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Introduction

This volume of timely and practical circuits highlights the creative work of many people.
Featured here are many circuits that appeared only briefly in some of our finer periodi-
cals or limited-circulation publications. Also included are other useful and unique circuits
from more readily available sources.

The source for each circuit is given in the sources section at the back of the book.
The-bold figure number that appears inside the box of each circuit is the key to the
source. For example, the High Stability Voltage Reference circuit'shown below is Fig.
93-10. If you turn to the Sources section and look for Fig. 93-10 you will find that
_Precision Monolithics supplied this circuit from-p. 6-142 of their Full Line Catalog.

HIGH STABILITY
VOLT/&GE REFERENCE

jm U Py Fig. 93-9: Reprinted with the permis-

1 sion of National Semiconductor Corp.

oo . Transistor Databook, 1982, p. 11-25.

J - R Fig. 93-10: Precision Monolithics In-

SN [ @ corporated, 1981 Full Line Catalog, p.
] - 6-142.

$ma avecre Fig. 93-11: Prectsion Monolithics In-

1 i Fig. 93-10 corporated, 1981 Full Line Catalog,p.

10-18.

Many circuits are accompanied by a brief explanatory text. Those that do not have
text can be readily understood from similar circuits in that chapter, or else they may be
too complex to be explained briefly. The sparseness of text is deliberate so as to allow for
more circuits which, after all, is what this book is all about.

The Index and Contents will be a time saver for the reader who knows exactly what
he is looking for. The first page of each chapter hists the circuits in the order that they
appear. The browser will surely discover many ideas and circuits that may well turn out
to be most rewarding and great fun to put together.

The Common Schematic Symbols chart will help you identify circuit components.

vii



Common Schematic Symbols

+ —+— — Ao —0-
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1

Alarms

The sources of the following circuits are contained in the Sources section beginning on page 730. The
figure number contained in the box of each circuit correlates to the source entry in the Sources section.

Computalarm

Automotive Burglar Alarm
Security Alarm

Vehicle Security System

Home Security Monitor System
Antitheft Device

Auto Burglar Alarm
Tamper-Proof Burglar Alarm
Latching Burglar Alarm
Motion-Activated Motorcycle or Car Alarm
Boat Alarm

Blown Fuse Alarm

Auto Burglar Alarm

Continucus-Tone 2 kHz Buzzer with Bridge
Drive, Gated on by a Logic-0

Pulsed-Tone Alarm, Gated by a High Input,
with Direct-Drive Output

"Piezoelectric Alarm

Gated 2 kHz Buzzer
Burglar Alarm
Latching Burglar Alarm
Sun - Powered Alarm

Freezer Meltdown Alarm



COMPUTALARM

3.4

n -
KEY THERAWAL -E
CLOSED CIRCUIT RELAY 59
JACK X2 [rﬂ l
4
A;O Y RY 1 s ﬁar cnl.
BATTERY T , 1
pf LuF
$ 120
T0 GND R6S 3w
(BATTERY ) ﬁ | 2 “r)
i - X 1)
DOOR Rl N { a
SWITCH 3.9K N
10 SENSING _ 2 £
SWHTCHES TRUNK 2
USE AS MANY ) SWITCH N 3
AS REQUIRED o { u
100 o—r - Ga——(re "
SWITCH 3. 0% Y- e
36V lov 3
ZENER D10DE | ZENER D1ODE RS 2 47K
| Fig. 1-1
-
RIS 27K
REED
ARM RELAY
SWITCH
C3 u'
o} THERMAL
L 34 RELAY
N g
10 HORN RELAY O 1 6
contacT A BEANK,, COILTERMINALS CONTACTUEADS gy xy ¢ 10g up
7 BLANK | - '
B =
H Yconmacrg L T
K3 Qi 02 SCRY, SCR?

K1, K2 THERMAL RELAY
“BOTIOM VIEW

REEQ RELAY

BOTIOM VIEW BOTTOM VIEW

Circuit Notes

The circuit has a built-in, self-arming fea-
ture. The driver turns off the ignition, presses
the arm button on the Computalarm, and leaves
the car. Within 20 seconds, the alarm arms
itself—all automatically! The circuit will then
detect the opening of any monitored door, the
trunk lid, or the hood on the car. Once acti-
vated, the circuit remains dermant for 10 sec-
onds. When the 10-second time delay has run
out, the circuit will close the car’s horn relay
and sound the horn in periodic blasts (approxi-

mately 1 te 2 seconds apart) for a period of one
minute. Then the Computalarm automatically
shuts itself off (to save your battery) and re-
arms. If a door, the trunk lid, or the hood re-
mains ajar, the alarm circuit retriggers and
another period of horn blasts occurs. The Com-
putalarm has a “key” switch by which the
driver can disarm the alarm circuit within a
10-second period after he enters the door. The
key switch consists of a closed circuit jack, J1,
and a mating miniature plug.




AUTOMOTIVE BURGLAR ALARM

TG St

TO DOME LIGHT Qi 38068 R
SWITCH 18 é
tOk
R
01 i 4 8
2] ® Vee
FRIG.
D2 /_J:) TIMER
K_\ To st (2 Ry
out
TO S¢ | DI1SCH Conr.
-GMD  VOLT.

51

ci tlo.01]5
+12v0—(0—D
ON

EXCEPT AS INDICATED, DECIMAL

VALUES OF CAPACITANCE ARE *
IN MICROFARADS [ pf ) OTHERS 7 186 |2
ARE IN PICOFARADS (pF OR puFi; -|oisen R TR,
tep s N 3 Tersko. I o Ul AND U2,
RESISTANCES ARE IN OHMS, GND v R2
rimer [3%% VIEWED FROM
% 11000, M*1000 000 0.0¢ 1O St
Y beonr o | THE TOP
Fslvour ®
v —{e 8
8 -2 7
our Ve© 3 6
3 4 5

R3

E E
4 B g 8
IN4003 8 c
c
(BOTTOM VIEW)

Q2, Q3, Q4, DEPENDING ON
CASE STYLE

Eo>
0 Qt
®

TO ALARM

Fig. 1-2

Circuit Notes

Alarm triggers on after a 13 second delay and stays on for 1-1% minutes. Then it
resets automatically. It can also be turned off and reset by opening and reclosing S1.
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VEHICLE SECURITY SYSTEM

Circuit Notes

HIDDEN DFDT SWITCH
H2Y +12v
I ”#'32%%"3? (ON} TO HORN,
Y
\ \ s | o £ SIREN, ETC
_— {FORD) ,;’ aN/C
—— — v — s L) e e . —— — — — — —— — — — s e e e e s g S OO
r e ‘ )
Mo
| )
|
Q) 2 H VaL
i s IN40OIS|| 1 RE) Ay
DOME i R}
LIGHT i 620K
[
! -
|
[
! P
I RIS
| 212K
I
I Y
2N2222A
|
|
| RI6
12K
3 R?
22M
| p /
L —_ - _ COMPONENTS CN CIRCUIT BOARD 4
DOME T '“1 GROUNDED NOTE  CONNECT DOME LIGHT CIRCUIT
LIGHT “av 4 I TYPE DOOR 10D OR @ AS APPROPRIATE,
\, ), )7 SWITCHES (6M) BUT NOT BOTH
Ve
Fig. 1-4

This alarm gives a 15-20 second exit and entrance delay. After being triggered, the
alarm sounds for five minutes and then shuts off. Once triggered, the sequence is
automatic and-is not affected by subsequent opening or closing of doors.




HOME SECURITY MONITOR SYSTEM

+
N/Orr > i 01uF D1
S1 1M 10uF M
N/O DELAY 100K
3—0/ '
N/O +
s2 1M
VWO n/c DELAY 100K
D2
S 4001
. O1uF

— $100K =
4011 ) | D4
N/C 1
. / O1uF

™

Alarm
All diodes = 1N9148 relay

4

D6 -
For siren, horn, etc.

Fig. 1-5

Circuit Notes

This circuit provides normally open (NO) and normally closed (NC) contacts S1, S2,
and S3 to turn on the alarm after a 30 second delay. S4 and S5 operate instantly. The
CANCEL switch resets the alarm.




ANTITHEFT DEVICE
o J

B 2‘“/;;

ITte

VIBRATION
SENSOR

"BUZZER

it

02

Loop S
{
_______ {
+15V
14 .
12 1" R6 o
Icld 4 27k )
13 - y
7
NOTE.
RY ™ IC1,2 ARE 4011
o 4700 D2 15 14001
- CONNECT UNUSED INPUTS
_TO OV OR +15V
mn
Fig. 1-6 Circuit Notes

Any momentary break in the protective loop or tripping of the normally closed
vibration sensor, causes alarm to sound for 20 seconds. If the circuit is open all the time,
the alarm will sound continuously.

AUTO BURGLAR ALARM

DPDT key switch Hidden
reset switch

— o od”

="
I ! G 1 To horn wire in
To door Reed ! | Shaker A steering wheel
switch light |swittch | o I8witch 2
|
L
- | || |
/ !
About 50 turns of No. 26 wire 9V battery
wrapped around reed switch To auto ground
Fig. 1-7

Circuit Notes

Dome light current through L1 closes reed switch and sounds alarm. Shaker switch
also activates alarm.




TAMPER-PROOF BURGLAR ALARM

+12V
—-—q . j re)
EXISTING BURGLAR ALARM |
ALARM
BELL
R12 me £TC,
10kS 10k
o - 3; 6 D1 g
N.C. 2| 1c1 - A Qt
I - - 10k

N L
AL < R2
OUPLER r—‘ 10k
-7

3 D2
. d 4 - 6
RELAY 2| 1€2
CONTACTS -
R3< R6
8k2< 10k
_ ov
Fig. 1-8 oTE:
8 ?«':1,2 ARE 741 mn
an1is TIP122
D1,2 ARE GENERAL PURPOSE DIODES
Circuit Notes
If-R2 is opened or shorted, the alarm sounds.
LATCHING BURGLAR ALARM
+6V - fg o ® y ¢

[ Q1
N.C. Door €
SWITCHES » 5Ch g‘
Fig. 1-9
TO PROTECTIVE A1
CIRCUIT
WINDOW FOIL - |

Circuit Notes

When the protective circuit is interrupied (opened), the alarm sounds. To set the
circuit, adjust R2 (with protective circuit open) for 1 V across R1.




MOTION-ACTIVATED MOTORCYCLE OR CAR ALARM

o~ 32 GAUGE (FINE)
STEEL PIANO WIRE

IC 115 7400
Q115 BCY?1
Relay to suit

TO CIRCUT

Fig. 1-10

Circuit Notes

Trembler (motion activated) switch sounds the alarm for 5 seconds. Then it goes
off. Circuit is timed out for 10 seconds to allow the trembler switch to settle.

BOAT ALARM

2M
+12V
“IN4148 K Horn
R1*
+12V
7 Fig. 1-11
- - ]
R2* l/‘T
or
Notes: Alarm
* See text for details -relay

+12Vdc to Pin 4 of 324
12V ground to Pin 11 of 324

Circuit Notes

Removing R1 or R2 from the circuit (i.e., the potential thief breaks a hidden wire
that connects R1 to +12 V and R2 to ground) activates the alarm for about five minutes,




BLOWN-FUSE ALARM

™

NPN

+—O0 FUSE 0——

+1%v.0
100K é
10K

AAA—

—1 10K §

NPN

Fig. 1-13

|§|—n

~1liv. o
Fig. 1-12
Circuit Notes
If the fuse blows, the LED indicator starts to blink,
AUTO BURGLAR ALARM
SHORT DURATION TIMERS ARE NEEDED
, TO ALLOW ENTRY AND EXIT
2V
m 2 b
eat! ? 4 14 10 14 $ mestt
2N4920
2 12
6 1/2 NESS6 5 1/2 NESS6 8 Sw'a?g}?gs
ARM — oo
DISARM .
SWITCH 7 7 1
T T 10ufd H(‘)gn Tlouw
RELAY w{,/ |

10




CONTINUOUS-TONE 2 kHz BUZZER
WITH BRIDGE DRIVE, GATED ON BY A LOGIC 0

, —0 +3V TO 18V Tx
' [ PB-2720
| — i
1 irey 11
PB1 4n7
(PRESS
FOR ON) 4
! IC1b IC1c IC1d
GATE 2R
NOTE:
IC1 is 4011B
Fig. 1-14
PULSED-TONE ALARM,
GATED BY A HIGH INPUT,
WITH DIRECT-DRIVE OUTPUT
+3V TO 18V
— o c1 c2
: 100n an?7
! X 1l [
] 4 1r 1T
' R3
PB1 }
For o
ON) H ICic IC1d
| IC1a IC1b
GATE r— 1
Tx
R1 NOTE: —
100k IC1 1S 40118 PB-2720 ==

Fig. 1-15

11



PIEZOELECTRIC ALARM

Fig. 1-16

BURGLAR ALARM

p
2%
&

LOAD

555 -3

K

Fig. 1-18

GATED 2 kHz BUZZER
I 0 +3V TO 18V

l
]
' [l
1 el
(o]

PB1
(PRESS [o R2 4an7
FOR ON)I 68k
]
: IC1b
GATE 4
Tx -
100k PB-2720 -|-
NOTE:
‘IC1 1S 4011B
Fig. 1-17

LATCHIN G BURGLAR ALARM

{

SCR1

g

<
- R2
To N.O.
PROTECTIVE
CIRCUIT — —

Fig. 1-19
Circuit Notes
Closing the protective circuit (i.e., R1 to
R2) applies positive voltage to the gate of
SCR1 and sounds the alarm..It can only be
turned off with S1.

12




SUN-POWERED ALARM

o+

i

Load

2N3906
PNP

Tube (painted black inside)
( j‘_’ 3 Photocell

Fig. 1-20 Photocell /)7

Circuit Notes

Circuit turns on when light (sunlight) strikes photocell. Potentiometer R sets light
level at which the alarm sounds. Painted tube (black on inside) may be used on photocell
to aim at the sun.

