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preface • 

Because of requirements of mobility, compactness, etc., the de
sign of portable and clock radios presents special repair problems 
to the technicians, many of them different from the usual radio re
pairs. The authors have emphasized these problems in this book. 
No attempt is made or intended to create the impression that port
able and clock radios are separate and distinct from conventional 
ac-dc types. Instead, the authors have assumed that the reader has 
a knowledge of basic radio repair and theory, and, for this reason, 
have concentrated their information for use in the servicing of port
able and clock radios. 

Theory and other basic information have been kept to a mini
mum so that practical information be emphasized. The organiza
tion of this book is such that it enables the user to find all his 
required information on a subject in one section, with cross-refer
encing not required. Finally, the examples given are of equipment 
or circuits that enjoy wide popularity. It should be emphasized 
that the units discussed are chosen because their high reliability has 
made them so very popular, and not because they are unusually 
susceptible to breakdown. 

y 



vi PREFACE 

The book begins with an introduction to typical portable radio 
circuits. Emphasis is placed on the filament circuitry and how the 
major problem of current drain is handled. It then deals with trans
istor connections and circuits. The portable radio power supply is 
examined at length, with observations on battery testing and storage. 

Three chapters are devoted to repair, replacement, and align
ment, including a detailed discussion of probable sites of mechanical 
troubles, a full list of all repair equipment needed, notes on new 
parts and substitution of old, and step-by-step analysis of replace
ment procedures and short-cuts. The text also presents an ample 
discussion of design improvement - adjustments that go beyond 
mere repairing of minor troubles that result in long-term improve
ment of performance or extension of life of the set. 

A final unique chapter is devoted to clock radios. It discusses 
the circuitry and switching of these receivers, the varieties of clock 
movements and steps in their disassembly and adjustment, clues to 
probable defects in clock mechanisms, and tips on cleaning and 
lubricating. 

The authors wish to extend their appreciation to the following 
organizations for making available much of the data and material 
required for the book: Admiral Corp.; Crosley Div., Avco Mfg. Co.; 
Electronic Industries Association (EIA) ; Electronic Technician; 
National Electronic Distributors Association (NEDA); Motorola, 
Inc.; RCA Service Co., Inc.; Raytheon Mfg. Co.; Sessions Clock 
Co.; Telechron Div. of G.E.; Zenith Radio and Television Corp. 
The authors also express their appreciation to Mr. I. Remer, 
for his many suggestions; and last but not least to their families, who 
showed such wonderful patience and understanding while this book 
was being written. 

New York, N. Y. 
June 1958 

Ben Crisses 
David Gnessin 
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1. introduction to portable and clock radios • 

In recent years there has been a steadily increasing demand for 
radios that are not only light enough and compact enough to carry 
anywhere, but also capable of playing wherever they may be taken. 
There has been, at the same time, a growing market for radios that 
indicate the time, wake one in the morning, and lull one to sleep at 
night. This has resulted in radios that are more complicated, both 
electronically and mechanically, than those of former years. They 
pose unusual problems to the men who repair and maintain them. 

No longer can a service technician look at the underside of a 
chassis and make routine repairs. He must trace, or at least examine 
more closely, a complex circuit before he takes action. 

Manufacturers of portable and clock radios have taken conven
tional superhet circuits and modified them to satisfy the demands of 
the public. For portable radios, the circuits have been changed so 
that sets may play on battery only, or on battery, on a-c and on d-c 
lines. These sets are commonly referred to as three-way portables. 
In addition, I-volt miniature tubes, subminiature tubes, transistors, 
printed components, and printed wiring are used more and more 
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as manufacturers strive for smaller, more portable radios. Further
more, there are three-way portable radios that can operate from 
117-volt or 230-volt ac-dc power sources and cover a frequency range 
greater than the broadcast band (535-1605 kc). 

Clock radios use conventional I 17-volt a-c radio circuits, to 
which a clock mechanism has been added. The clock includes a 
mechanical switch that can turn the radio on or off at preset times. 
Clock-portables are also available, in which a conventional electrical 
control clock can be plugged into the portable radio when using 
house current, and unplugged when the portable is operated on 
batteries. 

To clarify the portable radio picture, the differences between 
ac-dc radios and portable radio receivers will be shown in this chap
ter and in Chap. 2. These differences lie largely in the filament and 
power supply circuits. 

TYPICAL TUBE-TYPE PORTABLE RADIO CIRCUITS 

The great problem in portables is current drain. A special set 
of tubes has been designed to overcome this difficulty. Table 1-1 
lists the tube lineup (in typical sets A, B, C, and D) in the majority 
of portables (except transistor types) being manufactured today. 

Table 1-1 

Stage Set A Set B Set C Set D 

R-F or I-F IU4 IAH4 INS IAH4 

Converter IRS 
or IV6 IA7 IV6 

IL6 

Det-Ampl IU5 IAJ5 IH5 IAJ5 

Output 3V4 none used 
or IAG4 3Q5 (a transistor 
3S4 is used) 

Rectifier 11723 none used 117Z6 none used 
or (battery only) (battery only) 

selenium 
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Fig. 1-1. Typical tube layout of miniature-tube set. 
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Fig. 1-2. Typical tube layout of miniature/submlniature-tube set. 
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Fig. 1-3. Battery supply circuits; note the filaments In parallel. 
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Typical tube layouts. Figures 1-1 and 1-2 show the tube layout 
and tube-type combinations used in many portable radios. Figure 
1-1 shows a typical set using miniature tubes, and Fig. 1-2 a typical 
set using subminiature tubes with a miniature power amplifier tube. 

D-c filament supplies. For battery economy, tubes used in port
able radio receivers are of the filament type, and require direct 
current for filament operation. Figure 1-3 shows the supply circuits 
of a set operating on battery power. The required direct voltages 
for B+ and filaments are supplied in parallel because the total 
drain is small. 

Figure 1-4 shows the filament circuit popular in three-way sets. 
This set uses a 9-volt battery for the filament circuits, for portable 

DETECTOR RF CONVERTER IF 

1.4V 

Cl 

C3 

R4 

AUDIO 
OUTPUT 

POWER 
SWITCH 

BATTER: CDC 

9V = A BATTERY 

R6 

Fig. 1-4. The filament circuits in a typical three-way portable radio. 

operation. Note that the series .connection of filaments places the 
audio output stage near the positive end of the d-c source. (The 
diagram shows the power switch in BATTERY position.) Placing the 
output tube at the positive end of the d-c source provides a means 
of securing the required d-c bias voltage for the output stage in the 
following manner: 

The audio output control grid is returned through R4 to pins 
I and 5 of the r-f stage. This point is I .4 volts positive with respect 
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to B-. It would seem that the audio output control grid has a 
positive d-c bias, but of course this is not so. The filament voltage 
across the audio output tube is 2.8 volts, with the center tap (con
sidered the cathode point) at 7 volts positive with respect to B-. 
Since grid bias is the value of grid voltage with reference to the 
cathode, a bias of -5.6 volts is placed on the grid of the output stage. 

The other tubes are biased in a similar manner (see typical 
portable radio schematics in Chap. 2) by returning the control grids 
to different points in a network formed by the tube filaments. Note 
also the shunting resistors (RI, R2, R3, and R5) across the filaments. 
These resistors shunt plate and screen currents around the filament 
circuits; otherwise, the relatively heavy plate current for the output 
stage would probably damage the other filaments. Thus, R5 is the 
filament shunt resistor for the audio output stage, R3 performs the 
same function for the i-f stage, R2 does similar work for the con
verter stage, while RI serves as filament shunt resistor for both de
tector and r-f tubes in series. The three capacitors shown in Fig. 
1-4 (CJ, C2, and CJ) serve as bypass capacitors, preventing the signal 
variations (intermediate-frequency and/or audio-frequency) in the 
filament return lines from upsetting the filament bias. Because the 
bypass capacitors have a lower reactance to ground (or B-) than 
the filament path, the signal bypasses the filaments and returns 
through the capacitors, leaving the filament voltages (and conse
quently the filament bias values) stable. 

Figure 1-5 shows another type of popular filament arrangement. 
To use a 3-volt battery, and thereby reduce size, the filaments are 
switched into a series-parallel arrangement during battery operation. 
In ac-dc operation, the filament string is switched into a series ar
rangement as follows: 

Ganged switches SWJ and SW2, operating together, are placed 
in the ac-dc position, as shown in the diagram. The 8.6-volt ac-dc 
line feeds the voltage through SW 1, through the two series filaments 
of the 3S4 tube, through the 1 U4, through R5, through the 1 U5, 
through the 1R5 (and R6 in parallel), and out through SW2 to the 
ac-dc return. The filaments themselves require about 7 volts which, to
gether with the 1.6-volt drop across R5, makes up the 8.6-volt supply. 

When the ganged switch is placed in the BATTERY position, 
the 8.6-volt ac-dc line is opened and a series-parallel battery filament 
arrangement is employed. Note that the 2.8-volt filament of the 3S4 
with the 0.2-volt drop across R4 in series takes up the whole 3 volts 
from the battery. The 1U4 filament (1.4 volts) and the 1.6-volt 



6 REPAIRING PORTABLE AND CLOCK RADIOS 

67l/2V 

a++±J1li11I-

TO 
354 
GRID --

r-
1 

I 
I 
I 

I 

TO AC/DC 
8.6V LINE 

354 I U4 

L_ - GANGED ---

IU5 

Fig. 1-5. Series-parallel switching for filament circuits. 

IR5 

drop across R5 make up a second parallel 3 volts from the battery. 
The 2.8-volt filam~nt requirement of the IU5 and IR5 tubes in 
series is met by the 3 volts from the battery. Resistors RJ and R6 
are filament shunt resistors to protect the filaments from heavy plate 
current surges. Resistors RI and R2 provide d-c grid bias, as covered 
in the description of Fig. 1-4. 

Figure 1-6 shows a standard ac-dc filament circuit with limiting 
resistors. The series and parallel resistors in the filament circuits 
provide the different voltages and current drains. When necessary, 
they must be replaced with identical units. The resistors can be 
briefly described as follows: RI is a current-limiting resistor to pro
tect the rectifier diode; R2 drops the filament voltage to the low 
voltage required (the point between RI and R2 is the normal take
off for the higher positive voltage for the plate circuits) ; R5 is a 
series current-limiting resistor to protect the filament circuit from 
current surges; RJ is a filament shunt resistor that protects the 3S4 
filament from plate current surges; R4 is really in shunt with the 
other three tube filaments, acting as a filament shunt resistor to pro
tect those filaments from plate current surges. 

B+ voltages. B+ voltages for portables present no special prob
lems and therefore are not discussed in this chapter. Where the 
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plate voltages are supplied by batteries, there is only the matter of 
switching the battery in or out. Where the plate voltage is supplied 
by rectification (as in three-way portables), the problem resolves into 
the familiar ac-dc B+ supply. 

It was stated that the differences between ac-dc radios and port
able radio receivers lie largely in the filament and power-supply 

117V 
AC.OR DC 

J 

B+ 

Fig. 1-6. 

354 IU4 IR5 IU5 

R5 

A standard ac-clc filament circuit. 

circuits. The circuits described here illustrate this. There is another 
type of portable radio receiver that differs in much more than fila
ment circuitry (it has no filaments at all) . This is the transistor 
portable radio. 

TRANSISTOR CIRCUITS 

If a service technician is to repair a defective transistor set, he 
must understand that it presents problems different from those en
countered in tube sets. (As yet, there is little standardization of tran
sistor portable radio circuits.) 

Cautions in initial testing. Probably all technicians have at one 
time or another checked a vacuum-tube audio amplifier by touching 
finger or screw driver to the center contact of an audio potentio
meter to get a buzz in the familiar "circuit disturbance" test. The 
high input impedance of the audio tube picks up hum and noise 
from the capacitance of a finger or screwdriver and amplifies it to 
create the buzz showing normal operation. Touch the center-contact 
of an audio potentiometer of the transistor audio amplifier and 
you'll get nothing - even from a good stage. (The low input im-
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pedance of the transistor amplifier ignores the familiar circuit dis
turbance.) 

Testing transistors involves the use of special transistor testers. 
Because the transistor's active life is considerably greater than equi
valent tubes, they are usually the last components to be suspected 
in troubleshooting. 

Transistor circuitry is generally much smaller and more fragile 
than equivalent tube circuitry, and the trend is toward more printed 
or packaged circuits. In such sets, entire circuits are replaced, rather 
than individual elements. 

P-N-P and N-P-N recognition. In many cases, the technician 
will not be advised whether he is dealing with p-n-p or n-p-n type 
transistor in the circuit. However, it is important to know what 
type of transistor is being used, so that proper biasing voltages will 
be applied during testing. By noting the direction of the arrowhead 
in the symbol (Figs. 1-7, 1-8, and 1-9) on the schematic, the transis
tor type can be determined. The arrow points away from the cen
ter in the n-p-n, and toward the center in the p-n-p type. 

Typical transistor connections. Depending upon which termi
nals are used for input circuits and which for output circuits, a 
transistor can be connected in any one of three ways: 

I. Grounded-base connections. 
2. Grounded-emitter connections. 
3. Grounded-collector connections. 
Figures 1-7, 1-8, and 1-9 show these three connections. The 

grounded-base connection (Fig. 1-7) is roughly equivalent to the 
grounded-grid amplifier. The grounded-collector connection (Fig. 
1-9) is roughly equivalent to the cathode follower. In both of these 
connections, there is no phase inversion of signal passing through the 
transistor amplifier. The grounded-emitter connection (Fig. 1-8) is 
similar to the normal grounded cathode amplifier, with the usual 
phase inversion of signal. The following are important points to 
remember: 

I. The polarities on all transistor elements are shown in the 
figures. 

2. The grounded-emitter is the only circuit that produces a 
phase reversal between output and input signals. 

3. Compared to tubes, transistor amplifiers have extremely low 
input impedances and rather low output impedances, the 
exact values depending on the circuitry used. 
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INPUT OUTPUT INPUT OUTPUT 

B -1,J B ·,1J 
- E= EMITTER -

( A) 
C=COLLECTOR 

( B) B=BASE 

Fig. 1-7. Transistors with grounded base connections: (A) n-p-n type; (I) 
p-n-p type. 

N PN PNP 

B B 

INPUT OUTPUT INPUT OUTPUT 

~- -1,J L. ·,1J 
E EMITTER - C = COLLECTOR -

( A) B•BASE ( B) 

Fig. 1-8. Transistors with grounded emitter connections: (A) n•p-n type; 
(8) p•n•p type. 

NPN PNP 

B B 

INPUT OUTPUT INPUT OUTPUT 

~- ·,1J L. -1,J 
E= EMITTER - C = COLLECTOR -

(A) B• BASE ( B) 

Fig. 1-9. Transistors with grounded collector connections: (A) n-p-n type; 
(B) p-n-p type. 
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Circuit analysis of a typical transistor portable. Figure 1-10 is 
a schematic diagram of a typical transistor portable. Note that 
n-p-n transistors are used. This means that all collector voltages 
are positive with respect to the base and emitter. Also note that 
grounded-emitter-type circuits are used throughout. (A simplified 
n-p-n grounded-emitter circuit was shown in Fig. I-SA.) 

In the oscillator (Fig. 1-10), the collector bias is obtained through 
the decoupling network composed of R5 and CJO, and through T6. 
The base is biased through the voltage divider circuit composed of 
R23 and R24. Resistor R25 is the stabilizing resistor, which is by
passed by CJ2 to prevent oscillator degeneration. The oscillator tank 
is tuned by varying CJD. The oscillator output is coupled to the 
mixer base through C4. The received signal input is also coupled to 
the mixer base through the lower winding of LI, since both are 
wound on the ferrite-core antenna. 

The mixer collector is biased through the decoupling network 
of R3 and CJ. Resistors RI and R2 are stabilizing resistors for the 
mixer emitter. Capacitor C2 is a bypass to prevent signal degenera
tion. The output is developed across the primary of T 1. The pri
maries of the i-f transformers are tuned while the secondaries are 
not. This is done to match the high collector impedance to the low 
input impedance of the base of the following stage. 

The collector of the first i-f stage is biased through the decoup
ling network composed of R9 and C6. The base is biased through 
R6 and C9. Network RB and C5 form the stabilizing network for 
the emitter. Network R7 and C19 form a feedback network to neu
tralize the internal capacitance of the transistor. It should be noted 
that it may be necessary to change R17 and C19 if a new transistor 
is installed. The second i-f stage is very similar to the first; hence 
it does not require separate discussion. 

The signal is detected by a I N295 diode, with the volume con
trol as its load. An ave voltage from the detector stage is applied to 
the base of the mixer and first i-f stages through a filter network com
posed of RIO, C9, and R4. 

The signal to the driver base is coupled through C14; the base 
is biased through the voltage divider composed of R17 and RI 8. 
Network R16 and C16 form the emitter stabilizing network. Col
lector bias is applied through the primary of T4, bypassed by CJ7. 

The output stage is a common-emitter push-pull amplifier. 
Resistors R20 and R22 form the voltage divider required for biasing 
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the bases. Resistor R21 is a stabilizing resistor, and Cl 8 cuts out 
the high frequencies. 

Network Cl5/Rl9 provides additional filtering and decoupling 
action for the battery supply. When the earphone jack is inserted 
in fl, the output stage is eliminated from the circuit. 

TRENDS IN PORTABLE AND CLOCK RADIOS 

The most consistent trend in portable and clock radios is toward 
miniaturization. Printed wiring and printed components are being 
used more and more. Rectifier tubes are being replaced by selenium 
rectifiers; loop-type antennas are being replaced by ferrite-core an
tennas. Subminiature tubes are being replaced by transistors, and 
all miniature tubes may eventually be replaced by transistors, when 
transistor costs decrease. In short, all portables will be completely 
transistorized. This trend toward miniaturization and the use of 
transistors will require special servicing techniques; these will be dis
cussed later. 

The technician can also expect to see new types of batteries that 
are smaller and more efficient than those now in use. Solar and 
atomic batteries have been developed; only their high cost precludes 
their use at the present time. Proper servicing and testing techniques 
will be developed as the frequency of usage of these newer items 
is incrased. 

Clock radio circuits, because of the power requirements of the 
clock portion, are not changing much. However, the trend toward 
miniaturization will result in smaller radios, which will increase 
the complexity of servicing. 

In spite of all these changes, servicing techniques will still fol
low accepted good practice, providing even broader sources of rev
enue to the practicing service technician. 



2. power supplies • 

PORTABLE POWER SUPPLIES 

The portability of its power supply distinguishes the portable 
radio from the other types. Therefore, an understanding of the 
power supply is a must for the technician. Among power supply 
considerations, the filament and bias circuit characteristics were 
discussed in Chap. l. 

As previously noted, there are two types of portables: the three
way ac-dc-battery type and the battery-only variety. The three-way 
portables can be divided into those using a vacuum-tube rectifier 
and those using a selenium rectifier. The three-way usually has 
filaments in series or series-parallel to facilitate switching. Battery 
sets can be found that have filaments in either series or parallel. 

Figure 2-1 shows a typical three-way power supply, with a sele
nium rectifier (DJ) supplying the power when batteries are not in 
use. Note that two ganged switches are used. Switch SWJ selects 
ac-dc or battery operation. The switch is ganged to connect the 
three basic supply lines - filament, B+, and ground - to either the 
battery supply or the plug-in primary power. 

13 
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When SWJ is placed in BATI position it connects the A and B 
battery and ground to the lines. When placed in Ac-nc position, the 
line power is applied as follows: The lower plug conductor serves 
as common ground for the power supply through the lowest switch 
terminals on SW 1. The upper plug conductor feeds rectifier line cur
rent through selenium rectifier DJ, current-limiting resistor RI 

•• IOOA 

••• IU4 IL6 IU5 IU4 

• ..~ 12m 

-~----,,11~_--i----•-+ --~ nr \ --r;,· 
O i~ GROUND _ 

~ 
A BATT •8.$Y (APPROX} 
B BATT• IOOV {APPROX} 

Fig. 2-1. The typical power supply of a three-way portable radio using 
a selenium rectifier. 

(which protects DJ from line surge currents, to a point between 
RI and R2. Here the rectifier line current divides the higher 
voltage (100 volts) going through B+ filter resistor R3, through 
the middle switch terminals of SWJ to the B+ lines of the set; while 
the other line at the junction of RI and R2 goes through the large 
voltage-dropping resistor R2 (where the potential drops to about 
8.5 volts) and passes through the top terminals of SWJ to supply 
the filaments of the set. 

The filter capacitors are meant to remove hum from the lines. 
Capacitor CJ is a small .047-µf unit meant to bypass line noise from 
the "hot" lead of the power plug. As a safety measure, the low end 
of CJ is returned through another capacitor in series to ground. Thus, 
even if CJ should possibly short-circuit, the worst that might happen 
would be a loud hum. (If CJ were returned directly to ground, 
sparks would fly when it shorted.) 

Capacitor C2 is an electrolytic filter from the 100-volt point to 
ground (also using another capacitor in series to ground as a safety 
measure). Capacitor CJ is the second electrolytic filter that keeps hum 
out of the filament lines. Capacitor C4 is the safety series capacitor 
to ground. 

Switch SW2 is the ON-OFF switch. When turned off, it opens 
the filament circuit, thus opening the primary ac-dc line or filament 
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battery (whichever is in use) . It also opens the B+ circuits. When 
switched on, it completes both A and B circuits providing contin
uity for all types of power. 

Figure 2-2 shows a typical three-way power supply, with a vac
uum-tube rectifier supplying the power when batteries are not in 
use. Switch SWJ selects ac-dc or battery operation. This opens or 

Cl .05)JFr 

BATT 

C2 C3 

1 .0JI• I30JI• 
1= = 

liA!!) 7V 
@mo 

-=- ~: -ii 
~-----= 

AC 

3U4 IU4 IU5 ILi 

Fig. 2-2. The typical power supply of a three-way portable radio using 
a vacuum-tube rectifier. 

closes the B-battery supply, also selecting either battery power or 
rectifier power for B+ circuits in the set. Since SWJ is ganged to 
SW2, a single control takes care of all switching. Switch SW2 com
pletes the A-battery circuit or the primary ac-dc line. There is also 
an OFF position, in which all lines are open. 

When the switch is in the BATI position, the B-battery supplies 
power through switch SWJ to the B+ bus of the set, while the A 
battery supplies 7 volts to the series filament circuit. 

When the switch is placed in Ac-oc position, the power line 
supplies the set as follows: The vacuum tube half-wave rectifier sup
plies about 100 volts de from its cathode. The rectified current 
passes through current-limiting resistor RI, where the lines divide. 
The main B+ line is connected across filter resistor R2 to the B+ 
bus of the set. Another branch of the rectified current passes through 
the double filter-voltage-dropping network of R3 and R4, dropping 
the output to seven volts for the series filament circuits. 
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IR5 IU4 

B+ 

~I~ 
t·-f· 
:ft' 

Fig. 2-3. The power-supply circuit of a battery-operated portable radio. 

Fig. 2-4. Circuit used to 
reduce battery drain. -

R 
~---4...__--1,l\i-+--•B+ 

The filter capacitors are straightforward. Capacitor CJ is a 
small noise-filtering capacitor for the "hot" line of the power cord. 
Since Cl is returned directly to ground (rather than through a second 
safety capacitor), it is rated at 600 volts. Capacitors C2 and CJ are 
typical 200-volt electrolytics for filtering. 

