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+ INTRODUCTION +

IN compiling the new 1932 edition of the OFFICIAL RADIO SERVICE MANUAL, the editors
have been inspired by the tremendous interest shown by Service Men all over the country.

Of the first edition, a total of 38,000 copies have been sold, and many more thousands will be
sold in the future for the reason that there is no duplication between the information published in the
first issue and the material published in the 1932 issue, or subsequent volumes.

The thousands of letters filled with helpful suggestions, criticisms, and praise, have been all care-
fully read, and the many ideas which, in the opinion of the editors, would enhance the value of the new
volume, have been included in the present Manual.

The editors take this occasion to thank all of their many friends for the letters submitted during
the year.

The electrical circuits of the most modern types of receivers naturally take up the major portion of
the Manual. Radio Service Men will, no doubt, appreciate the increased information about the resis-
tance, capacity and voltage values, which is so essential today, when time -saving and accurate knowledge
are such important considerations to the Service Man.

The inclusion of the graphs on the characteristics of the various types of tubes now standard in
the market, we are certain, will interest all radio men. The heart of the modern radio receiver is the
vacuum tube, and no one can afford to ignore this information, which has never before been available in
such compact and usable form.

For the radio Service Man just starting in the field, the section devoted to "Analysis of a Typical
Receiver" will be of extreme helpfulness. No single receiver on the market contains every important fea-
ture of interest to the Service Man; for that reason, the presentation of a hypothetical radio receiver was
considered necessary. This receiver embraces the outstanding variations, sectionalized into the radio -fre-
quency, detector, and audio -frequency circuits. The various types of power supplies, automatic volume
controls, and remote controls receive sufficient treatment so that the underlying theory covering the
function of the various components employed will be clearly understood.

A new section in the back of the book covers the circuits, with data, on sound -picture and public-ad-
dress systems. This is in answer to the many inquiries on this subject.

While it is true that not every Service Man will have occasion to use such information, it often hap-
pens that he may be called in to service such apparatus, and then this information will prove invaluable.

It has been a source of great satisfaction to the editors to welcome the change of policy by the radio
set manufacturers. Only a year ago, it was most difficult for the editors to procure all the available data
on manufactured sets. This year, with practically no exception, set manufacturers have vied with each
other to cooperate with the editors to make this Manual the outstanding one in print. The reason, of
course, is that the set manufacturers realize today the great and growing importance of the Service Man
who makes the actual, and often the only, personal contact with the set owner. Then, too, the opinion of
the Service Man, as a rule, makes a lasting impression on the ultimate consumer as to the relative mer-
its of a radio set or other radio equipment.

We will be pleased to receive suggestions and criticisms from the men in the field as to how this
Manual can be further improved. This Manual has been created for the Service Man, and the editors
naturally feel that he is the one who can best tell what would be necessary to enhance the value of the
book to them.

It should be noted that there is not a line of duplication between the 1931 Manual and the present
one. All the material published in the 1932 Manual is original, and new. It is the intention of the Pub-
lishers to bring out a new Manual every year, and every Manual will be new from start to finish.

To the radio set manufacturers and radio equipment manufacturers who have so generously fur-
nished service data and information on their respective products, and to the thousands of well-wishers
who have written in during the course of the year. we wish to extend our sincere thanks, with the hope
that the present volume will be of growing usefulness to the radio industry, and particularly to the
radio Service Man.

New York, October, 1931. THE EDITORS.
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ELEMENTARY RADIO SERVICING

FIRST PRINCIPLES
IT is not essential that we delve into the scien-

tific reasons for various phenomena-merely
that we gain a clear idea of the inter -relation

of electrical units so that we may more readily pic-
ture what is going on behind the scenes in a radio
receiver and attack our service problems in a sane
manner.

Electrical quantities are expressed in volts or
amperes. If we were to draw an analogy from
hydraulics we might say that voltage corresponds
to the water pressure in a pipe or tank expressed
in pounds per square inch and that the amperage
corresponds to the rate of flow through a pipe in
gallons per minute. It is obvious that in order to
force a large quantity of water through a small
pipe in a given time a large pressure must be de-
veloped. If, for example, we were the flow
of water by shutting a valve, the pressure would still
remain-but the rate of flow would drop to zero-
likewise, if we were to open the valve but slightly
the pressure would still be the same but the rate
of flow would be small. There is, therefore, some
other factor which determines the rate of flow as
compared with the pressure and this is the "re-
sistance" of the pipe line.

RESISTANCE
One Ohm of resistance has been defined as the

resistance of a circuit in which a pressure of one
volt develops a rate of flow of one ampere. Calcu-
lations in circuits where the units are expressed in
Ohms, Volts, and Amperes are dependent upon the
simple relations laid down in Ohm's Law. Accord-
ingly the following relations are evolved from the
expression E=I R which means that the voltage
(E) is equal to the Current in Amperes (I) times
the resistance in Ohms (R):

E=I R
I=E/R
R=E/I

From these three equations we may determine the
unknown quantity where two quantities are known.
Example: Determine the resistance of a 201A fila-
ment when it is known that the current is .25 -
ampere when 5 volts are across the terminals. If
R=E/I we must divide 5 by .25 and we obtain 20
ohms for our answer.
Example: A resistor of 20 ohms is connected across

a 6 -volt storage battery. What will be the current
flow in amperes? If I=E/R we simply divide the
value of the resistor in ohms into the voltage of the
battery which is 6 volts thus: 6/20 equals .3 -ampere,
the current flowing in the circuit.

VOLTAGE DROP
There is a difference in voltage between any two

points on a circuit having resistance and this differ-
ence is known as the Voltage Drop. The differ-
ence in voltage is determined by the resistance
between the two points and the current flowing. If

we desire to know the value of resistance to place
in series with a 201A tube in order to operate its

filament from a 6 -volt battery we first determine
the voltage drop required between the battery and
the filament of the tube-namely, 1 volt. We there-
fore know the voltage (1 volt), the current (.25 -

ampere), and may the resistance required by
resorting to the equation once more that R=E/I
and discover that the resistance must be 4 ohms.

COMBINATIONS OF RESISTANCES
RESISTANCES IN SERIES

Z= 2AMPS

E=7 192 V.

E=100 E =10

FR51 FR4-1

50-0- FIG.G.

If resistances are connected in series the total
resistance is the sum of all the resistors in the cir-
cuit. See Fig. 1. Thus the equation may be written

R eff.=R1+R2±1t3-1-1144-R5 etc.
It will be noted on examination of the diagram that
in series circuits the current is the same through all
of the resistors but that the voltage drop across the
resistors depends upon the value of the individual
resistor.

RESISTORS IN PARALLEL
EQUAL VALUES OF RESISTANCES IN

PARALLEL
In many circuits there are combinations of resistors
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in parallel. That is to say, the current path is di-
vided through two or more resistors. If the numeri-
cal values of the resistances are equal then the
effective circuit -resistance can be obtained from the
following equation:

R
R eff=-

N
wherein R is the value of one of the resistors and
N is the number of resistors in the circuit.
Example: There are 6 resistors in a circuit and they
are in parallel. The resistance of each one is 12
ohms. Then by dividing by 6 we have the effective
resistance which is 2 ohms.

The solution of equal values of resistance in par-
allel is an extremely simple operation but it must
be remembered that the formula is useful only when
the resistors are equal in value.
UNEQUAL VALUES OF RESISTANCES IN

PARALLEL
(Two Resistors)

Many times we will come across resistances in par-
allel which are unequal in value. This is shown in
Fig. 2. If there are but two resistances in the cir-
cuit as shown then we can use the following
formula:

Ri XR2
R eff.-

Ri+R2
Example: We have two resistors of 5 and 10 ohms
value, respectively. What is the effective value of re-
sistance? 5 times 10 is 50; 5 plus 10 is 15; 50 divided
by 15 gives us the effective value of resistance which

l= 100
AMP.

E= 330 V.

R1

i= 66
AMP.

R2.
10-0-

I = 33
AMP.

FIG.2

is 3.3 -ohms.
It will be noted in circuits with resistances in par-

allel that the same voltage will appear across the
resistors but the current through the resistors will
vary with the value of the individual resistor.

Mention should be made of the fact that when
we have resistors of equal value in parallel that the
current will be the same in all the resistors and that
the same voltage will appear across all of the re-
sistors.
UNEQUAL VALUES OF RESISTANCES IN

PARALLEL
(Two or More Resistors)

Fig. 3 shows a circuit in which there are four
resistors in parallel and unequal in value. In this

i=? 40 AMP.
R
10 -n -

E=46 V.

FIG.3

case we would use the formula commonly known
as the "Reciprocal of the sums of the reciprocals"
Thus

R effective=

Substituting:

1

1 1 1 1

etc.
Rl Itt Rs 11,

1

1 1 1 1

----+-+-
10 6 5 7

1 1 1 1

Solving:-= .1; -=.166; -=.2; -=.14
10 6 5 7

Adding: .1+.166+.2+.14=.606.
1

Finding the reciprocal --1.6-ohms effective.
.606

Proof: The sum of the currents in the branches of
a parallel circuit will equal the total current flowing
into the circuit. From examination of the circuit we
find that the sum of the currents is 9.6 plus amperes.
The answer would have come out exactly 10 amperes
if we had carried the solution of the various recipro-
cals to more than four places beyond the decimal
point.

The complete solution of a problem is carried
out above so that any one desiring to do so can use
it as a model to aid him in studying just how the
formula is handled. The author has gone to some
lengths here in the solution of the problem but his
experience as an instructor of servicemen indicates
that there is never enough said on this phase of the
study of electrical circuits.

RESISTANCE NETWORKS WITH
RESISTORS IN SERIES AND IN

PARALLEL
Circuits often have combinations of resistors in

series and in parallel. The solution of the effective
value of resistance is obtained by breaking up the
circuit into its local circuits, solving each portion
consisting of parallel circuits and then resolving
them into simple series circuits. Fig. 4 shows a
circuit along with the values for the various re-
sistors.
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Ri = 9--ct

Solution: The first thing to do is to solve all of
the branch circuits.
Circuit R1; R2; R, has an effective
resistance of 3 ohms.
Circuit R5; R6; R, has an effective re-
sistance of 2.5 -ohms.
Circuit R5; R5 has an effective resistance
of 2.2 -ohms.

As the above parallel circuits are in series with re-
sistor R. we find the effective value of resistance
by adding 10, 3, 2.5, and 2.2 together. This totals
17.7 -ohms.

Resistor R10 is connected across the voltage sup-
ply and the effective value of the resistance network
R, to R, is in turn connected across R10. Thus
12.10 is in parallel to the 17.7 -ohm resistance of the
network.

Solving for parallel circuits 50X17.7/50+17.7
we have the effective total circuit resistance of 12.8 -

ohms.
Knowing that the voltage applied is 100 volts and

the effective resistance is 12.8 -ohms and using the
rule "I" equals "E" over "R"; then 100 divided by
12.8 is 7.8 or the current flowing in the circuit.

CONDUCTANCE
It seems peculiar that we have dealt with resist-

ances when in reality the thing that we require of
any portion of an electrical circuit is conductance-
the ability and not the inability with which it carries
electricity is the important factor. The unit of Con-
ductance is the Mho and the Conductance of a
circuit is

G=1/R.
It is thus that a Resistance of 2 ohms has a conduct-
ance of 1/2 Mho. In operating upon parallel circuits
it is much simpler to employ conductances in our
calculations so as to avoid the many reciprocal fac-
tors involved. This may be seen readily from the
comparison of the two equations

1

R. eff.-
1/R1+1/R2+1/R3

G

POWER
The power consumed in a circuit is equal to the

product of the voltage and the current thus
P (watts)=EXI

or it may be expressed by the product of the current
squared and the resistance

P=I2R
This latter relation is useful in determining the

power rating requirements of a resistor. Thus a
resistance of 10 ohms having a current of 2 amperes
flowing through it must be rated at 40 watts at least
if overheating is to be avoided.

ALTERNATING CURRENTS
A Direct Current has a definite polarity-that is

the current flow is always in one direction. Alternat-
ing currents are employed commercially because of
economies which can be gained in the transmission
of current over long distances. An alternating cur-
rent has its polarity or direction of flow constantly
changing. The frequency of the current is deter-
mined by the time required for each complete alter-
nation or change of direction. In Fig. 5 this is shown

+2

FIG.5

graphically and it may be seen that over a period
of time equal to 1/60th second corresponding to a
60 cycle current the current direction starts at zero-
rises to a maximum positive value of 2 amperes-
falls to zero again and passes through a maximum
negative value of 2 amperes to return to a zero
again.

The peak or maximum value is seen to be 2
amperes-but the effective value is not 2 amperes
but the "root mean square" or r.m.s. value which
is the value read from an alternating current meter
in the circuit. This value is calculated from the
maximum value by the equation

Ir.m.s.=IpeakX.707 or conversely
Ipea1=Ir.m.s. X 1.414

How these factors are arrived at is immaterial to our
purposes. The voltage in A.C. circuits will follow
exactly the same laws and the Ohm's Law for alter-
nating currents is expressed by

E=IZ
IMPEDANCE AND REACTANCE

The alternating counterpart of Resistance is the
Impedance (Z), which is the effective resistance of
the circuit. "Z" is the resultant effect of pure re-
sistance, capacitance, and inductance in a circuit. The



OFFICIAL RADIO SERVICE MANUAL 9

effect of inducance or capacitance alone in a circuit
is "X", the Reactance.

The reactance of a circuit is dependent upon the
frequency of the alternating current flowing and the
reactance of a condenser is equal to

1000000
Xc- Ohms.

6.28 C

CONDENSER CArAcrrr
IN MED. 60

0.001 2666000
0.006
0.01

533203
266603

0.1
0.5

26560
5332

1.0
2.0

2666
1333

4.0
8.0

666
333

10.0 267

REACTANCE IN OHMS AT V..100s FREQUENCIES

100 250 500 1000 10,030 100,000 1,000,000

1600000
320X10
160030

16000
3203
1600

800
400
200
160

670000
1280

6400000
6400
1280
640
320
160

80
64

320000
64000
32003
3200

640
320
160
80
40
32

160000
32000
16003

16C0
320
160
83

20
ao

16

16000
3200
1600

13260

168

2
1.6

1600
320
160

16
3.2
1.6
0.8
0.4
0.2

0.16

160
32
16

1.6
.32

0.16
0.08
0.04
0.02
0.016

FIG 6
From examination of the chart in Fig. 6 it may be
seen that the reactance decreases with increasing fre-
quency. The capacity in the above formula is stated
in microfarads.

The reactance of an inductance is determined by
the equation

COIL INDUCTANCE
IN Mamas

0.01
0.05
0.1
0-5
1.0
2.0
5.0

10.0
20.0
30.0
40.0
50.0

100.0

X1=6.28 f L Ohms.
REACTANCE IN OEMS AT VARIOUS FREQUENCIES

60 100 250 500 1000 10.000 100.000

3.77 628 15.7 31.4 62.8 628 6.283

18.8
37.7

31.4
62.8

78.5
157

157
314

314
628

3.140
6.283

31,400
62,800

188.5
377

314
628

785
1.570

1.570
3.140

3,140
6,280

31,400
62,800

314,000
628,000

754
.885

1.256
3,140

3,140
7,850

6,2110
15,700

12.560
31,400

125,603
314,000

1.256.030
3,140.003

3.770
7,540

6.280
12.360

15.700
31.403

31,400
62,800

62.800
123.603

828.030
1,236.030

6,280030
12,360,000

11,310
15,080

18.840
24,720

47,200
61,800

94,200
123,600

188,400
247.200

1.884,000
2.472.000

18,840,000
24,720,000

18,850
37.700

31,400
62,800

78.500
157,000

157,000
314,030

314.000
628,000

3140,030
6 280,000

31,400,000
62.800000

FIG 7
That the reactance of the inducance increases with
the increase in frequency is apparent from Fig. 7.
This is an important point to keep in mind. In the
above equation L is in henries.

Inductive and capacitative reactances differ in

their relative effects upon the circuits in which they
occur and a combination of the two has an effect
determined by the equation.

X=XL-Xc
Circuits containing both Reactance and Resis-

tance -and no circuit can be said to be purely reac-
tive with no resistance effects -have an effective

resistance noted as their impedance (Z) and the
equation for this quantity is

Z= V R2+ (X,-Xc)2
Such a quantity is known as the "square root of the
sum of the squares."

RESONANCE
You may already have asked yourselves what

would happen if the reactance due to inductance
were equal to that due to capacitance and you may
have answered the question in a manner satisfactory
to yourself -that the resistance of the circuit alone
would remain. In a measure this would be correct
-but in an important sense it would fail.

When a circuit is tuned to resonance the two
reactances are equal and cancel and the frequency
at which any combination achieves this condition
may be determined from the equation

1.

-
1\17)--( C

where f is the frequency in cycles per second, L the
inductance of the coil measured in a unit termed
the "henry", and C the capacitance of the condenser
measured in a unit termed the "farad." In radio
work it is more convenient to speak of a smaller
unit than the "henry," thus a unit known as the
"microhenry," or !A, h, is used, one million of which
when added together make a henry. It is also more
convenient to speak of a smaller unit than the farad,
known as the "microfarad," or mf., thus a unit is
used, one million of which when added together
make a farad. The formula just quoted then be-
comes

f=
159,2.00

4L in microhenries x Citt microfarads

As an example, a coil having an inductance of
203 microhenries is tuned with a condenser set at
0.0005-microfarad. To what frequency does the
combination tune?

159,2.00
f -

V203 X 0.0005
500,000.

cp. 5

c.p.s.

Instead of saying "five hundred thousand cycles per
second," the term five hundred kilocycles is often
used. A "kilocycle" (abbreviated "kc.") is one
thousand cycles.

Sometimes the term "wavelength" symbolized by

the Greek letter "n.
(lambda) is used in place of

the term frequency, and vice versa. In the case of

an electric wave sent through free space, its velocity

is constant, and is equal to that of light. The prod-

uct of the wavelength and the frequency equals this

velocity, for the wavelength is the distance a given
point in the wave travels during one cycle, or

X f=299,800,000 meters per second

or (very nearly) 300,000,000
where is the wavelength measured in meters and

f is the frequency in cycles per second. Thus if it is

desired to know the wavelength of a radio wave
of a frequency of 500,000 c.p.s.

300,000,000 300,000,000
-600. meters

f 500,000

Instead of calculating the wavelength every time it is

necessary, the chart shown in Fig. 8 may be referred
to.

In circuits consisting of Inductance, Capacitance,
and Resistance in a series combination such as is

shown in Fig. 9, the term within the parenthesis in
the equation
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KILOCYCLSS (kc) TO METERS (m). OR METERS TO KILOCYCLES
[ COLUMNS ARE INTERCHANGEABLE]

ke orm I m or kc kc orm m or ke ke orm I m or ire ke orm m or kc ke orm mor ke ke or m mi or Ice lm or m m or ke kc or me m or lee lee orm m or Im Ice or m m or ke
10 29, 982 I, 010 296. 9 2, 010 149. 2 3, 010 99. 61 4, 010 74. 77 5, 010 59. 84 6, 010 49. 89 7, 010 42. 77 8, 010 37. 43 9, 010 33. 2820 14, 991 1, 020 '293. 9 2, 020 148.4 3, 020 99. 28 4, 020 74 58 5, 020 59. 73 6, 020 49. 80 7, 020 42. 71 8, 020 37. 38 9, 020 33. 2430 9, 994 1, 030 291. 1 2, 030 147. 7 3, 030 98. 95 4, 030 74. 40 5, 030 59. 61 6, 030 49. 72 7, 030 42. 65 8, 030 37. 34 9, 030 33. 2040 7, 496 1, 04C 288. 3 2, 040 147. 0 3, 040 98. 62 4, 040 74. 21 5, 040 59. 49 6. 040 49. 64 7, 040 42. 59 8, 040 37. 29 9, 040 33. 1750 5, 996 I, 050 285. 5 2. 050 146. 3 3, 050 98.30 4, 050 74. 03 5, 050 59. 37 6, 050 49. 56 7, 050 42. 53 8, 050 37. 24 9, 050 33. 13

60 4, 997 1, 060 282. 8 2, 060 145. 5 3, 060 97. 98 4, 060 73. 85 5, 060 59. 25 6, 060 49..45 7, 060 42. 47 8, 060 -37. 20 9, 060 33. 0970 4, 283 I, 070 280. 2 2, 070 144. 8 3, 070 97. 66 4, 070 73. 67 5, 070 59. 13 6, 070 49. 39 7, 070 42. 41 8, 070 37. 15 9, 070 33. 0680 3, 748 1, 080 277. 6 2, 080 144. 1 3, 080 97. 34 4, 080 73. 49 5, 080 59. 02 6. 080 49. 31 7, 080 42. 35 8, 080 37. 11 9, 080 33. 0290 3, 331 1, 090 275. 1 2, 090 143. 5 3, 090 97. 03 4, 090 73. 31 5, 090 58. 90 6, 090 49. 23 7, 090 42. 29 8, 090 37. 06 9, 090 32.48100 2, 998 0, 100 272. 6 2, 100 142. 8 3, 100 96. 72 4, 100 73. 13 5, 100 58. 79 6, 100 49. 15 7, 100 42. 23 8, 100 37. 01 9, 100 32. 95
110 2, 726 1, 110 270. 1 2, 110 142. I 3, 110 96. 41 4, 110 72. 95 5, 110 58. 67 6, 110 49. 07 7, 110 42. 17 8, 110 36. 97 9, 110 32. 91120 2, 499 1, 120 267. 7 2, 120 141.4 3, 120 96. 10 4, 120 72. 77 5, 120 58. 56 6, 120 48. 99 7, 120 42. 11 8, 120 36. 92 9, 120 32. 88130 2, 306 1, 130 265. 3 2, 130 140. 8 3, 130 95. 79 4, 130 72. 60 5, 130 58. 44 6, 130 48. 91 7, 130 42. 05 8, 130 36. 88 9, 130 32. 84140 2, 142 1. 140 263. A 2, 140 140. 1 3, 140 95. 48 4, 140 72. 42 5, 140 58. 33 6, 140 48. 83 7, 140 41. 99 8. 140 36. 83 9, 140 32. 80150 1, 999 1, 150 260. 7 2, 150 139.5 3, 150 95. 18 4, 150 72. 25 5, 150 58. 22 6, 150 48. 75 7, 150 41. 93 8, 150 36. 79 9, 150 32. 77
160 1, 874 1, 160 258. 5 2, 160 138. 8 3, 160 94. 88 4, 160 72. 07 5, 160 58. 10 6, 160 48. 67 7,160 41. 87 8, 160 36. 74 9, 160 32..73170 I, 764 1, 170 256. 3 2, 170 138. 1 3, 170 94. 58 4, 170 71. 90 5, 170 57. 99 6, 170 48. 59 7. 170 41. 82 8, 170 36. 70 9, 170 32. 70180 1, 666 1, 180 254. I 2, 180 137. 5 3, 180 94. 28 4, 180 71. 73 5, 180 57. 88 6, 180 48. 51 7, 120 41. 76 8, ISO 36. 65 9, 180 32. 66190 1, 578 1, 190 252. 0 2, 190 136. 9 3, 190 93. 99 4, 190 71. 56 5, 190 57. 77 6, 190 48. 44 7, 190 41. 70 8, 190 36. 61 9, 190 32. 62200 1, 499 1, 200 249. 9 2, 200 136. 3 3, 200 93. 69 4, 200 71. 39 5, 200 57. 66 6, 200 48. 36 7, 200 41. 64 8, 200 36. 56 9, 200 32. 59
210 1, 428 1, 210 247. 8 2, 210 135. 7 3, 210 93. 40 4, 210 71. 22 5, 210 57. 55 6, 210 48. 28 7, 210 41. 58 8, 210 36. 52 9, 210 32. SS220 I, 363 I, 220 245. 8 2, 220 135. 1 3, 220 93. 11 4, 220 71. OS 5, 220 57. 44 6, 220 48. 21 7, 220 41. 53 8, 220 36. 47 9, 220 32. S2230 I, 304 1, 230 243. 8 2, 230 134. 4 3, 230 92. 82 4, 230 70. 88 5, 230 57. 33 6, 230 48. 13 7, 230 41. 47 8, 230 36. 43 9, 230 32. 48240 I, 249 1, 240 241. 8 2, 240 133. 8 3, 240 92. 54 4, 240 70. 71 5, 240 57. 22 6, 240 48. OS 7, 240 41. 41 8, 240 36. 39 9, 240 32. 45250 1, 199 I, 250 239. 9 2, 250 1 133. 3 3, 250 92. 25 4, 250 70. 55 5, 250 57. 11 6, 250 47. 97 7, 250 41. 35 8, 250 36. 34 9, 250 32. 41
260 1, 153 1, 260 238 0 2, 260 132. 7 3, 260 91. 97 4, 260 70. 38 5, 260 57. 00 6, 260 47. 89 7, 260 41. 30 8, 260 36. 30 9, 260 32.38270 1, 110 1, 270 236. 1 2, 270 132. 1 3, 270 91. 69 4, 270 70. 22 5, 270 56. 89 6, 270 47. 82 7, 270 41. 24 8, 270 36. 25 9, 270 32. 34280 I, 071 :, 280 234. 2 2, 280 131. 5 3,280 91. 41 4, 280 70. 05 5, 280 56. 78 6, 280 47. 74 7, 280 41. 18 8, 280 36. 21 9, 280 32. 31290 1, 034 1, 290 232. A 2, 290 130. 9 3, 290 91. 13 4, 290 69. 89 5, 230 56. 68 6, 290 47. 67 7, 290 41. 13 8, 290 36. 17 9, 290 32. 27300 999. 4 1, 300 230. 6 2, 300 130. 4 3, 300 90. 86 4, 300 69. 73 5, 300 56. 57 6, 300 47. 59 7, 300 41. 07 8, 300 36. 12 9, 300 32. 24
310 967.2 I, 310 228.9 2, 310 129.8 3, 310 90. 58 4, 310 69. 56 5, 310 56. 46 6, 310 47. 52 7, 310 41. 02 8, 310 36. 08 9, 310 32. 20320 936. 9 1, 320 227. 1 2, 320 129. 2 3, 320 90. 3.1 4, 320 69. 40 5, 320 56. 36 6, 320 47. 44 7, 320 40. 96 8, 320 36. 04 9, 320 32 17330 908. 6 1, 330 225. 4 2, 330 128. 7 3, 330 90. 04 4, 330 69. 24 5, 330 56. 25 6, 330 47. 36 7, 330 40. 90 8, 330 35. 99 9, 330 32. 14340 881. 8 1, 340 223. 7 2, 340 128. 1 3, 340 89. 77 4, 340 69. 08 5, 340 55. 15 6, 340 47. 29 7, 340 40. 85 8, 340 35. 95 9, 340 32. 10350 856. 6 1, 350 222. 1 2. 350 127. 6 3, 350 89. 50 4, 350 68. 92 5, 350 56. 04 6, 350 47. 22 7, 350 40. 79 8, 350 35. 91 9, 350 32. 07
360 832. 8 1, 360 220. 4 2, 360 127. 0 3, 360 89. 23 4, 360 68. 77 5, 360 55. 94 6, 360 47. 14 7, 360 40. 74 8, 360 35. 86 9, 360 32. 03370 810.3 1, 370 218. 8 2, 370 126. 5 3, 370 88. 97 4, 370 68. 61 5; 370 55. 83 6, 370 47. 07 7, 370 40. 68 8, 370 35. 82 9, 370 32. 00380 789. 0 1, 380 217. 3 2. 380 126. 0 3, 380 88. 70 4, 380 68. 45 5, 380 55. 73 6, 383 46. 99 7, 380 40. 63 8, 380 35. 78 9, 380 31 96390 768. 8 1, 390 ' 215. 7 2, 390 125. 4 3, 390 88. 44 4, 390 68. 30 5, 390 55. 63 6, 390 46. 92 7, 390 40. 57 8, 390 35. 74 9, 390 31. 93400 749. 6 1, 400 214. 2 2, 400 124. 9 3, 400 88. 18 4, 400 68. 14 5, 400 55. 52 6, 400 46. 85 7, 400 40. 52 8, 400 35. 69 9, 400 31. 90
410 731.3 1, 410 212.6 2, 410 124. 4 3, 410 87.'92 4, 410 67. 99 5, 410 35. 42 6, 410 46. 77 7, 410 40. 46 8, 410 35. 65 9, 410 31. 86420 713. 9 1, 420 211. 1 2, 420 123.9 3, 420 87. 67 4, 420 67. 83 5, 420 55. 32 6, 420 46. 70 7, 420 40. 41 8. 420 35. 61 9, 420 31. 63430 697. 3 1, 430 209. 7 2, 430 123.4 3, 430 87. 41 4, 430 67. 68 5, 430 55. 22 6, 430 46. 63 7, 430 40.35 8, 430 35. 57 9, 430 31. 79440 681.4 1, 440 208.2 2, 440 122. 9 3, 440 87. 16 4, 440 67. 53 5, 440 55. 11 6, 440 46. 56 7, 440 40. 30 8, 440 35. 52 9, 440 31. 76450 666. 3 I, 450 206. 8 2, 450 122 4 3, 450 86. 90 4, 450 67.38 5, 450 55. 01 6, 450 46. 48 7, 450 40. 24 8, 450 35. 48 9, 450 31. 73
460 651. 8 1, 460 205.4 2, 460 121. 9 3, 460 86. 65 4, 460 67. 22 5, 460 54. 91 6, 460 46. 41 7, 460 40. 19 8, 460 35. 44 9, 460 31. 69470 I 637. 9 I, 470 204. 0 2, 470 121. 4 3, 470 86. 40 4, 470 67. 07 5, 470 54. SI 6, 470 46. 34 7, 470 40. 14 8, 470 35. 40 9, 470 31. 66480 624 6 1, 480 202. 6 2, 480 120. 9 3, 480 86. 16 4, 480 66. 92 5, 480 Si 71 6,460 46. 27 7, 480 40. 08 8, .30 35. 36 9, 480 31. 03490 611. 9 I, 490 201. 2 2, 490 120. 4 3, 490 85. 91 4, 490 66. 78 5, 490 54. 61 6, 490 46. 20 7, 490 40. 03 8, 490 35. 31 9,460 31. 59500 599:6 1, 500 199. 9 2, 500 119. 9 3, 500 85. 66 4, 500 65. 63 5, 500 54. 51 6, 500 46. 13 7, 500 39. 98 8, 500 35. 27 9, 500 31. S6
510 587.9 1, 510 198. 6 2, 510 119.5 3, 510 85. 42 4, 310 66. 48 5, 510 54. 41 6, 510 46. 06 7, 510 39. 92 8, 510 35. 23 9, 510 31. S3520 576. 6 1, 520 197. 2 2, 520 119. 0 3, 520 85. 18 4, 520 66. 33 5, 520 54. 32 6, 520 45. 98 7, 520 39. 87 8, 520 35. 19 9, 520 31. 49530 565.7 1,-530 196. 0 2, 530 118.5 3, 530 84. 94 4, 530 66. 19 5, 530 54. 22 6, 530 45. 91 7, 530 39. 82 8, 530 35. 15 9, 530 31. 46540 555. 2 1, 540 194. 7 2, 540 118. 0 3, 540 84. 70 4, 540 66. 04 5, 540 54. 12 6, 540 45. 84 7, 540 39. 76 8, 640 35. 11 9, 540 31. 43550 545. I 1, 550 193. 4 2, 550 117. 6 3, 550 84. 46 4, 550 65. 89 5, 550 54. 02 6, 550 45. 77 7, 550 39. 71 8, 550 35. 07 9, 550 31. 39
S60 535.4 I, 560 192.2 2, 560 117. 1 3, 560 84. 22 4, 560 65. 75 5, 560 53. 92 6, 560 45. 70 7, 560 39. 66 8, 560 35. 03 9, 560 31. 36570 526. 0 1, 570 191. 0 2, 570 116. 7 3, 570 83. 98 4, 570 65. 61 5, 570 53. 83 6, 570 45. 63 7, 570 39. 61 8, 570 34. 98 9, 570 31. 33580 516.9 1, 580 189.8 2, 580 116.2 3, 580 83. 75 4, 580 65. 46 5, 550 53. 73 6, 580 45. 57 7, 580 39. 55 8, 580 34. 94 9, 580 31. 30S90 508.2 1, 590 188.6 2, 590 115. 8 3, 590 83. 52 4, 590 65. 32 5. 590 53. 64 6, 590 45. 50 7, 590 39. 50 8, 590 34. 90 9, 590 31. 26600 499. 7 1, 600 187. 4 2,600 115. 3 3, 600 83. 28 4, 600 65. 18 5, 600 53. 54 6, 600 45. 43 7, 600 39. 45 8, 600 34. 86 9, 600 31. 23
610 491.. 5 1, 610 186.2 2, 610 114. 9 3, 610 83. 05 4, 610 65. 04 5, 610 53. 44 6, 610 45. 36 7, 610 39. 40 8, 610 34. 82 9, 610 31. 20620 483. 6 1, 620 185. 1 2, 620 114. 4 3, 620 82. 82 4, 620 64. 90 5, 620 53.35 6, 620 45. 29 7, 620 39. 35 8, 620 34. 78 9, 620 31. 17630 475. 9 1, 630 183. 9 2, 630 114. 0 3, 630 82. 60 4, 630 64. 76 5, 630 53. 25 6, 630 45. 22 7, 630 39. 29 8, 630 34. 75 9. 630 31. 13640 468. 5 1, 640 182. 8 2, 640 113. 6 3, 640 82. 37 4, 640 64. 62 5, 640 53. 16 6, 640 45. 15 7, 640 .39. 24 8, 640 34. 70 9, 640 31. 10650 461. 3 1, 650 181.7 2, 650 113. 1 3, 650 82. 14 4, 650 64. 48 5, 650 53. 07 6, 650 45. 09 7, 650 39. 19 8, 550 34. 66 9, 650 31. 07
660 454. 3 I, 660 180. 6 2, 660 112. 7 3, 660 81. 92 4, 660 64. 34 5 660 52. 97 6, 660 45. 02 7. 660 39. 14 8, 650 34. 62 9, 660 31. 04670 447. 5 I, 670 179. 5 2, 670 112. 3 3, 670 81. 70 4, 670 64. 20 5, 670 52. 38 6, 670 44. 95 7, 670 39. 09 8, 670 34. 58 9, 670 31. 01680 440.9 I, 680 178 5 2, 680 411. 9 3, 680 81. 47 4, 680 64. 06 5, 680 52. 79 6, 680 41 88 7,680 39. 04 8, 680 34. 54 9, 680 30. 97690 434 5 I, 690 177.4 2, 690 III. 5 3, 690 81. 25 4, 690 63. 93 5, 690 52. 69 6, 690 44. 82 7, 690 38. 99 8, 690 34. 50 9, 690 30. 94700 428.3 I, 700 176. 4 2, 700 111. 0 3, 700 81. 03 4, 700 63. 79 5, 700 52. 60 6, 700 44. 75 7, 700 38. 94 8, 700 34. 46 9, 700 30. 91
710 422 3 1, 710 175. 3 2, 710 110. 6 3, 710 80. 81 4, 710 63. 66 5, 710 52. 51 6, 710 44. 68 7, 710 38. 89 8, 710 34. 42 9, 710 30. 88720 416.4 I, 720 174.3 2, 720 110.2 3, 720 80. 60 4, 720 63. 52 5, 72,0 52. 42 6, 720 44. 62 7, 720 38. 84 8, 723 34. 38 9, 720 30. 85730 410. 7 1, 730 173. 3 2, 730 109. 8 3, 730 80. 38 4, 730 63. 39 5, 730 52. 32 6, 730 44. 55 7, 730 38. 79 9, 730 34. 34 9, 730 30. 81740 405. 2 1, 740 172. 3 2, 740 109. 4 3, 740 80. 17 4, 740 63. 25 5, 740 52. 23 6, 740 44. 48 7, 740 38. 74 8, 740 34. 30 9, 740 30. 7S750 399. 8 1, 750 171. 3 2, 750 109. 0 3, 750 79. 95 4, 750 63. 12 5, 750 52. 14 6, 750 44. 42 7, 750 38. 69 8, 750 34. 27 9, 750 30. 75
760 394. 5 1, 760 170. 4 2, 760 108. 6 3, 760 79. 74 4, 760 62. 99 5, 760 52. 05 6, 760 44. 35 7, 760 38. 64 8, 760 34. 23 9, 760 30. 72770 389.4 1, 770 169. 4 2, 770 108. 2 3, 770 79. 53 4, 770 62. 86 5, 770 51. 96 6, 770 44. 29 7, 770 38. 59 8, 770 34. 19 9, 770 30. 69'780 384. 4 1, 780 168. 4 2, 780 107. 8 3, 780 79. 32 4, 780 62. 72 5, 780 51. 87 6, 780 44. 22 7, 780 38. 54 8, 7S0 34. 15 9, 780 30. 66790 379. 5 I, 790 167. 5 2, 790 107. 5 3, 790 79. 11 4, 790 62. 59 5, 790 51. 78 6, 790 44. 16 7, 790 38. 49 8, 790 34. 11 9, 790 30. 63800 374. 8 I, 800 166. 6 2, 800 107. 1 3, 806 78, 90 4, 800 62. 46 5, 800 51. 69 6, 800 44. 09 7, 800 38. 44 8, 800 34. 07 9, 800 30. S9
810 370. 2 1, 810 165. 6 2, 810 106. 7 3, 810 78. 69 4, 810 62. 33 5, 810 51. 60 6, 810 44. 03 7, 810 38. 39 8, 810 34. 03 9, 810 30. 56820 365: 6 1, 820 164. 7 2, 820 106. 3 3, 820 78. 49 4, 820 62. 20 5, 820 51. 52 6, 820 43. 96 7, 820 38. 34 8, 820 33. 99 9, 820 30. 53830 361. 2 1, 830 163. 8 2, 830 105.9 3, 830 78. 28 4, 830 62. 07 5, 830 51. 43 6, 830 43. 90 7, 830 38. 29 8, 8.30 33. 95 9, 830 30. SO840 356. 9 1, 840 162. 9 2, 840 105.6 3, 840 78. OS 4, 840 61. 95 5, 840 51. 34 6, 840 43. 83 7, 840 38. 24 8, 840 33. 92 9, 840 30. 47850 352. 7 1, 850 162. 1 2, 850 105.2 3, 850 77. 88 4, 850 61. 82 5, 850 51. 25 6, 850 43. 77 7, 850 38. 19 8, 850 33. 88 9, 850 ' 30. 44
860 343 6 I, 860 161.2 2, 860 104. 8 3, 860 77. 67 4, 860 61. 69 5, 860 51. 16 6, 860 43. 71 7, 860 38. 14 8, 860 33. 84 9, 860 30. 41870 344. 6 1, 870 160. 3 2, 870 104. 5 3, 870 77. 47 4. 870 61. 56 5, 870 51. 08 6, 870 43. 64 7, 870 38. 10 8, 870 33. 80 9, 870 30. 38880 340. 7 I, 880 159. 5 2, 880 104 1 3, 880 77. 27 4, 880 , 61. 44 5, 880 50. 99 6, 880 43. 58 7, 880 38. CS 8, 880 33. 76 9, 880 30. 35890 336.9 1, 890 158. 6 2, 890 103. 7 3, 890 77. 07 4,890 61. 31 5, 890 50. 90 6, 890 43. 52 7, 890 38. 00 8, 890 33. 73 9, 890 30.32900 333. 1 I, 900 157. 8 2, 900 103.4 '3, 900 76. 88 4, 900 61. 19 5, 900 50. 82 6, 900 43. 45 7, 900 37. 95 8, 900 33. 69 9, 900 30. 28
910 329. 5 1, 910 157. 0 2, 910 103. 0 3, 910 76. 68 4, 910 61. 06 5, 910 50. 73 6, 910 43. 39 7. 910 37. 90 8, 910 33. 65 9, 910 30. 25920 325. 9 1, 920 156. 2 2, 920 102. 7 3, 920 76. 48 4, 920 60. 94 5, 920 50. 65 6, 920 43. 33 7, 920 37. 86 8, 920 33. 61 9, 920 30. 22930 322. 4 I, 930 155. 3 2, 930 102.3 3, 93Q 76. 29 4, 930 60. 82 5, 930 50. 56 6, 930 43. 26 7, 930 37. 81 8, 930 33. 57 9, 930 30. 19940 319. 0 1, 940 154 5 2, 940 102. 0 3, 940 76. 10 4, 940 60. 69 5, 940 50. 47 6, 940 43. 20 7, 940 37. 76 8, 940 33. 54 9, 940 30. 16950 315. 6 I, 950 153.8 2, 950 101. 6 3,.9.50 75. 90 4, 950 60. 57 5, 950 50. 39 6, 950 43. 14 7, 950 37. 71 8, 950 33. 50 9,, 950 30. 13
960 312. 3 I, 960 153. 0 2, 960 101.3 3, 960 75. 71 4, 960 60. 45 5, 960 50. 31 6, 960 43. 08 7, 960 37. 67 8, 960 33. 46 9, 960 30. 10970 309. 1 1, 970 152. 2 2, 970 100. 9 3, 970 75. 52 4, 970 60. 33 5, 970 50. 22 6, 970 43. 02 7, 970 37. 62 8, 970 33. 42 9, 970 30. 07980 303. 9 1, 980 151.4 2, 980 100. 6 3, 980 75. 33 4, 980 60. 20 5, 980 50. 14 6, 980 42. 95 7, 980 37. 57 8, 980 33. 39 9, 980 30. 04990 302. 8 1, 990 150. 7 2, 990 100. 3 3, 990 75. 14 4, 950 60. 08 5, 990 50. 05 6, 990 42. 89 7, 990 37. 52 . 8, 990 33. 35 9, 990 30. 011 000 299. 8 2, 000 149. 9 3, 000 99. 94 4, 000 74 96 _5, 000 59. 96 6, 000 49. 97 7, 000 42. 83 8. 000 37. 48 ' 0 9, 000 33. 31 10 000 29. 98.--.
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8 (OVER)
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Z=VR2+ ( Xi-Xe)2
is equal to zero and the impedance of the circuit
is simply

Z=%/R2
or Z:=R

In a series circuit comprising inductance and
capacitance only the current could rise to large
proportions at resonance-it being effectively a
short circuit across the supply. This effect is held
in check by the fact that some resistance is always
in the circuit.

FIG.9 F10.10

In a parallel circuit a somewhat different effect
occurs. Here we have a circuit arrangement sub-
stantially as shown in Figure 10. In such a circuit
the current does not pass through both elements
but is divided between the two as was the case in
parallel resistance circuits carrying direct current.

Without resistance in the circuit the currents
flowing in the two branches would counteract each

other because of the opposing effects of the capa-
citance and the inductance and the current flowing
through .the circuit would be zero. This would
correspond to an infinite impedance across the line.

As your studies become more advanced it is well
to bear in mind that though the current through
the circuit be zero relatively large currents may
be flowing in the two branches. The presence of
resistance modifies this idea of an infinite Imped-
ance and we find that the effective Impedance of
a parallel resonant circuit is equal to

L I

C R
L is in henries
C is in farads

R is in ohms
Z is in ohms

Let us consider that the coil has an inductance of
250 microhenries and a radio frequency resistance
of 15 ohms and that the condenser shunted across
the coil has a capacity of 102 micromicrofarads.
This is the value of capacity to tune the circuit to a
frequency of 1000 K.C.
Substituting the above value in the equation we
have

.00025 1

X-=163333 ohms.
.000000000102 15

The resistance in the circuit is the effective re-
sistance of the coil at radio frequencies which is
usually a figure somewhat larger than the direct
current resistance. It can be seen that the lower
the resistance the higher will be the impedance
of the circuit.

The important difference between series and
parallel circuits at resonance is obviously that the
one has an impedance approaching zero but lim-
ited by the resistance while the other has an im-
pedance which would be infinitely high-were it
not for the effects of resistance.

In the series circuits the current flowing is large
and although the voltage developed across the
whole is small the voltage across any one element
may rise to unprecedented heights as we shall later
find.

In all the above equations solution may be ob-
tained only where the Resistance is expressed in
ohms, Frequency in cycles per second, the Capa-
citance in Farads and the Inductance in Henries.

We must therefore reduce all values to these
terms. To this end it is worth noting that the
familiar prefixes milli, micro, micromicro denote
that the term indicated must be multiplied by .001,
.000,001 and .000,000,000,001 in order to change
them into fractional parts of the Henry or Farad
as the case may be. Thus 250 micromicrofarads
will become .000,000,000,250 Farads before in-
sertion into the above equations as 200 micro -
henries must become .0002 Henries.

No mention of "phase relations" or other com-
plex factors has been made as these interpretations
were thought to involve too great a degree of
mathematics to warrant their inclusion.
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SERVICING RADIO RECEIVERS

The Service Man's Tools.

THERE is nothing that will tend to create in
the mind of the customer a feeling of confi-
dence as much as a well chosen kit of tools,

which should be carried to the job in a convenient
bag. This, along with the test kit gives the desired
impression of completeness which goes for rapid and
accurate work.

The usual tools other than the special measuring
instruments which should be a part of the portable
equipment are as follows:

Diagonal Pliers
Long Nose Pliers
Side Cutting Pliers
Spintite Wrench Set
Electricians' Knife
Insulated Test Probes
Neutralizing Tool
Alcohol Torch
Soldering Iron
Self Fluxing Solder-Rosin Cored
Heavy Screw Driver
Long Thin Screw Driver
Hand Drill and Drill Set
Friction Tape
Set of Files
Polishing Cloth and a small quantity of Furni-

ture Polish
Emery Cloth
Hydrometer
Large Piece of Canvas
Flash Light
In addition to the above the technician should

carry an assortment of fixed resistances of the values
found to be most useful in service work, replace-
ment A.F. transformer, spare pilot lights, set of
R.F. coils, howl arrester, complete set of tubes, such
batteries as may be necessary, spare power switch,
aerial and lead wire, insulators, lead-in strips, light-ning arrester, screws, etc.

Testing Instruments.

Confident and rapid servicing of the modern radio
receiver requires the intelligent use of the following
instruments:

Set Analyzer
Ohmmeter

Modulated Oscillator
Output Meter or Resonance Indicator.
Too great stress cannot be laid upon the necessity

for clean cut and accurate equipment. Not only does
this save time but it creates a confidence which is
likely to result in a return call. The modern receiver
is so constructed that servicing is virtually impos-
sible without the apparatus noted.

The Set Analyzer.

The radio set analyzer is an instrument so con-
structed that the conditions under which any one of
the tubes in the receiver operates can be readily de-
termined at a glance. There are of course certain
conditions which cannot be localized by this means
-these will be taken up later-but in the majority
of cases the analyzer will give a thorough diagnosis
of the trouble.

The analyzer may be constructed in many ways-
it may have a number of meters or it may be so con-
stituted as to require but a single meter with a num-
ber of push buttons to make the required connections
in the tube circuit and to rearrange the internal cir-
cuit of the analyzer so as to cope with the changing
conditions.

Many of the more recent analyzers employ rec-
tifier type meters so that a single D.C. meter with
the proper shunts and series resistances will be oper-
ative over all required ranges of direct and alternat-
ing currents and voltages. This effects a saving in
the initial cost of the apparatus without affecting the
accuracy of the equipment in any way. The majority
of the models now on the market use at least two
meters, the one being for A.C. measurements and the
other for D.C.

'M A
U Y n PENTODE

M A

FIG. 1 1 F I G.12
The schematic circuits shown in the text give an

idea as to how the meter ranges are shifted and the
internal changes made by means of the push buttons.
Figs. 11, 12 and 13.

The instruments are so arranged that the various
meter ranges are available for separate external
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measurements by means of binding post connections
and test probes and in some cases provision is made
for the use of the equipment as an ohmmeter or as a
capacity meter. Instruction pamphlets obtainable
from the manufacturers of the various equipment give
these details.

FIG. 13

Testing the Receiver Circuits.

Set analyzers are provided with adapters which
make the necessary connections automatically. This
is of course necessary when we intend to test circuits
involving rectifier tubes or rubes with four and five
prong bases. Modern testers are now so complete
that it is seldom necessary to use special adapters
except for the change from five to four prong plugs.

Selecting the proper adapter we remove the tube
from the socket and replace it by the adapter. The
tube is then placed in the socket provided in the
analyzer.

You will note that the meter will have various
ranges of voltage and current reading scales and it

not only that the correct button be
pressed but that the reading be taken from the proper
scale. This is in no way confusing but demands a
certain degree of alertness on the part of the tech-
nician.

The accompanying Fig. 14 shows the correct read-
ings to be obtained in the analysis of the Radiola
64. This data is available from the manufacturer of
the particular test set for which these readings hold
good. Charts such as that shown in the figure are
available and it is a good idea to fill out the chart as
you go along so that even though no trouble may be
found in the receiver you may hold the chart for
future reference. A file of such charts giving a case
history of a particular receiver is sometimes a valu-
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O.

01.010.

T YES
pow ...

121'

TYNE
1 Sr. a r . Olt,  EC

4126/014 MVO IS SOOJIEE Of SET

TV. OST TM( IN

,csvc VOLTS VOLT

NOPY1.
Pt AT 

IS 

S1.TE
di  GOI.O

TEST

0.1. ATE.

01 
C.TAMOE

227 Ant.Coup.St.2.5 128 2.4 124 25 13.5 3.4 7.8 4.4
,

227 Tuned R.F. 2.5 128 2.4 124 25 16.0 3.3 7.1 3.8
,

227 Tuned letnet/2.5 80 2.4 75 25 16.0 .2 2.9 2.7
a

227 let. I.F. 2.5 128 2.4 124 9 13.5 3.4 7.8 4.5
.

227 2nd. 1.1. 2.5 128 2.4 124 9 13.5 3.4 7.8 4.5

227 Oscillator 2.5 80 2.4 75 25 13.5 7.0 7.6 .6
.

227 and. net. 2.5 120 2.4 176 25 13.5 - ...

,

227 Vol. Controt2.5 80 2.4 75 4 - - - ..

.

7.5 584 7.2 392 65 - 52 55 3.0

, 281 1; fierwcZf 7.4 50

m 281 Rectifier ,_ '7.4 50

FIG 14 -

able thing in that it will indicate the fact that tubes
are not quite up to scratch and that new ones should
be taken on the call. The reverse of the chart will
serve to record the work done on each visit. A refer-

ence to the chapter bearing upon the analysis of a
complete receiver circuit will indicate the possible
causes of trouble where the readings taken are not
up to standard.

There are of course certain points where the
analyzer will fail and it iS these exceptions which
make necessary the use of other apparatus in testing.

This statement must not be construed as an in-
dictment of the analyzer as having failed in its pur-
pose for the technician cannot possibly render efficient
service without it. At times the very failure of the
analyzer to pOint out the fault may lead to its detec-
tion.

When the Analyzer Fails.

As we noted there are certain conditions in the
radio receiver which defy detection by means of the
analyzer. As an example of this, the analyzer can-
not detect a shorted variable condenser as the path
from grid to ground remains substantially un-
changed. In Fig. 15 the voltmeter is connected so

FIG. 15

as to measure the value of the bias. It can be seen.
that a shorted condenser (C) will have no effect on
the reading of the voltmeter (VM) because of the
extremely low coil (L) resistance.

In general, short circuits in the antenna coupling
circuit or in the R.F. transformers do not affect the
meter readings as these are low resistance circuits
and the change in constants due to the short circuit
will have no effect on the voltages or current in the

tube circuit. Short circuits to ground in the plate
circuits of the tubes naturally cause a loss of plate
voltage accompanied by high plate currents and in
cases where the bias is obtained from the voltage
divider in the manner described in another section

such a short circuit of the R.F. transformer secondary
or of the variable condenser would result in a loss of
bias, Fig. 16.

TO VOLTAGE
DIVIDER
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Open condensers do not in any way affect the
voltage readings as they do not offer a direct current
path at any time. .Resistances connected across trans-
former windings either as stabilizing agents limiting
the amplification or as volume controls will show no
changes in applied voltages whether they are open
or short-circuited. The center tapped resistances
across the filament or heater circuits will cause hum
if open or short-circuited in one section. These de-
fects will not show up, however, in the meter read-
ings.

Then why-you ask-is the set analyzer so neces-
sary a piece of apparatus ? The answer is that in the
majority of cases the trouble is shown up by the
analyzer readings-if not we may resort to the man-
ner of deduction employed by the late Sherlock
Holmes and rest assured that the trouble lies in some
circuit defect not noted in the analyzer readings.
Troubles are evidenced by the following conditions.

Excessive and uncontrollable volume.
Regeneration.
Failure of one or more of the tuned circuits to

tune sharply to resonance.
Hum or noise.
Audio howl or acoustic regeneration.
No signal.
Excessively broad or sharp tuning.
Tunable hum appearing on station carrier but

when no signal is received.
Most of these conditions may be checked by the

use of the other apparatus listed and will be taken
up in turn.

A note of the fact that an open grid biasing resist-
ance in series with the cathode of the tube will not
be evidenced by zero voltage and zero bias together
with a high plate current when checked with the
analyzer should be made. The reason for this is that
when the analyzer is switched so as to measure the
voltage between cathode and ground a high resist-
ance is placed across this circuit. With the biasing
resistance intact this high resistance has little effectbut if the biasing resistance be open the meter re-
sistance will fill the gap with the result that the
tube receives a high grid bias. Fig. 17. The plate

NVOA Wr
OPEN

capacity C1. Fig. 18.

Continuity Testing.

The Ohmmeter listed as among the equipment de-
sirable is useful not only in the measurement of re-
sistance values but in checking receiver troubles not
noticeable through changes in the operating voltages.
Many manufacturers give routine data charts on the
servicing of their receivers with the ohmmeter. These
charts give the points between which the tests should
be made and the correct resistance reading.

An ohmmeter is a milliammeter in series with a re-
sistance and a battery with the scale so calibrated as
to read directly in the effective ohms resistance be-
tween the test prods. A variable resistance is in-
cluded so that adjustment can be made for variations
in the battery voltage.

The Figs. 19, 20, 21 and 22 show the circuit ar-
rangements of a Brunswick receiver which is typical
of modern design practice. The power supply and

the receiver chassis are separate units but this has no
effect on the adaptability of the procedure to other
sets. We have also reproduced here the continuity
test chart of the receiver as recommended by the
manufacturer. This chart indicates the correct effect
and the possible incorrect effects which may be ap-
parent together with their probable cause.

A check of any receiver by means of the analyzer
-which failing in diagnosis can be followed by a
continuity test of the circuits-will undoubtedly re-
sult in a discovery of the trouble.

Continued oscillation or lack of sensitivity through
disalignment of the circuits may be checked by the use
of the modulated oscillator to be described. This is
particularly necessary in the case of the superhetero-
dyne receiver and also with neutrodyne receivers.
The manner of operation in checking neutralization
and alignment of circuits follows:

F I G .17 The Modulated Oscillator and Its Uses.
voltage will then be relatively low and the current
will be close to zero while the meter is across the
cathode and ground. These facts need nothing but
a little study to fix them firmly in the technician's
mind so that he can recognize them at a glance.

Open or shorted neutralizing condensers will have
no effect upon the meter readings except where the
circuit arrangement is such that a short circuit results
in a connection between the grid and plate through

The modulated oscillator is in reality a miniature
and portable broadcast transmitter which places a
controllable signal in the hands of the technician at
all times. The instrument is to be operated in con-
junction with an output meter or a resonance indi-
cator such as will be described.

The oscillator should be tunable over the entire
broadcast band and should have a second range of
from about 100 to 200 kc. for checking the character-
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CONTINUITY TEST CHART

Test
No.

Under Test Test Positions Correct
Effect

Probable
Incorrect

Effect
Caused By

1 R. F. Grid
Circuits

Ground to 1st, 2nd and 3rd
grid caps

Closed thru
4n (B1.3)

Open or
shorted

Open in flexible lead
Open in R. F. coil
Bent condenser plate

2 Detector Grid
circuit

Ground to detector grid cap Closed thru
4n (B1.3)

Open
Shorted

Open in flexible lead
Defective phonograph jack
Open in R. F. coil
Bent condenser plate

3 1st A. F. grid
circuit

Ground to 1st A. F. socket
grid contact

Closed thru
1 meg (AU)

Shorted thru
165.000 n
(A.02)

Shorted .01 mfd. coupling
condenser

4 Power tube
grid circuits

Ground to alternate power
tube socket grid contacts

Closed thru
6000 n
(A0.7)

Shorted

Open

Filter resistance lead touch -
ing hum potentiometer frame
Shorted .004 cond.
Open transformer winding

5 Antenna
circuit

Ground to ant. post (switch
set for distance)

Closed thru
30 n (B3.6)

Closed thru
5n (B1.6)

Open

Shorted antenna loading coil
Open antenna loading coil
Open transformer primary
Defective switch

6 Antenna
circuit

Ground to high side ant.
primary coil

Closed thru
5n (B1.6)

Open Open primary

7 Antenna
circuit

Ground to ant. post (switch
set for local)

Open Closed thru
30n (B3.6)

Defective switch

8 Phonograph
jack

Ground to cathode contact
of detector socket (open
plug inserted in jack)

Closed thru
800n

(A3.3)

Closed thru
25,000n
(A0.17)

Open connection or defective
jack

9 Phonograph
jack

Ground to grid cap of de-
tector (open plug inserted
in jack)

Open Closed thru
4n (B1.3)

Defective jack

10 Radio Fre-
quency plate
circuit

Ground to 1st, 2nd and 3rd
R. F. socket plate contacts
(Volume control at maxi-
mum)

Closed thru
7000n
(A0.6)

Closed thru
60n (B4.2)

Closed thru
4100n (A0.9)
Closed thru

100,000n
(A0)

Shorted .5 mfd. by-pass con-
denser

R. F. choke lug shorted to
antenna wire shielding

Shorted coupling condenser
Shorted screen -grid by-pass

condenser
Open volume control
Open 100n grid bias resistor

11 Detector plate
circuit

Ground to detector plate Closed thru
165,000n
(A0.02)

Closed thru
25,000n
(A.17)

Shorted .001 mfd. by-pass
condenser

12 1st A. F. plate
circuit

Ground to plate contact 1st
A. F. tube

Closed thru
9800n
(A0.4)

Closed thru
2700n
(A1.3)

Short

Open

Shorted condenser in filter
block

Shorted .5 mfd. condenser
in radio chassis

Plate connections touching
potentiometer frame

Open primary in transformer
Open volume control
Open 10Gn grid bias resistor

FIG 21
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I.

CONTINUITY TEST CHART-Continued

i

1

Test
No.

Under Test Test Positions Correct
Effect

Probable
Incorrect

Effect
Caused By

13 Power tube
plate circuit

Ground to alternate power
tube socket plate contacts

Closed thru
12,300a

(A0.3)

Open
Closed thru
600n (A3.0)
750n (A3.3)
5200a (A0.7)

Open field coil
Open primary windings
Shorted condensers in filter

block

14 Screen -grid
circuits

Ground to 1st, 2nd and 3rd
R. F. socket grid contacts
(Volume control at max.)

Closed thru
3100n
(A1.2)

Short
Closed thru
100n (A4.5)

Grounded volume control
Shorted.1 mfd. by-pass. cond.

15 Ground to 1st and 2nd R. F.
socket grid contacts (Vol-
ume control at minimum

Closed thru
100n
(A4.5)

Closed thru
loo,000n
(A.05)

Short

Open 10011 grid bias resistor
Defective volume control
Shorted .5 mfd. cathode by-

pass condenser
Grounded volume control

16 Detector
Screen -grid

circuit

Ground to detector socket
grid contact

Closed thru
17,000n
(A0.25)

Short Shorted .1 by-pass condenser

17 R. F. return
circuit

Ground to 1st, 2nd and 3rd
R. F. socket cathode con-
tacts

Closed thru
100n
(A4.5)

Short
Closed thru

100,000n
(A.05)

Shorted .5 mfd. cathode by-
pass condenser

Open 100n resistor

18 Detector re-
turn circuit

Ground to detector socket
cathode contact

Closed thru
25,000n
(A.17)

Short
Closed thru
800n (A2.7)

Shorted .1 mfd. by-pass cond.
Defective phonograph jack

19 1st A. F. re-
turn circuit

Ground to 1st A. F. socket
cathode contact

Closed thru
2000n(A1.5)

Short Shorted condenser in filter
block

20 Power tube
return

Ground to filament contact
both power tube sockets

Closed thru
800n (A2.7)

Short Grounded hum potentiometer
Grounded filament winding

on power transformer

21 Plate supply Ground to rectifier socket
filament contact

Closed thru
11,000n
(A.37)

Short
Closed thru
150n (A4.3)

Open

Shorted 1st condenser in filter
Shorted 2d condenser in filter
Open choke coil
Open field coil

22 High voltage
secondary of
power trans.

Ground to alternate rectifier
socket plate contacts

Closed thru
250n
(A3.9)

Open Open high voltage secondary
winding

23 Primary of
power trans.

Ground to side of primary
winding

Open Short Grounded power switch
Grounded transform.primary

24 Speaker field Across terminals of plug Closed thru
4750n(A0.8)

Open
Short

Open field coil
Shorted field coil

25 Choke coil Rectifier filament to blue or
maroon wire on field

Closed thru
160n(A4.2)

Closed thru
20n (B3.2)

Shorted .275 cond. in block

Note-

FIG.22
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istics of the intermediate frequency amplifier of a
superheterodyne receiver. This may be a commer-
cial item or it may be a home-made job. The main
difficulty in the home-made oscillator lies in the in-
ability of the average technician to effect a calibra-
tion of the intermediate frequency circuit.

It is of course possible to construct all service ap-
paratus but the difficulties attendant upon the con-
struction of a really good analyzer are so manifold
as to make it a momentous undertaking for any but
the most skilled craftsmen.

Resonance indicators and output meters are readily
home constructed and they will be described in de-
tail as will the various service tools necessary in con-
junction with the oscillator.

Trouble and Causes.

Before going into detail in the use and construc-
tion of these items we will review the possible
troubles in Radio Receivers and the causes which may
be connected therewith.

Dead Receiver.

Power off due to switch not on, blown fuse, open
cord, or power line dead.

Tube not in socket.
Antenna shorted to ground.
Broken lead-in.
Grounded lightning arrester.
Shorted variable condenser or equalizer.
Open or short circuits within receiver.
Defective tubes.
Polarity reversed (D.C. receivers only).
Open R.F. coils.

Weak Signals.

Defective tubes.
Defective antenna.
Loose or poor ground connection.
Aligning trimmers out of adjustment.
Oscillator alignment out (superheterodyne only)
Intermediate frequency amplifiers improperly

tuned.
Open or short circuits within the receiver.
Incorrect line voltage (low).
Antenna connected to wrong input post (receivers

with long and short antenna connections only).
Defective audio transformer.

Hum.

Defective detector or power tubes.
Weak rectifier tube.
Shorted filter choke.
Open filter condenser.
Open or shorted center tap resistance.
Unmatched push-pull tubes.

Improper bias on tubes.
Cathode to heater short circuit in detector tube.
Heater voltage grounded.
Frozen or inoperative elctrolytic condenser.
Defective audio transformers.
Poor ground connection.
Loose laminations in power transformers.
Hum on broadcast carrier.
Tunable hum due to oscillation in power trans-

former secondary.

Fading or Intermittent Operation.

Atmospheric conditions which are unavoidable.
Thermostatic short or open circuit in tube.
Swinging ground in antenna circuit.
Extreme fluctuation in line voltage.
Excessive heater voltage.
Dirty tube prongs.

Distortion.

Receiver improperly tuned to signal.
Defective output tubes.
Mismatched push-pull tubes.
Detective audio transformers.
Detector overloaded.
Incorrect grid bias on audio tubes.

Defective speaker.
Improper detector bias.
Oscillation in R.F. amplifier.

Noise (Outside Receiver).

Atmospheric conditions.
Elevators in building.
Antenna shorting on grounded objects such as roof,

etc.
Defective electrical or electromedical appliances

nearby.
Poor antenna contact where lead-in joins antenna.

Noise (Inside Receiver).

Defective tubes.
Loose contact in tube sockets.
Intermittent short circuits.
Dirty variable condensers.
Defective by-pass condenser.
Loose dial light.
Poor resistors.

Audio Howl or Acoustic Feed -Back.

Microphonic tube.
Loose speaker (not properly fastened in cabinet).
Open circuit in A.F. transformers.
Open by-pass condensers.
Weak batteries (battery receivers only).
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High resistance soldered joints in A.F. circuits.

Oscillation.

Circuit not neutralized.
Interaction between two stations on adjacent chan-

nels.
Antenna lead run too close to unshielded receiver.
Open by-pass condenser.
Shorted R.F choke.
Incorrect voltages on tubes.
Loose shields.
Open or reversed R.F. transformer winding.
Poor ground connection.
Defective tubes.
Loose tube shield.

Motor Boating.

Defective output tube.
Open grid in output circuit.
Defective transformer.
Open by-pass condenser.

Broad Tuning.

Improper coupling in band -selector circuits.
Trimmers out of alignment.
Condenser loose on shaft.
Unmatched coils.
Too long antenna.
No ground connection or long ground lead.
Defective tube.
Antenna connected to wrong input point.

Hot Rectifier Tube.

Shorted filter condenser.
Internal short in power transformer primary.
Filter choke coil winding shorted to iron core.
Most of these pointers suggest their own remedies.

We will, however, recapitulate so as to be certain
that we have covered every point.

Dead Receiver.

Check power supply to see that the tubes are re-
ceiving their proper voltages. Test tubes and circuits
with analyzer. Check antenna system and disconnect
lightning arrester. Check circuit noted with con-
tinuity tester if analyzer fails to points out trouble.

Weak Signals.

Check antenna system. Check tubes and circuits
with analyzer for improper voltages and check tun-
ing circuits for alignment.

Hum.

Check all circuits noted. Change tubes. Inopera-
tive electrolytic condensers can be repaired by re-
moving all tubes but the rectifier leaving the set
turned on for fifteen minutes or so. The excess
voltage delivered under these conditions will but put
the condensers back into operating shape. Tunable
hum can be cured by placing small (.01-mf.) con-
densers across the two halves of the high voltage
winding. This is due to oscillation in this circuit and
is evidenced by hum appearing only when a
station is tuned in. Be sure that the hum is not on
the station carrier before resorting to this expedient.

Fading.

If fading is on all stations it is probably not due
to atmospheric conditions and the circuits mentioned
above should be checked. Tubes are often found
with shorts or opens which do not appear until the
tube heats thoroughly. Operation of the heaters at
an excessive voltage results in "paralysis" of the
tube.

Distortion.

Volume control should be effected by means of
the control provided-not by detuning the receiver.
In some cases this practice results in distortion.
Check voltages and tubes. Look for oscillation in
R.F. stages and check loud speaker.

Noise (Outside Receiver).

This may be checked by removing the antenna. If
the receiver is now quiet the noise is due to some
external condition. If elevators are noisy suggest
that they be overhauled. A line filter in the receiver
power supply is often effective but in most cases the
filter must be placed at the source of the disturbance
if it is to be cured.

Noise (Within Receiver).

Check all circuits mentioned for loose contacts or
dirty joints. Check variable condensers for dust
which can be removed with a pipe cleaner. Some
condensers are cadmium plated and the plating has
been known to "grow" under certain conditions. If
the condenser cannot be replaced you may remove it
from the set and connect it to the terminals of a six
volt battery. Rotating the condenser will cause the
fuzz to arc and burn off.

Audio Howl.

This is in most cases due to the feeding back of
acoustic energy from the speaker to the detector tube
which is very sensitive to mechanical vibration. Re-
placing the detector tube may effect a cure or the tube
may be covered with a lead shield to weight it
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against vibration. A piece of Ford lower radiator
coupling hose will fit over a '27 or '24 and is ideal
for the purpose. Failing in this manner the mounting
of the receiver chassis on sponge rubber might effect
a cure. See also that the cover of the set is not vibrat-
ing. Sometimes a first A.F. tube causes this type of
howl also.

