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Introduction 

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

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

As in the other volumes, the 1000+ circuits presented here are arranged alpha
betically, by category. All circuits in this volume, as well as those from the previous 
five vohnues, are included in the index, which now has approximately 6000 entries. 

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

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

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

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

AGC Audio Preamp 
3-MHz Low-Noise AGC System 
IF AGC Network 
Audio Leveler 



AGC AUDIO PREAMP 

+12 V 

+ 
C6 I 100 µ,f 

rh 16V 

C7 

QST 

Audio 
Output 

lD 
$1A 

S18 

Fig. 1-1 

The circuit uses an easily obtained 7 41 op amp set for an internal gain of about 200. A portion of 
the op amp's output signal is rectified by the 1N4148 diodes, then filtered and fed to the gate of the 
-FET input shunting circuit. As the output rises, more and more input shunting takes place. That is, 
more of the input signal is-bypassed, effectively keeping the output level constant. 

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

A3 R4 
46.4kQ 3.74kQ 

RF 

ANALOG DIALOG 

3-MHz LOW-NOISE AGC SYSTEM 

AC COUPLING 
8ktlz 

HIGH.PASS 

R1 

32MHz 
LOW-PASS 

.sv 

RF 
OUTPUT 
:t1.25V 

Fig. 1-2 

The AD600 dual voltage-controlled amplifier in this circuit provides a 3-MHz AGC system with 
80-dB range. 
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lF AGC NETWORK 

P1 

ELECTRONIC DESIGN Fig. 1-3 

A simple IF' AGC circuit that features wide dynamic range and excellent linearity can be achieved 
with two chips: Trs TL026C voltage-controlled amplifier lC and Linear Technology's LT1014 (or any 
other similar basic quad op amp). 

1994 EXPERIMENTERS HANDBOOK 

ca + 
lOµF 

6 

7 

AUDIO LEVELER 

* SEE TEXT 

PREAMP* 
OUTPUT 

C10 
10µF 

TO 
SPKR 

Fig. 1-4 

A low power programmable compandor chip, the Signetics NE577 IC is used. Incoming audio is 
compressed, rectified and conditioned so that the input signal level always remains about the noise 
level. The compressor is an ALC circuit that outputs a constant level and the expander part of the IC 
is not used. 
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Air-Flow Circuits 

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

4 

Hot-Wire Anemometer 
Electronic A nemomctcr 
Air Flow Detector 



Air::: 
tlow+ 

ELECTRONIC DESIGN 

HOT-WIRE ANEMOMETER 

filament thermostat ______..I ...... ---- SjV f 4 _ Z) computation 
+5 

Fig. 2-1 

An anemometer can be realized by utilizing the inherent transconductance match of transistors 
in the array, instead of passive series resistances, to control filament current. As a result, as Al serves 
the collector current of Q4 and thereby the voltage across-RI, it simultaneously adjusts the filament 
(a 2182-type incandescent lamp denuded of its glass envelope) voltage, ½· The ratio of the filameht 
to Rl current is stably maintained by the identical temperature ru1d operating points of Ql through 
Q4. The net result is that Al drives the filament temperature to the value that causes filament resis
tance to equal Rl/3 = 3:3 n. This is about double the cold resistance of the filament and therefore, as
suming tungsten win~ with a 0.0045/degree coefficient of resistance, represents a filament operating 
temperature of around 230°C. This is hot enough that moderate changes in ambient temperature are 
unimportant factors in filament power demand, but not so hot as to cause the filament to burn. 

Rail-to-rail input amplifier A2 continuously serves the collector current of Q5 to ~/R2 , making 
the l'te of LQ5 a lo~arithmic function of½· A3 multiplies this log by 4 and U,!JliJ'-L'-,.., the product of Q7. 
Q7 does the antilog function so that its collector current is proportional to the fourth power of ½· 
Thus, by law, it's proportional to air in the vicinity of the filament. This current is offset 
and scaled by A4 to produce a voltage output that, thanks to the rail-to-rail output capability of the 
LMC6484, can range from 0.01 to 4.99 V. Full-scale air speed can be adjusted, using R7, to any value 
in the range of 1 to 10 meters/s. 
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ELECTRONIC ANEMOMETER 
PROCESSOR BOARD MONITOR r-------------- ---------7r ----------, 
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18.31< 
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I I 
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i: 
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.---~~II 
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1K 11 
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I I II LED1 

1000 I 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

--------------J~------------J 
POPULAR ELECTRONICS Fig. 2-2 

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

POPULAR ELECTRONICS 

AIR FLOW DETECTOR 

U2 
LM33S 

R4 
10K 

+15V 

R2 +15V 
18K 

TRIP POINT.>-o11--1....
ADJUST 

RS 
1MEG 

.. SELF HEATING IS USED TO DETECT AIR FLOW 

Fig. 2-3 

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

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

Burglar Alarm Circuit 
Auto Security System Transmitter 
Home Security System 
Auto Security System Receiver 
Flashing Brake Light for Motorcycles 
Car Alarm Decoy 
Motorcycle Alarm 
Simple Bike Horn 
Door Ajar Indicator 
Motorcycle Burglar Alarm 
Horn Circuit for Motorcycle Use 
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POPULAR ELECTRONICS 
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BURGLAR ALARM CIRCUIT 

S1 
A..RM R1 

10K 

R6 
200K 

RS 
10K 

R9 
4 1MEG 

R11 
D1 

10K 
1N914 

R10 
200K 

Fig. 3-1 

This alarm circuit is built around a single 
4081 (CMOS) quad AND gate. It offers an exit 
and entry delay (around automatically reset 
two minutes after tripping, provided that the 
trip input is not left high). 

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

After the exit delay tirnes out, if the trip in
put opens, it causes an output. on U 1-t. 
Transistor Ql is turned on, lighting the trip indi
cator (LED3), C2 instantly charges, and the out
put of Ul-c goes high. At that point, C8 begins 
charging to provide the entry delay. 

After 20 seconds, C3 has sufficient charge 
to produce a high at pin 13 of 1J1-d. That forces 
U 1-d's output high, tuning Q3 and Q4 on, which 
activates the alarm indicator (LED2) apd 
sounder (BZI), respectively. If disarmed after a 
trip pulse, but before the 20-second, entry delay 
time out, pin 12 of Ul-d ~oes low, so the gate's 
output does not go high m1d the alarm does not 
sound. 

Components C2 and RIO hold 01-c on for 
around 2 rninutcs and 20 seconds to provide 
the two-minute alarm. Aller C2's charge drops 
below half of the supply voltage, Ul-r's output 
goes low, awaiting another trip pulse to set it 
off again. 



AUTO SECURITY SYSTEM TRANSMITTER 
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Fig. 3-2 

This transmitter operates at 49 MHz and uses an Ml 45026 programmable digital encoder to gen
erate a unique digital code, depending on the positions of S2 and 83, to control ignition and lighLs or 
horn. Ql is the oscillator, Q2 the power amplifier. The antenna is a 36-inch whip or wire antenna. 
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POPULAR ELECTRONICS 
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Fig. 3-3 

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

This system's power supply provides 12 Vdc for the sirens and digital keypad1 and 5 Vdc for the on-board electronics, while 
also providing a constant 12-V output that's used to charge the backup-battery. 



+12V 

Ul 
TK3001 

26j.t.H 

C29 
.01 

AUTO SECURITY SYSTEM RECEIVER 

013 
01 

R7 
220U Dl 

U2 
NE602AN 

3916MH:z 

16 

tN4740A 
10V 

U6 
MC145027P 

C28 
R15 1 

221K 
1% 

U3 
MC1350P 

+ 
C26 
100 

C19 
,01 

RQ 
2200 

c20 c~"J_ 
01 R20 

4.7K 

U4 
MC1330P 

R10 RH 
4 7K 4 7K 

~ ~NIJION 
.-----0} TO 

~ CIRCUtT 

lf°~t~J~0 

K2 
12V 

POPULAR ELECTRONICS Fig. 3-4 

This receiver is a superheterodyne type tuned to 49 MHz. U2 is a mixer, followed by a 10.7-MHz 
filter and two-stage IF (U3i U4) and detector. The encoded received RF signal from the an
tenna produces detected pulse from the MC1330P. These pulses are amplified by U5 and fed to de
coder IC U6, and MC1450278. 1\vo channels are available at Lhe--output, which drives Kl and K2. 
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POPULAR ELECTRONICS 

FLASHING BRAKE LIGHT FOR MOTORCYCLES 

BRAKE SWITCH 
+12V • a' 

S1 

16 

·o· 

1' , -= ·2:" 

•4• 

U1 
4017 

·&· 

·e· 

14 
EN 

-= 

'=' R2 
100K 

3 

4 

10 

5 

9 

13 

+ 

C2 
10 

+12V 

D1 
1N914 

00 
1N914 

04 
1N914 

D5 
1N914 

R1 
100K 

-=-

Fig. 3--5 

When brake-light switch 81 is closed, power is applied to Ul and U2. 1\vo inverters of U2, a 4049 
hex inverting buffer, are connected in a low-frequenc:y oscillator circuit that feeds clock pulses into 
Ul, a 4017 decade counter/divider. Outputs 0, 2, 4, 6, and·8 of Ul arc coupled to the gate of Ql 
through a 1 N9 l 4 diode. As the 4017 counts down, it turns the brake light on and off four times and 
then leaves it on until the brake switch is released. The on/off rate can be set by potentiometer R2; 
for best results, the on/off rate should be set so that it is rapid. 
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R1 

2 

U1 
LM3909 
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POPULAR ELECTRONICS 

POPULAR ELECTRONICS 

+ 
8 

6 

5 

R6 
10K 

C1 
47 

LEO1 1,, 

CAR ALARM-DECOY 

Fig. 3-6 

The device wilJ simulate the presence of a 
burglar alarm in automobiles or homes. Mount Rl 
where daylight can fall on it, During darkness 1 

LED 1 flashes 1 making potential intruders think 
an alarm-system is installed. 

MOTORCYCLE ALARM 

R3 
1.5MEG 

R4 
1.5MEG 

·SIREN/HORN 
CONTROL 

+12 VOLT IGNITION 
(SWITCHED + 12\1) 

+12 VOLT BATTERY 

GROUNO (-BATTERY) 

Fig. 3-7 

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

POPULAR ELECTRONICS 

..:r_ 
51

o--- +12V 

+12\J 

TO PIN3 < 
OFU1 

SIMPLE BIKE HORN 

Fig. 3-8 

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

Potentiometer Rl can be adjusted to s~t the 
horn's output frequency. Some horn speakers are 
frequency sensitive, so play with the oscillator's 
frequency control for the best or loudest sound. 

DOOR AJAR INDICATOR 

R3 

4 4.7K 

8 
B21 
12V 

PIEZO OR ELECTRO-MECHANICAL 
SOUNDER 

3 
1---------4~------~ 

A 

B 

DOOR 
CHIME 

TRANSFORMER 

Fig. 3-9 

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

15 



A2 
100K 

C1 
.1-

ss· 
MERCURY 

SWJTCH 

A1 
100K 

s2· 

•SEE TEl<T 

POPULAR ELECTRONICS 

01 
1 

U1•a 
1/441193 

s 

POPULAR ELECTRONICS 

16 

MOTORCYCLE BURGLAR ALARM 

s, 
A:J 

1 MEO 

C2 
100 

(TO { S1AEN 
OR 

HORN) 

(TO 
MOTORCYCLE 

BATTERY) ,-----.,.__ 

j 
.. 

a, 
IRF511 

Fig. 3-10 

A 5n5 IC is connected in a one-shot timer cir
cuit that turns on a FET transistor and either a 
siren or the bike's horn for a preset time period. 
Switch 81 is used as an on/off switch. 

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

HORN CIRCUIT FOR MOTORCYCLE USE 

...L 
0--- +12V 

S1 

Fig. 3-11 

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

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

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

1.2-kW 144-MHz AMPLIFIER POWER SUPPLY 

3200 V 
nso v 

-----------/ B+ 

120 II 
rAN 

TJ 

120 V 

K2A 

120 V 

05 

.5kll 

[1~1:pt os lndi(.oted. deidmal -d!lui!5 of 
~t1pocitonce o,e 1n rni.c:..-ofor-od<s ( µr ): 
M~••• are ~ plcolo,cd• (pl'), 
r-i=:111i:,lances ore 1n ahms. k~ ,.ooo 

Schematic diagram ol the high-voltage power supply recommended lor use with the power amp!1f1er. 

.....i.liL 
1/2 W 

ro 
F","u,e 2 

to 
F"l9un 2 

O1-D4-Strmgs of 4 each, 1000-PIV, 3-A (1-mA meter movement used wilh series T1-H1gh-vollage power transformer, 
diodes, 1 N5408 or equivalent resistors shown in drawing) 240-V primary, 2250-V. 1 2-A secondary 

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

K2-SPDT m1n1ature relay, 12-V de coil Q2-MPF102 or equivalen, T3-Power transformer, Jameco 104379, 
(Radio Shack 275-248 or equivalent) 81-20-A hydraul1c/magnet1c circutt 120-V primary: 16 4 V, 1-A secondary 

M1-H1gh-11oltage meter, 5 kV de full scale breaker (Potter and Brumfield (half used) 
W68X2Q 12-20 or equivalent) 

Fig. 4-1 

A schematic diaRrarn of the high-voltage power supply recommended for use with the power 
transformer. This power supply can also be used for other equipment with similar requirements. 
CAUTION: hazardous high voltages. 
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QST 

1.2-kW 144-MHz AMPLIFIER CONTROL CIRCUITRY 

11',I 

PREH£Al 

Koyinq Jock 

C¾ ~: ~ " to F,gur• 2 

K2A 

04 

to 

1(2 

KEYING 
RELAY 

GRID 
OVERCURRfNT 

figure +12 V 1----------, 
8 

f•cepl as 1Micoled, decimal 
vah.t•• ot copocltonce are 
in mfcroforads ( µF); atkan 
Of& in p.coforoclt ( pF'), 
r11e1•ta"'ces ¢J"e rn ohm~ .. 
k•1,000, t.4•1,000,000. 
NC-not coonoctad 

+12 V 

NOR,.AL 

Schematic diagram of the amplifier-control circuits. 

lo figure 2 
H 

~J 

+12 V frorn 
HY p,., Supply 

{r,9.,,. 8) 

UI 
D5 

fllAt.lENT DELAY 
(4 S•cond•) 

__I_§_ 
1W 

Fig. 4-2 
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20 

1.2-kW 144~MHz LINEAR AMPLIFIER 

~1 

R'F 
INPUT 

to Control 
Bocrd 

(f19ur• ~) 

--==--'-=...._,_--I H~B

01 \o 
Figure 
e 

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

Figure 5 for details 
C7-0utpuHoading capacitor; see text 

and Figure 7 for details 
C8-C10-1000-pF silver mica. 500 v 
C11-30-pF air variable 
C12-0 01 µF, 1 kV 
D1-1000 PIV, 3-A diode. 1N5408 or 

equiv 
D2-8.2-V, 50-W Zener diode, ECG 

5249A 
J1-Chass1s-mount BNC connector 
J2-Type-N connector fitted to output 

coupling assembly (see Figure 7) 
L 1, L2-Plate Imes; see text ar'ld Figure 6 

lor details 
L3-5 t no. 14. 1/2-mch diameter, close 

wound 
L4-3 t no 14, 5/e-mch diameter, 

1/.i-Inch spacing 
AFC1-7-·t no.14, 5/a-mch diameter, 

1 l/a mch long 

Schematic diagram of the 2-meter amplifier. 

cs 
10 

Ew 

to 
ngure 

a 

£•c• pl os ina,coled, de'cimal ""''""s of 
cor,ocilonce ore '" m,c,oforods ( ,.., ) . 
olhars ore m p1e:ofcrads ( pF); 
re-sfsb:1nce$ ore 1n ohms. k-=1.000 

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

T1-F1lament transformer. Primary. 120 V; 
secondary· 6.3 V, 25 A, center tapped 
Available from Avatar Magnetics 
(Ronald C. Williams, W9JVF, 240 
Tamara Trail, lnd1anapohs, IN 46217, 
317-783-1211), part number AV•539 

M1-Gnd mIll1ammeter, 200 mA de full 
scale 

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

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

Fig. 4-3 
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IX) __._ 

L1 l2 

C22 JO 
._.AJN 

lUNINC 

FOUR-STAGE 75-METER SSB SUPERHET RECEIVER 

ru 
J 7 h, 4 0 MHz 

CH 
100 
NPC> 

CAL II 

C7 

10 V P-P 

lN9!4 

5,0 MHz osc fro,q - o\ 0 MH% RX freq 
5.3 MH: osc freq • J 7 MHz RX freq 

~,wer 

NPO 

Osclflotor 

Prod Del/BFO 

en ;Lo 
= '12 (LSB) 

i 
90015 MHi 

C1'i _[-
22 l- WI 

bc~pt a, ,nd,cotc,d, dec,mol 
w,lues at copac:tlance Or!' 

"' mrcrofan:uh ( ,u r >. o!he,9 
ore ,n p;cofotado (pf). 
re,i~la,,c:e,s ore ir, Qlims, 
k•1000. M-1000 000. 

Poly Poiysl)nne 
NC m No con~ecllOh 

Cl!'> 0.1 
C16 

+ 

C2(:)CI . . . . 
D S 

QI. Q:Z 

Aud,o Amp 
lMl66 

10 "' . 1611 
+ Ci9 

C21 ;;:,01 
c1e + 

470 ... , 1-16 V 

cQo 
s 

OJ 

JJ 

+12 II (JO mA) 

+9 mA) 

Top 11,e., 

2 7 
J U1 6 

4 5 
Bottom v, • ., 

188 

Fig. 4-4 

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



•12V 

A4 
1K 

P2 

ADJ 
STBY 
VOLT 

A5 

2:;it< 

CODE 
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IMPROVED CW TRANSMITTER KEYING CIRCUIT 

a) 

Lt.1358 

047u 

U1 
13 

C1 

•12V 
T 

1uT 
KEY 

>-----i 
•12V IN 

REG 

01 

+ 

~ 
100u/25V 

C5 
A12 

FILM 1K 

A3 

TO AMPS 

T 1u 

10 1/'2.W 

1u/25v 

+ C3 CD4011B 

1' l0u/25V 

•15V IN 

5 ms 
l•12V KEYED 

~ 
1-.3V 

5 ms I STANDBY 

KEYED OUTPUT VOLTAGE 

GND 

'v VFO SPOT 

OFF-SET 

Fig. 4-5 

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

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

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

Parts list 
Rl, R4, R12 
R2 
R3, R8, Rll 
R6, R7 
R9 
RIO 
Pl 
P2 

Ql 
Q2 
U1 
U2 

lkQ¼W 
47 kQ ¼ W 
100 kQ 
22kQ 
4711 
10 .Cl 
100 k.O or 500 kU trimpot 
10 k!l trim pot 

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

Cl 
C2 
C3,C4 
C5 
C6 
C7 
C8 
D1,D2 
D:1, D4, D5 

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

ONE•CHIP AFSK GENERATOR 

10 µF 5.1 k 5.1 k 

XR-2206 
based 

AFSK unit 50 k 

73 AMATEUR RADIO TODAY 

r----------------{iAFSK 
.------------------.----,,----< ioutput 

...__ __ -<, TTL level 
input 

Fig. 4-6 

Built around an XR2206 IC, this circuit will generate AFSK signals in the 1000-to 3000-Hz range. 
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PROGRAMMABLE CW IDENTIFIER 

U2 
78LOS 

Reg 
>-...,....,_--1---IJN OUT 

GND 

S2 j 
Pl,iyjProgram 7 

01 
2NJ906 

R2 
10kfl x S SIP 

1234567890 

'----t'-1-+-+-+-+-.--,..-----J 10 

R) 

47k0 

UI 
MTA81010 

----'V1v'v-------+--t---+-----t SOA MCLR :2S 

6 -

1"""1-----''--iSCL RTCC 27 

26 

Q.3 
2N2222A 

to AT l<e)t>oord 
Except o~ indkaled, dec1rnol solves 
copocllance or11 1n m1crotorods ( 
others ore m p1colaro<J$ (pf), 
resistc:mce:s era 1n ohms, k=1,000 

$1 Control Settings 
WPM 5 7.5 10 13 15 fB 20 25 
SH OIi Off off off on on on on 
S1-2 otf off on on off off on on 
$1·3 oft on off on off on off on 

TJMER OFF SM,n 10Min Continuous 
S1-4 off off on on 
S1-5 Off on off on 
S1-6-0S1 on/off 
S1-7-Speaker on/off 

PC-Board Connections 
ID-A momentary ground on this terminal causes the I Der 10 play 11s message; same 

as pressing !he PLAY/PROGRAM pushbutton 
PTT-An open-colaector ou1pu1 which goes to ground 250 ms before the CW output 

occurs. This output 1s used to place radio 1n transmit mode and is monitored by the 
red LED. 

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

GND 

Fig. 4-7 

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

24 



fWD 

+ 7 to 
+18 V 

GNO 

OST 

AUDIBLE SWR DETECTOR ADAPTER 

u20 
1/2 74LS629 

1CXI 

(A) 

U2A 
1/2 74LS629 

lCII 

g 
1CX2 CND 

0 
lLN 

3 
lf!NG 

R4 

2 7 220 k 
1rc I'( 

R68 
25 k 

VOLUME 

(B) 

U4 * 
7805 

Reg 

'" OUT 
c~o 

100 µF + 
C4 

C6 
C5 25V 0, 

(C) 

cs 
0 1 

El(cept as Indicated; dec1mal values ot 
capacitance are in microfarads (µF): 
otherG are ITT p,cofaiads (pF), 
resistances are in.ohms; k ~ 1,000 

+5 V 

U:38 
\/2 LM358N 

Cl 
01 

to fl lo .\✓ --fl 

11,..o,IJ,l1m1r•; 

J\ 

+5 V 

*Heat Smk 

Fig. 4-8 

This SWR detector audio adapter is designed specifically for blind or vision-impaired amateurs, 
but anyone can use it. lnstead of using a meter ( or meters) to indicate antenna system forward and 
reflected voltages, this adapter generates two tones with frequencies that are proportional to the re
spective voltages. The tones arc fed to a pair of stereo headphones (the miniature types are ideal) so 
that one ear hears the forward-voltage tone and the other ear hears the reflected-voltage tone. Thus, 
tuning up a transmitter is simply a matter of tuning for the highest-pitched tone in the left ear and 
the lowest-pitched tone in the right car. 
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26 

AUDIO BREAKOUT BOX 

to +12 V 

Pow~, 

Supply~ 
+12 I/ 

C1J 
+ 

+12 V 

IC pins nol 1ho11m are unuaed. •-s ... tut 

R1 
100 k 

~+ 

10 k 

16 V C11 

01.!t 1 

Fig. 4-9 



AUDIO BREAKOUT BOX (Cont.) 

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

The audio breakout box takes the audio output from a receiver ( or other audio source) and ap
plies it to the inputs of fow- identical, independent, low-level AF bu1Ter/amplifiers and one high-level 
(1-W output) AF channel. Each low-level output channel can provide up to 20 dB of gain that's in
dependently adjustable. 

OST 

ONE-WATT CW TRANSMITTER 

+9 to 13 V 

C4 02 
10 µ.F 2N3906 

~+ 
R2 

3.3 k 

C1 

R1 70 pF 

100 k R.3 

C3 

01 
0.1 µ.~ 

2N4401 

C6,C7 
820 pF disc ceramic ( 160 meters) 
4 70 pF disc ceramic (80 meters) 
220 pF disc ceramic (40 meters) 
150 pF disc ceramic G30 meters) 
100 pF disc ceramic (20 meters) 
82 pF disc ceramic (17 meters) 

RfC1 

03 
VN10KM 

50 Ohm 
Antenna 

cs l1 r 
01~ 

t+,C6 t+,C7 

Output Fitter 

Piece small ferrite 
on gate leod o{ 03 

,1 .. , 

Ll 
33 lurns, #30, T37-2 (160 meters) 
28 turns, #30, T37-2 (80 meters) 
I 7 turns, #26, T37-2 ( 40 meters) 
14 turns, #26, T37-2 (30 meters) 
12 turns, #26, T37-2 (20 meters) 
10 turns, #26, T37-2 (17 meters) 

Fig. 4-10 

27 



PTT CONTROL FROM RECEIVER AUDIO 

C3 

~OOpF 
RS 
3301( 

.U1 • LM:124 

•~:':~e,' ~.~. ?~ ~= 'r _......_.,yv,n...... ·Q··, ---.J'VV~''--

-=- ' ::K _ R11 

R2 
1M 

:32tl~,1 
C2 

!TX) ~100pF 
Audio 

Out _ 

A:Z1 
100 

R17 
2.21( 

-= 

-= 

R15 
10K 

+ 

I
C12 
22 

73 AMATEUR RADIO TODAY Fig. 4-11 

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

TRANSCEIVER MEMORY BACKUP 

l3 SV iNl>UT 
FROM CAR OR 

POWER SUPPLY 

• 

RI 
-47fi 
112W 

01 
IN400I 

02 
1N4001 

- 10 VOLTS 

POWER TO 
TR~7730 

-I IS ~ICAOS) 

)>----,_._,. ___ ~) -

73 AMATEUR RADIO TODAY Fig. 4-12 
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Although designed for a Kenwood TR77:30, 
this idea might be adapted to other transceivers. 
This circuit will retain the frequencies in memozy 
while moving the rig from car to house and vice 
versa. When cormected to an external power 
source, battery B 1 is charged through Rl and D 1. 
D 1 prevents B 1 from discharging when connected 
to an external supply that is turned off. When ex
ternal power is removed, D2 provides a current 
path to the TR-7730 to retain the memory's con
tents. However, the TR-7730 power switch should 
be turned off before external power is removed 
because Bl will not provide power for normal op
eration. 



Tune Control 

5K 
Linear Taper 

80-METER SSB RECEIVER 

15 

MC3335P 

T1 - T2 = Mouser 42Fl26 

+12V 

1H4001 

100µ F 

r-'---'--'--_;---,-------435~ 

X1 X4 = S.tes MHz HC 49U Holder 
Mouaer PN: 332·1052 a) 

Omit Change 
VR (9 volt Reg) C -From 100pF NPO lo 47pF NPO 
C 101,1 F Cap 

b) 

fl 100K 
\fD MV209 Varloap Diode 

73 AMATEUR RADIO TODAY Fig. 4-13 

This circuit uses an MC3835P IF chip and features a 3-pole crystal filter made from micro
processor crystals. Tuning is done either 'With a varactor diode or air-variable capacitor, as shown. 
Values are for 80 meters. 

CW AUDIO FILTER 

1K .245H 

Audio In Audio Out 

73.AMATEUR RADIO TODAY Fig. 4-14 

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

RF LINE SAMPLER/COUPLER 

RF ln/out 

#18 wire passed 
through toroid 

~----~ 
'I: 

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

Ferroxcube 
4C4 material 

Toroid 1 0 Turns 
#28 enamel 

s1 n 
l/4W 

RF In/out 

§) 
P= 10W max. 

~-20-dBTap 

'l:' output 

Fig. 4-15 

Suitable for RF line sampling, this coupler is useful where an indirect measurement of line cur
rent is needed. A 10: 1 turn ratio yields a secondary current about ½o (ideally) of the line current. A 
51-Q resistor terminates the secondary. Insertion loss in the main line is negligible, < 0.1 dB. F'or 
higher power levels, use proportionately larger core for Tl. 

BATTERY PACK AND REVERSE POLARITY PROTECTION 

Sl Fl 
+ 

✓c 
1 A 

0 

l + 
External Internal 

Power or 12-V 01 
Output to 

Battery r Gel-Cell 1N5400 
Transceiver 

Charger 7 A-h Battery 

OST Fig. 4-16 

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

C2 
D 1 µ.f 

IN 

U2 
7BLOO 

+3 5 lo 
6 V 

Reg 
our-----------, 

CNC> 

CJ rLQ1 µF 

F'OIP, SOIC, 
CEF<C> IP Wln d 0111 

- RA2 • 1 18 RA1 -·- AA3 F'IC16C54 17 RAO -
- RTCC J "IC1cC5e 15 osc, .. ----~ t5 OSC2/CL!(0UT -

Vss 5 14 Voo 

RBO 1:l R87 -
R81 ,2 R86 -... _ 
R82 8 11 RBS -

-• RB:l 10 R84 - • 

RTcc 

Ill 

R1 
1 k[l 

os, 
Ke~ lndicotor 

RAt ,__ __ _, ,,,.....,,,-----/ l(oy Out 

RA!J t-1_7 ___ _,_,'\AJ---+-i 

Voo t-1...;_4 -------. 

osc, 16 

Vss 

C1 

~2;>• 

Fig. 4-17 

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

TRANSMIT KEVER INTERFACE CIRCUITS 

DrMng the Input llnas 

TTL or 5•volt 

CMOS~ 

Connecting the keying output 

From KEV 
output 

73 AMATEUR RADIO TODAY 

lo MSG, TONE 
orSPOlines 

To xmitt.r key 
connection 

Mechanical 1
+5 

switch r (closed= 1) to MSG, TONE 
or SPD lines 

10kto 
100k 

&-vol 
reed,el.t.y ? To~xmMr~ connection 

From KEY 
output ---1..,-1\oiY---ii""""'f_. 

Fig. 4-18 

These circuits are for use 'With Morse keycrs and identifiers. They can he used to interface vari
ous devices 'With the identifier -circuitry. 
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-1- Voltage Fuse 

From Auto Battery 

+13.8V 

MOBILE RADIO ON-ALARM TJMER 

K1 
Normally Open 

Moblle 
,,___..--1 equipment 

o------t---""""l'------.... -----<t-------<r---'fl9~......---+---, Blue 
"11ot" When 
Ignition Is 
On 

- 1::uv 

LED i 
Green 

73 AMATEUR RADIO TODAY 

C1 

r 

'R6 

1M 
2.2.M 
5M 
10M 

Time Delay 

2.5 Min. 
4.5 Min. 
12 Min. 
25 Min. 

Toggle Byp•H Set 

Toggle 91B p S2 

S1A Bypass o J!o:i jl!l,.. Normally Open 

Bypass o On "' ,.. .,, 
~ 

LED 2 
Red 

Yellow 

4.8 
.. 2 

NE555 

2.e , 

K2 

Open. 
Normally I 

LED 3 
Yellow 

04 
1N4148 

Fig. 4-19 

This system will prevent you from accidentally leaving your mobile radio on, draining the battery. 
LEDl will light when the v~hicle's ignition is on1 or while the car is running. Switch SI in the ON po
sition will close relay Kl, completing the power circuit to the equipment. If the ignition switch is shut 
off, and s\Vitch 81 is still in the ON position, an alam1 (piezo) will begin to beep and LED2 will flash. 
Returning Sl to the center position will shut everything off. If equipment operation is desired after 
shutting off the vehicle1 you can place switch SI in the AUTO position and momentarily press S2, a 
normally open push-button switch. Depressing this switch begins a timing cycle. The length of time 
that the Mobile-ON alarm/timer operates before shutting everything off can be "progranuned" by se
lecting R6. The approximate time delays are provided in the chart with the schematic. Or, you could 
change the value of Co. These components control the holding time of relay Kl, LED3 will light while 
the circuit is in AUTO status. Incidentally, you can also cancel the time delay at any time during the 
delay period by simply switching it off. 
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5 

Amateur Television {ATV) Circu-its 

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

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

01 

t~i MPN37W 

I 
R'tl 
!OK 

=~ t w, 

5-W ATV TRANSMITTER FOR 440 MHz 

C10 
1¢' Ls• 

C13 
2-1~ 

c,s 
1pF l?' 

----------- -------------- -
RF POWER AMP!..ll'IER ~ 

RFOUT('5(l(ll 
~ TO ANTENNA 

c.'IO 
•.7pF 

Cl!9 
10pf 

I 
I 
I 
I 

I 
I 
I 
I 

I 
I 

-Fl,4 - ------ --

_____________ ...J 

1ll0 

~--'IM~-----------+---OTP3 

.,uw 
~' f 07 (0 I ;,,ft. T (tJ~~ I ~t D4 

IN4007 + 
'&EEJE(r 

Ill 
13.2V 

RUlf ~'"' 
Rle * r'!i, I ,~r r INPUT 

111': 10QD ,so 

OR RELAV 

ELECTRONICS NOW Fig. 5-1 

typically 6 W RF output on synch tips. A crystal oscillator drives a doubler to produce a 220-MHz output. 
Another doubler p;rc,idt:.,Ct;S 440 MHz to drive the power amplifier. A high-level series modulator provides the video modulation capa
bility. A sound subcarrier is ~·eI,1.r;r3.1Cc:ct using a VCO circuit and combined with the video information. A vvi .... a,__,v ...... kit includ
ing the PC boardl is available from North Count,;y Radio, P.O.Box 53, Wykagyl Station, New Rochelle, NY 10804-0053A. 



R38 
100!( 

T 

TMROM .-, 
ANTENNA 
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ELECTRONICS NOW 

~~~A 420--450MHz 
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5-W ATV TRANSCEIVER 

R~ R40 
470K 220!) TP4 

+12V RF AMP 
(ACVONLY) 
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2-JOpF 

T 

(" SEE PARTS LIST) 

TP5 
+t2V 

DOWNCONVERTER 

C54 
01 

81.26MHz 

LOCAi.. 
OSCILI..ATOR 

Rill 
100!( 

css 
Of 

010 
1H117A 

Fig. 5-2 

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

This transmitter contains both a video and sound section. Five to six watts PEP on synch tips of 
NTSC video are produced. Three channels are available. Channel switching is via PIN diodes. Power 
supply voltage is 12 to 14 Vdc. The receiver function is provided with a downconverter circuit and is 
tunable. A relay is used for T-R switching. A complete kit of parts, including PC board, is available 
from North Country Radio, P.O.Box 53, Wykagyl Station, New Rochelle, NY 10804-0053A. 
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w m 

OSCI DOU31.ER 

A1 

A.UOIO 
INPUT 

005--1Vp,-p 

_J:S. 

MINI ATV TRANSMITTER 

A19 
1QI( 

DOUBLER 

A12 
330(} 

~~6 A14µI 
(VIDEO I K LINEARITY 

GAIN) 

Atll 
33Cl1 

RH 
82g 

C15 
1pF L7' 

RF AMP 

MODUU.TOR 

C19 ·~ RF 
OUT 

440MHz 

9--14\I 
DC 

,~ 
1 
r SUPPlY 

01 
1Jil4D07 

T 

ELECTRONICS NOW Fig. 5-3 

This low-power NTSC video and sound transmitter is useful for amateur radio, video handie-talkie, RIC and surveillance pur
poses. A crystal oscillator-multiplier RF power amplifier. Video modulation is via a three-transistor series modulator. The sound 
subcar:rier is generated with a VCO circuit and is combined with the video information. The output is 0.4 to 1.2 W with supply volt
ages of 9 to 14 volts. A complete kit of parts, iqcluding PC board, is available from North Country Radio, P.O. Box Wykagyl Sta
tion, New Rochelle, NY 10804-005,'3A. 



DUMMY LOAD AND VIDEO DETECTOR FOR TRANSMITTER TESTS 

Input 

Max. input 
+16 dBm 

100 MHz to 1.3 GHz 

WILLIAM SHEETS 

= = 100-0 
chip resistors 

5 pF chip 
1 kO 

1/10W 

HP 5082 
2835 

Output 

~ Tosoope 
= 1 M0//20 pF 

BW 75 MHz 

Fig. 5-4 

This circuit is useful as a video modulation monitor for low-power video transmitters. For 
higher power inputs, use a suitable attenuator between the detector and the source. The detector 
should he conneeted to scope vvith as short a cable as p.o::::~;1:01lc Lo preserve video bandwidth. 

HAWGAMP 

73 AMATEUR RADIO TODAY 

MAST-MOUNTED ATV PREAMP 

R2 
1001( 

R1 
470 I DC POWER INJECTOR 

! C7 
FEECUNE 390pF 

- c---,.-------1 ~ --+ 

+12 V DC 

TOTV 
RECEIVER 

Fig. 5-5 

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

01-D3 
Rl MPN34G4 or cs 

2.2 k MPNJ700 C2 2.2 

TI 
R7 

2.2 k 
c, 

115 
56 

-MHZ 

L2 

XTAL Output 
Freq (MHz) Freq (Mt-lz) +11 V 

XI 56.891 910.25 
X2 Optional R5 
X3 57 703 923.25 100 

Insert Subcomer 
Switch Here 

(Sound Jumper) 

C40 + 
~ T 
50 V n-, 

+ 

R31 
100 k 

C41 (.@Ad' 1 u 10 

Input 
-50 V (5 mV 

R33 r to 
100 k l V) 

Audio Gain 

* L9 - L12 ttched on 
PC Boord ** R34 Rc:mge 2.2 k to 4. 7 k 
C45 Ronge I pF to 3.3 pf *** Heot Sink ( See Text) 

OST 

+12.6 V 

Wl R:29 

Except os indicated. decimal values of 
copocitance ore 1n microforods ( µf); 
others ore in picofarads ( pF' ) ; 
resistances ore in onms; k=-1.000 
CH=Chip Capacitor 

C7 56rL 

Neqoti~ 
Sync) 
Video 
Input 

Doubler 

L4 

230 
MHz 

TP1 +9 V 

C8 

470rL 
R9 
iOO 

Denotes Mutuol 
Coupling 

C22 
1-5 

C24 C25 

,oc~o c;.:J: 
R19 
10 k 

R23 
~JO 

R20 
1 k 
Video Goin 

This transmitter is for ATV applications in the 902- to 928-MHz band. It has three crystal-con
trolled channels, and will accept standard NTSC video input. It also has a 4.5-MHz sound subcarrier. 
Because this is an AM transmitter, audio can be transmitted as AM on the RF carrier. Simply use the 
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C10 C11 
1.0 2-10 

B· 00 CH 
L13 

** R34 

4.7 k{Nom1nol) 

Video Amp 

R21 
100 

07 
2NJ569 

Bies 

C13 C15 C14 
2-10 Doubler ,.o 2-10 Doubler 

C17 
100 CH,.L 

-1-12 6 V 

06 
2N4J55 

R25 
15 

I 
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MHz 

L6 

f-11 V 

R11 
JJ 
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*** 011 
MJE200 

+ C4~ 

I; 'II.. l 
L7 

R12 
180 

TPJ 

C19 
100 CH T 

rh 

+ 7 lo +9 V Modulated 

C23 C31 rL 100 CH rL 100 CH 

C29 C.30 

10CH~!OC~ 

I ~ Tontolum CH 
rJ-, 16 V 

C20 
100 CH 

7 
to C21/L9 

L8 

oc 
Input 

04 
13 V 

-+, 

R1J lN4007 

33 J; 

PA 

Fig. 5-6 

video input. Bandwidth of audio can be restricted to 20_kHz by placing a capacitor with a value of 
about 0.002 µF across R34. The output is 1..5 to 2 watts PEP into a 50-Q load. A complete kit of parts 
including PC board, is available from North Country Radio, P.O. Box 53, Wykagyl Station, New 
Rochelle, NY 10804-0053A. 
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QST 

ATV DOWNCONVERTER FOR 902 TO 928 MHz 

R2 TP7 RJ 
100 k 100 k 

C2 

100 CH 

lo Antl!nno 
Rf' Input (50 O} 

J1 

12-1/ DC 
i,,put 

IC2 * 
7808 

78L08 

+8 V 

211d RF" Amp 

Reg o+--1.,.___.,. __ ----i IN OUT __ ...._.__,_ J TP1 

02 03 

ESC 

e 
Battorn 

C26 r+70,01 

CNO 

+ C25 

T~ 
,J-,25 V 

Ml 

'·'('?=-;" J,~~ 
D G2 

1 J 5 7 Ol 
TcpView B 

Blue Dot ~ 0 o O O § 
S GI 

011 Pin 1 Cl O O O / 

2 4 6 B Wide 25139 

Bollom Tob Sur(oce Mount 
Top v.~ .. 

Vie111 

OJ 
'-IPSH81 

C22 
0.01~ 

This downconverter converts ATV signals in the 902- to 928-MHz range to a 61.25- or 67.2n-MHz TF 
output frequency (CH :3 or CH 4) to enable reception of these signals on a standard VHF TV receiver or 
monitor. It features a low-noise RF amp feeding a Schottky diode double-balanced mixer, a tunable LO 
and one IF preamp The RF amplifier is a low-noise dual-gate GASFET that is followed by a sec
ond RF stage using an MMIC. Five tuned circuits are used in the RF amplifier. This feeds a packaged 
Schottky diode mixer assembly for better dynamic range and reduced susceptibility to intermodulation 
and strong signal areas. The on-board local oscillator (LO) is voltage tuned and if desired can be set up 
for remote tuning. All necessary circuitry for remote tuning is on board for coax de and IF feed. This en-
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C1J C14 
1-5 1-5 

902-928 
UHZ 

Zl-26 
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Micro,itrips 
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CH=Ch1p Capacitor, *"'See hxl 
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Ir Amp 
60-72 MHz 

C16 2N3~63 

2,2 k 

D4 
1N757 

9.1 V 
0.4 W 

RB 
2.:Z .. 

R9 
)90 

Remott1 

Tuni119 
Voltage 

(1D to 18 V OC) 

Set RH ot 
Ground End 
if Remote 
Tunrng ,s 

Used 

06 C24 
IN757 ;LO.Qt 

R18 9.1 V 
1.S k 5TI _ 

D7 
HH007 

IF OUT 

J2 

Fig. 5-7 

ables the downconverter to he mast m01mtcd to get around feed line losses generally associated with this 
frequency range. No separate de feed is necessary because the coax (RG59/U recommended) carries de 
power, tuning voltage, and IF signal. A de block is used at the receiver for the purpose of separating de 
voltage supply and the tuning voltage. This allows a cable run of several hundred feet1 if needed. 

By using this downconverter and transmitter, a physically small 915-MHz ATV station or even a 
video HT can he constructed because both units are each 2.50 x 4.00 inches x 1.00 high, and can be 
stacked together. A complete kit of parts, including PC board is available from North Country Radio, 
P.O. Box 53, Wykagyl Station, New Rochelle1 NY 10804-0053A. 
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THREE-CHANNEL 420- TO 450-MHz ATV TRANSMITTER 

C40 
1 µ,F 
50V p 

R2 
F2 2:2 kfi 

Audio in 

H1-z 
5 mV-1 V 

RMS -=-

D1-D3 
MPN3404 

D1 

RUDOLF F. GRAF AND WILLIAM SHEETS 

L17½T 
~ CS C-6 1st 

2.2 3.3 Multiplier 
NPO NPO 

~ 
C7 

RS 56 pF 
1000 NPO 

Sound 
subcarrier 

switch 
can be used 
if J removed 

C32 + C33 
10 µ.FT T0.01 
16 V _ -:::- µ,F 

Q5 
MPF102 

C37 
2-18 
pF 

4.Sor 
5.5 MHz 

C35 
68 

(NPO) 

C36 

T 120 µ,F 
(NPO) 

~ 

NTSCorPAL 
video in 

IVPP75 fl 

R24 
1 ki1 

R23 
330 
kH 

(NEC synch) 7 

RF exciter section 

D6 
IN757 

c42• 
2.2pF 

R20 
Video gain 

•c42 1 to 3.3 pF can be used to vary subcarrier level. 

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

chip 
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C25 
100 pF 

chip 

~ 
R14 

R34 10 fl 
4.7k!1° ¼ W 

C12 
2-18 pF 

C17 
100 µ,FI 

chip 
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HS 

C15 
1 pF 
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C13 08 
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pF - p 

+12.6 V 
From jct 

D4 & C34 
C27 

4.7 pF L 11 RF 
~ out 
_~ _l_ C22 _ _l_ C23_ . 50 fl 

C26 T 5.6 pF T 5.6 pF 
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= pF = = 
C24 

'I' 100 pF 
= chip Output filter 
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,~-----------------{iTP3 

R16 
1000 

I12.6VtoRF 

Modulator 
section 

= L....---------,1,___ __ -I<"' 1----..t>-------n + 13.2 V 

Rte Video Input 

10 kn amp 

Optional 
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Fig. 5-8 

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

----RFAMP-------------MIXER--- __ ___;....,.._ ___ IFAMP--------, 

INPUT 

(+19.5dB TOTAi) (-95dBTOTAL) (+15dB T01AL) 

ST FILTER 
-0.3dB 

430MHz 

RF AMP BALANCED 
+20dB DTFILTER MIXER 

NF,d 5d8 -2dB - 7dB 

H 
430MHz 

BW:10MHz 

-JdB 

02 vco 
350-380 

MHz 

-0.5dB 

LP 
FlLTER 

TUNING REMOTE 
PONTENTIOMETER .,,....-1------------'-------~o TUNING 

VOLTAGE 

RADIO•ELECTRONICS 

OUTPUT 

Fig. 5-9 

This ATV downconverter converts the 420- to 4hO-MHz ATV band, which is several channels be
low the lower limit of the UHF band, to channel 3 or 4 for viewing on virtually any TV. The down
converter has a low-noise preamplifier stage and a double-balanced passive mixer for good 
performance and a wide dynamic range. That is necessary with today's crowded UHF bands. The 
converter draws about 27 milliamperes from a 13.2-volt de source, so it can be used in portable and 
mobile applications. An extra IF gives ru1 overall gain of about 25 dB. A block diagram of the 
downconverter is also shoW11. A complete kit of parts, including PC board, is available from North 
Country Radio, P.O. Box 53, Wykagyl Station, New Rochelle, NY 10804-005:3A. 
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6 

Amplif-ier Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Operational Transconductance Amplifier with Booster 
VCR Head Amplifier Tester 
Lowpass Amplifier 
Highpass Amplifier 
ISD 1 000A Record/Playback Circuit 
Remote Amplifier 
Programmable Gain Amplifier 
Programmable Input Amplifier 
Remotely Powered Sensor Amplifier 
Tuned Amplifier 
Difference Amplifier with Wide Input Common-Mode Range 
Bandpass Amplifier 
High-Side Current-Sensing Amplifier 
High-Input Impedance ac Amplifier 
MOSFET Push-Pull Amplifier 
Low-Voltage Microphone Preamp 
Basic Logarithmic Amplifier Using Op Amp 
Crystal Tuned Amplifier 



OPERATIONAL TRANSCONDUCTANCE AMPLIFIER WITH BOOSTER 

1/4 OPA404 
V+ o--e-------e,------e~--------, 

+15V 
BZVB8•CBV2 

3.3k 

BZV88-C8V2 

68k, 
2.5% 

68k, 
2.5% 

v- o--------------
-15 V 

ELECTRONIC DESIGN 

' ....... -. -
I 

' ' ' . 

IABC 
IIABCmu=2mA) 

01 V 
1N4148 : o + 

I 

:··i1;··· · ~ 

·--------·---------·· 

D2 
1N4148 

Fig. 6-1 

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

1111111 [ 11 i 1111111; 11111 [1 I! 11 ! , 111111 ! 'i 11 
e 

li:iillllllllll 1:llllll!I........,..___-
_f 

MECHANICAL 
ALIGNMENT PROBLEMS 

WORN OR BAD HEADS, 
ROT ARY TRANSFORMER OPEN/SHORT 

PROBLEMS IN PREAMPS OR HEAD SWITCHERS. 

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

R-E EXPERIMENTERS HANDBOOK 

C4 
Olll 

--I(--·-
J2 

OUTPU1 

Fig. 6-2 

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

0---------1
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+ 3 Z+ 
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Lowpass Amplifier Gain vs. Frequency 

HIGHPASS AMPLIFIER 

Vou1 
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24 
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.J 
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11111111 I Ill 
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Hlghpass AmpJ1fte1 Gain vs Frequency 
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Fig. 6-3 

IOM !OOM 

Fig. 6-4 
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record 

! 
+Sv 

2.2K 

ISO 1000A RECORD/PLAYBACK CIRCUIT 

reset enable 

% +sv J 
4.7µF 

2.2K 1 +5v 
-=-

470K 
,:;. 

10.1µF 

2.2K 

+ 

0.22µ J 22µ.F 

+Sv 

47K 
(typ) 

+5v 80 speaker 

1 
J 

22µ.F 

HlHH'i address sel~ 

ELECTRONICS NOW Fig. 6-5 

This circuit uses the Information Storage Devices ISDl000A chip (Radio Shack P/N 276-1325). 

Rt 
I.IM 

IU 
IDM 

NATtONAL SEMICONDUCTOR 

so 

REMOTE AMPLIFIER 

y• 

L4 
_r 

"""'' Useful for transducers and such where a sin-
½ two-wire pair are the only leads available. 

Fig. 6-6 



PROGRAMMABLE GAIN AMPLIFIER 

Digital control inputs 

A B C D 

R2 

R3 

RS 

Input 

Output 

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

The gain of this amplifier is -R/R1 where Rf effective value of resistance selected by the digi-
tal Rl inputs. 

!Cl op amp 
IC2 CD4066 quad bilateral switch 
Rl 1-k.Q, ¼-W 5% resistor 
R2 10-kQ, ¼-W 5% resistor 
R3 4. 7-kn, ¼-W 5% resistor 
R4 2.2-k.O, ¼-W 5% resistor 
R5 1-k.Q, ¼-W 5% resistor 
R6 2.2-kn, ¼-W 5% resistor 
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PROGRAMMABLE INPUT AMPLIFIER 

+v 

On S1 

~ Off 
Cl 

~ 
Signal 6 16 
inputs 

a 13 
b 14 R2 

C 15 
d 12 Rl 

3 
e ICT 
f 5 Output 

g 2 
h 4 

7 

8 

d7 
11 10 9 -v 

A B C 

Digital control inputs 

AMPLIFIERS, WAVEFORM GENERATORS & OTHER LOW•COST IC PROJECTS 

This amplifier has eight inputs selectable digitally. 

ICl CD4051 SPST bilateral switch 
IC2 op amp to suit application 
Cl 0.1-µF capacitor 
S l SPST switch 

RI 
R2 
R3 

10-kQ, ¼-W 5% resistor 
22-kQ, ¼-W 5% resistor 
18-kQ, ¼-W 5% resistor 

REMOTELY POWERED SENSOR AMPLIFIER 

•lVFS 

MAXIM 

.~v TWISTED PAIR ,-------.-------.. 

Rl 
500.0 

~ 

tSV 

For remote sensor applications, this circuit enables use of a single twisted pair. 
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V111 

Q IS A FUNCTION OF PARASITICS OF Lt ANO Ct 

Figure A Tuned Amplifier 

MAXIM 

TUNED AMPLIFIER 

40 
RESPONSE OF

1 
I ! II 

30 KIGURE H CIRCUIT 

20 
L1 = 2931J.H 

_Cc= 9 9pF 
AL, 25!} 
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i:S 
:s. 
z 0 
~ 
<.:l 

J , 

' j \. / -10 
V 1 / ~ -20 
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V 

·40 
1M 

,,, ,,,,.~ 

10M 100/.J 

t REQUENCY (r1l) 

Figure B Tuned Amplifier Gain vs. Frequency 

!"°"'I!\ 

Fig. 6-10 

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

F = l 
r 2rc 

The impedance of the transconductance network is a minimum at the resonant frequency, pro
viding maximum amplifier gain at that frequency. The Q of the amplifier is a function of the parasitic 
eomponents associated wiLh the LC network. The graph is the frequency response of the circuit, with 
Lt= 2.93 µHand G\ 9.9 pF. 

DIFFERENCE AMPLIFIER WITH WIDE INPUT COMMON-MOOE RANGE 

LINEAR TECHNOLOGY 

GAIN~ 1 VouT ~ v~EF FOR V1N1DIF1 = 0 
:r10V COMMON-MODE RANGE 
BANDWIDTH= 3MHz 

v· 
3.3V 

Vour 

Fig. 6-11 
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LOW CORNEA FREQUENCY= Fl = -
2
- 1 -

( ff)(Rt)(Cr) 

POLE FREQUENCY =fP - 21r ~ C 
( )( LH ll 

PASSBAND GAIN = ~{fr) 
Figura A Bandpass Amplifier 

MAXIM 

BANDPASS AMPLIFIER 

VouT 

r CL 
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i ·6 
~ 
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-FIGURE 12 CIRCUIT 

•24 -'rl 

1--~ CL 
....._ ....... 

10k 

Figure B 

100k 1M 

FREQUENCY(HZ) 

~ 
' 

10M 100M 

Fig. 6·12 

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

LINEAR TECHNOLOGY 
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HIGH-SIDE CURRENT-SENSING AMPLIFIER 

CHANGE SENSE RESISTOR 
a.om / TO CHANt,E SENS!TIVITY TO 

5V • -.-'V\"1-11 __ ...,_ __ ..... ___________ MEASURED 

10k ~Ok 

10k 

10k 

CIRCUIT 

OUT 
> • --t---4>- 1V/1 OOmA 

LOAD CURRENT IN 
MEASURED CIRCUIT 

01µF 

GND-----• -4..,.._ __ ..,_ ___ ......, __ ...__ GNO 

Fig. 6-13 



NATIONAL SEMICONDUCTOR 

HIGH INPUT IMPEDANCE ac AMPUFIER 

c, 
11.l µF 

R4 
182k 

1% 

R2 ,i- RS.,. R4 

R2 + R3 

OUTPUT 

X1"' 
TRANSDUCER 

Fig. 6-14 

This figure shows an op amp used as an ac amtpJJner. It is unusual in that de bootstrapping is used 
to obtain high input resistance without ... t',G",LL'.rj-..r•,,~ high-value resistors. In theoryl this increases the 
output offset because the op amp offset voltage is multiplied by the resistance boost. 

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

MOSFET PUSH-PULL AMPLIFIER 

+15 V 

33pF 100 kil 

IN 

100n VMP-1 

lOk!l 

-1sv 
MCGRAW-HILL Fig. 6-15 

This amplifier can be used for audio or as a driver for inverter service. 
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LOW-VOLTAGE MICROPHONE PREAMP 

_________ Vs 
1.5V 

A microphone amplifier is shown. The ref er
ence, with a 500-kHz unity-gain bandwidth1 is 
used as a preamplifier with a gain of 100. Its out
put is fed through a gain-control potentiometN 
to the op amp, which is connected for a gain of 
10. The combination gives a 60-dB gain with a 10-
kHz bandwidth, unload0d, and 5 kHz loaded at 
500 n. Input impedance is IO kU. 

Rt 
1.2W 

R2 
6.21,1 

•mu gain tnm 

R9 
IW 

NATIONAL SEMICONDUCTOR 

Av s 1k 

f1 ~ 100 Hz 

l2-5kH2 

Rl - 500 

Fig. 6~16 

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

BASIC LOGARITHMIC AMPLIFIER USING OP AMP 

10 k 
V1N O----¥'tf1',---+-t--~ 

GND u------.-=t 

-v-------------t-,:.~ 

ELECTRONICS NOW! -Fig. 6-17 

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

CRYSTAL TUNED AMPLIFIER 
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Crystal Tuned Amplifier 
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I I I I I ! I -

30 

20 

10 

·10 

·20 ------
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. 

Vour 
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Fig. 6-18 
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7 

AID Converter Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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High-Speed AID Converter System 
AID Converter for PCs 



HIGH-SPEED AID CONVERTER SYSTEM 

ENCODE 

10 36 f 10pF 

ENCO0EA ENCODE B 

649'1 8 5, 9, 22, -VREF A 
+Vs .sv 

-VREF a 
24, 37, 41 '9 01!!F ANALOG 
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RZ1 :t0.5V 
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18 • 17 

I • 16 
2 I • ~ +VINT 15 • a 

I 14 I-

+VREF A • ~ 13 • r--
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07A (MSB) 
11 • 

AD9058 RZ2 
(J-LEAD) D08 (LSB) 

28 • 29 
-ANALOG I • INB 30 

±0.SV 40 I 31 • f:! 
AINB • N 8 

I 32 t; • ,.: 
I 33 "' • r--

COMP I 34 • 
0.1µF~ O-,e (MSB) 

35 

-Vs 
7,20. -sv 

RZ1. R"Z2 ::r 2,0000 SIP (8-PKG) 
26, 39 

0.1µF 
4,19, 21 25, 27, 42 

ANALOG DEVICES Fig. 7-1 

The AD8001 is well suited for driving high-speed analog-to-digital converters, such as the AD9058. 
The AD9058 is a dual 8-bit 50 Msps ADC. In the circuit shown, there are two AD8001s driving the in
puts of the AD905f8 which are configured for 0- to +2-V ranges. Bipolar input signals are buffered, 
amplified (-2x), and offset (by +LO V) into the proper input range of the ADC. Using the AD9058's 
internal +2-V reference connected to both ADCs (as shown) reduces the number of external com
ponents required to create a complete data acquisition system. The 20-.Q resistors in series with ADC 
input are used to help the AD8001 drive the 10-pF ADC input capacitance. The two AD800ls only 
add 100 mW to the power consumption while not limiting the performance of the circuit. 
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AID CONVERTER FOR PCs 
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.01 
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C3;:; , 
,, 

"l!r 

POPULAR ELECTRONICS Fig. 7-2 

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

60 



8 

Antenna Circuits 

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

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

To Active 
Ant 

A1>t. 

73 AMATEUR RADIO TODAY 

REMOTE TUNED ACTIVE HF ANTENNA 

J3 
! SW-1a J

4 

.001 ~-To Revr 

( ----1---------;0 I 

'SW•1b 
NC O ~ + 

1-----e---------r1 12 V 

1.-

PC board pattern and parts placement diagram. 

+ Variable 
Volt• 

QJ 
SGO 
8S17a 

J1 

Couplar J310 

~

To Rcvr 

IIPFtO:l 

= -r~ 
1'"- "'= 

~ 
DGS 

BS170P 

~ 
GSD 

MPF102 
J310 

Bot10mvi.w 

Fig. 8-1 

An MVl 662/S varactor diode tunes this active antenna/preamplifier. R 1 varies gate bias on the 
BSl 70 FET. T 1 is a 3: 1 toroidal winding suitable for the frequencies of interest. 
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MINIATURE BROADBAND ANTENNA (3 TO 30 MHz) 

20DpF l 
100k 120 k 5% 

1/2 2N5911 

Out 
CA3028 
LM3028 

I -
I 
I 

U5µF I I 
I 

I - -
I 75!1 i:oa1 -

-
-

0.05 µF 

Antenna 

-

0.05 µF -

ELECTRONIC DESIGN Fig. 8-2 

A short dipole antenna and impedance converter combined Logether can be rotated to null out 
an interfering signal. The converter supplies a tremendous current gain so that the voltage appear
ing at the dipole's output eventually drives a 75-Q load. 
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J4 
AUDIO 
INPUT 

J5 
-t-12V 

POWER IN 

J3 
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J2 
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ELECTRONICS NOW 
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FM AUTO RADIO DIVERSITY ANTENNA 
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4 
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MON RL 

6 

10 
LAMP 
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g THRSH Yss 
8 

-;:-

13 
CLA 

11 
CK 

IC2-b 
Q 8 

74C74 a 9 

12 D 

10 PR 
14 

':;' 

Fig. 8~3 

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

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

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

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

When the radio is receiving AM, the absence of the 19-kHz sub carrier \.Vill also reactivate the pri
mary antenna that is tuned to the receiver for the best )..M reception. 

ANT1 
(NOTE 1} 

TUNABLE FM ANTENNA BOOSTER 

C6 
10µF 

C7 
30pF 

C5 
30pF 

C2 
4.5-65pF 

+ 

i B1 
! 9V 

L1 -
(NOTE2)b 

s/ 
NOTES: 1. 1 ELEMENT OF INPUT RABBIT EARS. 

2. SEE TEXT FOR WINDING INSTRUCTIONS 
3. TO ANTENNA OF FM RECEIVER 
4. VOLTAGES AT TEST POINTS: TP1..0.68V, TP2a3.85V, TP3,;:0.68V. 

ELECTRONICS NOW 

OUTPUT 
(NOTE3) 

Fig. 8-4 

This two-transistor amplifier circuit with tunable tank circuits boosts the distant FM signals. 
Coils Ll and L2 arc l½ turns #20 AWG bail tinned wire wound around a ¾11 diameter mandrel. 
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MATCHBOX ANTENNA TUNER 

Input ---+---------1 Balanced 

p Output 

QST Fig. 8-5 

Cl is a split stator capacitor and C2 is a dual differential capacitor. The top unbalanced output 
connection is used for high-impedance unbalanced loads 1 and the other is used for low-impedance 
unbalanced loads. In the latter case, the unused balanced load connection is grounded. 

ANTENNA TUNER 

Input l5µH 

QST 

Unbalonc::ed 
Outputs 

Fig. 8-6 

This is a circuit diagram of the Collins Model 180S-1 antenna tuner. Three unbalanced configu
rations are available1 two of which form an L-network and the other is a JC-network. The tuning-range 
is impressive. 
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ACTIVE ANTENNA FOR UHF SCANNERS 

Choke 

I -------

Coaxial : 
feed : 

½" tube with 1 

3/15" center : 
conductor 1 

I 
I 
I 
I 
I 

6" 1' cable 1 

dipole ~~~~,=~~2--l 
Solder 

I 
1-= 
I 
I 
I 
I 
I 

390 
n 

3 turns #22 
¼" dia. x ¼" long 

0.001 
µF chip 

Corner 
reflector 
antenna : f = 800-1000 MHz 

100 
n 

I 

V
weather 

1 proof 
case 

0.001 
IJ,f 

12" on side I_ - - - - - - - - - - - - - - - - - - - - - - _ J 

WILLIAM SHEETS Fig. 8-7 

This active antenna is a ½-wave dipole mounted in a 1211 x 1211 x 1211 90° comer reflector. A built
in active preamp !Cl, fed de through the RF coaxial line, provides 15 dB gain at 900 MHz to offset ca
ble losses. This provides superior reception for scanners covering the 800- to 1000-MHz range. 

67 



9 

Attenuator Circuits 

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



SWITCHABLE POWER ATTENUATOR 

+12VJ.-----

01 02 

QST Fig. 9-1 

Schematic diagram of a switchable power attenuator that can-be used to reduce the power out
put of transmitters that dont have ALC lines. 

Values for 10 and 20 dB: 
10 dB: R 1 R~ = 91 0 

R2 = 75 n nearest standard values 

20 dB: R 1 R1 = 62 n 
R2 = 240 n nearest standard values 

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

-= 

POPULAR ELECTRONICS 

VARIABLE VOLTAGE ATTENUATOR 

RF 
BANDPASS 

FILTER N0.1 

RF 
BANDPASS 

FILTER N0.2 

D3 

TO 
RF AMPLIFIER 

OR MIXER 

~---I~ 

D2 C1 
1 

C3 
.1 R2 

10K 

R1 
10K 

RF ATTENUATOR 

D1 
PIN C2 

DIODE .1 
ATTENUATOR 

The front-end of this circuit is a bank of selectable bandpass filters. The output of the filter banks 
are shunted to ground vja capacitor (Cl) and PIN diode (D1). The PIN diode acts like an electroni
cally variable resistor. The resistance across the diode's terminals is a function of the applied bias 
voltage. This voltage, hence the degree of attenuation of the RF signal, is proportional to the setting 
of potentiometer R 1. The series resistor (R2) is used to limit the current when the diode is forward 
biased. This step is necessary because the diode has a very low resistance when a certain rather low 
potential is exceeded. 
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10 

Audio Signal Amplifier Circuits 

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

Vacuum Tube Audio Amplifier 
Micropower Linear Amplifier 
NB FM Audio Amplifier 
Two-Transistor Audio Amplifier 
Personal Stereo Audio Amp 
Transistor RIA.A Preamp for Magnetic Phone Cartridges 
Dynamic Microphone Preamp 
Balanced Microphone Preamplifier 
RIA.A Line Amplifier/Driver 
Single-Ended HI-Z Microphone Preamp 
Low-Level Audio Amplifier 
Simple 20-dB Gain Audio Amplifier 
High-Gain Dynamic Microphone Preamplifier 
FET Phono Cartridge Preamp 
Simple High-Gain Audio Amplifier 
RIA.A Preamplifier 
Basic Complementary Class-AB Single-Supply Amplifier 
High-Impedance Microphone Input Circuit 
Electronic-Ear Low-Noise Audio Amplifier (for Parabolic Dish Mikes) 
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VACUUM TUBE AUDIO AMPLIFIER 
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Fig. 10-1 



VACUUM TUBE AUDIO AMPLIFIER (Cont.) 

This schematic is for a tubehead amplifier. The output from transformer Tl is positive half
wave ac rectified by Dl and filtered by Cl, C2, and RI for a +15-V supply. A-15-V supply is avail
able from D2, C3l C4, and R3. The plate supply for the 12AX7 tubes is produced by a voltage multi
· plier. 

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

INPUT 

ELECTRONICS NOW 

Al 
-lOMEG 

MICROPOWER LINEAR AMPLIFIER 

+15V 

12 

06 
D OSCILLOSCOPE 

PROBE r------- ------, 
1 R3 ,-.-----, C 1 I 
l tOMEG 15pf : 

OUTPUT 

L-- -- ____ J 

Fig. 10-2 

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

+ 10 µF T 16V 

= -= 
Audio ~ 1-------' \ 

input 0.1 µF 470 n 
rnomv _f 

P-P -= 

WILLIAM SHEETS 

NB FM AUDIO AMPLIFIER 

10 kfl 

100 
kfl 

100 
kfl 

.--..t--___,~ +9 V 

µA741 
etc. 

Fig. 10-3 

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

Input 

(_i3 
50 
kfl 

WILLIAM SHEETS 

TWO-TRANSISTOR AUDIO AMPLIFIER 

100 kn 

.------------------+9V 

4.7 
kfl 

47 n 

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

+ V 64-fl 

C 470 µF 

---c ''j] 32-or 

_r--0 phones 

=- NC 

+ 
470 µF 

J1 
See text 

Fig. 1o-4 

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

R9 
5.6K 

R1 
390K 

1/2 WATT 

5 

6 

7 

+ 

cs 
4.7 

16WVDC 

RIGHT 
OUTPUT 

~ 

1 c~ 
220 

+ 16WVDC 

9 

8 

C10 
4.7 

16WVDC 

C9 
.1 

R17 
U1 

R15 
1MEG 

CB 
.01 

C7 
.002 

R14 
1MEG 

R13 
R11 150K 

680K 1/2 WATT 
1/2 WATT 

R10 
390K 

1/2 WATT 
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Fig. 10-5 

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

10 µF 
16 V lnputT 

R,1 

Rx= T.o suit 
cartridge used 

WILLIAM SHEETS 

r--______________ ....,.. ___ ___.,..+18 V 
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1 
kf! 

+ 100 µF 
10 V 
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3180 µS 
318 µs 
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Fig. 10-6 

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

WILLIAM SHEETS 

DYNAMIC MICROPHONE PREAMP 

1 µF 

Input 0--j I+ 
f 

4.7 
kO 

' ,----_-----,+ i---( -----<O 

10 µF 

Fig. 10-7 

This pn~amLplifier provides 40- to 43-dB gain when used with a low-impedance ( <1 k!l) dynam
ic microphone. 

76 



PERSONAL STEREO AUDIO AMP 
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Fig. 10-5 

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

BALANCED MICROPHONE PREAMPLIFIER 

+V(9 to 15 V) 

J1 
XLR 

J2 
XLR 

R1 R2 
10k 10k 

R8 R9 
10 k 10 k 

R5 
(see text} 

Channel 1 

1 k 

R13 
{see text) 

R12 -V(9 to 15 V) 

(see text) 

Channel2 

Fig. 10-8 

A balanced input for microphones can solvt> hum and noise pickup problems. R6 and R13 
should equal H5 and R12, respectively. Typical values would be 10 kQ to 22 kQ. 

FROM RIA.A 
PREAMPUFIER + UiV 

-11V 

ANALOG DEVICES 

RIAA LINE AMPLIFIER/DRIVER 

Fig. 10-9 

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

SINGLE-ENDED HI-ZMICROPHONE PREAMP 
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R1 
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1% 
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Fig. 10-10 

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

LOW-LEVEL AUDIO AMPLIFIER 
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POPULAR ELECTRONICS Fig. 10-11 WILLIAM SHEETS Fig. 10-12 
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HIGH-GAIN DYNAMIC MICROPHONE PREAMPLIFIER 

.-----------------+12 V 
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680 fl 
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Fig. 10-13 

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

WILLIAM SHEETS 

From 
hi-z 

cartridge 

FET PHONO CARTRIDGE PREAMP 

10 µF.J.± 0.1 
25V µFT 

100 n 

10 µ,F 

+6 to 18 Vdc 

MPF102 16 V 

r 1-------------.._____..,___+ ~ To transistor 

10MH 0 audio amp 
2.2 ...L 
kn 

Voltage gain ""' O.SX 

Fig. 10-14 

A high-Z phono cartridge can be matched to a low-Z amplifier with this circuit. The FET pro
vides a current gain of over l000x and a voltage gain of about 0.5x. 
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Rs 1 µF 

-~I+ 

Source 
-= (microphone, etc.) 

SIMPLE HIGH-GAIN AUDIO AMPLIFIER 

-------------------+6V 

~ 

4.7 
kfi 10 µF O t t L___,..., u pu -----+~~ RL 

(5 kH, etc.) 

Transistors can be most 
any NPN small 

signal 2N3904, etc. 

100 k 

WILLIAM SHEETS Fig. 10-15 

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

INPUT 

ANALOG DEVICES 

(j.?Ql + l) (26) 

IEQl 

RIAA PREAMPLIFIER 

•MM= MOVING MAONET 
.. MC " MOVING CO,L 

10'511 

TO 
LINE 

AMPLIFIE~ 

VOLUME ~ 
~OJUST ! 7 

IOll 

2Mfl 

Fig. 10-16 

This preamp for RIA.A phone use uses two op amp-s by Analog Devices. A-switch selects com
pensation for moving magnet or moving coil pickups. 
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BASIC COMPLEMENTARY CLASS-AB SINGLE-SUPPLY AMPLIFIER 

~-------------+v 
I 
I 

n RL (see note) y 
I 

Input 

+~):c IXcl < ~6 at lowest audio frequency 

WILLIAM SHEETS 

I L~~d 

,1(-1 
Note 

RL can be also 
returned to V cc 

(Reverse capacitor C) 

HIGH-IMPEDANCE MICROPHONE INPUT CIRCUIT 

+ 47 µF 
22 T 16V 
kH 

+12V 

High Z ino--:J r-+-------------------1 
0.22 µF 

WILLIAM SHEETS 

22 
kn 

100 
kn 

______ +--, 1--------+--. f1----0Lo-Z out 

10 µ,F 
16 V 

10 µF 
16 V 4.7 

kfi 

=-

Fig. 10-17 

Fig. 10-18 

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

Rl < 
l01c.O 

Mike 
r---... I .4~µ: 

Cl __J 220pF 

From C5 of 
amp circuit 

MCGRAW-HILL 

RI 
llc.0 

R2 
22k0 

I\.AJ\l 
~ . ~ -

+V 

R3 
4.7MO 

IJ~ 

I 
V 

Headphone amp 

Ql 
2N2222 

C2 
4.7µF 
+ 

Cl 
.JµF 

I 

from C5 of 
amp circuit 

r 

~ 

+ C4 
l.OpF 

b 

I 

. 
I 

L 

R5 
2200 

vvv, 
R6 

3.31c.O 

5 

Recorder intc:rf ace 

J] 

Use this circuit with a parabolic reflector, mi.crophone for eavesdropping on distant sounds. 

C6 I 220pF 

I DI l_N34A -

I 
C5 

l .47µF 

--J E---o 
TO tape circuit 

or headphone amp 

Power supply 
decoupung/fi..ltering 

+V 

CJ hC2 
I OOOµF µ. I µF 

Fig. 10-19 



11 

Audio Power Amplifier Circuits 

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

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

Input~ 

f 

2.2 
kO 

WILLIAM SHEETS 

AUDIO POWER AMPLIFIER, 1.5 W, 12 V 

+5.3V 

4.7kn 

+b 
470 µF -= 

.-------1-------- + 12 V 

+6V 

100 kn 15 kn 

470µF 
16 V 

Po= 1.SW 

a-n 
speaker 

Fig. 11-1 

Although !Cs have largely replaced drcuits such as this, this circuit still finds use where the flexibil
ity of a discrete device design is desirable. Parts are easy to obtain and the problem of IC obsol~s
cence is eliminated. The TIP31A can be heatsinked to a small metal heatsink1 if desired. 

NATIONAL SEMICONDUCTOR 

84 

PARALLEL POWER OP AMPS 

Fig. 11-2 

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



+12V 
to preamp 
1t required 

WILLIAM SHEETS 

0.1 
µF 

1 µ.F 
-35 V 

10-WATT AUDIO AMPLIFIER 
In 1---<11----------------t._ _ __.,__ ____ ,_+24V 

B,as 

250 .n 

470 
n 

1----ft µ.F 

470~ ' 

fl 

+ 2200 

T µ.F 
35 V 

2200 µF 
35 V • 

4

.

7 

-½speaker +~4-fl 

100 
n 

MJE2055 o. 

0.1 

0.33 µ.F 
n 

*Heatsinked to 
same metal mass 

Fig. 11-3 

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

POWER BRIDGE AMPLIFIER WITH SINGLE-ENDED OUTPUT 

NATIONAL SEMICONDUCTOR 

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

grounded. 

Fig. 11-4 
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LINE-OPERATED AUDIO AMPLIFIER 

+98Voc 

! I BIAS2DmA 

----~,,__ ____ • 1.3 Voe 

820 

NATIONAL SEMICONDUCTOR Fig. 11-5 

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

WILLIAM SHEETS 
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BASIC COMPLEMENTARY CLASS-AB POWER AMPLIFIER 

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

PNP 

V 

Low-Z 
Load 

Fig. 11-6 



SIMPLE VACUUM TUBE AMPLIFIER 

·SEE TEXT 

20R5 

20R5 

7 
V1 V2 

+120VOC 
FILAMENT 

+92VDC 
-PLATE/SCREEN 

POPULAR ELECTRONICS Fig. 11•7 

Using a pair of 60 FX5 tubes, direct operation from 120 Vac is possible. However, the use of a 
power supply with an isolation transformer is recommended. Rl is adjusted for equal voltages at pin 
1 of Vl and V2. The power output is about 2 to 3 watts. 

POWER SUPPLY FOR VACUUM TUBE AMPLIFIER 

T1• T2* 

~PL1 ---------. 11011 ~ 

·seE TEXT 

POPULAR ELECTRONICS Fig. 11-B 

The power supply for the amplifier uses two low-voltage transformers connected back-to-back. 
The full-wave bridge rectifier, BRl provides de for the filaments, plates, and screens. 
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10 µF 

SIGNAL 0-1 + 
INPUT 

Vs 
14.4V 

NATIONAL SEMICONDUCTOR 

T 
UµF 

221 

2.2 

16-W BRIDGE AMPLIFIER 

Vs ,uv 

~UµF TUµf 
-----------t 

221 

This circuit delivers 16 W RMS audio into a 4-0 load (RL). The ICs are LM383s. 

RFI-PROOF AUDIO POWER AMPLIFIER 

+12 V 

10 k!l 0.Q1 pF 

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

470pF + ~pf 

= 1 00 µF Ferrite 
15 V bead 

Input 

470pF T 

0.1 

WILLIAM SHEETS 

111 

10Dk 

Fig. 11-9 

Spkr 

Fig. 11-10 

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

Input 

,-----e----1------------~-------------f" + Vee 

R 
!GAIN!=; 

1 

WILLIAM SHEETS Fig. 11-11 
This is the basic circuit used in many audio power output stages where split supplies are used. 

This amplifier is inherently de coupled and has high open loop gain and good de stability if the feed
back network is properly designed. 

NATIONAL SEMICONDUCTOR 

RIAA PHONO AMPLIFIER 

+18\1 

Co 
ID01,1F 

"~Ac·~ ... 2.70 

.. l .. c • ao 

......... C: •.t: 0,1 uF 

Rl + 150kQ 
Mid-band gain = -----

150 kQ 

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

r 
Input R1 

I 

WILLIAM SHEETS 

NATIONAL SEMICONDUCTOR 

Bias 
diodes 

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

t 
Output 

I 

PHONOAMP 

Fig. 11-13 

Fig. 11~14 

The figure shows the LM-380 with a voltage-divider volume control and high-frequency roll-off 
tone control. 
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VIN 

80-WATT IC AUDIO AMPLIFIER 

1000µFrl + 

0.1µFi 

~•---
100k 

1k 

10µ,F __ I 
24k 

NATIONAL SEMICONDUCTOR 

+25V 

+ h 1000µ.F 

~0.1µF 

1k 

I10µF 

Fig. 11-15 

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

WILLIAM SHEETS 

BASIC COMPLEMENTARY POWER AMPLIFIER CIRCUIT 

Bias 
diodes 

.---------+Vee 

,-------+---------output 

C1 
Input 0---j 1-+ ______ _ 

Fig. 11-16 
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+12 I/ 
J2 

QST 

Jl 
IN 

C1 

~ 
16 V 

+ 

GENERAL-PURPOSE AF AMPLIFIER 

C4 + C5 

R1 
100 k 

,,:c1-----T~ ~, 
R6 
560 

7 
~-------''\J'\.f\.r-----------+------1 LINE * 

C3 

NC 
0 dB 

GAIN 1 

R3 
R2 10 k 

100 k 

Except 011 indicated, decimal lf0iue11 of 
copocltonce ore n microforods ( µ.F ): 
others ore in pieoforods ( pf ) ; 

R4 
100 k 

resi11lonce11 ore in ohme; k=1.000, M=l,000,000. 
IC Pins not shown ore unused. 
nc=Not connected. 
*=See text. 
**=H1ot sink (see text). 

100 µF 
+ 161/ 

RS 
1 M 

R7 
10 k 

GAIN 2 

Supply Voltage: 12 to 14 I/ 
Input impedance: 50 kO (nominal) 
CX.tput impedance (LS ( 9peoker] terminal): B n 
Output Impedance (LINE terminal): 560 0 
Gain: Up to 70 dB, continuously variable 
Bandwidth: 16 Hz to 30 kHz, minimum 

Fig. 1-1-17 

Schematic of the general-purpose AF amplifier. All resistors are ¼-W1 5%-tolerance carbon-com
position or metal-film units. Equivalent parts can be substituted. General-purpose IC replacements 
are shown in parentheses. 

BRIDGE CONNECTION OF TWO POWER OP AMPS 

NATIONAL SEMICONDUCTOR 

92 

Fig. 11·18 

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



90-V 10-A HIGH-POWER AMPLIFIER 

NATIONAL SEMICONDUCTOR -Fig. 11-19 

This amplifier can drive ±90 V at 10 A, more than twice the output swing of the LM12." The IC 
provides current and power limiting for the discrete transistors. 

POPULAR ELECTRONICS 

MINI-MEGAPHONE 

Fig. 11-20 

The Mmi-Megaphone is comprised of an elec
tret microphone (MICl) 1 and LM:386 low-voltage 
audio-power amplifier (U 1), a horn speaker 
(SPKRl) 1 and a few other components. 

93 



12 

Automotive Circuits 

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

94 

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



p 
Ta1 
1 9V 

..!.. 

MIC1 

C7 
033 

POPULAR ELECTRONICS 

C1 
47 

ELECTRONIC AUTO STETHOSCOPE 

+ 

-=-

R7 
10K 

C8 
.033 

R2 
2.7K 

R9 
10K 

R1 
2.7K 

+ C2 
10 

-------~ 

csj_+ 
1 

R3 
18K 

R4 
181< 

+ 

C4 
33pF 

R12 
660K C9 

10pF 

~ 
C11 -
0.1 

R5 
220K 

R13 
1000 

+ C10 

~ 
-;=J 

Fig. 12-1 

The heart of the Stethoscope is the NE5532 audio op amp, UL That component directly drives 
low impedances and allows the use of headphones without adding another amplifier. 
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AUTOMOTIVE ELECTRICAL MONITOR 

TABLE 1-AUTOMOTIVE EtfCTRICAL FAULTS 
Condition Normal Voltage Possible Faull 

Vehicle at rest 12.6 volts <12.4 volts: bad cell or 
severely undercharged battery 

Cranking >9 volts <9 volts: Weak battery 
Idling >12 8 volts <12.8 volts: Not charging; 

bad alternator or wiring 
Running >13.4 volts <13.4 volts: defective alternator 

minimum load or voltage regulator 
Running <15.2 volts >15.2 volts: Overcharging: 

minimum toad defective regulator 
Running >13.4 volts <13.4 volts: alternator 

maximum load defective or belt slipping 

12V INP..UT ct-:+-r-----A----. 01 

1 + 1N4004 0 U2 

'=' 
AN78LDI 

C1 + G LED1 

R1 
100 RED 

WEAK 
100K T 15 16 BATTERY 

MS 

C3 REF 
.1 

i-)1- 4 
12 LED2 

5 GREEN 
A2 BATTERY 

4 53K OK \\ 2 

LE03 
A3 RED 

35711 NOT 
8 CHARGING 

10 

R4 A7 
4870 2201< 

6 
11 

R5 -7 LED4 
1 31( RED 

INSUFFICIENT 
3 CHARGING ~ 13 

R6 
9 R12 LED5 

9.53K D2 4700 RED 

1N4148 OVERCHARGING 

':' 

POPULAR ELECTRONICS Fig. 12-2 

The automotive electrical diagnostic 8ystP-m is built around a Maxim MAX8214ACPE five-stage 
voltage comparator, which contains a built-in 1.25-volt precision reference, and on-board logic that 
allows the outputs of two of the comparators to b'C inverted. 
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1 µif 

10 kn 

10 kn 

WILLIAM SHEETS 

CAR ALTERNATOR MONITOR (IDIOT LIGHT) 

330 n 9V 
, _______________ +12 V 

-=-

1 kfl 

LED 
Indicator 

(red) 

Fig. 12-3 

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

CIGARETTE LIGHTER 9-V ADAPTER 

+ 
Plug 

12 to 14 ----+-----I '-'- ,~ ...... A 

V input 

WILLIAM SHEETS 

4700 
¼W 

IN757 

+ 
470 µF 

+9-V output 
100mA 

r 

Fig. 12-4 

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

MOTORCYCLE TURN-SIGNAL SYSTEM 

(TO 
MOTORCYCLE 

BATTERY) 
~ 

} + 

LEFT 

R1 01 
10K 1N4002 

C1 ...L. 
.1 

R3 
250K 

RIGHT 
TURN 
LIGHT 

LEFT 
TURN 
UGHT 

Fig. 12-5 

T'ired of making hand signals? Build this simple turn-signal system and keep your hands on the 
handle bars. 

TACHOMETER SIGNAL-CONDITIONING CIRCUIT 

ELECTRONICS NOW 

To 
counter 

Fig. 12-6 

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

+12V 

R10 A1 A2 Ri1 
1MEG 10K 10K 1MEG 

S1 S2 
LEFT RIGHT 

..::t.. ...:r.. 2 

T 3 

":' 
C1 C2 
.05 01 02 ":' .05 

1N4001 1N4001 

R9 R12 
1K SOK 

+12V 
03 

2N3904 7 

06 
2N3~ 

3 

-=-

01 A7 -=-
C3 
.OS R8 Q2 

IRF!511 10K 10K IRF511 

POPULAR ELECTRONICS Fig. 12-7 

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

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

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

R2 
4.7 k 

D1 
IN4001 To flasher l + 

relay 
---------•\./\./\.~---

2 

R4 3 
10 k 

R3 
4 

+ C2 
47 k 4.7 µF RS 

10 k 

RADIO-ELECTRONICS 

C1 
500/16 V 

8 

7 
ICl 6 
555 

5 

+ 

PB1 

C3 
68/16 V 

LED 1 

Piezoelectric 
buzzer 

Fig. 12..IJ 

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

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

Capacitor C3 and resistor Rl determine the delay. With the component values shown, a delay of 
about one minute will be provided before the intermittent tweet sound generated by the circuit be
gins. If higher values are used for C2 and Rl, a longer delay time will result. The light-emitting diode, 
LEDl, provides a voltage drop to assure complete transistor blocking during the off periods of the 
flasher. Alternatively, two diodes in series can be used. 
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C3 
68pF 

HIGH-POWER AUDIO AMP FOR AUTOMOTIVE INSTALLATION 

I 

CB 
.1 

ll 
I 01 

11N4744A 
15V 

--··-·--r R4 
1001J 02 

1N.c744A 
C7 + 15V 

l00µF 

08 
IRFH40 

R21 C4 
20.5n 1500pF 

R18 
UK 

R19 
R14 ,oon 

51111 

R23 
20.5'1 

09 
IRFMG 

a,o 
1RFl40 

C5 
.1 

-=-

Fl 
4AMPS 

+47V 

+ 
OUTPUT 

i-
-47V 

RADIO-ELECTRONICS Fig. 12-9 

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

WILLIAM SHEETS 

HIGH-POWER 12-V IC AUTO AMPLIFIER 

10 µF 
16 V 

D-j I--+----; 

Audio 
input 

1 
470 µF 

16V 

3.3H 

+ 

LM 383 (Heatsinked) 
.---------------;.,.. 12 V 

0.22 µF 

2200 µF 
16V 

Output 
5Wwith 

4-n Speaker 

~/14toBO 
1 fi* ~ Speaker 

0.2* µF 

*Place close 
to pins 3 and 4 

Fig. 12-10 
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....... 
0 
I\) 

CAPACITOR DISCHARGE IGNITION SYSTEM 

C2 
Ll 

11l11
7R9' Rl3 

R4 
R2" 

o2• l ' ; Rt 
' 

R6f ~ Q~ 7 I I QI. ~ I~ 
' /7'\ : I 

DJ* 

Cl I I ---C4 

Distribution 
RB " Do not operate in free air inside air tight chassis. 

MCGRAW-HILL Fig. 12-11 

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



A Parts list 

CAPACITOR DISCHARGE IGNITION SYSTEM ( Cont.) 

Ql-2N3055 
Q2-2N3053 
Q3-2N324l 
Q4-2N324l 
Q5-RCA 40651 
O1-IN3193 
02-IN319S 
D3-1N1163A 
Dc-12 V, ¼ W 
Cl-0.25 µ,F, 200 V 
C2-1 µF, 400 V 
CJ-1 µF, 25 V 
C4-0.25 µ.f, 25 V 
f-.5A 
Ll-10 µ,H, 100 Turns of No. 28 Wire Wound on a 

2.w Resistor (100 Ohms ot More} 
Rl-1000 ohms, 1f2 W 
R2-35 ohmt., .5 W 
RJ-22,000 ohms, 11:1 W 
R4-1000 ohms, 112 W 
R5- l 8,0.00 ohms, ½ W 
Ri>-15,000 ohms, 1/2 W 
R7-8200 ohms, 1/2 W 
R8-0.39 megohm, ½ W 
R9-220 ohms, l W 
Rl0-1000 ohms, 1/~ W 
R 11-68 ohms, lf2 W 
RI 2-4700 ohms, 1/, W 
R 13-27.000 ohms, 'h W 

+ 

Details of inverter transformer 

CAR AUDIO POWER SUPPLY 

+ 

R5 
51< 

52 

1 WATT 

POPULAR ELECTRONICS Fig. 12-12 

This supply has a variable output voltage feature and a dual voltage s½itch, S2. Ql should be ad
equately heatsinked. 

103 



MOTORCYCLE HEADLIGHT MONITOR 

(TO 
MOTORCYCLE 

BATTERY) 
~ 

HEADLIGHT 

POPULAR ELECTRONICS 

R1 
470'1 

HEADLIGHT 
SWITCH 

Fig. 12-13 

The headlight on most newer hikes is keyed 
on with the ignition switch to guarantee that you 
are never underway without your headlight bc-

on. However, many older bikes have a fac
tory headlight switch, and a growing number of 
the newer hikes are owner-modified in the same 
way. 

A simple hcadli.ssht monitor circuit consists 
of just an LED and a current-limiting resistor 
wired across the headlight switch, as shown. 
When the ignition__is on and the headlight switch 
is off, the LED will glow. 

AUTO BATTERY ISOLATOR CIRCUIT 

From 
alternator 

HEADLIGHT-OFF INDICATOR 

(TO 
MOTORCYCLE 

BATTERY) 
~ 

R1 -~ 
4 7K ~ 

POPULAR ELECTRONICS 

U1 
665 

R3 
3300 

HEADLIGHT 

HEADLIGHT 
SWITCH 

+ 

c1 
10 

Fig. 12-14 

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

AUTOMOTIVE HI-ZTEST LIGHT 

11 
3V BULB 

B1 + 
1.5V T 

PROBE 

ti_ B2 
1.5V 

R2 
10MEG 

CASE 

~~~_._ _ _,Q1 
R1 

2MEG 
VN2221 

OR 88170 

ELECTRONICS NOW Fig. 12-15 POPULAR ELECTRONICS Fig. 12-16 

The diodes ensure that current can flow in 
both batteries from the alternator, but the main This test light has a high-input impedance 
hattPry can't feed the accessory system, nor vice and draws only 1 mA at 12 V. Ql switches dr to a 
versa. battery and lamp circuit. 
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13 

Battery Charger Circuits 

The sources of the follo¼'ing circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Smart Battery Charger 
Rechargeable LED Flashlight 
Battery Charger Controller 
Single-Cell Lithium Battery Charger 
BaUery-Charging Current Limiter 
Three-Cell Lithium Charger 
NiCad Battery Charger 
Backup Battery Monitor/Charger/ Alamt 
NiCad Charger/Zapper 
2- to 5-Cell Lithium Battery Charger 
Lead-Acid Trickle Charger 
NiCad Battery Charger 
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D2 
tN4004 

+ 

ELECTRONICS NOW 

SMART BATTERY CHARGER 

07 
1N4148 

R1 
4700 
1W 

R9 
1MEG 

03 
BS170 

... 

RB 
470K 

CELL G0 UNDER 
CHARGE 

81 

C5 
.1 

-l 

05 
1N4148 

C4 
.1 

D "SEE TEXT 

Fig. 13·1 

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

J1 
12.6 
VAC 

INPUT 

ELECTRONICS NOW 

01 
1N4001 

RECHARGEABLE LED FLASHLIGHT 

+ IC1 0 +SV 

1 LM7805 3 

C 2 
+ C1 C2 + 

33µF 3SµF 

02 
1N4001 

RY1 

B1 + ---1----11------------;t--"""'..---o--.._____ 
+ ...---cJ--_ N.C. 

LE01 
(SEE TEXT) 

R1 
1K 

(SEE TEXT) 

OFF 
S1 o 

-----u-....u ON 

Fig. 13-2 

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

10kfi 

IN914B 

6.2V 
IN754 

WILLIAM SHEETS 

BATTERY CHARGER CONTROLLER 

To 
charger 

~------------------------+-+----t11-----Bat(+) 

II 
IN4007 

Ba1(-) 

Fig. 13-3 

When the battery voltage is low, the TL081 comparator produces a high output, turning on the 
2N3569 relay driver. As the battery voltage approaches the set point, the relay driver is cut off, open
ing the 120-Vac supply. 
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SINGLE-CELL LITHIUM BATTERY CHARGER 
1N4001 

.-----a----; In Out,____.._.,.__.,__._ __ __, 

8-to-10-V de 
input 

D.1 µ.F 

LP2951 
regulator 3aBpF 

Feedback i----t--------• 
Shutdown GND 

2.2µ.F Voltage 
adjat 

2M 
1% 

50k 

Li-Ion + 
cell 

ELECTRONIC DESIGN Fig. 13-4 

An LP2951 regulator was chosen for this single lithium cell-charging circuit for its built-in cur
rf'nt-limiting capability. In addition, the regulator's output voltage is extremely stable, which is a pre
requisite for Hthium battery charging. This figure details an example circuit designed to recharge a 
single cell. The required output set voltage was -specified as 4.200 V (±0.025 V) with a maximum 
charging current of about 150 m.A. 

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

The 1.23-V reference appears between the feedback pin and ground, which causes a precise 
current to flow in the output resistive-divider string. The amount of current flowing in these resis
tors determines (sets) the charger output voltage that appears across the battery terminals. Large
value resistors keep the battery drain below 2 µA when the de input is removed (a customer 
requirement). A trimming potentiometer sets the output to 4.200 V. It must be adjusted when the 
battery isn't connected to the charger output. A blocking diode is required at the LP2951's output to 
prevent current from flowing out of the battery and hack into the output when the de-input source 
is removed. Because Lhe diode is in series with the output, the minimum input-output voltage dif-
ferential required for this circuit to operate is about 1.5 V. • 

POPULAR ELECTRONICS 

BATTERY-CHARGING CURRENT LIMITER 

01 
1N4002 

LED1 

U1 O 

VIN 1 ... •-______ LM_a_:_~_ ... _ ~_ -_•_ -_ ... _1R2:oo::::::+ l ro - BATTERY 

·see TEXT 

Fig. 13-5 

This circuit uses an LM3 l 7 as a current regulator to limit charging current to a lead-acid battery. 
R2 should produce a 1.2-V drop at the desired limiting value of charging current. 
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+ 

13-to-16-V de 
input with 
current 
limiting 

ELECTRONIC DESIGN 

THREE-CELL LITHIUM CHARGER 

D1 
1N914 

02 
1N914 

D5 
16A 

-In 
Compensation 

LM3420· 12.6 

------out 
GND 

+ 

+ 
Three-cell -=

Li-Ion -=-

Fig. 13-.6 

This 3-A, three-tell charging circuit for lithium batteries includes a built-in on/off switch made 
up of Q3, R4, and D3. When a de input is present1 D3 turns on Q3, which allows current to flow 
through the LM3411 and Ql. If de voltage is removed, Q3 turns off, cutting battery drain to zero. 

FAST CHARGE OV 
TRICKLE CHARGE> 2V y 

VN2222l 

LINEAR"TECHNOLOGY 

510 

3300pF 

NICAD BATTERY CHARGER 

1, 13 0.111F Cir/ 
22µF 25V 

V1N PWRV1N 
14 MBRS1JOLTJ 

LB1N SW t---+--t------1..,__.,. 
LTC1265 

12 
LBoUT PGNO· 

11 
Cr SGNO 

SHUTDOWN 
lO CHARGER 

ON/OFF 

VFB 

SENSE- SENSP 
8 

1000pF 

L1tl 
100µH 30k 

CouT" 
100µF 

+ 10V 

' DALE 593D226X0025D2W 
'• DALE 5930107X0016E2W 

t DALE WSL2010·0 10•1% 
1 i L 1 SELECTION 

MANUFACTURER PART NO. 
COiLCAAFT 003316·104 
COILTAONICS Cn:100·4P 
SUMIDA CO105·101 

1381! M8Ri~OLT3 VoUT 

L...----------------111-------------IH-- ~:~%1 CHARGE 
0 1A TRICKLE CHARGE 

DN91! Foe 

Fig. 13-7 

The LTC1265 is configured as a battery charger for a four-NiCad stack. It has the capability of 
performing a fast charge of 1 A, a trickle charge of 100 mA, or the charger can be shut off. In shut-off, 
diode Dl serves two purposes. First, it prevents the LTC1265 circuitry from drawing battery current 
and second, it eliminates "back powering" the LTC 1265, which avoids a potential latch condition at 
power up. 
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BACKUP BATTERY MONITOR/CHARGER/ALARM 
JH 

,-----------:,-:----------------4+ EXT(RNAL 
CfiARGER IN 

r--------------r•:' }roe,\THHV 

* 20k I •,i. MULTI PLI EA 
ltHEANAL TO Ml 

73 AMATEUR RADIO TODA V 

SINGLE 
~OINT 
GROUND 

Battery Condition 
Meter Calibration 

,z 
2011 

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

Fig. 13-8 

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

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

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

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

An alarm circuit is included to indicate when the battery has been discharged by 60 percent to 
the 11.6-Vdc level. When battery voltage is above 11.6 V, the green LED will be illuminat-ed; when 
voltage falls to 11.6 V, the green LED goes out and the red LED lights. A piezo audible alarm s0W1ds 
at this low-voltage level unless silenced by the toggle switch controlling it. 

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

12V At/DC 

,.ov 

100k 

220k 

73 AMATEUR RADIO TODAY 

NICAD CHARGER/ZAPPER 

lOk 

RESET 

J, 

RS 

lM 

VOLT 

r l20mA 
19 r50mA 

150 

"ZAPPING• 
LEO 
!REDI 

0 

Cl C2 p···· 

"CHARGING" 
LED 
!GREEN I 

NTE18l 

METER..__ ___________ __, 

2N3904 + _ BATTERY 
-:"TOBE j ZAPPED 

Fig. 13·9 

The NiCad charger/zapper has a built-in charger and zapper circuit to clear shorted NiCads. This 
circuit delivers a high-current pulse to trim out internal shorts. 
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DC 1npu1 

01 
n•FET 

2-TO 5-CELL LITHIUM BATTERY CHARGER 

RUM 

LM35&A 

Vollage 
limiler 

02 
Schottky 

-t----+-----
UlA+t------

D1 
lM4040A-5 

R5 
402k. 0.1% 

LI battery 
21115cells 

..... 

ELECTRONIC DESIGN Fig. 13-10 

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

LEAD-ACID TRICKLE CHARGER 

D1 
1 N4002 
~--- C2 

033 

Rl 
7600 

C1 
8000 

65WVDC 

D4 
1N4002 

07 
1N4002 

C3 
.033 + 

R3 
2.52K , 

D3 
1N4002 

05 
1N4002 

'-,-~ 

TO 
INVI-Rfl::R 

POPULAR ELECTRONICS Fig. 13-11 

This lead-acid battery trickle charger can be used as a stand-alone circuit (for alarm systems and 
such) or combined with the circuit in the figure to create an emergency lighting system. 
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117 V 
To Timer 

Polarized Plugs 
Required 

117 VAC 

PL 1 
Green 

F 
1 Amp 

73 AMATEUR RADIO TODAY 

11 
To Timer 
Outlet 

NICAD BATTERY CHARGER 

Bridge 
Rectifier 

---------------""' n, Regulatoq...,_,.x ......... , _ __, 

D1 
1 N4002 

+ 

C3 
1000 
50V 

LMJ17T 

Adj 

R9' 

M 

TKL 

Fine 

I 
ADJ 

Course 

R4" 
17 

RS 
25 
2W 

R6 
250 
2W 

(' = see tut) 

Fig. 13-12 

This circuit has a current regulator and uses an external timer to control the charging rate. 
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Battery Monitor Ci.rcuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Battery Monitor 
Battery Butler 
Undervoltage Indicator for Cell 
Battery Charger Probe 
Low-Battery Circuit 
Battery Charge Indicator 
Battery Status Indicator 
Lithium Memory Backup tte101a1cerner1t 
Battery-Condition Indicator for 12-V Batteries 



BATTERY-MONITOR 

+12V 

2.2k 
R1 R3 

16.9k 13.0 k R5 
1M 

Battery 2.2k 
fault 

from CR2 
12-V tN4148 

lead-acid R2 R4 Green 2.2 k 
1k battery 11.0 k 9.09 k 

Red = battery fault 
{a) RTN lb} Green ,, battery OK 

ELECTRONIC DESIGN Fig. 14~1 

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

The circuit's reference is 5.0 V. The resistor values in divider, Rl/R2 were seiected to produce 5:5 
Vat the inverting input when the battery voltage is 14.0 V. Divider R3/R4 is set to produce 4.5 Vat 
the noninverting input when the ......... 1-·1- ........ voltage is equal to 11.0 V. 

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

If an op amp, such as an LM324 is used as the comparator, two LEDs can be implemented. The 
green LED will turn on when the battery voltage is within the window1 and the red LED turns on 
when the battery voltage is outside the window. 
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·SEE TEXT 
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BATTERY BUTLER 

•SVDC 
SOURCE 

+12VOC 
SOURC[ 

15 

R•0-11 
16K 

RJ 
47K 

+5V 

Cl 
10 

+SV 

U2 Rll , ... 
6.IMk 

010 
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09 

OS 

a, 
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OS 

(M 

QJ 

02 

10 

C9 
10 

+5V 

10 

11 

'l 
LEO! 

RS 
2200 

Fig. 14-2 



BATTERY BUTLER ( Cont.) 

The battery butler solves the common problems associated with the maintenance and operation 
of NiCad batteries. The battery butler, by initially discharging a Ni Cad battery to a preset point, re
duces the possibility of the "memory" effect occurring. Once discharged, a battery is then usually 
charged at 25% and reduce the internal cell pressure increase by 40% or more. Once the battery is 
fully charged, a trickle charge is provided to maintain the battery in a fully charged state. The bat
tery butler circuit can he bypassed, and the existing fast-charger used, if needed. 

UNDERVOLTAGE INDICATOR.FOR SINGLE CELL 

NATIONAL SEMICONDUCTOR 

Al 
1111, 

------v• 

Ot 
RED 

flashes about 1.2V 
rate Increases with 
voltage 

Fig. 11-3 

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

R4 (RI+ R2) 

Rl (R3 + R4) 

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

BATTERY CHARGER PROBE 

L.......,Ha,+-_.,. ........ 

R2 
1.21( 
l/2W 

JI'/. GREEN 
LED 1 TO NEGATIVE 
BATTERY CHARGER CLAMP 

Fig. 14-4 

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

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

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

MAXIM 

LOW-BATTERY CIRCUIT 

..sv 

~--WATT Vee 

20Vlo55V + 

~ 
MAX693A 
MAX800L 
MAXBlXJM 

Pft PFO 

GNO 

A Maxim MAX691A series lC allows low-battery detection. 
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·ro 
CHARGING 
CIRCUIT 
VOLTAGE 

RADIO-ELECTRONICS 

BATTERY CHARGE INDICATOR 

RsENSE 

Q1 
2N3638 

RcuRRENT 
LIMIT 

(IN CHARGER) 

TO 
NICKEL-CADMIUM 
BATTERIES 

Fig. 14-6 

When a battery is charging, a voltage drop across RsENSE causes QI to conduct, and lights LEDL 
RsENSE should be chosen as follows: 

NATIONAL SEMICONDUCTOR 

RI 
&iOk 

RZ 
12k 

RSENSE (ohms)= 0.65 
/CHARGE (amps) 

BATTERY STATUS INDICATOR 

-------------+ 
fl] 

680k 

LEO dims oe!ow 7V 

Fig. 14-7 

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

The battery status indicator is designed for a 9-V source. It begins dimming noticeably below 7 
V and it extinguishes at 6 V. If the warning of incipient battery failure is not desired, R3 can be re
moved and the value of R 1 is halved. 

119 



QST 

LITHIUM MEMORY BACKUP BATTERY REPLACEMENT 

I --------
1 I 
I I 
I D1 I 
I I 
I I R1 

: 02 :34k0 

: 4.7 V I 
I 
I + t 
I C1~0.1 F I 
I I 
J I , ________ .. 

\Added 
Circuit 

+5 V 

+ 3.2 V rL Lithium 

Fig. 14-8 

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

McGRAW-HILL 

BATTERY-CONDITION INDICATOR FOR 12-V BATTERIES 

Voltage 
Input 

Fig. 14-9 

A simple battery condition indicator. Choose the Zener diodes to provide a ''window11 for over/un
der voltage indication. 
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15 

Bridge Circuits 

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

Single-Supply Bridge Amplifier 
Wheatstone Bridge 
Bridge Amplifier with Low Noise Compensation 

1-21 



SINGLE-SUPPLY BRIDGE AMPLIFIER 

+3V 3V 

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

DESIRED 
GAIN 

1 
2 
5 
10 
20 
50 
100 
200 
500 
1000 
2000 
5000 
10000 

Re 
(Q) 

NC 
50.00k 
12.50k 
5.556k 
2.632k 
1.02k 
505.1 
251.3 
100.2 
SO.OS 
25.01 
10.00 
5.001 

NEAREST 1% Ro 
(Q) 

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

4.99 

Fig. 15-1 

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

With single-supply operation, +V1N and -½N must both be 1.1 V above ground for linear opera
tion. You cannot, for instance, connect the inverting input to ground and measure a voltage con
nected to the noninverting input. 

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

J1 
HEADPHONES 

WHEATSTONE BRIDGE 

A 

11< 

T1 
B R6 

10K 

A5 
1MEG 

1 
x1 

S1 
RAHQE 

5 
x10K 

R7 '\., 
.......__1o_K ____ ----ig IN n-o _______ _, 

A.F.OSC 
10Vpp 

Fig. 15-2 

This circuit can be used to measure resistanc~s. R7 is calibrated and fitted with an indicator dial, 
then: 

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

BRIDGE AMPLIFIER WITH LOW NOISE COMPENSATION 

+V 

POPULAR ELECTRONICS 

Rl 
1K 

R9 
1K 

R2 
1K 

RB ... -:::-
SOOn 

OUTPUT 

'RFOUCES FEED THROUGH OF 
POW£A SUPPLY NOISE BY 20 dB 
MJO MAKlS SUPPLY BYPASSING 

UNNECESSARY . 
• ·rn1M FOR BEST COMMON 

MOOE REJECTION 
• .. GAIN ADJUST 

Fig. 15-3 
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16 

Buffer Circuits 

The sources of the follmving circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Unity-Gain ADC Buff er 
HI-Z Microphone Buffer Amplifier 
Wideband General-Purpose Buffer 
ADC Buffer 
Sin.gl.e-Supply ac Buffer Amplifier 
Analog Nonlnverting Switched Buffer 
Voltage Follower 
Simple Bidirectional Buff er Design 
Buffer for AID Converters 



ANALOG DEVICES 

:"10\1 
ANALOG 

INPUT 

UNITY-GAIN ADC BUFFER 

Fig. 16-1 

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

WILLIAM SHEETS 

Hi-Z 
mike 

HI-Z MICROPHONE BUFFER AMPLIFIER 

2.2 
MH 

1.5 V 

0-----1 

10 µ.F 

--------+--, ~ Lo-Z output ~onr 
-::::- Voltage gain= O.Sx 

Fig. 16-2 

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

WIDEBAND GENERAL-PURPOSE BUFFER 

R,N 
(OPTIONAL! 
r "VVv- ...-----·\'"'" ___ _ 
I 

\7 

INPUT 

OUTPUT 

This circuit has unity gain and response up to 70 MHz. U 1 is an Analog Devices AD8 l 7. 

ll1N 
RG1 
S6i!l 

RT1N 
8660 

RG2 
s:ton 

ANALOG DEVICES 

ADC BUFFER 

RF81 
5620 

RL• 
7Hl 

RF82 
536U 

Rls 
75Q 

,111S1 ,lls2 

c,-c, LOCAL r ______ Y.,.._ __ 
1

_•~ 
TO u1-u2 _t c, 1 Cl cs I 0.1pF IO 1µF T 100~F/25\I 

..-L Ic2 Ic4 l_c6 
V 10 1µF f O lµF l 'OOJF/'2511 

J, -SIi 

-V, 1 -115 2 

Fig. 16-3 

Fig. 16-4 

Useful for driving high-speed1 10-bit ADCs, this circuit was developed to drive an 18-MSPS 10-
bit ADS. It works from ±5-V supplies. 
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D,001 ;,F 

INPUT°"1 

NATIONAL SEMICONDUCTOR 

ANALOG DEVICES 

NATIONAL SEMICONDUCTOR 

SINGLE-SUPPLY ac BUFFER AMPLIFIER 

llcc•l20V 

OUTPUT 

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

ANALOG NONINVERTING SWITCHED BUFFER 

Vour 

Here is noninverting solution. 

Fig. 16-6 

VOLTAGE FOLLOWER 

OpAmp 

LM101. LM10S, \.M741, Lf:151 
LH0022, LH0042. LH0052 

LF155, LF158, LF1S7, LH0024, LH0032 

LH002•. LH0032 

Recommended 
Buffer 
LH0002 

Li-10033 

LHooe.3 

Fig. 16-7 
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ELECTRONIC DESIGN 

SIMPLE BIDIR-ECTIONAL BUFFER DESIGN 

+5 V 

~··--·~--··------------·--· 
I 

I 

2k 2k 

18 

IC-1B 
, 74LS241 -·--···~·-•-•·-•------------A--~--·•f 

Fig. 16-8 

This circuit shown in the figure uses two 74LS241s. When both input/output lines are high, IC-
1A and IC-2B turn on, and Cl and C2 are charged to high voltage. Meanwhile, IC-IB and IC-2A are 
off to prevent a logic "l" latch. 

Vo 

LINEAR TECHNOLOGY 

BUFFER FOR AID CONVERTERS 

Vee 

~1µF 

CS/SHON Vee (REF) 

CLK 
L TC1288 

----iCH1 DoUT 

GNO D1N 

TO µP 

Fig. 16-9 

This circuit uses an LT!a66 driving an LTC1288 two-channel micropower .AID. The LTC1288 can 
accommodate voltage references and input signals equal to the supply rails. The sampling nature of 
this AID eliminates the need for an external sample-and-hold, but might call for a drive amplifier be
cause of the A/D's 12-µs settling requirement. The LT1366's rail-to-rail operation and low-input off
set voltage make it well suited for low-power, low-frequency AID applications. In addition, the 
op-amp's output settles to l % in response to a 3-mA load step through 100 pF in less than 1.5 µs. 
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17 

Clock Circuits 

The sources of the following circuits are contained in the Sources section1 which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Set Time Windows within a Clock 
Low-Frequency Clock 
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5-V 

SET TIME WINDOWS WITHIN A CLOCK 

5 

(Fallina-edge adjust) 

C3 
0.1 µt 

(Rising-edge adjust) 

C4 &=JL J1µF J~1F 

5-V 
variable 

pulse 
outpul 
Jl.JL 

ELECTRONIC DESIGN Fig. 17-1 

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

The input polarity of U2A keeps its output transistor turned on until the voltage at the nonin
verting input exceeds the reference set by R4 (the rising edge adjustment). When this referen~e 
voltage is exceeded, the output transistor is turned off and the output signal is pulled up via Ro. 
Meanwhile, the input polarity of U2B keeps its output transistor turned off until the voltage at the in
verting input exceeds the reference set by R3 (the falling edge adjustment). When this reference 
voltage is surpassed, the output transistor of U2R is turned on, pulling the output signal low through 
the wired-OR configuration of U2. The output of U2 is then double-inverted and buffered by UlD and 
UlE. What results is a pulse whose start time (rising edge) can be arlju.sted by R4, and whose stop 
time (falling edge) can be adjusted by R3. 

The output of the comparators is pulled up to the input waveform through resistor R6 to UlC. 
This prevents the comparators from switching during the low cycle of the input waveform, regard
less of the positions of R3 and R4. This has the effect of "locking out" changes during the low period 
of the input signal) and would probably require additional logic if it were done strictly in the digital 
domain. 

The circuit, with the component values shown, works well between about 50 and 150 kHz. 
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LOW-FREQUENCY CLOCK 

2200 50 k 
+ + 

300 µF 

2 7 
F= 0003 

C 2 7 

3 3909 6 3 3909 6 

4 5 4 5 

B1 B1 
1----1 1----1 + + 

(See text) (See text) 

ELECTRONICS NOW Fig. 17-2 

The LM3090 is an LED flasher IC that is designed to oscillate at low frequencies. The clock out
put of the first circuit can be changed by changing the value of the capacitor, and the second circuit 
lets you adjust the frequency with the trimmer. B 1 can be one or two alkaline 1. 5-V cells. The 
LM3909 can supply up to 45-mA pulses at greater than 2 V. 
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18 

Computer-Related Circuits 

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



...... 
Ci.:) 
Ci.:) 

l=IS-422 TO RS-232 CONVERTER 

RS-422to TTL +sv 

Channel #1 
Termination 

switch 

RS-422/ 
RS-2J2 

220 TTUo-RS-232 

ICJ 

conversion 
IC4 

22 

RS-422 
resistor 

mpul 1N4732A 
" 

I 
22,.F 

1 
f,!AX232 

C11-

~ 3 C1-

~sv 
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4 C2+ 

~+5V 
-

22 I I 
5 C2-

11 T1 

-~ 

Channel #2 

10 T2 

Tl 3T ,(O 

~ IC1 

-7 

+5V 
7 

T2 6 DSR 

22t 
2 

- 12 

i210 lr J l DSB111 1 

R1 5 CTS 

RS,422 

;:,;; ;l DB-25 IDCE) 

---- ~ 

I RI- [:>:RO 
SW2 B RI+ ~0+ 6 

- SW7c I I 

I 2 J 

J, 2Rrn 

01- DO 5 

I 

22 
SWSb SW6b o-!--1 I 

LEOI I 1 I r-7 GPIO 

DB-25 4 

220 

RS-232 'J - Unused 
+5V 

RS-232 
oulpul 

mbnilor 
0 J, 

ELECTRONIC DESIGN Fig. 18-1 

The circuit supplies two LEDs for visual indication of line activity and ,.c-,•rTirJ:r.1:-1"'t. 1lr·rt resistors when needed. The 220-Q resis
tors and 5-V zeners at the RS-422 line inputs supply circuit protection . 

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



• :t:1Mh'1111' 

Data 

oxoo 
OX01 

OX02 

OX03 

OX04 

OX05 

OX06 

OX07 

0)(08 

OX09 -
OXOA 

OXOB 

oxoc 
oxoo 
OXOE 

OXOF 

ELECTRONIC DESIGN 

m•Hlltl:a-."11 
Selected 
resistor 

A, 
-

R2 

AJ 

A4 

Rs 
·-

Ai; 

A7 
-·-

Re 

A9 
-

Rio 

R11 
·-

R12 

R1~ 

R,, 

R15 

Ru; 

PC 
prinler 
pan 

PRINTER PORT 

OA1,. OA2 = µ.A 725 
(,.A 741) 

5k39k 

V+ 

Fig. 18-2 

A 16-step programmable current generator can be modified so that ifs controllable by a printer 
port. This is done by switching the resistor connected between the output of the generator's OAl op 
amp and the input of OA2. The CMOS single lo-channel analog multiplexer (ICl) chooses one resis
tor at a time, in accordance with the code sent by the printer port through four of its eight data-out
put lines (pins 2 to 9). In addition, one control line (pin 1) is used to enable the operation. As a res1;.lt, 
16 outputs can be selected by a 4-bit word (the table shows the relationship between data word and 
selected resistor). 

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

R2 X Rd -Rb X RC= 0 

The smaller the resistors' tolerance (especially R1 through R16), the greater the output resis
tance of the generator. 

Because the OA2 is cmmectcd as a repeater, the current 12 = 0, and only the load current flows 
through one of the Rl through R 16 resistors. Therefore: 

I = ~111t 

out (R + R ) 
x ~ on 
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PRINTER PORT ( Cont.) 

where vout Vin; X = 1...16; and R Ort~ 150 Q (for VDD = 10 V) is the resistance of one analog switch 
( CD4067) in conduction. 

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

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

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

#define 
#define 

OUT PORT Ox378 
CTR:.. PORT Ox37A 

int main(void) 

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

/*printer output port address */ 

/*printer control port address */ 

// enable operation 

outportb(OUT_PORT) , data); // one of Rl -Rl6 selected (table) 
printf(~\n\aR\d selected.u,data+l); 
return 0; 
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PC 
EXP:~ilON i ~ 

CONNECTOR 

A17 _,,,,,..,, A1L 1 

--

A1B ,,. A13 3 --
A19 / A12 5 --
A16 A15 
A\5 - A16 
A14 ;; A17 
An --:::- A31 
Al :; A30 
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-
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4_ G2A Y4::: 
1 

4 s va:: 2 G2B 

I 
IC1-b 3 C Y2 3 

1/8 74LS04 
2 B Y1 : 4 

6 

IC1-c 1 A YO 5 
1/a 74L804 
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7 A3 
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63261 4 A6 
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26 A13 
27 WE 

22 OE 

~ 
A14 

- +5V 14:-
IC5 \ 

74LS24& .f 
9 AB B& 11 - ID7 
8 A7 12 ID6 
7 A6 

87 13 105 

S A5 
8~ 14 104 

5 A4 
85 15 Im\ 
B 

4 A3 B" 16 1D2 
~ A2 B~ 17 ID1 
2 

A1 ~~ 18 IDO 

A/B EN 

11 'f19 

C2 
.01 

I 

I 
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01 12 

02 13 
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ELECTRONIC EXPERIMENTERS HANDBOOK 

I 

C4 
.01 
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-
-
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-

-

-
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-
-
-
-
-

S1-a 

81-b 

81.:-e 

S1·d 

S1-e 

SM 

S1·o 

61-h 

~ 
IC2-a 

1/• 74LS28 

~ 
IC1-d 

1/B 74LS04 

Fig. 18-3 

IC4, a static RAM, is mounted in a "smart" built-in s\Vitch over circuitry. This retains SHAM con
tents when power is off. The rest of the circuitry consists of address decoding logic and jumper .ml, 
used to decode a 16K address space for the :32K static: HAM. Soft ware is necessary and this is con
tained in the original article ( see r,:,.t'Al"'t,nf'•A 
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KEY WIRELESS RTS WITH DATA 

.--.-------e---------.,__-,()+5V 
• 

RS-232 DB25F C3 
wired DCE 

2 i ·16 
;,o..--+-..._------1 

12 

U1 
SP232 

3 

4 

11 

8 

14 
U5 CO4040 16 

RS-232 O825M 
DTE 

+12 V 
9 

DB25F to D825M wiring 
1 -1 10 -10 24 · 24 
3 · 3 15 -15 
7-7 17-17 
8 • 8 20 • 20 
9 · 9 21 · 21 

Noles: C1-C5 = 1µF. 35-V Ta C7·Ce =-100-pF disc R1 = 5%, 1/8 W Ul: S1pex SP232 U2-U3:: Philips HFE4731 

ELECTRONIC DESIGN Fig. 18-4 

This simple keyer supplies both the RTS control ru1d data delay needed.to interface a digital ra
dio with an RS-232, data-only system. It supports speeds to 19.2 kbits/s sync or async. 

MAXIM 

MICROPROCESSOR SUPERVISORY CIRCUIT 

UNREGULATED 0C FIEGUI.ATED +J:N OR +J.CW 

RI 

R2 

vcc 

.,.._---tPFI PFO 

.MAXI.M'M)I 
MAX690T!SIR 

GNO 

MICROPROCESSOR 

Vee 
J; 0 1µ.f CMOS RAM 

GMO 

Fig. 18-5 

This circuit provides a reset pulse during power up, down, or low-voltage battery back up. 
switching, a watchdog timer and a 1.25-V threshold detector for power failure or power fail warning, 
or to monitor another supply. 

137 



COMPUTER-POWERED RS-232 

B +5 

RS-232 Ground 

RS-232 Ground 

C1 C4 22µF 0.001µF 

1N914B 
RS-232 RTS 

-
D2 

R7 1N914B 
RS-232 DTR 43 

D1 

--
A C 

ELECTRONIC DESIGN Fig. 18-6 
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COMPUTER-POWERED RS-232 ( Cont.) 

Commercializing battery-operated equipment that must interface to a computer via the RS-232 
port runs into the problem of power consumption. To load the system batteries strictly to power the 
interface is unacceptable. An alternative is to let the computer that the device is connected to pro
vide the interface's power. One snag is that the RS-232 specification doesn't have a power tap on the 
com1ector, but it does provide RTS and DTR (request to send and data terminal ready) signals that 
assert a negative voltage in their quiescent state. 

Figure 18-6A shows a simple scheme of deriving a 5-V potential from the RTS and DTR signals. 
R7 and R8 and diodes D 1 and D2 mix the return current to the RS-232 port so that the RTS and DTR 
drivers split the current drawn by the interface. This scheme, even from a laptop--computer, can sup
ply 12 mA to the interface. The only drawback is that the TTL device must be isolated from the com
puter's ground (earth ground) because the interface treats the RS-232 ground as a positive voltage. 

A modified optocoupler system shifts the RS-2321.evel to TTL voltages (Fig. 18-6B). It will sup
port up to 9600. hits/s. C3 is charged up to about 1 V less than the RTS voltage while the TTL line as
serts a marking state. As the capacitor is charging, Q3 is biased into saturation, thus providing a 
negative voltage (with respect to RS-232 groWld) to the RS-232 RXD line. When a spacing bit is driven 
from the TTL line, Q3 switches off and Q4 switches on. This biases Q4's emitter up to the RS-232 
ground. That ground potential is summed with C3's charge to create an RS-232-compatible spacing 
signal (approximately 1 V less than a -VfnsJ-

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

MAXIM Fig. 18-7 
The J\1AX734 can deliver up to 120 mA @12 V from a +5-V supply, using few external compo

nents. This supply can also be used for other applications than memory programming. A logic level 
is used for shutdown. Efficiency is about 85%. 

EEPROM PROGRAMMING DOUBLER CIRCUIT 

+ 
22µFrC• 

IC, 
,.. S MC1723 

=7 

,4 

Vc0 -12 to 15 V 

ELECTRONIC DESIGN Fig. 18-8 

Even though electrically erasable PROMs offer the convenience of single-byte write and erase 
operations, the parts require a somewhat nonstandard programming voltage-21 V. A simple circuit 
that develops the appropriate voltage from a computer system's standard 12-to-15-Vdc supply1 reme
dies the problem nicely. Moreover, it permits the prograrmning voltage to be pulsed under the control 
of an external CPU. 

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

Circuit TC3 is an open-collector TTL gate whose output, when low, disables IC2 and causes it to 
put out 5 Vdc. The regulator delivers the 21-V programming pulse. 
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J1 
PROM 
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ELECTRONICS NOW 
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POWER 
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MONITOR POWER SAVER FOR COMPUTERS 

IC3 
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8-lil'f 
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01 4 

IC4 11 C 1: D MC14138B 

F2 
22.0VAC 
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MONO 

OINH 
14 

02 

DO 
13 

A 2 

R3 
100K 

04 
1pF 
50V 

R4 
100K 

-Fig. 18-9 

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

Inverters TC1-c and ICl-b buffer the peak detector's output to trigger IC4, an MC14536B pro
grammable timer. 
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19 

Continuity CJrcuits 

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



SHORT-CIRCUIT BEEPER 

84 
108 
2Wr-----:=======;i1111::=> 
R5 
1.0 

(Probes) 

C1 
·12V 

ELECTRONIC DESIGN Fig. 19-1 

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

In the classic op-amp multivibrator (shown in the inset), oscillation frequency is determined not 
only by the Rl/Cl time constant, but also by the hysteresis set by the R/R3 resistance ratio. A 1 in the 
main figure, with current boosters Ql and Q2, is this same configuration. . 

Assuming a virtual ground at the output of A2, free-run frequency is about 1 kHz-quite audible 
thrmigh a tiny 8-n speaker. Ql and Q2 deliver a ±10-V squarewave to R4, dumping a ±100 mA 
throµgh a short circuit placed across the probe tips. R5 ensures that open circuit voltage never ex
ceeds ±0.1 V. 

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

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

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

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

OFF 

~>-0..;..;;N.,_-o +9V 

J.S1 
T 01 r LED~ 

ELECTRONICS NOW 

R6 
1000 

+9V 

TEST 
..r--°LEADS 

-=-

+9V 

Fig. 19-2 

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

+ 

ELECTRONICS NOW 

SIMPLE AUDIONIDEO CABLE TESTER 

Fuse 
test 

,--1--i 

J1 
RCA 

J2 
F 

B1 

t---~~---1 + 
A jacks B_jacks 

J3 
RCA 

J4 
F 

Fig. 19-3 

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

Simply plug the ends of the cable in the appropriate jack. Only one end of the cahle need be 
plugged in for a complete short test; the other end is left free. If the buzzer sounds, there is a short 
circuit somewhere in the cable. lf nothing is heard, test for an intermittent short by flexing the cable 
several times, particularly in the plug area of both the free and plugged-in ends. 
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2 

8 

AUDIBLE CONTINUITY TESTER 

+1.5 V 

SPl<R I 
~ Test 

t-.... ----<=::l)="""" probes 

5 
ICl 

ICl 
C1 
R1 
SPKR 

4 

LM3909 LED flasher/oscillator IC 
10 µ.F 10 V electrolytic capacitor 
1 kO 1/,4 W 5% resistor 
Small Sfl speaker 

Fig. 19-4 
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20 

Converter Circuits 

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

This converter heterodynes the 15-MHz WWV signal with a 16-MHz oscillator so that it can be 
heard at 1 MHz on an AM broadcast receiver. Tl and T2 are a modified 10.7-MHz IF transformer and 
AM BC oscillator coil, respectively. 

From auto 
antenna 

~ 

WILLIAM SHEETS 

• 
• )Ill 

AM 

CB 

SIMPLE HF RECEIVE CONVERTER 

CB 

100 pf 

AM 
• 
""'IE-.--!iE=:=EI= To AM radio 

9-100 
pF 

+ 
12 V 

Fig. 20-2 

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

":fr 

Power-line 
bridge rectifier 

+-----
D1 
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R2 

McGRAW-HILL 

Serie.pass 
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A converter deSiJ;!.ned to 

225-W, 15-V OUTPUT CONVERTER 

20-klh inverter 

+12ov 
Tl 
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T2 

C3 

Error-feedback amplifier 

Rl2 

Output bridge rectifier 
RL 

-JSV+ 

C4, 
+ 

cs 

Fig. 20-3 

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



ANALOG DEVICES 

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

C1 -2500 µF, 350 V Electrolyic 
C2 - 0.1 µF Disc Ceramic 

-C3-0.1 µF Paper 
C4 - 10 µF Electrolyic 
CS- 0.25 µ.F Paper 
D1 - MDA-980-4 Bridge Rectifier Assembly 
D2, D3, D4, D5 - 1 N5826, 20 V 15 A 

Q1, Q5, Q6, - 2N6307 
Q2, Q4 - 2N5052 
Q3-2N5345 
Q7-2N4870 
Q8-2N3905 
Q9-2N3903 

All Resistors in Ohms and½ W Unless Otherwise Noted 

R1-1,10W 
R2- mo 
R3-82 
R4-22K 
RS-1.SK, 15 W 
R6-200 
R?-15 
R8-4.7K 
R9-51 

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

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

T2 - Core - Arnold 6T 5800 D 1 
N1, N2- 100 Turns Each, No. 20 AWG (Bifilar) 
N3-7 Turns No. 26 AWG 
N4- 12 Turns Each, No. 12 AWG (No. 16 AWG, 3 in Parallel) 

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

R1 

1/ BkO 

\JREF = 1 2)5\J 

01 
AD~B9 

12-BIT DAC 
.sv 

u, 
DAC8043 

ALL FIXED RESISTORS 1•~. ,50ppml"C 
U2 ~ OP295 OA AD620,ADH22 
(SEE TEXT) 

Fig. 20-4 

This circuit uses an Analog Devices DAC-804:3 12-bit multiplying DAC. The output voltage will 
be D/4096 x Vref where D is the numerical value of the digital input word (0 to 4095). Vref is 1.235 
volts in this circuit. 
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DRIVEN FLYBACK CONVERTER 

+sv 1N916 
--...---t-__,..-,___....,. ...... _--o+l5V 

lOOµF 

Ground 

McGRAW-HILL 

s kO 

2k!l 

0.02µF 

5 
k!l 

3000 

Rr E, 

Cr CL+ 

1N916 

osc CL-

SHCOMP 
DN 

GND 

0.001 µF 

This circuit uses an SG 1524 Silicon General regulating 
V from a 5-V supply rail. 

SINE-WAVE CONVERTER 
_ _____, ____ +9 V 

T0.01 µF 

,.........._...,__ _ ____. ____ ~ 4 

1 13 16 

___ __,, 

Clock 14 5 
CD4018 6 

2 3 7 _8 9 1 0 12 15 ,...1_1 _ __, , 

I 
20 kn (4) 

WILLIAM SHEETS 

SOµF 

1N916 

SVT60-5 

620 U 

1n 

Fig. 20-5 

width modulator and provides ±15 

= 

Sine-wave 
output 

47k0 I 10 µf 

Fig. 20-6 

This circuit produees a sine wave with a low-frequency clock input. The clock rate should be 100 
Hz or less. 
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McGRAW-HILL 

Trigger 
pulse 

output 

r-----, 
I o-+---, --

SCR CONVERTER 
+2av 

3900 
lW 
33000 

R2 
33000 

! I ...+-Ii....._ ______ ~~ 
I I 
t Trigger: I circuit I 
I ----
!Fig. 8.38 j = 
I I 
I I 
I I 
I I 

! _:_ .... 
L-----·_. 

3900 
1W 

Fig. 20-7 

1\vo SCR devices are used in a push-pull driver to convert 28 Vdc to 155 Vdc, using the trans
former and bridge shown. A center-tapped transformer with 24 V:120 V could be used for 60-Hz ap
plications, The trigger circuit supplies a push-pull drive signal. 

MAXIM 

s-v~ 5-A STEP .. DOWN CONVERTER 

Input 
10 Vto40 V 

(10 Vto 60 V) 

o.o, 
µF 

50 µ.F 
Output 

5 Vat 5A 
VIN 

-'✓sw 1---------I '' v" ,.___. ___ _ 

MAXIM 
MAX724 

(MAX724A) 
MBR745 

Ve FB 1----+-----e 

Gnd 

SA step-down converter 

470 
µF 

Fig. 20-8 

This circuit is useful where power must be distributed by a higher (10 to 60 V) bus. The circuit 
reduces power dissipation and eliminates inefficient passive linear regulators. The switching fre
quency is in the 100-kHz region. 
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DTE Sync MAX238 

2 
3 

15 

H 

DB25M 

.t.e1L 8 

1312 
9 
15 

+ 
11 

~ 
14 

RTS 
4 • 

ELECTRONIC DESIGN 

SYNC-TO-ASYNC CONVERTER 

MAS7838 

,o g 

14 13 

4 2 

15 

8 

16 

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

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

MAX238 

4.11 MHz 

Noles: 
• Maxim RS232 interface: MAX238 
•Sipex A/S tonverter: MAS7838 
•Generic regulator: 78LG5 
•C1 and C2 = 20•pF disk-type; otber 
capacitors (&) = 1 µF; 35 V 
•Resistor = 1/8 W, 5% 

Async DCE 

2 

3 

Fig. 20-9 

Thls simple converter consists of two ICs and a voltage regulator. The MAS7838, which acts 
as the converter, selects the conversion speed to that of the synchronized data clock. It has internal 
s\Vitches and registers to perform the async-to-sync, or sync-to-async, conversion. The Maxim MAX238 
provides the RS-232 drivers and receivers for interfacing with the data bus. These chips require a 5-V de 
power supply; a generic 78L05 reduces the + 12 V at the DB25 pin 9 to the +5 V needed. A crystal fre
quency of 4.91 MHz is suitable for converting to 19.2 kbits or a sub-multiple (9.6, 4.8, 2.4, etc.). "I\vo 
1N4001 diodes protect the external RTS (ready to send) control circuitry if the RTS is enabled by S1. 
When JPI is removed, the converter is transparent in the sync mode and no conversion will occur. 

The completed unit is mounted atop a universal breakout adapter, and the control lines are 
jumpered according to the chart in the figure. The physical size is approximately I x 2.25 x 2.5 inches 
and will easily plug into the DB25 socket on a synchronized data communications equipment (DCE) 
communication device. 
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DIFFERENTIAL VOLTAGE-TO-CURRENT CONVERTER 

A, 

OPA1n 
OPA602 
OPA128 

BURR-BROWN 

±1.5nA 
±1pA 
±75fA 

Load 

DIRECT-CONVERSION 7-MHz RECEIVER 

IF T~~:~;~~EW------. 
C1 J t : 

60pf I I I 
~-----J~ +5V 

IN A NE802 Vee i--
8---t1--------. 

C4 
330pf 

2 
IN B OSC EMITTER 7 C

5 3 
GND 330p 

-:.- ·osCBASEr6--11----41---e 

4 OUT A OUT B 5 

( C2 ~ TO :~~10 
.04µF -: 

RADIO-ELECTRONICS Fig. 20-11 

An NE602 is used to mix signals in the 7-MHz 
range with an LO and to produce audio output. 

DESIRED Re NEAREST 1% ~ 
GAIN (Q) (fl) , NC NC 

2 50.00k 49.9k 
5 12.50k 12.4k 

10 5.556k 5.62k 
20 2.632k 2.61k 
50 1.02k 1.02k 

100 505.1 511 
200 251.3 249 
500 100.2 100 
1000 SO.OS 49.9 
2000 25.01 24.9 
5000 10.00 10 
10000 5.001 4.99 

Fig. 20-10 

LOW-FREQUENCY CONVERTER 

RADIO-ELECTRONICS Fig. 20-12 

This converter circuit translates the 350- to 
500-kHz range to 4.35 to 4.50 MHzl enabling the 
frequency range to be received on a conventional 
shortwave receiver. 
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+V 

PROGRAMMABLE CURRENT-TO-VOLTAGE CONVERTER 

R:2 

IC2 

RI IC2 

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

ICl 741 op amp (or similar) 
IC2 CD4066 quad bilateral switch 
C 1 0 .1-µF capacitor 
Rl 10-kQ, ¼-W 5% resistor 
R2 4. 7-kn, ¼-W 5% resistor 
R3 2.2-kn, ¼-W 5% resistor 
R4 1.2-k.Q, ¼-W 5% resistor 

1.,. , _________ __, 
R5 100-n, ¼-W 5% resistor 

r------0 Voul 

-v 

McGRAW-HILL Fig. 20-13 

CURRENT-TO-VOLTAGE CONVERTER WITH BOOST TRANSISTOR 

ELECTRONIC DESIGN Fig. 20-14 
A transistor such as the M.JE200 can be added to an Analog Devices AD830 to produce this cur

rent to voltage converter. Loads to 250 rnA can be driven. The 5- to 65-pF trimmer is for compensation. 
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CURRENT-TO-VOLTAGE CONVERTER FOR GROUNDED LOADS 

ELECTRONIC DESIGN 

J<, •V~ 
XINPUT 

X2 
A0534 

OUTPUT 

SF z, 

11: 

'1'1 
'I INPUT 

¥2 ·Vs 

ANALOG DEVICES 

Load 

Fig. 20-15 

This circuit uses an Analog Devices ADS:30 
video difference amplifier. The circuit consists of 
two differential inputs. Unlike a conventional op 
amp, the AD830's output is nulled when the sum 
of the differences of the two inputs is zero. 

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

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

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

OUTPUT-TO-CURRENT CONVERTER 

CURRENT-SENSING 
RESISTOR 

I lour --
--~ R1 

llt 

¥•lour R, 

iovT • ~ 
10 R, 

Fig. 20-16 

Occasionally, it is preferable to generate a cur
rent, rather than a voltage, output into the load. 
The availability of differential inputs allows this to 
be accomplished in any of the four basic modes. 

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

The compliance constraint for this configura
tion, where VL is an arbitrary common-mode po
tential, is: 
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21 

Crystal Oscillator Circuits 

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



FET QUARTZ-CRYSTAL OSCILLATOR 

R1 
1MEG 

POPULAR ELECTRONICS 

+9V 

Q1 
MPF102 

C2 .0011 
RFouT 

Fig. 21-1 

CRYSTAL OSCILLATOR I 

R3 
3.3K 

POPULAR ELECTRONICS 

+9-12V 

'T 

C2 
.1 

1 
C1 
.1 

1Vp_p 
RFour 

Fig. 21-2 

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

active element. XTALl is between 0.1 to 10 MHz. 

FET VXO CIRCUIT 

POPULAR ELECTRONICS 

+12V 

C4 R2 
.1 4700 

01 
MPF102 

C3 
.01 

2Vp.p 
RFouT 

Fig. 21-3 

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

UJT 100-kHz.CALIBRATION OSCILLATOR 

+5V 

POPULARELECTRO~CS Fig. 21-4 

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

Audio 0.1 µF 
1 to 2 
VRMS 

300 to 3000 Hz 

220 kn 

+ 
T 10 µF T 0.01 µF 

-.::::: 

6.8 kfi 

3.9 k!l 

overtone 
parallel = 150 pF 
20 pF 

0.01 µF 

10 kfi 

+9-V Reg. 

100n 

0.01 µF 

= 

Output 
0.3 V RMS 

WILLIAM SHEETS Fig. 21•5 

This crystal oscillator produces a good FM signal that can be tripled to 146 MHz and produces a 
clean 5-kHz deviation signal for FM voice. The bias control is adjusted for cleanest audio while the 1-
to 5-µH coil is adjusted to set the oscillator frequency to the exact setting required. 

CRYSTAL OSCILLATOR II 

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

C2 

0 
100pF 

{-oRFour U1 
7II05 

8 7 6 5 
C4 1Vp_p 

G .01 

U2 
C:3 NEG02 

1 
1 3 

POPULAR ELECTRONICS Fig. 21-6 

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

WILLIAM SHEETS 

Selector 
switch 

de-SWITCHED CRYSTAL OSCILLATOR 

All diodes 
3.3 kfi MPN3700 2N706 

3.3kH 

3.3kfi 

I 
I 
I 
I 
I 

RN 

XN c::J 

T 

2N918 
2N2222 2_2 pf 

2N390.-4_e_tc_ . ..,..... ______ -1 L--- High-Z 

1 kfi 

10 pF 

~ out 

L1 

C Lo-Z 
out 

4:1 turns 
ratio 

100f! 

+9 to 12 V 

L1 depends on frequency 
XN series resonant 3rd overtone 
Frequency variation between crystals 
10% typical max. 

Fig. 21-7 

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

CRYSTAL OSCILLATOR WITH ADJUSTABLE FREQUENCY 

RADIO-ELECTRONICS Fig. 21-8 

In this crystal oscillator circuit, C3 adjusts the frequency of the oscillator for exact netting. The 
crystal is a fundamental type. C1 = 100 pF and = 1000 pF are typical. 
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3 GND 

4 
OUT A 

RADIO-ELECTRONICS 

c2· 

: :er 

0
~ 

XTALH 
·SEE TEXT 

RADIO CRAFT 

GROUND 
OR'Vre 

Vee: ..... -

* 
fMHz 

1 

2 

4 

10 

20 

RADIO-ELECTRONICS 

160 

FREQUENCY DOUBLER AND CRYSTAL OSCILLATOR 

C1=100pF/./f 

100 

70 

50 

32 

22 

Fig. 21-9 

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

CRYSTAL OSCILLATOR Ill 

R1 
22K 

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

100 F --p 
~l 

= 1000 pF 
~ 

"SEE TEXT 
C3 is for fine tuning the crystal frequency 

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

COLPITTS OSCILLATOR 

C2=1000pF/f 

Here: Ll = 7 µHif, cl= c2 ~ C:~ 2400 pF(f, 
wherefis in MHz. In this circuit, the oscillator is 
free-running. 1000 

500 

250 
100 

fiO 

Fig. 21-11 



22 

Curre_nt Source and -sink Circu-its 

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

Current Generator 
Voltage-Controlled Current Source 
Voltage-Controlled-Current Sink 
Multiple Fixed Current Source 

161 



x1 

t 

R1 
1000· 

{SEE TEXT) 

01 
5.6V 

)(11 R2 1N5232B 
1K 

!SEE 
TEXT) 

+20V 

VJ.IIN 

-t20V 

AS 
R7 1K' 

10K' 

Cl "" R6 
33 1001<" 

10µA 

1µA 

"1%, 114-WATT,-METAL-FILM 

POPULAR ELECTRONICS 

CURRENT GENERATOR 

'j 100 RlD 
100· 

S2 
RANG£ 

10mA 

.. 

Q3 
2N403o 

Fig. 22-1 

This circuit is useful for supplying constant 
current to test semiconductors. ~">UT from U2 
reads the voltage across the load connected to 
10 uT· R13 adjusts the supply compliance from 1 to 
about 18 V. 

