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Preface

Some time ago the RAYTHEON MANUFACTURING COMPANY published
a booklet covering more than fifty practical applications of their popular PNP junction
transistors. Including many circuits by top technical writers, this first booklet has
proven extremely popular with practical engineers, Hams, experimenters, students,
and electronics hobbyists, and has reached the amazing distribution of well over
100,000 copies!!

But along with the increasing popularity of RAYTHEON’s TRANSISTOR
APPLICATIONS has come a need for a broader volume ... a booklet covering
transistor applications from a general, rather than a specific, viewpoint . . . a booklet
covering practical laboratory techniques and shop practice as well as circuit applica-
tions . . . in short, a booklet which would equip the experimenter to branch out “on
his own” instead of rigorously following published circuits.

It was to fill this need that the present booklet was written. It is neither the
author’s nor the publisher’s intention that this volume replace the earlier TRANSIS-
TOR APPLICATIONS but, rather, that it serve to supplement and to reinforce the
first volume. By so doing, it is hoped that the reader’s interests, as well as his practical
knowledge, will be broadened, and that his technical knowledge will be strengthened
with increased practical “know-how’’.

In keeping with the booklet’s intended goal as an outline of practical methods, a
special effort has been made to cover data of value to the experimenter and hobbyist.
Thus, theory has been minimized and laboratory and shop practice emphasized. In
addition, general information on etched circuit techniques has been included, for
these techniques are of especial interest to transistor experimenters. Not only is there
an historical relationship between “printed (etched) circuits” and transistors, but
etched circuit methods provide a convenient, almost natural, way of assembling
many transistor circuits.

The reader desiring additional theoretical background will find it worthwhile to
refer to one or more of the books, booklets, and magazines listed in the reference
data section of this book. All of these are currently published and available through
regular sources.

When using the circuits shown or described in this volume, the reader should
remember that the inclusion of any circuit does not constitute a license to use that
circuit or to manufacture equipment employing that circuit, in whole or in part,
where the circuit is covered by an existing Letters Patent. Such license can be issued
only by the legal owner of the covering Patent or by his assignee or agent.

— THE AUTHOR.

April, 1957.
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Introduction

HE TRANSISTOR is young . . . but a mere baby as

electronic components go, yet the blinding blast

and thundering roar of an atomic explosion
seems almost mild compared to the potential eflects of
the transistor on electronic technology and, through
electronics, on modern Industry and Communications
as a whole.

To the beginner or newcomer in electronics, a transis-
tor may seem to be just another component, like a trans-
tformer, tube, And,
although it is physically different from a vacuum tube, it
is similar in application in that both are amplifying
devices. But the beginner will often prefer the transistor
for his experimental work because of its low cost, ready
availability, and special properties which suit it to simple
circuitry.

On the other hand, the O/d-Timer in electronics, even
though he may be comparatively young in years, can
seldom get over his astonishment at the, to him, almost
amazing characteristics of these tiny devices. But a
fraction of the size and weight of his familiar “stand-by”,
the vacuum tube, these minute units can not only tackle
virtually all the jobs of the earlier device, but can do
their work while requiring but an infinitesimal amount of
power. Power-wise, transistors may be said to ‘‘eat like
birds".

No one characteristic of the transistor, whether it be its
small physical size, minute power requirements, low
noise, reliability, almost fantastic resistance to vibration
and shock, moderate cost, light weight, or great versatil-
ity, can be credited with its tremendous impact on elec-
tronics. Rather, it is the combination of all of these
characteristics in a single device, coupled with the ability
to amplify signals and a long, almost infinite, potential
service life.

The schematic symbol for a PNP junction transistor is
shown in Fig. 1-1(a). The three elcctrodes are emitter,
base, and collector, with these roughly, but not exactly,
analogous to the three clectrodes of a triode vacuum tube

.. cathode, grid, and plate, respectively.

Compared to a vacuum tube, the construction of a

transistor is, physically, rather simple. A vacuum tube

vacuum resistor or capacitor.

EMITTER COLLECTOR

BASE
FIG. 1-1(a)
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is made up from many, many separate components . . .
insulated filament wire, coated cathode cylinder, one or
more grid assemblies, a carefully shaped plate assembly,
shield pieces, getter, spacers, support rods, insulators,
connecting strips and leads, and other parts, with each
component manufactured to precise tolerances from
different materials, and all assembled with extreme care.
By contrast, a triode junction transistor is a single
crystal of material which, internally, is essentially a
three-layered ‘‘sandwich” ... the ‘layers” are not
separate, however, but simply areas within the crystal
which have slightly different electrical characteristics.
This classical ““sandwich” construction of the junction
transistor is shown schematically in Fig. 1-1(h).

EMITTER COLLECTOR
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FIG. 1-1(b)

Transistors are made from a class of materials known
as semiconductors. These are substances with properties
intermediate between that of a conductor, such as silver,
A semiconductor
may act either as a conductor, allowing an easy flow of
electric current, or as an insulator, virtually blocking
current flow, depending on various physical influences,
such as electric ficlds, heat, or light.

In a conductor, an electric current flow is a movement
of free electrons through the substance. In a semiconduc-
tor, a current flow may also be made up of free electrons.
However, in contrast to the current flow in a conductor,
the electric current in a semiconductor may include a
movement of foles. A hole is a deficiency in the molecular
structure of the semiconductor and represents the
absence of an electron. Since an clectron has a negative

and an insulator, such as porcelain.

charge, a hole, representing the absence of an clectron,
acts like a positive charge and, in fact, the transfer of holes
from one molecule to another is nearly equivalent to a
movement of positively charged particles through the
material.

If the “particle” concentration in a given semi-
conductor consists of both electrons and holes in about
equal numbers, the material is called an mtrinsic semi-
conductor. If the holes predominate, the material is
And if the
electrons predominate, the substance is called a negative

called a positive or P-type scmiconductor.



or N-type semiconductor. An intrinsic semiconductor
may be given either P or N characteristics by adding
various substances, called impurities, to the basic material.
A donor impurity results in B characteristics; an acceplor
impurity in P characteristics.

In a triode transistor, the three “layers” making up
the device are alternately P-type and N-type materials,
as indicated in Fig. 1-1(b). The area in which the two
types of semiconductors meet (or the area where one
type changes to another) is called the junction, hence the
name ‘‘junction transistor’”. If the outer layers are
P-type materials, then the device is called a PAP ransis-
tor; on the other hand, if the outer layers are N-type
materials, the device is an NPN transistor. Thus, triode
junction transistors have two junctions and three elec-
trodes.

Electrically, a semiconductor junction is a unilateral
device . . . that is, it will pass current easily in one
direction, but will offer considerable resistance to current
flow in the reversed direction, much like a rectifier or
diode vacuum tube. Hence, a single semiconductor junc-
tion may be used as a diode. A semiconductor diode, like
a vacuum tube diode, has two electrodes . . . a cathode
and an anode. Generally, only the cathode is identified.

In practical circuits, D.C. voltages are applied to the
three electrodes of the transistor. In operation, an
electric current flow through the basc and one of the
other electrodes will affect the current through any other
pair of electrodes. For example, the base-emitter current
flow may be used to control the cmitter-collector current.
With a different circuit arrangement, the base-collector
current might be used to control the collector-emitter
current. The D.C. polarities used depend on the type
of transistor.

The steady (D.C.) current through an electrode is
commonly called the bias current. A varying current,
whether external or internal, may be called the signal
current. Often, the word “current” is dropped off . . .
thus, we may speak of “basc bias”, “‘collector bias™.
“input signal”, or “output signal®.
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RAYTHEON TRANSISTORS

The actual construction of a RAYTHEON transistor
differs from the classical “sandwich” arrangement
shown in I'ig. 1-1(b). Rather, it more nearly approaches
the construction shown schematically in Fig. 1-1(c).
Acceptor materials are alloyed to either side of a thin slab
of N-type semiconductor material. The acceptor diffuses
into the N-tvpe semiconductor, converting small regions
into a P-type material. The resultant is a PNP transistor.

During manufacture, RAYTHEON transistors are
encapsulated in a special plastic, then hermetically
sealed in small metal cases. Any of several case sizes and
shapes may be used, depending on the particular transis-
tor type and its intended application. The three most
popular cases in current use are on the three transistors
shown in Fig. 1-2. The small carpet tack shown in the
photo is included simply to indicate relative sizes.

The clectrode lead connections used in RAYTHEON
semiconductor devices are diagrammed in I'ig. 1-3. Two
types of transistor lead arrangements are emploved. An
uncqual spacing of leads, as in Fig. 1-3(a), indicates
that the transistor is designed to fit into a standard >-pin
“in-line” subminiature tube socket when the full length
leads are cut down to approximately onc-quarter inch.
Typical units using this arrangement include tvpes
2N063, 2NG4, 2No65, 2N106, 2N111 (CK739), 2N112
(CKR7060), 2N113 (CK761), CK766, CK7068, CK790.
CK791, and CK793. With this arrangement, electrodes
are identified by the spacing of the leads.

With the sccond arrangement used, leads are equally
spaccd and the collector clectrode is identified by a small
red dot on the case, as in Fig. 1-3(b). The center lead
is the base. This lead arrangement is encountered in
three ditferent cases. The larger case is used on tvpes
CK721 and CK722. The smaller (subminiaturc) case,
with a closer, but still equal, spacing of lecads, is used on
such types as 2N130, 2N 131, 2N 132, 2N133, and 2N138.
Finally, a small case, with “heat sink” attached, is used
on type CK751.

RAYTHLON semiconductor diode lead connections
are identified in Figs. 1-3(c) and 1-3(d).
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Selecting Transistor Types

RAYTHEON transistors are manufactured in a wide
variety of types, to meet virtually every need of the
experimenter, circuit designer, or equipment manu-
facturer. The final choice of a type for a particular
application is the responsibility of the Circuit Design
Engineer, and should be madc only after a detailed
study of circuit requirements and a careful comparison
of basic type specifications. A chart of condensed
RAYTHEON transistor specifications is included in
the Reference Data Section to ald the designer in this
work.

Generally speaking, RAYTHEON types CK721,
CK722, and CK768 are intended primarily for experi-
Types CK721 and CK722 arc
designed for use in audio.and low frequency R.F. cir-
cuits. Type CK768 is a low-cost R.F. transistor.

mental applications.

Commercial low frequency types include the 2N63,
2N064, 2N65, 2N1006, 2N130, 2N131, 2N132, and 2N133.
Of these, the first four units are supplied in a larger case
size, the last four in subminiature cases. Except for the
2N106 and 2N133, the specifications of all low frequency
tvpes are similar, with the major diffcrence being in their
gain and base resistance ratings. Tvyvpes 2N1006 and
The 2N133, particularly,
has an unusually low noise Ievel and is especially suited

2N133 are low noise tvpes.

for applications in high gain audio circuits.

While almost any RAYTHEON transistor can deliver
a small amount of power, if needed, tvpes 2N138 and
CK751 are designed primarily for audio power output
applications. A pair of type 2N138, operated in push-
pull, can deliver as much as 100 milliwatts. A& pair of

type CK751, strapped to a metal chassis, can deliver
approximately a half-watt of audio power (500 milli-
watts).

RAYTHEON transistors designed for R.F. applica-
tions in radio receivers include types 2N111, 2N112,
CK766, 2N111A, 2N112A and CK766A. These units
are suitable for use as front-end converters and as in-
termediate frequency (I.F.) amplifiers at 455 KC.
a typical circuit, the type 2N111A will supply approxi-
mately 28 db gain at 455 KC.

Special purpose RAYTHEON transistors include
types 2N113 and 2N114, especially suitable for high
frequency switching applications in computers, and
symmetrical types CK870 and CK871. The symmetrical
transistor is a comparatively new type and is designed
with interchangeable collector and emitter electrodes.

The transistor types mentioned above are all manu-

In

factured using germanium as the basic semiconductor
element and are suitable for all normal applications
where the junction temperature will not exceed 85°C.
Where high temperatures arc likely to be encountered,
RAYTHEON’s silicon transistor types should be chosen.
These include types CK790, CK791, and CK793. The
maximum junction temperature f{or these types is 135°C.
Like RAYTHEON’s germanium transistors, the silicon
types are PNP units.

RAYTHEON is carrying out a continuing program
of semiconductor product research and development and
will introduce new transistor types [rom time to time,
as well as improved versions of older tvpes. Because of
this, equipment designers will find it worthwhile to check
with RAYTHEON hbefore “freezing’” any new transis-
torized circuit design.



PRACTICAL CIRCUIT DESIGN

Without question, the average experimenter and
home-builder enjoys assembling a new receiver, amplifier
or gadget just as much as he enjoys working with it after
construction is finished. There is a real thrill in putting
together a new piece of electronic equipment. .. a
thrill that is shared both by the Professional Technician
who assembles a complex instrument and by the Boy
Scout who puts together his first crystal receiver. It is
a thrill like that which every creative individual feels
as he works on a new project, whether he be an artist, a
poet, a writer, a sculptor, or an electronics hobbyist.

But there is a much greater thrill in designing and
assembling a new circuit, or in redesigning an existing
circuit to meet special needs, than there is in slavishly
following a published diagram. Unfortunately, ad-
vanced circuit design requires considerable technical
training and experience. A full discussion of such design
methods would be beyond the intended scope of this
booklet. However, if certain fundamental techniques
are learned, there is no reason why the average ex-
perienced experimenter can’t undertake and solve many
practical circuit design problems.

Of course, quite aside from the original design of new
circuits, the experimenter will find that a knowledge of
such techniques is an invaluable aid to his understanding
of circuit operation and, in addition, quite useful in
“troubleshooting” experimental circuits he may as-
semble.

The application of Practical Circuit Design methods
requires, first of all, a general understanding of transistor
operation . . . a knowledge of the different types of basic
circuits and their characteristics, an idea of how varia-
tions in circuit values will affect transistor operation, and
a fair amount of laboratory or bench “know-how”.
Here, then, are a few tips on Practical Circuit Design . . .

Circuit Configurations

The transistor is basically an amplifying device. As
such, it has a “pair” of Input and a pair of Quiput termi-
nals. But since it has only threc electrodes, one of these
electrodes must be common to both the input and output

circuits.
circuit

And this gives us the three basic transistor
configurations . . . common-emitler, common-base,
and common-collector. These three circuits are shown in
Figs. 2-1(a), 2-1(b), and 2-1(c), respectively.

In actual practice, the common electrode, whether it
be the emitter, base, or collector, is often connected to
circuit “ground”. Hence these circuits are often called
. .. grounded-emitter, grounded-base, and grounded-collector
configurations. In some texts and magazine articles, the
expressions and “grounded” are used
interchangeably, even if the common electrode is not connected
to ground.

The common-emitter circuit, shown in Fig. 2-1(a),
provides the highest gain (amplification) of the three
circuits. In operation, an input signal is coupled through
capacitor C, to the base-emitter circuit, appearing across
input load resistor R;. The amplified output signal,
appearing across collector load resistor Ry, is taken off
through D.C. blocking capacitor Cs. Base bias current
is supplied through R, by power supply battery Bl.
This battery also supplies collector current. In some
instances, separate base bias and collector bias batteries
may be used.

A signal phase reversal takes place in the common-
emitter circuit, with the signal across collector load
Ry 180° out-of-phase with the input signal. As far as
circuit impedances are concerned, the common-emitter
circuit has a moderate input impedance . . . from about
100 to 2000 ohms, and a high output impedance, from
5,000 to 50,000 ohms in most cases. The maximum
circuit gain possible, with a given transistor, depends
on the beta (B) of the transistor . . . the higher the beta,
the higher the gain.

The common-base circuit, shown in Fig. 2-1(b), can
provide considcrable gain, although its maximum gain
is less than that of the common-emitter circuit.
operation, the input signal is coupled through capacitor
C to the emitter-base circuit, appearing across emitter
resistor Ri. The amplified output signal appears across
collector load impedance Ro. Capacitor C; serves as a
D.C. blocking capacitor for the output. Base bias current
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is supplied through Rj, by-passed by C;. Although all
operating power is supplied by a single battery, B1, many
designers prefer to use separate batteries in the emitter-
base and base-collector circuits.

There is no phase reversal in this circuit . . . the output
signal is in phase with the input signal. The common-base
circuit features a low input impedance, gencrally from
10 to 200 ohms, and a high output impedance . . . from
about 10,000 to 100,000 ohms.

Finally, the common-collector configuration, shown
in Fig. 2-1(c), provides a voltage “gain” of less than 1.0.
In operation, the input signal is coupled through C; to
the base-collector circuit, appearing across base resistor
R.;. The output signal appears across emitter load
resistor Ro. As in the first two circuits, C; serves as a
D.C. blocking capacitor for the output. With the single-
battery {B1) power supply shown, base bias is supplied
through R.

The common-collector circuit, like the common-base
configuration, does not introduce a phase reversal . . .
the output signal is in phase with the input. Unlike the
first two circuit configurations, the common-collector
arrangement features a kigh input impedance, generally
from 10,000 to 100,000 ohms, depending on the size of
the emitter load impedance (R:). The larger R,, the
higher the input impedance. The common-collector’s
output impedance, on the other hand, is moderate to
low .
ranging from 50 to 5,000 ohms.

While both the common-emitter and common-base
circuits are generally used as amplifiers, the “step-down”
impedance characteristic of the common-collector circuit,
plus the fact that its voltage gain is less than one, makes
it attractive as an impedance matching circuit. It is in this

.. typical circuits may have output impedances

application that the common-collector finds its greatest
utility.

For convenience, resistive output load impedances
(R,) were used in each of the three basic circuit configura-
tions shown in Fig. 2-1. In actual practice, the output
load might be some other impedance. In the case of an
R.F. or I.F. amplifier, R, might be replaced with a tuned
circuit; in an audio amplifier, R: might be replaced by
an inductance choke or the primary of an interstage
transformer.

In all three of the circuit configurations illustrated in
Fig. 2-1, the D.C. polarities shown are for PNP transis-
tors.

Amplifier Classes

One of the most important characteristics of any
amplifier circuit, whether a vacuum tube or a transistor
serves as the actual amplifving device, is its Class of
operation. Amplifiers can be arbitrarily grouped into
one of four general Classes.

In a Class A amplifier, the operating conditions are
such that every part of the input signal affects the output
signal. 'Thus, the output signal becomes simply an
enlarged ““‘copy” of the input signal waveshape. Class A
amplifiers are used in the majority of experimental and
commercial circuit applications.

In a Class AB amplifier, the output is controlled by
more than half, but less than the whole input signal. In a
typical example, a portion of the positive peak of an
amplified signal may have no control on the amplitude
and /or waveshape of the output of the amplifier.

In a Class B amplifier, the output is controlled by
essentially half of the input signal. For example, if a
sine-wave signal is applied to a Class B amplifier, only
the negative-going (or positive-going) halfl of the signal
will control the output.

Finally, in a Class C amplifier, the output is controlled
by less than half of the applied signal. In gencral, only
the negative (or positive) peak of the input signal will
determine output.

From an application viewpoint, most audio or R.F.
amplifiers are operated Class A, while push-pull (to be
discussed later) powwer amplifiers are often operated either
Class AB or Class B. Class C amplifiers are used in
oscillators and, on occasion, in R.F. power amplifiers.
Where a resistive output load is used, the output of a
Class B or Class C amplifier is essentially a series of
pulses, regardless of the input signal characteristics.

In transistor circuits, the Class of operation is generally
determined by the base bias current. A small bias cur-
rent can provide Class A operation. A very small or
essentially “zero” bias establishes the conditions for
Class AB or Class B operation. And, finally, a “‘reversed”
bias is required for Class C amplifiers.

From a circuit efficiency viewpoint, the Class A ampli-
fier is the least efficient in terms of D.C. input versus A.C.
output power. The “‘ideal” figure for a Class A amplifier
is 509, efficiency, but this figure cannot be reached in
practice. A well-designed Class . amiplifier, on the
other hand, may approach 989 efficiency.

D.C. Amplifiers

The simplest circuit application for a transistor is as a
direct-coupled direct current (D.C.) amplifier. A hasic
D.C. amplifier, using the common-emitter circuit con-
figuration, is illustrated in Fig. 2-2(a).

In operation, a steady D.C. voltage is applied between
the emitter and collector electrodes (through the LOAD)
by power supply battery B1. With the base-cmitter
circuit open, very little collector currcnt can flow. Now,
when an external voltage is applied to the basc-emitter
circuit (base negative), a small base current flow can
take place. This permits a much larger collector current
to flow through the collector LOAD. Thus, the transis-
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tor serves to ‘“‘amplify” the input current. The amount of
amplification that takes place is directly proportional
to the beta of the transistor used. With typical RAY-
THEON transistors, the collector current may be from
10 to 50 times the base current.

In practical circuits, the LOAD may be any D.C.
actuated device . . . a solenoid, relay, or meter. Typical
applications are shown in Figs. 2-2(b), 2-2(c) and
2-2(d).

A sensitive electronic relay is shown in Fig. 2-2(D).
In this case, the LOAD is a moderately sensitive electro-
magnetic relay (RLY) and the single power supply
battery (B1) also serves as a source of base bias current.
In operation, when the control “*contacts” are closed,
base bias current can flow, with its value determined by
B1 and series resistor R}. A much larger collector current
flow results and operates the relay. Since the collector
current flow may be from 10 to 50 times the base current,
the effective “sensitivity” of the relay is increased by a
similar factor.

For example, let us say that the relay requires a cur-
rent of 1.5 milliamperes for operation and, further, that
the RAYTHEON transistor used provides a gain of
fifteen with the particular circuit values emploved. In
this casc, the base current (established by R,) need be
only 100 microamperes.

The basic circuit for a transistorized Meter Amplifier
is given in Fig. 2-2(c). In this case, a small exiernal
current is mcasured by passing it through the wransistor’s

base-emitter circuit and noting the much larger reading
of collector current on the meter (M). The meter may
be recalibrated to take the transistor’s gain into account

. or, if preferred, a Multiplying Factor used. Series
resistor R, is included to protect the meter from acci-
dental overloads.

Adding a “‘self-generating” selenium photocell to the
basic Meter Amplifier converts the instrument into a
sensitive Light Meter. This circuit is given in Fig. 2-2/d)
The negative lead of the photocell connects to the base
of the PNP transistor, the positive lead to the emitter.
In operation, light falling on the photocell develops a
small current which, in turn, serves as the base bias for
the transistor. With the transistor’s gain as a muldplving
factor, the meter (M) indicates a much larger current.

Breadboarding & Bias Measurements

One of the first, and most important, steps in the
practical design of a new transistor circuit is the assembly
and bench test of a breadboard model. The “breadboard™
is a quickly wired and rough assembled circuit which is
an electrical, though not mechanical, duplicate of the
tentative design. Often, adjustable or variable resistors
and other components arc used in asscmbling the model.
These are varied until desired circuit performance is
obtained and then are replaced with standard fixed
value parts.

While the circuit is in the breadboard stace, bias cur-
rents and interclectrode voltages mav be checked to

(6)
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insure that the transistor’s maximum ratings are not
exceeded. In addition, several transistors of a given
tvpe may be tried in the circuit as a check on transistor
interchangeability.
varied to see if any component values are cspecially
critical.

Basic measurements in a common-emitter amplifier
stage are diagrammed in Fig. 2-3 while a breadboard
model of a special transistor circuit is shown in Fig. 2—4.

Referring to Fig. 2-3, M, is used to check base bias
current, M. to measure collector current, and M;j; to
check emitter current. A Voltmeter (V), shown dotted,
is used for checking interelectrode voltages. The battery
and meter D.C. polarities shown are for a PNP transistor.
Depending on the transistor and its intended operation,
M, may be an 0-100 or 0-500 Microammeter, and M,
and Mj; may be 0-5 or 0-25 Milliammeters. Voltmeter
range will depend on the battery (B1) used. In typical
transistor circuits, B1 may supply from 1.5 to 30 volts.