Figure 2-3 represents a battery-set power supply. Switches SWJ 
and SW2 are ganged on a single shaft, so that one knob controls both 
at once. When switched off, both switches open, breaking continuity 
for both the A and B batteries, shutting everything off. When 
switched on, both switches close, permitting current from the A 
battery to supply the filament circuit and the B battery to supply the 
plate circuitry. 

Many portables now contain some sort of simple circuit and 
switch to prolong battery life (see Fig. 2-4). In areas of great signal 
strength, the B+ voltage is reduced slightly, without affecting re-
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ception, by inserting the resistor in series with the B+ battery cir
cuits. This reduces battery drain. In areas of average or weak signal 
strength, the switch is closed. This shorts out the resistor, and ap
plies full B+ voltage, which, although it increases battery drain, 
increases the gain of the set. 

CLOCK POWER SUPPLIES 

The clock power supply is the familiar a-c power supply with 
an ON-OFF switch, controlled manually or by a clock mechanism. 
A typical dock-radio power supply is shown in Fig. 2-5. The motor 
field is directly across the a-c input source and therefore is not con-

1000.n 

I
40µF 

'----------•B-

Fig, 2-5. The power supply of a clock radio, 

trolled by an ON-OFF switch. An appliance outlet may also be placed 
across the a-c line, but will be controlled by the ON-OFF switch. A 
typical clock movement will consume 2 watts of power, but (since 
it is connected directly to the line) does not affect the operation 
of the radio. 

TRANSISTOR POWER SUPPLIES 

The transistor radio does not require the elaborate power supply 
used in the vacuum-tube radio. The big difference is that there are 
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no heater or filament circuits to consume power. This makes the 
problem of transistor power supplies relatively simple. All power 
requirements can be fulfilled from small size batteries. 

Transistors usually require a different arrangement of poten
tials than do vacuum tubes. The base-emitter circuit is usually 
quite low in impedance. Power is consumed in this circuit. The 
power supply must therefore be capable of supplying a bias current, 
rather than a bias potential as in the grid-cathode circuit of a vac
uum tube. 

Since transistors may be of the p-n-p and n-p-n types, negative 
and positive collector potentials must be available. Polarity is im
portant in transistor radios, since transistor damage may result from 
improper polarity. Observance of proper polarity cannot be stressed 
too strongly. 

In presently used transistor circuits, input voltages range up to 
25 volts and current drains up to 100 ma. Because of the collector 
sensitivity to changes in emitter current, it is frequently necessary to 
provide the emitter bias from a high resistance in series with a con
stant-voltage source. 

Figures 2-6, 2-7, and 2-8 are typical supply circuits using p-n-p, 
n-p-n, or both types of transistors. In Fig. 2-6, since n-p-n transistors 
are used throughout, the emitters are negatively polarized. There 
is a simple technique for remembering this polarity: The first letter 
of the transistor type indicates the polarity of the emitter. Thus, 
a p-n-p must have positive polarity connected to the emitter; an 
n-p-n must have negative polarity. The emitter is represented by 
the arrow in the transistor symbol. When this arrow points into the 
symbol (note that "point" begins with a p) , the transistor is a 
p-n-p. When the arrow does not point into the symbol (it points 
away from the symbol), it is the n-p-n type (refer back to Figs. 1-7, 
1-8, and 1-9). 

Since the set having the circuit in Fig. 2-6 uses n-p-n transistors, 
the emitters would be connected to the negative terminal of the 
battery. This is confirmed by inspection of the diagram. (Note that 
Rl is a series current-limiting resistor for the emitters of all stages.) 

Another simple rule of transistor polarity is: the polarity of 
the collector is opposite to that represented by the final letter of the 
type. Since this set uses n-p-n transistors, the collector polarity will 
be positive. You can easily trace the positive battery potential 
through the ON-OFF switch to the output collector. This might be 
the final stage. As in all good design practice with a common supply, 
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TO BASES OF ALL STAGES 
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PLUS AVC VOLTAGES 
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Fig. 2-6, Supply circuits of portable radios using n•p-n translston. 
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Fig, 2-7. Supply circuits of portable radios using p-n•p translston. 
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Fig, 2-8, Supply circuits of portable radios using both n-p-n and p-n•p 
trans ls ton. 

decoupling network resistors (such as R2) and a decoupling capa
citor (such as the 50-µf low-voltage unit) keep undesired feedback 
to a minimum. 

In general, the polarity of the base is the middle letter of the 
transistor type (positive in an n-p-n type; negative in a p-n-p type). 
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Caution should be exercised here, since the base supply in many sets 
is made up of resistors in a network in which polarity is not readily 
apparent. In Fig. 2-6, the base receives its positive polarity (n-p-n 
transistor) through voltage-dropping resistor R3 in series with R2. 
All transistor bases receive their potential from the same point. They 
generally have additional dropping resistors to set up the exact 
voltage required for specific stages. 

In Fig. 2-7, p-n-p transistors are used. Comparison of Fig. 2-7 
with 2-6 shows that only one change has been made in the circuit 
- the polarity of the battery has been reversed. Note that all con
ditions are met by this slight change, despite the fact that a different 
type of transistor is used. 

In Fig. 2-8, a combination of p-n-p and n-p-n transistors is 
used. By the transistor polarity rule, the negative battery terminal 
is applied (through the ON-OFF switch) to all negative points in the 
transistors, including n-p-n emitters, p-n-p collectors, and p-n-p bases 
(through appropriate decoupling and voltage-dropping resistors as 

required) . The positive battery terminal is applied to all positive 
points on the transistors, including p-n-p emitters, n-p-n collectors, 
and n-p-n bases (through appropriate decoupling and voltage-drop
ping resistors as required) . 

THREE-WAY POWER SUPPLY 

Figure 2-9 is a schematic diagram of the power supply circuit of 
a modern three-way portable radio. To operate the radio on bat
teries, the line plug (polarized so that it can be inserted only one way) 
is inserted in the receptacle within the set. This activates SJ with 
the "X" pin of the plug only. The "X" pin connects pin 7 of SJ 

to pin 4 of S2, at the same time pushing a switch to connect pin 2 to 
pin 3 and pin 5 to pin 6 of SJ, making the battery connections. 
However, the ON-OFF switch, S2, must be placed in the ON position 
prior to operation. As the plug is removed from SJ within the set, 
movable pin terminals 3 and 6 return to their normal position as 
shown in the drawing for ac-dc operation. For ac-dc use, the plug 
is inserted in the wall receptacle, where the slight difference between 
plug pins has no effect. 

The simplified filament circuit shows that the power output 
tube, 3V4, has its filament nearest the A+ terminal. This places the 
cathode point (centertap of filament) at a relatively high positive 
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potential, so the 3V4 control grid return to a relatively low positive 
terminal (pin 1 of V2) places the grid at the proper negative bias 
with respect to the cathode. Resistors RI, R2, R3, and R4 in the 

TOP~!;::~~:J~ iu~~-------, 

T~o~i:MoEufp~~NT
1
U~~••-----, 

POLARIZED LINE 
PLUG TO S1 OR 
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Fig, 2-9. Schematic diagram of power supply of three-way portable. RCA. 

simplified filament circuit act as filament shunt resistors, protecting 
the sensitive filaments from surges of plate current. 

In ac-dc operation the line plug delivers 117 volts to the sele
nium rectifier SR. Bypass capacitor C2 prevents line noises in the 
audio range from disturbing radio reception. Rectified voltage out
put of SR is filtered by R7 and CJ, making 92 volts of B supply 
available after passing through additional filter R8, through switch 
SJ contacts 4 and 6. The same rectified voltage at the output of R7 
is dropped by voltage divider R5-R6 down to 7.9 volts, passing 
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through switch SJ contacts 1 and 3 to supply the ac-dc filaments of 
the set. 

ARRANGEMENT FOR 230-VOLT OR 117-VOLT OPERATION 

Three-way portables that can operate from either 117-volt or 
230-volt house power lines are becoming increasingly popular. The 
basic operation of the power supply is not affected because, in either 
case, the set itself sees only 117 volts coming in. 

Figure 2-10 shows the switching arrangement in a typical re
ceiver of this type. When SW is in the 117-voLT AC-DC position (the 
condition actually shown in the diagram) , the power line is con-

117V 

AC/DC 

B+ 117V 

RI 
12.00Jl 

R2. 
62.0Jl 

Fig. 2-10, Power-supply 
arrangement for 117 /220-
volt operation. 

nected directly to the receiver. (Note that the upper power-plug 
line goes through SW, bypassing the network of resistors and diode, 
and continues as the "hot" 117-volt line to the set.) 

When switch SW is in the 230-voLT DC position, the upper 
power-plug line goes through RI and R2 in series (the two resistors 
lower the 230 volts to 117 volts), while R2 also acts as current-limit
ing resistor for rectifier-diode D. The rectifier-diode converts what
ever comes through that line to de. Because direct current is already 
coming in that line, the rectifier-diode acts as a low impedance, al
lowing it through without attenuation. (Diode D really serves no 
useful function in this case.) 

In the 230-voLT AC position, SW shorts out Rl (the 1,200-ohm 
voltage-dropping resistor) , leaving R2 as the combined voltage
dropping current limiting resistor. The rectification causes a sig
nificant voltage drop (which did not occur when the 230-volt d-c 
power was delivered through the circuit) , thus allowing R2 to serve 
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adequately for alternating-voltage-dropping. It must be remembered 
that the output arrow marked 117 volts is just the input to the set; 
the power must still be filtered within the set by a filter capacitor 
that draws appreciable ripple current on a-c operation. Shorting out 
RI during 230-volt a-c operation compensates for the additional 
drop across the filters, confirming the fact that R2 alone is ade
quate for a-c use. 

SWITCHING METHODS 

A majority of the servicing problems with portables is caused 
by the only mechanical part involved - the switch. This is to be 
expected, since any switch that is subjected to moving, dirt, moisture, 

C, 
MP, 

OY 
IIOV 

.. .. 
220K 

\ 
\ 

\ 
\__1 

Fig. 2-11. At-Dc-BATIERY switching, with S1 for choke of power and S2 
as ON-OFF switch. Motorola, Inc. 

and other abuses, is bound to break down. On multiband sets, the 
switching problem is a frequent cause of equipment failure. 

On straight portables, the switching arrangement is rather sim
ple, since it is limited to on-off switching. On three-way sets, how
ever, problems exist because of the complexity of the switching 
arrangements. The three-way sets use different types of switches to 
achieve the same thing. Some are extremely simple (e.g., the use 
of a prong of the a-c plug to complete the battery circuit); others 
use ganged wafer switches. The service technician must become 
familiar with some of the common switching arrangements. Figures 
2-11, 2-12, and 2-13 illustrate various methods of switching used by 
manufacturers of three-way receivers. 

In Fig. 2-11, switch SJ (shown in BATTERY position) prepares the 
set for B+ continuity. When S2 (shown in OFF position) is switched 
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on, the B+ from the 67.5-volt B battery is applied through the closed 
contacts of S2 and through terminals 2 and 3 of SJ to supply B+ 
to the set proper. B- is connected through terminals 6 and 5 of SJ 
to ground (heavy line on drawing). This is also the A- line. The 
A+ line is connected from the A battery through terminals 9 and 
8 of SJ, and the full 3 volts is placed across the 3S4 filament. At the 
same time, a parallel path for the A+ is made available through ter
minal 15 of SJ, so that 3 volts is placed across the I U4 filament, with 
dropping resistor RB in series. The same 3 volts is also placed across 
the I U5 and I R5 in series to complete the filament circuit. 

For ac-dc application, the rectified 117 volts is fed through RI 
and through terminals I and 3 of SJ to supply B+ to the set proper. 
The same rectified 117 volts is applied through RJ (which reduces it 
to 7.3 volts) ; the lowered voltage is connected through terminals 7 
and 8 of SJ, to supply all the filaments in series. 

Figure 2-12 shows the power switch (S2) in AC position with 
all connections made for such operation. If S2 is switched to BAT-
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~-----~---------------------J 
NOTE: S2 SHOWN IN AC POSITION 

Fig. 2-12. AC-DC-8AffERY switching, with slide switch for power, plus 
ON-OFF switch. Motorola, Inc. 

TERY, S2A immediately opens the high side of the line cord con
nection. Switch S2B also opens the other side of line cord connec
tion, connecting B- from the battery to the ground line. Switch 
S2C switches B+ from rectifier to battery. Switch S2D connects the 
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filament line to the 9-volt battery or rectified line voltage as required. 
Switch SJB is the set's ON-OFF switch. 

Figure 2-13 shows a portable switched for ac-dc use. Although 
it is not apparent in the schematic, switch S is a spring-loaded switch 
actuated by unplugging the line plug from a receptacle in the set. 

RI 
130AIO% •• 720.ftl0% 

-ll"•--
13&010% 

a+ 
LOW 

VOLTAGE 

CHANGE OYER SWITCH $•I SHOWN 
IN POSITION FOR AC OPERATION 

Fig. 2•13, AC-DC-IAfflRY 1wltchln9, Zenith Radio and 1elevlslon Corp. 

Thus there is no visible switch on the set. When the line cord is 
unplugged from the "battery saver" outlet in the set, continuity is 
provided for normal ac-dc operation. The volume control (not 
shown) has the customary ON-OFF switch. 

When the line cord is plugged into the "battery saver" in the 
set, the danger of a-c plug-in while the battery is in the circuit is 
eliminated. In BATIERY operation, switch S moves the slider one 
position to the right, completing the battery circuits. The four 
sections of capacitor C2 provide filtering for different B+ voltages 
when the set is operating on AC-DC. 

BATTERIES 

At present, no less than 80 different types of batteries are used 
in portables. No one is expected to keep all of them in stock, es
pecially since they become outdated rather quickly. Therefore, the 
first problem is to narrow the types on hand to a reasonable number. 
Table 2-1 shows the types that will take care of more than 75% of 
battery requirements. 
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Type 

A-B 
A 
B 

Table 2-1 

NEDA Number 

400, 401, 404, 405, 415 
3, 7, 13, 19, 20 

200, 201, 202, 203, 204, 21 I 

Since different battery manufacturers arbitrarily select different 
coding s-ystems for their batteries, it is difficult for the technician to 
replace a radio's batteries if he doesn't have the exact manufacturer's 
replacement battery. 

To simplify this, some manufacturers provide substitution charts 
to show which of their batteries are available for different sets. While 
this is of value, the service technician may still be in difficulty if a set 
requires a battery whose replacement substitute is not made by the 
manufacturers whose batteries he stocks. Of course, the technician 
can store replacements from all manufacturers, but this is cumber
some. Recognizing this problem, NEDA (National Electronic Deal
ers Association) has taken steps to help. 

NEDA has assigned standard code numbers to all types of bat
teries (regardless of source of manufacture) . Such interchangeabil
ity lists plotted against the master NEDA listing are available. In 
the future it is expected that battery manufacturers will include the 
NEDA type number directly on the face of the battery in addition 
to their own type number, for ready replacement by competitive 
battery types. Figure 2-14 (on the foldout at the back of the book) 
is the master NEDA Battery List. 

No list can be absolutely comprehensive; however, Fig. 2-14 
shows the most complete list now available. A few additional facts 
may help in the use of this list: Olin and Winchester are brand 
names of batteries manufactured by the same firm; Winchester num
bers are the same as Olin. Bond batteries (not shown in the list) 
also generally follow Olin numbers. Where they differ, the third 
digit of a 4-digit Olin number of "I" is "2" for the same Bond bat
tery. A few examples of this are given in Table 2-2. 

Where there is a doubt as to the battery type used, inspection 
of the battery-connector plugs in the portable radio may aid in de
termining the proper replacement model. The NEDA Socket Ter
minal Guide (Fig. 2-15) will assist in identification. For example, 
suppose a portable is brought in with the original battery so corroded 
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Table 2-2 

NEDA Olin Winchester Bond 
Number Voltage Number Number Number 

6 6 4914 4914 4914 
7 4½ 4918 4918 4928 
8 7½ 5219 5219 5229 

that identification is impossible. Suppose even worse: the customer 
has thrown out the old battery and brought in the set without bat
tery for battery replacement. There is no identification anywhere: 
no make, no model, no hint of battery type. 

Compare the battery plug with the battery socket drawings 
shown in Fig. 2-15. Note that no two socket drawings are absolutely 

SOCKET TERMINAL GUIDE 
NUMBERS TO RIGHT OF SOCKETS ARE NEDA BATTERY TYPES. CHART ADAPTED FROM OLIN GUIDE 

•14• o 
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:::--~21L----.--.....L......:: 

'Illa 2 8 
+6 6 - +7 9 

16 

•9• 
BATTERIES - 202 

t45 m 
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'A·B" •• 
PACKS -B 

+~ -A -
-B 401 

407 +5 :g~ 
417 +71/2A 405 

408 

+9A -A 

+B-·B410 413 
414 

+A -A 

Fig. 2-15. NEDA Socket Termlnal Gulde. llectronlc Tecflnlclan, 

identical. Two sets of sockets are similar (the 1 ½-volt and 6-volt 
"A" series and the four-hole circular "A-B" packs); in these special 
cases, check doubly for possible voltage differences and hole spacing 
as well as socket size (since there are in every single case, small size 
differences in the terminals and their sockets). When you have 
identified the battery socket, note that beside it (Fig. 2-15) is a list 
of NEDA battery types that will satisfy these voltages. 

RETMA (the Radio-Electronic-Television Manufacturers As
sociation) has prepared the RETMA Terminal Guide (Fig. 2-16), 
which is different from the NEDA Socket Terminal Guide. The 
RETMA (now EIA - Electronic Industries Association) Guide lists 
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Fig. 2-16. RETMA Terminal Guide. RCA. 

more types (special purpose, industrial, etc.) to make a more com
prehensive listing, with specific RETMA terminal numbers in al
most all cases. In the RETMA chart shown in Fig. 2-16, RCA bat
teries are listed as a guide for each case. By cross-referencing the 
RCA batteries with the master NEDA Battery List (Fig. 2-14), it is 
possible to identify any battery having any of the terminals shown. 
Of course, several batteries may have the same terminals, so discre
tion must be exercised; it should not be assumed that a battery 
will fit the application just because one plug mates with the terminals. 

Both the NEDA and RETMA tables are given so that you may 
use the NEDA Socket Terminal Guide (Fig. 2-15) as a quick guide 
to most home portables, and the more detailed RETMA Terminal 
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Guide (Fig. 2-16) for those difficult cases not covered in the con
densed guide. 

TESTING 

Naturally, the best way to test batteries is by trying them in a 
set. A voltage reading across the battery (without load) will not 
show the true charge remaining in the battery. A load, approxi
mately simulating the radio set load, can be placed across the battery 
by means of a resistor, reading the voltage across the battery at the 
same time. An approximate value of load resistance for an A battery 
is 180 ohms; for a B battery the value is 2,500 to 5,000 ohms, de
pending upon plate current, with the lower value used for higher 
values of plate current. For more complete testing use Table 2-3. 

New Battery 
Voltage 
(volts) 

I½ 
3 
4½ 
6 

7½ 
9 

45 
67½ 
90 

Test Load 
(ohms) 

5 
10 
45 

120 
150 
180 

4500 
6700 
9000 

Table 2-3 

Minimum Voltage 
Test Load 

(volts) 

0.8 
1.6 
2.4 
3.2 
4.0 
4.8 

24 
36 
48 

Note: l, All resistors should be at least ½ watt. 

Minimum Voltage 
No Load 

(volts) 

I 
2 
3 
4 
5 
6 

30 
45 
60 

2. Allow battery to "operate" 5 minutes before making any measurements. 

INSTALLATION PRECAUTIONS 

Each manufacturer has designed his set electrically and physi
cally to use a specific set of batteries. Therefore, the first and most 
obvious precaution to follow is to use the specified batteries. Sec
ondly, replace all batteries in the set simultaneously. This measure 
saves inconvenience and future embarrassment. Before installing the 
new batteries, remove (with fine sandpaper) any corrosion caused 
by battery leakage. It is also important to check the battery cable. 
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Repair or replace any frayed wire or poorly soldered pin connections. 
In short, do more than merely replace a battery - do a service job. 

As an aid to the service technician, many battery manufac
turers have prepared complete listings of portable radios, by manu
facturer and model number, showing the battery manufacturer's 
replacement for the receiver's batteries. It is a good idea to collect 
as many of such lists as possible in order to simplify the battery 
replacement problem. Also, many portables have labels pasted inside 
them showing recommended battery replacements. Frequently 
several alternative batteries of different manufacturers are listed. 
Also, service literature usually recommends a battery replacement. 

STORAGE OF BATTERIES 

High temperature and humidity greatly reduce the shelf-life of 
batteries. (Shelf-life is the time that an unused item, as on a dealer's 
shelf, can retain its original specifications, so that it is equivalent 
to a new unit just delivered by the manufacturer.) If a battery re
mains on your shelf longer than its recommended shelf-life, deter
ioration will begin. Therefore, batteries should he stored so that 
their deterioration is slowed down and their shelf-life increased. In 
certain batteries, deterioration is slowed chemically, by withholding 
water (in storage batteries) or by sealing in a chemical ampoule 
that must he smashed internally by striking the battery against a 
solid object before any battery action can begin. In the main, how
ever, these are unusual innovations, rather than common practices. 

The first step in caring for batteries in storage is to seal them 
in moisture-proof material. Make sure the package is well sealed. 
Then try to store the package in an area in which the temperature 
remains around 45°F (lower temperatures are better, if available). 
Avoid extreme temperatures (zero or below). To use a stored 
battery (when kept in sealed storage for a length of time) , remove 
the wrapping and allow the battery to warm up to room tempera
ture. Do not attempt to use the battery until it has had time to 
warm up, otherwise low outputs will be obtained and permanent 
damage may result. 

SUGGESTIONS ON BATTERY USE 

Since the rate of battery deterioration varies with temperature, 
it is suggested that the battery compartment in the radio he well 
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ventilated. Using discretion, in some cases it may be possible to 
drill ventilating holes in the chassis and/or cabinet to increase ven
tilation. Batteries, like capacitors and similar components, suffer at 
high temperatures. Arrange for ventilation of batteries as you would 
for filter capacitors or rectifier diodes. 

EXHAUSTED BATTERIES 

During discharge, the zinc (negative terminal) container of in
dividual cells may corrode, developing small holes in the zinc cover. 
Battery fluid may leak through these holes and attack the metal 
parts of the radio. Also, an exhausted battery often swells, causing 
further equipment damage. Therefore, watch for signs of an ex
hausted battery, and replace any such battery immediately. 

RECHARGEABLE WET CELLS 

Although the lead-acid cell battery is probably the most popular 
secondary (rechargeable) cell type - if for no other reason than that 
every automobile uses one - in portable radios (though some small 
glass-cased units have been used) , the lead-acid cell generally yields 
to the nickel-cadmium cell in popularity. The relatively new silver
zinc cell is just coming into its own. 

