAY 

., 
L2 

1• 
811! 4.0JU!'T 

AF' OUT 
TO flt TER 

FIG. 86-22 

The circuit shown will produre up to 5-W RF output in the 40-m (7 MHz) amaLcur band. The 
coils shown are wound on toroidal cores (Armdon Associates Inc.). The part numbers are given in 
the schematic. The circuit requires about 20-mW drive and a 1:3-V supply. 

Input 

r 
Bias 

WILLIAM SHEETS 

LC TUNED AMPLIFIERS 

Cl Capac111Ve tapped 

Re 

'Vee 

1 
fo - ----==== 

2 ,,,. J LC effective 

Link 
coupling 

FIG. 86-23 

This basic tuned LC ampfilier can be used with three output coupling methods. They are capac­
itive coupling output, -capacitive tapped output, or link-coupled output. 
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1/P 

Table-1. 
Vee Vd Id Rb 

MWA110 svoc 2,9Voc tOmA 2100 
6 3100 

12 9100 

MWA120 S 5.0 
6 

12 

MWA130 5 
6 

12 

To +Vee 

3.2 

2s m 
400. 
2800 

2s aso 
1200 
3600 

WIDEBAND PREAMP 

C2 

~ 
RB1 

C3 

J,1 
RB2 

cs 
>---tJ-o 0/P 

Vee= 12 Vdc; C1 to CS= 0.1 µ,F; RB1 910fi; 
RB2 = 2800; U1 = MWA110; U2 MWA120 

0/P 

1-lnput 

2-0utput 

Pin out 

3-Ground (case} 

PC board layout (shading represents copper) and parts layout "X" is the leedthrough wire to the gound plane. All capacitors are 0.1 µF. 

Keep all leads short. 

73 AMATEUR RADIO FIG. 86-24 

Motorola MWA 110, 120, or 130 are 'Wideband amplifier ICs. This wideband preamp circuit can 
be used in many applications. Keep the leads short when constructing the circuitry. 
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DEVICE 

MAR-1 
MAR·2 
MAR-3 
MAR-4 
MAR-6 
MAR-7 
MAR-8 

*SEE TEXT 

POPULAR ELECTRONICS 

MAX. FREQ. 
(MHz) 

1,000 
2.000 
2,000 
1,000 
2,000 
2,000 
1,000 

\J+ 

R1 

RF PREAMPLIFIERS 

TABLE 1-MAR·X CAPABILITtES 

GAIN (100/50/1000 MHz) 

18.5/17.5115.5 
13/12.8112.5 
13/12.8/12.5 
8.2/8.2/8 
20/19/16 
13.5/13.1n2.5 
33/28/23 

N.F. COLOR 

5 Brown 
6.5 Red 
6 Orange 
7 Yellow 
2.8 White 
5 Violet 
3.5 Blue 

In Lhis basic IvlAR-x-hased circuit, both Lhc 
input and output are comprised of a single de­
blocking capacitor (Cl and C2 for the input and 
output, respectively). The de power-supply net­
work ( comprised of 11 and Rl) is attar.hed to the 
MAR-x via the RF-output temrinal (lead 3). 

FIG. 86-25 

45-MHz IF AMPLIFIER WITH CRYSTAL FILTER 

+12V 

+4V 

1ao n 

_[ 

O.Q1 f'-F 

I 

IF 
in 

(SO!l) 

,,~;~, 

T41020pF = 

001 µF i~p] (~H, 
t-->:1 

73 

2.2kH 

10 l I 0.01 µ.F 

WILLIAM SHEETS FIG. 86-26 

A 40673 dual-gate MOSFFJT is rnatchcd to a crystal filter at 45 MHz. The filter impedance is 
around 2kQ. The+ 4-V source can he made variable for gain control ( ahout +4 to -4V.) 
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87 

RF Oscillator Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
675. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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6.5-MHz VFO 
RF Signal Generator 
NE602 RF Oscillator Circuits 
A Shortwave Pulsed-Mar-ker Oscillator 
Ham Band VFO 



0, 
I\) 
(0 

OST 

1 
XC "" 6.28 x F (MHz) x C (µF) 

XL"" 6.28 x F (MHz) x L (µH) 
R1 

100K 

6.45·6. 75 MHz 

DAG 

Cl 
00 

C2 
25 
CAL 

S~CASE 

2N4416 
BOTTOM 

C3 
15 

TUNING 

01 
1N914 

e 
GSD 

MPF102 

D2 
8.2v. 

400mw 

osc 
01 

2N4416 
MPF102 

~ 
ceE 

2N4400 

6.5-MHzVFO 

+12\1'. 
C15 

y38mA C14 
0.1 0.1 

~ 
47 

C7 R3 
o., 

SOURCE 
220 

FOLL. R4 

02 
56K 

MPF1O2 

CH 56 
-I 

RFC1 R2 
l1mH 100K 

~RS rnK 

C12 
100 

C13 
0.1 

RF OUT 
Z 500'1 
4.2v. P-P 
(+6.6dBm) 

SchemaUc diagram of the VFO. Fixed-value capacitors are 
disc ceramic. C1, C4, C5, C6, and CB are NP0ceramic or polystyrene. 
C2 is a 25 pF ceramic trimmer and C3 is a 15 pF miniature air variable. 
Resistors are ¼ watt carbon film or composition. The RF chokes are 
miniature Mouser Electronics No. 43LR103 units. For L 1 use 32 turns 
of No. 28 enamel wire on an Amidon Assoc. T50-6 (yellow) toroid. 
L2 has 25 turns of No. 28 enamel wire on an Amidon FT-37-61 fer-

rite toroid. 

FIG. 87-1 

Fixed-value c::J.t>a~cito:rs are disc ceramics. Cl, C4, C5, C6, and CS ar~ NPO ceraltlic or polystyrene. C2 is a ceramic 
trimmer and C3 is a miniature air variable capacitor. The resistors are ¼-W carbon fihn or composition. The RF chokes 
are miniature Mouser Electronics No. 43LR103 units_ For Ll, use 32 turns of #28 enamel wire on an Amidon Assoc. T50-6 (yel­
low) toroid. 12 has 25 turns of #38 enamel wire on an Amidon Ft-37-61 ferrite toroid. 



01 w 
0 

C6 
001 

I' 

RI 
2k 

R2 
3'h 

res 
qJ 

,,~-

SEE TABLE 
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+IZV 

+12v 

IIJLI 

R5 
15k 

R4 
15 k 

szc 

·c, CZ 

+1211 

RF SIGNAL GENERATOR 

RIO 
270 

, 

·o 
5·12 C4 

16 
C5 
300 

+12v 

~' 
k 

~7 Cl 
z 411 00 

~ 
RB ~ lk Joo, 

tRl6 820 

Cl"I 

;F102 ~d 
RII 
• 70 

RIZ 
470 

Rl3 
lk 

Rl"I 
510 

10,01 

12-1~ 

t-12. • 

6~9• 

l-•• 
0-lD 

+12V 

t 
+12V 

FR0!.1 ~I 150 figil 
FILTERS ,n ' 1 c2s 

C20 TZ 002,2 
001 2 R34 

S29 4 \Dk 

__J ~ ~;: ~~1350 ~~3 ~ l 
~10 • ~~2 

t!-1e 

SIB 

R36 
270 

~29 ,-------{o) 
+12v rOI m OUT ,..IP 

R28 R30 R31 
680 I~ I 21 

LEVEL 

FLI 

LO PASS 
Cl9 

0.01 SU. - ,__ _____ TO Aj,IP 

Cl8 10,22 

FLZ 

~ 

Cl7 l 1 +12v 
;J;-001 

R22 
10, 

MIXER 

FIG. 87 .. 2A 

This circuit uses a VFO operating from 15 to 18 MHz (Ul), which feeds a balanced mi"Cer (U2). A fixed oscillator signal is 
mixed with this signal to generate an output from 0.4 to 33 MHz. FLl and FL2 are low- and high-pass filters that are used to 
eliminate undesired mixer products. Amplifi~r U3/Q3 supplies up to 200 mV rms to the output jack. 



s1on 

RF SIGNAL GENERATOR ( Cont.) 

HIGH Pi\SS 

9 8 12 )1-r:;r-r;: 
5,-H 

S10I1 

5101'1 

LOW PASS 

4 6,-H 

lO 510.R 

CAPACITOl'IS IN pF' 

FILTER SCHEMATIC 
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NE602 RF OSCILLATOR CIRCUITS 

LO 
FREQUENCY U1 U1 

~700mV C2 NE602 NE602 
PEAK TO PEAK ,047 6 7 Cl 6 7 

C1 l C3 

r f 
.047 047Loo Li 

2 -
A B C 

U1 

6 Ul NE602 
C2 

C3 NE602 6 100pf 
.047 

7 6 
C1* C2* C1 

:~J 100pf 

t L1 R1 R1 
22K 151< 

xr2L1· -=- ":' 
Vr 

•sEE TEXT •sEE TEXT 

0 E 

POPULAR ELECTRONICS 

FIG. 87-2B 

FIG. 87-3 

Just about any standard oscillator (such as a Colpitts or configuration) can be used to 
generate Lhe LO (local oscillator) frequency needed by the NE6D2. 
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A SHORTWAVE PULSED-MARKER OSCILLATOR 

+~V 

R2 

+\Ill 

tSWI 

,------------- 7 
•9v I 

I I 
l-sw2 I 

t-t.::..-_.,3 . ..,.,.3k ___ +-_..,----:._--.:.i1 ~~:s,:s 
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I 

I 
I 
I 
I 

Cl J0-01 
11 io~H 

R3 
tO\ 

--------- ------------7 
JI fo"opf ~fAl : 

ou·;t ) 02 I : 
MPFI02 I 

I 
I 

I s 1'14 C$ I 
1 100• 1"1ooor 1 
I J, I L OSCILLATOR _________________ _ _J 

73 AMATEUR RADIO TODAY 

R6 
IOl 

11:s I 
10k I 

• C3 I Jio~r : 
L _____ :SH1 ,.ULTIVIBRATOFI _j 

A useful marker oscillator can be made using an NE555 to pulse the oscillator at an audio rate. 
This makes it easy to find the signal in the presence of interference. ·The crystal can be any suitable 
frequency from 1 to 30 MHz. 

L1 

C4 
MAIN 

TUNER 

POPULAR ELECTRONICS 

C5 
TRIMMER 

HAM BANDVFO 

+5 T0+7VDC 

,Peg 
- .01 

C1 R1 
100K ----------~ ~ 

01 
1N914, 
1N4148 

ETC. 

C2 
07 
.01 

Co 

FIG. 87-5 

This basic VFO for the 3- to 6-MHz range is commonly used in amateur applications, using a Col­
pitts circuit. For 5 to 5.5 MHz, C1 = 70 pF and for 3.5 to 4.0 MHz, use 1000 pF. C3 is typically 10 
to 220 pF, depending on the frequency. C4, C5, and C6, together with C3, determine the frequency 
along with LL C6 can be made up of several smaller values, paralleled to get the exact required value. 
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88 

Sample-and-Hold Ci-rcuits 

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

Sample-and-Hold Circuit I 
Sample-and-Hold Circuit II 
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SAMPLE-AND-HOLD CIRCUIT I 
+5-9V 

INPUT ! 

s~~J 
HOLD S1 

RESET .., ...... ~S2-b 

~... t 
-5-9V 

C1 M1 
.05 DVM 

This circuit demonstrates the principle of 
-the sample-and-hold circuit. S 1 can be replaced 
by electronic switches (FET, etc.) in an actual 
application. 

POPULAR ELECTRONICS FIG. 88-1 

HOLD 
COMMAND 

LAlCH 
COMMAND 

20 
HOLD 0------1 RD 

20 

Voo 

A4AXIA4 
IC, 

V1t1c>---- VIN MAX163 00-011 

17 CLK ll----11 CLKIN VREF 
16MHz 

AGND Vss DGND 

23 

-
·15V 

MAXIM ENGINEERING JOURNAL 

SAMPLE-AND-HOLD CIRCUIT II 

-i.5V 

17 WR 

18 

Voo 

MAXIM 
IC2 

RFB .... 
20--1--------~ 

33pF 

D0-011 MX754S lou1 1-----e---1 

2 --1-----19
-1 REFIN AGND t----a----1 

16 CS 

OGNO 
+ 

47µfI 

--

FIG. 88-2 

Driving a D/ A converter with an ND converter provides an overall analog-hold function, which 
though limited in output resolution, offers zero voltage droop and infinite hold time. The .AID converter 
shown (JCl) includes a 12-bit compatible track/hold at its input. The track/hold specifies a 6-MHz full­
power bandwidth, a 30-ns aperture delay, and a 50-ps aperture jitter. The direct connections shown al­
low the DIA converter to reconstruct signal levels within the input range of Oto 5 V. 

534 



89 

SCA Circu-it 

The source of the following circuit is contained in the Sources section, which begins on page 675. 
The figure number in the box of the circuit correlates to the entry in the Sources section. 

Subcarrier Adapter for FM Tuners 
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RECEIVER 

67kH2 BAND-PASS FI l TER 

1990 PE HOBBYIST HANDBOOK 

SUBCARRIER ADAPTER FOR FM TUNERS 

Ct5 
.001 

PLL DEMODULATOR 

Al 
20K 

C10 
.OOlill 

Cl8 
560pF 

18dB/OCTAVE LOW PASS FILTER 
GAIN"-1 

CH 
.001 

12dB/OCTAVE &kHz 
LOW PASS FILTER 
GAIN2 -1D 

+15V-30V 
FAOM 
RECEIVER 

C8 

C4 + 
1 

0.22 

AUDIO 
OUTPUT 

FIG. 89-1 

Op amp Ul and its associated components comprise the 67-kHz bandpass filter. A twin-T net­
work, comprised of four 1100-n resistors and four 0.0022-µF capacitors, is connected in the feed­
back network of the op amp. That gives some gain at 67 kHz and heavy attenuation for frequencies 
above and below that frequency. 

An additional passive filter at the input to the twin-T network ( containing a 220~pF capacitor 
and a 10,000-0 resistor) provides some additional roll-off for frequencies below 67 kHz. 

In practice, the bandpass-filter action coven; a frequency range of about 10 kHz above and below 
the 67-kHz center frequency. Resistor Rl8 sets the gain of the bandpass-filter stage. 

Integrated-circuit U2 is a National LM565 phase-locked loop that modulates the 67-kHz fre­
quency-modulated (FM) signal from Ul. The LM565 PLL consists of a voltage-controlled oscillator 
(VCO) set to 67 and a comparator Lhat compares the incoming frequency-modulated 67-kHz 
signal at pin 2 with the VCO signa! that is fed into pin 5. 

The output of the comparator represents the phase difference between the incoming signal and 
the VCO signal. Therefore, the output is the audio modulated by the subcarrier. A treble deemphasis 
of 150 µsis provided by a 0.033-µF capacitor (at pin 7). 

The free-running VCO frequency is determined by the 0.001-µF capacitor at pin 9 and by the re­
sistance between the positive rail and pin 8 (100 Qin series with R19). Variable-resistor Rl9 adjusts 
the oscillator frequency (also known as the center frequency) so that the incoming signal is within 
the lock range of the PLL. 
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Shutdown Circuits 

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

Resettable Shutdown Circuits 
ShuLdown Circuit 
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POPULAR ELECTRONICS FIG. 90-1 

If your circuits experience frequency overvoltage conditions, continually replacing blown fuses 
can get pretty expensive. However, this shutdown circuit overcomes that deficiency by replacing the 
fuse with a relay and a low-current SCR. 

When the input voltage rises above the threshold set by the Zener diode (Dl), a current of suf­
ficient magnitude is applied to the gate of SCRl, which turns it on. That draws current through the 
relay coil and energizes it, which swings its commutator to its normally open contact, and disrupts 
power to the circuit under power. Switch SI, a normally closed pushbutton switch, is used to reset 
the circuit; it does so by interrupting power to the relay. \Vhen S1 is pressed, the relay's wiper arm 
returns to the normally closed position, restoring power to the connected circuit. 

If you deal with a number of circuits that have different bum-out levels) try the circuit in B. That 
circuit variation, a variable trip-point shutdown circuit, allows you to adjust the shuLdown threshold 
to whatever level you desire. The circuiL adjustment allows for the 30% variance in the trip point. 
The zener diode should be selected to have a voltage rating that is slightly lower than the minimum 
desired threshold voltage. 
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POPULAR ELECTRONICS 

538 

OUTPUT 
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OR EQUIP. 

SCRl -t 
50PIV 
6A 

SHUTDOWN CIRCUIT 

FIG. 90-2 

Many modern devices have shutdown circuits 
that are designed to remove power from the de­
vice under power when the voltage rises above a 
predetermined threshold. This one blows a fuse to 
protect the device under power. 
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Sine-Wave Oscillator Circuits 

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

Highly Stable 60-Hz Sine-Wave Source 
Simple Sine-Wave Oscillator 
Wien-Bridge Sine-Wave Oscillator 
Battery-Powered Sine-Wave Generator 
1-Hz Sine-Wave Oscillator 
Simple Sine-Wave Generator 
Sine-Wave Generator 
Sine-Wave Shaper 
Pure Sine-Wave Generator 
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ELECTRONIC DESIGN 

HIGHLY STABLE 60-Hz SINE-WAVE SOURCE 
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FIG. 91-1 

A highly-stable 60-Hz sine wave can be delivered with this circuit, which offers a different and 
much simpler approach to gaining a stable amplitude. Capacitor coupling the last stage removes any 
de component caused by unequal zener voltages in the clipping circuit that follows the comparator. 
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POPULAR ELECTRONICS 
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Using an LC circuit, this CMOS oscillator generates sine waves. 

WIEN-BRIDGE SINE-WAVE OSCILLATOR BATTERY-POWERED 
SINE-WAVE GENERATOR 

+ 

Cl 
22 

POPULAR ELECTRONICS 

Ri 
10K 

R2 C2 
3001( .068 

+V 

FIG. 91-3 ELECTRONICS NOW 

FIG. 91-2 

FIG. 91-4 

The quality of the sine wave depends on how 
This Wien-bridge sine-wave oscillator uses a closely you match the components in the twin-T 

2N3819 as an amplitude_stabilizer. The 2N3819 network in the op amp's feedback loop. 
acts as a variable-resistance element iu the Wien 
bridge. 

1 
f = 2rtRC 
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POPULAR ELECTRONICS 

1-Hz SINE-WAVE OSCILLATOR 

R2 
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C3 
:01 

C5 
30pf fci = 1Hz 

FIG. 91-5 

This circuit produces a 1-Hz sine wave using two op amps. A single-chip dual op amp could be 
used as well. 

R1 
82k 

R2 
1k 

adjust 

R-E EXPERIMENTERS HANDBOOK 

SIMPLE SINE-WAVE GENERATOR 

+9V 

01 

C3 
0.27 
SPKR1 

an 

1WrvV7~ 
Waveforms 

FIG. 91-6 

A 555 timer operating in the astable mode generates the driving pulses and two 4518 dual BCD 
(binary coded decimal) counters provide the square waves. A TL081 op amp serves as an output 
buffer-amplifier, and potentiometers RI and R2 are used in order to control the pulse's frequency 
and amplitude, respectiveiy. 

The output-frequency range can be varied by changing Cx. For example, a value of 0.1 µF gives 
a range from about 0. 1 to 30 Hz, and a value of 4 70 pF gives a range from about 10 Hz to 1.5 kHz. The 
maximum output frequency is 30 kHz. 
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SINE-WAVE GENERATOR 

Gain (dB) 

0 

.zo 

0.1 µF ... 
·68 

·88 

0.01 O.D2 D.03 1.14 o.os 
116' 

Slanal/clock ratie 

ELECTRONIC DESIGN FIG. 91-7 

In this circuit, a square wave is filtered by a high-order low-pass filter so that a-3-dB frequency 
will eliminate most harmonics of the waveform. As a result, the filter outputs a fundamental sine 
wave. This method is applied to generate a sine wave by using a switched-capacitor filter (MAX292) 
(see the figure). This circuit offers wide frequency_range (0.1 Hz to 25 kHz), low distortion, and con­
stant output amplitude throughout the whole frequency range. 
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FIG. 91-8 

Unlike most sine-wave shapers, this circuit is 
temperature stable. It varies the gain of a transcon­
ductance amplifier to transform an input triangle 
wave into a good sine-wave approximation. 
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PURE-SINE-WAVE GENERATOR 
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FIG. 91-9 

A TTL counter, an 8-channel analog multiplexer, and a fourth-order low-pass filter can generate 
10- to 25-kHz sine waves with a THD better than -80 dB. The circuit cascades the two second-order, 
continuous-time Sallen-Key filters within IC3 to implement the fourth-order low-pass filter. 

To operate the circuit, choose the filter's cutoff frequency,}~, by tying IC3's D0 through D 6 inputs 
to-5 V or ground. The cutoff frequency can be at 128 possible levels between 1 and 25 kHz, depend­
ing on those seven digital input levels. -Because the circuit ties D0 through D6 to groundJc equals 1 
kHz. The 100-kQ potentiometer adjusts the output level between i,;D - 1.5 V and ~s + 1.5 V. 
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Sound- and Voice-Controlled Circuits 

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

Vocal Stripper 
Sleep-Mode Circuit 
Sonic Kaleidoscope 
Automatic Fader 
Voice Identifier for Ham Radio Use 
Whistle Switch 
Audio Light 
Voice-Activated Switch and Amplifier 
Audio-Controlled Switch 
Speech Scrambler 
Audio-Controlled Mains Switch 
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VOCAL STRIPPER ( Cont.) 

+12V 

LED1 
GNO 

-12\1 

FIG. 92-1C 

Right- and left-channel signals pass through I C4-a and -b buffer amps into active crossover low 
frequencies are sent to the IC6-c mixer, and middle and high frequencies are sent to the analog delay 
lines of lCl and IC2. That output passes through 1C6-a and -d to filter high-frequency sample steps. 
1C6-b signals are remixed Vvith low frequencies by IC6-c and are sent to final out via IC4-c and-d buffers. 

One channel (R) is a variable-delay circuit, using an analog bucket-brigade device and a variable 
clock frequency. This is compared in amplitude and phase to the L channel (fixed delay). The local 
can therefore he nulled out via R36. 

ELECTRONIC DESIGN 

SLEEP~ODE CIRCUIT 
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H,gh impedance 

FIG. 92-2 

The HA7210 oscillator IC combines Vvith an ICL7642 quad CMOS op amp to produce a sleep-mode 
control circuit. The circuit is put into ihe sleep mode with a logic high applied to the Reset input or with 
an RC timer for automatic reset. The system is awakened by a signal from the microphone/sensor. 
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SONIC KALEIDOSCOPE 
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FIG. 92-3 

The microphone input, MICl, is fed through C3 and R4 to inverting amplifier U2-a; the gain of 
U2-a is controlled by potentiometer R5. The output of U2-a is fed through C4 to the remaining op­
amps (U2-b, U2-c, U2-d), which are all configured as band-passfilters. Each filter is tuned to pass a 
different range of frequencies by its resistor/capacitor combination. With the values shown, U2-b, 

and U2-d have center frequencies of roughly 100, 1000 and 1500 Hz, respectively. 
Resistors R6, R9, R12 control the bandwidth and gain of their respective filter circuits, and can 

range in value from 10 to 15 kn. The output of U2-b is capacitively coupled via Cl 1 to the input of 
U3, with Rl5 serving as the load resistor for U2-b. That resistor also keeps U3,s outputs from "float­
ing" in the absence of a signal. Connected as shown, U3 uses its own internal voltage reference to 
make a full-scale display of 1.2 V. 
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SONIC KALEIDOSCOPE ( Cont.) 

Each of the nine outputs of U3 (output 1 is not used) sinks four, series-connected (red) LEDs. 
Op amps U2-c and U2-d are similarly connected to U4 and U5, respectively, driving green and yellow 
LED strings. Resistors R18, R19, and R20 control the brightness of their corresponding LED arrays, 
and they must be adjusted accordingly; different colors of LEDs usually vary in brightness. A lower 
value of resistance will make the LEDs glow brighter. 

Power for the circuit is supplied by a 500 m.A, 12-15-Vdc wall-pack transformer, via Jl. The out­
put of the transformer is filtered by C 1 and is regulated by U1; regulation is necessary to keep power­
line ripple from affecting the display. The supply pins of U2 through U5 are qypassed by capacitors 
Cl4 through Cl 7 to further ensure stability. An on/off s\Vitch was deemed unnecessary because the 
power supply should be unplugged when the unit is not in use. 
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POPULAR ELECTRONICS 
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FIG. 92-4 

In this circuit, audio fed to the control channel is amplified and rectified by Dl and D2. This de 
level activates LED D3 via Q2. The light from D3 causes R9, a light-dependent resistor to decrease 
resistance. As Rll (audio gain) is set higher, more audio is present at the output of Ql. Audio fed 
into J2 is shunted to ground via R9 and less of this audio appears at J3. Therefore, audio at Jl con­
trols the audio level fed to J3 from J2 and _produces a fade effect. 
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FIG. 92-5 

an ISD1016 audio record/playback chip (Information Storage this circuit records and plays back mes-
sages on command. Although intended for use with transmitters, it can be used as an electronic notepad, etc. Consult the 
ISD 1016 data sheet for other applications. 
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FIG. 92-6 

At the heart of the whistle s~itch are a pair of tone detectors, each of which is built around an LM567 tone decoder, which 
are supported by a minimum of additional components. This whistle S\vitch is a:e~~uuie·a to respond to only two or more occur­
rences of a specific tone, or sequence of tones, -within a specified period to prevent false tni;~germ~. u1epern1mg on the relay used, 
various ac loads can be controlled. Microphone MIC l picks up the sound and U2 ar:r1.o.n]:1c~:; and feeds it to tone decoders 

~ U3 and U4. These devices trigger U5-a and U5-b and the logic circuits that drive 
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This circuit will produce an output when the sound exceeds a preset level. The LM3915 is a log­
output bar graph driver. Use the transistor driver shown for higher current loads. To drive heavy­
current loads with an LM3915 output, you must add a transistor, as shown in B. 
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In certain applications, such as transmitter or other communications and control applications, 
this circuit should be useful. Both audio output and de control outputs are provided. R9 sets the con­
trol threshold. 
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FIG. 92-9 

The audio-controlled switch combines a pair of 741 op amps, two 2N2222 general-purpose tran­
sistors, a hexFET1 and a few support components to a circuit that can be used to turn on a tape 
recorder, a transmitter, or just about anything that uses sound. 
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FIG. 92-10 

Using digital techniques, this circuit accomplishes the frequency-inversion algorithm via digiti­
zation of the audio, inversion of the sign uf every alternate sample, and D/A conversion of the resul­
tant data. The result is an inverted frequency spectrum. Because the circuit has two channels, this 
system can be used in a full duplex two-way telephone scrambler. 

A complete kit of parts is available from North Country Radio, P.O. Box 53, Wykagyl Station, New 
Rochelle, NY 10804-0053A. 
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'This circuit will switch off the line supply to audio or video equipment if there has been no input 
signal for about 2 seconds. S1 provides manual operation and S2 acts as a reset. Thls circuit allows 
for time to change a tape or compact disc. About 50 m V of audio signal is necessary. 
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Sound-Effects Circuits 

Tte sources of the following circuits are contained in the Sources section, which begins on page 
675. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Canary Sound Simulator 
110-dB Beeper 
Siren Alarm 
1000-Hz Pulsed-Tone Alarm 
Tone Chime 
Spaceship Alarm 
10-Note Sound Synthesizer 
Space-Age Sound Machine 

Electronic Gong 
Alarm Tone Generator 
Dual-Tone Sounder 
Low-Level Sounder 
Sound-Effects Generator 
Siren 
Simple Multi-Tone Generator 
Siren Oscillator 
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OUTPUT 

FIG. 93-1 

This circuit generates the sound of two canaries singing in a cage. 1\vo LM324 quad amps make up seven oscillators. One os­
cillator is an on/off control, the other six generate the sounds of two canaries. A 9-V supply powers the circuit. 



0.1 4.7 M 
c1 1' 

Mylar_L 

ELECTRONIC DESIGN 

0.0022 

c2 I 
Mylar _ 

110-dB BEEPER 

Notes: 
1. Beep int Clfflent drain= 12 mA at 9 ~ 
2. Sound ltvel = 110 dB at 12 In. at 9 V 
3. Seep rate = approximately 2 per second. 
4. Operating voltage range= 3 te 18 V. 

Piezoeleclric alam 
Panaso1ic EFB-8032821 

Top view 

FIG. 93-2 

This circuit will generate an car-splitting no dB from 9 V. The setup uses a single 74C14 
(CD40106B) CMOS hex inverting Schmitt-trigger IC, which must be used with a piezoelectric device 
with a feedback terminal. The feedback terminal is attached to a central region on the piezoelectric 
wafer. When the beeper is driven at resonance, the feedback signal peaks. 

One inverter of the 7 4C 14 is wired as an astable oscillator. The frequency is chosen to be 5 times 
lower than the 3.2 kHz resonant frequency of the piezoelectric device. Feedback from the third pin 
of the beeper reinforces the correct drive frequency to ensure maximum sound output. 

Four other inverter sections of the IC are wired to fonn two separate drivers. The output of one 
section is cross-wired to the input of the second section. The differential drive signal that results 
produces about 18-V p-p when measured across the beeper. The last inverter section is wired as a 
second astable oscillator with a frequency of about 2 Hz. IL gates the main oscillator on and off 
through a diode. For a continuous tone, the modulation circuit can he deleted. 
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SIREN ALARM 

----------------------------+sv 

2 

8 

IC1 
555 

1 

+ 1100 µF 

IC2 
555 

3 Out to 
AF amp 

FIG. 93-3 

The ramp voltage from the low frequency oscillator lCl modulates IC2 thereby producing a ris­
ing and falling tone like the siren wail of police c.ars. 

WILLIAM SHEETS 

NE 
IC1 
555 

8 

3 

1000-Hz PULSED-TONE ALARM 

47011 5 
0.01 

µF 1 -= 

3 Output 
lo amplifier 

FIG. 93-4 

ICl generates a pulse that modulates the 1000-Hz tone generated by IC2. This circuit can be 
used to generate warning or alert 
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POPULAR ELECTRONICS 

INPUT 

11.JA~ 
POSITIVE 
PULSE 

C2 
01 

FROM CLOCK 

TONE CHIME 

Ri 
1MEG 

R3 
lO0K 

R6 
lK R5 

2 2K 

C3 

lr"°~ 
TONE OUT 
TO AMP 

1...-_.,__--41-----~flr--• +l2V 

R4 
2.2K 

C4 
47 

FIG. 93-5 

A positive pulse input to Rl causes the active filter Ul-a to "ring." Uthe gain is set too high (R6), 
the circuit will oscillate. R6 controls the positive feedback and the Q of the circuit. Cl and C2 can be 
changed to adjust the tone frequency. 

SPACESHIP ALARM 

12V 

100 + 
jJ-FI 

4 8 4 

3 Out to 
IC2 amplifer 
555 

0.01 

IJ.Fl 
3 

2N3904 5 

O.Q1I -= -= 
µ.F_ 

100 

WILLIAM SHEETS FIG. 93-6 

By using two 555 timers this circuit produces a low frequency tone that rises to a hj_gh frequency 
tone in a little over 1 second. Then the sound stops for about 0.3 seconds, thereafter the cycle re­
peats. To produce the alarm sound of the Star Trek spaceship. 

560 



1991 PE HOBBYIST HANDBOOK 

10-NOTE SOUND SYNTHESIZER 

Cl .......... 22 µF Electrolytic Capacitor 
C2 .................... o. 01 µF Capacitor 
C3 ............. 0.1 µF Capacitor (104k) 
C4 ...................... 10 µ.F Capacitor 
I Cl, IC2 ................... 555 Timer IC 
IC3 ................••.•..•...•.. 4017 IC 
Ll .............................. Red LED 
P1-P12 .............. 5k Trimmer Resistor 
Rl, R3, R4 . . . . . . . . . . . . . . . . . . . lk Resistor 
R2 ..................... 200-ohm Resistor 
RS . . . . . . . . . . . . . . . . . . . . . • . 4. 7k Resistor 
R6 ..........•..•..••.•• 100-ohm Resistor 
R7 ...................... 15-ohm Resistor 
Sl, S2 ....................... SPDT Switch 

FIG. 93-7 

As shown, three !Cs are used to produce the sounds. !Cl is a 555 timer that generates clock 
pulses. It is configured as an astable multivibrator. The frequency of the clock pulses is set by trirn-= 
mer potentiometer Pl. These clock pulses are coupled to the input of IC3 (a 4017 CMOS Johnson 
counter) on its clock input pin 14. Each clock pulse causes IC3 to shift a "high" to each of its output 
pins in sequence. A trimmer resistor, which can be adjusted to set a different frequency for each 
note, is connected to each of IC3's output pins. One side of each of the trimmers is connected to pin 
5 (the control voltage pin) of IC2. 

IC2, another 555 timer IC, creates the tone; the overall pitch of the tone can be varied by P2. As 
the output sequences from the 401 7, that tone, which is changed in frequency by each output shift 
is-applied to a small speaker from pin 3 of IC2. An LED, which flashes with each clock pulse, is con­
nected to pin 3 of !Cl. Switch 82 is used to vary the sound between "flowing" and distinct notes. 
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SPACE-AGE SOUND MACHINE 

14 

13 

12 Rii 
;tL 
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.~ ~ RB .. 
cs,::: l1 ~ \\ --~~ 

~a, 

I -' 
?.( SPK 
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B1 I 
I 
I 

T 

C1 ........ 1 µF Radial Electrolytic 
Capacitor 

C2, C3 .. 0.01 µF Disc Capacitor 
IC1 ........ 556 Dual Timer IC 
L 1 .......... Green LED 
P1 ........ 2 Meg Trimmer Resistor 
01 ........ 8714 PNP Transistor 
A 1 . . . . . . . . 82K Resistor 
A2, RS .. 33K Resistor 
A3,A7 .. 4.7K Resistor 
R4,A6,A9 ... 1 K Resistor 
AB .. . .. .. . 100 ohm Resistor 
Spk . . . . . . Small-Speaker 

FIG. 93-8 

The space-age sound device uses a 556 dual-times IC to produce a phaser sound. That IC is ac­
tually two 555 timer ICs in one 14-pin package, as shown in the schematic. Each timer inside the 556 
is connected in an astable multivibrator mode. 

The first timer has its frequency set by RI, R2, and CL Its output appears on pin 5 and it is cou­
pled through C2 and R5 into the trigger input of the second timer. The second timer has an ad­
justable frequency Lhat is controlled by Pl, R6, and C:3. 

In Ute second timer, the first frequency mixes with the second frequency and produces the pha­
sor-like sounds. The output of the second timer, which has the two signals mixed together, is 
brought from pin 9 through limiting resistor R7 to the input of QI. The function of pnp germanium 
power transistor Q 1 is to amplify the signal to the level that is needed to drive the speaker. The green 
LED, LI, converts electrons directly into visible photons (light) in time Vvith the pulses from the 
speaker. The purpose of resistor RB is to limit the current through the LED to a safe level. 
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ELECTRONIC GONG 

IClad 74C00N 

100kn 

~-,.,v\_; ___ ,___,_ __ ,_o.o-lotJ---
1

~ 

470pF 

R1 
50k 

Gong 
;,,-------+------audio 

output 

10 Id! 

10 k.O. 
12V 

-= WILLIAM SHEETS .___ _________________ , FIG. 93-9 

The electronic gong is comprised of an oscillator (built around half of a 7 4COON quad 2-input 
NAND gate), an active twin-T filter (built around a TLO81), and will drive an audio amplifier IC such as 
an LM386N. Pulses from astable mnltivibrator ICI cause the twin-tee active filter U2 to riI1g1 producing 
a damped sinusoidal output. Cl varies rate and C2-C3 vary gong frequency. Adjust RI for best "tone" 
sound. 

ALARM TONE GENERATOR 

.-----r-----a1-------------------~• + 12 V 

IN4007 

8 4 

47 k.O. 3 TIP41 

5 I 0.01 µF 

100 

WILLIAM SHEETS FIG. 93-10 

Jn this alarm tone generator, a TIP41 transistor is used as a speaker driver. RI, R2, and Cl de­
termines the frequency which is 1400 Hz with the values shown. 
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POPULAR ELECTRONICS 

DUAL-TONE SOUNDER 
TO +V 

.-----------------OR RESET 
SWITCH 

TO -V ..__ ______ +-_____ .....,._ DR SCR 

ANODE 
FIG. 93-11 

An outside horn-type speaker works best with the circuit. However, such devices require a great 
deal of_power, so this sounder should only he used in alarm circuits where at least a 6-A SCR is used 
as the sounder driver. 

A single CMOS 4001 quad 2-input NOR gate, two 2N3904 general-purpose npn transistors, and-a 
single MJE3055 power transistor combine to generate a two-tone output. Gates Ul-a and Ul-b are 
configured as a simple feedback oscillator with R2 and C2 setting the oscillator}s frequency. With the 
values shown, the circuit oscillates at about 500 Hz. 

Gates Ul-c and Ul-d are connected in a similar oscillator circuit, but they operate at a much 
lower frequency. The oscillator frequencies (and thus the tones that they produce) can be altered by 
increasing or decreasing the values of R1 and C1 for the low-frequency oscillator andR2 and C2 for the 
high-frequency oscillator. Decreasing the values of those components will increase the frequency; in­
creasing their values will decrease the frequency. 

The two oscillator outputs are connected to separate amplifiers (configured as emitter follow­
ers), whose outputs are used to drive a single power transistor (Q3, an MJE3055). A 10-0, 5-W re­
sistor, RG, is used to limil the current through the speaker and Q3 to a safe level. To boost the sound 
level, R5 can be replaced with another speaker. 

A 
TO +V OR 
RESET SWITCH 

SPKRI 
sn 

B 
'----n TO -V 

OR SCR ANODE 

POPULAR ELECTRONICS 
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LOW-LEVEL SOUNDER 

This is a simple low-level noise maker that's 
ideally suited to certain alarm applications. When 
the sounder is located in another part of the build­
ing, the sound level is loud enough to be heard, 
but is not loud enough to warn off an intruder. A 
single 2N3904 npn transistor is connected in a 
Hartley audio oscillator, with a 1 kQ to 8-n tran­
sistor-output transformer doing double duty. 

The circuit produces a single-frequency tone 
that can be varied in frequency by changing the 
value of either or both R1 and C1. Increasing the 
value of either component will lower the output 
frequency and decreasing their values will raise 
the frequency. Don't go below 4. 7 kQ for Rl be-

F/G. 93-12 cause you could easily destroy QL 
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The circuit consists of four parts: a binary cow1ter, a D/A converter, a VCO, and an audio output 
amplifier. The speed at which the counter counts depends on the frequency of the output of the 
VCO, which in turn is determined by the output of the counter. That feedback loop gives this circuit 
its characteristic output. 

The initial frequency of oscillation is determined by potentiometer Rll. The VCO first oscillates 
at a relatively low frequency, and it gradually picks up speed as the control voltage supplied by the 
DI A converter increases. 

The DIA converter is simply the group of resistors Rl through R8. \Vhen none of ICl 's outputs is ac­
tive, little current \V.ill flow into the base of QI, so the VCO's control voltage will be low. As more and more 
counter outputs become active, base current increases, and so does the VCO's frequency of oscillation. 

The VCO itself is composed of TC2-a, IC2-b, and Ql; the timing network is Dl through D4, Cl, 
RIO, and Rll. The diode bridge functions basically as a voltage-controlled resistor. The buffer am­
plifier is made up of the four remaining gates from IC2, all wired in parallel. The volume is sufficient 
for experimental purposes, but you might want to add an amplifier, speaker, or both. 

H~AR 
11-IHII 

"• 

NATIONAL SEMICONDUCTOR 

I 
I • iiiiiu 

SIREN 

FIG. 93-14 

An LM380 audio IC is configured as a feed­
back audio oscillator. A transistor astahle modu­
lates this oscillator at a low frequency, which 
produces a siren tone. 
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ALTERNATE TONE ALARM 

IC1 MC1458 dual op amp 
IC2 dual 4-waft amplifier 
R1.R2 10 lcO 
R3,R4 1 MD 
R5, R14 2.2 kO 
R10,R8 500 k:O polentiometefS 

R11,R7 100 kO 
R8, R12 
R13.R9 4.7 ldl 

Cl,C2 .111F 
C3,C6 .111F 
C4,C8 200 ,.F, 15 V 

C7 80 ,,F, 10 V 
C9,C5 6 ,F 

Spks 8 ,.F. 12-inch 

Batteries (2 required or 
bipolar supply) 

6 to 9V 

FIG. 93-15 

A two-tone generator that is alternately switched ON provides a higMow output as might be heard from a traffic vehicle like 
a police car or ambulance. 

ICl, CD4011, quad 2-input NAND gate is a two-tone oscillator in which each side, pins 1 through 7 and 8 through 13 set the 
tone frequencies. Changing the values of C2 and G1 determines the higMow tones. The out.out frequencies are coupled to IC2, 
CD4011, of which one side (pins 1 through 6) acts as a buffer. The buffer is necessary to prevent loading on the c1L1t:n11ts that 
would occur if one to go directly to the LM386 amplifier. The other side of pins 8 through is a slow pulse oscillator 
of approximately 8 Hz per second. The output at pin 10 is connected to IC4 as a clock. 

IC4, CD4027, is a dual J-K master-slave flip-flop that is wired to perform as a switch in which Ql and 15, and Ql (NOT) 
pin 14, go high and low alternately (flip-flop). The clock input from IC2 pin 10 is connected to pin 13 of and the outputs at 
pins 15 and 14 changes the flip/flop state with each positive pulse transition. The CD4027 functions in toggle mode when the set 
and reset inputs, pins 9 and are held low or grounded. Also, J-K inputs, pins 10 and 11, must be held high or to the positive. 
The outputs Ql and Ql (NOT), pins 15 and 14 are connected to pins 13 and 1 respectively of ICl that enables or disables. Thus, 
each tone oscillator is turned on and off alteroately. IC3 is a straightforward low-voltage audio amplifier. 



SIREN OSCILLATOR 
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FIG. 93-16 

A CD4093 chip antl a few components make up a siren oscillator, which drives power MOSFET 
Tl. A 4-Q speaker is driven directly from this device. The siren is enabled by a logic high applied to 
the ENABLE input. 
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94 

Square-Wave Generator Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
675. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Square-Wave Oscillator 
Schmitt Trigger or Sine-to-Square Wave Conve1ter 
60-Hz Square-Wave Generator 
Squarc-=Wave Oscillator 
Schmitt Trigger SineSquare Generator 
10-Hz to IO-kHz VCO with Square- and Triangle-Wave Outputs 



SQUARE-WAVE OSCILLATOR 

SOUAREWAVE OSCILLATOR 

POPULAR ELECTRONICS 

R2 
100K 

FIG. 94-1 

An op amp with posiLive feedback generates 
a square wave. The period of the oscillator is de­
termined by R3 and Cl. 

T Tl + T2 ~ 0.69 X 2 (R!.,,Cl) Tl = 1'2 

60-Hz SQUARE-WAVE GENERATOR 

117VOLTS 
AC 

[:}: 
-svl 

SQUARE-WAVE GENERATOR 

-:- I 01 
R4 I 2N464 

100K I 
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R1 
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R2 _ 
470.\1 -

81 I 
15VOLTS1 

SIi ~1: 
I -

R3 
470!1 

_..L_ -_J 

POPULAR ELECTRONICS FIG. 94-3 

This generator circuit uses an overdriven 
amplifier to produce a 60-IIz square wave from 

SCHMITT TRIGGER OR 
SINE-TO-SQUARE-WAVE CONVERTER 

Output L 180° 

Output L0° 

WILLIAM SHEETS FIG. 94-2 

This sine-wave triggered circuit produces two 
square-wave outputs that are 180° out of phase. 

SQUARE-WAVE OSCILLATOR 

SQUAREWAVE OSCILLATOR 

R1 
100K 

+V 

:uLJL 

POPULAR ELECTRONICS FIG. 94-4 

the 60-Hz ac line. The circuit can be used in line- Positive feedback is via R3 and R4 and R1 
operated applications as a dock source. and Cl determine period. 
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VARIABLE-FREQUENCY 
SQUARE-WAVE GENERATOR 

-------1-------- +10 V 

4 

0.001 µFI 

WILLIAM SHEETS 

NE 
555 

5 

8 

3 

_ Io.o1 µF 

Output 

FIG. 94-5-

This simple square-wave generator produces 
a variable frequency output of 2800 Hz to 80 kHz 
with the values shown. Frequency is adjusted 
with potentiometer RI. 

SCHMITT TRIGGER 
SINE-/SQUARE-WAVE GENERATOR 

Sinewave 
input 

WILLIAM SHEETS 

NE 3 
555 

Square 
wave 
output 

FIG. 94-6 

A sine wave input can produce a square wave 
output by this Schmitt trigger circuit based on a 
555 IC. 

10-Hz TO 10-kHz VCO WITH SQUARE- AND TRIANGLE-WAVE OUTPUTS 

10Hz TO 10kHz VOLTAGE CONTROLLED OSCILLATOR 

Cl 
.001 

5mV-5V 
R1 
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22K 

•AOJUSr FOR SYMMElRICAI SOUARF 
WAVE TIME WHEN V -50rnV 
MINIMUM GAPACITA~CE 20pF 
MAXIMUM fRFOUENCY SOkHz 

POPULAR ELECTRONICS 
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_FIG. 94-7 
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Stepper Motor Circuits 

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

Bipolar Stepper Motor Drive Circuit 
Stepper Motor Circuit with FET_Drivers 
Dual Clock Circuit for Stepper Motors 
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BIPOLAR STEPPER MOTOR DRIVE CIRCUIT 

D7 
1NtH 

D5 
1Nl14 

R2 
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R1 
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02 
2112222A 

POPULAR ELECTRONICS 
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4017 
2 3 

3 2 4 7 15 

06 
1111' 

04 
1Nl14 

+12V 02 
1N'14 A3 

4700 

R4 
4700 

04 
2Nn22A 

FIG. 95-1 

A 4017 decade counter/divider driven from a low-frequency oscillator (Ul-a and Ul-b) is used 
to drive transistor switches to sequence the windings, as is needed. MOTl is a 12-V stepper motor. 
R9 and RIO are selected for the motor1s current rating. A 3.3-Hz signal from Ul will cause the motor 
to run at 1 rpm, a 33-Hz signal will result in 10 rpm, etc. 
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STEPPER MOTOR CIRCUIT WITH FET DRIVERS 

INPUT1 
TO 01/03 IN c.-..,._......, 

FIG.2 

lNPUT2 

Rl 
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TO DS/07 INu----­
FIB.2 

POPULAR ELECTRONICS 

R2 
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INPUTJ -----o TO 02/08 IN 

R3 
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FIG,2 

INPUT4 -----l"l ro o,we 1N 

R4 
100K 

FIG.2' 

FIG. 95-2 

This motor-driver circuit replaces the eight bipolar transistors of the previous circuit with four 
1F'R511 power hexFET's (Ql through Q4). 

POPULAR ELECTRONICS 

DUAL CLOCK CIRCUIT FOR STEPPER MOTORS 

+12V 

C2 
.047 OVERRIDE 

1=0N 
0-0FF 

TO PIN 14 
OFU2 

INFIG.2 

FIG. 95-3 

This oscillator can be used to drive a stepper motor circuit at two preset speeds with override to 
shut the motors off. 
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Stereo Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
675. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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FM Stereo Transmitter 
Stereo TV Decoder 
Crystal-Controlled FM Stereo Transmitter 
Stereo TV Decoder 
One-Chip Stereo Preamp with Tone- Control 
Audio Expander 
Mini Stereo Amplifier 
Stereo Balance Meter 
Stereo Preamplifier 
Stereo Phono Amplifier with Bass Tone Control 



RADIO ELECTRONICS 

FM STEREO TRANSMITTER 

LEFT 

9 "'from +1.4 volt 
regulated supply 08 

AUDlO lil~M,-~N,1,,-.....--, 
INPUT 

RIGHT 
AUDIO 5>-VIM--Hf.M-+---....1-,~ 
INPUT 
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R12 
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02 
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(aource) 

WARNING. Ba sure to eumNit llmlt the AUX input with an alllamal 1 K reaJ•tor! 

to car llldlo 

FIG. 96-1 

A BA1404 IC is used to generate a complete FMMPX signal. The chip contains all of the neces­
sary circuitry. CI and R3, and R4 and C4 provide pre-emphasis. The transmitter runs on a single AA 
cell. L~1 is :1 turns of #20 wire on a ¾t1 11 drill (for a form). L3 is W long. L4 is 4 turns #20 wire on ½l drill 
hit, spaced to ¾n. If monophonic operation is wanted, omit C5 aild the 38-kHz oscillator components. 
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STEREO TV DECODER 

IC3 R -
STEREO __ 

DECODER L + 

IC6 
EXPANDER/ 

DE - EMPHASIS 

lC4-a 
L-R 

RI-GENERATOR 

IC2-b 
12- kHz 

LOWPMS 
FILTER 

J3 
RIGHT 

>-.,_--------t-DJ CHANNEL 
_ LINE 
- OUTPUT 

JS 
HEADPHONES 

~ 
J4 

LEFT 
>-.,_----~uJ CHANNEL 

LINE 
-: OUTPUT 

FIG. 96-2 

A block diagram of the stereo-TV decoder is shown in A. It shows the overall relationships be­
tween the separate sections of the circuit; B through E show the details of each subsection. The de­
coder section centers around ICl, a standard 4.5-MHz audio demodulator. The output of !Cl is 
routed to 81, which allows you to choose between the internally demodulated signal and an exter­
nally demodulated one. Buffer amplifier IC2-a then provides a low-impedance source to drive IC3, an 
LM1800 stereo demodulator. 

When IC3 is locked on a stereo signal, the outputs presented at pins 4 and 5 are discrete left- and 
right-channel signals, respectively. In order to provide noise reduction to the L -R signal, you must 
recombine the discrete outputs into swn and difference signals. Op amp IC4-a is used to regenerate 
the L - R signal. It is wired as a difference amplifier, wherein the inputs are summed together ( +L -
R). Capacitor C18 bridges the left- and right-channel outputs of the demodulator. Although it de­
creases high-frequency separation slightly, it also reduces high-frequency distortion. 

The L + R signal is taken from the LM 1800 at pin 2, where it appears at the output of an internal 
buffer amplifier. The raw L-R signal is applied to IC4-b, a 12-kHz lowpass filter. The L + R signal is also 
fed through a 12-kHz low pass filter in order to keep the phase shift. w1dergone by both signals equal. 

Next, the L -R signal i-s fed to Q2. It allows you to add a level control to the L -R signal path; it 
provides a low source impedance for driving the following circuits, and it inverts the signal 180°. In­
version is necessary to compensate for the 180° inversion in the compander. 

Next comes the expander stage. At the collector of Q2 is a 75-µs de-emphasis network (R27 and 
C29) that functions just like the network that is associated with Ql. Note that Q2 feeds both Q3 and 

576 



C1 
lµ.F 
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IC5-a, a -12-dB per octave high-pass filter. The output of that filter drives the rectifier input of IC6, 
an NE570. The 75-Hz high-pass filter at the rectifier input helps to prevent hum, 60-Hz sych buzz, 
and other low-frequency noise in the L - R signal from causing pumping or breathing. 

The NE570 contains an on-board op amp; its inverting input is available directly at pin 5 and via 
a 20-k.Q series resistor at pin 6. The 18-k!l resistor (R30) combines with the internal resistor and C32 
(0.01 µF) to form a first-order filter -with a 390-µs time constant. Because the internal op amp oper­
ates in the inverting mode, the -(L - R) signal is restored to the proper (L - R) fonn. 

The output of the expander drives another 75-Hz high-pass filter, but this one is a third-order 
type that provides -18 dB per octave rolloff. It is used to keep low-frequency noise from showing up 
at the output of the decoder. At this point, the (L R) signal has been restored, more or less, to the 
condition it was in before it was dBx companded at the transmitter. 
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STEREO TV DECODER ( Cont.) 

TheL +R signal from IC3 is fed to a 12-kHz low-pass filter, IC2-b, with a-12 dB per octave slope. 
The output of the high-pass filter is applied to a 75 µs de-emphasis network (R22 and C26). The L + 
R audio -signal is now restored properly. Ql is wired as an emitter follower to provide a high load im­
pedance for the de-emphasis network and a low source impedance for level control R23. Next, the L 
+ R signal is fed to the matrix decoder. 

Op amps IC7-a and IC7-b are used to recover the individual channels. First, IC7-b is configured 
as unity-gain difference amplifier. The (L + R) signal is applied to its inverting input, and the (L - R) 
signal is applied to the noninverting input. Therefore, the output of IC 7-b can be expressed as -(L + 

R) + (L R) = -L + L -R-R -2R. Similarly,JC7-a is configured as a mixing inverting amplifier. 
however, both sum and difference signals are applied to the inverting input. So, the output of 

IC7-a is (L + R) - (L R) = -L -R - L + R -2L. Because both channels have been inverted, the 
stereo relationship is preserved. 

The two op amps in IC8 provide an additional stage of amplification to drive a pair of stereo 
headphones. If you don't plan to use your headphones, or if you are content to use only your stereo's 
headphone jack, all components to the right of linc..:output jacks J3 and J4 can be deleted. 
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THE NOISE•REDUCTION STAGE de•compands the L-R signal, and emulates dbx•style 
processing. As described elsewhere in this article (see box}. true dbx processing is not.currently 
possible in a home-bum-circuit due to the inavailability of the dbx IC's. 
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STEREO TV DECODER ( Cont.) 
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THE MATRIX STAGE separates-1he L + R and L - R signals into the left• and right-channel 
components. Op-amp'IC8 and associated components provide an optional headphone output. If you 
do notwish to drive a pair of headphones. or plan to use your amplifier's headphone Jack for that 
purpose. all compon~nts to the right of iacks J3 and J4 can be deleted. 
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CRYSTAL-CONTROLLED FM STEREO TRANSMITTER 
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T1 
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14 12 9 
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C17 
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C7 
.001 
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In this application, a BA1404 is used to generate an FM MPX baseband signal. This modulates a 
crystal oscillator (Q3) via a dual varactor series modulator. This transmitter can be to play CD audio 
on an existing FM auto radio. 

STEREO TV DECODER 

STEREO TI1 DECODER 

MULTIPLEXED All I/ C6 
AUDIO 330U LED1 

.47 

INPUT 

R1 + 
10K c, 

.005 B 14 

CB Cl 
05 27 

A7 C9 
47K 470pF 

POPULAR ELECTRONICS 

+ 12V 

R12 
4.7K 

C10 
.01 

R9 
161( 

R2 
20K 

C11 
01 

RIGHT 
OUTPUT 

LEFT 
OUTPUT 

FIG. 96-4 

QI is an audio amplifier and Ul is used as a 31.5-kHz subcarrier, which is similar to 38-kHz FM 
MPX. Pilot frequency is 15.734 kHz. 
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303 CIRCUITS 

ONE CHIP STEREO PREAMP WITH TONE CONTROL 
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3 • 18 
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1 9 IJ 11 
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c1 ca 
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1001,1 100n 
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(TCA 5550) 

8 'L 111 '" 10 

en 
4117 .a1,11 
40V tlOV 

u* ---.......... 3~ ,__ ______ ___.1-"1..J--( 

87405 

FIG. 96-5 

A Motorola TCA5500 or TCA5550 can provide a stereo preamplifier system 'With tone controls. 
This circuit provides a gain of about lOX, -a 14-dB tone-control range, a 75-dB volume control 
range, and it can operate from 8 to 18 Vdc. IC2 provides 15 V for ICl, and the input of IC2 can be 
supplied from the power amplifier's power supply (+)rail. Dl and R5 should be used if over 30 V 
input Vli.11 be used. 
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18 
FILTR Vee C9 
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'=". 
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FIG. 96-6 

This audio processor is based on the Signetics/Philips TDA3810N stereo, spatial, pseudo-stereo 
processor, IC. This processor uses a Philips TDA3810IC device, and it functions as an expander, 
pseudo stereo processor, and audio enhancer. Pseudo stereo is obtained by routing various frequen­
cies to each channel via active filters. 
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Q~)EB ... 
P\ • 1Qk log STEREO 

303 CIRCUITS 

MINI STEREO AMPLIFIER 

9 

9V 
<600mA 

,e 

SC, Startc,rcu,t 
DC : Oecour:,I ,ng 

C5 

470\J 
16V 

c,o 

470µ 
16V 

4• 

40 

86412·1 

FIG. 96-7 

Using a Thomson TEA2025, this stereo amplifier provides 1 W per channel into 4 n with a 9-V 
supply. Input sensitivity is 25 mV p-p for full output. Note that pins 4, 5, 12, and 13 ofTC1 should be 
effectively grounded to a ground plane and heatsinked. 
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Cl 

L ~t---e,t--w,1,,--4....., 
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POPULARELECTROMCS 
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IN4001 

R7 
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R8 
620n 

D4 
IN4001 

FIG. 96-8 

When L & R signals are equal, no output is present from Ul, and pin 6 is at a steady 4.5 V. Un­
balanced audio causes the LEDs to vary in brightness, which causes a difference that corresponds to 
unbalance between channels. 
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STEREO PREAMPLIFIER 

STEREO PREAMPLIFIER 

POPULAR ELECTRONICS 

+32V 

R8 
100K 

J2 

C? 
150pF 

FIG.-96-9 

A building block for audio work, the circuit 
can be used as a general-purpose preamp. Use 
two circuits for stereo applications. 

584 

STEREO PHONO AMPLIFIER 
WITH BASS TONE CONTROL 

STEREO PHONOGRAPH AMPLIFIER WITH 
BASS TONE CONTROL 
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Switching Circuits 

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

Simple Video/ Audio Switcher 
de-Controlled Svvitch Using Optoisolator 
Wideband Video Switch for RGB Signals 
Eight-Channel Audio Switcher 
Electronic Safety Switch 
Audio-Controlled·-Switch 
Oscillator Triggered Switch 

Load-Disconnect Switch 
Typical Two-Way Switch Wiring 
HexFET Switch 
de-Controlled FET Switch 
Remote Two Way ac Switch Hookup 
Dual-Control HexFET Switch 
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SIMPLE VIDEO/AUDIO SWITCHER 

4.7K 10µF 

right audio~.-----------, 

left audio~-------. 
20µF 

...-------1(-o right audio 

.....-1-----------t-O left audio (::~a 
right audio ~(--- - -1------. 

left audio~(--- - -

f-.o111deo 
(I) 

(::! - - - ~f-.o nght audio 

- - - - ~f-.o left audio 

right audio~(-- - - - -1--1--1--, 

left audio~(-- - - - -

(::! 
(inputs) 

+12V 

CTRL 1 CTRL2 MUT-E 

f-o video 

(II) 

(outputs) 

RADIO ELECTRONICS FIG. 97-1 

This channel selector selects video and stereo audio from any one of three different sources. The 
circuit should be constructed on a PC board with plenty of ground plane to minimize noise. 

de-CONTROLLED SWITCH USING OPTOISOLATOR 

+5-12V 

....... ...;___,y,~~, ....--.....-~· ~.~,: l 
SWITCH 

R2 
10MEG 

This de-controlled-switch uses an optoisola­
tor!c:onpler, Ul, to electrically isolate the input 
signal from the output-control deviee. 