Oscillation.

Oscillation may not exist in the receiver but may
be due to the heterodyne whistle of two stations close
together in the broadcast frequency spectrum. This
will be immediately noticeable to the techni-
cian but he may have to explain the fact to his cus-
tomer. Oscillation in screen grid receivers is usually
due to loose shielding or incorrect voltages. Open
by-pass condensers or shorted R.F. chokes may also
result in feed -back between stages. In the case of
neutralized receivers every possible cause should be
checked before attempting to adjust the neutralizing
condensers. If the cause is in a reversed coil wind-
ing it will not be possible to neutralize the set. The
process of nev.tralization will be described shortly in
the section covering the use of the service oscillator.

Motorboating.

This is usually due to feed -back between stages
due to a high impedance circuit common to two or
more stages. In battery receivers this often occurs
when the batteries lose their voltage and develop a
high internal resistance. It is characterized by a slow
putt -putt or a howl which may be differentiated from
acoustic feed -back by the fact that tapping the tubes
does not greatly aggravate the condition. In A.C.
receivers look for open by-pass condensers, defective
transformers, or defective output tubes.

Broad Tuning.

This may result from the use of too long an an-
tenna or through the lack of a proper ground con-
nection. It may also result from improper coupling
in band -selector circuits. This is mentioned in de-
tail in the section describing a typical receiver. Im-
proper voltages on screen grid tubes may also have
this result as well as disaligned trimmers or a loose
condenser rotor. High resistance connections in one
of the R.F. circuits must be watched for. A high re-
sistance connection is due to poor soldering-the
flux coating the joint so that the solder cannot make
a good contact.

Coils improperly matched may also have this re-
sult. To be sure of this in making a replacement it
is well to employ an entire new set of coils as
matched at the factory except in the cases of certain
receivers where the coils are all matched with ex-
treme accuracy. The new RCA and Victor sets are
in this class as a special method of coil matching is

used at the factory and all coils are uniform within
narrow limits. Alignment of the tuning elements
should be carried out with an oscillator and output
meter or by the use of the output meter or resonance
indicator alone where a station can be tuned in. The
process is described in the section devoted to the
operation of the service oscillator.

Overheated Rectifier.

If the receiver is inoperative and it is seen that
the rectifier tube plates are red hot the probable
trouble is a shorted filter condenser. A primary short
circuit in the power transformer will result in an ex-
cessively high secondary voltage which may also have
this effect but this is doubtful as the new rectifiers
are rated at an extremely high voltage as compared
with the earlier types.

Careful study of these pages should enable the
technician to spot trouble not evidenced by off read-
ings on the analyzer. These analyzers are required
equipment by all the larger service organizations and
while no doubt the technician can effectively service
a receiver without one it is certain that the necessity
for getting into awkward positions to obtain read-
ings with a simple voltmeter will slow up the work
tremendously. Manufacturers of such apparatus have
made arrangements for partial payment plans which
place the equipment within the reach of all and there
is now no reason why the service technician should
be without proper equipment.

The Service Oscillator and Its Use.

We noted before that the service oscillator is noth-
ing more than a miniature radio transmitter giving a
modulated signal output of any desired frequency. It
is possible to build such an oscillator with a grid
leak and condenser combination which gives a modu-
lated signal due to rapid blocking of the grid circuit.
This occurs through the use of such a combination of
resistance and capacitance that the charge on the grid
does not leak away rapidly but builds up and dis-
charges in such a manner as to modulate the signal.

This is an excellent simplification of the appa-
ratus but does not give as flexible a piece of appa-
ratus as would be the case where the modulation is
obtained from a separate source as in the case of a
broadcast transmitter.

An oscillator of the first type is shown in sche-
matic in Fig. 23. The equipment should be com-
pletely shielded in an aluminum case such as is ob-
tainable on the open market so that the signal can
be picked up only at the terminals provided. In the
circuit shown the 125 -ohm resistor effects the re-
quired variation of the signal output in accordance
with the signal strength desired. The grid leak should
be varied over a range between .5 and .10 megohms
until the value giving the desired modulation tone
is obtained. The batteries should be enclosed di-



22 OFFICIAL RADIO SERVICE MANUAL

FIG. 23
+45 A G A- B- A+

4.5V.

rectly in the shield so that no pick-up in the receiver
from stray signals in the battery leads will affect the
adjustment of the receiver. This is important.

The values of the various parts are given directly
on the schematic circuit diagram. It will be noted
that by simply throwing ananti-capacity key switch
the range of the signal may be either in the broad-
cast band or in the range of the intermediate fre-
quency amplifier of a superheterodyne receiver. This
is the simplest form of oscillator which can be effec-
tively used in service work and we will continue our
notes on the use of the apparatus with this type of
oscillator in mind. Later we will take up the con-
struction of a more complex device and its calibra-
tion.

Inasmuch as we will not use the receiver antenna
during operations with the test oscillator it will be
necessary to replace it with a device known as a
"Dummy Antenna" and having equivalent character-
istics-except in its capabilities of picking up a sig-
nal. In Fig. 24 there is a sketch of a "dummy an-
tenna" together with data on the parts going into its
structure.

.00025 COND.
IN SERIES

DUMMY ANTENNA

L11111111111111111111

2.0 TURNS
#30 5.5.0
ADVANCE RES.
WIRE.

- TINNED LEADS
Output meters are available on the market for con-

nection in place. of the loud speaker so that a visible
indication of the output is obtained. Such an indi-
cation is necessary in all operations with the service
oscillator. A satisfactory output meter for most set:.
vice work may be made by employing a '12A tube
with the grid and plate tied together in the man-
ner shown in Fig. 25. The filament battery may be
two 4.5 -volt "C" batteries in parallel.

Maximum output is indicated by the maximum de-
flection on the milliammeter scale. Such a meter may
be connected directly across the loud speaker wind-
ings. It is a simple matter to mount a meter of this
type in a small aluminum shield together with the
necessary batteries so that it becomes a permanent
part of the technician's equipment.

A second type of output meter is the "resonance
indicator" which consists of a mill iammeter in series
with the detector plate lead. An adapter is made
from an old tube base and a socket in such a mari-
ner that two leads are brought out for the insertion
of a 0-1 milliampere meter. Fig. 26. When used
with a "bias" detector the maximum signal will be
indicated by the maximum reading on the milliam-
meter.

OUTPUT
OUTPUT METER

0-1 M.A.

.11Z -A

4.5V

FIG. 25

Alignment of Radio Frequency Amplifiers.

In aligning a receiver by means of the oscillator
and the output meter or by means of the resonance
indicator it is necessary to connect the dummy an-
tenna between the oscillator antenna post and the an-
tenna input of the receiver as shown in Fig. 27.

The oscillator is set to some high frequency within
the broadcast range and the output of the oscillator
is adjusted so that with the volume control of the
receiver set at about 50% of the maximum output
the reading on the output meter is something less
than the maximum.

Now starting with the trimmer condenser in the
detector circuit each trimmer should be adjusted so
that the maximum reading is obtained in the output.
Use a bakelite or other non-metallic screw driver in
making this adjustment.

If at any time during the process the output meter
runs off scale readjust the output of the oscillator
to bring it back into the range of the meter. Once
having completed the adjustments of the trimmers,
the oscillator output should be shifted to some lower
frequency and the adjustments of the trimmers
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checked again. The receiver will now be in correct
alignment but if the receiver dial is calibrated di-
rectly in kilocycles you may have disturbed this calib-
ration. If so tune in a station of known frequency,
release the dial mechanism and shift it so that the
calibration is correct.

OSCILLATOR DUMMY
ANTENNA

SET.

Nb,
A 0--ro p--111-0 A
6

FIG .27

Aligning the Intermediate Frequency Amplifier
in a Superheterodyne.

To effect an alignment of the intermediate fre-

quency stages of a superheterodyne receiver the pro
cedure is not dissimilar to that just described.

Connect the antenna .post of the oscillator directly
to the grid of the first detector tube. Connect the
ground terminal of the oscillator to the receiver
ground. In order to be certain that no broadcast
interference is picked up it is necessary to ground
the antenna post of the receiver.

Now with the oscillator tuned to the correct in-
termediate frequency as ascertained from the manu-
facturer's data adjust the output of the oscillator so
as to give a convenient reading at the output meter
with the receiver volume control at about mid -range.
The adjustment is now continued in the same man-
ner as in the case of the radio frequency stages. In
the superheterodyne it is best to complete the align-
ment of the intermediate frequency before attempting
any adjustment of the R.F. or oscillator.

0

OUTPUT
METER

Neutralizing a Receiver.

In neutralizing a receiver by means of the oscil-
lator we require a dummy tube. This dummy is
made by taking a good tube and cutting off one
filament or heater terminal at the base so that the
tube is inoperative.

An easy way to insulate the filament prong from
the socket is to slip a short piece of soda straw over
one of the prongs and exercise a little care in in-
serting the tube in the socket. This does not spoil
the tube.

Connect up the oscillator with the dummy antenna
as described and place the dummy tube in the first
socket. Shift the neutralizing condenser with an in-
sulated tool or screw driver so that it is completely
off neutralization and tune in the signal from the
oscillator so that a good, strong indication is evident
in the output meter. Now adjust the neutralizing
condenser until no signal comes through. With the
condenser off neutralization a certain amount of the
signal is passed through the dummy tube through the
capacitance between the electrodes. When neutraliza-
tion is complete this tube capacitance is balanced
and no signal passes through the dummy tube. Hay-

ing completed the balancing of the first stage replace
the dummy tube with one known to be good and re-
peat the process from stage to stage until all of the
circuits are balanced. The receiver is now completely
neutralized and any oscillation taking place is due
to other causes. If the primary coil wiring is re-
versed you will not be able to effect a complete
neutralization of the receiver. Be careful in making
changes in wiring of neutralizing windings and re-
place wires in proper positions.

Balancing the Oscillator of a Superheterodyne.

Some superheterodyne receivers employ a bridge
type of circuit in the oscillator tuning condenser
system. This consists of a unit of the gang con-
denser-a large fixed condenser and two trimmers.
After having effected alignment of both the R.F.
and intermediate frequency stages continued insensi-
tivity is possible due to this circuit being out of
alignment.

With the output meter in place and the oscillator
connected to the receiver through the dummy antenna
tune the oscillator to about 1400 kc. and adjust the
receiver so as to obtain a reading at the output meter
of about half scale. Now adjust the trimmer across
the portion of the gang condenser which tunes the
oscillator for maximum output at high frequencies.
Now retune the oscillator and receiver to 600 kc.
and adjust the trimmer across the oscillator fixed con-
denser for maximum output at the low frequencies.
Return again to th' 1400 kc. position and make any
final corrections necessary.

Certain superheterodyne receivers have one section
of the gang condenser cut to the proper shape for
tuning the oscillator and do not employ the bridge
circuit arrangement. Alignment of the oscillator in
such receivers is carried out at the same time and in
the same manner as the R.F. alignment.

Special Tool for R.F. Alignment.

A special tool for alignment of R.F. circuits is
shown in Fig. 28. This is called a balancing ring.
It consists of a ring of No. 14 wire covered with
spaghetti tubing mounted on the end of a bakelite
rod.

BALANCING RING

FIG.28

In aligning the tuning circuit press gently on each
tuning condenser rotor end plate. If the output
reading increases it indicates that insufficient capacity
is in the circuit and the trimmer should be tightened.
If the ring is placed over each R.F. coil in turn and
the reading increases, too much capacity is in the
circuit and the trimmer should be loosened. This
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test is only of value in those receivers where the coils
are open for test by placing the ring over one end
of the coil and the test cannot be used where the
coils are shielded completely. If both these tests re-
sult in a decreased output reading it indicates that
the adjustment is already correct and that stage needs
no adjustment.

The end of the bakelite tool may be ground down
so that the tool may be used also as an insulated
screw driver for trimmer adjustment. The use of a
metallic screw driver for such a purpose throws
everything out of balance.

Making an Ohmmeter for Resistance and Contin-
uity Tests.

Through the courtesy of the International Resis-
tance Company we are including two sketches for
the adaptation of 0-1 ma. meters to use as ohm-

1.0 MIL. MILLIAMETER

uNKNowm
REsulTANct

11111-V
CALIBRATING

BATTERY RESISTANCE.

FIG. 2913

meters. These two scales shown in Fig. 29A may be
cut out and pasted over the original scale of the
meters indicated in Fig. 29B.

The following chart gives the values for the series
resistance and the battery. The scale may be ex-
tended to 3 and 15 times the value shown by using
the higher battery voltages and higher series resis-
tances. This means that with the multiplying factor
of 3 the reading of 100 ohms will be really 300 ohms
and the reading of 2000 ohms -6000. Use of the
factor of 15 would mean that 100 ohms on the scale
would correspond to a resistance across the termi-
nals of 1500 ohms, and 2000 ohms -30,000.

Scale

ADAPTED FOR WESTON METER,
MODEL 301.

FIG. 29 A

Battery
Voltage

Series
Resistance

Multiplying
Factor ADAPTED FOR JEWELL METER

1.5 1,500 1 PATTERN 88.
4.5 4,500 3

22.5 22,500 15
In each case prior to use the test prods should be

shorted and the zero adjustment of the meter set so
that the reading is zero resistance. This compensates
for loss of battery voltage through service. When
the setting can no longer be made at zero the bat-
tery should be replaced. The two ranges having the
1 and 3 factors are the most useful for our purpose
and the meter can be set up in a cabinet with a
change -over switch and a tapped ''C" battery so as
to cover both ranges at will.

DIRECTIONS FOR USE OF OHMMETER SCALES.
REMOVE METER FROM CASE BY LOOSENING TVE

THREE MouNTH.10, SCREWS. REMOVE THE TWO SCREWS
HOLDING THE MILLIAMMETER SCALE IN POSITION.
PLACE OHMMETER SCALE ON TOP Of OLD SCALE,
FASTEN ING WITI4 A FEW SPOTS OF GLUE IF
DESIRED, AND REPLACE SCALE MOUNTING SCREWS.
CONNECT METER, BATTERY AND CALIBRATING
RESISTANCE IN SERIES, AS IN DIAGRAM, AND
SHORT-CIRCUIT "UNKNOWN"TERMINALS METER
SHOULD REMO ZERO ON oriMmc-scm ocAuc. IF
NOT, ADJUST POINTER WITH ZERO SET SCREW.
REPLACE METER IN CASE.
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ANALYSIS OF TYPICAL RECEIVER

We are going to learn how to service radio sets
in an entirely unorthodox fashion. By this is meant
that we are going to assume a hypothetical receiver
-one not of any particular type or design and
give it all the features found in the most modern
radio sets. We will then analyze this imaginary set
step by step, learning what each part contributes to
the over-all efficiency of the receiver and in what
manner the failure of that part might affect the
operation of the receiver as a whole.

The average receiver of today has two screen -grid
radio frequency amplifying tubes, a detector, a first
A.F. stage and a second A.F. stage which may em-
ploy one or more tubes. There is also a rectifier tube
which serves to convert high voltage alternating cur-
rent into a pulsating direct current which is smoothed
out by means of filter circuits and furnishes the neces-
sary operating voltages for the receiver.

We will design our receiver along these lines-
analyze its structure and then retrace our steps to
see what possible variations might be found in manu-
facturers' designs and how they might affect the
operation of the receiver. These variations involve
the use of unusual forms of coupling between tubes
-resistance coupling in amplifiers-unusual volume
controls --special types of detectors-automatic
volume controls --etc.

Of course no one treatise can hope to cover in
detail the foibles and fancies of all the radio engi-
neers at large in the country, for each man has pet
ideas which he incorporates in receivers of his de-
sign-ideas based on personal likes and dislikes and
upon the necessity for avoiding patent infringement.
We will, however, take into consideration the more
usual arrangements of various radio circuits in a
manner calculated to aid in -service work.

Analysis of a Radio Receiver.

In Fig. 30 we find a receiver in schematic which
incorporates in a good measure the best features of
everyday engineering practice. Peculiar and involved
circuit arrangements have been avoided entirely but
will be taken up later.

You will note that three input terminals are pro-
vided. In using a fairly short antenna, connection
should be made to the S.A. binding post. If a long

or low antenna is used, the L.A. post should be em-
ployed so that the fact that C, is in series with the
antenna will effectively shorten it and prevent the
large antenna capacitance from affecting the tuning
of the first condenser and coil,

If C1 were shorted the use of a long antenna would
broaden the tuning of the receiver as a whole and
considerable interference would result. The same ef-
fect would be true if we connected an antenna of
too high capacitance to the S.A. post. Connecting
any antenna to the L.A. post with the condenser un-
soldered or open would result in no signal whatever
or at best a very weak one.

In this receiver a portion of the volume control is
in the antenna circuit, its adjustment affecting the
amount of signal voltage furnished across the termi-
nals of the primary winding L1. Even with such a
volume control in its minimum signal position a
certain amount of signal will get through by capacity
coupling unintentionally introduced through the prox-
imity of the two windings, 1..1, L2, and we must in-
clude another volume control at some point in the
receiver if a true zero volume setting is desired.

This second control is labelled R2 and the two
may be coupled to the same shaft for simplicity of
operation. Another reason for the use of the two
controls will be shown in another section of this
book under the heading of "Cross Modulation."

If R1 were open -circuited we would find that the
volume was not changed in the normal manner as
we rotated the control knob and that extremely loud
signals resulted when the knob was in the "maxi-
mum" position. Derangement of R2 has similar
effects which will be noted a bit further on.

The peculiar circuit structure between the antenna
and the grid of the first R.F. tube constitutes a
"band -selector" or "band-pass filter" arrangement.
Theoretically, a radio signal consists of a carrier
wave and two side -bands, the width of which de-
pends upon the modulation impressed upon the car-
rier. If two circuits be coupled so that a common
impedance exists between the two, a double -peaked
response will be obtained. In Fig. 31, there are
shown the response characteristics of two tuned cir-
cuits coupled in a normal fashion as with a tube; the
same two circuits coupled by means of an impedance
common to both circuits are shown in comparison
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pass" circuit approaches the ideal square response
curve is obvious. Another and more important use
for the band -selector is described later under the
heading of "cross -modulation." This peak separa-
tion does not remain constant over the tuning range
and a value of C. (the coupling impedance) should
be chosen such as to give the best effect over the
entire band. With capacitative coupling as shown
in Fig. 30, a condenser in the neighborhood of .01-
mf. is usual. The short-circuiting of C. will result
in no signal.

The resistance R3 has no effect upon the circuit
operation and is there merely to provide a return
path for the grid circuit. Its value is usually about
3 megohms. Normally the resistance measured to0

rf) ground from the grid of the first tube would be 3
megohms but with C, short-circuited the reading0

u_
would indicate zero resistance.

An open circuit at C. results in loss of signal
strength while an improper value of capacitance at
this point will result in too broad tuning either at
one portion or throughout the tuning range- or in
excessively sharp tuning at one end.

The tuned circuits L2C2 and L3C3 are to all intents
identical with the circuits employed in coupling the
radio frequency amplifier stages except that they lack
the primary circuits. The usual value for the maxi-
mum capacitance of each section of the gang tuning
condenser is about .00035-mf. This calls for a tuning
inductance of about 240 microhenries for covering
the broadcast band.

Open or short circuits at any of these points will
cause loss or weakening of the signal.

The Radio Frequency Amplifier Stages.

Plate voltages from the power supply are fur-
nished to each tube by taking taps off at the proper
point on the voltage divider. As is the common
practice the grid circuits are returned directly to
ground. Seemingly this would mean that the grids
did not obtain a negative bias such as is required for
the correct operation of the tubes. The bias is ob-
tained by means of a resistance in the cathode cir-
cuit of each tube through which the plate current of
the tube must flow.

Operation of the tube requires that the grid should
always have a negative potential with respect to the
cathode circuit. The true meaning is not distorted if
we say that the cathode should be positive with re-
spect to the grid. The current flowing through the
resistance creates a voltage drop according to Ohm's
Law and makes the cathode positive with respect to
ground (and the grid) by that amount.

In determining the voltage characteristics of each
R.F. stage we must first set the volume control at its
maximum position. This short-circuits R2 and leaves
R. between the cathode of V. and ground._ The con-
denser C, is in shunt across R. so as to effectively
short circuit it as far as R.F. is concerned. This as -

O

with the double peak characteristic readily notice-
able.

The manner in which the double -peak or "band-



OFFICIAL RADIO SERVICE MANUAL 27

sures us that the biasing resistance has no effect on
the signals.

The value of the by-pass condenser should be large
enough that its reactance is substantially lower than
the resistance of R, at all frequencies within the
broadcast band.

The gain through the tube and consequently the
"volume" can be controlled by varying the bias of
the grid. This is done by increasing the resistance
of R2.

The resistances R, and R, provide a minimum bias
for the tubes below which excessive plate current
would be drawn. Increasing the resistance of R2 in-
creases the bias of the tubes and thus decreases their
amplification. Short-circuiting of R2 would mean
that neither- tube would vary in amplification with
rotation of the volume control knob. This would be
shown by means of a set analyzer if the plate current
of the tubes failed to change when the volume con-
trol was rotated.

Open circuits in R2, R,, or R, would be indicated
by no plate current flowing in one or both tubes.
Short-circuiting of either R, or R, causes excessive
current to flow in the plate circuit of the tube in-
volved, since no bias would be applied to the grid
of that tube at maximum volume setting.

An open resistance R, would result in loss of bias
for the first grid and V1 would consequently draw
excess current. Short-circuiting of C5 or C8 also
removes the biasing potential from the grids of their
respective tubes and allows excess current to flow.

R3, R., R., and R9 are what is known as isolating
resistances. C8 and C9 are each double condenser
units by-passing the isolating resistance to which they
are connected. The capacitance is made large
enough so that it presents a lower impedance path
to ground for stray R.F. voltages than do the re-
sistances.

These circuits are another means of assurance that
the radio frequency voltages stay in the circuits pro-
vided for them. Their failure to stay "put" results
in oscillation. Short circuits at these points will re-
sult in loss of voltages on the tubes. Open condensers
will cause loss of signal or oscillation.

Shielding of the individual stages has not been
indicated in the sketch but it is necessary in all screen -
grid stages and is preferable even in circuits employ-
ing three element tubes. The two coils L2 and L,
should be shielded one from the other. Individual
shields or partial shields should be over the screen -
arid tubes.

It is also desirable that the filtering resistances and
condensers pertaining to each stage be shielded
within the same enclosures as the coils.

The R.F. transformers consist of a primary (L4
and L6) and a secondary (L5 and L7). Design
factors attendant upon the use of the screen -grid
tube call for a primary with often as many or more
turns than are on the secondary winding if the maxi-
mum available gain is to be realized.

The windings may be one over the other or the
primary may be wound with fine wire on a small
bobbin at the end of secondary or placed within the
coil form. Open circuits in the primaries are readily
traced by loss of plate voltage while open secon-
daries result in loss of grid bias and consequent
heavy plate current. Poor connections may cause
broadness of tuning and short circuits in either wind-
ing will result in loss of signal.

The Bias Detector.

The function of the detector is one of converting
modulated R.F. signals into a direct current pulsating
at the modulation frequency. In bias detectors such
as that shown the tube is operated on a portion of
its characteristic curve so that changes in the signal
occurring in the negative sense have no effect while
changes in the positive direction cause plate current
to flow.

The choice of the resistance R10 is such that the
plate current is close to zero when no signal is im-
pressed on the grid. Fig. 32 shows this effect
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graphically. It is essential that enough signal be
impressed on the detector grid that changes under
modulation occur only upon the straight portion of
the characteristic curve of the tube. Otherwise the
variations in plate current will not be images of the
corresponding changes in the signal applied to the
grid.

The by-pass condenser across R10 must be of suf-
ficient capacitance to effectively by-pass the resistor
at audio frequencies. This means that a capacitance
of from .5 to 2 mf. must be used at C,0.

The plate impedance of tubes biased close to the
plate current cut-off region is high and if the lower
modulation frequencies are to be passed, the primary
of the transformer T, must have a high value of
inductance if it is to present a favorable load to the
detector.

The system C21, L,, C represents a low pass filter
which allows the passage of currents of audio fre-
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quencies but by-passes to ground all R.F. energy.
C22 might well be omitted from the circuit but C21
may not be omitted without severe loss of signal
energy and the possibility of a portion of the R.F.
energy in the plate circuit of the detector tube being
ftd back to the R.F. amplifiers where it might cause
serious oscillation problems. If we employ C21 only
it must be of about .001-mf. or .002-mf. in which
case a slightly deleterious effect on the high frequen-
cies may be noted. Careful design of a system as
shown permits the use of relatively small condensers
-about .0005-mf. with a 10 millihenry choke having
but little effect upon the higher frequencies of modu-
lation. Total exclusion of any such arrangement re-
sults in choking of the detector tube at high volume
due to the R.F. energy in its plate circuit as well as
the possibility of regeneration.

A short circuit in L, may be detected by means of
an ohmmeter but its effects will be rather obscure.
An open R.F. choke will be instantly noted by loss
of detector plate voltage. Short circuits in either
of the two condensers will be obvious as they will
result in loss of plate voltage and a drop in voltage
across the lower portion of R17. Opens in these
circuits will necessitate a bit of trouble -shooting on
the part of the service man as they will not be ap-
parent on any set testers, and in cases of weak signals
and regeneration they will probably escape attention
except as a last resort.

R11 and C11 constitute another isolating filter and
need little mention except that the condenser re-
actance should be small compared with the resistance
at all audio frequencies. Open circuits in the con-
denser leads may mean poor quality and a short cir-
cuit will result in loss of plate voltage for all tubes
obtaining voltage from a common tap on the voltage
divider. An open resistance R11 will result in loss
of the detector plate voltage and a shorted resistance
at this point will cause excessive voltage to be ap-
plied.

Normally T1 will be a low ratio transformer be-
cause of the requirement of high primary inductance.
With the higher ratios the large primary would call
for an excessively bulky secondary winding and one
having a large self -capacitance. This latter fact
would result in loss of the high audio frequencies.
The circuit fed by this transformer needs little said
about it as the effects of the various circuit elements
normally and abnormally have been covered. T2 may
be of higher ratio than T1 as its primary inductance
need not be so high.

The circuit across the secondary of the transformer
I C,,, R,4 constitutes a tone control. With the maxi-

mum resistance in the circuit the high frequencies
would be transmitted undiminished while gradual
decrease of the resistance permits the condenser to
be more and more effectively in shunt across the
secondary of the transformer. An open or short
circuited resistance would be evidenced by the fact
that the tone was either high or low pitched regard-

less of the setting of the resistance. An open con-
denser would show itself by constant passage of the
highs regardless of the control setting. A shorted
condenser in the tone control circuit would be indi-
cated by tne fact that the tone control would become
a volume control with no signal passing when the
control was in the "bass" position.

V2 is the power output tube which differs but little
from the circuit arrangement of the stage previous.
The output tubes available are of the filament type
and not indirectly heated as in V4.

A center tapped resistance (R15) provides a bal-
anced point for taking off the filament end of the
biasing resistance. This center tapped resistance
should be large enough so as not to affect the regu-
lation of the filament supply winding of the trans-
former by adding an appreciable load but should be
small in comparison with It16. Failure of R15 due to
short circuit of one portion or open circuit of one
side will result in excessive hum.

Opening of the biasing resistor will result in loss
of plate current while a short circuit of either the
resistance or its by-passing condenser (C,,) will re-
sult in the removal of the grid biasing potential
with consequent dangerous increase in plate current.

It might be noted here that low output impedance
tubes such as are employed in output circuits must
not be operated without sufficient bias on the grid.
Total destruction of the tube will result if the bias-
ing potential is removed for even a few moments.
Neither may tubes of this class be employed as re
sistance coupled amplifiers with the grid return path
provided by a resistance of high value. Any slight
overloading which causes grid current to flow will
create a voltage drop across the grid leak resistance
which will lower the effective grid bias and may re-
sult in the destruction of the tube. Where the bias
is provided by the means shown in Fig. 30, this can-
not occur since the increasing plate current will also
increase the bias in a manner such as to bring con-
ditions quickly back to normal.

The output transformer (T,) serves CO couple
the output tube to the loud speaker which may be
of any type-the ratio of the transformer being ad-
justed to match the impedance of the tube to that
of the speaker winding. Open circuits in the primary
of the output transformer result in loss of plate
voltage.

The Power Supply System.

The primary winding of the power transformer
(TO is shown with taps taken out so that the trans-
formation ratio of the transformer may be adjusted
to compensate for abnormally high or low line volt-
ages such as arc encountered in many districts. The
higher the line voltage the greater should be the
number of active turns in the primary.

Most modern power transformers are equipped
with an electrostatic shield between the primary and



OFFICIAL RADIO SERVICE MANUAL 29

secondary of the transformer which is either a thin
sheet of copper foil or a winding of fine wire. This
is grounded to the chassis and aids in reducing the
effect of line noises on the output of the receiver.

If the primary winding has a number of short-
circuited turns they will act as a shorted secondary
and the power drawn from the line Will -be increased
-the increased drain may not be great enough to
blow the line fuses and the fault may be discovered
but with great difficulty. Shorted turns in the primary
circuit will, however, increase the ratio of transfor-
mation by lowering the number of active primary
turns and the result will be evident in increased
secondary voltages. An open primary will result
in a completely dead receiver and the fault will be
obvious. Open secondary or shorted secondary wind-
ings will result respectively in zero or low voltage
readings. Short-circuited turns are usually evidenced
by excessive heating and the service man should
familiarize himself to the "feel" of transformers
under operating conditions so that overheating may
be recognizable.

In cases where all tubes operate at a single voltage
-2.5 volts for example-many designers use a
single secondary winding for all heaters and fila-
ments. This will work out well in most cases
although some stubborn cases of oscillation and hum
have been traced to this source. In our receiver the
secondary windings are provided so that the R.F.
and first A.F. heaters operate from S the detector
from S4 and the output tube from S5.

The heaters are kept at ground potential by center -
tapping the windings of the first two named directly
to the chassis. The power tube winding is not center-
tapped-the electrical center of the system being
obtained by means of a center -tapped resistance
R15.

The biasing resistance can just as well be con-
nected between the center tap of the transformer
winding as in the manner shown. Short-circuiting
of either half of any of these windings will result
in a half -voltage reading at the heaters. S2 and
S3 are the rectifier filament and high voltage wind-
ings feeding the rectifier tube (V6).

Partial short-circuiting of one half of the high
voltage winding will result in a lowered output
voltage and excessive hum. An open circuit in one
half will result in reduced output and hum. Either
condition may be readily recognized by measuring
the voltage across each half with - an A.C. volt-
meter.

The negative leg of the rectifier circuit is taken off
at the center tap of the transformer and the positive
terminal is at the mid -tap of the rectifier filament
winding. The positive side may be taken off at
either side, as well as at the center, as the voltage
drop across the rectifier filament is so small as to
create but slight unbalance of the circuit.

The ripple in a full -wave rectifier circuit such as is
shown is a 120 cycle pulsation if a 60 cycle supply

is used. In consequence, a low pass filter system
designed to cut off all frequencies from 120 cycles
up is employed in filtering out this ripple.

This is the simplest type of filter where design
considerations are taken into account and employs
two inductances and three condensers arranged as
shown in the circuit. The output stage does not
require a great deal of filtration because of the fact
that the hum voltages in its plate supply are not
large and are not subject to any amplification be-
fore reaching the speaker.

The inductance of a choke varies with the D.C.
flowing through it and for this reason we effect a
better over-all filtration by taking off the voltage
supply for the power stage after it has been passed
through but one section of the filter. The added
inductance gained in the second choke by not pass-
ing the full load through it aids in the perfect filtra-
tion of the detector and other plate voltages where
freedom from ripple is most demanded. Short-cir-
cuited condensers may be readily noted by the over-
heating of the rectifier tube and by loss of plate
voltage in all circuits. Open condensers may be
noted by added hum. Shorted turns in chokes are
also noticeable because of increased hum and by
slightly higher filter output voltages.

The total value of the resistance across the filter
output depends upon the load of the various tubes
brought to bear on the power supply and upon the
desired output voltage. This is covered fully in the
section on Vacuum Tubes. The voltage taken off
for the plate voltage of the amplifier tubes is de-
termined by the values of the isolating resistances in
series with the plate leads. The voltage taken off
at the power supply must be high enough to com-
pensate for the voltage drop through these resis-
tances. So also must the voltages tapped off for the
detector and screen -grid circuits be correspondingly
higher so as to compensate for this voltage drop.

In all the circuits the voltage at the plate must
be high enough to compensate for the loss in volt-
age due to the fact that the grid biasing potential
is, in each case, subtractive from the plate voltage.
Thus, if the power tube is a '45 designed to operate
with a plate voltage of 250 and a grid bias of -50
volts the voltage at the junction between the two
chokes must be slightly over 300,-slightly over
300 because we must also compensate for the drop
in voltage through the primary of the output trans-
former.

An open circuit in the most positive section of
R1, would result in a higher voltage on all ampli-
fier plates and a loss of screen -grid and detector
plate voltage. A short circuit in this section would
result in an excessive screen -grid potential on the
R.F. tubes and a high plate voltage on the detector.
Similar faults in the other sections of the resistance
would have like effects depending upon the location
of the fault. Breakdown of the resistance to ground
would cause loss or gain in voltage in certain cir-

1
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cuits dependent upon the location of the fault.
The by-pass cqndenser unit C19 is a furthei pre-

caution against interstage reaction due to an im-
pedance common to two or more circuits. This is a
precaution made fairly' unnecessary by the use of the
isolating filters.

This is about all as far as our particular circuit is
concerned, and we may now go on to discuss more
specialized circuit arrangements. It should be borne
in mind throughout the study of this section that
our purpose is not to describe the servicing of any
particular receiver but to instruct the student in the
rapid location of faults through a knowledge of
"cause and effect."

Variations in Circuit Design.

Now let us see the various means which may be
applied to bring about the same end. Some of the
variations to follow have little to recommend them
other than their originality, while others enable the
manufacturer to produce a cheaper though better
receiver. Starting at the antenna and skipping the
volume control, the first item is the antenna input
circuit.

B+

F16 . 33

Some receivers-now more or less obsolete-
achieved single control without the necessity of care-
ful design by the simple expedient of using an un-
tuned vacuum tube as a coupling device. This saved
the labor of designing an input circuit in which the
antenna characteristics did not affect the tuning of
the first circuit, but otherwise was rather useless
since the gain through the coupling tube was negli-
gible: Without this tube, in the absence of accurate
inductances and condensers, it was necessary to em-
ploy an additional control in the antenna circuit or
a device which changed its value with the tuning of
the circuit.

In Figs. 33 and 33A there are shown an untuned
input circuit and the input circuit of one of the
earlier Bosch single control sets in which a vario-
meter (variable inductance) was coupled to the
condenser shaft and counteracted the effects of the
antenna over the entire band. Employing the first
type in the neighborhood of a strong local trans-

mitter allows cross -talk to take place, cross -talk
being the condition in which the local signal is
superimposed upon others quite removed from it in
frequency as differentiated from ordinary broadness
of tuning where the interference takes place only on
desired stations having a frequency close to that of
the nearby transmitter. A wave trap might cure
this condition if it were not too aggravated. Misad-
justment of the variable inductance on its shaft in
the second type would result in broadness of tuning
accompanied by a loss in signal strength.

In some types of receivers the antenna is con-
nected to the high potential (farthest from ground)
end of the first tuning inductance and is coupled

thereto by means of a small variable condenser.
This means that the receivers are ganged on a stand-
ard antenna at the factory with the coupling con-
denser set at its mid -point. After installation, it is
necessary to make an adjustment of the coupling
condenser which will remain in a fairly efficient
state of operation until the constants of the antenna
are changed to a marked degree.

In the majority of modern receivers, the tuning
arrangement between the antenna and the grid of
the first radio frequency amplifier tube has been
made independent of the antenna characteristics by
virtue of long research in the laboratory.

In certain of the receivers licensed under the
patents of the Hazeltine Corporation, the antenna
coupling transformer (two windings coupled mag-
netically are always referred to as a transformer)
has a primary or antenna coil consisting of many
turns of fine wire in a slotted form placed inside
the tuning coil or secondary. This antenna coil
resonates at some frequency just outside the broad-
cast band-at about 500 kc. for example-the capa-
citance tuning the coil being the inherent capaci-
tance of the antenna. In changing from an antenna
of fairly usual characteristics to a very short one,
resonance is maintained by shunting a small con-
denser across the antenna and ground terminals as
shown in Fig. 34. This condenser makes up the
deficiency in capacitance. Trouble in such systems
may be due to an open or a short-circuited primary
winding-or in the "short antenna" position, to a
shorted or open compensating condenser.
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Band -Selectors.

Band -Selectors, Band -Pass Circuits or Coupled
Circuit systems, such as we have employed in the
preliminary portion of our receiver, are used not
only in an attempt to attain the square response
characteristic shown in the dotted line in Fig. 31,
but because of the fact that, even though the circuits
are less "sharply tuned" as far as cutting off of the
desired side -bands is concerned, designers are often
able to obtain better selectivity so far as the sloping
off of the "petticoats" of the curve is concerned.
This is shown in the figure.

Band -Selectors may be coupled in several ways
as shown in Fig. 35. In the first two, where the
coupling is obtained by an inductance common to
the two circuits and by magnetic coupling, the dis-
tance separating the two peaks becomes greater as
the frequency becomes higher. Where the coupling
is capacitative the separation is greater at the low
frequency end of the tuning range.

It is also possible in the manner shown to achieve
a combination of capacitative and inductive coupling
so as to render the separation between the peaks
constant throughout the range. The choice is in the
hands of the individual designer as an efficient ar-
rangement can be made in either fashion. Where
the coupling is inductive, the extra resistance pro-
viding the grid return for the first tube is unneces-
sary as the circuit is not broken.

Interstage Coupling Devices.

In receivers in which an attempt is made to actu-
ally achieve the ideal square response curve, use is
made of band selectors as interstage couplings re-
placing the transformer coupled system of Fig. 30.
The simplest way of doing this is to tune both
primary and secondary circuits of a transformer so
arranged, so that the inductive coupling between the
windings is of the correct value.

This method is shown in Fig. 35 where it may be
readily seen that the first condenser is at high poten-
tial. This is not theoretically wrong, but care must
be taken in working with receivers of this type if
accidental short circuits are to be avoided. The
other arrangements in Fig. 35 are methods of coup-
ling by feeding the plate supply of the tube through

M
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a choke or resistance so as to keep the D.C. out of
the coupling circuits. This may also be done by
the use of a large fixed condenser in series with the
plate tuning coil and condenser-so large as to
have no effect on the constants of the circuit. The
numerous circuits shown in the figure have been used
in various commercial receivers.

PLATE GRID PLATE

B+
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In order to make the sensitivity of a receiver at
the low frequency end of the range equal to that at
the high frequency end, it is at times necessary to
employ special circuit arrangements. One method
used in many receivers of today is that of resonating
a portion of the primary to some frequency just out-
side the low frequency end of the broadcast band.

The increased response, due to the approach of
the resonant condition as the low frequency end of
the range is reached, is then used to counteract any
relative inefficiency existing in the coupling system.
Another method utilizes a single turn of wire wound
close to the secondary to achieve a capacitative coup-
ling which reduces the amplification at the high
frequency end of the range, thus equalizing the
over-all gain. These two systems are shown in sche-
matic in Fig. 36.

Introduction of the additional windings and the
tuning condenser adds to the possibility of failure
and in receivers where these arrangements are em-
ployed careful note should be taken that all is well
in each coupling system. In the first mentioned
where the double primary is employed, it should be
noted that the one primary is wound in the reverse
direction from the other. In replacing interstage
coupling transformers, care should be taken that the
leads are properly connected.

A single tuned winding may be employed in the
so-called "tuned impedance" systems-the tuned
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circuit being either in the grid or plate circuit as
shown in Fig. 37. The coupling condensers are
very small and are, in some cases, subject to failure.
Failure of the condenser results in a simple short

circuit to ground of the plate voltage of the pre-
ceding tube in the system shown in Fig. 37.

In Fig. 37A, a more serious condition exists, as a
short circuit of the coupling condenser will Tesult in
the plate voltage of the preceding tube being di-
rectly on the grid of the next. This high positive
grid bias will result in the destruction of the tube
due to the enormous plate current which will flow.
Subsidiary apparatus may also suffer if such failure
takes place.

Receivers employing the screen -grid tube depend
for freedom from oscillation upon the inherent char-
acteristics of the tube and a complete isolation of
the various circuits by filtering and by shielding.

With the three electrode tube, the grid to plate
capacitance or the tube was so high that a portion
of the amplified voltage was fed back to the grid
circuit through the tube itself resulting in oscilla-
tion.

Many "losser" methods were employed for the
remedy, such as the insertion of a resistance in series
with each grid. These resistors might give trouble
due to a short circuit causing oscillation, or an open
circuit resulting in a dead receiver, with no bias ap-
plied to the grid of the tube in question.

The most satisfactory methods were those in
which a capacitance, or a network of inductance and
capacitance, was employed to balance out this feed-
back voltage. This is not a technical work and we
will not enter here into a description of "neutraliza-
tion". It suffices to say that the adjustment of these
circuits is quite delicate and any disturbance of the
neutralizing condensers requires a complete re -neu-
tralization of the set. The manner in which this is
done is described in another portion of this manual
under the use of service apparatus. Fig. 38 shows a
representative group of such arrangements in which
the short circuits which might cause trouble are
readily apparent.

Some receivers-notably the Sparton line, em-
ploy a four -circuit band -selector in which a fair ap-
proximation of the ideal square response character-
istic is obtained. This is followed by a "broad-
band" R.F. amplifier employing untuned transform-
ers. These are highly developed air core transform-
ers giving amplification over the entire broadcast
band. In these receivers, it is interesting to note
that the functions of selectivity and of amplification
are isolated one from the other. Connected to an
open antenna without the tuning unit, the amplifier



OFFICIAL RADIO SERVICE MANUAL 33

would pick up and amplify a conglomeration "of
everything that happened to be on the air at the
time.

These receivers are of more interest than import-
ance, but a mention of untuned amplifiers is essen-
tial as many modern receivers employ a single
untuned stage for one reason or another. The reason
may be one of desiring slight additional gain with-
out the necessity of an extra condenser or it may
be, as will be seen shortly, that the succeeding tube
has characteristics which do not fit in well with the
operation of tuned circuits.

Detectors are probably the least understood of all
the circuit elements which the service man may be
called upon to check, and while we are mostly in-
terested in circuit arrangements in this particular
chapter, the one covering "Vacuum Tubes" will deal
at length with the problem.

Detector Circuits.

There are as many types of detectors as one can
shake the proverbial stick at. For the most part, they
are divided into two classifications-"grid circuit"
and "plate circuit," depending upon whether the
audio frequency component first makes its appear-
ance in the grid or the plate circuit of the detector
tube. Plate circuit detection was shown in our re-
ceiver and the curve in the figure showed that the
tube received a large negative bias so as to operate
on a portion of its characteristic favorable to the
detector action.

Grid circuit detectors differ from the others in
that they are not biased negatively, employ the
familiar grid condenser and leak, draw a rather high
plate current for the plate voltage applied, and have
a low plate impedance in comparison. While the
majority of grid leak detectors are found to have a
grid condenser of .0005- or .00025-mf. and a leak of
from 1 to 5 megohms, the quality of reproduction may
be distinctly improved at a slight loss in sensitivity
by replacing these with .0001-mf. condensers and
leaks not larger than 250,000 ohms. If the sensitivity
is not cut down too much, replacement of the old leak
by one of 100,000 ohms is still better. Except that
one may expect to find a fairly high plate current
flowing, the grid circuit detector shown in Fig. 39A

FIG. 39 A - +
does not differ greatly from the plate circuit type as
far as service requirements are concerned.

FIG. 38

There is one important fact in connection with
the two types of detectors which will be put to use
as a service aid in another section of this publica-
tion. The plate circuit detector normally operates
with a rather low plate current which increases with
the signal intensity, whereas the grid circuit detec-
tor operates with a relatively high plate current
which decreases in value under the effects of the
signal.

The choice of detectors rests with the individual
designer and equally good quality of output can be
obtained with either, provided the limitations of
each are recognized.

The original vacuum tube detector was the Flem-
ing valve-a two -element valve consisting of a hot
filament and a plate not unlike those of the rectifier
tubes in use in many receivers today. Its ability as a
detector of radio signals was based upon the fact
that it is conductive in one direction only. That is
to say, that current will flow only at such times as
the plate is at a positive potential with respect to
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the filament or cathode.
A device of this type is not as efficient a detector

as a three -element tube, but certain designers have
found that by employing a three -element tube with
the grid and plate elements tied together so as to
operate as a two -element detector, a certain freedom
from distortion in the detector stage can be obtained.

A circuit of this nature such as employed commer-
cially in the Philco Transitone receiver is shown
schematically in Fig. 39B. It should be noted here
that little can be learned of what is actually going
on in the circuit through the use of the usual testing
equipment, and that lack of sensitivity in the receiver
due to a detector tube which is under par had best
be checked by replacing the tube in question by one
having known characteristics. Note that no active
plate voltage is applied to any of the tubes em-
ployed in various receivers as -diode" detectors.

Volume Control.

It should be noted that but few of the receivers
on the market today have volume controls follow-
ing the detector. This is because of the fact that
the major portion of the distortion normally en-
countered in radio receivers is due to overload of the
detector.

Volume control is achieved either by the use of a
resistance across the antenna input circuit, by vary-
ing the grid bias or screen grid potential, or by a
combination of the two.

In the latter case, the two controls are so arranged
that they are driven by a single control shaft. In
one particular instance-as shown in Fig. 40, a

FIG.40 tB+
single resistance is employed to operate in such a
fashion that rotating it toward the minimum setting
decreases the resistance across the input circuit at
the same time that the bias is being increased.

This is done by employing a potentiometer having
its center arm to ground, one end connected to the
high potential end of the antenna input coil, and
the other to the cathodes of the R.F. tubes. A single
fixed resistor in series with the cathode end of the
potentiometer assures us that a certain minimum bias
is applied to the grids of the R.F. tubes at the maxi-
mum volume setting.

We have already set forth, as our reason for em-
ploying an additional control, the fact that, with
the volume control in the antenna or across any one
of the tuned circuits, sufficient stray coupling would
exist to make a zero setting impossible. Now one
may ask why it is not sufficient to increase the bias
or decrease the screen -grid potential over such a
range that the signal would be entirely wiped out
if desired. This would also involve certain difficul-
ties, for under these conditions the tubes are operat-
ing on portions of their characteristic curves con-
ducive to the effects of cross -modulation. If, how-
ever, we employ a mixture of the two, the decreased
input voltage due to the smaller resistance across
the input circuit removes the undesired signal likely
to cause cross -talk at the same time that the volume
is being decreased by the increase in biasing poten-
ital or the decrease in the screen -grid voltage. The
method employed in varying the screen -grid poten-
tial is shown in Fig. 41.
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FIG. 41

Automatic Volume Controls.

Sales bulletins on receivers employing automatic
volume controls give two reasons tor their use-one
being the reduction of -fading" and the other the
ability to tune through locals without a terrific
"blatt- from the speaker as the dial is moved across
the frequency setting of some near -by transmitter.

By setting the manually operated control at some
one position, the dial may be swung across its full
range without the volume of any single station being
greater than that of the others. The majority of
the commercial receivers employing this feature do
so in a manner whereby the automatic control is
effected by a variation in the bias on the R.F. tubes,
depending for its degree on the amplitude of the
received carrier.

Quite naturally, if the volume control operates so
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as to limit the gain through the amplifier, it is essen-
tial that it should not work fast enough to wipe out
the variations in carrier amplitude due to modula-
tion. This is determined by choosing the value of
coupling condenser feeding the controlling tube in
such a manner that the system will not operate
rapidly enough to affect the quality of reproduction.
For this reason, service men working on such re-
ceivers should not replace this condenser with one
of another value should a replacement become nec-
essary.

Since the majority of automatic volume control
tubes operate on a similar principle, it will not be
necessary to describe a great many systems-repre-
sentative ones of each type will suffice to demon-
strate the principles of their operation.

Fig. 42 shows the type of control employed in
some of the Radiola models. The R.F. amplifier
tubes are represented by a single tube V, biased
to a certain minimum value by tapping off at a point
on the voltage divider about three volts negative,
with respect to ground, through a resistance "R"
which normally has no current flowing through it
and, in consequence, does not affect the operation
of the receiver. V3 is the volume control tube which
takes its operating signal from the grid of the
detector tube.

This tube is in reality a form of vacuum tube volt-
meter and is so biased, by means of the manual
control R as to permit a certain value of plate cur-
rent to flow for a given amount of signal on its
grid; note that "R" is also the plate circuit resis-
tance of the volume control tube. If the control
tube is biased so that no plate current flows, the
drop across "R" is zero but, when under the influ-
ence of a signal the control tube draws plate cur-
rent, there is a voltage drop across "R" in such a
sense as to increase the negative R.F. bias. The
biasing potential applied to the R.F. grids is now
the normal bias plus an additional negative potential
due to the drop across "R" and the volume is re-
duced to a degree determined by the manual setting
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of the control tube bias.
It is still necessary to employ a manual volume

control in the antenna circuit as, otherwise, tuning
across the range between stations would leave the
receiver in its maximum condition of sensitivity and
the noise level would be high. With the constants
of the circuit in correct proportion, all signals will
give the same output across the speaker-an output
which is controllable by adjustment of the bias on
the grid of the control tube.

Certain of the Stromberg-Carlson receivers em-
ploy an automatic volume control which is theore-
tically similar, but is slightly more refined in the
sense that the first R.F. tube receives a different con-
trol voltage than does the second-the third is not
controlled. In these receivers, the input for the con-
trol tube is taken from the plate circuit of the third
R.F. stage through a .00025-mf. condenser and a 2-
megohm leak. The plate circuit of the control tube
is connected to ground through a pair of 100,000 -
ohm resistors in series. The drop across one of the
resistances furnishes the additive bias for the second
R.F. tube, and the drop across the other, the bias
for the first R.F. tube. The skeleton arrangement
of the circuit as employed in the Stromberg-Carlson
846 receiver is shown in Fig. 43. An almost identi-
cal arrangement is employed in the Kellogg 523
receiver.

The Two Element or "Diode" Detector as an Au-
tomatic Volume Control.

Certain manufacturers-Philco, for example-
employ the diode detector as an automatic volume
control tube. The circuit arrangement of such a
control device is shown in Fig. 44. Note that the
detector input is through a special type of untuned
transformer as the low input resistance of the diode
does not lend itself to the use of tuned circuits. The
diode detector gives a relatively small output re-
quiring an additional stage of A.F. amplification but
has the advantage of not requiring an added tube
for the purpose of automatically controlling volume.
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The grid and plate of the tube are tied together
and act as the plate of the diode. Connected be-
tween this plate and the cathode are two 100,000 -
ohm resistors. The midpoint of these series resis-
tors connects through a 500,000 -ohm isolating re-
sistance to the grid of the third R.F. tube. The
rids of the first and second R.F. tubes take their

Dias through the 250,000 -ohm resistance which cou-
ples the detector to the first A.F. tube. Appropriate
isolating resistances are employed as shown to pre-
vent coupling between the R.F. circuits.

In this type of receiver, the automatic effect is not
under manual control, the circuits being so propor-
tioned that the output of the first amplifier tube
(called the -detector amplifier") is a constant value
regardless of the strength of the incoming signal.
In receivers of this type where the signal at the de-
tector output is limited at all times to a fixed value,
the sensitivity of the receiver is at all times varying
in accordance with the received signal.
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FIG. 44

Distortion Limiting Devices.

The same end may be accomplished where a three -
element detector is used by a circuit arrangement
such as appears in Fig. 45 where the grid returns
of the R.F. stages and the detector are connected to
ground through a series of 60,000 -ohm resistances.
The criterion of distortion is the flow of grid current
in the detector circuit.

The bias of the R.F. and detector circuits is taken
in the usual manner by the use of resistances be-
tween the cathodes and ground. Additional bias is
provided due to the drop through the 60,000 -ohm
resistance in the detector grid circuit which occurs
when overload of the detector causes grid current
to flow. This system is not a true automatic volume
control as it has no effect in leveling all signals to
a single output strength-it merely acts as a volume
limiting device preventing overload on strong sig-
nals. This arrangement is employed in the Amrad
84 receiver and in the Crosley 77 and 84 models.

Although there are other tnethods of automatic
volume control, they are not common in commercial
receivers and when encountered can readily be un-
derstood by reference to the types described here.
As we noted before, the characteristics of volume
control tubes are not readily checked by service in-
struments, and the best method of checking them is
by a continuity test of the circuits and by the replace-
ment of the control tube by a tube known to have
good characteristics in other circuits.

Phonograph Pick-ups.

Most receivers sold today are equipped with input
connections for phonograph pick-ups. There are
many ways in which a device of this character can
be connected into the circuit, the major consideration
being whether the pick-up must be connected into
the detector circuit or into the input to the first
A.F. tube.

O
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In those receivers which employ a single stage of
A.F. amplification, the gain between the A.F. input
and the speaker is insufficient for the purpose, and
connection must be made in such a manner that the
detector is used as an A.F. amplifier when playing
records. This demands also that the detector be
biased as an amplifier when so used. There are so
many ways in which this may be accomplished that
the writer will take only three examples to establish
the point.

In the Victor model 7-26, the coupling transfor-
mer between the detector and the first A.F. tube
has a tapped primary, so that one section of the
winding matching the impedance of the pick-up de-
vice can be tapped off by means of a change -over
switch. When making the change -over, the switch
automatically breaks the plate voltage connection
to the detector tube so that interference from broad-
cast programs can not be superposed on the record-
ed music. Fig. 46 illustrates this point.

In this receiver, the two A.F. stages give adequate
gain, but in a receiver such as the Sparton model
931 where a single A.F. stage is employed, it is
necessary to employ the detector as an A.F. ampli-
fier when reproducing recorded music.

When the pick-up is plugged into its jack, the
jack sleeve shorts out the detector biasing resistance
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with a 1000 -ohm unit as shown in Fig. 47. At the
same time, the pick-up is connected in series with
the input of the detector. When a method of this
kind is employed, care should be taken that broad-
cast interference does not spoil the reproduction.

In the Stromberg-Carlson receivers, the pick-up
is connected as shown in Fig. 48-without changing

AF

FIG. 47

the detector bias. The level of the input to the de-
tector is so low, that the distortion incurred by this
use of the detector tube as an A.F. amplifier with

PICK-UP JACK PICKUP SWITCH

FIG. 46
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FIG. 49

improper bias results in negligible distortion. Con-
necting the pick-up from grid to ground in this
fashion effectively short-circuits the broadcast recep-
tion while the pick-up is in use, so that no interfer-
ence from this source occurs.

From the figure, it will be seen that although
"bias" detection is used, a grid leak and condenser
are in the circuit. These have no effect on the ope-
ration of the circuit either for radio or phonograph
reproduction, the reason being the prevention of
short circuit of the phonograph pick-up by the sec-
ondary of the R.F. transformer.

The pick-up may also be connected directly across
the secondary winding of the first A.F. transformer
in sets having two A.F. stages. The impedance is
so high in the transformer secondary circuit that it
has little or no short-circuiting effect on the pick-
up. In all of the circuits described, a volume con-
trol separate from the receiver is necessary. In those
sets which have been described which use manual
volume control following the detector, a method of
pick-up connection might be employed which per-
mitted the use of the regular volume control during
record reproduction.

Push-pull Amplifiers.

There are many advantages to be gained through
the use of vacuum tubes in the push-pull connection.
First, the fact that the circuit cancels out harmonic
distortion enables one to obtain an output far greater
than twice that obtainable with the single tube.
Secondly, the ripple voltages due to poor filtering
of the supply are also canceled out so that less filtra-
tion is necessary. Thirdly, the fact that the direct
currents in the output transformer cancel out en -

FIG. 50

ables the use of a cheaper output transformer than
is possible with the single tube.

Other advantages, such as the fact that the biasing
resistance does not require a by-pass condenser across
it, are also useful in cheapening the receiver without
loss of quality. All in all, it may be said that a
push-pull output stage more than doubles the out-
put of a single tube without adding more than the
cost of the additional tube to the price of the re-
ceiver.

Troubles in push-pull circuits caused by an open
in one side of the input or output transformer, re-
sult in loss of grid or plate voltage in the tube in-
volved. These faults are readily checked with the
normal type of servicing equipment. A typical push-
pull circuit is shown in Fig. 49.

The Single A.F. Stage.

Many types of detectors are operated with so high
an input from the R.F. amplifier that an intermedi-
ate A.F. amplifier preceding the output stage is not
necessary. There is no need for special mention
of the circuits as they do not involve the use of any
unusual connections or apparatus.

It has already. been noted that in such receivers
a phonograph pick-up must be connected into the
detector circuit in order to achieve adequate gain for
operation of the loud speaker at a reasonable de-
gree of volume.

Some of the newer receivers, employing screen-

grid detectors with push-pull amplifiers, employ
slightly involved circuits such as that shown in Fig.
50 and used in the Victor model R-15. In this
case, the split choke acts as an autotransformer of
1 to 1 ratio and feeds the plate voltage to the screen -

grid tube as well as providing the signal for the grid
of one of the output tubes.

FIG 51

The coupling condensers are .025-mf. units and
the grid leaks providing the grid return path are
430,000 ohms each.

Breakdown of the coupling condensers will put
the full plate voltage on the grid of one of the out-
put tubes. The high plate current resulting from
this positive grid bias will result in destruction of
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the tube before the service man has an opportunity
to correct the defect. Open circuit in either of the
grid leaks will result in loss of bias and high cur-
rent through the tube involved.

Tone Controls.

The tone controls employed in modern receivers
are employed to limit the higher frequencies so as to
produce a more "mellow" effect. They may be of
the type shown in our Fig. 30, or may be made up
of a series of condensers with a switching arrange-
ment to vary the capacitance introduced in shunt
with the A.F. channel.

In neighborhoods where the "man-made" inter-
ference is exceptionally great, a control of this
nature helps to cut down the interference which con.
sists mainly of high frequency impulses.

In extreme cases, the service man called in to
remedy such noise in a receiver not equipped with
'"tone control" can effect a cure by connecting a
condenser of from .00025- to .01-mf. across one of
the A.F. transformers.

Filter Variations.

Filter systems for radio power supplies may be
of the tuned or "brute force" type. In the tuned
type, an example of which is shown in Fig. 51, vari-
ous savings in the total capacitance of the condens-
ers required in the system may be effected. They
require extremely careful design, however, and it is
essential that, in making replacements, the parts
used be identical with the original. Otherwise, hum
may result regardless of the fact that a larger con-
denser than was originally employed may have been
used in replacement.

The theory of the type shown is that the small
portion of the first choke and the condenser which
connects it to ground are resonated to the ripple
frequency (120 cycles for a full wave rectifier with
60 cycle supply), and if the resistance of the choke
is low compared with its inductance, they offer as a
"series resonant circuit" a virtual short circuit to
ground for all currents of that frequency.

The second type of tuned filter, where the con-
denser is connected in parallel with the choke, oper-
ates on the opposite principle-that the parallel res-
onant circuit formed offers a high impedance to the
resonant frequency.

Brute force filters are simply low-pass filters so
designed that the cut-off point above which fre-
quency they will transmit nothing is below the ripple
frequency. This means that a larger filter is neces-
sary with half wave than with full wave rectifier
circuits.

Despite the savings possible with tuned filters,
many manufacturers do not use them, for the high
capacitance with small bulk available in the shape
of electrolytic condensers offers as economical a

means of filtration.
The filter circuits we have shown so far show the

chokes in the positive side of the filter system with
the entire negative portion of the circuit at ground
potential.

Certain receivers employ variations in which the
filter chokes are in the negative portion of the cir-
cuit. The method employed in the Victor R-15 is
shown in Fig. 52. The second inductance which
connects to ground from the tap on the first in-
ductance is the field winding of the dynamic
speaker.

FIG 52.

Do not assume that the chokes in a receiver are
at maximum potenial and that grounds at that point
will be indicated by a loss of plate voltage in all
cases. A ground in the filter reactor will result in a
short-circuited field coil in the speaker and a high
plate voltage at all points in the receiver.,

This is, of course, not the only case in which the
field winding of the dynamic speaker forms a por-
tion of the filter circuit. In nearly all cases, the
field is energized by passing the plate current
through it. There are countless methods by which
this may be done and a very few of them are shown
in Fig. 53. In the first sketch, the field winding is
the only inductance in the filter system, the capaci-
tance being obtained from high -capacity electrolytic
units.

In the second sketch, the field winding has been
designed with the proper D.C. resistance to act as
the biasing resistor for the output tubes. An ad-
vantage of this system is the fact that the speaker
can be replaced with a resistance of the correct value
if it is desired to operate the receiver with a mag-
netic speaker or any other external speaker.

In the third method shown, the speaker field pro-
vides the voltage drop for the negative bias of the
output tubes. The drop is slightly high for this

FIELD

FIG. 55
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FIG. 53 A

purpose in the Atwater Kent 55, from which the
circuit is drawn, and a voltage divider across the
field winding taps off the proper voltage. This
divider carries but a slight portion of the current
and no current whatever flows in the biasing cir-
cuit.

The speakers employed in these connections are
specially designed for the purpose and, where re-
placement of the loud speaker is found necessary,
care should be taken that one having the proper
field winding characteristics is chosen if an identi-
cal one is not available.

Voltage Distribution in Power Supply Circuits.

In the circuit shown in Fig. 30, the voltages for
the plate circuits of the various tubes are obtained
by a combination of the voltage divider and volt-
age drop methods. Either of these may be employed
in a receiver and a combination of the two is not
at all unusual.

In any event, the -bleeder" resistance across the
output of the rectifier is essential to the safe opera,
tion of the power supply, especially in the case of
heater type tubes, where there is a short interval
following the throwing of the switch during which
no plate current is drawn by the tubes. If there were
not some sort of load across the power supply out-
put, the voltage across the power supply condenser
would rise to high values during the initial surge.
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The load is also necessary if we are to operate
the power supply in a manner so as to allow for

considerable variation in plate current without un-
precedented departure from the desired voltages.
This wasted current establishes a condition where
variations in the plate current, drawn by one or more
of the tubes, represent so small a percentage of the
total current drawn from the rectifier tube that there
is but slight change of the output voltage. The
methods of design will be taken up later in discuss-
ing the characteristics of the rectifier tubes.

The voltage across the output of the rectifier
and filter must be at least as high as, the total plate
and bias voltages required by the output tube --300
volts in the case of the '45. For the tubes employ-
ing lower plate voltages, the drop may be secured
either by using the "bleeder" resistance as a poten-
tiometer or by inserting series resistances between
the plate circuits of the various tubes and the posi-
tive side of the power supply. Examples of each
system are shown in Fig. 54.

Biasing potentials may also be obtained from the
voltage divider rather than by the methods shown
in the original sketch. This is done by making
ground- positive by an amount equal to the highest

biasing potential required. In Fig. 55, it will be
seen that the various cathodes and filaments are
brought directly to ground and that the grid returns
are brought to a point negative with respect to
ground by the required amount.
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This may aid in the explanation of the automatic
volume control sketches previously shown if any

obscurity concerning them still exists. As was noted
before in respect to the plate voltages, a combination
of the two methods may be effected if it seems neces-
sary to do so.

Ih Fig. 56, this also has been done. Note that

RF

the minimum bias for the R.F. tubes has been ob-
tained by the use of individual resistances in each
cathode circuit, whereas the additional bias neces-
sary for volume control has been obtained by return-
ing the grids to some point negative with respect to
ground.

In some receivers, the detector plate voltage has

O

FIG. 54

been obtained by connecting the plate lead of the
detector circuit to the positive end of the biasing re-
sistance serving the output tubes. This gives a plate
voltage equivalent to the biasing voltage of the out-
put tube. A studious tracing of circuits having an,
at first, unfamiliar appearance will clear up many
difficulties if the basic principles are borne in mind.

DET. PWR

The circuit diagrams given in this manual can
never be more than a time -saving aid and are, even
as such, worthless, if the service man fails to use
everyday -horse sense" in attacking his problems.
It is this "horse sense" that keeps customers by mak-
ing up the difference between a mediocre man and
an expert.
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DIRECT CURRENT RECEIVERS

Receivers for Direct Current Operation.

Receivers for D.C. operation present a problem
because of the initial low voltage available for the
power tubes. If, with a maximum plate supply of
90 to 100 volts, any power output is to be attained
some system of parallel operation of the output
rubes must be employed.

In Fig. 57, the filament circuits of the Stromberg-
Carlson 638 receiver are shown isolated from the
balance of the receiver. Five 201A tubes are em-
ployed in the preliminary stages with their filaments
connected in series. If one tube should burn out,
the balance would not light and no tests could be
made until the defective tube had been located.

The four '71A tubes in the output are connected
in parallel both as to filaments and as to grids and
plates. Do not remove one of these output tubes
from the socket without first turning off the set, as
the remaining three filaments would be seriously
overloaded.

Plate voltages for all stages in this set are taken
from the maximum positive point as shown in Fig.
58. Grid bias is obtained by bringing each grid
return of each tube to a point on the filament sys-
tem negative by the required amount with respect
to its own filament. For example, the grid return
of the first stage is to the negative filament terminal
of the second tube and thus receives a 5 -volt nega-
tive bias. Grid return of the four '71A tubes is

to the negative side of the 12 -ohm series resistance
-thus giving their grids a negative potential of 12
volts.

The power output available with the four tubes
in parallel is approximately that obtained with a
single '71A with the full plate voltage, 180 volts,
applied.

Biasing of D.C. receivers is simpler in those sets
employing heater type tubes, as the bias may be
obtained by a resistance between the cathode and
ground as in the case of A.C. receivers.

The circuit arrangement of such a receiver is quite
simple, as shown in Fig. 59, where a system em,
ploying a series of two '24 tubes as radio frequency
amplifiers, a '27 detector and two '45's in push-pull
is used. The current requirements of such a filament
supply system are large-there being a dissipation
in the series resistor of about 175 watts.

Biases for all except the output tubes are taken
through the use of resistors in series with the cath-
odes. The secondary of the transformer feeding the
power stage is split, so that the fact that one '45
filament is more negative by 2.5 volts than the other
can be compensated for by obtaining the bias for
that tube at a point differing from the other by
2.5 volts. The plate circuits are connected in nor-
mal push-pull fashion.

The D.C. receiver is difficult to service without
the schematic circuit available because of the many
systems which can be employed in obtaining the fila-
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went and grid voltages. A hint on what may be
expected is contained in the fact that receivers em-
ploying separate biasing batteries for use with the
power tubes usually have those tubes placed at the
most negative end of the circuit, so that the filament
and plate of each tube will have the maximum pos-
sible potential difference.

Where the power stage biases are obtained by a
method similar to that shown in Fig. 59, the power
tube filaments are positive so that the negative
biases may be obtained from the voltage drop across
the other filaments. The first method is employed
so as to obtain the highest possible plate voltage
from the line at a sacrifice of the "all electric" fea-
ture.

While working on this section, the writer was
informed of the introduction of three new tubes for
use in automotive and direct current receivers. These
are heater type tubes having filaments operating at
6.3 volts and .3 -ampere. In automotive receivers,
these tubes take their filament supply directly from
the storage battery of the car. In D.C. receivers, the
fact that the heaters are isolated from the actual
circuits of the receiver makes filtering of the heater
supply entirely unnecessary.

The reduced current at which the tubes operate
effects another economy in that the receiver will
draw about 35 watts from the line as compared with
175 to 200 watts required by most modern D.C. re-
ceivers employing '27's or '24's and '45's.