Among the reasons for the popularity of nickel-cadmium wet 
cells in portables is that the alkaline electrolyte (compared to the 
acid electrolyte in lead-acid cells) permits use of strong, easily ma
chined, relatively lightweight steel for grids and cases; the electrolyte 
has a relatively constant resistance during storage, charge, and dis
charge (permitting long storage in any state of charge, including 
complete discharge) ; the cell has excellent voltage-regulation during 
discharge. 

As for charging, the nickel-cadmium cell generally uses an ac-dc 
portable radio power supply through a simple series resistance. Op
timum charging, generally performed only by the manufacturer, is 
based on a charge of 140% of rated cell capacity within a maximum 
of 3 hours. In the field, the rate is considerably reduced, with a much 
greater period of time involved. 

Figure 2-17 shows a nickel-cadmium cell charging circuit based 
on a 14-hour charging rate. The simplified drawing does not show 
the switching circuitry that switches the ac-dc power supply from the 
tube-filament circuits through the cell-charging resistor, RI, to the 
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cell. Similarly, other switches place the nickel-cadmium cell across 
the tube-filaments in battery operation. In no case does the cell 
receive a charge while the radio is operating. 

Although the charging circuit has beeri shown for the nickel
cadmium cell, the same circuitry could be used in other sets to 
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Fig, 2-17, A nickel-cadmium cell charging circuit, 

charge lead-acid and silver-zinc cells, with some variation in series 
resistance for charging rate. The chemical composition of the cell 
does not affect the charging method involved. 

BATTERY REJUVENATOR 

In conjunction with rechargeable wet cells, mention should be 
made of the battery-rejuvenation technique with dry cells (B bat
teries, exclusively). Although such primary cells are not strictly 
speaking rechargeable, it is possible to prolong their life by this 
rejuvenation technique. Figure 2-18 shows a simplified battery-re
juvenator circuit. (All switching that uses the radio's ac-dc power 
supply to switch in CHARGE position and places the rectified primary 
power across the battery has been omitted.) R2 is the series limiting 
resistor used to set the charging rate for the set's dry batteries (total
ing 90 volts). Resistor R3 is used for bias purposes. The primary 
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supply delivers something over 90 volts to the dry batteries when 
switched to CHARGE. The manufacturer claims a doubling or quad
rupling of battery life is possible when the battery is charged in this 
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Fig. 2•18. Simplified bat
tery rejuvenator circuit. 
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manner. A further recommendation is to charge for a time equal to 
the time the batteries are used; thus, after using the set on batteries 
for 4 hours, charge the batteries for 4 hours. 

MERCURY CELLS FOR USE IN TRANSISTOR SETS 

Transistor sets require no filament cells. Their B-battery volt
ages are very low, rarely more than 30 volts. Because of their 
economy, battery life is quite long - often several months or more .. 
Thus, mercury cells are frequently used. 

Current production of mercury cells is based almost exclusively 
upon the "RM" system developed by Samuel Ruben about 15 years 
ago. (The letters RM signify Ruben-Mallory, the cells being manu
factured by Mallory.) The single cell develops approximately 1.35 
volts, and series units are in multiples of 1.35 volts. The mercury 
cell is a primary cell and cannot, by ordinary means, be recharged. 

The special characteristics of mercury batteries are: 
I. High ratio of energy to volume and weight. 
2. Long shelf and operating life. 
3. Uniform discharge characteristics. 
4. Constant potential. 
5. Ability to operate over wide temperature range. 
The main disadvantage of these cells is their initial cost, which 

is several times higher than carbon-zinc batteries of comparable volt
age and size. 

~opular values of mercury batteries are 1.35, 2.7, 4.0, 5.4, and 
6.7 volts. They usually come in cylindrical shapes, with different 
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diameters and heights. Although, like penlite cells, they generally 
use the button and case for terminals, they are also available in 
"power-pak" sizes with snap connectors, plug connectors, and tab 
and pigtail connectors. 

GERMANIUM AND SILICON RECTIFIERS 

Germanium and silicon rectifiers may be used in place of vac
uum-tube or selenium rectifiers in radios. A major saving in size and 
space results along with a promise of long, trouble-free life. A novel 
substitution is offered by Hoffman in its type HFWR-1 rectifier, 
which looks like a metal 6H6 tube, but is actually a full-wave silicon 
rectifier, in a tube casing used to replace the 5R4-GY. 

Germanium and silicon rectifiers (solid-state rectifiers) come in 
a variety of shapes and sizes, as shown in Fig. 2-19. The selenium 
stack rectifier has been with the industry for many years. Although 
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Fl9. 2•19. Typical appearance of some 9ermanlum and alllcon rectlflen. 

it does not use a filament supply, it is not markedly smaller than the 
vacuum tube rectifier. Germanium and silicon rectifiers are much 
more efficient than vacuum tubes and much smaller, looking more 
like r-f detectors (in many cases) than power rectifiers. 

While high-vacuum rectifiers have large voltage drops with full 
load, the new efficient solid-state rectifiers operate with as little as 
2 volts drop at maximum current rating. The circuitry used with 
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these rectifiers is the same basically at that employed for tube or 
selenium unit, except that different values of series limiting resistors 
are required. 

SELENIUM RECTIFIERS 

Selenium rectifiers are being used in an ever increasing per
centage of radio sets. Because of the numerous advantages they offer, 
such as elimination of filament supply, reduction of space require
ments, and elimination of tube socket, selenium rectifiers may some
day completely replace vacuum-tube rectifiers in radio sets. 

Like tubes, selenium diode rectifiers also decrease in efficiency 
with use. However, their most common failure is due to accidental 
overload from a faulty component in the B+ circuit. Therefore, 
when replacing such a component, the same value and rating must 
be used. 

The troubles resulting from defective selenium rectifiers will 
usually be among the following: 

1. Low B+ voltage, resulting from high forward resistance. 
2. Low B+ voltage and hum, resulting from low reverse resist-

ance. 
3. No B+ voltage, resulting from open rectifier. 
4. No B+ output, resulting from shorted rectifier. 
5. No (or low) B+ output, resulting from overheated rectifier. 
The most obvious symptom of a defective rectifier is the rotten 

cabbage (or rotten egg) odor that is characteristic of an overheated 
rectifier. To confirm the diagnosis that the rectifier is defective, it 
may be necessary to conduct a few simple tests, as given in Chap. 5. 



3. mechanical troubles and repairs • 

Beside the necessary skill and knowledge for adequate repairs of 
portable and clock radios, the technician must also have proper tools. 
Trying to repair without adequate tools is always difficult, and often 
impossible. Listed below are the tools that should be part of every 
technician's kit. Although all of the tools may not be used frequent
ly, an attempt should be made to acquire them, so that 99% of all 
repairs jobs can be undertaken. 

Most, if not all, of the tools are familiar to the reader. A few 
may be considered unusual in their application to radio repair. (The 
pipe cleaners, for example, do a good job of removing dust and iron 
particles, when gently inserted into an area where you've just drilled 
a hole into a chassis.) 

All tools should be kept clean and in good working order. 
(Directions on care and use of some tools and materials will be dis
cussed where appropriate.) 

Although not included in the list of tools, it is always advisable 
to carry such spare parts as may be needed in making repairs. These 
include small scrap sheets of aluminum; small drilled angle brackets; 
an assortment of nuts and bolts; knobs; dials; felt feet; cement; tiny 
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screws for mounting dials, nameplates, and clock hands; dial springs; 
and spare clock hands. 

TOOLS AND MATERIALS REQUIRED 

I. Soldering gun 
2. Soldering iron (not exceed-

ing 35 watts) 
3. Diagonal cutters 
4. Needle-nose pliers 
5. Combination pliers 
6. Screwdriver, ¼ x 4 inch 
7. Screwdriver, 1/s X 4 inch 
8. Phillips screwdriver No. 2 
9. Spin-type ("Spintite") 

wrenches 
I 0. Pocket knife 
I 1. Soldering tool 
12. Electrical socket wrench set 
13. Optometrist's tools (for small 

parts) 
14. Triangular file 
15. Rat-tail file 
16. Flat file 
17. Flashlight 
18. Hacksaw 
19. Hand Drill (Nos. 4, 10, 18, 

28, and 33 bits) 
20. Portable electrical drill (¼ 

inch, with high-speed bits) 

DIAL CORDS 

21. Hammer, centerpunch, and 
punch 

22. Cold chisel 
23. Vise 
24. Tube pullers 
25. Dial cord 
26. Furniture polish 
27. Scratch stick 
28. Scratch removal polish 
29. Spirit stain (several shades) 
30. Touch-up enamels and 

lacquers 
31. Alcohol 
32. Polishing pad 
33. Garnet paper 
34. Fine steel wool 
35. Several small brushes 
36. Stick shellac 
37. Shellac rubbing fluid 
38. Alcohol 
39. Spatula 
40. Wood glue 
41. Plastic glue 
42. Pipe cleaners 

The great majority of portable and clock radios use dial-cord 
drive systems. While it is impossible to cover all types of arrange
ments, the basic systems discussed here will provide sufficient basic 
knowledge of all systems. 

There are two main types of dial-cord tuning systems: the 
pointer rotating on a round tuning dial (Fig. 3-1), and the pointer 
moving along a horizontal or vertical straight dial (Figs. 3-2 and 
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3-3). Both systems present the same servicing problems; if the serv
icing of the rotating-pointer is understood, the sliding-pointer can 
also be serviced. 

DIAL-CORD SLIPPAGE 

The greatest source of trouble in dial-cord drives is slippage. 
Slippage may be due to insufficient tension, a smooth cord surface, 
or the binding of a moving part. 

A loose cord can be tightened in several ways. The easiest way 
is to replace the stretched spring, thus increasing spring tension. An
other way is to untie the dial cord and retie it with greater tension 
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Fig. 3-1. Rotary dial strln9l119. Motorola, Inc. 

(taking up as much slack as the cord will allow). This will change 
the cord length, and may require resetting the dial pointer: tune to a 
known station, adjust the dial pointer to this station, retie the dial 
cord tightly, and test by listening to the station. 

When retying a dial cord, the old knot sometimes cannot be 
untied. If this is the case, cut the knot off and retie with a square 
knot. For emergency cord-tightening operation, untie the cord and 
spring and twist the cord a few times. The twist tends to shorten 
the cord. A popular emergency operation is to cut the spring to a 
shorter length and replace it and the old cord, providing greater 
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tension. Generally, cutting the spring is less desirable than replacing 
it, since a shorter spring is stiffer and "gives" less. 

When a dial cord slips, but has no slack, a friction compound 
can be applied. This is available in stick, powder, or liquid form. 
(When you find a favorite variety, add it to your list of tools. Fol
low the manufacturer's directions in applying the friction com
pound. A home-made variety can be formulated by dissolving some 
rosin in alcohol or gasoline. Treated cords, however, rarely work 
well for a long time; hence, replacement is always best. 

DIAL-CORD THREADING 

Once the fundamental dial-cord threading systems are under
stood, replacement of dial cords can easily be mastered. The simplest 
arrangement is the rotary dial, shown in Fig. 3-1. The dial cord is 
looped several times (five turns in the drawing) around the tuning 
knob shaft with both ends of the cord passing around a disk which 
is attached directly to the tuning capacitor shaft. The cord ends are 
drawn into a slot in the disk, and tied to a coil spring drawn tight 
and hooked to a catch on the disk. The tuning pointer is attached 
directly to the tuning capacitor shaft (here the pointer is horizontal, 
with tuning capacitor gang fully closed). Such a rotary dial system 
uses the fewest parts, with only two shafts connected in line by the 
dial cord. The pointer describes an arc as the tuning shaft is rotated .. 

Figure 3-2 shows the slide-rule arrangement (with a vertical 
dial in this case, the frequencies on the dial face numbered from 
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fig. 3-3. Horizontal slide-rule stringing. 

top to bottom) . Besides the main tuning knob and tuning capacitor 
rotating shafts, three additional idler pulleys are used. These idler 
pulleys do not turn anything, and serve only to change the direc
tion of the dial cord, to get around obstructions, and to place the 
dial and pointer in the desired position. The dial cord is looped a 
few turns (two and one-half in the case shown) around the tuning 
knob shaft and looped around the tuning capacitor shaft disk with 
spring tension, as before - but additional dial cord now goes around 
the idler pulleys so that the pointer moves vertically along the dial. 

BINDING OF PULLEYS 

Occasionally slipping of the dial cord may be due to binding 
of pulleys or shafts. In this case, straightening or bending the pulley 
bracket (the device that holds the pulley in place) may help. In 
other cases, a few drops of oil may "loosen up" the tight idler pulleys. 
However, never use oil where wooden pulleys are used, since this 
may cause the wood to swell. For lubricating wooden pulleys, use 
powered graphite. 

HORIZONTAL SLIDE-RULE TUNING 

Another slide-rule dial arrangement is shown in Fig. 3-3 (the 
pointer moves in a horizontal direction, dial numbers going from 
left to right.) The dial cord is looped a few turns (three and one-
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half turns in the case shown) around the tuning knob shaft and again 
looped around a spring-loaded tuning-capacitor disk. The dial cord 
is also passed around idlers to complete the arrangement, with the 
pointer so arranged as to travel to the right when the tuning knob 
is rotated clockwise. 

DIAL THREADING IN CHANGING PLANES 

In some unusual cabinet designs (sloping panels, for example) 
the tuning knob is in a different plane than the pointer dial. Here 
idlers are indispensable, as shown in Fig. 3-4. As with other dial 
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Fig. 3-4. Dial stringing in more than one plane. 

cord arrangements, a few turns are placed around the tuning knob 
shaft, with the dial cord continuing around the spring-loaded tun
ing-capacitor disk. Note how the various idlers bring the dial cord 
back into the desired plane. The pointer is shown at the upper left, 
ready to move horizontally as the tuning knob is turned clockwise. 
An alternate vertical pointer is also shown, ready to move upward 
as the tuning knob is turned clockwise, showing how the dial ar
rangement could handle either a vertical or a horizontal dial. 

Figure 3-5 gives another example in which the elements in the 
dial cord system are in different planes - a 90-degree change of plane. 
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Fig. 3-5. Right-angle dial drive stringing. 

Figure 3-5 is a top view, looking into the top of a set in which the 
line of the tuning gang shaft is vertical, and the tuning knob shaft 
protrudes from its usual position in the front of the set. A few turns 
of dial cord are taken around the tuning knob shaft, passed around an 
idler (at the right), then passed around the tuning capacitor shaft 
disk. The disk is slotted, so the cord does not slip out. When the dial 
cord leaves the disk, it again changes plane back to idlers to complete 
the cord path. The pointer travels horizontally, and the dial cord 
cord goes through a vertical-horizontal-vertical path. 

CROSSED STRINGING 

Figure 3-6 ,shows what at first appears to be a simple rotary dial 
stringing arrangement. Actually, it is a special case in which it is 
desired to change direction of rotation from clockwise to counter
clockwise. Thus, after looping a few turns around the tuning knob 
shaft, the cord crosses and loops around the spring-loaded tuning 
capacitor disk, crossing again as it goes back to the tuning knob 
shaft. When replacing this cord be especially careful to note that 
the cord is crossed, otherwise the rotation of the restrung dial will be 
reversed. 

GENERAL AIDS 

When restringing dial cords, always use the proper cord. Do 
not use fish line, twine, or similar materials. There are special linen 
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and nylon dial-cords that are available at all radio supply houses. 
To be able to restring any model radio, have spools of extra-thin, 
standard, and medium-thickness dial cord available. Select from 
these the cord that best matches the old cord of the set being serviced. 

Before beginning dial-cord replacement, make a sketch of the 
stringing arrangement (or obtain a dial stringing diagram, if avail
able in service notes). Then remove the old cord entirely. Before 

Fig. 3-6. Cross stringing, 
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starting the restringing, check all knobs, pulleys, and other items 
in the cording arrangement. Oil or clean where necessary. Note the 
condition of the spring. Replace it if it is stretched too much. 

Start the restringing by tying one end of the cord to the spring 
with a square knot. Follow the restringing plan until the spring is 
reached again. Loop the cord through the same end of the spring 
that you started the stringing from, and pull tight enough to put the 
spring under tension. Cut off the excess dial cord, leaving enough 
to tie a square knot. Check the operation of the dial pointer over 
the entire scale. 

With rotating pointers (circular dials) the position of the ca
pacitor shaft (while stringing) is unimportant, since the pointer is 
attached to it. On slide-rule dials (horizontal or vertical scales) , it 
is important to watch the position of the capacitor tuning shaft. 
With both types of dials, however, the pointer can be reset after the 
dial is restrung. 

When restringing a set having a number of pulleys, place cello
phane tape or adhesive tape over the cord at each pulley, to prevent 
the cord from coming off while you complete the restringing. A 
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piece of stiff wire, hooked at one end, can be used to pull the cord 
around bends and pulleys. 

MECHANICAL REPAIRS 

Unlike console and table radios, portables may be subjected to 
severe mechanical wear and tear as they are carried around or moved 
from place to place. The first problem is cabinet repair. Since vir
tually all clock and portable cabinets are made of plastic, main
tenance and repair of plastic cabinets is emphasized. 

Plastic Cabinets. Use special plastic cements (available at all 
jobbers) on plastic cabinets that are cracked or chipped. Clean the 
surface thoroughly with special plastic solvents, then work the ce-
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Fig, 3-7. Replaclng a stud 
or machine screw in a 
thin plastlc cabinet. 

ment into the crevices. For cracks, clamp the joint together with 
heavy rubber bands and let the plastic cement set until it is thor
oughly dry. (Wipe off the excess cement before it sets.) Use stick 
shellac (if necessary) to fill into a smooth surface. Remove excess 
shellac or glue very carefully with a razor blade. Finally, polish the 
cabinet with a cream-base polish. Badly cracked cabinets should be 
replaced, since they are difficult to repair and often break again. 

If the required materials and time are not available, try the 
following procedure: 

Apply ordinary glue to the edges of the broken sections and place 
the edges together. Let the glue set for a while and then run a warm 
soldering iron on the inside of the cabinet along the cracks. Finally, 
polish the cabinet. 

Painted plastic cabinets can be refinished with lacquer enamel. 
After the enamel has dried, rub lightly with steel wool to blend the 
old and new surfaces together. The last step, again, is to polish with 
a cream-base polish. 

To create a favorable impression on your customer, before re
turning any receiver, clean the cabinet with soap and water. Wipe it 
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off with a cloth soaked in clean water. Dry the cabinet thoroughly 
and then polish it with a cream-base polish or paste wax. 

SOLDERING 

In connection with mechanical repairs, proper soldering cannot 
be overemphasized. Since portables are subjected to unusual physi
cal wear, connections often fail if they are not soldered properly. The 
following rules should be observed: 

I. The surfaces to be soldered must be clean. Scrape them with 
a knife or sandpaper until they are absolutely clean. 

2. The joint must be mechanically strong and make perfect 
electrical contact. Do not rely upon the solder alone to keep 
the elements together. 

3. Enough heat must be applied so that the materials to be 
joined (not the iron alone) melt the solder. On the other 
hand, do not use so much heat as to melt insulation or dam
age other components. 

4. Do not use too much solder, and remove any excess. In port
ables, where components are so closely placed, minute drops 
of solder touching terminals can short out circuitry, often 
causing damage. 

OTHER REPAIRS 

Miscellaneous. If it becomes necessary to insert a screw into a 
plastic cabinet, an undersized hole should be drilled and a self
tapping screw used, with a few drops of oil. 

When a machine screw must be repeatedly screwed in and out 
of a thin-wall plastic cabinet back, first heat a screw of the desired 
thread and screw it into a scrap piece of plastic. Do this as many 
many times as possible, until the scrap plastic and screw work to
gether when cold. When the screw works well in the scrap sheet, cut 
it to the desired size and cement it in place in the thin-wall plastic 
back of the set, as shown in Fig. 3-7. 

In portables, poor performance is very often caused by dirt in 
the set. Therefore, it is important that some cleaning and lubrica
tion be performed. A vacuum cleaner is a good source of compressed 
air for this purpose. Make sure that the blast of air will be strong 
enough to dislodge dirt without moving components. If lubrication 
is required, a drop or two of mineral oil will suffice. 
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Cabling. Fraying and breaking of battery cables constitute an
other source of trouble. Since the cables are unusually long and 
subject to twisting and bending, this is understandable. If the bat
tery cable is defective, replace the entire cable, rather than one lead. 
Standard battery cables with plugs attached are available. These 
cables are usually color-coded as follows: 

Red: A+ and B-
Black: A-
Blue: B+ 
It is wise, however, to check each wire for proper connections 

before soldering it, since some manufacturers use whatever colors 
they may have available. Snap connectors can be adjusted with 
needle-nose pliers and a small screwdriver. 



4. general troubleshooting • 

GENERAL PRECAUTIONS 

Portable radios, because of the necessity for saving space, are 
usually not designed with the serviceman in view. The small size of 
portables requires using pencil-type soldering irons, needle-nose 
pliers, and care in working in a small, cramped space. Therefore, 
when servicing portables, extra precautions should be observed to 
prevent personal injuries and loss of time and money. 

1. In probing around, be careful not to short out any com
ponents. Components are generally so close together that 
it is easy to burn one out by the slightest careless move. 

2. Have adequate light available to help you see the small 
parts and connections. 

3. In performing any repair, extreme caution with the solder
ing iron is mandatory. Components and insulation can be 
damaged by heat. 

4. In the application of solder, use as little as possible remov
ing any excess drops. 
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5. In testing tubes with an ohmmeter, remember that I-volt 
tubes are involved. Use the high-resistance scale. (Using 
the low-range scale may result in drawing excessive meter 
current through the filaments.) 

6. Use an isolation transformer between the power line and 
the radio. (Many ac-dc portables have one side of the power 
line common to the chassis.) 

7. Be especially careful when working on the underside of the 
chassis. Dangerous voltages are exposed, threatening injury 
to the service technician and to the components. 

8. Always disconnect the power cord before making any repairs. 
9. When working on top of the chassis, be careful not to bend 

tuning capacitor plates (this could cause a short, or mis
alignment) . 

10. When changing a component held by screws or nuts, replace 
the lockwashers. 

I l. Do not overtighten screws inserted through or threaded into 
plastic materials (plastic threads strip easily, and some plas
tic cracks more readily than other materials) . 

12. To avoid new troubles, be very careful when replacing parts. 
Note the following items: 

l. Before a part is unsoldered, note the position of the leads. 
If a part has a nmpber of leads, tag each one. 

2. Be careful not to damage other leads in pulling or pushing 
them out of the way. 

3. A carelessly soldered connection may cause new faults. Since 
the poorly soldered connection will be difficult to find later, 
it is very important to make well-soldered joints at the outset. 

4. When a part is replaced in the r-f or i-f circuits, it must be 
placed in exactly the same position at the original. Give 
particular attention to proper grounding; use the same 
ground as in the original wiring (failure to do so may re
sult in decreased gain or possible oscillation in the circuit). 

QUICK CHECK FOR THREE-WAY SETS 

In repairing portables, much time is lost by having to go 
through an elaborate procedure in removing a chassis from its case. 
The following rapid procedures will quickly uncover some common 
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easy-to-repair troubles and determine whether more elaborate trou
bleshooting is required. 

