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This handbook describes in detail a wide range of electronic
circuits designed around that tiny but versatile modern device,
the transistor. The arrangements described have a great variety
of practical uses.
Some of these circuits derive their power solely from low voltage battery sources; and have no connection of any kind
whatsoever with the electric supply mains.

Such designs can generally be "transplanted" from one
country to another without coming up against any voltage
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problems. Moreover, their inherent safety helps to make them
suitable for beginners, especially in the case of the simpler types
of circuitry.

Some of the other circuits in this book, however, are linked
with the mains in one way or another; and as the book is of
American origin, the arrangements are designed for use on
American mains, the voltage of which is normally quite different
from the British.

Domestic electricity supplies in the United States generally
run at around 110-120 volts AC, with the current alternating
at a frequency of 60 cycles per second.

The voltage of British mains is about double that of the

American. Our normal standard in most places is about 230-240
volts AC at 50 cycles per second.
Except in the case of devices with moving mechanism etc.,

synchronised with the alternation of the mains current, it is
the voltage which is of paramount importance, and the small
difference in frequency can be generally ignored.
It is essential that the British reader remember this difference

in mains voltage and the precautions that must be taken in
dealing with it.

Introduction Printed and Made in Great Britain
by East Midland Printing Co., Ltd., Bury St. Edmunds.
Balance printed in U.S.A.

American circuits designed for 110-120 volts obviously
cannot be plugged straight into our 230-240 volt mains without
disaster.

Therefore, before starting to work on any of the circuits

shown in this handbook, take a careful look at the "schematic"

(the American term for circuit diagram) to see whether there is
any reference to mains voltage; for instance, "117 VAC Line",
"VAC 117 v." "115 VAC," "117 Volts 60 c.p.s." or any similar
inscription.

If there is, then either the circuit must be modified to suit

our mains voltage; or our mains voltage must be stepped down
in an appropriate manner to suit the American circuit.
In this brief introduction we cannot go into all the detailed

modifications which would be necessary, and which would
differ in some respect or manner with each individual circuit.
But we can outline the general methods of "getting rid" of the
excess voltage so as to cut it down to the half -way mark.
Naturally the safest and most reliable method is to use a
double wound mains transformer which serves the dual purpose
of isolating the electronic circuit from the mains line (thereby
improving the safety aspect) and stepping down the voltage to
almost any desired level.

The primary of such a transformer must be normal British
standard (say, 200 to 250 volts with intermediate tappings to
suit local variations). The secondary should be such as to suit
the input of the American circuit.
An auto -transformer is another device used for stepping down mains voltage. This does not give the same isolation as

the double -wound type; but from a voltage viewpoint it
achieves the necessary result.

If you are in any doubt at all regarding the use of any of the
circuits in this book, especially those which in any way involve
connection with the mains either directly or indirectly you should
seek the advice of a competent local expert who can help you
on the spot with appropriate advice on what is best to do in the
individual circumstances.

The type -numbers of transistors given in this book are of
course in American style and unless these actual types can be
obtained it will be necessary to ascertain the nearest (if possible
exact) British equivalents. An equivalents or "substitution" list

is necessary for this. Handbooks are available which help
greatly; and equivalents lists are to be had from transistor

manufacturers. But in some instances it will be necessary
to do some painstaking and patient study of the various lists
to find the information one needs.
This is because there are now so many different types of
transistors on the market, and there is a lack of international
standardization regarding the allocation of type -numbers to the
various individual ones.
As regards ordinary components, there should be little or no
difficulty in interpreting the American "shopping lists" in terms
of British equivalents. But here again some minor problems
may arise in finding stockists of any out -of -the -ordinary
component. The best plan is to run through the current advertise-

ments in the various radio or electronic technical journals
(such as Wireless World, Practical Wireless, Radio Constructor
and so on).

Two or three of the projects in this book deal with transistorized automobile ignition systems. These are now quite
widely used on certain American cars in the United States and
have already been adopted-more or less experimentally for the
most part-in this country. But they have not yet (at the time of
writing) come into widespread general use.
In making use of any of these circuits one should of course
be careful to avoid doing anything which could tend to reduce
the reliability of the car's ignition system. Sudden ignition
failure on the road is obviously, in certain circumstances, a
source of danger; and one of the main aims of transistorized
ignition is to increase, rather than reduce, the reliability of the
car's ignition system, and improve its performance. Provided
the conversion to a transistor circuit from the conventional
type of ignition circuitry is carried out expertly with reliable
components, this improvement should be easily realizable.
If you are in doubt about any point seek the advice of a
competent local automobile electrician who can check the whole
circuit on the spot for safety and efficiency.
Some of the circuits in this book are for the construction
of oscillators; and on the general subject of oscillators a word

of warning may be necessary. Remember that there is very

little basic difference between a radio -frequency oscillator and a
transmitter. It does not take much alteration to turn one into
the other!
Every care should be taken, therefore, to ensure that an R.F.
oscillator is not used in a way in which it can cause avoidable
interference with neighbouring reception or in a way in which
it may function as an unlicenced transmitter.
Transmitting regulations in this country differ from those
in the United States; and on the whole ours are inclined to be
stricter in certain respects. Illicit use of a transmitter is a
punishable offence.

A glance through the pages of this handbook will show that
the designs range from extremely simple projects, easily made

and used by a beginner, to fairly ambitious circuits suitable
for industrial or scientific uses. The reader will need to use a

good deal of initiative and ingenuity in regard to adapting a few
of the items to suit availability of components and so on in this
country; but this is quite a good technical exercise in itself and
one can learn a lot in the process.

PREFACE

The use of semiconductor devices in industrial applications is
growing at a rapid rate. Indeed, although much attention is being
given to how the devices already in production can be used in various types of industrial applications, current emphasis is on the
development of new solid-state devices with specialized characteristics for specific applications. Because of the tremendous effort
made in manufacturing and developing semiconductor devices; it is
very difficult to keep up with the state of the art as actually used in
industry. It behooves us, therefore, to stop and take a close look at
what has happened in the last few years.
This book is a compilation of transistor and rectifier circuits used
for a wide variety of applications. Naturally it is impossible to in-

clude all of the many such circuits in a single volume; instead, a
selection of typical designs has been included. In each of the 13 different circuit categories, schematic diagrams, parts lists, and text discussions of the operation are given for a number of representative

circuits. In one reference source this book provides material that
otherwise would be available only from the various manufacturers.
Acknowledgement must be given to the following manufacturers,
who supplied much of the data from which this book was prepared:
Shockley Transistor, Transitron Electronic Corp., Sylvania Electric
Products, Inc., General Electric Co., Motorola Semiconductor Products, Inc., Minneapolis -Honeywell Regulator Co., Solid State Products, Inc., Ferroxcube Corporation of America, Westinghouse Electric Corp., Radio Corporation of America, Crystalonics, Inc., and
Eastman Kodak Co.
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CONTENTS

SECTION 6

OTHER SWITCHING CIRCUITS

SECTION 1

COUNTERS

7

Frequency Dividers-Binary Counters-Ring Counter

SECTION 2

POWER CONTROL
Remote -Controlled SCR Switch-A Solid -State Thyratron Replace-

14

ment-AC Control-Controlled-Rectifier Motor-Speed Control-

Proximity Switch - Phase -Sensitive Switching Circuit - Temperature -Controlled Switching-High-Speed Relay Control-Simple On Off Switch-Transistor Automobile Ignition-Electronic Automo-

bile Ignition-Full Range UJT Phase Control-Full-Wave SCR Bridge Phase Control - Full -Wave Cross -Coupled Unijunction
Transistor Phase Control-Full-Wave Single-Unijunction Traniistor Phase Control-SCR Latching Relay -16 -Ampere DC Circuit
Breaker-SCR Circuit Breaker-Circuit Breaker With Automatic
Reclosing-High-Current Switch-Transistorized Ignition System

Phase-Controlled, Single -Phase Output Power Supply-Changeover
Switch-Simple Motor Control-AC Phase Controls -60-cps Burst

SECTION 7

Control-Temperature Controller-Pyrometer-Operated Temperature Controller-SCR Control With a UJT-Remote Power Control-SCR Phase -Controlled Trigger-Full-Wave SCR Control

PHOTOELECTRIC DEVICES

34

Multivibrator Timer-Timer Circuit-Long Time -Delay CircuitShort Time -Delay Circuit-Interval Timer-Timer With High Level Output-Accurate Time -Delay Circuit-Externally Triggered
Time -Delay Circuit-AC Time -Delay Circuit-Precision DC Time
Delay-Variable Time Control-SCR Time -Delay Circuits

Width Light -Activated Switch - Variable On -Time Switch -

"World's Smallest Phase Control"-LAS Counting Circuit-Production-Line Flow Monitor - Slave Flash - Photography Light
Meter-Annunciator Systems-AC-Operated Circuits-DC-Operated Photocell Circuits-Automatic Lighting Control

SECTION 8

SECTION 4

INDICATORS

109

Differential Photo Relay - Photo -Relay Circuit - Photoelectric
Comparator-Wireless Remote Photo Flash- Variable Pulse -

SECTION 3

TIMERS

88

47

126

POWER REGULATORS
Three -Phase AC Control of DC Power-Alternator RegulatorShunt-Wound DC -Motor Speed Regulator-Alternator Voltage
Regulator-Zener-Regulated, Motor -Speed Control-Motor-Speed

Flame Monitor-Stroboscope-Alternating Light Blinker-Blinker
Light-Remote Temperature Indicator-Automobile TachometerAudio Voltmeter-Bridge Null Detector-Transistor Beta Checker
-Applause Meter-Audio Photometer-Impedance Meter-Metal
Locator-Lamp Driver-Differential Voltage -Level Indicator-100cpm Flasher-Flasher Circuit Transient -Voltage Indicator-Alarm
Circuit-Digital Temperature Indicator-Liquid-Level IndicatorHigh-Power Electronic Flasher-Light Flasher

Control-SCR Fluorescent Dimmer-AC Phase -Controlled Switch
-150 -Watt Voltage Controller-Phase-Sensitive Servo Drive-Bat-

tery Charger-Phase Control of the SCR

SECTION 9
SECTION 5

FLIP-FLOPS
Three -Stage, SCR, Free -Running Multivibrator - Complemetary
Flip -Flop Circuit-Alignment Multivibrator-Gated Turn-Off FlipFlop-Bistable Flip-Flop-Shift Register-One-Shot Multivibrator
-Free -Running Multivibrator-Schmitt Trigger-Hybrid Square Wave Multivibrator - One -Shot Trigistor Multivibrator - Shift
Register Using a Trigistor

74

AMPLIFIERS
Low -Noise Field -Effect Transistor Amplifier-High-Voltage Field -

Effect Transistor Amplifier-Field-Effect Transistor AmplifierLow-Drift DC Amplifiers-Low-Level DC Amplifier-IntercomTelephone Amplifier-Light Amplifier-Compensated Transistor
Preamplifier - Negative -Impedance Converter - AGC Amplifier
Using Field -Effect Transistor-Differential Amplifier-Pulse Amplifiers

145

SECTION 10

POWER SUPPLIES

161

Three -Phase, Controlled -Rectifier Circuit for DC Power SupplyPulse-Triggered Ignition Circuit-Constant-Voltage Power Supply
-10 -Ampere, 400 -Volt Rectifier Tester -6 -Volt Power Supply -

12 -Volt Power Supply-Portable and Silicon Rectifier TesterChopper-Controlled, Regulated Power Supply-Cascade-Amplifier
Regulator - 1000 -Watt Regulated Supply - 150 -Watt Regulated
Supply-Simple, Zener-Diode Voltage Regulators-Current Regulator-Series Voltage Regulator

SECTION 1

SECTION 11

OTHER CONTROLS

COUNTERS

180

Latching Relay-Fire Alarm-Circuit for Geiger -Tube Radiation
Detector-Geiger-Tube Radiation Detector-Sound-Operated Relay
-Lead -Sulfide, Photoconductor Radiation -Detector Circuit-Relay
Actuator-Automatic Garage Light-Rain-Alarm Circuit-LampDimmer Circuits-Induction Transceiver

FREQUENCY DIVIDERS
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frequency (f), which, for example, can correspond to middle C. Output192 from this master oscillator is then used to synchronize a saw tooth oscillator that uses a four -layer diode. This produces a large amplitude sawtooth about 30 to 40 volts whose frequency is the same
as that of the master oscillator. If it is desired to produce C below
middle C, it is necessary to divide the frequency by two, but the out-
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ning frequency of just below 1/2 f, where f is the original oscillator
frequency. However, sync pulses coming from the master oscillator

are of the fundamental frequency (f). These pulses are adjusted in
amplitude so that every other pulse triggers the four -layer diode
(D1).
This circuit produces pulses across the series resistors in the path
of the capacitor discharge. The 18 -ohm resistor provides a pulse
amplitude of the proper value. In turn, these pulses are fed to the
next stage (D2) which produces an output of the original frequency
divided by 4, since every second input pulse has sufficient amplitude to trigger the stage. Thus, in sequence the first stage produces an output whose frequency is the original divided by 2, the

second is the original frequency divided by 4, the third is the original
frequency divided by 8, etc.
A complete circuit that provides sawtooth-voltage outputs over
7

octaves is shown. Note that the component values are not similar
for each stage, but they change as the frequency of the stage changes.
Frequency control is obtained by varying the resistance and capacitance so that all of the diodes have the same switching voltage.
This frequency divider is free -running at incorrect frequencies
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BINARY COUNTER 1
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The binary counter uses a positive 3 volt, 1- to 10 -µ,sec. input
pulse to produce an output pulse that is either positive or negative,
depending on which controlled rectifier is conducting when the input
pulse is applied.

If controlled rectifier TCR1 is conducting, a 3 -volt bias is developed across resistor R1 and applied to the cathode of diode D1
through resistor R2. When a positive 3 -volt input pulse is applied
to the junction of the anodes of diodes D1 and D2, the positive 3 volt bias on the cathode of D1 holds it at cutoff, and current flows
through resistors R4 and R5 and diode D2. The current through
R4 and R5 develops a positive voltage at the gate of controlled rectifier TCR2, thus gating TCR2 on. When TCR2 starts to conduct,
the sudden presence of a positive voltage at the cathode of TCR2
produces a current through capacitor C2 and resistor R7. This
current through R7 develops a positive pulse at the output. At the
same time, when TCR2 starts to conduct, the sudden presence of a
100 V

R3

50011.
Cl

TCR I

Dl

SYNC
IN

D2

111=1
R2

TO INPUT OF

47011

47011

NEXT STAGE

V
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RI

1511

0

t

Courtesy Shockley Transistor, Unit Clevite Transistor.

(B) Waveforms.

Working organ circuit.
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L,p

sees.

Courtesy Transitron Electronic Corp.

Binary -counter circuit.

9

negative -going voltage at the anode of TCR2 is coupled through capacitor C1 to the anode of TCR1, cutting TCR1 off. Now diode D2
is back -biased and controlled rectifier TCR1 is in the Off state. When
the next 3 -volt pulse is received at the input, current through resistors R1 and R2 and diode D1 develops a positive voltage at the
gate of controlled rectifier TCR1, gating TCR1 on. TCR1 is now On.
and TCR2 is switched Off through coupling capacitor C1. When

To 4Exr

RI

R2

TCR2 is switched to the Off state, its cathode suddenly goes to

12

fired
R3

ground potential. The sudden decrease in voltage produces a current
through capacitor C2 and resistor R7. This current through R7 develops a negative pulse at the output. Therefore successive positive
input pulses result in alternate positive and negative pulse outputs
that can be used to drive a binary readout system. Several of these
binary counters can be combined to form a binary counter system.

R10

-Cl

stage 2 is turned on, stage 3 changes state. Thus the first stage
changes state each time S1 is closed; the second stage changes state
every second time S1 is closed; the third stage changes state every
fourth time Si is closed; and so on.
If one adopts the convention that illumination of lamp Il of a
particular stage represents 1 and illumination of lamp 12 represents
0, then a conversion table from decimal to binary counting can be
10

STAGE

C2

*CR3

4RI

a science fair display of computer -type circuits. The circuit may be
operated by a relay, as shown, or with a photocell in place of Si. It
can be used to count objects moving on a conveyor belt or the number of persons who pass by the photocell. The schematic diagram
shows two sages, but the counter can be extended to as many stages
as desired. The counter counts from 0 to (20 - 1), where n is the
number of stages. For example, with two stages it will count to 3,
with three stages it will count to 7, with four stages it will count to
15, and so on. The counter consists of cascaded flip-flop circuits
containing indicator lights so that the state of each stage of the counter
can be observed.
Each time switch S1 is closed, the flip-flop of stage 1 changes
state. For example, if Q1 of stage 1 is conducting, a positive pulse
is coupled through capacitor Cl and diode CR1 to the base of Ql.
This causes Q1 to be cut off, and consequently, Q2 is turned on and
lamp Il is lit. The positive pulse cannot pass through CR2 because
it is reverse -biased through R6. The next time Si is closed Q2 is
turned off and Q1 is turned on. Each time Q2 of stage 1 is turned on,
the second counter stage changes state. Similarly, each time Q2 of

TO NUT
R6

R9

Cl

CR3

BINARY COUNTER 2

The binary counter can be used by science or mathematics
teachers to demonstrate binary addition or by students as part of

STAGE

STAGE 2

-o
TO NUT
STAGE

Si

O

TO NEXT
STAGE

111-6V. Battery, Burgess F4BP or equivalent.
B2 -1.5V. Battery, Burgess #2R or equivalent.

CI, C2-.047 or .05 Mfd. Paper or Ceramic Capacitor.
C3-.1 Mfd. Paper Capacitor.
CR1, CR2, CR3-IN34A Diode.
11, 12-Sylvania #48 or #49 2V.. 60 ma. Pilot Lamp.
01, 02-Sylvania 2N525 Transistors.
RI, R2-6110, 1/2w. Resistor.
R3, R4, R7, R13 -1.2K 1/2w. Resistor.
R5, R6, R10 -10K, 1/2w. Resistor.
R9-4.711 1/2w. Resistor.
R11-2711 1/2w. Resistor.

SI-Switch, normally open momentary contact
pushbutton type such as Groynill Type 2201
or equivalent.
52-Same as Si.
S3-S.P.S.T. Toggle Switch.

NOTE: Cl, C2, RI through R9, CR1, CR2, CR3, 11, 12,

01, 02 must be duplicate for each
stage used.

Courtesy Sylvania Electric Products, Inc.

Twastage, binary -counter circuit.
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made (Table I). In this table the count is given in its binary represen-

tation from right to left (least significant digit on right). Table II
shows the count display for a three -stage counter, and Table III
shows the highest count possible for various numbers of stages.
RING COUNTER

A ring counter may be considered as a circuit that sequentially
applies voltage to two or more loads at a time. These may either be
power loads or signal loads. In this circuit, controlled rectifiers
SCR1, SCR2, and SCR3 form a three -stage ring counter. SCR4 is a
reset pulse generator which is not required for all applications.
When power is first applied to the circuit, none of the SCR's are
turned on. To set the circuit a positive pulse is applied to the set
pulse input which applies a positive trigger to the gate of SCR1,

II

SHIFT
PULSE
I NPUT
R1, R2, R3

SCR', SCR2, SCR3, SCR4 - C9U or C12U

- 2200, 112w

CR1, CR2, CR3, CR4, CR5 - 1N1692

R5, R6, R7 - 4.7K, 1/2w

11 12, 13, 14 - 6. 3V, 0.8A

R8 - 470, 2w
C1, C2, C3 - O. lmfd, 50V paper
C4, C5, C6, C7 - 4mfd, 50V paper

1-20. 2C2

PULSE SOURCE - 3-8 VOLT, 10-4 sec, 15-2052

Courtesy General Electric Co.

Ring counter circuit.

in current flow through lamp I1. Since SCR2 and SCR3 are in the
Off state, their anode voltage is 8 volts, therefore reverse -biasing
diodes CR1 and CR3. The cathode of CR2, which is connected to
the anode of conducting SCR1, is at approximately 1 volt.

If a positive pulse with a peak amplitude of less than 8 volts and
greater than 3 volts is applied to the shift pulse input, CR1 and CR3
block the pulse from the gates of SCR1 and SCR3, but the pulse is
coupled through CR2 and C2 to the gate of SCR2. Thus, SCR2 is
triggered on. Capacitor C5, which was previously charged through
lamp 12, now discharges through SCR2 and inductor Ll. The large
voltage pulse developed across Ll reverse -biases SCR1, switching it
off. Capacitor C4 holds the anode voltage of SCR1 down during
the commutating interval. When successive shift pulses are applied,
SCR3 is switched on and SCR2 is switched off, SCR1 is switched on
and SCR2 is switched off, and so on in a similar manner. When a
pulse is applied to the reset pulse input, SCR4 is switched on, and
capacitor C7 discharges through SCR4 and LI, producing a large
voltage pulse which reverse -biases whichever SCR is in the On state.
SCR4 will continue to conduct until one of the other SCR's is
switched on. Additional stages may be added to the circuit as desired.

A ten -stage circuit using ten SCR's can be used to perform the
function of a decade counter with direct lamp readout.

switching SCR1 from the Off state to the On state and resulting
12

13

Citizens band; R1 is adjusted so that the controlled rectifier triggers
when it receives the proper transmitted signal. The bias arrangement
allows for a low resistance path for the leakage current.
In this circuit there is reasonable temperature compensation, since
CR1 and the controlled rectifier are maintained at about the same
temperature. As a result a constant voltage differential exists between
the steady-state bias voltage and the gate trigger voltage. If, how-

ever, the temperature of the controlled rectifier is raised to a sufficiently high value, the rectifier will spontaneously trigger. This

SECTION 2

temperature -triggering is
circuits.

POWER CONTROL

A SOLID-STATE THYRATRON REPLACEMENT

A high -sensitivity controlled rectifier used as a controlled switch
can be coupled with a rectifier in the circuit shown. This circuit acts
like a thyratron in many ways, since it has a high signal -input im-

REMOTE -CONTROLLED SCR SWITCH

The silicon -controlled rectifier (SCR), which has many versions, is
used as a static and sensitive latching switch; it can be substituted for

relays, contact cores, or other devices. Alternating current can be
used for the power supply where latching is undesirable. The circuit
arrangement shown can be used for the remote -control actuation of
various types of low -power loads such as relays, alarm systems, bells,
or warning lights. A single semiconductor controlled rectifier is shown
with an AC input that can be in the 100- to 200 -volt range. The gate
of the controlled rectifier is adjusted to a positive bias just below the

triggering level by means of R1, R2, and the diode CR1. In this
example the antenna coil and trimmer are tuned to a specific frequency used for remote control, such as a frequency in the 27-mc
GE 1N540

put to practical use in other types of

pedance, low pickup and drop -out current, and can handle large
amounts of power. In this circuit the grid, anode, and cathode
connections for an equivalent thyratron tube are shown. With a

-
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(I000
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RI
(IOK)
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2N6881

220Q

_J

L

FOR

INDUCTIVE

1N649

LOADS

CATHODE

Courtesy General Electric Co.

Solidstate thyratron replacement circuit.
AC

INPUT

negative potential on the "grid" terminal, a stabilizing gate bias for
the controlled switch is provided by CR1, CR2, and resistor R1.
When the anode is positive and the grid is driven positive, the con-

trolled switch starts conducting. This in turn triggers the larger
controlled rectifier. Thus there is current flow from cathode to anode
Courtesy General Electric Co.
Remotecontrolled SCR switch circuit.
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through the larger controlled rectifier. Diodes CR3 and CR4 are
used to prevent excessive voltage from appearing across the gate to -cathode terminals of the controlled switch, and CR5 is used to
15

prevent transistor action of the controlled switch when positive grid
voltage and negative anode potential occur at the same time.

If it is desired, the negative bias through R4 can control the firing.
D6 prevents breakdown of the SCR in the reverse direction.

AC CONTROL

CONTROLLED -RECTIFIER MOTOR -SPEED CONTROL

The four -layer diode provides an efficient technique for the control of an SCR that is used in turn to control AC power. As shown, a

This circuit allows the controlled rectifier to be used to regulate the
speed of small universal motors. Motors of this type are used for
fans, food mixers and blenders, sewing machines, and various types

full -wave bridge consisting of diodes D1 through D4 is in series
with the load; an SCR (D7) is placed across the center terminals of
the bridge so that when the SCR is fired, current will flow through
the bridge, the SCR, and the load. The power delivered to the load
is controlled by the phase angle at which the SCR fires.

of hand tools, including drills and saws.

There is no rewiring necessary, since the circuit can be plugged

directly into a 117 -volt line, and the appliance or tool can be plugged
directly into the circuit.

As shown in the circuit diagram, the counter emf of the motor
is used as a feedback signal so that it is possible to maintain an
effectively constant speed, in spite of the variations in torque. The
FUSE

-cr\-13-SCR
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SCR
200V
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R2
SPEED
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117 VAC
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4-

TRANSIENT
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AC control circuit.

R3

A simple RC network and a four -layer diode comprise the firing
circuit. At the beginning of each cycle, Cl charges through R2 and
R3. The charging rate is controlled by the setting of R3. When the

RECEPTACLE

200 OHMS

FOR

1W

MOTOR PLUG

TRIMMER

UNIVERSAL

CR2
GE 1N1693

voltage across Cl becomes equal to the switching voltage of the
four -layer diode (4-D1), it fires, discharging Cl through the SCR
gate and turning on the SCR. At the end of the half cycle, the volt-
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Courtesy Shockley Transistor, Unit Clevite Transistor.

half -cycle. This discharge path is through D5 and Rl.

IF-.

OPTIONAL

VOLTAGE 0-25 VDC

the period of one-half cycle; therefore, the SCR does not conduct.
However, a discharge path must be provided to discharge Cl at the
end of each half -cycle to prevent charge build-up on the subsequent

-.1

6RSZOSP4B4

EXTERNAL
CONTROL

age across the SCR drops to zero, turning off the SCR until it is fired
again during the next half -cycle.
Suppose that R3 is at its maximum -resistance position; the time
required to charge Cl to the switching voltage of D1 is greater than

W

42

GENERAL PURPOSE
APPLICATIONS
(APPROK 2 AMP MAX

MOTOR

HEAVY DUTY
TOOLS

MOTOR NAMEPLATE RATING)

SCR

GE C158
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Courtesy General Electric Co.

Motor -speed control circuit.
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speed control is R2. When the supply voltage goes positive, a portion of this sine wave is taken off across the control and compared
with the counter emf of the motor. When this voltage becomes
higher than the armature voltage, current flows through the diode
(CR1) and triggers the controlled rectifier. In this way the rest of
the positive cycle becomes the supply voltage to the motor.

120 VOLT

The speed of the motor tends to decrease as the load is applied
to the motor, and this tends to decrease the counter emf. Because
of this, the voltage taken from the speed control causes a current
flow into the gate of the controlled rectifier somewhat earlier in the
cycle; hence, an additional voltage is applied to the armature. This
compensates for the increased load and tends to maintain the preset
speed. It is possible to obtain about a 3 to 1 speed range with
this circuit. It is also possible to close the switch to allow the full
speed of the motor at any time.
For most applications, the controlled rectifier can be attached
directly to the metal chassis, using the standard mica insulator. In
some cases when the duty cycle would cause a greater heat dissipation, it is necessary to provide a separate heat sink for the controlled
rectifier. Rectifier CR1 prevents excessive reverse voltage to the gate
electrode of the rectifier. CR2 is used to prevent the induced current
due to the field of the motor from interfering with the circuit opera-

tion. R4 and Cl are used to improve the circuit stability. R3 is

60 CPS

TO LOAD
CRI TO CR4- GE 041693

RI -3.3K ,5 WATT
R2- 2306,2 WATT
R3- 3.36, I WATT

CR5,CFt6- GE INI765
CRT- GE INI692
CRC- GE INI776
TI - ISOLATION TRANSFORMER 120/12.6/ 12.6 VAC;
PRIMARY VOLTAGE DEPENDS ON LINE
VOLTAGE (TRIAD N-501 FOR 120V
72- PULSE TRANSFORMER PE 2231, UTC H51 OR

R4-330, 1/2 WATT
R5,R6- 220. 2 WATT
R7, R6- 330 , 2 WATT
129,R10- 470, 1/2 WATT
CI,C2,C3- 0.1 MFD

01- OE 2N2646

EQUIVALENT

SCR1,SCR2- GE CONTROLLED RECTIFIERS, AS
REQUIRED

SCR3,SCR4- GE 2141595

Courtesy General Electric Co.
Phase -controlled power supply circuit.

a

preset control to prevent hunting of the motor.
PHASE -CONTROLLED, SINGLE -PHASE -OUTPUT POWER SUPPLY

A circuit for the control of AC voltage is shown; this design permits

the use of controlled rectifiers SCR1 and SCR2 as required by the

current. In operation unijunction transistor 01 is tied across the
supply line using a bridge rectifier, CR1 through CR4, and this
arrangement allows Q1 to be triggered on both alternations of the
incoming AC. As shown, the manual control is resistor R2, and the
time constant of the circuit composed of R2, R3, and C 1 produces

a time delay for the unijunction transistor. After this time delay,
the unijunction transistor produces a pulse to the primary of the
pulse transformer (T2). This pulse transformer couples the pulses
to the gates of the controlled rectifiers SCR3 and SCR4. The rectifier
that has a positive anode voltage then fires. This conduction in turn
triggers one of the two main controlled rectifiers (SCR1 and SCR2).
The alternating -current supply for the two smaller controlled rectifiers (SCR3 and SCR4) is obtained from the filament -type transformer (T1). Breakdown diodes CRS and CR6, together with
resistors R5 and R6, prevent excessive drive to the larger controlled

rectifiers. There is a resistor -capacitor combination in series with
18

AC SUPPLY

each gate of the main controlled rectifiers (R7 and C2 in shunt and
R8 and C3 in shunt). These are used to limit the gate dissipation,
although allowing a high gate pulse to trigger the main rectifier. It is
also possible, if desired, to use a transistor circuit rather than R2
as the control.
CHANGEOVER SWITCH

The changeover switch is a circuit employing controlled rectifiers
to switch one circuit off at the same time another circuit is switched
on. In this circuit only one TCR can conduct at a time. In circuit A,

when switch S1 is depressed, controlled rectifier TCR1 is biased
into conduction. When TCR1 begins to conduct, its anode voltage
falls. This voltage change causes a current to flow through the 0.2
mfd capacitor to the anode of TCR2, which in turn brings the anode
current of TCR2 below the holding current for a few microseconds.

Therefore, TCR2 is switched off at the same time that TCR1 is
switched on. If controlled rectifier TCR2 was not conducting when
TCR1 started to conduct, TCR2 will remain off. When switch S2
is depressed, controlled rectifier TCR2 is biased into conduction, and
TCR1 is cut off. This circuit will operate successfully from -65°C
to + 125°C with a load current that may vary between the holding
19

current and

200

SIMPLE MOTOR CONTROL

ma. For loads drawing higher currents, a higher

value of C is necessary.

Switching on the anode voltage in circuit B causes a current to
flow through C2, which is large enough to turn on TCR1. When
TCR1 is switched on, a voltage drop across R3 of about 1 volt exists.
Trigger current, caused by pressing the pushbutton, can flow through
R5 and D3 into the gate of TCR2. But it can not flow through D1
into the gate of TCR1, since D4 is connected to ground potential.
Therefore TCR2 switches on. The operation of the circuit is then

the same as that previously described for Circuit A.

The simple motor control is a motor -speed regulator requiring
only seven components. This circuit allows a variation in the phase

angle of a load current up to 600 ma from 60° to 180° over an
ambient temperature range of - 65°C to + 72°C. AC phase -control

circuits using controlled rectifiers can be built in an extremely small
space and have a very high efficiency.
When power is applied to the circuit, a small amount of current
flows through the motor, resistor R1, and diode D2 during the
RI LARGE

POWER IN LOAD
SMALL

,.""-**,,,

DELAY TIME

R, SMALL

POWER. IN LOAD
LARGE

/
DELAY TIME

(A

(B) Waveforms.

Circuit.

(A) Circuit with two push buttons.
115 V

AC

-

VI

TCR2

LOAD

+100V

1M

R3, Ri
R4, R3

-

100

-

2K

- O. 001u1

CI

C2

330pf
-

C3
D3. D4

TCRI, TCR2

200
1N3072

2N1596

Courtesy General Electric Co.
(B) Circuit with one push button.
Changeover switch.
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Courtesy Transition Electronic Corp.

Motor control.

5000

R2, R6

D2,

(C) Circuit for higher accuracy.

TCR 2001

1K each

R1

DI,

TCR I

positive half -cycle, thus charging capacitor Cl. The voltage at the
gate Of TCR1 reaches the height necessary to trigger the TCR at
some time during the positive half -cycle, depending on the value of
R1 and the voltage across Cl. If R1 is set for maximum resistance
(10 hi), the delay time will be relatively long, and the power into
the motor will be relatively small. If R1 is set for minimum resistance (0Q), the controlled rectifier will fire immediately after the
positive half -cycle begins. Therefore the setting of resistor R1 determines the amount of power to be used by the motor and, consequently, the speed at which the motor will operate. The motor
21

control unit is therefore a delay circuit, the delay time determining
the amount of power used by the motor. Since the controlled rectifier has a comparatively small saturation voltage in the On state
and absorbs a very small amount of power in the Off state, the
efficiency of this circuit is more than 98 % Fig. B shows the wave.

forms; Fig. C shows a circuit of higher accuracy.
AC PHASE CONTROL 1 USING PNPN TRIGGER DIODES
AND CONTROLLED RECTIFIERS

This circuit is a relatively inexpensive circuit providing continuously variable AC phase -shift control with a symmetrical control
overload voltage from 0 to 100%. It uses a multilayer trigger diode
to gate the controlled rectifiers. The PNPN diffused silicon trigger
device used in this circuit has characteristics similar to those of a
neon lamp; that is, it will conduct in either direction when the voltage across it reaches the breakdown voltage. It is this characteristic
of bilateral conduction that makes the trigger diode useful in this
circuit.

When voltage is applied to the circuit, capacitor Cl charges
through resistors R1, R2, and R3. During the positive half -cycle,
when the anode of controlled rectifier SCR1 is positive, capacitor
Cl charges until it reaches the breakdown voltage of the trigger
diode. When the trigger diode conducts, capacitor Cl discharges

through the trigger diode and resistors R3 and R4. The resulting
bias at the gate of SCR1 switches SCR1 on, and current passes
through the load for the remainder of that half -cycle. At the end
of the positive half -cycle, the anode voltage on SCR1 goes negative
and it switches off again. During the negative half -cycle, when the

anode of controlled rectifier SCR2 is positive, capacitor Cl again
charges until it reaches the breakdown voltage of the trigger diode.
When the trigger diode conducts, capacitor Cl discharges through
the trigger diode and resistors R3 and R4. The resulting positive
pulse developed across resistor R3 is coupled through capacitor C2

to the gate of controlled rectifier SCR2 and switches SCR2 on.
Current now flows through the load for the remainder of the half cycle. Adjustment of variable resistor R2 controls the charge time
for Cl, thus controlling the triggering time of SCR1 and SCR2.
Resistor R5 may be used for additional circuit stability, particularly
at higher temperatures with certain low -current SCR's.
AC PHASE CONTROL 2 USING PNPN TRIGGER DIODES
AND CONTROLLED RECTIFIERS

When voltage is applied to the circuit, capacitor Cl charges through

resistors RI and R2 and transformer T1. During the positive half cycle, when the anode of controlled rectifier SCR1 is positive, capacitor Cl charges until it reaches the breakdown voltage of the

0-1 LOAD
R1

R5

1K

470 t'

R2
150K

SCR1

SCR2

117 VAC

TRIGGER DIODE

Cl
.1

R4

T1

470

UTC H51
OR EQU I V

R3
390

SCR1, SCR

GE C11/C15 TYPES

C2

.06

SCR'S: GE C11/C15 TYPES

D: TI 42

D: TI 42 (GENERAL ELECTRIC/

Courtesy General Electric Co.

Courtesy General Electric Co.

Circuit of AC phase control 1.
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Circuit of AC phase control 2.
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trigger diode. When the trigger diode conducts, capacitor Cl discharges through the trigger diode, resistor R3, and transformer T 1 .
The resulting pulse is coupled through T1 to the gate of controlled
rectifier SCR1. (When wiring transformer T1 into the circuit, the
polarity of each winding must be observed.) SCR1 now conducts,
passing current through the load for the remainder of the half -cycle.
At the end of the positive half -cycle the anode voltage of SCR1

mower'

goes negative and SCR1 switches off again. During the negative
half -cycle, when the anode of controlled rectifier SCR2 is positive,
capacitor Cl again charges until it reaches the breakdown voltage

O9ooQ.c97--v\"--

ZS

of the trigger diode. When the trigger diode conducts, capacitor
Cl discharges through the trigger diode, resistor R3, and transformer T1. The transformer couples the pulse to the gate of SCR2,
which now conducts, passing current through the load for the remainder of the half -cycle.
At the end of the negative half -cycle the anode voltage on SCR2
goes negative and SCR2 switches off again, completing the cycle. Adjustment of variable resistor R2 controls the charge time for Cl, thus
controlling the triggering time of SCR1 and SCR2.
60 CPS BURST CONTROL

The 60 cps burst -control circuit uses silicon -controlled rectifiers
to produce time -controlled, short -duration AC voltage. In the spot
welding of metals and in photography such voltages are often required to drive a welding transformer or to energize lamps. This
circuit uses two silicon -controlled rectifiers and associated control

E

0

circuits to time control the AC load voltages.

When the burst control is in the off condition, switch SW1 is in
position 1, and the upper plate of capacitor C2 charges to - 20 volts.
Transistors Q1 and Q2 now operate as a monostable multivibrator
with Q1 in cutoff and Q2 saturated. Resistor R3 in the collector
circuit of Q2 has the entire DC input voltage of 20 volts across it.
The collector of Q2 is therefore at -I- 20 volts, or ground, and there
is no voltage to support oscillations in blocking oscillator Q3. When
switch SW1 is placed in position 2, the emitter -base junction of Q1
is forward -biased. This drives Q1 into saturation and reverse -biases
02 into cutoff through capacitor Cl. The time Q2 remains in cutoff is determined by the time constant of resistors R1 and R2 and
capacitor Cl. When Q2 is cut off, Q3 begins to oscillate at a rate
of approximately 10,000 cps. The duration of each pulse from the

E

Il
0.4

CC rn

transformer is about 2 ilsec. The oscillator pulses from the secondary
windings of the transformer gate both silicon -controlled rectifiers in
the forward direction. The controlled rectifiers, which are biased in

the forward direction, will conduct until the polarity of the input
voltage changes; that is, they conduct until Q2 becomes saturated
24

Courtesy Motorola Semiconductor Products, Inc.

Circuit of 60cps burst control.
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and Q3 is cut off. At this time the bias is removed from the gates
of the silicon -controlled rectifiers and the burst of 60-cps AC voltage ends.

The practical time -control range for this circuit is from 20 milliseconds to 1 second. This control range is accomplished by selecting
several values of capacitor Cl, which can be switched into the cir-

cuit. Resistor RI can be used to trim the time duration of each
selected capacitor so that, with a capacitor selector switch, a variety
of times is available.

The temperature controller has been successfully used to provide

a precise, static control of the temperature in such equipment as
electric ovens, furnaces, and surface units. This controller regulates
up to 4 kw of heaters steplessly, maintaining the temperature- at
the sensing element within less than 1 degree variation anywhere

within the temperature range from ambient to 300°C. It features
high reliability, little maintenance, and the absence of temperature
cycling in the unit being controlled.

Rectifier diodes CR1 through CR4 provide DC bias for series
transistor Q1 and voltage across a resistance bridge consisting of
FUSE

117

j
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Cl is charged by series transistor Ql. The base signal on Q1 is
developed across the resistance bridge. If the temperature at the
thermistor drops below the preset value, the resistance of RT1
increases. The voltage at the base of Q1 decreases, causing more
base and collector current to flow. This charges Cl more quickly,
and Q2 fires earlier in each cycle. Q2 fires during each positive and
negative half -cycle after Cl reaches its triggering voltage.
When Q2 fires, Cl discharges through Q2 and the primary winding

TEMPERATURE CONTROLLER

LINE

resistors R5, R6, R9, R11, thermistor R1, and diode CR6. When the
temperature surrounding thermistor RT1 is at the desired level, the
resistance of R5 and R6 is equal to the resistance of RT1. Capacitor

R.2

± 10.c

of Ti, resulting in a positive pulse at the gates of controlled rectifiers SCR1 and SCR2. The phase angle at which SCR1 and SCR2
fire is determined by the discharge time of Q2. If 02 fires earlier,
more power will be applied to the heaters and the temperature will
return to the preset value. The reverse action will occur if the
temperature rises above the preset value. Meter M1 provides a visual
indication of the temperature deviation from the preset value. When

the temperature reaches the desired level, R2 is adjusted for a
center -scale indication on Ml. Lamps Il and 12 indicate the proportion of the voltage cycle applied to the heating elements. Diode CR6

inserted in the sensing bridge to temperature -compensate the
variation of base -to -emitter voltage of Ql. Thermistor RT1 is designed for temperature control around 150°C. For other temperatures, RTI should be selected to have approximately the same
resistance as R5.
is

PYROMETER -OPERATED TEMPERATURE CONTROLLER
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Courtesy General Electric Co.

Temperature controller circuit.
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This circuit uses a commercially available pyrometer delivering
about a 0 to 100 volt swing when calling for zero to full output of
the furnace heating element. Zener diode CR5 and resistor R1 de-

of interest.
The charge time for capacitor C1 to reach the triggering level of

unijunction transistor Q2 is determined by the values of Cl and
R8 and by the output voltage of the pyrometer. When 02 fires,
Cl discharges through T1 and Q1 producing positive pulses at the
gates of the controlled rectifiers. These positive pulses trigger the
controlled rectifiers into conduction, passing current through the
load. The phase angle at which the SCR's are fired is determined
27
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Circuit of pyrometer operated temperature controller.

by the charge time of Cl which is controlled by the DC output of
the pyrometer. As the output voltage from the pyrometer increases,
the charge time for Cl becomes less, and the SCR's are fired at a
smaller phase angle, thus providing more power to the heater load.
Conversely, a decreased output voltage from the pyrometer results
in less power being applied to the heater load.
SCR CONTROL WITH A UJT-I

The full -wave unijunction transistor (UJT) firing circuit provides
full -wave phase control of the load current from 0 to 100%. Adjustment of potentiometer R4 controls the phase angle at which each
controlled rectifier (SCR) is fired. This circuit is useful and eco-

nomical as a lamp -dimming circuit or current control for hobby
projects or toys.
During the positive half -cycle, when the voltage at the anode of
SCR1 is positive, capacitor C2 charges through resistors R1 and R2
until it reaches the emitter -base 1 breakdown voltage of 01. Q1 now
fires and C2 discharges through R5, producing a positive pulse at
the gate of controlled rectifier SCR1. SCR1 now conducts for the
28

R2, R8, 33K0 (2)
R5, R7: 470 12)

R1, R6 100K0 (2)
C1, C2, C3 0.1 MFD 13)
R3 22Kf2
R4: 500K0

Courtesy General Electric Co.

Circuit I for control of SCR with UJT.

remainder of the positive half -cycle. At the end of the positive half cycle, the voltage across SCR1 falls to zero, and it ceases conducting

until another pulse is applied to its gate. The charge time of C2 is
determined by the RC time constant of C2, R1, and R2 and the
time constant of Cl and R3, R4, R6, and R8. (As C2 charges, a
portion of the charge is drained off to charge Cl.) Therefore, adjustment of control potentiometer R4 controls the phase angle at which
SCR1 fires. During the negative half -cycle, when the voltage at the
anode of SCR1 is negative, capacitor C3 charges through resistors
R6 and R8 until it reaches the emitter -base 1 breakdown voltage
of Q2. Q2 fires and C3 discharges through resistor R7, producing
a positive pulse at the gate of SCR2. SCR2 now conducts for the
remainder of the negative half -cycle. Again the charge time of C3
is controlled by R4 much as the charge time of C2 was controlled.
The resulting voltage across the load is symmetrical, since the trigger circuits are identical.
SCR CONTROL WITH A UJT-II

This circuit is an economical phase -control circuit providing a
nonsymmetrical phase -control of the load current from 0 to 100%.
For half -wave, or low current, phase control, switch S 1 A is in the
right-hand position, placing diode D1 across unijunction transistor
(UJT) Ql, and S1B is closed, shorting part of variable resistor R4.