POPULAR ELECTRONICS FIG. 97-2 
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WIDEBAND VIDEO SWITCH FOR RGB SIGNALS 

.. ui:v 

1 21 -a 21 

3 • 
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7 12 

• 21 

81 • 1G 

18 ti 

11 11 

12 11 

13 ,. 
14 11 

• 12V 

• • UV 

2 'Tl 

a :II 

R2 4 II MD 
I M OUT 

02 • n 
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,0 ,. 
,, 11 

12 17 

t3 ll 
IWIONYIII IWI 

CUMIMMD) OUT 
14 15 

NATIONAL SEMICONDUCTOR FIG. 97-3 

The switch shown selects 1 to 2 inputs and uses a National LM1203. The slew rate is 4-V p-p into 
390 .Q in 5 to 7 ns. 
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R5 
lK 

POPULAR ELECTRONICS 

EIGHT-CHANNEL AUDIO SWITCHER 
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FIG. 97-4 

This source is selected by pressing momentary-contact pushbutton switch SI. Switch S1 is con­
nected to the trigger of a 555 oscillaLor/Limer (Lil) configured as a monostable multivibrator, which 
gcncralcs one short output pulse for each press of Sl. That pulse turns on LEDl Lo give a visible in­
dication that the n55 is working correctly. That pulse is also used to clock U2 (a 4017 CMOS divide­
by-1-counter/divider). 

Both LEDI and its associated current-limiting resistor R3 arc optional and can be left out of the 
finished project without any affect on circuit operation. The 4017 advances by one clock pulse each 
time Sl is nrt:~C!C!t::.rl turning on its corresponding output. Pin 9 (corresponding to output 8) of U2 is 
directly connected to its own reset terminal at pin 15. This allows the counter to count from zero to 
seven, and then reset to zero on the eighth count. 
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EIGHT-CHANNEL AUDIQ_SWITCHER (Cont.) 

Pin 13, the enable input of U2, is tied to ground to allow the counter to operate. Outputs zero 
through seven are connected to eight indicator LEDs and Lhc conLrol pins of the two LM10:37s (U:1 
and U4). When an output is selected, its LED lights and the corresponding control input on the 
LM1037 is brought high. 

The LM10;37 has extremely high-impedance inputs and low-irnpedance outputs, so interconnec­
tion between various and brands of equiprnent should not be a prohlem. That, together with a 
\Vi.de-frequency response and low distortion, makes it ideal for use with good-quality, home-enter­
tairnnent systems. The prototype of the audio switcher has a usable frequency response of from just 
a few hertz to over 100 kHz. 

Power for the switcher is provided by a rather simple circuit. Because the s\Vi.tcher only draws 
between 20 and 30 mA, a simple circuit using the popular 7812 or 78112 (a low-power version) volt­
age regulator works quite well. 

ELECTRONIC SAFETY SWITCH 
CONTROL 
OUTPUT 

The electronic safety-control H built amun1/ ir40JJ quad two-mpul ,\AND ;,:ate und un 
IRF5J/ hexFF.T. 

POPULAR ELECTRONICS 

TO !Pl 
OF 

IN flG.3 
Rl 

470n 
R2 RJ 

1800 lK INDUCTIVE 
OR 

RESISTIVE 
LOAD 

TR1 
6A 

TRIAG 

117VAC 
~ 

The relay-replacement cm uit (,shown here) can be used 10 

opt'rate inductive or resistive load.L 

FIG. 97-5 

Sl and S2 musl be depressed within 200 ms of each other to activate Kl. The hold time is ad­
justable via R7. Sl and 82 overlap time r,an he changed by changin~ Cl and C2 or Rl and R2. 
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AUDIO-CONTROLLED SWITCH 
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FIG. 97-6 

This audio-controlled switch combines a pair of 741 op amps, two 2N2222 general-purpose tran-
sistors, a and a few support components to a circuit that can be used to turn on a 
recorder, a transmitter, or just about anything that uses sound. 
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POPULAR ELECTRONICS 
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LOAD-DISCONNECT SWITCH 
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FIG. 97-8 

Deep discharge can damage a rechargeable battery. By disconnecting the battery from its load, 
this circuit halts battery discharge at a predetermined level of declining terminal voltage. Transistor 
Ql acts as the switch. The overall circuit draws about 500 µA when the switch is closed and about 8 
µA when Lhc switch is open. 

TYPICAL TWO-WAY SWITCH WIRING 

Voltage in Qi------~ 

To lamp Qi------0 

ELECTRONICS NOW FIG. 97-9 

When the light is off, it can be turned on with 
either switch. \Vhen it's on, it can be turned off 
with either switch. 
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HEXFET SWITCH 

A 

R2* 

, ...... 
fi/,F 

• 
POPULAR El;ECTRONICS FIG. 97-10 

The hexFET can switch de power to relays (as shown in A), motors, lamps, and numerous other 
devices. That arrangement can even be used to switch resistors in and out of a circuit, as shown in 
B. Rl, R2, and R3 represent resistive loads that can be switched in and out of the circuit. 

de-CONTROLLED FET SWITCH 

+5-12V 

__ 1o_::_EB ____ :-o] SWITCH 

POPULAR ELECTRONICS FIG. 97-11 

This de-controlled switch uses an optoisola­
tor/coupler, Ul, to electrically isolate the input 
signal from the output-control device. 
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REMOTE TWO WAY ac SWITCH HOOKUP 

HOT 
NEUTRAL 

117VAr, 

POPULAR ELECTRONICS 

LOAD LAMP, 
MOTOR. ETC. 

FIG. 97-12 

This switching arrangement is the type of 
arrangement used in both domestic and indus­
trial environments to allow a light or other ac­
operated device to be controlled from more than 
one location. 



POPULAR ELECTRONICS 

ru 
+6-10V 

2kHz 
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IN 

LJ7 
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2kHz 
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IN 

DUAL-CONTROL HEXFET SWITCH 
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.1 11111' 

l T1 

jll 1K 

C2 
.47 

D2 
1Nt1• 

D5 
10V 

ZENER 

R3 
1000 

FIG. 97-13 

This dual-control switch uses two 6 to 10-Vac sources to trigger the circuit on and off; one source 
for each function. 
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98 

Sync Circuits 

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



RADIO ELECTRONICS 

SYNC GATING CIRCUIT 

15734.26 Hz 
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16 5 
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+IN IC8-b 
1/2 4528 

T2 T1 

9 

3 

CLR 

OUT 
7 
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sync 
pulse 

6 
Vertical 

sync 
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FIG. 98-1 

This circuit guarantees that only one type of sync pulse is generated at a time. During vertical 
sync periods, horizontal sync is disabled. 

RADIO ELECTRONICS 

SYNC COMBINER 

FIG. 98-2 

This circuit combines Hand V sync signals at 
TTL or CMOS levels and produce8 ru1 NTSC 
video sync output. 
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99 

Tachometer Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
675. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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FIG. 99-1 

The four circuits shown ar-e: a passive and active integrator, an analog tachometer, a scaling.am­
plifier, and a capacitance meter. 

InB, T =1.1 R1 C1 (output pulse duration) 

InC, ( 

R
2

, 

V = V l+ -J 
0 JI\ Rl 
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ANALOG TACHOMETER CIRCUIT 

10 kO 

470 pF 

o--------j ~-­
2 

Pulse or 
square wave in 

=5Vp~ 

WILLIAM SHEETS 

6 

7 

f.02 µF 
--

330 {l 

NE555 

3 

5 

].01 µF 
- - Oto 1 kHz - -

+12 V 

1 mAFS 

--

FIG. 99-2 

In this tachometer circuit a 555 is used as a pulse shaper. The de value of the integrated pulse 
train is read by Ml which is calibrated to read frequency. With the values shown, the meter will read 
0-1 kHz. 

598 



100 

Telephone-Related Circuits 

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

Telephone Ringer 
Automatic Telephone-Call Recording Circuit 
Music on Hold 
Telephone Ring Converter 
Phone-In-Use Indicator 
Emergency Telephone Dialer 
Telephone Bell Simulator 
Simple Telephone Ring Indicator 
Phone-Line Interface 
Music-On-Hold Box 
Speakerphone Adapter 
Telephone Voice-Mail Alert 

Telephone Scrambler 
Phone Pager 
5-V Dial-Tone Circuit 
Phone Pager 
Alarm Dialer 
Telephone Audio Interface 
Caller ID Circuit 
FCC Part 68 Phone Interface 
Telephone Amplifier 
Telephone Hold Circuit 
Telephone Circuit 
Telephone-Line Tester 
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TELEPHONE RINGER 

f"F 2k S2561 

SFS +v 18 

OSCA1 THC 
17 

To 
phone OSCRm 

16 
DI 

line 
15 

OSCRo Outh 

1[? 14 3.3 k 
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6 13 18 k 2k 
A OSCTm Out1 

12V 7 12 Zener OSCTo Outc IN4742 10ME's 8 11 
AIM EN 

9 10 
+ GND EN 

0.47 µF 

RADIO-ELECTRONICS FIG. 100-1 

Using an AMI chip PIN S2561, this telephone ringer can be powered directly off the telephone 
line. Audio output is about 50 mW when powered from a 10-V source. 

AUTOMATIC TELEPHONE-CALL RECORDING CIRCUIT 

Mic 

~ 
4700i 1 

l 0.01µ,F 

0.01 µ,F 

Phone 
line 

RADIO-ELECTRONICS 

2.2 Meg 

IN4002 
(X4) 

Pallse 

9V t;:J 

100 k 470k 

1 µF 

FJG. 100-2 

'The de voltage present on a telephone line is usually around 45 to 50 Von-hook and 6 V off-hook. 
This circuit uses this drop in voltage to activate a relay. The relay controls a cassette tape-recorder. 
Audio is taken off through a network to the microphone input of the cassette. 

600 



PHONEUNE 

+5V 

C2 
.022 

10 IF 
FILTER CAP 

_________ ......,1-'-'l IF 

FILTER CAP 

12 IF LIMITER -------'-----'-I CAP 

'--.--....>---"--111-4.....::1,:::.i3 RF IN lC4 
TDA-7000 

MUSIC ON HOLD 

D4 
1N4013 

05 
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r--------- - -
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07 
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220pf l CORRELATOR 
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N0ISE 3 
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FREQ ouri-;;:... __ _ 

Rl4 
20K 

MUTING1-1.:.._ _ _.;.;. _ __,._.-...:,:: 
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IC6 
78l05 

0 
C26 

1 

R19 
1001< 

+ o-------tt---91f-----, lC5 0 
l7812CV F---+-------+---+----------....:i+ 12V 

15VOC 
POWER 150mA 
JACK 

RADIO-ELECTRONICS 

C24 
1 

D11 
1N4003 

R16 
C C25 4700 ------~+6V 

.1 R17 + C28 
4700. 100t,if 

FIG. 100-3 

When an asterisk* is pressed on the touch-tone phone, JCI a DTMF decoder, controls on-hold 
logic. Audio from the FM receiver IC4 is placed on the telephone line when a hold condition is pre­
sent. HY2 is a DPDT 12-V relay. To place a caller on hold, press the asterisk button on the touch-tone 
phone and hang up the handset. 
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TELEPHONE RING CONVERTER 

TELEPHONE {RED 2 

UNEIN GREEN 8 U1 BZl 
6 TCM1• R4 
4 100K 

R2 VOLUME 
C6 1MEG 7 10 lONE. 

POPULAR ELECTRONICS FIG. 100-4 

The circuit is based on the TCM1506 ring dctccLor/driver integrated circuit. It is a monolithic IC 
specifically designed to replace-the telephone's mechanic:al bell The chip is powered and activated 
by the telephone-line ring, which can vary from 40 to 150 V rms aL a frequency of from 15 to 68 Hz. 
No other source of power is required. Again, referring to the figure shown, Cl through C5 are placed 
in parallel to form a 0.5-µF capacitor that conduds the ac ring voltage to pin l of the TCMI506, but 
blocks any de component Of course, Lhose capacitors can be replaced by a single 0.47- to 0.5-µF ca­
pacitor provided that it has al least a 400-WV de rating. Resistor Rl is in series with the capacitor net­
work artd is used to dissipate power from any high-voltage transient that might appear across the 
line. The diluted ae voltage that reaches pin l on Ul powers the chip. 

Capacitor Co is used to prevent "bell tapping.H That is an annoying ringing of the bell that occurs 
when a phone on the same line is used to dial an outgoing call. The capacitor prevents the short dial 
pulses from triggering the ring detector, but still allows the much longer ring signal to activate it. 

Potentiometer R2 is used to vary the tone of the rinR signal from below 100 Hz to over 15 kHz. 
Potentiometer R4 is the volume control; adjusting that potentiometer to its lowest resistance ~ll 
mute the piezo element (BZl). When a ring signal is present on the phone-line, it powers Ul. The IC 
then generates a tone (with a frequency that is determined by R2 and an amplitude set by -R4) that 
is reproduced by BZL 

PHONE-IN-USE INDICATOR 

This phone-in-use indicator also indicates 
the presence of a ring signal. Just the thing for 
the hearing impaired. 

+ TIP -RING 
'--v----' 
PHONE LINE ~~..,___ ...... 

POPULAR ELECTRONICS FIG. 100-5 
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POPULAR ELECTRONICS 

EMERGENCY TELEPHONE DIALER 
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4 8 lOOK 
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R12 MATRIX 
47K KEYPAD 
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Ul5l1ICI 6 22K 000 
,:r 

1 2 000 C6 
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A3 
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5 
C3 

4 
C2 

3 
C1 

8 9 

D 
XTAL1 

3.579MHz 

FIG. 100-6 

This system will alert you or anyone chosen by automatically dialing a programmed phone rn1In­
ber. This is accomplished by monitoring an open-loop or closed-loop sensor switch located in the 
protected area. When the sensor detects a problem (such as a break-in, fire, heating system failure, 
flood, etc.), Teleguard dials whatever telephone number has been programmed into its memory. 
When the phone is taken off the hook, Teleguard emits an unusual tone to alert the party on the re­
ceiving end that something is amiss. 

The circuit is not hampered by busy signals when a call is placed; it automatically redials the 
number again and again (about once a mmute) until it gets through. In addition, Teleguard can also 
automatically dial a number in the event of a medical emergency; for instance, where a mobility-im­
paired person is unable to dial the telephone. That cm1 be accomplished by adding a "panic" switch 
to the circuit. 
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TELEPHONE BELL SIMULATOR 

CQMTIQ. 
• ' - - tlU'I 
·o·-s~ 

N1 ... N4: IC 1 =4011 

u 
" ICJ 

12V 

303 CIRCUITS FIG. 100-7 
This circuit is intended for use in a small private telephone installation. The ringing tone se­

quence is 400 ms on, 200 ms off, 400 ms on, 2 ms off. In the accompanying diagram, Nl and N2 form 
an oscillator that operates at a frequency of 5 Hz, which gives a period of 200 ms. The oscillator sig­
nal is fed to two decade scalers, which are connected in such a manner (by N3 and N4) that the in­
put signal is divided by IG. The second input of N4 can be used to switch the divider on and nff by 
logic levels. If this facility is not· used, the two inputs of N 4 should be interconnected. 

SIMPLE TELEPHONE RING INDICATOR 

TO PHONE LINE 

GREEN REO 

NEl 

GREEN RED 

TO PHONE 

POPULAR ELECTRONICS 
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FIG. 100-8 

A neon lamp can easily be added to the 
phone line to act as a ring indicator. It's perfect 
for times when you can't hear the phone. 



TO ADDITIONAL 
PHONE CIRCUITS 
~ 

RING 

PHONE-LINE INTERFACE 

MOV1_ V 

.....--tt--+------+-oA 

C2 
1 

400V 

C3 1(1 1 1----------.-------------+SV 
0.47 5V_'l--t------. 
250V 

TIP RING 
'----v---.J R2 

TO 24K 
PHONE 

LINE 

POPULAR Et.ECTRONICS 

DJ 
1N4002 

04 
1N4802 

01 
2N2222A 

FIG. 100-9 

This circuit should be useful for interfacing phone projects to the telephone line. It has a ringer, 
can interrupt the wiring, and isolates project from the phone line. 

GREEN 
jT!f'J 

'------v----' 
TO 

PHONES 
LINES 

POPULAR ELECTRONICS 

R9 
2.2MEG 

MUSIC-QN .. HOLD BOX 

821 

C2 
,1 

+ cs 
4.7 

Dl 
5.1V 

FIG. 100-10 

Ul, an 1S3404 melody chip is activated when "hold11 S1 is pressed, which causes SCRl to con­
duct and hold the telephone line via Tl, Rl, and LEDL The voltage across Rl and LEDl is used to 
activate the melody chip. Ql and Q2 form a restart circuit to keep the melody chip going during hold. 
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0 
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RADIO-ELECTRONICS 

SPEAKERPHONEADAPTER 

TIP 

( 

BACKGROUND 
NOISE 

MONITOR 

>-...... --------1 TX ATTENUATOR -------1 

BACKGROLJND 
NOISE 

MONITOR 

BLOCK DIAGRAM. The talk path goes left to right on the upper half of 
the drawing, and the receive path goes from right to left. 

RING 

FIG. 100·11 

a Motorola MC34118 speakerphone IC, this adapter can be used with a regular telephone to provide speaker capabil­
ity. This device is powered from the phone line, but it can be ....,,.,,,.,n, .. nr1 via an external power supply if the line loop current is mar­

low. An external phone is needed for ringing and dialing functions. 



C2 
nos 

C5 
005 

R4 
56K 

r TO 
TEL 
LINE T 
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1993 ELECTRONICS HOBBYIST HANDBOOK 

R?5 
100K 

FIG. 100·12 

The circuit is built around a couple of low-cost !Cs: an HllC4 optoisolator/coupler with an SCR 
output (Ul) and an LM:3909 LED flasher (U2). It is connected to the phone line in the same manner 
as any extension phone. A ring signal on the telephone activates the optoisolator/SCR, and causes U2 
to flash LEDl. This flash signifies that a ring signal has been received. 
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TO TELEPHONE(' 
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ofll:O 

POPULAR ELECTRONICS 

T1 
I 600·600 
~ -

TELEPHONE SCRAMBLER 

R?O 
10K 

FIG. 100-13 

1\vo hybrids (Tl and T2) are used to allow direct connection to a .,f✓",f-✓"r"'"I"Hv"'in,., line. This circuit uses the common speech-in-
version algorithm where the frequency of an audio signal is inverted about a center An LM1496 balanced modulator is 
used to heterodyne the ..,...,,~-✓ 'v•J.l range against a 3.58-kHz signal. 
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FIG. 100-14 

This pager allows you to use your in-house phone wiring as a PA system. It uses two tone decoders to detect a particular 
touch-tone This key enables an audio amplifier. 



0) ..... 
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•WR 

Vee 

Cloe\ may be 1111 to 1MHz tor 82C~ and up to 10 fltl tor IZC54-2. 

Channel 3 uaused. 

Sq1111re-nve 1eneralofs 

Vee 

ELECTRONIC DESIGN 

5-V DIAL-TONE CIRCUIT 

flllel and ml1tr 

~ 
U1µF,5% 

U2A 
LM324 

-R7 
9G9k, 1% 

Filter ~nter hqueiq set ta 395 Hz. 

2nd-onlm' Utler 

UV111Soutpld 

82C54 PROGRAMMING INFORMATION 

OllT BASE, 76h 
OUT BASE+l, DIVISOR low byte 
OUT BASE+l, DIVISOR high byte 
OUT BASE, Ob6h 
OUT BASE+2, DIVISOR low byte 
OUT BASE+2, DIVISOR high byte 

Set up channel 1 as sqr wave divider 
Enter divisor for 350Hz, low byte 
Enter divisor for 350Hz, high byte 
Set up channel 2 as sqr wave divider 
Enter divisor for 440Hz, low byte 
Enter divisor for 440Hz, high byte 

For 1.8432MHz Clock, 350 Hz divisor= 5266 or 1492 hex. 
For 1.8432MHz Clock, 440 Hz divisor= 4189 or 105d hex. 

FIG. 100-15 

This circuit uses inexpensive, common components to generate a precise dial tone for phone applications (see the figure). 
Ul (an Intel 82C54 timer-counter) generates 350- and 440-Hz square waves that are filtered by R/C1 and R/C2, and mixed to­
gether by resistors R2 and R4. 

An operational amplifier configured as a 395-Hz, Sallen-Key, second-order bandpass filter (halfway between 350 and 440 Hz) 
removes unwanted signal harmonics. Almost any timer-counter can be used as the signal source, so long as it produces roughly 
square-wave outputs. 



+5V 

" v'1:, 
C1 IC1 

LMll7 
,....0 __ 1_..;...i3 IN OUT 8 

C3 
4.7.-f 

1 FILTER 
TIMING 8 

+ FILTER 
C4 

TIP 1.0µF ...._..,;;;;,,.~..., 
<GREEN\ 

R1 
100K 

RING 
(RED) 

l 

ELECTRONICS NOW 

PHONE PAGER 

+5V 

+5V 

2 
Va:: 

R9 C13 
330K .01 

C12 ICS C14 
33t1f TDAlm 4.71'f 

1 IN-- OUT 1 + 
>4-+---47 IN+ 

C19 
0.1 

RC4\· 

e IN+ 
5 IN--

GND 

IC8 ....,3_......-__ +5V 
11• 

+ 
DCIN 

2 C16 
0.1 

•lfflWiS CAMCITORS 

FIG. 100-16 

This··pager works with DTMF phones. It displays a numher and sounds an alert as the numher on 
the display corresponds to a specific message. 
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FIG. 100-17 

This circuit dials a stored DTMF tone sequence from EPROM when a control line is taken to 0 V. 
ICl is a Schmitt trigger oscillator, running at around 2 Hz. It clocks a 4024 binary counter. The coun­
ter's outputs connect to the address leads of the EPROM. A 2716 was used here, but the choice of 
EPROM is by no means critical. 

Normally, the counter is held reset by a logic 1 on its reset pin (pin 2). When the trigger input is 
sent low, pin 10 of IC 1 goes low, pin 3 goes high, and the reset is removed from the counter. It then 
begins to clock, incrementing the EPROM. When moved from address 000000, the data on bit DO of 
the EPROM changes to a logic 1 and holds the circuit running. The last address should have data 
11111110 to reset the circuit to standby. 
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POPULAR ELECTRONICS 

TELEPHONE AUDIO INTERFACE 

PL1 n· 
'--111---....;8;..;.,;00:600,...D ___ --41------. 
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l PR1 II SEC R2 
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FIG. 100-18 

Used to record ru1d play back tapes via the phone lines, this simple circuit has an audio level 
switch (SI). 
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CALLER IO CIRCUIT 

3.58 Mhz 30pf 

.--------Hi• 
10 Meg 

--. ............ _.., ... .,,. ........ ...,.,...., .. ,,_-:-._---H,, 
30pf 

+5V 

500 pf 10K 22K 
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RfNG in ~ r 2200pf 

500 pf 10K 

RADIO-ELECTRONICS FIG. 100-19 

This caller ID circuit uses the Motorola MC145447 IC chip. This service must be avai1able from 
your local phone company in order for this circuit to be used. 

FCC PART 68 PHONE INTERFACE 

The transformer is 1 :1 
600 Ohms, with a 1500 
v.olt breakdown rating. 

phone 
line 

10!1 

250 volt 
varistor 

The zener diodes are 
3.9 volt devices, such 

as a type 1 N5228. 

2200 pf 

user 

RADIO-ELECTRONICS FIG. 100-20 

An FCC Part 68 interface is required any time you connect any circut of your own to the phone 
line. 
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POPULAR ELECTRONICS 

TELEPHONE AMPLIFIER 
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FIG. 100-21 

SecLion Ul-a is configured as a high-gain inverting voltage amplifier that is inductively coupled 
to the phone line via Ll. Inductor L1 is a homemade unit that consists of 250 turns of fine, enamel­
coated wire that is wound on an iron core. The op amp receives the few mV produced by L] via Cl 
and Rl and amplifies th~ signal. Capacitor Cl acts as the negative-feedback component that limits 
the cir_cuiL's high-frequency gain, while R3 limits the low-frequency Resistor R3 is particularly 
important because without it, the amplifier would saturate. 

Op amp Ul-h is configured as a difference amplifier. It receives a signal from Ul-a via C:1 and R4 
and amplifies the difference between it and half of the supply voltage. Transistor Ql is configured as 
a common-collector amplifier ensuring sufficient signal to drive the speaker. Capacitor C5 is used to 
remove any de component provided by transistor Ql. 
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(GREEN\ 

FIG. 100-22 

When 81 is pressed, the SCR fires, and-places 
LED l and Rl across the phone line. The Hne volt­
age drops to about 20 V, which holds the connec­
tion to the phone company's central office. 



TELEPHONE CIRCUIT 

~PL1 __ Ti 
-1av 

GR£EN 

POPULAR ELECTRONICS FIG. 100-23 

This circuit is useful for checking out old telephones by providing them with the de voltage that 
they require for operation. 

TELEPHONE-LINE TESTER 

R1 R2 PL1 
27K 50K ~ S1 • N.O. GREEN 

+ RED 
M1 

R3 0-1mA 
270il • 

1W 

POPULAR ELECTRONICS FIG. 100-24 

The telephone-line tester consists of nothing more than a meter (that's used to measure line 
voltage in the on- and off-hook state), three resistors (one of which is variable), a pushbutton switch, 
and a modular telephone connector. When the circuit is connected to the telephone line, a meter 
reading of 5 to 10 V (when Sl is pressed) indicates that the line is okay. 
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101 

Temperature-Related Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
675. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Temperature Compensation Adjuster 
Thermometer for 5-V Operation 
Hook Sensor on 4- to 20-mA Loop 
Basic Digital Thermometer 
Remote Temperature Sensing 
Temperature Sensor 
Low Temperature Sensor 
Electronic Thermostat 



ELECTRONIC DESIGN 

TEMPERATURE COMPENSATION ADJUSTER 

-15V 

AD590 
+Y .y 2 I 

Can 1 k : 

3 R. t 
14.3k 1 

I 

A. 
50.3k 

0.1,,J 

1 
R.1 

11Nlk._.-1 
+15Y 

FIG. 101-1 

The circuit shown delivers +10 to -10 mV0 /C output using an Analog Devices' AD590 tempera­
ture transducer. Rx is a scaling resistor. 

303 CIRCUITS 

THERMOMETER FOR 5-V OPEBATION 

R1 /I J1 1 N4001 

C1 

220n 
16 V 

9V 

FIG. 101-2 

At the heart of this simple circuit is the well-known KTYlO temperature sensor from 
Siemens. This silicon sensor is essentially a temperature-dependent resistor that is connected as one 
arm in a bridge circuit here. Preset Pl functions to balance the bridge at 0°C. At that temperature, 
moving coil meter Ml should not deflect, i.e., the needle is in the center position. Temperature vari­
ations cause the bridge to be unbalanced, and hence produce a proportional indication on th~ meter. 
Calibration at, say, 20°C is carried out with the aid of P2. 

The bridge is fed from a stabilized 5.1-V supply, based on a temperature-compensated zener­
diode. It is also possible to feed the thermometer from a 9-Vbattery, provided Dl-D3, Rl and Cl are 
replaced with a 78105 voltage regulator, because this is more economic as regards to current 
consumption. 
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HOOK SENSOR ON 4- TO 20-mA LOOP 

D1 
U1 

AD590F 
5V 

+A 

R1 1% metal film Output 
1k 1 mV/1( 

·B 

4·to-2D-mA llnes 

ELECTRONIC DESIGN FIG. 101-3 

Here 1s an effective for a temperature sensor to receive power from a 4-to-20 mA loop without ac­
tually affecting the loop current (sec the figure). This particular temperature sensor lC (AD590F) 
conducts 1 µA/K when powered by a supply in the range of 4 V to 40 Vdc. 

The scheme uses a 5-V Zener diode (Dl) to regulate the power source for AD590F. Most of the 
current flows through the Zener diode and a small current flows through AD590F. A high-impedance 
device car1 read the temperature information across Rl, which is a 1 mV/K in the range of -55°C to 
150°C. The waste or power is negligible in this arrangPmPnt. 
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BASIC DIGITAL THERMOMETER 

123.B 

R R1 

I °F 9.00 4.02 

I 0c 5.00 4.02 

5 
L Rn= 28kO nominal 

n=1 

All values in kfl 

R2 

2.0 

2.0 

R3 R.c R5 

12.4 10.0 0 

5.11 5.0 11.8 

The ICL7106 has a V1N span of ± 2.0V, and a VCM range of (V+ -0.5) 
Volts to cv- + 1) Votta; A IS scaled to bring each range witrnn VCM 
wt1I1e not exceeding ViN- VREF for both ecales is 500mV. Maximum 
reeding on trie Celsius range 1s 199.!l"C, Hmlted by the (short-term) 
ma,nmum allowable sensor temperature. Maximum reading oo the 
Fahrenheit range is 199.S-F (93.3'C), limited by ttle number ol display 
digits Sae note next page. 

FIG. 101-4 



REMOTE TEMPERATURE SENSING 

lpNK + 1.23V !~PAIR: R2 RS + 
30K 01 3.61< 

_ 81 

115K) -sv 
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AD592 
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8.2K 

-1.2 

273.2mV 
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/1.8mVIK) ._ ________ _._____, 

DVM 

READOUT 
1mV/"C 

(lmVrF) 

FIG. 101-5 

An AD590 or AD592 makes it easy to transmit temperature data over a pair of wires. The circuit 
produces lmV/°C (or lmV/°F using the values in parentheses). 
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303 CIRCUITS FIG. 101-6 

The LM35 temperature sensor provides an output of 10 mV/°C for every Celsius over 0°C. 
At 20°C the output voltage is 20 x 10 200 m V. The circuit conswnes 60 µA. The load resistance 
should not be less than 5 k.Q. A 4- Lo 20-V supply can be used. 

LOW TEMPERATURE SENSOR 

+ _ B1 
-sv 

LM35 
CLM34l 

------'+~---, 

+ 
- B2 -5v 

RADIO-ELECTRONICS 

DVM 

READOUT: 
10mvrc 

(10rnV?f) 

FIG. 101-7 

A negative bias current can produce the off­
set needed for below-zero readings using the 
LM34 or LM:35 temperature sensor. 
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ELECTRONIC THERMOSTAT 

I --

~ ! 
I 
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+ I 3 VI L:3;7 VOF2 ____________ -'-',o;..;..v ........ _.....,___~ 
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01 
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10K 
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SETPOINT i R16 
330'1 

R2 
7501.1 

TABLE 1-RESISTOR VALUES 

Temperature Range 

RADIO-ELECTRONICS 

(Degrees C) 

-soto -30 
-- 30 to -10 
-10 to 15 

15 to 35 
35 to 55 
55 to 75 
75 to 95 
95 to 115 

115 to 135 
135 to 155 

R14 

10K 
9.1K 
8.2K 
7.SK 
6.2K 
5.1K 
4.3K 
3.3K 
2.2K 
1.2K 

R15 

1K 
1K 
1K 
1K 
1K 
1K 
1K 
1K 
1K 
1K 

+ C3 
.1 

R16 

330.Cl 
1.2K 
2.2K 
3.3K 
4.3K 
5.1K 
6.2K 
6.8K 
8.2K 
9.1K 

110Vj 

0
1H'°'2 HEATER~ 

GJ 
.-....:-0--

~y 

OUTPUT 
LOW=HEA:r 

FIG.-101-8 

A diode, such as a IN4148, has a typical -2m Vl°C temperature coefficient at a I mA diode cur­
rent. QI and Q2 form a constant current source. Dl is the temperature sensor. ICI-a and-bare de 
amplifiers, with ICl-c a temperature reference voltage supply. ICI-d is a comparator with variable 
hysteresis. Rl4, Rl5, and R16 are chosen depending on the thermostat range desired. Q3 is a relay 
driver (2N3904). The.relay used should handle the load current or an optoisolator triac combination 
can be _used. 
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102 

Timer C-ircuits 

The sources of the following circuits are contained in the Sources G{;C'.L'c·_rt, which begins on page 
675. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Reflex Timer 
Tele-Timer 
Three-Stage Sequential Timer 
2- to 2000-Minute Timer 
Long Period Timer 
Wide-Range Timer-I Minute to 400 HRS 
Long Delay-Period Timer 
Count-Down Tuner 
Extended On-Time Timer 
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REFLEX TIMER 

+5V 
1 

P1 
C1 1 

~ 2 01 
.047 •2 

IC1 3 ao 565 
4 DN1 3 

~ 
R7 5 UP1 C2 4 

4700 6 
02 

47µF +5V 
LE03 

(2) ~ l 03 + 
RB 8 

GND LE04 4700 
14\ 

18) 

~ IC5 
7CLS198 

~ 
R11 

4700 
--

LED7 
132) ~ 

GNO 
LE08 
#Ml +5V 

1 P1 +5\i 
2 01 
3 ao 
4 DN1 

IC6 

5 UP1 

74LS113 
LED10 
(256) R15 6 02 ~ 4700 7 03 CM. 8 GNO L£D11 

(1024) R3 
IC7 BZ1 10K 

t=t~ 7805 
0 3 +5V 

C 
OUT 

2 

ELECTRONICS NOW FIG. 102-1 

This timer circuit uses a 555 lC timer and three 74LS19;1 counters to drive an LED display. Sl is 
activated by one person, who turns on piezo buzzer BZl via Ql and also starts the clock; SJ is acti­
vated hy the other person being timed. This shuts off the timer, and the nurn ber of LEDs lit indicate, 
in binary form, the elapsed time. 
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TELE-TIMER 

"1 Rl fl3 I',' . tOOK 2.2K 

8 6 
01 02 

01T 1N914 1N914 Ul 
!iS!i 9V I 

..!... 
R4 R2 1 1MEG 10K TO 

47K ':' 'II:' 

B21 

'=" 

POPULAR ELECTRONICS FIG. 102-2 

The circuit is built around a 555 oscillator/ 
timer. The circuit provides two time periods. The 
long-running time period is adjustable from ahout 
1 Lo 10 minutes, and the short time period is pre­
set to ahont three seconds. 

Here's how the dual timer operates. "When 
the power is switched on, C2 begins to charge 
through R:3, R 1, D1, and R4 to start the long­
tenn timer period. 'When the voltage across C2 
reaches the 555's internal s,vitching point, the 
long-tenn Li.mer times out, discharging C2 
through R2, D2, and pin 7 of the 555. During that 
time, pin 3 of the 555 is pulled to ground, acti­
vating the piczo sounder. 

To set the short time period to about four 
seconds, use a 10 k resistor for R2, and for 
about twenty seconds use a 4 7 k resistor. The 
timing capacitor, C2, should be a good-quality, 
low-leakage unit. 

THREE-STAGE SEQUENTIAL TIMER 
GND to inhibit timer 

4.7 
4,7 
kH 

kn Re 4 a 3 
r?OtF~ 1:7 NE555 NE555 

0.01 Ca I 
I flF 

Out1 .,,,,-

f s] 

I 

4.7 
k.B 

3 r pF 

Cc I 
Out 2 :=-

Oul1 0.7 RAGA 

Out2 0.7 RsCB 

Out 3 = 0.7 R8 C8 

4 8 
2 3 

6 

I NE555 
7 
-· 

-= 
Out3 

WILLIAM SHEETS FIG. 102-3 

By usin~ three 555 ICs, three sequential pulses can be generated. Output 3 can be connected 
back to trigger input to achieve astahle operation. 
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WIDE-RANGE TIMER-1MINUTE TO 400 HRS 

8 

NE 
555 

4 

5 

= I 
0.1 µF 

1 µF I I 0.47 µF 

I= 1 to 10 Hz 

Optoisolator 

• Start 

3 14 

-= 

= 

0.1 µFI 

16 

CD4017 
12 

+10 

15 

13 8 

= = 

1MO 

3.3 k.O 

1 k.O 

4700 

.__ ___________________ +12 V 

WILLIAM SHEETS 

16 

co 4017 
14 

+10 
S1 

10 

15 

13 8 

-= -= 

16 

CD4020 + 
3 1 µF 

sov 

11 

8 

-= 

Reset line 

FIG. 102-6 

This ultra wide range timer uses a 555 timer base, two 40178s and a 4020B that act as frequency 
dividers that can be switched in and out. SI is a SP3T range switch. 
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LONG-DELAY-PERIOD TIMER 

~--------1---------------------------1 i V+ from 

4 8 

3 
NE555 

Time 

5 

- IO.D1µF 
-

- --

0.1- to 1-Hz oscillator 

+1.2 V 

WILLIAM SHEETS 

latch 

16 

10 CD4020BE 3 f-----'----------,( 1 Output 
+2 4 to 40 hours 

11 

--

~----------- 1--l _____ 0 Timer 
C + reset 

2N3906 
latch 

10 k.O 

~------'JI- Pin 3 CD4020 

10 µF 

+v to timer 

FIG. 102-7 

This method of obtaining a 4 to 40 hour timing period from a 555 IC can he further expanded to 
produce even lonRcr delays with equal accuracy. 
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P1 

'i R1 
l 
I 

.L. 

1991 PE HOBBYIST HANDBOOK 

Cl 

C2 

C3 

Pl 

Ql. Q2, Q4, Q7 

(J:J 

Q5,Q6 

Rl 

R2 

COUNT-DOWN TIMER 

R4 

R3 

10O-µF f;le<.:lrolytk Capacitor 

0.0047-µF Mylar Capacitor 

1-µF Elt'!t.trolytic Capacitor 

2-MQ Trimrner Resistor 

2N3904 Transistor 

l06SCR 

2N39O6 Transistor 

1-MU RcsisLor 

10-kfl Resistor 

R3 

R4 

R5 

Ro 

R7 

H.8 

SJ 

SPK 

Misc 

33-kQ Res1sLor 

200 n Resistor 

2.2-kQ Resistor 

220-kf.l Resistor 

2.2-Mn Resistor 

7.5-kn Resistor 

SPDT Slide Switch 

Small Speaker 

FIG. 102-8 

PC Board, 9-V Snap Wire 

With switch S 1 in the off position, as shown, battery voltage is applied across timing-capacitor 
C 1, which stays charged while the res L of the circuitry has no power supplied to it. Transistor Q 1, and 
thus transistors Q2 through Q4, are kept in an off condition as long as Cl has a sufficient charge. 

EXTENDED ON-TIME TIMER 

+5-16V ...... .....,. ________ _ 

Cl 

11.16 3 
01 

5 U1-a 2N2222 KEYED + 1/2MC1GHB n 4 6 OUTPUT 

INPUT 
PULSE 6,12,13,15 

POPULAR ELECTRONICS FIG. 102-9 

Half of a Motorola MC14538B dual, precision, retriggerable monostable multivibrator is used to 
form an extended on-time timer circuit. That type of circuit can be used as a switch debouncer. Such 
circuiLs are often used in digital circuitry, where each and every bounce of a switch contact is seen 
as a separate digital input. 

The delay on time (established by Cl and RI) is easily set using the formula, C1 x R1 = T, where 
C1 is in rnicrofaradst R 1 is in megohms, and Tis in seconds. 
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103 

Tone Circuits 

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

628 

Repeater-Tone Burst Generator 
'l\vo-Tone Encoder 



REPEATER-TONE BURST GENERATOR 

01 
1N4148 

Tone output to 
audio cifcu1t 

Fig. 1: The circuit, based on a single c.m.o.s chip and a 
few other components. 

PRACTICAL WIRELESS 

TX+ _____ru-----·-··-··-····L_ 
supply 

P,n 3 __ .....,I ,>--~• • .._I ----'t'--:-'--"R3::..;.;•=C=--:2 s=ec=s _ 

P,n ,, __ __.rm_nn _____ _ 

Fig. 2: Pul&e and timing diagram, aee 
the text for more details. 

FIG. 103-1 

Integrated circuit gates ICl-a and ICl-h fonn a monostable, whose time constant is determined 
by C2 and R3. \Vhen the transmitter is dekeyed ( and then almost immediately rekeyed) point TX+ 
goes low and takes pin 1 low for a short time, This triggers the sLart of the timing period controlled 
by C/R3. The capacitor C2, charges via R3 until the trigger point of gate ICl-b is reached. At this 
point, the monostable changes state and pin-3 goes low again. On the prototype, this time was about 
700 ms. The pulse occurs each time after dekeyill.'s and it is normally inaudible. If, however, point 
TX+ goes high again (as in immediate rekeying) the monostable is still in the enabled state and the 
oscillations ofICl-c are present in the transmission. During this time period, the buffer gate, ICl-d, 
is enabled and the tone is therefore passed to the output. 

PN2222 

73 AMATEUR RADIO 

IK 

TWO-TONE ENCODER 
0.033 

14 
XR2206 

5.IK 

5.IK 

• 

8 

TONES 
50K ADJUST 

POWER ON 
.....L.. L...-~.,._ ______ ....... _ ~ 

~1,-f -;-9V 

m J,-

2.2,..F 

LM386 

8 2 4 

LS 

FIG. 103-2 

Using an XR2206 oscillator, this circuit can generate two audio tones. Switching between tones 
can be done with a logic level to either the base of the PN2222 or pin 9 of the XR2206. 
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104 

Tone-Control Circuits 

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

630 

Combined Bass and Treble Controls 
Treble Tone Control 
Bass Tone Control 



COMBINED BASS AND TREBLE CONTROLS 

Rl 
10K 

v,N C3 RS 
.001 100K 

C5 
10 

1~~K,.._-~"""-.....,__-+~-(---o Vollr 

1993 ELECTRONICS HOBBYIST HANDBOOK 

R3 
1K 

C4 
.01 

FIG. 104-1 

Bass and treble circuits can be combined to form a two-control tone-adjust circuit, as shown 
here. 

1993 ELECTRONICS HOBBYIST HANDBOOK 

TREBLE TONE CONTROL 

VIN o--------~ 
C1 

.001 

C2 
.01 

1 OOK _>4-----u VOUT 

The treble control has capacitors placed in series with the potentiometer. 

1993 ELECTRONICS HOBBYIST HANDBOOK 

BASS TONE CONTROL 

R3 
10t< 

VIN 0--~'f'lr--+-----, 
C1 
.01 

C2 
.1 

FIG. 104-2 

FIG. 104-3 

The frequency dependence of the capacitor's impedance permits this circuit to boost the bass 
frequencies. 
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105 

Touch-Control Circuits 

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

632 

Bridging Touch Plate Sensor 
Touch Switch l 
Touch -Switch II 
Touch On-Only Switch 
Latching Touch Switch 
Single Plate Touch Sensor 



BRIDGING TOUCH PLATE SENSOR 

+6-9V 

cs 
680pF 

R9 

-= 2.5K 

R6 
3.3K 

6 5 8 6 5 
"=' 

Ul 
567 

l 
Cl 

4 
C9 

.1 C2 .01 + 
C11 

.1 100 
"=' 

TPl 
"=' 

D-1 
TP2 CB 

.01 

POPULAR ELECTRONICS FIG. 105-1 

In this circuit, two 567 tone decoders are used. One is an oscillator, the other is a detector. 
Bridging TPI and TP2 causes U2 to receive Ul 's signal, which causes pin 8 of U2 to go low. This ac­
tion lights LED 1 and drives the output of Q2 high. 

TPl 

TP2l-

TP3 

POPULAR ELECTRONICS 

TOUCH SWITCH I 

~---------------- +12V 

R2 
22MEG 

Al 
22MEG 

Cx TO 
J---o PIN 2 

IN FIG.5 

FIG. 105-2 

'I\vo NAND Schmitt triggers are connected in a flip-flop configuration to produce a bridged 
touch-activated switch. 
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TOUCH SWITCH II 

POPULAR ELECTRONICS FIG. 105-3 

When the touch-on contacts are bridged, 
pin 6 of Ul-b goes low1 which forces its output 
(the set output) at pin 4 to go h~h. That high 
divides along two paths: in one path, the output 
is applied to pin 2 of LI 1-a, which causes its out­
put at pin 3 to go low. That low is1 in turn, ap­
plied to pin 5 of Ul-b, which latches the gate in 
a high output state. In the other path, the out­
pul of Ul-b is used to drive QL When Ql turns 
on) U2's internal LED lights, which turns on its 
internal) light-sensitive, triac-driver ( diac) out­
put element. The triac driver feeds gate current 
to TRI, causing it to tum on, and light the lamp 
(11). 

When the off contact is bridged, Ul-a's out­
put switches and latches high, causing Ul-b's 
output to go low, turning off the lamp. 

TOUCH ON-ONLY SWITCH LATCHING TOUCH 

TOUCH 
PICK-UP 

R2 
IK 

COPPER ,--,"\,j"""°"..,__, 
PENNY 

R3 
1MEG -=-

SI 

SWITCH USING CD4066B 

S1 
CON}< TOUCH 

PADS < S2 
com 

HANDS-ON ELECTRONICS FIG. 105-4 RADIO-ELECTRONICS FIG. 105-5 

This touch on-only switch can be triggered 
into conduction by electrical means, and can only 
be reset by way of a mechanical switch. When the 
touch terminal is contacted by a finger, lhe SCH 
turns on and illuminates LEDL 
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When touch switch S1 is activated, R4 is 
driven high, and the control voltage goes high, 
which latches the switch. When S2 is activated, 
R4 goes low and the control voltage goes low, 
which deactivates the switch. 



POPULAR ELECTRONICS 

C5 
470pF 

U1 
56? 

SINGLE·PLATE TOUCH SENSOR 

Q1 
"1NJ904 

TP1 
R4 
10K 

2 3 
C2 
.I 

+ CB l,oo 
FIG. 105-6 

This system operates on the principle that capacitance loading of an oscillator vvill lower its fre­
quency. When a foreign body comes into contact \Vi.th touch plate, the frequency of Ul is lowered. 
This removes the oscillator signal from Ul from U2's passband, which causes U2 to lose lock, turns 
off the LED, and causes the collector of Ql to go low. 
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106 

Transmitter Circ-uits 

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

27.125-MHz NBFM Transmitter 
10-M DSR QRP Transmitter with VFO 
ATV JR Transmitter 440 MHz 
6-W Economy Morse-Code Transmitter for 7 MHz 
Simple FM Transmitter 
Vacuum-Tube Low-Power 80/40-Meter Transmitter 
Tracking Transmitter 

636 

49-MHz FM Transmitter 
QRP Transceiver for 18, 21, and 24 MHz 
1750-Meter Transverter 
10-Meter DSB Transmitter 
Low-Power 40-Meter CW Transmitter· 
FM Radio Transmitter 
Low-Power 20-Meter CW Transmitter 



~ 

Voo 

G25 
.1µf 

R30 
510K 

R26 
390K 

27.125-MHz NBFM TRANSMITTER 

Vre fWTX SWITCH 

1 
SENSt VIN tl= I I ~ 

,R~ ! Vom 1 ,mL ~ 
LBI 

4 
GND 

IC5 
MAXIM 

LOW VOLTAGE REGULATOR 
FM MOOULATOM'Rft.ER 

L9 
CLASS E AMPLIFIER 

C37 
1J!F\I+ 

10$!H --• 

~

M'AMP 
. OUTPUT 

MIC AMP 
INPUT 

GNO 

8 
IC1 

MCt833 

RF 16 osc~--••---••--•;..._ 
RF t-15 ____ ......1 

osc 

CB 
68pf 

RF 14 OUTPUTt-'----lt--------_,._ __ _. r:T 

T2 BASE 13 ___ 58pf 

T2 EMIT1-1.;;;..2----a 

T? r.rn I 11 C20 
.00111f rl -- "C17 

.001µF 

LIMITER 

VTX o *At. • , • I 

ELECTRONICS NOW 

C16 
.01pF 

C14 
470pf 

DRIVER VJX 

FIG. 106·1 

Using a Motorola MC2833 ,,.,,..,,,,. ,.n,.,.., FM transmitter, a few support~~~·· .... ·~~ and an MPF6660 FET RF amp, this trans-
mitter delivers about 3 W into a 50-Q load. It is capable of operation over about 29 to 32 MHz ""ith the components shown. 



• l2V 

10--M DSB QRP TRANSMITTER WITH VFO 
R9 
4'0 

-------'w---lA +12V ON sroT /TRANSMIT 

+12\I 

R2? 

rRO!A VfO 

'-------------------------~" 
Rl8 
100 

r--
: 
I 
I 

;;;:::Cl 
OP'nONAl _/ 1 IO 
TRIMM€R rt, 

CAP 

R21 I, 

• C33 

l 
C36 
01 

MIC AMP 

R2 
470 

Rl9 
3.3, 

R3 
2 2, 

R2C 
22• 

R24 
22• 

•M.AIN TONING 
PANEL '-<0U'IT 
~e. !I~~, 

R26 
47• 

C39 

110,.F 
16V 

•l2V 

~4 
47 

TRIMMER 

AUDIO AMP 

• Cl6 

r •O~F 
16V 

73 AMATEUR RADIO TODAY 
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29MH, 
BUIOPASS Fl L TER 

FIG. 106-2 



•1.ZV ON 
SPOT/ 

TRANSMIT 

., C60 C61 
'7'10,..FIO,I /'h 16V 

10-M DSB QRP TRANSMITTER WITH VFO (Cont.) 

T7 . 
II 

+12v 

R44 
4 7k 

C51 
01 

~ 

R32. 
10 

KEYED •liv ON 
A SPOT I TRANSMIT 

+12V, TRANSMIT f'ROM l<I 

C56 

+ C5~ 
jlO..f 
/'hl6V 

.,.__--'I l OUTPUT 
0~1 L5 L6 !WATT 

R40 
10 

r~~7 

r~~ 1~' 
TO Kl 

(TO a·, "· 6. n 
!<I c: ( TO RfCflVEA ANT 

~t~i.:.R~~•] t '"'+
0

----c( TO ANTE-NNA 
L...--c->-----<~ TO TRANSMITTER 

1,.::/' LOW PASS F"ILTER 

C64 c:: 
l 

O I -...~.-------o • 12 V 

..__.,______ TO 08 ANO 
OPTIONAL AMPLIF IEF! 

The three schernaLics represent three building blocks for a I 0-meter SSB Lransmitter. Or these 
blocks can be used separately as circuit modules for other transmitters. The VFO board uses an FET 
transmittal oscillator, the VFO signal is mixed in an NE602 mixer and is amplified by Q2 to a level suf­
ficient to drive an SBL-1 mixer in the Lransmit mixer stage ( + 7 to + 10 dBm). In the balance 
mixer/modulator board, an 11-MHz crystal oscillator drives a diode balanced mixer. Audio for mod­
ulation purposes is also fed to Lltis mixer. The DSB signal feeds a 28-MHz BPF. The 1-W amplifier 
board consists of a 3-stagc amplifier and transmit/receive s\Vitching circuitry. 
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O') 
.i::,.. 
0 

x1_._ 
D 

XTALI 
54.90625 

WILLIAM SHEETS 

= 

DSC doubler 
L1 

71hT ~ 

R16 
3301! 

(1 V p- 820 

C6 

Vicleom· 
input~ R17 

75 V1ded 
neg synch) = gain control 

las1 Q7 
R19 
C20 
D1 
L9 
CH = chip capacttor 

ATV JR TRANSMITTER 440 MHz 

Oc>ublerX2 

C10 
1 pF 

DoublerX2 

TP3 

C15 
1 pf 

Power amp 
439.25 mHz 

L9 C19 

2,,.,T 10pFJson 
~ f--o RF 

out 

c10I To 
LB 1 pF = ant 

C17 I 
100 pF 

Typ<cal 
RF outputs 

0.75W@ 13V 
04W@9V 

1 
9 la 14Vdc -

supply 

• • • I • • ~ + 

R19 
10 k 

R15 
2.2 to q_7 kil 

(3.3 kll) 

t~~~ 
Linaanly 
control 

(Qpomt) 

07 

= 

Video 
modu~tor 

MJE180 
modulator 

Depends on max gain 

Gain R15 value 

5X 2.2 kO 
?X 3.3 kO 

10X 4 7 lcfl 

FIG. 106-3 

This low-power video transmitter is useful for RIC applications, surveillance, or amateur radio applications. Seven transistors 
are used in a crystal oscillator-multiplier RF power amplifier chain, and a high-level video modulator. A 9- to 14-Vdc supply is re­
quired. Output is 0.4 to 1.2 W, depending on supply voltage. A complete kit of parts is available from North Country Radio, P.O. 
Box 53, Wykagyl Station, New Rochelle, NY 10804-00530 



6-W ECONOMY MORSE-CODE TRANSMITTER FOR 7 MHz 

111v 11011 mv 
T1c=rT2 

POPULAR ELECTRONICS 

V1 
5DC5 7 

C1 
365pF 

6 

Fl2 
271( 
'lW 

TO 52'1 OR 75!1 
ANTENNA 

,---1'---., 

11 

II 

+ C3 
20 

•SEE TEXT 

FIG. 106-4 

The vacuum tube is still alive and useful in some applications, as in this CW transmitter. The cir­
cuit was built in old-fashioned breadboard style on a wooden base. Old table radios are a good source 
of parts for this circuit. V3 is used as a ballast resistor-a 75-Q or 100-Q 5-W resistor could be sub­
stituted. L1 is 15 turns of hookup wire on a ¼11 form 211 long. L2 is 7 turns of the same wire. L2 is 
wound over Ll. Be careful as up to 160 Vis present onvl and V2. 

SIMPLE FM TRANSMITTER 

+9V 

R7 
4.7k 

5-&0pf 

Q2 
2N2Z2Z 

C4 
,1 

C7 
.1 

"SEE TEXT 

RADIO•ELECTAONICS F/G. 106-5 

Running from a 9-V battery, this transmitter can be used as a wireless microphone with an ordi­
nary 88- to 108-MHz FM broadcast receiver. Keep the antenna length under 12 inches to comply 
with FCC limits. 11 is 6 turns of #24 wire wound around a pencil or a ¼" form, with turns spaced l 
wire diameter. C6 is a gimmick capacitor of about 1 pF. 
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VACUUM-TUBE LOW-POWER 80/40-METER TRANSMITTER 

B9A VALVE 8AS( 
iUNDEl'f VIEWl 

73 AMATEUR RADIO TODAY 

DI 

°"SEE PARTS LIST 

6.3\1 

FIG. 106-6 

Using a 6BW6 vacuum tube, the above transmitter delivers about 5 W output. Cl is adjusted for 
cleanest CW note. C8 and C9 are 365 pF and dual-365 pF (paralleled) tw1ing capacitors. 11 is 35 
turns of #24 enamelled 'Wire on a l '1 plastic tube. FT-243 crystals for 3.5 or 7 MH7, are used. Do not 
use this circuit to produce a 7-MHz output from a 3.5-MHz r.rv·~r.a.1-n. is not intended to "double 
over" crystal frequencies. 

TRACKING TRANSMITTER 

1993 ELECTRONICS HOBBYIST HANDBOOK FIG. 106-7 

This tracking transmitter consists of four distinct subassemblies; a free-running multivibrator, a 
transmit switch, an audio-tone generator, and an FM transmitter. The multivibrator (which produces 
a pulse width with a pulse separation of 1500 ms) is built around Ql and Q2. The multivibrator out­
put is coupled through R5 to the base of Q3, whose emitter feeds Q4, which controls the circuifs 
transmitter section. 
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49-MHz FM TRANSMITTER 

1----•HII...;..+ __ 
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CUI 
150pf 

0 REG.+6V 

C2 + C3 
.01 10 

- RFDRIVl:R 

R12 
10K 
1% 

+3V 

R13 + 
10K 
1% 

C29 
.01 

R14 
100K 

C:13 
10 

+SV 

R15 
100I( 

C14 C15 
.01 .001 

ANTl 
ANTENNA WIRE 

4 3rn APPROX. SO INCffES 

-r -1 ~ 
I L2 

-1 _.J mecn 

R24 
S&l 

C28 
18pF 

C27 
.001 

RF AMP (FINAL) 

FIG. 106-8 

This 49-MHz FM transmitter consists of an audio amplifier, a low-pass filter, three RF stages, and 
a regulated-de power supply. The output is about 16 mW into a 50-Q load. This transmitter can be 
used in many 49-MHz applications, such as in a baby monitorl cordless telephone, or in conjunction 
with a scanner as a one-way voice link. 

643 



QST 

644 

QRP TRANSCEIVER FOR 18, 21, AND 24 MHz 
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This CW transceiver has 1.25 to 4 W 
RF output, a direct-conversion receiver, 
full break-in, and SW sidetone generation. 
The power _supply is 13.8 V, which makes 
this transceiver suitable for mobile or 
portable operation. 

FIG. 106-9 
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i m 1750-METER TRANSVERTER 
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FIG. 106·10 

This circuit was described in a recent edition of an amateur radio magazine. It allows G'pr~r,3,1-.;:,'",.f,._..,.. in the 160- to 190-kHz band 
with up to 1 W (license free) in any mode (CW/SSB/FM, etc.). It consists of a receiving converter for 5 kHz to 450 kHz and a 
transmitting converter to convert the 3.66- to 3.69-MHz (80 meter) range to 160 to 190 kHz. A 12- to 24-V power supply can be 
used. 
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FIG. 106w11 

cheaper to build than an SSB transmitter because no filter or phasing networks are required. This 
proctuces up to 1-W output on the 10-meter band. The ,..,.,..,"'~'-1~ ..... '~~·:--.• ·~~"'.1 28.322 MHz is used, which is a commonly available clock 

Prequency crystal. CW operation is also provided. A doubly balanced mixer assembly is used as a modulator and CW keyer. 
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73 AMATEUR RADIO TODAY 

LOW-POWER 40-METER CW TRANSMITTER 

r-j 
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11111• 
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,f, 0 ! 

FIG. 106-12 

This CW transmitter has an output of up to 3 W. By using 24 Von Q2, up to 10 W output can be 
obtained. If a 24-V supply is used, QI must not see more than 12 V. Connect 12 V between junctions 
C3, R2 and L2, and remove L5. LI should be a low-Q 18- to 20-µH inductor. R6 can be used (up to 
47 .Q) to reduce the Q further. 

in 
(from VCR) 

R-E EXPERIMENTERS HANDBOOK 

FM RADIO TRANSMITTER 

r-

To emitter-..:--~ 
of RF 

oscillator 

---------- _J 

Portable FM radio 

FIG. 106·13 

An FM radio generates an interference signal that can be picked up on another FM radio tuned 
10.7 MHz above the first one. The 50-kQ·potentiometer adjusts the modulation level to maximum 
without distortion. The RC network :improves the fidelity of the transmitted signal and provides de 
isolation. The component values shown are provided as a starting point. They can vary somewhat for 
different radios. Note that if you cant get the signal at 10.7 MHz above the frequency setting of the 
first radio, try tuning at 10.7 MHz below. A1s0 1 note that both tuned frequencies must be unused. 
Otherwise, you will hear your audio on top of the audio that is already there. You might have to play 
with both frequencies until you find two blank spots that are 10.7 MHz apart. 
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FIG. 106-14 

The transmitter has a VXO circuit to drive an amplliier that is keyed. The keyed amplifier drives an MRF 4 76 final amplifier, 
which delivers about 2-W output. A solid-state T-R switch is included for the receiver. The parts values shmvn are for the 20-me­
ter band. 
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Ultrasonic Circuits 

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

550 

Doppler illtrasound Transmitter 
Doppler Ultrasound Receiver 
Ultrasonic Cleaner 



A2 
33K 

C2 
.001 

RADIO-ELECTRONICS 

R1 
10K 

DOPPLER ULTRASOUND TRANSMITTER 

cs 
.01 

C6 + 
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R4 
33K 
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FIG. 107-1 

The 2.25-MHz_oscHlator Ql drives amplifie-r Q2 and XTALl, an ultrasonic transducer. The trans­
ducer is a lead zirconate-titanate type. Taps on Tl and T2 provide low-impedance drive points. 