Tube-rectifier type. Remove the batteries and turn the switch 
to ac-dc. Measure the resistance across the line plug. The normal 
reading is 100 to 300 ohms. A reading above 300 ohms indicates a 
defective rectifier, line cord, or switch; a reading of less than 100 
ohms usually indicates a bad filter capacitor in the power supply. 

To test the filter, remove the rectifier tube and measure the re
sistance between the cathode hole (pin) in the socket and the line 
plug (try both prongs). A steady reading of under 20,000 ohms in
dicates a bad filter. Compare readings between the suspected filter 
and a filter known to be good before discarding the old one. 

The filament circuit can be checked by continuity. A zero 
(open-circuit) reading indicates an open switch, rectifier, or line 
cord. 

Selenium-rectifier type. The procedure here is similar to that 
used for the tube-rectifier type. Set the radio for ac-dc operation 
and, with the ohmmeter on the low- or medium-range scale, measure 
the resistance across the line plug. A zero (open-circuit) reading 
should be obtained. Reverse the ohmmeter leads. Again, a zero 
reading is normal. A reading of up to 1000 ohms or so indicates a 
bad filter or rectifier. Turn the ohmmeter to the highest scale and 
take readings in both directions across the line plug. One reading 
should be 50 times the other. If it is less, the rectifier is suspect. 

QUICK CHECK FOR BATTERY SETS 

In series-filament sets, the resistance across the A plug will be 
about 7 ohms per volt of the A battery (about 42 ohms for a 6-volt 
battery) . A reading higher than this indicates a bad tube or bad 
wiring; a low reading indicates a short in the filament circuit. 

The reading from A- to the chassis ( or ground) should be 
zero. The resistance reading from B+ to chassis should be at least 
20,000 ohms. A low reading here indicates bad filters or shorts. A 
reading of more than 2 megohms indicates an open filter or an open 
resistor between B- and the chassis. The reading from B- to chas
sis should be zero, or in some circuits, 300 to 1000 ohms. 

In parallel-filament sets, the resistance reading across the A
battery plug should be approximately 2½ ohms or less, depending 
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upon the number of tubes. Readings that vary by more than 50% 
call for further checking and chassis removal. 

DETAILED TROUBLESHOOTING PROCEDURES 

General. If the procedures given in the quick check do not 
uncover the cause of faulty operation, the chassis must be removed 
for detailed examination and complete troubleshooting. 

It is a well-known fact that in a great majority of cases more 
time is spent looking for the trouble in a radio set than in making 
the actual repair. Therefore, it is most important that troubleshoot
ing time be reduced to a minimum. This can be done only by fol
lowing a standard procedure in which each step is related to the 
previous one. 

Unfortunately, too few technicians give any thought to planning 
their procedures, with the result that they try a series of disconnected 
approaches, which may or may not expose the fault in the quickest 
time. A generalized, logical procedure is presented below. It can 
be adapted to any radio equipment, but should always be followed 
in the order given. 

Visual inspection. After the set is removed from its cabinet, 
make the following visual inspection: 

1. Look for any signs of burned resistors or insulation. 
2. Look for capacitors that show signs of wax leakage. 
3. Look at connections to tube sockets, plugs, and controls. 
4. Look for defective solder connections. 
5. Look for any bare wires that may be touching the chassis or 

other wires. 
6. Look at the tubes to make sure that they are in their proper 

sockets. (Surprising as this may seem, many faults are cured 
by this one step of inspection.) Subminiature tubes are es
pecially difficult to check, since they may fit in each other's 
sockets easily, and even in their own sockets backwards. Where 
a paint dot appears next to the first pin (see Fig. 4-1) insert 
that tube so that its dot corresponds with the paint dot on 
the chassis, then the first pin of the tube will correspond to 
the first hole in the socket. Where there is no paint dot, 
examine the pins to find the two with continuity (the fila
ment) then check with a tube manual to determine the pin 
relationship. 
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7. Inspect the power plug and cable. Use an ohmmeter to lo
cate any breaks. 

Checking key circuits for shorts. Trouble within the receiver 
can often be located by checking the resistances of the filament and 

Fig. 4-1. S•bmlnlature 
Nbe IRsertlon. Motorola, 
Inc. 

B+ circuits. Refer to the manufacturers' resistance tables for the 
particular set. If the proper readings are obtained, the equipment 
can be operated without danger of further damage. 

Operational Test. The next step is to operate the set while 
listening for any hissing, sniffing for signs of burning, touching for 
signs of excess heat, and looking for signs of malfunction. Rotate 
all controls over their complete range. 

Troubleshooting with test equipment. While all the equip
ment listed below is not absolutely essential, every shop should have 
these items for efficient operation. 

1. An r-f signal generator capable of supplying the r-f and i-f 
frequencies of the set (approximately from 400 kc to 2 me) . 

2. An audio signal generator (any oscillator with a range from 
60 cycles to IO kc) . 

3. Frequency meter (best quality, to check signal generators). 
4. VTVM with a good low-range voltage and reliable resist

ance scales. 
5. Tube tester with facilities for testing miniature and submin

iature tubes. 
The troubleshooting chart and tables given on the following 

pages will help to keep testing time to a minimum. They list the 
more common symptoms, localizing the trouble, and indicating re
pair procedures. In addition, voltage and resistance measurements 
should be performed, utilizing the signal-substitution techniques as 
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Pig, 4-3. Simplified block diagram of the schematic shown In Pig. 4-2, 

indicated. (As an auxiliary technique, stage gain measurements may 
be performed.) 

We will now assume a practical service situation with a typical 
circuit (Fig. 4-2) shown and discussed. The information can be 
adapted to any other portables as required. (If your set does not 
contain the component referred to, skip to the next item.) 

As stated previously, this book is not intended as a course in 
radio fundamentals. However, as a way of summarizing all that 
has been said throughout, it is felt a rather detailed explanation of 
a typical receiver on the market today, will enable the technician to 
overcome unusual servicing problems a bit more efficiently. 

For this purpose, we have chosen a three-way portable in which 
many conventional circuits are found. With a little imagination, the 
information provided for this set can be used in analyzing other sets. 

ANALYZING A TYPICAL CIRCUIT 

Figure 4-2 is a schematic diagram of a superheterodyne receiver. 
Its signal path, as shown in Fig. 4-3, is as follows: 

I. The incoming signal from the antenna is applied to the 
converter, VJ. This tube is a combination mixer and oscil
lator that produces the 455-kc i-f signal to V2, the i-f am
plifier. 

2. V2 is a conventional high-gain amplifier, whose input and 
output circuits are tuned to 455 kc, the i-f. The output of 
V2 is coupled to VJ, the detector and first a-f amplifier. 

3. VJ is a combination diode detector and pentode amplifier. 
The i-f signal is demodulated and amplified at this stage. The 
amplified audio-signal is applied to V4, the audio output 
tube. 
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4. V4 is a power amplifier that amplifies the signal sufficiently 
to drive the speaker. 

Converter Stage, VJ 
I. The converter stage functions as a combination oscillator and 

mixer. The filament, and grids l and 2, form the oscillator. 
The filament and grids 3, 4, and 5 form the mixer portion of 
the circuit. The oscillator is the tuned-grid feedback type 
in which T4 supplies the required feedback to sustain oscil
lation. The frequency of the oscillator circuit is determined 
primarily by CJB and T4. Grid 2 functions as the plate of 
the oscillator circuit and grid 3 as the control grid for the 
mixer section. 

2. The r-f signal voltage from the received station is applied to 
grid 3 (pin 6) , which enables it to modulate the electron 
stream flowing from the oscillator section of the tube. The 
beating of the oscillator and the received r-f signals results 
in many different frequencies. However, the primary of T J 
(the VJ plate load) is tuned to only one of them - 455 kc. 

3. RJ and C2 provide grid-leak bias for the oscillator grid. R2 
is a voltage-dropping resistor and it is bypassed for r-f by CJ. 

1-F Amplifier, V2 
I. The i-f amplifier receives the 455-kc signal from VJ and 

amplifies it. The greatest signal gain is provided here. Since 
the input and output sections for this stage are tuned for 
455 kc, only this frequency is amplified. 

2. The stage functions as a conventional amplifier, C4 neutral
izes the interelectrode capacitance of the tube by feeding an 
out-of-phase input to the grid. (Since this is a high-gain 
stage, it is extremely susceptible to oscillation; the capacitance 
between the electrodes in the tube could permit enough 
feedback to start oscillation, and C4 cancels any of this feed
back.) RJ and C5 provide the bias for the stage. 

3. B+ voltages are applied directly to the screen and grid. 
The amplified output is developed across the primary of T2 and 
coupled to VJ by transformer action of T2. 
Second Detector and A-F Amplifier, VJ 

I. The i-f signal from V2 is applied between the diode plate of 
VJ and B-. The detected output therefore appears across 
R5 and the volume control, R6. A portion of the detected 
output is coupled through C7 to the control grid of the 
pentode section, where it is amplified. The amplified output 
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Fl9. 4-4. FIiament circuit of the Hhe-tlc shown la Fl9. 4-2. 

is developed across R9, which is bypassed for r-f by C8. R8 
and C9 form the screen-grid decoupling network. R7 is the 
control-grid return for V3. 

2. The portion of the detected voltage developed across R6 is 
used for ave. The ave is applied to the control grid of the 
mixer section of VI through isolating resistor R4. C6 pro
vides filtering for the ave system. 

Output Stage, V4 
l. The amplified audio signals are applied to the control grid 

of V4 through coupling capacitor CIO. RIO is the grid re
turn for V4 across which the input signal is applied. B+ is 
applied through the primary of T3. Cl2 filters audio fre
quencies from the B+ source. 

2. The tube operates as a class-A amplifier and by transformer 
action it drives the speaker. 

Bias System. Bias voltages for the various tubes are provided by 
returning the various control grids to the negative side of each tube 
filament. As explained in other sections of this book, the filament 
voltage on direct-heater type tubes varies along the filament 
string, with the center of the filament used as a reference point when 
measuring grid bias. In addition, the filament center-to-B- voltage is 
determined by the position the tube occupies in the filament circuit. 
The difference between the control grid and the filament-center 
voltage, is the grid bias for each tube. Figure 4-4 (the filament 
circuit) indicates how this biasing is accomplished. 
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Filament Circuit 
I. The chassis shown uses three I .4-volt and one 2.8-volt filament

type tubes connected in series as shown in Fig. 4-4. During 
battery operation, 7 .5 volts are supplied directly by the bat
tery. On power-line operation, the SRI rectifier output is 
dropped to 7 volts by resistors R15 and R16 (Fig. 4-5). 

2. During operation, the plate and screen currents of a filament
type tube pass through the filaments of the tubes preceding 
it. The closer the tube to the B- end of the line, the more 
will be the current flowing through its filament. Therefore 
to prevent this current from burning out the filaments, shunt
ing resistors R17, R18, R19, and R20 are used. Filament ra
dio-frequency bypassing is provided by CJ2D and C14 (see 
Fig. 4-4). 

Control Circuits. There are three controls in this chassis -
VOLUME, ON-OFF, and BATTERY-POWER. The ON-OFF and the BATTERY· 

POWER (Fig. 4-5) are discussed here. 
S2 is the ON-OFF switch which controls battery and power op

eration. When power is turned on, S2 applies B+ to the plates and 
screen, and also completes the plate, screen, and filament circuits by 
completing the connection to B-. 
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Sl-1 selects the type of operation desired - battery or power. 
In POWER operation, the rectified direct voltages are applied through 
the switch. In BATTERY operation, the battery voltages are applied. 
However, in the BATTERY position, an additional function must be 
performed. By referring to Fig. 4-5, it will be noticed that the nega
tive battery terminals are connected to the chassis. The negative 
ends of the plate and filament circuits are connected to the B- bus, 
which is insulated from the chassis. Therefore, it is required to con
nect the B- bus with the chassis for battery operation. This is 
accomplished by inserting the power plug into a receptacle which 
will actuate SJ-IA. This completes the required A- and B-battery 
circuits. 

TROUBLESHOOTING 

The following chart is drawn up specifically for the chassis we 
have been describing. It can be made to apply to any three-way or 
clock radio, applying the given symptoms to the corresponding com
ponents in any set under examination. Causes for symptoms given 
are those mostly likely to occur; no attempt is made to list every 
conceivable cause for the trouble indicated. Causes for each symptom 
are given in the order that they are most likely to occur. Finally, 
many A- and B-circuit causes listed in Table 4-1 can be eliminated by 
noticing whether the given symptom occurs during battery operation. 

Symptom 

1. Set does not operate 
on line or battery 

2. Set operates on bat
tery only 

3. Set operates on line 
only 

4. Excessive current 
drawn 

Table 4-1 

Cause 

l. Defective tube 
Defective ON-OFF switch 
Defective LINE-BATTERY switch 

2. Defective rectifier, SRI 
Defective capacitor, CJ2 
Defective resistors R12, RJJ, RU, 

R15, or R16 
Defective line cord 
Defective LINE-BATTERY switch 

3. Defective batteries 
Defective switch, SJ-IA 
Defective LINE-BATTERY switch 

4. Defective C12 
Defective CS 
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Table 4-1 (continued) 

Symptom 

5. Tubes light, but no 
sound 

6. No reception - hum 
only with volume at 
maximum 

7. No reception - hum 
only with volume 
control down 

8. Noise only - no 
signal 

9. Whistling and/or 
motor boating 

10. Noisy set 
11. Distortion 

I 2. Weak reception 

INTERMITTENTS 

Cause 

5. Defective V4 
Defective speaker 

6. Defective C7 
Defective CJO 

7. Defective CJ2 
Defective tubes 
Defective antenna 

8. Defective converter and/or associated 
components 
Defective A- and B-supply compon
ents (SRI, CJ2, RIJ, Rl4, R15, 
or R16) 
Defective R20 
Defective antenna or antenna con
nections 
Misalignment 

9. Defective tube 
Defective bypass capacitor 
(C5, CS, C9, or CJ2) 
Defective C15 

10. Defective tube or tubes 
11. Defective V4 

Defective V2 
Defective CJO, C7, or C6 
Defective C12 
Defective speaker 

12. Defective tube 
Defective A- or B-circuit components 
Defective RS or R9 
Defective GIi 
Defective antenna or connections 
Misalignment 

lntermittents are usually the most difficult troubles to locate. 
By definition, an intermittent comes and goes, so its activity cannot 
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be forecast. If the intermittent shows up when you're ready for it, 
the situation is converted into one of routine diagnosis and repair. 
Consequently, the problem is tracking down the intermittent. 

In tracking down the intermittent, gather even the most isolated 
facts and group them for analysis. It is important to observe the 
behavior of the set at the time of failure - does it go completely 
dead, does it become noisy, or does it merely drop off in signal 
strength? In addition, the frequency of failure should be observed. 
In many cases, it may be necessary to heat the chassis with a space 
heater (hair dryer or coil-element heater) . If facilities are available 
for raising input voltages, gently overload the receiver for a few 
minutes to force the fault to occur. A vibration test (carefully ap
plied by gently tapping the tubes with a rubber mallet, or gently 
prodding suspected elements with a nonconductor) may jar the 
element sufficiently to bring on the fault. This may cause the defect 
to become permanent, making it more easily detected. 

If the tubes are suspected, connect a voltmeter across each tube 
filament. In series filaments, the defective tube will be indicated 
by a rise in voltage reading. A normal tube will show a zero voltage 
reading when the set fails. If a poor connection is suspected, gently 
move wires and components around until the set becomes operative. 

NOISY TUBES 

If a tube is suspected as the cause of faulty operation, tune the 
set between stations and turn up the volume. Tap the top and sides 
of the tube with the eraser on a pencil. (If the noise occurs in all 
tubes tapped, you are tapping too hard, or you may be vibrating 
microphonic components or poor mechanical connections.) If one 
tube produces a loud noise or howl when tapped, replace it with a 
new tube. 

EMERGENCY REPAIRS 

It's always best to replace defective parts with an identical re
placement. However, this is not always possible. The next best 
thing is to make an emergency repair. This is not a permanent solu
tion, but is a temporary device to keep the customer's set operating 
while you await a proper replacement part. Since replacement trans
formers are usually not stored by the service shop, they are the cause 
of frequent emergency repair. 
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Figure 4-6 shows a transformer with an open primary winding. 
Since the secondary of the transformer represents a complete circuit 
to the input of the next stage, it is possible to cut the entire primary 
of the transformer (cut as shown in the diagram) and replace the 

50TO 
150K 

ANY COUPLING 
CAPACITOR 

50 TO 500 1.0.tF 

OPEN 
PRIMARY 

Fig. 4-6. Substituting a resistor and capacitor for a• open primary winding. 

transformer coupling with resistance-impedance coupling. The pri
mary winding is replaced by a simple carbon resistor (50,000 -
150,000 ohms), with a coupling capacitor of 50 - 500 µµf (for r-f 
coupling). 

Figure 4-7 shows a transformer with an open secondary winding. 
Since the primary of the transformer represents a complete circuit 
to the output of the preceding stage, it is possible to open the entire 
secondary of the transformer (cut as shown) and replace the trans
former coupling with impedance-resistance coupling. The secondary 
winding is replaced by a simple carbon resistor (0.5 - 2 megohms) , 
with a coupling capacitor of 50 - 500 µµf (for r-f coupling) . 

Figure 4-8 shows how to replace an r-f transformer open primary 
with resistance-gimmick coupling. The resistor replaces the imped
ance of the defective transformer primary, while the gimmick in
volves an insulated lead soldered to the primary plate circuit and 
twisted 5 to IO times around the grid lead of the secondary circuit. 
The number of turns and the dress of the gimmick wire control the 
degree of coupling between the stages. 

Figure 4-9 shows the substitution of a resistor and a gimmick for 
an open secondary winding. The gimmick is now inserted in the 
primary transformer circuit. 
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Fl9. 4-8. Substltutln1 a resistor and a few turns of wire (a 1lmMlck) for 
a defective primary. 

GIMMICK 
5TO 10 
TURNS 

n ~THIS' 
ANO REPLACE rU WITH THIS-

OPEN 
SECONDARY 

Fl9. 4-9. Substltutl119 a resistor and a few tums of wire (a 1lmmlck) for 
an open secondary wlndln9. 
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Remember, these are all emergency repairs, pending replacement 
with manufacturer recommended parts. 

TUBE REPLACEMENT 

Tube replacement becomes a problem because too many tech
nicians pull all the tubes for testing at once, on the assumption that 
they know all the tube layouts well enough to replace the tubes 
properly. In many cases, tubes are then reinserted in the wrong 
sockets, and burn out or introduce more difficulties. Therefore, the 
first rule to follow is to remove, test, and replace tubes one at a time. 

Actual tube removal can be a problem. Modern clock and port
able sets are so compact that it is often impossible to get a firm grip 
on the tube. Do not grasp the tube in any manner possible, and rock 
and twist it until is comes out. This often causes the socket contacts 
to spread resulting in additional troubles. Instead, use tube pullers, 
or other tools specifically designed to aid in tube withdrawal. 

If the tube markings are faint, try the following: 
I. Hold the tube up to the light in different directions. 
2. Rub the tube against your hair. 
3. If the above do not permit you to read the markings, chill 

the tube in a refrigerator for about 15 minutes (condensation 
will form on the tube, outlining the markings). 

Observe the following in replacing subminiature tubes: 
I. The red dot on the tube goes nearest the red dot on the 

socket (see Fig. 4-1). 
2. The tube leads of a replacement tube should be cut to the 

same length as the original. 
3. The tube leads should not be bent unnecessarily, since the 

tubes are fragile. 
If it becomes necessary to use a microphonic tube, wrap several 

turns of solder around the tube, near the top. Use a little speaker
cement to hold the solder in place. (Use this procedure only when 
a new tube is not available.) 

A minimum recommended stock of tubes should include at 
least those types shown in the Portable Tube Chart of Chap. I. 

TESTING CRYSTAL DIODES 

Crystal diodes are being used more every day; their testing should 
be familiar to the technician. An ohmmeter is the best simple in-
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strument for testing a crystal diode. To test, disconnect one load of 
the diode, being careful not to use too much heat. Measure the re
sistance in one direction, and then measure the resistance in the 
other direction. For a good diode, one reading should be at least 
100 times the other. 

TRANSISTOR TESTING 

In testing transistors, the characteristics to consider are reverse 
current (leakage) and current gain. Current gain measurements are 
usually desirable under signal conditions, but reliable results can be 
obtained by the measuring procedure given below: 

Leakage current test. The first test is for leakage current of the 
diode. Set up the equipment as shown in Fig. 4-10. Note that pro
visions are made for testing both n-p-n and p-n-p transistors. An 

+ 

F19. 4-10, Transistor leaka1• current test. 

ordinary single battery cell will suffice, unless the particular tran
sistor to be tested operates at a significantly higher voltage. Note 
that the customary current-limiting series resistor is not needed, since 
measurement is being made for reverse current (back bias) . Current 
will be in the order of microamperes, so the meter should be a 
microammeter of say 100-µa range (or lower). The polarity of the 
meter is as shown. The particular biasing voltage and leakage cur
rent are given in the data sheet by the manufacturer. Apply the 
voltage required and read the current. A measured current higher 
than that given by the manufacturer indicates a faulty transistor. 
Remember that the manufacturer lists the leakage current (I co) for 
a particular temperature (usually in centigrade). Try to duplicate 
the temperature and voltage for most accurate results. 

Beta test. The next test is the beta (~) test, shown in Fig. 4-11. 
The setup for n-p-n transistors is shown at the left, with the setup for 
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Fig. 4-11. The Beta test for transistors: left for n-p-n types, right for 
p-n-p types. 

p-n-p transistors at the right. A 6-volt battery supplies the power, 
while a 0-3-ma meter reads the current. The base is grounded 
through a 50,000-ohm resistor, with another resistor (200,000 ohms) 
from base to switch S. The emitter i~ grounded. Note that in both 
cases the emitter is forward-biased with respect to the base, allowing 
a small current to flow in the transistor; this current is shown as 
a small le reading in the 0-3-ma meter in the collector circuit. When 
switch S is depressed, the base is forward-biased by the additional 
base current through RI. This additional base current is I = E/R 
= 6/200,000 = 0.03 ma. Herc is a clear change of base current (Mb) by 
0.03 ma. The collector current should change accordingly. The 
change in collector current may be read from the meter in the col
lector circuit. Suppose the collector changes to a value 0.3 ma higher 
than it read before. According to formula. 

~ = t.1.I C = 0.3 = IO 
Mb .03 

Similarly, if the collector changes 3 ma, the beta would be 100. By 
this means, beta (~) may be checked against the value specified by 
the manufacturer. 

Where a manufacturer specifies alpha (a) rather than beta 
(~) , use this conversion formula: 

(l 

~ = 1-a 

Since beta is a measure of transistor current gain, it is the 
rough equivalent of an emission test for vacuum tubes. The beta and 
the leakage current test should provide for rapid checking of most 
transistors. 
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As an alternative to the test setups just described, the technician 
might employ one of the many transistor testers that are now com
mercially available. These testers are capable of simple leakage and 
gain measurements. 

TRANSISTOR PRECAUTIONS 

1. When making resistance measurements in a circuit, remove 
the transistors to avoid an erroneous reading. 

2. Determine the battery voltage and polarity of an ohmmeter, 
since incorrect lead connections, or too high a battery voltage 
across a low-voltage electrolytic, may damage the capacitor. 