During the negative half -cycle, the current flows through Dl.
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bypassing 01. The load current is kept small by R2. During the
positive half -cycle, capacitor Cl charges through resistors R3 and
R4 until the charge equals the emitter -base 1 breakdown voltage
of 01. Q1 now fires and Cl discharges through resistor R1, producing a positive pulse at the gate of controlled rectifier SCR1.
SCR1 continues to conduct until the end of the half -cycle, when
the voltage across it drops to zero. For half -wave phase control, the
charge time of Cl, and hence the phase angle at which SCR1 fires,
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IMO CI 011111
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0
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Variable Rheostat 1 Watt 1000 Ohms
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SCR]. GE 2N1774
QI GE 311671A
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GE 1N1344A
331(0121)
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Courtesy General Electric

Courtesy Minneapolis -Honeywell Regulator Co.
Co.

Circuit II for control of SCR with UJT.

is determined by the RC time constant of Cl, R3, and potentiometer
R4. Therefore, adjustment of R4 will provide phase control during
half -wave phase control.
For full -wave phase control, switch S1 A is placed in the left-hand
position, connecting D1 in series with the load; S1B is open, placing
the other half of R4 in series with Cl. During the negative half -cycle,

the current flows through the load and Dl. During the positive half -

cycle, capacitor Cl again charges through R3 and R4 (including

the top half of R4) until the charge equals the emitter -base 1 break-

down voltage of Ql. 01 again fires, and a positive pulse triggers
SCR1 into conduction as in the case for half -wave phase control.
Again, adjustment of R4 controls the charge time of Cl, thus con
trolling the phase angle at which SCR1 fires.
REMOTE POWER CONTROL

This circuit shows the use of DA3F3 transistors in a circuit that
can control up to 200 watts of power as indicated. A pair of, transistors is used in this remote -control circuit with the line voltage
being 117 volts AC.
30

Remote powercontrol circuit.

The remote -control network (R3 and R4) controls the pair of
transistors. These transistors in turn control the drop across the
transformer which, in effect, varies the output power. This circuit
can handle up to 200 watts with a circuit efficiency of more than
90% . This makes the circuit suitable for limiting power used for
lamps, soldering irons, or filament heaters. It is possible to mount
the control potentiometers at some remote position. The transistors
should be mounted on a heat sink for the best power dissipation.
SCR PHASE -CONTROLLED TRIGGER

One of the many variations for the firing of silicon -controlled
recifiers is shown in this cicuit. The 1K resistor and 50K potentiometer are in series with the capacitor across the 117 -volt line. When
the capacitor reaches a sufficiently high voltage, the neon lamp fires
and produces a sharp pulse through the transformer primary. There

are two transformer secondaries, one connecting to each of the

controlled rectifiers, as shown in the circuit. The rectifiers are connected back to back and fired from the control signal created by the
current flow through the primary of the transformer.
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Suppose that SCR1 did not conduct during any part of the half
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cycle that is negative for SCR2; then the voltage across Cl is a maximum. When the anode of SCR2 is positive, capacitor Cl must charge
toward the positive -going line voltage from a maximum negative
value, so that there is a delay angle large enough to hold SCR2 off.

If SCR1 conducts early in its positive half -cycle, capacitor C2
charges from a very small initial voltage, causing SCR2 to enter
conduction early in its half -cycle.
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Y

r

SCR'S:GE CII/C15 TYPES
TRANSFORM R: PULSE
ENGINEERING CO.

Courtesy General Electric Co.

Phase -controlled trigger circuit.

FULL -WAVE SCR CONTROL

Full -wave operation of a silicon -controlled rectifier is shown. The

slave RC circuit supplies the gate current for SCR2. The value of
resistor R1 in the slave circuit is that which is required to hold
SCR2 off.

Capacitor Cl together with the resistor provide the required time
constant. When the line voltage goes in a positive direction for the
anode of the SCR2, capacitor C2 charges toward the positive -going
line from a negative original voltage. The size of this negative voltage depends on the time constant of the RC network (R1 and C1)
and the conduction interval of SCR1.
CONNECT A TO A' FOR IMPROVED
3 TERMINAL OPERATION
LOAD
A

IA'

CI

R2

15.0

20K
02
117 VAC
SCR I

DI

I

1

C2

D3

SCR2

RI
3 15 K

5 MFD

er
MASTER

SLAVE

LOAD VOLTAGE

DI, D2,D3: GE INI693

SCR I, SCR2: GE CI I/C15 TYPES

RANGE OF CONTROL: 0< cf < 130° (APPROX.)

Courtesy General Electric
Full -wave SCR control circuit.
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R3

RI

C3

R2

_L

CI
0

01

SECTION 3

To Controlled

wv"

2N35

MULTIVIBRATOR TIMER

2N35
_6V.

R

TIMERS

Circuit

R4

This circuit demonstrates a one-shot multivibrator used as a timer.

to be handled.
There are two transistors shown in the circuit; Q1 is normally con-

ducting, while 02 is normally off. After switch Si is closed, the
base of transistor Q1 is essentially brought to ground potential

since capacitor C2 has no charge. This causes the collector current

of Q1 to be transferred to the base of 02, which then conducts,
closing the relay. The base of Q1 then becomes about 6 volts negative because of the initial voltage across capacitor Cl. Now 02 is
conducting, and Q1 is not conducting.

While Q2 is on, capacitor C 1 is discharging toward + 6 volts
through R2 and R3. However, when the base voltage of Q1 has
become slightly positive, this transistor conducts and turns off the
other transistor so that the relay is opened, completing the cycle.
Capacitor Cl, R2, and R3 control the operating time. Note that
capacitor C 1 is an electrolytic capacitor. It is possible to switch
various values of Cl into the circuit if desired. Resistor R4 protects
transistor Ql, diode CR1 is a clamp across the relay, and resistor
R5 keeps capacitor C2 discharged until switch S1 is closed. Battery
B1 keeps 02 off when 01 is conducting.
Since battery B1 draws a very small current, it need not be disconnected from the circuit. Consequently switch section S2B may be
omitted from the circuit if desired.
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B2

"S28

2
0

SI

821

CR1 - 1N34 Diode.

KI - 6V., 3004 or greater Relay (such as Potter

Its purpose is to close the relay for a selected period of time after
the closing of a switch. The contacts of the relay in this particular
circuit can handle 2 amperes at 115 volts, although it is possible to
use this relay to drive another relay if larger amounts of power are

VIII

BI - 1 to 1.5V. Battery (such as penlite cell or
small mercury cell).
B2 - 6V. Battery (such as lantern type or "A"

& Brumfield RS5D).
QI, Q2 - Sylvania 2(135 Transistor.
159e).
Cl - Electrolytic Capacitor, 6V. or greater.
RI - 3.3K, 112w. Resistor.
Relay ON Time
R2 - 4.7K, 112w. Resistor.
Cl Value (controlled by R3 setting)
R3 - 25K Potentiometer.
1 min. to 10 sec.
2000 MM.
R4 - 150Q, 112w. Resistor.
60 sec. to 5 sec.
1000 Mfd.
R5 - 1 meg. 112w. Resistor.
6 sec. to I sec.
200 Mfd.
Si - Switch (any sort of normally open push
3 sec. to .5 sec.
100 Mfd.
button, or may be toggle switch left normalC2 .05 to 1 Paper Capacitor.
ly open and closed momentarily to Initiate
C3 - .05 Paper Capacitor.
relay closure).
5 2 - D. P. S. T. Switch.

Courtesy Sylvania Electric Products, Inc.

Multivibrator timer circuit.

TIMING CIRCUIT

A relatively simple but efficient timing circuit is shown in the
figure. It is capable of giving a time delay from 0.01 second up to
about 40 seconds and can be operated directly from 117 -volt AC
input. To start the circuit, switch S1 is moved to the Reset position.
Capacitor Cl then charges up to the peak value of the line voltage
through CR2 and R 1. To begin the actual timing, switch Si is thrown
to the opposite, or Time, position. When this happens, capacitor Cl
discharges at a rate determined by Cl and resistors R2 and R3.
Resistor R3 controls the stabilizing bias current through CR3, and
this controls the negative gate voltage on the semiconductor -controlled rectifier. When the voltage on capacitor Cl reaches the
proper magnitude, the SCR turns on and ends the dining cycle. The

stabilizing bias for the SCR decreases as capacitor Cl discharges
so that there is a region near the end of the capacitor discharge
where the SCR is not completely stable and, therefore, can be trig 35

gered at almost any time. It is necessary then to consider this possible
error in timing when the circuit is used. Any difficulties in this region
can be avoided by making the peak reset voltage as high as possible

V

V. 35V

45V

Ri.25on
sw

in a particular circuit, as shown in the waveforms. The maximum

R2

timing error due to circuit variations and temperature is about 1.2%.

1 /2W

47 K

2.2K
1/2W

4 D-I
4E 30 - 28)

CR2
Clevite
(IN48313)

RI

20
(/2W

R3

100
(/2W

SK

R2

FOR

C2

INDUCTIVE
LOADS

SM

.051a
50 V

CR1

CI

210

R4

IGEIN649)

10C1

117 VAC

CR1

40-2

Clevite(IN483B)

(4E50-8)

I/2W

INPUT

TIME

50V

ON

/

OFF

1

CI

(12sF 200V
METALLIZED)

Courtesy Shockley Transistor, Unit Clevite Transistor.

Long time -delay circuit.
-NI
CAPACITOR VOLTAGE

(Vc,

HP.- POSSIBLE TIMING
ERROR WITH HIGH
RESET VOLTAGE

to an RC timing network. When the off -on switch is closed, capacitor

4- POSSIBLE TIMING

Cl begins to charge through R1 and the impedance of the pulse

I

ERROR WITH LOW
RESET VOLTAGE

NO BIAS

generator toward voltage VI. After the predetermined time the voltage at point A exceeds voltage VL, and diode gate CR1 opens. This
voltage at point A is an exponential charging voltage plus a series

TIME (SEC)

ZONE

DESIRED PERIOD
1121.1,

of short duration pulses coming from the pulse generator. When

CI

(Rz + R3 I

the diode gate opens, a pulse from the generator triggers four -layer
diode 4D-2; it will remain on in a very low -resistance mode of operation and carry the load current until the off -on switch is again
opened. The circuit switches 35 volts across a 250 -ohm load after

HIGH PEAK "RESET'
VOLTAGE

a 60 -second delay.
SHORT TIME -DELAY CIRCUIT
Courtesy General Electric Co.

The figure shows a circuit using the four -layer diode in a time delay circuit of moderate duration. At the end of a specific delay

Timing circuit.

time the supply voltage is switched across the load. In this circuit the
four -layer diode is used with a switching voltage which is greater
than the supply voltage. When the on -off switch is closed, conven-

LONG TIME -DELAY CIRCUIT

A long time delay can be obtained with the four -layer diode in
the circuit as shown. To obtain a time delay of a minute or so usually
requires a large value of capacitance. However, high -quality, low leakage capacitors are usually expensive. In this circuit resistor R1
is greater than 1 or 2 megohms to permit the use of a smaller timing
capacitor for a long time delay. This long time -delay circuit requires
only that resistor R1 be lower than the leakage resistances of capacitor Cl and diode CR1.
This circuit has a pulse generator (4D-1) that drives a diode gate

tional diode CR1 is back -biased, even though there is a small amount
of initial current flow through the load.

Capacitor Cl charges toward voltage V1 with a time constant
determined by Cl and resistors R1 and R2. However, when switching voltage Vs is reached, the four -layer diode switches on, provided
resistor R1 is of a value that passes the switching current. The four layer diode switches to the low -resistance state, and capacitor Cl
discharges into it through R2.
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Thus, the four layer diode remains on during the time that the
holding current is provided; in this way power is switched to the
load. In this circuit the time -delay circuit switches 25 volts, after
a delay of 0.25 seconds, across a 2,500 -ohm load.

CRI

Clevite (1834a)

B1 -6 -volt battery
C1 - 10 mfd, electrolytic, 15 -volt
C2 -80 mfd, elebtrolytic, 15 -volt
C3, C4 - 0.0047 mfd disc ceramic or paper
LS1 -4 to 8 -ohm loudspeaker
Ql, Q2, Q3, 04, QS, 06, 08 - Sylvania
2N1265 transistor

07 - Sylvania 2N255 power transistor
RI, R7, R9, R13 -20 k, V2 w
R2, R6 - 4.7 k, V2 W
R3, R10, R14 - 250 k potentiometer, V2 w
R4 - 68 k, V2 w

RS- 620 k, 1/2 w
R8, R11, R12 - 100 k, V2 w

R15 - 47 k, V2 W
Courtesy Sylvania Electric Products, Inc.

Intervaltimer circuit.

the beginning of one beep to the beginning of the next. The time
interval is adjustable from 7 to 25 seconds. Transistor Q1 conducts
for a much longer interval than does Q2. Resistors R2, R3, and R4
are the base bias resistors for 01 and resistors R5 and R6 are the
Courtesy Shockley Transistor, Unit Clevite Transistor.
Short time -delay circuit.

INTERVAL TIMER

The interval timer is a novel device that provides an automatic

timing signal which may be used for timing moves in a chess game,

or any similar type game where time intervals are important. The
interval timer features a variable -frequency audio tone, a variable interval time from 7 to 25 seconds, and a volume control. The interval timer consists of four basic circuits: time -interval generator
Q1 and Q2; audio oscillator Q3 and Q4; gate Q8; and audio amplifier 05, Q6, and Q7.
Transistors Q1 and Q2 form a free -running multivibrator which
generates the time -interval gate. Resistors R1 and R7 are collector
load resistors. When Q1 conducts, Q2 is cut off and a large bias
current for gate transistor Q8 flows through resistors R13, R14, and
R15, effectively removing bias from audio amplifiers 05, 06, and
Q7. Therefore no audio output is heard. When 01 is cut off, the
bias for Q8 is decreased and Q8 is cut off. This provides bias voltage
for the audio amplifier section, and the audio tone is heard as a beep.
The setting of potentiometer R3 determines the time interval from
38

base bias resistors for Q2.

The audio oscillator, composed of Q3 and Q4, operates in a similar manner to the time -interval generator, but at a much faster rate.
When Q3 conducts, Q4 is cut off and vice versa.
The multivibrator action of Q3 and Q4 generates an audio signal
which can be varied from 400 cycles per second to 1.5 kilocycles per
second by adjusting potentiometer R10. The audio signal from the
collector of Q4 is applied through resistors R14 and R15 to the base
of audio amplifier 05. When gating transistor Q8 is conducting, the
three -stage, direct -coupled, audio -amplifier section, composed of tran-

sistors 05, Q6, and Q7, is cut off, and no audio is passed to the
speaker. When gating transistor Q8 is cut off, 05, Q6, and Q7 are
biased into conduction, and the audio signal from the collector of
Q4 is amplified by the audio amplifier section. The amplified audio
signal from the emitter of Q7 is applied to speaker LS1. By connecting the audio amplifiers as emitter followers, high input impedance
and low output impedance are obtained.
TIMER WITH HIGH-LEVEL OUTPUT

This circuit, which uses the controlled switch (high -sensitivity
SCR), provides a 1 ampere current for 1 second, using a 28 -volt
39

be achieved with a 100 -ma load current with
a 10 -second delay can

DC source. The input pulse starts the timing cycle; a 5 microsecond
or longer pulse with a minimum amplitude of 1 volt is required. This
pulse turns on CS1, which in turn supplies power to the load. At

the same time, CS2 is turned off by the action of commutating
capacitor Cl, and timing capacitor C2 begins to charge through

the parts values given in the parts list. The accurate time -delay
circuit gives an accuracy of -±15% for the whole production
spread and ± 10% over a temperature range from - 65°C to
+75°C ambient. The maximum time delay possible from this circuit
is well over 60 seconds.
+vI

+28VDC

+28VDC

R1 15K
C1 5000f

TCR

Dl 1N769
R2 60K

V2 -6V
TCR Controlled Switch TSW61S

CS -1 - SSPI Type 3A60AIS Controlled Switch
CS -2 - SSPI Type 3A31 Controlled Switch
C1 - 2td, 30V
Z1 - 6.8 volt zener diode, Type 1N710A

Accurate timedelay circuit.

Z2 - 18 volt zener diode, Type 1N720A

C2 - 40uf, 10,/

RI - 1000 ohms
R3 - 10 ohms

R2- 50, 000 ohms
D1 - 1N483 Silicon Diode

When the positive voltage is applied to V1, capacitor Cl starts
charging through resistor Rl. When Cl reaches the breakdown

R4 - 2200 ohms

R5 - 6800 ohms

voltage of zener diode DI, current flows into the gate of the TCR and

All Resistors - 1/4 watt

switches the TCR on. Bias voltage V2 provides a slightly higher

R6 - 2200 ohms

Courtesy Solid State Products, Inc.

Circuit for timer with highIevel output.

R2, R3, and R4. Zener diode Z2 is used to establish a fixed charging -voltage source and minimizes timing error due to variations in
the source voltage. When the charge on C2 reaches approximately
7.5 volts, zener diode Z1 conducts sufficiently to cause CS2 to fire.
This occurs 1 second after the initiating pulse and turns off CS1
due to the action of commutating capacitor Cl; power is thus removed from the load. Diode D1 and R3 discharge C2 rapidly so
that the total recycle time is less than 1 millisecond.
ACCURATE TIME -DELAY CIRCUIT

The accurate time -delay circuit uses a zener diode and a controlled
rectifier to provide a delay of from 0 to 60 seconds. The main advantage in using controlled rectifiers lies in the fact that with one single
stage a relatively high power can be switched on. With a -6 volt
bias present at V2 and a 50 -volt anode voltage applied to the circuit,
40

-V2
Courtesy Transitron Electronic Corp.

accuracy and delay time than can be achieved with a resistance bias.
EXTERNALLY TRIGGERED TIME -DELAY CIRCUIT

The externally triggered time -delay circuit uses a zener diode, a
controlled rectifier, and an RC network to produce the time delay
and a controlled rectifier to trigger the delay network. By using
controlled rectifiers for the delay circuit, only one stage is needed
for relatively high power switching. When voltage is applied at V1,
the delay circuit is not energized due to the high impedance of
controlled rectifier TCR2. When a positive trigger or pulse is applied

to the gate of TCR2, TCR2 starts conducting. Immediately after
the start pulse, V1 appears across TCR1 and the delay mechanism
begins to operate. Resistor R4 provides a path for a current which
has to be higher than the holding current of TCR2 in order to have
TCR2 remain on after it is switched on. Capacitor Cl now starts
charging through resistor Rl. When Cl reaches the breakdown volt 41

115V

AC

For V1 50V, TCR2 is a 2141595, R3 - 1K,and

R4 5K

TCR -1 IS TCR2001

Courtesy Transitron ElectrOnic Corp.
AC time -delay circuit.

Courtesy Transitron Electronic Corp.

Externally triggered time -delay circuit.

age of zener diode D1, current flows into the gate of TCR1 and
switches TCR1 on. The delay time of this circuit is almost linearly
dependent on voltage V1 and the values of resistor R1 and capacitor Cl.
The externally triggered time -delay circuit is ideally suited for
remote starting of appliances, remote relay operation, and so on.
AC TIME -DELAY CIRCUIT

The AC time -delay circuit provides a delay time of about 30
seconds. The accuracy of this circuit is ±10% from - 65 to +75°C.
The main advantage in using controlled rectifiers lies in the fact
that with one single stage a relatively high power can be used. The
basic difference between the AC time -delay circuit and a DC time delay circuit is the addition of diode DI.
When the 115 -volt AC line voltage is applied to the delay circuit,
controlled rectifier TCR1 is off, providing an extremely high impedance in series with the load. This high impedance blocks any
current from the load. Diode D1 rectifies the applied AC voltage,
providing a DC current through D1, resistor R1, and capacitor Cl.
Capacitor Cl starts charging through resistor Rl. When Cl reaches

the breakdown voltage of zener diode D2, a bias current

is ap-

plied to the gate of controlled rectifier TCR1, switching it on. When
TCR1 is on, it offers a very low impedance to the voltage, and the
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line voltage now appears across the load. A positive voltage stays
on the gate of TCR1 after the delay time has elapsed and the TCR
has switched on. This is necessary because the controlled rectifier
switches off in the negative half -cycle and will not switch on again
without a constant positive signal at the gate. Resistor R2 is the
bias -developing resistor for the gate bias on TCR1.
PRECISION DC TIME DELAY

Time -delay circuits are frequently used in industrial controls and
aircraft and missile systems to apply or remove power from a load
a predetermined time after an initiating signal is applied. Cascaded
time -delay circuits can be used to sequentially perform a series of
timed operations. This circuit illustrates an extremely simple yet accurate and versatile solid-state, time -delay circuit.
When power is applied to the time -delay circuit, controlled rectifier SCR1 is off and no current can pass to the load. Timing is initiated either by applying supply voltage to the circuit or by opening
a shorting contact across Cl. Capacitor Cl is now charged through
resistors R1 and R2 until the charge equals the emitter-base 1 breakdown voltage of unijunction transistor 01. At this time 01 fires and
Cl discharges through R4 and Ql, producing a positive pulse at the
gate of controlled rectifier SCR1. The time required for the charge
on C1 to reach the emitter -base 1 breakdown voltage of Q1 is determined by the RC time constant of Cl and resistors R1 and R2;
adjustment of R2 varies the delay time. The positive pulse at the gate
of SCR1 switches it on, and current is allowed to pass through the
load. When SCR1 fires, the voltage across Q1 falls to less than 2
volts due to the clamping action of CR2. Holding current for SCR1
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is provided by the current through R5 and CR2. Since the external
load is not in series with SCR1, the load may be removed or con nected at any time without affecting the performance of the circuit.
The operating current and voltage of the circuit depend only on the
proper choice of the SCR. Resistor R5 and Zener diode CR1 pro -

R

RI
172

i

CR,

CR,

CAL

ME

....TSI

T,
60"&VS

SW3

sro,

IL

7.

1

c,

R

-1-

.--.C.

.

az.

516

3

R,

JIIL 1St
4e

.....,

I

TS,:lc
RANGE *4

CR

..

R,

R

R 11

Re

R.

Rie

fRo

1017

« 28V
CR3

SIG,

IV

Ri - 2.2K,

EXTERNAL

112 WATT

-

R2 - 1K TO 500K LINEAR POT.

LOAD

0)
4

.

CR.

=C,

.7-7

5

R

PL I

PL2

OFF

ON

SW2
START
SCR,

7'

}R,,,

[SIB

R3 - 150 0, 112 WATT

R4 - 27, 0, 112 WATT
R5 - 560 0, 2 WATT

R

- 32,

1 WAT1

R2, R3 - 3300, 112 WATT

C1 - 0.2 TO 100 mfd, 15V

R4 - 350 5 WATT
R5 - 2.5K, LINEAR POT.
R6 - 3K, 112 WATT

SCR! - G -E 2NI930 OR 2NI771
CR1 - 18 V, 10%, I WATT ZENER

R7 - 1000, 1121,, 112 WATT
R8- KOK, 1/296, 112 WATT
R9 - 100, 112 WATT

CR2 - G -E INI692
QI - G -E 2N16718

Rio - 100K, 10 TURN HELIPOT
1711 - 1500, 1/2 WATT
R12 - 180, 1/2 WATT
R13 - 1.2K, 2 WATT
R14 - 1000, 112 WATT
C1 - 500 mfd, 50V
C2 - 100 mid, 50V
C3 - 100 mfd, 20V TANTALUM

C4 - 10 mfd, 50V
SCR1 - G -E 2N1930
CR1-CR6 - G -E 1N1692

CR7 - 18V, 10%, 1 WATT ZENER
01. - G -E 2N16718
S1 - G -E CR2791G122A4 4PDT RELAY
PL1, PL2 - G -E 1477, 24V LAMP
Tl - 115V13V 1A TRANSFORMER

Courtesy General Electric Co.

GND

Voriable timecontrol circuit.

Courtesy General Electric Co.

DCtimedelay circuit.

base 1 breakdown voltage of Q 1. When C3 is charged to this point,
it discharges through R12 and Ql, producing a positive pulse at the
gate of SCR1. SCR1 is now switched on again, energizing relay S 1.
The timing interval is determined by the setting of precision ten turn Helipot R10, which may be set for from 0.25 to 10.25 seconds
in increments of 0.01 second. The initial setting of 0.25 seconds
takes the added series resistance of time -calibration potentiometer

vide a stable voltage supply for unijunction transistor Q1. The time
delay of the circuit can be set to any desired value by appropriate
choice of R1, R2, and Cl. The upper limit of time delay that can be
achieved depends on the required accuracy, the peak point current

of the UJT, the maximum ambient temperature, and the leakage
current of the capacitor and UJT at the maximum ambient tempera-

R5 into account. Additional series resistance of 100K and 200K
may be added by SW1 to extend the time range by 10 seconds and
20 seconds. A fourth position of SW1 open -circuits the timing re-

ture.
VARIABLE TIME CONTROL

sistors and permits unrestricted on -off control of the circuit.

This circuit illustrates a time -delay circuit using a relay output
with a push-button initiation of the timing sequence. In the quiescent state, controlled rectifier SCR, is on, and relay S, is energized.
Contact S 1 A is closed, shorting out the timing capacitor C3. To initiate the timing cycle, push-button switch SW2 is momentarily
closed, shorting SCR1 through contact SIB and causing SCR1 to
turn off. When SW2 is released, S1 is de -energized, and the timing

SCR TIME -DELAY CIRCUITS

Controlled rectifiers offer various possibilities of time -delay circuits where, after a specified time, the gate trigger turns the controlled rectifier on, enabling the rectifier to carry large amounts of
current.

sequence begins.

Circuit A shows the simplest type of circuit that can be used.
There are two resistors, one zener diode and a capacitor. When a
DC voltage of about 100 to 200 volts is applied, the capacitor becomes charged through its series resistance and the load. When the
voltage across this capacitor reaches the breakdown voltage of the
zener diode, there will be current flow into the gate of the controlled
rectifier. This turns the controlled rectifier on and allows power to

The 115 -volt AC source is coupled through transformer T1 and
rectified by full -wave bridge -rectifier diodes CR1 through CR4. Capacitor Cl filters the rectifier output. Zener diode CR7, connected
across unijunction transistor Ql, maintains a stable voltage supply
for Q1. Capacitor C3 now charges through resistors R5, R7 or R8,
and R10 as selected by time -range switch SW1. The settings of SW1,
R5, and R10 determine the charge time for C3 to reach the emitter -

pass through the load. This circuit can be modified by different values
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and changes in the applied voltage, depending on the type of controlled rectifier and its electrical characteristics.
With the values given in circuit A there is a time delay of about
7 seconds with an accuracy of about ±-10% with ordinary components at room temperature. It is possible to vary the value of
series resistor R1 and capacitor C in order to have larger amounts
of time delay. The leakage of this capacitor is critical if long time
delays are to be obtained.
The time delay of circuit A is dependent on the applied voltage.
It is possible to avoid this dependency by using a second zener diode,
as shown in circuit B. Here a second zener diode is connected across
R2 and capacitor C.

SECTION 4

INDICATORS
FLAME MONITOR

This illustration shows a cadmium sulphide cell, or light -dependent

resistor, in a circuit that can be used for monitoring a flame, as in
an oil burner. A photoconductive cell and a trigger tube are used
in this circuit. The input voltage, as shown, is 220 volts AC, and
there is a voltage divider (R1, R2, and R3) across this AC supply.
The photoconductive cell is connected to the tap of resistor R2. Output from this light -dependent resistor is coupled by means of R5 to

V1 50V
LOAD - 5000

R1 10K
R2 5K
R3 5K
TCR

2N1595

Cl 50014

the trigger tube. When the cell is illuminated, its resistance decreases

D12} 2ZV ZENER DIODE 1N769

Courtesy Transitron Electronic Corp.

REL

(B) Circuit for delay independent of
supply voltage.
SCR timedelay circuits.

(A) Circuit with delay affected by
supply voltage.

TRIGGER TUBE
Z805U

RI 15K OHMS, 2W

R5 - 1M OHMS, 112W

R2 - 100K OHMS, 114W

R6, R7 - 10M OHMS, 112W

R3 - 100K OHMS, 112W

C1

100 MMF , 500V

R4 1M OHMS, 112W

REL

- 1500 OHMS

Courtesy Ferroxcube Corporation of America.

Flame -monitor circuit.
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so that the voltage input to the trigger tube increases. Above a given
level of illumination the voltage on the trigger tube increases
beyond
the ignition voltage, the trigger tube is fired, and the AC relay
is
energized. Trigger current is limited by resistor R5, and control R2

and Q2, forms a multivibrator that is free -running at the frequency
set by the dual potentiometer. The frequency may also be varied by
changing the values of the two capacitors (C1 and C2).
In this circuit, when transistor Q2 is conducting, emitter follower

In this application the flame is "watched" by the photoconductive
cell placed in an air intake duct. If the oil in an oil burner has not
been ignited in a certain time after the oil flow is started and the
igniter operated, this monitoring system will automatically cut off
the oil supply and ring an alarm. If, however, the ignition does take
place promptly, the monitoring system will switch off the ignition

nected in a blocking -oscillator circuit. Thus, whenever Q2 is on, the
blocking oscillator circuit produces a burst of pulses that are stepped

is used to set the initial circuit conditions.

arrangement.

STROBOSCOPE

This four -transistor stroboscope circuit is used to
vary the firing
of a neon lamp at a controlled rate. The neon lamp is
used for the
illumination of a rotating object, such as a fan or motor, to make it
appear stationary. If it is properly calibrated, a stroboscope can be

used as a tachometer.
The first portion of the circuit, which includes the transistors Q1
Dual

Potenfoolneter

03 also conducts, causing Q4 to conduct. Transistor Q4 is con-

up by the transformer to the voltage necessary for the neon lamp.
The neon lamp will conduct in both directions because of the overshoot from the transformer secondary.
The table shown with the figure has five columns. The first two
are values for capacitors Cl and C2, respectively. The third column
is frequency in cycles per second, the fourth column indicates the
period, and the final column indicates the revolutions per minute for
a rotating object to appear motionless using this circuit.
ALTERNATING LIGHT BLINKER

This circuit shows four transistors used to alternately light two

different lamps. A multivibrator is formed by transistors Q1 and 02,
while transistors Q3 and Q4 are power transistors used as emitter followers. In this circuit 01 conducts with Q3, causing lamp 1 to light;
and Q2 conducts with Q4, causing lamp 2 to light. The on time for

-,-4; R4

-44R2

R7

04
R8

2N1218

2N12113

2N404
Ra4

+82 'I-.--VIII-

SIR

Cl (mfd)
. 02

.1

C2 (mfd)

0.1
0.5
1.0

Frequency (cps)
400 to Z 400

2

10

80 to
40 to
20 to
4 to

10

50

. 8 to

.2
.4

2

Period

RPM L
24, 000 to 144, 000
9, 600 to 28, 800
4, 800 to 14, 400
1, 200 to
7, 200
240 to
1, 440
48 to
288

480

.41 to 2.5 millisec
2.1 to 12.5 millisec

240

4.1 to 3 millisec

1213

8.2 to 50 mill isec

24

41 to 30 millisec

4.8

. 21 to 1.25 sec

B1 - 1.3 to 1.5V. Battery (such as penlite or
mercury cell).
82 - 6V. Battery (such as lantern type or "A"
type).

Cl - C2 Timing Capacitor (see Table for value).
C3 -0.1 Paper Capacitor.
II - NE -36 Lamp.

Ql, Q2 - Sylvania 2N404 Transistor.
03, Q4 - Sylvania 2NI218 Transistor.

I

6V.

Off time Lamp 12

Or

On time Lamp 12
Off time Lamp 11

0' 69 R3 C2

Time of one cycle - 0.69 (R2C1 + R3C21

R1, R6 - 3.3K, 1(2w. Resistor.
R2, R4 - 25K Dual Potentiometer.
R3, R5 - 4.7K, 1(2w. Resistor.
R7 - 1K, 1/2w. Resistor.
R8 - 4704, 1/2w. Resistor.
R9 - 1.2K, 1/2w. Resistor.
Si - D.P. S. T. Switch.
T1 - Output Transformer (numbers show con sections to be made to secondary terminals) (such as Triad Type S -51X1.

Courtesy Sylvania Electric Products, Inc.
Stroboscope circuit.
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On time Lamp II
Or

0' 69 R2 Cl

In the above expressions, R's are in ohms, C's
are in farads, and time is in seconds.

B1 - 6V. Battery (such as lantern type)
Cl, C2 - 100 mfd, 6V. or greater Electrolytic
Capacitor.

11,12 - 6-8V., 0.15 to 0.25 A. Lamp (such as
Nos. 40, 44, 46, 471.

01,02 - Sylvania 2N53 Transistor.
03, 04 - Sylvania 2NI218 Transistor.
RI, R4 - 1.2K 112w. Resistor.
R2, R3 - 5.6K, 1(2w. Resistor.
Si - S. P. S. T. Switch.

Courtesy of Sylvania Electric Products, Inc

Alternatinglight blinker circuit.
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lamp 1 (or the off time for lamp 2) is a function of the value of R3
and C2. The on time of lamp 2 (or the off time of lamp 1) is a
function of R2 and Cl. The time for a complete cycle depends on
all of these values. It is possible to replace resistors R3 or R4 with
a 5,000 -ohm control in series with a 1,000 -ohm resistor. It is also
possible to vary the values of capacitors Cl and C2 as desired.

off and the base of Q1 is driven positive because of the charge on
Cl.
At this point both transistors are off, and the charge which was
on Cl leaks off through the path R1, R2, R5, and the lamp. The
base voltage of Q1 increases to the level determined by the control
setting, and, when the base of Q1 becomes slightly negative, the
cycle repeats.

BLINKER LIGHT

This figure shows a simple two -transistor blinker light with both

transistors (Ql and 02) in a direct -coupled amplifier circuit. The

lamp is used as the load in the collector circuit of Q2.
Initially the lamp is off, and control R1 is advanced enough to
make 01 conduct a small amount. Because of this the voltage across
the lamp increases, and the base of Q1 becomes more negative because the voltage across the lamp is coupled to Q1 through capacitor C1 and R5. Transistor Q1 conducts more heavily as does Q2
until most of the applied 6 volts in the battery is across the lamp.
Cl is charging up so that the current which is applied to the base
of Q1 is decreasing. At some point this capacitor becomes charged
sufficiently so that 01 cannot hold Q2 in saturation, and the voltage
across the lamp begins to drop. This causes the base current of Q1
to decrease further, resulting in a regenerative action that decreases
the voltage across the lamp. This action continues until the lamp is

R1 changes the circuit conditions, and if it is set too close to the
negative end, the lamp will not turn off. If it is too near the other
end, the lamp will not turn on. With the values shown, the lamp is
on for a period of about 2 or 3 seconds and off for a period of 4 to
5 seconds.. Capacitor Cl largely determines the period of this cycle,
and increasing the value of Cl will increase the period of the cycle.

The value of R5 also determines the time constant, but it should
not be less than 250 ohms for a 6 -volt supply.
It is possible to operate this circuit at 12 volts using two 6 -volt
lamps in series or one 12 -volt lamp with a rating of between 0.15
and 0.25 amperes. Resistor R5 should not be less than 500 ohms,

and resistors R3 and R4 should be made about twice the values
shown in the circuit. The voltage rating of Cl must be 12 volts in
this case.
REMOTE TEMPERATURE INDICATOR

Transistors are, of course, temperature -sensitive devices, and this
remote temperature indicator takes advantage of the change in characteristics with an increase in temperature.

R3

6V.= 81
R2

02

R3
RI

2 N 525
CI

2N1218

st

si

R5

02

01

C)
B1 - 6V. Battery (such as lantern type).
Cl - 100 mtd, 6V. or greater Electrolytic
Capacitor.

II - 6-8V. between .15 and .23 A. Lamp. (such
as Nos. 40, 44,

46, 47).

Q1 - Sylvania 2N53 Transistor.
Q2 - Sylvania 2NI218 Transistor.

II

RI - 10K, 112w. Potentiometer.
R2 - 6.8K, 112w. Resistor.
R3 - 1K, 112w. Resistor.
R4 - 2700, 1/2w. Resistor.
R5 - 1.8K, 1/2w. Resistor.
Si - S. P. S. T. Switch.

Courtesy Sylvania Electric Products, Inc.

Circuit for blinker light.
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2N1218

2 N1218

22.5 V.

81

R5

1_

11-22 1/2V. Battery, Burgess #5156SC or
equivalent.

MI-Meter 0 to 25 Milliamperes DC.
01, 02-Sylvania 2N1218 Transistors.

, R3 -1K 1/2w. Resistor.
R2-2500 Pentiometer.
R

R4, R5 -10K 1/2w. Resistor.
S1-S.P.S.T. Toggle Switch.

Courtesy Sylvania Electric Products, Inc.
Remote temperature indicator circuit.
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Essentially this is a bridge circuit with a transistor in each of the
two legs and resistors (R1 and R3) in each of the other two legs.
R2 is used for a balance control. A voltage is applied across the

bridge and a meter is used to indicate bridge unbalance. In operation,
Q 1, which is a 2N1218 transistor, is connected by long leads and
is the temperature -sensitive element. This transistor is placed at the
remote point where the temperature is to be measured, and the de-

3

R
RS

CS

CI

RIO

Ril

CO

RS

SHIELDED

To

/

CHILE

SPRRN

PLUG

gree of unbalance, as indicated on the meter, can be read directly
as temperature.

01

C3

way it is possible to calibrate the instrument from about normal
room temperature up to the range of 500°F.
AUTOMOBILE TACHOMETER

This tachometer for 12 -volt systems indicates the automobile
speed in rpm. Input is from a spark plug; C1 and C2 couple the
sharp pulses. Because these spark pulses may have an amplitude of
10,000 volts, the input capacitors have a combined rating of 20,000
volts. R2 is adjusted to eliminate erratic behavior of the meter due
to an overdrive from the input.
The circuit is a controlled (one-shot) multivibrator, where 01 is
normally on and Q2 is normally off. The negative pulses, which occur
when the spark plug fires, trigger the multivibrator and cause 01

to turn off and Q2 to conduct. The period of conduction is determined by the multivibrator RC time constant. The amount of current per pulse through the meter is controlled by potentiometer R11
in the collector circuit of Q2; this is used as a calibration control.
Silicon diode CR2 is biased in the reverse direction and conducts
only when the multivibrator fires due to a spark pulse.
Since there are two revolutions of the motor between successive
firings of one specific spark plug, when the meter is calibrated to indicate 5000 rpm, the source of input pulses must be 2,500 pulses
per minute for full-scale deflection.

For proper operation adjust signal -input control R2 until meter
M1 smoothly indicates the rpm of the motor. Over -adjustment may
cause erratic behavior of the meter.

Adjust R11 for full-scale deflection with an input rate of 2.500

RI -

2N94

2N94

I(
CR1

The calibration of the instrument is accomplished by first setting
the balance control (R2) so that the circuit is equalized. Remote
transistor 01 is then heated using an oven, and the face of the meter
is calibrated in degrees. For each step the oven is first raised to a
certain temperature and allowed to stablize. The actual temperature
reading is measured using an ordinary thermometer, and this reading is then marked on the face of the meter. The temperature is increased, and the new reading is marked on the meter face. In this
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CR2

125

-

RID

RT
RIO

IS

B1 - 12V. Battery of the automobile. See note
in text for 6V. Battery.
Cl, C2 - 500 mmf Capacitor, 10,000V. or
greater.
C3 - .001 mfd Paper or Cermaic Disc Capacitor.

C4, C6 - 5 mfd Electrolytic, 6V. or greater.
C5 - .05 mfd Paper Capacitor.
C7, C9 - 50 mfd Electrolytic Capacitor, 12V. or
greater.
C8 - 200 mfd Electrolytic Capacitor, 3V. or
greater.
CR1 - Sylvania Diode, 1N34
CR2 - Sylvania Silicon Diode, 1N456.
11 - Neon Lamp NE -2.

Q1, Q2 - Sylvania 2N94 Transistors INPN type).
RI - 1.5K 112w. Resistor.
R2, R11 - 2.5K Potentiometers.
R3, R4, R8 - 3.3K 112w. Resistor.
R5 - 22K 1I2w. Resistor.
R6, R7 - 2.2K 112w. Resistor.
R9 - 2200 112w. Resistor.
R10 - 1.0K 112w. Resistor.
R12, R13 - 1200 1/2w. Resistor.
R14 - 154 112w. Resistor.
R15 - 334 1I2w. Resistor.

R16 - 4.70 1w. Resistor.
R17 - 104 112w. Resistor.
SI - S.P.S.T. Toggle Switch.

Ml - Meter, 0 to 50 Microamperes DC.

Courtesy Sylvania Electric Products, Inc.
Automobile -tachometer circuit.

pulses per minute. For 6 -volt ignition systems, R12 and R13 are
omitted and replaced with a short. Calibration can be by a square wave generator or an actual engine using another tachometer.
AUDIO VOLTMETER

The audio voltmeter is a convenient piece of test equipment for
the high-fidelity enthusiast or the home experimenter for the measurement of low-level audio signals. This circuit has a full-scale sensitivity of 10 my rms, enabling the measurement of audio voltages as
low as 1 my rms with a reasonable degree of accuracy. Typical applications of the audio voltmeter include: frequency -response characteristics of audio power amplifiers; continuity in intercom networks;
microphone -triggered circuits; and many other uses.
The audio voltmeter is a differential amplifier with the output
rectified by a full -wave rectifier and applied to a DC meter movement. The applied, low-level audio signal is coupled through capacitors Cl and C3 to the bases of transistors 01 and Q2, respectively.
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The two transistor amplifiers, connected in a differential configuration, supply the amplified alternating voltage to the meter rectifier
circuit. Resistors R5 and R6 provide an emitter coupling which
provides the phase inversion required for the differential action.
When the input signal goes positive, the collector current in the
first stage is decreased, lowering the collector voltage (making it
more negative) and raising the emitter voltage. Since Q1 and Q2
have common emitter coupling, the emitter voltage on Q2 is also
raised. The increased current in the second stage increases the volt-

C4

C3

CI
TI

YI

age across collector load resistor R3. Capacitor C3 effectively grounds

the base of the second stage for audio frequencies, keeping the gain
of this stage at a high level.
131 - 6 -volt battery
Cl, C3 - 0.5 mfd paper, 100 volt
C2 - 0.002-0.005 mfd mica or ceramic disc,
100 -volt

RI

C4 - 0.25 mfd paper, 100 -volt
CR1, CR2, CR3, CR4- Sylvania 1N64 diodes
BI
15V
CI

INPUT

C3

B1 - 15 -volt battery
C1 - 10 mfd electrolytic capacitor, 25 volt
C2, C3 - 50 mfd electrolytic capacitor,
25 volt
CR1, CR2, CR3, CR4 - Sylvania 1 N34A diode

M1 - dc meter movement,
1Q0 microamperes full-scale
Q1, Q2 - Sylvania 2N1266 transistor
R1, R4 - 120 k,
R2, R3 - 6.8 k, V2 W
R5 - 1 k carbon potentiometer, V3 w or larger
R6 - 1.8 k, 1/2 w

Courtesy Sylvania Electric Products, Inc.

Audio.voltmeter circuit.