As experiencc is acquired, the experimenter may find

Power supply voltages may be

that he can estimate basic component values without too
much difficulty. For example, referring to Fig. 2-3, for
a typical transistor, R’s value will generally fall between
100K and 1 Megohm, Ry's value will be from 3.3K to
47K, and B1 will supply from 1.5 to 9 volts.

Interstage Coupling

If more gain is needed for a particular application
than can be obtained from a single transistor stage, two
or more stages mav be cascaded. Two popular interstage
coupling techniques are shown in Fig. 2-5(a) and 2-5(D).

The simplest method, shown in Fig. 2-5(a), uses a
capacitor ((!)) to connect the “output’™ of onc stage to the
“input” of the succeeding stage. In addition to its
simplicity, this mcthod offers the advantages of low cost
and ease of application. But capacity-coupling has one
scrious drawback.  Where the coupled stages have
unequal input and output impedances, a severe loss of

signal mav occur due to the resulting impedance mis-
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match.
source impedance (driving stage) cquals the load imped-
ance (input of driven stage).

Maximum signal transfer occurs where the

As may be recalled, the input impedance of a common-
emitter stage is around 1,000 ohms . . . its output im-
pedance is about 10,000 ochms. Thus, the use of capacity-
coupling between common-emitter stages will result in a
considerable signal loss.

One alternative is to alternate common-cmitter and
common-collector stages. The common-emitter has a
moderate input and high output impedance; the com-
mon-collector amplifier, on the other hand, has a high
input and moderate output impedance. For practical
purposes, the output of a common-emitter stage matches
the input of a common-collector stage ... and vice-
versa. With such an arrangement, capacity-coupling
may be used between stages with little, if any, signal loss.

Another alternative is shown in Fig. 2-5(b). A step-
down transformer is used to match circuit impedances.

-TO POWER SUPPLY
FIG. 2-5(a)
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With transformer-coupling, it is possible to use all common-
emitter stages in a multi-stage amplifier without ap-
preciable interstage signal loss.

In practice, T, has a high impedance primary, a low
to moderate impedance secondary. Capacitor Cy is
used as a D.C. blocking capacitor and prevents a short
of the base bias current through the secondary of T,
Base bias for the second stage is supplied through Ri.
In typical circuits, T{s primary impedance will fall
between 5,000 and 25,000 ohms; its secondary imped-
ance will be in the range of 500 to 2,000 ohms.

In most transistor circuits, D.C. blocking, interstage
coupling, and signal by-pass capacitors will have mod-
erately large values. In audio circuits, values may range
as high as several microfarads. In R.F. and L.F. circuits,
as high as 0.1 Mfd.

Power Amplifiers

In terms of strictest definition, all transistor amplifiers
are power amplifiers. In most cases, however, the
amount of power handled is negligible and the term
Power Amplifier is reserved for stages which drive elec-
tromechanical devices, such as loudspeakers or solenoids,
or which furnish a moderate to substantial amount of
power for radio broadcast or similar applications.

Except for actual component values and the type of
load, a transistor Power Amplifier circuit is almost identi-
cal to other amplifiers, and any of the three basic circuit
configurations may be used. Two popular common-
emitter Power Amplifier circuits are illustrated in
Figs. 2-6(a) and 2-6(b). ’

A single-ended amplifier is shown in Fig. 2-6(a). A
single transistor is used as a Class A amplifier and is
transformer-coupled to the load . . . a loudspeaker, for
example. Base bias current is supplied by voltage divider
R,-R,. Where music or voice signals are handled, single-
ended amplifiers are alweays operated in Class A.

A push-pull amplifier is shown in Fig. 2-6(b). For a
given transistor type, a push-pull circuit will deliver con-
siderably more power than a single-ended circuit, but

OUTPUT

TO POWER
SUPPLY

FIG. 2-6(a)

requires two input (drive) signals which are 180° out-of-
phase with each other. In Fig. 2-6(b), these two signals
are supplied by the center-tapped secondary winding of
transformer T;. Base bias for both transistors is supplied
by voltage divider R;-R..

In contrast to a single-ended amplifier, a push-pull
circuit may be operated either Class A, Class AB, or
Class B. Of the three classes of operation, Class A is the
least eficient and will deliver the least power, but it
introduces the least distortion. Class B is the most
eflicient, will deliver the maximum power output (for a
given transistor), but requires the most signal drive and
introduces the greatest distortion. As a result, Class AB
operation is frequently chosen as the best compromise
between the high efficiency of Class B operation and the
distortion-free characteristics of Class A. To obtain
Class AB operation, thc base bias current is adjusted
(by varying the ratio of R, to Ry} so that a small collector
current flows uunder “‘no signal” conditions.

[n general, a Power Amplifier has a lower outpurt
impedance than other amplifiers and requires larger
operating voltages and currents. And, of course, it can
handle greater signal levels without danger of overload.

INPUT
OUTPUT

v

TO POWER
SUPPLY

FIG. 2-6(b)



Almost any transistor can deliver some power, but when
2 power level in excess of, say, 30 milliwatts is required, it
s best to use an especially designed Power Transistor
such as RAYTHEON type CK751.

Since moderate power levels are handled, internal
neat generation is a characteristic of all Power Amplifiers,
regardless of their Class of operation and efficiency. If
the transistor’s junction temperature rises too rapidly, or
20 too high a level, circuit operation will suffer. In
extreme cases, the transistor itself may be damaged. To
zvoid this, power transistors may be clamped to a metal
chassis or ‘““heat sink” which serves to conduct heat
awav {rom the transistor’s body. A small metal cable
clamp may be used to hold the transistor. The RAY-
THEON type CK751 has an integral metal clamp for
this application.

D.C. Stabilization

The electrical resistance of a semiconductor junction
may vary considerably with its temperature. Therefore,
it is logical to expect that the interelectrode resistances of
transistors, which depend for their operation on the
characteristics of semiconductors, may also vary with
temperature.

From this, we can sec that if the basic operating con-
ditions of a transistor stage are determined primarily by
its interelectrode D.C. resistances, then the performance
of that stage will vary with temperature unless the circuil
is especially compensated for temperature variations. In general,
the technique for doing this is to minimize the effects of
temperature on operating bias currents and thus to
stabilize the D.C. operating conditions of the transistor.
Doing this also provides a highly desirable secondary
result . . . it makes the final circuit design much less
susceptible to differences in individual transistors and
improves transistor interchangeability.

Basic circuits for adding D.C. Stabilization to common-
emitter amplifiers are illustrated in Figs. 2-7(b) and
2-7(c). For comparison purposes, an ‘‘unstabilized”
circuit is shown in Fig. 2-7(a).

In order to see how temperature can affect circuit
operation, let us refer first to Fig. 2-7(a). Here, we have
a simple common-emitter amplifier with a resistive

output load (Ra). In operation, signals are coupled to
the base-emitter circuit through input capacitor C,, and
the amplified output signal, appearing across load resistor
Re, is obtained through D.C. blocking capacitor C.
Operating power is supplied by battery B1.

The base bias current for this stage is determined by B1
and the combined resistance of base resistor R, and the
base-emutter resistance of the transistor. Tracing through
the circuit, we find that R, and the base-emitter circuit
are in series across power supply battery Bl. Thus, any
changes in the basc-emitter resistance, as may occur with
temperature variations, result appreciable
changes in base bias current, and, of course, a shift in
the operating characteristics of the stage.

The effect of the base-emitter resistance on bias current
may be reduced by shunting these electrodes with a fixed
resistor, as shown in Fig. 2-7(b). R, is connected be-

may in

tween the base and emitter electrodes of the transistor.
With this arrangement, a moderate degrec of stabiliza-
tion is obtained and base bias current is determined by a
resistive voltage divider (Ry~Rj;) instead of by a series
resistor dlone.

Even better D.C. Stabilization may be obtained by
adding a by-passed emitter resistor {R;), as shown in
Fig. 2-7(c). With this arrangement, a steady increasc
in emitter-collector current will develop a voltage
{across Ry) with a polarity which tends to oppose, and
to reduce, the base bias current, thus restoring the emit-
ter-collector current to near its ““normal” value.

In practical versions of all three circuits (Fig. 2-7),
R, may have values of 4,700 to 25,000 ohmns, C, and C»
may have values of 1 to 10 Mfd., and B! may supply
from 1.5 to 12 volts. In the “unstabilized” circuit given
in Fig. 2-7(a), Ry may have a value ranging from 150K
to 470K, depending on the voltage of B1 and the transis-
tor used. With the partially stabilized circuit of
Fig. 2-7(b), Ry may have values from 10K to 100K, R;
values from 500 to 2500 ohms. Finally, in the circuit
given in Fig. 2-7(c), Ry may have values from 10K to
47K, R values from 100 to 1,000 ohms, and R, values
from 47 to 470 ohms, with C; values from 6 to 80 M{d.,
depending on the size of R; and the desired low {requency
response of the circuit. The smaller R, the larger the

value of C;. These values are for audio circuits. Re-
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sistance values would be similar in R.F. and I.F. circuits,
but capacitor values would range from 0.01 to 0.05 Nfd.

D.C. Swabilization is more important in commercial
and industrial applications than in experimiental circuits
and eadeacts. Because of this, the average experimenter
mav prefer to use the simple biasing system illustrated
2-7¢(

in Fig. 2-7(a) for most of his work, even though it docs

not provide full circuit stabilization.

Distortion

In an “ideal”™ amplifier, the waveshape of the output
signal should be /entical to the waveshape of the input
signal, except for amplitude.  If the amplificr, whether
it is a single stagc or several cascaded stages, is non-linear,
there will be a change, or distortion, in the output sienal

FIG. 2-9. Using oscilloscope to check distortion

(10)

waveshape. In a transistor amplifier, distortion may be
caused by improper D.C. operating bias currents, incor-
rect circult values, and an excessively strong input signal
as well as by defective components.

One technique for checking a transistor amplifier for
distortion is diagrammed in Fig. 2-8, while typical signal
waveshapes (waveforms) are illustrated in Fig. 2-10.

A Sine-MWave Generator is connected to the input of the
amplifier. A cathode ray Oscilloscope is used to observe
the input (dotted linc, Fig. 2-8) and output signal wave-
shapes. If the amplifier is operating properly, the output
signal should be an enlarged duplicate of the input signal
and should approximate the
Fig. 2-10(a).

1fone side of the output signal’s waveshape is flattened,
as shown in Fig. 2-10(b), it indicates that the basc bias
current is incorrect for the power supply voltage and
other circuit values used. With a PNP transistor, too
loee a Dias current will cause a flattening of the output
waveshape when the aput signal swings in a posilive
The input quickly
reduces the base signal current (and hence collector cur-
rent) to zero and the peak is “clipped” off, leaving a
flattened output waveshape.

sine-wave shown in

dircction. positive-going signal

On the other hand, too #/g/ a bias current may cause
a flattening of the output waveshape when the inpuf
signal swings in a negative direction. A necgative-going
input signal increases the basc and collector currents.  If
the increase is suthicient to drop the available supply
voltage across the collector load resistor, there can be no
further increase in collector current, and the signal peak
is clipped™ ofl. For example, referring to I'ig. 2-8, if
the bias current is high, and a strong signal is applied to
the mnput, Bl's entire voltage mav be dropped across
collector load Rz b fore the signal peak is reached .. . and
the signal waveshape is flattened at this point.

Since there is a 180 phasc reversal in a common-
emitter amplifier, the output signal will exhibit its
flattening on the wpposite side when compared to the
input signal. Thus, summing up, too low a base bias cur-
rent will cause a flattening {or “clipping™) of the negative
side of the mutpur sianal, while too high o hase bias will
cause clipping on the positive side of the autpui waveform.
In cither case, the base bias current should be readjusted

. and, In some cases, it may be necessary to change
other circuit values as well. With the circuit shown in
Fig. 2-8, the base bias current can be incrcased by lower-
ing the value of base resistor Ry . . ..decreased by using
a larger resistor here.,

There i1s another hasic tvpe of distortion that mav be
Boih

peaks of the signal waveshape are Hattened (or clipped).

cncountered . .. this is shown in Fie. 2-10(c).

This indicates that the amplifier is overloaded . . s

being driven with too large a sienal. The solution here
is to recluce the maximum input signal, or 1o chanec to a



(a)

FIG. 2-10

different transistor or circuit arrangement which can
handle the larger signal without overloading. If only
minor overloading is encountered, the condition often
mav be minimized by using a higher voltage battery (B1)
and readjusting base bias currents and the load resistor
iR, Fig. 2-8).

Oscillators

An Oscillator is basically an amplifier with an in-
phasc signal coupled from its “output’” back to its
“input” circuit. Either capacity-coupling or trans-
former-coupling mav be used provided an in-phasc
signal is obtained and provided that the fed back signal
isof sufficientamplitude to overcome possible circuit losses.

A resistance-capacity coupled oscillator is shown in
Fig. 2-11(a). The common-emitter circuit configuration
is used, and, since there is a 180° phase-shift in a com-
mon-cmitter amplifier, two stages are required to obtain
the in-phase feedback signal necessarv for oscillation.
Either C; or C: may be taken as the interstage coupling
capacitor . . . in which case, the other capacitor serves
to provide feedback. R, and Rjare the base bias resistors
and R, and Ry the collector load resistors for the first
and second stages,. respectively. Power is supplied by a
single battery, B1.

(b)

(c)

The operating frequency is determined by R—C time
constants rather than by an L—C tuned circuit. The
signal obtained is basically a serics of sharp-sided pulses
which are rich in harmonics. Thus, the circuit is roughly
analogous to a vacuum tube multivibrator.

Another basic oscillator circuit is shown in Fig,
2-11(h). Again, thé common-emitter circuit configura-
tion is used, but a small transformer, consisting of coupled
coils Ly and Ls, provides an additional 180° signal phase-
shift, and the feedback signal, obtained from La, has the
in-phase relationship necessary to insure oscillation. The
ratio of Ly and Ls may be adjusted to match the different
impedances of the collector and base circuits.

In this circuit, the opcrating frequency is established
by using a tuned circuit as the transistor’s collector toad.
Primary coil L; is tuned bv shunt capacitor Cy. Base bias
current is supplied through resistor Ry, bv-passed by C;.
The power supply battery, B1, is hy-passed by capacitor
Ca

Since the feedback coil, L, serves to *“tickle’ the circuit
into oscillation, this particular arrangement is often
called a Tickler Feedback Oscillator. If proper component
values are chosen, this circuit . . . Fig. 2-11(h) . . . may
be used as an oscillator at cither audio or radio fre-
quencies.
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_T. ﬂ'l;m'lﬁ

(b)

FIG. 2-11

(i1)



INSTALLATION & WIRING

From a strictly mechanical viewpoint, the transistor is
one of the most rugged of electronic components. Stand-
ard production units can safely withstand shocks com-
parable to that of being fired from a mortar. Unfortu-
nately, transistors, by their very nature, are not as rugged
electrically as they are mechanically, and may be
permanently damaged by high voltages, current over-
loads, and excessive heat. The maximum voltage and
current ratings vary with different transistor types . . .
see the Reference Data Section of this booklet.

Transistors, in comimon with all semiconductor devices,
are especially susceptible to heat damage, whether the
heat is generated internally by excessive power dissipa-
tion, or applied externally, as by a soldering iron. The
maximum junction temperature for RAYTHEON ger-
manium transistors is 85°C. (185°F), while for RAY-
THEON silicon transistors it is 135°C.

In order to minimize the loss of transistors due to
accidental damage, the experimenter will find it worth-
while to adopt a few “rules of good wiring practice”.
These should be observed scrupulously in all experi-
mental, circuit assembly, and bench work until their use
becomes almost automatic . . . a sort of “‘second nature”.

To avoid clectrical damage, the worker should always
double-check power supply polarities before installing
transistors or switching power “on”. And when working
with new experimental circuits, he should use meters to
keep a steady check as work progresses and to insure that
maximum current and interelectrode voltage ratings are
not exceeded. 1f possible, he should check out untried
circuits with low voltages before applying final operating
voltages. He should take care to avoid circuits which might
develop unusual surge voltages or high transient currents.
And, finally, he should check other electrical compo-
nents, such as capacitors, transformers, etc., prior to in-
stallation, especially where breakdowns in those compo-
" nentscould apply excessive voltages to the transistors used.

To avoid heat damage, the experimenter should not
install transistors near hot vacuum tubes, power resistors,
lamp bulbs, or similar components which operate at high
temperatures. Portable transistorized equipment should
not be placed on or close to hot radiators or space heaters,
nor exposed to excessive heat from photoflood lamps or
the Sun. Special precautions are necessary when solder-
ing transistors into circuits . . . and when soldering other
components close to installed Finally,
transistors should not be operated at or near maximum
ratings under high ambient temperature conditions.

transistors.

Transistor Installation

All RAYTHEON transistors are designed to provide
the individual user with a choice of installation methods.

(12)

(aATHEON/G

FIG. 3-1

The modcrately long leads normally supplied may be
clipped to approximately one-quarter inch with diagonal
cutters and the transistors inserted in standard “in-line”
type transistor or subminiature tube sockets. With
some types, such as the CK722, CK721 and 2N138, the
leads may have to be bent slighty to insure a snug fit.
Long-nose pliers may be used for this job. See Fig. 3-1.

On the other hand, if the experimenter prefers, he can
solder his RAYTHEON transistors in place as a perma-
nent part of a circuit. In this case, the leads may be cut
to any convenient length but, normally, should be left
as long as is practicable without interfering with other
wiring or circuit performance. Sharp bends in the leads
close to the transistor’s body should be avoided. And
special care must be taken to avoid overheating the
transistor as it is soldered in position.

FIG. 3-2



FIG. 3-3

One technique is to grasp the lead being soldered with
= pair of long-nose pliers at a point between the body
I the transistor and the connection terminal. An alter-
sative method is shown in Fig. 3-2; here, a metal clip is
zutached to the lead. With either method, the extra
mass of metal (pliers or clip) serves as a ‘“‘heat sink™ to
conduct excess heat away from the transistor proper and
thus to prevent damage. The actual soldering is com-
pleted as quickly as possible using a hot, clean, well-
tinned soldering iron.

PRINTED CIRCUITS

In recent years, many Radio and Television equip-
ment manufacturers have adopted a relatively new
wiring technique. The older “conventional” point-to-
point wiring, used since the early days of electronics, is
being replaced by flat circuit boards on which the inter-
circuit wiring becomes a two-dimensional pattern of
conductors. The use of these boards speeds circuit wir-
ing, lowers manufacturing costs, often improves circuit
performance, insures accuracy in wiring (since all wiring
is identical), and simplifies the use of automatic asseinbly
methods.

Several methods are used for preparing the individual
circuit boards, depending on the requirements of the
individual manufacturer. These include the use of dies
to cut out metal foil conducting patterns, which are
then mounted on an insulated base material, the use of
stencils through which conducting patterns of liquid
metal may be sprayed on the base, the use of conven-
tional printing equipment and metallic inks, and the use
of etching techniques. Since the final result, regardless
of actual production method, is a nearly two-dimensional
conducting pattern which is analogous to a printed
pattern, the completed hoards are generally called Printed
Circuits.

(13)

Transistors and Printed Circuits found widespread
industrial use at about the same time, so there is a definite
historical, if not technical, relationship between these
two items. And Printed Circuits are especially well-
suited to the manufacture of transistorized products.
First, of course, they fit well into the miniaturized equip-
ment in which transistors are frequently used. In addi-
tion, the transistors themselves, because of their small
size, ruggedness, light weight, and long life, fit well into
the permanent installation techniques used in assembling
components to Printed Circuit boards.

While the use of Printed Circuits offers many technical
and financial advantages to the large manufacturer,
these new methods need not be confined just to the mass
producer. Experimenters and electronics hobbyists can
apply these techniques to the construction of their home-
built equipment and, in some cases, can lav out and pre-
pare a circuit board, then assemble the final equipment
in less time than is required for more “conventional” con-
struction. To this end, several manufacturers have de-
signed and made up special Printed Circuit Kits for
experimenters and home-builders. These kits are avail-
able through most local and Mail Order RAYTHEON
transistor distributors.

Etched Circuits

Of the various types of Printed Circuit boards, the
most popular with manufacturers is also the simplest to
produce from the experimenter’s viewpoint .. . the
etched circul. The basic steps in the production of an
etched circuit board are illustrated in Fig. 3-3.

The “raw material” used is shown schematically in
Fig. 3-3(a), with the vertical scale rather exaggerated
for illustration purposes. It consists of a base of insulating
material, such as laminated phenolic or fiber, with a thin
metal foil (usually copper) bonded to one or both sides.
Single-clad board (foll on one side only) is shown.

The metal-clad board is coated with an acid-resistant
material, called the resis, in the desired circuit pattern,
as shown in Fig. 3-3(b). Next, the board is placed in a
special chemical solution which etches (eats) awav all
the unproteccted mctal, leaving only the desired circuit
pattern as a thin layer of foil covered by resist. The
board, at this stage, is shown in Fig. 3-3(c). Where
copper-clad boards are used, the etching chemical, called
the efchant, is gencrally a solution of ferric chloride in
water. The final step is to remove the resist, leaving the
shiny mctal foil bonded to the board, as shown in
Fig. 3-3(d). This board may be machined (drilled, etc.)
and used in assembling the final equipment.

The experimenter wishing to prepare his own etched
circuit boards will find it advisable to obtain one of the
standard ‘‘kits” mientioned previously. These are avail-
able in various sizes and, as a minimum, include picces



FIG. 34

of copperclad board, some type of resist, and a supply
of etchant, together with detailed step-by-step instruc-
tions. Larger kits may include both single-clad and
double-clad boards, several types of resist, etchant ma-
terials, and an assortment of special Printed Circuit com-
ponents, such as sockets and connectors.

One of the first steps to preparing an etched circuit is
to design the circuit pattern /ayout needed. This may be
done by referring to the schematic diagram for the in-
tended project and working up an actual wiring arrange-
ment, using the actual parts and electrical components
to be used in final construction. This technique is il-
lustrated in Fig. 3-4.

With the layout designed, the board should be vigor-
ously scrubbed with powdered pumice or abrasive
cleanser. This will remove grease, dirt and corrosion
and will slightly roughen the mectal surface, preparing
the board for final etching.

The resist is applied to the prepared board in the
desired circuit pattern. Any of several resists may be
used, as shown in Fig. 3-5. Scotcii electrical tape, cut to
strips with a sharp knife, scapel, or razor blade, makes

FIG. 3-3
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FIG. 3-6

an excellent resist, but it must be bonded tightly to the
metal foil. Asphalt based ink, applied with a Speedball
pen or fine brush, is another popular resist. Finally,
some manufacturers have introduced ball-point pens
filled with a special acid resistant ink . . . these may be
used, if available.

When applying the resist, the original layout must be
followed closely, but the worker can exercise some choice
in selecting conductor widths and spacing. However,
individual conductors should be not less than 1 /32’ wide,
with at least 1 /32" spacing between separate conductors.
Cross-overs may be minimized by using a layout which
permits the components to serve this purpose. Where
needed, they can be added later during final wiring . . .
short pieces of hook-up wire may be used for this. Use
round dots for connection points.

With the resist applied, and the pattern double-
checked for errors, the board can be etched. This step
is shown in Fig. 3-06. A plastic, Pyrex glass, or enameled
tray may be used for this operation. The board is covered
with about a half-inch of etchant and the tray rocked
gently until the exposed copper is eaten away. After-
wards, the board is rinsed in clear water, and the resist
removed. Tape resist is peeled off, while ink resists mayv
be removed by buffing with steel wool.

After etching and cleaning, mounting holes are drilled
for components and connecting wires, then the parts are
mounted and soldered in position, completing the circuit.
Special care must be exercised when soldering to avoid
damage to the thin copper foil. Excessive heat will cause
the foil to ““peel”’. A clean, hot, small tip soldering iron
should be used, with the actual soldering completed as
quickly as possible. For best results, the experimenter
will find it advisable to practice on a damaged or dis-
carded circuit board until the proper “knack” is ac-
quired.
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TESTING TRANSISTORS

With a long, nearly infinite, potential service life,
transistors should seldoin “go bad” in properly designed
circuits. Infact, there’s a good chance that the transistors
will outlast every other electronic component used in the
average piece of transistorized electronic equipment.
But transistors used in experimental work may be sub-
jected to accidental overloads or, on occasion, used at
levels past their maximum ratings. Under such con-
ditions, it is inevitable that a transistor will be damaged
from time to time. Therefore, the experimenter neceds
some simple and reliable system for checking his transis-
tors.