3. "Screwdriver" signal testing is not recommended (damage 
to the transistor may result). Use signal generators for 
tracing. 

4. When soldering near or at a transistor socket, remove the 
transistor to avoid damaging it. 

5. If it is necessary to replace a transistor, use the proper type. 
6. Because of the closeness of components, exercise extreme care 

in making measurements, (to avoid damage to transistors). 
7. Be careful to install batteries properly, to avoid incorrect 

voltages and polarities that may damage the transistors. 

PROCEDURE 

Unlike tube radios, in which tubes are checked first, in trans
istor radios the transistors are checked last. The first thing to be 
checked is the battery. If decreased output with muffled or distorted 
sound is found, the battery is usually at fault. If replacing the bat
tery does not improve equipment performance, use a signal genera
tor for circuit tracing. Start at the base of the output stage and work 
toward the antenna, listening constantly for output. When injecting 
an audio signal at the base of the audio stage, use a high-capacitance 
electrolytic. A 50-µµf capacitor should be used for injecting i-f and 
r-f signals. To inject a signal to the antenna coil, couple the antenna 
loop closely to the antenna coil. 

TRANSISTOR INSTRUMENTS 

Some service technicians prefer using transistorized service in
struments to work on transistor sets. Such service instruments are 
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small, light, and self-powered. Two such instruments the technician 
can build for himself are shown in Fig. 4-12. 

Signal tracing probe. The signal tracing probe (Fig. 4-12A) 
has a tracing probe that uses a diode CR as an r-f detector, with 
ground clip to complete the circuit. Resistor RI is a filter resistor, 
while R2 serves as the volume control. Transformer Tl couples the 

1500 )J)JF 
DISK CERAMIC 2)JF 6V 2)JF 6V 

TRACING i cf-220~11,2w -AR;li~NE;------ AR6r.~~~E;---------~ 

PROBE $ I • Tl C2 T2 C3 
+ - + -

I o!ll,..-'-11,-----<i~--L 

I CR - R2 
I IN34 .5 MEG 
I + 
I 

I ' 
I = ;11~<>-<------------~ 

GROUND I MALLORY TRl32 

PHONE 
JACK 

~ I/ ______________________________ _ 

~ IA) 

Fig. 4-12. 
i•f tester. 

BMH 

MODULATION 
C 

50l-l/.lF 
T 

r--------'-'J3'-+0JAF 

r-----'J'-=2~JHIGH IF 

50 
OUTPUT I.II.IF 

(AIR) 

TUNING 

1.5V 

l--0 COM 

Transistor servicing instruments. (A) signal tracing probe. 
Radio and TV News. 

(B) 

(B) 

signal (matching the input impedance of Vi) to the base of the 
first audio amplifier through blocking capacitor C2, while R3 serves 
as the base return. The output of VI is coupled by transistor T2 to 
the base of second audio amplifier V2 through blocking capacitor 
CJ, while R4 serves as base return. The output of V2 is connected 
to the phone jack for headphone pickup. The battery and switch 
complete the circuit. 

Radio i-f tester. The radio i-f tester (Fig. 4-12B) uses an 8-mil
lihenry emitter return, and a 50-µµf trimmer for feedback be
tween collector and emitter (modulation control) . The R-C net-
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work in the base circuit (270,000 ohms and .005 µf) serves as an 
audio load to the a-f jack. The output of the collector is developed 
across the tuned tank circuit (L and 50-µµf capacitor), with the 
10-µµf isolating capacitor and 10,000 ohm attenuator for controlled 
i-£ output at J 1. For maximum i-f output, ]2 takes the signal from 
the high side of the tank circuit. The single CK 722 transistor serves 
as audio oscillator and i-f signal generator. In addition, the audio 
oscillator serves as a continuity tester. 



5. repair and replacements • 

GENERAL TECHNIQUES 

Before starting any actual replacement, read the precautions 
outlined below. While these precautions are general, they are par
ticularly applicable to small radio sets where components are closely 
placed. 

68 

1. Tagging leads. Tagging leads is essential to assure that cor
rect wiring will be made when a part is replaced. Before un
soldering leads from tube sockets, panel connectors, or other 
parts, tie together the leads that are attached to each of these 
parts. Using small tags or short pieces of adhesive tape, iden
tify all wires in accordance with their numbered connections. 
Identify every lead that is to be removed. If tagging is not 
used, a descriptive wiring diagram should be made, showing 
the connections to be removed. 
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2. Parts and substitution. When faulty parts must be replaced, 
identical replacement parts should be used. If identical parts 
are not available, and the faulty component is beyond repair, 
a substitution must be made. The part substituted must have 
identical electrical properties and must be of an equal or 
higher rating. 

3. Location. Relocation of substituted parts may produce cer
tain difficulties, such as hum, noise, or crosstalk, and is not 
recommended. 

4. Mounting. Mount the new or replaced part in the same 
mounting position as that formerly occupied by the faulty 
part. Fasten all mountings securely. 

5. Soldering. Before soldering any connection, carefully scrape 
all parts that will be touched by the solder until all traces 
of rust, corrosion, and paint or varnish are removed. Clean 
all parts to be soldered. Wrap the wire around the solder lug 
so that it is mechanically secure. Use very little solder and 
only sufficient heat to make the solder flow evenly around 
the connections. In the case of coaxial cables or shielded 
leads, make sure that the shield is properly soldered to the 
ground lug. The same applies to bonded connections be
tween metal subassembly frames and the chassis plate. Make 
sure that the ground lug is securely bonded to the chassis. 
Be sure to clean away all particles or splashes of solder. 

Note: The replacement of components in printed wiring is discussed 
in a separate section of this chapter. 

CAPACITORS 

Next to tubes, capacitors are the greatest source of difficulty in 
radio sets. Therefore, it is important to learn how to locate defec
tive capacitors, how to test, and how to replace capacitors. 

Preliminary tests. The best means of locating a defective capa
citor is by the senses. Turn on the set and note the condition of all 
capacitors. If any are unusually warm or are oozing wax, it is wise 
to replace them. If a hot or burned-out resistor has been located, 
trace the path of the resistor circuit and replace the capacitor to 
ground. If there is hum in the set, suspect the electrolytics in the 
power supply. If tapping or moving a capacitor causes noise, it 
should be replaced. 
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Testing capacitors. The next problem is testing. Obviously, the 
best way is with a capacitor tester. One may not always be available, 
but other tests will also yield usable results. First, measure the 
resistance of a capacitor. Any reading below 20 megohms for paper 
and 300,000 ohms in electrolytics (except for very-high-capacitance 
values) needs further investigation. Disconnect one lead from the 
set, and again measure the resistance across the capacitors. If there 
is still a low reading, with the original part out of the circuit, connect 
a substitute in the circuit and note the results. There will now be a 
definite indication of the condition of the original capacitor. (If 
the original capacitor were shorted or leaky, bridging it in the circuit 
would do no good.) 

Another way of measuring the condition of a capacitor is the 
so-called "kick test." In this procedure, disconnect one end of the 
capacitor, and note the meter deflection at the instant when ohm
meter leads are connected to the capacitor. Compare the meter de
flection to that of a capacitor, of the same value, known to be in 
good condition. 

Another test, to be used when the capacitor is known not to be 
shorted, is to measure the alternating current through it. Then com
pare this with the current through a good capacitor of the same 
value. In this last test the voltage rating of the capacitor and the 
power source should be observed. 

Replacing a capacitor. If it becomes necessary to replace a 
capacitor, observe the instructions below. 

Use quality components to avoid costly rework later. (Bargain 
capacitors may be units that have dried up and, therefore, not of 
the required capacitance of voltage rating. They look new, but very 
seldom perform satisfactorily.) 

In the problem of multisection electrolytics, if one section goes, 
it is most advisable to replace the whole capacitor rather than the 
defective section. The experience and headaches of many technicians 
bear this out. 

In replacing a capacitor, observe the capacitance, voltage rating, 
and polarity. Try to duplicate capacitance as closely as possible. 
If necessary, use series or parallel combinations to achieve correct 
capacitance. (See Fig. 5-1 for an example of capacitor combinations.) 
As for the voltage rating, never go below the voltage rating of the 
replaced capacitor. 

Before removing a capacitor, note the polarity color markings 
of the leads. If necessary, make a sketch. On paper capacitors, note 
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which side has a black band or is marked ground. In installing a 
new capacitor, observe the same method of connection. In mica 
and ceramic capacitors, polarity is not observed. 

Often the mounting strap of the electrolytic can be twisted off 
with pliers. The rivet can then be removed and the new electrolytics 
bolted to the chassis through the same hole. It may often be neces
sary to solder the mounting strap to the chassis. 

Several makes of portable radios use can-type electrolytics. When 
replacing these, it is best to secure an exact replacement. However, 

20j.lF/20V 20j.lF/20V 

I( I( 
RESULTANT CAPACITANCE = 10 J.IF /40V 

80j.lF/I00V 

S0J.IF /I00V 

RESULTANT CAPACITANCE = 160 J.IF/I00V 

RESULTANT CAPACITANCE• 80j.lF/IOOV 

Fig. 5-1. Serles, parallel, and series-parallel capacitor combinations. 

it is often necessary or convenient to replace them with paper tubu
lar type electrolytics. If this is done, the problem of heat should be 
considered (the life of an electrolytic is considerably shortened by 
heat) . Tubular electrolytics should be kept away from larger-wattage 
resistors. 

If you desire to replace one section of a multisection capacitor, 
or to replace the original, refer to Fig. 5-2, which illustrates the re
placement of a three-section electrolytic with either two or three 
capacitors. Note that the original condition (Fig. 5-2A) repre
sents three separate capacitors in the single filter package. In the 
first replacement (Fig. 5-2B), two separate assemblies (one contain
ing two replacement capacitors and the other containing a single 
replacement capacitor) replace the original three capacitors in the 
master filter package. In Fig. 5-2C three single capacitors replace 
the three capacitors in the original single filter package. Figures 
5-2B and C are electrically equivalent to Fig. 5-2A. 

Naturally, however, a direct single-unit replacement would 
probably be the quickest, because identical replacement units could 
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Fig. 5-2. Different ways to replace a three-section electrolytic capacitor. 
(A) The original three-section electrolytic (in dashed lines); (B) replaced by 
two-capacitor assemblies; (C) replaced by three capacitors. 

be purchased without regard to packaging. Using a two or three 
capacitor replacement may present a space problem, since packaging 
(Fig. 5-2A) generally reduces the.space required for the units. 

SWITCHES 

Several types of switches are used in portables. Most radios use 
the potentiometer-operated switch to control ON-OFF operation, and 
either a rotary switch or a toggle switch to select power line or bat-
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tery operation. The volume control and the ON-OFF switch are usually 
combined on one shaft. Most modern receivers mount the POWER

LINE-BATIERY switch on the back of the set (Fig. 5-3), where it must 
be activated by the power cord. This prevents equipment damage. 

Volume control switch and ON-OFF switch. A defective volume 
control or ON-OFF switch is fairly obvious. Defective volume controls 

Fig. 5-3. A plug-operated power s-wltch. 

stick, scratch, show sudden changes in volume upon adjustment, or 
do not control volume when varied. 

The failure of an ON-OFF switch is evidenced by inability to turn 
the set on or off. 

When the volume control becomes noisy, it is usually wise to 
replace it. However, a noisy volume control can usually be repaired 
by the use of any of several commercial fluids made for this spe
cific purpose. 

Repair. Try to apply the fluid alongside each terminal so that 
it flows into the control housing. Sometimes it is necessary to rotate 
the control to expose the opening along each element and for the 
fluid to flow downward. Rotate the control a few times while in
serting the fluid. If this procedure does not help, it may be necessary 
to take off the back cover and apply the fluid directly to the re
sistance element. If the control is still noisy, it must be replaced. 

The ON-OFF switch can be repaired, when trouble is caused by the 
switch operating arm being bent slightly out of position. To fix the 
switch, remove the back, and (with long-nose pliers) bend the arm 
until it operates the toggle. 

Replacement. Should the control or ON-OFF switch require re
placement, it is important to secure an exact replacement. Since 
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these two controls are ganged, it is quite conceivable that the new 
section might not fit the old one. Therefore, if the exact replace
ment for the part is not available, order the entire switch-potentio
meter unit. To secure replacement data, first determine the manu
facturer's part number from his literature. If the supplier has the 
part, the problem is solved. If not, consult the catalogs put out by 
such manufacturers as Centralab, Clarostat, and I.R.C. 

Remember that carbon and wire-wound controls should not 
be used interchangeably except as a last resort, and a control should 
never be replaced with one of a lower power rating than the original. 
Once the correct replacement is obtained, proceed as follows: 

1. Make a sketch of the original connections. 
2. Unsolder all leads to the control and remove the control. 
3. Following the manufacturer's instructions, assemble the new 

control. Cut the shaft to the correct length. (In some cases, 
the old control shaft may be used.) 

4. Install the control as directed by the manufacturer, leaving 
the mounting nut loose. 

5. Solder all leads to the control terminal. 
6. Adjust the control to the final position and tighten the 

mounting nut. 
One popular replacement unit is sold in the form of separate 

switches, volume controls, and shafts. The technician selects his own 
combination and assembles it at the time of installation, matching 
the original as closely as possible. 

BATTERY - POWER-LINE selector switches. Typical BATTERY -

POWER-LINE selector switches are mechanically and electrically more 
complicated than the switches previously discussed. Replacements 
are more difficult to obtain and install. When replacement is re
quired, it is usually necessary to contact the manufacturer. Fortu
nately, these switches may, in some instances, be serviced. 

Repair. In servicing switches, determine whether the switch is 
at fault, by noting whether the radio operates on batteries and not 
on power line, or vice versa. If this happens, the BATTERY - POWER· 

LINE switch is usuaily at fault. The cause of this trouble is generally 
dirt, dust, corrosion, or poor physical contact between the stationary 
and moving portions of the switch. 

Contacts that are simply dirty may be cleaned with carbon 
tetrachloride or other commercial solvents, applied with a small 
brush. Corroded contacts may require gentle scraping or sanding 
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with fine sandpaper. Extreme care should be exercised in working 
on contacts. After cleaning, lubricate the contacts lightly with Lub
riplate or an equivalent lubricant. 

Contacts that lose their tension may have the tension restored 
by bending the contacts with a special tool, such as shown in Fig. 
5-4. This bending procedure is a delicate one and must be done 
with utmost care. Otherwise, the contact may be broken and a new 

Fig. 5-4. Tool used for 
restoring contact tension 
in switches. 

switch required. The offset angles in the contact switch bending 
tool (Fig. 5-4) permit it to be inserted into confined spaces to reach 
contacts in switches and relays. The slot in the end of the tool is 
slipped over the edge of the faulty contact and the tool is then 
twisted as required, causing the contact to turn in the direction de
sired. While such contact-bending is less desirable than screw adjust
ment, it is quite acceptable in cases where no screw-adjustment is 
provided, and where the contact must be bent in order to change 
angle or tension. 

While working on the switch, it is a good idea to check the 
soldered connections of all leads. Small radios are subjected to a 
great lead of physical punishment, and soldered connections may 
work loose. 

TUBE SOCKETS 

After a trouble has been traced to a definite tube, but that tube 
is found to be good, the trouble should be considered to be in the 
tube socket. 

In small radios, tube sockets seem to be a particular source of 
trouble. One of the greatest causes of this trouble is careless wiggling 
and extraction of the miniature tubes used in small radios. 

Repair. Before attempting to replace a tube socket, try these 
simple servicing procedures: 

I. Remove the tube. 



76 REPAIR.ING PORTABLE AND CLOCK RADIOS 

2. Unbend a paper clip and insert in into each pin hole in tum, 
scraping at the contacts to remove dirt and corrosion. (For 
subminiature tubes, use a pin.) 

3. Using long-nose pliers, squeeze the contacts at the back of 
the sockets. 

4. Check the soldered connection to each pin terminal. If it is 
necessary to resolder, use a small amount of solder, and do 
not apply excessive heat. 

If all the above methods fail, the tube socket must be replaced. 
Proceed as follows: 

Replacement. 
1. Make a sketch of all wiring to the tube socket. 
2. Disconnect all socket leads, tagging each lead. 
3. Drill out the mounting rivets. 
4. Remove the socket. 
5. Install the new socket with its holes in the same positions as 

the original. 
6. Secure socket with bolts and nuts. 
7. Resolder all leads. 
8. Insert the tube. 

TRANSFORMERS AND COILS 

Fortunately, transformers and coils are not as great a source of 
troubles as tubes, capacitors, or resistors. 

When a transformer fails, unless it can be repaired simply, 
it should be replaced. If an exact replacement is not available, 
universal replacement types may be used. 

The trouble most frequently encountered in coils or transform
ers is a break or a short between windings. A break can easily be 
detected with an ohmmeter; a short is a little more difficult to detect. 
Table 5-1 gives typical values for transformers used in small radios. 
Any noticeable difference from the reading indicates a defective 
component. 

Table 5-1 

Type 

Output transformer (for speaker) 
I-f transformer 
R-f transformer 

Primary 

500 
12 
0.5 

Secondary 

1.5 
12 
4 
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Loudspeaker. If a break is indicated, try to locate it for pos
sible repair. Once it is located, remove the enamel insulation from 
both ends of the break, and tie and solder them together securely. 
Anchor the repaired joint with speaker cement. 

Replacement. In replacing transformers, it is best to use an exact 
replacement. This involves less time and effort. However, in many 
cases, a universal type transformer replacement is adequate. 

In replacing an r-f transformer, first make a sketch of all wiring 
to it. Note that one winding will be smaller than the other. Label 
the two ends of this winding A and B. Label the corresponding 
ends on the new coil A and B. Label the ends of the larger coil of 
new and old transformers C and D. Replace the transformer, and 
connect all leads. 

Try the set. If it doesn't work, it is probable that one set of 
leads is reversed. Reverse the most convenient set. 

J.f transformers can also be easily installed. First, determine 
exactly what type of i-f transformer is required. An input type is 
used immediately following the mixer stage, an interstage i-f trans
former is used between i-f stages, and an output i-f transformer is 
used before the detector stage. 

Exact replacement is again desirable. However, there is also a 
universal type that will work well. Before taking out the old trans-

Fig. 5.5. Transformer 
color coding. 
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former, sketch all windings. Note the color coding. Most i-f trans
formers adhere to the RETMA color code given in Fig. 5-5. 

Output transformers are also rather easily replaced. In order
ing, give the tube type in the output stage and state whether a single
ended or push-pull arrangement is used. This will insure proper 
replacement. 

Complete connecting instructions come with each transformer. 
If the voice-coil impedance is not available, try the combination that 
sounds best. However, most sets have a voice-coil impedance of 
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3.2 ohms. There is also an approximation method of estimating 
voice-coil impedance that works in the average case. In using this 
method, measure the ordinary d-c resistance of the voice coil (call
ing it R). Then multiply R by a factor of 1.4 to find the impedance. 
The formula is given below: 

R x 1.4 = Z of voice coil 

SPEAKERS 

The amount of speaker servicing that is feasible is rather limited. 
It is nearly always cheaper to replace the defective speaker. A few 
minor repairs, however, are possible. In this section the pm-type 
speaker is discussed, since it is universally used in the type of small 
radio discussed in this book. 

Speaker troubles that can be easily repaired are those caused by 
dirt, rips or tears, an open voice coil, or loose joints due to drying 
out of cement or glue. 

Before starting replacement or repair, the technician should 
make sure. the trouble is definitely in the speaker. This procedure 
involves operating the set to listen for rattling or scratchy or fuzzy 
sounds, examining the speaker for physical defects, and using an 
ohmmeter to determine whether the voice coil connections are open. 

If a break in the voice-coil connections is easily accessible, clean 
the insulation, make a good tight solder-joint, and anchor the repair
ed joint with speaker cement. Sometimes the voice-coil leads that are 
anchored to the cones work themselves loose. They can be recemented 
to the cone. If the break is not easily accessible, replace the speaker. 

When joints become loose because of dried up cement, they 
must be recemented. In applying cement, do not use too much; this 
would cause the cone to become too stiff. 

Small rips or tears can also be repaired, though with somewhat 
uncertain results. First, cut away the ragged edges, then apply ce
ment. On small radios, this patching may cause but little difference 
in tone. An alternative is to use a piece of tissue paper or onionskin 
paper as a patch over the hole. 

Replacement. Replacement speakers are readily available. In 
ordering a replacement, check the speaker size and depth, and the 
location of its mounting holes. Also, note the location of the ori
ginal output transformer; in many cases it can be used with the new 
speaker. Bring the speaker to the supply house with you, and try 



REPAIR AND REPlACEMEN1S 79 

to get the closest thing to the original. It may be necessary to drill 
new holes in the chassis or the speaker frame. Also, many new 
speakers have adapters for mounting the transformers and brackets 
for attaching the speaker to the chassis. One word of caution: handle 
the speaker carefully to avoid damaging it. 

PRINTED ELECTRONIC COMPONENTS 

As portable and clock radios become smaller and the demand 
for lower prices becomes greater, the use of printed components 
becomes more widespread. (Printed components should not be con
fused with printed wiring, which will be discussed later.) Figure 
5-6 shows a typical printed electronic circuit - a ceramic-based 
printed component consisting of a complete resistance-capacitance 
coupling network. Many sets contain one such unit, and some 
contain three. 

Circuit diagrams must be used when testing and replacing a 
printed electronic circuit. If this circuit goes bad and no diagram is 
available, the whole unit should be replaced. To obtain the proper 
replacement, use the manufacturer's part number and catalogue. In 
replacing any printed electronic circuit, always make a sketch show
ing where each lead goes. 

Testing. If a schematic is available, it may be possible to test 
and substitute for defective components in the printed electronic 
circuit. Before attempting to replace or test a component, study the 
circuit closely. As an example, consider Fig. 5-6: Resistor R4 can be 
tested by taking a reading between terminals 6 and 8. Resistor RI 
can be tested by taking a resistance reading between terminals I 
and 3. 

Replacement. Replacement also requires some thought. Sup
pose R4 must be taken out of the circuit and replaced. Looking at 
the diagram, it can be seen that the only way to do this would be 
to open lead 6 and connect the new resistor between the former tie 
point of lead 6 and lead 8. However, cutting lead 8 would open the 
circuit from C5 to the output stage; thus R4 could not be replaced 
alone. Similarly, resistor Rl cannot be replaced individually, since 
other components would then be taken out of the circuit. Close 
examination shows that capacitor Cl is the only component in this 
printed unit that can be replaced individually. 

In replacing a complete unit, use a low-melting-point solder, 
to avoid damaging other components, and make sure that the old 
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Fig, 5-6. A printed electronic circuit (shown In heavy lines), Centrafab. 

lead is well insulated, so that it will remain out of the circuit per
manently. 

ANTENNAS 

Each manufacturer of portable and clock radios has his own 
ways of arranging the antennas for his various sets. Some use a pan
cake loop on the back of the set, some a carrying-strap loop, and 
some a ferrite-core type antenna mounted on the chassis. Regardless 
of the arrangement, antennas on small radios do not present any 
particular problem. Antennas seldom need replacement, and, when 
replacement is necessary, there are enough standardized types to ful
fill every need. 