Calibration of the audio voltmeter is very simple, requiring only
another meter which is already calibrated and connecting both meters
to a common signal source at a frequency of about 1,000 cps. Resistor R5 is then adjusted so that the constructed meter reads the
same as the calibrated meter. The meter has a response that is constant within 1 db from 17 cycles per second to 250 kilocycles per
second and an input impedance of 1.2K ohms.
BRIDGE NULL DETECTOR

The bridge null detector is designed to be used in conjunction with
a bridge circuit to obtain a more accurate null indication than could
54

M1 - Meter, 200 microamperes full-scale
Q1, Q2 - Sylvania 2N1265 transistor
R1, R2 - 1 meg, 1/2 w
R3 - 6.8 k, 1/2 w
T1 - Stancor TA -24
T2 - Stancor TA -27

Courtesy Sylvania Electric Products, Inc.
Bridge null. detector circuit.

normally be obtained from a conventional DC or AC meter. The degree of nulling which can be obtained in a bridge circuit is dependent on how small a null signal can be detected. The minimum null
level that can be detected is determined by the sensitivity of the device being used to measure the null. This circuit is particularly well
suited for this purpose, since it has both a sensitive output indication
and a high -gain amplifier section. Combined, these permit measurement of an unbalance as low as 1 microvolt rms.
The null signal from the bridge circuit is coupled through transformer T1 and capacitor C1 to the base of grounded -emitter amplifier Q1. Capacitor C1 isolates the base bias on Q1 from Tl. The amplified null signal from the collector of Q1 is coupled through trans-

former T2 and capacitor C3 to the base of grounded -emitter amplifier Q2. Capacitor C2 and the primary of T2 form a tuned tank

to increase the collector impedance on 01, thus increasing the

gain of the first stage.
The amplified null signal from the collector of Q2 is developed
across resistor R3 and coupled through capacitor C4 to full -wave
rectifier circuit CR1 through CR4. The DC output from the full wave rectifier drives the microtmmeter. The center frequency of the
amplifier section is 700 cps. The 3-db points occur at 400 cps and
2kc. In order to obtain maximum sensitivity from the bridge null detector, it should be used with bridges which operate within this frequency range. The most commonly used frequency in bridge circuits is 1 kilocycle, which is ideal for this circuit.
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TRANSISTOR -BETA CHECKER

The transistor beta checker is a simple yet extremely functional
unit. This simple circuit has a minimum of parts and will readily indicate whether or not a transistor is functioning. A degenerative bias
arrangement is used to compress a wide range of DC current gain
values into a fairly small indicator scale. Gain indication is provided
by an ordinary 1,000 -ohm -per -volt meter movement on the 5 -volt
scale. It is essential that this type of meter be used on this scale since
the 5K -ohm load which it presents to the circuit is calibrated into
the voltage versus gain readings.
If a more sensitive movement is used, resistance should be shunted
across its terminals to lower its impedance to 5K ohms. If a vacuum -

tube voltmeter is used, the value for the shunt resistance is exactly
5K ohms since the impedance of the meter itself is several megohms.
Battery -reversing switch S1 enables measurement of both NPN and

PNP transistors. The circuit is drawn in the correct way for testing
NPN transistors. When testing PNP transistors, reverse the meter
leads on meter M1 and place Si in the PNP position. The transistor
beta checker will work with all but the larger heat -sink type transistors.

The meter indication on M1 is directly proportional to the battery
voltage in addition to varying with DC beta; therefore a fresh bat BETA CI4ECKER CALIBRATION CURVE
300
290

260

240

tery must be used. A battery of slightly higher or lower voltage can
be used, provided that the meter indication is corrected. If a 10.5 volt battery is used, for instance, it is 16.7% higher than the 9 -volt
value. Therefore the meter indication will be 16.7% higher than the
value which would be obtained with a 9 -volt battery. The DC beta
may be determined from the graph.
APPLAUSE METER

The applause meter is a useful tool for judging many types of

competitive sports events and contests. Many people would dispute a
judge's decision of which group shouted and applauded the loudest,

but few will dare challenge an electronic applause meter. The applause meter can also be useful without the speaker as a high -gain
amplifier and indicator to give relative indications of low-level input
signals.

Speaker SP1 is utilized as a microphone to convert the applause
sound waves into electrical energy to drive coupling transformer T1.
The applause signal is coupled through Ti and capacitor Cl to the
base of audio amplifier Ql. The setting of gain potentiometer R1 determines the amount of signal to be coupled to Q1. Transistors 01,
Q2, and Q3 comprise a three -stage, capacitor -coupled audio amplifier. Resistor R4 is the collector load resistor 01, and resistor R2
is a biasing resistor. Audio amplifier stages Q2 and Q3 are identical
to Q 1. The amplified applause signal from the collector of Q3 is
coupled through capacitor C4 to full -wave rectifier CR1 through
CR4. The rectified applause signal is applied across meter M1 to
give a comparative sound -level reading.
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METER READING -VOLTS

4

45

5

BI - 9 -volt battery
Ml - 1,0001volt meter on 5 -volt scale
QI - transistor being tested --either PNP or NPN
RI - 200 k, 112w, 1% tolerance
R2 - 1 k, I/2w, 1% tolerance
Si - Double -pole, double -throw switch, center
off (the type used for switching TV antennas
will do)

Courtesy Sylvania Electric Products, Inc.
Circuit for transistor -beta checker.
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81 - 6 -volt battery
Cl, C2, C3, C4 - 10 mfd electrolytic, 25 -volt
CR1, CR2, CR3, CR4 - Sylvania 1N64 diode

LS1 - 3.6 ohm loudspeaker
MI - 1 milliampere full-scale meter

01, Q2, Q3 - Sylvania 2N1265 transistor

RI - 5 k, 1/2 w potentiometer
R2, R5, RS - 150 k, V2 w
R3, Re, R9 - 100 0, V2 W
R4, R7, R10 - 2.2 k, V2 w
T1 - Stancor TA -33 or equivalent

Courtesy Sylvania Electric Products, Inc.

Applausemeter circuit.
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In the construction of the applause meter it is advisable to place
the speaker pickup on the opposite side from the meter to facilitate
ease of reading while the speaker pickup is pointed directly at the
cheering crowd. To be fair to all concerned when monitoring applause, it is essential that the speaker be aimed at the center of each
spectator group being monitored. The gain potentiometer should not
be changed for a given set of readings.
AUDIO PHOTOMETER

The audio photometer is a light-sensitive oscillator whose frequency varies with the intensity of the light illuminating the sun bat-

tery. This device is useful for audio monitoring of such things as
lights on or off in remote rooms, doors open or closed, etc. The advantage of the audio photometer over conventional light-sensitive
devices is that it does not require visual monitoring; thus, one can be
free to read, work, or do many other things while monitoring the
audible output of the circuit. Also, the ear is more sensitive to small
changes in audio frequency than the eye is to light intensity.
The audio photometer consists of three grounded -emitter amplifiers having positive feedback connections to form an oscillator circuit. The output from the collector of grounded -emitter amplifier
Q1 is coupled through capacitor C2 to the base of Q2. Resistor R2 is
the collector load resistor. The output of grounded -emitter ampli-

fier 02 is coupled through capacitor C3 to the base of Q3 and
through feedback capacitor C1 to the base of Q1. Since a single

grounded -emitter amplifier stage produces a phase shift of 180°,
two stages will produce a phase shift of 360°. Thus, the signal from
the collector of Q2 is 360° out of phase with the signal at the base
of Q1, providing a positive feedback signal to 01. This positive feedback signal causes Q1 and Q2 to act as an oscillator pair. The signal
from the collector of Q3 is coupled through capacitor C4 to the base
of 02 as a positive feedback signal similar to the oscillator pair 01

and Q2. The resulting signal from the collector of Q3 is coupled
through transformer T1 to speaker SP1 as an audible tone. Emitter
resistors R1, R4, and R7 stabilize the gain of the three stages. The
frequency of oscillation is determined by small phase shifts which are
developed through the amplifier stages by the various resistors and
capacitors.
the bias

When the intensity of light on the sun battery changes,
current supplied to transistor Q1 also changes. This changes the input and output impedances of the first stage, changing the phase
shifts involved in that part of the circuit and changing the oscillator
frequency of the audio photometer.
IMPEDANCE METER

A device for measuring the relative impedance of circuit elements
is extremely useful; this circuit is a grounded emitter amplifier the
output of which is used to drive the milliammeter which is in series
with R2. A 1.5 -volt source is used, and bias current is provided for
the transistor by passing this current through the impedance to be
measured.

C4

03
02

7

ci
112

SPI
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%R5

ea

01

+ BI

Rr

1.5V

RI

MI

INPUT
PROBES

B1 -9 -volt battery
B2 - Sun battery, International Rectifier

R1- 390 11, 1/2 w

Corp. Type B2M or equivalent

C1, C3 - 0.1 mfd ceramic disc or paper,
50 -volt

C2 - 0.02 mfd ceramic disc or paper, 50 -volt
C4 - 0.05 mfd ceramic disc or paper, 50 -volt

R2, R5 - 10 k, V2 w
R3, R6 - 100 k, V2 w
R4, R7 - 47 0, 1/2 w
T1 - Thordarson TR-29 or equivalent

Courtesy Sylvania Electric Products, Inc.
Audio -photometer circuit.
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R2

LS1 - 3-6 ohm loudspeaker
01, 02, Q3 - Sylvania 2N1264 transistor

81 - 1.5 -volt battery
M1 - 1 milliampere full-scale meter
movement

41 - Sylvania 2N1266 transistor
RI - 500 0 potentiometer, Vs w

R2 - 820 a,vsw

Courtesy Sylvania Electric Products, Inc.

Impedance -meter circuit.
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Clearly, any changes in the impedance will cause changes in the
bias current. Also, the collector current that passes through the milli ammeter will show the change in impedance because the collector
current is a function of the bias current.
Potentiometer RI is the sensitivity adjustment used for shunting
bias current for the transistor. Through the use of this control, sensitivity can be decreased or increased to measure various values of impedance. This circuit can be used for troubleshooting since it will
indicate relative impedances by variations in current flow. If resistor
RI is effectively out of the circuit (infinite resistance), this unit will
measure impedances as high as 1 megohm. When used for measuring an unknown impedance source, the sensitivity adjustment (R1)
should always be set so that its resistance is the minimum possible.
The resistance is slowly increased until a measurable reading is ob-

0

T"
Tc3

RI

81

R2

3v

Re

HT

03
C4

R7

tained on the meter. This, then, is the measure of the relative impedance of the circuit being tested.

02

7-7

6
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METAL LOCATOR

7 C7

R4

The metal locator comes in handy for locating wall studs or metal
piping, and it can even be used to locate wiring within the wall. The
metal locator could also be used for finding small screws or washers
that are lost in a rug or outdoors in the grass as well as many other

Shei

CS

R5

1R6

uses.

The metal locator is based on the principle of two high -frequency
signals of approximately the same frequency being beat together to
produce an audio signal. When the pick-up coil of one of the high frequency oscillators is placed near a ferromagnetic material, the inductance of the coil is changed. Since the pick-up coil is part of the
oscillator tank circuit, the oscillator frequency changes and the difference frequency produced by the mixing of the two high -frequency
signals also changes. When properly tuned, the two oscillators operate on almost exactly the same frequency, thus producing a beat signal having a very low frequency. Now an audio signal is heard only
when the pickup coil is placed near a ferromagnetic material.
Transistor Q1 is a high -frequency oscillator with capacitors C2 and
C3 and pickup coil Ll forming the tank circuit. Resistors RI and R2
provide base bias for Q1. Regenerative feedback is applied to the

81 - 3 -volt battery
Cl, C5 - 0.001 mfd ceramic disc or paper
C2 - 0.02 mfd ceramic disc or paper
C3, 08 - 0.01 mid ceramic disc or paper
C4 - 100 mmfd disc or mica
C6 - 0.002 mfd ceramic disc or mica
C7 - 0.001 mfd ceramic disc or mica

HT - Crystal or 2 kohm headphones

LI - 14 turns of #18 enameled wire,
51/2" dia., scramble wound

L2 - 20 mh, slug -tuned
QI, 02, Q3 - Sylvania 2N1266 transistor
R1, R2, R4, R5, RS - 5.1 k, 1/2 w
R3, RS - 330 0, V2 w

R7- 3.3 meg, 1/2 w

Courtesy Sylvania Electric Products, Inc.

Metallocater circuit.

to the headset (HT). Resistor R8 is the collector load resistor. The
slug of coil L2 is adjusted so that a low -frequency growl is heard
in the earphones. If metal is now placed near pick-up coil L1, it will
increase the inductance and lower the frequency of the variable oscillator, causing the audio frequency to increase.

emitter of Q1. The output of Q1 is taken from the collector and

LAMP DRIVER

coupled through capacitor C4 to the base of oscillator Q2. Resistors
R4 and R5 provide base bias for Q2. The two high -frequency signals
are mixed in 02.

they control incandescent lamps from small DC signals or low-level

The resulting audio signal from the collector of Q2 is coupled
through capacitor C8 to the base of audio amplifier Q3. The audio
signal is developed across resistor R7, amplified by Q3, and applied
60

Controlled rectifiers (SCR's) are useful as lamp drivers where
pulses.

Circuit A utilizes the inherent bistable "memory" characteristic of

the SCR when used with a DC voltage supply. The SCR can be
61

triggered on by a positive pulse or by a DC voltage level at the input

DIFFERENTIAL VOLTAGE -LEVEL INDICATOR

terminal. For the 3B1034 the triggering requirements are 2 ma at
2 volts. Once the SCR has been triggered on, it will remain in this
state until it has been reset by momentarily inetrrupting the anode

The differential voltage -level indicator is an electronic device used
to monitor line or test voltages. When the voltage goes above or below a predetermined level, one of two indicator lamps is illuminated,
indicating whether the voltage is high or low. By adding the proper
circuits to the outputs, this sensing circuit can be used for control,
as well as for indication. By selection of the proper zener voltage

current.
An AC supply system is used in circuit B, and the circuit no longer

has memory. When a DC signal is applied to the input, the SCR
passes current to the lamp on each positive half -cycle of the supply.

When the input signal is removed, the SCR turns off on the subsequent negative half -cycle, remaining off until an input signal is
again applied. This SCR is acting like a high -gain power transistor

levels, resistors, lamps, etc. this circuit may be used over a wide
range of voltages.

The voltage to be monitored is applied to the input, rectified by
diode D1, filtered by capacitor Cl, and applied to zener diode Z1.

6V LAMP

6V LAMP
+6VDC

DC INPUT

(A) Circuit with DC voltage supply.
6.3VAC

(B) Circuit with AC voltage supply.

+10VDC

FUNCTION:

AC INPUT 6 VOLTS TO 7 VOLTS.

A IS ILLUMINATED AND B EXTINGUISHED AT 6 VOLTS.
B LS ILLUMINATED AND A EXTINGUISHED AT 7 VOLTS.

(C) Circuit with AC and DC supplies.

Courtesy Solid State Products, Inc.

Lamp -driver circuit.

with the additional advantage of eliminating a DC power supply
for the lamp circuit.
Circuit C illustrates memory action by combining DC and AC
supplies, providing two advantages. The lamp power is obtained from

the AC supply, reducing the DC power requirements. Only a small
amount (5 to 10 ma) of DC load current is necessary to hold controlled switch CS on when the AC supply is negative. To turn CS
off, it is necessary only to interrupt the relatively small amount of
DC flowing to the anode of CS through the circuit branch containing the 2K -ohm resistor.
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CIRCUIT VALUES

Di - 1N2610

R1 - 1K4, 1/2 WATT

Z1 - 1N3016

R2 - 470, 1/2 WATT

QL, Q2 - 2N1191

R3 - 5K0, 1/2 WATT

C1 - 2000mfd 15V.

A, B - GE #48 OR EQUIV. - 2V 60 Ma.

Courtesy Motorola Semiconductor Products, Inc.

Circuit of differential voltage -level indicator.

When DC voltages are being monitored, diode D1 and capacitor
Cl are not used. This circuit is designed for a nominal voltage of
6 volts with the parts values given in the parts list. In this particular
circuit 5.5 volts AC holds lamp A on, whereas raising the supply
level to 6.5 volts AC turns lamp A off and lamp B on.
At voltages lower than the zener voltage of Z1, no base current
is applied to transistor 01, thus holding it cut off. The negative collector voltage of Q1 furnishes base current to Q2, driving 02 into
conduction and illuminating lamp A. When the supply voltage exceeds the zener level of Z1, 01 starts conducting, illuminating lamp
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B. The drop in collector voltage on Q1 cuts off Q2 and extinguishes
lamp A.
Voltage -level indicator and control circuits using zener diodes for
voltage reference and transistors for functional control offer a large

field of application in both commercial and industrial areas. The
simple circuit described provides one way a differential indication
can be obtained.
100 -CYCLE -PER -MINUTE FLASHER

This 12 -volt, 100 -cycle -per -minute flasher circuit gives a method

of obtaining a flasher circuit that is insensitive to load over a large
range. Two types of flashers are discussed, one (A) drives a single
bank of 12 -volt lamps at a 100 -cycle -per -minute rate, and the other
(B) drives two banks which alternate flashing cycles at a 100 -cycle per -minute rate.

Transistors Q1 and Q2 in circuit A form a multivibrator circuit.
When Q1 conducts, the collector voltage rises sharply. The sudden
voltage rise is coupled through capacitor Cl to the base of transistor
Q2, cutting it off. The base voltage on Q2 drops exponentially until
Q2 again starts conducting. When Q2 conducts, its collector voltage
rises sharply. The sudden voltage rise is coupled through capacitor

ONE TO FOUR

C2 to the base of Q1, cutting it off. The multivibrator action produces a 100 -cycle -per -minute square wave. The frequency of the
square -wave output is determined by the resistance from the base to
the negative side of the battery and by the value of the capacitors.
Therefore the time constant is not dependent on the lamps and you

may use from one to four lamps without affecting the frequency.
Transistor Q3 provides the necessary current to light the lamps.

When Q2 is conducting, the base current of Q3 increases, driving Q3
into conduction. The outputs of Q2 and 03 are connected in parallel.
Circuit B is basically the same as circuit A except the input circuit has been changed to provide another bank of lights which will
flash alternately with the bank of lights connected to the collectors of
Q2 and Q3. The lamps in the collector circuit of Q1 and Q4 are the

collector load. Transistor Q4 provides the additional current required to illuminate the bank of lamps.
Either circuit can easily be mounted in a 3 X3 X 2 inch metal box
using the box as a heat sink for the power transistors (Q3 and Q4).
Power dissipation is at a minimum in the circuit since the transistors
operate either at saturation or cutoff.
FLASHER CIRCUIT

The flasher circuit is essentially a saturated astable (free -running)

multivibrator used to operate switching transistor 01, which turns
lamp L1 on and off. By using low values of capacitance the physical

GE f1073 LAMPS

12 VOLTS D.C.

(A) Circuit for one lamp bank.

6V=7 --

0
ONE TO FOUR

R2

GE 11075

3. 5K

LAMPS

ONE TO FOUR

R3

150mfd @ 3V

Cl
C2

Q4

2N1544

2N1191

LAMPS

11Wil

12 VOLTS D.C.

gilb.

75mfd fit 3V
Q1

GE #1073

3. 9K

Q2

2N1191

Q3

an544

0+

Courtesy Motorola Semiconductor Products, Inc.

(B) Circuit for two lamp banks.
100cycieperminute flasher circuits.
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RI, R5, RE,
R2, R3

3. 3K

R7, R11

1. OK

47K

C1, C2

10 mfd

R4

5.6K

L1, 5V90 ma I ncandescent IGE1850)

R8, R10

15K

Qi

2N2354 Q2, Q3 2594

ALL RESISTORS 1/2 WATT

Courtesy Sylvania Electric Products, Inc.
Flasher circuit.
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size of the capacitor can be kept small, thus keeping the overall circuit size down. For this reason the resistive elements become the
frequency controllers. Much lower frequencies are possible with
larger values of capacitance. The duty cycle of the flasher circuit
may be easily altered by manipulation of the values of resistors R5
and R6 and capacitors C1 and C2. Using the component values given
in the parts list, the flasher unit produces between 2 and 3 pulses
per second.
Transistors Q2 and Q3 form the active part of the astable multi vibrator. Assuming Q2 is conducting when the circuit is turned on,
its collector voltage rises sharply. The sudden voltage rise is coupled
through capacitor C1 and resistor R6 to the base of 03, cutting off
Q3. The base voltage on Q3 drops exponentially until it again starts
conducting. When Q3 starts to conduct, its collector voltage rises
sharply. The sudden voltage rise is coupled through capacitor C2 and
resistor R5 to the base of Q2. The RC time constant of C2 -R5 and

determines the frequency of the multivibrator output. The
output of the multivibrator is taken from the emitter of Q2. By not
placing the lamp directly in the multivibrator cricuit, smaller values
of capacitance and larger values of emitter resistors can be used,
resulting in better circuit stability. The multivibrator signal is ap-

C1 -R6

plied to the base of switching transistor Q1, alternately causing it to
conduct and be cut off. The alternate conduction of Q1 in series with
lamp L1 results in a flashing light.
TRANSIENT -VOLTAGE INDICATOR

The transient voltage indicator is a simple, compact instrument
which can be used for solving a major portion of the transient voltage problems normally associated with semiconductors. Some of the
uses of the transient voltage indicator include checking severity of
voltage transients in systems where semiconductor equipment is to
be installed, developing statistical data on voltage transients for various types of power systems, determining the effectiveness of transient
energy storage and filtering circuits, isolating sources of voltage
transients, etc. The user presets a level of voltage on the precision
potentiometer dial. If this instantaneous voltage is exceeded, the circuit energizes the indicating lamp which remains lit until the circuit
is reset by the push button on the panel.
The circuit employs a unijunction transistor (01) to compare the
input signal with the reference and to actuate the tripping and latching circuits. The input signal at which the unijunction transistor trips
is set by potentiometer Rl. When the unijunction trips, it fires a silicon -controlled rectifier (SCR), thereby actuating latching relay LR1
and lighting indicating lamp I1 in a separate low -voltage circuit. At
66

CONTACT ON COIL A OF LR2

ON1

R8

7

\CONTACT
ON COIL
Off B OF LR1

COIL B ON LR1

REGULATED DC

COAXIAL SIGNAL

R6

INPUT

R2

COIL A
ON

R3

TEST

t 81

jr. - ,}1.1
R93

R1

TRIP
ADJUST

CR 411)

RC5u

CR

4.
RESET

SCR

0

CALIBRATION JACK
C2

..T.

(ALL CONTACTS SHOWN IN POSITION AFTER RESET)

SCR - GE ClIF CONTROLLED RECTIFIER
- GE 25116718 UN I JUNCT ION TRANSISTOR
Q2 - GE 2N167 TRANSISTOR
CR1 - GE 1N645 RECTIFIER
CR2 - 1N1317 ZENER DIODE - 150 MW, 17-21V
22,112 VOLT BATTERY, BURGESS 4156

82 - 1 1/2 VOLT BATTERY, BURGESS 2FBP

R2 - 47000 1/2 WATT
R3 - 4700 1/2 WATT
R4 - 1000 1/2 WATT
R5 - 47000 1/2 WATT
R4127 - 470 I WATT
Rg - 2200 1 WATT
R9 - 25000 1 WATT, 1% TOLERANCE
Risg, R11- 499, 0000 1 WATT 1% TOLERANCE

Litt - POTTER-BRUMFIELD LATCHING RELAY
TYPE KE 170-12V DC
- GE TYPE 49 LAMP BULB,.06A, 2 VOLTS
I
C1 - 100 MFD, 50V DC ELECTROLYTIC CAPACITOR
C2 - 2.0 MFD, 200V DC PAPER CAPACITOR
C3 - 2000 %WM I CA CAPACITOR
C4 C5 - 1 TO 7.5 MMF CERAMIC TRIMMER
CAPACITORS

R1- 50,0000 HELI POT, SERIES C, 3 TURN

Courtesy General Electric Co.

Circuit of transientvoltage indicator.

the same time, the latching relay disconnects the tripping circuit from

its battery to shut off the controlled rectifier and conserve battery
energy. Depressing the reset button energizes the other coil in the
latching relay, extinguishing the lamp and readying the circuit for
the next trip. Transistor Q2 in conjunction with reference diode CR2
applies a regulated DC voltage to the unijunction transistor and its
bias circuit. Thus battery -voltage fluctuations due to aging do not
affect the accuracy of the circuit until the battery voltage drops below the avalanche voltage of CR2. The voltage signal to be monitored
by the equipment is introduced at the coaxial signal input and, depending on the desired voltage range of the instrument, is stepped
down by a suitable voltage divider. In this circuit the signal introduced
to the unijunction circuit across resistor R9 is 1/400th of the input
voltage, having been stepped down by the RC network consisting of

R9, R10, R11,

C3,

C4, and C5. Capacitor C2 provides sufficient

energy for firing the SCR. When Q1 triggers, C2 discharges through

diode CR1, 01, and resistor R4. In order to maintain the dividing
ratio of the step-down network at all frequencies, capacitors C3, C4,
and C5 are connected across their respective resistors. Capacitors C4

and C5 are trimmed to secure uniform response of the network to
all frequencies. Trimming these capacitors is accomplished by apply 67

ing a 100-kc, or higher frequency, square wave to the signal -input
terminals of the divider and then adjusting the capacitors until the
waveshape across R9 appears identical in shape to the input waveform. A calibration chart correlating the input signal voltage and the
dial setting of R1 necessary to produce tripping of the equipment can
now be prepared. Using a high -voltage supply, calibration of R1 is
best performed by applying a known voltage into the signal input
jack. If only a low -voltage supply is available, the low voltage can
be applied to the calibration jack and multiplied by the divider ratio
to determine the corresponding voltage at the signal input.
ALARM CIRCUIT

The alarm circuit is essentially a saturated astable (free -running)
multivibrator used to operate a switching transistor which turns lamp
L 1 on and off. However, as long as the contacts are closed on
switch SW, transistor Q4 is saturated, and the base of transistor Q2
is essentially grounded, preventing the flasher circuit from operating.
The alarm circuit could be used for a number of applications, such
as a warning that a door or window has been opened, or as a safety
device indicating that a car door is not shut tight, and so on.
Transistors Q2 and 03 form the active part of the astable multi vibrator circuit. Transistor Q4 effectively grounds the base of Q2
when switch SW is closed, preventing the multivibrator circuit from
operating. When switch SW is open, the positive bias is removed

from the base of Q4, and ceases to conduct. The base of 02 is now
properly biased to cause 02 and Q3 to function as an astable multi vibrator. Assuming Q2 is conducting more heavily than Q3 when
Q4 is cut off, the collector voltage on Q2 will rise sharply. This sudden voltage rise is coupled through capacitor Cl and resistor R6 to
the base of 03, cutting off Q3. The base voltage on Q3 drops exponentially until it again starts conducting. When 03 starts to conduct, its collector voltage rises sharply. The sudden voltage. rise is
coupled through capacitor C2 and resistor R5 to the base of Q2,
cutting Q2 off. The base voltage on Q2 drops exponentially until it
again starts conducting. When Q2 starts to conduct, Q3 is cut off,
thus completing the cycle. The RC time constant of C2 -R5 and C 1 R6 determines the frequency of the multivibrator output. The output
signal from the emitter of Q2 is applied to the base of switching
transistor Ql. The multivibrator output alternately switches 01 on
and off, causing lamp L1 to flash on and off.
DIGITAL TEMPERATURE INDICATOR

In the digital temperature indicator a temperature -sensitive thermistor is used to control the current through a voltage divider and,
consequently, the voltage dropped across each half of the voltage
divider. The circuit uses two neon lamps to indicate the temperature
range of the ambient air. The digital temperature indicator can indicate relative temperature (cold -warm -hot) from 110°C to 150°C.
When the relative temperature is cold, only lamp L 1 is illuminated.
When the relative temperature is warm, both lamps L1 and L2 are
illuminated. When the relative temperature is hot, only lamp L2 is
illuminated.

To adjust the digital temperature indicator, maintain the thermistor at the desired temperature and adjust warm -adjust resistor
R-3

L-1

R-4

L-2

6v

115 v
o -c

R-2

R -I

"hot odj

R-5
warm adj.

R-6

0

RI, R5, R6
R2, R3
R4
R8, R10
R9

1. OK

1 3K

R7, R11

47K

820
812
10 mfd
CI, C2
LI, 5V 93 ma Incandescent (GE1850)
Qi - 2N2354 Q2, Q3, Q4 - 2N94

5 6K
15K

100

ALL RESISTORS 1/2 WATT

Courtesy Sylvania Electric Products, Inc

Alarm circuit.
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R-1 - 2, 500 -ohm potentiometer, 4 watts
R-2 - 3, 600 -ohm resistor
R-3, R-4 - 15K resistor
R-5 - 4, 000 -ohm potentiometer, 4 watts
L-1, L-2 - NE -51 bulb
R-6 - thermistor type 802-1 or 802-5

Courtesy Westinghouse Electric Corp.

Circuit of digital temperature indicator.
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R5 so that lamp L2 just lights. Now, with the thermistor still maintained at the desired temperature, adjust hot adjust resistor R1 so
that lamp Ll will just turn off.

When the digital temperature indicator is properly adjusted, the
resistance in parallel with neon lamp L2 will be lower than the resistance in parallel with neon lamp L1 if the ambient air temperature is cold. This is due to the temperature coefficient of thermistor
R6. The resistance of R6 is directly proportional to the temperature.
Since the same current flows through RI, R2, R5, and R6, a larger
voltage is dropped across Ll than across L2. The higher voltage is
just sufficient to illuminate Ll. When the ambient temperature becomes warm, the resistance of thermistor R6 increases just enough
so that the resistance in parallel with each lamp is the same. Therefore the same voltage will be dropped across each lamp and both
of them will be illuminated. When the temperature becomes hot, the
resistance across L2 becomes greater than the resistance across L1,
and only lamp L2 is illuminated.
LIQUID -LEVEL INDICATOR

The liquid -level indicator uses a temperature -sensitive thermistor
that is immersed in liquid as the liquid -level sensor. With thermistor
R10 immersed in the liquid, indicator lamp L1 is illuminated. If the
liquid level drops below the thermistor, the resistance of the thermistor is increased, causing indicator lamp L 1 to extinguish and indicator lamp L2 to be illuminated. When the liquid level drops below
the thermistor level, there is a 10- to 30 -second delay before low indicator lamp L2 illuminates. When the liquid level rises above the
thermistor level, there is a 2- to 10 -second time delay before normal
R-8

L -I

R-9

L-2

indicator lamp L1 illuminates. Both lamps are extinguished from 1
to 5 seconds during the transition period.

When thermistor R10 is immersed in liquid, its resistance

is

relatively low and more voltage is dropped across resistor R7 than
across the thermistor. This high voltage across R7 is sufficient to
illuminate neon lamp L1. When the liquid level drops below the
thermistor, its resistance increases and more voltage is dropped
across it than across R7. Thus neon lamp L2 is illuminated and Ll
is extinguished. Due to the fairly slow temperature change of the
thermistor, there is a slight delay encountered in the operation of
the indicator lights.
HIGH -POWER ELECTRONIC FLASHER

Flasher circuits for incandescent lamps are widely used in a
variety of applications, such as traffic lights, navigational beacons,
aircraft beacons, and illuminated signs. This circuit has been
chosen to illustrate the basic principles of a silicon-controlled-rectifier (SCR) flasher that can be easily simplified or modified to meet
specific application requirements. It operates a lamp load up to 3
amperes over a supply voltage range of 17 to 35 volts. The circuit
is basically a parallel inverter with capacitor commutation. The
SCR's conduct alternately and are triggered by the free -running,
unijunction-transistor (UJT) relaxation oscillator. The frequency of

28 V
DC

"normal"

90v

"Ion "

R-7

a -C

SUPPLY

R-10

Ci

0

R-7 - 500 -ohm resistor, 3 watts, for R-10
equal to 802-1'
- 450 -oh m resistor, 3 watts, for R-10
equal to 802-5'
R-8, R-9 - 15K resistor
1-1, L-2 - NE -51 bulb

R-10 - thermistor type 802-1 or 802-5
approx value for motionless water or oil at 30C
Courtesy Westinghouse Electric Corp.

Circuit of liquidlevel indicator.
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R1 - 750K, 112 WATT
R2 - 50M, LINEAR POTENTIOMETER
R3 - 2700, 112 WATT
R4 - 1000, 112 WATT
R5 - 160, 112 WATT

R6 - 2500, 5 WATT
R7 - 470, 112 WATT
R8 - 4.7K, 112 WATT
R9 -2.2K, 112 WATT

C1, C2 - 0. 47Ldd, 50 VOLTS

C3 - add, 100 VOLTS
C4 - 0. 221Jkl, 50 VOLTS
C5 - 501.dd, 50V
SCRI - G -E 2N1930
SCR2 - G -E C12f
CRD CR2 - G -E 1N1692
13,12 - U -E 50C, 1.4A LAMP
UJT1 - G -E 2N1671B

Courtesy General Electric Co.

Circuit of highpower electronic flasher.
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the relaxation is determined by the RC time constant of R1, R2, and
Cl any may be adjusted to the value desired by means of potentiometer R2.
When power is applied to the circuit, capacitor C 1 charges

through resistors R1 and R2 until it reaches the emitter -base

1

breakdown voltage of unijunction transistor UJT1. UJT1 now fires,
and Cl discharges through resistor R4 and UJT1, producing a positive pulse across R4. Assuming both controlled rectifiers SCR1 and
SCR2 are off, diode CR2 has approximately 28 volts on its cathode,
reverse -biasing it and hence blocking the trigger pulse at R4 from
passing. The trigger pulse at R4 passes to the gate of SCR1, switching SCR1 on. Current flows through SCR1 and resistor R6. Capacitor Cl now recharges through R1 and R2, producing another posi-

with the components shown, the frequency is 60 pulses per minute
with an on -time of 80 milliseconds. There is 100 milliamperes of
current with the lamp on. The repetition rate can be decreased and
the time on lengthened by an increase in the values of R1, R2, or
Cl. To a lesser extent this also applies to C2. It is possible to change
these values and to change both the power dissipation and the time
on.

tive pulse across R4. This positive triggering pulse is passed by
CR2 since the cathode voltage on CR2 is essentially the same as
the anode voltage of SCR1 which is conducting. The positive triggering pulse is coupled through capacitor C4 to the gate of SCR2,
switching it on. The sudden decrease in anode voltage on SCR2
when it starts to conduct is coupled through commutating capacitor

C3 to the anode of SCR1, switching SCR1 off. Lamps Il and 12
are now lit by the current through SCR2 and the lamps. Since SCR1
is again cut off, the voltage at the cathode of CR2 is again approxi-

mately 28 volts and the next triggering pulse will be blocked by
CR2. Thus SCR1 and SCR2 alternately conduct on successive pulses
from relaxation oscillator UJT1.
LIGHT FLASHER

This circuit shows a light flasher that can be used for road -repair
warning lights or for buoys. A pair of power transistors is used and,
RI

I

147K

CA1D1

Cl

OR

4mfd

CA2D2

GE #1850

.= .,1,11111

C2

6V

250mfd

CA1D1

1K

IOR

R2
22K

A2D2

Courtesy Minneapoli -Honeywell Regulator Co.

Lightflasher circuit.
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-Vcc

-10 V.

VBIS -10 V

39 K
8.2 K

39 K
8.2 K
QI

Q3

2N783
390MMF

390MMF

0.2 MFO INPUTS

SECTION 5

02

0.2 ma 1164E1:121 NW()

OUTPUT *I
1K

3.9 K

3.9 K

Vcc

Virc

FLIP-FLOPS

wave triggering pulse. At 250 kc a higher amplitude trigger of 4
volts is required. For frequencies below 1 mc the supply voltage is
8 volts. At frequencies above 1 mc, the supply voltage can be reduced to 4 volts.
In an ordinary flip-flop, some of the signal output power is dissi-

pated in the collector circuit resistors, but if this resistor is replaced
by a complementary transistor as shown in the illustration, the power
losses are reduced, and the power efficiency is increased. This becomes significant when all of the available output power from each
stage is

used as in systems using a number of stages. Another

advantage of this type of flip-flop over the conventional type is that
it is less critical with respect to supply -voltage variations.
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i

1K

- Vcc

2N782

COMPLEMENTARY FLIP-FLOP CIRCUIT

when the input is triggered by a series of pulses. Illustration B shows
the input and output waveforms for four different frequencies.
This circuit can be used for various high-speed clock generators,
logic circuits of different types, and industrial control circuits. It is
capable of producing output pulses at rates as high as 10 mc. At 100
kc, the output amplitude shown is 16 volts using a 3 -volt, square -

OUT PUT $2

390 MMF

Qz

This circuit shows a complementary flip-flop using 2N782 and
2N783 transistors. A trigger input is applied to either A or B, with
either positive- or negative -going input pulses. If a positive pulse is
applied to A, it will turn on Q1 and turn off Q2. The bases of Q3
and Q4 are coupled to the collectors of Q1 and Q2 through RC
networks. When Q3 goes toward cutoff and Q4 goes toward saturation, Q1 is driven on and Q2 is driven off; thus in this way transistor pairs Q1 and 04 and Q2 and Q3 will alternately be on and off

IMFD

8.2 K

Q4

39 K

2 N782

10V

VW 410V

O
Vcc
(A) Circuit.

ourPur

ASV

)

.5V

,NPur

OUTPUT

/NC/S.

100 KC/S

OUTPUT -

Jiv
1,4V

/NPUr

164.tONC/S.

tf

250 KC/S.

Courtesy Sylvania Electric Products, Inc.
(B) Waveforms.

Complementary flipflop.

THREE -STAGE, SCR, FREE -RUNNING MULTIVIBRATOR

Silicon -controlled rectifiers have a large power handling capacity;
because of this they are well suited as active elements in multivibrators for direct switching of loads. A three -stage, free -running multi vibrator based on the monostable circuit may be constructed.
The monostable multivibrator in circuit A has two rectifiers and
a diode; when it is turned on. SCR2 conducts and the circuit stays
75

in this stable state. When a current is applied to the gate of SCR1
to turn it on, SCR2 is turned off due to the action of the 0.1-mfd
commutating capacitor. After a period depending on the time constant of the resistors and the 0.5-mfd capacitor as well as the required firing current, SCR2 is turned on again, returning the circuit
to its initial state.
In circuit B three controlled rectifiers are used to form a ring cir-

cuit, deriving the gate current for each stage from an RC network
as shown. In the three -stage multivibrator two clamps are required
to operate the circuit with one on and two off. The circuit is selfstarting and follows a fixed sequence of operation. The timing capacitors shown are 0.5 mfd; but they need not be equal. A three stage circuit is shown, but an unlimited number of SCR's may be
coupled to form an n -stage, free -running circuit.

ALIGNMENT MULTIVIBRATOR

The alignment multivibrator is a free -running multivibrator that
generates a square -wave output of about 700 cps. An emitter -follower stage is used to reduce loading on the multivibrator section
and also to provide a low impedance for the square -wave output.
Alternately conducting transistors Q1 and Q2 form the active part
of the multivibrator circuit.

When transistor Q1 fires, its collector voltage rises sharply. The
sudden voltage rise is coupled through capacitor Cl and resistors
R3 and R6 to the base of transistor Q2, cutting it off. The base
voltage on 02 drops expotentially until Q2 again conducts. When
Q2 fires, its collector voltage rises sharply. The sudden voltage rise
is coupled through capacitor C2 and resistors R4 and R5 to the base
of 01 thus cutting off Q1. Resistors R1 and R8 are the collector
load resistors for Q1 and Q2 respectively. Capacitor C3 shapes the
pulse from the collector of Q2 and couples the pulse to the base of
emitter -follower transistor Q3. Resistor R9 is a parasitic suppressor.
Base bias for Q3 is developed across resistor R10.

(A) Monostable multivibrator.

-

SI
7.5V

0. lmfd

30V

5000

0. lmfd

10K

5000

10K

0. lmfd

O. 5 mfd

5000

10K2

131 - 7.5 -volt battery
C1, C2, C3 - 100 mmfd mica capacitor, 100 v
C4 - 0.022 mfd mica or paper capacitor, 100 v
Q1, Q2 - Sylvania 2N1266 transistor
Q3 - Sylvania 2N229 transistor

R1, R8 - 6.8 k, V2 W

R2, R7, RIl - 560 0, V2 w
R3, R5 - 150 k, V2 W
R4, R6 -47 k, 1/2 w
R9 - 100 ft, V2 W

R10-15k,Vaw

0 5 mfd

Courtesy Sylvania Electra Products, Inc.

Alignment multivibrator.

0C2
0C1

8.2K

DC3

8. ZK

SW1171

1K

SW1171

8.2K

SW1171

1K

1K

O.

5umfd

ALL DIODES SG. 701

Courtesy Transitron Electronic Corp.
(B) Three -stage, free -running multivibrator.

Multivibrator circuits.
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The square -wave output from the emitter of Q3 is coupled through

capacitor C4 to the output as a convenient signal for the troubleshooting of radios and amplifiers. When the square -wave signal is
applied to the input of any stage in the radio -frequency or intermediate -frequency section of a receiver, it modulates the RF signals normally present at these points. The amplitude -modulation
sidebands are subsequently detected and heard in the speaker of
the set. The square -wave output signal can also be applied to the
input of audio stages in receivers or high-fidelity amplifiers, producing an audible output.
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GATED TURN-OFF FLIP-FLOP

A version of a flip-flop circuit using the gated turn-off switch is
shown in Circuit A. The commutating capacitors Cl and C2 are
connected between the anode and its complementary gate. The gated
turn-off switches are General Electric type ZJ224.
Assume that switch GTO1 is conducting and switch GTO2 is
triggered. Current is then taken from GTOI through diode CR1 and
resistor R1 to charge capacitor Cl. This will force the gated turnoff switch 1 to turn off. After the switch is turned off, capacitor C,
then charges to the full line voltage through resistor R4. It is ready
for the next cycle when gated turn-off switch 1 is triggered. Because
the charge and discharge paths for capacitors Cl and C2 are not the

same, high turn-off currents can be taken from each gate. The power
source for this circuit is 200 volts DC. Circuit B shows an extension

of this principle to several gated turn-off switches. This is known
as a fan out array.
BISTABLE FLIP-FLOP

This circuit shows a bistable flip-flop triggered by a pulse that
goes from + 15 volts to +5 volts. Suppose that the TSW-60 is
initially off and capacitor C2 is charged to 15 volts. Diode D1 is
back biased. Under these conditions diode D2, the lower diode, is
forward biased; the input pulse is coupled by capacitor C2 to the
+15V

100
OHMS

OHMS

IN538

OHMS

IN538

O100
HMS

200V
DC

+15
+5

(DIODES ARE SG221

Courtesy Transitron Electronic Cori).

Bistable flip-flop circuit.
TRIGGER

TRIGGER

(A) Circuit using one gated turn-off switch.
TO /3 +

emitter of the switch. This turns the switch on. When this happens,
the collector voltage falls to about 1.5 volts, which back -biases the
lower diode and creates a forward bias for diode Dl. The next negative -going pulse can then be passed to the base of the TSW-60 so

LOAD
RI

CI

RATE OF

GTOI

that it may turn the device off. In this way there are two stable
states, and the device is switched from one stage to the other by

RISE
SUPPRESSION

( FOR SCR)

TRIGGER

LOAD

the input pulse.
SHIFT REGISTER

TURN- OFF
PULSE

Courtesy General Electric

(B) Circuit using several gated turn-off switches.
Gated-turn-off, flip-flop circuits.
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Co.

A shift register is a series of bistable circuits. Each of these circuits feeds the next, and when properly pulsed, each stage assumes
the condition of the preceding stage.
Triggering pulses are simultaneously applied to diodes D1 and D2.
Note that these two shift pulses are complementary-one is positive going and one is negative -going. If the stage originally is off, the
collector voltage is at + 15 volts, and D1 is reverse biased. However, D2 is forward biased, and the negative -going voltage is carried
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0+V 15V

-VCC = 25V

8R. 2012

"1
10K

0

TRIGGER 30MM
)

-FI:vo

D1

0

DIODES ARE SG 22

vl 2 j --L

V
v/ 2

Courtesy Philco Corp.

SHIFT REGISTER

Courtesy Transitron Electronic Corp.
Shift -register circuit.

by the diode and the capacitor to the base of the next stage. This
switches the second stage off. If, on the other hand, the first stage is
on, the collector is at approximately + 1.5 volts; D2 is reverse biased
and D1 is now forward biased. Thus the positive input pulse passes

through the diode and the capacitor to the base of the succeeding
stage, turning it on.
ONE-SHOT MULTIVIBRATOR

The one-shot, or monostable, multivibrator produces an output
pulse of predetermined duration whenever a trigger pulse of sufficient

amplitude is applied. In this circuit the positive trigger is applied
through a coupling capacitor to the collector of transistor Q1 which
is normally cut off. Transistor Q2, which is normally saturated, is
now cut off by the positive pulse that is coupled through capacitor
C1 to its base. The output pulse is taken from the collector of 02.

One-shot multivibrator circuit.

across it when it is in cutoff. The upper limit of the output voltage
level is established by the reverse emitter -base voltage rating of
transistor Q2. With a value of 100 mmf for Cl, a pulse width of
approximately 570 nanoseconds is obtained.
FREE -RUNNING MULTIVIBRATOR

The free -running multivibrator is essentially a nonsinusoidal two stage oscillator in which one stage conducts while the other is cut off.
Then the stages reverse their conditions. That is, the stage which had

been conducting cuts off, and the stage that had been cut off conducts. This oscillating process produces a square -wave output. The
free -running multivibrator circuit is a two -stage, resistance -ca-25 V

The minimum amplitude for reliable triggering depends on the value
of Cl, the input pulse width and the time between successive pulses.
With a value of 100 mmf for C1, a 6 -volt pulse is required for widths

greater than 50 nanoseconds and more than 10 microseconds between successive pulses. The required amplitude increases to 17 volts

as the time between pulses is reduced to 2 microseconds. For 25
nanosecond pulse widths, the minimum amplitudes are 7 and 24 volts
respectively.