Today, there are a good many Transistor Testers avail-
able to the laboratory worker. These range from simple,
low-cost ‘““build-it-yourself”” kit type instruments to large,
complex, and very expensive Transistor Analyzers which
can check virtually every transistor parameter with a
high degree of accuracy. However, as far as the average
experimenter is concerned, it is enough to know whether
his transistors are Open or Shoried (*leaky”), and their
relative Gain. For these tests, the casily-built Transistor
Checker shown in Fig. 3-7 is satisfactory; the schematic
diagram of the instrurhent is given in Fig. 3-8.

Referring to Fig. 3-8, J; and J» are closed circuit jacks,
Swi a SPST switch mounted on Ry, a 2 Megohm potenti-
ometer having a linear taper, and B1 is a six volt battery
(Burgess type Z4). Resistors R and Ry are hall-watt
units. A standard in-line type socket is provided for the
transistor.

Construction of the Transistor Checker is simple and
straightforward. The layout of the model should be clear
from the above and below chassis views given in I'igs. 3-7
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2 Meg.
BIAS

FIG. 3-8

and 3-9, respectively. Neither layout nor lead dress are
critical, however, and the individual builder should feel
free to follow his own inclinations on these matters. The
model was assembled on a small aluminum chassis, with
the top surface painted black, and standard white
“Decals” used to label the jacks (], J2) and BIAS control
(R)). The connections to R, should be such that this
potentiometer is in its maximum resistance position when
Swy is open. An Austincraft battery box is provided for B1.

In operation, a standard Milliammeter with a full-
scale range of at least 2 milliamperes is connected to the
“C” (Collector) jack, Jo. See Fig. 3-10. The PNP transis-
tor to be checked is inserted in its socket. With Swy open,
the meter will indicate the collecior current with an open
base circuit. Normally, this reading should be very low
but, under some conditions, may range up to several

FIG. 3-9



hundred microamperes, even with “Good” transistors.
If a very large reading is obtained ... over a milli-
ampere, for example, the transistor is “‘leaky”” and should
be discarded. If a full-scale reading is obtained, the
transistor is Shorted, and, therefore, valueless.

With the first test completed, Sw, should be closed and
With this, the meter
reading of collector current should also increase. If there

R, advanced slightly up-scale.

is no change in the meter reading, or if the reading re-
mains at ‘“zero’” for both tests, the transistor is Open,
and may be discarded.

The transistor’s Gain in the common emitter circuit
configuration (Befa) may be approximated with the
Transistor Checker. ‘Transfer the meter plug to the “B”
(Base) jack, Ji. With this arrangement, the meter will
The Bias
control, Ry, is adjusted for a nominal current reading . . .
for example, in the range from 20 to 50 microamperes.
Next, the meter plug is transferred back to the “C”’ jack,

indicate the transistor’s base bias current.

Je, and the meter’s reading noted. This is the transistor’s
The ratio of
collector current to bias current will give the approximate

collector current with a known base bias current.

Beta, or current Gain, of the transistor.

FIG. 3-10

Note that the Transistor Checker is designed to check
PNP transistors only, with the battery polarity shown
in Fig. 3-8. This is quite adequate for all RAYTHEON
transistors, which are PNP units.

If desired, NPN transistors may be checked by revers-
ing the battery in its holder and thus reversing D.C.
polarities in the test circuit. In addition, the meter test
leads will have to be interchanged to insure an up-scale
reading. However, the test procedure is the same for
PNP and NPN units.

16)

%, "5\'\
o

FIG. 3-11

POWER SUPPLIES

Since their voltage and current requirements are low,
transistors may be powered quite economically with
standard dry batteries. Either conventional zinc-carbon
or the newer mercury batteries may be used. Of the two,
the zinc-carbon type batteries are the least expensive,
but have the shortest life. Mercury batteries, on the
other hand, are much more costly, but have a consider-
ably longer service life under semi-continuous operating
conditions. Therefore, zinc-carbon units probably are
best for general experimental use and average applica-
tions, but mercury units are preferred for use in Hearing
Aids and similar equipment requiring long-life batteries.

Transistor operating voltages in typical circuit applica-
tions will range from 1.5 volts to as high as 30 volts, hut
the majority of circuits will require power supplies in
the 6 to 12 volt range. Where low voltages are required

.. up to about nine volts. .. it is quite practical to
“build up” the necessary power pack by connecting
standard penlight or flashlight cells in series, except where
space is a factor. If only limited space is available for a
power supply in a particular piece of equipment, the
newer “transistor batteries” may be employed. Typical
units are Burgess types Po (9 volts), 2N6 (9 volts), and
206 (9 volts).
Aid B Batteries” may be used ... typical units are
Burgess types U10 (15 volts), U20 (30 volts), and Y10
(15 volts).

Battery mounting procedures will depend on the

For higher voltages, small ‘“‘Hearing

mechanical requirements of the project. Two typical

methods are illustrated in Fig. 3-11. On the left, two



- No. 1 flashlight batteries are mounted on an

iworx7t No. 144 Battery Box. This type of mounting

arred for ease in battery replacement. Battery

<x=x are manufactured in sizes to fit almost every com-

natterv and are available through Radio Parts

stimarors and Model Supply Shops.

- zliernate battery mounting method is shown to the
= Fig. 3-11). The battery is held in place with a
- metal strap, with connections made by soldering

=z2s directly to the battery tcrminals. Although less
:=s7w than Battery Boxes, this method has some dis-
zzviniages . . . first, battery replacement becomes a

Zxeessive heat will shorten a battery’s life, so the soldering

— st he completed as quickly as possible.

Finally, some tvpes of battery are equipped with snap
rannectors or small jacks. Where this type of battery is
s2d, it mav be clamped in place, with final connections

m2de through a snap or plug.

SUN BATTERIES

1t has been known for many vears that the Sun is
mankind’s primarv source of energy. Animals derive
zheir ultimate energy from plants, which, in turn, store
up Sun power in their living tissues. Wood, a common
fuel in remote areas, represents Sun power stored up by a
once living plant. Even the fossil fuels, peat, coal, and
oil. represent Sun power stored up in prehistoric plants
and animals. And hydroelectric power is derived from
water raised to great heizhts as vapor by the Sun’s rays.
But it is only in comparatively recent years that Man has
learned to convert the Sun’s encrgy dircctly into elec-
trical power. This is accomplished with a semiconductor
device called, variously, a Sun Baltery, Solar Ballery, or
Solar Cell.

FIG. 3-12

Most commercially available Sun Batteries have a
comparatively low power output even when exposed to
full noon sunlight. Often, the available power is meas-
ured in microwatts or, at the most, in milliwatts. Still,
this is ample power to operate many types of transistor
circuits.

While good results can be obtained from a single cell,
you'll find that a “battery”” made up of a number of cells
connected in a series-parallel arrangement will give you
the best results with most transistor circuits. Such a Sun
Battery is diagrammed in Fig. 3-13. Four B2M cells are
used, made up as two parallel strings, each of which
consists of two cells in series. This unit is suitable for
powcring some of the simpler receiver and amplifier
circuits. For higher powers, additional cells may be
used to make up even larger batteries.

Low power transistor circuits, such as one and two
transistor receivers, amplifiers, and oscillators, sometimes
may be operated with the power obtained from “‘self-
generating” photocells which, in turn, are exposed to a
strong source of light . . . such as the light from a photo-
flood lamp or from the Sun. The two types of Sun cells
readily available to experimenters are shown in Fig. 3-12.
Both. are made from semiconductor materials. A selenium
unit is shown to the left, a silicon unit to the right.

Of the two, sclenium Sun cells are the least expensive
and the least efficient. However, they are sufficiently
efficient for most experimental applications and are
often preferred by experimenters because of their low
cost. Silicon units, on the other hand, are frequently pre-
ferred for military and industrial applications because of
their high efficiency.

RED RED |
BLACK - BLACK
RED RED

f BLACK BLACK |

FOUR INT. RECT. CORP.
NO. B2M CELLS IN
SERIES PARALLEL

FiG 3-13
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TRANSISTOR CIRCUIT APPLICATIONS

When RAYTHEON first introduced the CK722
several years ago, it filled a long-felt need for a low-cost
experimenter’s transistor. Naturally, there was an im-
mediate demand from experimenters and hobbyists for
practical circuit data on using this new semiconductor
device. And practical information was not long in com-
ing! The leading technical electronics magazines, quick
to recognize potential rcader interest, assigned several of
the nation’s top technical writers to the job of turning
out informative articles describing typical circuit appli-
cations for the CK722. Many other writers, also recog-
nizing the advantages of the CK722, turned their talents
to working up new circuits for this semiconductor triode.
As a result of these efforts, RAYTHEON’s CK722 has
been featured in more magazine articles than any other
transistor.

A few years later, a number of the more interesting
circuit applications featuring the CK722 were brought
together in RAYTHEON’s now famous TRANSISTOR
APPLICATIONS Volume I booklet, thus providing the
experimenter with a compact and easily used source of
practical circuit data. But as the use of the CK722 con-
tinued to expand, there developed an increasing interest
among experimenters in a//l RAYTHEON transistor
types. Many hobbyists, enthusiastic about their results
with the CK722 and its higher gain “brother”, the type
CK721, turned their thoughts towards working with such
other units as audio types 2N132 and 2N133, medium
power amplifiers such as the 2N138, and RAYTHEON'’S
R.F. transistors, such as the 2N112 (CK760) and 2N113
(CK761). To help fill the need for additional circuit

data, the following pages are devoted to practical con-
struction projects featuring a variety of RAYTHEON
transistors in addition to the popular types CK722
and CK721.

These projects have been chosen to represent a “‘cross-
section” of typical RAYTHEON transistor applications,
and thus to appeal to all hobbyists and experimenters,
regardless of their fields of special interest. While all
of the projects described on the following pages have been
“bench-tested” and are non-critical, not all are intended
for beginners.

But whether the reader is a beginner or an advanced
technician, he will find it worthwhile to review the
practical material given in the sections dealing with
Practical Circuit Design and Installation and Wiring
before tackling the projects themselves. Special atten-
tion should be given to the detailed discussion of tran-
sistor installation and wiring techniques.

In the event that trouble is encountered with any of
the projects, the first step is to recheck all wiring for
All
electronic parts, especially any used components, should

possible errors and accidental shorts or opens.

be checked. Battery and electrolytic capacitors should
be checked for correct lead polarities. And any batteries
uscd should be tested under load.
optimum performance with particular transistors and

In a few instances,

other components may be obtained by making minor
changes in circuit values. The best values to use in a
particular case may be determined experimentally, but
they should be rcasonably close to the values given in the
schematic diagrams.

RECEIVER CIRCUITS

There is little doubt that the most popular general
type of electronic construction project with the Home-
builder is the Radio Recewer.
devote their full attention to such projects and seldom,

In fact, many hobbyists

if ever, assemble other types of equipment. It is a little
difficult to “pin down’’ the reasons for this overwhelming
popularity, but perhaps the best explanation lies in the
fact that the home receiver is basically an entertainment

device . . . and, after all, the real motivaling forces
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behind most hobbies are relaxation and entertainment.
In addition, most receivers are complete within them-
selves . . . no additional equipment, such as turntables
and pick-up arms, test equipment, or special accessories,
are needed for their operation. Finally, even in the
present age of such technical marvels as jets, rockets and
atomic energy, there is still some flavor of romance and
excitement in assembling a piece of apparatus which

picks up music and news “out of thin air”.



CRYSTAL RECEIVER

1N295
1}
"
1] mg Z
1] C 2
"
il .001 MFD.
" TO
h HIGH IMPEDANCE
MAGNETIC OR
CRYSTAL HEADPHONE
PARTS LIST
C1— 365 Mmf. tuning capacitor. L, — Tapped antenna  coil  (Miller MISC. —High impedance magnetic Head-
C: — .001 Mfd., disc ceramic capacitor. No. 2000 or 2004 or Meissner phones; tuning knob; small metal chassis

No. 14 -9003).

DIODE — (1) Raptheon 1N295.

or wooden hoard; Hardware . .. wire,
solder, screws, nuts, terminal strips, etc.

FIG. 4-1

The simplest of vacuum tube receivers is one using a
tuned circuit and a diode detector. In an analogous
manner, the simplest of semiconductor receivers is one
using a tuned circuit and a semiconductor diode. The
circuit for such a receiver is given in Fig. 4-1. Histori-
cally, the semiconductor diode detector or Crystal Re-
celver is one of the earliest types. Home-made receivers
using a small galena (lcad sulfide) crystat and a “cat’s
whisker” contact (fine sharp-pointed wire) served as
bovhood projects for many of today’s outstanding engi-
neers, scientists and technicians.

Early Crystal Receivers were somewhat bothersome to
use. The sensitivity of individual crystals varied widely
and, even with a “good” crystal, one had to carefully
and tediously adjust and readjust the ‘“cat’s whisker”
contact on the crystal until a point of maximum sensi-
tivity could be found. But modern crystal receivers,
using quality-controlled and precision manufactured
fixed diodes, have no such disadvantage. They are in-
expensive to build, yet reliable and fairly sensitive.

Referring to Fig. 4-1, the basic Crysial Receiver consists
of a good antenna-ground system (ANT.-GND.), a
tuned circuit (C;-L;), a semiconductor diode (1N295),
an R.F. by-pass capacitor (C,), and a pair of magnetic
headphones. In operation, AM modulated R.F. signals
are picked up by the antenna-ground system and selected
by the Ci-L;resonant circuit. An antenna tap is provided
on L; to prevent undue loading of the tuned circuit by

(19)

the long antenna needed for this type of receiver. After
selection by the tuned circuit, the R.F. signal is demodu-
lated (detected)” by the semiconductor diode and the
resulting audio signal used to drive the headphones.

Construction Hints

The Crystal Receiver makes an excellent “first project”
for the student or beginning hobbyist, not only because
of its low-cost and simple circuitry, but because it is the
most basic of radio receivers and, in addition, has real
historical significance in the development of present-day
radio. The actual assembly and wiring of the receiver is
quite straightforward, with neither parts layout nor lead
dress critical. Either a small metal chassis or a wooden
board will serve equally well as a mounting hase for the
circuit components. The only precaution which you’ll
need to observe is in soldering the diode in position . . .
care must be taken to avoid overheating this device (see
section on Installation and Wiring).

For maximum sensitivity, a good antenna and ground
system must be used with the Crystal Receiver. The
antenna (ANT.) may be a 50'to 100 foot (or more) lead
strung as high as practicable. A ground connection
(GND.) may be made to a cold water pipe or to a long
metal spike driven into moist earth. For best results,
high impedance headphones must be used . . . in general,
the higher the impedance of the headset used, the better
the sensitivity and selectivity of the receiver.



SIMPLE RECEIVER

PARTS LIST
R, — 470K, 14 watt carbon resistor. Swy — SPST toggle or slide switch.
Cy — 365 Mmf. tuning capacitor. By — 3 to 6 volt battery (two to four
Cy — .02 Mfd. disc ceramic capacitor. penlight cells in series).
Cz — 0.1 Mfd., 200 volt paper capacitor. J1 — Open circuit 'phonc jack.
Ly — Tapped antenna coil  (Miller PL; — Standard ’phone plug.

No. 2004 or Meissner 14-9019 or
Argonne No. AR-68).

DIODE — (1) Raytheon 1N295.
TRANSISTOR — (1) Raytheon CK722.

TO
MAGNETIC
HEADPHONE

a—B~

PL,

MISC. — Small metal chassis; (2) binding
posts or fahnestock clips (for ANT. and
GND. terminals); control knob; high
impedance magnetic hcadphones; Hard-
warc . . . wire, solder, machine screws,
ground lugs, terminal strips, etc.

FIG. 4-2

Although the Crystal Receiver is inexpensive and reliable,
it has fairly limited sensitivity. Its ability to ““pull in”
stations depends primarily on the quality of the antenna-
ground system with which it is used. The set acts simply
to select and detect the R.T. signal picked up by the an-
tenna, but it does not amplify that signal. Therefore, the
next logical step is to add a stage of audio amplification
to the basic crystal circuit . . . the wiring diagram for
such a Simple Receiver is given in Fig. 4-2.

Referring to the schematic diagram, we see that a
common-emitter transistor audio amplifier has been
added to the basic detector circuit. In operation, R.F.
signals picked up by the antenna-ground system are
selected by tuned circuit C;-L.;. The tap on L, is used to
match to the low input impedance of the detector-ampli-
fier circuit and thus to minimize loading on the tuned
circuit. After detection by the 1N295 diode, the audio
portion of the demodulated signal is coupled through
D.C. blocking capacitor C: to the base of the transistor
amplifier stage. Base bias current for the transistor is
supplied through resistor R;. The amplified audio
signal appearing in the collector circuit of the transistor
drives the magnetic headphones connected to output
jack J1. Operating power is supplied by a single battery,
B1, controlled by SPST switch Swy, and by-passed by Cs.
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Construction Hints

The Simple Receiver can be assembled on a small metal
chassis or in a pocket-sized plastic case. With neither
components arrangement nor wiring location critical,
you can follow your own inclinations in these matters.
The transistor may be soldered permanently in position
or installed in a subminiature “in-line” transistor socket.
If soldered in place, the usual precautions to avoid heat
damage should be observed.

The battery voltage is not especially critical. Battery
combinations supplying anywhere {rom three to six
volts will give satisfactory results. You can use two or
more penlight (or flashlight) cells in series . . . two cells
will supply 3.0 volts, three give 4.5 volts, and four give
0.0 volts . . . or compact medium voltage batteries, as
you prefer. A suitable choice is a Burgess No. Z4 (6.0
volts) or a Mallory type TR-113R (4.0 volts) mercury
battery.

You may wish to experiment somewhat with the con-
nections to the diode (1N295).
conditions and the tolerances of other components, you

Depending on local

nay notice some improvinent in sensitivity if you reverse
the diode’s connections (interchange cathode and anode
leads). Try both arrangements and use the one that
gives the best results in your particular receiver.



With the wiring completed and double-checked for
errors and possible shorts, install the battery, checking
its polarity as vou do so, and connect the antenna (ANT.)
and eround (GND.) leads. Plug high impedance head-
thones 1 1.00C ohms, or more) into output jack J; and
swixch the set “ON” by closing Swi. Adjust C; to tune

in local stations. Since this receiver has greater sensi
tivity than the Crystal Receiver, it does not require as
elaborate an antenna and ground set-up for comparable
results. If you find it difficult to separate strong local
stations, it may indicate you are using too long an an-
tenna.

REGENERATIVE RECEIVER

AV

o
=
L1
10
EARPHONE
oo, | P
T b=
By
av.
PARTS LIST
R; — 14 watt carbon resistor (see text). Li — Tapped antenna coil (Meissner B; — 9 volt transistor battery.
R: — 50K potentiometer, with switch. No. 14-9015 or Argonne No. AR70). TRANSISTORS — (1) Raytheon CK768;
Rz — 270K, 14 watt carbon resistor. Lo — Feedback coil (see text). (1) Raytheon CK722,
Cy — 365 Mmf. tuning capacitor. Ty, — Interstage transistor transformer MISC. -— High impedance magnetic car-
Cy — .01 MAd., disc ceramic capacitor. (Argonne No. AR-109 or Thordarson phone; small plastic case; (2) control
C; — .005 MId., disc ccramic capacitor. No. TR-7. knobs; (2) transistor rockets; bakelite
Cy —2Mfd,,8voltelectrolyticcapacitator. Swi— SPST switch (on Ro). mounting board; battery clip; Hard-
Cs; — 10 Mfd., 10 volt electrolytic ca- Ji  — Subminiature open circuit jack. ware . . . screws, nuts, wire, solder, cte.

pacitor.

FIG. 4-3

In general, where it is necessary to obtain greater
sensitivity or to increase the gain of a radio receiver, the
usual practice is to add additional stages of amplification.
These need not be audio amplificrs, however; more often
the greater gain is obtained at radio frequencies. But
therc is one other technique that may be used, at lcast
in simple receiver circuits . . . that of adding regeneration
to a basic detector circuit. In a regenerative detector,
part of the amplified signal is coupled back to the input
of the stage and rc-amplified. This results in a consider-

able increasc in sensitivity, but has onc drawback . . . if

the “feedhack’ signal is too large, the stage may oscillate.
To avoid oscillation, a special “regencration” control
must be provided. Since the adjustment of the regencra-
tion control for maximum sensitivity, while avoiding
oscillation, may be somewhat ticklish, Regenerative Re-
ceivers have not proven too popular with the general

public. But the asseinbly and use of such a receiver is an
excellent project for the experimenter. A suitable cir-
cuit is given in Fig. 4-3, while an assembled pocket-sized
model is shown in Fig. 4-4.

Referring to the schematic diagram, we sce that the
Reaenerative Receiver consists of two stages. The first stage
is a regenerative detector-amplifier using a CK768 R.I%
transistor in the common-emitter configuration. Trans-
former-coupling is used between stages, and the second
stage is a CK722 transistor connected as a common-
cmitter audio amplifier.

In opcration, R.F. signals picked up by the antenna-
ground (ANT.-GND.) svstem arc selected by resonant
circuit C;-L,. A tap on L, permits a good impedance
match between the high impedance of the tuned circuit
and the low input impedancc of the first stage, and thus
minimizes loading on the tuned circuit. The selected
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FIG. 4-4

R.F. signal is coupled to the base of the CK768 transistor
through D.C. blocking capacitor C,. Since the CK768
serves as a detector, very little base bias current is re-
quired, and this is supplied through R,.

The amplified signal appearing in the collector circuit
of the CK768 includes both R.F. and A.F. (audio) com-
ponents. The R.F. component is coupled back to the
input circuit through feedback coil L, thus serving to
strengthen the original signal. L., in turn, is shunted by
rheostat Ra. As this control is adjusted, it serves to by-
pass a larger or smaller portion of the available R.F.
signal around L. and thus acts to control the feedback,
becoming the REGENERATION CONTROL. The
audio component of the detected and amplified signal
is coupled through impedance matching transformer T,
to the second stage. T)’s primary winding is by-passed
for R.F. by capacitor C;.

The audio signal appearing across T,’s secondary
winding is coupled through D.C. blocking capacitor C,
to the input of the second stage. Base bias current for
this stage is supplied through resistor R;. After additional
amplification by the second stage, the audio signal in
the collector circuit of the CK722 drives the magnetic
earphones connected to output jack J;.

Operating power for the entire receiver is supplied by
a single 9-volt battery, B, controlled by SPST switch
Swi, and by-passed by capacitor Cs.

Construction Hints

Like the two receivers described earlier in this Section,
the Regenerative Recewer is designed to cover the AM
Broadcast Band (550 to 1600 KC). However, unlike
the earlier receivers, this set requires a relatively simple
antenna-ground system. In fact, when operated reason-
ably close to strong local stations, satisfactory results may
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be obtained with either an antenna or ground (not both).

Although the circuit’s layout and lead dress are not
critical, good wiring practice should be ohserved . . .
that is, signal leads should be kept reasonably short and
direct, especially in the first (R.F.) stage, and battery
and electrolytic capacitor polarities should be observed.
And you’ll find it best to use transistor sockets instead of
soldering these components in place. A small piece of
bakelite or fiber board may be used as a “‘chassis”.

Feedback winding L. consists of 12 to 15 turns of No. 26
or 28 enameled copper wire around the middle of an-
tenna coil L;. Temporary “lap” soldered joints should
be used for connecting this coil as it may be necessary to
reverse its connections later.