The tubes are designated as the '36, 37, and '38

'36

110 V DC

'36

'45

of

types and are, respectively, a screen-grid tube for
radio frequency amplification and detection, a three -
element general purpose tube, and a Pentode output
tube comparable with the '47 mentioned in the
vacuum tube section of this book except for the
fact that a heater type cathode is employed. Be-

cause of the economy possible, both in construction
and in operation, it is probable that a great many
receivers issued this season will employ the tubes.

In anticipation of this fact, the circuit in Fig. 60
shows the filament circuit arrangement which will
be employed with these tubes. For reasons stated
in the discussion of Pentode tubes in another sec-
tion of this book, it is not desirable to obtain the
bias of a Pentode circuit by means of a resistance
from cathode to ground except where push-pull cir-
cuits are employed. Fortunately, we are able, in
a circuit of the nature shown, to connect the cathode
of the output tube directly to a point positive by
the required amount with respect to ground. To be
sure, the voltage thus obtained is not filtered-but
neither does the possible noise voltage, developed
across the two filaments from which the bias is ob-
tained, amount to enough to become troublesome.
As was the case before, one can never tell how the
filament circuits of a D.C. receiver are connected
without first seeing the schematic or tracing the
circuit itself; in consequence, do not remove a tube
from any D.C. receiver without first disconnecting
it from the power source-otherwise a few ruined
tubes may be chalked up to your debit.

'37 '38

F16.60



44 OFFICIAL RADIO SERVICE MANUAL

SUPERHETERODYNE SERVICE NOTES

No analysis of the "Super" is complete without
a brief historical note concerning the origin of the
idea. At the time of the entry of the United States
into the war, there were many European amplifiers
constructed to amplify at radio frequencies coinci-
dent to the long waves which theretofore had been
employed in all commercial work.

One of the first jobs handed the Signal Corps
laboratory, maintained by our army in Paris, was
that of developing a receiver to operate with ex-
treme sensitivity in the short-wave band employed
by the enemy in their army communications. This
was prior to the development of neutralizing cir-
cuits, and the development of an extremely sensitive
receiver in those bands would have been a long
and tedious process.

Armstrong, who was among the engineers work-
ing in the Paris laboratory, hit upon the idea of modu-
lating the incoming signal with a locally generated
one and amplifying the resultant frequency which
fell within the range of the existent and efficient
radio frequency amplifiers then available.

From this idea grew the superheterodyne receiver
of today-albeit by a long and devious pathway. It
is only with the growing knowledge of radio engi-
neering principles, that the present "super" has been
made possible.

Let us, for example, assume two frequencies-
an incoming signal of 1000 kc. and a local signal
of 1175 kc. We may obtain beat -notes of either
the sum of or the difference between the two fre-
quencies. The difference frequency in this case is
175 kc. This frequency is a favorable one for ampli-
fication as its relatively low frequency enables the
radio frequency amplifiers (known as "intermediate
frequency" amplifiers) to operate at a relatively
high gain per stage as compared with that obtain-
able at broadcast frequencies.

Not only is the amplication more favorable at the
intermediate frequency, but the selectivity is also
much greater. At 1000 kc., an interfering station
10 kc. away on 1010 kc. is separated from the de-
sired signal by but 1% of its frequency. At 175

kc.-after being "beat" with a local oscillation of
175 kc.-the interfering station is at 165 kc. and
the desired one is at 175 kc. The difference is still
10 kc. but now the interfering signal is removed from
the desired one by approximately 6%.

Inasmuch as the selectivity is measured by the re-
sponse a given percentage away from the frequency
to which the circuit is tuned, the reader will have
little difficulty in grasping the advantage which a
properly designed "super" may well have over a
receiver employing straight tuned radio frequency
amplification.

Because of the high degree of selectivity avail-
able, it is essential that "band -selector" circuits be
employed in the intermediate frequency stages if the
"side -band" cutting common to excessively selective
circuits is to be avoided. In this connection it might
be noted that with the superheterodyne, it is possi-
ble to come quite close to a realization of the ideal
"square" response characteristic evidenced in Fig.
31.

While discussing the selectivity of the "super", it
might be well to note that it is essential that a cer-
tain degree of selectivity be obtained ahead of the
first detector-that is, the selectivity cannot be local-
ized in the intermediate frequency amplifiers so fa-
vorably disposed toward it.

For an example, it is readily seen that the oscil-
lator set at 1175 kc. to produce an intermediate
signal of 175 kc. from a signal of 1000 kc. will
produce a similar 175 kc. signal from a station on
1350 kc. If we are not to have two signals inter-
fering in the intermediate frequency circuits, it is
essential that no portion of the 1350 kc. signal reach
the grid of the mixer tube in which the 175 kc. sig-
nal is produced (this tube is known variously as
the mixer, modulator or first detector).

In the case of the 1350 kc. signal being from a
strong local station, it is difficult to prevent this
and the average "super" has at least one stage of
radio frequency amplification operating at the sig-
nal frequency located ahead of the mixer tube-
not for the purpose of obtaining amplification so
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much as for the additional selectivity obtainable.
The average detector tube has, in its plate cir-

cuit, strong radio frequency components of the har-
monics of the intermediate frequency. Harmonics
are caused by non-linear operation of the tube and
result in spurious oscillations or currents having a
frequency which is some multiple of the original.

Care must be taken in shielding the detector out-
put of "supers" for this reason as, otherwise, stray
harmonic voltages may find their way back to the
input to cause trouble. Early superheterodynes were
full of spurious signals of this character and it was
this characteristic which prevented their becoming
popular as commercial receivers.

In Fig. 61, there is a simplified diagram of the
Radiola 80 receiver which is a characteristic example
of the modern superheterodyne receiver. Here a
"band -selector," in which the coupling is obtained
by winding the coils adjacently on the same form, is
employed in the antenna coupling.

The first tube is the radio frequency amplifier
which operates at the frequency of the incoming sig-
nal. Coupled to this tube by means of a radio fre-
quency choke and a:small coupling condenser, is the
first detector tube which is the third tube in from
the antenna.

The second tube is a '27 which acts as the local
oscillator. In order to make this oscillator track so
that it will always have a frequency exactly 175
kc. higher than the frequency to which the other
tuned circuits are adjusted, a special network of four
condensers is employed in tuning the oscillator in-
ductance. Note that the coupling between the first
detector and the oscillator is secured by winding the

06T111
500050

0111140114L5

oscillator and detector tuning inductances on the
same form or on forms quite close to each other.

From the plate circuit of the first detector on-
ward, the circuits are tuned to 175 kc., and a local -
distance switch for cutting down the sensitivity of
the receiver when receiving strong locals is provided
in the coupling circuit between the first detector
and the first intermediate or 175 kc. amplifier.

This arrangement is made up of two resistances
of 40,000 and 500 ohms which are introduced into
the tuned circuits of the 175 kc. band -selector when
the switch is in the least sensitive position. Volume
control is secured by varying the grid bias of the
radio frequency amplifier simultaneously with that
of the first intermediate frequency amplifier.

The grid biases for the other tubes are taken in-
dependently, that of the power output tubes being
obtained by means of the voltage drop between the
center of the filament winding and ground across a
715 -ohm resistance.

It is interesting to note that the plate current of
the oscillator tube flows through the biasing resis-
tance in the cathode circuit of the first detector. This
is arranged so that the bias received by the first de-
tector tube will have a more constant character, since
changes in the detector plate current due to the sig-
nal will have but slight effect on the total current
flowing through the biasing resistance.

It is essential that the oscillator track exactly 175
kc. higher than the other tuned circuits across the
band. To this end, two small trimmer condensers
form a portion of the oscillator tuning network.

This network is so devised that the tracking along
the mid -tuning range will be fairly good, but a cer-
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tain amount of adjustment may be necessary at the
high and low frequency limits of the range. The
trimmer across the oscillator tuning condenser is used
in adjusting for maximum sensitivity at the high fre-
quency end of the band, while that across the fixed
condenser is used in aligning the circuits at the low
frequencies. A discussion of the alignment of the
intermediate frequency amplifier will be found in the
section of this manual devoted to the use of service
apparatus.

Certain receivers employ oscillators which main-
tain their 175 kc. separation by the use of tuning
condensers with specially cut rotors. These receiv-
ers do not require tracking in the same manner as
those employing the condenser networks as shown

-a simple adjustment of the trimmer condenser
being all that is necessary in most cases.

Outside of the use of the oscillator and the fact
that the latter R.F. stages are pretuned to 175 kc., the
superheterodyne needs little explanation-service is
carried out along lines parallel with tuned radio
frequency receivers.

The sole differences in service procedure lie in
the possible necessity for checking the oscillator
alignment as mentioned or the alignment of the in-
termediate frequency transformers. The major faults
manifest themselves in a manner identical with those
found in other receivers-oscillation may be found
difficult to trace to its source, however, and certain
manifestations are described in the section on servic
ing.

View of Three I. F. Transformers with the Shields Removed.
Stromberg-Carlson Telephone Manufacturing Company
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REMOTE CONTROL DEVICES

During the past season, many remote control de-
vices have made their appearance. So far as can be
ascertained, these have enjoyed but a limited popu-
larity-but however limited their distribution, there
is no certainty that any service technician will be
exempt from servicing them, and it is essential that
they be a familiar subject so that time and trouble
may be avoided.

The Sleeper Kinematic Control.

The Kinematic control system demands the use of
two separate controlling systems-one to operate the
station selector mechanism and the other to switch
the set on and off and to control volume.

The apparatus involved consists of two motors at
the receiver and two control devices in a small box
at the control point. In A.C. neighborhoods, the
control mechanism operates from 25 volts A.C., and
in D.C. districts, an 18 volt supply is tapped from
the line. In D.C. districts, the control switch oper-
ates to switch a motor generator on and off if an
A.C. receiver is used.

Each driving member consists of a field winding
with six pole pieces and a rotating steel armature
as shown in Fig. 62. At the control box, a rotary
switch is employed which operates as shown. With
the switch at 1, the armature lines up across 1-1
of the poles. At 2, the alignment is across 2-2, while
at 3, the alignment of the armature is across 3-3. It

18 V. D.C.

25 V. A.G.
FIG. 62

may be seen that the constant rotation of the switch-
ing member at the control point will result in a
continuous rotation of the armature which is geared
to the condenser shaft of the receiver or to the vol-
ume control and switch, as the case may be.

Westinghouse Remote Control.

In the Westinghouse remote control device, the
same driving motor for both the volume and station
selector motion is used. Normally, when the re-
ceiver is at rest, a spring holds the motor gears en-
gaged with the volume control. Pressing buttons
marked Volume Control Plus or Volume Control
Minus will result in the motion of the driving mem-
ber in the desired sense.

VOLUME CONTROL

FIG. 65

Pressing one of the selector buttons will allow the
motor to speed up so that the armature rises and the
gears engage so as to rotate the tuning drive. A
fine adjustment of the springs is necessary so that
the armature does not rise when the volume control
buttons are pushed, but rises completely when the
station selector buttons are touched. This adjust-
ment is easily carried out.

The control box contains on and off switches, the
two volume control buttons, and six channel selec-
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tors which arc adjusted by the service man for the
desired channels. A twelve -wire cable connects the
two units.

This type of control is typical of many which
employ contactors for shutting off the motor when
the receiver is tuned to the desired channel. Adjust-
ment of the tuning controls is quite simple. The
station desired for number six contactor is tuned
in manually. The cam for that contactor is then re-
leased from the shaft and rotated to the correct posi-
tion. It is then tightened to the shaft again.

This same arrangement is used in both the ordi-
nary models and in the Columaire. In the latter
case, the gears are held engaged in the volume con-
trol position by gravity instead of by a spring. In
testing the receiver, the manual control should not
be operated unless the chassis is on end (vertical)
as it is operated in the cabinet-otherwise, the gears
may be damaged.

The Westinghouse arrangement is typical of the
contactor -operated remote control units as a whole.
The wiring arrangement is shown in the text deal-
ing with Westinghouse receivers.

Other Remote Control Systems.

As is the case with every radio innovation, there
are a thousand and one ways of doing the job. In

Fig. 63 is shown a method which has given much
promise but which has had no commercial realiza-
tion so far. For those experimenters desiring to

work up their own systems rather than to purchase
units, this offers the best and simplest idea. The
motor is in the indicator arm of a simple Wheatstone
bridge such as is employed in laboratory testing.
The motor moves automatically in either direction
in an attempt to re-establish a balance of the bridge.
The motor drives the moving arm of a potentio-
meter as well as the tuning elements of the re-
ceiver.

A very sensitive reversible motor is necessary to
this device-a motor which will continue to run
under load with a very small input-so that motion
continues until an exact balance of the bridge ele-
ments is attained. In the balanced condition, the
arm of the potentiometer on the motor shaft is
in the same position as the arm of the potentio-
meter in the control box.

Volume control is achieved by placing the biasing
resistance in the control box and connecting the
R.F. cathodes and ground through this remote re-
sistance. The motor should be geared to the con-
denser shaft through a reduction of about 60 to
1. Such gears are readily obtainable in nearly every
location in the United States.

If your hardware dealer does not stock them, it
is a certainty that he has a catalog of the Boston
Gear Works from which you can make a choice.
The disadvantage of this device in operating from
a separate battery may be avoided by the use of a-
Tungar charger, either as a trickle charger on the
battery or to drive the motor directly.

St romberg - Carl son .Special Remote
Coritrol Receiver
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1

VACUUM TUBES AND THEIR OPERATION

Strange to say, it was Thomas Alva Edison who
first noted the effect which later led to the develop-
ment of the present day Vacuum Tube which made
Radio a possibility.

In 1883, while working out problems concerning
incandescent filaments, he sealed a metallic plate
into the glass envelope with the filament and dis-
covered that when the plate was electrically positive
with respect to the filament a current flowed in the
plate circuit but that when the plate was negative
the current ceased to flow. Fig. 64:

Fleming, continuing the investigation of the "Edi-
son effect," discovered that the path between the
filament and plate exhibited effects of unilateral con-
ductivity-that is to say, current would flow from
the filament to the plate but not in the opposite
direction.

FIG.64

For some time, the Fleming Valve was employed
as a detector of wireless signals and the writer used
quite effectively one which was made from an old
style double filament automobile lamp-using one
filament as the plate. The incoming signal was im-
pressed upon the plate of the valve and, at any in-
stant when the signal was positive in value, current
flowed-while on the other portion of the wave,
when the current was negative, no current flowed.

The curve shown in Fig. 65 indicates graphically
the manner in which rectification of the signal oc-
curs. The continuous line P is the graph of plate
current against applied voltage. Note that this ap-
proximates a straight line up to a certain input volt-
age where "saturation" occurs. That is to say, the

output current steadily increases with increased sig-
nal voltage up to a certain point where the curve
flattens out. Increase of the signal beyond this point
does not result in any increase in current.

The Fleming Valve had a decided superiority over
the previous types of detectors, which rested in its
reliability rather than its increased sensitivity.

It was no longer necessary to search for a sensi-
tive point on the crystal nor to employ mechanical
means for re -sensitizing as was required with certain
other types of detectors.

It remained for De Forest to insert the third ele-
ment into the envelope in order to improve the sensi-
tivity of the valve and to start the long period of
scientific development which followed.
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FIG. 65
Dr. Lee De Forest discovered that if the positive

voltage were applied directly to the plate from an
external source rather than from the signal, and
if a third element-the grid-were inserted between
the filament and the plate, there would be much
larger changes in the current in the plate circuit for
a given signal voltage. What is more, he discovered
that by coupling together two or more of these three -

element tubes, the signal voltage could be amplified
to a tremendous extent.

The manner in which the amplification of the sig-
nal takes place is shown graphically in Fig. 66 where
the characteristic curve of the tube-that is, the
graph of the changes in plate current incident to a
change in grid voltage-is given.

In order to operate the tube over a range where
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RECTIFIED
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the output variations will be identical in form with
the input, it is necessary to apply a fixed grid volt-
age "e" about which the signal will produce a vari-
ation.

Operation of the three -element tube as a detector
or rectifier may be obtained in two ways. The tube
may receive a bias or initial grid voltage so large as
to reduce its place current almost to zero as shown
in Fig. 67, so that only the positive halves of the
signal waves produce a change in plate current; or
it may be adjusted so as to have the signal effect the
plate current changes in the region of the upper
bend in the curve where saturation takes place. The
first method is known as "bias" or plate circuit de-
tection, and the second as "grid -leak' or grid circuit
detection.

The second method is shown in Fig. 68. In this
second method, a resistance from grid to ground
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is employed in order to prevent paralyzing of the
tube, due to the fact that when the tube is so oper-
ated the grid will assume and retain an electric
charge. The resistance permits this charge to leak
off in time for the next cycle of the signal. Were it
not for this, the charge on the grid would build up
until the tube became inoperative.

The vacuum tube may be used as a generator of
alternating current by virtue of its ability to ampli-
fy. In this connection, a portion of the voltage in
the plate circuit is fed back to the grid in such a
manner and in such magnitude as to sustain the tube
in oscillation. This is due to the fact that a small
portion of the output finds its way back to the input
circuit by means of a capacitative or inductive coup-
ling between the two.

There are many circuit arrangements which, prop-
erly proportioned, will permit of sustained oscilla-
tion. The small portion of the output fed back to
the grid circuit is re -amplified --fed back to the grid
again and reamplified so that the oscillation is con-
tinuous. The frequency of the oscillation thus pro-
duced is determined by tuning the grid or plate
circuit to the required frequency.

The Factors Affecting Operation.

Certain definitions with respect to the vacuum
tube are in order before a description of the opera-
tion of the device may be continued. The most im-
portant factors follow.

Cathode.

The cathode is the portion of the tube which emits
electrons along the path of which the current from
cathode to plate may flow. In general practice, the
term "cathode" is applied to those emitters which
are heated indirectly as in the case of the '27 tube.

Filament.

The filament is the cathode also, but in general
is an emitter which is directly heated by the flow
of current through it. The filament or cathode is
constructed of some material which is capable of
emitting a strong electronic stream.

Plate.

Plate and "anode" are interchangeable terms. This
element is maintained at a potential, positive with
respect to the cathode, so as to establish a current
flow between the two elements.

Grid.

An electrode placed between the cathode and
plate, and so constructed as to permit the flow of
electrons through it.

Control Grid.

The control grid is an electrode placed between
the cathode and plate through which the electrons
may flow on their journey between the two. It is to
this electrode that the incoming signal is applied.
The name implies the effect of the electrode in vary-
ing the plate current in accordance with the voltage
applied to it.

Screen -Grid.

A fourth electrode is included in some tubes to
screen the electrodes one from the other in order to
reduce the capacity existing between them.

Grid Voltage.

The voltage difference existing between the grid
and the cathode.

Grid Bias.

The. direct current portion of the grid voltage
placed intentionally on the grid so as to operate the
tube at some specified point on its characteristic
curve.
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Amplification Factor.

The effectiveness of the tube in effecting a change
in the voltage in the plate circuit. It is the ratio
between a change in grid voltage and the correspond-
ing change in plate voltage with the plate current
held constant. It is represented by the symbol

iu. (Mu).

A.C. Tube.

Any tube particularly designed for service with
raw or unrectified alternating current on its filament
is in this classification. A.C. tubes- may be of the
indirectly heated cathode type, such as the '27, or
they may be made with particularly sturdy filaments
as in the case of the '26. In this latter case, freedom
from hum is gained by a high thermal inertia-that
is to say, the filament is so bulky that it does not
cool and heat again in step with the A.C. cycle as
would be the case with a lighter and less sturdy
filament.

Grid Emission.

This is an effect which takes place in some tubes
when the filament is run at too high a temperature
and the grid becomes hot enough to emit electrons.

Secondary Emission.

The kink so pronounced in the characteristic
curves of screen -grid tubes is caused by secondary
emission-or the emission of electrons from the

plate under heavy bombardment from the filament,
which are attracted to the screen -grid when the
screen -grid potential is not sufficiently negative with
respect to the plate.

Screen -Grid Tubes.

Screen -grid tubes are those in which an electrode
has been added for the purpose of screening the
plate from the grid in such a manner as to reduce
the effective capacity between the grid and plate.
This is done so that the tube may be used as a high
gain amplifier without danger of its becoming an
oscillator due to the feeding back of energy from
the plate circuit to the grid through the inter -elec-
trode capacity of the tube.

Dynatron Oscillator.

Reference to the curves of the screen -grid tubes
will show that there is a portion of the character-
istic curve which slopes steeply downward from left
to right. In this range of operation, the tube ex-
hibits a "negative resistance" characteristic-which
is to say that the addition of greater voltage results
in the flow of less, rather than more, current in the
plate circuit of the tube. Tubes operated in this
range will act as oscillators by the simple procedure
of placing a tuned circuit in series with the plate.

Maximum Undistorted Power Output.

This is the highest power output obtainable with
a tube at the voltages specified without the harmon-
ic distortion exceeding 5% of the total output. Re-
search workers have found that this condition obtains
when the tube works into a load of twice its own
plate impedance. Maximum undistorted power out-
put should not be confused with maximum power
output or with maximum efficiency.

Maximum power output is obtained when the load
impedance is equal to the tube impedance, and maxi-
mum efficiency is obtained when the impedance of
the load is many times that of the tube. In using
the tube for operating commercial devices, one of
the latter would be desirable, but in Radio, we are
interested in the entertainment possibility which can
only be realized to its fullest extent when the distor-
tion is negligible. In Radio, then, we are interested
in the maximum undistorted power output which
is obtained when the impedance of the load is dou-
ble that of the tube.

The new "Pentode" type of tube requires a load
in the plate circuit approximately equal to one-fourth
the plate resistance of the tube. The output of the
pentode cannot be fully realized, due to the high
second harmonic component present in this type
tube. In order to minimize the second harmonic
output, it then becomes necessary to reduce the oper-
ating load to such a value that the second harmonic
output is less than 5% of the fundamental.

Plate Impedance.

The ratio of a change in plate voltage to the cor-
responding change in plate current with the grid
voltage held constant. The A.C. impedance be-
tween the filament and the plate. This should not
be confused with the D.C. resistance.

Mutual Conductance.

The mutual conductance of the tube is the figure
of merit for tubes of a given type. It is the ratio
between a change in grid voltage and the corres-
ponding change in plate current. It is expressed in
micromhos and is designated by the symbol Gm. In
some texts, the mutual conductance is expressed in
terms of milliamperes per volt and a tube exhibit-
ing a change of 1.5 milliamperes has a mutual con-
ductance (Gm) of 1500 micromhos.

Inter -electrode Capacitance.

The capacitance existing between the various ele-
ments by virtue of their proximity. These factors
have no effect upon the plotting of the -curves of the
tubes with direct currents only applied, but are a
large factor in the operation of the tube at high
audio frequencies or at radio frequencies.
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Plate Voltage.

The voltage difference effective between the plate
and the cathode or filament.

Plate Current.

The direct current flowing between the plate and
the cathode through the evacuated space within the
tube.

Gassy Tubes.

The presence of gas in a vacuum tube will seri-
ously affect its operation as at some voltage the gas
becomes ionized and is conductive. When ioniza-
tion occurs, the current through the tube is not flow-
ing between filament and plate through the electron
stream only, but also through the gas due to its
conductivity when ionized.

Space Charge Grid.

An additional grid placed in the vacuum tube
close to the filament, in most cases, for the purpose
of dispelling the space charge existing in the region
of the filament or cathode, which permits the forma-
tion of a cloud of electrons in this region impeding
the flow of the electron stream from cathode to
plate. This extra grid is found in the new Pentode
output tubes and permits of increased sensitivity and
efficiency.

Diode-Triode-Tetrode-Pentode.
The terminology applied to various forms of

vacuum tubes accordingly as they have two, three,
four or five operative electrodes. Some French tubes
for special purposes have two control grids and are
known as double grid or "bigrille" tubes.

As we have noted before, a profound study of
vacuum tube theory is not essential to efficient radio
servicing. It is, however, necessary that the service
man have a good idea of the factors affecting the
operation of the tubes so that various difficulties will
make themselves at once obvious. It is a distinct
advantage to the service man if he memorizes the
electrical constants of the various tubes as tabulated
on the tube chart shown in this manual. Set manu-
facturers generally design their sets so that the tubes
are used at the recommended voltages.

Voltage Amplification.

Tubes which are employed as voltage amplifiers
are concerned more with the "gain" or amplification
which can be obtained within the individual stage
than with the power available at the output. With
three -element tubes, the amplification may readily be
calculated through a knowledge of the amplification
factor of the tube and of the load into which it will
work. A simple relation exists here in which

Amplification
Zo

Rp-I-Zo

where Ak is the amplification factor of the tube as
obtained from the manufacturer's data, and Rp and
Zo are, respectively, the plate impedance of the tube
and the load impedance at the frequency for which
we desire to obtain the amplification. It should
be remembered that, in case of audio frequency
transformers the primary inductance must be high
so that the impedance at a low frequency is suffi-
cient to permit a fair degree of amplification -
naturally, the impedance of the transformer will be
high enough at the higher frequencies transmitted.

Transformer Coupled Audio Frequency Amplifiers.

. Audio transformers to operate between vacuum
tubes have a ratio of transformation-that is, a

"step-up ratio"-of from 2:1 to 8:1. The ampli-
fication to be obtained from a stage would normally
be thought to be the amplification factor of the tube
times the step-up ratio of the transformer. At the
medium frequencies to be amplified, this is true, but
at the low frequencies we are limited by the primary
inductance of the transformer. From the equation
above, it will be seen that, if the primary impedance
is equal to Rp, but half the amplification of the
tube will be realized.

Bias detectors operate at extremely high plate im-
pedances and, in consequence, transformers working
out of the detector stage must have extremely large
primary windings. At the medium frequencies, the
impedance of even a small winding is sufficiently
high to permit of the full amplification being real-
ized. Now at the high frequencies, the gain is af-
fected by the capacitance of the windings them-
selves and of the wiring. Resonance occurs between
the leakage inductance of the windings and this
capacitance, and results in an amplification peak
followed by a rapid cut-off in response as is shown

0
100 1000 10,000

FREQUENCY FIG. 69

in Fig. 69. This curve is that of a commercial trans-
former taken by the writer from a receiver of a
season ago. The high peak is there for the purpose
of compensating for lack in high frequency response
due to the sharpness of tuning in the radio fre-
quency circuits. Referring back to the previous sec-
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tion in which we discussed resonance, it may be
readily seen how this occurs.

Parallel Feed Circuits.

It is possible to improve the low frequency re-
sponse of a transformer by resonance at some low
frequency-you will remember that we made note
of the fact that with series resonance we often ob-
tained large voltages across the individual elements.
Let us suppose that the plate voltage for the ampli-
fier or detector tube is fed through a high resis-
tance or an impedance as shown in Fig. 70, and
that the transformer is coupled to the tube through
a condenser. We then have a series resonant cir-
cuit across the output of the tube composed of the
coupling condenser and the primary inductance of
the transformer. By carefully choosing the value
of the condenser, we can obtain a resonant effect
which will increase the voltage across the primary
at some particular frequency -50 cycles, for exam-
ple-and the result will be a response curve of the
type shown in Fig. 71. It is possible in this man-

FIG.70

ner to achieve good response at the lower frequen-
cies without having a very large primary.

The ratio of a transformer is limited by the bulk
of the winding necessary to obtain satisfactory low
frequency response, since a large winding would
mean a large capacitance and a cut-off of the ampli-
fication at the higher frequencies.

Resistance Coupled Amplifiers.

Resistance coupled amplifiers and the direct -
coupled type do not fall heir to many of these com-
plications and they will be found in many commer-
cial receivers. The resistance coupled amplifier has
a mid -frequency response determined by the load
across the plate circuit of the tube which is equiva-
lent to the parallel value of the grid and plate rez -

10

Q 5
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0
1800 10000

FIG. 71
sistances. The high frequency response is deter-
mined by the point at which the reactance of the
condenser becomes low enough to effectively short-
circuit the resistances. For this reason, the resis-

160

tances must be sufficiently low to prevent this re-
actance from becoming low enough to affect them
at the highest frequency desired. This is shown
diagrammatically in Fig. 72. Note that the load is
composed of R1, R2 and Xc in parallel.

I

RZ xc

F I G.72
Low frequency response in resistance coupled am-

plifiers is determined by the relative values of the
coupling condenser and the grid leak. In Fig. 73, it
is obvious that signal voltage is across the condenser

FIG.73

and leak in series. The two should be chosen in
such a manner that the reactance of the condenser
is never high enough to become appreciable in value
as compared to R2. This means that the higher the
resistance of the grid leak, the lower may be the
value of the condenser.

Direct Coupled Amplifiers.

Direct coupled amplifiers such as the Loftin -
White are found to a great extent in commercial
midget receivers, and in small sound systems. Char-
acteristic of the circuit is the fact that the plate of
one tube is connected directly to the grid of the
succeeding tube. The tube elements are maintained
at their correct relative operating voltages by virtue
of the voltage drop through the various resistances
in the circuit. A commercial application is shown

in Fig. 74.
i2.
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OPERATING DATA ON COMMERCIAL
VACUUM TUBES

HE previous section dealt briefly with the
theoretical knowledge necessary to the service
man who wishes to know more than the ordi-

nary regarding the vacuum tubes which are his stock
in trade. This second section on vacuum tubes will
deal with the actual characteristics of the tubes now
in use.

Although there are many special-purpose tubes
to be found on the American market which are not
listed they are rarely, if ever, found in commercial
receivers-in fact, certain of the tubes to be noted
in these columns are now obsolete but are included
due to the fact that they are still to be found in
some of the older receivers.

Where the designation is that of some particular
manufacturer, no specific advertisement is intended
-credit is merely given that particular manufac-
turer for the courtesy shown in allowing data to be
drawn from certain sources which may not be avail-
able to the man in the field save through these
columns.

'99 and 'X-'99.

These two tubes are employed as general purpose
tubes for radio and audio frequency amplification in
receivers designed for use with dry batteries, the
sole difference between them being in the type of
base employed.

The tubes employ the "thoriated" filament and
are particularly sensitive to filament overload. This
fact makes the use of a filament voltmeter desirable
so that the operator may at all times be sure that
the filaments are not receiving more than their rated
voltage. The extreme delicacy of the filament is
compensated in a measure by the fact that the tubes
respond readily to reactivation. Where the single
tube is used with a bank of dry cells having a ter-
minal voltage of 4.5 volts, a 60 -ohm rheostat is nec-
essary. The correct rheostat for use with three tubes
in parallel under the same conditions is 20 ohms.

As A DETECTOR

When the tube is used as a grid circuit detector,
the plate voltage should be about 45 volts with a
grid condenser of .00025-mf. and a leak of about
3 to 5 megohms. The grid leak should be connected
between the grid and the positive side of the fila-
ment.

As AN AMPLIFIER

When these tubes are used as amplifiers, a grid
bias should be used whenever the plate voltage is
over 45 volts. The following values of grid bias
for various plate voltages are recommended:

Plate Voltage Grid Bias
67.5 -3.0 volts
90.0 -4.5 volts

RATING

Filament Voltage 3.0-3.3 volts
Filament Current 0.060 -0.063 -ampere
Plate Voltage (maximum) 90 volts

AVERAGE CHARACTERISTICS

Plate Voltage 90 volts
Grid Bias Voltage -4.5 volts
Amplification Factor 6.6
Mutual Conductance 15500 micromhos
Plate Resistance 425 ohms
Plate Current 2.5 milliamperes
Undistorted Power Output ...._ 7 milliwatts
Grid -Plate Capacitance 3.3 mmf.

AVERAGE CHARACTERISTIC CURVES
Filament and Emission Characteristics-Fig. 75

shows the change of filament current with various
filament voltages.

Grid Characteristics --Fig. 76 shows the relation
between grid current and grid voltage.
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Plate Characteristics-Fig. 77 shows a family of
plate voltage-plate current curves at various grid
bias voltages.

Mutual Characteristics-Fig. 79 shows a family
of grid voltage -plate current curves for various
plate voltages.

Dynamic Characteristics Fig. 78 shows the ef-
fect of grid voltage upon the amplification factor,
mutual conductance and plate resistance.

'X-'20.

The '20 tube is used as a power output tube in
circuits employing the '99 in the preliminary stages.
Its filament voltage is the same but the current drawn
is twice that drawn in the case of the '99. With a
plate voltage of 135 volts and a bias of --22.5 volts,
the maximum power output obtainable is quite sat-
isfactory for home use in locations where commer-
cial current is not available. Two of these tubes may

be used in push-pull with exceedingly gratifying re-
sults.

It is not necessary to use an output transformer
with this tube and a cushion or spring mounting
need not be provided when it feeds directly into a
loud speaker.

RATING

Filament Voltage 3.0-3.3 volts
Filament Current 0.125 -0.132 -ampere
Plate Voltage (maximum) 135 volts

AVERAGE CHARACTERISTICS
Plate Voltage 90 135 volts
Grid Bias Voltage 16.5 -22.5 volts.
Amplification Factor 3.3 3.3
Mutual Conductance 415 525 micromhos
Plate Resistance 8000 6300 ohms
Plate Current 3 6.5 ohms
Undistorted Power Output. 45 110 milliwatts

AVERAGE CHARACTERISTIC CURVES
Filament Characteristics Fig. 80 shows the

change of filament current with various filament
voltages.

Plate Characteristics-Fig. 82 shows the relation
between the plate current and plate voltage at vari-
ous bias voltages.

Mutual Characteristics-Fig. 81 shows a family
of grid voltage-plate current curves at various
plate voltages.

Dynamic Characteristics-Fig. 83 shows the ef-
fect of grid voltage upon the amplification factor,
mutual conductance and plate resistance.

Output Characteristics-Fig. 84 shows the undis-
torted power output obtainable at various load re-
sistances.
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'01A.

E

This is the "grand old inan" of Radio. It first
appeared on the market when a single tube drew
a full ampere of current at five volts and a three

tube receiver wrought havoc with a storage battery
in a single night of operation. The '01A is still
used in many receivers of quite recent vintage-
particularly those designed for use on direct cur-
rent supply lines. This tube will be found used in
all circuits. It suffers in some measure from the
weakness noted in the case of the '99 but responds
fully as well to reactivation.

AS A DETECTOR

When the 'OlA is used as a detector with grid
leak and condenser, the plate voltage should pre-
ferably be not more than 45 volts. The grid con-
denser should have about 0.00025-mf. capacity and
the grid leak should have a resistance of 2 to 9
megohms, the latter giving greater sensitivity on
very weak signals but with somewhat inferior fidel-
ity.

AS AN AMPLIFIER

The 'OlA, when used as an amplifier, should have
the following recommended grid biases applied
whenever the plate voltage is over 45 volts:

Plate Voltage
67.5 3.0
90.0 4.5

135.0 9.0

Negative Grid Bias

In radio frequency circuits, there is little advan-
tage in using more than 90 volts on the plate and
when used for loud -speaker operation, the plate
voltage should be 135 volts with suitable bias.

RATING

Filament Voltage 5.0 volts
Filament Current .25 -ampere
Plate Voltage (maximum) 135 volts

AVERAGE CHARACTERISTICS

Plate Voltage
Grid Bias Voltage
Amplification Factor
Mutual Conductance
Plate Resistance
Plate Current
Undistorted Power Output.
Grid -Plate Capacitance .

Grid -Filament Capacitance
Plate -Filament Capacitance

90 135 volts
-4.5 -9.0 volts

8.0 8.0
725 800 micromhos
11000 10000 ohms

2.5 3.0 milliamperes
15 55 milliwatts
8.1 mmf.
3.1 mmf.
2.2 mmf.

AVERAGE CHARACTERISTIC CURVES

Filament and Emission Characteristics -Fig. 85
shows the change of filament current and electron
emission with various filament voltages.

Grid Characteristics -Fig. 86 shows the relation
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between grid current and voltage.
Plate Characteristics-Fig. 87 shows a family of

plate voltage-plate current curves at various grid
bias voltages.

Mutual Characteristics-Fig. 89 shows a family
of grid voltage-plate current curves for various
plate voltages.

Dynamic Characteristics-Fig. 88 shows the ef-
fect of grid voltage upon the amplification factor,
mutual conductance and plate resistance.

'12 or '12A.

The '12 and '12A differ only as to the type of
filament employed. Certain other minor differences
may be forgotten. The '12 draws .5 -amp. at 5

volts and the '12A, .25 -amp. at 5 volts. The tube
is ideally suited to use as a general purpose tube
replacing the '01A and in certain cases a distinct
improvement in results may be so gained. Operat-
ing conditions in amplifier circuits are indicated in
the Tube Data Chart.

The tube has been used in some circuits with
alternating current on its filament in the last audio
frequency stage. This is an economy not practiced
today and is only possible because of the use of
push-pull circuits in which the hum voltages pres-
ent in the output stage cancel out. The high ther-
mal inertia of the filament as compared with earlier
tubes helps to make -this type of operation possible.

As A DETECTOR

When grid bias detection is used, plate voltages
up to 180 volts may be applied. The grid bias
should be such that the plate current is about .1 -

milliampere when no signal is being received.
The requirements for grid leak -condenser detec-

tion with the '12A are that the plate voltage should
be not more than 45 volts, the grid condenser should
be about .00025-mf. capacity and the grid leak
should have a resistance of 2 to 9 megohms. For
maximum sensitivity, it is best to use the higher
values of grid leak and for more stable operation,
the lower values should be used.

As AN AMPLIFIER

The '12A may be used as an R.F. or A.F. ampli-
fier and should always be operated with the proper
value of grid bias to secure maximum undistorted
amplification. When used in the last audio stage, the
power output can be calculated from the curve
shown in Fig. 94.

AVERAGE CHARACTERISTICS

Plate Voltage 90 135 180 volts
Grid Bias Voltage -4.5 -9 -13.5 volts
Amplification Factor 8.5 8.5 8.5
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Filament Characteristics-Fig. 90 shows the
change of filament current with various filament
voltages.

Plate Characteristics-Fig. 92 shows the relation
between plate current and plate voltage at various
bias voltages.

Mutual Characteristics-Fig. 91 shows a family
of grid voltage-plate current curves at various
plate voltages.

Dynamic Characteristics- -Fig. 93 shows the ef-
fect of grid voltage upon the amplification factor,
mutual conductance and plate resistance.

Output Characteristics-Fig. 94 shows the undis-
torted power output obtainable at various load re-
sistances.

'71 and '71A.

Here again are two tubes which differ only with
regard to their filament characteristics. The differ-

ence is the same as in the case of the '12. Since

certain of the early A.C. receivers employed these
tubes in the output stage in a single or push-pull
connection, care should be taken in cases where the
"A" type is used in replacement in receivers origi-
nally designed for use with the '71 as the decreased
current consumption may result in too high a fila-
ment voltage where the power transformer has been
economically designed. In case this condition is
found the 5 -volt secondary of the transformer may
be loaded up by short-circuiting it with a 10-ohm
resistance where two tubes were used, or a 20-ohm
resistance where a single '71 was originally em-
ployed.

Grid bias is preferably obtained by the use of a
resistance between the center point of the filament
winding and ground. The resistance required to
give the correct bias at the ordinary plate voltages
found is as follows:

Plate
Volts

90
135
180

Single
Tube

1580 ohms
1685 ohms
2150 ohms

Two tubes
in parallel Total Plate

or Push -Pull Volts required

790 ohms 106.5
840 ohms 162

1075 ohms 220.5

As in all cases where the grid bias is obtained by
snaking the cathode or filament positive with re-
spect to the grid in the manner described above, the
plate voltage must be correspondingly greater as
shown in the table. The filament of the tube is
subject to failure when the plate voltage of 180 is
applied and the voltage should be held down to
135 except in cases where the additional power out-
put is necessary. The '71A is the smallest of the
tubes in which the plate current is far beyond the
limits of the carrying capacity of loud -speaker wind-
ings and some form of output device which pre-
vents the flow of direct current through the speaker
windings is required. These arrangements may be
obtained either through the use of a choke and con-
denser or by means of an output transformer of
such a turns ratio as to match the impedance of the
output load to that of the tube.
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RATING

Filament Voltage 5.0 volts

Filament Current 0.25 -ampere

Plate Voltage (maximtun 180 volts

AVERAGE CHARACTERISTICS

Plate Voltage 90 135 180 volts

Grid Bias Voltage -16.5 -27 -40.5 volts

Amplification Factor 3 3 3

Mutual Conductance 1330 1520 1620 micromhos

Plate Resistance 2250 1960 1850 ohms

Plate Current 12 17.5 20 milliamperes

Undistorted Power Output 125 370 700 milliwatts

AVERAGE CHARACTERISTIC CURVES

Filament Characteristics-Fig. 95 shows the
change of filament current with various filament
voltages.

Plate Characteristics-Fig. 97 shows the relation
between plate current and plate voltage at various
bias voltages.

Mutual Characteristics-Fig. 96 shows a family
of grid voltage-plate current curves at various
plate voltages.

Dynamic Characteristics-Fig. 98 shows the ef-
fect of grid voltage upon the amplification factor,
mutual conductance and plate resistance.

Output Characteristics-Fig. 99 shows the undis-
torted power output obtainable at various load re-
sistances.

'X-'22.

The '22 was the first of the tubes to employ the
screen -grid or shielded -grid principle, in which the
plate of the tube was electrostatically shielded from
the control grid by means of a screen which was
given such a potential, with respect to the plate, as
to permit the shielding effect without any detri-
mental action insofar as the operating characteris-
tics of the tube were concerned. This rube made
possible the construction of high gain stages of
radio frequency amplification without the necessity
for neutralization, but at the same time the high
gain obtainable made it essential that the circuits
and, in most cases, the tubes themselves be shielded
from interaction between the stages.

USE AS DETECTOR
The tube may be used as a detector with grid

leak and grid condenser or with grid bias. Resis-
tance coupling is recommended as giving the most
satisfactory frequency characteristics because of the

high internal resistance of the tube. See Fig. 100 for
recommended circuit.
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USE AS A RADIO FREQUENCY AMPLIFIER

2600

This tube has been especially designed for use as
an R.F. amplifier. When so used, the most import-
ant advantage gained is elimination of all feed -back
through coupling between grid and plate, due to
capacity between these elements. It is also possible
to obtain higher voltage amplification per stage, 25
to 50 in the broadcast range as compared with the
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usual range of 5 to 12 per stage with three -element
tubes.

In the operating range the plate current does not
vary appreciably with changes in plate voltage, this
being due also to the screening effect of the second
grid. As a result, the amplitude of the plate cur-
rent change caused by a signal voltage impressed
on the grid is scarcely affected by an increase in load
resistance. Thus, it is of advantage to use a very
high resistance or impedance in the plate circuit,
in order to obtain high voltage amplification.

The voltage amplification depends only upon two
factors:

A-The mutual conductance of the rube, which
determines the amplitude of the plate current
change, resulting from a signal voltage impressed
on the control grid, and-

B--The load impedance. The voltage across
the output load is directly proportional to the
local impedance, since the amplitude of the sig-
nal current, with moderate loads, remains un-
changed with an increase in impedance. This is
unlike the condition with three -element tubes,
where an increase in load resistance results in -a
decrease in the amplitude of the signal current.
At low radio frequencies, 50 to 100 kilocycles,

it is possible to build up a very high load impedance
by using a tuned plate circuit, and a voltage ampli-
fication of 200 per stage is obtainable. At broadcast
frequencies it is not possible to obtain a sufficiently
high load impedance to realize maximum voltage
amplification, and the values quoted above repre-
sent average results (25 to 50 per stage).

Since the voltage amplification depends only upon
the load impedance and mutual conductance, it may
be quickly computed when these values are known.
The voltage amplification obtained with a load im-
pedance of 100,000 ohms, using a tube having a
value of mutual conductance of 350 micromhos
(.00035 -mho).

Av.=100,000 x .00035=35 per stage.

With 250,000 ohms. Av.=250,000 x .00035=87
per stage.

It is possible to obtain the desired high load im-
pedance by use of a tuned circuit connected in series
with the plate, but it may be preferable to use a
transformer connection with a ratio of 1:1 or
slightly lower so that low frequency disturbances do
not reach the grid of the succeeding tube and to
facilitate the use of ganged condensers for uni-con-
trol. Both connections are shown in the circuit dia-
grams.

Although the internal shielding prevents feed-
back through the tube inter -electrode capacities, this
is only one source of coupling between stages, and
it is necessary to shield the input circuit from the
output circuit. The amount of shielding necessary
will depend upon the voltage amplification per
stage and the circuit design. A metallic shield en-
closing each tuned stage is usually sufficient, as in-
dicated in the circuit diagram. It may be necessary,
if the voltage amplification is high, to place a metal
.cap over the tube, extending to the base, and con-
nected to ground. Clearance for the grid connec-
tion must be provided at the top.

USE AS AN AUDIO FREQENCY AMPLIFIER
The tube may be used as an audio frequency am-

plifier with resistance coupling, the connections
being the same as when the tube is used for radio
frequency amplification, except that the screen -grid
voltage should be lowered to compensate for the
voltage drop in the load, unless a high plate volt-
age is available. With this connection, a voltage
amplification of 35 per stage may be readily ob-
tained with perfectly flat frequency characteristics
down to 50 cycles and below (the lower limit is
fixed only by the size of the blocking condenser) ;
and extending on the high frequency and well above
10,000 cycles.

OPERATING' CONDITIONS
Filament Volts 3.3
Filament Amperes .132
Control Grid Volts (Average) -1.5
Screen -Grid Volts (Average) 45
Plate Volts 90 to 135

AVERAGE TUBE CHARACTERISTICS
Plate Voltage 135 135
Grid Voltage 1.5 -1.5
Screen -Grid Voltage 45 67.5
Amplification Factor 300 290
Plate Resistance (ohms) 850,000 600,000
Mutual Conductance (Mio-romhos) . . 350 480
Plate Current (Ma.) 1.5 3.3

INTER -ELECTRODE CAPACITY
Plate to control grid (max) .025-mmf.

RHEOSTAT RECOMMENDATIONS
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For use with 4.5 -volt dry cells use a 20 to 30 -
ohm rheostat.

For use with 5 -volt tubes; connect a fixed resis-
tance of 15 ohms in series with the filament of the
tube. It may then be connected in parallel with
other 5 -volt tubes; operating from a common rheo-
stat. If placed in the negative lead a tap at 10 ohms
will provide -1.3 volts bias for the control grid.

Modern Dry -Cell Tubes.

Within the past year, the announcement of new
type dry -cell tubes for economical operation in
localities not served with commercial electric ser-
vice has done much to revive the battery -operated.
receiver. Many of the commercial manufacturers
have developed receivers for this market and their
schematics are included in this manual.

'30.

GENERAL PURPOSE TUBE
The '30 is a new general purpose tube designed

to operate in battery receivers where economy of
filament consumption is important. It may be used
as a detector or ampliner and has an appearance
similar to the '99, but has electrical characteristics
which are considerably better. By using the '30
with the '31 (power tube) and '32 (screen -grid
tube) it is possible to construct a modern radio re-
ceiver having screen -grid R.F. amplification and a
power output stage.

CIRCUIT RECOMMENDATIONS

As AN R.F. AMPLIFIER

The '30 may be used in circuits of conventional
design, as a radio frequency amplifier in which case
the grid and plate circuit return should be com-
pleted through correct batteries to the negative fila-
ment terminal of the tube. It is also possible to
reduce the plate voltage to 67.5 volts and the grid
bias to -3.0 volts and still secure proper ampli-
fication.

It is not recommended that a rheostat be used as
a volume control unless provision is made that the
highest voltage applied to the filament is never
above 2.2 volts.

As A DETECTOR
When used as a detector with grid leak and con-

denser, the plate voltage should not be higher than
it 45 and the grid return should be connected to the

positive side of the filament. The grid condenser
should have a capacitance of .00025-mf. and the
grid leak a resistance of from TA. to 5 megohms.
The higher the value of grid leak, the greater will
be the sensitivity on very weak signals, but the
fidelity will be somewhat inferior to that obtained

with the lower value.
The grid bias method of detection is recommend-

ed where better quality and selectivity are desired
at the expense of sensitivity. The following table
gives the approximate grid voltages to be used for
a number of different plate voltages. Plate voltages
above 90 volts should only be used when operating
as a bias detector at the grid bias. recommended
below. The values of Ep are actual plate-filament
voltages. The "B" battery voltage is higher by the
drop in the plate resistance if resistance coupling
is used.

Ep Eg
90 -10.5

135 -15.0
165 -18.0

As AN A.F. AMPLIFIER
As in R.F. amplification, the grid return should

be connected to the negative filament terminal,
when the '30 is used as an A.F. amplifier. With
resistance coupling, the grid resistance should not
be greater than 2 megohms.

OPERATING CONDITIONS

Filament Voltage 2.0 volts

Filament Current 0.06 -ampere

Plate Voltage (maximum) 90 volts

Grid Bias Voltage -4.5 volts

AVERAGE CHARACTERISTICS
Amplification Factor 9.3

Mutual Conductance 700 micromhos

Plate Resistance 13000 ohms

Plate Current 1.8 milliamperes

Maximum Undistorted Power Output 16 milliwatts

Grid -Plate Capacitance 6.0 mmf.

Grid -Filament Capacitance 3.5 mmf.

Plate -Filament Capacitance 2.0 mmf.

AVERAGE CHARACTERISTIC CURVES

Filament Characteristics-Fig. 101 shows the
change of filament current with various filament
voltages.

Grid Characteristics-Fig. 102 shows the relation
between grid current and voltage.

Plate Characteristics-Fig. 103 shows a family of
plate voltage-plate current curves at various grid

bias voltages.
Mutual Characteristics-Fig. 105 shows a family

of grid voltage-plate current curves for various

plate voltages.
Dynamic Characteristics-Fig. 104 shows the ef-

fect of plate current upon the amplification factor,
mutual conductance and plate resistance.

Detector Characteristics-Fig. 106 shows the re-
lation between the radio frequency input and the
audio frequency output, for several percentages of
modulation.
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The '31 is a new power amplifier tube designed
to give good output volume from battery operated
receivers where economy of filament consumption is
important. It is the power output member of the
"Two Volt Line- which has been developed for
economical battery operation. The other tubes in

this line are the '30 (general purpose tube) and the
'32 (screen -grid tube). By employing these three
types of tubes, it is possible to construct a modern
radio receiver employing screen -grid tubes for R.F.
amplification, general purpose tubes for detection
and first audio amplification, and this special tube
for power output purposes.

The power output of '31 is 150 milliwatts, which
is probably sufficient for loud -speaker operation in
portable sets, but where additional loud -speaker
volume is required two of these tubes may be used
in push-pull to give sufficient volume for ordinary
home reception when an efficient loud -speaker is
used.

FILAMENT

The '31 has a coated type filament which operates
at a normal voltage of 2 volts and a current of 130
milliamperes.

AVERAGE CHARACTERISTICS

Amplification Factor 9.3
Mutual Conductance 700 micromhos
Plate Resistance 13000 ohms
Plate Current 1.8 milliamperes
Maximum Undistorted Power Output. 16 milliwatts
Grid -Plate Capacitance 6.0 mmf.
Grid -Filament Capacitance 3.5 mmf.
Plate 2.0 mmf.

AVERAGE CHARACTERISTIC CURVES
Filament Characteristics-Fig. 107 shows the

change of filament current with various filament
voltages.

Plate Characteristics-Fig. 109 shows the relation
between plate current and plate voltage at various
bias voltages.

Mutual Characteristics-Fig. 108 shows a family
of grid voltage-plate current curves at various plate
voltages.

Dynamic Characteristics-Fig. 110 shows the ef-
fect of plate current upon the amplification factor,
mutual conductance and plate resistance.

Output Characteristics-Fig. 111 shows the un-
distorted power output obtainable at various load
resistances.

'32.
SCREEN -GRID TUBE

The '32 is a new screen -grid tube designed for
use as a radio frequency amplifier or detector in
battery operated receivers where economy of fila-
ment consumption is important. This tube, used
with the others of the new "Two Volt Filament"
type, makes possible the construction of a most mod-
ern type of receiver operating with much greater
economy than has heretofore been possible when
using batteries.

4
a
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The amplification factor of the '32 is 580 and the
control grid to plate capacity is 0.020-mmf. This
high amplification factor and low control grid to
plate capacitance makes possible a high voltage am-
plification per stage.

FILAMENT

The '32 has a coated filament which operates at
a normal voltage of 2.0 volts and a current of 60
milliamperes. The filament should be operated in
accordance with the data specified.

Plate Characteristics --Fig. 103 shows a family of
plate voltage-plate current curves at various grid
bias voltages.

Mutual Characteristics-Fig. 105 shows a family
of grid voltage-plate current curves for various

plate voltages.
Dynamic Characteristics-Fig. 104 shows the ef-

fect of plate current upon the amplification factor,
mutual conductance and plate resistance.

Detector Characteristics-Fig. 106 shows the re-
lation between the radio frequency input and the
audio frequency output, for several percentages of

modulation.

'31.
POWER AMPLIFIER

The '31 is a new power amplifier tube designed
to give good output volume from battery operated
receivers where economy of filament consumption is

important. It is the power output member of the

"Two Volt Line" which has been developed for
economical battery operation. The other tubes in
this line are the '30 (general purpose tube) and the
'32 (screen -grid tube). By employing these three
types of tubes, it is possible to construct a modern
radio receiver employing screen -grid tubes for R.F.
amplification, general purpose tubes for detection
and first audio amplification, and this special tube
for power output purposes.

The power output of '31 is 150 milliwatts, which
is probably sufficient for loud -speaker operation in
portable sets, but where additional loud -speaker
volume is required two of these tubes may be used
in push-pull to give sufficient volume for ordinary
home reception when an efficient loud -speaker is

used.
FILAMENT

The '31 has a coated type filament which operates
at a normal voltage of 2 volts and a current of 130
milliamperes.

AVERAGE CHARACTERISTICS

Amplification Factor 9.3

Mutual Conductance 700 micromhos

Plate Resistance 13000 ohms
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Plate Current 1.8 milliamperes
Maximum Undistorted Power Output 16 milliwatts

Grid -Plate Capacitance 6.0 mmf.

Grid -Filament Capacitance 3.5 mmf.

Plate -Filament Capacitance 2.0 mmf.
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AVERAGE CHARACTERISTIC CURVES
Filament Characteristics-Fig. 107 shows the

change of filament current with various filament
voltages.

Plate Characteristics --Fig. 109 shows the relation
between plate current and plate voltage at various
bias voltages.

Mutual Characteristics-Fig. 108 shows a family
of grid voltage-plate current curves at various plate
voltages.

Dynamic Characteristics-Fig. 110 shows the ef-
fect of plate current upon the amplification factor,
mutual conductance and plate resistance.

Output Characteristics-Fig. 111 shows the un-
distorted power output obtainable at various load
resistances,

'32.
SCREEN -GRID TUBE

The '32 is a new screen -grid tube designed for
use as a radio frequency amplifier or detector in
battery operated receivers where economy of fila-
ment consumption is important. This tube, used
with the others of the new "Two Volt Filament"
type, makes possible the construction of a most mod-
ern type of receiver operating with much greater
economy than has heretofore been possible when
using batteries.

The amplification factor of the '32 is 580 and the
control grid to plate capacity is 0.020-mmf. This
high amplification factor and low control grid to
plate capacitance makes possible a high voltage am-
plification per stage.

FILAMENT

The '32 has a coated filament which operates at
a normal voltage of 2.0 volts and a current of 60
milliamperes. The filament should be operated in
accordance with the data specified.

AS AN R.F. AMPLIFIER

Stable operation of this screen -grid tube in cir-
cuits designed to give maximum gain per stage, re-
quires separation of the input and output circuit
elements. Internal shielding of the screen makes
neutralization of the plate to grid capacity unneces-
sary. However, the high amplifying ability of this
tube makes it essential to prevent external coupling
between circuit elements if the full capabilities of
the tube are to be obtained. In general, with multi-
stage amplifier circuits, it is necessary to use com-
plete stage shielding including all the components
of each stage. It is particularly necessary to shield
the control -grid circuit from the plate circuit.

The use of filters in all leads entering the stage
shields may be necessary in high gain amplifiers to
reduce coupling in external parts of the circuits. In

the construction of filters for the screen circuit, a
by-pass condenser should be provided to keep the
impedance from screen to ground as low as pos-
sible.

In general, properly designed radio frequency
transformers are preferable to impedances for inter -

stage coupling. If, however, impedance coupling is
used, the grid resistance should not exceed 2.0 meg-
ohms.

As A DETECTOR

The '32 may be used as a detector providing the
audio amplification is comparatively low in order to
prevent microphonic disturbances. The audio gain
permissible depends on the type of cabinet, speaker
design, and power output capabilities of the power
output tubes. In any circuit a cushion type socket
is recommended. The following operating condi-
tions are suggested:

Plate Load Resistor 100000 100000
Screen -Grid Voltage 67.5 45
Control Grid Bias Voltage -6 -4.0

The Plate Battery Supply Voltage may be either
135 or 157.5 volts.

In addition to its recommended application as a
screen -grid -radio -frequency amplifier, this new tube
may be employed in experimental circuits wherever
a double grid, four -electrode tube is desired.

In circuits designed for the '22, the '32 may be
substituted providing the filament and grid circuit
voltages are altered to conform to the requirements
of this new tube. A typical circuit diagram using
the '32 as an R.F. amplifier is shown in Fig. 119.

OPERATING CONDITIONS

Filament Voltage 2.0 volts
Filament Current 0.06 -ampere
Plate Voltage 135 volts
Control Grid Voltage -3 volts
Screen -Grid Voltage 67.5 volts

AVERAGE CHARACTERISTICS

Amplification Factor 580
Mutual Conductance 505 micromhos
Plate Resistance 1150000 ohms
Plate Current 1.4 milliamperes
Grid -Plate Capacitance 0.020-mmf.
Input Capacitance 6.0 mmf.
Output Capacitance 11.0 mmf.

AVERAGE CHARACTERISTIC CURVES

Filament Characteristics-Fig. 112 shows the
change of filament current with various filament
voltages.

Inter -Electrode Characteristics-Figs. 113, 114
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and 115 show the relations existing between the
plate, control grid and screen -grid by means of the
following curves:

Plate Voltage-Plate Current Fig. 114
Plate Voltage-Screen Grid Current Fig. 114
Control Grid Voltage-Plate Current Fig. 113
Control Grid Voltage-Screen-Grid Current . Fig. 113
Screen -Grid Voltage-Plate Current Fig. 115
Screen -Grid Voltage-Screen-Grid Current . . Fig. 115

Dynamic Characteristics-Figs. 117 and 118 show
the effect of control grid and screen -grid voltage
(respectively) upon the amplification factor, mutual
conductance and plate resistance of the '32.

Detection Characteristics-Fig. 116 shows the re-
lation between the radio frequency input and the
audio frequency output, for several percentages of
modulation.
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Alternating Current Tubes.

The tubes mentioned up to this point are suitable
for use with batteries, as in no case do the power
demands exceed the limits of the standard types of
storage "A" batteries or the usual "B" batteries.
With the exception of the special purpose tubes
mentioned in the latter portion of this section, the
tubes to follow place such demands upon the power
supply equipment as to render the use of batteries
uneconomical except in special services where
peculiar situations demand their use.

'X-'26.

The '26 tube was originally designed for use in
conjunction with the '27 in circuits where the lat-
ter was employed as the detector and special output
tubes in the output stage. Recent developments
have made the '26 obsolete-foremost among them
being the cheapening of the '27 which was origi-
nally too high in price to be economical for use
throughout a multi -tube receiver.

The '26 has an exceptionally sturdy filament
which has a high degree of thermal inertia-which
means, as has been explained before, that the cool-
ing is so slow as not to follow the variations in
applied voltage due to the alternating current cycle.
Except for the fact that the filament draws a high
current at a relatively low voltage, the tube does
not differ materially from the ordinary three-element
tube. Because of the extreme sensitivity of detector
circuits to the effects of hum, the rube was never
employed in detector circuits.

When used as an amplifier, the grid return is, in
most cases, made to ground and the grid bias ob-
tained by making the filament positive with respect
to the grid by inserting a resistance of the required
value between the center tap of the filament wind-
ing and ground. This gives the grid a bias equal

6 a

J6

to the voltage drop through the biasing resistance
due to the total plate current flowing through it.
It is essential that the center tap of the transformer,
or of its shunting resistance, be accurate if no hum
is to result. In most of the original A.C. receivers,
this center tap was adjustable.

OPERATING CONDITIONS

Filament Volts 1.5
Filament Amperes 1.05
Plate Volts 90 135 180
Grid Voltage 6.0 -9.0 -13.5

AVERAGE TUBE CHARACTERISTICS
Plate Voltage
Grid Voltage

90
-6.0

135

-9.0
180

-13.5
C Bias Resistor 1700 1500 1800 ohms
Amplification Factor . . 8.2 8.2 8.2
Plate Resistance 8600 7200 7000 ohms
Mutual Conductance 955 1135 1170 micromhos
Plate Current 3 8 6.3 7.4 milliamperes
Undistcrrted Output 30 80 180 milliwatts

The higher plate voltages are recommended only
where the signal input to a particular stage might be
large enough to cause overloading or a flow of gold
current.

USE As AN AMPLIFIER

Operation as an amplifier for either A.F. or R.F.
is essentially the same as for the '01A. The electrical
characteristics are substantially the same and ordi-
narily do not require any changes in the character-
istics of the A.F. and R.F. transformers as previ-
ously employed with the '01A. Grid and plate re-
turn leads should be connected to the movable arm
of a low resistance potentiometer connected across
the filament, and in operation this arm should be
adjusted for minimum hum.

1/4
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The '26 cannot be used satisfactorily as a bias
detector when operated from alternating currents as
the hum present under such conditions is objection-
able.

CURVES AND DIAGRAMS

The variation of filament current with filament
voltage is shown in Fig. 120.

The relation between plate current and plate volt-
age at several values of bias is shown in Fig. 121
From this curve it is possible to determine approxi-
mately the plate current under given conditions of
grid and plate voltage.

Fig. 122 shows the variation of plate current
with grid voltage for various values of plate volt-
age.

The effect of plate voltage upon amplification
factor, plate resistance and mutual conductance at
various grid bias voltages is shown in Fig. 123.

'Y-'27.

The '27 was originally intended for use as a de-
tector in conjunction with the '26 and one of the
power output tubes described here. As production
of the tube increased, the list price of the tube fell
and it became possible to use the tube throughout
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receivers. A considerable gain in sensitivity and in
lack of hum resulted, as the '27 is of the indirect
heater type in which the alternating current used in
heating the cathode does not flow directly in the
cathode circuit, but is insulated therefrom by a small
ceramic sleeve which readily transmits the heat to
the cathode proper.

The original indirect heater tubes required some
thirty or forty seconds to reach their operating tem-
perature and some annoyance was experienced be-

cause of the delay. Judicious cutting down of the
material insulating the heater from the cathode and
improvement of its thermal characteristics has re-
sulted in considerable improvement in this time lag,
and the present tubes heat. up to their operating
temperature in from five to six seconds.

Although the heater is rated at 2.5 volts at 1.75
amperes, it may be operated at considerably lower
voltages as the maximum electron emission obtains
at a filament voltage of about 1.9. Although per-
fect operation is achieved with this low voltage, the
heating time is considerably increased. It will be
noted in many receivers that .the '27 is operated at
some voltage between 1.9 and 2.5.

It is essential that the tube should not be operated
at a voltage higher than 2.6 as the intense heat gen-
erated will, after a short period of operation, be
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sufficient to make the grid emit electrons-this is
termed grid emission and is ruinous to reception. If
you should, in the course of your travels, find a re-
ceiver which works well when first switcned on but
gradually loses volume, it is highly probable that
the heater voltage is too high and that grid emission
is taking place.

Before leaving the subject of the '27 cathode it
should be noted that some of these tubes are found
with thermostatic open circuits. That is to say, that
while the tube is operating at a low temperature as
when first switched on, there will be no trouble in-
dicated, but as the temperature within the tube in-
creases, expansion of the elements will cause an open
circuit which will cut out the signal entirely until
the tube cools off to a low enough temperature for
contraction of the elements to complete the circuit
again. This intermittent operation is easily recog-
nized when met and a knowledge of the fact that
such a Condition may possibly exist is all that is
needed to cure the fault.

Operation of the '27 as an audio frequency or
radio frequency amplifier is described in the Data
Chart. It may also be operated as a grid circuit
detector with a plate voltage of 45 and a grid con-
denser and leak of .00025-mf. and 2 megohms, re-
spectively. Operation as a "bias" detector requires
the use of a biasing resistor of from 20,000 to
100,000 ohms in series with the cathode circuit. The
higher the value of this resistance, the greater will
be the allowable signal on the grid before distor-
tion occurs. The tube may be operated as a power
grid detector with 180 volts on the plate, and a
grid condenser and leak of .0001-mf. and 100,000
ohms, respectively. This last type of operation gives
the greatest freedom from distortion of all types of
detectors.

Grid bias is obtained by inserting a by-passed re-
sistance in series with the cathodes so that the plate
current flowing through the resistance will create a
voltage drop sufficient to place the cathode at the
required potential positive with respect to ground.
In such case, the grid return is brought directly to
ground.

Although it is not recommended, the '27 may be
used as a power output tube in cases where no large
degree of volume is demanded. In this mode of
operation the plate voltage is 180 and the grid bias
-13.5 volts.

The '27 may not be operated as a radio frequency
amplifier unless measures are taken either to pre-
vent oscillation by the so-called "losser" methods or
by some system of balancing out the inter -electrode
capacity of the tube.

Although the center tap of the heater winding of
the power transformer is normally grounded, there
are cases where the heaters are on the same winding
as the '45 output tubes and are at the same potential
as the '45 filaments-about 50 volts positive with

respect to ground. This should be taken into account
when making measurements on the '27 circuits. In
cases of obstinate hum, a cure may at times be
effected by deliberately making the heaters positive
with respect to the cathodes by returning their center
tap to some point on the voltage divider rather than
directly to ground.

Plate Volts

OPERATING CONDITIONS

Detection Amplification
Grid Leak Grid Bias Grid Bias

(Megs) (Volts) _ (Volts)
45 2 -5.0
90 -10.0 -.60

135 -15.0 -9.0
180 -20.0 -13.5

CURVES AND DIAGRAMS

Fig. 124 shows the variation of filament current
with filament voltage.

Fig. 125 shows the variation of plate current with
plate voltage for various values of bias voltage.

Fig. 126 shows the variation of plate current with
grid voltage for various values of plate voltage.

Fig. 127 shows the variation of amplification fac-
tor, plate resistance and mutual conductance with
grid voltage for various values of plate voltage.

Fig. 128 shows the detector action as a grid leak
detector with plate voltage of 45 volts, 2-meg grid
leak and for 22% modulations.

Fig. 129 shows the detector action of the '27 oper-
ating as.a bias detector under various voltage condi-
tions, with a plate load of 200,000 ohms and 22%
modulation. The star marked on each curve indi-
cates the point at which grid current begins to flow.

'Y-'24.

The '24 is a screen -grid tube with the same heater -
cathode structure as the '27. The other elements are
so proportioned as to have a definite gain over the
structure of the '22 in so far as possible amplification
is concerned. The control grid is brought out
through the cap and the screen -grid is connected to
the terminal provided for the grid in the case of the
'27.