SCR

FREEZER MELTDOWN ALARM

Magnet borded
with ice

Froe2er colls

Fig. 1-21
P] 4011

Parmmanent
magnet

Reed swiich

3.3M(1
+9vV MV

Reed switch

Circuit Notes
The meltdown is a magnet held to a small stand by ice. A reed switch is below the

magnet. When the ice melts, the magnet falls on the switch, closing it, and completing the
alarm circuit.

13



2
Amateur Radio

The sources of the following circuits are contained in the Scurces section beginning on page 730. The
figure number contained in the box of each circuit correlates to the source entry in the Sources section.

Code Practice Oscillator Produces Automatic Self-Powered CW Monitor

Dits and Dahs Remote Rf Current Readout
Rf Power Meter Code Practice Oscillator
In-Line Wattmeter SWR Warning Indicator
CW Signal Processor Subaudible Tone Encoder
Two-Meter Preamplifier for Handitalkies Audio Mixers
Repeater Beeper Rf Powered Sidetone Oscillator
Electronic Keyer Harmonic Generator
Code Practice Oscillator Automatic TTL Morse-Code Keyer
Automatic Tape Recording Remote Rf Current Readout



CODE-PRACTICE OSCILLATOR
PRODUCES AUTOMATIC DITS AND DAHS

3 40n

2N3304

¢ IN4148 XK b QLAY

Speake;

A

; 100052
)

a3k W
*
oluf Otuf k]
@'j
100KQ2 o
500K
500K
h
k N384
X IN4148 % IN4wE
) >
1 ToPin 14 of
ovin m
C“ 100K 1 100K #3997 401t and 4021
10 "
4on r—J vWv— Aot |_r A To P 7 of
° . © [ ? 401 and 4081
LY
0t Duf
_-———_———=
4 |
( |
| p 1
. =,
' YI DT ]

Circuit Notes

The circuit consists of a basic oscillator (above dashed line) and an automatic keyer
(below dashed line). The unit can be used with a straight hand key or.a paddle key for

automatic operation.

Fig. 2-1

15



RF POWER METER

RG S8 PASSED THROUGH TOROID
iN(O- —
SKT1
-tmC1
——109
RFC1 %
e
-
F
¢+« OPOWER
Z SwiB
R
4
D4 & DS @ 50uA F.8
IN9YY o 2k
Fig. 2-2 =

Circuit Notes

Reflectometer (SWR Power Meter) covers three decades—from 100 kHz to 100
MHz. It can be constructed for rf powers as low as 500 mW or up to 500 watts.

16




IN-LINE WATTMETER

i) { or single range =
9 é' L { [} FORg RES 1
GA g R, "Gz ] :
560 L2 560 | "
—AAN Yy 8 ANA— |
CR: | [
IN34A/ IN34A/ ! !
NGB0 or 1N60 or ! |
similar FOR REF similar I _——-d
)
.001-1- J— .001
v | 7] T
Tmh
L_/WV\ NOTES:
= 350pf Re Ly =2 turn hink
s Ra 1K 100~ 200us L2 = T-50-2 toroud,
77 5K wound full core
-© with No. 28 wire.
Rs 18° space between
5K " Re windings to allow
10K for L space.
'oo‘,I C1 —C2 See text.
Fig. 2-3

Circuit Notes

The circuit is not frequency sensitive. Its
calibration will be accurate over a wide fre-
quency spectrum, such as the entire amateur hf
spectrum, if the values of L2, the voltage di-
vider capacitors C1-2 and C3, and the resis-
tances of R1-2 are chosen properly. R1-2 and
CR1-2 should -be matched for best results.
Generally, R1-2 must be small compared to the

reactance of L2 so as to avoid any significant
effect on the L2 current which is induced by the
transmission line current flowing through L1.
The lower frequency limit of the bridge is set
by the R1-R2/Ls ratio, and the cutoff is at the
point where the value of R1-R2 becomes sig-
nificant with reference to the reactance of L2 at
that frequency point.

17



‘CW SIGNAL PROCESSOR
+3v O
1 1
LED o1
I 2 22k
€70
8 OHMS w3ea 022 s . re . s . ,
AWB 1000 ° I 1 1008 PHONES
367 172 7413 553
INPUT 3l oW, r , " 4-0——| Iy P
12 10 |9 ? r 3 z
+ A~ 0.02
T~ 33uF L 10pF
"3 hal 14
] IX
177 77
10k
e A O+35v
I:.: 100k
T~ 022
, e
?
{ 358 hd
L 2N2906 .
12 | 3
IN9I4 xi
+
S 10 ~ o.01
Fig. 2-4 1

Circuit Notes

This circuit provides interferenced rejec-
tion for the CW operator. The 567 phase-
locked loop is configured to respond to tones
from 500 to 1100 Hz. The Schmitt trigger re-
duces the weighting effect caused by the output
of the PLL remaining low after removal of the
audio signal. Ten to 15 millivolts of audio acti-

vate the circuit. For periods of loss of signal,
circuit B will automatically switch back to live
receiver audio after a suitable delay. (If a relay
-with a 5-volt coil is not available, the circuit can
also be powered from +12 volts.) When circuit
B is used, the contacts on relay K1 replace S1.

18




TWO-METER PREAMPLIFIER FOR HANDITALKIES

Preamplifier Transceiver

R5
470

-Circuit Notes
This simple, inexpensive, wideband rf
amplifier provides 14 dB gain on two meters
without the use of tuned circuits.

Fig. 2.5
REPEATER BEEPER
+5-(3v
BEEP BEER
DELAY LENGTH
Dliois 500K
x & 500k . b4 10K
10K =30 10k
10K ; 10K
L] 10 |14
' 2 a2 10
3 pa aUDI0
J»—— 3] 10 10K \vput
0 Sae 2 = ON
sy, 000 TRANS -
FROM °)°‘ » s pin MITTER
cor 3} acep
L r _I_“ J_a I—"'- DEVIATION
= o ol TIMER SET
RESET
,_T_’I Fig. 2-6

2
“5-15v
8EEP P
FREQUENCY 5 5 \oK
2”100k
R
8 |4 ]
; s ok O
L.
u2 o
arK 855 o
: i
1
=0
-

CELAY RANGE O3 TO 5 SECONDS
BURSY RANGE O 15705 SECONDS
TONE RANGE 500 TU 1400H2

Circuit Notes

The signal from COR triggers Ul which
produces a beep-gate pulse that enables the
analog gate consisting of D2 and D3 to pass the
beep tone generated by U2.
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ELECTRONIC KEYER

i_o_. T
TRANSMITTER

0
-[:—I—. KEYING

PADOLE

12v
DASH . DE
oO— —0 i
PARTS LIST FOR HAM'S KEYER Q1-HEP-253 pnp transistor
C1-3-uf, 6-VDC electrolytic R1-10,000-ohm linear
capacitor potentiometer
C2-10-uf, 6-VDC efectrolytic R2-50,000-0hm potentiometer
capacitor R3—1200-ohm, Ya-watt resistor
D1-1N60 diode R4_560-ohm, Y%-watt resistor
K1-12-VDC retay R5-5000-chm potentiometer

Circuit Notes

Fig. 2-7

This circuit automatically produces Morse code dots and dashes set by time
constants involving C1 and C2. R1 sets dot/dash ratio and R2 sets the speed. R5 sets the

relay drop-out point.

CODE PRACTICE OSCILLATOR

»——Dof{[] SPEAKER Flg 2.8

VOLTAGE DIVIDER

Circuit Notes
:‘ on J:
¢+ =6y This simple cpo uses the 7404 low-power
(PN 1) _I' T Schottky hex inverter. C is a 5- to 30-uF elec-
3508 ’ trolytic selected for the desired pitch. The
(PIN 7} &—4 speaker is a 2-inch, 8-ohm unit,
Veo 8

T O ¢ T 1

7404

goouaoognUa
1 GND
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AUTOMATIC TAPE RECORDING

RS
270kQ N
> 7

1) R?
15000 2208 MICROPHONE
,J; INPUT
N —
be 7
TO
———> CASSETTE
RECORDER
4
i3
<
R S
02 (]
f 12K sl . 9
L l >
1 R2
680K G

REMOTE
m R3 INPUT
1IC1 Sk3688 OR LM3300 OP AMP 2Tora +12v s s
N

1C2 SK4049 INVERTING HEX BUFFER

RELAY QOPDT RS5273-213
Fig. 2-9
Circuit Notes
Amateurs don’t have to miss the action while away from the rig. This circuit turns on

a tape recorder whenever the receiver's squelch is broken. After signal loss, the
recorder will shut off following a slight delay.

SELF-POWERED CW MONITOR

-
-
S

Py T

Magnetic
headphones

§ R , Fig. 2-10

L

O

Circuit Notes

Position L near the transmitter output tarnk to hear the key-down tone. Then tape
the coil in place..C = .047 uF, R = 8.2 K, Q = HEP 253 (or equal), T = 500: 500 ohm
center tapped transformer. L = 2 to 6 turns on %" coil form.
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REMOTE RF CURRENT READOUT

Circuit Notes

A suitable pilot_lamp is illuminated by a
small sample of rf and energizes an inexpensive
solar cell; the dc current generated by the cell
1s a measure of relative rf power, and may be

a2 4 5P

Si
Fig. 2-12 —"o——iF—

R o] SMALL g B o< ~ma
LINE T LAMP ceut ' routed to a low-current meter located at any
convenient point. A sensitive, low-current
N pilot lamp is desirable to cause minimum dis-
o turbance to normal rf circuit conditions. The
number 48 or 49, 60 mA lamp is suitable for use
with transmitters above 1-watt output.
Fig. 2-11
CODE PRACTICE OSCILLATOR
Cl
Ayt
T

Circuit Notes

Oscillator, works with 2 to 12 Vdc (but 9 to
12 volts gives best volume and clean keying).
R1 can be replaced with a 500 K pot and the
circuit will sweep the entire audio frequency
range.

AN

SWR WARNING INDICATOR

LED

TO ANTENNA ©

FROM
TRANSMITTER - SWR

Fig. 2-13

2 3900
-

Circuit Notes

Op amp with dc input from SWR meter can
be adjusted to preset the SWR reading at which
the LED lights.
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SUBAUDIBLE TONE ENCODER

SWI
870 I5VDC
e _le2
AT00uF »~ 024 F
RI 6V
68K GND
c3
RZ
as ook O%F  ——=
2N4124 Y= o A %5C P5. OUTPUT TO INSERTION
s POINT ON TRANSMITTER
—

c4 AUDIO BOARD. INSERTION
.003 POINT WILL REQUIRE A LOAD-

c5 ING RESISTOR. [VALUE DE-
20pF PENDING ON RIG USED. 10K TO
NPO .5 MEG FOUND EXPERIMEN-
Ra RS TALLY)
I00K 1% _ 100K I%
e
047
MYLAR .
c? Fig. 2-14
022 MYLAR 022 MYLAR
Y| 3
U A
R6
$33k
Al R7 *Rx
‘ RB-'I U
\2
*
| NGED! Rx 3
swe2
(R0l + ©} TONE seL swiTcH
s X
{FT] * /7
Rz}
tOK TRIMPOTS
FREQ ADY

Circuit Noies

This twin-T oscillator produces six preset subaudible tones from 93 to 170 Hz in
three ranges.

Fig. 2-15 A

AUDIO MIXER
O

0kF sration
—{—> TRANS-
MITTER

+|2-18Vv

Circuit Notes

The 741 op amp is used as a summing amplifier-to combine several audio inputs.
Overall gain is set by Ru.
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RF-POWERED SIDETONE OSCILLATOR

+9 Vdc
Ci R2 Rt
SHORT TELESCOPING 05 50K
. - 3.9K
WHIP A
ANTENNA
J1
L Ca
T 001
D1 ?g -
1N60 H
4 IC1 3 +
. AST ___’ _____
! S 555
1
R3
10K
VOL.

/7

) ~“PORTABLE RADIO REPLACEMENT TYPE
TFig. 2-16

Circuit Notes

A sidetone oscillator is a special audio
oscillator that is-turned on and off with the
transmitter. The oscillator is rf-driven and bat-

astable multivibrator. Keying is accomplished
by applying a positive dc potential, developed
from-the rf signal, to the reset terminal of the

tery operated. It uses a 555 IC timer _as an 555.

HARMONIC GENERATOR

= 4 -0 15V
TD251 -I-
10k 01
INPUT FROM
XTAL OSC
1]
1Y
01 2N3324 504V HARMONIC
OUTPUT
1k I
SEE TEXT ﬁz‘z
Fig. 2-17

Circuit Notes

This circuit will produce 50 1.V harmonics through 1296 MHz with an input of 0.15-1
V from a 100 or 1000 kHz crystal oscillator. With a germanium diode instead of a tunnel
diode, harmonics can be heard up to about 147 MHz.
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AUTOMATIC TTL MORSE-CODE KEYER

TOIC2-8 PIN14
5v
A1 40
33k
1,
9 e 3 c
R2 2 IC2a _
L b MECCAND —
BRACKETS
c2 sw2 swWi1
SPEED 2
C1
w Tu Twlcz-s 3 MICROSWITCHES H
O . PINT Iceb
ra
=) L
DOT  DASH
I1C2. 6 ARE 7471
IC3, 5 ARE 7400
W IC4a 1C41S 7002
DASH
\ 4—\-
1C5¢
3w e
Fig. 2-18

Automatically generated dits and dahs are produced over a speed range of 11 to 39

wpm. The upper limit can be raised by decreasing R2. SW1 and SW2 can be a “home-
brew” paddle operated key.

Circuit Notes
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3

Amplifiers

The sources of the following circuits are contained in the Sources section beginning on page 730. The
figure number contained i the box of each circuit correlates to-the source entry in the Sources section.