The value of base bias resistor R, is not specified. lts
value will vary somewhat from sct to set, depending on
the tolerances of other components used. Therefore, for
best results, its value should be determined experi-
mentally for your particular receiver. If R, is made too
small, detection (demodulation) will be inefficient . . .
and may not even take place. If R, is made too large, the
receiver’s gain (sensitivity) may suffer. In general, R,’s
value should fall between 1 Megohm and 10 Megohms.
Trv different resistors between these limits and install
the one giving the best results.

With the wiring completed and double-checked for
errors, install the battery (B1) and transistors. Plug in a
pair of high impedance (2,000 to 8,000 ochm) earphones.
Connect a 12 to 15 foot antenna wire and connect the
“GND.” terminal to a good external ground . .. such
as a cold water pipe. With the set turned “ON" and
REGENERATION CONTROL R: turned to its maxi-
mum resistance position, try adjusting C; over its range
to pick up various local stations. In some cases, the
receiver may oscillate, causing a “whistling” or, some-
If this
happens, readjust R, until the sound disappears and

times, a ‘‘putt-putt” sound in the earphones.

continue to tune Cj.

If oscillation does not occur, tune in a station and try
interchanging the connections to feedback coil L.
With one arrangement, the feedback signal is degenerative
With a
reversed arrangement, the signal is regenerative and, in

and actually reduces the receiver’s sensitivity.

some cases, may result in oscillation. Use the final con-
nections to L, which give the maximum signal {or cause
oscillation). Once Ly's connections have been finalized,
you can try differcnt values for R,.

After completing the final circuit adjustments, as out-
lined above, the receiver mav be installed in a small
plastic casc. A typical assemblv ix shown in Fig. 4-4.
\When using the Regenerative Recelver, adjust the REGEN-
ERATION CONTROL flor maximum scnsitivity or just
below the point where oscillation takes place . . . and
use the shortest antenna lead that will give satisfactory
reception of local stations in vour particular location.



TWO TRANSISTOR RECEIVER
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FIG. 4.5
The circuit diagram for an casily-built two-transistor PARTS LIST
. ‘e ol : o 5 C7 — 365 MMF variable capacitor.
AM Broadcast Band Recewer is given in Fig. 4-5. Al- C‘lz — Mfé., Jhae ceramicpcapacitor.
though the circuit requires relatively few low-cost parts, C3 — .05 M{d., disc ceramic capacitor.
: : : — 470K, Lo W. b istor.
the set’s performance is good. With a moderatfj‘ lengt‘h %: _4_7K,’yfw, cc:r%;):rreessifsstcg-r
external antenna and a good earth ground, this radio R3 — 390K, !4 W. carbon resistor )
. . . L; — Tapped antenna coil (Miller No. 2001, Meissner No. 14-9017
Receiver will deliver good headphone volume on most or Argonnz No. AR-68).
local stations. J1  — Open circuit ’phone jack.

In operation, R.F. signals are picked up by the ANT.-
GND. system and the desired station is selected by tuned
circuit C-L;. A tap on L, provides a good match to the
relatively low input impedance of the detector-amplifier
circuit and minimizes loading on the tuned circuit, thus
insuring good selectivity and gain.

After detection (demodulation) by the 1N295 diode,
the resulting audio signal is amplified by the CK722
transistor, with the amplified audio signal appearing
across collector load resistor R, coupled through inter-
stage coupling capacitor Cj to the base of the second
stage. Base bias current for the first stage is supplied
through base resistor R,. Additional amplification takes
place in the second stage, with the CK721 transistor
driving the magnetic earphones serving as its collector
load. Base bias for the second stage is supplied through
R3.
in both stages, while operating power for the entire

The common-emitter circuit configuration is used

receiver is supplied by a three volt battery, B1, controlled
by SPST switch SW,.

Construction Hints

The construction of the two-transistor Receiver is
relatively simple and, therefore, it is suitable for new-
comers as well as more advanced workers. It makes an

excellent project for the beginner who has “cut his teeth”
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PL; — Standard ’phone plug.

Sw; — SPST Slide or toggle switch.

Bi — 3 volt battery (Two Burgess No. Z cells in series).

DIODE — Raytheon type 1N295. M
1

TRANSISTORS — (1)  Raytheon

type CK721.

MISC. — High impedance magnetic earphone (Telex No. 4680);
(2) transistor sockets; Battery box; Terminal strips; Small plastic
box; Assorted Hardware . . . screws, nuts, soldering lugs, wire,
solder, ctc.

type CK722; Raytheon

on a crystal receiver. With neither parts layout nor lead
dress critical, the individual builder may follow his own
inclinations in these matters, as well as in the type of
housing (cabinet) used. For educational work or experi-
mental tests, may be “breadboarded”.
However, if a more permanent construction is preferred,
the set may be assembled in a small plastic or wooden
box.

the Receiver

Several circuit changes are permissible. For example,
battery voltage is not too critical, and Bl may deliver
from 1.5 to 6.0 volts, or more. A tvpe CK722 transistor
may be substituted for the type CK721, but with some
loss of gain in the second stage. In some instances, better
results are obtained if the diode’s leads are reversed . . .
the hest connection to use will vary with local conditions
and 1s best determined hy experiment. Finally, although
the circuit is designed for use with high impedance
magnelic earphones, a crystal earphone may be used if a
12K, 14 watt resistor is connected across the output
jack’s (Ji) terminals.



SUPERHET RECEIVER

C;, Gy GC3 Cqy— Two-gang variable
capacitor (Argonne No. AR-93).

Cs, Cg, Cs, Cyg, Cyy, Cr2— .01 MId. disc
ccramics

C; — .005 Mfd. disc ceramic

Swy

PARTS LIST

Rg — 10K potentiomcter, audio taper,
with On-Off switch.

Rg — 470K, ¥4 W. carbon resistor

Rijo — 68 ohm, 14 W. carbon resistor

L) — Antenna coil (Argonne No. AR-97)

— Open circuit jack

N
Sw; — SPST switch, on Ry

By — 9 volt transistor battcry
DIODE — Raytheon 1N295 diodc
TRANSISTORS — (1) Raptheon 2N113;

Cy, C14 — 16 Mfd., 12 volt clectrolytics
Ci3 — 5 Mfd., 12 volt electrolytic

R, — 27K, 14 W. carbon resistor

R: — 1K, 14 W, carbon resistor

Rj3, R4 — 100K, Y4W. carbon resistor

Lo — Oscillator coil (Argonne No. AR-98)
I¥y, — Input LF.
No. 2041 or AMeissner No. 16-9002)
IF; — Output LF.
No. 2042 or Meissner No. 16-9014)

transformer

transformer

(1) Raytheon 2N112;

(1) Raytheon CK721

MISC. — Plastic case; (2) Knobs; (3) tran-
sistor sockets; battery; clips; small metal
or fiber chassis; terminal strips; High

(Miller
(Miller

Rs — 3.3K, !4 W. carbon resistor T, — Transistor .interstage transformer impedance magnetic carphone, with
R — 330 ohm, 14 W. carbon resistor (Argonne No. AR-109 or UTC plug to fit Ji; assorted hardware ...
R7; —4.7K, 14 W. carbon resistor No. DOT-11 or Thordarson screws, nuts, solder lugs, wire, solder, etc.
No. TR-7)
FIG. 4-7

Today, the superheterodyne receiver is, by far, the
most popular type. Virtually all FM and TV receivers
as well as the vast majority of home, portable, and auto
radio receivers employ the basic ‘“superhet” circuit,
whether transistors or vacuum tubes are used in their
design. In general, the superhet offers hetter selectivity
and greater sensitivity than other receiver circuits. The
home-built Pocket Receiver shownin Fig. 4-6 is typical of the

N
)\ S il

‘\ " 4

FIG. 4-6

personal-sized AM Broadcast Band radios that may be as-
sembled around a transistorized superheterodyne circuit.

The schematic diagram for a simple, but reliable,
three-transistor Superhet Receiver is given in Fig. 4-7.
Although it requires but one more transistor than the
circuit shown earlier (Fig. 4-3), this set has considerably
more gain and much better sclectivity. In fact, in most
localities this receiver will give good carphone volume on
stronger local stations without requiring an external an-
tenna or ground conncction.

Referring to Fig. 4-7, R.F. signals are picked up by
antenna coil Ly and selected by the tuned circuit made up
of variable capacitor C,, trimmer capacitor C3 and the
coil. A step-down winding on L; matches the com-
paratively low input impedance of the converter stage,
with the selected R.F. signal fed through one of the
windings of escillator coil Ly and blocking capacitor C; to
the base of the converter (oscillator-mixer) stage. A
type 2N113 /CK761 transistor is used here. The oscilla-
tor coil, Lo, is tuned by variable capacitor Cp and its
trimmer C,. Capacitors C; and C; are ganged mechani-
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current for the 2N113 is furnished by voltage
wiZer R_-R: in conjunction with emitter resistor R,
bv C:;. This biasing arrangement insures
ization of the circuit.
T== iocallv generated signal and the picked up R.F.
zre combined in the 2N113, with their difference
re=ousncy of 433 KC selected by LF. transformer IF,.
Tz= crimarv of IF, is tapped to insure a good impedance
I to the collector circuit of the transistor, while
mazintaining a reasonably high “()”" tuned circuit. The

IS

common-emitter circuit configuration is used in the
converter stage.

The selected 1.F. signal appearing across the secondary
winding of IF, is applied to the base of the common-
emitter [.F. amplifier stage. The L.F. transformer also
serves to match the interstage impedances by virtue of a
step-down turns ratio between primary and secondary
windings, thus insuring efficient coupling between
stages and minimum loading of the tuned circuit. A
2N112 'CK760 R.F. transistor serves as the I.F. ampli-
fier, with base bias current for this stage supplied both
through Ry and Rj, working in conjunction with emitter
resistor R In operation, the bias current supplied
through Rj;, which returns to the second detector stage,
serves to reduce current supplied through R,. Since the
current supplied through Rj varies with relative signal
level, the final bias of the I.F. amplifier stage, and hence
its gain, also varies with signal level, providing a form of
automatic volume control (AVC) action. Cgand Cg serve as
hv-pass capacitors in the bias circuit.

The second I.F. transformer, 1F;, like 1Fy, also has a
tapped primary winding to insure a good match to the
transistor's collector circuit. Collector current for the
IF stage is supplied through decoupling resistor Ry, by-
passed by capacitors Ciy and Cyy.

E |

0SC. CoIL
(Ly)

4
3
s 5
2
3

Brown Dot

I.LF. TRANSFORMERS
(IF 1, 1F )

FIG. 4-8

After amplification by the 2N112, the I.F. signal ap-
pearing across the secondary of IF, is applied to the
IN295 diode detector, with the resulting demodulated
signal appearing across diode load resistor Rs. A po-
tentiometer here serves as the receiver’'s GAIN control.
Cya serves as an R.F. by-pass across Ry. The D.C. com-
ponent of the demodulated signal is coupled back
through Rj; to control the gain of the [.F. amplifier. The
audio component is coupled through Cj; to the base of
the CK721 audio amplifier stage. The common-emitter
configuration is used here also. Bias for the audio ampli-
fier is supplied through base resistor Ry, operating in
conjunction with unby-passed emitter resistor R .

A step-down audio transformer, T, insures a good
match between the high output impedance of the CK721
stage and the moderate impedance of the magnetic ear-
phones connected to output jack J,. Operating power
for the entire recciver is supplied by a single battery, B1,
controlled by SPST switch Sw;, ganged with the GAIN
control, and by-passed by capacitor Cy;.

Construction Hints

The assembly and wiring of the Superhet Receiver should
be a fairly routine operation for the more advanced
worker, and the basic circuit is sufficiently simple and
non-critical that its construction should not be beyond
the skills of the less experienced hobbvist who has suc-
cessfully completed a number of simpler projects. While
components layout and lead dress are not too critical,
the “input”
and “output’ circuits should be kept well separated, and
short, direct connections should be used in all signal
circuits. Coil and transformer connections are shown
in Fig. 4-8.

Since standard miniature parts are specified, the re-
ceiver is well-suited to construction in a pocket-sized

good wiring practice should be observed . . .

casc, as shown in I'ig. 4-0, or in a larger cabinet, for table
or bed-side use, depending on the interests of the indi-
vidual builder. A plastic or wooden case is mandatory,
however, for a mctal cabinet will shield the built-in
antenna coil (L,). Either a metal or a plastic (fiber)
“chassis”™ may be used. Morc advanced workers may
wish to work up a printed circuit layout for the receiver
and to assemble the unit on an etched circuit board.

A number of parts substitutions may be made if
desired. For example, the 2N112/CK760 transistor
mav be replaced with a type CK768. The CK721 audio
transistor may he replaced with a tvpe CK722. The
output transformer (T';) may be left out, and the mag-
netic carphone connected directly into the collector
circuit of the audio stage. Almost any general purpose
diode, such as the 1N66 or the CK705, may be used in
place of the 1N295 specified. However, except for the use
of a different type of diode, the other substitutions men-



tioned will result in a slight loss of overall gain, but they
may be feasible if strong local signals are available.

Alignment

With the wiring completed and checked, the receiver
must be aligned. An R.F. Signal Generator and an in-
sulated Atignment Tool are required for this operation.
Magnetic earphones are connected to output jack J,, the
set is turned “ON” and the GAIN control is turned full
up. The tuning capacitor (C;-Cy) is set to its lowest
frequency position (plates fully meshed). The coaxial
cable from the Signal Generator is connected to the re-
ceiver’s ““‘ground” and to the “hot” side of coil L; (white
lead). A small (10-25 Mmf) capacitor is connected in
series with the generator’s R.F. lead.

The Signal Generator is set to deliver a modulated R.F.
signal at 455 KC and at an output level which produces
a barely heard tone in the ecarphone. Next, transformers
IF, and IF; are adjusted until the tone peaks in volume.
As the peak is reached, the generator’s output is reduced.
The level, at all times, should be such that the tone barely
can be heard.

After the LF. transformers are peaked, the tuning
capacitor plates are fully opened and the Signal Generator
set to 1600 KC. The oscillator’s trimmer capacitor (Cy)
is adjusted for peak output. The test frequency is shifted
to 1500 KC and the receiver’s dial set at this value; next,
the R.F. trimmer (Cy) is adjusted for peak output.

With a preliminary adjustment of the trimmer ca-
pacitors (C; and C,), the Signal Generalor is set to 600 KC.
Next, the receiver’s dial is “rocked” back and forth near
the 600 KC setting and Ly’s iron “slug™ is adjusted for
peak output. Finally, the 1600, 1500 and 600 KC ad-
justments are repeated, but with a “‘gimmick” (1 to
5 MMIf) coupling capacitor in series with the Signal
Generator’s lead.

After alignment, the Superhet Receiver is ready for use,
and may be mounted in its case. When using the set
near strong local stations, no external antenna (or
ground) is needed. In outlying areas, however, some-
what better results can be obtained if a short antenna is
connected to the white lead of coil L . . . length can be
from 18"/ to 3 feet.

BEAT FREQUENCY OSCILLATOR

Thus far, only radio receiver circuits have been de-
scribed in this Section of your manual. However, RAY-
THEON transistors may be used in the design and con-
struction of receiver accessories as well as in the receivers
themselves. The circuit for an interesting and valuable
transistorized receiver accessory is given in Fig. 4-9,
while a home assembled model of the device is shown in
Fig. 4-11. This unit is a Beat Frequency Oscillator (abbre-
viated B.F.0.).

A standard superheterodyne Short-Wave Receiver
may be able to pick up Radiotelegraph Code (CW) sig-
nals, but these cannot be heard over the set’s loudspeaker
unless converted into an audible tone. The B.F.0. does
this job by providing a fixed signal at a frequency close
to the receiver’s intermediate frequency (I.F.). The
B.F.0.’s signal is combined with the receiver’s I.F. signal
and the resulting difference, or “beat”, frequency falls
within the audio range, providing the audible tone in the
loudspeaker. All commercial and amateur Communica-
tions Receivers have built-in B.F.0.s, but not all Short-Wave
Recetvers have this feature. However, the transistorized
B.F.0. can be added to virtually any portable super-
hetrodyne Short-\WWave Receiver, thus permitting its use
as a Communications Set.

Referring to the schematic diagram (Fig. 4-9), we see
that a RAYTHEON CK768 R.F. transistor is used as a
common-emitter oscillator. In operation, the oscillator’s
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PARTS LIST
R; — 470 ohm, 14 watt carbon resistor.
Ry — 270K, 14 watt carbon resistor.
C; — 50 Mmlf., tubular ceramic capacitor.
Cy — .01 Mfd., disc ceramic capacitor.
C3 — 1K Mmf., disc ceramic capacitor.

IF; — 455 KC transistor interstage LF. transformer (Argonne
AR-60 or Meissner No. 16-9008).

Swy — SPST toggle or slide switch.

TRANSISTOR — (1) Rayptheon CK768.

MISC. — Transistor socket; small piece of perforated bakelite;
small “L” bracket; (3) ground lugs; Hardware . . . screws, nuts,
wire, solder, etc.

FIG. 4-9

TS



" iz determined by the tuned primary winding
T ransformer [F). with the feedback necessary to

sustain oscillation obtained from the secondary
Proper 1mpedance matching between the

stz and s

so..zoizr aad basce circuits is assured by the tap on the
- winding and the step-down turns ratio between
orimary and secondary windings. Base bias cur-

Tzt siznal is obtained across the unby-passed emitter
c=:i:230 Re through coupling capacitor C,. Operating
Zower 15 obtained from the receiver’s “A” or filament
~zuzorv Bl and is controlled by SPST Swy, with the
zowor supply by-passed by Ch.

Construction Hints

The construction of the model is apparent from the
zoove and below “chassis”views given in Figs. 4-11 and
<=1, respectivelv. A small piece of perforated bakelite
<erves as a “‘chassis”, and the L.F. transformer (1F)),
rransistor socket, terminal lugs, and L7 bracket are

mounted on it. You can follow the model's lavout if

vou wish, but since ncither parts arrangement nor lead
dress are critical. vou may also work up vour own design.
The rtransformer’s lead conncctions are shown in the
insert in Fig. 4-9.

With the wiring completed and checked, identify the
fositize battery terminal . .. vou can use a dab of red

bt
-
« eprad B
N
]

Paatsa ey MATCH ST,
i iy = e o
A

TRANSISTOR
QOCKET

FIG. 4-10

fingernail polish or enamel! for identification. Fither the
positive or the negative power supply terminal may be
connected to the receiver’s “ground” circuit, depending
on the receiver’s battery wiring. The positive terminal is
shown as “GND.” in Fig. 4-9.

FIG. 4-11
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FIG. 4-12

Installation and Adjustment

To install the completed B.F.0. in a receiver, mount it
on the receiver’s chassis with a screw through its “L”
bracket.
“A” or filament battery to the appropriate terminals on
the B.F.0. and to Sw,. The B.F.0. Switch, Sw), is a
SPST slide or toggle switch and should be mounted on
the receiver’s front panel to permit ready access to the
operator. Anather lead is run from the B.F.0.’s OUT-
PUT terminal (Fig. 4-9) to the last I.I'. stage in the re-
ceiver and wrapped tightly around the last 1.F. ampli-
fier’s grid lead, forming a “gimmick’" capacitor, as shown
in Fig. 4-12.  All coupling is through the interlead ca-
pacity, as no direct connection to the receiver’s 1.F. stage I's used.
A typical mounting of the 8.F.0. in a portable receiver
is shown in Fig. 4-13.

The component values specified in I'ig. 4-9 are based
on the use of the B.F.0. in receivers having a 455 KC LLF.
and a 6-volt ““A” battery. If a higher (or lower) voltage
“A” Dbattery is used, some rcadjustment of the bias
resistor’s

Run power supply leads from the receiver’s

valuc (R.) may be necessary for optimum per-
formance. In general, if a lower supply voltage is used,
R will be smaller . . . and vice versa. If you wish to
install the B8.F.0. in an A.C. or A.C.-D.C. line-operated

receiver, you should provide a separate 6-volt battery

for its operation. A suitable choice is a Burgess type Z4
battery.

To adjust the B.F.0., connect a standard R.F. Signal
Generator to the Receiver and turn both the Receiver and

the Signal Generator “ON” ... but leave the B.F.0.
“OFF”. Adjusting the Signal Generator to supply a
modulaied R.F. signal, carefully tune in this signal on the
receiver. Next switch the “modulation” of, and the
B.F.0. on. Adjust the B.FF.0.’s operating frequency until
a tone can be heard in the Receiver’s loudspeaker. Do
this by using an insulated alignment tool to adjust IF,’s
{(see Iig. 4-9). After this pre-
liminary adjustment, the B.F.0 may bc rcadjusted
whenever desired on actual code stations. Use the final

powdered iron “‘slug”

adjustment which gives the tone (audio frequeney) you
prefer.

FIG. 4-13



AMPLIFIER CIRCUITS

=istomcallv,

the first large-scale commercial use of
rswas zs audio amplifiers, and it was in a branch

1

:hat the transistor first completely displaced
tubve . . . that is, in the manufacture of sub-
= zucio amplifiers — Hearing Aids. For the ex-
=r. tne construction and test of transistorized
plifiers serves as an excellent introduction to the
: Since most audio circuits are fairly

Z3= I7 iransistors.

non-critical, especially as far as lavout and wiring are
concerned, the assembly of such circuits provides the
experimenter with the opportunity to become familiar
with transistor operation without the need of worrying
about exact parts placement, lead dress, and similar
mechanical details. In this Section we shall discuss several
practical devices using RAYTHEON transistors as audio
amplifiers.

HI FI PREAMPLIFIER

Swi
Rs
Rg
82K 56K
C3 18K
.____“__ 2N132 i
—_— + C C
2 MFD ¢
! -—-II e OUT
B E 05 - L
R6 B] _:'
10K =l_c =
R4 Cy Ro 4 6V, e
8.2 K . ] 250 MFD K B | 250 MFD . I
GND @ : ® : b e GND
—
PARTS LIST

C; — 10 MI(d., 25 volt electrolytic
C», Cqy — 250 MI{d., 6 volt electroytics

Ry, Ro— 27K, 14 W. carbon resistors
Rs, Rg— 5.6K, 14 W, carbon resistors

TRANSISTORS — (1) Raytheon 2N133;
(1) Raytheon 2N132

Cs; — 2 MAd., 25 volt electrolytic Ry — 8.2K, Y4 W. carbon resistor Sw; — SPST Toggle or Slide switch
Cs — .015 Mfd., 200 volt paper or ceramic Ry — 82K, 14 W. carbon resistor B; — 6 volt battery (four penlight cells
capacitor Rs — 10K, L4 W. carbon resistor in series)
C¢ — .05 Mfd., 200 volt paper or ceramic R7 — 18K, 14 W. carbon resistor MISC. — Etched circuit wiring board (sce
capacitor Ry — 1K, 14 W, carbon resistor text); Assorted hardware . . . screws,
nuts, wire, solder, etc.
FIG, 3.1

For the Audiophile, a logical application of transistors
to his hobby would be their use in low level audio pre-
In this type of application, extremely low
hum and noise levels are of paramount importance . . .
and, on these two counts, especially designed RAY-
THEON transistors can provide superior performance
to conventional vacuum tubes. In the first place, the low
power requirements of transistors makes battery opera-
tion entirely feasible, thus eliminating several primary
sources of hum ... A.C. power supplies, stray A.C.
leads, and A.C. powered filaments. Secondly, the in-
herent random noise level of a well-designed transistor
is lower than that of a comparable vacuum tube.

The schematic diagram for a high gain, low hum, high
fidelity preamplifier is given in Fig. 5-1. Requiring but

amplifiers.

two RAYTHEON transistors, and with a noise level
lower than similar vacuum tube amplifiers, this circuit is
designed specifically for use with wvariable reluctance type
pick-up cartridges.