VOLTAGE-CONTROLLED CURRENT SOURCE 
v• 

NATIONAL SEMICONDUCTOR Fig. 22-2 

A voltage-variable current source is sho\VTl in the figure. The transconductance is -(l/R) as the 
voltage gain from the input terminal to the emitter of Ql is -1. 1'..,or ~n = 0 Vdc, the output current is 
essentially O mA de. Resistors Rl and R6 guarantee that the amplifier can turn OFF transistor Ql. 
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NATIONAL SEMICONDUCTOR 

--NATIONAL SEMICONDUCTOR 

VOLTAGE-CONTROLLED CURRENT SINK 

Fig. 22-3 

A voltage-variable current sink is shown in 
the figure. The output current is 1 mA per volt of 
~n ( as R;=, = l kn and the gain is + 1). This circuit 
provides approximately O mA output current for 
Vin= 0 VDCL. 

MULTIPLE FIXED CURRENT SOURCE 

Fig. 22-4 

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

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

The resistor, R2, can be used to scale the col
lector current of Q2 either above or below the 1-
mA reference value. 
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23 

dc-to--dc Converter Circuits 

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



... evcc 

15K 

15K 

I 
73 AMATEUR RADIO TODAY 

C19 
,01 

ISOLATED de-to-de CONVERTER 

NC 

PRI 

D4 
1N4002 

+ 5 VOLT TO Load 

J_ 

•5 I 
C22 
1 

5 vott return from load 

D5 5.2 volt Zener diode 

Fig. 23-1 

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

WILLIAM SHEETS 

0.2-.1 
J.LF 

+9 V 

de-to-de CONVERTER 

IN4007 ::>r------ 1 +50 to 150 V 
1 µF 

T150V 

Fig. 23-2 

This converter should be useful where a few milliamperes of de at a higher voltage than available 
supplies can deliver is needed. Tl is typically a 1 k.Q CT: 10-k.Q transistor audio transformer. De
pending on Tl, about 50 to 150 Vdc can be obtained at a few milliamperes. 
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ULTRA LOW-POWER de-to-de CONVERTER 
FOR PERSONAL COMMUNICATIONS PRODUCTS 

5 TO 7 CELL _.,._ __ 
INPUT + C1 

--r- 15µF 
..L 12 SV 

ON L 1 V1N 

! SHUTDOWN Vsw 
CTX33-1 5V 

1---e-...r'irY-~ .... --------.... ---120mA 

OFF LTC1174CS8 

IPGM FB 

-=-
GND 

Ci PANASONIC SP SERIES (201) 348-4630 
C3 AVX TAJ SERIES (803) 956-0690 
l1 COILTRONICS OCTAPAI< (407) 241-7876 

C2 
6 8nF 

+ C3 

T
33µF 
20V 

OUTPUT 

LINEAR TECHNOLOGY Fig. 23-3 

The L TC 117 4 step-down converter is designed specifically to eliminate noise at audio frequen
cies while maintaining high efficiency at low output currents. This circuit shows a 5-V, 120-mA out
put derived from 5 to 7 NiCad or NiMH cells. Small input and output capacitors that are capable of 
handling the necessary ripple currents help conserve space. In applications where shutdown is de
sired, this feature is available (otherwise short this pin to Vin). 

The LTCll 741s internal switch, connected between Vh
1 
and Vsw) is current controlled at a peak of 

approximately 340 mA. Low peak switch current is one of the features that allows the LTCI 174 
to minimize system noise compared Lo other chips that carry significantly higher peak currents, eas
ing shielding and filtering requirements, and decreasing component stresses. Output current of up 
to 450 mA is possible with this device by connecting the 1 pgm pin to ~

11
• This increases the peak 

current to 600 mA, allowing for a high average output current. 

C3 + 
1~ 
'SI 

MAXIM 

166 

NEGATIVE STEP-UP de-to-de CONVERTER 

l~F 

FBt------
.MAXlM 

MAX724 

GND 

001µF 

+ 
C\ 

1000µF 
'J!JV 

Your 
·1SV 

Fig. 23-4 

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



dc-to-dc--CONVERTER II 

.....-----~~~-------1----___. ______ +12V 
C2 
.1 + C4 

POPULAR ELECTRONICS 

470 

C1 
.01 

R1 
1K 

8 7 6 

U1 
555 

R2 
1.5K 

1 2 3 4 

P=20T 

Q1 
IRF511 

s-100-200T 

1~175 
voe OUT 

C3 + 
.15 

Fig. 23-5 

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

Decoder Circuits 

The sources of the follovVing circuits are contained in the Sources section, which hegins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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DTMF Decoder 
FM Stereo Decoder 
Typical NE567 Tone Decoder Circuit 
Video Line Decoder I 
Video Linc Decoder II 



DTMF DECODER 

R1 +SV +5V 
M0D1 

10K 

..I... 
11 

PC3 PB 
Voo DMC16101A-ES 

2 
R2 PB A9 

3 Vee 
10K Si 10 

Pe2 
Vss~1 ____ 1o_K __ 

.i.. 1-----1---11 D4 
R3 6 Vpp 

10K 0 
S2 9 

PC1 
---

1 
........ 
0 

D3 vo~3
------........ 

..z.. 

C1 
-11,1F 

+ 

':" +5V 

5 
XTAL 

28 
RESET 

1 Vss 

IC1 

1-----
9'""'D2 

l-=-'----
8'-!D1 

111-='-----
7
--1 DO 

PA7 

PA6 

PAS 

PA4 

PA3 

19 6 E 

18 

17 
,-.....;...--s---1R\W 

i----4---1 R\s 
16 

15 

- 88705P3 PA2 14 

2 
INT PA1 13 

PAO 12 

R7 
1K 

~---------------------------, 
I 1 .-------, 3 I 
I 7-18 __ ...._-ilN IC3 our----------+5V I 
j VDC 7805 : 
1 C3 GND C4 C5 I 
I ---.------ I 
1 1 2 10µF .1 I 
I '------------1--------- I 
I _ I 

L-- - ----- ---------- - - -- - - - _J 

ELECTRONICS NOW 

1C2 
75T-202 

16 D8 

17 D4 

18 02 
1 

01 

14 DV 

+5V 
Vp 5 

HEXi--
2
....-----' 

EN 
3 

XEN S 
*C2 

9 
.01 

A1N----~ 

AUDIO 
GROUND 

CLR • ~ INH 15 

GND 7 

GND 10 

AB 
1MEG 

X1Nt--12 ..... __ ___, 

•sEE TEXT 

Fig. 24·1 

This DTMF decoder uses a Motorola 68705P3 rnicrocontroller and a 75T202 DTMF receiver (Sil
icon Systems, Inc.). An LCD module is used for the display (MODI). Switch S1 is used to scroll the 
display, S2 clears the display, and S3 clears the memory. 
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C10 lµFT 

IOOmA 
STEREO 

LAMP 

NATIONAL SEMICONDUCTOR 

FM STEREO DECODER 

_r---1 ~~025 

-=-coMPOSITE ,.,.1 .... • --t---1 

INPUT/ 

R1 C6 
l.9K 2µf 

4 

R2 RIGHT 5 
3.9K OUT 

LM1800 

u 

11 t9 l«Hz MONITOR 
PIN 

10 

C!i 
O.JJµF 

RS 
5K 
VCD 
ADJUST 

Fig. 24-2 

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

WILLIAM SHEETS 

TYPICAL NE567 TONE DECODER CIRCUIT 

co 

Input~ 

~ 

3 

f0 = 1/11 R,C, 

.---------< 1 + Vee 5 to 9 V 

4 

8 
1-------c. i Output (low with tone input) 

5 7Ju 
NE567 

7 

= 
aw= 1010/v,ffoc~ V1 200 mV RMS 

f0 Hz Ca= 2c; 
C2µF 
V1 V 

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

Composite IV 

Sync in 

Clk 
A1 

A2 

IC7 
AJ 

4040 A4 
Vertical A5 
Sync in 

L~1_ 
A8 
A7 

RS A8 
GNC 

Ground 

ELECTRONICS NOW Fig. 24-4 

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

VIDEO LINE DECODER II 

+V• L 
Compoi,lle 

sync in 
A1 

A:2 

IC1 
A3 

4040 A4 

A5 

A6 

Vertical 11 A7 

sync In RS AA 
GND 

Ground o------

ELECTRONICS NOW Fig. 24-5 

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

Delay Circuits 

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



\01( 

INPUT 6AllNC SIGNAL 

t 
Ve, 

I V1 

NATIONAL SEMICONDUCTOR 

TIME-DELAY GENERATOR 

12 t:s 1,e _,_ 

Al 
ISK 

t)I( 

Fig. 25-1 

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

T 

ELECTRONICS NOW 

SIMPLE TIME DELAY CIRCUIT 

8 4 
+V Res 

Dis Out 
3 

Thr555 

FM 5 

To 
alarm 

O.ot µF 

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

Fig. 25-2 
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26 

Detector Circuits 

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



HIGH .. SPEED PEAK DETECTOR WITH HOLD AND RESET CONTROLS 

15V 

NATIONAL SEMICONDUCTOR Fig. 26 .. 1 

The LH0033 and LH0063 are useful in high-speed sample-and-hold or peak detector circuits be
cause of their very high speed and low-bias-current F'E-T input stages. The high-speed peak detector 
circuit shown could be changed to a sample-and-hold circuit simply by removing the detector diode 
and reset circuitry. For best accuracy, the circuit can be trimmed with the 10-kn offset adjustment 
pot shown. The circuit has a typical acquisition time of 900 ns, to 0 .1 % of the final value for the 10-V 
input step signal, and a droop rate of 100 µVims. Even faster acquisition time can be achieved by re
ducing the hold capacitor value. 
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1k 

-S.2V 

V leads R 

R 

V _J 

D Jl 
(a) 

R leadsV 

R 

V 

u Jl 
(b) 

ELECTRONIC DESIGN 

176 

LOCK DETECTOR 

V 

7 

~5.2 V 

n 

n 

Amplifier 
and loop filter 

6 D 
CP 

+N 

n 

n 

vco 

-S.2V 

Fig. 26-2 



LOCK DETECTOR ( Cont.) 

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

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

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

Rf 
Input 

ELECTRONIC DESIGN 

LINEARIZED RF DETECTOR 

SW1 LED1 
Off o Red 

mo 
BTI ::k: .,, 
9V -=-

l 

01 1 C1A 
1N5711 1.0 nF 

D2 
1N5711 

ln,ul ra111e: 1111 mV nns ta II Y nnt (2%) 

Ra 
2870 
1% 
Rg 
1k 

a3.0'f" 

R10 
9090 
1% 

Fig.26-3 

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

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

+ C2 

DC 
INPUT 

100 

R2 
10K 

"=' 

LED1 ~ 
S1 

RESET 

C1 
.1 

SCR1 
2N5061 

7 

R3 
4.7K 

Fig. 26-4 

In the circuit, two op amps (half of an LM324 quad op amp) and an SCR are direct coupled in a de
voltage monitoring circuit. Op-amp Ul-a is configured as a n,..,.

1
,."'

111
"" follower, which feeds the bridged in

puts of the second op amp1 Ul-b. A resistor/capacitor combination (R2/Cl) connected to the negative 
input of UJl-b forms an RC time-delay circuit. As Jong as there is no change in the de-voltage level at 
either of Ul-b's inputs, its output is near zero. If a voltage glitch occurs, the RC timing circuit will delay 
the voltage change at the op amp's inverting input, causing its output to go high, triggering SCRl and 
causing LEDl to light. The circuit's sensitivity allows it-to detect voltage changes in the millivolt range. 
Pressing S 1 diverts the SCR's holding current to ground, causing it to tum off and reset the circuit. 

VCR VIDEO DETECTOR CONTROLLER 

+9V .---0 TO 
~} CIRCUIT 
~ UNDER 

: CONTROL 

POPULAR ELECTRONICS Fig. 26-5 

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

ELECTRONICS NOW Fig. 26-6 

Tuned-circuit receiver with grid-leak detec-
tion. NATIONAL SEMICONDUCTOR Fig. 26-7 

DOUBLE~ENDED LIMIT DETECTOR 

+V 

+V 

Vu 

'=' 

POPULAR ELECTRONICS 

01 
LM103 
3.9V 

Vmrr 
VouT"' 4.6V FOR 

Vu s; V1N svlff 

VoUT = OV FOR 
V1N < VLT OR v,N > vu, 

Fig. 26../J 

POSITIVE PEAK DETECTOR 

-
VouT 

C1 R2 

IDµF-y lMn 

-
NATIONAL SEMICONDUCTOR Fig. 26-9 
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ELECTRONIC DESIGN 

LM556 FREQUENCY DETECTOR 

14 Vee 

13 D iseh a rue 

12 Thresho Id 

11 Control Vottage 
~-----=---1--, C4 

10 Resel 
1-+t-----' _T_ 

Fig. 26-10 

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

The one-shot's fixed-length pulses, which are output on pin 5, turn on QI and discharge C2 
through R5. If the frequency of the pulses is high enough, the voltage on C2 will fall below½ VCC and 
the second timer's output, pin 9, will go to a logic l. Conversely, if the frequency is low enough or.is 
zero, the voltage on C2 will charge through R6 to a level above½ VCC, and the pin 9 output wilJ go to 
a logic "O." 

The idea is to keep the upper and lower peak voltage on C2 below¾ VCC and ½ VCC, respectively 
for a logic 1, and above½ VCC and½ VCC, respectively, for a logic 0. 

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

0
/t

0
nJ of the input signal. Next, choose a standard 

value for C2 and calculate R6: 

R 
_ [(t

0
1'f X 0.61)2 + t

0
ff] 

fi-
e';?. 

Also, R5 = R6 (t
0
it

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

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

SINGLE COMPARATOR-WINDOW DETECTOR 

VREf 

Notes: 
VL = t V 
VH: 4V 
VA= VL + VCR 
Va= VH. VcR 
VA= 1 V + 0.5 V = 1.5 V 
Va= 4 V • 0.5 V • 3.5 V 

5.0V 

l11p11IOK 

Fig. 26-11 

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

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

When the input voltage is within the window, neither diode conducts, and the comparator is bi
ased for a high output. "When the input goes above the window, CR2 conducts and pulls the inverting 
input high, causing the comparator output to go low. When the input voltage goes below the window, 
CRl conducts, pulling the noninverting input low, again causing the comparator output to go low. The 
sow·ce resisLancc of Vm must be low compared to the equivalent parallel resistance of each divider. 

4 

Signal 3 Voo 8 
in1 --·----1

6 
Input Output 

Cr 
0.01 µF 

F= 1 
1.1 RrC,. 

ELECTRONICS NOW! 

RT GND 
7 

LM567 

15-kHz TONE DETECTOR 

LED 

+ 
Ce 

1 µF 

Fig. 26-12 

This circuit detects the presence of a 15-kHz 
audio signal and light the LED when it does so. 
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a 

b 

ELECTRONICS NOW! 

-CRYSTAL RADIO DETECTOR 

• A A A A flu ~A A fl O. 
0 vu VV vv·vv V V vv 

C 

d 

Fig. 26-13 

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

ELECTRONIC DESIGN 

SWITCH CLOSURE CIRCUIT 

C1 
0.0015 µ.F 

Isolated \ 
switch 

L, 
100 ,.H 

load 
130 mA max. 0.0022 µF 

Fig. 26-14 

A standard proximity detector circuit for the Cherry Semiconductor CS209 IC can detect an iso
lated switch closure by adding a few turns of wire around the circuit's inductor (Radio Shack 273-
102). Moreover, the technique doesn't require any isolated power (see the figure). With the switch 
open, the potentiometer Pl is adjusted until the output switches off. When the switch is closed, the 
Q of the circuit changes and the output turns on. Capacitor Cl should be silvered mica, and poten
tiometer Pl should be a multiturn type such as the Bourns 3006P-l-2D3. A 9-V supply can be used 
for Vee. 
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AIR FLOW DETECTOR 

U2 
LM335 

A4 
10K 

TRIP POINT 
ADJUST 

+15V 

R5 
1MEG 

*SELF HEATING IS USED TO DETECT AIR FLOW 

LOW DRIFT PEAK DETECTOR 

3 
U1 

+ LM101A 02 
4 1N914 

V1N -15V _ 

BY ADDING 01 ANO R1,V01 -0 DURING HOLD MODE 
LEAKAGE OF 02 PROVIDED BY FEEDBACK PATH 
THROUGH R1 

LEAKAGE OF CIRCUIT IS ESSENTIALLY lti(LF155,LF156) 
PLUS CAPACITOR LEAKAGE OF Cp. 

DIODE 03 CLAMPS Vour (A1) TO Vm•V03 TO IMPROVE 
SPEED AND TO LIMIT REVERSE BIAS OF 02. 

MAXIMUM INPUT FREQUENCY SHOULD BE << 1/2xR1C02 
WHERE C02 IS SHUNT CAPACITANCE Of 02. 

POPULAR ELECTRONICS Fig. 26-15 POPULAR ELECTRONICS Fig. 26-16 

NEGATIVE PEAK DETECTOR 

+ 15V 

15V 

POSITIVE PEAK DETECTOR 

INPUT 

R2 
1MEG 

+15V 

-15V 

POPULAR ELECTRONICS Fig. 2(;,..17 POPULAR ELECTRONICS Fig. 26-18 
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5kH2 
MOOULATING 
SIGNAL-6d8 H.? 3326A 

I'\., I'\., 2-CHANNEL 
SYNTHESIZER 

LTC1278 

CONVST 
19 

SHDN 
18 
17 

DVoo 
DO 16 

D1 15 

02 
03 

455-kHz AM DETECTOR 

5V 

A 

B 

Figure A. The L TC1278 undersamples the 455-kHz 
carrier to recover the 5-kHz modulating signal 

Figure B. Demodulating an IF by undersampling 

LINEAR TECHNOLOGY Fig. 26-19 

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

POPULAR ELECTRONICS 

ac NOISE DETECTOR 

+9V 

AC 
INPUT 

OUTPUT 

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

Differential Ampli·fier Circuits 

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

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

R2 

V.n 1 o----"RJ\.11\.,-------i 

V.n 2 o---.....,RJ\.3,..__...._ __ 
~--------ovout 

R4 

McGRAW-HILL Fig. 27-1 

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

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

These resistance ratios determine the gain of the amplifier: 

G =Ra= R4 
Rl R2 

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

186 



PRECISION HIGH-GAIN DIFFERENTIAL AMP 

IM 

OUTPUT 

MAXIM Fig. 27-2 

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

Display Circuits 

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



ELECTRONICS NOW 

MULTIPLEXED BCD DECODER-DRIVER CIRCUIT 

7 

3 

C1 
A B .001 

POS.IN CLK 

2 

6 

IC1 
74LS48 

6 

5 

IC2 
CD4553 

4 13 

C 
CLR 

D 
GND 

3-DIGIT 
LED DISPLAY 

Fig. 28-1 

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

4 14 10 

3 

12 

U1 
NESS6 

s 
2 

6 

R1 
100K 

C1 
01 

POPULAR ELECTRONICS 

COLOR-SHIFTING LED DISPLAY 

+9V 

LED1 

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

Fig. 28-2 a smooth appearance. 
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(0 
0 

C1 01 
10 1N914 

TO 1 C3 J: 
LEFT 2.2 

SPEAKER R1 
OUTPUT 33K 

1/2 WATT 

R2 1 
TO 1 

33K 

RIGHT 
1/2 WATT 

SPEAKER C4 + 

OUTPUT C2 2.2 
10 

02 
1N914 

POPULAR ELECTRONICS 

R3-a 
100K 

STEREO LEVEL DISPLAY 

+5VOC • • • • • • • • • • • • 
10 I 9 I a 17 I 6 Is 14 13 12 

~l~l~l\\l\\l~l\\l~I\\I\\ 
• DISP1 

11 I 121 13 14 15 16 17 18 19 __ 2_0"------

I 

18 17 16 16 14 13 12 11 10 

U1 
IM3915 

21 3 I 41 5 I 61 71 a I g 

RS 
1K 

R3-bl __ ) 
I 

1 DISP2; 
r---+-----if----+--+--+-----il---+•--+--+----1--. 

100K 

~l~l~l~l\\l~l\\l~l~I~ 
111 121 13 14 15 16 17 18 19 20 

..... ----if----...:;_, 

18 17 16 15 14 13 12 11 10 

U2 
IM3915 

21 31 41 51 61 71 81 9 

':' 

R4 
1K 

Fig. 28-3 

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



HIGH-EFFICIENCY DISPLAY CONTRAST AND BACKLIGHT CONTROL 

G 1 - wrMA MKP-20 

01 02 ~ ZETEX ZTX849 OR ROHM 2SC5001 

I I • GOlL TAONICS CTX 110605 

....----1t----+------~.;_____::_-1-, r--....--+ ...... -G3_A __ ....., _____ :c~o 28V 

cs R2 
1000pF 220k 

L2 COIL TRONtCS CTXIOQ-4 

L3- COILTFlONICS CTX02·12403 

R3 

Cl 
0-033r1F 

T[s~f 
~~OU t C1t 

T2.2µF 
"=' 1SV 

100~ 
...--------- POSCON 

4~~k r---------1
1 ~:-o CCFL Vsw .,.;16--+--4.,__ _____ .,.1----1----41 

ri)~gr5l~ ---'Y.1•11\,·• .-+----~ ICCA. 8ULB 15 

------~ 010 BAT ,...
14-------+---' 

lT1182 

D4 
1N914 

1------. GCfl VC ROVER 1-13"""---------1 ,... ___ Viti 
2 t C4 )! 

3
V RI I 

e--------lAGND V1Nt-
1
--------' ¼_ 22uf 54.9k 

1', 
SHUTDOWN ---+....,.,..---.;;..isHON FBP i,;,

11'---------------....---------6 
I--I\/Vl.-----t7 LCDVC FBN t-10;....._ _____ _ 

'----_;;.ill ~io LCOVswt-9-------..---------' 

R12 
4.99k 

,__ ___ _..., V (CONTRAST! R9 20k 1•, R10 150k 1'·, 
OVTO sv-'1/111--.----",,jiti,'1.;-------------' 

LINEAR TECHNOLOGY Fig. 28-4 

The LT1182 and LT1183 are compact high-performance solutions for powering LCD screens 
used in portable computers and instruments. Backlight control using a Cold Cathode Fluorescent 
lamp (CCFL) is accomplished -with a switching regulator at efficiencies.up to 90%. A second switch
ing regulator converts the positive input to either positive or negative bias voltages used for LCD 
contrast control. Both regulators allow full range of adjustment using a D/ A converter, PWM or po
tentiometer control. Grounded bulb configurations are also easily controlled with minimal parts 
count. ~fhe 200-kHz switching frequency minimizes the size of transformers and external compo
nents. A shutdown mode powers down both regulators and reduces supply current to just 35 µA. 
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BAR-GRAPH LEVEL GAUGE 

R1 R2 

V1N 

- +SV 

3 
V+ 

MAXIM 
1.1821/ 8 REF MAX924 

y. 9 

18211 

MAXIM Fig. 28-5 

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

Cl 

R.l 

Audio 

Ji 
Rl 

R2 

McGRAW-HILL 

SIMPLE COLOR ORGAN 

R15 

K:l 
K:2, 10, IC4 
01, 02, DJ 
D4, OS, D6 
Tl 

Cl, C2, CJ, C4 
cs 
C6 
C7,C8,C9 
R1 
R2 
RJ 
R4 
RS 
R6 
R7 
R8, RlO, R12, R14, R16 
R9 
Rl l, RB, RlS 

IC2 

10 

iC4 

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

LED 
impedance-matching transformer (8 0:1 kn
see text) 
0.1 µ.F capacitor 
0.047 µF capacitor 
0.01 µF capacitor 
47 µ.F 6 V electrolytic capacitor 
100 kfl potentiometer 
47 kn v. W 5% resistor 
2.2 kn 11. W 5% resistor 
660 fl 1/,1 W 5% resistor 
220 kO If. W 5% resistor 
390 n 11. W 5% resistor 

1.2 kfl ¼ W S% resistor 
10 kfl ¼ W 5 % resistor 
3.3 kfi ¼ W 5% resistor 
33 kfl 1/,1 W 5% resistor 

Fig. 28-6 

Three active filters that divide the audio spectmm into three bands drive rectifiers and then 
drive IC2, 3, and 4, flashing the LEDs at 6 Hz. D4, D5, and D6 should be three different colors for best 
effect. 
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0 

B0415 
R1 

2.2K 

.11 I I 
+ 

R2 
10K 

e b C 

MIC1 '=' 

VOICE LEVEL METER 

LE02-LE011 

16 15 t4 13 

U2 
LM311S 

3 6 7 8 2 4 

R13 R14 
':" 

2.2K 5.6K 

R4 R9 
2.7K 330K 

C10 
R5 220 

2.7K 

C7 Rtl 
.22 470K 

12 

9 

R16 
1.2K 

+ 

11 

+12V 

~ 
01 

8D411 

C9 + 
10 

D1 
AA111 

A12 
10K 

This volume meter can be handy anywhere you need to measure the relative sound Level in 
a mom. It is readily adjustable to increase its u.sefulness. 

POPULAR ELECTRONICS Fig. 28-7 

Using an LM3915 VU meter LED bar graph driver1 10 LEDs are driven. A simple audio amplifier 
drives a detector circuit, which provides de drive for the LM3915. 
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NiCd 
5cells 

LCD 27 
on/off 

LCD CONTRAST TEMPERATURE COMPENSATOR 

4 

ICl 
MAX716 

Oto 1 .25 V from internal DAC (V0u.J 18 

5V (V1) 

•10Vto-15V 
10 µF at 40 mA Ni) 

56 µH 36VI 
_ ·1aA 1003-5: 200 kn at 2s•c 
- (Alpha Thermistor Inc.) -=-

ELECTRONIC DESIGN Fig. 28-8 

Negative temperature-coefficient resistor R5 modifies feedback in this switching regulator, 
which results in a negative output voltage that varies with temperature. With properly chosen resis
tor values, the circuit produces a temperature-compensated bias voltage that ensures constant con
trast in an LCD. 

ELECTRONICS NOW 

LED BARGRAPH DRIVER CIRCUIT 

J1 

LE01-LED10 

IC1 
LM3914 

5 

I 

S1 

A2 
SK 

8 

D1 
1N4001 

, 12V 

Fig. 28-9 

This circuit is used as an audio indicator. SI selects direct input or a 1-kO (high impedance) au
dio input. R2 is a sensitivity control. 
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29 

Driver Circuits 

The sources of the follmving circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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'I\vo-Input Video MUX Cable Driver 
Impedance-Matched Line Driver with 75-0 Load 
Tests Driver for Hobby Servos 
Stereo Line Driver 
High-Speed Shield/Line Driver 
Simple Neon Light Driver 
High-Side MOSFET Driver 
TTL-Based Speaker Driver 
Low-Distortion Composite ±100-mA Linc Driver 
Video Cable Driver 
Coax Cable Driver 
Ultra Low Distortion ±50-mA Driver 
Very Efficient Solenoid Driver 



TWO-INPUT VIDEO MUX CABLE DRIVER 

LINEAR TECHNOLOGY Fig. 29-1 

IMPEDANCE-MATCHED LINE DRIVER WITH 75-0 LOAD 

VIN o--..------{ 
1Vp-p 

ANALOG DIALOG Fig. 29-2 

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

TESTS DRIVER FOR HOBBY SERVOS 

POWER 0----------------,,sv 
R1 

4 10K 
,......, ___ _ 

V+ A3 
1K 

H--\111.,._,_-
2,TR DIS i--7----"'IIYlr----, 

RS 
68K U1 

LMSSS 
3 

OUT THRi-
6------.c: ~: 

GNO 

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

GND 
-1- C1 

1 

= 
POPULAR ELECTRONICS Fig. 29-3 
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ANALOG DEVICES 

LEFTr,:;:,. 
INPUl ~ 

RIGHTQ 
INPUT\::::;, 

2kQ 

2kU 

-STEREO LINE DRIVER 

• 18\1 

50' RG316 

Fig.29~ 

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

HIGH-SPEED SHIELD/LINE DRIVER SIMPLE NEON LIGHT DRIVER 

v• 
IUuf 

t 
1111,uro-..... --1 

NATIONAL SEMICONDUCTOR 
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OUTPUT 
!UHTERMINATEO) 

r-----, 

02 
2N3806 

I ------'-:iilf"llllln.-. 
I I 
I R2 "• I 
1100K •,. I NE1 

: .__,...I ----fllllt--' 
.., ____ -t..._ ADD THIS 

'RESISTOR 
IF 

NECESSARY 

POPULAR ELECTRONICS Fig. 29-6 

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

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



Control 
input 

73 AMATEUR RADIO TODA V 

HIGH-SIDE MOSFET DRIVER 

vcc 

R22 
10K 

vcc 

8 

R-itl 
100 

2 ~;C1154 ,-6-~"-/'.Jv------1• 

4 

01 
2N2222A 

A23 
4 7K 

To gates 
of Power Mosfet 

vcc 

High Side charge pump tor 
driving power mosfets 

Extra control for input and shut 
down shown 

This input 1s pulled high to tum on 01 
01 then pulls pin two low. tum1ng on 
the charge pump 

Fig. 29-7 

A Linear Technology LTCl 154 is used as a char~c pump to drive the gate of a high-side power 
MOSFET. 

TTL-BASED SPEAKER DRIVER 

C2 

TO ~ o 
OUTPUT~~ 

1/6 7404 ~ SPKR1 

POPULAR ELECTRONICS -Fig. 29-8 

A TTL IC, such as a 7404, can drive a small speaker with enough audio to be used as an alarm or 
annunciator. The speaker can be a 32- or 100-.0 unit. 
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ANALOG DEVICES 

LOW-DISTORTION COMPOSITE± 100-mA LINE DRIVER 

R6 

VOLUME >4--VVv---< 
SOk.\l 

R1 

4kn 

+V = +12 TO .11V 

-V - -12 TO -17V 

R1 
GAIN~ t + Rz 

SET~ ~ 
Fl4 2 

Fig. 29-9 

This line driver combines the high input impedance of an FET-input IC and a 100-m.A op amp. 
Ul's output is left open. The compensation terminal (pins) drive U21s input for increased 
overall phase margin. Gain is 14 dB, THD +Nat 5 V, and RMS output is around 0.001 % below 20 kllz. 

VIDEO CABLE DRIVER 

Vout 

ELECTRONIC DESIGN Fig. 29-10 

The driver's frequency response is tunable for a~;;;::::::::!:;:~: cable length via components cormecled 
to the summing node. By shunLing Rl, Re acts to increase the amplifier's gain, and controls thP cut
in frequency of the compensation. 

These three components peak the amplifier's frequency response to counteract the cable's roll
off characteristic, By ,.,,-..,,,..,., .... , ... ,rr more bandwidth out of a given cable, higher-performance cables 
aren't needed. 
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COAX CABLE DRIVER 

v' 

•FOf LH0002, ALIM 1000, lW 

LH0033, ALIM 10011, 1W 

LH00e3, Rw,1 - son. SW 

.. Jumper for LH0033 and LH0063 only 

NATIONAL SEMICONDUCTOR Fig. 29-11 

Because of their high-current drive capability, the LH0002, LH0033j and LH0063 buffer ampli
fiers are suitable for driving terminated or unterminated coaxial cables, and high-current or reactive 
loads. Current-limiting resistors should be used to protect the device from excessive peak load cur
rents or accidental short circuit. No current limiting is built into the devices other than that imposed 
by the limited beta of the output transistors. This figure shows a coaxial-cable drive circuit. The 43-
Q resistor is included, the output voltage to the load is about half what it would be without the near
end termination. 

ULTRA LOW DISTORTION :tSO .. mA DRIVER 

A2 A1 
100Q 909U 

ANALOG DEVICES Fig. 29-12 

For a 600-Q load, THD is typically -115 dB at 20 kHz, 3-V RMS output, with ± 15-V supplies. The 
-3-dB BW is 6 MHz. 
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~CJ11 

VERY EFFICIENT SOLENOID DRIVER 

'------' 

Solenaid 
valve 
loads 

/\ /"\ I\ 24-Vrms, 
I V V \ lull-wava raclitied, 

untute,ed 

Microprocessor _se_ria_l d_ala_~ Out Out Out Dul Dul Out Out Dul K 10 Rs 
Clock 1 2 3 4 5 6 7 8 - 8 5k 

Strebe U1 OE-----
UCN5843 

Clock .J1JUUUlJUlf1._ _____________ _ 

Serial I Data (8 bits) I 
data 

Strolle ____ __, 

Output Enable 
U1-U8 

load vottage 

ELECTRONIC DESIGN 

0.5 seconds 

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

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

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

202 



30 

Electronic Lock Circuits 

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

Electronic Lock 
Frequency-Based Lock 
Simple Lock 
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ELECTRONIC LOCK 

+&-15V 

R5 18 AB so _..I.. 
1MEG 45K 

Qo 
2 

R7 SI 

45K 

A3 01 
10K R8 

O:z 3 
45K 

15 

D1 
1N914A Os 7 

U1 
C2 + 4'022 11 
47 a .. 

R11 
'=' 45K 

05 
4 

R4 Rt2 
1000 

14 5 45K 
Oe 

01 07 10 s,o..I.. 8S170 

13 8 
(TO 

LOCK-
DRIVING 

c, CIRCUIT) 
1 C3 

R1 
1 

10K 

"::" 

POPULAR ELECTRONICS Fig. 30-1 

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

0 
to go high while all other outputs 

are low. With the switches wired as sho'-'111, when S4 is pressed, the BSI 70 is switched on via de
bouncing network R2/Cl, and U1 receives a clock pulse. Also, C2 is discharged via R4 and Dl, re
moving-the reset signal of the counter, allowing it to advance. The time required for C2 to charge via 
R5 (i.e., to reset the counter), is the maximum time that can lapse before.the next key is pressed. 
The above cycle is therefore repeated only if S8 (connected to the QI output) is pressed in time. 
When all keys have been pressed in time and in the correct order, Q7 goes high for about four sec
onds to drive the "unlock" circuitry (e.g., a relay driver for an automatic door opener. A builder can 
change the code by reviewing the switches. The code for the lock sho'-'111 in the circuit diagram is 4-
8-0-1-5-7-0. However, the 4022 octal counter can be replaced by a 4017 divide-by-10 counter. That 
will make it possible to add two more digits to the combination. 
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3 

8 
4 

9 U1 
4049 

11 

14 7..,.. 

POPULAR ELECTRONICS 

FREQUENCY-BASED LOCK 

(TO 0------,, 
CONTROLLED~ 

DEVICE) o--:r 
_c--1 I----, .... •---------=- 81 

S1 
~NLOCK 
0 

..L 
0 

S2 
C1 RESET 

1 

R1 
5.6K 

PU S01 

A2 
10K 

C2 
11 

9V 

3 

5 

C3 
2.2 

4 

1 

02 
iN4001 

U2 
687 

7 2 

8 

C4 

K1 
6V 

l O~~ 

Fig. 30-2 

The system is formed by two circuits-a key and a keyhole. The key engages the key-
hole with a mating pair of connectors. The key is a tone-generator circuit consisting of a 4049 hex in
verter CMOS IC (1Jl), switches (S1 and S2), a resistor (RI), and a capacitor (Cl). The value of the 
tone generated by that circuit in Hz is determined by; 

1 

The keyhole is a 567 tone-decoder circuit that can be configured to detect any frequency from 
0.01 Hz to 500 kHz. The frequency it detects C.f) 1 via the 567 IC, turns on the relay (Kl). Compo
nents R3 and D 1 are used to latch lhc circuit, so the output stays on even after the input tone is rn
moved. When 82 is pressed, the system is reset. S"vitch S3 resets the circuiL from inside. 

POPULAR ELECTRONICS 

SIMPLE LOCK 

CIRCUIT 
POWER 
SUPPLY 

Fig. 3CJ-3 

Only an appropriately win~d plug of the right size will activate circuits with a nonshorting jack in 
their power supply circuit. 
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31 

Fiber-Optics Circuits 

The sources of the folio~ circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Experimental Data Transmitter for Fiber Optics 
Experimental Fiber-Optic Data Receiver 



External input 

Enable 

McGRAW-HILL 

RI 
220k.O 

EXPERIMENTAL DATA TRANSMITTER FOR FIBER OPTICS 

+5Vdc 
RS 
56n 

(see text) 

Qt 
2N2122 

Fig. 31-1 

This schematic for an experimental data transmitter uses optical fibers and a laser diode. Trans
mission frequency of the free-running oscillator is approximately 3 kHz. R5 might have to be varied 
to suit your laser diode. ICl is a CD4093. 

EXPERIMENTAL FIBER-OPTIC DATA RECEIVER 

+5Vdc 

b 

Data out 

Note: 
Ground all remaining inputs. 
on 4093 IC. 

Fig. 31-2 

An infrared phototransistor acts as the sensor for this receiver. ICla is a section of a CD4093 
CMOS NAND gate. 
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32 

Filter Circuits 

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

State Variable Filter 
Sallen-Key High-Pass Filter 
Active Bandpass Filter Circuit 
High-Pass-Filter 
Second-Order Voltage-Controlled Filter 
Combination Filter 
Shortwave Receiver IF Filter 
Pin Diode Filter Selection Circuit 
High-Pass Active Filter 
AM Broadcast Trap for Simple SW Receivers 
Shortwave Interference Trap 
Programmable Analog Filter 
Active Low-Pass Filter 
Two Op-Amp Bandpass Filter 

208 

Single 3.3-V Supply 4-Pole State Variable Filter 
High-Q Notch Filter 
Adjustable Q Notch Filter 
Digital Comb Filter 
Voltage-Controlled Low-Pass Filter 
VSB Filter for LM2889 
20-kHz Butterworth Active Filter 
Bandpass Filter 
Sallen-Key Low-Pass Filter 
Active High-Pass Filter 
RC Notch Filter 
I-kHz 4th-Order Butterworth Filter 
Saw-Filter Impedance-Matching Preamplifier 
One Op-Amp Bandpass Filter 



lnpul 

STATE VARIABLE FILTER 

Hlah-pass 
liller 

Bandpass 
lllter 

Low-pass 
filler 

ELECTRONIC DESIGN Fig. 32-1 

The state variable filter shown consists of only three op amps and a few na~.:;snirf' components. It 
provides several key features. These include the ability to simultaneously -.. .. r'°'""10 low-pass, high
pass, and bandpass filter functions, and adjust bandwidth in a wide range by cn~mgmg the values of 
Cr and Rf. The device also is easy to tune and simple to construct, while the quality factor (Q) of each 
filter is independent of each other. 

SALLEN-KEY HtGH-PASS FILTER 

McGRAW-HILL 

C1 
Input o----; 

A, 

R3 and R4 set the circuit gain 

usually cl= RI 

C2 

R1 

R2 

J~= 2ny~R-~-c-c-
1 2 I 2 

R3 = 0.586R4 

r<> Output 

R3 m 

R4 

Fig. 32-2 
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Input Rl 

McGRAW-HILL 

In this circuit, 

Q 

RADIO-ELECTRONICS 

ACTIVE BANDPASS FILTER CIRCUIT 

C1 

R3 

BW K = circ'Uit ga'i,n, J
0 

center frequency 

Q 

HIGH-PASS FILTER 

1000pf 820pF 1500pf 

TO so~E---t"-1E-----r-lfo:cEIVER 
ANTENNA A_~l l,.,, 

6800pf u 2200pf 

3.4µH 4.BµH 

29 TURNS 30 AWG 35 TURNS .30AWG 
ONT-3M CORE -:- ON T·37-2 CORE 

Output 

Fig. 32-3 

Fig. 32-4 

This high-pass filter will attenuate AM stations by 40 dB. Its low-frequency cutoff is about 2.2 
MHz. This filter is usefuLfor SW listening in areas of high AM radio signal strength. 
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SECOND-ORDER VOLTAGE-CONTROLLED FILTER 

(a) 

Ee 
(0 to 10 V) 

Design equations forsecond-order lowpass 
filter: 

ELECTRONIC DESIGN 

-

X1 Vp 14 ~~ X2 13 

Ul w 12 R(-=- 330 pf 

AD734 21 11 1690 
12 10 

Y1 9 

~ Y2 VN 8 

-

1 Xl Vp 14 
2 X2 13 
3 U2 w 12 

- 4 AD734 Zl 11 
5 Z2 10 
6 Y1 g 
7 Y2 VN 8 

For the above second-order Bessel low-pass filter: 

u> (max) 
fn<max)=-n --=495 kHz @Ee =lOV 

21t 

and Q=/f 

(b) 

Compensation network ii T 1 or T 2 < 200 ns 

Vout 

562 

Fig. 32-5 

Desirable second-order voltage-controlled low-pass filter response can be achieved with this 
voltage-controlled filter (A). By using low-distortion, wide-bandwidth multipliers, it achieves higher 
cutoff frequencies than switched-capacitor filters. If the circuit's RC network has a time constant less 
than 200 ns, it should be replaced by a lag compensator network (B). 
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ELECTRONIC DESIGN 

COMBINATION FILTER 

I Higti pass I 

Gain adjust 

R2 = R/K2 

I Bandpass I 
0 

(see design R3 = R'/13 
mmple) .___ ____ ----J,F"''-~-----J 

Damping 

I Lowpass I 

Fig. 32-6 

The classic "state variable" two-integrator filter is known for its insensitivity to component varia
tions, and its ability to provide three separate simultaneous outputs-low pass, high pass, and bandpass. 

Typically, a quad op amp is used to implement the state-variable filter. The classic configuration 
uses two integrating amplifiers, a filter input amplifier, and a filter feedback amplifier. 

The design described here combines both input and feedback amplifiers into one adder/subtrac
tor amplifier, achieving a three op-amp filter design (see the figure). 

WILLIAM SHEETS 

SHORTWAVE RECEIVER IF FILTER 

C1 CS 
33 pF X1 X2 X3 X4 33 pF 

C>---4 ~ DT D T DTD f----------11 I r----o 
Z = 1500 !1 C2 C3 C4 ZL = 1500 n 

s 

O 

133 pF 133 pF 133 pF 

3-MHz IF filter 
BW= 700 Hz 

IL= 4 dB 

X1 through X4 3.000 MHz ±50 Hz 
Cx = C1 through C5 33 pF ±5% NPO 

0 

Fig. 32-7 

An inexpensive filter can be made from microprocessor crystals. This filter has 700 Hz BW (3 
dB) and has a flat response ( <l dB) for about 400 to 500 Hz. Although a 3-MHz crystal was used, any 
frequency from 2 to 15 MHz (using fundamental crystal) should work, with appropriate scaling of 
components. Crystal resonant frequencies should match within 20% and preferably 10% of expected 
bandwidth (which is narrower--as Cx increases. Impedance-fa reduced with wider bandwidths. 
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PIN DIODE FILTER SELECTION CIRCUIT 

D7 

R10 D9 

R1-R12 ARE 2.2K UNITS 
C1-C8 ARE .01 UNITS 

POPULAR ELECTRONICS 

R2 

R3 

A11 

DB 

R9 

C7 
FILTER 
N0.1 

C6 

• ---0..1-rO--• + 12VDC 

S1 

C2 
FILTER 
·N0.2 

C3 

RB 

D4 D5 

R12 

D10 

D12 

Fig. 32-8 

Selecting IF bandpass filters via series/shunt PIN-diode switching can be accomplished with this 
circuit. 

NATIONAL SEMICONDUCTOR 

HIGH-PASS ACTIVE FILTER 

Cl' 
0.02)1,f 

Ill 
IIDlt 

INl'Uf ~ .,...___.__,. 1--.... ----1 

'Values are !or ·100 Hz cutoff UM 
metal1ze<l polyoarbonet& capaeitorl 
for good tempetature stability 

Fig. 32-9 
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McGRAW-HILL 

McGRAW-HILL 

AM BROADCAST TRAP FOR SIMPLE SW RECEIVERS 

Cl C2 C3 
0.00lµF 820pF 0.001 SµF 

c..____------------, i-----------1 t---------1 -j ---• 

(4 
O.OOSµF 

25 turns 
#30 enameled wire 

wound on 
T-50-2 form 

35 turns 
#30 enameled wire 
wound on 
T-50-2 form 

SHORTWAVE INTERFERENCE TRAP 

Antenna 

l1 
24 turns, 11 

#26 enameled 11 

wire on T-50-2 11 

toroidfom, 

To top of 
L 1 in receiver 

50--420pFJrimmer 
(Radio Shack, 272-1336} 

or 
266pF variable capacitor 

(DC Electronics, #24TR218) 

Fig. 32-10 

Fig. 32-11 

Build this interference trap to help block strong shortwave, broadcast, and FM stations from 
coming in on the shortwave bands. 
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PROGRAMMABLE ANALOG FILTER 
Digital _I 
wordin ---., D1•012 + 

High-pass aul Balltlpea llllt la-pass llUI N&tcb 0111 

ELECTRONIC DESIGN Fig. 32-12 

The circuit in the figure shows how an analog, digitally programmable filter can be built using a 
UAF42. This monolithic, state-variable active filter chip provides a two-pole filter building block with 
low sensitivity to external component variations. It eliminates aliasing errors and clock feed though 
noise common to switched-capacitor filters. Low-pass, high-pass, bandpass, and notch (band-reject) 
outputs are available. 

lnput 

McGRAW-HILL 

ACTIVE LOW-PASS FILTER 

R.2 

Rl R3 

In this circuit, R 
1 

= 2 
R2 =R4 

R3 = 2Rl 
c1 = c2 

Cl 

_;,..---,1,------ Output 

1 
f= 21tRC 

This circuit has a rolloff of 6 dB/Octave. 

Fig. 32-13 
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TWO OP-AMP BANDPASS FILTER 
C1 

0.1 ~LF 

RB 
f0 = 1 kHz v+ R2 62K 
a= 25 s2K v+ 
GAIN= 15 (23 dB) ..__ _____ __,vv....----------

NATIONAL SEMICONDUCTOR Fig. 32-14 

This circuit uses only two capacitors. The amplifier on the right supplies a controlled amount_of 
positive feedback for improved response characteristics. Resistors R5 and R8 are used to bias the 
outvoltage of the amplifiers at V +/2. 

LINEAR TECHNOLOGY 

216 

SINGLE 3.3-V SUPPLY 4-POLE STATE VARIABLE FILTER 

Cl 
10.000pF 

Tio RESISTORS 

wo2 = 1/IR~ x C1 x R2 • C21 
Rl = 1/,roa x D x CI I 
R2 = Q/(ltlQ x C21 

Fig. 32-15 



HIGH-Q NOTCH FILTER 

0 

6 

1 
fo = 2'1TFl1C1 

700 1K 
FREQUEt-JCY (Hz) 

"'60 Hz 

Al= A2 - 2 A3 Response of High and Low a Notch Filter 
C1 C2 

270 pF 270 pF Cl - C2 .. ~ 
2 

NATIONAL SEMICONDUCTOR Fig. 32-16 

Thls shows a twin "T' network connected to an LM102 to form a_high Q, 80-Hz notch filter. The 
junction of R3 and C3, which is normally connected to ground, is bootstrapped to-the output of the 
follower. Because the output of the follower is a very low impedance, neither the depth nor the fre
quency of the notch change; however, the Q is raised in proportion to the amount of signal fed back 
to R3 and C3. 

ADJUSTABLE-Q NOTCH FILTER 

6 >-------• Vour 

C1 C2 
270 pF 270 pF 

NATIONAL SEMICONDUCTOR Fig. 32-17 

Thls figure shows a circuit where the Q can be varied from 0.3 to 50. A fraction of the output is 
fed back to R3 and C3 by a second voltage follower, and the notch Q is dependent on the amount of 
signal fed back. A second follower is necessary to drive the twin "T' from a low-resistance source so 
that the-notch frequency and depth will not change with the potentiometer setting. 
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DIGITAL COMB FILTER 

+v 

C9 

I' 16 

16 

Clock m 10 9 11 

ICl 7 12 
CD4040 1(2 

6 9 C84051 

8 11 

6 

7 
8 

Signal 

input~ 

This circuit uses an eight-step switching sequence, so n=8. 
This makes the center frequency equal to: 

F = 1 
c (2nRC) 

1 
= 

{2 x B)RC 

1 
= 

16RC 

Using the component values suggested in the parts list, the 
circuit has a main center frequency of: 

McGRAW-HILL 

218 

F = 1 
c {16 X 1000 X Q.00000001) 

1 

0.00016 

6250 Hz 

13 

14 

15 

12 

1 

5 

2 

IC1 
IC2 

Cl-CB 
C9,C10 

Rl 

Signal 
roulpul 

Rl 

Suggested parts list 
for the digital comb filter 

CO4040 BCD-ripple counter • 
CD4051 BCD-to-decimal decoder 

(SPBT rotary bilateral switch) 

0.01 µF close tolerance capacitor 
0.1 µF capacitor 

1 K '/, W 5% resistor 

Fig. 32-18 



VOLTAGE-CONTROLLED LOW-PASS FILTER 

dB 

CONTROL X1 •Vs OUTPUT 8 

INPUT 
Ee x, 

A0534 

OUTPUl OUTPUT 8 • 1 • TiP 
1 + T.-P 

si; Z1 A 

z, OUTPUT A • --
1
-

SIGNAL 
1 + T2P 

INPUT V1 .r E, Tt ~~"AC 
V2 -Vs 

T1 • ..!_" ~ FlC 
w:1 Ee 

ANALOG DEVICES Fig. 32-19 

The voltage at Output A, which should be unloaded by a follower, responds as though Es were di
rected to the RC filter, but the filter's break frequency were proportional to Ee [i.e 1• = E/(201tRC)J. 
The frequency response has a break atf2 and the 6-dB/octave rolloff. The voltage at Output B has the 
same response, up to {f1 (11 = 1/(27tRC)], then levels off at a constant attenuation off2 /f1 = E/10. 
For example, if R = 8 k.O, C = 0.002 µF, Output A has a pole at 100 Hz to 10 kHz and can be loaded. 
The circuit can be converted to high-pass by interchanging C and R. 

LM 28,81 

lilltlCTO~ pH 
CAPACITORS pf 

NATIONAL SEMICONDUCTOR 

12V 

VSB FILTER FOR LM2889 

CMAkN[L 3 rt.'l'IR 
754 

.16 

lBOli •o , 

10 

754 

·1 
Fig. 32-20 

This filter is for CH3, in order to get a vestigial sideband TV signal. It is designed for 75-Q im
pedance levels. 
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-20-kHz BUTTERWORTH ACTIVE FILTER 

C2 
0,0078µF 

0 

-10 

-20 

;ij-30 

i° -40 
<i: 
t!:> -50 

-60 

-70 

-BO 
-90 

1k 

... r\ 
~ 

~ 

~ 
' 
' " ~ 

10k 100k 1M 10M 
FREQUENCY (Hz) 

ON64•f05 

Filter Frequency Response 

LINEAR TECHNOLOGY Fig. 32·21 

This filter will be useful for anti-aliasing or band limiting in an audio system. The op amp is a Lin
ear Tedmologyi LT1124, LT1355, or LT1169. 

NATIONAL SEMICONDUCTOR 
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BANDPASS FILTER 

R2 
iK 

INPUT 

Fig. 32-22 



Input 
0-. 

/77 

McGRAW-HILL 

(1 

R2 

C, 

SALLEN .. KEV LOW-PASS FILTER 

R3 and R4 set the circuit gain 

R) ~ Outpul usually cl = R R R - 0 586 R 1== 2• a-· 1 

Fig. 32-23 

ACTIVE HIGH-PASS FILTER 

Input ~fu i-----R2 ------, 

Rl 
>---'-----0 

~ Output 

ln this circuit, 

fco 
1 

2rr.RC 

McGRAW-HILL 

c1 = c2 = c:1 

Rl = 6R2 

McGRAW-HILL 

Fig. 32-24 

RC NOTCH FILTER 

Input R1 Output 0-----------1--VV\,~---1 --o 

~ -~c1 ~~C3 r 
C2 

If 

R2 

Reject frequency (notch), Fe 
1 

Fig. 32-25 
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R1 
29.51(' 

LINEAR TECHNOLOGY 

1-kHz 4TH-ORDER BUTTERWORTH FILTER 
C1 

10.ooopF 

Vour 

Fig. 32-26 

The filter is a simplified state variable architecture consisting of two cascaded 2nd-order sec
tions. Each section uses the 360° phase shift around the two op-amp loop to create a negative sum
ming junction at Al's positive input. The circuit has low sensitivities for center frequency and Q, 
which are set with the following equations: 

where, 

The de bias applied to A2 and A4, half supply, is not needed when split supplies are available. 
The circuit swings rail-to-rail in the passband making it an excellent anti-aliasing filter for A/Ds. The 
amplitude response is flat to 1 kHz then rolls off at 80 dB/decade. 

SAW-FILTER IMPEDANCE-MATCHING 
PREAMPLIFIER 

100 12.Y 

This circuit matches a saw filter to an IF am
plifier. 

ONE OP-AMP BANDPASS FILTER 

v, .. 

10 = 1 kHz 

Q = 5 

GAIN= 1 

NATIONAL SEMICONDUCTOR Fig. 32-27 NATIONAL SEMICONDUCTOR Fig. 32-28 
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33 

Flasher Circuits and Blinker 

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

Random LED Strobe 
Flashing Neon Christmas Lights 
Flashing Christmas LED Display 
Dual Flasher Add-On for 555 Circuits 
Variable-Frequency High-Power LED Flasher 
LED Pulser 
LED Pulser with Audible Output 
Simple Lamp Pulser 
LED Flasher 
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RANDOM LED STROBE 

+10V 

K ~ +SV 

D1 RS 
1N4148 10K ~r 8 4 

1N4148 
I 

AS f R15 7 U3 1M 47 5K 
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11 C5 001 C12 
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220pF 01 

10K 10K 

S2 ... sv 
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6 2 
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7 C6 
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S1 
STATUS/TEST 1 ..:r... 9 28 

1P' 
r 

LED1 10 A2 
tOK 

LED2 11 27 

a, I LEDJ 12 U1 Ct 2200 
PIC11C55 220pF 

LED4 13 

LEDS 14 25 .::::: LED9 

LED6 15 24 .::::- LEDtO 

LED7 16 23 t 
l.ED8 17 

I 
22 

LE.DH. ~ 18 2, LED13 - .::::-LED15 -- 19 20 LED14 

+ c,o 
1000 

POPULAR ELECTRONICS Fig. 33-1 

This circuit generates a random output that is translated into LED "movement" by a prepro
grammed PJC16C55 microcontroller, Ul. That PIC also senses and records the bias of the LED's 
movement. This device was originally used for an application involving psychokinesis testing where 
the person was asked to "think" the lights in either a clockwise or counterclockwise direction. 
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FLASHING NEON CHRISTMAS LIGHTS 

e,· 
90V 

'-----... --1----1 
·see TEXT 

POPULAR ELECTRONICS Fig. 33-2 

This flashing set of neon Christmas lights will 
make an attractive decoration for any time of 
year. Bl is made up of ten 9-V transistor radio 
batteries in series. The battery life can be mea
sured in months. 

FLASHING CHRISTMAS LED DISPLAY 

+3V 

POPULAR ELECTRONICS Fig. 33-3 

Using LEDs and 3909 ICsJ you can make ·a 
flashing-light circuit that will run for months on 
two AA batteries. 

DUAL FLASHER ADD-ON FOR 555 CIRCUITS 

ANY 555 
CIRCUIT 

3 

POPULAR ELECTRONICS 

+V 

12 

Fig. 33-4 

A pair of hex FETs drive two incandescent 
lamps in an alternating flasher circuit. The lamps 
can be 12-V automotive types, etc. 
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VARIABLE-FREQUENCY HIGH-POWER LED FLASHER 

+lV 

Ql 
6 5 

8 

ICl 
C1 

+ 

2 
4 

ICl LM3909 LED flasher/oscillator IC 
Q1 NPN transistor (2N3904, Radio Shack RS2009 or similar} 
D1 LED 
Cl 100 µJ 5 V electrolytic capacitor 
Rl 470 0 ¼ W 5% resistor 
R2 50 kO potentiometer 

McGRAW-HILL Fig. 33-5 

LED PULSER 

LED1 

C1 
SEE 

TEXT 

LE02 

LED PULSER WITH AUDIBLE OUTPUT 

SPKR1 
8'1 

POPULAR ELECTRONICS 

~ 

+ 
Cl 

.SEE 
TEXT 

+3-5V 

8 6 

U1 
LM3909 

2 

Fig. 33-7 
POPULAR ELECTRONICS Fig. 33-6 

The LM3090 can also be used to drive both 
an LED and a speaker. In this circuit, each time 

In this circuit, the LM3909 is used to drive a that LEDl blinks, SPKRl (an 8-Q speaker) emits 
pair of series-connected LEDs. a sharp click sound. 
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SIMPLE LAMP PULSER 

.------------ +3-5V 

8 

G1 U1 
100 LM3909 

+ 117VAC 
2 ~ 11 

100WATT 
U2 LAMP 

MOC3010 
6 

~ 
2 4 

POPULAR ELECTRONICS Fig. 33-8 

Here, the LM3090 (configured as a timing oscillator) is used to control a 117-Vac lamp through 
an MOC3010 optoisolator/coupler. 

POPULAR ELECTRONICS 

LED FLASHER 

+ 

B1 
1.SV 

3 8 

U1 
ICL7660 

OR 
ICL7680S 

2 
+ 

C2 
47-220* 
6WVOC 

4 

C1 .. 

7 

6 

--:.,R1• 
~ s, 

I A •• I ,,i, 
____ .J 

~ 

LE01 

*SEE TEXT 
** C1 = .01, f 21HZ; 
C1 • .001, f • 10Hz 

Fig. 33-9 

This circuit provides a low-cost way to flash an LED from a single 1.5-V source. Based on the 
ICL 7660 de-to-de voltage converter, the circuit makes use of an external capacitance (Cl) on the os
cillator rate-control pin to decrease the charge/dump time to the desired flash rate. A de resistance 
(Rl) on the same pin can also be used to disable the oscillator and extend the power-cell's life. That 
optional de resistance (in the form of a photoconductive cell) will shut off the oscillator in daylight. 
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34 

Flip-Flop Circuits 

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



Ct 
1DOpF 

Rl 
2001( 

TRIGGER FLIP FLOP 

Al 
1M 

R2 
2M 

V1N ~------'V\,l'\r--t--""V-~--41------1 

CR1 

NATIONAL SEMICONDUCTOR Fig. 34-1 

Trigger flip flops are useful to divide an input frequency as each input pulse will cause the out
put of a trigger flip flop to change state. Due to the absence of a clocking signal input, this is for an 
asynchronous logic application. A circuit that uses only one amplifier is shown. Steering of the dif
ferentiated positive input trigger is provided by diode CR2. For a low-output voltage state, CR2 
shunts the trigger away from the (-) input and resistor R3 couples this positive input trigger to the 
( +) input terminal. This causes the output to switch high. The high-voltage output state now keeps 
CR2 off and the smaller value of (R5 + R6) compared with R3 causes a larger positive input trigger to 
be coupled to the input, which causes the output to switch to the low-voltage state. 
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NATIONAL SEMICONDUCTOR 
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TWO-AMPLIFIER FLIP FLOP 

0.001µ.F 

100pf T 
!NPUT 

0.001µ.F 

JU1f 

Fig. 34-2 
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Frequency-to-Voltage Converter 
Circui-ts 

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

Industrial Frequency-to-Voltage Converter 
Frequency-to-Voltage Converter 
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INDUSTRIAL FREQUENCY-TO-VOLTAGE CONVERTER 

ELECTRONIC DESIGN Fig. 35•1 

Control and process equipment often require the indication of frequency (speed or rate) of lin
ear or rotary mechanical movement. Motion can be detected using various pulse-generating pickups 
and proximity detectors that output ac or de pulsed signals. 

This industrial converter can serve in a wide variety of applications. The circuit operates around 
a quad-FET input op amp and is designed to be self-contained or run from a bipolar supply. The in
put signal of de pulses or ac waveforms is applied to R2. 

Amplifier 1, which acts as a Sdun.itt trigger, supplies a squarewave output of fixed amplitude lo 
G4. Resistor R8 and capacitor Co filter out input noise, and R4 and R5 determine the switc:hing lev
els, and Zener diode Z3 sets the amplitude. 

Amplifier 2 gives a fixed-duration pulse on the positive transition of C4, with a time constant set 
by C4 and R6 and the switching level set by R7 and RS. Resistor R9 .and Zener diode Z2 fix the am
plitude of the pulses and amplifier 8 integrates them via RIO and C5. Diode D6 blocks negative inte
gration and Rl 1 discharges C5 with a long-time constant. 

Hence, the de ouLput of amplifier a is proportional Lo the frequency applied to the input. Amplifier 
4 inverts and buffers the negative output of amplifier 3 and provides amplitude adjustment voltage. 

The complete circuit is linear and sufficiently accurate providing that C4 is chosen to give a pulse 
duration less than the rnaximum input frequency and that Rll > RlO. 
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FREQUENCY-TO-VOLTAGE CONVERTER 

ANALOG DEVICES Fig. 35-2 

The AD537 can also be used to perform frequency-to-voltage conversion. The transistor pair shown 
here operates as an exclusive-or gate to pcrfonn the phase comparison. It locks onto the input fre
quency within two cycles. The configuration requires only ;1 mA for frequencies up to 10 kHz. In most 
situations1 an output buffer will be .required to unload the filter. Use 0- to 5-V pulses or square waves 
with 40-µs minimum pulsewidth. 
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36 

Function Generator Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Function Generator 
Sweep/Function Generator 
Simple Function Generator 
Accurate, Stable Function Generator 
Wide-Range Function Generator 



FUNCTION GENERATOR 
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POWER 
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S6 1 
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CQNNECTED TO R49 
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2 

THE COUNTER MODULE (MOD1) has a 0.35-inch high, six-digit liquid crystal 
display. Pulses at 1-second intervals are derived from the AC power line which has a 
typical accuracy of 99.99 °le,. 

ELECTRONICS NOW Fig. 36--1 

These three circuits make up an audio frequency function generator and can be individually 
used for custom applications. 
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FUNCTION GENERATOR { Cont.) 
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A DUAL CMOS TIMER'S (ICS) output triggers another timer's input. Once Q2 
starts ICS-a on initial, power-up, the circuit continues to oscillate. 
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SWEEP/FUNCTION GENERATOR 
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SWEEP/FUNCTION GENERATOR (Cont.) 

TABLE 1 
FUNCTION GENERATORJ:HARACTERISTICS 

Waveform Maximum Frequency Conditions 
output P-to-P 
Sine (1) 5V 10 Hz-100 kHz 1 V@800 kHz 
Triangle (1) av 10 Hz- 50 kHz 1 V>500 kHz 
Square (2} 5V Positive output DC-coupled, 

ground ref: rise/fall >50 ns 
Ramp (3) Descending. 6 rates 
{1) Output level variable trim min. to max. 
(2) Output level not adjustable. 
(3) X and Y amplitude internally adjustable. 

TABLE 2 
SWEEP RANGES OF THE FUNCTION GENERATOR 

Switch Condition Frequency range 
1 Preset 20Hz to >2kHz 
2 Preset <400Hz to> 1 OkHz 
3 Preset <1 kHz to >25kHz 
4 Preset SkHz to >100kHz 
5· Resistance tuned 2kHz to 1 OOkHz 

Resistance & VCO tuned <10Hz to> 1 OOkHz 
6. Resistance tuned <40kHz to >800kHz 

Resistance & VCO tuned <100Hz to >800kHz 
* Ranges show for positions 5 and 6 represent the total tuning range of the function generator 

and do not imply one continuous sweep. 

Both TC2 and IC4 are Exar XR2206 monolithic function generators; IC4 functions as a ramp gen
erator, and IC2 functions as a generator of sine, triangular, and square waveforms. Dual operational 
amplifier IC! produces a scaled, level-shifted ramp output that is capable of deflecting an oscillo
scope's horizontal sweep. 

Any frequency of interest along the horizontal axis of an oscilloscope that is coupled to this func
tion generator can be measured with an external frequency counter by manually tuning the function 
generator's VCO instead of sweeping it. The performance characteristics of the sweep/function gen
erator are summarized in the Table. 

The generator's sweep rate and frequency can be set by front-panel rotary six-position svvitches, 
Sweep Rate Switch S5 and Frequency Switch S2. The VCO control R30 manually tunes the VCO. 
Table 2 lists the sweep ranges of the function generator. Sweep ranges not covered in ranges 1 to 4 
can be set up as required on positions 5 and 6. Selecting the VCO setting on the front panel toggle 
switch 84 permits tuning any fixed frequency within the total frequency range of the instrument with 
both frequency switch S2 and VCO control R:30. 

Tho sweep rate or duration of the sweep ramp is selected by the rotary six-position Sweep Rate 
Switch 85. Table 3 lists the sweep rate durations for each of the six positions. Longer periods should 
be used for lower frequency sweeps. 
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POPULAR ELECTRONICS 

SWEEP/FUNCTION GENERATOR ( Cont.) 

TABLE3 
SWEEP RATE OR DURATION 

Period _sweep 
position (mi Hiseconds) 

1 
2 
3 
4 
5 
6 

~130 
60 
-30 
15 
6 
3 

SIMPLE FUNCTION GENERATOR 

SQUAREWAVE OUTPUT 

+V 

R2 
1MEG 
AMPL 
ADJ. 

R5 
8.2K TRIANGLEWAVE 

OUTPUT 

Fig. 36-3 
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ELECTRONIC DESIGN 

ACCURATE, STABLE FUNCTION GENERATOR 

100 pF 

4.99k 

Triangular 
:r-------1---------u wave 

U9k 

+15 V 

+Vs 

R3 
50 k 

output 

o _!_ :t • +Vs 
0.1µ.F 1µ.F 

Common o.--f----T---;i, ..... 
0.1 µ.f ...L 1 µ.F V 

-15 V o T T • GND 
-Vs 

Fig. 36-4 

Supply-limited oscillators usually are sensitive to temperature and power-supply changes, are 
never symmetrical, and don't operate at high frequencies because the amplifier's output is saturated 
when it reaches the supply lines. 

The circuit shown, a function generator, can alleviate these problems. Its square-wave output 
boasts a rapid rise time, quick settling time, and an amplitude that's temperature insensitive. Also, its 
triangular output waveform features a perf cctly constant rate of change throughout its range. 

Amplifier Al together with A2 generates a stable + 10 V. This signal, which is integrated using A3, 
C2, and R2, makes a negative-going ramp. When the peak output of A3 equals -10 V, the output of Al 
and A2 change state and the A3's output ramps up. When A3's output equals + 10 V, the outputs of Al 
and A2 change state again and new cycle starts. 
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Fig. 36-5 

The sine, square, triangle function generator is exceptionally useful. Various IC circuits have been published for generating 
square and triangle waveforms in an attempt to duplicate the general-purpose function generator. However, these simple circuits 
are usually limited to about 10 kHz and have no sine-wave output. The function generator shown here provides all three wave
forms and operates from below 10 Hz to 1 MHz with usable output to about 2 MHz. 
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Game Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Electronic Craps Game 
21 Game 
First-Response Monitor I 
Z-Dice Grune 
Three-Input First-Response Monitor 
Electronic Coin Toss 
Electronic One-Arm Bandit 
Digital "First-to-Respond" Box 
First-Response Monitor II 
Analog First-Response Monitor 
Wheel of Fortune 



ELECTRONIC CRAPS GAME 
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POPULAR ELECTRONICS Fig. 37-1 

Toro gates of a 409:3 quad, 2-input NAND, Schmitt-trigger CMOS IC are connected in astable-os
cillator circuits as clocks. The two 4017 !Cs have six LEDs connected to its first six outputs. As the 
clock pulses enter pin 14 of the 4017s, the I Cs count from one to six over and over as long as the clock 
pulses are present. When S1 and/or 82 are released, one of the LEDs in each circuit will remain on, 
indicating a number from one to six. 

The circuit is set up so thal you can roll the dice together by pressing Sl and S2 at the same time, 
or roll each die one at a time. 
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POPULAR ELECTRONICS 
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Two 2N2647 unijunction transistors serve as the clock generators for the two 4017 ICs. A single 
"deal" push-button switch, 81, operates both clock generators at the same time. Diodes DI and D2 
isolate the two clock circuits, allowing Sl to operate both. 

The 4017 counter/readout circuits are identical in circuitry and operation. As long as clock 
pulses enter pin 14 of each 4017, the ICs count from 1 to 10 over and over until the clock pulses stop. 
\JI/hen S 1 is released, the clock pulses stop and one LED from each IC remains on to indicate a card 
with a number value of 1 (1 or 11) to 10. 

The position of switches 82 and S3 determines whether the number 1 ("Ace") output of the 
4017s count as an 11 or a 1. Both S2 and S3 can be s'\Vitched in either position before or after the 
cards are played. 

The cards can be played either face up or face down. \'\Then switches S4 and S5 are in the posi
tion shown in the figure, the cards are dealt face down. Transistors Q3 and Q4 are turned off in this 
position and no current can flow through the LEDs. Pressing S6 turns both transistors on, lighting 
the LEDs. 
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POPULAR ELECTRONICS 
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Fig. 37-3 

Three interlocked flip-flops enable the detection of the first input. Sl, 82, and 83 are inputs. 
Analog switches controlled by logic gates, or other logic circuitry could be sub-statement for S1 1 S2, 
and 83. 
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RC6------------- 1--------------. 

RCO-+-t---.----+---+-+---1---1 1---1---l1--~ 

LED4 

~ 

FIRST 
DIE TOU3 

PIN 14 

LE032 

FIFTH 
DIE 

~ 

!,..ED:33 

TOU3 
PIN 10 

Fig. 37-4 

Using a microcontroller (U2) keeps the count and the cost of this 5-dice LED display relatively low. Z-dice uses five 
clusters of seven LEDs to represent the marks or "pips" on five dice. Buttons below each of the LED dice let the player mark a 
die to be rolled on the next throw. Marked dice show up as dimmed LEDs. Pressing the button to the right of the display rolls the 
marked dice. If the player changes his or her mind about rolling a particular die before pressing the roll button, he or she can un
mark it by pressing its button a second time. If no dice are marked at the time the player presses the roll button, then all of the 
dice are marked to be rolled. A second press starts them rolling, animating the LEDs of the marked dice for a second or so before 
displaying the results of the roll. Z-Dice doesn't count rolls or keep score, so it's still up to the players to make sure that nobody 
cheats! 

This diagram shows the wiring details of the dice display. For space and simplicity, only the first and last dice are shown. A 
programmed microcontroller is needed for this circuit. Refer to the original article for software. 
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POPULAR ELECTRONICS 

THREE-INPUT FIRST-RESPONSE MONITOR 

R1 
2.2K 

A2 
2.2K 

RtO 
1K 

+9V 

R1 
47K 

C1 
- .1 

~LED1 

LED2 
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S4 

RESET 

R11 
LED3 

1K 

R4 v• 4081 
2 2K 

I/ 
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1K 
~ 

RS 
2 2K 

+9V 

ELECTRONIC COIN TOSS 

..L 
$1 R2 C2 + 

4700 100 
16 

14 
2 

01 4 U1 

2N2147 15 4017 
3 

R3 
47n 13 8 

+9V 

+9V 

R4 
680'1 

Fig. 37-5 

Fig. 37-6 

Integrated circuit U 1 is connected in a two-stage counter circuit that counts "one-two" over and 
over as long as clock pulses enter pin 14 of the 4017. \Vhen the clock pulses stop, one of the LEDs 
will remain on, indicating the last even or odd count. Designate one LED as "heads" and the other as 
"tails" and you have an electronic coin flipper. 
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ELECTRONIC ONE-ARM BANDIT 

R15 
100K-

Dl 
1N4001 
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100K 
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1N4001 
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03 
1N4001 

+SIii 
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4017 
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8 13 15 
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U2 
4017 
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U3 
4017 
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LED1 

3 
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I 
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- I 
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- I 
I 

- I 

: 
3 

LED21-L~D30 

11 ~ 

9 

3 

LED30 

Fig. 37-7 

The one-am1 hanclit circuit is made up of thrfle dock circuits and three counter/readout circuits. 
A single roll switch, SI, turns on all three clocks at the same time. \\Then S1 is closed, capacitors C4, 
C5, and C6 are charged through D:31, D:32, and D33 to about 8 V. After SI is released, the three clocks 
nm, taking energy from the three charged capacitors. As the capacitors discharge, the three clocks 
begin to slow down, producing the effect of the drums in a mechanical bandit slowing to a stop. 

The 401 Ts IO-output LEDs can be numbered or designated as apples, cherries, bells, wild cards, 
or anything you like to make the game more interesting. Additional logic circuitry can be added to 
the 401 7 outputs to sound an alert or turn on a light when any three numbers or output items match. 

Three potentiometers, Rl2, R13, and R14, can be varied for each roll lo change the clock's fre
quency and the roll rate. 
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~hh~.. '=' + 5V 1,. R3 I I R8 l? ?I( 120n 

+12V +SV J3 I 
El<l'Af.!O 

U2 tt7 T r:K-s 03 +5V 
7805T R9 I f 2N39M 

C4 + 1800 

100 
02 I -A 

PL3 1N41D4 
. +IC .Ii -!: 6 I \\ +12V 

POPULAR ELECTRONICS Fig. 37-8 

This device is useful for quizzes and games to determine first response. Ul is an octal D type latch IC, an 74LS373. 
'When a button is this circuit lights the corresponding LED. QI conducts, soumling an alamt connected to driver 

Q3, and QI supplies bias to Q2, disabling the r.est of the latches in Ul. 
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FIRST-RESPONSE MONITOR II 
...------'1--------- +9\1 

• c1 R7 
1K 

.1 .-----;---------"'W'I.....-----, 

3 

11 

AS 
1K 

LED2 

RB 
1K 

,:, 

Fig. 37-9 

Two interlocking flip tlops are used to detect the first of two inputs. 81 and 82 are .input devices, 
but a logical-level signal can be substituted. 

ANALOG FIRST-RESPONSE MONITOR 

POPULAR ELECTRONICS Fig. 37-10 

The analog first-response monitor is built around a pair of cross-coupled SCRs, each of which re
ceives its gate trigger current from the anode of the other SCR. 
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WHEEL OF FORTUNE 

16 

l1-l10 
RED LEO'S 
1 

C1 ,C3 ............ 1 o µF Capacitor 
C2 . .. . .. . .. . .. .. . .. . .. 1 µF Capacitor 
C4 . . . . . . .. . .. .. . . . . . 47 µF Capacitor 
IC1 ...................... MC14017BCP 
L 1-L 10 .......... Jumbo Red LEDs 
01 ,03,04 .. 2N3904 Transistor 
02 .......... MU10UJT Transistor 
R1 ,R5 .................. 33K Resistor 
R2 ................ 2.2 Meg Resistor 
R3 ........................ 82K Resistor 
R4 ........................ 4 7K Resistor 
R6 . .. .. ... . .. . .. . .. . . . .. 2.2K Resistor 
R7 ................ 390 ohm Resistor 
R8 ................ 1 00 ohm Resistor 
R9 ................ 680 ohm Resistor 
-S 1 . . .. .. . .. . .. . . Pushbutton Switch 

Fig. 37-11 

The oscillation of Q2 is amplified by Q3 and fed to Johnson counter ICl. The output of I Cl drives 
the LEDs in sequence to give the impression of a spinning red ball. 
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Humidity Sensor Circuits 

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

Humidity Monitor 
Digital Relative Humidity Gauge 

255 



HUMIDITY MONITOR 

SV 

R4 R3 
2.2K 4641( 

1% 

8 4 
2 

!C2 
7555 

6 

SENSOR 
{SEE C7 

TEXTI .I 

-= 5V 

8 4 
6 3 =7.7kH2 

SV 

2 
5V 

OUTPUT 
0-lV 

UNUSED 
0-100%RH 

C3 
GATE .22 

-=-
tC4 0 +SV 78L05 SOURCE ac 

C INPUT + 
9-12 C6 
voe C4 C5 lOµF 

.1 .1 16V 

RADIO-ELECTRONICS Fig. 38-1 

This circuit uses a Phillips capacitive humidity sensor that has a LiC variation of 45 pF over O to 
100-pF RH. IC2 is an oscillator whose frequency is determined by the RH sensor. It is compared to 
fixed oscillator, and the difference frequency is taken by IC3C and rectified, outputting a 0- to 1-V 
signal for RH bet ween O and 100%. 
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DIGITAL RELATIVE HUMIDITY GAUGE 
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U1 10 • • u.• ' AN78LOS ' 0
• t 

361 

D1 
1N4004 

G C2 

02 
1tM004 

.1 

1.3 \/ 

R3 

3 
100K 

1:Ki R4 
2K 

I 

2.21K 

R7 
5K 

Re 
100K 

31 

C3 
.01 

30 

32 

27 

C4 R9 
.22 47K --

C5+ 
.47 ~ 

C6 
.47 I '.Ill.II 

U2 
ICL7106CPL 

~ 
11 

12 

13 

12 11 10 13 

,(.:11-1 17 16 

22 17 --1 I DISP1 
18, 3 LJI_ LCDOOf 

15 4 
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r: 17 1· I" IE.KE 
21 

C R10 
'100K 

* C7 100pf 

1 40 

"SEE TEXT 

Fig. 38-2 

Sensor SEN 1 outputs a de voltage that varies linearly \vith relative humidity. This de voltage is fed through Rl and R2 to AID 
converter chip U2. Zero set is performed with R4. The LCD display is calibrated with R7 to read Oto 100 percent. 
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Indicator Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Model Car Derby Winner Indicator 
Current Indicator 
Receiver Signal-Strength Indicator 
LED Output Indicator for 555 Circuits 



lEDl 
SEPl1t3·1 

LE03 
8Efll701•1 

\\ 

MODEL CA""R DERBY WINNER INDICATOR 
LA~El 

\\ 

~ LJJT1 ...__--+-----' 

C1 
1000 

C2 
50 

05 
12V 

ZENER 

C3 
.1 

12.6V 

POPULAR ELECTRONICS 

9 

+ 

C4 
1 ..::i::.. 

S1 
CLEAR 

R4 
151( 

'II' 

Fig. 39-1 

This derby-winner indicator uses infrared emitters and sensors to detect a car crossing the fin
ish line. The first car to finish locks out the data from the second car, and the system can be reset by 
_pressing SI. 

CURRENT INDICATOR 

~ 2 
Rx~ JL(mA) kn 

LEDs (Can be different colors for polarity indication) 

WILLIAM SHEETS Fig. 39--2 

An LED requires 1.5 to 3 V across its terminals to light. This circuit uses a resistor shunt in se
ries with source and load to produce this drop and cause the LED to light. At higher currents (> 100 
mA) use ·limiting resistors in series with LEDs to limit current to a safe value. 
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ANALOG DEVICES 

RECEIVER SIGNAL-STRENGTH INDICATOR 

-RS 
200n 

+SV 11--------'~ 

1 ..+---1------16 I NHI INLO 

AD606 

100pF 

no connect 

Logarithmic 
output 

R3 
412 k.O 

R1 
200 kO 
intercept 
adjustment 
±5dB 

Fig. 39-3 

Using an AD606 log amplifier, this indicator gives a logarithmic output of +0.3 V at-80-dBm in
put to +3.5 Vat 10-dBm input. -Frequency range is to 50 MHz for this IC device. 

LED OUTPUT INDICATOR FOR 555 CIRCUITS 

POPULAR ELECTRONICS, JANUARY 1994, P. 73 

ANY 555 
CIRCUIT 

3 

OUTPUT 

+V 

Fig. 39-4 

A pair of LEDs connected as shown here can be used with just about any low-frequency 555 os-
cmator to high-/low-output indications. When the output goes high LED2 turns on, and when 
the output goes low LEDl turns on. 
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ln·frared Circuits 

T11e sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Audio-Modulated IR Transmitter 
Audible IR Detector 
Wireless IR Headphone Transmitter 
TV Remote-Control Relay 
Single-Tone Infrared Control Transmitter 
IR Illuminator for Night-Vision TV Cameras and Scopes 
Low-Power Infrared Data-Link Receiver 
Infrared Body Heat Detector 
IR Detector Circuit 
Steady-Tone Infrared Transmitter 
FM Infrared Receiver for Audio Reception 
General-Purpose IR Receiver 
Wireless IR Headphone Receiver 
Pulse Frequency-Modulated IR Transmitter 
Single-Tone Infrared Receiver 
Audible-Output Infrared Receiver 
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AUDIO-MODULATED IA TRANSMITTER 
113 

100.n 
.------..-----,¥/1,,-----+---+---.---~v 

Cl 
01 

Ul 
687 

C2 
0.1 

RS 
10K 

C4 
OJ 

POPULAR ELECTRONICS Fig. 40-1 

This circuit produces an effect similar to frequency modulation (FM) by varying the voltage at 
pin 6 of the PLL using an audio signal. The FM IR si~nal can be picked up by a receiver with an FM 
detector suitably tuned. 

AUDIBLE IR DETECTOR 

R1 R2 
15K 22K 

C1 4 8 
.1 

2 U1 
555 

3 5 

C2 
.05 

";" 

POPULAR ELECTRONICS Fig. 40-2 

An IR-detector circuit offers an audible (as well as a visual) output, -and also stretches the on 
time of the detected pulse to make the output easier to see, as shown. 

Photoresistor QI detects a remote's IR output pulse and sends a negative-going pulse to the trig
ger input (pin) of the 555 IC, Ul. The 555 is connected in a one-shot timer circuit; the output (pin 
3) on time is set by the values of C,3 , R3, and R5. When an input pulse is detected, pin 3 goes high, 
lighting LEDl and activating the piezo buzzer, BZI. 

For longer output pulses, set R5 to its maximum resistance value. To lengthen the circuit's on
time range, increase the value of C3, and to shorten the on-time range lower the value of C3. 

262 



WIRELESS IR HEADPHONE TRANSMITTER 
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POPULAR ELECTRONICS 

+ c1· 
50 

A2* 
22n 

"SEE TEXT 

R3 
1.5K 

C3 
.047 

PLL 5.1K 

5,8, 11 
3,14 

R4 
270K 

R5 
1501< 

C4 
100pf 

Fig. 40-3 

Audio input from PLl frequency modulates the VCO section of a 4046 PLL chip. The VCO out
put drives Ql, a switching transistor. Ql drives two IR LEDs. The signal produced is around 100 kHz, 
FM carrier VCO sensitivity is around 7.5 kHz/V. 

POPULAR ELECTRONICS 

Ra 
47.0 

A2 
18.2K 

1% 

01 
24V 

02 
2.4V 

TV REMOTE-CONTROL RELAY 

A1 A4 

18.2K 100K 
02 

2N3906 

8 
y-.. 4 

7 DIS RST 
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1N&14 U1 

555 

6 THR 
RS 
10K 2 TAG OUT 

3 

1 
GND VcoN S 

Q1 

C1 C2 2N2222 

001 ,1 \\ 
T 

Fig. 40-4 

This circuit functions as an IR "repeater" to extend the range of your TV remote control. MOD 1 
is a PIN GPl U52X IR detector and the receiver is available as Radio Shack PIN 276-137. 
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SINGLE-TONE INFRARED CONTROL TRANSMITTER 
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NO. ~ S1 

l 
\ B1 
I +9V 

.i.. 

Fig. 40-5 

A modulated beam of IR light is produced by Lhis transmitter. This circuit can be used for on/off 
controls or tone (CW) communications. The pot can be replaced by several pushbuttons and resis
tors) as shmvn for multitone applications. 
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IR ILLUMINATOR FOR NIGHT-VISION TV CAMERAS AND SCOPES 

...:c... 
-,__ C2 + S1 

LED1 PU 47 
TO D1 LEDS 
J1 1N914 

-= LED2 

R4 tED6 
D2 

1Nl14 
1MEG 

LED3 

LE07 
R1 

LED4 220K 

4 LEOS 

Q1 R3 
IRF&11 560 

POPULAR ELECTRONICS Fig. 40-6 

This source uses LEDs and an astablc oscillator to control the switch, duty-cycle, and effective 
IR illumination output. 

LOW-POWER INFRARED DATA-LINK RECEIVER 

10pf 

+5V 

SIEMENS BP·104 
""'Z+ PHOTOD!ODE 

MAXIM Fig. 40-7 

The Maxim MAX403 in this circuit consumes only 1 mA and is capable of speeds over 1 MBPS. 
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UMEG 

ELECTRONICS NOW 

INFRARED BODY-HEAT DETECTOR 

+ 
cs 

1000µF 

TP•C 

RS 
3'lK 

~15 
10!< 
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NOTE 1: SWITCH S1 IS PART OF POTENTIOMETER R1S 

+ + 

B1T02T 
9V_L9':L 

Fig. 40-8 

This circuit uses a pyroelectric detector to detect IR emissions in the 6- to 14-micron range. It is 
useful for security or infrared experiments. PYRl is a pyroelectric TR detector. The unit should be 
mounted in a case with an IR lens to focus energy on the detector. 

R1 +9\1 
15K 

POPULAR ELECTRONICS 

266 

IR DETECTOR CIRCUIT 

Fig. 40-9 

The circuit uses an IR phototransistor, Ql, to 
detect a remote control's IR output signal. A PNP 
transistor, Q2t then amplifies Ql 's output and 
lights LED 1. That indicates that an infrared sig
nal has been detected by the phototransistor, or 
in other words, that your remote control works. 



McGRAW-HILL 

STEADY-TONE INFRARED TRANSMITTER 

1(1 
01 
D2 
Cl 
R1 

+ 1 5 V 

D2 

6 

1(1 

LM3909 LED flasher/oscillator 1C 
infrared LED 

5 

4 

diode ( 1 N4 l 48, 1 N914, or similar) 
l µ.F 5 V electrolytic capacitor 
1 . 5 kn 1

/4 w 5 % resistor 

Fig. 40-10 

This oscillator pulses an IR LED at about 1000 Hz. It should be useful as a test for lining up IR 
communications links or setting up fiber-optic cables, etc. 
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FM INFRARED RECEIVER FOR AUDIO RECEPTION 

Rl 
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+ 

3 4 
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C7 
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'=" 
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C9 
47 
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Fig. 40•11 

Modulated IR energy strikes Q2, a phototransistor. QI is a tuned amplifier, and feeds PLL detec
tor U 1. U2 is an audio amplifier that drives a SP(~aE:er. 

GENERAL-PURPOSE IR RECEIVER 

+9V 

ICl 741 op amp 

Ql infrared phototransistor 
>-----....,.Output Cl 0.01 µF capacitor 

R1 100 kn 1/.i W 5% resistor 
R2 2.2 kll 'I• W 5% resistor 
R3 1 MO¼ W 5% resistor 

McGRAW-HILL Fig. 40-12 

Suitable for amplitude-modulated IR beams, this receiver provides an audio signal that corre
sponds to the modulation envelope. Phototransistor Ql should be properly mounted and shielded 
from stray light. This receiver should drive a small earphone directly. 
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WIRELESS IR HEADPHONE RECEIVER 
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FIL-3C 
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·SEE TEXT 

POPULAR ELECTRONICS 
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11 

R8 
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R7 
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C4 

---• µ .. 
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SPKR2" ~ 

SPl<R1 & SPKR2 
8-amSPEAII.ER 

Fig. 40-13 

A photodiode Dl feeds high gain IR remote control preamp IC, a CA3237E. U2 is a PLL FM de
tector tuned to around 100 kHz. The detecLor ouLput is amplified by U3 and it can drive a speaker or 
a set of headphones. 

PULSE FREQUENCY-MODULATED IR TRANSMITTER 

I~~ __ 5 Rl o---------i f-- l00kO 
7 

IC! 
LED LM555 + C2 R2 

I0kO 33µF 
Ampl1f1ed 

aud10 2 
input 

CJ 
.0015µF 

-=-
McGRAW-HILL Fig. 40-14 

Schematic diagram for the pulse frequency-modulated LED transmitter. Adjust the frequency by 
rotating Rl. With components shown, the frequency range is between 8 and 48 kHz. 
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SINGLE-TONE INFRARED RECEIVER 
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2N3904 
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POPULAR ELECTRONICS Fig. 40-15 

Phototransistor Q3 acts as a sensor that detects modulated IR energy. QI is an amplifier and Ul 
is a tone decoder. LED 1 lights on reception of an IR signal 'With proper tone modulation. 
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+9 V 

McGRAW-HILL 

AUDIBLE-OUTPUT INFRARED RECEIVER 

IC1 
IC2 
Q1 
SPKR 
C1 
C2 
R1 
R2 
R3 
R4 
R5 
R6 

op amp (741 or similar) 
LM386 audio amplifier 
infrared phototransistor 
small loudspeaker 
0.1 µF capacitor 
220 µF 15 V electrolytic capacitor 
100 kfl ¼ W 5% resistor 
1 kfl 1/4 w 5°/4, resistor 
680 kil ¼ W 5% resistor 
25 kfl potentiometer 
500 fl potentiometer 
47 n 1/4 w 5% resistor 

Fig. 40-16 

This receiver is designed to demodulate amplitude-modulated {AM) IR light beams .. and wiU drive 
a loudspeaker. R5 is an auxiliary volume control and it could be omitted. Ql should be suitably 
mounted and shielded from stray light pickup. 
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41 

Instrumentation Amplifier Circuits 

The sources of the following ci.rcuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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xl 00 Instmmentation Amplifier 
Instrumentation Amplifier 
Variable-Gain Differential-Input Instrumentation Amplifier 
Programmable Gain Instrumentation Amplifier for Single-Supply Applications 
Differential-Input Instrumentation Arnplifier 
High Input-Impedance Instrumentation Amplifier 
ac-Coupled Instrnmentation Amplifier 
Low-Noise Instrumentation Amplifier 
Low-Power Instrumentation Amplifier 
Ultra-Low-Noise Single-Supply Instrumentation Amplifier 
Instrumentation Amplifier 
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Fig. 41-1 
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LINEAR TECHNOLOGY 
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R2= RS 

R6,. R7 

•• *MATCHING 
DETERMJNES CMRR 

Av= R6 (l + 2A1 ) 
R2 R3 

Fig. 41-2 

VARIABLE-GAIN DIFFERENTIAL INPUT INSTRUMENTATION AMPLIFIER 

INPUT 

POPULAR ELECTRONICS 
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V+ 
---BALANCE 

Al 
H< 

RS 
10K 

R2 
10K 

R4 
101< 

+V 

·GAIN ADJUST 

Av 10--4 R6 

..---------------0 OUTPUT 

+V 

J R6• 
101( 
TO 

3MEG 

C1 
150pF 

Fig. 41-3 



PROGRAMMABLE GAIN INSTRUMENTATION AMPLIFIER 
FOR SINGLE-SUPPLY APPLICATIONS 

I R1 R2 RJ R4 RS -~6 IR1-R6 
I .,..,..<\,,VV,---'VV~~----'\.fV\r-----'V'.f~,-JV'V\,-.....,,J\A~ 1 PART OF 

L j OHMTEK 111043 

$1A 

R7 1k(l 

S1B 

OHMTEK 
2160 LIBERTY DRIVE 
NIAGARA FALLS NY 14304 

r1-1 WHERE G100 • 1 +R 5 
• R6 

R4 
v,~ ---i 

I RB 1kn 

U1 • AD822 OR OP-213 

- l+I U---'V\✓v---------------

GtO • 1 + ____!:!L 
R4 • R5 

ANALOG DEVICES Fig. 41-4 

This is a two-op-amp programmable-gain instrumentation amplifier for single-supply applica
tions. UlA and UlB are Analog Devices AD822 or OP-213 ICs. 

DIFFERENTIAL-INPUT INSTRUMENTATION 
AMPLIFIER 

INPUT 

V+ 
~--- BALANCE 

RS _ 
100K -

A - ~ 
v - R2 

R4 RS 
R2 = R3 

HIGH INPUT-IMPEDANCE 
INSTRUMENTATION AMPLIFIER 

R1• 
100K 

INPUTS 

R2'" 
1K 

R3'• 
tK 

"MATCHING DETERMINES CMRR 
.. MAY BE DELETED TO 

MAXIMIZE BANDWIDTH 

R4" 
100K 

Al = R4; R2 = R3 
Rt 

Av= 1 + R2 

POPULAR ELECTRONICS Fig. 41-5 POPULAR ELECTRONICS Fig. 41-6 
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ac-COUPLED INSTRUMENTATION AMPLIFIER 

BURR-BROWN 

c, 
o.wF 

R1 
1MQ 

~ 
/ f-3d8. ~C1 

-1.59Hz 

LOW-NOISE INSTRUMENTATION 
AMPLIFIER 

1k• 42 2k 

2000 1% 

' TRIM FOR GAIN 
" TRIM F"OR COMMON-MODE REJECTION 

DESIRED Re NEAREST 1% f\. 
GAIN (Q) (Q} 

1 NC NC 
2 50.00k 49.9k 
5 12.S0k 12.4k 
10 5.556k 5.62.k 
20 2.632k 2.61k 
50 1.02.k 1.02k 
too 505.1 511 
200 251.3 249 
500 100.2 100 
1000 50.05 49.9 
2000 25.01 24.9 
5000 ,o.oo 10 
10000 5.001 4.99 

Fig. 41-7 

LOW-POWER INSTRUMENTATION 
AMPLIFIER 

IN-

IN+ 

Al'IAXIA/1 
1/4MAX479 

GAIN • (1 + ~) {~ -100 FOfl VALUES Sl«)WN 

MAXIM Fig. 41-8 MAXIM Fig. 41-9 

A Maxim MAX.412 IC amplifier is used in this 
circuit. The supply ·current is ±5 V at 5 mA. 
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This amplifier requires less than 20 rnA from 
a ±15-V supply. 



ULTRA-LOW-NOISE SINGLE-SUPPLY INSTRUMENTATION AMPLIFIER 

ANALOG DEVICES 

LINEAR TECHNOLOGY 

•ALL RESISTORS 
10 t~. l25PPMt'C 

+5V TO •31V 

INSTRUMENTATION AMPLIFIER 

FIS R4 
4:)2U 20k 

Av=~~.ri. ... u ~+~ 
A3 L 2 \ Rl R4 

TRIM R5 FOR GAIN 
TRIM A1 FOR COMMON-MOOE REJECTION 
BW 120kH2 

Vour 

Fig. 41-10 

Fig. 41-11 
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Integrator Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Integrator Vvith Bias-Current Compensation 
Simple Integrator 
ac Integrator 



INTEGRATOR WITH BIAS-CURRENT 
COMPENSATION 

R2 
2.2MEG 

• ADJUST FOR ZERO INTEGRATOR ORI FT. 
CUHRENT DRIFT TYPICALLY O 1 n/NC 

OVER - 55°C TO 12sec 
TEMPERATURE RANGE 

SIMPLE INTEGBATOR 

2 INTEGRATE 
S 1 ,,,/' 1 

R3 
10011 

~---o 

Cl 

+V 

1 -rt; 
Vour::; - Al C1j I VINdt 

11 
f-::::-1-
0 2rtR1C1 -= 

R1 "'R2 

FOR MINIMUM OFFSET ERROR DUE 
TO INPUT BIAS CURREIJT 

RESET 

6 
>-----o Vol.Jf 

POPULAR ELECTRONICS Fig. 42-1 POPULAR ELECTRONICS Fig. 42-2 

ac INTEGRATOR 

s = j2nf 

Ea 

WILLIAM SHEETS Fig. 42-3 

This op-amp circuit can be used with a wide variety of op amps. The values of Rf and Ri depend 
on gain, but will be 1 kn to 1 Mn in most cases. Cf depends on the pole frequency needed. Ul is a 
741-type op amp, etc. 
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Interface Ci-rcuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Timer/ac Line Interface 
Interfacing Resistive Transducers 



POPULAR ELECTRONICS 

TIMER/ac LINE INTERFACE 

TO 
TIMER 

CIRCUIT 
~ 

+ 

NC 

2 

3 

U3 

MOC3009 
MOC3010 
MOC3011 
MOC3012 

4 

N.C. 

Pl1 
117VAC 

Fig. 43-1 

Th.is circuit illustrates the use of an optoisolator to enable the control of a triac connected to the 
ac line and load, while maintaining de ru1d ac .isolation between the ac line and the timer circuit. A 
555 or other timer circuit can be used. 

ANALOG DEVICES 

INTERFACING RESISTIVE TRANSDUCERS 

AF.SISTIVE 
TRANSDUCER 

All types of resistive-element transducers, such as servo-pots, level indicators, thermistors, pho
tosensors, strain gages, and so on, cru1 be directly connected to the AD537. The scale-correction fac
tor, K, is a function of resistance, varying from 0.65 to 0.98 for values from 3 to 100 k!t 
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Inverter Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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SCR Inverter and Trigger Circuit 
Simple Inverter 
Vehicle Audio Amplifier Inverter 
Positive-to-Negative de/de Inverter 
1-kW 10-kHz Sine-Wave Inverter 



SCR INVERTER AND TRIGGER CIRCUIT 

+28 V 

SCRl 

D4 

RlO 

+28 V 

RI 75 0, 10 watt 

RI2 

Cl 
O.lµF 

Cl 0.1 µfd. G.E. #61F25AAI04 

Induction 
motor 
load 

240T 

Ql 
2N492 

Sl 

T2 

R13 

An SCR inverter and trigger circuit. This inverter oper
ates well over a wide load range and can be used to power 
inductive devices, such as motors. a.a-•t E1K1nc s..,,.,_,°' Prod 

u<.110.i:,I 

RIO, Rll 
RJ2, R13 
C5 
D4,D5 
SCRl, SCR2 
T2 
Ll 

I U, 20W 
12 n. 1 w 
2-4 µfd uruts in parallel, G.E. #6IF254 
G.E. 1N2157 
G.E. C40A 
G.E. #9T33Y267 
G.E. #95/433¼ 266 

Square-wave inverter 

SCR2 

D5 

Rll 

Square-wave trigger circuit 

15000 

0.05 µF 

1soo n 15000 

2N526 

Q4 

Tl G.E. #9T33Y268 
DI 16-18 volt break.down cbode. 1 watt All reSlstors 1/1 watt except R I 

~Tl 

}/15 rb1{' Tbc Output 

McGRAW-HILL Fig. 44-1 

In this circuit, Ll and C5 arc used as commutating elements. 11 resonates with C5 at the fre
quency corresponding to the half period of the waveform. 
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McGRAW-HILL 

SIMPLE INVERTER 

+uv 

1/2 CD4011 

800 k.O C 

VEHICLE AUDIO AMPLIFIER INVERTER 

ULN•3701 Z(fDA2002Z 

/ ---.---------- .---------, 

0 

1 2 3 4 5 

Input o-i + 
10 470 
µF µF 

McGRAW-HILL 

0 

1 2 3 4 5 

+ -__,;;;.;;;;.;;....;;;.::.....--Ill".) 

IIOµF 
"':-

2.2 n 

T?·2 J:F 

An audio amplifier can drive a step-up transformer to obtain 120 Vac. 
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Fig. 44-2 

120-V 
winding 

I 

:~[J 
12.6-V 
winding 

+ IlOOµF 

Fig. 44-3 



MAXIM 

POSITIVE-TO-NEGATIVE de/de INVERTER 

01 - MOTOROLA MBR74S 
C1 • NICHlCOO UPL1C221 MRH6 
C2 - NICHICON UPL 1 A 102MRH6 
L 1 • COIL TRDNICS C '005--S-52 
ALL RESISTORS HAVE 1 % TOLERANCE 

Vsw 

.MAXIAII 
MAX124 

1' 220µ.H 
sov 

R3 
2 74k 

R4 
1.82k 

C2 
1000i!F 
10V 

r.......;:...;.r:;:;... _____ ..,._ __ ..,.__.,._ _ _.,_.5v 
IA 

Fig. 44-4 

If a source of negative 5 V de is needed and only a positive supply is available, this circuit can be 
used. 

1-kW 10-kHz SINE-WAVE INVERTER 

SCR2 
39 n 

C141D 
SOµF 0.022µF 

30µH 

V 4.7µF 
30µH 

3rnH 

SOµF Load 
390 

SCRl 
C141D 

0.022µF 

McGRAW-HILL Fig. 44-5 

SCRs can produce considerable power at frequencies up to 30 kHz or more. This circuit can sup
ply I kW at 10 kHz. The load is shown as an equivalent load, and practically this will be the primary 
of the transformer for isolation purposes. The power supply can be a 120-V bridge rectifier and filter 
combination. 

285 



45 

Ion Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Negative Ion Generator 
Ion-Sensing Electroscope 
Negative Ion Generator 
Ion Detector 



NEGATIVE ION GENERATOR 

Discharge poinr 

McGRAW-HILL Fig. 45-1 

An NE555 drives a Darlington connected pair of transistors. Tl is a small high-voltage trans
former or auto ignition coil, B/W TV flyback, etc. C3, C4, and Dl must be rated for 10 to 15 kV. The 
fan blows air across the discharge point. 

73 AMATEUR RADIO TODAY 

ION-SENSING ELECTROSCOPE 

POWER 
TRANSFORMER 

r----, 
I I --i-=--~ PLATE I 
I I L ___ ...J 

a 2 1 

NE2 

47k 

Fig. 45-2 

Negative ions are sensed by a plate antenna. A negative charge induced on the plate cuts off a 
vacuum tube, causing the neon indicator to go out. 
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NEGATIVE ION GENERATOR 

2AV2 

3.5M 

.015,.F OR M()AE 
7KV 

.._____,,.,.,,._ _________ ~NEGATIYE JON POINT (Sl 

3000 i IOW 
120V __________ ...,_,.,.,,_~ -----r@ FAN 

73 AMATEUR RADIO TODAY Fig. 45-3 

In this circuit, air is circulated past a pointed electrode that has a high negative voltage applied 
to it. The transformer is a small 4- to 6-kV output type with a filament winding. A good source of parts 
is a discarded electronic bug catcher. 

ION DETECTOR 

ANTi 

01 
PN2907 -----------------, 

ALUMINUM TAPE 
OR 

EARTH GROUND* 

ELECTRONIC HOBBv,sTS HANDBOOK 

03 
PN2222 

r 
I 

R3• ,....1--'-------1..l-.1----. 

5K 

Fig. 45-4 

This circuit detects static charges and free ions in the air. It can be used to indicate the presence 
of ion emissions, high-voltage leakage, static electricity, electrostatic fields, etc. The ground connec
tion is made by either an earth ground or by touching the aluminum foil ..electrode with your hand. 
Ml is a 100-:µA meter. R3 is a sensitivity control. 
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Laser Circuits 

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

High-Current Drive Circuit for Single Heterostructure Laser Diodes 
12-V High-Voltage Supply for He-Ne Laser 
Light-Beam Receiver and Sound Effects Generator for Laser Pistols 
Laser Diode Transmitter 
IR Laser Light Detector 
PLL IR Laser Light Receiver 
Op-Amp Diode Laser Driver 
Laser de Supply 
IC Laser Diode Driver 
Pulsed Double Heterostructure Laser Driver 
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HIGH-CURRENT DRIVE CIRCUIT FOR SINGLE HETEROSTRUCTURE LASER DIODES 

Bl 
67.5 Vdc 

B2 
67.5 Vdc 

r 
1 

0 

Cl 
.OlµF 
250V 

Retainer nut 

Window ✓ e 

I ~ cg ~n~,._) -An-od-e. le-ad 

Typical Injection laser diode 
(pulsed type) 

(A) High-curTent drive circuit for a single heterostructure laser diode. (B) Power leads for the typical sh laser 
diode, showing single lead far the anode. 

Rl 
R2 
R3 
R4 
Cl 
Ql 
Bl,B2 
Misc. 

1 kilohm resistor 
100 kilohm potentiometer 
7 .5 kilohm resistor 
1 ohm resistor, carbon composition, 5 watts 
0.01 µF capacitor, 250 V or higher 
2N2222 or equivalent; see text 
67. 5 V de batterie-s 
Single heterostructure laser diode, heatsink 

All resistors are 5 to 10 percent tolerance, ¼ watt, unless otherwise indicated. 

McGRAW-HILL Fig. 46-1 

The transistor is operated in the avalanche mode. You might need to try several 2N2222 devices 
before finding one that oscillates. R2 is adjusted for optimum oscillation. This supply provides pulse 
of 10 to 20 amps at about 50 ns. 
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12 .. v HIGH-VOLTAGE SUPPLY FOR HE-NE LASER 

C2 
2foh tµF 

t2Vdc 
500ma 

Cl + Ql :µ]TIP!~ 
C2-C5 2KV 
D2-D5-2KV 
R2 3watt minimum 
QI tm heatsink 

Dl 
1N4001 

200 rna input minim.um 

McGRAW-HILL 

Tl 
See text 

D2 
HV 

D3 
IN 

D4 
HV 

m 

R2 
180Hl 

(5 . 
. 02µF 

High voltage 
output 

(approx. 2.5 kV) 

C6 
.O2µF 

Tl is a 6-V:330-V de/de inverter transformer with a 57.4:1 turn ratio, rated at 7 W. 

Rl 
R2 
Cl 
C2 
C3-C6 
DI 
D2-D5 
QI 
Tl 

2 70-n resistor 
180-kO resistor, 3 to 5 W 
22-µF electrolytic capacitor 
1-µF electrolytic capacitor 
0.02-µF capacitor, 1 kV or more 
1N4001 diode 
High-voltage diode (3 kV or more) 
TIP 140 power transistor 
High-voltage de-to-de converter transformer; see text for specifications 

Laser Tube 

Fig. 46-2 

All resistors are 5 to 10% tolerance, ¼ W, unless otherwise indicated. All capacitors are 10 to 20% 
tolerance, rated 35 V or more, unless otherwise indicated. 
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LIGHT-BEAM RECEIVER AND SOUND EFFECTS GENERATOR FOR LASER PISTOLS 
+9Vdc 

Note: 

McGRAW-HILL 

Ground all remaim.ng inputs 
on 40~. 

+9Vdc 

SPKR 

4 

Fig. 46-3 

Schematic diagram for light beam amplifier and sound-effects generator ( using a 555 timer IC 
and speaker). The light striking QI generates a siren-like sound. 

McGRAW-HILL 

292 

Amplified 
audio 
input 

LASER DIODE TRANSMITTER 

4 

..... 

Note: With components show, center 
frequency is 40.31 kH;_; replace kl 
with \OOK pol to adJUSl center fre
quency, 

12Vdc 

SI~ 

ICl 
LM555 

Calculate center frequency usmg the 
formula: f 1.44 

C3 (RI + 2R2) 

7 

RI 
56Hl 

R2 
lOkQ 

C3 
470pF 

+ C2 
33µF 

Fig. 46-4 



!\) 
co c.:, 

McGRAW-HILL 

R2 
lkQ 

_h 
9Vdc -=-

+ 

IR LASER LIGHT DETECTOR 

From SIA 

From SIB 

R3 
10k.Q 

6 

R4 
lOlcQ 

SlA ~T+9Vdc 
9Vdc L 

+ CJ I 330µF 

----o----"' 0---0 -9Vdc 
SIB 

C4 
100 

RS 
100 

C2 
220µF 

+ 

Fig. 46-5 

The universal laser light detector. The output of the LM386 audio amplifier can be connected to a srnall 8-.Q speaker or ear
phone. Two 9-Vbatteries provide power. Decrease Rl to lower sensitivity; increase R3 to increase gain of the op amp (avoid very 
high gain or the op amp might oscillate). Q l• is an infrared phototransistor. 



I\) 
co 
~ 

McGRAW-HILL 

PLL IR LASER LIGHT RECEIVER 

From SIA 

From SlB 

Notes: 
Replace R4 wil'..h IOk pot to 
vuy cc:nteT turung frequency of 
565. OK to use othcs PU. chip. 

Increase ovl':l'all gain of circuit by 
~ing R3 (up to IMQ). 

Wilh components shown, center free- , 
rwming frequency of 565 PU. is 39.75klk 

Calculate PU. fn:e-nmning frequmcy with 

the formula: r ~ 3.7 i4C2 R in 'kfi; C in p.F 

R4 

10 
6.8k.Q 

8 

IC2 
565 

C2 
.OOJµF 

9Vdc 

9Vdc: 

_h 

L 

7 

4 R5 
l0kO 

5 

SlA ~T+9Vdc 
+ C3 I 330µF 

~ 0>----0 -9Vdc 
SIB 

Fig. 46-6 

Circuit schematics for the 555-based PLL laser light PFM receiver. Although R4 is shown as a resistor, you might want to sub
stitute it with a 10-kQ precision potentiometer so that you can "dial in" the center frequency of the transmitter. Experiment with 
the value of C1 for the best high-frequency response. Notice that circuit is functionally identical to the laser light detector/re
ceiver shown in the figure, but with the addi~ion of the 565. 



OP-AMP DIODE LASER DRIVER 

Lu0< 
_: RCA CS6002E 

-12Vd< 

McGRAW-HILL Fig. 46-7 

This circuit is one way to automatically adjust drive current using a discrete op amp. Use the 
transistors specified or replace them with a suitable Darlington power transistor (such as TIP 120). 

!Cl 
Hl, R5 
R2 
R3 
R4 
Ro 
Cl 
C2 
Ql 
Q2 
Laser 

RCA CA 313 operational amplifier 
100-kQ potentiometer 
10-k!l resistor 
3.3-k!l potentiometer 
10-k!l potentiometer 
30-!l, 10-W resistor 
100-µF electrolytic capacitor 
0.1-µF disc capacitor 
2N2101 transistor 
2N3585 transisto.r 
RCA C86002 ( or equivalent laser diode) 

Fl 
5A 

C5 
001 

Tl 
450V-30mA 

PL1 
,11v 
AC 

GB 

'ALL DIODES: OOlT 
1ff41l01/11(54118 

01· 

02· 

LASER de SUPPLY 

R.t 
JJOK 
1W 

R2 
330K 
IW 

f-13 
330K 
1W 

R.4 
330K 
1W 

C9 
.001 ----}7 
_?r._l 03· 

oe· ! ~crn--14-J 
l 0,T--

POPULAR ELECTRONICS Fig. 46-8 

The supply provides about 6 kVdc when open circuited, dropping to around 1375 Vdc when 
loaded. The R099 is a laser tube. 
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3 

Rl 
lOOkO 

-5Vdc 

McGRAW-HILL 

Rl 
47k!l 

R2 
llcO 

Cl 
.lµ.F 

McGRAW-HILL 
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4 

7 

6 

2 

5 8 

3 ,. ,. - -

IC1 
IR3C02 

7 

2 

IC LASER DIODE DRIVER 

R2 
220 

Fig. 46-9 

1C Sharp IR3C02 laser diode driver IC 
Rl 100-k!l resistor 
R2 22-0 resistor 
CJ 22-µF electrolytic capacitor 
Sl DPDT switch 
Misc. Double heterostructure laser diode 

(such as Sharp LT020), heatsink 

PULSED DOUBLE-HETEROSTRUCTURE LASER DRIVER 

+6Vdc 

4 8 

ICI 
555 

Laser 

3 

Fig. 46-10 

ICl 
Rl 
R2 
R:3 
Cl 
Misc. 

555 timer 1C 
47-kQ resistor 
1-kO resistor 
100-kQ poLcntiometcr 
0. 1-µF disc capacitor 
Double heterostructure laser diode, 
lteatsink 

All resistors are 5 to 10% tolerance, ¼ W. All 
capacitors are 10 to 20% tolerance1 rated 35 V or 
more. 



47 

Light-Controlled Circuits 

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

1'raffic rJight-Sequencer Circuit 
Tachometer Adapter 
Sw1-Tracking CircuiL for Solar Arrays 
Optical Fringe Counter 
Low-Noise Light Sensor with de Servo 
Photodiode Amplifier 
Light-Switched LED Blinker 
Single-Supply Photodiode Amplifier 
Light-Controlled Monostable 
Darkness Monitor 
Programmable Light-Activated Relay 
Traffic Light Controller 
Colorimeter 
Eight Decade Light Meter 
LED Lightwave Communications Transmitter 
LED Lightwavc Receiver 
Solar Power Supply 
Solar Power Supply with Linear ,.., ... ,,"'u.,. .. .,.,.,,. 
Photodiode Log Converter/Transmitter 
Rechargeable Solar Power for Sun Tracker 
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TRAFFIC LIGHT-SEQUENCER CIRCUIT 

R1 
1 Meg ... a--......_4 

R2 
1 k 555 

6 

ELECTRONICS NOW 

16 

12 CA 

15 HS as--""--, 
Q61--"'-1111+-"'"' ........ 

071--11-
aa t-=--11~--. 

EN Q9 ti 

NOTE 1: Relays rated for 5 Vdc 
contact rati~g: 2A, 120 Vac 

01 
2N2222 

+5V 

Fig. 47-1 

This circuit uses a 555 timer to drive a 4017 counter. The counter outputs drive transistor relay 
drivers. Time lights "on" can be proportioned by changing connections of outputs of counter. 

WILLIAM SHEETS 

TACHOMETER ADAPTER 

Light Photo- 3 to 9 V 

~-:_ -:_-:_i-:_-:_ -:__-:•. nsistor ,,_c----1 I j f-------i•To freq. 

H t A counter 

Propeller, 
fan blades, etc. 

Light can be 
transmitted or reflected 

Fig. 47-2 

Use of a phototransistor and light source can enable a frequency counter to act as a tachometer: 

RPM 
Frequency Counter Rea,ding Hz 

60 x------------
# Blades or .,.,,.,...,'"'v'",c> 

'rhe light source is interrupted by the number of propeller blades, fan blades, spokes, or other 
marking. R can be anywhere from l to 100 kn. Try several values for best results. 
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R1 
750 

POPULAR ELECTRONICS 

SUNMTRACKING CIRCUIT FOR SOLAR ARRAYS 

+12V C1 
.02 

.------------------+-------------------.--.i( 

R2 
10 k 

R4 
20 k 

01 
2N4401 

..._A -'-------;Q 

K1 
7-9V 

Fig. 47-3 

The sun tracker uses a combination of three photoresistors. R7, R8, and R9, to ensure that the 
circuit will follow the sun during the day, but not look for it at night. Photoresistor cells, R7, RS, and 
R9 have a value of 160 Qin full sunlight and 4880 .n in the shade, that is not absolutely critical. R7 is 
mounted in a "welr' with a narrow slit so that sunlight falls upon it only when the photoresistor is 
pointed directly at the sun. \Vhen that occurs, the resistance of R7 drops. That photoresistor and po
tentiometer R4 form a voltage divider at the base of the Darlington transistor, QL When R7's resis
tance is low, Ql will be kept off. 

When the sun swings a little westward, R7 will no longer be in sunlight, causing its resistance "to 
go up, which raises the base voltage of QI and turns that Darlington on. That, in tum closes the rclay1 

Kl, providing current to the drive motor, MOTI, which is a 1.5-Vdc, low-torque hobby motor. The mo
tor then turns slowly (resistor R6 limits the maximum current to the motor and keeps it from nmning 
too fast), putting R7 in direct sunlight again; Ql's base voltage then drops and the tracker stops. That 
is repeated again and again as the sun moves across the sky. Photoresistor R8 is mounted on the out
side of the well so that it receives a wide angle of full s1mlight. \Vhen the sun is shining, RS's resistance 
is low, keeping Q2 turned off, and allowing the tracker to act as described, without interference. But 
if the sun "slips" behind a cloud, R8's resistance goes high, producing a fotward bias on the base of Q2. 
That turns that transistor on and sinks the base of QI to near grmmd so that QI then remains off That 
immobilizes the tracker drive; that also keeps the drive shut down in the dark of night. 

Photoresistor, R9, is the dawn sensor. It is mounted on the back of the sun tracker. \Vhen the 
tracker stops at sunset, pointing toward the west, R9 is pointing toward the east. When the sun rises 
the following morning and shines on R9, its resistance goes low, turning Q2 off and allowing Ql 's base 
to go high. That presents current to the relay and therefore to the drive motor, causing the tracker 
to swing around to the east. 
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OPTICAL FRINGE COUNTER 

• Noc £equtrcd if +V is 4V or less 
t Optional. lOKO lo 10MO. for se.nsitiviry 

McGRAW-HILL 

Y+ 
(J-6V<lC) 

a 

S Latch Enable 1-4 : 
15-17' 

6 Display Select B r--,,u,,u 
R5-Rl2• 

IC2 A 7 b 

74C926 Ql-Q4 

B 
8 2N2222 

Clock C 

D 11 
Ord 

-

LED Segmen[ 
(X4) 

•• n.n • -•• n 
Ql 

Q2 

QJ 

Fig. 47-4 

For work with interferometer and optical experiments, this fringe counter can be useful. Photo 
transistor QI provides light and dark sensing. As the sensor is moved across the fringe pattern alter
nate light and dark areas translate to an electrical waveform. This is amplified by ICl and counted by 
IC2. A Schmitt trigger circuit can be added, if desired. 

LINEAR TECHNOLOGY 

300 

LOW-NOISE-LIGHT SENSOR WITH de SERVO 

/V" -.-co 
I 

-J f-l 

'=' 2N'.:1904 

HAMAMATSU 
S1336·5BK 

I 908 I 231 ·096• 

v-

R2C2 > C1 R1 
Co• PARASITIC PH0TO0I0DE CAPACITANCE 
Vour % 100rnV µWATT FOR 200nm WAVE LENGTH 

3'.:IOmV·µWATT FOR 633nm WAVE LENGTH 

Fig. 47-5 



PHOTODIODE AMPLIFIER 

ELECTRONIC DESIGN Fig. 47-6 

A photodiode amplifier combined with a de-restoration circuit will reject low-frequency ambient 
background light, easing measurement of a light signal. 

LIGHT-SWITCHED LED BLINKER 

{
b -:Jr@ I ACTIVATES WHEN DARK 

TO REST R3 l...o 
OF CIRCUIT w ALWAYS ACTIVATED 

9c_ ______ ____,_ 
R3 

POPULAR ELECTRONICS 

R2 
10K 

01 
2N2222 

LE02 
(BLINKING UNIT) 

Fig. 47-7 

This circuit can be used to flash an LED during periods of darkness. Use it for burglar alarm sim-
ulators for docks, autos, etc. 
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SINGLE-SUPPLY PHOTODIOllE AMPLIFIER 

+15V 

o.Q 
µF -::-

4.3 
TLE2425 

ELECTRONIC DESIGN Fig. 47-8 

This circuit provides a reverse-bias operating point and output voltage offset and uses a single
polarity power supply. The floating reference voltage from TLE2425 serves to bias the diode in a re
verse-polarity mode. It also provides a clamping level at the output. Consequently, linear response to 
illumination is maintained for a 5-V range from dark current to full sunlight conditions. 
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LIGHT-CONTROLLED MONOSTABLE 

Vee -----1------------------------------
R6 

47K. 
R2 

47K 

R4 

Rl 
47K 

A 

7 B 

R3 
121< 

R7 
10K 

8 7 

2 

~ 
SI 

RS 
2MEG 

6 

U2 
555 

3 

LED1 

~ 

POPULAR ELECTRONICS 

Cl 
10 

+ 

":" 

4 

OUTPUT 

R9 
270U 

Fig. 47-9 

The light-controlled monostable was produced by combining a 555 monostable multivibrator 
with a pair of light-controlled comparators. The circuit can be used to enable the operation of the 
load device, depending on the time of day. During the daylight hours, the timer U2l is disabled, and 
so produces no output. However, during the nighttime hours, U2 is enabled by the output of Ul-b so 
that pressing SI initiates a timing cycle, which activates LED! for a time determined by R8 and Cl. 

POPULAR ELECTRONICS 

DARKNESS MONITOR 

C1 
.1 

S1 L 
RESET f"' 

Fig. 47-10 

When light strikes detector QI, Q2 is cut off, allowing bias to reach SCRl, triggering SCRl and 
lighting LED 1. S 1 resets the circuit. 
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McGRAW-HILL 

D 

C 

B 

A 

PROGRAMMABLE LIGHT-ACTIVATED RELAY 

+v 

R5 R6 R7 R8 

IC2 

1 R4 

m 

R3 

Kl 

~lo 

cload 

Fig. 47-11 

Digital inputs A, B, C, D select different light levels hy varying the value of bridge circuit resis
tance R

4
• 
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ICl 
IC2 
Ql 
Dl 
Cl 
Rl 
R2,R3 
R4,R5 
R6 
R7 
R8 
R9 
Kl 

741 op amp 
CD4066 quad bilateral switch 
NPN transistor (2N2222, 2N3904, or similar) 
diode (1N4002, or similar) 
0.1-µF capacitor 
photoresistor 
390-kQ, ¼-W 5% resistor 
1-MQ, ¼-W 5% resistor 
820-kQ, ¼-W 5% resistor 
470-kO, ¾-W 5% resistor 
270-kQ, ¼-W 5% resistor 
100-kQ, ¼-W 5% resistor 
relay to suit load 



POPULAR ELECTRONICS 

+12V 

16 

U1 
4017 

14 

C1 + 
10 

TRAFFIC LIGHT CONTROLLER 

11 
117 VAC RED 
~ 

3 6 

2 U2 

01 M0C3010 TR1" 

1N4002 

7 
12 

02 2 YELLOW 
1N4002 ":' 

4 

10 

15 U3 
TR2" 

8 
M0C3010 

13 
13 

"=" 2 OREEN 
-=-

e 

U4 
TR3" MQC3010 

2 
+12V 

':' 

R4 
1 MEG 

.__ _____________ _, "SEE TEXT 

Fig. 47-12 

Oscillator U5A-B drives a 4017 divide-by-IO counter. The first output of Ul appears at pin 3, 
which supplies a p.ositive voltage to U2, a MOC 3010 optocoupler/triac-driver lC, turning it and triac 
TRl on. That lights Il 1 the red lamp. The second output appears at pin 2 and passes through D 1 Lo 
the second MOC-3010, U3, thereby lighting the yellow lamp, I2. The third output at pin 4 turns on 
U.J4 and the green lamp, I3. The fourth output at pin 7 travels through D2 and into U3 to light the yel
low lamp, I2, again. 

If you would like the traffic-light system to follow the normal sequence of green, yellow, and red, 
make the following circuit changes: Disconnect pins 10 and 15 ofUl from each other. Remove DI and 
D2 and connect pin 2 of Ul to pin 1 of U3. Then connect pins 7 and pins 15 of Ul together. Use U2 to 
drive 13 (the green light) and U4 for I1 (the red light). 
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TABLE 1-LED COLORS AND 
CODES 

LEO Wav• Color Activation 
length Value 

LED1 470nm Blue 20.; 
LED2 560nm Green 21= .. 2 
LE03-a 590 nm Yellow 22=4 
LED3·b 700 nm Red 23-S 
LED4 630nm Orange 2•.1s 
LED5 665nm Crimson 25=32 
LED6 482nm Aqua 28-64 

ELECTRONICS NOW 
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COLORIMETER 

PC 
EXPANSION 
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A9 A2.2 13 PS 

AS A2.3 lS P6 

A7 A24 17 P7 
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IC3 
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SEE 
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1t•14 
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RS 

R2 220K 
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Fig. 47-13 



COLORIMETER (Cont.) 

LISTING 1-CALIBRATION PROGRAM 
10 'CALIBRAT.BAS calibration program 
20 CLS:KEY OFF:N=0:ADR=512:0PEN·R·,1,•CAL1•,16:0P!N•r•,2,*ca12•,24 
30 PIELD l,2AS BS,2AS G$,2AS Y$,2AS 0$,2AS C$,2AS RS,21\S AS,2AS AG$ 
40 FIELD 2,24AS 10$ 
SO PRIN'l' •reference number•,N+l:OUT ADR,255.BEEP:INPUT "Enter Name of Standard 
or 'E' Tc End•;TEMF1D$ 
50 IF TEM~ID$=•E• OR TEM"PIDS~•e• THEN N=0: GOTO 200 
70 IF 'I'EMPID$:•n• THEN lNPUT•enter n to redo •,N~N;N-ltGOTO SO 
80 NmN+l:FOR H•O TO 7:K%0~IF H<7 THEN Z=2~H ELSE Z:194 
90 Ot1T-ADR,Z.FOR I=l TO 500:NEXT I 
100 FOR J~l TO 50:K~K+INP(ADR):NEXT J 
110 IF H:0 THEN LSET B$;M1Cl$(K) 
120 IF H•l THEN LSET G$=MKI$(K) 
130 IF H~2 THEN LSET Y$~MKIS(K) 
140 IF H•3 THEN LSET O$=MKI$(K) 
150 IF H•4 THEN LSET C$=M.KIS(K) 
160 IF H:S THEN LSET R$•M1(1$(K) 
170 IF H=6 THEN LSET A$=HXI$(K) 
180 IF H•7 TH$N LSET AG$:MKI${K) 
190 NEXT H:LSET IO$:TEMPIDS:PUT l,N:PUT 2,N:CLS:GOTO SO 
200 N=N+l:GET tl,N:GET #2,N;IF N>(LOF(l)/16) THEN END 
210 B=CVI (BS) :G=C'Vl (0$) :Y=C'/I {Y$) !O,,.CVI (0.$) 1c .. cv1 (C$J :R=CVI (R$) :Ar:CVI (A$): 
AGcCVI {1.G$ l 
220 PRINT N,ID$:GOTO 200 

LISTING 2-IDENTIFICATION PROGRAM 
1 'IDENTIFY.BAS ident1fica~ion program 
10 ADR•Sl2:OUT ADR,255:PRINT:!NPUT "Hit Enter To Scan/Identify Unknown 
Color•;A 
2-0 IF A-=9 THEN RUN" fc&.1 • 
30 BR1?=1E+20:02EN•R•,1,•eall",l6 
40 EOR H=O ro 7.K=O:IF H<7 THEN 2=2AH ELSE z~194 
50 OUT ADR,Z1 F~ I=l TO 500,NBXT I 
60 FOR J=l TO 50:K:X+INP(ADR}:NEXT J 
70 IF H=0 THEN BU=K ELSE IF H:1 THEN GU:K ELSE !F H=2 THEN YU=K 
SO IF H=J THEN DU=X ELSE IF H=4 THEN CO:K ELSE IF Hc5 THEN RU=K 
90 IF Ha6 THEN AU-K ELSE IF H:7 THEN AGU•K 
100 NEXT H:5!.EP 
110 OUT 512,2S5:0PBN•r•,2,•ca12•,24:FIELD l,2AS B$,2AS G$,2AS Y$,2AS 0$,2AS 
C$,2 ~S R$,2AS A$,2AS AG$tBaLOF(1)/16 
120 FOR N=l TO B:GET tl,N:IF ABS( CVI(B$)-BUJ>400 THEN 140 
130 ER=(CVI(B$}-B0)~2+(CVI(G$)-GU)A2+(CVI(Y$)-YtJ)A2+{CVI(0$}-0U)~2+(CVI(C$)-
CU)A 2+(CVl{R$)-RU)A2+1•({CVI(A$)-AUJ~2J+2•((CVI(AG$)~AGU}~2):IF ER<ERP 
THEN ERP: ER:NN=N 
140 N'EXT N 
150 FIELD 2, 24AS 10$: GET 12,NN 
160 CLS!PRINT ·Best Color Match·,rD$;PRINT"Relative Error".ERPiPRINT"reference 
number• , NN: RUN 

A hardware/software combination activates. In turn, one of several LEDs emits a portion of the 
visible spectrum. A phototransistor measures the light reflected by the surface being measured, and 
an 8-bit analog-to-digital converter (ADC) translates the phototransistor's output into a digit.al for
mat that the computer can interpret. Seven LEDs (blue, aqua, green, yellow, orange, crimson, and 
red) provide a range of readings across the visible spectrum. Lack of spectral continuity among ad
jacent LED colors could skew results, so the circuit provides built-in compensation for thls error. 

Two simple BASIC programs control the circuit's operation. One allows you to define a set of 
standards by measuring known color samples and recording the values with an associated name. The 
other program measures unknown samples and provides the best match with the defined standards, 
as well as a relative error factor. 
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CJ DluF½ 

NATIONAL SEMICONDUCTOR 

EIGHT-DECADE LIGHT METER 

R& 
Ilk 

Al 
IH 

v·-"-AA-_. _ _. 

C1 
110022 ~f 

Ql 
IN42SO 

04 

T 81 

Rl2 I h' 
I~• I 

t V1 "" 00111,1 = 100 nA 

Ol t V1 = -0,24Vll11N 10 pA 

IN4~7 • M1 - O•l1N • 10 pA 

• • M 1 - f.1,lll1N "" 1 mA 

Fig. 47-14 

Alogaritlunic amplifier is adapted to a battery-powered light meter. An LMlO, combined op amp 
and reference, is used for the second amplifier and to provide the regulated voltage for offsetting the 
logging circuit and powering the bias-current compensation. This can provide input current resolu
tion of better than ±2 pA over 15 to 55° C. Because a meter is the output indicator, there is no need 
to optimize frequency compensation. Low-cost single transistors are used for logging because the 
temperature range is limited. The meter is protected from overloads by clamp diodes D2 and D3. 

Silicon photodiodes arc more sensitive to infrared than visible light, so an appropriate filter must 
be used for photography. Alternately, gallium-arsemde-phosphide diodes with suppressed IR re
sponse are becoming availahl~. 
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LED LIGHTWAVE COMMUNICATIONS TRANSMITTER 

R8 r---.... --~...,_ ________ ...., ___ .,_ ___ --=:::: !Ok{} 
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1 kO potentiometer 
1 O kO potentiometer 
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1 .2 µF polarized electrolytic 
30 µ.F polarized electrolytic 
5532 low-noise amplifier IC 
A7937 transistor 
High-output LEO (see text) 

7 

Miniature phone Jack {for electret condenser microphone) 
SPST switch 

All resistors are 5 to 10 percent tolerance. 1 /4 watt. All capacitors are 10 to 20 
percent tolerance. rated at 35 volts or more 

+9Vdc 

I 

b 

Fig. 47-15 
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SOLAR POWER SUPPLY 

PC1 

PC2 

PC3 

PC4 

+ C1 
100 

L 1 
1mH 

PCS PC6 PC7 PCB 

ELECTRONICS HOBBYIST HANDBOOK 

01 
3 1N6819 

5 

U1 6 
MAX880CPA 

7 

R2 
100K 
1% 

+ 

+ )v~ C2 
1000 OUT 

-= 

R1 
(SEE TEXT) 

Fig. 47-17 

This circuit delivers either 4.8 or 7.2 V regulated at 15 mA with a 3-V input from a bank of pho
tocells. Rl should be 453 kQ for a 7.2-V output and 274 kfl for a 4.8-Vdc output. Regulator efficiency 
is around 70%. This should be considered when selecting suitable solar cells. 

SOLAR POWER SUPPLY WITH LINEAR REGULATOR 

+ 

l 01 + C5 VREG C4 2N3908 RS PC1 100 1K 1000 OUT 

PC2 ':" A3 -= 
26.lK 

111/1> 
PC3 

R4 
PC4 10K 

1% 

PCS PC6 PC7 PCS 

ELECTRONICS HOBBYIST HANDBOOK Fig. 47-18 

This regulator delivers a constant 2.4 Vdc for powering small devices that run on two AA cells, 
such as cassettes and smal! radios. Regulator drop is about 0.3 volt. This should be considered when 
choosing solar cells. Load current is typically 125 mA. 
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PHOTODIODE LOG CONVERTER/TRANSMITTER 

NATIONAL SEMICONDUCTOR 

1 rnA s: lour ~ 5 mA 

t50 1>-A S: lo S 500 µ.F 

tti:Qnter scale tnm 

tScale factor tnm 

'Copper wire woond 

Fig. 47-19 

A logarithmic conversion is made on the output current of a photodiode to compress a four
decade, light-intensity variation into a standard transmission range. The circuit is balanced at mid
range, where R3 should be chosen so that the current through it equals the photodiode current. The 
log-conversion slope is temperature compensated with R6. Setting the reference output to 1.22 V 
gives a current through R2 that is proportional to absolute temperature because of D 1 so that this 
level-shift voltage matches the temperature coefficient of R6. Cl has been added so that large-area 
photodiodes with high capacitance do not cause frequency instabilities. 

RECHARGEABLE SOLAR POWER FOR SUN TRACKER 
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•SEE TEXT 

Fig. 47-20 

This application circuit provides rechargeable 
solar power for the sun tracker, as well as for an
other 12-volt device. PCI and PC2 can be mow1ted 
on sun tracker assembly. 



48 

Logic Circuits 

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

Logic State Change Indicator 
Combinatorial Logic Multiplexer 
AND Gate 
Relay "AND" Circuit 
Relay "OR" Circuit 
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INPUT __n_ 

NASA TECH BRIEFS 

LOGIC STATE-CHANGE INDICATOR 

100Q 

1 N270 

0.001 
1,1F 

100C 

1 N270 

0.001 
C1 ~F 

2 3 
...-------'-------"----- 6 

1I296L02 
MONOSTABLE 

a 

MUL TIVIBRATOA Q 
5 .__ _______ ..... 7 

8 

= 

_n__n_ OUTPUT 

-1~ 

Fig. 48-1 

A circuit consisting of a one-shot multivibrator IC, a pair of diodes, and some resistors and ca
pacitors delivers an output pulse when the logic state at its input ternlinal changes-either from high 
to low or from low to high. Thus, this circuit can serve as a state-change indicator or as a frequency 
doubler for a square-wave input. 

Any monostable can be used; the arrangement in the figure achieves low power dissipation (80 
milliwatts) by using half of a Fairchild 96102 transistor-transistor-logic dual multivibrator. The 96102 
is triggered when pins 3 and 5 are high and pin 4 changes state from low to high. It also triggers if pin 
3 is high, pin 4 is low. 

The circuit shown here allows these conditions to be satisfied with a single input terminall plus 
the fixed bias on pin 3; the arrangement of resistors, capacitors, and diodes automatically biases pin 
5 high when transmitting a rising transition to pin 4 and biases pin 4 low when applying a falling tran
sition to pin 5. 

For example, if the input terminal has been low and then goes high, Cl charges through a for
ward-biased diode that shunts its 100-0 resistor; therefore pin 5.goes high immediately. C2 charges 
through 100 O; however, because its diode is back-biased, the rising level is not applied to pin 4 un
til 5 is already high. Therefore, the conditions for triggering an output pulse are satisfied. 

The output pulse duration, t, is set by the value of time constant RxCx. 
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COMBINATORIAL LOGIC MULTIPLEXER 
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11 

4:1 M11\tiplmr SEL 

00 (e) (B, A) 

01 Out I 

10 

11 

(B,A) SEL __,. .......... ....:....:...___. 

Fig. 48-2 

Combinatorial logic can be implemented simply by using a multiplexer instead of logic gates. 
Shown are the truth table (A), its logic circuit (B), and the multiplexer connections (C). If the logic 
circuitry is changed (D), the multiplexer would be reconnected (E). 

AND GATE 
+V 

T R5 R4 

R1 1K 1K ·R7 
100K +V 3K 

~ 

R2 
100K 

B 

R3 
100K 

C 
R6 

~=r 1K 

POPULAR ELECTRONICS Fig. 48-3 

An LM139 is configured as an AND gate-(TTL or CMOS is usually used). With this idea, you can 
use leftover IC sections and save an extra package in some· instances. 
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RELAY "AND" CIRCUIT 

WILLIAM SHEETS 

v-0 NC 
o-QC 
A-QNO 

Fig. 48-4 

All switches Sl through Sn must be closed to operate the relay. If one opens, the relay drops out. 
Use this circuit for burglar alarms, etc. 

RELAY "OR" CIRCUIT 

+'12 V 

WILLIAM SHEETS 

12-V relay 

D 
v-0 NC 
o-QC 
A-QrJO 

Fig. 48-5 

Closing any switch Sl, S2, S3, or Sn will actuate the relay (N any number). Use this circuit for 
burglar alarms, etc. 
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49 

Mathematical Cjrcuits 

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

Low-Cost One-Quadrant Multiplier/Divider 
Low-Cost Accurate Square-Root Circuit 
Low-Cost Accurate Squaring Circuit 
Bridge Linearizing Function 
Square Rooter 
Analog Variable Multiplier/Divider 
Difference of Squares 
Approximation for Sin <I> 

Simple Analog Averaging Circuit 
Simple Analog Multiplier 
~ 1¾') Ratio Computer 
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LOW-COST ONE-QUADRANT MULTIPLIER/DIVIDER 

(XI IIIIPLIT 

fV) INPUf 

NATIONAL SEMICONDUCTOR 

115 
SQk 
1% 

Rt 
2.4111 

+t5Y 

-1001t 
Rx-...... --"Yil\t--~ ZEIID 

wuu 

lZl INPUT 

Fig. 49-1 

This circuit will produce an output that is proportional to the product of the (X) and (Y) inputs 
divided by the Z input. All inputs must be positive, limiting operation to one quadrant. For very low 
level inputs, --the offset voltage in the LMa08s might create large percentage errors referred to input. 
A simple scheme for offsetting any of the LM308s to zero is shown in dotted line; the positive input 
of the appropriate LM308 is simply tied to Rx instead of ground for zeroing. The summing mode of 
operation on all inputs allows easy scaling on any or all-inputs. Simply set the input resistor equaI·to 
(Vrncmax/(200 µA). Vont is equal to: 

V Jt,)(i},) 
out z 

R7 
Input voltages above the supply voltage are allowed because of the summing mode of operation. 

Several inputs can be summed at X, Y, and Z. 
For a simple (X) • (Y) or (X)/Z function, the unused input must be tied to the reference voltage. 

Perturbations in this reference will be seen at the output as scale factor changes, so a stable ref er
e nee is necessary for precision work. For less critical applications, the urmsed input can be tied to 
the positive supply, with 

R 
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LOW-COST ACCURATE SQUARE~ROOT CIRCUIT 

INP1JT 
0 S: VIN !!:: + 10V >-"""""''\;--..... -I 

NATIONAL SEMICONDUCTOR 

1/2 LMJ!M 

-ISV 
REGULATED 

·Trim for full scale accuracy, 

30 pf 

Fig. 49-2 

The circuit vvill generate a square-root function, accurately and inexpensively. The output is a 
current that can be used to drive a meter directly or be converted to a voltage with a su.rruning junc
tion current-to-voltage converter. The -15-V supply is used as a reference, so it must be stable. A 1911 
change in the-15-V supply will give a½% shift in output reading. No positive supply is required when 
an LM301A is used because its inputs can be used at the same voltage as the positive supply (ground). 
The two 1N457 diodes and the 300-kQ resistor are used to temperature-compensate the current 
through the diode-connected ½LM394. 
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NATIONAL SEMICONDUCTOR 

LOW-COST ACCURATE SQUARING CIRCUIT 

INPUT 
0 s.: V1t1 '- + 1 OV 

300 pf 

JO pf 

~Trim for full scale accuracy. 

100;AA f.1. 

----, 
\ 

LM394 J 
-=/ --

15011 
1% 

-ISV 
REGULATED 

Fig. 49-3 

The circuit shown will square the input signal and deliver the result as an output current. Full
scale input is 10 Vl but this can be changed simply by changing the value of the 100-k!l input resis
tor. As in the square root circuit, the -15-V supply is used as the reference. In this case, however, a 
1 % shift in supply voltage produces a 1 % shift in the output signal. The 150-kO resistor across the 
base-emitter of ½LM394 provides slight temperature compensation of the reference current from the 
-15-V supply. For improved accuracy at low input signal levels, the offset voltage of the LM301A 
should be zeroed out, and a 100-k!.1 resistor should be inserted in the positive input to provide input 
to provide optimum de balance. 
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BRIDGE LINEARIZING FUNCTION 

x, •Vs 
-=-

X2 
A0534 

OUTPUT Eour 

SF z, i-Eour I !YI% v. Eour 
10 

Z2 Eour11-2'.l•Y 
INPUT 

,o 
V v, Eour z 10 ...L.. 

ltSVl 1 'I 

Y2 -Vs WHEAE y" _::f_ 
ilOVJ -

ANALOG DEVICES Fig. 49-4 

If one arm of a Wheatstone Bridge varies from its nominal value by a factor, (1 + 2.x), the voltage 
or current output of the bridge will be ( with appropriate polarities): 

,x 
y:::::,--
, 1 +x 

Linear response requires very small x and, usually, preamplification. The circuit shown here en
ables large-deviation bridges to be used without losing linearity. 