Antenna loops frequently get loose from their mounting on the 
cabinet. They can be remounted with plastic or speaker cement. A 
defective antenna can also be caused by a break in the antenna con
necting wire; this can be repaired in the normal manner. 

In replacing any type of antenna, original placement and con
nections should be kept in mind. The replaced antenna must ap-
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proximate the original as closely as possible. When required, use 
plastic or speaker cement for mounting the antenna to the cabinet. 

SERVICING PRINTED CIRCUITS 

The trend toward printed circuits is most pronounced in port
able sets, because printed circuits favor small low-voltage units. In 
printed circuits, point-to-point wiring is replaced with wiring printed 
(plated or etched) on a nonconducting "card." 

Some special materials useful in servicing printed circuits are 
listed below: 

1. 20- to 40-watt pencil type soldering iron. 
2. Small wire brush. 
3. 60% tin, 40% lead low-temperature rosin-core solder. 
4. Thin-bladed knife. 
5: Soldering aid or small wire pick. 
6. Denatured alcohol. 
7. Wood wire cutters. 
8. Needle-nosed pliers. 
The repair of printed circuit chassis is relatively simple and, 

in many instances, actually easier than repairing a conventionally 
wired chassis. Normal troubleshooting procedures should he care
fully followed in detecting and isolating the cause of the trouble. 
Due to the accessibility of all components, the use of short-cut meth
ods, such as shunting components (suspected open capacitors or re
sistors, etc) or temporary isolation and substitution of shorted parts, 
can be done very easily in a printed circuit chassis. However, the 
removal and replacement of the i-f cans, oscillator coil, and volume 
control in printed circuits are a little more time consuming than in 
a conventionally wired chassis; hence, make certain a component is 
defective (ohmmeter check) before replacing it. When servicing a 
printed circuit load, use exact replacements, because the correct 
mechanical, as well as electrical, specifications are very important. 

Whenever possible, replace resistors and capacitors right on the 
mounting board or "card" (see Fig. 5-7), soldering the replacement 
part to the leads of the original component, which has been clipped 
out. In cases where this is impossible, the following procedure should 
he used in removing a defective component. 

I. Apply heat from a low-wattage soldering iron to the con
nections, and quickly brush away the melted solder. 

2. Cut off the component leads, or lugs, close to the board. 
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3. Continue to heat the connections just long enough for the 
solder to melt and the component or lead to be removed. If 
more than one lead or lug is holding the component, try to 
disengage one side at a time. 

4. Clean the mounting holes, then insert the new component 
in the holes provided for it. 

5. Bend the component leads and solder the connections very 
carefully, using as little solder as possible. Make certain ex
cess solder does not short to an adjacent strip. 

If prolonged excessive heat or forceful removal of parts causes 
a section of the metal strip to lift up from the chassis board, it can 

Pig. 5-7. A typkal print
ed circuit board. Crosley 
DIY., AYco Mfg. Co. 

be repaired simply by cutting away the damaged section and re
placing it with a small piece of insulated wire. 

Figure 5-8 shows the standard procedure recommended by one 
receiver manufacturer for printed circuits. 
Replacement of capacitors and resistors (Fig. 5-8A and B) 

1. Cut the leads where they enter the component. In many 
cases, it is advisable to cut the defective component in half 
to get enough lead to solder the new component. 

2. Clean off the remaining leads, leaving as much of the lead 
as possible. 

3. Make a small loop in each lead of the replacement com
ponent. 

4. Slide the loop over the remaining leads of the old component. 



REPAIR. AND REPLACIMINTS 83 

yr ) I 
HEAT AND 
PULL OUT 

(B) 

Fig. 5-8. Repair procedures for printed circuits. A~er Emerson Radio and 
Pli-ograpli Corp. 

5. Tie new and old leads together with new components well 
anchored on hoard. 

6. Solder the new connections, avoiding excessive heat and 
brush off any excess solder. 

Replacement of coils (Fig. 5-BC) 
l. Heat the connection on the wiring side of the hoard, brushing 

away the solder with the wire brush as it melts. 
2. Insert a knife blade between the bent-over component lead 

and the wiring. 
3. When the lead is perpendicular, withdraw the coil. 

Replacement of tube sockets (Fig. 5-BD) 
This procedure is exactly the same as above, except that the 
grounding lug is done last and does not require bending. Just 
withdraw the socket while heat is applied to the grounding lug. 
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Repair of wiring (Fig. 5-BE) 
I. Cut a piece of insulated wire to span the break. 
2. Without using excess heat, solder the wire to the printed 

wiring. 

SELENIUM RECTIFIERS 

Selenium rectifiers require ventilation; they are most effectively 
cooled when the cells are vertical. These rectifiers must he replaced 
with great care. The soldering iron must avoid contact with the 
surfaces of cells, since the heat may melt or damage the cell coating. 
Failures of selenium rectifiers fall in four catagories: open-circuit, 
short-circuit, high forward resistance, low backward resistance. 

The line resistor in series with a selenium rectifier must he care
fully replaced. Its resistance is critical as a current-limiting factor 
during surges, and its wattage rating is important if it is used as a fuse. 

The fumes present when a selenium rectifier fails are poisonous. 
Avoid inhalation. 

Indications of failure. Selenium rectifier faults are often indi
cated by a rotten-egg smell, melting of the alloy coating on the cells, 
or signs of extreme heat on the rectifier. Where signs of heat are 
present, temporary overload or overheating, perhaps from insuffi
cient ventilation, may have caused rectifier damage and subsequent 
self-healing. If more than 15% of the surface of the selenium rectifier 
shows burning, or when any sparking or smoking is noted, replace 
the rectifier. 

Field tests with an ohmmeter. First read the resistance across 
the rectifier, then reverse the ohmmeter leads and read the resistance 
again. One low and one high reading should he obtained from a 
properly functioning selenium rectifier. If both readings show high 
resistance, the rectifier is shorted. (If your ohmmeter leads are color
coded for polarity, with red for positive and black for negative, you 
can readily check whether the low resistance is forward or backward.) 

Assume that the red probe of the ohmmeter is connected to the 
positive battery terminal of the ohmmeter, while the black probe is 
connected to the negative battery terminal. When the test probes 
(and therefore the battery) are attached to the rectifier, the recti
fier diode is either forward-biased or hack-biased, depending on the 
battery polarity. Forward bias occurs when the arrow side of the 
rectifier is connected to the positive battery terminal and/or when 



Possible 
Symptom Trouble 

No B+ Open line 
voltage resistor or 

open rectifier 

LowB+ 
voltage 

Hum in 
loud
speaker 

High-forward
resistance 
rectifier, 
leaky or low 
capacitor, 
or excessive 
B+ current 

Leaky or low 
capacitor, or 
low-reverse
resistance 
rectifier 

Sparking Deformed 
or dark rectifier 
spots on 
plates of 
rectifier 

Burned-out Defective 
line 
resistor 

capacitor, 
defective 
rectifier or 
shorted load 

• Courtesy Electronic Technician. 
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Table 5-2* 

Procedure 

Test for alternating voltage between 
switch and B-. If O.K., test for alter
nating voltage between rectifier B+ 
and B-. If O.K., check stack for open 
circuit. 

Test rectifier for forward resistance. 
If O.K., test capacitor for capacitance 
and leakage. Test B+ circuit for ex
cessive tube current or partial short
circuit due to defective components. 

Test capacitor. If O.K., test rectifier. 

If sparking occurs after set has been 
inoperative for a long time, leave it on; 
rectifier will probably reform. If spark
ing continues, test rectifier reverse re
sistance. If reverse current is high or 
sparking persists, replace rectifier. 

Test for shorted rectifier or capacitor. 
Check load for excessive current or in
termittent shorts. 

the "K" side of the rectifier is connected to the negative battery ter
minal. In forward-bias condition, the conductance is maximum 
(least resistance) . When the ohmmeter leads are reversed, the diode 
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is back-biased (maximum resistance). See Table 5-2 for a rapid 
check on selenium rectifiers. 

SELENIUM RECTIFIER TESTS 

Simple diode rectifier resistance test. With an ordinary ohm
meter, measure the resistance across the diode rectifier. Note the 
reading. Reverse the ohmmeter leads and again measure the resist-

6,3V 

IA) 

,----, 
I- + 

I L ___ J 

RECTIFIER 
UNDER TEST 

I AMP 

Fig. 5-9. (A) Forward 
current test and (Bl re
vene current test for slm• 
pie diode rectifier. 

IAMP 

(Bl 

ance across the diode rectifier. Note the reverse reading. If the resist
ance is over 1,000 ohms in one direction and below 100 ohms in the 
other direction, the diode rectifier is probably good (with low for
ward direction and high reverse direction resistance). Verify this 
result by taking resistance readings across a diode rectifier of the 
same capactiy that is known to be good. 

This resistance test does not indicate quality very well. There
fore, two current tests are indicated. These include a forward-current 
test and a reverse-current test, as given below. 

Simple diode rectifier forward-current test. Set up the test equip
ment as shown in Fig. 5-9A. This includes a simple filament trans
former (any capacity, with a 6.3-volt winding) ; a d-c milliammeter 
with a 50-ma scale, connected with polarity as shown in the diagram; 
a means for connecting the rectifier under test; the necessary fuse. 
The required readings for acceptable performance are shown in 
Table 5-3: 

Simple diode rectifier reverse-current test. Set up the test equip
ment as shown in Fig. 5-9B. This includes a 240-volt plate winding 
(which might well be another winding of the transformer in Fig. 
5-9A used for both tests), the same d-c milliammeter with a 50-ma 
scale, connected with polarity reversed from the last test, with a 



Rectifier Current Rating 

65 ma 
75 ma 

100 ma 
150 ma 
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Table 5-3 

Minimum Meter Reading Acceptable 

20 ma 
20 ma 
33 ma 
33 ma 

switch added across the milliammeter, and a tube rectifier (whose 
filament circuit is not shown; it may draw current from the filament 
winding used in the last tests). In these two rectifier tests do not 
omit the protective lamp fuse. Do not open the switch S for the 
first minute, or the meter may be damaged by the high initial surge 
currents. After a minute, open S and read the milliammeter. The 
required readings for acceptable performance are shown in Table 5-4. 

Rectifier Current Rating 

65 ma 
75 ma 

100 ma 
150 ma 

Table 5-4 

Maximum Meter Reading Acceptable 

13 ma 
13 ma 
19 ma 
19 ma 

Note: For good performance, readings should be below the maximums indicated. 

REPLACING SELENIUM RECTIFIERS 

In replacing a selenium rectifier, the following precautions 
should be observed: 

1. Do not bring the soldering iron in contact with the rectifier 
cells. (This might damage the protective coating.) 

2. Mount the rectifier in its original position. Do not place 
any components in positions that prevent circulation of air 
through the rectifier cells. 

3. Be sure that the replaced rectifier is mounted firmly, so that 
it cannot turn and come into contact with the chassis, com
ponents, or wiring in the set. 

In the matter of stocking a variety of rectifiers, the same prob
lems exists as in stocking batteries except that the problem of an 
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exact mechanical fit usually is not difficult. Wherever possible, use 
an exact mechanical and electrical replacement. However, a good 
minimum stock should favor electrical equivalents over mechanical 
equivalents. General electrical requirements for diode rectifiers in
clude a minimum of one 65-ma, one 75-ma, one 100-ma, and one 
150-ma unit, all having a 130-volt rating. Keeping this minimum 
stock on hand will allow for an emergency replacement. If the 
volume of business warrants it, of course, increase the stock in the 
units frequently replaced. Keep the rectifiers packed in their card
board cartons, both for quick inventory identification and for pro
tection. (A screwdriver scratch on the surface of a diode rectifier 
plate may damage it.) 

TRANSISTOR REPLACEMENT 

Figure 5-10, shows transistors in a typical radio. (The seven 
transistors are the small black oblong-shaped objects.) Note that 
the transistors are plugged in from the top of the chassis like vacuum 

ANTENNA 

Fig. 5•10. A typlcal tra .. 
slstor portable radio. Ze
nith Radio and Televl• 
sion Corp. 

tubes. Note also how little space the transistors occupy, a factor 
that makes possible a degree of compactness never achieved with 
tubes. 

In transistor radios, the last component to be suspected is the 
transistor. Once the defect has been definitely trace to the transis
tor, replace it. 
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In servicing, bear in mind that transistors are unusually sen
sistive to heat and to incorrect voltage polarities. To replace a tran
sistor, you will need a set of jeweler's or optometrist's tools, a 35-watt 
soldering iron with a pencil point, a long-nose pliers - and the 
patience. The components in transistor sets are closely spaced, and 
the wiring fragile. Care is required in all servicing procedures. 
Use 60/40 rosin-core solder only: 

Observe the following rules: 
1. When soldering or unsoldering a transistor, grasp the wire 

being soldered tightly with long-nosed pliers. This is a heat
dissipating measure. Keep the pliers tight for I minute 
after the iron is removed. 

2. Keep the transistor leads as long as possible, consistent with 
space limitations. 

3. Get the soldering done as soon as possible. 
4. Observe proper voltage values and polarities in checking the 

replaced transistor. 



6. alignment • 

Although alignment is not performed as frequently as it should 
be by shop technicians, its importance cannot be overlooked. Too 
often a set returned to the user after repair does not perform as well 
as it should, because of failure to align it properly. The procedures 
involved are not difficult, and are well worth the time and effort 
required. The technician should especially be prepared for an 
alignment job if he has reason to believe the customer has tampered 
with the alignment adjustments of the receiver. This may be in
dicated by fresh scratches on the i-f cans, or by an absence of dust 
on them. 

The need for alignment is usually caused by one or more of 
the following: 

I. Component aging. 
2. Replacement of components during servicing. 
3. Vibration, rough handling, or tampering. 
4. Moisture, heat, or exposure to the elements. 

EQUIPMENT 

90 

The following equipment is adequate for most alignment work: 
1. A calibrated signal generator capable of supplying i-f and 

r-f signals, modulated 30% with a 400-cycle signal. 
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2. An output meter or a vtvm. 
3. An isolation transformer. (If an isolation transformer is not 

available, connect the low side of the signal generator to B
through a 0.1-µf capacitor.) 

4. A small fiber screw driver. 
5. A dummy antenna. (Since each manufacturer indicates his 

particular requirements, it is wise to obtain his servicing 
literature on the set.) 

6. A 3.2-ohm, 5-watt resistor. 

PRECAUTIONS 

The most elementary precaution in alignment work is do not 
begin alignment unless a calibrated signal generator is available. 
(While it is possible to align without such an instrument, the tech
nician has no way of knowing that the original intermediate fre
quency has been used; this upsets calibration.) 

In all procedures, observe the following: 
I. Use the proper tools and equipment. 
2. Isolate the circuit being aligned from the signal source. 

(Avoid applying the signal directly to the circuit being 
aligned.) 

3. Reduce the signal strength so that at no time is a reading of 
more than 0.4 volt obtained across the load resistance sub
stituting for the speaker voice coil. 

4. Recheck the alignment at both the upper and lower ends of 
the band. 

5. Know the alignment points before turning anything. 
6. When the antenna loop is used, hold it in the position that 

is normally used. 
7. Seal trimmers with nail polish after they have been set. 
8. Use the isolation transformer. 

PROCEDURE FOR TUBE-TYPE RADIOS 

The superhet receiver is usually aligned by sections: First the 
i-f section, then the oscillator, and finally the r-f section. This se
quence must be followed, because alignment depends on the proper 
functioning of previously aligned stages. Detailed procedures for 
aligning a typical i-f, oscillator, and r-f sections are given below. 
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(When available, follow the manufacturer's specific alignment in
structions, rather than the typical procedure given here.) 

1-F ALIGNMENT 

The common procedure for i-f alignment is to feed an AM signal 
into the i-f section and to adjust the trimmers or slugs for maxi
mum output at the speaker circuit. The i-f stages must be aligned 

OUTPUT 
STAGE 

e+ 

Fig. 6-1. For 1-f align
ment, connect the vtvm 
across the output, as 
shown. 

first. The procedure given here, although general, contains enough 
specific information to be adapted to any portable or clock radio. 

I. Disconnect or short out the loop antenna. 
2. Connect the signal generator to the mixer grid through a 

dummy antenna or capacitor. 
3. Disconnect the speaker voice coil, and connect a 3.2-ohm 

resistor across the output secondary. As shown in Fig. 6~1, 
connect a VTVM across this resistor (use the low-range 
a-c scale of the VTVM) . 

4. Connect the receiver to the power source, using the isola
tion transformer. 

5. Connect the signal generator to the power source. 
6. Set the tuning capacitor fully open and the volume control 

to maximum. 
7. Turn on the signal generator and the receiver, and let them 

warm up for 20 minutes. 
8. Adjust the signal generator for the intermediate frequency, 

modulated 30% at 400 cycles, so that the reading across the 
load resistor is no more than 0.4 volt. (At no time during 
any alignment should the output reading exceed 0.4 volt.) 

9. Starting at the last i-f stage secondary, and working back
ward, adjust each trimmer for maximum output. It will 
probably be necessary to reduce the signal generator output 
as the i-f stages are aligned. 
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10. Recheck the alignment by adjusting the trimmers for maxi
mum audio output. 

In many cases the ave circuit must be disabled for satisfactory 
and true peaking of each trimmer. While ave-disabling is good in 
all cases, it is obviously needed when turning the i-f screws produces 

CONTROLLEO STAGES 

: AVC LINE 
I 

~ CONNECT 
i ----._BIAS J 1- BATTERY 

3V~ 
•+ I 

-=-
Fig. 6-2. Disabling ave during 1-f alignment. 

no marked change in volume, or when a change in generator output 
causes no marked change in volume. To disable the ave, disconnect 
the ave lead from the detector stage and use a bias source of -3 
volts for biasing the controlled tubes (see Fig. 6-2). 

OSCILLATOR ALIGNMENT 

The next step is oscillator alignment. To align the oscillator 
stage, set up the equipment as for the i-f alignment, except for the 
following: 

I. Remove the dummy antenna and reconnect the loop anten
na, placing it in its ultimate position. 

2. Set the signal generator frequency at 1620 kc, making sure 
that the tuning capacitors are fully open. (This is the 
highest frequency on the broadcast band.) 

3. Connect the signal generator output across a 5-inch diameter 
5-turn loop and couple it inductively to the receiver loop. 
Keep the loops 12 inches apart. (See Fig. 4-3 for general 
practice.) 
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4. Adjust the oscillator trimmer for maximum output, as in
dicated by the meter reading. 

5. After the r-f alignment (next step), tune to a station of 
known frequency. If the dial reading does not correspond 
to the known frequency, the dial pointer must be readjusted. 

R-F ALIGNMENT 

The final step is aligning the r-f stage. Proceed as for the oscil-
lator alignment, except for the following: 

I. Set the generator frequency for 1400 kc. 
2. Tune the receiver for maximum signal. 
3. Adjust the antenna trimmer for maximum output as in

dicated by the meter reading. 
4. Reconnect the speaker. 

ALIGNMENT IN THE HOME 

It is frequently necessary to align a set in the home of the user, 
where there is not test equipment available. The procedure given 
below will lead to satisfactory results. The locations of the align
ment adjustments on a typical tube-type portable are shown in 
Fig. 6-3. 

I. Set the dial pointer so that it travels the full length of the 
scale as the set is tuned. (The end points of the scale can 
usually be determined by the wear and dirt on the slide 

plate.) 
2. Tune to some station between 1500 and 1600 kc. If neces

sary, attach a length of wire to the stator lug of the tuner 
to obtain some reception. 

3. If a station should appear at 1520, but is picked up at 1570, 
for example, adjust the oscillator trimmer (Fig. 6-3B) until 
the station comes in at 1520. Obtain the exact station fre
quencies from the radio page of a local newspaper. 

4. Starting at the output end, adust each i-f trimmer for max
imum reception. 

5. (This step should be followed only if the intermediate fre
quency is known.) If the i-f of the set is 455 kc, the image 
frequency of the 1520-kc station should appear at 610 kc 
(1520 minus 2 times 455 kc). If the image appears at 580 
kc instead of 610 kc, the i-f trimmers are set to 470 kc (1520 -
580/2). Readjust the i-f screws by ¼ turn. 
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2ND I F TRANS 
ADJUST 455 KC 

B+ 8-

(Al 

OSC. TRIMMER ANT. TRIMMER 1ST I F TRANS 
ADJUST 1620KC ADJUST 1400KC ADJUST 455 KC 

( Bl 
Fig, 6-3, A typlcal tube-type portable, showing locatlon of alignment ad• 
lustments. (A) Rear view. (1) Bottom view. Crosley Div., Avco Mfg, Co. 

6. Readjust the oscillator trimmer until the signal is received 
at 1520 kc. 

7. Adjust the i-f trimmers for maximum output. 
8. Check the frequency of the image station. If necessary, re

peat steps 5, 6, 7, and 8. 



C, 

" 

" r----
~c----7 

' ' 
' ', ,, 

C, 
OS 

(l C~ 

tm5 

rn 
OS 

m 
rli~fO n 

r--------. 
' ' 

--r-' 

t·fr 

"" !10'1, 

Cll Cll 

trr,t 

"" 0
!10'1. 

121-65 
osc. 

"" ~10"4 

121-61 
OUTPUT 

c(j 
"' 

'°' ~10'1, ... 
~ 10"1, 

$WIICIION • r•~:llfD 
VOL~~[ CONTR~Lr --,,-

m 

I ·1 100111fD ,,_ 

::::: 611 
-';-H 

+ri1RE~;m1ES 

~ S.SC _ rn- coccmM 

~~ L ~[111\IT[R O""'"""' 
' ' 
' 

j ~~~~~EClOR 

TRANSISTOR PNP 

~""~"'°F::7.n ,1 u~ 
.s•ico n·"·,""""'-~o~.,, .. 

____ BASE-~COLL(CTOR 
1
,, Is 

i ~"""" lJ.'->O ,,,, 
GROUNDLUG 

COU[(;T~ 
511,[LO 
SASE ALL RESISTORS ARE 112 'IIATT~U,R80ll,?20'1,TOLEI\AIICE 
[IIIITl(R UNLESS 011\ERWIS( SP[Clfl[~ 

TRANSISTOR PNP 
.I.LLYOI.UGESAl!ED.C.UIILESSOTHEIIWISESl'tCIFltD 

;~~cW~rltS[RS ARE I" MICROflRADS UMLESS OTH[IIWIS[ 

tu:vOLTAGES SHOWN "11f IIIUSUR[D fll(IICHASSISIITM 
IIClSl~lLUSIJl(;UIH,0.COR\1lOJUIIT\!ll[YOlf11t'.f[II 

DUIOTESCIIASSIS* 

Fig. 6-4. Schematic diagram of a typical all-transistor portable radio. Zenith Radio Corp. 
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9. Tune between stations and peak all trimmers for maximum 
noise output. (Tuning between stations makes the ave inop
erative, so that small noise changes can be detected.) 

TRANSISTOR SET ALIGNMENT 

The alignment procedure for transistor sets is very similar to 
that discussed for tube type sets. The following procedure, adapted 
from the Zenith 8A T4 IZ2 chassi~ (Fig. 6-4) , can readily be applied 
to any set. 