RADIO-.ELECTRONICS 

R11 
100,1 

+ C10 

DOPPLER ULTRASOUND RECEIVER 

+9V 

R19 
270 

lOpF + 
C25 
33µf 
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5 

C2~ 

220µF 

J1 

FIG. 107-2 

XTALI drives amplifier Q3/Q4l which is tuned to 2.25 MHz. The detected sip;nal is fed to audio 
amplifier !Cl. A 9-V supply is used. The circuit operates at 2.25 MHz and is designed to be used with 
an ultrasonic sound transmitter at this frequency. 
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ULTRASONIC CLEANER 
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ELECTRONICS-NOW 

An ultrasonic cleaner is useful to clean certain items. This circuit uses a microcontroller to con­
trol timing and give a digital readout, but only the basic oscillator can be used, if desired. RESl, RES2 
are piezoelectric transducers driven by power oscillator Ql. QI is powered by a bridge rectifier-ca­
pacitor input filler that 01rn~:r·:1n~s directly off the ar. line. The frequency is 40 to 60 kHz. 
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Video Circuits 

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

654 

General-Purpose Output Amplifier 
4.5-MHz Sound IF Amplifier 
Simple Video Amplifier 
ATV Video Sampler Circuit 
Multiple-Input Video Multiplex Cable Driver 
Two-Input Video Multiplex Cable Driver 
Differential Video Loop-Through Amplifier 
Video Fader 
Electronically Controlled Variable-Gain 

Video Loop-Through Amplifier 

Video de-Restore Circuit 
Combination Sync Stripper and 

Universal Video Interface 
Video Selector 
Video Preamp 
Video Master 
Simple Video Line/Bar Generator 
Video Amplifier 
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FIG. 108-1 

This general-purpose amplifier has a bandwidth of approximately 20 MHz and it uses an 
LM733/NE592 video amp IC. This circuit can be used as a line driver or as a LAN line driver. 

4.5-MHz SOUND IF AMPLIFIER 
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100 

+sv.--w~......---, 
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INPUTca+---------..:..i 
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,---.---vvr--..--1910UTPUT 

FIG. 108-2 

An NE592 is used as a 4.5-MHz amplifier sound subcarricr in video applications. XTALl is a 4.5-
MHz crystal or ceramic resonator. 
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7!500 

SIMPLE VIDEO AMPLIFrER 
16mA - 12 V 

-------------!+ 

303 CIRCUITS FIG. 108-3 

Useful for interfacing B/W TV sets with a camera or computer, this amplifier has a bandwidth of 
~10 MHz and a gain of 3X. 

ATV VIDEO SAMPLER CIRCUIT 

Q1 FCG 123 
02 FCG 123 
03 ECG 159 

+12 vo--;-. 
I I 
, .,... 1 78L08 

' 
I 

• - - - I 

FIG. 108·4 

This unit up your ATV signal by sampling the transmission line with negligible insertion 
loss. It uses 2 "NH connectors for input and output connections. A BNC connector is used on the 
video output. The detected output is connected to your monitor and scope so that you can accu­
rately adjust your transmitter for proper video and synch levels. Two difTerent models are provided. 
Both have relative power output meters, but one has greater accuracy. There are two PC controls, 
one for video level and the other for power output. 
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MULTIPLE-INPUT 
VIDEO MULTIPLEX CABLE DRIVER 

LINEAR TECHNOLOGY FIG. 108-5 

CMOS IN 
CH SELECT 

TWO-INPUT VIDEO 
MULTIPLEX CABLE DRIVER 

+5V 

6 

-sv 1k!.l 

75n 

LINEAR TECHNOLOGY FIG. 108-6 

Using a Linear Technology LT12271 the rnul- CMOS logic levels select one of two video iri-
tiplex video amp uses logic levels to turn on and puts with this circuit. The op am_ps are Linear 
off selected inputs. Technology LT1190s. 

DIFFERENTIAL VIDEO LOOP-THROUGH AMPLIFIER 

CABLE 

LINEAR TECHNOLOGY FIG. 108-7 

An LT1194 is used as a differential amplifier for video applications, where low cable loading is 
needed. 
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LINEAR TECHNOLOGY 

VIDEO FADER 

Vs=- :t5V 
GAIN= OdS 
INVERTING 

Vour 

FIG. 108-8 

Using two LT1228 transconductance amplifiers in front of a current feedback ampJifier forms a 
video fader. The ratio of the set currents into pin 5 determines the ratio of the inputs at the output. 

ELECTRONICALLY CONTROLLED VARIABLE-GAIN VIDEO LOOP-THROUGH AMPLIFIER 

.-,sv 

-=-

LINEAR TECHNOLOGY 

GAIN ADJUST 
-12d8 TO +8d8 

FIG. 108-9 

_An LT1228 transconductance amplifier is used in this application. The gain is adjustable from 
-12 to +8 dB. 
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LINEAR TECHNOLOGY 

VIDEO de RESTORE CIRCUIT 
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1k 
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200n 

+5V 

FIG. 108-10 

This circuit restores the black level of a monochrome composite video signal to O V at the be­
ginning of every horizontal line. Th.is circuit is also useful with CCD scanners to set the black level. 

COMBINATION SYNC STRIPPER AND UNIVERSAL VIDEO INTERFACE 

0.11,Lf 0.11,Lf 
680K 0.1 µ.F 

~I• 

RADIO-ELECTRONICS 

4.7K 

•11-(]E[] 

•I~ 
750 

FIG. 108-11 

This combination sync stripper and universal video interface can solve a lot of problems for you, 
including Super-NinLcndo-to-anythin~ interfacinit video overlay and scope TV frame locking. Kits, 
fully tested units, and custom cable assemblies are available through Redmond Cable. This unit uses 
an LM1881 (NS) synch separator re. 
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FIG. 108-12 

This circuit selects one of two channels with a logic signal. The unused channel is shorted out, 
which minimizes crosstalk. The bandwidth at -3 dB is about 8 MHz. It is advisable to buffer this cir­
cuit because there is some loss in the switches when feeding a 75-Q load. 

J1 
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RADIO-ELECTRONICS 

VIDEO PREAMP 
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+6V....---"¥1'1tr-..... --
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R2 
1K 
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J3 
OUTPUT2 

J2 
OUTPUT 1 

FIG. 108-13 

An NE592 or LM733 is used as a general-purpose video amplifier in this schematic. J2 and J3 
provide two anti-phase outputs. R2 is a gain control. The bandvvidth is about 100 MHz. 
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FIG. 108-14 

The video master consists of a series of converters that place all your video sources on unused 
UHF channels, whidt then combines them with nonnal TV channels (terrestrial or cable into one ca­
ble). That one cable can then feed several TV sets for whole-house coverage. The desired video 
source is selected with the TV sefs tuner. All of the TVs remote-control features are retained. 

A complete kit of parts is available front North Country Radio, PO. Box 5:3, Wykagyl Station, New 
Rochelle, NY 10804-0053A. 
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SIMPLE VIDEO LINE/BAR GENERATOR 
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1S!l LV v.::tm 
~ 

FIG. 108-15 

A 555 and a dual 556 timer generate a rudimentary video signal, as shown in the schematic. The 
first timer generates 4. 7-µs synch pulses operating in the astable mode with a 64-µs period. The sec­
ond timer generates a delay pulse, which triggers the third timer to generate a bar. The second timer 
sets the bar position and the third sets the bar width. 
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Voltage-Controlled Oscillator Circuits 

The sources of the following circuits are contained in the Sources section1 which begins on page 
675. The figure number in the hox of each circuit correlates to the entry in the Sources section. 

Sinusoidal 3-Hz to 800-kHz VCO 
Simple TL082 VCO 
10-Hz to 10-kHz 3-DeGade VCO 
Sine-wave VCO 
VCOT 
VCO II 
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SINUSOIDAL 3-Hz TO 300-kHz VCO 

ELECTRONIC ENGINEERING FIG. 109-1 

This circuit uses Analog Devices' ADo:39 universal trigonometric fooction generator to convert a 
triangle waveform) the basic waveform of the VCO itself} into a very low~distortion sine wave. 

By using the AD639 in its frequency tripler mode [2], the frequency range 3 Hz to 300 kHz is now 
covered. The circuit has been drawn here--so that the oscillator loop, consisting of Ql, the integrator 
and the LT101 l comparator, is clearly shown. 

When Ql is otI, the input amplifier, which is adjusted to have a gain of exactly pulls a current 
½JR, where R is 5.1 k.Q in series with two JFE Ts, and Q2 and Q3, out of the virtual earth of the in­
tegrator. The output of the integrator thus rises at a rate of l{N/CR, where C 4 70 pF. At a level that 
can be adjusted by the 5-kn potentiometer, the comparator flips and turns on Ql. 

A current of exactly 2½JR, is now supplied to the virtual earth of the integrator because there 
are now two 5.1-kQ resistors in parallel and only a single JFET in between the virtual earth and Vin· 
The integrator output now falls at a rate of l{N/CR and the cycle repeats. Any offset in the current to 
the virtual earth of the integrator, due to circuit board leakage, etc., can be corrected by adjusting 
the 50-kQ potentiometer. It follows that the symmetry of the triangle wave at the integrator output 
can be corrected by adjusting the 2-k.Q potentiometer, and the 50-k.Q potentiometer at VLF, and the 
frequency can be trimmed with the 5-kQ potentiometer. 
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SINUSOIDAL 3-Hz TO 300-kHz VCO ( Cont.) 

The 1-kQ potentiometer variable is adjusted to give the input level to the AD639 needed to drive 
it over ±270° and so produce a sinusoidal output at three times the frequency of the triangle-wave 
input. Offset correction for the AD639 is made at the input to the voltage follower by means of the 
20-k.Q potentiometer. 

Once a symmetric triangle wave has been obtained by aqjusting the 2-kn and 50-kQ poten­
tiometers, and the correct frequency of 100 kHz has been set for ½"N = 10 V, by adjusting the 5-kn 
potentiometer, the triple-frequency sine-wave output can be set up by adjustment of the 1-kQ and 
20-kQ potentiometers. 

This is best done by triggering the CRO from the triangle wave, and then viewing at least three 
complete cycles of output. Having adjusted for a clean-looking sine wave, the final adjustment of the 
1-kQ and 20-kQ potentiometers should be made on a single sinusoidal cycle display, using internal 
trigger so that the three slightly different parts of the output cycle lie one upon the other and can be 
made w merge. Ql, Q2, and Q3 are 2N4391s, the two Schottky diodes are 5082-2810i and the other 
nine diodes are 1N914. 

All device power supply pins should be decoupled ·with 0.33 µF. Resistors associated with the in­
puts of the devices should be 1 % high-stability parts. 

WILLIAM SHEETS 

Control 
voltage 

input 

SIMPLE TL082 VCO 

22 kfi 

TL082 
dual 

op amp 

IN914 

I0.022 µ,F 

vco 
out 

FIG. 109-2 

This circuit uses a dual operational amplifier (TL082) to form a voltage-controlled oscillator 
(VCO). With the component values shown, the output-frequency range is 100 Hz to 10 kHz when the 
input control voltage is between 0.05 and 10 V. 
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10-Hz TO 10-kHz 3-DECADE VCO 
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100n 
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POPULAR ELECTRONICS FIG. 109-4 

A de control voltage varies the effective resistance in feedback network C4/C3/Cl and Rl2/R3. 
Q2/Q:3 are the oscillator transistors. 

C 1 
us 

VCOI 

OUTPUT 1 

....----------0 /\IV 

POPULAR ELECTRONICS 
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OUTPUT? 

JlS1_ 

FIG. 109-5 

This circuit gives both triangle- and square­
wave outputs. The frequency range is deter­
mined by Cl. 



VCO II 

Va1As 0 

WILLIAM SHEETS FIG. 109-6 

The output frequency of this simple low-cost active voltage-controlled oscillator circuit is based 
upon the inherent frequency dependent characteristics of our operational amplifier. 

The oscillator circuit shown uses a TL082 op amp. When power is applied, the circuit generates 
a sinusoidal wave. The frequency of oscillation can be changed by varying the bias supply. 
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110 

Voltage Converter/Inverter Circuits 

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

de/de Converter 
Simple dc/ac Inverter 
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,h 
"Ll 

303 CIRCUITS 

de/de CONVERTER 

12 V N1 ... N6 = IC2 === 4049UB 

ICl 
CO40478 

4 7 

C3 

,__ ___ __, 4 X 1 N4148 

12 

10~ 
18V 

FIG. 110-1 

This low-power converter will supply about 100 mW of de to a load and it is useful to isolate or 
derive de voltages. It operates at around 200 kHz. 11 is wound on a 22-mm diameter x 13-rmn high 
pot core with #32 magnet wire. The primary is 80 turns and the secondary is 80 turns (for 12-V nom­
inal output). The two windings should be insulated for the expected voltage difference between in­
put and output in insulation applications. 

SIMPLE dc/ae INVERTER 

r----------------r------------'11• +12V 

R1 
100 kfl 

C1 _._ 
0.05 µ.FI 

WILLIAM SHEETS 

= 

NE 
555 

8 

5 

Io.01 
f = 150 Hz 

02 

+ 
1000 µ.F 

llc
120V 
output 
150 Hz 

- 6.3 V- 117V 
transformer 
(2A size) 

FIG. 110-2 

This dc-to-ac inverter is based on the popular 555. A 555 oscillator circuit drives a buffer amplifier 
consisting of Ql, Q2, and Q3. The circuit operates at 150 to 160 Hz. Tl can be a 6.3-V or 12.6-V fila­
ment transformer as applicable. The frequency can ·be changed by changing the values of Rl and/or C 1. 
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111 

Voltage Multiplier Circuits 

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



22 kfl 

WILLIAM SHEETS 

LOW-POWER de TRIPLER 

.--------la---A---------411-----.a----.--_... + 12 V 

4 

NE 
555 

8 

+ I 10 µ.F 

0.01 µ,F 

out 

1 
FIG. 111-1 

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

22 kn 

WILLIAM SHEETS 

LOW-POWER de QUADRUPLER 

r---------------a------4----__,---_..,. + 12 V 

4 

NE 
555 
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I 

+ 
I 10µ,F 

16 V 

22 µ.F 
3 + t-------1----, 

Diodes I N4148 

22 µ,F 
+ 

=-

=45V 

FIG. 111-2 

This de voltage-quadrupler circuit based on the 555 can produce a de output voltage equal to ap­
proximately 4X the de supply voltage. 
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WILLIAM SHEETS 

LOW-POWER de DOUBLER 

4 

NE 
555 

8 

22 µF 
l-+ _____ --1 "'JI----, 1 "" + 22 V 

FIG. 111-3 

This de voltage-doubler circuit based on the 555 ean produce a de output voltage equal to ap­
proximately 2 X the de supply voltage. 
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112 

Window Comparator and 
-Discriminator Circuits 

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

Window Comparator 
Multiple-Aperture Window Discriminator 
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WINDOW COMPARATOR 

,.--------1-----ao--------1---- I 5 V 

WILLIAM SHEETS 

R4 
3300 

FIG. 112-1 

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

VIN +V 

? 
6 V01 > V4 

V4 

01 

+V 

6 
V3 < VIN <V,. 

V3 

02 

+V 

6 
V2 <VIN< V3 

V2 

03 

+V 

6 
V1N> V1 

V1 

POPULAR ELECTRONICS FIG. 112-2 

Vl through V 4 are reference voltages that 
are derived from separate sources or from a com-
mon voltage divider. 
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Numbers preceded by a "I,", "II," "HJ,", "TV,'' or "V" are from Encyclopedia of Etectron'tC G1:rcu:its Vol.LIT, HI, IV, or V 
respectively 

A 
absolute-value circuits, I-37, !V-274 

amplifier, I-31 
full wave recLificr, 11-528 
Norton ampliiicr, III-11 
prcdsiun, l-!37, [V-274 

ac motors (see also motor control 
circuits) 

rnntrol for, II-375 
power brake, II-451 
threc-ph;wc driver for, II-383 
two-phase driver for, l-4f>fi, II-382 

ac/dc inrlit.at.or, IV-214 
~-t.o-rlc converters, I-165 

fixed power supplies, lV-395 
full-wave, lV-120 
hig.h-irnpctla.nce precision rectifier, 

1-164 
acid rain monit.or, TT-245, III-361, 

V-371 
.~c:oustic field generator, V-338-341 
acoustic sound receiver/tnmsmittcr, 

IV-311 
acUvc anternms (see antennas, 

active) 
act1ve filters (see alBo filter circuits) 

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

variable bandwidth, I-286 
digitally tuned low-power, II-218 
five poh,•, l-279 
fourth-order low-pass, V-184 
high-pass, V-180, V-188 

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

low-µass, V-178, V-181, V-188 

digitally st'-lected break frequency, 
Tl-2Hi 

unity-galn, V-187 
low-power 

digitally selt=>ctable center 
frequency, ITI-186 

digitally tuni::d, I-279 
programmable, III-185 
RC, 11p to 150 kHz, I-294 
spt¥ch-range filter, V-185 
state-variable, HI-189 
ten-band graphic equalizer using, 

II-684 
three-amplifier, 1-289 
tunable. 1-28!.I 
universal, ll-214 

adapters (see also conversion and 
converters) 

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

V-312 
program, second-audio, lll-142 
traveller's shaver, [-495 

adder circuits, IH-327 
binary, fast-action, IV-260-261 

AGC ( 1;ee automatic gain control 
(AGC) 

air conditioner, auto, smart dutch 
IU-46 

air motion and pressure 
!low-detector, 1-235, 11-240-242, 

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

hot-Wire, IIl-342 
thermally based, Il-241 

pressure change detector, lV-144 

motion detector, I-222, III-364 
airplane propeller sound effect., H-592 
alunmJ (see also annuciators; 

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

555-based alarm, V-11 
alarnHone generator, V-563 
audio-sensor alarm, V-8 
auto burglar. l-3, I- 7, J.10, rr-2, 

111-4, IV -53 
automatic-arming, TV-fi0 
automatic turn-off, 8 minute 

delay, TV-fi2 
CMOS low-current, IV-56 
horn as loudspeaker, IV-54 
motion-actuated car/motorcycle, 

1-9 
sf'r.ur1ty system, 1-5, IV-49-56 
smgle-IC, III-7, IV-55 

auto-arming automotive alarm, N-50 
automatic tum-off, IV-54 
8 minute delay, N-52 

baby-alert transmitter/receiver, 
V-95-96 

bells, electronic, II-33, I-636 
blown fuse, I-10 
boat, I-9 
burglar alarms, Ul-8, III-9, IV-86 

burglar chaser, V-16 
latching circuit, I-8, I-12 
NC and NO switche&, IV-87 
NC sv.itches, IV-87 
one-chip, lll-5 
self--Jatchlt1g, IV-85 
timed <:hutoff, TV-flf.i 

.camera tngger~d, III-444 
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alarms (cont.) 
capacitive sensor, III-515 
current mo1litor and, IU-338 
dark-activated alarm, pulsed tone 

output, V- 1:1 
delayed alarm, V-4 
differential volLage or current, II-3 
digital dock dn.:uil wiLh, lll-84 
door-aJa.r, ll-284, III-46 

H.1.ll-f'ffect circuit, TH-256 
door mmdt"r, V-fi 
doorbells (see annuciators) 
driver, high-power alarm driver, V-

2 
exit delay fol' burglar alarms, V-10 
fail-safe, semiconductor, III-6 
fiekl clist.nrhance, ll-fi07 
flasher signal, V-197 
flex switch alarm sounder, V-15 
flood, 1-390, Ill-206. LV-188, V-!J74 
freezer meltdown, I-1~1 
hParllights-on, HI-52, V-77 
heat-activated alarm, V-9 
!ugh/low-limit, I-151 
home security sysLem, 1-6, IV-87 
1ce fOl'mation, II-58 
infrared wireless system, IV-222-223 
hght-ar.tivatPd, V-A, V-273 
high-output, pulsed tone, V-1'1 
precision design, V-12 
precision with hysteresis, V-14 
sdf-laLch, tone outpuL, V-15 
with latch, V-12 

hght-beam mtruder-detectmn 
alarm, V-11, V-13 

loop circuit alarms 
closed-loop, V-3 
multi-loop purnlld alarm, V-2 
parallP.1, V-3 
senes/parallel, V-:1 

low-battery disconnect and, III-65 
low-battery warning, III-59 
low-volls, 11-493 
multiple circuit for, ll-2 
no-do;,:e alarm, V-8 
one-r.hip, HT-5 
photoelectric, U-4, JT-:119 
piezoelectric, I-12, V-10 
power failure, I-581, I-582, III-511 
printer error, lV-106 
prox.inuty, II-506, III-517, V-485-486 
pulserl-tonP, J-11, V-559 
purse-snatcher, capacitance 

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

gas, T-332 
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ionization r.hamher, J-332-333 
lineaoperated, IV-140 
operated ionization type, I-596 
photoelectrit:, line-QperaL<.'d, 1-596 
SCR. TH 251 

solar powered, I-1:1 
sonic defenders, IV-324 
spaceship alann, V-560 
speed, 1-95 
Star Trek red alert, II-577 
strobP !lasher alarm, fV-180, V-6-7 
tamperproof hurglar, 1-8 
temperature (see al.~o 

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

at\justabk Uircshold, H-644 
light, radiation sens1t1ve, H-4 

timer, II-G74 
trouble tone alert, IJ-3 
varying-frequency vvarrung. II-57!) 
wailing, ll-5 72 
warbling, II-573,-V-7 
watchdog timer/alarm, 1V-fi84 
water leakage/level (see also fluid 

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

allophone generator, 111-733 
alternators 

hat.t;,ry-altP.mator monitor, car, TH-
63 

regulator for automobile alternator, 
V-76 

alUmcter, digital readout, V-206 
AM radio-related circuits, 1-544 

amplitude modulator, II-370 
broadca.,;;t band ,ngnal gf'nerat.or, 

IV-302 
ear radio io slwrtwave converter, 

IV-500 
demodulator, TT-160 
envelopt'l detector, IV-142 
microphone, wireless AM 

microphone, I-679 
modulation monitor, IV-299 
power amplilicr for, 1-77 
receivers, II-525, III-81, Ill-529, III­

fi3fi, TV-455, V-496 
1.5 V broadcast, V0497 
mixer/oscillator for AM rece1vPr, 

V-412 
trurn;istor rad.Io, V-502 
earlier-current, III-81 
intf'!gratP.d, TTT-fi::Jfi 

signal generators, IV-301, IV-302 
A.WPM-related circuits 

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

amateur radio related circuits 
linear amp, 2-30 MHz 140-W, IIT-260 
receiver for, III-534 
rf variable-frequency oscillator 

(Vr'O), V-532 
transceiver relay interface, V-243 
transmitter, 80-M, III-675 

voice identifier, V-550 
amh1i>ncP amphfier, rear spP.aker, IT-

458 
ambient light effects, cancellization 

circuit, H-:328 
ambient light-ignoring optical 

sensor, III-413 
ammeter, I-201 
low-current, V-307 
nrul(.l, l-202 
pico, II-154, II-157, I-202 
gnardeti input c1rcrnt, TT- J 56 

six-der.ade rang!'!, 11- I ri3, H-lfifi 
amplifiers (see also audio 

amplifiers), II-5-22, UI-10-21 
V-17-26 

l watt/2.:J GHz, 11-540 
2 to 6-W, with preamp, II-451 
2 to 30 MHz, 140W amatfmr radio 

linear, I-555 
4W bridge, I-7!) 

5W output, two-meter, 1-567 
6W 8-ohm output-transformerless, 

1-75 
10 dB-gain, III-543 
10 W power, I-76 
10 x buffer, 1-128 
12-W low-distmtion powcr, l-76 
16-W bridge, I-82 
2fi-watt, TI-452 
30 MHz, I-567 
40 dB gain, IV-36 
60 MHz, I-567 
80 MHz cascade, I-567 
BOW PEP broadband/linear, l-557 
100 MH7/400MHz neutralized 

common somce, I-li6fi 
l 00W PEP 420-450 MHz push-pull, 

1-554 
lO0x buffer, l-128 
135 to 175 MHz, I-564 
160W PEP broadband, T-fififi 
200 MHz neutralized common 

source, I-568 
450 MHz common-source, I-568 
600-W rfpowcr, 1-559 
absolute-value, I-31 
ac amplifier, nonuwerting, V-18, 

V-lfJ 
ac servo, bridge type, III-387 
ac-couplect, dynamic, III-17 
acoustic field generator, V-338-:.:141 
AF drive- indicator, V-346 
AGC, II-17 

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

adjustable-gain nmunvcrting, 1-91 
amateur rad10, linear, 2 to 30 MHz, 

140W, T-555 
amhif!ncf!, rear speaker, H-4fi8 
AM radio power, I-77 
attenuator and, digitally controlled, 

1-53 
audio (~ee audio amplifiers) 



audio c:onverter, two- to fow-wire, 
II-14 

audio limiter, low-diatortion, H-1 fi 
audio power amps (see audio and 

sound circuits, power amps) 
audio signal amps (see audio and 

sound circuili:i, signal amps) 
audio-lo-UHF preamp, V-24 
autornat1c fade r.irrmt for, II-42 
autornat1c lt=-vi>I r.ontrol, II-20 
automotive audio amplifier, IV-66 
Av/200, stereo, 1-77 
balance, ll-46 

inveri.i.ng, 1-3:J 
loudnes~ control. TT-47, H-395 

bootstrap circuit, V-3fi6 
bridge, T-74 

1 watt, I-79 
16 watt, I-82 
ac servo, l-458 
audio power, T-81 
hi.gh-1mpedance, I-353 
tra.nsducer. HI-71, II-84, J-351 

broadband 
low-noise, 1-562 
PEP, 160-W, I-556 
fuiear/PEP, 80W, r-557 

buffers 
lOx, I-128 
lOOx, I-128 
ac, single-supply, I-126 
battery-powered, I-351 
-rf amp with modulator, IV-490 
sine-wave output, I-126 
unity-gain, ;;table design, II-6 

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

cascade, rf amplifiers, IV-488 
CD4049 audio signal amp, IV-40 
chopper, +/- 15V., III-12 

chopper channel, 1-350 
stabilized, II-7 

clamp-limiting, active, JJT-15 
color video, I-34, IIT-724 
common source 

450 MHz, I-568 
low-power, IJ-84 

complementary-symmetry audio, I-
78 

composite, II-8, III-13 
compressor/ampllfier, low-

distortion, IV-24 
constant-bandwidth, lll-21 
cool-dowri circuit, V-354, V-357 
currcntfeedback amp, V-100 mA 

at 100 MHz, V-2n 
current-shunt, III-21 
current collector head, II-11, ll-295 
current-to-voltage, high-speed, I-35 
Darlington, push-pull, V-22 
de servo, I-457 
de-stabilized, fast, ITf-18 
de-to-video log, I-38 

detect.or, MC1330/MC1352, TV IF, 
I-588 

difference ampWicr, V-18, V-21 
differential, 1-38, IH-14 

high-1mpedance, I-27, I-354 
high-input, high-impedance. U-19 
instrumentation. l-34 7, III-283 
instrumentation, b10med1cal, TTI-

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

rlh:,crete current-booster, V-23 
distribution amplifiers 

audio, I-39, U-39, V-59 
signal. l-39 

duai power supply, V-4£\fi 
dynamic, ac-co11pled, III-17 
ear protector circuit. V-482 
electret microphone preamp, V-21 
electrometcr, overload protected, 

U-155 
fast-inverting, high-mput 

impedance, V-18 
FET input, II-7 

offset gate bias, V-22 
video, cu.:;cu.de, I-691 

flat response, I-92, TTT-673 
forward-cummt hooster, III-17 
four-quadrant photo-conductive 

detector, I-359 
frequency counter preamp, V-24 
gain, 10 dB, III-543 
gain-controlled, III-34 
gate, 1-36 
guitars, matching a11d10 signal 

amps, IV-88 
harmonic distortion analyzer, 

V-291 
harmonic distortion meter, V-312 
hi-fi compander a8, II-12 
h1-fi exp.andor, II-13 
high-frequency ampl.lfiers, llI-259-

265 
29-MHz, lll-262 
3-to-30 MHz, 80-W, 12.5-13.6 V, 

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

I4O-W, TII-26O 
nomnvertmg, 28-dB, Ill-263 
RF, broadcast band, lII-264 
UHF, wideband with high-

performance FF.Ts, JII-264 
wideband, TTI-265 

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

high-i.mpcdance/low-capac1t.anc-e, 
1-691 

l~h-input-high-1mpedance 
amplifiers, U-19, 11-44 

TF amplifiers, I-690, IV-459 
455-kHz, V-522, V-523, V-524 
45-MHz, crystal filter, V-527 
AGC system, IV-458 
preamp, IV-460 

receiver, JV-1fi9 
quadrature detector, TV sound lF, 

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

infinite sample and hold, II-558 
input-inverting, fast, hig.h­

impedance, V-19 
inputloutput buffer for analog 

multiplexers, Hf- I I 
instrumentation amplifiers, 1-346, 

I-:148, I-349, I-352, II-293-295, 
Ill-278-284, IV-229-234, V-233-
235 

+/-100 V conunon mode rangP, 
lll-294 

current collector head amplifier, 
TT-29fi 

differential, I-347, I-34!J, 1-353, l-
354, UI-282, III-283 

exLend,xi eommon-modf' clP,ngn, 
IV-2:34 

high-1mpPdanee low-drtft, I-355 
high-speed, 1-354 
low-drift/low-noise ck amplifier, 

IV-232 
low-signal level/high-1mpeclanct>, 

l-!J50 
low-power, rrI-284 
mPt.er driver, II-296 
preamps, III-283, IV-230-231 
precision FET inpuL, 1-355 
saturated starn.btrd cell amplifier, 

11-296 
strain gauge, TH-2RO 
triple op amp, I-347 
11\tra-preci.sion, III-27!.l 
variable gain, differential input, 

l-349 
very high-impedance, I-354 
wideband, III-281 

mverting, I-42, II-41, III-14 
a.c, high-gain, 1-92 
balancing circuit in, I-33 
gain of 2, Jag-lead compensation, 

UHF, I-566 
low-power, digitally selectable 

gam, H-:133 
power amphfier, I-79 
programmable-gain, lll-505 
unity gain amplifier, I-80 
wideband wlity gain. l-3/J 

isolation 
capacit.1w load, I-34 
level-shifting, 1-348 
medical Lclcmetry, I-352 
rf, 11-547 

JFET, V-20 
500-Mohm input impedance. V-23 
bipolar cascade video, 1-692 
c-urrent source bia.sirig, V-21 
preamplifier, V-22 

line amps, lll-37 
duplex, telephone, UI-61£\ 
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amplifier~ (cont.) 
universal design, I\'-:'.\9 

linear amplifiers 
2-30MHz, 140W PEP amateur 

radio, 1-555 
l 00 W PEP 420-450 MHz push -

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

m-260 
audio power amplifiers, V-51 
CMOS inverter, TI-11 
inverter, linear amp from invert.er, 

11-11 
I'f, IV-480-=1,1.81, IV-484-485 

load-lme protected, 75W audio, I-73 
logarithmic amplifiers, l-29, l-35, 

H-8 
de to video, I-38 
log-ratio amplifier, 1-42 

logic amplifiers, 11-332-335 
low-power binary, Lo 10n gain 

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

selectable gain, Il-333 
Juw-µowcr norunverting, digitally 

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

inpnt and gain, TI-335 
programmable amplifier, TT-334 

log ratio, 1-42 
loudness control, II-46 
low-kvd video detector circuit 

and, 1-887 
Jow-no1Se design, IV-!37 
medical telf'metry, isolation, [-352 
meter-driver, rf, 1-MHz, Tll-545 
micro-powered, high-input/high-

impeuar1ce, 20 dB, H-44 
micro-sized, rn-36 
microphorn\ f-87, III-34 

electronically balanced mput, T-86 
microwave amplifiers, IV-31fi-319 

5.7 GHz, IV-317 
bias supply for preamp, IV-318 
preampliriers, IV-316-3l!J 

mini-stereo amplliier, V-583 
monosta.ble, 11-268 
MOSFET, high-1mpedance biasit~ 

method, V-19 
neutralized common source, I-565, 

I-568 
noninvert.ing amplifiers, I-!J2, 1-:J:), 

I-41, III-14 
ac power, I-79 
adjustable gain, 1-91 
comparator with hysteresis in, 

J-153 
high-frequency, 28-dB, III-26!3 
hysteresL~ in, I-1 !>3 
low-power, digitally selectable 

.input and gain, II-334 
power, 1-79 
programmablc-gai.rt, Hl-505 
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single supply, I-74 
split supply, 1-75 

Norton, absolute-value, HI-11 
op amp (.<;eA operational amplifiers) 
oscilloscope sensitivity, IIT-186 
outµul, four-channel DIA, III-165 
phono, I-80, I-81, 1-89 
photorhode, T-361, II-324, III-19, 

III-672 
phototra.nsistor amplifier, V-409 
playback, tape, Ill-672 
polarity-reversing low-power, III-16 
power ( see power amps) 
power supply, V-464, V-465 
pre-amps (sm'1 prearnplifiers) 
precision amplif1Pr, 1-40, TT-335 
programmable amphfiers, II-884, 

111-504-508 
d.iffereuiial-input, programmable 

gain, JH-507 
inverting, programmable-grun, 

UI-505 
noninverling. programmable-gam, 

HI-505 
precision, digital 

contml/prog1·amrning, III-506 
programmablt"-gain, T-32, II-9 
variable-gain, Mde-range d1g1tal 

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

circuit for, II-21 
push-pull 

Darlington, V-22 
PEP 100-W, 420-4:)0 MHz, I-554 

PWM servo, III-370 
recordi.r~ amplliicr, 1-90 
rPference voltage, I-36 
remote, I-91 
rf (see rf amplifiers) 
sample-and-hold, I-587, Il-558 
selectable .inpul, programmable 

gam, I-32 
servo amplifiers (see alsn mot.or 

controls), I-452 
400 Hz, II-386 
bridge type ac, l-458 
de. I-457 
molor drive amplifier, H-384 

signalamplliiers, audio, 11-41-47, 
JV-34-42 

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

lY-528 
silicon-controlled amplifiers (SCA). 

V-f1::lf>-ri::J(\ 
decoder, I-214, TJ-H\€\, IT-170 
demodulator, II-150, IJI.!jfiG 
subcarrier adapter, FM tuner, V-

536 
sinewave output lmJkr, J-126 
sound mixer and, II-37 
~omce follower 
bootstrapped, V-20 

.JFET, V-20 
speaker amplifiers, 11-l(i, lTT-39 
speech compr~ssor, 11-15 
stereo amplifiers, l-77, II-9, HI-34 

bass tone control, V-584 
suhwoofer power supply, V-464 
s 1.lllUT\lllg, I-3 7, HI -Hi 
fasl-action, I-36 
invcrti.I1g1 V-18, V-20 
precision des~u, 1-36 
virleo, cla.mpmg c1rcuit and, 111-

710 
switching power, I-28 
Lape playback, I-92, lV-36 
U\pe recording, I-90 
telephone, lll-621, IV-555, IV-560, 

V-614 
test hench amplifier, V-26 
thermocouplP, T-6fi4, TII-14 

cold junction compensation in, 
11-64!J 

h1gh-sta\Jility, 1-355 
transdnf:er, T-86, TH-669-673 
transfonnerless, fi-W, 8-ohm 

output, I-75 
trans1sLonzed, I-85, Il-43 
tremolo circuil, voltage-controlled, 

I-598 
t11be a.mphf1er, }ugh-voltage 

isolation, TV-426 
TV audio, IIT-:-39 
two-meter, I-562, 1-5117 
Lwo-stage , 1-563, I-689 
UHF, 1-560, 1-565 
umty gain, l-27, 11-7 

nonmvert.ing, V-21, V-22 
variable-gam, for o.scillrn,copes, 

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

[-558 
video, T-692, HI-708-712, V-655, V-

65G, V-f>fi7, V-658, V-662 
75-ohm video pulse, m-711 
buffer, low-distortion, lII-712 
color, 1-:34, Hl-724 
de gain-control, lll-711 
FET cascade, [-691 
gain block, III- 712 
IF, low-level video detector 

circuit, I-689, II-687 
JFET bipolar cascade, I-692 
line driving, III-710 
log amplifier, I-38 
ROB, Hl-709 
summing, clamping circuit and, 

JU-710 
voice activated switch, 1-608 
voice-operated circuits, V-55'.J 
voltage, d1fferential-to-s~le-

ended, HI-670 
voltage-controlled (see voltage­

controlled amplifiers) 
vollage-follower, signal-supply 

operation, 111-20 



volwnc, 11-46 
walkman, rr-4fi6 
,Hite, III-HI 

amplitude modulation (see A.r.J 
radio-rclalcd eircuits; AM/FM) 

arn:tlo,is circuit& 
counter drcuit, II-137 
delay line, echo and reverb, IV-21 
multiplexers, Il-4::!1, lll-396 
mulLiplicr, H-!392 
switch, differential analog switch, 

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

HI-22-26, IV-5-6, V-27-30 
3-bit, high-speed. I-50 
8-bit, l-44, l-46 
8-bil successive approximation, T-47 
10-bit, Jl-28 
10-bit sf'nal output, II-27 
12-bit, high-speed, II-2U 
16-bit, II-26 
board desi,i,(u, IV-6 
buffer, high-spPerl 6-hit,J-127 
capar.itance- meter, 3.5 digit. III-76 
tydic, II-30 
differential inpul system for, II-31 
eig.hl-charmd, for PC clone&, 

V-29-!J0, V-29 
fast precision, 1-49 
four-digit (10,000 count), II-25 
half-flash, III-26 
IC, low-cost, I-50 
LCD displa;v, ::l.5 digit, 1-49 
poller, V-28 
successive approximation, IT-21, 

Il-30. 1-4!i 
sw1tched-capacitor, III-23 
three-decade logariUunie, 1-48 
Lhrcc-1C, low-cost, I 50 
tracking, JH-24 
video convertf'r, IV-610-611 

analyzer, gas, II-281 
AND gate, I-395, V-216 

large fan-in, 1-395 
ar1cmometers (see also air 

motion/pressure) 
hot-wire, lTT-242 
thermally based, II-241 

angle-of-rotation detector, ll-283 
annunciators (see also alarms; 

sircn:.).11-32-34, III-27-28, TV-710 
ae line-voltage. HT-730 
bf'll, f'lert.romr I-n86, II-33, IV-9 
buzzers, I-11, I-12, IV-8, V-170 
chime circuit, low-cost, JJ.;3:3 
door tJU:.::e:el', IV-8 
doorbells/chimes. T-21R, I-143, IV-8 

buz:;:er, V-I70 
buzzer, two-door, IV-10 
musical-tone, IV-522 
rain alarm, 1-443 
si.ttglc-chip dcsi~.n. IV-.524 

tone, II-34 
twm-bell, V-170 

largf' fan-in, I-395 
SCR crrcuil, self-ir1tcrruptiII.'( load, 

IV-8 
twm-bell doorhP11, V-170 
two-door anrnmdator, IV-10 

answering machines (see also 
lclcphonc-related circuit&) 

beeper, IV-559 
antennas, TV-1I-11, V-31-38 

af'tivP, 111-1-2, IV-1-4 
\'.idebandrod,IV04 
with gam. IV-2 

balun, V-34 
HF broadband antenna preamp. V-36 
HF/\.1-{F s,1vitchahlf' attivi:; antenna, 

V-G24 
loop antenna, 

3.5 :MHz, lV-12-W 
dual band, 80-16-M, V-32 
preaJnp, v.:3s 

preamps 
HF broadband, V-36 
VLF 6O-kHz, V-33 
,victd.iaml autemi.a, V-35 

selector sw1tch, IV-538-539 
'fR s·w1tch 1 :rnt.omat1r:, V-37 
t.11ner 

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

VLF 60-kll;: anterma preamp, V-:33 
VLF/VUF wideband, low-nmsf', 

V-33 
·wideband :rntPnna, prMmp, V-35 

ant1theft device, I-7 
arc lamp, 25-W. power supply for, 

II-476 
arc wdding inverter, ultrasomc, 20 

KHz. lTT-700 
ar<'-Jet power supply, starting circuil, 

III-479 
aslablc mulLivrbrntors, II-269. II-510, 

Ul-196, III-233, HT-238, V-387, 
V-888 

op amp, m-221 
fret>-mnning square-wave oscillaLor, 

V-386 
programmable-frequency, III-237 
square wave gL'Iterat1on with, JI-597 

aLlcmlilltce counter, Tl-138 
at.tern.rn.tnrs, TII-29-31 

analog i:ngnals. microprocessor­
controlled, III-101 

dig1lally progranuuable, III-:30 
!..l.igi.tally selectable, prPci,non 

dPsign, I-G2 
programmable, III-30 
programmable (1 Lo 0 00001), I-5!3 
rf, IV-322 
variable, I-52 
volta,;ie-c011trolled, TT-18, TIT-31 

audio amplifiers (,,;ee also amplifiers, 
a11rho and sound circuits. audio 
power amplifiers), II-41-47, llJ-
32-39, IV-34-4i 

40 dl3 i;:a.in design, TV-;3n 
AGC, sq11f'lch control, III-33 
andw compressor, H-44 
automotive stereo s:vstl~m, ltij,;.h-

powcr, JV-66 
balance, Tl-46, Il-47, IV-215 
Raxandall tone-control, IV-588 
booster, 20 dB, III-35 
CD404!J design, JV-40 
circuit bridge load dnve. JH-35 
cornplementary-sy,nmN.ry, I-78 
compressor, II-11 
rlistnhntfon, I-39, II-39 
electric guitar, IV-38 
fader, automatic, Ll-42 
fixed poWl\r supplies, [V-398, rv-

407 
high-slPw rate power op amp, I-82 
gain-rontrolled. stereo, III-34 
line amplifier, III-37, IV-39 
load line protection, 75W, 1-7:3 
louduess, II-46 
low-noisf' design, IV-37 
low-pm,ver, II-454 
micro-sized, Ill-36 
microphone, H-45, 111-:34 
uucropower h1R,h-mput-impedan<'f' 

20-dB amplifier, H-44 
mm1-stPrf'o, Trr-38 
power (see audio power ampilllers) 
power supply, V-465 
pre-amps 

l000x, low-nobe, IV-37 
general-purpose, TV-42 
1rnpedancP-rnatrhing, IV-37 
low-nmse, IV-41 
ma,gnetic phono cartridge, IV-:J5 
microphorn.;, IV-37, IV-41, IV-42 
NAH w.µe playba('k, proff'ssional, 

m-;~8 
phono, III-37, IV-35, IV-36 
RIAA:HI-38 
stereo, II-43, H-45 

Q-mulliplicr, II-20 
::,ignal (see audio signal amphfiP-rs) 
speaker, hancl-helrl transceivers, 

lll-,'i9 
tape playback amplifiers, IV-:35 
television type. III-3lJ 
tone control, ll-686 
Lrm1.Sistor headphone amplilin, II-18 
ultra--ll1gh-gam, 1-87 
volnmt> mdicator. II-46, IV-212 

audio and sound circuits (see al:w 
audio ,unplifiers; sound 
generators·, srn md-opf'ratt>rl 
c1rcmt.s) 

arnm.t1c field generator, V-338-341 
acoustic sound 

receiver/lransrniLtcr, lV-311 
AF drivc indicator, V-346 
amplifiers (seo audio amplifif'rR) 
audio-frequency gPnt>rator, V-4lfi• 

417 
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audio and sound circuits (coni.) 
audio-freqw.~ncy meLer, V-3O5, 

V-32O 
aud10-rf signal t.rn.cer probe, I-527 
audio-sensor alarm, V-8 
,tudio-test oscillator, V-420 
audio-to-ADC iHterfa<.:c, V-242 
audio-to-UHF preamp, V-24 
automatic gain control (AGC), H-17 

automatic level control (ALC), 
V-62 

AGC system for·CA3028 IF amp, 
fV-458 

rf amplifier, wideband adjusmbk. 
11I-54fi 

squelch control, Hr-3~ 
\11,ide-band amplifier. III-15 

booster, H-455, lll-35 
biquad filter, lII-185 
bndge load rlriw\ Ill-35 
carrier-current transmittPr, TTT-79 
cl!pper, precise, II-394 
compressor, ll-44 
mntmuity tester, I-550 
converter, two- to four-wlre, Il-14 
distribnt10n amplifiP.r, f-39, IT-39 
expander, V-582 
fillers (see filters) 
frequency doubler, IV-16-17 
frequency meter, I-311 
gf'nP.raton (soc sound xenemtors) 
LED bar p;;ak program meter 

display, I-254 
level meters, sound level~, III-316, 

Ill-614, IV-305, IV-307 
limiters, II-15, V-'.J!J5 
nullivoltrneter, ill-767, HI-769 
mixers (see mixf'rR) 
notch filter, II-400 
octave equalizer, V-353 
oscillator&, I-64, Il-24, lll-4i7. JV-

371, TV-!W5 
20Hz to 20kHz, variable, I-727 
light-sensitiv.;, III-315 
sine wave, II-562 

power (~ee audio power amplifiers) 
power meter, l-488 
Q multiplier, II-20 
re('f>IvPrn (see receivers) 
rf mgnal tracer prohe, J-[}27 
scramblers, IV-25-27 
selector, digital, V-158 
signal amplifiers (s1:Je audio signal 

amplifit>rs) 
sine wave geni>rator, 1T-5fl4 
squelch, 11-304 
switches 

e1ght,channel, V-588-58!.l 
vicleo/amho switch, V-586 

switchmg/mlxing, silent, I-59 
transmitters (see tranRm1ttf'rs) 
waveform generators, III-230 

audio generators (see sound 
genemtori;) 
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amhn-operated circuit1, (1:;ee sounct­
operatecl drruits) 

audio power amplif1er~, IT-15L lff-
454, IV-28-33 

6 W, with preamp, ll1-454 
18-W hmlgP, V-49 
20-W, IJI-456 
:33-W bridge composite. V-46 
39-51, V-;Jg 
40 \V, V-41 
/iO-W, TIT-451 
70 W, composit.P, V-44-45, V 44 
audio amplliier, IV-22 
basic design, V-51 
bridge.•, 1-81, V-40 
bridge <.:omposiLc, V-46 
hull horn, IV-31 
composit.e, 

33-W hridgP, V-16 
70 W. V-44-45 
mvertm1,l 10W, Y-47 
nonhwertl.tig lOW, \!-47 

dual, V-12-1:'.J, V-42 
general-purpose, 5-W, ac, l\,'-80 
half-watt, sin,gle-channel, V-41 
inverting <.:omposite. V-lOW, V-47 
lineal', fast, lti~t-volwgc, V-51 
:\fOSFET, V-47 
nonmv!':rtmg composite 10W, V-47 
op amp. simple dei:;1gn, TV-:-1:-1 
personal-stereo type. V-48 
receiver audio circuit, IV-31 
stereo ,J . .mp, lY-W, V-40 
".t1bwoofer amp. V-49, V-5O 

a11d10 signal amphf1ers, II-41-47, 
IV-34-42, V-G2-G9 

booster, V-58 
compr<.·ssor. audio, V-57 
constant-volume, V-55 
d1stnhntion amplifier. V-59 
dual preamp, V-G8 
headphone amplifier. V-53 
headphone amplifier. JFET, V-57 
lme driver, V-54 
rnmi-amp. V-55 
phonograph, magnetic pickup, V-58 
tunahle-filti>r rlesign, V-56 
volume ltmiter, V-!'i9 

audio-frequency generator, 
V-416-417 

audio-frequency meter, V-805, V-320 
a11rl10-to-TTHF preamp, V-24 
audio/video switcher circuit, 

IV-540-541 
auto-..tdvance projcdor, II-444 
;mtodnnn sound effect, H-591 
auto-facl!" cirrmt, TT-42 
auto-flasher, I-299 
auto-zeroing scale bridgt> c:irc11ir,s, 

lll-60 
automatic gain conlrol (AGC). II-17 

AGC system for CA:3028 W mnp, 
IV-4!'J8 

rf runphfieL wuieband a.dJustable, 

m-545 
squelch control, III-33 
w1de-barni amplificr, lli-16 

automatic level conr.rol (ALC), 
V-6O-62 

AGC system for audio signals, V-62 
baslc design, V-62 
digit.al design, V-61 

automotive drrmts, IJ-48-63, III-40-
52, IV-43-67, V-63-77 

accessory-power controller, V-70 
a1.ll'ms (.'.iee also alarms/security 

circuits), V-1 
automatic-arm.in~, IV-50 
automatic turn off, N-52 
C:\fOS design, low-current, IV•56 
horn as loudspeaker, IV-Gt.I 
single-IC design, IV-55 

,tir condiliorwr smarl clutch, III-46 
altPmator/battery momtor, 111-6:J, 

V-88 
alternator regulator, V-76 
AM rndio Lo shortwave converter, 

IV-500 
amplifier, booster for car stereo, 

V-72 
analog expandPd-scale mt>t.er, fV-46 
audio-amplifier, high-power, IV-60 
ba<.:k-up beeper, llI-4D, IV-51, IV-56 
bar-g.r·aph volt.melcr, ll-54 
battery char·~ers/monilors (see 

nLso battery-related circuits) 
chargt>r, ni-cad, 1-1 Hi 
condition checker, I-108 
current analyzer, I-104 
electric vehicle baltery saver, III-67 
monitor, I-106, I-222, Hl-60-67 
s11pply drcuit, +/- 15- a:nd 5-V, 

IV-391 
battery cranking-amps tester, V-84 
battery/uJ.tcnmtor monitor, V-88 
hrake :u1d tum indicator, V-74 
hrakP lights, V-65 

delayed extra, IH-44 
flashing, V-69 
flashing third, III-51 
ri.ixltL-safct.y Ilg.ht for parked car, 

fV-61 
third brake hght, IV-60 

hurglar alarms, f-3, 1-7, 1-10, II-2, 
III-4, III-7, IV-53 

cassette recorder power circuit, 
IV-548 

courtesy lights 
d~lay swirch, !11-42 
hght extender, III-50 

de power adapter, V-70 
d1~-t.1ch, 11-61 
directional sl,[(nuls monitor, lll-48 
door ajar monitor, III-46 
eleetrt<" veh1des, battery saver, 

III-67 
electrical tester, IV-45 
cl<:cLronic crrcmts, IV-63-67 



engine-block heater reminder, V-74 
exhaust emissions amtlyzer, II-51 
fan Uicrmostatic switch, V-68 
ibg light controller W1t.h delay, IV-59 
fi11~1 gang!", digital readout, IV-46 
fuse monitor, V-77 
garage slop light, 11-5:3 
generator regulator, V-7fl 
glow-plug dnw:r, TI-f>2 
headlights, IV-57-62 

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

V-75 
delay circwt, I-107, IH-49, TI-59 
dimmer, H-57, 11-68 
flasher, V-73 
on-hghts reminder, V-74, V-77 
switching circuil, V-75 

headlighL/spoUi~ht contml, V-67 
lti,'{h-speed warnmg dt>vice, I-101 
ice formation alarm, II-58 
1gn1trnn circuit, V-64 

cut-off, IV-53 
ekdrunic ignition, IV-65 
substitute i,lsnition, TTI-41 
timing light, II-60 

immoh1hzer, II-50 
kill-s\\'itch for battery, time­

del.ayed, V-71-72 
lighL circuiLs, lV-57-62 
lights-on warnm~. II-5.5, IH-42, 

fV-58, IV-60, TV-62 
locator', antomohih· lor.ator, III-43 
night-safety light for parked car, 

IV-61 
oil pressure gau/.le, di~tal readout, 

IV-44, IV-47 
PTC thermistor automotive 

temperature indicator, 11-56 
radio receiver, 11-525 
radio WWV converter, V-119 
read-head pre-amplifier, TTT-44 
rnad ice alarm, Il-57 
security system, I-/\ IV-49-56 
~potlight/headlight control, V-67 
tachometers, 1-94, l-100, 1-10~, 

II-175, lll-3:35, Ul-340, Ill-347, 
V-65 

analo~ readout, fV-280 
ca.librat.ed, TH-fi98 
dosP.d loop feedback control, II-390 
digital readout, II-61, III-45, 

IV-268-269, lV-278 
dwell meter·/tachometer, IJT-4G 
feedback control, Il-378, II-390 
frequency counter. 1-310 
low-frequency, III-596 
m.inimum-cornpQ11e11t desiin, I-405 
motor speed controllers, TT-378, 

II-389 
optical p1c.k-11p, III-347 
set. pmnt., Ill-47 

temperature gauge 
digital readout, IV-48 

PTC thernnstor, Jl.f)fi 
thermo.statif' .svv1.tr.h for auto fans, 

V-08 
turn signals, V-65 

audible reminder. V-74 
monitor, TTT-48 
st>quential flasher for, II-109, lll-1 
smart, V-66-67. V-66 
reminder, V-73 

vacuum gaugt\ d®tal readout IV-4S 
voltage gauge, IV-47 
volt,agf' n:,gulator, III-48. IV-67 
volt.mett>r, bargraph, I-9U 
,vat.er temperature gauge, JV-44 
v;wdsh!eld wiper cin.:uits, 1-105. 

11-55, U-62 
control 1-103, 1-10:i, Tr-62 
delay clmrit., Il-G5, IV-64 
hesitation control unit, I-105 
intermittent, dynamic brakirl>,(, 

ll-49 
interval controller, IV-67 
slow-swet>p control. II-55 

wmdsh1eld washer fluid watcher, 
I-107 

W\VV convener for radio, V-119 

B 
B-fleld measnrt>r, IV-272 
hahy monitor, V-370-371 
baby-alert transmitter/receiver, 

V-95-96 
back-biased Gai\s LED light sensor, 

IJ-321 
back-EMF PM motor spPed control, 

n-:mi 
backup-light beeper_ car, IV-51, 

IV-56 
bagpipe sound effect. TV-fi21 
balance indicator, audio amps, 

TV-21G 
balance meter, stereo, V-583 
balancer, stereo, 1-619 
balance amplifiers, III-46 
loudness control m, TT-39G 

balance inclica.t.or, hndge c:rrcnit, II-B2 
balun, V-34 
hand reject filter, active, II-401 
bandpass filter (see also filter 

circuits), 11-222, V-180, V-181 
0 1 lo 10 Hz, I-296 
160 Hz, T--296 
active, H-221, 11-223, III-190 

lkHz, I-284 
20 kHz, 1-297 
60 dB gam, 1-284 
vanablt> handw1dth, I-286 

h1quad, 1-285, III-188, V-190 
Chebyshev fourth-order, lll-Hil 
high-Q, I-287, V-179 
MFB, mullichaimd toue decoder, 

1-288 
multiple feedback, T-285, T-297, 

II-224 

notch, II-223 
Sa.llen-K<..'Y, 500 Hz, l-291 
second-order b1quad, rn-188 
spePf'h-range filter, V-185 
Rtate variable, I-290 
tunable, IV-1 71 
vari<1ule bandpas&, V- 184 
var1a.ble-frPqmmty, V-lflfi 

hang-hang power controllers, IV-38!.l 
har-r.ode scanner, HI-363 
bar-expanded scale meter, II-186 
bar grup.lts 

w:: signal mdicator, 11-187 
voltmeters, TT-54, H-99 

bamc.ad1- flasher, I-299 
barometer, IV-273 
bass tone control in stereo amplifier, 

V-584 
bass tw1e1\ II-362 

12 V, T-1 ll 
200 mA-hour, 12V Ni-Cad, I-114 
automatic shutoff for, J-113 

batLcry-opc\rated equipment (sec 
also battery-related circuits) 

ac power control switch, IV-387 
antomark shutoff_ III-61 
bipolar power supplv, 11-475 
black light, V-2~1 
buffer amplifier for standard cell, 

1-351 
calculators/radios/cassettr> players, 

powf'r pack, I-fi09 
cassette deck power circuit, car, 

IV-548 
fence charger, 11-202 
flasher, high-powered, Tl-229 
lantern circmt, [-:-!RO 
light, c:apacitance operated, 1-131 
On indicator, IV-217 
undervolt.age indicator for, I-123 
wamiltg light. II-320 

battery-related c:irf'mr,s (see aL,;o • 
hatt1;;ry-operated equipment), 
V-82-89 

lt.A.. cells, +5 V/+3 6 V power 
suppzy. V-452 

baLLcry life extenders, IV-72, V-87 
9-V, III-62 
disconnect sv.1teh, fV-7fi 
elt>drit. vehicles, III-67 

capacity tester, IIJ-66 
car battery/allemator monitor, V-88 
dwr~ers, l-113, II-64, TT-69. III-53-

59, IV-68-72. V-78-81 
12-V charger, IV-70 
constant voltage, current limited, 

1-115 
intelligent circmt, V-81 
mob1le charg-er, + 12 Vdc:, IV-71 
ni-cad, 1-112, 1-116, III-57 
rftype, V-79 
solar-powered, V-81 
temperature scrisui.g charger, 

IV-77 

705 



battery-related eircuils (cont.) 
tridde charger, lead-add, V-79 

checkers battery monitors, 
below) 

condition checker, I-108, I-121 
control for 12V, I-112 
rnnvertn, ck-to-de, TV-119 
cranking-amp test c1rcrnt, V-84 
current lirruted 6V, I-118, IV-70 
currenl monitor, 0-2 A batteries, 

V-87 
clisconnect. s_,.,itch, hfe--extender, 

IV--7fi 
dynamic comtant cummt test, JI-7G 
fixed power supply, 12-VDC/120-

VAC, Hl-464 
Jsel cell, II-66 
high-voltage generator, III-482 
mrlicators (srm hattery monitor5, 

below) 
irtlcmal resistance tester, IV-74 
kill-switch, ti.rue-delayed, V-71-72 
lead/arid, IH-55 
level inrl1cator, 11-124 
lithium, II-67 

charge indicator, II-78 
low-battery dcLccLion/warning, [-

124, 11-77, lll-56, HI-50, lll-6:.l, 
--TTI-65, TV-56, IV-80 

low-cost tnckll" for 12V storage, 
I-117 

monitors, I-106, 1-222, II-74-79, HI-
60-67, IV-73-80, V-82-83 

1tl-cad batteries, l-118 
analyzer for, III--64 
charger, T--1 I 2, I--116, UI-57 

12 v, 200 mA per hour, I-114 
current and voltage limiting, I-114 
fast-acting, 1--118 
portable. TV-69 
tf'mp!"mt.11rP.--sensmg, TV-77 
thermally controlled, II-G8 

packs, automotive charger for, 
l-115 

portable, III-47, IV-69 
protection circuit, III-62 
simph-c:ad, 1-112 
temperatme-sf'rndng rhargPr, 

TV-77 
LCSL circuit. IV-W 
therm,illy controlled, 11-68 
zappers, I-6, II-66, H-68 

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

proleclion circuit, ni-cads, IH-62 
PUT, III--54 
regulator, T-117 
relay fusP. V-88 
saver circuit. V-87 
sensor, quick deactivating, III-61 
simpli--cad, 1-112 
solar cell, 11-71 
splitter, HI-66 
status mcl1ca.tor, II-77 

706 

step-up sinitching regulator, 6-V. 
H-78 

SIJpply-voltage monitor, V-85 
test drc:mts, TV-- 78, V-8~. V-86 
LED bargraph, V-89 
ni-cad, IV-7!.l 

thermally controlled rti-ead, ll-68 
thrPsholrl indicator, f-124 
l:.TT, IH-Gfi 
undervoltage indicator, I-128 
universal battery, III-56, IH-58 
versatile battery, 11-72 
voltage rnd1eators/monitors, 11-79. 