High Impedance Differential Amplifier

Unity Gain Follower

Voltage Controlied Variable Gain Amplifier

Power Booster

Logarithmic Amplifier

Voltage Controlled Variable Gain Amplifier

Discrete Current Booster

Precision Process Control Interface

Voltage Controlled Amplifier

Absolute Value Amplifier

Programmable Gain Noninverting Amplifier
with Selectable Inputs

x 1000 Amplifier Circuit

Inverting Amplifier with Balancing Circuit

Switching Power Amplifier

Precision Power Booster

Noninverting Voltage Follower

Color Video Amplifier

Fast Voltage Follower

Isolation Amplifier-for Capacitive Loads

Cable Bootstrapping

Current Booster

Wideband Unity Gain Inverting Amplifier
in a 75 Ohm System

High-Speed Current to Voltage Qutput
Amplifier

Gated Amplifier

Reference Voltage Amplifier

Fast Summing Amplifier

Adjustment-Free Precision Summing Amplifier

Summing Amplifier with Low Input Current

x 10 Operational Amplifier Using 161

x 100 Operational Amplifier Using L161

Precision -Absolute Value Circuit

Ultra-Low-Leakage Preamp

Dc to Video Log Amplifier

+100 V Common Mode Range Differential
Amplifier

Wide Bandwidth, Low Noise, Low Drift
Amplifier

Signal Distribution Amplifier

Audio Distribution Amplifier

High Input Impedance, High Output Current
Voltage Follower

Precision Amplifier

Preamplifier and High-to-Low Impedance
Converter

Noninverting Amplifier

High Impedance, High Gain, High Fre-
quency Inverting Amp

Log-Ratio Amplifier

Inverting Amplifier

Logarithmic Amplifier



HIGH IMPEDANCE DIFFERENTIAL AMPLIFIER

Ré
My

/2
uA798 —Vourt

R2 _ Re

R1=R4
R2 = RS

VouT = C (1 + a +b)(V2 —V1)

R5 — R7 for best CMRR

B R6 2R1
- Gain = R2(1+_93)=C'(I+a+,b)
Fig. 3-1
UNITY GAIN FOLLOWER
+15v
T 0.01uF
-1
l}j_
10K )
INPUT O——p AAA
5142
8,9
OuUTPUT
—15V
Fig. 3-2
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VOLTAGE CONTROLLED VARIABLE GAIN AMPLIFIER

U1887E or
2N4091

U1BI7E or
2N4091

VIDEO
OUTPUT

VIDEO
INPUT

—10vV O—4

Fig. 3-3

Circui¢ Notes

“The tee attenuator provides for optimum dynamic linear range attenuation up to 100
dB, even at f = 10.7 MHz with proper layout.

POWER BOOSTER

O*v Circuit Notes
; Power booster is capable of driving mod-
Sn erate loads. The circuit as shown uses a
NE5535 device. Other amplifiers may be sub-
) K 3638 stituted only if R1 values are changed because

of the Icc current required by the amplifier. R1
Tox ] should be calculated from the following ex-
O——AAA—— pression:
—° 600 mW
Rl=—

Iec

1K

2N697

R1

All resistor values are in ohms.

Fig. 3-4
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LOGARITHMIC AMPLIFIER

-———
WpA-1 mA

.y Fig. 3-5

, & Set R11 for Voyt = 0-at Iy = 100 A
n
w D Set 8B for Voyr =3V at |y =100 A
C. Set R3 for VoyT = -4V at iy =10 pA

t 3300 ppM/*C. Type Q209 avaitable
from Tel Labe, Inc., Manchester, N.H.

Circuit Notes

Unusual frequency compensation gives this logarithmic converter a 100 ws time
constant from 1 mA down to 100 pA, increasing from 200 s to 200 ms from 10 nA to 10
pA. Optional bias current compensation can give 10 pA resolution from — 55 °C to 100 °C.
Scale factor is 1 'V/decade and temperature compensated.

VOLTAGE CONTROLLED VARIABLE GAIN AMPLIFIER

Ar
Vi O——AAAS -

2N545T(PSS) Lm101

© =
i)

GAWN CONTROL

p=esO GUTPUT

Circuit Notes

The 2N5457 acts as a voltage variable -
resistor with an Rusen of 800 ohms max. Since
the differential voltage on the LM101 is in the
low mV range, the 2N5457 JFET will have
linear resistance over several decades of resis-
tance providing an excellent electronic gain
control.

Fig. 3-6
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-DISCRETE CURRENT BOOSTER

p—0 Vg =24V
R?
10k
a4
fAg
33
O Vout
R0
33
Q103 MPS6560 02
Q2 MPS6562
Fig. 3-7
PRECISION PROCESS CONTROL INTERFACE
¢ 415V
$RDV 2 AHE TRANSYIT TN 40 200 mv

SNt AR 10 A (HO04Y

Fig. 3-8

Vour 10V FOA20mA
0V FDR4mA

e 15V

50k
SPAN
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VOLTAGE CONTROLLED AMPLIFIER

R1

100
O——AV A
vin C
o v AN o
vinc Acg:ﬂ: ov
NOTE NO OUTPUT WHEN Vin C 1§ NEGATIVE
Fig. 3-9

Circuit Notes

This circuit is basically an op amp withan nal (10 mV) between pin 2 and 3 and by
extra input at pin 5. A current lasc is injected  controlling the current on pin 5, the level of the
into this input and this controls the gain of the  signal output (pin 6) is controlled.
device linerly. Thus by inserting an audio sig-

ABSOLUTE VALUE AMPLIFIER

10K
AAA/ —AMA—O v

D
2 10K Dy

D3 112 5535

|}|—

Fig. 3-10
Circuit Notes

The circuit generates a positive output The accuracy is poor for input voltages under 1
voltage for either polarity of input. For positive V, but for less stringent applications, it can be
signals, it acts as a noninverting amplifier and effective.
for negative signals, as an inverting amplifier.
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PROGRAMMABLE GAIN NONINVERTING
AMPLIFIER WITH SELECTABLE INPUTS

+16V 16V
7
3 + 4
2 aoP-02 5 Vou'r
+18V /15\/
13 s - 13 5 -
' GND Z GND
Yint g aw-201 |z 2 swie;(‘ 2y
i |
CH GAIN > > >
\ l_m-l 1 1—CD_>_J i:mm i: 9.5K0 i:mmm
v,
NZ w x| 15 /A 14 1ox
| b
cH, GAIN
et Db et Db
v
INY gy 2 |10 10 /L " 100%
l |
oMy | CAINy !
et D Db
V, -
ma_ s o/,l/ 7 ? 4/6 (] 1000X
e, i cam, E: :
o— [ o— —_
E - 3 < <
v- V- S:a  gw00n < 1000
]
(L-wv l-wv ':L-‘ J'r' J_L'
Fig. 3-11
x 1000 AMPLIFIER CIRCUIT
D1
18V N7s7A
- +18VY
<L R2
25K
< 2 \ 7 R9
R 500
3| «A708C r M Egut
5
1 (__l
8
c2
200 pF
cy AB -15V
- §nF 1.5k
O‘AP— Q1B 2N2060
R4 } RE
500 v SOk
e AAA M

Fig. 3-12

ALL RESISTORS 1%
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INVERTING AMPLIFIER
WITH BALANCING CIRCUIT

INPUT
- Cy
IC = LM101 300
Fig. 3-13

Circuit Notes

Req may be zero or equal to the parallel
combination of R1 and R2 for minimum offset.

PRECISION POWER BOOSTER

+15V

24002
! i 10uF
T (TANTALUM)
10k () —
10k{)
R

10uF

Fig. 3-15 o (TANTALUM)
v L
TYPICAL PERFORMANCGE: =
SLEW RATE-+--emee = 18V/pSEC
0.1% SETTLING--—-4,SEC (R, = 500)

QUIESCENT SUPPLY CURBENT -—-1.5mA

SWITCHING POWER AMPLIFIER

INPUT

RIS
10k$

L

|3 100 &
S—AAA

<Re
L e Sar

NONINVERTING
VOLTAGE FOLLOWER

MC1538R/
WC1438A

M 15566/
“MC 14566

7 3
-— 14) 4 B

= 01 pf
Charectesistic CASE

. Wo-Vin) 102
I % Error = N T 0.001%

W.rg= 10790, 1 <20
i 2, 2 30 Megohms, F < 20 H:
IV 1gg = 200 mAde Vee

Fig. 3-16




COLOR VIDEO AMPLIFIER

750 (2

IC = NE5539

Fig. 3-17

ISOLATION AMPLIFIER
FOR CAPACITIVE LOADS

PP AN 0 Vour
Vee
Cc
““k 20 pF
5 A3 gyt

| LF188/6/7
= k]

+2V
ot
-2V

¢ Ovaershoot &%

® t,=10us

®  Whan driving large T, the Vg, ,, slew rete is determinad by C(
and lgyt(max):

Vee

4Vour_ lour 0.02

ro L o5 V/us = 0.04 V/ps (with C_ shown)

Fig. 3-19

FAST VOLTAGE FOLLOWER

2
3[301A Vour
VIN —_ -02
/1 300 pF
C1 l
30 pF -R1
Fig. 3-18 10K

Power Bandwidth: 15 kHz
Slew Rate: 1V/us

CABLE BOOTSTRAPPING

Fig. 3-20

Circuit Notes
Bootstrapping input shield for a follower
reduces cable capacitance, leakage, and spuri-
ous voltages from cable flexing. Instability can
be avoided with small capacitor on input.
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CURRENT BOOSTER

Vour

vV

ny LI}
» 2001

OAIN-Y‘%“‘*:I‘

MAXIMUM COAD CURRENT = r60mA (YOV + 20011)

Fig. 3-21

HIGH-SPEED CURRENT TO
VOLTAGE OUTPUT AMPLIFIER

a1 R2
DIGITAL 1.25k0 %a
INPUTS - ——— A
v MsB Ls8 cz
opF
$aa = .,.___4F____d
RREF N .
s le |7 [e |a |1o]i |2
T a1 b2 83 82 B5 BS B7 @8
2 Vaeel+ i
1 VRee o \G
'REF DAC-DBE
15
VRep(-
v+ V- Cc Vic
3 13 16 \
(4]
DAuF
= +1BV I-ssv =
.
Fig. 3-23

WIDEBAND UNITY GAIN INVERTING
AMPLIFIER IN A 75 OHM SYSTEM

A1 = 1KQ
i R, = 2KQ
Fommimmm e - -
T 6B
L Corsr — o LOSS —'l
-t -
R2
’L IC = NE/SES53¢
Fig. 3-22

LOGARITHMIC AMPLIFIER

Dt uf

2N2218
Of equwv

W)

100 k
V) >0 e—AAA—

——9 V()

OFFSET
ADJUST

Vo = Kiin (K2Vy)

35



GATED AMPLIFIER

INPUT

GATE

Fig. 3-25

FAST SUMMING AMPLIFIER

c2

|
IR
o

C1
150 pF

Power Bandwidth: 250 kHz
Smali Signal Bandwidth: 3.5 MHz
Slew Rate: 10V/us

Fig. 3.27

REFERENCE VOLTAGE AMPLIFIER

REF - —O Vg = (1 +%’%) VREF
1| — Tson*
= 1BIAS 1
fov
FEATURES

1 MINIMUM BIAS CURRENT IN REFERENCE CELL
2 SHORT CIRCUIT PROTECTION

IC = HA-OPO7

Fig. 3-26

ADJUSTMENT-FREE
PRECISION SUMMING AMPLIFIER

Fig. 3-28

Circuit Notes
This circuit produces continuous outputs that
are a function of multiple input variables.
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SUMMING AMPLIFIER
WITH LOW INPUT CURRENT

LM108, A
Series

o

LMI101A(3)
or equiv

(1) Power Bandwidth:

260 kHz the LMI101A raises high and
Small Signal Bandwidth: low frequency gain, increases
3.5 MHZz output drive capability and elim-
Stew Rate: 10 V/us inates thermal feedback,
(21 cq - 6% 1078
R1
Fig. 3-29

OUTPUT ~

(3) In addition to increasing speed,

x 100 OPERATIONAL
AMPLIFIER USING L161

R3
16K 0
<

~—0 OUT
Fig. 3-31

—=Ccomp

I 0.001

Circuit Notes

Amplifier has gain-bandwidth product of
20 MHz with slew rate of 0.3V/u sec.

x 10 OPERATIONAL
AMPLIFIER USING L161

=AY
o

¥ IsuppLY = 120uA

Fig. 3-30

Circuit Notes

Amplifier is 3 dB down at 100 kHz and has
a slew rate of 0.02V/u sec.

PRECISION ABSOLUTE
VALUE CIRCUIT

Ry

h )
L]
10V

O En
0TO 10V

VA

SOMTIVE IPUT
1. Va=0,D20PF, DYON
2 lo-(—-*#-‘ )'(#)"mﬂn“ 3 Egp=Va (IoJL."H‘)
L WMTHAIeRI=A4=RE: Eg=Ejy = 4 WITH R3= R4 = RE: Eg = 16Va
& Vog EARGA INCLUDED. o Eneo ‘mu:ﬁ;z':‘;‘;f:.m

a s

€0 ° i+ Moz 6 WMTHA1=R2-RI*R4 €= €N

NEGATIVE IRPUY 7. Vos ERROR INCLUDED
. D1OFF, 020N €0 * —E1m + 1.5V052 - 05V0s1
r SN, n ‘ﬁ 8 FORBOTH INPUTS £g =+ Ein

Fig. 3-32
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NPUY

ULTRA-LOW-LEAKAGE PREAMP

471042

30 pf

F—AAA—O 12V
L
5 .F

I

BUTPUT (2100}

e
£ 100K 2%

I

<
PALE Y
b

Fig. 3-33

470

i%.l

Circuit Notes

Input leakage —2 pA at 75 °C.

AAA—O - 12V

+100 'V COMMON MODE
RANGE DIFFERENTIAL AMPLIFIER

R7 R6
50 k(} 2 50 m
+ OUTPUT
uA725
3
5 k)

100

0. DJ;MAj—

Pin numbers are shown for metal package only.