Referring to Fig. 5-1, the Hi Fi Preamp consists of two
cascaded common-emitter amplifier stages. Resistance-
capacity coupling is used between stages. In operation,
audio signals from the pick-up are applied through input
capacitor C; to the base of the first stage, a type 2N133
low noise transistor. Base bias for the 2N133 is supplied

by voltage divider R,-Rz in combination with emitter

resistor Ry, by-passed by Cy, thus providing D.C. stabili-
zation of the stage.

The amplified audio signal appearing across collector
load resistor Ry is coupled through intcrstage capacitor
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FIG. 5-3

Cs to the sccond stage. The second stage, like the fArst,
is also D.C. stabilized, with base bias supplied by a com-
bination of voltage divider R;-R ¢ and emitter resistor R g,
by-passed by Cy.

After additional amplification by the second stage, the
audio output signal appearing across collector load R
is coupled through D.C. blocking capacitor Cg to the
high impedance input of a power amplifier. The de-
sirecd response characteristic is obtained partially by the
choice of componcent values and partially by means of
feedback circuit C;-R5, between the collector circuits of
the two stages. Operating power is supplied by a six
volt battery, B1, controlled by SPST switch Sw'.

Construction Hints
While conventional construction and wiring may be
used, the Hi Fi Preamp fits espccially well into Printed

FIG. 5-2
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FIG. 5-4

Circuit construction, using the etched circuit techniques
discussed in the Installation and Wiring Section of this
booklet. A typical etched circuit board for the instru-
ment is shown in Fig. 5-2. Overall dimensions are not
indicated since these will vary considerably with the
physical size of the final components used. The pictorial
layout of parts, bascd on the usc of the board shown in
Fig. 5-2, is given in Fig. 5-3...relative sizes arc
shown, but the drawing is nof to scale. The circuit board
itlustrated was made up from a A£ZPRO Printed Circuit
Kit (Ked Engineering Products, 4356 Duncan, St. Louls 10,
Missourt).

Regardless of whether conventional or etched circuit
construction 1s followed, the builder should observe the
general rules of good wiring practice.  Signal lcads
should be kept short and direct. "fhe “input’” and “out-
put” circuits should be kept well separated. Electrolytic
capacitor polarities should be scrupulously obscrved.
And heat

damage should be taken when the transistors arc soldered

the wusual precautions against accidental
In position . . . of course, if preferred, transistor sockets
may be used. As is customary, the wiring should be
double-checked for possible errors before the battery is
connected.

Power for the H: Fi Preamp may be supplied by a
special six volt battery, such as the Burgess tvpe 24, or
by four flashlight or penlight cells conunccted in serics.
If penlight cells arc used, they may be mounted on the
back of the ctched circuit board, as shown in Fig. 5-4,
or in a separate batterv holder, such as an Awstincraft
type 123 Battery Box.

Becausc of its light weight, small size, and freedom from
microphonics, the completed Hi Fi Preamp may be
mounted in the record player or changer’s base. In
order to kcep stray hum pick up to a minimum, the
prcamp should be physically located as far awav from
the motor and A.C. wiring as is practicable in the avail-
able space.
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DETECTOPHONE

PARTS LIST

R;, Ry — 14 watt carbon resistors (see text).

R3; — 82 ohm, 14 watt carbon resistor.

C; — .02 Mfd., 200 volt paper or ceramic
capacitor.

Cy, C3,— 10 MId.,, 10 volt electrolytic ca-
pacitors.

T, — Interstage transistor transformer (Ar-
gonne No. AR-104, or Thordaison
No. TR-14).

Sw) — SPST slide or toggle switch.

J1 — Subminiature jack.

PLj — Subminiature plug.

B1 — Battery (3 to 9 volts) . . . sec text.

CARBON MICROPHONE — Carbon micro-

FIG. 5-5

The schematic diagram for a two-transistor Detecto-
s--ns is given in Fig. 5-5. If you have an adventure-
some spirit, vou can have fun with your friends by using
=z completed instrument as a hidden ‘““detectophone”;
implv use a long microphone lead and hide the “mike”

B

in the room where you want to overheard conversations.

Referring to Fig. 5-5, we see that the instrument is
nasically a two-stage transformer-coupled amplifier,
with the common-emitter circuit used in each stage. In
operation, the carbon microphone converts sound into audio
electrical signals. These are applied to the CK722 stage
and, aftér amplification, to the CK768 stage through
interstage coupling transformer T,. This transformer
serves to match the high output impedance of the first
stage to the moderate input trnpedance of the second
stage, assuring an efficient transfer of the amplified signal.
After additional amplification by the second stage, the
final output signal drives the magnetic earphones con-
nected to output jack J;. Base bias current for the first
stage is supplied through R,, by-passed by C, ... for
the second stage, through R, by-passed by C;. An unby-
passed emitter resistor, Rjg, is used in the first stage to
raise its eflective input impedance, providing a better
impedance match to the microphone.

Construction Hints

The Detectophnoe may be assembled in a pocket-sized
metal or plastic case. Although exact components place-
ment is not critical, you should use care in making your
layout to insure the most compact arrangement. If you
prefer a very thin instrument, you can arrange the circuit
in a pattern around the miicrophone cartridge. A small

phone cartridge (Shure Bros. No. R10).

TRANSISTORS — (1) Raytheon CK722;
(1) Raytheon CK768.

MISC. — High impedance magnetic earphone;
Small plastic or metal case; Battery holder;
Hardware . . . wire, solder, screws, nuts,
soldering lugs, etc.

piece of fiber or bakelite may be used as a chassis. The
transistors may be mounted in sockets or soldered perma-
nently into the circuit . . . the latter method will result
in the most compact construction — but be sure to ob-
serve the precautions against heat damage.

If unwanted noise is to be minimized, special care
must be used in mounting the microphone cartridge.
The cartridge should be cushioned in a rubber or felt
ring and recessed into the case . . . so that the front sur-
face of the microphone is protected by the case. Be
sure to provide small holes so sound can rcach the
microphone proper.

Battery voltage is not especially critical, and from 3 to
9 volts may be used. The higher voltages will provide
somewhat greater output volume. A small battery may
be obtained by cutting a two-cell to seven-cell section
from a VS087 “Separable Cell” Transistor Battery.
For somewhat longer battery life, multi-cell Mercury
batteries may be used. Suitable units are Mallory’s
types TR-113R (4.0 volts), TR-114R (5.0 volts) and
TR-115R (6.5 volts).

The values of base bias resistors Ry and R, will vary
with the battery voltage used and, to a lesser extent,
with the individual transistors. Choose these two resistors
experimentally to give the best compromise between
gain and distortion. Typical values should fall between
100,000 and 560,000 ohms.

With the wiring completed, double check all connec-
tions for possible shorts or opens and for wiring errors
before connecting the battery (B1) or turning the instru-
ment ON. Pay particular attention to electrolytic capac-
itor (C, and C;) and battery polarities.
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MICROPHONE PREAMPLIFIER

A permanent magnet (PM) electrodynamic loud-
speaker makes an excellent low-cost Dynamic Micro-
phone, but has the disadvantages of low signal level and
low output impedance. By adding a single-stage transis-
tor amplifier to a standard PM loudspeaker, you can
assemble a good quality, high output microphone. A
suitable circuit is shown in Fig. 5-6. This instrument
may be used with recorders or P.A. systems, or in Ham
Radiotelephone work.

Referring to the schematic diagram (Fig. 5-0),
RAYTHEON type CK722 transistor is connected as a
common-base amrnlifier. In operation, the input signal
to the emitter-base circuit is supplied by the PM loud-
speaker and the amplified output signal is obtained from
a small hmpedance matching transformer (T,). Base
bias current is supplied through base resistor Ry, by-
passed by Cy, with operating power for the entire circuit
supplied by a single 6-volt battery (B1), controlled by a
SPST push-button switch, Swi.

The common-base circuit configuration used in the
Moicrophone Preamplifier has a low input impedance and a
high output impedance and thus is ideal for this general
type of application. Transformer output is provided
where the instrument is used with another transistorized
instrument. However, if the device is to be connected
to a high input impedance vacuum tube instrument, the
matching transformer (T;) may be replaced by a collec-
tor resistor (R») and D.C. blocking capacitor (C.), as
shown in the Alternate Ouiput Circuit (Fig. 5-6).

Construction Hints

You can follow your own inclinations about layout
and wiring when assembling the Aicrophone Preamplifier,
for the circuit is completely non-critical. Any small
plastic or metal box may be used as a housing; however,
for an attractive desk instrument, the unit can be

FIG. 5-7

mounted in a standard sloping front meter case, as shown
in Fig. 5-7. The speaker’s paper cone should be pro-
tected against accidental damage by a piece of perforated
metal or flocked metal screening.

Two output circuit arrangements are shown in
Fig. 5-6. The one to use will depend on the intended
application of the completed instrument. If it is to be
used with another piece of transistorized equipment
having, say, a moderate input impedance, then best
results will be obtained with the transformer-coupled
arrangement. On the other hand, if the AMicrophone Pre-
amplifier is to be connected to equipment having a high
input impedance (50,000 ohms, or higher), then the price
of the transformer can he saved and the alternate, resis-
tance-coupled, output circuit used. In either case, a
shielded cable is used to connect the instrument to the
equipment with which it is employed to minimize noise
and hum pickup.

PARTS LIST
Ry — 390K, 18 watt carbon resistor.
Rz — 33K, 14 watt carbon resistor (optional
— see text).
C; — 10 Mfd., 6 volt clectrolytic.
ALTERNATE OUTPUT Cy — 0.5 Mfd.,, 200 volt metallized paper
CIRCUIT capacitor.
P Selkr. cKk722 Ty — Transistor interstage transformer (Ar-
GREEN gonne No. AR-104 or Thordarson No.
TR-14).
— Open circuit output jack.
Sw; — SPST Push-button switch.
390K i By — 6 volt transistor Dbattery (Burgess
Sw No. Z4).
SPKR — 214" PM Loudspeaker, 10 to 16
mm BLACK = ohm voice coil.
* B, TRANSISTOR — (1) Raytheon CK722.
6V, MISC. — Small chassis; transistor socket;
battery box; flocked metal screening; meter
case; Assorted Hardware ., . wire, solder,
screws, nuts, etc.
FIG. 5.6




HEADPHONE AMPLIFIER

Vzile test instrument and shop facilities may vary
:ozsiderably from one electronics laboratory to another,
=:r= Iz one piece of equipment that is sure to be found in
v every lab., whether operated by a large cor-
»n or by a Hobbyist in the basement of his home
= Magnetic Headset! And here is a piece of tran-
zed equipment which will greatly increase the
of a Magnetic Headset...an easy-to-build
sne Amplifier. The schematic wiring diagram for
rument is given in Fig. 5-8, while an assembled
i« shown in Tig. 5-9.

Vith a built-in long-life power supply and a self-con-

zized GAIN control, the Headplone Amplifier provides
== zppreciable increase in Headset sensitivity and output
The instrument is equally valuable whether
z:=d with a piece of test equipment, such as an Imped-

znce Bridge or Frequency Meter, or with more common-
c.zce gear, such as a Communications Receiver.

Referring to Tig. 5-8, a (CK722 transistor is used as a
single-stage common-cmitter amplifier. In operation,
:=e input signal is coupled through D.C!. blocking capaci-
zor C) to GAIN control Ry, A portion of the available
signal, depending on the setting of Ry, is coupled through
capacitor C» to the base of the transistor. The magnetic
Headphone, itself, scrves as the collector load imped-
ance, with the amplified signal driving the ’phonec
directly. Base bias current is supplied through base
resistor R.. Unby-passed emitter resistor Ry serves the
dual function of raising the transistor’s input impedance
and of providing a degree of degeneration, thus improv-
ing the amplifier’s overall stability. Power 1s supplied
by a single 15-volt battery, Bl, controlled by SPST
switch Swy, ganged with the GAIN control.

FIG. 3-9
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PARTS LIST
R; — 20K potentiometer, with SPST switch.

R, -— 470K, 14 watt carbon resistor.

Rz — 82 ohm, 14 watt carbon resistor.

Cp -~0.5 Mfd,, 200 volt metallized paper capacitor.
Ca — 2 MIfd,, 20 volt electrolytic capacitor.

Swy — SPST switch, on Rj.

By — 15 volt battery (Burgess No. Y10).

Ju J2 J3, Ja — Phone tip jack.

TRANSISTOR — (1) Raytheon CK722.

MISC. — Battery box; control knob; small metal case; decals;
Hardware . . . wire, solder, machine screws, nuts, soldering
lugs, cte.

FIG. 5-8

Construction Hints

The model shown in Fig. 5-9 was assembled in a small,
commercially available aluminum box; however, a
plastic box will do as well, for shielding is not especially
important. Neither layout nor lead dress arc critical, so
you can follow your own desires on these matters.

A professional ““factory-built” appearance was ob-
tained in the home-built model by using standatd decals
for labeling the controls and IN and OUT terminal jacks.
These decals are applied after all mechanical work
(drilling, ete.) is finished but be¢fore any parts are
mounted. For maximum service life, the decals should
be protected, after application, by spraying on two or
three light coats of transparent acrylic plastic.

To use the Headphone Amplifier, connect your Magnetic
Headset to the “output” terminals J; and Js. The higher
the impedance of your Headset, the better the results

. . satisfactory results can be obtained with 1,000 or
2,000 ohm ’phones, but much better gain with 4,000 or
8,000 ohm sets. A ¢rystal Headphone can be used if a
27K, 1% watt resistor is connected between the output
terminals. With the “input” terminals J; and J, con-
nected to the equipment with which the amplifier is to
be used, the GAIN control is turned until the switch
clicks ““on”, then set to the desired volume level.

Several mechanical modifications may be made to
meet individual requirements. If you wish, you can use
a separate toggle or slide switch for Sw;. For many ap-
plications, input capacitor C; can be omitted, with R,
connected directly to the “IN™ terminals. Finally, the
"phone tip jacks (i, J. and Ji, J4) may be replaced with
conventional "phone jacks or coaxial connectors.



SPEAKER AMPLIFIER

Cy- 2MFD.
INPUT lj/
Cy To
5 R Setd b= BLUE BLUE
10K }_ Eq
S MFD gBLACK %
L. reD Sokr-
RED =
e
1
3 =
R2 v, =
27K AAAAAA o No— T
470 Swy
PARTS LIST FiG. 5-11
Ci —2 Mfd,, 400 volt metallized paper R3, Rg —4.7K, 14 W. carbon resistor. Ty — Output transistor transformer (Ar-
capacitor. Ry — 1K, Y4 W, carbon resistor. gonne No. AR-119 or Thordaison
Co, Cg— 5 Mfd., 12 volt clcctrolytics. Rg — 560 ohm, 14 W, carbon resistor. No. TR-27).
Cs, Cs — 50 Mfd., 12 volt electrolytics. R7; — 82 ohm, ¢ W. carbon resistor. B; — Nine volt battery (Burgess No. 2NG6).
Cy — .005 MAd., (.iisc ccraxpic capacitor. Rs — 470 ohm, 14 W, carbon resistor. Sw; — SPST switch, on Ry.
C7 — .01 Mfd., disc ceramic capacitor. T, — Interstage transistor transformer SPKR — 3" PM Loudspeaker, 3.2 ohm
R; — 10K, carbon potentiometer, audio (drgonne No. AR-109 or Thordarson voice coil.

taper, with switch. No. TR-7). TRANSISTORS — (1) Raytheon  type
Ro — 27K, 14 W. carbon resistor. 2N132; (1) Raytheon type 2N138.
FIG. 5-10

A self-contained and portable audio amplifier with
loudspeaker output has many potential applications in
the electronic experinienter’s workshop. It may be used
to check the operation of preamplifiers, audio oscillators,
Radio Tuners, or similar instruments. Alone, it can be
used as an Awdio Signal Tracer for trouble-shooting P.A.
amplifiers, Hi Fi Systems or Intercoms. And, of course,
it might be used to provide loudspeaker operation when
connected to equipment which is normally designed for
earphone operation only.

The circuit for a relatively low cost and easy-to-
assemble Speaker Amplifer is given in Fig. 5-10, while an
assembled model is shown in Fig. 5-11. Assembled from
standard components, the instrument has a “factory-
built” appearance, and, although it operates from a single
battery, its output volume is more than ample for most
shop and lab. applications.

As can be seen by reference to I'ig. 5-10, PNP transis-
tors are used in a two-stage transformer-coupled ampli-
fier, with the common-emitter circuit configuration em-
ployed in both stages. In operation, audio signals applied
through INPUT jack Ji and D.C. blocking capacitor C,
appear across GAIN control Ry, A portion of the avail-
able signal, depending on the setting of Ry, is coupled
through Cs to the base of the first stage. Basc bias current
for this stage is obtained through a combination of
voltage divider Ry-R3 working in conjunction with
cmitter resistor Ry, by-passed by C; This type of
arrangement D.C. stabilization of the
circuit.

Interstage coupling transformer T, serves to match the

bias insures

(34)

high output impedance of the first stage to the low input
impedance of the second stage, insuring an cfficient
transfer of the amplified audio signal. D.C. stabilization
of the output (second) stage is assured by the base bias
arrangement, consisting of voltage divider Ry-Ryg, by-
passed by C,, and emitter resistor R;. After additional
amplification by the second stage, the audio signal is
coupled to the PM loudspcaker through output trans-
former Ts.

The effects of harmonic distortion are minimized by
high-frequency bv-pass.capacitors Cys and Cz. Possible
interstage coupling is eliminated by a filter network con-
sisting of resistor R s and hy-pass capacitor C;. Operating
power is obtained from a single 9 volt battery, Bl, con-
trolled by SPST switch Swy, ganged with the GAIN
control (R,).

Construction Hints

The ‘‘professionally-built” appearance of the model,
shown in Iig. 5-11, is obtained by mounting the ampli-
fier and spcaker in a comrncrcially available sloping
front ““Meter Case”. The loudspeaker is protected by a
small piece of flocked mectal screening. The amplifier
itself is asscmbled on a small sub-chassis which is wired
as a separate unit prior to mounting in the casc. Although
necither parts layout nor lead dress are critical, good
wiring practice should be observed ... that is, the
“input” and “output” circuits should be kept well
separated and all signal leads should be as short and
direct as is practicable. Special care must be taken to
observe electrolytic capacitor and battery polarities.



HAM GEAR

radio operator, or Ham, always has been
inz and working with new radio and elec-
jues. He did much of the early work with
. —z-Hizh-Freguencies which, later, were used so suc-
==<":[v in Rzdar. He reduced the techniques of Single
Communication to a fine art. And he was

121 high frequency antenna arrays long
22 became popular in Television. With
=< ploneering spirit, it is only natural that the Ham
~:v= zn interest in transistor applications, for the tran-

sistor, along with related semiconductor devices, repre-
sents one of the frontiers in modern-day electronics. It
is to the interests of the Ham, then, that the following
Section of this Manual is dedicated. In discussing several
applications of RAYTHEON transistors to Ham Radio,
we will try to represent a cross-sectional sampling of
typical uses, rather than to show the ultimate application
of these marvelous devices to any particular branch of
the field.

WIRELESS TRANSMITTER

ANT.

1
'
!

Cr-1._

-5-
(See Text) !

Ly

C2

.05 MFD

FIG. 6-1

Just as the construction of Broadcast Band Radio
Receivers is the most popular project with electronic
Hobbvists, the assemblv and wiring of Transmitters leads
the “popularity parade” with those Hams who have a
ven to build their own equipment. In its simplest form,
a radio transmitter need be little more than an R.F.
Oscillator which is connected to an antenna. Such a
transmitter emits a steady R.F. signal or continuous wave

CIY). A message inay be sent by interrupting this CW

signal and converting it into a series of short (*dots”)
and longer (*‘dashes) bursts of transmission, arranged
according to the Radiotelegraph Code.

The schematic diagram for a simple transistorized
Wireless Transmitter is given in Fig. 6-1. This transmitter
is intended for experimental and demonstration use only,
and while it is quite capable of sending code signals for
short distances, it lacks the power and frequency stability
needed for scrious commiunications work. However,
because of its limited power, it will not radiate a signal
which exceeds the limits established by the FCC for
unlicensed equipment and, therefore, can be used by
beginners as well as licensed operators.

Referring to the schematic diagram, we see that a

(3
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PARTS LIST

R, — 270K, Y4 watt carbon resistor.

Ry — 56 ohm, 14 watt carbon resistor.

C; — .01 Mfd., disc ceramic capacitor.

Ce — .05 Mfd., 200 volt tubular paper ca-
pacitor.

Gy — Fixed ccramic capacitor (see text).

L, — Tapped Broadcast Band antenna coil
(Argonne No. AR-65 or Meissner No.

14-9015).

L — Feedback coil (see text).

By — 9-volt  transistor  battery  (Burgess
No. 2N6).

KEY — Standard Handkey.
TRANSISTOR — (1) Raytheon CK768.

MISC. — Transistor socket; battery clips;
small mounting board or metal chassis;
Hardware . . . wire, solder, machine screws,
nuts, fahnestock clips, etc.

single R.F. transistor is used as a common-emitter R.F.
oscillator. In operation, the frequency of oscillation is
determined by the 1,-C; tuned circuit. The antenna-
ground (ANT., GND.) system is connected to this tuned
circuit. The transistor’s base is connected to a tap on L;
through D.C. blocking capacitor C,. Base bias current
is supplied through R;. The feedback necessary to start
and sustain oscillation is furnished by collector coil L,
coupled to L;. An unby-passed emitter resistor, Ro, helps
to stabilize the circuit, while operating power is supplied
by a single 9-volt battery, B1, controlled by the Handkey
(KEY), and by-passed by capacitor Ca.

Construction Hints

With neither components layout nor wiring arrange-
ment critical, you can follow your own inclinations in
assembling and wiring the Wireless Transmitter. For
experimental work, “breadboard” construction may be
followed, with all parts mounted on a wooden, Masonite,
fiber, or bakelite Loard, or, il you prefer, more conven-
tional construction may be used, with a metal chassis
serving as a mounting base. Fahnestock clips, binding
posts, or other connectors may be provided for the ANT.,



GND., and KEY terminals. The 9-volt power supply
may be a single battery, as specified in the Paris List, or
six (0) penlight or flashlight cells connected in serics.

Feedback coil L, consists of ten to fifteen turns of No. 20
or 28 enameled wire, wound directly on top of L.
During initial wiring, temporary “lap”™ soldered joints
should be used for connecting L into the circuit. Later,
1t may be necessary toreverse Lo’s leads to obtain oscillation.

Tuning capacitor Cr, across L;, determines the basic
operating frequency. The exact operating frequency
may be shifted somewhat by adjusting Ly’s iron “slug”
core. Operation is within the AM Broadcast Band, and
C is chosen for operation near the low frequency end,
middle, or high frequency end of the band, as vou prefer.
For operation ncar the high frequency end. C'p should
have a value of from 25 to 100 Mimf.; for operation near
the middle of the band, from 100 to 220 Mmf.: and,
finally, for operation near the low frequency end, from
240 to 370 Mmf. In general, it is best to operate ncar the
low frequency end of the band.

If you arc unable to pick up the signal after tuning
through the band at least twice, reverse the connections
to coil L, and repeat the initial tests. Once you can pick
up the signal, readjust L,’s “slug” (shifting frequency)
until the transmitter is picked up at a “‘dead” spot on the
receiver’s dial . . . thatis, at a point between local broad-
cast stations. When this final adjustment is made. the
transmitter and receiver may be separated to maximum
range . . . this will vary with the length of antenna used
and the receiver’s sensitivity but, in general, will be under
60 feet.

CRYSTAL

The facilities and ability to measure Radio frequency
signals with reasonable accuracy is extremely important
to the practicing Ham. First and foremost, of course, he
must make sure he operates his transmitter on the as-
signed Amateur Bands and within the frequency limits
established by the FCC. [n addition, his ability to check
frequencies will help him to locate and to identify other
stations which he may contact.