One-shot multivibrators are commonly used in radar circuits to
generate triggers and gates. The output pulse amplitude is dependent on the source voltage, since very little voltage is dropped across
Q2 when it is in saturation, and the entire source voltage is dropped
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E0

Q2

2N858

2N858

QI

Courtesy PhIlco Corp.

Free -running multivibrator circuit.
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pacitance-coupled, common -emitter amplifier; the output of the first
stage is coupled to the input of the second stage, and the output of
the second stage is coupled to the input of the first stage. This regenerative feedback produces oscillations. By changing the values
of capacitors Cl and C2, the output frequency can be varied be-

tween 1.3 cps and 1.0 mc. The output voltage is dependent on
the source voltage. When Q2 is cut off, a negative output is obtained that is equal to the source voltage, and when Q2 is in saturation, the output is essentially at ground potential, resulting in a
pulse ranging from ground to the supply voltage.
Because of variations in the components, one transistor conducts
before the other, or it conducts more heavily than the other. Assuming that transistor 01 is conducting more heavily than Q2, more

current flows in the base circuit of 01, resulting in a rapidly increasing collector current. The increasing voltage at the collector of
01 is coupled through capacitor C1 to the base of Q2, decreasing
the base and collector currents in Q2. The collector voltage on Q2
suddenly becomes more negative, coupling a negative voltage to the
base of 01. This action drives Q1 into saturation, and Q2 into cutoff. The action happens so quickly that capacitor Cl does not discharge, and the entire voltage increase of the collector of Q1 appears across resistor R1 and at the base of Q2. Capacitor C1 then
discharges until Q2 conducts, and the cycle is completed. The resulting output from the collector of Q2 is a square wave whose amplitude is dependent on the source voltage.

The Schmitt trigger is a flip-flop circuit that changes state when
the input amplitude exceeds a certain level. Th Schmitt trigger differs

from the conventional bistable multivibrator in that one of the
coupling networks is replaced by a common -emitter resistor. This

-.R5.47K
ej

-

e.--

I
I

02
Qi

2N858
R2 -47K

.

j

vTRIG.

-

Ov

rRE
IR E

+RL)25v

-25V

R3.5K

Courtesy Philco Corp.

Schntitttrigger circuit.

82

the output to change state. The setting of R3 also determines the
output voltage of the square wave. As R3 is varied from 0 to
5,000 ohms, the output voltage varies from approximately 24 to 9
volts, and the input voltage necessary to switch states varies from
approximately 1 to 7 volts. Notice that the voltage level required to
switch Q1 into conduction is lower than the voltage required to
switch it to cutoff. In its quiescent condition transistor Q1 is cut off,
and the collector voltage is equal to the source voltage. This voltage

is coupled to the base of transistor Q2 through resistor R1, and
the base voltage on Q2 is equal to the voltage drop across resistor
R2. The resulting current flow through Q2 and common -emitter
resistor R3 maintains the emitter of Q1 at a negative voltage. The
reverse bias developed between the emitter and the base of Q1
maintains the cutoff condition. The high negative voltage at the base
of Q2 produces forward bias for the base -emitter junction and causes
it to operate at saturation. A negative signal of sufficient amplitude
applied to the base of 01 drives 01 into conduction. The potential
at the collector of Q1 decreases rapidly, and a positive -going voltage
is coupled through capacitor C 1 to the base of Q2. The emitter current of Q2 decreases, causing the voltage drop across variable re-

regenerative action continues until Q1 is operating in the saturation
region and 02 is cut off. The output voltage is at maximum
negative potential at this time. The new stable condition continues
until the input begins to rise (become more positive). This positive -

going input decreases the base potential of Q1 and increases the
reverse bias. This causes the collector voltage to increase, emitter

Simultaneously the increasing voltage at the collector of Q1 is

VTRI G.

2N858

The emitter bias, determined by the setting of variable resistor

R3, determines what level the input voltage must reach in order for

current to decrease, and the potential across resistor R3 to decrease.

-VCC. 25V

i

faster switching time.

sistor R3 to decrease. The emitter of Q1 becomes more positive,
reducing the reverse bias and increasing the collector current. This

SCHMITT TRIGGER

R44,47K

arrangement provides additional regenerative feedback to obtain a

coupled to the base of 02, driving it negative. The decreasing voltage across R3 causes the emitter of C2 to go more positive. Both
actions reduce the reverse bias of the emitter -base junction, and Q2
again operates at saturation, cutting off transistor Q1 and returning
the circuit to its original operating condition; thus the cycle is
completed.

A frequency divider, or counting circuit, can be made using an
integrating circuit having a very long charge time compared to the
period of the input wave. The voltage on the capacitor in the integra-

tor circuit gradually builds up to a level sufficient to trigger the
Schmitt -trigger circuit.
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HYBRID SQUARE -WAVE MULTIVIBRATOR

The hybrid square -wave multivibrator circuit generates two out -of -

phase square -wave outputs by using a trigger generated by the uni-

junction transistor (UJT) relaxation oscillator. The frequency of
oscillation can be varied from approximately 20 cps to 600 cps by
adjustment of potentiometer R3. The waveform is perfectly sym-

and Q3 remain in these states until the next trigger from Q1 appears.
When the next trigger is applied from Ql, Q3 cuts off and starts con-

ducting. This action results in square -wave outputs across resistors
R6 and R11, which are at the same frequency but out of phase

with each other. The frequency of the output signal can be changed
by adjusting R3, which controls the RC time constant of the UJT
trigger circuit.

+20V
+15

Vol

0-

RIO

+15 -,
VO2

0

ONE-SHOT TRIGISTOR MULTIVIBRATOR

A one-shot multivibrator using a 3C60 Trigistor is shown in this
circuit. It may be considered as a delayed -pulse generator that provides accurate delay times as long as 10 seconds. The output is a 1 second rectangular pulse.

+30V.

-30 V.

INPUT
I MEG.

R4
Courtesy General Electric Co.
Hybrid square -wave multivibrator circuit.

-30 V.
Courtesy Solid State Products, Inc.

metrical over the entire frequency range. The circuit operates at
temperatures as high as 75°C. Higher temperatures are possible if
silicon transistors are used for Q2 and Q3. Transistors Q2 and Q3
form a simple flip-flop that is triggered by the UJT operating as a
relaxation oscillator. Negative trigger pulses are generated across
the 15 -ohm resistor each time the UJT fires. If transformer coupling
to the gates is desired, the primaries of the transformers can be connected in place of the collector resistors.
When power is applied to the circuit, transistor Q2 is conducting
and Q3 is cut off. Capacitor Cl charges through resistors R2 and
R3 until the capacitor voltage reaches the emitter -base 1 breakdown voltage of Q 1. When 01 fires, the emitter bias on Q2 suddenly
goes negative, cutting it off. This triggers Q3 into conduction. 02
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One-shot

Trigistor multivibrator circuit.

With the circuit in its quiescent condition, the Trigistor is conducting, and point B is at + 1 volt. At this time point A is at about - 11
volts due to the voltage -divider action of R2, R3, and the 5 -volt

zener diode. Under these conditions diode D1 is biased in the
reverse direction. A negative trigger is used as the input, and this
turns the Trigistor off. At this time the voltage at point B rises to
about +30 volts, and capacitor C begins to charge to a positive
voltage through resistors R1 and R2 and the zener diode. When
point A reaches about + 1.5 volts, diode D1 conducts, and the
Trigistor turns on. This brings point B back to + 1 volts. Capacitor
C then charges through R3 to its original voltage of - 11 volts.
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SHIFT REGISTER USING A TRIGISTOR

Circuit A shows how the Trigistor can be used in a memory
circuit. The memory circuit provides an output pulse that is either
positive or negative, depending on whether the Trigistor was on or
off before it was pulsed. This is accomplished by means of the two

can be used as a one -bit memory circuit that may be connected in
cascade to form a complete shift register. Circuit B shows a complete shift register with two shift -pulse inputs and a single informa-

tion -pulse input. For every pair of shift pulses, the state of the
shift register changes by one pulse at a time, and the unit that was
on turns off in the sequence necessary to form the shift register.

diodes and capacitor C.
If the Trigistor was off, the capacitor charges to the supply voltage.

When shift pulses are applied to points A and B with the polarities
indicated, diode D2 conducts and couples a negative pulse to the
output. Diode Dl stays reverse biased, hence the positive pulse is
blocked. If, however, the Trigistor was on, the capacitor is not

charged. Because of this, when the two shift pulses are applied to A
and B, diode D l conducts and couples the positive pulse to the output. However, diode D2 remains reverse biased, and the negative
pulse is blocked.

Because circuit A can "remember" the last state of operation, it

(A) Basic memory circuit.

+10 V.
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D2

-I SV

0s

01

OA

Co

P

OUTPUT

g)

X X02
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R3- 2.7K
Cl -.0100.
SHIFT PULSE
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+501-L s.0

O. D2 - 1/14132A
Ol THRU Oa - 3C30 A

Courtesy Solid State Products, Inc.
(B) Five -bit shift register.

Trigistor shift -register circuit.
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ent from 117 volts, if it is required. The equivalent capacity of
C2 depends on the area of the sensor plate and its proximity to
a grounded object such as metal or the human body.

As soon as the voltage across C1 is greater than the breakover
potential of the neon lamp, capacitors Cl and C2 discharge through

SECTION 6

OTHER SWITCHING

This circuit uses the silicon -controlled rectifier as a proximity
switch. The AC voltage input, which can be 115 volts from the
power line, is essentially across C1 and C2 in series. C1 is variable, while C2 is the capacitance of the sensor plate to ground.
As shown in the schematic, the sensor plate is 6 inches square
by 1/16 inch thick, but the size can be varied, as mentioned later.
The AC voltage present across capacitor C1 depends on the voltage divider network and the line voltage, which can be differ GROUNDED SIDE OF LINE

SENSOR PLATE 6"ii 6% I/16%U.
LOAD

A.C.

INPUT
GE

NE -2

SCR
GECTB

CI

50pF

NOTES: (I) C2 IS EQUIVALENT CAPACITY OF SENSOR PLATE W.R.T. GROUND.
(2) SENSOR PLATE AREA MAY BE ADJUSTED FOR REQUIRED SENSITIVITY.

Courtesy General Electric Co.

Proximity switch circuit.
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PHASE -SENSITIVE SWITCHING CIRCUIT

7,

PROXIMITY SWITCH

C2

safety doors, supermarket doors, conveyor -belt counting syst6ms,
or other similar applications.

CIRCUITS

I

the SCR gate. This causes the controlled rectifier to trigger and
energize the load, which can be a relay, motor, or alarm, depending on the circuit. It is also possible to obtain latching action
by using direct current for the anode circuit supply only. The
sensitivity of this circuit depends on the sensing distance and the
plate that is used for the sensor. It is possible to make the sensing
plate as small as 1 inch in diameter if it is used for a touch control. A sensor such as this can be used for controlling elevators,

Circuit A shows a phase -sensitive switch using an SCR. Transformer T1 is a 6.3 -volt filament transformer. The primary is connected across the 115 -volt AC input, and the secondary is connected as part of the bridge circuit. T2 is a transformer with
a center -tapped secondary. This transformer has a one-to-one turns
ratio.

When the bridge is balanced, the AC output is 0, and there is
no input to the gate of the controlled rectifier. This bridge is, of
course, temperature -sensitive since the thermistor is a temperature sensitive resistor. When the bridge is unbalanced by a change in
temperature, there will be an AC voltage appearing across the
terminals marked AB. This voltage is applied to the gate of the
SCR. When this voltage has one polarity, the controlled rectifier
turns on, and there is current flow through load 1, while diode
CR2 blocks the current to load 2. If, however, the voltage has
the opposite polarity, diode CR2 conducts so that power is delivered to load 2 while CR1 is reverse -biased. Diode CR3 is used
to prevent excessive negative voltage from appearing across the
controlled rectifier. The polarity depends on whether the resistance of the thermistor increases or decreases; this in turn depends
on the change in temperature.

With the values used in this circuit, there

is

a response to

changes in temperature of about 1 to 2°C, and this system can be
used for temperature monitoring. Because there is a dual -load output, one load can be a high -temperature indicator and the other
can be a low -temperature indicator. Illustration B shows a circuit
for a temperature -sensitive switch designed for use with a single ended load
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(A) Phase -sensitive switch.

-5V

RA, RB - Thermistor and ref. resistor

LOAD

.

.

.

approx. 2K at temp. set point.

CSI - 2N876 or 2N 1869 13A15A) series . (gate trigger current 200 pA max.)
CR I

CS2 - 2N884 or 2N 1875 (3A16) series. (gate trigger current 20 pA max.)

(GE INS 39
D1
117 VAC

SCR

(C5B)

(OR C78 FOR
MAXIMUM
SENSITIVITY

CR2
(GEIN645)

Courtesy General Electric co.
(B) Temperature -sensitive switch.
Phase -sensitive switching circuit.

TEMPERATURE -CONTROLLED SWITCHING

Thermistors can be used to drive a controlled switch (CS) directly with simple circuits. Consider circuit A using a power source
of 200 volts (AC or DC) and a load of up to 200 watts.

The gate of the CS is tied to the zero -potential junction of the
thermistor RA and reference resistor RB. When resistance RA
becomes smaller than R0, providing positive gate current, the
CS triggers on. Thus the CS turns on when the thermistor temperature rises above the set value. If the thermistor and reference
resistor are interchanged, the CS will operate when the thermistor temperature falls.

Anode -supply voltage for the CS can be either AC or DC, providing for two entirely different modes of operation. With a DC
anode supply, after the CS is triggered on, it remains in this state
until deliberately reset by momentarily interrupting the anode current. This mode of operation of the CS makes it useful as a temperature -limit switch with latching action.
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D2, D3 - Germanium diode - 1N118A

Courtesy Solid State Products, Inc.
(B)
Temperature
-compensated circuit.
(A) Uncompensated circuit.
Temperature -controlled switching circuits.

With AC anode supply voltage, the CS turns on and off automatically as the thermistor temperature changes above and below
the set point. Each negative half -cycle of the AC supply voltage

resets the CS, which does not turn on again during

successive

positive half -cycles unless a positive gate trigger signal is sustained. In this mode of operation the CS not only controls, but
also rectifies the power applied to the load. DC relays or solenoids should be used even though the supply voltage is AC. With
inductive loads a shunt diode enables the load current to "freewheel" during the negative half -cycle of AC supply voltage.

This circuit is not compensated for variations in CS gate -trigger
voltage resulting from changes in junction temperature. Temperature -sensing error is approximately 5°C for an ambient temperature change from - 65°C to + 125°C, or about 0.5°C for a 20°C
change in ambient temperature. Circuit B reduces this temperature sensing error to less than 0.5°C over an ambient -temperature

range of - 65°C to + 125°C.
There are three germanium diodes in the input circuit to compensate for CS gate -trigger voltage changes due to temperature.
When RA is exactly equal to RB, zero potential exists at B. At
25°C the voltage drop across the three germanium diodes is
approximately 1.0 volt (A is at + 0.5 volt and B is at - .05 volt).
Since the CS gate -trigger voltage is also approximately + 0.5 volt
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at 25°C, the diodes provide an offset voltage equal to the gate trigger voltage when the input circuit is balanced. With B as an
imaginary null point there are effectively one and one-half diodes
in the upper leg of the input circuit and one and one-half diodes

in the lower leg. Each diode has a temperature coefficient of
-2 millivolts/°C so that if R, and RB are equal but the temperature
changes, the voltage at A changes exactly as the CS -gate temperature coefficient, which is -3 millivolts/ °C.
HIGH-SPEED RELAY CONTROL
RELAY

(28V, 50mA)

In some industrial applications relays are to be controlled by
short -duration, low-level pulses.
latching relays are not satisfactory.

In these applications

regular

In circuit A the 28 -volt, 50 -milliampere relay is normally off.
An input pulse or trigger turns the controlled switch (SCR) on.

Resistor R2 allows the current to rise above the holding level
while the pulse is present; hence, when the pulse is no longer

present, the switch remains on and full voltage is across the relay.
The time required for the relay to energize is not important from
a circuit viewpoint. This circuit is reset by momentarily interrupting the anode current.

Circuit B shows a 2N717 transistor used in series with the
2N878 controlled switch (CS). Resistor R4 provides saturating
base drive to the transistor. To reset the circuit a negative pulse
is applied to the transistor base. This momentarily interrupts the
anode current of the CS, and the CS turns off. The CS remains
off until a turn -on command pulse is applied at A.

Circuit C uses a silicon Trigistor (PNPN switch) as the active
control element. Since the Trigistor can be turned off as well as on
at its base terminal, it can perform the same function Circuit B,
but with fewer components. Command pulses for both turn -on and
turn-off are applied at point A. Turn-off time can be significantly

INPUT

H
504
RI 1K
R2 2.7K

C1 - .01pf
Di 1N457

R3 = 100

CS

1K

RI

2N878

RELAY= 28V, 50 mA

(A) Circuit using controlled switch.
RELAY

shorter with the Trigistor approach.

CI - .01vf

R2 - 2.7K

DI 1N457

R3 - 100

CS 2N878

R4 4.7K

Ti 2N717

The on -off switch is perhaps the most simple circuit that uses

or 2N696

controlled rectifiers. The controlled rectifier is the solid-state equiv-

(B) Circuit using CS and transistor.

SIMPLE ON -OFF SWITCH
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(C) Circuit using 3C1060 transistor.

R1.1K
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R2 -1K
R3 100
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Courtesy Solid State Products, Inc
High-speed relay control circuits.
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Courtesy Transitrou Electronic Corp.
Circuit of simple on -off switch.
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alent of the thyratron for use in many types of control circuits.
of
sensitivities
times
and
extreme
triggering
The fast switching
the controlled rectifier make it suitable for use in pulse and digital

a

fraction of the total current, thus increasing their life expectancy

and reducing maintenance. As shown, a zener diode is used to
from
damaging
the
transistor.
This
diode
a
voltage
surge
prevent
conducts only when the collector -to -emitter voltage across the tran-

circuits wherever high voltages and currents are needed.

When the on switch is depressed, a current of about 10 ma
flows into the gate of the controlled rectifier, switching it on. Once
the controlled rectifier has been gated on, the gate current is no
the
off
switch
is
depressed,
hold
it
on.
When
to
longer required
the controlled rectifier is switched off. When the off switch is reremains
but
the
TCR
the
anode
voltage
is
again
applied,
leased,
off. If this circuit is used for switching a high voltage or at a high
anode
with
a
fast
the
internal
capacitance
together
temperature,
current to
Off
state
can
provide
enough
rise
time
in
the
voltage
the gate so that the TCR switches on without having external gate

sistor approaches the maximum rating.

TRANSISTOR AUTOMOBILE IGNITION 2

The basic PNPN pulse modulator circuit makes an excellent
high-performance electronic ignition system for automobiles. Addition of a light -activated switch (LAS) to the original circuit also
allows the troublesome breaker points to be eliminated.
The 12 -volt auto supply is converted to approximately 150 volts
DC with a low-cost, germanium -transistor converter. With power ap-

plied, capacitor Cl charges to twice the supply voltage through
the charging action of inductor Ll and diode CR1. A rotating
disc, as shown, driven by the engine distributor is punched to correspond to the number of engine cylinders and the desired tim-

current. This can be avoided by adding an RC network in the anode
circuit to slow down the rate of rise of the anode voltage. The

load current can be anywhere between the rated current and the
holding current of the TCR.
TRANSISTOR AUTOMOBILE IGNITION 1

DC TO DC CONVERTER
1

This circuit shows the use of a 2N2527 transistor in an automotive ignition system. In the conventional ignition system, gears
from the crankshaft drive a cam to open and close the breakers
when
the
maximum
value
to
a
builds
current
up
points. Primary
the
the
collapse
of
magwhen
the
points
open,
points are closed;
netic field induces a high voltage across the secondary. Using the
transistor in the circuit as shown allows the points to carry only
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Courtesy Motorola Semiconductor Products, Inc.

Transistor automobile -ignition circuit.
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Courtesy General Electric Co.

Automobile -ignition circuit.
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ing angle. Each time a hole in the disc passes the light source,

Dropping resistor R2 supplies both the UJT interbase and the

light -activated switch LASI is switched on. When LAS1 is switched

variable RC emitter -timing circuits. Controlled rectifier SCR1 con-

on, a bias voltage is applied to the gate of controlled rectifier

tinues to conduct, allowing current to pass through the load until
the end of the half cycle at which time its anode voltage goes
negative and switches it off. The setting of variable resistor R4
determines the charge time of Cl, therefore controlling the phase

SCR1, switching it on. When SCR1 is switched on, capacitor C1
discharges through the primary winding of Ti. The high -voltage,
induced secondary pulse that results is transmitted to the engine
spark plugs in the normal manner. Resonant action between Cl and

T1 turns off SCR1 in readiness for the next pulse. This circuit
is capable of putting out 20- to 25 -kilovolt pulses with no de-

angle at which SCR1 fires. When R4 is rotated to the upper
portion of the resistance range, switch S1 is placed in position
(2) and power diode D1 is placed in series with the load. Now

crease in magnitude up to 8,200 rpm with a 6- or 8 -cylinder engine.

capacitor C1 charges through resistors R2, R3, and the top portion

FULL RANGE UJT PHASE CONTROL

charges through the same path as before. Therefore, when R4 is set in
the upper portion of the resistor, the circuit is a full -wave phase

of R4 (the bottom portion is shorted by the wiper arm) and disThis circuit is a simple and low-cost phase -control circuit employing a unijunction transistor to trigger a controlled rectifier.
Through the use of a power diode and a switch, the circuit provides nonsymmetrical, continuously variable AC phase -shift control

control, and when R4 is set in the lower portion of the resistor,

the circuit is a half -wave phase control. This results in phase control over load voltage from zero to 100%.
FULL -WAVE SCR -BRIDGE PHASE CONTROL

LOAD

RI

w POWER
D,' -z- DIODE

47

.1

81

SCR 1

II7VAC

5,

UJT I

82

i

(2)1

SWITCH
S1

R4
I MEG

R2

R3

33K

3.3K

in

(2)

SCR GE CII/C15 TYPE

This circuit provides a very smooth operating, full -wave, phase controlled circuit with excellent symmetry of the output waveform.
It employs a gated -diode bridge using a unijunction transistor to
gate a controlled rectifier. The full -wave circuit gives full symmetrical control over load voltage from zero to 100%. The use of power
diodes provides a cheaper method of full -wave phase control than
could be obtained with two controlled rectifiers connected back to
-During the positive half -cycle (when the voltage at the anode of
power diode CR1 is positive), a charging current flows through power

UJT: GE 2N16714

Courtesy General Electric Co.

RI

Full -range UJT phase -control circuit.

over the load voltage from zero to 100%.
When variable resistor R4 is set in the bottom portion of the
resistor range, switch Si is in position (1) and power diode D1
is connected to the base 2 circuit of unijunction transistor UJT1.
The circuit now provides only half -wave phase control to the load.
UJT1 is essentially a ratio device; when its emitter -base 1 voltage

33K

POWER DIODES (4)

Cal

CR2

R4

LOAD

400K
B2
E

II7VAC

81

(interbase) voltage, its emitter -base 1 diode switches into a low -

the gate of controlled rectifier SCR1, triggering SCR1 on.

96

UJT 1

SCR1

reaches the fraction (usually 50 to 70%) of the base 2 -base 1
impedance state. Capacitor Cl is charged through resistors R2,
R3, and the bottom half of R4 (the top half is shorted by switch
Si). When its voltage reaches the level necessary to trigger UJT1,
Cl discharges through UJT1 and resistor R1, producing a pulse at

3.3K

CI

R2

SCR GE 'Cll /CI5 TYPE
UJT: GE 2N167IA

CR3

CR4

47

fi

Courtesy General Electric Co.
Circuit for full -wave SCR -bridge phase control.
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diode CR4, capacitor Cl, resistors R4, R3, R1, and power diode
CR1. This

current charges Cl until it reaches the proper voltage to

gate unijunction transistor UJT1 into conduction. (UJT1 is essentially
a ratio device; when its emitter -base 1 voltage reaches the fraction n,
usually 50 to 70%, of the interbase voltage, its emitter -base 1 diode
switches into a low -impedance state.)

When UJT1 conducts, capacitor Cl discharges through UJT1
and resistor R2, producing a gating pulse at the gate of controlled
rectifier SCR1. This gating pulse triggers SCR1 on, and current flows
through CR4, SCR1, CR1, and the load until the end of the positive

half -cycle. At the end of the positive half -cycle the voltage across
SCR1 drops to zero, and it stops conducting. During the negative
half -cycle (when the voltage at the anode of CR1 is negative), a
charging current flows through power diode CR3, capacitor Cl, resistors R4, R3, R1, and power diode CR4. Capacitor C1 again
charges until UJT1 is biased into conduction, gating SCR1 on. Current flows through the load for the remainder of the negative half cycle. Since the charge time of Cl is dependent on the value of Cl
and the combined resistance of the load and resistors R1, R3, and
R4, adjustment of R4 controls the triggering time of SCR1 and
controls the current allowed to pass through the load.
FULL -WAVE CROSS -COUPLED UNIJUNCTION
TRANSISTOR PHASE CONTROL

This circuit is especially well suited for manual control where four
power diodes cannot be tolerated and a transformerless trigger circuit

of minimum heat dissipation is required. The circuit employs two

parallel -inverse controlled rectifiers (SCR's) as the full -wave circuit.
Each SCR, however, has its own associated unijunction-transistor
(UJT) trigger circuit.
Control is achieved by AC cross -coupling the two timing circuits
with an RC network containing the control potentiometer. During

the positive half -cycle (when the voltage at the anode of controlled
rectifier SCR1 is positive), capacitor C1 starts to charge through
resistors R2 and R1 and the load. However, some of the charge on
Cl flows into capacitor C2 through resistors R3 and R5. Therefore,
the charge time of Cl is dependent not only on the resistance of R1
and R2, but also on the current in the branch
containing C2. Therefore the setting of variable resistor R5 determines the charge time of
Cl. Cl charges until it reaches the proper emitter -base 1 voltage of
unijunction transistor UJT1 to gate it into conduction. Capacitor Cl
now discharges through UJT1 and R4, producing a gating pulse at
the gate of controlled rectifier SCR1. This gating pulse triggers SCR1

on, and current flows through the load for the remainder of the
positive half -cycle.

At the end of the positive half -cycle the voltage across SCR1

drops
to zero, and SCR1 stops conducting. During the negative half -cycle
(that is, when the voltage at the anode of SCR2 becomes positive),
capacitor C3 charges through resistors R7 and R8 and the load. Again
some of the charge flows into C2, and the charge time of C3 is determined by the setting of R5. C3 charges until it reaches the proper
emitter -base 1 voltage of UJT2 to gate it into conduction, discharging
itself through UJT2 and R6. This, in turn, gates SCR2 on, and current
flows through the load for the remainder of the negative half -cycle,
thus completing the cycle.
FULL -WAVE SINGLE-UNIJUNCTION TRANSISTOR
PHASE CONTROL

LOAD

33K

This transformerless trigger circuit uses only one unijunction tran-

R6

R2

C3

100K

.1

2

SCR1

UJT1
B1

Rd

rectifiers

E 81

117 AC

Cl
.1

R3

500K

271(

R5

SCR2

UJT2

C2
1

sistor (UJT) to operate two parallel -inverse connected controlled

47

R7

100K

B2

47

33K

1R8
SCR's - GE C111C15 TYPES

UJT's GE 2N1671A

Courtesy General Electric Co._

Circuit for fullwave, crosscoupled, unijunctiontransistor phase control.
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It uses two steering diodes (CR1 and CR2) to sup(S9R's).
ply positive 41f -cycles to the single unijunction transistor (UJT1).
A suitable network, consisting of resistors R3 and R4 and capacitors C3 and C4, provides the necessary return circuit.
During the positive half -cycle (that is, when the anode voltage on
SCR1 is positive), a charging current flows through capacitors C4 and
C5, resistors R6, R5, diode CR1, and the load. When the charge on
C5 reaches the proper emitter -base 1
voltage on UJT1, it discharges
through UJT1 and resistor R8, producing a positive pulse at the base
1 of UJT1. The charge time of C5 is controlled by variable resistor
R6. The pulse from the, base of UJT1 is
coupled to the gates of controlled rectifiers SCR1 and SCR2. Since the voltage at the anode of
99

GE 1N1693(2)
LOAD
117 V AC

R2

R3 1C3

470

10K -.05

R5

R7

27K

15K

MGR 1

INPUT

R6
250K

117 VAC

B2

SCR1
SCR2

RI

C2

470

SCR's GE C11/C15 TYPES
GE 2N16714
UJT

B1

R4

-C4

10K T.05

WT

R8
C5

47

ICR 2

SIGNAL

T

Tos
Courtesy General Electric Co.

Circuit for fullware, singleunijunction, transistor phase control

SCR1 is positive, SCR1 is now switched on and continues conducting
until the end of the positive half -cycle, at which time the voltage across
SCR1 drops to zero and it ceases to conduct.

During the negative half -cycle (that is, when the voltage at the
cathode of SCR1 is positive), a charging current flows through
capacitors C3 and C5, resistors R6, R5, and diode CR2. Capacitor
C5 again charges until UJT1 is triggered and then discharges, producing a positive pulse at the gate of SCR2. SCR2 now conducts
for the remainder of the negative half -cycle, thus completing the
cycle. Therefore the setting of R6 determines the charge time for C5
during both positive and negative half -cycles and in turn determines
the firing time of UJT1, which controls the firing time of SCR I and
SCR2.
SCR LATCHING RELAY

By combining the characteristics of square -loop core materials with
the silicon -controlled rectifier (SCR) many useful circuits can be developed. This circuit uses two small toroidal cores in conjunction with
two back-to-back SCR's to secure a direct analogy to a single -pole
electromechanical contactor with an electrically isolated solenoid.
With slight modification, an analogy to an electromechanical latching
relay results.
When gate signals are applied to SCR1 and SCR2, they conduct
and supply full -wave AC to the load, thus simulating the closed contacts of a relay or contactor. If no gate signal is applied to the SCR's,
the switch is open. During the open state cores T1 and T2 are saturated by the flow of current from the main AC supply through their

100

RI,R2

10K, 1 WATT

R3 R4

10 OHMS, 1/2 WATT

R5

15 OHMS, I WATT

TI

0.5 MFD, 600 VOLTS
SCR,,SCR2 -G -E 2N685 OR 2N1774
CR1

CR2

G E INI695

*50007- IA
A

5 TURNS -#14 AWG

B 200 TURNS -#28 AWG
C 100 TURNS -#28 AWG

0.25 MFD,200 VOLTS

,C2

C3

MAGNETICS, INC ORTHONOL CORE

T2

MAGNETICS, INC ORTHONOL CORE

#50007 -IA
A

5 TURNS -#14 AWG

B 200 TURNS- #28 AWG

Courtesy General Electric Co.

SCRIatching-relay circuit.

respective B windings during alternate halves of the cycle. This curIent is limited by resistors R1 and R2 respectively. Under these conditions, the gate voltage applied to the SCR's is limited to less than
0.25 volt by the voltage-dividing action of R1 and R3 across SCR1
and R2 and R4 across SCR2. Neither SCR fires, and no current flows
in any of the reset windings of the cores. If a low-level voltage is now
applied to the signal (C) winding of Ti, this core will reset during
the half pycle that the anode of SCR1 is negative and CR1 is blocking.

When the.anode of SCR1 starts to swing positive on the following
half cycle, winding B on T1 sustains part of the supply voltage, and
capacitor Cl charges through CR1 and R1. After about 1 or 2 milliseconds the core of Ti is saturated, and Cl discharges through the
gate of SCR1, firing it. Current will now flow through the load and
SCR1 for the remainder of the half cycle. The gate -firing circuit of

SCR2 is identical-to that of SCR1 except that no separate signal
winding is used. Core T2 depends on current through its A winding
to reset the core and thus permit firing of SCR2. SCR2 fires on the
following half cycle, and full -wave voltage is applied to the load.
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16 -AMPERE DC CIRCUIT BREAKER

In some phase -controlled applications the fault current due to a
short circuit may reach destructive proportions within one-half cycle.
This prohibits use of conventional circuit breakers for protection.
Also, in some types of inverters operating on DC it may be desirable

comes large enough to cause series -connected diodes CR1 to conduct.
When this occurs, current flows through R2 and CR1, developing a

positive voltage at the gate of SCR2, switching it on. Again, when
SCR2 switches on, capacitor Cl reverse -biases SCR1, switching it
off. By adjusting the value of RI and by selecting the proper number
of series diodes, the circuit can be made to trip out and interrupt
overload or fault current at any predetermined level.
SCR CIRCUIT BREAKER

This circuit provides the same protective functions as the previous
one plus a circuit for tripping the breaker as soon as the start button
is depressed, if there is a short across the load.
The circuit breaker is essentially a parallel capacitor -commutated
flip-flop. When the start button is depressed, a positive voltage is applied to the gate of controlled rectifier SCR1, switching it on. Current
is now allowed to pass through the load, SCR1, and resistor RI. If,

+o
125

VDC

-p_0.4I trip MFD

R1^-4 3/It ripOHMS NON -INDUCTIVE

C1

R2- 220 OHMS,1/2 WATT

SCRISCR2-G.E. C4OB

R3-100 OHMS,I/ 2 WATT

CR1 -(3)G.E. INI692

R4-2200 OHMS,I0 WATTS

CR2 -G.E. IN2158

R5-2200 OHMS, 5 WATTS

Courtesy General Electric Co.
Schematic of 16 -ampere DC circuit breaker.

to have a fast electronic circuit breaker in the event of loss of commutation in the inverter for any reason. This circuit provides these protective functions very nicely.
The circuit breaker is essentially a parallel capacitor -commutated
flip-flop. When the start button is depressed, a positive voltage is applied to the gate of controlled rectifier (SCR1), switching it on. Current is now allowed to pass through the load, SCR1, and resistor RI.

Capacitor Cl charges through resistor R4 to the voltage across the
load. When the stop button is depressed, a positive voltage is applied
to the gate of SCR2, switching it on. Capacitor Cl is now essentially
connected across SCR1, and the positive charge on the right-hand
plate of Cl reverse -biases SCR1 into the Off state. When SCR1 is
on, the circuit may also be shut off if the voltage drop across R1 be -

RI

0.25 OHMS NON INDUCTIVE

C1

6 MFD PAPER, 400 V.

R2

220 OHMS, 1/2 WATT

C2, C3

0.1

R3

5 OHMS, 1/2 WATT

C4

1.0 MFD PAPER, 400 V.

R4

22 OHMS, 1/2 WATT

SCR', SCR2

G E C408

R5, R8

I MEG, 1/2 WATT

CR1, CR4

(4) G -E INI692

R6, R7

56 OHMS, 1/2 WATT

CR2

G E IN21513

R9

2200 OHMS, 30 WATT

CR3, CR5

G E 1N1693

MFD PAPER, 400 V

Courtesy General Electric Co
SCR circuit -breaker schematic.
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when SCR1 is turned on by the start button, normal load current

SI
START- STOP

flows, the circuit will continue to operate.

If, on the other hand, a short circuit exists in the load, the current
through R1 will increase rapidly until the voltage across R1 exceeds
the forward breakdown voltage of CR1. At this point, current flows
through R2 and CR1, developing a positive voltage at the gate of
SCR2. SCR2 now conducts, and capacitor Cl, which was previously
charged through an independent power supply of approximately the
same voltage as the source, is placed across SCR1. The positive charge
on Cl is applied to the cathode of SCR1, switching it off immediately.
As long as the fault exists, it will be impossible to keep the circuit
turned on. When the stop button is depressed, a positive voltage is
applied to the gate of SCR2, switching it on. Charge capacitor Cl is
again placed across SCR1, switching it off.

I -INVERTER
LOAD

L

the voltage drop across R1 is greater than the forword breakdown
voltage of diode CR1. Current now flows through resistor R2 and
CR1, producing a positive voltage at the gate of controlled rectifier
SCR2. SCR2 now conducts, and previously charged capacitor Cl is
effectively placed across SCR1. Since the right side of Cl is positively
charged, SCR1 will be back biased and switched off. As long as the
fault exists, it will be impossible to keep the circuit turned on. If, when
Si is closed, normal load current flows, the circuit continues to con-

duct since the voltage drop across R1 does not exceed the forward
breakdown voltage of CR1. If at any time there should be a temporary short, the circuit will shut off as previously mentioned. However, when the short disappears, the switching action of Q1 recloses
the circuit, and current again flows through the load.
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_J

R6

125
VDC

R4

SCR2

CR3

CIRCUIT BREAKER WITH AUTOMATIC RECLOSING

In some phase -controlled applications the fault current due to a
short circuit may reach destructive proportions within one-half cycle.
This would prohibit use of conventional circuit breakers for protection. Also, in some types of inverters operating on DC it may be desirable to have a fast electronic circuit breaker in the event of loss of
commutation in the inverter for any reason. This circuit features these
functions and an automatic reclosing circuit.
Before power is applied to the load, capacitor Cl is charged through
diode CR2 and resistor R7. A seperate power supply of approximately
the same voltage as the source is used to charge Cl. When start -stop
switch S1 is closed, capacitor C2 charges through resistor R4 to the
emitter -base 1 breakdown voltage of unijunction transistor Ql. When
the charge on C2 reaches this level, Q1 is triggered on and C2 discharges through resistor R3, producing a positive pulse at the gate
of controlled rectifier SCR1. SCR1 now conducts. If the load is shortcircuited, the current through resistor R1 increases to the point where

I CR2

C2T

R1 - PI

-3/ I trip

C1

0.4 Itrip MFD

R2

220 OHMS, 1/2 WATT

C2

0.1 MFD

R3

47 OHMS, 1/2 WATT

SCR!, SCR2

G E C408

R4

1 MEG, 1/2 WATT

CR1

(2) G -E 1N1695

R6

150

OHM, 1/2 WATT

CR2

G -E 1N2158

R6

5600 OHM, 2 WATT

CR3

INI529 BREAKDOWN 0100E

R7

2000 OHM, 10 WATT

01

G E 2N16718

OHMS, NON -INDUCTIVE

Courtesy General Electric Co.

Schematic of circuit breaker with automatic reclosing.

HIGH -CURRENT SWITCH

Two, possible variations for high -current, solid-state switches are
shown, In each case load current from 1 to 15 amperes can be switched using these circuits to replace relays. These switches are designed
for normally off operation in which the load can be switched on in
either of two ways. The load can be switched on by activating normal-

ly closed switch Si, or the load can be switched on by applying a
small input signal which exceeds a certain threshold. The load is turned off either by closing switch Si or by reducing the input below the

threshold. For the circuits shown, the current through switch S1 is
15 ma. For switching with an input signal instead of Si, a 3 -volt DC
source capable of supplying about 40 milliwatts is necessary.

Circuit A is a 15 -ampere switch with a load resistance of 1.53
ohms. The output power is 345 watts at 15 amperes with an efficiency
105

COLD START

QRE LAY
RB2

-15 AMPERE SWITCH

(A) 15 -ampere switch.
0

RL1

CIRCUIT VALUES:
GA1C3, 3N47
A

+

or 3N48

DI 9Iv low Zener
-7E--

28V

+ NOMINAL

it&

TI

Lp - 100 turns
L

L

- 1 mh

R

T2 - Core Delta Max 3T8043 -D4

64h

NI - 10 turns

5.5K 0

N2. 50 turns
N3- 1 turns

0.2552
Ls 26000 turns
R

B

V I2v

-5 AMPERE SWITCH

(A) Negative ground.

Courtesy Minneapolis -Honeywell Regulator Co.
(B) 5 -ampere switch.

+

Circuit for highcurrent switch.

91 V-10 WATT ZENER

COLD START

of 82%. The output power in the off condition is 1.1 milliwatts. The
input signal required for turn -on is 3 volts.
Circuit B is a 5 -ampere switch with a 4.86 -ohm load resistance.
The output power in the on condition is 134 watts at 5.25
amperes
with an efficiency of 90%. The output power in the off condition
is
3.0 milliwatts, and the input signal required for turn on is 3 volts.

SOLENOID
1411

IOAMP DAP
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TO

25 WATTS

DISTRIBUTOR
T

L4 G

5.6 OHMS
2 WATTS

lc, Ls

C=1

r

lc>

L,
12 VOLT
BATTERY

Transistorized ignition systems where the current flow passing
through the points is substantially reduced through the use of a
transistor have two major advantages over normal types of ignition

cause there is a limited amount of energy for the switch core. The

0.43 OHMS

0.33 OHMS
25 WATTS

TRANSISTORIZED IGNITION SYSTEM

systems. First, there is less wear on the breaker points since the breaker points carry less current, and there is very little, if any, high voltage
fall -off at high engine speeds. The use of a transistorized
system, of
course, increases the reliability and life expectancy of this type of
ignition arrangement.
The transistors that are used should have four important characteristics for this application. The input impedance should be low be-

- 2)JF 600 V

(

14> L3

L2

B OHMS

25 WATTS

iN
SWITCH CORE -TI

POINTS - Si

HIGH VOLTAGE COIL - T2

Material - Deltamax 3T8043 -D4

L1 10 turns

L2 50 turns

L3 I turn

L4 100 turns
I mh
0.2552

L5 26000 turns

64h

5.5K0

Courtesy Bendix Corp.

(B) Positive ground.
Transistorized ignition.system circuits.
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breakdown voltage for the transistor should be high because it is possible to obtain high voltages under various conditions, such as an open

secondary or problems with the voltage regulator. The transistor
should also be capable of operating at high temperatures because in
certain situations, such as when starting the engine, there will be a

sufficient amount of power dissipation through the transistors to heat
the junction. The transistor should also be able to be driven to the
off state quickly because it is desired to turn off the collector current
in the shortest possible time.
Circuit A is a negative -ground system designed for 12 volts, using
the Bendix 10 -ampere transistor DAP -B-1858 together with a zener
diode which is used to protect the transistor from transient voltage
spikes.
Circuit B is a positive ground system with the necessary changes for

this type of operation.

SECTION 7

PHOTOELECTRIC
DEVICES
DIFFERENTIAL PHOTO RELAY

The differential photo -relay circuit requires two photocells, and the
circuit responds to a difference in light between these two cells. This
is somewhat like a bridge circuit in which the operation depends on the
unbalance between the two elements. As shown, there are two photocells whose resistance is a function of the light falling on them. These
two photocells are connected in series across the 12 -volt source, and
their mid -point is tied to the base of transistor Ql. In operation either
photocell decreases in resistance and then the other decreases in resistance. The sequence depends on how an object passes by the two
photocells and affects the light falling on them.
An, object passing the photo cells will cause a negative -going pulse
and then a positive -going pulse to appear at the base of Ql, or the sequence can be reversed. In either case the pulse is amplified by Q2,
an through capacitor C3 the amplified pulse is applied to the trigge? circuit made up of transistors Q3 and Q4. The trigger circuit
converts the signal created by the photocells and amplified by the first
two stages into a sharp pulse which can be either positive or negative,
depending on the setting of control R6. The pulse output from the trigger circuit is used to control a multivibrator composed of transistors
05 and Q6. The output of the multivibrator, in turn, operates the
relay The length of time the relay remains closed depends on the
value of capacitor C5. This relay is closed whenever the object passing the two photocells causes a trigger -circuit output. R6 controls the
sensitivity of the circuit and requires adjustment according to specific circumstances.
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PHOTO -RELAY CIRCUIT

0
ao

This circuit shows a sensitive three -transistor photo -relay circuit
using a photoresistive cell. The relay is operated when the light intensity falls below a predetermined level. The operating point is determined by the setting of R1. The range of adjustment is such that the
relay is energized in bright light and held open when it is dark. The
maximum power controlled by this relay depends on the relay contacts themselves. Two amperes can be accommodated in the circuit
t 1 1 5 volts with this particular relay.
The photosensitive element is V1. Variations of light intensity on
this photocell vary its resistance. 01 is an emitter follower with a high -
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Differential photo -relay circuit.
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(such as

Potter & Brumfield Type RS5D).

a)

R2, R3 -100K, 1/2w. Resistor.
R4-4.7 to 5.6K, 1/2w. Resistor.
R5 -2001i to 1K, 1/2 w. Resistor.
R6 -1.2K, 1/2w. Resistor.
R7, R8 -3.3K, 1/2w. Resistor.
R9 -27.C2, 1/2w. Resistor.