Fig. 3-35

DC TO VIDEO LOG AMPLIFIER

t
VIDEO ok
w
BV 4
e 12
2
- 3
1"
)
4
4
0
AL "
18V
VeL = -10v &
Ve = etV
ALY
Lo.m 0 1uF
- e e
11 .
3 VIDED
tde TO SOMN:)
Fig. 3-34

WIDE BANDWIDTH, LOW
NOISE, LOW DRIiFT AMPLIFIER

fmex ¥-240 kH2
v

-0V
—0

S
® Powar BW: fpngy = 3

8  Parmitic input capacitance (C1 & J pF tor LF155, LF156, sand

LF157 plus any scdditional |ayout capac.itgnce) interacts with
feedback elaments snd creates undesiradble high frequency pole
To compensate add C2 such that. R2C2 = RI1CT,

Fig. 3-36
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SIGNAL DISTRIBUTION AMPLIFIER

Vee  aa
a1uf <L,
- U
] MC1E38A/ Vol
418 1] _P
m
2
( =
tast | [%)
0.1 uF E VEE
0.1 uF g vee
N 1_
Fig. 3-37 ‘
5,
v ] MCIBIIR/ vai~v
-~— HCHNRR b
2)
4
3 %"‘-
2
]
0.1 uF CAsE 3
VeE
et S T
[ ]
1
[
L]
1] MO16R/ vVoi~ge
NC1amA° L
Charsetsratics [t} d
L1
| Powsr supples are prolected 3 3
fram.the outpul fault, 19S = 200 mA 1
it. The smell put current when CASE
n output currenit lmit (0.5 mA) VEE “
will wolete Vi, V0 1 and Vo2 o.1uF

from the fault &t VQ3.

AUDIO DISTRIBUTION AMPLIFIER

Fig. 3-38
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HIGH INPUT IMPEDANCE, HIGH
OUTPUT CURRENT VOLTAGE FOLLOWER

MC1438R

MC1456,C
MC1556 MC1538R
VI >r—O— . Vo
1~ 250M0
oFFseT = k& CASE 0o 16 ¢ 100 2
ADJUST - Tﬂ 1 uF I [ 1o = 100 mA (max)

Fig. 3-39
PRECISION AMPLIFIER
50 M1 10 k()
AW
OFFSET
V-l NULL =
1
500 kit [ 5 p_100 K¢ 80 ko
_m‘v 8
6 eouT
N 500 ki1 HA723 ) Characteristics
A Ay = 1000 = 60 dB
3 .001 ,F

DC Gain Error = 0.05%
Bandwidth = 1 kHz for —C.05% error
50 M« 470 () Diff. Input Res. = 1 MQ
Typical amplifying capability
— — eN = 10 uV on VCMI= 10V
Caution: Minimize Stray Capacitance

Pin numbers are shown for metal package only.
AvcL = 1000

Fig. 3-40
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PREAMPLIFIER AND HIGH-TO-LOW IMPEDANCE CONVERTER

+12V

TO
CERAMIC
CARTRIDGE
INPUTS

Fig. 3-41

Circuit Notes

Thiscircuit matches the very high imped-
ance-of ceramic cartridges, unity gain, and low
impedance output. By “loading” the cartridge
with a 2M2 input resistance, the cartridge

characteristics are such as to quite closely
compensate for the RIAA recording curve. The
output from this preamp may be fed to a level
pot for mixing.

NONINVERTING -AMPLIFIER

C2

.|}3/:

Ve

Fig. 3-42

HIGH IMPEDANCE, HIGH GAIN, HIGH FREQUENCY INVERTING AMP

100K
AA BW = 100K H2

hh Ay = 100
Z,=2x10%0

[5 - 2
Epn a——§+ :/_7
E_

-15v

TFig. 3-43

LT

o]
+15V

IC = HA2650/2655
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LOG-RATIO AMPLIFIER

L S —
Vy oo N\ Vour- -1V LOGy Iy f2
GAIN T OR -1V LOGyg V4 'V 3
e A1
$154k J
>
Va = +15V
Fig. 3-44
BALANCE L..::w
| :
<
100k i ‘:15 4k
e ' 3
V7 AN >—» ™
S 1k CRYC TEL LABS
$1
i 6 B s i «3500ppm qast
¢ [AD642 g
pa( NOTES
CIRCU!T SHOWN FOR NEGATIVE V OR 41y
15v FOR POSITIVE INPUTS Q1 PNP AND V4 15V
INVERTING AMPLIFIER
c2
_Iﬁ |
Fig. 3-45
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4

Analog-td-Digital Converters

The sources of the following circuits are contained in the Sources section beginning on page 730. The
figure number contained in the box of each circuit correlates to the source entry in the Sources section.

8-Bit A/D Converter A/D Converter

Successive Approximation A/D Converter Three Decade Logarithmic A/D Converter
8-Bit A/D Converter Tracking (Servo Type) A/D Converter
8-Bit Tracking A/D Converter 3% Digit A/D Converter with LCD Display

8-Bit Suceessive Approximation A/D Con- Fast Precision A/D Converter
verter High Speed 3-Bit A/D Converter
Four Channe! Digitally Multiplexed Ramp Three IC Low Cost A/D Converter
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SUCCESSIVE APPROXIMATION A/D CONVERTER

+ 15V
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Circuit Notes

A bipolar input, high speed -A/D converter uses two AM25L03s to form a 14-bit
successive approximation register. The comparator “is a two-stage circuit with an
HA2605 front-end amplifier used to reduce settling time problems at the summing node.
Careful offset-nulling of this amplifier is needed.
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8-BIT SUCCESSIVE APPROXIMATION A/D CONVERTER
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THREE-DECADE LOGARITHMIC A/D CONVERTER
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31, DIGIT A/D CONVERTER WITH LCD.DISPLAY
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FAST PRECISION A/D CONVERTER
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HIGH SPEED 3-BIT A/D CONVERTER
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5

Attenuators

The sources of the following circuits are contained in the Sources section beginning on page 730. The
figure number contained in the box of each circuit correlates to the source entry in the Sources section.

Digitally Selectable Precision Attenuator Digitally Controlled Amplifier/Attenuator
Variable Attenuator Programmable Attenuator (1 to 0.0001)
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DIGITALLY SELECTABLE PRECISION ATTENUATOR
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1 N = ] L Circuit Notes
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>\ j ;
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Fig. 5-2
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DIGITALLY CONTROLLED AMPLIFIER/ATTENUATOR
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PROGRAMMABLE ATTENUATOR (1 TO 0.0001)
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6

Audio Mixers

The sources of the following circuits are contained in the Sources section beginning on page 730. The
figure number contained in the box of each circuit correlates to the source entry in the Sources section.

Four Input Sterec Mixer Passive Mixer

High-Level Four-Channel Mixer One Transistor Audio Mixer
Two Channel Panning Circuit Silent Audio Switching/Mixing
CMOS Mixer Hybrid Mixer

Mixer Preamplifier with Tone Control Four Channel Mixer
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FOUR-INPUT STEREO MIXER

INRUT 1

"OLEVELT
00k

INPUT 2 l
GAIN =18 s pprox)

AX IN KILOHMS

ALL OP-AMPS POWERED FROM 212V

PAN3

LEFT
OuTPUT

il

. —0)
) . RY
100k S 10
ADD MORE INPUTS
~3 REQUIRED 100x I

AC

Fig. 6-1

Circuit Notes

Four (or more) inputs can-be mixed and
produce stereo output. Gain of each stage can
be boosted by adding RX, but it should be kept
below 50 (RX above 2.2 K) to avoid poor fre-
quency, response. If more than four stages are

used, decrease RX to 6.8 K for six inputs, or 4.7
K for eight inputs. The op amps are 741 or
other lower noise types. The power supply

-circuit is also given.
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"HIGH-LEVEL FOUR-CHANNEL MIXER

o { | 2 IC:F
11
INPUT ApF 5| o8 ! +—

r— 053 R3
+ 05y

j_ c2 10K

=2 200pF R2 ‘gf( OUTPUT _

o 2 a7

NOTCH

I ,
~ 1\ =
6 151413 12 11 109 13 _!
| 1 1cic K's N
14 ! / N
1
i 2 3 4 5 6 7 8 S —

ICI
TOP VIEW 160 N I

+12vDC

PARTS LIST FOR HI-LEVEL MIXER |C1—RCA CA 3052

-€1-0.1-uF, 3 VDC capacitor R1-100-0hms, %-watt resistor
€2-200-uF, 3 VDC capacitor R2-47-0hms, ¥2-watt-resistor
€3-0.05-uF, 75 VDC disc capacitor R3—Pctentiometer, 10,000-chms
C4—1-uF, 15 VDC capacitor audio taper
€5-0.1-uF, 15 VDC capacitor R4—10,000-0hms, %-watt resistor

Fig. 6-2

Circuit Notes

To provide good signal-to-noise ratio, this  crophone but not withcrystalor ceramic mikes
four channel mixer amplifier controls the signal  because the IC input impedance is low. Note
levels after the amplifiers, and then mixes  that all four circuits are identical but that only
them to offer a combined output. The circuit  one is shown complete.
works with any 50 ohm to 50 K dynamic mi-
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TWO CHANNEL PANNING CIRCUIT

241Ry

PAN

CHANNEL 1 QUTPUT

INPUT O~ 1178, <
w4

Fig. 6-3

p=0 CHANNEL 2 DUTPOT

Circuit Notes

This panning circuit (short for panoramic
control circuit) provides the ability tc move the
apparent position of one microphone’s input
between two output channels. This effect is
often required in recording studic mixing con-

soles. Panning is how recording engineers
manage to pick up your favorite pianist and
“float” the sound over to the other side of the
stage and back again.

CMOS MIXER
O +4-15V
| \"31
1M
o
OuTPUY
NOTES.
1C1 1S 4011
01 1S BC149
Q2 IS BCyw?
O ov
Fig. 6-4 Circuit Notes

Four inputs can-be mixed by duplicating
the circuit to the left of C3 and using the fourth
gate of IC1. Two gates are used in a touch-
operated switching circuit that controls the

voltage on the base of switching transistor Q2.
Touching TP1 and TP2 alternately tums the
circuit on and off.
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MIXER PREAMPLIFIER WITH TONE CONTROL

NPT ¢ &—;{ a a6
Tuf nK 20k
“WE AAA
[T}

OLTRUT

ot
meurs o——={ as
2
ava
1w
o4
rers
T 4 o-—i e

Fig. 6-5

Circuit Notes

General purpose preamplifier/mixer accepts up to four inputs, has a gain of 1600,
and provides bass and treble controls that can be varied + 10 dBat 100 Hz and 10 kHz
respectively. IC1 and IC2 = LM301A.

PASSIVE MIXER

10k
L input NN~
- R1

R3 L + R output
10k p

Rinput (e VvV
R2

Fig. 6-6 —

Circuit Notes

This simple circuit can be used to combine stereo signals to produce a monaural
output. R1 and R2 isolate both circuits and R3 controls the level of the combined output
signal.




ONE TRANSISTOR AUDIO MIXER

v

outpur  Dig- 6-7

Circuit Notes

Three or more inputs with individual level controls feed into the base of Q1 that
provides a voltage gain of 20.

SILENT AUDIO SWITCHING/MIXING

47k Q2
VIN2 Q1,2 = 2N3819
1™
SWITCH TIME CONSTANT 47m$
ON = 0V

OFF = -15v/;;7n

Circuit Notes

Fig. 6-8

Two or more signals can be switched and/or mixed without annoying clicks by using
FETs and a low input-impedance op amp circuit.
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HYBRID MIXER

e ;
aM7 R? 2
ci 100k S
c3
1u
VR1 + 4u?
w o+l oA IC1a -
M7 RS (m
220K
(6)2
Fig. 6-9
NOTE:
IC1 1S 4011A
R4 ) 1G2 IS 747
aM?
c2 SRe It
vrze M4 %7 %1000( -[cs ov
||_Wv 4+ 47u
™ . 1c18 BV o

Circuit Notes

IC1a and b are biased into the linear regions by R3 and R4, (IC1 must be 4011A).
Outputs from gates are combined by op amp IC2, which provides low impedance output.

FOUR CHANNEL MIXER
+9Vio +24V Ou;put

Fig. 6-10

2.2K0

+ Q
~T

T

Circuit Notes
High gain.op amp combines up to four individually controlled input signals. The dc
power source should be well filtered (battery is ideal), and the circuit should be well
shielded to prevent hum pickup.
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7

Audio Oscillators

The sources of the following circuits are contained in the Sources section beginning on page 730. The
figure number contained in the box of each circuit correlatesto the source entry in the Sources section.

Wien Bridge Oscillaior Tone Encoder

Wien Bridge Oscillator Feedback Oscillator

Wien Bridge Oscillator Phase Shift Oscillator

Very Low Frequency Generator 800 Hz Oscillator

Audio Oscillator Tunable Single Comparator Oscillator
Sine Wave Oscillator Wide Range Oscillator (Frequency Range
Easily Tuned Sine/Square Wave Oscillators of 500-to 1)

Wien Bridge Sine Wave Oscillator Wien Bridge Oscillator

Phase Shift Oscillator Wien Bridge Sine Wave Oscillator
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WIEN BRIDGE OSCILLATOR

R
470 kQ
1%

“27RC
1=1.0kHz

R4
22 kQ
1%

R3

R1< 1kQ

Fig. 7-1

Circuit Notes

Field effect transistor, Q1, operates in the
linear resistive region to provide automatic
gain control. Because the attenuation of the RC
network is one-third at the zero phase-shift
oscillation frequency, the amplifier gain de-
termined by resistor R2 and equivalent resis-
tor R1 must be just equal to three to make up
the unity gain positive feedback requirement
needed for stable oscillaticn. Resistors R3 and
R4 are set to approximately 1000 ohm less than

the required R1 resistance. The FET dynami-
cally provides the trimming resistance needed
to make Rl one-half of the -resistance of R2.
The circuit composed of R5, D1, and C1 iso-
lates, rectifies, and filters the output sine
wave, converting it into.a dc potential to con-
trol the gate of the FET. For the low drain-to-
source voltages -used, the FET provides a
symmetrical linear resistance for a given gate-
to-source voltage.
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N

WIEN BRIDGE OSCILLATOR

124 Illﬂ 2Ok | 724

-——— —_——— —

&k

VWA

Circuit Notes

Fig. 7.2

Wien bridge sine-wave oscillator using two RCA CA3140 op amps covers 30 Hz to
100 kHz with less than 0.5 percent tota! harmonic distortion. The 10k pot is adjusted for
the best waveform. Capacitor C1 and C2 are a two-gang, 450-pF variable with its frame
isolated from ground. Maximum output into a 600-ohm load is about 1 volt rms.