OPERATING CONDITIONS

Heater voltage 2.5
Heater current 1.75
Plate voltage 180
Control grid voltage -1.5
Screen -grid voltage 75

2.5 volts
1.75 amperes
180 volts maximum
-3.0 volts maximum
90 volts maximum

AVERAGE TUBE CHARACTERISTICS

Tube characteristics at above operating conditions
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Amplification factor 420 400
Plate resistance 400,000 400,000 ohms
Mutual conductance 1,050 1,000 micromhos
Plate current 4.0 4.0 milliamperes

USE AS A RADIO FREQUENCY AMPLIFIER

In order to obtain stable operation in circuits de-
signed to give normal gain per stage, it is necessary
to use shielding to separate the input and output cir-
cuits. The internal shielding of the tube makes neu-
tralization unnecessary, providing extraneous ex-
ternal couplings are eliminated by means of shield-
ing. Suitable ventilation must be provided through
the shielding to prevent excessive tube temperatures.
Radio frequency filters should be used in circuits em-
ploying more than two stages and also in circuits
which are designed 'to give the maximum amplifica-
tion per stage. The high plate circuit impedance
necessary for obtaining the normal amplification may
be obtained either with closely coupled R.F. trans-
formers or by means of the tuned plate impedance
method. At broadcast frequencies, a voltage ampli-
fication from 50 to 100 per stage can be obtained. To
prevent regeneration or oscillation in a two -stage
radio frequency amplifier, the amplification should
not exceed 100 per stage at the highest broadcast
frequencies.

The volume of the R.F. amplifier may be con-
trolled by a potentiometer control on the screen -grid
voltage so that the screen -grid voltage maybe varied
between zero and plus 75 volts. Control grid voltage
adjustment may also be used as volume control pro-
viding the control grid bias is always greater than
1.5 volts negative. The negative grid bias maintains
high input resistance, resulting in good gain and
selectivity of the preceding circuit.

USE AS A DETECTOR

The '24 is an excellent bias detector either with
small signal or high signal input. The screen -grid
voltage and control grid bias should be so chosen that
the control grid does not swing to a point where grid
current is drawn. For small R.F. signals when a first
audio stage is used, it is best to operate the screen -
grid at 35 or 45 volts and the control grid at minus
3.5 or 4.5 volts, respectively. The output under this
condition into a 200,000 -ohm load choke fed with one
volt R.M.S. radio frequency input modulated 22%,
is 5.5 volts R.M.S. audio output. With 75 volts on the
screen -grid and a control grid bias voltage of 7.5
volts, the audio output at the point where grid cur-
rent starts is 49.5 R.M.S. audio voltage output with
an input of 4.28 volts R.M.S. with 22% modulation.
This is more than sufficient to operate a '45 to full
output by means of direct coupling; or two '45 tubes
in push-pull by means of a low gain audio stage.

CURVES AND DATA

Fig. 130 shows the filament current and emission
variation with filament voltage.

Fig. 131 shows the average plate current over a
range of screen -grid voltages at various control grid
voltages. A curve also of the screen -grid current is
plotted for the control grid voltage of negative 1.5
volts.

Fig. 132 shows the variation of amplification fac-
tor, plate resistance, and mutual conductance for
various control grid voltages at screen -grid voltages
of 75 volts and plate voltage of 180 volts.

Fig. 133 shows the variation of amplification fac-
tor, plate resistance, and mutual conductance with
various screen -grid voltages at a control voltage of
minus 1.5 volts and plate voltage of 180 volts.

Fig. 134 shows the variation of nlate current with
plate voltage for various control grid voltages at
screen -grid voltage of plus 75 volts.

Fig. 135 is similar to Fig. 134 except it has been
plotted with a screen -grid voltage of plus 45 volts.

Fig. 136 shows the detector action in audio fre-
quency volts output against radio frequency input,
both measured in R.M.S. volts. The point where grid
current starts to flow is noted on each curve. Curve
A was taken at a plate voltage of 180 volts, a screen
voltage of plus 45 volts and a control grid voltage of
minus The plate voltage was fed through
a high impedance choke and the resistance load so
chosen to give a total plate circuit impedance of 200,-
000 ohms with a power factor of .96. The D.C. re-
sistance of the choke was 3,000 ohms. Curve B was

. taken with the same circuit at a screen -grid voltage of
plus 75 volts and control grid voltage of minus 7.5
volts.

While the high impedance tube is inherently pos-
sible of greater selectivity than the three -element
tube, there are certain characteristics peculiar to the
tube which make the apparent selectivity less. These
are the effects of cross -modulation or "cross -talk"
and of beat interference.

Because of its high amplification, the screen -grid
tube is subject to the effects of cross -modulation as it
requires but a slightly hieher applied voltage on the
grid of the tube to cause it to operate in the region
favorable to detection. It will be noted from the
preceding data, that the bias required for detection
is but 4.5 volts. The voltage developed across the
grid circuit of the first tube by a strong local signal
is often sufficient to operate the tube as a detector
even though the circuits are tuned to some frequency
greatly removed from the interfering signal. Varia-
tions in the intensity of the interfering signal serve
to modulate the desired signal accordingly, and the
signal to which we are tuned is doubly modulated-
once by its own modulation, and once by that of the
interfering signal. Once this cross -modulation takes
place, no ambunt of selectivity in the succeeding cir-
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cuits will serve to rid us of it as it is actually im-
pressed upon the desired signal. To avoid this, it is
now standard practice to employ -band-selector- or
coupled circuit systems between the antenna and the
first tube; these are an absolute necessity to success-
ful operation of the screen -grid tube.

If two such local signals are impressed upon the
grid of the first tube they will create beats, or secon-
dary signals, having frequencies equal to the sum and
difference of the two original signals. Thus, two
signals at 550 and 900 kc. will produce beats at 350
and 1450 kc., the latter of which will appear in the
receiver as a signal modulated by the modulations of
both the original signals intermingled. It may readily
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be seen that every precaution must be taken to pre-
vent the appearance of strong locals across the input
circuit of the first tube, and the use of at least two
tuned circuits between the antenna and the first grid
are necessary. The effects noted obtain only when
the local signals are of sufficient intensity to operate
the tube on a portion of its characteristic curve favor-
able to detection. The effects are not noticeable to a
great degree with tubes other than the '22 or '24.

POWER OUTPUT TUBES

It has been fairly obvious throughout the previous
discussion that the vacuum tube is a voltage operated
device. Little or no power is consumed in the grid
circuit of a vacuum tube and the sole purpose of the
R.F. and A.F. amplifiers is to obtain the largest pos-
sible voltage output.

The loud speaker, however, is a power -consuming
device and the purpose of the output tube, or last
tube in the chain, is to provide the greatest power
possible for the operation of the speaker. It is, of
course, essential that the power supplied be free from
distortion in as great a degree as possible and, as we
noted in the definitions, the maximum undistorted
power output is obtained when the load impedance is
twice the output impedance of the tube except in the
case of pentodes. The impedance of the tube is prac-
tically invariable over the range of frequencies em-
ployed but the impedance of the speaker is a variable
factor and it is usual to take the speaker impedance
at 200 cycles as the criterion in design. This may
vary from about 5000 ohms in the case of the mag-
netic speaker to 15 ohms in the case of the dynamic
type.

It is necessary that a transformer be used to match
the impedance of the tube to that of the speaker, and
the formula for.obtaining a condition where the load
of a power tube will be twice its own impedance is
as follows:

T = 12 P

Rs

Where T is the turns ratio of the transformer, Rp
the tube impedance, and R1 the impedance of the
loud -speaker winding at 200 cycles.

As an example let us assume that we desire to
match the impedance of a '71A tube to a speaker
having an impedance of 15 ohms. The impedance of
the tube is 1850 ohms. Then by the formula

1W,700
15

--approximately 15.7
Where two tubes are in push-pull, the total tube
impedance is double that of a single tube and the
turns ratio of the transformer would be about 22.2.

The characteristics of output tubes involve rela-
tively low plate impedance-high plate voltage and
plate current and a high mutual conductance. It
should be remembered that the signal voltage as
measured by instruments in the grid circuit of the
output tube is in R.M.S. readings, while the peak
voltage is what swamps out the grid bias and per-
mits distortion to occur by operating the tube on a
curved portion of its characteristic curve. This means
that we should never apply a voltage to the grid of a
tube whose peak value exceeds the value of the bias.

The figures given in the Data Chart for the undis-
torted power output are those of the maximum ob-
tainable with the tube without operating the tube or
a curved portion of the characteristic.

It is often desirable to know what power output is
obtained from a tube when the signal is not of the
maximum allowable intensity. This figure may be
obtained from the formula

P-
P=2 (uEg) 2x1000

9Rp

where P is the power output in milliwatts, u. the
amplification factor of the tube, Eg the value of the
signal in R.M.S. volts, and Rp the plate impedance
of the tube. Suppose that we wish to find the power
output of a '71A with an input signal of 20 volts
(R.M.S.) From the equation

P=

P-

P=,2x(60)z 1000

16630

7200,000

16630

or P-432 milliwatts

There are certain advantages incident to the opera-
tion of tubes in push-pull which are not generally
understood. In the first place the D.C. forces in the
output transformer cancel out and permit of consider-
able economy of design and improved quality.

Secondly, no signal voltages are flowing in either
the plate voltage circuit or in the grid biasing circuit.
For this reason there is no necessity for by-passing in
either circuit.

We might leave the discussion of the push-pull cir-
cuit here, while its advantages are rresn in our minds,
to note that the biasing of power tubes should be
such that normally no change in the plate current
takes place under the influence of an applied signal.
A fluctuation in plate current when a signal is
present indicates overloading of the tube.

By-passing of the biasing resistances in all amplifier
tubes should be sufficient to effectively short-circuit
the bias resistance so far as all low frequencies are

1 AT
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Ii
concerned. In the case of the '71A, it is possible that
the response is desired perfect as low as 50 cycles.
With a biasing resistance of 2150 ohms, this means
that a condenser of at least 15 microfarads would be
necessary to effectively short-circuit the biasing re-
sistance. This is on the basis of a condenser re-
actance of 212 ohms at 50 cycles. Otherwise, a signal
exactly out of step with the input would appear
across the biasing resistance in opposition to the in-
put signal which would "buck out" the incoming low
frequency signals.

'X-'10.

The '10 is a power output tube of relatively high
impedance for use in A.C. receivers and low power
transmitters. Its characteristics are fully described in
the Data Chart. Subsequently released tubes, because
of their improved power efficiency, have rendered the
10 somewhat obsolete.

RATING

Filament Volts 7.5
Filament Amperes 1.25
Type Thoriated Tungsten

AVERAGE CHARACTERISTICS

Plate Voltage 425 volts
Plate Current .018 -ampere
Amplification Factor 8
Plate Resistance 5000 ohms
Mutual Conductance 1600 micromhos
Control Grid Voltage 35 volts
Load Impedance in ohms 10000
Output (5% second harmonic) 1.6 watts

'X-'45.

The '45 tube is the power output tube found in
most of the modern receivers. Inasmuch as its undis-
torted power output of 4.5 watts, when two tubes are
connected in push-pull, is sufficient to fill a good-
sized auditorium, there is little reason why a larger
tube should be desired in the average radio receiver.
The characteristics of the '45 are such as to make it
useless in positions other than in the output, al-
though in certain power amplifiers requiring a large
signal at the output, the '45 has been used as an in-
termediate A.F, stage. The filament is to be operated
at not more than 5% above or below its normal rat-
ing. Operation of the tube without grid bias will
result in the destruction of the filament due to the
heavy current drawn. The biasing resistance with
250 volts on the plate is 1470 ohms, and with 180
volts is 1380 ohms. Total plate voltage required in
the first case is 300 volts, and in the second, 214.5
volts. When connected with the bias obtained by the
drop due to the plate current flowing through a re-

sistance, the arrangement will effectively compensate
for minor changes in line voltage. Note that in push-
pull circuits, just half the normal biasing resistance
is required.

OPERATING CONDITIONS

Filament Volts 2.

Filament Amperes 1.5

Plate Volts 180 250
Grid Voltage (A.C.Fila.) 34.5 -50

AVERAGE TUBE CHARACTERISTICS

Plate Voltage 180
Grid Voltage (A.C.

Fila.) -34.5
C Bias Resistor 1380
Amplification Factor 3.5
Plate Resistance 1900
Mutual Conductance 1850
Plate Current 27
Undistorted Output 780

250

-50
1470 ohms

3.5
1750 dhms
2000 micromhos

34 milliamperes
1600 milliwatts

The curve of Fig. 137 shows the average filament
current of type '45.

Fig. 138 gives the average plate current over a
range of plate voltages at zero grid bias.

Fig. 139 shows the amplification factor (Mu),
plate resistance (rp), and mutual conductance
(Gm), plotted in relation to grid voltage at plate
voltage of 180 volts.

Fig. 140 shows the amplification factor (Mu),
plate resistance (rp), and mutual conductance
(Gm), plotted in relation to grid voltage at plate
voltage of 250 volts.

Many times it is convenient to know the tube char-
acteristics when the plate current only is known at
an approximate value of plate voltage. For this rea-
son we have included Fig. 141 which shows the
various characteristics plotted against plate current.
At the normal operating current, there is little dif-
ference between the various values, but at the lower
plate currents the variations are somewhat greater.

Fig. 142 shows the family of plate current-plate
voltage curves which are useful in calculating power
output and determining the proper "C" battery vol-
tages for definite plate currents. If A.C. filament
operation is used, add 1.5 volts to the grid bias
values given on the curves.

'X-'50.

The '50 rube is employed either singly or in push-
pull in many of the receivers now in use. The re-
marks passed regarding the '45 apply in full to the
'50. It is essential that the resistance in the grid cir-
cuit of the tube be kept low to avoid decrease in bias
due to the flow of grid current as the tube is not
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entirely free from gas. This makes the use of the
tube as a resistance coupled amplifier impossible un-
less it succeeds a tube of low plate impedance such
as the '45. In this case a grid resistance of sufficiently
low value may be employed without seriously affect-
ing the gain of the preceding tube.

The life of the '50 is seriously limited by operation
at its maximum plate voltage and this is not usually
done except where large output is the paramount
consideration. Biasing resistances and total voltages
required for operation at various plate voltages
follow:
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Plate Voltage Bias Resistance Total Voltage
250 1600 295

350 1400 413
400 1300 470
450 1550 534

Resistance values are halved where two tubes are
operated in parallel or in push-pull at the voltages
specified.

OPERATING CONDITIONS

Filament Volts 7.5
Filament Amperes 1.25

Plate Volts (Max.) 450.
Plate Current (Max.) 55 ma.
Grid Volts See Table

AVERAGE TUBE CHARACTERISTIC
Bias Undis.
Res- Power

Plate
Volts

Grid
Bias Mu

Plate
Resis.

Mut.
Cond.

Plate istor O'put
Ma. Ohms Mw.

250 -45 3.8 2100 1800 28 1600 1000

350 -63 3.8 1900 2000 45 1400 2400

400 -70 3.8 1800 2100 55 1300 3400

450 -84 3.8 1800 2100 55 1550 4600

USE

Maximum life is obtained from the '50 when the
tube is used at conservative plate voltages. Voltages
between 250 and 400 volts are recommended, and
the voltage must not exceed a maximum value of
450 volts. When the tube is used in place of the '10
(as noted below circuit changes should be made
before the tube is substituted for this type) the plate
voltage need not exceed 300 volts if the power output
obtainable from the '10 operated at 425 volts has
proved adequate. Thus for equivalent power output
a considerably lower plate voltage may be used with
the '50, the total required for the tube and grid bias-
ing voltage being 300+54, or 354 volts as compared
with 425+ 35 or 460 volts for the '10.

The higher current required by the '50 can be con-
veniently supplied by an '81 rectifier (or by two such
tubes with full wave connection). The average plate
current required ranges from 28 ma. at 250 volts to
55 ma. at 400 volts. Since the '81 is rated at 85 ma.
output (see Fig. 146) sufficient margin is available
so that the same rectifier used for the '50 may also
supply the plate current required by the remaining
tubes in the receiver.

The grid bias must be applied at all times while
the tube is in operation. If the grid circuit is opened
the plate current will increase to a high value, over-
loading both the power tube and particularly the
rectifier tube-if the current is supplied from such
source-and is very apt to cause burn -out of the fila-

ment in the latter. It is very desirable to protect both
by a fuse, or similar device, operating at about .1 -
ampere, and which should be placed in the rectifier
circuit -between the rectifier and the 'filter. It is pos-
sible to use the .1 -ampere 6 -volt dial lamp, type T3,
which, although not designed for high voltage, will
usually break the circuit.

The coated filament is not affected by traces of gas,
and a slight blue glow will not impair or affect the
performance of the tube provided the resistance in
the grid circuit is kept low, preferably not over 10,-
000 ohms, to avoid a decrease in bias which may
otherwise result from the flow of gas current to the
grid. The tube is not intended for use in resistance
coupled amplifiers.

It is desirable that the bias required by the tube be
supplied from the drop across a resistor in series with
the -B return. It will be found that this connection
compensates almost completely for changes in plate
voltage which may occur as a result of line voltage
variations, as an increase in plate voltage causes a
small increase in plate current which in turn raises
the applied "C" bias sufficiently to compensate for
the new value of plate voltage, thus maintaining the
proper operating condition at all times. If a decrease
in voltage occurs, the reverse action takes place. This
desirable operating condition is sacrificed if a fixed
"C" bias derived from a battery or other source is
provided, as in such cases a decrease in plate voltage
will cause a large decrease in plate current which will
greatly reduce the power output obtainable from the
tube, while an increase in plate voltage will over-
load the tube.

A low resistance output choke with a condenser, or
a transformer capable, of handling the heavy plate
current of the '50 without saturation of the core, or
overheating of the windings must be provided for
this tube to prevent excessive voltage drop in the
plate circuit and to protect the loud -speaker
windings.

CURVES AND DATA

The curves, Fig. 143, show the average filament
current and the filament emission of type '50.

Fig. 144 gives the average plate current over a
range of plate voltages, with no applied grid bias.
In taking this data, the grid return was connected
to the midpoint of the filament, and for this reason
the plate current does not reach zero until a negatiye
plate voltage is applied.

Fig. 145 shows the amplification factor (Mu),
plate resistance (rp), and mutual conductance
(Gm), plotted as a function of plate current. This
method of showing tube characteristics is convenient,
since a single measurement, that of plate current,
suffices to determine the operating point.

Fig. 146, furnished for convenient reference, shows
the voltage and current output of the '81 at various
loads: The full lines show the output of a single '81

IV" V
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with the usual filter arrangement, while the dotted
lines show the output obtained from two '81 tubes in
a full -wave rectifier, using a filter in which the first
filter condenser is omitted: The ER drop in the filter
must be taken into consideration before this data is
complete. As soon as the resistance of the filter
chokes is measured the output voltage obtainable can
be computed.

'40.

This tube is a high impedance tube with a high
amplification factor for use in resistance coupled am-
plifier circuits where a filament supply of 5 volts is
available. It may also be used as an R.F. amplifier
in circuits specially designed for it. The tube is also
a good detector under like conditions. The tube is
now almost obsolete and, to the writer's knowledge,
was employed in but one commercial receiver.

SPECIAL PURPOSE TUBES

'00 and '00A.

These tubes were originally intended for use as
detectors in radio receivers. The first was a gassy, or
poorly evacuated, type and the second was purposely
filled with gas. Both are now obsolete and they
will probably not be found once in ten thousand
service calls. The tubes were extremely sensitive de-
tectors but were not in the "high quality" class now
so necessary. Critical voltage adjustment was their
most notable requirement and you may remember
the 22.5 volt "B" batteries with taps at 16 volts and
on up for adjustment of the detector plate voltage.
In no receiver that the writer can remember from the
earliest days onward, were the full advantages of
either of these tubes employed save in the case of the
Garod "coffin" neutrodyne. This set was quite or-
dinary in performance with an '01A as detector, but
with an '00 type it stepped out into the far reaches of
the country when the critical adjustment was
achieved. If ever you come upon one of these mon-
ster old receivers and want a real demonstration of
what the "old-timers" were capable of, dig up a '00
detector, put 16 volts of "B" on it and twiddle the
detector rheostat while your two helpers adjust the
tuning controls. Then thank the particular "Djin"
who watches over radio men for John V. L. Hogan
and single -control.

'X-'74.
OUTPUT VOLTAGE REGULATOR

The '74 is a special "glow" type voltage regulator
designed for service in "B" supply units where great
flexibility in output is- required or where the A.C.
line voltage varies over rather wide limits. This tube
accomplishes voltage regulation from its characteris-

tic that on any current flow from 10 to 50 milliam-
peres the tube develops a constant voltage averaging
90 volts. It consists of two elements,(an anode and a
cathode) in a gas -filled space and shows a pro-
nounced glow when in operation.

CIRCUIT REQUIREMENTS

This tube cannot be used without a series re-
sistance to limit the maximum current to 50 milli-
amperes. The application of the tube to a typical
"B" supply unit is shown in Fig. 147. If the tube
connections are reversed a bright glow will occur at
the small terminal, and the connections should be
corrected. Proper results will not be obtained unless
connections are made as indicated in the diagram.
The terminals which would normally be "A -F" and
"plate" are connected together in the base of the tube
and this short-circuited connection may be used as a
line switch in the transformer primary. With this
connection, the eliminator cannot be turned on until
the '74 tube is inserted in the socket nor can the
tubes be interchanged in such a way as to damage
either the equipment or tubes themselves. If a recti-
fier or power tube is inserted in the socket intended
for the '74, the transformer primary will remain open
and no power will flow to the equipment.

Two '74 tubed may be placed in series to obtain
180 volts, a center tap between the two tubes then
providing 90 volts.

RATING

Rated Voltage 90 volts D.C.
Starting Voltage 125 volts D.C.
D.C. Current 10-50 milliamperes

'76 and '86

The '76 and '86 are Iron filament tubes with the
filament in a hydrogen atmosphere. They develop
considerable heat in operation and are placed in a
metal chimney for the purpose of creating a cooling
draft and for protection of the operator from flying
glass in the event of breakage. Do not work in the
vicinity of these tubes unless the protective screen-
ing is in place, as a slight jar may fracture the glass
and allow the hydrogen to ignite. A terrific de-
tonation will result. This warning should therefore
be taken into full account in working with equipment
in which these tubes are placed. Their purpose is
that of voltage regulation in the primary circuit of
power transformers. They incur a voltage drop of
about 50 volts and the power equipment used with
them is designed accordingly. Apparatus designed
for use at 60 cycles with the '76 can be employed on
40 cycle lines by the substitution of the '86. The
circuit arrangement of a power supply circuit em-
ploying these tubes and the '74 appears in Fig. 147.
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The '77 tube is a protective device placed in the
negative "B" battery lead of receivers using '99 tubes.
They are found in early Radiola 25 and 28 receivers.
The filament characteristics of .these tubes are such
that should the "B" voltage be applied to the "A"
circuit unintentionally, the voltage drop through the
tube will be great enough to protect the tube fila-
ments from destruction.

The Variable -Mu Tetrode

The Variable -Mu tube is similar in most respects
to the screen -grid tube but is so designed that over-
loading of the grid does not cause cross -modulation
in the manner peculiar to screen -grid type and, thus,
the necessity for the use of band -selectors in the pre-
liminary tuning is avoided. Volume control is
achieved smoothly by variation of the grid bias over
the range from the minimum specified to 40 or 50
volts negative for minimum volume. Note Fig. 148.
While the tube is similar to the '24 in many re-
spects, it is not interchangeable therewith. It may be
used as the first detector in superheterodyne circuits
but not as a high level detector as in normal usage.

Two types, '35 and '51, are now in commercial
use having differing characteristics which will be
described.

'51

TENTATIVE RATING AND CHARACTERISTICS

Heater Voltage 2.5 volts
Heater Current 1.75 amperes
Plate Voltage 250 volts
Screen Grid Voltage (Maximum) 90 volts
Control Grid Voltage -3 volts
Plate Current 6 milliamperes
Screen Grid Current-Not more than

1/3 of Plate Current

0+60
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Plate Resistance 400,000 ohms
Amplification Factor 420

Mutual Conductance (Ecg=-3
Volts) 1050 micromhos

Effective Grid -Plate Capacitance
(Max.) 0.010-mmf.

Input Capacitance 5 mmt,
Output Capacitance 10 mmf,

'35

TENTATIVE RATING AND CHARACTERISTICS

Heater Voltage 2.5 volts
Heater Current 1.75 amperes
Plate Voltage 250 volts
Screen Grid Voltage (Maximum) 90 volts
Control Grid Voltage -3 volts

Plate Current 7 milliamperes
Screen Grid Current-Not more than

1/3 of Plate Current
Plate Resistance 300,000 ohms
Amplification Factor 300
Mutual Conductance (Ecg= -3

volts) 1000 micromhos
Effective Grid-Plate Capacitance

(Max.) 0.010-mmf.
Input Capacitance 5 mmf.
Output Capacitance 10 mmf.

NEW TUBES FOR AUTOMOTIVE
AND D.C. RECEIVERS

The three tubes to follow are specially designed
for operation directly from the 6 -volt battery of the
motor car or from D.C. lines with the heaters in
series. There are three tubes in the group: a general
purpose tube, the '37; a screen -grid tube, the '36;
and a Pentode output tube, the '38. Their character-
istics are as given below. Employment of the in-
directly heated cathode tends to avoid a large part
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of the noise found in auto and D.C. sets.

'36

Heater Voltage
Heater Current
Plate Voltage
Screen Voltage
Grid Voltage

CHARACTERISTICS

directly out of the detector by resistance coupling.
The distortion usually encountered in the interme-
diate- A.F. stage is thus removed. Contrary to the
case of the triode, the optimum output load for maxi-
mum undistorted power is not twice the plate im-

6.3 volts D.C.
0.3 -ampere

pedance of the tube. This
definitely by the manufacturer

90 135 135 volts
55 67.5 75 volts '47

-1.5 -1.5 -1.5 volts
Plate Current ... 1.8 3 3.5 milliamperes
Screen Current-Not over 1/3 of plate current
Plate Resistance.. 200,000 300,000 250,000 ohms
Amplification Factor 1'70 315 275
Mutual Conductance 850

'37

1,050

CHARACTERISTICS

Heater Voltage
Heater Current
Plate Voltage 90
Grid Voltage -6
Plate Current 2.7
Plate Resistance 11,500
Amplification Factor 9

Mutual Conductance 780
Load Resistance 14,000
Undistorted Power Output . 30

'38
CHARACTERISTICS

Heater Voltage
Heater Current
Plate Voltage, Recommended
Screen Voltage, Recommended
Grid Voltage
Plate. Current
Screen Current
Plate Resistance
Amplification Factor
Mutual Conductance
Load Resistance
Undistorted Power Output

1,100 micromhos

6.3 volts D.C.
0.3 -ampere
135 volts

-9 volts
4.5 millio.mperes

10,000 ohms
9

900 micromhos
12,500 ohms

75 milliwatts

6.3 volts
0.3 -ampere
135 volts
135 volts

-13.5 volts
8 milliamperes

2.5 milliamperes
110,000 ohms

100
900 micromhos

15,000 ohms
375 milliwatts

THE PENTODE OUTPUT TUBE

The space charge in a vacuum tube causes a cloud
of electrons to collect in the neighborhood of the
cathode. This means that in order to draw electrons
through this cloud, an extremely large proportion of
the total plate voltage is used up. Scientists have
discovered that by the inclusion of an extra grid in
the neighborhood of the cathode, this cloud may .be
dispelled with a resultant increase in the sensitivity
and efficiency of the tube. The pentode for a given
output power requires but one third the input signal
and makes possible the operation of the power stage

figure is specified
in each case.

This tube is a power output pentode of the type
described above. The connections to the tube, which
employs the UX base, are with the filament at the
heater terminals (referring to the '27), the plate and
grid to their usual terminals, and the screen -grid to
the cathode terminal.

Because of the high gain of the tube it is not
desirable to use the familiar type of biasing where
the bias is provided by the drop through a resistor in
series with the filament center tap. Because of the
high amplification factor the out -of -phase voltage fed
back to the input across this resistance would be ab-
normally high and any condenser suitable for by-
passing of the resistance would be too large fol
economy. If return of the grid is made to some point
in the voltage supply negative by the required
amount with respect to the filament, no undesirable
effects will be encountered.

CHARACTERISTICS
Filament Voltage
Filament Current
Plate Voltage, Recommended
Screen Voltage, Recommended &

Maximum
Grid Voltage
Plate Current
Screen Current
Plate Resistance
Mutual Conductance
Load Resistance, Approximate
Power Output

2.5 volts
1.5 amperes
250 volts

250 volts
-16.5 volts

32 milliamperes
7.5 milliamperes

38,000 ohms
2,500 micromhos
7,000 ohms

2.5 watts
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HARMONIC DISTORTION
The output of the pentode tube when examined
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for harmonic content at various loads in the plate
circuit reveals the magnitudes shown in Fig. 149
where H represents the harmonic percentage of the
fundamental. The second harmonic H2 rapidly
diminishes as the load impedance is increased, reach-
ing zero or a very small value at 7,500 ohms; then
increasing at practically the same rate. Quite a dif-
ferent state of affairs is represented by the third har-
monic H3 which continually increases until a maxi-
mum is reached at approximately two times the load
impedance.

POWER OUTPUT
While the usual graphical method of determining

the undistorted power output of triodes by use of a
family of plate current-plate voltage curves in con-
junction with balanced load impedance lines are
applicable to pentodes, the data here presented are
those obtained from direct measurement of pentode
output containing less than 5% harmonic distortion.
The method of measurement is based fundamentally
upon the harmonic analysis of the pentode output.

(See Standard methods of testing vacuum tubes,
Chapter VI, paragraph D, IRE Committee on Stand-
ardization, 1930.)

The graphs of Fig. No. 150 illustrate the undis-
torted power output of the pentode when operated at
various plate voltages. This graph also shows the
optimum load impedance for minimum second har-
monic and the degree of third harmonic present at
various plate voltages. Curve No. 151 illustrates the
change of power output of the pentode as the input
is varied. It should be noted that the harmonic dis
tortion does not increase in proportion to the input
but as maximum input is approached the harmonic
content increases at a lower rate.

Fig. 152 shows characteristic variation with
changes in plate voltage.

1

POWER SENSITIVITY

The power sensitivity of an output tube has been
defined by Stuart Ballantine as the ratio:

Power Sensitivity S = Po/Egl
where S is the Power Sensitivity

Po the power delivered to
the load

and Eg 1 the R.M.S. value of the
A.C. sinusoidal grid
voltage.

This factor possesses several advantages not found in
previous definitions and is employed in this report.

Accepting the value of the grid bias as a measure
of the peak signal voltage required to deliver maxi-
mum useful power output, the following table is
arranged to illustrate the power sensitivity of the
pentode in comparison with various triodes.
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POWER SENSITIVITY OF OUTPUT TUBES

Type
Tube Ep Eg1 Po. S

'12-A 157.5 10.5 .195 .0594
'71-A 180 20.5 .700 .0292
'45 250 50 1.60 .0358
PZ, '47 250 18 2.85 .1326
'50 450 84 4.05 .0239

'33 Power Pentode
The low power output of the '20 and '30 type

power tubes, plus their low amplification constant,

,7C 1
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was a serious drawback to those interested in battery
type tubes.

The new power pentode, known as the '33, when
introduced, offered a satisfactory tube for the portable
set or for sets used in isolated places such as farms
not equipped with electrical supply.

This tube has considerably greater power output
and sensitivity than three -electrode power tubes of
the '31 type. In fact, when used in push-pull they
will deliver a power output of over 1.3 watts.

TENTATIVE RATING AND CHARACTERISTICS

Filament Voltage
Filament Current
Plate Voltage
Screen Voltage
Control Grid Voltage
Plate Current
Screen Current
Plate Resistance
Mutual Conductance
Amplification Factor
Load Impedance
Undistorted Power Output

2.0 volts
0.260 -ampere

135 volts
135 volts
13.5 volts

14 milliamperes
3 milliamperes

45,000 ohms
1,400 micromhos

63
7,500 ohms

650 milliwatts

The '33 utilizes 5 electrodes concentrically
arranged in the following order; cathode (filament
type), control -grid, screen -grid, cathode grid and
plate. The cathode grid is connected to one end of
the cathode and serves to practically eliminate sec-
ondary emission effects. The screen -grid acts as an
electrostatic shield between the control grid and plate
elements.

The cathode is an oxide -coated ribbon type fila-
ment and it is extremely important that it should not
be operated above its normal rated voltage.

Fixed grid bias or preferably self -bias may be used
with the '33, and its grid circuit should not include
more than 500,000 ohms of external resistance.

In order to minimize second harmonic distortion,
the '33 should work into a load having substantially
constant impedance approximately equal to the rated
load impedance of the tube.

RECTIFIER TUBES AND CIRCUITS

Rectifiers are classified as half wave, full wave,
and voltage -doubling for the elementary considera-
tion we will give. In the half wave type, rectifica-
tion such as to cut off one half of the A.C. cycle is

provided. In this case, the ripple has a 60 cycle tone,
and the gaps as shown in Fig. 153 require consider-
able filtration for smoothing the resultant pulsating
D.C. into a form suitable for use as the supply volt-
age for vacuum tubes. By connecting two tubes, or a
single specially designed tube, in the manner shown
in Fig. 154, both halves of the A.C. wave are
brought into play, and the resulting tone is 120
cycles. This type of pulsating D.C. is much easier
to filter as may be imagined from the sketch.

'80 AND '81 RECTIFIERS

FIG. -154

These two tubes are very popular, especially the
'80 type which is used in practically every modern
radio set today.

)80

FULL WAVE RECTIFIER

The '80 is a full -wave rectifying tube intended for
use in power supply devices that operate from an al-
ternating current supply.

FILAMENT

The filament of this tube is of the oxide coated
type and is designed to operate at 5 volts. The fila-
ment current is supplied from one of the windings
of a power transformer, the leads to which should be
of high current carrying capacity.

PLATE

There are two plates in the '80, both designed to
operate at voltages no higher than 550 volts A.C.
each, which value is permissible only with filter cir-
cuits having an input choke of at least 20 henries.
Under these conditions it is possible to obtain a D.C.
load current of 135 milliamperes. Where ordinary
type filters are used lower ratings are indicated be-
low and should all be carefully observed, otherwise
the life and performance of the tube may be seriously
affected.

CIRCUIT RECOMMENDATIONS

The most generally used full -wave rectifier circuit
employing the '80 is shown in Fig. 156A. The fil-
ter used may be either of the condenser or choke in-
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FILAMENT CHARACTERISTIC
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put types. With condenser input (as shown in Fig.
156B) care must be taken that this input condenser
should have a rating sufficiently high to withstand
the instantaneous peak value of the A.C. input
voltage.

In the case of the choke input method (Fig. 156C)
where the input condenser of Fig. 156B is omitted,
there will be a somewhat lower available D.C. out-
put voltage for a given A.C. plate voltage than with
the condenser input method. However, improved
regulation with lower peak current will be obtained.
When using 550 volts per plate, this type of filter is
necessary as mentioned before and an input choke of
at least 20 henries must be used. If desired, a con-
denser of not more than 0.1-mf. may be used across
the input.

OPERATING CONDITIONS

Filament Voltage 5 0 volts
Filament Current 2 0 amperes
A.C. Voltage per Plate with

135 ma. D.C. Output Current (max.) 550 volts (R.M.S.)
-permissible only with
filter circuits having an
input choke of at least 20
henries. If desired, a
condenser of not more
than 0.1-mf. may be

used across the input of
the filter.

125 ma. D.C. Output Current (max.) 350 volts (R.M.S.)
110 ma. D.C. Output Current (max.) 400 volts (R.M.S.)

AVERAGE CHARACTERISTIC CURVES

Filament Characteristics-Fig. 155 shows the
change of filament current with various filament
voltages.

Output Characteristics-Fig. 157 shows the rela-
tion of load current to the rectified voltage at vari-
ous plate voltages when using a condenser input
filter.
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Fig. 158 shows the relation of load current to the
rectified voltage when using a choke input filter.

Because of their internal resistance, i.e., the re-
sistance of the path between the filament and the
plate, the voltage output varies with the load drawn.
For this reason a number of factors enter into the
design of a power supply to provide a given output
voltage. To begin with, we are at a loss to perform
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any calculations until we are certain of the power
transformer we intend to use-its voltage output
and its regulation-that is, its ability to maintain a
constant output voltage across its secondary terminals
regardless of the load drawn. Note that a
filter may be of either the inductance input or con-
denser input type. The voltage obtained across the
filter output is not so great with the inductance input
filter, but the load on the tube is much less, the regu-
lation is better, and the initial surge as the power is
switched on is much slighter.

It is this initial surge, by the way, which sends the
filter condensers "galley -west" and it ruined more
than one manufacturer in the early days of A.C. oper-
ation. By all means, if you are building any equip-
ment of your own use the inductance input. It is
much easier to explain the process of power supply
design by taking an actual example than by "beating
around the bush," so we will assume that we require
power for a receiver employing 4 '27 tubes and a '45
as an output tube.

First, we know that the voltage requirements for
the power stage are 250 volts plate and 50 volts grid
-total, 300 volts. This sets the maximum voltage
for our power supply system at 300 volts. Tabulat-
ing the rest of the receiver as follows:

Plate Grid Total Total
Number Tube volts volts volts Plate Cur.
2 R.F. '27 135 9 144 9 ma.
1 Det. '27 135 variable 144 .1 -ma.
1 A.F. '27 135 9 144 4.5 ma.
1 A.F. '45 250 50 300 34 ma.

The total plate current for all tubes is seen to be
47.6 ma.

We must take into account now the voltage drop
through the filter chokes which will have a resistance
of at least 500 ohms. Inspection of the regulation
curves for the '80 tube will show a voltage output of
about 315 volts D.C. at 300 volts A.C. per plate each
side of center tap, when the current drawn is 60
ma. at 60 ma., the voltage drop through the chokes
is 30 volts (500 ohms x .06 -amp). This leaves us a

FIG. 459

6952

144 VOLTS

32,048 -12 -

bit less than 300 volts total and we must try again.
A load of 55 ma. would give a terminal voltage of
320 and the drop through the chokes would be 27.5
volts. This would leave us just a bit short of our total
300 volts again. The discrepancy does not amount to
a great deal and we can continue on this basis-a
terminal voltage at the filter output of 293.5 volts, or
290 volts to make things even. We must, however,
arrange for a loss of some 7.4 ma. in order to bring
our total drain up to 55 ma. This is done by in-
serting a resistance across the output of such a value
as to provide a drain of 7.4 ma. at 290 volts. From
Ohms Law (R=E/I or 290/.0074=39189 ohms) we
obtain a value for this resistance of about 39,000
ohms.

The next process is to discover where we must
place the tap on this resistance in order to obtain 144
volts for our detector and amplifier stages. We de-
sire to drop the output voltage from 290 to 144, or
146 volts-the current for the four tubes receiving
this voltage is 13.6 ma. and there are already 7.4
ma. flowing through the output resistance. With
this total of 21 ma., the resistance required to give
a drop of 146 volts is 6,952 ohms. This means that
our output resistance will have a tap at this point
to provide the plate voltage for the tubes other than
the power tube. This is shown in Fig. 159. If more
than a single tap were required we would proceed
in the same fashion.

'81

The type '81 is a half -wave rectifier tube with a
rating of 700 volts A.C. input and 85 ma. D.C.
output permitting D.C. voltages on the order of 600
volts to be obtained from a single wave rectifier, and
of 700 volts with a full wave connection. When
higher voltages are required it is posible to use a
single or full wave voltage doubling arrangement by
which voltages of 1000 to 1500 volts may be ob-
tained (using low transformer voltages), two to four
'81 tubes being required.
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Typical connections and output voltage secured
from the '81 in a half wave rectifier circuit are shown
in Fig. 160, while Fig. 161 shows similar data for
two 81 tubes used in a full wave circuit. When an
output voltage under 500 volts is required the first
filter condenser should be omitted. The effect of this
connection is to greatly reduce the peak current sup-
plied by the '81 tubes, which will run cooler and give
much better life service under such conditions. The
regulation is also much improved, as may be seen by
comparing the output voltage curves.

This latter system of filtering was tried at station
2AQO, in place of a single section filter, with im-
proved results when supplying a Hartley oscillator
and especially for phone modulation. The filtering
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action was better than necessary for crystal controlled
operation, some A.C. modulation being found pre-
ferable. The input choke in these tests was a 7 -henry
inductor, the self-inductance being measured with
full load current of 85 ma. flowing.

HIGHER VOLTAGES

A familiar type of voltage doubling connection
was tested (Fig. 162). The voltage regulation was
rather poor, as indicated, but for low currents the
small amount of apparatus required makes it con-
venient. The regulation can be improved by using
two '81 tubes in parallel on each side as indicated by
the dotted lines. The voltage increases rather rapidly
below a load of 20 ma., and to prevent it from ris-
ing a fixed load (r) is indicated in the diagram. This
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may be a 100,000 -ohm resistor capable of carrying
20 ma. A milliammeter in series with this resistor
is indicated (M.A.), and will give an indication of
the output voltage. The scale reading with the re-
sistor specified becomes 100 volts per milliampere;
thus a full scale reading of 200 milliamperes indi-
cates an output voltage of 2000 volts.

Much improved results were obtained with the full
wave voltage doubling circuit shown in Fig. 163.
The adjacent curves show the very high output volt-
age obtainable with this circuit, and the excellent
regulation secured. The high voltage transformer
may be a 1400 -volt winding center tapped, or two
similar 700 -volt transformers connected in series.
Regulation curves are shown for transformer voltages
of 1000 and 1400 volts. The current output should
not exceed 170 ma. Three separate filament trans-
formers insulated for the full output- voltage are
required.

When tested at Station 2ABQ this latter arrange-
ment, with a 10 -henry choke, gave slightly better
results than the equipment formerly used, a 3000 -
volt transformer center tapped two 1500 -volt recti-
fiers and a 50 -henry choke. The transformer used
was a 1200 -volt unit, center tapped. The '81 tubes,
supplying 100 ma. ran quite cool, the output being
well below rated maximum.

The filter condensers, Cl, must be capable of with-
standing one-half the load voltage as the normal
working voltage. A condenser larger than 4 mf.
should not be used unless it is possible to close the
filament circuit of the rectifier tubes before the high
voltage is applied. The initial charging surge may
overheat the tubes and cause an arc if the filament is
allowed to come up to temperature with the high
voltage turned on.

FILAMENT

The filament used in type '81 is of the rugged
coated type. With this filament the difficulties in
handling the shipping are overcome, as severe me-
chanical shocks cannot break the filament. The fila-
ment should be operated at, or slightly below, the
rated voltage of 7.5 volts, and the voltage across the
filament should never exceed 7.9 (rated voltage+
5%).

The main precaution to be observed in operating
the '81 tubes is that of avoiding an overload with
respect to plate current. The shorting of the rectifier
output, such as may occasionally occur due to the
failure of some part of the apparatus (as by the
breakdown of a filter condenser) will overload the
filament and result in filament failure, unless the cur-
rent is turned off promptly. An indicating lamp may
be placed in the circuit in series with each plate lead
adjacent to the plate; if a .15 -ampere 6 -volt dial lamp
is used in this position it will glow at normal bril-
liancy when the full rated current of 85 ma. is
flowing through each tube (170 ma. from a full

wave rectifier). Excessive brilliancy of this lamp
will immediately indicate an overload on the tube,
which can be corrected before damage results.

'66 Half -Wave Rectifier'

This new tube was introduced for use in conjunc-
tion with the newer high power audio systems such
as employed in public address systems, talking pic-
ture reproducing equipment, and radio transmitters.

The voltage and current limitations of the '81 type
tube are such as to make it unsatisfactory or imprac-
tical for use especially where the voltage exceeds
1000 volts with current drains of more than 150
milliamperes.

The Cunningham '66 is a half -wave, hot -cathode,
mercury vapor rectifier tube for use in suitable recti-
fying devices designed to supply D.C. power from
A.C. supply lines. This tube is particularly suited
for use in the "B" supply of amateur power transmit-
ting equipment where it has been necessary hereto-
fore to use a combination of '81's for such purposes.
Full wave rectification is accomplished by using two
of these tubes.

FILAMENT

The filament of this tube is of the ribbon coated
type and should be operated from a filament trans-
former capable of delivering 5 amperes at 2.5 volts
to the filament terminals.

PLATE

There is one plate in the '66 and it is in the form
of a circular pan mounted above the filament with a
cap provided at the top of the bulb for external con-
nection. It is rated at what is known as a peak in-
verse voltage of 5000 volts (max.). By peak inverse
voltage is meant the maximum instantaneous voltage
that exists across the plate to filament during that
half of the cycle in which the plate is negative with
respect to the filament.

INSTALLATION AND OPERATION

The 66 is designed for use with the standard X
socket and a plate clip. It must be mounted so that
it is in a vertical position with the filament end
down. Fig. 164 shows details of base and cap con-
nections. This tube is designed to operate without
forced ventilation at an air temperature of from 32°
to 122° Fahrenheit. Where higher temperatures are
encouritered, forced ventilation should be provided.
As the bulb becomes rather hot in operation, precau-
tions should be taken to prevent any inflammable
material or metallic body from making contact.

Upon initial installation, the filament of the '66
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should be lighted at rated voltage for approximately
15 minutes without any applied plate voltage, in or-
der to properly distribute the mercury.

The filament should always be operated at rated

voltage. Less than this voltage may cause a high
tube voltage drop, eventually leading to loss of emis-
sion. Greater than rated voltage will shorten the
life of the tube.
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On account of the high filament current drain, it is
extremely important that the socket makes good fila,
ment contact and is capable of passing 5 amperes
continuously, otherwise high contact resistance will
be encountered. The filament voltage should be mea-
sured at the terminals of the socket and should be
controlled by means of a rheostat placed in the pri-
mary circuit of the transformer.

If an inverse peak voltage of more than 2100 volts
is used, the plate supply of the circuit should be pro-
vided with a time delay relay having a period of at
least 30 seconds so that the filament will be allowed
to come up to temperature before plate voltage is
applied.

In operation, the performance of the '66 is limited
by the peak inverse voltage applied to it and by the
peak plate current passed through it. The maximum
peak inverse voltage should never exceed 5000 volts.
This is the safe flash back limit for the '66 operating
within its normal temperature range. The maximum
peak plate current should never exceed 0.6 -ampere.

TABLE I.

Type of Numb er Input Volt-
Circuit '66's re-age R.M.S.

qui red. volts

Output Output
Voltage Current

D.C. volts D.C.
amperes

Single Phase 2 1750 per tube
Full Wave (Fig. 165)

1570 0.4

Single Phase 2 1750 per tube
Full Wave

1980 0.22

Single Phase 4 3500 total
Full Wave (Fig. 166)

81510 0.4

Single Phase 4 3500 total
Full Wave

3960* 0.22*

Three Phase 3 2050 per leg
Half Wave (Fig. 167)
Three Phase
Half Wave

2400 0.5

Double Y (Fig. 168) 6 2050 per leg 2400 1.2
Three Phase 6 2050 per leg
Full Wave (Fig. 169)

*Condenser input to filter

4800 0.6

The use of a choke input filter is to be preferred
to condenser input whenever possible because the
peak current demand during rectification is consider-
ably less with the former method.

The terminal connections are shown in Fig. 164.

CIRCUIT RECOMMENDATIONS

Several circuits particularly suited for use with the
'66 are schematically given in the diagram of Figs.
165 to 169. Their circuits together with their sate
maximum input and output operating conditions are
shown in Table I.

The values given in Table I are based on the use

of a suitable choke preceding any condenser in the
filter circuit, except as indicated for the single phase
connections. If the choke is not used, the tabulated
D.C. output current values cannot be obtained with-
out exceeding the peak Current rating of the tube. In
the case of the double Y circuit (Fig. 168) the inter-

phase reactor itself acts as a choke.
Each tabulated value of D.C. voltage is the effec-

tive D.C. output voltage from the tube and any drop
in the filter, therefore, must be subtracted from the
value given, in order to obtain the available output.
Owing to the low tube voltage drop of .approxi-
mately 15 volts, the only reduction in rectified volt-
age when the load is increased, is due to drop in
the transformer and filter windings.

In the case of the three phase full wave (Fig. 169)
and single phase full wave (Fig. 166) circuits, two
'66's are used in series. This arrangement is made
possible by the low and constant voltage drop within
this tube. These two circuits are desirable where
higher D.C. voltages are required. In the three
phase full wave circuit, six phase wave form is
obtained.

The '66 has a characteristic blue glow when it is
operating. In service the bulb will eventually darken
but this change has no effect on the performance
of it.

OPERATING CONDITIONS

Filament Voltage 2.5 volts
Filament Current 5.0 amperes
Maximum Peak Inverse Voltage 5000 volts
Maximum Peak Plate Current 0.6 amperes
Approximate Tube Voltage Drop 15 volts

DIMENSIONS

Length
Diameter
Base

Raytheon BH Tube

6-5/8"
2-7/16"
Large CX

This rectifier was the old time favorite and still
finds considerable use today. At one time, there
were more than one hundred manufacturers of "B"
supply units, for which the BH tube was standard.

To most service men, this tube is an old acquain-
tance but as most of the circuits of the eliminators in-
corporated this tube, we are including it for reference
as there is no telling when or where you will meet up
with the BH.

The best way to test this tube is to make an
adapter or buy one of the Alden Adapters made for
this purpose. Fig. 170 shows how to make the con-
nections in the adapter. Be careful that there are no
short circuits in the power unit which would place a
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dead short through the milliammeter and burn it out.
It would be best to use a meter with a 150 -ma. range.
Place the tube in the adapter and the adapter in the
Ratheon tube socket. The milliammeter will indi-
cate the total current being delivered by the tube.

The tube is of rugged construction comprising a
glass bulb containing helium gas and internal ele-
ments consisting of a hollow cap or cathode and two
rods or anodes protruding into the hollow cap and
insulated by the short path method of insulation.

F F G P

-I I-
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_--L-t,-

F G P

MA.

FIG. -170

The ionization of the gas, which is the basis of the
rectifying action of the BH tube, takes place inside
of the cap and is therefore concealed from view. The
only sign of the operation of the tube is in the heat-
ing of the glass bulb.

RATING

The BH has an output rating of 125 milliamperes
with a maximum allowable input voltage of 350
volts R.M.S. per anode. Typical output regulation
curves are shown in Figs. 171 and 172. The solid
curves in Fig. 171, show the values of D.C. voltage
and current delivered to the filter with the circuits
shown in Fig. 174, with choke coils L, and L, each
having inductance values of 15 henries. The broken
line curves show the corresponding values when the
condenser C, is increased to 4 mf. The curves in Fig.
172, show the corresponding values when the con-
denser C, is omitted. To obtain the value of D.C.
voltage delivered by the power unit to the receiver
set the D.C. voltage drop in the choke coils must be
subtracted from the values shown on the curves. The
output voltages will also be affected by the charac-
teristics of the particular transformer used.

Fig. 173 shows the socket terminal connections for
the BH tube while Fig. 174 shows the more or less
standardized circuit of power supply units which
use this tube.

Raytheon Type BA 350 Milliampere Rectifier

The BA tube was used extensively several years
ago in the radio receivers that had their filaments
connected in series. Early model radio sets of the
battery type using '01A tubes with the filaments con-
nected in parallel could be converted into electric
sets by changing the filament circuits over to a series
arrangement as indicated in the revised circuit of the
A.K. 30 shown in Fig. 175.
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3 2

DESCRIPTION

t

MO

FIG 175

The tube makes use of the ionized helium method
of rectification.

RATING

Maximum A.C. Input Voltage (per anode) 350
R.M.S. volts.

Maximum Rectified Output (both anodes) 350
milliamperes.

Maximum Output Voltage, 250 volts.
Fig. 177 shows the voltage regulation curves of

the BA. The voltage drop through the cube with an
increase in the load is not as great in the new models
of this tube as it was in the old. Thus the new tubes
have much better output regulation. The BA tube
is not recommended for loads of less than 200 ma.,
its range of efficiency lying between 200 and 350 ma.
The conventional circuit of an ABC power unit is in-
dicated in Fig. 178.
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Transconduct- and 40. 4
takes 75 volts on its screen grid.
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SERVICING THE AUTOMOTIVE
RECEIVER

THE public acceptance of the auto radio opens
a new source of revenue for the service man.
It is important that the service man under-

stands the peculiar conditions which exist in the in-
stallation and servicing of these sets. For this reason
the Editors have selected the most interesting and in-
formative data compiled by the various manufac-
turers of this equipment during years of test and
research.

THE ANTENNA

Differences in Antennas.

In considering the antenna system, it is safe to say
that there are as many different types of antennas as
there are different types of cars. No two types are
the same either in physical dimensions or in electrical
characteristics. The antenna which will perform
most efficiently in one type of car will give very in-
different results in another. To understand the diffi-
culties which must be overcome in each individual
installation, it is necessary to understand certain fun-
damental laws which govern receiving antennas.

The Function of the Antenna.

When a distant broadcasting station is in opera-
tion, the electromagnetic lines of force radiated from
the station's antenna impinge upon the car antenna
and induce in it radio -frequency oscillations which
pass through the receiver and are reproduced by the
speaker in the form of voice or music. It will be
seen therefore that the antenna is a collector of elec-
trical energy. Each passing wave radiated by the
broadcasting station striking the antenna creates adifference of potential between the antenna and rhe-
ground which is equal to the length of the antennamultiplied by the intensity of the passing wave.

The Most Efficient Antenna.

Up to certain limits a large antenna will deliver

greater signal strength than a small one. The cur-
rent flow in a receiving antenna is directly propor-
tional to its length and to its effective height and in-
versely proportional to the resistance of the antenna.
In simple language, this means that best reception
is secured when the largest possible antenna is in-
stalled in the car top, when it is farthest separated
from the ground, and when the antenna and lead-in
wires are securely soldered and offer the least possi-
ble resistance to the flow of antenna current.

The Effective Height of the Antenna.

It must be understood that the effective height of
the antenna does not necessarily mean the distance
between the flat -top portion of the antenna and the
earth. In the automobile, no earth connection is pos-
sible. In the automobile installation, the chassis of
the car is used as a counterpoise which in a sense
performs the same function, although not as effi-
ciently. The effective height of the antenna, therefore,
is the distance between the antenna and any metallic
portion of the car.

Physical Dimensions of the Antenna and
the Ground Connection.

It will be seen that the physical dimensions of the
car antenna must necessarily be limited, depending
in each case on the type of the car and the construc-
tion of the body. It cannot be concluded that the
most efficient antenna is to be secured by filling up
the car roof with antenna screening. The trend of
modern car design is toward all -metal body construc-
tion and as the over-all dimensions of the antenna are

increased, the effective height is reduced. If the an-
tenna approaches too close to the metallic body of the
car, or to the dome light or associate wires located in
the car roof, the efficiency of the antenna decreases
in proportion to the separating distance. It will be
seen, therefore, that some limit must be made in the
antenna dimensions.
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The Dome Light and Associate Feed Wires.

Experiments conducted over a period of four years
have established the fact that the antenna should be
separated from the metallic body of the car by at
least three inches. It is well to note at this point
that wood bodies do not offer this objectionable fea-
ture. The antenna screening must be cut out around
the dome light and properly spaced from the mount-
ing plate to prevent high frequency leakage. Precau-
tion must be taken to see that the feed wires run-
ning to the dome light do not touch the antenna
screening. These wires are usually insulated but
they should never be allowed to rest upon the an-
tenna. They should be fastened to the extreme
upper portion of the bows to reduce the possibility
or antenna leakage. See Fig. 179.
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Cars Equipped at the Factory with Antennas.

A number of car manufacturers are equipping cer-
tain models of their cars with antennas. Most of
these cars will be marked with a sticker placed on the
windshield indicating that the car is equipped with
an antenna for operation with Transitone radio
Where this is not indicated by means of a windshield
sticker, an investigation will show the lead-in from
the antenna running down the right front body post
and tucked under the cowl.

The Lead-in and Antenna Leakage.

The antenna lead-in offers another problem which
must not be considered lightly. This wire, which
extends from the flat -top portion of the antenna to
the receiver behind the dash, must by force of cir-
cumstances run parallel with and close to the metal
side post of the car. This close relation offers a path
of leakage between the antenna and chassis which is
objectionable and should be reduced to a minimum.
By virtue of the capacity existing between the two, it
also tends to destroy the electrical balance of the re-
ceiver. This in effect reduces the over-all efficiency
and results in weaker signals.

Antenna Requirements for Limousine
and Town Car.

The antenna and lead-in requirements of the
limousine and town car differ slightly from the
above. The limousine is divided into two sections,
the forward compartment for the chauffeur and the
rear compartment or tonneau for the owners and
their guests. These compartments are separated
from each other by a heavy glass window for the
privacy of the passengers. As the dividing frame-
work extends to the roof, it becomes necessary td
install two separate antennas, one in front and one in
the rear section, which must be connected together by
wires extending through holes drilled in the dividing
partition. Three wires are usually sufficient to bond
the two sections of the antenna together. As the
separating framework is usually constructed of
metal, care must be taken that the two sections of
the antenna do not approach closer than three inches
to the structure.

Lead-in Requirements for the Town Car.

In some cases where time for installation is at a
premium, and where the rear portion of the limou-
sine is large enough to accommodate an efficient an-
tenna, the forward section of the car may be disre-
garded. In this particular case, as in the case of the
town car where the forward section is not roofed
over, it becomes necessary to deviate from the stand-
ard system of running the lead-in wire. In these
cases the lead-in is brought down at the front corner
post of the rear section. Here the same precaution
must be observed as in the sedan and coupe to see
that the lead-in wire is run in non-metallic insulating
housing. The lead-in should extend to the floor,
where it is carried forward to the instrument board
in a chiseled groove out in the floorboard.

Care must be taken that this lead-in is not run un-
derneath the metal sill of the front door, as the sill is
usually grounded. Such a procedure may materially
overload the antenna system and destroy the elec-
trical balance of the receiver. It is sometimes more
convenient to carry the lead-in underneath the body
of the car. In this case it is necessary to use non-
metallic insulating, housing as a protection against
moisture and abrasion to which the under side of the
car is subjected. This housing should extend above
the floorboard at the front end and be rigidly
supported.

The Metal Roof and Its Effect
on Radio Reception.

It has been previously mentioned that the trend of
modern car construction is toward an all -metal body.
This refinement in body design is also carried to the
car roof by many manufacturers. In a great many



92 OFFICIAL RADIO SERVICE MANUAL

cases the fabric of the roof is supported by an iron
wire mesh which is laid on top of the wooden bows.
In some cases the bows themselves are of metal. This
metallic screen extends to the sides of the car and is
usually grounded to the body.

This particular feature, while advantageous to the
body-builder, offers a serious obstacle to the opera-
tion of a radio receiver in a motor car. In effect the
iron wire mesh which supports the fabric roof, so
sufficiently shields the antenna installed in the car
that it prevents the operation of the receiver. The
passing electromagnetic waves radiated by a broad-
casting station strike the grounded screen supporting

Frame of car

Set Screw

Capacitor PI ate

"C'' Clamp

Insulators

FIG.180

the fabric top and pass directly to the ground. The
iron mesh effectively shields the antenna and pre-
vents the flow of antenna current. Obviously the
practical solution to the problem is to remove the
iron wire mesh before installing the car antenna or
install capacitor plates under the running board. Fig.
180 shows how plates are mounted under car.

Supporting the Top -Fabric.

The purpose of the iron wire mesh must not be
overlooked. It is placed over the bows of the roof to
support the fabric top. Removing the mesh, while
aiding the reception of radio broadcasting, defeats
the purpose for which it was intended. In order to
prevent the top from sagging, a practical substitute
must be provided. This is accomplished by stretch-
ing upholsterers' webbing over the tops of the bows.

The exact number of webbing strips and their
location in respect to one another are of considerable

importance if the fabric is to be effectively supported.
It has been found that eight or nine strips are neces-
sary on cars having a bowed roof. On this type of
roof, the webbing must not be separated by more
than half an inch. If this requirement is neglected the
roof will sag in unsupported portions. On flat roofs
the webbing may safely be separated by two inches.

Installing the Closed Car Antenna.

The installation of the closed car antenna may be
briefly summarized as follows:

It will be necessary to unfasten the front and
sides of the head -lining, the back end remaining
untouched, then carefully remove the tacks from the
listing strips, which are the muslin strips used to
support the head -lining at the bows.

Cut the. iron mesh as closely as possible to the
sides, front, and back of the car. Particular care
must be observed that no sharp protruding wires are
exposed which may cut into the top -fabric or head-
lining.

Remove the iron mesh as well as the staples which
are used to fasten it to the top of the bows. It will
be found convenient to remove the mesh in small
sections.

Stretch the upholsterers' webbing from the back
to the front of the car on top of the bows. The
number of strips to be used depends on the type of
car, as outlined before.

The Screen Antenna.

Tack the copper antenna screen securely into posi-
tion, making sure that it is separated from the dome
light and the metal body of the car by at least three
inches. See that lighting wires in the roof are sepa-
rated from the antenna screen as far as possible.

Securely solder the lead-in wire to the proper
corner of the antenna screen.

Testing the Antenna for Possible Grounds.

Test the antenna for possible ground by means of
a voltmeter and battery. This test should be made
from the antenna lead-in to any metallic portion of
the chassis, preferably the gear shift lever.

Carefully replace the car head -lining, working
from the middle of each listing strip, progressing
toward the front of the car. After the listing strips
are in position the sides and front of the head -lining
should be replaced.

Run the lead-in as previously outlined.
Retest the antenna for possible ground.
The above installation data refers exclusively to

closed cars of metal body construction having wood
bows. Cars having metal bows do not come under
the above classification. The antenna system used
in this type of car will be discussed later.
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Antennas for Roadsters and Touring Cars.

In cars of the open type, i.e., touring cars, road.
sters, etc., the method of installing the antenna dif-
fers considerably from that of the closed type cars
This is due to the fact that the tops of these cars
are designed to fold back. It will be seen, therefore,
that the employment of a copper screen is out of
the question. It will also be seen that the antenna
lead-in cannot be taken off the front portion of the
antenna.

The most satisfactory antenna for this type of car
consists of from 65 to 100 feet of No. 18 gauge
rubber -covered stranded wire, laced in grid forma-
tion in drill cloth and sandwiched between the top
of the car and a head -lining of the same material.
If the car is not already equipped with a head -lin-
ing, the extra material may be procured from the
local dealer in automobile fabrics. The stranded wire
should be woven back and forth through holes
punched in the drill cloth and be so located that
the parallel sections of the wire do not approach
closer than three inches to each other. The total
length of the antenna wire depends upon the dimen-
sions of the top. The touring car will naturally
require more wire than the roadster.

The Lead -In of the Roadster and Touring Car.

The antenna lead-in in this type of installation
must be taken from the back end of the car. It may
be carried to the dash in a groove cut in the floor-
boards, or it may be run underneath the body of
the car. (Refer to lead-in description of Sedan.)
The antenna lead-in should always be run on the
set side of the dash. If the lead is carried through
the motor compartment it may be difficult to elimi-
nate the ignition disturbances.

Installing the Open Car Antenna.

The installation of the open car antenna may be
briefly summarized as follows:

Remove the top covering of the car, leaving un-
derside flaps in place.

Cut a piece of drill cloth approximately 3 inches
smaller than the width of the top and equal in
length to the top.

Procure from the local dealer sufficient top ma-
terial to construct a false top or head -lining. This
material should match the top -fabric and be cut to
the same length and width.,

Secure this top material in its proper place over
the cross -ribs and over the side flaps left exposed
by removing the top -covering.

Fasten the drill cloth in which the antenna wire
has been woven. This should be tacked to the bows
at the front and rear of the car only.

Solder the antenna lead at the back end of the
car.

Replace the top -covering.
Run the antenna lead as mentioned above.
Test the antenna for possible ground.

NOTE: It should be seen that the antenna wire
is not allowed to approach closer than three inches
to the top of the windshield. This frame is con-
structed of metal and if the antenna is not prop-
erly located, high frequency leakage will take
place. In the event the bows are of metal con-
struction, it must be seen that the antenna wire
does not rest upon the bows. The same three-inch
separation must be observed here if efficient oper-
ation is to be secured.

The Antenna for Cars Having Metal Bows.

As has been previously mentioned, the trend of
modern car design runs toward all -metal body con-
struction. In some cases, as in the Dodge Victory
Six, the bows are made of this material. Consider-
ing the high frequency leakage and the shielding
effect that exists when the antenna is located too
closely to the metallic body, it will at once be seen
that the copper screen will not constitute an effi-
cient antenna in bodies of this particular construc-
tion. Here, as in the open car, the only logical
solution to the problem is to resort to the insulated
stranded wire antenna properly separated from the
metal bows. A number of staples or screw -eyes
should be securely fastened around the top frame
of the car and separated from the metal bows by
not less than three inches. As the top frame is
relatively close to the metal body, the stranded an-
tenna wire must not be laced directly through the
staples or screw -eyes. A section of heavy twine
must be tacked to the top frame, and carried through
the screw -eyes or staples in loop fashion. These
loops must be long enough to afford the proper
separation from the metal structure, after which the
antenna wire should be laced grid fashion through
the twine loops. No special requirements for the
antenna lead-in are necessary.

THEORY OF INTERFERENCE

ELIMINATION

In order to fully understand the application of
the elimination system it is necessary to consider in
a general way the cause of the electrical disturb-
ances.

The Cause of Electrical Disturbances.

In considering the ignition system of the car with
its ignition coil to supply high voltage to a series
of spark plugs, one important fact cannot be over-
looked. The system is, in every sense of the word,
an exact duplication of a radio spark transmitter.
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The ignition system, therefore, is a radio transmit-
ting station located directly under the antenna of
the automobile receiver. Fig. 181A indicates elec-
trical circuits of the average motor car.

Function of the Interference Suppressor.

When the ignition system is in operation, the high
tension current sets up a series of electromagnetic
and electrostatic fields about the high-tension wires
which are propagated through space at the speed of
light. These fields ox impulses, due to the arrange-
ment and physical dimensions of the ignition sys-
tem, assume a more or less definitely tuned charac-
teristic which is most pronounced over the lower
dial settings. It is obvious that if this disturbance is
to be avoided, the radiating characteristic of the
energy must be reduced or destroyed. The reduction
of the undesirable radiated energy is brcught about
by the introduction in the radiating circuits of units
which have been designated as ignition interference
suppressors. (Fig. 181B.) These are mounted in
series with the high-tension leads directly at the
plugs and distributor -head and effectively reduce the
disturbance without in any way affecting the per-
formance of the engine. Fig. 181C shows position
of various resistors and condensers used in suppres-
sion systems.

The Magnetic Field.

To understand the function of the unit designated
as an interference eliminator, it is necessary to con-
sider the location of the source of the disturbance
and its position in respect to the receiver and asso-
ciate equipment. It will be noted that the high-
tension wires of the ignition system are surrounded
by the engine, hood, radiator, cowl and engine par-
tition. This metal structure constitutes a shield
which surrounds and confines a powerful magnetic
field. The receiver, which is located on the instru-
ment board and separated by the cowl and engine
partition, is therefore shielded. The actual shield-
ing, however, is more apparent than real. In many
of the late model cars the ignition coil is mounted

on the instrument board side of the engine parti-
tion or on the instrument panel. It will be seen,
therefore, that in these particular cases the shielding
effect of the engine partition will have little effect
on the receiver. In this case the magnetic field is
not confined to the engine compartment.

Possible Sources of Disturbances.

The wiring system of the car and the mechanical
arrangement whereby the various units of the power
plant are operated from the instrument board are
also important factors which reduce the shielding
effect of the engine compartment. The numerous
heat rods, choke rods, thermostat lines, and oil
pipes which are carried through the engine parti-
tion as well as the necessary wires incorporated in
the lighting and ignition systems offer conducting
paths which in some cases may cause considerable
interference.

Grounding the Choke Rods, etc.

It is possible in the case of the metal conductors
(oil pipes, choke rods, etc.), to eliminate them as
a possible source of disturbance by grounding them
to the frame of the car at the motor side of the
partition. These leads must be as short and direct
as possible, otherwise they may defeat the purpose
for which they are intended.

Locating the Source of Disturbance.

The method employed in determining the con-
ductor which is responsible for the disturbance is a
relatively simple one. The various pipes and rods
extending through the engine partition should be
temporarily grounded to the metallic structure by
means of a screw -driver or other convenient tool.
This grounding should be done while the motor is
running and the set is in operation, with the hood
closed and with the hood clamps fastened.