The circuit computes the inverse of the bridge function, 

x~_Y_ 
l+y 

Depending on which am1 of the bridge varies, it might be necessary to reverse the polarity of the 
z connections. 
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OPTIONAL 
SUMMING 
INPUT. A 
10V PK 

I 

' -!... 

+ 
iNPUT 

ANALOG DEVICES 

.SQUARE ROOTER 
.---------+---+-- Eour 

x, .. vs 

X2 
AOSJ4 

OUTPUT 

SF z, 

Z1 

v, 

Yi -\Is 

10V F S., +12V PK 

tEour A) 1-EovT +Al• -10Z 

1Eour - Al' • ,oz 
Eour •-/ffl'l• A 

Fig. 49-5 

This illustration shows the connection of the AD534 for square-rooting, with differential inputs. 
The diode prevents a latching condition-conunon to this configuration-which would occur if the 
input momentarily changed polarity. As shown, the output is always positive; it can be changed to a 
negative output by reversing the diode polarity and interchanging the X inputs. Because the signal 
input is differential, all combinations of input and output polarities can be realized. If the output cir
cuit does not provide a resistive load to ground, one should be connected to maintain diode conduc
tion. For critical applications, the Z offset can be adjusted for greater accuracy below 1 V. 

ANALOG VARIABLE MULTIPLIER/DIVIDER 

R3 
1Mn 

NC: NO CONNECT 
A1, A2: OP-249 

+15V 

0.1µF 

o.iµF ! 
-15\1 

ANALOG DEVICES Fig. 49-6 

An output voltage (W X1 x Y/lf 1) is produced by this multiplier circuit. The AD734 is a four
quadrant multiplier. 
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DIFFERENCE OF SQUARES 

Y.i(A+ Bl X1 +Vs 
½IA+ B)!A · Bl • ½ E 

Xz 10 ° 
- AD534 
~ 

OUTPUT 
A2 -81 

Eo • --;o--

10k 
SF Z1 

i.A · Bl~ 12.SV 

10k Z2 IA+ Bl 'Ii: 2SV 

-A Yt -
(A -8) 

B V2 •Vs.· 

ANALOG DEVICES Fig. 49-7 

A single AD534 can be used to compute the difference of the squares of two input signals. The 
function can be useful in vector computations, and in weighting the difference of two magnitudes to 
emphasize the greater nonlinearity. 

APPROXIMATION FOR SIN (j) 

X1 •v, •151,1 

x, 
A.D534 

OUTPUT 

-:- Sf z, 
10k 21 

INPUT 

Es Yi 
OTO •lOV 

V2 -Vs -15\/ 

9 
;.Es)IEs) 7.l 

10 
• 12 Eo·Es 

-::- E • e (9/1401 Ea . 1 ;). V . n 
o /J 11/40) Ee - !7.3/121 ltO J-a, 9 

WHERE 0 • !!. ..!L_ 
2 (10V) 

ANALOG DEVICES Fig. 49-8 

The AD534 is remarkably easy to use in the implementation of the approximation formulas de
scribed in Chapter 2-1 of the Nonlinear Circuits Hamdbook. Many of these involve implicit loops to 
generate the function and previously required several additional op amps for the addition and sub
traction of the various terms. This circuit is an example of what can be- done with external resistors 
only. For 4> between 0° and 90°, the approximation maintains a theoretical accuracy to within 0.5% 
of full-scale; 0. 75% is practical with AD534L and 0.1 % resistances were used. 
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SIMPLE ANALOG AVERAGING CIRCUIT 

+UV 

1'1~----........ 

-12V o-J 
+12V 

-1n 

•v~----=-
-12V ;;_} 

+1ZV ~-------1 

-UV ;;_} O/A1-4 • TLQ84 
0/A 5,. LF441 
P1·'5 t111G t 

VOlta;e 
at 

polnta 

"A" 

"B" 

"C'" 

"D" 

Output across AL 

ELECTRONIC DESIGN 

+5 

+5 

-!'5 

+5 

+5 

TABLE 

+5 -5 +1 5 -1 +8 

-5 -5 ·3 {i +8 

+5 +5 -6 -5 .3 

+5 ... s +2.5 -8 +9 

+2.5 0 -1 25 -4.25 +5.5 

+10 +10 

+10 -9 

+.10 +10 

+9 +10 

1-9.75 +5.25 

Fig. 49-9 

At times, an analog circuit that averages rather than sums can be quite handy. You won't usually 
find this type of circuit in op-amp books, possibly because the op amp is used only as a buffer. For 
best accuracy, an FET should be used with the offset adjusted out. In addition, the "averaging" re
sistors (R 1 through R4) should be of close tolerance. 

Looking at the test circuit, op amps 1 through 4 are used to alleviate interaction between ad
justment potentiometers Pl through P4 and so that Rl through R4 see the same low impedance. 

The table shows some arbitrarily set voltages and the resulting output voltage across R1 . 
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SIMPLE ANALOG MULTIPLIER 

v' 
R!i 

PCZ 

............. 
R5 - R1 (~~) - v, > 0 

v, v~ V1 
VouT - Vi V2 

10 

NATIONAL SEMICONDUCTOR Fig. 49-10 

Circuit operation can be w1derstood by considering A2 as a controlled-gain amplifier, amplifying 
V2, whose gain depends on the ratio of the resistance of PC2 to R5 and by considering Al as a con
trol amplifier, which establishes the resistance of PC2 as a fw1ction of Vl. In this way, Vour is a func
tion of both V1 and V2. 

A 1, the control amplifier, provides drive for the lamp, 11. \Vhen an input voltage, V1, is present, 
LUs driven by Al until the current to the summing junction from the negative supply through PCl 
is equal to the cum:mt to the summing junction from Vl through Rl. Because the negative supply 
voltage is fixed, this forces the resistance of PCl to a value that is proportional to Rl and to the ra
tio of to V-. 11 also illuminates PC2 and, if the photoconductors are matched, causes PC2 Lo have 
a resistance equal to PC 1. 

A2, the controlled gain amplifier) acts as an inverting amplifier whose gain is equal to the ratio of 
the resistance of PC2 Lo R5. If R5 is chosen equal to the product of R 1 and V-, then V00T becomes 
simply the product of V1 and V2. R5 can be scaled in powers of 10 to provide any required output 
scale factor. 
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d% RATIO COMPUTER 

9k0. 
X1 •Vs 

-= 
X1 

AD534 
1hfl 

OUTPUT EouT 

-=- SF z, 

21 
01NPUT 

IPOSIT!VE v, 
0"4LVI 

1 • ..L Eou1 f IB! 
,o ""8 A 

10 

Yi -Vs 

-=- Eour 100~ 
B 

11% PER VOL Ti 

A INPUT 

ANALOG DEVICES Fig. 49-11 

The percentage-deviation function is of practical value for many applications in measurement, 
testing, and control. For example, the output of thls circuit he applied to a pair of biased com
parators to stimulate particular actions or displays, depending on whether the gain of a circuit under 
test were within limits, or deviating by a preset amount in either direction. 

The indicated scale factor, 1 %/V, is convenient. However, other sensitivities, from 10%/V to 
0.1 %IV, as required by the application, can be obtained by altering the feedback attenuation ratio, 
from 1 to Yioo. Gain or attenuation is easily applied to the A signal externally for calibration to the nor
malized form. 

326 



50 

Measuring and Test Circuits 

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

Electronic Level 
Single-Chip Digital Voltmeter 
Inductance with DVM Measuring Circuit 
Negative Reference Voltage Circuit 
Precision Current Source 
1-kW Power Meter 
Logic Chip Tester 
Power Supply for IO-MHz Frequency Standard 
Three-Terminal Regulator Current Source 
Four-Wire Resistance Measurement Hookup 
Audio Frequency Meter 
ELF Monitor 
Strain-Gage Sensor 
Minute Marker 
Digital Barometer 
Reference Circuit 
Transistor Matching Circuit 
Auto-Ranging Digital Capacitance Meter 
Frequency Divider for 10-MHz Frequency Standard 
Electroscope 
Optical Isolator Wattmeter 
Digital Three-Phase Wave Generator 
Simple Test Audio Amplifier 
Gate Dip Oscillator I 
Accelerometer ( G Meter) Circuit 

Gate Dip Oscillator II 
T\vo Remote Meters 
Novel RF Power Meter 
Nanoammeter 
1.5-V Logarithmic Light Level Meter 
ac Power Monitor 
100-W Variable RBsistor Simulator 
IMD Test Circuit for Pin Diodes 
VCO and Input Frequency Comparer 
ECG Amplifier with Right Leg Drive 
Power Transformer Tester 
4- to 20-mA Process Controller 
Simple High-Current Measurer 
Analog Circuitry Calibrator 
Simple Signal Generator for Signal Tracing 
Simple Harmonic Distortion Analyzer 
Sound Subcarrier Generator 
Inductance and Capacitance Determiner 
with SWR Bridge 

Motorcycle Tune-Up Aid 
50-MHz Frequency Counter 
10-MHz Frequency Standard 
Programmable Capacitor Circuit 
Programmable Resistor Circuit 
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C1 
47 

01 
LM185 

RS 
3.3K 

POPULAR ELECTRONICS 

ELECTRONIC LEVEL 

D5 
1N4148 

R6 
R13 
100K 

10K 

R9 
10K 

6 

D'2 
5.1V 

03 
BC107 

D4 
1N4148 

BZ1 

0-----::,1----1 s1 e, 
9V 

+ 

C2 
10 

R12 
U2•a 18K 

1/2NE558 5 

3 7 

R10 
4.7K 

6 12 10 

U2-b 
1/2N1!551 

C3 
.01 

Fig. 50-1 

The electronic level uses a pair of phototransistors anrl an infrared LED to sense bubble position. 
In this circuit, the amounts of infrared radiation received by phototransistors Q 1 and Q2 are Lrans
lated by op-amp Ul and dual-timer U2 into either a steady tone, or a fast- or slow-pulsing one. 
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I\) 
co 

SINGLE-CHIP DIGITAL VOLTMETER 

LOW BATTERY CONTINUITY 

rn 

C. 
ry,/ 

OISP1 
I 1-1 ,-1 ,-1 ,-1 

-,. ,-,. , I. ,-, . I I • 
1----1 

15 114 113 1 2 3 4 5 6 

181 17 16 15 14 13 12 11 10 . 19 

2: 

F 

;~ ~ Ml 
S1 

POWEP. 

J1 
RED 
0-

R6 
5.11K 

R5 
270K 40 1( • VA 

C3 
10pf 

+ ''"~-• ~ AN~E C"'01 
R1 1 C4 + ICLIINIDCCZR 

10MEGf 20V ; 4 7µF BANDGAP 
I • REFERENCE 
I 

INPUT I 
I CONT. 
I 
I 
l 

' I 
' J2 

BLACK 

ELECTRONIC EXPERIMENTERS HANDBOOK 

cs 
.01 

R11 
100K 

IC1 
ICl7129ACPL 

61 51 4 27 

R13 
470!< 

R14 
47K 

821 

Fig. 50-2 

This DVM circuit is built around a Maxim ICL7129ACPL AID converter and LCD driver. An ICL8069 CCZR 1.2-V 
band-gap reference diode is used for a voltage reference. S2a-b-c select one of four ranges up to 200 V (maximum). The meter 
also has a n.1e·z,'.J,.-;l1,-:::.__r:·.,h•""" buzzer for continuity testing. S3 selects either DVM or continuity. Crystal 1 can be changed to 100 kHz if 
maximum ... .n,nA1-,,,._ ..... of 50 Hz is desired. The crystal normally provides 120 kHz for best 60-Hz rejection. This is caused by the dual-

,.,.,,..~,..,..,,.,,., ..... used in IC 1. 
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INDUCTANCE WITH DVM MEASURING CIRCUIT 
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Fig. 50-3 

The inductance meter comprises an oscillator and pulse shaper. The square wave from the oscillator is differentiated and the 
differentiator output is shaped and read on a DVM. This will be proportional to inductance. RlA, C set calibration and R6 is an 
offset control. 



NEGATIVE REFERENCE VOLTAGE CIRCUIT 

+V 

Notes: 
1 Vos= Offset voltage of operational amplifier 
2, VREf= -VA,± IVosl -VA 

because IVosl ~ error 1n VREF 

f--VA---< 
-V 

Ro 

NASA TECH BRIEFS Fig. 50-4 

Thls figure illustrates a circuit that supplies a precise negative reference voltage. To meet re
quirements of accuracy and stability, it incorporates a highly precise positive reference voltage by 
use of a high-gain, stable feedback booster circuit. 

The booster circuit includes an operational amplifier and a transistor, which handles the load 
current. Typically, a positive-reference-voltage circuit can handle only relatively small load currents. 
This consideration does not apply in the present circuit because the positive-reference-voltage unit 
is placed in the voltage feedback loop of the booster circuit in parallel with resistor R8 . Thus, from 
the perspective of the positive-reference-voltage unit, R8 is a constant load. This feature enhances 
the stability of the circuit by removing the load regulation factor. 

Provided that the offset voltage of the operational amplifier is low, the accuracy of the overall cir
cuit depends only on the accuracy of the positive-reference-voltage unit. The overall circuit draws 
very little power for its own operation. It can handle unexpectedly heavy loads; the feedback config
uration and the high gain provided by the combination of the operational amplifier and the transistor 
give the circuit a very low output impedance. The capacitors reduce the noise voltage and help sta
bilize the circuit. In the event that the load becomes a short circuit, RD protects the transistor by lim
iting the load current. 
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NATIONAL SEMICONDUCTOR 

PRECISION CURRENT SOURCE 

ERROR/ 
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OK 

II./ 

0.J 
2N4250 

02 

I- BATTERY 
TEST 

R!i 
lie 
11' 

R14 
100M 

t% 
L....., .... ....... 0 

REVERSE 

DJ 
1N457 

1 mA 

•calibrate range 

tselect lo, lcso ~ 1 00 pA 
1011A 

Fig. 50-5 

A complete, battery-powered current source suitable for laboratory use is shown. The op amp 
regulates the voltage across the range resistors at a level determined by the voltage on the arm of the 
calibrated potentiometer, R:3. The voltage on the range resistors is established by the current 
through Q2 and Q3, which is delivered to the output. 

The reference diode, Dl, determines basic accuracy. Ql is included to ensure that the LMl 1 in
puts are kept within the common-mode range with diminishing battery voltage. A light-emitting 
diode, D2, is used to indicate output saturation. However, this indication cannot he relied upon for 
output-current settings below about 20 nA, unless the value of R6 is increased. The reason is that 
very low currents can he supplied to the range resistors through R6 without developing enough volt
age drop to tum on the diode. 

If the LED illuminates with the output open} there is sufficient battery voltage to operate the cir
cuit. But a battery test switch is also provided. It is connected to the base of the op-amp output stage 
and forces the output toward V +. 
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Fig. 50.-6 

The power meter shown uses only one transistor pair to provide the complete (.K) (Y) function. 
The circuit is intended for 117 Vac ± 50 Vac operation, but can be easily modified for higher or lower 
voltages. It measures true (nonreactive) power being delivered to the load and requires no external 
power supply. Idling power drain is only 0.5 W. The load current-sensing voltage is only 10 m V, keep
ing load .,,..,.,1-n,.,r, loss to 0.01 %. Rejection of reactive load currents is better than 100:1 for linear loads. 
Nonlinearity is about 1 % full scale when using a 50-µA meter movement. The temperature correction 
for gain is accomplished by using a copper shunt ( +0.:329M°C) for load-current ser1s1lr1~. This circuit 
measures power on negative cycles only, so it cannot be used on rectifying loads. 
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LOGIC CHIP TESTER 

"ELECTRONICS NOW Fig. 50-7 

This device compares two logic signals and indicates whether the two logic signals are the same 
or different. To use the tester, first connect the test input to the suspect pin of the DUT. Next, con
nect the reference input to the same pin of an identical reference chip that is known to be good. Push 
the reset button to begin the test; the green section of the bicolor CED will be illuminated. Any sig
nal on the test device that differs from the one on the reference device will then momentarily light 
the LED lamp that corresponds to that pin, and also latch on the red section of the bi-color LED. That 
indicates that the device under test is faulty. If the reference and DIJT signals are the same, the DUT 
is OK, and the green LED will remain lit. 
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POWER SUPPLY FOR 10-MHz FREQUENCY 
STANDARD 

RADIO-ELECTRONICS Fig. 50-8 

THREE-TERMINAL REGULATOR CURRENT 
SOURCE 

IC1 
ECG956 

~----1IN OUTi----~ 

+ 
i 
j9V 

..J.. 

I 
Binding posts 

or 
alligator 

clips 

ELECTRONICS NOW 

ADJ 

Rx 

R2 
s n 

20-TURN 

Voltmeter 
probes 

Fig. 50-9 

A three-terminal voltage regulator acts as a 
This simple power supply can be used in place current source in this circuit. A resistor is being 

of battery Bl of Lhe IO-MHz frequency standard. calibrated using a DMM and the current source. 

FOUR-WIRE RESISTANCE MEASUREMENT 
HOOKUP 

Reference I 
current, 10 l 
Current~ 

lead 

ELECTRONICS NOW 

Measured 
voltage 
10 x Rx 

Fig. 50-10 

A true four-wire resistance measurement 
hookup. 

AUDIO FREQUENCY METER 

INPUT 

o-----:t,----1 
81 

•9V 

POPULAR ELECTRONICS 

R4 
8 2K _. 

Ml 
0-lmA 

Fig. 50-11 

A pulse-shaper is used in a tachometer cir
cuit to drive a meter. 
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McGRAW-HILL 

ELF MONITOR 

+9V +9V 

+9V 

SW!\ 9V 
r . ,:r 

c3••*•17 
10µ~ 

+9 V 

R6 
2.2 k!l 

Fig. 50-12 

A telephone pick-up coil is used as a sensor for low-frequency magnetic fields. The signal is am
plified and detected, then used to drive a comparator. 

UNLESS OTH£11WIBE SPECIAED, 
All RESISTORS , 1% OA HTTIA 
POTENTIOMITIA TEMPCO ..SOPPMI C 

ANALOG DEVICES 

STRAIN-GAGE SENSOR 

AS 
15.8110 

C3 
0.1,,F 

Ol! 
IH4002 

..Vs= +12Y TO +3111 

Fig. 5(J..13 

In this loop-powered strain-gage sensor application, a 50-m V full-scale (FS) bridge output is am
plified and calibrated for a 4-20-mA transmitter output. Power is furnished by the remote loop sup
ply of 12 to 36 V. 
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MINUTE MARKER 

ELECTRONICS NOW Fig. 50-14 

The figure shows the schematic of a minute marker. The output of transformer Tl is 12.6 Vac 
at 60 Hz, which is rectified by DJ and regulated by IC4, and LM7805 regulator, to provide 5 Vdc 
for the circuit. The unrectified ac is bandpass-filtered by R1, R2, R5, Cl, and C2. Resistors R2 and 
R5 also form a de-voltage divider, which biases the input of Schmitt trigger 1C3-a to 2.5 V. The 
Schmitt trigger generates a 60-Hz square wave, which is fed to the input of I Cl, a CE4040 12-
stage binary counter. 

The outputs of the counter are a 4081 quad AND gate (IC2), and the decoded output is fed back 
to the reset input of the counter, which resets the counter when the desired count is reached. 

The pulse from IC2-d is inverted by Schmitt trigger IC3-d, and passed along to the output pulse 
generator. The output pulse is generated by two Schmitt triggers cross-connected as an RS flip-flop 
(JC3-b and IC3-c). The output of the flip-flop is fed to 3, R4, and C3, whose values set the output 
pulse duration. The output pulse duration (T) can be approximated by the formula T = 1.2 x C:1 x (R3 
+ R

4
). A positive or negative-going pulse is selected by S1, and buffered by the remaining AND gate 

(IC2-a). 
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-DIGITAL BAROMETER 
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+ 

TOU3 
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R13 
fOOK 

Gr«>--------------------+--------------' 

POPULAR ELECTRONICS Fig. 5()..15 

A pressure sensor is used in this application. This outputs a voltage to amplifier U2, and a 3½ 
digit AID converter module. It is calibrated to read barometric pressure in inches of mercury. 
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ELECTRONICS DESIGN 

REFERENCE CIRCUIT 

+Vs 
(6.3 lo 15 ~ see text) 

U1 
REF19X 

Enable r--1 --,-31..(~se~e ~tab~lei.J 

TTL '"1·=on 
TTL 'O' :Oft 

Vjntommon 

C1 C2 4 
+ 10 µF 0.1 µF 

Output table 
U1 Yout(V) 

REF192 2.5 
REF194 4.5 
REF195 5.0 

t Heavy-lead 
(see text) 

Fig. 50-16 

In this high-performance reference circuit, U 1 is a device from the REF190 series producing de
vice-selectable outputs of 2:5, 4.5, and 5 V with simple, noncritical external circuitry. An Analog De
vices REF 19 X (see the table in the figure) is used to derive a reference voltage. 

TRANSISTOR MATCHING CIRCUIT 

+9V 

•SEE TEXT 

POPULAR ELECTRONICS Fig. 50-17 

In order to match two transistors) select Ql and Q2 so that they give zero readings ( or as close 
as possible) on a DVM. The DVM acts as a null detector. An analog meter can be substituted. SI 
should be set for an appropriate level of base current (approximately 8,801 or 800 µA). 
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AUTO-RANGING DIGITAL CAPACITANCE METER 

R10 8 1Ml':Gs,..-~,--------, 

-SYSTEM ct.OCK" 

.POPULAR ELECTRONICS 

A1 
1MEQ 

J2 • ., 

TEST :•:Cx 

J1~-J 

+ +5V 

•SV 

Fig. 50-18 

This digital capacitance meter reads from 1 pF to 1000 µr~ Basically, a timer (U4) uses the unknown 
capacitance to generate a pulse of duration, depending on the value of unknown capacitance, and the 
pulse duration is measured. The display is an LCD 0003 driven by a 7 4C94 7 counter/display driver. 
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FREQUENCY DIVIDER FOR 10-MHz FREQUENCY STANDARD 

2,5/5/l0MHz 
OUT 8 

RADIO-ELECTRONICS 

CHARGE COLLECTOR 
(SHORT BARE WIRE OR 
SMALL MET AL SPHERE) 

Q1 
MPF102 

R2* 
33K 

•sEETEXT 

POPULAR ELECTRONICS 

M1 
2O0µA 

'=' 

C 

"Ill" 

5MHz 

B 
R22 
lKU 

Fig. 50-19 

ELECTROSCOPE 

Fig. 50-20 

This circuit is useful for detecting electrostatic 
In operation, Cl reduces ac noise 1 but low

ers the sensitivity a bit. The MPF102 and Rl fmm a 
volLage divider. When the FET's gate is earth
grounded, thP divider's output vvill be about 4.5 V 
giving a half-scale reading on Ml, a 200-µA meter. A 
positively charged object (like cotton-mbbed glass) 
will a positive deflection from half-scale, and a 
negatively charged object (a plastic mml\ for ex
ample) will give a negative meter deflection. 

The whole circuit (including the 9-V battery 
supply) should be in a metal enclosure, and a short 
piece of bare wire makes a fine charge collector. 
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ELECTRONIC DESIGN 

6PTICAL ISOLATOR WATTMETER 
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-------
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Zero j_ ~ TI 
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6 

Fig. 50-21 

The quad-channel optical isolator, consisting of LED Ll through L4 and phototransistors Ql 
through Q41 is connected in a double bridge configuration. The arrangement serves to compute the 
four-quadrant product of ac line un,, '""' 0 and Zl load current. The result is an accurate rar,roc,an,r<:l 

tion of the true instantaneous power delivered to the load-even if the line voltage wanders and the 
load is reactive and nonlinear. This wattmeter function is, of course, optically isolated from the ac 
line, has full-scale limit of 1300 W, and is output with scale factor of I V/100 W. 
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DIGITAL THREE-PHASE WAVE GENERATOR 

Pbna3 =~ } Fllp-flops 

I 1 2 3 4 5 & 1 2 3 4 5 8 1 

c,octO •••• DD D • DD DD DD 
S R S R s ___ _ Pltale1 ..._ _________ ....._ _________________ _ 

8 R s R s 
Pbase2 ___ .._! ____ ....._ ___ ___._ __ I I I C 

R s R s R 
Phase 3 _=7____. ________________________ _ I I I I 

ELECTRONIC DESIGN Fig. 50-22 

With a simple digital circuit, three-phase square waves can be produced from a single-phase 
square-wave signal source. The timing diagram shows Lhat the second and third phases are 120° and 
240° behind the first phase, respectively. 

The frequency range over which the three-phase outputs will occur is limited only by the capq
bility of the logic used. The output frequency is ¼ of the input frequency. 

+ 

INPUT 

ELECTRONICS NOW 

SIMPLE TEST AUDIO AMPLIFIER 

R1 
10K 

VOLUME 

3 

2 

+V 

s + E + 
____ ..,., _______ o 

C1 
220µF 

OUTPUT 

Fig. 50-23 

This circuit has a gain of about 20. A suitable power supply voltage is 5 to 12 V, depending on the 
desired audio output power level. 
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COAX 
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Fig. 50-24 

The typical dip meter is comprised of a tuning coil, RF oscillator, a detector, and a meter as 
shown in A. When the meter's tuning coil is coupled to a tuned circuit resonating at the same fre
quency as-the GDM, the reading dips (C). The GDM's tuning coil can be coupled to the coaxial feed 
line of an antenna through a few (perhaps 2 to 3) turns of wire, and used to determine the antenna's 
resonant frequency (D). 
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ACCELEROMETER (G METER) CIRCUIT 
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Fig. 50-25 

As this schematic shows, the ADXL50 accelerometer, U2, interfaces with an ND converter, U3, to 
drive a :3½-digit LCD module, DISPL Because that module displays any number from -19.99-to + 19.99, 
the circuit is designed to measure g's wit.hin that range. The heart of the circuit is U2, the ADXL50 ac
celerometer. The sensitivity of that chip is set to ±20 g's in order to accommodate the full scale capa
bility of LCD module DISPI (19.99). Circuit gain is determined by the values of R4, R5, and Ru, 
potentiometer R2, and R3 provides a way to manually set the zero-g voltage-output level at pin 9 of U2 
to half the supply voltage-2.5 V. That output voltage will vary linearly by 0.1-V/g of acceleration. 

In order to achieve good circuit performance at low g levels, the bandwidth of the amplifier is 
limited to about 30 Hz by C6. The digital-display section of the circuit is composed of DISPl and U3. 
Induded in U3 are the AID converter, clock oscillator, storage resistors and latches, 3½-digit seven
segment decoders, and backplane generator. 

The differential analog input of U3 is applied between pins 30 and 31. The positive input, pin 31, 
is driven by output-pin 9 of U2 through R8, a buffer resistor, and the negative input, pin 30, is biased 
at a fixed voltage of 2.5 V by a voltage-divider string composed of R9 and RlO. 

A reference voltage is required by U3. Full-scale display, 19.99, occurs when the differential, ana
log input voltage applied between pins 31 and 30 is equal to twice the reference voltage. The decimal 
point of the LCD has to be illuminated to display readings from 0.00 to 19.99. That is done by invert
ing the backplane square-wave drive signal appearing at pin 21 of U3, through MOSFET Ql, and ap
plying the 180-degree out-of-phase signal to pin 12 of DISPl, 
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R2 
27K 

L1* 

Band (MHz) 

3.5 6.5 
6.5 11 
11 19 
15 24 
21 36 
32 56 
60 .110 

·1.8-inches long 

R3 
47K 

C1 
50pF 

•sEElEXT 

POPULAR ELECTRONICS 

GATE DIP OSCILLATOR II 

TABLE 1-COIL WINDING DATA 

C2 
12pF 

C3 
47pF 

Turns 
45 
32 
14 
10 
7 
4 

LI-shaped* 

R1 
220K 

1.:2 
100µ.H 

DIP 

C6 
.0047 

C7 
.0033 

ca 

Wire Size/Type 
32-enameled 
26-enameled 
20-enameted 
20-enameled 
insulated connection wire 
insulated connection wire 
16 enameled 

C9 
.1 

+ 
M1 

1mA 

R9 
12K 

R7 
1K 

10pF J1 
'-----t01 FREQ.OUT 

9-12V 

Fig. 50-26 

Useful for measuring the resonant frequencies of antennas, tuned circuits, and also as a tuned 
detector, this circuit is a modem variation of the classic vacuum tube grid dip oscillator. It coupled 
the G.D.O. to a tuned circuit and caused RF energy to be absorbed by the unknown tuned circuit 
when the G.D.O. frequency was the same as that of the tuned circuit in question. This showed as a 
"dip" in the meter reading. 
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(Oto8V) 

•1% resistors 
All npns: 2N3804 
All pnps: 2N3906 
M1, MUmA, 120,0 

TWO REMOTE METERS 

4013 

ELECTRONIC DESIGN Fig. 50-27 

Two remote meters can be driven independently using just one wire pair. This "constant current" 
design eliminates the effects of wire-pair resistance up to 200 n. Driving two remote meters inde
pendently usually requires two wire pairs (one pair for each meter). 

In the circuit,-ICl and IC2 generate a 40-Hz symmetrical square wave (the frequency isn't criti
cal). Q5 through Q8 amplify the square wave to 5 V p-p, which is applied to the "return" (black wire) 
for the remote meters. 

Amplifier IC3Abuffers the input signal voltage Vmi, intended for meter Ml (0 to 8 V), and sends 
it through emitter-follower Q3 to a 100-Q current-sense resistor. The other end of this resistor is tied 
to the "supply" (red wire) of the remote meLers. IC:3B amplifies the voltage across the sense resistor, 
which corresponds to the current sent to remote meter Ml) and closes the feedback loop to IC3A. 

This results in a voltage of Oto 8 Vat the Ml input, generating a current of Oto 10 mA to Ml. 
Transistor Ql gates this current on and off synchronous to the 40-Hz square wave so that meter Ml 
actually sees a 50% O-to-+10-mA peak (0 to 5 mA average) current. 

Similarly, IC3C, IC3D, Q2, and Q4 provide a 0- to -10-mA peak current for M2. Ml and M2 are 
isolated by the two-reverse-connected 1N914 diodes in the remote-meter box. Variable resistors 
across M 1 and M2 permit calibration. The extra 1N914 diode in the M2 drive circuit prevents inter
ference between Ml and M2. 
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RF DESIGN 

NOVEL RF POWER METER 

ARRA 4752-600 
Voltage Controlled Attenuator 

CW/Pulsed 

AF In 

~ ~w 

In Out i-------1:'."1----..:..J 
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-2.5 

R3 

1 Volt= 1oaBm 

-12V 

R7 

~ 

TL082 

--3 0 1 2 3 4 5 6 7 8 9 10 

Time(l!s) 

Meter 

Fig. 50-28 

The circuit matches the diode with a voltage-variable attenuator that has a logarithmic response. 
By varying the attenuation until the diode output is zero, the resulting attenuation value then corre
sponds to the input power level. Because the voltage-variable attenuator's output is logarithmic, 
diode nonlinearities become negligible. 
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NANOAMMETER 
Realatance Values for 

DC Nano and Micro Ammeter 

I FULL SCALE Rt [nJ R't fn] 

100nA 1.5M 1.5M 

500nA 300k 300k 
1 µ.A 300k 0 
5-µ.A 60k 0 

10 µ.A 30k 0 
50 µ.A 6k 0 

100 µ.A 3k 0 

+UV 

.-1 sv ~ 

Bl -=- 1.5\I 

_c l 
82-=- 1 sv 

-1 S V Q....----..J 

POWER 
SUPPLY 

NATIONAL SEMICONDUCTOR Fig. 50-29 

Potentiometer R2 provides an electrical meter zero by forcing input offset voltage ~s to zero. 
Full-scale meter deflection is set by Rl. Both Rl and R2 only need to be set once for each op amp and 
meter combination. For a 50-µA 2-kQ meter movement, Rl should be about 4 kQ to give full-scale 
meter deflection jn response to a 300-m V output voltage. Diodes Dl and D2 provide full input pro
tection for overcurrents up to 75 mA. 

With an Rr resistor value of 1.5 MO, the circuit becomes a nanoammeter with a full-scale reading 
capability of 100 nA. Reducing Rf to 3 kfl in steps, as shown in the figure increases the full-scale de
flection to 100 µA, the maximum for this circuit configuration. The voltage drop across-the two input 
terminals is equal to the output voltage ( v;) divided by the open loop gain. Assume that an open loop 
gain of 10,000 gives aJl input voltage drop of 30 µV or less. 
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1.5-V LOGARITHMIC LIGHT LEVEL METER 

NATIONAL SEMICONDUCTOR Fig. 50-30 

A portable light-level meter with a five-decade dynamic range is shown. The circuit is calibrated 
at mid-range with the appropriate illwnination by adjusting R2 such that the amplifier output equals 
the reference and the meter is at center scale. The emitter-base voltage of Q22 will vary with supply 
voltage; so R4 is included to minimize the effect on circuit balance. If photocurrents less than 50 nA 
are to be measured, it is necessary to compensate the bias current of the op amp. 

The logging slope is not temperature compensated. With a five-decade response, the error at the 
scale extremes will be about 40% (a half stop in photography) for a ±18°C temperature change. 

If ternpcrature compensation is desired, it is best to use a center-zero meter to introduce the off
set, rather than the reference compensation. It can be obtained by making the resistor in series with 
the meter a copper wire-wound-unit. 

If this design is to be used for photography, it is important to remember that silicon photodiodes 
are sensitive to near-infrared light, whereas ordinary film is not. Therefore, an infrared-stop filter is 
called for. A blue-enhanced photodiode or an appropriate correction filter would also produce best 
results. 
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r 
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33 k 

All capacitors in microlarads. 
Diodes are 1H914 excepl where olnerwise noled. 

ELECTRONIC DESIGN 

ac POWER MONITOR 

4 X 1H4004 2JM 

2N3906 

140' 'VOLTS' 
'70' 

8.01-r 

LED 1 
'DROP' 

7 

6 

TLC555 
IC2 

3 

'RESET' 
~ 

Fig. 50-31 

The 0- to 130-V voltmeter and neon "AC PWW lamp provide an average indication of the ac 
power. The fuse and metal oxide varistor (MOV) protect the monitor against overvoltage spikes. 

Four 1N4004 diodes rectify the ac voltage, generating negative-going pulses twice per cycle 
(every 8.33 ms for 60-Hz power). Variable-resistor Fl supplies a reduced amplitude sample of these 
pulses to a missing pulse detector consisting of Ql, I Cl, and associated circuitry. As long as the pulse 
amplitude exceeds the threshold value set by Rl, ICl continually triggers, keeping its output high. 
When the pulse amplitude drops below the threshold value, IC 1 times out with a time constant set by 
variable resistor R2 and the 0.47-µF capacitor. R2 is calibrated to read the number of cycles reqllired 
for a dropout indication. It can be set between 1 cycle (about 17 ms) and 30 cycles (0.5 second). 

When ICl times out, its output goes low. This turns on LEDl. The low output also triggers IC2, 
which is configured as a set-reset flip-flop. This turns on LED2. When the voltage returns to normal, 
I Cl again starts triggering and its output returns high, turning off LEDL LED2, however, remains on 
until the manual reset button is pressed. 

The circuit is powered by a 9-V battery and is assembled in a plastic or grounded metal case. No
tice that there1s no isolation between the ac power line and the monitor circuitry. Be careful to avoid 

· electrical shock when testing the circuitry. 
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ELECTRONIC DESIGN 

100-W VARIABLE RESISTOR SIMULATOR 

100 

Rs H 

VetUSVl 

4Uk 

Fig. 50-3_2 

Variable resistive loads with precise load steps often are required in automatic testers used to 
test and calibrate power supplies. The action of a high-power (100 W) variable resistor can be simu
lated with the circuit shown. 

The vol Lage drop across R 1, which is proportional to the FET current, is compared against a vari
able input voltage reference using a high-gain op amp. Error voltage developed by the amplifier drives 
the gate, controlling the transconductance of the FET. 

Power dissipation is limited by the safe-operating-area curve of the selected FET. The FET 
should be mounted onto a properly sized heatsink or a heatsink-fan combination to maintain its case 
temperature within safe limits. The circuit is designed to dissipate a maximum power of 100 W if the 
FET-case temperature is maintained below 50°C. The potentiometer (RVl) can be replaced by a dig
ital-to-analog converter so that it can adapt to the computer control for use in automatic testers. 
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QST 

IMO TEST CIRCUIT FOR PIN DIODES 

~•-pF ____ 5
1
~(F--!Ul 

,.,~" II 
+30 V +10 V 

\0 kO 
TUNING 

Fig. 50-33 

A loosely coupled tuned circuit for testing IMD production by PIN and tuning diodes in a narrow
band preselector, S1, TUNING, selects whether GI or a pair of back-to-back MVI650 tuning diodes 
resonate Ll. S2, PIN, adds or removes an MPN3700 PIN diode in series with Cl. Ll consists of 33 
turns of #28 enameled wire on a t-37-6 toroidal powdered-iron core. The MV1650, a "20-V" tuning 
cliode, exhibits a nominal capacitance of 100 pF at a tuning voltage of 4 V. 

ELECTRONIC DESIGN 

VCO AND INPUT FREQUENCY COMPARER 

Hysteresis 
set 

4046 
pp 
P1 
P2 
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ZEN 

1 
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13 

9 
10 
15 
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frequency set 

i R4 

Output signal 
+ 

.:::I::. C2 
-

Fig. 50-34 

Comparison of an input signal's frequency~) with that of voltage-controlled oscillator Cfvco) 
can be accomplished with just one CMOS phase-locked loop IC and a transistor (see figure). The 
phase and the frequency can be compared with a phase comparator, which, along with the VCO, is 
part of the HEF4046 PLL IC. The transistor helps introduce hysteresis, enabling the circuit to be 
used as a svvitch driver. 
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BURR-BROWN 

WILLIAM SHEETS 

ECG AMPLIFIER WITH RIGHT LEG DRIVE 

POWER TRANSFORMER TESTER 

T1 
Variac 

F1 Oto 130 Vac 

3A 

:no~-~ ,. 120-V lamp811 
(See text) 

Neutral----------~-------

Warning: observe existing shock hazard 

Fig. 50-35 

3T,llx1E Danger Sec high 
voltage 

Fig. 50-36 

Very often a power transformer is suspect and connecting a shorted transformer to an ac source 
can be hazardous. This test method will detect a defective or shorted transformer. The primary of the 
power transformer is energized through a Variac (0 to 130 Vac) and a lamp equal in wattage to about 
half that of the transformer under test. Connect the transformer, set Variac at zero, then energize-cir
cuit. Apply voltage to suspected transformer (Tx) as shown. The lamp should not light. If it does, Tx 
is shorted. Next, short the secondary of suspected Tx. This time, the lamp should light. For multiple 
winding transformers, repeat for each secondary winding. Beware of the shock hazard as the open 
windings of Tx can develop full-rated voltage. 
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LTH21-3.3 
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CU< 
D1N 

CS/LO 

LINEAR TECHNOLOGY 

4- TO 20-mA PROCESS CONTROLLER 

90k 5k 

'•' { Cll( 
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OPTO·ISOLATED D1N LTC1453 

INPUTS 

CS/LO 

3.3V 

D1N 
CS/LD 

VlOOP 
3.3VTO 30V 

-••Ol 
----lour 

Fig. 50-37 

The figure shows how to use an LTC1453 to make an optoisolated digitally controlled 4- to 20-mA 
process controller. The controller circuitry, including the optoisolator, is powered by the loop voltage 
that can have a wide range of 3.:3 V to 30 V. The 1.22-V reference output of the LTC1453 is used for 
the 4-mA offset current and Vaur is used for the digitally controlled 0- to 16-mA current. R8 is a sense 
resistor and the LT1077 op amp modulates the transistor QI to provide the 4- to 20-mA current 
through this resistor. The control circuitry consumes well under the 4-rnA budget at zero scale. 

POPULAR ELECTRONICS 

SIMPLE HIGH-CURRENT MEASURER 

A1 
o.m 

20WATT 

Fig. 50-38 

Testing heavy-load devices with a Lert-a1no maximum meter can be accomplished with this 
straightforward meter add-on. If done right1 it could be made from a high-current extension cord. JI 
and J2 are well-insulated jacks to accept meter probe tips. 
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XICOR 

DIGITAL 
CONTROL 

ANALOG CIRCUITRY CALIBRATOR 

SDA 

$Cl 

POTO 

POT1 

POT2 

X9241 

VouT 

OP-AMP GAIN ADJUST 

Fig. StJ..39 

An XICOR X9241 Quad POT IC can be used to digitally adjust four analog circuits, as shown in 
the example schematic. 

POPULAR ELECTRONICS 

SIMPLE SIGNAL GENERATOR FOR SIGNAL TRACING 

Cl 
.0022 

OUTPUT 

------;: Jl'=' -~v::_., 
I C2 
I 022 

I 
j 

I 
I 

- - ...J 

A simple R~C oscillator generates a harmonic-rich waveform for signal injection. 
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POPULAR ELECTRONICS 

SIMPLE HARMONIC DISTORTION ANALYZER 

J1 
VtN 

C1* c2• 
.01 .01 

R2 
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' \ 

R3 
1K 

'--- __ ..), __ 

RS 
15.40K 

1% 

• = 1% MYLAR 

R4 
7.68K 

1o/o 

°' 0.1 

R7 
5K 

CAL 

J2 
Vour 

Fig. SD-41 

This simple circuit lets you accurately measure the total harmonic distortion (THD) using your 
true-RMS voltmeter. 

This THD circuit is somewhat different from the usual types: it can operate at the standard fre
quency of 1000 but it also is tunable from 970 Hz to 1030 Hz, and has an adjustable Q factor of 
0.3 to over 50. Op-amp lJI, a TLC272 CMOS unit, contains the two voltage-followers required lo 
buffer the input to the bootstrapped twin-T notch filter. Tuning is accomplished by RI, R2, and R3 1 

which are standard linear-taper slide pots "ganged" together by mounting them side-by-side and glu
ing their sliders together. The only other important construction hint is to use twisted pair at the cir
cuit's input and output. 

To calibrate the circuit, input a 1000-V RMS signal at 2000 Hz, set SI to TEST1 and adjust R7 for 
a reading of 0.99-V RMS on a true-RMS voltmeter at the output. 

To use the circuit, set Sl to TUNE, input a 1000-H:t. sine-wave signal to the amplifier under test, 
and set the amplifier's output to the THD adapter and tune Rl/R2/R3 for the lowest output signal. 
Then, set S1 to TEST and read the RMS voltage. To calculate the percent THD use: 

THD = (;:,) x 100 
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SOUND SUBCARRIER GENERATOR 

.-------------------------+6V 
regulated 

Input C>-j ,_+ ___ _ 

s-rn 1 F 
mVRMSf µ 

4.5 MHz or 10.7 MHz 

WILLIAM SHEETS Fig. 50-42 

This circuit will generate an FM sound subcarrier at 4.5 or 10.7 MHz for FM and TV IF testing 
and alignment. QI is an audio amplifier and Q2 is a VCO modulated by an MV2112 varactor. Devia
tion up to 1 % of frequency can be obtained. L is chosen to resonate with the circuit capacitance to 
either 4.5 or 10. 7 MHz. The values will be around 2 to 10 µH, depending on the frequency. 

QST 

INDUCTANCE AND CAPACITANCE DETERMINER WITH SWR BRIDGE 

SWR 
Analyzer 

Short Piece of 
RG-58 or RG-B 

AIIJgator Clips 

Fig. 50-43 

At resonance, the SWR will be 1:1 with a 50-Q resistance) as reactance is zero. If either Lor C is 
known: 
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POPULAR ELECTRONICS 

MOTORCYCLE TUNE-UP AID 

END 
CAP----...J; 

SPARK 
PLUG 

1/4-INCH-THICK 
PLASTIC MATERIAL• 

"SEE TEXT 

rro 
r-1GNITION 

COIL) 

(TO 
ENGINE 

GROUND) 

Fig. 50-44 

Performing a tune-up on a newer bike is made a lot easier with this helpful circuit. Because of 
the high voltages present, make sure that S 1 has an insulated handle . and that the fixture is 
grounded. With the ignition turned offl remove one of the spark plug wires and connect it to the 
spark plug on the fixture. Slip the fixtw-c's end cap over the spark plug on the cycle and you're ready 
to go. Open S 1 and start the engine. Then, close S 1; the cylinder with the fixture should not fire and 
a spark should be seen at the fixed gap. Be sure that the fixture is connected to the engine ground 
before closing SI. 
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POPULAR ELECTRONICS Fig. SQ-45 

This inexpensive frequency counter uses a microcontroller as the counter. The microcontroller feeds an LCD display module 
that accepts standard ASCII code. The frequ?ncy is displayed as kHz. or MHz and the counter is autoranging. 
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Fig. SD-46 

A Radio Shack 10-MHz receiver is used as a basis for this circuit. The 1 .. 0. and IF frequencies are added. When the receiver 
is tuned to 10 MHz (VlW\'), the sum of the L.O. and IF are used to phase lock a VCO to the 10-MHz signal. using a divider in 
the loop, 2.5 or 5 MHz can be used as well. 



PROGRAMMABLE CAPACITOR CIRCUIT 

+v 
Digital control inputs 

A B C D 

i13 :s :6 I 12 14 
I I 

I Cl 
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4 C2 

3 
8 C3 
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11 4 

10 

7 !Cl 

cs 

McGRAW-HILL Fig. 50-47 

ICl CD4066 quad bilateral switch 
Cl 10-µF, 25-V capacitor 
C2 22-µF, 25-V capacitor 
C3 47-µF, 25-V capacitor 
C4 100-µF, 25-V capacitor 
C5 1-µF, 25-V capacitor 
C6 0.1-µF, 25-V capacitor 

The programmable capacitor can be very useful in circuits where you need to switch capacitance 
values. Remember that the "ON" resistance of ICl appears in series with the capacitors and must be 
taken into account in some applications as it is not negligible. 
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PROGRAMMABLE RESISTOR CIRCUIT 

I) 
Digital control inputs +v 

A B C D 
1) ) :> I) 

Cl 
;13 :s :6 112 :7, I I 14 

I I Rt 1 I I 
I 

- I . ... ..., 
I I 

I 2 ---
I I 

I 
I 

R2 4 I I 
I .. 

V I 
. 

3 
- -

I 
I 

I 
I R3 8 I ... 

'- I - - -
I 9 

11 I 

- -~~ - 10 -

7 ICl 

J 
RS ,.,. 

•> •) 

McGRAW-HILL Fig. 50~48 

ICl CD4066 quad bilateral switch 
C 1 0, 1-µF capacitor 
Rl 10-kn, ¼-W 5% resistor 
R2 4.7-kn, ¼-W 5% resistor 
R3 2.2-kQ1 ¼-W 5% resistor 
R4 1-kn, ¼-W 5% resistor 
R5 1-Mn, ¼-W 5% resistor 

A programmable resistor can replace a potentiometer or fixed resistor. Remember that the "ON" 
resistance oUCl might have to be taken into account in some applications. 
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51 

Metronome Circuits 

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



IC1, IC2 
IC3 
SPKR 
S1 
C1 
C2 

McGRAW-HILL 

AUDIBLE METRONOME 

s 

IC1 

4 

5 2 
+ 

IC2 

8 
4 

LM3909 LED flasher/oscillator 
7400 quad NAND gate 
small loudspeaker 
SPST switch 

RI 

R2 

1 µF 10 V electrolytic capacitor 
100 µF 10 V electrolytic capacitor 

SI 

+SV 

+ Jo 

C3 
C4 
R1 
R2 
R3 
R4 

47 µF 10 V electrolytic capacitor 
0.01 µ,F capacitor 
50 kil potentiometer 
3.3 k!l ¼ W 5% resistor 
47 k!l ¼ W 5% resistor 
500 fl potentiometer 

Fig. 51-1 

IC1 ,..,,.,.,,.,.,.,.,,.,. .. L,,.. an audible frequency while a variable very low frequency is generated by IC2. Rl 
sets the metronome rate. The two signals are combined in IC3. 
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IC1 
D1 
S1, S2 
C1 

McGRAW-HILL 
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VISUAL METRONOME 

+ 1.5 V 

5 

ICl 

4 
6 8 1--------------1 

LM3909 LED flasher/oscillator 
LED 
SPSTswitch 

D1 

100 µF 6 V electrolytic capacitor 

C2 
R1 
R2 

4 7 µF 6 V electrolytic capacitor 
50 kO potentiometer 
3.3 kn ¼ W 5% resistor 

Fig. 51-2 



52 

Miscellaneous Treasures 

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

MOSFET Drive Current Booster 
Simple Event Counter 
Frequency Doubler 
Atmosphere Noise Monitor 
Tachometer Derived from Brushless Shaft Angle 

Resolver 
Vocal Stripper 
Vocal Stripper Power Supply 
Single-Chip Message System 
Television Vertical Deflection Circuit 
Tone Burst Generator 
Audio Volume Limiter 
Simple Intercom for Noisy Environments 
Ditherizer 
Triac Lamp Dimmer Circuit 
500-ksps 8-Channel Data Acquisition Circuit 
Hydrophone 
Your Name in Lights 

Underwater Microphone 
Pulse Echo Driver 
Simple Pseudorandom Voltage Source 
TV Horizontal Deflection Circuit 
Muting Circuit 
Simple Remote Gain Control 
Loop Oscillator Eliminator 
1-A Voltage Follower 
Electronic Fish Lure 
Heartbeat Transducer 
Contact Debouncer 
Positive Feedback Cable Terminator 
xlO Frequency Multiplier 
Jacob's Ladder 
Master-Slave Device Error Checker 
Ground Loop Preventer 
Dual Tone Generator for Audio Servicing 
Diodeless Peak-Hold Circuit 
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MOSFET DRIVE CURRENT BOOSTER 

10mA 
_f1J1..-
-o Input 

current r-.-__ ..... 

ELECTRONIC DESIGN 

Dionics 
DIG-12-08-045 

Photovoltaic diode array 

1M 

1N914 

MPS 
A44 

MPS 
A55 

MPS 
ASS 

1N914 

MTP 
10N2S 

MTP 
10N25 

Load 

Fig. 52-1 

A clean and inexpensive way to eliminate the floating-gate supply is to use the voltage available 
at the MOSFET's drain to drive its gate. Tying the collector of Ql (a high-voltage, small-signal, 400-
V NPN) to the MOSFET's drain supplies sufficient gate-drive voltage when it's needed most-when 
the MOSFET's drain-to-source voltage is high. 'I\vo such circuits used back-to-back form an ac relay. 

Using the emitter follower attached to the drain increases gate-drive current and decreases the 
MOSFET's turn-on time by a factor equal to the high-voltage NPN's beta. The resulting drain-to
source voltage fall times depend on the MOSFET's size and its required gate charge. The circuit 
that's used gives a fall time of 200 µs for an MTP10N2f5 10-A, 250-V MOSFET. With such fall times 
cutting switching losses, pulse-width modulation at frequencies under 100-Hz is possible. 

During tune-on, V08 falls rapidly until it reaches the sum of the 1N914 diode's 0.7-V drop, the col
lector-emitter saturation voltage of Ql, and the gate-to-source voltage required to support the load cur
rent. At that point, the diode array completes the MOSFET's tum-on, unaided by the buffer. This slows 
the fall of Vns considerably when it reaches about 5 to 7 V. In high-voltage, low-frequency systems, tail
ing of Vos is tolerable because the tail's voltage magnitude constitutes a small fraction of the switching 
voltage. The IN914 makes it possible for Vas to exceed Vns as the MOSFET completes turn-on. 
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T s1 
I 9V 

..!. 
t_ 

U1 
7805 

G 

•R2-R8 
470.U 

POPULAR ELECTRONICS 

SIMPLE EVENT COUNTER 

U2 
555 

6 3 

OISP1 
7-SEGMENT 

COMMON-ANODE 
DISPLAY 

Ct 01L C2 

R2· R1· R4' R5* H.6· nr ns· 
. 10 

- ·-•~ 

14 5 15 1tl 1:.l 12 11 10 

9 16 f g a b C ti 
U3 

7490 8 
U4 9 

3 7447 8 

12 11 5 2 6 7 H 

83 

Fig. 52-2 

S1 is a power switch. U2 drives counter U3 by producing a pulse when S2 is depressed. U4 and 
DISPl read the count of counter IC U3. S3 is a reset to zero switch. The counter is a basic one-digit 
circuit useful as a holding block or by itself. 

FREQUENCY DOUBLER 

AD734 

r 
VP 

X2 DD l w R3 
20Vpp 13k 20Vpp Z1 100kHz R4 200kHz 

l 
Z2 4.32k J V1 ER I 

C 0.1µF -17 
V2 ~ -15V 

NC !It NO CONNECT 

ANALOG DEVICES Fig. 52-3 

An Analog Devices AD734 four-quadrant analog multiplier is used as a frequency doubler. 
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BLU 

GRN 

POPULAR ELECTRONICS 

BLU 

ATMOSPHERE NOISE MONITOR 

Cl + 
470 

C2 
1000 

+ 

Sl ,J 
N.O. ~ 

DISCHG 

R3 
1MEG 

R2 
lMEG 

-----,+ 

Bl T 
+9V 1 

..l.. 

POWER6 Sl 

SPST 

J3 
0-10mV 

OUT 

Fig. 52-4 

Tune an unmodified transistor radio to an unused freqlH=mcy near 540 kHz that's free of broad
cast-station interference; the receiver is used to pick up sferics. The received signal is fed from the 
receiver1s earphone jack through a patch cord to the input jack (Jl) of the circuit. The back-to-back 
audio transformers, T 1 and T2, provide a suitable impedance match and signal level when the unit is 
used with various receivers. 

Diode D1 rectifies the audio input from the receiver to pulsating de, which is filtered by Cl, ~1, 
and C2 to provide a time constant of several minutes. That dampens out fluctuations in most cases, 
unless lightning tlashes are vecy infrequent. 

The voltage appearing at the output of the filter is a function of signal strength transferred by Cl. 
Switch Sl is included to provide a convenient way to discharge the capacitors, if adjustments are re
quired during a monitoring session. 

-Integrated circuit Ul (one section of an LM324 quad pro op amp) is used as a high input-resis
tance voltmeter. Resistors R2 and R3 determine amplifier gain, and potentiometer R4 is used to ad
just full-scale meter deflection for a suitable voltage lev-el at the input. A value of 1.5 V has been 
satisfactory for use with several receivers tried, but they can be changed. 

If the monitor is to be used only as a meter, the milliammeter can be connected directly between 
R4 and chassis ground, omitting R5, 83, J2, and J3. The latter components provide suitable output 
for use with a chart recorder having a full-scale range of either 10 mV or 1 mA. The circuit, when 
powered from a 9-V battery, draws about 1 mA 
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Shaft-Angle 
Resolver 
,----. fcisln(d}81n& 

TACHOMETER DERIVED FROM BRUSHLESS SHAFT ANGLE RESOLVER 

Demodulator Circuits 

~ 

Demodulator Circuits 

I 0.1 µF 

I r-r 
I 
I 
I 

' ~w- 1
3~TTTI¼ ! · · · I ! ~~~ 11~'"'09 "' 

I 

""'~ : ..... ~- ¼ ! 
20K ' I 1 ______________________ J 

-kJsin(8))2 .ffl 

NASA TECH BRIEFS 

20K 

Fig. 52-5 

The tachometer circuit operates in conjunction with a brushless shaft-angle resolver. By performing a sequence of straight
forward mathematical operations on the resolver signals and utilizing a simple trigonometric identity, it generates a voltage pro
portional to the rate of rotation of the shaft. 

The figure illustrates an analog tachometer circuit that processes the input and output signals of a two-phase, brushless, 
transformer-type shaft-angle resolver into a signal with instantaneous amplitude proportional to the instantaneous rate of rota
tion of the shaft. The processing in this circuit effects a straightforward combination of mathematical operations leading to a fi
nal operation based on the well-known trigonometric identity [sin(x)]2 + [cos(x)]2 1 for any value of x. 

The resolver is excited with a periodic waveform; a sinusoid is indicated in the figme, but a square, triangular, or other peri
odic waveform could be used instead. Thus, the two outputs of the resolver are k1 sin(cot)sin(0) and k 1 sin (rot)cos(0), where k 1 
is a constant proportional to the amplitude of excitation, rot is 2n:x the frequency of excitation, tis time, and 9 is the instantaneous 
shaft angle . 

The two outputs of the resolver are then processed, along with a replica of the sinusoidal excitation, by demodulators. These 
signals are then differentiated with respect to time in two differentiator circuits. Notice that d0/dt is the rate of change of the 
shaft angle and is the quantity that one seeks to measure. 

Next, a multiplier circuit forms a product of the demodulator and differentiator outputs proportional to sin(0), and the prod
uct of the demodulator and differentiator outputs proportional to cos (0). The output of the cosine multiplier is fed to a unit-gain 

~ inverting amplifier. 
...I.. 



RADIO-ELECTRONICS 

R49 
10K 

PHASE 

VOCAL STRIPPER 

R20 R21 
100K lMEG 

"'I 100,, 

J3 RIGHT 
J±--(o)CHANNEL 

C21 .I, OUT 
10i1F ':I' 

J4 LEFT 
J-±--.lo)CHANNEL 

C22 .l: OUT 

~-----10_µ_r ------~ 

100pf 

Fig. 52-6 

The schematic of the lead vocal filter is shown in the figure. The left and right channel signals are 
coupled through Cl and C2 to buffer amps IC4-a and IC4-b. From the buffer amps, the left and right 
channel signals pass through active crossovers IC5-a and IC5-b, sending all low frequencies to a final 
mixer IC6-c, and all middle and high frequencies to analog delay lines ICl and IC2, RD5106 256-sam
ple bucket-brigades. Integrated circuit IC2 delays the lcft-charmel signal by 2.4 ms1 set by the fixed
frequency dock generated by ½1C3, R47, and C24. The right channel signal is delayed by ICl with a 
variable-frequency clock generated by ½IC3, R48, R49, and C23. Potentiometer R49 is_uscd for phase 
adjustment. 

The output of each delay line from ICI and 1C2 passes through low-pass filters IC6-a and -d, and 
their associated parts, to filter out high-frequency sample-steps produced by ICl and IC2. Balance 
control R36 is adjusted fer equal amplitude of the left and right channels. IC6-b is a difference am
plifier that-cancels all lead vocals that are common to both channels. The resulting signal from IC6-b 
is remixed with low frequencies by TC6-c and is then sent to the output via buffers IC4-c·and IC4-d. 
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VOCAL STRIPPER POWER SUPPLY 

RADIO-ELECTRONICS 

The power supply schematic for the lead vocal filter circuit. 

SINGLE-CHIP MESSAGE SYSTEM 

ELECTRONICS EXPERIMENTERS HANDBOOK 

B1 
6V+ 

T 
I 

..I.. 

Fig. 52-7 

Fig. 52-8 

The ISD1016 is a complete analog audio record/playback system on a chip. The analog signal is 
sampled and the samples stored in an EEPROM as analog levels. Upon playback, the analog data is 
read out and arnp1ified. Up to 16 seconds of data (audio) can be stored. 
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TELEVISION VERTICAL DEFLECTION CIRCUIT 

+1.2v 

R8 o.sn 

-12v 

+~--,-Yoke current, irU) O I,. 
- -l ., 
~ 

Yoke impedance+~-

McGRAW-HILL Fig. 52-9 

Two transistors are used to drive the yoke (2.5 mH + 0.3 Q) in this deflection circuit. RS samples 
the yoke current and provides feedback to Q2, resulting in a very linear current ramp through the yoke. 
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R3 

McGRAW-HILL 

TONE BURST GENERATOR 

R4 

2 

6 
Cl + 

l 
C2 + 

C3 

IC2 

+v 

RS 

4 14 13 R6 

12 

IC1 8 
556 csJ 

9 t------........ ---0 Output 

·s 10 3 7 11 

CD4066 

A 

B Digital 
control 

C inputs 

D 

I' 

Fig. 52:10 

The burst length is digitally controlled by inputs A, B, C, D. This input selects the necessary val
ues of Rand C. The circuit shown in the figure generates a burst of tone followed by a silent period, 
then another tone burst is sounded and so forth. The timing of the tone bursts is digitally controlled 
via the CD4066 (IC2). A parts list for this circuit is given in the table. 

ICI 
IC2 
Cl 
C2 
C3 
C4,C6 

556 dual timer (or two 555 timers) 
CD4066 quad bilateral switch 
1-µF, 25-V electrolytic capacitor 
4.7-µF, 25-V electrolytic capacitor 
l 0-µF, 25-V electrolytic capacitor 
0.01-µF capacitor 

C5 
Rl 
R2,R4 
R3 
R5 
R6 

0.047-µF capacitor 
100-k.Q, ¼-W 5% resistor 
220-kfl, ¼-W 5% resistor 
680-kQ, ¼-W 5% resistor 
12-k.Q, ¼-W 5% resistor 
4.7-kQ, ¼-W 5% resistor 
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AUDIO VOLUME LIMITER 

06 B2' '..b- Bl 05 C9 1 
l----11-;--if----•l 1 1111 fo 1 v 

IN914 9V -~ V 9V 1N914 22µF 
7 

7 
+ CIO 

I22µF 

'=' 01 

R2 
lMEG 

CJ 

LOR -----1_oo_pF------; 

,N~L,0 ., •~ 
"=" IOOK 22µF 

Rl 
10K 

R3 
TOOK 

C4 
1 

) 

C7 J2 
22µF DUTPUT 

~ f---11+--:.1 cs 6 
22~lF 100!! -= 

RADIO-ELECTRONICS Fig. 52-11 
In this circuit, amplifier ICl-a provides signal amplification of -40 to +40 dB depending on the 

value of the LDR. The LDR (light dependent resistor) is driven by rectified audio from voltage fol
lower IClb and bridge rectifier Dl through D4. 

SIMPLE INTERCOM FOR NOISY ENVIRONMENTS 
(TO 

MOTORCYCLE 
BATTERY) 

R4 ,---I'\---. 

r---'~------+-'4~,7~0-.--CT.j+ 1 
St ,. + 

5 

R3 
4.70 

R2 
2.2K 

+ 

C4 
47 

POPULAR ELECTRONICS Fig. 52-12 

This intercom was originally designed for motorcycle to passenger communications. A simple 
"passenger-to-pilot" intercom circuit is shown. 1\vo LM386 ICs are connected in a-low-gain amplifier 
circuit with the headphone output of one paired to the microphone input of the other. The micro
phones are electret elements and the earphones can be of the in-ear type or of the small stereo/mono 
type that will fit inside a helmet. Both amplifiers in the circuit operate at a minimum gain of 20 dB. 
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Rl 
lMEG 

POPULAR ELECTRONICS 

Cl 
0.1 

# 

DITHERIZER 

6 

+18V 

R12 
lMEG 

VOLUME 

Rli 
10K 

DITH£RING 

6 

R13 
10K 

C4 
47 AUDIO 

.-.:-+t.1--Kll OUT 

R14 
10K 

Fig. 52-13 

In digital audio, a noise signal of amplitude less than one significant bit is often added to the au
dio to reduce the quantizing effect and improve the audio quality by trading digital "noise" for ana
log noise, which does not have the harsh sound. This circuit consists of a noise generator to add a low 
level of noise to an analog signal to be digitized, or an analog signal from a digital source. 

Lamp 

• 
120 Vac 
60Hz 

TRIAC LAMP DIMMER CIRCUIT 

MT2 

½ 
0.1 µF .-vv-.~t-1-~t--1-

CI 
0.1 .,- r - .... 
µF ________ ..,_ ___________ - - _. C 

McGRAW-HILL 

For 220-V, 50/60-H.z Operation, 
r("place T2800B with T2800D. 

Snubber network 

Fig. 52-14 

The brightness of a lamp or lamps can be varied with this circuit. The snubber circuit values are 
typically 0.1 µF and 100-Q. R8 is typically 25 to 100 kQ. 
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500-ksps 8-CHANNEL-DATA ACQUISITION CIRCUIT 

5V 

8 INPUT 
CHANNELS 

±2.SV 
RANGE 

C04051 

NO 
BUFFER 

REQUIRED 

-=-
5V 

sv 

Voo 

LTC1278 

D11 
00 
cs 
RD 

.ausv 

-5V 

CD4520 -----, ------1 02 ENABLE 
----"""01 COUNTER 

--------1 QO RESET 

------•Ill' 
LINEAR TECHNOLOGY Fig. 52-15 

The high input impedance of the LTC1278 allows multiplexing without a buffer amplifier. Both sin
gle channel and multiplexed high-speed data acquisition systems benefit from the LTC1278/LTC1279's 
dynamic conversion performance. The 1.6-µs and 1.4-µs conversion and 200-ns and 180-ns S/H acqui
sition times enable the LTC1278/LTC1279 to convert a 500 ksps and 600 ksps, respectively. The figure 
shows a 500-ksps 8-channel data acquisition system. The LTC1278's high input impedance eliminates 
the need for a buffer amplifier between the multiplexer's output and the Ade's input. 

HYDROPHONE 

IC 1. IC2, and IC3 SV CMOS op amp 
IC4 386 audio amp 
iC5 7805 S•V Regulator 

McGRAW-HILL Fig. 52-16 

A commercially available hydrophone transducer is used in this system. The transducer is con
nected via a cable to the amplifier, which remains out of the water. The hydrophone should be suit
ably mounted for intended application. 
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~) RI 
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3& 0 
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,-1 L7 

I..E.D L8 

YOUR NAME IN LIGHTS 

RIO 
2:00 

QI 

i 

15 

z 

Vee 

3 z 10 

IC2 
7490 

II C 
9 8 

<4 •l 12 Vee 

IC3 
7445 

3 4 5 fi 1 9 

• SEE TEXT 

73 AMATEUR RADIO TODAY Fig. 52-17 

This circuit will enable you to put a name or callsign in lights using seven-segment LEDs. The 
display will spell the desired name out sequentially. Select the correct type of LED. Solder the cor
rect leads together to form the letters you want. After mounting the appropriate current-limiting re
sistor, the 7 445 can only sink 80 rnA, so a PNP transistor is needed to handle the current required to 
light the letters. The heart of the circuit is a 555 oscillator into a 7 490 decade counter, which is de
coded by a 7 445 open-collector driver chip. 

.01 

C3 
1 

UNDERWATER MICROPHONE 
AS +9V 
10K 

tfKl2 
-------t----;------1 

M!C1 

SHIELDU) 
CABLf 

U1 
~--t---3-1 TBA820M 

4 

R2 
10n 

C6 + C1 
39 270pf 

'::::' 

C7 
220 

+ C5 
33 

R1 
1U 

SPKRl 
Bn 

C8 
220 

C4 
1 

ELECTRONIC HOBBYISTS HANDBOOK Fig. 52-18 

This circuit uses a TBA820 audio IC to amplify underwater sounds. The microphone must be wa
terproofed. This project was originally used in a home aquarium to monitor fish sounds. 
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ELECTRONIC DESIGN 

PULSE ECHO DRIVER 

+5V 

-5 V 

R311 

OPA2882 

4 

16 
+VOIIT 

14 
C1 
E1 

High voltage 

-----To 
receive 
clrmltry 

Fig. 52-19 

This pulse-echo driver uses the OPA2662 dual operational transconductance a1.11,pn1~JfJr (OTA) 
from Burr-Brown (the receive circuitry isn't shown). The OTA is preferable over an op amp for driv

low impedances because it provides a current output rather than a voltage output. 
illtrasonic pulse-echo applications often incorporate a transformer-coupled Lo obtain a 

high-voltage pulse because the echo can be orders of magnitude smaller in amplitude. The trans
former turns ratio also provides tuning-at the resonant frequency of the crystal, which usually means 
a relatively low-impedance primary winding. 

An operational transconductance amplifier (OTA) is preferred over an op amp to drive such a 
low impedance. One particular application involves a pulse-echo driver circuit using the OPA2662. 
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SIMPLE PSEUDORANDOM VOLTAGE SOURCE 

+9V 

Rl 

5 2 
R4 RS R6 

+ 
1(1 Cl 

8 -11 

4 ICS 14 

rh I - -
L°' r I 

6-i.... ,-- - ... ,-- J r-
I ., -- ., 

5 2 
1i' r2- - -, r3---. •g 10 

R7 
+ 

IC2 
C2 

6 
4 

Output 

s 2 th + 
ICl 

Cl 
8 

4 

IC1-IC4 LM3909 LED flasher/oscillator 
IC5 CD4066 quad bilateral switch 
C1 100 1-1F 6 V electrolytic capacitor 

s l C2 220 µF 6 V electrolytic capacitor 
C3 330 µF 6 V electrolytic capacitor 

IC4 C4 470 µ.F 6 V electrolytic capacitor 

8 
cs 0.01 µ.F capacitor 
Rl 33 kO 1/4 W 5% resistor 

4 
R2 1 O kO ¼ W 5% resistor 
R3,A8 47 kO ¼ W 5%resistor 
R4 68 kH ¼ W 5% resistor 
RS 100 kn 1/4 w 5'%, resistor 
R6 220 kO ¼ W 5°/o resistor 
R7 1 MO ¼ W 5% resistor 

McGRAW-HILL Fig. 52-20 

An approximation to a pseudorandom voltage is produced by combining the outputs of four low
frequency oscillators with 0.3, 0.6, 0.9, and 1.4 Hz frequencies. The summing network is a quad bi
lateral switch and resistor network. 
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TV HORIZONTAL DEFLECTION CIRCUIT 
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Fig. 52-21 

The circuit illustrates the method of using two SCR devices in a TV horizontal deflection application. This circuit was Vvidely 
used by certain TV manufacturers as an alternate to the vacuum tube or transistor deflection circuit. 



MUTING CIRCUIT 

Notes: 

YBIAS + CC QI, Q2 should be matched ; 

IO F Q3 is not critical . 

~1 VcrnL low, VouT = _ _&__ 
2k VIN R~:1 

200 
V CTR.L high, ~-+ 0. 

VIN 

VouTD<' • constant. 

-ELECTRONIC DESIGN Fig. 52-22 

The circuit operates as follows: The signal is input to Vin and a de control voltage is applied to Ve. 
Vbias determines the desired bias point current Assuming the foHowing component and voltage values: 

Vee = 7.6 Vdc 
vh1as = 1 Vdc 
Vin = 1 Vp-p, ac signal centered about 3.8 Vdc bias 
RL = 2 kQ 
RE = 200 k.Q 
RE] 2 kQ 

Q3 bias current is 1 mA, and de output voltage is about 5.8 V with an ac gain of about Ql and Q2 
form a current switch and Q3 acts as a constant current source. 

For unmuted operation, Ve= 0 Vdc, and all of the bias current flows through Ql. Consequently, 
the circuit operates as a normal conunon emitter stage, with ac gain= -R1/Rr:i· When Ve= 5 Vdc 1 all 
of the bias current flows through Q2, reducing the signal gain to zero. However, because the same de 
current Ilows through RL in both cases (unmuted and muted), the bias point at the output remains 
fixed. The C/Ri,;1 network is required to bypass the Q3 current source (which is a high impedance) 
to achieve a low ac impedance at the emitter of the Ql common emitter stage during unmuted oper
ation. Cc is chosen to be a short circuit at signal frequencies of interest. The circuit works best if the 
Ql and Q2 pair is matched. 'Typical change in the output de voltage from m1IDuted to muted condi
tion is <5 mVdc. 

Rt, RE, and Vbias are chosen for desired de operating conditions and signal dynamic range. Vbias 

can be generated via a Vee voltage divider. The signal at v;
11 

can be ac coupled, but a bias circuit must 
be added to Ql 's base to generate a de component. RE 1 is chosen for desired ac gain. v;n must be cen
tered about a de component, and, to assure proper switching action, VcTRL must be higher than v;

11 

by an amount greater than one VBE drop. 
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(a) 

Canlronics printer port 

I 

: STB 
: DATA 1 
, DATA2 

1 Busy 

PO 
I SLCT 

: GND 
'---------• 

Ml\ 

U/D 

SIMPLE REMOTE GAIN CONTROL 

+511 

DS16&6 

ii u1 1-V=cc'-----
va 

5 V+ 

3 

ICL766G 

Signals: 

cs 
{Dala2) 

U/D 
(Data 1) 

Mfl 

+ C2 

iiic 
(STB) 

· 22 µ.F 

7 
.----- +5V 

I GND 

x=x= 
I 

7J7J 
I~• 1, TCl,1NIS 
I TIL:,SOhs 

(bl 

REMOTE CONTROL OF GAIN using a digital audio resistor is possible with thts circuit scheme {a). It requires only three ICs and 

a sing+e 5-V supply to provfde gain control via a PC printer port. The input signals to U1 from the printer port are given (b). 

100 REM LPGAIN.BAS 
120 REM GAIN CONTROL FROM PC PRINTER PORT 
200 OPEN "LPTl,w FOR OUTPUT AS fl 
210 INPUT "GAIN UP OR DOWN (l/0), »; X 
220 IF X<O OR X>l THEN GOTO 210 
300 REM 
310 INPOT ~NUMBER OF COUNTS: u; C 
3~0 REM SUBROUTINE WOULD START HERE 
330 PRINT fl, CHR$(X); 
340 C = C-1 : IF C>O THEN GOTO 330 
.350 PRINT fl, CHR$ (3) 
360 GOTO 210 
380 RETURN 

ELECTRONIC DESIGN Fig. 52-23 

The listing is a test program that demonstrates circuit operation using an IBM-compatible PC. To 
form a subroutine for a main program, use lines 330 to 380, deleting line 360. The-calling program 
then would pass values for X (wiper direction) and C (number of increments). 
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A 
Clock 

Comparator 

510 

ELECTRONIC DESIGN 

LOOP OSCILLATOR ELIMINATOR 

E 

To,...Por+5V 
8 

1/310107 

Phase 
180' 7T 

135" 

,,,./4 

-100 -50 0 50 100 
(µA) of iP 

From 
1 current 

source 
ip i 10k c

1 

Fig. 52-24 

This circuit uses negative feedback to a digital-to-time converter, and can supply a current-con
trolled delay to replace the oscillator in a phase-locked loop that handles input frequencies from 40 
kHz to 40 MHz. 

A current sourced into the inverting input of the op-amp integrator's summing node can phase 
shift the pulses at F in relation to those at E by up to 180°. 
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D1 
tNl14 
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IOk 

1-A VOLTAGE FOLLOWER 

02 
IN914 

-----------------•HiV 
R, 
1011 
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16 pf 

INPUT-""'"""' ________ ,... 

tSolid tantalum. 

NATIONAL SEMICONDUCTOR 

02 
LM195 

----------------ISV 
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I["l~F 

This power voltage follower is ~ood to 300 kHz. 
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.E 

8 

ELECTRONIC FISH LURE 

HEP230 

5u;,F 
25V 
ELEC 

7 EARPHO,C FROM 

---!GOT USED! ? ~:~;~TOR 

~~00 ~-~2~5.~oo~oro __________ _ 

50,-f 
HY 
ELEC. 

Fig. 52-25 

Fig. 52-26 

The click-click sound lures fish to the vicinity, where your bait or lure can do the rest. The trans
former is a subminiature type with a 500-n, center-tapped primary and a 3.2-Q secondary. Put the 
circuit in a watertight container and lower it into the water. 
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HEARTBEAT TRANSDUCER 

SKIN 

·EMITTED , REFLECTED 
IR 

~/ 

' I 

' IR \/ 
' \ 

IR 
\R LED PHOTO TRANSISTOR 

POPULAR ELECTRONICS Fig. 52-27 

A simple heart-beat transducer can be made from an infrared LED and an infrared phototran
sistor. It works because skin acts as a reflective surface for infrared light. The IR reflectivity of one's 
skin depends on the density of blood in it. Blood density rises and falls with the pumping action of 
the heart. So the intensity of infrared reflected by the skin (and thus transmitted to the phototran
sistor) rises and falls with each heartbeat. 

ELECTRONICS NOW 

CONTACT DEBOUNCER 

1-
s1t--l + 

G1 
10µ.F 

+5V 

_n_ 

Fig. 52-28 

A contact debouncer using a Schmitt trigger; such as a TTL7414, provides a "clean" pulse from a 
switch contact closing. 
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+In 

POSITIVE FEEDBACK CABLE TERMINATOR 

R1, R2, R3 = 1k 
Re= 1.2 k 
R5=5.1 
Zo=51 

+Vs =5 V 

AOC12662 
High speed 

12·bit 
ADC 

ELECTRONIC DESIGN Fig. 52-29 

Positive feedback along with a series output resistor can provide a controlled output impedance 
from an op-amp circuit. The circuit is useful when driving coaxial cables that must be terminated at 
each end in their characteristic impedance, which is often 50 n. Adding a 50-n series resistor on the 
op amp's output obviously reduces the available signal swing. 

fin 14 

(1 to 10 kHz) 
3 

WILLIAM SHEETS 

x10 FREQUENCY MULTIPLIER 

16 

----------------------+ 
0.01 µF 

6 

CD4046 

4 f------+-------------0 10 ~n 
5 

11 

12 5 

74C90 
+ 10 

2 3 10 6 7 

14 

Fig. 52-30 

In this circuit, the CD4046 is set up so that the Vco operates at 10 to 100 kHz. The output pin ( 4) 
is fed back to a + 10 counter. When the input frequency is ½o the output, lockup will occur. 
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JACOB'S LADDER 

WILLIAM SHEETS 

12" Electrodes 
spaced as shown 

Fig. 52-31 

A "Jacobs Ladder" can be made from an old neon sign or oil burner ignition transformer. A rat
ing of 12 to 15 kV at 20 to 30 mA will be adequate. Make sure to mount the electrodes to a pair of in
sulators, at least 2 11 apart, and bent and spaced, as shown. The ladder should be enclosed in a clear 
plastic housing to prevent accidental contact with the high voltage and to ensure a stable arc_ Vent 
holes should be placed top and bottom to allow gases to escape. 

ELECTRONIC DESIGN 

MASTER .. SLAVE--DEVICE ERROR CHECKER 

Masler communicalion R
2 

12V n-------J'"'''' ~~ 
470 

4-to-20-mA adjustment Rl 
3.3k 

Control/ 
Soul()-----.....,._._. 

2 

U4A 
7406 

2 

Slave communication 

TXD 

U3A 
7486 

X),--.,_;;..-.~xo 

,i 

Fig. 52-32 

An error-check mechanism introduced into master and slave communication devices can indi
cate mismatches when both the master and slave start sending data simultaneously. The error flag 
goes high and indicates a mismatch in the data. 

The master is the one that can interrupt the communication from a device at the other end and 
force it to listen. it docs this forcing a low voltage level over the communication line by raising the 
control line to a high level. This inhibits data flow over the lines from the slave device. As a result, the 
slave turns into a listen mode (not a hardware feature, hut rather incorporated in the software). The 
slave device can transmit the data after communication from the master device ceases. 
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GROUND LOOP PREVENTER 

Instrument 1 Instrument 2 Instrument 3 -

,,,,w,-:-
Source of.,,#' Source of 

ground loop ------ ground loop ~ 

Resistors show I 
possible wire Q 

resistance and 
source of ground 

loop vottages 

Instrument 1 Instrument 3 

11 € II € € ~ 

ELECTRONICS NOW Fig. 52-33 

Ground loops are caused by improper grounding. Ground-loop voltages can interfere with test 
measurements because the voltages in a ground loop can be larger than the signals you're trying to 
measure. To prevent ground loops, use two wire plugs Lo provide the line power to the test instru
ments and a separate wire to bring the input grounds of the instruments to a common ground. 

POPULAR ELECTRONICS 

DUAL TONE GENERATOR FOR AUDIO SERVICING 

iOOO Hz 

500 Ht 

Al 
3K 

R6 
R2 

5000 
56K 

14 

4 

C2 
.o, 

_5 

U1 ... 

C3 
.01 

-t9V 

! 
S1 

9 
R3 

10 
4700 

R4 
3K 

13 

A5 
100K 

Fig. 52-34 

This dual-tone generator car1 insert a distinctive Lonein the audio section of a circuit under test. 
That way1 you can work your way back from the speaker, stage-by-stage, to locate a faulty section. 
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DIODELESS PEAK-HOLD CIRCUIT 

tC:. •f2' 

cw 
' 11 

+12¥ 

20 
U1 .. 

' '71Jf l&ID1tV) 
1 Ml6a2 a 
12 in! 

SM 

511 

11 

-tn --::-

ELECTRONIC DESIGN Fig. 52--35 

The input pulse is fed into the sample..:and-hold amplifier (an inexpensive AD582), as well as the 
comparator U3. The SHA's output also is fed into the comparator. If the input pulse is higher in am
plitude than the SHA's output, the comparator output goes low and the 4538 one-shot produces a 10-
µs pulse that is fed back to cause the SHA to sample and then hold the voltage. Subsequent input 
voltages that are less than the held value won't cause the one•shot to fire again. 

Gates U4A and U4B are used to inhibit the sampling when necessary. Gates U4C and U4D 1 at the 
one-shot's output, can force the AD 582 into the sample mode. This feature is useful to reset the output 
to zero by forcing a sample when the input to the AD582 is zero. The polarity of the peak-hold circuit 
can be easily changed from positive-to-negative_peak hold by reversing the inputs of the comparator. 
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53 

Mixer c-ircuits 

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

392 

Simple Audio Mixer 
Op-Amp Audio Mixer 



33 kfl 

33 kfl 
2 

Inputs 3 

33k0 
4 

33kfl 
5 

SIMPLE AUDIO MIXER 
+12V 

47 µF 
16 V 

" --------1+ f----o Output 

47 µF 
.j-

-=-

WILLIAM SHEETS Fig. 53-1 

transistor is used as an audio mixer1 the transistor serving as a feedback amplifier. A 

Inputs 

WILLIAM SHEETS 

OP-AMP AUDIO MIXER 

RF 
1 Mfl (10X) 
100 k!l (1X) 

'-=--...&..---+.....J t--o Output 

10 µF 

100 k!l ------+ 12V 

Fig. 53-2 

This circuit will mix several audio signals to a common output. RF can be made 1 MQ for 10 x (20 
dR) or 100 kQ for unity gain. 
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54 

Model and Hobby Circuits 

The sources of the following circuits are contained in the Sources section1 which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

394 

Model Railroad Crossing Flasher 
Model Railroad Track Control Signal 



POPULAR ELECTRONICS 

MODEL RAILROAD CROSSING FLASHER 

+ 

C1 R2 
6 8 100K 

R4 

U1-d 
CD4093 

100K A5 
4 7K 

TIL414 

11 

C2 
.001 

7 U1-b 
C04093 

Fig. 54-1 

Gate Ul-c is set up as an oscillator whose frequency is determined by C 1 and R 1. Gates U 1-b and 
U 1-d are set up as an RS flip-flop that is gated on by U 1-a. Gate l J 1-a in conjunction with Q 1 operates 
as the control gate for th.e flip-flop. Components Dl, C2, and 1R5 act as a delay circuit to compensate 
for any light getting through the gaps between cars as they pass over the phoLoLransistors. The 
·emitting diodes are connected so that they operate alternately, -depending on the outputs of Ul-d 
and Ul-b. 

Basically, R6 is adjusted so that ambient room-light striking Ql (and any other phototransistors 
connected in series) keeps the output of U 1-a at pin 3 low. When a car passes over the phototransis
tor, which is installed between ties in the track, pin 3 goes high, allowing a high to be placed on pins 
5 and 13. That allows the high output of Ul-c at pin 10 to enable 12, which in tum allows pin 11 
to go low. That makes a complete path for LED2 to operate. When pin 10 goes low, pin 11 goes 
That makes pin 5 high, and thus, enables pin 4 to go low and completes the circuit for LED 1. That al
ternates the LEDs) which are installed in a railroad-crossing signal. 
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MODEL RAILROAD TRACK CONTROL SIGNAL 

+9V 

11 
TRACK RED 

R2 
SIGNAL 

R1 1K 

8 4 + 

}12voc 7 3 

U1 

6 555 2 K1 
02 5V 

5 
1N914 

+ 
C1 

C2 
.01 

S1 "::' 
REED -- SWITCH 

IN TRACK 

RED-LAMP ON TIME (SECONDS) 

R1 (KILOHMS) C1 = 10µF C1 "'100µF 

100 2 16 

220 3 32 

470 6 70 

1000 15 175 

POPULAR ELECTRONICS Fig. 54·2 

When a train passes Sl (a red switch), a small magnet glued to the underside operates Sl and 
causes Ul to-generate a pulse, activating relay Kl and changing the signal from green to red. After a 
time determined by Rl and Cl table), the relay de-energizes and the signal goes back to green. 
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55 

Modulator Circujts 

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

Varactorless HF Modulator 
Modulator for Video 
Digital Pulse-Width Modulation Circuit 
Four-Quadrant Multiplier as DSB Modulator 
Pulse-Width Modulator 
Linear ( AM) Amplitude Modulator 
Video Modulator Hookup 
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ELECTRONIC DESIGN 

VARACTORLESS HF MODULATOR 

r?r 
- -- -

Vmod 
Modulation input 

0.5 
pF 

15 pf 

Fig. 55•1 

Traditionally, high-frequency oscillators are frequency-modulated by using a varactor. However, 
varactors usually require a large voltage change to achieve a reasonable capacitanee change-a prob
lem in many battery-powered systems. 

Such a problem can be overcome by employing base-charging capacitance modulation. Resistor 
Rl establishes Ql's current, and R2 allows control of the collector bias current by Vmod· The trans
mission line (Tl) in the negative resistance-type oscillator determines the frequency of oscillation. 
Tl is a high-quality, low-loss, ceramic coaxial shorted quarter-wave transmission line. Under proper 
terminal impedances, a negative resistance is "seen" at Ql's base. Tl reacts with this negative resis
tance to produce sustained oscillations. 

Frequency modulation is accomplished by changing QI 's collector bias current and thus chang
ing Ql 's base-charging capacitance. This effect is "seen" at Ql 's base and causes a frequency shift in 
the resonators quarter-wave node. 
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MODULATOR FOR VIDEO 

0.0027 1,1,F 

IOµF 

<>-f lUDIO 

t µJ 
~-•--50_K.tl __ ....,..--' VIOEO 
~ CLAMP 

:uo.o. 

CH 4 
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240A 
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CH 3 

R.r. 
OSCILLATOR 

CH 3 

rM SOUMD 
OSCILLATOR 

Vee 

Vl0£0 
INPUT 

woo 
0£.PTH 

CH 3 R.f, 

CH 4 R.F'. 

100.ll 

Sources: SAWFs 

Crystal Technology, Inc. 
1035 E. Meadow Circle 
Palo Alto, CA 94303 

Kyoeera International, Inc. 
8611 Balboa Ave, 
San Diego. CA 92123 

MuRata Corp. of America 
1148 Franklin Rd. S.E. 
Marietta, GA 30067 

CRYSTALS 

Saronix 
4010 Transport at San Antonio Rd. 
Palo Alto, CA 94303 

COILS 
Toko America, Inc. 
5520 W. Touhy Ave. 
Skokie, Ill. 60077 

• 12V 

0.01 I ,!1oµr 

-

750 

NATIONAL SEMICONDUCTOR Fig. 55·2 

This circuit uses an LM2889 and a saw filter for use as a TV modulator. 
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DIGITAL PULSE-WIDTH MODULATION CIRCUIT 
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DIGITAL PULSE-WIDTH MODULATION CIRCUIT ( Cont.) 

This circuit incorporates low-power Schottky transistor/transistor-logic (TTL) devices in critical 
high-speed parts. The 5-MHz clock signal is converted to a 1-MHz signal by a 7490 decade counter 
configured to divide by 5. The 1-MHz signal is sent, via a clock synchronizer, to a three-stage binary 
divider that consists of three cascaded 741S161 binary dividers. The synchronizer consists of a 
7 4LS7 4 D flip-flop, a 7 404 inverter gate, and a 7 402 NOR gate. The dividers are programmed from the 
STD bus by means of three 7 4 75 quad latches; this makes it possible to program the frequency divi~ 
sion from 1 to 4096 ( 12 bit~). 

The I-MHz signal is also divided by 1000 by use of three cascaded 7490 decade counters, each 
configured to divide by 10; this provides a 1-kHz signal, which is sent to a 54121 monostable multivi
brator configured to provide a 0.1-µs pulse, bombarded with an ion beam source in preparation for 
the materials about to be deposited. While the surface is bombarded with an ion beam, an electron 
beam source is activated so that a layer of fused silica is vapor-deposited to a total desired thickness 
value (typically, l micron or 10,000 A). The layer of fused silica serves as a surface stabilizationJayer 
for the next step. 

A metal mask 'With an aperture in the specified pattern of the sensor film is placed on the smiace 
at the specified sensor location. The surface area exposed through the mask is cleaned by ion-beam 
bombardment for a predetermined time. Then as the bombardment continues, a metal (typically, 
nickel, platjnum, and/or palladium) is vapor-deposited through the mask from the electron-beam 
source to form the sensor film. Deposition is continued until the thickness of the film reaches the value 
specified in the particular sensor design. A representative value for a nickel sensor film is 2500 A. 

Next, a pattern for thin film leads is defined by taping directly on the surface of the model with 
Kapton (or equivalent) polyimide tape. The thin film leads are fabricated by a combination of ion
beam bombardment and electron-heam vapor deposition like that used to deposit the sensor film. 
The metal vapor deposited in this step is typically copper, gold, or aluminum. A typical thickness for 
copper leads on the nickel sensor film is about 10,000 A. 
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FOUR-QUADRANT_MULTIPLIER AS DSB MODULATOR 
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"TRIM FOR SYMMETRY 

PULSE-WIDTH MODULATOR 
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Fig. 55-4 

Fig. 55-5 

LINEAR (AM) AMPLITUDE MODULATOR 

EouT 

~ Ec,:n wet • E01.1T. Ee.,,. wet 

Eout - 11 • EM/101 Ee 1lfl wet 

Fig. 55-6 

This is a very simple amplitude modulator. It 
makes use of the Z2 terminal to add the carrier 
directly to the output, thus -bypassing the multi
plier for zero modulation input. It has the advan
tage of allowing operation from a differential 
modulation input. 



WILLIAM SHEETS 

VIDEO MODULATOR HOOKUP 
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Fig. 55-7 

This circuit uses an ASTEC UM1683D, but it is typical of many RF video modulators used in 
VCRs and satellite receivers. 
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56 

Morse Code Circuits 

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

404 

Active.CW Audio Filter 
Morse Messenger 
CW Identifier with Sine-Wave Audio Output 
Simple Code Practice Oscillator 
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ACTIVE CW AUDIO FILTER 
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Fig. 56-1 

The audio filter shown has a bandpass of 200 Hz centered on 700 Hz. Resistors are 1 % tolerance and c:1r}~,c110:rs should be 5% 
tolerance. 



MORSE MESSENGER 

&p,;.~,;tt MSG2 MSG1 MSGO 
0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 

TONE1 TONEO 

Set 14) as shown, the chip will play message no. 0 
at 7 words ~r minute, lowest skletone frequency 
(400 Hz). LEDs indicate oscillator wannup ()(MTR) 
and keying (KEY). 

0 
0 , , 

SP02 
0 
0 
0 
0 
1 

SPD1 
0 
0 , 
1 
0 
0 
1 , 

0 
1 
0 
1 

SPDO 
0 
1 
0 
1 
0 , 
0 
1 

Message 
No. 

0 
1 
2 
3 
4 
s 
6 
1 

Sldetone 
{Hz) 
400 
525 
85-0 
775 

Speed 
(WPM) 

7 
10 
15 
20 
25 
30 
35 
40 

Simple hook-up diagram for the Morse Messenger chip. The table indicates the range of 
messages, sidetones, and keying speeds. 

73 AMATEUR RADIO TODAY Fig. 56-2 

This keyer uses a PIC16C54 micro-controller to generate a Morse code message. The microcon
trollcr must be programmed to suit usP.rs call IC or desired message. 
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Start 

Get Data from MSG, 
TONE & SPD Bits 

Load Values for Tone 
(audio freq) and Speed 

(length of Morse 
elements) 

Set XMTA Bit and Wait 
0.5 Seconds 

Get Length of Selected 
Message 

Clear XMT~ Bit and 
Power Down 

MORSE MESSENGER ( Cont} 

No 

Look up Encoded 
Pattern in Table 

Store a Copy of Pattern 
in I and Strip ofl Frve 
Most-Significant Bits 

Let I= 1-1 

Clear Bit 2 of Pattem [Make 
sixth element a-dit (O)] 

Lett::6 
[Sixth element is a dah (1)] 

Send dah 

Logic of the Morse Messenger's program. This algorithm can be adapted to other devices with the 
help of the Morse encoding table. 
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CW IDENTIFIER WITH SINE-WAVE AUDIO OUTPUT 
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73 AMATEUR RADIO TODAY 
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Programming jumpers: 
Jumper to ground ... 0 
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.--, • S 

This identifier can be used to drive a hidden transmitter in a radio "fox hunt" .,,.,T,TTIT'TT where the 
transmitter. 

Fig. 56-3 

is to locate a hidden 



POPULAR ELECTRONICS 

SIMPLE CODE PRACTICE OSCILLATOR 

Cl 
.2 
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U1 
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SPKR1 
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1
~ S1 
KEY SWITCH) 

R1 
'=" 470 

Fig. 56-4 

With only a minor circuit change, the basic LM3909 oscillator configuration can be turned into a 
code-practice oscillator. 
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57 

Motor-Control Circuits 

The sources of the following circuits -are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Precise de Motor Speed Controller 
Accurate Motor Speed Control 
Motor Direction Control Using Discrete Transistors 
Long Time-Delay Motor-Control Circuit 
Full• Wave Speed Control for Motors 
SCR Motor Speed Control 
Triac Motor-Control Circuit 
Low-Voltage de Motor-Speed Controller 
Motor Direction Control 



~ ..... 

DlfD2 
~ / ~ Rl ~....,._._. 10k 

1 2W 

120v • 
fO...:.. I 

-Y. u I t I+ Lamp.I Cl 
IOW 100 

McGRAW-HILL 

µF 
150V 

I 
GE 

D31 I Z4 
XL 

l)( . 18 

PRECISE de MOTOR SPEED CONTROLLER 

l-A 
aeries 
motor 

D8 

RlO 
22k.O 

C60.5µF 

Motor-<lriven apertlll'e disc 

Lamp-I g- --0-<0:cQ< 
GEL9B 
f..iel,t-actinled SCR 

D11 
GE Z4XL11(2) 
32V 

D13 

D1-D10 D12 & D13 • GEA.148 

Rl8 
33'1 

Fig. 57-1 

A series de motor can be made to have the same characteristics as an ac synchronous motor using this circuit. This control 
technique is useful where a constant motor speed is needed. 



ACCURATE MOTOR SPEED CONTROL 

+12V .------..a-o f1 V 

I 

18k 

01-114 •2N2222 IC-1•TLIM 
OhSL1NB 111•2111155 
01, D2 • 114141 

i:~~v_ ~ r: 
(M) i-- TI • I• 12 -1-13 --1+'~1 (C .. 1) 

(A • D•B.l.1.--- (A=1, l 11 D• C) ----+-1-•_(1=1, AzOsC)-1- (A=0-1) 

This motor velocity profile is provided by the controUer. Note the smooth acceleration and decelera
tion profiles and the constant motor speed between the two ramps. 

ELECTRONIC DESIGN Fig. 57-2 

This circuit can control de motors used in machines that pull materials, such as wire, yarn, film, e~,c., 
from the supply rolls and rewind them onto smaller rolls. Its motor velocity profile is shmvn in the figure. 

A lightweight disk with at least 32 slots is mounted on the motor shaft. It works in a slotted op
tical switch (MOC7811) to sense the motor speed. Phase comparator 2 (PC-2) of the phase-locked 
loop (IC-CD 4046B) compares the frequency Uv) at the output of the VCO with the pulse rate (f m) 
at the optical switch output. The PC-2 output drives the motor via the transistors when.fv >_t;

11
, and 

removes the supply to the motor when j~ > J~.- The drive system quickly reaches an equilibrium con
dition whenfm =.(. 

Op amps IC-la, lb, and le form a tracking integrator whose output always smoothly reaches and 
remains at a voltage equal to the command voltage (Ee) presented at the inverting input of op-amp 
IC-la. When the digital control inputs are set-to (A = 1, B = 0 = C), the integrator generates a posi
tive slope ramp that sweeps the VCO frequency and, thus 1 accelerates the motor. The acceleration 
rate and the constant speed VHI can be adjusted by presets P4 and Pl, respectively. 

Similarly, when the inputs are set to (A= 0 = C, B = l), the integrator generates a negative slope 
ramp that decelerates the motor. Presets P5 and P2 can be adjusted to set the required deceleration 
and the constant speed VL0 , respectively. 
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MOTOR DIRECTION CONTROL USING DISCRETE TRANSISTORS 

+12Vdc 

Forward Control 
Forward 1 r

Off o--' 

Reverse Control 
Reverse 1 1 D

Off O__. 

McGRAW~HILL 

~.t 

Q3 
TIP4l 

Q4 
TIP41 

Fig. 57-3 

For best operation, mount the transistors on heatsinks. The transistors specified are fine for small 
hobby motors, or up to about 6 volts de and between 800 and 1000 mA. Ml is a small hobby motor. 

LONG TIME-DELAY MOTOR-CONTROL CIRCUIT 

+SV 

16 

3 

0.1 µF +SV 
CD4060 

or 8 
74HC4060 

or 3 

2 TLC555 
4.7 

MEG 
B = = 

= 

ELECTRONICS NOW Fig. 57-4 

Circuit controls forward and reverse motors. Every hour, one motor runs for l 0 seconds. 
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McGRAW-HILL 

FULL-WAVE SPEED CONTROL FOR MOTORS 

Field 

CR2 CR3 

GEA45B 

117Var. 

CR4 CR5 
GEA«B 

Pl 
Si:O 
2W 

SCR1 
GE2228 

Armature 

Fig. 57-5 

A bridge rectifier provides pulsating de to a universal motor, and the SCR is used as a phase-con
trolled switch. This circuit allows smoother operation of the motor at low speeds. 

SCR MOTOR SPEED CONTROL 

V,cf\ /\ 
o\J 

McGRAW-HILL Fig. 57-6 

An SCR is used in a phase-control type application to supply a variable pulsating de voltage to a 
motor. 
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AcIN 

McGRAW~HILL 

TRIAC MOTOR-CONTROL CIRCUIT 

Cl 
.tpF 

R.2 
IOkO 

C2 
.lpF 

AcOt.rr 

Fig. 57-7 

An SOR-controlled ac motor control circuit. This is a full-wave circuit and is best used when the 
load remains constant. 

LOW-VOLTAGE de MOTOR-SPEED CONTROLLER 

ELECTRONICS NOW Fig. 57-8 

This circuit varies the duty cycle, rather than the voltage. The two diodes control the positive 
and negative halves of the capacitor's charging cycle. 
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MOTOR DIRECTION CONTROL 

+llVdc 

+12Vdc 

Cl 

QI 
Io.1 

Q3 

Forward l_j 
Reverse 0 

-

QI through Q4 
Channel Power MOSFET 
(IRF•Sll or Equiv.) 

d 

Q2 Q4 g 

McGRAW-HILL rig. 57-9 

Ml is a small hobby de motor. 

416 



58 

Multivibrator Circuits 

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

Astable Multivibrator with Starting Network 
Bistable Multivibrator 
Astable 
Astahle with Variable Pulse Width 
One-Shot Multivibrator 
Basic 555 Astable Multivibrator 
Astable Multivibrator 
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ASTABLE MULTIVIBRATOR WITH STARTING NETWORK 

WILLIAM SHEETS 

1.5 
kfl 

~---------------' .. +3 to +12 V 

IN4148 

0.22 
µF 

IN4148 

1.5 
kfl 

f= 2 kHz 

Fig. 58-1 

This circuit will start with a slowly rising supply voltage waveform. 

.n 

NATIONAL SEMICONDUCTOR 

+6-16V 

POPULAR ELECTRONICS 

418 

BISTABLE MULTIVIBRATOR 

Fig. 58-2 

Positive feedback is provided by resistor R4, 
which causes the latching. A positive pulse at the 
"set" input causes the output to go high and a 
''resetn positive pulse will return the output to es
sentially O Vdc. 

ASTABLE 

Fig. 58-3 

At the instant that power is applied to the 555 
astable, timing capacitor Cl is initially discharged, 
causing the output of the chip output at pin 3 to be 
high. Once Cl has charged to about¾ of the supply 
voltage, its output goes low, and the discharge 
transistor turns on, draining the charge on Cl. 



ASTABLE WITH VARIABLE PULSE WIDTH 

C2 
.1 

C1 
.1 

8 7 6 

lM 
555 

R2 
100K 

+12V 

OUTPUT 

POPUL;AR ELECTRONICS Fig. 58-4 

This produces a positive variable width pulse 
and has a symmetry control. Rl and R2 control 
the pulse width and symmetry. 

BASIC 555 ASTABLE MULTIVIBRATOR 

+v 

R2 

6 
2 

McGRAW-HILL 

7 

5 

Rl 

4 8 

555 

F = 1.44 
(R1 = 2R2) c1 

Output 
31---.......a 

Fig. 58-6 

T 

ONE-SHOT MULTIVIBRATOR 

.---------v+ 
A3 

1MEG 

C1 
100pF 

+V 

R4 
-10K 

~
v 

1ms 
0 

R2 
1MEG 

D1 
1N914 

R1 
1MEG 

2 

.... 

C2 
.001 

D2 
IN914 

Vou1 

POPULAR ELECTRONICS Fig. 58-5 

An LM139 section can be used as a one shot. 

2.2 
k!l 

ASTABLE MULTIVIBRATOR 

The transis1ors are 2N3904 

WILLIAM SHEETS Fig. 58-7 
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59 

Noise Circuits 

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

420 

Noise Generator 
Dolby Noise-Reduction Circuit 
Aurno Noise-Based Voting Circuit 
Adjustable Noise Clipper 
Simple Noise Limiter 



NOISE GENERATOR 

0.1J.tF q 

NC 

0.0Si,F~ 

NATIONAL SEMICONDUCTOR 

This noise generator uses a Zener diode. The transistors are part of the LM389. 

DOLBY NOISE-REDUCTION CIRCUIT 

FIOl,t TAI'£ nu1,1, 01 n.i 

Ltn 
lNl'UT 

RIGliT 
IHl'Uf 

'A1 ~ A2 = 1 Kl1 total 

NATIONAL SEMICONDUCTOR 

C.3 
l),OOUµr 

Cit 
_ _...,._, _____ ----1• 1µT 

12 11 10 

LMISU 

.. 
100.n 

ca .::::t:_1,,, LITT 
OUTI'UT 

IICI-IT 
OUTI'UT 

TC VOLUII[ 
CONnOL >-.ND 
,owu .iW,LIFICIS 

Fig. 59-1 
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OST 

AUDIO NOISE-BASED VOTING CIRCUIT 

C4 
+ Dr 

25 V 

Jl R5 Cl 
Aud;oA~ 

In 
1 k 0.1 

C3 
+ 

.R1 
100 k 

CH A GAIN 

CAJ240E TP1 

+12 V 
2 I/ P-P 

+6 v Input Amplifiers 

R2 
100 k TP2 

+12 I/ 

16 

12 Voo 
~o 

VrE 

13 lnh 
)(\ 

V55 
A 

11 

U4A 
4053 

cs 
H + 
7 

6 

B 

~F 
2 V P-P Noi:1e Rectiftet"s 

25 V 

J-;> 

Audio 8 ~R
7 

Cl 
lo 

1 k 0.1 

+6 V 

CORA 
JN 

COR B 
IN 

7 

CA3240E 

+12 V 

+12 V 

RU 
, ..c 

+12 \I 

R17 
1 M 

OISABL.£ ~ +12 II 
RJ5 ' 
10 k 

R36 

7 

10 

11 

CORA 

COR B 

The purpose of this circuit is the selection of the output of two receivers, tuned to the same 
channel, that has the better signal to noise ratio. This circuit compares the two noise leads from the 
receivers and selects the one with the lower audio noise level. 
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R9 JJ 

EVIATION 

Substitution 
Cotes 

U48 

Y1 

YO 
8 

+12 V 

~ 
-----IIO 

___ ..;;3;..,iz, 

U4C 

C 

9 

y 15 

10 

z 4 

R37 

10 k 

RJ8 

10 k 

Audio Out 
to TX 

+12 V 

47 '"f rL 
25 V 

+12 V 

R'2B 
220 k 

R29 

10 le 

TP4 

RJO 

47 µF' + 47 k 

25Vrl,C11 

CCR 1111 GATE 

Ql 

21112222 
J6 

J7 
Power-Supply 

filter 
+12 V Input 

ComporatOJs 

COR Out 
to TX 

47 ~F + 
~·TC6 
25Vrh 

+12 V 

8 Better 

R11 
10 k 

R12 + CJ 
10 k T 47 µ.F 

rh 25V 

+12 V 

Memory Lotch 

+12 V 

+12 V 

0S2 
A 

7 -

4011 

!
R27 
4. 7 k 

OS4 
~SEL B 

Except os Indicated, decir'nat values of 
capacitance ore in microfarods ( µ.F ) ; 
resistances are in ohms: k=-1,000, M-1,000,000. 

IC plna not sh1:1wn cire unu11• d. 

Fig. 59-3 
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ADJUSTABLE NOISE CLIPPER 

1 kO Audio 
,---------------( ' out 

3to 10vo--i 
p-p -= 

-WILLIAM SHEETS 

100 
µF 

100 
µF 

Fig. 59-4 

This circuit uses two diodes and is a peak-to-peak limiter. The capacitors charge up to a de level 
determined by the peak-to-peak audio signal and the clipping control. A positive or negative peak or 
spike is clipped if it exceeds this level plus the diode drops. The circuit should be operated at several 
volts level for best results. 

1V R~lnput 

= 
WILLIAM SHEETS 

SIMPLE NOISE LIMITER 

Clipping 
level 

-= 

5.1 V 
zener 

~ _+ ------
0.47 µF 

10 
k!l 

470!1 
\ ~------ + 9 V 

2.5 V + ~\kf ..---.--o Noise limited 
\. r: v ~ n:..,,., J_ clipped output 

0.47 µ,F 0.0033 
µFT 

2N3565 -= 

Fig. 59-5 

This circuit uses a symmetrical limiter obtained hy biasing a transistor to a Q point that is half of 
the supply voltage and driving it into saturation and cutoff. An input of 1 to 2 V RMS is sufficient. This 
output will be approximately 4 V p-p into a high-impedance load. 
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60 

Operational Amplifier Circuits 

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

Basic Op-Amp Circuits 
Op Amps with Long RC Time Constants 
Op-Amp Offset Null 
Basic Op-Amp Audio Amplifier 
Input Guarding for HI-Z Op Amps 
Enhanced Op-Amp Balanced Amplifier 
Paralleled Power Op Amps 
Single-Supply Op-Amp Applications 
Current Regulator Op Amp 
Op-Amp Resistance-Multiplication Circuit 
Pseudoground 
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RADIO-ELECTRONICS 

/'"\.. 
VIN 

B 

BASIC OP-AMP CIRCUITS 

R2 

R2 

•sEE TEXT 

OUT ef1 

ourf\J-

Fig. 60-1 

The two simplest op-amp configurations are the inverting (A) and the noninverting (B). Resis
tor R3 is needed only if Cl is used in the noninverting circuit. 

OP AMPS WITH LONG RC TIME CONSTANTS 

NATIONAL SEMICONDUCTOR Fig. 60-2 

This circuit multiplies RC time constant to 1000 seconds and provides low output impedance. 
Cost is lowered because of rcduced_resistor and capacitor values. 
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A 

B J 
RADIO-ELECTRONICS 

OP-AMP OFFSET NULL 
R2 

SOK 

SOK 
V+ -----,.,--- V-

~JOK j 

~ 1DOK ! ~+Ul Rl7------l ___ o our 

INO.----~l;> 
Offset problems can occur in the best of circuits (and often do) without regard to whether the 

circuit is inverting (A), or noninverting (B). Offset-nulling potentiometers are useful in correcting 
the output to zero, but their effectiveness will vary w1der different conditions. 

RADIO-ELECTRONICS 

Cl 
300 

INO JI 

BASIC OP-AMP AUDIO AMPLIFIER 

V+ 

V-

R2 
lOK 

C4 
0.1 

C2 
s 

1-0UT 

Any general-purpose op amp can be used in this application. 

Fig. 60-4 

427 



INPUT GUARDING FOR HI-ZOP AMPS 

R1 

RI 

RI 

~ INPUT 

Al 

Rl 

a. Inverting amplifier 

b. lollower 

Rl 

c. non-inverting amplifier 

OUTPUT 

OUTPUT 

OUTPUT 

Input guarding for various op amp connections. The guar.d 
should be connected to a point at the same potential as 
the inputs with a low enough impedance to absorb board 
leakage without introducing excessive offset. 

NATIONAL SEMICONDUCTOR 

428 

CDMPEIISA TION O ~ 

Bottom view 

Input guarding can drastically reduce surface 
leakage. Layout for metal can is shown here. 
Guarding both sides of board Is required. Bulk 
leakage reduction 1s less and depends on 
guard nng width. 

Fig. 60-5 



ELECTRONIC DESIGN 

ENHANCED OP-AMP BALANCED AMPLIFIER 

R2 150 

-Input 

+Input 

-Input 

+Input 

Oulpul 

Given: Gain• A 
R1 • Rs = COMnlent value 
(> 10X ihe 10URI Impedance) 

R2 • R4 • AxR1 

R& 450 

Output 

Given: Gain • A, desired input impedance = Z 
R1 = 0.51 Z 1 {Af(A + 1) + 1) 
R2 = Ax R1 
R4 = 0.51 Z X A/tA + 1) 
R3 • 0.5 x Z-R4 

The classic single op-amp balanced circuit works well in low-source-impedance configurations, 
but tends to struggle in higher-source-impedance applications because of the varying input imped
ance of_the inputs referred to ground. 

A modified version of the classic op-amp configuration of the figure uses a different set of for
mulas to determine the resistor values. It equalizes the impedance of both inputs by considering the 
op amp's active participation. 

PARALLELED-POWER OP AMPS 

NATIONAL SEMICONDUCTOR Fig. 60•7 

Two power op amps can be paralleled using this master/slave arrangement, but high-frequency 
performance suffers. 
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RADIO-ELECTRONICS 

SINGLE-SUPPLY OP-AMP APPLICATIONS 

R3 
100K 

T 

R3 
47K 

R2 

A 
V+ 

R2 

a 
Fig. 60-8 

An op amp that normally needs two supplies can be used when only a single supply is needed. 
The value of V + should be twice the minimum allowable values of the positive and negative voltages 
normally needed. For example, a 12-V single-supply application would require an op amp capable· of 
±6-V operation. 

CURRENT REGULATOR OP AMP 

..----.-+ 

111 

(A2 + R3) VREF 
louT - R1R3 

R2 

NATIONAL SEMICONDUCTOR Fig. 60-9 
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OP-AMP RESISTANCE MULTIPLICATION CIRCUIT 

NATIONAL SEMICONDUCTOR 

11N 

RI 
1®M 
1% 

Al 
IGQM 

1% 

M• 
9.h 
1% 

':" 

VcuT 

Fig. 60-10 

Equivalent feedback resistance is 10 GQ, but only standard resistors are used. Even though the 
offset voltage is multiplied by 100, output offset is actually reduced because error is dependent on 
offset current, rather than bias current. Voltage on summing junction is less than 5 mV. 

ANALOG DEVICES 

C1 
10µF 

r-
1 
I 

C3 I+ 
101-1F:;:::;::;; 

(OPTIONAL : 
WIAD780) I 

I 

PSEUDOGROUND 

+5V 

.....---• U1 = AD780 OR AEF•43 

IL 
<
-> +2.5V OUTPUT 

.t-----19----0 (2.5V OR 3.0V 

AD780: 
JUMPER 4-8 
FOR 3V OUTPUT 

WIAD780) 

Fig. 60-11 

For op-amp circuits, a "pseudo ground" is often needed; a voltage reference IC can be used. The 
Analog Devices AD780 is used here for this application. This can sink or sourc_e current. 
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61 

Oscillators (Audio) 

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

432 

Easily Tuned Sine-Wave Oscillator 
Quad Tone Oscillator 
One-Transistor Phase-Shift Oscillator 
Basic LM3909 Audio Oscillator 
Low-Distortion Sine-Wave Oscillator 
Low-Frequency Astable 
TTL-Based Audio Oscillator 
Variable Duty Cycle from Astable 
Simple Variable-Frequency Oscillator 
Wien-Bridge Oscillator I 
Wien-Bridge Oscillator II 
Logic-Gate Sine-Wave Oscillator 



A1 
JJOK 

NATIONAL SEMICONDUCTOR 

EASILY TUNED SINE-WAVE OSCILLATOR 

C1,C2 

0.47 µF 
0.1 µ.F 
.022 µ.F 

SINE 
OUTPUT 

.0047 µF 
.002 µF 

C4 
.GlµF 

TABLE I 

Min 
Frequency 

18Hz 
80Hz 
380Hz 
1.7 kHz 
4.4 kHz 

R2 
SOK 

+1i - ..... ..-............. 

-15 

fl& 
IOM 

Max 
Frequency 

80Hz 
380Hz 
1.7 kHz 
8 kHz 

20kHz 

DI 
1V 

>-----~-SQUARE 
OUTPUT 

t C1 "'C2 

.i frequency Adjust 

• Amplitude Adjust 

Fo • 1 
21rc, M:1 R, 

Fig. 61-1 

The circuit will provide both a sine- and square-wave output for frequencies from below 20 Hz to 
above 20 kHz. The frequency of oscillation is easily tuned by varying a single resistor. This is a con
siderable advantage over Wien bridge circuits, where two elements must be tuned simultaneously to 
change frequency. Also, the output amplitude is relatively stable when the frequency is changed. 

An operational amplifier is used as a tuned circuit, driven by square wave from a voltage com
parator. Frequency is controlled by RI, R2, Cl, C21 and R3, with R3 used for tuning. Tuning the filter 
does not affect its gain or bandwidth, so the output amplitude does not change with frequency. A 
comparator is fed with the sine-wave output to obtain a square wave. The square wave is then fed 
back to the input of the tuned circuit to cause oscillation. Zener diode, Dl, stabilizes the amplitude 
of the square wave fed back to the filter input. Starting is ensured by R6 and C5, which provide rte 
negative-feedback around the comparator. This keeps the comparator in the active region. 
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220 
n 

0.01 µF 

O.D1 µ,F 

WILLIAM SHEETS 

QUAD TONE OSCILLATOR 

1 µF 

:,.--e--+-1f--<osc.A 

-:.--___ +-1f--<osc. B 

1 µF 

82 
n 

120 
n 

0.047 µF 

0.047 µ,F 

1 µ,F 
:,.-____ +-lf--<osc.C 

51 
kH 

"100 
n 

100 
n 

51 
kO 

>-____ +-1 t--( Osc. D 

1 µ.F • 

Fig. 61-2 

A quad op amp (TL084, etc.) can be used to produce four audio tone generators for use in a test 
setup. The circuit uses a 12-V supply. 
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WILLIAM SHEETS 

ONE-TRANSISTOR PHASE-SHIFT 8SCILLATOR 

100 
kH 

27 
kO 

0.0047 0.0047 0.0047 1 µ.F 
35V 

Values shown for 
630 Hz (approx) 

µF µF µF 
_____..+ ~ 

f. - __ 1 ___ _ 
0 - 21rv6 RC 

Adjust for 
best waveform 

A single transistor is used as an active element in an RC phase shift oscillator. 

BASIC LM3909 AUDIO OSCILLATOR 

+v 

NC NC 
R2 

C 
8 7 6 5 

LM 3909 Speaker 

2 3 4 

NC NC 

McGRAW-HILL 

Fig. 61·3 

Fig. 61~4 

The LM3909's oscillator frequency can be fine-tuned by adding a resistor to a basic circuit. 
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LOW-DISTORTION SINE-WAVE OSCILLATOR 

--
C4 

150pf 

cs 
SpF 

Al 
IOK 

t C1 • C2 

' ' Frequency Adjust 
• Clipping Level Adjust 

1 
Fo !Ir 21rC1 M3 R1 

NATIONAL SEMICONDUCTOR 

Cl,C2 Min. Frequency 
0.47 µF 18 Hz 
0.1 µF SO Hz 
0.022 µF 380Hz 
0.0047 µ.F 1.7 kHz 
0.002 µF 4.4 kHz 
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AS 
IDK 

--

--

01 
lV 

D2 
7V 

Max. Frequency 
BO Hz 

380 Hz 
1.7 kHz 
8kHz 
20kHz 

RI 
JJDK 

--

Fig. 61-5 



2.2 
kfl 

WILLIAM SHEETS 

LOW-FREQUENCY ASTABLE 

~------------------------- +3 to +12 V 

= 
C2 

+ -

R1 
2.2 
MO 

A2 
2.2 

.Mn 

2.2 
kf! 

~------------{ 1 Output 0.15 Hz 

- + 

C1 and C2 = 2.2 µF tantalum 

By using a high-gain low-currenL Lrnnsistor, such as the 2N:3565, a pair of Darlington-connected 
transistors (2N3565 and 2N:3~:l04) can be used in a high-impedance configuration. 

TTL-BASED AUDIO OSCILLATOR 

C1 

U1: }OUTPUT 
1/67404½ 

L...-_____ +_. 1 

POPULAR ELECTRONICS Fig. 61-7 

Half a 7 404 will produce a tone around 1000 Hz with this circuit. 
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VARIABLE DUTY CYCLE FROM ASTABLE 

R1 

C2 

C1 
= 

RL = 2.2 kfl 
R3 100 k!1 
R1 18 kn= R2 

C1 = 0.01 _µF C2 

WILLIAM SHEETS Fig. 61-8 

If R, = R'i, Ra and cl c2 = C3 

If potentiometer R3 is set at No/o of rotation, then 

rTO'l~\L:;;;, o. 7 r CR + NR3)c +[R + o - NJR?,c1 

TTOTAL ==== 1.4 (R + R3)C and the duty cycle can be varied without changing frequency. 

POPULAR ELECTRONICS 

SIMPLE VARIABLE-FREQUENCY OSCILLATOR 

R1 
4.7K 

Cl 
.47 

R3 
SOK R2 

470 

+3-5V 

SPKR1 
en 

Fig. 61-9 

In this variable audio frequency oscillator, the output of Ul a:t pin 2 is used to drive an 8-Q 
speaker through R2 (which functions as a current-limiter). 
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WIEN-BRIDGE OSCILLATOR I 

~----------------1------e-----------------+12V 

R4 
56kU 

R5 
10k!1 

WILLIAM SHEETS 

POPULAR ELECTRONICS 

Values shown 
f0 = 1700 Hz 

220 
kO 

100 
k!l 

R1 
4.7kH 

C1= C2 
RA= R1 + R2 = Rs 
R8 = R4 II R5 

WIEN-BRIDGE OSCILLATOR II 

R6 
22K 

R3 
10K 

C1 
.01 

A1 
10K 

02 
1N814 

6 

D1 
1N914 

C3 
.-1 

A5 
10K 

A2 
101< R4 

10K 

+ 10 
TµF 

C1 
0.01 µF 

+9-16V 

'\; 
1.SVpp 
1.SkHz 

+ 

C4 
47 

Fig. 61-10 

Fig. 61-11 

The operating frequency of this Wien-bridge oscillator is determined by Cl, C2, RI, and R2. It 
can easily be modified to act as a tunable oscillator by substituting a dual-gang linear potentiometer 
for Rl and R2. 
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POPULAR ELECTRONICS 

LOGIC-GATE SINE-WAVE OSCILLATOR 

.----------------'--•---4---- + 12V 

RUN 

c. 
.018 

•SEE TEXT 
.018 

.047 

1 

1 

... 

01 
2N39D4 

four 

50mH 9kHz 

2mH 14kHz 

5mH 5.SkHz 

1H 300Hz 

10H tOOHz 

Fig. 61-12 

Art inductor and capacitor are used here as frequency-determining elements in an LC oscillator. 
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.62 

Oscillators (Miscellaneous) 

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

Variable-Frequency Astable I 
.Astable Oscillator I 
Astable Oscillator II 
Variable-Frequency Astable II 
Quadrature-Wave Oscillator 
Stabilized Wien-Bridge Oscillator 
Digitally Controlled Square-Wave Oscillator 
50% Duty-Cycle 555 Circuit 
Varied Rep Rate, Duty Cycle with 555 
DDS Digital VFO 
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VARIABLE-FREQUENCY ASTABLE I 
..----------...,.._----.----+12V 

4 

I 
I 
I ~--r9 C5 

C4 3.10pf 
330pf p&4 

POPULAR ELECTRONICS 

C2 
.1 

C3 
100 

Rx 

1Mf.G 

l0MEG 
22ME6 

1MEG 
10MEG 

22MEG 

DCI JUL 
OUTPUT 

AC 

MN ~ 

2.8kHz 45kHz 

300HI 5kHz 
130Hz 2.5kHz 

2.5kH:t 171cHz 
270Hz 1.85kHz 

115Hz 835Hz 

} C=70pF-
.OOlµF 

} C-170pf-
.00111,lf 

Fig. 62-1 

This circuit is a variable-frequency oscillator using a trimmer capacitor or a three-gauge AM 
broadcast capacitor salvaged from an old AM radio. The three sections must be paralleled. 

POPULAR ELECTRONICS 

S1 

ASTABLE OSCILLATOR I 

-------------~------+12V 

RUN 

C ... 
l( 

C1 
.1 

.ru
D--'4 __ -0SQUAREWAVE 

OUTPUT 

•SEE TEXT .___ ___________ __. 

T 

Fig. 62-2 

In this circuit, two gates from the quad 4093 package are used to form a simple astable square
wave oscillator. 
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The values for Rx and C x are approximately as follows: 

ex 
0.001 µF 
0.1 µF 
1 µF 

Rx 
1 Mil 
1 Mil 

IOMQ 

fo 
3kHz 

30Hz 
0.03 Hz 

These values can be scaled for other frequencies. 



POPULAR ELECTRONICS 

ASTABLE OSCILLATOR II 

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

C2 
.01 

C3 
.1 

LOW FREQ. 

Fig. 62-3 

By using transistor switch Ql/R2/R3, the frequency of an astable oscillator can be changed with 
a de voltage or logic level. 

POPULAR ELECTRONICS 

VARIABLE-FREQUENCY ASTABLE II 

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

RUN 
cs 
.1 

R1 
100K 

C4 
.001 

+ 
C6 
100 

fRANGE 

DC I OUTPUT 

AC 

C1 = 2Hz TO 32Hz 
C2 • 30Hz-TO 310Hz 
C3 = 285Hz TO 2.85kHz 
C4 2 2.75kHz TO 30kHz 

Fig. 62-4 

This circuit uses a single potentiometer and switched capacitors to cover 2 Hz to 30 kHz. 
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ELECTRONIC DESIGN 

QUADRATURE-WAVE OSCILLATOR 

"2c 

11111n 
1.llillM$art1114141 

R21 
611 

t. 111 "IIA502S.112 • CD76ACIII 

611 

OUT3 

IIUT4 

Fig. 62-5 

By using a high-frequency quad current-feedback amplifier (the HA5025) as an RC oscillator, 
four quadrature sine waves can be generated. The HA5025's four separate amplifiers generate the 
sine waves, and the quad NAND gate, U2, is biased at its threshold, so it acts as a sine-wave to 
square-wave converter when the sine waves are ac coupled into its input. 

x, 
IMn 1µF 

x, 

-
SF 

v, 
-:-

v, 

ANALOG DEVICES 
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+Vs 

AD534 
OUTPUT 

z, 

z, 

-Vs 

STABILIZED WIEN-BRIDGE OSCILLATOR 

1.8k 

-

OUTPUT 

191tHz 
:!12Vl'K. 

In this application, the AD534 is used as a vari-
able-gain amplifier for the feedback signal.from the 
output to the Y input, via the Wien bridge. The 
peak-rectifier and filter combination applies suffi
cient voltage to the X (denominator) input to 
maintain a stable oscillation-amplitude ( with about 
0.2% ripple). At startup, because X is small (di
vider mode), the gain is high, and the osrJllation 
builds up rapidly. This is but one of several possible 
schemes, involving no external active elements. Its 
forte is simplicity, rather than high performance; 
nevertheless, the amplitude is not greatly affected 
by suQPly and temperature variations, about 0.003 

Fig. 62-6 dB per volt, and 0.005 dB per degree. 



McGRAW-HILL 

ICl 
IC2 
Cl, C2 
C3 
C4 

DIGITALLY CONTROLLED SQUARE-WAVE OSCILLATOR 

Control C4 CJ C2 cs Cl 
inputs 

0.05 0.022 0.01 0.005 0.01 

A 

B 

C 

D 

CD4066 µ.F µ.f µF µ.F 

- - - - -

- -- - - -

IC2 

2.2 k R2 
10 k 

4 

LM3909 LED flasher/oscillator 
CD4066 quad bilateral switch 
0.1-µF capacitor 
0.033-µF capacitor 
0.047-µF capacitor 

µ.F 

C6 lo., 
µ.F 

8 

rc1 
LM3909 

C5,C6 
Rl 
R2 
R3 
R4 

2 

£0 Output 

o+gv 

R3 
2.7 k 

5 
R4 
470 k 

Fig. 62-7 

0.1-µF capacitor 
2.2-kn, ¼-W 5% resistor 
10-kn potentiometer 
2.7-k!l, ¼-W 5% resistor 
4 70-n, ¼-W 5% resistor 
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+2-18 V 

4 
RES 

IC1 
TLCSSS 

3 

CV 
5 

C2 
.01µ,F 

~ 
50% D.C 

8 
+V 

D5 7 

TRG 2 

TH 
6 

-v 
1 

50% DUTY-CYCLE 555 CIRCUIT 

R2 
1K 

C1 
.005 µF 

Using an external charge transistor and 
diode enables a 50% duty cycle and easy fre
quency control. When the 555's discharge tran
sistor is cut off, the 2N2222 acts as an emitter 
follower. When the discharge transistor turns on, 
the 2N2222 turns off and Cl discharges through 
(R1 + R2) at the same rate. The IN4148 provides 
temperature compensation. 

IC2a 
1/6 4049 

ELECTRONICS NOW Fig. 62-8 

ELECTRONIC DESIGN 

446 

VARIED REP RATE, DUTY CYCLE WITH 555 

+12 0-t~---------------------, 
V de 

Seltd Rt 81MI Ct tor appli~tion U1: 555 llmer; U2: 741 or equiYalenl 

+Vs1ppl¥ 

02 
IRFMI 

To independently vary rpm and dwelt, or duty cycle, a 555 timer is used to produce 
a ramp waveform, which is compared to an adjustable reference. 

Fig. 62-9 



QST 

9 
8 
7 

P1 6 
Computer <E- 1-:5,-----......;.;..._ 

LPT 4 
Pod l-:iJ!"'""'"---_,.;.--1 

2 

14 Through 25 

IC pins not shown 
are unused. 

7 to 9 
Vdc 

Input 

U4 
7805 

DDS DIGITAL VFO 
U1 

HSP45102PC·40 
DDS 

GNO 

~0.lµf 

Vee 

+ CJ 

U2 
CAJJJ8AE 

DAC 

Vee 

T 1Cµr c1 c2 
,}-, 16V rJ;-1 µ.f ;J:;-1 µ.f 

Fig. 62-10 

The DDS chip (Ul) generates a data stream that is converted by DIA converter U2 into a sine 
wave. Ul is programmed via the input from Pl l from the LPT port of an IBM PC. The system uses a 
40-MHz TTL output clock module. 
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63 

Oscillators (RF) 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Frequency Modulated Oscillator 
JFET Variable-Frequency Oscillator 
AM Oscillator for Wireless Microphones 
Reinartz Oscillator 
Remote-Oscillator High-Frequency VFO 
Beat-Frequency Oscillator for AM/SW Radios 
Butler Oscillator Circuit 
455-kHz Oscillator 
Modified Hartley Oscillator 
VLF LC Oscillator 
Grounded-Base Tuned Collector Oscillator for 

AM Broadcast Band 

HF VFO Circuit 
Darlington Transistor Oscillator 
FM HF Oscillator With No Varactor 
Tunable UHF Oscillator 
"Universal" VFO 
Oscillator Circuits 
Colpitts Oscillator 
Clapp Oscillator for 100 kHz 
Tuned Collector Oscillator 
Hartley Oscillator 



FREQUENCY MODULATED OSCILLATOR 

Audio _ __J 
input~ 

1 to 2 V pp O.i 

µF A 
MV2107T 

WILLIAM SHEETS 

+ 47 µF 
16 V 

Lr 
0.15 µH 
nominal 

= 

82 
pF 

2 to 10 
pF 

= 

3300 
+12 V 

Fig. 63-1 

This circuit can be used for FM wireless audio, microphone, and part-15 applications where a 
stable frequency modulated oscillator is needed,_LT can be varied to cover 75 to 150 MHz, as needed. 

JFET VARIABLE-FREQUENCY OSCILLATOR 

c1· 12-18V 

C2' C4 
.001 OUTPUT 

Lr cs· R1 (-o TO 
100K BUFFER 

D1 L2 
1N914 .5mH 

'SEE TEXT -= 

fcJl,HZ 
l1 C2 AND C3 C1 VARIABLE 

(TURNS) (pF) (pF) C5(pF) 

2.-6 36 680 150 100 

5-,8 25 470 100 100 

7-14 20 470 100 50 

POPULAR ELECTRONICS Fig. 63-2 

This simple JFET-based variable-frequency oscillator can be used in receiver and transmitter 
circuits. 
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AM OSCILLATOR FOR WIRELESS MICROPHONES 

3300 
+12 V 

WILLIAM SHEETS 

0.1 
µFT 10 

kO 

Audio in 
2Vp-p °""]_ 

2.2 
kil 

,----,----, 

0.01 µF 

AM oscillator coil 
from transistor radio 

f0 1 MHz 

3' antenna 

Fig. 63-3 

This circuit will generate an AM-modulated signal in the AM broadcast band that can be picked 
up on a receiver. About 2 V of audio input will produce about 30% modulation of the oscillator signal. 
An old AM broadcast oscillator coil or other two-winding coil with about a 10:1 turn ratio and about 
50 to 150 µH inductance can be used for Tl. 

10 
kn 

2.2 
kO 

REINARTZ OSCILLATOR 

0.01 TµF 

O.Q1_J_ 
µF 

C 

C = 330 pF f 1 MHz 
L 75 µ,H 

WILLIAM SHEETS Fig. 63-4 

This oscillator uses inductivity coupled emitter and collector windings to its main tank circuit. 
Take care so that L1 and 12 are not coupled to each other, otherwise this circuit is susceptible to par
asitic oscillation at other frequencies. Typically, Ll has 5 to 10 times the number of turns that 12 has. 
LI, 12, L3 are wound on same coil form. This oscillator is more suited to lower frequencies, ~10 MHz. 

450 



QST 

L1 

to Q1,C4 
and CS 

for Bond 1 

REMOTE-OSCILLATOR HIGH-FREQUENCY VFO 

D1 

CB 
0.1 J.1,F 

~ 

1N4148 .------.,,i 

D• drain 
G• gate 
S• source 
nc ,. no connection 

(A) 

(B) 

r 
to D2 

ond R2 

U1 
74HC240 

Buffer 

Q1 
MPF102 

Osclllotar 

c,o 
0.02µ.F ~ 

+sv 
R~ulated 

J3 
TUNING 

v'OLTAGE 
INPUT 

Band-Specific Oaclllator 
Component Values 
Band L 1 Approximate Tuning 
(m) (turns•) Rangst (kHz) 
10 3 110 
12 4 100 
15 5 80 
17 6 65 
20 7 50 
30 10 40 
•Close-wound #20 enameled wire on a 

3/e•lnch plastic rod; see text 
twith an MV1662 diode used at D1, and 

C7 (Figure 2) equal to 47 pF. See text, 
Note 2 and the Figure 2 parts list. 

Fig. 63-5 

A remote VFO is sometimes used to control a transmitter or receiver. The circuit shown uses an 
MPF102 FET and is controlled··by a de voltage at J3. The table shows values for L1 for various bands 
from 30 to 10 meters. Ul serves as a buffer amplifier. 
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0.i 
µFT 

T1 455 kHz 
transistor 
radio IF 

WILLIAM SHEETS 

BEAT-FREQUENCY OSCILLATOR FOR AM/SW RADIOS 

3.3k0 c: AGC 
disable 

I ___.., 

I 
I 
I 

.--. +9 V to 12 V 

1 to 5 
pf Shielded cable 

Fig. 63-6 

This BFO can be added to inexpensive AM/SW receivers to enable reception of CW signals. Out
put couples to base of lasUF stage. Tl is any 455-kHz IF transformer. The BFO switch should be a 
DPDT type (as needed), and the radio AGC circuit will·probahly have to be disabled for CW reception. 

RADIO-ELECTRONICS 

BUTLER OSCILLATOR CIRCUIT 

I ,: 
I 
I 
I 
I 
I -._ ______ _ 

Fig. 63-7 

This circuit uses an overtone crystal in a Butler oscillator. Ll is approximately 1300 µH, and the 
crystal frequency should be from 20 to 50 MHz. 
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McGRAW-HILL 

455-kHz OSCILLATOR 

G 

Cl C2 
10pF 180pF 

R2 
lkfi 

C4 
180pF Bl 

+ 

9V 

Fig. 63-8 

The 455-kHz oscillator circuit uses a field-effect transistor (FET) for Ql. The output signal-is 
taken from the source circuit of Ql. Tl is a 455•kHz IF transformer. 

+12V 

WILLIAM SHEETS 

MODIFIED HARTLEY OSCILLATOR 

100 
pF 

10 pF 

L1 + Li = 100 µH 
f080 1.5 MHz approx. 

33 
kH 

_ ___.1-----1 f--o Output 

0.1 
TµF 

Fig. 63-9 

This oscillator uses a tapped coil in the collector circuit, with the tap grounded for the signal. LI 
and L2 are coupled inductively and typically have a 3: 1 turn ratio, and generally are sections of one 
entire \Vinding. 
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+&-12V AFouT 

lc2 
.047 

POPULAR ELECTRONICS 

VLF LC OSCILLATOR 

Fig. 63-10 

The VLF oscillator uses a large toroid coil as 
the frequency-determining component and a 
2N54851'~ET as the active device. R3 is used as a 
feedback control and also by running the circuit 
with slightly less feedback than needed for oscil
lation, can serve as a regenerative amplifier or 
detector. 

GROUNDED-BASE TUNED COLLECTOR OSCILLATOR FOR AM BROADCAST BAND 

0.1 
µF'J"' 10 

kil 

10 µF 
16VT 

WILLIAM SHEETS 

454 

1.5 
k!l 

0.1T 
µF - • 

1 
kfl 

+12 V 

30 to 350 
pF 

= 

~ fout L-o 530 to 1700 kHz 

L 1 240 µH tapped at 5% 
L 1 : L2 12: 1 turns ratio 

Fig. 63-11 



C4 .. 
2-12pF 

A1 
100K 

01 
1N914 OR 

1N4148 

<ll> c2·· 
TRIMMER 

SOpF 

POPULAR ELECTRONICS 

Cl 
100pF 
MAIN 

TUNING 

C3" 
68pF 

I 
I 
I 
I 

ul 
I 
I 
I 
I 
I 

HF VFO CIRCUIT 

-•--0- U1 
7 78L08 

t-'-------+---+ 12VDG 

1 G 
":" 

01 
MPF102 

OSCILLATOR 

R3 
100n 

+ C9 

J
10 

C 
.1 

02 
MPF102 
BUFFER 

AMPLIFIER 

----f---o OUTPUT 

C11" 
100pF 

•• AIR DIELECTRIC 
TRIMMER CAPACITOR 

~ NPO CERAMIC, 
Sil VEREO MICA 

OR POLYSTYRENE 

Fig. 63-12 

This typical HF VFO circuit has several stability-enhancing features, including well-chosen ca
pacitor types. The frequency of the VFO is approximately 21t (C1 + C2 + C,3) £ 1. L1 should be an air-
core coil, rigidly mounted, with high (>200 value) value of Q. 

POPULAR ELECTRONICS 

DARLINGTON TRANSISTOR OSCILLATOR 

L1 
1T 

LOOP 
COIL c2• 

.1-47 

R2 
270K 

C4 
1 

Fig. 63-13 

This oscillator uses a very large capacitance-to-inductance ratio. Ll is a one-turn coil consisting 
of a loop of #12 wire 1211 in diameter. This circuit is useful for metal detectors, where a loop an-
tenna is used. 
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FM HF OSCILLATOR WITH NO VARACTOR 

2SnH 0.5 RF 
pF out-ut 

sh 
~F 

Q1 
BFT25A 

- -

-
R2 0.5 

1Dk pf 
Vmod 

Modulation input 
A1 15 pf 75 

-
ELECTRONIC DESIGN Fig. 63•14 

Instead of using a varactor to frequency-modulate a high-frequency oscillator, this circuit uses 
base-charging capacitance modulation. Consequently, the large voltage change required by a varac
tor, which can be a major problem in battery-powered systems with limited supply voltas;;es, is elim
inated. Tl is a ceramic coaxial quarter-wave resonator. 

5.6 
k!1 

2.2 
kn 

WILLIAM SHEETS 

100 
pFT 

MPSH81 

TUNABLE UHF OSCILLATOR 

~---------+av 

Microstrip 
0.1"W X 1.S"L 

Er= 4.8 
G-1 O material 0.062" thick 

f0 350 to 500 MHz 

Fig. 63·15 

This oscillator is typical for 350- to 500-MHz operation. The microstrip inductor is a PC board 
trace. The tap is typically 15% from the bottom end. The output power is 55 to 100 mW into 50 n, 
with the frequency stability typically 0.1 % over Oto 50°C. 
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~Tun 

D1 
1N4148 

-----A 

L1 

I I 
'~ 

.May B• Grouped 

(a} 

73 AMATEUR RADIO TODAY 

"UNIVERSAL" VFO 

111 i---------------LJ +12 VDC 
C10 I 220 )IF 

-::- C11 
p.-·1_µ--1F _____ ....,.....~ 

RFC 2 
220 µH 

ca 
.1 µF 

,-------..-----r-----.----1 p_+ 
t~• ~Toa ~T f •• f'' f" 

- - -~ 
May B• Grouped 

Fig. 63-16 

Figure 63-16A shows the basic circuit for the VF'O, except for the tuning circuits (which are 
shown in 63-16B). Transistor QI is a junction field-effect transistor (JFET) oscillator stage. The 
device to use at Ql includes MPF-102, 2N4416, and the replacement devices from the popular lines 
of "servicel' parts e.g., ECG and NTE). 