TV--80, V-86 
automotive hat.t.eriPs, TV-47 
detector relay, H-7fi 
HTS. 1-122 
regulator, IV-77 
solid-state design, 1-120 

watchdog drc:uit, V--85 
wind powered, II-70 
zapper, srrnple ni-cad, I-116 

U11Xilltdall tonc-conuol audio amp, 
IV--588 

BCD rotary 5·witch, digit.al. V-160 
BCD-to-analog rnnvPrter, l-- l oO 
BCD-to-parallel converter, 

multiplex, I-169 
beacon transmitlcr, 111-683 
beep transformer, III-555, Hl-566 
beepers, 1-19, III-49 
hf'lls, t>lef'.trornc (see also aJarms; 

annuc1ators), 1-626, TI-3::J 
bench top power supply, II-472 
lncydc speedometer, IV-271. [V-282 
bilateral currcut source, Hl-4/:i!J 
bmary counter, 11-135 
biomedir.al m.<strumt>ntat1on 

differential amplifier, III-282 
bipolar de-de converter -',ith no 

rnductur, II-1!32 
hipolar power supply, II-475 
hipolar volt.agf' rPfnence source, 

IIJ-774 
biquad audio filter, III-185 

sccondaorder bandpass, m-188 
HC ac:tive bandpass, 1-285 

bircl-chirp sound effect, III-577, II-588 
bird feeder morntor, V-371 
bistablt> multivihrators, I-133, TJ-4fl:i 

inverter. III-103 
dcbouncer, IV-108 
fl.asher, 1-299, ll-234 
lamp driver, TV-160 
pushbutton trigger, V-388 
RS flip-flop, l-3!.l5 
SCH., 11-367 
SH fup-flop, IV-651 
touch-triggered, I-1:33 

hit grahher. rnmputPrs. fV-105 
black light, hattery--operat.ed, V-281 
blender-motor control circuit, V-379 
blinkers (see flashers and blinkers) 
blown-fuse alarm, 1-10 

hmler control, J-fiB8 
bongos, electronic, II-587 
boosters 

12ns, ll-97 
ar lnw volt~ge boost, V--349 
audio, II-45fi, III-3fi, V-58 
boosLer/buffer for reference 

current, IV-425 
electrornc, high-speed, II-96 
forward-current, UI-17 
LED, I-307 
power booster. op amp design. 

IV-358 
ri amp, broadcast band boost. 

IV--487 
-;hmtwave FET, I-.561 

bootstrap drf'uit:, V-3Sf\ 
source follower, V-20 

cable, 1-34 
brake J.ixht:, (see auLomoUvc 

circmts) 
hrakE>, P\VM spePd r.ontrol/energy 

recovering, III-380 
breakers 

121lS1 lJ-97 
high-speed electronic, II-96 

hrnakPr powPr dwell meter, J-102 
breakout box, huffer, U-120 

breath alert alcohol tester. III-359 
breath monitor, III-350 
bridge balance indicator, Jl-82 
bridge circuib, I--552, ll-80-85, 

HI-68-71, IV-81--83 
a,, IJ-81 
ac senro amplifier ",ith, III-387 
accurate null/Yariable gain circuit. 

Hl-69 
a.1r--flow-sensmg thermistor, IV-82 
auto-zeroing scalP. IH-fi9 
·balance indicator. II-82 
bridge transducer amplifier, III-71 
erystal-rnntrolicd o~dllalor, IV-127 
differential arnplifier, two op-amp, 

Il-83 
inductanc-e bndgf', IV-83 
load driver, audio circuits, HI--3fi 
lmv-power common source 

amplifier, 11-84 
om•-powcr supply design, IV-83 
QR.P S\VH, Hf. 3:36 
ref'tifin. fixed powf'r supply, TV-398 
remote·sensor loop transmitter, 

lll-70 
rf britlgl', V-50-Mllz, V-:.JO;J 
strain gauge signal concl1tloner, 

II-8fi, HI--71 
transducer, amplifier for, II-84 
Wien-bridge (see Wien-bridge) 

br.i.ghtHcss control:;, lll-:308, lH-316 
contrast meter, I-472, Il-447 
LED, T-250 
low-loss, T-377 

broadband commumr.ations (see 

radio/rf circuits) 



buck converter, 5V/0.5A, I-4U4 
buc.k/boosl converter, 111-113 
bucking regulators 

add 12-V output to fi-V. V-472 
high-voltage, III-481 

buffer amplifiers, V-91 
lOx, 1-128 
l00x, l-128 
ar, singlt> supply, T-126 
hattery powered, standard cell, 

JI-351 
.MOSFET design, V-93 
siIK' wave output l-126 
VFO design, V-92 

buffers, TV-88-90, V-90-i'.!3 
amplifit=-rs (Rm, huffp,r amplifiers) 
ac, smgle-suppLv, high-speed, 

I-127-128 
ADC inpuL, high-rcsoluLion, 1-127 
MD, 6-bit, hl~h-speed, I-127 
booster/buff Pr for refert>rn:P 

current, IV-425 
capacitance buffers 

low-input. U1-498 
stabilized !ow-input, III-502 

data/clock line serial bus for PCs, 
V-I10 

hex-buffer cry!'>tal oscillator, V-136 
high-current, V-92 
inputJouLput, for analog 

rnulLiplcxcrs, Jll-11 
i.rtverti.11,g, II-299, IV-90 
osctllator buffers, IV-89 
prPrrnion-mrrnasing clesign, fV-89 
rail-to-rail 8J.nglt>-supply buffer, V-93 
rf amp, buffer amp with modulator, 

IV-490 
stable, high-impedance, 1-128 
11rnty gam, stahlP, goocl spP.ecl, 

high-input. impedance, H-6 
VFO buffer amplifier, V-92 
video buffer, lll-7li, V-93 
wide band. hlgh-.i.mpedaI1cc/low-

capacitance, I-127 
buffered breakout box, H-120 
hug cletPctor, TJT-::lfif>, V-1 fiO 
bug tracer, III-358 
bull horn, II-453, IV-31 
burglar alarms (see alarms: 

armucialors; s.ire11s) 
bmst l'!enerators (see also function 

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

multi-, square waveform, ll-88 
rf, portable, llT-73 
single timEff JC square wavt>, U-89 
smgle tont>, II-87 
strobe tone, II--90 
tone, II-!J0, lII-74 

burst powt•r control, 111-362 
bus lntedace, e~ht bit uP, II-114 
Butler osc1llators 

aperiod1c, 1-196 

common base, I-UH 
c.:rystal, I-182 
emitter fo \lower, TT- J 90- l 91 , TT-194 

B11ttl';rwort,h filtP.rs 
fourth order high-pass. I-280, V-179 
fourlh order low-pass, V-180 
order low-pass, V-181 

b11z7.ern (sen anmwiators) 

C 
cable 

bootstrapµinl,i, l-;)4 
test clrcult, III-539, V-299 

calibra.ted circuit, DVM auto, I-714 
calihratf'rl tachomt>ter, TII-598 
calibrators 

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

lV-276 
ESR measurer, IV-279 
osdllosmpe, TI-433, IU-436 
portable, I-644 
square wave, 5-V, 1-423 
stuntlard for calibration, I-406 
radm calibrator, V-298 
t.ester, TV-265 
wave-shapmg, high-8lew rates, 

IV-650 
cameras (see photograph.v-relatcd 

drcuiLs; television and video) 
canary sow1d simulator, V-557 
canceller. central image, III-358 
capacitance buffers 

low-input. IH-198 
stabilized low-input, III-502 

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

Hf-75-77 
AID, ;Hi rlig1t, IH-7fi 
capacitance-to-voltage, II-92 
digital, II-U4 

capacitance multiplier, l-416, II-200, 
V-205, V-347 

capacitance tester, one-TC design, 
V-:10fi 

capac1ta.nr:e-to-pulse ,vidth 
converter, II-126 

capacitance-to-voltage meter, 1I-!J2 
capacitor discharge 

lt.i~h-voltai;(e generator, III-485 
1grntlon system, Tf-103 

capacitors, hystere8i8 compemsation, 
V-353 

capacily Lcsler, battery, Ul-66 
car port, automatic light controller 

for, II-308 
cam (.~ee automotivt> circuits) 
carrier-current circuits (see also 

radio/rf circuits), III-78-82, IV-
91-93, V-94-96 

M1 receiver, III-81 
audio transmitter, UT-79 
baby-alert recewer/transm1ttt=or, V-

9fi, V-96 

dat.a receiver, IV-93 
data transmitter, IV-92 
FM rf'Cf'iver, JJJ-80 
intercom, I-146 
power-line modem, Ill-82 
receivers, 1-141, I-143 

IC, l-146 
smg1t=o transistor, I-14G 

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

cascaded amplifier, JJJ-1~ 
cassette bias oscillator, II-426 
cassette interface, telephone, III-618 
centigrade thermometer, I-655, 

11-648, ll-662 
central image canceller, III-358 
charge pool powPr supply, JII-469 
chargt> pumps 

positive inputfnegative output, 
1-418, m-:J6o 

regulated for fixed power supply, 
IV-396 

C'hargern (.~ee battery-related 
circuits, chargers) 

chase circuit, III-197, I-326 
Chcbyshev filters (see also Jilter 

Cll'Cuits) 
bandpass, fomth-order, III-191 
fifth order multiple fePdback low­

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

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

amplifier, II-7, III-12, I-350 
de outpnt, V-84!=1 
JFET, V-352 

checkers (see measurement/test 
circuils) 

chroma demodulator with RGB • 
matrix, IH-716 

chug-chug souncl gPnerator, UT-G76 
circuit breakers (see also protection 

circuits) 
12ns, II-U7 
ae, lll-512 
high-speed dcdronlc, II-96 
trip circuit, TV-42:3 

circuit proti:;ction (.~eP. _protection 
circuits) 

clamp-on-current probe 
compensator, II-501 

clamp-lirmting amplifiPrs, active. 
Ill-15 

clamping circuits 
video signal, III-726 
video sununiltg amptilicr an<l, 

III-710 
class-D power amplifier, ITT-453 
clippers, 11-394, JV-648 

audio-powered noise, II-396 
audio-clipper/limiter, IV-355 
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r.hppns (crmt.) 
zener design, fast, symmetrical, 

IV-329 
dock circuits, 11-100-102, lll-8:J-85, 

V-97-99 
oOHz clork pu\;:;p gPnerator, TI-102 
adjustable TTL, I-614 
bl.Ilary clock, V-tl8-99 
lmffer serial bus, V-110 
comparator, I-156 
crystal osc11lator, micropower, 

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

J-25!3 
oscillator/clock ~enerator, lll-86 
phase lock, 20-Mhz to Nubus, III-105 
nm-cimvn clor.k for gamt>s, IV-20:i 
sensor touch switch/clock, IV-591 
single op amp, III-85 
source, dock source, J-729 
stepper motors, V-573 
three-phase from rPfPrenrP, IJ-101 
TTL, wide-frequency, III-85 
Z80 computer. II-121 

clock generators 
oscillator, 1-615 
precis10n, I-193 
pulse gennator, 60 Hz, TT-102 

clock radio, I-S42, I-543 
CMOS circuits 

555 astable true rail-to-rail square 
wave generator, II-596 

9-bit, IH-167 
coupler, optical, III-414 
rrystal osrillator, TII-134 
data acquisition system, II-117 
dimmer, V-270 
Ha.sher, 111-199 
mverter, linear amplifier from, II-11 
lmp receiver, V-497 
mixer, I-57 
multivibrators, V-385 
optical coupler, lII-414 
oscillator, 1-615, 1-187, 1-199, 

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

III-652 
short-pulse generator, III-523 
Louch swiLch, 1-137 
universal lo),(ic probe, lll-499 
van ab le-frequency oscillator 

(VFO), V-418 
coaxial cable 

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

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

code-practice oscillators, I-15, I-20, 
1-~2, ll-428-431, IV-373, IV-375, 
IV-376, V-100-10:J 

keyer, "bug" type, V-102 
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MnrsP cocle pract1cP, V-103 
optmsolator design, V-101 
QRP sidetone generator, V-102 
si.ngle-lnmsistor design, V-103 
VFO cleswi., V-103 

coil dnvPrs, r.urrent.-hm1tmg, TIT-1 73 
coin fupper circuit, III-244 
color amplifier, video, III-724 
color-bar gcncralor, lV-614 
color organ, II-583, II-584, V-104-

105 
color video amplinf'r, I-34 
Colpitts crystal oscillators, I-194, I-

572, Il-14.7, V-411 
l-lo-20 MHz, IV-1~3 
frequency checker, JV-301 
ham10rnc, I-189-190 
t.wo-fn~q11fmry, IV-127 

combmation locks, electronic, II-196 
three-dial, II-195 

commutator. four-charmd, U-364 
companders (see 

compressor/Pxpancler cirr.uits) 
comparators, III-86-90, II-103-112, I-

157 
demonstration circuit, Il-10!.l 
diode feedback, 1-150 
display and, II-105 
double-ended limit, 11-105, T-156 
dual limit, I-1:il 
four-channel, III-90 
frequency, II-109, II-110 
frequency-detecting, III-88 
high-impedance, J-157 
high-mput impedance wi.ndm1, 

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

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

mvertiAA, I-154 
noninvertmg_ [-158 

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

hysteresis, 11-104 
m1rrovolt 

dual limit, III-89 
hysteresis, III-88 

monoslablc using, ll-268 
opposite polal·ity--input voltage, I­

lfifi 
oscillator, tunable signal, I-69 

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

precision 
halanr.ed input/vanablP offset, TIT-

89 
photodiode, I-360, I-384 

time out, I-153 
TTL-computible Schm.iLL trigger, 11-

111 

three-mpllt and gate, op amp 
design, IV-363 

variable hysteresis, I-149 
voJLagc comparator, IV-659 
voltage monitor and, II-104 
wmdow, T-1G2, T-154, TI-106, Tll-87, 

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

digital design, IV-147 
Hall-effect, III-258 
ta1kmg Hall-effect compass, V-221 

compensator, clamp-on-current 
probe, II-501 

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

lll-716 
compressor/expander circuits, III-

91-%, IV-94-97 
amphfier/compressor, low­

distortion, IV-24 
audio, JJ-44, V-57 
aullio compressor/audio-b,mll 

;:;plitter, IV-95 
clock circmt, I-156 
guitar, sound-effect circuit, IV-519 
hi-fi, II-12, ll-13 

de-cmphasis. lll-95 
pre-emphasis, III-9:J 

low-voltage, III-92 
protector circuit, JV-%1 
speech, II-2 
universal design, IV-96-97 
variable slope, III-94 

computalru-m, 1-2 
computer circuits (see also 

int.erfaces), TI-113-122, 
III-9u-108, V-106-110 

ADC, eight-channel, for PC clones, 
V-~9-;JU 

analog signal attenuator, III-101 
alarm, I-2 
ARCH tripln LCD, 8048/IM80C48, 

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

lines, V-110 
bus interface, 8-bit uP, U-114 
dock phase lock, 20-Mhz-to-Nuhus, 

III-105 
CMOS data acquisition system, 

U-117 
CPU interface, one-shot, IV-239 
dat.-1 separator for floppy disks, 

II-122 
deg].itcher, IV-109 
display, eigl tt-digit, III-106 
dual 8051s execute in lock-step 

circmt, IV-99 
DVM adapter for PC, V-310 
EEPROM pulse generator, 5V­

powered, III-99 
eight-channel mux/demux system, 
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e1ght-dig1t microprocessor display, 
III-106 

flip-flop inverter, spare, 111-10:J 
tugh-spc<.\d data acquisition 

system, II-118 
interface, AAOx, 650x, 8080 

families, III-98 
interval timer, progranunable, 11-678 
kcybo<1rd matrix interface, IV-240 
laptop computer power supply, 

V-46;3 
line pmtec:tors, 3 uP I/0, IV-101 
logic-level translators, IV-242 
logic line moniLor, lll-108 
long delay line, logic signals, III-107 
mcmory/pwtector power supply 

monitor, [V-425 
memory saving power supplv, II-486 
mir:rocomputer-to-triac interface, 

V-244 
micrnproccssor selected pulse 

width control, II-i 16 
modem protector circuit, V-479 
modemJfax protector for two 

computers, V-482 
multiple inputs dcLccLor, lH-102 
one-of-eight chamlel transmiss10n 

system, III-100 
osc1noscope digital lt'!vels, IV-108 
pa.<isword protection circuit, V-109 
power supply watchdog, ll-494 
pulse width control, Il-116 
printer error alarm, IV-106 
printer sentry, V-107-108 
reset protection, childproof, IV-107 
RGR blue box, TH-99 
RS·232 data.selector, automatic, 

III-97 
RS-232C fute-drivcn CMOS circuit&, 

IV-104 
RS-232-to-CMO8 lint> receiver, 

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

lines, IV-102 
sigu.al attenuator, analog, III-101 
sleep-mode c;ound-operated 

circuits, V-547 
sock1-t debugger, coprocessor, 

III-104 
speech synthesizer for, lll-732 
stallcd-ouLput detector, IV-109 
sWJtch debouncer, JV-1 0fi 

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

up/down cow1ter, III - t 05 
Z80 bus monit.or/rleh11gger, IV-103 
Z80 dock, rI-121 

contact switch, J-136 
continuity testers, J-550, 1-551, 11-

533, ll-535, UJ-346, llI-538-540, 
IV-287, IV-289, IV-296 

audible, II-536, V-317 
buzz box, J-551 
cable tester, III-539 
latching rlesign, IV-295 
low-resistance circuits, V-319 
ohmmeter, linear, III-540 
PCll, Il-;J42, 11-535 
ratiometric, 1-550 
RC decade box, V-294-295 
resistance-ratio detector, II-342 
single chip checker, II-534 
visual. V-293 

cont.rust meters, Il-447 
automatic, I-472 
brightness controls, l-2f>O, I-:=!77, 

Hl-308 
r.ontrol circuits (see fluid and 

moisture, lighl-controllcd 
circuils; motor control circuits; 
sµeed controllers; temperature­
related circuits; t.one controls) 

f'Ontroller drcuit, IV-142 
conversion and converters, I-503, 

ll-123-132, lU-109-122, IV-110-
120, V-116-128 

3-to-5 V regulated output,, IJJ-739 
4-to-18 MH7., TTT-114 
4-to-20 mA current loop, IV-111 
5V-to-isolated 5V at 20MA, III-474 
5V-to-0.5A buck, 1-404 
U-lo-5-V converL<.\r, IV-119 
12-to-9 V, 7.5, or 6 V, I-508 
12-to-16 V, III-747 
28-t.o-5 Vdc converter, V-127 
50+ V fePd forward sv.'itch mode, 

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

l-494 
100 MHz, Il-130 
100 V-to-10.25 A s\\>itchmode, I-501 
800-to-1000 MHz scanner 

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

fixed power supplies, IV-395 
full-wave, IV-120 
h1gh-1mpP<lance precision 

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

digital conversion) 
ATV downconve1ier, V-125, V-126 
ATV rf receiver/converter, tv-420 
BCD-to-analog, T-160 
Br✓D-to-parallel, multiplexed, I-169 
buck/boost, III-113 
calculator-to-stopwatch, I-153 
capacitam:.e-to-pulse width, II-126 
crystal-controlled, one-c:hip, V-117 
rnrrent-to-frequency, JV-113 
wide-range, [-164 

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

grounded bras and sensor, IJ-126 
photodiode, H-J 28 

de automobile power arlapter, V-70 

dc-to-<lc, IV-118, V-119, V-128 
l-to-5 V, IV-119 
:1-to-fi V battery, IV-119 
3-to-25 V. III-744, IV-118 
bipolar, 110 inducLor, 11-132 
fixed ;3_ to 15-V supply, IV-400 
isolated+ 15V, Hr-1 lfi 
pnsh-pull, 400 V/60 W, I-210 
regulating, I-210, I-211, II-125, 

III-121 
slcp-uJJ/step-down, III-118 

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

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

self oscill.atiti.g, I-170, II-128, 
Ill-748 

voltage, high-efficiency, IH-744 
frequency, I-159, V-123 
frequency-to-voltage (~ee 

freq ueney-to-volta.ge 
converg1on) 

high-t.o-low-impedance, I-41 
intermittent converter, power 

saver, IV-112 
IR-pulse-to-audio converter, V-224 
light intcrn;ity-to-frequency, I-167 
li11e-voltage-to-multirneter adapter, 

V-312 
logarit.hm1t 

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

low-frequency, Jll-111 
ohms-to-volts, I-168 
oscilloscope, I-471 
penod-to-voltage, IV-115 
pico-ampere, 70 V with gain, 1-170 
PJN photodiodc-to-frequency, 

lll-120 
polar-to-rectangular 

converter/pattern genP.rator, 
V-288 

polarity, I-166 
positive-to-negative, Ill-112, lU-113 
power supplies, inducturless, V-456 
pulse height-to-width, III-119 
pulse train-to-sinusoid, ITT-122 
pulse v:ndth-to-voltage, III-117 
radio beacon converter, IV-495 
rectarigle-to-tri.angle wavefom1, 

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

IJI-745 
resistance-to-voltage, I-161-16~ 
rf converters, IV -494-501 
ATV receiver/converter, 420 MHz, 

low-noise, IV-496, IV-497 
radio beacon converter, IV-491'> 
receiver frP.quency-converter 

~tage, IV-499 
SW converter for AM car radio, 

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

reception, IV-501 
VLF convcrler, IV-4[)7 
WWV-to-SW conve1ter, IV-499 
receiving ronvi>rter, 220 MHz, 

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

50-MHz tl1crmal, 111-117 
RGB-to-NTSC, IV-611 
sawtooth wave converter, TV 114 
scanner convertn, V-800-to- I 000 

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

V-124, V-125, V-569, V-570 
square-to-sine waVP, Trr-118 
square-to-triangle wave, TTL, II-12~ 
L<.-mpcrnlure-to-digital, V-123 
temperature-to-frequency, 1-168, 

V-121 
tempPratnrt>-to-time, Tll-632-633 
transverter, V-2-to-6 meter, V-121 
triangle-to-sine wave, II-127 
TTL-lo-MOS logic, II-125, [-170 
two-¼ire to four-wire audio, 11-14 
urnpolal'-to-duaJ volt3-'(e s uµply, 

TH-743 
video convertns 

aid and d/a, IV-610-f, 11 
RGB-to-NTSC, IV-611 

VLF converl.crs, I-547, V-121 
rf converteI, IV-497 

volt.agf' (stw voltage converters) 
voltage multipliers, V-ofi8-fifi9, 

V-668 
WWV converLer. car radios, V-119 
W\VV-to-SW rf converter, 1V-Hl8 

cool-do...,11 circuit, V-354, V-357 
coprocessor socket debugger, Ill-104 
countdown timer, TI-680 
counters (see also dividers), II-188-

13!.l, lll-123-130, V-129-133 
rmalog circuit, 11-137 
attendance, II-138 
binary, II-135 
d1vide-hy-N 

l+ GHz, IV-lfi5 
1.5+ divide-by-n, IV-156 
CMOS progrnrrunuble, l-257 
7490-chVJded-by-n, IV-154 

dividt"-hy-orlcl number, TV-153 
frequency counters 

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

frequency dividers, I-258, II-2,SL 
II-254, IU-21:1-218, III-340, ITT-768 

1.2 GHz, III-129 
10-MHz, Ill-126 
clock input. IV-151 
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decade. l-25!.l 
d1v1de-by-l.5, 111-216 
low-cost, Tll-124 
low-freqneni:y, TT-2/'i3 
preamp. III-128 
µrugra:nunable, IV-152-153 
stalrcase generator and, 1-TJ0 
ta<'hornPtPr and, T-310 

ge1ger, I-53fi-fi37, V-217-2Hl 
microfarad counter, IV-275 
minimum/maximum selector, four-

.input, V-'.J'J2 
odd-nwnbcr divider and, 111-217 
preamplifier, oscilloscope, III-438 
prt>cision frf'qui>ncy, 1-253 
programmahli>, low-powf'f w1cle-

range, III-126 
rmg counters 
20 kllz, 11-136 
inr:andescent lamp, 
low-('o;:;t, T-80 I 
low-power pulse c1rc1ut, TV-137 
SCR, III-105 
va.riuble ti.ming, ll-l:J4 

time base. Iunctlon ge11erators, l 
Hz. TV-201 

umvi>rsal 
10-MHz. l-2Gfi, II-139 
40-MHz, Ill-127 

up/down counlers 
8-ilig.it, 11-L.14 
extreme count freL'zc1, JH-125 
XOR gate, m 105 

('Ollpler ('tr('nit.s 
linear couplers 

ac analog, II-412 
illllliO~, 11-413 
de, Tl 4ll 
opto<'oupli>r, mst.mmPntation, 

II-417 
optical couplers/optocouplers, 

V-407 
CMOS design, 111-414 
mterface cu·cu1ts, V-406-407 
hmiar. mstrrnnPntat.10n, H-417 
stable. II-109 
TTL design, III-4lf\ 

photon, II-412 
Lrnnsmiller oscilloscope for CB 

si.'\rtab, l-4TJ 
rnurtesy lights ( sec- automotive 

ClfCllltS) 

CRO doubler, III-439 
cross fader, 1I-:n2 
cr-oss-hatch ~cncmtor, color TV, 

TJJ-724 
crossover networ:ks, JJ-3!i 

5V, I-518 
uc/dc lines, electronic, I-515 
udivt\ 1-172 
,,.symmetrical third orde1 

Rut.t,envorth, 1-173 
;;)pf't.rornr <'lrcmt for. TT-36 

crowhars, I-Gl o 

electric, III-510 
electronic, II-99 
SCR, 11-496 

crystal oscillators (see al::;u 
osr.illators), l-180, 1-183-185, l-
195. I-198, II-140•lfi1, HI-131-
140, IV-121-128, V-134-140 

l-to-20 Mllz, TTL dc~ign, IV-127 
1-to-4 MHz, CMOS desi,i.1n, IV-125 
IO MHz, H-141 
10-to-150 kHz, TV-12/"i 
10-to-80 MHz, IV-125 
50-to-150 MHz, IV-126 
96 Mllz, 1-17[} 
150-to-!30,000 kllz, LV-126 
330 MHz, IV-125 
activir.y tester, V-138 
aperiodic, parallel-mode, I-196 
basic design, V-135 
bri~<.\ crystal-controlled. IV-127 
Butler oscillator. I-182 
ralihrntor, 100 kHz, T-185, fV-124 
ceramic, 10 MHz, varactor tum•d, 

11-141 
clock, micropmver design, IV-122 
CMOS crystal oscillatori;, L-187, 

TJI-l'.34 
I -to-4 MHz, fV-125 

Colpitts crystal osc-11lators, T-194, 
I-572, II-147 

l-to-20 MHz, IV-123 
frequency checker, IV-301 
harmonic, 1-189-1!)0 
two-frequency, IV-127 

c-rystal-controlled oscilla.tor as, 
II-147 

crystal-stabilized IC timer for 
subharmonic frequencies, H-151 

cry,;tal tester, I-178, I-186, 11-151 
rlouhlPr and, 1-184 
easy start-up, TII- rn2 
FET. 1 MHz, II-144 
fundarnental-frequency, III-132 
llarLlc.v oscillator, V-140 
hex-buffer, V-136 
high-frequency, I-175, II-148 
high-frPquency signal generator as, 

11-lfiO 
IC-compatible, Il-145 
impedance checker. V-136 
LO for SSH transmitlcr controlled 

by, II-142 
low-freq11enf'y, T- 184, IJ-146, V-135 

10 kHz to 150 kHz, II-146 
low-noise, H-145 
marker ~e11erator, Hl-1!38 
mercury cell crystal-controlled 

osdllator as, H-149 
OF-1 HI o~cillator, international, 

1-197 
OF-1 LO oscillator, international, 

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

180. 1-183, I-186, II-146, III-146 



50 MHz Lo 100 MHz, f-181 
100 Mlfa, IV-.124 
crystal, 1-17fi, 1-180, II-146 
Prysta.l switching, 1-183 
fifth-overtone, 1-182 
third-overtone osc11lator, IV-128 

Pierce oscillator, V-140 
1-MHz, UI-134 
rrystal, I-195, II-144 
harmonic, 1-1\.l!:l, 11-192 
JFET, 1-198 
low-frequenry, HI-133 

quartz, two-gatP, HI-136 
ref1ect10n oscillator, crystal-

controlled, Ill-136 
Schmitt trigger, I-181 
signal source controlled by, fI- l13 
sine-wave osnllator, I-198 
stable Jow-freqnenty, I-198 
standard, l MHz. I-107 
temperat.ure-compensuted, I -187, 

II-142, lll-137 
Lest ei.rcmt. V-12!1 
thircl-overr.onf', f-186, IV-123 
timP hase, 1lI-133, fV-128, V-137, 

V-138 
TTL design, 1-179, IV-127 
TTL-compatible, I-197 
lransistor1zed. 1-188 
tube-type, I-192 
VHF crystal oscillator, IH-138-140 
voltagP-controlled (VC0), 111-135, 

fV-124 
wide-range, V-1!)9 

cryslal switchlrtg. overtonf' osc11lator 
with, I-183 

current analyzer, auto battery, 1-104 
rt1rrent booster, I-30, l-!J5 
currenL collector head amplifier, II-

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

I 00 MHz, V-25 
current limiter, V-146 
mrush current, V -:358 

currenl loop~ 
4-to-20-mA convert.er, IV-111 
controller, SCR dt>;:,ign, [V-387 

eurrent. metf'rs and monitors, I-20J, 
Tl- I fi2- I G7, III-255, III-338, lV-
284, V-144-146 

alarm and curreut morntor, Ill-338 
ac cmrent indieator, IV-290 
current sf'nsing m supply rails, 

JJ-153 
electrometer amplifier with 

overload protection, TT- I fi/i 
Hall-effect senson,, TII-2SG, IV-284 
ltig,h-ga.m current sensor, £V-2Ul 
lme-current morutor. lll-341 
pkoammeter. I-202, ll-154, II-157, 

III-338 
guarded input, II-166 

rarigc armneter, six-dPcar:lP. U-153, 
11-156 

current rcadoul, r!, 1-22 
current sen.sing, supply nuts, 

ll-15'.J 
current r 20fi 

I mA for f1xecl power supplies. 
fV-402 

volt.agP-contrnlled. IV-629 
currPnt sourr.es, I-205, l-6!.l7, 

V-1'11-143 
O-to-200-nA, IV-327 
hilar;:,ral, III-469, J-6!.J4-6\.l5, V-143 
h1polar sources 
invnting, I-G!J7 
noninverting, l-6tl5 

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

bootstrappi>d a.mp, IV-406 
differential-mput, fast-acting, 

1V-40fi 
low-rurrent source, JV-3\.l\.l 

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

142 
negative, V-143 
offset-adjusting, V-145 
positive, V-142 
precision, 1-205, 1-206 
regulator, varh1ble power supply, 

III-400 
variable power ;,upplie&, voltagf'­

programmable, lV-420 
voltage-conLrollcd, grounded 

source/load, Ill-468 
current-Iirnili.ng regulator, V-458 
current.-shunt ampWiers, lll-21 
currcnL-Lu-frequeJ1cy convPrter, 

JV-113 

wide range, 1-164 
currcn(-lo-voJtage amphf1;:,r. high­

speed. 1-35 
current-to-voltage couvurter, J-162, 

T-165, V-127 
grounded bias and sensor in, 11-126 
photmhoc!P, H-128 

curve tracer, V-800 
diodes, IV-274 
FET. l-!J97 

CW-related circuit:. 
CW/SSB receiver, V-80- and 40-

mt>ter, V-40!.J 
filt.Pr, razor sharp, ll-21 \.t 
kf'ying c.m:11its, IV-244 
offset inflicator, IV-213 
SSR/CW product detector, 1 V-1:J!:I 
transc.e1ver, 5 W, 80-meLer, lV-602 
t,ransm1tters 

1-W, Jll-<l78 
20-M low-power, V-64"9 
40-M, III-684. V-648 
902-MHz, III-686 
HF low-power, IV-601 
QRP, III-690 

cydir AID converter, U-:J0 

D 
Dark-activated (see light-controlled 

circuils) 
darkroom equiprnPnt (Mle 

photography-related circwLs) 
Darlington amplifier, push~pull, V-22 
Darlington regulutur, variable powf'r 

supplies, IV-421 
da.ta-manipnlation circuits, JV-lW-

133 
acquisit.1011 circuits, JV- l .'31 

CMOS sy'>tPm, JI-117 
fcmr-channel, I-421 
high-speed sy.stem, II- l 18 

,malug-signal trnnsmission isolator, 
lV-1~8 

link, IR t;n:Je, l-:J41 
prcscaler, low-frequenc:y, IV-132 
read-t.ypP r:ircmt,..5 MHz. phase-

encoded, 11-355 
receiver. carner-c11rrf'nt circuit 

df'stgn, IV-93 
receiver/message demuxer. thrne-

wil'e, fV-130 
sPIP.rt.or, R..'l-232, III-!J7 
separator, floppy disk, II-122 
transmission drcuit~, fV-92 

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

de generators, high-voltage, lll-481 
rlc motors (see also motor control 

circuiLs) 
direction control, I-4Fi2 
tiriv.-r c.ontrols 

fiberoptlc control, II-206 
fixed speed, Ill-:187 
s.-rvo. bipolar, H-385 
reversible, 11-:381, IJT-388 

speed control, I-452, I-454, IU-377, 
HI-380, III-388 

de restorer, video, III-723 
de sc.:rvo drive, bipolar control input, 

II-385 
de static sW1t.c.h, II-367 
dP-to-ac inverter, V-247, V-669 
dr-to-dc conversion, IV-118, V-669 

l-to-5 V, IV-119 
3-Lo-5 V battety, IV- I rn 
:J-tu-25 V, Jll-744, IV-118 
3.3- and fi-V outputs, V-128 
3 A, no heatsink, V-lrn 

bipolar, no inducLor, 11-132 
fixed 3- Lo 15-V supply, IV-400 
iso.lated-J-J5V, TIT-tlG 
push-p11ll. 400 V/60 W, 1-210 
regulating, I-210, J-211, II-125, 

HI-121 
step-up/step-down, III-118 

de-Lo-de SMPS variable power 
supply, H-480 

clebonncPrs, III-592, IV-105, V-316 
auto-repeat, fV-106 
Pomputer applicalions, IV-105, IV-

106, IV-108 
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debouncers (cont.) 
ilip-flop, IV-108 

debugger, coprocessor sockets, 
III-104 

decibel level detector, audio, with 
meler driver, IlI-154 

decoders, 11-162, lII-141-145 
10,8 MHz FSK, T-214 
24-percent bandwidth tone, l-215 
direction detector, III-144 
dual-tone, I-215 
encoder and, lll-144 
frequency division multiplex 

stereo, IT-I 69 
P AL/NTSC, with RGB mput, III-717 
radio control-receiver, 1-574 
SCA, I-214, III-166, III-170 
second-audio prograrn adapler, 

III-142 
sound-activated, HI-145 
stereo TV, II-167 
time division multiplex stereo, II-168 
tone alert, 1-213 
tone dial, I-630, 1-631 
tone decoders, I-231, IIJ-143 
24% bandwidth, 1-2Ili 
dual time constant, II-166 
relay output, 1-213 
tone-ilia! decoder, 1-630, 1-631 

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

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

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

effocts, TV-21 
door chimes, I-218 
echo and reverb effects, analog 

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

demodulators, 11-158-160, ill-149-150 
5VFM, I-233 
12V FM, I-233 
565 SCA, III-150 
AM demodulator, Jl-160 
chroma, with RGB matrix, IH-716 
FM demodulator, l-544, II-161, V-

151, V-Hi5 
narrow-band, carrier detect, 11-159 

linear variable differential 
tra.usfomier driver, I-403 
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LVDT demorlulators, II-337, IJI-
323-324 

stereo, H-159 
telemetry, I-229 

clemonRtrat10n comparator c1rcmt, 
IJ-109 

demultiplexers (see also 
multiplexers), lll-394 

differential, I-425 
eight-channel, 1-426, JJ-115 

descramblers, II-162 
gated pulse, 11-165 
ouLband, II-164 
sine wave. ll-163 

derived center-chaimel stereo 
system, IV-23 

detect-and-hold circuit, peak, I-585 
detectors (see fluid and moisture, 

light-controlled circuits; motion 
and proximity; motor control 
circuits; peak detectors; smoke 
dett=>ctors; speed controllers; 
temperature-related circuits; 
tone controls; zero-crossing) 

deviation meter, IV-303 
dial pulse indicator, telephone, ill-613 
<lialt=>r,-, telephone 

pulse-dial.mg telephone, IH-610 
pulse/tone, single-chip, III-603 
lelcphone-line powered repertory, 

I-633 
tone-dialing telephone, III-607 

d1ce, electronic, I-325, JII-245, IV-207 
differential a.mplifif'rs, 1-38, TTI-14, V-

18, V-21 
high-impedance, I-27, I-354 
high-input high-impedance, ll-19 
instrumentation, I-347, IH-283 
instmmentat1on, hiomedu~al, Hl-282 
programmable gain, III-507 
two op amp bridge type, II-83 

differential analog l:lwitch, 1-622 
differential capacitance 

merumreroent circuit, II-665 
differential hold, I-58fl, H-365 
differential multiplexers 

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

differential thcnnomcter. ll-661, 
TJJ-638 

difff'rentrnl voltage or current alarm, 
II-3 

differentiators, I-423, V-347 
ne~tive-edgc, 1-419 
positive-edge, f-420 

digital-capadtanr.P mPter, TI-94 
digital-IC, tone probe for testing, 

II-504 
dig.i.Lal-frcqucncy meter, III-344 
digital-logic probe, III-497 
digital audio tape (DAT), ditheri~ 

circuit, TV-23 
digital circuits, V-156-160 

audio selector, V-158 

RCD rotary switch, V-160 
capadtance control, V-159 
entry lock, V-157 
inverters, V-246 
potentiometer control, V-158 
res1sta.ncP. control, V-159 

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

digital voltmeters (DVM), IH-4 
3.5-digit, 1-713, HI-761 
3.75-digit, 1-711 
4.5-digit, I-717, III-760 
auto-calibrate circuit, I-714 
automatic nulling, I-712 
calibraLcd circuit. DVM auto, I-714 
interface and temperature senl.lor, 

IT-647 
LED readout, IV-286 

digital-to-analog converters, I-241, 
11-179-181, III-163-169, V-120 

0-to -5V output, resistor 
tenuinated, 1-239 

3-digit, BCD, 1-239 
8-bit, I-240-241 
high-speed, l-240 
output CLIIrent to voltage, l-243 
to 12-bit, two, 11-180 

9-bit, CMOS, fH-167 
10-bit, [-238 
4-quad, offset binary coding, 

multiplying, I-241 
+lOV full scale bipolar, 1-242 
+IOV full scale unipolar, I-244 
12-bit 
binary two's complement, IIT- I 66 
precision, I-242 
variable step size, H-181 

14-bit binary, I-237 
16-bit bmary, I-24".3 
fast voltage output, I-238 
high-speed voltage output, I-244 
multiplying, III-168 
octal converter, V-3S0 
output amplifier, four-channel, 

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

digitizer, tilt meter, III-644-646 
dimmer switches, I-369, II-309, rv-

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

diode emitter driver, pulsed 
infrared, 11-292 

diode tester, I-402, Jl-343, lll-402 
go/no-go, 1-401 
zener diodes, 1-406 

diode-matching circuit, TV-280 



clip meters, 1-247, ll-182-183 
basic grid, 1-247 
dual gate TGFET, 1-246 
little clipper. II-183 
var1cap tuned FET, 1-246 

diplexer/mixcr, IV-335 
direction detectors/finrlers, 

N-146-140 
compasses 

chg1tal design. IV-147 
Hall effect, lll-258 
talking Uall effect, V-221 

decoder, III-144 
tlirect10nal-s1gnals monitor, auto, 

IJl-48 
opt11:al direction cliscrim.i.naior, V-

408 
thermally operated, IV-135 
radio-si.-(nal direction finder, IV-

148-149 
din•r.rfon-of-rotation circuiL, 111-3!]5 
directional-signals 11101t.itor, auto, 

lll-48 
di~co strobe light, Tf-fi 10 
discrete currPnt booster, II-30 
d:lscretP sequence oscillator, Hl-421 
chscnm.inators 

multiple-aperLurc, window, HT-781 
pulse amplitude, IH-356 
pulse width. 11-227 
wmdow, IIJ-776-781 

display circuits, II-184-188, III-170-
17 l, V-161-167 

81/2 digit DVM conuuon ,mode, 
11-71:3 

60 dil dot mode, Il-2fi2 
audio, LED har peak program 

mPter, II-254 
bar-graph indicator, ac.: sip,.nals, 

II-187 
bnghLncss control, TTT-3l(i 
cascaded eount!"r/dii:;play driver, 

V-163 
common cathode, 403::3-based, 

V-162 
common-anode, V-167 
comparator and, II• l 05 
cxdlllnation point, IJ-2fi4 
expanded scale mPter, dot or bar. 

Tl-18fi 
fluorescent tube, V-167 
gas-discharge Lube, V-167 
LCD 

7 -segment, V- lfifi 
large-size, V-164 

LED 
7-segrnent, V-166 
audio, peak program meter, II-254 
common-cathode, V-H\7 
driver, 11-188 
leadmg-zero suppressed, V-165 
two-variable, III-171 

oscilloscope, cig.ht-cha.rmel volt.age, 
III-4:35 

dissolver, lamp, solid-state, III-3O4 
distributJ.on circuits. U-35 
distribution amplifi.Prs 

audio, 1-89, 11-,18, V-59 
signal, I-39 

dividers, IV-150-156 
buwry chain, I-258 
div1de-by 2-or-3 f'lrf'mt, I'V-154 
dividp-hy-N 

I+ GHz, IV-155 
L5+ divide-by-n, lV-156 
CMOS prQgnunmable, T-257 
7490-divided-by-n, TV-IM 

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

2;i,t, III-213-218, III-340, lll-768, 
V-343 

1.2 GHz. lll-129 
10-M.llz, IlI-126 
clock inp11t, TV-Hi! 
dPr.a<lt'!, I-259 
divide-by-1.5, lll-:n6 
low-co~l, lll-124 
low-frequency, II-2fi::l 
preamp, JTT-128 
programmable, I'V-152-15::l 
sta1rc:as,:, generator and, l-730 
tachometer and. l-,'310 

mathemaLlcal, one trim, Tll-32€\ 
odd-munber count.er an<l, III-217 
pulse, non-integer programmable, 

JI 511, TTI-226 
Dolby no1s!" reduction circwts, lH-399 

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

doorbells/chimes (see annuciators) 
door-open clarm, Tl-281, III-46, III-256 
door opPner, UI-366 
door minder security circuit, V-5 
dot-expanded scale meter, H-186 
doublc-~klebancl sllppressed-carrier 

modulator, Tll-377 
l'f, II-366 

doublers 
0 to 1MHz, II-252 
150 to 300 MHz, L-314 
audio-frequency doubler, IV-1€\-17 
broadlnmd frequency, [-313 
CHO, oscilloscope, nI-439 
crystal oscillator, I-184 
fr@quency, I-313r Ill-215 

broadband. 1-:H:J 
digital. HI-216 
GASFET dPsign, IV-324 
singlP-ch1p, III-218 
low-frequency, 1-314 

voltage doublers, III-459, IV-635 
cascaded, Cockcroft,-Walton, 

IV-635 
trmc-controlted, HI-468 

dowi1 heat-emphasized metronome, 
IH-::lfi3-354 

drivers and drive circuits, I-260, ll-
180-193, UI-172-175, TV-157-160 

GO ohm, 1-262 
alarm driver, hi.ssh-power, v.2 
bar-graph dnver 
LED, TT-188 
tran.c:istorized, IV-213 

BIFET cable, l-264 
bridge loads, audio circuits, III-35 
capacitive load, f-263 
Christmas lights driver, IV-254 
coax:ial cable, I-266, I-560 

five-transistor pulse boost, Il-191 
coli, current-limiting, III-173 
CRT dcJlcctwn yoke, T-265 
demodulator, hnear variable 

differential transformer, I-403 
cliode-Pmitter driver, II-292 
F'ET driver, IV-241 
fiberoptie, 50-Mb/s, III-178 
flash slave, l-483 
i,l,.low-plug, Il-52 
high-impedance meter, 1-265 
inrlicator lamp driver, lll-413 
instrurnenLaUon meter, IJ-296 
lamp drivers, I-380 

Hip-flop independ,mt design, 
TV-160 

low-frequency flasher/relay, l-300 
optical coupling, III-413 
neon lamps, 1-379 
short-drcwt-proof, IT-;310 

laser diode, high-sper!d, I-263 
LED drivers 

bar graph, II-188 
em1tter/follower, l-V-159 

line drivers, 1-262 
50-olun transmission, Il-192 
600-ohm balanced, H-192 
audio, V-!"i1 

piezoelectric driver, V-440 
555 oscillaLor, V-441 
CMOS, V-440 
micropos1t1oner, V-440 
full rajl excursions in, II-190 
l11gh-011tpur, 600-ohm, H-193 
synchronized, III-174 
video amplifier, Ul-710 

line-synchromzed, III-17 4 
load drivers 

audio, IH-35 
timing threshold, III-648 

tVDT demodulator and, 11-337, III-
323-324 

meter drivers, !1-296 
rfamplifier, 1-MHz, JII-545 

rn1croprncessor triac array, II-410 
motor drivers (see motor control, 

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

II-292 
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drivers and drive circuits (cunt.) 

relay, I-264 
delay and controls rlosnrP time, 

II-G30 
low-frequency. I-300 
wiLlt strobe, 1-266 

rf drivers, low-distortion, TI-:i88 
R8-232C, \ow-power, III-17::i 
shift register, I-418 
solenoid, I-265. III-571-573 
SSB, low-dislortion 1.6 to ;JO.Mli, 

11-5:38 
st.eppil~ motor. TT-376, ITT-890, 

IV-,'349, TV-3fi0 
three-phase motor driver, II-383 
totem-pole, with bootstrapping, 

IIl-175 
transformer driver, I-403 
t.riac array driver, ll-41 0 
two-phase motor dnver, I-456, II-382 
VCO driver, op-amp design, IV-362 

drop-voltage recovery for long-lim' 
systems, IV-328 

dnirn sound effect, 11-fi!'.l ! 
dual-tone dt>c:odmg, II-620 
dual-tracking regulator, III-462 
duplex line amplifier, telephone, 

lll-616 
dut_v-cycle related c1rcmts 

detector, TV- 144 

metPr, TV-27!i 
monitor, III-329 
mulfr.,;brator, 50-percent, III-584 
oscillators 

50-percc11t, 111-426 
vanable, fixed-frequPncy, TTI-422 

DVM adapter for.PC, V-310 
dwell meters 

breaker point,.1-102 
digital, III-45 

E 
ear protcdor, V-482 
eavesdropper, telephone, wirPless, 

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

po,vered, 111-\.lll 
.!'.:KG simuln.tor, three-chip, III-350 
elapsed-time timer, TT-680 
electnc-fence charger, II-202 
electric-vehicle battery saver, lll-67 
eleclrolytic-capacilor reforming 

circmt, IV-276 
electromagnf't.1c-field sensor, V-308 
electrometer, IV-277 

amplifier. overload protected, Il-155 
electrostatic detector, ll1-:.l;J7 
emergency lights, 1-308, 1-378, IV-250 
emissions analy:i:er, automotive 

exhanst, II -51 
emitter-follower c:ircmr,, 
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cornplementary/h1latPrnl ar, 
V-.%::l 

emulators, II-1 D8-200 
capacitance multiplier. TT-200 
.IFET ac conpled integrator. Il-2.00 
resistor multiplier, 11-19lJ 
simulated rndudm, 11-199 

Pncoders 
decoder and, 111-14 
telephone handset tone dial, I-fl:11, 

TII-f\18 
tone encoders, i-67, 1-629 

two-wire, II-364 
two-tonP, V-!'i29 

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

AM signals, TV- I 42 
full-wave, V-152 
low-level diodes, lV-141 

envelope gPrnerator/modular,or, 
musical. IV-22 

EPHO:Vl, Vpp gerll'rator for, II-114 
PqualizPrs, I-071 , TV-18 

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

ll-684 
tPn-hand, octave, III-658 

equipmcnl-011 remiltder, 1-121 
exhaust ern1ss10ns analyzer, Tl-!il 
nit. delay for hmglar alarms, V-10 
expanded-scale melcrn 

analog, Ill-77 4 
dot or bar, TT- I 8fi 

expander circuits (see 
cornpressor/cxpandcr cil"c wts) 

extended play ClfC'll it, tape­
recorders, III-600 

exlrac:lor. square-wave pulse, III-584 

F 
565 timer Clfnnts ( ww aJ.~n t1mf'rs) 

alarm hased on GG:""i timer, V-11 
astable, low-duty cycle, II-267 
beep transformer, lll-566 
FM modulalo1, V-:J67 
iltlegrator to multiply, II 669 
1russil1g-plllse detector, V-1 !i2 
ramp genPrat.or, V-203 
R(; :rnrho osctllator from, II-567 
square wave generator usmg. 11-5()6 

fader circuits, 11-42. U-:Jl2, lV-17, 
V-658 

farl-safe sem1comh1ctor alam1, III-fl 
fans 

infrared heat-controlled fm,, lV-226 
speed coutroller, automatic, JII.:332 
Lhermostat.ic S\Ht.ch, V 68 

F;:ihrenheit thennomet.er. l-ofi8 
f:rnlt. monitor, smglP-81lpply, III-495 
fa.Jc cm·111ts, V-171-173 

modem/fax protector for Lwo 
cornpuLcrs. V-482 

fax/lelcplto1tc switch, remote­
c:oHLrullecl, fV-652 55:3 

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

batterv-powered, II-202 
electric, Il-202 
sohd-st.ate, II-203 

FET circwts 
amplifier, offscl ,tlate bia.s, V-22 
de comrolled switch, V-592 
hex.PET switch. V-592, V-fl9:1 
dual-trace scope 5wit.ch, TI-482 
mput amplifier, TI-7 
nucrophone mixer, V-808, V-8fi,1 
probe. TIT-!i0l 
voltmeter, IIT-76!i, IIT-770 

fiberoptics, IT-204-207, III-176-181 
driver, LBD, .'"i0-Mh/.~, III-178 
mterfacp for, 11-207 
lrnk, T-2fi8, I-2€\9, I-270, III-179 
motor control. dc, II-206 
receivers 

10 ~z, II-205 
:.>0-Mb/s. III-181 
digital, III-178 
!ugh-sensitivity, 1-270 
low-cost, 100-M baud rate, Hl-180 
low-sensilivily, 1-271 
very-high-scnsiliv1ly, low-spL'eu, 

0nW, 1-26U 
repealer, 1-270 
speed conLrol, 11-206 
lransrnitLer, 111-177 

field chslurbance scnsor/ahum, II-507 
field-strcnglh meLcrs, 11-208-212, III-

182-18:.l, lV-164-166, V-174-176 
1.5-1!50 Mll:i:, 1-275 
adjust..abk scusitivity mcl1cator, 1-274 
ampill1ed field, V-175 
hi,i;h-sens1t1vity, TI-211 

LF or HF, IT-212 
microwave, low-c-ost, I-273 
remot.e, V-17G 
rf 5mffer, Il-2 JO 
sensmvP, I-271, III-183 
s1gnal-sr,rPngth mer,er, IV-166 
51mple design, thrPe versions, V-176 
tran srnrns1 on mchcator, II-211 
timed, I-27!'\ 
l'HF fit>\cls, IV-WG 
nntuned, I-276 

filter circuits. ll-~1J-;,Q4, lll-184-
l!J2. 1V-167-l 77, V-177-191 

acthe (sec act1vp filtns) 
ant.ial1asing/sync-compensation. 

IV-173 
audio fillers 

tJiquad, 1-292-293, III-185 
twmble. IV-169 

amlio range filr,.-r, V-190 
hanclpass (.w,e handpass filters) 
hand-reJect, active. Ii-401 
.biquad, l-2U2-~(J:.l 

audio, 1-292-29!), III-185 
HC active bwdp;:iss. I-285, V-190 



hridge filter, t'Win-T, 
programmable, II-221 

Butterworth 
high-pass, fourU:1-order, 1-280, 

V-179 
low-pass, fourth-order, V-180, 

V-181 
Chebyshev (soe Chebyshev filters) 
C\V, rn:.wr-sharp, II-219 
dyuamlc filter, III-190 
four-output filter, V- 182 
Jtill wave rectifier and avf'ragmg, 

I-229, V-191 
high-pass (ser high-pass filters) 
IF filters, narrow-band, V- l 89 
L filters, V-181 
low-pass (see low-pass filtns) 
networks of, 1-291 
noise, dynamic, TH-190 
n01sy signals, T11-18R 
notrh filters, T-283, Il-397-403, 

IJI-402-404 
4.5 MHz, [-282 
550 Hx, 11-:J!.19 
1800 llz, 11-!J98 
active band rEtiect, U-401 
ar.lJllStable Q, ll-39R, V-179 
audio, TY-100 
bandpass and, Il-22-3 
h1gh-Q, IH-404, V-178 
selectable bandwidth, I-281 
thrl"e-amplifier design, I-281 
tunahle, II-399, II-402, V-179 

passive-bridged differentiator, 
II-403 
hum-suppressing. I-280 
op amp, II-400 

twin-ntoch for 1 kHz, V-18!J 
twin-T, Hl-40:J 
shorlwavc reedv1..·rs, V-185 
Wien bridg<.', 11-402 

passive. L filkrs, V-181 
passive Pl filkra, Y-181 
passive T ii:ll<.\rS, V-190 
Pi filters, V-181 
progranunablc, twin-T bri~e. II-221 
rejection, 1-283 
ripple suppressor, lY-175, IV-396 
rumble, lll-192, IlJ-660. IV-175 
LM387 in, 1-297 
turntable, lY-170 

rumble/scratch,-III-660 
Sallen-Key filters 

10 kHz, I-279 
500 Hz bandpass, 1-291 
current-driven, V-189 
low-µass, active, fV-177 
low-pas:,,, equal component, T-292 

scratch filters, TTJ-189, TTJ-660, 
IV-175 

LM287 in, 1-297 
simulated inductor, V-180 
speech filters 

bandpass, :JOO Hz 3.k11z, I-295 
second-order, 300-to-3,400 Hz, 

TV-174 
two-section, 300-to-3,000 Hz, 

fV-174 
speech-nm,l,(c filter, bandpass, 

V-185 
state-varrnb le fi Item, IT-21 fi, III-189 

multiple output.s, llT-190 
secoml-ordPr, !kHz, Q/10, I-29~ 
urnversal, 1-290 

T' filtNs, V-190 
tom· filter, V-1 kHz, V-191 
turbo, ghtrh frPP, JII-186 
twm-'T hndge filter, H-221 
W1en-brklge, TH-6fi9 
variahl<i> Q filt.f'r, V-183 
variahle-frequenry bandpass filter, 

V-186 
variable-state, universal, V-178 
voltage-controlled filters, lll-187. 

IV-176 
fixed power supplies. lll-457-477, 

IV-390-408 
12-VDC battery-operated 120-VAC, 

III-464 
+24 V. 1.5 A supply from + 12 V 

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

IV-407 
ac motors, IV-3<J5 
automotive balLery supply, +/-15 V 

and 5 V, lV-3!.ll 
auxiliary supply, IV-394 
bias/rekrcrn.:e applications, 

uuxiliar.v negative de 5Upply, 
[V-404 

t.rilatcral cu.rrent source, UJ-469 
bridge rectifier, TV-398 
dmr~e pool, HI-469 
dmr~e pump, regulated. fV-396 
constant-f'UrrPnt sonrrP, safe-. 