Interference Eliminators.
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This method of bonding or grounding the various
conducting paths which allow the transfer of energy
from the engine compartment to the receiver can-
not be applied to the various wires which pass
through the engine partition. Such an attempt to
prevent the passage of undesirable impulses would
result only in short-circuiting and grounding the
wiring system of the car. For this particular pur-
pose interference eliminators are introduced into the
circuit.

Electromagnetic Induction.

At this time it becomes necessary to describe the
theory involved whereby the magnetic field sur-
rounding the high tension wires of the distributor
and ignition systems is carried to the receiver by
means of the various pipes and wires running
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through the engine partition. In engineering par-
lance this transfer of energy is described as Electro-
magnetic Induction. It may be defined as the process
by which electrical energy is transferred from one
circuit to another by means of electromagnetic lines
of force of varying density or changing strength.
To the layman, it is only necessary to state that
when the current in one conductor is changing at a
unit rate per second, it induces similar currents in
wires or conductors which are in close relation to
its magnetic field.

The Isolation of High -Tension Wires.

It will be seen from the above that the most con-
venient and effective method of preventing the trans-
fer of energy from the motor compartment to the
receiver is to separate all the low-tension wires of
the car as far as possible from the high-tension wires
of the ignition system. Many car manufacturers
utilize the high-tension manifold as a convenient
place in which to run the horn wire and the low-

voltage lead extending from the primary winding
of the ignition coil to the distributor. The close
proximity of these leads will cause the condition
described in the preceding paragraph. The lines of
force surrounding the high-tension plug wire will
induce a corresponding intermittent pulsation in the
low-tension wire of the coil which in turn in-
duce similar pulsations into the receiver by means
of the wire which extends from the coils to the
ignition lock. The horn wire extending to the but-
ton on the steering column may contribute to the
disturbance, although not to as great a degree, as
this wire is usually located at a considerable dis-
tance from the receiver.

The High -Tension Manifold.

The obvious remedy in cases of this kind is to
remove the horn and low-tension ignition leads from
the high-tension manifold.

Suggested Remedy.

If necessary, these wires must be lengthened and
relocated at a position which will remove them from
the limit of the magnetic field.

The Low -Tension Distributor Wires.

Another serious source of disturbance is caused by
the fluctuating magnetic field which surrounds the
wires associated with the low-tension side of the dis-
tribution system. These wires which run from the
ignition switch to the coil and to the breaker -points
in the distributor -head, carry a low-tension current of
an intermittent character. As the breaker -points
open and close, the magnetic field surrounding these

wires builds up to maximum and then suddenly col-
lapses, at which time the collapsing field induces a
back or counter -electromotive force which may build
up to infinity. This intermittent characteristic of
the current flowing through the wires, together with
the fluctuating field surrounding the same, may cause
considerable disturbance in the reproduction of the
broadcast program.

Function of the Interference Eliminator and
Method of Application.

It will be seen, therefore, that in order to secure
reception which is free from interference, it will be
necessary to filter or smooth out the fluctuations or
pulsations of the current flowing in these wires.
This is accomplished by means of the interference
eliminators which may be mounted in a convenient
position on the engine partition or instrument board
of the car. These must be connected by short leads,
One terminal of the eliminator should be connected
to the wire causing the disturbance and the other ter-
minal to the metallic structure of the car.

Locating the Offending Wires.

This is accomplished by using an interference fil-
ter unit as an exploring unit. Flexible leads about
five or six inches in length are attached to the ter-
minals of the unit. It may be desirable to fasten clips
to the ends of the leads to afford a convenient tem-
porary connection. To detect the offending wire it
is only necessary to progressively connect one lead
of the exploring unit to every accessible wiring ter-
minal that can be located underneath the cowl or at
the engine partition. The other terminal of the unit
is connected to the metallic structure of the car.
When the interfering lead is located, the spark dis,
turbance will disappear entirely or be considerably
reduced. This experiment must be conducted while
the receiver is in operation and tuned to a relatively
short wave -length, and the car motor is running,
with the hood down:

Location of Interference Filter Units.

For the information of the operator or the radio
man who is called upon to test the receiver at the
completion of the installation, it may be well to
designate the places where interference filter units
are most frequently required. It must be understood,
however, that the use of these units is the exception
rather than the rule. In the average installation the
standard elimination system successfully overcomes
the disturbances of the generator and ignition sys-
tems of the car.

The Ammeter

The most usual location for the interference filter
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unit is at the ammeter. The interference filter unit
should be connected to the terminal which affords
the greatest reduction of the disturbance and
mounted on the back of the instrument board.

The Cigar Lighter.

The cigar lighter is another point at which an in-
terference filter unit is frequently needed. This is
due to the fact that in some cars the connection lead-
ing to the dome light is taken off the terminal of the
cigar. lighter. The filter unit is to prevent the pas-
sage of energy to the antenna screen which may be
induced in the lighter circuit by a stray magnetic field
underneath the cowl. In testing the receiver, care
should be taken that the dome light is turned on and
off. In some cases where no spark disturbance is
present, completing the circuit to the dome light by
turning on the switch will cause the spark to appear.

The Ignition Switch.

The ignition switch is another location where an
interference filter unit is sometimes necessary. This
is used to smooth out the fluctuations of current due
to the interruption of the circuit by the breaker-

points.
NOTE: Considerable caution should be exercised in

attaching filter units to any part of the low-tension
side of the ignition system. The introduction of a
unit at the wrong point in the system may slow up
the motor.

Horns, Fans, and Windshield Wipers.
There are other electrical disturbances originating

from entirely different sources which may be desir-
able to eliminate. These may be caused by motor -
driven horns, windshield wipers, electric fans, etc.
The elimination principle in these cases is similar
in every respect to the above. The interference filter
unit is mounted close to the disturbing accessory and
connected between it 'and the ground. In these
cases, however, the terminal leading to the acces-
sory must be connected to the wire leading to the
battery or ammeter.

NOTE: It must be understood that all of the above
mentioned interference elimination requirements are
never needed for any one motor car. The mechani-
cal and electrical design of the car will determine
the number or units which must be used.

The Ignition Coil on the Instrument Board.

Mention has been made of the ignition coil which
in some cases is mounted on the instrument board
side of the engine partition or on the instrument
panel. This particular mounting arrangement calls
for a slight deviation from the accepted method of
interference elimination. It will be seen that in cases

of this kind the magnetic field is not confined entirely
to the engine compartment. A considerable field sur-
rounds the exposed high-tension lead which runs in
the immediate vicinity of the receiver and the various
connecting wires. In order to overcome the disturb-
ing effect of this magnetic field, certain additional
requirements are necessary.

In many of the cars in this class, foremost of which
are the Packard, Franklin, Oldsmobile, Marquette,
De Soto, Viking, Dodge, and Chrysler, it will be
necessary to enclose the high-tension lead which ex-
tends from the center tap of the ignition coil to the
distributor -head in a copper braid. This effectively
confines the magnetic field and prevents any transfer
of energy to the receiver or associate wires. The
braid must extend from the ignition coil to the motor
side of the engine partition and be grounded to the
car structure at both ends. In some cases, where the
ignition switch and coil are not made up in an inte-
gral unit, the coil may be re -located on the motor side
of the engine partition.

Wooden Engine Partitions.

It must be observed that in some of the cars the
engine partition is constructed of wood. In these
particular cases the partition must be covered with
galvanized sheet -iron and be grounded to the chassis
in several places. This may most conveniently be
done on the instrument board side of the engine par-
tition. The Nash and Auburn afford the most com-
mon examples of this body construction.

The Distributor and Breaker -Points.

It is not unusual, especially in the case of cars
which have been on the road for a considerable
length of time, tofind that the interference elimina-
tion methods thus far outlined do not reduce the dis-
turbance below an objectionable level. The noise
usually manifests itself in intermittent surges or
crackling sounds resembling static which bear no re-
lation to the uniform discharge of the spark plugs.

This disturbance is usually caused by a dirty con-
dition of the distributor. Examination will show
that in many cases the breaker -points are dirty and
pitted, that the distributing arm and stationary elec-
trodes are oxidized, and that the entire assembly is
covered with a film of oil. This unhealthy condition
offers a path of leakage for the high-tension currents
and prevents the immediate quenching of the low-
tension spark which takes place when the breaker -
points are opened. It is necessary therefore that the
distributor be wiped clean of oil and the electrical
members which comprise the unit be placed in a
perfect condition.

In some particularly stubborn cases where the in-
termittent character of the disturbance indicates that
the trouble is caused by the distributor, a generator
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interference filter unit connected across the breaker -
points may overcome the disturbance. At other
times the introduction of the unit at this point may
intensify the volume. It has been found in cases of
this kind that an additional unit located at the
ammeter may reduce the disturbance to zero.

This last illustrates one of the peculiarities of
interference elimination. No set rule may be desig-
nated which will eliminate the disturbing inter-
ference in every case. The system whereby the
disturbance may be overcome in one case may serve
to intensify the condition when applied to another.
It is only necessary, however, to know that the afore-
mentioned elimination methods, when intelligently
applied, will successfully overcome the ignition dis-
turbances in any type of car,

GENERAL TESTS FOR AUTO
RECEIVERS

Power Supply ("A" and "B" Batteries
and Connections).

(A). Check connections at the storage battery.
Make sure that there is no looseness or corrosion
present at the terminals. Note that the polarity of
the filament leads is correct.

(B). Check voltage of the storage battery with the
set turned on, motor not running, and the car lights
off. The correct reading should be 6 volts. A read-
ing of less than 5.6 volts indicates a discharged bat-
tery or faulty connection.

(C). Check voltage of the "B" batteries. Each
45 volt unit that shows a terminal voltage of less
than 35 volts should be. discarded.

Input System (Antenna in Car Roof).

(A). Test for shorts between antenna and the
metal body of the car.

(B). Test for open in the lead from the antenna
in roof of car to set.

Input System (Capacitor Plate Method).

(A). Check connection of the shielded lead to
capacitor plate.

(B). Check capacitor plate for grounds against car
frame. Make sure that the shielding of the input
cable does aot touch the capacitor plate. Clean off
any mud or dirt which may collect on the capacitor
plate insulators.

(C). Check condition of tubes by using an analy-
zer to make the "tube test" or substitute tubes known
to be good. Use standard tube checker if handy.

Chassis.

Check R.F., Det. and A.F. tubes with set analyzer.
Proceed in the manner of checking the various cir-

cults as explained in the section devoted to servicing
radio receivers.

WEAK RECEPTION

Low "B" Battery Voltage.
As the "B" batteries drop in voltage a slight falling

off in the sensitivity of the receiver will be noticed.
Batteries as low as 35 volts must be replaced or noisy
reception and poor tone will result.

Occasionally, due to some defect or misuse, one
battery may drop excessively in voltage. While the
total "B" supply may be between the correct limits,
the extremely poor condition of the one battery may
cause poor reception. In such an extreme case it is
necessary to measure the voltage of each individual
battery to locate this defect, and, of course, replace
the defective battery.

Low "A" Battery Voltage.

This source of trouble is uncommon due to the fact
that it seriously affects the operation of the car and is,
therefore, immediately noticed and corrected. How-
ever, there may be difficulty due to a poor connection
at the battery causing low voltage at the receiver.
Make sure that all "A" connections are clean and
tight.

Capacitor Plate or Antenna Disconnected.

The shielded lead from the receiver may be broken
or disconnected at either end. Weak reception will
result if the capacitor plate is grounded at any point.
Make sure that the shielding of the "lead-in" cable
is not touching the plate, and that the insulators are
not broken.

Condenser Misalignment.

Poor condenser alignment may be caused by
lengthwise movement of the rotor assembly or one
of the stator plates. The setting of the alignment
condensers may also have been altered. Make sure
that the rotor plates are accurately spaced between
the stator plates and that they have not become bent
or damaged. The alignment condensers may gener-
ally be checked or adjusted without disturbing the
set. The receiver should be tuned preferably to a
station coming in from 20 to 50 on the dial. Do not,
however, attempt to make this adjustment until every
other possible source of trouble has been carefully
checked.

Speaker Adjustment.

Very weak reception will result if the speaker is
enough out of adjustment to allow the armature to
rest against the pole pieces. A broken joint in the
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Correct F 1G.152_ Incorrect

linkage between the armature and the actuating pin
will produce the same effect. Fig. 182 shows correct
armature position for no signal condition.

Chassis Defects.

Poor reception may be caused by certain defects in
the chassis which can best be located by checking
socket voltages with the set analyzer as outlined un-
der ''General Test."

NO RECEPTION

No. "A" Voltage.

This condition is obviously indicated by the fact
that the tubes and dial light do not light. Battery
switch defective. Battery cable open.

Open "B" Connection.

Measure "B" voltages and inspect the "B" con-
nection as outlined under "General Test."

Defective Tubes.

Inspect the tubes for burn -outs or poor contact in
the socket. Test the tubes as previously explained
under the heading "General Test."

Speaker.

Check the loud speaker on another set or touch its
terminals across a radio "C" battery. A click indi-
cates that the speaker is not "open."

Defect in Chassis.

See "General Test" for method of completely
checking chassis circuits.

POOR TONE QUALITY

Low or Open "B" Battery.

Incorrect

When "B" batteries are allowed to drop below 35
volts per unit before being replaced there is likeli-
hood of poor tone resulting, accompanied sometimes
by a slight whistle. Check voltages as outlined un-
der "General Test. -

Defective Tubes.

A defective tube, particularly in the detector or
audio stage, will cause very poor tone. This condi-
tion can be checked by means of the set analyzer or
by substituting tubes known to be good.

Speaker Out of Adjustment.

Rattles in the speaker are caused by loose parts or
by the armature striking the pole pieces. Refer to the
section on the "Loud Speaker. -

Defect in Chassis.

There are certain defects in the chassis which may
cause poor tone. Open "C" bias resistors will cause
weak and distorted reception. Use the set analyzer
to check all socket voltages as outlined under "Gen-
eral Test."

NOISE OR INTERFERENCE

Defective Tube or Socket.

Poor welds or loose elements in the tubes them-
selves may cause intermittent noise due to the vibra-
tion of the car. Poor contact in the sockets will also
produce the same result. To locate this trouble, re-
move the tube shield and jar the tubes vigorously
while the set is operating. The defective socket or
tube will immediately become apparent through the
noise produced.

Loose Connection in Radio Installation.

A loose connection or partial "Ground" in the
radio installation will cause irregular interference
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and noise. The trouble Lan best be located by in-
specting all wiring and connections, particularly at
the capacitor plate and batteries.

Ignition Interference.

This type of interference is a regular succession of
popping noises, especially evident when the motor is
idling. The resistance in the spark coil and spark
plug leads, as already mentioned, will eliminate this
interference except in special cases. As a remedy a
1.0 microfarad condenser may be connected from one
of the ignition switch terminals to "ground" or from
one of the low tension terminals of the ignition coil
to "ground." The proper terminal is best deter-
mined by actual trial.

LEADS
TO AUTOMOBILE

STORAGE BATTERY

ANTENNA
LEAD

Generator Interference.

A one microfarad condenser connected from the
generator terminal to "ground" will eliminate ordi-
nary generator interference. A dirty commutator or
worn brushes may cause an excessive amount of in-
terference which can only be eliminated by repairing
the generator.

Acknowledgement and thanks are hereby ex-

pressed to the following for their kind permission to
publish in whole or in part material from their files:

Automobile Radio Corp., N. Y.
Transitone Corp. (Philco)
United American Bosch Corp.
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HOLDING SET CHASSIS AND

"B" AND "C" BATTERIES

INSTRUMENT
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SPEAKER
UNDER
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SPEAKER -
VOLUME CONTROL

CABLE

The new Atwater Kent automobile receiver can
be easily installed in any automobile. It has a spe-
cially developed tuned radio frequency circuit em-
ploying seven tubes, with push-pull amplification,
one bank of three condensers, automatic volume
control, illuminated remote control, and a large -size
improved electro-dynamic speaker.

8
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SOUND PICTURES AND THE
SERVICEMAN

TRAINED men capable of servicing, -Talkie-
equipment are finding this field a profitable
one. The larger manufacturers of this type of

equipment maintain large service organization for
the theater owners and, of course, prefer to have
their units serviced by their own men. Many small
houses use less costly equipment and, of course, fur-
nish their own service. This is the best point of at-
tack for the independent service man. In many small
cities, one man services all the theaters. Some theater
owners "chip in" and employ a man to service two
or more theaters, thus reducing their individual
service expense.

The following paragraphs offer a brief explanation
of the principles involved in the recording and repro-
duction of sound and a general discussion covering
the troubles encountered in servicing the equipment.
No attempt has been made to make this section any-
thing more than an outline, because space will not
permit the inclusion of everything that could be said
on the subject.

Sound.

Sound may be considered as a series of vibrations
of the air of such frequency or pitch, that it creates
the sensation of hearing to the human ear. When
the air is set in motion by any means whatsoever
sound is produced, provided that the frequency of the
vibrations are audible. An interesting chart is shown
in Fig. 183 indicating the frequency range of various
sounds and noises and their relation to the musical
notes of the piano for comparison.

Sound Recording On Film by the Variable
Density Method.

There are two methods in common use in record-
ing the sound on the film. The method called
-variable density" recording has the entire sound
track exposed, and the amount of light passed
through it is varied by regulating the amount of ex-
posure. The voice or sound causes a variation of

the electric current flowing in the microphone circuit.
These variations are magnified by the amplifier and
operate a shutter or "light valve" in the recorder to
permit more or less light to fall on the sound track.

For each electrical impulse the shutter will open
in proportion to the strength of the impulse and
then close. This results in a series of lines entirely

111 11111111 ffill !

FIG. -184 A

across the sound track, the darkness of the lines
corresponding to the volume of the recorded sound
and the number of lines per inch corresponding to
the pitch. This system is used by the Western Elec-
tric Co. and its licensees. Fig. 184A is an example
of this method of recording.

Sound Recording on Film by the Variable
Area Method.

In this method of recording, the electrical vibra-
tions from the amplifier are changed into correspond.

F I G . 184 5
ing variations in the movement of a narrow beam of
light focused on the sound track of the unexposed
film as the film moves past the recording optical
system.

This sound track appears as a series of dips and
peaks, the height of the peaks corresponding to the
loudness of the sound recorded and the number of
peaks per inch corresponding to the pitch. The
peaks will be of the same darkness (that of com-
pletely exposed film) and will pass the minimum
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amount of light. It will be noted that the amount of
light passing through the sound track will depend
upon the area of the unexposed portion. Fig. 184B.

"AEO" Light Recording.

Another system of recording is used by Fox Movie -
tone. In this system, the electrical pulsations from
the amplifier are used to vary the brilliancy of a lamp
instead of opening and closing a "light valve." The
lamp used for this purpose is called an "AEO" light.

General Requirements for Good Reproduction
from Film Recordings.

We have seen that the aim, in all types of record-
ing on film, is to create a photographic record in the
form of a narrow sound track which would vary the
amount of light through it (from a steady source of
illumination) in proportion to the sound pressures
on the diaphragm of the microphone.

Sound reproduction from film recordings requires
that the variations of the amount of light transmitted
through the photographic record be accurately trans-
lated into sound. To accomplish this, a thin beim of
intense light, the width of which is equal to the
width of the sound track, is focused on the sound
track. The varying light which passes through the
sound track affects a sensitive photo -electric cell so
as to cause a varying electric current to pass through
it. In the RCA Photophone system, this varying cur-
rent is passed through a transformer primary. The
voltage generated in the secondary of the transformer
is amplified in the vacuum tube amplifier, the out-
put of which is used to operate loud -speakers.

The Western Electric Co. feeds the output of the
photo -electric cell into an amplifier unit mounted in
the same compartment with the cell; the output of
this so-called "head amplifier" being fed to the volt-
age amplifiers, power amplifiers, and then to the
speakers.

The source of the light (exciter lamp) which
shines through the film must be steady, that is, there
must be no fluctuations in the amount of light. The
beam of light must be nearly as thin as the beam
used in recording, and exactly as wide as the sound
track. The beam should not be more than 0.001 of
an inch thick and should be exactly 0.084 of an inch
wide.

The speed of the film passing the light beam must
be the same as the film speed of recording and must
be absolutely constant. Variations in speed would
cause variations of pitch which would be recognized
as "wows." This speed is 90 ft. per minute.

Reproduction from Variable Density and
Variable Area Recordings.

variable density recordings do not look alike, the
variations of the light transmitted through them are
the same. Reproducing equipment which is suitable
for reproducing from one type of recording is equally
capable of reproducing from the other. All pro-
ducers of standard sound recordings on film use the
same width of sound track, and use a light beam of
approximately the same thickness.

Exciter Lamps.

These lamps should not be operated at a higher
current than that for which they are rated. As the
lamp becomes old a dark coating inside the lamp
materially decreases its efficiency. For this reason
exciter lamps should not be used until burned out,

FILAMENT

FIG.185

but should be replaced when the coating reduces the
efficiency of the lamp to a point where satisfactory
results cannot be obtained when the lamp is drawing
its rated current. The exciter lamp is illustrated in
Fig. 185.

Photo -Electric Cells.

A photo -electric cell is a device which varies in
electrical resistance in proportion to the amount of
light falling upon it. Therefore, a varying amount
of light falling on its internal elements will cause a
varying current in the external circuit. A standard
photo -electric cell is shown in Fig. 186.

VACUUM TUBES

In many of the sound systems, standard tubes such
as '24, '27, '50, '80, and '81 tubes are used. These
tubes are covered in the section of this manual de-
voted to "Vacuum Tubes and Their Operation."

AMPLIFIERS

Although the sound tracks of the variable area and In general, the amplifiers used in "talkie systems
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are divided into two classifications. The output
stage is termed the "power amplifier" as it furnishes
the power to operate the speakers. The preceding
stages are termed the "voltage amplifiers." Some
models combine these two sections into one unit be-
ing entirely self-contained and A.C. operated.

Photoelectric
Caesium Type

cell.

TROUBLES IN SOUND SYSTEMS

Even with the best of care, troubles can develop
which require immediate attention and correction.
It is important that the operator or service man be
ready to meet them with a definite idea as to what
is to be done.

The troubles which may be experienced with
sound reproducing equipments depend upon the type
of equipment used. These are discussed in this sec-
tion and more detailed discussion of troubles for a
particular type equipment can be found in the in-
struction book which is sent along with the appa-
ratus.

Probably the most common of the troubles ex-
perienced are those which are due to "slip-ups" in
operation. It is important to check over the operat-
ing procedure before looking elsewhere.

If the trouble is not due to a "slip-up" in opera-
tion, then the portion of the equipment causing the
trouble should be isolated by systematic tests. The
instruction books sent out with equipment should be
studied and the service man should familiarize him-
self with the individual peculiarities of the equip-
ment.

When the fault has been discovered, it is usually
a fairly simple matter to remedy the condition. The
more probable causes of trouble in the various por-
tions of the equipment are discussed in the manu-
facturers' service books.

Checking for Errors in Operation.

If no sound is obtained when starting, or when
"changing -over" from one projector to the other,
check for any of the following errors:

(a) Switches or other controls set incorrectly any-
where in the equipment or in its power sup-
ply circuits. (While checking the controls of
the amplifier, inspect the tubes of the voltage
and power amplifiers to see that they are
all lighted.)

(b) Fader switch set for the wrong projector, or

fader set in the "Off" position or for the
wrong projector.

(c) Loud speakers not plugged in at the stage.
(If "no sound" is due to the stage speakers
being disconnected, sound can still be heard
at the monitor speaker.)

If in checking over the routine operation no
error is noted, the trouble is probably due to some
defective part, and the next thing to be done is to
isolate that defective part.

Systematic Tests for Locating a Defective Part.

Usually the most effective method of locating a
defective part is by determining to what extent the
equipment is still operative. If no sound is obtained
from the photo -cell circuit of one projector, the other
projector should be "faded in" and tested. If sound
can be obtained from one projector and not from the
other, the indication is that the defect may be in the
fader circuit or in the sound head from which no
sound can be obtained.

If it is found that sound cannot be obtained from
either projector, the indication is that the trouble is
in the amplifier equipment. If a non -synchronous
phonograph attachment is available, the amplifier
can be checked by plugging the non -synchronous
phonograph input plug into the jack provided, and
listening for sound while tapping the pick-up needle
of the phonograph. If sound can be obtained from
the non -synchronous phonograph and not from the
projectors, the indication is that the amplifiers are
O.K. and the defect is in the fader photo -cell units.

If no sound can be obtained from either of the pro-
jectors or from the non -synchronous phonograph, the
indication is that the trouble is in the amplifier rack
equipment or in its power supply circuit

No Sound From the Stage Speaker.

In case no sound is obtained at the stage and the
sound is O.K. at the monitor speaker, the trouble
must be somewhere in the line leading from the am-
plifier rack to the stage speakers.

Low Volume.

Low volume when using sound -on -film may be
due to any of the following:-incorrect exciter lamp
current, dirty or old exciter lamp, exciter lamp out of
focus, sound gate aperture partly clogged, a defective
photo -cell, or defective tubes.

Unequal Volume from Projectors.

If unequal volume is obtained from the two pro-
jectors when using sound film, the projector giving
the lowest volume should be checked for trouble.
If no cause is found for low volume the output of
the projectors should be balanced by following
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the directions in the manufacturers' service sheets
furnished with the equipment.

Poor Quality.

Poor quality of sound from sound film may be
due to any of the following causes:-poor sound
film, dirty sound gate, dirty film, dirty constant speed

.sprocket, a defective photo -cell, an out -of -focus opti-
cal system, or defective tubes.

Poor quality of sound is often blamed on the
equipment when the fault is in the film itself. On
the other hand, dirt on the film or on the sound gate
will ruin the quality of sound from a good recording.

A defective photo -cell can spoil the quality of the
reproduced sound.

A photo -cell can be spoiled by misuse. It is im-
portant that the photo -cell should not be exposed to
strong light at any time, whether the polarizing
voltage is applied or not. They should be handled
gently and not jarred. When no film is in the pro-
jector, the circle of light from the exciter lamp can
be seen on the photo -cell. This circle should be lo-
cated at the exact center of the plate of the photo-
cell. Dirty prongs on the photo -cell may also cause
trouble. These can be readily cleaned with fine
sandpaper.

Exciter Lamps.

It is very important that the adjustment of the ex-.
titer lamps be checked by the projectionist before be-
ginning the show at least once a day, as a loss of
volume will be the result of any defect in their ad-
justment.

Exciter lamps should not be used after they have
become excessively dark, but should be replaced.

All finger marks should be wiped off the lamp
immediately. If the lamp becomes hot while greasy
finger marks are upon it, the marks will be hard to
remove later. The condensing lens on the optical
system should be kept clean at all times.

The socket in which the exciter lamp is mounted
should not be allowed to become loose. If the ex-
citer lamp is loose it will be difficult, if not impossi-
ble, to keep the exciter lamp focused during the
operation of the machine.

Amplifier Tubes Fail to Light.

If some of the voltage or power tubes fail to light
while others in the same unit do light, the indication
is that the unlighted tubes are burned out, and
should be replaced; but if none of the tubes of a
unit light when the amplifier is turned on, the indica-
tion is that the fuse is burned out or that there is
something at fault in the power supply feeding the
amplifier unit. As soon as it is noticed that none r,f

the tubes light, the equipment should be turned off
and all fuses and circuits checked.

Noise and "Motorboating."

Noise and "motorboating" when using sound film
may be due to any of the following reasons:

Poor ground connections on the projectors. Clean
and tighten.

Optical systems out of adjustment in such a way
that the light ray passes through the sprocket hules
of the film, or through the frame lines of the picture.

Guide rollers out of adjustment. The guide roll-
ers in the sound gate should rotate freely. There
should not be side play in the outside roller, but it
should not bind on the gate shoe. If the guide roller
is loose or out of position, the film will weave in and
out through the gate, thereby causing "flutter" or
"film noise," and the reproduction will be poor.

"Putting" noise in amplifier. In cases where the
amplifier "motorboats" it is necessary to check over
the tubes, and if batteries are used test them, because
as the batteries age, they generally offer a common
path of high impedance to the various tube circuits.

Reverberation and Its Elimination.

Reverberation can be stated as the persistence of
sound in an enclosed space. When a sound wave is
created in an enclosed room and strikes one of the
walls, part of the sound is reflected, part transmitted,
and part absorbed. It will be noted that an echo is
simply a sound wave which is reflected back to the
ear after the original impulse has died out. If two
sounds strike the ear with a shorter period of time
than one -tenth of a second, the ear cannot recognize
them as separate sounds. As sound travels 1100 feet
per second, we cannot receive an echo from an object
that is closer than about 55 feet.

If a hall or auditorium uses hard materials for the
floors, walls and ceilings, and the distance which
the sound travels is less than 55 feet, the repeated
reflections from the various surfaces bound back on
the original sound and interfere with it to such an ex-
tent that a condition called reverberation is brought
about resulting in -garbled" speech and music. The
cure for this condition is to cover the floors, walls,
and perhaps the ceiling, with some material capable
of absorbing the excess sound that is represented by
reflection.

One way to do this is to break the reflecting sur-
faces up into small sections so that the sound reflec-
tions by colliding with each other, will waste their
energy and quickly die our. This is done in modern
theater design. In old buildings, the established
practice is to line the walls with sound absorbing
material, using as much material as is necessary to
reduce the period of reverberation to a satisfactory
value.
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the tubes light, the equipment should be turned off
and all fuses and circuits checked.

Noise and "Motorboating."

Noise and "motorboating" when using sound film
may be due to any of the following reasons:

Poor ground connections on the projectors. Clean
and tighten.

Optical systems out of adjustment in such a way
that the light ray passes through the sprocket holes
of the film, or through the frame lines of the picture.

Guide rollers out of adjustment. The guide roll-
ers in the sound gate should rotate freely. There
should not be side play in the outside roller, but it
should not bind on the gate shoe. If the guide roller
is loose or out of position, the film will weave in and
out through the gate, thereby causing "flutter" or
"film noise," and the reproduction will be poor.

"Putting" noise in amplifier. In cases where the
amplifier "motorboats" it is necessary to check over
the tubes, and if batteries are used test them, because
as the batteries age, they generally offer a common
path of high impedance to the various tube circuits.

Reverberation and Its Elimination.

Reverberation can be stated as the persistence of
sound in an enclosed space. When a sound wave is
created in an enclosed room and strikes one of the
walls, part of the sound is reflected, part transmitted,
and part absorbed. It will be noted that an echo is
simply a sound wave which is reflected back to the
ear after the original impulse has died out. If two
sounds strike the ear wan a shorter period of time
than one -tenth of a second, the ear cannot recognize
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RCA Photophone, Inc.

them as separate sounds. As sound travels 1100 feet
per second, we cannot receive an echo from an object
that is closer than about 55 feet.

If a hall or auditorium uses hard materials for the
floors, walls and ceilings, and the distance which
the sound travels is less than 55 feet, the repeated
reflections from the various surfaces bound back on
the original sound and interfere with it to such an ex-
tent that a condition called reverberation is brought
about resulting in "garbled" speech and music. The
cure for this condition is to cover the floors, walls,
and perhaps the ceiling, with some material capable
of absorbing the excess sound that is represented by
reflection.

One way to do This is to break the reflecting sur-
f -aces up into small sections so that the sound reflec-
tions by colliding with each other, will waste their
energy and quickly die out. This is done in modern
theater design. In old buildings, the established
practice is to line the walls with sound absorbing
material, using as much material as is necessary to
reduce the period of reverberation to a satisfactory
value.

Reverberation Time.

Professor Wallace C. Sabine found that a definite
relation exists between the time of reverberation in
seconds (t), the volume of the room in cubic feet
(V), and the absorbing effect of the various ma-
terials present per square foot (A).

o.osv
t-

A
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SOUND -ABSORBING COEFFICIENTS FOR PITCH 512

Material Coefficient
per sq. ft.

Asbestos Akoustikos Felt... Flameproof 1/4"

1"

.31

.45

.59

Open Window 1.00 11/z .73

Acoustex 1 in. thick 0.37 2" .79

Balsam Wool, bare, 1 in. thick, 0.26 lb. per
sq. ft. 0.44 Balsam Wool Flameproof

3,, .79

.56

Brick wall 0.032 y2" .41

Brick wall, painted 0.017 Blast Hair Blanket Inflammable 2" .76

Carpet, unlined 0.15 Celotex Building Board Inflammable 7/16" .22

Carpet, lined 0.20 Corkoustic Inflammable 1" .30

Carpet, with 1/2 in. Ozite hairfelt 0.25 11/2" .32

Celotex, unperforated, 7/16 in. thick 0.20 2" .35

Acousti-Celotex, type BB, painted or unpainted 0.70 Flaxlinum Inflammable 1/2" .34

Cork tile 0.03 1" .61

Curtains in heavy folds 0.40-0 Gimco Acoustic Flexfelt Fireproof 1" .56

Flaxlinuin Acoustic Tile, 1/2 in. thick, with 11/2 .61

wooden casing and metal screen 0.42 Insulite Building Board Inflammable y2" .30

Glass (single thickness) 0.027 Macoustic Plaster Fireproof I/2" .08

Hairfelt, bare, 1 in. thick, 0.75 lb. per sq. ft.. . 0.58 Masonite Building Board .. .. Inflammable 7/16" .28

Oil painting, per sq. ft. 0.28 Nashkote A Perforated Flameproof .43

Linoleum 0.03
y4 I .53

Marble 0.01 1" .67

Plaster on wood lath 0.034 Nashkote AX Flameproof V2 " .34

Plaster on metal lath 0.033
'4 .38

Plaster on tile 0.025 1" .43

Sabinite Acoustical Plaster 0.21 Nashkote A -1-S, A -C -S Flameproof 1/2" .31

Stage opening, depending on stage furnishings 0.25-0.40 Y4" .38

Ventilators 0.75 1" .46

Wood, plain 0.06 Nashkote B-045 Flameproof .39

Wood, varnished 0.03 % " .49

Adult person 4.7 1" .64

Plain wood seats 0.15 Nashkote F Flameproof V2 .35

Church pews, ner seat 0.2 .49

Seat cushions, per seat 1.00-2.00 1" .65

Opera chairs. 11/2" .72

(a) plywood seat and back, no upholstery 0.24 2" .76

(b) padded seat and back, covered with 3" .77

pantasote (imitation leather) 1.6 Nashkote O -M -C Flameproof 1/2" .34

(c) various padding's, covered with velour %" .47

or mohair 2.3-3.5 1" .6'i

Piano .6 Nashtile Inflammable 3/4" .38

Table .2 Nephi Fireproof .16

No -Echo Acoustical Tiles. . .. Fireproof 7/8" .35

Ozite Carpet Cushion Inflammable 14 " .13

Trade Name Fire Thick- Coeff. .17

ness per V2 .20

sq. ft. .28

Acousta-Zenitherm Inflammable PA" .33 Penn Acoustic Felt Inflammable V2 .31

Acoustex Fireproof 1" .54 Sabinite Plaster Fireproof 1/2" .29

Acousti-Celotex B Inflammable Y4" .43 Sanacoustic Tile Fireproof 114" .71

Acousti-Celotex BB Inflammable 114" .63 Spray -Acoustic Flameproof 1/2" 45
Acousti-Celotex C Inflammable Y8" .28 .61
Acoustile Inflammable A" .37 .70
Acoustolic Inflammable .37 U. S. G. Acoustical Tile Fireproof 1/2" .47
Akoustolith Fireproof 1/2" .29 %" .56
Akoustolith Sound Abs. .61

Stone Fireproof 1" .32 Westfelt Flameproof IA " .19

Ambler Plaster Fireproof 1. " .08 1/2" .32
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Acceptable Limits of Reverberation.

The figures given in the table are not to be re-
garded as absolute. Many rooms have values which
exceed these mentioned in either direction by tenths
of a second but are still satisfactory acoustically.

VOLUME OF ROOM
IN CU. Fr.

ACCEPTABLE REVERBERA-
TION TIME IN SECONDS

Half audience Full audience
10,000 0.9-1.2 0.6-0.8
25,000 1.0-1.3 0.8-1.1
50,000 1.2-1.5 0.9-1.3

100,000 1.5-1.8 1.2-1.5
200,000 1.8-2.0 1.4-1.7
400,000 2.1-2.3 1.7-2.0
600,000 2.3-2.6 1.8-2.2
800,000 2.5-2.8 1.9-2.3

1,000,000 2.6-2.9 2.1-2.5

Sabine's formula can be rearranged so that it states
that the absorption units required to reduce reverbe-
ration io a certain period are equal to 0.05 times the
cubic feet volume of the room divided by the rever-
beration period; thus simplifying the mathematics
necessary for the proper selection of absorbing
materials.
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Phasing Speakers.

In installations using more than one speaker it is
necessary that the movements of the voice -coils be in
phase. This is accomplished by connecting a small
4.5 -volt flashlight battery with a circuit -closing ar-
rangement to the speaker voice -coil lines. One man
should stand in front of the speakers and closely ob-
serve the motion of the cone on the speaker. Close
the battery circuit and note the direction of motion
of the cone. The cone will move either in or out
from the starting position. Check all of the speakers,
one at a time, noting the direction of movement of
each.

If one of the speakers' voice coils moves in while
another moves out, it is necessary to reverse the voice
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FIG. -187-B

Type PT -7 synchronous turntable
(Used in PG -10 equipments)

RCA Photophone, Inc.

coil connections of one of the speakers. All of the
voice cones should move in or out in unison as the
battery circuit is closed and opened.

Patching.

When a break pccurs in a sound film it should be
patched in the usual manner, but the sound track re-
quires special treatment. The sound track should
be painted as shown in Figs. 187A and B. Paint a
half-moon over the sound track if the recording is
variable area, and a blunt apex if the recording is
variable density. Use Zapon concentrated Black Lac-
quer No. 2002-2.

The projectors and amplifier used with
the PG -5 portable equipment

RCA Photophone.
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ERECTING AERIAL AND
INSTALLING SET

Although complex antenna systems have been used
in transmission to good effect, it will be noted by
those of you who reside in maritime ports that the
big liners now employ a simple single wire antenna
of heavy wire. Cages and fancy "gadgets" may
present a pleasing appearance but add little to the
collecting properties of the system.

The "doo-dads" and "gadgets" in various forms
offered as "staticless" by certain advertisers have lit-
tle merit save in locations where it is impossible to
install a flat -top antenna of sizable proportions.
Here these devices are sometimes able to give good
accounts of themselves.

In installing the antenna it should he kept high
and wide from all obstructions-particularly from
structural steel formations. The "L" antenna shown
in Fig. 188 is the usual type and although its direc-
tional properties are not pronounced, it is slightly

more sensitive in the direction of the tap off. It is
therefore, wasteful to tap off an "L" type antenna in
the direction from which little of entertainment value
can be expected.

How Long?

Many times the question is propounded ----how
long an antenna should be used? With the modern
and highly sensitive receivers of today, the answer is
to the effect that the antenna should be just as short
as is compatible with the reception of distant signals.
In rural districts where there are no locals to pro-
duce interference, a long antenna may be used to in-
crease the sensitivity during daylight hours-for in
many such localities, the nearest broadcaster may be
a hundred or more miles away and a high degree of
sensitivity is required if satisfactory daylight service
is to be obtained.

The flat -top portion of the antenna may vary from
twenty to a hundred feet in length, therefore, as a
longer antenna might possibly result in upsetting the
ganging of the tuned circuits.

The lead-in should run as directly to the receiver
as possible. This lead wire should be kept clear of

the building by at least six or eight inches. Unless
the customer seriously objects, the receiver should be
placed in such a manner as to make both the lead-in
from the antenna and the ground lead as short as
possible.

For the antenna itself, any good grade of antenna
wire may be used although due care should be, given
to its tensile strength. Stranded phosphor -bronze
wire has the best all-round characteristics and the
enameled wire now on the market aids materially in
reception as the enameled covering prevents oxida-
tion of the wire and consequent increase in its radio
frequency resistance.

In certain locations, the interference picked up by
the down -lead running close to the building is great
due to the presence of elevators and what -not in the
building. In these locations a shielded wire may be
used to advantage. This wire resembles BX cable
on a diminutive scale and the sheathing should be
grounded at the lightning arrester.

Contrary to belief in some circles, the lightning
arrester is a decidedly important piece of apparatus.
Not only is it necessary to use an arrester of high
quality for the protection it affords, but for the assur-
ance that the arrester will not short-circuit and cause
a total loss of signals which condition is difficult to
diagnose.

The arrester does not protect one materially from a
direct stroke of lightning-neither does the antenna
provide a hazard in this respect. The arrester does
protect the set from the ravages of heavy static dis-
charges such as may readily burn out the input coils
of the receiver.

In some locations this occurs to every receiver at
least once in its life -time. Arresters approved by the
Underwriters are satisfactory for use and care should
be taken that an approved model is employed.

In the country, it is possible to keep the arrester
out of doors as shown in the figure, but in the city
the best form of installation is the mere placement
of the device across the antenna and ground leads at
a point as near their entry to the house as possible.
By all means, do not skimp on the lightning arrester
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as you may be held responsible for any damage to the
receiver resulting from such neglect.

In cities, the ground may be a water pipe (prefer-
ably "cold") or a radiator-but by no means should
a gas pipe be taken as the ground.

There are many forms of ground clamps for mak-
ing this connection and much time may be saved in
the installation of a receiver by using a clamp which
is readily attached. In country districts, it is some-
times impossible to ground the receiver to a pipe and
in these cases some sort of manufactured ground is
necessary.

44/

FIG.188

cm 4

The best manner of grounding the receiver in
such locations is by digging a number of shallow
trenches fan -wise under the antenna and burying
wires in them. These wires may be as long or a bit
longer than the antenna itself. An alternative
method is to bury a bucket to which a connecting
wire has been soldered, several feet in the moist
earth. If the earth is naturally dry, some means
should be provided for periodically moistening the
surrounding earth.

A Good Ground Is Essential on Modern
Receivers If Oscillation Is To Be Avoided.

The antenna lead-in and the lead-in from an ex-
ternal ground of the type just described may be by
means of the familiar window strips. It is preferable
that the connecting wires be soldered firmly to these
strips and the joints taped. The interior wiring

should be done with silk covered wire which matches
the wood work as closely as possible. There is no
excuse for a sloppy interior job and the customer
has every right to kick if a job of this nature is
turned out. In wiring the interior, care should be
taken that the lead wire does not traverse the back
of the receiver cabinet as undesirable coupling may
result.

Bring the antenna and ground lead wires up to the
receiver on the back side near the "A- and "G" ter-
minal posts. This is usually on the left as we face
the front of the receiver.

In installing a new receiver, make sure that all
packing strips, etc., have been removed and that the
receiver and speaker are bolted down securely in the
cabinet. If cushions are provided to be placed under
the receiver or speaker to avoid acoustic feed -back
and howl, make sure that these are in place so that
future trouble may be avoided.

Extraneous Noise.

In many cases it is found that noise cannot be
eliminated by servicing the receiver. Noise may en-
ter the home from outside via the electric light lines
or through the antenna. In such cases, the only way
in which you can check the source is to turn off-
one after the other-all electrical apparatus in the
near vicinity. First make sure that the noise is not
due to a loose antenna connection or to some fault in
the receiver which you have slipped over without
recognizing it.

Where it is impossible to get at the source of the
interference, a shielded antenna down -lead may be
employed and an interference filter of one of the
commercial types may be inserted in the power sup-
ply circuit. These may be obtained from most radio
jobbing houses and are not economical to construct
at home.

When the interference source can be located, it is
possible that-in the case of motors, etc.-the trou-
ble can be remedied by merely cleaning the brushes.

X-ray machines and other electro-medical appar-
atus rarely yield to any form of treatment.

If the trouble cannot be remedied through the ser-
vicing of the appliance in question, a filter system
of large current -carrying capacity can be inserted be-
tween the interfering equipment and the supply line.
Such apparatus is readily obtainable from many
manufacturers who specialize in this class of equip-
ment.

Where the interference is picked up in the antenna
it may often be remedied by shielding the antenna
down -lead. This is done by using lead -covered cable
for the lead-in and grounding the lead casing at one
or both ends. While this does not seem a particu-
larly efficient form of coupling, it is in reality quite
effective in achieving the desired end. When using
a shielded lead-in of this type it is of ten necessary
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to increase the effective length of the antenna. This
is due to the fact that the shielded lead-in is no
longer an efficient collector of energy.

Some of the classes of equipment likely to cause
interference are as follows:

Vacuum cleaners
Dial telephones
Electric sewing machines
Door bells
Motors of all kinds
Sign flashers

Traffic signals
Electric refrigerators
Oil burners
Electric fans
Electrically operated cash registers
Dental equipment
All types of electro-medical equipment

Defective power equipment-transformers, street
lighting sockets, etc.-may cause bad interference
to radio programs. In most instances, when such
disturbances are suspected the power company in
your community will be glad to aid in their solution.
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ELECTROLYTIC CONDENSERS

A great majority of present day receivers employ
the electrolytic type of filter condenser. These are
obtainable with a dry electrolyte or with liquid. It is
not the present writer's task to glorify the one at the
expense of the other and we will leave all discus-
sion of the relative merits to salesmen and the like.

While the majority of set analyzers provide for the
measurement of condenser capacitance by means of
the A.C. meters with which they are furnished, these
tests hold good only for paper condensers. Bridge
methods or other methods where A.C. is involved
are also unsuited to measurements of the capacitance

of electrolytic condensers.
The only methods by which these measurements

can be made involve the use of direct current and a
rapid make and break switch-such as a rotating
commutator. The writer doubts the advisability of
such equipment for the service laboratory as the dif-
ferent units on the market are readily distinguishable
as to capacitance and the sole tests of actual interest
to the service technician are those of operation.

The dielectric in an electrolytic condenser consists
of a thin film on the surface of the plates and, under
certain conditions, this film will break down-condi-
tions not always due to excessive voltage. The leak-
age current through an electrolytic condenser should
not exceed 5 milliamperes per section of 8 micro-

farads-this permits of a leakage of 20 ma. for a
32 mf. section-at a terminal voltage of 350, the cor-
rect polarity being, of course, observed. Fig. 189
shows test circuit.

In measuring the leakage through a condenser, do
not place the milliammeter directly in the circuit but
allow it to be shunted by a relatively low resistance
during the first period of operation gradually increas-
ing the resistance across the meter until it is entirely
removed from the circuit.

350V.D.C.
moitLw2A.ACAHMS

MILLIAMETER 0-25

ELECTROLYTIC CONDENSER UNDER TEST
FIG.189

After a long period of inoperation, an electrolytic
unit will be found to have a greatly increased leak-
age. To "form" the plates, the condenser should be
left across a voltage almost equal to its maximum
safe value for a period of from ten to fifteen min-
utes. At the end of this time the leakage will be re-
duced to its allowable value.

Electrolyte escaping from the vent due to break-
down should be wiped away as its presence across
the terminals will greatly increase the leakage.

Electrolytic condensers begin to jell at about 29° F.
and freeze solid at 18° F., but they will return to
normal operation after a brief period at normal room
temperature. This precludes the possibility of using
electrolytic condensers in portable apparatus to be
operated at low temperature in the open.

Re-forming of the condensers may be carried out
in the receiver by removing all tubes but the rectifier
and allowing the receiver to run idle in this condi-
tion for a short period of time-any excess hum due
to de -forming of the condenser plates will be found
to have disappeared after about 15 minutes of such
operation.
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A MODULA 1 ED TEST OSCILLATOR

The oscillator shown in Fig. 190 employs a sepa-
rate oscillating tube for modulation. The frequency
of modulation may be altered by adjusting the value
of the capacitance across the iron cored coil.

It is possible to shift from the broadcast range to
the range between 115 and 200 kc. for lining up in-
termediate amplifiers in superheterodyne receivers by
a single switching arrangement.

In calibrating the oscillator in the broadcast band,
it is only necessary to tune in a number of broad-
casters of known frequency; beating the output of
the oscillator against the broadcast carrier gives an
accurate knowledge of the frequency to which the
oscillator is tuned. The oscillator is in tune with
the incoming signal when the output of the radio
set, which is used for the calibration, delivers a low-
pitched growl along with the music. If the signal
of the oscillator is high in pitch, then the oscillator is
not in absolute resonance with the incoming signal.

In calibrating the low frequency range, a more
difficult procedure is required. All oscillators are
generators of harmonics of higher frequency than the
basic carrier. Ours is no exception to this rule. The
harmonics of- various frequencies in this range are as
follows:

Harmonic 200 kc. 175 kc. 150 kc. 120 kc.
2nd 400 350 300 240
3rd 600 525 450 360
4th 800 700 600 480
5th 1000 875 750 600
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SW.

FIG. 190 1 Fb i
A G B4-45

6th 720

Note that many of these values lie in the broad-
cast band.

The procedure in calibration is to hook up the
oscillator operating in the low frequency range to
the receiver through the dummy antenna described.
With the oscillator condenser almost closed, it
should be oscillating in the neighborhood of 120 kc.
The sixth harmonic of 120 kc. is at 720 kc. and if we
tone our receiver to this point and move the oscilla-
tor condenser slowly, we should find a weak signal
when the oscillator passes through the 120 kc. mark.
Mark the oscillator dial setting at this point and tune
the receiver to 750 kc. which is the 5th harmonic
of 150 kc. Repeat the first procedure and mark
the oscillator setting as 150 kc. Check this reading
by adjusting the receiver to 600 kc. where the 4th
harmonic of 150 kc. should appear. If this is not in
evidence, it is possible that your oscillator is not
tuned to 150 kc. but to some other frequency of
which 750 kc. is also a harmonic. If you get signals
at 600,800, and 1000 kc., your oscillator is tuned to
200 kc. and you are getting the 3rd, 4th, and 5th
harmonics, respectively. If you find a signal at 600
and 720 kc., you are tuned to 120 kc. and are picking
up the 5th and 6th harmonics the'reof. It is easy to
identify the frequency to which you are tuned by
calculating the intervals between the harmonics re-
ceived. An extremely accurate calibration curve can
be plotted in this manner if reasonable care is taken.

L

V1-'30 tube
V2-'30 rube
C1-00035-mf.
C2-.5-mf.
C3-.00025-mf.
C4-.001-mf.
RI-125-ohni potentiometer
R2-.5-meg. grid leak
R3 -8 -ohm rheostat
11-93 turns No. 32 gown. on PA' form

Center-ta
12 -400 -turn oneycomb Coil with 20 nuns

removed

!! R2

L3-Harnmarlund R.F Choke. R.F.C. 85
L4-Primary of push-pull output transformer
SW -3 -pole double -throw switch.

V2
R3

-141 4.5V.0

A- A+
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POTENTIOMETERS

Many experimenters find some difficulty in apply-
ing potentiometer arrangements in radio circuits.
Much has been written on the more complex theories
of radio, but in most cases the practical application
of potentiometers has been obscured in a mass of
other explanations, it being assumed that potenti-
ometers are so simple as to require no explanation.

The difficulty is that the mere buying of a unit
labeled -potentiometer, so and so many ohms," is
not all that is necessary. There is no mystery about a
potentiometer as sold; it is only an electrical resis-
tance with a tapping, or, if it is variable, it has a
rotatable contact just the same as a filament rheo-
stat, the only difference being the provision of an ad-
ditional terminal to enable the resistance to be con-
nected as a shunt across the circuit instead of two
terminals for enabling the contact and part of the
resistance to be connected in series in the circuit. Fig.

T R

F10.191
191 illustrates a filament resistance and Fig. 192
illustrates a potentiometer, the terminals being
marked T in each case.

Many service men fail to consider the effect of the
resistance in the external circuit altogether, and as a
consequence obtain results seemingly incongruous
with theory. The division of potential calls for a
particular electrical circuit and the potentiometer as
sold is only a convenient unit for use in such a cir-
cuit; the circuit is of paramount importance.

All radio men know that potential is always
dropped across an electrical resistance when current
flows and the drop in voltage is dependent upon the
resistance in accordance with Ohm's Law: E= IR;

when E is the voltage, R the resistance, and I the
current flowing.

If an electrical circuit is arranged as illustrated in
Fig. 193, in which a resistance R is connected across
the supply voltage, and if such resistance is divided

T

T

R

FIG. -192
into ten equal parts, so that the electrical resistance
in ohms between the first contact and contact 1, is
equal to the number of ohms between the contacts 1
and 2 and so on, then any proportion in tenths of the
voltage between the positive and negative leads can
be obtained by placing the arm B on a suitable con-

FIG.193
tact provided no appreciable current flows through
B. For example, if the potential difference between
positive and negative is 10 volts, then the potential
at stud 1 will be one volt, at stud 2 will be two volts,
and so on if no current flows -in the external circuit
through B, that is to say, only a state of electro-
static tension occurs at b-b. This condition of affairs
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exists when variable grid bias is provided for by
means of a potentiometer, and in such a case the po-
tential values will be substantially the obvious divi-
sion of the potential, as all that is required is an
electrostatic condition. The circuit of Fig. 194 shows
a common application of this. In this arrangement
the value of R has no bearing on the potential and
a value can be selected to economize in current flow.
The same condition exists when a potentiometer is
used in leaky grid detectors.

When a current flows in the external circuit then
the conditions are altered and the values of the po-
tential at the contacts 1, 2, etc., are quite different.
Fig. 195 illustrates diagrammatically the new condi-
tions in the circuit; here r represents the electrical re-
sistance in the external circuit, and owing to the flow
of current through r, the potential at the stud 5 will

R2

R

R1

FIG. 195
not be half the potential difference across the positive
and negative mains. It will be seen that r and the
portion 11, of the resistance R are in parallel, and the
equivalent resistance will be

R, X r

R, +r
Incidentally, the value of the resistance across the
positive and negative has changed from R to

X r
R2+

R, + r
but that is by the way. Fig. 196 exhibits a family of
curves showing how the value of the potential across
r varies when the value of r changes. In these graph,
the potential difference across positive and negative
has been taken as E=100 volts, and the resistance of
R is 1000 ohms. Consider the tapping at R2=500
ohms, when r is infinitely great then the voltage Er
is 50; when r is 1000 ohms the voltage Er is 40;
when r is 300 ohms the voltage Er is about 27; when
r is 100 ohms, the voltage Er is about 13. and when r

is only 50 ohms, then the voltage Er falls to about 8.
From the above it will be clear that if a drop of 50
volts is required across r for some reason, it will be
useless to use the tapping R2=500 ohms regardless
of the value of r.
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This is of great importance today especially when
we use a portion of the voltage divider to furnish the
biasing potentials for the new variable-mu tubes as
indicated in Fig. 197.

FIG. 197

R2

6+

FROM
+50V. FILTER

A R1
SYSTEM

The points to be considered in calculating the
value of the resistance R1 are as follows:

What voltage drop is necessary? How much cur-
rent will flow through the resistor? What should
the watts rating of the resistor be?

When the contact A is turned to B-the current
through the resistor is the bleed current consumed by
R, and R2. The bias on the tubes being furnished
by the resistors in the cathode leads. If the contact
A is moved up to the point +50 then the currents
from the plate and screen circuits of the tubes have
to flow through the resistor R1 as well as the current
consumed by R, and R2. To be sure, the current
which flows in resistor R1 will always be the bleed
current consumed by the resistors but as the arm A
moves up it increases the value of the negative bias
on the grids of the tube which in turn causes an
increase in the voltages applied to the plates of the
tubes due to the decrease in plate current caused by
the additional grid bias. Thus the current through
the resistor R1 should be so large that the addition
of the currents flowing through the arm A will be but
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FIG. -19 8

a small portion of the total current in R1 so that the
volume control will operate smoothly without jumps
or drops in the volume level as the arm is turned.

Many failures are due to no other cause than lack
of proper appreciation of the conditions and values
in the external circuit. Fig. 198 shows how the
voltage across r varies with the value of r assuming
R=1000 ohms and E is 100 volts, the tapping lo-
cated so that R, -----R.>=500 ohms.

Above, old methods of volume control: below,
two of the latest systems.

Above, potentiometer and rheostat plate -voltage
control. Below, potentiometer and rheostat con-
trol of cathode bias. 7'he fixed resistance sets

a minimum negative bias.

Four types of antenna volume control.
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R.M.A. COLOR CODE

BODY
COLOR

RING
COLOR

FIG. e199

Body Color indicates first significant figure.
End Color indicates second significant figure.
Band Color indicates third significant figure.

END
COLOR

Body Color End Color Band Color
1 brown 0 black

.0 black2 red 1 brown
0. brown

3 orange 7 red
00. red4 yellow 3 orange 000. orange

5 green 4 yellow 0000. yellow6 blue 5 green 00000. green
7 violet 6 blue 000000. blue8 gray 7 violet
9 white 8 gray
0 black 9 white

For example, a Resistor has a blue body, a yellow
end color and a red band color. What is the re-
sistance in ohms? Answer, 6400 ohms. Fig. 199
shows position of identifying colors and bands,
(Courtesy International Resistance Co.)
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BALLAST RESISTOR CALCULATION

HOW TO DETERMINE THE PROPER
AMPERITE

The service man is often called upon to install a
voltage regulating device but is at a loss as to the
proper type to use. The following tables cover prac-
tically every combination of current drains which can
exist and it surely is a time saver.

Tubes of the '24, '26, '27, and '35 class, consume
approximately 5 watts of the power line load.

Output tubes such as the '45 and '47 consume
approximately 30 watts -6 times that of the tubes
mentioned above.

Thus, the output tube practically determines the
wattage of the set and the proper Amperite for any
110-120 volt A.C. set can be approximated from the
following chart:

Output tubes Total No. Use
in set in set Amperite

2-'45's (or Pent) 7 to 10 9-A-5
1-'45 5 to 8 7-A-5
1-'45 - 3 and 4 5-A-5
1 or 2-'12A ('71A) 6 to 9 7-A-5
1 210 6 to 8 9-A-5
2 250 7 to 10 9-A-5- (use 2)

When operating, the Amperite will get warm.
It should not operate above a very dull red glow.
If the Amperite burns higher than a dull red glow
-use the next larger size, e.g., if 7-A-5 is too bright,
use 8-A-5, etc.

Some sets are wound with a special 90 -volt pri-
mary and require an Amperite of -10 or -20 series
as e.g.

AMP,"
PnivLALION

0

Victor R-32, R-52, RE -45 10-V-10

Victor R-35, R-39, R-57 9-V-10

General Electric 31, 51, 71 9, --ITV :10o

Radiola 80, 82, 86
Westinghouse WR-5, WR-6, WR-7 9-V-10
Peerless models 21 to 25 11-20

Kylectron K-71, K-72 11-20

Hi -Q 30 11-20

Brunswick 14, 21, 31 9-20
Silver Marshall, 20, 20-B, 60, 75, 95 10-25
Special mounting adapter used on 9-V-10
Special mounting adapter used on 10-V-10
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REPLACEMENT CONDENSER

NOTES

The service man is at a loss as to the proper value
of a fixed condenser which, when burnt out, has to
be replaced in order that the set will be operative.

Of course, if the circuits of the receiver are avail-
able and the value of the condenser is marked on the
diagram, it is a simple matter to obtain a condenser
of the same value and mechanical size and substitute
it for the defective unit. Sadly enough, this informa-
tion is never at hand when it is desired.

Modern radio receivers are so designed today that
each tube must work at the greatest possible effi-
ciency, thus any change in the electrical values may
seriously affect the operation of the receiver.

1

--s
CASE -A

E2

CASE -B

FIG. 200

Some manufacturers use filter systems as shown in
Fig. 200, and, due to the resonant condition which
exists in circuits of this type, condensers are known
to puncture, placing a short on the rectifier in case
A and shorting the filter choke in case B with a
large increase in the hum output.

If the value of the condenser is not known, it is a
difficult job to guess as to its capacity. If the in-
ductance of the choke is known, and that means with
the normal current consumed by the set flowing
through the choke, the value of the condenser can
be found. This applies to case B, as the current flow-
ing through L1 in case A is not a direct current
but a pulsating one and large currents appear only at
the resonant frequency. The resonant frequency for
full -wave operation would be at 120 cycles and for
half -wave. 60 cycles.

For those interested in the solution of problems of
this kind, the procedure noted in the following can
be used. The first thing that should be known is
the LC constant which is derived from the equation
below.

1
LC =

4 11.2 f 2

LC =
25300
f

25300
L C = = 7.02+60 (Cycl.es)z

LC = 25300
120 (Ctscles)a - 1'7 +

Thus we find that the LC constant for 60 and 120
cycles is respectively 7.02 and 1.7. That is, the
product of the capacity and the inductance will de-
termine the resonant frequency. If the capacity is
known, the inductance can be determined by simple
division; for example, the capacity is .2 mf., what
inductance is necessary for resonance at L1 for 60
cycles? for 120 cycles?

L -

L=

7.02.
.2.-MF.

1.7

35.1 h. APProx

8.5 11.Approx.

Xc = 1'000,000
6.28 x 120X.2 -6635 -C1-

XL= 6.28 X120 X 8.5 6405 -a-
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The best way from the service angle to find the
proper value of capacity is by actual test, the value
of capacity which permits of the least amount of
hum in the speaker being the value to be used as
the replacement unit.

UNCASED REPLACEMENT CONDENSER

The replacement capacity should be rated at a
much greater voltage than the apparent voltage in
the circuit. This will be noticed when the fact that
voltages which appear across the condenser can be
greater than the applied voltage as shown below.
Fig. 201 shows the circuit in case A reduced to its
simple form.

C=2-MF.

400V. L =8.5 H

R= 50 OHMS

Ec=

EL =

FIG. 201

Therefore, care must be exercised not only in
selecting the condenser of the right capacity but, as
shown in the above example, the voltage rating of
the substituted condenser must be such that it can be
used without danger of break down. A 1500 -volt
working voltage type condenser should be used in
this case.

Z = 502 4- (XL -Xc)a = 236 _n_

L = E =z 254
400 - 1.7 AMPS.

EC= t. x Xc = 1125 V.+

When filter condensers are used in so-called brute -
force filters, the danger of resonant conditions is
more or less minimized due to the fact that resonance
generally appears below 60 cycles and the individual
units have a comparatively high impedance at 60 to
120 cycles. The voltage rating of the capacity should
be such as to be greater than the peak value of the
voltage output of the transformer which is 1.4 times
the value indicated on the transformer data plate.

The selection of capacity values for use in audio
frequency amplifiers can be simplified a great deal
by making the reactance of the condenser about one -
tenth the reactance of the choke or resistor which is
in the circuit and which the condenser is supposed to

-;=

by-pass. The reactance of the condenser employed
should be of the required value at the lowest audio
frequency which the amplifier will pass. Fig. 202 is
an example of this type circuit.

The average value of condenser used in circuits of
this type is one mf. or larger.

MEG.01

400V
FIG, 203

Radio frequency circuits, due to the fact that the
reactance of a condenser is extremely low at the
higher frequencies, will not have as great a value
as at audio frequencies. This results in a cost and
space saving condition but does not mean that the
value of the voltage appearing across the condenser
can be ignored. The majority of receiver manufac-

SHiELDED BY-PASS CONDENSER

EL = L x XL = 1090 V.+ A. M. FLECHTHEIM & CO., INC.
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turers use .1-mf. condensers as by-pass units and, in
most cases, this value is satisfactory for radio fre-
quency replacement work.

In cases where the condenser is used as part of an
isolator circuit a ratio of ten to one as stated above
should be used.

Many condensers are used in circuits as shown in
C1, Fig. 203; in this case, until the tube warms up,
the total voltage will be applied across the con-
denser and after the tube heats to the normal ope-
rating condition, we find that the voltage has
dropped across the condenser due to the voltage

.5

.3

.2

11 .1

0
tem
0
t.05
V

.03

.02

.01

.005

drop across the resistor. The condenser should be
rated at the voltage which will appear across the
condenser while the tube is heating. In this circuit
the voltage rating of the condenser should be at
least 400 volts.

In the final analysis, the substitution of a condenser
should be made with the idea of using one of the
specified value if such information is obtainable.
When in doubt, try several and replace with the
value which gives the best results and be sure that
the condenser is rated above the voltage require-
ments of the circuit.

To Measure Small Capacities

With

Weston Model 547 Set Tester

750 V.A.C.
Source

y -_r

Use 750 V.A.C. range of Model 547

C.rrrent in Milliamperes (Read on 150
I I I I I

1 2 3 4 5 6 7 8 9

scale divided by 10).
1 1 1 I I

10 11 12 15 14
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SHORT-WAVE RECEIVERS AND

CONVERTERS

IN the belief that a continued and increasing in-
terest in the short waves and their entertainment
value prevails throughout the industry, the edi-

tors have included in this Manual a large number of
short-wave and all -wave receivers and the schematic
circuits of many of the converters available on the
market. The technician will note that a great many
different forms of design are presented. Within the
past year, marked advances have been made in the
way of the complete elimination of plug-in coils.
This has presented a serious problem and the manu-
facturers who have succeeded in this work are to be
congratulated on their technical aptitude as well as
upon their commercial acumen.

Perhaps a few notes on short-wave reception-on
what may and what may not be expected-would
be in order. It is true that, with very simple equip-
ment, it is possible to receive foreign transmitters
at great distances. It is also true-alas and alack-
that the short waves suffer greatly from astronomical
and meteorological conditions from which the broad-
cast band is quite free.

The radio wave as emitted from the transmitter
consists in the main of two components-the ground
wave and the sky wave. The ground wave in the
broadcast bands is apparent at a considerable dis-
tance from the transmitter-but the sky wave con-
tinues onward for a much farther distance. As the
waves become shorter, the distance at which the
ground wave is apparent decreases, and even at
short distances from the transmitter, the sky wave is
predominant. But the real difficulty now enters into
the picture. High above the earth is an ionized layer
or barrier from which these waves are reflected-
the angle of reflection being dependent upon the
frequency of the wave. This results in a phenome-
non known as "skip-distance-the wave receivable
close to the transmitter may not be found to be re-
ceivable again until a point many miles from the
transmitter is reached. The height of this layer above
the earth is at all times changing-its height and
density being dependent upon the time of day or
night, upon the season of the year, and upon certain
astronomical and meteorological conditions as yet

FIG 204
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not pronounceable in elementary terms. This results
in a condition which is not entirely unsatisfactory
where point to point communication is concerned,
but which is a decided detriment to short-wave
broadcasting. In point to point services, it is possi-
ble to use directional antennas which will pre -deter-
mine the angle at which the wave strikes the Heavi-
side layer and will, in a measure, control the effects
of skip -distance. Even then, however, the frequency
most favorable to laying down a strong signal in
Buenos Aires tonight at eight o'clock will not be
the frequency most favorable to the same tomorrow
morning, and the engineers engaged in this develop-
ment of trans -oceanic telephone services are at a loss
to explain some of the phenomena encountered.

Thus, it may be seen that the reception of short -
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60"-
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PT

wave programs is not all a -bed of roses" and that
one cannot expect to get foreign stations at all hours
of the day and night. It is not our place here to
give accurate data on these effects but merely to
elucidate some of the problems encountered so that
the service technician will be on his guard at all
times and will not expect too much either for him-
self or for his customers. Many magazines-SHORT
WAVE CRAFT for an example-carry much data on
the reception of the short waves and on how and at
what time they are best received. Another point of
importance is that, in order to achieve success in
short-wave reception, extreme patience is necessary
-for with a one -tube regenerative short-wave re-
ceiver and a large supply of -stick-to-it-iveness- the
'fan- can line up an incredible list of -stations
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The new short-wave receivers brought out for the

present season are examples of the tendency to do
away with plug-in coils. The picture of the latest
National receiver shows the use of switches for
changing from one band to another. The changes
are made by the simple manipulation of the control
knob mounted on the right, facing the set. The
tuning chart in Fig. 205 shows how the various
ranges are covered with the minimum of over -lap-
ping.