Two different oscillator configurations can be accommodated by this desiJ:sn both Clapp and 
Colpitts oscillators can be built). Both oscillators arc the same from point A in 63-16C foiward, 
and both depend on a capacitor voltage-divider feedback network. The Clapp oscillator (Fig. 63-16A) 
is series-tuned and the Colpitts oscillator is parallel-tuned (Fig. 63-16B). 

The de voltage supplied to the oscillator transistor (Ql) is voltage-regulated. The voltage regu
lator can be any 78Lxx series from 78L05 to 78109. 
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RADIO CRAFT 

These are methods of 

RADIO-ELECTRONICS 

U1 
NEIGZ 

OSCILLATOR CIRCUITS 

7 

U1 
NE802 

6 

an NE602 with a tunable VFO. 

COLPITTS OSCILLATOR 

l 
I 
I 
I '=' 1...------· 

L 1 = 7 µHif(in MHz) 
cl= Cz = c3 = 2400 pF/f 

U1 
NEIOI 

6 

In this circuit, the oscillator is free-running. 

CLAPP OSCILLATOR FOR 100 kHz 

4.7k0 15k0 
, ~-- +9 V regulated 

= 

c::::J----'JII, 

0.001 
µFT 0.0068 

µF 
Output 

= 
WILLIAM SHEETS 

Fig. 63-17 

Fig. 63-18 

Fig. 63-19 

This Colpitts oscillator is very stable and usable where good stability is needed,-but crystal con
trol is not desirable. It is capable of 1 part in 104 to 105 with good-quality components. 
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10 
kfl 

2.2 
kO 

WILLIAM SHEETS 

TUNED COLLECTOR OSCILLATOR 

100 pF 

1000 

~ 

Feedback 

HARTLEY OSCILLATOR 

470 pF 

L 1, L2 osc. coil 
turns ratio 10:1 TYP 
L1 = 1.2 µH 
f = 12 to 30 MHz 

f------------+9V 
.---------1 1------------------1 MPF102 0.1 

TµF 100 pF 
NPO T 

WILLIAM SHEETS 

70 to 90 
µH 

IN914 1 M!l 

f0 = 1.8 MHz 
33 pF 

>----------------------1 f------. Output 

Tap at¼ total turns 

Freq. range up to >150 MHz 
with suitable components 

Fig. 63-20 

Fig. 63-21 

This circuit uses a tapped inductor in a Hartley oscillator circuit. The tap is generally at 25 Lo 
35% total turns in most instances. 
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64 

Oscilloscope Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Scope Voltage Cursor Adapter 
Sampling-Rate Phase Lock 
Differential Amplifier for Scopes 
Delayed Video Trigger for Scopes 



+15V 
TO 

IN 

c, 
47µ.F 

ELECTRONICS NOW 

SCOPE VOLTAGE CURSOR ADAPTER 

12V 

OUT 
(REG) 

IC1 
MC78L12 

GNO 

MC78L12 
T0-92 

3. INPUT 
GROUND 

1. OUTPUT 

C2 
0.1 

R1 
1K 

(CAL) 

R4 
10K 

8 4 

3 
+V RS 

5 ---"-10 CV 
AS 

62K 
IC2 

2 ICM7555 
TG 

6 
TH GD i-

1
------

S1 
b 1 

C5 
0.001 

i........;1---eNORM 
C6 
0.1 

GD 7 

1 
IC3 

CD4066 
8 

11 

T 

+ 
C8 

1.0µF 

Fig. 64-1 

The voltage cursor adapter superimposes horizontal cursor lines on the top and bottom of the 
waveform-a kind of electronic calipers-to perm.it direct readout of the voltage value. The cursor 
lines extend across the entire screen. The MC78L12 voltage regulator (ICl) supplies regulated 12-
Vdc to the rest of the circuit. The ICM7555 timer (IC2) drives the CD4066B, a CMOS bilateral switch 
(IC3J. This drive frequency can either be a normal frequency (NORM) of 100 Hz or a low-frequency 
(LO-F) of 10 kHz, depending on the setting of switch Sl. Set SI to 1O-F for inputs below 500 Hz. 

The de reference voltage supplied to pin 3 of TC3 is set by R3, a 10-turn, 5000-Q precision po
tentiometer. The voltage can be read directly from a turns counter dial coupled directly to the po
tentiometer's The accuracy of this reading can be 1 % or better. Trimmer potentiometer Rl 
permits the voltage to R3 to be calibrated to precisely 10 V 

The circuit is calibrated by setting the digital reading on the turns counter of R3 to the full clock
wise position and adjusting RI for a reading of 10 V at the wiper of R3 with a digital voltmeter. 

Bilateral switch TC3 converts the de reference to a square wave with exactly the same wiper am
plitude. The square-wave output appears on common pins 4, 9, and 10 of IC3 and coaxial plug PLI. 
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Ra 
11H 

~ 
0.01r,,.FI 

-

ELECTRONIC DESIGN 

9 

5 

SAMPLING-RATE PHASE LOCK 

78LD5 

GND 
Out i----------.---•o+5V 

• 
09 14 

Fig. 64-2 

Most digital scopes have record lengths that are power of 2 (e.g., 1024 points) and sampling 
rates constrained to a 1-2-5 sequence. This can lead to measurement errors on power-line waveforms 
because an integral number of line cycles can't be captured. Digital scopes that calculate measure
ments, such as the rms level, across the entire record will be in error. 

One solution to this problem is to phase-lock the scope's sampling rate to the line frequency by 
exploiting the external clock input found on some digital scopes. Phase-locking the sampling to lir}e 
frequency also tracks variations in the power-line frequency. 

A 9- or 12-Vac wall transformer provides the circuit's power and the frequency reference. The 
negative output- of the diode bridge refines the circuit ground. The 78L05 regulator provides the +5-
V supply for the three I Cs. R3 and C2 create a low-pass filter on the half-cycles from one of the float
ing transformer outputs. R3 also liinits the current into the internal diode clamps of the inverter gate. 
The inverter output becomes the power-line frequency reference and is one input (SIG in to the 
phase comparator) of the Signe tics 7 4HC4046A phase-locked loop (PLL). The 7 4HC4040 divides the 
PLL output frequency by 1024 and feeds the divided clock back to the other PLL phase-comparator 
input (COMP in). The phase-comparator output (PC2) is filtered and drives the PLL's control volt
age (VCO in) so that the output frequency is 1024 times the reference frequency. 

With the loop filter shown, the output frequency locks to the line frequency in about 10 s. The 
oscillator is locked to hath 50- and 60-Hz inputs using a 7 4HC4046A and the values shown for resis
tors Rl and R2 and capacitor Cl. 

The output signal is buffered and sent to the scope's external clock input, which is typically a 
TTL-compatible input. A different iap from the 7 4HC4040 can be selected to control the number of 
cycles captured in one scope record. 
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DIFFERENTIAL AMPLIFIER FOR SCOPES 

C3a -----v---- 5·20 pf 

4.7 
DIFF .--e------1--------, - k, 

S3C INF 

1~ 

C3b 5-20 pf 

ELECTRONIC DESIGN 

-15V 

S3D 

100 V 

1V 

IC1 = TLOn (AD712J) 
IC2 • IE530 (AD711K) 
IC3 = LM310 (AD711J) 
IC4 = OP-2C (AD711K) 

20% 
§ 

-15V 

11 

S5 

~ 

1 vc polarlty 1 
+15V 

S68 

Fig. 64-3 

Differential inputs and comparator modes can be added to any general-purpose oscilloscope us
ing this circuit setup. Calibration doesn't change because the circuit operates in unity gain in most 
modes. ArnpWier noise level is iow enough not to degrade low-level signals) and its dynamic range can 
handle signals up to ± 12 V peak. Notice that all of the resistors are 1 % , unless specified otherwise. 
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··Video In 
J1 .1 

~ 
-=-

10K 

R1 
R2 
R3 
C1 
C2 
C3 

9V 

-= 

73 AMATEUR RADIO TODAY 

DELAYED VIDEO TRIGGER FOR S.COPES 

ev 

R3 

D2 

av 

r 
3.3k 
1 meg potentiometer, linear taper 
1k 
0.0047 µF 
0,033 µF 
0.1 iJF 

01 ,D2,D3,D4 
01 
U1 
U2,U3 
J1.J2.J3 
s, 

Note: Resistors are all 5% 1/4 watt Capacitors 
are all polyester type. 

Vldeci Out 

1 N914 silicon diode 
MPF102 JFET 
LM1S81 video S)'nc separator 
4013 0 type flip-flop 
ACA phooo jack 
SPDTswitch 

-=-

J2 

. 
J3 

Fig. 64-4 

This circuit will extract. vertical sync from a video signal, produce a vertical sync pulse, and add 
an adjustable delay. This permits a delayed sweep effect to enable a scope to look at any particular 
horizontal line. It is useful for older scopes. 
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65 

Photography-Related Circuits 

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

Charger for Photoflash Capacitor 
Slide Stepper 
Photo Super Strobe 
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CHARGER FOR PHOTOFLASH CAPACITOR 

Cl-0.2 µ.F- ±20%, 100 V 

Rl 

+ 
2.4 

C (lCN1d Ca~cltor)-ASO µ.f, 500 V 
D1, D2-Mft81-4 (Fnt•Rac-ovtry Rectifier) 
Ql -MPS6520 (Selected) 
Q2-MPS6563 (S.lectedl 
Q3-MPS6562 {Selected) 
Q-'-MP3613 (S.lected) 
VR-Neon limp (Selected 5 AG) 
Rl-391C 
R2-1000 
R3-I.0K 
R-'-120fl 
Rs-tson 
R6--270.0 ±5% 
R7-7.s0 ::::5% 
RB-1.0 MO 
R9-2.0 MO Pot 
R10-390K ±5% 
Note: All resisters ± 10%, 1/, W, Unlen 

Othorwt .. Specirtttd 

R4 

Ql 

Q2 

R3 

Duty cycle 

Shutoff' 

Ll: Timing Inductor 

Core: F_erroxcube 266Tl25-3E2A 
Winding: 145 Turns, No. 36 Wire 

L2: Drive--Oscillator Transformer 

Core: Ferroxcube No. 18/llPL00-3B7 
Bobbin: 1811F2D 
Air Gap: 0.005 in 
Windings: Wl: 40 Turns, No. 28 Wire 

W2: 20 Turns, No. 30 Wire 
W3: 14-0 Turns, No. 36 Wire 

L3: Output Transformer 

Core: Ferroxcube No. 26/16P-L00-3B7 
Bobbin: Ferroxcube No. 26/16F2D 
Windings: Nl: 11 Turns, No. 18 Wire 

N2~ 1100 Turns, No. 38 Wire 
Air Gap: 0.030 in 

RS 

R9 

RlQ 

+ 
C 

McGRAW-HILL 

This circuit charges photoflash capacitor C ( 480 µF, 500 V) for photoflash usage. 
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R3 
100K 

R2 
1K 

C1 
47µF 

R4 
100K 8 

Vee 

7 
DISCH 

S THRES 

2 
TRIG 

SLIDE STEPPER 
PROJECTOR 

REMOTE 
RED 

WHITE 

YELLOW 

FWD 
REV 

COM. 

CAROUSEL 
SLIDE 

PROJECTOR 

Fig. 1-0AIGINAL CONFIGURATION of 
the slide projector's remote control. 

+ 1----1 
81 

R1 9V 
4 1500 

RS 

IC1 
555 

OUT 
3 

GND 

Fig. 2-SCHEMATIC DIAGRAM. The stepper circuit replaces the remote and will-auto
matically advance the slides with a variable time delay. 

REMOTE P2 J1 

Ir± I IJ . FWD 

REV PROJECTOR 

COM r ! JUMPER:1 
t--B" 

Fig. 3-CABLE MODIFICATION. This will allow the remote and the stepper circuit to be 
swapped easily. 

ELECTRONICS NOW Fig. 65-2 

This stepper circuit replaces remote controls and will automatically advance slides in a projector. 
The time delay is variable with R4. The cable connections are for a Kodak carousel slide projector. 
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ELECTRONICS NOW! 

PHOTO SUPER STROBE 

Cl 
.006 

Gil 
.005 

a~© .:: ~-------~Y: ~ PHOTO 2 21< 
-SENSOR Gt-lO 

:~o Q ~-------·Y:;6 
SENSOR_ GNO 

2) SLIOE HEAT SHRINK OVER 
CONNECTION AND SHRINK 

C2 
.1 

R10 
101( 

~_L.~-1~ 

':::: · l=-~~-+J:) 
RG1741'l.1 3) SLIDE HEAT SHRINKO\IER 1l SOLDER THESE CONNECTIONS 
COAXIAL MIC ANO CONNECTIONS AND SHRINK NOTE FLAT MARKS 
CABLE / COLLECTOR 

/ CENTER C~UCTOR ~f 

- ~~"-'-[" I '. _. ____ )- -~JmD-= J 

SHIELD BRAID R
2
S 

MAKE THE SENSOR ASSEMBLIES with heat-shrink tubing and small diame
ter coaxlal cable such as RG-~ 74:U. The space between the coaxial cable and the outer 
heat-shrink tubing is "tilled with a little 8ilicone rubber. 

Fig. 65-3 

A change in audio or light level on the sensor connected to Jl is amplified by ICl-a and ICl-b 
(rectified), and used to trigger IC2. R12 sets the delay between the trigger and the flash. ICl-c drives 
indicator LED2_and triggers SCRl, which sets off the strobe connected to J2. A photo cell or a mi
crophone can be used as a sensor. 
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66 

Piezo Circuits 

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

Piezoelectric Driver Circuit 
Piezoelectric Buffer 
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POPULAR ELECTRONICS 

PIEZOELECTRIC DRIVER CIRCUIT 

A 

FEEDBACK 
TERMINAL 

R2 
1.BMEG R1 

1MEG 

8 

C1 
.001 

Fig. 66-1 

Three-terminal piezoelectric elements are typically driven by transistor circuits (A), or logic 
gates (B). '1\vo-terminal devices can be driven by two NAND A booster coil is used to com-
pensate for the sound-pressure attenuation caused by the case. 

PIEZOELECTRIC BUFFER 

R1 2.2 kO 
R2 150 0 
01 2N3819 FET transistor 
Misc. Piezo disc 

AU resistors are 5 to 10 percent tolerance, '/4 watt. 

Piezo film 

McGRAW-HILL Fig. 66-2 

This circuit will serve as a buffer for experiments with Kynar film, a piezoelectric material, or 
with piezo devices. 
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67 

Power Line Circuits 

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

ac Power Controller 
ac Power-Linc Monitor 
Power-Line Modem for Computer Control 
Low-Voltage Power Controller 
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~ 

~ ac POWER CONTROLLER 

11 110 19 

ELECTRONICS NOW Fig. 67-1 



ac POWER CONTROLLER ( Cont.) 

This circuit is used to vary the power delivered to a 120-Vac load under software control. A 
68705 micro controller can control eight discrete power triacs, each of which delivers power in 32 
smoothly graduated steps, ranging from Oto 97% of full power. The value delivered to one channel is 
independent of the value delivered to any other channel. Loads can include light displays, universal 
motors, heaters, and other appliances. 

The power level is set by software, not a potentiometer. The software includes a basic set of rou
tines for processing interrnpts and setting the power level. The software also includes five test and 
demonstration routines for putting the circuit through its paces. Moreover, there's plenty of room to 
add your own routines to the 68705's built-in EPROM. 

The basic circuit is simple, yet versatile enough to accept inputs from on-board DIP switches; al
ternatively, the inputs can be driven from a microcomputer bus or parallel port, or a stand-alone de
vice with TTL-compatible outputs. Then~ are 12 input bits to set modes and specify values. 

117VAC 

~ 

LED1 

+9V 

POPULAR ELECTRONICS 

ac POWER-LINE MONITOR 

2 

U1 
ECG3041 

SCR1 

+9V 

R3 
470K 

5 

4 

+9V 

2N5081 

01 
-IRF511 

':' 

Fig. 67-2 

When the power-line voltage source fails, QI turns on, activates optoisolator U2, and triggers 
SCRI. For small SCRs, Ul might directly trigger SCR 1. 
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.f,l,. ....., 
~-

+5V 

RS 
1K 

M--
A9 
1K 

'Ntr-----
R10 
1K 

R1 
4.71< 

S02 
fSEE 

NOTE) 

1 

ELECTRONICS NOW 

+5V 

'll' 

01 
1N914 

D2 
1N914 

+5V 

D3 
1N91111 
--

04 
1N914 

DS 
1N914 

POWER-LINE MODEM FOR COMPUTER CONTROL 

J1 

t Pl O PO O 39 

2 p 1.1 PO 1 38 11 2A 1 

3 p 1 2 PO ?. 37 13 2A2 

4 
P1 3 PO 3 36 15 2A3 

+SV 
j 

20 
Vee 

S P1 4 P04 35 17 2A4 2Y1 

6 n, r IC1 P05 34 1 2Y2P, 
87C51 

P0.6 
33 

2Y3 5 

PO 7 
32 

2Y4 
3 

P2 0 21 

T I 
;i· ... _ P2 1 22 +SV 

10µF 131 P2 ? 23 .--------,16 
Vcct-:-.:c.-- ce 

P2.3 
24 

C5 tOµF 
25 tOµF IC2 + 

. P2 4 MAX232 V+ 
- u:.I P2 5 26 V- 6 

. 27 C4 
C1 __:.q RD p;:, G 10µf 15 

30pF _ 1aL,.. P::> 7 2s ci Vss _ 

1 10 9 8 -
XTAL1 (5 ,lXD LL OUT RS IN TRANSMIT 

11.059MHz, nm 11 10 LLIN RS OUT 
7 

19 X1 ALE/P 30 
C2 31 29 COMMON RECEIVE 

3,0pF ENVP PSEN -
40 

+SV Vee Vss I s01 

20.1 ~ 0 0 O O O b O O O O O 0 
IC4 +SV -0 O O O O O O O O O O 0 

LM7805CT .. 
v N 3 NOTE: X • 10 INPUT FROM TW-523 

I GND + 1. ZERO CROSS 
2 C8 2. COMMON 

10µF 3. RECEIVE 
-:- 4. TRANSMIT 

Fig. 67-3 

This circuit uses an 87C57 microcontroller and a few peripherals tci condition X-10 power-line carrier-code formats from a 
personal computer to use an X-10 power-line .interface iri a home-control system. Software details are available in the reference. 



LOW~VOLTAGE POWER CONTROLLER 

P2 

OP2 
A10 

LED1 75K A3 
1K AED -~ A6 

1K 

03 

A13 Ra 1N4936 

10K 33K 01 
fN4936 

RS 
2K R7 

10K 
U1-a 

1/'l LM55S 

cw 01S1 Vee 14 

R1 w 6 
TRIG1 ASl 4 

100K 2 
THR1 

ccw 7 GND CONT1 
3 1/4 LM339 

OP1 

U1•b (') 

V2 LM551 

,o FIS2 OUT 9 

8 
TRIG R4 

12 
THR 10n 

11 CONT D.2 01 

R11 
75K C5 G3 

01 01 
C4 R2 
01 lOK 

C2 D2 
1 1N751 

s 
P1 .. 

POPULAR ELECTRONICS Fig. 67-4 

The circuit has a duty-cycle generator that will produce an output varying from fully off to fully 
on and pulses of any duty cycle in between the two extremes. 

This method of operation is called PWM {pulse width rnodulation). The circuit can be fed from 
any de supply source of between 10 to 15 V. Half of an LM556 dual oscillator/timer and U2-a (¼ of an 
LM339 quad comparator) combine to fonn a voltage-to-pulse-width converter. The first half of the 
dual oscillator/timer (Ul-a) is configured as an astable oscillator, generating a continuously oscillat
ing ramp voltage. Op amp U2-a compares the voltage at its noninverting input (pin 5)-which is con
nected to pins 2 and 6 of Ul-a-to the voltage at its inverting input (pin 4). The op amp will produce 
a low output if Rl's wiper voltage is higher than the instantaneous voltage that is present at pins 2 
and 6 of Ul-a. The output of U2-a at pin 2 will have an on/off ratio that is proportional to the voltage 
at Rl 's wiper. 

The output of U2-a is fed to Ul-b, which is used to buffer the signal. The low-impedance, pulsed 
output of Ul-b at pin 9 is fed to the gate of MOSFET Ql, driving it on or off. The circuit also has a 
power-input detector, built around U2-band and UJD 1. If the input power is OK, LED 1 will shut off. 

Diode D1 is used to suppress the reverse voltage spikes that are generated by inductive loads 
during turn off; without that diode, the MOSFET might be destroyed. If the circuit will not be used 
to drive inductive loads (motors), D 1 can be eliminated. 
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68 

Power Supply Circuits 

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

1'.,oldback Current Limiter 
Current-Limiting Regulator Circuit 
Switching Power Supply 
Transformerless de Power Supply I 
+5-V at 1.5- to 3-A Supply, +6- to+ 15-V Input 
Transformerless de Power Supply II 
Fast 3.3-V Regulator 
Power Supply for High-Power Autosound Amp 
IC Regulator Protection 
3.3-V Switching Regulator 
NE602 Power-Supply Options 
Simple 9-V Power Supply 
Tracking Power Supply 
Power Efficient Voltage Regulator 
Low Drop-Out Regulator 
SCR Switching Supply for Color TV Receivers 
Regulator Circuit for Bilateral 

Source/Load Power System 
Fast 3.3-V Adjustable Regulator 
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Two-Terminal 100-mA Current Regulator 
Two-Phase Rectifier 
Low-Noise 5~V Supply 
Positive Regulator with 0- to 70-V Output 
Simple 12-V Power Supply 
3.3 V from 5-V Logic Supplies 
12-V Supply 
4- to 70-V Regulator 
Switched Power-Control Circuits 
Multiple On-Card Regulator Adjuster 
Simple 9-V Power Supply 
+5-V at 1-A Supply with +3- to +5-V Input 
5-V de Regulated Supply 
Buffered Reference Supply 
5-V Logic Regulator with Electronic Shutdovvn 
12-V de Regulated Supply 
Junked Transistor Regulators 
Teleprinter Loop Supply 
5-A Constant-Voltage Supply 



-FOLDBACK CURRENT LIMITER 

R6 v-
1K 

v ... R3 
100 

+24V C1 
10 

01 
3.9V AS 

3.3K 
'=' 

'T 

t8 

15 

I 12 

! 9 

d 
~ 6 

3 

0 
20 40 60 80 100 120 140 160 180 

LOAD CURRENT (mA) 

B 

POPULAR ELECTRONICS Fig. 68-1 

Thls regulator uses the drop across R3 to sense current draw, turning on Q2, removing drive 
from Ql, and lowering the output voltage. Limiting occurs when Q2 has 0.65 Vacross the base-emit
ter junction. Thls circuit has foldback characteristics as seen from the figure. 
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CURRENT-LIMITING REGULATOR CIRCUIT 

R1 01 A2 1K TIP41 4.70 v,. V.,,,r 
+24V 

c, 
10 

D1 
3.iV 02 R.1 

2N2m 10K A4 
3.3K 

A 
~ 

18 

15 

\ 

12 
~ 

9 j 
... 

6 -...... 

3 - t 
... 

0 I I I I I ' I I 

20 40 60 8D 100 120 1-40 160 180 
LOAD CURRENT (rnA) 

B 

As shown in B, maximum load current is practically the same at all supply volt
ages with constant current limiting. 

POPULAR ELECTRONICS Fig. 68-2 

This regulator uses the drop across R2 to tum on Q2, removing base drive from QI and redm.:ing 
the current through Rl. About 0.65 V must be dropped across R2 before limiting occurs. To set limit 
current, 
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LIMIT (amps) 

(R3 + R4) 
Output voltage= V011T = (3.9) ---
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SWITCHING POWER SUPPLY 

+VBAT1------------------------___.....--_____ __, 
8.5 V to 15 V 

U2 
LT1006 

ELECTRONIC DESIGN 

II 16l~H ---~VV\;--- R2 

R5 
1k 

0.033 +Voul 

C3 
+ 33 µF 

25 V 

RTN 

point 

Fig. 68-3 

In many switching-regulator applications for portable computers, the microprocessor is located 
some distance from the power supply. With the latest processors, total load currents range jnto sev
eral amperes. Thus, regulation at the load can become a problem. 

The ITH pin (pin 6) of the LTCl 148 is approximately proportional to the load current. It sca1es 
nearly linearly from O Vat no load to 2.0 Vat current limit. U2, aciing as a unity-gain differential am
plifier, inverts the Ul pin 6 voltage (referenced to SENSE-, pin 7) and causes a current proportional 
to load current to flow in resistors R5 and R6. A small voltage drop appears across current-sense fil
ter resistors R:3 and R4. This makes the voltage measured by the internal feedback divider appear 
low. The duty factor is adjusted to bring this back to the correct V;.'1Lt::.1,:;1.re .• As a result, the output is in
creased slightly as a function of load. Capacitor C9 rolls off the high-frequency gain of the correction 
amplifier. 

where: Rcomp = Rn = R6 

Rmt = R3 and R4 

V
1
.m.,. = Meas'Ured drop. 

C~in6 xRmt) 
R =----

comp ~orr 
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TRANSFORMERLESS de POWER SUPPLY I 
C2 

WARNINGf 1 
C3 SHOCK HAZARD 
2 NO BODY CONTACT 

R1 C4 PEMISSIBLE 
50 S2 3 

C5 
CID 
0.58 

4 
C6 
5 

SCR1 
C7 TICDiD 
10 

+Your 
R2 

C1 330K 
R4 

0.47' D4 100K 
1N4148 

+ C9 

D1 CB 2500 

ZD33 1 R3 D2 D3 
10WATT tOOK BY127 ,,.. .. 
ZENER 

-Your 

TABLE 1-0UTPUT CURRENT/VOLTAGE AT SPECIFIED LOADS 

Load 
Capacitance 100 Ohms 200 Ohm, 1000 Ohms 

(µF) 

~~T Current ~\r Current ~\'f 
cunent 

(mA) (mA) fmA) 
1 3.2 31 6.0 29 25 24 

2 6.4 61 11.2 54 41 41 

3 9.0 87 16.1 78 52 52 

4 11.8 113 20.7 100 61 61 

5 15.5 147 24.7 120 67 67 

6 17.8 169 28.8 140 68 68 

7 18.5 176 31.9 155 69.4 68 

8 20.3 195 36.8 173 70 71 

9 22.8 220 41.0 193 70 71 

10 24.9 238 42,0 204 71 71 

11 27.1 259 44.9 219 - -
14 33.0 317 52.7 257 - -
20 43.5 422 65.8 322 - -

POPULAR ELECTRONICS Fig. 68-4 

An SCR fires on the positive half cycles of the ac line voltage. S\Vitched capacitors are used to se
lect the output voltage. These must all be ac-rated, nonpolarized types. 
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ON/OH 

-::-

J1 

MAXIM 

+5-V AT 1.5- TO 3-A SUPPLY, +6- TO +15-V INPUT 

R6 
100k 

R1 
220k 1 

cs .. 
R3 1~FI iSOk 

"="'e 
C3 

01µFJ;;_ 
12 

13 

-=-

R2 
IOOk 

19 3 20 
V+ 1/SEL FREQ 

Prz.M CSA 

SLOPE CSB 

MAXI.M 
MAX7410 

\/'REF OUTB 

ss EAIN 

DUTY vou1 

POL 

UVI.O GND ORV-

9 16 
-= -=- = 

15 

14 

11 

INPUT 
VIN= 6V TO 15 5V 

.4, C2 
120µ.F 

01: NSQ03A03. SCHOTTKY 

Operating efficiencies of 80 to 90% are possible using the MAX741D and this circuit. 

TRANSFORMERLESS de POWER SUPPLY II 

Rl 
+ 

10 1 W IO kO + 1000 µF De 
-R2 

Cl 15 V output 

DI !N40O3 

R3 390 0 

SCR 
115 Vac MCR1304-4 

C2 100 n 

McGRAW-HILL 

Fig. 68-5 

Fig. 68-6 

Although it is simple, this supply can provide 10 to 15 Vat 100 rnA directly from the ac lines. This 
circuit has no isolation from the ac Hne; therefore, there is a shock hazard and it should only be used 
where no possibility of contacting external devices, circuits, or personnel exists. 
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THERMALLOY 
70208-MT 

FAST 3.3-V REGULATOR 

r·---------------~ 
I PLACE IN SOCKET CAVITY I 

05VTO I I 
5.25V I I 

-------..... IN OUT 1---+-----------------------1 MICROPROCESSOR 
+ C1. C2 + C4 I + CS TO C10 C11 TO C20 I LOAD 

220µF LT1585CT-3.38 1200µF I 220µF 1µF I T 10V T 16V I T 10V T 16V I 
-::- SANYO OS-CON -::- NICHICON PL I -::- AVX TPS -::- AVX Y5V 0805 I 

2x GND I 6x -10x I 

AVX CORPORATION: (803) 448·9411 
NICHICON (AMERICA) CORPORATION: (708) 843-7500 
SANYO VIDEO COMPONENTS {USA) CORPORATION {6t9) 661-632'2 
THERMALLOY INCORPORATED· (214) 243-4321 

, _________________ J 
o,,a;ro1 

FOR CORRECT OPERATION OF MICROPROCESSOR, DO NOT SUBSTITUTE COMPONENTS 

LINEAR TECHNOLOGY Fig. 68-7 

New high-performance microprocessors require a fresh look at power-supply transient response. 
The LT1585 linear regulator features 1 % initial accuracy, excellent temperature drift and load regu
lation, and virtually perfect line regulation. Complementing superb de characteristics, the LT1585 
exhibits extremely fast response to transients. Transient response is affected by more than the reg
ulator itself. Stray inductances in the layout and bypass capacitors, as well as _capacitor ESR domi
nate the response during the first 400 ns of transient. 

The figure shows a bypassing scheme developed to meet all the requirements for the Intel P44C-VR 
microprocessor. Input capacitors Cl and C2 function primarily to decouple load transients from the 5N 
logic supply. The values used here are optimized for a typical 5-V desktop computer "silver box" power
supply input. C5 to ClO provide bulk capacitance at low ESR and ESL, and Cll to C20 keep the capac
itance at lowESRand ESL low at high (>100 kHz) frequencies. C4 is a damper and it minimizes ringing 
during setting. Trace C is the load current step, which is essentially flat at 4 A with a 20-ns rise time. 

Trace A is the output settling response at 20 m V per division. Cursor trace B marks -46 m V rel
ative to the initial output voltage. At the onset of load .current) the microprocessor socket voltage 
dips to -38 m V as a result of inductive effects in the board and capacitors, and the ESR of the ca
pacitors. The inductive effects persist for approximately 400 ns. For the next 3 µs, the output droops 
as the load current drains the bypass capacitors. The trend then reverses as the LT1585 catches up 
with the load demand, and the output settles after approximately 50 µs. Running 4 A with a 1. 7 -V 
drop, the regulator dissipates 6.8 W. 
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POWER SUPPLY FOR HIGH-POWER AUTOSOUND AMP 

12 VOLTS (MAIN 

12 VOUS CCONTROLl 

R104 
24.9K 

4 

5 

6 
R105 7 
5.82K 

A106 8 
14K 9 

RADIO•ELECTRONICS 

16 

IC101 15 
SG35ZON 14 

13 

12 
11 

D107 D10S 
1N4752A 0106 1N4082 

R108 1N'802 
20.50 

R110 
20.5U 

0101 
IRFZAO 

0102 
IRFZO 

Fig. 68-8 

A switching mode inverteds used with a pulse-width modulation voltage regulator (SG35260). 
Four IRF240 power MOSFETs are used as sVvitches. The output is ±4 7 V at about 5 A peak. Trans
former TlOl is a four-turn center tapped primary} and 16-turn center tapped secondary on a Ferrox 
cube ETD-34 core. 

01 
tN-4002 

LM\11 

IC REGULATOR PROTECTION 

VIN Vour ........... --4------VouT Vour = 1.25V ( 1 + R
2

) + R2 • IAOJ 
RL 

NATIONAL SEMICONDUCTOR 

ADJ 

D2 
1N4DDZ 

R1 
240 

+ 
Cl T10,.,F 

c, 
D1 protects against C1 (input-sMrts) 

D2 protecla against C2 (output ehorta) 

This circuit protects an IC regulator against various fault conditions. 

Fig. 68-9 
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3.3-V SWITCHING REGULATOR 
-4.SV TO S.5V 

INPUT 

C2 3 
*100nF 

VtN 

10 ---
SHUTDOWN PORIVE 

-=' 
Ll114a-33 

1 Q1 i-----t.,.,. Si9430DY 

+ ca 

T
22µFx3 
25V 

8 

L1 
50µH 

--..rTTT----~,A,-..... --... - 3.3V 
2A 

6 
1TH 

4 
Cr 

C4 C5 
3.JnF 470pF SGND 
X7R NPO 11 

"::" 

LINEAR TECHNOLOGY 

SENSE• 

SENSE-

N DRIVE 
14 

PGND 

12 ON?H:Cr.fl 

D1 
MBRS140T3 

+ (;7 

T
220µFx2 
10V 

Fig. 68-10 

For the LTl 129-3.3, dissipation amounts to a.little under 1.5 W at full output current. The 5-lead 
surface-mount DD package handles this vvithout the aid of a heatsink, provided that the device is 
mounted over at least 2500 mm2 of ground or power-supply plane. Efficiency is around 62%; dissi
pation in linear regulators becomes prohibitive at current levels, where they are supplanted 
by high-efficiency svvitching regulators. The synchronous buck converter is implemented with an 
LTC1148-3.3 converter. The LTC1148 uses both Burst Mode™ operation and continuous, constant 
off-time control to regulate the output voltage, and maintain high efficiency across a wide range of 
output loading conditions. 

NE602 POWER-SUPPLY OPTIONS 

+4.5-8.0V 

Rl 
1500 

(OPTIONAL) 

C1 

8 

3 0.04µF ____ __, 

a 

RADIO•ELECTRONICS 

+9V +8-18V 

Rt 8 Al 
1K 1K 

D1 
C1 8.2V 

0.04µF 0.4W 

b 

"'=' 

C 

Fig. 68-11 

Figs. 68-llA through 68-llC show an RC-filter used as both current limiter (Rl) and in
tegrator (Cl), as well as for isolation. In J:i'ig. 68-llA, +4.5 to 8.0 Vdc is the normal operating range 
of the NE602. In Fig. 68-118, RI drops voltage, and is used because a +9-Vbattery can go higher, and 
a +9-V wall supply can produce up to 11 V. In Fig. 68-llC, a +8- to 18-Vdc supply is regulated usif\g 
a 8.2-V Zener for DI. 
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SIMPLE 9-V SUPPLY 

IN4002 

LM7805 
heatsinked f--e------------e----o + 

WILLIAM SHEETS 

120:12 V 
1 A fused 

·0.1 
µF 

1000+ 
µ..F 

O.Ql 
µF 

2500 
set for 

9V 

+ 10 
µF 

9V 
0.5A 

Fig. 68·12 

This circuit uses an LM7805 with a resistive voltage divider in the common leg of the regulator. 
The regulator can be "fooled" into producing an apparent higher output voltage in this manner. This 
supply is useful for running radios, tape recorders, or other 9-V devices. 

TRACKING POWER SUPPLY 

+40 V unregulated 

4 

-40 V unregulated 

NATIONAL SEMICONDUCTOR 

R1 
390 k 

R3 
18 k 

R4 
15 k 

RS 
2.4 k 

R6 
39 k 

P.S.C. 

Output voltage is variable from ± 5 V to 
±35V. 

Negative output tracks positive output to 
within the ratio of R6 to R7. 

Fig. 68-13 

1\vo op amps are used in this basic op-amp regulator circuit. The outputs can be fed to current 
amplifier stages or emitter followers, if needed. 
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(+) 
A 

I 
I 
I 

: Vs 
:5.2to&V 
I . 

y Ra 
H 1.1 

POWER EFFICIENT VOLTAGE REGULATOR 

01 
Sl9433DV 

Sense 

R1 
49.9k, 

1% 

R2 
49.U, 

1°k 
Sense 

Forte 

ELECTRONIC DESIGN Fig. 68-14 

Included in the many features of this power-efficient, voltage-regulator circuit is shutdown 
power control with a current output up to several hundred milliamperes (expandable to amperes, if 
desired), Current limiting can be preset to a fixed level for controlled dissipation in QI and the cir
cuit requires no auxiliary voltage supply for the pass transistor. 

ELECTRONIC DESIGN 

+V1=SV 

c, 
0.1 µ.F 

Vrcommo.; 

LOW DROP-OUT REGULATOR 

Rz 
80 

(20i) 

R1 
100k 
(25i) 

Fig. 68-15 

This low-dropout reference produces a 4.5-V output from a supply just a few hundred millivolts 
greater. With 1-mA de loading, it maintains a stable 4.5-V output for inputs down to 4.7 V. 
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.i::,.. 
CD 
....... 

SCR SWITCHING SUPPLY FOR COLOR TV RECEIVERS 

500µ11 

SCR bridge rectifier 

--i-1 - 1 · l pulse lransformcr 
Resistors - 1n ohms ½ W. W\lcss specmed 
Capacitors - ,n µF 4 00 \' W\less. specified. 

McGRAW-HILL 

15 kil 
lW 

r- -Filt;:- -- - , 
I 1.20 w s.20 w 1 

0.003µFl 

1N5859 
13 V 0.O2µF 

~ 

f-J_ 

Fig. 68-16 

An output +80 Vat up to 1.5 A is available from this supply. A minimum load of 200 mA is reqllired because of the SCR hold
ing current. Notice that no ac line isolation is provided and a shock hazard exists . 



REGULATOR CIRCUIT FOR BILATERAL-SOURCE/LOAD POWER SYSTEM 

-NASA TECH BRIEFS 

Power-Sw1tch1Mg 
Devices 

Flamp-Wave!o•~ 
Voltage 

Fig. 68-17 

The figure shows a circuit that regulates an output voltage, regardless of the direction of flow of 
output current. More specifically, it regulates the voltage at the left source or load, which can either 
supply power to or receive power from the right load or source, depending on the voltages and the 
direction of flow of current at the load/source Lerminals. 

The overall system can be characterized as a voltage-controlled current source with bilateral 
current capability. The current flowing between the two source/loads, averaged over a power-switch
ing cycle, is made to depend on the pulse-vvidth modulation that governs the operation of the two 
power-,switching devices, and this pulse-width modulaLion is, in turn, a function of amplified current
error and voltage-error signals. The voltage error is the difference between the actual output voltage 
and the output-refer--ence voltage, which is the nominal output voltage al zero current. The pulse
width modulation is varied to increase or decrease the current, as needed, to limit the excursion of 
output voltage from the reference value. 

An additional feature of this control circuit is that the maximum current in either direction can 
be limited by limiting the excursion of the output voltage from the zero-current value. Thus 1 exter
nal current-limiting circuitry is not necessary. 

488 



FAST 3.3-V ADJUSTABLE REGULATOR 

4.75V TO 
5 25V 

+ C1. C2 
T 220µF 

10V 
SANYO OS-CON 
2x 

LINEAR TECHNOLOGY 

IN OUT 

LT1585CT 

GND 

C3 
330nF 

I 16V 
AVX X7R 0805 

R1 
110'1 
0.5·% 

R2 
1890 
0.5% 

+ CS TO C10 
T 100µF 

10V 
AVX TPS 
6x 

3 38V 
4A 

C11TOC20 
T1µF 

16V 
AVX YSV 0805 
10x 

Fig. 68-18 

The adjustable version of the LT1585 makes it relatively easy to accommodate multiple micro
processor power-supply voltage specifications. To retain the tight tolerance of the LT1585 internal 
reference, a 0.5% resistor adjustment is recommended. Rl is sized to carry approximately 10 mA 
idling current (:::;;124 fl), and R2 is calculated from: 

where: 

Vo - ~ef 

vref + 1.ADJ 

RI 

1 ADM 60 µ and ~ef = 1.250 V. 

TWO-TERMINAL 100--mA CURRENT REGULATOR 

C1 
50 pf 

NATIONAL SEMICONDUCTOR Fig. 68-19 

The circuit has a low temperature coefficient 
and operates down to 3 V. The reverse base cur
rent of the LMl 95 biases the circuit. 

A 2N2222 is used to control the voltage 
across current-sensing resistor, R2 and diode D 11 

and therefore the current through it. The voltage 
across the sense network is the VBE of the 
2N2222 plus 1.2 V from the LM113. In Lhe sense 
network, R2 sets the current and D 1 compen
sates for the V8E of the transistor. Resistor Rl 
sets the current through the LM113 to 0.6 mA. 
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I , , 

.,. ....... 
' 

1T 

TWO-PHASE-RECTIFIER 

20t, 2% Notas: 
C7 = 1.1 to 0.22 µf, so V 
Amplifier apply voltages: :t15 V 
All diodes= 1N4803 
All resistors are 1/4 W, e1cept for. 
R1 ::SOW 
Balance•and Phase-Adjust pots • 3/4 W. 

20k,2% 

... . 

Radians 

' ; 
'; ,, 

~-· , ' , ' , . 

5,rf}. 

' I \.,, 

31r 

A single-phase AC signal can be converted to two phase with this circuit. It rectifies and sums the signal to 
a de voltage level. 

ELECTRONIC DESIGN Fig. 68-20 

The waveform generated by the two-phase rectifier illustrates that the ripple is less than half 
that of a conventional single-phase circuit's waveform. Also, the ripple frequency is double that of the 
conventional circuit. The circuit vvill follow amplitude changes in the ac input signal very rapidly, and 
it works equally well with current or voltage inputs. 
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ELECTRONIC DESIGN 

LOW-NOISE 5-V SUPPLY 

9-to-12-V-----.....,.--------. 
input 

220 
Read LED** 

*Zetex Inc. 

4.7 

I4.7µF 

28D949* 

+ 10 µF 
I Ta 

**Glows in current limit. Do not omit. 

Fig. 68-21 

Standard three-terminal regulator ICs can be noisy. The key is the noise over the 10-Hz to IO
kHz band; measurements revealed a 40-dB improvement over standard three-terminal regulators. 

The regulator is built around a 5-V buried-Zener reference. Ifs the buried Zener's inherently low 
noise that makes the finished supply so quiet. Measured over a 10-Hz to 10-kHz band, the 5-V out
put contains just 7 µV rms of noise at full load. The 10-Hz to 10-kHz noise can be further reduced to 
2.5 µV rms by adding a 100-µH, 1000-µF output filter. The noise characteristics of the reference are 
tested and guaranteed to a maximum of 11 µV over the band of interest. 

An external boost transistor, Lhe ZBD949, provides gain to meet a 200-mA output current re
quirement. Current limiting is achieved by ballasting the pass transistor and clamping the base drive. 
Although the oscillator only requires 200 mA, it's possible to extend the output current to at least 1 A 

POSITIVE REGULATOR WITH 0- TO 70-V OUTPUT 

Al 
L7k ..,+ S 75V 

'-----1-------~D 
......__-'V..,,.,__,. ____ V-=-5V 

A3 
700 

NATIONAL SEMICONDUCTOR Fig. 68-22 

The op amp has one input at ground and a 
reference current drawn from its summing junc
tion. With this arrangement, the output voltage is 
proportional to setting resistor R2. A negative 
supply is used to operate the op amp within its 
common-mode range, providing zero output with 
sink current and power a low-voltage bandgap 
reference, Dl. The current drawn from this sup
ply is under 150 mA, except when sinking a load 
current. The output load capacitor, C2, is part of 
the op-amp frequency compensation. 
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POPULAR ELECTRONICS 

SIMPLE 12-V POWER SUPPLY 

S1 

) F1 

~ 1A 

'--..,---J 

120 VAC 

... 

Fig. 68-23 

This 12-V power supply is easy-to-build, and it produces a smooth output. Dl is a 14-V, ½-W 
Zener diode. The voltage can be varied by a few volts up or down to change the output voltage. 

3.3 V FROM 5-V LOGIC SUPPLIES 

4.5V TO 5.SV 
5 .,.I_N ____ O_UT-;_ _________ 3.3V OUT 

700mA 
LT1129-3.3 

4 
SHUTDOWN SENSE 

+ 3 3µF 
T SOLID TANTALUM 

GND 
3 

LINEAR TECHNOLOGY Fig. 68-24 

Microprocessor chip sets and logic families that operate from 3.3-V supplies are gaining accep
tance in both desktop and portable computers. Computing rates, and in most cases, the energy con
sumed by these circuits, show a strong improvement over 5-V technology. The main power supply in 
most systems is still 5 V, necessitating a local 5-V to 3.3-V regulator. Linear regulators are viable so
lutions at lower (/

0
::; 1 A) currents, but they must have a low dropout voltage in order to maintain reg

ulation with a worst-case input of only 4.5 V. The figure shows a circuit that converts a 4.5-V minimum 
input to 8.3 V with an output tolerance of only 39{i (100 mV). The LT1129-3.3 can handle up to 700 
mA in surface-mount configurations, including both 16-µA shutdown and 50-µA standby currents for 
system sleep modes. Unlike other linear regulators, the LTl 129-3.3 combines both low-dropout and 
low-voltage operation. Small input and output capacitors facilitate compact, surface-mount designs. 
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47 
ji.f 

12-V SUPPLY 

ELECTRONIC DESIGN -Fig. 68-25 

When driving a power MOSFET from a 5-V or 3.3-V system, a significant number of components 
usually are needed to generate an extra +12 V. 

It's possible, however, to apply the second channel in a typical dual MOSFET driver to derive a 
+ 12-V power supply. By using a driver with the drains brought to separated pins, you can connect an 
inductor between then-channel drain and the logic supply without connecting the p-charmel device. 

The driver operates as a standard flyback-style switched-mode circuit (see the figure). When 
the output n-channel device is on, current starts flowing in the inductor, which stores energy. When 
then-channel device is turned off, current must continue· flowing. Therefore, it flows through diode 
D2 to charge up Cl and C2. As the cycle repeats, the Cl and C2 volt.age rises until the Zener diode 
prevents further voltage rise. This is needed to prevent the driver's derived supply from exceeding 
the part's maximum voltage rating. 

NATIONAL SEMICONDUCTOR 

4- TO 70-V REGULATOR 

Fig. 68-26 

This regulator operates from a single supply. 
If the op amp is not able to control an overvoltage 
conditim\ the SCR will crowbar the output. 
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SWITCHED POWER-CONTROL CIRCUITS 

+~Ul&V G SWikhed Vs Q1 Sl9WIJY 
( Switched Vs I +V13m1Vo ' ill (Nllnt) . . . 

11D 

E111~le Enable 

v,,co .. 
V11ctM111111111 

(1) C&NIIID 
{~) Coaon 

ELECTRONICS DESIGN Fig. 68-27 

Load currents of a Iew milliamperes to amperes can be turned on and off hy these switched 
power-control circuits. The U2 CMOS inverter stage works as a simple power switch for load currents 
less than 5 mA (Fig. 68-27 A), allowing easy reference shutdown. If appreciably higher switched out
put currents are called upon, an alternate CMOS inverter driving a low-threshold PMOS device can 
be used to switch currents of up to 1 A or more (Fig. 68-27B). 

MULTIPLE ON-CARD REGULATOR ADJUSTER 

LMll7 

v,,. v,..,. "ouri---a~ ..... -Vour 
UJ 

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

NATIONAL SEMICONDUCTOR 

'All outputs within i 100 mV 

tM1rumum load - 10 mA 

Fig. 68»28 

This circuit allows one pot to control several on-card regulators for adjustment within ±100 mV 
of each other. 
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WILLIAM SHEETS 

SIMPLE 9-V POWER SUPPLY 

+12 V 
in ( --1 o-----41a-+----

µFT 

100 µ:;F+ 

3V T 

IN4002 

LM7805 --------------- +9 V 

500 
n 

0.1 
470 TJ.LF 
n 

Adjust for 
9 V output 

+ 10 out 
1-LF 
~ 

Fig. 68-29 

This supply will provide 9-V transistor radios or cassettes from a 12-V auto electrical system. 

+5-V AT 1-A SUPPLY WITH +3-TO +5-V INPUT 

INPUT 
V1N•2 NTO 5V 

.. C1 

.AIAXUM R2 I 150µF 

MAX741U 1001( -::- 6.3V 

ON,tlfF--+------

SLOPE FREO VOUT 

SYNC V+ 
+5V 

+ C2 
VSEL OUTA J30µF 

P/Zfr4 OUTB 
6 3V 

Vour ORV• 

\/REF CSA 

UVLO CSB 

ss POL 

GNO DUTY 

EAO EAIN 

MAXIM Fig. 68-30 

A MAX741U switching-mode power-supply controller and a switching FET Ql are used to pro
vide +5 V at 1 A. 
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5-Vdc REGULATED SUPPLY 
S1 

l ICl 

I 
780S 

.5VdCREO 0 

Tt 
11,6V + +5Vdc 
1.2A Cl 

Source IJ.1F 

McGRAW-HILL Fig. 68-31 

BUFFERED REFERENCE SUPPLY 

+3\IOA MORIE 

ANALOG DEVICES 

U1 = AD820, ADll22, 
OP295, OP4115 

Rl 
27Ak,I 

01AD511& 
U35V REFERENCE 

..----a---C YoUT: 1.235V 

OR 
IIOUT z 1.235V • (1 + R2/R3) } 

t 
- , - - - 0 +1.23511 (UNBUFFERED) 

fM 

Fig. 68·32 

This buffered reference (for 1.23 V or more) uses a supply voltage of greater than 3 V. 

5-V LOGIC REGULATOR WIT-H ELECTRONIC SHUTDOWN 

C1 
0.l~F 

'Mm O\Jtpul ::: 1 2V 

NATIONAL SEMICONDUCTOR 

496 

Fig. 68-33 

The circuit will shut down to 1.2 V under 
fault conditions. 



12-Vdc REGULATED SUPPLY 

McGRAW-HILL 

JUNKED TRANSISTOR REGULATORS 
VIN 

A TO FIL TEAED DC SOURCE 
,----A------.., 

.----Mo, .. ·_ ... • { R4 
(SAME AS R3) 

8 01· 

POPULAR ELECTRONICS 

7 5VDC 
REGULATED 

OUTPUT 

+ 

C 8 

A •SEE TEXT 

Fig. 68-34 

8 

Fig. 68-35 

Old transistors can make excellent regulators. Simply use one as a-Zener to control the base cur
rent to another transistor (Fig. 68-35A). Jf the pass transistor cannot supply enough current, you can 
use two pass transistors in its place (Fig. 68-35B). 

TELEPRINTER LOOP SUPPLY 

= lll 
HD µP, 50 VDC Eallh 

2NU2t 

2D Ohm 
WW Pat 

+ 

r-
To 
Loop 

73 AMATEUR RADIO TODAV Fig. 68~36 

A circuit to power a teleprinter, using transistors as current-controlling devices. The power sup
ply used provides a constant current in a loop,-normally 60 mA or 20 mA, depending on the machine. 
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5-A CONSTANT-VOLTAGE SUPPLY 

R3 I R4 
o High 

0.27{! 0.27!1 Low 
2W 2W S2 

02 
2N6549 

7805 

1 In Out 2 
GND Regulated 

3 de voltage 

+ 
+ C1 C2 

1000 µF 0.D1µF 
R2 C3 C4 

50V 10 K 0.01µF 100 µF 

O
on T

1
'v 

Off S1 ~ 
120 
Vac 

R1- Output 50V 
100!1 level 

ELECTRONICS NOW Fig. 68-37 

This constant-voltage supply has a variable output. It can supply more than 5 A, and has two 
switchable current limits. 
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69 

Power Supply Circuits (High Voltage) 

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

Fluorescent Lamp 12-V Supply 
High-Voltage Regulator 
Night-Vision Scope Power Supply 
High-Voltage Power-Supply Control Circuit 
-100-V de Supply 
ac-Operated He-Ne Power Supply 
HV Regulator with Foldback Current Limit 
Kirlian Device Supply 
High-Voltage Tripler 
200-V Regulator 
Pulse-Width Modulated Laser Supply 
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POPULAR ELECTRONICS 

FLUORESCENT LAMP 12-V SUPPLY 

SnlLAVER. 
163TURNS 

NO. 28WIRE 

C3 
47 

25WVOC 

s1] 
CHARGER 

ANO 
BATTERY 

01 
2N3GIIH 

+ } FROM 

---o 

FLUORESCENT 
TUBE 

Fig. 69-1 

This high-voltage power supply can operate fluorescent tubes from a 12-V source, even if the 
tube has a defective filament. It essentially is an oscillator that excites a home-made autotrans
former. Tl is wound on a ferrite rod ¾a" diameter by rnn long, in layers. S2 is an optional lamp fila.
ment switch. 

HIGH-VOLTAGE REGULATOR 

I 
Vw. aov o-,._ _____ ZN3016 __,.. 

Rt 
HD 

LM340,16V .... 
2 
........... -..a VouT --•av 

--l-c, 
--,-- D.1µF 

~ 
NATIONAL SEMICONDUCTOR 

D2 
1N&3H 
36V 

...._ ___ _ 
03* 

01 
lN53841 
33V 

This circuit produces 48 V from an 80-V input. 

500 

CZ ¾O.h1F 

•Gerni111i111iuitnal diodt 

or ¢ 2Nlltl. 

Fig. 69-2 



NIGHT-VISION SCOPE POWER SUPPLY 

0,5V-nn 
OV I 

,.,,,ov-m 
' I I I 

o ems 

o S1 

ELECTRONICS NOW 

o Sms 

NOTES: 
1-REO HV WIRE TO IMAGE TUSE 
2-BlACK GROUND WIRE TO IMAGE ruse 

a1 GA K 

C3 TO C8 • 220pF TO 0.0011,lfJ5kV SCAj 

00 TO 08 • B'JY609 

rl~t 
NE2 

NOTE 1 
+13.r.l<V 
OUTPUT 

Fig. 69-3 

This high-voltage power supply has an inverter around Ql that supplies 150-V pulses to the con
verter of SCRl and C2. The oulput of T2 is a 4.5-kV pulse that is multiplied by the voltage-triplcr net
work (right) to produce 1:3.5 kV 

Tl is a :1-kQ to 500-n CT transistor audio transformer, T2 is a flash tube trigger transformer with 
a 6-kV secondary. 

WILLIAM SHEETS 

HIGH-VOLTAGE POWER.;.SUPPLV CONTROL CIRCUIT 

IN4002 

470 n 
~ 

~~ 

I~ 

~--- -----+12V 
Relay DPDT 12 V 150 n 

IN4002 

H.V. 
supply 
3400V 
750mA 

Fig. 69-4 

To start the HV supply, 81 is pressed, latching the relay. The 10-kQ pot is set so that the relay 
just latches. When fN current becomes excessive (arc-over, etc.), an excessive voltage is developed 
across the 10-Q WW pot, cutting off the 2N3904, causing the relay to unlatch. This circuit was used 
in a 1000-W linear RF power amplifier. 
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01 
m1 

-100-Vdc Sl.lPPLY 

..------------,__- +-9-15V 

C4 
.05 

C3 + 
22 

C5 
,06 

A 

C6 
.05 

• 
C7 "=' 
.05 

-100V 
DC 

OUT 
,-----A--------

C4 + 
.05 

POPULAR ELECTRONICS Fig. 69-5 

The combination Hartley oscillator/step-up transfom1er shown in A cah generate significant nega
tive high-voltage-especially if the voltage output of the transformer is multiplied by the circuit in Fig. 
69-5B. Tl is a small low-voltage filament transformer of arow1d 4- to 10-Vac output, 120-V primary. 

ac-OPERATED HE-NE POWER SUPPLY 
St 

1sitln l Tl 

D2 

See text 
HV 

C3 
2µF 

D3 
IN 

High •voltage Laser Tube 

~ 
output 

C-4 
2µF 

~ 
Cathode 

McGRAW-HILL Fig. 69-6 

Tl is a 120-V to 1000-V step-up 60-Hz transformer. Cl, C2, C3, C4 and D2 through D5 form a 
voltage quadrupler. The initial voltage is 4 to 5 kV, which drops when the laser tube fires. 
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HV REGULATOR WITH FOLDBACK CURRENT LIMIT 

.-----------1-------------a-- nov sv ... snov 

Ct 
2HpF 

D1 
1N451 

02 
tN457 

C2 
1000 pF 

+ CJ 
hf 

OS 
tN41GZ 

DI 
11MGGZ 

..,_.1\11,V._., ________ _., __________ --t~----GND 

NATIONAL SEMICONDUCTOR Fig. 69-7 

The output current is sensed across RS. This is delivered to the current-limit amplifier through 
R7, across which the foldback potential is developed by R6 with a threshold determined by D4. The 
vaiues given limit the peak power below 20 W and shut off the pass transistors when the voltage 
across them exceeds 810 V. With unregulated input voltages above this value, start-up is initiated 
solely by the current through R5. Q4 is added to provide some control on current before A2 has time 
to react. 

The circuit is stable with an output capacitor greater than about 2 µF. Spurious oscillations in 
current limit are suppressed by C2 and R4, while a strange, latch-mode oscillation coming out of cur
rent limit is killed with Cl and Rl. 
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TR.2 

McGRAW-HILL 

KIRLIAN DEVICE SUPPLY 

ICl 
Voltag~ 

regulator 

( Rl-) Prcq. 
control 

Fig. 69-8 

This device is essentially a high-voltage variable-frequency ac supply. A CD4049 JC multivibrator 
circuit drives a Darlington connected transistor pair, which drives TR2, an HV transformer. 

_HIGH-VOLTAGE TRIPLER 

Cl through C6 
ISOpF 3kV 

~).,_ ______ ...,. .,,__,_,... _ ____,. ..----

McGRAW-HILL 

D 1 through D6 
3kV 

HV output 

Fig. 69-9 

This tripler is useful for low-current and high-voltage applications. The capacitors r,an be 0.001-
µF, 3- to 6-kV discs, and the diode's 3-kV units, or three each IN4007 in series. 
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Your .. !:!!vREF 
R1 

200-V REGULATOR 

With high-voltage regulators, powering on 
the TC through the drive resistor for the pass 
transistors can become quite inefficient. This is 
avoided with the circuit shown. The supply cur
rent for the IC is derived from QI. This allows R4 
to he increased by an order of magnitude without 
affecting the dropout voltage. 

Selection of the output transistors will de
pend on voltage requirements. For output volt
ages above 200 V, it might be more economical to 
cascade lower-voltage transistors . 

...., ___________ ....,..._ ___ COMMON 

NATIONAL SEMICONDUCTOR 

+ 

C 
l(¥F 

McGRAW-HILL 

Fig. 69-10 

PULSE-WIDTH MODULATED LASER SUPPLY 

RH 
1SKQ 

Ca~.__ __ ~1..ue:c_Tube ____ .....,1L 
Fig. 69-11 

ICl initially provides drive for Ql and HV transformer Tl, and it rectifies D4 through D19. ·when 
the laser tube ignites, Q2 is triggered; this activates relay RLl, reducing the duty cycle. R13 controls 
the duty cycle of the pulses through the laser tuhe. 
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70 

Power Supply 
Circuits (Multiple Output) 

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

506 

Experimenter's Power Supply 
Quad Power Supply 
Activate Back-Up Power Supply 
CCFL Supply with Variable Contrast 
de Power Source for Experiments 
Stable VFO Power Supply 
High-Efficiency Triple-Output Supply for Notebook Computers 
General-Purpose Power Supply for Automotive Projects 
±15-V Power Supply 



EXPERIMENTER'S POWER SUPPLY 

FOALED CURRENT UNITING 
Rl:SISTOR VALL'E, R3, R1, R6. R9, 
R 10. A 16•(Vout-.7)/.0IS 
SEE TEXT 

"NOT!: Capacitors c1..::-c2s are mounted In 
the output voltage terminals 

73 AMATEUR RADIO TODAY 

+ 

Fig. 70-1 

Passive linear IC regulators are used to make up a supply delivering+ 12, +9, +5, -5, -9, and -12 
V de. T 1 and T2 are 12-V, 3-A transformers. 
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QUAD POWER SUPPLY 

Positive Rail 

ICl 7812 
0 

Pomive Rail +l2V 
+l2V REG 

C 

-t-
+ C2 

+ 

lµF 

Ground Ra.il Ground 

-t-

l~~ 
C 

IC2 7912 
0 Negative Rail -12V 

-12V REG 

IC3 1805 
Positwe Rail 0 +SV 

+5V REG 
C 

+ +ClO Cll 
+ 

C9 
lOOOµF 1 µF lµF 

Ground R1i10 Ground 

Cl3 + C14 ClS 

lOOOµF 1 µF lµF 

C 
ICt 7905 0 

Negative Ra.ii -5V 
.5v REG 

McGRAW•HILL Fig. 70-2 
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ACTIVATE BACK-UP POWER SUPPLY 

r +15Ydc 
B +15Vdc 

--
--

A ~15 Vdc 

Re 
0--

I e -15Vdc 1 I 8
:i l Posilive 

825 power-supply 
II I I I 825 

Rz 
10 k 

Ground 

2 

dropbut 

18 T ...... 
Vee - 5 

Ui Out 6 
Tl7702A Out l--'IRN•--, 

GND SCR,anode 1.21 k 
4 J 

Positive detector 
ELECTRONIC DESIGN 

, , " 

Rs 
1.54 ~ 

R1 i 1.!~ .k 21 
Enable 

typical REF 
c., 

0.1,uF 

I LED2 

8 

Tes1 point 

NegatiYe deleclor 

Negative 
power-supply 

dropout 
100 m~ {K1 011) 

I 

' 

J 
6 

t1)Vdcoul 
---0---0 

K1 W388 CQX.6 Magnecraft 
Coil= 12 V, 120 H 

Contacts = DPDT, 12 A 
C1, C2 = 0.1,...F ceramic 

All resistors = Type RN55C, 
::.1%, 1/8W{exceptR10) 

-----------1....1 Ground 
Fig. 70-3 

A circuit> which can be built around two TI TL7702 chips, monitors a 15-V power supply and activates a relay to turn on a 
back-up supply if the voltage drops below ±14.1 V. With the back-up in place, the malfunctioning supply can be replaced without 
any down time. The TL 7702 power-supply voltage supervisor chips are intended for use as reset controllers in microprocessor 
systems, but they work well in their modified form for this application. 

One chip detects the positive supply (Ul), and the other is used for the negative (IJ2). A pair of output-relay drive transistors, Ql 
and Q2, form a wired OR circuit so that relay Kl is activated by the positive or negative voltage detector that switches U1 or U2 on. 

The supervisor chips have a direct connection to the input comparator so that the trigger level is set by a resistor-divider network 
(Rl and R2) at the sense-input pin. These chips also have an internal, stable, reference-voltage source set at +2.53 V, typical. The pos
itive-sensed voltage drops enough to activate the comparator, its output goes low, switches the internal gate, and triggers the silicon
controlled rectifier (SCR). The output comparator then forces the two output transistors to switch, one high and one low. The output 
transistor (pin 5) turns on the light-emitting diode (LED), and the output transistor (pin 6) turns on the relay driver, 

The negative detector is preceded by half of the dual op amp LM358N (U3a)-an inverting amplifier with a gain of-0.178. R5 
connects to the-15 Vdc being sensed. The output of U3ais usually set at 2.67 V, higher than the +2.53-Vreference voltage. There
fore, no switching occurs. Ifthe-15-Vdc voltage decreases, U2 switches Q2 and activates Kl in the same manner as described for 

r.n the Ul-Ql positive detector. R4, and RS through RlO serve as current-limiting resistors. 
0 co 



CCFL SUPPLY WITH VARIABLE CONTRAST 

ALUMINUM ELEctROL VTIC IS RECOMM!NDED ,OR C3B WITH AN 
ESR :t O.!ia TO PAEVENT DAMAGE TO TIE LT1182 HIGH-SIDE 
SENSE RESISTOA DUE TO SURGE CURRENTS AT TURN-ON. 

C1 MUST BE A LOW LOSS CAPACITOR. C1 • WIMA Mf<P.20 
01. Q2 • ZETEX ZTX&49 OR AOkM 2SCS001 

UPTO&mA 

L1 • COILTRONICS CTX21060S 
L2 • COILTRONICS CTX10Q-4 
L3 • COILTOONICS CTXQ:!-12403 

..------oj----...... - ..... ---. ....... - ......... _..,.....,._+,.___C3A_.,.. _______ :~02BV 
2.2ttf EITIEA NEGCON OR POSCON 

•DO ICr IUlmnm CCNIIPMlffl 
COILTRONICS (407) 241-7876 

o,AT045i,IAICCR. 
CURRENT GIVES 
OmAT06mA 
BULB CURRENT. 
THIS IS ECIUAl TO 
0% TO 90% OOTY 
CYCLE FOR THE 
PWMSIGMAL. 

01 
BAT85 

cs 
1000pF 

R,t 1 CCFL 
46.4k PGND 

V(PWM) 1,i. R5.43.2k, 1'1 2 
OVTO 5V """"~..-+-~>Nt,---1 lccFL 

R3 
100k 

c,· 
0.068pf 

R1 
7500 

T 35'1 MUST BE GROUNDED. 
--r GROUNDIMl NEGCON GIVES 

VMIABLf POSITIVE OONTRAST 
FflOM 10VTO 30V. 
liROUNDINB POSCON GIVES 
VAAIABlE NEGATIVE CONTRAST 
FROM-tlJI/T0-30\J. 

l«HlPWM cti + 3 
2.2pf 010 BAT t-

14----------+----i 
4 mm u v 

CCFL Ve ROVER~---------' _,...._ Ill + C4 c:3V 
t-+-----..5 AGND "• ,_u _________ .... ,:r-2.2iu a.'lli 

SHUTOOWN ---+-!!'-""~-.... 6 SHON F8P i-'-' -------~~~T ___ .,.._ ..... ___ 1%_. 

RIN 1-10 ________ .,_-1 C10 1.~~: 
TT 0.011,1F T'll, '::" 

.,_ ___ _,. LPG,D Lctl Vsw ... s _______ ,......,...._ __ ...,,,.,.....,.___. 
R9.4.M.1'!\ 

5V __.Ww_..,_--"'J~--Wii----------' 

LINEAR TECHNOLOGY Fig. 70-4 

The figure is a complete floating CCFL circuit with variable negative/variable positive-contrast 
voltage capability, based on the LT1182. Lamp current is programmable from O mA to 6 mA using a 
0- to 5-V I-kHz PWM signal at 0% to 90% duty cycle. LCD contrast output voltage polarity is deter
mined by which side of the transformer secondary ( either POSCON or NEGCON) the output con
nector grounds. In either case, LCD contrast output voltage is variable from an absolute value of 10 
V to 30 V. The input supply voltage range is 8 V to 28 V. The CCFL converter is optimized for photo
metric output per watt of input power. CCFL electrical efficiency up to··go% is possible and requires 
strict attention to detail. LCD contrast efficiency is 82% at full power. 
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12V 
- + 

de POWER SOURCE FOR EXPERIMENTS 

Spring clips 

Front ~ IC1 
view IC2 

regulator IC3 

In Out 

G 

ICl 

In 7809 Out 

-=-

In 

-= 
IC3 

In 7805 Out 
+ Cl 

3300µ.F Ground 

+12V 

+9V 

+6V 

+SV 

Com-
JS 

McGRAW-HILL Fig. 70·5 

This supply uses IC regulators to supply +5, +6, +9, and +12 volts regulated from a nominal 12-V 
supply. 

STABLE VFO POWER SUPPLY 

+6VDC REGULA TED 

C3 
.1 

0 U2 
.---..>......t~ 78L06 

C2 + , 

OSCILLATOR 

+ 12VDC REGULATED 

0 U1 
l----11t---_....--l 7812 

G 

+ 15V UNREGULATED 
1-----41--..,. DCPOWEA 

+ C4 
100 

POPULAR ELECTRONICS Fig. 70-6 

A de power-distribution system for a stable oscillator should use a separate voltage regulator just 
for the oscillator circuit. 
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01 ...... 
I\) HIGH-EFFICIENCY TRIPLE-OUTPUT SUPPLY FOR NOTEBOOK COMPUTERS 

_ \11N 22µF .J.!. 
.1 16.SV TO 35V ....,.... 
-:- t8V) x2 ~ 

+ + 
tµF -:t:'- >I.~~: ~~~:,;INN -:J:" 1µf 

04 -=' 24 2 16 lO '=' 
Si9430DY Vo13 SHUTOOWN 3 SHUTOOWN 5 V1NS 

~ 2J P·DRI\/E 3 P·DRIVE 5 9 

!J_Z2µF 
,..,....35V 
.L. x2 

T1 

VourJlu~ I 
3 3Vf/A •n• • ' SENSE' 3 

~ Vour5 
5Vl1A 

LINEAR TECHNOLOGY 

• -----i--+---11--i SENSE-3 

+ 220uF 
101/ 
x2 

-=-

,... t------1 N·DRNE 3 

05 
Si9410DY 

-::-

LTC1142HV 

S-GND5 P-GNOS 

17 118 

03 
Si9410DV 

":" 

12VENABLE _ ... _____ .,.__...., 

av= 12v0Ff 
>3V = 12VOlll 

(6V MAX) 

Rt 
100D 

RS 
18k + I 22()iiF 

-=-

10V 
x2 

12\l/150mA ___ .....,. _____ ,._ ____ _ T~· RsENmKRL SL-1ROSOJ 
RsENSEs:KffL SL·1R040J 

l1 COIL TRONICS CTX-33-4 
T1 PRIMARY = 30!,i.li 

PRIMARY SECONDARY" 1'1 8 
DALE LPE-6562-11026 

+ 
22µFT-
25V 

20pF R3 
660k 

------1AOJ 

R4 
LT1121 

Vour 03 220 
Slll!TDOWN lJ .i MBRS1'0..t 

1000pF 

V1NI I T ...... ..,, 
300k I G~D I 

-=-
Fig. 70-7 

The circuit is configured to provide output voltages of 3.3 V, 5 V, and 12 V. The current capability of both the 3.3-V and 5-V 
outputs is 2 A (2.5 A peak). The logic controlled 12-V output can provide 150 mA (200 mA peak), which is ideal for flash memory 
applications. The operating efficiency sho-wn in the figure exceeds 90% for both the 3.3-V and 5-V sections. 

The 3.3-V section for the circuit in the figure is comprised of the main s,vitch Q4, synchronous switch Q5, inductor LI, and 
current shunt RsENSr~· Current-sense resistor RsENSE monitors the inductor current and is used to set the output current accord
ing to the formula OUT = l 00 m V/RsEY.sE· Advantages of current control include excellent line and load transient rejection, inher
ent short-circuit protection, and controlled start-up currents. Peak inductor currents for Ll and Tl for the circuit in the figure are 
limited to 150 mV/R8ENSE or 3.0 A and 3.75 A,.respectively. 



GENERAL-PURPOSE POWER SUPPLY FOR AUTOMOTIVE P-ROJECTS 

Buffered 

R3 + car voltage 

270 !l C9 
1000 µ.F 
50V 

IC1 
Operating 1 in 

7805 
Out 3 Regulated 

car voltage R1 Gnd 5 volts 
210 n 2 Cl 

1000 µf C2 G3 
sov .01 µ.F .01 µ.F 

Electrical Electrical 
ground ground 

R2 IC2 
270f! 1 in 

7812 
Out 3 Regulated 

Gnd 12 volts 
+ 

C5 2 ca 
1000 µF C6 C7 100 JLF 

sov .01 µ.F .01 µF 50V 

C10 11000 µ,F Buffered 
Voltage,. ti.• .. sov o ~lternator 

(se1rtext) R4 voltage 

Chassis 2700 
Chassis 

ground ground 

ELECTRONICS NOW Fig. 70-8 

Thls supply produces 12 V and 5 V for a variety of automotive projects. F4 is connected directly 
to the alternator field -winding (usable only if your car has a separate regulator). 

:t15-V POWER SUPPLY 

n 

~j' Ul 0 7815 + 15 VOLTS 
+ REGULATOR C3 Cl 

2200 GND 1-6 
25V 

U2 0 7116 0 -1!iV0LTS 
C2 REGULATOR 
2200 
25V GNO 

+ 

0 COMMON 

RADIO-ELECTRONICS Fig. 70-9 

A simple bridge rectifier feeds two IC regulators. This circuit should be useful for op-amp circuitry. 
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71 

Power Supply Circuits 
(Variable O-utput) 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Variable Voltage Regulator with Current Crowbar Limiting 
Adjustable 0- to 5-V Supply 
Transceiver Power Supply for Variable Lab Source 
Adjustable Power Supply 
Variable-Voltage Regulator with Wide-Range Current Limiting 
General-Purpose 0- to 30-V Power Supply 
Adjustable Positive R~gulator 
Adjustable Bias Regulator 



VARIABLE VOLTAGE REGULATOR WITH CURRENT CROWBAR LIMITING 

R8 
1K 

_Q3 

11P42 

v .. 
+24V0---1-----_.,_-4N~~ 

01 
3.9V 

~ 
-' 
~ 
w 
~ 
~ e 
Q 

9 

18 

15 

12 

9 

6 

3 

A 

01 
10 

A7 
3.31< 

~ ~ 00 ~ 100 1~ 1~ 100 1~ 

LOAD CURRENT (mA) 

• 
POPULAR ELECTRONICS Fig. 71•1 

The variable voltage regulator with current-crowbar limiting, shown in Fig. 71-lA, overcomes 
the disadvantages or constant and foldback limiting. As you can see in the graph (Fig. 71-IB), the 
current crowbar quickly shuts down the supplied power when a preset current is exceeded_ It also 
has excellent load regulation over its operating range. 
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ADJUSTABLE 0- TO 5-V SUPPLY 

+V1n= -a----a-------------411-----_,._ ___ __, 
10Vto 
20V 

5 

C1 Vin 
+ 330 pf 

35V 

ELECTRONIC DESIGN 

L1 
CTX10o.5A·52 

R2 
3.65k 
1% -

+ 
C3 

0.01 µ.f 
D1 1 % 

MBR340P 

Vout 

C4 I o.11J,f 

LT1829 

Fig. 71-2 

Although linear-regulator ICs are frequently used in variable power-supply applications, they 
might not-always be the best choice. At low output voltages, power losses in these regulators c~n 
-cause headaches for designers. For example, if an output current of 1.25 A is required at 1.25 V from 
an input of 8 V. a regulator (such as the LT317) dissipates more than 10 W. 

The figure depicts a de-de converter that functionally replaces a linear regulator in the just de
scribed application. The converter not only eliminates the problem of power loss, but it can be ad
justed for output voltages (as low as 25 rnV) while delivering an output current of 1.5 A. 

The circuit uses a basic positive-buck topology with one exception. A control voltage is applied 
through R4 to the feedback summing node at pin I of the LT1076 regulator IC, making it possible to ad
just the output from O V to approximately 6 V This range encompasses the 3.3-V and 5-V Jogic supply 
voltages for portable and desktop equipment, as well as battery-pack combinations of one to four cells. 

As R4 is driven from O to G V by the buffer (Ul), more or less current is required from R2 to sat
isfy the loop's desire to hold the feedback summing point at 2.37 V. This forces the converter's out
put to swing over the range of O to 6 V. 

The LT1076 is capable of 1.75-A guaranteed output current in this application, and 2 A is typi
cal If more current is required, the LT107 4 can be substituted for the 1:r1076. 
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TRANSCEIVER POWER SUPPLY FOR VARIABLE LAB SOURCE 

R1 

J1 

lo 
Pow«' Supply 

J2 

R3 D1* 

o.JJ a 
SW 

* See text and caption 

** Heat Slnk 

Ul 
LM317T 

,H. JW~ 
2 

OUT 
(Tab) 

Top View 

01 
MJ2955 

Q1 

** MJ2955 

2 

(3) 

u, * 
LM317K <If' ** LMJ17T 

, 

U1 
LMJ17K 

220 0 
,""'w 

RS 
OUTPUT 

LEVEL 

(Case) 3 OUTO 

Bottom 
\/1-• 

ADJ ~ ~ IN 

0 

+ 0-15 

V 

- Mt 

2.5 kO 

~ 

aST Fig. 71-3 

A variable voltage regulator provides 1 to 11 Vdc for lab bench work, using an existing 1:3.8-V 
transceiver supply. 

WILLIAM SHEETS 

"120:24 V 
1 A 

ADJUSTABLE POWER SUPPLY 

+2200 µ.,F 
35V 

0.1 
µ,F 

LM317 
+ 1.5 to 22 Vdc 

1----.----~---·U I-

5-k!l 
pot 

0.22 
µ,F 

Fig. 71-4 

Using an LM317, this supply delivers 1.25 to 22 Vdc for various purposes. The LM317 should be 
hcatsinkeci. This supply will deliver 600-mA output current. 
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VARIABLE-VOLTAGE REGULATOR WiTH WIDE-RANGE CURRENT LIMITING 

R8 
1K 

,.. C1 
10 

Q2 
2N2222 

In this circuit, R9 acts as a control to set cur
rent limiting. If R9 0, limiting occurs at 47 mA. 
Input is 24 V, output is 

(Rfj + R7) X (3.9) 

R1 

dependin_g on the setting of R6. 

POPULAR ELECTRONICS Fig. 71-5 

GENERAL-PURPOSE ADJUSTABLE POSITIVE REGULATOR 
0-TO 30-V POWER SUPPLY 

llQIJ 

-IIVTO -11V 

NATIONAL SEMICONDUCTOR 

518 

OUTPUT 
l-30V 

ci
u, ~F 

Fig. 71-6 NATIONAL SEMICONDUCTOR Fig. 71-7 



R2 

WILLIAM SHEETS 

ADJUSTABLE BIAS REGULATOR 

+ 

Bias 
transistor* 

/ 8 > bias current 
of power stage 

Vbias to power stage 

*Thermally connected 
to power stage 

If the wiper of R2 is set at N% rotation, the bias voltage will be: 

(
R1 +NR2 ) 

VBIAS = VDE Rl + R2 

VHIAS MIN= VBE VB!ASMAX =( R,:'R2 ) VBE 

Fig. 71-8 

This method derives a bias voltage that tracks VHE of this bias transistor. If the bias transistor.is 
thermally linked to the power stage, tracking over a wide temperature range will result. 
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72 

Probe Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuiL correlates to the entry in the Sources section. 
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Current Probe Amplifier 
Simple Logic Probe with Alphanumeric Display 
Simple R~' Probe 
125-MHz Logic Probe 
pH Probe Amplifier 
8-DigiL 100-MHz Frequency Prohe 



From 
probe 

ELECTRONIC DESIGN 

10Dk 

Box 

CURRENT PROBE AMPLIFIER 

,--------------
1 +9V 

R3 

680 k C3 330nF --------1 

500 
+ 

-9 V 

Fig. 72-1 

A damp-on current probe, such as the Tektronix P6021, is a useful means of displaying curre;r1t 
waveforms on an oscilloscope. A less-expensive and sirnple alternative is shown in the figure. 

The more sensitive range on the P6021 is 2 mA/m V, but it has a roll-off of 6-dB per octave below 
450 Hz. The purpose of the compensator is to counteract the low-frequency attenuation, which is 
achieved by means of C:1 and R4 + Pl in the feedback around op amp Nl. It's important that the lat
ter is a low-noise type, such as the LM725 shown in the figure. On top of that, it's necessary at some 
point to limit the increasing gain with decreasing frequency; otherwise, amplifier noise and drive will 
overcome the signal. The values shown for Ca and R;l give a lower limit of less than 1 Hz. 

A test square wave of ±1 mA is fed to the current probe so that Pl can be adjusted for minimum 
droop or ovcrshooL in the output wavefom1. It's vital that the sliding core on the probe is fully closed. 
At high frequencies, the response begins to fall off at 100 kH~. Therefore, for most waveforms, switch 
S1 is moved to "direct," above a fundamental frequency of, for example, 10 kHz. 

This circuit's current conswnption is quite low, and it can be battery powered. If a mains power 
supply is built-in, it must be well screened to prevent hum problems. 
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SIMPLE LOGIC PROBE WITH ALPHANUMERIC DISPLAY 

+ 

INPUT 

+SV 

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

I 
I 
I 
I 
I 

I 
I 

g 
e 

HIGH 

3 

TOPIN$2/3 

b 

C 

'-------.. ) TO PIN 4 

LOW 

LE01 
GREEN (LO) 

LED2 
RED(HI> 

I 

L------ ----- - - - - ----- - - - -- -- --- _______ _J 

OPTIONAL 0ISPLA Y 

ELECTRONICS NOW 

A logic probe also includes BCD decoder module. The red LED lights to indicate a logic high, and 
the green LED lights to indicate a logic low. This probe circuit will light a green (low) or red (high), 
and if desired, an alphanumeric display can be obtained with two 7-segment LED displays. · 

$0pf 
DISC H-----

TO RF 
SIGNAL 

1N60 
OIOOE 

73 AMATEUR RADIO TODAY 

522 

iOM 
172W 

SIMPLE RF PROBE 

Fig. 72-3 

Your VTVM can measw-e peak voltage up to 
200 MHz by using this probe. The maximum RF 
that can be mcasw-ed is determined by the diode; 
with a 1 N60, the probe is limited to 30 V. To in
crease the capacity, substitute a higher-voltage 
small-signal detector diode. House the circuit in a 
metal enclosure and use shielded wire. 



POPULAR ELECTRONICS 

125-MHz LOGIC PROBE 

.-------------"....-.. +sv 

LE01 
RED 

R2 
4700 

R3 LED2 
1500 GREEN ~ 

Fig. 72-4 

This logic probe features either high-low (LED) indication or latching operation. When S 1 is 
closed, the indication of a pulse is latched and the red LEDl stays on. Piezoelectric buzzer BZl is 
used as a beeper to sound that a logic high is preset. 

pH PROBE AMPLIFIER 

V08 AOJUST 
10tHtn +vs • 1 +1sv 

01r,.F 

COM 

-Vs 4 T -1!iV 

WOLTJpH UNIT 

+ 31500ppm/ •c 

ANALOG DEVICES Fig. 72-5 

The low-noise precision FET op-amp AD795 has around 1014-n common-mode impedance, low
offset voltage (250 µ V max) and L13 µ Ve drift make this device ideal for low-voltage measurements 
from high-impedance sources. 
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01 

~ 

+ 

CLIP LEADS 
4 5-15VDC 

RADIO-ELECTRONICS 

8-DIGIT 100-MHz FREQUENCY PROBE 
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PC BOARD 
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JJRANGED8D7 D6 05 D4 U2 D3 01 f c b d a e g di 
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2811 
A 

DSC 
26 

C3 
33pF ... 

DSC 
25 

IC2 
ICM1216B 

C4 
15-60pF 

I • 2JL ar t-5V 

"=" 

HOLD Ver 
27 18 

+ 5V 

Fig. 72-6 

Small enough to mount in a probe, this frequency counter circuit is good to 100 MHz. It operates from +5 to +15 Vdc. An 
11C90 prescaler drives a 10-MHz counter chip (ICM7216B). Note the dotted line connecting RIO with pins 5 and 6 of IC2; that 
variable connection controls the decimal point and total count appearing on DSPl and DSP2. The relative intensities and dura
tions of ON/OFF time for LEDl (green) and LED2 (red) give a rough indication of logic level and duty cycle. 
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Protection Circuits 

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

Short-Circuit Protection Circuit 
Polarity Protector 
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POPULAR ELECTRONICS 

SHORT-CIRCUIT PROTECTION CIRCUIT 

DC INPUT 

OUTPUT 
TO POWERED 

DEVICE 

REGULATED { 

FROM 
POWER SUPPLY ~ 

OUTPUT o1-:;;:+----r::±::::.J-_,----. 

24-VOLT l FILTERED 
DC INPUT 

FROM 
BRIDGE 

K1 
24V 

16000 

R1 
10K 

A2 
2.2K 

LED1 
(RED)~ 

03 
1N4001 

Fig. 73-1 

When S1 is pressed, the coil of Kl is energized, closing its normally open contacts. If the regu
lated de input is between 1 and 24 V, that voltage feeds the base of Ql through R 1, turning on the 
transistor, and latching the relay. When that occurs, LED2 glows indicating that all is okay. 

If there is a short to ground at the circuit's output (i.e., in the device being powered), the volt
age that feeds the base of Ql goes to zero, turning off the transistor. Then, LED] glows because Kl 
is de-energized to indicate the short circuit. 

From de 
source 

All diodes 
IN4007 

' --------

WILLIAM SHEETS 

526 

POLARITY PROTECTOR 

-:>t---------u+ 

de out to 
equipment 

Fig. 73-2 

The use of a four-diode bridge guarantees 
correct polarity irrespective of input de polarity. 
Remember that two diode drops (about 1.2 to 1.5 
V) are lost from the input voltage using this cir
cuit. 
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Radar Detector Circuits 

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

Display Board for Radar Gun 
2.6-GHz Oscillator for Radar Speed Gun 
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DISPLAY BOARD FOR RADAR GUN 

+6V 

DISP1 
LTS387P 

1-, I) 

C 

1=1. 
d 

fi.23 
220U 

DISP2 
lTS367P 

a 10 

b 9 ,-, ,~, . 
-· f 

Q 

R2 
471< 

R1 
47K 

b 

13 a 

12 b 

• 
f 

g 

16 

1.15 
41111 

8 

+12V 

16 

I.le 
41111 

8 

":" 

R3 
·47K 

R27 +12V 
22(){l 

+12V 

LT 3 

m: 4 

A 7 

B 

C 

A 

B 
C 

D 

•SEE TEXT 

POPULAR ELECTRONICS 

cs 
2200pF 

16 

RESET 

EN 

IJ4.c 
Q3 1124118 
04 

CU< 

.. 12v 

1 

2 

R17 
10K 

RESETi--1-'-5 .,_ __ _,, 

EN 10 C19 
.o., 

CHl 
100pF 

CLK 1-
9
-------

6 

~ U2·c '=' 
1/44083 

t/~11 

021 + 
10 

R19 
100K 

C11 l 
.001 

+12V 

+12V 

c20· 

R22 I -
10K 

CALIBRATION 

EARPHONE 

R16 
100K 

R.2~· 
101< 

33 v--4 __ ~ 

~-1--t--+---"-l._J U2·b 
1/44093 

Fig. 74-1 

This circuit takes signal (dopplcr) from a radar gun, amplifies and fun.its it, and feeds the fre
quency into a counter (U4) and display circuit (DISPl, DISP2, U5, Un). Counter calibration is set by 
clock circuit U2B. Calibration is obtained via R2 l and R22. R21 can be changed if kilometers/hour 
readout is desired. 
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POPULAR ELECTRONICS 

2.6-GHz OSCILLATOR FOR RADAR SPEED GUN 

METAL-CAN 
ASSEMBLY" 

This circuit consists of 2.6-GHz oscillator Q2, a coupling microstripline to ANTI, a LP ¼-wave 
probe, detector D2, and audio amp QI. The oscillator feeds power to the antenna, which radiates the 
signal. The reflected signal from a moving target mixes with the oscillator signal in D2. The resultant 
beat note ( doppler shift) is amplified by Ql and fed to jack J 1, which is used to feed the circuit 12 V de. 
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Radiation Detector Circuits 

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

530 

Geiger Counter 
Voltage Tripler for Radon Detector Ionization Chamber 
F'lyback Power Supply for Radon Monitor 
Radon Monitor Amplifier and Head 

-Ion Detector 



GEIGER COUNTER 

+v"" +v., 

)sw, 
.i 
-=.. 9v 

ih 

McGRAW-HILL Fig. 75-1 

An HV generator (I Cl, IC2, QI, Tl I and associated components) power a G-M tube. A pulse from 
the GM tube is interfaced through Q2 and IC1 to pulse generator IC3, which drives a speaker. 

VOLTAGE TRIPLER FOR RADON 
DETECTOR IONIZATION CHAMBER 

120VAC 
·INPUT 

FLVBACK POWER 
SUPPLY FOR RADON MONITOR 

+ 

C1 
470 
µF 

15V 

+1 TO +SV 
INPUT 

+ 

ELECTRONICS NOW Fig. 75-2 ELECTRONICS NOW Fig. 75-3 

The voltage tripler charges the ionization This blocking-oscillator Ilyback circuit is an 
chamber capacitor. It is powered from the 120- alternative for charging the ionization chamber 
Vac line. Warning: Shock hazard exists. capacitor. 
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O'I 

~ RADON MONITOR AMPLIFIER AND HEAD 

NO. 4-40 SCREW, ~ 
Sol.DER LUG & NUT lJ 

I 
I 
I 



RADON MONITOR AMPLIFIER AND HEAD (Cont.) 

R1 
(SEE 

IONIZATION CHAMBER TEXT) 
SHIELD ..----------, 

I I 
t CATHODE ; 

I ANODE -~0
+
1
-e----'l-llt-,---,t-1-

1 G 
: -500V 

: C1 
L-~1 

ELECTRONICS NOW 

A4 
1MEG 
tSEE 
TEXTl 

+9VDC (- 1.6mA) 

TEST 
POINT 

R6 
1MEG 

+ 
C4 
1µF 

OUTPUT 

Fig. 75-4 

A positively charged anode wire attracts electrons and a negatively charged cathode attracts 
positively charged ions. The recombination of electrons and ions causes a current that produces a 
voltage pulse. The cathode is maintained at-500 V by a charge on the 0.1-µF capacitor. 

A beverage can forms the chamber, an aluminum can forms the cathode,·and half cans form pro
tective end covers. The amplifier circuit board is shown to the left of center. 

ANT1 

01 
PN29117 

ALUMINUM TAPE 
OR 

EARTH GROUND" 

POPULAR ELECTRONICS 

ION DETECTOR 

·seE TEXT 

03 
Ptf2222 

A3• >--t-'-------\..Jo.......J---e 
SK 

Fig. 75-5 

ANT 1 is a short whip antenna from a junked radio or other device. R:3 is adjusted to bring the me
ter on scale. This device should be grounded to operate properly. A length of aluminwn or copper foil 
tape attached to the instrument casR makes contact with the hand, and the-body serves as a ground 
via hand contact with this tape. 
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Receiving Circuits 

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

AM Radio 
ac/dc Vacuum-Tube AM and Shortwave Receiver 
WWV Receiver 
Shortwave Receiver 
AM/FM Receiver Circuit 
118- to 136-MHz Aircraft Receiver 
Dual-Inverter Line Receiver 
Toroidal-Core TRF Shortwave Receiver 
Nine-Band Shortwave Receiver 
One-Tube Regenerative SW Receiver 
One-Tube Regenerative AM Receiver 
1\vo-Band Radio 
Simple Crystal Radio 
Video Line Receiver 

534 

1\vo-Chip AM Receiver 
Relay Interface to RC Receivers 
Basic Regenerative Receiver 
Simple Radio Receiver 
One-Tube AM Receiver 
Balanced Line Receiver 
Superhet Front End 
Receiver Preamp 
Regenerative Receiver for 6 to 1 7 MHz 
'Two-Stage TRF Regenerative Receiver 
Economy Shortwave Receiver 
Variometer-Tuned Radio 
Old-Fashioned Crystal Radio 
WWV Receiver 