TTJ-172 
c:onverter, III-470 

5V-to-isolated 5V at 20MA, lll-474 
ac-to-dc, IV-305 
de-Lo-de, !J-to-15 V, JV-400 

current sink, m.A, TV-402 
current source&, IV-399. TV-405, 

JV-406 
arfapter/transce-ive-r, hand-held, 
Ill-461 

d11al-trackmg regulator. III-462 
GASFET power supply, IV-405 
general-purpose, III-465 
inverter, 12 V input, IV-395 
ii:.olatPd feedback, Hl-460 
LCD display power supply, IV-302, 

fV-403 
linear regulator, low-cost, low­

dropout, lll-45!.l 

low-current source, fV-.899 
low-power inverter, III-466 
negativf' rail, GET. with CMOS 

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

IV-401 
negative vollagc from positive 

supply, IV-:J\:17 
outpul stabilizer, lV-393 
porlabk-radio :JV power supply, 

IV-387 
posilive and negative volta~e 

power supplies. IV-402 
pnp regulator, zcner increase:r, 

voltage output, II-484 
pro~rnnmmble. HI-467 
rectillen,, Hl-471. fV-398 
regulated supplies, III-462, III-46:3, 

lV-401 
ripple suppressor, fV-396 
RTTY maehhie current snI_J_ply, 

lV-400 
stabihzer, CMOS diode- network, 

lV-40!'\ 
swit.r.hmg supplies, III-4f,8, III-473, 

TV-403, IV-101, IV-408 
thrPf'-rail. IH--166 
11ninte-rmpt1hle +r;v, III-4 77 
voltagf' doubler, III-459, III-468 
voltagf' rngulators (see voltage 

rp,gulators) 
voltagp,-r.ontrollf'd r.nrrf'nt 

srn irr.p/grnundf'd source/load, 
TTI-tl68 

fixPd-frt>quenr.y generator, HI-231 
flamf' ignitor, III-362 
flame monitor, III-313 
flash/flashbulb circuits (see 

photography-related circuits) 
flashers and blinkern (see a/1,0 lighl­

controlled circuits; 
photography-related circuits), 1-
304, lI-225, llJ-183-210, lV-178-
183, V-192-1!}7 

1.5 V, minimum power, I-!308 
I kW flip-flop, 11-2;.!4 
IA lamp, I-306 
2 kW, pholodcdric contrnl in, II-232 
3V, 1-306 
ac. III-196 
alternating, I-307, II-227 
astable multivibrator, III-106 
auto, I-2!J!J 
automatic safety, J-302 
automotive tum signal, sequential, 

I-109 
bar display with alarm, I-252 
barricade, 1-299 
boal. l-2U9 
brake light flasher, V-69 
Christmas tree light fla.shPr, V-197, 

V-264-265 
CMOS, III-Hl9 
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flashers and blinkers (cont.) 
de. adjustable on/off timer, I-305 
dual LED CM.OS, l-!J02 
electromc, H-228 
Pme1·gency lantPrn, I-308 
fast-action. 1-306 
Hash light, 60-W, Ill-200 
nicker .lighl, 1V-18;J 
11ip-flop, I-299 
fom-pa.rallel LED, l-;307 
h;:,a<llighr, tlashAr, V-78 
high-efficiency parallel clrcuit, I-308 
high-voltage, safe, I-307 
high-power baW.:ry opcrnlcd, ll-22B 
incandescent bulb, III-198, I-306 
LED flashers, IV-181, V-195, V-196 

2- to IO-LED, V-Hlti 
alternating, III-198, III-200 
Christmas tree lights, V-197 
cont.rol circuU, IV-18:J 
dark-activated. V-195 
driver, V-194 
multiv1brator design, IV-182 
PUT used in, II-239 
ring-around, lll-194 
scqucnlittl, rcversil.ilc-dircction, 

IV-182 
three-year, Hl-194 
TI.TT used m, ll-281 

low-current consumption, ll-231 
low-voltage, I-305, II-2..26 
mi.niature. lransistorized, ll-227 
mi.r tir1tUIIH.'.OlllJ.)Oll<.>IIL, 111-201 
neon flashers, I-:30.'3 

five-lamp, Ill-198 
two-stat€' oscillator, IIl-200 
tube. I-304 

oscillaWr/ilushers 
h.1gh-dr1ve, II-235 
low-frequency, H-234 

photographt<' fla.'lh.-;:; 
slave-Hash tngger, SCR design, 

IV-380. JV-382 
liIIU.!-df.!UIY flash Lriggcr. lV<l80 

relay driver, low-frequency lmnp, 
r.:300 

rnnnmg lights, V-2fi9 
SCR fla.~h.-rs. II-280, JII-Hl7 

chaser, III-197 
relaxation. II-230 
ri.11g eowtlC.!r, 111-195 

sequencer, V-263, V-:2.64-265 
seq11Ant1al, Il-2:18, TT-2;38, JV-181, 

V-193 
pscudorandom simulated, IV-179 

S®llil alam1, V-197 
single-lamp. JJI-196 
stroll,:, alarm. fV-180 
telephon!", II-1129, IV-556, IV-r.ifi8, 

IV-559. IV-561 
transistonzed, I-303, II-236, III-200 
variable, l-308 
xenon llghL, lV-180 

flashhght fmder, 1-300 
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flex switch, alann sounder circuit, 
V-15 

!lip-flops (1,;ee bisLable 
mlllt1v1brators) 

tloorl alarm, f-~90, HT-20(;, lV-188 
flow-detectors, II-240-242. 

lll-202-::l03 
air, ll-242 
llqu1d&. II-248, IIJ-202-20.'3 
low-rate thermal, IIJ-20,3 
thennally ha.~ed anemometer, II-241 

fluid and moisture detectors, I-388. 
1-:.:l!J0, 1-442. H-:Wl-248, Hl-204-
310, IV-184-191, V-373-375 

acid rain monitor, II-245, V-371 
alarm, water-activated, V-374 
rhf'rkf'r, III-209 
control, I-388, III-206 
cryogenic fltnd-level sensor, I-386 
dual, lll-207 
flood alarm, III-206, IV-188, V-374 
flow-of liqmrl, TT-248, TII-202-2m 
full-bathtub indicator, IV-187 
full-cup detector for the blind, 

IV-180 
hl:mtidity, 11-285-287, IH-266-267 
mchcator, II-244 
level of liqmrl, T-107, I-285, I-387, 1-

388, I-~89, I-390, Il-174, II-244, 
II-246. HI-205, III-206. III-207, 
IH-209, III-210, IV-186, IV-Hl0, 
IV-lDl 

moisture detector, l-442, lV-188, 
V-375 

morntor. TH-210 
plant water, II-245, II-248, III-208 
pump controller, single-chip, II-247 
mm alarm, 11-244. IV-18!.l 
5enso!' and control, II-246 
soil moisture, 11-245, lf-248, HT-208 
t.-mpt"rat11re monitor, II-643. Til-206 
water-leak alarm, IV-190 
v11indshield-washer level, 1-107 

fluorescent lamps 
lil.i,(h-volta~c power supplies,·cold­

cathode cles~n, JV-411 
mvertPr, 8-W, HI-80fi 
var1111m, fluon:.srent display, II-185 

flyback converters, I-211 
self oscillatmg, 1-170, 11-128, III-748 
vollage, high-d1iciency. 111-7 44 

rlyback rcgulato1. off-liI1e, II-481 
FM-related cJrcuits (,-:eP al.-:n 

radio/rf circuirs") 
5 V, I-233 
12 V, 1-2!]3 
clock radio, ANUH1, I-543 
demodulators, T-544, II-159, JJ-16 L 

V-!GI 
IF amphfier with quadrature 

detector. TV sound IF. I-680 
generaLors, low-frequency. IU-228 
modulators, V-366 

555-based cm:.:mt, V-367 

radio, I-545 
receivers 

27.145 MHz, V-495 
carrier-currnnt circmt, TH-80 
b.ght-heam, V-259 
MPX/SCA receiver, HI-530 
rmrrow-bund, 111-5!]2 
optical receiver/transmitter, 50 

kHz, 1-:361 
zf'rn tAnt.-r indicator, 1-838 

SCA suhcarrier adapter, V-536 
snooper, III-680 
speakers. r<.'moLc, carrkr-currenl 

:;_vstcm, l-140 
squelch circuit for AM, I-547 
stereo demodulation system, 1-544 
transmitters, I-681, V-641 

27.125-MHz NBFM, V-637 
49-MHz, V-643 
infrared, voice-modulated pulse, 

IV-228 
light-heam, V-259 
multiplex, III-688 
one-transistor, lll-687 
opUcal, 1-367, 11-417 
optical receiver/transmitter, 50 

kHz, 1-361 
radio. V-648 
snooper, III-680 
stereo, V-575, V-580 
voice, Ill-678 

luncr, 1-231, Ul-529 
wireless microphone, III-682, IJI. 

68.5, III-691 
F'M/AM rlock radio, I-:143 
fog-light controller, automotive, IV-59 
foldback current, HV regulator 

llimtiri.g, 11-478 
followers, TH-211-212 
mvert.ing, high-frequency, IH-212 
noninvert.mg, high-frequency, III-212 
source. photodiode, III-4Hl 
unity gain, 1-27 
voltage, HI-212 

forward-current booster, III-17 
free-running multivibrators, 11-485 

100 kHz, l-46fi 
programmable-frequency, III-235 

free-running oscillators, I-531 
square w-<1ve, I-615 

freezer, voltUSc, III-763 
freezer-meltdown alarm, I-13 
fri:,qni:,nty comparators, JI-109, III-88 

LED, II-110 
frequency conlrol, lelephone, H-623 
frequency converter, I-159 
frequency counters, UI-340, III-768, 

rv-:-mo, v-129-1:-:1'1 
12 GHz, III-129 
2 MHz, V-130-131 
10-MHz, III-126, V-132-133 
100 MHz, p!.!rioct and, II-136 

III-124 
preamp, III-128, V-24 



precision, I-253 
lad1om<.'Lcr and. l-!Jl0 

frequency detectors, II-177, HI -158 
beat imiicator, T-33fl 
boundary detector, III-156 
comparator, III-88 
digital, III-158 
limit, frequency llmit, II-l 77 
wmclow, freqm=mcy windovir, IIT-777 

frequency dIV1ders, 1-258, II-251, 
II-254, III-213-,218, III-340, 
III-768, V-343 

1.2 GHz, IU-lW 
10-MHz, III-126 
clock input, fV-151 
decade, I-259 
divide-by-1.5, III-216 
low-cost, III-124 
low-frequency, H-253 
preamp, IJI-128 
programmable, TV-152-153 
staircase generator and, I-730 
tachometer and, I-310 

!i:cquency-division multiplex Sl<.\rco 
decoder, ll-169 

frequency doublers, I-313, JH-215 
hmadhand, 1-813 
digital, III-216 
GASFET design, TV-324 
low-frequency, 1-314 
singlc-cilip, lll-218 
to lMllz, Il-252 

frequency generators, f1xed-
frequency, llT-231 

frequency indicator, beat, I-336 
frequency inverter, lII-297 
frequcm:y mclers, 1-:Jl0, 11-249-250, 

IV-282, fV-,301 
analog, V-307 
audio-frequency meter, V-305, 

V-320 
audio, 1-311 
linear, [-::no 
low-cost, II-250 
power, TT-250 

fri>qul"fH:y multlplli>rs, U-251, ITJ-
213-218, V-198-199 

counter, odd-number, IU-217 
dtmblers, 1-313. Hi-215 

broadband, J-:Jl3 
digital, III-216 
GA8FET df's1gn, IV-321 
single-chip, III-218 
low-frequency, l-314 
to lMHz., 11-252 

pulse-width, TTI-214 
tnplPr, non~f'le:ctivf', IT-2:''i2 

frequency-boundary detector, III-156 
frequency oscillator, tunable, 11-425 
frcquency-raLio morti.toring circuiL, 

IV-202 
frequency-shift key (FSK) 

comm urn cations 
data recPiwr, 111-5~~ 

decoder, 10.8 MHz, 1-414 
geHerator, low-cost des~n, III-227 
keying circuits, TV-245 

frl"quPncy ~ynthes,zer, 
programmable voltage 
CQnlrollr.xt, 11-265 

frequency-to-voltage converter, 
1-:H8, TT-255-2fi7, TH-219-220 

de, 10kHz, 1-310 
digital meter, I-317 
optocoupler input, IV-193 
sample-and-hold circull, 1V-IY4 
single-su µµly-i.Jesign, l V-195 
z.ener regulated, I-317 

fuel gaugP, automotive, TV-4Ci 
fnll-wave: rf'r.t1fier,,, TV-328, fV-GG0 

absolute value, II-528 
averaging filter. V-Wl 
oµ mnp d .. rcult, V-403 
precision, T-234, 111-537 
silir.on-ccmtrolle:d (8CR), I-875 

function generators (see also burst 
gcncraLors; sound gcncralors: 
wavciorm geuerators), 1-729, 
II-27L III-221-242, III-258-274, 
lV-Hlu-202,V-200-207, V-209 

GG5 astable, low-duty cycle, II-267 
acoustic field generator, V-338-341, 

V-338 
A'.\-1 broadcasl-band signal 

/:(t'llCralOI, 1 V-302 
A.\1/IF s~nal ~enerator, 455 kHz, 

lV-301 
astahlP mult1vihrators, II-2ri9, 

II-510, II-597, III-196, III-224, 
111-:n·J. lll-2:.37, Ul-2:.38 

audio l'wtct.J.on f{c1terator, IV-197 
a.ll(J10-frequeney generator, V-41n-

417, V-4lG 
bistable multivibrators, I-133, I-

2!.l!J, 1-:::l!JS, 11-367, 11-465. lll-103, 
1\/-108, IV-651 

bistubk mLLltivibrator::., I-133, II-465 
capacitance mult1pl1er, V-205 
dock gPnPrator/osc11lator, J-19:t 

1-(Wi 
complementary signals, XOR gate, 

III-226 
DAC conlrollcd, 1-722 
debouneer, IV-108 
em1tter-mnpled HC osr.11latnr_ TT-2fifi 
fixed-frequency, III-281 
flasher. 1-299, II-234 
F.'vl., low-frequency, lll-228 
free-nmnu-ig mult1v1brator, 

prngrammahlf'-l'req1ienry, ITT-2:1fi 
freq11enr.y-rat10 monitoring circUit, 

IV-202 
frequency synthesizer, 

pro/a\rru:mriable vo1La~e 
controlled, II-265 

FSK low cost, m -227 
harmonic gennators, 1-21, 111-228, 

TV-tH9 

high-frequency. ll-150 
mve,ter, III-103 
lamp dnvPr, TV-1 fiO 
lme/har generator, Video, V-uu2 
linear ramp. II-270 
linear triangle/square wave• VCO, 

II-263 
logarithmic 

dynamic-range, V-201 
fast acting, V-202 

monostable multivibrators, 1-465, 
111-229, UI-230, 111-235, 111-237 

mput lockout, I-464 
linear-ramp, m-237 
photorf'-11, monostah\,:,, II-229 
pos1t1ve-niggered, III-229 
TTL, monostable operation, I-464 
UJT, monostabk operation, 1-463 
video a.mplifier and eompm-ator, 

TT-268 
multiplymg pulse v.idth cirC'mt, 

II-264 
multi vibrators 

low-frequency. III-237 
single-supply, TTl-232 

nonlinear potentrnm;:-ter outputs, 
IV-198 

one-shots, I-465 
digit.ally conLrollcd, 1-720 
precision, 111-222 
retriAAerable. III-238 

oscillator/amplifier, wiclf' frequency 
rangP, TT-2€\2 

pattern gene:rator/polar-to-rect. 
converter, V-288 

polynomial /a\em·rutor, V-287 
potentiometer-posit.ion V/F 

c:onvP.rter, fV-200 
precise wave. II-274 
programmed. I-724 
pseudo-random bit scqu<·ncc 

!,(enerntor, V-351 
pulse p;enerators, II-508-5 l l 
2-ohm, rH-2:11 
300-V, 1H-!'i21 
fififi-circuit, IV-439 
astable multivibrator, 11-510 
dock, 60Hz, 11-102 
CMOS short-pulse, lII-523 
delayed-pulse, TT-509, TV-440 
rl1virif'r, prngrammahle, IJ-:>l 1, 

HI-2213 
EEPROM, 5V-powered, 111-lJlJ 
free rwuwl,I<(, IV-4:J8 
int.ernipting pulse-genPration. 

J-~f>7 
logic. III-520 
logic troubleshooting apphcalions, 

JV-4!J6 
pl'o,'(.numuabh:, 1-529 
sawtooth-wave genera.tor and, 

HT-241 
smglt>, H-175 
train, pulse train, IV-202 
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function genPrat.ors (cont.) 
transistorized, IV-437 
two-phase pulse, 1-5:32 
unjjum:lion transistor design, T-[~30 
very low-duty-cycle. HI-:i21 
voltage-<:ontroller and, HI-524 
\\',de-ranging, III-522 

quad op amp, four simultuueous 
synchrllitl.zed waveform, IJ-259 

ramp generators, I-540, IT-521-G28, 
III-525-527, IV-443-447, 5:ifi 
based, V-20B 

acruratP, JII-526 
mtegrator, initial condiLion rcsd, 

III-527 
linear, U-270 
variable reset level, IT-267 
voltage-controllPd, II-523 

rf osr.11lator, V-530-531 
root extractor, V-207, V-288 
RS flip-fl.op, l-3U5 
sawloolh generators, V-491 

lli1ear. V-205 
triggPrPd, V-204 

sawtooth and pulse, III-241 
Schnutt trigger:trans1slorizcd, 

V-204 
SCR, 11-367 
self-retriggeru1,li timed-on 

genera.tor, V-343 
signal generators, V-204 

AM hroadcast band, JV-302 
AM/IF, 455 kHz, IV-301 
high-frequency, 11-150 
square-wave, III-583-585 
stairca.c;e, HI-586-588 
two-function, TII-234 

sme-·wave generators, JV-505, 
IV-506. V-542, V-54!3, V-544 

60 Hz. lV-507 
au<liu, 11-564 
battery power, V-fi-11 
LC, fV-G07 
LF, IV-512 
oscillator, audio, 111-559 
square-wave u.ud, tuuable 

oscillator, III-232 
VLF audio tone, TV-508 

sine/cosine (0.1-10 kHz), II-260 
sine/square wave oscillators, 1-65 
TTL design, JV-512 
tunable, I-65, ll1-2:J2 

single control, III-238 
smgle 5Upply, TT-278 
square-·wave generators, II-504-600, 

II-225, III-239, lll-242, ll1-58!J-
585. 1V-5W-536, V-568-570 

1 kHz, lV-536 
2 MHz usi11,li two TTL gates, Il-/i98 
555 timer, TT-G9/i 
astab!P <:1rr.mt, IV-534 
astable multivibrator, II-597 
CMOS 555 astable, true rail-Lo-

rail. H-5U6 
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duly-cycle multlvibrator. HT-50-
percent, Ill-584 

fom-dt=-r.ade design, IV-535 
high-current oscillator, lll-585 
line frequency, JJ-5U9 
low-frequency TTL oscillator, 

II-595 
mult1bursr generator, II-88 
nmltivtbrator. N-536 
oscillators, I-612-614, 1-616, U-596, 

ll-5U7, U-616, IV-5!32. IV-533 
phase-trackili,i, three-phase, TI-G98 
pulse extractor, TTT-584 
quadrature-outputs oscillator, 

TH-fi8G 
sme-wave and, tunable oscillator. 

III-232 
three-pli;;1se, 11-600 
lone-burst generator, single t.1mt>r 

IC. H-89 
trianglt'!-wave and, III-239 

precision, III-242 
programmable, 111-225 
vvide-n111J{c, III-242 

TTL, LSTTL, CMOS designs, 
IV-530-532 

variabh" duty-r.yr.le, IV-533 
vanahle-frequency, IV-535 

SR flip-flop, IV-651 
staircase gcncratllrs, l-730, II-601-

602, 111-586-588, IV-443-447 
sweep ~enerators, I-472, TII-438 
timebase 

1 Hz, readout and counter 
applications, IV-201 

oscilloscopes, V-425 
time-delay generator, I-217-218 
tone burst generator, rPpeat.er, 

V-fi29 
triangle-wave, HI-234, V-203, V-'.W5 

clock-driven. V-206 
square wavc. lll-225, III-239, UI-242 
Lim<.T. linear, III-222 

tl'iangle/square waw gPni>rator, 
V-20fi 

tunahle, v;rid€'-tange, III-241 
two-function. III-234 
UJT monostable circuil ir1scri.;;itive 

to changing I.Jms voltage, II-268 
variuu1c uuty cycle tuner outpnt, 

III-240 
voltagP controlled high-speed one 

shot, II-260 
waveform (see waveform 

generators) 
white noise genPrat.or, fV-201 

funk box, 11-593 
furnace exhaust gas/smoke detector, 
temp monitor/low-supply 

detection, lll-248 
furn.ace fuel miser, V-328-:329 
fuses 

battery-cha.rger rt"lay fnse, V-88 
electronic, V-477 

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

fuzz box, lll-575 
l"uz,: <;ound effect, H-ri90 

G 
BaAsFET circuils 

amplificr, power, with single supply, 
II-10 

fixed power supplies, IV-405 
gam control circuits 

amplifier, stereo, gain-controlled, ll-
9. III-34 

automatic audio gain control, II-17 
aul1.mfilticgaincontrol (AGC), TT-17 

AGC system for CA8028 IF amp, 
TV-4m~ 

rf amplifier, wideband adjuswblc, 
HI-545 

squelch control, Hl-!33 
wide-band amplifier, llf-15 

~ain block, video, 111-712 
game f;:,eder controller, II-360 
game roller, I-326 
games, U-275-277, lll-243-245, IV-

203-207, V-208-211 
coiii mwer, III-244 
electronic dice, III-245, IV-207 
electronic roul!"tte, II-276, IV-205 
lif' df't.f!ctor, II-277, JV-206 
qrnz master, V-210 
reaction timer, JV-204 
ring launcher, elcctrorruignetlc, V-209 
roukll<.\ 11-276, IV-205 
rw1-down clock/sound generator, IV-

205 
slot machine, V-211 
\Vheel-of-Fortuuc, lV-206 
wlw's first, III-244 

~arage stop light, Il-53 
gas detectors (.~1111 alc;o smoke alarms 

and detectors), I-332, 
II-278-279, III-24tl-25J. Hl-246, V-
212-214 

analyzer and, ll-281 
combustible gas detector, V-214 
explosive gas det.ector, V-213 
furnace exhaust, temp monitor/low-

snpply detection, III-248 
methane concentration. linearized 

output, lll-250 
loxic, 11-280 
SCR, III-251 
Rmoke/ga.<i/vapor detector, JII-250 

gated oscillator, last-cycle 
complctiJig. lll-427 

gaLed-puu;c descrambler, TT-165 
gates, V-215-216 
AND. I-395, V-21(\ 
OR, I-~95 
programmable, I-394 
sync gating circuit, V-595 
XOR gate, IV-107 

ge.iger CllWllcrs, 1-536-537, V-217-219 



iug]:1-voll.agc supply, 11-489 
pocket-sized, rr 514 

gel cP.11 f'harger, lt-66 
generators, electric-power 

corona-'>v:ind gcnerato1, 1V-633 
lk ,!,((-'1tcratur, V-44:3 
high-volt.age gPnernt.ors, IV--118 
ion g,mt"rator, V-248-249 
battery-po\vered, III-482 
capacitor-discharge, 111-485 
de voltage, 111-481 
neW-ttive-ioni'.. JV-6:34 
regulator for aut.omoh1le genPrnror, 

V-76 
ultra-high-Yoltages, II-488 

generators (see function generaLors: 
sound general.ors; \\'aveform 
generators) 

g!Jtch-detector. comparator, 11-107 
glow-plug driver, II-52 
gong, electronic, V-563 
graphic equalizer. Len-band, adive 

filter m. II-684 
gm! dip rnet.er.s, T-247, IT-182-18:3 

hanrlswitr-herl, IV-298 
bask grid, I-247, IV-298 
dual gate IGFET, 1-246 
little dipper. ll-18:J 
va.ricaµ twted FET, I-246 

gmund test.er, JT-:{45 
ground-fault Hall dPtPrt.or, 

JV-208-209 
ground-noise probe, battery­

powered, Ill-500 
guilarn 

compressor. sound-Pffed drrmt, 
lV-fiHl 

matching audio signal amplifiers, 
IV-38 

mixer, low-noise, fow--cha:tmel, 
V-360-361 

treble boost for, H-08:3 
r,11nn, 11-:302 

gun, laser, visible red and 
continuous, 111-310 

H 
lwlI-duplex information 

transm1s,;10n hnk, IIl-679 
half-flash analog-to-digital 

converters, III-26 
half-,\.-c1vc ac phase conLrolled 

circwt, I-!377 
half-\\."aVP rec-tifiPrs, I-2~0, IH-528, 

IV-325 
fast, 1-228 

11a11-clkci circuit!>, U-282-284, 
III-254-258, V-220-222 

angle of rotation df't.f'f't.or, II-28:1 
compass. IH-2:i8 
compass,talking. V-221 
current monitor, III-~55, IV-284 
door open alarm. II-~84 
ground-fault lieled01, IV-208-209 

oscillarnrs, V-222 
SPrnnty door-aJar alarm. III-256 
switches using, III-257, IV-539 

halogen lamµs 
dinuner for. HT-300 
prntPrtor, V-271 

handitalkies, I-19 
two-met.er preamplifier for, 1-19 

hands-free ldcµltoue, 111-605 
ha.wls-uff intercom, III-291 
handset encoder, telephom', Ill-f\12 
harrnonir d1stort10n 

analyzer, V-291 
meter, V-312 

hamwnic gencrnLors, 1-24, 111-228. 
lV-649 

IIartley osc1lla.tor, T-ii71, V-140 
HC-hasP.d osf'lllar.ors, III-423 
HCTT/HTC-based oscillator, III-426 
headlights (see aulomolivc circuiLs, 

hcudligltLs) 
headphones 

arnplitiPr for, II-43 
ear protector circuit. V-482 
infrared (IR) receiver, V-227 
infrared (lR) Lrarn.mutLer, V-227 
siguul amplifier, V-53, V-57 

heart rate rnorntor, TT-:348, Il-:349, 
V-~42 

hPat-a<'t.ivated alarm, V-9 
heat sniffer, electronic, III-627 
heaters/heater controls (1:iee also 

LcmpcmLur<.'-rcluLeu dn:uit!>), 
1°639 

element controllPr, Il-li42 
induC'tion heater, ultrasoruc, 120-

KHz 500-W, III-704 
protecLor circuiL, servo-sensed, 

111-624 
tempera.turf' sPnsitivP, J-f\40 

hPP-haw sirPn. II-578, III-565 
hexFET switch, V-5!J2 

dual-control. V-5f.J'.3 
hi-fi circuits (i.e~· stereo drcults) 
ltiglt-pa:,s filters, J-296 
active, T 296. V-180, V-1.88 

fomth-ordPr, V-188 
ser-ond-order, I-297 

Butterworth, fourth-order, I-280, 
V-179 

Chcbyshc.•v, fourth-order\ III-191 
equal components second-ordP.r, 

V-188 
fourth-order, 100-Hz, IV-174 
second-order, 100-Uz, lV-175 
:,ixth-orclel' elliptical, HJ-191 
urnty-gain serond-orrlPr, V-187 
variahle, V-18(i 
w1df'ba.nd two-pole, II-215 

high-volt.age power supplies (see al.so 

gencralors, clcdrical power; 
l)OWel' !>Upµlies), Jl-487-490, ffi-
486, N-409-41:3, V-442-447 

9- to 15-Vdc input, V-4fi(\ 

10,000 V de supply, IV-633 
arc-jet power supply, starling 

drcult, Hl-479 
ba.slC circuit, V-44f\ 
hattf'ry-powered generator, HI-482 
bucking regulator. Ill-481 
de gcneraLor, 111-481, V-443 
lie suµply, 120-240 Vdc, single-chip 

circuit, V-44f\ 
fh10rf'Sf'f'nt-lamp -~llpply, V-444 

r.old-cat.hode design, IV-411, V-447 
geiger counter supply, 11-48!.I 
generalorn (see generators, 

electrical power) 
inverter, IIl-484 
40 \V. l 20 V ar, TV-4 J0-1 L l 

laRer dr!'mts, V-253 
negative supplv, V-445 
negat.J.ve-ion general.or, 1 V-634 
oµtoisulated driver, III-482 
photornult.1phPr supply, V-141, V-11S 
prf'regulated, III-480 
pulse supply, IV-412 
rcgulalors. lll-485 

foldback-current linuti.ng, II-478 
sohd-state. adJustable, 

TTT-486 
strnht" power supply, IV-413 
tube amplifier, high-volt isolation, 

IV-426 
ulLra hig]:1-voltagc ~encrator, II-488 

ltul.Jby circuits (see model and 
hobby cirnnts) 

holrl hntt.on, telephone, 612, II-628 
home security system.'l (see alarms, 

annuciators) 
horn, automol.Jile, 111-50. lV-54 
hom·/t,me defay sampling circmt, 

H-fifi8 
Howland current pump, II-648 
hum reducer circuit, receivers, V-34 7 
humidiL.v scnsur. ll-285-287, 

lII-266-267 
hybrid power amphfiP.r. TIT-4Sfi 

IC product detectors, IV-143 
IC timer, crystal-stabilized, 

sub!mrmoruc frequcudcs for, 
II-151 

ice formation alarm, 1-1 06, 11-G 7, 
II-fi8 

ICOM IC-2A battery charger, 11-66 
IF amplifiers, 1-690, IV-459 

AGC system, IV-45.8 
preamp, IV-460 
receiver, IV-459 
quadrature detector, TV sound IF, 

I-690 
twu-sta~c, 60 !\,:!Hz, I-563 
wideband, I-689 

ii;;rntion circrnts, automotive, V-64 
<".apa<'itor discharger, I-103 
cut-off circuit, automotive, IV-53 
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ignitions circuits, aulomotive (cun/.) 
electronic, IV-65 
substitute ignition, TTI-41 
timing light for ignition system, II-60 

ignitor, III-362 
illumination stabilizer, machine 

vision, II-306 
image cancP.ller, IH-3fi8 
immobilizer, II-50 
impedance checker, V-136 
impedance converLcr, high-Lo lCJw, 

I-41 
impedance sensor, nanoampere, I 00 

megohm input, I-208 
mdicators (see measurement/test 

circuits) 
in-use indicator, telephone, II-629 
inductauce meter, lineat', V-316 
induction heater, ultrasonic, 120-

KHz fi00-W, III-704 
inductors 

active, I-417 
simulated, II-199, V-180 

infrared circuits (see also light­
contrnllecl circmts; rf'mote 
control devices), II-288-292, 
III-271-277, IV-210-228, V-223-
220 

data link, I-;341 
detector, IJ-289, III-276, IV-224, 

V-225 
emitter driw, puL~ed, II-292 
fan controller, IV-226 
filter circuit, narrow-band, V-18!.l 
headphone rccdver, V-227 
headphone transmitter, V-227 
TR pulse-to-aurlio conv!'!rtf'r, V-224 
laser rifle, invisible pulsed, H-291 
long-range object delcdor. Hl-27:3 
loudspeaker link, remote, l-343 
low-noise detector for, II-289 
object detector, long-range, TTT-278 
pPopl!"-detPctor, IV-225 
preamplifier for IR photodiode, 

V-226 
proximity swiLch, infrn.rcd­

adivated, lV-345 
receivers, I-342, II-292, IH-274, TV-

220-221, V-226, V-229 
remote A/B sW1tch, V-225 
remote controller, I-342, IV-224. 

V-229 
remote-control analyzer, V-224 
remote-control testH, IV-228, V-

228, V-229 
remote-extender, IV-227 
transmi.tLcrs, J-343, 11-289, JJ-290, 
JJI-274, III-276, III-277, IV-226-227 
digital, III-275 
pulsed for on/off Mnt:rol, V-228 
remote-control, I-342 
voice-modulated pulse FM, IV-228 

wireless speaker system, Ill-272, 
IV-222-223 
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injectors 
three-m-onP 8Pt.: logic: probe, signal 

tracer, injector, IV-429 
injector-tracers, 1-621, 1-522, H-500 
input, s<.,kdor:::., audio, low­

d1st.ort1on. n-:38 
input/output h11ffer, analog 

multiplexers, III-11 
. input/out.put circuits, NE602-based, 

V-055 
instrumentation amplif1ers. T-346, T-

348, T-34!'.l, I-3fi2, 11-292-295, III-
278-284, IV-229-234, V-233-235 

+/-100 V common mode range. 
III-294 

current collector head amplifier, 
II-295 

cJlfferential, T-247, I-3M, Jil-283 
biomPrlical, III-282 
high-gain, I-353 
input, 1-:J54 
variable gam, l-349 

ext.ended rnmmon-morle design, 
IV-234 

high-impedance low-drift. I-355 
high-speed, 1-354 
LM6218-bascd, hi~h-speed, V-235 
LMC6062-basecl, V-234 
low-drift/low-nmsP ck amplifier, 

IV-232 
low-signal level/high-impedance, 

1-350 
low-power, !ll-::l84 
mcte1 driver, II-296 
preamp!'. 

osrilloscopf', IV-230-231 
thermocouple, III-283 

precision FET input, 1-:J55 
saturated standm·d cell amplifier, 

H-296 
stram gangt>, IH-280 
triplt> op amp, 1-347 
ultra-precision. III-279 
variable gain, differcnLral input, J-349 
very high-.i.rnµedwce, I-354 
widebwd, III-281 

mstrurnentation meter dnver, TT-29fi 
intPgrators, Tl-297-300, III-285-286, 

V-23\J-237 
active. inverting buffer, 11-29!.l 
JF.tJT ac coupled, Ll:-200 
gamma ray pulse, 1-536 
long trnw. JT-5100 
low-drift, 1-423 
norunverting, improved, 11-2!.!8 
photocurrcut, II-326 
programmable reset TTI-286 
ramp generator, m1t1al rond1trnn 

rPset, ITJ-fi27 
resettable, III-286 

intercoms, I-415, II-301-303. Hl-287-
292, V-238-240 

bidirectional, III-290 
carrier current, J-146 

ham!s-off, III-291 
party~line, II-303 
pocket pager, lU-288 
telephone-intercoms, JV-557, 

V-239, V-240 
two-way. lli-292 
two-wire design. IV-2:35-2!)7 
voicc-activai,ed, one-way, V-239 

.i.rttercoms (see nlso telephone­
related c1rcmts), V-238 

mtPrfaceB (,~ee a}.so computer 
circuits), IV-238-242, V-241-244 

680x. 650x, 8080 families, llJ-98 
amateur radio transceiver, relay 

mterface, V-243 
audio-to-ADC interface, V-242 
cassettf'-to-telephone, III-618 
CPU interface, one-shot design, 

IV-23U 
DVM, Lempemture sensor and, 

11-647 
FET dnveL low--lPvel power FET, 

IV-241 
fiberopLic, II-207 
keyboard matrix .i.rtterface, IV-240 
logic-level translators, JV-242 
microcomputer-t.o-triac intf'rfar.e, 

V-2-11 
optical sensor-to-TTL, III-314 
optocouplers, V-406-407 
optoisolalors, V-406-407 
preamp nx:l'iver interface, V-24:3 
process control, I-30, V-242 
remote-control trnnBmitter 

mterfacf'. V-511 
tape recorder, II-614 
telephone 
audio interface, V-612 
telPphonP-lim'! mterface, V-605 

video mterface with sync stripper, 
V-659 

interrupter, grolmd foult. l-580 
.i.ritcrval tiin<.'r, low-power, 

microprocessor programmable, 
II-678 

mtrndPr-rlPtet.tor, light-beam 
activated, V-11 

preamp, V-13 
mverters, lll-W:J-298, V-~45-247 

250 watt, V-246 
dc-to"ae. V-247 
dr-to-ddar, 1-208 
digital, V-246 
fast_ I-422 
fixed power supplie!'.. 12 V mput, 

lV-395 
flip-flop, ITT- I 03 
fluoreBcent lamp, 8-W, III-306 
frequency inverter, III-297 
lugh-voUage, IU-484 

40 W, 120 V ac, IV-410-411 
low-power, fixed power supphf:B, 

TTT-466 
on/off swit.<'h, HI-594 



picture, video circuits, JH-722 
power, III-298 

12 VDC-to-117VAC at 60 Hz, 
III-294 

mediwn, III-296 
MOSFET, III-295, V-247 

rectifier/inverter, programmable 
op-amp dt'\sign, TV-364 

ultrasonic, arc welding, 20 KHz, 
lll-700 

val'iable frequency, complementary 
output, III-297 

volt.age, precision, III-298 
inverting amphfiers, f-41-42, III-14 

ac, high-gain, I-92 
balancing circuit in, I-33 
gain of 2, lag-lead compensation, 

UHF, I-566 
low-power, digitally selectable gain, 

II-333 
power amplifier, I-79 
programmable-gain, III-505 
umty gain ampliiicr, I-80 
wideband unity gain, I-35 

ion generator, V-248-249 
isolated feedback power supply, 

lII-460 
isolation amplifiers 

capacitive load, I-34 
level shifter, I-348 
medical telemetry, T-352 
rf, II-547 

isolation and zero voltage SW1tching 
logic, II-415 

isolation trarnsformer, V-349, V-470 
isolators 

analog data-signal transmission, 
TV-133 

digital transmission, II-414 
stimulus, IU-351 

J 
JFET 

ac coupled-integrator, III-200 
amplifiers 

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

chopper circtnt, V-352 
headphone audio slgna.l amplifiers, 

V-57 
preamplifier, V-22 
source follower, V-20 
voltmeter, V-318 

Jitter suppression, V-342 

K 
kaleidoscope, sonic, V-548-549 
Kelvm thermometer, I-655 

zero adjust, III-661 
key illuminator, V-333 
keyer, electronic: CW "bug" keyer, 

V-102 
keying circuits, lV-243-245 

automatic operation, II-15 

automatic TTI. morse code, l-25 
CW keyer, TV-244 
electronic, I-20 
Jrequency-shifL keyer, IV-245 
negative key line keycr, IV-244 

L 
lump-control circuits (see 

~hts/lig.ltL-activated and 
controlled circuits) 

laser circuits (see also lights/light­
activated and controlled 
circuits; optical drcmts), TI-313-
317, III-309-311, V-250-254 

diode sensor, lV-321 
dischar~e current stabilizer, 11-316 
gun, visible red, III-310 
hand.held laser, V-252 
light detector, II-314 
power supply, IV-636, V-251, V-254 
hi,lsh-voltage, V-253 
with starter circuit, V-252 

pulsers, laser diode, I-416, III-311 
receiver, TV-368 
rifle, invisible IR pulsed, II-291 
simulated Laser using LED, V-253 

latches, V-356 
12-V, solenoid driver, III-572 
comparator and, JTI-88 

latching relays, de, optically 
coupled, III-417 

latching switches 
double touchbutton, 1-138 
SCR•replacing, III-593 

LCD display 
7-segment, V-Hiri 
fixed-power supply, lV-392, IV-403 
large-size, V•l64 

lead-add batteries (see a!,so battery-
rf;lated circuits) 

battery chargers, 111-55 
life-extender and charger, lV-72 
low-battery detector, III-56 

leading-edge delay circuit, III-147 
LBD circuits 

7-segment, V-166 
ac-power mdlcator, TV-214 
alternating flasher, TIT- I 98, III-200 
back-bia.<Jed GaAs LED bght 

sensor, II-321 
bar graph driver, II-188 
bat.t.ery-charger test circuit, V-89 
brightness, I-250 
Christmas tree light fla.~her, V-197 
conunon-cathode display, V-167 
driver, emitter/follower, IV-159 
flashers, V-195, V-196 
alternating, m-198, III-200 
Christmas tree hghts, V-197 
control circuit, TV-183 
dark-activated, V-195 
driver, V-194 
mult1vibrator design, lV-182 
PUT used in, II-239 

ring-around, III-194 
sequential, reversible-direction, 

lV-182 
three-year, III-194 
UJT used m, IL.281 

frequency comparator, II-110 
~ht sensor, back-biased GaAsFET, 

H-321 
leading-zero suppressed display, 

V-165 
matrix display, two-variable, HT-171 
millivoltmeter readout, lV-294 
multiplexed common-cathode 

display ADC, III-764 
pant=!l meter, UI-347 
peakmeter, III-333 
ring-around flasher, III-194 
RS-232C, computer circuit, III-103 
simulated-las<.'r circuit, V-253 
three-year flasher, llI-194 
voltmeter, JV-286 
VU meter, JV-211 

level, electronic, II-666, IV-329 
level controllers/deLectors (see also 

fluid and moisture), ll-174 
alann, water, 1-389 
audio, automat1<', 11-20 
audio (ALC), V-60-62 
cryogenic fluid, I-386 
hysteresis in, 1-235 
level of liquid, 1-107, 1-235, I-387, 

T-388, I-389, I-390, U-174, ll-244, 
H-246, Ill-205, III-206, III-207, 
IH-209, III-210, fV-186, lV-190, 
lV-191 

meter, LED bar✓dot, I-251 
peak, I-402 
sound, I-403 
three-step, I-386 
visual, III-269 
warnb:i.g 
audio output, low, I-391 
high-level, I-387 

level shifter, negative to-positive 
supply, I-894 

LF or HF field strength meter, H-212 
Llf receiver, lV-451 
lie detector, II-277, IV-206, V-255-25G 
li~ht-beam communication circuits, 

V-257-261 
receivers 

audio, visible-light, V-261 
i"M light-beam, V-259 
modulated light, V-258 
voice-communication, V-260 

transmittl'!rs 
audio, visible-light, V-261 
FM light-beam, V-259 
modulaLed light, V-258 
voice-co1mnunication, V-260 

light-controlled circuits (see also 
laser circmts; optical circuits), 
II-304-812, 11-318-331, III-312-
319, V-262-283 
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light-controlled circuits (rm,t.) 
860 W limitf'rl-rang;:- hght controL 

I-376 
alarms, V-U. V-273 

d.urk-activateu alarm, pulsed 
V 13 

hgh-outpnt, pulse-tone. V-14 
precision design, V-12 
self-latch, lone oulpuL, V-15 
wilh hystcrcc;is, V-14 
with latch, V-12 
light-beam intmdi-r-det.ect1on. 

V-11, V-13 
ambient-light cancellization circuiL, 

II-328 
ambienl-JighL ignorirl,M uµtical 

sensor, III-41!3 
audio oscillator, light-sensitnre, 

IH-81S 
back-biased GaAs LED sensor. 

11-321 
b1uck Jig.ht, battery-operated, V-281 
logarithmic light, I-366 
optical mt;,m1ption sensor, IV-366 
hattery-powered light. capaciLrutcc 

operated. I-131 
bnghi.ncss control, 1-:J77, IH-316 
cu.rµort ll,g.ht, automati.c, 11-:308 
chaser light,s, sequemiaJ act1vat1on, 

IV-2:il, TV-2fi2 
Christmas light driver, IV-254 
Christmas tree lights sequencer, 

V-264-265 
compkm1cntary, I-372 
controller, IV-252 
cross fader, II-~12 
detectors of light, I-362, IV-36U 
dimmers, I-06!.i, H-:30!.l, IV-247, 

JV-249, V-266 
800 W, II-309 
CMO8 touch dimmer, V-270 
de lamp, II-307 
four-quadrant. IV-248-249 
halogen lamps, HI-300 
heu~ht, II-57, II-63 
lov .. -cost. 1-873 
phasP-eontrolled, V-2fi7 
soft-start, 800-W, 1-376, III-304 
tandem, II-312 
triac, I-375, u-:Jrn, m-:Jo3 

ilissulver, solid-state, IIl-304 
tlrivers, lamp drivers, r~380 

flip-flop independent design, 
IV-160 

low-frequency flasher/relay, I-300 
MOS lamp driver, V-269 
optical conphng, HT-418 
neon lamps, I-379, V-270, V-459 
short-circuit-proof, II-310 

emergency light, I-378, 1-581, il­
::l~0, IU-:Jl 7, lll-415, lV-250 

expo::;ure meter, photo enlarger, 
V-438 
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flame monitor. ITI-313 
flasher. dark-activated, V-HJ5 
flood.lamp power, 1-373 
fluorescenl-lamp high-voltage 

power supplies, lV-411, V-444, 
V-447 

h.tlogenlamp protector, V-271 
holiday lights seqllencPr, V-2fi4-

265. V-264 
irKhcator-lamp driver, optically 

coupled, Tll-41.8 
i.n.frared cirq1its (.~Pe mfrarf'd 

circuits; remotP mntrol) 
interruption dPt.Prt.or, I-:-!M 
llwerter. fluorescPnt., 8-W, UI-306 
key illurnmator, V-833 
LRDs LED r:1rcrnts) 
levPl ofllght., 1-~€\fi.1-:-167, I-376, I­

~77, I-880, I-389, III-!H3, III-316 
life-extender for lightbulbs, HI-302 
light -hulb changer, automatic 

design, lV-253 
lights-on warning. IV-58. IV-62, 

lV-250 
light-seeking robot, Il-325 
logarithmic lighL sensor, 1-366 
logic circuit, l-3tl3 
machine vision illumination 

stabilizer, Il-306 
nrn.rkPr light, TH-817 
meters. Jight-metns. 1-882, T-383, 

V-305 
pholo enlargers, V-434-435 

modulator, III-302 
monosLabk photocell, selJ-acljust 

trigger, Il-:JW 
mooring light, aulom.at.k, H-:J23 
neon light drivers, l-37tl, V-270, 

V-459 
rught lights 
automatic, I-360. III-306 
t.elephone-rnntrolled, III-604 

on/off relay, T-366 
ow'uff reminder 

aui,omolive lights, I-109 
with ice alarm, 1-106 

one-shot timer, III-317 
optical interruption sensor, IV-366 
osc-illator. light-controlled, V-279 
outdoor lighr, rontrol, V-275 
phase control, II-:308, 11-80G 
photo ala.rm, IT-:319 
photocell, monostable, self-adjust. 

triJ;(ger, Il-:329 
photonment mtegrat.or, H-326 
phoi.odiode ::;erIBor amplifier, II-324 
photoeleclric controller, 1V-!J69 
photoelectric sensor. V-'t.77 
photoelectric switches, II-321, 

II-32(L III-319 
phototr:ms1st.or, V-279 
porch light control, V-266, V-276 

projector-lamp voltage regulator, 
TT-305 

power outage light. line-operated, 
HI-415 

pulsc-gcnernllon iuter!'uption, 1-857 
relays. 1-366, V-275, V-278, V-279 
rPmotf>-rontroller, I-370 
rohot 

eyes, II-327 
llghl.-scc.king robot, II-325 

rwuun~ li,i:(ht sequencer, V-269 
<;e11sors, I-:367 

amh1ent-hght ignormg, III-.413 
har,k-btased GaAs LED, II-321 
logarithmic, I-366 
multiple-inpui,, V-27:J 
optical sensor-Lo-TTL interface. 

III-314 
photoelt>ctrit:, V-277 

sequencer, V-263, 
holiday lights, V -264-265 
pscudorandom, III-301 
runnmg light, V-2fi9 

shimmering hght, V-268 
short-c1rctrit prooflamp driver, 

11-310 
signal condiLioner, pl1otodiode 

dcsigu, H-:J!JO 
solid-state light sourr.As, V-282-283 
soum!-cont.rolled hghts, 1-609, V-552 
spPerl rontroller. IV-247 
strobf" 
high-voltage power supplies, 

lV-413 
photo strobe, V-435, V-437 
trigger, V-4:16 
variable, III-589-590 

sun tracker, Ill-:318 
swiLchcs, H-:320, III-314 

acljustable, T-:362 
capacitanf'.e switch. 1-132 
dark-activated. V-274, V-276 
hght-/da.rk activated. V-274 
light-activaled, self-1.ai.chi.ug, V-278 
lighL-<.:ontrnlled, III-314 
photoelectric, II-:321, Il-:326, 

JH-:319 
solar triggPred, III-318 
zero-point triac, II-311 

tarry light, I-579 
Lelephonc in-u;:;e l.iJ:(ht, II-625 
three-way lif4h.t control, lV-251 
touch lamp, thrf'f'-,vay, IV-247 
triac circuit, V-268 
triac controller, V-267, V-271 
triac switdt, inductive load, TV-253 
turn-off circmt, SCR capacitor 

design, 1V-2f"i4 
t,v1hght.-tngg1,red..circuit, II-322 
video, low-level video IF amplifier, 

I-687-68!} 
volLagc regulator for projection 

la.mp, 11-305 



wake-up call hght, II-324 
warning lights, II-320, llI-317 

lig.hl-scckir1g robot, ll-325 
hmit comparators/detectors, 1- 156, 

llt-106 
alarm, high/low, I-151 
double ended, 1-~;J0, 1-2:.l:J, 1-156, 

ll-105 
micropower, I-155 

frequency-hm1t dPtector, Il-177 
hmiters, III-320-322, IV-255-257 

audio limiter, V-335 
clipper/limiter, IV-355 
low-dislorlion, U-15 

uynarnic noise reduction circuit, 
III-321 

holcl-r.nrn=mt, solenoi<l dnver, 
III-573 

noise, III-321, II-395 
one-zener design, IV-257 
output, III-322 
power-consumption, TII-572 
transmit-time lim1ter/t1mer, IV-580 
voltage limiter, adjustable, IV-256 

line amplifiers, III-37 
duplex, lclcphonc, Hl-616 
LuLivcrsal desi.,l."ln, IV-39 

line drivers, I-262 
[>0-ohm transmis;:;ion, TI- 192 
GOO-ohm balanced, II-Hl2 
audio signal amplifiers. V-54 
full rail excursions in, II-l!J0 
high-output 600-olun, ll-1!.l3 
syudtroni:i:ed, lll-174 
video amphlier. III-710 

hne-dropont dPtertor, IJ-98 
!me-frequency square wave 

generator, II-5DU 
line receivers 

cli.gital data, III-.534 
low-cost, TTI-G32 

line-sync, noise immune 60 Hz. 
II-367 

line-current detector/monitors, 
111-341 

optically coupled, lll-414 
line-hum touch switch, III 664 
lme-synchromzed dnver circuit, 

ITI-17'1 
line-voltage announcer, ac, III-730 
lme-voltage monilor, 111-511 
line-vollagc-to-multimeter adapter, 

V-312 
linear amplifiers 

2-30MHz, 140W PEP amateur 
radio, J-555 

100 W PEP 420-450 MH:i: push-pull, 
I-554 

160 v..r PF:P broadband. T-556 
amateur radio, 2-30 MHz 140-V/, 

III-260 
audio power amplifiers, V-51 
CMOS ir1verlcr, ll-11 

inverter. linear amp from inverter. 
11-11 

rfampW"iers 
6-m. 100 W, IV-480-481 
908 MHz, IV-484-485 
ATV. 10-to-15 \V, IV-481 

liriear couplers 
ac analog, II-412 
analog, ll-413 
rlr., TI-411 
optocoupler, instrumentation, II-417 

linear IC siren, III-664 
linear ramp generator, 11-270 
link, lll.H:roptic, 111-179 
hqwd-level detectors (see fluid and 

moisture detectors) 
lithium batteries 

charger for. II-67 
state of charge indicator for, II-78 

Jillie dipper dip mcler, ll-18:J 
loacl-sensmg circuits, V-284-285 
locator, lo-parts treasure, T-40!'.l 
locks, electroruc, II-194-197, 

IV-161-163 
combination. I-583, ll-1U6 
digiwl CllL!Y lock, IY-162, V-157 
keyless desi.,l."ln, IV-163 
three-dial combination, Jl-195 

locomotrve whistle, II-G89 
logarithrruc amplifiers. 1-29. I-35, II-8 

de to video, I-38 
log-ratio amplifier. 1-42 

logariUmuc converlcr, fasl, 1-16\.l 
Jogaritlrnuc li.,l."lht sensor, I-366 
logal'itluruc sweep VCO, ITI-7:38 
logic/logic c:1rc:111ts 

amplifiers. logic amplifiers, 
11-3'.J:J-336 

low-power bimuy, to 10n gain 
low-frequency, Il-333 

lmv-power mverting, digitally 
selectable gain, II-333 

low-power noninverting, digitally 
selectable inpul and gain, 11-334 

precisioll, digitally µrugranmw,ble 
irtput wd gain, II-3!35 

programmable amplifier, II-3:34 
:rndihlP pul;:;es, II-34fi 
convnter, TTL to MOS, I-170 
four-state. single LED indicator. 

ll-361 
bu.lation and :i:cro voltage 

.wntchmg, TT-4\G 
lPvel shifter, negat1ve-to-pos1tive 

supply, I-394 
lig.hl-aclivalcd, 1-393 
line monitor, III-108 
overvoltage protection, T-517 
probes, logic prohe;:;, T-G20, T-fi2G, 

I-:i2o, IV-430-431. IV-434 
CMOS, I-523, I-626, III-499 
digital, 111-4D7, V-310 
four-way opcrnlion, IV-432 

memory-tester, installed, I-525 
sir1gle-JC design, lV-4:J:J 
three-in-one set: probe, signal 

trnrn, lllJPC:tor. IV-429 
pulse generator for logic-

troubleshooting, IV-436 
pulser, 111-520, V-489 
signals. long delay line for, III-107 
t!c;stPrs 

audible, III-343, V-313 
TTL. I-527 

translators, logic_-level translators, 
lV-:M2 

long-duration tiruer, PUT, II-675 
long-range object detector, III-273 
loop antennas 

3.G MHz, IV-12-13 
dual band, 80-160 m, V-32 
preamp, V-38 

loop trallsmitter, remote sensors, 
III-70 

loop-r,hrn vidPO amplifin, TV-(iJ(i 
loudness controls, II-46, II-4 7 

amplifier, loudness amp, Il-46 
balance mnplifier wilh, 11-395 

loudspeaken, 
coupling circuit, J. 78 
horn as loud;:;peakn, IV-fi4 
protector circuit. V-483 
remote link, I-343 

low-d.Istortion input selector for 
aud.J.o use, ll-38 

low-frequem:y·uscillators, Ill-428 
crystal, I-184, II-146 
oscillator/flasher, TT-234 
Pierce oscillator, III-133 
TTL oscillator, II-595 

low-puss filters, 1-287 
active, V-178, V-181. V-188 

digitally sPlPctPd break frpqnPnry, 
II-2Hi 

fourth-order, V-184 
Butterworth, V-180, V-181 
Chcbyshev, fifth-order, multi­

feedback, II-219 
clock-tunable, monolithic, lmV, 

V-187 
pole-active, I-295 
fast-response, fast settling, 

IV-168-16U 
fast-scitlirig, precision, II-220 
precision, fast settling, II-220 
8allen-Kiey 

lQ kHz, I-279 
active, IV-177 
equal component, I-292 
second order, I-289 

seconcl-or<ler, V-188 
second order Sallen-Key, I-289 
unity-gain·second-order, V-187 
variable, V-186 

low-volt..age alarm/indicalor, 1-224, 
II-493, III-769 
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low-voltage power disconnector, U-l:l7 
LVDT circuit.s, U-336-:J:)9, Ill-323-324 

til'iver demodulator, II-3:37 
signal conditionf'r, Il-338 

M 
machine vision, illumination 

stabilizer for, ll-306 
magnetometer, H-341 
magnets 
current sensor, magnPt.k rnrrents, 

HJ-341 
electrom.a.gnetic-field sensor, V-308 
permanent-magnet detector, IV-281 
preampli:fiers, magnelic, 1-89, 1-91, 

111-37, m-673, IV-35, IV-36 
proximity sensor, V-308 
transducer, magnet11' transclucer, 

1-233 
mains-failure indicator, IV-216 
marker generator, lll-VJ8 
ntal'ker light, III-317 
mathematical circuits, rn-325-327, 

JV-2fi8-263, V-286-288 
adder circuits, III-327 

binary, fast-acLion, JV-260-261 
divider circuits, IV-150-156 

binary chain, I-258 
clivide-by-2-or-3 rircuit, IV-154 
d1virle-hy-N 

1+ GHz, IV-155 
1.5+ divide-by-n, IV-156 
CMOS programmable, 1-257 
7490-tlivided-by-n, IV-154 

dlvide-by-odd number, TV-153 
frequenry dw1ders, [-258, II-251, 

II-254, III-213-218, IH-340, III-768 
1.2 GHz. lII-lW 
10-J\Uiz, 111-126 
clock input, TV- 151 
decarlP, l-2fi9 
dtvirl.--hy-1.5, III-216 
low-cost, III-124 
low-frequency. 11-25:J 
preamp, 111-128 
µrog.rammable, IV-152-153 
staircase- generator and, T-730 
tachometer anrl, I-810 

odd-number counter and, III-217 
one trim, III-326 
pulse, nort-i.ntegcr progranuuable, 

Il-511, III-226 
minimum/maximum selector, four­

input, V-332 
multiplier circuili;, IV-325 
loV'i-Jrequ~ncy 11tLuu,.,wc,1. IV-325 
precise commutating amp, 

TV-262-26:3 
voltage multipliers, IV-631-637 

2,000 V low-current supply, 
IV-636-637 
10,000 V de ~upply, TV-633 
corona wmd gPnf'rat.or, TV-fi8~ 

doubl,mi, III-1fi9, IV-63fi 
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cascaded, Cockcroft-Walton, 
JV-635 
triar.-r:ontrolled. III-468 

laser power supplv, IV-636 
negalivc-ion generator, h~h­

voltage, IV-6:34 
triplPr, low-current, IV-637 

polar-to-rectangular 
converter/pattern general or, 
radio di, V-288 

polynomial generator, V-287 
root extractor, V-207, V-2RR 
slope integrator, programmable, 

JV-2fi9 
subtractor, III-327 
MC1330/MC1352 television ff 

amphlicr, 1-688 
measurement/test circmt.s (see a,lf~D 

monitors; probP.s), IJ-:l10, 
HI-268-270, III-328-348, JV-210-
218, IV-264-311, V-230-232, 
V-280-~21 

100 K megaohrn de, T-524 
3-in-1 test set, UI-880 
ahsolntP-valut" drr.uit, IV-274 
ac hot wire, I-581 
ac-current indicalor, IV-290 
ac-powcr indicator, LED display, 

IV-214 
ac/dc indicator, TV-214 
ac outlet tPstf'r, V-318 
ar: ,,.,,ring locator, V-317 
ac-watts calculator, V-304 
acoustic-sound receiver, IV-311 
acoustic-sound transmitter. IV-311 
activity tester, crystal osc1llators, 

V-1'.i8 
alarm and, I-337 
altimeter, digital, V-W6 
anunctcr, low-current, V-307 
anemometer, hot-wire, Tff-242 
audible logic tester, HI-843 
audihleTTL, I-G24 
audio frequency meter. I-311, 

V-305, V-320 
audio millivolt, Hl-767, 111-769 
audio power, 1-488 
audlo-rf signal tracer, I-527 
automatic contrast, l-4 79 
antomotivr; r;lectrical tester, IV-45 
automotive-temperature indicator, 

PTC thermistor, 11-56 
ll-fidd measurer, IV-272 
balancP inclicator, IV-215 
balance meter for stereo, V-583 
barometer, JV-273 
baltcry indicalors/testers, 1-108, 

I-121, l-122, I-124, V-74, TV-78, 
IV-79 

heat frequency, 1-336 
breath alert alcohol tester, III-358 
broadband ac active reclilkr, lV-271 
buzz box continuity checker, f-551 
cable tester, JII.539, V-299 

calibrator (see calibrators) 
capacitance buffer 

low-input, llJ-498 
stabilized low-mput, HI-502 

capacitam:f> mf't.erR, I-400, IJ-91-94, 
IIJ.75-77 

AID, 3.5 digit, Ill-76 
capadlarn.:c-to-volta.ge, II-92 
digital, II-94 

capacitor testers, IV-265, IV-279, 
V-306 

clamp-on-current compensator, 
II-501 

CMOS logic, J-523 
continuity tester&, 1-550, I-551, 

II-:342, II-533, II-5:34, TJ-G35, 
TH-345, IJI-538-540, IV-287, 
IV-289, IV-295, IV-296, V-293, 
V-317, V-3Hl 

crystal lci;ter, 1-178, I-186, II-151, 
V-139 

cmrent met.em anrl monitors, 
I-203, II-152-157, III-338 
ac current indicator, IV-290 

current sensing in supply rails, 
II-153 

electrometer amplifll"r with 
overload protection, II-155 

Hall-effect sensors, III-255, IV-284 
high-gain current sensor. IV-291 
picoammeter, 1-202.11-154, ll-157, 

lil-338 
guarded input. H-156 
ran,ge ammeter, s1x-dt"carle, 

Jl-15;3, ll-1511 
curve tracer, I-397, IV-274, V-300 
CW offset indicator, JV-21:J 
dcvialion meter, IV-303 
dial pulse, TH-fil:1 
digital frequency meter, IH-344 
digital multimeter (DMM), IV-291, 