WIEN BRIDGE OSCILLATOR

e
Freq
e L

<

$00
Ampiitude T vee

%QIyF

1o Fig. 7-3

T TiosV0kH:
Ay =50

Co
0006 uF T~
o MC 15565/ MC1538R/
ook 3 MC 14566 MC1438 A
Co
00016 uF 55 Ro 1
100 & = Talnf CASE
4 I VEE
Characteratics
! fg tram 0 0t Mz 10 19 kM2 198 = 200 mA
2-10 o
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VERY LOW FREQUENCY GENERATOR

R2
1K OFFSET

R1
-47K

R4
8200

= i
9 9100 1K
s3
ouTpuT MULT _o1 10" " oox ] VAR >
R11, TMEG] {
& A2 JOMEG
° 12 3 012 ! M
l i o OUTPUT
' 7
Br— | ci|c2| 3 cd cs|cs] c7|c| col o S
v=—/— -§2 | FREQ
, ne fwr | 7 pos | Hz | CAPACITOR uF
- 1
| G 1 1| C1=Ci2= | 5+1
| S2A¢, FREO 2 2 C2=C13= A5 + 45
: 3 & 7 3 4 C3=C14= 15
: o |G 1o |5 |6 6 |6 |G J_o 5 8 C5=C16= |[.066 + 0068
i 6 10 | c6=C17= |.D5 + D1
CR1 CR2 —Cie= |.
Ll ll|N914 ¥ ingre U 12 c7=c18 o5
8 14 C8=C19= 033 +.01
¢ a8 9 16 C9=C20= |0.33+.0047
77 éocx 10 18 | c10=C21= | .033
. 11 20 C11:==022= | .015+4 015
Fig. 7-4
12 - - -

Circuit Notes

Wien bridge oscillator generates frequen-

cies of 1 Hz and 2 tc 20 Hz in 2 Hz steps.
Maximum output amplitude is 3 volts rms of 8.5
volts peak-to-peak. A pot-and-switch at-

range .of 5 decades.

tenuator allows the output level to be set witha
fair degree of precision to any value within a

AUDIO OSCILLATOR

Circuit Notes

O2uF-06uF
Y|
PA

Fig. 7-5

Ir_'cﬂ*

Almost any transistor will work.
R1 and C1 wili vary the tone,

8a
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SINE WAVE OSCILLATOR

SINE
‘ OuUTPUT

A
10m
%

[*4
0.02 uf

COSINE
ouTPUT

Fig. 7-6

——AAA AAA
vV AA—~

R2 ot R4
fo =t H M 6.V 50K
1%

02
83v

-Circuit Notes
The oscillator delivers a high-purity sinusoid with a stable frequency and amplitude.

EASILY TUNED SINE/SQUARE WAVE OSCILLATORS

AAA-
A2
A1 59K
330K
—AA—
c1t c2
i o
R4 1K
50 ce
OlufF
R3:
1K
L R7
= 1K ;
2 = 2 SQUARE Fig. 7.7
- I ouTPUT
RO Lo1A > |
200K 4 8 cs
*1 C.33uF
c3 D2 SINE
150pF | 1N914 OUTPUT

|6 + C1=C2
10M + Frequency Adjust
* Amplitude Adjust
[ E—
°" 2rc, VAR,
Circuit Notes

This 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,

65



WIEN BRIDGE SINE WAVE OSCILLATOR

2.2 pf

300k

0.060 uF

O Vgyr ! =10 Hz

Circuit Notes

Using the 2N5457 JFET as a voltage vari-
able resistor in the amplifier feedback loop,
NGV produces a low distortion, constant amplitude
sine wave getting the amplifier loop-gain just
INE457 (P56 right. The LM103 zener diode provides the
voltage reference for the peak sine wave
.amplitude.

Peak output voltage
Vp=Vz+1V

Fig. 7-8

PHASE.SHIFT OSCILLATOR

A uF
h Circuit Notes
_— Circuit uses a simple RC network to pro-

duce an exceptionally shrill tone from a minia-

-[ 250 F ture speaker. With the parts values shown, the

circuit oscillates at a frequency of 3.6 kHz and
drives a miniature 2%" speaker with ear-
piercing volume. The output waveform is a
square wave with a width of 150 us, sloping
rise and fall times, and a peak-to-peak
amplitude of 4.2 volts (when powered by 9
1K ™ 1K - volts). Current drain of the oscillator is 90 mA -
¥>4kHz 5t 9 volts, and total power dissipation at this

voltage is 0.81 watt, which is well below the

A 1 1 1.25 watts the 14-pin version will absorb (at
| | | room temperature) before shutting down,
Fig. 7-9
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TONE ENCODER

A
gvov\lf:'f:ﬁ 9V BATTERY
1 10K

— . t je—< AUDIO
e o N IS OUTPUT
SK3124 /7g<
{RCA)

ar{Cy

.0085 uf 085 ut
Ll
sk <+ IN914DIODE
O—-————l
s |
4 o
5K & MOMENTARY SPST SWITCHES
O—ﬂ-
w_- |
——o o
777

Fig. 7-10
Circuit Notes

A basic twin-T circuit uses resistors for accurately setting the frequency of the
output tones, selected by pushbutton. Momentary switches produce a tone only when the
button is depressed.

FEEDBACK OSCILLATOR

Circuit oscillates because the transistor
shifts the phase of the signal 180° from the base

OUTPUT Circuit Notes

c3 C1 to the collector. Each of the RC networks in the
- l— circuit is designed to shift the phase 60° at the
frequency of oscillation for a total of 180°. The

‘R3 appropriate values of R and C for each network

is found from f = 1/2V 3wRC); that equation
allows for the 60° phase shift required by the
design,

Fig. 7-11




PHASE SHIFT OSCILLATOR

+9V

R1
3.3k

OUTPUT
2

2

2N2925

Fig. 7-12

UV

250 Hz

Circuit Notes

A single transistor makes a simple phase
shift oscillater. The output is a sine wave with
distortion of about 104. The sine wave purity
can be increased by putting a variable resistor
(25 ohms) in the emitter lead of Q1 (x). The

‘resistor is adjusted so the circuit is only just

oscillating, then the sine wave is relatively
pure.-Operating frequency may be varied by

putting a 10 K variable resistor in series with
R3, or by changing C1, C2, and C3. Making C1,
2,-3 equal to 100 nF will halve the operating
frequency. Operatingfrequency canalsobe
voltage controlled by a FET in series with R3,
or optically controlled by an LDR in series with
R3.

‘800 Hz OSCILLATOR

2%0
HEP-294

830

45 uFf
I
————— =

OUTPUT

Fig. 7-13

Yo

< < <
47K 56 .A ::IOA :;IOA &

os/’ o—i|IF
12 vDC
Circuit Notes

The following transistors may be used: HEP-254, 0.C-2, SK-3004, AT30H. To
increase the frequency, decrease the value of the capacitors in the ladder network.
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Fig. 7-14

TUNABLE SINGLE COMPARATOR OSCILLATOR

OUTPUT

Circuit Notes

Varying the amount of this comparator
circuit’s hysteresis makes it possible to vary
output frequencies in the 740-Hz to 2.7-kHz
range smoothly. The amount of hysteresis to-
gether with time constant R6C1 determines
how much time it takes for C1 to charge or
discharge to the new threshold after the output
voltage switches.

WIDE RANGE OSCILLATOR (FREQUENCY RANGE OF 5000 TO 1)

Fig. 7-15

Circuit Notes

Timing resistor R may be adjusted to any
value between 10 K and 50 M to obtain a fre-
quency range from 400 kHz to 100 Hz. Return-
ing the timing resistor to the collector of Q1
ensures that Q1 draws its base current only
from the timing capacitor Ct. The timing
capacitor recharges when the transistors are
off, to a voitage equal to the base emitter volt-
age of Q2 plus the base emitter drops of Q1 and
Q2. The transistors then start into conduction.
Capacitor Cs is used to speed up the transition.
A suitable value would be in the region of 100
pF.

69



1
Veat =3 Vee

Viet O—g—AAA—4

WIEN BRIDGE OSCILLATOR

50 k

10k

Fig. 7-16
WIEN BRIDGE SINE WAVE OSCILLATOR
A1
750
|
QUTPUTY
3
C2
o ( C) 1000 }ar_
A2
e
o 10008F  «)1_ 10V — 14 mA bulb ELDEMA 1868
-L R1=R2
= . £1=c2
\\ - ‘
s ——
2rR2C1
Fig. 7-17
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8

Audio Power Amplifiers

The sources of the following circuits are contained in the Sources section beginning on page 730. The
figure number contained in the box of each circuit correlates to the source entry in the Sources section.

Low Cost 20 W Audio Amplifier
75 Watt Audio Amplifier with Load Line
Protection
Bridge Ampiifier
Noninverting Amplifier Using Single Supply
"Noninverting Amplifier Using Split Supply
6 W, 8 Ohm Output Transformerless Amplifier
12 W Low-Distortion Power Amplifier
10 W Power Amplifier
Stereo Amplifier with Av = 200
AM Radio Power Amplifier
470 mW Complementary-Symmetry
Audio Amplifier

Novel Loudspeaker Coupling Circuit

Noninverting Ac Power Amplifier

Inverting Power Amplifier

Noninverting Power Amplifier

4 W Bridge Amplifier

Phono Amplifier with a “Common Mode”
Volume and Tone with Control

Phono Amplifier

Phonograph Amplifier (Ceramic Cartridge)

Inverting Unity Gain Amplifier

Bridge Audio Power Amplifier

Phono Amplifier

High Slew Rate Power Op Amp/Audio Amp

16 W Bridge Amplifier
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LOW COST 20 W AUDIO AMPLIFIER

C2 t—[ R4

15uF =

50V

200uF 5V

SE9401

D1--D3=1N4148

Fig. 8-1

[

Circuit Notes

This simple inexpensive audio amplifier
can be constructed using a couple of TO-220
monolithic Darlington transistors for the
push-pull output stage. Frequency response is
flat within 1 dB from 30 Hz to 200 kHz with
typical harmonic distortion below 0.2%. The
amplifier requires only 1.2 Vims for a full 20-W
output into an 8 ohm load. Only one other
transistor is needed, the TO-92 low-noise
high-gain 2N5961 (Q1), to provide voltage gain
for driving the output Darlingtons. Its -base

(point B) is the tie point for ac and dc feedback
as well as for the signal input. Input resistance
is 10 K. The center voltage at point A is set by
adjusting resistor R4. A bootstrap circuit
boosts the collector supply voltage of Q1 (point
C) to ensure sufficient drive voltage for Q2.
This also provides constant voltage across R7,
which therefore acts as a current source and,
together with diodes D1-D3, reduces low-
signal crossover distortion.
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Fig. 8-3

BRIDGE AMPLIFIER

Vg
< _L DAF
e m T
>
1 L
=
+
‘: 20.F
em
S . DO5F
2 A

1486,
10, 11,12

This circuit is for low voltage applications
requiring high power outputs. Output power
levels of 1.0 W into 4 ohm from 6 V-and 3.5 V
into 8 ohm from 12 V are typical. Coupling
capacitors are not necessary since the output

Ve=8V A =40 Pge )W
Vs=12V A =80 Py = 35N

Circuit Notes

dc levels will. be within a few tenths of a volt of
each other. Where critical matching is required
the 500 K potentiometer is added and adjusted
for zero dc current flow through the load.

2%

NONINVERTING AMPLIFIER USING SINGLE SUPPLY

27*

[ A V7o

”m

iz, 3
wan

3,45,
16, 1,12

* (LM107? ONLY)

Fig. 8-4

TYPICAL SINGLE SuPPLY

6 - RESISTORS
§ - CAPACITORS
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NONINVERTING AMPLIFIER USING SPLIT SUPPLY

v+
[ 1¢]

LM1B77

LMa?g |

it

1,4, 5,
10,11, 12 Hl v-

(4]
TYPICAL SPLIT SUPPLY

4 —~ RESISTORS -
*(LM1877 ONLY) 4 - CAPACITORS

Fig. 8-5

€ W,8°OHM OUTPUT TRANSFORMERLESS AMPLIFIER

Vee = 4V

=y s
01 120
AL a3 NROOIE
8a 04 NA4IU
a5 NAJ2U
Fig. 8-6
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12 W LOW-DISTORTION POWER AMPLIFIER

LA MV 0.0uf

5
Ay WB)

FREQUENCY (H2)

vy w A
o i o
) L Response for Amplitier

O o =
13V 040F
MYLAR

14 e LI!
[

Il] .l LI
I‘IIII‘

lmn!glln I

HIMPRRRII ]
Ill:
1

FREQUENCY tHe)

Distortion for Amplitier

300:¢

01.f

10 W POWER AMPLIFIER

+26V 0AT.F %
0 MYLAR

o 10 ||

s zs

NSP 5191 - l

1000.F

Ay (iB)

15

“Vg = 28V

Ry = 4Q

th 10k

FREQUENLCY (M2)

Frequency Response
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STEREO AMPLIFIER WITH Av = 200

A
INPUT 1 o—-I 210 e
=

346 =

10, 11,12
i TAB GNOD

50 uF
+

INPUT 2
£00 ,F
+
[
210 B{L!
Fig. 8-9 X
10 uF
Cc
FROM
OETECTOR
VoL
10k
80
SPEAKER
Note 1: Twist supply lead and supply ground very tightly. Nota 4: R1C1 band limits inout signals.

Note 2: Twist speaker lead and ground very tightly,

Note 3: Ferrite bead is Ferroxcube K5-001-001/3B with 3
turns of wire.

Fig. 8-10

Note 5: All components must be spaced very close to IC.
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470 mW COMPLEMENTARY-SYMMETRY AUDIG AMPLIFIEK

9 -12v
16 OR 32
820 H OHMS
Q1 - 2N2429 Q2
Q2 - 2N2706
Q3 - 2N2430
39 2
£
It
11
250 uF
Q3

Fig. 8-11

Circuit Notes
This circuit has less than 2% distortion andis flat within 3 dB from 15 Hz to 130 kHz.