McGRAW-HILL 

Antenna 

Cl 

SWl 
p 

L1 
21 

turns 

AM-RADIO 

RFC1 
2.5mH 

9V 9V 

--•----1-• +- j-±--={] + 
SW2 

Double-pole, single-throw 

+27V 

C9 
10µ.F 

/ C11 

+ I ~OO~F 
~]13 

311 
Ground Antenna 

L1 
21 

turns 

l 
PVC or plastic 
plumbing pipe 

~~~...i..i..i..+--1 L3 ___ 

15 turns 

To 
RFCl 

--To plate 

To grid 
circuit 

L2 
108 turns 

Ground 

The primary winding of L 1 has 21 turns of #24 or #26 enameled wire; L2 has 108 turns; 
and L3 has 15 turns of wire. All are wound on 1½-inch PVC pipe form. 

Fig. 76-1 

A 184 regenerative detector feeds an LM386 audio lC (ICl). 1.5-V D cells and three 9-V batter
ies are used for a power supply. 
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ac/dc VACUUM-TUBE AM AND SHORTWAVE RECEIVER 

",.T 

.I 
® 

POPULAR ELECTRONICS 

® 

' ' ' 

IIS WOLT S 

1.c-oc 

© © 

.... 

. u.®o~ 

IF•455KC 

® 

"E .. .. .. ,, 
,. ,, ,, 
,l 

This circuit was used in a World War TT vintage AM/SW (6 to 18 MHz) receiver and shows typical 
circuits used in receivers at that time. 
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., .. , fJU,f .,,, 041 

Fig. 76-2 
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O'I 
00 
00 WWV RECEIVER 

AUDIO AMPLIFIER 

r----- C16 .J: +9V 

~

7 SOURCE 
1 
I 
I 
I 
I 

: .01 .;. I ~ • ~ t 

C13 _l -~!. J 

MIXER 

D1 
1N34 

C15 
.47 

D2 
1N34 

'1C10 
1 

EARTH/ .01 ·r 1
00K 1 

I CHASSIS "=' 
L.:...J!R~~ - --- :::_ ____ L ___ 1-, 
f LOCAL 
I OSCILLATOR 

I 
I 
I 
I 
I 
I 
I 

' I 
I 
I 
I 
I 

c, 
20-100pF 

R1 
100K 

C3 
360pF 

C2 
15pF 

C4 
56pF 

R2 
4.7K 

+9V 

L-------------•sEETEXT 
'=' 

POPULAR ELECTRONICS 

R9 
10K 

I METAL 
I SHIELD 

C7 
.01 

E:-. 

~ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

- __ _j 
R16 
22K 

1 S1 

o---:t-1•----1 t-----:J.. 
81 -

.001 9V -

C20 
680pF 

C22 
.1 

'::' 

-=-

R12 
10K 

R14 
10K 

00 
1N4729 

3.6V 
ZENER 

C24 
.001 

R13 
4700 

C23 
.1 

+9V 

f0"' 
SPKR1 
8-(32!). 

Fig. 76~3 



WWV RECEIVER (Cont.) 

GND 03 

Transformer T1 is a home-made unit comprised of 40 closely wound turns 
of #26 AWG enameled wire on a ¼-inch diameter air-core form, with taps at 
2½ and 10½ turns from each end; after each tap, the winding continues in 
the same direction. 

A 

B 

A A' 

B BC c· 

C 

Construction details for T2 (the 
mixer transformer) are shown here. 
The diagram in A is a schematic 
representation of the unit once 
completed; B illustrates how the 
three lengths of wire are wound as 
a set on the bobbin; and C shows 
how the bobbin is connected to the 
pinned base. 

RF amplifier Q3 feeds diode mixer D1-D2 and Ql-Q2 provide 10-MHz L.O. injection to DI 
through Tl and T2. UlA, UlB and U2 are audio amplifiers. Details of Tl and T2 are shown. 
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+5V 

t 
) 

C21~ 
10&!fi 

RADIO-ELECTRONICS 

SHORTWAVE RECEIVER 

1-"--_._ _____ -u+SV 

Frequency 
(MHz) 

5 
6 
7 
8 
10 
12 
14 
15 

Em,lter 
Base 
Colleclor 

C2 
(pFJ 

100 
100 

82 
B? 
82 
82 
68 
68 

C6 
.1 

Pin 1 
P,n 2 
Pm 3 
Pin 4 
Pm 5 
Pin 6 
Pin 7 
Pin 8 

01 

0.9') V 
1.61 V 
2.56 V 

TABLE 2 

C18, C19 C23 
(pF) (pF) 

120 68 
120 68 
100 47 
100 47 
100 47 
mo 47 
82 33 
82 33 

TABLE 3 

NE602 

1 27 V 
1 27 V 
ov 
3.64 V 
3.59 V 
499 V 
433 V 
5 05 V 

02 

0.80 V 
1 45 V 
3 30 V 

L1, L2 (Ant) 

IC2 
MC34111 

2 C15 3 7 
+ 4.7pf 

L3 (Osc) 

C16 
1J&F 

(# of turns on T-37-2 core) 

5 41 45 
4, 30 34 
4, 26 29 
3, 22 24 
3. 17 19 
2, 15 17 
2, 14 1b 
2, 13 14 

MC34119 

ov 
4.15 V 
4.11 V 
397 V 
4 14 V 

-9.09 V 
ov 
4 20 V 

QJ 04 

027 V av 
0.82 V 058 V 
9 17 V 7 41 V 

C14 
470pf 

R19 
100 

Fig. 76-4 

This receiver covers 8.5 to 11.5 MHz in two bands and has a sensitivity of under 1 µ V. An NE602 
mixer feeds a 455-kHz IF amplifier (Ql and Q2), detector D4, and audio amplifier IC2. Q4 serves as 
an AGC amplifier coil data is given in the table. The LO is varactor tuned. 
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~ ..... 

AM/FM RECEIVER CIRCUIT 

""' 

-=-

aim•~=~~•-,-- 1• 
3)of Cl," 

u -=- ~ 

r-:=----' 

tit l5 

~i 
I -:-

( I DI 

m 
Vs 

1 I "", l ··-· I' -:- ( m T I I '+I •~tN 

I v· I L-I .. v t t111 u a 

1 • Ju·~· 
FIi ~ (P MIHz-108 Mth) ~M hrfonnance (525 klu-1650 kltr} 7 r 

L...-

• 30 dB quieting sensllivity; 3.5 fl-V • IWa:Jdmim sensitivity: 100 ,,.Vim 

• -3 dB ljmimg sensitMty: 7 ,i.V • 20 dB quieting sensitivlly: 250 ,,.v,m ,:, 
• Tweet• worst case: 5% 

100 mV/m: 1.5% 

•T~l is an 11Udt0 tone produced by ttle 2nd and 3rd harmonic ol the IF 
bee.ting agea,st the ,ecelved signal. It is meaiued as an equMl,lent modu
lation kwel: ,.e .. a 30% tweet has the same ~ at the detector as a 
dasirBd signal wilh 30% modulalion. 

NATIONAL SEMICONDUCTOR 

v, 

- - -=-

cu , .. , -rl• 

r 
111,•Al 
S:RIIU•ll 

Fig. 76-5 

This circuit shows the LM1868 as a complete AM radio and FM IF section. An external FM front end is used for the 88- to 
108-MHz band. Audio output is 0.5 Wand 9-V battery or line operated can be used. 



C7 
.001 

cs 
3.9pf 

C3 
3.9pF 

L2 
.3311H 

c, 
.001 

RADIO CRAFT 

118-TO 136-MHz AIRCRAFT RECEIVER 

C10 
to 

R1 ~--<W....._ __ ..r 10K 
TUNINI 

C24 
.1 

+9V~Ntr-<.....-i.,,.._--. 

R24" 
47K 

+9V 

R20 
47K 

C25 
10 

+ 

R18 
47K 

C23 
.1 

R17 
10!( 

R12 
10K 

Fig. 76-6 

This receiver covers the 118- to 136-Mm~ AM aviation hand. It has a 10.7-MHz IF amplifier. Ll, L3, 
and L5 are 1 ½ turns of #24 v.i.re. FlLl is a 10. 7-MHz ceramic filter. IF bandwidLh will be about 250 kHz. 

v.,.. 

ANALOG DEVICES 

FU 
20kQ 

DUAL-INVERTER LINE RECEIVER 

R8 8-taO A1 1 kO 

R2 

l"OR~"' ~ 
R2 R4 

G • ~ .c -& 

*
(+) 

(-)0------------' VIN R1 

This circuit is for audio applications. 
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McGRAW-HILL 

-::: 

TOROIDAL CORE TRF SHORTWAVE RECEIVER 

LM386 
L7 

191,LF 
+ ca 

220µ.F 

~?J~ead-
phone 

-= jack 

C3 
001µ.F 

SW2 
+15V 

-::- C6 
220l,LF 

--=f;])i r7J r-{I ~J + 
~82B384 

DPST tosgle switch 

Toroid 
To antenna 

L1 

Ioiiµ.F 
R4 
100 

+6V 

To Cl To common ground 

L2 
Enlarged view 

L 1-3 turns of #24 enameled magnet wire wound over center of L2. 
L2-34 turns of #24 enameled wire-coils wound on toroid iron core 
form T-50-2-tapped at the 17th turn. Form has only l/2-inch diameter. 

Wind 34 turns, with a tap at the 17th turn, for L2 on the small ½-inch diameter iron core form. 

Fig. 76-8 

A ZN414 IC feeds an LM386 audio amplifier in this TR.F' circuit. SWl is a band-switch. Coverage 
is up to 18 MHz. 
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ANTl 

1':,, 
100pF 

R4 
2.2MEG 

L10 
82pH 

C28 

L7 
2.2i1H 

POPULAR ELECTRONICS 

NINE-BAND SHORTWAVE RECEIVER 

G 

L12 
.33µH 

C31 
3.5-20pF 

L9 
1µM 

C27 
3 5-20p~ 

C25 
3 5--20pF 

L6 
3 9~1H 

l1 L 100µH 

+ Ct 
470 

L2 PL1 
100µH -,_ 

L4-a" 
22~lH 

l4-b· 
22ttH 

L11 
56µH 

C30 C29 

3.5--20pF 3 5-20pF 
7 a 

6 9 

\ S2 
4 ~ND -r·--0 

I Q 

' CJ 
31 

12 
I 
i 

3 5-20~ 

__ ___J 

C24 
3 S.-20pF C23 

3.!:>-20pF 
C32 

l 5 3-18pF 
5.6µH TUNE 

01 
1N4001 

S1? 
~ 

04 
40673 

C2 
470 

C3 
1 

+ 

A19 
C35 402ll 

R22 
iOMEG 

D3 
1N914 

Dual-gate MOSFET Q4 is used as a regenerative amplifier in this circuit. An active antenna feeds 
the signal to Q4, and a shorL whip antenna is adf>quate. Detector Q5 feeds volume control R24, and 
audio amplifier U5, an LM~--386. The frequency range is 49 to 11 meters in nine bands (6 to 27 MHz). 
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0 0 0 
G + 

cs 
1 

G C48 
.1 

C9 
470 

C4 + 
C6 + 

22 + C47 + ca 
C7 1 22 4700 

C10 

22 .1 

TO 
COUNTER 

C18 R15 ,---./'--.. 

10pF 15K 
J4 Jb 

R16 C49i 
? 

R14 100K 02 C21 

4 7K FINE 1N34 1 

C20 (REGEN) C22 
.1 

C19 
22 

R17 
5K R27 R28 

COARSE A26 3.9K 1K 

(REGEN) 
499n 

R21 
810U 

C38 
1 

·sEE TEXT 

SWITCH BAND 
POSITION (METERS) 

49 

J3• 2 41 

3 31 

C44 ..I.. 4 2S 

05 5 21 

05 6 19 

2N3904 A24 SPKR1 7 R25 16 
5K INT. 

C39 
C40 VOL. 

100 B 13 
.1 

SPKR 
1 9 11 
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McGRAW-HILL 

ONE-TUBE REGENERATIVE SW RECEIVER 

Cl 
6-SOpF 

Tickler 
coils 

l3&LS 

L1 

l2 

Ql 
1S4 

C : To ground Top of coil L 1 c ? Turn 
'-------•To Cl 
23 

: Ground 
L2 ~ 13 Turn 

5 4 To tap of 7 

: 

To RFCl 
l3 t 6 Turn 6] To 9 oflS 

: 

To tap 4 of l2 
L4 ( 9 Turn _ 

All coils are close 
wound with 
#24 or 26 enameled 
magnet wire. 
Spacing between 
each coil is 1/8 inch. 

Spacing between___..: To C3 & Rl 
coils is 1/8 inc~ LS ~ 6 Turn : To pin 6 of L3 

Bottom of coil 1 To pl-ate pins 2&6 

How to wind L 1, L2, and L3 with taps. This receiver tunes in 
the 40- and BO-meter range of frequencies. 

Fig. 76-10 

A 154 tube is used in a regenerative detector circuit. Details for coils are shown and frequency 
range can be shifted within 1.5 to 20 MHz by proportionally adjusting the number of turns on coils. 
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McGRAW•HILL 

ONE-TUBE REGENERATIVE AM RECEIVER 

L2 15 turns C4 T 270pF 

2 and 6 
5 NC 

4 

cs 
SWl 0.lµF 

Bl 

~I +1.SV = 
SW2 B2 
SPOT ] I [I Ill + 27V 

,..._ l2 L1 
Coil 

mounting ------
hole 

0 

1' 
'"' t 

111 I 

dt t. I~ j. dt i• I. ,. 

Taps every 101urns 

RF coil 
2.SmH 

Jl 
• 2ooon 

headphones 

•, 
T 

0 1/2'' 

j_ 

'" RfC PCl 108 turns of #24 _or #26 G d 
enameled wire roun 

15 turns of-#24 or 
#26 enameled wire 

Wind both coils on PVC pipe using either #24 or #26 enameled wire. For coil L 1, wind 108 
turns on the pipe, and tap every 10 turns. 

Fig. 76-11 

Suitable for AM reception and as a simple radio project, thls circuit uses a single tube as a re
generative detector. 
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McGRAW-HILL 

TWO-BAND RADIO 

70 turns #24 enameled wire 

------6vcc 
---------:=-=---19---7- 8 ZN416E a------------. 

ICl 5 l.SV 

81 
-------/ 

3 4 7 

12 turns 
#24 enameled wire 

C2 
0.1µ.F 

Scramble wound 
250 turns 

#30 enameled wire 
l3 

_j_ ...----
Ferrtte rod o.333-inch 

diameter 

T -Ll-

12 turns 
#24 enameled wire 

(close wound) 

To To 
SWl pin 8 

cs 
0.1 µ.F 

13 

SW2 
SPST 

Broadcast band 
MW 

L2 
70 turns 

#24 enameled wire 
(close wound} 

To 
SWl 

To 
pin 8 

All three coil windings are wound on one long ferrite form. Two different coils are switched 
into the circuit, covering the longwave (lw) and medium•wave (mw) broadcast band. 

Fig. 76-12 

This TRF receiver covers the AM broadcast band and longwave bands (used in Europe and Asia 
for broadcasting). A loop antenna is used for reception and an external antenna can be connected. 
Frequency coverage is 150 to 1600 kHz. 
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McGRAW-HILL 

0 

SIMPLE CRYSTAL RADIO 

Antenna 

l1 
25 turns 

41 

Ground 

Lill 
25 turns 

#24 or #26 
enameled wire 

4• 

--sw1 

0 

Cl 

L2 

Crystal 
(XTAL) 

Dl 

90 turns #22 
enameled wire 

J3 

2000!1 
headphones 

J4 

1 
0 

I 
~ wr-1...._ I 

space 
..... >lllll(IE---------- 31/2n --------•-

T 
11/2'' 

1 
Wind 90 turns or 2½ inches of #22 enameled wire for L2, and 25 turns of #24 or #26 
enameled wire for L 1 on a 1 ½-inch PVC plastic pipe form. 

Fig. 76-13 

An IN;34A (DI) is used as a detector in this crystal radio. A good outdoor antenna should be used. 
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ANALOG DEVICES 

VIDEO LINE RECEIVER 

This circuit can achieve 46-dB cornrnon-
Vour mode rejection if Rl, R2, R3, and R4 are matched 

~---<> to 1 % . C 1 is adjusted for hest CMR above 1 MHz. 

Fig. 76-14 

TWO-CHIP AM RECEIVER 

WANT1 
I C1 

100pf 

100T 

C2 
.22 

"SEE TEXT 

cs 
365PF 

16 14 13 

U1 
TDA7000 

S 6 7 
C4 
.22 

POPULAR ELECTRONICS Fig. 76-15 

This receiver is comprised of a TDA7000 single-chip FM receiver (Ul), an LM386 low-voltage au
dio-power amplifier (112), a pair of hand-wound coils (Ll and 12), and a few additional components. 
Ll and L2 arc l 00 turns of #28 wire on toroidal cores ( about 240 µH each). Ll is-tapped at 30 turns. 
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rA STEERING Ta 

FORWARD/ {'' 
REVERSE T2 

RECEIVER 

6V 

RELAY INTERFACE TO RC RECEIVERS 

D1 
1N4001 

05 
1N4001 

C1 
1 

K1 
6V 

.02 
1N4001 

06 
1N4001 

C2 
.1 

K2 
5V 

MOT2 

03 
1N4001 

D7 
1N4001 

C3 
1 

·KJ 
5V 

04 
1N4001 

D8 
1N4001 

c,i 
.1 

K4 
i..+-----...5V 

MOT1 

POPULAR ELECTRONICS Fig. 76-16 

You can add relays to some inexpensive RC receivers to operate your own chassis. 

BASIC REGENERATIVE RECEIVER SIMPLE RADIO RECEIVER 

ELECTRONICS NOW Fig. 76-18 

ELECTRONICS NOW Fig. 76-17 Vacuum-tube detector receiver. 
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POPULAR ELECTRONICS 

C1 
.01 R2 

100fl 

ONE-TUBE AM RECEIVER 

C4 
.01 

L2 
2.SmH 

C5 
365pF 

C6 
100pF 

~S1-a .:r------_ --j_S1-b 

T s1 T 02 
I 6V 1 9OV 

- ..!... *SEE TEXT 

Fig. 76-19 

This radio uses an nntuned RF to boost the signal voltage up to the linear portion of the 
crystal diode's characteristic curve. The circuifs distortion and wide bandpass and a ~ood-quality 
transformer make for a great-sounding AM radio. L1 is a winding of #22 enamelled wire 2 11 long on a 
2" diameter plastic pipe_ Tl is a tube-type radio output transformer, rated at 2000 Q to the speaker 
voice coil. 

ANALOG DEVICES 

R1 
25k0 

BALANCED LINE RECEIVER 

A2 
25k0 

r - - - - - - - - - - - - - -0 -VOOT 

I 

5k0 

Fig. 76-20 

Unity-gain inverter U2 drives R4 (usually grounded at -Vout' equalizing currents in ±input legs, 
and provides a choice of balanced p-p output with a gain of R/R1 ). 
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·SEE TEXT 

RADIO CRAFT 

SUPERHETFRONTEND 

Cl 
.047 

C2 

r + 
8 

U1 
NEB02N 

6 7 

~ 

ANY 
DSC 

CO NF I GU HAT! ON 

U3 
78L05 

G 

t-----...------~IA,-----+---•+12 

+ C3 
1 

+ C11 
1 

cs 
.1 

R4 
4.7K 

RB 
,oon 

voe 

C9 
.1 

1 
RS 
10K 

G/\!N R6 
5.1K 

Fig. 76-21 

This superhet receiver front end is simple and uses an NE602 followed by an MC1350 IF amplifier. 

= 

WILLIAM SHEETS 

RECEIVER PREAMP 

3900 

~son out 

Freq. range 0.5-500 MHz 
Power gain GP = 17 dB @ 50 MHz 

Fig. 76-22 

Suitable for HF and VHF receivers, this preamplifier can be mounted on the back of the receiver 
for a boost in gain. Useful gain is about 17 dB at 50 MHz. 
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8: 
~ REGENERATIVE RECEIVER FOR 6 TO 17 MHz 

ANTt 
(NOTE 1) 

L4 
(SEE TEXT) 

HEADPHONES 
R7 (SEE TEXT) 

A4 47n ~ 

• C1 

L3 
(TICKLER) 

(NOl'l:2) 

R1 
IMEG 

NOTES: 

cs 
002 

NOTES· 
1. ANTENNA· tOOFT COPPER WIRE 
2. ADJUST C1 FOR ANTENNA USED 
3 C2 OPTIONAL (SEE TEXT) 
4. S1- DUAL ON OFF SWITCH. 
5 FOR COil-WiNDiNG DIRECTIONS SEE 

FIG 9-a 

1. ALL WINDINGS ARE N0.22 
INSULATED STRANDED COPPER 
HOOKUP WIRE 

2. 1 V2 ·1N. OD PVC PIPE 

1

1 

R5 

270K r?I Y-CY 
100K 

(VOLUME 
1CONTROL} 

R2 
15K 

C7 
33µF 

t 

-=-

I 02 
4f-~~-I 

2N4416 

GATE*DRAIN 

CASE solJRCE 

ANTENNA 

,!:c:i~;>$ 
~T~)i/~~ 

TO 01 DAAIJO AFC TO ANTENNA 

C10 
.01 

COMMON 
OPEN 

C13 
+I 33µF 

ELECTRbNICS NOW! Fig. 76-23 

The headphones are 32-Q stereo types. The common lead is left floating so that the two sides are in series, giving 64 n. 



TWQ .. STAGE TRF REGENERATIVE RECEIVER 

Nfl1 
(NOTE 1) 

AF AMPLIFIER 

,------------------, 
I ....---------, I 

i::~~-----, A 11 L ____ J 

DETECTOR 

L3 TICKLER 

• 
:il:N44118 100pF 01 tli 
~ i:-:+-l--4r-f 

NOTES. 
1. /liNT 1 IS 100-FT COPPER WIRE 
2. C1 IS S-SECTION GANGED 

V/liRIABI.E:10 TO 365pF EACH 
SECTION 

3. S1 IS OVAL GANGED SWITCH 

4. FOR COIL-WINDING DIRECTIONS 
SEE FIG. 9 

S. MODIFICATION FOfl: 2 CASCADED 
REGE.NERATIVE STAGES 
(SEETEXT) 

a 

TO<l2.GA1E 

REFER 10 FIG. ID 

b 

REFER TO FIG 10 

C 

AUDIO AMPURER 

C13 

~ 

R8 
10K 

(DET 
REQEN) 

2N4416 

GATE~DflAIH 

CASE SOURCE 

6 j. HEADPHONES 

~~1!?~ 
e1• -
9V I : B2 

..!.. 19V 1 c1,el+ 
C9 S1 - S.:.F 

.o,I J~~~~r C10 
~ ~ ,01 

AD745JN 

-5 TURNS 
(SEE TEX"!) 

fW 
10W 

8 TUA.NS -4 T:\NS 1,.\·ll ~ 

~

'~)) 
~,,om 

NOTE ~ TO L2 [)RAN 

TO a, aA.T~AI' TO mTEIIIIIIA 

REFER TO FIG 10 

d 

NOTES· 

1 ALL Wit,CINGS AflE NO 22 
INSl.,\All:O ST~DED COPPER 
HOOKUP WIRE 

2. 1 .;w. OD PlASTIC Pill 80TTLE OR 
3. 1-IN 00 PlfC PIPE 

ELECTRONICS NOW Fig. 76--24 

This regenerative receiver uses a tuned RF to improve performance. The coil in Fig. 76-24D is for the purpose of adding 
01 a second regenerative stage (RF This coil is L5 in the schematic. m . 
m 



ECONOMY SHORTWAVE RECEIVER 

~T1~ (NOTE) c2 01 cs 
C1 .01 1N34R .01 

250pF 
(TUNE)-= 

02 
2N2222 

R4 
2000 

R2 C6 
1OK 2000pF 

R3 
SOK C7 

33µF 

1. ANT 11S 100-FT COPPER WIRE. 

ELECTRONICS NOW 

NOTES: 2 FOR COIL WINDING 
DIRECTIONS SEE FIG. 9 

TO 01 COLLECTOR 
REFER TO FIG. 11 

+ 
R7 C9 

10µF 12OK RB 
2001l 

03 
2N2222 

AS HEADPHONES 

2K (SEE TEXT) 

~~ i 81 I 
I 9V COMMON I 

s~ 
C10 OPEN 
.01 

NOTES: 

1. All WINDINGS ARE N0.22 
INSULATED STRANDED COPPER 
HOOKUP WIRE 

2. 1-IN. OD PLASTIC Pill BOTTLE 
3. 1-IN. OD PVC PIPE OR NOTE 3 

Fig. 76-25 

Using three transistors, this receiver covers the range of 6 to 17 MHz. Coils can be altered to 
change the range to a lower or higher frequency. 
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ANT" 

Cl 
100pF 

L1• 

VARIOMETER-TUNED RADIO 

(TO 
HIGH-IMPEDANCE 

--EARPHONES) ____,,_______.. 

C2 
.001 

.---+----------o GND• 

The two fixed coils of the variometer, 11 and 
18, are wound on an 8½-inch-long piece of 1-inch
diameter plastic pipe (its outer diameter is about 
1¼ inches). Each coil is 2¼ inches long. The num
her of turns is not critical, but 86 tightly wound 
twns of #22 enameled wire were used. When 
winding the coils, make sure you start at a point 
that will allow them to -be placed 2 inches apart 
on the pipe. Drill holes in the pipe and run the 
leads of the coils out the end of the pipe that is 
closest to each. L2· 

GND• 

----------o GND" 

The movable coil, 12, is wound on a piece of 
1 ½-inch plastic pipe (its outer diameter is about 
l¼ inches). The winding is 2 inches long. Like Ll 
and 13, the actual number of windings of this coil 
are not critical, as long as the winding is approxi
mately the right 

POPULAR ELECTRONICS 

Coil: Wound on 1 0" long 2" 
diameter form 

Antenna 

L 1: 200T #24 on 2" dia. form 
L2: 200T #24 on 2" dia. form 

spaced 1 /4'' from L 1 
tapped at 80, 120, 160 turns 

WILLIAM SHEETS 

Fig. 76-26 

OLD-FASHIONED CRYSTAL RADIO 

Ll L2 

Finish Start 

D1 
IN34 

C2 
0.005 

µF 
2000-n 

• headphones 

-Fig. 76-27 

11 and 12 are wound on 411 diameter 1011 fom1 and are 200 turns of #24 \Vire, PVC pipe can be used. 
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~ 

ANTENNA 

ELECTRONICS NOW 

R3 
1000 

---, r---
11 

.__~i:~~ 
IC1 I 1 L.:=-__ .J L---

T1 T2 
10.7MHz: 10.7Ml-k 

IF IF W
NE602N 

1 

)(TAL.1 D 
9.545MHz 

[ 
! ! ,\ 

SPECIAL 
ANNOUNCE MF NT 
OR ,;onHz TONE 

WWV RECEIVER 

WWV and WWVH minute signals 

UTC VOICE 
ANNOUNCEMENT 

600Hz 
TONE 

I I 
60 45 

I 
60 

UTC VOICE. 
ANNOUNCEMENT 

TICK 

SPECIAL 
ANNOUNCEMENT 
OR 500Hz T ONl 

H17 
3.31( 

Al5 -
560il 

A19 
10K 

------'IM 

C17 
1 

7 

C18 
t 

• +9V 

C20 
I~ C21 

10jlF 

470ll 

4 

IC5 
MC3'1t9 

Cl9 
4.7µF 

Fig. 76-28 

This receiver for IO-MHz WWV signals uses a 10. 7-MHz FM receiver IF transformers as front-end components. It is a super
het with a 455-kHz IF frequency. By changing the front-end components 5- or 15-MHz reception could be obtained. A 3- to 6-foot 
antenna is usually adequate. 
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Reference Circuits 

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

Low-Voltage Reference 
Positive Voltage Reference 
Negative Voltage Reference 
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+Vs 3 to 6 V 

SW1 
(see test) 

Vs common 

LOW-VOLTAGE REFERENCE 

D1 
AD589 

R5 
100 

Q1 
2N3904 

R5 
100 k 

Output table 
Vout IV) R1 R2 R3 R4 

(aH values In kllohms) 
1.3 402 21 1.1 20 
2.0 402 249 12.7 154 
2.5 402 412 21.0 205 
3.0 402 576 30.1 237 
3.3 402 665 34.8 249 
4.5 402 1070 53.6 287 
5.0 402 1210 61.9 301 

.....----------+-------------1~ Vout 
IREF I 60 µA U1 1.3 V 

T R3 6 OP90G 
1.1 k (1%) 

~ 20k(1%) 
I 

: VREF = 1.235 V 
I 

' I 

' 

C1 
0.01 µF 

R2 
21 k (1%) 

Common 
ELECTRONIC DESIGN Fig. 77-1 

This circuit illustrates a number of techniques that are useful for low-voltage, series-mode, 
power-efficient references. Intended for output currents of up to 10 mA, this design has an enabled 
standby current of about 100 µA; it can be easily programmed over a wide range of output voltages. 

POSITIVE VOLTAGE REFERENCE 

D1 
1N4611 

6.6V 

.....-----------v+ 

R2 

6 
>------ Vout 

R4 

= 

NEGATIVE VOLTAGE REFERENCE 

D1 
1N4611 
6.6V 

v-
NATIONAL SEMICONDUCTOR Fig. 77-2 NATIONAL SEMICONDUCTOR Fig. 77-3 

Dl is used as a reference. R2 1 R3, and R4 pro- DI is used as a reference. R2, R3, and R4 are 
vide desired output voltage to the op-amp volt- voltage dividers to obtain desired output voltage 
age follower. to the op-amp voltage follower. 
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Regulator Circuits 

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

:3.8-V 1-A Surface-Mount Regulator 
Logic Control of 78XX Regulator 
Low-Cost Step-Down Regulator 
Dual-Output Regulator 
Low-Noise Regulator (5 to 3.3 V) 
Reducing Ripple in a Switching Voltage Regulator 
Low-Dropout Three-Terminal Regulators for New Microprocessor Applications 
Low-Dropout Regulator 
Positive Regulator Sinks Current 
5- lo 3.3-V Surface-Mount Switching Regulator 
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LINEAR TECHNOLOGY 

3.3-V 1-A SURFACE-MOUNT REGULATOR 

V1N 
4VTO--e----------11----e--

12V 
1. 13 01µF 

V1N PWR V1N 
14 

LB1N SW I---+---+-•----. 
LTC1265-3.3 

270pF LBouT PGND 
5 

..Cr SGNO 

SHUTDOWN t-· 1k 6 
lrnR NC 

7 
SENSE- SENSP 

1000pF 

12 

11 

fO 

9 

8 

ut 
47µH 

RSENSEn 
0,0 

Vour _________ .....,...._ __ 3.3V 

• AVX TPSE686K020 
• • AVX TPSE227K010 

t COlLCRAFT 003316-473 
1t DALE WSL2010-0 1-1% 

+ Cour .. 1A 
-,-- 220µf 
..L 10V 

Fig. 78-1 

This figure shows a tYJJieal LTC1265 surface-mount application. It provides 3.3 Vat 1 A from an 
input voltage range of 4 V to 12 V. The peak efficiency approaches 93% at mid-current levels. 

ELECTRONICS NOW 

LOGIC CONTROL OF 78XX REGULATOR 

02 
TIP32 

Vunreg '-------------

C1 
,47 µF 
16V 

Voltage 
regulator 

78X'i 

,____.._-0VOut 

C2 
0.1 µF 

Fig. 78-2 

Transistors can be used to c:ontrol any 78xx series regulator with logic signals. Both transistors 
are controlled by the logic level present at the base of Ql. 
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Ol 
CJ) 
u.) 

R1 

CRZ 

ELECTRONIC DESIGN 

LOW-COST STEP-DOWN REGULATOR 

Vin 9 C1 

1 r-:J_ Noles: 

CR1 

L1 

L2 

C3 

C1 =470 µF, 25 V 
C2=220µF 
C3, C4 = 1000 µF, 1& V 
CR1 = 1N5819 
CR2 = 13.6 V (2 x 1N4099) 
l1 : 121 µ.H, 0> 41@ 250 kHz, R < 0.5 

-=- l2 = 220 µH, Q > 40@ 250 kHz, R< 0.8 
R1, R3, = 2.2 kn, 1/4 W 
R2 = 510 ft, 1/4 W 
R., R5 = 100 h, 1/4 W 
01 =2SA1359Y 
02 =2N3904 

RL 

lm:>ut = 18.0 V, OutDU1 taken at C3 

Output (V) Load (Ohm) (mV00\ 

12.54 1k 50 

12.52 90.9 25 
12.49 47.6 40 

12.45 24.4 70 

lnDUI : 18.0 V, Output taken at C4 

Output (V) Load (Ohm) (mVDD) 
12.53 1k. 58 

12.46 90.9 1.5 

12.37 47.6 1.5 

12.20 24.4 1.5 
Output taken at Cl, Load = 24.4 Ohms 

Input {V) Output {V) tmVPP) 

15 0 12.35 73 
18.0 12.45 70 

21 0 12.53 75 

Ripple 
(kHz) Eff. (%) 

4 67 
112 86.5 

58 88.9 

31 91 8 

Rh,Dle 

(kHz) Efl.(%) 

OB 67 

86 5 

88.4 

90.4 

Ripple 

.(kHz) Eff. (0/o) 

17.8 93.4 

31.0 91.B 

43.3 90.8 

Fig. 78-3 

This inexpensive and efficient discrete step-do'Nll '"'n'U.L<A•IJVJ. is based on a complementary transistor arrangement that uses 
both positive and negative feedback and is referenced to a Zener diode. Inductor Ll is selected to maintain the switching fre
quency above the audible range for the intended operating load. The output filter 12 and C4 reduces ripple to less than 10 m V 
p-p over a large range of loads> with only a slight decrease in 



LINEAR TECHNOLOGY 

DUAL-OUTPUT REGULATOR 

D2 
1N914 INPUT 

6V 
T025V 

INPUT BOOST.,.._ __ ..., ___ ..... ..,. 

LT1376-5 C2 
0.1µF 

Vsw t------.... -
BIAS 

SENSE.,_.---+----
SHON GNO 

C4** 
•u IS A SINGLE CORE WITH 100 F 

TWO WINDINGS. coILTRON1cs 1bv 
CTX10-2P TANT 

• • AVX TSPD107M010 
t1F LOAD CAN GO TO ZERO. AN OPTIONAL 
PRELOAD OF 1k TO 5k MAY BE USED TO 
IMPROVE REGULATION 

D3 
1N5818 

Fig. 78-4 

Tf load can go to .zero, an optional preload of 1 to 5 kQ can be used to improve regulation. Many 
modern circuit designs still need a dual polarity supply. Communication and data acquisition are typ
ical areas where both 5 V and -5 V are needed for some of the IC chips. 

The current mode architecture and saturating switch de~;ign allow the LT1376 to deliver up to 
1.5-A load current from the 8-pin SO package. Ll is a 10-µH surface-mount inductor from Coiltron
ics. The second winding is used to create a negative-output SEPIC (Single-Ended Primary Induc
tance Converter) topology using D3, C4, C5, and the second half of Fl. This converter takes 
advantage of the fact that the switching signal driving L 1 as a positive buck converter is already the 
correct amplitude for driving a -5-V SEP IC converter. During switch-off time, the voltage across L is 
equal to the 5-V output plus the forward voltage of D l. An identical voltage is generated in the sec
ond winding, which is com1cctcd to generate -5 V using I ):3 and C5. Without C4, this would be a sim
ple flyback winding connection with modest regulation. The addition of C4 creates the SEPIC 
topology. Note that the voltages swing at both ends of C4 is theoretically identical-even \Vithout the 
capacitor. The undotted end of both windings goes to a zero ac voltage node, so the equal windings 
will have equal voltages at the opposing ends. Unfortunately, coupling between windings is never per
fect, and load regulation at the negative output suffers as a result. The addition of C4 forces the wind
ing-potentials to be equal and gives much better regulation. 
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LINEAR TECHNOLOGY 

LOW-NOISE REGULATOR (5 TO 3.3 V) 

,._ ___ ....,. ___ ...,_ ___ .,_ ____ V1N 

V:i. 

LTC1574 
12 

LB1N SHUTDOWN 

11 LBoUT 

6 
lpc;M Vrs 

GND 

5V 

L1 .. 
10DµH Vou1 

'--,._..,.__ _ _._ 33V 
C2 
6 BnF 

+ 

425mA 

100µF' 
10V 

• AVX TPSD107K010 
--:- •• COILTRONICS CTX100·4 

Fig. 78-5 

In some applications, it is important not to introduce any switching noise within the audio fre
quency range. To circumvent this prohlem, a feed-forward capacitor can be used to shift the noise 
spectrum up and out of the audio band with C2 being the feed-forward capacitor. The peak-to-peak 
output ripple is reduced to 30 rnV over the entire load range. A toroidal surface mount inductor L1 
is chosen for its excellent self-shielding propertiP.S. 

REDUCING RIPPLE IN A SWITCHING 
VOLTAGE REGULATOR 

Switching Transistor 
.. - - - -, 

I 

I 

------' 

NASA TECH BRIEFS 

I 

' -/ •(' • I 

: L1 ; __ ~ 

:. --!:.:. C1 
l 

I. 

co 
Load 

Simple additional circuitry that consists of 
relatively small components can rerlnce the out
put ripple by a factor of about 10. The additional 
components are indicated by Lhe dashed lines . 

A current opposing the ripple is injected into 
the filter capacitor. The essence of the present 
technique is to inject, into this capacitor, a cur
rent opposite to that which already flows into 
this capacitor. A small additional winding, L1, in 
inductor LO provides Lransformer coupling to 
generate the current that opposes the or~inal 
ripple current. The circuit from 11 through CO is 
completed by a small additional external induc
Lor L2 and coupling capacitor C 1. 
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LINEAR TECHNOLOGY 

LOW-DROPOUT THREE-TERMINAL REGULATORS 
FOR NEW MICROPROCESSOR APPLICATIONS 

Recommended LT1584 Adjustable Circuit for 
the Intel P54CT Microprocessor 

THERMALLOY 
702Ol:1·MT 

4 7
;:2~e ----11--1 IN OUT 

C1 C2 t LT1584CT 

* ADJ 

C3 

330nFT 
16V 

R1 
110\l 
05% 

R2 
159n 
05% 

PLACE IN MICROPROCESSOR 
SOCKET CAVITY 

I 3 38V : 
I 7A I 

! T+ ~~o:~ c10 T ~i~ rn c20 l 
: 10V 16V I 
I I 

t_-=- --------:- ________ : 

Fig. 78-7 

The LT1584/LT1585/LTL1587 are high-performance, low-dropout regulators designed to meet 
the demands of the newest high speed, low voltage microprocessors, These devices are designed to 
regulate from 5-V supplies to output voltages between 1.25 V and 3.6 V. The LT1584 can provide up 
to 7 A of current, making it ideal for powerful Pentium processor or similar applications. The LT 1585 
can supply up to 4 A1 while the LT1587 supplies up to 3 A. The excellent transient response capabil
ity allows them to maintain good regulation even with significant load steps. Fixed 3.3 V, 3.45 V, a.6 
V and adjustable output voltages are available. 

LOW-DRO~OUT REGULATOR 

o, 
WE17ll Vou, 

.v,., O---e---<1----------. ---------i--<l l li\ljfA8lE) 

OUTPUT TABLE 

Cl + 
•OOµF/2S\I 

ilOW ESFU 

!H 
:111:ZkO 

1'15 
IOOl<O 

o, 
A05n 
1nsv 

q, 
1TA8LE) 

Cl 
1jlf Flllil 

Your R1 

sv 383kn 
SV 301kn 
4V 2261.n 
J.3V 169ku 

1.0\1 143kO 

+ C2 
1D!lflF'l'5\I 
ILOWESA\ 

,.____. __ ...,._ __ .,_ _______ .,_ _ _..,--0 COlollMON 

ELECTRONIC DESIGN 

V1N (min) 

6.2V 
5.2V 
4.2V 

3.SV 
3 2V 

This low-dropout reference produces a 4.5-V output from a supply just a few hundred mV 
greater. With 1-mA de loading, it maintains a stable 4.5-V output for inputs down to 4. 7 V. 
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POSITIVE REGULATOR SINKS CURRENT 

R3 

+5V +3 V 

t 

ELECTRONIC DESIGN Fig. 78-9 

Generally speaking, conventional positive voltage regulators can only source current; they can't 
sink it. However, the positive r~gulator shown breaks that rule because it can perform both functions. 
The idea is to have the control transistor Ql in shunt so that the regulator can either source or sink 
current. 

The circuit provides +3-V output from a +5-V supply. Ul is a bandgap reference that supplies a 
stable +2.5-V reference to the error amplifier (Al). The output voltage (V0 ) is sampled by the resis
tor network (Rl and R2). If V0 were to increase, Al will drive the base of Ql harder, increasing the 
collector current (Jc). 

This increases the drop across R:1 and V0 decreases, thus regulating the output voltage. The out
put voltage is given by V0 2.5(1 + R/R2). 

Under no load conditions, Ql draws 110 mA [(Vi
11 

-V0 )1R). With a load connected, and as the 
regulator begins to source load current (IL), le decreases to keep the drop across R3 constanl. 

At IL= 100 rn.A, Ql carries 10 mA. If RL is connected to the positive supply higher than V0 , then 
the regulator must sink current, and IL becomes negative. AtJ" = -100 mA, Ql carries 210 mA while 
maintaining the output voltage at +3 V. The output voltage will remain constant at +8 V-even if the 
load current changes sign. 

With the proper heatsink on Ql, the regulator can sink more than 300 mA. If a "sink only" option 
is desired, the dissipation in Ql can be reduced by using a 180-.Q resistor for R3. R4 limits the base 
current drive for Ql and prevents the output of Al from being clamped at 2 V8E. 

5- TO 3.3-V SURFACE-MOUNT SWITCHING REGULATOR 

VtN 

12 
LTG1574·33 

LB1N SHUTDOWN 
11 10 

LBour Vour 

IPGM SW 
L..;;.;,___,-1,noo..,1! Hn.· ·_____...__ Vour 

GND 
2, 4 13. 15 

-::- ' AVX TPSD107K01 Q 

l00µF· 
10V 

+ 

•• COILCRAFT 003316-104 

LINEAR TECHNOLOGY 

3 JV 
150mA 

Fig. 78-10 

This converter provides 3.3 V at 150 mA 
from an input voltage of 5 V. Peak inductor cur
rent is limited to 340 mA by connecting pin 6 
(I PGM) to ground. For applications requiring 
higher output current, connect pin 6 to Vu\" Un
der this condition, the maximum load current is 
increased to 425 m.A. 
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79 

Relay Circuits 

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

568 

Latching Relay Alarm Circuit 
Momentary Relay Circuit 
Latching Relay Driver for +12-V Loads 
High-Impedance Relay Driver 
Latching Relay Driver 
Transistor Relay Driver 
Fast Tum-On/Delayed-Off Relay Circuit 
Low-Frequency Relay Oscillator 



WILLIAM SHEETS 

LATCHING RELAY ALARM CIRCUIT 

Any number 
N.O. switches 

sensors 

Reset 

~} Output 
~ toalarm 

D 
12-V Relay 
DPDT K1 

1 
NC 

push 
button 

S1 

+12 V 

Momentarily closing any sensors will cause Kl to latch. Sl must be depressed to reset circuit. If 
any sensor is still closed circuit will not reset. 

WILLIAM SHEETS 

MOMENTARY RELAY CIRCUIT 

12V 

Ro 
4.7 kn 

+ -
C 1000 µF 

to 4000 J.LF 
as needed 

NC 
C 
NO 

12-V 
500-fl coil 

Fig. 79-2 

The charging current of a capacitor can be used if a momentary relay-on circuit is needed. De
pending on the relay characteristics, C will vary from 1000 to 4000 µFor so for a 1-s hold time if a 
500-Q relay is used. Rn discharges capacitor C to ready the circuit for the next operation. The value 
should be high enough so as not to maintain the relay closure at highest expected supply voltage. 
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WILLIAM SHEETS 

LATCHING RELAY DRIVER FOR +12-V LOADS 

4.7 kn 

Reset N.O. f'\. 
pushbutton V l_ 

2.2 
kn 

.----------------- +12 Vin 

IN4002 

4.7kH 

IN4002 

Off 

NO Relay 
10-A contacts 
Rcoil ~-150 n 

____ __,;_ + 12 V to load 

On 
Latching 

10 amps max. 

Fig. 79-3 

A 4-V signal will cause the relay to pull in when QI turns on. Latching is obtained by feedback 
through a 4. 7-kO resistor. A switch is used to select latching or nonlatching operation. A NO push
button releases the circuit. 

HIGH-IMPEDANCE RELAY DRIVER 

~---------------+12 V 

IN4002 

12-v 1 so-n relay ------ NC 
C 

= .._._~-- NO 

WILLIAM SHEETS Fig. 79-4 

A CMOS gate is used to drive a switching transistor and relay. 
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4.7 kD. 

WILLIAM SHEETS 

2.2 
kfi 

LATCHING RELAY DRIVER 

Relay 
12 V >lS0-O coil 

Fig. 79-5 

An input of 4 V or greater will dlive this circuit. When the relay pulls in, one pair of contacts is 
used to latGh the relay closed. It will remain closed until S1 is pressed. 

TRANSISTOR RELAY DRIVER 

+12 V 
Relay 

12 v > 1so-n coil --~ 
v O NC 

IN4002 -o-oc 
6 0 NO 

4.7 kH 
In put __ ___, ' 

IN4002 

WILLIAM SHEETS Fig. 79-6 

An input of 4 V or greater will drive this relay circuit. 
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FAST TURN-ON/DELAYED-OFF RELAY CIRCUIT 

IN4002 
12-V Relay 

R = see text coil 
+12-V ,~-~ 

coil input 

C 

WILLIAM SHEETS Fig. 79-7 

C is a large capacitor that has a charge time of Rsupp)y C, assuming Rsupply < RcoiJ· The discharge 
time will be Rcoil C neglecting relay coil inductance. With C = 10,000 µF and Rcoil = 500 n, a release 
time constant of 5 seconds might be obtained. Many relays will hold in until the coil current decays 
to 25% of the pull-in current so that the actual time constant depends on the relay holding current. 

WILLIAM SHEETS 

LOW-FREQUENCY RELAY OSCILLATOR 

+12V 

v--0-0 NC 
c-()-() C 
.6..-.Q--ONO 

D + C 

T
2200 

µ.F 

Relay 
12-v 400-n coil 

Fig. 79-8 

Depending on the value of C and the resistance of the relay coil, and the difference in pull-in and 
drop-out voltage, this circuit will oscillate at a low frequency. ·R funits in rush current to capacitor C 
to a level that the relay contacts can handle. Typically, for a 400-0 relay, R can be 20 to 440 ohms. 
Flash rate is approximately 1 cycle/second, depending on the relay. 
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80 

Sample-and-Hold Circuits 

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

Micropower 4-Channcl Sample-and-Hold Circuit 
Low-Drift Sample and Hold 
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MAXIM 

MICROPOWER 4-CHANNEL SAMPLE-AND-HOLD CIRCUIT 

+9\J 

13 
\J+ MAXIM ___ f~--

MAXi/1)7 
CH1 ____ 2-1-0_1 ___ ,cr- o-----Sl-+-l__,,.,.._ ____ .... 11...1 

MAXI.M 
MAX32l = 

.NI~~?' --- l*9\J - ~ 
CH3 -----lO-+-D_l ___ a o-----S3--1_1_,._ _____ •..,. 

IN3 IN4 IN2 INt V· GNO 

9 16 
____ __, 

TYPICAL DROOP AT +25°C. SC,.N/s«. 
TYPICAi. SUPPLY CURRENT WITH 
av TO +9'1 LOGIC INPUTS= 6jlA 

Fig. 80-1 

Three Maxlm ICs make up this sample-and-hold circuit. The supply current is only 6 µA. 

v+ 

INPUT 

NATIONAL SEMICONDUCTOR 

574 

LOW-DRIFT SAMPLE AND HOLD 

Low Drift Sample and Hold" 
Fil 

OUTPUT 

tTetlon polyethylene or pol~carbonaie 
d1e1ectr1e capac,tor 

•w0!'$t case drift le98 than 3 rn'v &ec 

Fig. 80-2 
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Sawtooth Generator Circuits 

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

Op-Amp Linear Sawtooth Generator 
Sawtooth Generator 
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POPULAR ELECTRONICS 

OP-AMP LINEAR SAWTOOTH GENERATOR 

,----Ma-----e------....,..----11.-----e-..... +12V 
D1 

1N914 
D2 

1N914 

03 
1N914 

D4 
1N914 

R1 
1K 

C1 
.1 

R3 
10K 

C3 + 
470 

3-SV p.p 

.....--....--n~ 

C2 
.01 

R4 
22K 

7 

RS 
47K 

Fig. 81-1 

Ql is connected in a simple constant-current generator circuit. The value of Ql 's emitter resistor 
sets the constant-current level flowing from the transistor's collector to the charging capacitor, Cl. 

One op amp of ru1 LM324 quad op-amp IC, Ul-a, is connected in a voltage-follower circuit. The 
input impedance on the voltage follower is very high and offers little or no load on the charging -cir
cuit. The follower1s output is connected to the input of Ul-b, which is configured as a voltage com
parator. The comparator's other input is tied to a voltage-divider setting the input Jevel to about 8 V. 

The output of U 1-b at pin 7 switches high when the voltage at its positive input, pin 5, goes above 
8 V. That turns on Q2, discharging Cl. The sawtooth cycle is repeated over and over as long as power 
is applied to the circuit. 

The sawtooth's frequency is determined by the value of C 1 and the charging current supplied to 
that capacitor. As the charging current increases, the frequency also increases, and vice versa. To in
crease the generator's Irequency range, decrease the value of C1, and to lower the frequcncy1 in
crease the value of C1• The output is about 3 to 5 V. 
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SAWTOOTH GENERATOR 

.------o _n_rlfl_evP-P 
R3 

3 100K 
/vo/1VP-P 

01 
C1 1N914 ..I.. C2 

.___ _____ ·•ct----..... r 2 

POPULARc.LECTRONICS Fig. 81-2 

A sawtooth waveform generator circuit using a 555 IC is shown. The IC is cormected in an 
astable oscillator circuit with the majority of the output contained in the positive portion of the cy
cle. The negative output is a very brief pulse. 

Capacitor C2 charges through R3 in a positive direction during the time that the IC's output (at 
pin 3) is high. \1/hen the output goes negative, C2 is rapidly discharged through Dl and the IC1s out
put. 

Peak-to-peak sawtooth output is about 1 V. The linearity of this circuit is best when R3 is as large 
as possible. The oscillator's frequency is about 200 Hz and can be.increased by lowering either the 
value of R1 or C1; to decrease the frequency, increase the values of those components. 
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82 

Scanner Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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FM Scanner Noise Squelch 
Scanner Silencer 
Shortwave Converters for Scanners 



FM 
DETECTOR 

OUTPUT 

+ 
47µF ~ 

NATIONAL SEMICONDUCTOR 

FM SCANNER NOISE SQUELCH 

+12V 

1k 

T0.1µF 

100µF 

:70) 
~.OSµF-: 

Fig. 82·1 

The LM389 is operated in the cut-off mode with pin 12 grounded via one of the internal transis
tors. A sample of detected noise is taken through a 5-kHz filter. Upon reception of signai, the detec
tor output quiets, and noise level drops. This increases impedance at pin 12 of the LM389, causing 
audio to be passed_ The three transistors are part of the LM389. 

POPULAR ELECTRONICS 

R1 
4.7K 

D1 

SCANNER SILENCER 
C3 
220 +t2V 

~II-•-------, ... 

1N914 + C
2 

10 

"SEE TEXT 

PLf• 

K1 

Fig. 82·2 

When a scanner is used at amateur radio or CB stations, the scanner sometimes picks up trans
mitted signal and howls or squeals. When RF is detected, Ql turns on, energizing Kl and discon
necting the scanner speakers. SO I is connected to the transmit antenna lead via a tee fitting. C 1 is 
optimum for 5- to 10-W 30-MHz use. For higher power or higher frequencies, reduce Cl to as low as 
needed. If Cl is so small as to be impractical, Rl can be shunted with a 10- or 22-pF capacitor, as 
needed. 
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SHORTWAVE CONVERTERS FOR SCANNERS 

SW1 

J::1 
l 

lk Rl 

+ 10,-.Fl 
CB 

C7 

C3 
6-.3SpF 

0 01,-.F 

ANTl~ 10-75/l Cl 
L1 LZ 36SpF 

EARTH >---i 
GROUND d, 

73 AMATEUR RADIO TODAY 

4}pf 

C4 

XTAL X1 
SSMHZ ·~ 

TO 

C:2 
NE-602 5pF L3 

MHz 
d, SCANNER 

4 r ..... 118-136 

1
001,_.F 

CB 

L l 6 TURNS 1/4 1r, DIA WOUN0 0\/fR l2 

U 20 TURNS l/4 1n OIA 1 1n SPACING 

l3 6 TURNS 1/4 1n. DIA OVER l/2 1n SPACING 

L4 3 TURNS 1/4 in. DIA OVER L 3 

ALL COILS USE No.22 MAGNET WIRE 

Fig. 82-3 

The AM aircraft band at 118 to 136 MHz is used in this converter design as an IF output. The sec
ond harmonic of the 55-MHz crystal (110 MHz) mixes with the shortwave input of 8 to 36 MHz. An 
NE602 IC is used for the mixer. Sensitivity is about 3 µV. ILdesired, a crystal tuning circuit for fine 
tuning can be obtained using a varactor. 

580 



83 

-Siren, Warbler, and Wailer Circuits 

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

Fire Siren 
Warble Oscillator 
Electronic Siren 
Wailing Sound Generator 
'I\vo-Tone Siren 

581 



~NC 
=: ~ ~ 

WILLIAM SHEETS 

IC1 
CD4011A 

C1 
10 µ,F 

FlRE SIREN 

HF tone 
adj. 

C3 
0.1µ.FT 

R8 
2.2 kfl 

,,----------~+6V 

4 -8 

IC2 
6 NE555 3 

HFosc 

5 

+ C4 
T10µF 

(_______:,,,._ Audio 
\-..- out 

cs 
0.1 µ,F 

+ C2 

modulation 1
470 
µ.F 

LF osc. 

R1, A2 
Freq. and duty 

cycle adj. 

Fig. 83-1 

IOI is an LF oscillator that is variable in attack and decay time with Rl and R2. The LF output 
modulates HF oscillator IC2. R5 varies the modulation depth. By proper control adjustment, sirens 
of various types can be simulated. 

Logic 
input 

10 

WILLIAM SHEETS 

WARBLE-OSCILLATOR 

.-------------------------------+sv 

IN4O07 

IC= 74HC132 

Fig. 83-2 

Sections A & B form an oscillalor running at 2 Hz, which gates sections C and D, a 1-kHz oscilla
tor. This drives the TIP31 speaker driver. 
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+3-5V 
4 
I ti..• 

fltt 

-R1 
100U 

8 

...I.. 
0 o-e-----1 ......... 

Sl C2 + 
470 

U1 
':" 

LM3909 
C1 
.15 

R2 
47n 

POPULAR ELECTRONICS 

2 
'=' 

SPl<A1 
an 

ELECTRONIC SIREN 

Fig. 83-3 

In this circuit, the LM3909 is used in a simple 
electronic siren. When Sl is closed, C2 begins to 
d1arge rapidly through Rl. When the charge on 
C2 reaches ahout 1 V, the oscillator starts. As the 
voltage across Cl increases toward+ V, the oscil
lator's output frequency also increases. Releasing 
( opening) S 1 removes power from the circuit. 
The oscillator continues to opcratc1 with a de
cline in output volume and frequency until Cl 
discharges to about the 1-V level. 

Experiment with the siren circuit by select
different R/C2 combinations to ohtain a de

sired rise and fall output. Change the value of C 1 
to vary the oscillator's frequency. the value 
of R2 at or above 4 7 n to protect the IC from 
drawing too much current. 

WAILING SOUND GENERATOR 

WILLIAM SHEETS 

R2 
10 kfi 

-= 

C1 
100 µF 

+ 
6V 

T1 = 2so n to 1 kn Ct 
to 4- to 16-0 speaker 

(transistor radio output) 

Fig. 83-4 

In this circuit, C2 and Tl determine the tone generated and C/R2 control the blocking rate. The 
signal produced is an interrupted tonc1 like a police whistle or toy ray gun, depending on-Cl and C2. 
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IC1, IC2 
SPKR 
C1 
C2 
R1 
R2 
R3 
R4 

McGRAW-HILL 

TWO-TONE SIREN 

LM3909 LED.flasher/oscillator 
smal I 8 !l speaker 
0.1 µJ capacitor 
470 µ.F 6 V electrolytic capacitor 
1 0 k!l ¼ W 5 % resistor 
4.7 k!l ¼ W 5% resistor 
1 00 !l potentiometer 
33 !l ¼ W 5% resistor 

+ 1.5 V 

5 
2 

ICI 

4 

s 

1(2 

4 

Fig. 83-5 

ICl generates the main siren tone while IC2 generates a low-frequency square wave, switching 
ICl between two different tones. 
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84 

Sound-Effects Circuits 

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

Complex Sound-Effect Generator 
Dual-Tone Generator 
Surf Man Sound Generator 
Electronic Whistle 
Bird-Chirp Sound-Effect Generator 
Robotic Chatter Sound Generator 
Electronic Wind Chime 
Gunshot Sound-Effects Generator 
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COMPLEX SOUND-EFFECT GENERATOR 

+S V 

(1 
1(1 

4 

8 

Rl 

R3 

R2 

J R4 

8 s, 
IC2 

~---~ 2 S2 
+ 

10 
C4 

cs'------~ 8 

IC1-IC4 
!C5 
SPKR 
51, S2, S3 
C1 
C2 
C3 

McGRAW-HILL 

LM3909 LED flasher/oscillator 
7 400 quad NAN D gate 
smal I loudspeaker 
SPST switch 
0.1 µ.F capacitor 
22 µ.F 6 V electrolytic capacitor 
10 µ.F 6 V electrolytic capacitor 

C4 
cs 
C6 

8 

R1, R3, RS 
R2, R4, R6 
R7 
R8 

SPKR 

5 

1(4 

47 µ.F 6 V electrolytic capacitor 
33 i,a.F 6 V .electrolytic capacitor 
4.7 µ.F 6 V electrolytic capacitor 
2.2 kO 1/~-w 5% resistor 
10 kn potentiometer 
33 n 1/4 W 5% resistor 
1 00 n potentiometer 

Fig. 84-1 

This system uses four free running oscillators to produce a wide variety of complex sounds. LF 
oscillator IC3 modulates IC2, which modulates ICI. The audio from ICI is combined with a variable 
-frequency from IC4. Switches at various points allow oscillators IC3 to be switched in or out, ICl and 
IC2 to be varied in frequency, and IC4 also can be varied in frequency. The circuit is not critical and 
different arrangements can be tried to produce various sound effects. 
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POPULAR ELECTRONICS 

DUAL-TONE GENERATOR 

+9V-12V 

R9-a 
1-00K 

C7 + 
470 R9-b 

\ _ 100K \ 

RJ 
10K 

~-- ------------------~ 
R1 

1.5K 

8 7 6 

U1 
555 

Q2 
2N2222 

C3 
.001-22 

S2 

RS 
10K 

C6 
10 

R2 
1.5K 

B 7 6 

U2 
555 

1 2 3 4 

-= + 

C2 
.001-.22 

C4 
.001-.22 

0 r,,-____ __..,_____, 

-r-
Fig. 84-2 

'l\vo 555 oscillator/timers are configured similarly as audio oscillators, with each oscillator feed
ing a separate speaker. 

A dual 100-k.Q potentiometer is use to tune the two oscillators simultaneously. The oscillators' 
frequency range is controlled by a dual-transistor switch1 which selects the timing capacitor for both 
oscillators. Although the circuit only shows two range-switching circuits, any number can be added 
by simply duplicating the two-transistor switching circuit. 
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SURF MAN SOUND GENERATOR 

81 S~+9V 9V -+ ,I) D1 

_r l----lf-cf_ .~ + 1N4148 
C16 
33µF R2 ~---+--ex 

-:- - 1001( 

-= RS 
100K 

R17 
10K 

R6 "::' 
lOOK 

R20 
1501< 

ICl-a 
1/, 74HC14 

2 
IC1-b 

;/6 74HC14 

4 

ELECTRONICS NOW 

C13 
.05 

R25 
680K 

R26 
120n 

C15 
220pf 

C14 
220pF 

C11 
4.7µF 

+ 

Jl 

R12 
15K 

Fig. 84-3 

Three low-frequency oscillators (ICld, e, f) are used to simulate "wave action" of the surf. Ql is 
an emitter-base junction used as a diode noise generator, biased by de derived from oscillator ICl-c. 
The noise is fed into two voltage-controlled filters R22, Cl2, Cl 3, with D3 and D4 as "tuningt' el
ements. The low-frequency oscillator signals randomly vary the filters, therefore, the spectrum of 
the noise fed through them. This simulates the sound of a surf. 
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ELECTRONIC WHISTLE 

S1 

C2 
0.001 µF 

,;~:f------::rt~J-~-----t-------l 
= 100 

µF 

WILLIAM SHEETS 

C3 
0.001 µF 

--------1 ~ Output 
Any op amp O.Q1 J.Lf 

RS 
100 kil 

Fig. 84-4 

The circuit shown is a twin-tee oscillator. Rl varies the pitch, R2 the duration, and R3 the for
mat (bell, rise & fall time, etc.). Vary R4, R5, C4 and C2, ca for large shifts in frequency. 

BIRD-CHIRP SOUND-EFFECT GENERATOR 

2 

+ 
Ct ICl 

8 

R1 
,--1\1'..f\ r-----1 8 

C2 IC2 

2 

McGRAW-HILL 

+ 1.5 V 

5 ----

4 

4 

ICl, IC2 
Cl 
C2 
Rl 
R2 
R3 
SPKR 

LM3909 LED flasher/oscillator IC 
33 µF 5 V electrolytic capacitor 
0.1 µF capacitor 
15 kfl ¼ W 5% resistor 
33 n ¼ W 5% resistor 
250 n potentiometer 
small 8 n speaker 

Fig. 84-5 

A low-frequency oscillator modulates a higher frequency oscillator, which drives the speaker. 
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ROBOTIC CHATTER SOUND GENERATOR 

+SV 

cs 

I' 16 RS 
6 

1(1 
+ Cl R6 

9 

8 R7 
4 10 

117 R8 
ICS 11 

R9 
12 

RlO 
1) 

Rl 1 
14 

2 
R12 R17 

IC2 C2 15 

8 

4 

1(3 
8 5 

C6 
IC6 

2 4 

R14 

IC4 
RlS R16 

8 

4 

McGRAW-HILL Fig. 84-6 

This circuit simulates sound effects of a robot, for toy or novelty applications. 
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IC1-IC4, IC6 
ICS 
SPKR 
Cl 
C2 
C3 
C4 
cs 
C6 
Rl, R3, R14 
R2, R4, R13 

R2 

ROBOTIC CHATTER SOUND GENERATOR (Cont.) 

ICS 
Decoder 

LM3909 LEO flasher/oscillator 
74LS138 three-line to eight-line decoder 
small loud~peaker 
10 µF 10 V electrolytic capacitor 
22 µF 1 0 V electrolytic capacitor 
33 µF 10 V electrolytic capacitor 
100 µ.F 10 V electrolytic capacitor 
0.01 µ.F capacitor 
0.1 µF capacitor 
10 k.O potentiometer 
3.3 kO ¼ W-5% resistor 

+V 

RS 
R6 
R7 
RB 
R9 
RlO 
R11 
Rl2 
R15 
R16 
Rl 7 

ELECTRONIC WIND CHIME 

R3 

6.8 kn 1/,i W 5% resistor 
10 kO potentiometer 
2.2 kn ¼ W 5% resistor 
33 kO ¼ W 5% resistor 
3.9 kO 1/, W 5% resistor 
4. 7 kfi 1/4 W 5% resistor 
100 k.O ¼ W 5% resistor 
470 kO 11 .. W 5% resistor 
l 00 n potentiometer 
33 !} 1/4 W 5% resistor 
1 MO ¼ W fixed resistor 

lCl 
C2 CJ 
(~( 

~R4 

Rl 

i S1 

l 
McGRAW-HILL 

Output 

Fig. 84-7 

The value of R 4 controls the damping or de
cay time of the feedback circuit (a twin Tee oscil
lator). When Sl is closed, the circuit breaks into 
oscillation. When Sl is opened, the circuit stops 
oscillating generating a decaying tone like a bell. 
The frequency is approximately ½RC. Cl, C21 and 
C3 are typically in the 0.01-µF_range. 
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GUNSHOT SOUND-EFFECTS GENERATOR 

From output 
of 741 2 0----, 

C5 +9Vdc .OlµF 

14 St 
Rl 82k0 4 9 

Manual 

R2 680kO 7 

R3 330k.Q 
l 

24 15 
R4 3.3k0 10 25 

150k0 11 lCl 
+9Vdc 

390pF 
SN76477 

5 
.68µF 

8 
.OlµF 

23 

2 12 

McGRAW-HILL Fig. 84-8 

Gunshot sow1d-effects generator built around a Texas Instruments SN764 77 sound chip. An in
put pulse causes ICl to generate a gunshot sound. 
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85 

Square-Wave Generator Circuits 

The sources of the following circuits are contained in the Sources ""'"·r,,., .... which begins on page 
707. The figw-e nwnber in the box of each circuit correlates to the entry in the Sources section. 

Square-Wave Generator 
Sharp Square Waveforms from Multivibrator 
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POPULAR ELECTRONICS 

SQUARE-WAVE GENERATOR 

1t7VOLTS 
AC 

D: 
--6V 1 

F, :a, 
- R4 1 2N464 

100K I 
I 

I 

I 

OUTPUT 

' Bl I 
LSVOLTS I 

t L__~R.A.3~-+S-e.1 rri <>-;I ti : 
47on i -:b-L __________ .....L _ -.J 

Fig. 85-1 

A 60-Hz waveform from Tl drives an audio amplifier to clipping. Output is 60 Hz with about 0-to 
1.4-V p-p amplitude. 

SHARP SQUARE WAVEFORMS FROM MULTIVIBRATOR 

C1 

WILllAM SHEETS Fig. 85-2 

By using diodes as shown, the loading effect on the collector of the transistors caused by the tim-
ing capacitors can be avoided. As the collector of the transistors rises toward the diode discon-
nects the timing capacitors. 
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86 

Staircase Generator Circuits 

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

Stepped Triangle Waveform Generator 
Video Staircase Generator 
Free-Running Staircase-Wave Generator 
Up/Down Staircase Wave Generator 
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POPULAR ELECTRONICS 

STEPPED TRIANGLE WAVEFORM GENERATOR 

C3 
470 

+ ( i 
16 

14 

3 

2 

4 

7 

10 

U2 
4017 

5 

6 

9 

11 

8 13 15 

"::" 

+9V 

C2 
680pF 

) 
C1 
.01 

-.-i-----.---v"1,i,-.....-----oOUTPUT 
D1 RB 

1N914 
~~ 

6.BK ~ 
D2 

1N914 

03 
1N914 

D4 
1N914 

D5 
1N914 

D6 
1N914 

D7 
1N914 

D8 
1N914 

D9 
1N914 

R7 
4.7K 

R6 
3.3K 

RS 
2.2K 

R3 
1K 

D10 
1N914 

R4 
1K 

3V P-P 

Fig. 86-1 

Tun of a 4011 quad two-input NAND gate (Ul) are connected in a pulse generator circuit. 
The square output at pin 4 of Ul-b, connects to the clock input, pin 14, of a 4017 decade counter IC 
(U2). For each--input clock pulse, the 4017 takes a step. Because Lhe 4017 counter is set up to 
count ten and then repeat the count, the stepped output frequency will only be ½o of the clock fre
quency. For a 100-Hz output, the clock generator must operate at 1 kHz. 

The 401 7's positive output pulses begin at pin 3 and progress to pin 11 in a serial manner. The 
first output pulse, at pin 3, passes through Dl and RS and appears across R4 to produce the first step 
up the triangle. The second pulse is routed through D2 and R7 to produce the second The out
puts at pins 10 and 1 form the top of the waveform and outputs at pins 5i 61 9, and 11 produce the 
down steps. 
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COMP BLANKING~ 

Clock Enable 
252 kHz 
(16 H) 

WILLIAM SHEETS 

Clock 

Load 

• 

4.7 
k!l 

VIDEO STAIRCASE GENERATOR 

D 

4.7 
kH 

C B 

Data inputs 

74HC161 

Counter out 

4.7 
kn 

4.7 
kn 

A -= 

+sv 
0.01 
µF 

Diodes IN4148 

10 kfl 10 kfl 

+SV 
20 kfi 

401d1 

-5V 

80 kfi 

+SV 

330!1 

330!1 

Video 
• output 

+5V 

-sv 

Fig. 86-2 

Using a 74HC161 c:01mter and a simple D-A converter using an op amp and resistor network, a 
very simple video staircase generator for gray-scale generation (12 bars) can be obtained. The out
put is clean and mostly free of "glitches." 
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FREE-RUNNING STAIRCASE WAVE GENERATOR 

v+ 

NATIONAL SEMICONDUCTOR 

ONE SHOTwl 
INPUT C:OMPARATOII 

R3 
1.2M 

Fig. 86-3 

This free-running staircase generator uses all four of the amplifiers, which are available in one 
LM3900 package. Amp 1 provides the input pulses that "pump up)! the staircase via resistor R1. Amp 
2 does the integrate and hold function and also supplies the output staircase waveform. Amps 3 and 
4 provide both a compare and a one-shot multivibrator function. Resistor R4 is used to sample the 
staircase output voltage and to compare it with the power supply voltage (V+) via R3. When the out
put exceeds approximately 80% of V + the connection of Amps 3 and 4 causes a IOO-µs reset pulse to 
be generated. This is coupled to the integrator (AMP2) via R2 and causes the staircase output volt
age to fall to approximately O V. The next pulse out of Amp 1 then starts a new stepping cycle. 
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UP/DOWN STAIRCASE WAVE GENERATOR 

INPUT PULSES 

P-ULSE 
GENERATOR _ 

NATIONAL SEMICONDUCTOR 

DOWN -
_,_ 

SCHMITT - TRIGGER 

Fig. 86-4 

This staircase waveform first steps up and then steps down by the circuit shown. An input pulse 
generator provides the pulses that cause the output lo step up or down, depending on the conduc
tion of the clamp transistor) Ql. When this is ON, the "down" current pulse is diverted to ground and 
the staircase then steps "up. 1

' When the upper voltage trip point of Amp 2 is reached, Ql goes OFF 
and as a result of the smaller "down" input resistor (one-half the value of the "up" resistor, Rl), the 
staircase steps "down" to the low-voltage trip point of Amp 2. The output voltage, thereforc 1 steps 
up and down between the trip voltages of the Schmitt Trigger. 
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87 

Stepper Motor Circuits 

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

600 

Stepper Motor Pulse Generator 
Stepper Motor as Shaft Encoder 
Stepper Motor Encoder Circuit 



Push-button 
switch 

ELECTRONIC DESIGN 

STEPPER MOTOR PULSE GENERATOR 

0.1µFI 

D1,2: IN 4148; 0t: 2N2222 

R2 ...------1------. 

1M 

a---+---5+·· --1 tNH 

+ C2 
-I10µF 

35V 

vco 
CD 

4046B 

11 

-

+12V 

R5 
1k 

! 
-

C3 
0.1µF 

R& 
10flk 

Fig. 87-1 

When the switch is in its normally closed (NC) position, capacitors C 1 and C2 are held dis
charged by diodes Dl-and D2. Switching off transistor Ql inhibits the voltage-controlled oscillator of 
Lhe PLL. The two inputs and, hence, the output of the EX-OR gate (phase comparator 1) of the PLL 
remain at the logic O level. 

When the pushbutton is-pressed, Cl and C2 arc allowed to charge via resistors Rl and R2. The 
VCO is enabled only after a time delay (~0.5 second) set by Rl, R3, and Cl. During this delay period, 
the EX-OR gate output follows Lhe logic level at the switch output. As a result, one-shot pulses can 
be generated by pressing the pushbutton, then releasing it within 0.5 second. R5 provides the 
switch-debouncing function. 

If the pushbutton is pressed for more than 0.5 second, the VCO is enabled. The rising voltage at 
the control input (pin 9) causes a linear increase in VCO frequency and thus accelerates the step
per motor. Releasing the pushbutton discharges Cl and C2 and inhibits the VCO. 

PHASE 1 

O 0 
STEPPER 

(i) 
MOTOR 

0 0 

PHASE2 

ELECTRONICS NOW 

STEPPER MOTOR AS SHAFT ENCODER 

Fig. 87-2 

To use a stepper as a shaft encoder, the out
put signals must be converted to square waves 
with a pair of voltage comparators. 
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2 

IC2 
+9TO 15V 1 I 7805 

OUT 
3 

GND 
2 

"=' 

R1 01 
4,7K 1N914 

PHASE 1 

RS +V/2 
0 01 
STEPPER 1K 

(j) 
MOTOR 

0 0 

ELECTRONICS NOW 

STEPPER MOTOR ENCODER CIRCUIT 

+V 

R3-a 
1MEG 
....u.A.. 

R2 
UK 
02 

1N914 

R6 
1K 

+V 

R4 
3.3K 

R3·b 
100K 

I_I I_I I_I I_I 
l_l. I_I. I_I. l_l. 

2 

IC1-a 

121111161 71 2l 13I B DISP1 
NSC3882 

12 1/4 LM338 101 !16121115117 !19 ltB 122 
U/Oabcdel9 

~ 
R9-b 
100K 

IC3 
ICM72171Jt 

(UNUSED PINS LEFT OPEN) 

141101 6 I 3 

.. v 

28!27!26!25 124 
D1 D2 D3 04 

9 

~ 

Fig. 87-3 

This circuit translates shaft rotation and direction to a readout on an LED display. A stepper motor is used as an encoder. 



-as 

Switching Circuits 

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

Isolated Switch 
Analog Switched Inverter 
Analog Switch Circuit 
Low Output Impedance Multiplexer 
Op-Amp and Analog Switch RON Compensator 
Oscillator Triggered Switch 
Basic Zero•Crossing SvVitch Circuit 
Analog Switch 
Shunt Pin-Diode Switch 
Receiver Bandswitching 
Resistor Pin-Diode Switch 
Digitally Controlled One-of-Four Analog Switch 

Pin Diode SvVitch 
Transceiver T/R Switch 
Series/Shunt Pin-Diode RF Switch 
Auto-Off Power Switch 
Switch-On Delay Circuit 
HEXFET Switch Circuits 
Alternating On/Off Control 
Audio-Controlled Switch 
Switch Debouncers 
Simple Switch Debounccr 
Analog Switch Circuit 
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POPULAR ELECTRONICS 

+5-12V 

R3 
4700 

IN 

U1 
4N26 

ISOLATED SWITCH 

R2 
10MEG 

+ 
01 

IRF611 
SWITCH 

Fig. 88-1 

This de-controlled switch uses an optoisolator/coupler, Ul, to electrically isolate the input signal 
from the output control device. 

ANALOG DEVICES 

ANALOG DEVICES 
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ANALOG SWITCHED INVERTER 

QUAD 
SWITCH 

ANALOG SWITCH CIRCUIT 

QUAD 
SWITCH 

Fig. 88-2 

VovT 

Fig. 88-3 



LOW OUTPUT IMPEDANCE MULTIPLEXER 

lnputB 

Input A 

Channel 
switch o----

U1 : CD4011; U2 : HA5022{24 

ELECTRONIC DESIGN Fig. 88-4 

Both inputs are terminated in their characteristic impedance; 75 Q is typical for video applica
tions. Because the output cables usually are terminated in their characteristic impedance, the gain is 
0.5. Consequentlyl amplifiers U2A and U2B are configured in a gain of +2 to set the circuit gain at 1. 
R2 and R3 determine the amplifier gain; if a different gain is desired, R2 should be changed according 
to the equation G = (1 + R/R). R5, LCLl, and Dl make up an asymmetrical charge/discharge time 
circuit that configures Ul as a break-before-make switch to prevent both amplifiers from being ac
tive simultaneously. The multiplexer transition time is approximately 15 µs \Vi.th the component val
ues shown. 

OP-AMP AND ANALOG SWITCH RON COMPENSATOR 

RF 
10k 

ALWAYS "ON" PHASE COMPl;NSATION 
TO CANCEL EFFECT OF Cs sw, 

RJ 10k SW4 

I 

CMOS SWITCH .L Cs OF 

:[SWITCHES ,., 

Vour 

ANALOG DEVICES Fig. 88-5 

This switch is in series \Vi.th feedback resistor to compensate gain. 
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POPULAR ELECTRONICS 

OSCILLATOR TRIGGERED SWITCH 

U2 
4N25 -----4 

+ 5-12V--¥w~i----. -------
R1 

4700 

2 
INo----

+9-12V 

C4 
.1 

~ 

-= 

R2 
82K 

5 

C2 01 
.1 1N914 

02 
1N9U 

R3 
620K 

D3 
10V 

ZENER 

+ C3 
10 

In this circuit (the oscillator-triggered svVitch), the HEXFET's base bias is provided by a signal 
generated by an astable oscillator. 

BASIC ZERO-CROSSING SWITCH CIRCUIT 

r--- PHOTO- ------------ ---, 
I TRANSISTOR SNUBBER I 

r>------, 

I 
I 

DC I 
CONTROL I 

SIGNAL I 

' 
LED 

ZERO· 
VOLTAGE 
TRIGGER 
CIRCUIT 

I ~---- m~ L------------ ----- _____ _J 

ELECTRONICS NOW 

AC 
POWER 

Fig. 88-7 

Here is the schcmatk of a solid-state ac relay with zero-crossing. The triac permits the relay to 
switch to ac directly. 
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ANALOG SWITCH 

ELECTRONIC DESIGN 

01 
1N62638 

02 
1N62638 

f 10k 
I 

Fig. 88-8 

This design Lakes advantage of the strobed output stage of a CA:3140 amplifier. With the strobing 
capability, the circuit's output voltage. can be set to either of the input voltages by grounding one of 
the control inputs, either A or B. 

When the strobe input at pin 8 is taken below 1 Vi that amplifier is disabled. The remaining am
plifier then acts as a unity-gain high-impedance buffer. 

The 10-kQ output resistor enables the output voltage to svving down to 20 rn V from ground. The 
Zener-diode clamps and associated resistors connected at the strobe inputs can be omitted for the 
lowest-cost appJications. However, experience has shown that they allow the amplifiers to shrug off 
the effed of high transient volLages. 

The circuit is particularly suited to 8-bit microcontroller applications, where the strobe inputs 
can be driven directly from two open-collector output ports under software control. 

The use of Schottky diodes for DI and D2 makes possible an output swing of 2.5 V when the cir
cuit is powered from a 5-V supply. 

SHUNT PIN-DIODE SWITCH 

R1 S1 
.------""lV1r----c:>o1-o--+ 12VDC 

0 

C2 
1N ~-------,.__--11--oour 

C1 

01 

POPULAR ELECTRONICS Fig. 88-9 

This PIN-diode switching circuit directs sig
nals to ground when Dl is forward-biased. Rl is 
typically 470 Q to 2.2 kQ. cl c2 = 0.1 µF. 
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POPULAR ELECTRONICS 

RECEIVER BANDSWITCHING 

BANDPASS FILTER N0.1 

l2 
3.3µ.H 

R2 
8200 

D3 

R3 
8200 

01 

l6 
68µH 

C11 

.1 ~ 

cs 
82pF 

BANDPASS FILTER NO 2 

C9 
150pF 

ca 
180pF 

C12 
.1 

D2 

C13 
.1 

---1--o OUT 

R4 
4700 

D4 

Fig. 88-10 

Eight-band receiver front-end selection can be accomplished by using PIN diode switches. 

RESISTOR PIN-DIODE SWITCH 

S1 
+12VDC 

R1 0 
2.2K 

C1 C2 
.1 01 .1 

IN~ OUT 

POPULAR ELECTRONICS Fig. 88-11 

This circuit uses resistors instead of RF chokes to keep costs low. The values of R1 and R2 should 
be no lower than about I kn to minimize loss. 
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McGRAW-HILL 

DIGITALLY CONTROLLED ONE-OF-FOUR ANALOG SWITCH 

A B 

Digital 
control 
inputs 

l(l 

3 

ICI CD4066 
IC2 = OD4001 
IC3 CD4049 

+v 

Cl 

4 

All capacitors= 0.1 µF 

PIN DIODE SWITCH 

R1 $1 

Fig. 88-12 

POPULAR ELECTRONICS Fig. 88-13 

This PIN diode switch uses RF chokes and a single diode. Rl is typically 470 n to 2.2 kQ. 
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TRANSMITTER 

ANT. 

C1 

TRANSCEIVER T/R SWITCH 

RECEIVER 

ANT. 

D2 

S1 
1..-----------------.t1---~~ +12VOC 

POPULAR ELECTRONICS Fig. 88-14 

Thls transceiverts transrnit/receive switch uses PIN-diode instead ofa relay. On receive, Dl is cut 
off, D2 is cut off and the antenna connects to the receiver. During transmit, Dl is forward-biased, as 
is D2. Thls connects the receiver input. Thls causes the input impedance of the transmission line to 
be high, so little transmitter power reaches the receiver. Although not shown in the schematic, the 
12-V supply should have a series resistor of 100 Q to 2.2 kO, depending on diode current, to limit 
diode current to a safe value. 

SERIES/SHUNT PIN-DIODE RF SWITCH 

+12VDC 

C1 C2 
IN o-it--4~--..-._......,_ .... 1-o1 OUT 

II L2 

POPULAR ELECTRONICS Fig. 88-15 

A combination of series and shunt switching, like that shown here, r.esults in superior isolation 
between the input and output when in the off condition. 
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47k 

11M 

100k 

MAXIM 

AUTO-OFF POWER SWITCH 

4.SV TO 6.0V -=-
.1_ 

V+ 

MAXIAI 
MAX921 

REF 

HVST 

\J- GNO 
2 1 

-=- -=-

MOMENTARY 
SWITCH 

IN+ 3 

C 

-= 
VBATT-0.15V 

10mA 

R 

Fig. 88-16 

This timed sMtch circuit can be used where a timed power source is needed. The on-time is ap
proximately 4.6 RC. 

WILLIAM SHEETS 

SWITCH-ON DELAY CIRCUIT 

SCR1 
1 A 
25V 

+ 

LoadR<~ 
/holding 

up to max. SCR rating 

Fig. 88-17 

When SI is turned on, a very small current flows through the load. Almost the entire supply volt
age appears across the SCR. When Cl changes up to the firing voltage of Ql (approximately the 
standoff ratio of QI times V

5 
usually 0.4 to 0.6 V) through Rl, Ql fires, turning on SCRl. This deliv

ers full voltage to load, minus SCR drop (about J.2 V). Notice that load current must exceed SCR 
holding current. 
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POPULAR ELECTRONICS 

HEXFET SWITCH CIRCUITS 

·see TEXT 
Q1 

IRF511 

A 

1-~ M·I 
8 

R2* 

Fig. 88-18 

The HEXFET can switch de power to relays (as shown in A), motors, lamps, and numerous other 
devices. That arrangement can even be used to switch resistors in and out of a circuit, as shown in Fig. 
88-18B. RI, R2, and R3 are possible load resistors and represent load configurations that can be used. 

Switch~ 

WILLIAM SHEETS 

ALTERNATING ON/OFF CONTROL 

10 kil 

IC1A 8 Two inverters 
CMOS any type 

Output 

Fig. 88-19 

When the switch is closed, it causes a change in the state of pins 1 through 8. This will provide a 
toggle flip-flop action. 
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AUDIO-CONTROLLED SWITCH 
r---,---..--------------<r---"IM--------• ----<..--~ o---- + 9-12V 

C5 + ,ool 

MIC!N/~1 
.I 

R2 
27K 

POPULAR ELECTRONICS 

R4 
10K 

R12 
1MEG 

D2 
1N914 

R7 
10011 

01 
2N2222 

R9 
220K 

S1 

+ 9-12V 

1 
QJ l IRF511 

0 

I OAO 

•Fig. 88-20 

The audio-controlled switch combines a pair of 7 41 op amps, two 2N222 general-purpose tran
-sistors, a HEXFET, and a few support components to produce a circuit that can be used to turn on a 
tape recorder, a transmitter, or just about anything using sound. 

L 

~ 
-=-

L 

~ 
-=-

ELECTRONICS NOW! 

200K 

a 

200 K 

b 

SWITCH DEBOUNCERS 

Fig. 88-21 

These circuits will cure problems caused by 
switch-contact bounce. The one shown in Fig. 
88-21A provides you a positive output pulse, and 
the one shown in Fig. 88-21B provides you a neg
ative output pulse. 
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SIMPLE SWITCH DEBOUNCER 

R1 
10 n 

R2 
22 
kH 

~---------< 1 +5 to 15 V 

C1 11 µ,F 

Pressing Sl discharges Cl through HJ, causing Ql to cut off, forcing the output high. Once Cl is 
discharged below the VBf: (ON) of QI, switch bounce will have no effect on the output. 

WILLIAM SHEETS Fig. 88-22 

ANALOG SWITCH CIRCUIT 

VouT 

ANALOG DEVICES Fig. 88-23 
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89 

Sync Circuits 

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

PLD Synchronizes Asynchronous Inputs 
Sync Tip de Restorer 
Sync Stretcher Circuit 
Synchronizer Circuit 
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PLDSYNCHRON~ESASYNCHRONOUSINPUTS 

Internal feedback path 

Synchronized 

-Asynchronous 
input 

input 

System clock 
System clock ~g E 

Asynchronous 
input 

01 

02 

ELECTRONIC DESIGN Fig. 89-1 

A programmable electrically erasable logic (PEEL) device can easily supply Lhc synchronizing 
function. Digital systems often require synchronization of asynchronous inputs to avoid the potential 
metastability problems caused by setup-time violations. A common synchronization method uses 
two rippled 7 4LS72 D-type flip-flops. 

In this circuit, the asynchronous input feeds into the D_input of the first flip-flop and its Q out
put feeds into the D of thP second. Because the first flip-flop latches on the falling edp;e of the sys
tem clock, to avoid setup-time violations, the D input signal to the second 1Jip-flop will be stabiliz~d 
before the rising edge of the clock. Even experienced programmable-logic device designers often re
sort to such a TTL flip-tlop circuit to handle the synchronization function, because of the architec
tural limitations of standard PLDs. 

A programmable electrically erasable logic (PEEL) device, such as the PEEL18CV8 from ICT, 
however, can easily supply the function. The usPr-progranunablc 12-configuration T/O macrocclls in 
the device can internally fpecf back a signal before the output register. With this feedback arrange
ment, designing a two-stage input is simple. 

A gated-latch internally latches the asynchronous input on the-falling edge of the system clock, 
generating signal Ql. ANDing the input ·with Ql through the internal feedback path, eliminates a pos
sible hazard condition during the clock's high-to-low transition time. The latch then holds Ql stable 
to ensure meeting the setup-Lime requirement of the subsequent D flip-flop, which, as before, regis
ters the signal on the nt=>xt rising system clock edge. 

If by chance the input pulse width violates the set-up time of the gated lalch. the clock's low time 
will give more time for scttli~. 

616 



J1 
VIDEO IN 

ANALOG DEVLCES 

C1 

R2 
1kQ 

R3 
6490 

SYNC TIP de RESTORER 

+\2V 

lcs0 

0,11,F 

$HADING 
0 
I 
I 

o----------
-Vs -12V 

R1 l BASELINE OFFSET 
10lt!l 

Fig. 89-2 

The de restorer shown supplies a video signal with sync tips clamped to a baseline level. Clamp 
drive signal is supplied from elsewhere, usually a sync generator or a sync separator. 
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Incoming 
video 

1.0Vp-p 

R1 
75 

SYNC STRETCHER CIRCUIT 

+12 V 

.---a.---..:t1~ Rg Sync level 
1 k 

R12 

R2 
330 

47k R11 

R7 18 k 

270 

+ 

C2 
47 µF 

C4 

R4 
47 µ,F 

9.1k 
+12 V 

04 
2N5089 

Output 

R15 
2.2k 

ELECTRONIC DESIGN -Fig. 89-3 

Ql, Q2, and Q3 comprise a simple video amplifier and sync stretch circuit. Transistor QI sync 
strips the incoming video, which is amplified and mixed with the stripped sync in Q2. Q3 supplies in
version and video amplitude control. 

ELECTRONIC DESIGN 

SYNCHRONIZER CIRCUIT 

Asrnchronous 
input 

Synchronized input 

System clock 

Systemclock ~ / ~ ~ Asynchronous ....._ ___ 

inP4Jt 01 ____ ':\:\:\:==-::.-:'""'========== 
D2------------~--. 

This common synchronization method uses two rippled 7 4LS7 4 D-type flip-flops. 
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90 

Telephone-Related Circuits 

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

Telephone Line Tester 
Caller ID Circuit 
Telephone Call Restrictor 
Telephone Scrambler 
Universal Telephone Hold Circuit 
Telephone Ring Amplifier 
Bell System 202 Data Encoder 
Telephone/ Audio Interface 
Telephone Recording Circuit 
Telephone Bell Amplifier 
Phone Line Simu]ator 
Phone Helper 
Telephone Ring Signal Detector 
Telephone Hold Circuit 
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M1 
0-1MA 

+ 

RI 
4.7K 

R2 
lOK 

RADIO-ELECTRONICS 

TELEPHONE LINE TESTER 

02 
1N4003 

R3 
SOK 

01 
1N4003 

D4 
1N4003 

R4 
100K 

LINE/RING 

LOOP 
\ 

/ Sl-a V 

Sl-b 

\ 

/ 
/ 

./ .,,. 
✓ 

./ 

Pl 

\ 
/ 

Fig. 90-1 

The telephone-line tester shown in the figure is connected to the telephone line through modu
lar connector Pl. Because the tester1s LED polarity indicator is aiways rnnnected when the tester is 
plugged in, the instant that the unit is connected, you "Will have an indication of the polarity. If it is 
correct-that is, if the green wire is the positive side and the red wire is the negative side-nothing 
will happen. If the situation is reversed, the LED will light. 

With switch S1 set for LINE/RING, both S1-a and S1-b are open and the meter indicates the con
dition of the line voltage. Any line-voltage reading in the LINE OK range (more on the meter in a mo
ment) indicates a line voltage that is higher than 40 Vdc. If the telephone is caused Lo ring, either by 
using a ringback number or by dialing from another phone, the meter will indicate RING OK, and the 
LED will pulse (irnlicating ac), if the ringing voltage/current is correct. The actual position of the me
ter's pointer depends on how many ringers are connected across the line. 

When S1 is closed the voltage range of the meter is changed and a nominal load resistance of 
230 .Q·(R5 and R6) is cormected across the line to emulate the off-hook load of the telephone. If the 
meter indicates LOOP OK, you aan be certain that you have sufficient loop voltage for satisfactory 
telephone operation. If you place another load on the line~ perhaps by taking an extension telephone 
off hook, the meter reading will almost invariably drop below the LOOP OK range. If lifting the hand
set causes the meter reading to drop, yon can at least be certain that the telephone's hook switch is 
working and that the repeat coil is connected to the line. 
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CALLER ID CIRCUIT 

+SV 
C4 R3 RB 

470pF 10K 2K 

RED 

TO 
TELEPHONE 3 
WAU..JACK IC2 

MC146447 

4 12 
GRN C2 

..2 R8 13 
15K 

R7 
27oK 

+SV 

+9V +SV 
+!'iV 

+ C11 R19 
47K 471,1.F 

C10 
.1 

01 
1N753 

-=-

THE HEART OF THE CALLER 10 circuit Is mlcrocontroller IC1 which processes 
the serial data from IC2, outputs ASCII characters to DISP1, and monitors switches 
S1-Sl. 

ARSTRING 
2SECONDS 

1 
0.5 

1 
SECOND RING 

I SEC I 2 SECONDS 

0101 1 DATA 

RING DETECT (12) 

7 _r 
CARRIER DETECT {13) 

:I 
DATA OUT (15) 1 

DATA 

POWERUP(7) 

I 
TIMING RELATIONSHIPS between the .data present on the phone line (top), 
and the output pins of IC2. 

P1 

P2 

P3 
P4 

PS 

P6 

Rt6 
10K PO 

P7 

R17 

RB7 
17 

10K 
P7 

ABB 
16 pe 

R85 
15 pg 

RB4 
14 P4 

RB3 13 P3 

RB2 
12 P2 

RB1 11 P1 

ABO 
10 

RTCC 
1 

+SV 
28 

MCLA 

OSC2 Vss 4 

OSC1 

ELECTRONICS NOW Fig. 90-2 
This circuit .... c"','c.1"'',..u.","'1.'-.."-'w' progranuning of the mic.rocontroller. Software information is available from 

article. 
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TELEPHONE CALL RESTRICTOR 

14nHz 
R2 

7,5K 
941HZ 

+5V cs 
0.1 

IC1 
01 MC14S436 

1N748A 
3.9\J 

02 
1N748A 

UV 

1CS 
91.06 

4 
Vuo 

S CiT 
3 

EN 

6 )([N 

a GND 

DV 12 

DB 13 

D4 14 

D2 1 

D1 2 

XIN 
10 

... •---.--1 .... VtN VoUT11-3------c>+6V 

TO 
9VDCOR 

12VDC 
ADAPTER 

ELECTRONICS NOW 

GND 
2 

C11 C12 
0.'I 0.1 

C13 
0.1 

LED1 

IC2 
PIC16CS4 

13 RB7 Voo 14 

12 RB6 ATCC 3 

11 
RB5 RAO 17 

iO AB4 RA1 18 

g R83 AA2 
1 

8 AB2 flA3 2 

7 RE.11 MCLR 4 

6 ABO Vss 5 
15 

OSC2 
18 OSC1 

+5V 

C9 
0.1 

+SV 
IC3 

93LC46 
1 cs Vee 
2 CLi< NU 7 

3 DI ORG 6 

4 DO Vss 5 

Fig. 90-3 

This circuit is designed to restrict phone calls with the area codes: 900, 976, and 540. This device 
uses a microcontroller to compare the DTMF decoded tones with telephone numbers stored in EEP
ROM (IC:3). This device requires a programmed mir'.rocontroller. Software and details of program
ming can be found in the original magazine article. 
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O") 
I\) 
(A) 

TELEPHONE SCRAMBLER 
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+5V 
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ELECTRONICS EXPERIMENTERS HANDBOOK 
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3 

A16 
2.2K 

R7 
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.001µF 

r. 
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+5V 

6 
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+5V 

S2 

NOAM~l/SCAAMBLE ½ 
Tes 
ilµf 

.1,-i1 

8 

5 

JVl MIC 
,.,-~) 

INPUTTO 
TELEPHONE 

,.,-.,. BASE 
b--

JV2 

HANDSET SPEAKER 

HANDSET SPEAKER 

100K 

Fig. 9o-4 

This circuit uses the usual speech inversion algorithm, implementing it with a COM9046 ASIC. This unit is designed to fit be
tween the handset and base of a standard telephone. It is powered by a 9-V battery. 



C4 

BR1 
Of04 

1 
:2.SOV 

ELECTRONICS NOW 

UNIVERSAL TELEPHONE HOLD CIRCUIT 

A5 
lOK 

+SV 

IC4 
MC14S436 

C8 
()1 

Fig. 90-5 

The telephone line is connected to the hold components through bridge rectifier BRl so that the 
input is not polarity sensitive. If you have touch-tone telephone service, you can now put a call on 
hold from any phone in your house by plugging this simple device into any telephone jack. The uui
versal hold ·circuit works with any phone that has a key pad with a# key. To put a call on hold, press 
the# key and hang the phone up. A timer extends the #-key function while you hang up phones that 
.have a keypad built into the handset. 

ELECTRONICS NOW 

R4 
33 K 

R5 
33 K 

TELEPHONE RING AMPLIFIER 

C2 
0.22 

03 
IN4148 

04 
IN4148 

BZ1 
+ 

C4 
2200 TO 
4700 µF 

63V 

Fig. 90-6 

This circuit takes its operating power from the telephone line. BZl is a piezoelectric transducer. 
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ANALOG DEVICES 

CMOS/TTL 
DATA INPUT 

BELL SYSTEM 202 DATA ENCODER 

~'I.Jvol----01 

OUTPUT 
TO 

FILTER 

Fig. 90-7 

The AD537 is well-suited for frequency-shift modulator and demodulator applications. Requir
ing little power, it is especially appropriate for using phone-line power. The Bell-System 202 data en
coder shown here delivers the mark frequency of 1.2 kHz with the data input low. When the input 
goes high, the timing current increases to 165 µA and generates the space frequency of 2.·2 kHz. The 
trim shmvn provides a ± 10% range of frequency adjustment. The output goes to the required band
pass filter before transmission over a public telephone line. A complementary demodulator is easy to 
implement. 

BLACK 

RED 
GREEN 

YELLOW 

Jl 

POPULAR ELECTRONICS 

TELEPHONE/AUDIO INTERFACE 

PU 
T1 • 

600:600 .Q PLAY -1----- .-----------~ 
C1 
1 PR1 II SEC R2 '~~ f 8~~ 

.---~4"'.7,,,.K_.,_ ___ S_PD_T...J r 
REC -= 

Fig. 90-8 

The telephone audio interface-essentially1 a simple isolation/couple circuit-isolates the phone 
line from any connected audio circuit without presenting any danger to the phone line, the equip
ment, or the user. 
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To ph-onc line 

Ring 

RU 

To phone instrument 

TELEPHONE RECORDING CIRCUIT 

R3 
lOkO 

Rl 
4.7k0 

a----., .... !> Mike input 

Remote control 

A1 
R2,R3 
C1 
C2 
T1 
AL1 

4.7 kO 
10 kO 
0.47 µ.F disc 
0.001 µ.F disc 

Note: On most phone wiring. ring is red; tip is green. 

8 kO-to-1 kO jmpedance-matching transformer 
SPST reed relay 

All resistors are 5 to 10 percent tolerance, ¼ watt. All capacitors 
are 10 to 20 percent tolerance. rated at 35 volls or more. 

McGRAW-Hill Fig. 90-9 

This device will automatically record telephone calls. An ordinary cassette recorder can be 
hooked to it. 

Telephone 
line 

TELEPHONE BELL AMPLIFIER 

+ 

9 to 12 V 

C3 
20 µ,F 

ELECTRONtCS NOW Fig. 90-10 

TeJe·phone "bell" amplifier circuit will let you hear (or see) an enhanced alarm if you are away 
from your telephone. 
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ELECTRONICS NOW 

PHONE LINE SIMULATOR 

NOTES: 

Rl 
470.U 

TIP (GREEN) 
J2 (NOTE 2) 

+ Rlr¾il~G -= LE01 E RING (RED) 

GENERATOR - ., 1----------

RING (RED) 
R4 e J3 (NOTE 2) C2 

100K 
4 

0.1 J1Ei) TIP (GREEN) 
3 

6 

R5 
11( 2 

C3 
0.1 

T 

1. MATES WITH AC-TO•DC ADAPTER PLUG 
2. LOCATED IN WALL PLATE 

Fig. 90-11 

This device contains a ringing generator and a tone oscillator. The tone oscillator is set to either 
350 or 440 Hz. The ringing generator is a potted module delivering 86 Vac at 20 Hz. It is available 
from a source listed in the reference. 

R4 
100K 

(FREQ.) 

(SEE TEXT) 

C2 
0.1 

RADIO-ELECTRONICS 

PHONE HELPER 

TIP 
S1 (GREEN) 

Rl-lK SPDTTOGGLE 
(SEE TEXT) (RING) 

R3 LED1 
2.2K 

6 
IC1 
555 

2 

C3 
0.1 

RING 
(RED) 

J2 
TIP 

(GREEN) 

Fig. 9().12 

This phone-line simulator uses a 60-H~ transformer instead of a ring generator. The dial tone is 
provided by an NE555 astable oscillator. 
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ELECTRONIC DESIGN 

TELEPHONE RING SIGNAL DETECTOR 

Tip 

D1 
1N4148 

Vee 

C1 

~n_u ___ ------11 ... •_1o_nF ______ - __ _ 

AD 

Fig. 90-13 

Discriminating between telephone-ring signals on a phone line can be accomplished by using 
dedicated ICs, such as AT&T's LB1006AB or Texas Instruments' TMS1520A. However, if the system 
already is using a microcontroller, those dedicated chips can be replaced with simpler hardware and 
a few bytes of code. 

Looking at the setup, the ringing voltage pulses the optoisolator's LED,-which, in tum, pulses the 
low-asserted RD line to the microcontrollcr. The firmware analyzes the pulses to determine whether 
a valid ringing signal is present. 

The frequency limits of a valid signal are 20 to 80 Hz, which is modulated 2 seconds on and 4 sec
onds off (with distinctive ringing, though, this cadence can vary). Therefore, the simplest analysis is 
to count down at least 20 pulses of RD in 1 second. 

The routine could be expanded to determine what type of ring signal is present in a distinctive 
ring setting. Such a system could switch the phone line to various output jacks. As a result, several 
phone devices- could use the same line without first picking up the line to determine if it's a voice, fax, 
or data call. 

WILLIAM SHEETS 

628 

R3 
1.5 kO 

01 
Red 
LED 

SCR1 
MCR104 

TELEPHONE HOLD CIRCUIT 

Red } 
Tel.-line 

Green 

Fig. 90-14 

When the hold button S1 is pressed, SCRl 
fires via Rl and R2, firing SCRI, and seizing the 
line via the path through R3, DI, and SCRI. 
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Temperature-Related Circuits 

The sources of the follmving circuits are contained in the Sources section, which begins on page 
707. The number in the box of each dn..:uit correlates to the entry in the Sources section. 

Electronic Thermostat 
Temperature Controller 
Manual Control for He.ater 
Proportional Temperature Controller 
Eight-Input AID Converter for Temperature 

Measurements 
Cold Junction Compensation for a Grounded 
Thermocouple 

Absolute Temperature Log -with RS-232 
Centigrade Thermometer with Cold-Junction 
Compensation 

1.5-V Electronic Thermometer 
'I\vo-Wire Temperature Sensor Output 
Referenced to Ground 

'1\vo-Wire Remote Temperature Sensor with 
Sensor Grounded 

Single-Supply Temperature Sensor (-50 to 
+300°F) 

Basic Fahrenheit Temperature Sensor 

Temperature-Lo-Frequency Converter (Celsius) 
Temperature-to-Frequency Converter (Kelvin) 
Differential Thermometer 
Optoelectronic Pyrometer 
Bar-Graph Room-Temperature Display 
LM:1811 Temperature Controller 
Thermocouple Amplifier with Cold-Junction 
Compensation 

Precision RTD Amplifier Circuit for +5 V 
Full-Range Fahrenheit Temperature Sensor 
Improved Thermostatic Relay Circuit 
Thermocouple Cold-Junction Compensation 
Temperature Differential Detector 
Thermostatic Relay Application 
Temperature Controller 
Temperature-to-Digital-Output Converter 
Freeze-Up Sensor 
Zero-Voltage Switching Temperature Regulator 
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~ 

12-VOLT 
AC INPUT 

TEMPERATURE 
SENSOR 

D1 
1N4148 

""=' 

l'"'I.., 

':' 

TP1 

r~ 

ELECTRONIC THERMOSTAT 
r------- ----- ----------- - - -------- - -----------------------I 
I I 
I r-------. I 

• + i 31 v, L~c3;7 vol2 T T lOV ' ' I i 
C1 

470µf 

+ 

.. 

ADJ 

R7 
100K 

R2 
7500 

-=-

R1 
100'1 

NC 

t nnl-~ .H+,~ 71 

............ 

R14 
,.51< 

R15 

Arn 17-.........-

10K>" ·~, 
TEMPERATURE 

SET POIITT 

T 

I 

01 
2H39U8 

R3 
lOK 

'=' 

+10V 

02 
2N3908 

R12 n~ J 10K lr.1-rf 

,--_-.-....,.. Ill I 

R17 R18 R19 
10K 1MEG 470K 

HVSTERISIS 

C2 
10µf 

+ 

T 

t 
1mA 

CURRENT 
SOURCE 

TP5 

R13 

C3 
.1 

2.2K 1n•u11111 , ......... , 

- -+ 
C4::: 

10µF 

I 
I 
I 
I 
I 
I 
I 110 VAC 
I t 
I t 

IJ
,_: HEATER* 

I 

~J 
..... 4--o-_ 

~ 
RELAY 

OUTPUT 
LOW=HEAT 

03 
3N3904 

ELECTRONICS EXPERIMENTERS HANDBOOK Fig. 91-1 

Using a 1N914 diode as a temperature sensor, this straightforward circuit has hysteresis and set-point adjustments. Usable 
range is about -50 to + 150°C. 



TEMPERATURE CONTROLLER 

AC 

R1 
10k Heating 

(>1.5W) elemenl 

150 

2.5V Temperature Sensor V+ 1.2k 
sensor and 

voltage 
261k reference 2N6073B 

MOC3012 
60'C 

02 
IN752 -+ (6.8V} 4.64k 

Window 

C1 
comparator 

.100 µF 
l1DVJ 30 C 

47.5k 

-

GND Hvsteresis 
generator 

5mV/"K 

D1 
IN914 

AC 

ELECTRONIC DESIGN Fig. 91-2 

The temperature sensor/controller (the TMP-01) is a monolithic device whose low power allows 
it to operate with a simple half-wave rectified power supply directly from the ac line. Such an ar
rangement greatly simplifies the power-supply design requirement to the point of only needing a few 
low-cost components to provide a single +6-V de supply. 

The TMP-01 is essentially a "thermostat on a chip." It includes a linear temperature sensor 
(5 mV/K), and also has two comparators that switch at externally determined set points. These set 
points are established by resistively dividing the internal 2.5-V reference to set appropriate voltages 
on the inputs to the comparators. 

One comparator is used in this circuit to turn on the heating clement when the temperature 
drops below 30°C; it corresponds to a voltage of 1.52 Von the comparator's input. 
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MANUAL CONTROL FOR HEATER 

22 k 1/2 W 1N4004 120 V ac 

RL _c-< 
(heater) -.::::-

SCR T10601 

ELECTRONIC DESIGN Fig. 91-3 

Built around an LM339 quad comparator, this circuit provides manual control of the output oJ a 
resistive heater or other load with a long time constant. The circuit's design uses minimal parts, thus 
it's inexpensive, and generates very low RFI. 

Comparators a, b, and c form a low-frequency pulse-width modulator. Sections a and b form a 
sawtooth oscillator (of approximately 0.25 Hz), with eapacitor Cl being charged through Rl and dis
charged through section a1s open collector output. R2 and R3 set the upper voltage limit for the saw
tooth wave. The hysteresis means that Cl is discharged to nearly O V, creating a voltage swing that is 
identical to the adjustment range of R3. 

Comparator c, in conjunction with potentiometer R3, converts the sawtooth wave form to a vari
able duty-cycle drive for the silicon-controlled rectifier. 

Increasing voltage at R3's wiper means increasing the- "on" time. Section d holds the SCR gate low 
if the line voltage is above approximately 3.5 V, preventing turn on at mid-cycle and ensuring low RFI. 

The oscillator frequency is roughly determined by 1/0. 7Rp1• Resistance R 1 must be greater than 
4.R2 or the oscillator will lock up. ReducingR2 will increase the lower voltage limit of the sawtooth; in
creasing it might cause lock-up. 
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2.2UW(x5l 

812 R13 

TMP-01 

V+ 8 

U1 

VPTAT 5 

VREF 1 

GND 
4 

ELECTRONIC DESIGN 

PROPORTIONAL TEMPERATURE CONTROLLER 

C1 

0.1 µ,F 

R4 
Rs 

R1 

59.0 k 
R10 C3 49,9k 

C2 0.111F R11 49,9 k 0.1 jlf 499k 

01 
MPSAOS 

+24 V de 

+8 Vdc 

GND 

Fig. 91-4 

Most temperature-controller circuits use upper and lower trip points to control a heater ele
ment, with the heater power full on and full off. Usually, this results in a temperature hysteresis of 
several degrees. This relatively large temperature hysteresis effect might cause modulation in the 
output of the circuit that's being controlled. _ 

A proportional temperature controller eliminates this problem by continuously providing the 
power needed to maintain the "ovenH at the desired temperature--within l °C. From a cold start, 
maximum power is applied until the temperature is within 2°C of the set point. 

The circuit's mechanical construction is important. The five heater resistors (R12 through Rl6), 
the temperature-sensor IC (Ul), and the circuit being controlled are mounted vvith them1al epoxy to 
a small piece of aluminum. This provides excellent heat transfer between the components. The 
heater resistors must be selected to raise the temperature from ambient to the set point within an 
acceptable warm-up time. 

Ul is Analog Devices' TMP-01 temperature-controller IC. The voltage proportional to absolute 
temperature (VPTAT) has a temperature coefficient of exactly 5 mV/°C. The set point is determined 
by the R/R2 ratio. U2 is a Linear Technology LT 1014 quad precision op amp. U2C is an oscillator with 
a 50% duty cycle that supplies a triangle wave between ½ and¾ of the supply voltage at U2-2. 

U2R compares the amplified VPTAT to the triangle wave, which drives Ql at a duty cycle of 
100% or less. Because the triangle wave 1s peak-to-peak amplitude is 2.7 V, and VPTATis ampillied by 
a factor of 300, a temperature change of approximately 2 m V moves the duty cycle from 1001)6 to 0%. 
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EIGHT-INPUT AID CONVERTER FOR TEMPERATURE MEASUREMENTS 

13 11 
U4 10 LM335 -

9 

14 PL1 
U5 

LM335 -

15 
U6 

LM335 -

12 +SV 

U7 
16 0 U1 LM335 -

U3 
78L05 + 

4051 G B1 T 
ua + 9V I 

LM335 - C2 
Cl ..!.. 

1 
1 

5 + 
U9 

LM335 -

5 
R2 

6 10K 2 
U10 7 INPUT-

LM335 - VOLTAGE 
RANGE 

3 2 U2 

• AOC0831 R1 +5V 
U11 10K LM335 - MINIMUM 

INPUT 6 
3 VOLTAGE 

7 8 4 

POPULAR ELECTRONICS Fig. 91-5 

The actual processing circuitry of this AID converter consists of only four parts: U2, U3, Rl and 
R2. Eight temperature probes are used with the circuit; however, they can be replaced with other 
types of sensors, as long as resistors R3 through RIO are removed. 
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EIGHT-INPUT AID CONVERTER FOR TEMPERATURE MEASUREMENTS ( Cont.) 

CLIP OFF THIS LEAD 

A 

HEAT-SHRINK B 
(3/16-INCHDIAMETER) 

B 

HEAT-SHRINK C 
(1/4-INCH DIAMETER) 

C 

To protect the temperature probe 
connections, three pieces of heat-shrink 
tubing must be used. Heat-shrink A 
_prevents the negative lead form coming 
into contact with the positve one (A). 
heat-shrink B protects both leads (B), 
and heat-shrink C covers the entire 
probe (C). 

COLD-JUNCTION COMPENSATION FOR A GROUNDED THERMOCOUPLE 
15V 

Tl'lermocouple R1 
s..i,.c11 

Co.ttlclent 
Type (Ii) 

(µ.VrC) 

377 52.3 
T 308 42.8 
K 293 40.8 

s 45,8 84 

+ 
THERMOCOUPLE 

"A2 and A3 are 1%, 10 ppmrc {20 ppml'C tracking.) 

tA1 ami-i:;eare 1%, SOppml'C. 

NATIONAL SEMICONDUCTOR Fig. 91-6 

A circuit for use -with grounded thermocouples is shown. To trim, short out the LM329B and ad
just R5 so that V' = aT, where a is the Seebeck coefficient of the thermocouple and Tis the absolute 
temperature. Remove the short and adjust R4 so that V' equals the thermocouple output voltage at 
ambient. A good grounding system is essential here, for any ground differential will appear in series 
with the thermocouple output. 
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LM334 

T ..,.. 

ELECTRONIC DESIGN 

ABSOLUTE TEMPERATURE LOG WITH RS-232 

25µA 
at323K .,....._ 

0.022 
µF 

3.01 k 
R1 ±1% 

metal 
film 

C1 
0.01 µ,f 

polypropylene 
± 2% 

8.2 k 

D8258 (RS·232) 

~ 
20 

,----11,-,✓v,.,...---e---+--t.,__ __ .,_ __ OTR 

Z1 

8.2k 

4 
6 Reset Voo 
2 Tff U1 

7 TR TLC 555P Out 

D Ve Vss 
5 

336 

3 

C3 

1N5245 
(15 V) 

Optional 

+ 11 µF 

16V 

ZI ~i 
RCD 

0101 kH2 
For temp 

:Oto 323K 
=3.1 Hz/°K 

5.0V 
-------~----11------1a---

2 TXD 

Fig. 91-7 

In the setup, Tl (an LM334 temperature sensor) generates a constant current that's propor
tional to absolute temperature, and equal to 25 µA at :323 Kelvin (50°C). R1 sets this constant of pro
portionality. The current discharges the parallel combination of Cl and C2 connected to the trigger 
and the threshold pins of Ul, which is a CMOS implementation of the venerable 555 analog timer. 
The negative-goi~ ramp is compared by Ul to an internal 2.5-V trigger level controlled by Zl. When 
the ramp gets there, U l triggers. The output pin (3) will go high, presenting a "start" bit to the con
nected communications port, which causes Ql to source 100 µA to the timing node. At the sarne 
time, the discharge pin (7) will open, allowing R2 and the bottom end of Cl and Tl to be supplied by 
Cl, and isolates it from C2. 

Consequently, the current supplied by transistor Ql will go solely to C2 so that when the result
ing positive-going ramp reaches 5 V, exactly 25 nC (2.5 V x C2) will have been deposited in the tim
ing node by the recharge cycle because its threshold level (6) will have been reached. This causes 
both the output pin to return to the negative rail, restoring the "marking" condition of the R2-232 in
terface, and Ql to stop recharging C2. Ul's discharge pin (7) now connects R2 to the negative rail, 
causing the charge that was deposited by Tl on Cl during the recharge interval to rapidly redistrib
ute between Cl and C2. This arrangement creates a very linear (0.01 % ) relationship between Tl cur
rent and pulse output frequency. 

While this is happening, the PC's communications port hardware assembles a valid (although 
meaningless) character because the positive pulse output by Ul looks like the start bit of a charac
ter. A simple program running in the PC can then count the frequency of these characters and con
vert the resulting rate into a direct readout of temperature. Because of the 3.1-Hz/degree slope of 
frequency versus temperature, a 30-second average suffices for 0.01 ° resolution. 
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CENTIGRADE THERMOMETER WITH COLD-JUNCTION COMPENSATION 
15\1 

-15V 

ALUMEL 

>-__ _,.Vour~IOmVfC 

All fixed res1s1ora ± 1%. 2& ppml'C 
unless otherwiu indicated . 

A, should be a low dntt type such 
as LM308A or LH0044C. Sea text 

NATIONAL SEMICONDUCTOR Fig. 91-8 

This electronic thermometer has a 10-mV/°C output from 0°C to 1300°C. The trimming proce
dw·e is as follows: first short out the LM329B, the LM335 and the thermocouple. Measure the output 
voltage (equal to the input offset voltage times the voltage gain). Then apply a 50-mV input voltage 
and adjust the GAIN ADJUST pot until the output voltage is 12.25 V above the previously measured 
value. Next, short out the thermocouple again and remove the short across the LM335. Adjust the TC 
ADJUST pot so that the output equals 10 mV !°K times the absolute temperature. Finally, remove the 
short across the LM329B and adjust the ZERO ADJUST pot so that the output voltage equals 10 
m V/°C times the ambient temperature in °C. 

1.5-V ELECTRONIC THERMOMETER 

11 
LIIUM 

,-----------411!------ v· > iv 

0-HIO'C 
0-100 ~,\ 

NATIONAL SEMICONDUCTOR Fig. 91-9 

An electronic thermometer design, useful in the range of -55°C to 150°C, is shown. The sensor, 
81, develops a current that is proportional to absolute temperature. This is given the required offset 
and range expansion by the reference and op amp, resulting in a direct readout in either °C or °F. 
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TWO-WIRE TEMPERATURE SENSOR 
OUTPUT REFERENCED TO-GROUND 

2DII 
5% 

OR OOk RHEOSTAT 
FOR GAIN ADJUST 

5V 

TWO-WIRE REMOTE TEMPERATURE 
SENSOR WITH SENSOR GROUNDED 

5Y 

VouT., 10 mvt•F <TA + 3"F) 

from + :3•F to -r 100-F 

TWISTED MIA 

NATIONAL SEMICONDUCTOR Fig. 91-10 NATIONAL SEMICONDUCTOR Fig. 91-11 

SINGLE-SUPPLY 
TEMPERATURE SENSOR (-50 TO +300°F) 

50" to + 300"F 

1N914 

BASIC FAHRENHEIT 
TEMPERATURE SENSOR 

( + s• to + 300"F) 
+ v, 

I +IV fO + 20VI 

¢-•M•+IOO"'/"/ 

NATIONAL SEMICONDUCTOR Fig. 91-12 NATIONAL SEMICONDUCTOR 
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TEMPERATURE-TO-FREQUENCY CONVERTER (CELSIUS) 

10Hz/°C 

f ~ 10 {TA • 273°) Hz 

ANALOG DEVICES Fig. 91-14 

The L00-V reference output can be combined with the 1-m V/°K output to realize various tem
perature scales. For the Celsius sc:ale, the lower end of the timing resistor must be offset by 273 mV. 
This is easily accomplished, and it results in an output from O to 1 kHz for temperatures from 0°C to 
+ 100°C. Other offsets and scale factors are equally easy to implement. 

TEMPERATURE-TO-FREQUENCY CONVERTER (KELVIN) 

ANALOG DEVICES Fig. 91-15 

This simple connection results in a direct conversion of temperature to frequency. The 1-m V l°K 
temperature output serves as the input to .the buffer amplifier, and the oscillator drive current is 
scaled to be 298 µA at 298°K ( +25°C). Use of a 1000-pF capacitor results in a corresponding fre
quency of 2.98 kHz. A single-point trim for calibration is normally sufficient to give errors less than 
±2°C from -55°C to + 125°C. An NPO capacitor is preferred to minimize nonlinearity that results 
from capacitance drift. 
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NATIONAL SEMICONDUCTOR 

SOURCE. 

DIFFERENTIAL THERMOMETER 

100mV/oC 

Fig. 91-16 

The differential thermometer shmvn in the 
figure produces an output voltage which is pro
portional to the temperature difference between 
two sensors. This is accomplished by using a dif
ference amplifier to subtract the sensor outputs 
from one another and then multiplying the differ
ence by a factor of 10 to provide a single-ended 
output of 100 mV per degree of differential tem
perature. 

OPTOELECTRONIC PYROMETER 

fA PASS ,.,,,.;.*rb IR STOP 

(11 

112 2N31 ll 

NATIONAL SEMICONDUCTOR 

01 

). ~ 

02 
ttLevel-sh1ft trim 

•Seale factor tnm 

tCopper wire wound 

1 mA :;. louT ~ 5 mA 

0.01 s;. 
102 s. 100 
101 

Fig. 91-17 

This setup optically measures the temperature of an incandescent body. It makes use of the shift 
in the emission spectrum of a black body toward shorter wavelengths, as temperature is increased. 
Optical filters are used to split the emission spectrum, with one photodiode being illwninated by 
short wavelengths (visible light) and the other by long (infrared). The photocurrents are converted 
to logarithms lJy Ql and Q2. These are subtracted to generate an output that varies as the log of the 
ratio of the illuminaU-on intensifies. Thus, the circuit is sensitive to changes in spectral distribution, 
but not intensity. 
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+ 7V 

BAR-GRAPH ROOM TEMPERATURE DISPLAY 

67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 F 

+7V NC 

-------------t-+---+---+-_,.(+2.26V) 

Ve ........ 4~02,..,,0' .... _________ ___.-'Y402""n,-' .,.__.,_-+-VB 

2k' 

RC 
lk 

• - 1 % or 2% film resistor 

-Trim Aa for V9 - 3.52511 1k' 

-Trim Ac for Ve ~ 2.72SV 

-Trim AA ror v,. ~ o.oesv-+- 40 mvrF )( TAmi.nt RB 

-E•ample VA 3 285\/ at BO"F lk 
'.:" 

NATIONAL SEMICONDUCTOR Fig. 91-18 

This display shows temperature as a bar graph. The range is 67°F to 86°F. 

R1 C1 
15K .1 

R2 3 
10K 

R3 
24K 

POPULAR ELECTRONICS 

LM3911 TEMPERATURE CONTROLLER 

R4 
7.5K 

4 

U1 
LM3111 

"=' 

t 12V 

R5 
10K 

Fig. 91·19 

The LM8911 requires only a few resistors 
and a capacitor to turn into a full-function tem
perature controller. The LM3911 requires very 
few external components to implement a full
function temperature controller. The figure illus
trates the simplicity of the freeze fighter circuit. 
The resistor network consisting ofRl, R2, and R3 
is used to provide the set point voltage for the 
feedback input of Lhe LM391 l. 

Resistor R4 limits the current through the in
ternal voltage reference of the LM39 l l and can 
be selected from a wide range of values. 7 .5 k.Q is 
specified in most of.the application notes. 

Resistor R5 pulls the output of the IC high 
when the temperature is below the set point. The 
internal resistor is in -series with a diode that al
lows a switching voltage up to 35 V to be used 
with thP device. 
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THERMOCOUPLE AMPLIFIER WITH COLO-JUNCTION COMPENSATION 

V+ 

10.0V 6 
REF102 2 

R, 

4 

DESIRED Re NEAREST 1% ff.. 
GAIN (Q) (Q) 

Cu 
1 NC NC 

K 2 50.00k 49.9k 
Cu 5 12.S0k 12.4k 

10 5.556k 5.62k 
R3 20 2.632k 2.61k 

1 oon • RTD at 0°c 50 .. 1.02k 1.02k 
100 5051 511 
200 251.3 249 
500 100.2 100 

SEEBECK 1000 SO.OS 49.9 

ISA COEFFICIENt' 2000 25.01 24.9 
TYPE MATERIAL (µVl°C) R,, ff:z 5000 10.00 10 

E + Chrome! S8.5 66.SkO 
10000 5.001 4.99 

- Constantan 

J + Iron 50.2 76.81<!1 
- Constantan 

K +Chromel 39.4 97.6k0 
-Alumel 

T + Copper 38.0 102kn 
- Constantan 

Fig. 91-20 
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PRECISION RTD AMPLIFIER CIRCUIT FOR +5 V 

ANALOG DEVICES 

100n 
RTD 

1000 o•c 
166.610 " 175"C 
229.67u 3oo•c 

NOTES: 
·-t0.5"4,±25ppml"C 
.. -ti¾, ±SOppm/"c 

R3 
ZERO 

.sv 

RG.IN 

~ 
R9 

FULL SCALE 
son·· 

R11 

VOUT 

0 - 4,00V 

0-400"C 

SOkn•• 

LINEARITY 
U1 " OP295 EflROR 

(@1/2F.5.) 

+5Y 

Fig. 91-21 

This circuit uses a platinum resistance temperature device to sense temperature. It has a range 
of Oto 300°C. The RTD bridge is driven with a regulated 200-µA current to minimize self heating of 
the RTD. A 5-V supply is used. 

FULL-RANGE 
FAHRENHEIT TEMPERATURE SENSOR 

-Vs 
CHOOSE A1=(-Vs)/5Q ;,A 
VouT • + 3.000 rrN AT + 3QQ•f 

• + 750 mV AT + 7S•F 
=-SOOmVAT -so•F 

NATIONAL SEMICONDUCTOR Fig. 91-22 QST 

IMPROVED 
THERMOSTATIC RELAY CIRCUIT 

PO\N'ER 

(Additional Circuit Switched by K2 not Shown) 

Fig. 91-23 
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THERMOCOUPLE COLD-JUNCTION COMPENSATION 

1SV 

1!,V 

NATIONAL SEMICONDUCTOR 

~ 
V1 R4" 

~ 

r 
\/2 

~ 

Thermocouple 
S•ebeck 

R4 R6 
Coefficient 

Tvpe 
(µV/"C) 

(!1) (!i) 

.) 52 3 1050 385 
T 42.8 856 315 
K 40 8 816 300 
s 64 128 46 3 

"R3 lhru A6 are 1 "lo 5 ppml'C (10 ppm/'C track1og J 

'R7 1s 1 '¼. 25 ppmJ•C 

choose R4 

choose R.6 = 

a 
---•R3 
1omv1·c 

•a 
• (0 9R5) 

choose A7 = 5 • R5 

where TO 1s absolute zero ( -- 273 16'C) 
Vz is the reference voltage (6 95V for LM329B) 

TliERMOCOUPLE 

Fig. 91-24 

A single-supply circuit is shown. R3 and R4 divide down the 10-mV/°K output of the LM329B and 
its associated voltage divider provide a voltage to buck out the 0°C output of the LM335. To calibrate, 
adjust R1 so that V1 a T, where a is the Seebeck coefficient and Tis the ambient temperature in 
degrees Kelvin. Then, adjust R2 so that V1 V2 is equal to the thermocouple output voltage at the 
knovm ambient temperature. 
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T A3 
1OK 

(RS.271-110) 

R1 
10K 

10-TURN 
TiiRESHOLD 

T R4 
10K 

(R.S.271-110) 

POPULAR ELECTRONICS 

TEMPERATURE DIFFERENTIAL DETECTOR 

+12V 

4 8 

R8 
47K 

7 

F.12 
500K 

FAN RUN 
TIME SOLID 

STATE 
RELAY 

1-'----1---_._----1 (10 AMP) 

C1 + 
50 LED2 

.:::,. 

120•VAC 
FAN SUPPLY 
~ 

$1 

FAN 
SPEED 

CONTROL 

This circuit measures temperature differences, not temperature. Once the difference passes a 
certain threshold, the timer is triggered, activating the solid-state relay. 

Op amp Ul is placed in a comparator configuration with two thermistors-one located at the 
ceiling, one at the floor. The IC senses the temperature difference between the ceiling and floor, but 
is unaffected by the overall room temperature diff enmtial increases. The upper thermistor will de
crease in resistance, eventually causing the voltage at pin 2 of Ul to exceed that pin 2 of Ul to go low 
and trip the timer. This adds hysteresis to the op amp's output, preventing the motor from chatter
ing. When tripped, the timer activates the relay, which activates the fan. 

QST 

THERMOSTATIC RELAY APPLICATION 

Power 
Source 

POwER 
Switch 

Power 
Relay 

(Clrcuil Switched by K2 not Shown) 

Fig. 91-26 

Kl, Lhe thermostatic relay, energizes power 
relay K2, which handles the circuit's power 
switching. The drawing doesn't show K2's power
switching contacts. 
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5k 

TEMP. AOJUST 
SOk 

NATIONAL SEMICONDUCTOR 

StTPOINT 
110 mVf<'F) 

TEMPERATURE CONTROLLER 

OPTtoNAt 
,-------- ---, 

\ 

1>15\1 

HE~ER 
INDfCATOR 

\ - • I -:-

~ - - - - - - - - - - - - - - --J THERMALLY COUPlED 
ACTUAL 

TEMPERATUIU 
f1t •Vl0 f) 

Fig. 91-27 

A proportional temperature controller can be made with an LM34 and a few additional parts. The 
complete circuit is shown. Here, an LMlO serves as both a temperature-setting device and as a driver 
for the heating unit (an LM:395 power transistor). The optional lamp, driven by an LP395 transistor, 
is for indicating whether or not power is being applied to the heater. 

TEMPERATURE-TO-DIGITAL~OUTPUT CONVERTER 

....--------+---..... ---+5V 

+ 39k 
~+ 

Lllll-4 
IN 

+ 1 28¥ llEF SERIAt. OATA 
OUTPUT 

GkO 
CLOCK 

+ 

LM3H ENABt.E 

GROUND 

NATIONAL SEMICONDUCTOR Fig. 91-28 
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FREEZE-UP SENSOR 

POPULAR ELECTRONICS Fig. 91-29 

Using a bridge circuit to provide an accurate activation temperature, this circuit-will tum on a 
heating unit or other device when the temperature drops below the trip point set by R2. Use a 10-kQ 
resistor in place of the themlistor to calibrate it for 32°F activation. 

ltl 
100 kil 

ZERO-VOLTAGE SWITCHING TEMPERATURE REGULATOR 

"Thennost.at .. 
2-wirr 
,able 

S200A4, modifit,;i 
power-control module 

~------------..... ~ ,--------~------

Ql 
2N6027 

Modulator 

RS 

100 

kil 

Sensor 

1 • lw I 

I • 
SeL-point 

adjust 
0500 .0@ 70.F; 100 nt•F) 

' Calibrate 

Trfac l 
SC:61012 

240 V 
60 lli 

McGRAW-HILL Fig. 91-30 

ln this arrangement, an integral number of cycles of ac is fed to the heater. No RFI or EMI is gen
erated with this method. The thermostat uses a thermistor as a sensor. The PA424 (GE) device gen
erates trigger pulses for Lhe triac only at zero crossings of the ac line cycle. 
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92 

Timer Circuits 

T11e sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Alarm Clock Timer 
Lamp Timer 
Long-Period Timer 



POPULAR ELECTRONICS 

ALARM CLOCK TIMER 

D1 
1N4003 

APPLIANCE 

APPLIANCE 
POWER 
SUPPLY 

'----....---------0-- 0---------...L.. 
S2 -::-

C1 
330 

+ 

SCR1 
200V 

4A 

SPST 

} 
ALAR~~LOCK 

~----------11.-------------i:) LAMP 

Fig. 92-1 

1\trn your aJarrn clock into a specialized timer with this simple circuit. The clock used with the 
circuit should he the kind that turns on a little lamp when the alarm is activated. 

-. 

R1 
100K 8 

1 

R2 6 U1 
2200 liiS 

.3 
2 

C1 
.01 

--I 

POPULAR ELECTRONICS 

8 

S1 
RESET 

LAMP TIMER 

TO COMMON 
ANODE DISPLAY 

U1 
7447 

7 1 2 6 

+SV 

3 2 6 7 1 9 16 

4 

11 

D2 
1N914 

LAMP 
ASSEMBLY 

Fig. 92-2 

A timed switch uses a 555 oscillator/timer wired to operate in the astablc mode. The timer sup
plies a positive pulse to the clock input of a 74193 4-bit binary up/down count every five minutes. Be
cause the 74193 is set to operate in the count-down mode, the output of the 555 is connected to the 
count-down input of the 7 4193. 

As the binary counter -is reset, it starts counting at nine and counts down to zero with each clock 
pulse. When the counter hits zero, the output from the 74193 goes low, turning off the relay and the 
light. The light can be turned back on by pressing the reset button again. 
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LONG~PERIOD TIMER 

t5V 

4 

1N4148 6 Reset 
----•------1 Threshold 

vcc 

,---;-- 2 Trigger 3 Output 
555 Output ---• 

1 k 
Discharge Control voltage 1-

5
----. 

Ground 

ELECTRONIC DESIGN Fig. 92-3 

Adding a transistor to the 555 timer can create long timer periods, which is a key factor when the 
timer is operating at low speed. The transistor basically acts as a current divider or capacitance mul
tiplier. The problem with low speed, however, is that the timing resistors and capacitors must be 
large and the charging current must be small, particularly when the desired timing period is in the 
range of seconds. 

Typically, electrolytic capacitors are used in these situations, but their leakage current tends to 
aggravate or even prohibit operation at very low charging currents. 

This problem can be solved by adding a transistor. In effect, the transistor is used as a current di
vider or a capacitance multi.Plier. The normal charging current ( emitter current) is divided by the 
transistor's current gain so that the capacitor charging current (base current) is reduced consider
ably. For example, 10 µA of emitter current will require approximately 0.1 µA of base current, based 
on a current gain of 100. 

In this circuit, the capacitor will be charged with such a low charging current that timing perio9-s 
will typically be 100 times longer than usual. This means that substantial time periods can be 
achieved with film or ceramic capacitors that have much better leakage characteristics and are phys
ically smaller. 

The circuit's output period was approximately 6 seconds, compared to 80 ms without the tran
sistor. The transistor multiplied the normal time period by a factor of approximately 75. 
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93 

Tone Control Circuits 

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

Treble-Control Circuit 
Bass Tone-Control Circuit 
Combined Bass and Treble Control 
Active Bass- and Treble-Tone Control 
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WILLIAM SHEETS 

TREBLE-CONTROL CIRCUIT 

O>--------. 

·0.0471 
µF 

25 k!l 
log taper 

3.3k!l 

3300 

EouT 
ZL > 100 kfl 

Fig. 93-1 

This tone control has an insertion loss of 20 dB at flat setting and is effective above I kHz. It has 
little effect below about 1 kHz. 

WILLIAM SHEETS 

BASS TONE-CONTROL CIRCUIT 

3.3 
kO 

E1N 25 kfl 
Zs < 1 kfi log taper 

3300 

Fig. 93-2 

This tone control has an insertion loss of 20 dB at flat setting and is effective below 350 Hz. The 
control has little effect above this frequency. 
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E1N 
Zs< 1 k!l 

f 

WILLIAM SHEETS 

COMBINED BASS AND TREBLE CONTROL 

3.3 
k!l 

25 k!l 
log taper 

330 
n 

EouT 
> 100 k{l 

Fig. 93-3 

This positive tone control system uses two pots to control bass and treble. 

ACTIVE BASS- AND TREBLE-TONE CONTROL 

10 µF 
16 V 

3.9k0 

0.047 k!l 

100 kO 
bass 

Input ~ ..... +'--_---l --1---.,' 

Zs= 2 kflo--i 

WILLIAM SHEETS 

3.9k0 

10 µF+ 
16 V 

10 µF 
16 V 

+ 

100 
kH 

22 
k!l 

+12 V 

4.7 
kH 

' ,--___ +--1 f----o Output 
33 k{l 10 µF 

0
zL = 5 k!l 

16 V _.1_ 

Fig. 93-4 

A single transistor used as a feedback amplifier is connected with ac feedback through the tone 
controls, which determine the frequency response of the 
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94 

Touch/Proximity Control Circuits 

The sources of the following circuits are contained in the Sources section, which be!sins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Simple Touch Switch 
Simple Timed Touch Switch 
Capacitive Sensor System 
Touch Switch 
Proximity Alarm 



SIMPLE TOUCH SWITCH 

~----------+6 to 15 V 
Touch 
plate 

WILLIAM SHEETS 

C1 
0.01 µ.F 

1 kV 

-=-

02 
IN914 

C2 
O.Q1 
µF 

R2 
10 
Mn 

-=-
Fig. 94•1 

Q2 is held cut off since Ql normally is conducting. When the touch plate is contacted by a large 
object (human body, etc.), stray 60-Hz pickup is rectified by Dl and D2, and produces a negative 
voltage across R2-C2 and the gate of QI. QI cuts off, causes Q2 to conduct, and the output goes low. 

SIMPLE TIMED TOUCH SWITCH 

+v 

R2 

Rl 
.u---------o Output 

Touch ...... I 

McGRAW-HILL 

This circuit produces an output for a time approximately eQual to time constant R;-,,G1• 

ICl, IC2 
IC3 
Cl 
C2 
C3 
C4 
C5,C6)C7 
Rl, R3, R4, R6 
R7, R9, RIO, R12 
R2, R5, RS, Rl 1 

CD4011 Quad NAND gate 
CD4066 quad bilateral switch 
4 7-µF, 25-V electrolytic capacitor 
100-µF, 25-V electrolytic capacitor 
220-µF, 25-V electrolytic capacitor 
4 70-µF, 25-V electrolytic capacitor 
0.1-µF capacitor 
100-kn, ¼-W 5% resistor 

10-Mn, ¼-W 5% resistor 

Fig. 94-2 
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NASA TECH BRIEFS 

CAPACITIVE SENSOR SYSTEM 

Extemal Object 
To Be Detected 

Driven 
Shield 1 

Onven 
Shield 2 

Fig. 94-3 

This figure illustrates the electric-field configuration of a capacitive proximity sensor of the "ca
paciflector" type. It includes a sensing electrode driven by an alternating voltage, which gives rise to 
an electric field in the vicinity of the electrode; an object that enters the electric field can be de
tected by its effect on the capacitance between Lhe sensing electrode and electrical ground. 

Also, it includes a shielding electrode (in this case, driven shield 1), which is excited via a volt
age follower at the same voltage as that applied to the sensing electrode to concentrate more of the 
electric outward from the sensing electrode, increasing the sensitivity and range of the sensor. Be
cause the shielding electrode is driven via a voltage follower, it does not present a significant elec
trical load to the source of the alternating voltage. 

In this case, the layered electrode structure also includes a reference electrode adjacent ·to 
ground, plus a second shielding electrode (driven shield 2), which is excited via a voltage follower at 
the same voltage as that applied to the reference electrode. Driven shield 2 isolates the reference 
electrode from the electric field generated by driven shield 1 and the sensing electrode so that a 
nearby object exerts no capacitive effect on the reference electrode. 

The excitation is supplied by a crystal-controlled oscillator and applied Lo the sensing and ref
erence electrodes via a bridge circuit. Fixed capacitors Cl and C2 (or, alternatively, fixed resistors 
Rl and R2) are chosen to balance the bridge; that is, to make the magnitude of the voltage at sens
ing-electrode node S equal the magnitude of the voltage at reference-electrode nede R. 

The voltages at.Sand Rare peak-detected and fed to a differential amplifier, which puts out volt
age Vu proportional to the difference between them. When no object intrudes into the electric field 
of the sensing electrode, the bridge remains in balance, and V

11 
- 0. When an object intrudes, it 

changes Cs, unbalances the bridge, and causes Vu to differ from zero. The c1oser the object comes to 
the sensing electrode, the larger (V) becomes. 

An additional output voltage KVr is available, where K is the amplification and Vr is the voltage 
on the reference electrode. 
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TOUCH SWITCH 

~-----------------+10 to 12 V 

To 
touch o-i 
plates -= 

WILLIAM SHEETS 

22 
Mn 

IC1b 

IC1A, B CD4093 sections 

'I\vo NAND Schmitt triggers are used as a flip-flop to produce a bridged touch switch. 

U1-a 
1/6 4049 

C1 
9·50pF 

C2 
9-50pF 

4•1N.x6-IN. 
PLATE 

ANTENNA 

POPULAR ELECTRONICS 

PROXIMITY ALARM 

U1-b 
1/s 4049 

C3 
680pF 

01 
1N914 

+ C6 
100 

02 
1N914 

C4 R2 
, 1 100K 

'=' 

+ 

01 
2N2222 

Fig. 94-4 

Fig. 94-5 
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Tracer Circuits 

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

658 

Wire Tracer 
Cable Tracer 
Signal Tracer 



WIRE TRACER 

C1 
.068 

~ R1 
47K 

7 6 5 

U1 
587 

3 4 

R4 
10K 

R5 
10K 

Q3 
2N39DI 

-.1... + 
0 o------:!."l •----1 

S1 81 

C4 + 
47 

R6 
47n 

J3 
COM. 

cs 
.01 

+9V 

At the heart of the McTrak is a 567 tone decoder. configured as a simple squarewai'e 
oscillator, operating at about 250 Hz. 

ELECTRONICS HOBBYIST HANDBOOK Fig. 95-1 

This tracer works ·by placing a square-wave signal on the line to be traced. The square wave is 
rich in harmonics. A small transistor radio placed close to a wire carrying this signal will buzz. The ra
dio, therefore, is used as a probe to trace out the wire. 

CABLE TRACER 

+t5Vdc------~ 

10 K -LM3909 
0.2 µF 

1 2 3 4 

Signal u----,-----+--' 
2 

K 

Groundu-----------