S1-S.P.S.T. Switch.
VI -Clairex CL -3 Photocell.

Courtesy Sylvania Electric Products, Inc.
Photo -relay circuit.

u& for the second stage. Transistors 02 and Q3 function as a trigger circuit. The characteristic of this circuit is such that when the
base voltage of 02 is above a certain value; 02 is cut off. When the
base voltage of 02 is below this value, 03 then conducts a large current which closes the relay. Only a very small change in voltage on
the base of 02 is required to switch the relay.
R1 is used for adjustment and, with light falling on the photocell,
R1 is set to the point where the relay opens and a slight decrease in the
amount of light will close the relay. A certain amount of experimentation is needed to set the relay at the proper point, depending on operating conditions for the particular application.
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PHOTOELECTRIC COMPARATOR

WIRELESS REMOTE PHOTO FLASH

The photoelectric comparator is a balanced light-sensitive bridge

The wireless, remote, photo -flash unit is used to supplement the
regular flash unit on a camera. The remote unit is triggered by the
flash of the regular camera. When properly located, the wireless, remote, photo -flash unit will add depth and detail to a picture which
cannot be obtained with a single flash bulb. The remote flash unit
operates when the flash is received at the sun battery. A direct -coupled wideband amplifier amplifies the sun -battery voltage and fires

that indicates any unbalance in light intensity applied to the two
photoelectric cells. The comparator can serve in a number of applications, such as determining the difference in color of two objects which
have an otherwise similar surface. The color difference produces a
difference in reflected light from the two objects, provided that they
are equally well illuminated and the cells are held the same distance

away. The comparator can also be used to detect people passing

a conventional battery -capacitor firing circuit. The wide -band amplifier provides a fast response time, assuring that the slave flash will fire
while the camera shutter is still open.

through doorways, the passage of electric trains in a model railroad
setup, the opening and closing of doors, etc. The photoelectric comparator is far superior to conventional photoelectric circuits for many
applications; conventional photoelectric circuits require a constant resetting of the sensitivity control as the daylight background changes.
With no illumination the resistance of the photocells is very highgreater than 1 megohm. Since all of the components in each transistor

When the flash from the camera is received at the sun battery, a

voltage is produced which forward biases transistor 01. Transistor Q1

R2

0
YI
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----- 4 5 V

OPE I

R5

(DPE 2
B1 - 221/2 -volt battery

Q1, Q2 - Sylvania 2N1266 transistor
111, R4 - 120 k, I/2 w

B1 - 4.5 -volt battery

R2, R3 - 680 0, 1/2 w
R5 - 5 k potentiometer, 1/2 W

PEI, PE2 - Sylvania CDS-9M

B2 - Sun battery, International Rectifier
Corp. Type B2M or equivalent
Cl - 100 mfd electrolytic, 25 -volt
FX1 - Flashbulb - any conventional type
consistent with power supply and socket
11 - 6 -10 -volt indicator lamp such as
#51 or #47

M1 - 1 ma d -c meter, zero -centered
photo -electric cell

Courtesy Sylvania Electric Products, In,
Photoelectric comparator.

Sigma Type 550 G -11F or equivalent

Q1 - Sylvania 2N229 transistor
Q2 - Sylvania 2N255 transistor
RI - 10 k, 1/2 w potentiometer
R2, R3 - 15 k, 1/2 w
R4 - 470 Si, 1/2 w
RS- 100 Si, 1/2 w

Courtesy Sylvania Electric Products, Inc.
Wireless, remote photoflash.

circuit are identical, a balanced condition exists when no light is
present or when light of the same intensity is applied to each photoelectric cell. When the circuit is in a balanced condition, resistor
R5 is adjusted for a zero indication on meter Ml.
If the light intensity applied to photoelectric cell PEI is decreased,
its resistance will increase considerably, causing an unbalance of the
bridge circuit and increasing the collector voltage of 01. If the light

KI - 500 ohm relay, single -pole,
single -throw, normally open

-

is driven into conduction, providing a bias current at the base of transistor Q2. Potentiometer R1 is the sensitivity control for the circuit.
When R1 is adjusted to minimum resistance, the sun -battery output is
shorted and no bias current flows through 01. As the potentiometer is
backed off, the loading on the sun battery is reduced, and more of the

intensity applied to photoelectric cell PE2 is not changed, the increased voltage at the collector of Q1 will cause current to flow

generated current serves to bias the transistor. Resistors R2, R3,

through meter Ml.

duction, transistor Q2 starts to conduct, and relay K1 is energized.
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and R4 are bias resistors for Q1 and Q2. When Q1 is driven into con113

When K1 is energized, the bias voltage is removed from Q2, cutting
off Q2 and de -energizing relay K 1. This results in a buzzing action by

Kl, producing a pulsating DC voltage across capacitor Cl and indicator lamp I1. This pulsating DC voltage produces a current flow
through Cl and I1 which flashes the bulb. In normal operation, when
relay K1 is open capacitor Cl charges to 221/2 volts. When the relay
closes, the capacitor discharges, firing the flash bulb.
To adjust the circuit for the light level in a given room, slowly turn

the sensitivity control (with the flashbulb removed) until the circuit
just starts to make a buzzing sound; indicator lamp I1 will glow. Now
turn the control back to a point just beyond that where the indicator
light goes out.

idly to the load voltage through resistor R3, and capacitor C1 charges
slowly through resistor R1. When capacitor Cl becomes charged to
the trigger voltage of unijunction transistor UJT1, the unijunction
fires, and CI is discharged rapidly through resistor R4 and unijunction UJT1. The positive pulse developed across R4 is coupled through

diode CR1 and capacitor C2 to the output and to the cathode of
LAS1. The result is a pulse output whose width is dependent on the
RC time constant of RI and Cl. The variable pulse -width LAS may
be used either as a pulser (by differentiating the square -wave output
with a capacitor), or as a light -activated time delay (by stretching the
output square wave up to several seconds with suitable UJT constants).

VARIABLE PULSE -WIDTH LIGHT -ACTIVATED SWITCH

The single -shot, variable -pulse - width, light -activated switch
(LAS) uses a light source to produce a variable pulse -width output.
The LAS is a subminiature glass-encapsulated silicon PNPN controlled rectifier possessing characteristics similar to conventional gate operated, PNPN controlled rectifiers. The LAS is triggered on with
incident light energy rather than with an electrical gate current.
When light energy is applied to LAS1, the supply voltage is passed
to the load and the pulse -forming network. Capacitor C2 charges rap -

VARIABLE ON -TIME SWITCH

The impulse -actuated, variable -on -time switch uses a light -actu-

ated switch (LAS) to apply current to the load and an RC time
constant to determine the length of time the current will be main -

RI

CRI W

R5

LAS
L79

:70 K

Z CR2

:32K

+12 VOLTS DC
CI

CR3 Z
II7VAC

LAU / L7U

C2

Z CR4

R31.

250K

60 CPS

TooF TI.5e

LOAD UP
TO

LAS 1

25 WATTS
1"01

RI
CRO

CR5 6-E IN539

Courtesy General Electric Co.

LOAD

Variable on -time switch.

330
OHMS

tamed. During conduction of the LAS, the full sine wave is applied
to the load with virtually no harmonic distortion. This circuit is useful
for operation of solenoids, contactors, small motors, lamps, etc.
'When a light source is applied to the LAS, current is applied to the
load. During the positive half -cycle, current flows through the load,

diode CR4, LAS, and diode CR1. Capacitors Cl and C2 charge

R3- I K

Courtesy General Electric Co.

Light-activated-switch circuit.
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through CR5 during this half -cycle. During the negative half -cycle,
current flows through diode CR3, the LAS, diode CR2, and the load.
Capacitors Cl and C2 discharge through resistors R2, R3, R1, and the
115

LAS. As long as this capacitor -discharge current is higher than the
holding current, LAS cannot commutate. When the discharge current
drops below the holding current, LAS turns off at the next succeeding
current zero, assisted by resistor R4 for inductive loads. Decreasing
the value of R3 reduces the time the switch remains on. This switch
can turn on at any phase angle, but it will turn off only at zero current.
"WORLD'S SMALLEST PHASE CONTROL"

During the positive half -cycle, current flows through the load and
LAS1 only after LAS1 is triggered on by the light from the No. 2128
lamp. After the positive half -cycle, the bias on LAS1 is removed and
it returns to the Off state. The lamp must now reach the firing level of
LAS2 before the negative half -cycle is passed by LAS2 to the load.
Therefore the setting of R1 determines the firing level of LAS! and
LAS2. Adjustment of R1 determines the on time of the light -activated
switches and consequently controls the voltage applied to the external
load.

This circuit consists of two light -actuated switches (LAS's), a miniature No. 2128 lamp, and a variable resistor. The circuit is very useful for small heating elements, such as a soldering iron or for lamp
dimming except at the low end of the range where flickering occurs as
LAS I L78

LAS COUNTING CIRCUIT

The LAS counting circuit uses light -activated switches (LAS's) to
trigger a capacitor -commutated, controlled -rectifier (SCR), flip-flop
circuit with an electromechanical -counter load in one leg. The counter
shifts one digit each time the flip-flop goes through one full cycle.
With suitable selection of components the circuit may be used to
power a variety of DC loads, such as relays, stepping motors, lamps,
CRT AND CRS FOR
INDUCTIVE LOADS ONLY
C

151552
ISO OHMS

2V,

87 VAC
60 CPS

CR2

CRS

6-0
1119116

UT VAC

)I-4

60 CPS

LAS 2 L78

CI

ipF
2

SCSI
41-ECI5U

O

6-EC151.1
_ciSCR

25 WATT LAMP LOAD

Courtesy General Electric Co.

Circuit of "world's smallest phase control."

J

the result of changes in lamp resistance. The light -activated switch is a
subminiature glass -encapsulated silicon PNPN switch that possesses
characteristics similar to conventional gate -operated PNPN controlled
rectifiers. The LAS is triggered on with incident light energy,, rather
than with an electrical -gate current.

Light -activated switches LAS1 and LAS2 are connected back to
back so that AC can pass. When current is applied to the circuit, the
source voltage is dropped across resistor R1 and the external load. The
voltage across the No. 2128 lamp is dependent on the setting of R 1 .
With a low voltage applied to the lamp, the time to reach the LAS firing level is about three cycles. As the applied voltage is increased, this
time is reduced, reaching about 1 millisecond when the lamp is directly across the LAS terminals.
116

4

LAS1

TI AND T2

TRIAD FOSS
ION EQUIV.,

LA

CR1-1. CRS .-6-215111512

LASS~
L

LAS

LAS

Courtesy General Electric Co.

LAS counting circuit.
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etc. With slight variations it is also useful in many monitoring, control, and alarm applications.
The 117 -volt AC, 60 -cycle input is applied through transformer T1

to fullwave rectifier diodes CR1 through CR4. The output of the
rectifier is applied to the flip-flop circuit composed of silicon -controlled rectifiers SCR1 and SCR2. With all the light -activated switches on,
SCR2 conducts, since it receives a gate signal through the LAS string
from transformer T2.
Controlled rectifier SCR1 cannot fire because the conducting -vol-

tage drop across the string of LAS plus the gate voltage of SCR2 is
lower than the breakdown voltage of zener diode CR6. When any of
the light beams are broken, however, one of the LAS's will cease to
conduct, since the AC voltage from T2 makes them self -commutating, and the gate voltage is removed from SCR2. Voltage then rises
across CR6 until it conducts and triggers SCR1. SCR1 then activates
the counter. The circuit resets when all light beams are restored to the
LAS string.
PRODUCTION -LINE FLOW MONITOR

This circuit is used to monitor the smooth flow of small components
down a high-speed conveyor chute. It has the capability of "overlooking," or passing up, small self -clearing pile-ups, but it will shut the

fier SCR1, the SCR will be triggered on, and 117 volt AC is applied
across the relay.
During the normal flow of moving objects past LAS1, the switch
is briefly commutated by the 60 -cps AC line voltage. During these off
periods, capacitor Cl starts to charge toward the peak AC line voltage
through R1, R2, and CR1, but it is shorted to zero once more as light
is restored to LAS1. However, should there be a pile-up, the light
path to LAS1 is blocked for more than a few milliseconds, and capacitor Cl continues to charge unimpeded by LAS1. At some time determined by the time constant of Cl, R1, and R2 the voltage across C1
will exceed the avalanche voltage of zener diode CR2 and fire controlled rectifier SCR1. SCR1 then activates the load. Reset is automatic
when light is restored to LAS1. The delay time can be adjusted from a
few milliseconds up to several seconds by adjustment of Rl.
SLAVE FLASH

In the photographic industry there is a need for a fast photo -sensitive switch capable of triggering the slave flash units used extensively
in multiple -light, high-speed photography. This circuit shows how an
industry -standard flash -gun circuit can be modified with a light -activated switch (LAS) to serve as a fast -acting slave unit.
RI RIO OHMS 2W

I
71:

300 VDC
SOURCE

-L
MOVING

II? VAC

OBJECT

"40 CPS

Courtesy General. Electric Co.

Circuit for slaveflash unit.
LIGHT
SOURCE

Courtesy General Electric Co.
Production -line, flow -monitor circuit.

line down rapidly in the event of an impending catastrophic "jam."
When light -activated switch LAS1 has been interrupted for a sufficient length of time for a gating voltage to develop on controlled recti118
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With switch S1 closed. capacitor Cl charges to 300 volts through
resittor R1, and capacitor C2 charges to approximately 200 volts
through resistors R2 and R3. When the master flash gun fires (triggered by the flash contacts on the camera), its light output triggers
LAS1. LAS1 is switched on, and capacitor C2 discharges through
LAS1 and the primary winding of transformer Ti. The secondary of
T1 produces a high -voltage pulse to trigger the flash tube. The flash
tube discharges capacitor Cl, while the resonant action between C2
119

and T1 reverse -biases LAS1 for positive turn-off. With the intense
instantaneous light energy available from present-day electronic flash

and meter MI reads zero current. At a low intensity R1 and R3

units, the speed of response of the LAS is in the low microsecond
region, leading to perfect synchronization between master and slave

raphy light meter is mounted on the camera, be sure that there is

units.

PHOTOGRAPHY LIGHT METER

This photography light meter can be used by amateur photography
fans; it is a simple device to construct. The circuit uses a photodiode
to control the base bias on transistor Q 1. As the light intensity increases on the photodiode, current through 01 decreases. As the current through Q1 decreases, the needle on meter Ml moves from

should be adjusted for full-scale deflection of Ml. When the photognothing obstructing the light falling on the photodiode. Also. photo diode V1 must be polarized correctly. The cathode end of the photo diode is indicated by a red dot on the body of the unit.
AC -OPERATED CIRCUITS

Photocell and relay circuits can be operated directly from an AC

source either by using an AC relay or a rectifier and a DC relay.

Circuit A shows the use of an AC relay; AC line voltage is
applied directly across the variable resistor. Light levels as low' as
1.0 foot-candles operate this circuit. The control allows adjustment
of the photocell current for relay operation. This circuit is designed

\ SI
RCA PHOTOCELL: TYPES 4403, 4404, or 7163
Ri 10, 000 -oh m potentiometer, 3 watts
AC Relay: Sigma, Type 41FZ, 5000SC, or

equivalent

9V.= B

F-°
f

TO

0 0 CONTROLLED

0

CIRCUIT

(A) Circuit using AC relay.
SR

Bl - 9V. Battery, Burgess /2N6 with snap
terminals or equivalent.
MI - Meter, 0 to 15 milliamperes D.C.
Ql - Sylvania 2N35 Transistor.
RI - 3K Potentiometer.

R2 - 27K, 1/2w. Resistor.
R3 - 2500 Potentiometer.
R4 - 680, 112w. Resistor.
Si - S. P. S. T. Toggle Switch.
VI - Sylvania 1N77A Photodiode.

Courtesy Sylvania Electric Products, Inc.

Circuit for photography light meter.

right to left in a manner similar to an ohmmeter. A chart of camera
settings versus meter readings has to be made through experimentation.

With a low light -intensity level the photodiode is back biased so
that its resistance is very high. Therefore the voltage on the diode approaches the battery supply voltage. This positive voltage on the base

of transistor 01 results in heavy conduction. As the light intensity
increases, the back resistance of V1 decreases, thus decreasing the
positive voltage on the base of 01, and the current flowing through
M1 decreases. At intense light levels the photodiode is a short circuit,
120
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*THE RELAY FRAME IS AT ARMATURE
POTENTIAL AND SHOULD BE

TO

0 0 CONTROLLED

INSULATED FROM A COMMON
CHASSIS FOR SAFETY REASONS.
RCA PHOTOCELL TYPES 4403, 4404, or 7163
C: 844, electrolytic, 250 volts Icic working)

T

25,000 -ohm potentiometer, 5 watts,
Centralab Type WN, or equivalent
R3; 10, 000 ohms, 1 watt

CIRCUIT

DC Relay: Sigma, Type 111-9000G/S IL, or

equivalent, 9000 ohms, 2.4 ma
operating current

R1: 5.6 ohms, 1 watt
R2:

0

SR:

Silicon Rectifier, RCA -1N1763

Courtesy Radio Corporation of America.

(B) Circuit using DC relay.
ACoperafed reiay circuits.
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for on -off applications and should not be used where
the light level
varies gradually, since this causes relay chatter.
Circuit B can be used for gradual changes in light or for an on -

off application. A rectifier is used so that a DC
relay is applicable
to the circuit. This circuit also operates with light
levels as low
as

1.0 foot-candle.

Circuit A shows indicator lamp L, which is initially off when the
circuit is dark. However, when light falls on the photocell, the relay
is energized, and the lamp is then connected across the AC line. This
lamp illuminates the photocell so that the lamp remains on until the
push buttons is manually reset. When the button is pressed, the circuit
opens and the relay drops out. This circuit is activated by the presence of light.

ANNUNCIATOR SYSTEMS

Circuit B shows an annunciator system that responds to darkness.
In this circuit, when the photocell is illuminated and the switch is
manually set, the photo -current flows through the photocell and
through the relay coil as shown. The indicator lamp is off. When the
illumination on the photocell is removed, however, the relay opens,
connecting the indicator lamp to the AC line. Thus the lamp remains
on, even though the photocell is illuminated again, until the circuit is
reset by the button which re -energizes the relay.

*THE RELAY FRAME IS AT ARMATURE POTENTIAL

AND SHOULD
BE INSULATED FROM A COMMON CHASSIS FOR SAFETY
REASONS.

RCA PHOTOCELL TYPE 7163

Transistor amplifiers can be used in an automatic lighting control, such as used in automobiles to dim the headlights as an on -

S:

C:

8µf, electrolytic, 30 volts (cic working)

L:

117V AC lamp

Push-button switch, normally closed,
Littel Switch, Type 102, or equivalent
Silicon Rectifier, RCA -1N1763
DC RELAY: Sigma, Type 111-9000 GISIL, or
equivalent, 9000 ohms, 2.4 ma
operating current.
SR:

RI: 5.6 ohms, 1 watt
R2: 3, 000 -ohm potentiometer, 5 watts,
Centralab Type WN, or equivalent
03:

AUTOMATIC LIGHTING CONTROL

10, 000 ohms, 1 watt

A) Light -activated circuit.

12 VDC

\1, PHOTOCELL

DC

RELAY

Courtesy Motorola Semiconductor Products, Inc
RCA PHOTOCELL: TYPE 7163
C:

8µf, electrolytic 250 volts Idc working)
L 117V AC Lamp

R1: 5.6 ohms, 1 watt
R2, 3, 000 -ohm potentiometer, 5 watts,
Centralab Type WN, or equivalent
10, 000 ohms, 1 watt

S: Push-button switch, normally open,
Littel Switch, Type 101, or equivalent
SR: Silicon Rectifier, RCA -1N1763
DC RELAY: Potter and Brumfield, Type GB11D,

or equivalent, 10,000 ohms, 3.53 ma

operating current

Courtesy Radio Corporation of America.

(B) Dark -activated circuit.
Annunciator -system circuits.
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AutomaticIighting-control circuit.

coming car approaches. This circuit uses three transistors; two of
these are 2N706's and one is a 2N1192 which drives a relay. The
photocell is a CL -4. When light hits the photocell, the change in
resistance causes a change in the base current of the first 2N706.
This is amplified and appears as a change in current which causes
the relay to switch the automobile headlights from bright to dim.
A zener diode (1N961) is used to regulate supply voltage.
123

DC -OPERATED PHOTOCELL CIRCUITS

There are various possibilities for simple circuits using direct
current sources, such as batteries, for operating photocells and their
associated relays.

Circuit A uses a type 7163 photocell. This is a very simple circuit

that can give direct relay operation without any requirement for
circuit amplification. Light falling on the photocell reduces the
circuit resistance and increases the circuit current to the point
where the relay closes. For 6 -volt operation an illumination of about

RCA PHOTOCELL: TYPE 7163
BATTERY: 6- or 12 -volt battery, RCA-VS040S

lOne, or two series connected)

PHOTOCELL

DC RELAY: Advance, Type SVI1C12200D, or

equivalent, 2200 ohms, 1.5 ma

DC RELAY

operating current

0

TO

O O CONTROLLED
CIRCUIT
0

6 foot-candles is required on the photocell to operate the relay.
For 12 -volt operation an illumination of about 4 foot-candles is
required.

Circuit B shows the use of a type 2N109 transistor as an ampIn this particular circuit the relay is activated when light
falls on the photocell with illumination levels as low as 0.5 footcandle. The potentiometer (R2) in the base leg of the transistor
lifier.

circuit allows adjustment of the circuit sensitivity.

(A) Circuit without amplification.

Circuit C shows how a photocell can be used with a vacuum tube amplifier. Here the illumination levels on the photocell can
be as low as 0.1 foot-candle. In this circuit the potentiometer (R2
acts as a sensitivity control for the circuit. It is necessary that the
12K5 be shielded so that light from its filament does not fall on the

RCA PHOTOCELL: TYPE 4425

photocell.

120 ohms, 1/2 watt
R2: 5000 -ohm potentiometer, Mallory, Type U-14,
or equivalent
R1:

BATTERY: 6 -volt battery, RCA -V5317

DC RELAY: Sigma, Type 5F, or equivalent, 1000

ohms, 2.3 ma operating current

*THE RELAY FRAME IS AT ARMATURE POTENTIAL AND SHOULD
BE INSULATED FROM A COMMON CHASSIS FOR SAFETY REASONS.

(B) Circuit with transistor amplifier.

RCA PHOTOCELL: TYPE 4402
R1:
R2:
R3:

3300 ohms, 1/2 watt
1. 5-megoh m potentiometer
56 ohms, 112 watt

BATTERY: 12 -volt automobile storage battery
DC RELAY: Sigma, Type 4F, or equivalent,
1000 ohms, 4.5 ma operating

current

*THE RELAY FRAME IS AT ARMATURE POTENTIAL AND SHOULD BE
INSULATED FROM A COMMON CHASSIS FOR SAFETY REASONS.

(C) Circuit with vacuum -tube amplifier.
Courtesy Radio Corporation of America.
DC -operated photocell circuits.
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SECTION 8

POWER REGULATORS
THREE-PHASE AC CONTROL OF DC POWER

A circuit showing continuous control of the maximum output DC voltage from 0 to 100% is shown. There are essentially
three

ordinary rectifiers and three silicon -controlled rectifiers.
is fired independently by the

Each of the controlled rectifiers

unijunction-transistor firing circuit associated with it. The firing
angle for each phase is controlled by the collector current of
Q2, which acts as a charging source for the unijunction emitter
capacitor. The collector current of Q2 is controlled by transis-

tor

Q1,

and,

consequently,

the

change in

the

firing

angle

is proportional to the change in the DC control voltage at the

base of transistor Q 1 . This circuit allows complete control of the
DC output voltage over the entire range from 0 to the maximum
available from the circuit.
ALTERNATOR REGULATOR

Where alternating -current generators are used,
charging or with emergency power supplied, it

as for battery
is necessary to

regulate the output voltage of the generator within reasonable tolerances. This circuit is for a 12 -volt, 3 -phase, automobile -type alternator. The circuit can be adapted as shown for any number
of phases.

A certain portion of the DC voltage is taken across resistor
R2, and, when this voltage is less than the zener reference voltage, transistor Q is forward -biased and conducts. This causes the
controlled rectifier to fire and apply voltage to the field of the
alternator. Note that the rectifier and the field are connected in
series across diode CR3. When this diode is reverse -biased, the
126
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0

ea

0

-

e*.

Courtesy General Electric co

Circuit for three-phase AC control of DC power.
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ALTERNATOR
_ FULL -WAVE
RECTIFIED
OUTPUT

CR2-CRn
RECTIFIERS FOR DC
ALTERNATOR OUTPUT

SLIP -RINGS

(GE A40F)
FIELD

R1 - 4.7 K 2W, 10%
R2 - K, 1/2 W, 10 %

21 -25 VOLT ZENER DIODE,

1

R3 - 100 K VARIABLE - SPEED CONTROL
R4- 100 K, 1/2 W, 10%

CI -0Ipf, 200V
C2 -.050,50V
REGULATOR

fl -PHASE ALTERNATOR

*USE A GE NO. 428 LAMP HERE IF THE
ALTERNATOR IS DESIGNED TO SELF -FLASH
FROM RESIDUAL OUTPUT.

USE A 100.,, 2W RESISTOR IF BATTERY
FLASHING IS USED.
GATE_.MODE

***THERMISTOR FOR TEMPERATURE COMPENSATION
IF REQUIRED.

****RI IS USED FOR BATTERY FLASHING OF THE FIELD;

I WATT
CR1-CR5 GE 440B
SCR, -GE C 35B

01 - GE 2NI671A
CR8 - GE 6RS21SA505

*Li - 10mh CHOKE, DC RESISTANCE
THYRECTOR (OPTIONAL UNDER 25 OHMS
TRANSIENT PROTECTION)
DI - G. E. IN536
*WHERE SCR GATE REQUIREMENTS ALLOW IT, L1 MAY BE
REPLACED BY A 100 OHM RESISTOR

IT

IS UNNECESSARY WHERE FLASHING FROM
RESIDUAL IS USED.

(A) Circuit.

**CONNECTIONS TO GE 2N18.95

UJT
EMITTER

CAI -1100E

VOLTAGE

Courtesy General Electric Co.

Circuit for alternator regulator.
TIME

anode of the rectifier is positive and voltage is applied to the
field. When the voltage across the combination of the controlled

ARMATURE
VOLTAGE

rectifier and the field reverses polarity, the rectifier turns off

and CR1 allows current to continue flowing in the field. When
the voltage on the tap of R2 increases beyond the zener voltage, Q is turned off, preventing the rectifier from turnipg on and
consequently cutting back the field current. Resistor R1 is used
to allow some current from the battery to flow through the field
initially. Capacitor C eliminates hash. With this circuit and a 6 to -1 speed range, the output voltage changes less than 0.2 volts
from a 14.0 volt setting at 1,500 rpm with no load.
SHUNT-WOUND DC -MOTOR SPEED REGULATOR

This is a full -wave, speed -regulating circuit for a shunt-wound

DC motor. The transistor senses the back emf of the motor and
controls the firing of the SCR, which is in series with the armature of the motor. Applications of such a circuit include machine tools, conveyors, printing presses, woodworking machines,
and other similar types of apparatus using shunt motors. An avalanche diode (Z1) is used to regulate the supply voltage to the
firing circuit.

C2 charges through resistor R3 when the circuit is first turned
128

BACK EMF
OF MOTOR
SUPPLY

SCR
(FIRES,

FORWARD DROP

TIME

ACROSS CR5 ( FREE -WHEELING)

VOLTAGE

Courtesy General Electric Co.
(B) Waveforms.
DC.motor, speed regulator circuit.

on, and unijunction transistor Q1 fires when the voltage across
C2 reaches the proper value. Diode D1 is used to prevent charging current from coming through the armature and R4. When
Q1 conducts, a pulse is fed to SCR1 through capacitor Cl. The
supply and the avalanche diode provide the return path. When
the SCR1 conducts, a voltage is applied across the armature so
that the motor will rotate.

In part B of the illustration, region
of the armature -voltage
waveform shows the back electromotive force of the motor, In
region 2, when the controlled rectifier conducts, the line voltage
is applied to the armature. At the point where the line voltage
decreases through 0, the SCR turns off. There is then a free 1
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wheeling current flow through the inductance of the armature and CR5-this is region 3 in the waveform. Note that the armature voltage is slightly negative due to the drop across diode CR5.

Because of this, D1 is blocked, and capacitor C2 charges at

When the battery discharges below the set voltage, the sensing diode switches off 01 and allows Q2 to again energize the

alternator.

a

maximum rate. At the beginning of region 1, the armature -voltage
polarity reverses. This forward biases D1 and allows the charging
current to be shunted from the capacitor through R4. The amount

of current shunted from C2 depends on the back emf of the motor.

When a load is applied to the motor, the motor slows down
and draws more current, which effectively widens region 3 since
there is now more current to decay through CR5. This allows

the charging current to flow into capacitor C2 for a longer period
of time. Because the back emf is reduced, the amount of charging current which is shunted through R4 during region 1 is also
reduced. Because of both of these effects, C2 is charged faster,
and region 2 is widened. This is the voltage pulse which is applied
to the armature by the SCR firing. Capacitor C2 discharges through

resistor R4 during region 2 when the cathode of diode D1 is
connected to the negative supply through the conducting controlled rectifier SCR1.
ALTERNATOR VOLTAGE REGULATOR

This circuit shows two transistors used in an alternator voltage
regulator for automobiles. One transistor (01) is a 2N2137 and
the second transistor (Q2) is a 2N1539. In this circuit, the zener
diode conducts and allows base current flow through transistor Ql
when the battery voltage has reached the voltage -regulator setting.
When this diode conducts, it turns transistor 02 off, interrupting
the current flow through the alternator field, which, in turn, cuts

ZENER-REGULATED, MOTOR -SPEED CONTROL

The zener-regulated, motor -speed control utilizes an inherent
speed feedback which provides essentially constant speed characteristics adequate for many different types of applications over a
wide range of speed. Typical uses for this circuit are: fans, blowers, ventilating equipment, hobby and toy applications, hand tools,
home appliances, etc. The circuit can be used wherever a wide
range of speed is required from a universal (series) motor
operating from a single-phase AC line. The circuit is compact

and can often be fitted into the motor housing or end cover.
The speed of the motor is determined by the length of time
controlled rectifier SCR1 conducts during each cycle. When the
line voltage is negative, the series field of the motor is excited

through R3 and CR3. This induces a negative voltage in the armature that is proportional to the speed of the motor and the field
strength. The negative armature voltage charges capacitor C1
through CR2 and the gate of SCR1 so that the top terminal of
Cl becomes negative with respect to the bottom. When the line
voltage swings positive, Cl discharges through R1 at a rate de-

pendent on the time constant of Cl and R1. When V, swings

positive, SCR1 is fired by the gate current that now flows through
CR2, and the line voltage is applied to the motor.

off the alternator charging current to the battery.

300

1000
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1N961
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.05pf

VAC
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20V
1W

CR3
110823

DIODE
2N1539

150
FEEDBACK
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O
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TO POSITIVE

R3
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NO

soo

FIELD COIL
1N2610

IOM

FIELD

SUPPRESSION
DIODE

Courtesy Motorola Semiconductor Products, Inc.

Circuit for alternator voltage regulator.
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Courtesy General Electric Co.

Motor -speed control circuit with senor regulation.
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V, reaches the triggering level of SCR1 at a phase angle determined partly by the setting of RI. If a heavy load is applied to the
motor, it tends to slow down, thus reducing the induced armature
voltage and limiting the peak negative value of V, to a lower level.
V, therefore discharges sooner than under no load conditions, swing-

ing positive and firing SCR1 at a smaller angle. This advance in
the firing angle increases the voltage applied to the motor and delivers additional torque to the motor to compensate for the increased
load. Zener regulator CR4 provides a constant voltage for the discharge of Cl. The desired speed setting is adjusted by R1. C2 and

R4 stabilize the circuit by preventing SCR1 from being fired by
extraneous signals.
MOTOR -SPEED CONTROL

This motor -speed control utilizes an inherent speed feedback
which provides essentially constant speed characteristics adequate

for many different types of applications over a wide range of
R3

SERIES

1500

FIELD

SCR!

CII9
1N16932

100

CRI

RI

R2
SPEED

CI

20UF
POLARIZED
lOy

VAC

07V

f)

2.0

1K

K

1

rate dependent on the time constant of Cl and R2. If the motor armature is standing still, no voltage is induced in it by the
residual field, and gate currrent to controlled rectifier SCR1 flows

as soon as V. exceeds the forward voltage drop of CR1 and
the gate drop of SCR1. This will fire SCR1 early in the cycle,
providing ample energy to accelerate the motor. As the motor
approaches its preset speed, the residual induced voltage in the
armature builds up. This voltage is positive on the top terminal
of the armature and bucks the flow of gate current from
tor Cl until V. exceeds the armature voltage. This highercapacivoltage requirement on Cl retards the firing angle and allows the
motor to cease accelerating.
Once the motor has reached operating speed, the residual in-

duced voltage provides automatic speed -regulating action. For instance, if a heavy load starts to pull down the motor speed, the
induced voltage decreases, and SCR1 fires earlier in the cycle.
The additional energy thus furnished to the motor supplies the
necessary torque to handle the increased load. Conversely, a light
load with its tendency to increase speed raises the motor residual
induced voltage, retarding the firing angle and
voltage
on the motor. Adjustment of R2 provides speed reducing
control by con-

trolling the charge time of Cl. When R2 is adjusted to a low
value V. builds up fast and fires SCR1 early in the
cycle.
When R2 is set to a large value, V, builds
up slowly so that
firing occurs late in the cycle and the motor speed is low. This
circuit can be used wherever a wide range of speed is required
from a universal (series) motor.

C2

C)ADJUST
CR3

SCR FLUORESCENT -DIMMER 1

9V
CE

1
4114X9.3vc

Courtesy General Electric Co

Motor -speed control.

speed. Typical uses for this circuit are: fans, blowers, ventilating
equipment, hobby and toy applications, hand tools, home appliances, and so on. This circuit provides stable operation at very
low speeds.

During the negative half -cycle of the supply voltage, capacitor C1, which may be of the polarized electrolytic type, is discharged to zero. During the positive half -cycle, Cl charges from

a constant potential (zener voltage of CR3) at an exponential
132

The silicon -controlled rectifier (SCR) flourescent dimmer circuit provides remote manual control of fluorescent
brightness. One SCR dimmer can control a large numberlamp
of ballast/
lamp combinations. The control circuit is a basic unijunction transistor -SCR trigger circuit adapted to the requirements of fluorescent lamp dimming. The zener diode regulated supply helps provide a smooth control characteristic over the
entire dimming
range. The control circuit features ON and OFF trim potentiometers. As the lamps used in an installation age (after 100 hours
or so of operation) the dimming
range may easily be expanded
by the use of these trimmers.

Resistors R3 and R1 in the control circuit feed back a portion of the line supply voltage to base 2 of unijunction transistor UJT1. Capacitor C2 will charge to the constant potential
provided by zener diode CR5. In this manner the circuit compen133

CONTROL LEAD

of C2 and resistors R I and R3 through R7. Remotely mounted control potentiometer R7
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cuit during only part of each cycle. The greater the resistance
of R7, the greater is the delay in the pulses and consequently
the shorter is the conduction time of SCR1 and SCR2. Therefore, adjustment of R7 controls the brightness of the fluorescent
lamps. Inductors LI and L2 and capacitor C3 form a filter for
suppression of radio -frequency interference.
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SCR FLUORESCENT -DIMMER 2
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CONTROL
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This silicon -controlled rectifier
(SCR) fluorescent dimmer cir-

POT.

B2
GE INI671A
UJT1 61

X

C2

-022 MFD
CR5

CR3
-A-CR4

TCYY

provides remote control of the firing
angle of UJT1. During the negative half-cycle (that is, when the voltage at the junction of CR1 and CR3 is negative), a charging current
flows through CR3, Ti, R3 through R7, R1, and CR2, again charging C2 until UJT1 is triggered. C2 again discharges through UJTI
and T1 producing a pulse in the secondary windings of Ti. These
pulses, delayed several degrees depending on the setting of R7.
are coupled to the gate circuits of controlled rectifiers SCR I
SCR2. SCR1 and SCR2 are alternately fired on positive and
negative
half -cycles by the pulses from the control circuit. Since these
pulses
are delayed, current will be applied to the fluorescent lamp
cir-

INI527

cuit provides remote manual control of fluorescent lamp brightness. One SCR dimmer can control a large number of ballast
lamp combinations. The control circuit is a basic unijunction transistor SCR trigger circuit adapted to the requirements of fluores-

cent lamp dimming.
Z

Courtesy General Electric Co.

Fluorescentclimmer circuit.

sates for line voltage changes over a half -cycle of line frequency
by advancing the SCR firing angle when the line voltage drops.
It retards the firing angle when the voltage rises. This feature is
particularly desirable when the dimmer is operated from power

During the positive half -cycle (that is, when the voltage at the
junction of CR1 and CR3 is positive), a charging current flows
GE 1N3571 (4
R4

150 K
R5

750K

lines subject to voltage regulation.

When remotely mounted line switch S1 is closed, AC voltage
is coupled through control isolation transformer T2 to the control
circuit. During the positive half -cycle (that is, when the voltage
at the junction of CR1 and CR3 is positive), a charging current
flows through Ti, C2, R6, R7, R5, R4, R3, and R1. When the
charge across C2 becomes sufficient to fire unijunction transistor
UJT1, C2 discharges through UJT1 and the primary of T2 inducing a voltage in the secondary windings of T2. The phase
angle at which UJT1 fires is determined by the time constant

R3
613K

CONTROL
LEAD

SCRI

E

GE 2N1776

C
81

CONTROL
POTENTIOMETER

UJTI

GE 2N1671A

CI

POWER CIRCUIT

C2

0.1

0.2

MFD

MFD

CONTROL CIRCUIT

Courtesy Genera! Electric Co.

Sat fluorescent dimmer circuit.
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through CR4, C2, control potentiometer R5, R4, and CR1,
charging C2. Simultaneously Cl is charged through R3. When

the charge across C2 becomes sufficient to fire unijunction transistor UJT1, C2 discharges through UJT1 and resistor R2 producing a pulse at the gate of controlled rectifier SCR1. SCR 1
now conducts for the remainder of the positive half cycle passing current to the fluorescent lamp. At the end of the positive
half cycle, the voltage across SCR1 drops to zero and it switches

117 VAC

60 CPS

off.

During the negative half -cycle (that is, when the voltage at
the junction of CR1 and CR3 is negative), a charging current
flows through CR3, C2, R5, R4, and CR2, charging C2. When
the charge across C2 becomes sufficient to fire UJT1, C2 discharges through UJT1 and R2 producing a pulse at the gate
of SCR1. SCR1 again conducts for the remainder of the negative half -cycle passing current to the fluorescent lamp. At the

end of the negative half -cycle the voltage across SCR1 drops to
zero, and SCR1 switches off again, thus completing the cycle.
adjusting

By

control potentiometer

R5, the

C2 can be varied and the conduction time

charge time of
of SCR1 is con-

trolled. Therefore R5 controls the brightness of the fluorescent
lamp. It was found necessary to employ some amount of loading
resistance for stability over a wide dimming range, therefore
resistor RI was added to the circuit. The required SCR voltage rating depends on the ballast voltage appearing between the

390D

R1

R3

100,000n LINEAR
330012,5 WATT

CI

0.2 MFD

R2

CR5

INI527 ZENER DIODE,
ONE WATT,22 VOLTS

QI

G E 2N1671A

POT

TI

SCRLSCR2

G E 2N685

CRICR2CR3CR4-

G -E INI695

PE 2231, UTC H51,
OR EQUIVALENT

(A) Circuit diagram.

"control" and "black" leads, the loading resistance, and, of course,
any voltage transients that may enter the system.
AC PHASE -CONTROLLED SWITCH

a fundamental AC control circuit used in
lighting and heating (temperature) control, and in voltage regulation. The parallel -inverse, or back-to-back, connected controlled
rectifiers provide full -wave phase control from zero to full load
This circuit is

VOLTAGE
ACROSS
CR5

VOLTAGE
ACROSS
CI

0

current.

During the positive half -cycle (that is, when the voltage at

the

cathode of

CR1

is

positive),

a

charging current flows

GATE

CURRENT 0

through CR3, T1, Cl, R2, R3, and CR2. When Cl becomes
sufficiently charged to trigger unijunction transistor 01 into con-

discharges through T1 and 01 developing a gate
voltage in the primary winding of Ti. Zener diode CR5 main-

duction, it

tains a constant base 1 - base 2 voltage on Ql. The charge time
of Cl and therefore the triggering time of 01 is determined by
the time constant of Cl, R2, and R3.
Transistor Q2 shunts some of the charging current supplied
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VOLTAGE

ACROSS 0
LOAD

(B) Waveforms.
AC phasecontrolled switch.

Courtes3 General Electric Co.
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to Cl by resistor R2 in an amount dependent on the

base

drive of Q2. The more Q2 is turned on, the later Q1 will fire,
and the lower the output of the SCR's will be. By fixing the
value of R2 at approximately 2,500 ohms, the base current
will then control the diversion of charging current from Cl and
retard or advance the firing angle accordingly. This type of
shunt transistor control of the unijunction transistor (UJT) and
SCR firing angles is characterized by very high gain. Power gain
between the base drive of Q2 and the load on the order of 108
is readily attainable.

and consequently the firing time of SCR1, is determined by the

RC time constant of Cl, R5, R2, and R3. Therefore, adjustment of R2 controls the phase angle at which SCR1 fires, re -

17 VAC
60 CPS

During the negative half -cycle (that is, when the voltage at
of CR1 is negative), a charging current flows

the cathode

through CR1, Ti, Cl, R2, R3, and CR4. When Cl becomes

sufficiently charged to trigger 01 into conduction, it discharges
through Ti and Q1 developing another gate voltage in the primary winding of Ti. The gate voltages are coupled through
T1 to the gates of SCR1 and SCR2. Controlled rectifiers SCR1
and SCR2 alternately conduct during negative and positive half cycles respectively. The conduction time of SCR1 and SCR2

can thus be controlled either by adjustment of variable

resis-

tor R2 or by adjustment of base current in Q2.
R

150 -WATT VOLTAGE CONTROLLER

This circuit is a fundamental AC control circuit used in lighting and heating (temperature) control, and in voltage regulation. The single controlled rectifier connected in an "SCR in
bridge" circuit provides full -wave phase control from zero to
full load current.

During the positive half -cycle (that is, when the voltage at

of CR1 is positive), a charging current flows
through CR3, capacitor Cl, resistors R5, R2, and R3, and diode
CR2. Zener diode CR5 provides a constant 20 volts across base
and base 2 of unijunction transistor Ql. When the charge on
Cl reaches the emitter -base 1 breakdown voltage of Ql, it
discharges through R4 and Ql, and a positive pulse is developed at the gate of controlled rectifier SCR1. SCR1 now conducts
for the remainder of the positive half -cycle. At the end of the
positive half -cycle the voltage across SCR1 drops to zero and
it ceases to conduct. During the negative half -cycle (when the
the cathode

1

voltage at the cathode of CR1 is negative), a charging current flows
through CR1, capacitor Cl, resistors R5, R2, R3, and diode CR4.
Again Q1 fires when Cl becomes sufficiently charged, and a pulse

at the gate of SCR1 triggers SCR1 into conduction for the remainder of the negative half -cycle. The charge time of Cl,
138

39011,1/2 WATT
100K,LINEAR POT

R2

R4

3.3K, 5 WATT
47A, 1/2 WATT

R5

3.3K, 1/2 WATT

o,

G.E. 2N 167 IA

R3

0.1 MFD
G -E 2N 1 774A
CR1 THRU CR4 -G -E IN1695
1N1527, 20 VOLTS
CR5
I WATT BREAKDOWN DIODE
CI
SCR

Courtesy General Electric Co.
150 -waft, voltage -controller circuit.

suiting in control of the load current. Using the components given
in the parts list, this particular circuit is capable of continuously
controlling up to 150 watts.
PHASE -SENSITIVE SERVO DRIVE

This circuit is a phase -sensitive servo drive supplying revers-

ible half -wave power to

the armature of a small permanent magnet or shunt motor. The power circuit consists of two half wave circuits back-to-back fired by a unijunction transistor (UJT).
The unijunction transistor fires on either the positive or negative half -cycle of line voltage depending on the direction of unbalance of the reference bridge resulting from the value of the
sensing element (R6). The sensing element can be a photoresistor, a thermistor, or an output from a control amplifier.