NOVEL LOUDSPEAKER COUPLING CIRCUIT

O
L eV
IC1 1S LM 380 c2
10004
N4
8
6 1C1
L3
8R +
RV1 (03]
o 25k TO PINS 3, 4, 5, 10004
7,10, 11, 12.
INPUT
L ov
[ @ —0

Fig. 8-12

Circuit Notes

The ground side of the speaker is con-
nected to the junction of two equal high value
capacitors (1000 uF is typical) across the sup-
ply. The amplifier output voltage will be Vs/2,
and so will the voltage across C1 (if C1 and C2
are equal); so as the supply voltage builds up,
the dc voltage across the speaker will remain
zero, eliminating the switch-on surge. C1 and
C2 will also provide supply smoothing. The
circuit is shown with the LM380, but could be
applied to any amplifier circuit, providing that
the dc voltage at the output is half the supply
voltage.
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vge s +30V
t
01
uF =
20k
V3904
2uF af eque
+
Vin
10% 120 Lase
Ra § 510
R f""].
Ra+ AR = Ml 2+ 0.6 abms 620 5.0uF
LAVE TNl 1 0kaim 4_LJ
It 19§ =200 mA
V BWp < 1.0 MH;
.
Fig. 8-13

NONINVERTING AC POWER AMPLIFIER

NONINVERTING POWER AMPLIFIER

MC 15856/ MC IS8R/
MC1456 G MC1428R

Vee
N1z, » 30 megohm tar (- 20 Hz

Aa+Ag
fhres =g W0 IV igs = 203 mA
Fig. 8-15

INVERTING POWER AMPLIFIER

ME 15560/ - MCVS38R/
NC 14565 “MCM38A
RUSLE L
Wons TRy jpg v 200ma
Fig. 8-14

4 W BRIDGE AMPLIFIER

v
Suf ?

|
|
[ 2]
oY +

112 La3T?
Ay

Lo

04r

0uF
‘. | ~ ’ [ ‘ "
L "/w wan

3as
m 12

Fig. 8-16
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PHONO AMPLIFIER
WITH “COMMON MODE”
VOLUME AND TONE CONTROL

18V

QO3 uF

*FOR STASILITY WITH
RIGH CURRENT LDADS
**AUDI0 TAPE POTVENTIOMETER
{10% DF Ry AT 50% ROTATION)

Fig. 8-17

PHONOGRAPH AMPLIFIER
(CERAMIC CARTRIDGE)

100 pF 3 800
Tone Cantrol
10 Mog
XYAL 1.0 Meg 2

=

- MO
0.002 uF1 OMeg 2 g

Valume
Cantrol

Fig. 8-19

PHONO AMPLIFIER

014F

o F
75K
CRYSTAL VOLLWE oK
CARTRIDGE CONTROL o - -
l?\ YPARE:
TONE H
CONTROL ( n
= s T
Fig. 8-18

INVERTING UNITY GAIN AMPLIFIER -

Fig. 8-20
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BRIDGE AUDIO POWER AMPLIFIER

- g
Y p— i I =
—— +18V § Pom1W i LUIAD
« - nl
- s 0.1 =
R1 1-—-”-— €1 & = H =
u—"'—l'cs ; \ 1
1 F 3 B -4+
R7 s [sc> "'“"_"“ S Pg=d0W
AAA oL — 00
o T :
= _ CASE g - =
LHO10t  OU -+ 2 [T T
0.001 - - |
10 100 Tk 10k 100 k
FREQUENCY (Mz)

Total Harmonic Distortion vs.
Frequency of Bridge Power
Amplifier

AAA

AAA

R1-R4  CURAENT LIMIT RESISTOR 0 15Q 2w
L1 FEEDBACK RESISTOR 50

R6 FEEDBACK RESISTOR 15kQ

A7-R10  INPUT RESISTORS 10k

C1-C4  BYPASS CAPAGITORS A7uF 25V ELECTROLYTIC
C5-C8 BYPASS CAPACITORS 10uF 25V TANTALUM
€9-C12 BYPASS CAPACITORS 0.1uF 25V CERAMIC

Fig. 8-21

PHONO AMPLIFIER

Circuit Notes

Used when maximum input impedance is
required or the signal attenuation of the voltage
divider volume control is undesirable.

*FDA STABILITY WITH =T
MIGH CURRENT L DAQS

Fig. 8-22




HIGH SLEW RATE POWER OP AMP/AUDIO AMP

y ¢ +10 V
%3011 JI:“’ uF

2N3790

1
H

5.1k Your
™ 0.022 uF
Po(MAX) (8 (1) ~ 18 W
5.1k
2N3055
. _]: -13Vv
Fig. 8-23 Io.n uF
Features
B High Slew Rate 9 V/us
& High 3 dB Power Bandwidth 85 kHz
® 18 Watts Output Power Into an 8 2 Load.
‘B Low Distortion — .2%, 10 VRMS, 1 kHz Into 8 Q
16 W BRIDGE AMPLIFIER
v v
u.iv u.fv
10 uF
SIGNAL ;
INPUT
Fig. 8-24
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9

Audio Signal Amplifiers

The sources of the following circuits are contained in the Sources section beginning on page 730. The
figure number contained in the box of each circuit correlates to the source entry in the Sources section.

General Purpose Preamplifier

Basic Transistor Amplifier Circuits

Microphone Amplifier

Transducer Amplifier

Ultra-High Gain Audio Amplifier

Transformerless Microphone Preamp (Bal-
anced Inputs)

Transformerless Microphone Preamp (Un-
balanced Inputs)

Magnetic Pickup Phone Preamplifier

Disc/Tape Phase Modulated Readback Sys-
tems

Two-Pole Fast Turn-On NAB Tape Preamplifier
Tape Preamplifier (NAB Equation)
LM382 Phono Preamplifier

"Tape Recording Amplifier

Magnetic Phono Preamplifier
Phono Preamp

‘Remote Amplifier

Adjustable Gain Noninverting Amplifier
High Gain Inverting AC Amplifier

Flat Response Amplifier

Preamplifier with RIAA/NAB Compensation
Tape Playback Amplifier
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GENERAL PURPOSE PREAMPLIFIER

POWER SUPPLY
410V TO +40V dc

»
Iwu f;: RIGHT

ouTPUT

1 11 Lefr
& v Sy Rox
‘ s 1. . Sa
cs c7 100k
[ox ] I
-
A1 % ’
FUNCTION Cc3,4 | C56| C7,8 | €C9,10 | R1,2
Phono preamp 330n | 10uF | 10xF | 105 1k
{RIAA)
Tape preamp 68n 10uF | 10uF | — -
(NAB)
Flat 40dB gain - - 10uF | — -
Flat 55dB gain — 10uF | — - -
Flat 80dB gain - 10uF | 10uF | — -

Fig. 9-1

Circuit Notes

Not much can be said about how the LM382 works as most of the circuitry is
contained within the IC. Most of the frequency-determining components are on the
chip—only the capacitors are mounted externally. The LM382 has the convenient
characteristic of rejecting ripple on the supply line by about 100 dB, thus greatily reducing
the quality requirment for the power supply.
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BASIC TRANSISTOR AMPLIFIER CIRCUITS

COMMON BASE

Circuit Notes

Typical component values are given for
use.at audio frequencies, where these circuits
are used most often. The input and output
_phase relationships are shown.

COMMON EMITTER

4700

OUTPUT

COMMON COLLECTOR Fig. 9-2
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Vee

g
&,

BALANCE
CMRR

Fig. 9-3

ELECTRONIC BALANCED INPUT MICROPHONE AMPLIFIER

Circuit Notes

It is possible to simulate the balanced per-
formance of a transformer electronically with a
different amplifier. By adjusting the presets,
the resistor ratic can be balanced so that the
best CMRR is obtained. It is possible to get a
better CMRR than from a transformer. Use_a
RC4136 which is a quad low noise op amp.

TRANSDUCER AMPLIFIER

A2
19.6k §

1

R2
R3

R|N:R1 (1\» )Av

This circuit is high-input-impedance ac
amplifier for a piezoelectric transducer. Input

1/2 LH2011

ouTPUT

Fig. 9-4

_R2+R.§+R4
R2 - RS

Circuit Notes

resistance is 880 M, and a gain of 10 is ob-
tained.
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ULTRA-HIGH GAIN AUDIO AMPLIFIER

& Ov*
- ) Circuit Notes
2n3Bed (32 Sometimes called the JFET u-amp, this
circuit provides a very low power, high gain
:EWM - |>—0—0Vour amplifying function. Since u of a JFET in-
<

00 LF creases as drain current decreases, the lower
drain current is, the more gain you get. Input
, 2N3686 (P52) dynamic range is sacrificed with increasing
o " gain, however.
Ay = 7 = 500 typical
ue 5
- Yos
Fig. 9-5

MICROPHONE AMPLIFIER

Re
ot Zoyy~ 6800
AAA @5kh:

Circuit Notes

This circuit operates from a 1.5 Vdc
source.

Ay Sk
13 ~100 Hz
12~ B kHz
A ~ 500

Fig. 9-6




TRANSFORMERLESS (BALANCE INPUTS) MICROPHONE PREAMP

Mic S
INPUT

+15V

Fig. 9-7

vour

* - METAL FILW

ABJ R7FOR vput = OVpc
ADl! RyaFOR MAX CMAR
NOISE  -53dB BELOW
ZmV INPUT

THD s 0 1%

TRANSFORMERLESS MICROPHONE PREAMPS

Ay = 52d8B

¢ - METAL FILM
NOISE- -69dB BELOW
2my

THD  0.1%

Fig. 9-8 {a) LM381AS. E. Bias

»mgur O—{

(UNBALANCED INPUTS)

(2004

Ay = 52dB

* -~ METAL FiLM
NOISE -674B BELOW
2mv

THO  01%

{b) LM387A
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MAGNETIC PICKUP PHONO PREAMPLIFIER

0.01uF

>
+ ¢
—_a >
e 50 ¢ :'llll
q:lsm- | [
001,.F = 1
| P
‘—l [— ‘:m 0.004
2N54s8 (Ps5) 9
>
v ‘
PN430) (P9} ! |
| <
NPUT ‘: ™ ‘; 1:!20&
Pell
1 3 |
3 'L—_L
< +
g a0 50 .F
] 2 L
| §21k -
< -
* !
o
80-F Sk
1
— 1k
= AANF—O - 15V

"
I

This preamplifier provides proper loading
to a reluctance phono cartridge. It provides
approximately 35 dB of gain at 1 kHz {2.2 mV
input for 160 mV output). It features (S + N)/N

Circuit Notes

I———?uuwm
uF

0.001S .F

Fig. 9-9

ratio of better than — 70 dB (referenced to 10
mV input at 1 kHz) and has a dynamic range of
84 dB (referenced to 1 kHz). The feedback
provides for RIAA equalization.

DISC/TAPE PHASE MODULATED READBACK SYSTEMS

|
|
|
|
|
+
!
[
|

Fig. 9-10 é-—‘
< |
AMPLITUDE 1-10 mV p-p I
FREQUENCY: 14 MNr | o 0pg
|
|
READ HEAD I

i

DIFFERENTIATOR/AMPLIFER

ZERO CROSSING DETECTOR
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TWO-POLE FAST TURN-ON NAB TAPE
PREAMPLIFIER

Fig. 9-11

LM382 PHONGC PREAMPLIFIER (RIAA)

+12V

|L

Ay
0.0015uF
Fig. 9-13

TAPE PREAMPLIFIER
(NAB EQUALIZATION)

TAPE RECORDING AMPLIFIER

{1}

Ria
100k

cg

470|)fI

70 BIAS
OSCILLATOR
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MAGNETIC PHONO PREAMPLIFIER

30v

{1,8)
=

0.1uF
47k

(2,7)

—r—w—
0.001.F

—{f—

I 20 F

Fig. 9-15

REMOTE AMPLIFIER

il

. >
VIBRATION Shs
sensor =1 :: 1" ™ -

=

Fig. 9-17

PHONO PREAMP (RIAA

EQUALIZATION)
Vee
uF
1. ’14.0—| H
7.8
2,13 00—

5,10 a)T

CAPACITOR

C1 Only
C2 Only
C1 & C2

GAIN

40d8
55d8
80dB

Fig. 9-16

ADJUSTABLE GAIN NONINVERTING
AMPLIFIER

o—t 1. 14)
Co
D.1uF
{2,13)
Ay = AL
PINS 3,5,6,9, 10,12
¢, ALLNOCONNECTION |
) |
1 L
GAIN = 1+287K
R1
t - 1 —
2n1o Ry
fo = LOW FREQUENCY -3dB CORNER

Fig. 9-18

91



HIGH GAIN INVERTING
AC AMPLIFIER

_ _51x106
TRy

ot
2710 Ry

Co

fo = LOW FREQUENCY -3dB CORNER (C; Ry >3 Cq Ay
INPUT IMPEDANCE = R1
Fig. 9-19

PINS 3.5, 16,12 NOT USED

PREAMPLIFIER WITH RIAA/NAB
COMPENSATION

OUTPUT

*Selsct to provide specified transducer loading.
Output Nowe = D.8mV rens {with input thorted)

All resistor values are in ohms.

Fig. 9-21

FLAT RESPONSE AMPLIFIER (FIXED
GAIN CONFIGURATION)

§ 47k

TAPE PLAYBACK AMPLIFIER

Fig. 9.22
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10

Automotive Circuits

The sources of the following circuits are contained in the Sources section beginning on page 730. The
figure number contained in the box of each circuit correlates to the source entry in the Sources section.