ELECTRONICS NOW Fig. 95-2 

This circuit generates a 1-kHz square wave 
for cable tracing. Because this circuit is simple 
and generates from 1.5 V, several can be used at 
the same time to generate multiple tones for 
tracing multiconductor cables. 

SIGNAL TRACER 

INPUT 

F\~,, 
01 
1Nl8B 

POPULAR ELECTRONICS 

CJ 
l 

R2 
2MEG --, 

I 
I 

)-----~ 
""i 

I 01 
: 9V 

t 
Fig. 95-3 

This circuit uses a simple detector-audio am
plifier. The output can be connected to head
phones or another audio amplifier. 
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Transmitter and Transceiver Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Wireless Guitar Transmitter 
Micro TV Transmitter 
Wireless Microphone 
FM Stereo Transmitter 
FMBug 
Low-Power VHF Beacon Transmitter 
Low-Cost 6-W, 40-M CW 'I'ransmitter 



ELECTRONICS NOW 

R3 
+IJ/2 22K 

+V R2 
221< 

R14 
47K 

0-. 
TOUCH O.lµF _ 

SENSOAS ' 
,,,0 B1 

..r:-°'s, 0----=I I----•• + 

-=" POWER 

WIRELESS GUITAR TRANSMITTER 

+V 

G23·- R7 
.001µF _1.~~G+ 

o, 

D3 
1NC148 

11M141 D2 
1114148 

C5 
.Olµf 

+V 

IC3 

£71, 
.llOl~f 

R24 
110!( 

VI LM29J1A.l-5.0VOt--..--___,.------. 
GND C22 

0.01 µF 

T 

R12 
1K 

IC4 

~OOlA 

NE802 

5 
C 

!C2-c 
CD.4086 

f I a, 
221)F 

L2 
.OIIJlH -

C17 
22pf 

R2J 
22K 

Fig. 96-1 

This transmitter has a built-in distortion effects unit and a touch svvjtch to s¼itch effects off and 011. The circuit operates 
from a 9-V battery. ICI-a and ICl-h are used in the effects circuitry. ICl-d is an input preamp and JC2 is a quad analog switch to 

~ handle audio switching. Ql acts as a varactor.diode modulator v,,rhile IC-4 is an 88- to 108-MHz FM oscillator . 
..J. 



MICRO TV TRANSMITTER 

J2 1-----------1-------------a- 0-..... ....,,,...--------,i.----;r.\PWR 
CAMERA 
MODULE 

r----- ----------, 
I J3 l 

: RCAJACK t-•-- -: ~~~i
1
~fi .__ _____________ ___. 

: 
I 
I 
, C6 

: 47µF 
I 
I 

' I 
I 
I 

: 

C7 
0.1 

i -C1 R1 l 56pF 2,7K 

C3 
2-10pF 

JACt< 

r---------------. I I 
I I 
I J1 I 

~---lf-.....,-fj9) RCAJACK I 

RfOUTPUT 1 

i ------------------------------------' t :._ ______________________ OPTIONAL COMPOSITE VIDEO OUTPUT (SEE TEXTI _____________________ -_______________ _J 

ELECTRONICS NOW Fig. 96-2 

For very low power, noncritical applications, this small TV modulator can be useful as a short
range (50 feet) transmitter for video signals. A small camera module can be used as a source. Rll is 
used to vary de offset of the modulator. 

~:>--------"ltvtt,,--e 

i 
I +9V 

...!. 

WIRELESS.MICROPHONE 

Vee 
R12 
100K C2 

AS 47pF 
6 12K 

R10 
1K 

C4 
fOpF 

ELECTRONICS EXPERIMENTERS HANDBOOK Fig. 96-3 

An op-amp IC (741) amplifies thE' audio signal from MICl, and R12 controls its gain. Audio is fed 
to the oscillator circuit QI and related components. D2 is a varactor diode. Audio fed to D2 caus~s FM 
of the oscillator signal. Ll is 2½ turns of# 18 wire on a ¾0

11 diameter form. The antenna is a 1211 whip. 

662 



FM STEREO TRANSMITTER 

Tl 

J1 
LEFT INPUT 

C23 
.0039 

1 R,. 

17 
MPX 
8AL 

AFGND 

111 L1• 

16 
MPX 
BAL 

osc 
AF BIAS BIAS 

2 4 

11 

VnEJ XTAL 

ICI 
8A1404 

PILUI MPX 
OUT OUT 

13 14 

THE HEART OF THE FM TRANSMITTER la a BA1404 FM atereo transmitter IC. 

MOD 
IN 

12 

The left lnput-algnal iev.111 ad}usted via A1, pre-emphasis IJJ provided by C1 and Rl, 
and audio is coupled by C10 into the kttl•channel Input. The right-ehannel Input 
circuitry ia ldentlcal. 

ELECTRONICS NOW 

~TAL 

DSC 

Rf 8 
GND 

osc 

S\ 

L2 
1p.li 

Fig. 96-4 

An FM stereo transmitter can be built around the BA1404 IC. This IC has all the functions nec
essary to generate an FM MPX signal. A separator oscillator circuit uses a 2N52 l O transistor -instead 
of the difficult-to-find 38-kHz crystal that is normally used. Tl is a 455-kHz IF transformer with 
0.0039-µF capacitance added across it to enable tuning to 38 kHz. With this circuit, oscillator stabil
ity should be adequate. 

McGRAW-HILL 

RI s1,470k 

_1 
.=.. 9Vdc 

b 

Mike 
S1 

FM BUG 

R4 
4.7k0 

R3 
!OkO 

condenser microphone 
switch 

LI 
OS1,1H 

L2 
05pH 

C4 
!OpF 

Fig. 96-5 
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R l 
5 l k 

R2 
lOk 

73 AMATEUR RADIO TODAY 

LOW-POWER VHF BEACON TRANSMITTER 

+3V 

Ul 

RS 
lOM 
1/BW 

LMC 555CM R6 
IM 

NC 

03 
MMBT3906 

C9 ClO 11000 !1000 

Ql 
MMBR95 lL 

A3 
330 

L2 
0.27,.._H 

CJ 
1000 

Rot 
39k 

02 
MMBR951L 

ANTENNA 

C7 
4, 7 

CG 
33 

RADIAL 

Fig.·96-6 

A crystal oscillator and tripler make up the low power beacon transmitter. U l generates a pulse 
that keys the transmitter at a 10:1 duty cycle (100 ms on, 1 s off) to conserve battery power. This 
transmitter was used as a locator beacon. 
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3 

4 

3 

4 

3 

POPULAR ELECTRONICS 

LOW-COST 6-W, 40-M CW TRANSMITTER 

vr 
12XXX 

Vl 
SOC5 7 

V2 2 
50C5 

R1 
100K 

V1 
50C5 

117V 11• 11 117V nDT2 

C1 
365pf 

6 

R2 
27K 
2W 

L1 
15T 

+ 

'=' 

C3 
20 

TO 52U OR 75U 
ANTENNA 

*SEE TEXT 

Fig. 96-7 

Ll and L2 are wound on a ½11 diameter form. Ll is 15 turns #22 plastic-covered wire, and L2 is 7 
turns #22 plastic-covered wire. 
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Ultrasonic Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Ultrasonic Remote-Control Tester 
illtrasonic Motion Detector 
Ultrasonic CW Transceiver 
illtrasonic Proximity Sensor 
Simple Ultrasonic Generator 
Ultrasonic Sound Receiver 



ULTRASONIC REMOTE-CONTROL TESTER 

+9V----.-----------, 

C1 

~pF 

UJ--i: 
MIC1 "=' 

AB 
47K 

+9V 

A12 
47K 

t=\1 
5.6K 

R3 
56K 

SAMPLE 
OUTPUT 

POPULAR ELECTRONICS 

R2 
56K 

C3 

01 
2N2222 

-=-

A15 
47K 

02 
1N4001 

-=-

R11 
1K 

01 
51V + 

ca 

5 

U2 
TAI.PO 

2 3 6 7 
C7 
10 

R16 
1K 

10 12 

A18 
560n 

Fig. 97-1 

This circuit picks up the ultrasonic tone via MICl, amplifies it, and divides it by 10 in IC U2, a 
741S90. The output of U2 drives an audio amplifier and a piezoelectric element is used as a speaker. 
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ULTRASONIC MOTION DETECTOR 

1-GV 

A11 
R12. 

15K 
251< 

-=-
01 

C6 2N3I04 LE01 .002 

~ 
8 7 

4 U1 
5fJ"l 

R14 
210n A6 

2 .,. 2.2K 
C1 C2 T 
.1 C7 .1 RS R7 R8 + 22 C9 2.2K 220K 220K 

470 

POPULAR ELECTRONICS Fig. 97-2 

A 567 PLL IC operates in a dual-function mode as a signal generator and an FM receiver. The 
567's square-wave output at pin 5 is coupled to the base of Ql, and from Ql's emitter to the input of 
the power amplifier (Q2 and Q6). The output drives the piezo speaker, SPKRl. 

The receive portion of the circuit operates as follows: transistors Q3 and Q4 are connected in a 
two-stage) high-gain, audio-frequency amplifier circuit, with the input connected to a second piezo 
speaker (SPKR2) operating as a sensitive microphone. The amplifier's output is coupled to the 567's 
input at pin 3. When an in-band signal is received, the LED lights. 

The 567's FM output is coupled from pin 2 to the input of a very-low-frequency single-transistor 
amplifier, Q5. The amplifierjs output at Q5's collector drives a voltage-doubler circuit (Cll, Dl, D2, 
and C12). The de output feeds a 0- to 1-mA analog meter. 

By placing the two piezo speakers one foot apart and aiming them in the same direction, toward 
a nonmoving solid object, the signal from the transmitter's speaker will reflect back into the receiver's 
speaker, and the frequency at the 567's input will be the same as the one being transmitted. 

The ac output at pin 2 is zero when th€ outgoing and incoming frequencies are the same. How
ever, when the signal is reflected from a moving object, the received frequency will be either lower 
or higher than the transmitted one. Jf the object is moving away from the speakers, the received fre
quency will be lower; if the object is moving toward the speakers, the frequency will be higher. 

The pin-2 signal is fed through a 470-µF capacitor to the base of Q5, where the signal is ampli
fied and fed to a voltage doubler, and then on to a meter circuit. 

If you wish, the voltage doubler and meter can be removed and replaced with headphones con
nected between the negative side of C 11 and circuit ground. That will allow you to listen to the dif
ference-frequency signal as objects move in front of the speakers. 
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ULTRASONIC CW TRANSCEIVER 

POPULAR ELECTRONICS 

With the telegraph key at S2 "up" (open), 
the 567 PLUs input at pin 3 is coupled to the 
output of Q3. Transistors Q3 and Q4 are operat
ing in a high-gain, two-stage audio-amplifier 
circuit. The piezo speaker is coupled to the in
put of the amplifier though a 0.1-µF capacilor 
and a 680-n isolation resi-stor. 

In the receive mode, the piczo speaker oper
ates as a sensitive microphone. Ultrasonic signals 
travel from the microphone through the two-stage 
amplifier to the input of the 56 7, and, if the signal's 
frequency is within the IC's bandwidth, the LED 
will light and piezo-sounder BZl will sing out for 

Fig. 97·3 

each ''dit" and '\lah" received. The receiver can be 
tuned to the incoming ultrasonic signal by adjust
ing Rl 7. Of course, adjusting that potentiometer 
also changes the transmitter's frequency. 

The transmitter operates each time the 82 is 
closed. When the key is closed, diode D3 supplies 
a path to ground for BZI, causing that sounder to 
produce an audible signal for each "dif' and "dah" 
transmitted. Also, Q2's bias is taken to ground 
through D2, allowing Ql to pass the 567's square
wave signal on to the input of the power amplifier 
and out through the speaker. 

ULTRASONIC PROXIMITY SENSOR 
+12\1 

POPULAR ELECTRONICS Fig. 97-4 

A 100-kQ potentiometer, R4, sets the cur
rent fed to the Sonalert sounder. The poten
tiometer is adjusted to a point where the sounder 

just begins to make an audible sound. A single
transistor audio amplifier (Ql) is coupled to the 
positive side of the sounder and its output is fed 
to a voltage-doubler circuit. The doubler's de out
put drives the base of Q2, whlch, in tum, oper
ates the relay (Kl). As long as the Sonalert is 
producing a sound, the relay stays energized. 

When a solid object is moved in close prox
imity to the front of the sounder, the Q of the 
piezo element is lowered and the Sonalert's inter
nal circuit ceases to operate; as a result, the relay 
drops out. By carefully adjusting R4, the circuit 
can be made .q_uite sensitive. 
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POPULAR ELECTRONICS 

SPKR1 

3 

C11 
.1 

POPULAR ELECTRONICS 

SIMPLE ULTRASONIC GENERATOR 

A10 
4 7K 

C4 
.0022 

6 

U1 
667 

2 

'=-

Fig. 97-5 

This basic ultrasonic generator can be built 
easily and quickly. An NE555 drives a speaker. 
The frequency range is 12 to 50 kH~. SPKRl is 
a piezo tweeter, etc. 

ULTRASONIC SOUND RECEIVER 

R12 
50K 

5 

4 

C12 

cs 
.01 

+9V 

C9 + 
47 

AUDIO 
OUT 

Fig. 97-6 

You won't be disappointed with the performance of this sensitive ultrasonic receiver. It can let 
you listen to bugs, bats, engines, and virtually any other source of ultrasonic sounds. This circuit uses 
a piezo tweeter as an ultrasonic microphone, amplifier stages Ql, Q2, and an LO using a 567 IC. Q3 
is a mixer that heterodynes the ultrasonic sounds down to the audible range. U2 is an amplifier that 
will drive a pair of headphones. 
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98 

Video Circuits 

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

Video Titler 
Video Amplifier 
RGB Video Amplifier 
One-of-1\vo Video Selector 
NTSC-to-RGB Converter 
Video IF Amplifier/Detector 
Video Cable Driver 
Simple NTSC Gray-Scale Video Generator 
LM1201 Video Amplifier 
Simple Video Gray-Scale Generator European Line Standard 
Video Switrh 
Adjustable Video-Cable r~qualizer 
Video Summing Amplifier 
Video Amplifier 
Twisted-Pair Video Driver/Receiver Circuit 
250-mA 60-MHz Current-Feedback Amplifier for Video Applications 
Video Driver/Amplifier 
-Video Line Driver 
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DB9 
MALE 

(TO VIDEO TITLER) 

089 
MALE 

2 

(TO VIDEO TITLER) 

089 
MALE 

1 

9 

(TO VIDEO TITLER) 
1 

VIDEO TITLER (Cont.) 

IBM PC/AT RS232 SERIAL CABLE 

a 

IBM PC/AT KEYBOARD CABLE 

5 PIN DIN 
RECEPTACLE 

(TO KEYBOARD) 

"-------------
2
--1---0 (DATA} 

b 

RS415 CABLE 

(SPARE) 

(GROUND) 

(CLOCK) 

t+SVOC} 

089 
FEMALE 
(TOPC) 

5.p1t,J DIN 
RECEPTACLE 

,Q9 
~ 

2 

n·o AS485 NETWORK) 

C 

There is a different cable for each interlace. The RS-232 serial cable is shown in a, the 
PC/AT keyboard cable is shown in b, and the RS-485 cable is shown inc. 
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VIDEO TITLER ( Cont.) 
The figure shows the schematic of the video titler circuit. The power-on reset function is generated 

by IC7, a Maxim MAX699 reset, and watchdog pulse generator. That device supplies a reset pulse-of 140 
to 500 ms at power-up. This is accomplished with some external parts, as well as the OSD controller in 
ICl. fust, the horizontal and vertical sync from the composite video input is detected by IC2 1 which is 
set for NTSC specification horizontal and vertical synchronization timing via resistor R4. 

The detected horizontal and vertical sync is fed to ICL The OSC controller in ICl uses these sig
nals to internally synchronize the overlay text to the incoming video. The frequency of the dot clock 
is controlled by components Ll, C5, and C6. Text is overlaid by video multiplexer IC5, which is con
trolled by ICl. 

The overlay character outline and intensity are controlled via solid-state potentiometers, allow
ing the microcontroller to control the position of their wipers and store the settings in an onboard 
EEPROM. The microcontroller's OSC logic controls the multiplexer tintl11g from the BF (ICI, pin 30) 
and VIDCTL (ICI, pin 25) signals. The BF signal switches the video multiplexer between character 
and character-outline video, and VIDCTL switches the multiplexer between the input video and the 
overlay video from ICl. The de levels from IC3 and IC4 set the character and outline intensity, and 
these levels are fed to video multiplexer IC5. 

The video titler can store and recall text from EEPROM IC6, which has enough capacity to store 
one overlay screen and other required data1 such as network address, horizontal and vertical overlay 
fine position, and type of interface. 

The RS-232 interface is provided by a MAX202 transceiver. The RS-485 interface is provided by 
an LTC485 transceiver that provides both transmit and receive functions. The keyboard interface is 
basically a direct connection to the microprocessor. 

VIDEO AMPLIFIER 
75U 

909}} 909U 75n CABLE 

•~"our11 

V ,¢,75!l 

Vol.IT #2 

ANALOG DEVICES Fig. 98-2 

The AD8001 has been designed to offer outstanding performance as a video line driver. Theim
portant specification of differential gain (0.01 %) and differential phase (0.025°) meet the most ex
acting HDTV demands for driving one video load. The AD8001 also drives up to two back-terminated 
loads with equally impressive performance (0.01 %, 0.07°). Another important consideration is isola
tion between loads in a multiple-load application. The AD8001 has more than 40 dB of isolation at 
5 MHz when driving two 75-il terminated loads. 
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RGB VIDEO AMPLIFIER 

R!llO 

,v 

:~ 1--------1 

Tuft~(cit------+---11~1 
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~~-

4V 

RlO!l 100k 

O.Ol>lf 

NATIONAL SEMICONDUCTOR Fig. 98--3 

This circuit is a three-channel RGB video amplifier with individual brightness, black level and 
drive controls. 
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ONE-OF-TWO VIDEO SELECTOR 
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Fig. 98-4 
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RADIO-ELECTRONICS 
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NTSC-TO-RGB CONVERTER 
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Fig. 98-5 

This circuit takes baseband NTSC video, decodes it, and derives RGB video suitable for driving a color multisync computer 
monitor. This enables the user to take advan~age of the generally better resolution of computer monitors. 
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NATIONAL SEMICONDUCTOR 

MAXIM 

VIDEO IF AMPLIFIER/DETECTOR 

SAW Filter-MuRata SAF45MC/MA 

L1-9 ½T} #22 wire 
l2-4 1/ 1 T on 3.16. form wtth 

L3-6 ½T HF core, shielded 

All caps in uF unless noted 

VIDEO CABLE DRIVER 

This is a MAX436 coaxial-cable driving circuit. 
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SIMPLE NTSC GRAV-SCALE VIDEO GENERATOR 

'R3 Ideal Velue• 13.5K 

a 13 

73 AMATEUR RADIO TODAY 

01 
2NUUA out 

+ C3 1.0µ1. 
Video Output 

(75R) 

ov 

Fig. 98-8 

A 4.032-MHz crystal oscillator (256 x horizontal line scan rate) drives a BCD counter. The binary 
outputs of the counter are fed to R2 through R5, a.simple weighting network ·for DIA conversion, re
sulting in a staircase video output with a rep rate of 15.75 kHz. This circuit should be useful for am
ateur TV linearity testing and setup purposes. 

LM1201 VIDEO AMPLIFIER 
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NATIONAL SEMICONDUCTOR Fig. 98-9 

This video amplifier has 75-Q bi-phase outputs. 
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SIMPLE VIDEO GRAY-SCALE GENERATOR EUROPEAN LINE STANDARD 

( SIMPLEST PATTERN GENERATOR ) 

• IDEAL VALUE 1 3K5 

1 MHz 10M 10,..... ________ .. 
______ ..,.CK V+ 

4060 

G 
8 

73 AMATEUR RADIO TODAY 

ADJ 

( ZUABS) 

+4 TO +12 VOLTS 

BCS.8 

VIDEO OUTPUT 
[75R) 

ov 

Fig. 98-10 

A simple gray-scalf' generator «.-.~_,,.,..,,.,,..,, waveform) can be obtained ·with a CD40o0 counter, a 
1-MHz oscillator, and several resistors to act as an elementary DIA converter to convert the 
binary count output to analog equivalent. This circuit is for European (PAL) standards. 

VIDEO SWITCH 
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+sv 

7SA z0 :75tl. 

75!J. 

Fig. 98-11 

Using National Semiconductor LH4266 and LH4006, this circuit switches one of two inputs to 
four output (75 Q) lines. 
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LINEAR TECHNOLOGY 

ADJUSTABLE VIDEO-CABLE EQUALIZER 
1 5k 

VFS (LT1256 PIN 12) 
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LT1256 

15k ,.,. a~f 12k 

'=-'::' 

'" "" ... ,..,. 
":" 

OVERALL GAIN 
ADJUST 

VIDEO 
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Fig. 98-12 

The figure is a complete schematic of the cable equalizer. The LT 1256 (Ul) is a two-input/one
output 40-MHz current feedback amplifier with a linear control circuit that sets the amount that each 
input contributes to the output. One amplifier (input pins 1;3 and 14) of the LT1256 is configured as 
a gain or one with no frequency equalization. The other amplifier (input pins 1 and 2) has frequency 
equalizing components in parallel with the 12-kO gain resistor. An additional amplifier (U2, LTl 227) 
is used to set the overall gain. 1\vo amplifiers were used here to make setting the gain a single ad
justment, but in a production circuit, the LT1256 can be configured to have the necessary gain m1d 
the whole function can be done with one chip. 
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Fig. 98-13 POPULAR ELECTRONICS 
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Fig. 98-14 
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TWISTED-PAIR VIDEO DRIVER/RECEIVER CIRCUIT 

+5V 

MAXIM Fig. 98-15 

This circuit should be useful where a twisted-pair video line is to be used. RI is adjusted for 
proper gain (monitor brightness and contrast) and Cl is adjusted for best color. 

250-mA 60-MHz CURRENT-FEEDBACK AMPLIFIER FOR VIDEO APPLICATIONS 

LINEAR TECHNOLOGY 

682 

Noninverting Amplltier with Shutdown 

'OPTIONAL. USE' WITH CAPACITIVE LOADS 
"GROUND SHUTDOWN PIN FOR 

NORMAL OPERATION 

Large-Signal Response, Ct• 10,000pF 

Fig. 98-16 
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WILLIAM SHEETS 

VIDEO DRIVER/AMPLIFIER 

3300 

330 
n 

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

Fig. 98-17 

This simple circuit has a voltage gain of about 5x and will drive low-impedance loads (75 Q) to 
1.5 V p-p or better. 

ANALOG DEVICES 

Ra 
6490 

VIDEO LINE DRIVER 

Ry1 

75U 750 CABLE 

Vour •1 

Vour 112 

Fig. 98-18 

This video buffer/line driver operates at a _gain of +2 and drives a pair of 75-'1 lines with 75-Q 
back terminations. The overall terminated gain is unity. 
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Voltage-Controlled Amplifier Circuits 

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

684 

Voltage-Controlled Amplifier 
Voltage-Controlled Audio Amplifier 
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ANALOG DEVICES 

VOLTAGE-CONTROLLED AMPLIFIER 
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Fig. 99-1 

A constant or varying signal applied to the X input, Ee, controls the gain for a constant or vari
able signal applied to the Y input, Ein· The inputs could be interchanged. 

For this circuit, the "set gain" potentiometer is typically adjusted to provide a calibration for gain 
of Z IO per-V-of-Ec. The bandwidth is de to 30 kHz, independent of the gain. The wideband noise 
(10 Hz to 30 kHz) is 3 mV rms, typically, corresponding to full-scale signal-to-noise of 70 dB. Noise, 
referred to the signal input (Er:::: ±5 V) is 60 µV nns, typically. 

VOLTAGE-CONTROLLED AUDIO AMPLIFIER 
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The LM389 has internal transistors used in this circuit. 
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Fig. 99-2 
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Voltage-Controlled Oscillator CircuUs 

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

Three-Decade VCO 
Voltage-Controlled 'l\vo-Phase Oscillator 
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THREE-DECADE VCO 
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POPULAR ELECTRONICS 
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A range of 10 Hz to 10 kHz is covered by this circuit. 
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ANALOG DEVICES 

Fig. 100-1 

Fig. 100-2 

This circuit uses two multipliers for integration-with-controllable-time-constants in a feedback 
loop. R2 and R5 will be recognized in the AD534 voltage-to-current configuration; the currents are 
integrated in Cl and C3, and the -voltages they develop arc connected at high impedance in proper 
polarity to the X inputs of the "next" AD534. The frequency-control input, EY, varies the integrator 
gains, with a sensitivity of 100 Hz/V, and frequency error typically less than 0.1 % of full scale from 
0.1 V to 10 V (10 Hz to l kHz). C2 (proportional to Cl and C3), R3, R4 provide regenerative damp
ing to start and maintain oscillation. Z

1 
and Z

2 
stabilize the amplitude at low distortion by degenera

tive damping above ±10 V. 
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Voltage-Measuring Circuits 

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

688 

Meter Amplifier for 1.5-V Supply 
Voltage Monitor 
ac Voltmeter Has Unique Features 
de Voltmeter 
Expanded-Scale de Meter for 12-V Systems 
Simple 3-Digit DVM 
Inexpensive Voltage Calibrator 
Double-Ended Voltage Monitor 
Audible Voltage Indicator 
Low-Drain Meter Amplifier 



METER AMPLIFIER FOR 1.5-V SUPPLY 

INPUT 
IOmV.100nA 

R1 
100k 
1% 

R2 
UM 

1% 

FULL SCALE _...., ____ ----1 

...._ _ ___..,__.__-er S1 

NATIONAL SEMICONDUCTOR 

RS + at 

SJk UV 

Fig. 101-1 

An LMl0 is used as a meter arrLplJlller. Accuracy can be maintained over a 15°C to 55°C range for 
a full-scale sensitivity of 10 mV and 100 nA. The offset voltage error is nulled with R5, and the bias 
current can be balanced out with R4. The zeroing circuits operate from the reference output and are 
essentially unaffected by changes in battery voltage, so frequent adjustments should not be neces
sary. Total current drain is under 0.5 rnA, giving an approximate life of 3 to 6 months with an "AA" 
cell and over a year with a "D" cell. With these lifetimes, an ON/OFF switch might be unnecessary. A 
test switch that converts to a battery-test mode might be of greater value. 

R3 

R2 

MAXIM 

VOLTAGE MONITOR 

V1N Vorn = 5.5V 
VuTH "'4.5V 

Fig. 101-2 

A MAX923 dual comparator is used as a window detector. For a threshold of 4.5 V and 5.5 V, 
R1 = 1.068 Mn, R2 61.9 kn, and R3 = l Mn. 
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ac VOLTMETER HAS UNIQUE FEATURES 

sov 

S2A 

(Non•shortiog I 

.._ ___ ..._-o 150 V 

To 
meter 

section 
!fig. 2) 

ELECTRONIC DESIGN 

690 

1N4001 
-15 V 

300 k 
0.24 
µF 

565,1% 

1N40D1 

Low-pm Hiler 

0 

S2B 

100 k 

+ 
THIS meter teale ean be enlarged 
on a topler and aiiacbed to a meur f11r:t 

for thf diaal-9cale 11r: voitmeter. 

Fig. 101-3 
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ac VOLTMETER HAS UNIQUE FEATURES (Cont.) 

/POI~ 0 o a 
22M 

S4C o 

+ 
6.8µF,16V -

0.047 µ.F 

E-i Peak 
_ Average 

+15 V 

Though it's built with standard components, this ac voltmeter contains many features not typi
cally found in commercial meters; the most unusual is a selection of rectification modes. The meter 
responses available include true RMS (TRMS), average, RMS-calibrated average responding, positive 
peak, negative peak, positive-peak hold, and negative-peak hold. 

High- and low-pass filters (SI and 86, respectively) allow the -3-dB-passband to be varied from 
as little as 10 Hz to 200 Hz, to as wide as de to 500 kHz. The low-pass filter also is effective in the lO0x 
amplifier mode, where the input equivalent noise level is only 0.3 µV, with IO-kHz roll-off. 
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de VOLTMETER 

Resistance Values for a DC Voltmeter 

V FULL SCALE 

10 mV 

1D0 mV 
w 

10V 
100V 

Rv (!1] Rt [n] 

100k 

1M 

10M 

10M 

10M 

1.5M 

1.5M 

1.M 

300k 

30k 

A, 

.,.~v 

-UV 

VOL TMETEA 

R•, (n] 

1.SM 

1.5M 

1.SM 

0 
0 

NATIONAL SEMICONDUCTOR Fig. 101-4 

A wide-range voltmeter circuit. This inverting amplifier has a varying from -30 for the 
10-mV full-scale range to -0.003 for the 100-V full-scale range. Diodes D1 and D2 provide com
plete amplifier protection for input overvoltages as high as 500 Von the 10-m V range, but if .over
voltages of this magnitude are ex1pe(:;r,ea under continuous operation, the power rating of Rv shou}d 
be adjusted accordingly. 

QST 
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EXPANDED-SCALE de METER FOR 12-V SYSTEMS 

+ { >--------4-----------, 

R1 
2.2k 

D1 

,ov 
400 mW 

Ml 
0-1 mA 

Fig. 101-5 

This circuit can be used to monitor a 12-V 
system with a meter reading 10 V Lo another volt
age. Expect 10 to 20 V, depending on the 
of R2. Depending on the characteristics ofDl, Rl 
might be increased or eliminated entirely. 



+5 

Input to be meflsuroiti 

100k 

10k 

SIMPLE 3-DIGIT DVM 

15f----------l 

131-----------11 
121-----------1 

CA3162E 111-----------1 
10t---------l 
9f--------l 
15f--------l 
u.1----------1 

12 16 

73 AMATEUR RADIO TODAY Fig. 101-6 

A CA3162ZE A-D converter drives a CA3161 BCD decoder/driver and LED display to form a sim
ple DVM circuit. The 50-kQ gain control and 100-kn/10-kQ voltage divider determine full-scale 
range. 

POPULAR ELECTRONICS 

INEXPENSIVE VOLTAGE CALIBRATOR 

__ ...,_---1i,-------+-------cr-· on-----• +9-12Y 

C2 
470 

A1 R2 
4700 10K 

u, 
555 

2 

C1 
.22 

3 

$1 

0 

U2 
7805 

G 

4V 

3V 

2V 

1--...., _ ___.~_.-----------e-----11N1iP-e---01V 
+ 

Fig. 101-7 

In the voltage calibrator, two low-cost ICs~a 555 oscillator/timer and a 78055 5-V 1.5-A voltage 
regulator-along with a precision voltage divider network are used to provide outputs of 1- to 5-V 
peak-to-peak. 
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DOUBLE-ENDED VOLTAGE MONITOR 

R1 ,m 

..----.------ v• 
VTH' = 15V 

DI ~H '-"" 6V 

c, 
20;,F 

llash rate mcraesas 
abo\le6Vand 
below 15V 

NATIONALSEMICONDUCTOR . Fig. 101·8 

This circuit has the added feature that it can sense an over-voltage condition. The lower activa
tion threshold is given by equation (1), but above a threshold, 

R4(RI + R2) v,u:F 
VTH 

RI (R3 + R4) -R3(R1 + R:!.) 

oscillation again ceases. Below V:1w the op amp output is saturated negative, but above Vru, it is sat
urated positive. The flash rate approaches zero near either limit. 

POPULAR ELECTRONICS 

AUDIBLE VOLTAGE INDICATOR 

D1 
1N4004 

D3 
1N4004 

R1 
2.2K 

D2 
1N4004 

4 TO 200V 
AC/DC 

.....---"-----

05 
12V 

04 
1N4004 

A2 
56K 
1W 

HIGH 

Fig. 101-9 

The audible voltmeter can be used to test for ac or de voltages in a circuit. With 81 closed, the 
circuit can be used to test for voltages between 4 and 24 V, and when Sl is open, it can be used to 
check for the presence voltages of up to 200 V. 
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LOW-DRAIN METER AMPLIFIER 

-L5V 

NATIONAL SEMICONDUCTOR Fig. 101-10 

Meter amplifiers normally require one or two 9-V transistor batteries. Because of the heavy cur
rent drain on these supplies, the meters must be switched to the OFF position when not in use. The 
meter circuit described here operates on two 1.5-V flashlight batteries and has a quiescent power 
drain so low that no on/off switch is needed. A pair of Eveready No. 950 "D" cells will serve for a min
imum of one year without replacement. As a de ammeter, the circuit will provide current ranges as 
low as 100 nA full-scale. 

The basic meter amplifier circuit shown is a current-to-voltage converter. Negative feedback 
around the amplifier ensures that currents IrN and 1

1 
are always equal, and the ltigh gain of the op amp 

ensures that the input voltage between pins 2 and 3 is in the microvolt region. Output voltage V
0 

is 
therefore equal to -ltRr- Considering the ±1.5-V sources Vend of life) a practical value of V

0 
for 

full-scale meter deflection is 300 m V With the master bias-current setting resistor (R ) set at 10 MQ, the 
s • 

total quiescent current drain of the circuit is 0.6 µA for a total power supply drain of 1.8 µW. The input 
bias current, required by the amplifier at this low level of quiescent current, is in the range of 600 pA. 
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102 

Waveform Generator Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 
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Simple Triangle Waveform Generator 
Triangle-Wave Generator 
Generate Accurate PWM Signals 
Triangle-Wave Generator 
Low-Frequency Pulse Generator 
Sine/Cosine Audio Generator for Galvanometer Experiments 
Basic 555 Monostable 
Op-Amp Sawtooth Generator 
Digital Sine-Wave Generator 
Signal Source for Audio Amplifier/Inverter 
Simple Test Signal Generator 



SIMPLE TRIANGLE WAVEFORM GENERATOR 

+9-12V 

JlJ 
8-11V p.p 

4 R2 200Hz 

3 100K .SV P-P 1\/V'v 200Hz 
R1 
47K C1 

.1 

( 

POPULAR ELECTRONICS Fig. 102-1 

The circuit is a triangle waveform-generator circuit that uses as few parLs as possible. A 555 
timer IC, Lwo resistors, and two capacitors make the triangle waveform. The IC is connected in a 501N1 
duty-cycle astable square-wave oscillator circuit. The square-wave output is fed from pi.Ii 3 of the IC 
to an RC shaping circuit. 

·when the 5551s square-wave output goes high, C2 begins to charge Lhrough R2 and the voltage 
across C2 increases as long as the output remains high. When the IC's output goes low again, C2 be
gins to discharge through R2 reducing the voltage across C2 as long as the output remains low. The 
resulting waveform across C2 takes the shape of a triangle. The best waveform linearity is obtained 
when R2 and C2 are made as large as possible. With the component values shown, the peak-to-peak 
output is 0.5 Vat a frequency of about 200 Hz. 

POPULAR ELECTRONICS 

R1 
10K 

TRIANGLE-WAVE GENERATOR 

C2 + 
4.7 

C1 
.22 

.----------•---+9V 

R2 
10K 

C3 + 
220 

2Vpp 

>------1---0 50-60Hz 
OUT 

Fig. 102-2 

This oscillator, which is built around an LMI 458 dual op amp and a few inexpensive components, 
produces a 2-V peak-to-peak, triangular waveform. 
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GENERATE ACCURATE PWM SIGNALS 

IC2 

CLK 
00 

2 lC3A PWM 
01 4 

ou1 
02 7 ·1 03 
04 

- - 05 5 06 6 
117 g 

-Off /On 
08 

11 
09 

·select tor 10X the co 12 
47 k 

desired PWM frequency 4017 
Vee -

ELECTRONIC DESIGN Fig. 102-3 

Accurate 10 to 90% duty-cycle PWM signals can be generated using this simple circuit setup. 
The desired duty cycle is selected by a single jumper block. PWM clock IC 1 runs at 1 Ox the desired 
pulse drive frequency. IC2, a 4017 divide-by-IO counter, decodes the clock pulses into one of 10 out
puts. Output 0 resets IC3, the PWM latch. The latch stays reset until the desired duty-cycle output 
set by the jumper block is reached. At this point, the PWM latch is set, and the PWM output line re
mains high until output 0 is decoded again. 

By calling IC2's output (0) the "reset" line for the latch, the PWM output is forced inactive if the 
jumper strap is removed to change duty cycles without first powering down. 

Using the zero-state reset allows IC2's reset pin to be used as an on/off control line for the cir
cuit. The complementary PWM output could be used in a full bridge design. 

ELECTRONICS NOW 

TRIANGLE-WAVE GENERATOR 

F - 1 
- 1.4 RC 

Triangle 
wave 
out 

Fig. 102-4 

The first two gates are set up as a square-wave oscillator, and the last one makes the conversion 
to triangle waves. 
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LOW-FREQUENCY PULSE GENERATOR 

01 

1N9U R2 
5M 

Cl 
T,0011,4F 

NATIONAL SEMICONDUCTOR 

R4 
lM 

..L 

4 

- RS 
2M 

g 
• u 

10.000 

~ 1,000 
= 0 ...., 
cc 
I.. 

100 
10011 

.... ..... 

R7 
911( 

.... II, 

+SV 

9 

~ 
---

SM 

Pulse frequency vs. R2 

_ILfl 

Fig. 102-5 
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SINE/COSINE-AUDIO GENERATOR FOR GALVANOMETER EXPERIMENTS 

·McGRAW-HILL 

Cosine 
output 

r------------------f.Q 

C1 C3 
IC1 
J1 . .J2 

1 µ.F polarized electrolytic 
LM747 dual op amp IC 
1 /s-1nch miniature phone Jack 

All resistors are 5 to 1 O percent tolerance, 1/4 watt 
All capacitors are 10 to 20 percent tolerance. rated 
at 35 volts or more 

S11u: ourput 

R2 
l 2k.O 

1~~Q Frequency 

Cl 
lµF 

Fig. 102-6 

This circuit shows how to implement a sine/cosine audio generator for operating two gal
vanometers. 

BASIC 555 MONOSTABLE 
+v 

R1 

4 8 
7 

6 
+ Cll Output 

555 3 

Trigger 
in 

2 
"""5 

lC2 rh 
McGRAW-HILL Fig. 102-7 

T + 1.1 RlCl 
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OP-AMP SAWTOOTH GENERATOR 
i-------·••- -----1--------+12v 

01 R9 
1N914 SOOK 

1:14 fadJ 

D3 R2 

R3 
104< +:=: C4 

I 470 
-= 

1N914 10K 6V P-P 
D4 .--------+---+--<> ....-1 ........-1 ,.,...., 

1Nirt4 / V V I 

A1 
1K 

C1 
.2 

POPULAR ELECTRONICS Fig. 102-8 
The sawtooth generator circuit shovvn is reset at the end of each cycle. The result is a constant 

peak-to-peak output throughout the cin.:uit's frequency range. 
The constant-current generator circuit, the voltage-follower circuit, and the comparator circuit 

produce the waveform. A 555 timer IC (U2) is configured as a one-shoL multivibrator that's triggered 
by the c:omparator's negative output pulse. 

DIGITAL SINE-WAVE GENERATOR 

ELECTRONIC DESIGN Fig. 102-9 

The sine-wave generator starts 'With an 8-MHz signal and divides it by eight to obtain 1 MHz at 
Cl (ICl's 2-MHz and 500-kHz outputs can serve as altemaLe drive signals). Ql level-shifts the 1-MHz 
pulses so that they can drive the bipolar circuitry necessary for producing a bipolar output. Syn
chronous counter IC2 divides 1 MHz by 256 to give the desired output frequency (3906 Hz), and IC3 
filters the harmonic frequencies. 

The filter's clock is taken from the first divide-by-2 tap of IC2 to assure a 50% duty cycle. IC2 fur
ther divides this signal liy 128 to ensure that the filter's input signal (1 MHz/256) falls within the flat 
portion of the filter response. 

The output of the switched-capacitor filter resembles a sampled sine wave. It can be smoothed 
by building a first- or second-order low-pass filter around the otherwise uncommitted output op amp. 
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SIGNAL SOURCE FOR AUDIO AMPLIFIER/INVERTER 
C 

When R is in ohms. 
When C is in µF. 

IOOµF 
1N914 

Square-wave 
>-.111----- output 

5,6 ill 

McGRAW-HILL Fig. 102-10 

'Iwo op amps (741, etc .. ) are used in this oscillator circuit. A square wave is available and a sine 
wave, obtained by shaping the triangle waveform, is also provided. 

ELECTRONICS NOW 

SIMPLE TEST SIGNAL GENERATOR 

+V 

a 4 

555 R3 
SK 

GAIN OUTPUT 

Fig. 102-11 

An NE555 generates signals for test purposes. Frequency range is from 20 Hz to 10 kHz, de
pending on the setting of S 1. + V is 5 V. 
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103 

Waveguide Circuits 

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

IO-GHz Waveguide Detector for Amateur Radio Use 
10-GHz Waveguide Transition for Amateur Radio Use 
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10-GHz WAVEGUIDE DETECTOR FOR AMATEUR RADIO USE 

·········r-··· 

3/4" 

Threaded Type 
BNC, SMA Or N Connector 
(BNC Is Best Fit) 

1 
N 

RF Choke Made 
From Brass Slug 
.250 Dia. Insulate 
From Brass Tube 

2 1 N23 Mixer Diode 
3 10 GHz Mixer 

Waveguide 
Flange 

7l 
1/4 

Brass Block 
Snug Fit To 
Bottom Of 
1N23 Diode 

Xg Dimension Back Of Waveguide To 
Center Of Probe Or Mixer 

73 AMATEUR RADIO TODAY Fig. 103-1 

This shows the construction of a waveguide detector for use at the 10-GHz amateur radio fre
quencies. 

10-GHz WAVEGUIDE TRANSITION FOR AMATEUR RADIO USE 

73 AMATEUR RADIO TODAY 

Flush Mount Type 
BNC, SMA Or N 
Connector 
Center Pin On 
Xg Back Of Guide 
Spacing 

Dimension From Flange To 
Probe Or Mixer Diode Not 
Critical. Space To Suit 
Your Needs 

Fig. 103-2 

A transistor adapts the waveguide to coaxial cable or other types of transmission lines. 
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104 

White-Noise Generator Circuits 

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

Zener-Diode White-Noise Generator 
White-Noise Generator 
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WILLIAM SHEETS 

ZENER-DIODE WHITE-NOISE GENERATOR 

10 µF + 
16 V 

5.1 V 
ZD 

+9V 

Fig. 104-1 

This circuit uses a Zener diode as a noise source. C is chosen to pass the lowest-desired fre
quency components of the noise. 

WHITE-NOISE GENERATOR 

+24V 

10 µF 
+ 6_ 

WILLIAM SHEETS Fig. 104-2 

Here, a 2N3904 E-B junction is used as a noise generator, reversed bias. C is chosen to pass the 
lowest-desired frequency components of the noise. 
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antomatie lurn-off, IV-54 
8 mmute delay, IV-52 

baby-alPrt trmtsnutter/rece1ver, V-
95-90 

backnp battery low alam1, VT-110 
bPlls, electronic, II-33. 1-626 
blov1rn ruse, l-10 
boat, l-!3 

detector. VI-2fi6 
alanns, III-8, III-9, IV 86, VI-

burMlur chaser, V- lfi 
latching circmt, l-8, 1-12 
NC and NO switches, lV-87 
NC s,v:itches, JV-87 

011c-clrip, III-5 
self-hltching, IV-8fi 
tirned shutoff, IV-8:i 

camera triggered, III-444 
c .. a.pacitivc sensor, III-SH, 
r:un-ent monitor and, ITI-838 
dark-aelivated alarrn, pulsed tone 

output, V-13 
delayed alann, V-4 
diffei·eHtial voltage or current, 11-3 
digital clock drcuit ·with, III-84 
door-ajar, 11-284, III-46, VI-14 

Hall-effetL circuit, III-2fi(i 
tioor mlmler, V-5 
doorbells ( see annuciators) 
rlriver, lii,~.h-power alarm driver, V-2 
exit delay for burglar alanns, V -I 0 
fail-saie, semiconductor, HT-ti 
fip.Jd disturbance, II-507 
fla.'iher s.i.t(rn!l, V-197 
flashm~ brake light for motorcycles, 

V1-l2 
flex swilch alarm sounder, V-15 
flood, 1-!J\.l0, III-206, IV-188, V-:374 
free:wr meltdown, I-13 
hea~hts-on, UI-52, V-77 
heat-activated alarm, V-9 
higltllow-limit, I-151 
home security system, 1-6, IV-87, 

Vl-10-11 
ice formation, II-58 
rnfrarcd wireless system, TV-222-

22:.l 
lutching relay alarm circuit, Vl-569 
light-activated, V-9, V-27a 

high-output, pulsed tone, V-14 
precision design, V-12 
precision v.ith hysteresis, V-14 
self-latch, tone output, V-15 
with latch, V-12 

~ht-beam intrnrler-deteclion 
-alarm, V-11, V 13 

loop c1rcmt alarms 
closed-loop, V-8 
multi-loop parallel alarm, V-2 
parallel, V-3 
series/parallel. V-:J 

low-batter;,r rl1scorn1ecl and, III-65 
low-batter;,r warnutg, lll-5!) 
low-volts. II-49::J 
motorcycle alarm, Vl-13 
motorcycle bmglar alarm, VI-lf> 
motorcydP horn alarm, VI-14, VT-lfl 
multiple cil'cuit for, II-2 
no-doz!' alarm, V-8 
one-chip, 111-5 
photoelectric, 11-4, II-310 
piezoPlec:tric, 1-12, V-10 
power failure, 1-581, I-582, IH-=il l 
prmter error, lV-106 
proximity, ll-506. III-517, V-485-

486, Vl-657 



pulsed-lone, 1-11, V-fl;i9 
purse-snalcher, caparitanr.e 

opcralcd, l-i:34 
rain, 1-442, J-443, TV-189 
road ice, II-57 
security, 1-4, 111-3-9 
sclf-anni,ig, 1-2 
sensor amplifier. sensor amplifier, 

VJ-52 
shutoff, automatic, I-4 
s~nal-recept.lon, rnre1vers, III-270 
SJ.lent alnrm, V-lo 
siren, V-559 
smoke alarms. H-278, III-246-253 

gas, l-:J:J2 
ioruzaUon chamber, 1-332-333 
line-operated, TV-140 
opcralcd ionization type, I-596 
photoelectric, line-operated, I-596 
SCR, III-251 

solar powered, I· 18 
sonic defenders, TV-,q24 
spaceship alarm, V-560 
speed, Hl5 
St.ar Trek red alert, II-577 
strobe flasher alarm, IV-180, V-6 
tampl'rproof burglar, T-8 
tempcraLure (see also temperature-

relalcd circuits), H-4, II-613 
adjustable U1reshold, H-64/1 
light, radiation senslt.lve, II-1 

timer, II-674 
trouble tone alert, 11-8 
tum signal use alarm, VT-100 
varying-frequency warnmg, H-:i79 
wailing, II-572 
warbling, II-573, V-7 
watchdog timer/alarm, JV-584 
water leakage/level (see ,tlso t1uid 

and moisture), I-;J89, JV-190, V-
371 

allophone generator, lll-7;J3 
alt;:,mators 

har.tery-alternator monitor, c,u·, Ill• 
6::l 

regulator for automobtle alternator, 
V-76 

altuneter, digital readout, V-296 
AM radio-related crrcmls, J-544 

AM and shortwave. ac/dc.: vacuum
tnhe-design, VI-536-537, VJ-536 

AM-mnrlulated oscillator for 
wirf'less microphones, Vl-450 

amplitnd;:, modulator, Il-370 
bmaclcast hand signal generator, 

rv-::rn2 
car ra.din to shortwave converter, 

IV-500 
de111odulat.or, U-lu0 
detector, 4fifi-kHz AM, vl-184 
envelope detector, IV-142 
lineal' (AM) amplitude modulator, 

VI-402 
microphnnP, wireless AM 

microphone, I-679 
modulation monitor, IV-200 
power amphf1er for, I-77 
receivers, 11-fi2f>, III-81, III-52!J, IIl-

5!35, fV-4fifi V-486, VI-535 
15 V bl'oadcast., V-197 
mixer/oscilla.t.or for AM receiver, 

V-412 
lrnnsistor radio, V-502 
c.:arrier-current, HI-81 
FM/AM reeeivP.r, VT-Ml 
mLcla(mted, HI-535 
one-tube, Vl-552 

rcl{enerntive. onf'-tube, VI-547 
two-chip, Vf-f1ii0 

short wave rndm AM broadcast trap, 
VJ-214 

signal genel'ators, IV-801, IV-302 
Ltmcd collector osdllaror, for AM 

broadcast. hand, V[-454 
AMIFM-l'elat.ed rirrnits 

dock radio, II-f>4.'3, lll-1 
squelch c1rc111t, II-547, IIl-1 

am,1tcur radm nelared crrcuits (see 
tilso amatf'ur television), vi-17-
!J::! 

AFSK gennator, one-chip, VI-23 
amplilier control drr.mtry, 1.2-kW 

144-.MHz, VT-19 
amplilier powPr snpply, 1.2-kW 144-

M!lz. Vl-18 
audio ureakout hox, VI-26-27 
ballcry pack anrl rf'verst=> polarity 

protection, VT-~0 
CW audio rnter, VT-29 
C\'V idcntifiel', programmable, VI-24 
CW Lnmsmitter keying circuit, VI-

22-23 
CW Lr:m:,mitter, on;:,-watt, VI-27 
1dcntif1er circuit, VT-:31 
lmear amp, 2-.'30 MHz 140-\V, Hl-260 
lmcar ,uup!ifJer, VI-L2-kW 144-

:MHz, Vl-20 
mobile radio on-alann timer, VI-32 
Morse code drcu1t,s, \1-401-409 
PTT control from rer:t>nrer audio, 

Vl-28 
receiver for, Ill-534 
RF line samplcr/couplf'r, \1-~0 
rf variable-frequency osc11lator 

(VFO), V-532 
SSB receiver, VI-80-meter, \·1-29 
superhet receiver, four-st.age 7il

meter, VI-21 
SWR detector adapter, audible, VT-

25 
transceiver memory backup, V1-28 
transceiver relay inlerfaeE', V-24:1 
transmit keyer inLcrfac:e cir<"mt, \11-

31 
t.r.ansmitter, 80-M, 111-675 
voice identifier, V-550 

amateur tele,1sion (ATV) circu1t,s, 
:18-4G, VI-33 

dnwnr.onverter, 420 to 450 .Milz, \1-
41-45, VI-44 

,fownrnnverter, 002 to-!J28 Mliz, 'v1-
40-4 l, Vl-40 

dummy loarl for transmillr:r test1:,, 
Vf-:37 

homnnt.a\ deflection circuit, VJ-;J82 
rnm1 transmitter, Vl-36 
parabolw dish nucrophone 

Jmphfier, VI-82 
preamp. mast-mounted, VI-37 
sv.-itchmg supply for color TV, SCH. 

Vl-487 
tm.11sm1tt.er for 440 MHz, VI-5-walt, 

VT-34 
transmittn, VI-5-watt, VI-35 
transmitter, three-channel, 420- to 

4,50-MH7., VI-4, VI-42 
Lransm1ttf'r, thref'-channel, 902-lo 

!:J28-MHz, VT-38, VI-38 
Ul!F scannf'r active antenna, VI-67 
vertical deflf'd10n circuit. VI-374 
video detector for transmitter tesls, 

VI-:37 
ambience ;unpl1fin, rear speaker, H-

458 

ambient ltghr f'fferts, cancellation 
cit'CLUt,, ff-:328 

ambient light-ignnrmg optical sensor, 
lll-41 ;3 

anuneter, T-201 
lov.--currPnt, V-807 
mrno, 1-202 
.Pico, TT-lfi1, U-157, I-202 

gu:ml;:,d mput circmt, II-156 
six-d;:,cad;:, range, II-153, II-156 

ampl1fif'rs (see also audio ampWiers). 
11-5-22, ITI-10-21, V-17-26, Vl-46-
57 

I watt/2.,1 GHz, II-540 
2 to 6-W, with preamp, II-451 
2 to 30 MHz, 110W amateur radio 

linear, I-f>fifi 
4\v' bridge, I-79 
,5W output, two-meter, I-567 
6W 8-ohm rn1pnt-transformerless, I-

75 
10 dB-gain, m-fi13 
10 W pown, I-76 
10 x bufff'r, 1-128 
12-W low-distortion power, I-76 
Hi-W bridgP, I-82 
25-watt, II-4fi2 
;JIJ Mlfa, T-fifi7 
40 dB gain, TV-~fi 
60 MHz, f-5fi7 
80 Mli:l cascac!P, I-il67 
80W PBP broarlhand/1.tnear. I-557 
100 Mll:d400 MHz nentraltzed 

co11unon sourer", I-fill5 
lOOW PEP 420-4fi0 MHz push-pull, 

1-554 
lO0x buffer, I- J 28 
135 lo 175 .MIL~, f.fifi4 
160W PEP urm1dbanrl, T-fi:io 
200 MHz ncuLrali;,;ed mmmon 

source, 1-568 
450 MHz eornmon-source, I-M8 
600-W rf power, 1-559 
absolute-valuL,, l-31 
ac amplifier. noniHvertmg, V-18. v. 

IO 
ac amplifier, hir\11 input 1mp1;rlance, 

VI-55 
ac servo, bnd~e type, fff-387 
ac-coupled, dynillttlc. /II-17 
acoustic field generator, v.:35l8-

341 
AF drive indicator, V-:346 
AGC, 11-17 

.squelch control, lll-:.l:J 
vvirle-band, III-15 

arljnst.able-gain non111vcrt.ir11s, l-91 
amat;:,ur radio, linear, 2 to :JO MHz, 

110W, 1-555 
amhienct\ rear speaker, U-458 
AM radio power, I-77 
attenuator and, digitally controlled, 

1-,)~ 
;mdio (,,ee audio amplif1crs) 
a11c!10 converter, two- Lo four-wirE', 

11-14 
andm !muter, low-dlslortion, ll-15 
audio power amps (see auilio and 

sound circmt.s, power amps) 
a11rlio R1gn.al amps (see aud10 mid 

srnmd r.1rc111ts, signal amps) 
all(ho-to-CHF preamp, V-24 
autmnatic fade circuit for, Il-42 
a.utomat1e lt>vel control, H-20 
automotive and.to amplifier, JV-66 
Av/200, sterf'o, I-77 
balance, Tf-4f\ 
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amplifiers, r;m,,ti,nued 
invertmg, f-Cl::l 
loudness rnntrol, 11-47, II-305 

bandpass amplifier, Vl-54 
bootstrap circmt., V -:356 
bridge. J.71 

4 watt. l-78 
16 watt, I-82 
ac servo, l-4:i8 
audio power, I-81 
high-impedancf', ,_:35:J 
transducer, HT-71, 11-84, 1-351 

broadband 
low-noise, I-!i62 
PEP, 160-W, l-556 
linear/PEP, ROW, l-557 

bridge amphfier, VJ-122, vl-123 
buffers 

lOx, 1-128 
100x, f-128 
ac, singlP-suppty, 1-1-26 
batti,ry-powered, I-:J51 
rf amp with mm.lulalor, IV-490 
sme-wavP output, 1-126 
umty-gain, stable design. II-6 

car sten,o hooster ump, V-72 
cascade, III-rn 

80 MHz, I-f)o7 
cascode, rf amplifiers, IV-488 
CD4049 a11d10 signal amp, IV-40 
chopper,± ll'IV., lll-12 

chopper chamtd, l-350 
stabilized, ll-7 

clamp-limiting, active, III-15 
color vidPo, l-:J4, HI-724 
common source 

4fi0 MHz, 1-568 
low-power, H-84 

mmplemenlary-symmetry amlio, f-
78 

r.omposite, ll-8, III-13 
compressor/amplifier, low

rhstortion, IV-24 
c:onst,lJ1t-lnmdvvidth, IIl-21 
control circuilry, 1.2-kW 144-MHz, 

VT-19 
r.ool-down drcuiL, V-354, V-~f>7 
crystal tu11ed ump, Vl-57 
current feedback amp, 100 mA a.t 

100 MIJz, V-25 
r11rrent-sh1.mt, IH-21 
rurrent collector head, II-11, Il-295 
cnrrent probe amphf1er, VT-fi21 
current-lo-voltage. high-speed, l-:J5 
Darlir1gton, push-pull, V-22 
de servo, I-457 
de-stabilized, fast, III-18 
de-to-video log, I-38 
d~teclor, MC1330/l\1CJ.%2, TV IF, 

1-688 
difference amplifier, V-18, V-21, VI-

5:J 
differe11tial, I-38. lll-14 

hi,i.;h-impedance, r-27, f-854 
lugh-input, high-impedance, ll-19 
instrumentation, 1-347, TH-28!3 
mstrwncntation, biomedical, 

IU-282 
programmable gam, lll-507 
two op amp bndgf\ type, ll-80 

discrete current-booster, V -23 
distribution amplifit>rs 

audio, 1-39, 11-39, V-59 
signal, I-39 

dual power supply, V-465 
dynamic, ac-co11pled, Ill-17 
car protector CH",rnt, V-482 
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electreL uucrophone preamp, V-21 
electromcler, overload prnt.ected, 

11-155 
fast-i11verw.ng, high-mput 

1mped,mcc, V-18 
FF.T input, II-7 

offset gate bias, V-22 
video, cascade, I-691 

flat response, 1-92, III-(i?:'.l 
forward-current booster, ITI-17 
fnm•-quadrant photo-cond11c:t1ve 

detector, I-359 
frequency counter preamp, V-24 
gain, 10 dB. III-543 
g.a.m-conlrolled, III-34 
gate, 1-36 
gwtars, matching andm signal 

amps, IV-38 
harmonic distortwn analy;::er, 

V-201 
ha.rmonic distortion met.Pr, v-:.H2 
hi-Ii compander aR. IJ-12 
hi-ii expander, IT-r3 
h~h-frequency amphfiers, lll-259-

265 
29-MHz, III-262 
:J-Lo-30 MHz. 80-W, 12.fi-13 6 V, 

111-261 
amaLcur radio, Im ear, 2 .:30 Mllz 

140-W, III-260 
nu.ninverting, 28-dR, TH-26:J 
RF, broadcast hand, In-264 
UHF, ,videband v,ith hQ-lh-

pcrformanct> FET6, Tll-264 
wideband, III-2fifi 

l1igh-impedanr.e/high-gain/ttigh
frequency, I-41 

high-impedance/low-capacit.ance. I-
691 

lugh-input-high-1mped.ar1ce 
amphf1ers, TT-19, 11-44 

high-side current-sensi.rig amp, \1-54 
highpass amphf1er, Vl-49 
IF amplifiers, f-690, lV-459 

455-kHz, V-522, V-52!J, V-524 
45-MHz, crystal l"ilter, V-527 
AGC system, IV-458 
preamp, IV-450 
receiver, IV-459 
quadrature detecrnr, TV sound 

IF, I-fi90 
two-stage, 60 Mllz, 1-563 
\Vldebanrl, T-689 

infmitt> sample and hold, II-558 
input-mvPrtmg, fasl, hi,gh-

1mpedance, V-19 
input/output buffer for analog 

mult1plexers, IU-11 
mstrumP.ntat.ion amplifiers, I-311fi, l

S18, 
I-3fi2, u·..:.tt,.>-,ctto. IIl-278-281, 

rv-22fl .. 234 
V-233-23,5 
±100 V c:nrnmonmode range, 

III-294 
current r.ollector head 

amphf1Pr, 11-295 
diff;;rential, l-:347, 1-349, I-3:":i3, 

I-3fi4, UT-282, lll-283 
extt>nded common-mode demgn, 

rv-234 
h1gh-1mpe<lanec low-drift. I-35fi 
high-speed, 1-354 
low-drift/low-noise de amphfier, 

rv-2:32 
low-sig.rml lcvel/high-1mpedance. 
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low-powPr, Hl-284 
meter driver, ll-296 
preamps, m .. 23:), IV-230-231 
·prernnon FRT input, I-355 
saturated standard cdl amplifier, 

11-296 
stratn gangP, Hl-280 
triple op amp, 1-347 
ultra-prer:rn1on, III-279 
vanable gam, dlffere11Lial input, 

I-349 
very lugh-trnpedancc, I-354 
v.1debanrl, Ill-281 

inverting, I-42, 11-41, III-14 
ac, lugh-gam, l-92 
balancing circuit in, I-33 
gain of 2, lag-lead compensatrnn, 

UHF, f-566 
low-power, dititally selectabl;:; 

gain, 11-333 
powPr amptiI1er, I-79 
programmable-gain, III-505 
umty gam amplifier, I-80 
vvidehand unity gain, I-35 

ISD IOOOA record/playback cirr.mt, 
VI-SO 

1solat10n 
capacitive load, l-34 
lt>vel-sh1ftutg, 1-348 
medical telemelry, I-352 
rf, II-547 

,TFET, V-20 
fiOO-Mohm input impedance, V-2::i 
bipolar cascade video, I-692 
mrrent source biasing, V-21 
preamplifier, V-22 

lme amps, 111-37 
dt1plex, telephone, Ill-ii lo 
universal design, IV-39 

linear amplifiers 
2-kW 144-MHz, Vl-20 
2-:30 MHz, 140W PEP amateur 

radio, 1-555 
100 W PEP 420-450 MHz push

_pull, 1-554 
160 W PEP broadband, I-.'156 
amateur radio, 2-30 MHz 140-W, 

111-260 
audio power amplifiers, V-51 
CMOS inverter, II-11 
inverter, linear amp from 

inverter, II-11 
rf, lV-480-481, IV-484-485 

load-line protected, 7f.W audio, I-T3 
logunUunic amphfiers, T-29, 1-!35, ll-

8 
de lo video, 1-:~8 
log-ratio amplif1n, T-42 
op amp, VI-56 

logic amplifiers, H-:l:i2-335 
low-power binary, to IOn ~ain 

low-frequency, II-33:3 
low-power mverting, dlgitally 

select.able gam, JI-:=!8:3 
low-power norunverting, 

digitally selectable mput and 
gain, II-334 

precision, digitally progra11u11able 
input and gam, II-835 

programmablP amplifier, 11-334 
log ratio, I-42 
loudness control, 11-46 
low-level video rletector circuit and, 

l-f\87 
low-noise design, IV-37 
lowpass amphf:ter, Vl-4!:J 
medical telPrnetry, isolalion, I-352 



meter-driver, rf, 1-MHz, III-545 
micro-powered, high-input/high

impedance, 20 rtR, 11-44 
nlicro-siied, IH-3o 
microphone, 1-87, UI-34 

eled.ronically balanced mput, I-86 
microwave amplifiers, IV-315-319 

5.7 GHz, IV-:'H 7 
bias supply for preamp, IV-318 
preamplifiers, IV-316-319 

mini-stereo amplifier, V-583 
moI1ostable, 11-268 
MOSF~T 

l~h-.impedancP hiasing method, 
V-19 

push-pull arnplifif'r, Vf-55 
neutralized common source, I-565, 

1-668 
noninverting amplifiers, I-~2, I-33, I-

41, 111-14 
ac power, 1-79 
adjust.able gain, T-91 
comparator with hysteresis h1, 

J-15:J 
high-frequency, 28-dR, HI-263 
h:vstcresi.5 in, l- l 53 
low-power, digitally selectable 

input and gain, 11-3~4 
power, J-79 
prograrrmw,ble-gam, lll-11O:i 
single supply,I-74 
split supply, l-75 

Norton, absolute-value, lll-1 l 
op amp (see operational amphfiers) 
oscilloscope sensitivity, lll-436 
output, four-channel DIA, lll-16fi 
pH probe amplifier, Vl-523 
phono, I-80, I-81, I-89 
photodiode, I-361, H-324, 111-19, 111-

672, VI-301, Vl-306 
phototransistor amplifier, V-409 
playback, tape, III-672 
polarity-reversing low-power, lfl-1 n 
power (see power amps) 
power supply, V-464, V-465, YI-18 
pre-amps (see preamplifiers) 
precision amplifier, 1-40, 11-335 
precision RTD, for +5 V, Vl-643 
programmable amplifiers, 11-:3:34, 

111-504-508 
rtifferential-input, programmable 

gain, 111-507 
mvertmg, programrnablc-i~ain, 

III-505 
noninvertmg, programmalile

gain, III-505 
prension. dtg1tal controV 

programrrung, III-506 
programrrrable-gain, 1-32, H-9 
variahlF--gain, wide-range digi.Lal 

control, rtr-506 
programmable gain, I-32, II-9, VI-51 
programmable input, VI-52 
pnlse-width proportional controller 

c1rcrnt for, II-21 
push-pull 

Darlington, V-22 
MOSFET, VI-55 
PRP 100-W, 420-450 MHz, I-554 

PWM servo, Ill-379 
recordmg amplifier, I-90 
referencf' voltage, I-36 
remote, I-91, VI-50 
remotely powen,d sensor amplifier, 

VI-52 
rJ (see rf amplifiers) 
sample-and-hold, l-fi87, II-558 

selec:Lable input, programmable 
~aiu, 1-:32 

servo amplifiers (see aL~o motor 
controls), T-4."i2 
400 Ifa, n-:180 
bndge typP. ac, I-4ri8 
de, 1-457 
motor· drivP amph.fier, 11-384 

sigrwl amplifiers, audio, Il-41-47, JV. 
04-42 

signal distribution, I-39 
sound-act1vatPd, gam-cont.rolled, 

IV-528 
silicon-rnntrollP.ci amplifiers (SCA), 

V-535-586 
decoder, 1-214, H-lfiti, 11-170 
demodulator, 11-150, III-f>65 
subcarrier adapter, FM tlmer, 

V-536 
sincwavc output buffor, T-126 
sound mixer and, 11-37 
source follower 

bootstrapped, V-2O 
JFET, V-20 

speaker ampliliers, 11-1 fi, III-39 
speech compressor, II-lfi 
stereo amplifiers, 1-77, II-9, III-34 

buss tone control, V-584 
subwoofcr µower supply, V-4ti4 
summin~. l-:37, lll-16 

fast-actio11, I-!J6 
invertir!J.(, V-18, V-20 
precision desl,l(n, 1-36 
video, IU-710, VJ-681 

switching power, J-:33 
tape playback, 1-92, lV-36 
tape recorduig, 1-90 
telephone, IIl~621, IV-555, IV-,'560, 

V-614 
telephone ring amplifier, VJ-624, VI-

ti26 
test bench amplifier, V-26 
tester, VCR head amplifier, Vl-48 
thermocouple, 1-654, lll-14 

cold Junction compensation in, 
II-649, VI-642 

high-stability, I-355 
transducer, I-86, Ill-669-673 
transformerless, 6-W, 8-ohm 

output, 1-75 
transistorized, 1-85, II-4:J 
tremoln circuit, voltage-controlled, 

I-ri98 
tube amphf1er, high-volt.age 

isolation, IV-426 
tnnf'd amplifier, VI-53 
TV audio, III-39 
two-meter, I-562, I-567 
two-st.age, T-563, I-680 
UHF, 1-fiG0, I-5G5 
unity gain, f-27, II-7 

noninverting, V-21, V-22 
variahlP-gain, for oscilloscopes, V-

42fi 
VHF, smgle-device, 80-W/60-ohm, l

fifi8 
VH1PO, I-692, III-708-712, 

V-fififi, V-656, V-657, V-658, 
V-o62, VI-674, VI-670, Vl-681, 
VI-f\8,'3 

75-ohm V1Cleo pulse, IIl-711 
25O-mA fill-MHz current 

f'eedback, VI-682 
buffer, low-d1stmt1on, III-712 
color, r-:34, HI-724 
<le gain-control, III-711 
FET cascade, T-091 

WJ,lll block, 111-712 
IF, lcl\~-level video detector 

crrcuit, T-689, fl-687 
JFET bipolar caseade, I-692 
line driving, HI-710 
log amplifier, T-,'38 
RGll, IH-709, VI-675 
surrunin,i.(, Ul-710, VJ-681 

video IF amplifier/detector. VI-6"l8 
voice activated swilch, I-608 
vmce-operated circuits, V-55:J 
voltage, ci1fferential-to-single-

eI1<led, lll-670 
voltage ir1ilicatorc;/meters, VI-689 
voltage-controlled (see voltage

controlled aropliiiers) 
voltage-follower, signal-supply 

operation, III-2O 
voltmeter amplifier, low-drain, VI-

695 
volumt', ll-46 
walkman, II-456 
write, III-18 

amphtude modulation (see AM railio
relatP.d c1rcmts; AM/FM) 

analog circuits 
counter drcuit, H-187 
delay hnc, echo and reverh, IV-21 
multiplexers, II-4:Jl, lll-896 
multipher, II-392 
switch, differential analog switch, I-

622 
analois-to-digital c:onverter, 11-23-31, 

IIJ-22-26, IV-5-6, V-27-:lO, VI-58-
60 

~-hit, hlgh-speed, 1-50 
8-b1t, T-44, I-46 
8-lHt successive approX1111ation, I-47 
10-bil, Il-28 
IO-bit scri.tl output, ll-27 
12-bit, high-speed, ll-29 
lG-bit, II-26 
board design, IV-6 
buffer cirrnit, [-127, VI-128 
capacitance meter, 3.5 digit, III-76 
cyclic, ll-:30 
differcnlial input s,.-stem for, II-31 
eight-channel, for PC clones, V-29-

30, V-29 
fast prer.1s1on, I-49 
rour-digit (10,000 count), II-25 
half-flash, HT-2fl 
high-spccll system, VI-fi8 
IC, low-cost, I-50 
LCD display, 3.5 digit, 1-49 
pnsonal computer AID converter, 

Vl-60 
poller, V-28 
successive apprnx1mat10n, Il-24, II-

30, 1-45 
switched-capac1tor, 111-20 
temperature measureme:nt 

converter, VT-234-235, Vl-634 
threP.-decade logarithmic, 1-48 
three-IC, low-cost, I-50 
tracking, TH-24 
video conve1ter, IV-610-611 

analyzer, gas, Il-281 
AND gate, I-305, V-216, Vl-315 

large fan-m, I-395 
relliy c1rcmt, VI-3Hi 

anemometers (sne a,lw air 
motion/pressure), VI-4-6 

hot-wire, IIJ-'.342, VI-5 
thermally based, Il-241 

angle-of-rotation detector, II-28:J 
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annunciators (see ah~n alarms: 
sirens), 11-32-31, HT-27-28, JV-710 

ac line-voltage, 111-7:iO 
bell, electronic I-636, TT-33, IV-9 
buzzers, I-11, I-12, JV-8, V-170 
chime circmt, low-c:ost, Tl :3:3 
door buzzer, JV-8 
doorbells/chimes, I-218, 1-44!3, JV-8 

buzzer, V-170 
buzzer, two-door, IV-10 
musical-tone, IV-G22 
rain alarm, I-443 
i:;mg].e-chip design, IV-fi24 
sliding tone, 11-34 
lw1n-bell, V-170 

fairge fan-in, l-39fi 
SCR circuit, self-mtPrruptmg load, 

IV-n 
twin-bell doorbell, V-170 
two-door anmmdator, lY-10 

answering mactunes (,<if'e nlsv 
telephone-relatecl cn·cuib) 

beeper, IV-GGfl 
antennas, IV-11-14, V-:31<18, Vl-61-67 

active, III-1-2, IV-1-4 
v,:ideband rod, IV-4 
with gain, IV-2 

balun, V-34 
FM automobile rarlio d1vemty 

antenna, VI-fi4-fifl 
FM tunable antenna booster, Vl-65 
HF broadband antenna prtcamp, V-

36 
HF/VHF switchable B.ctive anlenna, 

V-524 
loop antenna, 

3 5 MHz. fV-12- l :3 
dual ham!, 80-16-M, V-32 
preamp, V-38 

matr.hhox anteurn1 tuner, VI-66 
rrurnaturP broadband (:J to 30 

MHz), VJ-6:3 
pn,amps 

HP hroad barnl, V -36 
VLF 60 kHz, V-33 
wi<lPh,rnd antenna, V-35 

remotP tuned active HF, vl-62 
SPlertor switch, 1V-5:J8-530 
TR switch, autonmtic. V-37 
tlmPr, Vf-66 

1- to !30-M.Hz, IV-14 
low-power, v.33 

TTHF seamier active antenna, Vl-67 
VLF 60-kHz antenna preamp. V-33 
VLF/VIIF wideband, low-noisP, 

activ.e, V-33 
¼ideb1J11d antenna, preamp, V-,% 

a.ntithcil device, I-7 
a.re lamp, i5-W, power supply for, 

476 
arc welding inverter, ulrrasornc, 20 

kHz, III-700 
a.re-Jet power supply, starting r.m::uit, 

lll-4W 
astable mullivibrators. II-269, TI-fl 10, 

lll-1Y5, lll-233, !II-238, V-387, V 
:388, VI-418, VI-419 

op amp, lII-224 
free-running square-wav;:- osr1ll,;.tor, 

V-386 
_programmable-frequency, HT-2:37 
square wave generation wit.h, 11-587 
~mrUii.g network. VJ-418 
variable pulse width, Vl-419 

attendance counter, H-138 
allrnuators. III-29-81, Vf-68-70 
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analog signalsr mlcroprocessor
controllefl, 111-101 

digitally prngramnw.blc, 111-30 
dig1tally selPrta.ble, precision 

design, I-:i2 
programrnahle, Hi-30 
programmahlP (1 to 0.00001), I-53 
rf, IV-322 
s,\itchable power, Vl-69 
variable, I-G2 
variable voltagP, \.'1-70 
voltage-controllP.rl, H-18, 111-:Jl 

audio arn.pliflers (see a.l,o amplifiers; 
audio and sound circuits, audio 
power amplifiers), 11-41-47, III-
32-39, IV-34-42, Vl-71-82 

10-watt arnphl'!P.r, Vl-85 
20-dB ga:m amp, \il- 'i'8 
40 dB gain rles1gn, IV-36 
AOC, sqnPkh control, lll-33 
audio comprf'ssor, ll-44 
automot1VP stereo system, high-

power, fV-fi6, V!-101 
balance, II-46, 11 47. IV-:"'15 
Baxanrlall tone control, IV-588 
boost1or, 20 c!R, fll-85 
CD4049 design, lV-40 
circmt hnflgp load drlve, lll-35 
class AB smglP•'JUpply amp, 

complPrnPnta.1·y, Vl-81 
cornplf'mPnt,a.ry-sy11u11eLry, I-78 
compn,ssor, 11-44 
dist.nh11t.ion, 1-39, U-:J9 
electnr. grntr;.r, l V -:J8 
el;:-r.trornr.-ear low noise amp, 

paraholic ciislt microphones, VI-
82 

fader, autum,1Lic, II-42 
fixed power supplies. IV-398, IV-407 
high-gain amo, VI-80 
h1gil-slew rate power op amp, 1-82 
gam-controllcd, stereo, III-34 
line amplifier, IU-37, IV-39 
linear amp, micropower, VI-7::3 
load line proLcetion, 75W, 1-7;'3 
toudrwss, ll-46 
low-level amp, VI-78 
low-noise design, IV-37 
IO\o\•-powcr, II-454 
nucro-sizcd, III-36 
microphone, II-45, IIl-31, VI-81 
micropower high-input-impedance 

20-dl3 amplifier. 11-41 
mini-stereo, III-38 
Nll FM audio amp, VI-74 
personal stereo amplifier, VT- 75 
power (see audio pown ampl11iers) 
power supplv, V-16f>, Vf-48:3 
pre-amps 

lO00x. low-no1sP, IV-37 
AGC, VI-2 
balanced nucrophonf'. Vl-77 
d_vnarmc m1crophonP. Vf-76, Vl-W 
FET phone cartmlgi\ Vf- 79 
general-purpose. IV-42 
impedance-matctung, fV-:-W 
low-noise. IV-41 
magnetic phono cartridge, IV-:J5 
microphone, IV-37, IV-41, lV-42 
NAB tape playhark, proressional, 

III-38 
phone, 
RlAA, III-;18, 
smgle-endf'd h1gh-z nrn:rophom:, 

vl-78 
stereo, U-43, IT-45 

transistor RIA.A for Lelephone, 
VI-76 

Q-nrnlt.1pher, 11-20 
RIAA lme ampillier/driver, vl-77 
signal (sAe audio s~nal amplifiers) 
signal source for auilio 

amplifiPr/m,.,e1ter, VI-702 
speaker, hancl-held transceivers, III-

39 
tape playback amplifiers, lV-35 
television type, lll-:J!:l 
test dmnt, vl-34:J 
tone control, 11-686 
transrntor headphone amplifier, II-43 
two-transistor des]}(n, VI-7 4 
ultra-high-gam, I-87 
vacuum tube amplifier, VI-72-73 
vehicle audJO amplifier inverter, Vl-

284 
volumP. mdicator, H-46, IV-212 

audio and sound circuits (see also 
arniio amplifiers; sound 
gPnerarors; sound-operated 
circmt.s) 

acoustic field ;.(encraLor, V-338-341, 
V-338 

acoustic ,mund 
r.er.Piver/trai1s11tittcr, IV-311 

AF drivP mdicator, V-346 
amplifie1•5 (see audio amplifiers) 
a11dio-frequency generator, V-4Hi-

417 
audw frequency meter, V-305, V-

::i20 
amli1Hf 5ignal lrneer probe, I-527 
audio-sensor alarm, V-8 
aud10-tesi oscillator, V-420 
aw..lio-to-ADC interface, V-242 
audio-w-UHF preamp, V-24 
automatic gain control (AGC), Tl-17 

autornutic level control (ALC), 
V-62 

AGC system for CA-3028 IF amp, 
IV-458 

rf amµlifier, ,videband a.djusta.bie, 
lll-545 

squelch control, III-33 
wi<lc-band amphfier, III- lf> 

booster, II-455, III-~fi 
biqmid filter, III-185 
bridge load drive, III-35 
currier-current transmitter, Ill- 79 
cllpper, precise, iI-tl94 
eompressor. II-14 
continuity tester, I-SfiO 
converter, two- to four-wl!'e, 11-14 
CW audio filter, Vl-405 
C\V identifier, VI-408 
distnbut1on amplifier, 1-3!:l, ll-3!J 
ditherizer, VI-::i77 
dual tone gemirator, Vl-:J90 
expander, V-f}82 
filters (see filters) 
frequency 
frequency mt"ter, l, Vl-3!J5 
gain controL rf'mote, VI-384 
generarnrs (Mm sound generators) 
LED bar peak program meter 

display, I-2fi4 
level meters, sound level;;., lll-346, 

III-GH fV-:305, IV-:307 
leveler, Vf-3 
lnniters, v.335 
millivoltmf'ter, JII-767, 111-769 
mixers (<.mi mixers) 
muting c1runt, Vl-;38:J 



noise-based voting c-irrmt, V1-422-
44;J 

nold1 filter, IJ-400 
odave cqu;ilizer, V-::m~ 
osdll&uts, 1-64, H-24, III-127, IV-

:J74, IV-:37:'i, VT-432-410 
20 Hz to 20 kHz, vanable, 1-727 
light•sens1t.wP, III-315 
6ine wavP, 11-fif\2 

power (see anrho power amplifiers) 
power mern, J-488 
power supply fnr auto sound amp, 

VJ-48:3 
Q multiplier, 11-20 
receiver& (soe rec.Pivers) 
rf sij.(ual tracer pmhe, I-fl22 
scrambler&, IV 25-27 
selector, chg1taL V- 1 :i8 
s~nal amplifiers (see a11d10 si.gnal 

ampliJiers) 
sine wave generator, II-564 
S(!t1eld1, rr-~94 
6witches 

pight-rhanm•L V-588-589 
v1den/amlio s"'ltch, V-586 

'Jwit.chmg/mixmg, silent, I-59 
telephone/and10 mterface, VI-625 
trarn;mittns (.~mi transmitters) 
waveform g1merators, IH-230 

audio genPrat.ors (see sound 
genPrat.ors) 

aucho-operated c1rcmts (see sound
operat,Prl nrcmts) 

audio pown amplifiers, II-451, rn-
454, TV-28-33, V-39-51, Vl-83-03 

1.5 watL Vl-12 V, \1-84 
6-W. with preamp, fll-454 
10-watt, VT 85 
18-W bridge, V-49 
20-\V, 111-456 
:J:J-W bridge composite, V-4fi 
40 W, V-41 
50-\\i , lll-45 1 
70 W, composite, V-44-4fi 
80-watt lC, VJ-91 
!.lO-V 10-A high pnwPr, Vl-93 
AF amplifier, VI 92 
audio amplifier, IV,32 
basic dcs~n, V -5 l 
bridge, 1-81, V-49, Vf-88 
bndgc com1cd10I1 of two power op 

amps, Vl-92 
bridge composite, V-46 
bull horn. IV-31 
class-AB amp, Vl-86 
complementary amp circuit, Vl-!H 
composite, 

33-W bridge. V-46 
70W V-44-46 
mvertmg IOW, V-47 
nonmverting lOW, V-47 

clual, V-42-43 
general-purpose, 5-W, ac, IV-:JO 
half-watt, single-charmd, V-41 
mvertmg composiu~, 10\V, \1-47 
!me-operated, VI-86 
lmear, fast, high-voltage. V-51 
mini-megaphone, V[-93 
MOSFET, V-47 
nommrerring composite 10\V, V-47 
op amp, simple design, IV-33 
parall.-1 power op amp, VI-84 
fiPrwnal-stereo type, V-48 
phono amp, VJ-90 
power hnrlge amp with single

enderl nut.put, VI-85 

quasi-complewentary, VT-90 
quasi-complementa1·y, spht. power 

supplies, Vl-89 
rceeivcr audio circuit, IV-31 
RFl-proof, VJ-88 
RIAA pltllllO amphfiPr, Vl-89 
stereo amp IV 21} V-40 
6UUWUofer ;mp, V-49, V-GO 
vacuum tubt> amphfier, VI-87 

audio ~i}.snal amplif1ns, 11-41-47. IV-
04-42, V Fl2-h9 

booster, V-58 
comprcssol', andin, V-:i7 

audlo si.Mnal amphfif'rs, constant-
volwne, V-55 

distribution amphfiPr, V-:39 
dual preamp, V,flg 
headphone amphfit>r, V-5~ 
headphone ampltfif'r, ,TFET, V-57 
line driver, V-,54 
mini-amp, V-,ifl 
phouograph, magnetic pickup, V-58 
tun<1.ble-lilt.er rles1gn, V-56 
volume limit.Pr, V-/i9 

auwo-rrequPnry generator, V-416-417 
aud[o-l'reqnPncy meter, V-305, V-320 
audio rn-lfHF pn'!amp, V-24 
audio/video switcher c1rcmt, IV-540-

541 
auto-aclvanr:e projec:tor, 11-444 
autodrurn sound Pffec:t, II-591 
auto-fade circuit. Tl-42 
autu-llashPr, l-299 
auto-zeroing sr:aJe hridgt> circuits, III-

69 
automatic gain c.ontrol (AGC), IJ-17, 

Yl-1 
AGC system for CA8028 IF amp, IV-

458 
audio preamp, Vl-2 
IF network AGC, Vl-,'I 
low-noisl' 3-MH~ AGC, Vf-2 
rf mnplificr, wideband :vlJnstahle, 

Ill-545 
squelch control, 111-33 
vddc-bm1d amplifier, JTI- lfi 

aut.omaLk level control (ALC), V-(i0-
62, Vl-1 

AGC sys Lem for audio signals, V-62 
basic design, V-62, VJ-!3 
digital design, V-61 

automotive circuits, 11-48-63. III-40-
52, IV-43-67, V-o!J-77, Vl-94-104 

accessory-power controller, V-70 
alarms (see a.lso alarms/security 

circuits), V-1 
automat.ic-arming, lV-50 
automatic tum off, IV-52 
CMOS design, low-currcnL lV-56 
rlecoy, v1-13 
horn as loudspeaker, IV-54 
smgle-IC design, IV-55 

air cond1ttoner smart clutch, lll-46 
altemator/battery monitor, lll-63. 

V-88, vl-97 
alternator regulator, V-76 
AM radio to shortwave converter, 

IV-GOO 
amplifier, booster for car stereo, V-

72 
analog expanded-scale meter, IV-46 
ancho-amphfier, hi_gh-power, JV-66, 

VI- ltil 
audio amphfir;r inverter, VI-284 
<iudio ~yst.Pm power supply, VI-103 
uaek-up bf'epN, Ill-49, IV-51, IV-56 

bar-Araph vollmeter, II f>4 
battery chari{er:,/momtnrs (see aL'>O 

batLcry-rdaLcd circwts) 
charger, Hi-ea<l, 1-1 ln 
condllion checker, 1-108 
current iJJmly,,er, I 1 04 
dedric vehic:IP bat.tPry saver. 

lll-67 
isolator circuit,, VJ- I 04 
mmLilor, 1-106, J-222, TU-G0-67 
supply circmt, ± lfi- anrl G-V, 

IV-391 
baUery crankirig-amps tP.ster, V-84 
baUt'ry/alternator morntor, V-88 
brake amt turn ind1cator, V-74 
brake li,l(hts, V-65 

delayed l'XLra, ilJ-44 
flashi11.}(, V-69, Vl-12 
flas.hi1ig third, 111-51 
night-safety light for parkf,d car, 

IV-61 
Lhird brake light, TV-liO 

burglm· alarms, J-!\ I-7, I-10, II-2, 
III-4, !ll- 7, IV-/i;1 

rnssette recorrler power circuit, IV-
548 

cigarette hght.P.r 9-V adapter, VI-07 
courtesy lights 

dela . .'f switch, III-42 
li.!{ht extenrler, III-GO 

de power adapt.Pr, V-70 
di,Ki-taclt, H-61 
directional signals morutor, Hl-48 
door ajar rnorntor, TH-46 
electric vehicles, hat.t.P.ry saver. III-

67 
electrical monitor, vl-96 
clcclrkal Lester, IV-4fi 
clcclrmLic circuits, IV-6::l-67 
cngi.r1e-bluck hearer rPmlnder, V-74 
cxhausL emissions analyzer, II-51 
fan Lhcrmostatic switch, V-fi8 
FM radio diversity antPnna, VI-64-

65 
fog light controller with dPlay, IV-G9 
fuel gauge, di,Kit,11 l'eado11t, TV-16 
fuse monitor, V-77 
garage slop lig,ht, 11-53 
generator rcgulaLor, V-76 
glow-plug driver, 11-52 
headlights, IV-57-oi 

alarm, III-52, V-77 
automatic-off conlrolier, IV-fi l, 

V-75 
delay circuit, I-107, ll-5!:l, lll-49 
dtmmer II-57 II-63 
flasher, \·.73 ' 
monitor, VI-104 
rm-lights reminder, V-74, V-77 
switdung circuit, V-75 

headlighr/spotlight control, V-67 
high-speed warning device, 1-101 
WP formation alarm, II-58 
1grntion circ111t, V-64 

capacitor discharge, Vl-104-lO;J 
cut-off, JV-53 
elect.roruc ignition, IV-65 
suhst,1tutf! ignition, III-41 
tnning light, 11-60 

1rnmohilizer, II-50 
k1ll-switch for hattf!ry, time

delayed, V-71-72 
J.ixht circuits, TV-/i7-fl2 
J.ixhb-on wammg, H-fl/"i, III-42, IV-

58, IV 60, TV-62 
locator, automobile lor;ator, III-43 
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auLomatic level control (ALC), 
contmued 

motorcycle alarm, VJ-1 :1 
burglar alarm, Vl-1 f) 
flashing brakt> hght, Vl-12 
headlight monitor, \.1-104 
horn alarm., \.1-14, \.1-J!S 
tune-up aid, VI-:'!f>9 
tum-signal sy8tem, Vl-98 

night-safety light for parked car, lV-
61 

oil pressur;:, gangi\ digital readout, 
IV-44, JV-47 

PTC thermistor automotive 
temperar,mP indicator, 11-56 

power supply, Vl-488, Vl-51:J 
radio receiver, 11-525 
radio WVv'V wnve1ter, V-119 
read-heacl pre-a.mplilier, 111-44 
road 1cP. alarm. 11-57 
security systPm, 1-5, lV-49-56, v1-0, 

VI-11 
spotlight.fheadhght control, V-67 
stethoscope for automobiles, VHl5 
tachom;:,ters, 1-94, 1-100. 1-102, II-

175, III-8::Jfi, Tll-:340, 
III-34 7, V-f>fi, \.1-98 
analog n,artont, IV• 280 
calibrated, TH-fa98 
closed loop f Pedbaek conLrol, 

II-390 
digital rmrtnut, ll-61, lll-45, 

IV-2o8-2n9, lV-278 
dwell metn/tachometer, lll-45 
feedback cnntrol, ll-:378, 11-3!.lO 
frequenry counter, t-alO 
low-freq11Pncy, 111-596 
m1mm11m-componenl desi~, 

I-105 
motor spf\ed controllers, 11-378. 

II--~89 
optical p1d-up, lll-:.147 
set pmnt, ITI-47 

temperat11rP gauge 
digital rnaclout, IV-48 
PTC them1istor, 11-56 

test hght, high-Z, VI 104 
thermostatir switch fur auto fans, 

V-68 
turn signals, V-65 

alarm. \.1-1 no 
motorr.yclP, VT-98 
audihle reminder. V-74 
momtor, HT-48 
sequential flasher for, U-109, III-1 
smart, V-fifi-67, VJ-ml 
rernmrler, V 7:J 

vacuum gauge, digi.ta1 readout, lV-
4fi 

voltagP ga11ge, lV-47 
voltagP negulator, lll-48, IV-67 
voltmetPr, ha1·graph, l-99 
water temperature gaug<.•, IV-44 
wmdsh1Plrt wiper circuits, 1-105, II-

55, II-o2 
control circi1it, T-10:J, 1-105.11-62 
delay circmt, 11-5,5, IV-64 
hesitation control uuit, 1-105 
mterm1tt.Pnt, dynamic braking, 

Il-18 
mtnval contmller, lV-67 
slow-swPPp control, 11-55 

,,nndshielrl \1rasher 11uid watcher, 1-
107 

V.'WV c.onvert.er for radio, V-110 
avnaging circuit, Vl-!324 
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:U-ficld measurer, lV-272 
baby monitor, V-370-~71 
baby-alert transmittPr/recPJVPr, V-95-

[)6 
back-biased GaA8 LED light sensor, 

II-321 
back-EMF P~1 motor speRcl control, 

II-370 
backup-light hPepPr, car, IV-51, lV-56 
bagpipE' smmrl effPct, JV-521 
halance lndicator, audio amps, IV-21:i 
balance melcr, stereo, V-583 
balancer. stereo, 1-619 
balance amplifiers, III-4fi 

loudricss control m, II-;-!% 
balance indicator, bndge drrmt, 11-82 
balun. V-34 
band reject filter, act1ve, H-401 
bandpass filter (see also filtPr 

circuits). II-222, V-180, V-181, Vl-
220 

0.1 to 10 Hz. 1-296 
160 Hz, I-29fi 
active, II-221, fl 22:3, 111-190, v1-210 

l kHz, T-284 
20 kH>'.., l-297 
60 dU gain, I-284 
variable bandwidth, l-28H 

amplifier, Vf-G4 
biquad. l-28:i, III-188, V-190 
Chebyshr:>v fourth-order, lll-191 
high-Q, f 287, V-179 
MFR, mullichanncl tone decoder, I-

288 
multiple feedback. I-28:i, J-297, fl 

224 
notch, II-22:1 
one np-amp design, Vl-222 
Sall en-Key, 500 llz, 1-291 
c.;ecor1d-order biquad, III-188 
'5peech-range filter, V-185 
sl,ile variable, [-290 
lunable, IV-171 
two op-amp design, VI 216 
vanable bandpasr,, V-184 
vana.hlP-frequenq, V-186 

bands\>,,'ltchin,t,! for receiver, VI-608 
bang-bm11-( power controllers, IV-388 
bar-code scanner, Hl-3G3 
bar-expanded scale meter, H-186 
bar graphs 

ac signal mrhr.ator, II-Hl7 
voltmeters. 11-54, 11-99 

bamcade flasher, 1-299 
barometer, IV-273, VI-338 
bass tone control in sl,creo amphfter, 

V-:i84 
bass t11ner·. U-~162 

12 V, 1-111 
200 rnA-hour, 12V Ni-Cad, I-114 
automatic shutoff for, I-113 

hattPry-operated equipment (see 
a,/,~n battery-rl'laLcd circrnts) 

ac power control swiLch, IV-387 
autmna.tie shuLoff, Ul-61 
bipolar power supplv. 11-475 
black light, V-281 
h11ffPr amplifier for slandard cell, I-

351 
cakutarors/radloslc.:assctte players, 

power pack, l-50!.J 
cassette deck power circuit, car, IV-

548 
fence charger, 11-202 

flasher, lugh-pnwned, 11-229 
lantern circuit, T-380 
light, capac1tanre operated, 1-1:JI 
On mrlicat.or, IV-217 
undervoltagP inrl1cator for, 1-123 
warning hght, IT-820 

battery-related r.ircuits (see also 
battery-operated equiµmenl), V-
82-89 

12-V hatt.-:ry stat.us mdicalor, VI-
120 

AA cells, +:i V/,:3,6 V power supply. 
V-4G2 

alarm, VT-110-111 
antnmotive battery isolalor, \,1-104 
bat,tpry-life extenders, IV-72, V-87 

~-V, ITl-62 
rlisr:onnect switch, IV-75 
el1ectrlc vehidc~, III-67 

butler, battery lmllcr, Vl-116-117 
capar1ty tester. 111-66 
car battery/alternator monitor, V-88 
chargers, 1-1 ]!J, U-64, 11-69, III-53-

m:i. IV-68-72, V-78-81, 
VT-lOfi-11!3, Vl-ll8 
12-V charger, lV-70 
constant voltage, current limited, 

I-11!) 
controller for charger, VI-107 
current limiter for dw.rger, Vl-108 
intelligent eircuil, V-81 -
learl-acld trickle charger. Vl-112 
l!thrnrn d1;ir)<er, Vl-108, VI-109, 
VT-112 

mohile charger, +12 Vdc, IV-71 
rn-r:arl, 1-112, 1-116, III-57, 

VT-109_ Vl-H 1, Vl-113 
photof1asll capadLor, VI-466 
rftype, \i-79 
smart charger drcuil, Vl-106 
solar-powered, V-81 
temperature sensing charger, 

IV-77 
trir-kle charger, lead-acid, V-79 

chPr.kers (see lmttcry monitors, 
helow) 

conrlition checker, 1-108, 1-121 
control for 12V, 1-112 
convntn, de-to-de, JV-119 
crankmg-amp test circuil, V-84 
rnrrPnt limited 6V, 1-118, IV-70 
r.11rrPnt monitor, 0-2 A batteries, V-

87 
d1sr.onnect switch, life-extender, 

JV-75 
dynamic constant currnnt test, 

II-7fl 
fixed power supply, 12-VDC/120-

V AC, 11(.454 
gpl CPil, 11-66 
high-voltage generator, III-482 
inrticat.ors (see battery monitors, 

lwlow) 
mt.Prnal resistance tt\Sler, IV-74 
loll-switrh, time-delayed, V-71-72 
leact/arirl, 111-55 
J;,vpl inrl1cator, ll-124 
lithium, IT-67 

backup battery replacement, 
VT-120 

charge indicator, 11-78 
low-battery detection/warning, 1-

124, 11-77, IU-56, III-59, III-63, III
fifi, IV-56, IV-80, VI-118 

low co.st trickle for 12V storage, I-
117 



moHiLort,, 1-106, 1-222, II 74-79, [II. 
60-67, lV-7!3-80, V-82-83, V1- l l 0 
111, Vl-114-120 

m-cad balterlet,, l-l 18 
analyze, for, Hl-64 
charger, 1-112, 1-116. 111-57, 

Yl-109, Vl-111, Vl-11:J 
12 v, 2IJ0 mA per hour, I 114 
curn.!nl and voltage limiting, 
1-114 

fw,L-acUng, 1-118 
port.able, IY-69 
Lcmpcralurc-scnt,iIJ.l,(, IV-77 
tbcm1ully controlled, ll-68 

packs, aulornouvc du.ir1aicr for, 
I-115 

portable, III-47, IV-69 
protection circuit, Ill-62 
simpli-cad, I-112 
temperature-scnsi~ charger, 

IV-77 
test circuit, IV-79 
thermally controlled, 11-68 
zappers, 1-6, 11-66, 11-68 

power supply and, 14V, ll-73, 
III-42 

probe for baLLcry charl{cr, Vl-118 
protection circuil, ni-cads, IJl-62 
PUT, 111-54 
rechargeable LED flashli.ght, Vl-107 
regulator, I-117 
relay fuse, V-88 
reverse polarity protection, Vl-30 
saver circuit,, V-87 
sensor, quick dcadivatiri.g, lll-61 
simpli-cad, I-112 
solar cell, II-71 
splitter, III-66 
status indicator, -11-77 
step-up s,vilchi:ng regulator, 6-V, 11-

78 
supply-voltage moni!.or, V-85 
test circuits, IV-78, V-83, V-86 

LED bar1-traph, V-80 
ni-cad, JV-7U 

thermally controlled 1Li-cud, 11-68 
threshold md.teator, l-124 
UJT, III-56 
undervoltagc indicator, 1-12:J, Vl-

117 
umversal bat~cry, m-56, Hl-58 
versatile battery, II-72 
voltage inclicators/moniwrs, U-79, 

IV-80 V-86 
autom'otivc baW~rics, IV-47 
detector relay, II-76 
HTS, I-122 
reAulator, IV-77 
solid-state design, I-120 

watchdog circuit, V-85 
wind powered, II-70 
zapper, srmplc ni-cad, 1-116 

Baxandall tone-conlrol audio amp. 
IV-.588 

BCD decodcr/dnvcr, mulliplexcd. \11-
189 

BCD rotary switch, tlwtal, V-160 
BCD-to-analog convener, 1-160 
BCD-to-parallel converter, rnulliplcx, 

I-169 
beat-frequency oscillator, \'1-452 
beacon transrmltcr, IU-683 
beep transformer, III-555, III-566 
beepers, I-19, III-49, VI-14'.J 
bells. electronic (see also alarrns; 

annucia.tora), I-636, II-33 

hf'nrh t.op powP.r supply, II-472 
b1cyde spPPrlometer, IV-271, fV-282 
bilateral r11rrPnt somre, lll-4fi9 
b1 nary rrnmt.Pr, 11-1 :1fi 
b1omerhcal instmmPntation 

difff'rPntial amplifin, lll-282 
bipolar rk-rlr rrnwf'1ier with no 

mrhirtor, 11-1:12 
bipolar powPr ~upply, JI-475 
bipolar voltagP rPfPrPncP sourf'.e, m-

774 
btquad audm filter, HI-185 

second-order bandpass, HI-188 
HC active bandpass, 1-285 

bird-dt.i.rp sound effect, 11-588, IH-577 
bird feeder monitor, V-371 
bistable multivibra.tors. I-133, 11-465, 

Vl-228-2:JO Vl-418 
inverter, lll-10:J 
debouncer 1\:-108 
Oat,her, l-299, 11-2!34 
lamp driver, IV-160 
pushbutton trigger, V-:J88 
HS flip-llop, 1-:395 
SCH. ll-!367 
SH tlip-11op, JV-651 
toueli-triggered, I 133 
Lri~eI flip-llop, Vl-229 
Lwo-amp flip-tlop, Vl-230 

biL grabber, computers, IV-105 
bl,tck Jig.ht, battery-operated, V-281 
blender-motor control circuit, V-:=t79 
blinkers (,we J1asl1er5 and blinkers) 
blown-lilt,e alarm, I-JO 
boiler control, J-6:38 
bmigot,, deetronic, 11-587 
bom,Lcrs 

12 IIS, 11-97 
ac lli1e vollage boost, V-:349 
audio, 11-455, lll-!35, V-58 
boosler/buffer fur reference 

Cllfl'l'Ill, IV-42,5 
l'iectro11ic. h~h-~1-,eed, 11-96 
forward-current, lll-17 
LED. J-:307 
powl~r l.mustH·, op a.mp rlesign, IV

:358 
rl t1mp. broadcast band boost, rv-

487 
shortwave 1"1::T l-561 

bootslr;tp drcuit.,' V-356 
source follower, V-20 
cable, L-:34 

brake lixhts (see automotive circuits) 
brake, PWM ~peed control/energy 

recoverirli;i. 111-380 
breakers 

12 rm, 11-97 
ili}ih-t,pecd electronic, 11-96 

breaker power dwell meter, 1- l 02 
breakouL box 

amateur rndio, VJ-26-27 
buffer, Ll-120, 

breath alert alcohol tester, lTl-3.59 
breath monitor, m-3=,0 
bridge balance mdic:ator, 11-82 
bridge circuits, 1-552, 11--80-85, ITI-88-

71, IV-81-8!3, VI-121-123 
ac.11-81 
ac servo amplifier with, Ill :387 
accurate null/va.riable gain circwt, 

lll-69 
a1r-1Jm,..-scnsing thermistor, IV-82 
ampWier, 16-watt, Vl-85, Vl-88, VJ 

122, Vl-1:-!!J 
auto-zcroirij;l scale, Lll-69 

balance i:nclicator, 11-82 
hndge transducer amplifier, III-71 
crystal-controlled osc11lator, IV-127 
rl1fforent1al amplifier, two op-amp, 

11-83 
inductance bndge, IV-83 
linearizing function Cll'Clllt, Vl-321 
load dnver, audio circmts, III-35 
low-power common source 

amplifier, II-84 
one-power supply design, [V-83 
QRP SWR, III-336 
rPdifiPr, fixed pow~r supply, rv-398 
rPmote sensor loop trammutter, III-

70 
rfbridge, V-fiO-MHz, V-:m:i 
'itram gaugP signal r:onrl1tioner, II-

85, TII-71 
tra.nsdurPr, amplifiPr for, 11-84 
WhPatstonP hndgP, VT-12:'I 
WiPn-hnrlgP (.<ieP WiPn-hnrlgP.) 

brightness controls, lll-:108, TII-::H fi 
contrast meter, I-472, 11-447 
LED, I-2fi0 
low-loss, I-~77 

hmadhand communications (Me 
rad10/rf drr.uits) 

hurk converter, GV/0.fiA, 1-194 
hm:k/boost. convert.f'r, 111-ll~ 
bur.king regulators 

adrl 12-V output to fi-V, V-472 
h1gh-voltagP, III-481 

huffpr amplifiPrs, V-91 
lOx, 1-128 
lO0x, 1-128 
ar, singlP supply, I-126, Vl-127 
hattPry pnwPrPrl, standard rell, II-

3fil 
M08FF,T design, V-9:l 
smP wavP output, T-12fi 
VFO design, V-92 

buffPrs, lV-88-90, V-90-9::l, Vl-121-
128 

amphfiPrs (see buffer amph§ers) 
ar. single-supply, high-speed. I-127-

128 
ADC buffers, 1-127, Vl-12G, VI-12G 
AID, Ii-hit, high-speed, 1-127 
AID converter buffer, Vl-128 
analog noninverting switched 

hnffer, VT-127 
b1rlirert10nal d!!sign, Vl-128 
hoost.Pr/huffer for refernnct> 

rnmmt, fV-42:i 
(·apadtanr.e buffers 

low-inpm, 111.,lfJfi 
i:;t.ahihzPd low-mput, TII-G02 

rlata/r.lock line sPnal bus fnr PCs, V-
110 

l1Px-b11ffpr crystal oscillator, V-136 
l1igh-r11rrPnt, V-92 
mpntfrmtput, for analog 

nmlt1plexers, 111-11 
mvertmg, 11-299, IV-90 
microphone buffer amplifier, h1gh-

Z, VI-125 
nsc11lator buffers, fV-89 
piezot"lectric, VI-470 
prPc1sion-mcreasing design, fV-89 
rnil-to-ra11 smgle-supplv buffer, V-

93 
rf amp, buffer amp w1th modulator, 

fV-490 
st.ahlP, h1gh-impedanf'.e, 1-128 
umty gain, stabh·, good spf'ed, high

mput nnperlanr:P, II-6 
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buffer ampl.!.f1ers. r:m1t1nuerl. 
VFO buffer ampltftn, V-92 
video buffer. lll-712, V-fl:'.l 
voltage follower, VI-127 
wideband buffer, 1-127, VT-12fi 

buffered breakout box, II-120 
bug detector, III-365, V-lGO 
bug tracer, 111-358 
bull .horn, 11-453, IV-31 
burw.ar alarms (see alarms; 

armuciators, sirens) 
burst J,icncrat.ors (see also functrnn 

gcncrat,ors; sound generators; 
waveform generators), II-80-90, 
lll-72-74 

multi-. square wavefonn, II-88 
rf, portable, III-73 
smglc timer IC square wave, II-89 
single tone. 11-87 
strobe tone, 11-90 
Lone, 11-00, III-7 4 

bur:,l power control, III-362 
bus inlcrfacc, eight bit µP, Il-lH 
Hutter o~cillat,or. VI-452 

apcrio<l.tc. l-l!J6 
COJ!UllOll bast', 1-101 
crysl,iJ, 1-182 
emitter follower, Il-ID0-191, II-191 

Rutterworth filler, VI-220 
fuurth-ordc•r, 1-kHz, VI-222 
fourth order hjgh-pass, I-280, V-179 
fourth order lo.v-pass, V-180 
order low-pass, V-181 

buzzer:. (see annuciators) 

C 
cable 

bootstrapping, 1-:'!4 
coax cable dnvn, VJ-201 
driver, VI-078 
temunator, pos1tiw feedback, Vl-:388 
test circmt. III-ri:'i!l, V-299 
tester. aud10/vic!Po cable, Vl-144 
tracers, Vf-G.S9 
tWJ.sted-pa1r vi<lPo driver·/rcceivcr 

c1rcmt. V1-fi82 
two-mpnt. vidPO Ml rx cable driver, 

VI-197 
vtcleo cah1P driwr, VJ-200 

calihrat.ecl drrlllt, IJVM auLo, 1-714 
cabhrat.ors 

analog rircmts, Vt-:356 
crystal, 100 kH:,,, 1-185 
elPctrnly1w-ca.paeiior reforrning, IV-

271) 
ESR measurer, IV-:m) 
m,c1llosco1Je, ll-4!J!J, llI-436 
pnrtable. 1-644 
sriuare wave. 5-V, 1-423 
standard for caltbraUon. 1-406 
rad1n calibmlor, V-2!J8 
tf'fiter. IV-265 
"vavf' sh,tJJin~, high-slew rates, IV-

6fl0 
camna!', (sec photography-related 

r:1 rcu its: television ,md video J 
canar~ ~ou1td simulaLor. V-557 
canre'ller. central image, III-358 
c·apa1:ita.ncc Luffcrs 

low-iHpuL, Ill-4D8 
stabilized low-input. III-502 

capacitance conLroller, clig1taL V-l:-i9 
eapacitancc mclcrs, I-400, II-01-91, 

Ill-75-77, VI-340 
A/D, :3 5 di~it, IIl-7G 
u1pudlance-to-voltage, 11-~2 
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digiLal, 11-!)4 
capac1lill1ec' multiplier, I-41G. II-200, 

V-205. V-;}47 
eapac1tm1cc \.ester, one-IC design, V

:J06 VJ-:J58 
ca.pt1dL,;nec-Lo-pulse width 

convc,ter, H-126 
r:a11adt.,rnce-lo-v0Uagc met.er. II-92 
capacitor disdtargc 

h 1gl1-volt~c generator. III-485 
ig11iti1m ':iyslem, 11-103 

capa.c1turs 
hystere:,h. compensation. V-353 
prugrn.mmable, VI-362 

capacity tesln, baU.en.r. III-66 
car port, <1utonmUc light controller 

for, ll-:J08 
car-; (see auLomoLive circuits) 
carricr-currenl circuits (see also 

r,1diu/rf drcuit,s), III~78-82, IV-91-
9;·1. V-94-W:i 

.,;, M reci.;ivcr. 111-81 
audio tmflsmitlcr, III-7:) 
hab~ al,e rt_ recdvcr/Lrartsmitier, V -

!-l;-,, \, 86 
dara receiver. !V-9:J 
clata tran.;;1111t.ter, JV-92 
FM recPiver. 111-80 
mter<:orn, 1-146 
power lme modem, 111-82 
receivers, 1-141, 1-143 

TC, l 146 
,m,gle twm,isLor, 1-145 

rPlay. i 57,5. JV-461 
rPmote control. 1-146 
transm1tten,, 1-144 

IC. 1-145 
011/off 200 kHz line. I-142 

casc,ided amplifier, TH-13 
cassette bias oscillaLor, II-426 
cassette lrnerfacc, telephone, III-018 
cenlii,:mdc lhennometer. I-655, Il-

648 11-662. 
ccnlral 1nal{c cmiceller, III-358 
clmrge pool power supply, IIl-4ufJ 
d10.rW' pumps 

pus1livc• inpu!.lnegative output. 1-
418, m-:J60 

rc,liulatcd for fixed power supply, 
IV-!l!)o 

chLtrgcrs (see battery-related drrrnt.s, 
dw,rgers) 

chas<' drcuiL 1-326, Ill-197 
Chcbyshev filters (see also filt.Pr 

circuits) 
bandpass, fourth-order, IIT-191 
fifth order mulnple foprJhack lmv 

pass, II-2.J 9 
high-pass, fourth-ordn, lll-1111 

chime circuit, low-cost, n-:1:i 
chopper c1r('llits 

amollf1er. II-7. III- I 2. l-'.1;i0 
de output, V-'.H9 
.JFET, V-352 

chrckers (see measnremPntlt.Pst 
circmts) 

chroma demodulator with H.GR 
matnx, IlI-71 fl 

chug-chu,q sound gPnnator, 1ll-576 
c1rcwt breakers ( ~mi ol.Sr! protection 

circuits) 
12 ns, 11-97 
ar:, 111-i'i 12 
high-/ffJPPO Plectronic, ll-!:10 
t.np c1rrrnt. JV-42:~ 

cirrmt prntPd1011 (soe proleclion 
('lfC\llt.1") 

clamp m1-cu!'l'e11L probe 
eompem;alur, 11-501 

d;'t11·1p l1111iting amplifiers, active, III
lfi 

da.rnprng c1rcu1ls 
v1dPn 'i1grw.l, 111-726 
V1deo summing amplifier illld. III-

7 IO 
Clapp osdllat.or, V 1-458 
dass-D powPr arnplif1cr, 111-453 
d1ppPrR, 11-:'!94, ]V-648 

audio-pnwPred WJJSe, ll-:JU6 
audin-rhp per/li11 uLer, IV-355 
nmse r-l1pper, ,tlljusl,tlJlc, VI-423 
zpner dPs1gn, fast, synunctrical, IV-

:rn:; 
clnrk r1murs, ll-100-102, III-83-85. 

V-!17-99. Vl-1:::i!:1-l!Jl 
t'\0 Hz clock pulse gcncralor, H-102 
adJnstahle ·1~r1,. 1-614 
binary dork, V 98-::19 
hnffPr 'lPnaJ hu&, V-110 
comparator, ! 156 
crystal osdllat:or,-m1c:ropuwcr, JV-

122 
digital, vnth a.la.rm, 111-84 
gas dischargP <11splay&, 111-l:!-hour. 

l-2i'i3 
low-freqmmry dock, Vt-1:n 
osc!llaror/dork gPnera.tor, 111-85 
phas{' lock, 20-MH:;,, to Nullm,, lll-

105 
run-down dork ror games, lV-205 
sensor rmwh ;::;"<.N1tch/clock, JV-591 
set t.imP v;1ndn¼s withi11 dock, Vl-

130 
smglP. op amp, Hl-85 
sm1rrP., rlod, source, 1-729 
stPppPr mntor''.i, V-57:J 
three-phase from rekrcnce, II-101 
TTL, ,,111rlf' frequl'IH.:y, ili-85 
ZRO romputer, H-121 

dock gPnera.tors 
osr1llator, 1-615 
prPrlSIOll, 1-19:J 
pulsP gPner.Jior, 60 Hz, II-102 

rlnrk ra<lio, 1-542, 1-54:.l 
CMOS c11·n1its 

f)fi/'i a.stable true rail-lo-rail square 
wave gencralor, II-5tlo 

9 bit. lll-HS7 
l:OLIJ)ler, oplicru. IU-414 
crystal osdllal.or, III-134 
d.iLa acquisition system, II-117 
dimmer. V-270 
l1.J.s.hcr, lll-Hltl 
i11vcrlcr, linear amplifier from. II-11 
line receiver V-497 
nuxl'r, l-57 ' 
mulli,ibrators, V-385 
oplical coupler, 111-111 
oscillator. I-187, 1-(HG, 1-199, m-

429, III-430, V-420 
piczodcctnc driver. V-•!10 
progrnmmable prec161on timer, III-

652 
:,hor~-pulse generar.or, III-fi2~ 
louch sv,itch. 1-137 
universal logic probe. lll-489 
variable-frequency os·r.1l1ator 

(VFO). V-•l 18 
comaal cable 

drivers, coaxial cahlP, l-266, 1-.560 
five-trans18tor p11\sp hoost.er. ll-191 
test c1rc111r. V-2~8 

Cockcroft-Walton cascaded vo1LL1,1W 
douhlf'r, TV-6:lii 



code-practice osclllators. I-15, I-20, I-
22. fl-428-431- IV-373, IV-375, IV-
376, V-100-103, VI-404-409 

keyer, "bug" type, V-102 
Morse code practice, V-103 
opt01solator design, V-10 l 
QRP sidetone generator, V-102 
smgle-transistor design. V-103 
VFO design, V-103 

coil drivers, current-bruiting, III-173 
coin flipper circuit, III-244 
coin toss game, \'1-250 
color amphfier. video, III-724 
color-bar generator, IV-614 
color organ, II-583, II-584, V-104-105, 

vl-193 
color video ampW'i.er. I-34 
colorimeter, VI-306-307 
Colpitts crystal oscillators, I-194, I-

572 11-147 V-411 VI-160 VI-458 
1-to-20 MHz.'Iv-123' ' 
frequency checker, IV-30 l 
harmonic, 1-189-190 
two-frequency, IV-127 

comb filter, Vl-218 
combmation locks, electronic, IJ-196 

three-dJ.al II-195 
commutat.o;, four-channel, II-364 
companders (see 

compressor/expander circuits) 
comparators, I-157, II-103-112, III-86-

90 
dr:monsr.ration circuit, II-109 
diode feedback, I-150 
display and, 11-lOG 
douhlf'-fmded lim1t. ll-10fi. I-Hio 
dual hmit, I-JG! 
fm1r-rhannel, JJT-90 
frequt>nry, II-109, IT-110, VT-2fi:~ 
frPqnency-df'tert.mg, TTT-88 
h1gh-1mperlanrP, T-157 
high input impedance wmdow 

comparator, Tl- 108 
high- lov. I evf' l eompara.tor w,r h onP 

op amp, II 108 
l1ystPJ'f!sis, I-1 ;)7 

mwrtmg, I-1 fi4 
nonrnveitmg. 1-1 fi;:; 

invertmg, f 154 
j1tter suppression, V-!342 
latch a.rn.i, lll-88 
LED frequem:y, 11-110 
l.tmit, 1-156, 11-104 
low-power, les;,, Limn 10 µV 

Iwstcrcsis, H-104 
mkrovoll 

dual Iinut, lll-89 
hysteresis. III-88 

monostable usin~, U-268 
opposite polarity input voltiigc, 1-

155 
oscilliit.or, tunable sip;nal, I-6!) 
power supply ovcrvolta~c, gliLctws 

detection vvith, II-107 
precision 

balanced input/vurwblc offsd, 
III-8!.l 

photodiodc, I-360, I-384 
time out. 1-153 
TTL-compatible Schmitt tnggcr, 11-

111 
three-input and gate, op amp 

design, IV-363 
variable hysteresis. 1-140 
voltage comparator, IV-650 
voltage monitor and, II-104 
,..,,indow, I-152, I-154~11-106. III-87, 

III-00, IIJ-776-781. IV-656-658, 
VI-181 

compass 
digital design, !:V-147 
Hall-effect. III-268 
tallang Hall-effect 1;ompass, V-221 

compcrisator, clamp-on-currcnl 
probe, ll-501 

composilt' amplifier, 11-8, lll-l!J 
c011iposik-video signal text adder, 

III-716 
compressor/expander wctuts, lll-91-

05, IV-94-97 
amplifier/compressor, low

distortion, IV-24 
audio, II-44, V-57 
audio compressor/aucho-band 

splitter, IV-ll5 
clock circuit, 1-156 
guitar, sound-effect circuit, IV-519 
hi-fl, II-12, 11-13 

de-emphasis, III-95 
pre-emphasis, III-03 

low-voltage, III-92 
protector circuit, IV-351 
speech, II-2 
universal dcsi,\n, IV-06-97 
vanable slope: III-04 

computalann, I-2 
computer circuits (see also 

interfaces), 11-113-122, HI-06-
108, V-106-110. VI-132-141 

ADC. e~ht-channel, for PC clones. 
V-29-30 

analog signal atr,enuator, III-101 
analog-to-digital converter for PC, 

Vl-60 
alarm, I-2 
A8(;II tnplex L(;D, 80-18/IM80C48. 

11-llfi 
hit. grnhher, TV-10.'i 
h11ffPrPcl hne::ikcmt hox, TT-120 
lmff Pr RPnal-bus for data/dock 

lirn~s, V-110 
b11s mtf'rface, 8-hit µP, Il-1 H 
dork iihasP. lor.k. 20-MHz-to

NnRlls. JJJ-1 OG 
CMOS rlat.a acq111s1tion system, II

ll 7 
contrast and ha<:khght control, 

l11gh-e.ffirn=mry, \1-191 
C:PU mtPrfar.f', nne-Rliot., TV-2;19 
data acqrns1tion circrnt, VT-278 
data 'Separator for t1oppy disks, TT-

122 
degu.tcher, IV-109 
display, ei;(.ht-dJ,l.(it, 111-106 
dual 8051s execute iI, lm:k-sr.ep 

circuit, IV-99 
DVM adapter for PC, V-!JlO 
EEPROM projlramming doubler 

drclliL, VI-J:J8 
BE PROM pulse generator, 5\1-

powercd, 111-99 
el,l(hL-duumel mux/<lcmux system, 

11-115 
ci,l(hL-digit mkroproees~or display, 

111-106 
error dwcker, nmster/slave device, 

Vl-:389 
flash memory pro~ranuning supply, 

+12 voll, Vl-1:J8 
flip-flop inverlcr, spare, lll-10:J 
lugh-specd dala acquisiW.m syslem, 

II-118 
interface, 680x, 650x, 8080 families, 

III-08 

mterval timer, progranunal>le, 11-
678 

keyboard matrix iHtcrface, lV-240 
laptop eompuLer power sttfJply, V-

4o:J 
LCD, CCFL ,;upply witll variable 

contrast, Vl-510 
line pror.ector&, :~ µ.P 1/0, IV-101 
logic-level translator,;;. IV-242 
logic line monitor, IIJ. l 08 
lrntg delay line. logic signal&, TTI- l 07 
memory/protector power supply 

monitor, lv-425 
memory saving fJower supply, H-486 
mieroeomputer-to-tr'iac interface, 

V-244 
microprocessor selected fJttlse 

width control, 11-llo 
modem protector circuit, V-4 79 
modem/fax protector lor two 

computers, V-482 
multiple mputs dcleetor, lll-102 
one-of-eight dumnd tran~missiu11 

system, lll-100 
oscilloscope digital levels, lV-108 
pusswonl protection circuit, V-109, 

Vl-1:J5 
poWl'r line modem for computer 

control, Vl-474 
pow LT saver for monitors, VI- l!J9 
POWLT supply for notebook 

computer, triple-omput, Vl-512 
power supply wnLc.hdog, ll-494 
pulse ,v1dLh control, 11-116 
printer error alarm, IV-106 
printer port, Vl-134-135 
printer sentry, V-107-108 
reset protection, chlldproof, IV-107 
RGB blue box, III-99 
RS-232, computer-powered, VI-138-

139 
RS-232 dataselector, automatic, Hl-

97 
RS-232C lme-dnven CMOS circmts, 

IV-104 
RS-232-to-CMOS lme receiver, III-

102 
RS-232C LED circmt, III-103 
RS-422 to RS-232 converter, VI-l33 
short-circmt :,ensor, remote data 

lmPs, IV-102 
signal attenuator, analog, IIl-101 
sh~Pp-morlP smmc:1-operated 

r.1rrrntf;. V-fi47 
,;ncki>t rlPhuggPr, r.oprnressor, IIl-

104 
speech synthes1?.Pr fnr, HI-732 
stalled output detf!dnr, fV-109 
supervisnry r.1rr·111t, Vl- 1:10 
-,;witch <'lebounc:er, IV- I Oii 

auto-repeating, IV, JOfi 
teleprint.el' lnop supply, \1-497 
triac ami.y driver, 11-410 
volt.age regulator for nPw 

.rnir.mprocessrJl's, VI-fififi 
Vpp generator for EPR.OMs, TT-114 
wireless HTS kt>yE'r W1th data, Vl-

1:)6 
XOH gate~, TV, l 07 

up/do1t 11 eou ntel', 111-105 
Z80 bus monitur/debugger, TV l 0;3 
Z80 clod., 11-121 

contact sw1td1, I- t:36 
continuity testers, 1-550, 1-5,51, II 

5'.J:J, 11-,535. 111-!J4,5, IJl-538-540, 
lV-287, lV-289. lV-296, Vl-142-
145 
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buffer amplifiers, crmlnw,ed 
adjustable continuity tester, Vl-144 
audible, 11-fi36, v-::117, \/1-145 
audio/video cable hest.er, \11-144 
buzz box, I-551 
cable tester, III-539 
latching design, fV-29."i 
low-resistance cirr.nits, V-:'119 
ohmmeter, lmear, IH-f>40 
PCB, II-342, fI-5:1/i 
ratiometnc, I-fifiO 
RC decade box, V-294-295 
resistance-ratio dPt.ec:tor, JI-:342 
short-circmt hepper, VT-~4:3 
single chip <'.hPckPr, lJ.5;34 
VIsual, V-29:1 

contrast meters, H-44 7 
automat1r., f-472 
brightrn,ss r.ontrols, 1-250, t-=:377, III-

308 
control c1rf'.11its (see lluid and 

moistmP; hght-controlled 
circmts; motor control crrcuils; 
speed c:oi1tn)llEirs; temperaLure-
related drcuits; controls) 

controller drruit, fV-142 
conversion anrl converters, I-50:J, II-

123-1:12, Hf-109-122, IV-110-120. 
V-llo-128, VT-146-155 

3-to-fi V rngulatE>d outµut, III-73!) 
1-to-18 MHz, III-114 
4-to-20 mA cunent looµ, IV-111 
fiV-to-isolated 5V at 20 MA, III-474 
5V-to-0,5A buck, I-4-94 
9-to-fi-V c:onve1ter, IV-119 
12-to-9 V, 7 5, or 6 V, I-508 
12-to-16 V, 111-747 
28-to-5 Vele converter, V-127 
501- \I feed forward SWltch mode, 1-

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

494 
100 MIiz, ll-130 
100 V -to-10.26 A switch mode, I-

501 
225-W 15-V output converter, VI-

148-14!1 
800-to-1000 MHz scanner 

converter, V-122 
ac-to-<.k converters, I-165 

fixed power supplies, fV-395 
full-wave, IV-120 
hi,LU1-lmpcdance precision 

rectifier, I-164 
amateur TV downconverter, 420 to 

450 MHz VI-44-45 
amateur TV downconverter, 902 to 

928 MHz, VI-40-41 
aruilog-to-digital (see analog-to-

digital conversion) 
ATV downconverter, V-125, V-126 
ATV rf receiver/converter, fV-420 
BCD-to-analog, I-160 
BCD-to-para1lel, multiplexed, I-169 
buck/boost, III- ll 3 
calculator-to-stopwatch, 1-lfi::l 
capacitance-to-pulse W1dth, H-12ti 
crystal-controlled, ont>-ch1p, V-117 
current-to-frequency, fV-118 

wide-range, I-164 
current-to-voltage, I-162, I-lo/\ V-

127, VI-154, VI-155 
grounded btaS and sensor, IT-126 
photodiode, II-128 

de automobile power :>.r.iaptPr, V-70 
de-to-de, IV-118, V-119, V-128, Vl-

164-167 
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1-to-5 V. IV-119 
3-to-5 V battery, IV-119 
3-to-25 V, III-744, fV-118 
bipolar, no mductor, 11-1~2 
fixed 3- to 15-V supply, IV-400 
isolated +15V, III-llG 
push-pull, 400 V/60 W, I-210 
rel;ulatmg, I-210, I-211, II-125, 

III-121 
~tep-up/step-down, III-118 

dc/ac inverter, V-669 
de/de converter, V-669 
differential voltage-to-curnmt 

converter, VI-153 
digital-to-analog (,~ee dig1tal-to

analog conversion) 
direct-conversion 7-MHz rPeP1ver, 

VI-153 
driven flybaek convntPr, VT-150 
fixed power supply, IH-470 
flyback, I-211 

self osc11latmg, I-170, II-128, 
III-748 

voltage, high-efficiency, HT-744 
frequency, 1-159, V-12::l 
frequency-to-voltage (.ww 

frequency-to-vo1tagP mnversion) 
HF receive convertn, VT- 14 7 
high-to-l0-w-1mperlanei:., 1-41 
intermittent converter, power 

saver, IV-112 
IR-pulse-to-anrlio converter, V-224 
hght intensity-to-frequency, 1-167 
line-vnltage--to-mnlt1rneter adapter, 

V-312 
loganthmic 

fast-action. 1-169 
temperat.me compensated, V-127 

low-frequency, lll-111, Vl-153 
ohms-to-volts, 1-168 
osdllosr.ope, 1-471 
ontpnt-to-currem converter, VI-155 
NTRG-to-flGI:\ crnwerler, Vl-677 
p.Prinrl-to-volrage, IV-115 
photorl1ode log converter/ 

transmitter, Vl-:31::l 
pico-arnpPre, 70 V with ~ai.t1, 1-170 
PIN photod1ode-to-frcqucncy, HI-

120 
polar-to-rectan!Sular convcr~cr/ 

pattef'n generator, V-288 
polarity, [-166 
positive-to-negative, lll-112, III-113 
power supplies, induclorless, V-456 
pulse height-to-width, III-119 
pulse t!'ai.I1-to-sinusoid, III-122 
pulse width-U.i-voltage, lII-117 
radio beacon converter, fV-495 
reetaJl/-ile-Lo-lriar~k wavefonn, fV-

116-117 -
regulaL-cd 15-V,, 

1 
6-V driven, III-74G 

resistancc-to-voitage, I-161-162 
rr converters, IV-4!.l4-501 

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

radio beacon convcrler, IV-405 
receiver frequency-converter 

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

IV-500 
two-meter, IV-498 
up-convcrler, TVRO subcarner 

reception, fV-501 
VLF converter, fV-497 
WWV-lo-SW converter. IV-499 
receiving converter, 220 MHz, 

IV-500 

RGB-composite video signals, III-
714 

RMS-to-de, I-167, II-129 
50-MHz thermal, III-117 

llGB-to-NT8C, fV-611 
sawtooth wave converter, fV-114 
seamier converter, V-800-to-1000 

MH,:, V-122 
SCR converter, VI-151 
5hortwave, III-114, V-118 
-;imple LF, I-546 
sine-wave converter, VI-150 
sine-lo-square wave, I-170, fV-120, 

\1-124, V-125, V-569, V-570 
square-to-sine wave, III-118 
square-to-triangle wave, TTL, II-123 
step-down converter, 5-V 5-A, VI-

151 
~ync-Lo-async, \11-152 
temperature-to-digital, V-123, VI-

646 
temperature-to-frequency, 1-168, V-

121, VI-639 
temperature-to-time, III-632-633 
wmsvcrter, V-2-to-6 meter, V-124 
triangle-to-sine wave, 11-127 
TTL-lo-MOS logic, II-125, I-170 
lwo-wrrc to four-wire audio, II-14 
unipolar-to-dual voltage supplv, TII-

743 
video converters 

aid and d/a, fV-610-Gll 
RGB-to-NTSC, fV-611 

VLF converters, I-547, V-121 
rf converter, IV-497 

voltage (see voltagP rnnverters) 
voltage multipliers, V-668-669 
W\VV converter, V-119, VT-147 
WWV-to-SW rf eonvPrter, TV-19;l 

cool-do'Wli circ111t, V-;154, V-357 
coprocessor sor.kt;t dehugger, IIl-104 
countdown timer, II-680 
counters (see aL'lo dividers), H-133-

139, IIl-123-130, V-129-133 
analog circmt. JJ-137 
attendance, II-138 
binary, II-135 
div:ide-by-N 

1+ GHz, IV-155 
1.5+ divide-hy-n, IV-156 
CMOS programmable, f-257 
7490-divirlerl-hy-n, fV-154 

dJ.vid.--hy-odd number, IV-15:3 
ewmt count.er, Vl-369 
freqnenr.y counter·s, VJ-360 

2 MHz, V-1:30-131 
JO MHz, V-182- 1:33 
preamp, V -24 

frf'qm•nr.y dividers, !-258, ll-251, 
IT-254, III-213-218, lll-340, 
IIT-768 

1.2 GHz, 111-129 
IO-MHz, HI-126 
dor.k input, JV-151 
decarl:P, l-259 
d1virlP-by- l.5, III-216 
low-r.ost, ITI-124 
low-frequency, 11-253 
preamp, IIl-128 
programmable, IV-152-153 
staircase generator and, I-730 
tachometer and, 1-:310 

fnnge counter, VI-300 
Geiger. I-536-5:37, V-217-219 
microfarad cow1tcr, IV-275 
mmimum/maxi:mum selector, four-

mput, V-832 



odd-number divider and, lJ 1-217 
prearnplifier, oscilloscope. 111-438 
precision frequency, 1-2513 
programmable, low-power wide-

range, 111-126 
rmg counter.~ 

20 kHz, Tl-135 
inrandesrent lamp, T-,'301 
low-mst, T-,'301 
low-power pulse cirrmt, IV 437 
SGR,111-1% 
variable timing, 11-134 

time base, function genera.tors, l 
H7., TV 201 

umversal 
IO-MHz, I-255, ll-1:39 
40-Mllz, lll-127 

up/down cow1ters 
8-d~it, ll-1:34 
extreme count freezer, lll-12,S 
XOR gate, 111-105 

couJ.)lcr circuits 
l.1.11car cuuJ.Jlcrs 

ac analog, 11-412 
analog, 11-41;3 
de, 11-411 
OJ.JtOcoupler, instrumcntalion. 11-
417 

optical couplcrs/oplucuuplers, V-
407 

CMOS design, III-414 
interface circuits, V-406-407 
linear, insLrurncntnllon, II-41 7 
stable, 11-409 
TTL design, lll-416 

phoLon, 11-412 
RF line sampler/coupler, VI-30 
transmitter oscilloscope for CB 

signals, I-4 73 
courtesy lights (see automotive 

circuits) 
craps game, VI-245 
CRO doubler, III-439 
cross fader, II-312 
cross-hatch generator, color TV, Hl-

724 
crossover networks, II-35 

5V, I-518 
ac/dc lines, electronic, I-515 
active, I-172 
asymmetncal th1rd order 

Butterworth, I-173 
electronic circmt for, II-36 

crowbars, I-5Hi 
electric, 111-GlO 
electronic, II-99 
SCR 11-486 
voltage regulator, vanable, wit.h 

crowbar lirruting, VI-fi15 
crystal osc11latorn (see a,l8o 

osr.11lators), I-180, I-18:'l-18fi, 1-
Hlfi, I-198, II-140-lfil, III-1:31-
110, IV-121-128, V-1:'14-140, 
Vl-lGG-lG0 

1-to-20 MHz, ITL design, TV-127 
1-to-4 MHz, CMOS design. IV-12fi 
10 MHz, II-141 
10-t.o-lG0 kHz, TV-125 
10-to-80 MHz, IV-12:i 
fi0-to-lfi0 MHz, JV-12fl 
9fi MHz, 1-179 
lG0-to-:30,000 kHz, IV-126 
:1::io MHz, JV-125 
art1vity tester, V-138 
amplifin, tuned. VJ-57 
aperiodic, parallel•mode, T 196 
basic: design, \I-1;35 

bridge, c r;y stal-co11trolled, I V-127 
Butler oscillator, 1-182 
calibrator, 100 kllz, 1-185. JV-124 
ceramic, JO Milz, varactor tu!led.11-

141 
eluek. rn1cropower design, IV-122 
CMOS crystal oscillators. I 187, fll-

1:14 
1-to-4 MHz, IV-125 

Colpitts crystal oscillator~. 1-194, I 
[i72, 1l 147, VI 160 
Ho-20 MHz, IV-12:J 
!"requenc;y checker, JV-:J0l 
ilanrionic, 1-189-190 
two-Jrequency. IV-127 

crystal-controlled oscJ.llittl)J" a.s, 11-
147 

crystal-stabilized IC Li.mer for 
subharmonic frequencies, 11-151 

crystal tl'"ter, 1-178, 1-186, ll-151 
dc-c,witdied, Vl-159 
doubler and, 1-184 
easy starl-up. 111-1:..!2 
FET, 1 MIiz, ll-144 
FET quarlz cryslal oscillator, Vl-

157 
FET VXO, Vl-157 
FM capable, Vl-158 
frequency adjusLablc, Vl-159 
frequency doubler, Vl-160 
fundamental-frequency, III-l'.32 
Hartley oscillator, V-140 
hex-buffer, V-136 
high-frequency, l-175. 11-148 
lli,gh-frcquency si/:;llal ,1;enerator as, 

II-150 - -
IC-compatible, II-145 
impedance checker, V-136 
LO for SSE transmitter controlled 

by, II-142 
low-frequency, I-184, II-146, V-135 

10 kHz to 150 kHz, II-146 
low•noise, II·l45 
marker generator, IIl-138 
mercury cell crystal-controlled 

oscillator as, II-149 
OF-1 HI oscillator, mtemational, I-

197 
OF-1 LO osc11laror, 1m.ernat1onal, I-

189 
overtone osc11lators, l-176. I-177, 1-

180. I-183, I-18u, Il-14u, III-1413 
50 MHz to 100 MHz, I-181 
100 MHz. IV-121 
crystal, 1~17fi, J-180, II-14fi 
crystal sv.itchmg, 1-18~ 
fifth-overt.one, 1-182 
third-overtone osr.11lator, TV-12::J 

Pierce osr.lllator, V-140 
1-\\IHz, TTT-1:14 
rrystal, l-19fl, TT-144 
harmornr., I- 199, TT- 192 
JFET, l-198 
low-frequency, 111-1'.1:i 

quartz, two-gate, TII-1:'lo 
radio dPter.t.or, VI-182 
reflPr.tion osr.11lator, rrystal-

mnt.rollPd, TIT-1:'lfi 
Srhmitt trigger, 1-181 
signal srn 1rre controlled by, TT- 143 
smP-wavf' oscillator, 1-198 
st.ahle low-frequenr.y, l-198 
st:mdarrl, l MHz, 1-197 
t.em1wrat.ure-compensated, 1-187, 

11-142, T!T-1~~7 
test ci reuit, V-1 :39 
thirc\-overtone, 1-186, IV-12:J 

ti.Jue base, 111-1:J:J, IV-128, V-1J7, V-
1:38 

TTL dcsi,l,(n, 1-17!:l, lV-127 
TTL-comp<1tiblc, 1-197 
t rans1storized, 1-188 
tL1be-type, 1-192 
U.J'l' 100-kllz calibratimt osctllator. 

VI-157 
VHF crystal oscillator, 111-138-140 
voltage-controlled (vCO), 111-135, 

IV 124 
wide-r<11~e, V-139 

cr;ystal radio receiver, Vl-549, Vl-557 
cryst,iJ "wit chin~, overLone oscillator 

with, 1-18!3 
currenl w1alyzer, aulo baLLery, 1-104 
curreul booster, !-:JU, l-J5 
currenl colkclor head amplifier, 11-

11, 11-295 
currenl feedback amp, 100 mA al 100 

MHz, V-25 
currenHimiter, V-146 

foldback currcnl, VI-477 
ir1ruslt currenl, V-358 
re~ulator, Vl-478 · 

current loops 
4-Lo-20-mA converlcr, lV-111 
conLrolkr, SCR design, IV-387 

curn·nL melers and monilors, 1-203, 
11-152-157, IlI-255, III-3a8, IV-
284, V-144-146, VI-259, VI-'.355 

alarm and current monitor, IIIa338 
ac current indicator, TV-290 
current sensing in supplv rails, II-

153 
electrometer amplifier with 

overload protection, II-155 
Hall•effect sensors. III-255, IV•284 
high-gain current sensor, IV•291 
line-current monitor, III-341 
picoammeter.1-202, ll-154. II-157. 

III-338 
guarded mput. II-156 

range ammeter, sue-decade, ll-lfi3, 
II-156 

current probe, VI-521 
current readout, rf, I-22 
current regulators, op amp, VI-430. 

VI-489 
current sensmg, supply rails, ll-lfi3 
current smk, I-206 

1 mA for fixed power supplies, IV-
402 

voltagP-r.ontrollnl, IV-fi29 
r.nrnmr sourr.es, T-20fi, l-697, V-141-

14::l, VJ-lfil-lfl::l, Vl-:'!12, vl-:'l:1S 
0-to-200-nA, IV-:127 
bilateral. J-694-69."i, Jll-469, V-14,'3 
bipolar smirces 

ilwf'rtmg, T-697 
n-onmverting, 1-695 

constant, T-097, 111-472 
flx:ecl pown supplies 

hootstrappNl amp, JV-406 
diffnPnt1al-inpnt, fast-arting, 

JV-40S 
low-rurrPnt sourre, IV-'.199 

gPnerator, Vl-162 
limiter, V-146 
low-resistance measurements, V • 

142 
multiple fixed current source, Vl-

16:~ 
negative. V-143 
offset-adjusting, V-145 
JJOSitive, V-142 
precision. 1-205, 1-206 
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current sources, continued 
regulator, vanahlt> power supply, 

IIl-190 
vanable power snpphes, voltage

programmRble. IV-420 
voltage-controlled, III-4G8, VI-lu2, 

Vl-Hi3 
current-limiting regulator, V-458 
current-shunt amplifiers. III-21 
current-to-frequency converter, IV-

113 
widE' range, I-Hl4 

current-to-voltage amphfier, high
speed, I-35 

current-to-voltage converter, I-162, I
lo5, V-127, VI-154. VI-155 

grmmded bias and sensor in, Il-12G 
photodiode, Il-128 

curvf' tracer, V-300 
dIO~S, fV-271 
FET, 1-897 

CW-related circ:uits 
audrn filter, VI-29, VI-105 
CW/SSB receiver, 80- and 40-meter, 

V-199 
filter, razor sharp, II-219 
identifier, VI-24, VI-408 
keying circnits, IV-214 
offst>t indicator, IV-213 
SSE/CW product detector, IV-139 
transceiver, fi W, 80-mPtn, IV-002 
transmitters 

1-W, III-1178 
6-W 40-M, VI-004 
20-M low-power, V-049 
40-M, TII-084, V-648 
902-MHz, TII-686 
HF low-power·, IV-601 
keying circuit, Vl-22-23 
one-watt, VJ-27 
QHP, 111-69 
ultrasmtic tr,1Jtsceiver, VJ-669 

cyclic AID converter, 11-:JO 

D 
<lark-activatPd (see I 1gl1t-f'ontrol1P.rl 

circuits) 
darkroom equipment (see 

photography-related circuits) 
Darlingw11 amplifier, push-pull. V 22 
Darlington regulator, variable power 

sup plies, l V-421 
llarlin,l(ton tnmsistor o~dllator, VJ-

455 
data-manipulation circuits, I V-129-

1 :n 
acquisition circuits, IV-131, VI-378 

CMOS syslcm, 11-117 
four-chmmel, 1-421 
highsspeed system. 11-118 

analo~-siRnal transmission isolator, 
IV-i3i 

link, IR type, I-341 
prescalcr, low-frequency, IV-132 
rcad-t_vpe circuit, 5 MHz, phase-

encoded, II-365 
receiver, carrier-current circuit 

design, IV-93 
receiver/message demuxer, three-

wire, IV-130 
selector, RS-232, III-07 
separator, floppy disk, II-122 
transmission circuits, IV-02 

de adapter/transceiver, hand-held, 
III-461 
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de generators, high-voltage, III-481 
de motors (see also motor control 

crrcuits) 
drrect1on control, I-452 
driver controls 

fiberoptic control, II-206 
fixed speed, III-387 
servo, bipolar, II-385 
reversible, II-381, III-388 

speed control, 1-452, I-454, III-377, 
III-380, III-388 

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

II-385 
de static switch, II-367 
dc-to-ac inverter, V-247, V-669 
de-to-de conversion, IV-118, V-66£l, 

VI-164-167 
1-to-5 V IV-119 
3-to-5 v'tattery, [V-119 
3-to-25 V, III-744, lV-118 
-3.3- and 5-V outputs, V-128 
3 A, no heatsmk, V-119 
bipolar, no inductor, II-132 
fixed 3- to 15-V supply, IV-400 
isolated, VI-Hi5 
isolated +15V, III-115 
negative step-up converter, VI-166 
push-pull, 400 V/60 W, I-210 
regulatmg, I-210, 1-211, II-125, III-

121 
step-up!Rtep-rlown, III-118 
nltra low-power for personal 

communicatiorn, Vl-16G 
dc-to-rlc inverter, VI-285 
ck-to-rlc SMPS vanahlP power 

Sllpply, 11-480 
dPhonnr.ns, III-fi92, TV-lflfi. V-::llf\, 

VI-:187, VI-nl.1, VT-1114 
auto-rP.peat. IV-106 
cornputf"r apphcat1ons, IV- I Ofi, IV-

106, IV-108 
tlip-t1op, TV-108 

debugger, coprocessor sockPts. ITI-
104 

decibel IPvel dP.tector, anrho, wnh 
meter driver, TH- 1 fi4 

decoders, 11-162, TTT-141-14.'"1, VI- \f\8-
171 

10.8 MHz FSK, 1-214 
24-perceut bandwidth tone, 1-215 
UCD decoder/driver:, multiplexed, 

VJ-189 
iliredion ddcctor, lll-144 
DTMF decoder, VJ-lt:\9 
dual-lone, 1-215 
encoder and, lll-144 
FM stereo decoder, Vl-170 
frequency division multiplex stereo, 

II-16[) 
P ALINTSC, with RGB input, lll-717 
radio control receiver, 1-574 
SCA. 1-214, III-166, III-170 
second-audio program adapter, lll-

142 
sound-aclivalcd, lll-145 
stereo TV, Il-167 
time division multiplex stereo, Il-

168 
tone alert, I-213 
tone dial, I-630, I-631 
tone decoders, I-231, IIl-143, VI-170 

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

video, NTSC-to-RGB, IV-613 
video line decoders, \11-171 
weather-alert detector/decoder, IV-

140 
deglitcher circuit, IV-lO!J, V-336-337 
delay circuits/ delay units, III-146-

148, V-147-148, VI-172-173 
adjustable, III-148 
analog dday line, cc.ho und rcverb 

effects, IV-21 
door chimes, 1-218 
echo and revcrb effects, analog 

delay line, IV-21 
extt delay for burglar amnn~, V-10 
headlights, I-107, Il-5!J 
leading-edge, III-14 7 
long duration time, 1-217, I-220 
power-on delay, V-148 
precision solid state, I-664 
pulse, dual-edge trigger, III-14 7 
_pulse generator, II-50!J 
relay, ultra-precise long time, II-211 
tllTled delay, I-668, II-220 
tllTle-delay generator, Vl-173 
constant-current charging, II-668 
wmdshield ~iper delay, 1-97, II-55 

demodulators, II-158-160. III-149-150 
5V FM, I-233 
12V FM, I-233 
565 SCA, III-150 
AM demodulator, II-160 
chroma, with RGB matrix, III-716 
FM demodulator, I-544, II-161, V-

151 V-155 
narr~w-band, earner detect, 

ll-159 
linear variable differential 

transformer driver, I-403 
LVDT demodulators, 11-337, m-323-

.121 
stPn,o, Il-lfi9 
tPIPmPtry, I-229 

demonsuatmn r.omparator circuit, 11-
109 

demultiplPxers (see nlso 
mnlt1plexns), III--194 

d1ffP.rent.1al, I-42:i 
P1ght-channel, 1-420, II-11:i 

clP.scramhlP.rs, II-lfi2 
gatf'cl pulse, 11- lnfl 
outbaml, 11-lM 
sin!" wave, Il-ln3 

denved center-channel stP.rPo 
system, IV -2!3 

detect-and-hold eircuit, peak, l-68!'i 
detectors (see l1uid and moisture; 

light-controlled circL1its; motion 
and proximity; motor control 
circuits; peak detectors; 5mol<e 
detectors; speed controllers; 
temperature-relalcd circuits; 
tone controls; zcro-crossmg) 

devialion melcr, IV-!JO:J 
dial pulse i.niliealor, telephone, 111-

613 
dialers, telephoue 

pulse-diali11,1; tclcph011e, 111-510 
pulse/lone, sin~le-dtip, 111-603 
ldcpltone-lir1e powered repc1tory, 

I-633 
tonc-dialin~ ldcphonc, lll-607 

dice, electronic, l-325, lll-245, IV-207 
differential amplifiers, l-38, 111-14, V-

18, V-21, VI-185-287 
high-impedance, 1-27, I-!J54 
high-input high-impedance, II-19 



im,Lrumcntation, l-!J4 7, lII-283 
instnunentatiun, biomedical, 111-282 
oscilloscopes, V1-4o:J 
prngr,uumalJk ,1,sain, 111-507 
two op amp lmd,i,sl' type, 11-8:J 
wide in1mt cmumon-mode range, 

Vl-5::l 
rhfferc:'nt1al analog S½itch, 1-6::.12 
rhfferPnt1al capacitance measurement 

eircUtt, H-665 
chfferential hold, 1-589, ll-:365 
rhfferential multiplexe1·s 

demultiplexer/, 1-425 
Wtde band, l 428 

differential thermometer, 11-661, lll-
688 

differential voltage or (.;Urrent alann, 
Ir-3 

differe1mators, 1-42~!, V-:347 
negative-edge, 1-419 
positive-edge, 1-420 

rlig1tal-capacitance meter, ll-i:J4 
digital-IC, tone probe rol' testing, ll-

fiCl4 
rligital-frequenr:y meter, HI :344 
rligital-logir prnhf', TH-497 
<hgital amlio tape (DAT), chther1zing 

drr:uit, IV-2:'l 
,hgital rirrnits, V- I 5fi-160 

amlto sf'lector, V-lfi8 
RCD rotary swit.ch, V-160 
r:apacitanr.f' cont.rol, V 159 
entrylnrk, V-l,17 
inverters, V-245 
potPntiomPter control, V-158 
rnf.istance control, V-159 

digital multimeter (DMM), IV-21:Jl, V-
291 

chgita.l voltmeters (DVM), lll-4 
3.5-digit., J. 713, Ul-761 
3.75-digit, I-711 
4 5-digit, l-717.111-760 
auto-calibrate circuit, 1-714 
automatic nulfu1g, 1-712 
calibrareu crrcuit, DVM aulo, 1-714 
interface and temperature sensor, 

11-647 
LED real.lout, JV-286 

1.ligilal-\o-ar1a.lo~ converters, l-241, 11-
179-181. lll-16!J-16tl, V-120 

.D-to -5V ouLpuL, rcsislor 
Lenninaled, I-2:Jtl 

:J-ili.!.(iL. I3CD, 1-239 
8-bit, 1-240-241 

high-speed, I-240 
output current to voltage, I-243 
to 12-bit, two, II-18B 

!:l-bit, CMOS, Hr-167 
10-bit, 1-238 

4-quad, offset binary codmg, 
multiplymg. I-241 

+lOV full scale bipolar, 1-242 
+lOV fuil scale urupolar, 1-244 
12-bit 

binary two's complement, III-H1G 
DAC, VI-149 
precision, I-242 
variable step size. II-181 

14-bit bmary, 1-237 
lo-bit bmary. I-243 
fast voltage output. 1-238 
high-speed v0lr,age output, I-244 
multiplymg. III- Hi8 
octal convertf'r, V-;'!130 
out.pu1 amphfif'r, fom-charn1f'l, m 

lfifi 

video converter. IV-610-611 
digitizer, ttlt meter. III-644-64\J 
dimmer sv.itches, I-369, 11-309, IV-

247, IV-240, \l-377 
800 \\'. 11-30[) 
de lamp, II-307 
four-quadrant, IV-248-240 
.halogen lamps, III-300 
headlight. 11-57, II-63 
low-cosL, l-373 
soU-s\.urt,, 800-W, I-376, III-304 
tandem, ll-312 
triac, J-:375, II-310, IIl-303 

diode cmiLLcr driver, pulsed infrared, 
II-292 

diode Lester. I-402. II-343, III-402 
go/no-go, 1-401 
zcncr dtodes, 1-406 

diode-matching circuit, JV-280 
dip mclcrs, I-247, II-182-183 

basic grid, 1-24 7 
dual gale IUFET, 1-246 
l.J.Ule dipper, 11-18!3 
varicap tuned FET, 1-246 

diplcxcr/mixer, IV-:J:J5 
llircctiou dctcdors/findcrs, IV-146-

14Y 
(.;OlllfJasses 

di.Wtal dcs~1t, lV-14 7 
U,tll effect. lll-258 
Lal.king Hall cffccl. V-221 

decoder, lll-144 
dircct101tal-signals monilor, auto, 

lll-48 
optical dircctlon discrnninator. V-

408 
thennally opcrnicd, IV-135 
radio-s~1tal direction finder, IV-

148-149 
{fuccl.ion-of-roLat.i.on circuit, III-335 
{fuccl.ional-signals monitor, auto, III-

48 
disco sirobc light, II-610 
discrete current booster, II-30 
discrete sequence oscillator, III-421 
discriminators 

multiple-aperture. window. III-781 
pulse amplitude, III-356 
pulse width, II-227 
~indow, III-776-781 