One of the most useful tools for quick frequency meas-
urements 1is an accuralely calibrated Communications
Receiver. With such a receiver, he need simply tune in
the desired signal and read its frequency on the set’s
calibrated dial. Such a mecasurement, while approximate
only, is satisfactory for many tvpes of work. Unfortu-
nately, the dial calibration of a receiver may not be
accurate . . . or, under some conditions, its accuracy
may change. [actors which may affect a receiver's
calibration include extreme temperature and humidity,
excessive vibration or shock, as may occur in mobile

When the wiring is completed, double-check all con-
nections before connecting the battery or installing the
transistor. Connect the GND. terminal to a cold-water
pipe or other external ground; connect the ANT. termi-
nal to a six to twelve foot long antenna.

Operation and Use

Since the Wireless Transmitter radiates an unmodulated
(CWV) signal, just like larger code transinitters, it is used
with a Communications Receiver or similar receiver having a
B.F.0. Tor initial tests, the Communications Receiver
should be located about ten to twelve feet from the
transmitter’s antenna. The transmitter’s KEY is de-
presscd and the receiver turned ON and tuned slowly
through the AM Broadcast Band (550 to 1600 Kc);
its B.F.0. should be “on”. The transmitter will be
heard as a steady tone, which can be controlled by
operating the KEY.
position.

L;’s “slug” should be in its mid

If you arc unable to pick up the signal after tuning
through the band at least twice, reverse the connections
to coil Ly and repeat the initial tests.  Once you can pick

vy

up the signal, readjust L;’s “‘slug” (shifting frequency)
until the transmitter is picked up at a “dcad spot” on
the rcceiver’s dial ... that is, at a point between local
broadcast stations. When this final adjustment is madec,
the transmitter and receiver may be separated to maxi-
mum range . . . this will vary with the length of antenna
used and the receiver’s sensitivity but, in general, will be
under 60 fect.

CALIBRATOR
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FIG. 6-2



XTAL

L
Il PARTS LIST
Cy R; — 180K, 14 watt carbon resistor.
U[' Rz — 220 ohm, !4 watt carbon resistor.
A CK768 C; — Ceramic trimmer capacitor, 5-50 Mmf.
5~ S0MMF c Cp — 270 Mmf., ceramic or mica capacitor.
) " _J_ C C3; — .02 MIfd., disc ceramic capacitor.
B L 4 C4 — 390 Mmfd., ceramic or mica capacitor.
E ] f L1 — Adjustable R.F. Choke, 5.5-35 Mhy
C, 3.3-35MHy &, (Superex No. V-25)
2T —IF By — 6 volt battery (Burgess No. Z4).
270 MMF ! Swi— SPST toggle switch.
R é Ry XTAL—100 KC Quartz Ciystal (Bliley
180 K 220 B 1 No. KV 3).
D _ = A | TRANSISTOR — (1) Raytheon CK768.
o e l oV Sw) MISC. — Transistor socket; crystal socket;
= C2 : small chassis; battery box; Hardware . . .
.02 T screws, nuts, wire, solder, terminal strips, ctc.
FIG. 6-3

:rx=. or a change in tubes in the set’s “front-end’” with-
. 27 zppropriate realignment checks.

However, if you have the valuable transistorized in-
<cmxment shown in Fig. 6-2 (schematic diagram given
= Tiz. 6-3), yvou can check the dial calibration of your
iver whenever you wish. This instrument provides
rwstal-controlled 100 KC R.F. signal, with harmonics
120 KC intervals, thus giving you many, many “check
" across a receiver’s dial. The Crystal Calibrator is a
worthwhile addition to any “Ham Shack”.

Referring to Fig. 6-3, we see that a CK768 R.F. tran-
sistor 1s used as a common-emitter crystal-controlled
zscillator.  In operation, an adjustable R.F. choke, L,
serves as the collector load impedance, while the feed-
cack necessary to start and sustain oscillation is provided
through the quartz crystal (XTAL) with its adjustable
rrimmer capacitor C;. Base bias current is supplied
through R;. Unby-passed emitter resistor Ra provides
sufficient degeneration to insure stable operation while,
at the same time, serving the second function of acting as
an output resistor, providing a low-impedance resistive
output and minimizing circuit loading. The output
signal is obtained through D.C. blocking capacitor C,.
Operating power is obtained from a single six volt bat-
tery, B1, controlled by SPST switch Sw,, and by-passed
by Cs.

Construction Hints

Since the circuit is not at all critical, you can vary the
type of construction with the intended use of the com-
pleted instrument. If you plan to use the Crystal Calibrator
as a general purpose test instrument in field work as well
as in the lab., you might assemble it in a small plastic or
metal case. For bench use only, simple chassis construc-
tion might be employed. If your primary interests are
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circuit investigation and experimental tests, you may
wish to “breadboard’ the circuit on a flat wooden or
fiber mounting board. And, finally, you might wish to
assemble the unit as an integral part of a Communica-
tions Receiver.

Above and below chassis views of the author’s home-
built model are given in Figs. 6-2 and (-4, respectively.
A top view of the completed model is shown in Fig. 6-2,
while a partially assembled view is given in Fig. 6-4.
Since the author’s model was intended for bench use
only, “chassis” type construction was employed. The
parts layout and general arrangement are evident from
the photographs, but this layout need not be followed
exactly in your model.

Operation and Adjustment

When the wiring is completed and double-checked for
accuracy, the battery, crystal, and transistor may be
installed. The ground (GND.) lead is connected to the
GROUND terminal of the receiver with which the
Crystal Calibrator is to be used. The output (ANT.) lead
is loosely coupled to the receiver’s antenna lead-in by giving
it several twists around this wire.

With the receiver turned “ON” and warmed up, turn
on the receiver’s Beat Frequency Oscillator (B.F.0.) and
the Crystal Calibrator. Tune to some cven multiple of
100 KC near the low frequency end of the receiver’s
range . . . say near 600 or 700 KC in the AM Broadcast
Band . . . listening for the “beat note” from the Crystal
Calibrator. You can tell when you have it by switching
the calibrator ‘‘off””. If you are unable to pick up the
signal, try readjusting L, until the circuit oscillates easily.

Finally, tune to a known station (such as WWYV at
2.5 MC or 5 MC) whose frequency is an even multiple
of 100 KC.. Switch the receiver’s B.F.0. “off”’, and the



Crystal Calibrator “on’. Adjust the calibrator to ‘“‘zero
beat” with the station by adjusting C; and L,. In general,
C/’s adjustment will cause a slight shift of frequency. L;’s
adjustment has relatively little effect on frequency and
is important only to insure that the circuit oscillates
easily.

Once the Crystal Calibrator is set to exactly 100 KC by
using a known station as a ‘‘standard”, you should be
able to pick up “beats” at 100 KC intervals across the
receiver’s dial, using the set’s B.F.0. Since the higher
frequency harmonics are weaker, you may have to con-
nect the calibrator’s output (ANT.) lead directly to the
receiver’s Antenna terminal to get beats on the higher
frequency bands.

FIG. 6-4

CODE PRACTICE OSCILLATOR

R
22X

FIG 6-5

The Radiotelegraph Code is the ““universal” language of
radio communications. Because of this, a prospective
Ham must demonstrate a useable knowledge of this code
before he can be issued an operator’s license by the
Federal Communications Commission (FCC) ... he
must be able to send and to receive code messages accurately
with reasonable speed. The ability to do this is acquired
by both study and practice, with the major emphasis on
practice.

Practice in receiving code messages may be obtained
by listening to CW stations over a Communications
Receiver. Practice in sending code is obtained by using
a Code Practice Oscillator and standard Handkey. Such an
instrument is also useful for practicing code reception if
you have a skilled friend who can ‘“send” to you. ..
with the added advantage that you can start “‘receiving”
at a slow rate, then gradually work up to greater speeds as
your skill increases. The schematic wiring diagram for
a low-cost Code Practice Oscillator is given in Fig. 6-5.

Referring to the schematic diagram, we see that a
single CK722 transistor is used as a common-base audio
oscillator. In operation, base bias current is supplied
through Rs, by-passed by C3. A pair of magnetic Head-
phones, plugged into output jack J,, serves as the collec-
tor load, while the feedback necessary to start and sustain
oscillation is obtained through voltage-divider C;-Cp. A
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PARTS LIST
R, — 2.2K, 14 watt carbon resistor.
Ro— 220K, 14 watt carbon resistor.
C; — 0.1 Mfd., 200 volt tubular paper ca-
pacitor.
Cy —0.25 MIfd.,
capacitor.
Cy — 2 Mfd., 12 volt clectrolytic capacitor.
By — 6 to 9 volt battery.
J1 — Open circuit *phone jack.
PL, — Standard ’phone plug.
KEY — Standard Handkey.
TRANSISTOR — (1) Raytheon CK722.
MISC. — Magnetic headphones (1,000 to
2,000 ohms); transistor socket; small metal
box; binding posts or tip jacks; battery clip;
Hardware . . . wire, solder, machinc screws,
nuts, etc.

ToO
MAGNETIC
HEADPHONE

200 volt tubular paper

small resistor, R, serves as the emitter “‘load”. Operat-
ing power is supplied by a single battery, B1, controlled
by the Handkey (KEY).

Construction Hints

As with most simple transistor projects, the layout and
wiring of the Code Practice Oscillator are completely non-
You can assemble the instrument in a small
metal or plastic box . . . or you can use an open ‘‘bread-
board” wiring, as you prefer. An open circuit jack (Ji)
is provided for the magnetic headphones with which the
instrument is used, and either ’phone tip jacks, binding
posts, Fahnestock clips, or similar connections may be
provided for the Handkey terminals.

The battery voltage is not especially critical and you
should obtain acceptable results with either a 6 volt
battery (such as a Burgess No. Z4) or a 9 volt unit (such
as a Burgess No. 2N6). If you prefer, you can obtain the
necessary operating voltages by connecting penlight or
flashlight cells in series. Four cells will supply 6 volts . . .
six will supply 9 volts.

For proper operation the Code Practice Oscillator must
be used with a pair of moderate impedance Magnetic
Headphones. Impedance values of 1,000 to 2,000 ohms
will give the best results.

critical.



HAM STATION MONITOR

TO
HIGH IMPEDANCE
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BLUE I
c CGREEN CRYSTAL EARPHONE
BLACK C:@/
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RED
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PARTS LIST C3 — 10 Mfd,, 6 volt electrolytic DIODE — (1) Raytheon 1N295.
R. — 470K, )4 walt carbon re- capacitor. TRANSISTOR — (1) Raytheon
sistor. L; —- Pick-up loop, 3 to 4 turns CK722.
R: — 13K, % watt carbon re- No. 16 wire (see text). MISC. — High impedance crystal
sistor. T1 — Interstage  transistor trans- or magnetic earphone; small
<. — .01 MI(d., disc ccramic ca- former (Argonne No. AR-109 plaitic case; transistor socket;
pacitor. or Thordarson )No. TR-7). lamp cord; Hardware . .. wire,
<. — .25 MIfd., 200 volt tubular J1 — Open circuit "phone jack. solder, machine screws, nuts,

paper capacitor.

Fi

radio Ham who operates a CW station can im-
zrooe nis AsCT il he monitors his own signals. He can
. z=is without keeping his Communications Receiver
~=2 -0 his station frequency if he assembles and uses a
‘e Hum Staiton Monmitor. The schematic circuit dia-
for a transistorized version of such an instrument is
<2 in Fig. 6-6. Basically, the instrument shown is an
2dio oscillator which is powered by R.F. energy picked
rom the Ham’s own transmitter. When a signal (dot

I

o dash) is sent, an audio tone is heard in the earphones.
Tre instrument uses no ‘‘stand-by” power and, because
> the minute power rcquirements of the transistor, uses
onlv an infinitesimal amount of the R.F. energy available
rom the Ham’s transmitter, and has virtually no effect
=1 the station’s effective radiated power.

Referring to I'ig. 6-6, a CK722 transistor is connected
transformer-

as a common-cmitter audio oscillator,
coupled to a high impedance magnetic or crystal ear-
phone. The feedback necessary to start and sustain
oscillation is obtained from the center-tapped winding of
transformer Ti: one side of this winding connects directly
to the transistor’s collector; the other side of the winding
is coupled through D.C. blocking capacitor C, to the
transistor’s base. Base bias currentis supplied through R;.

In operation, D.C.. opcrating power is obtained from
an R.F.-powered hall-wave rectifier circuit. R.F. energy
is picked up from the final stage of a transmitter by means
of coil L, and rectified by a 1N295 diode. The rectified
signal is filtered by R. and capacitors C. and Cy.

Construction Hints
The assembly and wiring of the Ham Station Monilor

PL; — Standard ’phone plug.

G. 6-6
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soldering lugs, etc.

is straightforward and simple. A small picce of hakelite or
fiber board may be used as a ‘“‘chassis” and the com-
pleted instrument may be mounted in a small plastic or
metal case. The only special care that should be exer-
cised in wiring the unit is in soldering the diode in place
(a socket is used [or the transistor) and in observing diode
and electrolytic capacitor (Cy) polarities.

After the wiring is completed and checked for errors,
the pick-up coil (L;) may be assembled. This consists of
from three to six turns of No. 16 or 18 wir~ on a form two
to four inches in diameter . . . for best results, L; should
be wound on a form slightly larger than the “final” tank
coil in your transmitter. Enamcled, cotton-covered,
silk-covered, or plastic insulated hook-up wire may be
used for L;. This coil is connected to the ‘“‘monitor”™
with a length of twisted pair lamp cord.

To use the completed instrument, plug a high imped-
ance magnetic or crystal earphone into output jack J,.
Listening to the earphone, close the key of vour trans-
mitter and couple L, loosely to the plate tank coil of your
“final”. Use the minimum coupling needed to produce
a tone in the earphones and arrange a permanent mount-
ing for L, in this position. The coupling needed will vary
with the output power of vour ““final.

If the output tone is not to your liking, vou can vary
its frequency and tonal quality somewhat by experiment-
ing with the values of C; and R,. In addition, a small
capacitor (.001 to .01 Mfd.) across T\'s primary will
change the audio frequency. Finally, electrolvtic filter
capacitor Cy may not be necessary in all cases. Try
your own unit with Cy disconnected, leaving it out if you
are satisfied with the results.



TEST EQUIPMENT

Every electronices laboratory worker, be he an experi-
menter, hobbvist, student engineer, factory technician,
or Radio-TV serviceman, uses test instruments in his
work or avocation. But the actual application of the test
instruments vary widely, depending on the interests of
the individual user. Experimenters, hobbyists, and stu-
dents use their test gear to check out circuits and to
eliminate “bugs” in newly assembled equipment. Serv-
icemen, on the other hand, are more interested in finding
the defective part or connection in a piece of factory-built
equipment.

Because of their small phvsical size, light weight,
reliability, and minute power requirements, transistors

are ideally suited to the design and construction of work-
bench and portable test equipment. In this Section we
will discuss several transistorized test instruments vou can
build and use.

But before trying to operate any picce of test apparatus,
whether transistorized or not, vou should remember that
a test instrument is only a tool . . .
“cure-all”.

it is not a panacea or
Its effectiveness in trouble-shooting or circuit
investigation work depends more upon the skill of the
operator than upon its built-in characteristics. So to
obtain the most from your test instruments, you'll find
it best to obtain considerable practice using them hefore
tackling serious jobs.

METER AMPLIFIER

o

R3

50

FIG. 7-1

When connected in the common-emitter configura-
tion, a junction transistor is esscntially a cwrrent amplifier.
A comparatively small base current can control a much
larger collector current. What more natural, then, (o use
the transistor as a D.C. amplifier to increase the cfective
sensitivity of a meter? A basic circuit for accomplishing
this is given in Iig. 7-1.

Referring to the schematic diagram, a CK722 wransis-
tor 1s used as a single-stage D.C. amplificr. The collector
load consists of a series current fimiting resistor (R») and
a meter, M, shunted by an adjustable calibration rheo-
stat, Ry Unby-passed cmitter resistor Ry has a dual
function . . . it increases the eflective input impedance
ol the circuit while, at the same time, improving circuit
stability by virtue of its degenerative action. Power is
supplied by a single battery, Bl.

In operation, the instrument is used as a D.C. current
meter with a sensitivity many times greater than that of

the basic meter movement (M) used. Input terminals
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p PARTS LIST

R1 — 47 ohm, 4 watt carbon resistor.
Ra—- 3K, 14 watt carbon resistor (sce text).
R3 — 50K, carbon potentiometer.

M — 0-1 MA D.C. milliammecter.

B1 — 3 to 9 volt battery (sce text).

TRANSISTOR — (1) Raytheon CK722.

AISC. — Transistor  socket; battery  box;
(2) binding posts (BPy, BP,); mecter case;
Hardware . . . wire, solder, small chassis,
machine screws, nuts, soldering lugs, cte.

BP, and BP. are connected in serics with the circuit whose
current is to be measured, as with any current meter.
Thus, the D.C. circuit current becomes the base-emitter
current of the transistor. The collector current, measured
by meter M, is much larger than the basc current due to
the gain of the transistor. However, the collector current
1s directly proportional to basc current. Hence M's scale
may he calibrated to indicate Input {or base) current {low.

Calibration

The gain obtained will depend on parts tolerances.
In general, vou should be able to obtain a current gain
of at lcast ten . . . thus, an 0-1 MA mcter (M) will have
a full scale sensitivity of 100 microamperes. Calibration
potentiometer Ry is used to adjust the full-scale sensitivity
of the meter (M) to the value vou require. To adjust Ry,
apply the maximum current vou wish to mecasure to the
instrument’s Inpu! terminals (for example, 100 micro-
amperes), and adjust R for a full-scale reading.



T== meter's (M) original scale may be used tor ap-
rroomzzs readings, with an appropriate “Multiplying
For example, if you use an 0-1 MA meter and
> of ten, then your multiplying factor become
is, the new full-scale reading is 0.1 MA (100
I For more accurate readings, you’ll
s+=2 1o make up a new scale or a Calibration Chart.

Wizez =z series of test readings to obtain the necessary
1 points.

Construction Hints
since the Meter Amplifier is a D.C. instrument, neither
==Z cress nor parts layout are eritical. Almost any type
¢ z.nstruction and housing may be used, but for a
Jzztorv-bullt” appearance, the basic amplifier circuit
—zv ne assembled on a small metal sub-chassis, with the

< instrument housed in a standard sloping front
Liooer Case. as specihed in the Parts List. The calibration
-=or - Ry) should be equipped with a slotted shaft for
~r=wdriver adjustment and should be readily accessible
27 the instrument mounted in its case.
ries resistor Ry is included to protect the meter (M)
= =2 event that the transistor is accidentally damaged or
-~ _rzed. Its value will depend on the D.C. resistance of
-- mcter and on the type of meter used. If a delicate
" Arsonval meter movement is used, R should be chosen
- permit not more than a 1009, overload in the event

<=zt the emitter-collector circuit is shorted. The value

listed (3K) is satisfactory for an 0-1 MA meter and a
4.5 or 6 volt battery (B1), but a larger resistor should be
used here for higher battery voltages . . . and vice versa.
If a high resistance “moving vane’” meter movement is
used, R» may be omitted.

The battery may supply from 3 to 9 volts, depending
on the basic meter movement used. 1t may be made up
from penlight cells connected in series or a single medium
voltage battery may be used. A suitable choice is a
Burgess type 7.4 (6 volt) if an 0-1 MA meter is used, and
if other component values are as specified in Fig. 7-1.

After the wiring is completed and checked, the battery
and transistor may be installed and the instrument’s
operation checked. In some instances, a small up-scale
reading will be obtained even with the Input terminals
BP, and BP. “open”. The value of this reading will
depend on the transistor’s inherent “leakage” current
and will vary with different units due to normal toler-
ances. In any case, the meter's recading (M) with BP,
and BP, “open” is the nominal “‘zero” reading of the
instruent.

Apply a small current to the Input terminals and note
the meter (M) reading obtained. As the Input current is
tncreased, the meter’s pointer should swing further and
further up-scale. A test current may be obtained by con-
necting a 1 megohm potentiometer in series with a 1.5
volt dry cell.
before connecting to the AMeter Amplifier’s Input terminals.

Set the pot. to its maximum resistance

SIGNAL TRACER

Of the various trouble-shooting or diagnostic tech-
migues available to the Radio-TV Serviceman, by far
ime most effective are those which use a known signal
tor checking the operation of the defective equipment.
such techniques fall into two gencral classes . . . Signal
Tracing and Signal Injection. Where a Signal Tracing
method is used, a known signal is followed through the
equipment. Where a Signal Injection method is used, a
known signal is inserted (injected) into various stages of
the equipment. Both techniques are suitable for trouble-
shooting various defects, including noise, weak operation, or
na aperation (“‘dead set’).

Transistorized test instruments may be uséd to advan-
tage in applying either of these valuable servicing meth-
ods. An easily-built pocket-sized Signal Tracer is shown
in Fig. 7-2.
checking AM Broadcast Band receivers, including auto

This instrument is designed especially for

scts, portables, and Home Receivers. A simple Signal
Injector will be discussed later. »

The schematic wiring diagram for the Signal Tracer
is given in [ig. 7-3 Referrine to this diagram, we see
that the complete instrument consists of a diode detector
and a two-stage resistance-capacity coupled audio ampli-
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FIG. 7.2

fier. ‘The common-emitter circuit configuration is used
in both stages. .\n carphone serves as an output indicator
aund operating power i< supplied by a 6 volt bhattery (B1),
controlled by a SPST switch {Swy) and by-passed by an
electrolvtic capacitor (Cy).
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PARTS LIST

R; — 100K, 14 watt resistor.
Rs — 25K, subminiature gain control, itors.
with switch and knob.

Cs, Gy — 2 Mfd,, 6 volt electrolytic capac-

C3 — 10 Mfd., 6 volt electrolytic capacitor.

EARPHONE — High impedancc mag-
netic earphone.

MISC, — Small metal case; bakelile or

Rj, Rg— 270K, 14 watt carbon resistors.

Swi — SPST switch, on Ro.

J1, J2 — Subminiature open circuit jacks.

PLj, PLs, — Subminiature plugs.

R; — 82 ohm, 14 watt carbon resistor.

R, —4.7K, 14 watt carbon resistor.

C; — 100 Mmf, tubular ceramic ca- By — 6 volt battery (see text).
pacitors.

DIODE. — (1) Raytheon 1N295.,
TRANSISTORS — (1) Raytheon CK768;
(1) Raptheon CK722

FIG. 7-3

fiber mounting board; miniature alli-
gator clip; (2) transistor sockets; Hard-
ware . . . wire, solder, machine screws,
ground lugs, nuts, etc.

In operation, the R.F. signal picked up by the PROBE
is coupled through capacitor C,, appearing across input
resistor R;. This signal is demodulated (detected) by
the 1N295 diode, and the resulting audio signal appears
across GAIN control Ra. A portion of this audio signal,
depending on the setting of R., is coupled through D.C
blocking capacitor C» to the base of the first stage.

The amplified audio signal appearing across collector
load resistor R is fed through interstage coupling capaci-
tor C, to the second stage, where additional amrplification

occurs, with the final output signal driving the magnetic
earphone connected to output jack Jo. The earphone
serves as the collector load for the second stage.

Base hias current for the first stage is supplied through
R; . . . for the second stage through R An unby-passed
emitter resistor (R;) in the first stage serves the dual
purpose of increasing the effective input impedance of
the stage and of improving circuit stability, by virtue of
its degenerative action.

MM
Loop Antenna

{Mixer — Oscillator)

Converter I F.

Amplifiers

2nd
Detector
{ Demodulator) e

Audio
Amplifi
mplifier A
POWER
SUPPLY
Power
Amplifier
Spkr.
FIG. 7-4
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Coastruction Hints

sceciz v critical, you'll find it best to follow good wiring
zrzciice when assembling your own instrument. The
s===c1or circuit should be kept as close to the input
FROBE as is practicable, and the “input” and “output”’
c—:=iis of the amplifier stages should be kept well
=ozrzted. All signal leads should be kept as short and
Z-=:t 23 s possible. And be sure to observe all electroly-

~: czpzcitor and battery polarities.
I= the author’s model, shown in Fig. 7-2; a small
nze 2z board was used as a “‘chassis”, and a flat metal

=27 box used as an outer case. The ““factory-built”
zrance of the model was achieved by applying a
{ wwrinkle varnish to the case. The finish should be
olied after all machine work is finished, with plenty of

=~.ing time allowed before parts are mounted and wiring
stzrted.