Gasoline Engine Tachometer
Speed Alarm

Speed Warning Device
Universal Wiper Delay
Courtesy Light Extender
Bargraph Car Voltmeter
Tachometer

High Speed Warning Device
Breaker Point Dwell Meter
Tachometer

Capacitor Discharge Ignition System
Windshiéld Wiper Control

Auto Battery Current Analyzer

Speed Switch

Windshield Wiper Controlier

Windshield Wiper Hesitation Control Unit
Ice Warning and Lights Reminder

Car Battery Monitor

Headlight Delay Unit

Windshield Washer Fluid Watcher

Car Battery Caondition Checker
Overspeed Indicator

Sequential Fiasher for Auto Turn Signals
Auto Lights-On Reminder

93



GASOLINE ENGINE TACHOMETER

Viar

1n-2v
PROTECTION &
MR S 10

-E@-:L A\ HmA
1:!70 A\.) METER

= R
™ 100 £S0 = 6800
AA' AA'A'
i - 1.0¢ 1 \J T L
= 1" 12 |1 9 3 S 1088 | FREQUENCY = 200 e
i 5 roos
£ 1004
- -
§|.nnz ~
1m0 ]
= a0 L AM2607
1% 1 Snm
[ N LM2817 (4780)
o . ¢ ;.Am
™ o x 0992
. * om0
= ==
SPARK COIL - -3 15 6 25 4% &5 85
DIST. TERMINAL ; . TEMPERATURE ('C)
unno(
SELECT
NU. OF
CYLINOERS
Fig. 10-1

Circuit Notes

This tachometer can be set up for any
number of cylinders by linking the appropriate
timing resistor as illustrated. A 500 ohm trim
resistor can be used to set up final calibration.

A protection circuit composed of a 10 ohm
resistor and a zener diode is also shown as a
safety precaution against the transients which
are to be found in ‘automobiles.
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Ch o

SPEED ALARM

R
K7

c2 08
100a INSIL

2N3904

az
TIP3055

POINTS

Pulses from the distributor points are pas-  feedback, is used to enable the oscillator
sed through a current limiting resistor, rec-  formed by the remaining half of the 4011. At the
tified, and clipped at 4.7 volts. Via Q1 and the = pre-set speed, a nonignorable tone emits from
diode pump, a dc voltage proportionalto engine  the speaker, and disappears as socon as the
rpm is presented to RV1; the sharp transfer  speed drops by three or four.mph.
characteristic of a CMOS gate, assisted by

Fig. 10-2

Circuit Notes

95



<

SPEED WARNING DEVICE

Veemt2v
O
< L < < <
:: ﬁl5— Ay_ 10K ::Rbuﬂnr::" 10K ::
1 ™ [ 1
T T T 4 1 10 14
1 12
Vout
2 % — 556 12 % - 566 9 0
Y|
6 5 8
A
7 3 ? 1
0tuf :r Dlut % .1Buf -T_ 01t T

it}

OPERATING WAVEFORMS

OPERATING WAVEFOAMS

VIN

PINE

v

PIN t &2

W A

PINS

PIN B

v

PIN12&13

oul

PING
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UNIVERSAL WIPER DELAY

¢ $- —O POSITIVE
T
VR1
250k
‘
1500
VR2
25k}
w C3 | RLA D2
0.1uF 1N4003
R )
%)
4 8
?
D1
v NES55 ' > T3
4.7k .
3 b V-—O
2 1c1 AN4003 T4 TO WIPER
2:2 CIRCUITRY
15
6 1
° SW1
J_ { OVERRIDE
o _— C2 -
100uF 0.1uF
T2
+ - —ONEGATIVE
Fig. 10-4
Circuit Notes
IC1 is connected in the astable mode, about 1 second to 20 seconds. SW1 is an over-
driving RLA. C3, D1, and D2 prevent spikes ride switch to hold RLA permanently on (for
from the relay coil and the wiper motor from normal wiper operation). The relay should
triggering IC1. VR2 is adjusted to give the have a resistance of at least 150 ohms and have
minimurn delay time required. VR1 is the main heavy duty contacts. The suppression circuit
delay control and provides a range of from may be needed for the protection of IC1.
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COURTESY LIGHT EXTENDER

R1 +VE
15k
D1
’PN4001
R2 3
820 b c
Q1 b Q2

+ C1 BC3381 2N3065

— 47uF a

16V
-VE
Fig. 10-5

Circuit Notes

Most car door switches are simply
single-pole switches, with one side grounded.
When the door is opened the switch grounds

-the other line thus completing the light circuit.

In a car where the negative terminal of the
battery is connected to the chassis, the nega-
tive wire of the unit (emitter of Q2) is con-
nected to chassis the positive wire (case of
2N3055) is connected to the wire going to the
switch. In a car having a positive ground sys-
tem this connection sequence is reversed.
When the switch-closes (door open), C1 is
discharged via D1 to zero volts, and when the
switch opens, C1 charges up via R1 and R2.

Transistors Q1 and Q2 are connected as an
emitter follower (Q2 just buffers Q1) therefore
the voltage across Q2 increases slowly as C1
charges. Hence Q2 acts like a low resistance in
paralle! with the switch and keeps the lights on.
The value of C1 is chosen such that a useful
light level is obtained for about four seconds;
therefore the light-decreases until in about 10
seconds it is out completely. With different
transistor gains and with variation in current
drain due to a particular type of car, the timing
may vary but may be simply adjusted by
selecting C1.
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BARGRAPH CAR VOLTMETER

RED LEDs GREEN LEDs RED LEDS
T e e g e g e
10vs 11v 12v 13v 14v 15v
-0 TOBATTERY +Ve
R VIA IGNITION SWITCH
1 {2 &7
LE|
2y N YN N NN bl
LED 1 LED ALED ED ED SPLEDG|LED 7LED ED
18 17?7 16 15 14 13 12 1 10
1IC1
LM3914
2 3 4 5 [: 7 8 9
av
R2
1k2
R1
ak?
RV2
5k0
RV SET LOWER
) 5k0 LIMIT (10.5V)
ov

SET UPPER
LIMIT (15V)
v

Fig. 10-6

Circuit Notes

The LM3914 acts as a LED-driving vol-
tometer that has 1ts basic maximum and
minimum readings determined by the values of
R2 and RV2. When correctly adjusted, the unit
actually covers the 2.5 volt to 3.6 volt range,
but it is made to read a supply voltage span of
10-10.5 volts to 15 volts by interposing poten-
tial divider R1-RV1 between the supply line

and the pin-5 input terminal of the IC. The IC is
-configured to give a ‘dot’ display, in which only
one of the ten LEDs is illuminated at any given
time. If the supply voltage is below 10.5 volts
none ofthe LEDs illuminate. If the supply
equals or exceeds 15 volts, LED 10 illumi-
nates.
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TACHOMETER

INPUT
e N N—0
R +2v
R4 Circuit diagram 10.0
10k of the tacho.
D1 -
RV2
A2 50k 01
10k 8.2v .
8 4 ™ <sC3
2 RS T~ 100u
c1 6k6
o
7 +
- 1 M1
R3 c2 imA oV
10k TW l FSD (GROUND)
< o O

Fig. 10-7

Circuit Notes

An electrical signal taken from the low
tension side of the distributor is converted into
a voltage proportional to engine rpm and this
voltage -is displayed on a meter calibrated ac-
cordingly. The 555 timer IC is used as a
monostable which, in effect, converts the sig-
nal pulse from the breaker points to a single
positive pulse the width of which is determined
by the value of R4 + RV2 and C2. Resistors R2

and R3 set a voltage of about 4 volts at pin 2 of
IC1. The IC is triggered if this voltage is re-
duced to less than approximately 2.7 volts (%
of supply voltage), and this occurs due to the
voltage swing when the breaker points open.
An adjustment potentiometer RV1 enables the
input level to be set'to avoid false triggering.
Zener diode ZD1 and the 180 ohm resistor
stabilize the unit against voltage variations.
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HIGH SPEED WARNING DEVICE

10 F
TANTALUM

AAA

|

CLOSED (N
TOPGEAR

3

OPTIONAL

TACHOMETER NSN T

QuTPUT
I i
-
I-I

200k

AA Az
INPUT FHOM I
SPARK CON

100k

AL LN
FOR FREQUENCY
"OQUBLING

|
|
l ook
[
!
I

|

|

i
\|
@ - :
|

|

100k
AAA
VAN~

LHOMETER
a2 ¢ S '——-———22————4}- ______ J_ _____ -
14
_:J:- = At A1 1'47900 I ?‘ l
[ 30k I
INPUT HILTER W AMPLIFIE R I A'A'A' |
I I
| 10 I
I I
I = |
IC = LM2300 or | I
LM2807 or LM2917 N T L e L L S |
Fig. 10-8
Circuit Notes

Al amplifies and regulates the signal from
the spark coil. A2 converts frequency to vol-
tage so that its output is a voltage proportional
to engine rpm. A3 compares the tachometer

voltage with the reference voltage and turns on
the output transistor at the set speed.
Amplifier A4 is used to generate an audible
tone whenever the set speed is exceeded.
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BREAKER POINT DWELL METER

8+
470
- 11 8
POINTS
) GHDUNGQ—-L
== 5
e ——t—
20k TO“Z}IF 100k I 1000 IIF I
Fig. 10-9
TACHOMETER
vee = +12v

va:ig;ckp'"c:llfnlﬁﬂ 120 MONOSTABLE-MULTIVIBRATOR PULSE AVERAGING

100 & ) (%}
MSDE 100 " (T:‘uF

of Squiv :l.llzk 0ok e —

Ri

2 0 b vo . v, w0 —o ouTPuT
* G 0 »
w]‘ | Méuf 1o 001 4 0 w k
Hyweriis Vaitege 1or Switthing Timinginterval 1~ 0.7 A1C) Vop = (VO06)- Aj-1
L A—:—z vec- 18 RyCt

Fig. 10-10
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MAA
WY

CAPACITOR DISCHARGE IGNITION SYSTEM

TORDID TRANSFOAMER
1

10 < 1
- -~ + J L O'SYBIBIHUR
o ‘
ARA- f
wv
ot MII
4 Ew .
x T J
= D L
Q2 IGNITON
» 05 T coiL
% I
39K
"} If+ W ® Q1 NABIW
0.003
<4 Iwwb o 02 NASIW
byt l =02 03 NBINIEY
BREAKER I
POINT bl =
Fig. 10-11
WINDSHIELD WIPER CONTROL
+i2v TAB SCR
WIPER LOW POLYPAKS
SPEED LINE 52CUI730
t OR SIMILAR
- A LY s A K G
: G
:seox K SNaB7I
1 UNIJUNCTION
€ 82 TRANSISTOR
[ &
A g/
B g B2
22/735v 1t
TANTALUM T 68 = ol 300 DIODES -1 AMP PLASTIC
RESISTORS - i/2 WATT
Vedd

Here's a good way to set windshield wipers on an interval circuit. Only two
connections to the car’s wiper control, plus ground, are required. Variable control can be
accomplished by substituting a 500 K pot in series with a 100 K fixed resistor in place of

the 560 K.

Fig. 10-12

Circuit Notes
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Fig. 10-13

AUTC BATTERY CURRENT ANALYZER

Probe

. To Pin 7 +1.5v.
o—Battery cable
Probe T ToPin4-tv.
v, {o]
Ay Starter
Car frame
y
a.
310K poumy
]
R
y VW
100a.  1o0M N 15V
5K
2|
H Meter
H TY calibration
oy ’fmua‘. I
- Comman| © hd
mmonl 3 500pA
77 +
/77 _15v.

Circuit Notes

This op-amp analyzer can measure the  when current flows. To calibrate the unit, mea-

current drawn by .any device in a car. The sure the current flow somewhere in the car
analyzer works by measuring the very small with an accurate ammeter, then adjust the
voltage that develops across the battery cables  analyzer for that current reading.

SPEED SWITCH

O Vee

Circuit Notes

Load is energized when

17

1

2RC

W=

fin

v

Fig. 10-14
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WINDSHIELD WIPER CONTROLLER

—— 0

]
[}
!
):( BREAK WIRE
[]
]

WIPER MOTOR

Circuit Notes

This circuit provides complete speed con-
trol over car's windshield wipers. They can be
slowed down to any rate even down to four
sweeps per minate. The controller has two

principal circuits: The rate-determining
circuit —a unijunction transistor connected as a
freerunning oscillator, and the silicon-
controlled rectifier which is the actuator.

+12 v SOURCE
(THROUGH CAR'S
WIPER SWITCH)

Fig. 10-15

WINDSHIELD WIPER HESITATION CONTROL UNIT

CHARGE
PATH

12v
GROUND 1

A

e ]

[el2)}
1N914 3

A5 -
15 @ e
> - Is 4
1/2W L 2 5 o
— —-| 5OV
sﬂoaow:” CERAMIC
>
1 DISCHARGE &——»MOTOR
A2 PATH A—C—., SWITCH
S 558 1Ng14 !
62K 2 TIMER e :
1/2W 3 Pt
i CR2 6
1Ng14 2 1V 12000
ALIEY 9 CDE 603-13
. OR EQUIVALENT
dx a0

20V
TANTALUM

»

Circuit Notes

This circuit uses the 555 timer in the asta-
ble or oscillatory mode. The length of time the
timer is off is a function of the values of C1, R2,
and R3. The potentiometer which controls the

amount of “hesitation”. (Approximately 2 to 15
seconds.) R2 provides a minimum time delay
when R3 is at its zero ohms position.

Fig. 10-16
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ICE WARNING AND LIGHTS REMINDER

¢ - ’ -0
. +12v
REED Ra
SWITCH 4708
H VR1
-~ LIN
? -~

Fig. 10-17

THE RMISTO§

NTC

‘ Z2ER
Q1-4 =8C108 ev

Circuit Notes

This device will tell adriver if his lights  for temperature, VR2 for light. Both thermistor
should be on and will wam him if the outside and LDR should be well protected. Most high
temperature is nearing zero by lighting a LED  gain NPN transistors will work.
and sounding a buzzer9 VR1 adjusts sensitivity

CAR BATTERY MONITOR

+12v. trom car

Circuit Notes

Warning light (LED) indicates when bat-
tery voltage falls below level set by 10 K pot.
Can indicate that battery is defective or needs
charging if cranking drops battery voltage
below preset “safe” limit.

10KQ2

Fig. 10-18
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HEADLIGHT DELAY UNIT
L1 s

9 O [
I TO +Ve CAR
~ BATTERY

i >
G TO HEADLIGHTS

RLA1 (PARALLEL WITH
180R _ PRESENT SWITCH)

—l

Fig. 10-19

tn

Circuit Notes
This circuit will operate a car’s headlights  begins to charge through VRI until Q1 turns
for a predetermined time to light up the drive-  on, turning Q2 off. The relay will then open
way or path after the driver has left the car.  switching off both the lights and the unit. The
SQ1 is pushed and Q2 is turned on closing the  delay is governed by the time taken for the
relay and turning-on the car's headlights. C1  capacitor to charge, whichis about one minute.