V-291 
digital volLmclcrs ([WM), III-4 

:J.5-digit, I-713, III- 761 
3.75-cli,l(it, I-711 
4.5-digit, J-717, JJJ-760 
aria.pt.er for PC, V-310 
auto-calibrate circuit, I-714 
automatic nulling, 1-712 
interface and temperature sensor, 

11-647 
LED readout, 1V-2fit1 
temperature sensor and DVM, 64 7 

diode tester, I-401, 1-402, I-406, 
11-34:.l, 111-402 

dlp meters, r-247, II-182-183 
bandswit<'.hecl, IV-298 
hasic grid, I-247, IV-298 
dual gate IGFET, I-246 
little dipper, ll-183 
varicap tuned FET, 1-246 

d.1.l'eetion-of-rotation circuit, Irr-335 
d1ode-rurve trarer, TV-274 
d1odP-matchmg circuit, IV-280 



dosage rate, I-534 
driver, meter-driver rf amplifier, 

I-MHz, lll-545 
duty-cycle meter, lll-329, IV-~65, 

rv-27fi, rv-280 
dwell meter_ I-102, III-4/'i 
E, T, and R measurement/test 

circuits, 1 V-233-296 
electrolytic-capacitor reforrn.i.ng 

circuit, rv-276 
electromagnetie-field sensor, V-308 
electrometer, TV-277 
electrostatic detector, IU-337 
energy consumption monitor, V-290 
expanded-scale analog meters, II-

186, III-774, IV-46 
FET probe, IIT-501 
FETvoltmeter, IH-7f\G, 111-770 
field-strength meters, II-208-212, 

lll-182-183, IV-164-166, 
V-174-176 

L5-150 MHz, I-275 
adjustable sensitivity indicator, 

l-274 
high-sensitivity, II-211 
LF or HF, 11-212 
microwave, low-cost, 1-273 
rf sniffer, H-210 
sensitivi>, 1-274, rTI-183 
signal-strength mr>ter, TV-166 
transmission indicator, II-211 
tuned, l-276 
UHF fields, lV-165 
untw1ed, I-276 

filter analyzer, audio filters, IV-
309 

flash exposure meter, I-484, III-
446 

frequency counter, Hl-340, IV-300 
frequency meters, I-310, Il-249-

250, TV-282, TV-301 
analog, V-307 
audio, l-311 
linear, l-310 
low-cost, II-250 
power, II-250 
power-lme, 1-311 

frequency shift keyer tone 
generator, I-723 

geiger counters, I-536-537, II-489, 
11-514, V-217-21!) 

geneml purpose rf detcclor, II-500 
go/no-go test circuits, I-401, I-157 
grid-d:tp meters, I-247, JV-298 
ground, I-580, 11-345 
~ound-noise, baUery-powered, 

III-500 
hamionic distortion 

analyzer, V-291 
meter, V-312 

impedance checker, V-136 
in-115e indicator, telephone, H-629 

inductance mcLer, linear, V-316 
mfrared detector, !ow-noise, II-289 

injectors, JV-429 
high-frequency and rftester, 

IV-297-30;1 
LC checker, HI-334 
LL!:D melcrs, 1-251, HI-347 
level indicator:; (see fluid aud 

moisture, level) 
line-current monitor, IH-341 
light meters, I-382, I-383, V-302 
line-voltage-to-multimeter adapter, 

V-312 
logic probes, L-520, 1-525, 1-526, 

TV-430-431, TV-434 
CMOS, I-523, I-526, lll-499 
cligltal, III-497, V-310 
four-way operation, JV-432 
memory-tester, installed, I-525 
smi,:ile-IC design, JV-433 
three-in-one test set: probe, signal 

tracer, inJ1-ctor, JV-429 
logic tester, I-527, II-34fi, m-34.:1, 

V-313 
low-curre11t measurement, III-345 
low-ohms adapter, ·rv-290 
low-voltage, lTI-769 
magnet/magnetic detectors, UJ-

341, TV-266, JV-281, V-308 
magnetometer, II-341 
I1tai11s-failure indicator, TV-216 
measuring gauge, linear variable 

differential transformer, 1-404 
meter tester, rv-270 
metronomes, T-411-413, II-353-355, 

III-353-354, JV-312-314, V-392 
microammeter, de, four-range, 

lV-292 
micmfarad cow1ter, IV-275 
microvolt, H-499 
millivoltmeters, III-767, III-769, 

IV-289, rv-294, rv-295 
ac, l-716 
audm, III-767, lll-769 
de, TV-295 
four-range, lV-289 
high-input impedance, T-715 
LED readout, IV-294 

modulation monitor, III-375, TV-299 
mono audio-level meter, IV-310 
motion sensor, wtidirecUonal, 

11-346 
motor honr, 111-:140 
multiconductor-cable tester, 

IY-288 
multi.meters, lV-291, IV-293 
nmse generator, TV-308 
ohmmeters, T-fi49, IIT-540, TV-290 
On indicator, rv-217 
on-lhe-air, Ill-270 
op-amp de offset shift tester, 

V-319 
optical light probe, IV-!369 
osdllosrnpe adapter, four-trace, 

IV-267 
overspeed, I-108 

overvoltage protection. T-150, 1-
517, II-96, II-107, II-496, II-513, 
lH-762, lV-380 

paper sheet discriminator, copyi.ng 
mar.hines, TTT-339 

peak detectors, II-174, 11-17.S, n-
434-436, Ill-771. TV-138. IV-143 

analog, with d.igilal hold, III-153 
decibel peak meter, Hl-348 
digital, TH-160 
htgh-handwidth, TH-lfil 
high-frequency peak, TT-17fi 
high-speed peak, I-232 
LED design. peak meter, III-333 
level detector, 1-402 
low-drift, III-156 
negatiw, T-225, 1-234 
op amp, TV-145 
positive, I-225, I-235, II-43:i, 

Hl-169 
true rm&, I-228 
ultra-low-dnft peak, l-227 
voltage, precisi.on, 1-226 
wide-bandwidth, JJI-162 
wide-range, III-152 

pH tester, 1-399, lll-501 
pliase detection/rnanipulalio11 

circuits 
detectors, I-40fi, I-476, IJ-344, 
_ II-439, II-441, II-442, 111-440-442, 
IV-127 
10-bit accuracy, ll-176 
digital VOM, IV-277 
phase-dif.ferem.:e dclcclor, 0- to 
180-degree, II-344 

phase selector/sync 
rectifier/balanced mndulator, 
111-441 

sequencers, phase sequence. 1-
476, 11-437-442, IH-441 
re circuit, phase sequence 
reversal detection, II-4:-18 
reversal, re circuit to detect, 
H-438 
three-phase lester, ll-440 

shifters, phase shillers, lV-647 
0-180 degree, I-477 
0-360 degree, T-477 
single-transistor design, 1-476 

splitter, precision, Ill-582 
tracker, three-phase square wave 

generator, 11-598 
picoammetns, l-202, ll-154, Ill-338 

circuit for, II-157 
guarded input circuit, H-156 

polarity .indicator, V-2::11 
power gam meter, 60 MHz, 1-489 
power line frequency tester, I-311 
power meter, 1-489 
power supply test load, ronst.:mt­

current, IV-424 
prcscalcr, 660 MHz amplifying, 

II-502 
pressure gauge, digital, V-314 
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measurement/test circuits (canl ) 
probes, 4-to-220 V, HI-499 
proximity sensor, magnetic, V-308 
pulse-width meter, lII-336 
QRP SWR bridge, III-336 
RC decade box, V-294-295, V-294 
rece1vcr-sigual alarm, III-270 
reJlectometer, I-16 
remote-control infrared device, 

fV-228 
resist.a.nee measurement, ll-342, 

!V-285 
resistancdconti.nuity meters (see 

continuity tester, above) 
l'f bridge, V-303 
rf output indicator, IV-299 
rf power indicator, I-16 

wide-range, m-332 
rf probe, I-523, III-498, Ul-502, 

!V-433 
rf test oscillator, V-412 
rfvoltmeter, III-766 
rf-actuated relay, JII-270 
S meter for communicatiow, 

receivers, V-311 
scale, electronic, V-297 
SCR testel', III-344 

short-tester, V-31:1, V-31G 
shutter, I-48:i 
signal generators, V-309 
AM broadcast-band, IV-302 
AM/IF, 455 kHz, lV-!301 

signal strength meter, III-342, IV -166 
signal tracer, IV-429, V-309 
simulated, I-417 
single mJFr.tor-tracer, II-500 
soil moisture, IH-208 
sound-level meters, Hl-346, IV-305, 

IV-307 
telephone, III-614 

sound sensor, !V-218 
sound-test circuits (see aLso sound 

generators), !V-304 
speedometer, bike, lV,271, IV-282 
static detector, IV-276 
stereo test circuib 
audio-level meter, TV-310 
audio-poWP.r meter, TII-331, IV-306 
halancf' indicator, I-618-619 
reception indicator, Ill-269 

stud finder, IU-339 
supply-voltage monitor, V-32U 
suppressed zero, T-7Hi 
SWRpower, I-16, I-22, IV-269 
tachometers, I-94, I-100, 1-102, 

II-175, 111-335, III-340, IIJ.:34 7, 
V-65, V-596-598 

analo~ readout, lV-280 
calibrated, JJJ-5!=18 
closed loop feedback control, II-390 
digital readout, II-61, III-45, 

IV-268-269, !V-278 
dwell meter/tachometer, III-45 
feedback control, II-378, lI-390 
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frequenf'y counter, I-310 
low-frequency, III-5U6 
mirumum-componcnt design, I-405 
molor speed controllers, II-378, 

II-389 
optical pick-up, III-347 
set point, III-47 

telephone 
in-use indicatm, II-629, IV-fifi0, 

IV-563 
line-tester, V-fi15 
off-hook, I-633 

temperature (see tempcrnlurc-
related circuii.s) 

temperature indicator, IV-570 
t1c:st. probe, 4-220 V, III-499 
tester, IV-270 
them-.ometers, III-637-643 
three-in-one set, logic probe, signal 

tracer, injector, !V-42!:l 
three-phase tester, Il-440 
tilt meter, III-644-646, V-302 
tone, digital IC testmg. II-504 
transistor tester, J-401, IV-281, 

V-'106 
transmitter-output indicator, N-218 
tri-color indicator, V-232 
TTL logi<: tester, I-527 
universal test probe, !V-431 
UHF source dipper, TV-299 
undervoltagP, battery operated 

equipment, J-123 
universal test probe, IV-431 
vibration meter, 1-404 
video-signal amplitude measurer, 

v-:309 
visual modulation, I-430 
VIrmal level, HI-269 
voltage level indicators, l-!335, 

I-337, 1-338, 1-718, III-758-772, 
V-301, V-:315 

voltage probes, V-474 
voltmeters, lfI-7G8 

3.5 (!igit, I-710, I-713, III-761 
4.5-digit, III-760 
5-digit, III-760 

·ac, I-716, Ul-765, III-772 
add-on thermometer for, JJT-640 
bur-graph, I-99, IJ-54 
de, HI-762, JIT-763, V-301 
digital voltmeters (DVJvl). Ill-4 

3.5-digit, common anode display, 
1-713 
3.5-diglt, full-scale, four-decade. 
IIJ-761 
3. 7fi-digit, I-711 
4.5-d:igit, III-760 
4.5-digit, LCD du;play, I-717 
auto-calibrate drcult, I-714 
automatic nulling, I-712 
mterface and temperature 
sensor, H-647 
um readout, IV-286 
temperature sensor and DVM, 647 

FET, I-714, JTT-765, fIT-770 
high-inpnt ri:;sist.ance, III-768 
.TFET, V-318 
LED expanded sc.:uk, V-311 
millivolLmcters (see 

m.l.llivoltmeters) 
rf, l-405, III-766 

voltohmmeters (VOM) 
field strength, I-276 
phase melcr, digital readout, 

IY-277 
volume indicator, audio amplifier, 

TV-212 
VOR signal simulator, IV-273 
VU meters, I-715, II-487, IU-487, 

IV-211 
watch tick timer, V-292 
water-level measurement c1Tcuit, 

IV-191 
wavemeter, tuned RF, !V-302 
wideband test amplifier, lV -303 
wire tracer, Il-34::J 
zener diode test set, V-321 
Zf..\Iler diode tester, I-400, 1-406 
zero center, FM receivers, I-338 

medical electronic circuits, Il-34 7-
.8'19, III-349-352 

biomedical instrument.at.ion 
differential amp, III-282 

breath monitor, III-350 
.bJKG simulator, three-chip, Trr-3fi0 
heart rate monitor, II-348, U-349, 

V-342 
preamphfier for, II-349 
stimulator, constant-current, lil-352 
stimulus 1solator, 1H-!351 
thermomckr, 

i.mpla.ntable/ingPst1hle, IU-641 
melody generator, single-chip 

design, IV-520 
memo alert, V-a52 
memory-related circuit~ 
.EEPROM pulse .i;ienerator, 5V­

powered, III-99 
memory protector/power supply 

momtor, IV-425 
memory-saving power supply, 11-486 

metal detectors, ll-350-352, IV-137, 
V-322-::124 

low-cost design, V-323 
micropower, l-408 
pipe d~tector, V-323 

meters (see measuremenL/Lcst 
circuits) 

metlume concentration rletFCtor. 
linearized output, TII-250 

mer,ronomes, 1-413, II-353-355, 11I-
3G3-354, !V-312-314, V-392 

top octave generator, V-393 
ac-line operaLcd u11ijunction, II-355 
accenLuatcct beat, I-411 
downbeat-emphasized, HI-3G3-354 
electronic, IV-.313 
low-power design, IV-313 



novel design, IV-314 
sight and sound, I-412 
simple, ll-:J54 
versmn IL Il-355 

mirroammPt.er, ck, four-rangP, [i/-292 
microcontroller, musical organ, 

preprogranuned singlc-dup, 
1-600 

microphone circuits 
amplifiers, 1-87, lTT-34 

elt>r:tnmic halanr:ed input, 1-86 
electret, preamp circuit, V-21 
external mic circuit for 

transceivers. V-351 
FM wireless, . .III-682, III-685, III-691 
mLXer, II-:37, V-363, V-364 
preampliflns, II-4:i, IV-37. IV-42 

low-impedance, IV-41 
tone control for, II-687 
Lnmsformcrlcss, UJ tbalartced 

mput, I-88 
transformerless, unhalanr:Pd 

input, I-88 
"'ireless, IV-652-654 
AM "'ireless, 1-679 

microprocessors (see computer 
ciremts) 

mwrovolt r.omparators 
dual limit, III-89 
hysteresis-including, III-88 

microvolt probe, ll-4!.l!.l 
microwave arnpliliers, JV-315-319 

5.7 GHz, IV-317 
bias supply for preamp, TV-318 
preamplifiers 

2.3 GHz, IV-316 
3.4 GHz, IY-316 
bias supply, IV-318 
single-stage, 10 GHz, IV-317 
two-stage, -10 GHz, IV-319 

microwave field strength meter, I-273 
MID1 (see musical eircuils) 
Miller o/:lcillator, 1-193 
millivoltmeters, III-767, III-769, 

TV-289, IV-294, IV-29:i 
ac:, I-7Hl 
audio. III-767, III-769 
de, IV-2!.l5 
four-range, IY-289 
high-input impedance, I-715 
LED readout, IV-294 

mini-stereo audio amplifiers, III-38 
minimum/maximum selector, four­

inpul, V-332 
mixers, III-367-370, IV-330-336, 

V-359-3€i4 
1- MHz, I-427 
audio, I-23, I-59, II-35, IV-336, 

V-362, V-364 
CMOS, I-57 
common-source, I-427 
d1g1tal mixer, lV-384 
chplexer, IV-335 
doubly balanced, I-427 

dynamic audio mixer, IV-331 
four-charmel, 1-56, 1-60, II-40, lll-

369, lV-333 
four-input, l-fi5, IV-334 
guitar mixer, low-noise, four-

channel, V-360-361 
HF lransceivcr/mixcr, lV-457 
hybnd, I-60 
input-buffPTPd, 1TT-'.{fi9 
local oscillator, double-balanr:ed 

mixer, V-415 
microphone, II-37, V-363, V-364 
m.ixer/oscillalor for AM receivers, 

v-412 
multiplexer, I-427 
one-transistor cles1gn, T-:i9 
passive, I-58 
preamplifier "'ith tone control, I-58 
signal combiner, Hl-368 
silent audio switchit),'(, I-59 
sound amphfiPr and, H-:17 
stereo mixer, pan controls, IV~332 
unity-gain, four-input, IV-334 
ulilily-dcsign mixer, 1V-3:J6 
w1iversal sta),"le, III-:370 
video. high-performance operation, 

IV-t'\09 
mobile eqmpment_ 8-amp regulated 

power supply, II-461 
model and hobby circuit,,, IY-337-340 

controller, modcl-lraiu and/or slot­
car, IV-338-340 

rocket launcher, TT-358 
modems 

power-line, carrier-current circuit, 
III-82 

protector, V-479, V-482 
modulated readback systems, 

disc/tape phase, I-89 
modulation indicator/monitor, I-430 

CB, I-431 
modulators, l-437, 11-368-372, 

III-371-377, V-365-367 
455-kHz, V-,'366 
+12V de- smgle supply, balanced, 

I-437 
AM, I-438, II-370 
balanced, 111-376, lll-441 
doublc-sidebarn.l suppressed-

carrier, III-377 
FM, V-3€\o, V-3fi7 
lmear pulse-width, I-437 
monitor for, III-375 
musical envelope generator, I-601 
pulse-position. 1-435, TTT-375 
pulse-width, T-435, I-436, I-438-440, 

III-376, IV-326 
rf, I-436, II-36!.l, III-372, III-374 
~aw oscillator. Ul-373 
TTL oscillator Jor television 

display, JJ-.'372 
TV, 1-439, 11-4:13, II-134 
VHF, I-440, III-684 
video, I-437, II-371, II-372 

moisture detector (see fluid and 
moisture dclcclors) 

monitors (see also alarms; flmd and 
moiRture; light-c:ontrolled 
circwts; motor control circuits, 
speed conlrollcrs; lempcralure­
related circuits; tone controls), 
V-368-372 

ar.1d ram, HI-361, V-371 
haby monitor, V-370-371 
battery monitors, 1-106, 1-222. II-

74-79, IIl-60-67, IY-7:J-80 
bird feeder monitor, V-:)71 
bl.inkit),'( phone ~ht, II-624 
breath morntor, TTT-3:i0 
currenr,, HI-2/i:i, IV-284 

alarm and, III-338 
directional signals, auw, lll-48 
door-ajar, automotive circuits, III-46 
duty c:yele, TTI-329, IV-275 
flames, III-313 
home security system, I-6 
line-current, lll-341 
line-voltage, III-511 
logic !me, III-108 
modulation, ITT-37fi, IV-299 
overvoltag protection, I-150, I-517, 

II-96, II-107, II-496, III-513, 
III-762, lY-38!.l 

power-supply monitors, II-491-497, 
III-493-495, IV-422-427 

backup supply, drop-m rnam­
act1vatPd, TV-424 

balance monitor, III-494 
booster/buffer, boosts reference 

current, IV-425 
circuit breaker, trip drCL1.it, IV-423 
r.onnections morntor, ar. lme;:;, 

III-510 
fault monitor, single-supply, III-4U5 
memory prolcctor/supply 

monitor, IV-425 
polarity-protection relay, IV-427 
SCR cleRign, IV-38/i 
test load, constant-current, IV-424 
triac for ac-voltage control, IV-426 
tube amplifier, high-vollagc 

isolation, IV-426 
voltage monitors (see voltage 

monitors) 
room morutor, V-369 

monostable multivibrators, I-465. 
lll-229, Hl-2:J0, lll-235, lll-237, 
V-386, V-387 

mput \or.kout, T-4fi4 
linear-ramp, III-237 
photocell, monostable, II-329 
positivc-lriggercd, Ul-229 
TTL, monostable operation, I-464 
UJT, monostaLle operation, 1-463 
vicleo amplifier and r:omparator, 

II-268 
mooring light, automatic, II-323 
MOSFETs 
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MOSFETs (cont.) 
amplifier, high-impedance biasing, 

V-19 
audio power amplifiers, V-47 
biasing, high-1mpe-dance method, 

V-19 
buffer amplifier, V-93 
frequcrn.:y convet·ter, V-123 
mixer/oscillator for AM receivers, 

V-412 
power control switch, IV-386 
power inverter, III-295, V-247 

mosquito repelling circuit, 1-684 
motion/proximity detectors, 

I-135-136, I-344, IJ-135, H-136, 
II-505-507, Ul-514-518, 
JV-341-.846, V-376-377, V-484-486 

acoustic Doppler motion detector, 
JV-343 

alann for, II-506 
auto alarm, 1-9 
baby monitor, V-370-371 
capacitive, III-515 
field disturbance sensor/alarm, 

ll-507 
infrared-reflection switch, IV<i45 
light-beam intruder-detection 

alarm, V-11, V-13 
low-current-drain design, 

JV-342-343 
magnetic, V-308 
microwave circuit, V-377 
motorcycle alarm, 1-9 
object detector, long-range, III-273 
optical detector circuit, V-405 
optical interruption sensor, lV-366 
people-detector, infrared-

activated, IV-225 
proximity switch, mirared-

activated, IV-345 
relay-output, IV-345 
roommonitor, V-369 
SCR alann, llI-517 
self-biased, changing field, I-135 
switch, HI-51 7 
UHF, HI-516, JV-344 
unidirectional, II-346 

motor control circuits, IV-347-353, 
V-378-381 

400 Hz servo amplifier, Jl-386 
ac motors, IT-375 
ac servo amplifier, bndge-type, 

m-387 
bidirectional proportional control, 

U-374 
blender control circuit, V-379 
compressor protector, IV-351 
de motors 

direction controls, I-452 
driver controls, 

fixed speed, III-387 
reversing, H-381 
servo, bipolar control input, 
ll-38fi 
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speed-controlled reversihlP, 
IIT-388 

fiheropt1c controls, II-206 
directwn controls 

de motors, I-452 
series-wound motors, I-448 
shunt-wound motors, I-456 
stepper motor, IV-350 

driver controls 
ac molors 

three-phase, II-383 
two-phase, I-41>6, I!-282 

constant-speed, III-386 
de motors 

fixed speed, lll-387 
reversing, ll-381 
servo, bipolar control input, II-385 
speed-controlled reversible, 
Tlf-388 

N-phase motor, II-382 
piezo drive, V-380 
PWM, V-380 
reversing, de control signals, II-381 
servo motor amplifier, I-452, II-384 
stepper motors, III-390 

half-step, IV-349 
quarLcr-slt.'P, IV-350 

l.,wo-phase, lI-456 
fiber-optic, de, vanahle, II-206 
hours-in-usP mP.ter, III-340 
induction motor, I-454 
load-dependent, universal motor, 

I-451 
rrwu-drill control, IV-348 
modd train and/or car, f-458, I-455 
phase control, hysteresis free, I-373 
piezo motor drive, V-380 
power brake, ac, II-451 
power-factor controller, three-

phase, II-388 
power-tool torque, I-458 
PWM motor controller, HI-389 
PWM servo amplifier, III-379 
PWM speed control, 11-376 
PWM speed control/energy-

recoveri.r\g brake, III-380 
self-ti.ming control, built-in, 

universal motor, I-451 
servo motor amplifier, I-452, 11-384 
servo system, III-384 
speed control (see speed 

controllers) 
start-and-run motor l'ircmt, III-382 
stepper motors, V-571-573 

half-step, IV-349 
quarter-step, IV-350 
speed and direction, IV-350 

tachometers, T-94, I-100, I-102, 
U-175, IH-33!'5, III-340, III-347, 
V-65, V-596-598 

analog readout, IV-280 
calibrated, III-598 
closed loop feedback control, 

Il-390 

digital readout, II-61, lU-45, 
IV-268-269, IV-278 

dwell meter/tachometer, III-45 
feedhack control, II-378, ll-390 
frequency counter, I-310 
low-frequency, Hl-596 
minimum-component design, I-405 
motor speed controllers, II-378, 

IT-389 
optical pick-up, III-347 
set point, III-47 

thrt'c-ptuuie controls, II-383, JI-388 
two-phase controls, I-456, 11-382 

motorcycle alann,-motion actuated, 
11-9 

mnltihurst generator, square 
waveform, II-88 

multimetcrs (see alsu digital 
multi.rneters (DMM), JV-291, 
IV-293 

multiple-input detector, III-102 
multiplexers, III-391-397, V-382-383 

1-of-8 cluumel transmission 
system, III-395 

analog, II-392, V-383 
0/01-percent, II-392 
buffered input and output, III-396 
input/output buffer for, JH-11 
single- Lo four-trace converter, 

11-431 
capacitance, JI-200, IJ-416 
common-cathode LED-display 

ADC, IH-764 
de-, Ill-394 
differential multiplexer, l-425, 

1-428, ll-428 
driver, high-speed line driver, I-264 
eight-channel mux/demux, I-426, 

II-115 
four-channel, low-cost, III-394 
frequency, III-213-218 
line driver, I-264 
mathernatJCal, one tnm, HI-326 
osc1lloscopes, add-on, III-437 
pulst'-width, III-214 
resistor, II-199 
sample-and-hold, Uu-ee-channel, 

lll-396 
two-level, III-392 
video, 1-of-15 cascaded, III-393 
wideband differential, II-428 

multipher circuits, IV-325 
capacitance multiplier, V-205, 

V-347 
low-frequency multiplier, IV-325 
photomultipliers, high-volt power 

supply, V-444, V-446 
precise commutat.ing amp, 

IV-262-263 
voltage-multipliers, JV-631-637 
2,000 V ]ow-current supply, 

IV-6~6-637 
10,000 V de supply, IV-t\33 
corona wind generator, IV-633 



doublers, lll-459, IV-635 
cascaded, Cockcroft-Walton, 
IV-6!35 
t,rlac-controllect, 111-468 

laser power supply, IV-63G 
negative-ion gencrnlor, high­

voltu,ii;e, IV-634 
tripler, law-current, TV-fi37 

multivihrator.;:,, V-384-388 
100 kHz free runnlng, II-485 
astable multivibrators, II-!::l69, 

11-510, 11-597, HI-196, III-224, 
lll-233, HI-237, III-238, V-386-388 

bistable m.ult1vibra.tors, I-133, JI-46fi 
inverter, HI-103 
dehouncer, IV-108 
flasher, I-299, II-234 
lamp driver, lV-160 
pushbutton trigger, V-388 
RS !lip-flop, 1-3% 
SCR, U-367 
SR flip-flop, N-651 
-touch-triggered, 1-133 

car battery, II-106 
CB modulation, IJ-431 
CMOS, V-385 
1:urrent, II-203 
duty-cycle, 50-percent, III-584 
free-running 

100 kHz, 1-465 
progranunable-frequency, IIJ-235 
with op amp, V-388 

low-fre(]uern·y, TTI-237 
low-voltage, IJ-123 
modulation, II-430 
monoslablc multivibrntors, 1-465, 

111.:-229, 111-230, HI-235, TH-237, 
V-386, V-387 

mput lockout, I-464 
llnear-ramp, III-237 
photocell, monostable, 11-:329 
positive-triAAered, III-229 
TTL, monostable operation, T-4n4 
UJ'T', monostahlP operation, 1°:463 
video amplifier and comparator, 

II-268 
one-shot, I-465, 1-nu, ll-~66, 

U-465, Ul-222, 111-2:38, lII-31 7, 
lll-654, V-388 

osc1L1oscope, IT-474 
sing1e-supply, III-232 
sound level, II-403 
square-wave generators, IV-536 
telephone line, CI-628 
very-low-frequency, V-:18f> 
wideband radiation, II-535 

music circuits (see also sound 
generators), V-389-3[}3 

envelope generator/modulator, N-22 
i.nsLrument tune-up, aud10 

generator, V-390 
melody circuit, V-392 
melody generator, singie-chip 

design, N-520 

metronome (see metronomes) 
Mirn recenrer, V-:192 
MIDI transnutter, V-393 
multi-tone generator, V-566 
music I!W.ker circuit, IH-360, fV-521 
musical chnnes, 1-640 
mwrn:al i>nvelope. modulator, 

I-601, N-22 
octave equalizer, V-!.15:J 
perkcl pitch circuit, V-391 
synthesizer, V-10-note, V-.561 
telephone m11s1r.-on-hold circuit, 

V-oOL V-005 
mux/demux (see multiplexers) 

N 
N-phase motor drive, III-382 
NABpreamps 

record, Hf-67~ 
two-pole, III-673 

NAB tape playback pre-amp, ill-38 
nano ammeter, l-202 
NE602 

ctr power circ-uit, V-358 
mput/output circuits, V-355 

negative-ion generator, IV-634 
neon flashers, 1-303 

five-lamp, III-198 
two-state oscillator, TTT-200 
tube, l-~04 

netwCJrks 
cro.;:,sover networks, I-172-173, II-35 
-5v, I-518 
ac/de lint's, clcx:tron.ic, I-515 
active, I-172 
asymmPtrir.al thirri order 

Butti:;rworth, I-173 
electronic circuit for, 11-36 

filter, 1-Wl 
sµeech, telephone, 11-633 

m-cad batteries, 1- I 18 
analyze;r for. 1II-o4 
<'.harger, I-112, I-116. III-57 

12 v, 200 mA per hour, 1-114 
current and voltage limitit),I!, I-114 
fast-actit1g, 1-118 
pu1t.able, fV-69 
temperature-sensing, JV-77 
thPrrnally rontrolled. II-68 

packs. automotive charger for, I-115 
portable. III-47, IV-6!.l 
protedion circuit, 111-62 
simpl!-cad, I-ll2 
tPmpi>ra.tme-sensmg charger, IV-

77 
test circuit, IV-79 
thermally controlled. II-68 
zappers, I-6, II-66, H-68 

night hghts (see hghts/light­
ar.tivated and controlled 
c1rcmts) 

no-doze alarm, V-8 
noise generators (see sound 

generators) 

noise reduction circt11ts, II-393-396, 
III-398-401, IV-354-356, 
v-:.mo-398 

,imphlied noise limiter for SW 
rereivers, V-397 

audio clipper/limiter, N-355 
audio dynamic system, V -!397 
audio shunt noise linuter, fV-355 
aud10 squelch, 11-394 
balance amphfier with loudness 

cnntrol, II-395 
blanker, N-356 
chpper, ll-304 

audio-powered, III-396 
Dolby B, decode mode, Uf-40t 
Dolby R, encode mode, IH-400 
Dolby B/C, JJI-399 
dynamic noise reduction, lll-321 
:filters (see filters) 
limiter, II-395, III-321 
low-level signal noise, V-;'398 
rereiwor application, V-398 
shortwave receiver noise linliter, 

V-397 
noninverting ampilliers, I-32, I-33, 

I-41, III-14 
ac power, T-79 
adjnst.ahle gain, I-91 
comparator with hysteresis in, 1-153 
high-frequency, 28-dll, Jll-263 
hysteresis in, 1-153 
low-power, digltally selectable 

it1put and gain, TI-334 
power, 1-79 
programmable-gain, III-505 
slngle supply. 1-74 
split supply, 1-75 

nonselective frequency tripler, 
transistor .;:,at.uratjon, II-252 

Norton amplifier, absolute value, 
III-11 

noLch fillers (se1;• alsv filter 
dn:uits), 1-283, II-397-403, 
III-402-404 

4.5 MHz, T-282 
fifiO Hx, IJ-399 
1800 Hz, II-398 
active band reject, II-401 
adjustable Q, 11-:398, V-179 
audio, 11-400 
bandpass and, II-223 
high-Q, JU-404, V-178 
selectable bandv1ddth, I-281 
shortwave receiver filter, V-185 
three-amplifier design, I-281 
tunable, U-399, II-402, V-179 
passivi"-hridged differentiator, 

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

twin-notch for l kHz, V-183 
tw.in-T, III-403 
Wien bridge, ll-402 

NTSC-to-RGB video decoder, fV-613 
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nuclear particle ddcctor, 1-537 
null circuit. variable gam. accurat.f>, 

IU-69 
null detector, I-148. III-162 

0 
octal DIA convcrlcr, V-350 
O!UllilU.:lers, J-549 

linear, lII-540 
hnear scalP, I-549 

fiw-rnnge, IV-290 
0hms-to-volts converter, 1-168 
oil-pressure gauge, aulomot1vc, 

lV-44, IV-47 
on/off control, I-665 
on/off inverter. TfT-;j94 
on/off touch switches, II-691. III-663 
one-of-eight channel transmission 

system, III-100 
one-shot fwtdion generators. 1-46:i, 

V-388 
digitally rontrolled, I-720 
precision, III-222 
pulse generator, V-4\J0-491 
rclri,ggcrnbJe, HJ-2:38 

one-shot tuners, III-654 
li~ht-contmlled, JTI-:117 
voltag1--Nmtrolled high-speed, II-266 

op amps, II-404-406. HI-405-406, 
IV-357-364, V-399-403 

xlO, I-:J7 
xlOO, 1-37 
ustable mu1tiv1brat.or, TIT-224 
amlio amplifit>r, JV-23 
h1d1rect10nal compound op amp, 

fV-361 
clamping for, 11-22 
dock circuit usmg, TH-8:i 
comparator, thret=i-mpm and gate 

comparator, IV-363. 
composite amplifier, V-401. V-403 
compound OJHuup, lV-364 
de offset-shift tester, V-319 
dnver. JV-158-lfi9 
·ree.dhark-stahihzed amplifier, 

IV-3fi0 
free-running multivibrator, V-388 
full-\vave rectifier design, V-403 
gam-controlled op amp, IV-361 
!Ligh-ga1.n/bandwidth, V-40:'.i 
intrinsically saff' prott=icted, III-12 
lnverter/rect1fier, programmable, 

IV-364 
microphone mixer, V-364 
on/off S\-1ntch, transistorized, IV-54G 
polarity gam ad1ustment, V-400 
power op amp, V-402 
power booster, IV-358 
power driver circmt, lV-158-159 
quad. simultaneous waveform 

generator usmg, TI-259 
single potentiomett=ir to adjust gain 

ovf'r bipolar range, II-406 
s\\'ing rail-ray, LM324, l:V-363 
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t.Pmperat11re-r.ompensated 
breakpoint, nonlinear, V-Hl, V-401 

tunable notch filler with, 11-400 
V- und l-proteeted, V-25 
variable gain, ll-40fi, V-•102 
VCO drivF;r, IV-362 
video op amp circuits, JV-615 

optical circuits (see alsu lasers; 
liis.hts/lii{ht-activated and 

controlled c:irr.mts), 
H-407-419, fV-365-369, V-404-
409 

fiO kHz center frequency FM 
transmitter, Il-417 

ac remy, lll-418 
two photon couplers, TT-412 

ac s,..,itcher, high-voltage, III-408 
ambient light-ignoring optical 

sensor, III-413 
CMOS coupler, 111-414 
conuuunicatlon system, H-416 
couplers/optoc:onplPrs, II-409, II-417 

analog coupler. linear ac, H-412 
analog coupler. linear, H-413 
CMOS design, HI-414 
de liltcur coupler, IJ-411 
iI1strumentation, hnear, TT-417 
optoc011plt>rs, 11-409, II-417 
stahle. 11-409 
TTL design, III-416 

de latching relay, IU-417 
dig.ital transm.issiou i.';lolator, II-4 I 4 
direction uiscrirrunator, V-408 
high-sens1t1vity, NO, two-terminal 

zNo voltagp switch, IT-414 
md1cator lamp driver, III-413 
integrated solid slate relay, II-408 
interfaces, 

opt.ocouplers/optmsolators, 
V-406-107 

interruption sensor. IV-366 
isolation and zero voltage :,witchLri.g 

logic, ll-415 
1somtors/optoisolators, fV-47!i 

driver. h1gh-voltag1-, Ill-482 
telephont=i status rnomt.or using, 

I-G26 
light-detector, IV-360 
line-current detcclor, 111-414 
microprocessor triac array driver, 

H-410 
optoconpler, V-1107 

interface circuits, V-406-407 
optoisolator 

interface circuits, V-406-407 
relay c1rcmt, fV-4 7:i 

papPr tape reader, IT-41.4 
photoelectric bght controller, 

IV-369 
photoreceiver, optilnized 

noise/response, V-405 
phototransistors 
amplifier, V-409 
variahl~-sens1t1v.ity, V-409 

power outMe l~ht, liI1e-operated, 
III-415 

probe, rv-8fi9 
proximity detector, V-405 
pyrometer, I-654 
receivers, 1-364, II-418 

50 kHz FM opt1t.al traMmitter, 
ll-/418 

light receiver, lV-367 
optical or laser light, lV-367, 

IV-368 
relays, III-412, III-417, TH-418 

de solid-state, open/closed, III-412 
safety-drcuit ;:;witch, V-409 
Schnutt trigger, I-362 
sensor. ambient light ignori.Itg, 

III-413 
sensur-to-TTLn1terface, TTT-314 
source follower, photodrnde, 

ITl-119 
telephone ring detector, Ill-611 
transmitter, 1-363, 1-367, IV-!368 
light tr~msmitter, fV-:368 

tnggering SCR sf'ries, IIl-411 
T'T'L conplPr, optical, III-416 
zero-voltage switch:mg 

closed half-wave, Jll-412 
solid-state, Ul-410 
solid-state relay, III-416 

optocouplers (s(11? optm'l.1 drcmts, 
couplers) 

nptoisolators (see optical circuits, 
isolators) 

OR gate. l-3U5 
organ, musical, 1-415 

preprogranuned single chip 
microcontroller for, I-600 

i:;tylus, I-420 
oscillators, ll-4:W-429, llI-420-432, 

!V-370-377, V-410-421 
l kHz, II-427 
1 0 MHz, J-571 
2 MHz, 11-571 
5-V, III-432 
50 kHz, I-727 
400 MHz, 1-571 
500 MHz, I-57{1 
800 Hz, I-68 
adJustable over 10: I range, Il-423 
AF power oscillator, V-412 
astable, I-462, V-420 
audio, 1-245, !ll-315, III-427, 

fV-374, IV-375 
aud10-fn'!q11ency generator, V-416-

417 
audio-test oscilmlur, V-420 
basic designs, V-414 
beat-frequency audio generator, 

fV-371 
buffer c:ircuits, IV-89 
Butler 

aperiodic, I-196 
common base, 1-191 
crystal, I-182 



emitter follower, H-190-191, 
TT-194 

casst>tte bias, II-426 
clock generator, 1-615, 111-85 
CMOS, l-615, lll-429, III-430 

1 MHz to 4MHz, T-199 
crystal, 1-187 

code practice, I-15, I-20, I-22, 
II-428, III-431, IV-373, IV-375, 
IV-376, V-100-103 

Colpitts crystal oscillators, I-194, 
I-572, H-147, V-411 

1-to-20 MHz, TV-123 
frequenc-y checker, IV-301 
harmonic, I-189,190 
two-frequency, IV-127 

crystal ( see crystal oscillators) 
doub!c frequency output, I-314 
discrete sequence, III -421 
duty cyr:le 

50-percent, III-426 
variable, fixed-frequency, Ill-422 

emiLLer-couplcd 
bi.x loop, II-422 
RC, II-266 

exponential digitally controlled, 
I-728 

feedback, I-67 
flasher and oscillator 

high-drive, 11-235 
low-fr1;qucncy, Il-234 

frcc-runnlng, I-531 
square wa.ve, T-fi 1 fi 

frequ<"ncy rlouhled output from, 
II-425, II-596 

frequency s,,.1tchcr, V-418 
galcd, 1-728, V-413, V-419 

last-cycle completing, TH-427 
Hall effert circuits, V-222 
Hartley, I-571, V-140 
he-based, UI-423 
HCU/HCT-lmscd, lIJ-426 
.high-current, square-wave 

genefator, IIJ-585 
high-frequency, HT-426 

r-ryst.al, 1-175, II-148 
LC audio oscillator, V-411 
LF oscillator, V-41:3 
light-conlrollcd, V-279 
load-switchlr\'!, 100 mA, 1-730 
local·oscillator, douhh=i-halanr:ed 

mixer, V-415 
low-distort.ion, I-570 
lovv-duty-cycle puli;c cin.:uit, IV-4:39 
low-frequency oscillators, TTT-428 

crystal, I-184, Il-146 
oscillat.or/tlasher, II-234 
Pierce oscillator, III-133 
TTL oscillator. ll-595 

lmv-noise crystal, 11-145 
Miller, 1-193 
MOSFET mixer/oscillator for AM 

receivers, V-412 
NE602 local osr.illator, V-411 

neon flasher, two-state, IIl-200 
one-second, 1 kHz, Jl-423 
one-shut, voltage-controlled high-

speed, Tf-266 
ovP.rtont> oscillators, I-176, I-177, 

I-180, I-183, I-186. 11-146, Ul-146 
50 MHz Lo 100 MHz, 1-181 
100 .MHz, IV-124 
crystal, T-176, T-180, TT-146 
crystal ;:n~it.ching, I-183 
fifth-overtone, I-182 
third-overtone oscillator, IV-12;;1 

phase-locked, 20-MHz, IV-374 
Pierce oscillator, V-140 

1-Ml·fa, III-134 
crystal, II-144 
harmonic, I-1·99, IT-192 
.JFET, I-198 
low-frequency, III-133 

quadrature, 1-729, Hl-428 
square-wave generator, III-585 

quartz, III-1:36 
RIC. 1-612 
reflection, crystal-controlled, UI-136 
relaxation, IV-376 

SCR, III-430 
rcsislance-rnntrolled dip;:ital, II-

426 
rf oscillators, 1-550-fiG 1, I-/i72, 

V-528-582 
(Ui MHz VFO, V-529 
5 MHz VFO, II-551 
ham band VFO, V-532 
NE602 circuit, V-531 
rf-1,{cuic, II-421 
shortwave p11lseo-marker, V-532 
sic!P.tonP, rf-powered, I-24 
signal generator, V-530-531 
test oscillaLor, V-412 
trammlitter ,rnd, 27MHz and 

49MHz, I-680 
RLC, tlf-42:1 
sa.,vtMth wave, modulator, IIl-373 
Schmitt trigger crystal, I-181 
sine-wave (see sine-wave 

oscillators) 
sine-wave/square wave, tunable, 

I-65, III-232, TV-512 
single op amp, T-G29 
siren oscillator, V-567 
square-wave, I-613-614, 11-587, 

II-616, IV-5:.12, IV-53!3, V-569 
0.5 Hz, I-616 
lkHz, 1-612 
astable multivibrator and, V-386 

start-stop oscillator pulse circuit, 
IV-438 

switdt, osdllator-triggered, V-590 
s½ltching, 20 ns, 1-729 
temperature-compensated, III-137 

crystal, 1-187 
low-power 5V-driven, II-142 

temperature-stable, II-427 
third overtone, 1-186, IV-123 

timt: I.lase, crystal, IH-J:3-3, TV-128 
timer, 500 timer, 1-5~1 
tonl"-bursr., decoder and, I-726 
transmitter and, 27 MHz and 49 

MHz rf, l-680 
Lriar).'!le-wave oscillator, V-205 
tri,mgle/E;quare ,vave, I-616, II-422 

I-179, I-613, IV-127 
to 10MHz, I-178 

1MHz to 20MHz, lV-127 
crystal, 1vrL-t:ompatible, I-179 
sine wave/square oscillator, 

IV-512 
television display using, II-372 

tube type crystal, I-192 
tunable frequency, II-425 
tunable single comparator, I-69 
varactor tuned 10 MHz ceramic 

resonator, II-141 
variable oscillators, 11-421 

audio, 20Hz to 20kHz, II-727 
four-decade, single control for, 

11-424 
sine-wave oscillator, super low­

ilistortion, TII-558 
wide range, T-730, TT-429 

variable-duty r.ycle, HI-422, V-419 
variable-frequency oscillator (see 

variable-frequency oscillators 
(Vr'O) 

VHF crystal oscillator 
20-Mlfa, III-138 
50-MHz, III-140 
100-MHz, UI-139 

voltage-controlled (VCO) (see 
voltage-controlled oscillators) 

wide-frequency range, II-262 
wide-ra.tl,{,le, I-69, HI-425 

vanahlP, J-7530, H-429 
Wien-bridge oscillators, I-62-63, 

I-66, I-70, H-566, III-42!.l, Ul-558, 
lV-371, IV-377, lV-511, V-415,. 
V-419 

CMOS chip in, H-568 
low-distortion, thPrmally stable, 

IIJ-557 
low-voltage, III-432 
sine wave, 1-66, I-70, II-566, 

IV-510, IV-513 
singlc-suµply, III-558 
thermally stable, HI-557 
three-rlecade, IV-510 
variable, III-424 
very-low-di.storLion, 1V-5W 

XOH-;.iate, III-429 
yelp, IT-577 

osc11loscopes, H-430-433, 
III-433-439, V-422-426 

analog multiplexer, single- to four-
trace scope conver~cr, 11-4:Jl 

beam spliUcr, l-474 
calibrator, II-433, III-436 
converter, I-471 
CRO doubler, TTT-439 
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oscilloscopes (cont.) 
eight-channel voltage display, III-435 
extender .. JU-434 
FET dual-trace 5WJtch for, II-432 
four-trar.e osctllm;r.ope adapter, 

IV-267 
monilor, I-474 
multiJ.)lcxcr, add-on, llI-4:)7 
preamplifier, III-437, V-423 

counter, IJT-438 
irn:;tmmentation amphfiern, 

IV-230-231 
sensitivity amplifier, III-436 
spectrum analyzer adapter, Y-424 
timebase generator, V-425 
trl.isger selector for timebase, V-425 
t.nggered sweep, UI-438 
variable-gain amp, V-426 
voltage-level dual readout, IV-108 

outbarnl descrambler, 11-164 
out-of-bounds pulse-width detector, 

TTT-158 
outlet tester, V-318 
output limiter, III-322 
output-gating circrnt, 

photomultiplier, II-516 
output-stage booster, III-452 
over/under temperature morn tor, 

dual output, II-(i46 
overload indicator, V-478 
overload protector, speaker, II-16 
overspeed imiicator, I-108 
overtone o~cillators, 1-176, I-177, 

1-180, I-183, I-186, II-146, III-146 
50 MHz to 100 MHz, T-181 
100 MHz, IV-124 
crystal, I-176, I-180, II-146 
crystal swildwtg, J-18:J 
fifth-overtone, I-182 
thJrd-ovPrtone osc1llator, IV-123 

overvoltage protection, 1-150, 1-517, 
II-96, II-107, II-496, III-513, 
Ill-762, 1V-38!J, V-480 

comparator lo detect, 11-107 
monitor for, III-762 
protection circuit, H-96, Il-496, 

111-GJ 3 
undervoltage and, indicator, 1-150, 

III-762 

p 
pager, pocket-size, Ill-288 
PALINTSC decoder, RGB input, 

TTT-717 
palette, video, III-720 
panning circuit, two-channel, l-57 
paper-sheet discriminator, copying 

1rw,chines, III-339 
paper-tape reader, II-414 
parallel connPct1ons, te!Pphone, 

III-611 
party-line intercom, II-303 
password protection circuit, PCs, 

Y-10ll 

732 

pattern generator/polar-to­
rectangular converter for radio 
direction, V-288 

PCB continuity tester, Il-342, TT-535 
peak dt>tectors, 11-174, II-175, II-434-

436, III-771, IV-138, IV-143 
analog, wil.h digital hold, lll-153 
closed-loop, V-153 
decibel peak meter, TTT-348 
digital, TIT-160 
hlgh-band....,idth, III-161 
high-frequency peak, II-175 
high-speed·peak, l-232 
WO design, peak meter, lll-333 
level detector, I-402 
low-drift, III-156, V-155 
negative, I-22:i, I-231, V-154 
op amp, IV-145 
open-loop, V-153 
positive, 1-225, 1-2;35, ll-435, III-169 
true m1s, I-228 
ultra-low-drift peak, I-227 
voltage, precision, I-226 
wide-bandwidth, Ill-162 
wide-range, Jll-162 

J.)eak program detector, III-771 
peak converter, preeision addc, 

II-127 
people-detector, infrared-activated, 

IV-225 
period counter, 100 MHz, frequency 

and, 11-136 
J.)eriod-to-voltage converter, IV-115 
pest-repeller, ultrasonic, IIJ-699, 

TII-706, III-707, TV-o05-o0€i, 
V-427-428 

pH meters/probe, l-:3!J!.l, IIF501 
J.)hu.se detection/manipulation 

circuits 
df'tertors, 1-406, 1-4 7(i, II-344, 

II-439, II-441, II-442, III-440-442, 
IV-127 

10-bit accuracy, 11-176 
digital VOM, IV-277 
phase-difference detector, 0- to 

180-degree, TT-344 
phase selector/sync 

rectifier/balanced modulator, 
III-441 

sequencers, phase sequeuce, I-476, 
II-437-442, III-441 

re circuit, phasp sequenr.e 
reversal detection, II-438 

reversal, re circuit to detect, II-438 
three-pluisc Lester, 11-440 

shifters, phase shifters, IV-64 7, 
V-429-431 

0-180 degree, I-477 
0-360 degree, I-477 
eight-output, V-431 
si.Itgle-transistor design, 1-4 76 

splitter, III-582, V-430 
long-tail pair, V-430 

phasp-locked loop, V-347 

tracker, three-phase square wave 
generator, ll-598 

phasor gw1, I-606, IV-523 
phonograph-related (:lfCllltS c~P,P, 

stereo/phonograph circuits) 
photo-conductive detector amplifier, 

four quadrant, I-359 
photo memory switch for ac power 

control, I-363 
photo stop action, I-481 
photodiode/photoelectric circuits 

ac power switch, III-319 
alann system, l-13, U-4 
ampW'iers, I-361, III-19, II-324, 

III-672 
battery charger, solar, II-71, V-827 
comparator, precision, I-360 
controller, IV-369 
currenl-to-voltagc converter, ll-128 
flasher, photocell-controlled, 

TT-232 
integrator, photocurrent, II-326 
level detector, precision, I-365 
light controller, IY-369 
monostable photocell, selI-adjust 

trigger, II-329 
output-gating circuit, 

photomultiplier, IT-516 
PIN, thermally stabilized signal 

conditioner with, Il-330 
PIN-to-frequency converters, IU-120 
J.)reampWicr for 1H photodiode, 

V-226 
sensor amplifier, TI-324 
smoke alarm/detectors, I-595, I-

696 
source follower, lll-419 
switches, II-321, II-326, III-318, 

TH-319 
photoelectnc sensor, V-277 
photography-related circuits, II-443-

44!.l, III-443-449, IY-378-382, 
V-432-438 

auto-advance projector, II-444 
camera ala.rm trigger, JII-444 
camera trip drcnit, IV-881 
contrast meter, II-447 
darkroom enlarger timer, III-445 
darkroom timer, V-436 
electronic Oru;h trigger, II-448, 

III-449 
enlarger exposure meter, V-438 
enlarger light meter, V-434-435 
enlarger timer, II-446 
exposure meter, I-484, V-438 
flash meter, TH-446 
flash slave driver, 1-483 
flash slave unit, V-433 
flash triggers 

electronic, ll-448 
remote, I-484 
sound-triggered, II-449 
time delay, V-433 
xenon fla.~h, III-447 



hght meter, enlargers, V-434-435 
photo-event Umer, IV-379 
phoLofiash, electronic, JII-449 
picture fixer/inverter, III-722 
shuttf\r speed tester, 11-445 
slave-flash unil trigger, IV-880, 

IV-382, V-433, V-430 
slide projecter auto advance, 

IV-381 
slide-show timer, III-444. HI-448 
sonnrl trigger for flash umt, II-449, 

IV-382 
strobe, V-435, V-436, V-437 
time-delay flash trigger, IV-380, 

V-433 
photomultipliers 

high-voltage power supply, V-444, 
V-445 

phototransistor, V-279 
arnpillier, V-409 
variab1e-sPnsitivity, V-409 
trrner, I-485 
xenon flash trigger, slave, TTT-447 

picoammelcrs, I-202, TT-lM, 
Ill-338 

circuit for, If-l ri7 
guarded mput circuit, II-156 

picture fixer/inverter, Ill-722 
Pierce oscillators, V-140 

1-MHz, III-Ia4 
crystal, 1-195, II-144 
harmonic, I-199, IJ-192 
J1''ET, I-198 
low-frequency, III-133 

piezoelectric circuits 
439-441 

alarm, l-12, V-10 
drivers, V-440 

555 oscillator, V-441 
CMOS, V-440 
m1cropositioner, V-440 

temperature controller, fan-based, 
III-627 

PIN photodiode-to-frequency 
converters, HJ-120 

pink noise generator, I-468 
pipe detector, metal pipes, V-323 
plant-watering accessories, I-443, 

II-245, II-248 
playback aruplifier, tape, 1-77 
PLL/.13C receiver, II-520 
pocket pager, III-288 
polar-to-rectangular 

converter/paltcrn ,qenerator, 
radio direction finder, V-288 

polarity converter, I-166 
polarity gain adjustment, op amp 

circuit, V-400 
polarity indicator, V-231 
polarity-protection relay, IV-427 
polarity-reversi.Iig amplifiers, low-

power, HI-16 
poller, analog-to-dlgital converters, 

V-28 

polynomial generator, V-287 
position indicator/controller, Lape 

recor<ler, II-615 
posntive input/negative output. 

charge pump, IH-360 
posiLive regulator, NPN/PNP boost, 

IH-471":i 
potentiometers, digital control, V-158 
power amplifiers, ll-450-459, 

III-450-456 
2- to 6-watt audio amplifier with 

preamp, H-4ril 
lOW, 1-76 
12 W low-distortion, I-76 
25 W, II-452 
90 W, safe area protection, II-459 
AM radio, 1-77 
audio, II-451, TTT-454, IV-28-33 

20-W, Ill-4!i6 
50-W, 111-451 
t1-W, with preamp, HI-454 
booster, 11-455 

bndge audio, f-81 
bull horn, H-453 
class-D, m-453 
GaAsFET with sing.it! supply, IT- I 0 
hybrid, III-455 
inverting, 1-79 
low-distort10n, 12 W, J-76 
low-power audio, II-454 
non.inverting, 1-79 
op amp/audio amp, high-slew rate, 

I-82 
output-stage booster, III-452 
portable, 111-452 
rear speaker ambience amplifier, 

ll-458 
rf power amplifier 

1296-MHz solid state, IIJ-542 
5W, II-542 
600 W, I-559 

switchir~, I-33 
two-meter 10 W, I-562 
wa.lkman amplifier, II-456 

powf;r supplies (see also voltage 
mdicators/meLcrs), II-460-486, 
III-464, V-448-472 

+1.5-V supply for ZN416E circuits, 
V-469 

+5 V supply, V-471 
5 to ± 25 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 momentary 

backup, II-464 
riv, 0.5A power supply I-491 
8· from 5-V regulator, V-4fi9 
2,000 V low-current supply, 

IV-636-637 
AA cells, +5 V/+3.6 V, V-452 
ac outlet tei:;ter, V-318 
ac wiring locator, V-317 
ac-v\'":ltts calculator, V-304 

adjustable current lirrut und output 
voltage, I-505 

adjustable 20-V, V-461 
amplifiers, audio, 

dual power :supply, V-465 
subwoofer power supply, V-464 

antique radio de filament supply. 
V-470 

arc lamp, 25\V, TT-470 
arc-jet, starting circuit, Ill-479 
automot1ve-accessory power 

controller, V-70 
backup supply, drop-in main­

activaled, IV-424 
balance indicator, III-494 
battery (see battery-related 

circuits) 
battf;ry charger and, 14V, 4A, 11-73 
battery power pack, I-509 
bench top, 11-472 
benchtop, dual output, I-505 
bipolar 
battery instrumenLs, 11-475 
tracking double-output, V-449 

booster, 1-28, J-33, V-349 
buck regulator, add 12-V output to 

5-V, V-472 
chai·ge pool, JII-469 
configurable, V-455 
connections-monilor, ac lines, 

III-510 
consumption limiters, HT-G72 
consumption monitor, V-290 
controllers, TV-:188-389, V-111-115 

ac switches, IV-387, V-112, V-115 
ac voltage control, V-114 
automotive-accessory power, 

V-70 
bang-bang controllers, IV-389 
burst-type control. Ill-362 
current-loop control, SCR design, 

IV-387 
<lual-control ac switch, V-1 l G 
high-side switches, 5 V supplies, 

IV-384, IV-385 
monitor, SCR design, IV-385 
MOSFET sw1.tch, IV-386 
overvoltage protection, 1-150, 

1-517, II-96, II-107, 11-496, 
IH-513, III-762, IV-389 

power controller, umversal 
dcs.i,i.tn, IV -388 

power-down circuit, V-114 
pushbutton switch, !V-388 
three-phase, power factor control, 

II-388 
converter, inductorless, V-456 
current limiter, V-146, V-358, 

V-458 
current sources, 1-205, 1-697, 

V-141-143 
O-to-200-nA, IV-327 
bilateral, III-469, T-694-695, V-143 
bipolar sources, I-695, I-607 
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power supplies (cont) 
constant, I-697, III-472 
fixed power supplies, IV-405, 

IV-406 
low-current source, lV-391:J 
low-resistance, V-142 
negative, V-143 
offacL-adjusti:ng, V-145 
positive, V-142 
precision, I-205, 1-206 
regulator, vanable power ;;upply, 

III-490 
variable power supplies, voltage­

programmable, IV-420 
voltage-cont.rolled, grounded 

source/load, Ul-468 
de-to-de SMPS variable 18 V Lo 

30 V out at 0.2A, Jl-480 
de power circuit, NEf\02-ha_~Pd, 

V-358 
delay circuit, V-148 
rlisconnector, low-volu~c, 11-97 
dual polarity, I-497 
dual power supply, amplifiers, V-465 
failure/outage alarms/monitors, 

1-581-582, 11-107, lI-486, II-175, 
JI-491-497, IH-493-495, lll-511, 
IV-422--427 

backup supply, drop-in mam­
activated, IV-424 

balance monitor, III-494 
booster/buffer, boosts reference 

currenL, IV-425 
circuit breaker, trip-circuit, JV-423 
connections monitor, ac lines, 

III-510 
fault monitor, smgle-snpply, 

lll-495 
memot'y prokctor/supply 

monitor, N-425 
polarity-protection relay, IV-427 
SCR design, IV-38G 
test load, constant-cmrent:, 