Potentiometer R2 sets the DC bias on the emitter of unijunction transistor Q2.
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Batterycharger circuit.
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- .01 of
ZENER

When this happens, transistor Q3 is turned off opening the load
circuit. It is possible to adjust resistor R3 for changes in the de-

GE2NI67IA

sired detection voltage level.

SCR1, SCR2,-GE 2N1932
71- UTC H-131 OR EQUIVALENT
ALL RESISTORS ARE 1/2 WATT
EXCEPT AS NOTED

Courtesy General Electric Co.
Circuit of phase -sensitive servo drive.

When R6 is equal to R5, the bridge is balanced, Q2 will not
fire, and no output voltage appears across the load. If the value
of R6 increases, thus unbalancing the bridge, an AC signal appears at the emitter of unijunction transistor Q2 causing the

emitter voltage to be above the firing voltage during one-half
cycle of the AC. Q2 fires and, assuming that SCR2 is forward
biased, SCR2 fires. Conversely, when R6 is decreased, similar action
occurs except that SCR1 fires, reversing the polarity across the load
and thus reversing the rotation of the motor.

This circuit shows an automatic battery charger using a volswitch. The circuit is a Schmitt trigger

using two 2N540 transistors. The 2N169A driver

is

circuit

used for

increased sensitivity.

When there is a 1 -volt drop in the nominal 24 -volt battery
voltage as sensed by transistor Q1, this transistor conducts through
the direct -coupled transistor Q2, turning on the battery charger.
140

There are many possibilities for phase control of the silicon controlled rectifier; often for best matching of the load voltage
to the power transmission system a transformer is required between the controlled rectifiers and the load. In circuit A the controlled rectifiers are operating in inverse parallel; the transformer
can be used to step the variable output voltage down to a low
voltage if desired, for such applications as furnace heating, electroplating, or resistance welding. It is also possible to step the
voltage up for such uses as a plate -voltage supply for a transmitter
or the plate -voltage supply for an induction -heating tube. In the

system shown in circuit B, the transformer is used to drive a
bridge rectifier with a filtered output for the DC load.

Circuit C shows the phase control of a four -wire AC system

feeding three wye-connected transformers. The input to this circuit

is a three-phase AC supply using four wires; three of these are

BATTERY CHARGER

tage sensitive

PHASE CONTROL OF THE SCR

"hot" and one is the neutral.
One pair of controlled rectifiers is connected in series with each

of these lines, and the transformer neutral is connnected to the
system neutral. Trigger circuits are used from line to neutral
for each phase, and a unijunction transistor is used to trigger the
pilot controlled rectifiers. Each unijunction circuit is isolated from
the power circuit by transformer T3. In this way the three unijunc-

tion circuits are electrically interconnected.
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(C) Phase control for three phase, four -wire power system.
Phase control
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Courtesy General Electric Co.
of the SCR.
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There are many possible variations for controlling the three
unijunctions from the master signal. These are shown in Circuits
D through H. The type of circuit used depends on whether a
manual or electrical control is required and the magnitude and impedance level of the available control voltage. There are adjustments provided in each unijunction circuit to provide symmetrical

firing of the phases. Resistor R4 (Circuit C) is set so that all
three of the unijunctions trigger at the same emitter
voltage.

Resistor R2 is then adjusted for equal tracking of all three phases
to a single control signal. Care must be taken in designing the
power conductors and the supply to provide for a significant amount

SECTION 9

of current to be carried in the neutral connection.

Circuit D shows a type of manual control used for each of the

three unijunctions. Circuit E shows a direct control voltage from 0
to 100 volts used instead of manual control. Circuit F shows the
use of a PNP transistor (2N527) to establish the necessary control.
The same thing can be done with an NPN transistor as in Circuit
G. High -voltage control is shown in Circuit H.

AMPLIFIERS
LOW -NOISE FIELD-EFFECT-TRANSISTOR AMPLIFIER

The C620 series of field-effect transistors can be used for very low noise amplifying applications for such devices as infrared detectors.
The field-effect transistor consists of an N -type silicon bar having two
ohmic contacts. One of the contacts acts as a cathode and the other
acts as the anode. There are two PN junctions constructed in the mid-

dle of the bar; these are connected in parallel to serve as the grid.
Hence, this solid-state device acts as a vacuum tube in its operation
and application.

TYPICAL OUTPUT CHARACTERISTIC
C620-22-24

100

VGC - 0

-0.2V
75

-0.4V

0

-0.6V

27 50

-0.8V
)(r

-1.0V
25

-2.0V
-3. OV

0
0

2

4

6

8

10

VAC (VOLTS)

Courtesy Crystalonics, Inc.

(A) Circuit diagram.
(B) Characteristic curves.
Lownoise fieldeffect - transistor amplifier.
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When a negative voltage (bias) is applied to the grid, there is an increase in the effective resistance from anode to cathode. When the
anode voltage is increased, the grid junctions become reverse -biased,
and the gain characteristic curve flattens off as shown and resembles

that of the pentode vacuum tube.
The diagram shows a low -noise, field-effect, bootstrap amplifier
that uses a 12 -volt supply. Essentially it is intended for very low frequency applications. Such circuits, however, may be effectively used
up to several hundred kilocycles if desired. A typical gain -bandwidth
product for this circuit is 1 mc. The field-effect transistor, as shown,
is a C622, while transistor Q can be any low -frequency transistor. The
degenerative feedback using the cathode resistor increases the input
impedance; this circuit also reduces the grid -to -anode capacitance by
feeding the signal back to the anode. The second, or output, transistor
provides the necessary low output -impedance drive.

(A) Circuit Diagrams.

C631

L0

C633

1.0
VG - 0

HIGH -VOLTAGE FIELD -EFFECT -TRANSISTOR AMPLIFIER

The C631 -C633 series of high -voltage, silicon, field-effect transistors are used for amplifying and switching applications. They have
a very high input impedance and are treated in the circuit as vacuum
tubes rather than transistors. They are used for such applications as
cathode -ray -tube deflection drivers, photo -multiplier drivers, high voltage switches, or in high -voltage regulated power supplies. The
anode -to -cathode voltage and the anode -to -grid voltage vary from 150
volts for the C631 to 350 for the C633; these units are designed to
give a voltage gain of at least 10, and they are completely cut off
with a grid voltage of 25 volts negative. Note that the circuits resemble
very closely those which are used in vacuum -tube circuits. They are
compatible, in many ways, with standard vacuum -tube circuits and
power supplies.
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FIELD-EFFECT TRANSISTOR AMPLIFIER

for the C644 (the gain -bandwidth product is the stage gain multiplied

I

-1.0V

-3.0V

- 0.6
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tube amplifier circuit; hence, the electrodes are indicated as grid,
anode, and cathode. There are five types in this series; they are the
C640 through C644. The gain -bandwidth product for these units varies from between 10 and 20 for the C640 and to between 40 and 60

I

I

1.0

The amplifier shown in the diagram illustrates the use of a composite, field-effect transistor amplifier which has a number of industrial
applications. This circuit uses one of a series of transistor units that
are high-transconductance and high -input -impedance, field-effect
transistors; each unit is a matched combination of a standard fieldeffect transistor and an NPN transistor.
In effect this is a transistor circuit that is equivalent to a vacuum -

VG - 0

-1.0V

(B) Output Characteristics.

-1.0V

0.8
-2.0V

-3.06

I 0.6

-S. IV

-5.03
-6.0V

04

-7.0V
-8. OV
10. cly

00

303

603

90V

1203

150V

-3.0V
180V 2103
303

VAC (VOLTS)

Courtesy Crystalonics, Inc.

High -voltage field-effect - transistor amplifiers.
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20K

0.2µA
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(A) Circuit diagram.

CATHODE
1M

T2

30 M

ST12
12N478)

TYPICAL PERFORMANCE

INPUT

6
VOLTAGE GAIN
5db
N.F. AT 1 KC
INPUT IMPEDANCE AT 1KC - 3 MEGOHMS

GROUND

FREQUENCY CUTOFF - 3/6c

INPUT LEVEL -+ 0.6V to -5,0V

C640

4.0

(A) Basic circuit with current compensation.
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+13
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20K
130K
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-1V

2.4

I
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I

-Iv

T2

VR1

ST14

2K

1.6

VR2

-2V

(2N541)

2K

INPUT

-3V
-4V

0
0

10
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30
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50

0

10

VAC ( VOLTS)

20

30

40

0 GROUND

0

-3V
-4V
50

0 -1.3

VAC (VOLTS)

VOLTS

Courtesy Crystalonics, Inc.

(B) Typical output characteristics.
Fieldeffect transistor amplifier.

by the bandwidth with the result expressed in megacycles). In the
standard circuit, as shown, with the 24 -volt positive supply, there is
a voltage gain of 6. These units have a maximum anode -to -cathode
voltage of 35 volts, maximum anode -to -grid voltage of 35 volts, and
a maximum grid -to -cathode voltage of -15 volts.

(B) Circuit with compensation for voltage drift.
+13
VOLTS

MODERATELY HIGH
RESISTANCE E. G. , 1 M
OUTPUT

LOW -DRIFT DC AMPLIFIERS
INPUT

Drift -free DC amplifiers are not a simple design problem; however,
by making use of the ST1026 silicon transistor, which has considerable gain at extremely low collector currents, straight DC amplifiers
can be constructed that have a very small equivalent input drift with
variations in ambient temperature.
Current compensation of the type illustrated in Circuit A is basic
to all these straight -DC amplifiers. Base bias current of the first transistor is slightly dependent on temperature, since it is derived through
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GROUND

-1.3
1.8K

VOLTS

(C) Circuit with compensation for current drift and approximate
compensation for voltage drift.
Courtesy Transitron Electronic Corp

Lowdrift DCamplifier circuits

149

a high resistance from a voltage much higher than the transistor base emitter voltage. However, any increase of ambient temperature causes
an increase in the collector current of T1 because of the temperature
coefficient of its DC beta. This collector current and the base current
of T2 are drawn from another current source, R1 and its associated
fixed resistor. Thus, if the collector current increases, the other base

current must decrease by an equal amount. The bias conditions are

such that this decrease and the increase with temperature of the
DC beta of T2 result in as little change as possible in the collector
current of that transistor.

If you know the parameters of the two transistors, such as beta
temperature coefficients, dependence of the betas on collector current, etc., it is possible to calculate the value of Ib2 necessary to
achieve these balance conditions for a chosen Li. Alternatively, with
the selected value of Ic, fixed by the large resistor in the base lead of
T1 (Circuit A), the desired Ib2 can be determined experimentally,
using R1 for adjustment. Voltage -amplifier circuit B has the differential transistor (T3) used to balance the temperature coefficient of Ti.

Circuit C shows a current amplifier with approximate voltage compensation. This circuit is based on the same principles as the two other
types; however, it uses a germanium diode to provide a simpler, but
less accurate balancing out of voltage -temperature drift.
INTERCOM

This simple three -transistor intercom consists of one master station

and one remote station with a push -to -talk switch at each station.
The master station contains a speaker, input-output transformer, amplifier, battery, and push -to -talk switch. The remote station contains
a speaker, input-output transformer, and battery. If the positive terminal of each battery is grounded to a water pipe or radiator, only
three wires are needed between the master and remote station. When
neither push -to -talk switch is depressed, batteries B1 and B2 are disconnected from the circuit, thus eliminating battery drain when the
unit is not in operation.
To make a call from the master station, depress push -to -talk switch
SW1. This places battery B1 in the circuit to power the amplifier and
also connects the secondary winding of transformer T1 to the input of
the amplifier. Speaker SP1 now functions as a microphone, converting
the voice waves to electrical energy. The signal is coupled through T1

and capacitor Cl to the base of transistor Q1. The signal from the
collector of Q1 is developed across collector load resistor R2 and
coupled through capacitor. C2 to the base of Q2.
The amplified signal from the collector of Q2 is developed across
collector load resistor R5 and direct -coupled to the base of Q3. The

amplified signal from the collector of Q3 is coupled through trans 150

B1, B2 -9 -volt battery

R3, R6 - 100 0, 1/2 w

C1, C2, C3 - 25 mfd, 12 -volt
Q1, Q2, Q3 - Sylvania 2N1265
R1, R4 - 560 k, 1/2 w
R2, R5 - 4.7 k, 1/2 w

R7 - 1000 i,

1/2 W

SW1, SW2 - DPOT pushbutton switch
SP1, SP2 - 3.2 B. 4 -inch PM speaker

Ti, T2 - 2000 fi to 3.2 0, output transformer,
Lafayette Radio TR 93

Courtesy Sylvania Electric Products, Inc.

Intercom circuit.

former T2 to remote speaker SP2 and converted to an audible voice
sound.
To make a call from the remote station, depress push -to -talk switch
SW2. This places battery B2 in the circuit to power the amplifier and
also connects the secondary winding of transformer T2 to the input of
the amplifier. The signal is coupled through Cl and Q1 and amplified

by Q1; Q2, and Q3 in the same manner as when the master station
is used. The amplified signal from the collector of 03 is coupled
through Ti to master speaker SP1 and converted to an audible sound.
LOW-LEVEL DC AMPLIFIER

This circuit uses ten RCA 2N1481 medium -power transistors in a
DC amplifier. Q9 and Q10 form an inverter, or square -wave generator, operating at 4kc from a 12 -volt source. There are three secondary
windings, each with its square -wave output.

Winding 1-2 goes to the chopper stage where the DC input (range

from ±5 to ±50 millivolts) is converted into AC by Q1 and 02. A
two -stage AC amplifier (Q3 and Q4) follows; this feeds transformer

Ti.

Windings 3-4, 5-6 from the inverter are tied to the demodulator;
(25 and Q6 form one pair, and Q7 and Q8 form the second pair. The
balanced circuit removes or demodulates the square wave, producing
a DC output voltage in the ±1 to -±10 volt range. Voltage gain for
the circuit is 200.
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DEMODULATOR

Cl:

5 4f

C2:

10 4f

C3:

10 4f

C4:

10 4f

CHOPPER

I_

(MODULATOR)'

Q1 -Q10, inclusive: RCA -2N1481

AC

DEMODULATOR

AMPLIFIER

DC

~OUTPUT

SQUARE -WAVE
GENERATOR

medium -power

silicon transistors
R1:

92CM-I0740

(INVERTER)

510 ohms

(FREQUENCY= 4 Kc)

R2, R3, R9: 1000 ohms
R4, R7: 2000 ohms
R5: 91 ohms
R6: 20000 ohms
R8: 5000 ohms

R10:

R11:

Ti: Demodulator transformer, primary, 400 turns No.38
wire; secondary, 1200 turns center -tapped (bifilar

wound); core, Allen Bradley Ferrite Pot Core

120 ohms
50 ohms

R12, R13, R14, R15:
R16: 510 ohms

No.C1300-215A (Type B0-3 material) or equivalent.

12: Inverter transformer, primary, 70turnsNo.26wire;
center -tapped (bifilar wound); chopper winding,
15 turns No.30 wire; demodulator windings, each
30 turns No.30 wire; feedback winding, 30 turns
No.30 wire, center -tapped (bifilar wound); core,
Allen Bradley Ferrite Toroid No. T-1312- 103A,
(Type RO-3 material) or equivalent.

500 ohms

Courtesy Radio Corporation of America.

Circuit for low-level
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DC amplifier.
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TELEPHONE AMPLIFIER

The telephone amplifier is an audio amplifier that is used to convert the low -amplitude telephone signals to a sufficient amplitude to

drive a speaker. The telephone amplifier is convenient when more

than one person wishes to listen in on a telephone conversation. This
circuit enables you to perform these functions without any electrical
connections to the telephone lines. The speaker can be placed either
close to or at some distance from the telephone, pickup, and amplifier.
The telephone -pickup coil, placed on the telephone, converts the
magnetic telephone voice waves to an electrical signal. The electrical
voice signal is coupled through capacitor Cl to the base of transistor
Ql. Resistors R1 and R2 are base -bias resistors. Capacitor C2 is a
decoupling capacitor. The amplified voice signal from the collector
of 01 is coupled through transformer T 1 , gain -adjustment potentiometer R7, and capacitor C4 to the base of Q2. Interstage transformer
Ti provides impedance matching between Q1 and Q2. The setting
of R7 determines the level of the signal applied to Q2, and consequently, the output amplitude of the telephone amplifier. Resistor
R3 is a base -bias resistor for Q2.
The amplified voice signal from the collector of 02 is coupled
through phase -splitting tranformer T2 to the bases of push-pull-amplifier transistors 03 and Q4. Resistors R4 and R5 are base -bias resistors for Q3 and Q4. Capacitor C5 prevents oscillation. Resistor R6
is an emitter -bias resistor. The amplified, 180° out -of -phase voice
signals from the collectors of Q3 and Q4 are coupled through transformer T3 to speaker LS1.

The schematic shows one side of the secondary of T3 grounded.
This connection is not necessary, but it reduces the possibility of unwanted oscillations in the circuit. Capacitor C3, connected across battery B1, also reduces the possibility of unwanted oscillations. If headphones are to be used, they should be connected between the collector of Q2 and B - .
LIGHT AMPLIFIER

This is not a true light amplifier, because it does not amplify light
at its electromagnetic frequency. Rather, the circuit converts light
energy into electrical energy, amplifies the electrical energy, and
converts the amplified electrical energy back into light energy in a
small pilot lamp. The circuit is limited to indicator applications, since
only two transistors are used. If high -power stages are used, an entire
room can be illuminated with the output of the circuit. The light amplifier can be used as a remote indicator to tell when lights are turned

B1 -6 -volt battery
B2 - sun battery, International Rectifier
Corp., B2M

11 - pilot lamp, #51 or other 6 -volt lamp

Q1 - Sylvania 2N229 transistor
Q2 - Sylvania 2N255 transistor
R1- 4.7 k, 1/2 w

R2-10012,V2w

Courtesy Sylvania Electric Products, Inc.
Light -amplifier circuit.

61 - 9 -volt battery
C1, C4 -2 mfd, electrolytic, 15 -volt
C2, C3 -8 mfd, electrolytic, 15 -volt
C5 - 0.01 mfd, ceramic disc or mica,
100 -volt

LS1 - 3-6 ohm loudspeaker
Q1, Q2, Q3, Q4 - Sylvania 2N1265 transistor
R1 - 470 k, 1/2 w
R3 - 270 k,1/2 w
R2 - 150 k, 1/2 w
R4 - 4.7 k,1/2 w

R5 - 66 St,V2w
R6 - 12 SI, V2 w

R7 - 100 k,

w potentiometer

T1 - Argonne AR -104, Stancor TA -27, or equiv.
T2 - Argonne AR -109, Stancor TA -35, or equiv.
T3
Argonne AR -119, Stancor TA -21, or equiv.

T4 - Telephone pickup coil, Lafayette MS -16,
Shield M-133, or equiv.

Courtesy Sylvania Electric Products, Inc.
Telephone -amplifier circuit.
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on in another room by placing the light sensing sun battery in ow;
room and the indicator light in another room. The observer can tell
by the brightness of the indicator lamp approximately how many
lights, if any, are on in the other room. The circuit can also be used
as a signaling device by energizing it with a flashlight.
The light amplifier utilizes two grounded -emitter amplifier stages
to amplify the voltage sufficiently to drive an indicator lamp. When a
light source is applied to sun battery B2, a bias voltage is supplied for

amplifier Q1. Resistor R1 develops the bias voltage from B2. The
155

small input current to Q1 is amplified and applied through resistor R2
to the base of amplifier Q2. Resistor R2 is a current -limiting resistor
that protects Q1 and 11 when extremely high light intensities strike the

sun battery. Q2 must be mounted on a metal panel so that at least
2 inches of metal extends on each side to provide heat -sink action.
The current from the collector of Q1 is amplified by Q2 and applied

through indicator lamp I1 back to the negative terminals of the batteries. The intensity of the light applied to the sun battery determines
the current through transistor 01 and, consequently, the current
through indicator lamp I1. Thus, the light amplifier not only indicates
the presence of light, but it also gives a relative indication of the
intensity of light striking the sun battery.
COMPENSATED TRANSISTOR PREAMPLIFIER

The compensated transistor preamplifier is designed for stable performance over a wide temperature range, using a minimum of com-

ponents. It is primarily intended for a current input and a voltage
output. Stabistor DC coupling is used between the amplifier stages
to eliminate the need for large bypass capacitors or excessive
bleeder current and to prevent any appreciable loss of gain. Sta0 +6 VOLTS
R2

R8

39K

22K

RIO
10K

C2

C4

D3

47KR1

CI

I 50

D2

04

5022

al

INPUT OH I

The frequency response of the preamplifier at the 3-db point is
4 cycles to 100 kilocycles, and the maximum undistorted output
voltage is 1.0 volt rms. The gain of the preamplifier is 1 volt per
0.125 microvolt, or 44 db with a 50K ohm source and load.
NEGATIVE -IMPEDANCE CONVERTER

It is often difficult to realize a high circuit Q when working
with tuned circuits in the lower (audio) frequency range. The difficulty is usually caused by a combination of the low operating frequency and the high series losses associated with inductors. The

+12v

Q3

K12STI2
(32

(2N541)

5622

ST12

R5, R6, and R9 are base -bias resistors.

I(-0 OUTPUT

I2N478)

N478)

ST14

DI

V

5022

through resistor R1 and capacitor C2 to the base of Q1 as a degenerative feedback signal to prevent high frequency oscillations.
The amplified signal from the collector of Q1 is coupled through
stabistor diode D2 to the base of grounded -emitter amplifier Q2.
The amplified signal from the collector of Q2 is coupled through
stabistor diode D3 to the base of grounded -emitter amplifier 03.
The amplified signal from the collector of Q3 is coupled through
capacitor C4 to the output. A feedback signal from the output of
Q3 to the input of Q1 increases the bandwidth of the preamplifier.
Resistors R2, R8, and R10 are collector load resistors. Resistors

+12v

.5j.,

0.0010

A portion of the amplified signal from the collector of Q1 is coupled

Rc
6.2K

01
GROUND

0 GROUND

600

C3
R9

R3

220K

470
R4

R7

rhV

%*
68K

R6

56K

2208
125

470K

-0

6 VOLTS

Courtesy Transitron Electronic Corp.
Compensated transistor preamplifier.

Q, + Q2 - 2N35

bistor coupling also fixes the collector -to -emitter voltages in the
first two transistors at a low value (about 1 volt), thereby alleviating

Courtesy Sylvania Electric Products, Inc.
Circuit of negative -impedance converter.

The input signal is coupled through capacitor Cl to the base of
grounded -emitter amplifier Q1. Stabistor diode DI prevents damage
of the base -to -emitter junction by any excessive negative signal.

negative -impedance converter reduces circuit losses, thereby in-

the collector current problem and improving reliability.
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creasing the overall Q of the circuit, by adding some negative
resistance to the circuit. It is possible to increase the negative re -
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sistance up to, but not more than the parallel resistance of the
tank circuit. If the negative resistance exceeds the parallel resistance
of the tank circuit, oscillations occur.

The signal from the tank circuit is applied through the coupling
capacitor to the base of emitter follower 01. The amplified signal

from the emitter of Q1 is coupled through capacitor C, to the
emitter of grounded -base amplifier 02. The amplified signal from
the collector of Q2, in phase with the applied signal, is applied to
the base of 01 as a positive feedback signal. The feedback signal
is

of sufficient amplitude to improve the Q of the tank circuit

of the field-effect transistor connected in the emitter circuit of the
transistor. The amplified output signal is taken from the collector of
the transistor.
DIFFERENTIAL AMPLIFIER

This differential -amplifier circuit is designed as a voltage -controlled,

phase -control circuit. The input voltage serves to control the portion
of current flowing in each collector. When the applied input voltage

reaches a value high enough to cause all of the current to flow in

without sustaining oscillations. The negative impedance converter
is designed to demonstrate Q multiplication. The tank circuit Q in
this circuit is multiplied by a factor of 14, giving an overall circuit Q
of 20. A much higher multiplication may be obtained, the limit
being the condition where the negative resistance equals the parallel
coil resistance and oscillations result.

TO SCR
GATES

AGC AMPLIFIER USING FIELD-EFFECT TRANSISTOR

This circuit uses a conventional transistor amplifier stage with a
field-effect transistor connected in the emitter circuit. Field-effect
transistors are characterized by their output characteristic similar to
+

220K

1 22.5V

1MEG

0

0.1

2N699

V2

Courtesy General Electric Co.

Differential -amplifier circuit.
50K

C650

Courtesy Crystalonics, Inc.

NPN transistor.
The charge time for capacitor Cl is determined by the conduction

AGC-amplifier circuit.

that of the sharp -cutoff vacuum pentode. By varying the grid bias
in a field-effect transistor, the transistor will act as a voltage -variable

resistance. Variation in grid bias produces a change in resistance

from anode to cathode. By using a field-effect transistor as

a

variable -emitter resistor in an NPN transistor amplifier stage, the
stage gain may be controlled.

The 1-kc input signal is coupled through the coupling capacitor
to the base of the transistor. Smce the base and collector biases are
fixed, the gain of the amplifier stage is controlled .by the resistance
158

the collector of transistor Q1, the input resistance of the circuit
increases. The reference voltage for this circuit is zero since the
base of transistor Q2 is connected to ground. The use of a PNP
transistor gives a more linear control than can be obtained from a

level of transistor Q2. If Q2 is conducting heavily, capacitor Cl
charges up rapidly, reaching the emitter -base 1 breakdown voltage

of unijunction transistor Q3 at a very small phase angle. When
Cl is charged to the triggering voltage, it discharges through Tl,
producing a pulse at the secondary of T1. If the voltage is increased
at the input, transistor Q1 conducts more heavily, causing the
common emitter voltage to become more negative, and the conduction in 02 is decreased. It is this differential -amplifier action
which provides control over the firing angle of Q3. As the con 159

duction level of Q2 decreases, the charge time of Cl increases and
Q3 fires at a larger phase angle.
PULSE AMPLIFIERS

Pulse amplifiers are quite often used as drivers for circuits that fire
controlled rectifiers. Two triggering circuits for this purpose are shown
here. Direct -coupled circuit A uses a 2N2855 driving a 2N1132. Ex-1

0.5

I.-
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r- 0.5 6ISEC
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1300

0.1

PULSE TO
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THREE PHASE, CONTROLLED -RECTIFIER CIRCUIT

1K

100
-5V

T ALADDIN 08-116

FOR DC POWER SUPPLY

OR EQUIV

Courtesy Solid State Products, Inc.
(A) Direct -coupled circuit.
(B) Transformer -coupled circuit.
Pulse -amplifier circuits.

ternal bias is used to provide the necessary -5 -volt input for the
post -trigger period. This circuit and the following one are used to
drive controlled rectifiers.

Circuit B uses a pulse transformer and a zener diode network,
which, together with the capacitor, provides the necessary bias so an
external source is not required. Both of these circuits are triggered by
positive -going pulses and both of them have an output to the following
power -control circuit.

POWER SUPPLIES
The silicon -controlled rectifier offers a convenient means of control for DC power supplies operated from three-phase AC power.
Applications of these techniques are useful in such things as temperature controls for electric ovens and furnaces, large incandescent lamp loads, and various other types of DC power -supply requirements. The figure shows a three-phase, 117 -volt, AC supply.
Diodes CR1 provide a positive line voltage for the control circuit

at any time the anode voltage of a controlled rectifier becomes
positive in relation to the positive AC bus. By use of a zener regulator (CR2) this voltage is clipped at 20 volts and is used to
provide a supply for a unijunction-transistor, relaxation -oscillator
firing circuit. Resistor R2 controls the firing angle of Q1 by regulating the charging rate of capacitor Cl. When unijunction tran-

sistor Q1 discharges capacitor Cl, a voltage pulse is developed
across resistor R9. This is coupled to the gate lead of each of the
three controlled rectifiers through resistors R10, R11, and R12. The
controlled rectifier with the most positive anode voltage when the
gate pulse appears begins conduction. Transistors Q2 and Q3 are
used to prevent Q1 from causing a firing angle greater than 120°.

Q3 is a unijunction oscillator that starts its timing cycle at the
same moment as Q1. Resistor R1 is adjusted so that Q3 fires at
an angle that is less than 120°. When Q3 fires, it causes Q2 to
conduct and discharge Cl. R2 is the voltage control.

It is important that 03 keep the firing angle at less than 120°.
Base 2 of this unijunction transistor is connected by R5 to resistor R8. This helps to maintain the timing cycle of Q3 less than
the required 120° independent of line -voltage variations.
160
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vlw
4

Base 2 of unijunction transistor 01 is also connected to R8, also
providing compensation for line -voltage variations. For example,
with a value of R8 equal to 350 ohms and a load of 10 ohms, a
DC load voltage of 92 volts was obtained with a 100 -volt AC supply, and a DC load voltage of 93 volts was obtained with a 130 volt AC supply. With this circuit using a three-phase, 117 -volt,
AC -supply, the output voltage can be varied from 40 volts to 150
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This circuit shows a pulse -triggered ignition circuit that uses
a magnetic pickup. There are a number of equally spaced metallic
projections which are attached to the distributor shaft in the eng-
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Transistor Q3 is used for switching; it turns on and off in synchronism with transistor Q2. Thus transistor Q3 passes or interrupts current flow through the ignition coil primary. Whenever the
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primary coil current is interrupted, a high -voltage pulse is produced

0

= FO 4 40

DC

at the secondary of the transformer. This pulse is used to fire the
spark plugs. In this circuit transistor 01 provides a high gain, and

Courtesy of General Electric Co.
power -supply circuit.

transistors Q2 and Q3 are power types. It is necessary that transistor

162

163

1.

Q3 have a high enough voltage breakdown to handle the high voltage pulses which occur in the circuit.

changed, thus changing the triggering level of the controlled rectifiers and the output voltage.

Thermistor A provides a stabilized bias for transistor Q1 and
allows reliable operation at low temperatures. Zener diode C is used

to protect transistor Q3 against damage from excessive high -voltage spikes which might occur across the ignition coil.

10 -AMPERE, 400 -VOLT RECTIFIER TESTER

The 10 -ampere, 400 -volt rectifier tester provides meter indication of reverse -supply voltage, reverse leakage current, average
forward voltage drop, and average forward current.

CONSTANT -VOLTAGE POWER SUPPLY

The constant -voltage power supply is designed to limit the varia-

tion in DC output voltage to ±-1/2 volt with a 20% variation in
the input voltage. It uses two controlled rectifiers and a magnetic

For testing reverse leakage current and reverse supply voltage, switch S2 must be closed, applying 110 volts AC to Powerstat transformer T1 which is adjusted for the desired reverse sup -

control unit for the regulation of its output voltage.
TC RI
S2

BIAS CONTROL
WINDING

T2

1N444B

1N4440

2K

TCR4020

1N537

R3

311 VAR.
S3

11.

180
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1N2017

TCR2520
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11 OACV
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IN2022

1;01

160cpe
IK

ACV
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25K

110 ACV

IN2047
IOMFD.

T
TI ,T2-Mognetics Inc. Type 4181-001 -FULL WAVE MAGNETIC CONTROL
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Courtesy of Transitron Electronic Corp.

Circuit for constantvoltage power supply.
Ti, Tq - Powerstats

The 110 -volt AC input is applied across the full -wave rectifier
consisting of two diodes, two controlled rectifiers, and two bias
control windings which are part of the magnetic control unit. When

a variation in input voltage occurs, it also appears across the
load and, consequently, across the 1K ohm potentiometer. This
voltage is compared with a reference voltage which appears
across the 2.5K ohm potentiometer. When an unbalance exists,
current flows through the bias control winding of the magnetic
control unit in such a direction as to offset this change. For example, if the input voltage increases, the bias-control-winding

current is adjusted so that the firing point of the controlled rec-

tifiers is retarded and a constant -voltage output is obtained. When
the line voltage is constant, it is

rectified by the full -wave

rectifier and filtered by the LR network, with the output voltage
dependent on the current through the bias -control winding. By
varying the 25K ohm potentiometer the bias current can be
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T2 - 110V/ 500V
13 - 110VI 30V

Ml - 50 Microamp. movement, 500 Volts peak Full Scale
M2 - 10 Milliamps. Full Scale (Reads full cycle average leakage current)
M3 - 10 Amperes Full Scale (Reads average forward current)
Mq - 50 Microamp. movement, 3 Volts Full Scale Reads full cycle average forward drop)
Sip - 2 pole momentary contact switch

- Normally closed

Sig - Normally open

Courtesy of Transitron Electronic Corp.

Rectifier -tester circuit.

ply voltage as indicated on meter M1. The voltage from T1 is
applied across high voltage, low -current transformer T2. The
high -voltage output from T2 is rectified by half -wave rectifier

diodes D1 and D2. The rectified voltage produces a DC current
through meter M1, resistor R5, diodes D5, D6, and D7, and resistor R 1 . Meter M1 is calibrated to read reverse -supply voltage

with a full-scale reading of 500 volts DC. Capacitor Cl is an
165

AC bypass for the voltmeter circuit. Diodes D6 and D7 protect meter M1 from any negative transient voltages. With the rectifier under test in the circuit, a small, reverse leakage current
flows through the test rectifier, switch S 1 A, reverse leakage -cur-

rent meter M2, diodes D8 and D5, and resistor R1. Meter M2
indicates the reverse leakage current with a full-scale reading
of 10 amp. After completion of this test, switch S2 should be opened.
For testing forward -current and forward -voltage drop, switch

S3 must be closed, applying 110 volts AC to T4 which is adjusted for the desired forward current, as indicated on average-forward-current meter M3. The rectifier under test must be in the cir-

sentially free of ripple. Switch SIB, which is part of the power
switch, disconnects B 1 from the circuit when the supply is not

used. Without R3 in the circuit, some current is drawn from the
battery-approximately the load current divided by the collector to -base current gain of Q3. For example, if the load current
were 0.5 ampere and the gain were 20, the battery would supply about 25 milliamperes.

With R3 out of the circuit the output is free of ripple. With
R3 in the circuit the battery current may be brought to zero or
01

Os

is adjusted. The voltage from T4 is applied
across low -voltage, high -current transformer T3. Controlled rectifier

cuit when T4

TCR1 is triggered into conduction when the bottom of the secondary winding of T3 goes positive and the top of the secondary winding goes negative. The positive half -cycle from the bottom of T3 is applied through resistors R4 and R6 to the gate
of TCR1, gating it on. Current now flows through resistor R3,
controlled rectifier TCR1, meter M3 and its shunt, diode D9,
the rectifier under test, and resistor R4. During the next half
cycle the negative voltage at the bottom of the secondary winding of T3 triggers TCR1 off, and no current flows in the circuit,
resulting in half -wave rectification of the low -voltage, high -current

output from the secondary of T3. A controlled rectifier is used
in this circuit because of the low voltage required to gate it into
conduction. The triggering level of TCR1 is determined by the
setting of variable resistor R3. When switch S1 is depressed, meter M4 and multiplier resistor R2 are placed in parallel with the
rectifier under test. M4 then indicates the forward voltage drop
across the rectifier under test.
6 -VOLT POWER SUPPLY

This power supply has a 6 -volt filtered and regulated DC out-

put and can supply current up to 1 ampere. Voltage regulation
is obtained by using a 6 -volt battery to provide base bias on
series regulator Q3. When switch S1 is closed, the 115 -volt AC
source is applied to transformer T1 and stepped down to 6.3
volts AC across each half of the secondary winding. Transistors
Q1 and Q2 serve as an efficient full -wave rectifier. The resulting pulsating DC voltage is filtered by capacitor Cl.

Transistor Q3 is connected as an emitter -follower series regula-

tor and provides an output which is within a few tenths of a
volt of the reference voltage of 6 -volt battery B 1. Q3 also provides further filtering, thus making the voltage to the load es 166

Vali Otopot
To Leal

52

B1 -6V. Ba tery (such as lantern type).
CI-Electrolytic Capacitor, 12V. or greater
1000 Mfd. for loads to 0.5 amp.
2000 Mfd. for loads to 1.0 amp.
01, Q2, 03-Sylvania 2N1218 Transistor.
RI, R2-220, 1/2w. Resistor.
R3-Resistor Isee text).
S1-D.P.S.T. Power Switch.
TI -12.6V. C.T. Secondary Transformer (such as Triad F26X).

Courtesy of Sylvania Electric Products, Inc.
Circuit of 6 -volt power supply.

even reversed to charge the battery, thus making the life of the
battery in the circuit the same as its shelf life. This may, however, introduce a slight amount of ripple into the output, depending on the internal impedance of the battery and the value of
R3 used. If the internal impedance of the battery were zero, then
the presence of R3 would have no effect.

The proper value of R3 may be determined by measuring the

current in B1 with the desired load on the power supply and
inserting values of R3 to make the battery current zero or slightly reversed. Or R3 may be a 47 -ohm resistor in series with a 250 ohm potentiometer. The ripple introduced depends on the amount
of battery current to be balanced out (which is also dependent on
load current) and the internal resistance of the battery; it probably
will not exceed a few tenths of a millivolt for a 1/2 ampere load. In
building this circuit, mount the transistors on a heat sink.
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12 -VOLT POWER SUPPLY

This 12 -volt power supply provides a filtered and regulated
DC output capable of currents up to 1 ampere. By replacing Ti
with a transformer having a 6.3 -volt secondary (2.5 amp or more
rating) and B1 with a 6 -volt battery, a 6 -volt, 1 -ampere bridge rectifier supply is obtained. All of the transistors should be mount-

ed on heat sinks due to the high currents through them. When
switch Si is closed, the 115 -volt AC source is applied to transformer T1 and stepped down to 12.6 volts AC across the sec03

SIC

CT. NOT
USE0

1

be a 47 -ohm resistor in series with a 250 -ohm potentiometer. The

ripple introduced depends on the amount of battery current to
be balanced out (which is also dependent on load current) and
the internal resistance of the battery; it probably will not exceed

TI

IISV 1110,,

With R3 out of the circuit the output is free of ripple. With
R3 in the circuit the battery current may be brought to zero or
even reversed to charged the battery, thus making the life of the
battery in the circuit the same as its shelf life. This may, however, introduce a slight amount of ripple into the output, depending on the internal impedance of the battery and the value of
R3 used. If the internal impedance of the battery were zero, then
the presence of R3 would have no effect. The proper value of
R3 may be determined by measuring the current in B1 with
the desired load on the power supply and inserting values of R3
to make the battery current zero or slightly reversed. Or, R3 may

a few tenths of a millivolt at a 1/2 -ampere load.

1

PORTABLE SCR AND SILICON RECTIFIER TESTER

This circuit is a simple portable tester for silicon -controlled
rectifiers (SCR's) and silicon -diode rectifiers. While not as sophis-

ticated as those used for precise laboratory work and semiconductor comparative evaluation, its straightforward GO/NO GO operation is ideal for many types of general troubleshooting and ser-

CS

B1 -12V. Battery (such as 2-6V. lantern or

2-6V. "A" type).

01 to 05 Incl.-Sylvania 2N1218 Transistor.
R1, R2, R4, R5 -22t1, Ihw. Resistor.
R3-Resistor (see text).

vice work. The test set detects opens and shorts in diode rectifiers and SCR's. In addition, it also checks forward blocking abil-

Courtesy of Sylvania Electric Products, Inc.
Circuit of 12 -volt power supply.

and triggering on SCR's. Convenient battery operation is
particularly useful when working with automotive, marine, and
aircraft equipment. This tester is more objective than the often
used ohmmeter type of test because it applies at least 10 volts

ondary winding. Transistors Q1, Q2, Q4, and Q5 are connected as efficient rectifiers in a bridge -type circuit. The resulting

of the lamp to light denotes a defective semiconductor for the

C1-Electrolytic Capacitor,
1000 Mfd., 25V. for loads to 0.5 amp.
2000 Mfd., 25V. for loads to 1.0 amp.

S1-D.P.S.T. Power Switch.
T1 -12.6V. Secondary Transformer (such as
Triad F -26X).

pulsating DC voltage is filtered by capacitor Cl.

Transistor Q3 is connected as an emitter -follower series regula-

tor and provides an output which is within a few tenths of a
volt of the reference voltage of 12 -volt battery B 1. Q3 also provides further filtering, making the voltage to the load essentially free of ripple. Switch S1B, which is part of the power switch,
disconnects B1 from the circuit when the supply is not used.

Without R3 in the circuit, some current is drawn from the battery-approximately the load current divided by the collector -to base current gain of Q3. For example, if the load current were
0.5 ampere and the gain were 20, the battery would supply about
25 milliamperes.
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ity

to the semiconductor under test. Satisfactory condition of the semiconductor parameter being tested is indicated by a lamp. Failure
specific test conditions.
Controlled rectifier SCR1, which has a sensitive -gate -trigger-

ing characteristic and acts as a high -gain amplifier, compares the
signal from the parameter being tested against its critical gate triggering voltage and energizes the lamp if the parameter is satisfactory. Separate batteries energize the measuring and indicating circuits. A five -position rotary switch permits easy consecutive selection of the individual tests; battery check, forward voltage drop and gate trigger, reverse -leakage current, forward -leakage current, and off.

When the rotary switch is placed in the battery -check position, the gate of SCR1 measures a small portion of the voltage
169

of measuring battery B 1. If the battery voltage is too low, SCR1

LI

fails to fire and therefore does not light the indicating lamp. If
R7
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R2
CALIBRATE

LEAKAGE
CURRENT

PUSH TO TEST

2
3

4

.3

_

5

1

C4

R8

GATE

1

UNDER
TEST
CATHODE

R5

INDICATES CLIP LEADS

PARTS LIST
RI - 22 K

W

R3,R4-4.7K,IW
R5 -IK, IW
R6 - 680 OHMS, I

ROTARY SWITCH POSITIONS

S2 -2 POLE, N.O. PUSHBUTTON,

R2 -1000 OHM POTENTIOMETER

BOTTOM CONTACT
ADJUSTED AS INDICATED
IN TEXT.

W

R 7, R8 -100K, I W

CI,C4 -.01 MFD

C2,C3- 1 MFD

SI - 4 POLE,5 POSTION,

When the rotary switch is placed in the forward voltage drop test position, the diode or SCR under test is placed in series

light the indicating lamp.

5

ANODES
UNIT

S2

4

4

fails to light.

with the measuring circuit and a gate signal is applied if the
semiconductor is an SCR. Provided the forward voltage drop
of the unit under test is satisfactorily low, SCR1 will trigger and

R3
4

indicating -lamp battery B2 is discharged too far, the lamp also

I

BATTERY CHECK

2 FORWARD VOLTAGE DROP AND
GATE TRIGGER ( FOR SCR'S )

B1 -67- 1/2 VOLT DRY CELL

3 REVERSE LEAKAGE CURRENT
4 FORWARD LEAKAGE CURRENT

B2 -3 VOLT DRY CELL
LI -G.E. *49 LIGHT BULB

S OFF

( FOR SCR'S ONLY )

SCR I- G.E. C5U CONTROLLED
RECTIFIER

NON -SHORTING ROTARY SWITCH

(A) Complete schematic.

When the rotary switch is placed in the reverse-leakage-current position, the diode or SCR under test is placed in parallel with the resistance divider of the detecting circuit. Excessive
leakage current diverts current from sensing resistor R2, thereby
preventing SCR1 from triggering and the lamp from lighting. In
the forward leakage -current test position (for SCR's only) the
SCR under test is again placed across the sensing circuit with
its cathode and anode reversed. Operation is the same as in the
reverse leakage -current test.

In position 2 (forward voltage -drop and gate -trigger test) push
button S2 triggers the gate of the SCR under test when it is depressed, and resets SCR1 when it is released between tests. For
proper operation, the contacts should be adjusted so that the top
contact (in the indicating lamp circuit) closes slightly before
the lower contact (in the gate circuit).

CHOPPER -CONTROLLED, REGULATED POWER SUPPLY
B2

(B) Battery -check mode.

(C) Forward -voltage drop and gate trigger mode.

BI

82

(D) Reverse-leakage-current mode.

(E) Forward-leakage-current mode.
Courtesy of General Electric Co.
Portable SCR and silicon -rectifier tester circuits.
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This circuit is capable of operating directly from a DC line
or from an AC supply through use of a rectifier and rough filter as shown on the diagram. This circuit has several advantagas, such as being capable of operating in a stable condition
over a wide range of the AC input frequency. Because the chopping circuit operates in the 500- to 2,000 -cps range this circuit
also has inherently faster response than a phase -controlled circuit operating at normal line frequencies. Filter requirements are
less, and the AC supply sees essentially a unity power -factor
load with little distortion effect on the line voltage as compared
to phase -controlled circuits.