The ease of tuning, wave -band coverage, simpli-
city of design, and A.C. operation make the latest
developments in short-wave receivers appealing to
the ordinary user of radio receivers and open a new
avenue of profitable sales to the wide-awake service
man.

The complete electrical circuit of the receiver with
the values of the components is shown in Fig. 206.
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One of the most popular receivers was the old
Aero Short -Wave job, the circuit of which is shown
in Fig. 207A. As so many letters have been received
for information on an A.C. version of this receiver,
the circuit is shown in Fig. 207B.

The present season has witnessed the introduction
by practically all of the receiver manufacturers, of
broadcast "super -het" models which can be readily
converted into short-wave receivers by the addition
of so-called converters, an example of which is
shown in Fig. 208. Here the short waves are beat
against the local oscillator V2 and the resultant out-
put of the detector tube VI is fed to the conventional
input circuit of the super.

The characteristics of simplicity of control, lack
of plug-in coils, and satisfactory sensitivity play an
important part in the public acceptance of these re-
ceivers.
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PUBLIC ADDRESS AND CENTRALIZED

RADIO SYSTEMS

ALTHOUGH the amplifiers employed in Public
Address and Centralized Radio Systems are
not altogether different from those employed

in commercial radio receivers, there are some inter-
esting points regarding their operation which are
worthy of mention. In the first place, it is probable
that in all instances these amplifiers will be designed
for use with microphone, radio or phonograph pick-
up. These three services require widely different
gain characteristics since the output of the micro-
phone is far below that possibly obtainable from the
output of the average detector tube, and still further
below that obtained from a phonograph pick-up of
standard design. It is necessary then that this fact
be taken into account in the design of a system for
such mutiple service if the minimum labor is to be
involved in the change -over from one form of re-
production to the other. In the typical systems shown
in Figs. 211 to 216, it will be seen that individual
volume controls are employed in the input circuit of
the amplifier so that the average levels may be ad-
justed in such a manner that, in the changing -over
process, no great difference in the relative output
volume will be observed.

Impedance Matching,

In all systems of this character, the impedance of
various components should be matched by the use
of appropriate transformers. While-as we have
seen before-the maximum undistorted power out-
put of a vacuum tube is achieved when the load
impedance is twice that of the tube itself, the maxi-
mum quality and efficiency is achieved in other cir-
cuits when impedances are identically matched. In
doing this, it is necessary to employ a transformer
which will make the load -look- like the desired

impedance insofar as all electrical characteristics are
to be considered. This effect is achieved by employ-
ing transformers having turns ratios which are the
square roots of the impedance ratios. Let us suppose
that we wish to match the impedance of a 500 -ohm
pick-up to the input of a tube (which may be con-
sidered as having an impedance of 250,000 ohms).
The impedance ratio is 500:1 and the required turns
ratio would be approximately 22.5:1. Since the tube
is purely a voltage -operated device and consumes
very little power, this gives us a gain of 22.5 in the
transformer alone. It is usual to construct ampli-
fiers in such a manner that their input and output
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+ SV

impedances are equal. This impedance value may
be either 200 or 500 ohms-the latter being the more
usual. In working into the 500 -ohm amplifier input
from the detector tube of the radio receiver, it is
necessary to employ a step-down transformer to
match the relatively high impedance of the detector
tube to the 500 -ohm circuit.

All the various components employed are avail-
able on the open market and the characteristics and
specifications are given in the circuit diagram. Note
that the output transformer has two windings, one
of which feeds a 500 -ohm transmission line termi-
nated in an audio -transformer to match the
impedance of the line to any number of dynamic
moving coils. Remember that the current is high in
low impedance circuits such as dynamic moving
coils and the voltage drop in the interconnecting
wires must be guarded against. Do not use long
lengths of wire in connecting up multiple -speaker
arrangements of this type and be sure to use nothing
smaller than No. 12 wire in the connections. The
correct tap to employ on the auto -transformer de-
pends upon the number of speakers used and
whether they are connected in series, parallel, or
series -parallel. The resultant impedance may be
calculated in the same manner as in the case of

500 TO
600 OHMS

FIG. 211

A
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7194P -0---
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a

rp....,-

6
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series or parallel resistances.
In centralized radio systems, a great number of

small magnetic or dynamic speakers are employed
in a similar series -parallel arrangement. It is best
to utilize the high -impedance transformer winding
when the small dynamics are employed in this ar-
rangement. The impedance of such a winding is in
the neighborhood of 2500 ohms and they should be

600 OHMS
e
C>o

600 OHMS

1)
MIKE MIXER

PARALLEL CONSTANT OUTPUT TYPE

FIG. 212.

so connected as to approximately match the 500 -ohm
output winding of the amplifier itself. The output
transformer also has as a monitor a small 15 -ohm
winding designed to feed the moving coil of a moni-
toring speaker.

Power Output Requirements.

In calculating the power output requirements of
systems, there is no set rule to follow. We may,
however, assume that the larger dynamic speakers
and dynamic horn units require an output of about
two watts while the small speakers used in hotel
systems do not require more than /4 watt for good

MIKE MIXER SERIES TYPE
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.11

results. We are able to calculate from this data
the requirements for operation of most systems. The
tubes necessary for the output stage in any system
may be chosen from the tube data available in this
book. Remember that tubes in parallel give double
the output of a single tube while tubes in push-pull
may be relied upon to give about 2.4 times the out-
put of the single tube. The range available is all
the way from the output obtainable from a single
'71 up to the output of 60 watts available from two
'45's in push-pull. Tubes of a special character
capable of an output in excess of one kilowatt are
obtainable in special cases and there is no reason
why large power requirements should baffle the ac-
complished service technician.

In Fig. 209, a commercial type or a centralized
system mounted in rack form is shown. The various
panels and their use are indicated in the figure. The
system offers a complete microphone control unit,
voltage amplifier, and a 50 -watt push-pull output
stage for use with as many groups of speakers as
desired. The change from "mike" to broadcast re-
production is accomplished by throwing the switches
on the control panel. The circuits of the units
which are incorporated in this unit are to be found

400 TO 500 OHMS

PICK-UP

200 OHMS

SCRATCH
FILTER

PICK UP
*2

FIG 214

PHONOGRAPH PICK UP CONNECTIONS
DOUBLE TURNTABLE TYPE

in detail in the section of the Manual devoted to
sound -system circuit diagrams.

A typical circuit diagram of a W.E. Co. 41A
speech amplifier unit is. shown in Fig. 210 and is an
example of excellent design. The service man can
build a real recording or public-address amplifier by
following the information given in the drawing.

The necessity of proper impedance matching as
stated above is an important consideration and it
will be noted that the circuits shown in Figs. 211
to 216 are designed with this consideration in mind.

Mixers.

The simple series type of mixer is shown in Fig.
211. While it has the advantage of simplicity, it
has the disadvantage of not being constant in its
impedance of the operating range. The circuit of

200 OHMS

200 OHMS

200 OHMS

50Q
TO

600
OHMS

200 OHMS

MIKE MIXER
CONSTANT OUT PUT TYPE

500
OHMS

FIG 213

Fig. 212 is better as the type of control is practically
constant -impedance and is superior to the method
shown in Fig. 211. The most generally used type
of control found in the better type of installation is
indicated in Fig. 213. This system gives practically
constant impedance with the various settings of the
controls and is an important part of a first-class in-
stallation.

The use of phonograph records and electrical
pick-ups for entertainment purposes in place of
radio programs has become commonplace and the
average system must include at least one electric
turntable for record reproduction. The circuit
shown in Fig. 214 indicates individual control of
output of the two pick-ups so that the output of
one can be faded into the output of the other so
that the musical program can be continued without
interruption.

The average radio detector -plate circuit has a very
high impedance which must be matched to the 500 -
ohm line by means of a step-down transformer. See
Fig. 215. The primary of the matching transformer
for use with a '27 type tube used as a detector
should have an inductance of about 250 henries to

RADIO SET T
DET.

Bt. DET

TUBE TO LINE
TRANS.

SOO
OHMS

FIG. 215
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VOICE COILS IN SERIES

2.5
OHMS

VOICE COILS IN PARALLEL

4.8
OHMS

10 OHMS

10 OHMS 10 OHMS

VOICE COILS IN SERIES PARALLEL

afford ample bass frequency response. It is import-
ant that the direct current flowing in the plate cir-
cuit of the detector tube does not cause a drop in
the inductance of the transformer primary. It is for-
tunate that the tubes used as detectors with the
present systems of detection seldom require more
than 1 to 1.5 ma., thus reducing the possibility of a
serious drop in the inductance of the primary of the
detector output matching transformer.

In Fig. 216, a more or less standardized circuit of
a combined voltage and power amplifier circuit com-
plete with its power supply is shown. It will be
noticed that the input circuit and the output circuit
both terminate with impedances of 500 ohms. The
special output transformer, called an auto -transfor-
mer, is used for the purpose of matching the 500 -

ohm line to the speakers. The use of a device of this
type is absolutely necessary if quality reproduction
is to be obtained.

Jacks are included in the plate circuits of the vari-
ous tubes so that an accurate check can be made on
the plate current flowing. In the '50 stage, it is con-
venient to have some method whereby the two tubes
can be matched as closely as possible. Tubes should
be selected for their equality in plate -current drain
under actual operating conditions.

In public address systems, the speakers are gen-
erally operated in banks of 25 or more and, to en-
able the designer to establish a low impedance line
between the output transformer and the speakers,
the voice -coils are connected in series or parallel, as
the case may be. Fig. 217 shows the connections of

FIG. 217

speakers in series, in parallel, and in series -parallel
with the effective of the resultant load when each
voice -coil has an impedance of 10 ohms.

LI

LK: irRi

C
Trf2R

Li inLis

42x C K

=.6 Cz = C K

L= in henrys. C2: in microfarads.
f2 CUT OFF FREQUENCY.

FIG. 218
Many times the service man is called upon to

install a scratch -filter which is used to reduce the
surface noise present in all phonograph records. Fig.
218 gives all the information for the computation
of the necessary values of inductance and, capacity
for such devices. The cut-off frequency should gen-
erally be computed for frequencies of 3000 cycles
or higher.
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C 16-Plate By-pass .05 mfd.
C 17-Cathode By-pass .05 mfd.
C 18-Screen By-pass .05 mfd.
C 19-Plate By-pass .05 mfd.
C 20-Det. Cathode By-pass .25 mfd.
C 21-Filter Condenser 2. mfd.
C 22-Filter Condenser 2. mfd. top unit
C 23-Filter Condenser 4. mfd.
C 24-Audio Bias By-pass .05 mfd.
C 25-Buffer Condenser .1 mfd. (top unit)

Cathode Grid Fil. Plate
Current

44 3 2.2 4

44 3 2.2 4

44 3 2.2 4

20 25 2.2

44 2.3 25

2544 2.3

4.8 30-30
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AMERICAN BOSCH MAGNETO CORP.

RA -TYRE -55/

G0
L!Z6

/1///,n4 /,/,,,/
WV.WVVW

/ 4OEr 7 -I. -Re -SS/

C /9

7

//yr "r 55/

C 20
.48

"7/4/// /7/1/

/2.3

R/4

C27

OSC,.,//1704.TYPE 227

/2/54/4

-9gE
L./0 C6 R61

? 1

C/8 i c /.3

/T.,,T,,,, ,
L//

R6

R7

Oer TYPO 227

L8

C 22

cz,

,4u0lo 7, --RE 247

110 VOLTS AC.

oIFY'Cr. 280

0

i29

730

00000V
Z. /2

C3/

MODEL 2.0

Stage Plate Screen Cathode Grid Fil. Plate Current
Tube

RF 551 225 90 18 3 22 3.5 MA

Oscillator 227 60 0 0 22 5 MA

1st Det. 551 225 80 8 7 22 2 MA

I.F. 551 240 80 4 3 22 4 MA

2nd Det. 227 130 0 15 22 1 MA

Audio 247 240 240 16 22 30 MA

Audio 247 240 240 16 22 30 MA

Rectifier 280 5 38 MA
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PLATE DET. 0

AMERICAN TRANSFORMER CO. (AMERTRAN)

16T. DE LUXE

IMF

DET.

LI

LI AUDIO CHOKE 5EC. OF OLD AF TRANSFORMERL2 AUDIO CHOKE
R2 I.000 OHM WIRE WOUND

I SLIDING CONTACT
R3 1.000 0.481 WIRE WOUND TO PARS //OKA.
R4 L000 OHM WIRE WOUND 3 SLIDING CONTACTS
NOTE GROUND MA X.- POINT DO NOT GRD. K ow 6 -
GROUND ALL TRANSFORMERS AND CHOKES
EACH PUSH-PULL STAGE MUST SE SHIELDED
TWIST ALL AC. LEADS

PP250
In the above Diagram, tne following

AmerTren Quality Radio?roduote are used:

1...AmerTran DeLuxe Audio Transformer
1...AmerTran Input Transformer Type #151
1...AmerTran Interetage Transformer Type #710

/

1...Amerehoke, Type 641
1...AmerChoke, Type 557
1...AmerChoke, Type 709
1...AmerChoke, Type 854
1...AmerTran Voltage Divider, Type R400
1...AmerTran Power Transformer, Type PF 250
1...AmerTran Heater Transformer, Type H 67

The Output from the two DI 250
tubes to dynamic type elpeakersshould be through an AmerTran

special output transformer designed tooperate the type and number of
speakers to be used.

Further information on requeet.

CNOX600uyair
TO TONER

RP Bt

6/POONO

RP' C-

TYPE.710

LEX 250

so0E- 1.1/XE Ars ASPEZZ/XE 2/21f4ww.

ux aio 4
0 4,4

Lira?7

PF281
Ti../.1sT

r

O

0
0
0
N

TYRE e.41

?

TWO SPEAKERS IN
2 SERIfS(BAL ARM)

]< LIKE AIR CHROME

flOgigel TYPE 709

TrPE.554 TY

4MF

Use type 678 output transformer
to supply from one to nine
dynamic speakers, in place of
Amer Choke 641 and condenser.

4MF

rr"
2 Ne"

namOTOOM6000000-00000000001
PF 250

I2Q 115 110 CO VOLTS

in
to

4MF. 4MF 2 MF

2000
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AMERICAN TRANSFORMER CO. (AMERTRAN)

DE LUXE
fIRS7 STAGS

ELOJE0
C/Reu/T JACKS.

1.56.42 R

2.564240(

AMERTRAN
.DELUXE

PLAN W

.25wfo. 5/5/

rsv/S Tea

USE 11,9e ¶352 reows/v.e..v.r /02 .500 4/Fef.
V. TYPE '442 TR4RSF0f4ER FOR MAC SPEAKER
USE I PE .143 TRARsFORVeR,oR OrR SEVERER

7 AMPS

07o

NS

000..

SPEAKER

709 CAfoxt me-Comme.voeo
avr orr/o RAL

NOTE.
CORE Of ii3../.e, TA,IN.t/rxembt
REusr M Ar RiEv 7 49Y9ES
To Avo/o FREQUENCY
T.e..rees,oxwe..r.s.

Po

-60,S

r1
qaiV

- FP -245.4.

IN_CORRECT
CrAlzs 'sr .0.3,7-e0n,

CouF.1./A,G AND fit/A4
Rx&-s OF .922_ CO/LS CO/NC/OE

/f/c170/V, SHOW D/RECTIOFF of ne4GNEr,C

ro,

V) or
eo,L 90/S

Yot/

,A=.4-vni ',rem/

71 ViEw

V

INCORRECT ,9 eeri-e/f rII.4 -9490/E

of COIL PrSZ /4 517,4-
Por4,77/vC 7-.1.49/7.0 -Dr Lvx -4.47,10
DELUXE' .4X/5 -9/YD /77-
/7/41/7--AN4L.ES.

/75/5
7.-ow,a00

9, 9, V, CM

CORRECT
F.05/7.-/O/V OF LEAST C4C/FX,IVC..

/ r-rc E o. No Al L/n1

AVA75 OF PF,S2 (0/L
ARE 8.TH HT /fvc.ir..9,,ciE5 Ta
-DELUXE COIL Fwo,

'9,57>94r6.4eloVeBLESS

COIL .9X/3
Yoc./.

E E
CORRECT ,c,03-/r/ON /7NrpL/A-/e.q
440uNTED .12//TEcrLY -Re4ye

4-Li/if/NAT/ON OF HUM CAUSED BY

60 CYCLE MAGNETIC FIELD FROM
""Opt/ER 7-/TANSPoRmeg AM.9 A-/R57-
t--/L-r-Ew
7?7,e Ai05r eFFEcrivE 5H/ELD/e/G
TAIRT A"RoDUcED ay ,4 7-it"41/K(-4PRER

OR .6TRR.5.5 BOX RRouNE, THE PO We -4'

7-9.9 N.5"F.O Pni AND F/Rsr FILTER
cficvec. THE ..se-Co/VD C.YO,YE SH0,-/LD
BE oz-,T5/OE OF 7W/3 .30/ , THE .2:2/.57,2eN'CE

APART OF cNoxeS qND 06-i-l-verEn/ p-/rrs7-
c-I/oh'E .4.ND POWEI? 79W/VS ..:5/?oucD No7--

11E ce-s-5 774.9/1./ 70 2"

BE CqusED BT ,wre,?srAre
Ca ."e///L 7,14 15.14.12/0
ruees, /Aiv.e..Ree 6",7/".5

Nor ,5 Co/Via...TEP IV/7-11 leum P/ 5,E FIELD



46 OFFICIAL RADIO SERVICE MANUAL

0,1
0

0

ANSLEY RADIO LABORATORIES

Q QSLQ Q,

'

1:7h
13001,

AAAA.W.-

000 'oo6"
.-AAA"0"AAPV--

x
LT oP 71176o Iliac

HI u 000 '00

N
M

W t --

(-4
m

SZSLQ1b-ii

H HI

7

fj

7111111.6 " Q00000, -t 6-
- rco;--rnin5

11A-0

t.

IIF

z

0

t- PIO
S190/.0Q, 06

Q01Q09 0

nlf

0

3
0



T
N

 C
IIt

A
D

O
N

n

R
U

N

fl
14

:"
1"

1
17

E
T

O
O

P
IN

G
C

O
N

D
E

N
S

E
R

N
E

D
W

IT
H

LA
G

N
T

P
.

gg a
g

D
E

T
E

C
T

O
N

P
U

T
 C

N
C

.

C
.A

iN
O

P
/

C
H

O
K

E

el
ft

;2
7,

90
1,

ea
,

O
R

M
. M

IN
IT

L

W
N

T
.T

R

2n
d

rit
in

tr
U

ar
ia

1.
11

1 
D

IT
. O

R
M

11
11

1d
61

.

e`
a

M
A

R
O

O
N

"-
S

A
N

V
V

V
.

O
G

G
 L

U
T

IO
N

F
IL

T
E

R
 P

LE
G

IT
O

N

 G
R

E
E

N

W
M

, '1
1W

IT
E

r

I 
r.

44
7!

LI
N

E
 W

I, 
D

E

I

i

IC
>

 R
E

C
T

IF
IE

D
 F

.
O

 W
IN

D
IN

G

G
IM

E
.

Y
E

L,
T

A

F
2

P
2

D
IA

 L
IO

F
IE

JM
E

T
O

R
 N

o.
 2

°4
1-

;1
1V

A
T

E
LL

O
W

 C
O

V
IIM

E
G

2n
d 

I
F

.
1s

t D
E

T
.

1s
t I

F
.

'N
IC

K
 L

IA
M

11
-1

1;
.

Ic
tit

w
Z

gf
-c

)

- 
- 

- 
 ,

"1
41

47
,"

`"
- 

0-
41

1-

tn
il 

A
. ,

T
R

A
N

S
F

O
R

M
E

R

T
O

N
S

.C
.O

N
T

R
O

L
C

O
N

D
E

.. N
E

Q

 Y
. B

IA
S

B
nd

 A
. F

..I
A

.
R

U
M

 -
M

R
 M

e.
I F

IU
M

E
N

T
.II

M
IL

IN
T

P
IE

11
11

20
11

2n
d 

D
E

T
A

O
S

C
.

22
2A

2A
a

O
M
e

F
IL

A
M

E
N

T
 W

IN
D

IN
G

SC
H

E
M

A
T

IC
 D

IA
G

R
A

M
 O

F
T

Y
PE

 H
-2

 C
H

A
SS

IS



O
R

E
M

T
A

A
F

IT
O

D

A
V

O
IO

W
I

IM
E

T
.

P
LA

T
S

C
O

N
O

PF
L

A

T
M

 I

R
A

C
T

IF
IG

IL
L

W
IN

D
O

M

O
IIN

N
P

2

F
2

F
1

t

A
E

C
T

IM
O

.
T

IM

P
I

O
L

A
C

M

L
N
O
N
L

--
--

  I

(0
00

':"
"'

4"
T

i.

-O
f,

,1
__

vl
ek

%
h'

41
t

D
IA

L.
LI

D
M

T
I

2n
d 

I F
1s

t D
E

T
..

ne
ts

tt-
t. 

et
,

T
H

IC
K

 L
O

A
D

S

lo
.A

/A
A

N
T

 W
11

.0
00

0

C
O

M
O

D
IN

A

FI
L

M
, C

O
O

Ft
al

l

.a
r0
I

C
L

A
A

...
...

.5
?_

W
O

IC
R

A

FI
L

T
FA

"T
'.4

-^
0

T
1-

--
--

4
I

V
O

st
er

na

T
ni

rt
"`

 °
-!

-1
T

at
o.

cd
oo

rd
a.

0-
10

H
co

tto
at

tu
n

0-
-H

H

O
w

l A
. F

. L
IN

T
T

A
A

N
SF

O
R

IA
V

I

rL

I.
 F

. O
M

az
or

e_
..w

vv
vs

.,_
44

Its
si

sr
en

2.
 A

. F
. S

IA
S

m
or

on
 M

e.

04
21

41
A

tIl
r

C
O

V
SI

II
01

SL
A

C
K

2.
41

 A
. F

. 1
11

A
ll

R
E

SI
ST

O
R

 W
. I

2n
d

1s
t I

 F
 O

S
,

D
A

T

FI
L

A
IA

N
T

14
4V

N
T

11
41

11
T

01
.1

1A et
 -

N
2A

2A
st

ti SC
H

E
M

A
T

IC
 D

IA
G

R
A

M
 O

F 
T

Y
PE

 H
-1

 C
H

A
SS

IS

11
01

4A
10

1
K

u°
so

ct
cr

t i.
2

04
.



OFFICIAL RADIO SERVICE MANUAL 149

N

ATWATER KENT MANUFACTURING CO.

4

oon\

4

Its 4

IlO 4
7

cono-a

0

0



OFFICIAL RADIO SERVICE MANUAL

S.O1. ZOOsoasOSS 00

ATWATER KENT MANUFACTURING CO.

Q.).
----0,---4 et -

?.k

1.2Z
244
ta
41

k
0 1

oN 7:1:1"Ze %"

030. 11 N,06,7ff .. t"VV\ AAA, iv -41 ,4
A.,,,,,,0 ""------......... .

k .0/ .r/Szni

140 0)-1 0
Vk O:),

03 4: t.fcci
e2

P

ro

Izft

C

die

t A
!Z' ,11

er_OisoOSO/ver !IS
_e fa' 1/75PII,

PO/17 .130

 P11,617
IsatOlo.vo.erter19a
Jn 1e

4 -r

_1

v37Y9

A10771,4.

)717r4 7
e * N7.6,9 .

\ /r

42 Olt

`1,

4011/09 P1179

JI577 010'0 0 1.

t$11

AtAVO It Oil/ el%
.,oss,C7r XI

311,]b 70O1.4003

AW

ti

ti
ti

4
$3.
00
0

0

030' OS

.7,1Ao." JN

r

*0

0

O

42
0

O

41

tiV

/ 0

eTo 0,t"0
ca,

1 41

-1
W, 1111 361101T

.00 .70/7 OP
-01408,11W11 QS

0,1.1 CVA,P db. 1.'0.1/6,
V.7110 9AO/1.4.47e Y.797n9

00

11)
20

.11hO79

o70 )7,4

X09 1021.LN 03



e'
s

JII
2n

d 
0E

77

@
0

e

I
'v

vv

A
U

T
O

V
O

LU
M

E
C

O
N

T
R

O
L

T
U

B
E

2
7

1A
A

A
]

\r
n 

6-
13

'



54
)

47
/1

0 
V

D
.C

.

/ r
/3 2

C
a

<
34

<
 _ (z

 6

2
3

(4
 0

-
o

B
O

T
T

O
M

M
O

D
E

L
 -

84
-0

A
N

D
 8

2-
0

/v
cr

e:
- 

//1
/ z

R
re

R
- 

rr
R

e
84

0 
7 

-t
ee

 R
ry

at
te

- 
C

O
N

D
E

N
S

E
R

38
 /5

 R
ei

vo
ve

0 
A

N
D

C
O

N
D

E
N

S
E

R
 4

0 
/5

 U
S

E
D

 //
x/

/T
s 

/:,
LR

C
E

.
R

zs
o 

R
 R

E
S

A
iT

o,
? 

.7
42

 /5
C

O
N

N
E

C
T

E
D

 A
C

R
O

S
S

 T
H

E
 S

E
C

.
o

rie
E

r 
R

S
 S

N
O

W
N

/A
/ 0

 o
rT

eo
/A

/E
S

. (
7-

//e
 C

R
O

S
S

E
S

/N
O

/C
O

T
E

 C
O

/V
/V

E
C

T
/O

/V
S

R
el

lO
V

E
P

)



OFFICIAL RADIO SERVICE MANUAL 153

EL

.11L7 4944
A. _1_- 1. 1 1

aa -1;)

4

4

ATWATER KENT MANUFACTURING CO.

-0
--A

MHO
On © CO

lO

7 4

%*1

0

o)

0

O

0

V



154 OFFICIAL RADIO SERVICE MANUAL

T
"4 0 7_7A

31 /.41/V1

NM ONA7

nests

N.. LI 7t3

QM

ATWATER KENT MANUFACTURING CO.

0000

0-\_()400--\\C
.4'30-00 ---4

tZJ

Ci

Okt,j
k \LI
G.,

t4,

\ict `tick

tkit)
cdiNcret

14J

fAk
icAC
^(-,c

k

&-4

Wt44\
t:t rs, \ to

e
- e cki

c: c

t kl
kJ

Ner>.'N
kN k;I,

(4
-) 41 N>
410)(kAlt.--

\..1,,(JS4
kIZO'

tt\
No.,N1

k.4 (.3

ku's?kop

ii,°4- eke's-i

4,1

ctNkc)ct"
ct



.te
o

(4
7°

G
.C

E
,1

8,
9,

-

4
8

I/
O

V
- 

60
-v

K
V

H
O

U
R

05
C

.

27

-"
A

A
A

A
r-

a"
'V

V
\A

A
,

5
2

a.

8

M
O

D
E

L
 8

4
SO

PE
R

"
L

A
T

E
R

. T
Y

PE

8

C
71 c
n



156 OFFICIAL RADIO SERVICE MANUAL

ATWATER KENT MANUFACTURING CO.

4

1®

E-000Q_QJ

11

a

vveA"'

1-4



OFFICIAL RADIO SERVICE MANUAL 157

ATWATER KENT MANUFACTURING CO.

o
o

g

cQ

115>ii-," WO,

-

0

I

/NM 11--INVNe

1-6(15W

00000 \

I

Ilk --Ilk

00,

r.

A00000}

M O 7'174 in 30 f.
+

_se

0 cc A '1s

9r)
s' I

.01,3 7 .7, .3
11,,IY 7 6, ./ 0 0A/.7

01 317,e, s/../.1 COO'

U

fin

,00000)

-o0 cc"acs

sro

el

G

ei ;)
%

(5 k to
ks

't -

z
Vi'

1:1,`,,

i,k k Z t J
sh

- tgJ4 (0
kj 1.1 0 ,t,o. roj

I, I,
f:CH')LOg
,Al

OIZ (i'Q ot isio

\ji :JR:::f() r%"tC3

k ii) () ,J t,5, 4 N-
C.

O 4._;,-
cr'

U 0C4J 0 ' o

,103
Ct l0'JiiiJ Vgf...

6 tkli gOZ) k

-1-16 k`t c) 00001 i
Q



G

56

5

69

R
. F

35 G
R

E
E

N

18
' B

LU
E

E

L
.

B
LA

C
K

A
IN

63
64

1
0

,7
91

A

)
rt

4

S
LA

C
K

-T
R O

S
C

65

E
D

2
7

G
R

E
E

N
- 

V
a.

 T
.

el
k-

W
.0

"V

4.

IZ
A

M
P

V
T

su
nk

 y
O

S
C

 f 
kr

 O
E

F

.c
/z

 m
ew

 r
 S

vs
."

c 
r

F
O

R
 2

.W
 D

er
 I 

q.
 ,c

;

,2
7 27

2
2

R
E

D

38
)

(5
4

67

...
.

!IL
K

 -
R

F
D

 T
R

.
...

.

j_
f,

6,
li 

1
,.

E

O
ilo

w
m

R
U

N

V

M
O

D
E

L
 -

87

2A

4
7

I
e

2
9
'

4
7

21
4o

.

3
1

O



T
7

6
3

Y
E

LL
O

W

0

G
R

E
E

N

11
4.

Q
C

L
T

r; B
.. 

A
cK

A

("
)

03
C

. 27

A
O

R
E

E
N

-Y
fIr

T
R

R
E

C
T

. '8
0

g

_a
d

A
l

4f
1t

T
 S

U
PP

L
Y

'I 
!O

R
 R

.
A

"
04

V
C

O
N

T
R

O
L

 t 
I.

,
O

C
T

ra
A

M
E

N
T

 S
1/

PP
L

Y
FO

R
 t 

...
a 

O
E

 T
.P

.

r

1 
Z

7
tw

o 
P

E
T

23

2A
47

-'-
q 

-/
_ 

F
52

--
 -

2
7I

R
O

aC
C

N

25

X

69

0
IN

P
.2

S
T

S

M
O

D
E

L
 8

9-
89

-p

4
7

(z
a

2 
A

 c

S
W

IT
C

H
 6

9
IS

 T
H

E
 R

 R
01

0-
 P

H
O

N
O

G
R

A
P

H
S

W
IT

C
H

 IN
M

O
D

E
L 

89
 -

 P



160 OFFICIAL RADIO SERVICE MANUAL

V

GA0.0 O (Z.

L:!
A A

C.P.O CAP

ATWATER KENT MANUFACTURING CO.

no

IR
OA?. tom._

pO

A
LOCAL 0.1.C.1

I  T
2R

NCO

IL T. PLATT
ZOOM" IT OAT*

OCT I..

C.ONACAO.OCT ALAI.
e CAPT.

,
COMOTIATCOo

IA
OTIOCA

i
A. 

I A
WY MAP. 4.

OCT W.

1MARCLUT WTO gI00' Tart.
CCATTOTKO

A A
io  ALTO.

1,CATITTOR

A

VOL.. COOT.,
WO v. ALTOITOA

Ng. WOLT.0

C>

A OCT. 181. 4 
Ala V0.1.

PON.

ran. C...

.0111004

ACO

1

2A

2Aa

TO.ALITT COOTOCCOCA

.1

PILOT L.101.

el= COVCIACOT

2R\
IR

na MUTT TATIOTO

IA

A

ATOP..
C.00.111.1

IR

4ITIO CAP

O

2R \

LOCAL.TA.C.WI.. MOM.
MAR R.COVTITID TC.C.01.0.10

TAO A.A. PA -
PANT 11C.TO

OWL

C.
OO. NY

0 N.

XV. VOLT.T110
TM. TL,C.

O

1.1.1.0 nt.

Pia WITOOTO

1...nt .4.0.41.

.....'"'".
ft.

*AAA..

VOLIAIR CONTAOL
ATTASTON Cp.

 I.* um..

D IAOTT. ILA=
w.. 0.111.

=It

..1111/0A
.1.00t

on
MAT

OINCITTIOOT

A

OCT. MIMI
1.1111.0.00
MAU

TIATIOI ONO..

-'`-r15101PRVIP--

MOT LICHT
MOT LICHT

COPCNITTS

2R

S

AY A. OTTO

GUAR  MIT

I

DIAGRAM OF EARLY -TYPE MODEL
55-F AND 55 -F -C.

1.01111..t

On.

1-45

TAO.

A

O

bell  F. OUTPUT

0-
TOCITAT POT

111.0.01 ROO

IA 2A.
A A

DIAGRAM OF LATER -TYPE
MODEL 55-F AND 55 -F -C.



OFFICIAL RADIO SERVICE MANUAL 161

IN

ATWATER KENT MANUFACTURING CO.

6.

. 11.,046
av PUB

tos   40.6..(6116.6.611 By I..

.60 0..111 c.a.a

DIAGRAM OF EARLY MODEL 61 AND 61-C (DIRECT CURRENT).

O -1-

war 'Imalc:vtum.*

STO.V61
401606.6.1 .411.6.11.

31\:I\41/4

.66: :VAT,
66

C.06.7.1

066.1.66-
c

0000

6666.,

1

orr CVO
.TVOnadt.

.6011 6 6661,

W. I T. (016661111666.

dooldfle  VI.

*LIS:1101.

616661%  PIO

eod   VV.
TIWNIPOMEL.

isj

In_
"( NOOlOR

81.6(66.64.

2A.

SCHEMATIC DIAGRAM OF LATER MODEL 61 AND 61-C (DIRECT CURRENT).

V



162 OFFICIAL RADIO SERVICE MANUAL

41.
CR RI. II,

11,14.111I

BLACK-RED-TR-
-B

ATWATER KENT MANUFACTURING CO.

146.211./.T. Ow 3 IL T. T.

2R

BLACK
-A

NC C. F. IIL
CV PPM

0
RED
+A

TA II. F. Ian...
GRID RIZIOTOR
MM.l VC -

YELLOW
+41

CIRCUIT OF LATER MODEL 60 AND 60-C.

OM ULAK104.411.1.T. R

IMOGI Or
011WI OLIX IIIWOUVO%

3R D . ',...2.

WM TE
+ MS

141 A/. T.

aG WAC01.40110
IIV.14111

OCT. IOLT01
11018011

ROOK  CID

BROWN
+ISO

1A

0
GREEN-YELLOW-TR.

+17*

DfD

DIAGRAM OF EARLY MODEL 67 AND 67-C (BATTERY OPERATED).

2A
imam F. OuTIVI

14.11,010111C

OVIIMAIO SPLAMOR

On.



OFFICIAL RADIO SERVICE MANUAL 163

ATWATER KENT MANUFACTURING CO.

Cconwout

1R

I/h
Bv P. F. 110111

Bo MOM.

voiAmo ecomel.
nsurron

MOW! V01.1161

ISOM

1.0261
F.112.1

MVP, .1.11 rl
AMA.

:$

1

/MICA
KN.

KAMM IF.I.101111. 1

C> r.
CZ> wows

STOolfteg
4.413111[11

...,..........

3R

bed .3111 IL F.

.11,01,1
0:41.E.FA

.T.

ONO, 4.14

IF 1
TO06.11.

1 I
maw cdowswo

OW=
doJkooroow

VOLLIFIC COFF11.21.

FIFYIVIOIF F

MLIZe
Marna

cot:17v
mow.

It:. RATE INT. la F (41,1.,1414.

OCT.
4000498n

,11.1111

001.0.11A
F

KLITA

FM111311
NIFIFFIT001

A FARR
MUST.*

ORAT

FM. 1.01.

.1 A , 1111,11
110.TIA 04.811100

V111.01.

SKAag

 I FL F.

W.? 1111.61rtt

V

111 2R D 1A

t f 14

coomows
NA. FAIII.GINOWIF

OM F.

21.71

C>

Fo. KINVIZ..

,Arj

O

A Ak
WIFINDI.

Crecurr Or MODEL 66.

.11,41,10.6

3R

@Ai VF10
FL. F

.111, Mean.
.111.1.11  Me

OFF

A 3R

0011.11111.1

pbe

(2.

D 4.1.16,1, IA

F10).

fr/T

.1110601
.-µItAA-.1! 6:11Mt.(

WHITE YELLOW
+1t! +if

2
Soo   own

-y

2A.

Fp

BROWN GREEN-YELLOW-TR.
+ISO +1117e

IA 2A4 A

FELL., .111.

I rIzz.
AfortrUi

BLACK BL AC K. REO-TR RED
-A -B *A

DIAGRAM OF LATER MODEL 67 AND 67-C (BATTERY OPERATED).



I64 OFFICIAL RADIO SERVICE MANUAL

ATWATER KENT MANUFACTURING CO.

DIAGRAM OF D-1 CHASSIS.



OFFICIAL RADIO SERVICE MANUAL 165

CONDO.DATIND01:3=r

.1.011.111.

L

'Cate
ta...11Dreeill

1-1-7-411

ATWATER KENT MANUFACTURING CO.

1. It P. DODEDO
re DAM 1 It V.

IDV-DM

ONTO.

*a DP MY
2,1110

A

KATI ongourr

A

el= CMOS

InlIMIDIT0
P2

Fl

° O-er
-"/=.0 T-.

o-

A

MR MIMI DIAGRAM or L-1 CHASSIS.

0-447^1

° 1k7;1 411

iR

IMANIIDT

TYPE D-2 CEUSSIS.

Die, yeller



166 OFFICIAL RADIO SERVICE MANUAL

fa.........rogi I

nreurit

s civ",

G

A

Loi
camula

1<*".4'.".."....

toe 1.0.14

ATWATER KENT MANUFACTURING

el ..a

P1

Fl

-n).011

1011.1,.  
Lal. y met

I L

R

meow, imp. Wan

111,111A
NOR

Rural*
CON0006

116.14 [MINN

°

T

..,
1.01

OMNI" OLP.

2. R.

NAL uarMOT.
LI

3R 2A

1210,..0
CansolliS

1A

 To. car.T44..
CO.K1044

2A

To. Tro, Oul-C.C.FX

2A

1A

mow',

2A. C

8.4 a. 1  A.  Mad 1.1 1

TYPE F

ln. wl4.

Out. uo.re

Jr.4.11,11



OFFICIAL RADIO SERVICE MANUAL 167

ATWATER KENT MANUFACTURING CO.

111111./.T.

O

11.

11.4111

IR

#L F.
11.111-121111,..

FOOITO 114.11UP011111111
11/0/01.11

N

ft F 0.11111
ST.1111

1111.4.11.T.

LOG4AI1TIO101

2R

IL F. PLATE
1T1OCUIT

scoop, pop *atom
IMRtTO OT. ORIO.O!FUCA  MD

i. scams nolo
...TOO No 1

NAN

C
SS

testa."

3R

*LOON.,
MUST.

TILTON 01011S
11111CTIFFLO TUSK

n/111.
4411.1.111111.

VOL..

INCT/F11111 /41-
WOW.

.2

o../V.N."/ - .1 F. WAS
111lUST011 ..

1.1.0010

FILM, comments/ I
T.P.

ROW. 110.
MUM

REP

DI

OtT. MAO OCT. 11.11
IlLSIST011

1.1.1.111

..11.WFT14.1111T.T11.

C01111.111101
OST. RAU
R.. MOM

IA
I'. 1140,1T

1111.11T1

1R
P,LOT PCIPITON
(PLO COVOTOO

o 1111111161.

0111.1IPT. I

arnle 1,11 .11/

S Ors
N

A

.T.44.011.1P1
No.1

R

mgc111.1
IOLOOOIT.1010

Tom L.011.

F2

Pi

IMAM. WV P.M

FoT0.0.1

011.1111.
1140TFL

tr Oo110111111111. JAY{

11.1..141: CIOICUIT

-T
cr/

Tr IL F. OUTPUT
TR11111011171

O

a

DIAGRAM OF
EARLY -TYPE MODEL

60 AND 60-C.

0
10CalFT F.
Sul.. FLU,.

OT

IA 2A 2A

FILAIOD1T
.11O1T 11[5.11011

T: 4

F.F.T.1

TOM COMO/ 0-4-0.-1
sonnO.

#

ifte  I, to.,

DIAGRAM OF L-2 CHASSIS.

Twasamoy.

2A



168 OFFICIAL RADIO SERVICE MANUAL

AUDIOLA RADIO CO.

'35

*NY.

24 . 0/

'47

.gr''
/01s1-SAllevvv 40/"\ -^"nn.nnesne

2 /AEG

4.50

47

0

:35'

60,s,

.1*

o

tn

Spk.

__LecToAyt_
.F+T

T

4T- 31-R.F.

'27

6T-31 PENTODE

rwrit3

8 tIF:8-1-T T

as -

447
.0/ j_

MN&
5/1

NAV--

V C.



OFFICIAL RADIO SERVICE MANUAL 169

24

/OH 30o

AUDIOLA RADIO CO.

.---

41.

/7777

fs

COOKE

cisinnv
J1w/OR RECEIVLB_

F

E.

1

z



I70 OFFICIAL RADIO SERVICE MANUAL

AUDIOLA RADIO CO.

14 ,

L VA li
ii -- i$

-v.,I H -1-i--it.n, In
vg 1

1 i ! F, 71

Z.
2 L

1

8M M F

?7

 0/ _L
M

.ot

'80

I Cs -/21- V
AC -40

Soo

-oft

ooh
.1

41-7

f/ELD
2000.ra_

-F

Sao

Ts"
6-T. JR. N21

Sp k. Figid

20 0 0 -e2-

4-111:" +/IF

13-T5

250,1 .1

Tv
ti
0



'2
4-

,L
.

30
0 '8
0

5f
r't

'2
7

'2
4

.5

"4
7

'2
4 1

10
 T

 S
U

P
E

R
.' 

19
31

8
8

C
I.

 f
:

o
G

P
-

C
oN

N
- 

sP
ic

-s
oc

ia
r

'1
1

,0
1

'2
7

,0
01

1.
00

41
E

.G
4
5
O

4'
;

F O

V
C

C 0 0



172 OFFICIAL RADIO SERVICE MANUAL

6bpiiaiaso

AUDIOLA RADIO CO.

W 0 0

W OJy

wo

os r

Soo 0

Lw

%.-1S1

-f 61 -T -

H I t
ttLILP 0

in linri
'MS -041111.-''...

ele

'PI CM OD

1 I

F

I II
Letesz29,---1

01

1212f5r5-6

H

Ws -



OFFICIAL RADIO SERVICE MANUAL 173

O

F-

)

AUDIOLA RADIO CO.

co
L
K".
co

1.

sre Insdatusiti
TifilITIFMT611

/05-/.25
60"#





OFFICIAL RADIO SERVICE MANUAL 175

AUDIOLA RADIO CO.

tat

w00 0 /
100'

g Mr141-----

%.4 0 OS"
t4/ Z

W OS

419211"nri

-I

0

O

c)
4

)o



176 OFFICIAL RADIO SERVICE MANUAL



OFFICIAL RADIO. SERVICE MANUAL 177

JP

AZTEC RADIO CO.

G12

656
/7,  00 fa..

aBo0 41.,

D. C. Voltages

778

24

/Too°
-5-4

'/5.

gee .4-
2.SY

READING FROM --

Chassis (ground) to plates of R. F. tubes 130 to 150 volts

to plate of Detector __ 75 to 95 volts

to plate of Pentode __ 215 to 235 volts
if to screen of R. F. tubes 45 to 65 volts

to screen of Detector. 45 to 65 volts
44 to screen of Pentode_ 215 to 235 volts

to cathode of R. F. tubes 1.5 to 2.5 volts

4 44 to Cathode of Detector 4 to 6 volts

to pentode Filament Center Tap 14 to 18 volts

A. C. Voltages
1st R. F., 2nd R. F., Detector and Pentode Filaments 2.3 to 2.5 volts

Rectifier Filament 4.8 to 5.1 volts

Ground to plates of 280 approximately 375 volts

NOTE: Filament Voltages may be measured with a Weston Triple Range
(0-4, 0-8, 0-150) Type 528 AC Voltmeter. The high voltage on the Rectifier
Plates should be measured with a double range (300, 0-600) Type Weston
AC Voltmeter.
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20000. 13,003.603. 320111MER 450004 50000. 500000
RESISTOR BOARD CONNECTIONS

Radiotron
No.

Heater to
Cathode

Volts

Cathode or
Filament to
Control Grid

Volts

Cathode or
Filament to
Screen Grid

Volts

Cathode or
Filament to

Plate
Volts

Plate
Current

M. A.
Heater
Volts

1 3.0 3.0 85 225 4.0 2.2

2 7.0 7.0 65 100 0.25 2.2

3 2.0 225 215 30.0 2.2
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.122
C.
5-40

WAHL

mmCg
MID.

11,

7-1

M It
20-7

C-10
8-330 AMR.

R F.

111100. MMED RCA -n5,

EXTERNAL IS TO

GROUND CHASSIS
FRAME

OPERA NG
51217 31 0-20

I MEG

1135.
TOTAL

AVC FILAMENT

GENERAL ELECTRIC CO.

roan ,so
(11 4.2

4 14114
6000.
121 DET.

154,, UT 224,

II

Hi IV 5.40 1/330 5.40
MED. WM10.I AIMED MAIM

1-7 

C -3I 033
2 MID

GO.-
3 MID C654 C-35 C-56

GOE ,1 05 05=
*WO mFD FD. MID MID.

25P. 254

OSC C.I5 Ga 2111F. C -IS C-16 KV. C-17 212 LE C-22 C-23

, 10-70 120-220 ANIPL. 120-720 10-70 CONTROL 2E00 MARL 120-220 10.70,
5,145151). MUM, RCA -235, /MME!". FINF(2, LIY-227. 111515 RCA -235 AIMED. ISMFO.

;

Lis
273

74,1-61f.12.

II 0 R.16

01.6109.

110 VOLT LINE

IP

047

6

L8 Li

Radiotron
No.

Heater to
Cathode

Volta

Cathode
or Fila-
ment or
Control

(;rid
Volts

Cathode
or Fila-
ment to
Screen
Grid

Volta

Cathode
or Fila-
ment to

Plate
Volts

PlateCurrent
M. A.

Heater
Volta

1. R.F. 2.0 *0.2 60 230 3.5 2.5

2. Osc. 5.0 0 - 50 4.0 2.5

3. 1st Det. 4.0 3.5 60 230 0.5 2.5

4. 1st I.F. 2.0 *0.2 60 230 3.5 2.5

5. A.V.C. 0 0 - 30 0.1 2.5

6. 2nd I.F. 2.0 3.5 60 230 2.5 2.5 

7. 2nd Det. 20.0 *8.0 - 210 0.5 2.5

8. Pwr. - *10.0 250 235 25.0 2.5

9. Pwr. - *10.0 250 235 25.0 2.5

1 k
31 1 ""'

4-32 Tc-n 7257 C-24 mit I?

FR MFD.1 -1114.FD 411D VILFD.
re

INTERNAL CONNECTIONS OF
BY-PASS CAPACITOR PACK

Ik

t.FD.

INTERNAL CONNECTIONS OF
BY-PASS CAPACITOR PACK

-13\ ..R4C-S° clf litao. AL 81 f4
MMTG

301114,XI00000i40010:17O.,0 1500

RESISTOR BOARD CONNECTIONS

110

L-12

Sown
00111001.

/0-22
01 UFO CI MEG

sam VOLUME %CO10 INPUTTE at E4ICANotL A.84"44rr
11CtivER ASSEMBET

RADIO RECORD WITCH

-Magnetic Pickup connections

Note: Place the Radio -Record switch and input
transformer in the receiver cabinet. Try
connecting a wire from receiver terminal No. 6
to input transformer frame or braided shield
to pickup and use connection that gives

minimum hum.

C

6
LIE 1.-15

12-7

2000.

*8
14.000.

C-19
0.1

MED 4

9tam,
140 2-21

1. pat, 01

MEG.

1-13 30.0 00.

20

-27
0 MID.

10090.

-M

L- R II
3200. 114EG.

01 NF. 504000".
CONTROL

I. MID.

6

H -3 2

72- 61LEEN

TVELLOW-MWEGRE

YELo
111711'STAGE FOR

-RED T3

-21.12-ARD-12402

- RIO sac -
OUTPUT TRANSFORMER CONNECTIONS

-StACIGANDER

-614CRA.TH
OW TRACER

711.1.0* --T

BROWT1-

DANACR-

MEN-
tau LeL=

ow -

POWER TRANSFORMER CONNECTIONS

C31 . (-33 i 036 C-35

2. MFD.
s3.MFD 4-2-413

60. 60.
4 MFR.

PIFIX 034 FD.
.MFD. g 0.1 -.

25.1 25. * Dot,. 4
CAPACITOR PACK CONNECTIONS

18 YELLOW-

NKR

METE -
REACTOR CONNECTIONS
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GENERAL MOTORS RADIO CORP.

cS.2

TABLE OF RESISTORS AND CONDENSERS:

251, 5-2-A,

251, 5241.,PMEI

Resistors

2.9.1Y End 2E21 Resistance Watts

R1 Orange Black Brown 300
R2 Yellow Green Red 4,500
R3 Red Green Orange 25,000
84 Yellow Black Orange 40,000
R5 Brown Black Yellow 100,000
R6 Red Green Yellow 250,000
R7 Green Black Yellow 500,000
R8 Red Black Green 2 Megohms

Voltage Divider

Solid

Brown

Body

)1-

7,600 Ohms

1

6,900 Ohms

)

14,800 Ohms

No,

CIA
C1B
C2A
C2B
C2C
C2D
C2E
C2F
C2G
C3
C4
C5
C6
C7
C8
CO
C10

Spot

Brown
Body

CONDENSERS

Pentode Bias

133,500 Ohms

5-2B

23,000 Ohms

21,500 Ohms

Capacity

.1 Mfd. By -Pass Condenser
1.0 Mfd. Pack No. 1
.03 Mfd.
.1 Mfd.

.006 ?ed. By -Pass Condenser

.25 Mfd. Pack No. 2
1.0 Mfd.
.25 Mfd.
.1 Mfd.
.00001 Mfd.
.00025 Mr d.

.00075 Mfd.

.002 Mfd.

.01 Mid.
1.0 Mfd.
4.0 Mfd. (Electrolytic)
8.0 Mfd. (Electrolytic)

S P Ek11( p,
FIELD

TESTING WITH A SET ANALYZER: 251, S -2 -*,5-2-6

The following chart shoes the approximate readings that should be obtained
with any of the more reliable makes of set analyzers.

NOTE: Do Not attempt to take readings on the type 247 (Pentode) tube
unless your set analyzer is equipped to test sets using this type of tube. Read-
ings at the 247 tube socket will be misleading if the set analyzer is not adapted
to test Pentode tubes.

TUBE IN SET ANALYZER

Type Position Control Screen Pentode Memel Rated
of of Fil. Plate Grid Grid Cathode Screen Plate Fil.

Tube Tube Volts Volts. Volts Volts IT2210 Volts MA Volts

224 1st Det. 2.1 255 1.9 77 6.0 1.0 2.03
235 1st I.F. 2.1 200 .3 100 95.0 1.6 2.20
235 2nd I.F. 2.1 200 .3 100 95.0 1.6 2.20
227 2nd Dat. 2.15 145 .0 -- 15.0 .5 2.25
227 Osc. 2.15 75 .0 -- 0 7.0 2.25
227 A.V.O. 2.15 60 .0 -- 0 .0 2.30
247 A.F. 2.15 235 1.0 -- 215 30,0 2.30
030 Rect. 4.5 WO -- 30-30 4.70

Lthe Volts 110 Volume on Full

* Use 600 Volt Scale. # Measured from Cathode to Heater.

It should be noted that readings obtained with set analyzers will vary with
different makes of analyzers, with different line voltages and with different tubes
The readings shown in the above table therefore, are only average values and for
this reason, each service man should compile a chart similar to the one illustrated
using his own set analyzer and a set that is knowb to be operating properly.

NOTE: (1) Use voltmeters having resistanee of 1,000 Ohms
per volt.

(2)

(3)

Measure all plate voltages on 600 Volt Scale.

Rated Filament voltages are those measured at
the tube sockets with a high grade instrument.
In general there is about a .1 volt drop in the
set analyzer cable.
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HOWARD RADIO COMPANY

HOWARD A.V.C. SERVICE NOTES FOR A.V.H. RECEIVER

In the interest of obtaining best results with tne Automatic Volume Control
receiver it is important tnat the control tube (type 227) be a selected tube, --
one which nas a definite plate current cutoff when tested at 180 volts plate and
20 volts bias on tne grid. Tnis cutoff should be less than 5 microamperes. If

you do not nave any means for checking the tube, in the form of a special tube
tester, an immediate check for tube performance can be obtained in tne set it-
self. For instance, disconnect the antenna and short circuit the aerial lead,
leaving the control tube out of the socket, and note tne swing of the tuning
meter. Then insert tne tube in tne socket and if it is a good automatic volume
control tube, there should be no cnange in the position of the pointer on the
tuning meter. If there is a cnange in the position of the tuning meter pointer,
namely, a swing toward the right, it is an indication tnat the automatic volume
control tube does not have a definite plate cutoff, but it is drawing plate
current and consequently, the bias voltage on the regular RF and IF tubes has
been raised, with the consequent cutting down in plate current.

It might be a good point to mention at this time that the tuning meter in
a 13 milliampere full scale reading meter and that it is connection in series
with the B plus lead that furnishes voltage for the RF, first detector and IF
tubes. In view of tne fact that this tuning meter is in series with the plates
of the amplifying tubes, you oan very readily note whether or not the control
tube is functioning in a proper manner, by noting the performance of said tube
by its reaction on the plate current of the respective tubes as shown by the
swing of the pointer on the tuning meter.

For further information with reference to this receiver, special mention
is made of the fact that the speaker furnished with this receiver is different
from the regular speaker furnished with the Yodel 35 and 40 receivers. The
difference lies in the fact that the Model 45 speaker has a 350 ohm field, and
as such it cannot be used with the Model 35 and 40 receivers. Please note this
fact in order to prevent trouble in the future with reference to service troubles
which may arise due to the use of the wrong type speaker.

 S E-71,97"/ C
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VOLTAGE AND CURRENT VALUES

With the volume control at maximum, the following readings should be obtained, with
an allowable 10% variation: -

Line Voltage, SO0000P000p 110 V.
R.F.Plate Voltage,....o. eeeee 0 000000 000opoop 200 V.
R.F. Screen Voltage"... ........... 60 V. *
R.F. Cathode Bias, . 1.5 V.
R.F. Plato Current, s... 2.2 M.A.
Detector Plate Voltage 80 V.
Detector Screen Voltage 60 V.
Detector Cathode 5 V.
Detector Plate Current 0.15 M.A.
Pentode Plate Voltage"., 190 V.
Pentode Screen Voltage 200 V.
Pentode Grid Voltage, 13 V.
Pentode Plato Current, 24.0 M.A.
R.F.Filament,. ........ ...... 00000 2.2 V.
Detector 2.2 V.
Pentode ....... aop000 ..... 2.2 V.
Rectifier Filament,......o. ....... ..... 4.1 V.

*These readings made with the 300,000 ohm voltmeter in a Jewel
199 Set Analyzer are not true readings, duo to the high resis-
tances in the receiver circuit.
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JACKSON -BELL CO.

MODEL 87

AVERAGE VOLTAGES & CURRENTS;

e-

A

FIL,
VOLTS

PLATE
VOLTS

SCREEN
VOLTS

VOLUME CONTROL MAXIMUM
GRID
VOLTS

CATHODE
VOLTS

PLATE
CURRENT

R.F. Tubes 2,25 195. 95 0 1.5 3,25 MILLS

First Detector Tube 2,25 195. 95 0 3, ,5 "

First I.F. Tube 2,25 195. 95 0 1.5 3,25 tt

Second Detector Tube 2,25 145. 0 12,5 ,5
11

Oscillator Tube 2.25 65, OP OP 0 3,
te

Output Tube 2.25 185, 195 11 WI ON 24.
ti

Rectifier Tube 4,0 260, M. Oa 45,
it
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§
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JACKSON -BELL CO.

VOLTAGES AND CURRENT VALUES

THE FOLLOWING VOLTAGES MUST BE CHECKED WITH VOLUME
CONTROL AT MAXIMUM

R.F. PLATE
R.F. SCREEN GRID
R.F. CATHODE
R.F. FILAMENT

200 V.
75 V.

V.
2 V.

MODEL 88
IMPROVED

FIRST INTERMEDIATE FREQUENCY PLATE 200 V.
FIRST INTERMEDIATE FREQUENCY SCREEN GRID 75 V.
FIRST INTERMEDIATE FREQUENCY CATHODE 12 V.
FIRST INTERMEDIATE FREQUENCY FILAMENT 2 V.
DETECTOR PLATE 0 V.
DETECTOR GRID V.
DETECTOR CATHODE TO GROUND 0 V.
DETECTOR FIJAYFNT 24 V.
TRANSILATOR PLATE 200 V.
TRANSILATOR SCREEN GRID 75 V.
TRANSILATOR CATHODE 54 V.
TRANSILATOR FILAMENT 2 V.
OSCILLATOR PLATE 75 V.
OSCILLATOR GRID 4 V
OSCILLATOR CATHODE TO GROUND 0 V.
FIRST AUDIO PLATE 40 V.
FIRST AUDIO GRID V.
FIRST AUDIO CATHODE TO GROUND 0 V.
P.Z. OR '47 SPACE CHARGE GRID 200 V.
P.Z. OR '47 PLATE 195 V.
P.Z. OR '47 GRID 16 V.
P.Z. OR '47 FILAMENT 24 V.
80 PLATE 25 MILLS DRAIN PER
80 FILAMENT 42 V. PLATE

These voltages will be obtained with a 1000 Ohm per
volt meter. Meters of different resistances will
vary in voltage readings, due to high resistance in
series with different potentials.

0

0
-P -P4-> -Pri

2 2 2 2 00

-Pcct a) a)40 0 0
W Old

N) S, $.4 $.1 0 5)

C) C) CD

7:711Iti
0

- a) o o

2 g -o ate`)

O 0 0 0 0 0
W (110/000 r --t r-4

pq ix, 0 0 z
0= 1 1 I I

0

s. 00WOlidCiLT0

:;1 12:).. c/9111111111
0
C 0 0 0 0(00000cti 0 0 00 I-0 0

00
O
LC.

kD
a)

00
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JACKSON -BELL CO.

O

MODEL 89-A

_L Ir

AVERAGE VOLTAGES & CURRENTS:

FIL.
VOLTS

PLATE
VOLTS

SCREEN
VOLTS

GRID
VOLTS

CATHODE
VOLTS

PLATE
CURRENT

R.F. Amplifier Tube 2.3 200 100 0 2.0 3.5

First Detector Tube 2.3 200 100 0 4.0 .5 MA

First I. F. Tube 2.3 200 100 0 2.0 3.5

Second I. F. Tube 2.3 200 100 0 2.0 3.5

Second Detector Tube 2.3 180 - 8 .2 MA

Oscillator Tube 2.3 100 -__ 0 0 6 MA

Output Tubc (1) 2.3 185 200 16 - 20 MA

Output Tubc (2) 2.3 185 200 16 - 20 MA

Rectifier Tube 5.0 375 --- - 35 PER PLATE
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1st R.F. 551 2.3 250
2nd R.F. 551 2.3 250
Detector 224 2.3 155
Power Tube 247 2.3 235
Rectifier 280 4.8 340.340

10,000

VOLUME

COLIN B. KENNEDY CORP.

'S1

0

0.1
21,000

Tube Type Fil. A.C. Plate Screen Bias
175 2.5 to 39
175 2.5 to 39

4
235 16

Line voltage = 115. Volume full on.
A 1,000 -ohm -per -volt meter used to obtain the above. Small

deviations above or below the values given may be expected,
due to variations in parts, tubes and meters.

-T
kriii rock r--

ri VOLUME
CONTROL

10,000."L 50,000",
(MODELS .34.38.40)

1,10,000"d, 10,000
(MODEL 2E)

22

Zit -

8

ANTENNA WIRE "

GROUND WIRE

22

00900

AO.

2E000 aj, 000

O8
7

41.

=

MODEL -50

PILOT LAMP MODEL 36 ONLY

71 A

71-A

POWER SWITCH

MODELS 36, 38, 40

25,000

MODEL 22-5000^

110120*DIRECT

PILOT LAMP
MODELS 38,40,12 ONLY,

MAZDA 17 .30.!Ir G45

CURRENT

CHOKE

SPECIAL NOTICE
Due to the similarity of the D. C. and A. C.

chassis and the fact that the circuits of the vari-
ous D. C. models are almost identical, all current
model D. C. servicing instructions are covered
by this service manual.

CHASSIS
0305505

6 Mfd
O
C)

C.: CD

ELECTRO- DYNAMIC CONE

22, 36, 38140 D.C.

The mechanical layout of the D. C. models
corresponds to the equivalent A. C. model in
each case except for the few variations noted
below.

Corresponding
D. C. Model A. C. Model

36 26
38 30
40 32

22 20B
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COLIN B. KENNEDY CORP.

 A

DP-

T

0

01000000U
00 R57 a 50-0

JousLoo_000,ronmnor

HI "
.0000000044,

I I I I -J

a

0

"

4

t2
QQO)

01314
05CaSZ

TUBE I FILAMENT PLATE BIAS SCREEN

sistors 1st R. F. 2.3 160 3.5 85

2nd R. F.
The biasing

2.3 160 3.5 85

resistance values of the various colored
3rd R. F.

resistors employed follows:
2.3 160 3.5 85

are as
Detector 2.3 125 10

Green 3,000 ohms. Yellow 50,000 ohms. 1st A. F. 2.3 155 9

Blue 5,000 ohms. Brown 500,000 ohms. Power Tubes 2.3 230 45

Grey 10,000 ohms. Red _
1,500 ohms. Rectifier 4.8
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/4 000

VOLUME

1/

z

z

52

5S
2. 25V

.311

COLIN B. KENNEDY CORP.

)

yf a 2.6V

90

1.3 If

rcrr 4000

8

A.C. CORD & PLUG

224 224
tirOV / 19'0

Rik

G'0 V

goo° moo 10,000 510

-172F

1

_SWITCH

224 riSV
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SWITCH

1500 13000-I 11400 ^
1500 " 4100

g2 VI

I2 Mfd.

.06

8 MU.

450 VOLT

III. ALL
Fl LAMENTS

245
.0$ 3111 21 SV

0

a

.3V

E

500 VOLT

Oc,
0 280

.oat c> CO /L.0. _l_ 1c
@
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ELECTRO-
DYNAMIC
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42.

ALTERNATIVE DETECTOR
, s)00- OUTPUT FILTER
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COLIN B. KENNEDY CORP.
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KING MANUFACTURING CORP.

,..,.
0
0.

01 IC,
10
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el
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KD
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<=';

4
..
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, .
'

le_- 11- ., =
1

C.'-'/ 0 0 0=L...
GL 2 0 111 1I 5 -

120v 7S0 II YELLOW

4- AMP: -l'.
! WN,re ZED
- J0000

105v - I

Q.AY... SPEA..rER A-lEco

\ - I ' 
- I -
...

4-

`E0

i 0

8LAC,r

_
Aillak SPEAKER FiELO

IIIW . 0 !WA!0_,.0 y
A c

0"Il ° 2 I -

I

i

Readings with plug in set socket and tube in tester socket
Tube
No. in
order

Position
of

Tube

Type
of

Tube
A

Volts
B

Volts
C

Volts Cathode
Plate
M.A.

Plate
M.A. Grid

Test

Plate
Change

M.A.

Screen
Grid
Volts

1 1st R.F. 224 2.4 178 3.4 3.4 3.5 7.1 3.6 85

2 2nd R.F. 224 2.4 178 3.4 3.4 3.5 7.1 3.6 85

3 3rd R.F. 224 2.4 178 3.4 3.4 3.5 7.1 3.6 85

4 DET. 227 2.4 240 23. 2.5 1.1 1.2 .1

5 Push -Pull 245 2.4 235 45 27 32 5.

6 Push -Pull 245 2.4 235 45 27 32 5.

7 RECT. 280 5. 310

Line Voltage 120 Set on 120 Volt Tap Volume Control FULL ON
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FUSE

110 V. AC
60 ti

.002M F.
A ,IF

.1 ME

HI f
3000. -VC

DIAL LIGHT )
5W.

120V. DC.

.002 ME

.000251.1F E

.002 ME

°-111

PILOT LIGHT

10V D.C.

I,(1-9111.

gRFC a RFC0 0

'24

.01

2MF

'24

280

X
0Y

:4MP

LANG RADIO CO.

PHONO
SWITCH

R.F.C. .1 MF '27 .1 MF TONE CONTROL

2 MEG

.00214F
0
0. 0o
ci

100,000-r,

2 F
2000-0-

1 MF 1 MF-7
20,000 -n-

\
. - 77 7.-

50,000-n- 50,000 -n-

VOICE COIL

OF S'P'K'Fi

9000 -n-
60004-1_
6000 -'-VC

M7- AC.

'32 '32 '32 .05MF

PHONO.

.001 ME

F

.00025 MI- ,3.1

B.D.6 D.C.

100,000-^-
MF

Io

5P KR PLUG

F QG

F P

.001 ME

.05MEG. w

_cc

.05MEG

0 ',A

FIELD

VOICE COIL
LEADS
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0

300-n- V.C.
7001'

.1 ME

110 V AC
60,,

.002 MF
A 11_,

.00025 ME 8

°-11
.002 MF

15

15

15

0

1200. QC.

Al .002 MF

.00025 MF
A2 c.-I

.002 ME
G

SPKR
FIELD

5W

0-0"0

120V. D.C.

0

SPKR
PLUG

'24

380

0

24

00

20,000 -n-
+

8MF

40,000'n-

-L.
.5 V1F

DIAL LIGHT

LANG RADIO CO.

4MF 10,000 -n--r

'24 .00025 M F .05 ME '45

WW

/ IFS

50,000-n-
.5 ME

.5 MF

30.0001'

.5MEG 2 EG

.25 ME

50,000

PHONO

LOCAL DISTANCE SWITCH Ft 8- D.C.

"2A '12A '12A

330-"
2MF

48_11_

CHOKE

R. F. G.

00

f 0 0 0 \
6000-0- V

R FC

.2MF .2MF.

.2 MF .2 M E

40 .11-

4901.1-

1500 DIAL LIGHT
F 9-D.C.

El A-5 A.C.

'12A .1 MF

TO SPKR FRAME

o- 0+
22V C. BATT

'71 A

C+
0 C- 22.5 V
0 C 16.5 V.
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GALVIN MANUFACTURING CORP.

MOTOROLA

VANT.
L2 -24 -24 -24

Li
CS,

- 01 A -71A.C1 C2 -Ti C6
AIM.

C
4or
.10.
408. di

1
I

4M10.
.m.
.no.
Ain.
.saw

_ '
L6

1 C C4 4.1.
..."'
aim.

..m.

'Ow
.a.

0
--1 R8 i

L3 gL5 Tcii
-_FR4)

)
C9 CIO

R1

____ C8
.---:-T_

B+

721/2
GNDA\ I

_s.,___,GND

"4)
PILOT

OR

135 A SPKR 0 D IAL
LIGHT

671/2
S.G.

SW
MANN

KEY TO ABOVE NUMERIALS R7
/WV

+
L1-Antenna primary C5, C6, C11-.003 mfd.
L2, L4, L6-R. F. secondarys C7, C8, C9, C10-.25 mfd.
L3, L5-R. F. plate chokes R1-200 -n- ( Gray) resistor
L7-Detector plate choke R2-25,000 -n- (Black)
C, Cl, C2-Main tuning condensers R3, R6-3 meg (Blue or
Cl, C2-R. F. coupling condenser. Cap. 9.6 micro- R4-2 n wire wound resistor

microfarads R5, R8-1 meg (Lavender)
C3, C4-0001 mfd. condensers R7-300,000 -'s- Volume

Voltage Readings at the Tube Socket

condensers
by pass condensers

resistor
Pink) resistor

resistor
control

TUBE POSITION READINGS, PLUG IN SOCKET OF SET
NO. TYPE OF TUBE OUT TUBE IN TESTER
IN

ORDER

0

OF

TUBE
TUBE

1ST. R.F..
:/ET.. ETC.