WINDSHIELD WASHER FLUID WATCHER

+12VVIA

IGNITION SWITCH 81
;) _ s
300-OHM TWIN-LEAD r SILENCE
WITH BARE ENDS s
USED AS PROBES >

Fig. 10-20

/BONALEHT SCRY

N

I
| .Y
-4

WINDSHIELD WASHER —L- L
RESERVOIR = = =

Circuit Notes

This circuit relies upon the minute current between two conductive probes sus-
pended in a washer fluid reservoir. When the level is below the probes, Q1 turns on and
the Sonolert sounds.
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CAR BATTERY CONDITION CHECKER

TO 12V LINE
THAT IS
» TURNED ON Civens
1500 BY IGNITION o Circuit Notes
‘ Y2W _ -SWITCH This circuit uses an LED and 4081 CMOS
T integrated circuit. The variable resistor sets
é oK) 14 the voltage at which the LED turns on. Set the
\ control so that the LED lights when the voltage
' ' 3 W\ from the car’s ignition switch drops below 13.8
5 LED volts. The LED normally will light every now
4081 and then for a short period of time. But, if it
7 Zli/-:d:VE stays on for very long, your electrical system is
§ 25K0 In trouble,
/77 caR FRAME Fig. 10-21
OVERSPEED INDICATOR
v
0
EEa:wsz
IE 682
) ]
“1s 1 O s ¢
I O [ LA
| r— -i:E 15082 Circuit Notes
- <
*— L An op-amp comparator is used to compare
| CHaRGE !-: the converter output with a dc threshold vol-
| - | tage. The .circuit flashes the LED when the
L. input frequency exceeds 100 Hz. Increases in
I_ J frequency raise the average current out of ter-
b 8 ol o minal 3 so that frequencies above 100 Hz re-
ol ) duce the charge time of C2, increasing the LED
. L . | flashing rate. IC ='LM2907 or LM2917

LED

+LASHING BEGINS WHEN !, -~ 100 Wz
FLASH RATE INCREASES WITH INPUT FREQUENCY
INCREASE BEYOND TRIP POINT Fig. 10-22
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SEQUENTIAL FLASHER FOR AUTOMOTIVE TURN SIGNALS

- »-

OFF TIMER NO.I TIMER NO.2
I 1
+12v MECHANICAL
FLASNER
{LOAD
DEPENDENT, Ma
"3 LAMPS)
SCR, SCR,
CIO6F Cio6F
[P LAMP
SFFT r" NO 3

LAMP 2Ry R, ¢, L
NO | 100K |00K§ '5F-FT g

B
Circuit Notes

When the turn signal switch S1 is closed, After Q2 switches into the low resistance
lamp #1 will be activated and capacitor C1 will  state, SCR2 will be triggered to activate lamp
charge to the triggered voltage of Q1. As soon  #3. When the thermal flasher interrupts the
as the anode voltage on Q1 exceeds its gate  current to all three lamps, SCR1 and SCR2 are
voltage by 0.5 V, Q1 will switch into the low  commutated and the circuit is ready for another
resistance mode, thereby triggering SCR1 to  cycle.
activate lamp #2 and the second timing circuit.

Fig. 10-23
AUTO LIGHTS-ON REMINDER
+12VDC +12VDC
IGNITION
LIGHT SWITCH ' )
15.250
S0PV
. IA IGNITION
Fig. 10-24 |1 LoAaD
L P .

Circuit Notes

The alarm is composed of a diode, buzzer, and limiting resistor. The diode serves as
a switch which allows the buzzer to sound off only when the light switch is closed and the
ignition is turned off.
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11

Battery Chargers

The sources of the following circuits are contained in the Sources section beginning on page 730. The
figure number contained in the box of each circuit correlates to the source entry in the Sources section.

12 V Battery Charger Automotive Charger for Ni-Cad Battery Packs
Simple Ni-Cad Battery Charger Constant Voltage, Current-Limited Charger
12 V Battery Charger Control (20 Amps Rms Ni-Cad Charger
Max.) Simple Ni-Cad Battery Zapper
Battery Charger Battery Charging Regulator
Automatic Shutoff Battery Charger Low-Cost Trickle Charger for 12V Storage
200 mA-Hour, 12 V Ni-Cad Battery Charger Battery
Ni-Cad Charger with Current and Voltage Fast Charger for Ni-Cad Batteries
Limiting Current Limited 6 V Charger



12 V BATTERY CHARGER

500
ViN 218V o-I: LM350 —
LED
L T0 12V
a1 BATTERY
L 2N2806 -
} R
| f 3 +
0.t uF -
———— " TN 1uF

Fig. 11-1

Circuit Notes

This circuit is a high performance charger
for gelled electrolyte lead-acid batteries.

Charger quickly recharges battery and shuts off

at full charge. Initially, charging current is
limited to 2A. As the battery voltage rises,
current to the battery decreases, and when the
current has decreased to 150 mA, the charger
switches to a lower float voltage preventing

overcharge. When the start switch is pushed,
the output of the charger goes to 14.5 V. As the
battery approaches full charge, the charging
current decreases and the output voltage is
reduced from 14.5 V to about 12.5 V terminat-
ing the charging. Transistor Q1 then lights the
LED as a visual indication of full charge.
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PARTS LIST FOR
NICAD BATTERY CHARGER

C1—100-uF, 50-V electroiytic
capacitor 117 Vac

D1—1-A, 400 PiV-silicon rectifier 50,60 Hz

Q1-—-40-W, pnp power transistor

R1—2000-chm potentiometer

T1—24-Vac, 117-Vac primary
filament transformer

Fig. 11-2

heatsink.

SIMPLE NI-CAD BATTERY CHARGER

D1 Qf
+ c e
b
24 Vac i,_
1== R1§<—
C Iy /—-.0'9'
0 -25 Vdc
500 mA max.
B G

Circuit Notes

This circuit provides an adjustable output voltage up to 35 Vdc and maximurm output
current of 50 mA. Transistor Q1 dissipates quite a bit of heat and must be mounted on a

2N6167

12 V BATTERY CHARGER CONTROL (20 AMPS RMS MAX.)

Z1 4
1N4735

Rg*
A A'A%
MR 1121
4) ‘|'
p 2 RE
e 68k
50 V RMS
MAX
(60 H2) 2N4851
[}

(<&

BATTERY
12V —

T1 - PRIMARY = 30 TURNS #22
SECONDARY = 45 TURNS #22
CORE = FERROXCUBE 203 F 181-3C3

2N6167 IS RATED AT 20 AMPS RMS
Fig. 11-3

A, - SERIES RESISTANCE TO LIMIT CURRENT THROUGH SCR
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BATTERY CHARGER

Mi
dc AMMETER
0-15A
"

CR1

FW BRIDGE RECTIFIER

25A 100 PIV

POLY PAKS 92CU1234

o= TRl
TRIAC
. T20 A
Fig. 11-4 16 Vac AT 20 6A 200 PRV
R.S. 276-101
o _Ym -
T1 R2
TRANSFORMER 1ok DI R4
120 Vac POT  B1-DIRECTIONAL DIODE 100
| R.S. 276-1050 W % W
R1 R3
120 Vac 60 Hz 330 Q1 220 0
12 W 3 v: W ca
-4 A
3_11”: -  0.1uF -~ 0.1 uF
o 200 v 200v T 200V

A diac is used in the gate circuit to provide
a threshold levei for firing the triac. C3 and R4
provide a transient suppression network. R1,

Circuit Notes

R2, R3, C1, and C2 provide a phase-shift net-

work for the signal being applied to the gate. R1
is selected to limit the maximum charging cur-
rent at full rotation of R2.

AUTOMATIC SHUTOFF BATTERY CHARGER

3048

4N

1av
i e
TRIAC
OR SCR

304

I_

TRIAC OR
SCR

K
G

ZENER
3: IK

o +

470
ww
82
5000

CHARGE
sTOP

Fig. 11-5

Circuit Notes

Adjust by setting the 500 chm resistor while-attached to a fully charged battery.
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200 mA-HOUR, 12 V NI-CAD BATTERY CHARGER

2Nz2i9 IN40OI

68

+24v0C ——Pb———0+ sarreny
1 T0 BE

ﬁL__o- CHARGED

IN752
th k

ang2g2

Fig. 11-6

2k

IN782
10k

Circuit Notes

battery can be left in the charger indefinitely.
To set the shut-off point, connect a 270-ohm,
2:watt resistor across the charge terminals and
adjust the pot for 15.5 volts across the resistor.

This circuit charges the battery at 75 mA
until the battery is charged, then it reduces the
current to a trickle rate. It will completely
recharge a dead battery in four hours and the

NI-CAD CHARGER WITH CURRENT AND VOLTAGE LIMITING

D3k

Ll
@ soR v o
. + +
* bl

*Cl=470uf OR
"GREATER

q CIG LGHR PLUG % — >— e

Fig. 11-7

[
,
LED
12-15VDC %
r4]
+
C—

Circuit Notes

Lamp L1 will glow brightly and the LED
will be out when the battery is low and being
charged, but the LED will be bright and the
light bulb dim when the battery is almost ready.
L1 should be a light bulb rated for-the current
you want (usually the battery capacity divided

by 10). Diode D1 should be at least 1 A, and Z1
is a 1 W zener diode with a voltage determined
by the full-charge battery voltage minus 1.5 V.
After the battery is fully charged, the circuit
will float it at about battery capacity divided by
100 mA.
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AUTOMOTIVE CHARGER FOR NI-CAD BATTERY PACKS

REGULAR 720HM
CHARGE 1WATT
e, - AN —O
CIGARETTELIGHTER CHARGE LED TWATT -
PLUG - g— SUFFICIENT. LARGER
oi— VALUES ACCEPTABLE.
r. P SEETEXT
AA"A's
47 OHM
TWATT
V—Q
Fig. 11-8

Circuit Notes

The number of silicon diodes across the output is determined by the voltage of the
battery pack. Figure each diode at 0.7 volt. For example, a 10.9- volt pack would require
10.9/0.7 = 15.57, or 16 diodes.

CONSTANT-VOLTAGE, CURRENT-LIMITED CHARGER

1C LM723C VOLTAGE REGULATOR (FOR 12V dc
OUTPUT 0.42A MAX)

TI D1

oO— E@HT ‘E " 7
J'.Rz 5

R3 |

Circuit Notes
For 12 V sealed lead-acid batteries.

Il TRANSFORMER, DC 13V [RMS), I-3A (RMS)
DI.D2 100V | A DIOD#

1y $SO0V.470pF EL¥CTROLYTIC CONDENSER
TRI MJ2840 10A 60V 150W (MOTOROLA)

10 LM723C (NATIONAL SEMICONDUCTOR)

Rt 47 OHM {/2W 3P

RIS 1K OHM 1/4W

R 10K OHM 1/4W

R4 7 SK OHM 1/4W

RS K 2K OHM /AW

VR 2K OfM

2 S0V 1000PF

-Fig. 11-9
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NI-CAD CHARGER

/4,
O
LEDY  SW2
PARALLEL
SWia v // - CELLS
i F81 hos LED2 *Ve
1]
’ ' e
: : ’/ SINGLE e
| qF, Oo=d  CELL :
I ) Lepy W3 T '
| | ~
1 '
1 ] -
| SWib - v
oV —ve
O—"" : 0 - . .
Fig. 11-10

This circuit uses constant current LEDs
to adjust charging current. It makes use of
LEDs that pass a constant current of about 15
mA for an applied voltage range of 2-18 V. They
can be paralleled to give any multiple of 15 mA

Circuit Notes

and they light up when current is flowing. The
circuit will charge a single cell at 15, 30 or 45

‘mA or cells in series up to the rated supply

voltage limit (about 14 V).

‘SIMPLE NI-CAD BATTERY ZAPPEKR

COMPONENTS NOT CRITICAL

0-10A

e

10A
I —i Pl—9—o
+
DOORBELL OR
FILXFMR Tl 1000 uF
6-14V 8V
Fig. 11-11 —

Circuit Notes

This circuit is used to clear internal shorts in nickel cadmium batteries. To operate,
connect ni-cad to output and press the pushbutton for three seconds.
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BATTERY CHARGING REGULATOR

o .l
CR4
GE A40F RI

n7 SCRI 47 OHMS &
VOLTS GE Cc220F CRI (2w)

AC OR GE Cl22F GEAI4A

-
> - R2
Tl CRS R4 47 OHMS
UTC #FTI0 | gE AdOF
{t17/12.6) 250 OHMS

(5w)
2 VOLT = _, .
BarTery = §

YR

¢

ALL RESISTORS (/2 WATT EXCEPT AS NOTED

Circuit Notes

The circuit is capable of charging a 12-volt component selection. When the battery voltage
battery at up to a six ampere rate. Other volt- reaches its fully charged level, the charging
ages and currents, from 6 to 600 voltsandupto  SCR shuts off, and a trickle charge as deter-
300 amperes, can be accommodated by suitable mined by the value of R4 continues to flow.

LOW-COST TRICKLE CHARGER FOR 12 V STORAGE BATTERY

®

117 Vac ||

+

dc output to battery

A

15-35V -

Fig. 11-13

Circuit Notes
Charge rate can be varied and is based on the size of bulb.




W
15V

FAST CHARGER FOR NI-CAD BATTERIES

INPUT

LM3t?

out

AAA
A A 4
~

8

1.2
. T T
Adjust D1 to 50 mV greater Vz than D2.
‘Charge terminates on 5°C temperature rise. Couple D2 to battery. -
Fig. 11-14
CURRENT LIMITED 6 V CHARGER
LM3T7L
Vin
gv 10 30V —$—1VIN ADJVU'”
+ B Fig. 11-15
1000 pF“
2N2222

41

* Setspeak current, Ipgak = 0 6V/R1

** 1000 «F s recommended to filter
out any input transients
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12

Battery Monitors

The sources of the following circuits are contained in the Sources section beginning on page 730. The
figure number contained in the box of each ci