When controlled rectifier SCR1 is fired by a gate pulse from
transformer T2, power is delivered to the load, and the auto transformer action of T1 causes capacitor C4 to become charged
with its bottom plate positive with respect to its top plate. When T1

saturates, the voltage on C4 is applied to the cathode of SCR1,
switching it off. However, current continues to flow through the
171

resistor designed to protect CR1 against excessive inrush current to C5.
CASCADE -AMPLIFIER REGULATOR

The cascade -amplifier regulator provides a regulated, variable

DC output between zero and 12 volts from a 105- to 130 volt AC input. The 115 -volt AC input is applied to the 15 volt zener supply. The 15 -volt DC output is used as a bias
T1

RECTIFEJI WYLY

IF MO

- G000,10 W

C1- 12000 mid. 40V ELECTROLYTIC

CR2

G E 19215B

162- 2300.2 V/

C2- 01m14,200 vDC
Cr- 112,414,250 VDC ELECTROLYTIC

CR3
CR4

G E 1N311 I TWO REQUIRED)

R.- 206,.511t
N.- 250,10W

C4- 4,424,200 vDC,EKTENDED FOIL.

CR5

G.E.26F612

R5- 22000,.5*

C.- 140004.250 vDC ELECTROLYTIC

R.- 120013,1w

C6- 015.14,200 VDC
Cy- 0.2444.200VDC

R,- 27000. SW
R.- 3300. SW

C.- 0 11,.14,200 VDC
C.- 504414,50VDC ELECTROLYTIC
SCR- G E C4OC

R.- 050,106/
610- 7000, SW
R0- 470. SW

CR,- G E 4.1,46211CM AIM

CR6

01.0,
03
T1

Ty

G E 101536

01

1N469 6v BREAKDOWN DIODE 12001

2N652

161927- 20V BREAKDOWN DIODE (16/
G E 2.4635

Q2
, 2N I 529

G E 2311671A

MAGNETIC S,1NC 50001-20 ORTMONOL CORE
WITH TWO WINDINGS OFW14AWG WIRE AS
INDICATED ON DIAGRAM
SPRAGUE 312204 PULSE TRANSFORMER
10 m4,10 om CHOKE

R12- 2500,2W LINEAR POT

Courtesy of General Electric Co.
Circuit of chopper -controlled, regulated power supply.

load and diode CR2 due to the inductive effect of choke L1
and through the load due to the energy stored in C 1. The feed-

Courtesy of Motorola Semiconductor Products, Inc.
Circuit of cascade -amplifier regulator.

back control of the output voltage relies on unijunction-transistor relaxation oscillator Q3 to develop firing pulses for the gate

voltage for series -regulator transistor 01. The base bias is fixed

of SCR1. These pulses are coupled to the gate through T2.

With the voltage adjust potentiometer (R12) at its bottom position, no feedback signal is present. Under these conditions the
UJT oscillates at its maximum rate, approximately 2 kc, and maximum voltage is applied to the load. As the arm of R12 is moved
up so that its portion of the load voltage exceeds the reference
voltage of CR5, Q2 starts to conduct, and part of the current flowing down through R7 is diverted from C8 through CR4 and the

collector of Q2. C8 then takes longer to charge to the peak point voltage of Q3, and the repetition rate of the UJT oscillator and SCR decreases. Load voltage is also decreased. For a
given setting of R12, so that the load voltage is at or near the
design objective of 28 volts, the feedback circuit will regulate
the repetition rate so as to maintain load voltage constant with
variations in supply voltage and load current. The two diodes
(CR3) compensate for temperature variations in the

emitter voltage drop of Q1 and Q2. Resistor R9 is
172

base -to a surge

by the zener diode. The resulting regulated current through variable
resistor R1 provides a reference voltage for the regulator circuit. A
portion of the supply voltage is taken from auto transformer T1 and
applied to the variable 2- to 18 -volt power supply. The output of

the variable power supply is used for bias voltages on transistors Q2, Q3, and Q4.

The setting of variable resistor R1 determines the base bias
on 02 and thus the voltage output of the regulator. The conduction level of Q2 determines the current through emitter resistor R2, controlling the current through series regulators Q3
and Q4. The output series regulators are paralleled to permit
large load currents without exceeding the transistor power rating.
It is necessary to carefully match parallel transistors or to use
a small resistor in series with each emitter, thus equalizing the
emitter currents. Bleeder resistors R2 and R5 maintain regulation at very low load currents. If these are not used at some
minimum load current the zener will no longer control the emit 173

ter voltages of transistors Q2, Q3, and Q4, and the output voltage will float up to the power -supply voltage.
1000 -WATT REGULATED SUPPLY

The 1,000 -watt supply is controlled by a 10 -watt zener diode. This
supply is designed to deliver 0 to 35 amperes at a nominal 28 volts

DC with expected AC line variation of 105 to 125 volts. The line voltage is stepped down by transformer T1 and rectified by bridge rectiL1

This adjustable, regulated base voltage controls the voltage output of the regulated supply. The voltage developed at the emitter of
Q2 is applied to the bases of ten parallel -connected, series -regulator
transistors (Q3). The ten paralleled transistors are needed to carry

the high output current of the power supply. Bleeder resistor R5
maintains regulation at very low load currents. If this is not used, at
some minimum load current the zener will no longer control the
emitter voltages of transistors Q2 and Q3, and the output voltage will
approach the supply voltage. Capacitor C2 provides additional filtering of the output voltage. Circuit breaker CB1 is in the circuit to protect the output transistors from excessive current. Meters M1, M2,
and M3 provide visual monitoring of the power -supply voltage, load
voltage, and load current, respectively.
150 -WATT REGULATED SUPPLY

This 150 -watt, regulated supply uses a 6.8 -volt zener diode to
regulate the output voltage over a range of 0 to 30 volts. A portion of
the source voltage is coupled through autotransformer T1 and isolation
transformer T2 to full -wave bridge rectifier X 1 . The rectified output
from X1 is filtered by inductor Ll and capacitor Cl. In a similar manner the line voltage is coupled through transformer T3 and rectified
by full -wave rectifier X2. The rectified output from X2 is filtered by
resistor R11 and capacitor C5. Bias for the base of control transistor
Q1 is taken from the junction of resistors R5 and R6. Potentiometer
R5 is ganged to the variable autotransformer so that as the voltage
T,

110:40 V,,ms, 40 amp

Phoenix Transformer Co.

L,

3 mh, 40 amp, .01 ohm

Phoenix Transformer Co.

X,

4 Rectifiers,
40 amp, 100 V

C,

32,00044f, 50 V

(8-4,000 4)
2504, 50 V
R,

50 ohms, 5 watts
12 ohms, 10 watts

#I488
#I489
4 Motorola 2N1542
(Transistors used as
diodes collector -base)

from the autotransformer increases, the resistance of R5 also increases, keeping the voltage drop across sensing resistor R6 nearly

12

R4, 5,
Q,
Qs
Q3

M,

M,
M,
CB,

z

50 ohms, 20 watts
40 ohms, 50 watts
Power Transistor
Power Transistor
10 Power Transistors

Motorola 2N1544
Motorola 2N 1544
Motorola 2N 1544

50 Volt D.C. Meter
50 Volt D.C. Meter
50 Amp D.C. Meter
50 Amp Circuit Breaker
10 Watt Zener Diode

Motorola 10M30Z5

Courtesy of Motorola Semiconductor Products, Inc.
Circuit of 1,000 -watt regulated supply.

fier X 1 . The rectified output is filtered by inductor Ll and capacitor
Cl. Zener diode D1 provides a steady voltage at the base of transisto
01. This constant base voltage results in a constant level of conduction through 01, R2, and R3. The voltage developed across R3 and
variable resistor R2 is applied to the base of voltage-regulator transistor Q2.
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constant. By this means the collector current of control transistor Q1
is held constant.
The zener diode maintains a stable reference voltage for comparison with the voltage developed across R6. Transistors Q2 and Q3 are
current amplifiers for series regulator 04 through Q11. Thermistor
R7 compensates for temperature -variation effects on zener-diode voltage and control transistor Q1. Bridge rectifier X2 is the DC voltage
supply for the zener diode. This separate power supply is necessary to

limit current variations through the zener diode to small changes
caused by line -voltage fluctuations. This supply should be sufficient
to furnish the required zener current plus the no-load emitter current
of Q4 through Q11. For good zener voltage regulation, zener cur-

rent should never be less than 10% of the emitter current of Q4
through Q11. Current -feedback resistor R2 is included in the circuit
to improve the load regulation. Voltage feedback resistor R8, which
is a 3 -2 -volt, 350 -ma light bulb, improves the line -voltage regulation.
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Rs 100 V BULB
100 WATT

1N1565
D1

110 VOLT 60 cps AC

R1

50M1OZ

90.n.
10 v

(A) 10 -volt power supply.

Rs, 3n

R1. 2n

Ft,

R9

0

Courtesy of Motorola Semiconductor Products, Inc.
(B) 600 -ma supply.

0

Vo

Circuits of zener-diode voltage regulators.
T1 Powerstat type 20 Superior Electric -

C4 1000µf -- 5W

3 Ampere
C5

12 UTC H-96 115V -- 40V, 6A

1000Lifd -- 50V

R4 1000 10W

R6 700, 112W

13 Triad F25X 12.6V, 1.5A, filament
transformer

Q1 2N1540 Motorola

R7 RB38L1 Thermistor

X1 4 -- IN253 Motorola

Q2, 03 2N1539 Motorola

R8 #45 GE light bulb, 3.2V, 350 ma

X2 4 -- IN1563 Motorola

Q4-Qu 8 - 2N1539 Motorola

R9 150134 Potentiometer

R1 1004 1W

R10 50, 1W

R2 9.5 inches of #22 copper wire

R11 54, 5W

R3 1000 10W

L1 Triad F18A 6.3V, 6A, filament
transformer

C1 120001.dd - 50V

C2 4000µfd -- 50V

Ci 4000ufd -- 50V

of the incandescent bulb ballast is that the volt-ampere characteristic
tends to maintain constant current, and, in turn, aid the regulation.
Circuit B shows a supply that is relatively unaffected by load, is
adjustable, and provides a regulated reference or power source. For
precise output -voltage control, the voltage levels of zener diodes Z1
and Z2 can be selected quite close together; the difference will appear
across R1. Resistor R1 is adjustable, thus providing a variable output
voltage. With the constants shown, regulation is better than -±-3% for
all settings of R1 and load currents up to 600 ma.

R5 4004 potentiometer NI

Z8 10M6. 8Z Motorola

Fenwal Elec.

of Motorola Semiconductor Products, Inc.
Circuit of 150 -watt regulated supply.
Courtesy

CURRENT REGULATOR

SIMPLE, ZENER-DIODE VOLTAGE REGULATORS

Circuit A shows a transformerless, 10 -volt power supply that is
regulated to better than ±5% against nominal variations in both line
supply and load current. The regulated supply uses half -wave rectifier
diode D1 with an incandescent bulb as a ballast to rectify the 110 -volt
AC line voltage. Zener diode D2 is connected across the output and
prevents the rectified voltage from exceeding 10 volts. Capacitor Cl
filters the rectified voltage by snorting any AC component in the rectified output. The use of an incandescent bulb as a ballast provides
not only economy, convenience, and safety, but also a wide range of
currents in the many wattage ratings available. An important feature
176

3_

A

This circuit shows a current regulator for handling from 1 to 10
amperes at 50 volts DC. It has a power capability of 450 watts with
an efficiency of 90% . Regulation at 10 amperes with load changes
from 0 ohms to 4.5 ohms is about 2%.
This DC regulator uses five paralleled power transistors (type 2N
575) as the series element driven by a 2N1659 transistor. Potentiometer R2 provides an adjustable reference voltage, permitting the
output current to be set for any level from 1 to 10 amperes.
Series resistor R1 provides an error signal through transistor Q6,
maintaining a constant preset current level as the load conditions
vary.
177

whether the regulated voltage is going up or down. The output of
this circuit is used to control the series -regulator transistors.

02
VOUT
0 VOLTS
B
RI

R9

INPUT
50 VDC

OUTPUT

NPUT

0

CR1:

25 µf, 100 v

F12:

1N1363 -R silicon

reference diode
Ql. Q2: RCA -2N1489 high -power

silicon transistors

Q3: RCA- 2N1485 intermediate -power

silicon transistor

01 thru Q5 Minneapolis -Honeywell 2N575
Q6 = Minneapolis -Honeywell 2N1659

DI thru D4 - 1N1217 for equivalent)
RL - 0 to 50 ohms (determined in part by load current)
R1 = 0.1 ohms, 10 watts, Resistor
R2 = 100 ohms, 2 watts Potentiometer

Q4,

620 ohms
1000 ohms
R3: 750 ohms
84: 4000 ohms
100 ohms
Rs:
2500 ohms
116:
R7: Potentiometer, 1000 ohms
R8: 3500 ohms
R9: 20000 ohms
R10'R11: 0.5 ohm
RI:

C1: 0.5 i.tf
C2:

RL

RT

O

05: RCA -2N1482 medium -power

silicon transistors

Courtesy of Radio Corporation of America.

Series-voltage-regulator circuit.

R3 - 1.5 K ohms, 2 watts, Resistor
R4 thru R8 = 0. 2 ohms, 1 watt
Resistor

Courtesy of Minneapolis -Honeywell Regulator Co.
Current -regulator circuit.

SERIES VOLTAGE REGULATOR

This circuit demonstrates the use of power transistors in a series
type of voltage -regulator circuit. The input voltage is 86 volts -±15%,

and the regulated output voltage is 70 volts. The load current can
vary from 0 to 4 amperes and the regulation from no load to full
load is 2.5%. The ripple rejection of this circuit is 40 db. As in
other types of series voltage -regulator circuits, the drop across the
series elements varies in order to keep the output voltage constant.
The base of Q4, a 2N140 medium -power silicon transistor, has a
reference voltage established through the use of diode CR1. A voltage
taken from control R7 is fed to the base of 05. These transistors to-

gether form a differential amplifier, the output of which indicates
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order to turn the circuit off, a positive voltage is required at the
"off" terminal.
FIRE ALARM

SECTION 11

OTHER CONTROLS

This is a single transistor used as a fire -alarm circuit. As with a remote -temperature indicator, the current flow through the transistor is
a function of temperature. At normal room temperature the transistor
is biased so that there is a small amount of current flow. As the transis-

CR1

01

KI

DS (Alarm)

2N1218

LATCHING RELAY

22.5V. -81

This circuit shows the use of a 2N1303 germanium switching
transistor together with a No. 49 light bulb and a cadmium sulphide
cell to provide a simple latching -relay circuit. There are two inputs as

1

See Text

POWER

-I

SOURCE

SI

B1-22 VIV. Battery, Burgess #5156SC or equivalent.
DS-Bell, Buzzer or Light (See text).
*K1-Relay, Potter & Brumfield, SM5DS, 90052 18V. D.C.,
(fits 7 pin. min. tube socket) or equivalent.
CR1-Sylvania 1N34A Diode.
01-Sylvania 2N1218 Transistor.
R1 -10K 1/2w. Resistor.
S1-S.P.S.T. Toggle Switch.

The SM5DS relay has contacts rated at 2 amperes for non inductive load. If heavier current
is required operate a heavy duty relay from the contacts of the SM5DS.

Courtesy Ferroxcube Corporation of America.
Latching -relay circuit.

shown; one to turn the circuit on, and the other to turn it off. As indicated, this circuit is for 12 volts DC. However, it can operate on
other voltages depending on the particular transistor that is used.
In this circuit a small base current causes the lamp to barely glow.
This glow lowers the resistance of the light -dependent resistor (LDR),
or cadmium photocell, and this increases the base current, which increases the current flow through the lamp, hence the intensity of the
light. This is a regenerative type of action that increases to the maximum value once it has been started. Note that only a small initial signal is required at the base, and this initial "on" signal, or trigger, is
amplified by the transistor circuit to produce the switching action. In
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Courtesy of Sylvania Electric Products, Inc.
Fire -alarm circuit.

tor is heated, leakage current through the transistor increases the current flow through the relay coil until the relay contacts are closed.
This circuit with the component values shown can be tested by applying a lighted match to the transistor itself. A few moments after the

heat is applied, the current flow increases to the point where the
relay closes.

The relay contacts are closed to complete a separate external circuit. This external circuit has an alarm and power source in series.
The power source and the alarm can be arranged in any manner depending on the specific needs. For example, a separate AC source can
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510

Amon
4'

5.3 V D.0

be used together with an alarm such as a bell or flashing light, or a
battery -operated alarm can be used.
GEIGER -TUBE RADIATION DETECTOR

--

12

`,S;) 3

R7

4

C9

Rs
MT

Ri

P05.1 - OFF

RI3

2-500 C PM

51

3-5000
IL

4-50000 "

900 VOX

81,

B2,

B3,

B4 -1.345V. Mercury Battery

Mallory RM-4R.

C1-500 mmfd. Capacitor, 1600V. or

02, 03-Sylvania 2N233A Transistor.
R1-1 megohm 1/2w. Resistor.
R2 -100K 1/2w. Resistor.
R3 -47K 1/2w. Resistor.

greater.

C2-0.1 mfd. Paper Capacitor.
C3-330 mmfd. Ceramic or Mica Capacitor.
C4, C5-25 mfd. Electrolytic Capacitor, 6V
or greater.

C6-0.5 mfd. Paper Capacitor.
C7-.05 mfd. Paper Capacitor.
C8-.005 mfd. Paper or Mica Capacitor.
C9-300 mfd. Electrolytic Capacitor, 3V.

or

greater.

C10-.01 mfd. Paper Capacitor.
CR1-Sylvania Silicon Diode 1N456.
HT-Earphones, approximately 2000 ohms.
M1-Meter, 0 to 50 microamperes D.C.
01-Sylvania 2N35 Transistor.

R4 -6.3K
R5 -10K

1/2w.
1/2w.

Resistor.
Resistor.

R6 -3.9K 1/2w. Resistor.

R7 -22K 1/2w. Resistor.
R8, R11 -3.3K 1/2w. Resistor.
R9, R10 -2.2K 1/2w. Resistor.
R12-47012 1/2w. Resistor.
R13, R14-100012 1/2w. Resistor.
R15-250012 Potentiometer.
S1-Rotary Wafer Switch, 4 poles 4 position,
or more positions used with a stop.
V1-Geiger Tube, Victoreen 1885 or Tracer lab TGC-6.

(A) Radiation -detector circuit.
SI

3

R2

4

7

CR2

9 0 0 V

CR3

2

R

Geiger

'6

Tube

C3

= B3

to

ALCR4

II.

(32

R3

C4

R4

01

2N94

VI

R5

81, B2,

B3, 84-1.345V. Mercury Battery,

Mallory RM-4R.

CI, C2, C3, C4-.01 Mfd. 500V. Disc Ceramic Capacitor.

C5, C6-.01 Mfd. 2000V. Disc Ceramic Capacitor.

CR1, CR2, CR3, CR4-Sylvania 1N2071 Rectifier.

Q1-Sylvania 2N94 Transistor.

RI -3.3K

1/2w.

V T. V M

R2 -25K Potentiometer.
1/2

I.
TO

Resistor.

R3, R4-4.7 Megohm

-

w. Resistor.

R5 -100K 1/2w. Resistor.
S1-S.P.S.T. Toggle Switch.

TI-Transformer, U.T.C. Type 0-3 Ouncer.
V1-Corona Regulator Tube, Victoreen 5841.

(B) 900 -volt power supply.
Courtesy of Sylvania Electric Products, Inc.

Circuit for Geiger -tube radiation detector.
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tube. The meter that is used to visually indicate the counts will show
a normal background of about 50 counts per minute.
The Geiger tube that actually detects the radiation is powered by a
900 -volt DC supply. This supply can be 3 individual 300 -volt batteries in series or a transistor-blocking-oscillator type of power supply
in which the blocking oscillator generates an alternating current that
is stepped up and rectified. (Circuit B).
The first transistor (Q1) is an emitter -follower designed to match
the high impedance of the Geiger tube to the rest of the circuit. The
remaining two transistors (02 and Q3) together form a multivibrator
driven by the amplified Geiger -counter pulses. 02 is normally conducting, and Q3 is normally cut off. The negative pulse from the Geiger tube switches the multivibrator to the other state. In this circuit,
the range switch varies the time constant in the multivibrator circuit.
This determines the meter current per pulse. Position 2 is for up to
500 counts per minute, position 3 is for up to 5,000 counts per minute,
and position 4 is for up to 50,000 counts per minute. The control,
R15, in the collector circuit of Q3, is usually adjusted to give a full
count of 5,000 counts per minute in the range position 3. The diode,
CR1, is used to prevent current flow through the meter except when
an input pulse from the Geiger tube occurs.
SOUND -OPERATED RELAY

C2

CI

TI

A Geiger -tube counter is a radiation detector used in prospecting
for uranium or other types of radioactive ore. This is a three transistor unit feeding a pair of earphones and driven by a Geiger -counter

Audio signals such as an automobile horn or a voice can operate
this relay circuit. For a horn, the circuit can be arranged to open a
garage door or turn on lights when the automobile horn is sounded.
A voice can also operate this relay to turn on an intercom or other
devcie.
Two stages provide the required gain, and Q3 is the relay driver.
Audio modulates the DC current flowing through the carbon microphone. The signal is amplified by Q 1, a grounded -emitter stage utiliz-

ing transformer coupling. The signal is amplified further by Q2, another grounded -emitter stage.
The output signal from Q2 is changed to DC by the positive half wave rectifier. This positive DC voltage is applied to the base of Q3,
which in turn makes Q3 conduct enough current to actuate Relay K 1
The sound level at which the relay will close can be adjusted by varying R7.
.
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age from the power supply cuts off the thyratron when no light falls
on the detector. When light falls on the detecting element, the grid
voltage is increased above the firing value, causing the thyratron to
fire. This in turn closes the relay. As in other circuits of this general
type, the thyratron is triggered into operation and carries the full current the moment the grid rises to the conduction voltage. Note that
capacitive coupling is used between the control grid and the detector
so that triggering will occur only on abrupt changes in radiation.
B1

9V. Battery, Burgess #2N6 with snap

terminals or equivalent.
B2 -221/2V. Battery, Burgess #5156SC or
equivalent.

C1-5 Mfd. Electrolytic Capacitor, 25V. or
greater.

C2-50 Mfd. Electrolytic Capacitor, 30V or
greater.

MK1-Microphone, single button carbon.
01, Q2-Sylvania 2N35 Transistor.
03-Sylvania 2N1218 Transistor.
R1 -3K rlw. Resistor.

G":". RELAY CONTACTS RE NEEDED
FOR DEVICES TO Be conorpoccE0

R2 -15K 1/2w. Resistor.
R3-8201/ 1/2w. Resistor.
R4 -10K 1/2w. Resistor.
R5 -100K 1/2w. Resistor.
R6 -4.7K 1/2w. Resistor.
R7 -10K Potentiometer.
51-D.P.S.T. Toggle Switch.

1,1)THERMAL. TYPE
TIME - DECAY ED

SWITCH FOR

CR1-Sylvania 1N456 Diode.
CR2-Sylvania 1N34A Diode.
+K1-Relay, Potter & Brumfield, SM5DS,
Tl-Transformer Triad TZ-15.
900f1, 18V. DC., Hits 7 pin min. tube
socket) or equivalent.
*The SM5DS relay has contacts rated at 2 amperes, for non inductive load. If heavier current
is required operate a heavy duty relay from the contacts of the SM5DS.

IOUTOPIATIC RESET

56 st

IK

27K 72v.,

zW

AAPv

ggt,'
4:

2o f
1 +1507
150

5.6K
V2 w

Courtesy of Sylvania Electric Products, Inc.

Circuit for soundoperated relay.

l/7 vocTS

60 cyc.fi

TYPE

RESET

5021
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signal-to-noise ratio, it can be used for many applications where other

photoconductor cells cannot be used. In this particular circuit, an
auxiliary amplifier is shown so that there will be an operation of the
electrical switch in the event of a small and relatively abrupt change in
the amount of radiation falling on the detector. Thus the device can be

used to control electrical power to devices such as alarm bells or
motors.
As shown, a single transformer is used in the power supply, and any

transformer whose primary will take 117 volts AC and convert it to
6.3 volts AC may be used in the circuit. After rectification, the 150
volts DC is the plate supply of the 2D21 thyratron. The 6.3 volts AC
secondary provides the filament power for the thyratron. A bias volt 184

20 rnf -

/500

W

IM
W

There are many types of photo -conductor detectors. This circuit
shows the lead sulfide detector (Ektron) produced by Eastman Kodak. There are various types of units available, and their useful range
extends from about 0.25 microns (2,500 Angstroms) to 3.5 microns
(35,000 Angstroms). Their resistance is a function of the light or ra-

Because this unit has an excellent spectral response and a good

IW2CY

5:6M
x

DETECTOR CIRCUIT

diation intensity; hence they can be used in detector circuits. A typical
detector circuit is shown.

ODRK

pETRCTOR

.02 mc
600v

THYRPTRON
MANUAL

s

LEAD -SULFIDE, PHOTOCONDUCTOR RADIATION -

mi

40ov

470 N
NNN.

.50K POT.

-15 voLrs

Courtesy Eastman Kodak Co.

Photoconductor radiation.detector circuit.

In this circuit, when the relay operates, the thyratron is almost immediately turned off, and the relay is locked in the energized position
since there is a set of contacts on the relay which remove the plate
voltage from the thyratron and at the same time maintain current flow
to the relay coil. Reset is accomplished by the manual reset button or
an appropriate thermal time -delay switch. A control is shown for the
manual adjustment of the trigger level for the thyratron, which determines its point of conduction. In some applications it is possible to
replace this control by a fixed resistor of an appropriate value after
testing the circuit parameters for the desired levels. It is also pos-

sible to operate this circuit using direct current such as a 90 -volt
battery; in this case a dropping resistor is needed for the thyratron
filament.
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RELAY ACTUATOR

The relay actuator is a one -event memory circuit requiring an
actuating voltage as low as 3 my. The relay actuator is extremely useful in registering things such as whether or not the phone rang while
the owner was away, whether or not lights were turned on, if doors
were opened or doorbells rung, and so on. Practically any event from

bolts AC is now applied through the holding contacts of K2 to the coil,
holding K2 energized. Relay K2 will remain energized providing indication that a signal has been applied to the input of the relay actuator. In order to de -energize K2, push-button switch PB1 must be depressed, removing the 110 volts AC from the coil of K2. If input voltages larger than 1/2 volt rms are to be used, an input attenuator should
be used.
AUTOMATIC GARAGE LIGHT

This circuit automatically turns on the garage lights when the detector is illuminated by the auto headlamps. After the headlamps have
been turned off, it holds the garage lights on for 11/2 to 20 minutes,

allowing the driver sufficient time to enter the house.
The heart of the automatic garage light is the energy -storage

B1 - 15 -volt battery
C1, C2, C3 - 10 mfd electrolytic capacitor,
25 V

CR1 - Sylvania 1N34A diode
K1 - Advance SO 1C 4000D relay or
equivalent

K2 - Potter 8 Brumfield Type CA3A or
equivalent 110 vac relay, having at least
one normally open contact

II - neon lamp; NE -2 or NE -51
PBI - SPST normally closed push-button
switch
01, Q2 - Sylvania 2N1265
R1 - 330 k, 1/2 w
R2 - 6.8 k, 1/2 w
R3 - 15 k, 1/2 w
R4 - 1.5 meg, 1/2 w

B2

- 81

Courtesy of Sylvania Electric Products, Inc.

Relayactuator circuit.

which an alternating current can be obtained can be used to activate
the circuit. The circuit will remember only one event, since relay K2
is a self -holding relay.
1

Any AC input above 3 my rms, and between 1/2 cps and
me operates the circuit. The input signal is coupled through

capacitor C1

to

the base

of

grounded -emitter, AC -amplifier

transistor 01. Resistor RI provides the base bias. Resistor R2 is the
collector load resistor for Ql. The amplified signal from the collector
of Q1 is coupled through capacitor C2 to a detector network consisting of diode CR1, resistor R3, and capacitor C3. The negative detected signal from the junction of CR1 and C3 is applied to the base
of transistor Q2. This negative voltage drives Q2 into conduction.
When 02 is driven into conduction, collector current flows through
the coil of relay Kl, energizing K1. When K1 is energized, 110 volts
AC is applied across the coil of relay K2, energizing K2. Neon lamp
Il provides visual indication that K2 has been energized. Resistor R4
is a current limiting resistor for I1. When the input signal is removed
from the relay actuator, relay K1 is de -energized. However, the 110
186

B1 - 15 -volt battery

B2 - Sun battery, International Rectifier
Corp., Type B2M or equivalent
C1 - 1000 mfd electrolytic, 15 -volt
CR1 - Sylvania 1 N34 diode
11 - 115 -volt light bulb, wattage not greater
than 100
K1 - I kohm sensitive relay, Sigma
11F -1000G or equivalent

Q1 - Sylvania 2N1265 transistor
Q2 - Sylvania 2N229 transistor

RI - 10 k potentiometer
R2 - 22 k, 1/2 w
R3 - 1 meg potentiometer

R4 - 1 k, 1/2 w
S1 - Singlepole, single -throw switch;
slide, toggle, or push button

Courtesy of Sylvania Electric Products, Inc.

Circuit for automatic garage light.

capacitor (C1). When the auto headlamps strike the sun battery (B2),
a bias current is generated for transistor 01. This produces a bias on
Q2. This lowers the collector impedance, providing a charge path for
capacitor C 1 . Resistor R4 limits the surge charging current of Cl
Adjustment of potentiometer R1 varies the sensitivity so that the
187

charging action occurs at the desired level of illumination. When the
illumination is removed from B2, the conduction in 01 decreases
markedly, increasing the output impedance. Capacitor Cl now discharges through R4 and the parallel paths of the output impedance of
01, the input impendance of Q2, and resistors R2 and R3. Since the

output impedance of Q1 is very high, and the input impedance of

emitter -follower Q2 is also very high, the main discharge path for Cl is
through R2, R3, and R4. The setting of R3 determines the discharge
time of Cl. Resistor R3 can be adjusted for a discharge time ranging
from 11/2 to 15 minutes. Removal of R2 and R3 results in a discharge
time of approximately 20 minutes. The emitter -follower action of Q2
drives relay K1 with a voltage that resembles the exponentially -discharging capacitor voltage. Diode CR1 damps the voltage spikes generated by the relay coil when the drive voltage is suddenly withdrawn.

The current through the coil of K1 energizes K1, applying 110 volts
to the garage light.
When switch S1 is open, the large time constant is removed from
the circuit and R1 may be rapidly adjusted. As the control is advanced,
the relay closes when the sun battery is illuminated. As it is further
advanced, a point is reached at which the relay will no longer open
for ambient light. Resistor R1 should be set just below this point so
that the relay opens for the brightest ambient light that is expected.

Now, close Si and the automatic garage light is ready to operate.
If the garage light is to be larger than 100 watts, it is desirable to
use a second relay operating directly on the 115 -volt line to prevent
burning of the realy contacts. It may also be necessary to shield the
sun battery to prevent it from locking -up on the garage light that it
turns on.
RAIN -ALARM CIRCUIT

The rain alarm circuit indicates the presence of rain. When rain
drops fall across the rain probes, the alarm circuit is energized. Instead
of using an indicator lamp as shown in this circuit, you could use an
alarm system such as a buzzer, or you could use an intermediate relay
to activate a number of mechanisms such as a device for closing windows when it starts to rain.
The rain probe is easily constructed by supporting two bare conductors so that they run parallel to each other approximately 1/16th
of an inch apart. Any gauge wire may be used for the probes, providing they are stiff enough to maintain their shape. A two-inch length
is adequate. Several probes may be connected in parrallel; all of them
are connected to one circuit. In this case, they should be placed in

several strategic locations to catch the rain drops. The rain probes
should be slightly elevated above nearby surfaces, since surface contamination can produce an impedance low enough to trip the circuit.
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B1 - 12 -volt battery
CR1 - Sylvania 1N34A diode
11 - 12 -volt indicator lamp

K1 - 1 kohm sensitive relay
(Sigma 11F -1000G or equivalent)

Q1 - Sylvania 2N1265 transistor
R1 - 5 k, 1/2 w potentiometer
R2 - 220 Slv 1 w
Courtesy of Sylvania Electric Products, Inc.
Rain -alarm circuit.

When a rain drop falls across the rain probes, a small current flows
through transistor 01. The small current is amplified by Q1 and applied to the coil of relay K1. Resistor R1 is a shunt across the control
junction of the transistor. If its value is low, a large part of the current
flowing through the drop of rain will flow through R1 instead of
through the transistor. Therefore, decreasing the value of R1 will decrease the sensitivity of the circuit. Resistor R2 is a current limiting
resistor protecting Q1 from excessive current. Diode CR1, connected
across the coil of relay Kl, shorts the high voltage spikes generated by
the inductance of K1 when the transistor cuts off. When relay K1 is
energized, the battery voltage from B1 is applied across the indicator
lamp I1 or to whatever alarm circuit is used.
LAMP -DIMMER CIRCUITS

Full -wave lamp -dimmer circuit A gives smooth lamp brilliance con-

trol over the full range of brightness -control potentiometer R2. The
dimmer circuit consists of two controlled rectifiers connected back to
back.
When voltage is applied to the circuit, capacitor Cl charges through
resistor R2, diode D2, and resistor R1. At the same time capacitor C2
charges through resistor R5, diode D3, and resistor R1. When capaci189

LI

(A) Full -wave circuit.

Courtesy of Transitron Electronic Corp.
(B) Half -wave circuit.
Lamp -dimmer circuits.

BI - 1.5V. Battery Burgess 42R or equivalent

Cl - .005 Mfd. Paper Capacitor.

C2, C3 - .02 Mfd. Paper Capacitor.

HT - Earphones, approximately MOO.

tor Cl is sufficiently charged to forward -bias diode D1, current flows
through resistor R3 and diode D1, providing a gating voltage for controlled rectifier TCR1. The setting of brightness -control potentiometer
R2 determines the charge time of capacitor C1, thus determining the
conduction time of TCR1. When TCR1 has a short conduction time,
capacitor C2 charges to a negative voltage during the major part of a
half cycle, and it will take a major part of the next half cycle to build
up the positive voltage at C2 to the level necessary to fire controlled
rectifier TCR2. When TCRI has a long conduction time, C2 charges
negatively during a small part of the cycle, so that a shorter recharge
time is required to fire TCR2 in the next half cycle. The use of two
controlled rectifiers in this circuit provides full-wave control of the
power supplied to the lamp. When controlled rectifier TCR1 or TCR2
is conducting, the dimmer circuit is effectively shorted by them, and
the entire supply voltage is dropped across the lamp. B is a half -wave
circuit.
INDUCTION TRANSCEIVER

A set of two of these transceivers is useful for short-range communications or code practice. With the key of one unit held closed,
a tone will be heard in both pairs of earphones each time the other key
is closed. The induction transceiver has a range of only a few yards,
but with an added transistor audio amplifier you can increase its range
considerably. Each transceiver is an ultrasonic oscillator functioning
also as a heterodyne detector. The inductive field of each loop is coupled to the other loop, inducing signals in it. A suitable loop can be
wound on an 18 -inch diameter, 5/8 -inch high cylinder. The collector
coil (LI) should consist of 5 turns of number 12 to number 20 wire

LI, L2 - See text
QI - Sylvania 2N233A Transistor.
RI - 47K 112w. Resistor.
Si - Telegraph Key preferably with circuit closing
switch.

Courtesy of Sylvania Electric Products, Inc.
Induction -transceiver circuit.

spaced about 1/8 inch between centers. These dimensions are not
critical, but the tank circuits must be very nearly identical for the
tone to be heard. The rest of the circuit can be mounted on or in
the coil support.
When key S1 is depressed, the oscillator circuit is biased into conduction. As the current increases on the collector of Q I , a magnetic
field is developed around Ll and is coupled to coil L2. The resulting

voltage developed on the emitter of Q1 drives it further into conduction until it eventually reaches saturation. As the transistor reaches

saturation, the magnetic field around Ll collapses, and a reverse
bias is developed at the emitter of 01. Q1 now decreases conduction
until it reaches cutoff. The oscillator is now ready for the next cycle.
This all happens very quickly, resulting in an ultrasonic -frequency
output. When two of these units are placed close together, the coupling of the two coils produces a mixing of the signals in each transceiver; an audible difference frequency is then heard in the earphones.
To increase the range, replace the headphones by a 2,200 -ohm
resistor, and connect the collector side of this resistor to the input of a
transistor audio amplifier having the headphones connected to its out-

put. With such an amplifier the output is sufficient to operate a
transistorized relay for door -opening or other remote -control pur-

poses. If you are unable to get a tone, reverse the connections to
either L1 or L2, but not both.

and the emitter coil L2 consists of one turn. The turns should be
190
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turns as a secondary for LI. A check may be made in the circuit by connecting a No. 40 or 47 pilot lamp across this inductor.
HIGH -POWER PULSE GENERATOR WITH DUAL OUTPUT

This circuit uses a gate turn-off switch (GTO), a General Electric ZJ-224, which is a 3 -terminal, PNPN silicon device for power
switching. This device can handle as much as 2 amperes of cur-

SECTION 12

rent with blocking voltages up to 400 volts. The GTO can be
turned on or off by signals of the proper polarity applied to
its input -gate terminal.

OSCILLATORS
0

POWER OSCILLATORS

TO ,
GE

IN291I

02
GE

)2N525

This circuit is a single -transistor power -oscillator operated from
a 6 -volt source; it can produce about 1 watt in the frequency

OHMS

Re

range between 50 and 60 kc, and it may be used for a variety
of purposes. L2 is a radio -frequency choke consisting of about

92R
RI

100 turns of No. 30 enamelled wire wound on a 3/8 -inch diameter form with a winding length of 1/2 -inch. The value of Ll

CR2

83

GE

22R

0

R9

3 38

should be about 20 microhenrys; it may be constructed with about

33 turns of No. 18 wire on a 1 3/4 -inch coil form having a
winding length of about 3 1/2 inches. This coil has a low value
of inductance; therefore Cl and C2 must have rather large values.
Control R3 is used for bias adjustment, and the circuit may be
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loaded by tapping off a portion of inductor Ll or using a few
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Capacitor, 60.

r/, w. Resist,
R2 -270q, thw. Resistor.
R3-28 Potentiometer.
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TD.

S1-5.P.5.T. Switch.

Courtesy of Sylvania Electric Products, Inc.

Poweroscillator circuit.
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S

01-Sylvania 2N12111 Transistor.
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T2 (SEC,"

-T

C -.5 Mfd. Paper Capacitor.
C2-2 Mid. Paper Capacitor.
C -1 Mfd. Paper Capacitor.

C4-10 Mid.
great,

rots

TMs

Courtesy General Electric Co.

(B) Waveforms.
High.power pulse generator.
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This specific circuit was designed to produce two outputs, each
of which is a series of pulses for use in high -frequency or high power inverters. The two outputs are electrically isolated, and
each produces a train of 1 ampere, 5 microsecond pulses into
20 -ohm loads. The 180° phase difference between the outputs
is maintained by use of a single timing network consisting of resistor R7 and capacitor Cl. The output frequency is variable over
a range of 1,000 to 20,000 cps by adjustment of resistor R7.
As shown, the supply voltage is 100 volts, and there are two
individual outputs from transformers T1 and T2. Initially Q1 is
biased on through resistors R8, R11, R2, and diode CR5. Because of this, a gate voltage is applied to GTO1, and this switch
is turned on. The other transistor, Q2, is in the opposite condition due to tunnel diode TD1; TD1 is biased to the low -voltage
state by zener diode CR1 and resistor R5. The other switch
(GTO2) receives no gate voltage and hence is off.
When the GTO1 is turned on, there is an output

Cl charges toward the applied DC voltage.
The pulse from transformer T3 coupled across R5 causes tunnel diode TD1 to switch to the opposite, or high -voltage, state,
so that Q2 now switches on while Q1 switches off. GTO2 can-

not turn on at this point because diode CR5 is reverse -biased.
Since GTO1 cathode and gate are at the same positive potential, current flows from the gate of GTO1 to ground through resistor R1, and GTO1 turns off.
Now, with both GTO1 and GTO2 off, capacitor Cl begins to

discharge through resistor R7. At the point where the voltage
across capacitor Cl drops to about 22 volts (which is the zener
voltage of CR1), CR5 is forward -biased, and GTO2 then turns
on. This process repeats, and an output voltage is developed across
T2;

the pulse across T4 returns tunnel diode TD1

and also Q1 and Q2 to the original state. Now the next cycle
can start.
THEREMIN

The theremin is an electronic musical instrument that is capable of producing clear, variable musical tones. The theremin has
two radio -frequency oscillators adjusted to frequencies that are
nearly the same, differing only by a low audio frequency. When

received on a broadcast receiver, both of these frequencies are
detected.

In the detection process the difference frequency

is

developed and amplified as an audible tone. A hand near induc-

tor Ll or L2 changes the capacitance in the tank circuit and
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B1 -9 -volt battery
C1, C3 - 200 mmfd disc ceramic or mica
C2, C4 - 0.01 mfd, disc ceramic or paper
C5, C6 - 0.200 mmfd trimmer capacitors

L1, L2 - ferrite loop antenna
Q1 - Sylvania 2N1265 transistor
Q2, Q3 - Sylvania 2N1264 transistor
R1- 180 k, 1/2 w
R2, R3 - 47 k, 1/2 W
Courtesy Sylvania Electric Products, Inc.

Theremin circuit.

voltage de-

veloped across the secondary winding of transformer T1. A pulse
appears across the secondary of transformer T3, and capacitor

transformer

RI

shifts the frequency

at which the circuit oscillates. If the frequency of only one of the oscillators is changed, a difference
frequency is generated in the broadcast receiver, resulting in an
increase or decrease in the pitch of the audible tone.
Transistor Q2 is a radio -frequency oscillator. Inductor L1

and

capacitor C6 form a tuned tank in the collector circuit of Q2.
Inductor Ll is adjusted so that it
resonates with capacitor C6
at the radio frequency desired (near the center of the broad-

cast band). Transistor Q3 is an independent radio -frequency oscillator. Inductor L2 and capacitor C5 form a tuned tank in
the collector circuit of 03 similar to Ll and C6 in the collector
circuit of Q2. Capacitors Cl and C2 and resistor R2
provide
feedback and bias for transistor Q2. Similarly, capacitors C3
C4 and resistor R4 provide feedback and bias for transistor and
Q3.
Transistor Q1 provides DC current for the oscillators at an impedance level that is adequate to mix the oscillator outputs.
To operate the theremin, tune a standard AM broadcast re-

ceiver near the middle of the dial. Adjust Ll until a whistling
sound is heard. Tune L2 until a squealing sound is heard. Adjust the tuning of the broadcast receiver to obtain the lowest
tone possible. The theremin is now ready for playing.
Simply
move your hand near either of the inductors, and the tone changes.
BOAT HORN

The boat horn is a compact sounding device that can be heard
from a great distance and has a variety of uses other than as a
boat horn. The boat horn is basically a free -running multivibra195

RI

cycle. The triggering process

Nnisn,

01.
32

01

SI

C

now repeated with 02 cutting off

When constructing the boat horn, it is necessary to provide
good heat sinks for the two transistors. Heat sinks 1-1/2 X 2-

TI

81

LS1
C2

is

1/2 inches made from 1/16 -inch aluminum are adequate. The
heat sinks must be electrically insulated from each other and
from the rest of the circuit, since the collectors of these transis-

tors are tied to the case and hence to the heat sinks.

02

HIGH -VOLTAGE SAWTOOTH GENERATOR

This circuit uses the gated turn-off switch as a sawtooth generator in conjunction with a zener diode. This is a free -running,
high -voltage, sawtooth generator operating at approximately 75 kc.
Applying power to theh circuit from the 400 -volt source causes
the transistor switch to trigger and connect the power supply across

R2

Wes,

+400V
B1 - 12 -volt battery (1 ampere drain)
conventional auto or boat battery, or
2 Burgess F4P1 batteries wired in series.
C1, C2 - 2.0 mfd, electrolytic, 25 -volt
LS1 - 8 -ohm tweeter, Lafayette HK -3 or
equivalent*
Q1, Q2 - Sylvania 2N307 power transistor

R1, R2 - 220 9, 1 w
S1 - single -pole, single -throw pushbutton
switch, normally open
T1 - Lafayette TR-94 or equivalent

*LS2 for alternate connection - 45 ohm
paging trumpet; University CMIL-45,
University MIL -45, or equivalent
Courtesy Sylvania Electric Products, Inc.
Boat -horn circuit.

tor that is also used as a power output stage. It may be used
in conjunction with burglar- and fire -alarm systems as well as
other sounding systems. If the horn is used outdoors, it is desirable to use a speaker designed to withstand the weather. Paging trumpets, commonly used in mobile announcing rigs, are ideal.