A

VOLTS
B

VOLTS
A

VOLTS
B

VOLTS

C
VOL TS

grpr4 G.TRO
RID)

CATHODE
- HEATER

VOLTS

NORMAL
PL ATE

0 M.A.

PL ATE
M.A.GRID
0 TEST

PLATE
CHANGE
0 M.A.

SCREEN
GRID

°VOLTS__,Z

1 2 g 1st RF. /12.0 2 //o / I. 2.,2 3.2 /. 6 A .3-
2 il. At__2 hd A.F. ,, 2 /I 0 / /. 2. 2 3. 2 / 4 1- -1".
3 2 `1 Pe 7A- i, 2 38 , 3 .6 . 6 /  6 / .6

4 01-A hi .44ei.
,, c / a o 2 2. g 2,S S

5 11-4 2hd A.S. ,/ 5 2 2. S. 5- 1$. /3
6

7

8

9
r

10

NOTE-These readings were made with the negative terminal of the "A" Battery grounded.
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(MULTICUPLER) AMY, ACEVES AND KING INC.

TYPICAL RISER DIAGRAMS FOR MULTICOUPLER ANTENNA SYSTEM INSTALLED IN CONDUIT

FOIke

FT1

Typical stets '/it vertical
outlet on each floor;
Terminal resistance
line; in series with

t,

riser with radio
using one aerial.
shown at end of

aerial download to ground

xes''/-B 1.' A

5 C 2.5

"1, N.,eIP°-C r I.
"D_

75

In
.25

e? C

25
1:1 C

'5'
1

1

1

C .25' P7
12

M

1 1
--T ---.-

Two straight brtanch risers,
one aerial each with terminal

M

connected to
resistance

12 .s
---

Hscr with distance From aerial entrance
bushing to first mat/coy/0/er or radio outlet
approximately so feet. Note loading
coil inserted approximately mid-a.kf)
then two loading cads in run 6p,,INOX-
/mate!), 7s feet without any at/Vets.
Distance between two last outlets is
dirroximatsly so/t, reguirtiy ketky coil

13
PA'elv

,
2'

'a_

c

E
Antenna

F -terns
,

Z.

La_

20'Z.

_.='

Another varietion
acme/ showing
end of aerial

§ fif

1

1

1

1

7,

of two branch
one branch connerz'ed
ano/ one& other

L.

7.-

. pi

1

1

1

1

risers on one
to oh,e

end.

1111 a.irl
,..... 5 0 '

II

TwatypVcal branch
off set requiring

...,

0 C

PI

1

1

risers on
loading coils

1 ri

1M

0 C

1

one aerial,
.

I a.

1 M.

1 a.

1 a

Eri

..5,4,,,, ,..a.vio eaeiets in differewe
MIA, from riser //o/licou/der /S- installed
in 4 '..., .;t "box u.ulh -kor - cover .1910/ bleenA-
plate gyad,/,.4, ih closets. Branch to ovt-
/et plate can be pen in .72" condort
but not over 20 ft. from melt/coup/cr.

G

7)pical
three
Oyer
shown

3,
te

P'1\

L. L.

'-= .'
-

M iommagmUS fij - - - -

a 10 MI MI la - IM = MI =

- - - - iii 1.; .. - - -

riser for three story bui/c/ity,
branches for one aerial,

roar outlets on each branch.
.for .24 suite building .

8,

Not
Rise,'

H
(

tvg/
-tell

1.

-
f.9

Leger, d
1'1 o Nati coupler radio outlet
C fg Load Coil
L H '-a_ Liyhtniny Arrester

EP Branch Radio Out/et
MI Terminal Resistance
--- Water p/pe ground

Note:
Wien two risers are connected to
one antenna the number of our/eats
on each branch shou/o' be Icert
as PlearlY eft/a/ ers passAble.ivaiinum
difference should not exeeoi Four.
An aerial net /ess 7.1/42/2 7.3- feet /only
is required when two branch
risers are opertated from one send/'t

Q

M

-=.

Ty/oicee/ riser for two story baddiAy
two branches for one aerial.

Types of Risers for Various Buildings
A and B for buildings 3 to 30 stories, maximum outlets 30; Antenna 75' long. E and F for buildings 3 to 10 stories, maximum outlets 20; Antenna 75' long.
C and D for buildings 6 to 10 stories, maximum outlets 20: Antenna 75' long. H for buildings two stories high. maximum outlets 12; Antenna 75' long.
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PHILA. STORAGE BATTERY CO.

INDICATES CHASSIS

50 & 50 A

24- DETECTOR

Table 1 -Tube Socket Readings Taken with AC Set Tester AC Line -115 volts

Tube
Filament

Volts
Plate
Volts

Screen
Grid
Volts

Control
Crid
Volts

CathoJe
Volta

Plate
Milli-

amperesI'pe Circuit

24 1st R.F. 2.4 245 90 2.5 3.0 4.5
24 2nd ILE. 2.4 250 90 2.5 3.0 5.5
24 Del. 2.4 100 42 S.0 5.1)
47 Output 2.4 175* 190* 1.0* 2.7*
80 Rect. 5.0 30,

Note- Volume Control on full; Station Selector turned to Low Frequency End.
*These readings must be taken from the underside of the chassis, using test prods and leads unless the set checker is
specially equipped for testing pentode tubes.

Table 2 -Power Transformer Voltages

Terminals A.C. Volts Color

1-2 105 to 125 Primary Black (Small Gauge)
3-5 2.5 Filament of 24 and 47 Black
6-7 5. Filament of SO Light Blue
S-10 700. Plates of 80 Yellow

4 Center Tap of 3-5 Black, Yellow Tracer
9 Center Tap of 8-10 Yellow, Green Tracer

Table 3 -Condenser Data

No. on Figs.
2 and 3 Capacity MFI) Container

.18)025
.01
.05
.05 and 150 Ohm resistor
.1, .15, .25, 2-.5 (50-60 cycles)
.05, .15, .25, 2-.5 (25-40 cycles)
.05

(50 to 60 cycles) 6.
(25 to 40 cycles) 10.

6.

Yellow
Black Bakelite Container
Black Bakelite Container
Black Bakelite Container
Metal Container

Electrolytic
Electrolytic
Electrolytic

Table 4 -Resistor Data

No. on Figs.
3 and 4

Power
(Watts) Resistance

Color

Body Tip Dot

0 150 and .05 Mfd. Black Bakelite ('on tainer
(ii) .5 10,000 Brown Black Orange

4'

1.
1.

.5

15,000
25,0 00
32,000

11,,11
Red
Orange

Green
Green
Red

Orange
Orange
Orange

* .5 99,000 White White Orange
0 .5 150,000 Brown Blue Yellow
it .5 240.000 Red Yellow Yellow

.5 490,000 Yellow White Yellow
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PHILA. STORAGE BATTERY CO.

"TRANSITONE MODEL 3"
Automotive Battery -Operated Receiver with Automatic Volume Control)

This model, manufactured by Transitone
Automobile Radio Corporation, Philadelphia, Pa.,
bears no resemblance to previous "Transitone"
models described in past issues of RADIO -CRAFT.

Of exceptional interest is the inclusion of
automatic volume control; a two -element or
diode detector is used. "C" bias is obtained
by resistor -drop, as in socket -power sets; as the
schematic circuit indicates, there are 20 resist-
ors in this battery -model receiver.

The values of the various components are as
follows: resistor R1, 10,000 ohms; R2, R7, R8,
R13, 0.1-meg.; R3, R4, R6, 250 ohms; R5, R12,
R20, 1. meg.; R9, RIO, 30 ohms; R11, R15,
0.25-meg.; R14, volume control; R16, 25,000
ohms; R17, 50,000 ohms; R18, 500 ohms; R19,
300 ohms.

Condensers Cl, C2, C3 are the usual tuning
units; C4, C5, C6, C9, C10, .05-mf.; C7, C18,
1 mf.; C8, C16, 0.25-mf.; C11, C13, C14,
.00025-mf.; C12, .0005-mf.; C15, .015-tnf.;
C17, 2 Inf.

Resistors R6, R9, RIO and R20 are con-
tained in one unit; and resistors R18 and R19
in another. Resistors R3 and R4 are combined
with condensers C9 and C10.

It should be obvious that the most important
single factor in correct operation of this model
receiver, aside from tubes of correct character-
istic, is the use of resistors of correct con-
stants. The wattage ratings of the resistors
are as follows: R1, R5, R7, R8, R11, R13,
R15, 0.5 -watt; R2, R12, R16, R17, 1 watt.
The resistor color code is as follows: Ri,
black; R2, R7, R8, R13, silver gray, yellow
tip; R5, R12, green, white tip; R11, R15,
white; R16, brown, yellow tip; R17, orange;
R18 -R19, and R20, flat wire -wound.

Tube average operating characteristics are
as follows: filament potentials, VI, V2, V3,
2 volts; V4, V5, V6, V7, 5 volts. Plate po-
tentials: V1, V2, V3, 150 volts; V4, zero;
V5, 45 volts; V6, 140 volts; V7, 142 volts.
Control -grid potentials (negative): V5, 1.0 volt;
V6, 2.5 volts; V7, 32 volts. Cathode poten-
tials: VI, V2, V3, 2 volts. Screen -grid po-
tentials: V1, V2, V3, 80 volts. Plate cur-
rents: V1, V2, V3, 1.5 ma.; V4, zero; V5,
1.0 ma.; V6, 3 ma.; V7, 16 ma.

If it becomes necessary to re -align the tuned
circuits to obtain greater selectivity and volume,
use a fiber wrench and adjust the trimmers for
a signal between 1,000 and .1,200 kc.; starting
first at C3.

Noisy operation may be due to a poor bond
between the receiver chassis and the car chassis.
A partial test for this possible source of trouble
is to remove the antenna leads when noise due
to this cause will continue unabated.

Lack of sensitivity, or noisy operation, may
be due to close proximity of the antenna in
the top of the car to the metal -work; the aerial
should be spaced from all such conductors (for
instance, the dome light) by a distance of at
least 3 inches.

RI

L3

There is only one "A" lead; it is black, and
terminates in a lug. Connect this to one of
the ammeter terminals on the instrument panel,
so that the current drain of the radio set does
not show on the meter. The charging rate of
the car storage battery should be increased about
2 amps., to compensate for the average amount
of current consumed by the radio set.

After servicing an automotive receiver it is
important to see that all metal parts -shielding,
cable sheaths, etc. -are well grounded to the
chassis of the car. Tubes and batteries after
replacement must be securely fastened in place.

If it becomes necessary to replace the flexible
tuning shaft, the procedure is as follows: push
the free end of the flexible shaft through the
bracket on the receiver so that the tip of the
shaft is seated in the coupler. Tighten the
two set -screws on the coupler, and then. tighten
the set -screw on the bracket just enough to
hold the casing in place. Tune in a station
of known frequency, adjusting the receiver
exactly. Loosen the two set -screws on the
coupler which lock the shaft in place. The
flexible tuning shaft can then be turned with-
out affecting the setting of the tuning con-
denser in the receiver. Set the dial scale ac-
curately to the channel number corresponding
to the station frequency, and re -tighten the two
set screws on the coupler. Check at several
points the relation between dial reading and
station frequency.

The best material for an aerial is No. 14
or 16 copper screening, 36 in. wide. It should
he used to replace all galvanized iron poultry -
screen, where the twisted parts are not bonded;
cutting and lacing hack the latter to make room
for the copper screen. Most car tops are. of
wooden -bow and cloth construction, with per-
haps poultry -screen; but, where steel bows are
used, instead, greater sensitivity sometimes is
obtained by lacing in an antenna of stranded
rubber -covered wire.

Poor tone quality may be due to an air space
between the reproducer and the baffle (Part
No. 2697-A) which should be used with it.

Standard interference suppression includes the
use of standard spark -plug series resistors, a
distributor (high -tension -lead) series resistor,
and interference bypass condensers on the brush
side of the generator cutout, and the battery
or ammeter side of the ignition coil.

If this procedure (described in detail in past
issu 3 of RADIO -CRAFT magazine) does not re-
sult in sufficient suppression, it may be neces-
sary to try the following: move the ignition
coil from inside of dash to engine side of par-
tition; shield the high- and low-tension, leads
from the ignition coil to the dash; and securely
ground the shielding, or mount the coil on the
engine side of the dash. (In some instances
the construction of coil and switch may render
this impossible; when it will be necessary to
use a separate coil and mount it in the engine

PFCI
'24

C5 C6

1 R4 1
CHASSIS 7 C10

CiZ (DIODE RIt) C,
_,.:01A T1 '71A

compartment). Note particularly that only in
rare instances should high-tension leads be
shielded; for which purpose "shielded high-
tension cable" must not be used.

It may be necessary, in some cases, to con-
nect the "A-" black -with -white lead to the
battery instead of the battery -side of the am-
meter; and perhaps shield the lead, grounding
the shield (copper braid over loom) in several
places -a procedure which is particularly effi-
cacious. Improved reception then indicates that
further correction should be applied: shielding
of the speaker cable, and the battery cable be-
tween set and control -unit. All shielding should
be grounded. (Commercial shielded -cable is
preferable to separate shielding.) In some cases
it is desirable to shield the lead from antenna
to set; using only "shielded high-tension cable."

Interference due to dome -light coupling may
be eliminated by connecting bypass condensers
where these wires enter the corner post. Dirty
distributor contacts may cause noisy operation;
over -wide separation of its contacts may cause
the same effect. Reversing the ignition coil's
primary leads sometimes reduces interference.
Rubbing metal parts of the car chassis occa-
sionally require bonding to the body of the
car to reduce crackling sounds; cables, rods
and pipes unless grounded may act as ignition -
noise carriers. Pay particular attention to the
temperature -indicator tube and the oil lines.

Fender, seat. and door pads are available,
for use to prevent marring the fipish of a car
when installing or servicing the radio installation.

Dome -light and switch wiring must be run
along the side of the top frame, and along
the top edge of the side of a bow to the dome -
light fixture.

Lack of signals, or weak signals, may be an
indication of a grounded antenna.

All conductors should be well insulated front
the car chassis, to prevent short-circuit; while
fuses in the "B-" and "A" leads adds a
safety factor.

It is suggested that a complaint of poor
service from the "B" batteries may be checked
by reference to the speedometer's mileage indi-
cation for the period of the installation of the
batteries. This figure, divided by 25, gives
approximately the number of hours the radio
set has been used; which, divided by the figure
for the elapsed time, in days, since the instal-
lation of the batteries, indicates the number
of hours per day the radio set has been in
use. Heavy-duty "B" blocks should last about
600 operating days (1 hour per day), to 150
days (4 hours per day).

The distributor rotor should just clear all
stator contacts (test chalk marks on these con-
tacts should remain undisturbed); file the con-
tacts; or file or peen the rotor, as may be
required.

Credit for these data is hereby extended to
Messrs. Robert F. Herry and Robert Long, Jr.,
of the manufacturer's service department.

R20

Cl8
DYNAMIC REPRODUCER

(CONNECTOR
A TZ

COIL
TO voiCE

BATTERY
(CONNECTOR
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WHIT
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P LO

. .

LOCK SW

B+ 160V

i GREEN -WHITE

"A7

BLACK -WHITE
HASSIS

Schematic circuit of the Philco "Transitone Model 3" receiver, incorporating automatic volume control, a necessity in automotive radio setsto overcome the effects of changing location; the total current consumption is 4 amps. The reproducer is catalogued as the "Transitone Model 3
Dynamic Loud Speaker." Resistor R14 is of standard 0.5-meg. rating.
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INDICATES
CHASSIS

1

32 32

/

C -3V C+
BLACK WHITE

WITH

WHITE
TRACER

PHILA. STORAGE BATTERY CO.

Model 30

32 30 30 30

C -3V. C+
BLACK GREEN

WITH
GREEN
TRACER

B+90V 13+180V
YELLOW YELLOW

WITH
BLACK TRACER

Table 1-Tube Socket Readings Taken with Average Set Checker

3!

SPEAKER PLUG AND
SOCKET SHOWN

-0 D --

A+ A- B-
RED BLACK BLACK

WITH
YELLOW

Tube Circuit Filament Plate Grid
Volts

Plate
Curren t

Milliamperes

Screen
Grid
Volts

32 1st R. F. 2.0 150 .0015 60
32 2d R. F. 2.0 150 .0015 58
32 3d R. F. 2.0 150 .0015 58
30 Detector Rectifier 2.0 ....
30 Detector Amplifier 2.0 15 .. . ..
30 1st Audio 2.0 90 Note 1 .002
31 ( 2d Audio 1 2.0* 150 24 .008
31 (Push -Pull f 2.0* 150 24 .008

*These readings reversed with respect to other Filament Voltage readings.

NOTE 1. With volume control in "Off" position, approximately 4 volts; with volume control
full on, less than 1 volt.

Always use high -resistance voltmeter, preferably 1000 ohms per volt, when checking voltages
in the Receiver. For reading plate and screen voltages, use a 250- or 300 -volt scale. Voltage readings
taken with meters having less than 250,000 ohms resistance will be lower than voltages given in the table.

When testing a Model 30 Receiver, all tubes must be in their proper sockets. The speaker must
be connected and the tube shield must be fastened in place. The readings in Table 1 were taken using
"A," "B" and "C" batteries.

Table 2- Resistor Data Table 3-Condenser Data

No. on
Figs. 1 and 2 Color Resistance

Ohms Figs. I and 2

Golden Yellow 5,000 za

Auto Buff 25.000 0 @
Jade Green 70,000
Silver Gray 100,000 @ 0 @
White 250,000 0 @ @ @
Battleship Gray 500,000
Tubular 5250

(two section) 1800 g

Capacity- MFD.

.00005

.000250

.01

.05
.05 with 250 -ohm resistor

winding
.25 single section
.25 two sections
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RCA VICTOR CO., INC.

it

O

II

LOUDSPEAKE
COILS

Figure 8-Schema tic circuit diagram of RCA Loudspeaker Model 100A and
photo of the filter unit

100-A

.Z5"

-General appearance and correct dimensions of armature spacing
tools

FILTER UNIT CONTINUITY TEST
Disconnect Magnet Coils and Loudspeaker Cord

Test Correct Effect Incorrect Effect Caused by

L to M
L to N

M to N

Closed
Open
Open

Open filter coil
Shorted filter condenser
Shorted filter condenser

CONTINUITY TEST FOR MAGNET COILS AND
LOUDSPEAKER CORD

Connect Magnet Coils and Loudspeaker Cord

Magnet coils may be tested as indicated below. A click test from one lead to the
other while they are completely disconnected from the rest of the circuit is also a
simple and effective method of testing.

Test Correct Effect Incorrect Effect Caused by

Jack tip to L or N
Jack sleeve to L or N

M to N

Closed
Closed
Closed

Open cord
Open cord
Open magnet coils or coil leads
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11111 11111
*-LOUDSPEAKER COILS1

-Schematic circuit of Loudspeaker 100B
coils and filter and photo of filter unit

FILTER UNIT CONTINUITY TEST.

100 -6
103

Test Correct Effect Incorrect Effect Caused By

G to H
F to H

Open
Closed

Shorted Condenser
Open Coil

IMAAMAAWMAP%
PLATE

INPUT OUTPUT

2 MF Z MF IMF

PLATE

UX 874

® ® 0
+45 +90 FIELD

F1

F I MID

F

FII

Fly MID

FU

PRIM

IRIM

UV 876

A.C. CIRCUiT5

104
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uNb CONDENSER

16-325 MMFD.

h
k 11.

L5-75 MMFD. .1 c_21 C-22 2 $ C-8 4 C-9 c-10 5
:I.

4 RCA -235 ,, \ COUPLED 745 MMFD 745 MMFD. UT -227 UY-224. 120-220 RCA -235 120-220 10.70 UT -227

?.

R. F. b 0.5C1 Ili DET. MMFD I.F. .MMFD. MMFD. Rts pa..

05.52.. 41.§.n. : i tti.ars 43.pn.;
I i ',58-A

s 1 i L3 A' R-112

40.,
L I
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4

LS

b

C6

-1.)4

,

CS rC2
6.000:. (110)

-6,---4-
40 000...

/
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L-6 1.-7

it 4,,....,,..,. cm.aL-8,=,

.---*..2--

g ,._
...,=, L-9

450
6.n. -.-Nr

 1.
.,

I
1 C-7
10 70 'V

_5 mFD. T. .0024 MFD.

Awn.. MMFD. 4.5,:
in-

R 5
10

IAMFD.

c 15
--ii
AiPi. - -

N

9-3
150-n.

L10
-er-

.1MFO.

9-I9
11R---S:23

011

TO EXTERNAL
GROUND

CONNECTION
:
R-2

C44
5 MFD.-.-

R-1
8.000.. ,

30,R-008

I -19
Capp

VOLUME
CONTROL--
4,350.11.

OPERATING
SWITCH \ Ti -

C-16
1 MFD.

-_ R.- 4 M
I6,000.n. .-,

1

@REX
TERMINAL
FOR MAGNETIC

PICK-UP

2_ 3

BOARD*

CON ECT100

4
0 rp ....71

......
-

...,-,...-- .... a (
6 C-14

-
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UX-280

C-17 c-19 c-18
CONEi COIL
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T-3
OUTPUT

TRANSFORMER
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MFD.

T 2

105 -125
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V. X
..,
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R-11 --- --z--
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R-7
mom.. 1

POWER
TRANSFORMER

'-' HEATERS
' DIAL

AND
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R -7 A
Radiotron

No.

Cathode
to Heater

Volts
D. C.

Cathode
Filament
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Vona D.

of
to

Grid

C.

Cathode
to Screen
Grid

D.
Volts
C.

Cathode
or Filament

to Plate
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Plate
...ssarrentm. A.

Heater or
Filament

Volts
A. C.
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No.

Cathode
to Heater
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Cathode Of
Filament to
Control Grid
Volts D. C.

Cathode
to Screen
Grid Volta

D. C.

Cathode
or Filament

to Plate
Volts D.C.

Plate:

m. A.

Heater or
Filvarltesnt

A. C.

VOLUME CONTROL AT MINIMUM VOLUME CONTROL AT MAXIMUM

1 38 35 50 200 .0 2.2 1 2.0 2.5 60 235 3.5 2.2

2 38 0 - 50 3.5 2.2 2 2.0 .0 - 50 4.5 2.2
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PITCH CONTROL

ROD
..4e.

VARIABLE
PITCH

OSCILLATOR

UY-227

CM.to

to

C

10,00 011
V.VVIPM

RCA VICTOR CO., INC.
VOLUME CONTROL

LOOP

FIXED DETECTOR
PITCH MODULATOR.

OSCILLATOR

10,00025

2 MFD.

OO
F=F

C

UY-227 05-224

C

Terminals
Nos.

1 to 6 (D.C.)
2 to 6*

3 to 6
5 to 6

8 to 9 (A.C.) rms
10 to 11 (A.C.) rms

a+9
10

tHT A.F
AMPLIFIER

UT -227

4

.5 LIFO.

'FLAYOFr
SWITCH,

POWER
A. F.

AMPLI,

US -111-A

PILOT
LAMP

(it)
6

VOLUME
CONTROL

OX- 20

5

2 UFO.'

VOLUME CONTROL
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mow*

0X -171-A 135 MMFD. 1 MFD.

O

;
3

=C

OSCILLATOR

13 RESONANT COIL

g4-Cr 550 11

0 1.----QCf
0 41
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2 1,IFD. 6

Try
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lOUTPUT
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Off
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OR ANTENNA INSTALLATION
DETAILS SEE DRAWING N. 5040-B

NOTE NO.1-ALL WIRING BETWEEN THE VARIOUS I r
UNITS SHOULD BE RUN PREFERABLY INS

IMETAL CONDUIT BUT k'GREENFIELD OR
No. 500 WIREMOLD MAY BE USED IF DE-
SIRED.

No.14 TWIN RN MAY BE SUBSTITUTED
FOR 'ONE PKNo.14R.C."

ANTENNA RESISTOR!
F R); IN BOX

CONTAINING R
UNIT NEAREST TO
ANTENNA.

_JB

WATER PIPE GROUND

ONE PAIR No.14 R C. IN f METAL
CONDUIT OR No.14 EX.

RFC_J LyNIT

EXTENSION COUPLING UNITS (RFX), TO BE
LOCATED ON RISER IN CLOSET. PANTRY A
OR ANY ACCESSIBLE BUT INCONSPICUOUS
PLACE.

NOT MORE THAN TEN R F X UNI
MAY BE CONNECTED TO ONE RF C UNIT.

FOR ADDITIONAL FLOORS IN TALL
BUILDINGS INSTALL EXTRA RFC
UNITS IN PENT HOUSE AND RUN
RISERS WITH LOADING COILS AP-
PROXIMATELY 20 Fr. APART TO RFX
UNITS ON FLOORS BELOW. EXCEPT
LAST SECTION TO BE LENGTH "D"

RFX UNIT
R.1

TO
IUNIT, 1,

L _ _

-c
No.19 Tw. hc. PR

A

WATER PIPE GROUN

D

FL UNIT

TERMINAL NO. 2 OF NEX T
RFX SHOULD BE CONNECTED TO
THIS SIDE, THUS ALTERNATING.

111

TO OW NER'S V.IEGT44-.,58"itY41:,.?"'

DISTRIBUTION PANEL WITH FUSED
MAIN SWITCH AND 2AMP.FUSES
IN BRANCHES.

WHERE LIGHTING SUPPLY HAS
GROUNDED NEUT_RAL FUSE ONE SIDE
ONLY. OTHERWISE FUSE BOTH SIDES
OF MAIN AND BRANCHES.

ONE PAIR No.14 R.0 IN r METAL'
CONDUIT OR No.14E.X.

RFC

r" -TRANSMISSION LINES TO
CON 51ST OF No.19- THREE -

I,
RUN AS PER NOTE NO.1

I CONDUCTOR `INSIDE TRIPLET

CONDUCTORS MARKED RED'
GREEN AND YELLOW RESPEC

-"IYELY. YELLOW BEING THE N"ADDITIONAL TRANSMISSION
LINESGROUNDED CONDUCTOR AND

INDICATED BY DOT AND DASH LINE

R FL UNIT

TO BE LOCATED IN PENT HOUSE
CENTRAL COUPLING UNITSiR FC)

OTHER SUITABLE PLACE NEAR AN-
TENNA.AND GROUPED CLOSELY TO-
GETHER.

NOT MORE THAN EIGHT RFC UNITS
MAY BE CONNECTED TO ONE ANTENNA.

LUNIT_

GROUND CONDU T AT
VTOP OF EACH TRANS-

MISSION LINE

LUNIT-1

R.0LONEPR.No. 14

1JUNCTION BOX

RFOJ

NEUTRAL

ONEPKNo.MRCrR F 0

No.19 TR Tic. PR

C
RADIO OUTLETS(RFO WITH ANTENNA

AND GROUND PIN JACKS. SWITCH
FOR CONTROLING POWER TAP FOR
RADIO SET AND POWER SUPPLY TO /
RFX UNIT

ALL THREE MAY BE IN A
COMBINATION 2 -GANG BOX RFD,OR IN SEPARATE BOXES IN (--
DIFFERENT LOCATIONS.

RFO UNITS SHOULD BE CO-'
CATED NEAR PROBABLE PO -

111 SITION OF TENANT'S RADIO I

SET.
rRFX UNIT

WITH RFT)

UNIT

NEUTRAL

-.A

A -
ONE PKAM.14 R.C. IN

METAL CONDUIT OR
No.14 B X.. TO NEAREST
BRANCH OF TENANT'S
LIGHTING SUPPLY.

C
ONE PANo.I4 RC

J A

UNIT PA. No.14 R.C. IN
METAL CONDUIT OR

No.14 8% TO NEAREST
40,-.1 BRANCH OF TENANT'S
so LIGHTING SUPPLY

L

L _ _ No.19 Tw.TIO..PK.

C

CENTRALIZED RADIO
WIRING DIAGRAM C- NOT MORE THAN 20E -r. PREFERABLY LESS

R.F. DISTRIBUTION SYSTEM FOR ALTERNATING CURRENT. ID' 5"I5 FT

NEUTRAL

LNIT

Atir.

000

UTRAL

No.19 Tw.TILRy

ONE PA.
No.14 R.C.

RFX UNIT (WITH I R F

III L

RFX UNI

__J

!SNIT

NEUTRAL

Tw.TeL.PA

WATER PIPE GROUND
_

ITH RFT)
A-

A- STANDARD SPACING FOR RF L UNITS APPROX. 20 Fr.
B. AS SHORT AS POSSIBLE.

RADIO -VICTOR CORPORATION OF AMERICA
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VOLTMETER BATTERY
JACKS SWITCH

FILAMENT
CONTROL

.. ..... -,V 4
mail*

P G P G

LOOP

...VOLUME
CONTROL

PLATE ST

MATE FIN. '9

F I ST

F I MID

FIN

F II FIN
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UV 876
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e
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-o 0
INPUT OUTPUT

RCA VICTOR CO., INC

- FILAMENT + - +45 +90
0 0 0 FIELD
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STATION SELECTOR 00015 MFD.

UX222 UX-201-A

1.2511

41.F.010KE

'INTENSITY
CONTROL

UX-I12-A

POWER
OUTPUT

II

-9 C

-3 C

+135 B

+6A

-Schematic circuit diagram of RCA Short
Wave Receiver (Some sets have a choke coil connected
in the antenna circuit instead of the 2000 -ohm resistor

shown)

The ratings of the different coils are as follows:

1 MFD.
\+A.

AR -1145

-B
+C

Coil No. Frequency Range Wavelength Range
MetersMegacycles Kilocycles

1 20-12 20,000-12,000 15- 25
2 12-7.2 12,000- 7,200 25- 42
3 7.2-4 7,200- 4,000 42- 75
6 1,500- 940 200-320
7 940- 550 320-545

Radiotron 1"il. Volt. Grid Volt. Phi lc Volt.

130.0

Plate Current

Coupling UX-
222

3.2 *Control grid
1.5

*Screen grid
67.5-

Plate
3.5 mil. amp.

*Screen
0.5 mil. amp.

Detector
UX-20 IA

5.0 .... 30-60
(flppcnaing on po-
sition of intvosity

control)

0.65 to 1.5 mil.
amp.

1st Audio Amp.
UX-201A

5.0 3.0 65 1.1 mil. amp.

2d Audio Amp.
(Power)
UX-112A

5.0 9.0 130.0 4.0 mil. amp.

* These readings cannot be measured by ordi iary methods as with the
Weston Model 537 test set.
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1

25WD

OY
4-S0
WW2

11..7

COCO.,

50.000

RCA VICTOR CO., INC.

.NMOA .41;t0S0t

13 co
5-75
WW1

14..
140-220
MOM

C-24
1 MR.

25000

1S-75

MOO
-C.14
,2,11

241

25 ILO

00.000n1" Jr, [30 Sn

.Can
R-10

75,5:14,4,

00,00V!

Figure 1 -Schematic Diagram of RCA Victor Console, R-43

RADIOTRON SOCKET VOLTAGE
A

BATTERIES AT FULL VOLTAGE -NO SIGNAL BEING RECEIVED
These voltages are those obtained with one of the usual set analyzers. The values indicated, therefore, are not necessarily

the voltages that actually appear at the Radiotron Sockets when the voltmeter is not connected.

Tube No. Filament to Control
Grid Volta

Filament to Screen
Grid Volta

Filament to Plate I Plate Current M. A.
Volts

Filament Volta

VOLUME CONTROL AT MINIMUM
1 22 55 155 0 2.0
2 - - 50 3.0 2.0
3 0.5 65 150 0.5 2.0
4 22 55 155 0 2.0
5 5.0 - 90 0 2.0
6 2.0 - 150 2.5 2.0
7 15.0 - 150 0.5 2.0
8 15.0 150 0.5 2.0

VOLUME CONTROL AT MAXIMUM
1 1.5 45 150 2.5 2.0
2 - -. 50 3.0 2.0
3 0.5 60 150 0.5 2.0
4 1.5 45 150 2.5 2.0
5 5.0 - 90 0 2.0
6 2.0 - 150 2.5 2.0
7 15.0 - 150 0.5 2.0
8 15.0 - 150 0.5 2.0

LOCAL
DISTANT
SWITCH

TO
ANTENNA

WAOME

5 0.0 0 0

TO GROUND

TONE ,C;CILITROL

50.000.,

480,000.,

C-20
.1 MOO.

042

1 1

4 S
-I- -f-. -I- -I- -{- -L -L -1-

MO

17-22T-E1 T -to C-17 C-24 EIS C -2I
.25 .23 2.5 .1 .1 .I .50 .75
MOO MFO. WO. MM. MOD. MED. MFO. MFO.

g

0? 59 . ? I
INTERNAL CONNECTIONS
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RCA VICTOR CO., INC.

"MODEL R-5" RADIOLETTE
Also Graybar "Model 4 Graybarette;" Westinghouse "Model WR-14;"

General Electric Model "G. E. T-12"
In this smallest RCA -Victor receiver, the

following are the condenser and resistor values.
Condensers CI, C2, 14- to 320-mmf. tuning
condensers, shunted by 4- to 26-mmf. trim-
mers; C3, .00013-mf.; C4, C5, C6, 0.1-mf.;
C7, .001-mf.; C8, C12, 0.25-mf.; C9, .02-mf.;
C10, 320 mmf.; C11, .005 -nit.; C13, 10. mf.,
(electrolytic); C14, C16, 0.5-mf.; C15, .05-mf.;
C17, 2 mf.

Resistor R1, 20,000 ohms (volume control);
R2, 600 ohms; R3, 28,000 ohms; R4, 8,000
ohms; R5, 4-meg.; R6, 45,000 ohms; R7,
%-meg.; R8, 20,000 ohms; R9, 13,000 ohms;
R10, 280,000 ohms; R11, 50,000 ohms.

Operating values are as follows. Filament
potentials: VI, V2, V3, 2.2 volts. Plate cur-
rents: VI, 4 ma.; V2, 0.25 -ma.; V3, 30 ma.
Control -grid potentials: VI, 3 volts; V2, 7
volts; V3, 2 volts. Screen -grid potentials:
VI. 85 volts; V2, 65 volts; V3, 225 volts. Plate
potentials: VI, 225 volts; V2, 100 volts; V3,
215 volts. Heater -to -cathode potentials: VI,
3 volts; V2, 7 volts.

The only volume control in this receiver is
by variation of potentiometer R1; the regenerh-
tion which exists in the circuit of detector V2,
through feedback between the secondary and
tickler coils of L2, being non-adjustable. The
tickler coil is wound in two sections (high -
and low -wave) to obtain even regeneration over
the broadcast band. The output of the detector
is resistance -capacity coupled to the single stage
of A.F. amplification -pentode V3.

Grid bias for the pentode is obtained front
a portion of the voltage drop across the field
coil; due mostly to the plate current of V3,
which is a considerable portion of the total
drain. Consequently, increased current through
this choke coil, due to a strong incoming signal,
causes an increase in the grid bias; thus ob-
taining automatically a certain degree of com-
pensation which prevents overload.

One filter condenser is of the electrolytic
type, and the other is of standard paper type.

Align the R.F. circuits at 1400 kc. It is
advisable to use an audio -modulated service
oscillator, connected to the input of the receiver,
and a thermo-galvanometer connected to the
secondary of the output transformer (in place
of the voice coil of the dynamic reproducer),
to obtain accurate alignment of the tuned
circuits.

The first step, in resonating the tuner of the
"Model R-5," is to turn the station selector's
knob until the reading is exactly 0, and then

Ti

---RED

-BLACK MTH
RED TRACER

F
---YELLOW

YELLOW

BROWN
480 OHMS TOTAL
BLACK -AND BROWN-.

BROWN

BLUE

p -YELLOW -AND BLUE -
BLUE

ANT. VOLUME
CONTROL

RI

(20)

remove the chassis from the cabinet; being
careful not to disturb the setting of the dial.
The gang condenser plates should be fully
meshed with the stators; otherwise, the dial
drum must be adjusted until they are. Having
made certain of the positions of the condenser
plates, replace the chassis in the cabinet.

With the oscillator working at 1400 kc., and
coupled to the input of the radio set, set the
dial scale at 85 and put the receiver in opera-
tion. Place a soft pad on the service bench
and turn the receiver on its side. It is now
convenient to adjust the trimmers; a special
wrench is required. A second alignment com-
pensates for any interlocking of adjustments.

110 V., A. C.

C15 y C12 C17
AS MF, .25HF1 Z.MF.

\ .25 -M'1" .\< C14r

ric§ T
u sr -7g

COrli
CIO

L2
24 (0 4) DET.'24

3 '0,40
3c.

..F.,i
c, c,
0) c. Cl4

VI I (91) (5.5) R.3
X x

(60)` 'RFC

cc 4.1

IU

a

IC6 IC4 15

0 ,

TvT
0.1-/ 0.1 -
MF c MF,

Co

C11 '47

58 R9 'R2 R7 5.11

SPEAKER.
TERMINAL

BOARD

x.
FIELD

..L.
COIL

X
-17% ig (a000)

C15=L..

- GM/
CHASSIS21 ...r. CI6

,-
-.-.....

110 V., A.C.

PT
SW,

9
C3 %L1LI

7- E, 2

/B L---

..,
(41) (53) R2

-1
C4 C5

C6-I

R8

R9

RIO

R11

Figures in. parentheses arc resistances (in ohms); coil terminals correspond to the layout. Other details are shown in sketches above.
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RCA VICTOR CO., INC.
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C -B
0.5
MFD.

C-18
1.

MFD.

C.11 111 I
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C -I2 ME D

C-16
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C-9 C -I0 320
14-320 4-26 MMFD., ..-- -----DET.
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MEG
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MFD RCA -238

620
-TOTAL

T -

C -14 I' ".

.008 0

1

MR.

13,000.

RS D. C.
RAMOTRON SOCKET VOLTAGE

110 VOLT D. C. LINE
These readings are obtained with the usual set analyzers and are not true readings of the

voltage at which the Radiotrone operate.

,1

Ha.liotron No.
Cathode to

to Control Grid
Volts

Cathode to
Screen Grid Volts

Cathode to
Plate Volts

Plate Current
Heater Volts

1.5 62 98 2.0 6.0
9 3.2 54 92 0.2 6.0
3 0.3 99 95 5.5 6.0
4 0.3 99 95 5.5 6.0

6
5

.L _L 1 1 1
t.if hiFDT =MR& MFD.
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TO

COEIOLTL
SWUM

mucoosicnou
018511

RCA VICTOR CO., INC.

021 0%
SF Mk C-20 C-21 L. Cl 0-2 OT -224 UT -227;
2C0-235, 55-75 745 4-50 18-325

141450 111111.0 8917 IRMO

4-50 15.325
WOO MN

0E4
TER

Al«?

105.125
1101.15...,.,.

INTERLOC

hl

5 -

2-5
100004 0

R-13

MASI REEDIt",5040
4000

I AWL C9 E.10 222 DEI
17225, 110.200 15.75 ;00-227

Figure 1 -Schematic Circuit of RCA Victor R-7 D.C. and R-9 D.C.

RADIOTRON SOCKET VOLTAGES -115 or 230 Volt Line
(Separate Resistance Unit Used with 230 Volt Line)

T-2

CCHECON.

L.15 TO

FLAME OF
rJ4ASSIS

Tube Cathode to
No. Heater

Volts, D.C.

Cathode or
Filament
to Control

Grid
Volts, D.C.

Cathode to
Screen Grid
Volts, D.C.

Cathode or
Filament
to ate

Volts,Pl D.C.

Plate
Current

M. A.

Screen Gurrentrid
C

M. A.

eater orH
Filament

Volts, A.C.

VOLUME CONTROL AT MINIMUM
1 40 30 40 75 0 0 2.3
2 20 0 - 40 2.0 - 2.3
3 6.0 3.5 65 100 .25 2.3
4 17.0 26 40 75 0 2.3
5 2.0 .2.0 - 90 .23 - 2.3
6 - 25.0 - 100 4.0 - 2.3
7 - *25.0 - 100 4.0 - 2.3

VOLUME CONTROL AT MAXIMUM
1 10.0 2.0 50 100 3.5 **0.5 2.3
2 6.0 .0 50 3.0 - 2.3
3 8.0 5.0 50 100 0.5 .0 2.3
4 10.0 2.0 50 100 2.5 *41.0 2.3
5 2.0 *2.0 - 90 .25 0 2.3
6 - *25.0 - 100 4.0 - 2.3
7 - *25.0 - 100 4.0 - 2.3

* Not true reading due to Resistance
in circuit R-14

UNTO CAPACITOR TUOTHIll

TWITICOWIH wor 71116111114 MUM

9.1

**This may be plus or minus depending on age of tubes
TO SATTER(

OPEWINCI
SWITCH

100(0

oss.ft°'

I 1.
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4 FEL I 7-22.e 4!:71ITT T T T

INTERNAL CONNECTIONS
OF BY-PASS CAPACITORS

-nu.o

-GRE10

-KO
880 IHACH

-0.CD taw. -
INTERNAL CONNECTIONS
OF A. R TRANSFORMERS

7
I NT ERSTAGE

1700.,
HMIs
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ILES-
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4

I

C -I C-4
10-70 5-330 AR.MPF. L.
111410.. muro.kackass

TOnat., IS TO
(ROUND CHASSIS

FRAME

OPERATINHG
SWITCA

0

T-1

00 -280

185n
TOTAL

PAC FILAMENT

RCA VICTOR CO., INC.

v;.15.;v
j.20.

I0- 4.Br, UY 224

C -3I
2. AHD.

NW

WWWINSE

MALL HEATERS.
FIMIEITGUND

gir

200

 3 Al

OSC C -I3 C.14 11T I. F. C -IS C.16 A.V. C-17 241.. I.F. C-22 C-23
uy.227, 10-70 120-720 41151. 120.220 10-70 CONTROL 2400 AMPL. 120-220 10-70,

1,14150. IMMO RCA 235, ,M1410. UY- 227. NIMFO. RCA -235
;

7600n
TOTAL

1-2 /1

0.37-
400

m1110.

R-50, R-55
RADIOTRON SOCKET VOLTAGES

VOLTAGES ARE THE SAME AT EITHER POSITION OF THE VOLUME CONTROL

110 VOLT LINE

Radiotron
No.

Heater to
eCathod

Volta

Cathode
or File-
ment or
Control

Grid
Volts

Cathode
or File-
ment to
Screen

Volts

Cathode
or FHA-,
Platet

Volta

Plate
Current

M. A.
Heaterv.

I. R.F. 2.0 *0.2 60 230 3.5 2.5

2. Osc. 5.0 0 50 4.0 2.5

3. 1st Det. 4.0 3.5 60 230 0.5 2.5

4. 1st I.F. 2.0 *0.2 60 230 3.5 2.5

5. A.V.C. 0 0 - 30 0.1 2.5

6. 2nd I.F. 2.0 3.5 60 230 2.5 2.5

7. 2nd Det. 20.0 *8.0 - 210 0.5 2.5

8. Pwr. *10.0 250 235 25.0 2.5

9. Pwr. *10.0 250 235 25.0 2.5

*These readings are not correct due to the resistance in the circuits

NOWAK
coorran

Ur.

RAM

PICKUP MINT TIM... WARD
k""'"'" RECaEVAISTmely

RADIO -RECORD SwHC

2

3

5

Figure 3 -Magnetic Pickup connections

Note: Place the Radio -Record switch and input
transformer in the receiver cabinet. Try
connecting a wire from receiver terminal No. 6
to input transformer frame or braided shield
to pickup and use connection that gives

minimum hum.
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 ... ..0 01 ..1
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C-27
0.5 ENO.

810004
FI/. 6
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0.14

0 MA 9".ME°°°'
=08 CONTROL

MFD.

IlLUE
OLVE-A110-TEILOW.
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T-3 S LACK-

-RED
TRANSFORMER CONNECTIONS
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1INACT.A11041101 GREEN--..-.
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4115.81ACI

RED TRACER ettEl=
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POWER TRANSFORMER CONNE CTIONS

1
C -3I C-33 C-36 I C-35
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MR1 .c --I-4.0.5
Fa D. 7704 MINXvat . NIZ.' 0 f NFU

CAPACITOR PACK CONNECTIONS
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-10LUME
CONTROL

MAGNETIC
PICKUP

RCA VICTOR CO., INC.

INPUT TRANSFORMER --
ASSEMBLY

T-5 ELECTROLA

TURNTABLE -- .9e

MOTOR

105 -125 V. 50 -60 ti A.C.

MOTOR
SWITCH

- BRAIDED SHIELD -------- - -

VOLUME
CONTROL

IN PUT -
TRANSFORMER

RADIO RECORD
SWITCH

BLACK

0

CABLE

600 -^-

ANTENNA
TUNING COND.

rth
wet

xcL-e
HEADPHONE

;JACK

FILAMENT-
BATTERY ±111111--.
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V4

SEC.
410491.0 0

TO OT -0 \
T1 PRI-

L3

ANTENNA\ ./1
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`{YELLOW
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- B

LOUD SPEAKER
+ 111111111 - 11111111111-
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R. C. A. VICTOR, INC.

WALL TYPE SPEAKER MODEL AF -6175

-uo

o
OFF

0

RED

AF -48"*.
OFF

SHIELDING
GROUNDED

105-125 V. A.C.

CHANNEL
SELECTOR

r

=.
O BLACK

1 ORANGE

VOLUME
CONTROL

POWER PILOT
SWITCH LAMP

r

LOUDSPEAKER:.

115 V

TWO -GANG WALL BOX

Weill type dynamic loudspeaker and associated equipment-
D. C. resistances given

.MAXIMUM 1 8.2
r

YELLOW

MINIMUM & 5( 5

POWER --
TRANSFORMER.

Primary-3SO Ohms

R=. AUDIO INPUTo TRANSFORMER

1.5 Ohms
Secondary-

moTOTAL

NN

YELLWN

AIM
"'

FIELD
WINDING
1100 11

POWER LINE

TO CENTRAL
STATION RACKS

_POWER
SWITCH

b
PILOT LAMP

CHANNEL SELECTOR SWITCH

MAXIMUM VOLUME I k2 MINIMV VOLUME 155

WALL TYPE DYNAMIC LOUDSPEAKER

RADIOTRON UX-280 TUBE
SOCKET (NOT USED IN
D.C. MODEL 6195)

VOLUME CONTROL UNIT

TO CHANNEL
SELECTOR OR
CENTRAL STA-
TION RACK

Assembly wiring diagram showing connections to speaker, volume control,
channel selector and power switch

VOICE
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340 H OFFICIAL RADIO SERVICE MANUAL

R. C. A. VICTOR, INC.
CENTRALIZED RADIO MODEL ER -1240

SPEAKER INPUT
CORD

CURRENT
TAP

MAIN

SW1TUI

FUSE
BLOCK
10 AMP
FUSES

I10 V. 50-60,
SUPPLY

POWER SUPPLY
CONNECTOR. CORD

MX- 226

RECEIVER POWER
SUPPLY TERMINAL --'

DDARO

BLUE
BLACK WITH YELLOW TRACER

P".

2 2

MONITORING
LOUDSPEAKER

FILTER UNIT

,WERWATIL. '-RNIALACWRSIWIM. -isursmar:

RED GREEN

Ate

RECEIVER CHASSIS
BLACK mitt YELLOW TRACER

ANTENNA 1./0A
RADON PLED

RR,

TERMINAL'S

MAROON -RED
BLACK WITH
GREEN MAUL

CONTROL SWITCH

SLATE -RED

BROWN

YELLOW

YELLOW GREEN

U

_RECEIVER OUTPUT

,-- TERMINAL BOARD1

ORAHL,Einol
ELITE RED
BLUE

POWER AMPLIFIER

DISTORTION INDICATOR

'POWER TRANSFORMER

«TO 1.401ATORNG LINE VOLTAGE
PLUG ADJUSTMENT SWITCH

.01.1114-J 111. I.

- :s A'

1 ALAC
BLACK RED

D
PLED-SREENPOWER SUPPLY

PLUG MAROON -PIP (-SLACK SRN GREEN TRACER

/
AUDIO SUPPLY

CABLE

RECEIVER POWER
SUMS' CABLE

TO JACK PANEL
TERMINAL HOARD

Layout showing main units with cable connections
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3 -GANG CONDENSER-,

LA.226 UX-226

JII.f

0.1 MFD, I Of mFD

TO LAGS 12 AND 13 ON
RECEIVER TERMINAL BOARD

fl
(SPARNETTi COHERED)

UX-226

DETECTOR
TRIMMING
CONDENSER.

INPUT
TRANSFORMER

C
C

PUSH-PULL
AUDIO

15,00015

10.5
MFD

L0.1
MFD

UX-226

5,000A

CONTROL
TERMINAL BOARD -TN.

INTERSTAGE
TRANSFORMER

,'"--
NOTE,/

THIS CONNECTION
NOT ALWAYS USED.
IN CASE OF RADIO
OSCILLATIONS CON.
NECT TO EITHER
OUTPUT TERMINAL
DEPENDING ON
WHICH CONNECTION
REMEDIES THE
TROUBLE.

OUTPUT

°RANGE--
4 CAE AND-RED-O-T-DETEcTot

1 MONITOR

SLATE AND RED1 ENRILIAAY

ATE

D -AND -GREEN -0..1
RADIO

RED 0 I

TELLDB.ARD-GREEN
)RECOND

1-EDLow-O-RT

RECORD

RADIO

SWITCH IN IZA010
POSITION AS SHOWN

BLUE

dHL BLUE

LADN-T10

e'yy pLASN-."-'6

'?" -RECEIVER TERMINAL BOARD

ORANGE

 ® RED AND -GREEN

4.--1211).--BLACK-ANEMBED

2}--BLACE

MOTE: ALL LEADS TERMINATING
IN ARROWS ARE CABLED TOGETHER
AND ARE CONNECTED TO TERMINALS
ON THE JACK PANEL TERMINAL
STRIP AS INDICATED BY THE
ENCIRCLED NUMBERS NN

POWER AMPLIFIER
OUTPUT TERMINAL BOARD --

TERUINAL BOARD

V

2.55

OUTPUT
TRANSFORMER

ICIA} k-300IL

U -25,C)

BU
(SPAGHETTI COVERED)

(SPAGHETTI COVERED) ,/./
TO INPUT

TERMINAL BOARD

IDENTIFICATION LETTERS' SHOWN ON
CONDENSERS REFER TO FIGURE II

6011. 7 5 V.

DISTORTION
INDICATOR

4 MFD.
(a)

R3-

4 WO
(C)

250 El

4 MFD

(6)
25015

FILTER. EACTORS

422515 11.2001E 10,00015

E4 MFD

(d)

HUM ADJUSTMENT

7.5 V. C

UX 2131

UX-281
qd

20015

POWER_
TRANSFORMER

OPERATING
SWITCH

LINE VOLTAGE
ADJUSTMENT

SWITCH

110 V.

SHIELD
GROUNDED

INPUT
PLUG
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SPEAKER INPUT
CORD

CURRENT
TAP

MAIN

SWITCII

FUSE
BLOCK

10 AMP
FUSES

MONITORING
LOUDSPEAKER

FILTER UNIT

PILOT LAMP

-BAOwN RED

NOV. 50-60, RED GREE
SUPPLY

POWER SUPPLY
CONNECTOR CORD/

BLACK WITH YELLOW TRACER

RECEIVER..
TERMINAL BOARD tl

SLACK WITH YELLOW TRACER.--

-TO MOMTORING
PLUG

BLACK WITH
GREEN 'RACER.

AUX. INPUT -RADIO -

RECORD SWITCH .,

CONTROL SWITCH

SLATE RED

BROWN

YELLOW jMM"RED

ORANGE
YELLOW -GREEN

TO ANTENNA

BINDING POST

TERMINAL BOARD

POWER AMPLIFIER
fr

DISTORTION ININCATOZ

'POWER TRANSFORIKR FILTER ANC) PT -PASS

CONDENSERS

ILACA 'RED

LINE VOLTAGE POWER SUPPLY
ADJUSTMENT SWITCH PLUG MARDON-REP' (-BLACK WITH GREEN TRACER

RECEIVER
CHASSIS

ANT

ANTENNA

TERMINAL

ORANGE

OWE
SkOwN-RED N

BLUE RED

s
ROWN

RED -GREEN

i
AUDIO SUPPLY

ICABLE

11RECEIVER POWER
SUPPLY CABLE

TO .WICK PANEL
TERIONAL

-Layout showing main units with cable connections
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340 N OFFICIAL RADIO SERVICE MANUAL

R. C. A. VICTOR, INC.

CENTRALIZED RADIO MODEL AF -6100

ANTENNA UY-227
ANT. COUPLING

'--SENSITIVITY
CONTROL

GROUND

UY-227
TUNED

R. F.

MANUAL
VOLUME ,70NTROL,

UY-227
TUNED

SST SET

4
UV -227

SUPER -HETERODYNE RECEIVER
WITH AUTOMATIC VOLUME CONTROL

PILOT rTh PILOT LAM,
LAMP RESISTOR

UY-227
2AP DE T

A

UY-227 UY-227 N
42AP I.F. TUNED OSC,.....

RECEIVER PLATE
AND GRID SUPPLY

RECEIVER VOLTAGES
HEATER FILAMENT RESONANCE

A C.VOLTAGE INDICATOR'-

FULL -WAVE

MAIN TI ME
TRIPLE TAP FILTER

RECTIFIER

AWITCH ; SWITCH OUTLET UNITSi
UX-250

I I

I 0
"Es Y

(CONTROL
SWITCH

IOC" FUSE

41

ux-281

INTERSTAGE UX-281
AMPLIFIER
OPERATING 'POWER
SWITCH TRANSFORMER.

POWER AMPLIFIER
OPERATING SWITCH

FULL -WAVE
RECTIFIER

1-"-{1-11---
,

VOLTAGE ).
SUPPLY RESISTORS f

INTERSTAGE'
AMPLIFIER

FILTER
14 UNITS

UX-281

POWER UX-281
TRANSFORMER.

INTERSTAGE
OUTPUT

INPUT
TRANSFORMER,

VOLTAGE,'
SUPPLY RESISTORS

OUTPUT POWER AMPLIFIER

POWER
TRANSFORMER

POWER
',AMPLIFIER

OPERATING
SWITCH

FULL -WAVE
RECTIFIER.

FILTER

INPUT
TRANSFORMER.

UY-227
VOLUME

CONTROL

LEGEND

RADIO FREQUENCY CURRENT

OSCILLATOR CURRENT

INTERMEDIATE FREQUENCY CURRENT

AUDIO FREQUENCY CURRENT

ALTERNATING CURRENT POWER SUPPLY

DIRECT CURRENT

-SELECTION-RADIO"
"RECORD-AUX. INPUT"

KEY SWITCHES

INTERSTAGE
INPUT

TRANSFORMER

INPUT
TRANSFORMERS

MONITORING
TRANSFORMER

PUSH-PULL
POWER

AMPLIFIER

0

RECORD INPUT
JACK NE if RECORD

INPUT CONNECTION

AUXILIARY INPUT
"-JACK NR 10 AUXILIARY

INPUT CONNECTION

INTERSTAGE
MONITORING
(JACK NOR

TO PHONES

OR MONITORING
LOUDSPEAKER

JACKS 1-24 INCLUSIVE -MOUNTED
ON STANDARD JACK STRIP SUPPLIED
MTN EQUIPMENT AS UPPER STRIP OF
FIRST JACK PANEL.

OUTPUT OUTGOING
LEVEL MONITORING TRUNK LIME

JACKS NOS. SEGREGATING

2 3 4 JACKS 412-24 INCL

POWER ° of OUTPUT LEVELS
OUTPUT OBTAINED FROM

TRANSFORMER. OUTPUT TRANSFORMER

3

LOAD SEGREGATING)
JACKS #.5,6,7 AND 8

READING DOWN.

ADDITIONAL JACK STRIP FOR FURTHER TRUNK LINE
SEGREGATION JACKS 12S-48 INCLUSIVE. NOT ------
SUPPLIED AS STANDARD EQUIPMENT. MOUNTED
AS LOWER JACK STRIP ON FIRST JACK PANEL. r

VOLTAGE
SUPPLY RESISTORS

UX-281 --4 --31.

UX-281

POSSIBLE A.C. SUPPLY
FOR A.F.6990 A PHONOGRAPH

RISTORTiON
INDICATOR

FROM 105-125V
A 604- A.C.
I SUPPLY ADDITIONAL OUTPUT POWER AMPLIFIER

PUSH-PULL
POWER AMPLIFIER

0

POWER
OUTPUT

TRANSFORMER

TO JACK PANEL NV 2.,
SIMILAR TO ABOVE

0

0

0

a

0

0

0

0
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R. C. A. VICTOR, INC.

CENTRALIZED RADIO MODEL AF -6100

NOTE No I- THIS RFX UNIT SIMILAR
TO FIG. IBC EXCEPT CONNECTION
FROM TERMINAL No. 2 SHOULD GO
TO THE WIRE WITH GREEN TRACER
OF THE R. F. TRANSMISSION LINE

CONDULETS STRAPPED TO
SPREADERS. CLEAN SURFACES
TO INSURE GOOD GROUNDING.

\ LONGER
THAN

AN

ANTENNA LUG
CONNECTION
SEE FIG.19--,

GROUND CONNECTION
TO FRAME

SEE FIG. 19

CHANNEL A PILOT
LAMP COVER IS RED. --
CHANNEL B.CE.D
MAY BE RESPEC-
TIVELY GREEN.
AMBER AND CLEAR.

FUSE PLUG
CUTOUT -----

TO JACK. -
TERMINAL BOARD

POSSIBLE V2 CONDUIT
OR WIRE MOLD FOR
PERMANENT RECORD
OR AUX.
INPUT

GROUND
SEE FIG.5

GROUND CLAMP

POSSIBLE FLOOR JUNCTION
BOX- SEE FIG. 26 FOR
TYPICAL JUNCTION BOX FOR
3 -CHANNEL INSTALLATION ---,

WATER PIPE GROUND

NOTE No. 2 -ALL DETAIL DIMENSIONS OF
A SINGLE RACK ARE SHOWN IN FIG. S GROUND CLAMP

TO OUTLETS----"*.i;

RFC UNIT___
SEE FIGS. I6A
AND LB A

RFL UNIT.
SEE FIG. IT 20' SPACING-----'

If RISERS TO
JUNCTION BOXES:.
ON FLOORS ABOVE1:11

SEE FIG. 22

,.

TO OUTLETS
. fllR iiSEE FIG. 22 '/2 -CONDUITS CARRYING 1. .1 .1 1.

4 AF -18 CABLES -ONE :1.11 1: 1:

CABLE FROM EACH CHAN- 1: ; :1 ::

NEL AS SHOWN AT MAIN
JUNCTION BOX

RFX UNIT -SEE FIG 113C

RFX UNIT
WITH RFT
SEE FIG.180

EET AC
F FROI

WAL

CONDUIT RUN
2_6'

--A. C.SUPPLY
CONNECTIONS TO RACK
SOLDERED AND TAPED
TO MAIN A.C. SUPPLY
LINE FROM RFX UNIT

CHANNEL A- (AF 18
CABLE WITH RED TRACER
CONNECTED TO RACK FOR
DIFFERENT VOLUME LEVELS).
ALL 13 CABLES NOT SHOWN.

WHERE MANY AFL'S
CABLES MIGHT BE USED.

-LEAD CABLE MAY BE
SUBSTITUTED AND -
SMALLER CONDUIT USED.

TO ANTENNA_
(SEE FIG.13 A) -

AS SHORT AS
POSSIBLE

TO
WATER PIPE

GROUND

--Vt"CONDUIT CARRYING
419 INSIDE TELEPHONE

TRIPLE FOR R.F.
TRANSMISSION LINE

FLOOR LINE

RFL UNIT -SEE FIG.I7
(20' SPACING BETWEEN

UNITS)

I/2 CONDUIT CARRYING
PAIR I/14 SkS R.C.
FOR A.C.SUPPLY
WIRING FOR RFC UNIT

ftv FLOOR -LINE

,DIFFERENT VOLUME
LEVEL RISERS FOR
DIFFERENT SECTIONS

OF BUILDING.

RFX UNIT
SEE FIG.18 13

CONDUIT
GREYING PAIR

--RIR BLS R.C.
FOR A.C. SUPPLY

WIRING "-

-POSSIBLE .

ADDITIONAL RISER

A.C. POWER--2(`"-----
SUPPLY SWITCH

APPROVED TELEPHONE
CONNECTION BLOCK

MAIN JUNCTION BOX
SEE FIG.8 FOR AN
ACTUAL INSTALLATION

--CHANNEL B
TO MAIN BOARD k

--CHANNEL C A.C. POWER
'CHANNEL D SUPPLY 105-

125 V. 6O CYCLE
'-GROUND CLAMPS

13 OUTGOING -AP 18 CABLE
-TRUNK]-SHOWN FROM JACK

TERMINAL BOARD. SEE FIG. 30A
ACTUAL NUMBER TO DEPEND ON

X, PARTICULAR RCA SPECIFICATIONS
FOR THE JOB.

....--OUTLET SUFFICIENT HEIGHT
-FROM FLOOR. CABLE

SEIZED AND JOINT
WATER -PROOFED.
SEE FIG. 5

LOA

56,

NOTE No.3- DISTANCE BETWEEN RFX UNITS TO
BE SYMMETRICAL WITH RACKS. DIMENSIONS
OF RFX BOXES ARE SHOWN IN FIG. t6 B.
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V LOCAL -DISTANT
-4-SWITCH

0.0008 300041

,0.00074 A4,70

MAGNETIC
PICK-UP 'y

tvn
/CDrcr,

i<C7 I11

LOUDSPEAKER
CABLE

R. C. A. VICTOR, INC.

AUDITORIUM RADIOLA PHONOGRAPH

I1. DEC

2

40,00011

PHONOGRAPH
VOLUME

CONTROL 5 0 0011, 40,00011

3 4
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R. C. A. VICTOR, INC.
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R. C. A. VICTOR, INC.

AUDITORIUM RADIOLA PHONOGRAPH

Nos. 143
IR?. 4 1kT I. F.

OUTPUT
REACTOR
IN S. P. U.

No.2
147 DET.

No. 4
2t I. F

No. 5
OSC.

Co ID 0

mill
11111111111.

480011.
(IN S.P.U.)

VOLUME -
CONTROL-B 55011 son 37511 500011.

40,00011

PHONOGRAPH
MAGNETIC INPUT

PICK-UP TRANSFORMER
6011

oo

40.00011
'NW

1 1
tr

3201 200
MMFD. MMFD.
SCRATCH FILTER.

RECD

4P

EXT-oERNAL
INPUTINPUT

RADIO

INPUT
RECORD

No. 6
210 DET

No.7
U X-245

147011.

1/4 MEG.

RECEIVER.
TERMINAL STRIP

VOLTAGE READINGS AT RADIOTRON SOCKETS
"Radio -Input -Record" Switch in Radio Position

Volume Control at Minimum

Socket No.
Cathode to

Heater

Volts

Cathode to
Grid

Volts

Cathode to
Plate

Volts

Plate
Current

Milamps

Filament or
Heater

Volts (rms.)

1 (RF) -22 -20 100 0 2.3
2 (1st Det) -13 - 8.5 90. 1.5 2.3
3 (1st IF) -22 -20. 100. 0 2.3
4 (2nd IF) -22 - 3.0 100. 7.0 2.3
5 (Osc) -13 0 85. 8.2 2.3
6 (2nd Det) -13 -29. 230. 0.5 2.3
I IX -245 - -14.* 225. 30. 2.4
UX-250's - -72. 420. 55. 7.2

Volume Control at Maximum

1 (RF) -20 - 3.0 78. 4.5 2.3
2 (1st Det) -12 - 6.5 74. 1.3 2.3
3 (1st IF) -20 - 3.0 78. 5.0 2.3
4 (2nd IF) -20 - 3.0 78. 4.5 2.3
5 (Osc) -12 0 70. 6.5 2.3
6 (2nd Det) -12 -28. 225. 0.5 2.3
UX-245 - -13.* 220. 29.5 2.4
IIX-250's - -72. 420. 55. 7.2

Radio -Input -Record Switch in Record Position

No. 6 -?0 -12 218. 5.0 2.3
t IX -250 -73 425. 55. 7.2

* The actual bias on the UX-245 Radiotron is approximately -40 volts. The low reading is caused
by the one -quarter megohm resistor in series with the voltmeter.
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TO MAGNETIC
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R. C. A. VICTOR, INC.
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SIMPLEX RADIO CO.
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CAUTION: DO NOT ATTEMPT TO OPERATE ON CURRENT OTHER THAN THAT NOTED
ON INSTRUMENT.
INSTALLATION: Thirty feet of aerial is enough for efficient operation. More may be used if do -
sired. If no aerial available connect "ANT" to "B'LT-IN-ANT" ard operate with or without
ground. When power noises are evident they may be decreased by grounding the "B'LT-IN-ANT."
OPERATION: The left hand knob is volume control, the right hand knob is switch, and the middle
knob is tuning control.
BALANCING: In case a tube change necessitates rebalancing the set dial should be set to a sta-
tion of known frequency between 1200 and 1500 kilocycles and the balancing plates carefully
adjusted to a point of maximum volume.
PHONOGRAPH: Use a single pole switch mounted as near as possible to s3cond detector socket,
connect in series with lead from ground end of grid coil of second detector tube. Solder phonog
GUARANTEE: This instrument is guaranteed for ninety days, within which period any part showing
without charge when returned prepaid to the factory, but if the complete instrument is returned
as may lac necessary to install the defective part.

F
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35V

I I MODEL K
raph pickup leads to switch terminals.
electrical or mechanical defect will be replaced
a nominal charge will be made for such labor
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SHORT WAVE AND TELEVISION LABORATORY

0 td.>s,d5 0

U

K a V =
01 06)000

N

NF

2

U

cJ
3

Parts Required for Baird Receiver
Stork
No. Quan.
51 1

Part and No. on.
Type Dia.ora in.

Chassis, all mounted, with
8 sockets riveted

21, S2, S3, S4, 85, S6, 27, 28
3 coil shields CS1, CS2, CS3
3 tube shields TS1, T82, TS3
2 condensers 010, 013
and 1 3 -post binding

strip
lend., Short Ant., Long Ant.

52 3 Coil. Sockets S9, S10. 511
alce

53
54

2
3

Pig -tail Resistors 51, R2
.0001 Mfd. Condensers 08, C11, C17

Lu 53 3 Screen Grid Clips> 56 2 .02Mfd. Moulded Condensers 09, C124c 57 2 Jacks J1, J2
58 1 Block Condenser

018, C19, C20, C21, C22, C23
CI=an

59
60

1
3

Block Condenser C24, C25, C26, C27
R. F. Chokes CH3, CH4, CH5-: 61 1 3 -Gang Baird Variable

4C Condenser Cl, C2, 03, C5, C6te, 02 3 Electrolytic Condensers
63 1 Baird Power Transformer

015,C16
T

=
Ct=
4c

64
65

66

1
1

1

Baird Power Choke CH1, 0112
Baird Gang Resistor

R5, R6, R7, R8, R9, R10, R11,
R12, R13, R14

3 -Condenser Strip C28, C29, C30CO
u. 67 4 Knobs
o 68 1 Toggle Switch -2 pole SW1I
<re
aD

69
70

1
1

Sneaker Terminal
Combination Potentiometer

Speaker

and Switch P, $W2
< 71 1 No. 9 Baird Midget Condenser C4o 72 1 No. 15 Baird Midget Condenser C7

17-4
73
74

1

1

Butter Condenser 031, 032
Voltage Divider VDx... 75 1 Baird Dial and Escutcheon

76 1 Baird Front Panel
77 2 Grid Resistors R3, 54
78 40, Wire
79 3 -Pole Switch $W3
SO 1 Dial Bracket and Lamp DL
81 AC Cord and Plug P1

500 Hardware Assembly
15 Octocoils 15-520 meters Wave-
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SILVER -MARSHALL INC.