display circuits, II-184-188, III-170-
171, V-161-167, VI-188-195 

3/2 digit DVM common anode;, II-
713 

60 dB dot mode. 1I-2S2 
audio, LED bar peak program 

meter, 11-2:i-1 
bar-graph mrlicator, ar signals, rr-

187 
har-graph lf'vel gai 1ge, VI-192 
har graph room trrnperature, vr. 

r,11 
BCD df'codpr/rlriver, nmltiplf'Xf'd, 

VI-18!1 
hrightnP.ss cont.rnl, TH-::!16 
r:as1:adted rn11nter/rl1splay rlriver, V 

Hi~ 
r:olor organ, Vl-19'.1 
mlor 'ihiftmg LED display, Vl-189 
rommon mthode, 40:J:J-ba.sed, V-

162 
mmmon-anode, V-167 
r-omparator and. 11-105 
contrast rwd llackll,'(hl conLrol, 

hi,1sl1-eflicie11(.;y, Vl-Hll 
exclam<1Lion pomL. 11-254 

expand~d sr.aJe meter, dot nr har, 
II-18G 

flnoresc!'!nt tuhP, V-HW 
ga.s-dischargt> tube, V-Hl7 
LCD 

7-segment, V- rnr; 
contrast temperature 

compensator, VI-19G 
large-size, V-1G4 

LED 
7-segment, V-166 
audto, peak program merP.r, TT-2fi4 
bargraph driver, VI-HJG 
Christmas lights. VI-22fi 
common-cathode, V-167 
dnver, II-188 
leading-zero suppressed, V-1 f\G 
two-variable, III-171 

oscilloscope. eight-channel voltage, 
III-435 

stereo level display, Vl-190 
voice level meter, VI-194 

dissolver, lamp, solid-state, lll-304 
distribution circuits, II-35 
distribution amplifiers 

audio, I-30, II-39, V-59 
signal, I-30 

ditherizer, VI-377 
dividers, IV-150-156 

binary chain, I-258 
divide-by-2-or-3 circlllt, IV-154 
divide-by-N 

l+ GHz, JV-155 
1.5+ divide-by-n, JV-156 
CMOS programmable, I-257 
7400-divided-by-n, JV-154 

divide-by-odd number, IV-153 
frequency dividers, I-258, 11-251, 11-

254, III-213-218, III-340, III-768, 
V-343 
1.2 GHz, III-129 
10-MHz, III-126 
clock input, IV-151 
decade, 1-259 
dlVlde-by-1.5, lll-2H1 
low-cost, III-124 
low-frequency, II-253 
preamp, IH-128 
prograromabl~, IV-l:i2-IG8 
sta1rcas,;- generator and, I-no 
tachometer and, I-310 

mathematical, onf' trim, JJI-32n 
m11lnpliN/d1virln, onf'-qnadrant, 

Vl-318 
nmltiplin/rlivirlf'r, vanable analog, 

\:1-~22 
odrl-nurnher cotrnter and, 111-21.7 
pulse. non-inr.eg""r programmable. 

TI-fill, TTl-226 
Dolby noise redudwn circl!lt!:>, lll

:399, Vl-421 
decode mode, 111-401 
encode mode, 111-400 

cloorbells/chimes (see annudaton,) 
door-open alarm, 11-284, 111-46, lll-

256 
door opener, m-:366 
door minder securiLy circuit. V-5 
dot-expamled scale meter, II-186 
double-sidebimd supprcsSt\d-carricr 

modulator, lil-377 
rf.11-:366 

uoublers 
0 to 1 MHz, II-252 
150 Lo JOO MHz, I-314 
audio-frequency doubler. IV-16-17 
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doublers, continued 
broadband frequency, I-313 
CRO, oscilloscope, III-430 
crysl.ul oscillator, I-184 
EEPROM programming doubler 

circuit., VI-138 
frequency, I-313, III-215, VI-369, VI-

160 
broadband, l-313 
~ii.al, lll-216 
GASFET design, N-324 
single-chip, III-218 
low-frequency, l-314 

voltage doublers, III-459, IV-635 
cascaded. Cockcroft-Walton, 

IV-635 
triac-controlled, III-468 

downbeat-emphasized metronomf', 
III-353-354 

downconverter, ATV, VI-40-41, Vl-
44-45 

drivers and drive c1rcrnts, I-260, II-
· 18[)-193, III-172-175, IV-157-160, 
VI-HJ6-202 

50 ohm, I-262 
alann driver, high-power, V-2 
bar-graph driver 

LED, II-188 
lrnnsistorized, IV-213 

BCD decoder/driver, multiplexed, 
Vl-18[) 

BIFET cable, l-264 
bridge loads, audio c1rcmts, III-3G 
cable driver, VI-678 
capacitive load, I-263 
Christmas lights driver, IV-254 
coaxial cable, I-266, I-560, VI-201 

five-transistor pulse boost, 11-191 
coil, current-limiting, III-173 
CRT deflection yoke, I-265 
demodulator, linear variable 

differential transformer, I-403 
diode-emitter driver, II-292 
FET driver. IV-241 
fibcroptic, 50-Mb/s. III-178 
flush slave, l-483 
glow-ph.ig, II-52 
high-impedance meter. I-265 
tugh-impedance relay driver, Vl-570 
indiealor lamp dnver, III-413 
inslrumcnLation meter. II-296 
lamp drivers, J-380 

flip-flop independent design. 
lV-160 

low-frequency flasher/relay, I-300 
opLical couplin.-t, III-413 
neon lamps, I-379 
short-circuit-proof, II-3JO 

laser driver 
high speed, I-263 
IC-based, VI-296 
op-amp circuit, VI-295 
pulsed double-heterostructure 

last•r, V1-21J6 
sin~c heterostructure dJ.ode. 

Vl-290 
laLchmg relay driver, VI-571 
LED drivers 

bar graph, II-188, VI-195 
cmillcr/follower, IV-159 

liltl' drivers, I-262 
50-olun Lra:nsmission, II-192 
600-olun balanced, II-192 
audio, V-54 
impedance-matched \\1th 7G 

Ohm load, VI-197 

750 

low-distortion compo.,-;it., I OOmA, 
VT-200 

lme-synchromzed, III-174 
load drivers 

audio, III-3G 
tJIDmg threshold, III-648 

Lvl)T demodulator and, IJ-:337, III-
323-324 

meter drivers, II-29u 
rf amplifier, 1-MHz, III-!i4fi 

m1croproc~ssor triac array, IJ-410 
MOSFET dnvPr 

current boostPr, Vl-368 
high-Rld~, Vl-199 

motor dnvers (see motor control, 
dnwrs) 

multiplexer, high-8pPed hne, 1-2M 
nPon lamp, T-379, VI-198 
op amp powPr driver, IV-158-159 
optoisolat.Prl, high-voltage, ![1-482 
p1ezoPlPdnc rlrivn. V-440, Vl-470 

fifiG rnwillator, V-441 
CMO8, V-440 
m1cropos1tirnwr. V-440 
full rail Pxcursions m, II-190 
lngh-ontpnt fi00-ohm, II- 19:1 
synchronized, III-1 7 4 
,ideo amplifin, TTI-710 

power rlnvn, op amp, IV -158· 1,59 
pulsf' i:;cho driver, V1-380 
rmlsf'd infrared rliorle emitter, 11-

292 
relay, I-2fi4 

rl~lay and r,ont.rols closure tune, 
II-fi30 

low-frf'f)llency, T-300 
\Vith strnhP, I-266 

RlAA hrtP amplifier/driver, VI-77 
rf ctnv1m;, lnw-rl11stmtion, II 538 
RS-232C, low-power, m .1 7,5 
sh1Plrl/linP driver, high 5peed, Vl-

188 
shift regrntPr, J-418 
solPnoid. J-2f\)), HT-fl71-57:3, Vl-202 
8SB, low-rl1stmt10n 1.6 to :30 MH~ .• 

II-ri38 
stepping motor, JI-:Wf\, III-:190, TV. 

:H9, IV-.3/iO 
stereo lml'! dnvPr, Vl-198 
test dnvPr for hohhy servos, VI-197 
thre.--phase motor dnver, II 38:3 
totem-polP., Vl'lth hontstra.pping, ll1-

17G 
tran.,-;former driver, T-403 
transistor rPlay dnvf'r, VI 571 
tnar array rlnver, TT-4 l 0 
t.wisterl-patr virli:>o chwer/receiver 

circuit, Vl-682 
two-mput virlPn MTJX cable driver. 

VI-Hl7 
two-phase mot.or dnver, l-456, 11-

:382 
ultra low rl1stmt10n 50-mA driver, 

VJ-201 
VCO dnver, op-amp rlPsign, IV :36L 
video dr1vi:>r, Vl-08:1 
vid!"o mhle rlnvf'r, VI-200 

drop-voltagP rerovery for long- line 
systPms, IV-828 

dmm smmrl effoct, TI 591 
DTMF' decoder, V1 169 
rlnal-tonf' derodmg, TT-620 
dual-tracking n'!g11lator, fll-462 
dnplPx lme amp It tier, telephone, lll-

fil6 
duty-ryrlf' rf'lated circuits 

fifif> drcuit, VI-446 
of'tf\rtor, fV-144 
meter, TV-275 
morntor, III-829 
rnultivibrator, 50-percent, JJJ-584 
oscillators, \il-438, Vl-446 

fi0-pPrcent., 111-426 
variahl1:1, fixed-frequency, lll-422 

DVM adapter for PC, V-:310 
dwell meters 

hreaker point, 1-102 
digital, IJl-45 

E 
ear pmtector, V-482 
P.a.vesdropper, telephone, wireless, 

IJJ-620 
ECG amplifiers with right leg drive, 

Vl-'.3M 
echo effect, analog delay line, IV-21 
edge detector, 1-266, 111-157 
R8PROM pulse generntor, 5V-

powered, lll-99 
RKG snnulator, three-chip, 111-050 
Plapsed-tirne timer, lJ-680 
PIPctrir:-fence charger, 11-202 
PIPctrk-veh1cle battery saver, lll-67 
Plectrolyt1r,ca.padtor reformi.rt!-! 

rircuit, lV-276 
Plectrnrnagnet.ic-field sensor, V-!J08 
electrorneter, IV-277 

;i.rnphfler, overload pruleet.ed, 11-155 
elect.roscope, Vt-:341 

ion-sensing, Vl-287 
elf.'ctrostatlc detector, HJ-3!J7 
EI .F monitor, Vl-336 
emergency lights, 1-!308, 1-:..178, IV-250 
emission::, arialy:wr, automolivc 

exhaust, 11-51 
emitter follower circuit, 

cornplerne11tary/bih.1teral ae, V-
853 

Pmulator&, l!-198-200 
capacitance multiplier, ll-:WO 
.IFE'T :i.e coupled integrator, 11-ioo 
rf'Rtstor mu lt1pl I er, !I-199 
simulated mdoctor, 11-199 

f'ncorlen, 
decoder and, lll-14 
telephone handset tone uial, 1-lfJ4, 

TIT-nl 3 
tonP encoders, 1-67, 1-629 

two wire, 11-364 
two tone, V-629 

enlarger ttmer, 11-446, lll-445 
envelope detectors, 111-155 

AM signals, IV-142 
full,wave, V-152 
low-level diode::., lV-141 

envelope genemtor/modulaLor, 
musical, JV-22 

El'ROM, Vpp generator Jor, 11-114 
equah,,er&, 1-671, JV-18 

ort.ave equalizer, V-:35!3 
ten-band, graplue, aetive filter in, 11-

684 
tPn band, octuve, Hl-658 
1,1deo equalizers, Vl-681 

equ1pment-011 reminder, l-121 
enor checker, master/slave device, 

VJ-:389 
event counter, VJ-:369 
extw.ust emissions am.llyzer, ll-51 
exit delay for bur~ alanns, V-10 
expa1tded-scale ml'lers 



analog, III-774 
dot or har, II-18li 

expander circnits (see 
compressor/expander r.JYcmts) 

experlffienter's power sonrce, Vl-/i07, 
VI-fill 

P.xtended-play circuit, tape
recorders, III-GOO 

extractor, square-wave pulse, III-
584 

F 
555 timer circuits (see also timers) 

alarm based on 555 tlffier, V-11 
astable, low-duty cycle, II-267 
beep transformer, III-5GG 
dual flasher, VI-225 
duty cycle oscillator, VI-446 
FM modulator, V-307 
mtegrator to multiply, II-669 
nussing-pulse detector, V-152 
monostabie multtvibrator, VI-700 
output indicator, LED, VI-2G0 
ramp generator, V-203 
RC audio oscillator from, II-5G7 
square wave generator using, II-595 

fader circuits, II-42, II-312, IV-17, V-
658 

fail-safe semiconductor alarm, III-6 
fans 

infrared heat-controlled fan, IV-22G 
speed controller, automatic, IIl-382 
thermostatic switch, V-68 

Fahrenheit thermometer, l-G58 
fault monitor, smgle-supply, III-4% 
fax circuits, V-171-i 73 

modem/fax protector for two 
computers, V-482 

fax/telephone SV1,itch, remote
controlled, IV-fi/i2-fi53 

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

battery-powered, II-202 
electric, II-202 
solid-state, II-203 

FET ci.rClllts 
amplifier, offset gate bias, V-22 
crystal oscillators, VI-157 
de controlled switch, V-G92 
hexFET switch, V-/i92, V-593 
dual-trace-scope sV11tch, II-132 
input amplifier, 11-7 
rrucrophone nuxer, V-3fi3, V-3fi1 
preamp for phono cartridge, VI-79 
prohe, III-501 
voltmeter. IIJ-765, III-770 

fiberoptics, JJ-204-207, III-176-181, 
VI-20fi-207 

data rect>iver, VI-207 
data transmitter, VI-207 
driver, LED, fi0-Mh/s, 111-178 
intP.rface for, U-207 
LED lightwave commimkatmns 

receiver, VI-.'H0 
LED lightwave communications 

tran;:;mir,ter, VI-309 
link, J-268, J-2o9, I-270, 111-179 
motor r.ontrnl, ck, Jl-206 
n~r.eivns 

IO MHz, II-20.S 
fi0-Mh/s, III-181 
rligital, III-1 78 
high-sensitivity, J-270 
low-r.ost, 100-M baud rate, IIl-180 
low-sensitivity, I-271 

very-high-sensitivity, low-
s1wed, :!nW, I-269 

repeatn, I-270 
speed r.ontrol, II-206 
transm1tt.er, III-177 

field distnrhanr.P sensor/alarm, II-G07 
field-strength meters, IJ-208-212, III-

182-183, IV-HH-lfif>. V-171-170 
1.5-lGO MHz. 1-27:i 
adjnstahle sensinvity mmr.ator, J-

271 
amplified field, V-17fi 
h1gh-sensit1vity, II-211 
LF or HF, II-212 
m1r.rowave, low-rost, 1-273 
remote, V-1 7fi 
rf sniffn, II-210 
sensitive, J-274, III-18::l 
signal-strPngth mPter, IV- 166 
simplP dPs1gn, thrPe versions, V- l 7n 
transmission m,hr.ator, 11-211 
t1mP<i, T-276 
TJHF fip\ds, IV- lfifi 
nntnnnl, I-271i 

filter drr.uits, II-213-224, III-184-192, 
IV-lf>7-177, V-177-Hll, VI-208-
222 

active (see activf' filters) 
awi.log, programmable, VI-2lfi 
antialiasing/synr.-compensat.ion, TV-

l 73 
andio filters 

hiquad, 1-292-293, III-18fi 
tunable, IV-lli9 

andio range filter, V-Hl0 
bandpass (,~<'e bandpass filters) 
bandpass amplifier, VI-fi4 
hand-rejPrt, activP, 11-401 
h1q11ad, I-292-29::l 

amho, T-292-29:1, III-185 
RC artive bandpass, 1-285, V-190 

hndge tilter, twm-1', programmable, 
IT-221 

Rnttnv..-orth 
art1vP, VI-220 
fourth-ordn, I-kHz, VI-222 
high-pa.~s, fourth-order, I-280, 

V-179 
low-pass, frn 1rth-onler, V-180, 

V-181 
Chehyshev (se<? Chehyshev filters) 
r.omh filtPr, rhgital, Vl-218 
romhinatmn filter, VT-212 
C\V filtPr, 11-219, VT-29, Vl-405 
dynamic filter, TTl-190 
four-output filter, V-182 
full ¼ave rect1Der and avera.ging, 1-

229, V-191 
high pass (see high-pass filters) 
hi,ghpass amplUier, \'l-49 
W filters 

narrow-band, \'-189 
5hortwave receiver, Vl-212 

L l"ilter5, V-181 
low-pass (see Jov.-pass filten,) 
lowpass amplifier, Vl-49 
LP lilter, actlve, Vl-215 
networks or, 1-291 
noise, dynamic, lll-1!10 
noisy s¼sHab, lll-188 
noLch Jilter:,, 1-28:J, 11-:..!97-40:J, lll-

402-404 
4.5 MH:i:, 1-282 
550 llz, H-:J99 
1800 Hz, U-:398 
acLive lmml rejecL, II-401 

adJustahlP Q, Tl-::l98, V-179 
andio, II-400 
bandpass and, II-22::l 
high-Q, HI-404, V-178, Vl-21!\ 

VI-217, VI-220 
RC, VI-221 
sPlec-tahlP hamiwidth, 1-281 
three-arnphfler design, I-281 
tunable, II-~99, II-402, V-179 

pass1vP-bridgerl differPntiator, 
IJ-40~ 

hum-snppressing, J-280 
op amp, IJ-400 

twin Tnotch for 1 kHz, V-18:3 
twin-1', III-401 
shnrtwavP receivers, V- 185 
Wien hndge, II-402 

passivp L filters, V-181 
passivp Pl filters, V- 181 
passive T ti lter·s, V -1 90 
Pi filters, V-181 
PIN rliorle tilter 5election circuits, 

Vl-21:1 
progmmmahle, twin-T bridge, IT-221 
rejer.tinn, 1-283 
npple suppressor, IV-175, IV-396 
rnmble, III-192, JJJ-660, IV-1 7fi 

LM387 m, I-297 
tmntahle, IV-170 

rnmblt>Jsr.ratch, JJI-660 
Sallen-Key filters 

JO kHz, 1-279 
500 Hz bandpass, 1-291 
currPnt-dnven, V- 189 
high-pass, Vl-209 
low-pass, activE>, IV- I 77, VT-221 
low-pass, equal component, 
1-292 

saw-filter 1mpeda.nce-matching 
preamp, VI-222 

scratch filters, Ill-189, Ill-660, IV-
175 

LM287 in, 1-297 
second-order volt.age-controlled, 

VI-211 
shm1:>w"ave AM broadr.a.~t trap, \-1-

214 
shortwave mtPrference trap, VI-214 
simulated mductor, V- 180 
spePch filters 

bandpass, ::JOO Hz 3 kHz, T-295 
second-order, :300.-to-:3,400 Hz, 

JV-174 
two-sectwn, 300-to-:3,000 Hz, 

IV-174 
speech-range filter, bandpass, V-

185 
5tate-variable filters, 11-215, 111-189. 

Vl-209, VJ-216 
multiple outputs, lll-190 
5econd-order, l kHz, Q/10, 1-29!3 
Lmiversal, 1-290 

T 111ters, V-190 
tone l'ilter, V-1 kHz, V-191 
turbo, glitch free, 111-186 
t-win-T bridge filter, 11-221 
Wien-bridge, lll-659 
variable Q Jilter, V-183 
variable-frequency bandpass lilter. 

V-186 
variable-stale, universal, V-178 
voltaRe-<..:ontrolled filters, lll-187, 

IV-176, Vl-211 
VS8 filter for LM 2880, Vl-219 

First-Hesponse game, Vl-247, Vl-250, 
VI-252, v1-25;.J 
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fish lure, ;:,li:;ctronic, Vl-:J86 
fixPd powi:;1· suppHes, 111-457-477, lV-

190-408 
12-VDC hattery-01.1eratt•d 120-VAC, 

III-464 
+;:M V, Lf) A supply J'rorn +12 V 

SOllTl:f'. TV 401 
± :JG Vac, TV-398 
± :1fi V, fi A, mobile, JV-407 
Hi V isolated to 2,500 V supply, IV-

407 
ar: motors, IV-:)95 
automotive buttery s.upply, ±15 V 

and 5 V, IV-:J!H 
auxiliary suµply, IV-394 
bias/reference apphcat10ns, 

a,uxiliary negative de supply, IV-
404 

bilateral current source. IH-469 
bri~e rectifier, IV-398 
char~c pool, III-469 
charge pump, regulated, IV-396 
constant-current source, safe, m-

472 
converter, III-470 

5V-to-isolated 5V at 20MA, III-474 
ac-to-dc IV-395 
dc-to-ctc'. 3-to-15 V, IV-400 

current sink, 1 mA, fV-402 
current sources, IV-399, IV-405, TV 

406 
de adapter/tram,r:Piver, hand-held, 

III-461 
dual-t.rackmg regulator, lll-462 
GASFET powPr supply, lV-405 
general-purpose, Jll-465 
invert.n, 12 V input, lV-;J!:!5 
i.solatecl feedback, 111-41:S0 
LCD display power :,upply, IV-3!}2, 

fV-40::l 
linear regular.or, low-cosl, low-

clropm1t, 111-459 
low-cmrent ~ourcc, IV-!399 
-low-power mverter, IH-466 
negative rail, GET, with CMOS 

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

TV-401 
negat1vE' voltage from posilive 

supply, IV-397 
output stabilize1, IV-:J93 
port.able-radio :.l V oowcr supply, 

fV-397 
positive and 11e~ulivc voltage power 

supplies, lV-402 
pnp regulator, zencr mcreases 

voltage outpuL, 11-484 
programmable, III-467 
rPctmers, 111-471, fV-398 
regulated supplies, Ill-462, III-463, 

IV-401 
npple '.iupprcssor, IV-3!)6 
RTTV rnadtinc current supply, IV-

400 
stah1lizer, CMOS diode network, IV-

406 
svvitch1ng ~mpplies, III-458, III-473, 

IV-40:3, IV-404, IV-408 
three-mil, Hl-466 
1mmterruptible +5V, III-477 
voltage doubler, III-459, III-468 
voltage regulators ( see voltage 

regulators) 
voltage-controlled current source/ 

groumleli source/load, III-468 
lixed-frequency generator, III-231 
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flame ignitor. III-3tl2 
flame monitor, III-31.1 
flash/flashbulb cirruits (see 

photograph.v-relat.ed dre:uit.s) 
flashers and blmkers (see aL~o hght

controlled crrcuits, photography
related circmts), 1-301, II-22fi, 
III-193-210. IV-178-183, V-192-
107 VI-223-227 

1.5 V, ~inimum power, I-308 
1 kW flip-flop, II-234 
lA lamp, I-30tl 
2 kW, photoeledne: rontrnl in, Tl-

232 
3V, I-306 
ac, III-196 
alternatmg, I-;:m7, 11-227 
astahlf> multivibrator, Ill-196 
auto, T-299 
automati<: safety, 1-:302 
automotive turn signal, :;equential, 

T-J09 
har display with al.arm, 1-252 
bamca.de, 1-298 
boat, 1-2!:!9 
Lwr;.ke IJP,ltt llasi1cr, V-69 
Christmas tree li/c\ltl flasher. V-HJ7, 

\i-264-265 
CMOS, lll-W9 
de, ,.1.djustablc on/off timer, I-305 
dual flusher for 555 circmts, Vl-22:i 
dual LED CMOS, I-302 
dedronic, II-228 
enu.:rgency lantern, I-308 
fast-action, I-306 
flash light, 60-W, III-200 
flicker light, IV-183 
flip-flop, I-299 
four-parallel LED, I-307 
headlight fl.asher, V-73 
high-effidenr:y parallel r.1rn1it, T-::w8 
high-voltage, safe, T-307 
high-power battery operatnl, H-:229 
incandescent hulh, T-30fi, ITl-198 
lamp pulser, VI-227 
LED flashers, IV-181, V-19fi, V-rnf\ 

2- to 10-LED, V-196, VT-226, 
VI-227 

alternating, III-198, III-200 
Christmas t.rf'f' lights, V-197, 

VT-225 
control cirr.nit., rv- 181'.l 
dark-activatNI, V-Hlfi 
dnver. V-191 
hght-.switcherl, Vl-:301 
multhihrator dPingn, JV-182 
pulser, vl-22fi 
PUT nserl m, H-2:19 
ring-around, IIT-194 
sequential, rPVf'l'Sible-direction. 

IV-182 
strobe, VI-224 
three-year, 111-1 94 
UJT used m, IT-231 

low-current cons11mptmn, 11-2::ll 
low-voltage, I-JOfi, H-22fi 
mm1ature transistonzerl, H-227 
rrurnmurn-componf'nt, TH-201 
model railroarl rrossmg t1asher, Vl-

395 
motorcycl;:, hrakP light flasher. VJ-

12 
neon flashPrs, I-30:i, VI 225 

five-lamp, HT-198 
two-st.at.P osc:111ator, lll-200 
t.uhP, l-;''!04 

osdlfator/llashers 
hi,gh-drive, ll-235 
low-frequency, 11-234 

pl1utographic flashes 
5la.ve-J1.i.s.h t1i/,/Jl:cr, SCR des~n. 

IV-'.J80, IV-;182 -
t11ne-delay flash lriµ,gcr, IV-380 

rE-lay dri\leI, low-frequency lamp, 1-
:300 

rumti1~ 11.ghls, V-269 
SCH flasliern, 11-2:30, III-Hl7 

chaser, 111-1!)7 
relaxution. II-230 
1illfi counter, III-195 

sequencer, V-263, V-264-265 
sequential, II-233, II-238, IV-181, V-

193 
pscudorandom simulated, IV-179 

signal alamt, V-197 
single-lamp, III- l 9tl 
strobe alarm, IV-180 
telephone, 11-629, IV-fifi0, fV-fifi8, 

IV-559, IV-Gtil 
transistorized, I-308, 11-2:sfi, HT-200 
vanable, I-308 
xenon light, fV-180 

flashlight, rechargi:,ahlP LF.D ltght, Vl-
107 

flashlight findPr, T-.300 
flf,X S¼1trh, alarm .:;ounder circuit, V-

1:i 
flip-flops (see bistable multivibralors) 
flood alarm, l-390, 111-206, IV-188 
flow-rlf'tect.ors, 11-240-242, lll-202-

203 
air, 11-242 
hqu1ds, ll-U8, 111-202-203 
low-rate thennnl, IH-20'.3 
thermally based anemometer, II-

241 
n uitl ruttl moisture detectors, I-388. I

:J90, l-442, II-243-248. III-204-
210, IV-184-191, V-373-375 

acid rain moniLor, Il-245, V-371 
alarm, wulcr-aclivated, V-374 
d1eckl•r, lll-209 
co11trol, l-:J88, III-206 
cryogenic fluid-level sensor, I-386 
dual, 111-207 
llood alann, III-206, fV-188, V-374 
llow-of liquid. ll-248, III-202-203 
full-baU1lub indicator. IV-187 
full-cup detector for the blind. IV-

18U 
humidity, Il-285-287, III-266-267, 

\11-255-257 
hydrophone. VT-378 
indicator, ll-244 
level of liqU1d, I-107, I-235, I-387, I

:.188, I-389, I-300, II-174, II-244. II-
246, III-205, IIl-206, III-207. 
111-209, III-210, IV-186, IV-190, 
lV-Hll 

moisture detector, I-442, IV-188, V-
:J75 

monilor, 111-210 
pl,utL water, Il-245, Il-248, III-208 
pump controller, single-chip, II-

247 
min alarm, II-244, IV-189 
sensor and control, II-246 
soil moisture, II-245, II-248, III-208 
Lemp1.-rnturc monitor, H-643, III-

206 
watl'r-kak alarm IV-190 
wmdshield-wash~r level, I-107 



n uorescent lamps 
high volt.agP powel' supplier-, cold

cathode design, 1V 411 
inverter, 8•W,-lll-:'l()6 
vacuum, tluorPscPnt display, Tl- 185 

tlyhaek cmwert.ns, 1-211 
sp]f osdllatmg, I-I 70, H-128, 111-748 
voltage, high-effkiPncy, IIT- 744 

tlyhaek powPr s11pply, Vl-fi:'ll 
tlyback regulator, off-line, Il-48 l 
F'\1-relaterl drruits (,wie 11/so raxho/ 

rf Cl l'l:lllts) 
5 v, 1.2:3:3 
12 V. 1-2!3:3 
antenna booster, tunablP, \-1 65 
antenna for automobile rai:110, Vl-

64-65 
bug, Vl-662 
duck railiu, AM/FM, 1-54:J 
1.\ccude1, VI- I 70 
demodulators, 1-544, 11-159, ll-ltil, 

V-151 
l•'M-muuulated uscillaror, Vl-449 
FWAM receiver, Vl-541 
ltiglt frequeHcy m,dll,i.tur. Vl-456 
IF amplifier with qlliidrature 

detecto1, TV sound If, 1-690 
i.Itfra.red FM audio receJJtiu!l, Vl-268 
generator:,, low-frequency, lll-228 
modulators, V-:J66 

555-bascd circuit, V-:J67 
NU FM audio amplifier, Vl-74 
radio, 1-545 
receivers 

27.145 MHz, V-495 
carrier-current circuit, lll-80 
light-beam, V-25U 
MPX/SCA receiver, III-530 
narrow-band, III-532 
optical receiver/transmitter, 50 

kHz, 1-361 
zero center indicator. 1-338 

SCA subcarrier adapter, V-636 
scanner noise squelch, Vl-579 
snooper, III-680 
speakers, remote. carrier-current 

system. 1-140 
squelch circuit for Ml, 1-547 
stereo demodulation system, 1-544 
transmitters, 1-681, V-641 

27.125-MHz NBFM, V-637 
49-MHz, V-643 
infrared, voice-modulated pulse, 

IV-228 
hght-beam, V-259 
m11lt1plex, III-G88 
one-transistor, III-687 
nptkal, I-3o7, H-417 
optkal rece1vn/rransmitter, 

flO kHz, T-361 
-rnrho, V-648 
snoopn, HT-fi80 
st.nPo, V-f>7fi, V-fi80, Vl-fifi2 
voir.P, III-o78 

tuner, I-231, IIT-fi29 
wirf'less mkrophone. JU-G82, III-

G8fi, III-G91 
FM/AM dork radio, l-fi4:1 
fog-light cont.rolln, automotive, IV-59 
foldbar.k r.mrent, HV n~gulator 

limitmg, 11-478 
fnllowf'rs.III-211-212 

mve1ti1ig, high-frequency, 111-212 
no111nverting, high-frequency, 111-

212 
source, photodiode, 111-419 

unity gain, 1-27 
voltage, IlI 212 

lorwanl-cunent booster, lll-17 
lree-nrnning multivibrators, 11-485 

100 kHz, 1-465 
programmahlP-trequency, III 235 

l'rPe-nmnmg oscillators, l-f"i!11 
squarP wavf', 1-fllfi 

freezn, voltagP, IIT-7fi:'l 
freezer-mPltdown alam1, T-13 
frNjUPnry mmparators, 11-109, III-88 

LED, IT-1 JO 
VCO and i11p11t, VT-~153 

rrequency r.ontrol, telephone, 11-62!3 
frequency converter, T-159 
frequenc.'I counter5, Ill-340, JII-768. 

lv-300, V-129-133, Vl-360 
1.2 GHz, JIJ-129 
2 MHz, V-1!30-131 
10-MH,:, 111-126, V-VJ2-I:J:J 
100 MHz, period and, 11-136 
low-cost, 111-124 
prc,uup, 111-128, V-24 
predsion, 1-253 
tachometer and, 1-:JlO 

frequency detectors, 11-177, 111-158, 
VI-180 

bcal imlicatm, 1-3:36 
bou!ldary detector, lll-156 
comparator, lll-88 
digilal, lll-158 
limit, frequency liimL, 11-177 
wiI1dow, frequency \Vindow, IIl-777 

frequency dividers, 1-258, 11-251, 11-
254, lll-213-218, Ill-340, III-768, 
V-343 

1.2 GHz, IIl-12[) 
10-MHz, III-126 
10-MHz frequency standard, VI-341 
clock input, IV-151 
decade, I-259 
divide-by-1.5, III-216 
low-cost, III-124 
low-frequency, II-253 
preamp, III-128 
programmable, IV-152-153 
staircase generator and, I-730 
tachometer and, 1-310 

frequency-division multiplex stereo 
decoder, II-169 

frequency doublers, 1-313. III-215, Vl-
3G9 

broadband, 1-313 
digital, III-2Hl 
GASFET design, IV-324 
low-frequenr.y, I-314 
singlf'-r.hip, rH-218 
to 1 MHz, IT-252 

frequency generators, fixed-
frpq11Pncy, IU-231 

frequency mrlicator, heat, T-3::Jfi 
frequency mvertn, rn-297 
frN111enr.y meters, I-310, Tl-249-250, 

IV-282, IV-:101, Vl-3,% 
analog, V-:307 
aurlio-frequency meter, V-.'30/i, V-320 
anrlio, 1-:11 I 
linear, [-,'110 
low-cost, TI-250 
power, II-2fJO 

frequenr.ymult1phers, H-251, III-213-
218, V-198-199, v1-:388 

counter, odd-number, III-217 
doublers, I-:31.'3, TH-215 

broadband, T-813 
digital, JIJ-216 

GASFET design, 1v-'.J24 
single-chip, 111-218 
low-frequency, J-:Jl4 
tu 1 MH,., IJ-2,52 

pulse-'-"idth, 111-214 
tripler, nonselectiH', 11-252 

freq uency-boundal'y detector, 111-156 
frequPncy osr.illator, tunable, IT-425 
frpquenr.y prol1P, Vl-,524 
frequency-ratio monitoring circuit, 

IV-202 
frequency shift key (FSK) 

comm uni cations 
data receiver, llJ-5:3:3 
decoder·, 10 8 MHz, 1-214 
generator, Jov.-cost des~n, 111-227 
keying circuits, !V-245 

frequency standard, VJ-10-Mllz, Vl-
361 

frequency sy1tti1esizer, prograuunabk 
voltage controlled, 11-265 

frequency-tu-volt.age cmtverlcr, l
;Jl8, ll-255-;J57, lll-219-220, Vl-
2:Jl-233 

de, 10 kHz, 1-316 · 
digit;il meter, l-:J17 
uptucoupler i.Itput, !V-H:l:J 
sample-and-hold circuil, IV-194 
single-supply desi,la(n, IV-195 
zcner regulated, 1-:Jl 7 

fuel gal.l,l(e, autumolivc, IV-46 
full-wave rectifiern, IV-328, IV-650 

absolute value, 11-528 
averagi.Jig filter, V-191 
ep amp circuit, V-403 
precision, I-234, III-537 
silicon-controlled (SCR), I-375 

function generators (see also burst 
generators; sound generators; 
waveform generators), 1-729, II-
271, III-221-242, III-258-274. IV-
196-202, V-200-207, V-309, 
VI-234-243 

555 astable, low-duty cycle, 11-267 
acoustic field generator. V-338-341, 

V-338 
AM broadcast-band signal 

generator, IV-302 
AM/IF signal generator, 455 kHz,. 

IV-301 
astable multivibrators, 11-269, ll-

510, II-597, III-196, III-224, III-
233, III-237, III-238 

audio function generator, IV-197 
audio-frequency generator, V-11G-

417, V-4Hl 
bistable mn.ltivibrators, 1-138, 1-29\'.l, 

I-395, H-8o7, 11-405, HT-103, rv-
108, IV-G51 

bistable mnltivihrators, I-18:l IT-4fifi 
r.aparitanc~ mnltiplier, V-205 
dock generator/osc11lator, I-19:1, I-

G!fi 
complementary signals, XOR gatP, 

rrr-226 
DAC r.cmtrolled, I-722 
dehounc:er, IV-108 
Pmitter-conpltarl RC oscillator, II-

2fio 
fix:ed-freqmmr.y, TH-2:'ll 
tlasher, T-299, II-234 
FM, low-freq11ency, IIl-228 
free-nmning rnultivibrator, 

programmable-frequency, 111-2:35 
frequency-ratio morntoring c1rcrnt, 

IV-202 
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functwn gPnPrators, cm1,trnued 
frequf'ncy synthesizer, 

programmahlP voltage controlled, 
II-2!35 

FSK, low-cost., HI-227 
hannonic ge1wrators, T-24, Tll-228. 

IV-649 
high-frequency, II-lf>O 
inverter, Irr-103 
lamp dnver, fV-Hi0 
hne/bar generator, virleo. V-662 
lmear ramp, 11-270 
linear tnangle/sqnarP wave VCO. ll-

263 
logarir.hrmc 

dynamic-range, V-201 
fast ar.ting, V-202 

monostahlP. multivibrator!., 1-465, 
Ill-229, JIT-210, IH-2:35, lll-2:J7 

input lockout, 1-464 
linear-ramp, HT-237 
photoc.PII, monostable, 11-:32!:l 
pos1tive-t.riggered, IH-229 
TTL, monostable operation, 1-464 
If.IT, monostable open1tion, 1-46'.J 
video amphf1er and compurator, 

II-2f\8 
multiplying pulse v.~clth circwL, 11-

2€i4 
mnlt:ivihrntors 

low-frPquency, III-237 
smglf'-SUpply, 1n-2:J2 

rnmhm,ar potentiometer outputs, 
IV-rn8 

onP-shots, I-465, VJ-41!:l 
d1g1tally cont.rolled, 1-720 
predswn, 111-222 
rer.riggerable, lll-2:.38 

oscillator/antplilier, wide frequency 
range, 11-262 

pattern generator/polar-lo-rect. 
conve1ter, V-688 

polynomial generator, V-287 
potentiometer-posil10n V /F 

converter, IV-200 
prPcise wave, 11-274 
programmed, 1-724 
pseudo-randorn bit sequence 

generator, V-:351 
pube generators, 11-508-511 

2-ohm. 111-201 
:300-V, 111-521 
55,5-drcuiL, IV-439 
ustalJle muluvibrator, ll-510 
dock, 60 Hz, II-102 
CMOS shorL-pulse, III-523 
dday1:d-pulse, II-509, IV-440 
divider, programmable, H-511, 

Ill-226 
EEPROM, 5V-powered, III-99 
free running, fV-438 
inlcrrupling pulse-generation, 

[-357 
logie, !Il-520 
logic Lroubkshooting 

applicalions, IV0436 
programmable, I-529 
sawtooth-v;,11ve generator and, 

III-241 
single, II-175 
train, pulse tram, IV-202 
transistorized, IV-437 
two-phase pulse, l-532 
unijunction transistor d~sign, 

I-530 
very low-duty-cycle, IH-G2 I 
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voltage-controller and. III-524 
w1dc-ranging, III-522 

quad op amp, four simultaneous 
synchronized waveform, II-259 

ramp generators, I-540, ll-521-523, 
lll-525-527, IV-443-447 

555 based, V-203 
accurate, 111-526 
integmtor, irnLial condition 

resel, lll-527 
linear ll-270 
variable rcscl level, II-267 
voltage-controlled, II-523 

rl' oscillator, V-530-531 
root cxlrnl'.lor, V-207, V-288 
HS llip-flop, 1-3!.15 
sawtooth generators, V-491 

liitcar, V-205 
LriAAcrcd, V-204 

sawLoot.h and pulse, III-241 
Sclunitt tngger, transistorized, V-204 
SCR, 11-367 
self-rctriggering t1med-on 

generator, V-343 
signal generators, V-204 

A..\.J broadcast band, fV-302 
A.\:1/IF, 455 kHz, IV-301 
high-frequency, II-150 
square-wave, III-583-585 
staircase, III-586-588 
two-funct10n, III-234 

sine-wave generators, IV-505, fV-
506 V-542 V-543 V-G44 

60 Hz, IV-507 ' 
audio, II-564 
battery power, V-G41 
LC, lV-507 
LF IV-512 
os~illator, audto, Ill-fif>9 
square-wave and. tunahlf' 

oscillator, IU-282 
VLF audio tone. JV-fi08 

sme/cosine (0.1-10 kHz), 11-260 
sine/square wave osc1llators, 1-f\[l 

TTL design, IV-fil2 
tunable. 1-65, III-232 

single control, III-238 
single supply. 11-278 
square-wave generators, H-594-600, 

III-225, lll-239. Ill-242, IIT-583-
585. IV-fi29-fi16, V-f>fiR-570 
l kHz, fV-fi.1fi 
2 MHz using two TTL gates, 11-598 
fififi tuner, II-fl9fi 
astahlP drn1it, fV-534 
astahle nmlt1Vihrator, H-597 
CMOS f'iG:i a.stable, true rnil-to-

rail, II-:l96 
duty-cyclf' mult1v1br.itor, lll-

fiO-pPrcPnt, UJ-584 
frnir-rlfrade design, 1\/-5:.15 
h1gh-rm-rf'nt oscillator, 111-,585 
lme freqrwncy, ll-599 
low-fl'N1ne11c·y 'l'TL oscillator, 

JJ-G9fi 
multihurst generator, 11-88 
nmltivibrar.01·, JV-5:36 
osc1llator'.l, 1-612-614, 1-616, 

TT-596, II-597, 11-616, lV-632, 
TV 533 

phase-tracking, three-phase, II-598 
pulse extr·actor, 111-584 
(J uacl rature-out puls oscillalor, 

IIJ-585 
sine-wave and, tunable 

o~dllalor, lll-232 

threE>-phaBP., II-600 
tone-hurst gf'iwrator, single 

timer IC, 11-89 
triangl<"-waw and, JJJ-239 

prec1S10n, III-242 
programmahlf., IJJ-225 
WJ.de-range, III-242 

TTL, LSTTL, CMOS rtes1gns, 
IV-530-G:32 

variable> rtuty-cyclP, IV-533 
variable-frequency, fV-535 

SR fl1p-flo11, fV-6/H 
stablP funr.tion gPnP.rator, Vl-242 
staircase generators, l-7:10, II 601-

G02, III-58f\-:i88, fV-443'447 
sweep generators. 1-472, lll-4:38, \/1-

238-241 
tim~hasf' 

1 Hz, rearlo11t and counter 
applicatmns, IV-201 

ORC1lloscopes, V-425 
time-dPlay generator, i-217-218 
tone burst gPnerator, repeater, V-629 
triangle-wave, lll-234, V-203, V-205 

dock-rlnvf'n, V 206 
square wave, lll-225, IU-239, 

HI-242 
timer, lmear, III 222 

triangle/square wave generator, V-
20fi 

t11nahlP,--W1de-range, lll-241 
two-f1mct1on, IH-234 
IJ.JT mnnostable circuit insensitive 

to changmg bia~ voltage, 11-268 
variable duty cycle timer outpuL, 

TIT-240 
volt.age controlled high-speed one 

<,hor, ll-260 
waveform ( see waveform 

generators) 
v.llite 1t01sc gcncraLor, IV-201 
v.icle-rtmgc funcuon generator, VI-

24:J 
funk box, 11-5!:l:J 
furnace exhausL gas/smoke detector, 

tt>mp momtor/low-supply detection. 
ITT248 

f'urnace fuel nuscr, V-:J28-329 
ruses 

battery-dtur;;cr rday fuse, V-88 
electronic V-477 
monitor f~r car fuses, V-77 
relay fuse, V-478 

fuzz I.lox, lll-575 
fuzz sound effect, II-500 

G 
GaAsFBT eircuiLs 

ampllfll'r, power, with single supply, 
II-10 

fixetl poWl\r supplies, IV-405 
gain control circuits 

wnpillkr, sLcrco, gain-controlled, II-
9, lll-34 

auwmatic audio gain control, ·II-17 
autonmtie gain control (AGC), II-17 

AGC system for CA3028 IF amp, 
IV-458 
rf amplifier, wideband adjustable, 
III-545 

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

gain block, video, IU-712 
ga1vanometer, sine/cosine generator, 

VI-700 



game feeder controller, II-360 
game roller, I-326 
games, II-275-277, III-243-245, IV-

203-207, V-208-211, VI-244-254 
coin flipper, III-244 
coin toss game, VI-250 
craps game, VI-245 
electronic dice, III-245, IV-207 
electronic roulette. 11-276, IV-205 
First-Response Monitor, VI-247, VI-

250, VI-252, \1-253 
fish lure, electronic, v1-386 
Jacob's Ladder, VI-389 
lie detector, II-277, IV-206 
model car derby winner indicator, 

VI-259 
one-arm bandit game, VI-251 
quiz master, V-210 
reaction timer, IV-204 
ring launcher, electromagnetic, V-

209 
roulette, II-276, IV-205 
run-down clock/sound generator, 

IV-205 
slotmachme, V-211 
Twenty-One game, VI-246 
Wheel-of-Fortune, IV-206, Vl-254 
who's first, III-244 
Z-Dice game, VI-248-249 

garage stop hght, II-53 
gas detectors (see also smoke alarms 

and detectors), 1-332, II-278-279, 
lII-246-253, V-212-214 

analyzer and,.11-281 
combustible gas detector, V-214 
explosive gas deter.tor, V-213 
furnace exhaust, temp monitor/low-

supply detection, III-248 
methanP corn:Pntration, lirn~arizerl 

ontpnt, III-2fi0 
tmm:, JJ-280 
SCR, III-2Sl 
smoke/gas/vapor rletPctor, JJI-2n0 

gatP rlip oscillator, VT-344, VT-,14n 
gated oscillator, last-cyr.le 

completing, III-427 
gated-pulse descramhler, II-1 of> 
gates, V-215-216 

AND, T-,19S, V-2ln 
OR, I-39S 
programmable, I-394 
sync gatmg rirr.mt, V-595 
XOR gate, IV-107 

Geiger counters, l-."i36-537, V-217-
219, Vl-581 

high-voltage supply, II-489 
pocket-si:i:ed, 11-514 

gel cell charger, 11-66 
generators, electric-power 

corona-wind generator, lV-633 
<..k generator, V-44:J 
high-voltage generators, JV-413 
ion generator, V-248-249 
battery- powered, 111-482 
capacitor-discharge, Jil-485 
de voltage, III-481 
negative-ions, JV-634 
regulator for automobile generator, 

V-76 
ultra-.l~t-voltagcs, 11-488 

generators (see function generators; 
sourtd generator!>; wavcfonn 
generators) 

glitch-detector, comparator, II-107 
glow-plug driver, ll-52 
gong, electronic, V-563 

graphic equahzer, ten-hand, active 
filter in, 11-684 

grid-dip meters, I-247, H-182-183 
bandswitched, IV-298 
basic gnd, I-247, IV-298 
dual gate IGFET, I-24G 
little dipper, II-183 
varicap tuned FET, I-246 

grid-leak detector, VI-179 
grounding 

ground loop preventer, \1-390 
tester, II-345 
ground-fault Hall detector, IV-208-

209 
ground-n01se probe, battery

powered, III-500 
pseudoground, VI-431 

g111tars 
compressor, sound-effer.t circuit, 

IV-G19 
matchmg audio signal amplifiers, 

IV-38 
mixer, low-noise, four-channel, V-

3G0-3Gl 
treblt> boost for, II-683 
tuner, II-362 

gun, laser, visible red and contmnous, 
HI-310 

H 
half-duplex mformat1on transmiss10n 

link, lll-679 
half-flash analog-to-digital 

converters, III-26 
half-wave ar phase controlled cirr.uit., 

1-377 
half-wave rectifiers, I-230, TIT-528, TV-

325 
fast, I-228 

Hall-efff'r.t cirr.uits, TI-282-284, TIT-
254-258, V-220-222 

anglP of rotation dPtPctor, II-28:'l 
rompass, III-258 
compass, talkmg, V-221 
current momtor, III-255, IV-284 
door open alarm, TI-284 
ground-fault detector, IV-208-209 
oscillators, V-222 
sPr.unty door-aJar alarm, Ill-2fi5 
switches using, TTT-2fi7, IV-fi39 

halogen lamps 
dimmer for, IIT-,100 
protector, V-271 

handitalkies, I- 19 
two-meter preamplifier for, 1-19 

hands-free telephone, lll-605 
hands-off intercom, lll-291 
handset encoder, telephone, 111-613 
harmonic distortion 

analy:i:er, V-291, Vl-357 
meter, V-312 

harmonic generators.1-24, lll-228, JV-
649 

Hartley oseillator, !-571, V-140, Vl-
458, VT-459 

HC-based oscillators, lll-423 
IICU/llTC-based oscillator, 111-426 
hea~hts (see automotive circuits, 

I tcadli}.ll tls) 
.headphones 

amplifier for, 11-43 
car proteetor circwl, V-482 
infrared (IR) receiver, V-227, Vl-26U 
mfrared (IR) transmitter, V-227, Vl-

263 

signal amplifier, V-fi3, V-57 
heart ratP monitor, TT-cl48, II-349, V-

,142 
heat-activated alarm, V-9 
heat smffer, electrornc, III-627 
heaters/heater controls (see nl.~o 

temperature-related c1rcmts), I-
639 

element controller, 11-642 
mduct1on heater, ultrasonic, 120-

kHz 500-W, III-701 
protector circuit, servo-sensP.d, -III-

624 
temperature sensitive, J-fi40 

hee-haw siren, JJ-fi78, III-fifi:i 
hexFET switch, V-592 

dnal-r.ontrol, V-S93 
hi-Ii r.1rcmts (,~Ile stereo r.ircrnts) 
high-pass filters, 1-296, VT-210, VI-221 

active, I-296, V-180, V-188, Vl-21.'3 
fourth-order, V-188 
second-ordn, 1-297 

amplifier, VT-49 
Butterworth, fourth-ordPr, I-280, V

l 79 
Chehyshev, fourth-order, III-191 
equal components second-orrln, V-

188 
fourth-ordP.r, 100-Hz, TV-174 
Sa\len Key, VT-209 
sPcond-order, 100-Hz, TV-175 
s1xth-nrrler elhpt1cal, ITT- 191 
umty-gam sPr.oml-order, V- 187 
variahle, V- 185 
wideband two-pole, 11-215 

high-voltage power supplies (see also 
generators, electrical power; 
power supplies), 11-487-490, 111-
486, [V-409-413, V-442-447, Vl-
499-505 

9- to 15-Vde input, V-456 
-100-Vdc supply, VJ-502 
12-V supply /"or fluorescent lamp, 

Vl-500 
J0,000 V de sL1pply, JV-63:J 
ac operated He-Ne laser power 

supply. Vl-502 
arc-jet power supply, startin~ 

circuit, 111-479 
basic circuit, V-446 
battery-powered generator, Hl-482 
buckiJtg regulator, lll-481 
control circuit, Vl-501 
de generator, 111-481, V-443 
de ,mpply, 120-240 Vdc, smglc-chip 

circuit, V-446 
fluorescent-lamp supply, V-444 

cold-catl1odc design, IV-411, 
V-447 

Geiger counter supply, II-48(.l 
generators (see generators, 

electrical power) 
inverter, III-484 

40 W, 120 V ac. IV-410-411 
Kirlian device supply, VI-504 
laser circuits, V-25!3 
negative supply, V-445 
negative-ion generator, IV-634 
night-vision scope power supply, 

VI-501 
optoisolated driver, III-482 
photomultiplier supply, V-444, V-445 
preregulated, III-480 
pulse supply, IV-412 
pulse-width modulated laser 

supply, VI-505 

755 



h1gh-voltagP powPr supp lie& 
r:nntinuerl, 

rPgulat.nrs, 1H-48fi 
folrlbac:k-c-mrP11t hmiting, II 478 

solid-statP, rPmote arlj11st.ahle. HT 486 
strnhP power snpply, JV-4rn 
triplPr, VI-fi04 
tnhe amplifier, h1gh-vnlt rnolation, 

IV-12ti 
nltrn high-voltage gt>nPratnr, 11-488 
voltage regulators, \1-fiOO, \1-fiO~, 

vl-fiO:> 
hnhhy drniits (sne moclf•l ::i.nd hobby 

C:lffllits) 
holrl hntt.on, t.PlPphone, r 612, lT-628 
homP senirity systPm$ (see n.larms; 

arnrncrn.tor'i) 
horizontal deflection Clf'Cuit., Vl-::182 
horn, automobile, l!l-50, IV-54 
hour/timP rlPlay 5a,mpling circuit, ll-

668 
Howland current J)Ltmp. 11-648 
hum rf'i:lucer circuit, receivers, V-:J47 
h11m1dity sensor, H-285-287. 111-266-

267, VI 255-257 
hybrid power amplifier, 111-455 
hydrophone, Vl-:378 

I 
lC produc.:l detectors, IV-143 
lC Li.mer, cryslal-stabilizcd, 

subharmonic frequencies for, II-
151 

ice fonnalion alarm, 1-106, II-57, II-58 
ICOM 1C-2A ballcry charger, II-65 
IF arnphfiers, I-o!JO, IV-459 

AGC system, rv'-458 
preamp, IV-460 
receiver, IV-459 
quadrature detector, TV sound IF, 

1-690 
two-stage, 60 MHz, I-563 
video IF amplifier/detector. Vl-678 
,videband, I-680 

ignition circuits, automotive, V-64 
-capacitor discharger, 1-103 
cut-off circuit, automotive, IV-53 
electronic. IV-65 
substitute ignition, III-41 
timing light for ignit10n system, II-

60 
ignitor, III-362 
illununat10n stab1hzer. machmf' 

VlSlOTI, IJ-306 
image canceller, III-358 
munobilizer. II-50 
impedancf' checker, V- rnfi 
impedancf' converter, high-to low, I-

11 
impedance sensor, nanoampnP, 100 

megohm mpnt, 1-203 
md1cators (see measumnwnt/tpsr 

c1rcmts) 
m-usf' rnd1cator, telephone, II-629 
inductance mPter/tester, V-:'!16, Vl

~~O, VI-~58 
mdudion heater, ultrasonic, 120-kR-: 

!'iOO-W, HI-704 
mrludor;;; 

act1vP, I-417 
s1m11laterl, 11-199, V-180 

infrarnd c.1rcuits (see also light 
controlled circuits: rernotf' 
control df'vices), Ji-288-292, 111-
271-277, TV-219 228, V-223-229, 
Vl-261 271 

756 

body-heat detector, Vl-261:i 
datn lln~, l-341 
detectol', ll-28Y, 111-276, IV-224, V-

225, Vl-262, VJ-266 
ernirtE<r drive, J)t.llsed, 11-292 
fan cont.roller, IV-226 
filtPr c:lrcult, narr·ow-band, V-189 
hf'adphnne rt>c.eiver, V-227 
hPadphnnP transmir.ter. v-227 
10n detector, VT-267 
JR pulse-to audio converter, \:-::!::!4 
laser light detector, Vl-293 
laser rifle, invisible pulsed, 11-291 
long. ra.nge object detector, 111-27:J 
loudspeakel' link, rernow, l-!J4:J 
low-noise detector for, U-289 
11ig]1t-vi;,lo11 illumi.nator, VI-265 
oLject detector, lo11,i.:-ra11,l,(e, 111-273 
J .. H.:uµle-detedm, IV-225 
preamplifier for IR pbotodiodt\ V-

226 
prox.imily swild1, i11frared

acl1vawd IV-:J45 
receivers, 1::J42, ll-2U2, 111-274, IV-

220-221, V-226, V-22U, VI-268 
auilible-oulpul, VI-271 
data-li11k. low power, VI-265 
FM audio reception, VI-268 
li.l01t,Vl-W4 
puls~' frequency modulated, 

Vl-26U 
sin~lc-lon,~, VI-264, VI-270 
slcudy-lonc, VI-267 
wireless headphones, VI-260 

remote NB s,vitch, V-225 
remote controller, J-342, IV-224, V-

22!.l 
remote-control analyzer, V-224 
remote-control tester, IV-228, V-

228, V-229 
remote-extender, IV-227 
transmitters, I-343, II-289, 11-290, 

III-274, III-276, III-277, IV-22G-
227 

audio-modulated, VI-262 
digital. JII-275 
pulsed for on/off control, V-228 
remote-control, I-342 
voice-modulated pulse FM, IV-228 
w1reless headphones, VI-268 

TV remott> control relay, Vl-268 
wireless speaker system, IH-272, JV-

222-221 
mJet:rors 

three-in-one sPt: lngk probe, signal 
t.rat.f'r, injt>rtor, TV-429 

mjertor-t.ra<:i>rn, 1-521, 1-522, Tl-500 
mpnt self'd,nrs, audio, low-distortion, 

n-:·ui 
mputJ011tp11t buffer, analog 

multiplexers, 111-11 
inp11tJ011tput c1rcu1t.i,, NP.602-based, 

V-~E)fi 
mstmmentat.mn amplifiers. 1-!346, l

::148. 1-:rn:i, T-!1fi2, lf-293-295, 111-
278-284, lV-229-234, V-233-235, 
Vf-'272-277 

:t 100 V common mode range, !H-
294 

a.c•coupled, VJ-276 
current collector head ampillicr. 11-

29!5 
dilTerenti11l. 1-34 7, l-!354, 111-28:.J 

biomedical, 111-t:!82 
high-gain. 1-35!3 
input, 1-::154, \/1-275 
variable i,;ain, l-:J49 

exlendcd common-mode design, 
IV-2:.14 

hiJ{h mpul-impcdance, VI-27lJ 
h~h-i.mpcdancc low-drift, I-355 
IU}{h-speed, I-354 
LM6218-bascd, t~h-spccd, V-235 
LMC6062-bascd V-2:34 
low-dI'ifl/low-Huise de amphfier, IV-

2:32 
luw-s~nal levcl/hi~1-rrnpcdancc, I-

:.!50 
low-noise, Vl-276 
low-power. lil-284, VI-276 
meter driver, Il-296 
premnps 

osdlloscupc, IV-2:J0-231 
tltcrmocouplc, lll-283 

pri:cision FET input, l-355 
progranuna.ble gain, VI-275 
saturated standard cell amplifier, U-

2!)6 
slram gauge, III-280 
hiple op amp, 1-347 
ultra low-noise. VI-277 
uitra-precision, III-279 
variable gain, differential input, I

!349, Vi-274 
very high-impedance, J-354 
wideband, III-281 

instrumentation meter driver, II-290 
integrators, II-297-300, III-285-286, 

V-236-237, v1-278-279 
ac integrator, v1-279 
active, inverting buffer, II-299 
bias-current compensated. VI-279 
JFET ac coupled, II-200 
gamm.a. ray pulse, I-536 
long time, Tf-300 
low-drift, f-123 
norunvertmg, improved, IJ-298 
photocurrent, TT-~26 
programmable resPt IPvPI, Hl-28fi 
ramp generator, imtial mnrlitrnn 

rei:;et, Hf-/i27 
resf!rtahli:!, III-286 

intercoms, I-11G, II-301-30::l, Hl-287-
292, V-238-240, Vl-376 

h1dir~c.tional, m-290 
c:arrier currPnt, I-146 
hands-off, III-291 
party-lme, ll-::-m3 
porkf't pagf'r, IH-288 
tf'lephonf.'-intercorns, TV-557, V-239, 

V-240 
two-way, Hl-292 
two-wire design, lV-235-237 
voice-activated, one-way, V-23Y 

intercom& (1,ee al~u telephunc
relared circuit;;;), V-238 

lnterfaces (~e~r al~o computer 
circuits), IV-2:J8-242, V-241-244, 
Vl-280-281 

680x, 650x, 8080 families, 111-98 
amateur l'adio transceiver, relay 

interface, V-24:J 
audio/telephone interface, Vl-625 
aud.to-to-ADC interface, \/-242 
cassette-Lu-telcphu11e, 111-618 
CPU interface, one-shul design, IV-

2:JB 
DVM, lemperalurc sensor and, II-

547 
FET driver, low-level power FET, 

1\l-241 
fiberoplic, 11-207 
keyboard matrix interface, IV-240 
Iop;ic-lcvcl translators. IV-242 



microcompuLcr-Lo-L1iac inLcrfacc. 
\i-244 

oplJ.cal sensor-Lo-TTL. 111-;314 
oplocouplcrs, V-406-407 
oµLoisolalors, V-406-407 
preamp receiver mLerfacc·, V-24:J 
process conlrol. !-:JO, V-~42 
RC !"l'cc1ver relay inlcrfacc, Vl-5Sl 
remole-coHLrul LrnnsmiLLcr 

mLerfacc, V-511 
rcsislivl' Lrnnsduccr inlerfacc, Vl-

281 
RS-232, cornpuler-powered, vl-138-

130 
RS-422 to RS-232 converter, VI-133 
tape recorder, II-614 
telephone 

audio mterface, V-612 
telephone-lme mterface, V-605 

tlffier/ac lme mterface, Vl-281 
transrrut keyer interface cll"cmt, Vl-

31 
video intertar.P with sync stnppn, 

V-li/i9 
mtermpter, gronnc! fault., I-f>80 
mte1-val timer, low-pown, 

rnkroprocessnr programrnahlP, 
Il-n78 

mtruder-dPtector, hght bPam 
..activatPd, V 11 

preamp, V-J:3 
i11vcrter:,, 111-29:J-298, V-245-247, Vl-

282-;!85 
2,50 wall, V-246 
a!la!uja( :,witch1.xl iHverLcr, Vl-604 
dc-Lu-uc, V-247 
dc-Lo-dc/ac, 1-208 
~ilcl, V-246 
fasL, 1-422 
fixed powcr supplies, 12 V input, 

IV-305 
flip-fl.op, III-103 
fluorescent lamp, 8-\V, UI-306 
frequency inverter. 111-207 
high-voltage, 111-484 

40 \V, 120 V ac, IV-410-411 
low-power, fixed power supplies, 

III-466 
on/off switch, 111-504 
picture. video circuits. III-722 
positive-to-negative de/de inverter. 

vl-285 
power, III-208 

12 VDC-to-lf7 VAC at 60 Hz. 
III-204 

medmm. III-296 
MOSFET. III-295, V-247 

rectlfier/inverter, programmable op
amp design. IV-364 

signal source for aud10 
amphf1er/mverter. Vl-702 

ultrasornc, arc weldmg. 20 kHz. III-
700 

variable frequency. complementary 
output, IH-207 

voltage, precision, III-298 
inverting amphfiers. 1-41-42, III-14 

ac, high-gain, I-G2 
balancmg circuit in, I-33 
gam of 2, lag-lead compensat10n, 

UHF, I-566 
low-power. digitally selectable gam, 

II-333 
power ampllfier. I-79 
programmable-gam. !11-505 
SCR mverter and tngger, VJ-283 
sme-wave mverter. Vl-28:"j 

mLiLy gain runpllfier, 1-80 
vdticlc- audio amplifier inverLer. Vl-

284 
wideband unily gain. 1-35 

ion ddeclor, Vl-~67, Vl-5:J:J 
ion gcncrnlor, V-248-J4U, VI-286-288 
isolalcd feedback power supply, lll-

460 
1sulalio11 amplifiers 

capaciL1ve load, 1-:34 
level sluflcr, 1-:348 
medical telemetry, 1-352 
rf, 11-647 

isolation and zero voltage switching 
logic. 11-416 

isolation transformer, V-349. V-470 
JSolators 

J 

analog data-signal transm1ss10n, IV-
133 

digital transmission, II-414 
Stlffiull!S, III-351 

Jacob's Ladder, Vl-:J8!.l 
JFET circuils 

ac coupled mLcgralor, III-200 
arnphf1crs 

500-Mohm mput impedance, V-23 
current source biasing, V-21 

chopper circuit, V-352 
headphone audio signal amplifiers, 

V-57 
oscillator, variable frequency, Vl-

449 
preamplifier, V-22 
SBurr.r: followf.r, V-20 
volt.nwt.n, V-;118 

jit.tn s11pprPssion, V-142 

K 
kaleidoscope, sonic, V-548-540 
Kelvin thcrmomeler, I-655 

zero adjust. III-661 
key illunnnaLor, V-:333 
kcycr, clecLronic CW "bug" keycr, V-

102 
kc:,ing circuits, IV-243-245 

AFSK generator, one-chip. Vl-23 
automatic operation, II-15 
automatic TTL Morse code, I-25 
CW keycr, IV-244 
CW transmitter. VI-22-23 
electronic, I-20 
frequency-shift keyer. IV-245 
negative key lme keyer. IV-244 
PTT control from receiver audio, 

Vl-28 
transmit keyer mterface circuits, 

Vl-31 
wireless RTS keyer v.,th data. Vl-

136 
K1rlian de,ice supply, VI-504 

L 
lamp-control circuits (see lights/light

activated and controlled circuits) 
laser circuits (see also l.Jghts/light

act1vated and controlled circuits; 
optical circuits), II-313-317, III-
300-311. V-250-254, VI-280-206 

ac operated He-Ne laser power 
supply, VI-502 

de supply. Vl-295 
d10dE' sensor. IV-121 

discharge current stabilizer. II-316 
drivers 

IC-based, vl-2!)6 
op-amp, VI-295 
pulsed doublc-helcrostrncture 

laser, Vl-2()6 
sinp;lc hclcroslructur(' diode, 

Vl-2tl0 
gun, visibk red, III-310 
har1dhcld laser, V-252 
high-voltage supply for He-Ne laser, 

vl-201 
IR laser light detector, vl-293 
light detector, II-314 
power supply, IV-636, V-251. V-254 

high-voltage, V-253 
with starter crrc111t, V-252 

pulse-v.idth modulated laser 
supply, VI-505 

pulsers, laser diode, 1-1-16, HI-311 
receiver, IV-368 

PLL IR, \1-294 
sound effect generator for lasPr 

pistol, \11-292 
nflP, mvisihlr IR pttlsf'<"I, fi-291 
simnlated laser nsing LF:D, V-2f>3 
transm1tt.n, Vl-2r:!2 

lat.chPs, V-,%n 
12-V, solen01d driver, JJl-572 
comparatur and, 111-88 

latching rehiys, de, optically coupled, 
111-417 

latchi1k,ls :,witches 
double louchbutlon, l-l!J8 
SCH-rcµladnt,, lll-5!.J:J 

LCD display 
7-scgmcnl, V-165 
conLrast temperature compensator, 

\-1-l!.l5 
fixed-power supply, IV-392, IV-40:J 
large-size, V-164 

lead-acid batteries (see al.so battery-
rclaled c1rcmts) 

battery dwrgers, III-55 
life-extender and charger, IV-72 
low-batlcry detector, III-56 

lcadmg-edgc delay circuit, III-14 7 
LED circuits 

7-segmenl, V-166 
ac-power indicator, IV-214 
altematmg flasher, IH-108, III-200 
back-biased GaAs bED hp;ht sensor, 

II-321 -
bar graph driver, II-188. ·\'l-1 D5 
battery-charger test circuit. V-SH 
blmker, llght-controlled, \1-'.301 
bnghtness, I-250 
Chnstmas tree light flasher. V-1 !)7 

Vl-225 
color shift.mg LED display. \·1-180 
common-cathode display, V-167 
driver, emitter/follower, IV-150 
flashers, V-105, V-196, Vl-226, VI-

227 
alternating, III-IDB, Hl-200 
Chnstmas- lree lights, V-197 
control circuit, IV-18:3 
dark-activated, V-1 ()5 
driver, V-ID4 
multivibrator design, IV-182 
PUT used in, II-230 
ring-around, III-194 
sequential, reversible-direction, 

IV-182 
three-year. III-194 
UJT used m, 11-231 

frequency comparator. II-1 l 0 
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LED circuits continued 
light sensor, back-hiasf'd (iaAsFR'L 

II-321 
leadiNj-zero suppressed fhsplay, V-

165 
matrix display, two-variahlP, III-171 
millivoltmeter readour, TV-294 
multiplexed common-cathode 

display ADC. Ill-764 
output indicator for 5fili drrnits, VT-

260 
panel meter, III-347 
peakrneter, III-333 
pulser, \-1-226 
receivers for hghtwave 

cornmumcations, Vf-:H0 
ring-around flasher, III- 194 
RS-232C, computer drr::uit, fH-10:3 
simulated-laser circuit, V-2f;3 
strobe, random, VT-224 
three-year flasher, IIl-194 
transrrutter for hghtwavp 

communications, VT-))09 
voltmeter, IV-286 
VU meter, IV-211 

level, electronic, Il-666, IV-329, v1-328 
level controllers/detectors (,c;ee also 

fluid and moisture), 11- l 7 4 
alarm, water, I-389 
audio, automatic, 11-20 
audio (ALC), V-60-62 
cryogenic fluid, I-386 
hysteresis m, l-23:.i 
level ofliqmd, l-107, I-235, I-387, T-

388, I-389, I-390, II-174, H-244, Tl-
246, III-205, III-206, IH-2O7, J-209, 
III-210, IV-186, lV-190, IV-191 

meter, LED bar/dot, I-2.Sl 
peak, I-402 
sound, l-403 
three-step, J-336 
visual, lll-269 
WanllNJ 

audio output, low, I-891 
high-level, J-387 

level shifter, negative-to-positive 
supply, I-394 

LF or HF field strength met-er, 11-212 
LF receiver, IV-451 
lie detector, II-277, IV-201t V-2fifi-2f)6 
light-beam communication r-ircmts, 

V-257-261 
receivers 

audio, visible-light, V-2nl 
FM light-beam, V-2fi9 
modulated light, V-2fi8 
voice-communkation, V-26O 

transmute rs 
audio, visibl.--light, V-261 
FM light-beam, V-2.S9 
modulated light, V-258 
voice-commumcatim1, V-260 

light-controlled r.1rcmts (~oe also 
laser drcwts; optir::al circuits), ll-
304-312, II-318-.1:11, rrr-:312 !3 l 9, 
V-262-283, \'1-297-~12 

860 W limited-range light control, 1-
376 

alarms, V-9, V-273 
dark-activated alarm, pulsed tone. 
V-13 

high-output, pu!RP·tone, V-14 
precision design, v. J 2 
self-latch, tonP output, V-15 
with hystfffP.SI&, Y, 14 
with latc-h, V- 12 
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ligilt-lleam inLruder-detection. V-
11, V-13 

ambienL-ligltl cancellation circuit, 
11-:J:~8 

amllicHt-li;,thl ignoring optical 
sensor, IH-413 

audio osdllalor, light-sensitive, lII-
815 . 

had-biased GuAs L~D sensor, II
:321 

black light, baltcry-operated, V-281 
ba[tery-powcrcd light, capacitance 

operated, 1-131 
brightness control. I-377, III-316 
carport .J.iMltt, automatic, II-308 
chaser lii,!,.hLs, sequential act1vat1on, 

lV-251, IV-252 
Chri.!:;tmas liJ,lhl driver, JV-254 
Christmas tree lights sequencer, V-

264-265 
colorimeter, VI-306-307 
complementary, I-372 
controller, IV-252 
cross fader, H-312 
dilrk.ness monitor, V[-303 
detectors of liJ,lht, 1-362, IV-369 
dimmers, l-:J69, II-309. IV-247, IV-

249, V-206, Vl-377 
800 W, 11-:JO!.l 
CMOS touch dinuner, V-270 
de lamp, II-:J07 
four-quadranL IV-248-249 
halogen lamps, III-3OO 
headli,l{.ht, 11-57, 11-63 
low-cost, l-373 
phase-controlled, V-267 
soft-slart, 800-W, I-376, III-304 
tandem, II-312 
triac, 1-!375, H-310, III-303 

dissolver, solid-state, III-3O4 
drivers, lamp drivers, 1-380 

J1ip-flop independent design. 
IV-160 

low-frequency flasher/relay, I-300 
MOS lamp dnver. V-269 
optical coupfrnA, IH-413 
neon lamps, 1-379, V-270, V-459 
sho1t-circuit-proof, II-310 

emergency light, 1-378, l-581, II
:320, lll-:.Jl 7, III-415, IV-250 

exposure meter, photo enlarger, V-
4:J8 

name momlor, Ill-313 
t1ashcr, dark-activated, V-195 
llooillamp power, I-373 
11uorcsecnt-lamp high-voltage 

power supplies, IV-41L V-444, V-
447, VI-500 

fringe counter, VI-3OO 
halogen lamp prot.ector, V-271 
holiday lights sequencer, V-261-265 
indicator-lamp dnver, optically 

coupled, UI-413 
mfrarcd circuits (see infrared 

drcuils, remote control) 
iaterruption detector, I-364 
inverter, fluorescent, 8-W, III-30tJ 
key illurninator, V-333 
lamp pulser, VI-227 
lamp timer, Vl-649 
LEDs (see LED c1rcuirs) 
level of light. I-365, I-367, I-37fi, 1-

377, I-38O, 1-389, III-31:~, III-.'~ lfi 
bfe-extender for bghthulhs, TII-302 
light meter, VI-308, Vl-3i'iO 
light-bulb changer, automat1r 

design, fV-2~3 
lights-on warnmg, JV-58, IV-62, IV-

2:iO 
hght-.sePkmg robot, !1-:325 
logarithrnir light sensor, 1-366 
logir:: cm·mt, I-:393 
machinP .. i,arm illumination 

stabiliwr, JI-:1Ofi 
marker hght, III-5!17 
meters, light-meten., 1-382, 1-38:J, 

V-30!i 
I)hoto enlargt=>rs, v.4:34.4;]5 

mod11lat.or, TH-302 
monostable multivibrator, ~ht

cont.rolled, VT-803 
monost.ahle photocell, seU'-adjusL 

tngg11r, II-329 
mooring hght, automatic, 11-32'.J 
namP in hghts, Vt-:379 
nPnn Clmstma& light llu.shcrs, Vl-

22S 
neon light drivers, l-:J79, V-270, V-

4S9, Vl-198 
rught lights 

automatic, 1-360, 111-306 
relephone-controlled, Hl-6O4 

night-vision illurnmatm-, IR, Vl-265 
mght-,rision sr.ope power supply, 

v1-fi0l 
on/off relay, I-::l66 
on/off reminder 

automotive lights, l-109 
with ke alann, I 106 

one-shot t.imPr. TH-317 
optical interr.11ption 5ensor, lV-:Joo 
oscillator, light-controlled, V-279 
outdoor ligl1t control, V-275 
phase r.ont.rol, 11-:JO:J, H-:J05 
photo alarm, JI-319 
photocf'll, monostable, setr-adJust 

triggPr, II-329 
photocurrent integrator, ll-:J26 
photorliode amplifier, Vl-:JOI, Vl-

802 
photodinrlf' log conve1ter/ 

transmittn, Vl-312 
photodiode sensor amplifier, 11-:324 
photmi]Pr::trir controllet, JV-369 
photm,IPr::tric sensor, V-277 
photoelPctrk svvitches, 11-321, H-

;126, fH-319 
photntransistor, V-279 
porch light control, V-266, V-276 
proJer-tor-lamp voltage regulator, Il-

3Ofi 
powH outage light, !.we-operated, 

TTT-4lfl 
p11lse-generation mterruption, 1-357 
rereivers, LF;u lightwaw 

rommunications, v1-:.no 
rPlays, 1-366, V-275, V-:J.78, V-270, 

Vl-!~04 
rPmote•controller, 1-:J?O 
robot 

eyes. II !327 
light-seeking robot, U.:J25 

mnnmg light sequencer, V-269 
Sf'l1S01'$, 1-:]67 

arnbient-ligl1t i.gnorilt~, Ill-413 
back-biased Ga.As LED, Il-321 
de servo, Vl-:.J00 
logaritlmuc, l-066 
multiple-inpul, V-273 
optical i.ensor-LO-ITL interface, 

lll-:Jl4 
phutoclcclric, V-277 



sequencer, V 26!1, 
holiday lights, V-264-2f\:, 
p:,eudormtdom, 111-301 
rwming light, V 269 

shinu11eri1ig light, V 2n8 
sh01t-drcu1t proof lamp rlnw-r, H

:JlO 
<;[grn1I co11ditionn, photodwrlf' 

def.ign, ll-!3.'30 
solar pow er supply, VT-:111, \11--~ 12 
solid-state light srn1rrf-!s, V-282-283 
sow1d-controllecl hghr.s, T-009, V-

55~ 
c,JJeed controller, lV-247 
starry light, 1-579 
;;trobe light, Vl-468 

higlt-voltage power s11pphAs, 
IV-41:3 

photo strobe, V-435, V-4:17 
random Lt:D, Vl-224 
trigger·, V-436 
variable, lll-589-590 

sun tracker, lll-:318, Vl-299, VT-:112 
switches, ll-!320, TH-{!14 

adjustable, 1-362 
capacitance switr h, I-132 
dark-act11rated, V-274, V-276 
lighr-/dark activat.t>d, V-274 
lighr.-activated, st>lf-latching, 

V-278 
light-controllP.d, n-:120, III-314 
photoelectr1c, If-{!2 l, IT-:12fl. 

l[l-!319 
.:;o]ar triggered, JJJ-:118 
1,ero-point tr1a1\ TT-311 

tachometer adapter, Vl-298 
trailic light controller, Vl-298, VI-30!'i 
transmitter, LED llghtwavP 

eOl!UllWl!Cations, Vl-:309 
telephom:' in-use light, ll-ri2fi 
three-way light control, IV-251 
toudtl.u.mp, three-way, IV-247 
lriac dreuit, V-268 
trial· eontroller, V-267, V-271 
trim: switch, inductivP. loati, IV-2:,1 
tum-off circuit, SCR mpadtor 

design, IV-2fi4 
[wiligllt-triggered r:1rrnit, H-322 
video, low-level video IF amplifier, 

1-687-689 
voltage regulator for prnjed.1on 

la.mp, 11-:305 
wake-up call Hght, l!-;324 
wamin,ii ligli[s, 11-320, JJl-'.317 

light-seekin~ robot, IT-325 
limit comp,mJ.tors/detectors, l- l 11t'i, 

lll-106 
alarm, high/low, 1-151 
doul.Jle ertded.1-156, 1-2!30, I-2::t'\ H-

105 
micropower, 1-155 

frcquency-limiL detector', 11-177 
limiters 111-:320-32~ JV-2f>5 257 

auctki'limiter, V-:f35 · 
clipper/limiter, IV -:355 
low-distortion, II 15 

dynamic nmse reduction c1rrmt, TTT
:..121 

hold-current. solenoid dl'iver, Ill 
5n 

noise, ll-!395, lll-;J21 
one-zcncr des~n, IV-257 
ouLpul, lll-322 
power-consumption, lll-572 
lransmiHi:me limiter/timeI, IV-580 
voltage limiter, adjust.able, IV-256 

line amplifiers. III-37 
duplex, telephone, Hl-616 
RlAA luw amp/driver, v1-77 
umversal design, IV-39 

line drivers, l-2u2 
GO-ohm transn:ussion, 11-102 
GOO-ohm balanced, II-192 
aud10 signal amplifiers, V-54 
full rail excursions in, 11-HlO 
high-output 600-ohm, II-Hl3 
unpedance-matched Vl-ith 75 Ohm 

load, VI-197 
low-distortion composite 100 m.A, 

VI-200 
lmf' receiver, balanced, VI-552 
line receiver, dual-inverter, v1-542 
sh1eld/lme driver. !ugh-speed, VI-

19S 
stereo lme dnver, VI-198 
synchromzed, III-174 
\'ideo amphfier, lll-710 
video line driver, VI-683 
v1deo line receiver, vl-550 

line-dropout detector, 11-98 
line-frequency square wave 

generator, II-599 
hne receivers, VI-542, vl-552 

digital data, III-534 
lo,v-cost, III-532 

hne-sync, noise immune 60 Hz, Jl-367 
hne-current detector/monitors, III-

341 
optically coupled, III-414 

!me-hum touch svntch, III-664 
lme-synchroruzed driver circuit, m-

174 
line-voltage announcer. ac, IIl-730 
lme-volr,age monitor, III-511 
line-voltage-to-multimeter adapter. 

V-812 
lim;ar amplifiers 

1.2-kW 14-1-MHz, VI-20 
2-30 MHz, 140W PEP amateur 

rad10 1-riGG 
100 W PEP 420-450 MHz push-pull, 

I-GG4 
1 fl0 W PEP broadband, I-556 
amateur rad.lo. 2-30 MHz 140-\V, III-

2GO 
aurlio power ampliflers, V-51 
CMOS inverter, II-11 
invert,~r, linear amp from inverter, 

11-11 
m1cropower, Vl-73 
rf amphfi~rs 

fi-m, 100 W, fV-480-481 
90,1 MHz, fV-484-485 
ATV, 10-to-1:i W, IV-481 

linear couplers 
ac analog, 11-112 
analog, 11-41~ 
de, II-411 
optocoupln. irn,trumentat10n, II-

417 
linear IC Siren, III-Gu4 
lmear ramp generator, II-270 
lmk, fiheroptJc. III-179 
hquid-lnel detectors (see fhud and 

mmsturt> rlt>tectors) 
lithmm battf-!ries 

r-harg;:,r for, Jl-67 
sratP. of rharge mti1cator for, JJ-78 

httlt> d1ppt>r dip mPter, 11-183 
load-sensing f'irrmts, V-284-285 
loeatnr, lo-parts treasure, I-409 
lock detector, VI-170-177 

locks, declroHic, II-H:14-197, IV-161-
163, Vl-:CW:J-205 

combinalion, 1-58:J, 11-196 
digital cnLry lock, IV-Hil, V-157 
frcQucncy-bused luck, Vl-204 
kcykss design, lV-16:J 
lock detector, Vl-176-177 
lhrce-dial combination, lf-195 

locomotive whistle, 11-589 
logarillmuc lliHJJlilier&, 1-29, l-13!\ fl-8, 

Vl-56 
de lo video, 1-:38 
log-ralio amplifier, 1-42 

logarillunie convener, last, I- 169 
logarillunic l.!J.;hl :,e11so1, 1-:366 
logarillunie sweep VCO, lll-7:38 
logic/logic circuits, VI-:H:J-316 

amplifiers, logic amplifiers, 11-:3:32-
335 

low-power buu;ry, w 10n gain 
low-frequency, LL-:}::J3 

low-power ir1vcrti.11g, digitall;y 
sclcciablc ~ain, 11-3!3:J 

low-power noninvert.ing, digitally 
selectable input and gain, U-3!34 

precision, ~tlu.lly programma.blf' 
inpul mid gain, 11-335 

prola(rl.Llmnable amplifier, 11-384 
AND ~ate, VI-315 
audible pulses, 11-345 
chip tcslcr, VI-:J34 
combinalonal logic multiplexer, Vl-

315 
converter. Tl'L to MOS, 1-170 
four-st.ale, single LBD inchcatoi·, 11-

361 
isolation and zero volta~e ~witching, 

U-415 
level shift.er, negaLJ.vc-to-po,,itive 

supply, I-394 
light-activated. 1-:_!!:!3 
line monitor, III-108 
lo~c control for 78xx rq,(ulator, Vl

-662 
overvolt.agc protection, 1-517 
power supµly, 3.3-V from 5-V, Vl-

4!J2 
probes, logie probe;,, 1-520. J-525, I 

526 IV-430-4:Jl lV-434 Vl-522 
VI-523 ' ' ., 
CMOS, I-52::.1, 1-526, lll-4Y9 
digital, III-497, V-;JlO 
four-,vay operation, IV-432 
memory-tester, mstalled, 1-525 
single-IC design. IV-4:Ja 
three-in-one sel: probe, si)l,nal 
tracer, injector, IV-429 

pulse generator for iogic
troubleshooting, lV-406 

pulser, IU-520, V-48\J 
regulator, 5-V, with elcclronie 

shutdown, Vl-496 
relay AND c1rcuiL, Vl-316 
relay OR circuit, Vl-iH6 
signals, long delay line for, lll-107 
sine wave oscillator, Vl-440 
stat.e change indicator, V!-:J14 
testers 

audible, III-343. V-313 
TTL, I-527 

translators, logic-level translators, 
IV-242 

long-duration timer, PUT, II-675 
long-range object detector, Ill-273 
loop antennas 

8 G ~fHz, fV-12-13 
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logk./logir. rnT11its crmt1.nued 
dual hand, 80- H\O m, V -:32 
preamp, V-:'l8 

loop osc11lators, Vl-~85 
loop transmitter, rPmote ,:;ensors, lll-

70 
loop-thru video amphfier, IV-616 
loudness controls, TT-4tl, 11-47 

amplifier, lominess amp, 11-46 
balan<'.!" amphf1Pr ,,1th, 11-:395 

loudspeakt>rs 
couplmg drnnt, J. 78 
horn as loudspeaker, JV-54 
protertor rirnnt, V-48:.1 
remotP link, J-!348 

low-d1stnrtion mput selector for 
audio USP, 11-:38 

low-frPquency oscill,Ltors, lll-428 
crystal, I-184, ll-146 
oscillator/llasher, II-2:34 
Pierce oscillator, HI-133 
TTL oscillalor, 11-595 

low-pass filLers, I-287 
active, V-178, V-181, V-188 

d®tclly selected break frequenry. 
ll-216 

fourlh-order, V-184 
amplifier, vl-49 
Butterworth, V-180, V-181 
Chebyshev, fifth-order, m11lti-

feedback, II-219 
clock-tunable, monolithir, 1 mV, \/-

187 
pole-active, I-2% 
fast-response, fast sP.ttlmg, !V-168-

169 
fast-settlmg, prnc1s1on, 11-220 
precision, fast settlm~, 11-220 
Sallf'n Key, VT-221 

10 kHz, T-279 
adivP, TV-177 
eqnal c:ornpone11t, l-292 
ser.ond order, I -28!:I 

sernnrl-ordPr, V-188 
semnrl order Sa.lien-Key, 1-289 
umty-gam second-order, V-187 
variahle, V-186 
voltagP-r.ontrolled, VI-219 

low-voltagf' alarm/imlicator, I-224, II-
49,9, HT-769 

low-voltage power discmmcctor, H-07 
LVDT rlr(:llltS, ll-3:Jo-a:m. 111-323-324 

rlriver demodulator, ll-:.J:.l7 
signal condit[cmer, II-:338 

M 
mathlne visioH, illummaUon stabilizer 

fnl', 11-306 
magnetometer, 11-:J41 
magnet~ 

r-m-rent sensor, m,~netlc currents, 
m-::;41 

pJertrnmagnet[c-Hdd ~ensor, V-308 
permanent-magnet detector, IV-281 
preamplifiers, magnetic, l.-89, I-91, 

TTT-87, 111-67:3, JV-35, JV-:J6 
prnxnnity sensor, V-308 
t.ransd11cer, ma,li1tdic tnmsducer, I-

28,9 
mains-failure 1mJicator, IV-216 
marker generatur, tu-138 
markf'r hght, lll-:Jl 7 
rnat.hemat1cal circuits, llI-325-327, 

IV 258-263, V-286-288, VJ-317-
326 
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adder c1rcmts, HI-827 
binary, fast•action, IV-2f\0-26 l 

averagmg circmt, VT-324 
bridge lmearizmg funr.tion, Vl-321 
difference of squares, VT-:i2::l 
divider circlllts, IV-lfiO- H'ifi 

binary cham. l-2G8 
divide-by-2-or-3 circuit, IV- I f14 
divide-by-N 

l+ GHz, IV-15G 
1.5+ d1vtde-by-n, fV-1 fifl 
CMOS programmahlP, I-257 
7490-dlvided-hy-n, IV-154 

d.tv1de-by-odd m1mhPr, IV-153 
frequency dmders, I-2fiR, TT-251, 

II-254, III-21:1-218, IH-:140, lll-768 
1.2 GHz. III-129 
10-MHz, IH-126 
dork mpllt, IV-151 
decadt>, I-259 
dividt>-hy- l J\ III-216 
low-cost, lll-124 
low frequency, 11,25:J 
preamp, Hl-128 
progranunablc, IV-152-153 
staircase generalor and, 1-730 
tacl1omt•Lcr and, I-310 

odd-numlicr counter and, III-217 
one tdm, lll-326 
pulse, non-integer progranunablP. 

ll-611, III-226 
minimum/maximum selector, fnur

input, V-332 
multiplier cm:mts, IV-32G, VT-32fl 

low-frequency mult1plier, IV-:'l2fi 
precise commutatmg amp, IV-

262-263 
voltage multipliers, TV-o.11-637 

2,000 V low-currf'nt s11pply, IV-
636-637 
10,000 V de supply, IV-63:J 
corona wind gPnPrator, IV-f\;J:J 

doublers, III-159, IV-fi::lfl 
cascaded, Cockcroft-Walton, 

IV-635 
tnac-controlled, IH-4ti8 

laser power snpply, rV-636 
negat1,·e-ion gPnnator, high

voltage, IV-fi34 
tnpler, !ow-currfmt, JV 637 

multiplier/d1vidt>r, VT-318, VJ-:322 
percentagt>-deviation ratio 

computer, VI-326 
polar-t.o-rer-t.ang11lar 

converter/pattf'rn generator, 
rartio dirPdion, V 288 

polynomial generator, V-287 
root extrador, V-207, V-288 
sm approXImatlon, VI .:12:J 
.slope integrator, progrnmm,tlik, IV-

259 
square-root c1rcmt, Vl :3i 9, VI-:J20, 

VI-322 
subtractor, III-327 

MC1330/MC1352 teJpvision W 
amplifier, I-li88 

measurement/test drrnits (see also 
momtors. prohes), TI-!:i40, 111-268-
270, III-~28-:148, IV-210-218, JV-
264-~11, V-230-232, V-289-!321, 
VI-2G8-2HO, \1-,'127-:163 

100 K megaohm dr., l-fi24 
3-m-1 test set, TTl-830 
G5G cirr.mts, LED nut.put indicaLor, 

VT-2u0 
absolntP-vahlf' circuit, IV-274 

ac hol wire, J-581 
ac-currcnt indicator, IV-290 
ac-powcr indicator, LED display, 

IV-214 
ac/dc indicator, lV-214 
uc ouUcl lester, V-318 
ac power monitor, VI-351 
ae wirin~ locator, V-317 
ae-watls calculator V-304 
accclcromeLer, VI-345 
acoustic-sound receiver, IV-311 
acoustic-sound transnutter, IV-:111 
activity Lester, crystal oscillators, V-

1:Js 
alarm and, I-337 
allimcLcr, digital, V-29u 
arruneter, low-current, V-307 
anemometer, hot-v.ire, III-~42 
atmosphere nofae morntor, VT .;370 
audible logic tester, IH-343 
audible TTL, 1-524 
audio amplifier test.er, Vl-34:J 
aud.to frequency met.er, l-311, V-

30!"i, V-320, VI-:3!35 
audio millivolt, JJJ-767, Hl-76!:I 
anrtio pown, f-488 
aurtio-rf signal trac:er, J-527 
automatk contrast, 1-479 
antomot.ive electrical tcslcr, IV-45 
automotive-temperature indicator, 

P'fC thermistor, 11-56 
R field measurer, IV-272 
balance indicator, IV-215 
balance mcler fur slereo, V-583 
barometer, lV-273, VI-338 
battery imlicators/testers, 1-108, I-

121. 1-122, I-124, IV-74, IV-78, IV
W 

bcai frequency, 1-336 
breath alert alcohol tester, Hr-:1fi9 
broadband ac active rectifier, TV-

271 
liuzz box continuity checker, I-:ifi1 
cable Lester, III-539, V-299 
calibraLOr (see calibrators) 
capacit.unce buffer 

low-input, III-498 
stabilized low-input, IH-!'.i02 

capacitance meters, 1-400, Il-91-94, 
III-75-77, Vl-340 
AID, 3.5 digit, III-76 
capacitance-to-voltage, II-92 
digital, II-94 

capacitor testers, IV-265, IV-279, V 
306, VT-358 

clamp-on-current <".Offipt"nsator, 11-
501 

CMOS logic, I-G23 
continuity testers, 1-GG0, I-!i51, II 

342, II-533, ll-534, II-fi3fi, Tll-345, 
III-538-540, IV-287, IV-289, TV 
205, IV-296, V-293, V-117, V-819 

crystal tester, I-178, I-186, Il-1fi1, 
V-130 

currenL meters and monitors, r-20::i. 
11-152-157, III-338, VT-259, VT-3fif) 

ac current indicator, IV-290 
current sensing in supply rails, 

11-153 
cl~ctrometer amplifier with 

overload protection, II-1 fifi 
Hall-~ffect sensors, III-2/ifl, lV-284 
high-gain current sensor, IV-291 
picoammeter, 1-202, II-1 fi4, JI, 157, 
III-338 
guarded input, II-lfifi 



ra~c ammeter, six-decade\ II-
15J. 11-156 

curve tracer, r-:397, IV-274, V-300 
C\V offset indicator, IV-21;3 
deviation melcr, rv-:303 
dml pulse, III-61:3 
~iLal frcqueney ml'Ler, lll-344 
di,l(iLalmulti.rncLer (DMM), iV-2\Jl, 

V-2!:ll 
dlgiLal vollmcLcrs (DVM), 111-4 

:J.5-digi.L, 1-713, lll-761 
:J.75-digit, 1-711 
4.5-digit, 1-71 7, lll-760 
adapter for PC, V-310 
auto-calii.Jrnlc circuit, 1-714 
aulomatic nulling, 1-712 
interface and tcmpcrnLurc 

sensor, II-64 7 
LED readout, IV-286 
temperature sensor and DVM, 647 

diode tester, I-401, I-402, I-406, II-
343, III-402 

clip meters, I-247, 11-182-183 
bandsw1tched, IV-2U8 
basic gnd, I-247, IV-208 
dual gate IGFET, 1-246 
littJe dipper. 11-183 
varicap tuned FET, I-246 

direction-of-rotation circuit, III-335 
diode-curve tracer, IV-274 
diode-matching circuit. IV-280 
dosage rate, I-534 
driver, meter-driver rf amplifier, 1-

MHz. III-545 
duty-cycle meter, III-329, IV-265, 

IV-275, IV-280 
dwell meter, I-102, III-45 
E, T, and R measurement/test 

c1rcmts. IV-283-290 
ECG amplifiers with right leg dnve. 

VI-3/i1 
electrolyt1r.-capacitor reforming 

ClfCUit. IV-27(3 
electromagnetic-field sensor, V-308 
electrometer, IV-277 
electroscope, v1-341 
electrostatic detector, III-337 
ELF monitor, VI-,'33£l 
energy consumption monitor, V-290 
expanded-scale analog metPrn, 11-

186, III-774, IV-111 
FET prohe, III-fiOl 
FET voltmeter, JJJ-7fl5, III-770 
f1Pkl-st.rPngth mPt.ns, II-208-212, 

III-182-18,'i, TV-lf\4-lflo V-174-
l 7fl 

1 5 150 MHz, 1-275 
adjustable sensitivity indicator, 

I 274 
high-sensitivity, TT-211 
IP or HF, 11-212 
microwave, low cost, l-27:3 
rf sniffer, 11-21 (I 
sensitive, 1-274, !11-18:3 
signal-strength mptPr, IV 166 
transmission indicator, II-211 
tuned, I •276 
m-w fields, JV-165 
untuned, 1-276 

lilter analyzer, audio lilters, lV-309 
11ash exJ.)Osure meter, 1-484, 111-446 
frequency comparator. VCO dJld 

input, Vl-35:J 
frequency cowtter, 111-:340, IV-:JOO, 

V!-:J60 
frequency ilivider, Vl-10-MH.z 

frequency sLm1dard, Vl-!J41 
frequency meters, 1-:JlO, 11-249-250, 

lV-282, lV-:JOl 
analog, V-:J07 
audio, 1-!Jl 1 
linear, 1-:JlO 
low-cost, 11-250 
11uwer, ll-~50 
J)OWt'f-liW.', ]-!Jll 

frequency shill keyl'r lom' 
generawr, l-72!J 

frequency standard, 10-Mllz, Vl
:Jol 

gale dip oscillaLor, Vl-:J44, VJ-:J46 
Geiger eounLcrs, l-5:Jl:i-537, 11-489, 

11-514, V-217-21!:l 
general purpose rf dcleclor, ll-500 
go/no-go Lest circuits, l-401, 1-157 
grid-dip meters, 1-247, JV-298 
ground, 1-580, 11-345 
growtd-noisc, i.JaLLcr:v-powercd, lil-

500 
harrnonie distortion 

arnllyzcr, V-291, Vl-:J57 
mclcr, V-!J12 

irnpcilimcc checker, V-136 
m-usc irnlicalor, lclcp.hone, 11-629 

ir1ductancc meter, linear, V-:J16, VJ-
330, VI-358 

infrared detector, low-noise, II-289 
iajectors. IV-42[) 
ion detector, VI-267, Vl-533 
ion-sensing electroscope, VI-287 
high-frequency and rf tester, IV-

2!)7-303 
LC checker, III-334 
LED meters, I-251, III-347 
level md1cators (see fluid and 

m01sture, level) 
line-current morutor, III-341 
light meters, I-382, l-383, V-302, VI-

308, VI-350 
line-voltage-to-multimeter adapter, 

V-312 
logtc ch.tp tester, VI-334 
logic probes, I-520, l-525. I-526, IV-

430-431, IV-434 
CMOS, I-523, 1-526, III-499 
digital, III-497, V-310 
four-way operation, IV-432 
memory-tester, mstalled, l-/i25 
smgle-IG design, IV-133 
threP-m-one test set: probe. signal 
tra<:er, mjector, JV-129 

log1r testPL I-fi27, II-34fi, III-341, V-
113 

low-r.11rrPnt mPas11rPment., TTl-84:i 
low-ohms adaptPr, TV-290 
low-volragP, 111-769 
magnptfmagnptic detectors, III-141 , 

IV 266, IV 281, V-808 
magnPtrnnf'f.Pr. IJ-!141 
mam.~ failurP indicator, TV-2ln 
mea.~uring gaugP, linear variahlP 

rliffnPntial transfonnn, 1-404 
mPt.n tPstf'r. IV-270 
rnetronomPs, 1-4 11 -418, IT-8fi:1-:'l:,:i, 

Ill :15;3 %4, TV 312-314, V-!392 
rninoarnmeter, de, fot1r-range, TV-

292 
micml"arad couJ1ter. IV-275 
microvolt. 11 499 
millivolt.nieter.~, m 767, Ill 769, IV-

289, JV-294. lV-295 
ae, 1-716 
.iudio, lll-767, 111-769 

de, lV-295 
four-n111.1-(c, lV-289 
.hig.h-i.r1pul i.rnped,utce. 1-715 
LED readout, IV-294 

nwtule m,trker, Vl-!J:J7 
model car derby wirlller indicator, 

VJ-259 
1111.~Julation monitor, 111 :375, IV-299 
mono audio-level meter, lV-310 
motion sensor, unidirectional. II 

!346 
motor hour, 111-340 
motorcycle tune-uJ.J aid, VJ-:359 
mult1conductor-cable tester, 11/-288 
mulwueters, lV-291, JV-29:J 
nanmunmeter, Vt-:349 
negative voltage referew:e, Vl-:J:JJ 
noise generator, 1V-:J08 
oluumclers, 1-549, lll-MU, lV-290 
On 111<..iJ.cator, IV-217 
on-lite-air, lll-270 
op-amp de offset shill tester, \1-!Jl!:J 
opLical light probe, 1V-:J69 
oscilloscope adaplc1, four-trace, l V-

267 
overspced, 1-108 
overvolL~e prolcd10H, l-150, 1-517, 

Jl-96, ll-107, 11-496, lll-51:J, 111-
762, 1V-:J89 

paper sheet discri.rnimilor, copyi.rig 
mnehincs, III-33[) 

peak detectors, 11-174, II-175, 11-
434-436, III-771, IV-l'.38, IV-14!3 

analog, "'ith digital hold, IJI-153 
decibel peak meter, IIl-348 
digital. III-160 
high-band\\-idth. III-161 
high-frequency peak, II-175 
high-speed peak, 1-232 
LED design. peak meter, III-333 
level detector, I-402 
low-dnft, III-156 
negative. 1-225, I-234 
op amp, IV-145 
positive. I-225, I-235, II-435. III-
169 

true rms. I-228 
ultra-low-dnft peak, 1-227 
voltage, precis10n, I-226 
\VJ.de-bandwidth, III-162 
-.,,.,1.de-range, 111-152 

pH tester, I-399, Ill-501 
phase detect10n/marupulat1on 

ClfCUltS 

dPtP.ctors, I-10fl, I-47u, fl 344, 
II-1:!9, II-11 L II-142, 
III-440-442. TV-127 
10-hit acrnrarv, II-176 
digital VOM, JV-277 
phasP-diffenenre rlPtPr.t.or, 0 

to 180-rlP.greP, II-,144 
phasP sPIPctor/sync 

r1ect.iftf'r/halanrPd modulator, 
III-441 

sPquPncers, phasP sequence, 
I-4 76, H-4::l7-442, III-441 
rr rirr11it, phasP sequPn<:P 
revPrsal dP.tf'rr.ton, Il-4::l8 

rPvf'rsal, rr rirr11it to rlPt.Pr.t., 
II-4."\8 

three-phasp tPstn, 11-440 
sh1ftf'rs, pl1ase shift.ns, JV-647 

0-180 rlPgrpe:-., T-477 
0-:360 degl'ees, T-477 
5i ngl e- transistor design, I-4 7fl 

spl 1tter, precision, ITT-582 
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measurement/test circuits oonttnued 
tracker, three-phase square wave 
generator, 11-598 

pkf.m:mmeters, I-202, II-154, HI-338 
circuit for, II-157 
~uardcd input circuit, H-1S6 

PIN diode tester, VI-353 
polarity rndicator, V-231 
power gain meter, 60 MHz, 1-489 
power line frequency tester, I-311 
power meter, I-489, VI-333 
power supply test load. constant-

currcnt, lV-424 
power supply, 10-MHz frequency 

standard, VI-335 
power transformer tester, VI-3fi4 
prescaler, 6501vIH.z amplify:ing, 11-f>02 
pressure gauge, digital, V-314 
probes, 4-to-220 V, III-499 
process controller, VI-4- to 20-mA, 

VI-356 
proximity sensor, magnetic, V-:108 
pulse-width meter, III-336 
QRP SWR bridge, III-336 
radon detectors, VI-531-5::l::l 
RC decade box, V-294-29S 
receiver-signal alarm, HI-270 
n:cciver signal-strength mdic.ator, 

VI-260 
reference circuit, Vl-33R 
rcflectometer, I-Hi 
remote-control infrared ilRVlCe, IV-

228 
remote meters, v1-347 
resistance measurement, TI-342, IV-

285, VI-335 
resistor simulator, 100-W, Vl-352 
resistors, programmable, Vl-36:J 
resistance/continuity meters (see 

contimnty testn, above) 
rfbridge, V-:10~ 
rf output mdimtor, TV -299 
rf power indicator, l-16, l11-33i, Vl-

348 
rfprobe, I-fi2J, ITT-498, Hl-502, lV-

433 
rf test oscillator, V-412 
rf voltmeter, III-7fifi 
rf-actuated relay, TTl-270 
S meter for communwations 

receivers, V-311 
scale, electronic, V-297 

SCR tester, TH-344 
short-tester, V-31.'3, V-315 
shutter, I-48fi 
signal generators, V-309 

AM broadcast-bam!, IV-:J02 
AM/IF, 455 kHz., 1v-:m1 

signal strPngth meter, lII-:.142, IV
mo 

signal tracer, IV-429, V-30!.l 
signal tracking ~igual ~cncrator, VI-

356 
snnulated, T-41 7 
single inJPctor-tracer, 11-500 
soil mmsture, III-208 
sound-level meters, 111-:.146, IV-305, 

lV-807 
telRphone, 111-614 

sound sensor, lV-218 
sound subcarrier generator, VI-358 
sound-test circuits (see also sound 

generators), 1V-:J04 
spPedometer, bike, fV-271, lV-282 
static detector, lV-276 
stereo test circuits 
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audio-level meter, IV-310 
audio-power meter, III-331, IV
:J06 

balance indicator, I-618-6Hl 
recepLion indicator. III-269 

stull finder, III-339 
straiI1-gaugc sensor, \11-336 
supply-volt.age monitor_ V-320 
suppressed zero, I-716 
SWH power, I-16, I-22, lV-269 
t.adwmclcrs, I-94, I-100, I-102, II-

175, 111-335, IIl-340, III-34 7, V-6S, 
V-596-598 

analog readout, lV-280 
calibrated, III-598 
dosed loop feedback control, 

u-:J90 
tli..!,iiLal readout, II-61, IIl-4:i, IV-

268-269, IV-278 
Llwdl meter/tachometer, lll-4/J 
feedback control, 11-378, II-~90 
frequency counter, I-310 
low-frequency, III-596 
mirnmum-component design, 1-

405 
motor speed controllers, n-378, 

II-389 
optical pick-up, III-347 
scl point, III-47 

telephone 
in-use indicator, II-629, fV-Gfi0, 

IV-563 
line-tester, V-615 
off-hook I-G33 

Wmperatu're (see temperature-
related circuits) 

temperature mdicator. IV-fi70 
test dnver for hobby servos, Vl-197 
test probe, 4-220 V, Ill-499 
tester, IV-270 
thermometers, HI-6::l7-fi43 
three-m-one set, logic probe, s~nal 

tracer, injector, fV-429 
three-phase tester, II-440 
tilt meter, III-644-rl41i, V-:302 
tone, digital IC testing, IT-fi04 
transistor tester, 1-401, IV-281, V-

306 
transistor-matchmg drcuit, v1-339 

-transmitter-output indicator, JV-218 
tri-color mdicator, V-232 
TTL·logic tester, T-G27 
universal test prohe, IV-43l 
UHF sourcf' dipper, TV-299 
undervoltagP, battery operated 

equipment, I-123 
uruversal tf~st probe, IV-4:Jl 
VCR hRarl amplifier tester, Vl-48 
vibrat10n mf'tn, 1-404 
video-signal amplitude measurer, V-

309 
visual morlulation, !-430 
visual 1Rve1, IH-269 
voice level met.er, Vl-194 
voltage levf'l mdicators, 1-335, I-

337, I-338, I-718, 111-758-772, V-
301, V-315 

voltage probes, V-474 
voltmeters, llJ-758 

3.fi digit, 1-710, 1-71:J, 111-761 
4.fi-digit, III-760 
G-digit, 111-760 
ac., T-716, lll-765,111-772 
add-on thermometer for, III-640 
bar-graph, l-99, 11-54 
r!c, TTl-762, 111-763, V-301 

digital voltmeters (DVM), In-4 
3 5-digil, common anode 
dJ.~play, I-713 

3.5-d~it, full-scale, four. 
decade, III-761 

:J.75-d:Jgii, I-711 
4.5-digiL, III-760 
4.5-digit, LCD display, 1-717 
auto-calibrate circuit, I-714 
automalic nulling, I-712 
i11terfaec and temperature 

sensor, II-64 7 
LED readout, lV-286 
temperature sensor and DVM, 

647 
FET, l-714, l!I-765, III-770 
higl:1-inpui resistance, III-768 
Jr'ET, V-318 
LED cxplmded scale, V-311 
millivoltmeters (see 

millivoltmeters) 
rf, I-405, III-766 
siitgle-chip digital, VI-329 

voltohmmeters (VOM) 
field slrength, I-276 
phase meter, digital readout, lV

'2.77 
volume indicator, audio amplifier, 

lV-212 
VOR signal simulator, IV-273 
VU meters, I-715, II-487, III-487, £V

in 
walch tick timer, V-292 
waler-level measurement r.rrc:mt, 

IV-l!ll 
waitmeter, optical isolator, VT-842 
wave generator, three-phase digital, 

VI-343 
wavemeter, tuned RF, IV-302 
wideband test amplifier, IV-303 
\Vire tracer, II-343 
zener diode test set, V-321 
zener diode tester, 1-400, I-406 
zero center, FM receivers, f-33B 

medical electronic circuits, JJ-14 7. 
349, Ill-349-352 

biomedical instrumentation 
differential-amp, III-282 

breath morutor, lII-350 
ECG amplifiers W1th right leg dnve, 

VI-354 
EKG simulator, threR-r:hip, TIJ-350 
heartbeat transducer, VT-387 
heart rate monitor, 11-348, H-349, V-

342 
preamphfier for, II-349 
stimulator, constant-current, lH-:.152 
st1mulus 1.<:olator, 11I-:351 
thermometer, implantable/ 

ingestible, III-64 I 
megaphone circuit, VT-93 
melody generator, smgle-chip desitn, 

IV-ri20 
memo alert, V-852 
memory-relaterl circ:mts 

EEPROM pulse generator, 5V
powered, Jll-99 

flash memory programmi.rlg supply, 
+ 12 volt, VI-138 

lithium backup battery 
replacement, VI-120 

memory protector/power supply 
monitor, lV-425 

memory-sav:i!lg power supply, II-486 
transceiver memory backup, VI-28 

messenger circuit 



Morse code, VI-406-407 
singlc-dup, Vl-:.173 

metal dcll'Ctors, ll-!J50-!J52, IV-137, 
V-322-324 

low-cosl dl'sign, V-'.J2:J 
nrn:ropowcr; I-408 
pipe detedor, V-:.12:J 

meters (see measurement/test 
circuits) 

mctlu.LIH.: concentration detector, 
J..u,cmfaed output, 111-250 

mclronomcs, 1-413, H-353-:355, 111-
353-:.154, IV-312-314, V-!J9~, Vl-
364-366 

ac-linc opcraled 1,utijunction, 11-8,55 
acccnlualcd !Jcal, l-411 
audible mclrunome, V!-365 
down!Jcal-cmpltasizcd, 111-35'.J-354 
cleelroni<.:, IV-31!J 
low-power desij(n, iV-:Jl:J 
novel design, IV-314 
siJ;;ht and sound, I-412 
simple, II-354 
top oeLavc generator, V-:J!Kl 
version II, II-355 
visual metronome, VI-:366 

microammclcr, de, four-range, lV-292 
microconLrollcr, musical organ, 

preprogranurwd SJI®e-clrip, 1-600 
microphone circuits 

AM-modulated oscillator for 
wireless microphones, VI-450 

amplifiers, I-87, III-34 
electronic balmiced input, I-86 

buffer amplifiers, high-Z, VI-125 
electret, preamp circuit, V-21 
external mic circuit for 

transceivers, V-351 
FM wireless, III-682, III-685, III-6()1 
high-llTlpedance input circuit, VI-81 
mnu-megaphone circ111t, VI-93 
m.1.Xer, II-37, V-363, V-364 
parabolic dish mikes, electronic~.ear 

amp, VI-82 
preamplifiers, II-45, IV-37, IV-42 

balanced mic, VI-77 
dynamic mic, VI-76, Vl-7!.l 
low-impedance, IV-41 
low-voltage, VI-56 
tone control for, II-687 
transforrnerless, unbalanced 

input, I-88 
transforrnerless, unbalanced 

input, [-88 
underwater nucrophone, VI-379 
-wireless, r-679, IV-652-654, Vl-661 

microprocessors (see computer 
circuits) 

microvolt comparators 
dual limit, III-89 
hysteresis-mduding, III-88 

microvolt probe, 11-499 
microwave amplifiers, IV-31!5-319 

5.7 GHz, IV-317 
bias supply for preamp, IV-318 
preamphfiers 

2.3 GHz, IV-316 
3.4 GHz, IV-316 
hias supply, IV-318 
s1ngle-stagt>, 10 GHz, IV-317 
two-stagr>, 10 GHz, IV-319 

microwavP field strength meter, 1-273 
MTDT (see musical r.1rrmts) 
Mille1· oscillator, I- 193 
millivoltmetf'rs, III-7fi7, IIT-7fi9, IV-

289, IV-294, IV-29ii 

ac, I 716 
audio, Tll-767. HI-71>9 
de, IV-295 
rour ra.ngP, fV-289 
h1gh-mput impP<ianr.e, I-71/'i 
LRD readout, IV-291 

m1rn-stPren audio amplifiers, III-38 
minimum/maximum selector, four

input, V-332 
mixers, III-367-:wo, IV-330-336, V-

3;i9-3fi4, VJ-:192-393 
I- MHz, f-427 
audio, I-23, T-;i9, 11-35, IV-335, V-

;'.J62, V-:164 
(;MOS, J-fi7 
common-sourr.P, I-427 
d1g1tal m1xer, IV-;13,1 
-diplexer, IV-:1:1:i 
doL1bly balanr.f'<i, 1-427 
dynamw a11dio m1xn, IV-331 
tom-channel, 1-flfi, 1-fi0, U-40, III-

:369, IV-:'-13::l 
lour-input, T-[1:'i, JV-:1:14 
guitar mixer, low-nornP, four-

channel, V-3fi0-::lfi1 
Hr' t.ransceiver/m1xPr, IV-4.S7 
hybnd, T-fi0 
input-burrered, Ill-:1fi9 
local osc1llator, ctonhlP-halanc~d 

mixer, V 415 
microphone, 11-:37, V-3ti:"i, V-:164 
mixer/oscillator for AM rer.Pivers, 

V-412 
multiplexer, i-427 
one-transist01· design, 1-59 
passive, 1-58 
preamplifier with tone control, I-fl8 
si,l.(m.11 com!Ji1ter, Hl-368 
silenl audio switching, 1-59 
sound amplifier and, 11-37 
stereo mixer, pan control&, IV-882 
unity-~ain, four-input, lv-334 
ulility-dcs~n mixer, IV-3!36 
1miversal sta~e, lll-:370 
video, higl1-performance operat.lfin, 

IV-609 
mobile eqrnµment, 8-nrnp regulated 

power supply. 11-461 
model and hvlJby cireuit&, JV-337, 

;340 Vl-:J94-:J96 
conlr~llcr, model-train ancUor slot-

car IV-:J:J8-:J40 
railro;d crossing Jlaslte1, Vl-395 
railroad Lrack control signal, Vl-396 
rocket launcher, II-:J58 

modems 
power-line, cmricr-currcnl circuit, 

III-82 
power line modem for computer 

control, VI-474 
protector, V-470, V-482 

modulated readback systems, 
disc/tape phase, I-89 

modulation indicator/monilor, l-4!J0 
CB, T-431 

modulators, I-4a7, II-368-372, lll-371-
377, V-365-367, Vl-3!)7-403 

455-kHz, V-366 
+12V de single supply, balanced, 1-

437 
AM, I-438, II-370 
balanced, III-376, III-441 
d1g1tal pulse width modulation, Vl-

400-401 
double-sideband suppressed

carner, 111-377 

DSB modulator, four-quadrant, VI-
402 

FM, V-366. V-367 
lu,gh-frequency, varactorless. VJ. 

308 
lmear (AM) amplitude modulaLor, 

VI-402 
linear pulse-width, 1-437 
monitor for, Hf-375 
musical envelope generator, 1-601 
pulse-position. 1-4'.35, m-375 
pulse-width, 1-435, I-436, I-4:J8-440 

IIl-376, IV-326, VI-402 
rf, I-436. II-360, IH-372, III-374 
saw oscillator, IIl-37'.J 
TTL oscillator for television display. 

II-372 
TV, I-439, II-433. II-434 
VHF, I-440, III-684 
video, I-437, II-371, II-372, VI-:.J!.l!.l, 

V[-403. VI-39D 
moisture detector (see fluid and 

moisture detectors) 
monitors for computers ( see 

computer circmt&) 
monitors (see also alarms; fluid and 

moisture; light-controlled 
circuits, motor control circuits; 
speed controllers; temperature
related circuits; tone controls), 
V-368-372 

ac power line monitor, VI-473 
acid rain, III-361, V-371 
baby monitor, V-370-371 
battery monitors, I-106, I-222, II-7 4-

79, III-G0-67, IV-73-80 
bird feeder monitor, V-371 
hllnking phone hght, II-624 
hrnat;h monitor, Hl-350 
rmrfmt, nr-2G5, IV-284 

alarm amt, III-338 
rl1rPdional signals, auto, III-48 
door-aJar, automotive ctrcrnts, 

Ill-4o 
dnt.y cydP, III-329, TV-275 
tlarru,s, III-313 
homt> security system, I-6 
linF-r.urrent. III-341 
linP-voltage, m-511 
log1r. linP, TII-108 
mod11lation, 111-37G, IV-299 
nvf'rvoltage protection, I-150, 1-517, 

Tl-96, JI-107, H-496, III-Gl3, III-
762, IV-389 

pown-supply monitors, II-491-497, 
111-49:3-4%, IV-422-427 
backt1p supply, drop-in mam
activated. IV-424 
booster/buffer, boosts reference 
current, IV-425 

dr('.uit breaker, tnp drruit, JV-423 
connections mnrntnr, ar lini,s, 

lll-510 
fault momtor, smgle-supply, III-
495 

memory protector/supply 
monitor, IV-425 

polal'ity-protection relay, IV-427 
SCH design, JV-:385 
test load, constant -current, IV-
424 

triac for ac-voltage control, IV-426 
tube amplifier, Jligh-voltagP 

i.solation, IV-426 
volta~c 111011itors (see volt.age 
morulors) 
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monitors cont·1,nw1d 
radon detPdors. VI 5=31-5:J~! 
room morntor, V ;369 

monostahlf' rmilt1v1btatcm,, 1-465, lII-
229, III-2:10, TTT-28fi, IIJ-~;J7, V-
38G. V-;'.J87, Vl-7flfl 

input lockont, I-4114 
light-controlled, VI-'.109 
linear-ramp, IIT-2,'17 
photocell, mono.stahlP, TT :329 
posit1ve-tngg!>rnrl, lll-229 
TTL, monostahlf' operation. 1-464 
CJT. monostahli> npPratio11, 1-46:J 
vtdeo amplifif'r and compar.itor, 11-

268 
moormg light, antomatie, 11-:32:J 
1forse codf' c1rc111ts. Vl-404-409 

code prartu:f' osci'llator, Vl-400 
CW aurlm filter-, Vl-405 
CW identifiPr, VI -408 
messengPr circuit, Vl-406-407 

MOSFETs 
amphfin, h1gh-unpedi.lm'.e lnasing, 

V-19 
audio powf'r amplifiers, V-47 
biasm,g, high-impedance mdhod, V-

19 
buffer amphf1er, V-9:J 
drive cnrrPnt booster, Vl-368 
driver, high-side, Vl-199 
freq11Pnry eonverter, V-123 
mixer/o;:;<'illarur fu1 AM receivers, 

V-412 
pown rontrol switch, lV-386 
powf'r inverter, lll-W5, V-247 
pnsh-pul1 ampllikr, VI-55 

mosqrnto repellui~ circui~, 1-684 
rnnhnn/pruxim.ily dcLcctors, I-135-

J!=\6, 1-:344, 11-135, II-136, H-505-
507, lll-514-518, IV-341-346, 
V-!J76-a77, V-484-486 

acoustic Doppler motion detector, 
IV-:34:J 

afa.rm for, 11-506, VI-657 
auto alarm, 1-9 
c:apadtivc, lll-515 
capacitive sensor Louch switch 

<5ystem. VI-656 
field dbtmbancc sensor/alarrn, Il-

507 
u1ira.red-reflcction switch, IV-345 
lig!tt-Liemn intruder-detection 

alarm V-11 V-13 
low-cm1~nL-ctr'ain design, IV-342-:31~ 
1rn1i,;11etie, V-308 
microwave circuit, V-377 
motorcycle alarm, I-9 
o~iccl. detector, long-range, ITT-27:l 
opllcal detector circmt. V-10:'i 
oplical interruption sensor, IV-:'.!f\n 
people-detector. 1nfrarPd-actlvatPd. 

IV-225 
proximity s~itch, ulfrared-

aclivated. IV-345 
relay-output, IV-345 
room monitor, V-369 
SCR alarm, III-517 
self-biased, changing field, I-1:'l;) 
switch. III-517 
UHF, III-516, IV-341 
ultrasonic monon detec:tor, Vl-068 
ultrasonic proxrrnity detertor, VI 

66!:l 
unidirect101ial, II-816 

motor control circmts, IV-'.147-'.3!'\:3, V-
378-381. Vl-1 I0-1 lfi 
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400 Hz servo amplifier, Il-!386 
ac motors, 11-37:i 
ac servo amplif1Pr, hmlge-type. 111-

387 
bidirectional proportional control. 

II-374 
blender control c:1rrn1t, V -!379 
compressor protector, TV-8f1l 
de motors 

direction controls, l-4fi2 
driver controls, 

fixed spef'd, TTI-887 
reversing, Il-381 
servo, bipolar mntrol mput, 11-
385 

speed-contrnllPd rever5Lble, lll-
388 

fiberopt1r: controls, TT-206 
speed r:ontrol, VT-411 

direction r:ontrolier, Vl-413. Vl-416 
de motors, I-4fi2 
series-wmmd mntors, 1-448 
shunt-wounrl motors, 1-456 
stepper mnt.or, IV-:350 

driver contrnls 
ac motors 

three--phasf', 11-38:1 
two-phasP, T-451:l, II 882 

con8tant-.spPPd, lll-386 
de motors 

fixed ,spePd, m-:387 
rfNP.l'Smg, rr-:381 
sPrvn, hipola.r· control input, II-
18fi 

spePd-cnntrnlletl rcvt'rsiblc, III-
388 

N-phase moto1, lI-:J82 
JilP.7.0 drive, V-:J80 
PW:vt, V-380 
rPversing, de control s~nals, II

!181 
sel'vo motor amplifier, 1-452, II

!184 
stepper motors, lll-390 

hair '>tep, 1V-:J49 
qua.rter-'>tep, IV -:J50 

two-phase, 11-456 
fihf'r optic. de, variable, II-206 
hours-in-use meter, UI-340 
induction motor, 1-454 
load-depemknl, universal motor, I-

451 
mini-drill conlrol, IV-348 
model trairL und/or car, I-453, I-45fi 
phm,e conLrol, hysteresis free, I-373 
piezo 1110Lor drive, V-380 
power brake, ac, II-451 
µower-factor controller, three-

phasc. II-388 
powl'r-tool torque, I-458 
PWM motor controller, III-889 
PW:\1 servo amplifier, III-379 
PWM speed control, II-37ti 
PWM speed control/energy-

recovcring brake, III-380 
self-timjng control, built-m, 

universal motor, I-451 
;,ervo motor amplifier. I-152, H-384 
servo system, III-384 
speed control (see speed 

controllers) 
slart-and-run motor circmt, ITT-382 
slcpper motors, V-G71-578, vl-600 

602 
half-step. IV-349 
quarter-step. IV-3GO 

speed and direction, IV-350 
tachometers, I-94, I-100, 1-102, 11-

175, III-335. lIJ-340, IH-347 
V-65, V-596-598, v1-98, VI-298, 

VI-371 
analog readout, IV-28O 
calibrated, III-598 
closed loop feedback control, ll-

390 
digital readout, II-61, III-45, IV-

268-269 IV-278 
dwell met~r/tachometer, ITT-45 
feedback control, rI-378, ll-390 
frequency counter, I-:no 
low-frequency, 111-596 
minimum-component design, 1-405 
motor speed controllers, Tl-378, 

II-389 
optical pick-up, III-847 
set pomt, III-47 

three-phase controls, II-38:3, TI-388 
time-delay motor-r:ontrol, long 

time, VI-413 
two-phase controls, I-451:l, TJ-382 

motorcycles (see automotive 
circuits) 

multiburst generator, square 
wavefonn, II-88 

multimeters (M!e also digital 
multuneters (DMM), JV.291, lV-
293 

multiplt>-input dP.tf>c:tor, JJl-102 
multlplexers, m-:191-397, \t-:J8:,J,-:J88 

l-of-8 channel transmission system, 
111-39:i 

analog, II-,%l2, V-38:3 
0/01-pnr:ent, ll-892 
hufff'rerl mput and outpuL, IIJ-'.3[)6 
inp11t/output buffer for, III-11 
single- to fom·-trace convcrLer, II-
431 

capacitance, ll-200, H-416 
comhinatorial logic, \/1-315 
common-cathode LED-display 

ADf\ lll-764 
fie-, III-394 
differential multiplexer, I-425, 1-

428, 11-428 
driver, high-speed line driver, I-264 
Pight-channel data ucquisiUon 

circuit, VI-378 
e1ght-chanm::I mux/dcmux, I-426, II-

115 
four-dm1mel, low-cost. III-304 
frequency, Hl-213-218 
hne driver, 1-L!64 
low output impedance, VI-6.05 
matltematical, one trim, III-326 
usdlloscopes add-on III-437 
pulsc-V\,idU1, III-214 ' 
resistor, II-19!J 
sdinµlc-and-hold, three-channel, III-

,'396 
two-level, III-392 
video, l-of-15 cascaded, III-393 
widebmid differential, II-428 

multiµlier circuits, IV-325 
capacitance multiplier, V-205, V

:347 
low-frequency multiplier, IV-32fJ 
pholomultipliers, high-volt power 

supply, V-444, V-445 
precise commutating amp, IV-2ti2-

io3 
resistance multiplication circuit, op 

amp, VI-431 



voltage multipliers, lV-631-637 
2,000 V low-r.urrent supply, IV
fi36-fi37 
10,000 V de supply, IV-633 
r.orona wind generator, IV-633 
doublers, III-459, IV-635 

r.ascaded, Cockcroft-Walton, 
IV-635 

triac-controlled, III-468 
laser power supply, IV-636 
negative-ion generator, high

voltage, IV-634 
tripler, low-current, IV-637 

nmltivihrators, V-384-388, VI-417-419 
100 kHz free nmning, II-485 
astahlP multivihrators, 11-269, II

f>lO, ll-fi97, HI-196, III-224, IIl-
23:3, 111-237, III-238, V-.18fi-.'~88, 
VI-418-419 

bistable mu ltiv1 bra.tors, T- rn::i, JJ-
465, VJ-418 

inverter, 111-10:J 
debotmcer, JV-108 
flusher, 1-299, 11-234 
lamp d1ivu, lY-160 
pushbuLlon l~ger, V-:J88 
RS flip-flop, 1-:J95 
SCR, II-"367 
SR flip-flop, IV-651 
touch-triggered. I-W!J 

car battel}', II-106 
CB modulation. II-431 
CMOS, V-385 
current, II-203 
duty-cycle, 50-percent, III-684 
free-running 

100 kHz, I-465 
programmable-frequency, III-235 
"'1.th op amp, V-388 

low-frequency, Ill-237 
low-voltagP, II-123 
modulation, II-430 
monostable multiVJ.brators, I-465, 

III-229, III-230. III-235. III-237, V-
386, V-387 

input lockout, I-464 
linear-ramp. III-237 
photor.Pll, monost~ble, II-329 
positive-triggered, III-229 
TTL, monostable operation, 1-464 
Tl.IT, monostable operation, I-4u3 
vidPo amplifier and comparator, 

TT-2fi8 
onP-shot, J-4fifi, I-720, U-2Ciu, 11-46:"i. 

JJJ-222, III-238, TTT-317, Ill-fiG4, V-
388, VT-419 

osc11loscopP, TT-474 
smglP-supply, III-232 
sound lPvPl, Tl-4m 
squarP-wavP gi>nPrators, JV-:i36 
telephonP linP, ll-fi28 
vPry-low-freqm;nr.y, V-38G 
wic!Pb:rnd radiation, JJ-:i3G 

musk drrnits (,~ee alw sound 
generators), V-389-393 

envi,lope generator/modulator, IV-
22 

instrument. tune-up, audio 
generator, V-390 

nwlody drcnit, V-393 
mPlody gPnnator, smgle-chip 

design, TV-G20 
mPtronnmP (see metronomes) 
MIDI rPr.PivPr, V-192 
MIDI transrn1t.tPr, V-391 
rnult1-tonP gP11PratoL V-fifio 

music maker circuil, III-360, IV-521 
musical chimes, I-640 
musical envelope, modulaLor, l-601, 

IV-22 
octave equalizer, V-35:.1 
perfect pitch circuil, V-:J~l 
synthesizer, V-10-noLe, V-561 
lclephone music-on-hold ctrcwL, \i-

601, V-605 
wireless guitar lnmsmi.Uer. Vl-661 

mux/demux (see mulliplcxers) 

N 
N-p.h,1.Se motor drive, IIT-382 
NAll preamps 

record, lll-67:J 
lwo-polc, lll-67:J 

NAB tape playback pre-amp, 111-!38 
nanoammctcr, 1-202, Vl-349 
NE602 

de power circuit, V-358 
input/output circuits, V-355 

negative-ion generator, IV-634 
neorr flashers, 1-303 

Christmas hght flashers, \11-225 
five-lamp, lII-198 
two-state oscillator, III-200 
tnbe, I-304 

networks 
crossovn rn•tworks, 1-172-173, II-35 

fiV, I-fi18 
ar./dr linPs. elPctroruc, I-GIG 
active, T-172 
asymmetnc:a\ thlTd order 

Rutterwmth, I-17:l 
electronic ClTcuit for, JJ-16 

lilter, 1-291 
speed L, telephone, II -6:1:1 

ui-cad batteries, l-118 
art,tlyzer fur, lll-64 
d1,i.rger, 1-112, 1-116, 111-57 

12 ~. 200 mA per hour, I-114 
current and voltage lirn1tmg, T-114 
ia.st-acti1~, 1-118 
portable, !V-69 
temperature-sens Ing, IV-77 
thermally eontrolled, II 68 

packs, automotive clw.rger l'or, I 11 !'i 
porlablc, lll-47, IV-69 
prolectioll circuit, 111-62 
simph-cad, 1-112 
Lempernture-sensiI tf,( d targer, IV-77 
Lest drcuil, lV-79 
Lhemwlly conlrolled, 11-68 
zappers, 1-6, 11-66, 11-68 

ni~1l hghls (see l~ltts/~ht-activated 
arid conLrolled circuits) 

nighl-v1sion illumi.nator, JH, VJ-265 
nighl-vision scope power supply, v 1-

501 
no-doze alann, V-8 
noise generators (see ~ow1d 

generators) 
noise detector for ac circuits, Vl-184 
noise reduction circuit.'., Il 393 396, 

111-:J98-401, lV-;JM-:356, V-896-
:..198, Vl-420-424 

amplified noise limiter for S\v' 
receivers, V-:J97 

audio dipper/limiter, IV-:355 
audio dynamic ~ystem, V-897 
audio shunl noise limiter, IV-355 
audio squelch, H-:J94 
balance amplifier willt loudJtess 

control, II<l!l5 

blanker, IV-:366 
clipper, ll-!394 

adjustable, VJ-42:3 
audio-powered, l I J-1396 

Dolby, Vl-421 
Dolby 11. decode mode, Ill 401 
Dolby 13, encode mode, 111 400 
Dolby U/C, 111-:399 
dymmuc itoise reduct1on, 111-:321 
lilters (see iilters) 
limiter, ll-!395, lll-321, VI 42!3 
low-level sigual noise, V -1398 
noise generator, VJ-421 
noise-based voti.Itg circuit., VJ-422-

423 
receiver apµlicatiou, V-398 
shorlwavc receiver nmse li.Initer, V-

3!J7 
noise monitor, VI-370 
noninverting amplifiers, I-32, 1-33, 1-

41, III-14 
ac power, 1-79 
adJust.able gain, I-91 
comparator with hysteresis in, 1-153 
high-frequency, 28•dB, III-263 
hysteresis in, I-153 
low-power, dlgitally selectable input 

and gam, II-~34 
pow.ir, I-79 
programmahlP-gam, III-505 
smglP. s11pply, I-74 
split supply, T-7G 

110ns1electivP fr1equency uipler, 
transistor saturation, II-2G2 

Norton amplif11er, ahsoh1t.P vah1P, TIi
i i 

notch lilters (see also filter circuits), 
l-28!J, ll-:.197-4013, IJ[-402 404 

4.5 MHz, 1-282 
550 llz, ll-!399 
1800 Hz, 11-:398 
aclivc band reject, 11-401 
adjuslablc Q, H-:J98, V-179, VJ-217 
audio, 11-400 
bandpass and, 11-22:J 
.hi~t-Q, lll-404, V-178, v 1-21:3, vr. 

217, Yl-220 
RC, Vl-221 
selcclable bamlw1dth, 1-281 
shortwave receiver iiltcr, V-185 
three-amplifier dcs~n, 1-281 
tunable, ll-3!.l9, 11-402, V-179 

passive-bridla(ed differentiator, 11-
403 

hum-suppressing, l-280 
op amp, II-400 

twin-notch for 1 kHz, V-18:.1 
twin-T, III-40'.3 
\Vien bridge, ll-402 

NTSC gray-scale video generalor, Vl-
679 

NTSC-lo-RGB converler, Vl-677 
NTSC-lo-RGB video decoder, IV-61:J 
nuclear parlick detector, l-5:J7 
null circuil, lll-69 

oµ amp offset null, VJ-427 
null delcclor, 1-148, 111-162 

0 
octal DIA converter, V<J50 
ohmmeters, I-54[} 

linear, III-540 
linear scale, 1-54!.l 

five-range, IV-280 
ohms-to-volts converter, 1-168 
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oil-pressure gaugP., a11tomotive, IV-
44, IV-47 

orv'off control, 1-lififi 
orv'off inverter, III-f>94 
orv'off touch sv.itches. 11-691, 111-063 
one-arm bandit gamf', Vl-251 
one-of-eight channPl transmission 

system, III-100 
one-shot function generators, 1-465, 

V-388, vl-419 
digitally controlled, I-720 
precision, III-222 
pulse generator, V-490•491 
retriggerable, III-238 

one-shot timers, III-fi;i4 
light-controllf,d, 111-317 
voltage-controlled h1gh-5_peed, U-

266 
op amps, II-404-406, Tll-405-406, IV-

357-364, V-399-403, Vl-425-431 
xlO, I-37 
xlOO, I-37 
astable mult1V1hrator. IH-224 
audio amplifier, IV-!t3, Vf-427 
balanced amplifier, VT-429 
bandpass filter, VJ-2lfi. VT-222 
bidirectional compound op amp, lV-

361 
bridge connections for power op 

amps, VI-92 
clamping for, II-22 
clock circuit usmg, lll-85 
comparator, three-rnput and gate 

comparator, IV-363, 
composite amplifier, V-401, V-40:J 
compound op-amp, IV-:364 
current regulator, VT-4:30 
de offset-shift test.Pl', V-:319 
differential amplifler, Vl-186 
driver, IV-158-159 
feedback-stabilized amplifier, IV-

3GO 
free-runrung m11lt1vlbrator, V-;J88 
full-wave rectifif'r design, V-40:J 
gain-controlled op amp, 1V-:J61 
high-gairJbandwidth, V-40:J 
input guard for high-7. op amps, VI-

428 
intrinsically saf P prot.ected, 111-12 
inverter/rectifiPr, programmable, 

IV-364 
laser driver, v1-29fi 
loganthmic amplifier, Vl-56 
long RC time constants, Vl-426 
nucrophone mucer, V-;364 
mixer crrcmt, VT-:393 
offset null, VI-427 
on/off switch, transistorized, IV-546 
paralleled powPr op amps, VI-84, 

VI-429 
polarity gain adjustmenl, V-400 
power op amp, V-402 
power booster, IV-858 
power driver circuit, IV-158-159 
pseudogronnd, VT-4:31 
quad, simultanf'ous waveform 

generator usmg, 11-259 
resistan.--e mult1pheation circuit. VI

·131 
sa"\-,1,ooth generator, VI-701 
singlP potentiometer to adjust gain 

over bipolar rar1ge, 11-406 
smglf'-Rllpply applications. VI-430 
swing rail-ray, LM;J24, IV-363 
tempPrature-cornpernmted 

breakpoint, nonlinear, V-19, V-401 
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transconductam:P op tm1p, with 
boostt=!r, VT-47 

tunable notch filter 11-400 
V- and I-protectP,:L 
vanable gam, TT-405, V-402 
VCO driver, TV-862 
video op amp circuits. lV-615 

optical circuits (see nlso lasers; 
lights/light-ac-tivated and 
controlled cm:mts), 11-407-419, 
IV-365-3t19, V-404-40!:! 

50 kHz centPr frpquency FM 
transmitter, IT-417 

ac relay, III-418 
two photon cm1plers, ll-412 

ac switcher. high voltage, lll-408 
ambient hght-1gnor111g upt1rnl 

sensor, IH-4 l :3 
CMOS couplPr, lll-414 
communication system, 11-416 
couplers/optoco11plers, ll-40!.l, II-

417 
analog c011pler, linear ac, II-412 
analog couplPr, lmear, U-4W 
CMOS design, TTT-414 
de linear coupler, H-411 
instrumentation, linea.r, 11-417 
optocouplers, II-409, TJ-417 
stable, 11-409 
TTL design, Hl-416 

de latching relay, IH-417 
digital trarnmission isoldtor, 11-

414 
direction discnmina.tor. V-408 
high-sensitivity, NO, two-Lemunal 

zero voltage swltch, ll-414 
md.tcator driver, 1ll-41:J 
mtegratPd state relay, II-408 
mterfar:Ps, optocm:i.plen;/ 

opto1solators, V-406-407 
mtermption sPnsor, IV-366 
isolatmn and :i:ero voltage s,.,.itchmg 

logic, 11-4 lf> 
1solatorn/optoisolators. IV-475 

driver, high-voltage, lll-482 
telephone status rnonitor usmg. I-
626 

light-detector, TV !369 
line-current detector, lll-414 
nucropror:Pssor tr1ac array driver, 

II-410 
optocm1pln, V-407 

interfacf' r:m:mts, V-40&-407 
optoisolator 

interfacP drctlit&, V-406-407 
relay circuit, IV-475 

paper tapP reader, 11-414 
photoelPctric light eonlroller, 1V-

3(i9 
photorAcf'1ver, optimized noise/ 

response, V-405 
phototransistor~ 

amphfJPr, V.409 
variable-sensit.ivit:i·, V-40!.l 

power ontagP lighr, line-operated, 
III-415 

probP, TV-:169 
proXJmity detector, V-405 
pyrornetpr, J-·654 
rpceivPrs, 1-:364, 11-418 

SO kHz FM optical lransmitter. 
II-418 

light receiver, IV-367 
optical or· laser lighl, IV-367, IV

:168 
rnlay&, Ul-412, lll-417, III-418 

de solid-state, open/dosed. III-412 
safety-drcuit switch, V-409 
Schmitt trigger, 1-:362 
sensor, ambient liRhl ignoring, III-

4rn 
sensor-to-'ITL interface, III-314 
sonrce follower, photodiode, III-419 
telephonP nng deteetor, III-611 
transmitter, I-,'36:3, 1-367, IV-368 

hght transmitter, IV-:.168 
triggering 8CR series, lll-411 
TTL coupln, optical, 111-416 
zero-voltagP switchi1ix 

closed half-wave, Hl-412 
solid-state, fll-410 
solid-state relay, Ul-416 

oprocouplers (see optical circtuts, 
conplPrs) 

optoisolators (see optical circuits, 
isolators) 

OR gate, I-395 
relay drcnit, VJ-316 

organ, m11slral, T-415 
preprogrammed sin~e ddp 

micror:ontroller for, 1-600 
stylus, I-420 

owllators, H-420-429, 111-420-432, 
IV-370-:177, V-4 l 0-421, VI-432-
459 

l kHz, II-427 
LO MHz, I-571 
2 MHz, II-571 
5-V, 111-432 
50 kHz, !-727 
400 MHz, 1-571 
GOO MHz, J-fl70 
800 Hz, Hi8 
ad111stahle over 10·1 range, II-423 
AF powPr osd.lrator, V-412 
AM-mmlulatell oscillalor for 

v.in,IPSS microphones, V1-450 
a.stable, T-462, V-420, \1-437. VT-

438, VT-442, Vl-443 
audio, T-245, 111-315, lll-427. IV-374, 

TV-:W!> 
audio-freql!Pncy gencraLor, V-416-

417 
audio-test osc:1llator, V-420 
bask de,ngns, V-414 
beat-frequency audio generator, IV-

371 
heat-frequency oscillator, V1-452 
buffer r:ircult&, lV~89 
Butler oscillator, Vl-452 

aperiodic, 1-196 
c:ommon base, l-191 
crystal, T-182 
Pmitter f'ollowcr, II-190-191, ll-
194 

calibration oscillalor, UJT, 100-kHz, 
\1-157 

cassette bia.s, 11-426 
Clapp oscillator, VI-458 
clor:k generator, 1-615, HI-8.'i 
CMOS, 1-615, IU-429, III-430 

I MHz to 4 MHz, l-1!1!.l 
crystal, T-187 

mdf' pmctice, 1-15, 1-20, I-22, II-
428, 1Il-4!J1, IV-373, IV-375, IV-
376, V-100-103, VI-409 

Colpitts cryslal oscillators, I-194, I
fm, U-147, V-411, VT-160, V1-458 
l -to-20 MHz, IV-123 
frequency checker, IV-301 
harmo11ic. 1-189-190 
two-frequency, JV-127 



crystal (see crystal osc:11lators) 
Darli1i;(ton transistor osdllator, VI-

455 
double frcquem:y output, J-314 
discrelc sequence, ITT-421 
duW-cydc 

50-pcrccnt, 111-426 
555 circuit, Vl-446 
variable, lll-422, Vl-438 

emitter-coupled 
bi~ loop, 11-422 
RC, 11-266 

eXl)oncnlial di.1-(itally controlled, 1-
7.28 

feedback, 1-67 
flasher and oscillator 

high-drive, ll-2:J5 
low-frequency, 11-2:34 

FM high frequency osdllator, VI-
456 

FM-modulated oseillaror, VT-449 
free-runnm1t l-5al 

square wave, 1-615 
frcqucncv doubled output from, II-

425, 11-596 
frequency switchet', V-418 
gate dip oscillator, VI-844, VI-846 
gated, l-728, V-41!3, V-419 

last-cycle completmg, m-427 
Hall effect circuits, V-222 
Hartley, 1-571, V-140, VT-4fi:'.J, Vl-

450 
hc-basl,d, IU-423 
HCU/HCT-1.Jased, III 42fi 
high-current, squn.re-waw 

generator, 111-585 
high-frequency, lll-426 

crystal, I-175, 11-148 
LC audio oscillator, V.411 
LF oscillator, V-41:J 
light-controlled, V-279 
load-s\\i~dting, 100 mA, 1-7:'.JO 
local oscillator, double-balan<"erl 

mixer, V-415 
loop osdllalor eliminator, Vl-::!8:i 
low-distortion, l-570 
low-duly-cyde pulse circuit, IV-

439 
low-frequency oscillators, IIT-428 

cryslal, 1-184, ll-146 
oscillator/flasher, ll-2:14 
Pierce oscillator 111-1 :3:1 
TTL oscillator, Ii-595 · 

low-noise crystal, 11-145 
Miller, I-19:J 
MOSFET mixer/oscillator for AM 

receivers, V-412 
NE602 local oscillator, V-411 
neon flasbcr, two-state, lll-2ll0 
one-second, l kHz, 11-42:3 
one-shot. vollaxe-controlled h1gh-

spced, Il-266 
overtone oscillators, l-l 76, 1-177, I-

180, 1-183, 1-186, 11-146, lll-14fi 
50 MHz to 100 MHz, 1-181 
lOOMH:i:, IV-124 
crystal, I-176.1-180, ll-14fi 
crystal switchin~, [-18,'i 
fifth-ovcrLOne, 1-182 
third-ovcrw,te oscillator. JV-123 

phase-locked, W-Mllz, IV-:374 
phase-shill oscillator, Vl-4Sn 
Pierce oscillator V-140 

1-MHz, lll-1;34' 
crystal, II-144 
harmonic, 1-Hm, ll-192 

JFET, 1-198 
low-frequency, Jll-1 S8 

quad tone o:,dlh!tor, VT-4:14 
quadrature, 1-729, Jil-428, Vl-414 

square-wave generator, III-585 
quartz, Ill-VJ6 
R/C, 1-612 
reflection, crystal-controlled. III

VJ6 
Reinartz oscillator, Vl-4fJO 
relaxation, IV-:J76 

SCR, III-4:JO 
remolc oscillator higl1-freq11Pnr.y 

VFO, VI-451 
resistancc-conlrolled digita.l, H-

426 
rf oscillalors, 1-550-551, l-572, V-

528-532, Vl-448-459 
6 5 MHz VFO, V-529 
5 MHz VFO, 11-551 
ham band VFO, V-5:32 
NE602 circuit, V-5:31 
rf-p;enic, 11-421 
shonwave pulsed-rnarkn, V-532 
sidclonc, rf-powered, I-24 
sig1cl generator, V-5:30-fi31 
test oscillator V-412 
lransnutLer a1~d, 27 MHz and 49 

MHz, 1-680 
RLC, III-42:.1 
sawtooLh wave, modulator, III-373 
Schmitt lngger crystal, I-181 
sine-wave (see siue-wave 

oscillaWrs) 
sine-wave/square wave, tunahll", I-

65, III-232, IV-512 
sin~e op amp, 1-529 
siren oscillator, V-567 
square-wave, I-613-614, H-597, II-

616. IV-5!J2, 1\/-5:33. V-5n9, Vf-
445 

0.5 Hz. I-616 
I kHz, 1-612 
astablc multivibrator and, V-386 

start-slop oscillator pulse CJTnnt, 
IV-438 

swit.ch, oscill,itor-triggererl, V-fi90, 
VI-606 

switching, 20 ns. 1-729 
temperalurc-compensa.ted, TH-137 

C1YSt.al, I-187 
low-power 511-driven, IT- 142 

temperature-stable, 11-427 
third overtone, I-H36, IV-12::J 
time base, crystal, lll-183, IV-128 
timer, 500 Limer, 1-531 
tone-burst, decoder and, 1-720 
transmitter and, 27 MHz and 49 

MHz rf, I-680 
tnangle-wavc oscillator, V-205 
tnangle/square wave, l-616, 11-422 
TTL, I-179, I-6VJ, IV-127, Vl-437 

1 MHz Lo 10 .\1Hz, 1-178 
l MHz to 20 MIiz, lV-127 
cr:vstal, TTL-compatible, I-179 
sine wave/square oscillator, lV-

512 
tele,ision display using, 11-372 

tube t:vpe crystal, 1-192 
tunable frequency, 11-425 
tunable smgk compan:ttor, T-69 
tuned collector oscillator, Vl-454, 

VI-450 
UHF oscillalor, tunable, VI-456 
varactor tuned 10 MHz ceramic 

resonator, II-141 

vanaLlc frequency osc-illator. VI-
4'.38, Vl-442, VJ-443, v1-419, Vl-
451, Vl-455, Vl-457 

variable oscil1ttors, H-421 
audio, 20 Hz to 20 kHz, Il-727 
four-decade, si1t>(le control for, 

11-424 
sine-wave osc1llator, snper low

distorl10n, lH-558 
wide r!.llli-(e, I-730, II-429 

variable-duly eyde, JJl-422, V-119 
v1iF crystal oscillator 

20-MHz, lll-t:38 
50-MHz. IIl-140 
100-MHz, lli-l!J\:I 

vl.F LC oscillator, Vl-454 
voltage-controlled (VCO) (sea 

voltage-conlrollcd oscillators) 
warble osc1llator, VI-582 
wide-frequency rurt~e, 11-262 
wide-range, 1-69, Lll-425 

variable, l-7:JO, II-429 
Wien-brid~e oscillators, 1-f\2-fi::l, 1-

66, I-70, 11-566, !11-429, Hl-/iG8, 
N-371, IV-:J77, 1-V-511, V-41/i, V-
4Hl, VI-4:J9, Vl-444 

CMOS chip in, 11-568 
low-dislorliun, tl1ermally stable. 

IIl-557 
low-voltaxc, 111-432 
sine w.ivc, 1-66, 1-70, TT-566, IV-

510, IV-51!J 
single-supply, 111-558 
thermully stable, 111-557 
thrcc-dt'cudc, lV-510 
,·ariablc, lll-424 
very-low-distortum, IV-513 

XOR-p;atc. lll-42\:1 
yelp, iI-577 

oscilloscopes, Ll-4:J0-433, ITl-4:1::!-189, 
V-422-426, VI-460-464 

analog multiplexer, single- to four-
trace scope co1tverter, H-4;'!1 

beam splitter, 1-474 
calibrator, 11-4:J:J, lll-436 
converter, 1-471 
CRO doubler, 111-439 
delayed video trigger, Vl-464 
differential amplifier, Vl-468 • 
eight-channel voltage display, III-

435 
extender, m.4;34 
FET dual-lrace switch l'nr, IJ-,1:12 
four-trace osdllm,cope adapter, IV-

267 
monitor, 1-474 
multiplexer, add-on, lll-437 
preamplif1cr, lll-4!37, V-423 

counter, III-4:J8 
instrumcnlation umpl1tins, JV-
230-231 

sampling rate phase loek, VI-462 
scope vollai;\c cursor adapter, Vl-

461 
sensitivit,y mnµWier, !Jl-43fi 
spectrum armlyzer adapter, V-424 
timebase generator, V-425 
trigger selector for timebase, V-425 
tnggered sweep, lll-4:38 
variable-gru.n amp, V-426 
voltage-level dual readout, IV-108 

outband descrambler, 11-164 
out-of-bounds pulse-width det.Pctor, 

III-158 
outlet tester, V-:.118 
output l!miter, III-:J22 
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output-gatmg circuit, 
photomultJ.plier, II-5rn 

011tput-slaJ-(c booster, IIl-402 
output-to-current converter, V1- l 55 
ovP.r/umler temperature morntor, 

rlual outpuL, II-646 
ovnload indicator, V-478 
overload protcdor, speaker, JI-rn 
overspeed milicaLOr, I-108 
overt.one 05cillaLors, I-176, I-177, T-

180, T-18:J, I-186, II-146, lII-146 
f>0 MH,, tu 100 MHz, I-181 
100 MHz, lV-124 
rrystal, 1-176, 1-180, Il-146 
r.rysw.l switdti.ng, I-183 
fifth-overtone, I-182 
tlmd-overtonc oscillator, IV-12'.i 

ovPrvoltage protection, 1-150, T-fil7, 
1196, 11-107, II-496, III-518, TTT-
762, IV-:J89, V-480 

p 

rnmparaiur Lo detect, II-107 
monitor for, HI-762 
protection circuit, II-96, II-496, III -

51:l 
nndi>rvoltage illtd, indicator, I-lfiO, 

III-762 

_pager, pocke-t-size, lll-::l88 
PAL/NTSC df'r.oder, liGll input, III-717 
palette. vklf'o, lll-720 
pannmg circuit, two-channel, I-57 
paper-sheet discrm1.iuator, copying 

machmes, TTT .:3;39 
paper-tapF. rnader, 11-414 
parallel connectim1s, ldcphone, III-

611 
party-hne mt.ercom, 11-303 
password protection circuit, PCs, V-

109, VT-135 
pattern gPnerntor/polar-to

rectangular converter for racho 
dirf'r:tion, V-i88 

PCB continuity lester, II-342, II-53S 
peak deter:tors, 11-174, JI-175, II-4;l1-

4'.ifi, HT-771, IV-138, IV-143 
analog, with d®Lal hold, III-153 
closerl-loop, V-153 
dPcJbel peak meter, III-348 
d1g1tal, 111-160 
high-bandwidth, III-161 
high -frequency peak, II-l 7G 
h1gh-5peed peak, I-232, vl-1715 
LF:D dcsip;n, peak meter. Jll-:3:3:J 
level detector, I-402 
lovv-d.rif~, Ill-156, V-1Sfl, V1-18!J 
ne~live, I-225, I-234, V-154, Vl-

179. VI-183 
up amp, IV-145 
open-loop, V-153 
posilive, I-225, I-23fi, TT-4:35, 111-169, 

VI-170, VI-18~ 
true nus, I-228 
ultra-low-dnft peak, 1-227 
voltage, prec1s1on, l-22fi 
wide-bandwidth, III- I fi2 
vvide-range, III- I /i2 

peak program 
peak converter, 

127 
peak/hold circrnt, \11-'.391 
pPOple-detector, mft·rt.red-acw.vated. 

IV-225 
percentage-df'vrn.non raLio computer, 

V1-32o 
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penod count.f'r, l 00 MHz, frequency 
and, II-180 

period-to-voltage c:onverll:r. IV-115 
pest-repellf'r, 11ltrasonic, III-6D9, III-

706. III-707, IV-605-606, V-427-
428 

pH meters/prnhe. f 399, IH-501, Vl-
523 

phase detect10n/ma111pulation circuits 
detectors, T-476, 11-344, II-

43!:l. II-411, 111-440-442, 
IV-127 
10-bit accuracy. 11-176 
digital VOM, IV-277 
lock detector, V1176-l 77 
phase-differPnce detedor, 0- to 

180-degref', II-844 
phase selector/sync rectifier/ 

balancr-d modulator, lll-441 
sequencers, phase sequence, I-476, 

II-437-442, ITT-441 
re circmt, pha.~e sequence 

reversal dPtert1on, 11-4!38 
reversal, re drcmt to r.ieted, II-
438 
Utree-phas/> testf'r, fl-44O 

shifters, phast> shift.Prs, IV-647, V-
429-431 

0-180 degree, 1-477 
0-360 degref', I-4 77 
eight-ontput,-V-4:31 
single-transrntor design, 1-476 

splitter. lII-GR2, V-4:30 
long-tail pair, V-4!30 

phase-locked loop, V-:347 
infrared laser hght receiver, VI-204 
lock detector, \.1-1 76-177 
tracker, threP-phase square wave 

generator, ff-598 
phaser gun, 1-606, fV-52:J 
phonograph-rPlat.ed cm:U1Ls (see 

stereo/phonogra1Jh drcuits) 
photo-condnr.t1ve detector amplifier, 

four quadrant, l-:J59 
photo mF.mory s\<\, itch for ac power 

control, I-:3fi:~ 
photo stop art1on, 1-481 
photodiodP/phot.oelcclnc circmts 

ac powP.r switch, lll-31 tl 
alarm system, 1-1;3, 11-4 
arnpllflPr-s, 1-ao1, II-324, lll-19, 111-

fi72, Vl-301, Vl-302 
hatt..,ry charger, solar, II-71, V-::127 
rompamlur, precision, I-360 
c:nntroller, IV-369 
n1rrent-lo-volLage convert .. r, Tl-128 
flasher, phoWcell-controlled, ll-232 
mtegralur, photocurrent, ll-'.326 
level detcdor, prec1s10n, r-:'!65 
light conlroller, IV-369 
log convcrter/transrrutt.N, Vl-:312 
monuslable photocell, spJf-a.djusL 

tri.g~er, ll-329 
output-gating c1rcuit, 

photomult.J.plier. II-rim 
PIN. lhcnnally stabilizf'd signal 

condiLloner \\-1th. 11-:-l:10 
PIN-lo-frequency convi>rters, lll-

120 
J.)rcarnpllfier for IR photodiude, V-

226 
sensor amplifi.,r, rr-,124 
smoke alarm/dPtert.nn, 1-595, I-506 
solar power snpply, Vl-:Jll, VI-312 
source followf'r, TH-419 
sun tracker, V1-299, Vl-:Jl2 

switches, II-321, II-326, IIl-:118, lll
:319 

photoclcctric_sensor, V-277 
photography-related circuits, 11-44!3-

449, lll-443-449, JV-378-::!82, V-
4:)2-438. VJ-465-408 

,mto-advimcc projector, II-444 
r.amera alarm trigger, IIl-444 
r.amera trip circuit, IV-381 
charger for photoflash capar.1tor, 

Vl-466 
<'ontrast meter, ll-447 
darkroom enlarger timer, 111-445 
darkroom timer, V-436 
PIPc:trortie fl.ash trigger, H-448, m-

449 
enlarger exposure meter, V-438 
Pnlarger light meter, V-4;j4-435 
Pnlarger timer, H-446 
Pxposurc meter, I-484, V-,t38 
flash meter, III-446 
flash 5lavc driver, 1-483 
flash <;lave unit, V-433 
flash trigger::; 

Plectronic, ll-448 
remote, 1-484 
sound-triggered, H-449 
timP delay, V-433 
Xf!non f1,sh, lll-447 

hght meter, VI-:J08, VI-350 
hght meter, enlargers, V-434-435 
photo-evenl timer, IV-379 
photol1ash, electronic, III-449 
picture lixer/mverter. III-722 
slmtter ~peed Lester, II-445 
slave-11;,,sh unil IV-380, fV. 

382, V-433, 
slide projector auto advance, TV-381 
shde-shuw timer, III-444, III-448 
shde sleppcr for proJector, VT-467 
sound trigger for flash unit, TT-449, 

IV-382 
~trol.Je, V-435, V-436, V-437, V1-468 
time-delay flash trigger, TV-:180, V-

4:J:J 
photumulLipliers 

h1gh-volLage power supply, V-444, 
V-445 

phutoLransistor, V.,.279 
amplifier, V-409 
variable-sensitivity, V-409 
tuner, 1-485 
xenon flash tnggF.r, slave, 111-447 

picoammeters, I-202, II-154, 111-338 
circuit for, II-157 
guarded mput circuit, 11-156 

picture fixi,r/inverter, Ill-722 
Pierce oscillators, V-140 

!-MHz, III-l'.i4 
ccystal,7-19S, 11-144 
harrnonk, I-199, 11-192 
JFET, I-19S 
low-frequency, lll-13!J 

piezoelectnc circuit&, V-439-441, VI-
469-17O 

alarm, I-12, V-10 
buffer c1rr111t, Vl-4 70 
dnvns, V-440, VI-47O 

!i:i;i osdllator, V-441 
CMOS, V-440 
mkropos1tioner, V-440 

temperature controller, fan-bMPd, 
111-527 

PIN rliocles 
filter selec:tion circmt, v1-213 
tPst cil'cuit, Vl-353 



f'TN phot.orliode-to-frequency 
convPrters, III-120 

pink nmsP generator, I-468 
p11w clP.t.Pctor, metal pipes, V-32~ 
plant-watering accessories, 1-44!J, 11-

245, II-248 
playback amphfier, tape, I-77 
PLL/BC receiver, II-526 
pocket pager, m-288 
polar-to-rectangular convcrlcr/ 

pattern generator, radio 