If the horn is used indoors, an ordinary hi-fi tweeter is adequate.
The speaker should be connected to the terminals on the output
transformer that have an impedance half that of the speaker.

An alternate connection for 48 -ohm paging trumpets is shown.
The free -running multivibrator, composed of transistors 01 and
Q2, is also the power -output stage. If transistor 01 fires, its
collector voltage rises with respect to the negative battery terminal.
The sudden rise in voltage is coupled through capacitor C2 to
the base of transistor Q2, back -biasing Q2 into cutoff. At cutoff the collector voltage on Q2 drops to the negative battery potential. The negative -going voltage is coupled through capacitor
C 1 to the base of Q2, causing Q1 to conduct more heavily.
Transistor Q1 continues conducting until the base voltage of Q2
is low enough for conduction to start again, thus completing one
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R2

0
CR1

GE 4JZ4 X1OB
ZENER

E0
f

75 KC/S

Courtesy General Electric Co.
(A) Circuit.
(B) Waveform.
High -voltage sawtooth generator.

capacitor Cl. When the voltage on the switch gate rises above
the avalanche voltage of zener diode CR1, current through resistor R3 reverses, and the gated turn-off switch turns off. Capacitor Cl then discharges through R1; this resistor is a combination of the 25K control in series with the 1K resistor. After
capacitor Cl discharges, the switching device again turns on and
repeats the cycle.

MODEL -TRAIN HORN

The model -train horn is a must for model -train enthusiasts. The
horn is composed of a flip-flop, or multivibrator, circuit that
gen-

erates the horn signal and an audio amplifier. The circuit can be
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CONTROLLED -RECTIFIER OSCILLATOR
LSI

The controlled -rectifier oscillator in circuit A is a self -oscillating
pulse generator. The fast switching time and the high current capability of controlled rectifiers make them ideal for this type of oscillator
circuit. With the proper selection of component values, this circuit
could be used as an audio oscillator or as a gating circuit with an
electronic switch.

VI

B1 -9 -volt battery
C1, C2 - 0.02 mfd disc ceramic or paper
(see text)
C3 - 1.0 mfd electrolytic, 15 -volt
LS1 -3 to 4 -ohm loudspeaker"
Q1, Q2, Q3 - Sylvania 2N1265 transistor
R1, R4 - 6.2 k, VS W

R = 5K
R2 = 1K
R3 = 470
R4 = 10
R5 = 25K

w
R2, R3 - 270 k,
R5 - 180 k, VS w
R6 - 12 k, V2 w
T1 - Argonne AR -135 (do not connect center

tap)*
*A miniature 10 -ohm speaker (Lafayette

C 1 = 20 ,uf

SK -61) can be used with a 2 k to 10 -ohm
transformer (Lafayette SK -62)

V1 = 30V

Courtesy Sylvania Electric Products, Inc.
Circuit fo r model -train horn.

TCR = 2N1597
(A) Free-runnigg oscillator.

built into one of the train cars and operated by a fourth -rail track
section, or the speaker can be camouflaged in secondary near the
middle of the track layout. The horn circuit also adds a great deal
of realism to the action of model boats; with the appropriate com-

VI

ponent changes, the circuit will create a foghorn sound.
The multivibrator circuit composed of transistors Q1 and Q2 gen-

TCR

erates the horn signal. When Q1 fires, its collector voltage rises
sharply. The sudden voltage rise is coupled through capacitor Cl
to the base of transistor Q2, cutting off Q2. The base voltage on Q2
drops exponentially until Q2 again starts conducting. When Q2 fires,
its collector voltage rises sharply. The sudden voltage rise is coupled
through capacitor C2 to the base of Ql, completing the cycle. Resistors R1 and R4 are collector load resistors. Resistors R2 and R3
provide base bias for Q1 and Q2 respectively. The horn signal from
the collector of Q2 is coupled through capacitor C3 to the base of
audio amplifier 03. The horn signal is amplified by Q3 and coupled
through transformer T1 to speaker LS1. Resistors R5 and R6 provide base bias for Q3. The primary winding of transformer T1 is
the collector load for Q3.
The parts list gives a value of 0.02 mfd for capacitors Cl and C2.
Capacitors having this value will produce a sound very much like

that of a diesel. To produce a sound similar to a foghorn, use a
value of 0.033 mfd. For higher pitched sounds, any capacitor value
down to 0.0047 mfd may be used.
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Cl

OUTPUT
AC

60 CPS

R1 = 560
R2 = 10
R3 = 10K
R4 = 25K
C = 250µf
1

V = 30V
TCR = 2N1597
Di = 5V Zener diode

Courtesy Transitron Electronic Corp.
(B) Synchronized oscillator.
Controlled -rectifier - oscillator circuits.

The 30 -volt DC input is applied across voltage -dividing resistors
R1 and R2, providing a 5 -volt bias voltage at the gate of controlled
rectifier TCR. Diode D1 prevents the bias voltage from going negative. At the same time a current starts flowing through resistors R3
and R4, capacitor Cl, and frequency-adjust potentiometer R5. Gradually the voltage drop across resistor R5 decreases as the voltage
across capacitor Cl approaches the 30 -volt supply voltage. As soon
as the cathode voltage on the TCR decreases from a high positive
value to the predetermined gate voltage of approximately 5 volts,
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the TCR switches on, and Cl discharges through the TCR and resistor R4. Resistor R4 protects the TCR from excessive current
when Cl is discharging. After Cl discharges, the TCR switches off,
and the circuit is ready to start another cycle. Adjustment of frequency -adjust potentiometer R5 varies the charge time of capacitor
Cl and the frequency of the output signal. A time variation from
0.6 to 0.04 seconds can be obtained with the component values
given in the parts list. Circuit B shows a synchronized oscillator.
BLOCKING OSCILLATOR

The blocking oscillator in this circuit is capable of producing a
variable pulse -output frequency between 70 and 340 kc. The pulse
width is variable from 1.5 to 13.0 microseconds with a rise time of
less than 60 nanoseconds and a fall time of less than 150 nanoseconds. At 70 kc, the output of this blocking oscillator circuit is
approximately 3.7 volts. At 340 kc, the output voltage drops to
approximately 1.3 volts. The time between pulses is controlled by
capacitor C2. The pulse width is controlled by resistor R.
When voltage is applied to the circuit, transistor Q1 is biased into
conduction, increasing its collector current. A voltage is induced in
the base winding of the transformer which produces current to drive
the transistor into cutoff. This sudden collector current increase and
decrease results in a sharp, rectangular pulse at the emitter. The 1:1
pulse transformer produces a large reverse bias on the base -emitter
diode; this results in shorter transition times than are possible with

other turns ratios. By raising the supply voltage, the pulse width is
increased, since this voltage controls the base bias through R and

Rl.

TRANSISTORIZED ORGAN

The transistorized organ consists of an audio -frequency oscillator,

or tone generator, a speaker to provide sound output, and a small
keyboard for selecting the various notes. This instrument plays only
one note at a time. If more than one key is pressed at the same time,
the note is produced by the key that is electrically nearest capacitor

C6. The combination of capacitors Cl through C6 was chosen to
approximate the musical scale. If you wish to tune the organ, a
slightly smaller value may be used for C1 through C6 and a small
trimmer capacitor placed in parallel with each. The organ may now
TI
CIO

CI

C2

C4

C3

CS

CS

L$

do
Of 0II

2N35

r--o.n For connections
soo roar.

RI

s -

.2

l

[3(

1
1_

B1 -6V. Battery, Burgess Type F4BP or
or Ceramic Disc Type 12V. or greater.

LS-Permanent Magnet Loudspeaker, 5 or 6
inch.

4

SI

.
01-Sylvania 2N35 Transistor.
-

R1-470 ohm, /2w. Resistor.

equivalent.

Cl through C7-Capacitor, 0.02 mfd., Paper
COLLECTOR WAVEFORM

C

R2 -100K Potentiometer.
Si -S.P.S.T. Switch.
S2 through 57-Switches or keys. (See Text).
TI-Transformer, Stancor Type A-3856.

Courtesy Sylvania Electric Products, Inc.
Transistorized -organ circuit.

PULSE
ENG.

*2228

be tuned to any other instrument by adjusting the trimmer capacitors.
Transistor Q1 is a grounded -emitter audio oscillator. Feedback for
the oscillator is through the primary of transformer T1. Resistor R2
provides a variable bias for the oscillator and should be adjusted to

01

2N2274

set the frequency range of the instrument. The secondary of T1
provides the low -impedance output terminals for the voice coil of a
PM speaker. Accurate matching of impedances between transformer
OUTPUT WAVEFORM

and speaker is not important in this case. The combination of
terminals that gives best results should be used.

Courtesy Philco Corp.
(B) Waveforms.

(A) Circuit.
Blocking oscillator.
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The keyboard may be made from doorbell push buttons mounted

on a suitable base board. If it is preferred, the keyboard may be
made from brass strips approximately 1/4 -inch wide and 1/32 -inch
201

thick. One brass strip serves as the common terminal for all keys
The individual key switches S2 through S7 may then be mounted
at right angles to the common strip.
PHASE -SHIFT OSCILLATOR

The phase -shift oscillator is essentially a current amplifier with a
current -feedback network that produces a 180° phase -shift from
collector to base. The amplifier, usually a common -emitter type,
provides sufficient gain to overcome the losses in the feedback network. With the proper selection of RC feedback values, a wide
range of frequencies can be obtained. The parts list gives values for
constructing a 1 kc or a 15 kc phase -shift oscillator.

Resistor R1 provides a variable base bias for the transistor. R1 is
set so that the base bias is just high enough to sustain oscillations;
that is, the current gain of the transistor is equal to, or slightly greater
than, the losses or attenuation of the feedback network. A feedback
signal from the collector to the base provides a regenerative feedback signal. Since, in the common -emitter configuration, the signal
between base and collector is reversed 180° in phase, an additional
180° phase shift is necessary to make the feedback signal positive
when it is applied to the base. This is accomplished by an RC network consisting of six sections, each contributing a 30° phase shift
at the frequency of oscillation. Resistor R3 is a DC biasing resistor
for the emitter. The 10 mfd capacitor across R3 is the emitter bypass
capacitor. Resistor RL is the collector load. The output of the phase -

shift oscillator is taken from the wiper arm of RL and coupled
through a capacitor for DC isolation. The output waveform of the
+ 12v

phase -shift oscillator is nearly sinusoidal. The output frequency is
fixed; that is, with fixed resistance and capacitance in the phase shifting network, the 180° phase shift occurs at only one frequency.
At other frequencies, the capacitive reactance increases or decreases, causing a variation in phase relationship. The feedback is
then degenerative, preventing sustained oscillations. The phase -shift
oscillator can be made variable by using ganged variable capacitors
or resistors in the phase -shift network.
BLOCKING OSCILLATOR

The blocking oscillator may be considered as a one -stage amplifier

with regenerative feedback coupling. Resistance R1 and capacitor
Cl are significant in determining the repetition rate of the blocking
oscillator. There are two sets of component values given in the parts
list. With the 2N404 transistor, a 10-mc signal with a pulse width
of 40 nanoseconds, a rise time of 20 nanoseconds and a fall time of
20 nanoseconds is obtained. With the 2N781 transistor, a 2.83-mc
signal with a pulse width of 340 nanoseconds, a rise time of 58
nanoseconds, and a fall time of 45 nanoseconds is obtained.

When the circuit is energized, current rises rapidly in the base
due to the forward bias established between the base and emitter.
Current in the collector circuit increases, inducing a voltage in transformer winding 3-6. This voltage charges capacitor C through the
small forward resistance of the base -emitter diode and appears across
this resistance, increasing the forward bias. The charge on capacitor

C continues to build up regeneratively, causing the transistor to
switch on. Diode D2 clamps the collector -to -base voltage to 1 volt;
this reduces the switching time. Diode DI prevents the high peak inverse flyback voltage from appearing across the collector -to -base
diode; hence, DI prevents transistor damage. When D2 is conducting,
AMU 15 WA
44.0° (Technitrol)

Cl

R2
1K

124, R5, R6, Ill, R8 5.1K
CI, C2, C3, C4, C5, C6 .05 mi" d

14, R5 R6 R7 R8 - 2.7K

for I KCIs Phase Shift Oscillator

for 15 KCIs Phase Shift Oscillator

CI, C2, C3, C4 C5, C6 - .008 i.ifd }

Courtesy Sylvania Electric Products, Inc.

Phase -shift - oscillator circuit.
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1.65

For Q1 = 2N781
and (21 = 2N404

1.0

1.0

Cl = 430 pf
Cl = 1000 pf

R1= 23
RI= 100

Courtesy Sylvania Electric Products, Inc.
Blocking oscillator circuit.
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the magnetizing inductance of the transformer is in parallel with
voltage from battery B 1. The current in the inductor builds up in
magnitude until it is sufficient to cancel the current in the diode.
As a result, D2 opens, and the collector voltage increases in magnitude until it reaches the combined voltage of batteries B1 and B2.
When the collector voltage reaches this point, diode D1 prevents
any further change in the collector voltage, and the energy stored

discharge through R5 and R6. When capacitor C discharges to a

in the magnetizing inductance discharges through D 1. Since during

gering high -power, silicon -controlled rectifiers.

sufficiently low voltage, the controlled rectifier is again triggered on,

and another pulse appears across resistor R4. The cycle is now
completed. The frequency of the relaxation oscillator depends on

the resistance R2, R3, R5, and R6 and the capacitance of C.
silicon -controlled rectifiers of low power ratings are versatile in very
low -frequency relaxation oscillators suitable for periodically trig-

the pulse capacitor Cl stores a charge, the emitter is biased off
until C1 discharges sufficiently to allow the transistor to be forward -

UJT PULSE GENERATOR

biased. The cycle is now completed. The output pulse is coupled

This versatile UJT circuit generates alternate pulses that may be
used for alternate triggers in an electronic switch. The circuit con-

through the transformer to the external load (R2).
CONTROLLED -RECTIFIER RELAXATION OSCILLATOR

sists of two unijunction-transistor (UJT), relaxation -oscillator circuits
that are synchronized by capacitor C3.

This circuit is a low -frequency, controlled -rectifier, relaxation oscil-

RI

lator suitable for triggering high -power controlled rectifiers used in
inverters, ring counters, and other applications. The frequency of the
oscillator ranges from about 2 kc to one pulse in two minutes. The
circuit is, therefore, well suited for operation as a delay timer.

5K

+28V
R8

220a
VEI

01

2N1671A

02
2N1671A

VE2

vol

VO2

vol
VO2

Courtesy Transitron Electronic Corp.

Circuit of controlled -rectifier
relaxation oscillator.

When voltage is applied to the relaxation oscillator, current flows

through resistors R1, R2, and R3. The voltage developed at the
junction of R1 and R2 is sufficient to trigger the controlled rectifier
(SCR) on. A pulse appears across resistor R4 and capacitor C starts

charging to the supply voltage (minus the forward voltage drop

across the diode and controlled rectifier). Provided that the effective
parallel resistance of resistors R3 and R5 -R6 does not permit the
flow of the minimum holding current, the controlled rectifier will
turn off when capacitor C is charged to a sufficiently high voltage.
The diode now becomes reverse -biased, and capacitor C begins to
204

Courtesy General Electric Co.

UJT-pulse - generator circuit.

When power is applied to the circuit, capacitor C 1 charges through
resistors R1, R2, and R3. When the charge on Cl reaches the emitter base 1 triggering level of unijunction transistor Q 1, it discharges

through resistor R5, developing a positive pulse at output Vol.
Simultaneously, capacitor C2 starts charging through resistors R1,
R2, and R7. When the charge on C2 reaches the emitter -base 1
triggering level of unijunction transistor 02, it discharges through
resistor R9, developing a positive pulse at output V02. Each time
one UJT fires, a negatige voltage step is coupled to the emitter of
the opposite UJT through C3. If this negative voltage step occurs
when the emitter voltage is low, the delay in the firing of the UJT
205

will be less than if the step occurs when the emitter voltage is high,
owing to the nonlinear charging characteristic of the capacitor. This
produces the synchronization between the two oscillators.
The frequency of oscillation and the relative spacing between the
pulses from the two outputs are controlled independently by potentiometers R2 and R1 respectively. For the circuit shown, the frequency
can be adjusted between 200 cps and 800 cps, and the relative pulse
spacing can be varied from 35% to 65%. The range of control of
pulse spacing can be increased by reducing the size of C3 relative
to Cl and C2. The size of C3 relative to C1 and C2 also determines

the initial timing of the pulses when the power is first applied. If
C3 is the same size as Cl and C2, the circuit will start with the
same timing sequence that it has under steady state conditions
(50% pulse spacing). This characteristic is very important for the

SECTION 13

POWER CONVERTERS

reliable starting of parallel inverters.
DC -TO -DC CONVERTER

This efficient DC to DC converter combines the high efficiency of a switching -type regulator with good ripple reduction and
the low output impedance of a series transistor regulator. You
can vary the input voltage and the load current, and the output
voltage remains constant at 24 volts.
When the input voltage is applied to the circuit, a fixed base
bias is applied to GTO1 and Q1 from the cathodes of zener diodes CR3 and CR4 respectively. The positive bias on the base of
GTO1 triggers it into conduction, producing a sudden increase in
collector current. This increased collector current produces a mag1-30T
T1

+0

2-250T
3-20T

ON 1/4 SQ. IN. FERRITE CORE

WITH 3 MIL AIR GAP
3.3K
2W

CR2
GE1N540

103 -200VDC
SUPPLY
Q1

GE2N656A

CR3

GE41Z4 X 8.2

. 5 mfd

CR4
25 VOLT 3 WATT
ZENER

0

C2T

50mfd
at
50VDC

24VDC
REGULATED
OUTPUT
0

Courtesy Genera Electric Co.

Circuit for 200VDC to 24VDC converter.
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netic field around winding
of transformer Ti. The voltage developed in winding 3 of T1 biases GTO1 into saturation, at which
time the collector current no longer increases, and the magnetic
field around winding 1 of T1 starts to collapse. As the field collapses around Ti, a negative bias is developed at the base of
GTO1, holding it cut off until the field has completely collapsed.
At this time the positive bias from zener diode CR3 again drives
1

GTO1 into conduction. This repeating action results in an AC
signal. The AC signal is coupled to winding 2 of Ti and rec-

by diode CR2. Capacitor Cl

tified

filters the rectified voltage

from Ti. Series -regulator transistor Q1 provides current regulation for the 24 -volt DC output.
42VDC-T0-200VDC CONVERTER

This circuit uses an input of 42 volts at 6.0 amperes and produces an output voltage of 200 volts at 0.97 amps with an efficiency of 77%. The transformer core is a ferrite toroid. The 3kc
frequency minimizes the transformer turns without introducing large
core -losses. As an inverter, rectifiers CR1 through CR4 and capac-

itor Cl are removed; under these conditions the output square
wave has a peak -to -peak amplitude of about 400 volts.
120 -WATT, DC -TO -DC CONVERTER
CR1

VOUT

CI

This 120 -watt DC to DC converter uses a 28 -volt, 5 -ampere
input to produce a 400 -volt, 300 -ma output. The circuit has a
built-in, momentary short-circuit protection and a ripple output of
0.6 volts maximum. The 120 -watt DC to DC converter generates
a 10-kc signal from the 28 -volt input, steps up the voltage through
transformer T1, and rectifies and filters the 400-kc voltage to produce a 400 -volt DC output.
Transistors Q1 and Q2 form the active part of a saturable -core
square -wave oscillator. This type of circuit operates with greater
efficiency and at higher frequencies than the mechanical vibrator

Q2
B

CR2
D10 IN645
T1: Np 18T #16 AWG
NS 290T #3 AWG

4._ZAH4E41
2.740

CONSTANT -CURRENT
GENERATOR -I 5=150 MA
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r CI
22mfd
15V

20V0

5110
2W

Np

R1'

feedback winding = 16 turns No.20 wire,
bifilar wound (NFB = 8 turns)
Courtesy Radio Coiyv,ation of America.

Circuit for 42VDC to 200 VDC converter.
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_4

D4

1N1096

LI

D5

00 -"\-*-0+

500v
D7

IN1096

Q2
15V

No.T3750-107B, type R03 material, or
ecjuivalent; primary: 44 turns No.14
wire, bifilar wound (N, = 22 turns):
secondary (Ns) = 105 tuns No.24 wire;

a

Ns

100

2NI722

C5

c6

3

mfd

5°13V

500V1o-

NE

ca

R3

3.320 2W

ihj D3
'-'1N645
NOTES:

400V, 120W

15111-1

O. lmfd

22mfd

T: Core: ferrite toroid, Allen-Bradley Part

1N1096
5

Q1, Q2: RCA -2N1490 high -power silicon
transistors
8 ohms

OR EQUIVALENT

100mfd

35VNp

R2

CR2, CR3, CR4: RCA- 1N1763 silicon
rectifiers

CORE TOROID, MAGNETICS, INC. 510261D
C3

C:11 µf
CR1,

NE - 3T 1122 AWG

Nc
Q1

2N1722

1.

2.
3.
4.

0. Olmfd

71( 500V

ALL RESISTANCE VALUES IN OHMS, 5% TOLERANCE.
ALL RESISTOR WATTAGE RATINGS AT 1259C AMBIENT.
CAPACITOR VOLTAGE RATINGS AT 1250C AMBIENT.
BOTH TRANSISTORS ON SAME HEAT SINK, BC-HS +NS -A

4 Co/W EACH

Courtesy Texas Instruments, Inc.

Circuit for 120.watt DC to DC converter.
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normally

found in

portable

power

supplies.

The transistors,

functioning as switches, operate from cutoff to saturation. When
the 28 -volt source is applied between the collectors of the
transistors and the center tap of the transformer, one of the
transistors is driven into conduction, and the other is cut off.

Assuming Q1 is conducting, the current through winding Np of
transformer T1 is coupled through winding Nf, diode D1, and

capacitor Cl to the base of 01. Q1 conducts heavily until the
core of the transformer reaches saturation. At this time the bias
is removed from the base of Q 1. Transistor Q1 is now at cutoff, and its collector current ceases. Due to the collapsing
field of the transformer windings, transistor Q1 is driven fur-

ther into cutoff by the negative potential on its base, and transistor Q2 is driven into conduction by the positive potential produced by the collapsing field of the transformer windings. Transistor 01 is maintained at cutoff while transistor Q2 conducts
heavily. Once saturation of the core is reached, the switching of
transistor Q1 from cutoff to conduction and transistor Q2 from
conduction to cutoff occurs. The cycle is now ready for repetition. The resulting 10-kc square -wave signal is coupled through
transformer T1. The secondary voltage in T1 is slightly greater
than 400 volts. The 400 -volt, 10-kc square wave is rectified by
full -wave, bridge -rectifier diodes D4 through D7. The rectified
output is filtered by the LC filter network consisting of capacitors C5 and C6 and inductor L 1 . It is then applied to the output terminals. Capacitor C7 is an AC ground -return path.
DC -TO -DC POWER CONVERTERS

Power converters using transistors have become increasingly

popular because of the high efficiency that can be obtained in
converting low -voltage DC to high -voltage DC. These converters have a smaller physical size, higher efficiency, and greater
reliability; their life expectancy is much greater than the rotary
or mechanical converters. Eight different converter circuits are
given. Their power -output range is from 15 watts to 500 watts,
and the voltage output varies from a low of 100 volts to a
maximum of 500 volts. These circuits can switch collector currents from about 1 ampere to about 25 amperes. They are designed

to operate at 400 cps and 1000 cps. In each case the output
voltage can be changed by increasing or decreasing the number
of secondary turns on the transformer.

The basic converter is the type A, which has two switching
transistors and a transformer that has a square loop hysteresis
curve. A voltage unbalance in the circuit causes one of the
210

Courtesy Texas Instruments,

Circuits for DC to DC power converters.
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Table 1.
T2

N,

N2

Nb

Trans-

Trans-

former

Turns

former

Turns

Turns

AWG

AWG

AWG

Circuit

Ql, Q2
Transistors

A

2N1038

Arnold
#5772D2

70

1800

20

#18

#30

#30

A

2N1042

Magnetics
#500172A

78

2000

30

#16

#29

#29

A

2N456

Magnetics
#500352A

29

275

6

#17

#24

#24

B

2N511

Magnetics
#500942A

Tex. Inst.
440402-1

48

185

#24

#28

B

2N512

Magnetics

Tex. Inst.
4404041

48

#5018124

185

#22

#26

B

2N513

Magnetics

Tex. Inst.
440406-1

35

140

#5002624

#20

#26

B

2N514

Magnetics
#5002624

Tex. Inst.
440408-1

35

140

#20

#24

C

2N514A

Arnold
#5233D2

Tex. Inst.
440413-1

35

140

#20

#24

Type

LAMINATIONS

TI

EI-12

440402-1

0.014 SIL.

TI

EI-12

440404-1

0.014 SIL.

TI

El -125

440406-1

0.014 SIL.

TI

El -125

440408-1

0.014 SIL.

TI

EI-175

440413-1

0.014 SIL.
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PRI-

SECOND-

TURNS

MARY

LAYERS

TURNS

ART
TURNS

42

595

42

28

955

383

28

623

32

191

R,, or R'b

R.

ohms

ohms

Rr

ohms

D.

D3, D4
D5, D6

DI, D2

Zener

Diodes

Diode

C

Rating

Diodes

tif

watts

15

1200

1N2071

2

15

15

1500

1N2071

4

30

5

180

1N2071

6

55

2

100

5

1N1817

1N2069

1N2071

10

100

2

75

10

1N1817

1N2069

1N2071

20

150

1

75

5

1N1817

1N2069

1N2071

20

200

1

75

5

1N1817

1N2069

1N2071

30

250

75

10

1N1825

1N2069

1N1126

40

500

C

D,

D,

D,

21/2"

1/2 I/

1/2"

PA"

Rb =
!Up = '/2

Table 2.
TRANSFORMER
NUMBER

Parts List

Transformer Specifications
PRI. WIRE SIZE

INCLUDES BIFILAR SECONDARY
DESIGNATION,

WIRE SIZE

A

B

PRI.

SEC.

14

66
10

# 1 4 Fx

#26

1"

3

14

81

#14 Fx

1"

3"

21/2"

12

#28

1/2"

1/2"

1'/2"

3

7

55

#13 Fx

#22

11/4"

VA"

31/4"

5/Ei "

7

BIFILAR

5/6 "

4

17/8"

7

63
10

#24

33/4"

31/4"

1/4

5/8

/

BIFILAR

1 Ne."

4

17/8"

11

38

#12 Fx

13/4"

51/4"

4343"

1/4"

7/8

5

BIFILAR

#16

3

IF ANY

#13 Fx

25/8"
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transistors to conduct a small amount of current. Because of the
circuit arrangement there is a regeneration that turns off the second transistor while the first one is driven into saturation. When
the magnetic core becomes saturated, the collector current increases rapidly, since it is limited only by the resistance in the
collector circuit and, of course, the transistor characteristics. After
the core is saturated, the induced voltage in the winding is zero,
and the resulting lack of base drive causes the first transistor to

turn off so that the collector current drops to zero. This drop
in collector current causes the polarity in all of the windings to
change. This biases the first transistor off, and the second transistor on.
For converters which require a power output of more than 55

watts, two transformers of the type shown in circuit B are used.
Here only the small transformer (T1) will saturate, and the
extra current necessary at saturation is very small compared
to the load current. This circuit arrangement allows the use of
a small drive transformer of the square -loop variety to drive a
larger, more inexpensive power transformer that steps up the
output voltage to the required value. With the supply voltage
connected as shown, one of the transistors (say Q1) conducts,
causing the collector voltage to drop to almost zero. A voltage
is built up across the primary of the output transformer and is
applied to the primary of the drive transformer by means of
a feedback resistor (R1). The secondary windings keep transistor Q2 biased off while transistor Q1 is biased into conduction.
When the core of this driver transformer reaches saturation, increasing current causes a greater voltage drop across the feedback resistor. This greater voltage drop aids the regenerative
action which switches Q2 on and 01 off. Transistor Q2 then remains on until reverse saturation of the transformer is reached;
then the entire circuit switches back to its original state, and
the cycle is repeated. Frequency is a function of the design of
the smaller or saturating transformer (T1) and the feedback
resistor. Collector current for the conducting transistor increases
to the total of the primary load current and the current needed
to magnetize the output transformer and the feedback current
required to produce the drive. Magnetizing current for the output transformer is only a portion of the rated output current.
This is due to the fact that the output transformer does not saturate.
Table

1

is

the parts list for the three different types of cir-

cuits shown. Specifications for the output transformer (T2) shown

in Types B and C may be obtained from Table 2 and part D

of the illustration.
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6VDC-T0-12VDC CONVERTER

provides a 12 -volt DC output
1
ampere
from
a 6 -volt input. The circuit
capable of delivering
employs two transistors (Q1 and Q2) as an oscillator circuit and
two transistor (Q3 and Q4) connected in a diode configuration.

This DC to DC converter

The 12 -volt output from the emitters of Q3 and Q4 may be
filtered by capacitor Cl and bleeder resistor R3.

When the 6 -volt source is applied to the circuit, transistors
Q1 and Q2 are forward -biased, but due to component variations
one will conduct more heavily. Assuming Q1 starts to conduct

more heavily than Q2, the increasing collector current of Q1
produces a magnetic field in the core of transformer T1 . T1
then produces a voltage on the secondary winding (B). The po03

TI

CT;i

RED

2NI218

8

02

...TEL -RED

2N1218

(gN1218

C2

R2

II

RED

12 V. Owtoot

CT
C

CI

R31

01

2N1218

>' to load

j

Iv.

- 81+81

Toot of Moors* voitolo for Mods configure.... of 03504.
Voltmeter should rood 20 Veil, or 'motor

B1-6 Volt Automobile Battery or equivalent capable of supplying 2 Amperes.
B2-90 Volt "B" Battery, Burgess #N60 (with snap terminals) or equivalent.
C1-1000 Mfd. Electrolytic Capacitor, I SV. or greater.
MI-Voltmeter, 100V. D.C., 50000N. or greater.
01, 02, 03, 04-Sylvania 2N1218 Transistor.
R1-300 1/2w. Resistor.
R2-2200 1w. Resistor.
R3-3300 1w. Resistor.
R4 -20K 1w. Resistor.
S1-S.P.S.T. Switch with low resistance contacts.
S2-S.P.S.T. Toggle Switch.
TI-Transformer, Triad TY68S.
Courtesy Sylvania Electric Products, Inc.

Circuit for 6VDC to 12VDC converter.
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larity of the voltage across winding B is such that 01 will be

12VDC-T0-300VDC CONVERTER

biased further into conduction, and Q2 will be biased to decrease
conduction. This action continues until Q1 reaches saturation, and
Q2 is cut off. At this time the magnetic field in winding B

This DC to DC converter provides a high -voltage DC from
a 12- to 14 -volt source. T1 is a transformer having a rectangular hysteresis loop and is specially designed for this application.
Transistors 01 and Q2 oscillate at about 2 kc, producing square
waves. Approximately 10 watts of power may be taken from

collapses, producing forward bias on Q2 and reverse bias on
Q1. As the field collapses, Q1 is driven into cutoff, and Q2
begins to conduct. As Q2 increases conduction, a voltage is
coupled from winding C to winding B. This increases conduction in Q2 until it reaches saturation, and decreases conduction
in Q1 until it is cut off. At this time the field collapses, and
the cycle is repeated. Proper polarity of the transformer windings must be observed; otherwise the circuit will not oscillate.
The resulting square -wave signal is taken from the ends of
winding C and applied to diode -connected transistors Q3 and
04. The resulting full -wave rectification from Q3 and 04 produces a 12 -volt DC output. About one ampere may be drawn
from the 12 -volt output without exceeding maximum collector current rating of the transistors. Transistors connected as Q3 and
Q4 make very efficient diodes, provided the inverse voltage is
not exceeded. This is not one of the measurements included in
the transistor specifications, so the simple test shown in the sche-

matic may be made to insure that Q3 and 04 will

function

satisfactorily. These transistors should be mounted on a suitable
heat sink.

CR1

18-1

_ RED

0

CR2
TEL -RED

+C1

R3

CR3

COMMON

0

.RED

R4

1B-1 - 1/2 18-1

Qi

B1 12V

2

Si

2N1218

11-12 Volt Automobile Battery or equivalent capable of supplying
CI, C2-8 Mfd. 450V. Electrolytic Capacitor.
CRI, CR2, CR3, CR4-Sylvania SR776 Diodes.
01, 02-Sylvania 2N1211 Transistors.
R1-2711 %w. Resister.
R2-30011 1w. Resistor.
SI-S.P.S.T. Switch with low resistance contacts.
TI-Transformer.
For 11+1 1

use

250V.
300V.
325V.

Triad TY-6BS
Triad TY-69S
Triad TY-70S

1

Ampere.

Courtesy Sylvania Electric Products, Inc.

Circuit for 12VDC to 300VDC converter.
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Operation of the oscillator portion of this circuit is similar to
that described for the preceding circuit. The resulting square wave signal is taken from the secondary of T1 and rectified by
full -wave rectifier diodes CR1 through CR4. The resulting high voltage DC output is filtered by capacitor Cl and bleeder resistor R3. An output of half the voltage is shown by the dotted
lines. If the second output is used, capacitor C2 and bleeder
resistor R4 filter the output. Very little filtering is required since
the output of the secondary is a square wave.
1 -KC CHOPPER

This circuit is a DC chopper that operates at 1 kc and has
a variable pulse -width control. The variable width control (R4)
gives a continuous control of the pulse width from 10% to 90%
of the operating period.
When power is applied to the circuit, capacitor C2 charges
through resistor R1 until the emitter -base 1 voltage of unijunc-

tion transistor UJT1 exceeds the triggering level. At this time
UJT1 fires, and capacitor C2 discharges through the primary
winding of transformer T1 and resistor R3, producing a pulse

that is coupled through T1, rectified by diodes CR1 through CR4,
and applied to the gate of controlled rectifier SCR1. SCR1 is

1

CR4
C2

the high -voltage output without exceeding the 1 -ampere maximum
collector -current rating of 01 and Q2. The transistors should
be mounted on a suitable heat sink.

switched on, and current flows through the load, inductor Ll,
and the lower half of transformer T3. Resonant -charging action
causes the voltage on capacitor C3 to rise above the supply voltand R6,
age. Capacitor C3 discharges through resistors R4, R5,
and capacitor C4, charging C4. When the charge on C4 becomes
sufficient to trigger unijunction transistor UJT2, C4 discharges
through T2, producing a pulse at the gate of SCR2, biasing SCR2

on. When SCR2 starts to conduct, the voltage at the cathode
of SCR1 goes positive, switching SCR1 off, and current ceases
to flow through the load. The charge time of C4, and thus the
switching -off time of SCR1, is controlled by the setting of R4.
Therefore, resistor R1 controls the frequency, or pulse repetition rate, and resistor R4 controls the pulse width. SCR2 and
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+ 28V
+28V

0

3.3K

0

(95 WATTS INPUT)

R7

330

Cl

-.047

R2
330

4300
I1KC)

C2(GE #61F251)

2N1671A
CR2
R3

330

`6'

SCR1
C40A

O

I

.01

SCR2

1N91

CR5 _

SCR 1

CI

A R6

SCT (ARNOLD ENG

GEC40A

1.5K

CR4

LI

CORE 31523301

37T

OR MAGNETOS 50026 -IA)
T2

GEIN91 .T2.
CR 6

PULSE TRANSFORMERS

Imf

C3
2 mfd

UJT1

22

UJT2
2N1671A

SPRAGUE #31Z204 or EQUIV.

201
(SPRAGUE* 31Z204 OR EOUIV)

§

*16

T1

C3 GE #61F252
CR7 GE537 OR

SCT ARNOLD ENG. CORE -3T5233D1

1N1115

CR3

270m*

GE

IN 2156R

30
LOAD

20 KC TANK

CR8
GE

Courtesy General Electric Co.

1N215612

Circuit for DC chopper.
Courtesy General Electric Co.

Circuit for 1-kc chopper.

the resonant charging circuit L1, T3, CR7, and C3 can be quite
small since they carry only the turn-off energy.
DC CHOPPER

With this circuit, the current pulse -width to the load is more
or less fixed by the time it takes the core of square -loop core
autotransformer T2 to saturate, and the energy to the load can
be varied with the trigger rate of controlled rectifier SCR1.

When power is applied to the circuit, capacitor C1 charges
through resistors R1 and R2 until it reaches the triggering level
of unijunction transistor UJT1. The trigger circuit uses UJT1
to drive transistor Q1 from cutoff to saturation. Since the energy in Cl is not used to trigger controlled rectifier SCR1, the
smaller

(.01 mfd) capacitor size can be used to obtain UJT

operation to 20 kc. Resistor R5 limits the voltage amplitude of
218

the trigger pulse to SCR1. CR1 isolates the SCR turn-off pulse
from the UJT timing circuit.

Initially, point A is at zero potential. When SCR1 is triggered

the full line

of
voltage appears across the 37 -turn winding

T2, quickly driving the core to negative saturation. When the
core saturates, the capacitor charges rapidly toward the supply
potential, and then the increasing load current starts driving the
core toward positive saturation. Between negative and positive
saturation, the core acts as a transformer, and C2 is charged
above the supply voltage to a potential determined by the load
current. When positive saturation is reached, the core again be-

comes essentially a short circuit, and the charged capacitor drives
the cathode of SCR1 above the anode voltage, thus switching it
off. Because of

the circuit inductance,

the voltage range at

point A varies from below ground potential in the interval before
SCR1 is fired to above the supply potential at SCR1 turnoff
time. The circuit operates with a pulse width of about 40 micro-

seconds. The pulse width depends partly on the load and Ll.
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PARTS LIST
2$dU

Ql, Q2, Q3 and Q4 = Honeywell DA2F2 Transistor

R1, R6, R7, R8 and R9 = 0.05 ohm Resistor (Each 6" length of
Balco Wire -B & S No. 19)
R2, R3, R4 and R5 = 0.5 ohm Resistor
R10 = 47 ohm Resistor
R11 = 330 ohm Resistor
R12 = 15 ohm - 75 watt Resistor
R13 = 50 ohm - 75 watt Resistor
R14 = 150 ohm - 50 watt Resistor
R15 = 15 ohm - 10 watt Resistor
°

4000030000 60Q,

OD

fr-0-005000-01

00-0.00=5-0150)

II

Cl = 500mfd - 15 volt Capacitor
C2 = 30mfd - 25 volt non -polarized Capacitor
B1 = 6 or 12 VDC
PIA

NE51H Neon Light with Dialco Type 931 H Pilot Light

Assembly
S1 = SPST Toggle Switch (Cutler -Hammer 7501-K13 or equivalent)

S2 = 3PDT Slide Switch (Continental -Wirt G-369 or equivalent)
S3 = 4PDT Slide Switch (Stackpole SS -12 or equivalent)
S4 = 1 section, 3 pole, 3 position rotary switch (Mallory 1313L or
equivalent)
T1 = Saturating Feedback Transformer MC -595
Windings

N1, N2 = 328 Turns No. 24 Wire
N3, N4 = 66 Turns No. 14 Wire

Core

5/16" Stack of 50 DU
M7X .014" Steel
Laminations

0

C1

O

Courtesy of Minneapolis -Honeywell Regulator Co.
Inverter -charger circuit.
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T2 = Output transformer MC -594 (or Stancor RT-2012)
Fl = 3 -amp Slo-Blo Fuse
J1 = Superior Binding Post (Red)
J2 = Superior Binding Post (Black)
01 and 02 = Dual 115 Volt Outlet
Transformers T1 and T2 available from:
Mag-Con Engineering Company
2654 Kenzie Terrace
Minneapolis 18, Minnesota
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INVERTER CHARGER

This is a portable, mobile, or marine 115 -volt, 60 -cycle AC
power supply designed for a 6- or 12 -volt operation. The circuit uses a 2 -transformer, self excited, square -wave oscillator.
Class B push-pull, common -emitter operation is used, and it
is possible to reverse the operation so that the inverter may be
used as a battery charger. The power output at 6 -volts DC input is 125 watts. The power output at 12 -volts DC input is 300
watts. The operating frequency is 60 cps with an output square

wave at an efficiency of 75 %.

2N677B

O. 2 mfd

0e

150

150
2N677B

§ NF

2. 2K0

--,\AA.,-

0
0

0.2 mfd

20 mfd

c>

0

e

150

SUPPLY VOLTAGE: 60V

NF

SUPPLY CURRENT: 4A

2N677B
NF

TURNS:

150

C>

NF 3

NI 44

INVERTER

0.2 mfd
2N677B

50040tor EQUIV.,

This is a 200 -watt, 60 -cycle inverter that may be used as a
portable line -voltage power supply. The circuit, as shown, is a
2 -transformer,

self-excited,

square -wave

oscillator.

CORE MAGNETICS, INC.

NOTE:

ALL RESISTORS ARE 2 WATT

This circuit

THE NUMBER OF TURNS IN THE SECONDARY WINDING

uses class B push-pull operation in a common -emitter configuration. The power output is 200 watts at 60 cps. The output voltage is 115 -volts square -wave with an efficiency of 75%. This
circuit may be used in the field to change the battery voltage to
the ordinary alternating -current line voltage.

IS DEPENDENT ON THE DESIRED OUTPUT VOLTAGE.

(A) Bridge -type circuit.
lmfd

5000 10W

SUPPLY VOLTAGE: 28V

SUPPLY CURRENT; 6.5A
TURNS:

N1 30
NF - 3 (4 WIRES IN PARALLEL)

CORE: ARNOLD 6114 OR EQUIV.

lmfd

5000, lOW

NOTE:

THE NUMBER OF TURNS IN THE SECONDARY WINDING
IS DEPENDENT ON THE DESIRED OUTPUT VOLTAGE.

Courtesy Bendix Corp.

(B) Push-pull circuit.
DC -to -DC - converter circuits.
Tl - Saturating feedback transformer
N1 565 T #24

N2, N3 .851 #20

Q2 Honeywell DA3F3 power transistors
RI 20 ohms 10 w

Core - 318" stack

R2 2 ohms 2 watt

37 DU Orthonic

R3 - 47 ohms

Cl 500pfd #1 3 VDC
T2 - Output Transformer

C2 0. 5pfd @ 300 VAC

NI, N2. 22T #10

Core 2' stack

N3 - 231 #20

150 El M7X steel

Courtesy of Minneapolis -Honeywell Regulator Co.

200 -watt - inverter circuit.
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DC -TO -DC CONVERTERS'

Transistors have specific advantages for use as active switches
in DC -to -DC converters. These advantages include high reliability, greater efficiency, and longer life as compared to the

other means of switching for power conversion. These converters are limited only by the current ratings and the breakdown
voltages of the transistors that are used. However, the switching
transistors may be connected in parallel for a greater current
223

carrying capacity, and they may be connected in series to obtain higher breakdown voltages.
Circuit A shows a bridge -type circuit that allows input voltages

near the transistor breakdown voltage. Four Bendix type 2N677B
transistors are used in this circuit, which has a supply voltage of
60 volts at 4 amperes. The output power is taken from the
transformer third -winding, and the output power of this circuit
is 200 watts. Circuit B shows a push-pull type of converter. This
uses a 28 -volt supply voltage at 6.5 amperes. The power output
is 150 watts.
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HANDBOOK OF
L_

DAH' ral ACU
by Allan Lytel
Here is a collection of more than 200 practical transistorized
circuits for use in counters, power controls, timers, indicators,

photoelectric devices, power regulators, amplifiers, power
supplies, oscillators, power converters, and other applications.
Schematic diagrams, parts lists and descriptions of operation
are included for each circuit.
Planned as a supplement and companion volume to author

Lytel's previous book, Transistor Circuit Manual, many of the
circuits employ such specialized semi -conductor devices as

silicon -controlled rectifiers, photocells, zener diodes, and tunnel
diodes, in addition to standard diodes and transistors.
This book is a handy source of information on the design,
operation, and application of a wide variety of transistorized
circuits. Engineers, technicians, students, and
hobbyists will
all find the circuits of interest and the material of value in research,
development, experiment, and general studies of circuitry.
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