I. Connect the signal generator to the set antenna by means 
of one turn of the generator lead, loosely coupled. 

2. Connect an output meter (with a I-volt scale) across the 
voice coil. 

3. Turn the set on and set the volume to maximum. 
4. Turn the signal generator on and set it at 455 kc (the in

termediate frequency of this set) with 400-cycle modulation 
and the output high enough to give a meter reading. Set 
dial at 600 kc. 

5. Adjust TJ, T2, and Tl £or maximum output. This provides 
i-f alignment. 

6. Set the signal generator at 1620 kc, open the tuning gang all 
the way, and adust CIC for maximum output. 

7. Set the signal generator at 535 kc, close the tuning gang, and 
adjust slug in T6 £or maximum output. 

8. Repeat steps 6 and 7. 
9. Set the signal generator at 1260 kc, move the radio dial at 

1260 kc, and tune CIA for maximum output. This aligns 
the loop antenna. 

The above procedure can be adapted to all present transistor 
sets, where the manufacturer's specific instructions are not available. 
Note that the intermediate frequency must be observed, that the 
oscillator coil is adjusted for low-frequency tracking, and that the 
oscillator capacitor is adjusted for high-frequency tracking. 



7. design improvement • 

Although the technician does not normally perform the func
tions of a design engineer, there are some improvements he can make 
in small sets that not only may result in improved equipment per
formance, but will also lead to additional income. The changes 
discussed in this chapter can readily be performed with a minimum 
of time and equipment. Caution is, nonetheless, urged; avoid in
discriminate changes in design. 

HUM REMOVAL 

Depending upon the customer, hum may prove to be a varying 
source of annoyance. Some customers may object to the slightest 
hum and demand its removal; others may not complain until hum 
becomes overpowering. 

The most obvious source of hum is the filtering and decoupling 
circuits. Many technicians simply test the filter circuits, find nothing 
obviously wrong, and return the set - with hum still unchecked. 
Therefore, if you do hear hum, replace the capacitors, starting with 
the filters. New capacitors are bound to be an improvement over 

,. 
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the old ones. Also, try to use lower-leakage types (higher voltage
ratings). Don't be afraid to try a capacitor of a little larger capa
citance (if it doesn't affect the sensitivity too much) . 

In many portables, the line cord is not pulled fully out of the 
case; this permits the power cord to rest on the antenna, with the 
result that 60-cycle noise is radiated directly into the antenna with 
the r-f signal. 

Another difficulty is the placement of leads and ground con
nections. These items should be checked, because they are sources 
of annoyance that are hard to detect. 

Finally, there is hum caused by the a-c filament circuits. This 
can be corrected by using direct current for the filaments, accom
plished with the installation of a selenium rectifier. (The actual 
procedure is presented later in this chapter.) 

ADDING A PHONE JACK 

Some people prefer the novelty and privacy of a set of earphones. 
With smaller sets, this can become a problem. However, if the 
physical placement of components and method of procedure are 
worked out beforehand, it is not too difficult. Figure 7-lA shows 
typical installations that can be used on any set. 

Locate the audio output transformer. Open the secondary cir
cuit of the transformer at a convenient point and solder the cut 
wires to a three-point terminal strip, with the third terminal going 
to the other lead of the output transformer. Wire in the closed-cir
cuit phone jack as shown, so that insertion of the phone plug opens 
the speaker circuit and permits quiet earphone reception. Low-im
pedance phones should be employed. 

For more sensitive phone operation, higher-impedance phones 
should be connected through a .01-µf blocking capacitor to the plate 
circuit of the audio output tube. A switch may then be added to 
connect a 3-ohm resistor across the secondary of the output trans
former in place of the speaker, as shown in Fig. 7-IB. 

BATTERY PORTABLE TO AC-DC 

This problem may be solved in either of two ways - by building 
a separate power supply or by rewiring the old set. Both methods 
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AUDIO 
OUTPUT 

SPEAKER 

PHONE JACK 
( A) 

AUDIO 
OUTPUT 

.Ol>J.F 
400 V 

?PHONE JACK 

SPEAKER 
OUT 

SPEAKER 
IN 

SPEAKER 

( B) 

Fig. 7-1. Adding phone-jack Installations. (A) A typical lnstallatlon that 
can be added to any set. (B) An installatlon using high-impedance phones. 
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CURRENT FILAMENT FILAMENT SUPPLY DROPPING 
VALUE IN MA RESISTOR (R21 IN OHMS 

200 700 
250 560 
300 470 
400 350 

B+ 
(90V,25MA) 

Fig. 7-2. A typical separate power supply that can be added to any 
battery portable radio. 
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have their advantages and disadvantages. The choice depends on 
individual conditions. 

Adding a separate power supply. Figure 7-2 shows a power 
supply circuit that can be used, with slight modifications, with almost 
any portable on the market. The size of the rectifier and the value 
of R2 will depend on the individual set. Determine the filament 
current value for the set and then refer to the chart of Fig. 7-2 for 
the correct value of R2. Of course, provision must also be made to 
connect the power supply to the radio. 

For example, suppose all the 1.5-volt filaments in parallel total 
250-ma drain. The value of R2 will be 560 ohms (according to the 
table in Fig. 7-2). The power supply is turned on by switch S (with 
filter capacitor CJ of .05 µfat 600 volts across the line). The 5-ohm 
current-limiting resistor Rl controls current input to the selenium 
rectifier CR, which supplies approximately 100 volts of direct current 
to the point Y. 

The filament supply dropping resistor, R2, drops the filament 
voltage to 1.5 volts, which is applied to all the 1.5 volt filaments in 
parallel. The 250-µf 1.5-volt capacitor C3 filters the filament d-c 
supply. 

The major d-c supply of 100 volts at Y is filtered by a pi-type 
filter network consisting of a 4000-ohm resistance, R3, and two filter 
capacitors, C2 and C4, delivering 90 volts at 25 ma as plate supply 
(B+) for the set. 

Rewiring. If desired, a battery set can be rewired for permanent 
ac-dc operation. The filament circuit should be changed, usually 
from a parallel string to a series string with a rectifier inserted. 

Make the change in filament wiring only if all the set filaments 
have the same current drain. (If tube filaments have different cur
rent drains, use the filament arrangement shown in Fig. 7-2.) Where 
the series filament wiring is used, there is an optimum placement of 
certain tube functions in series. In rewiring the set, observe the fol
lowing filament string lineup, starting from the ground end: 

I. Converter. 
2. R-f amplifier (if used) . 
3. Diode detector. 
4. I-f amplifier. 
5. Output stage. 
Figure 7-3 shows a typical power supply that may be used with 

slight modifications in most battery-only sets for conversion to ac-dc 
operation. E 1' is the plate supply (approximately 90 volts), which 
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C2 + 
E1 IOO!fF A+ 
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Fig. 7-3. A power supply used for converting a battery portable to per• 
manent ac-dc operation. 
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Fig. 7-4. Converting a "battery only" set to an ac-dc or a three-way set. 
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should be reduced by means of a practical series filter resistance to 
the specific plate voltage desired for the set. E, is the voltage for 
the filament string. Resistors RI and R2 are a voltage divider to 
yield the desired A voltage for the filaments. 

BATTERY PORTABLE TO A THREE-WAY SET 

To make a portable into a three-way set, the set must be re
wired, a rectifier circuit added, and a two-position switch inserted. 
The problem of rewiring has been discussed above. Insertion of a 
two-position switch may cause placement problems. Each set pre
sents different physical problems, but they are all quite similar 
electrically. 

A typical circuit used to convert a battery-only radio into an 
ac-dc or three-way set is shown in Fig. 7-4. Ganged switches SJ and 
S2 are shown in ac-dc position. Line power is rectified through CR, 
passing through the current-limiting 22-ohm resistor RI, the 50-µf 
filter C2 and II00-ohm series filter R2 to point Y. The 1200-ohm 
resistance at RJ drops the rectified voltage at Y to the suitable fila
ment value for the filament string. The high voltage at Y is avail
able as B supply for the set. 

When ganged switches SJ and S2 are switched to BATI, the A 
and B batteries are connected into the power supply instead of the 
line power. The ON-OFF switch (ganged SJ and S4) shuts every
thing off or turns everything on. 

REPLACING A RECTIFIER TUBE WITH A SELENIUM RECTIFIER 

There are many advantages to replacing a rectifier tube with a 
selenium rectifier. The job should take only ten minutes and is 
well worth it. The following is a typical procedure for use in three
way sets: 

I. From tube handbooks or manufacturers' data, determine the 
current rating of the radio set. Do this by adding all plate 
and screen currents drawn throughout the set and add this 
current to the highest filament current in the set. 

2. Obtain a selenium rectifier that can safely carry this total 
current. 
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For the following steps refer to the circuit shown in Fig. 7-3. 
3. a. For replacing 117-volt tubes, measure the output volt

age across the first filter (£1) and across the entire fila
ment string (£2) • 

b. Remove the rectifier tube and connect the selenium rec
tifier in series with a 25-ohm, I-watt resistor, between 
A and B. 

c. Measure E1 and E1 again. The values should be within 
10% of those obtained in the first measurements. If they 
are not, increase or decrease the value of the added re
sistor to obtain voltage readings which are within 10% 
of the original values. 

For the following steps refer to Fig. 7-3 (although a 117-volt, rather 
than a 35-volt tube is shown, the reference points are the same). 

4. a. For replacing 35-volt rectifier tubes, remove the tube 
and insert the selenium rectifier as indicated in Fig. 7-5. 

4 

I 2 

SELENIUM 
RECTIFIER 

REPLACEMENT 

4 0------1-1 ----003 

35~V TUBE 
BEING REPLACED 

P!EPLACEMENT CIRCUIT 
Fig. 7-5. Replacing a 35-
volt rectifier tube with a 
selenium rectifier. 

b. Remove all the other tubes and measure the voltage 
across the first filter capacitor. Call this voltage E1• As
sume 100 volts for E 1 in the example following. 

c. From the tube handbook, determine the voltage and 
current required for the filament string E 2 • For example, 
suppose the tubes are: IR5 converter, IU4 i-f, IU5 de
tector-a-£, and 3V4 output. The total voltage would be 
7 volts for the nominal filament string, with a common 
filament current of .05 amperes. Call this voltage E2 • 



DESIGN IMPROVEMEN1 105 

d. Using Ohm's law, calculate the value of the required 
dropping resistor: 

El -E2 
Tube Current 

In this case: 

R (dropping resistor) 

100 - 7 
I 

93 -- = 1860 ohms ( dropping resistor) 
0.05 

e. Calculate the wattage of the resistor by using the square 
of the tube current times R. In this case: (0.05) 2 X 

(1860) = 4.7 watts. In practice, a IO-watt resistor should 
be used for safety. 

f. Insert the dropping resistor in the filament circuit. In 
Fig. 7-3 this new dropping resistor would replace RI. 
(In this application, R2 does not exist as such, but repre
sents the resistance of the series filament string.) 

5. Observe the following precautions when installing selenium 
rectifiers: 
a. Observe proper polarity: a + sign is equivalent to the 

cathode; a - sign indicates the plate. 
b. Anchor the rectifier securely, so that it can't move around 

and short out other components. 
c. Mount the rectifier in a cool place in the chassis, near 

the r-£ stage and away from dropping resistors. 
d. Insert a protective covering, if necessary. 

REPLACING A LOOP WITH A FERRITE-CORE ANTENNA 

To increase the sensitivity of a radio it is often advisable to 
replace the loop-type antenna with a ferrite-core type. This is main
ly a mechanical problem; in fact, in many sets, this antenna replace
ment may not be possible because of close quarters. However, when 
the replacement can be made, obtain the proper type from your 
dealer (universal-replacement types are available.) Anchor it well, 
and, above all, away from components that may radiate into it. 



8. clock radios • 

Clock radios are now as common as the ordinary ac-dc set. 
The technician is missing a lucrative source of business if he turns 
down clock radio trade because he doesn't feel qualified. It should 
be emphasized that more than 75% of clock radio troubles are in 
the radio itself - and the radio in a clock radio is no different from 
the ordinary ac-dc set. Since it is assumed that the technician is 
familiar with the ac-dc set, this chapter will discuss the difficulties 
peculiar to the clock. 

TYPICAL CIRCUITS 

Referring to Fig. 8-l, note that there are two time switches: 
SJ closes automatically at a preset point in the clock cycle, while S2 
is the usual ON-OFF manual front-panel control. These two time 
switches (oN-OFF and MANUAL) are in parallel; either one can switch 
the set on. 

In all clock radios, the clock is connected directly across the 
power line, independent of all switching. Is is impossible to switch 
the clock on or off. This rather fundamental fact may save service 

1()45 
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Fig. 8-2. A clock radio power supply. 
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time with a faulty set. No matter what the complaint, if a clock 
radio is plugged in, the clock should start instantly, regardless of 
switch settings or the state of switch circuitry. (The second hand 
should start spinning immediately; if there is no second hand, listen 
for the hum of the clock motor or watch the minute hand to observe 
movement.) The clock is completely independent of the radio. 

It should also be noted that the manual ON·OFF switch (S2 in 
Fig. 8-1) can be tested from the front panel. Since this manual 
switch is in parallel with the automatic time switch (SJ), the man
ual switch will turn on the set, even if the automatic switch is open. 
(Of course, if the automatic switch is ON, the manual switch will 
have no further effect.) 

The outlet plug receives current when either of the two switches 
is turned on. Thus, if an external appliance is plugged into the 
output plug, it can be automatically activated at a preset time by SJ. 

Figure 8-2 shows a clock radio power supply with the clock 
(motor coil) connected independently across the line. It is as if 
the clock and the radio were two separate appliances, using a com
mon plug. Again, if the clock doesn't work, this fact has nothing 
to do with the radio - check the plug wiring and clock mechanism 
only, ignoring the radio completely. 
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Plug CAI has an interlock Pl (something like the cheater cord 
on TV) . The entire clock assembly is inside the dashed line marked 
CLI and includes time switch SJ. When the clock "rings," time 
switch SJ closes, completing the circuit to clock outlet COJ and 
general chassis ground, permitting primary power to reach the 
radio circuit. 

Figure 8-3 shows a three-way portable with provision to plug 
in the clock when operating on alternating current only. Except 
for built-in switching within the clock assembly (not shown) , the 
circuit is straightforward. 

The clock is plugged into the safety interlock switch. As in all 
dock-radios, this places the clock directly across the a-c line. One 
caution must be observed - the clock must not be plugged in except 
when the set is operating on alternating current. (Figure 8-3 shows 
the set in a-c position.) This a-c position connects the lower con
ductor of the plug to chassis ground, permitting the upper conductor 
of the plug to supply the selenium rectifier, resulting in direct cur
rent passing through the 150-ohm resistance of the tapped resistor 
and then through the 2,700-ohm resistor to the set proper. Another 
path of current is through the 2,000-ohm resistance of the tapped re
sistor to supply the series filaments. 

CLOCK REPAIRS 

This book is not intended as a course in clock repair, even 
though this chapter should encourage the radio technician by show
ing him how to keep many clock radios going. However, the authors 
definitely do not wish to encourage unnecessary tinkering with clocks 
and clock mechanisms. 

As is true of all machinery, the clock in a clock radio set will 
eventually break down under normal wear or with the accumulation 
of dirt. 

The following is a list of clock mechanism repairs that are 
not difficult and can be accomplished in any well-equipped radio 
repair shop: 

I. Replacement of broken crystals. 
2. Replacement of damaged bezels and knobs. 
3. Replacement of inoperative rotors and open coils. 
4. Vibrator and alarm adjustments. 
5. Cleaning of clock mechanism. 
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Fig. 8-4. The front plate 
of a typical radio clock. 
Tefechron Div. of GE. 

TYPICAL RADIO TIMERS 
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In order for any technician to service a timer intelligently, he 
should understand how one works. A radio timer is any device pre
set to operate an appliance at any given time. There is no better 
way to understand timing devices than to go through an actual dis
assembly procedure and, as each part is removed, study its relation
ship to the parts with which it mates. 

In most cases, however, the most economical course, if mechan
ical failure is suspected, is simply to replace the entire clock mech
anism. 

Disassembly of a Telechron C57 movement is discussed below 
and a Sessions movement is shown later. 

Disassembly of Telechron C57 movement. (Figure 8-4 shows 
the face of the clock movement; the parts numbered in Figs. 8-5 and 
8-6 are indicated in parentheses below; and Fig. 8-7 shows a final 
exploded view.) 

I. Take off the clock control knobs. 
2. Pull out the clock plug from the receiver receptacle. 
3. Remove the hex nuts and cover from the rear of the clock. 
4. Remove the clock from the cabinet by taking out the four 

screws at the corners of the clock front plate. 
5. Disconnect the wire connections from the field coil (25) . 
6. Take out the mounting screw in the laminated iron core 

at each side of the rotor (24). 
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Fig. 8-5. Rear view of Telechron clock. Telechron Div. of GE. 
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Fig. 8-6. Front view of Telechron clock with front plate removed. Tele
chron Div. of GE. 
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Fig. 8-7. Exploded view of the Telechron clock movement. Tefechron Div. 
of GE. 

7. Move the core and the rotor off and over the time-set shaft 
(8). The rotor unit spacers (13) will then drop off. 

8. Push out the rotor from the yoke formed by the core. 
9. Remove the screw and nut to separate one of the sections 

of laminated cores. 
10. Push the coil off the cores. 
11. Set the selector to WAKE and the sleep control to zero. 
13. Remove the switch contact assembly (7) from the bracket 

mounting. 
14. Pull off the second, minute, and hour hands. 
15. Pull off the alarm-set dial. 
16. Remove the dial face and the paper dial spacer. 
17. Remove the front plate assembly (16) by removing the 

three screws that hold it. 
18. Remove the switch shaft and bushing (3). 
19. Remove the alarm-set shaft (33) . 
20. Remove the sleep control shaft assembly (35) . 
21. Remove the sleep switch lever (30). 
22. Remove the alarm-set sleeve (17). 
23. Remove the hour hand sleeve (18). 
24. Remove the intermediate gear assembly (34). 
25. Remove the time-set shaft and bushing (29) . 
26. Remove the sleep switch friction assembly (29). 
27. Remove the minute hand sleeve (20). 
28. Remove the cam shaft assembly (28) . 
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Fig. 8-8. Exploded view of typlcal Sessions clock movement, with parts 
deHrlptlon. Sessions Clock Co. 

29. Remove the switch yoke lever (4). 
30. Remove the sweep second hand shaft (22) . 
Reassembly is in the exact reverse order of disassembly; that is, 

to reassemble, start at step 30 and work backwards to step I, assem
bling instead of disassembling. 

For comparison of the Telechron clock movement discussed 
above with another typical timer, refer to the exploded view of the 
Sessions movement shown in Fig. 8-8. 

GENERAL SERVICE INSTRUCTIONS 

The general service instructions given below are sufficient in 
detail to provide the technician with the necessary precautions and to 
guide him along proper lines when servicing clock timer mechanisms. 

Preliminary inspection and test. When a timer is brought in, 
find out from the customer what is wrong in the behavior of the 
clock. Visually inspect for any obvious defects, such as bent shafts 
or hands. If visual inspection reveals nothing, plug the movement 
into a proper power supply and observe its behavior. See Table 
8-1 for possible troubles. 

Disassembly of movement. In disassembly of clock movements 
be sure to observe the following precautions: 

I. Knobs. Some knobs are push-on types, others are threaded. 
Remove the push-on knobs by grasping them and pulling 
them off, unscrew the threaded ones. Remember not to use 
force; damaged knobs may be a nuisance to replace. 
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2. Bezels. To remove a bezel with tabs, straighten the tab that 
is bent over the dial back. Bezels that are crimped may, of 
course, be removed by straightening out the crimp. 

3. Crystals. If a glass crystal is used, it may be removed after 
the bezel is lifted off. Some plastic crystals are attached to 
the dial by tabs that are part of the crystal itself. The sug
gested procedure for removing these plastic crystals is to use 
an electric hot plate; to lessen the danger of the crystal over
heating and catching fire. Do not overheat; plastic crystals 
burn very easily. Heat the crystal near the plastic tabs. When 
heated, straighten the tabs and remove the crystal. Other 
plastic crystals are simply snapped on the dial by short tabs. 
This type of crystal is removed by pulling the crystal off 
gently. 

4. Hands. Clock hands may be removed with thin-nosed pliers. 
Remove each hand individually by grasping it as close to 
the shaft as possible and pulling gently. Avoid scratching 
the hands and dial with the pliers. 

5. Dials. A typical dial may be removed by bending the "ears" 
that are bent over its back and lifting the dial off. Some 
dials are held by rivets; care must be exercised in the removal 
of these. 

6. Soldered connections. Excess heat may cause damage. There
fore, use a small iron and apply only enough heat to loosen 
the electrical connections. 

CLEANING AND LUBRICATION 

I. Cleaning for appearance. All repaired timers should present 
their best appearance. Clean plastic crystals with a soft cloth 
or facial tissue, using only water. Glass crystals should be 
cleaned with a good glass wax. Bezels should be cleaned 
with a soft cloth moistened with soapy water; don't rub too 
hard or you may remove the lacquer finish. 

2. Cleaning movements. To clean a movement, completely 
disassemble it and clean all moving parts in carbon tetra
chloride or a similar cleaner. Oxidized oil may be removed 
by rubbing it with a fine grade of steel wool moistened with 
carbon tetrachloride. 
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Table 8-1 

Part No. in 
Defect Cause Figs. 8-5, 8-6, 8-7 

Clock will not operate Defective field coil 25 
Defective rotor 24 
Binding of parts 
Defective clock switch 7 

Clock loses time Binding parts 
Defective rotor 24 
Timing shaft bent 8 
Broken or damaged gear 

teeth 8, 10, 17, 18, 
19, 20, 21, 22, 
28,29,33,24 

Too little friction on 
minute-hand sleeve 
assembly 20 

(Spring defective) 31 

Clock noise Rotor defective 24 
Alarm armature 

improperly adjusted 
Loose parts 
Binding of moving parts 

3. Lubrication. Do not use too much oil. Too much oil col
lects dust and later oxidizes; in addition, it may stain the 
crystal and dial. Apply the oil with a small wire. Use only 
clock oil, such as Hye's Celebrated Oil or its equivalent. 
Lubricate the two arms, the bearing holes for the operating 
shafts in the front and back plates, and the end of the sweep 
second shaft at the back bearing plate. Using graphite, 
lubricate the levers and cam gears. 

ALARM AND SWITCH ADJUSTMENTS 

After the clock has been reassembled, the following adjustments 
should be made: 
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I. Turn the function switch to the AUTOMATIC WAKE or ALARM 

position. 
2. Set the automatic (alarm or wake) dial hand for any desired 

time. 
3. Turn the time set knob, or clock hands control, clockwise 

to the preset alarm hour. The radio (or alarm) should turn 
on automatically. (Make certain that the switch contacts 
close at the alarm hour.) Continue to rotate the clock hands 
and note if the alarm (or wake) vibrator arm drops toward 
the field core 7 to IO minutes after the set was automatically 
turned on. 

4. If the switch contacts do not close at the correct time, the 
minute hand should be moved to make the necessary adjust
ment. The time-set knob should be held firmly while the 
minute hand is being moved. 