A detachable PROBE is provided. It is made up by
—-unting a straichtened piece of heavy bus bar in a
<---miniature plug (PL,). A flexible ground lead and
-.ip are attached to the plug's barrel. The PROBE’s
mblv is completed by slipping a piece of insu-
=z tubing over the bus bar, lcaving only the tip
ased.

I'ne battery voltage is not too critical. A suitable

‘er supplv mav be made up bv using a 4-cell or

*-z21l section cut from a type VS087 “‘separable cell”
rrznsistor battery. The battery (B1) may be held in
z.zce by a small “C” tvpe cable clamp or bv a hand-
~ade bracket.

Signal Tracing

A detailed discussion of servicing techniques would be
out-of-place in this booklet. However, we can discuss
the basic use of the completed Signal Tracer. Refer to the
simplified block diagram of a superheterodvne AM
Broadcast Band receiver given in Fig. 7-4. To use the
Signal Tracer for checking such a receiver, first make sure
that the set is “on” and tuned to a strong local station.
Connect the instrument’s GROUND LEAD to the
receiver’s chassis or ‘‘ground”. Insert the earphone
plug and turn the Signal Tracer “on”, adjusting GAIN
control Rg for full volume. Starting at the receiver’s an-
tenna, the PROBE may be touched to the “input™ and
“output’ of cach stage to check individual stageoperation.

For example, referring to Fig. 7-4, the probe might
be touched to points “E”, “D” and ““C”. At each point,
the GAIN control can be readjusted for normal earphone
volume. If we find 'that the radio station’s program is
heard at points ““E” and ‘“D’’, but not at point **C:”, we
have isolated the defective stage . . . the I.F. amplifier!

As designed. the Signal Tracer 1s intended for use in
checking R.F.-[.F. stages only. The instrument may be
converted for use as an Audio Signal Tracer by replacing
C, (Fig. 7-3) with a 0.05 Mfd. capacitor and shorting
out the diode detector (1N295).

One word of caution . . . when using the Signal Tracer
to service or to check A.C.-D.C. receivers, use an /solation
transformer between the receiver and line receptacle to
avoid accidental shocks. No isolation transformer is
needed when checking A.C.-only sets (those with a power
transformer) or self-contained (portable) receivers.

SIGNAL INJECTOR

118
01 Ca

C

—*||||l|||||'——) o—

1 Ra Ry Ry
270K 10K Cy 270K 18K C3
1l | L
i

CK768 I}_‘ CK722

.01
By 8
7V, £ GND CLIP
PARTS LIST

R, R3— 270K, 14 watt carbon resistors. C; — 1K Mmf. (.001 Mfd.) disc ceramic MISC. — Small plastic case; subminiature
Ra» — 10K, !4 watt carbon resistor. capacitor. clip; piece of perforated bakelite; (2) trans-
R; — 18K, 14 watt carbon resistor. Swj; — SPST slide switch. sistor sockets; Hardware . . . wire, solder,
Cj, C2 — .01 Mfd., disc ceramic capacitors. By — 7 volt battery (see text). machine screws, nuts, soldering lugs, etc.

TRANSISTORS — (1) Raytheon CK768

(1) Raytheon CK722

FIG. 7-5

‘ 23

The basic servicing ‘‘philosophy” is the same whether
Signal Tracing or Signal Injection diagnostic techniques are

employed. That is, each stage of the defective equip-

ment is checked ‘under typical operating conditions.
However, in actual applications these two techniques are
almost exact opposites. In Signal Tracing, a signal ap-
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plied to the “input” of the equipment is f[ollowed
(“traced”) through the circuit stage by stage. For ex-
ample, in a receiver the signal is followed from the
antenna towards the output (loudspeaker) stage. With
Signal Injection, on the other hand, a signal is deliberately
injected into each stage starting at the output and working
back towards the iput stage.

The schematic wiring diagram for a simple transis-
torized Signal Injector is given in Fig. 7-5, with top and
rear views of a completed model given in I'igs. 7-6 and
7-7, respectively. The instrument is shown in use in
Fig. 7-8.

Referring to Fig. 7-5, we see that two RAYTHEON
PNP transistors are connected as a simple collector-
coupled multivibrator. The common-emitter circuit
configuration is used in both stages. Base bias currents
are {urnished through base resistors R; and Ry R, and
R, serve as collector load resistors; interstage coupling is
provided by capacitors C; and Cs. The output signal is
obtained through D.C. blocking capacitor C;. Operat-
ing power is supplied by a single 7-volt battery, Bl,
controlled by SPST switch Sw.

In operation, the multivibrator circuit used in the
Signal Injector furnishes a complex signal rich in har-
monics. Although the basic repetition rate (frequency)
falls within the audio range, signal harmonics extend
through the AM Broadcast Band, thus permitting the
instrument to be used to inject a test signal in I.F. and
R.F. as well as in audio stages.

Construction Hints

The construction of the author’s model is shown clearly
in Figs. 7-6 and 7-7. You should have little or no
difficulty assembling your own Signal Injector using these
illustrations as a guide. Of course, if you prefer, you can
work up an original layout, for neither components ar-
rangement nor lead dress are critical.

In the author’s model, a small plastic box was used as
a case. A piece of perforated bakelite serves as a chassis,
and the 7-volt battery, a five-cell section cut from a
tvpe \VS087 “‘separable cell” battery, is
held in place by two ground lugs wedged on cither end

transistor

of the unit. These soldering lugs also serve to make elec-
trical contact to the battery. The PROBE is a short
length of straightened #12 tinned bus bar. A hand-made
clip is used to hold the PROBE in place, making it easily
removable for packing. The PROBE is shown in place
in Fig. 7-6 and removed in Fig. 7-7.

Operation and Use

The basic use of the transistorized Signal Injector is
iMlustrated in Fig. 7-8. The GND CLIP is clipped to the
defective cquipment’s chassis or ‘‘ground”
Both the Signal Injecior and the equipment being serviced
. Finally, the in-

circuit.

(receiver in this case) are turned “on
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FIG. 7-6

(e

FIG. 7-7

FIG. 7-8

strument’s PROBE is touched to the “input” of the
equipment’s oulput stage and transferred back, stage-by-
stage, to the input. Whenever the signal is lost, the
defective stage has been isolated.

Referring to Fig. 7-4, the Signal Injector’s would be
touched first o point “A’, then to points “B”, “C"|
“D’ and “E”, in that order. In each case, an audio tone
should be heard in the loudspeaker unless the following
stage is defective.




CONTROLS & GADGETS

‘rom Communications and Entertainment

et applications, the greatest Industrial use of
2ic circuitry, whether transistorized or not, is in

Equipment.

Electronic control applications

— o=

- area limited only by the imagination of Design
Zoz==sr:z. Such controls handle jobs ranging from

-ically switching on lights at night to operating
—w—zl=x production and processing machinery in block-
zz== N anufacturing plants . . . from opening doors for

Tezzriment Store customers to guarding Military In-

stallations against spies and saboteurs . . . from counting
the number of autos crossing a bridge to automatically
directing the guided missile batteries that guard our
cities against sneak attacks. Because of their overall
importance, we will discuss a few simple transistorized
controls in the [ollowing pages. In addition, you’ll find
circuits and construction data for a couple of intriguing
“Gadgets” . . . transistorized devices which are interest-
ing to build and fascinating to use, but which cannot be
classified to fit into earlier Sections of this Manual.

HOME BROADCASTER

ALTERNATE INPUT

T
o=
MIC,
T
BLUE
GRN
C4 BLK
GND. ? ~ 1“*[—.
l 10MFD RED
CRYSTAL
1 e MICROPHONE
—Ji i pp——— FIG. 8.1
By
-9V PARTS LIST

R; — 47K, !5 watt carbon C3 — .01 Mfd., disc ceramic T1 — Interstage transistor Crystal ~ Microphone — Micro-

resistor. capacitor. transformer  (Argonne phone cartridge (A4r-
R: — 100 ohm, 14 watt car- Cyq, G5 — 10 MIfd.,, 10 volt No. AR-109, Thor- gonne No, AR-52 or

bon resistor. electrolytics. darson No, TR-7). Shure Bros, No. R7).
R; — 470K, 4 watt carbon Ly — Tapped antenna coil Ts — Crystal input trans-  Swj— SPST slide or push-

resistor. (Argonne No. AR-65 or forier  (Argomne No. button switch.
Cy — Small ccramic or mica Meissner No. 14-9015). AR-102 or Thordarson B — 6-volt or 9-volt battery.

capacitor (sce text), La — Tickler feedback coil, No. TR-24), TRANSISTORS —

C: —.005 MIfd., disc
ramic capacitor.

ce-
text).

Few clectronic gadgets have the universal appeal of a
“wiveless microphone™ or Home Broadcaster. Basically a
minmature, but self-contained, radio station of limited
range, such a device can be used to “broadcast” an-
aouncements and programs through a nearby radio
receiver. Employed in this fashion, it can he used to play
oractical jokes on party gucsts or to enable potential
‘on the air™.

announcers or actors to have their {ling ©

The circuit for a simple transistorized Home DBroadcaster
is given in Fig. 8-1.

Referring to the schematic diagram, we sec that a
RAYTHEON CK768 R.I'. transistor is used as a “tickler
feedback™ R.I. oscillator which, in turn, is modulated

10-15 turns on L (see

(1) Raytheon CK768;
(1) Raytheon CK722.

by a CK722 transistor serving as an audio amplifier.
The common-emitter circuit configuration is used in
both stages.

In operation, the oscillator's frequency is determined
by tuned circuit L,-C;. Inductance coil L, is tapped to
provide a match to the moderate output impedance of
the transistor and thus to avoid excessive Joading on the
tuned circuit, with a resulting loss of “QY”". The feedback
necessary to start and sustain oscillation is provided by
“tickler” coil L;. Base bias current for the R.F. oscillator
1s supplied through Rj, while D.C. blocking capacitor
C. keeps L» from acting as a D.C. short across this
resistor.




The R.F. oscillator is modulated by an audio signal
introduced 1n its emitter circuit by impedance matching
transformer T. Capacitor Iy serves as an R.F. by-pass
across the transformer’s secondary. The transformer, in
turn, is driven by the CK722 audio stage.

A erpstal microphone drives the CK722 audio amplifier
through coupling capacitor (5. Base bias current for
this stage is supplied through R The audio amplifier’s
unby-passed emiltter resistor, Ry, serves a dual function
... It helps to raise the circuit’s input impcdance and
improves circuit stability and operation.

Operating power for the circult is supplied by a single
batterv, B1, controlled by SPST switch Sw,, and by-
passed by Cy. The modulated R.F. signal obtained from
the R.I. oscillator is radiated by a simple antenna-
ground (ANT.-GND.) svstem.

Construction Hints

With neither components layvout not lead dress critical
vou can follow vour own inclinations when assembling
and wiring the Home Broadeaster. However, yvou'll find
that time spent in designing a “clean™ and compact
lavout will be richly repaid in ease of construction and
in the professional appearance of the completed device.
A small picce of bakrlite or fiber board makes an excellent
“chassis™ for mounting the transistor sockets, transformer,
and other components. The complated instrument mav
be fitted into a small plastic box. When wiring the unit,
be surc to obscrve all electrolvtic capacitor and battery
polarities.

Feedback coil Ls consists of 10 to 15 turns of No. 24 or
26 wire, wound directly on top of ;. The initial con-
nections to this coll should be temporary or lap™
soldercd joints, as it mayv he necessary later to reverse
these connections Lo obtain oscillation.

The value of capacitor C; is not specified in the Paris
List. This capacitor determines the nominal operating
frequency of the Hame Broadraster, with a {inal adjustment
of frequency made by adjusting Li'x iron core. The
instrument operates in the AN Broadcast Band (550 to
1600 KC). For operation ncar the high {requency end
of the band, C; should have a value of from 30 to 130
MNDMIT: for operation near the middle of the band, from
180 to 240 MMT': and, finally, for operation near the
low frequency end of the band, from 280 o 360 MM,

Generall.y it is best to operate near the low frequency end
of the band unless these frequencies are “crowded” with
broadcast stations in your particular locality.

Operating power is supplicd by a 6 or 9 volt battery.
Suitable units are the Burgess No. Z4 (6 volt) or No. 2N6
(9 volt). If you -prefer, vou can obtain the necessary
voltages by connecting penlight or flashlight cells in
series. Four cells will provide six volts: six cells, in series,
will supply nine volts.

A crystal microphone has a figh output impedance; a
common-emitter amplifier has a moderate input im-
pedance. As a result, there is a power loss in the audio
input circuit due to mismatched impedances. Regardless
of this loss, there is stll ample signal to modulate the
R.T" oscillator due to the gain of the audio amplifier.
However, if vou wish to minimize audio signal losses, you
can employ the Alternate Input circuit given in Fig. 8-1.
Asmall transformer (T2) 1s used to match the high output
impedance of the microphonc cartridge to the moderate
input impedance of the transistor.

Operation and Use

With the wiring completed and double-checked for
possible errors or accidental shorts, vou can install the
transistors and the battery, and attach the antenna
(ANT.) and ground (GND.) leads. The antenna mayv
be a six to ten foot length of Hexible wire. The ground is
a short length of wire fitted with an alligator clip. and
clipped to a radiator, cold watcr pipe, or other suitable
external “ground”. It is needed to reduce bhody capacity
cfieets as the Home Broadeaster 1s used.

To check out the complcted instrument. spread out
the antenna lead and adjust Li's core about 1§ “out™.
Turn the unit on and, counting or spcaking into the
microphone, try tuning in the signal on a nearby AM
Broadcast Band receiver. The receiver should be four
to cight feet awav., Tunc slowly over the band. 1f vou
are unable to pick up the [fome Broadcaster’s signal, rve-
verse the connections to L.

After this preliminary test, adjust Li's core until the
Home Broadeaster is picked up at a “dead™ spot on vour

recciver’s dial (between stations).,  The mstrument is

then ready for use. Its maximum range will vary with
the length of antenna used and the sensitivity of vour
receiver but, normally, will be under 30 feet.

ELECTRONIC RELAY

In the last Section, we discussed the use of a transis-
torized amplifier to increasce the sensitivity of a D.C.
Meter (see Iig. 7-1). A similar amplifier may be used to
increase the sensitivity of an clectromagnetic relav. A
practical version of such a circuit is given in Fig. 8-2,
while an assembled model 15 shown in Iig. 8 -3, Essen-
tallv a transistorized Electronic Relay, this device can

serve as the basis for a varicty of clectronic alarm and
control instruments,

Referring to the schematic diagram, a CK722 transis-
tor is used as a dircct-coupled common-cmitter ampli-
ficr. In operaton. both base and collector currents are
supplied from a single battery, B1, controlled by SPST

g

switch Swy. Normally, with terminals ©47 and 3

(46)



:2 | ARM,

3 | CK722 I
: O i C ®
4

t O B RLY

|
[
} E
)
|

l's
]
)
SENSITIVITY
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PARTS LIST
R1 — 2 Megohm potentiometer, with switch (SENSITIVITY
control).
Rs — 27K, 14 watt carbon resistor.

Swi — SPST switch, on Ry.

RLY — Sensitive relay, 3500 ohm coil (Advance type SV,/1C).

By — 6 volt battery (Burgess No. Z4).

TRANSISTOR — (1) Raytheon CK722.

MISC. — Small Chassis; transistor sockct; 5-position screw-type
terminal strip; battery box; Hardware ... machine screws,
nuts, wire, solder, ete.

ACCESSORIES: (see text).
Fine wirc or metal tape; door, window contacts; sclenium
photocells (International Rectifier type B2M); sensor plate; alarm
bell or buzzer; heavy duty battery or bell transformer; ete.

FIG. 8-2

open, there is insufficient collector current to close the
relay (RLY). When these two terminals are closed by an
external switch or “sensor”, base current is supplied
through SENSITIVITY control R, and series limiting
resistor Rs. The base current, though small, controls a
much larger collector current which “‘pulls in™ the
relay. The relay contacts, in turn, serve as a switch to
control an external device, such as an alarm bell, a

motor, a solenoid, or a light.

Construction Hints

'T'he layout and construction of the author's model is
shown clearly in Fig. 8-3. You can use this photograph
as a guide when assembling your own unit. The relay
(RLY), battery box, SENSITIVITY control (R}), and
other components making up the Electronic Relay are
assembled on a small aluminum chassis.

Several changes in construction details arc possible,
depending on individual requirements.  Iirst, the screw-
driver adjusted SENSITIVITY control (R,) may he
replaced by a conventional shaft-type control, fitted
with a small knob. The control-tvpe switch (Sw;) may
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be replaced by a separate slide, toggle, or lock-type
switch. The screw-type terminal strip may be replaced
with a multi-contact connector and plug. The transistor
may be soldered permanently into the circuit instead of
installed in a small socket (be sure to observe the usual
precautions to avoid heat damage). And, finally, the
entire circuit might be assembled in a small closed hox
or case rather than on an open chassis.

With the wiring completed and checked for errors, vou
can install the battery and transistor and give the unit
an operational test. Connect a short piece of hook-up
wire between terminals ““4” and “3" (I'ig. 8-2). Close
switch Sw, and adjust the SENSITIVITY control until
the relay closes. Cut the wire connecting terminals
“4> and ““5" . . . the relay should open.

The Electronic Relay is seldom used alone. Rather, it is
used as the basic control of a more complex alarm or con-
trol system. In such applications, a “sensing™ clement

3

of some tvpe is connected to terminals ““4* and =5
an accessory device, such as alarm bell, switched by the
relay contacts connected to terminals 17, ©*2" and 3"
(Fig. 8-2). Typical sensing clements are shown in
Fig. 8-4. The actual installation of the Llectronic Relay
will vary with its intended application. Tvpical applica-

, with

tions are listed below:

Burglar Alarm

To use the Electronic Relay as a Burglar Alarm, vou'll
need to install a closed clectrical circuit around the pro-
tected arca. All openings should be covered. Doors and
windows may be protected by simple contacts or Micro-
swilches, arranged to open when the respective door or
window is opencd. Large glass arcas, such as picture
windows, mayv be protected by cementing fine wire or

FIG. 8-3



FIG. 8-4

flat metallic tape around them, so arranged that the
wire or tape is broken if the window is broken. All
contacts, switches, or protective wires are connected in
series so that a break anywhere will open the circuit. The
two “free” ends of this closed circuit are connected to
terniinals “4”” and 5" and the SENSITIVITY control
adjusted until the relay (RLY) closes.

The alarm bell or buzzer is operated from a separate
power source, such as a storage battery or bell trans-
former. The alarm circuit is controlled by terminals <3
and ‘27, connected as a simple switch. Install a SPST
“SILENCE” switch in series with the alarm. This
switch 1s used to silence the alarm bell during the day,
when the Burglar Alarm is switched “off™.

Note that the relay is held ¢/osed in normal operation,
hence the armature (ARM.) and “normally closed”
(NC) relay contacts are used for switching the alarm.
This type of operation is called Fail Safe operation, since
an open 1n the relay’s coil, a failure of the transistor, or a
weak battery (B1), as well as an open in the closed **pro-
tective” circuit, will cause the relay to “drop out”,
switching on the alarm.

Fire Alarm

If you wish, you can use the Electronic Relay as a control
for a simple, but effective Fire Alarm system. The basic
installation and wiring is the same as for the Burglar
Alarm, described above, but the closed “protective”
wiring is replaced by a number of fusible-link contacts
connected in series. These contacts are placed in attics,
at the top of stair wells, or in similar locations where heat
from a fire is likely to concentrate. The heat melts the
fusible link, opening the circuit and operating the
Election:c Relay. The Fail Safe provisions of the Burglar
Alarm are retained.

Electric Eye

If a self-generating selenium photocell is connected to
the Electronic Relay’s control terminals (4 and *“57),
the device may be used as a light-controlled relay or
Electric Eye. A suitable unit is an International Rectifier
Corporation type B2M photocell. One of these cells is
shown in the foreground in Fig. 8-4.

For best resulls and maximum sensitivity, the photocell
should be mounted in a closed housing of some sort,
with a lens installed to concentrate light on the sensitive
surface of the cell. A typical installation is diagrammed
in Fig. 8-5. Note that the *‘negative’” (black) lead of the
photocell connects to terminal ““‘4” of the Electronic Relay,
the ““positive” (red) lead to terminal 5.

With this type of installation, the relay closes when
sufficient light falls on the photocell and the SENSI-
TIVITY control is properly adjusted. The circuit to be
controlled by the FElectric Eye is connected cither to
terminals “1” and “3” or to terminals “2” and 3
(Fig. 8-2), depending on the action desired. If you
want the controlled circuit to be switched “on” when
light shines on the photocell, use terminals ““1°* and **3”;
if you want the external circuit to be switched “on”
when the light is interrupted, usc terminals 2 and 3",

Rain Alarm

For this application, you’ll necd a small “moisture
sensor’”. A typical sensor is shown in Fig. 8-4. It con-
sists of two conductors arranged in a grid-like pattern
with a narrow strip of insulation between them. A drop
of rain (or dew) or a film of condensed moisture bridges
the insulating gap and closes the circuit. You can make
up your own sensor by cementing pieces of aluminum
foll to a bakelite or plastic panel (arranged in a pattern
similar to that shown in Fig. 8-4) or by etching an in-
sulating path through a piece of copper-clad phenolic
(you can get the materials for this from an FEiched Circuit
Kit)y.

METAL CAN
SELENIUM **SUN BATTERY*
INT. RECT. CORP. NO., B2M

RUBBER GROMMET

RED

HOLE N LID—, =
70 TERMINAL 5

LENS—T
T —
A4 TO TERMINAL 4

!
= /(;Er. BLACK

THREADED FLANGE

PIPE MTG

FIG. 8-5



To install the Rain Alarm, place the sensor outside
‘where rain can fall on it) and connect its two terminals
o terminals 4> and %5 of the Electronic Relay. Ordinary
lamp cord may be used for this job. The alarm circuit,

including its separate power supply, is switched by con-
tacts ““1” and “3”. The SENSITIVITY control is set
so that the relay c¢loses when a drop of moisture bridges
the insulating gap on the sensor.

ELECTRONIC SQUEALER

Ry
25K
BLACK

Swy

il

By
9v.

FIG. 8-6

Electronic toys are fascinating to adults and children
alike. An interesting electronic ‘“‘musical” toy can be
assembled around a self-contained transistorized variable
frequency audio oscillator. A suitable circuit for such an
instrument is given in Fig. 8-6, while a hand-assembled
model is shown in Fig. 8—-7. Named an Electronic Squealer
because of its tone quality, this simple instrument can
be assembled in a single evening, yet will provide many
hours of fun for the lucky owner. It can be used to make
unusualsound effects or, with practice, toplaysimple tunes.

Refer to the schematic diagram. A CK722 transistor
is connected as a common-emitter audio oscillator.

PARTS LIST

Ri1 — 25K carbon potentiometer.

Ry — 6.8K, 14 watt carbon resistor.

C, —0.5 Mfd, 200 volt tubular paper
capacitor.

Ty — Transistor output transformer (Ar-
gonne No. AR-119 or Thordarson No.
TR-27).

PM Spkr. By —9-volt transistor battery  (Burgess

No. 2No).

Sw) — SPST push-button switch.

PM SPKR — Permanent  magnet  loud-
speaker, 214"’ diameter, 3.2
ohm V.C.

TRANSISTOR — (1) Raytheon CK722.

MISC. — Small metal chassis; transistor socket;
battery clip; lever type control knob; sloping
panel Mecter Case (ICA No. 3995) small
piece of flocked metal screening; Hardware

.. machine screws, nuts, wire, solder,
terminal strips, etc.