IV-424 
tri.ac for ac-volLage control, IV-426 
tube amplliier, high-voltage 

isolation, IV-426 
voltage sensor, fV-423 

fixed power supphes (see fixed 
power supplies) 

frequency, power/frequency meter, 
ll-250 

fuses, V-477, V-478 
-gain, pown-gam test c1rcmt, 60 

MHz,I-489 
geucral-purpose, III-465 
glitches in, comparator to detect, 

II-107 
high-voltage (see high-voltagt• 

power supplies) 
increasing zener mode power 

rating, II-485 
inducLorless converter, V-456 
inverters, Hl-298, V-457 
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12 YDC-to-117 VAC at 60 Hz, 
III-294 

nwdinm, llI-296 
MO8FET, JH-29fi 

isolated feedback, 1II-4G0 
isolation Lransformer, V-349, V-470 
laptop-computer supply, V -46;.! 
laser powPr supplies, IV-636, 

V-251, V-2G2, V-2f>~, V-254 
level sensor, voltage l.-vel, III-770 
loss detector, II-175 
luw-ripµk, 1-500 
LTC, smgle suppl_v, V-454 
meters, power meters, I-489 

aurllo, I-488 
frequency and, IT-250 
rf, I-16 
SWR, 1-16 

memor-y save on power-dO\'.'Il, 
Il-48fl, TV-425 

micropower handgap reference, 
II-470 

mil:roproccssor power supply 
watchdop;, lI-494 

modem, power-llile, III-82 
monitors, II-4!=11-497, IIl-493-495, 

IV-422-427 
backup supply, drop-in main­

aclivaLed, IV-424 
balance monitor, lll-494 
booster/buffer, boosts reference 

current, fV-425 
circuit breaker, trip drcmt, IV-423 
connections monitor, ac lmes, 

III-510 
fault monitor, single-supply, 

III-495 
nwmory protector/supply 

monitor, IV-425 
polartty-protection relay, IV-427 
SCR design, IV-385 
test luau, con:;lant-current, 

fV-424 
triac for ac-voltage control, lV-

426 
tube amplilit',r, high-voltage 

isolation, IV-426 
voltage monitors (see voltage 

indicators/meters) 
multlvolta,qe supply, V-458 
m,gative c;upply. V-457 
neon lamp rlriver, V-5- to 15-V 

supplies, V-459 
ou~age light, line-operated, III-415 
overload imlicalor, V-4 78 
ovt>rvoltage protectmn, I-150, 

I-517, II-96, II-107, ll-496, 
III-513, III-702, IV-389, V-480 

power-down circuit, V-114 
programmable, III-467 
protection circuits, 1-515, 1-518, 

TT-98, II-107, 11-474, Il-486, 
II-496, TI-497, HI-511, IV-425, 
fV-427 

push-pull, 400V/60W, 11-473 
rectifiers, V-464, V-46fl 
reference, 0-to-20 V, I-694 
re~ulutcd power supplies 

8-amp, for mobile equipm<.•nL 
operation, JJ-461 

10 A, current and therm.al 
prolect1on, Il-474 

12-14 V, !3A, 11-480 
13.8-Vdc, V-2 A. V-459 
+UiV 1-A, TTI-462 
~lfiV 1-A, III-1fi:1 
split, I-492 

regulator loss cutter, V-467 
regulalors (see voltage 

regulators) 
reset circuit, JI-366 
short-testt>r, V-313, V-315 
split, I-512 
stand-by, non-volatile CMOS 

RA.Ms, 11-4 77 
subwoofer amplifier power supply, 

V-4(i4 
supply-voltage monitor, V-320 
sV1-itchirlg po.ver supplies, II-466, 

11-470, lll-458, V-453, V-461, 
V-462, V-468 

50-W off-line, III-473 
500 kHz switchmg inverter for 

12V, II-474 
complementary ac switch, I-379 
power-switching circuit, II-466 
variable, 100-KHz multiple-

output, IH-488 
synchronous stepdown switching 

regulator, V-468 
telecom converter -48 to +G V at l 

A, V-472 
tluee-rai.1, lll-466 
undervoltage detector/monitor, 

m-762, rv-138 
uninterruptihle, I1-4n2, TH-4 77, 

V-471 
universal laboratory supply, V-450-

451 
variable power supplies, lll-487-

492, IV-414-421 
0- to 12-V, V-1 A, V-460 
rmrent ;:;ource, voltage­

prograrnmable, IV-420 
de supplies, IV-418 
dual universal supply, 0-to-50 V, 

5 A, fV-416-417 
switch-selected fixed-voltage 

supply, IV-419 
switching regulator, low-power, 

Ill-490 
sw1tcl11.1tK, 100-KHz mulLiple-

output, III-488 
trackmg preregulator, III-492 
transformerle!'is snpply, fV-420 
universal 3-30V, III-489 
volt.age regulators for variable 

supplies, Jll-490, III-4!J2, IV-421 



voltage doul.Jler, V-460 
vultaHe probes, V-174 
voltagekurrent regulator, V-455 
voltage regulators ( see voltui,(t' 

regulaLors) 
voltage sensor, power supphe8, 

fV-42!1 
voltage-level, IIJ-770 
voltage sources 

.millivolt,, zcncrless, I-696 
progrununable. I-694 
voltage splitter, HI-738 

prec1mpllf1ern, T--11, V-26 
antenna preamp 
HF broadband, V-:J6 
loop antenna, V-38 
VLF 60-kII:l, V-33 
w1debancl, V-3:i 
6-metN, 20 dB gain and low-NF, 

IJ-543 
lOOOx, low-nowc desi,AA. fV-37 

audio preamplifier&, II-45 
2- to 6-watt, JJ-4:il 
6-W and, III-454 

audrn-to-UHF preamp, V-24 
bias supply, lV-:Jl8 
dual audio sigrwl mnplifiers, V-58 
clcclrct microphone preamp, V-21 
equalized, for magne-t1c phono 

cartridgeR, III-671 
frpqnenr.y r,ounter/divider. lll-128, 

V-24 
GaAsFET, rf amplifkrs, V-516 
general purpose, I-84. JV-42 
hamlitalkie&, two-metn, I-19 
HF, rf amplifiers, V-515 
JF. 30 MHz, IV-460 
IR photodiode preamp, V-226 
i.:rnpcxlunee-matchmg, rv-:37 
i.:r1strumentation amplifier, 

1V-2:-J0-22l 
JFET, V-22 
light-beam act1valed alarm circuit, 

V-13 
LM382 µhono, I-91 
low-noise. I-88, I-5fi l, fV-11 
magnetic, I-89, I-91, III-37. HI-673, 

TV-3f>, IV-36 
medical instrument. Il-34!) 
.microphone premuplilicn,. II-45, 

IV-37. lV-42 
low-impedance, TV-41 
tone control for, 11-687 
transformerless, unbalanced 

input, 1-88 
trnnsformerless, 1m bal:rnr.ed 

input, 1-88 
microwavP preamplifiers, 

IV-316-319 
mixers, I-58 
NAB preamplifiers 
tape playback, professional, ITJ-38 
record, III-67:3 
two-pole, IJI-673 

oscilloscope prcarnpliilers, III-437, 
U1-4!J8, lV-230-231, V-42~ 

oscilloscopeko11ntPr, III-438 
power amphf1er v.ith preamp, 

II-451, III-454 
read-head, automotive circuits, 

lll-44 
receiver mtPrfar.e-, V-243 
rf amphflers, V-526, V-527 
RIAA, IH-38 
RIAAJNAB compensation, I-92 
sLcrco/phunogra.ph preamps, I-91, 

II-43, II-45, V-584 
low-n01se>, IV-36 
magnetic, I-91. III-37, III-673, 

IV-35, rY-36 
tone control, V-581 

Lape, 1-90 
lltermocouple mstmmentation 

amplifier, III-283 
tone control preamplificrs, l-675 

high-level, ll-688 
lC, l-673, III-657 
mixer, T-58 

transmit/ret.eive sequencer, V-348 
UHF-TV, III-546 
ultra-low-leakage, 1-38, JL-7 
VHF, I-560 
VHF/UHF, rI amplifier;:;, V-Gl/5 
video, V-660 

preregulators 
high-voltagP power supplies, Ill-480 
tracking, III-492 

prescalers 
data circuits, low-frequency, fV-182 
prol.Je, .:unph~ing, fiGO MHz, II-502 

preselectorn. rf amplifiers. IV-483, 
IV-485, N-488 

pressure gauge, V-314 
prinLcr-t,rrur .11.arrn, compntPr 

circuits. TV-1 Of\ 
printers 

prmter-error alarm, rY-106 
prmter sentry, computer circuits, 

V-107-108 
two-s.hecLs in µri.nter detector, 

1V-1!36 
probe:; also measurement/test 

mcmts), IT-198-504, II-4U6-503, 
IV-428-434, V-473-474 

100 K megaohm tk, 1-524 
ac hoL wire, 1-581 
audible TTL, I-fi24 
aucho-rf signal tracer. I-527 
capacitance buffer 

low-input, 111-498 
stabilized lmv-input, TII-502 

d<l.lnp-on-current r:ompensator, 
II-501 

CMOR logic, 1-523 
FET, III-501 
general purpose rf detPctor. JT-500 
ground-noit.K\ battery-powered, 

IU-500 

logic probes, I-520, I-525, 1-526, 
fV-430-431, 1V-4:J4 

CM00, 1-523, T-526, TTI-4~9 
dip;ital, IH-497 
four-,vay operation, rv-432 
memory-tester, im,talled, 1-525 
single-JC desil-l,n. IV-433 
three-in-one test Rt>t.: prohe, signal 

tracer, injert.or, rY-429 
microvolt, II-499 
optical light probe. IV-06U 
pH, I-3U!J, Ill-501 
prescakr, 650 MHz amplifying, 

11-502 
rt'. I-523, ITT-498, TII-502, N-433 
smglP injfdor-tracer, II-500 
te8t, 4-220V, IIl-4!.lU 
three-in-one lest :,et: lo~ic probe, 

signal tracer, iruector, fV-429 
tone, digital [(; testing, II-504 
tmtvPrsal test probe, rv-431 

pror.ess control interface, 1-:J0, V-242 
processor, C\V signal, I-18 
product detector, T-228 
pro>'tfammable amplifiers, II-334, 

III-ri04-:i08 
rliffere:ntial-input, progranunable 

gain, III-507 
mverting, µrogrcurunable-gain, 

IH-505 
nmllit vertmg, programmablt"-gain. 

IH-505 
precu;ion, chgital 

control/programming. 111-506 
programmable-gain. selectable 

mput, 1-:32 
v,u•iable gain, widP-r:mgt> digital 

cont.ml, III-506 
projectors (see pholography-remted 

circuits) 
protection circuits, H-95-99. Jll-fi09-

513, V-475-483 
12ns circmt hreaker, II-97 
automatic power down, ll-!.l8 
c:ircuit breakers 
ac, IIl-512 
eleclronk, high-speed, TI-9fi 

compressor protector. JV-851 
crowbars. electromr, II-99, III-510 

prott>r.tor, V-482 
fnst", electronic, V-477 
halogen lamp prolcctor. V-271 
heuler prutector, servo-sens~d. 

III-624 
linP protectors, computer 1/0, :J uP, 

IV-101 
line dropout detector, Il-98 
linc-volt.ige monitor, Ill-SJ 1 
loudspeaker protPrt.or, V-483 
low-voltagP powf:r disconnector, 

Tl-97 
modem protector, V-479 
modem/fax protector for two 

compuLen;, V-482 

735 



protection circuits (emit.) 
opt1<'.al safety-circuit switch, V-409 
overload indicator, V-478 
overvoltage protection, I-150, 

1-517, 11-96, 11-107, H-496, 
Ill-513, Tll-762, fV-389, V-480 

password protection for PCs, V-109 
polarity-protection relay for power 

supplies, IV-427 
power-down, ll-98 
power-failure alarm, lll-511 
powPr-lme connections monitor, 

ac, III-f-i!O 
power supply, II-497, I-518 
relay fuse, V-478 
reset-protection for computers, 

fV-100 
safety r.ircuit, V-477, V-483, V-589 

timed, V-481 
short-tester, V-313, V-315 
shutdown circuits, V-537-538 
speaker protector, V-476, V-479 

__ proximity sensors (see 
motion/proximity detectors) 

pseudorandom sequencer, III-301, 
V-351 

pulse circuits, IV-435-440 
amphtude discriminator, III-356 
r.oinc1dence detector, II-178 
converters 
height-to-width, III-119 
pulse train-to-sinusoid converters, 

lll-122 
counter, ril~ cou11ter, low-power, 

fV-437 
delay, dual-edge trigger, IIT-147 
detectors 

fasL pulse, V-154 
nussing pulse, V-152 
out-of-bounds pulse width, III-158 
sequence dt"!tec:tM, TT- I 72 

divider, non-integer programmable, 
Il-511, III-226 

extractor, square-wave, lll-584 
generators, pulse generators, 

11-508-511, V-487-492 
2-ohm, Hl-281 
300-V, m-521 
555-circuit, IV-439 
add-on, V-488 
astable multivibruior, 11-510 
basic, V-488 
clock, 60Hz, II- I 02 
CMOS short-pulse, III-523 
delayed-pulse, 11-500, IV-440, 

V-492 
diV1der, programmable, II-511, 

IH-226 
EEPROM, 5V-powered, III-99 
free running, IV-438 
inicrruptirig pulse-generation, I-357 
logic, III-520, V-489 
logic troubleshooting applications, 

fV-436 
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one-shot, V-4B0-4!H 
programmable, 1-529 
sawtooth-wavp generator and, 

III-241, V-491 
single, II-175 
traln, pulse t:rain, IV-202 
transistorized, fV-4:37 
two-phasf' pulsf', I-fi32 
unijunction transistor design, I-530 
variable duty cycle, V-492 
very low-d.uly-c;yde, HI-521 
voltage-controller and, Ul-524 
wide-ranging, IH-522 

m1ssmg-p11lse dP.ter.tor, V-152 
modulators 

pulse-position, III-375 
pul.se-width (PWM), II1-376. IV-326 
b~htness controller, III-:307 
control, microprocessor 
.selec:ted, 11-llfl 
motor speed control, II-376, 

III-38!.l 
multiplier c.i.1-cuit, 11-264, HJ-214 
out-of-bounds detector, UI-158 
proport.ional-controllf'r drcuit, 

II-21 
servo amplifier, IIl-379 
speed cont.ro1'energy-recovering 
brake, Ill-380 
very short, measurement circuit, 

TTT-38fi 
oscillators 

fast, low-duty-cycle, IV-439 
slarl-si,op, stable design, IV-438 

pulse-position modulai,or, 111-375 
stretchers, fV-440 

negat,iw plllSP stretcher. fV-436 
positive pulse stretcher, IV-438 

supply circuit, high-voltage power 
supplies, IV-412 

widtl1, out-of-bounds pulse 'Aidth 
detf'r.tor, TH-1 fi8 

pulse-dialing telephonf', IIT-11 I 0 
pulse-width-to-voltage converters, 

IU-117 
pulse-widU1 modulators (PWM), 

IIJ-376, fV-326 
htightness controller, UI--307 
control, mwropmcessnr selected, 

II-116 
motor speed control, II-376, III-389 
multiplier circuit,, 11-~64, HI-214 
out-of-bounds detector, III-158 
proport.ional-rontrnller circuit, 

H-21 
servo amplifier, m-:rn.l 
speed controVenergy-recovering 

brake, III-380 
vf'ry short, measurement circuit, 

III-836 
pulse/tone dialer, single-chip, III-603 
pulsers, laser diode, III-311 
pwnp circuii,s 

controller, single chip, H-247 

positive inputJnegative output 
charge, 1-418 

push svvitch, on/off, electron.it:, 11-359 
push-pull amplifier, Darlington, V-22 
push-pull power supply, 400V/60W, 

II-473 
pushbutton power control i;witch, 

TV-388 
PlJT cirrnits 

battery chargers, III-54 
long-duration timer, II-675 

pyrometer, optical, I-654 

Q 
Q-mult.ipliers 

a11d10, H-20 
transistorized, [-566 

QHPmcuits 
18-, V-21-, V-24-M.Hz, V-644-645, 

V-644 
CW transmitter, HI-690 
sidetone generator/code practice 

oscillators, V-102 
SWR bridge, III-336 
transmitters, V-10-M DSB with 

VFO, V-6~8-639 
quad op amp, simult..aneous 

waveform generator using, 
ll-259 

quadrature usdllators, 111-428 
square-wave generator, III-585 

qmz mast.er game, V-210 

R 
race-car motor/crash sound 

J(enerator, 111-578 
radar detectors, II-518-520, 

IV-141-442 
one-chip, II-519 

radiation detectors, 11-512-517 
alarm, 11-4 
micropower, II-513 
monitor, W1deband, I-535 
photom11ltiplit>r cmtpnt.-ga.tmg 

circuit, II-516 
pocket-sized Geiger counter, U-514 

radio/rf circuits 
AM radio 

car-radio to short-wave radio 
converr,Pr, JV -500 

demodulator, II-160 
power amplifier, [-77 
receiv<.:rs, ll-525, Jll-81, 1ll-5W, 

UI-535, fV-455, V-496, V-497, 
V-G02 

AM/FM radio 
clock radio, I-543 
squelch circuit, 11-547, lll-1 

amateur radio, III-260, III-534, 
IJT-675 

transceiver relay interfacP, V-243 
VFO, V-532 
voice identifier, V-550 

amplifiers (see rf amplifiers) 



antiqur> radio de filament power 
supply, V-470 

attenuator, IV-322 
automotive receiver, U-S25 
bridge, V-fi0-MHz bridge circuit, 

V-303 
broadband , 11-546, III-264, N-271 
burnt generators, port.able, III-73 
calibrator, V-298 
carr1er-cummt circuits, Ill-78-82, 

IV-91-93 
AM receiver, Ill-81 
audio transmitter, III-79 
data receiver, N-93 
data transmitter, TV-92 
FM receiver, TTI-80 
intercom, I-146 
power-line modem, lll-82 
receivers, l-141, l-14:3, I-145, I-146 
relay, 1-575, IV-461 
remote control, I-146 
transmitters, I-144 

IC, l-145 
on/off2U0kHz line, I-142 

clock, I-542 
converters, IV-494-501 

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

radio beacon converLer, IV-495 
receiver frequency-converter 

stage, JV-4!}9 
SW converter for AM car radio, 

IV-500 
two-meter, IV-498 
up-c:onverter, TVRO subcarricr 

reception, IV-501 
VLF converter, IV-497, V-121 
WWV for car radio, V-119 
WWV-to-SW converter, IV-499 
receiving converter, 220 MHz, 

IV-500 
current readout, I-22 
CW-related circuits 
filter, razor sharp, II-219 
keying circuits, IV-244 
offaet indicator, IV-213 
SSB/CW product dek'Ctor, lV-139 
SSB/GW receiver, V-499 
transceiver, 5 W, 80-meter, IV-f\02 
transmitters, UT-678, IIJ-684, 

III-6861 III-fi!:lO, IV-601 
detector, H-500, IV-433 
direction finder, radio signals, 

lV-148-149 
polai:-to-rectangle 

converter/pattern generator, 
V-288 

double-sideband suppressed­
carrier 

modulator, 11I-377 
rf, II-366 

FM rad10, T-fi4fi 
5 V, I-233 
12 V, l-233 

clock radio, AMIFM, I-543 
dPmodulators, I-544, II-159, 11-

161 
IF amplifier with quadraturP. 

detector, TV sounti IF, I-690 
genP.rn.tors, low-frequency, III-228 
receivers, 1-338, I-361, lll-80, 

IH-530, Ul-532, V-495 
snooper, III-680 
speakers, remote, carrier-current 

system, I-140 
sqnekh circuit for AM, I-547 
l'ltereo demodulation system, 

I-544, II-159 
transmitters, 1-361, 1-367, f-681, 

11-417, IH-687-688, TV-228 
tuner, 1-231, fIT-fi29 
wireless microphone, III-682, 

III-685, III-691 
genie, Il-421 

input circuits, NE602, V-SOO 
measurement/test drcmts, IV-297-

:lO::S, V-412 
modulators, I-436, 11-369, Ill-:372, 

Ill-374 
oscillators, l-550-551, 1-572, V-528-

532 
5 MHz VPO, H-5;il 
6.5 MHz VFO, V-529 
ham band VFO, V-529 
NE602 circuit, V-531 
transmitter and, 27MHz and 

49MHz, I-680 
rf-~enie, II-421 
shortwavP pulsed-marker, V-532 
sidetone, rf-powered, 1-24 
signal generator, V-530-531 

outpul indicator, IV-299 
puwer meters, I-16, I-24, III-332, 

IIT-592 
portable-radio "3 V fixed power 

supplies, IV-397 
probe, I-523, Ul-498, IIJ-502 
radio beacon converter, IV-495 
radio-commercial zapper, 

V-334-33/"i 
rer:eivers 

AM radio, II-525, III-81, lll-529, 
Hl-535, IV-455, V-496, V-497, 
V-502 

automotive receiver, H-S25 
carner-currPnt, I-141, I-143, 

l-145, 1-146 
CW/SSB receiver, V-80- and 40-

mcter, V-499 
data receiver, IV-93 
FM radio, I-238, 1-361, III-80, 

TI-ri29, IIJ-530, III-532, V-495 
old-time design, IV-453 
radio-control receiver/decoder, 

l-574 
reflex radlo receiver, IV-452 
short-wave rer:Pivl'!r, IV-454 
superheterodyne, V-503 

TRI" radio receiver, IV-452 
VLF whistler, V-496 

shortwave transmissions 
converters, III-114, IV-500 
FET booster, I-561 
receiver, JV-454 

single-sideband (SSB) 
communications 

CW/SSB product detector, N-139 
driver, low-distortion 1.6 to 

30MHz, II-538 
generators, IV-323 
transmitter, crystal-controlled LO 

for, II-142 
signal tracer probe, audio, I-527 
sniffer, II-210 
static detector, IV-276 
superheterodyne rer.eivers, V-503 
switch, kiw-cost, III-361 
VHF/UHF diode switch, IV-544 
VLF converter, V-121 
VLF whistler receiver, V-496 
voltmeter, 1-405, IU-766 
WWV converter for car radio, 

V-119 
radio beacon converter, IV-495 
radio-control drcu.its (see also 

remote control deV1ces) 
audio oscillator, H-567, III-555 
motor speed controller, I-576 
phase sequence reversal by, ll-438 
oscillator, emitter-coupled, ll-266 
receiver/decoder, 1-574 
singlc-SCR design, II-361 

radioactivity (see radiation 
detectors) 

rain warning beeper, ll-244, IV-189 
RAM, non-volatile CMOS, stand-by 

power supply, JJ-477 
rnmp generators, I-540, II-521-523, 

TH-52S-527, IV-443-447 
5fifi based, V-203 
accurate, Ill-526 
integrator, iniLial coudition reset, 

lll-527 
linear, 11-270 
variable reset le-vel, II-267 
voltage-controlled, JI-523 

ranging system, ultrasonic, lll-697 
RC decade box, V-294-295 
reaction timer, IV-204 
read-head pre-amphf1er, automotive 

circuits, IIl-44 
readback system, disc/tape phase 

modulated, I-89 
receivers, (see also transceivers; 

transrrutters), 
U-524-526, Trr-528-535, IV-448-460, 

V-493-503 
50kH.z FM optical transmitter, 

I-361 
acoustic-sound receiver, IV-31 l 
AGC system for CA3028 IF 

amplifier, IV-458 
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delay arn.i controls closure timP, 
ll-530 

with strohe, I-266 
fnst=>, V-478 
latching relay, solid-state, V-505 
l1ghL-beum operated on/off, J-;-16(\ 

light-sensitive, V-278 
monost:1hle relay, low-consurn.pUon 

design, IV-473 
optically coupled relays 
ac, III-418 
de latchillg, III-417 

optoisolator, TV-475 
polarity-protection for power 

supphes, IV-427 
pul;:;er, sensor-activated, V-507 
rf-actuated, lll-l70 
ringer, tele1->hone, HI-606 
solid-state relays, 1-865, 1-623, 

TT-408, HI-412, IJI-416, III-569-
570, IV-472, IV-474, V-505-506 

sound actuated, 1-576, I-610 
telephone, I-631 
time delayed, T-219, f-663, V-506 
tone actuated, T-fi7u 
'l'R rirf'uit., II-532 
triac, contact protection, U-531 

remote control devices (see also 
infrared; radio-control circuits), 
lV-224, V-229, V-508-512 

A!B switch, 1R-controlled, V-225 
ac switch hookup, two-.vay, V-592 
amplifier, I-99 
analyzer, V-224 
carrier, currenL. 1-146 
drop-vollage recovery for long-line 

systems, IV-328 
extender, infrared, N-227, V-512 
fax/telephone SV\,itch, IV-552-553 
infrared circuit, IV-224 
lamp or appliance, I-370 
loud~peaker via IR link, J.;14:-3 
loop transmitter for, Hl-70 
on/off switrh, I-fi77 
recPiver, V-510, V-513 
ringer, telephone, III-614 
sensor, temperature transducer, 

I-640 
servo sysLem, I-575 
telephone monitor, H-fi2fi 
temperature sen.'lor, H-654 
t.est.PL mfr-ared, IV-228, V-228, V-229 
thermometer, Il-659 
transmil~cr, V-509, V-513 
interface, V-511 
ultrasonic, V-512 

tran;:;mitter/receiver, IR, l-:34~ 
V1deo switch, IV-619-621 

repeaters 
beeper, 1-19 
Eurr.ipcan-ty_pe, tone burnt 

genera.tor for, JIT-71 
fiberoptic lmk, I-270 
telephone, lll-607 

reset buttons 
child-proof computer reset., fV-107 
power-on, II-:366 
protection cm:mt for computer, 

IV-100 
resistance controller, digital, V-159 
rcsist,mce/continuity tester.'l, I-550, 

I-551, H-142, fT-ii:1:1, II-534, 
H-5:1:i, TII-:M5, III-538-540, 
IV-287, IV-289, IV-2[)5, IV-296 

audible, V-317 
audible, adjustable, II-536 
buzz box, 1-551 
cable tester, III-539 
latching design, TV-295 
low-resi.,;tance circuiis, V-31[) 
.ohmmeter, linear, lll-540 
PCB, II-342, ll-535 
ratiomctric, l-550 
RC decade box, V-291-295 
resistance-ratio detector, II-342 
.'lingle crup checker, II-534 
visual, V-293 

resisLancc-to-voltage converter, 
l-161-162 

resistor mult.1plier, U-199 
resistors, voltage-controlled, I-422 
r~sonator oscillator, varactor t.w1ed 

10 MHz ceramic, 11-141 
restorer, ,ideo de, III-723 
reverb e!Ied 
analog delay line, TV-21 
stereo system, T-fi02, I-606 

reversmg motor drive, de control 
mgnal, H-381 

rf amplifiers, ll-5:.37-549, III-542-547, 
IV-476-493, V-514-527 

1 W, 2.3 GHz, H-540 
2 met.er FET power amplifier, V-521 
10 W, 225-400 MHz, Il-548 
10-W, 10-M linear amplifier, V-520 
10 dB-gain, lll-543 
2- to 30 MHz, IlI-544 
4 W amp for 900 MHz, TV-477 
5 W 150-MHz, HT-546 
5 W power, IT-542 
6-meter kilowatt, II-545 
6-meter preamp, 20dB gain and 

low-NF, II-543 
20 W, V-1296-MHz module, V-!i22 
20 W, V-450 MHz amplifier, V-519 
:30 MHz, V-!)19 
60 W 225-400 MHz, III-547 
125 W, 150 MHz, U-544 
455-kHz ff arn1->lifier, V-5~2, V-fi2~, 

V-524 
500 MHz, IV-491 
1,296 MHz, IV-486 
1,GOOW, IV-478-479 
AGC, wideband adju:;table, III-545 
broadcast-banrJ, III-264, H-546, 

IV-487, V-516, V-517 
buffer amphfler with modu!Rtor, 

IV-490 

casrode amplifier, IV-488 
common-gate, 450-MHz, Hl-544 
GaAsFET prcampWier, V-4:35 MHz, 

V-516 
HP preamplifier, V-515 
HF/VHF switchable active antcrma, 

V-524 
IF amplil1er, V-455-kHz, V-522, 

V-523, V-524 
IF amphf1ers, V-45-MHz, crystal 

filter, V-527 
isolation amplifier, 11-547 
LC tuned, V-525 
linear amplilicrs, N-480-485, V-520 
luw-distortion l 6 to 30MHz SSB 

driver, 11-538 
meter-driver, 1-MHz, HI-545 
MOSFET rf-amp stage, dual-gate, 

IV-489 
power amplifiers, 1-559, H-542, 

UI-542, V-517, V-519, V-521, 
V-52fi 

preamplifiers, V-527 
GaAsFET, V-516 
HF, V-515 
receiver/scanner with MAR-1 

MMIC, V-521 
VHF/UHF, V-515 
wideband, V-526 

preselectors, IV-483, JV-485, 
IV-488 

receiver/scrumer preamp Wlth 
.MAR-I MMIC, V-521 

TV sound systP,m, V-519 
UHF, V-523 
IJHF-TV amp/preamp, III-546, 

IV-482, IV-483 
VHF/UHF preamplifier, V-515 
wideband amplifiers, IV-479, IV-

489, TV-490-493, V-518, V-519, 
V-526 

rf circuits (see radio/rf) 
RGB video amplifier, III-709 
RGB-cumpo:;ite video signal 

converter, III-714 
RGB-to-NTSC converter, IV-611 
ring counters 
20 kHz, 11-1~5 
incandescent lamps, I-301 
low-cost, I-301 
pulse circuit, low-power, IV-437 
SCR, lll-195 
variable t1mmg, U-134 

nng launcher game, 
electromagneL1c, V-209 

ring-aruund flasher, LED, Jll-l ~4 
ringers, telephone, I-628, IV-556 
detectors, ring detectors, I-634, 

T-635, III-611, III-619 
extension-phone ringer, IV-561 
high-isolation, II-625 
multi-tone, remote programmable, 

11-634 
musical, II-619 
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ringers, telephone (cont.) 
piezoelectric, I-6:36 
ph1g-in, remote, U-627 
relay, III-606 
remote, Il-627, Ill-614, IV-562 
silencer, JV-557 
t.one, I-627, 1-628, II-630, 11-631 

ripple suppressor, IV -1 75 
fixed power supplies, IV-396 

RLC oscillator, IH-423 
rrns-to-dc converter, I-167, II-129 

thermal, 50-Mllz, lll-117 
true rrm; detector, I-228 

road 1ct> alarm, JI-57 
robots 

eyes for, II-327 
light-see.king, II-325 

rocket lawH.:her, 11-358 
room monitor, V-369 
root extractor, V-207, V-288 
rotation detector, Il-283 
roulette, electronic, II-276, IV-205 
RS-W2 interface 

CMOS-to, lme receiver, llI-102 
data.selector, a.utomatic, III-97 
drive cm'nit, low-power, llI-175 
LED circuit, III-103 
line-driven CMOS circuits, JV-104 

RS lllp-flop, l-3!.15 
RTD siisnal cond.itionen; 

5V powered h.nearized µlatinum, 
ll-650 

predBion, linearized platinum, 
II-639 

RTTY machines, fixed current 
supply, IY-400 

rumble filters, IIl-192, Ill-660, 
IV-175 

LM387 in, I-297 
tumtable, IV-170 

s 
S meter, III-342, V-311 
safe area protectJon, power 

amplifier with, HI-459 
safety circuits (see protection 

circrnts) 
saff!ty flare, II-608 
Sallen-Key filters 

10 kHz, l-279 
500 Hz bandpass, I-2tll 
current driven, V-189 
low-pass 

active, IV-177 
equal component. 1-292 
second order, 1-289 

sample-and-hold circuits, I-590, 
H-5fi2-559, JJI-548-553, 
V-502-503, V-53;3-534 

x 1000, I-589 
charge-compensated, II-559 
de-glitch circuit, V-336-337 
fast and precise, ll-556 
flltered, III-550 
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frequency-to-voltage conversion, 
IY-Hl4 

high-accuracy, 1-590 
high-performance, Il-557 
high-speed, l-587-!iF!F!, l-590, HI-550 
infinite, II-558 
inverting, lll-552 
JFET, 1-586 
\ow-dnft, I-586 
offset adjustment for, T-588 
three-channel multiplexer v.'1th, 

III-3!J6 
track-and-hold, lll-549, III-552 

sampling ci.rcwt, hour time delay, 
ll-668 

i:;aturated standard cell ampW'ier, 
II-296 

sawtooth waves 
converter, IV-114 
generator, 

digital design, IV-444, IV-446, 
V-491 

linear, V-205 
triggered, V-204 

oscillator modulator, IU-37:3 
pulse generator and, III-241 

SCA (see silicon-controlled 
amplifiers) 

scale, I-398, V-297 
scaler, inverse, 1-422 
scanner, bar codes, III-363 
scUimers, receiver/scanner preamp 

with MAR-I MMIC, V-521 
Schmitt triggers, l-593, III-153, V-356 

crystal oBc-illator, T-181 
programmable hysteresis, I-592 
square-wave generators, V-569, 

V-570 
transistorized, V-204 
TTL-compatible, 11-1 l 1 
without hysteresis, I-592 

SCR (see silicon-controlled 
rectifiers) 

scrUinblcrs, audio (see cilso sound 
generators; voice-activated 
circuits), IV-25-27 

telephone, II-618 
voice scrambler/descramhler, 

IV-26, IV-27 
scratch filters, III-189, IV-175 

LM287 in, 1-297 
second-audio program (SAP) 

aaapter, III-142 
security circuits (see alarms; 

armunciators) 
sense-of-slope tilt meter, II-664 
sensors (see alarnrn; fluid and 

moisture; light-controlled 
circuits; motion/proximity 
detectors; motor control 
circuits; smoke detectors; speed 
controllers; temperature-related 
circa.its; tone coutrol:.) 

sequence indicator, phase, [-476 

i:;equencer, pseudorandom, JII-301 
sequential flashers, I-109, II-283, 

Il-238 
sequential Umcr, Ill-651 
series cmmectori:., telephone, IH-609 
servo amphf1ers (see a.lso motor 

controls), I-452 
400 Hz, 11-386 
bridge type ac, l-458 
de, 1-457 
motor drive amplifier, II-384 

servo systems (see alfio motor 
controls) 

controller, III-384 
remote control, l-575 

shaper, sine wave, 11-561 
shift registers, I-380, II-366 

driver for, I-418 
shifter, phase (see phase) 
ship siren, electronic, II-576 
short-circuit proof lamp driver, 

IJ-310 
short-circuit tester/sensor, V-315 

computer remote data lineil, IV-102 
for 120-V equipment, V-313 

shortwave transmissions 
converters, UI-114, IY-500, V-118 
FET booster, I-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) 
shutoff, automatic, battery-powered 

projects, HI-61 
shutter speed tester, II-445 
sidetone oscillator, rf-powered, l-24 
signal amplifiers, audio, II-41-47, 

IV-34-42 
signal attenuator, analog, 

microprocessor-controlled, 
Ill-101 

signal combiner, III-368 
sil{nal conditioners, IV-649 

5V powered li.neart!;ed platinum 
R'rD, H-650 

hrirlge drcuit, strain gauge, IT-85 
linearized RTD, precision design, 

Il-63!) 
LVD'l', ll-338 
themuilly stabilized PIN 

photodiode, II-330 
signal distribution amplifier, I-39 
signal generators (see function 

generators; sound generators; 
waveform ~enerators) 

signal injectors, III-554-555 
signal sollrces, trystal-controlled, 

II-143 
signal tracer. V-309 

Lhree-in-one set: logic prn be, signal 
tracer, i.ItjecLor, lV-429 



signal-strength meters, TTI-342, 
JV-Hi6 

silent alarm, V-16 
silicon-cont.rolled amplifiers (SCA), 

V-535 
decoder, f-214, H-lfifi, H-170 
demodulator, II-150, III-565 
MPX-SCA receiver. III-530 
subcarrier aililpter for FM tuners, 

V-536 
silicon-cont.rolled rectifiers (SCR) 

drcnits 
annunciator, self-interrupting load, 

IV-9 
chaser, lll-Ul7 
crowbar, 11-496 
flashers, II-230, IIJ-197 

<' haser, TTI-197 
relaxation, JJ-230 
ring counter, III-195 

flip-flop, JJ-367 
full-wave, I-375 
gas/smokf' dPtedor, IIl-2!H 
preregnlator, II-482 
proximity alarm, III-517 
radio control using, II-:J61 
relaxaLlon flasher, Il-230 
relaxation oscillator, Hf-480 
nng counter, llT-195 
tester, III-344 
time delay circuit \\'ith, JI-670 
triggering series, optically coupled, 

III-411 
simulators 
EKG, three-chip, IJJ-350 
inductor, Il-199 
VOR signals, IV-273 

sine-to-square wave converter, 
lV-120, V-1~4. V-125, V-5o9, 
V-570 

sine-wave descramhler, IT-16,':i 
sine-wave generators, IV-505, 

IV-506, V-542, V-543, V-544 
60 Hz, IV-507 
audio, 11-564 
battery powered, V-541 
LC, IV-507 
LF, JV-512 
oRcillator, ami10, Tll-fifi9 
square-wave and, tunable 

oscillator, IH-232 
VU' audio lone, IV-508 

sme-wave osc11lators, I•65, Il-560· 
f'i70, JJ1-fifill-fifi9, Hl-Gi'lO, IV-:i01-
513, V-539-544 

1-Hz, V-542 
60-llz, .highly stable, V-540 
,555 used as RC audto oscillator, 

TT-567 
a<lJustahlf', 11-!iflR 
audio, II-562, II-564, HI-559 
generators (see sme-wave 

generators) 
LC oscillator, low-frcqucrn.:y, 1V-50B 

low-<li.o;tortion, Il-fifil 
one-IC audio generator, II-569 
phase-shift, audio ranging, JV-510 
pro~ranuuable-frequency, lII-424 
relaxation, modified TJJT for elP.an 

audi.o sinusoids, JJ-566 
shaper, sine-wave, V-543 
sine wave slmpcr, 11-561 
sine/square wave TTL osc1llator, 

IV-512 
two-tone g,m1,rator, II-G70 
two-transi.<Jtor design, IV-508 
variable, super low-distortion, 

Ill-558 
very-low-di.stmtion design, JV-509 
voltage-controlled osclllator, V-666 
W1en-br1dge, 1-66, 1-70, JT-!'i66, 

IV-510, JV-513, V-541 
sine-wave output buffer amplifier, 

l-126 
sine/cosme generator, 0, 1 to Hl kHz, 

II-260 
sme/sqnare \Vave converter, I-170 
sme/square wave oscillators, I-65 

easily tuned, 1-65 
TTL design, JV-51:2 
tmmble, III-232 

smgle-pulse genNator. TT-17Fi 
smglt"-s1dehand (88B) 

communications 
CW/SSB product detector, IV-130 
CW/SSB recerver. V-40!.J 
driver, low-distortion 1.6 to 30MIIz, 

lI-538 
generators, JV-323 
trammitter, crystal-controlled LO 

for, II-142 
s1rens (see also alarms; sound 

~e11erators), I-606, TI-571, 
HJ-560-568 

alarm 11smg, I1-fi72, Il-573, 
IV-514-517 

7400, II-575 
adjustable-rate programmablc-

frcquern:y, IH-563 
electronic, IJI-566, IV-515, JV-517 
generator for, n-m2 
hPe-haw, TT-G78, Ill-!'ififi 
high-power, II-578 
linear IC, III-564 
low-cost design, IV-516 
multifwtction system Jur. Il-574 
ship, electronic, H-571i 
~omc <lefemder, IV-~24 
Star Trek red alert, II-577 
torn.' w:nerulor, 11-57:J 
toy, II-575 
TTL gates rn, TT-576 
two-statP. m-Gfi7 
t~vo-tone, HI-S62 
varying frequency warning alarm, 

H-670 
wailing, lll-563 
warble-toue siren, IV-515, IV-516, V,7 

whooper, IV-517 
yelp oscillator, Il-577, Ill-562 

slave-flash trigger, JV-!)80, lV-382 
slide timer, JU-444, TH-448 
slot. machinf'. electrnmc, V-211 
smart clutch, auto air conditioner, 

lll-46 
smoke alarms and detectors, II-278, 

UI-246-253 
gas, I-882 
ionization chamber, I-332-333 
line-operated, IV-140 
operaLcd ionization type, 1-596 
photoelectric, I-595, I-596 

sniffers 
heat, electronic, IH-627 
rf, II-210 

snooper, FM, III-680 
sockeL debugger, coprocessor, 

JII-104 
soil heater for plants, V-8::S3 
sod mmsturf' meter, III-208 
solar circuits (see 

photodlodc/pholoclccLm: 
circuits) 

c;oldenng iron control, V-327 
soldering station, IR-controll!,d, 

JV-22G 
solenoid drivers, 1-265, III-571-573 

12-V latch. Ill-572 
hold-current limiter, 111-573 
pov,.-er-coHsumption limiter, III-572 

solid-state devices 
ac relay, 111-G?fl 
f'lf'ctm: fencf> charger, II-203 
high-voltage supply, remote 

adjustable, lJJ-486 
Jig]:1t sources, V-282-283 
loacl-sensmg s,vitrh, V-28/i 
rnlays, IH-5fi9-G70, V-fi05, V-506 
stepping S\\itch, Il-612 
switch, line-aclivatcd, telephone, -

HI-617 
sonic defender, IV-324 
smmcl-activated circ:uit.s (wm sound­

operab'ccl drc:uit.s) 
smmct effects (SAR sound 

generators) 
sound generators (see also burst 

gencralors; fmu.:tion ;.te11eraturs; 
!:.irens; wavefom1 generators), 
I-60.S, IJ-585-fi9:3, TIJ-T,fi9-fit1A, 
IIJ-57G, IV-15-24, JV-518-524, 
V-394-305, V-556-567 

acou1;lk field ~e1 temt ur, V -:J:Jg.:34 J 
alarm-tone generator. V-flfi;1 
amplifin, voltage-cont.rolled. IV-

20 
ampb.fier/compressor, low­

distortion. lV-24 
allophone. lH-7:33 
audio-frequency ~enerator, V 416-

417 
audio tone generator, v1,F, IV-G08 
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sound generators (cont..) 
autodrwn, !l-591 
bagpipes, eleer.rornc, III-561, IV-521 
beat-frequen<'y, IV-271 
beeper, V-558 
bini chirp, 1-605, ll-588. lll-577 
bongos, II-587 
canary smmlat.or, V-f1fl7 
chime generat.or, Il-t>0-1, fV-ri24 
chug-chug, III-57fl 
dial lone. l-621.l, lil-609 
ditherizillg em:ull, iligi.lal audio 

use. fV-2!3 
doorht>ll, musical tone&, IV-522 
doubler, a11d10-frpqmmcy rlonblPr. 

N-16-17 
dual-t.one sounder. V-554 
echo ..u1d revcrb, analog delay lme. 

TV 21 
elf'r:tronic, Tll-:io0 
envelope generar,or/mod11lri.tor. 

II-601 
equalizer, lV-18 
fader. rv 17 
frpq11Pncy-shift keyf'r. r.one-

generator test. r.nnnt, f-7'.:m 
funk box, II-593 
fuzz box, II-5tl0, III-575 
goHg, dctlronic. V-563 
guitar COHl[J!'l\SSUI\ lV-519 
ha.rrnonic ,'(eneratoi·, I-24, JV-649 
high-frf'qmmcy signal, IH-150 
hold for telephone, H-o2:'i 
instrument tune-up, audio 

generator. V-390 
low-levd sounder, V-564 
noise generators, I-467, 1-468. 

l-1o9, IV-:108, V-395 
octave-shifter for m11f-:1r.al t>fft>c-t.s. 

IV-523 
onc-lC de1:,ig.r1, ll-56tl 
perfect pitch circuit, V -;J9 l 
pha;:,or sound generator JV-523 
pmk nmRP, T-4u8 
portable, I-625 
pulsed-tone alarm, V-559 
race-car motor/crash. III-578 
rw1-down dock for games, IV-205 
soU11d effects, 111-574-578 
siren, V-559, V-565, V-567 
sonnd-Pffect.s genera.tor, V-56,5 
space-age ,;onn<l mar.hmP. V-f}fi2 
spaceship alarm. V-560 
speech dclcclors, 11-617. Ill-615 
st.earn locomot.tve whlsLk.11-589, 

III-fiG8 
steam train/prop plan!', Jl-fi92 
stereo system. derived cent.er-

cltllimd, IV-23 
SUPL'J', 111-564 
syTithes1ier. 11-599, V-561 
telt>phone call-tone gener::itor, 

IV-:i€i2 
telephone ringf'r, lJ.(i Hl 
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tone hur8t gt•nf'rator. rPpPat.Pr. 
V-62U 

torn' chirnc, V-560 
tone generator:,. 1-604, 1-6'.65 
t.op ortavP gf'nnator. V :19:J 
Touchtone dial-tone, telt>phonP. 

lll-60!) 
trnill chuffer, 11-388 
rrPrnolo c1rcwt.~. lll-692-695. 1V-

r;8!) 
twang-twang. H-f)92 
two-tone, II-570. V-G29 
ultrasonic sound source. IV-605 
,c1J-low-frt·qucnc:,.,, 1-64 
vocal elmunator. l\1-19 
vnicP e1rcrnts, Ill 729- 7:34 
waa-v;ra..1. drcuit, 11-/i90 
warbling tone, II-:'i73 
whiLc noise. JV-301 

:,uurn..l-upcmtcd circuits (.~ee cit.so 
11ltra.<;ornc vo1cl'-
opPrated circuits), 11-f}R0-584, 
III-579-580, N-!:i25-528, 
V-545-555 

amplilkr. gaiH-con~rolled. IV-528 
r-olor org,ut, ll-58:J, Ll-584 
derndPr, 11T 146 
fadPL V-:i,10 
flash triggPrs. 1-181. II-1,19, IV-;~82 
kakidoscope. sonic. V-548-549 
l.ight.s. 1-f:\O!}, V-652 

memo alert, V-:35~ 
noise clipper 1-:396 
rPlay. T-608. 1 610 
skql-rnociP circrnt, V-ii47 
s,v1.tch, II.'.:i81. IH-580, Hl-t>00. 

III-601, IV-G26-527. V-553, 
V-555, V-5HO 

ac, 11-[)81 
t.wo-way, 1-o \ () 
voice-operated, III-:i80, IV-:-)27 

speech actlvity detector. 
Lclcp.honc. lll-616 

voice-operated swi~ch, 111-580 
vnx box, II-582 
,vh1~rlP-act.ivatecl switch, V-551 

SO\lfC'P8 (w-w e11rrPnt SOllf!'f'S: 
voltagf' somr.Ps) 

sourc<' followers 
bo,lls!.rapped. V-:W 
Jl-'!:;'1', \/-20 
photod1ode, 111-419 

SPDT sw1t.rh, ar-st:i.t1c, Tl-612 
space-agP so1mrl. mar.hm.-, V-Go2 
space war. 1-606 
spacesh1µ al,1rm, V-ril:\IJ 
speakPr systems 

~-M r:arnn cmrPnt rPmotP, T 140 
hand-held 1rnnscp1vn ampl1ftprs. 

III-'.39 
overload protector for. II-Hi 
proLccl.io!l CllTUll. V-476, V-47U 
WJl'dc~s m. lll-27~ 

speakerphone. II-611.111-608 

spertrum ,1.1w.ly~er adapter, 
os,:illnsropPs, V-424 

speech-related cll'crnt~ 
aclivily detector. II-617. III-619 
cumµrc:,sur, 11-15 
filtn 

.100 Hz-3kHz h:uirlpass, l-29G 
second-order, 300-to-3.400 Hz. 

lV-174 
,::.pcedt-rn.11gc bandpass filler, 

V 
rwo-sPrtion, :~OO-to-1,000 Hz. 

IV-171 
network, II-fi'.i.3 
scrnmbler, V-554 

spe<'d alarm, H)5 
speed co11trollcrs (see also molor 

control). 1-450, T-46'.3, TT :378, 
11-.179, II-·ffiG, V-380, V-;.\81 

back EMF P:.\f. II-379 
caso.<'LLc-dcck motor speed 

cnhbmtUI, 1V-353 
dosnl-loop, Hl-38f) 
fans. automat.Ic, III-382 
feedback speed. I-447 
de motors, 1-452, P!54. III-377, 

111<180, lll-:J88 
de vRrmblc, fiucroµlic, H-206 
fPPdhack. r 447 
f1xecl, JII-387 
high-effir.ienqr, IIJ-390 
high-torque- motor, I-449 
light.-act.ivated/controlled. JV-247 
Juad-dcpcmlcnl. 1-451 
model muns m1d/01 cars, 1-453, 

l-4f)f). IV :1:18 :-\40 
mot.or motor r.ontrnls; 

tachometers) 
µowcr Lool lorquc, 1-458 
PWM, II-:376. 111-380. V-381 
rncho-controlled, I-576 
sf'nPs-wonnd motors, f-448, TI-456 
shunt-wound motorf-:, TI-1f>t'l 
stepper motors, direction and 

speed conlrol, lV-350 
S\\•itdtcd-mode. IIl-384 
tadwmetL\r:,. 1-94, 1-100, 1-102. H-

17:i, HI ,'335, IH-:340. JII-347 
analog rearlout. rv 280 
cahhratf'd, IIl-fi98 
closed loop feedbar.k control, 

ll-:3BO 
d1git<1l readout.11-61. Hl-45, 1V-

2fiR-26H, fV-378 
dwell meter/tachomf't.er, TII-4G 
feedback control, II-378, II-390 
Jrcquency c:ounlcr, 1-310 
luw-JrcqucHcy, 111-596 
mm1murn-component desl,i,(11, 

J.,H);j 

motor spE-ed cont.rnllPrs, lf-!i78, 
II-389 

optical pick-up, III-34 7 
sci poinL, lll-47 



tachometerless, III-386, IV-349 
tools and appliances, 1-446 
universal motors, 1-457, II-451 

speed warning de\.ic.t\ I-9fi, T-101 
>!peed(')mett';rs, bicycle, IV-271, IV-282 
splitters, IlI-581-582 
balk~. HI-66 
phase, precision, IH-582 
precision phast>, 1--177 
voltage, llI-738, III-743 
wideband, JII-582 

squarer, precision, I-615 
square-wave 1-(enemtors, IJ-594-600, 

lil-583-585, IV-529-536, 
V-56fl-570 

I kHz, fV-G3u 
2 MHz using two TTL gates, II-598 
10-Hz Lo IO-kHz VCO, V-570 
60-Hz, V-569 
555 timer, II-595 
a.stable dr<'.'.uit, II-597, IV-534 
CMOS 555 astable, true rail-to-rail, 

Il-596 
duty-cycle multtv1brator, III-50-

percent. III-584 
fonr-dec:adf' design, IV-53G 
high-current oscillator, III-585 
line frequency, II-59!} 
low-frequency TTL oscillator, 11-595 
multiburst generator, II-88 
multivibrator, IV-536 
OSCl llators, T-6 I 3-614, TT-G97. Tl-6 Hi, 

IV-532, fV-fi33, V-5Ci9 
0.5 Hz, I-616 
lkHz, I-612 
trcqucney lloublcd output, II-596 

phase-tracking, three-phase, H-fil'.i8 
pnlse extractor, IJI-fi84 
quadrature-outputs oscillator, 

HI-585 
Schmitt tl'.tAAer, V-569, V-570 
sine-,vave and, tunahlP osdllat.or, 

lH-2:12 
sine-to-square wave converter, 

V-569, V-570 
three-phase, ll-600 
tone-burst generator, sil1~le timer 

IC, II-89 
triangle-wave and, TTT-239 

predsion, III-242 
programmable, III-225 
wide-range, III-242 

TTL. LSTTL, CMOS designs, 
IV-55l0-fJ32 

vanable duty-cycle, IV-533 
variable-frequency, IV-535, V-570 

square-,n1,vc oscillator 
as table multivibra.tor and, V-386 

square-to--sme wave eonvert.ers, 
llt-118 

squelch circuits, II-394 
AM/FM. I-547 
voice-acLivaLed circuiLs, !V-624 

squib firing eircuits. U-357 

stabilizers, fixed power supplies, lV-
39:J, IV-406 

staircase generat.ors, (see also 
funetion generators; waveform 
generators), I-730, II-601-602, 
lll-586-588, lV-443-447 

stand-by power supply, non-volatilP 
CM08 RAf1,fa, H-177 

standard, precision calibration, I-406 
standard-cell amplifier. saturated, 

11-2!)6 
stam:lir~ wave ratio (SWR) 

meter, fV-269 
power meter, 1-Hl 
QRP bridge, III-336 
warning indicator, I-22 

Star Trek red alerl siren, 11-577 
sta,t-,md-run motor c1rcmt, III-382 
state-of-charge indicator, lithium 

battery, II-78 
state-variable filters, II-215, III-180 

multiple oulpuLs, IU-190 
second-order, lkHz, Q/10, I-293 
universal, T-290 

static. <letec-tor, fV-276 
steam locomotive sound effects, 

II-58H, Il-5[)2, lll-568 
step-up switching rc~ulaLor, 6V 

battery, II-78 
step-up/step-down dc-clc rnnvp.rt.Prs, 

IB-1I8 
stepper motors (see al~o motor 

control circuits), V-571-573 
direction conlrol, IV-:350 
drivers, H-!3?-6, II-390 
bipolar, V-572 
FET-basP.d, V-573 
half-step, IV-349 
quar'lcr-slep, IV-350 

dual dock drcwt, V-573 
speed and dll'ection, rv -~GO 

stt>ppmg switch, solid state, II-612 
stereo/phonograph (hl-fi) circuits, 

V-574-584 
acoustic field gcncrnlor, V-338-341 
amplifiers, 1-77, I-80-81, I-89, I-670, 

II-9, II-43, TI-45, ITI-34, Ill-37, 
Tll-38. fV-29, TV-35, JV-36, fV-t16 

bass t@f: control, V-fi84 
miru-stereo amplifier, V-583 

audio level meter, JV:.:!JlO 
.audio power amplil'iers, V-40, V-

48 
audio powf:r meter, IV-306 
audio signal amplifier, V-58 
balance circuits, 1-618-619, II-60!3-

605, V-583 
booster arnphfier for car stereo, V-72 
rompandf'r, H-12, III-98, IH-95 
expander, II-13, III-93, III-95, V-582 
decoders, II-18, II-167--169 
demodulalors, l-544, ll-159 
derived c1}11tcl' cham1el stereo 

s:;,stem, IV-23 

FM stereo transmitter, V-575, V-580 
frequency decoder, TT-169 
frequency division multiplex, II-169 
loudspeaker protector circuit, V-483 
mixers, 1-55, IV-332 
power meter, III-331 
pn'!amphfiers, [-90, I-91, II-43, 

II-45, III-37, IIJ-671, III-673, 
IV-35, IV-36, V-581, V-584 

reception indicator, III-269 
reverb systems, I-602, f-606, U-9 
speaker protf'r.tmn circuit., V-176, 

V-179 
TDM decoder, II-168 
test circuits, l-618-6l!J, lll-26!.l, 

Ill-331, IV-306, lV-310 
toue eontrol circuit, lugh-Z mput, 

T-676 
TV-stereo decoder, II-167, V-576-

579, V-580 
slimulaLor, consLant-currcnt, IH-352 
stimulus isolator, III-351 
stop hght, garage, II-G:i 
strain gauges 

bndge excitation, III-71 
bridge signal conditioner, II-85 
instrwnentation amplifier, III-280 

strobe circuits, JI-606-610 
alarm system, V-ll-7 
disco-, II-610 
high-voltage power supplies, 

IV-413 
safely flare, 11-608 
tone burst generator, II-90 
trip switch, sound activated, 1-488 
variahlt> st.robe, III-589-590 

stud finder, III-339 
subharmonic frequencies, crystal-

stabihzed TC timer, JJ-151 
subtractor drc11it, IH-827 
subwoofer amplifier, V-49, V-50 
successive-approximation ND 

converter, 1-45, 11-24, 11-30 
swrmtirt),( ampWiers, I-37, III-16 

fast action, I-:36 
hwerting, V-18, V-20 
precision design, I-36 
video, clamping circuit and, m:710 

sun tracker, III-318 
supcrhctcrodyne receiver, 3.5-to-10 

Mfa, fV-450-451 
supply rails, currP.nt simsmg in, 

II-153 
suppressed-carrier, double­

sideband, modulator, III-377 
sweep generators ('>ee ah;o functfon 

generators; wavefore 
generators) 

10.7 MHz, I-472 
add-on lri.ggered, 1-472 
osr.:illo~eope-triAAered, III-438 

switches and switching etrcu1ts, 
H-61I-612, TII-G9!-f'i94, fV-5~7, 
V-fi85-fi98 
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switches and switching circuits 
(cont.) 

ac switches, III-408, fV-387 
ac power switch, V-112, V-115 
analog switches, I-621, I-622, III-

593 
antenna selector, electronic, 

rv-538-539 
audio switc.:h, ei.ghL-chru:uu.:I, 

V-588-589 
audio-controlled sW1tch, V-590 
audio/vidM switcher circuit, 

rv-540-541 
auto-repeat switch, bounce-free, 

IV-545 
bidirediomtl relay s·witch, IV-4 72 
bistable switch, mechanically 

controlled, fV-545 
contact, I-136 
controller, Ill-383 
dark-activated, V-274, V-276 
de controlled, V-586, V-592 
de ..,t,atic, JJ-367 
debouncers, IIl-592, rv-105, rv-106, 

fV-108, V-316 
delay, auto courtesy light, lll-42 
dimmer switches, I-369, ll-309, 

IV-247, TV-249 
800 w, JT-309 
de lamp, U-207 
four-quadrant, IV-248-249 
halogen lamps, III-300 
headlight, 11-57, U-63 
low-cost, I-373 
soft-start, 800-W, I-376, IIJ-304 
tandem, II-312 
triac, I-375, II-310, III-303 

DTL-TTL controlled.buffered 
analog, [-621 

fax/telephonf' sW1tch, IV-fifi2-rifi3 
FET, de controlled, V-592 
FET dual-trace (oscilloscope), 

II-432 
flex swiLcll, alarm sounder circuit, 

V-15 
frequency switcher/oscillators, 

V-418 
Hall-effect, III-257, IV-539 
headlight switching circuit, V-75 
hexFET switch, V-592, V-593 
high-frequency, [-622 
high-side power control switch, 5 V 

supply, IV-384, fV-385 
infrared-activated, IV-345 
IR-controlled ND switch, V-225 
kill-switch for batteries, V • 71-72 
latching, SOR-replacing, III-5!=13 
light-opt"rat.!"d, II-320, III-314, 

V-274, V-278 
adjustable, I-362 
capacitance <:1witch, 1-132 
light-controlled, II-320, HI-314 
photoelectric, H-321, JJ-326, 

III-319 

744 

self-latchmg, V-278 
solar triggered, III-318 
zero-point triac, Il-311 

Joad-discormect switch, V-591 
load-sensing, solid-state, V-285 
mPrenry-swit.t.h tilt detector, V-302 
MOSFET power control switch, 