5. To adjust the alarm period, set the clock so that it reads IO 
minutes after the time set for the alarm. Slowly turn the 
adjusting screw in, until the shut-off lever just slides over 
the edge of the screw head . (When the alarm shaft is in the 
OFF position, there must be clearance between the shut-off 
lever and the vibrator adjusting screw at all times.) 

6. To adjust the tone of the vibrator, connect power to the set, 
have the vibrator operate, and bend the vibrator arm (close 
to its anchor point) nearer of farther from the field core. 

INSTALLATION OF SWITCH TIMERS 

Many times there is a call for installation of a switch timer in 
an ordinary ac-dc set. It is possible to purchase a timer mechanism 
and mounting bracket that may be installed in some radio cabinets. 
Every case requires a different installation approach, so make a care
ful study of the problem before attempting installation. If a timer 
cannot be installed, due to lack of space, for example, obtain a 
separate timer mechanism (including the clock and all switches) 
into which the radio may be plugged. The timer is plugged into 
the a-c line and, in effect, the radio is converted into a clock radio. 
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Mercury cells, 33 
Oscillator, alignment, 93 
Phone jack, addition of, 99 
Power supply: 

B+, 6 
clock radio, 17 
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battery-saver circuit, 16 
selenium rectifier, 13 
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transistor radios, 65 
transistors, 63 

Three-way set: 
checking, 48 
power supply, 13, 15, 20 
switching, 23 

Tools: 
servicing, general, 37 
servicing, printed-circuits, 81 

Transformer replacement, 77 
Transistor: 

circuit, alignment, 97 
circuit, analysis, 10 
circuit, testing, 65 
connections, 8 
identification, 8 
polarity, 18 
power supply, 17 
testing, 63 

Troubleshooting: 
battery sets, 49 
chart, 57 
intermittents, 59 
precautions, 47 
procedure, emergency, 59 
three-way sets, 48 

Tube: 
circuit, biasing, 5 
circuit, filament, 4 
layout, typical, 4 
noisy, 59 
replacement, 62, 103 
socket, repair, 75 
socket, replacement, 76 



YOLTHI ... ...... IUIGlSS STAI 

6 - .... 2f4 
6 Z4 

4½ - 360 F3 
1½ 114 462 4F 
I½ 6F 
6 - 646 F4Pl 

4½ 361 G3 
7½ B5 
7½ - 591 cs 
7½ TS 
IY2 2F 
I½ 4Ft 
I½ Ill I0M 2-2R 
I½ ,_ 

"" 1 
lVt 115 59 z 
6 2F4L 

I½ 118 ,_ BF 
I½ 2D 
4½ 31 -- D3 
I½ 21R 
I½ 8FL* 
7½, GS 
1½ •• 1½ ,_ 58 7 
6 F4l* 

67½ 1- 45N XX45 
45 XX30 
45 -- 30-33 M30 

67½ K45 
90 1530 60N N60 

22½, 45 30-59 Z30 
45 430 ,_ A30 
45 330 30-03 830 
15 UI0 
30 U20 

671/t P45M 
67½ ,_ 675 P45 
75 XX50 
45 U30 
90 P60 

221/z 12P U15 

9,90 1460 66-03 G6860 

~~::::~ 66-50 F6A60 
G6M60 

:~~;~t 1- 66-52 TSZ50 
1- 66-53 T6Z60 

9,90 ,_ 66-54 F6A60P 
1½, 63 4GA42 
7½,63 G5A42 
1½,90 50A60* 
lV1,90 6TA60 
6,75 I F4A50 

1½, 60 2TXX40 
1½,90 782 61-05 17G060 
1½,90 45060 

7½,9,90 56060 
1½,9,90 
1½,90 6FA60* 
6,90 F4B60* 

1\1,1!<.~\l,I. 

FSM45* 6.""90"' 2F4A60 
6,75 G4850* 

1½,61½ 
11/1, 90 
11/,, 90 41260 
l½,90 18GD60* 
6, 67½ 

w,9.l.~1. T6Z60P 

,f'90 3G6060* 
7½,75 T5ZSOP 

Ml- GIN11AL •AH- NEDA OUN PHILCO ICI EADY INON NUMIER 

718 7 I- I 4817 1- VS010 
724 39 ,_ 2 4919• ,_ VS068 
736 38 3 3 3816 D100 VS067 
742 3 4 4 4816 P94 VS004 
743 5 

I~ 
5 491-4• P96"' ' VS007" 

744 4 • 4914 P4F4R VS009 
746 8 381 7 4918 PlOO VS002 
713 I 5219 ,_ VSl29 
717 31 9 9 5316 P31 VS06S 

W360 10 
W3S3 11 VS141 

12 vsoos 
950 920 120 13 1550 P920 VS036 
935 914 110 14 1311 C VS035 
915 900 170 15 1711 AA VS034 
747 16 4815 8CF4* VS011 
741 46 - 17 4819 PSFl -
720 11 2516 I- VS069 
726 ,_ 19 19 4516 ,_ VS072 
964 77 20 20 2416 P77 VS236 
745 ,_ 891 21 4813* -- vsoo8• 

10 22 vsoo3• 
960P EF728 - 23 VS070 
912 901 - 24 1911 K VS074 

25 
467 108 45Nlt 200 1710 P67 VS016 
455 105 201 201 6211 P105 VS055 
482 109 202 202 6210 P45 VS013 
457 172 203 203 1712 I- VS082 
490 132 204 204 1713 P132 VS090 
738 104 - 205 6718· Pl04 VS015 

W359 110 3040 206 611e• P210 VSOl-4 
484 111 3050 207 6218 P305 VS012 
411 611 - 208 1914 I- VS083 
413 613 - 210 1916 -- VS085 

211M 211M 1- Pl75 
vn:ra 477 149 211 211P 1709 P149 

437 144 212 212 1708 Pl44 VS217 
415 150 213 213 1909 Pl SO VS086 
479 176 214 214 1706 P176 VS219 
412 612 215 215 1915 P612 VS084 

752 343 400 , 400 616 P6086F6 VS047 
753 271 ~~~~I 401 614 P841A VS019 
754 402 615 ,_ vso18• 
755 350 - 403 618 P350 VS050 
756 371 1--- 405 619 P371 VS057W 
757 273 406 406 620 ,_ v5osa 

W366 258 ~ 407 624· P41A4FL VS053 
W367 263 ~ ... 1- P87 VS038 

409 VS043 
W369 410 622* I- VS054 
W368 411 
W370 254 1--- 412 PB9 
759 1860 413 518 ,_ VS022 
758 299 ~ 414 513• P60B6L vso21• 
776 1- 415 415 1- P326 VS119 

416 
~ 279 ~ 417 61,. P6084L VS037* 

418 418 VS048• 
419 VS041* 
420 VS020* 
421 VS044• 

~ 348 422 422 VS046 
423 -~ ~~ VS052 

424 424 VS099* 
729 364 1--- 425 I- P364 VS064 

1--- 318 ~ 426 VS045 
427 --

727 366 428 428 VS0.59 
429 vso51• 
430 

785 431 431 VS060 

* Astel"isked iterm ore discontinued n11111ben and shown for reference 
purposes only. 

IAY-0- USAUn DNITN YA< 

Al 
A2 
A3 688 2736 
A4 Z9A 
5 1- Z96 

A6 639 -
A7 683 Z83A 
B 
9 ,_ Z750 

10 
II 
12 

2LP 7SLP Z2Nl 
llP 74 Z7 
7R I- ZS 
16 Z698L 
17 635 
18 
19 Z450 
20 

I~ 
ZS 

21 
22 
23 ~ ZI 

400 
25 

200 767 Z67 
201 Z455 
202 640 Z783 
203 -769 Z457 
204 %490 
205 620 

I~ 206 
207 624 
208 

A210 
211M 
211P - Z477 
212 ,- Z437 
213 ~- Z415 
214 - Z90 
215 

A400 -- Z985 
401 ----, Z979 
402 
403 
405 
406 ,- Z909 
407 
408 A8676 -~--
409 
410 
411 -- Z6394 

413 - Z802 
414 
415 ~ Z990 

Z985X 
417 AB667 I-
418 
419 
42D 
421 
422 

1?J 
~ Z675 

425 ~--
426 Z28 

A66145N 
428 ~ Z962 
429 

A8982 
431 Z775 

BATTERY CROSS-REFERENCE AND INTERCHANGEABILITY LIST 

MAXIMUM DIMENSIONS 
ADVANa UU:ISON FIIE- GAMILE GOOD- GOOO. MONfG. NEDA SEARS WISTEIN WllLAll:D OTHER 

IN INOIIS 
SJONI "'" YIII WAIO NUMIER lUIO I ..... ...... -- VOLTAGE ACtlf IIIGKT 

• ...... 1 !VII- I ...... ~ MAIA- NEDA OLIN PHILCO RCA STAI EADY I THON NUMIIR 

I 4 21¾ 5½ I½ ~ 262· 2F8P W354 700 VSlO\ 
2 I¾ 1% 2% 

4D86 26 3 6441 366135 3F3 ~ 4 I¼ 4V, 
43-263 21 4 6430 386110 4FI f----. 2¼ 2¼ 411, 

5 6431* 386115 6Fl"' ~ 411, 2¼ 41/1 
6 6451 3B6145 WA4-2 21½:i: 21½:z 4¼ 

3 F2BP W352 701 VSIOO 
18,22½ 2156 702 VS137* 

3 2f2H W356 703 VS136 
3 - 50-17* 422 750 704 VS134 

4½ ~ 432 751 ------ 705 VS142 
7 6-440 - WA3-1"' ";'.;.=- 4¼ I¼ 4'¼ 41/1 03-17 532 703 706 VS133 
8 4¼ 

'"' 3 ~-- ~ EM717 40136 21-562( 29 9 ~ 386160 scs 2¼ 2 3¼ 
10 c= 2¼ 2'%: 411, .. 11 21¼ I¼ 4¼ 

;~- 12 3% I¼ 5¼ I - 7C1 17-430 32-909 --- 3~9 13 4650 i:::zr. D I¼ 2% 
EM35 7C44 17-425 39"501 14 4659 366730 C ~-- Ill, I% ! IAAL --~ 7C39 m: 15 4653 386710 AA ~ % lli I'½, 

43-268 16 645r 3% JOI¼ !! Ill 118 20 17 Sfl* ~ 3% 2'¼ sv, Ill 

"' - ----- 11 - 2¼ 1¼ 311, "' 31 19 3'¼ HI 3 - EM236 .... , .. ---- 39-520 21-5629 27 20 6442 ..... ,,a 77 ,_ I¼ - 411, 

3to22½ 5156SC 77B 216· -- 701 5216-8 Pl5B8* VS131 
22½,45 330S ~ 5308 W376 113 -- 709 6219 --- VS112 
-22½ 4156 763 103 710 511s• _ VS102 
221/1, AS Z30NX W350 122 - 711 VS114 
11/1104½ 23705T 761T 214• 712 3516 -- VS130 
1½to7½ ~ 51.03 5540 773 208 - 713 5218 - VS029 

4½ - 03-17S 5360 781 201 - 714 3217 VS028 
22½,45 21308SC W364F 715 VS157 
22½,45 10308SC W363F ---- 716 VS127 
221/1, 45 f---- 30-95 2308PI W365P 115 3020 717 6518• P30D VS026 
3,4½ ~ 71-17 2370PI 771 215 3002 711 ~- P3D VS030 

1½ ~ 20-60* 20F 740 15' ~ 719 ~- P816 VS024* 
3 ~ 20F2 21 720 P8024 vso25• 

21 32¼ I¼ 1011/16 310221/1 15-03 5156PI 768 212• ~ 721 5216 Pl585 ¥5031 
22 ~ 386154* WAS-1* ~ 3\1, 2'¼ 4¼ 
23 1% 4¼ 

1KL - 7CSO --- - 24 4656 ¼ DI- I¾ 

300 U200 493 609" 722 922 VS093 ~- ~-
22½,45 2308SC W365f 723 VS126 
22½,45 f-- IIDSC•P.- 724 VS127W 

25 6450* 4 1¼ S'¼ 6 F4X 725 
-- EM467 4D84 43-304 39-522 21-5615 43 200 6480 3B6258 WBM2 .... ,. 2'¼ 1¼ 3'¼ 

40132 21-5619 79 201 ,- 3B6242 22½z I 3¾ 
4089 42 202 6461 386241 WBMI 1--- 3lo/.l:i 12½ 5½ 

~ 203 2'¼ I¾ 2½ 
~ 4D88 ~- --21-5622 46 204 6465 386260 WBM3 1--- 3% 111 3¼ 

530 205 V30AA ~3 21\o 4V. 

5 
430 41 206 6460· 

386239· 
V30A 3¼ 2¼ 4¼ 

§ 330 --- 4D85 243-301 49 207 6462* V308 ,1..""::l 4¼ 211 5¼ 
208 I½, ¼ 1'¼ 
210 1 ½, II 2¼ 

ill- EM216 4072 21-5630 ~- 211M 6482 386256* ''"' 1 5¼ !! ;;; 40135 43-310 39-521 -- 40 211P ~ 3&6257 149 l'lio 1 ""' = Ul- -~-21-S628 47 212 144 C----- ""' 1% 6% 
- EM86 40134 213 6485 386242 1lM ¼ 3¼ 

4D139 214 1% 1½, 7% .. 215 1 ½, ¼ 2 

221/1, 45 - 30-60 10308PI W363P 119 3090 726 ~- P30F VS027* 
22½,45 21308PI W364P 121 727 P30FL 

11/i 114S 464 4FH 735 952 4915T 900 1605 --- VS\06 
3 4f2H W357 901 VS138 
6 4F4H 706 991 896 902 ¥5103 

7½ ~ 155 4f5H 715 903 5605 ~ V5139 
9 4f6H 716 904 VS140 

1½ '-- 6 lgn. 6 lgn. 6 lgn. 9B6 66 905 6 lgn. 6 VS006-S 
11/z ~ 6Tel 6 Tel 6GL 978 6-T 906 

!6Tt1 I 6PJ:I 
VS042C* 

6 146 S461 1461 955 640 907 ¥5039 
6 411L 466 F4H 509 916 490 908 4812 P4F VS040C 
9 06BP 909 VS132* 

11/:i. N W468 913 N 910 VS073 
1½ 6 Ind. ! 6 Ind. 6 Ind. 977 66R 911 6 RR ~ -- ------
7½ 156 ~- 1562 912 5615* 

9 ~ 166* ~ 1662 913 6615· 

--'60 --- 37 400 6401 WZ3 C----- 14¼ 2¾ 4'¼ 
40138 43-323 39-524 - 33 401 6407 Ta6460- ~0A6f6/' 9½ 2'¼ 4½ 

35 402 6404 3&6470* A814* 10¼ 3¼ 4V. 

1½ 6 lgn. C 6 lgn. C 986-C ~ 914 VS006C 
6 f---- 466S F48P 510S 36 

490NL 915 67155 - ¥S0405* 
6 409 923 916 

403 6408 386464 50M,Cf,/4 -- B¼ 3¾ 2¼ 6 ----- 510F --~ 917 
4074 405 6409 386466 AB15 1---- 8'¼ 2¼ 3¼ 

~ - 406 6410 3&6462 60AF6F6 ~ 9½ 2¼ 411 ~ A8669 34 407 386440• WPI* 9¼ 2¼ 4¼ =~ ~-- -- ~ --- ~--
36 408 ~ 9V• 2% •¼ 

Cl 409 WP2* 1--- S¼ 2'¼ 7¼ D 
~ 410 10 21\o 42¾z :I 
Cl. 411 9¼ 2% 321,Si Cl. 

32 412 WP4• f---- 7¼ 2¼ 11½:i .,; 4D1 ------- ---t-59- 413 6312 3B6430 60DL-1 IL 16 4¼ 6'¼ 
~ : 41• 6303* 3B6410• 6086L• 1--- 101¼ 4lio 6'¼ 

415 8¼ 4½ 133/1 

§ -- 416 14¼ 21¼ 4¼ § A8667 31 417 WP3 I--- 12 6¼ 1½ ,,. 10¼ 2¼ 5 
Ill -- 419 4¼ 3¾ 6¼ 
ill 420 6400• 9¼ 2'¼ 4½ ~ -c 421 12¼ 2¾ 4¼ 

; AB670 422 6403· wz,• -- 12¾ 2¾ 4¼ 
423 

--
9¼ 2% 3¼ --

6 731 ~ 910 
4 E233 696 ~ 1300 P696 V5400 
4 1301 VS311 ~- --
4 1302 VS308 
6 4D4 274 1400 

5½ 1401 ¥5310 
51/, 1402 VS307 

9 226 1600 ¥5300 
9, 6, 3 -- 06PI 89 1601 ¥5301 ~ 2~ 9 2N6 178 1602 1707 ~ VS305 

9 D6 276 " 1603 1603 VS306 
9 2U6 216 1604 
9 ... 266 1605 
9 1606 VS309 

1607 6316 
131/1,9 XX9 239 177 1900 VS304 
·21 -12 2314 2400 

§ " 51 424 6308* 386432 41¼ 6¾ 15¼ 
32½:l 2¼ 7'¼ 

*A:iterisked item$ ere di5eontin11ed number'$ and ,hown for reference 
~ 

"' 
---

I----- 425 
426 6305• --- WZ1 
427 6406 
428 
429 
430 
431 

For the purpose of ,tandordii:atio,1, length$ and width$ shown ore 
dimensi01'1$ for the arei:i in which the terminal is located. 

12¼ 511 6'¼ 
purposes only. 

7¼ I¼ 2¾ 
9¼ 2¼ 3'¼ 
4¼ 3ll 6¼ 
8¼ 41/1 13¼ 
8¼ 3'¼ 2¼ 

Fig. 2•14. Master NEDA battery list, 

! 

lDYANCI I ·MIISON I ""· I GlMBII 1 ••00.1 •··--1 MONTG. I NIDA I I I I 1 MAXIMUM ., ....... 
RAY-0- USALln IINITH SEAIS WESURN W\UARD OTHER IN INCfffS 

YA< STOME RICH YlAR Wi\RD NUMBER AUTO Onrall 
\.Qg1li Wldlh H1'9ht 

700 700 --- 21½1 I¼ 4"' 701 z -- --- --- 701 2l!/2i 11/s 41½, z 702 -- --- ·- -- ---- 702 6¼ 4½, 3¼ 
0 703 -----0 --- ----· ~-- --- 703 21½, 21½, 41,1, 

704 1095 -C --- --- ,---- ---- 704 - rn, ¾ 2% C 
705 1090 -!!I ----- 705 ----- 2 ¾ 22½z ; 706 1005 -- 706 - ----- 2% 3/, 3½, 
708 1090 -;: --- 70B H15B8 4¼ 21½:z 3¾, ;: 709 --i--------- --- 709 41/1 Vt. 51/1 .. A710 .. 710 3'½.i 2Va 23½:l 
711 Cl 711 -- 3½, P½ s½, a 
712 ~ 712 5005* -- 4½, Jlo/16 3½ ~ 
713 Cl. --- 713 VSB I--•---- 4½, ll 3¾, Cl. 
714 t; -- 714 ---- ---- H3a* ---- 2% l¾4 3¼ 

"' 715 ---------- --- 715 V30FLSC I---- 8¼ 41/s 71½ ;: A716 Ill 716 --I--·---- BYi, 4½, 7% 
717 " Z-43-280 ---·- r- -·- 70 717 6363· ---- V30-D1 L,----- 8Yi, 3¾, 711 " 718 ;: -- 43-305 ---- ----- 83 718 6390* 3S-6310* H3D* ---- 4\i, PU, 3¼ ;: 
719 .. __ 

~r 719 6330* I----- 1211L* ~-- 8¼ 31/s 7¼ .. 
720 'II 68 64 720 6342* 38-6125* P24L-2" ~- 11 1½, 4 6¼ 

'II 721 C -- ~-- 85 721 6391* 38-6320" H15B -- 4½ 21½ 3 
722 21½, 2¼ 3'¼ C - ----- ,a --- 722 -

I 723 'II 723 -----· 81/1 3¼ 7¼ 
724 0 724 - 8½, 4½, 711 
725 "' -----73- 725 38-6770 5¾, I'¼ 411 
726 Ill -- 43•295 f--- 726 6361* 38-6220* V30F 8½, 4¼ 7% Ill 727 8830 77 727 6360° V30FL L. 81/1 41/1. 7~, 
900 6345 ~ 17.410 ---- -- ---- 9DO - --- - .. 4Fl-S ---- 21½, 21½, 4¾, 
901 --- 901 JI½,, 21½, 6½, ;-
902 ;- 902 8¾, 21¾, Ml, Cl. 903 Cl. --1----1--· 903 7¼ 4½, 6fa C 904 C 904 1----6- 8l';t, 4¼ 6~6 ~ 6 lgn. S 3'. 17-410 f--- 1---·-- 3250 905 4701 386910 2!1 6¼ 

i: 6-Tel C 6T ~- 906 6T 21/, 6!1 
641 641 "~- - 708174 17-415 39-514 3255 907 4700 386928 641 10½ 2% 7% 
941 934 f--- - 41IL 7Cl6 39-510 f---•- 3257 908 4702 3B6760 V4F 2.,..,., 2'½, 21J,i, 4ll Cl 
909 Cl 909 4¼ 21¾, 3¼ i 716 ~ 

--- ---- I------~-- --- - 910 '"' '"' 6RR 
11,--

911 61nd. 2¼ o~~,,., 6V, --i------ ·-·--- - -- ···- '------ ------ --- .. .. --- 912 ----1----- 8 5¼ 11/1 a Cl 913 ---- 71/1 S¼ 71½z :a: 
6 lgn. C 634C ~a -- --- 914 ~- 2¼ o.__,., 6!1 if 94!SC 9345 ----. ---- 915 --- 21½6 2'½6 4¼ 
941RR .. 

-- 916 L.. ___ L_ ___ ---- 21/s 21/s 4¼ ~ 
941C ~ 917 21¼ 21y,, 4½ -- ---·-·-i----,-- -+----- -· ·--

918 53/i6 27/1 4'¼ 
EM233 40137 1300 ~-~~-= 111, D-•'*• 2 

1301 --~ -- 1301 , .. o,._,., I½, 

i -~ 
1302 il 1302 -- % o,,~•••• 1½, 

~ 1400 ""' 2½, 7% a 1401 II!. -- 1401 ,., I¼ 
1402 .. 1402 % lo/n f 1600 ! ---~-- 16DO 1 I 1% 
1601 ---~,----

1601 6420 8 2¼ 1~, 
1602 Cl 1602 I½, 11/1 2¼ Cl 
1603 --- -- i - ____ .L_ __ 1603 ---- - --- -- --- 2o/\6 2½, 3¼ ~ 
1604 1604 ;-,;,'~'l I½, '¼ 1% Cl. 

i 1605 J1¾6 '"" 2¼ g 1606 -- 1606 -- i;t. 12½ 
1607 61/1 rn, 2¼ ::r • 1900 1iu. 1½:1 21½6 = 1900 .. ,, 

-- -- 2400 12¾4 l½l 21/a 

For the purpose of ~tondcrd1zot1on, lengths and w1dth1 shown ore 
dimensions for the orec in which the terminal is located. 