direction .finder, V-288 

polanty converter, 1-166 
polanty gain ad,Justment, op amp 

circuit, V-400 
polanty indicator, V-231 
polanty-protect1on relay, lV-427 
polarity prot.ector, VI-526 
polarity-rPversing amplifiers, low-

pown, III-Hi 
poller, analog-to-dtg1tal convcrlcrs, 

V-28 
polynomial generator, V-287 
position indicator/controller, tape 

recorder, II-615 
positive inputlnegative output charge 

pump, III-:·!60 
pos1tm~ regulator, NPN/PNP boost, 

TTT-47fi 
potentiomPt.P.rs, digital control, V-158 
power a.mp1ifier1'i, 11-450-459, III-450-

456 
2- to 6-watt audio amplifier v.,ith 

preamp, H-4!'il 
10 w, J.76 
12 W low distortkm, I-76 
25 W, 11-452 
90 W, safe area prot.Pction. 11-459 
AM radio, 1-77 
audio, 11-451, lll-4fi4, TV-28-33 

20-W, lll-456 
50-W, lll-451 
6-W, wilh preamp, III-454 
booslcr, ll-455 

bridge audio, 1-81 
bull horn, ll-458 
class-D, lll-453 
GaAsFET with singlP snpply, II-10 
hybrid. Ill-455 
invertmg, l-7!:l 
low-distortion, 12 w, 1-76 
low-power audio, 11-454 
noninverting, 1-7!:l 
op amp/audio amµ, high-slew ratP, 

I-82 
output-stage boosler, lll-452 
portable, III-452 
rear speaker ambienel' muplilier, rr 

458 
rf power amplifier 

1296-MHz solid st.ate, lll-542 
GW. II-542 
600W, I-559 

switchm,g, I-33 
two-meter 10 W, 1-562 
walkmarrnmplifier, Il-456 

power line circuits, Vl-471-475 
ar power controller, Vl-472-47:J 
ac power line monitor, VI-4 7:.3 
low voltage power controller, Vl-475 
modem for computer control, Vl-474 

pown meter, Vl-333 
power supplies (see also voltage 

mdicators/meters), 11-460-486, 
III-164 V-448-472 Vl-476-498 
V1-li0fi~519 ' , 

0- t.n ;:rn-v supply, v1-518 
0- to fi-V snpp]y, VI-516 
i-1.fi-V supply for ZN416E circuiLs, 

V-469 
:'l.8-V from fi-V logic supplies, Vl-

492 
+f> V supply, V-47L VJ-481, Vl-4!:ll, 

\1-19G 
fi-A constant-voltage supply, vl-498 
± S to± 35 V tracking, V-469 
0- to 12-V, V-1 A variable, V-460 
9-V supply. VI-485, VI-4!.l5 
JO-MHz frequency standard, Vl-:J!J5 
12-V supply. VI-492, VI-493 
JZ~Vck- regulat.ed supply, Vl-497 
rn.8-VdC", V-2 A regulated, V-459 
± l ,'i-V supply, v1-513 
20-V adjustable, V-461 
5V powP.r supply with momcnt.ary 

backup, II-164 
5V, O.fiA power supply I-401 
8- from fi-V regulator, V-469 
2,000 V low-current supply, IV-636-

637 
/\A cells, +fl V/+3 6 V, V-452 
ac outlPt. tester. V-318 
ac rmwPr r.ontroller, VI-472-47:J 
ac powPr lmt> monitor, VI-4 73 
ac w1rin1flocatm, V-317 
ac-watt.s r.alrnlator, V-304 
adjustahlf' rurrent hmit and outpul 

voltage, I-fiOfi 
,tdjustablP 20-V, V-161 
,tlljustablf' snpply, Vl-517 
amateur radm amphfier. 1.2-kW 

144-MHz, V1-18 
llinplliiers. audio, 

dual power supply, V-16f'i 
subwouicr power snpply, V-464 

antique radio de fllament supply. V-
470 

arc lamp, cl5W. ll-476 
arc-jcl, sta1tin~eircmt. III-179 
automotive-accessory powPr 

controller, V-70 
automollve ,i.udlo system supply, 

Vl-W:J, Vl-48:J 
automoUve power supply, VI-fi13 
balance indicator. m 494 
battery (st,t' battery•-relatecl 

circuils) 
batterychargcrllitd,J4V, 4A, II-n 
battery power pack. 1-,509 
bench top, II-4 n 
benchtop, dual output, 1-505 
bias regulator, Vl-519 
hrpolar 

battery instrumcnls, 11-475 
tracking doublc-ouLpllt, V -449 

hooster, I-28, I-33, V-34!:l 
hnc:k regulator_ add 12-V oulput rn 

fi-V, V-472 
(X;F.L supply with variable contrasr. 

V1-G10 
charge pool, IIl-469 
configurable, V-455 
connections-monitor, ac line&, Ill 

/'i10 
c:ommmpt10n lunitcrs, Ill-fin 
consumptit)n monitor, V-290 
controllers, IV-383-389, V-111-115 

ac .switches, IV-387, V-112, V-l 1 /'i 
ac voltage control, V-114 
amomotive-accessory power, V-
70 

hang-hang controllers, JV-:389 

bursr-type control, III-362 
current-loop control. SCR 

design, IV-387 
dual-mntrol ac switch, V-115 
h1gh-s1de switches, 5 V supplies, 

IV-38,1. JV-385 
monitor, SCR design, IV-385 
MOSFET swit.ch, IV-386 
overvoltage protection, 1-150, 

I-Gl 7, ll-96, II-107, Il-4U6, lll
f>l3, III-762, IV-389 

powP.r controller, universal 
clesign, lV-388 

riower-down circuit, V-114 
pushbutton smtch, IV-388 
t.lm•e-phase, power factor 

cont.rol, Il-388 
converter 

225-W lfi-V output, VI-148-149 
im:luc-r.orless, V-456 

cun-Pnt limiter, V-146. V-358, V-458 
current regulator, 100-mA, VI-478, 

VT-489 
Cul'rent sourr.F.s, 1-205. 1-687, V-

141-14.8, VI-H\1-163 
0-to-200-nA, IV-327 
b1latnal, III-109, I-694-695, V-143 
bipolar sources, I-695, 1-697 
constant, [-697, III-472 
li.xed pnwPr supphes, I'V-405, IV-

406 
low-curl'f'nt ~mirct>, IV-399 
low-res1stancP, V-112 
neMative, V-14~ 
offset-adJusting, V-145 
positive, V-142 
precision, 1-20fi. I-206 
regulator, vanahlP pow1-r supplv, 

Ill-490 
variable power supphPs, voltage
progranunable, IV-420 

voUaf{e-controlled, gronncled 
sourc:e/load, Ill 4f\8 

de-to-de SMPS variahlp 18V to 30 V 
oul HL O ~A.11-480 

de power circuit., N~;n02-ba'led, V-
358 

de power source, Vl-;111 
de supply, Vl-480, VI 48L \:1-496_ 
delay c1rcu.it, V-148 
differential vollaxe-to-currPnt 

converter. Vl-15:3 
disconnector, low-vollii_i.;e, II-97 
dual polarity, I-497 
dual power supply, umplifier5, V-

465 
EU' monitor, vl-306 
Pxperimenter's powl'r source. \I I 

G07, VI-5ll 
failure/out.age alarms/monilor::., t

G81-582, 11-107, II-486, 11-175, IJ 
191-497, IIl-4D:3-495, 111-511, 
TV-422-427 
backup supply, drop-in nmin
acuvated, IV-424 

balance monitor. lll-494 
booster/buffer, boosts reference 

rnrrent, IV-425 
drr.uit breaker, trip circuit, IV-423 
ronnect10ns monitor. ac futc!> 

HI-filO 
fault momtor, smrJr-suppl:y, lll-

19G 
mPmory protector/supply 
monitor, IV-425 

polarity-protection relav, IV-427 
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power supplies continued 
SCR design, IV-385 
test load, constant-current., TV-
424 

triac fur ac-voltage controi, TV-426 
tube amplifier, high-voltage 
isolation, IV-426 

voltage sensor, IV-423 
fixed power supplies (see fixed 

power supplies) 
tlash memory programming supply, 

+12 voll, VI-138 
flyl.Jack power supplv for radon 

deteclor, VI-531 
roklback current hrruter, VI-477 
frequency, power/frequenr.y mf'tfl\ 

11-250 
fuses, V-477, V-478 
,liuin, power-gain test cirr.uit., 60 

MHz, I-489 
Meneral-purpose. III-465 
glitch detector, II-107, Vf-178 
~rid leak detector, VI-179 
l~h-volLage (see !ugh-voltage 

power supplies) 
IC regulator prot.ector, Vl-483 
mcrcasing zener dtodt> pown 

ralin~, 11-485 
induclo.rless converter, V-4fl6 
invcr~ers, III-298, V-1fi7 

12 VDC-to-117 VAC: at 60 Hz, !11-
294 

med.tum. III-29fi 
MOSFET. III-295 

isolated feedback, III-460 
isolation transforrrn'!r, V-:349, V-470 
laptop-computer supply, V-46!3 
laser power supplies, TV-6:36, V-251. 

V-252, V-2G:1, V-254, Vl-2\:11, VI-
295 

level sensor, volt.age level, 111-770 
logic regulator, fi-V, with eleclronic 

shutdown, v1-496 
loss detector, II-175 
low-ripple, I-f>OO 
low-voltage powfn- r:ontroller, VI-

475 
LTC, single supply, V 454 
meters, powf:r meters, 1-489 

audio, I-488 
frequency ancl, Tl-250 
rf. I-rn 
S\VR, 1-16 

memory savP on power-down, II-
48G, IV-42fi 

m1cropowPr handgap rekrc-nce, II-
470 

nuc:rnprnr:essor power supply 
vvatrhdog, Tl-494 

modem, power-lille, llI-82 
Tl -491-497, IlI-493-495, 

barkup supply, drop-in mam
adivated, JV-424 

balarn::P monitor, lll-494 
boost;,r/huffer, boosts reference 

('lJYTf'flt, TV-425 
cirrnit breaker, trip circuit, IV-423 
connections monitor, ac lines, 

llI-510 
fault monitor, single-supply, III-

4~5 
mPmory proLccLor/supply 
monitor. lV-425 

polar-ity-protcclion relay, IV~427 
SCR desi~n. IV-385 
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Lest load, constant-cmrPnt, TV-424 
lnac for ac-voltage control, IV-420 
tube amplifier, !ugh-voltage 
isolation, IV-42u 

voltage morutors (.,ee volt.agf' 
indicators/meters J 

multiple output, \11-506-!> l ::i 
mullivollage supply, V-4fi8 
NE602 power supply options. Vl-

484 
negative supply, V-4G7 
neon lamp driver, V-G- to lfi-V 

supphes, V-459 
Boise detector for ac drr.111t.5, Vl-

184 
notebook computer tnple-output 

supplv. VI-512 
oulage light, line-operated, lll-415 
overload indicator, V-478 
overvoltage·protP.dinn, 1-150, 1-517, 

II-06, JJ-107, II-19fi, IIT-:il:3, lli-
762, N-389, V-480 

polarity protector, VJ-f>26 
power saver for r,ornputer monitors, 

\'1-139 
power-down Cirrmt. V-114 
programmable, III-467 
protection c1rc111ts, J-iil\ T-518, ll-

98, II-107, lI-174, fI-486, ll-496, 
11-497, III-511, TV-425, IV-4~7 

push-pull, 400V/60W, TT-47:J 
quad power supply, VJ-508 
rectifiers, V-164, V-466, Vl-490 
reference, 1-691, VT-496 
regulated suppl le& 

8-amp, mobilf' e1uipmcn~ 
operation, ll-4f\ l 

IO A, currPnt and thermal 
protection, Tl-474 

12-14 V, 3A, Tl-480 
13.8-Vrtc, V-2 A, V-459 
+15V I-A, 111-462 
-15V 1-A, Jil-46a 
spht, 1-492 

regulator losR cutter, V-467 
regulators (sen voltage regulators) 
reset Circmt 11-366 
short-r.1rrmt protection circuit. VJ-

526 
short-t;,ster, V al;J, V-315 
solar powf'r supply, VJ-311. VI-312 
solenoid driver, VI-202 
split, I-G12 
stand-by, non-volalJk CMOS RAMs, 

II-477 
snhwonfer amJJlUier power supply, 

V-464 
sun tracker JJowcr supply, VI-312 
supply-voltage monitor, V-320 
switching power supplies, II-466, 11-

470, 111-458, V-453, V-461. V-1fi2, 
V-4n8 Vl-479 
GO-W ~ff-line, lll-473 
GOO kHz swilchmg inverter for 

12V, 11-474 
r:omplemeHtary ac switch, I-379 
control circuits, VI-404 
power-switchirig circuit, II-466 
regt1lator, Vl-484 
SClt, for color TV receiver, vl-487 
variable, 100-kHz mult1ple-011t.p11t, 
Tll-488 

.:;yncllronous st,epdown switching 
reMulator, V -468 

telecom converter -48 to +5 Vat 1 
A, V-472 

teleprinter loop supply, Vl-497 
lhree-rail, III-468 
tracking power supply, Vl-485 
Lransceiver supply for lab 5ource, 

\'1-517 
transformer tester, Vl-854 
undervoltage detector/monitor, lll

·102 N-138 
unint~rruptible, II-462, IJJ-477, V-

471 
universal laboratory supply, V-450-

451 
vacuum-tube amphflPr supply, VI-

87 
variable power supplies, m-487-

402, IV-414-121, \11-514-519 
VFO supply, vr-fi 11 

0- t.o 12-V, V-1 A, V-460 
current sonrc:e, voltage

programmahle, IV-420 
de supplies, JV-418 
dual uruversal supply, 0-lo-50 V, 

5 A, N-416-417 
svvitch-selected fixed-voUagc 

supply, IV-419 · 
SV/ltching rngulator, low-power, 

III-490 
switching, IOO-kH7, multiplc-

output, IJJ-488 
tracking preregulator, 111-492 
transformP.rless supply, lV-420 
universal 8-30V, 111-489 
voltagr- r;,gulaton; for variable 

supphes, HI-490, lll-492, IV-421 
vocal strippt"r power ~upply, VI-373 
voltage doubler, V-460 
volragt> probes, V-474 
voltag;,/current regulator, V-455 
voltage regul<1lors (see voltage 

regulators) 
sensor, µowcr supplies, IV-

volrage-level, IU-770 
voltage sources 

m111lvolt, teHerless, I-606 
programrnallk', 1-694 
voltage splitter, lll-738 

preamphfiers, 1-41, V-26 
AGC a.ucho preamp, Vl-2 
arnatelll' TV, mast-mounted, VI-37 
antPnna·preamp 

HF broadband, V-36 
loop antenna, V-38 
VJ ,F 60-kllz, V-33 
wideband, V -35 
6 meter, 20 dB gain and low-NF, 

ll.-54!.J 
lOOOx, low-noise design, rv-:W 

audio pn•amplifiers, II-45 
2- too-watt 11-451 
6-W and, III-454 

audio-to-UHF preamp, V-24 
balam;ed microphone preamp, VT-

77 
bia& supply, IV~318 
dual audio signal amplifiers, V-58 
electret microphone preamp, V-21 
equalized, for magnetic phono 

cartridges, III-671 
FET phono cartridge, VJ-79 
frequency counter/divider, IJJ-128, 

V-24 
GAasFET, rf amplifiers, V-fi 16 
~cncral purpose, I-84, IV-42 
handitalkies, two-meter, I- 19 
HF, rf amplifiers, V-:il5 



IF, 30 MHz, IV-460 
IR photodiode preamp, V-226 
impedance-matchir1~, IV-:J7 
mstrumentation amph..lier, IV-230-

231 
JFET, V-22 
light-beam activated alarm c1rcmt, 

V-13 
LM382 phono, I-91 
low-noise, I-88, 1-561, iV-41 
magnetic, 1-89, I-91, HI-37, lll-67:3, 

IV-35, IV-36 
medical instrumcnl, U-a49 
nucrophone prcamplifiers, H-45, IV-

37, IV-42, Vl-56 
dynamic microphones, VJ-76, VT-

79 
low-rrnpedance, IV-41 
tone control for, II-687 
transformerless, unbalanced 

input, I-88 
transformerless, unbalanced 

input, I-88 
microwave preamplificrs, lV-316-

319 
rmxers, 1-58 
NAB preamplifiers 

tape playback, professional, IH-:-18 
-record, III-673 
two-pole, III-673 

0Rc1lloscope preamplifiers, IH-4:37, 
III-438, IV-230-231, V-423 

osdlloscope/counter, III-438 
power amplifier "'ith prearnp, ll-

451, III-454 
mad-head, automotive circuits, lll-

44 
receiver interface, V-243 
receiver preamp, VI-553 
rf amplifit-rs, V-526, V-527 
HIAA, IH-::18, V1-80 
RlAA/NA8 compensation, I-92 
5aw-filter impedance-matching 

preamp, VI-222 
steteo/phonograph preamps, I-Gl, 

JT-43, 11-45, V-584 
low-noisP, IV-36 
magnetic, J-91, IIJ-37, III-673, IV-

35, TV-:16 
tone control, V-/'i81 

tape, 1-90 
thermocouple mstmmentation 

amplifier, m-28::l 
lone control pr"'ampliflers, 1-675 

ltlgh-level, TI-688 
IC, 1-673, IIT-657 
mixer, 1-58 

transislor UJAA for magnetic phone 
carlridge&, vr. 76 

transmitlreceive seqmmcer. V-348 
UHF-TV, lll-546 
ultra-low-leakage, I-!38, II-7 
VHF, 1-560 
VHF/UHF, rf amplifiers, V-515 
video, V-660 

prcrcRula.tors 
high-voltai(e power supplies, III-480 
trackir~. lll-492 

prescalcrs 
data circuits, low-frequency, TV-132 
probe, amplifyin;s, 650 MHz, Tf-fi02 

preseleclors, rf mnplifiel's, IV-48:1, TV-
485, IV-488 

pressure gauge, V-314 
printer-error alarm, comput.er 

circuits, IV-106 

p:nnters 
port, V1-134-135 
pnnter-error alarm, lV-106 
pnnter sentry, computer circuits, 

V-107-108 
two-sheets in pnnlcr detect.or, TV-

136 
probes (see also measurement/test 

circuits), II-498-504, lll-496-503, 
lV-428-434, V-473-474, VT-520-
524 

100 K megaohrn de, 1-524 
a(' hot wire, I-581 
audible TTL, I-524 
audio-rf signal tracer, 1-527 
capacitance buffer 

low-input, IU-498 
stabilized low-input, lll-502 

clamp-on-current compcnsaLor, H-
501 

CMOS lugic, I-523 
current probe amplifier, Vl0fi21 
FET, III-501 
frequency probe, 8-digil, 100-Mlfa, 

VI-G24 
gPneral purpose rf detector, ll-500 
ground-noise, battery-powered, lll

/'i00 
log1r probes, I-520, I-525, 1-526, JV-

430-431, IV-434, V1-522, Vl-52;1 
CMOS, I-523, I-526, III-4UU 
digital, HI-497 
four-way operation, IV-432 
memory-tester, installed. 1-525 
smg]p-fr, design, IV-433 
thrPP-m-one test set: probe, 

signal tracer. mjector, IV-42!.l 
microvolt, II-499 
optical hght probe, IV-369 
pH, 1-399, JJI-GOl, Vl-523 
presealer, 650 MHz amplifying, II-

502 
1-52:3, III-498, Ill-502, IV-433, V1-

sin&le mjertor-tracer, II-500 
test, 4-220V, Hf-499 
three•in-onP test set: logic probe, 

signal tracer, inJector, IV-420 
tone, digital re testmg, 11-504 
1miversal test probe, IV-431 

process control mtPrface, I-30, V-242, 
Vl-355 

processor, CW ~ignal. I-18 
product detector, T-22:1 
prog,nmunable amplifiers, II-334, III-

504-508 
differential-input, })mgramm.able 

Rain, lll-507 
mvcrLin~, programmahle-gain, UI-

505 
noninVl\rliil.'!, programmahle-gain, 

III-505 
prcc1s10n, tl~ital 

conlrol/programmmg, III-506 
prog.nmunable-gain, sPlectable 

input, 1-:32 
variable-gain, wide-range ciigital 

control, III-506 
projectors (see µhotography-related 

circuits) 
protection circuits, 11-95-99, rH-fi09-

513, V-475-483, VI 525-526 
12 ns circuil breaker, 11-97 
automatic power down, IT-98 
circuit breakers 

ac, 111-512 

elec.troruc, high-speed, ll-96 
t.ompressor protector, IV-351 
crowbars. electrornc, II-99, lll-510 
ear protector, V-482 
fusEc, electronic, V-4 77 
halogen lamp protcclor, V-271 
heater protector, servo-sensed. fll 

624 
IC regulator protector, VJ-483 
line protectors, computer UO, 3 µT\ 

IV-101 
line dropout detector, ll-98 
!me-voltage monitor, Ill-511 
loudspeaker protector, V-483 
low-voltage power disconnector. Il-

97 
modem protector, V-4 79 
modem/fax protector for Lwo 

r.omputers, V-482 
optical safety-circuit switch, V-409 
overload indicator, V-4 78 
overvoltage protection, I-150, 1-517, 

H-96, H-107, II-496, III-613, lll-
762, IV-389, V-480 

password protection for PCs, V-109 
polanty protector, V1-526 
polanty-protection relay for powe1 

supplies, IV-427 
power-down, H-98 
power-failure alarm_ III-511 
power-line connections monitur, ac, 

rrr-510 
powf'r supply, II-497, 1-518 
relay fnsF., V-478 
reset-protection for computers, IV-

100 
reversf' polanty protection for 

battery pack, VI-30 
safety circmt, V-477, V-481, V-483, 

V-589 
short-circ:mt protection circuit, VI-

526 
shmt-tester, V-813, V-315 
shutdown circmtR, V-537-538 
speaker pmt.ector, V-47u, V-479 

proximity sensors (,~ee 
motmn/proxim1ty detectors) 

pseudorandom si-,quencer, III-301, V
:J51 

pulse circuits, TV-4clfi-440 
amplitude discnmmator, 111-356 
coinddence detE>ct.or, II-178 
converters 

height-to-width, 111-119 
pulse lrain-to-sim1srnrt wnverters, 
lll-122 

counter, ririg counter, low-power, 
IV-437 

delay, dual-edge tt·iggf'r, TU-117 
detectors 

fast pulse, V-154 
missing pulse, V-152 
out-of-bournis pulse width, III-lf>8 
sequence detector, II-172 

divider, non-integer programmable, 
II-511, lll-226 

extractor, square-wave, III-5M 
generators, pulse generators, H-

508-511, V-487-492, vl-699 
2-ohrn, III-231 
300-V, Hl•521 
555-circuiL, lV-439 
add-on, V-488 
astable multivibralor, H-510 
basic, V-488 
clock, 60 Hz, II-102 
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pulse circuits contin11,ed 
CMOS short-pulse, 11l-fi28 
delayed-pulse, U-!'i09, TV-440, V-

492 
divider, programmable, 11-fi 11, 

lII-226 
EEPROM, 5V-powered, TTT-99 
free runrung, IV-438 
interrupting pulse-generation, I 

:357 
logic, Hl-520, V-489 
logic troubleshooting 

applications, IV-43(i 
one-shot, V-490-491 
programmable, I-529 
sawtooth-wave generator and, 

lll-241, V-491 
single, II-175 
trmn, pulse train, IV-202 
transistorized, IV-437 
two-phase pulse, I-fi:'12 
unijunctlon transistor design, 1-530 
variable duty cycle, V-492 
very low-duty-cyclP, III-521 
voltai;te-controller and, 111-524 
wide:ranging, rn.r,22 · 

missing-pulse detector, V-152 
modulators 

pulse-position, III-:17fi 
pulse-v..idth (PWM), Tll-:376, lV-

326, VJ-400-101, VI-402 
bnghtness controller, IH-307 
control, micmprnc,essor 

selected, rr-1 Hi 
motor speecl control, H-a76, Ill-
389 

multiplier drcmt, Ill-214 
out-of-bounds detector, 
proport.1onal-controller circuit, 

II-21 
servo amplifier, 111-:.179 
signal generator, Vl-6!)8 
spenl controVener,ttv-

recCIVPnng brake, JJl-380 
very short, measurement 

cirrn1t, m.:J;J6 
oscillators 

fast, low-duty-cydc, lV-439 
stan-stnp, st,1ble design, IV-438 

pnlsP-pm:itlon modulator, III-375 
st.rntcheri,;, IV-440 

rn:;gat1ve pulse stretcher, IV-43H 
pos1t1ve pulse sLrdcher, IV-43R 

Sllpply cireuit, .hi!O't-voltage_ power 
supplies, IV-412 

w1<lth, out-of-bounds pulse width 
detector, lll-158 

pulse-diaJi1~ telephone, JU-fi10 
pulse-width-to-voltage convertf'rs, 

fll-117 
pulse-widlh modulators (P\lii'M), m 

:J75, 1V-:J26 
bl'i,1htness eo11troller, Ill-307 
control, microprocessor selerterl, ii 

116 
motor speed eonlrol, II-37u, III-389 
multiplier circuit. II-264. IU-214 
out-oJ-IJotmds detector, IH-lfiR 
proporuonal-controller drrnit, n .21 
servo amplifier, III-379 
speed control/energ_y-recovPrmg 

brake, III-380 
very shorl, measurement drcwt, 

111-3:Jo 
1.1ulse/tonc dialer, single-chip, III 603 
pulsers, laser diode, !Il-;11 l 
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pump circmts 
controller, smglP chip, IJ-247 
positive mput/negative output 

charge, I-418 
push s,;itch. on/off, electronic, 11-35() 
push-pull ampliflPr, Darlmgton, V-22 
push-pull power supply, 400V/60W, 

II-473 
pushbutton power cont.ml sv.itdt, IV-

388 
PUT circuits 

battery chargers, IIT-f>4 
long-duration timPr, ll-675 

pyrometer, I-6G4, VT-640 

Q 
Q-mulLipllcrs 

audio, II-20 
Lran~1slorized, I-5GG 

QHPcircuits 
18-, V-21-, V-24-MHz, V-o44-645. 
CW transmitter, III-690 
sidetone generator/code practiee 

oscillators, V-102 
SWR bridge, III-33G 
lransmitters, V-10-M D8R with 

VFO, V-638-639 
quad op amp, simultaneous waveform 

generator usmg, II-2fi~ 
quadrature oscillators, HT-428, VI-444 

square-wave generator, ITT 585 
quiz master game. V-210 

R 
!'ace-car motor/crash sound 

gcncra~or, III-57R 
rauar dclcctors, ll-518-G20, IV 441-

442, VI-527-529 
one-dup, II-519 
radar guns, VI-528. Vl-fi29 

radiaLion detectors, IT-fi12 5 I 7, Vl-
530-533 

nlarm, II-4 
Geiger counter, Vl-fi!i 1 
ion detector, Vl-G3.q 
micropower.11-51:1 
monitor, wideband, 1-535 
photomultiplier 011t.p11t ,gati1lJ,l 

circuit, II-fl rn 
pocket-sized Clt>igPr counter, 11-514 
radon detector, Vl-5!31, Vl-5:32-53:3 

radio/rf ctrC'uirs 
aircraft rece1vn, Vl-118- lo 1:J6-

MHz, VI-fi42 
ANI ancl shmtwa.ve, ae/dc vat'uum

tuhi> clesign, V!-5:J6-5:J7 
AM rarlrn 

broadcast trap, SW receivers, Vl-
214 

car-rarl10 to sltorl-wavc radio 
convPrter, IV-500 

demodulator, 11-160 
d.;tector, 455-kllz, Vl-184 
powr>r amplifier, 1-77 
receivPrs, ll-525, 

m-r,%, TV-455, 
V-fl02, Vl-5:35, 
vl-f>fi2 

AM/FM i·arhu 
c-lrwk radio, 1-54:J 

IIl-529, 
V-497, 
VJ-550, 

sqnPkh circuit, 11-547, III-I 
arnat.Pnr radio, lll-260, UI-534. JJI

fi7:) 
transceiver relay int.erface, V-243 
VF'O, V-5:J2 

voict" irlPnt.itier, V-550 
ampltf:Jers (sm, rr amplifiers) 
antique radio de iilamenl power 

supply, V-470 
antenna, rPmote tuned adivc HF, 

VI-62 
attenuator, IV-322 
automotive 
beat-frequency Vl-452 
bridge, 50-MHz hndge circuit, V-303 
broadband, H-fi46, JU-264, lV-271 
broadband ant.enna, miniature (3 to 

30 MHz), v1-63 
burst generat.ors, portable, III-73 
calibrator, V-298 
carrier-currPnt circuits, 111-78-82, 

IV-91-93 
All/I r.;r:eiver, Ul-81 
audio transmitter, lll-79 
data rPcPi,·er, IV-!:KI 
data transmittel', IV-92 
FM rnce1ver, 111-80 
mtercorn, 1- 146 
powP-r-lme modem, lll-82 
rece1vf'r;;,, I 141, 1-143, I-145, 1-146 
rr;lay, l-fi75, JV-461 
remotf: ronti'ol, l-146 
transmitters, f-144 

re, I-145 
on/off 200 kHz line, I-142 

do('k, T-542 
mnvPrter&, I V-4':14-501 

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

HF receiver, VI-147 
radio beacon converter, IV-49fi 
receiver frequency-converter 

5ta~e, lV-499 
SW convl~rtcr for AM car radio, 

IV-500 
two-meter, JV -498 
up-converter, TVRO subcarrier 
reception, IV-501 

VLF converter, IV-497, V-121 
WWV converter, VI-147 
wwv for car radio, V-119 
WWV-to-SW converter, TV-499 
receiving converter, 220 MHz, 

IV-500 
crystal radio detector, VJ-182 
cryst,al radio receive!', Vl-fi49, VI-

557 
current readout, I-22 
CW-related circuits 

filter, II-219, Vl-405 
identifier, VJ-408 
_keying c1rruits, IV-244 
offset indkator, IV-21:3 
SSB/CW product detector, lV-1:10 
SSB/CW rr;ce1vn, V-499 
transceiver, fl W, 80-rnelcr, IV-602 
transmitters, TTT-678, 111-684, III-
686, IIl-<i90, IV-601, Vl-664 

detectm, II-500, TV-43:3 
direction finder, ra.rhn ,;;ignals, IV-

148-149 
polar-to-rectanglf> com,e1ter/ 
pattem generator, V-288 

double-sideband suppressed-carrier 
modulator, Ill-'.377 
rf, II-366 

F!-.1 radio, I-S4fi 
5 V, I-2:1:1 
12 V, I-23:1 
auromoh1lf' ra.cho diversity 

antPrnia, Vl-64-65 



bug, Vl-662 
dock radio, AM/1:"M, J.54:3 
demodulators, l-544, 11-159, Tl-UH 
high frequency oscillator, VT-4f}6 
IF amplifier with quadrature 

detector, TV sound IF, J-fi90 
generaton,, low-freqrnmcy, III-228 
recei~ers, (.:J:38, T-:'3fil, III-80, III· 

5:JO, lll-532, V-4Qfi 
scanner noise squekh, VT-fi79 
!:>nooper. 111-680 
oipeakers, remote, carrier-currenr 
system, 1-140 

squelch cfrcuit l"or AM, l-fi47 
stereo demodulation systP.m, I-

544, 11-159 
stereo tnu1smitt.er, Vl-fifi2 

FM/AM receiver. VT-541 
lrar1smitters, 1-861, f-367, l-fi81, 

11-417, lll-687-688, IV-228 
tuner. 1-2:3 J, lTf-fi29 
wireless microphone, TTl-682, III-

685, lll-691 
1-(enie, fl-421 

input cil'elllts, NBt\02, V-G00 
lF lilt.er for shortwave rer.eiver, VI-

212 
line sampler, Vl-30 
linearized RF rletector, VI-177 
measurement/t.e;;t drcuits, IV-297• 

30:J V-412 
muduiators, 1-436, TJ-:169, ITJ-:W2, 

111-:J74 
.rvtorse code CH'cmts, VI-404-109 
oscill.n.tor·-:;, I 5fl0-fifi1, 1-572, V-528-

5:32, Vl-448-459 
5 Mlfa Vr'O, 11-551 
K5 Milz VFO, V-529 
ham billtli VL"O, V-529 
N8602 circuit, V-5!11 
lnmsmitter and, 27 MHz and 49 

MHz, 1-680 
rf-genie, ll-421 
shortwave pulsed-ma1·ker, V-fi32 
sidclone, rf-powered, 1-24 
:,~1wl generator, V-530-5::ll 

output indicator, IV-299 
NB FM audio ampilller, Vl-74 
power meters, l-16, L-24, 111-332, lll-

502 
portable-radio :J V fixed power 

supphes. IV-397 
probe, I-523, III-4!.l8, 111-502, Vl-522 
radio beacon convcrkr, 1V-4!:l5 
radio-commercial zapper, V-:..134-

335 
RC receiver relay interface, VI-551 
receivers, Vl-551 

A11 radio, II-525, III-81, III-529, 
III-:i35, IV-455, V-4!:l6, V-497. 
V-:i02 

automotive receiver, II-525 
carrier-current, I-141, [-143, I-

11fi, I-14t1 
GW/SSB receiver, V-80- and 40-

meter, V-499 
dat,,_ receiver, IV-93 
Fr.1 rarl10, I-338, I-361, III-80, III-

529, III-530, III-532, V-495 
olct-timP design. IV-453 
ra.dm-rnnt.rol rer:eiver/decoder, l-

574 
re!lex rarho r1>ce1ver, IV-452 
tegenerative rPr:P-ivi:;r, VI-!"i51, VI-

554, Vl-555 
slto1t-wave receivPr, IV-4M 

signal-strength indicator, VL-260 
superheterodyne. V-503 
TRF radio receiver, IV-452 
VLF whistler. V-496 

RF power meter. Vl-348 
scanner silencer circuit, VI-579 
scanners. VI-578-580 
series/shunt PIN-diode RF ;;witch, 

VI-610 
shortwave tra.r1sHtissions 

converters, IIl-114, 1\/-500 
FET booster, 1-561 
interference trap, Vl-214 
receiver, IV-454, Vl-540, Vl-543, 

Vl-544-545, Vl0 546, Vl-556 
single-sideband ( SSll) 

communications 
CW/SSB product detector, lV-139 
driver, low-distortion 1 6 to 30 

MHz, 11-538 
generators, IV-:..123 
transmitt,cr, c.rystal-conrroiled 

LO for, II-142 
signal trac.:er probe, uwlio, [.527 
sniffer, 11-210 
static deu::ctor, lV-276 
supcrhctcrodyne receivers, V-rio;~, 

Vl-553 
sv.,it,ch, low-cosl, lll-:361 
tuned collccLor oscill,i,tor, for AM 

broadcw:,t band, Vl-454 
two-band rad10 receiver, Vl-548 
liHF scanner acLivc anlernta, Vl-67 
vacuum tube a.mpillier, Vl-72-73, 

VT-87 
variometer-ttmcd mdio receiver, VT-

557 
VHF/UHF diode switch, IV-544 
vl,F converter, V-121 
vl,F whistler receiver, V-496 
voltmeter, 1-405, III-766 
waveguides, VI-703-704 
W\VV converter for car radio, V-119 
WVlV receiver, VI-538-539, Vl-558 

radto beacon converter, IV-495 
radio-control circuits (see also 

remote control devices) 
audio oscillator, 11-567, III-555 
motor speed controller, I-576 
phase sequence reversal by, U-438 
osc11lator, emitter-coupled, n-266 
rPcPivn/rlecoder, I-574 
smgli=;-SCR design, II-361 

rnrlinactivity (,,;ee rachat10n 
d?ti::;ctors) 

radon dPtert.or, VI-531, VI-532-533 
min warnmg hePpPr, II-244, IV-189 
l{AM, non-volat1le (";MOS, stand-by 

power supply, II-477 
ramp generatorc;, l-fi40, fl-521-523, 

lU-525-527, TV-44:-l-44 7 
555 Lased, V-20;1 
accurate, 111-520 
inlegn,tor, initial crmdit1on reset, 

IIJ-527 
linear, ll-270 
variable reset IPvPI, II-267 
vollagc-controlled, ll-fl23 

ranging s,vstem, ulrrasonir., 1Tl-fi87 
RC decade box, V-294-29fi 
RC receiver relay interfacP, Vl-.'ifil 
rcac.lion timer. IV-204 
read-head prl'-a!IIJJli!ier, autmnot.1vP 

cin:uil~, 111-44 
readback syi;Lem, disc/tape 11hase 

modulated, 1-89 

rPr·?iVPrs, (8Pe al~o transcervers; 
transmitters). II-524-526, III
f)28-fi35, IV-448-460, V-493-503. 
V1-f>34-G/i8 

rio kHz FM optical transmitter, 1-
,161 

acoustic-sound receiver, IV-311 
AGC system for CA3028 fF 

amphf1er, IV-458 
aircraft receiver, 118- to l:Jo-MHz, 

Vl-542 
AM and shortwave, ac/dc vacuum

tube design, vl-536-537 
AM radio, 11-525, IIl-81, III-529, III

r;;:ir,, IV-455, V-496, V-497, V-502, 
VI-53:\ VI-547, VI-550, VI-552 
mixer/osclllator for A.'M receivers. 
V-412 

analog, 1-545 
ATV rf receiver/converter, 420 

MHz, low-noise, IV-496, IV-497 
audio c1rcU1t, IV-31 
audio receiver, v1sible-light, V-261 
automotive radio, II-525 
automoblle security system, Vl-11 
hahy-alert, carrier-current circuiL, 

V-96 
handswitching for receiver, Vl-608 
earner current, I-141, 1-14:J, 1-145. 

1-146 
carrier-operated relay (COR). lv-

161 
CMOS !me, I-546 
crystal radio receiver, VI-549, VI

Gf57 
CW/SSB receiver, 80- and 40-mctcr, 

V-199 
data rf!:ce1ver/message demuxcr, 

t.hn•e-wmi design, IV-130 
d1rt>ct-conversion receiver 

7-MHz rf!ceiver. VI-153 
HiO-t.o-20 meters, V-494 
hum reducer, V-347 
NEfi02, V-498 

fihProptic receivers 
1 0 MHz, II-205 
fiO-MM;, lII-181 
data rece1vPr, VI-207 
d1g1tal. TH-178 
high-sensitivity, ~OnW, 1-270 
low-cost, lOO-M haud rate. III· 
180 

low-sensitiVJty, 300nW, I-271 
very hig_h-sens1t1vity, low-speed 
!.snW 1-269 

FM radio, 1-338, 1-:361, TTI-80, III-
529, lll-5:JO, lll-5:32, V-495 

light-beam. v-;:i5!:l 
FM/AM receiver, Vl-541 
FSK data, lll-53!J 
ham-band, Ill-534 
·hum reducer, V-347 
IF amplifier/receivers, IV-459, IV-

460 
infrared, I-:..142, 11-2!:12, HJ-274, TV-

220-221, V-226, V-229, Vl-268, 
\11-294 

audible-outpul, Vl-271 
data-link, Vl-265 
FM audio reception, Vl-268 
headphones, V-227 
single-tone, VI-270 
,,1reless headphones, Vl-~6!:l 

laser, IV-368, VI-202 
LED hghtwave communica!lons, vl-

310 
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rPrPivers conli:nuecl 
LF receiver, IV-451 
lmf'-type, 111-5:32, III-534, V-497. Vl-

542, Vl-552 
MIDT receiver, V-392 
modulate<l-lighl receiver, V-258 
monitor for, ll-526 
optical i·eceivcrs, I-:J64, II-418. IV-

367 lV-!368 
photo~eceivcr, oplim12ed responsf', 

V 405 
PLL/BC, 11-526 
pr·eamp for receiver, V1-55,3 
preamp receiver interface, V-24~ 
PTT cunlrul from receiver audio, 

VJ-28 
pulse-frcq-ucncy modulated, IV--1.G.1 
radio cunlroL decoder and, I-G71 
radio (see radio/rf crrclllts, 

receivers) 
HC receiver rdav interface, Vl-5:il 
receiver/scanner preamp with MAR-

1 MMIC, V-521 
regeneraLivc receiver, IV-449, Vl-

,5.51, Vl-554, Vl-555 
remote-control, V-510, V-513 
rf mput cin:uits, NE602. V-500 
RS-2:32 to CMOS, III-102 
S meter, V-'.Jll 
shortwave receiver, IV-454, V-501. 

Vl-540, VI-556 
AM broadcast trap, \•1-214 
nine-band, VI-544-545 
regenerative, one-tube, vl-546 
torn1Ll,tl core TRF, VI-543 
noise limiLcr c1rcuir. V-397 

<;1gnal-rccepuon alarm, III-270 
signaJ-strenglh indicator, v1-260 
SSB receiver, \•1-80-meter, VI-29 
superheterodyne receiver, IV-450-

451, V-503, Vl-21, Vl-553 
tracer, m-:357 
transceiver memory backup, V1-28 
transceiver T/R sv.'itch, v1-610 
transceiver/mixer, HF, IV-457 
transmit/rereive sequencer, 

preamp. V-:J48 
tw1sted-pillr video driver/receiver 

circuit. Vl-682 
two-band radio receiver. VI-548 
ultrasonic, III-698, III-705, \11-u70 

CW tr,mscc1vcr, Vl-668 
ultrasound, Doppler, V-651 
vat'iometer-luncd radio receiver. Vl-

557 
VLF' ,\>hbller receiver, V-496 
video line receiver VI-550 
voi<.:~-cummunication, llght-berun, 

V-260 
W1NV receiver, VI-538-539, Vl-GG8 
✓,ew center indicator for FM, t-:1~8 

recurdiug devices (see tape-recorder 
circuit:;) 

rer-tangular-to-trian.gular waveform 
converter, IV-1{6-117 

rPctifier':i, 11-527-528. III-536-537 
absolute value. 1dcalfull wave.11-

528 
a~era.gin,1; filler, 1-22[) 
brnlge rectifier. fixed power 

supplie'.:l, lV-398 
broadbaml ac act.ive. IV-271 
d1odeless, precision. III-537, V-4M 
dual voltage-rectifier. V-464 

full-wuVl' rectifiers, IV-328. IV-!i:iO 
averaging filter, V-HH 
op amp design, V-403 
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ahRnlute value, 11-528 
prPc1sion, 1-2:34, lll-537 
sihcon-eunLrullcd (SCR), I-375 

half wave, 1-228, 1-230. 11-528, IV
~25 

high imped.artcl' precision. for ac/dc 
conve1ier, I-164 

invf'rtPl'/rectilie1, programmable op-
amp clesi,lsn, JV-:364 

lnw-forwanl-drop. III-471 
prf'ClSWll, 1-422 
sihcon-r:ontrolled rccttfiers (SCR) 

annunc1alor, self-interrupting 
load, IV-!:I 

chaser. III-Hl7 
cr-owl:.mr. ll-4!.l6 
nashers.11-2!30, UI-105, III-197 
fllp-llop, 11-367 
gas/smoke ddector. III-25! 
_preregulalor, Il-482 
proximily alarm, III-517 
n1dio control using, II-361 
relaX<tlion flasher, H-230 
relaxation oscillalor, III-430 
ring counter, lll-l!J5 
tPst.er, lll-:344 
t1mP delay circuil witi1, II-670 
tnggedng_,._;crics, opl1cally 
eoupled, lll-411 

sync:hrunous, phase detector-
5eleC'tor/balanced modulator, III-
441 

two phase, Vl-490 
r..rhal, e!ectru11ic tekphone set ·with. 

Tff-606 
rf'ference vult~cs, I-695, III-773-775. 

VI .;);J!:l, Vl-558-560 
+ 10V. 1-696 
+:3V 1-6!:16 
~rw'.1-6!:lo 
0 to 20 V powc'r, 1-604. I-699 
amplifier, 1-:36 
bipolar outpuL, precision, I-698 
dual-output regulator, \1-564 
dual trackhig voltage. precision, 1-

698 -
high 5tabJ.lity, J-696 
logic co11trol fur 78xx regulator, Vl-

562 
101~-dropout. VJ-566 
low-noise buifercd, precision, I-698 
low-noise rcgulalor, VI-565 
low-power regulator. 1-605 
lnw-volta,ge reference, Vl-560 
1111cropowcr 10 V, precision, 1-697 
negative refl'rcncc. VI-331. VI-500 
positive voltag(', VI-560, VI-567 
power supply: buffered, \11-490 
npple reduction in s,vitching 

regulator, VI-565 
squ,,rc 'Nave voltage, precision. 1-

696 
standard cell replacement. 

precision, 1-690 
step-down regulator, V1-563 
surface-1110U11L rcgulalor, 3.3-V 1-A, 

VI 562 
sur!"t,.ce-mourtt switching regulator, 

5- to :J.:J-V, VI-567 
sw1tchi11x regulator, vl-567 
varfabk-vollagc reference source, 

IV-!327 
reference duck, Lhrce phase clock 

from, 11-101 
renection oscillator. crystal

controlled, III-136 
rcflcclomdcr, 1-16 

regPnPrativP receiver, one-transistor 
dP8ign, IV-449 

reg1stns, shilt, 1-380, 11-:J66 
drivPr, f,418 

regulated power supplies 
8-amp. fl-461 
10-amp, currenUtltennal 

protf!ct.ion, !1-474 
12 to 14Vat :3 A, 11-480 
1:1.8-Vdc, 2 A, V-45!:t 
+lfiVl A,JlI-462 
- lf,V 1-A, lll-46:J 
~pht power ;,upplws, I-492 

rPgulators (see volLagl' regulators) 
RPrna.1t:,; oscillator, Vl-450 
rRJect.i,m filter, 1-283 
rPlaxation osdllaLor, III-430. IV-376 
rPlay~, ll-52!:l-5:J2, lV-471-475. V-504-

-">07, Vl-568-572 
a<· relay~ 

optically coupled, lll-418 
photon coupler in, II-412 
snlid-state latc.hin~, IV-472 

AND circuit relay, Vl-:.316 
amlm ope;ate<l, l-608 
hatt.Pry charger rcluy fuse, V-88 
bidJY..rtmnal switch, IV-472 
eaparita.nce, 1-130 
rnrnPr-operated relays (COR), I-

fi75, !V-461 
rlark-a.ct1vated, V-275, V-279 
(le larehing, •Jptically coupled, III-

417 
rlf'lay-off circuit, lV-4 7:J 
rlrivers, 1-264 

rlPlay and controls closure time, 
TT-:'i:30 

with strobe, 1-266 
fast turn-011/deluycd off relay, V1-

fi72 
!i1se. V-478 
high-impedance driver, VI-570 
latch mg relay alarm circuit, VI-56() 
latching relay driver, Vl-570, \11-571 
lat.rhing relay, solid-:;taLc, V-505 
light-beam operated on/off, [-366 
light-sensitive, V-278, Vl-:304 
low-frequency relay, VI-572 
momPntary relay, VI-569 
monostable relay, low-consumption 

dPsign, IV-47:J 
opt.wally coupled relays 

ar, Hl-418 
(k: latchiri.M, lll-417 

npto1solator, IV-475 
OR circuit relay, Vl-!J16 
pnla.l'ity-proteclton for power 

suppl1e~, lV-427 
pulse,-, 'iensor-activalcd, V-507 
rf-a.etua.ted, 111-270 
rmger, telephone, 111-606 
solid-st.ate relays, l-:J65, 1-623, II-

408, lll-412, 111-416, lll-569-570, 
IV-472, IV-474, V-505-506 

smmrl actuated, 1-576, 1-610 
t.PlPphone, T-6~11 
thermostatic relay drcuil, VI-643, 

Vl-64/i 
tlrnP dPlayed, 1-219, 1-663, V-506 
tonP act.ua.ted, 1-576 
TR r1rcult, ll-5:32 
transistor relay driver, VI-571 
t.ria.c. conta.ct protect.ton, 11-531 

r1cmote control devices (see also 
infrared; radio-control circuits), 
IV-224, V-229, V-508-513 

AIR switch. IR-conLrolled, V-225 



ac switch hookup, two-wa.,y, V-592 
amplifier, 1-99 
analyzer, V-224 
earner, current, 1-146 
drop-voUMe recovery Jor lon,1,(-line 

syslems, JV-:J:IB 
extender, infrared, IV-227, V-512 
fax/Lclcplwne switch, iV-552-55!3 
infrnrcd circuit, IV-224 
IR TV remote relay, VL-263 
lamp or appliance, 1-370 
loudspeaker via IR link, J-343 
loop transnulter for, IU-70 
on/off switch, 1-577 
receiver, V-510, V-51:J 
ringer. telephone, Ul-614 
sensor, tempcraLurc transducer, 1-

649 
servo system, 1-575 
telephone monitor, 11-626 
temperature sensor, ll-654 
tester, infrared, IV-228, V-228, V-229 
thermometer, Jl-659 
transmitter, V-509, V-51:3 

interface, V-511 
ultrasonic, V-512 

lramnniLlcr/receiver, JH, 1-:342 
uRrasonic tester, Vl-667 
video switch, IV-619-621 

rcpcaLern 
beeper, 1-Hl 
European-type, tone burst 

gcncruWr-for, lll-74 
fiberoplic link, J-270 
telephone, Lll-607 

reset buttons 
child-proof computer reset, IV-107 
power-on, 11-366 
protection drcuil for computer, IV-

100 
rcsisluncx• controller, digital, V-159 
rcsislancc/contmwty testern, 1-550, J-

551, 11-!J42, ll-5:J:J, 11-5:34, 11-535, 
Hl-345, IIl-5:.18-540, IV-287, IV-
289, IV-2tl5, IV-296 

audible, V-317 
audible, adjustable, 11-536 
buzz box, J-551 
c:ablc lester, Jll-5!39 
four-wire hookup, VI-3:35 
luld1ir!J,l design, lv-295 
low-resistance circuits, V-:319 
olmuncler, lineal', 111-540 
PCB, ll-!J42, Ll-535 
ratiouwLric, 1-550 
RC decade box, V-294-295 
rcsislunc1.•-rutiu tlctec:tor, 11-:342 
siMlc chip checker, 11-5:)4 
visual, V-29:J 

rcsistanc1.•-lo-vultal-(e conve1ter, 1-
161-162 

r1.•sisLors 
multiplkr, 11-199 
prograimnable, VI<l63 
simulator, 100-W, Vf-352 
voltage-controlled. 1-422 

resonator osc1l.lator, varactor tuned 
10 MHz cerarnic, 11-141 

rcslorcr, video de, Ill-72:J 
revcrb cffecl 

analog delay line, IV-21 
slcrco system, 1-602, 1-601:\ 

rt·vcrsilig motor drive, de control 
sigrml, ll-381 

rf amplifiers, JJ-537-549, Ill-542-54 7, 
IV-476-49:3, V-514-527 

1 \'V, 2.:1 GHz, U-540 
2 metf'r FF.:T pow~r ampltfler. V-521 
10 W, 22fi-400 MHz, Il-/i48 
10 W, 10-M linear amplifier, V-fi20 
10 dH-gam, TTl-fi43 
2 to !30 MHz, TTl-fi44 
4 W amp for 900 MHz. IV-4 77 
5 W lfiO-MHz, rn-546 
5 W power, II-542 
6-met.er kilowatt, II-54fi 
6-meter preamp, 20 dB gam and 

Jo,..,-NF, IT-Ei43 
20-W, V-1296-MHz modulF, V-522 
:W-W, V -450 MHz amplifif'r, V-;119 
30-MHi, V-519 
60 W 225-400 MHz, HI-547 
ll5 W, 150 MHi, IT-544 
455-kH:.: IF amplifier, V-522, V-523, 

V-524 
500 MHz, IY.491 
i,296 MHz, IV-486 
1.500 W, IV-478-479 
AGC, widP.band adJustahlP., III-fl45 
broadcast-hand, II-546, III-264, IV-

487. V-516, V-!>17 
buffer amplitit>r with modulator, IV-

490 
c.ascotiP amplif11>r, IV-488 
cornmon-gatP, 4fi0-MHz, 111-544 
GAasFET prnamplifit>r, V-435 MHz, 

V-5lo 
HF preamplifier, V-fi15 
HF/VHF svt'ltr:hahle active antenna, 

V-fi24 
IF .amplH'if'r, 4fiG-kHz, V-522, V-G23, 

V-F,24 
IF amplll'iP-n.-;, 4f>-MHz, r.ryRtal filter, 

V 527 
isolatwn ampliftf'r, II-:i4 7 
LC tuned, V-G2fi 
linear amphfiers, IV-480-48ii, V-G20 
low-distortion 1.6 to ,qo MHz SSB 

driver, JJ-:i38 
meter-rlnvf'r, I-MHz, III-fi4ri 
MOSFE1' rf-amp stage, rlual-gate, 

IV-489 
powf'r .amphfiers, I-!iG9, II-fi42, III-

1)42, V-f'i17, V-G19, V-521, V-525 
pr,:,amplifit>rs, V-ri27 

GasFR'f, V-iilo 
HF, V-f>lfi 
rf'r:eiwr/s<:anm~r -with MAR-1 
MMfC, V-/'i21 

VHF/TJHF V-filT> 
wirlPhand: V-526 

presf'lf'r.tors. IV-483, IV-485, IV-488 
receivt>rh,<:annP.r pr,:,amp W1th MAR-

1 MMff'!, V-fi21 
'T'V sonmi system, V-G19 
UHF, V-G2::I 
UHF-'T'V amp/preamp, III-546, IV-

482, fV-483 
VHF/lfHF pn:iamphfHer, V-515 
Wlrlt>hanrl amplifiers, IV-479, JV-

489, IV-490-493, V-G18, V-519, V
fi2fi 

rf cm111ts (.~ee rad10/rf) 
RG R virleo ampllfiF.r, III-709 
RGR-mmposite vidF.o signal 

crnwP.rter, TII-714 
TWR-t,o-NT8C mnvertn, fV-611 
RTAA lme amplifier/driver, VT-77 
RT AA preamp, VT-80 
ring counters 

20 kHz, rr-rnri 
rncandesr:ent. lamps, 1-801 

lmv-cost, I-301 
pulse circuit, low-power, IV-4-37 
SCR, III-195 
variable timing, II-134 

ring launcher gam€, electromagnetic, 
V-209 

ring-around flasher. LED, III-194 
ringers, telephone, I-628, IV-556 

detectors, ring detectors, I-634, I-
635, 111-611, III-619 

extension-phon€ ringer, IV-561 
high-isolation, 11-625 
multi-tone, remote programmable, 

11-634 
musical, II-619 
piezoelectric, I-63G 
plug-in, remote, II-627 
rf'lay, 111-606 
remote, 11-627, III-G14. IV-562 
.,nlencer, fV-557 
tone, 1-627, I-628, H-630, II-631 

npple suppressor, IV-175 
fixed power supplies, fV-396 

RLC oscillator, III-423 
rms-to-dc converter; I-167, II-129 

thermal, 50-MHz, III-117 
true rms detector, I-228 

road ice alarm, II-57 
robots 

eyes for, II-327 
l.!ght-seeldng, II-325 

rocket launcher, II-358 
RON compensator. op amp and 

analog switch, VI-605 
room monitor, V-369 
root extractor, V-207. V-288 
rotation detector, 11-283 
roulette, electronic, II-276, IV-205 
RS-232 mterface 

CMOS-to, line receiver, III-102 
dataselector. automatic, III-D7 
dnve circuit, low-power, III-175 
LED circuit, III-103 
line-dnven CMOS circuits, IV-104 

RS flip-flop, I-395 
RTD signal conditioners 

5V powered linearized platinum, II-
650 

precision, linearized platinum, 11-. 
639 

RTTY machines, fixed current 
supply, IV-400 

rumble filters, III-192, III-660, IV-175 
LM387 in, 1-297 
turntable, IV-170 

s 
8 meter, III-342, V-311 
safe area protection, power amplifier 

with, III-459 
safety circuits (see protection 

circuits) 
safety flare, II-608 
Sallen-Key filters 

10 kHz. I-270 
500 Hz bandpass, I-201 
current driven, V-18!) 
high pass, VI-209 
low pass, VI-221 

active, fV-177 
equal component. I-292 
second order, I-289 

sample-and-hold circuits, I-5D0, 11-
552-559, III-548-553, IV-502-503, 
V-533-534, VI-573-574 
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sample-and-hold circmts cont1,nned 
X 1000, 1-589 
4-clurnnel rmcropower, VI-574 
char~c-compensated, II-559 
de-glitch mewl, V-336-337 
f,rnt and precise. 11-556 
!'ilrered, IIJ-550 
freque11cy-to-vollap;c con,:rerswn, 

IV-194 
high-accuracy, 1-590 
h1gl1-performancc, II-557 
h1gh-spel'd. 1-587-588, 1-590. III-5:i0 
mfinite, 11-558 
inverti11H, Hl-552 
.w~;T, 1-586 
low-dril't. J-586, VI-674 
offset mljustmcnt for, I-588 
three-channel multiplexer with, m-

;396 
track-,md-hold, III-54D, IIl-552 

samplir-.,g circuiL 
hour time delay, H-668 
RF line sampler/coupler, VI-30 

sat.mated ,;;tarn.lard cell amplifier, II-
2$l6 

saw filter, VJ-222 
saVviooth waves, Vl-575-577 

convPrter, fV-114 
gpnerator, Vl-577 

digital des1g.ll, IV-444, IV-446, V-491 
linea.1·, V-Z0,5 
op amp design, Vl-576, vl-701 
t.nggered, V-204 

osrillaror rnodulutor. III-373 
p11lse genen1tor 1u1d, III-241 

SCA (see 5LltcmH:ontrolled 
amplU'Jers) 

s<:ale, f.!J98, V--2!:17 
scaler, inverse, 1-422 
scanner, bar codes, III-363 
scanner&, VI-578-580 

FM <.ca1mer noise squelch, VI-G79 
receiver/sca1mcr preamp ,vi.th M."-R

l M.MIC, V-621 
,;;hortwave convcrler for scannn, 

VI-E,80 
silencer circuil, VI-579 

Sc/mutt tr4(gcrs, I-503, III-lfi3, V-3!i6 
crystal oscillator, I-181 
prograrmnable hysteresis, I-fi92 
~twarc-wave generators. V-fif\9, V 

570 
transistorized, V-204 
rrL-compatible, II-1 J 1 
without hysteresis, I-!i92 

.':lCR (see silicon-controlh'!rl red1fien,) 
scramblers. audio (see a/Rn sound 

generators, vmrf'-art1vated 
circuits), IV-25-27 

telephone. II-fi18 
voice scramhlFr/dp;wrambler, JV-26, 

IV-27 
scratch filrers, IH-189, rv 175 

LM287 m, I-297 
second-audio progrn.m (SAi') 

adapter, III- f.12 
security c1rcnits (wm alal'rns: 

anmmr:1atnrn) 
sense-of-slop<" tilt meter, 11-664 
sensors (~ee alarms; fluid amt 

mmsrurP; light co1ttrolled 
c1rcmts; mot1on/proxim1Ly 
dt>t.f'ctors; motor conlrol circmts. 
smokP dPt.Pc:tors, speed 
rontrollPf',; tern1Jcralun·-rclated 
rirr.uit.s; tone controls) 
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sequence indicator, phase. 1-476 
sequencer. pseudorandom, III-301 
~equential flashers, 1-109, II-2.33, 11-

2:38 
st>qoenrn1.l Limcr, III-651 
sPr1es conHectors, telephone, III-G09 
sPrvo amp!iJ'iers (see also motor 

cont.rob), 1-462 
400 H:;:, 11-:386 
hmlgP type c1.c, 1-458 
ctr, l-457 
motor drive ampllficr, II-384 

~Prvo 5ystems (see also motor 
controls) 

controller, lll-;.384 
n·mote control, 1-575 

shapn, sirn.' wave, II-561 
1,h1Pldmg, shield/line driver. high

speecl, VJ-198 
shift registers, J-:J80, II-366 

Or\VPr rnr, 1-418 
shifrn. phase (:;ee phnsc) 
ship siren, electronic, 11-576 
short-drcmt. pruuf lcuup driver, II-310 
short-r.1rc111t protection circuit, VI-526 
short-drcrnt tester/sensor, V-315 

computPr remote data lines, TV-102 
for 120-V equ1pme11L V<li:J 

;:,hortwave transmissions 
Alvf hrnadcast trap, Vl-214 
AM ::,,ml shortwave, ac/dc vacuum-

t11\w desig11, Vl-5:36-537 
r:onvertPr'l, 111-114, IV-500, V-118 
FE'f hooster, l-561 
IF fi]tp1• for shortwave receiver, VI-

212 
mterference trap, Vl-214 
llOISP limiter. V-397 
notch filter, V-185 
p11l~ed nmrkur rf oscillator. V-532 
receiver, IV-4,54, V-501, v1-540, VI-

54!3, Vl-544-545. VI-546, \1-55u 
scanner converled to shortwave, 

Vl-580 
-:;hunt, multunetcr shunt, IV-293 
s\111Mow11 circuits (see protection 

cu•cuits) 
shuton, automatic, battery-powered 

prujeds, 111-61 
shutter spct'd I.ester, II-445 
skktone oscillator. rf-powered, I-24 
s~nal amplifiers. audio, II-41-'17. IV-

:14-42 
s~rw.l attenuator. analog. 

microprocessor-controlled, III-
101 

signal combiner, III-:~68 
signal conditioners, TV-64~ 

5V powered lmearizi:«i plat.mum 
RTD, II-650 

bridge c1rcmt, stram gauge. [ 1-85 
lmeanzed RTD, prN:1swn dPsigr1. 11-

639 
LVDT, II-338 
thermally stab1hwd PIN 

photodlode. n-:3:l0 
signal distribution arnpl1f1er. I ::m 
signal generators (~m1 f1mction 

generators; smmrl gPnemtors: 
waveform gPnPrntnr·o:;) 

signal 1111ect.ors, Jll-f)fi4 61:>5 
signal sources, crystal controlled, 11-

143 
signal rracPr, V-'.109 

thref'-m-m1P sf't: [ogi<.: probe, ~ignal 
trar.Pr. inJPetor, tv-4:.C:~ 

,;ignal strength mete.Ts, III-342. IV
lflf\ 

s1lPnt alann, V-16 
<:;J]kon-r:ontrolled ,tmplificrs (SCA), 

V-fi:35 
r.onvntf'r, \/1-151 
derndn. I 214, 11-166, II-170 
demodulator. fl-150. lll-565 
MPX-SCA receiver, 111-5:30 
snbr.arnPr adapter fm FM Luners, 

V-S::1f\ 
s1lirnn-contmlled ret:.Wkrs (SCR) 

('lff'llltS 

anrnmc:1ator, -;elf-inlcrrupiing load, 
IV-9 

chasPr, lll, l 87 
('rowhar, Il-496 
f!asl1Prs, IT 2:30. lll-H17 

rhasPr, Ill 197 
rPlaxanon, 11-2::10 
rmg rnnnter, H!-195 

flip-flop, n-:'.\67 
ful.1-wavP, P{75 
gas/smoke detPctor, lll-251 
mvertf!r am! tngger, Vl-28:J 
motor spePrl controller, VI-414 
preregulator, II-482 
proximity alann, Ill 517 
radio <".ontrnl usrng, 11<!61 
relaxation t1::,,sher, 11-2:30 
relaxation osc1llator, ill-4;.JO 
nng countf'J', fll-195 
rester, Ill-844 
rime dPlay nrcrnt with, H-670 
tnggermg sn1Ps, opucal.ly coupled. 

III-411 
switrhmg supply lor color TV, VI

!\87 
simulators 

EKG, thrPP chip, IJJ-~!50 
mrl11ctor. 11· 199 
VOR ,;1gna.ls, IV-27:J 

smP approximation circuii, Vl-323 
smP-tn-sqw.1.re wave converter, IV-

12fl, V 124. V-125, V-569. V-570 
smP-wavP converter, VI-150 
sinP-wavP clescramblcr, 11-163 
smP-wave generators, IV-505, IV-506, 

V 542, V-54:J, V-544, Vl-701 
flO Hi:, l\:-607 
audio, 11-564 
battery pmt·crcd, V-541 
LC, IV-507 
Lf IV-512 
os~illator. audio. III-559 
square-wave and, tunable osc!llatnr. 

JJJ-232 
VLF audio tone. TV-508 

sine-wave inverter, VI-28!i 
smc-wave oscillators, I-ofi, ll-fi60-570. 

III-556-559: III-fiG0, IV-fifl4-5 l !\ 
V-539-544, VI-4:J;'.~ 

1-Hz, V-542 
60-Hz, highly stable, V-fi40 
555 used as RC aud10 nsr.illat.m, 11 

567 
nd.1ust:able, II-5u8 
audio. II-562, II-fi64, fll-fii")!=I 
generacors (.~ee smP-wave 

generarors.) 
LC ooc1llator, low-frequency, JV-509 
logic gate design, VT-440 
low-d1stortton, H-!'ifi I. Vl-4!36 
one-IC auoin gf'nna.tor, 11-569 
phase-shift., amlio rangin~, IV-510 
programmahlP-frequern::y, lll-424 



rclrurnwon, modified LiJT for clean 
audio sinusoids, ll-566 

shaper, sine-wave, V-543 
sine wave shaper, ll-561 
sine/square wave TTL oscillator, IV-

512 
two-Lone generator, 11-570 
two-transistor design, IV-SOR 
variable, super low-r.hstort.1on, TTT-

558 
vcry-low-disto1t1on design, TV-S09 
volta~e-coutrolled oscillatol', V-6ofi 
Wicn-bnd~e. I 66, 1-70, U-566, IV-

510, IV-51:J, V-541 
sine-wave outvut buffer amphf1er, 1-

126 
sinc/cosme 1-1encrator 11-260 VI-700 
sine/square wave con~erter, 1-170 
sine/square wave oscillators, 1-65 

easily tuned, 1-65 
TTL design, IV-512 
tunable, 11I-2:J2 

sinks (see current sources) 
single-pulse generator, 11-175 
single-sideband ( SSll) 

commwticaliom; 
CW/SS13 product detector, lV-1 :39 
CW/SS13 receiver, V-499 
driver, low-distortion 1.6 to 30 MH,,, 

11-538 
generators, lV-32:.l 
receiver, 80-mctcr, Vl-29 
transmitter, cryst.al-conlrolled LO 

for, II-142 
sirens (see also alarms; sound 

generators), J-606, II-571, JII-560-
568 

alarm using, II-572, II-573, IV-514-
517 VJ-581-584 

7400, ir-s1s 
adjustable-rate programmable

freq11ency, III-563 
eler.tronic, IH-566, IV-515, JV-517. 

\'1-fi83 
firf' .'liren, VI-582 
generator for, II-572 
hee-haw, II-578, III-565 
high-power, Il-578 
lrnear JC, III-G64 
low-.:ost de::ngn, IV-516 
nmlt1fnnct10n system for, II-574 
ship, PlP.c-tromi::, n:r,7(i 
sonk defPnder, IV-324 
Star Tn~k rPrl alPrt, TT-/'577 
tone generator, IJ-iW3 
toy, TT-57f> 
T'l'L g,1te& m, ll-fi7fi 
two-<;tate, UT 567 
two-tone, 111-562, V1-fi84 
varying frequency warn mg alann, 

11-579 
wailing, lll-563, Vl-583 
warble-tone siren, IV-515, IV-Slfi, 

V-7, Vl-582 
whooper, IV-517 
yelp osc1llator, H-577, HI-M2 

slave-Ila.sh rngger, IV-380, IV-382 
slide li.rner, lll-444, Hl-448 
slot machine, electronic, V-211 
smart dutch, auto a.ir co11d1t1oner, m-

46 
smoke alarms ,utd detect.ors, TI-278, 

lll-246-25:3 
~as, l-:J!J2 
ionization chamber l-!J:32-:J:=i;:i 
line-operated, IV-140 - -

operated ionization type, I-596 
photoelectnc, I-595, I-596 

smffns 
heat., electronic, III-627 
rf, H-210 

snooper, FM, llI-680 
socket debugger, coprocessor, HI-104 
soil heater for plants, V-333 
soil moisture meter, III-208 
solar circuits (see 

photod1ode/photoelectrtc 
circmts) 

soldermg iron control, V-327 
soldering station, IR-controlled, IV-225 
solenoid drivers, I-265, III-571-573, 

Vl-202 
12-V latch, III-572 
hold-current limiter, III-573 
power-r.onsumption limiter, III-572 

sohrt-state rll"VIces 
ar. relay, IH-570 
eledrk fence charger, II-2O3 
h1gh-voltagP. supply, remote 

adjustable, III-48G 
hght. sources, V-282-283 
load-sensing .s-witch, V-285 
relays, III-569-570, V-505, V-506 
steppmg switch, ll-lll2 
s,vitch, line-acuvated. telephone, 

TII-ol 7 
somr df'f Pndf'r, JV-:124 
sound-activated drr.uits (.-;Re sound

OfJf'raterl drrnits) 
-,ounrl effer.ts (ser, sound gP.nerators) 
-:;ound generators (see afao burst 

generators; funrtion g~nerators, 
sirens, waveform generators), 1-
605, 11-585-593, TTT-55~-508, Hl-
575, IV-15-24, IV-518-524, 
V-394-395, V-556-567, V1-fi8.S-
592 

acoustic field ge11erato1\ V-3:38-:341 
alarm-lone generator, V-588 
amplifier, vollu;(e-controlled, TV-20 
amplifier/compressor, low-

distort10n, IV-24 
allophone, lll-7:J;J 
auilio-frcqucncy generator, V-416-

417 
audio lone gcncraLor, VLJ<', IV-508 
autodrum, II-5!.ll 
bagpipes, electronic, lll-561, lV-521 
beat-frequency, IV-;J71 
beeper, V-558 
bird chirp, 1-605, 11-588, Ill-577, Vl-

589 
bongos, Jl-587 
canary simulator, V-557 
chime generator, 11-604, IV-524 
chug-chug, IJI-576 
color organ, VI-193 
complex sound-effect generator, VI-

586 
di.al tone, I-629. III-600 
ditheru.ing circuit. digital audio use, 

IV-23 
doorbell, musical tones, IV-522 
doubler, audio-frequency doubler, 

IV-16-17 
dual-tone sounder, V-564, VI-390, 

v1-G87 
er.ho and reverb, analog delay line, 

IV-21 
ele<'tromc:, l!I-360 
envelope gemerator/modulator, II-

601 

equalizer, IV-18 
fader IV-17 
fish l~re, electronic, Vl-:J86 
frequency-shill keyer, tone-

generator test c1rcult, l-72:3 
funk box, 11-59:J 
fuzz box, 11-590, 111-575 
gun),{, electr·onic, V-56:1 
i,\uital' compl'essor, IV-firn 
g1mshot sound effect, VH>92 
harmonic genemtor, 1-24, IV-64!} 
high-frequency signal, TII-150 
hold for telephone, TT-62!3 
instrument tune-up, aucho 

~enerator, V-390 
laser pistol sound eHect 

.t(eneraLor/receiver, Vl-292 
low-level sounder, V-564 
muting circuit, Vt-:383 
noise generators, l-467, 1-468, I-469, 

IV-308, V-395, Vl-421 
octave-shifter for musical effects, 

IV-523 
one-IC dci;igrt, 11-569 
perfect pitdt circuit, V-391 
phasor sound Jsencrator, IV-52S 
pir1k noise, 1-468 
port.able, 1-625 
pulse echo driver, Vl-:380 
pulsed-Lone alarm, V -559 
quad tone oscillator, VJ-4:34 
race-car molor/cra.sh, 111-578 
robotic chatter, Vl-5!.l0-5!H 
nm-do\VI'\ clock for games, IV-205 
sound effects, 111-5i4-578 
siren, V-559, V-565, V-567 
sound-effects generator, V-565 
sound subcarrier generator, v1-358 
space-age sound machine. V-562 
spaceship alarm, V-560 
Rpeech detectors, Il-617, III-615 
Rtt'!am locomot1ve whistle. II-580. 

III-5G8 
steam tram/prop plane, H-592 
stereo system, derived center-

channeL IV-23 
snper, IlI-564 
snrf sound generator, VI-588 
synthP,nzer, TI-599, V-561 • 
telephonP r.aJl-tone generator, JV. 

!)02 
tPlephonP nnger. 11-1119 
tone hurst generator, VI-'.175 
tone hurst generator, repeater. V-

629 
tone c:hnne, V-f>fiO 
tone generators, T-604_ I-t'i2!i 
top octave generator, V-:~9~ 
Touchtone d1al-to11P, telPphone, III-

609 
trai.u chuffer, ll-588 
tremolo circuits, TH-f192-fi9fi, TV 

-,589 
tw,m~-tw.i.ng, TT-592 
Lw11-tone. 11-570, V-fi2!J, V1-!i84 
ultrasonic sound sourc,:o, IV-fiOfi 
very-low-frequency, 1-64 
vocal elirninawr, IV 19 
voice circuits, III-729-734 
waa-waa circuit, 11-590 
wailer, Vl-583 
warblin~ tone, ll-573. VI-F>82 
whistle, VJ-589 
white noise geuerators, JV-201, Vl-

705-706 
wind chimes, VI-591 
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5ound-operated crrcmts (see a.lso 
ullrasonic circuits; vmr:e
opcrated circuits), II-£i80-584, 
lll-579-580, IV-52fi-528, V-M5-
555 

amplifier, gain-controllF.d. IV-528 
color organ, II-583, U-584 
decoder, III-145 
fader, V-54[) 
flas.h triggers, 1-481, II-419, IV-:'!82 
kaleidoscope, some, V-MR-54~ 
li).;hts, 1-600, V-552 
memo alert, V-352 
noise clipper, I-39G 
relay, I-608, I-610 
sleep-mode circmt, V-547 
switch, II-581, III-580, HT-600, lll-

601, IV-526-527, V-!553, V-555, V-
590 V1-613 

ac, 11-581 
Lwo-way, I-610 
voice-operated. III-fiA0, IV-527 

speech act1V1ty detertnr, telephone, 
III-615 

voice-operated switch, TTl-580 
vox box, II-582 
whistle-activated switch, V-551 

sources (see current sources; volta~e 
sources) 

source followers 
bootstrapped, V-20 
JFET, V-20 
photodiode, III-419 

SPDT switch, ac-stat.1c, Il-612 
space-age sound machine, V-562 
space war, I-GOfi 
spaceship alann, V-560 
speaker systF.ms 

FM cami:;r r:urrent remolc, I-140 
hand-held transceiver amplifiers, 

III-39 
overload protector for. 11-16 
protection r.ircuit, V-476. V-479 
wireless, JR, TTT-272 

speakerphone, Tl-611, 111-608 
spectrum analy;.er adaplcr, 

oscillmwopes, V-424 
speech-relat.Pd circuits 

activity rtetector, 11-617, III-619 
compre.~sor, Il-15 
filtf;r 

~00 Hz-3 kHz bandpass, I-295 
set.ond-order, :J00-to-3,400 Hz, 
IV-174 

spePr.h-rar~e bandpass filter, V
IRfi 

two-section, 300-to-3,000 Hz, IV-
174 

nF.twork, 11-633 
srrambler, V-554 

spPed ab.rm, 1-95 
speed controllers (see also motor 

control), 1-450, 1-453. II-3?8, II
~79, ll-455, V-380, V-381, VI-412. 
V1-414 

ac:c:elerometer, Vl-345 
hack EMF PM, II-379 
r.assette-deck motor speed 

calibrator, IV-353 
dosed-loop, III-385 
de motor speed controller, VI-41 l 
fans, automatic, III-382 
feedback speed, I-447 
de motors, I-452, l-454, Ill-~77, m-

380, III-388, V1-415 
clc: variable, fiberoptir., ll-206 
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feedback, I-447 
fixed, III-387 
high-eff1c1enry, m-.990 
high-torque motor, T-449 
light-activated/contrnlled, l'J-247 
load-dependent, I-451 
model trams and/or c:ars, 1-4,53, l-

455, IV-338-340 
motor (see motor controls, 

tachometers) 
power tool torqnF., I-4fl8 
P\V.M. Il-376, Ill-380, V 381 
radio-controlled, f-576 
series-wound motor<;. 1-448, 11-456 
shunt-wound motors, 11-456 
stepper motors, direction and 

speed controL IV 350 
switched-morlf', lll-!384 
tachometers, J-94, l-100, l-102, II-

175, III-~35, 111-:340, Jll-34 7, V1-
98, VI-298, Vl-371 
analog rnadout., IV-i8o 
calibrated, 111-598 
closed loop f Pedback control, II-
390 

digital readout, 11-61, lll-45, IV-
268-269, IV-278 

dwell meter/tachometer, III-45 
feedbar:k control, 11-378, ll-390 
frequenr.y rount.er, 1-310 
low-frPq111,ncy, 111-596 
rrunimmn-r.omponent design, I-
40/i 

motor .spPPd controllers, II-378. II-
389 

opt1r:al pick-up, Hl-347 
.<.F.t point, JJJ-47 

rarl1ometerless, III-386, IV-349 
tool.'> allC! appliarwcs. 1-446 
urnvf'rsal motors, I-457, II-451 

spPP.cl warni11,1s devu:c, I-06, I-101 
spPPdometers, bicycle, IV-271, IV-282 
sphtt.Prs, lll-581-582 

hatt.ery, IH-66 
phase, precision, III-582 
prPdsion phase. 1-477 
voltage. 111-738, III-743 
wic!Pband, 111-582 

squarPr, precision, I-615 
square-root cin:uil, VI-319, VI-320, 

Vl-322 
sqnare-wave generators, II-594-600, 

TTJ.58:3-585, IV-529-536, V-Glif!-
570. Vl-51f3-504 

l kllz, IV-536 
2 Mllz usmg two TTL gates, II-f198 
10-llz to 10-kHz VCO, V-/"i70 
60-Hz, V-56!.l 
555 timer, II-595 
astablc circuit, II-597, fV-fi34 
CMOS 555 astable, trnF. rail-to-rail, 

11-596 
duty-cycle multlVlbrator, TTI-50-

pcrccnt, III-584 
four-decade design. IV-535 
high-current oscillator, III-fi8fi 
line frequency, II-599 
low-frequency TTL oscillator, IT-595 
muluburst generator, II-88 
multivibrator, IV-:"i36 
oscillators, I-613-ol4, 11-597, 11-616, 

IV-532, IV-533, V-fi69 
0.5 Hz, I-616 
I kHz, I-612 
frequency douhlf'rl out.put, 11-596 

phase-tracking, t.hreP-phase, U-598 

pulsf! extraPtor, 111-584 
quadrature-outputs oscillator, III-

58S 
Schnutt trigge1·, V-569, V-570 
sme-wavP anrl, tunal.Jle oscillator, 

III-232 
sine-to-square wave converter, V-

569 V-570 
three-phase, H-n00 
tone-bnrst generator, siI\,itlc timer 

IC, II-89 
trianglf!-wavp and, Ul-2:J9 

precision, 111-242 
programmable, 111-225 
"'1idf!-range, JII-242 

TTL, LST'f'L, CMOS dcsi>lns, IV
/i30-fi:"i2 

variahlP duty-cycle, IV-533 
variahhdrequency, IV-535, V-570 

squarn wave oscillator, VI-445 
astahle multiviurator and, V-386 

sqnarP-to-sme wave converters, III-
118 

squelch circuits, ll-394 
AM/FM, I-547 
FM scanner noise squelch, VI-579 
voicP-adivated circuits, IV-624 

sqmh firmg circuits, 11-357 
stah1l!zers, fixed power supplies, IV

m:n, TV-406 
st.airr:ase generalors.(see also 

function generators; waveform 
gPnetatorn), 1-730, II-601-602, III-
586-588, lV-443-447, Vl-595-599 

frnP-runnirlJ,(, VI-598 
stepped triar~le wave, VI-596 
11p-down slaircase, V1-599 
Vldeo staircase generator, V1-:i97 

stand-by power supply, non-volatile 
CMOS RAMs, II-477 

5tandard, precision calibration, I-406 
standard-cell amplifier, saturated, II-

2!:l6 
standiIIJ,l wave ratio (SWR) 

detccLor adapter, audible ~ignal, Vl-
25 

meter, IV-269 
power meter, I-16 
QHP bri~e, IIl-336 
warnir~ indicator, I-22 

Star Trek red alert siren, ll-S77 
start-and-run motor circuit, fff-882 
stale-of-charge indicator, lithium 

battery, II-78 
state-variable filters, 11-215, Hf-189, 

Vl-209 
multiple outputs, III-HJO 
second-order, l kHz, Q/10, r.29:3 
single 3.3-V supply, 4-polP, Vl-216 
universal, I-290 

otatic detector, IV-276 
slcam locomot.tve souncl pffec:ts, H-

589, II-592, III-fl6R 
step-up switching reguL'ltor, 6V 

battery, II-78 
slcp-up/step-down dc-rlc converters, 

HI-118 
stepper motors (sBe ol.rn motor 

control circuits), V-571-573, VI-
600-602 

direction control, IV-350 
drivers, 11-376, JJ-890 

bipolar, V-572 
FET-based. V-573 
half-step, IV-;349 
quarter-step, IV-350 



rlual clock cJrrmt, V-G73 
encoder circuit, Vf-602 
pul~f' gPnf'rator, Vf-601 
~haft P.m:orlf'r usP., Vf-601 
spef'o and rurection, fV-3GO 

fit.eppmg sW1tch, soltrl state, 11-612 
,<;tereo/phonograph (tu-fi) circmts, V

G74-G811 
aronstk fielrl generator, V-338-341 
amplif1f'rn, T-77, f-80-81, 1-89, l-070, 

11-9, JJ-1;1, II-1S, III-;34, III-37, III
:18, IV-29, IV-3ri, fV-36, IV-66, VI-
7f) 

has8 tonf' control, V-G81 
mini-stneo amphfler, V-;i83 

audio levf'I mi:,t.f'r, IV-::U0 
aurho power amplifiers, V-40, V-18, 

VT-90 
audio power mf't,er, TV-306 
audio signal amphf'in, V-58 
baJance circrnt,,, 1-618-619, 11-603-

605, V-58:3 
booster amplifier fm car i-tf'mo, V-

72 
compande1·, ll-12, lll-93, lll-95 
expander, If. 13, lll-93, JJJ-95, V-582 
decoder&, TT-18, H-167-169, VT-170 
dernodulat.ors, T-544, TT-l59 
derived center channel st:Preo 

system. rv 2:3 
FM bug, Vl-662 
FM stereo transmitter, V !575, V-

580, VI-662 
frequern:y decode!', ll-169 
frequency division multiplex, H-169 
level display circuit, Vl-190 
lme driver, VI-Hl8 
loudspcuker prolceto1 drcuit, V-

48:.J 
mixers, 1-55, IV-:J:..!::l 
power mclcr, 111-:.J:Jl 
preampWicrs, 1-!.lO, 1-!.Jl, ll-4!J, 11-45, 

m-:n, III-571, 111-67:J, 1V-:J5, lV-
36, V-581, V-584, VJ-7!J 

reception indicator, IU-;.>,69 
rcvcrb sysLcms, 1-602, 1-606, 11-9 
RIAA phono amplifier, Vl-89 
speaker driver, TTL-based, Vl-l\:19 
speaker protection circml, V-476, 

V-479 
TDM decoder, II-168 
test circuits, I-618-619, lll-269, Hl-

331, IV-306, IV-:310 
tone control circuit, lugh-Z inpul, 1-

676 -
TV-stereo decoder, II-167, V-576-

579. V-580 
volume limiter, VI-376 

stethoscope for automobiles. Vl-05 
stimulator, constant-current, III-352 
-stimulus isolator, III-351 
stop light, garage, II-53 
stram gauges, VI-336 

bndge excitation, lI1-71 
bndge signal conditioner, II-85 
instrumentation arnpb.fier, III-280 

strobe circuits, II-606-610, VI-468 
alarm system, V-6-7 
disco-, ll-610 
high-voltage power supplies, IV-

11:3 
safety flare, 11-608 
tone burst generar.or, II-90 
trip switch, sound activated, I-483 
variable strobe, lll-589-590 

stud finder. III-:38H 

subharmonic frequencies, cryslal-
stabilized IC timer, 11-161 

subtract.or circuit, IU-327 
subwoofer amplifier, V-49, V-50 
successive-approximation AID 

converter, 1-46, II-24, Il-30 
summing amplifiers, I-37, III-16 

fast act.ion, J-36 
inverting. V-18, V-20 
precision design, I-36 
video, clamping circuU and, lll-710 

sun tracker, III-318 
superheterodyne receivers, Vl-553 

3.5-to-10 MHz, IV-450-451 
amateur radio, four-stage 75-mctcr, 

VI-21 
supply rails, current sensing m, II-153 
suppressed-carrier, double-sideband, 

modulator, III-377 
sweep generators (see also function 

generators. waveform 
generators), VI-238-241 

10.7 MHz, I-472 
add-on triggered, I-4 72 
osc1lloscope-triggered, III-438 

switches and switclung circuits, II
ull-612 III-591-594 IV-537 V-
585-593'. VI-603-6u' , 

.ac sw1tches, IIl-408. IV-387 
ac power SWltch, V-112, V-115 
analog switches, I-621, I-622, m-

fi98, VI-fi04, vl-607, VI-609, Vl-
61-1. 

antt"nna selector, electroruc.1V
fi~8-fi~9 

audio switch, e1ght-r.hannel. V-588-
fl89 

audio-rnnt.rnllf'rl sv.1tch, V-G90, VI
f\18 

aurl10/V1clPo S\\1t.r.her drr.nit, TV-
540-541 

auto off power ~\V1t.rh, \1-fi 11 
auto-repeat S'Wltrh, hmmr.P-frf'e, rv-

,"i45 
bandsw1tchmg fnl' rPr.f'lVPr, VI-fl08 
b1d1rPct.mnal rf'lav smtch. IV-172 
bistable S'>llitr.h, mRrhani~ally 

controlled, W-Mfi 
closure c1rcrnt., Vl-182 
contact, l-136 
co11trnller, l ll-!~83 
d.i.rk-activat.ed, V 274, V-27f\ 
de comrolled, V-586, V-592 
de sLatie, ll-!367 
debo1mcer~, lll-592, IV-105, TV- lOo, 

IV-108 V-!Jl6 VI-387 VT-61::l VJ-
614 ' ' ' . ' 

delay, auto courtesy l~ht, 111-42 
delav Cll'CUlL for switch OIL Vl-611 
dirmner switches, l-369, 11-309, IV-

247, [V-249 
800 W, ll-:J09 
de lamp, 11-307 
four-quadrant, lV-248-24~ 
halo/,\cn l,unps, 111-!JOO 
headlight, 11-57, H-6!J 
low-cost i-:J7:J 
sofl-slarl, 800-W, l-!J76, lll-!3021 
tandem, ll-:J12 
triac, 1-375, n-:J10, m-:JO:J 

DTL-TTL controlled buffered 
analog, 1-621 

fa:x/telephonc switch, IV-552-55:J 
FET. de conlrollcd, V-5!)2 
FET dual-trace (oscilloscope), 11-

432 

nex sv..itelt, alarm sounder cirnnt, 
V-15 

frequency <;witchel'loscillators, V-
418 

Hall-effect, Ill 257, TV-539 
headlight 5witchrng cirr·mt., V-7:i 
hexFE'I' S¼1tch, V-592. V-f)9~, vl-

612 
high frequency, J-622 
high-51cle power control s .. 'ltch, :i V 

~upply, IV-384, JV-885 
inlrared-activated, rv 34fi 
inverter, analog, Vl-604 
IR-controlled All:! <;wit.ch, V-225 
isolated switch, v 1-604 
kill-switd I for battenes, V -71-72 
latchin~, SCH-re[Jlacing, 111-593 
li;ihl-operated, 11-320, lll-814. V-

274, V-278 
at\justable, 1-362 
capacitance sV1-1.tdt, 1-132 
light-controlled, ll-!320, lll-314 
photodcclnc, 11-3:H, 11-:326. lJl
!319 
sclf-latdtirij.;1 V-278 
sohrr lr.iggcrcd, lll-318 
zero-point tri<tc, ll-311 

load-iliscorn1cd switch, V-591 
load-sensin.'{, solid-state, V-285 
mercury-switch till detcclor, V-:302 
MOSFET powlT control switch, JV-

386 
multiplexer, low oulimL imµedancl', 

Vl-605 
on/off U\Vcrtcr, Ill-584 
on/off switch, 1-577, II-359, lV-54:J, 

IV-546. \11-612 
optical safety-circmt sW1lch, V-40!.l 
optically coupled, III-408, III-410 
oscillator-triggered switch, V-590, 

VI-606 
over-temperature s,,.,itch, IV-571 
photocell memory. ac power 

control, I-363 
photoelectric, II-321. 11-326 
PIN d10de switch, VI-60[) 
proxirruty, III-517 
push on/off, II-350 
pushhutt.on power control switch. 

IV-388 
remore switches, 1-577, I-630. V-

f>92 
r.,ststor PIN-dJ.ode swltch, VI-608 
rf switr.hl'S, 111-861, III-592 
RON rnmpi>nsator, op amp and 

analog ~witch, VI-G05 
rotary swttr:h, BCD digital, V-160 
saf Pty swttr:h, V-!i89 
sat.P.llitf' TV aurlio s~1tcher, IV-543 
senes/slmnt PlN-rl1ort.- RF switch, 

Vl-610 
.~hunt PTN-rliorlP sv.1tch, v1-G07 
.~olar-tnggnerl, lll-318 
!.nhd-statP stepping, II-fi12 
~nnar tr.ansrlucn/, IH-703 
~01mcl-.1.ctivat.Prl, 1-fiIO, II-581, III-

fi80, TIT-oOO, TJJ-fi0l, IV-fi2fi-527. 
V-,'io:1, V-fiE;F), V-fi90 

speed, 1-104 
SPDT, ar-static, 11-fil2 
~witch mg controller, fff-88,1 
temperature control, low-power, 

,.ero-volt;1ge, ll-n40 
Uwrmostatic, for auto fan. V-fi8 
tone switch, narrowband. TV-542 
touch swildtes, 1-1!3 l, 1-135- l ,'36. TT-
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switches and SW1tchmg drcrnt.s 
continued 

600-693, III-GGl-fiflG, JV-fif.10-594, 
V-270 

touchomatic. II-693 
TR switch for antennas, a11tomat1r., 

V-'.J7 
transceiver T/R switch. VI-GIO 
triac switches, I-623, II<Hl, IV-2fi3 
two-channel, I-623 
lwo-v,-dy switch ,virmg, V-rim 
ultrasonic, I-683 
under-temperature switr.h, lV-f170 
VHF/UHF diode rf sV<iitch, IV-M4 
video switches, III-719, III-72G, m-

727, III-728, IV-618-621, V-f>87, 
V1-680 

video/audio switch, V-!i86 
voice-operated, I-608, IIT-fi80, IV 

527, V-553 
wlustle-activated switch, V-fi51 
wiring for two-w·ay switr.h, V-591 
zero crossing, I-732, \,1-606 
zero point, I-373, II-311 
zero-voltage switchmg, T-623, 111-

410, HI-412 
switched-mode power snpphes, H-

470, III-458, Vl-179 
24- to 3.3-V, V-462 
5- to 3.3-V, V-462 
50 W. off-lme; III-47:l 
100 kHz. multiplP-011t.pur, 111-488 
colorTVrece1vPr, SCH, V!-487 
control crrcmts. V1-Ml4 
converter, V-161 
synchronous steprlown regulator, 

V-4u8 
voltagP n~gnlator-, for switched 

snpplies, V-4fi:3, \il-484 
3 A, III-472 
G V, fl A, 25 kHz, separnte 
ultrastable reference, I-497 
fi A vanable outpuL, 1-513 
200 kHz, T-491 
apph(:at1on circuit, !JW, 1-402 
ftxnl pn,wr supplies, 3 A, IV-408 
high-rurrent inductorless, IU-476 
low-power, lll-490 
m11lt1pll:' output MPU, I-513 
posmve, 1-498 
c;tep clown.1-49:J 
step-up, oV baLLcry, II-78 

r:onve,ter, +50\/ push pull, I-494 
mverter, 500 kHz, 12 V, II-474 
power amplifier, 1-33 

sv,irched ~hi, capacitance, I-132 
switchiug/rnixing, silent audio. l-G9 
sync circuits, V-504-595. VI-615-618 

comLiner, V-505 
g,_1,Li11}<( drcmt, V-505 
PLD synchroruzes asynchronous 

inputs, VI-616 
separators, III-715, IV-GHi 
stretcher circuit, VI-618 
sync Lip de restorer, Vl-(i17 

synthesizers (see also musical 
circwls; sound generators) 

four-charu,el, I-603 
frequency, programmablt" voitagP

conlrolled, II-265 
music, I-500 

T 
tachometers, I-94, 1-100, I-102, II 175, 

Ill-335, 111-340, III-347, V-65, V-
596-598, V[-98, VT-298, VT :171 
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adapLcr, VI-208 
mtalog readout, IV-280, V-597-fi9R 
calibrated, III-598 
dosed loop feedback control, II-390 
~ital readout. 11-61, III-45, IV-268-

269, IV-278 
dwell meter/tachometer, IU-45 
feedback control, II-378, II-390 
frequency counter, I-310 
low-frequency, HI-596 
minimum-component design, 1-40:i 
motor speed controllers, II-378, ll-

!J89 
oplical pick-up, III-347 
sel point, III-47 
si,l.(11al-cunditioning circuit, VI-98 

tandem dimmer, II-312 
tap, telephone, III-622 
tapc·-recorder circuits, I-21, I-419, HI-

599-601 IV-54 7 -548 
amplifiers,' I-GO, IV-36 
audio-powered controller, IV-ri48 
auton:1atic tape-recording s·witch, 1-

21, U-21 
automotive-battery power cirr.uit, 

[V-548 
c:assctlc-deck motor sp-eed 

calibrator, IV-353 
ext.ended-play circmt, Ill-ODO 
flat-response amplifier, III-07'.1 
inLcrface for, II-u14 
personal message rerorrlPT, V-330-

331 
playback amphf1er, III-672, IV-3f\ 
position ind1cator/controllPr, TT-615 
preamphf1er, [-90 
sound-act1vatt'!d swit.rl1. lll 600, lll-

601 
starter SVl'ltch, t.PlPphone-adivated, 

I-632 
telephone-ar.ti'vatecl starter switch, 

I-632, II-622, HI 616 
telephonP-to-cassette interface, lll

(i18 
teltccom convertf'r -48 tu +5 Vat 1 A, 

V-172 
telemt?try dPmoclulator, l-229 
telephonP-rPlat.ed circults (see also 

intprr.oms). ll-616-635, lll-602-
622, IV-M9 ,564, V-599-615, Vl-
6Hl-fi28 

alann dia.lt>r, V-612 
amphlier, 111-621, IV-560, V-614 
answel'rng machine beeper, IV-550 
a11t.n answer and rin,K indicator, 1-

6:3!) 
automatic record.mg device, II-622 
basic telephone circuit. V-615 
bell simulator, V-604 
Rell System 202 data encoder, VJ-

625 
bl mkin~ phone liJ;(ht monitor, II-624, 

ll-629 
call-to1te gcnernLor, IV-562 
call n~slrictor, VI-622 
caller lU, V-61:J, VI-621 
cassette Interface. 111-618 
conve1icr, ultra low-power for 

personul communications, VI-1Gfi 
de(:odcr, Louch-tone, IV-555 
dial pulse indicator, III-613 
dial-tone circuit, 5-V, V-610 
dialed-phone number vocalizer, III-

7:Jl 
dialer 

emergency dialer, V-603 
pulse/Lone. si~le-ch1p, III-f\03 

dual tone <lccodin~, II-620 
duplex audio fuik, IV-554 
duplex fute amplifier, III-616 
eavesdropper, wireless, III-620 
emerge11cy ilialer, V-603 
fax• machine s\\-1.Lch, rcrnote

r:ontmlled, IV-552-553 
flashers, 11-629 

phone-messa,<c, IV-656 
tf'll-a"bell, IV-558 
visual ring inilicator, IV-55D, IV
fi61 

t'requency 1.wll volume controller, II-
02:1 

hands-free telephone, III-605 
handset e1tcodcr, 1-634, III-613 
helper/simulaLor, V1-627 
hold button, ll-628. III-612 
hold circuit, V-614, VI-624, V1-628 
in-use indicator, II-629, IV-560, IV-

56:J V-602 
interc~m, IV-557, V-230, V-240 
interface 

.:iudio, V-612, Vl-625 
FCC Part 68, V-613 
for phone-line, V-605 

light for, 11-625 
hne interface, aulopatch, I-635 
!me monitor, 1-628 
line simulator, VI-627 
line tester. V-615, V1-620 
message-Laker, IV-563 
monitors, I-625, II-626 
musical hold, II-623, V-601, V-

605 
musical ringer, ff-619 
nigh~ light, telephone controllecl. 

111-604 
off-hook indicator. I-63.q 
opt.oisolator status momtor, I-f\2fi 
pager, V-609, V-611 
parallei connect10n, rrr-fil 1 
personal message rf'r.order, V-380 

331 
piezoelectnr ringer, T-fi~Hi 
power switch, ac, IV-flGO 
preamp. transistor RIAA for 

magnetic cartndges, Vl-76 
pulse-rualing, III-fi 1 o 
recording ealls, T-632, III-616, f\i-

553, IV-fi:iR, V-600, Vl-626 
redial, III-GOfi 
relay, l-G81 
remote rnorntor fnr, II 626 
repeater, TTT-607 
repertory clialPr, lme powered, 1-

f\~3 
nng amplifier. V\-624, Vl-626 
ring ronvPrtn, V-602 
ring <M.Pctors, 11-62:J, UL-611, m

orn. IV 564, Vl-628 
rmg mrlicatnr, V-604 
rmgns, IV ,'\56, V-600 

f'Xt.Pnsinn-pho11e ri11,l{er, IV-561 
high-isolat.lnn, 11-625 
mnlt.1-t.onP, remote 
programmable, ll-634 

m11s1cal, H-619 
p1ezoelPct.ric, 1-6:36 
pl11g-m, remote, 11-627 
rf'lay, Hl-606 
rf'motP, II 627, lll-614, IV-562 
tonP, T-627, 1-628, 11-6:Jo, 11-631 

sr.rambler, Il-618, V-608, Vl-623 
se!'les connectmn, lll-609 
silPncer, lV-557 
sound level meter monitor, llI-614 



speaker amphfler, IV-555 
spea..lcerphone, II-632, III-608 
speakerphone adapter, V-60ll-G07 
speech act!Vlty detector, II-617, III-

ul5 
speech nern·ork, 11-633 
status monitor using optoisolator, 1-

626 
switch, solid-state, line-activated, 

III-617 
tap, III-622 
tape-recorder starter controlled by, 

1-632 
telecom converter -48 to +5 V at l 

A, V-472 
timer, tele-timer, V-623 
toll-totalizer, IV-551 
tone-dialing, III-607 
tone ringers, I-627. I-628, II-630, II-

631 
Touchtone generator, III-609 
touch-tone decoder, IV-555 
vocalizer. dialed-phone number, III-

731 
voice-mail alert, V-607 

teleprinter loop supply, Vl-497 
teie'vision (see amalcur lclcvision; 

video circuits) 
temperature-related circuils (see 

also thermometers), I-641-643, I-
648, I-657. 11-645, III-629-631, IV-
565-572 V-616-620 VI-620-64 7 

0-50 C, fo~r-channel t~mperature, 
-I-648 

AID converter for temperature 
measurement. VI-234-235, vl-634 

absolute temperature log. with RS-
232, VI-636 

alarms, II-4. II-643, II-644, V-9 
amplifier, precision RTD. for +5 V, 

VI-643 
auromonve water-temperature 

gauge, II-56, IV-44, IV-48 
body-hear detector, VI-266 
hmler temperature control, I-638 
compensation ad.Juster, V-617 
control c1rcwts, I-641-643, II-636-

644, III-623-628, IV-567, VI-631, 
VI-Ci11, VI-646 
defrost cycle, IV-G66 
heatn element II-o12 
heater prot.Pr.tor. servo-sensed, 
TTT-024 

heat sniffer, Pler.tronic, JJJ-1127 
liqrnd-level m,1nitor, TT-ii4::l 
low-power, zno-voltage sv.itch, 
11-640 
piezoelectric fan- based, JJJ-627 
proportional. 111-626 
si}.l1tal conditioner·s. 11-6:39 
single ::.etpoint, l-641 
thermocoupled, IV-567 
zero-po mt switch lng, 111-624 

conve1ters 
log,mth111ic, \i 127 
t emperat.ure-to-di,isital, V- 12:3 
l cmµerature-to-freq uency, 1-168, 
1-646, 1-656, 11-651-65:J, V-121 
lempcrnture-to-timc, lll-6:J2-6:J:J 

cool-down circuit for amplifiers, V-
354, y.:357 

defrost c_vdc and eonlrol, IY-566 
diffcrcntml lcmpcralurc, 1-6,54, 1-

655, vl-645 
flame lcmpcralurc, 111-:Jl:J 
freeze-up sensor, Vl-647 

furnace fuel miser, V-328-329 
heater control, 1-639, I-640. II-642, 

III-624, vl-632 
heat srnffer, III-627 
hi/lo sensor, 11-650 
hook.sensor on 4- to 20-mA loop, V-

618 
IC temperature, 1-64!.l 
indicator, ll-56. IV-570 
isolated tcrnpcralure, I-651 
LCD contrast temperature 

compensator, vl-H.l5 
logarithmic converter, V-127 
low-temperature sensor, V-6H.l 
measuring c1rcmt/sensors, II-653. 

IV-572 
meters/monitors, I-647. III-206, IV-

569 
op amp, temp-compensated 

breakpoint. V-401 
oscillators, icmpcraiurc-conlrollcd, 

I-187. 11-427, III-137 
over-Lcmpcralurc switch, lV-571 
ovcr/ur1dcr sensor. dtwl oulpui, 11-

646 
proporlimw.l lcmpcralure 

conlrolkr, Vl-6:J:J 
pyrometer, oploelccLronic, Vl-640 
regulator, zcro-vollagc swiLdiing, 

VI-647 
remote sensors. I-649, 1-654. V-6Hl 
room temperature display, bar 

graph, vl-641 
sensors. I-648, 1-657, II-645-650, lll-

629-6:31. IV-568-572, V-6Hl 
-50 to 300 F, single supply, VI-6'.J8 
0-50-degree C four channel, 1-648 
0-63 degrees C, III-631 
5 V powered linearized platinum 
RTD signal conchtioner, II-650 

automotive-temperature 
indicator. PTC thermistor, II-56 
Centigrade thermometer, II-648 
coefficient resistor, positive, I-657 
differential, I-654, I-655 
full-range Fahrenheit, vl-643 
output referenced to ground, two
wire, vl-638 
over/under, dual output. II-646 
DVM interface, II-64 7 
hi/1.o, 11-uGO 
mtegrated circmt, I-649 
rnolated, I-u51, III-631 
low-temperature, V-619 
rf'mote, I-fi49. I-fifi4, V-fi19, VI
fi:'l8 

srnl heater for plants, V-:'l~3 
soldenng ir011 r.ontrol, V-::l27 
thermal monitor, IV-fi69 
thern1oc011ple amplifier, r,olrl 
junction compE'n sat1on, II -649 
therniocouple multiplex syst.Pm, 
111 630 

1.e rn-cross1 ng detector, I-7,q3 
5ignal eond1t10ners, TT-f\89 
5ingle-setpomt, tempnature, 1-f\4 l 
temperature to chg1tal convE'rter, V 

12!3, Vi-646 
lemJJerature-to-rrequency 

com,e1ter, J-168, 1-646, 1-656, 11-
651-65!3, V-12L VJ-6!39 

lcmJ.JL'ralure-tu-time conve1ters, lll
tK!2-6!3:J 

U1e11nocouµle::, 
u.mµWicr, cold junction 
comprnsalion. 11-64!.l, Vl-6:.15, Vl-

642, VI-644 
control, IV-567 
multiplex system, III-630 

thennometers (see thennometers) 
thermostat (see thermostats) 
thermostatic fan switch. V-68 
thermost.atic relay circuit, \1-643, 

Vl-645 
transconduccr, 1-646, I-64!.l 
undcr-lcmpcralurc S"wilch, IV-570 
zero-crossing dclcclor, I-733 

lemperaturc-lo-frcqucnc:v converter, 
I-168. I-656, Il-651-653, Vl-639 

temperature-to-frequency 
transconduccr, l.iJ1ca.r, 1-646 

lemperalurc-lo-limc converters, III-
632-6:J3 

ten-band. graphic cqruilizcr, active 
filler, II-684 

Tesla colls, III-6:34-636 
lcsl bench ampWier, V-26 
lcsl circuits (see measurcmcnl/lcsl 

circuils) 
lcxl adder, COillJJOSlle-video swim, 

lll-716 
U1cremir1s, ll-654-656 

digilal, 11-6,56 
dcclroJtic, U-655 

thermal flow meter, low-rate flow, 111-
20:J 

lhermocouplcs, 11-64!.l, Vl-6:J5, Vl-
642, Vl-644 

mnpWicrs, l-:J55, 1-654, 11-14. II-649 
digilru thcnnomcLer using, 11-658 
multiplex, lemµcrature sensor 

syslcm, lll-6:J0 
pre-amp using, lll-283 

thermomclcrs (see also temperature
related circuils), II-657-662, III-
637-64:J, IV-57:J-577 

0-50 degree F, 1-656 
0-100 degree C, I-656 
1.5-V. VI-6'.37 
5-V operation, V-617 
adapter, III-642 
add-on for DMM digital voltmeter. 

III-640 
centigrade. 1-655, II-648, II-662 

calibrated, 1-650 
ground-referred, 1-657 

dl.fferential. 1-652, II-661, III-638, 
VI-640 

dlgltal, I-651, I-658, V-618, \-1-637 
temperature-reportmg. III-638 
thermocouple, 11-658 
µP t.ontrolled, 1-650 

ele,tronit.. II-ofi0, III-!i39, fV-!i7:i, 
IV-57fi 

FahrPnhe1t, I-fiS8 
gronrni-refnrecl, 1-fi:ifi 

high-accmar.y design. TV-S77 
nnplantable/ingestihlf', III-041 
Kelvm, T-iifi:'l. I-65f>, Tl-661 
hnrar. III-ii42, IV-fi74 
low-pown, 1-655 
mf't.f'r. trimmed 011t.p11t, 1-Ni:i 
remote, II-6f>9 
smgle-ck supply, fV-57fi 
var·1able offset, T-652 

tilermostars, I 6!39, l-640. V f\O, VI 
6:30 

third-overtone oscillator, I- l 80, IV 
12:3 

tltrce-i.It-one rest set 111-330 
thrce-minu[e ti.Iner, 111-654 
Lhrce-rnil power supply, lll-466 
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threshold rletPetors, precision, lll-157 
tilt meter, IT-663-666, 111-644--646 

rlifferentia.l ca_padtancc 
measurement cucuil, II-665 

merc:ur,y-s¼itch, V-:Jm 
fiP!lSf'·Ot'--slope. 11-664 
11ltra-snnple level, 11-666 

timP bases 
("rystal osrillatol', 111-1:J:J, JV-1~8. V

rn7, V-189 
f1m("tion gener·atorn, l Hz, 

readout/cowrter applicaUons, IV-
201 

oscilloscopes timebase generator, 
V-425 

trigger seledor for oscilloscopes 
timebase, V-425 

rnne constants, operational 
a.mpliliers, RC L11ne constants. VI-
426 

tune delay&, 1-668, 11-220, 11-667-670. 
ITT-647-649 

rirruiL precision solid sLaLc, I-664 
constant current dw.rg.mg, 11-668 
elPrtrnrnc, !11-648 
genPrat.or, T 218 
honr samphng c1rc.uit, H-668 
integrator to multiply 555 limcrs, 

low-c:ost, H-669 
Jong-rl11ratw11, f-220 
motor controller, Vl-41:J 
rPlay. 1-219, l-66!J 

timmg thrP-shold aml load dnvcr, H
n70, HT-648 

timP rl1vis10n multiplex sLerco 
ctf'coder, 11- l68 

timPrs (.soo also 555 timer circuits), 
f-666, I 668, 11-671-681, III-650-
fi55, lV-578-586, V-621-6'27, VI
fi48-fi50 

0.1 to f:lO second, I-66:J 
2- t.o 2000 minute, V-624 
f>flf\-basPri alarm, V -11 
741 t1mf'r, 1-667 
a('. linP/timer interface, Vl-281 
adjnstahlP, JI 681, lV-585 
alarm, ll-674, Vl-649 
appliance-cutoff timer, IV-583 
CMOS, programmable precision, HI-

fif\2 
cmmtrlown, V-627 
darkroom, I-480, V-4:J6 
elapsr;d t1me/counter timer, 11-680 
elect.rornr egg, l-665 
enlarger t.1mer, Il-446, III-445 
Pxtended on-tune, V-627 
TG, ('.rystal-stab1l.ihed, 11-151 
intP1val, programm.tbk, 1-660, H-

o78 
lamp timer, Vl-649 
long-delay, 1-219, V-626 
long-d11rat1on, 11-675, JV-585 
long-mterval, I-667, IV-581, IV-582 
long-pn1od, V-624, VJ-650 
long-term, ll-fi72, 111-65:J 
mains-powered, TV-579 
mm11tP marker, Vl-837 
moh1lP ra.cho on-alarm Li.mer, Vl-32 
one-shot, ll-266, 111-317, lll-654 
phorographic, 1-485 

darkroom enlarger, lll-445 
photo-event tnner. JV-379 

r;,artion timer, game circmL, IV-204 
rPflP.x tm1er, V-622 
RGR rles1gn, IV-583 
self-ret.riggering timed-on 
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generator. V-34:1 
sequential. 1-661-6!12, I-flfi::J, HT-6flL 

V-623 
slide-show, III-'114, IIJ-448 
sohd-state, industnal applwations, 

i-664 
tele-t,imer, V-623 
ten-rrunute ID t1mer, TV-SR4 
three-minute, III-!i51 
three-stage sequential, V-fi2:3 
thumbwheel-tYJ)!\ programmable 

interval. 1-fifiO 
time-out r'.ir<'.mt, JV-fl80, TV-586 
triangle-wave genPrator, hnear, 111-

222 
vartahle rluty-cyrle output, lll-240 
voltage-c:ontrollPrl, programnw.l.Jle, 

II-fi76 
washer, 1-668 
watch tick nmPr, V-292 
watchdog timer/alarm, IV-584 
\11,ide-range, V-1-mnmtP tn 400 

hours, V-02:i 
timmg light, ignition, H-fiO 
tnmng threshold and loarl dnver, Ill 

648 
tone alert decoder, 1-213 
tone annunciator, transformPrless, 

III-27-28 
tone burst generators, T-f\04, ll-9fL 

III-74 
tone Cll'Ct11ts (see fnnrtion 

generators, sonnrl gPnPrarni·s) 
tone controls (see also smmrl 

generators), I-fi77, H-fi82-fi89, HI 
656-660. IV-G87-G8B, V-;1;'.l4, v 
630-631, VI-6:il-fifi,'1 

500-Hz. III-lfi1 
active controL IV-fi88 
amateur radio amplifiPr controls, 

1 2-kW 144-MHz, VT- Hl 
aud10 ampbfair, II-68fi 
automatic level control (Ali-:), V 

60-62 
bass, 1-670. V-G81, V-681, Vl-f\52 
bass and treble, f-671, V-621, vr-

653 
Baxandall tone-control anrlio 

amphf1er, IV-G88 
decibel level deter.tors, lll- I fl4 
equalizers, 11-681, HI-fif\8 
filter c1rcmt, V-1 kHz, V-rnl 
gmtar treble boo8ter, TT-fi8;:J 
high-quality, 1-675 
hi,gh-z mput, hi fi, I-fi7fi 
level meters, sound lPvPls, TH-.'346, 

III-614, IV-305, TV-807 
loudness, II-46 
microphone preamp, 1-67!\ H-687 
mixer preamp, I-G8 
passive circuit, II-fi8Q 
preamphfiers, I-f'i8, f-67:1, l-f\75, !t-

687, II-688, III-657 
rumble/scratch filter, III-660 
stereo level display circuit, VI- 190 
stereo preamp with tone control. V 

581 
three-band active, I-67fi, fll-fif18 
three-channel, 1-672 
tone detector, 15-kHz, Vl-181 
trebel control, V-631, VI-fif>2 
tremolo circrnt, IV-589 
volume limiter, V-G9, Vl-:176 
Wien-bridge filter, lll-659 

tone decoders. I-231, III-148, Vl-170 
dual time con8r.ant, fl-1 fifi 

24 percenl bandwidth, I-215 
relay ouLpuL, 1-213 
tone-dial decoder, I-630, I-631 

tone deLedors, 500-Hz, III-154 
tcme-dial generator, I-629 
tom'-Liialin~ telephone, III-607 
tone encoder, I-67 

~UbitUUtllle, 1-23 
tone-dial encodcr;·r-629 
two-wire, ll-:J64 

tone gencraLors (see sound 
gcneralors) 

Lone probe, digital IC testing V1,ith, 11-
504 

Lone ringer, telephone, 11-630, II-631 
LoLem-polc driver, bootstrappmg, m-

175 
Louch switches, I-131, I-135-130, 1-

137, 11-6!l0-693, III-661-665, IV-
5!.l0-594, V-632-635, VI-6G4-657 

CMOS, 1-137 
llisLablc multivibrator, touch

lrlja\gered, I-133 
bridgi.I1g Louch plate sensor, V-u34 
mpacilive sensor touch switch 

sysLem, VI-656 
dimmer, CMOS based, V-270 
double-butlon lat,ching, I-138 
hum-detect.mg touch sensor, IV-

5!:14 
lam!-) conlrol, three-way, IV-247 
low-current, I-132 
On/Off, ll-601. UI-663, IV-593 
l.att.:hi.I1g s,vilch, V-635 
lJ!le-.hum, III-664 
momenlary operation, I-133 
negativl'·lriggered, III-662 
orH.mly svviLch. V~635 
fJOsiUvc-~riggered. IIl-662 
t:.em,or swiu:h and clock, IV-591 
t:.in.gle-plut,c sensor, V-633 
S\NlLch, V-633, V-634, V-635 
tilul'-on Louch switch. IV-594 
limed Louc.h switch, VI-655 
louchomatic, II-603 
two-terminal, IJI-663 

Touchtone generator, telephone, III-
609 

toxic gas deleclor, II-280 
toy t:.ircn, 11-575 
TH cireuiL, 11-532 
TH swiLch for antennas, automatic, V

!J7 
tracers, VJ-658-650 

audio rekrcnce signal, probe, 1-527 
b~, lll-"358 
cubic t,raccr, VI-659 
closed-loop, III-356 
reeeiver, 111-357 
sl.1{1wl lraccr, Vl-659 
wire tracer, VI-659 

track-and-hold circuits, III-667, 111-
668 

sample-m1d-hold circuit, III-549, III-
1552 

rraeking em:lllLS, III-666-668 
positive/ncgaUvc voltage reference, 

lll-667 
ptel'egulator, III-492 
track-and-hold, III-667, III-668 

tril.ckiI~ power supply, Vl-485 
train chuff er sound effect, II-588 
transceivers (see also receivers; 

trrutsmilLers), IV-595-603 
1750-rnclcr, V-646 
CB, 20-m, IV-596-598 



CW, 5 W, 80-mcter, IV-602 
external microphone c1rcU1t, V-'.J5 l 
hand-held, III-39, III-461 
HF transceiver/mixer, IV-457 
memory backup, Vl-28 
power supply for lab source, VI-517 
T/R switch, Vf-610 
ultrasonic, III-702, 111-704 

transducer amplifiers, l-86, m-669-
673 

flat-response, tape, HI-673 
NAB preamp, III-673 
photodiode amplifier, III-672 
preamp, magnetic phono, IU-671, 

III-673 
tape playback, III-672 
voltage, differential-to-sing.lc

ended, III-670 
transducers, 1-86 

bridge type, amplifier, II-84, III-71 
detector, magnetic Lransduccr, 1-

233 
interfacing resistive transducers, 

V]-281 
sonar, SV\,itch and, III-703 
temperature. remote sensor, 1-649 

transformers 
isolation tnmsfonncr, V-:..149, V-470 
power Lester, Vl-354 

transistors and transistorized circuib 
flashers, II-236, Ill-200 
frequency triplcr, nonsclecLivl:, 

saturated. 11-252 
headphone amplifier, 11-43 
on/off switch for op amp, lV-546 
phototr.insistor, V-27!.l 

amplifier, V-40!.l 
vanable-sensitiv1ty, V-40!.l 

pulse generator, IV-437 
sorter, I-401 
tester, I-401, IV-281, V-306 
tum-on circuit, V-345 

transistor-matching circuil, VI<13!.l 
transmission indicator, H-211 
transmitters (see also receivers; 

transceivers), III-674-6!.ll, IV-
595-603 V-636-64!.l VI-660-665 

2-meter, IV-600-601 · 
IO-meter DSB, V-647 
27.125-MHz NBFM, V-637 
acoustic-sound transmiltcr, IV-:Jl 1 
amateur radio, 80-M, III-675 
amateur TV, IV-599, VI-34-36 
ATV JR transmitter, V-440 MHz, V-

640 
audio, visible-light, V-261 
automobile security system, VI-!.l 
baby-alert, carrier-current circui~, 

V-95 
beacon, III-683, IV-603 
broadcast, l-to-2 MHz, I-680 
carrier current, I-144, I-145, III-7!.l 
computer circuit, l-of-8 channel, 

III-100 
CW transmitters, I-681, III-684, III-

686, III-687, III-690, IV-601, V-
648, V-649, Vl-22-23, Vl-27, 
VI-664 

DSB, IO-meter, V-647 
dummy load for transmitter tests, 

Vl-37 
fiberopt1c, III-177, V1-207 
FM transmitters, I-68L V-641 

27.125-MHz NBFM, V-637 
19-MHz, V-643 
hng, VI-BG2 

ml'rared, vowP-morlnlat;:,rl pulse, 
(V-228 

light-beam, V-2fi9 
111ulti1.1lex, fll-R88 
one-transistor c!Ps1gn, IH-f\87 
uptical, 1-:361, I-,qfi7, 11-417 
nHlio, V-648 
5noopPr, III-680 
sterPo, V-fi7f>, V-f>RO, V1-662 
voic:P, IH-678 
wireless rn1crophonP, III-682, III-
68fi, TH-691 

hall-duplex information 
transmiss10n lmk, low-r.ost, IU-679 

tlF, low-power, IV."fi98 
infrared, 1-:342, l-:14:1, H-289, 11-290. 

111-27,"i, 111-277, IV-22fi-227, IV-
228 

auclio-rnodulated, VI-262 
/1eadphone~, V-227 
pulsed for on/off c.ontrol, V-228 
pulse frer111enr.y morlulated, Vl-
269 

smgle-tonP, V1-2fi4 
steady-t.one, vl-2tW 
v.r1reless hearlphoMs, VI-263 

keyf'r mt.nfar.f' drcuit, amateur 
radio, VI-31 

la.-,pr dmdP-hased, VT-292 
LED lightwave <'Ommumcat1ons, VI

:109 
lme-carriPr, with on/off, 200 kHz, I-

142 
low-frequf'nry, IH-582 
MTDI transmitter, V-393 
memory harknp, VI-28 
modulated-light transmitter, V-258 
Morse coclE' transrnittAr, V-o-W for 

7-:vlH,., V 641 
multiplexPd, l-of-8 r.hanm•l, III-39G 
negative key-lme keyer, IV-244 
optical, I :JRl, 1-:36!), II-417, Tl-118, 

IV !368 
oscillator aml, 27 anrl 49 MHz, 1-080 
output indicaror, IV-218 
pt1otnrhode log 

eonvntPr/transm1ttf'r, Vl-312 
QRP, V-6'.'s8-6:19, V-fi44-fi15 
remotP control, V-fi09, V-GI;-l 

interface, V-:'il 1 
L1ltrasunIc, V-fi12 

rernote sensors, ioop-t)/T>P, III-70 
telev1s1on. lll-67fi 
tracking transmittPr, V-{142 
transceiver, 17fi0-mPtPr, V-646 
transceiver T/R sW1tch, vl-610 
transmit/receive seqrn:.ncf'r, 

prcaJnp, V 348 
ultrasonic 

40 kHz, [-685 
CW transceiver, VI -669 
Doppler, V 651 

vacuum-tube, low-power, 80/40-M, 
V-642 

voice-comm uni catmn, light-beam, 
V-260 

VHF, IIJ-681, HT-684, Vf-f\{l~ 
video detector for transmitter tests, 

Vl-37 
wirelcs::, guitar transmitter, V1-661 
wirdes::, microphone, Vl,661 

Lrnnsvcrter, 2-tu-6 meter, V-124 
Lreasure locator, lo-paJts, 1-409 
Lrcbk booster, ,Kuitar, 11-683 
tremolo mewls, 1-59, 1-598, Ill 692-

695, IV-589 

tn-color indicator, V-232 
triac circuits, V-268 

ac-voltage controller, JV-426 
contact protection, II-531 
controller circuit, V-267, V-271 
dtmmer switches, 1-375, Il-310, Hl-

303 
drive interface, direcl de, 1-266 
microcomputer-to-triac mlerface, 

V-244 
microprocessor array, H-410 
relay-contact protection witl1, 11-

531 
S\vtt.ch, inductive load, IV-253 
trigger, I-421 
voltage doubler, III-468 
zero point switch, II-311 
zero voltage, I-623 

tnangle-to-sine converter, II-127 
triangle/square wave oscillalor, II-

422, V-206 
triangle-wave generators, III-234, V-

203, V1-596, VI-697, VI-698 
10-Hz to 10-kHz VCO, V-570 
clock-driven, V-206 
square/triangle-wave, III-225, lll-

230, III-242 
timer linear Ill-222 

triangl~-wavc ~scillalor, V-205 
trickle charger. 12 V battery, 1-117 
trit.,gers 

50-MHz, III-364 
camera alarm, III-444 
flash, photography, xenon flm,h, 111-

447 
load-sensing, V-285 
optical Schmitt, I-362 
oscilloscope-triggered sweep, lll-

438 
remote flash, I-484 
SCR series, optically coaplcd, lll-

411 
sound/light flash, I-482 
tnac, I-421 

triggered sweep, add-on, 1-472 
tnpler, nonselccLivc. Lransislor 

sat.uration, II-252 
trouble tone alert, JI-:J 
TTL circuits 

clock, wide-frequency, Ill-85 
coupler, optical, III-416 
gates, siren using, II-576 
Morse code keyer, II-25 
oscillator, Vl-437 
speaker driver, V1-Hl9 
square-to-triangle wave converter, 

11-125 
TTL-to-MOS logic converLcr, 11-

125 
TTL oscillators, l-17D, I-613, IV-127 

l MHz to 10 MHz, I-178 
l MHz to 20 MHz, IV-127 
crystal, TTL-compatible, I-179 
sme wave/square oscillaLor, IV-512 
television display using, II-372 

tube amplifier. high-volt.Mc isolation. 
IV-426 

tuners 
antenna tuner, IV-14, V-38, VI-66 
FM, I-231 
guitar and bass, II-362 

turbo mcuits, glitch free, III-186 
turn-on circuit, V-345 
twang-twang circwt, II-592 
twihght-tnggered circuit, II-322 
twin-T notch filters. III-403 
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Twemy-One game, VI-246 
two '>tale siren, III-567 
t\~0-tone genenilor, II-570 
two tone siren, III-562 
two wav intercom, III-292 
two\ ci~mpil'mcnL. DIA converst0n 

system, binary, 12-bit, III-Wfi 

u 
UA2240 stuirease generator, III-587 
UH'-relutcd circuits (Se$ also 

milio/rf circuits) 
a11te1ma for UHF .scanners, \1-67 
amplifier, I-560-565 
audio-Lo-UHF preamp, V-24 
broadband rf amphfiern, V-523 
field-strength mt>ti:;rs, IV-165 
oscillator, tunable, \1-456 
rf amphfiers, lJHF 'T'V line amplifier, 

IV-482, IV-48~ 
source dipper, IV-299 
TV preamphfiPr, 111-546 
VHF/1.JHF rf dmcte s1.1,itd1, IV-544 
VHF/UHF rfprPamplificr, V-515 
\\'1deband amphfier, l-560, Ill-264 

UJTcircmts 
battery r.hargers, 111-56 
calibration oscillator, 100-kHz, VI-

157 
mPtronome, ll-:355 
monostable circml, bias voltage 

change insensitive, II-268 
ultrasnnie circuits (s~,e also sound

npenited cin:uiLs), III-696-707, 
IV-604-606, V-650-653. VI-M6-
670 

a.re wekling mverter, 20 kHz, III-700 
c.leancr, V-652-653 
CW tramice1vcr, VI-669 
gencralor, VI-670 
induction heater, 120-kHz fiOO-W, 

111-704 
nwtiur1 tlelcdor, VI-668 
pest-conlrol/repel, I-684, Il-685, IH-

699, III-706, UI-707, IV-605-fiOfi 
proximity sensor, VI-669 
ranging system, III-697 
receiver, III-698, III-70G, Vl-ti70 

Doppler ultrasound, V-6fil 
remok-control receiver, V-G13 
remole-control tester, Vl-BtW 
rcmole-control transnuttt'!r, V-S 12 
•:mnur lransducer/.svvitch, Ill-70:1 
sound source, IV-60!'i 
swnch. 1-683 
trar1scciver, III-702, III-704 
traJISITUtter, 1-685 

Doppler ultrasound, V-6G 1 
u1td.e1vollage detector/mnniror, Hl-

762, IV-138, Vl-117 
unintcrruptible power supply, IT-462, 

III-477, V-471 
unity-gaiJ1 amplifiers 

invcr1JJ1g, 1-35, I-80 
noninvcrting, V-21, V-22 
ultra high-Z, ac, II-7 

unity-gain buffer 
stalilc, speed and hig,h-mput 

impedance, II-6 
unity-gillI1 follower, I-27 
universal l"ounters 

IO MHz, I-255, H-139 
40-MHz, lll-127 

uuiversal mixer stage, III-370 
univernal power supply, 3-;l0V, Ill 489 

784 

11p/t:lown counters 
8 di~t.11-1:34 

V 

f.'xtreme count freezer, III-12G 
XO It gate, III-105 

vacuum fluorescent display circuit, H-
185 

vacuum gm.rgc, automotive, IV-4G 
vacuum tube amplifier, v1=72-7:3, VJ-

87 
vapm delcctor, II-279 
varacLor-luned 10 MHz ceramk 

resonator oscillator, 11-111 
variable current sourct>, 100 mA to 

2A, II-471 
variable-frequency inverte>r, 

complementary 011tr,11t. lll-297 
variable-frequency osc11lator& (VFO) 

5 MHz design, II-551 
4093 CMOS, V-421 
adjustable te>mpPratu r·e 

compe:nsatmn, V-420 
amateur rarho, V 532 
buffer amp!Jfier, ·v-9::! 
CMOS design, V -418 
code pranir.P oscillators, V-lU;J 
rf, V-o.:-i MHz, V-529 

vartahlf'-gam amplifier, vollagc
r.ontrollecl, 1-28-W 

vanahlP-gam amt sign op amp, II-405 
variahle gain cireuil, accurate null, 

lTT-t\9 
variablf.' state iilters 

urnversal, V-178 
vanable oscillators, 11-421 

audio, 20 Hz Lo 20 kHz, II-727 
duly-cydc, III-422 
rour-deeadl\ single control. II-424 
siue-wavc oscillator, low-d1stortlon, 

111-558 
\-1,ide nutgc\ H-42!) 

val'iable power supplies, IIl-487-192. 
IV-414-421 

0- w 12-V, V-1 A, V-460 
current source, voltage

pro/,\rnrnmable, IV-420 
de :,upply 

8CR variable, IV-418 
slcp variable. IV-418 

dual universal supply, 0-to-fiO V, fi 
A, IV-416-417 

regulaicd supply, 2.5 A, 1.;}.G-tn-2f) V 
sw1lch-selected fixed-voltagP 

supply, IV-419 
s1N:itching regulator, low-powP-r, HJ. 

4!)0 
switchmg. 100-kHz multlplP-011tyn1t., 

lll-488. 
traeking preregulator, III-192 
trnnsformerless supply, IV-120 
wliversal 3-30V, III-489 
voltage regulators for variahlP 

supplies, III-490, 111-492. IV-121 
variable current source, l00mA to 

2A, 11-471 
voltage regulator, III-491 

VCIVTV circuits. 
ISD lO00A record/playback c1rruit, 

Vl-50 
on/off control, V-113 
lcsLcr for VCR head amplifier. v1-48 
video detector controller, Vl-l 78 

vehid('s (see automotivt:' drrnit.s) 
verllcal deflection circmt., VT-cl74 

VHF reluted circuits (see also 
radio/rf; lclcvision; UHF) 

amplifiers, 1-558 
beacon tnmsnLiltcr, VJ-663 
c:ryst.al oscillators, III-138-140 
HF/VHF switchable active antenna. 

V 524 
modulator, 1-440, JII-684 
tone transmitlcr, III-681 
transmitters. lll-681, III-684 
VHF/UHF iliode rf s,vitch, IV-544 
vHt'/UllF rfprcamplifier, V-515 

video ci.rcuils (see also amateur 
televiswn (ATV)), III-713-728, 
IV-607-621, V-654-662, Vl-671-
68'.J 

amL1tcur TV (A TV) dmvn convertPL 
V-125, V-126 

amplifiers, video, 1-688, 1-690, T-ti92, 
III-30, III-708-712, IV-182, IV-48!l 
V-656, V-662. Vl-671, \1-fi7fi, Vl 
679, VI-681, \1-682 
75-ohm video pulsP, HT-711 
buffer, low-distortion, HT-7T2 
color, 1-34, III-724 
de gain-control, HT- 71 l 
differential vi.rlPn loop-through, 

V-657 
PET r.asr.adP, T-691 
gain hlork, TH-712 
IF, 1-689, IT-687, V-655 
,TFET' bipolar cascade, 1-6!.!2 
line drhnng. 111-710 
log amplifier, l-38 
out.put. V-655 
mm, Tll-70!.l 
s1m1minx, damping circuit and, 
111-710 

'fV amplifiers, 1-688, I-690, III-39, 
IV-482. IV-483 

val'iablc-gain video loop-through. 
V-658 

amplUier/thivcr, vl-683 
ATV video sampler cu-cuit, V-656 
audl.o/v1deo swiLcher circuit, rv-

540-541 
automatic TV lurn-off, I-577 
buffers, V-!.l'.J 
cable driver, VJ-200, VI-678 
camen1-irnu~c lracker, analog 

voltaf(e, IV-608-609 
camera link, wireless, IIl-718 
chroma demodulator with RGB 

mat1ix, III-716 
cuax cable driver, VI-201 
color Lunplifier, III-724 
color-bar generator, IV-614 
conuncreiat zapper, V-334-335 
com1Jos1tc-video signal text adder. 

111-716 
converters 

UGJJ-Lo-NTSC, IV-611 
video aid and d/a, IV-610-611 

cross-hatch generator, color TV, IIl-
724 

data interface, TTL oscillator, II-372 
de restorer, HI-72a, V-650 
decoder::. 

NTSC-to-HGn IV-613 
stereo TV, II-167, V-576-579, V-
580 
v I dco linl' decoders, VI- I 71 

delayctl video trip,.ger for 
o::.eilloscopes, VI-464 

detectors 
IF, MC1:30/MC1352 design, 1-688 



low-level ,.,ideo, I-687-689 
transmitter tests, Vl-37 

dovmconverter, \.1-40-41, Vl-44-45 
rhfferennal video loop-through 

amplifier, V-657 
dnver. two-input video MUX c,1.ble 

driver, VI-197 
dummy load for Ln111snlitter test~, 

\·1-37 
equallzer, VI-681 
fader, V-658 
filter, VSB filter for LM 2880, Vl-21 g 
gray-scale generator. Europemt line 

standard, VI-680 
gray-scale video generator, NTSC, 

Vl-679 
high-performance video S\,\,itd1, 111-

728 
horizontal deflection circuiL. VJ-:J82 
TF amplifier, 4.5-MHz sound, V-655, 

V1-G78 
rF df'tector, amplifier, 

MG130/MC1352, I-688 
I8D 1000A record/playback drcuit, 

VI-50 
lnw driver, vl-683 
line pulse extractor, fV-612 
lin1> receiver, VI-550 
llne/har generator, V-662 
lonp-thru amplifier, IV-616 
master drcu1t, video master, V-661 
m1xPr, high-performance video 

m1:ir~r, IV-609 
modnlators, 1-437, I-430, II-371, II

!172, H-433, 11-434, \ll-390, Vl-40:J 
mornt.ors, RGB. blue box, III-Btl 
monochrome-pattern generator, IV-

617 
multiplexPr, r:asr:arled, l-of-16. III

;39:3 
MLIX cable driver 

multi input, V-0/i7 
two-input, V-657 

NTSC-to-ROB converter, V1-677 
one-ot'-twn victeo selector, VI-676 
OfJ a.mp r.1n·rnts. 1V-Gl5 
output amplifier, V-055 
PAL/NTSC dPcoder Wlth RGB 

input, ITT-717 
palette, IJI. 720 
pidure lixfcr/mvertf'r, Ill-722 
preamplifier, TH--G46, V-660, Vl-37 
remote control. TR relar, VI-263 
rf amplifier&, TV snnnd system, V-

51!:l 
rf up-converter for TVRO 

subcarrier recept.1on, TV-fiOl 
RGil-composite convertPr, Ill-711 
sampler drcuit, A'TV video, V-6:ifi 
satcllile TV audJO switchPr, IV-fi13 
seleclor, V-660 
signal-amplitude mea~11rPr. V-309 
signal damp, Ill- 726 
sound, IF/FM Ir' amplrtif'r Vl'lth 

quadralure, 1-690 
staircase J,(e11erator, V1-fi97 
sterco-souml decodPr, TI-107 
stereo TV decoder, V-576-!179, V-

580 
summing ampillier. VI 681 
sweep/funcllou generator, Vl-2:'18-

241 
switching drrnits, lll-719, TH-72fi, 

Ul-727 IV-618-621 Vl-680 
video/a~dio switch,' V-586 
,v1deband for RGll s.ixnal&, V-587 

RW1khmg power supply for color 
TV, 8CR, V1-487 

synr drcmts, \'1-615-618 
sync separator, IH-715, JV-616 
sync stripper/video interface, V-659 
t.Pster for VCR head amplifier, Vl-48 
t.Itler. Vl-672-674 
t.mnsrrutter, TV, III-676, IV-5!:l!:l, VI 

31, Vl-35, Vl-36, Vl-38-:W, Vl-42-
43 

TV sound system, rf amplifier!>, V
fi 19 

twisted-pair video driver/receiver 
circuit, VI-682 

vanable-gam video loop-throw.(h 
amplifier, V-658 

VCR video detector controller, Vl-
178 

VCRJTV on-off control, V-133 
VPrtkal deflection circuit, \1-374 
virlPo, power, channel-selcd si~wl 

earner. V-344-345 
UHF nsdllator, tunable, VI-456 
VHF heacon transmitter, VI-66:J 
wirf'lf'ss r.amera link, III-71 

VLF/VHF wideband antenna 
low-nmse, active, V-33 

vocal Pliminator, fV-19 
v01cf' communicat1ons 

light-beam transrmtter/receiver, V-
260 

personal mf!ssage recorder, V-330-
:3:11 

voicP-ma1l alert for telephone, V-
607 

voice scrambler/descrambler, N-26, 
JV-27 

voice substitute, Plectronic, III-734 
voice-activated drrnits (see also 

!>ound-opPratPd cirr.uits; 
tclepho11P-rPlaterl r.1remts), III-
7i!!:l-7::14, IV-622-624, V-545-555 

ac liHe-voltagP announcer, III-730 
al.lopl!ont' gt>nP.rator, III-733 
amplilier/sw1t.ch, 1-608 
com1.1ur.er spef'ch synthesizer, III-

7:32 
dialed phonf' number vocahzer, III-

7:Jl 
disguiser Jor v01r:es, V-326-327 
inlereoms, V -2:39, VT-376 
level meter. vT 194 
!Tll'SSU}slc system, singlf'-Chlp, V[-373 
scanner voice squPlrh, lV-624 
scrambler, V-554 
spCl'Ch detector, 11-617, III-615 
stripper, vueal stripper, V-f>41i-517 
switches, lll-580, lV-527 
s-...itch/mnplifier, 1-608, V-'>fi:1 
vocal slnpper, V-546-547, VT-372, 

VI-373 
voice idcnliller for amateur radm 

use, V-550 
voice substilute, electrornc, III-731 
vox circuit, 1V-62a 

voltage bia~ regulator, V1-519 
voltagc-conlrollell amplifier (VCA), I-

31, 1-598, lV-20. VI-684-68.5 
attenual.or for, 11-18 
dJfferenLiaI-Lo-siT~le-ended, III-670 
reference, I-::.16 
tremolo circuit, 1-598 
variable gain, 1-28-29 

voltage-con~rolled O!>dllators (VCO), 
I-702-704, 11-702, IU-7:35, IV-fi25-
G30, V-663-667, VJ-685-687 

:3 5 V rngulated output converter, 
TIT-7::m 

10 Hz ro 10 kHz.1-701, lll-735-741 
threP-decade, V-6GG 

fifif>-VCO, IV-027 
andio-frequency VCO, IV-626 
hask drr:uit, V-666, V-667 
nyst-al oscillator, III-135. IV-124 
rnrrent Sink, voltage-conlrolled, 1\1-

629 
DDS digital, Vl-447 
driver, np-amp design, IV-362 
lnwar, 1-701, IV-628 

triangl!o/square wave, II-263 
logarithmic sweep, III-738 
onP-shot, 11-206 
prP!"ision, I-702, 111-431 
restride<l-range. IV-627 
sme-wavf' oscillator, V-666 
srnusolrlal :'.J-Hz to 300-kHz, V-664-

665 
stablP, TV-372<373 
square-wave generators. V-570 
supply voltage splitter, III-738 
three-der:ade, I-703 
-based, V-fififi 
T\tfOS, halanced, 111-736 
two-dec:ade, high-frequency, I-704 
val'act.orlPss, IV-630 
variable-r:apac1tance diode-sparked, 

Hl-7:37 
VHF osr11lat.or, voltage-tW1ed, IV-

628 
wa.vefonn generator, UI-737 
wide-rangf', IV-627, IV-029 

volla.ge-contrnlln, pulse generator, 
111-524 

volttl,l(l' converters/inverters, III-7 42-
7 48, V-668-669 

12-to-16 V, 111-747 
dc-to-ac inverter, V-nfi~ 
de-to-lie, 111-7 44, ITT-7 4fi, V-fifi9 
flyback, lligh-eftk1enry. HI-744 
.flyback-switching, self-nsr.11lat1ng. 

lll-748 
nq.(alive voltagP, µP-r.ontrolied, IV-

il 7 
offline, 1.5-W, 111-746 
rcgulateti 15-VoLrr 6-V dnven, IJI.;.745 
splilter, 111-7 43 
unipolar-to-dual supply, Tll-748 
voltage-to-current co1wPrtPrs, I-

16:J, 1-166, 11-124, ITT-110, IH-120, 
IV-118, Vl-15:3 

voltage-Lo-frequency coiwPrt,Prs, I-
707, III-749-757, JV 688-fi42 
l Hz-to-10 Mllz, 111-754 
l Hz-to-30 Mllz, 111-750 
l Hz-to-1.25 Mllz, 111-755 
5 kHz-to-2 MIiz, 111-752 
10 Hz to 10 kHz, 1-706, ll/-1 l 0 
accurate, III-756 
dlfferential-inpul, lll-750 
function gencralors. 

potentiometer-po::.it10n, IV-200 
low-cost, 111-751 
low-frequency conve1ter, IV-fi41 
negative inpul, 1-708 
optocouplcr, IV-642 
positive input, 1-707 
precision, II-131 
preserved input, IH-753 
ultraprecis10n, 1-708 
wide-range, III-751, Ut-752 

voltage-to-pulse cluraLl.011 converter, 
II-124 
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volLage converters/invertPrs, 
continued 

voltage-ratio-to-freq11enr.y 
converter, III-1 Hi 

vollagc detector 
Kl-itch detector, VI-178 
grid leak detector, VI-179 

volta.i,(e dcteclor relay, battery 
du1Iger, II-76 

volta,'{c doublers, III-459, IV-63:i, V-
460 

cascaded, Cockcroft-Walton, IV-63n 
Lrmc-controlled, III-468 

volia;il' followers. I-40. lII-212. Vl-
127, V1-386 

fusL, 1-34 
noniitverting. I-33 
s~nal-supply operation, amplifier, 

III-20 
voUage inverters, precision, TTT-298 
vollagc indicators/meters (,~rm also 

voltmeters), III-7G8-772, IV 428, 
VI-688-695 

amplifiers, \1-689, v1-li8fi 
audible voltage indicator, v1-694 
automotive battery voltag;, gat1ge, 

IV-47 
ballcry-voltage measurmg 

regulator, IV-77 
calibrator, V1-693 
comparator and. II-104 
de meter. expanded sc:alP, V1 692 
five-step level deter.tor, T-837 
frL'quency counter. lll-768 
HTS, precision, I-122 
level detectors. 1-388. 11-172. lll-

759, III-770 . 
low-voltage mdir.ator, HT 769 
monitor, V-315, VI-689, V[-694 
multiplexed common-cathode LED 

ADC, IIr.764 
over/under monitor, m 762 
peak program d.-te<"tor, 111-771 
solid-state battery, I-12O 
ten-step level detector, l 335 
visible, I-338, III-772 
voltage freezer, III-76:=! 
voltage-level circuit, V-301 

voltage multipliers, fV-o,'i1-6:J7, 1.1-

670-672 
2,000 V low-currPnt supply, IV-636-

637 
10,000 V de supply, TV-6:J:J 
corona wmd gpnerat.or, JV-6!J!J 
doublers, III-4G9, IV-635 

cascaded, Cock croft-\Valton, 
IV-635 

de, V-672 
triac-controlll"d, ll!-468 

high-voltage tripler, Vl-504 
laser pow-pr supply, 1V-6:J6 
low-frequency multiplier, IV-325 
negat1vP-1on generator, hi~h-

voltage, IV-frn4 
quadrupler, dr, V 671 
tnpler, IV-fi37, V-671, Vl-504, VJ-531 

voltage probes, V-474 
voltage refen~nce&, lll-773-775 

bipolar sonrce, lll-774 
digitally rnnt.rolled, 111-775 
expanderl-scale ,lJ mlog -meter, III-

774 
pos1tiVfi/negatlve, lmcker for, III

oo7 
variahie-voltage refl'rence source, 

IV-327 
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volLagc regulators, 1-G0l, 1-fl 11, Tl-
484, IIl-485, Vl-482, \1-486, Vl-
561-567 

0- to 10-V at 3A. adjustable, I-:')l l 
0- to 22-V, I-510 
0- to 30-V. I-510 
:JA, III-472 
a :J-V adjuslable. Vl-489 
4- to 70-V. Vl-4!)3 
5 V, low-dropout, III-4G1 
5 V, 1 A, I-500 
5 V, ultrastable reference, T-497 
ti A, vmiable output switching, T-

513 
8- from 5-V regulator, V-4o9 
10 A, I-510 
10 A. adjustable, Ul-492 
10 V. high-stability. lll-468 
15 V, 1 A, remote sense, T-499 
15 V, slow-turn-on, III-477 
-15 V negative. I-499 
45 V, 1 A switching. 1-489 
90 V rms voltage regulator \\1th 

PUT, II-479 
100 Vrms. I-496 
200 kHz, I-491 
:wo-V. Vl-505 
ae, lll-477 
adjustable output, I-GOfi, 1-512 
application circuit, 1-192 
automotive circuits, IIT-48, TV-67 
baliery power supplif'rs, T-117, lV-

77 
bilateral source/loarl power system, 

v1-488 
bucking, high-voltagP, HI 481 
combination voltage/rurrent 

regulator, V-4fi5 
common hot-lead regulator, IV-467 
constant voltagek:onstant mrrent, 

I-508 
current and thermal proteclion, 10 

amp, II-47-1 
Darlington, IV-421 
dual0t.rackmg, lll-452 
efficiency-improvmg switching, lV-

464 
fixed pnp, zt>ner diode Increases 

output, 11-184 
fixed-current regulator, IV-467 
fixed supphes, III-461, lll-468, III-

471-477, JV-408, fv-462-467 
flyback, off-linP, IT-481 
foldback-r.nm•nt llmitir1g, 11-478 
!ugh- or low-input regulator, IV-466 
lugh-stabilit.y" I-499, l-502, 111-468 
high-voltagP power supplies, I-500. 

II-178, TTI-485. 111-490, VI-500, V1-
503 

JC regulator pt·otector, Vl-483 
indurtnrles&, 111-476 
Jtmk trans1st.or&, VI-497 
LM317 dPs1gn, JV-466 
loss cutter, V 467 
low-droprnit, !'i-V. lll-461, VT-486 
low-powf'r, T-695, lll-490 
low-voltage, 1•502, 1-511 
lmear, H-468, 111"459 
mohilP. I-498 
MPO, multiple output, 1-513 
nrnlt.iple on-card ad.1uster, V1-494 
m,gatwP, l-498, L-499, III-474, IV-

465 
npn/pnp boost, lll-475 
off-l111e J'lyback regulator, II-481 
pnp, 11-484 

positive, f-498, llI-471, III-47fi, VJ. 
491, Vf-518 

prl'-rcgulators, Il-482, III-480, ITl •492 
programmable, IV-470 
projccwon lamp, ll-30/i 
PUT, 90 V rms, II-479 
raillalion-hardened 12GA linear 

rl'l-(ulaLor, II-468 
!'emole shutdo,vn, I-510 
SCH prcregulator for, II-482 
:,inxle supply voltage regulator, Tl-

471 
sensor, LM317 regulator sensmg, 

IV-466 
short-circuit protect10n, low-

volLage, I-502 
sinJ;lc-cnded, 1-493 
si11.glc-supp]y, II-471 
slow-tum-on 15 V, I--199 
sLl'p-down, 1-493 
step-up, H-78 
swilching supplies, 1-491, I-492, 1-

493, 1-497, I-498, l-:"il3, IT-78, lll-
472, III-476, Ill-490, IV-408, 
IV-463 V-453 VI-481 

3-A, UI~472 ' 
3 W, application circmt, I-492 
5 V, 6 A 25 kHz, separate 
uJlrastable referenc.-, I-497 

6 A. variable output, I-51:i 
200 kHz, f-491 
high-current mductorlPss, 111-476 
low-power, Ill-490 
multiple output, for 11sP. Wlth 
MPU, I-513 
step down, I-493 

variable current source with voltage 
regulation, IV-470 

variable supplies, 111-490, lll-49L 
IIl-492, IV-421, TV-468 470 
crowbar limit.mg, VT-515 
current linuting, Vl-518 
current source, Hl-490 

zener design, programmable, IV-470 
voltage sources 

millivolt, zenerless, f-696 
programmable, T-fi94 
pseudorandom, VI-381 
voltage splitter, m-n8 

voltmeters, III-7!'i8 
3.5 digit, I-710 

full scale, Hf-761 
true rms ar., T-71:3 

4.5-digit, III-7o0 
5-digit, IH-7fi0 
ac, III-765, Vl-690-691 

w1de-band, 1-716 
wide-rangP, m.772 

add-on them1ometer for, 111-640 
bar-graph, 1-99, ll-54 
de, III-708, Vl-692 

high-input resistance, HI-762 
low-drift., V-301 

digital voltmetei·s (DVM), III-4, Vl-
693, VT-329 

3J.i-<ligit, r.ommon anode display, 
I-713 

3.G-digit, full-scale, four-decade, 
HT- 761 

:us-digit, r-111 
4.S-cligit., Ill-760 
4.fi-cliglt, LCD di.splav, I-717 
anto-ral!brnte circuil, l-714 
automr;.tic uullinJ;(, l-712 
interface arnl temperature sensor, 
Tl-647 



LBD readout, IV-286 
temperature sensor and DVM_, 64 7 

l-'ET, 1-714, TTT-76:i, III-770 
high-input msistance, III-7u8 
JFET, V-318 
Lh:D expamlP.d scale, V-311 
millivolt.metP.rs, 111-767, III-769, IV-

289, fV-294, IV-295 
ac, l-7lfi 
audio, lll-71i7, 111-769 
de, JV-29fi 
four-range, fV-289 
high-input impedance, I-715 
LED readout, IV-294 

rf, l-405, IIT-766 
vultohmrneters (VOM) 

field 5trength, 1-276 
phase meter, cl!gital readout, IV-277 

volume amphf1er, TT-46 
volume control c1Tc111ts, IV-643-645 
lelephone, H-f\2~ 

volume indicator, audio a:mphf1er, IV-
212 

volume limiter, autiio signal 
amplifiers, V-fi9 

VOR signal simulator, IV-273 
vuti:ng circmt, nmse-based, v1-422-

42:J 
vox box, 11-582, IV-623 
Vpp ~enerator, F.:PROM, II-114 
VU meteN>, IH-487 

extended range, II-487, I-71G 
LED display, IV-211 

w 
waa-w,m circuit, 11-590 
wailers (see alarms; sirens) 
wake-up call, electronic, 11-324 
walkman amplifier, ll-456 
warblers (see alarms, sirens) 
warning devices 

auto l.lghts-on warning, H .flfi 
high-level, I-:J87 
high-speed, 1-101 
light, II-320, lll-317 
low-level, audio output, 1-391 
speed, 1-96 
varying-frequem:y alarm, H-f)79 

water-level sensors (see ctluid and 
moisture detectors) 

water-temperature gauge, 
automotive, IV-44 

wattmeter, I-17, Vt-:J42 
wave-shaping circuits ( i;ee also 

waveform generalon,), lV-646 651 
capacitor for high-slew rates, IV-

650 
chpper, glitch-free, IV-548 
fup-flop, 8/R, IV-651 
harmo.nic generator, IV-649 
phase shifter, IV-647 
rectifier, full-wave, IV-650 
signal conditioner, IV-649 

waveform generators (see ali;u uurst 
generators, function generators; 
sound generators; sqmm.:-wave 
generators; wave-shapi.rt,I,( 
circuits), II-269, Il-272, V-200-
207, VI-696-702 

AM broadcast-band, IV-302 
AMJIF, 455 kHz, IV-301 
audio, prec1s10n, III-230 
four-output, III-223 
harmonic generators, I-24, III-228, 

IV-li49 

high-frequew:y, 11-150 
high-speed generator, 1-72:3 
monostable multivibrat.or, Vf-700 
patLem gcner;i.tor/polar-to-rert 

convcrte1, V-288 
precise, 11-27 4 
pulse "' ""'""'"' ,, . Vl-699 
PWM genf'rator, Vl-f'\98 
rump gener·at.ors, f-540, II-G21-G23, 

Ill-525-527, IV-44:'.J-447 
555 based, V-20::i 
accurate, HI-526 
ir1Legrator, initial conrlition reset, 
IJl-527 

linear, ll-270 
variable reset level, TT-267 
volt.age-contmlled, H-!')28 

sawtooth !{enerator, TTT-241, fV-441, 
IV-446, V-204, V-205, V-491, Vl-
575-577, Vl-701 

signul source fur audio 
amplifier/inve1ter, Vf-702 

sine-wave ge11erators, 
500. V-541, V-542, V-54:\ 
v1-701 

60 IV-507 
audio, 
LC, IV-507 
LF IV-512 
osJillator, auillo, Jll-5i'l9 
square-wave i1.r1d, tunable 
oscillalor, 111-232 

VLF audio tone, IV-508 
sme/cosinc generator, V[-700 
sine/square wavt' generatm·..,, I-6n. 

III-232, IV-512 
square-wave generators, 11-594-600, 

III-225, III-23!..l, Ill-242, lll-583-
585 IV-529-536 V-568-570 Vl-
593~594 ' ' 
l kHz, IV-536 
2 MHz using two TTL gale:,, 11-598 
555 timer n-5!J5 
astable ci;cuit, IV-5:34 
astable multiV1brator, 11-597 
CMOS 555 astablc, true rail-to 
rail, II-596 

duty-cycle multivibrator, 111-50-
percent, 111-584 

four-decade design, IV-5!J5 
high-current osciilaLor, 111-585 
lme frequency, II-59!J 
low-frequency TTL oscillator, 11-

595 
multlburst generator, U-88 
mult1vibrator, IV-536 
oscillators, I-613-614, l-616, II-

G96, Il-597, II-616, IV-5:32, IV-5:J3 
phase-tracking, three-phase, Il-598 
pulse extractor, III-584 
quadrature-outputs oscillator, !Il-

585 
sme-wave and, tunable oscillaLor, 

111-232 
three-phase, 11-600 
tone-burst generator, single Li.mer 

IC, ll-89 
triangle-wave and, III-225, III-WU, 

HI-242 
LSTTL, CMOS designs, IV-

vanahle duty-cycle, IV-533 
variahl<"-frequency, IV-535 

stairr:asP generators, 1-730, II-601-
602, IU-586-588. IV-443, VI-595-
599 

stepped waveforms, IV-447 
sweep generalors, l-472, 111-4:J8 
test signal generator, VI-702 
three-phase digital, VI-'.J4:J 
triangle-·wave, III-2:.14, V-203, V-205, 

V-206, VI-697, Vl-698 
stepped, V[-596 
square wave, l-726, lll-225, JII. 

239 lll-242 V-206 
timer: linear, 'ut-222 

two-function, III-2:J4 
VCO and, III-7:J7 

waveguide circuits, VI-70:J-704 
wavemeter, tuned RF, IV-302 
weather-alert decoder, IV-140 
weight scale, digit.al, II-:.198 
Wheatstone bridp;c, VI-123, VJ-148 
Wheel-of-Fortune game, lV-206, Vl-

254 
whistle, steam locomolivc, 11-589, lll-

568 
who's first game circuit, IIl-244 
wide-range oscillators, 1-69, 1-7:J0, 111-

425 
wide-range peak dc~cclors, lll-152 

hybrid, 500 kHz-1 GHz, lll-265 
instrumentation, lll-281 
miniature, 111-265 
UHF amplifiers, high-pcrformanee 

FETs, III-264 
w1deband amplifiers 

low-noise/low-drift, 1-38 
two-stage, I-689 
rf, IV-489, IV-490, IV-491 

HF, IV-492 
JFET, IV-493 
MOSFET, IV-492 
two-CA3100 op amp design, IV-

191 
umty gam inverting, I-35 

witiP-hand signal sphtter, III-582 
·widP.band two-pole high-pass filter, 

II-215 
Wien-hndge filter. III-650 

notch filter, ll-402 
Wien-bndge oscillators, I-62-63, 1-66, 

I-70, II-566, III-429, III-558, IV-
371, IV-377, IV-511, V-415, V-
119, V-541 VI-439, Vl-444 

CMOS chip m, JI-568 
low-distortion, thermally stable, Ill

f>57 
low-voltage, III-432 
sinP wavc>, I-66, I-70, II-566. IV-510, 

IV-fil3 
single-supply, III-558 
thermally stahle, Ill-557 
three-rler.atie, IV-510 
vanahle, IH-424 
very-low-distortion, IV-513 

wind chimes, electronic, VI-591 
wind-powered battery charger, II-70 
wind1c:ator, J-330 
window drcuits, B-lOu, III-90, III-

776-781, IV-6G5-659, V-673-674 
comparator, IV-656-657, IV-658, JV-

659, V-299, V-674 
detector. J-23!i, Ifl-77!:l-781, IV-658, 

Vl-181 
dt.l!ital frequency v,indow, III-777 
discriminator, TTI-781, V-674 
generator, JV-6fi7 
high-input-1rnp;;rlance, Il-108 

windshield Wlper drr:uits (see 
automotive c1rr.rnts) 

wire tracer, 11-34!3 
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·wirele.'ls microphones (see 
mk:rnphone;,) 

W1reless speaker 8ystcm, IR, III-272 
V111nng 

ac outlet tf'ster, V-:J18 
aC' wiring locator, V-:Jl 7 
two-\,;ay switeil, V-5!:H 

write amphfln~, Ill- 18 
Vl\VV convPrtPr, Vl-147 
Vv'V./'V recf'1VPr, Vl-5:)8-5:J\.l, VI-558 

X 
xenon flash triggRr, slave, lll-447 
XOR gates, IV-107 

complementary siguab .-{cncrator, 
III-226 
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oscil latOI', lll-42!.l 
np/down counter, III-105 

y 
yelp oscillatnr/slren, ll-577, III-562 

z 
Z80 clock, Il-121 
Z-Dice game 248-249, \I l-l48 
zappers. battery, Tl-64, 11-66, ll-68 
zener diodes 

clipper, fast and symmetrical, IV-
329 

mcreasing power ratin~, 1-496, II-
48fi 

limiter usir!J,i one-zener design, IV-
257 

test set, V-:J21 
tester. 1-400 
variable, 1-507 
volt.age regulator, programmah1P, 

TV-470 
zero crnssil~ detecior, I-732, I-n3, 

n.17:3 
zpro crossing switch, \11-606 
z,:,rn meter, suppressed, I-716 
zPro point switches 

temperature control. IIl-624 
tnac, 11-!Jl 1 

z;,ro-volta1se switches 
doseu conluct half-wave, III-412 
solid-state, III-410, III-416 



ABOUT THE AUTHORS 
Rudolf F. Graf has 45 years of en_gineering, sales, and marketing experience in the clcctronic.:s field. 
He has written more than 30 books (about three million copies printed) and well over 100 articles. 
Ifo is a senior member of the IEEE, a licensed amateur radio operator (KA2CWL), and has a BSEE 
degree from Polytechnic Institute of Brooklyn and an MRA from NYU. He is self-employed. 

William Sheets is a self-employed rircnit design engineer. He has 1nore than 25 years of experience 
in RF1 analog, and digital electronics. He has written numerous articles in electronics publications 
and co-authored five books with Graf. His interests include amateur radio (K2MQJ), photography, 
and travel. He has designed and built numerous items, including a satelJite TV system, many trans
mitters and receivers, and a computer. He has an MEE degree from NY1J, is married, and lives in up
state New York. 

789 