Transformer T, serves a dual function . . . it provides
the feedback necessary to start and sustain oscillation by
virtue of its center-tapped winding while, at the same
time, serving to match the high impedance of the transis-
tor to the low impedance of the PM loudspeaker’s voice
coil. The oscillator’s operating frequency is varied by
changing its base bias current and the R-C time constant
in the base circuit. This is accomplished by rheostat
Ry, in series with fixed base resistor R.. The two resistors
are partially by-passed by C;. Operating power is sup-
plied by a 9-volt battery, Bl, controlled by a SPST push-
button switch Sw.

FIG. 8-7
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Construction Hints

The Electronic Sauealer is assembled on a small metal
chassis. Neither layout nor lead dress are critical. The
professionally built appearance of the author’s model,
shown in Fig. 8-7, was obtained by mounting the com-
pleted instrument in a sloping panel Meter Case. The
TONE CONTROL (R;) was mounted on the side of
the case, the CONTROL SWITCH (Sw;) on top. Don’t
install the battery or transistor until all wiring is com-
pleted and double-checked for possible errors and acci-
dental shorts, and be sure to protect the loudspeaker by
installing a piece of flocked metal screening (or plain
screening if you don’t have the flocked type (in front of
its paper cone.

To use the completed Llectronic Squealer, simply depress
the CONTROL SWITCH (Swy). Different tones may
be sounded by adjusting Ry's long control lever. If vou
wish to shift rapidly from one tone to another to create

unusual sound effects, simply keep Sw; depressed while
manipulating the TONE CONTROL. If vou want to
sound individual notes, preset the TONE CONTROL

- lever, then quickly depress and relcase the CONTROL

SWITCH. The length of time vou hold the CON-
TROL SWITCH depressed will determine whether vou
sound an eighth, quarter, half, or full note.

Code Practice Oscillator

The hasic Electronic Squealer circuit mav be used for a
loudspeaker operated Code Practice Oscillator. Such an
instrument will provide ample volume for practice in
a small class. A tvpical set-up is shown in Fig. 8-8.
The push-button switch (Sw;) has been replaced with an
open-circuit jack into which the Handkev is plugged.
The control rheostat (R{) has been shifted to the top of
the case, with the long control lever replaced by a con-
ventional knob.

RAYTHEON TRANSISTORS

ARE AVAILABLE FROM ALL LEADING
TV and RADIO PARTS SUPPLY HOUSES

(50)



BURGLAR ALARM
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FIG, 8-9
PARTS LIST
R, — 1 Megohm potentiometer RLY — 3500 ohm coil sensitive relay
(SENSITIVITY control) (Advance type SV /1C)
R, — 10K, 14 W. carbon resistor B1 — (()B volt Heavzf 7/ Duty battery
Sw — SPST lock-type switch urgess No. TW1)
' (CONTROL SWITCH) B2 — 6 volt “Hot Shot” battery
Swys  — SPST push-button switch (Burgess No. 4F4H)
(BELL TEST switch) BELL — Six volt D.C. Alarm Bell
Swy  — SPST lock-type switch (BELL TRANSISTOR—(1) Raytheon type CK721

BELL

MISC., — Small chassis; Heavy metal box
or casc with lock-type cover;
Door and window contacts;
transistor socket; terminal strips;
Fusible-link  sensors  (for  Fire
Alarm); foil tape, and cement;
Assorted Hardware . . . wirc,
solder, soldering lugs, machine

SILENCE switch)

Most commercially available protection equipment is
much too expensive to justify its use in any but the most
costly homes. But the simple transistorized Burglar
Alarm circuit shown in Fig. 8-9 can form the basis of a
system which not only provides good protection against
illegal intruders, but is inexpensive, as well as easy to
assemble and to install. The average houscholder with
a “do-it-yourself”’ flair should have little or no dificulty
in assembling his own unit and installing it in his home
in a single week-end. What’s more, the basic circuit
arrangement may also be used as a basis for a reliable
home Fire Alarm.

Referring to the schematic diagram (Fig. 8-9), a
CK721 transistor is used as a common-emitter D.C,
amplifier.
closed, power supply battery Bl supplies the transistor
with both base and collector bias currents. Base bias is
supplied over the path consisting of series limiting re-
sistor Rp, SENSITIVITY adjustment R;, and the
external alarm circuit. The @larm circuit i1s a closed elec-
trical circuit including contacts (or switches) on doors

In operation, when control switch Sw; is

and window openings and, if desired, thin tape cemented
to larger window pancs.

As long as the alarm circuit remains intact, sufficient
hase bias current is supplied to the transistor to keep the

SCrews.,

electromagnetic relay in its collector circuit closed, and
thus to open the BELL circuit. In normal operation,
BELL SILENCE switch Swj is closed, BELL TEST
switch Swy is open.

Should an intruder attempt illegal entry of the pro-
tected premises, the alarm circuit will be opened. This
removes base bias current from the transistor and allows
the collector current to drop to too low a value to hold
the relay closed, thus allowing the armature to ‘‘drop
out”, closing the BELL circuit and sounding the alarm.
The BELL will continue to sound as long as the alarm
circuit is open, unless deliberately silenced by switch
Swi, or until the bell battery (B,) is exhausted.

This Burglar Alarm, unlike many inexpensive systems,
incorporates a reliable “Fail-Safe™ provision. Since the
relay is held e/osed in normal operation, any failure of the
control circuit, such as exhaustion of the control battery
(By), failure of the transistor, or an open in the relay’s
coil, will result in an immediate alarm.  Further safety
is assured by using separale batteries (Bl and B2) for
the control and BELL circuits. The BELL battery is
used only when the system gocs into alarm. Further,
since the alarm circuit is a closed loop, it cannot he
defeated by cutting one of its leads . . .
in the circuit will result in an alarm.

an open anyvwhere



Construction Hints

The assembly and wiring of the Burglar Alarm is
simple and straightforward. The transistor and relay
(RLY) and the associated control circuit may be wired
on a small metal sub-chassis, with the entire instrument,
including all switches and both batteries (B1 and B2)
mounted in a metal box or cabinet having a key-locked
cover. Neither component layout nor lead dress are
critical, but, from an operational viewpoint, the me-
chanical design should permit ready access to the bat-
teries for occasional test and replacement.

Installation and Operation

The metal “‘control box”, containing the transistor
and relay circuitry, control switches and batteries, should
be wall-mounted in a convenient and reasonably acces-
sible location. Although the exact location is not too
important, for maximum battery life and to protect the
transistor, the ‘‘control box” should not be placed near
or over a radiator, furnace, water heater, or similar
source of concentrated heat, nor should it be mounted
in a damp or moist area. A dry basement or utility room
is the customary location.

The ALARM BELL may be mounted near the “con-
trol box” or at some other location, depending on indi-
vidual choice. It should be mounted fairly high on the
wall and the leads between the “control box” and EELL
should be protected to prevent deliberate cutting. This

may be done by running the wires through conduit or
metal pipes or by using BX cable for the installation.

Careful wiring of the alarm circuit is extremely impor-
tant. This is connected to the Control Terminals (Fig. 8-9)
and consists of a closed scries loop which includes con-
tacts on all doors, windows and other exterior openings,
and thin metal tape cemented around larger panes and
picture windows. If standard door and window contacts
are not available, small push-button or micro-switches
may be used instead, so mounted that opening the door
or window will break the alarm circuit.

If the system is to be used as a Fire Alarm, the door and
window contacts may be replaced by fustble link sensors.
Again, a closed series loop is used, with the individual
sensors mounted at the tops of stair wells, in the furnace
room, in attics, and in other locations where heat from
a fire is likely to accumulate.

To set up the system, whether used as a Burglar or
Fire Alarm, a standard operating procedure should be
followed. First, the closed loop alarm circuit is checked to
make sure all contacts are closed. Next, the BELL
SILENCE switch (Swj) is opened and the CONTROL
SWITCH (Swy) closed. The SENSITIVITY control
(Ry) is adjusted until the relay (RLY) “pulls-in”. The
BELL SILENCE switch (Swj) is closed next and the
ALARM BELL circuit checked by momentarily depress-
ing and releasing the BELL TEST switch (Sws). Finally,
the “control box” is closed and locked.

ELECTRIC EYE RELAY

Of all electronic control circuits, few are as widely
used as light-controlled “electric eyes”. Commercial
and industrial uses include such widely divergent appli-
cations as automatically opening Department Store
doors as a customer approaches, counting auto or
pedestrian traffic, operating manufacturing equipment,
inspecting cleaned bottles for foreign matter, measuring
tank and bin levels, detecting smoke, and controlling
packaging machinery. In the home and office, light-
controlled relays may be used as automatic light switches,
as a visitor annunciator, or as a simple intruder alarm.

The transistor, as an excellent D.C. amplifier, is well-
suited to the design and construction of a reliable Electric
Eye Relay. A typical circuit is shown in Fig. 8-10, while
exterior and interior views of a working model are given
in Figs. 8-11 and 8-12, respectively.

Referring to the schematic diagram, a single CK722 is
used as a common-emitter D.C. amplifier to control an
electromagnetic relay (RLY). In operation, the transis-
tor’s base bias current is supplied by a “self-generating”
selenium photocell, itself a type of semiconductor device.
When light falls on the photocell, or “Sun Battery”, the

base current increases, allowing a similar, but much
larger, increase in collector current, and closing the
When the light source is interrupted, the base
current, and hence the collector current, drops, and the
relay opens. Collector current is supplied by a 9 volt
battery, B1, controlled by a SPST “On-Of” switch, Sw;.

relay.

MG. 8-10



“SUN BATTERY "
INT. REC. sB2M

TO CONTROLLED

CIRCUIT

P

PARTS LIST

— Nine volt battery
(Burgess No. 2N6)

— SPST Toggie, Slide or
Lock switch

— Sensitive relay, Advance
typc SV/1C/5500D or
Potter & Brumfield type
SS5D (see text)

TRANSISTOR — (1) Raytheon

CK722
PHOTOCELL — Sclenium  “Sun
Battery (International Recti-

B1
Swy

RLY

¢

BLK

Y

RED

B1
]

9.0V

Construction Hints
Since only direct currents arc involved in the operation
I the Electric Eye Relay, components layout and wiring
z-rzngement are completely non-critical. In the model,
n in Figs. 8-11 and 8-12, the transistor, rclay, and
ocell were mounted on a small perforated bakelite

2w

szn-chassis” which, in turn, was mounted inside a
::zndard aluminum box, along with the battery (B1)
:=Z control switch (Sw;). In order to prevent un-
z:norized operation of the device, the switch (Swy) was
= zunted in a recessed position in the top of the box, then
zzvered with a Snap Hole Plug . . . this is shown re-
mzved in Fig. 8-11. A hole is provided in one side of the
~ox to permit the control light to fall on the sensitive
suriace of the photocell.

No lens was used in constructing the model, nor is one
zeced for fairly short light beam “throws” where a

m.:derately strong light source is used. However, the
Z.eoiic Eye Relay’'s overall sensitivity may be increased
:znsiderably by mounting a good-sized lens in front of
== photocell, so arranged as to concentrate light on the
cz.1's sensitive surface.

Two different types of relays are specified in the
“ARTS LIST to permit a choice by the individual
~zilder. Either will give satisfactory results, but if the
=-:ior & Brumfield relay is used, its coils must be con-
~=cted in parallel. As supplied by the factory, the two
zzils are connected in series.

Installation and Use

A moderately strong, well-focused /light source must be
zsed with the Electric Eye Relay. In a typical installation,

RLY
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Sfier Corporation type B2M)

MISC. — Transistor socket; bakelite
sub-chassis; battery clips;
metal box (ICA No.
29341); lens (optional —
see text); Snap Hole Plug
(scc text); Focused Light
Source (see tcxt); As-
sorted Hardware . . . ma-
chine screws, nuts, solder-
ing lugs, terminal strips,
wire, solder, ctc.

FIG. 8=11

the light source is mounted on one side of a doorway or
similar opening, and the relay control box is placed
directly across from it, so mounted that the light beam
falls directly on the photocell. The relay contacts are
used as a simple switch to control an external circuit,
which is cquipped with its own power source. The
mounting height is generally between 18 and 24 inches
. .. high enough so that the average person won’t stcp
over the beam, and low enough to be interrupted by a
small child. As a person passes through the doorway, the
light beam is interrupted, the relay closes, and the exter-
nal circuit is actuated.

The device controlled by the Electric Eye Relay will
depend on its intended application. If used as an An-
nuncialor, a simple buzzer or clectric gong might be
operated. If used as an Automatic Door Opener, the relay
will control the door opening motor. For Burglar Alarm
applications, the relay might switch on a loud bell. And,
if used as an Automatic Light Switch, the relay could serve
to turn on one or more electric lamps.

FIG. 8-12



REFERENCE DATA

Unlike earlier Parts of this booklet, the following
material is not intended to be read or studied in detail
but, rather, to be used as needed. TFor this section is
devoted to general Reference material which should be
of value to every reader, whether he is an experimenter,
student, practical engineer, Ham, serviceman, hobbyist,
or “gadgeteer”. Included is a selection of basic Defini-
tions, a collection of Useful Formula, a listing of additional
Ref ererce Books & Magazines, and condensed Charts giving
specifications of RAYTHEON (ransistors and semicon-
ductor products. A useful Transistor Interchangeability
Chart is included for the bencfit of readers who may refer
to circuits in magazines and books in which other types
of transistors are encountered.

To obtain the maximum value from this section of the
booklet, the reader will find it worthwhile to review the
entire section briefly. In this way, he can become
familiar with the general content and physical arrange-
ment. Later, as he needs specific data in his work, he
can refer directly to the necessary material.

DEFINITIONS

The following Definitions have been abstracted from the
TRANSISTOR CIRCUIT HANDBOOK and
printed here with the permission of the Author and
Publisher. Only a few of the more than cighty definitions
appearing in the Huandbook are reproduced here. The
TRANSISTOR CIRCUIT HANDBOOK is published by
the Coyne Llectrical Schonl, is distributed by the Howard W.
Sams organization (2201 L. 46th Street, Indianapolis 5,
Indiana) and is available through all Electronics Parts
Distributors.  This book contains approximately two
hundred practical transistor circuits, many of which
feature RAYTHEON transistors.

are re-

Acceptor: A substance (impurity) which, when added to
a pure semiconductor material, results in an increase
in the number of #oles so that major conduction
through the material takes place as a transfer of the
hole structure from molecule to molecule.
is equivalent to the transfer of a positive charge, the
resulting alloy is called a P-type semiconductor.

Since this

Alpha(a): The current amplification factor of a transis-
tor when connected in a common-base configuration.

Beta(3): The current amplification factor of a transistor
when connected in a common-emitler configuration.

Bias: The steady (D.C.) operating voltage or current
applied to an clectrode to establish the basic operating
conditions of a device.

(54)

Cutoff Frequency: Generally taken as the frequency at
which the gain of a device is 3 db below its low fre-
quency value. Used when referring to a variation of
alpha or beta with respect to frequency.

Donor: A substance (impurity) which, when added to a
pure semiconductor material, results in an increase
in the number of free electrons so that major conduc-
tion through the material takes place as a movement
of electrons. Since this is equivalent to the transfer of a
negative charge, the resulting alloy is called an N-type
semiconductor.

Heat Sink: As applied to semiconductor work, a mass of
metal or other good heat conductor which serves to
quickly absorb and to dissipate quantities of heat
energy.

Hole: In semiconductor work, the absence of an electron
in the atomic or molecular structure of a material re-
sulting in a net positive charge which can be trans-
ferred through the material by the exchange of valence
bonds. In effect, the hole acts more or less like a par-
ticle with the mass and size of an electron, but with a
positive charge.

Impurity: In transistor work, a substance which, when
added to a pure semiconductor, gives it specific elec-
trical properties. See acceplor and donor.

Saturation Current: The collector current flowing with
zero emitter current. Sometimes called /eakage current
or collector cutoff current. Abbreviated I.,. An exces-
sively high saturation current indicates a defective
transistor.

Semiconductor: In general, a material with electrical
resistivities intermediate between those of a conductor
and an insulator. Semiconductors may be grouped
into three general classes: An infrinsic semiconductor is
one in which the concentration of acceptors and donors
is zero, so that current flow is by means of both holes
and free electrons in equal quantities. A P-{ppe semi-
conductor is onc with a majority ol acceptors, so that
current flow is primarily by means of hole migration.
An N-tppe semiconductor is one with a majority of
donors, so that current flow is primarily by means of
free electrons.

Transistor: A device which depends for its essential ac-
tion on the movement and control of charges in a
semiconductor material. In general, a scmiconductor
device having several electrodes in which the resistance
between two clectrodes is controlled by the current
supplied to another electrode. The name is coined
from the expression TRANSfer resISTOR.
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USEFUL FORMULAE

. Alpha and Bela relationships are as follows:

__ B
(1+8)

[0

B=(7—a)

a or

Ohm’s law is used for determining resistance:

R = E/I,
where R is the resistance in o/ms, E is the voltage in
volts, and I is the current in amperes.

Power used or dissipated in a circuit is determined
as follows:

W =FEI, or W=E?/R, or W=1IR
where W is the power in watls, E is the voltage in
volts, 1 is the current in amperes, and R 1s resistance
in ofums.

FEfficiency of a circuit is proportional to the ratio of
output to input power:

Eff. = (Pout /Pin) X 100)
where Eff. is the efficiency in percent, Py, is the
output power in watts, and Py, is the input power
in waltls.

. Decibels are used to express the gain or loss of an

amplifier and are proportional to the logarithm of
the power ratios:

db = 10 log. Py /P,,
where db is an arbitrary number, the logarithm
(log.) is to the base 10, and P, and P, are the
power levels in question.

Resonant frequency of a tuned circuit depends on itg
inductance and capacity:

f=lVEi
27
where { is the frequen®y in cycles per second, « is a

constant (3.1416), L is the inductance in Henries,
and C is the capacity in farads.

Q of a tuned circuit is the ratio of reactance to re-
sistance:

Q = X/R,
where () is a pure number, X is reactance in
ohms, R is resistance in ohms.

Wavelength of a radio signal depends on frequency:
A = 300/f

where lambda (M) is the wavelength in meters, and

f is the frequency in megacycles (MC).

Impedance of a complex circuit depends on both
reactance and resistance: ‘

Z =v/R* + X,
where Z is the impedance in ofms, R is the cir-
cuit’s resistance in ohms, and X is the circuit’s
reactance in ofms.

Time constant of a RC circuit is the time, in seconds,
required for a capacitor to reach a charge equal
to 63 percent of an applied voltage:

T = CR,
where T is the time in seconds, C is the capacity
in farads, and R is the resistance in ohms. 1If pre-
ferred, C may be in microfarads and R in megohms.

X1. Impedance ratio of a transformer is proportional to
the square of the turns ratio:
Z, = ZN?Y,
where Z,, is the primary impedance in okms, Z, is
the secondary impedance in ohms, and N is the
lurns ratio, primary to secondary.
XII. Voltage ratio of a transformer is directly propor-

tional to the turns ratio:

E; = E N,
where Eg is the secondary voltage in volts, E, is
the primary voltage in wolts, and N is the turns
ratio, secondary to primary.

REFERENCE BOOKS

Of necessity, the discussion of semiconductor and tran-
sistor theory has been touched on only briefly in this
booklet. And space limitations have prevented our
including the larger percentage of the many, many pos-
sible transistor circuits. The serious reader will find it
worthwhile to obtain and to study one or more of the
Reference Books listed below. In addition, to keep current
on latest circuits and transistor types, he will find it
advisable to subscribe to one or more of the more popular

technical magazines . . .

ELEMENTARY BOOKS

TransisTors AND THEIR ApPLICATIONS, by Louis E.
Garner, Jr. 100 Pages, covering clementary theory,
basic applications, typical circuits. Published by
Coyne Electrical School, distributed by Howard W. Sams,

Inc., 2201 E. 46th St., Indianapolis 5, Indiana.

TransisTors — Tneory & Pracrice, by Rufus P.
Turner. 144 Pages, discusses semiconductor theory,
equivalent circuits, transistor characteristics. Pub-
lished by Gernshack Library, 154 West 14th Street, New
York 11, N. Y.



INTERMEDIATE BOOKS

FUNDAMENTALS OF TRANSISTORS, by Leonard Krugman.
140 Pages, discusses semiconductor and transistor
theory, equivalent circuits, moderate amount of mathe-
matics. Published by John F. Rider, 480 Canal Street,
N.Y. 13, N. Y.

TrANSISTORS IN RaDIo aND TELEVISION, by Milton S.
Kiver. 324 Pages, discusses semiconductor structures,
transistor construction, circuits. Published by McGraw-
Hill Book Company, Inc., 330 W. 42nd Street, New York
36, N. Y.

ADVANCED BOOKS

PrincipLEs oF TransisTor Circurts, by Richard F.
Shea, et al. 535 Pages, published by John Wiley &
Sons, Inc., New York, N. Y.

TrANsISTOR AUDIO AMPLIFIERS, by Richard F. Shea.
219 Pages, published by Fohn Wiley & Sons, Inc., New
York, N. Y.

TransisTors Hanppook, by William D. Bevitt. 410
Pages, published by Prentice-Hall, Inc., Englewood
Cliffs, N. J.

TrANSISTORS: THEORY AND APPLICATIONS, by Abraham
Coblenz and Harry L. Owens. 313 Pages, published
by McGraw-Hill Book Co., Inc., New York, N. Y.

TransisTor ELecTrONICS, by Lo, Endres, Zawels,
Waldhauer & Cheng. 521 Pages, published by Pren-
tice-Hall, Inc., Englewood Cliffs, N. J.

TransisTors I, a selection of papers by various en-
gineers and scientists. 676 Pages, published by RCA
Laboratories, Princeton, N. J.

ELEcTRONS AND HOLES IN SEMICONDUCTORS, by William
Shockley. 558 Pages, published by D. Van Nostrand
Co., Inc., New York, N. Y.

CIRCUIT BOOKS

TransisTor Circurt Hanpsoox, by Louis E. Garner,
Jr. 430 Pages, covers approximately 200 practical
transistor circuits, with parts values included, practical
techniques, considerable reference material. Pub-
lished by Coyne Electrical School, distributed by Ho-
ward W. Sams Co., Inc., 2201 E. 46th Street, Indianapo-:
lis 5, Indiana.

TRANSISTOR APPLICATIONS, by several authors. 116
Pages, covering more than 50 practical applications
for RAYTHEON transistors. Published by Raytheon
Manufacturing Company, 55 Chapel Street, Newton 58,
Mass.
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TRANSISTOR REPLACEMENT GUIDE (D

Following is a listing of suggested Raytheon replacements for various
transistor types encountered in servicing transistor radios. Although not
all suggested replacements have the exact characteristics of the
original types, the similarity should be sufficient to give comparable
performance.

TYPE

2N34
2N35
2N44
2N78
2N94
2N104
2N107
2N109
2NT112
2NT12A
2N132
2N135
2N136
2N137
2N138
2N138A
2N139
2N140
2N145
2N146
2N147
2N172
2N173
2N174
2N175
2N185
2N189
2N192
2N215
2N217

REPLACE WITH

_ RAYTHEON TYPE

2N131
None
2N63
None
None
2N132
CK722
2N138A
2N112
2NT112A
2N132
2N111
2N112
2N113
2N138
2N138A
2N111A
- 2N112
None
None
None
None
None
None
2N133
2N131
2N138
None
2N132
2N138A

TYPE

2N218
2N219
2N220

2T12
2751
2752
2753

R26-2
R35

210
222
223
234
235
310
353
354

CK 721
CK 722
GT 760
GT 761

L 5021
L5021 1L
L 5022
L 5028

REPLACE WITH
RAYTHEON TYPE

2NT11A
2NT112
2N133

2N130
None
None
None

None
2N132

None
None
None
None
2N111
2N132
2N138A
2N138

CK 721
CK 722
2N112
2N113

2N131
2N131
2N132
2N138
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