IV-386 
on/off inverter, IH-594 
on/off switch, I-577, II-359, fV-543, 

TV-546 
optical safety-circuit switch, V-409 
optically coupled, Il1-408, III-410 
oscillator-triggered switch, V-590 
over-temperature switch, IV-571 
photocell memory, ac power 

control, [-363 
photoelectric, II-321, II-326 
proximity, III-517 
push 0tt/off, U-359 
pushbutton power control switch, 

TV-388 
remote switches, I-630, I-577, V-592 
rf switches, III-361, III-592 
rotary switch, BCD digital, V-160 
safety switch, V-589 
satellite TV audio switcher, IV-543 
solar-tnggered, rrI-318 
solid-state stepping, Il-612 
sonar transducer/, IH-703 
sound-activated, I-610, ll-581, 

IU-580, Ul-600, Ul-601, 
IV-526-527, V-553, V-555, V-590 

speed, I-104 
SPDT, ar-statk, H-612 
S'Wltching controller, III-383 
temperature control, low-power, 

zero-volta~e, 11-640 
thPnnostatic, for auto fan, V-68 
ton,:; switch, narrowband, rv-542 
touch switches, I-131, I-135-136, 

Il-6!>0-693, lll-661-665, 
[V-590-594, V-270 

touchomatic, U-693 
TR switch for antennas, automatic, 

V-37 
triac switches, I-623, II-311, IV-253 
two-channel, 1-623 
two-way switch wiring, V-591 
ultrasonic, I-683 
under-temperature switch, fV-570 
VHF/TJHF diodt'" rf switch, IV-544 
video switches, III-719, III-725, 

III-727, Ill-728, IV-618-621, 
V-587 

video/audio switch, V-ri86 
voicl?'-operated, I-608, III-580, 

fV-527, V-553 
whistle-activated switch, V-551 
wiring for two-way switch, V-591 
zero crossing, I-732 
zero pomt, I-373, IJ-311 
zero-voltage switching, I-623, 

UI-410, III-412 

switched-mode power supplies, 
II-470, III-458 

24- Lo 3.3-V, V-462 
5- to 3.3-V, V-462 
fiO W, off-lint'!, III-473 
100 kHZ, multiple-output, IIl--488 
converter, V-461 
synchronous stepdown regulator, 

V-468 
volt~e regulators for switched 

supplies, V-453 
3 A, III-472 
5 V, 6 A, 25 uHz, separate 

ultrastable reference, [-497 
6 A variable output, [-513 
200 kHz, [-49L 
application circuit, 3W, I-492 
fixed power supplies, 3 A, JV-408 
high-current inductorless, III-4 76 
low-power, III-490 
multiple output MPU, [-513 
positive, I-498 
step-down, I-493 
step-up, 6V battery, II-78 

converter, +50V push pull, 1-494 
mverter, 500 kHz, 12 V, II-474 
power amplifier, I-33 

switched light, capacitance, I-132 
switching/mixing, silent audio, I-59 
sync circuits, V-594-595 

combiner, V-595 
gatiJ\'! circuit, V-595 
separators, TU-715, TV-616 

syntht'"sizers (see aL<,o musical 
circuits; sound generators) 

four-channel, 1-603 
frt!quency. programmable voltage­

controlled, H-26fi 
music, I-599 

T 
tachometers, 1-94, I-100, I-102, 

II-175, III-335, III-340, IIT-347, 
V-65, V-596-598 

analog readout, IV-280, V-597-598 
calibrated, III-598 
closed loop feedback control, ll-390 
digit.al readout, ll-61, IU-45, 

IV-268-269, IV-278 
dwell meter/tachometer, HI-45 
feedback control, II-378, II-390 
frequency counter, I-310 
low-frequency, lll-596 
minimum-component design, I-405 
motor speed controllers, II-378, 

II-389 
optical pick-up, lll-347 
set point, III-47 

tandem dimmer. H-312 
tap, telephone, III-622 
tape-recorder circuits, 1-21, J-419, 

III-599-601, IV-547-548 
amplifiers, I-90, fV-36 
audio-powered controller, IV-548 



automatic tape-recorclin,q switch, 
T-21, TI-21 

automotive-battery power circuit, 
IV-548 

casseUc-decic motor speed 
calibrator, IV-353 

extended-play r:ircuit, III-600 
flat-response amplifier, III-673 
interface for, II-614 
personal message recorder, V-330-

331 
playback amplifier, llT-672, IV-36 
position indicator/controller, II-615 
preamphfier, I-90 
sound-activated switch, III-600, 

Ill-601 
starter switch, telephone-activated, 

1-632 
telephone-activated starter switt.h, 

I-632, II-622, III-616 
telephone-to-cassette interface, 

llI-618 
telecom converter -48 to +5 Vat 1 

A, V-472 
telemetry demodulator, I-229 
telephone-related circuits (see also 

inierconu;), H-616-635, 
III-602-622, IV-549-564, 
V-599-615 

alarm dialer, V-tH2 
amplifier, III-621, IV-560, V-614 
answering machine beeper, IV-559 
auto answer and ri.ng indicator, 

1-635 
automat1c recording device, H-622 
bask telephone cucmt, V-615 
bell simulator, V-604 
blinking phone light monitor, 

11-624, II-629 
call-tone generator, TV-562 
caller ID, V-fi18 
cassette interface, III-618 
decoder, touch-tone. IV-555 
dial pulse indicator, Hl-613 
dial-tone circuit, 5-V, V-610 
dialed-phone number vocalizer, 

TH-731 
dialer 

emergency dialer, V-603 
pulse/tone, single-chip, III-603 

dual tone dct:odirtg, 11-620 
duplex audio link, IV-554 
duplex line amplifier, IIT-6Hi 
eavesdropper, wireless, III-620 
emergency dialer, V-60:3 
fax-machine switch, remote-

controlled. lV-552-553 
flashers, TI-629 

phone-message, IV-556 
tell-a-bell, IV-558 
visual ring indicator, IV-55!.l, 

lV-561 
frequency and volume controller, 

II-623 

hands-free telephone, III-605 
hanc!Rf>t f!nr.odf\r, I-fi34, III-613 
hold button, II-628, III-612 
hold circuit, V-614 
in-use irtdit:ator, II-629, lV-560, 

lV-563, V-602 
intercom, IV-557, V-239, V-240 
interface 

audio, V-612 
FCC Part 68, V-613 
for phone-lli1e, V-605 

light for, TI-!i2fi 
line interface, autopatch, I-635 
line monitor, I-628 
line tester, V-615 
mcssage-t..akcr, IY-563 
monitors, I-625, II-626 
musical hokl, 11-623,-V-fi0I, V-605 
mus1<'.al ringer, II-619 
night light, telephone controlled, 

111-604 
off-hook indicator, I-633 
optoisolator status monitor, 1-626 
pager, V-609, V-611 
parallel connection, III-611 
personal message recorder, 

V-3:J0-331 
p1ewelectric rmger, I-636 
powPr s1-1,itr.h, ar., JV-fifi0 
pulse-clialing, III-610 
recording calls, I-632, III-616, 

IV-553, IV-558, V-600 
redial, lll-606 
relay, 1-631 
remote monitor for, H-626 
repeat.er, III-fi07 
repertory dialer, line powered, I-633 
ring converter, V-602 
r~ detectors, II-623, III-611, 

Jll-619, IV-564 
ring ind1<'.ator, V-604 
ringers, IV-556, V-600 

extension-phone ringer, IV-561 
high-isolation, 11-625 
multi-tone, remote 

programmable, U-634 
mnskal, JJ-fiHJ 
piezoelei".tric, I-636 
plug-in, remote, Il-627 
relay, lll-606 
remote, Il-627, III-614, IV-562 
tone, I-627, I-628, 11-630, U-631 

srrambler, II-o18, V-608 
series connection, III-609 
silencer, IV-557 
sound level meter monitor, III-614 
speaker amplifier, TV-555 
speakerphone, II-632, III-608 
speakerphone adapter, V-606-607 
speech activity detector, II-617, 

lll-615 
speech network, II-633 
status momtor usmg optoisolator, 

[-626 

switch, solid-state, line-activated, 
III-fil 7 

tap, III-622 
tape-recorder st..arter controlled by, 

I-632 
teleeom converter --48 to +5 V at l 

A, V-472 
timer, tele 0 timer, V-623 
Loll-totalizer, IV-551 
tone-dial.in,q, III-607 
tone ringers, I-627, T-628, IJ-630, 

II-631 
Touchtone generator, III-609 
touch-tone decoder, IV-555 
vocalizer, dialed-phone nwnber, 

lll-731 
voice-mail alert, V-607 

television (see video c1rc11its) 
temperature-related circuits (see 

also thermometers), I-641-643, 
-I-648, 1-657, ll-645, III-629-631, 
IV-565-572, V-616-620 

0-50 C, four-channel temperature, 
I-648 

alarms, II-4, II-643, II-644, V-!.l 
automotive water-temperature 

gauge, II-56, IV-44, IV-48 
boiler temperature control, J-638 
eompensation adjuster, V-617 
control circuits, I-641-643, II-636-

644, III-623-628, IV-567 
defrost cycle, IV-566 
heater clement, 11-642 
heater protector, servo-sensed, 

TII-624 
heat sniffer, electroruc, III-627 
liquid-level monitor, II-643 
low-power, zero-voltage switch, 

II-640 
piezoelei".trir fan-based, IJI-627 
proportional, III-626 
signal conditioners, II-639 
siriglc sctpoi.nL, 1-641 
thermocoupled, IV-567 
zero-point switching, III-624 

converters 
logarithmic, V-127 
temperature-to-digital, V-123 
temperature-to-frequency, I-646, 

l-168, 1-656, 11-651-653, V-121 
temperature-to-time, III-632-633 

cool-down circuit for amplifiers, 
V-354, V-357 

defrost cycle and control, IV-566 
r.Li.fferential temperature, I-654, I-

655 
flame temperature, III-313 
furnace fuel miser, V-328-329 
heater control, I-639, I-640, II-642, 

III-624 
heat sniffer, IH-627 
hi/lo sensor, II-650 
hook sensor on 4- to 20-mA loop, 

V-618 
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temperature-related cln:uits ( cant ) 

J(; t.PmpPrature, T-649 
indicator, II-56, IV-570 
isolated temperature, I-651 
lo~aritlunk t:onverlcr, V-127 
low-temperature sensor. V-619 
measuring rircmt/sen,mrs, TT-653. 

JV-572 
melers/moniLors, I-647, IH-206. 

N-569 
op amp, temp-compensated 

breakpoint, V-401 
oscillators. temperat.urP-contrnllPrl, 

I-187, 11-427, III-137 
over-temperature swiwh, IV-571 
over/under sensor, dual output, 

II-646 
ro>mote sensors, T-649, 1-654, V-619 
seruor;;, I-648, I-tifi7, 1J-64fi-fifi0, 

III-629-631, [V-568-572, V-619 
0-50-ctcgrcc C four channel, 1-648 
0-63 degrees C, III-6:Jl 
5 V powPrnd hmmrized platinum 

RTD signal rnnd1t1oner, Tl-oGO 
automotive-temperature 

indicator, PTC thermistor, 11-56 
Centwade thermometer, Jl-648 
coefficient resistor, positive, l-657 
d1ffPrential, T-654, 1-655 
over/under, dual outpnt, II-Mfi 
DVM interface, II-647 
hi/lo, II-650 
integrated circuit, 1-64:J 
isolated, I-651, IH-631 
low-t.ernpera.ture, V-619 
remote, I-649, I-651, V-fiu:J 
soil heater for plants, V-333 
sokkring iron conLrol, V-327 
thermal momtor-, lV-569 
thermoconple amplifier, cold 

junction compensatmn, TJ-649 
thermocouple multiplex system, 

ill-630 
zero-crossing dctccLor, 1-733 

signal conditioners, H-639 
>nnglP-sPt.pnint, temperature, 1-641 
temperature-to-digit.al mnverter, 

V-123 
temperature-to-frequency 

converter, 1-646, 1-168. l-656, 
II-651-653, V-121 

ternpnature-to-time converter'&, 
III-632-633 

Lhermocouples 
ampillier, coldjundion 

rnmpensa.tion, II-649 
control, lV-fi67 
multiplex system, III-680 

thermometers (see thermometers) 
Lhcrmostat (see thermostats) 
thermostalic fllit switch, V-68 
transconducer, I-646, l-649 
under-tempera.tme switch, IV-570 
Zf'ro-cro.<;sing detect.or, J-733 
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Lcmpcralurt'-Lo-frcqucncy convener, 
I-168, I-656, II-651-653 

t.empnat1irP-to-frequency 
transconducer, hnear, I-(M(l 

Lemperature-to-time converters, 
lll-63~-633 

r.en-band graph.Lr eqLiahzer, a,ctive 
filtf'r, IT-€\84 

Tesla coils, III-(\34-Cl8fi 
Lest bench amplifier, V-26 
lcsl drcuUs (t;ee mcusurcmenlltest 

ClrCUiC&) 
text adder, composite-video slg.nal, 

Ill-7 Hi 
theremins, II-654-65(\ 

d!.gital, II-656 
ckct..ronic, 11-655 

thermal IlO\Hncter, low-rate flow, 
TH-203 

thermocouple circmt:s 
amplifiers, I-355. 1-654, II-14, II-649 
digiLal t.hcrmomeLer using, 11-658 
multiplex, temperaturL' sensor 

systf'm, TH-6:-10 
prr>-amp using, HT-283 

thermometers (see al.so temperature­
related circuits), II-657-662, 
Ul-6!37-643, lV-573-577 

0-50 degree F, I-656 
0-100 degree C, H.56 
fi-V opPrat.ion, V-1.il 7 
adapter, UT-\112 
add-on for DMM digital voltmeter, 

lH-640 
cL'Htigraue. 1-655, 11-648, 11-662 

c::.librated. 1 650 
grmm<l-rPf PrrPd, 1-€lfi7 

diffnential, I-652, II-661, III-638 
WJ{,ilal, 1-651, 1-658, V-618 

temperature-reporting, lll-638 
thermocouple, rr 658 
uP controlle<l, I-11:iO 

electroni<', II-660, III-039, IV-G7:,. 
IV-576 

Fahrcn.lu..:iL, 1-658 
f.(rouwJ-referreu, 1-656 

high-accuracy design, IV-577 
impl::l.ntahle/ingest1hle, Hl-641 
kelvm, I-fifi3, 1-1'\Sfi. H-M I 
linear, III-642, IV-574 
low-power. I-655 
meter, trimmed oulµul, 1-655 
rPmote, TT-659 
singlr-dc supply, IV-S7fi 
variable offset, I-652 

thermostats, 1-639, 1-640. V-60 
third-overtone oscillutor, l-186, 

JV-121 
thrr>P-m-onP test :let, TfI-880 
three-minute timer, IJI-{\51 
three-rail power supply, III-466 
lhrcshold dclect0rs, precision, 

111-157 
tilt meter. II-663-666, lll-644-646 

differential capacitance 
mcasurcmcm circuiL, 11-665 

mercu.ry-S\\• itcl1, V-!302 
sPnsP-of-slo11e, TT-fifi4 
ultra-simple level. II-ofifi 

lune bases 
crystal oscill.alor, lll-1:J:.l, lV-128, 

V-137. V 1!39 
fHnct.ion gPnPrators, 1 Hz, 

readout/counter applications, 
IV-201 

oscilloscopes timebase generator, 
V-42,5 

trl~er selector for· oscilloscopes 
t1mPba.~f'. V-42G 

t1mf' delay:s, I-008, II-220, II-fifi7-670, 
III-647-649 

drcuii, precision solid slate. I-664 
coru;t.a1tt eurrc1tt chargiHg, ll-668 
Plect.rnrnc, Tl1-n48 
generator, I-218 
hour sampling circuit. II-668 
inlcgrnlor Lu mulliplv 555 Limers, 

low-cosc, II-669 
long-durat1on, T-220 
rPlay. 1-219, I-fifi;-J 

tnning threshold and load driver, 
II-670, III-648 

time division mulLiplex stereo 
dee.oder, 11-168 

timers a.lso 555 tuner cu·cLuts), 
T-666, T-668, 11-671-681, HI-6.50-
G5G, JV-fi78-ri8f\, V-!i21-t>27 

0.1 to 90 second, I-663 
2- to 2000-minute, V-624 
555-basl'd alarm, V -11 
741 tnner, T-667 
adJnstahle, 11-(\8 l, IV-G8fi 
alarm. H-674 
appliance-cutoff wmer, IV-583 
CMOS, pro):{.r,umuable µn\dsiun, 

HT-f152 
cmmtdovvn, V-f\27 
darkroom, I-480, V-1::in 
elapsed time/counter timer, II-680 
electronic egg, 1-665 
enlarJ{l'r I.JJ.ner, 11-446, 111-445 
extended on-time, V-627 
IC, crystal-stab1hzed, Tl-151 
mterval, programmable, 1-flCiO, 

II-678 
long-dctw. l-21!.l, V-6~6 
lon~-duratwn, IL-675, lV-585 
long-mtPnm.1, T-667, N-G81, lV-582 
long-penod, V-624 
long-term, ll-672, III-653 
mm.ns-µowcrcd. IV-57!.l 
one-shut, 11-266, m-:317, lll-654 
photographic. T-485 
darkroom enlargPr, I11-44fi 
photo-event tuner, lV-879 

react.ion t.imer, game circuit, lV-204 
reflex timer, V-622 
SCR design. JV-58:J 



self-retriggering timed-on 
generator, V-343 

5equential, I-661-662, I-66:..l, 
In-fi51, V-623 

slide-show, III-111, JTI-448 
solid-state, industrial applicat10m;, 

1-664 
tele-timer, V-623 
um-mim1t.e TD timer, lV-584 
three-minute, JIT-fif.i4 
three-stage sequential, V-62::l 
Utumbwheel-type, programmable 

interval, 1-660 
time-out circuit, IV-580, JV-586 
tri:rngl!:'-wave generator, linear. 

III-222 
variable duty-cydl" output, JJT-240 
voltage-controlled, prograrnmable, 

ll-676 
washer, I-668 
watt.h tic-k timer, V-292 
watchdog timer/alarm, IV-G84 
wide-range, V-1-minute to 400 

hours, V-625 
tumNs li~ht, ignition, 11-60 
tm,mg threshold and load driver, 

III-618 
tone alert decoder, 1-2 l:i 
tone annunciator, transformerl.;ss, 

IU-27-28 
tone burst gcncralors, 1-604, 11-90, 

III-74 
ton~ circuits (sno fw1.ction 

generar,ors; sound genera.tors) 
tone controls (see al!lo smmrl 

generators). I-677, II-682-689, 
Hl-656-660, IV-587-589, V-334, 
V-630-631 

500-Hz, lll-lri4 
active control, lV-fi88 
audio amplifier, H-6813 
automalic level control (ALC), 

V-60-62 
bass,.J-670, V-584, V-631 
hass and treble, I-674, V-631 
Baxanda1l tonP-rnntrol audio 

amplifier, IV-588 
decibel level detector;i, III-lM 
equalizers, III-658, II-684 
filter drcuiL, V-1 kHz, V-191 
guitar treble booster, ll-683 
high-quality, T-675 
high-z input, h1 fi, T-fi7fi 
level meters, sound levels, HI-346, 

Ill-614, lV-:..105, IV-307 
loudness, II-46 
microphone preamp, J-675, II--687 
mixer preamp, I-58 
passive circuit, II-689 
preamplifiers, I-58, I-673, I-675, 

11-687, U-688, III-657 
rumble/scmtdt filLcr, lll-660 
stereo preamp with tone conLrol, 

V-581 

threP-ba.nd active. I-676, lU-658 
thrPe-cha.nne!, T-fi72 
trebel control, V-631 
tremolo circuit, IV-589 
volLune limiter, audio signal 

arnphf1Prs, V-59 
Wien-hndgt> filter, IIT-6!i!'.l 

tone decoders, I-23L III-143 
dual umc constant, 11-166 
24 µern•11t barn;l\\idt.h. 1-215 
relay output. I-213 
tonr!-rlial dernrler, T-630, 1-631 

tone det.=:ttors, iiOO-Hz, 111-154 
tone-dial generator, 1-629 
to11c-dialing telephone, III-607 
tone cucl.ldcr, 1-67 

subaudible, 1-2!3 
tone-rlial encoder, I-629 
t,vo-w'ire, Il-36,1 

lone generators (see sound 
Hcncralors) 

tone probe, di~tal IC testing with, 
H-504 

tone ringer, te].;phone, H-630, H-631 
totem-pole driver. bootstrapping, 

Jll-175 
touch switches, 1-131, 1-135-136, I-

137, II-690-693, 111-661-665, 
lV-£)90-594, V-632-635 

CMOS, I-137 
bistable multrvihrator, touch-

triggered, I-133 
bridging touch plate sensor, V-634 
dimrrn:r, CMOS based, V-270 
double-button latching, L-1!38 
hum-riPtPcting touch sensor, 

IV-591 
lamp control, three-way, IV-247 
low-current, 1-132 
On/Off, 11-691. 111-663, 1V-5tJ:.I 
lat.chmg -:witch, V-635 
lint>-h11m, Hl-6fi4 
momentary operation, T-133 
negative-triggered, Ill-C\62 
on-only switch, V-635 
positivc-lriggcrcd, lll-662 
'iensor switch a.mi dock, tV-5!.H 
single-plate sensor, V-633 
switch, V-633, V-634, V-635 
time-on tour.h ,m,itch, IV-fi94 
touchomatic, II-693 
two-terminal, III-663 

Touchtonc gcnerulor, ldcµhone, 
IH-609 

toxic gas detector, II-280 
toy siren, 11-575 
TH drcuiL, ll-532 
TH svdtch for anLcrnias, automatic, 

V-:37 
tracPrs 

a11d10 refen=•ncf' signal, probe, I-527 
bug, III-358 
closed-loop, III-356 
receiver, III-357 

Lrack-and-hold circuits, III-667, 
111-668 

sample-and-hold circuit, 111-54\.l, 
IH-lifi2 

tracking circuits, Ill-ufifi-668 
positive/negative voltage reference. 

III-667 
prPregulat.or, HI-492 
track-and-holrl, HI-fifi7, TH-668 

train chuffer sound Pffi>ct. IT-fiR8 
~ransceivers ( see also receivers, 

tnmsnlitLcrs), IV-5[.15-603 
transceiver's 

1750-meter, V-646 
~E, 20-m, JV-596-598 
CW, 5 W, 80-meti>r, TV-602 
external microphone c1rc111t, V-2:il 
hand-held, Jll-3l.l, Ill-461 
HF transedvcr/mixcr, IV-457 
11\trasonic, TII-702, UJ. 704 

transducer a.mphf:tf'rn, T-80, 
lll-669-673 

nut-response, I.ape, III-673 
NAB preamp, Ill-673 
photodiode amphller, III-672 
preamp, magnet1C phono, III-671, 

III-673 
tape playback, III-672 
vo!Lagc, differential-to-single­

endetl, lll-670 
transducers, I-86 

bridge type, ampltfie1·, Il-84, HI-71 
dt>tedor, magnet.ic transducer, 

I-233 
sonar, svvitch and, III-703 
lemp<.'ralurc, remote sensor, I-649 

transformers, isolation transfonncr. 
V-849, V-470 

transistors and trans1stonze<l 
circuits 

flashers, ll-i36, III-200 
frequency lripler, Ill.lnsclcctJ.ve, 

saturated, 11-252 
hPadJ)hone amplifier, II-43 
on/off s,\.1t:ch for op amp, TV-546 
phototransrntor, V-279 

amplifier, V-409 
variable-sensitivity, V-409 

pulse gcncralor, IV-437 
sorter, I-401 
tester, T-401, IV-281, V-306 
turn-on cirtuit, V -~4fi 

transmission indicator, Il-211 
transmiLtcrs (see also receivers: 

transceivers), lll-674-691, 
TV-fi9:i-603, V-636-649 

2-meter, IV-600-601 
IO-meter DSB, V-647 
~7.125-MHz NBFM, V-637 
acoustic-sound transndtter, IV-311 
amateur radio, 80-M, lll-675 
amateur TV, IV-599 
ATV .TR transmitter, V-440 MHz, 

V-fi10 
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transmitters (cont.) 
audio, ',risible-light, V-261 
baby-alcrL, currier-current CJICUJL 

V-95 
hearon, TH-683, TV-GO~ 
broadcast. l-to-2 MHz. I-680 
carrier current, l-144, 1-145. LII-79 
computer circuit, l-of-8 channel, 

III-100 
CW transmit.t.ers, T-fi81, llI-€\84, 

III-586, III-678, IIl-690. lV-601. 
V-648, V-640 

DSB. IO-meter, V-647 
fibcroµtic, 111-177 
FM tra.nsnutters, I-681, V-641 

27125-MHz NRFM, V-6:17 
48-MHz, V-64~ 
infrared, voice-modulated pulse, 

[V-228 
lJRht-beam, V-259 

""'"'l'""A• IH-688 
onP-t.ransistor <l~sign. HI-fi87 
optical. I-361, I-367. H-417 
radto, V -648 
snooper, lll-680 
stereo; V-575, V-580 
voice, IH-678 
wirnlf'Sf> mk.rophcmf>, HI-682, 

IH-685, HI-691 
half-duplex information 

transrrussion link, Jow-cosL, 
HHi79 

llF, low-power, TV-598 
infrared, T-342, TT-289, TT-290, 

TTI-27f>, III-277, JV-22€i-227, 
TV-228 

headphones. V-227 
pul.sed for on/off control, V-228 

line-ca.mer. with on/off, 20() kHz, 
T-112 

low-frequency, III-682 
MIDI transmitter, V-3U3 
modulaLed-lighL Lransmi.Lk'r. \:-258 
Mor!,e-cude transmitter. V-6-\V for 

7-MHz, V-641 
multiplexed, l-of-8 channel, JTT-39/i 
nPgativt> key-line keyer. TV-244 
optical, I-361, I-363, II-417, ll-418. 

IV-368 
osdllaLor and, 27 and 49 MHz, 

I-680 
our11ut mrlkator, TV-218 
QRP, V-638-639, V-644-645 
remote-control, V-50!J. V-513 

inLerfacc, V-511 
ultrnsomc, V-512 

remote sensors, loop-t.ypf', IIT-70 
t.P.lf'vision, TTI-67fi 
tracking transmitter, V-642 
transceiver, V-1750-meter, V-646 
LransmilJrcceivc scqucrn:cr, 

prciunµ, V-!J48 
ultrasonic, 40 kHz, T-685 
ultrasouml Doppler, V-o!}J 
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vacuum-lube, low-power. V-80/40-
M, V-642 

v01ce-cornrrnm1cat1on, hght-beam, 
V-260 

\1-IF. HI-681, lll-684 
transvcrkr, V-2-to-6 meter, V-124 
treasure locator, lo-parts. 1-409 
trehlE> boost.H, gmtar, II-683 
tremolo circuits, I-59, I-598, 

III-692-605, IV-58!J 
tri-color indicuLor. V -232 
triac drcults, V-268 

ac-voltage controller, 1V-42(i 
cnntart protPr.t1cm, TI-531 
controller drcuit, V-267. V-271 
dimmer sw1tches, I-375, II-310. 

III-303 
drive .interface, direct I-266 
m.icrocomputer-to-t.riar. intPrfacf', 

V-214 
microprocessor array, II-410 
relay-cont.act protection wit!,, 11-5:Jl 
swilch, irnJuctive load, IV-25:3 
tr.LAAer, J-421 
volt.age douhlPr, TIT-468 
zero pomt switch, U-311 
zero voltage, I-623 

triangle-to-sine convcrlcr. ll-127 
trianglc/squan: wave ot>cillator, 

11-422, V-206 
tria.n,qle-wave generators, ITI-234, 

V203 
Io-Hz t.o I 0-kHz VCO. V-570 
dock-driven, V-206 
square/triangle-·wave. lll-285, 

Ul-2'.J9, lll-242 
tune!, linear, III-222 

triangle-v1rave oscillat.or, V-20!:i 
trickle- charger. 12 V battery, J-117 
triggers 

50-MHz, IJJ-364 
camera alarm, IH-444 
i1ash, photography. xenon flash, 

TTT-447 
loarl-sf'nsing. V-28:'i 
optir.al Schmitt, I-362 
oscilloscope-triggered sweep, 

lll-438 
remote il~h. l-484 
SCR series. optically r:o11pled, 

TIT-411 
8mmdihghr flash, I-482 
triac, I-421 

triggered sweep, add-on, 1-472 
tnpler, nonseler:tiw-,.t.ransistor 

satnrat10n, II-252 
trouhle tone alert, II-3 
TTL circuits 

clock, wide-.t:rcqucncy, Ill-85 
coupler, optieal, III-416 
),'iates, siren usmg, II-576 
Morse code keyPr, II-2/"i 
sq11arP-to-tnanglf: wave converter. 

11-125 

'l'T'L-to-MOS logic converter, II-125 
TTL oscillators. I-179, I-613, IV-127 

1MHz to 10MHz, 1-178 
1MHz to 20MJJz, IV-127 
crystal, TTL-compatible, T-179 
smP v.-av~/i:iquare oscillator, IV-512 
television display using, II-372 

tube amplifier, h.igh-voltui;(e 
isoiation, IV-426 

tuuers 
antenna tuner, TV-14, V-38 
FM, I-231 
guitar and bass, IJ-362 

turbo circuits, gliLdt free, llI-186 
turn-on cin:uit, V-345 
Lwung-twa.rl.': clrcwt, H-592 
twilight-triggered circuit., II-322 
twin-T notch filters, HI-403 
two-state siren, IH-567 
two-tone generator, 11-570 
two-lone siren, III-562 
two-way intercom, HI-292 
two's rnmplement, DIA conversion 

system, binary, 12-bit, UI-166 

u 
UA2240 staircase generator, lH-587 
UHF-related circuits (see aL~o 

rarl10/rf circuits) 
amplifier, I-560-565 
audio-to-UHF preamp, V-24 
broadband rf amplifiers, V-623 
field-strengLh mders, IV-165 
rf amplil1ers, UHF TV-line 

amplifier, IV-482, IV-483 
source chpper, TV-299 
TV preamplifier, III-546 
VHF/UHF rf diode switch, lV-544 
VHF/UHF rf preamplifier, V-51 ii 
wideband amplifier, T-.560, HT-2G4 

UJT orcrnts 
battery chargers, IH-56 
metronome, II-355 
monostable ciicuit, bias-voltil,((e 

ch,mgc insensitive. II-268 
ultrasonic circult& (see also sound­

operated circuits), ITI-696-707, 
TV-604-606, V-€i50-653 

arr weklmg inverter, 20 KHz, 
III-700 

cleaner, V-652-653 
induclion .heater, 120-KHz 500-W, 

III-704 
pest-control/repel, I-684, II-685, 

III-699, III-706, III-707, IV-605-
606 

rangiI1g system, III-697 
receiver, HI-698, TH-70/'i 
Doppler ultr.asound, V-651 

remote-r.ontrol receiver, V-513 
remote-control transmitter, V-512 
sonar transducer/swilch, 111-703 
sound source, IV-605 
switch, 1-683 



transr:f'JVer, Hl-702, 1II-704 
transmitter, I-fi8fi 
Doppler ultrasound, V-651 

undcrvoUage detector/monitor, 
III-762, IV-1:38 

11ninterrnptihle power supply, 
II-462, III-477, V-471 

unity-gain amplifiers 
inverUng, 1-35, J-80 
nonlnverting, V-21, V-i2 
ultra high-Z, ac, II-7 

unity-gain huff Pr 

stable, speed and high-mput 
impedance, II-6 

wlity-gain follower, I-27 
universal eountcrs 

10 MHz, I-255, II-1:Jg 
10-MH;,., Ill-127 

universal mixer stage, tn-370 
universal power supply, 3-30V, 

lli-489 
up/down counters 

8-digit, 11-134 
extreme count freezt"r, ITI-12!i 
XOR gate, III-105 

V 
vacuum fluorescent display circuil., 

H-185 
vacuum gauge, automotive, IV-45 
vapor detector, II-279 
varactor-tuned 10 wfHz cemmit. 

resonator oscillator, II-141 
variable current soUice, 100 mkto 

2A, JI-471 
variable-frequency inverter, 

complementary output, TH-297 
variable-frequency oscillators (VFO) 

5 MH:.: desil!n, ll-551 
4093 CMOS, V-421 
acljnst.ahle temperature 

comp,msatlon, V-420 
amateur radio, V-532 
buffer amplifier, V-92 
CMOS design, V-418 
code practice oscillators. V-103 
rf, V-6.5 MHz, V-1529 

variahle-gam amplifier, voltage­
controlled, 1-28-20 

variable-gain and sign op amp. Ir-40ii 
v,triablc-gain circuit, accurate null, 

III-69 
variahl.;-state filters 

universal, V-1 78 
variable oscillators, II-421 
audio, 20Hz Lo 20kHz, 11-727 
duty-cycle, III-422 
four-decade, single control, II-424 
sine-wave osdllator, low-distortion, 

III-558 
wide range, lI-429 

variable power supplies, III-487-492, 
IV-414-421 

0- to 12-V, V-1 A, V-460 

current source, voltage­
progrmmiwl.ile, lV-420 

rlr supply 
SCR varrn.hl<", JV-418 
step variable, IV-418 

dual universal supply, 0-to-50 V, 6 
A, fV-416-417 

regulated Rupply, 2.5 A, L25-to-
25 V 

switch-selected f1xed-voltagP 
supply, lV-419 

switehirtg regulator, low-power, 
III-490 

switchillg, WO-KHz multipk-
outpnt, TTI-488 

trackmg prereg11lator, 111-492 
transformerless supply, IV-420 
uuivcn,al 3-:mv, III-480 
voltage regulaLon, for varuible 

s11ppl!Ps, IIT-490. III-492, TV-421 
variable current sonreP. I 00mA to 

2A, II-471 
vollage rcgulator. III-491 

VCR/TV 011/off eonLrol, V-113 
vPhides (see automotive circuns) 
VHF-rPlat.Prl circuits (see also 

radio/rf; television; UHF) 
amplifiers, I-558 
cryslal oscillators, III-138-140 
llFNllF swiLdmb!e active antenna, 

V-524 
modulator. I-440, Hl-684 
ton€' transmitter, TJT-681 
transmitters, IIJ-€\8 l , 111-684 
VJ--IF/CHF dtode rf sw1tr.h, IV-G44 
Vllr'/UllF rfprcamplifier. V-515 

video Ill-713-728, 1V-607-
fi21, V-654-662 

amateur TV (ATV) dm.v11 
converter, V-125, V-126 

amplifiers, video. 1-688- I-690, 
I-692, 111-:)9. LU-708-712, V-482, 
IV-483, V-656, V-662 

7ii-ohrn vicleo pulse, III-711 
buffor, lmv-drntortlon. TTT-712 
color, I-34, Ill-724 
de gain-control. HI-711 
differential video loop-through, 

V-657 
FET cascade, I-691 
gam hlo..--k, TIT-712 
IF, I-689, II-687, V-fiGG 
JFET bipolar cascade, I-692 
line drivin,I<(, Hl-710 
log amplifier, T-:38 
output, V -ofifi 
RGB, HI-709 
rnrruning, clamping circuit and, 

lll-710 
TV amplifier:,, 1-688, 1-690, lll-3!J. 

IV-482, TV,483 
variahlP-gain video loop-through, 

V-658 
ATV video sampler c1rmit, V-(ifi6 

and10/video sv,1trher circmt, 
IV-540-541 

auLomatic TV tum-off. I-577 
buffer:,, V .9;3 
camera-image tracker, illialug 

voltage. fV-608-609 
camera link, wireless, III-718 
chroma demodulator with RGB 

matrix, 111-716 
color amplifier, III-724 
r:olor-har genera.tor, IV-614 
commercial zappf'r, V-884-235 
composite-video signal text arlrlPr. 

Jll-716 
converters 

RGB-to-NTSC, lV-611 
virlPo a/d and d/a, lV-610-611 

cross-hatch gem•rator, color TV, 
III-724 

dala inLcrface, TTL oscillator. 
ll-372 

rlc restorer, III-723, V-659 
decoders 

NTSC-to-RGB, IV-618 
stereo TV, II-Hl7, V-576-579, 

V-580 
detectors 

lF. MCI30/MCI352 ues.ign, 1-688 
\ow-lew~I video, I-687 689 

differential vuif'o loop-through 
amplifier, V-657 

fader, V-658 
high-performance video switch, 

III-728 
TF amplifier, 5-MJh :,ound, 

V-(iGfi 
IF detector, amplifier, 

MC130/MC1352, l-688 
lme pulse extrador, IV-61~ 
line/bar generator, V-662 
loop-thrn amplifiPr, rV-616 
master circuit, video maw~r, 

V-661 
mixer, high-performance video 

mixer, IV-609 
modulators, I-437, 1-439, 11-371, 

ll-372, ll-433. ll-434 
monitors. R.GR, blue box. HI-99 
monochrome-pattPrn gPnPrator, 

[V-617 
multiµlcx<.'r. cascaded, l-of-15, 

TTT-!393 
MTJX cahlP rlnvn 

multi-input, V-657 
Lwo-mput, V-657 

op amµ circuits, 1V-(:H5 
output amphfier, V-655 
PAI.JNTRC decoder Wlth HGB 

inp11t, Irr-717 
palette, Ill-720 
picture fixer/inverter, III-722 
preamplifier, 111-546, V-660 
rf amplifiem, TV sound ~Y~Lem, 

V-519 
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video circuits (cont.) 
ri up-couverter for 'l'VHO 

subcarrier reception, TV-50 l 
RG R-rompositf! ronvflrter, III-714 
sampler circuit, ATV video, V-656 
satellite TV audio switcher. 

IV-543 
selector. V-660 
signal-amplitmlP. measurt'!r, V-309 
signal clamp, III-726 
sound, IF/FM IF amplifier with 

quadrature, 1-690 
stercu-sowtd decur.ier, 11-167 
stereo TV decoder, V-,576-579, 

V-580 
switchmg rircuits, ITT-719, Jll-72fi, 

lII-727, IV-618-621 
video/audio switch, V-586 
wideband for RGil signals, V-587 

sync separnto1\ Hl-715, fV-616 
sync stripper/video 

V-6fi9 
transmitter. TV, HI-676, ]V-599 
TV sound system, rf amplifiers, 

V-519 
vru'iable-gain vldco loop-through 

amplifier, V-658 
VCR/TV on-off control, V-133 
video. power, channel-select signal 

carrier, V-344-345 
wireless camera link, III-71 

VLF/VHF wideband antcrum 
low-noh;e, active, V-33 

vocal eli:mmator, [V.19 
voice communications 

light-beam transmitter/receiver, 
V-260 

pcrsonul mcssagc recorder, 
V-:330-3:31 

vmce-rnail alert for telephone, 
V-607 

voice scrambler/descrambler, IV-26. 
IV-~7 

voice sut.isLituLC, elcr:uonic, HL-734 
volce-act1vated c11·cuits (see also 

sound-operated circuits; 
tPlephone-relat.e<l circ:mtil), III-
729-734, IV-622-624, V-545-555 

ac line-voltage announcer, III-730 
allophone generator, 111-733 
amplifier/switch, 1-608 
eomputer speech synthesi7.er, 

IIJ-732 
dialed phone number vocalizer, 

lll-731 
disguiser for voices, V-326-327 
intercoms, V-239 
scanner vmrf' sqnf'kh, IV-621 
scrambler, V-554 
speech detector, II-617, I11-615 
stripper. vocal stripper, V-546-547 
switches, Hl-580, JV-527 
switclv'ampliiier, I-608. V-553 
vocal stnpper, V-546-547 
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vuiec idcnl!.ficr J'or amateur radio 
Ltse, V -5,50 

vmrP s11hstit.11tf\ f' lf'c:trnnir:, III-784 
VOX circuit, fV-623 

voltage-conlrolled arnplif1cr (VCA), 
1-:31, 1-598, 1\/-20 

attenuator fo1·, 11-18 
diff Prnntial-to-smgle-1'mdecl, II1-G70 
reference, 1-36 
tremolo circuit, 1-5U8 
variable gain, 1-28-29 

voltage-controlled oscillators (VCO), 
I-702-704, H 702. ITT-735, 
TV-625-630, V-668-667 

2-fi V Ff'g11latecl output converter, 
III-739 

lOHz to lOkHz.1-701, IH-735-741 
lhrec-dccade, V-666 

555-VCO, IV-627 
audio-frequency VCO, JV-626 
ha;:nr circmt, V-666, V-667 
crystal oscillator. III-135, fV-124 
current sink, vo!Lagc-controllc<l, 

IV-629 
driver, op-amp design, fV-362 
lmear. T-701, fV-628 

triangle/squarp wave, JI-263 
logarithmic sweep, III-738 
one-shot, II-266 
precision, 1-702, 111.4:Jl 
restricted-rang<.:, lV-627 
siuc-wave oscillator. V-666 
c;musotdal 3-Hz to .'300-kHz, V-fiM-

66:i 
stable, IV-372-373 
square-wave generators, V-570 
supply voltage splillcr, 111-738 
Um!e-deeade, f-70:3 
TL082-ha.,;Pd, V-6fif, 
TMOS. balanced, IH-736 
two-decade, high-frequency, 1-704 
varactorlcss. IV-6:JO 
variabk-capadtam:c iliuue-

s parked, III-737 
VHF oscillator, volt.agP.-t.11ned, 

TV-628 
waveform generator. III-737 
wide-range, IV-627, IV-629 

voltage-controller. pulse generator. 
111-524 

voltage converters/mverters, lIT-7 42-
7 48, V-668-669 

12-to-16 V, 111-747 
dc-to-ac inverter, V-669 
1.k-to-dc, llI-744, IH-746, V-669 
flyback, h1gh-effic1Pncy, TIT-744 
flyhark-s,v1tr.hing, self-osc1llatmg, 

HI-748 
negative voltage, uP-controlled, 

JV-117 
offlinc, 1 5-W, JU-746 
rc,l(ulated 15-Vout 6-V dnven, 

]H.74.5 
splitter, TII-743 

urnpolar-to-dual supply, JTT-743 
voltage-to-rurrent converters, 

I-163, I-166, Il-124, ITI-110, 
III-120, IV-118 

voltage-to-frequency converter::., 
T 707, Hl-749-757, TV-fi3R-642 

I Hz-to-JOMHz, UI-754 
l Hz-to-30 MHz, III-750 
lHz-to-1.25 MHz. lll-755 
5 Kllz-to-2Mllz, lII-752 
10 Hz to 10 kHz, 1-706, III-110 
accmate, TTT-756 
diffnent1al-inp11t, UI-750 
function generators, 

potentiometer-position. ]V-200 
low-cost, HI-751 
luw-frcqucncy conve1tcr, LV-641 
negative input, 1-708 
optocoupler, TV-642 
positivf! mput, I-707 
precISion, II-131 
preserved input, Ul-753 
ultraprecision, I-708 
wide-range, III-751, IJI-752 

voltage-to-pulse duration 
rnnvf'rt.er, TJ-124 

voltage-ratio-to-frequency 
converter, III-116 

voltage dclccLQI relay, battery 
drarger, II-76 

voltage doublers, m-459, TV-635, 
V-460 

cascaded, Cockc:roft-Walton, 
IV-635 

triac-controlled, IH-468 
voltage followers, 1-40, Ht-212 

fast, 1-34 
nomnverting, I-83 
signal-supplv operation, amplifier, 

III-20 
voltagc inverters, precision, III-298 
volta,qe indicators/meters (see also 

voltmeters), HI-758-772, fV-423 
automotivP battery voltage gauge, 

IV-47 
battery-voltage measuring 

regulator, IV-77 
comparalur and, 11-104 
five-step level detector, I-337 
frequency counter, Jll-76.B 
HTS, pri:-c1sion, 1-122 
level detectors, I-338, II-172, 

III-759, Ill-770 
low-voltage indicator, IH-769 
monitor, V-315 
multiplexed common-cathode LED 

ADC, II1-764 
over/under monitor, lll-762 
peak program r.idcctor, Hl-771 
solid-sLutc battery, I-120 
ten-step level detector, 1-335 
visible, I-338. JTT-772 
voltagi:- frt'!ezer, III-763 
voltagP-lnel circuit, V-301 



voltage multlplwrs, TV-631-637, 
V-670-672 

2,000 V low-current supply, IV-fi:10-
5:37 

I 0,000 V de supply.1\·-633 
corona ·wind gf'nf'rator, fV. 638 
doublers, III-459. N-fi3G 

cm;cadcd, Cockcroft-Walton, 
TV-635 

rlc. V-672 
tnar-rontro11Pd, lff-468 

laser power supply, TV-mm 
low-frequency multipht>r, IV-22i""i 
ncga~ivc-ion generator. lugh-

voltage. lV-634 
quadmpler, ck, V-671 
tnplPT, TV-6:37, V-671 

voltage probes, V-1171 
voltage references, III-77:1-77:i 

IJiµular source, Ill-77 4 
chgitally cunlrulied, HI-775 
i>xpandi>d-sca.le analo~ mder, 

III-774 
positive/negative, tracker for, 

111-667 
val'table-vo1tagc reference source, 

TV-:327 
voltagi> rPglllators, 1-501, l-511, 

II-484, III-,18fi 
0- to 10-V at 3A, adJnstahlP, 1-fil 1 
0- Lo ~~-V, I-510 
0- lo 30-V, 1-510 
:3 A, III-472 
:i V, low-dropout, III-461 
:S V, 1 A. T-fi00 
5 V, ultrastahle referenc-P, I-497 
6 A. variable output switching. 

[-513 
8- from fi-V regulator, V-469 
10 A, I-510 
10 A, adjustable, III-192 
10 V, high-stability, III-468 
15 V, l A, remole sense, I-499 
15 V, slow-tum-on, lll-477 
-IS Vnega.tive, I-499 
45 V, l A switching, I-499 
!)0 V rms voltagt> regnlator with 

PUT, II-479 
100 Vrrns, I-4U6 
200 kH:i:, 1-491 
ac. TTT-477 
adJustahle ont.pnt, T-506, I-f,12 
apphcation circmt, I-492 
aulomouve circuits, III-48, N-67 
hattery power 1,upplicrs, I-117, 

TV-77 
bucking, high-voltage, III-481 
combination voltagek111Tt>nt 

regulator, V-455 
conuuon hol-lcad regulator. IV-467 
constant volta~e/c:011slanl current. 

I-fi08 
current and thPrmal protectio11, Hl 

amp, II-474 

Darlington, IV-421 
tlual-Lrucking, lll-462 
efficiency-itnJ:.)ruvi.ng ~wilching, 

IV-16/4 
fixed pnp. zenet diodP increa.ses 

ouLpul. II-484 
fixed-currenl regulator, IV-467 
fixPrl supplies, III-461, Hl-468. 

III--171-177, TV-408. IV-462-467 
flyback. off-lmf', JT-481 
foldback-current hm1tmg, IT-478 
!ti.gh- or low-mput reguiator, IV-4€\fi 
h~h-stallility, L-4!.l!.l, 1-602, III-468 
high-voltage power supplles, l-500, 

TI-118, TTT-485, III-490 
inductorless, TTT-476 
LM317 design, IV-4fifl 
loss culler. V-467 
low-d.rupoul, 5-V, lII-461 
low-power, T 695, Ill-490 
low-voltagf", 1-S02, 1-51 l 
hnear. JI-468, III-1G9 
mul.>ik, 1-498 
MPU, multiµle ouLpul, 1-513 
n1cgative, I-498, 1-499. Lll-474, 

TV-1riS 
npnlpnp boost, ITI-475 
off-line flyback regulator, Jf-481 
pnp. 11-484 
positive, 1-498. lll-471, III-475 
pre re~ulatorn, 11-48~, 111-480, 

TTI-492 
programmahle, TV-470 
projection lamp. H-20:i 
PUT, DOV rrns, II-479 
railiaLion-hardcned 125A linear 

regulator, ll-468 
remote sh11t.ciovvn, l-510 
SCR preregulator for, II-182 
single supply voltage regulator, 

II-471 
sPnsor, LM:H 7 re~ulaLor sensing, 

TV-466 
short.-c:ircuit protPct10n, low-

voltage, I-502 
single-ended. I-493 
single-supply, 11-471 
<;lmv-tw'lt-un 15 V. l-4U!J 
<;tep-down, J.49;3 
sti:>p-np, TT-78 
.s,vitching supplies, I-491, 1-492. 

1-403. I-497, I-498, I-Gl:1, fl-78, 
Ill-472, llJ-476. Ill-490, IV-408, 
TV-46:3. V-45:J 

3-A, III-172 
3 \V, application c1rr.lllt, t-492 
5 V, o A ~5kHz, separate 

ultrastabic reference, I-497 
6 A. variable uulpuL, l-51::J 
200 kHz. J-491 
h1gh-currPnt mduetorless, III-476 
low-power. III-190 
multiple output, for use with 

:A.PU, 1-513 

step down, 1-493 
variable current source wiU1 

voltage regnlation, TV-470 
variable supplies, III-490, lU-491, 

lll-4!3~, IV-421, IV-468-470 
cmrent sow·ce, lll-4!.lO 

zener di>s1gn, programmable, 
IV-470 

vo!Lage sources 
mill.ivoU, zenerless, I-696 
progranunablc, 1-6U4 
volt.age sphtter, III-738 

voltme:,ters, Ill-758 
3.5 digit, I-7 IO 

full scale, III-761 
lrue nns ac, I-713 

4.5-ci.iJ.{il, HI-760 
fi-digit, TU- 760 
ac, III-7fifi 
wide-band, I-7 Hi 
Vvide-range, III-772 

add-on thermometer for, III-640 
har-grapli, I-99, Il-54 
de, III-7!12 

high-input resi;:;tance, TIJ-762 
low-drtft, V-301 

digilal voltmeters (DVM), III-4 
3.5-di}:(it, conunon anode display. 

T-718 
:Hi-digit., full-scale, four-decade, 

HI-7fil 
3.75-digit, I-711 
4.5-digit, III-760 
4.5-digil, LCD display, 1-717 
auto-calibrate circuit, I-714 
automatk nulllng, 1-712 
interface and tPmperature sensor, 

II-647 
LED readout, IV-286 
temperature sensor and DVM, 647 

FET, T-714, TTJ-765, III-770 
high-input resistancf', Ill-768 
JFET, V-318 
LI::D expanded scale, V-311 
nullivoltmctcrs. Hl-767, Ill-769, 

fV-289, IV-294, IV-W5 
ac, T-716 
anclio, TIJ-767, TTT-769 
de. fV-29fi 
four-range, IV-289 
high-input impedance, I-715 
LED readout, lV-294 

rf, 1-40:\ TTT-766 
voltohmmeters (VOM) 

field slrength, 1-276 
phase meter, digital readout, 

TV-277 
volnme amplifier, II-46 
volume control circuits, TV-643-645 

telephone, II-623 
volume indicator, audio amplifier, 

LV-21~ 
volume limiter, audio signal 

amplifiers, V-59 
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VOR signal sinmlatorrfV-273 
vox box, H-582, IV-t128 
Vpp generator, EPROM, II-114 
VU meters, III-487 

extended range, II-487, I-715 
LED display, N-211 

w 
waa-waa circuit, II-590 
wailers (see alarms; sirens) 
wake-up call, electronic, 11-324 
walkm.un ampfilier, II-456 
warbler·s (see alarms; sirens) 
warnmg devices 

auto lights-on warning, II-55 
high-level, I-387 
high-speed, I-101 
light, ll-320, lll-317 
low-level, audio output, J-391 
speed, I-96 
varying-frequency alarm, II-579 

water-level sensors (see fluid and 
moistm·c detectors) 

water-temperature gauge, 
automotive, fV-44 

wattmeter, I-17 
wave-shaping circuits (see also 

waveform generators), 
IV-646-651 

capacitor for high-slew rates, fV-650 
clipper, ghtch-free, JV-648 
flip-flop, SIR, JV-(iGl 
harmonic generator, IV-649 
phase shifter, IV-647 
rectifier, full-wavf.!, IV-650 
signal conditioner, IV-649 

waveform generators (.~ee a,L~o burst 
generators; function generators; 
sound generators; square-wave 
generators; wave-shapi.n.<( 
circuits), II-269, II-272, 
V-200-207 

AM broad<:ast-hand, fV-302 
AM/IF, 455 kHz, N-301 
audio, precision, III-230 
four-outpul, III-223 
harmonic generators, I-24, III-228, 

fV-649 
high-frequency, II-150 
high-speed generator, I-'Z23 
pattern generator/polar-to-rect. 

converter, V-288 
precise, II-274 
ramp generators, T-540, II-fi21-fi23, 

IU-525-527, IV-443-447 
555 based, V-203 
accurate, Hl-526 
integrator, initial condition reset, 

III-527 
linear, IJ-270 
variable reset level, II-267 
voltage-controlled, II-523 

sawtooth generator, III-241, IV-444, 
IV-446, V-204, V-205, V-491 
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Rine-wave generators, fV-505, 
IV-506, V-541, V-542, V-543, V-544 

60 Hz, IV-507 
audio, II-564 
LC, IV-fi07 
LF, IV-512 
oscillator, audio, 111-559 
square-wave and, tunable 

oscillator, rII-232 
VLF audio tone, IV-508 

sine/square wave generators, 1-65, 
III-232, IV-512 

square-wave gcneraturs, II-594-600, 
Hl-225, III-239, III-242, III-583-
585, IV-529-536, V-5&8-fi70 

J kHz, N-536 
2 MHz using two TTL gates, II-598 
555 th-ner, II-595 
astablc circuit, lV-534 
astable multlv:ibrator, II-597 
CMOS 555 a.stable, true rail-to-rail, 

II-596 
duty-cycle multivibraLor, 111-50-

pcrcl':.ut, llI-584 
four-decade design. IV-5:35 
hig}.1-current oscillator, In-S85 
line fri"quency, II-599 
low-frequency TTL oscillator, 

II-595 
multiburst generator, II-88 
multivibrator, IV-5:36 
oscillators, I-613-614, I-616, 

U-596, II-597, 1T-61fl, IV-532, 
IV-fi83 

phase-tracking, three-phase, 
II-5!.i8 

pulse f.!Xtmctor, III-584 
quadrature-outpnts oscillator, 

III-585 
sine-wave and, tunable osdllaLor, 

III-232 
three-phase, II-600 
tone-burst generator. smglp timer 

IC, Tl-89 
triangli"-wave and, III-225, III-239, 

III-242 
TTL, LSTTL, CMOS designs, 

IV-530-532 
variable duty-cycle, fV-533 
variable-frequency, fV-fi3!i 

staircasf' generators, I-730, 
II-601-602, III-586-588, 
IV-443-447 

stepped waveforms, fV-447 
sweep generators, f-472, III-438 
triangle-wave, III-234, V-203, 

V-205, V-206 
square wave, I-726, lll-225, 

Ill-239, Hl-242, V-206 
ti.mer, linear, III-222 

two-function, TII-234 
VCO and, III-737 

wavemeter, tuned RF, IV-302 
weather-alert decoder, fV-140 

weight scaie. digital, II-398 
Wheel-of-Fortune game, fV-20t1 
whistle, steam locomot1ve, II-589, 

III-568 
who's first game circuit, 111-244 
wi.de-r~e oscillators, T-69, T-730, 

TU-425 
wide-range peak detectors, III-152 

hybrid, 500 kHz-1 GHz, lll-265 
instrumentation, lll-281 
ni.iruature, III-265 
-uHF amplifiers, high-performance 

FETs, Hr-264 
,videhanrl amplifiers 

low-noise/low-drift, 1-38 
two-stage_ I-689 
rf. JV-489, IV-490, IV-491 
HF, IV-492 
JFE'l', IV-49~ 
MDSFET, N-492 
two-CA3100 op amp design, lV-491 

llllity gain invertiui, I-35 
wideband signal splitter, IIT-582 
,videband two-pole high-pass filter, 

II-215 
Wien-bridge filter, Ill-659 

notch filter, ll-402 
Wien-bridge oscillators, I-62-63, 

l-66, I-70, II-566, Jll-429, III-ri58, 
IV-371, IV-377, fV-fill, V-415, 
V-4Hl, V-/i41 

CMOS <:hip in, II-568 
low-distortion, thermally st.able, 

lll-557 
lQw-volui)se, III-432 
sme wave, J-061 J-70, 11-!ifiG, fV-510. 

IV-513 
single-SUp])]y, III-558 
Utcr:1uilly stable, Ill-557 
Lhree-decade, IV-510 
variable, fll-424 
v!"ry-low-dir::tortion, N-513 

wind-powered battery charger, Il-70 
windicator, 1-330 
window circuits, ll-106, III-90, IJI-

776-781, fV-655-659, V-673-674 
comparator, N-656-657, fV-(i58, 

IV-659, V-299, V-674 
cletPrtor, 1-235, III-776-781, IV-658 
digital frequency window, III-777 
discriminator, IIl-781, V-674 
generator, IV-657 
)ugh-input-impedance, II- I 08 

'\.\'inclshield wiper circuits (see 
automotive circuits) 

wire tracer, H-343 
wireless microphones (see 

microphones) 
wireless speaker system, IR, III-272 
wiring 
ac outlet tester, V-318 
ac wiring locator. V-317 
two-way switch, V-591 

'\.\Titc amplifiers, III-18 



X 
xenon flash trigger, slave, lll-447 
XOR gates, TV-107 
complementary signals generator, 

llI-226 
oscillator, lll-429 
up/down counter, III-105 

y 
yelp oscillator/siren, H-fi77, llI-562 

z 
Z80 clock, II-121 
zappers, battery, II-64, II-66, II-68 
zener diodes 

clipper, fast and syrmnetrical, N-329 
mcreasing power ratil~, 1-4!:16, H-485 
limiter using one-zener desi~1, IV-

2f>7 
test ;:;et, V-321 
tester, T-400 
variable, 1-507 

volt.age regulator, proi;;(rarnmable, 
N-470 

zcro crossing detector, I-732, I-733, 
II-173 

zero meter, suppressed, J-716 
zero-point switches 

temperature control, HI-624 
triac, Il-311 

zero-voltage switches 
dosed contact half-wave, III-412 
solid-state, lll-410, lll-416 
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E ncycloped1a ot tleclromc C1rcu11s Vol l 

l nc1cloped1a of llectron1c C1rcu1ts Vol 2 

E ncycloped Ia of Electronic C1rcu1ts Vol 3 

Enc,cloped Ia of Uectron,c C1rcu1ts Vol 4 

Subtotal ,____ 
State & Local Sales Ta~ -~ 

•-
•shipping & Handling $5.15 ,____ 

latal --0

1 ~ I 

0
~ 

0 [il] 
Exp __ _ 

Signature ____________ _ 

• Check or money order enclosed made payable 
to McGraw-Hill 

Name 

Address _____________ _ 

City ______________ _ 

State _______ Zip _____ _ 

Signature ____________ _ 
(offer uwahd without signature) Coch!t•SPSMZZA 

"Orde111 0U1tkle tl\e U.S. and Canada must be pN!pakl In U.S. d-rs drawn 
on U.S bana and lndude an IMidltlonal $5.00 for paataga and hMdllf111. 