782 AC MIDGET SUPERHETERODYNE

VOLUME CONTROL MAXIMUM

Tube Type of Shield "A" B if "C" Cathode Normal
Number Tube Volts Volts Volts Volts Volts Plate MA

1st Det. 224 68 2.16 200 6 3.2
Oscillator 227 2.14 68 5 5
1st I.F. 224 68 2.18 200 1.6 5.7
2nd I.F. 224 68 2.19 200 2.3 5.6
2nd Det. 227 2.20 200 20 0.8
Audio 245 2.25 245 47 29
Audio 245 2.25 243 46 28
C5

C6

C7

C8

C9
C10
C11
C12

C13

C14
C15
C16
C17

- 750 MMfd.
- 0.1 Mfd.
- 0.1 Mfd.
- 1.0 Mfd.
- .001 Mfd.
- .025 Mfd.
- 0.1 Mfd.
- 1.0 Mfd.
- 0.1 Mfd.
- 1.0 Mfd.
- .25 Mfd.
- 8.0 Mfd.
- 8.0 Mfd.

150 V.
Mica

150V.

300 V.

Electrolytic
Electrolytic

(280 Filament to ground, 400 volts)
(280 Filament, 5.1 volts AC)

R1 - 750 Ohms Wire wound
R2 - 25,000 ohms 1 Watt
R3 - 200 ohms Wire wound
R4 - 25,000 ohms 1 Watt
R5 - 10000 ohms 1 Watt
R6 - 10,000 ohms 1 Watt
R7 - 10,000 ohms 3 Watt
R8 - 400 ohms Wire wound
R9 - 100 ohms

Wire wound, tapped at 100 ohmsR10 - 1000 ohms

C)

C).- -
WHITE GRUA

0

8

-A-S

722 D.C.
O

+A
9

1:5v

5
-c -c
ViV 9V.

0

C5 2-Potter 30B condenser blocks
C6..

RIC7 1-Polymet .006 large moulded condenser R2 3-Yaxley 815C I,5 -ohm center -tapped resistor
C8..
C9

1-Polymet .00015 condenser..
1-Polymet .0005 condenser..

R3..
R4 } 2-Durham 2-megohm 1 -watt resistors (red)...........

J1
J2

1-Yazley 10-MJP 10,000 ohm potentiometer
1 2-Yaxley 422 Insulated tip -jacks

R6
RS
R7
R8

1-Durham 60,000 ohm 1 -watt resistor (blue)
1-Carter Sub -base rheostat
1-Durham 20,000 ohm 1 -watt resistor (orange)J3 1-Carter 2A closed circuit jack
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4-4

L

4

COM

SILVER -MARSHALL INC.

if

(:)

72.6 S.W.

C1 -C2 -C3 - 407 Mmfd. tax. (3-gang variable)
C4 - Variable 250-600 Mmfd.
CS - 750 Mmfd. 1-10% (Mica)
06 - Triple 0.1 Mfd.
C7 - .1 Mfd.
C8 - .1 Mid.
C9 - .5, .5, 1.0 Mfd.

C10 - .001 Mid. (Mica)
C11 - 0.15 'ltd.
C12 - .025 Mfd.
C13 - .1 Mfd.
C14 - Three 4 Mfd. units (dry

Electrolytic) PotterC15 - .1 Mfd.
C18 - .008 Mfd.
C17 - .006 lad.
C18 - .1 Mid.
C19 - .1 Mfd.

C20 -C21 - 140 Mmfd. (2 -gang variable)
C22 - 80 Mmfd. (variable)
C23 - Compensating Cond.
C24 - .006 Mfd.
C25 - .006 Mfd.
C26 - .001 Mfd. (Mica)
C27 - .006 Mfd.
C28 - .006 Mfd.

R1 - 30,000 ohms 1 watt
R2 - 1/2 megohm tapered variable resistorR3 - 60,000 ohms 1 watt
R4 - 100 ohms wire wound
85 - 4,500 ohms volume control (tapered)
R6 - 13,500 ohms 1 watt
R7 - 15,000 ohms 2 watt
R8 - 400 ohms wire wound
R9 - 60,000 ohms 1 watt
R10- 100 ohms wire wound
R11- 10,000 ohms 1 watt
R12- 220 ohms 2 watt
813- 10,000 ohms 2 watt
814- 60,000 ohms 1 watt
R15- 6,500 ohms 1 watt
816- 10,000 ohms 2 watt
817- 10,000 ohms 1 watt

VOLTAGES WITH VOLUME CONTROL AT MAXIMUM

Tube
Number

Type of
Tube

"A"
Volts

"B"
Volts

Screen
Volts

"C"

Volts

Normal
Plate

Current
Mills

S.W. Det (610 '24 2.2 216 96 18 .08
S.W. Osc. (611 '27 2.25 80 .... 0 8.
R.F. 61 '51 2.25 216 96 3 6.
1st Det S2 '24 2.35 216 96 16 .1
Dsc.
1st I.F.

63
S4

'27
'51

2.35
2.3

75
216

....
96

1.1
3

10.
6.

2nd I.F. 65 '51 2.35 216 96 3 6.
2nd Det. 66 '27 2.35 178 .... 20 .1

(right)Audio
ft)Audio (left)

S7
S8SS

'47
'47

2.4
2.4

224
220

240
240

16 32.
32.

Rectifier 59 '80 5.1 ....



W 00

L
p
I O O

r

G
e

C
6
 
-
 
1
.
0
 
M
f
d
.
 
C
o
n
d
.

2
5
0
 
V
.
 
R
a
t
i
n
g

C
7
 
-
 
1
.
0
 
M
f
d
.
 
3
0
0

V
.
,
 
0
.
5
 
-
 
0
.
5
 
M
f
d
.

C
8
 
-

.
0
0
1
 
M
f
d
.
 
C
o
n
d
.
 
(
M
i
c
a
)

C
9
 
-

.
0
2
5
 
M
f
d
.
 
P
a
p
e
r
 
C
o
n
d
.

-

C
1
0
 
-
 
0
.
1
 
M
f
d
.
 
C
o
n
d
.

C
1
1
 
-
 
O
n
e
 
8
 
M
f
d
.
 
C
o
n
d
.

T
w
o
 
4
 
M
f
d
.
 
C
o
n
d
.

C
1
2

0
.
1
 
M
f
d
.
 
C
o
n
d
.

C
1
3

.
0
2
 
M
f
d
.
 
C
o
n
d
.

2
0
0
 
V
.

4
0
0
 
V
.
 
R
a
t
i
n
g

2
0
0

V
.

4
5
0

V
.

If

4
5
0

V
.

11

2
0
0

V
.

11

5
0
0

V
.

11

R
D

F
LE

D

60
0

W
C

N
W
/

B
LA

C
K

N
E

. A
T

T
O

P
 O

F
 S

oC
.K

E
T

ov
l

P
4
5
0
0
 
o
h
m
 
P
o
t
e
n
t
i
o
m
e
t
e
r

R
1
R
2

R
3

R
4
R
5
R
6

R
7
R
8
R
9

R
1
0

R
1
1

B
LA

C
K

A

(
c
o
m
b
.
 
w
i
t
h
 
s
w
i
t
c
h
)

-
 
6
0
,
0
0
0
 
o
h
m
 
R
e
s
i
s
t
o
r
 
-

1
 
w
a
t
t
,
 
C
a
r
b
o
n

-
 
1
/
2
 
m
e
g
o
h
m
 
V
a
r
i
a
b
l
e
 
R
e
s
i
s
t
o
r

-
 
1
0
0
,
0
0
0
 
o
h
m
 
R
e
s
i
s
t
o
r

-
 
6
0
,
0
0
0
 
o
h
m

-
 
1
2
0
 
o
h
m

-
 
1
0
,
0
0
0
 
o
h
m

-
 
1
0
,
0
0
0
 
o
h
m

-
 
1
0
0
 
o
h
m

-
 
1
7
0
0
 
o
h
m

-
 
4
2
5
 
o
h
m

-
 
4
2
5
 
o
h
m

it 11 ci 11 11

1
 
w
a
t
t
,
 
C
a
r
b
o
n

1
 
w
a
t
t
,
 
C
a
r
b
o
n

w
i
r
e
 
w
o
u
n
d

1
 
w
a
t
t
,
 
C
a
r
b
o
n

3
 
w
a
t
t
,
 
C
a
r
b
o
n

w
i
r
e
 
w
o
u
n
d
,
 
t
a
p
p
e
d
 
u
n
i
t

1
 
w
a
t
t
,
 
C
a
r
b
o
n

1
 
w
a
t
t
,
 
C
a
r
b
o
n



'I'
L

d 
R

U
I

'

I.
1

X
 X

71

I -

C
Z

24
01

X
X

lo
ge

X
 X

L

0
0 

0
X

R
E

D

5L
U

E

(.
55

P
LA

T
5

0

C
A

T
H

O
D

ER
eo

15
LA

C
K

__
_

5L
A

C
K

71
6 

R
E

C
E

IV
E

R
68

3 
A

M
P

LI
F

IE
R

R
1
 
-
 
1
0
0
 
O
h
m
 
R
e
s
i
s
t
o
r
 
-
 
w
i
r
e
 
w
o
u
n
d

R
2
 
-
 
4
5
0
0
 
O
h
m
 
V
o
l
u
m
e
 
C
o
n
t
r
o
l

R
3
 
-
 
1
3
,
0
0
0
 
O
h
m
 
R
e
s
i
s
t
o
r
 
-
 
1
 
W
a
t
t
,
 
C
a
r
b
o
n

R
4
 
-
 
1
0
,
0
0
0
 
O
h
m
 
R
e
s
i
s
t
o
r
 
-
 
2
 
W
a
t
t
,
 
C
a
r
b
o
n

R
5
 
-
 
6
0
,
0
0
0
 
O
h
m
 
R
e
s
i
s
t
o
r
 
-
 
1
 
W
a
t
t
,
 
C
a
r
b
o
n

R
6
 
-
 
1
0
0
 
O
h
m
s

)
W
i
r
e
 
w
o
u
n
d
 
t
a
p
p
e
d
 
r
e
s
i
s
t
o
r

R
7
 
-
 
1
7
0
0
 
O
h
m
s

)

R
8
 
-
 
7
5
0
 
O
h
m
s

W
i
r
e
 
w
o
u
n
d
 
r
e
s
i
s
t
o
r

R
9
 
-
 
3
0
,
0
0
0
 
O
h
m
 
R
e
s
i
s
t
o
r
 
-
 
1
 
W
a
t
t
,
 
C
a
r
b
o
n

R
1
0
 
-
 
1
 
M
e
g
o
h
m

r
i
a
b
l
e
 
R
e
s
i
s
t
o
r

R
1
1
 
-

1
0
0
0
 
O
h
m
 
R
e
s
i
s
t
o
r
 
-
 
1
 
W
a
t
t
,
 
C
a
r
b
o
n

R
1
2
 
-
 
2
,
6
0
0
 
O
h
m
 
R
e
s
i
s
t
o
r
 
-
 
1
 
W
a
t
t
,
 
C
a
r
b
o
n

R
1
3
 
-
 
2
2
0
 
O
h
m
 
R
e
s
i
s
t
o
r
 
-
 
2
 
W
a
t
t
,
 
C
a
r
b
o
n

C
1
9

x

L

0 a

1

23
0)

1

Y
 Y

Y
 Y 25

0'
4

_J

G
.R

te
N

0
7
 
-

,
1
 
M
f
d
.
 
C
o
n
d
.

2
0
0
V
.

C
8
 
-

.
1
 
M
f
d
.
 
C
o
n
d
.

2
0
0
V
.

C
9
 
-

.
1
 
M
f
d
.
 
C
o
n
d
.

2
0
0
V
.

C
1
0
 
-

.
0
0
1
 
M
f
d
.
 
C
o
n
d
.
 
M
i
c
a

C
1
1
 
-
 
.
5
,
.
5
,
1
.
0
 
M
f
d
.
 
C
o
n
d
.
(
.
5
-
2
0
0
V
.
)
 
(
1
.
0
-
3
0
0
V
)

C
1
2
 
-

.
1
 
M
f
d
.
 
C
o
n
d
.

2
0
0
V
.

C
1
3
 
-

.
0
2
 
M
f
d
.
 
C
o
n
d
.

5
0
0
V
.

C
1
4
 
-

,
0
4
 
M
f
d
.
 
C
o
n
d
.

C
1
5
 
-

.
0
0
1
 
M
f
d
.
 
C
o
n
d
.
 
M
i
c
a

C
1
6
 
-
 
2
 
M
f
d
.
 
C
o
n
d
.

C
1
7
 
-

.
0
1
 
M
f
d
.
 
C
o
n
d
.

0
1
8
 
-

.
0
0
0
7
5
 
M
f
d
.
 
C
o
n
d
.

2
 
4
r
e
d
.
 
C
o
n
d
.

1
 
8
M
f
d
.
 
C
o
n
d
.

C
2
0
 
-

.
1
 
M
f
d

C
o
n
d
.

2
0
0
V
.

tr
.1 C
o

C
o)



r 
-

"1
:5

' V
O

LT
A

G
E

F
O

R
 P

H
O

T
O

 E
LE

C
T

R
IC

. C
E

LL

LE
G

E
N

D
C

 1
 -

.0
5 

M
F

D
. 5

R
A

Q
U

E
 (

40
0 

V
.)

C
2-

1.
0 

M
F

D
 (

15
0\

0
C

 3
 -

 .0
1 

M
F

D
. (

M
IC

A
)

C
4-

 1
.0

 M
F

D
.

(2
00

 V
.)

C
 5

- 
.2

5 
M

F
D

. S
P

R
A

G
U

E
 (

75
0 

V
.)

C
 6

- 
.1

M
F

G
.,

G
7 

- 
.2

5 
M

F
D

.
G

5 
- 

10
 M

. E
LE

G
T

R
O

LY
T

ic
 (

25
 v

.)
 D

R
Y

C
S

 -
2 

m
ra

(p
A

rn
.R

) 
(4

00
 N

A
m

F
D

.(
pw

E
R

*4
00

G
 1

0-
 4

 M
F

D
. E

LE
C

T
R

O
LY

T
IC

 (
45

0 
v.

) 
D

R
Y

L 
I

- 
10

14
5

C
H

O
K

E
.

L2
. -

 5
55

-0
 C

H
O

K
E

R
 I 

-2
 M

E
6o

N
M

5
1 

W
A

T
T

R
2-

 6
0,

00
0 

O
H

M
S

I W
A

T
T

R
 5

 -
M

E
G

O
N

.M
I W

A
T

T
R

4-
 5

0,
00

0 
O

H
M

S
I W

A
T

T
R

.5
 -

 I 
M

E
G

O
I-

IM
 'T

A
P

E
R

E
D

 v
A

R
A

IS
LE

. R
E

S
IS

T
O

R
R

.6
- 

30
,0

00
 O

N
M

5
I W

A
T

T
R

 7
 -

 2
50

 O
H

M
S

R
8-

 1
25

 O
N

 M
5

5 
W

A
T

T
R

'-2
30

0 
O

H
M

S
R

I0
-1

i,3
00

 O
N

M
5,

R
 v

l -
 2

.2
0 

O
N

M
5

2 
W

A
T

T
R

12
 -

 3
00

 O
H

M
S

5 
W

A
T

T

S
I -

 '2
4

52
 -

 '2
.7

55
- 

'4
7

54
 -

 1
47

S
5 

- 
'5

0
S

W
 -

 O
N

 -
O

F
F

 5
v4

 IT
C

H

T
 I

- 
10

17
C

.. 
IN

P
U

T
 T

R
A

N
S

.
T

2 
- 

10
14

'3
 O

U
T

P
U

T
 T

R
A

N
S

.
T

'5
- 

56
0-

U
 P

O
W

E
R

 T
R

A
N

S

S
M

 6
84

A
M

P
LI

F
IE

R

to F



OFFICIAL RADIO SERVICE MANUAL 385

SILVER -MARSHALL INC.

"7"
TICK --;

Schematic diagram of the 692.

1

1

F-4)c 692
INPUT

B+
DET. PLATE

SUPPLY

B+ DET.
SUPPLY

2
Y

692.

Showing use of 255
series input transformers. For
radio input connect (I) to B+
40-135 of tuner, (2) to plate of
Jet. or one side pickup. The
255. 2551'. 255R and 256 are
similarly connected neglecting
microphone winding. Where
switching arrangement for
pickup, radio and microphone
is wanted. see schematic of 690
amplifier input.

Diagram
showing circuit for re-
sistance coupling radio
tuner to 692 amplifier
where tuner is placed
close to amplifier.
Where tuner is to be
operated at some dis-
tance from amplifier
..ee Figure 6. Resistance
R should be about
100,000 ohms (.Imeg-
ohm) and C about .01
mfd. Either a '27 or '24
detector may be used.
though the former is
preferable.

Showing
use of one or two pick-
ups with 692. Where
two pickups are used
and a smooth change-
over is wanted ("fader
effect") use center tap-
ped (preferably double
tapered) potentiometer
and connect slider and
center tap to 692 input.
as shown at right. The
resistance per side de-
pends on pickup, but
25,000 ohms is gener-
ally used for high im.
pedance pickups and
about 3000.5000 ohms
for 500 ohm pickup.

255 R

CI
C2
C3
Fl
F2
JI
J2
J3
LI
L2
L3
P1
P2
P3
RI
R2
R3
R4
R5
R6
R7
R8
R9

R10
R11
SW)
SW 2

SW3
SW4

T I No. 10075B-Transformer
T2 No. 234-Transformer
T3 No. 10081-Transformer

I Input plug
1 Output plug

REPLACEMENT
PARTS LIST

No. 7047-Condenser
No. 7202-Condenser Bank
No. 7201-Condenser
No. 3501-3 Amp. Fuses

No. 3731-2A Jacks

No. 338U-Choke
No. 339U-Choke
No. 10065-Choke
No. 4491-Potentiometer
No. 4490-Potentiometer
No. 4772-Resistor
No. 4700-Resistor
No. 4730-Resistor
No. 4771-Resistor
No. 4685-Resistor
No. 4698-Resistor
No. 4726-Resistor
No. 4689-Resistor
No. 4723-Resistor
No. 4776-Resistor
No. 3389-Switch Assembly
No. 5195-Momentary Contact

Switch
No. 7100-Push Button Contacts

Diagram showing "stapling o
radio input to 692 where radio is to be
operated at some distance from amplifier.
The 2600 or S transformer, connected
"step down", couples tube to a line giving
fairly low impedance for running to
"distant" amplifier. 255k couples this line
to 692 as shown. If switching arrangement
is desired for radio and record pickup,
the switch should be connected between
255R and amplifier input so that pickup
is coupled direct. The line between 260U
and 255R should be about No- 134 wire
with heavy insulation and shielded.
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NOTE.: -
HEAVY LEADS DENOTE
IBIS BAR.
VOLTAGE READINGS TAKEN
Nsirri-; II2V. AC -60 CYCLE INPUT

cl

t -I

739 Parts List

r -

L_

BROADCAST RECEIVER I

GMO.

51-11ELDED WIRE
"a FT. LONG

(SHORT WAVE ---g- 0 BROADCAST

x X

I -

CONNECTIONS FOR
100 -120 V. AC. 25 &GO CYCLE.

NOM: -
PRIMARY NORMALLY WIRED &

SHIPPED FOR /00-120V. OPERATION

45V.1

53

S
r-2 00 3 '000_5 '0000003'

Quantity Description L___
CONNECTIONS FOR

1 S -H 739 Chassis & Shield Assembly 200- TAO V. AC. 2.5 & 60VC.I.JE
Cl, C2 1 S -M 318 Two -gang midget condenser

C4 1 S -M 3335 Compensating condenser
La to Ld 1 S -M 133 Short wave coil assembly

1 S -M 13454 Escutcheon
1 S -M 13449 wave length name plate
1 S -M 13450 switch name plate

SW4, SW5 1 S -M SW -Broadcast switch
C3 1 S -M 345 Condenser

1 S -M 819 Knob
2 S -M 820 " 4' .30
1 S -M 818 Hookup wire

C6,C11,C12 3 Polymet .006 condenser .60
C5,C10 2 Polymet .0001 " @I .30

C9 1 Sprague .1 mfd. condenser
R5 1 Durham 10,000 ohm resistor
82 1 Durham 60,000 ohm resistor
R1 1 Durham 6500 ohm resistor
R3 1 Durham 6000 ohm resistor 2 watt
R4 1 Durham 3500 ohm resistor, 2 watt

1 Antenna binding post
SW6 1 5174 H k H on -off switch

1 10v cord & plug
1 Set of hardware

739
S. W. ADAPTER
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392 OFFICIAL RADIO SERVICE MANUAL

0

SILVER -MARSHALL INC.

TO ANT POST ON SET

ANTENNA

GROUND.

G & C

`-1121 F z

-CD

738
CON V E RYER_

1 000 )

RED GREEN

WHiTET TES-.-ACK

Desig-
nation Qnty. Description

1-S -M 738 Chassis & Shield Assembly
C3, C4 1-S -M 344 Dual Trimmer Condenser

C2 1-S -M 314 .00015 Variable Condenser
CI 1-S -M 317 Variable Condenser
C8 1-S -M 672-8 mfd. Condenser Bank

12-S -M 131L Coils @ 1.25
Ll, L2 J2-S-M 131M Coils @ 1.25

12-S -M 131N Coils ® 1.25
2-S -M 1310 Coils @ 1.25

L3 1-S -M 338U Choke.
T1 1-S -M 285 Power Transformer

2-S -M 512 Sockets @ .60
1-National E Dial

C6 1-Polymet .005 Fixed Condenser
C5 1-Polymet .0001 Condenser..
C7 1-Sprague .1 Mfd. Condenser

R3, R4 2-Durham 10,000 Ohm 1 -watt Resistors
@.75

RI, R2 2-Durham 300,000 Ohm 1 -watt Resistors
.50

SHORT
WAVE

0

0

BROADCAST
SI I-C-R 224 Tube Socket
S2 1-C -R 227 Tube Socket
S3 1-C -R 226 Tube Socket

SW 1-5174 H & H Rotary On -off Switch
3-Eby Binding Posts Cir .15
1-10' Cord and Plug
1-Set of Hardware

G

ANT.

738 RECEIVER
CONVERTER
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SILVER -MARSHALL INC.

1-S -M 738 Chassis, Partitions and Cabinet.
C2, C3 1-S -M 315 Dual .00014 Condenser

2-S -M 638 Shields (a 1.50
T 1-S -M 336U Transformer....

Si, S2, LI, L2 4-S -M 512 Sockets (a .60.
Cl, C4 2-S -M 342B Condensers

C3 1-S -M 343 Condenser...
L5 i-S-M 251S Choke.

LIO 1-S -M 333S Single Choke.
L4, L6, L7 3-S -M 277 Chokes

L3 1-S -M 275 Choke...
L8 1-S -M 338U Choke..
L9 I-S-M 339U Choke...

2-S -M 816 Large Knobs
1-S -M 817 Small Knob...
2-S -M 818 Hookup Wire
1-National B Vernier Dial.
2-Potter 4636 Condensers (q

3-Potter Dual 1, 10 condensers
1-Potter 1 Mfd. Condenser
2-Potter Mfd. Condenser Cased
1-C -R 224 Socket
1-C -R 245 Socket
1-C -R 280 Socket
1-Durham 2 Megohm Resistor
1-Durham 10,000 ohm Resistor
2-Durham .15 Megohm Resistors
1-Durham 60,000 ohm Resistor
3-Durham 1 Megohm Resistors ((
1-Carter RU409 Resistor
2-Carter 40 ohm Center Tap Resistor
2-Polymet .00015 Condensers (i
2-Polymet .006 Condensers '

1-Sprague .1 Mfd. Condenser.
I-Sprague 1., Mfd. Condenser.
1-H & H Toggle Switch =991.
1-Eby Antenna Binding Post.
1-Eby Ground Binding Post..
1-Ohmite 1500 ohm Resistor.
1-Ohmite 3500 ohm Resistor.
3-Yazley 3500 ohm Resistors

C18, C19
C12 C13, C15

CI7
C14, C16

S3
S4
S5

R2
R14

R3, R8
R7

R4, RS, R9
R1

RIO, R16
C5, C8

C7, C10
C17

C9
SW

BP1
BP2
RII
R15

R6, R12, R13

1
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SILVER -MARSHALL INC.

COMPONENT PARTS FOR
677B AMPLIFIER

Designation
Cl .1 mfd. Sprague Condenser

C2 & G4 .25 "
C3 #673 Condenser Bank

R1 & R2 60,000 -ohm Durham Resistor
R3 2-megohm Durham Resistor
R4 400 -ohm Carter Resistor

R5 & R6 10,000 -ohm Durham Resistor
R7 & R8 1500-800-ohmite Resistor

Ll #339 Choke
P1 Carter AP -15 Hum Balance
S1 C -R 227 tube socket

32 & S3 C -R 245 "

84 C -R 280 "

T1 #257 Audio transformer
T2 #337 Power

1 636 tube shield
1 677 Panel, chassis and case

letPVI 

we

c

R:],

.0075 P7 2551M OX -226
ot CO -326

Op 15

2000
FROM 'A' TO GNO.. 4 VOLTS OHMS

FROM 'R TO GNO - 75 VOLTS
FROM TO ONO -225 VOLTS
FROM ID' TO GOD ,C5VOLTS
FROM -E- TO GNO.610 VOLTS
FROM  F- TO GNO- 620 VOLTS
PROM -H. TO ONO- 620 VOLTS

VOLTAGES GIVEN ARE APPROXIMATE.

OX -250
ceCX 350

255
SPECIAL

V

677 E3

0
_J
_1

Brown A+ (31k Yellow
+45 +155 -45

SPEAKER
CO G

673 CONDENSER BANK

Rea Green
+135 -27

sw

ry
mQ

A Sate
C+

5-

6 79 MP E



P
O

W
E

R
S

W
IT

C
H

V
O

LT
A

G

C
O

W
E

N
.

S
A

T
A

T
O

P
R

S

12
0-

13
0

11
0-

 1
00

13
0-

12
0

2.
5 

A
M

P
E

R
E

F
U

S
E

S

.0
06

 M
F

D

L
lr

6

O
U
T
P
U
T

A
U

D
IO

T
R

A
N

S
F

O
R

M
E

R

C
H

O
K

E

C
 -

28
I

0 I
C

-2
81

r's
go

o-
rt

'L
i-

,
tA

.

o

-
H
I

D
O

.1
5 

M
F

D
.

2 
m

F
D

.
M

F
D

.

F
IL

T
E

R
C

O
N

D
E

N
S

E
R

P
O

W
E

R
T

R
A

N
S

F
O

R
M

E
R

A
N

T
E

N
N

A
-

C
O

M
P

E
N

S
A

T
IN

G
C

O
N

D
E

N
S

E
R

B
LA

C
K

B
R

O
W

N

D
IA

L 
LI

G
H

T

28
00

 /1
.

6
-.

25
 M

F
D

.
1

3

jp
.4

T
O

 T
E

R
M

IN
A

L 
S

T
R

IP
)0

. 5
 O

N
 P

O
W

E
R

C
O

N
V

E
R

T
E

R

S
E

LE
C

T
O

R
C

I V
A

R
IA

B
LE

 C
O

N
D

E
N

S
E

R
S

C
2 

E
Q

U
A

LI
Z

IN
G

 C
O

N
D

E
N

S
E

R
S

LI
 T

U
N

IN
G

 C
O

IL
S

L2
 C

A
T

H
O

D
E

 C
O

IL

L3
R

. F
. C

H
O

K
E

 C
O

IL
L4

 F
IR

S
T

 P
LA

T
E

 C
O

IL
L5

 C
O

U
P

LI
N

G
 C

O
IL

D
Y

N
A

M
IC

S
P

E
A

K
E

R

Y
Y

F
IE

LD
C

O
IL

0

s0
00

_n
_

2 
M

F
D

:
70

00
.n

.

IN
P

U
T

 A
U

D
O

T
R

A
N

S
F

O
R

M
E

R

C
-5

86

P
O

W
E

R
 C

O
N

V
E

R
T

E
R

PA

1-
1H

1-
2 

M
F

D
 .2

 M
F

D
.

A
M

P
LI

F
IE

R
L6

F
IR

S
T

R
.F

. T
R

A
N

S
F

O
R

M
E

R
L7

S
E

C
O

N
D

 R
.F

. T
R

A
N

S
F

O
R

M
E

R
L8

T
H

IR
D

R
.F

. T
R

A
S

F
O

R
M

E
R

S
P

A
R

T
O

N
 M

O
D

E
L

56
4,

57
0,

74
0 

A
N

D
 7

50

20
,0

00

09
 G

R
E

E
N

P
H

O
N

G
R

A
P

H
,-

1B

R
E

D

1
P

IC
K

U
P

 J
A

C
K

LA
C

K
 T

R
 A

 C
E

R
15

,0
00

6 
R

E
D

V
O

L.
 C

O
N

T
R

O
L

G
R

E
E

N
B

LA
C

K
 T

R
A

C
E

, Y
 E

LL
 O

W

s-
ls

LA
c 

K

L9
 F

O
U

R
T

H
R

.F
. T

R
A

N
S

F
O

R
M

E
R

LI
O

 G
R

ID
 C

O
IL

LI
1

D
E

T
E

C
T

O
R

 P
LA

T
E

C
H

O
K

E



A
N

T
E

N
N

A
C

O
M

P
E

N
S

A
T

IN
G

22
4

C
O

N
D

E
N

S
E

R

t'L
l2

by (1
1

C
I

33
0
C
L

L2

C
I V

A
R

IA
B

LE
 C

O
N

D
E

N
S

E
R

S
C

2 
E

Q
U

A
LI

Z
IN

G
 C

O
N

D
E

N
S

E
R

S
L 

I
T

U
N

IN
G

C
O

IL
S

L2
 C

A
T

H
O

D
E

 C
O

IL
S

L1
1 

D
E

T
E

C
T

O
R

 P
LA

T
E

 C
H

O
K

E
L 

12
 A

N
T

E
N

N
A

IN
D

U
C

T
A

N
C

E
L 

13
 IM

P
E

D
A

N
C

E
 C

O
U

P
LI

N
G

 C
O

IL
A

,B
,C

 A
N

D
 D

 C
O

N
D

E
N

S
E

R
S

 IN
 O

N
E

 B
LO

C
K

S
P

A
 R

T
O

N
 M

O
D

E
L 

A
.R

.-
19

--
7-

C
I

oo
x O

L.
 C

O
N

T
R

O
L

C
2

L.
21

-

C
I

IC
2

00
 -

n_ S
W

IT
C

H

I -
-

J
I M

F
D

B
A

LL
 A

S
T

1
R

E
S

IS
T

O
R

0
0

0
+

18
0 

V
+

90
 V

-C

C

00
X

l_

LI
I

.0
00

25
 M

F
D

.

O
0

A
A

 (
G

R
O

U
N

D
E

D
)

-a

D
IA

L 
LI

G
H

T

L3
0 0

A
06

 N
iF

S
P

E
A

K
E

R



S
P

A
R

T
O

N
 M

O
D

E
L 

5 
A

N
D

 9
S

C
H

E
M

A
T

IC
 D

IA
G

R
A

M

A
N

T
E

N
N

A
E

Q
U

A
LI

Z
IN

G
43

5
C

O
N

D
E

N
S

E
R

T
H

IS
 C

O
N

D
E

N
S

E
R

A
N

D
 G

R
O

U
N

D
 O

M
M

IT
T

E
D

O
N

 C
A

N
A

D
IA

N
 S

E
T

S

R
E

C
E

P
T

A
C

LE
P

LU
G

P
O

W
E

R
S

W
IT

C
H

\/I

.0
1 

M
F

D
.

V
O

LU
M

E
C

O
N

T
R

O
L

L 
14

e'
s

3.
3.

3

20
,0

00
,

I

5V
G

R
E

E
N

48
0

F
IL

T
E

R
 C

H
O

K
E

C
O

IL

`N
) 

--
R

E
D

4"
M

.-
M

F
D

.

T
A

N

-
60

0 
V

D
R

Y
E

LE
G

i-R
O

LY
T

B
IC

LA
C

K
F

IL
T

E
R

 C
O

N
D

E
N

S
E

R

-0
02

IN
P

U
T

M
F

D
. g

A
iJ

D
IO

T
R

A
N

S
.

3 
M

F
D

.

O
U

T
P

U
T

'
A

U
D

IO
T

R
A

N
S

. ,
c,

I
)

D
IA

L
LI

G
H

T

R
E

C
T

IF
IE

R
2.

5V

P
O

W
E

R
T

R
A

N
S

F
O

R
M

E
R

..A
/V

1,
50

0

G
R
E
E
N

W
IT

H
R

E
D

 T
R

A
C

E
R

D
Y

 N
A

M
IC

S
P

E
A

K
E

R
1 (M

O
V

IN
G

I C
O

IL

1 'F
IE

LD
(C

O
IL

B
LA

C
K

'N
B

LA
C

K
W

IT
H

R
E

D
 T

R
A

C
E

R

C
I V

A
R

IA
B

LE
 C

O
N

D
E

N
S

E
R

S
C

2 
E

Q
U

A
LI

Z
IN

G
 C

O
N

D
E

N
S

E
R

S
LI

 T
U

N
IN

G
 C

O
IL

 C
H

O
K

E
 C

O
IL

L 
12

 A
N

T
E

N
N

A
L1

4 
R

. F
. T

R
A

N
S

F
O

R
M

E
R



C
O

A
N

T
E

N
N

A
C

O
M

P
E

N
S

4 
T

/N
8

/CON
D

E
N

S
E

R

/
/

...
.1

.
/

M
O

T
O

R

J
S

 M
R

77
N

C
W

IT
C

M
8

V
O

LT
A

G
E

C
O

N
P

E
N

S
A

M
R

T
A

P
S

la
m

a 00
6 

M
O

O
 

/

S
P

A
R

T
O

N
 E

N
S

E
M

B
LE

7
M

O
D

E
L 

10
3 

A
N

D
 5

78
/

// .
00

00
29

 M
F

0
28

00
- 71

1-
C

'

L/

A
fF

L/
L/

./S
-A

1F
0

/M
F

O
.

41
4 

10

C
-2

81

/A
lfa

.2
3-

M
F

O
A

N
.

ol
IfE

S
E

LE
C

T
O

R

O
N

O
A

t`
F

/E
L 

0
O

Y
M

41
4/

0 
S

P
E

A
K

E
R

C
O

&
C

O
&

H
aY

/M
C

 C
O

/L

=
A

I
4
"
W
o
*

/H
P

0.

T
R

A
N

S

/N
P

C
/T

 /1
0/

0/
0

T
R

A
N

S
F

O
R

M
E

R

0
50

,0
0o

_n
.

14
00

01
t.

i9
L1

K
C

A
X

:'

"4
.

P
O

W
E

R
P

O
W

E
R

 C
O

N
V

E
R

T
E

R
T

R
A

N
S

F
O

R
M

E
R

C
I V

A
R

IA
B

LE
 C

O
N

D
E

N
S

E
R

S
L3

 R
 F

 C
H

O
K

E
 C

O
IL

L6
 F

IR
S

T
 R

F
 T

R
A

N
S

F
O

R
M

E
R

C
2 

E
Q

U
A

LI
Z

IN
G

 C
O

N
D

.
L4

 F
IR

S
T

 P
LA

T
E

 C
O

IL
 L

 7
 S

E
C

O
N

D
 R

 F
 T

R
A

N
S

F
O

R
M

E
R

LI
 T

U
N

IN
G

 C
O

IL
S

-
L5

 C
O

U
P

LI
N

G
 C

O
IL

LB
 T

H
IR

D
 R

F
 T

R
A

N
S

F
O

R
M

E
R

L2
 C

A
T

H
O

D
E

 C
O

IL
S

L9
 F

O
U

R
T

H
 R

 F
 T

R
A

N
S

F
O

R
M

E
R

LI
O

 F
R

E
E

 G
R

ID
 C

O
IL

LI
I D

E
T

E
C

T
O

R
 P

LA
T

E



P
O

W
E

R
S

W
IT

C
H

V
O

LT
A

G
E

C
O

M
P

E
-

N
S

A
T

O
R

T
A

P
S

11
0-

10
0

13
0-

12
0

F
U

S
E

.0
06

 M
F

D
,

1.
5 

A
M

P
E

R
E

A
N

T
E

N
N

A
C

O
M

P
E

N
S

A
T

IN
G

C
O

N
D

E
N

S
E

R

LI

.2
 M

.6
7

.6
7

i
n

D
Y

N
A

M
IC

 S
P

E
A

K
E

R

C
>

C
O

IL
F

IE
LD

06
6f

r
50

00
1L

L
O

U
T

P
U

T
A

U
D

IO
T

R
A

N
S

F
O

R
M

E
R

13
00

.1
-1

_ z

L
- 

I
15

 M
F

D
.

5 
M

F
D

,
F

IL
T

E
R

 C
O

N
D

E
N

S
E

R

.5
4

...
A

A
A

A
A

A
.

R
S

P
E

A
K

E
R

T
E

R
M

IN
A

L
S

T
R

IP

C
-1

83

IN
P

U
T

 A
T

R
A

N
S

F
O

u0
10

R
M

E
R

-

P
O

W
E

R
P

O
W

E
R

 T
R

A
N

S
F

O
R

M
E

R

(
6

F
P

 7
:3

S
P

A
R

T
O

N
 M

O
D

E
L 

73
7

( 
S

E
R

IA
L 

N
U

M
B

E
R

 6
50

2 
U

P
)

P
H

O
N

O
G

R
A

P
H

P
IC

K
U

P
 J

A
C

K

G
R

E
E

N
B

LA
C

K
 T

R
A

C
E

R
9c

 G
R

E
E

N

15
,0

0 
an

..
70

 R
E

D
sA

A
vv

y
B

LA
C

K
V

O
L.

T
R

A
C

E
R

 C
O

N
T

R
O

L

60
 R

E
D

11
0_

n_

0
B

R
O

W
N

40
 B

LA
C

K

30
B

LA
 C

K

2
B

LU
E

P
O

W
E

R
 C

O
N

V
E

R
T

E
R

Y
E

O
W

B
L 

A
 C

T
 R

D
IA

L 
LI

G
H

T

/
f

48
_E

 -
6f

28
00

_1
T

h_

I

00
00

25
M

F
 D

.

L4

I
M

F
D

.

R
E

D A
cK

S
,

-2
5 

M
F

D
.

S
O
W
N
,

T
O

 T
E

R
M

IN
A

L 
S

T
R

IP
 -

7
O

V
A

5 
O

N
 P

O
W

E
R

 C
O

N
V

E
R

T
E

R

S
E

LE
C

T
O

R

C
I V

A
R

IA
B

LE
 C

O
N

D
E

N
S

E
R

S
C

2 
E

Q
U

A
LI

Z
IN

G
 C

O
N

D
E

N
S

E
R

S
LI

 T
U

N
IN

G
C

O
IL

S
L2

 C
A

T
H

O
D

E
 C

O
IL

L3
R

.F
 C

H
O

K
E

 C
O

IL
L4

 F
IR

S
T

 P
LA

T
E

 C
O

IL
L5

 C
O

U
P

LI
N

G
 C

O
IL

T
4
8
L
5
\

L2

L6
 F

IR
S

T
 R

.F
. T

R
A

N
S

F
O

R
M

E
R

L.
7 

S
E

C
O

N
D

 R
T

R
A

N
S

F
O

R
M

E
R

LB
 T

H
IR

D
R

.F
. T

R
A

N
S

F
O

R
M

E
R

48
4

A
M

P
LI

F
IE

R

L9
 F

O
U

R
T

H
 R

.F
. T

R
A

N
S

F
O

R
M

E
R

LD
 G

R
ID

C
O

IL
L 

II
D

E
T

E
C

T
O

R
 P

LA
T

E
 C

H
O

K
E

L

A
E

R



0

A
E

R
IA

L V
A

N
T

E
N

N
A

C
O

M
P

E
N

S
A

T
IN

G
C

O
N

D
E

N
S

E
R

I

.0
06

M
F

D IF
1

L 
12

C
I

C
2

20
0
fl

54

S
P

A
R

T
O

N
 M

O
D

E
LS

 4
10

 A
N

D
 4

20
 D

.C
.

N
A

A
C

V
O

LU
M

E
50

,0
00

C
O

N
T

R
O

L

30
,0

00
_n

_
2f

1

6 
V

O
LT

D
IA

L 
LI

G
H

T

IID

.2
5 

M
F

D
.

22
4

C
I

C
2

S
W

IT
C

H

C
I

C
2

20
,0

00
n.

18
 V

.
"C

" 
B

A
T

T
E

R
Y

B
L 

A
C

K

IN
P

U
T

 A
U

D
IO

T
R

A
N

S
F

O
R

M
E

R

.3 C
H

O
K

E

1.
0 

M
F

D
.

7
n_

12
,4

00
_n

_

1,
80

0
fl

c"
\

C

42
7

C
I

V
A

R
IA

B
LE

 C
O

N
D

E
N

S
E

R
S

C
2 

E
Q

U
A

LI
Z

IN
G

 C
O

N
D

E
N

S
E

R
S

LI
T

U
N

IN
G

 C
O

IL
S

L1
2 

A
N

T
E

N
N

A
 IN

D
U

C
T

A
N

C
E

.0
02

M
F

D
.

a 0

C

C
-1

83

14 n_

C
 -

I8
3

W
N

D
Y

N
A

M
IC

S
P

E
A

K
E

R

M
O

V
IN

G
C

O
IL

F
IE

LD
C

O
I L

'4
)

o
Y

67
"

O
U

T
P

U
T

 A
U

D
IO

T
R

A
N

S
F

O
R

M
E

R

2 
50

0 
.1

 \



P
O

W
E

R
S

W
IT

C
H

13
.

I

2.
 -

1 
10

ce
11

0-
 1

0
'J

o Lo
 V

O
LT

A
G

E
C

O
M

P
E

N
-

<
,?

 S
A

T
O

R
T

A
P

S

.0
06

 M
F

D

P
O

W
E

R

LI

C
H

O
K

E
 C

O
IL

S

o
2

o o
11

-
Q

28
1

C
o 

90
0

.1
5 

M
F

D
.

I
M

F
D

.
4 

M
F

IM
F

- 
r-

C
-2

8I
C

-5
86

D
Y

N
A

M
IC

 S
P

E
A

K
E

R

F
IE

LD
M

O
V

IN
G

C
O

IL
C

O
IL

50
00

f1
_

20
,0

0

2
0
0
0
n

IM
 r

0

00
0
ft

[

0 0

70
00

 n
I

M
FD

O
U

T
P

U
T

 A
U

D
IO

T
R

A
N

S
F

O
R

M
E

R

IN
T

E
R

M
E

D
IA

T
E

A
U

D
IO

 T
R

A
N

S
F

O
R

M
E

R

0 0

G
R

E
E

N

Y
E

LL
O

W
B

LA
C

K B
LA

C
K

B
LA

C
K

T
R

A
N

S
F

O
R

M
E

R

A
N

T
E

N
N

A
C

O
M

P
E

N
S

A
T

IN
G

C
O

N
D

E
N

S
E

R

LI 2
o

C
C

I

P
O

W
E

R
 C

O
N

V
E

R
T

E
R

71
-)

-7
LI

R
E

D

B
LA

C
K

B
LA

C
K

B
R

O
W

N
5

v.
6 4 3

S
E

LE
C

T
O

R
C

I V
A

R
IA

B
LE

C
O

N
D

E
N

S
E

R
S

C
2 

E
Q

U
A

LI
Z

IN
G

 C
O

N
D

E
N

S
E

R
S

LI
 T

U
N

IN
G

 C
O

IL
S

L2
 C

A
T

H
O

D
E

 C
O

IL
S

B
LA

C
K

R
E

D
LA

C
K

 T
R

A
C

E
R

R
E

D

R
E

D

S
P

A
R

T
O

N
. M

O
D

E
L

57
4 

A
N

D
 8

70

G
R

E
E

N
 T

R

25
00

A
0V

A
74

7- IN
P

U
T

 A
U

D
IO

 I
T

R
A

N
S

F
O

R
M

E
R

LO
C

A
L-

 D
IS

T
A

N
A

U
D

IO
S

W
IT

C
H

C
O

N
N

E
C

T
O

R

P
H

O
N

O
G

R
A

P
H

P
IC

K
U

P
 J

A
C

K

G
R

E
E

N
B

LA
C

K
 T

R
A

C
E

R
G

R
E

E
N

1
I 0

_n
_

7 
R

E
D

S
LA

C
K

 T
R

A
C

E
R

 1
5,

00
01

1.
6 

R
E

D
V

O
L 

C
O

N
T

R
O

L

A
C

E
o5

 B
R

O
W

N

4 
B

LA
C

K

3 
B

LA
C

K

2 
B

LU
E

5,
00

 0
_n

_
Y

E
LL

O
W

B
LA

C
K

 T
R

A

D
IA

L 
LI

G
H

T

28
00

x_

00
00

23
M

F
D

. L
4

=
 I

M
E

D
.

- 
25

 M
F

D
.

0 I
o a
g

T
O

 T
E

R
M

IN
A

L 
S

T
R

IP
O

N
 P

O
W

E
R

 C
O

N
V

E
R

T
E

R

L3
R

.F
.

C
H

O
K

E
 C

O
IL

L4
 F

IR
S

T
P

LA
T

E
 C

O
IL

L 
5 

C
O

U
P

LI
N

G
 C

O
IL

L2

L6
00

0 c,

.2
 M

F
D

A
-7

C
>

T
I M

F
D

.

A
M

P
LI

F
IE

R

L6
F

IR
S

T
 R

.F
. T

R
A

N
S

F
O

R
M

E
R

L7
 S

E
C

O
N

D
 R

.F
. T

R
A

N
S

F
O

R
M

E
R

LB
 T

H
IR

D
R

.F
. T

R
A

N
S

F
O

R
M

E
R

0

B

11
51

-I
N

O
IL

L9

I M
F

D
.

LI
I

C
E

.0
02

 M
F

D
,

L9
 F

O
U

R
T

H
 R

.F
. T

R
A

N
S

F
O

R
M

E
R

L1
0 

F
R

E
E

 G
R

ID
 C

O
IL

LI
I D

E
T

E
C

T
O

R
P

LA
T

E
 C

H
O

R
E



C LI

S
W

IT
C

H

O
U

T
P

U
T

A
U

D
IO

T
R

A
N

S
F

O
R

.
M

E
R

C
H

O
K

E
C

O
IL

U
L

Q
.0

00
 -

11
S

1

(0
 .2

 M
F

D
.

3 
A

M
P

F
U

S
E

C
I

I
L

3 
M

F
D

.0
08

 M
F

D
.

G
R

O
U

N
D

W
IR

E

A
N

T
E

N
N

A
C

O
M

P
E

N
S

A
T

IN
G

C
O

N
D

E
N

S
E

R

,IF
O

M
F

 D
.

D
(N

A
N

A
IC

S
P

E
A

K
E

R

5.
5 

_C
I

M
O

V
IN

G
C

O
IL

10
4.

4.
/

F
IE

LD
C

O
IL

R

O

SP
A

R
T

O
N

 M
O

D
E

L
S

A .
60

0,
 6

10
, 6

20
, 7

40
 a

nd
 7

50
 D

. C
.

H
I -

LO
S

W
IT

C
H L 
0 

4-
4w

H
I

L

3

r
C
I

"E
ft

2:
t_

C
I

,'?
C

2
10

C
2

B
R

O
W

N
6  5

63

IN
P

U
T

A
U

D
IO

T
R

A
N

S
F

O
R

M
E

R

ff0
d0

70
0n

O
N

:(
Y

(C
I

-°
22

.5
V

.
+

"C
dB

A
T

T
iY

18
2-

A
18

2 
-A

G
R

E
E

N

9,
, G

R
E

E
N

B
LA

C
K

 T
R

A
C

E
R

16
0 

ft

Y
E

LL
O

W

15
,0

0
0

r
y

7°
B

R
LE

A
D

C
K

T
R

 A
 C

E
R

 V
O

L.
 C

O
N

T
R

O
L

6
R

E
D

1

20
,0

00

50
 B

R
O

W
N

40
 B

LA
C

K

30
 B

LA
C

K

D
IA

L 
LI

G
H

T

C
I V

A
R

IA
B

LE
C

O
N

D
E

N
S

E
R

S
 L

3
R

.F
. C

H
O

K
E

 C
O

IL
C

2 
E

Q
U

A
LI

Z
IN

G
 C

O
N

D
E

N
S

E
R

S
 L

4 
F

IR
S

T
 P

LA
T

E
 C

O
IL

LI
 T

U
N

IN
G

 C
O

IL
 5

L5
 C

O
U

P
LI

N
G

 C
O

IL
L 

2 
C

A
T

 H
O

D
E

 C
O

IL
S

B
L 

U
E

I
Y

E

B
L

o

.2
 M

F
D

.2
 M

F
D

.

L6
F

IR
S

T
 R

.F
. T

R
A

N
S

F
O

R
M

E
R

L7
S

E
C

O
N

D
 R

.F
. T

R
A

N
S

F
O

R
M

E
R

L8
T

H
IR

D
 R

.F
. T

R
A

N
S

F
O

R
M

E
R

L9
 F

O
U

R
T

H
R

.F
. T

R
A

N
S

F
O

R
M

E
R

LI
O

 G
R

ID
 C

O
IL

L 
II

D
E

T
E

C
T

O
R

 P
LA

T
E

 C
H

O
K

E

LL
 O

W
A

C
 K

00
61

1
LI

I

R
A

C
E

R



A
E

R
IA

L

L 
12

G
R

O
U

N
D

LI 6,
 0

0

/
A

N
T

E
N

N
A

/
/

E
Q

U
A

LI
Z

IN
G

/
/

///
L1

4
_ 

_ 
--

_ 
I. 

L4
_ 

_ 
_ 

_ 
_ 

_ 
7

/
_

_O
 S

 C
 IL

LA
T

O
 R

 C
O

IL
_

--
1

/
C

O
N

D
E

N
S

E
R

'
/

'
'

P
R

 I.
 .

S
E

C
.P

 R
 I

.
I

/I/
 I

S
E

C
.

/
.

11
11

,
!

(V
PO

-U
M

'm
oo

r' 
ir

nn
ov

-

Sp
ar

to
n 

M
od

el
 1

0-
Sc

he
m

at
ic

 D
ia

gr
am

LI

as
.  C

 1
C

12

5.
50

0

V
O

LU
M

E
C

O
N

T
R

O
L

E
LE

C
T

R
O

LY
T

IC
F

IL
T

E
R

 C
O

N
D

E
N

S
E

R
S

20
0

22
00

./V
V

V
's

,
43

5

n
n

V
O

LT
A

G
E

C
O

M
P

E
N

S
A

T
O

R
11

5-
 1

30
V

F
U

S
E

L5
 A

 M
P

10
0-

11
5 

V

R
E

C
E

P
T

-
A

C
 L

E
P

LU
G

P
O

W
E

R
S

W
IT

C
H

P
O

W
E

R
T

 R
A

N
S

F
O

R
M

E
R

D
IA

L
LI

G
H

T I
I

(
IF

16
 M

F
 D

. _
L_

8M
 D

.

O
N

E
 F

O
R

M
/

L.
-

__
/_

C
 I

I -
S

T
. D

E
T

.

-I
-V

V
\A

P
43

5

L
is

10
,0

00

.0
00

5

S
C

.

_

42
7

.3
3

.3
.2

I

48
0

P
H

O
N

O
G

R
A

P
H

P
IC

K
U

P
 J

A
C

K
50

, 0

15
0,

00
0-

n-

2,
00

0

I
F

. S
T

A
G

E

r-

3

.5
M

F
D

.

T
O

N
E

 -
S

T
A

T
IC

C
O

N
T

R
O

L
50

,0
00

sA
A

A
r.

"-
-

A
5M

F
D

.
K

A
.F

00
5.

L 
15

i
t

c:
4

C
13

<
c)

<
0'

I

J 
I

0 b

P
O

.5
M

F
D

.

44
7

0 0 0

C

0 
.5

M
F

D
0

10
0 

00
0

LA
C

K
- 

R
E

D
 T

R
A

C
E

R

B
LA

C
K

R
E

C
T

IF
IE

R

F
IE

LD
 C

O
IL

41
50
O

U
T

P
U

T
 \

A
U

D
IO

T
R

A
N

S
-

F
O

R
M

E
R

_
D

cr
-N

M
 IC

 -
 -

 -
S

P
E

A
K

E
R

`
G
R
E
E
N

-R
E

D
 T

R
A

C
E

R

C
I

V
A

R
IA

B
LE

 C
O

N
D

E
N

S
E

R
C

2
E

Q
U

A
LI

Z
IN

G
 C

O
N

D
E

N
S

E
R

C
3

A
D

JU
S

T
A

B
LE

 C
O

N
D

E
N

S
E

R
LI

T
U

N
IN

G
 C

O
IL

LI
I D

E
T

E
C

T
O

R
 P

LA
T

E
 C

H
O

K
E

 C
O

IL
L 

12
 A

N
T

E
N

N
A

 C
H

O
K

E
 C

O
IL

L 
I 4

 R
.F

. T
R

A
N

S
F

O
R

M
E

R
L 

15
I.F

.
T

R
A

N
S

F
O

R
M

E
R



A
N

 T
E

N
N

A
C

O
M

P
E

N
S

A
T

IN
G

C
O

N
D

E
N

S
E

R

0
I
I

A
E

R
IA

L

G
R

O
U

N
D

O

23
2

C
I

V
A

R
IA

B
LE

 C
O

N
D

E
N

S
E

R
S

C
2 

E
Q

U
LI

Z
IN

G
 C

O
N

D
E

N
S

E
R

S
LI

 T
U

N
IN

G
 C

O
IL

S
L 

II 
D

E
T

E
C

T
O

R
 P

LA
T

E
 C

H
O

K
E

LI
4G

R
ID

 C
IR

C
U

IT
 C

H
O

K
E

 C
O

IL
S

"A
"

B
A

T
T

E
R

Y

6 
N

O
 6

 R
A

D
IO

 "
A

"
D

R
Y

 C
E

LL
S

S
P

A
R

T
O

N
 M

O
D

E
L 

31

C
I

F
IL

A
M

E
N

T
V

O
LT

A
G

E
IN

D
IC

A
T

O
R

F
IL

A
M

E
N

T
V

O
LT

A
G

E
C

O
N

T
R

O
L

-J

51
2.

1

S
W

IT
C

H
, cc

-J 0

o
E

LI
I

.0
00

25
 M

F
D

23
0

01
M

F
D

.

41
lt2

1
3 .2

 M
F

D
.

b,

z 0

51
 1

-r
,7

r!
(N

I
O

en
et

(1
4

t&
J

tj
C

C

/-

LI
J D 03

6V
.

LA
M

P

0 O 0
1 0

A
 U

D
T

R
 A

N

r 
-N

10 S
F

O
 R

 M
E

R

0
+

22
.5

B
 4

5V
.

4

-0
 -

-0 0

S
., 

00
0,

00
0 

X
I-

V
O

L 
C

O
N

T
R

O
L

1
+

67
 5

B
 4

5v
.

z 90

-4
.5

 "
C

* 
B

A
T

 T
E

R
Y

-2
2.

5

S
P

E
A

K
E

R

I m
F

D
.-

0 C
C

B
 4

5 
V

.



A
N

T
E

N
N

A
C

O
M

P
E

N
S

A
T

IN
G

C
O

N
D

E
N

S
E

R

o 
--

I
A

E
R

IA
L

G
R

O
U

N
D

43
2 

,<
*-

-3
\,

L

C
 I

2M
F

Q

2

C
I V

A
R

IA
B

LE
 C

O
N

D
E

N
S

E
R

C
2 

E
Q

U
A

LI
Z

IN
G

 C
O

N
D

E
N

S
E

R
S

LI
T

U
N

IN
G

 C
O

IL
S

L2
 C

A
T

H
O

D
E

 C
H

O
K

E
 C

O
IL

S
LI

I D
E

T
E

C
T

O
R

 P
LA

T
E

 C
H

O
K

E

Sp
ar

to
n 

M
od

el
 5

1 
an

d
52

 S
ch

em
at

ic
 D

ia
gr

am

2 
V

O
LT

 A
IR

0
C

E
LL

 'A
"

B
A

T
T

E
R

Y

-R
E

D
 B

LA
C

K
T

R
A

C
E

R

B
LU

E
 R

E
D

-
T

R

A
G

E
R

/
R

E
D

 B
LU

E

T
R

A
C

E
R

,'

50
,0

00

6V
 L

A
M

P
 (

F
U

S
E

)
B

LA
C

K
A

N
D

G
R

E
E

N

_0
00

25
 M

F
D

.
LI

I
-0

1 
M

E
D

.

It 
I-

+
I

0

.3
M

F
D

.

.2
 M

F
D

.

I

_L

0
+

22
.5

+
45

"B
" 

45
 V

V
O

LU
M

E
C

O
N

T
R

O
L

5,
00

0,
00

0
B

LU
E Y

E
LL

O
W

43
0

01
-

Y
E

LL
O

W
 B

LA
C

K
T

R
A

C
E

R

G
R

E
E

N

0 -1
6.

5

B
A

T
T

E
R

Y

-4
.5

-2
2.

5

0
+

90
16

7.
5

B
"4

5 
V

43
1

I M
F

D
.

- 
B

R
O

W
N

0
0

13
" 

45
V

S
P

E
A

K
E

R
P

IN
 J

A
C

K
S

A
U

D
IO

T
R

A
N

S
-

F
O

R
M

E
R

+
 1

35



L1
2

A
E

R
IA

L

A
N

T
E

N
N

A
C

O
M

P
E

N
S

A
T

IN
G

C
O

N
D

E
N

S
E

R

C
>

K
>

K
>

1C
>

<
>

LI
1
0

o

)0
.1

P

2M
F

D
0 0

--
.0

 G
R

O
U

N
D

1 
V

 P
O

S
T

 O
N

R
E

C
IV

IN
G

U
N

IT
C

O
N

T
A

IN
E

R 16
0 

_a
.

C

T
O

 F
R

A
M

E
O

F
 C

A
R

L
2

I S
T

 R
.F

S
P

A
R

T
O

N
 M

O
D

E
L 

40
 S

C
H

E
M

A
T

IC
 D

IA
G

R
A

M

LI
 4

5,
00

0_
11

_

C
I

V
A

R
IA

B
LE

 C
O

N
D

E
N

S
E

R
C

2 
E

Q
U

A
LI

Z
IN

G
 C

O
N

D
E

N
S

E
R

LI
T

U
N

IN
G

 C
O

IL
S

L2
 C

A
T

H
O

D
E

 C
H

O
K

E
S

LI
I D

E
T

E
C

T
O

R
 P

LA
T

E
 C

H
O

K
E

LI
2 

A
N

T
E

N
N

A
 C

H
O

K
E

 C
O

IL
L1

3 
IM

P
E

D
A

N
C

E
 C

O
U

P
LI

N
G

 C
O

IL
LI

4 
R

.F
. T

R
A

N
S

F
O

R
M

E
R

2 
-N

D
. R

.F
.

25
0,

00

N
O

T
E

: A
 3

5 
-o

hm
 r

es
is

to
r 

in
 s

er
ie

s
w

ith
 d

ia
l l

ig
ht

 a
nd

 s
w

itc
h 

to
 r

ed
uc

e
br

ill
ia

nc
e 

is
 n

ot
 s

ho
w

n 
in

 th
is

 d
ia

-
gr

am
.

3 
R

D
. R

.F
.

LI
4

LI
4

_

D
E

T
.

P
O

W
E

R

LI
I

L1
3

0
1

O

Iii
30

,0
00

A
.V

C

V
O

LU
M

E
C

O
N

T
R

O
L

G
R

 E
N

L)
1/

1

A
N

D
G

R
E

E
N

--
R

E
DR

E
D

43
7

D
IA

L 
LI

B

1
o 

R
E

M
O

T
E

C
O

N
T

R
O

L
P

A
N

E
L

S
W

IT
C

H

G
R

E
E

N
R

E
D

T
R

A
C

E
R

.0
06

M
F

D
.

G
R

E
E

N

O
U

T
 P

U
T

A
U

D
IO

T
R

A
N

S

B
LA

C
K

R
E

D
T

R
A

C
E

R

B
L 

A
C

R
E

D

C
),

. -
L 

M
O

V
IN

G
-1

I C
O

IL

F
IE

LD
C

O
IL

41
ow

f

D
Y

N
A

M
IC

S
P

E
A

K
E

R

''''
0+

13
5 

V
.

0-
i-6

7.
5V

.
B

R
O

W
N

M
F

D
.

-B
-

B
LA

C
K

6 
V

O
LT

S
T

O
R

A
G

E
B

A
T

T
E

R
Y

Y
E

LL
O

W
0 

45
V

.

G
R

E
E

N 0 
63

V
.

C
O

N
N

E
C

T
 S

T
O

 -
18

 O
N

 "
C

"
B

A
T

T
E

R
Y

B
L
A
C
K

B
LA

C
K

A
N

D
R

E
D



.A
'1

-1
'

A
M

.7
 N

V
 fi

ef
 .4

1L
A

N
IF

 W
.

0"
I

1.
i

V
 -

IF
_

V
/

P
H

O
N

O
G

R
A

P
H

A
U

T
O

M
A

T
IC

 P
H

O
N

O
G

R
A

P
H

 U
N

IT
50

,0
00

1-
V

O
LU

M
E

C
O

N
T

R
O

L

.0
0l

 M
F

D
. T

o 
B

E
I

_.
--

-1
"-

--
 U

S
E

D
 O

N
LY

 W
H

E
N

I
P

IC
K

U
P

14
46

 P
IC

K
U

P
 IS

 U
S

E
D

I

1
.1

,

IN
D

IC
A

T
O

R
S

O
LE

N
O

ID

IN
D

IC
A

T
O

R
S

W
IT

C
H

S
T

O
P

S
W

IT
C

H

Y
-I

A
N

T
E

N
N

A
E

Q
U

A
LI

Z
IN

G
C

O
N

D
E

N
S

E
R

A
E

R
IA

L

G
R

O
U

N
D

0

R
O

 S
rig

.E
R

01
11

10
1)

Q
M

O
T

O
R

F
IE

LD

S
P

A
R

T
O

N
 M

O
D

E
L 

30
 S

C
H

E
M

A
T

IC
 D

IA
G

R
A

M

C
 I

V
A

R
IA

B
LE

 C
O

N
D

E
N

S
E

R
S

C
2 

E
Q

U
A

LI
Z

IN
G

 C
O

N
D

E
N

S
E

R
S

C
3 

A
D

JU
S

T
A

B
LE

 C
O

N
D

E
N

S
E

R
S

LI
T

U
N

IN
G

 C
O

IL
L2

 C
A

T
H

O
D

E
 C

H
O

K
E

 C
O

IL
LI

I D
E

T
E

C
T

O
R

 P
LA

T
E

 C
H

O
K

E
 C

O
IL

L1
4 

R
T

R
A

N
S

F
O

R
M

E
R

LI
5

I.F
. T

R
A

N
S

F
O

R
M

E
R

M
A

S
T

E
R

 S
W

IT
C

H

P
H

O
N

O
.

R
A

D
IO

c,
s.

 .1
.

LI
 0

,i_
__

_,
t..

T
C
I

0
0

0 
0

.0
0

0
o 

'Q
s,

.
.2

M
F

D
...

.._
4 

..-
-/

 F
e 

--
--

L2
 o 0

M
F

D

1 
S

T
 R

43
5

re
bl

°L
I4

D
IA

L 
LI

G
H

T

C
O

IL
 Ip 0

P
R

17
-1

bo

I
0

I
0

I.
 0

C
2

0

2M
 F

O
.0

I
S

T
. D

E
T

.
43

5

0

C
3,

0
8

l
a

t
o

LI
I

50
.0

00
/1

.
IM

ID
.

C
I

2 P.
I .

00
05

 M
F

D

S
E

C

LO

C
3

2
M

F
D

Li

5,
00

0_
n.

42
7

05
C

LI
S

3 21
00

2

L

I
S

T
. I

.F
.

43
5

.
2

.
2

.
2

.
2

C
3

2
.2

0 
G

R
E

E
N

 A
N

D
 B

LA
C

K
13

 B
LU

E

(D
 G

R
E

E
N

IS
 Y

E
LL

O
W

 B
LA

C
K

 T
R

A
C

E
R

()
R

E
D

0 
Y

E
LL

O
W

®
 B

LA
C

K
 A

N
D

 R
E

D
@

 B
LU

E
 R

E
D

 T
R

A
C

E
R

0 
B

LA
C

K
 A

N
D

 W
H

IT
E

@
 T

A
N

0 
B

LA
C

K

2 
N

O
, I

.F
.

43
5

.0

50
,0

00
11

.

C

0 O N

00
02

5
M

F
D 4
2
7

V
C

I
I

2 
N

D
. D

E
T

.
42

7

00
2

M
F

D
.

U

00
05

 M
F

D

25
00

0,
A

A
N

.0
vvO
 -

I0
00

0

2

50
,0

00
0-

 T
O

N
E

 A
N

D
S

T
A

T
IC

 C
O

N
T

R
O

L

-"
T

A
N

 P
O

W
E

R
44

5

N
P

U
T

A
U

D
IO

T
R

A
N

S
.

I M
F

D
.

I M
F

D
.

lo
o,

op
o.

n.

D
Y

N
A

M
IC

M
O

V
IN

G
S

P
E

A
K

E
R

 ,,
,C

O
IL

44
5

P
O

W
E

R

R
E

C
T

IF
IE

R

F
IL

T
E

R
C

H
O

K
E

C
O

IL

N
E

LE
C

T
R

O
 -

,
LY

T
IC

 F
ib

-I
-

T
E

R
 C

O
N

-
D

E
N

S
E

R

R
E

C
E

P
T

A
C

LE
P

LU
G

5,
00

01
.-

 R
A

D
IO

 V
O

LU
M

E
C

O
N

T
R

O
L

2.
5V

ef
tiff

2,
50

01
1_

F
IE

LD
C

O
IL

-O
U

T
P

U
T

A
U

D
IO

T
R

A
N

 S
.

0 
0 

0_
:

_ 5V

"-
I3

0
I

1
:1

1
III

III0 N

P
O

W
E

R
T

R
A

N
S

.

V
O

LT
A

G
E

0C
O

M
P

E
N

S
A

T
O

R

F
U
S
E

2 
A

M
P

S



A
E

R
IA

L 
0

V
C

5

L 
12

10

.2
 M

F
D

.

A
N

T
E

N
N

A
E

Q
U

A
LI

Z
IN

G
C

O
N

D
E

N
S

E
R

LI

Sp
ar

to
n 

M
od

el
 1

5 
Sc

he
m

at
ic

 D
ia

gr
am

r
/ /

/
L1

4
/

/
r 

- M
M

U
r

!'
P

 R
I.

ti

G
R

O
U

N
D

O

V
O

LU
M

E
C

O
N

T
R

O
L

75
0-

rt
-

: 4
,3

00
 -

n-

3,
90

0 
-n

_

22
0

2,
10

0

E
LE

C
T

R
O

LY
T

IC
F

IL
T

E
R

 C
O

N
D

E
N

S
E

R
S

V
O

LT
A

G
E

 1
15

 -
13

0
C

O
M

P
E

N
-

S
A

T
O

R
F

U
S

E
1.

5 
A

M
P

R
E

C
E

P
T

-
A

C
LE

P
LU

G

00
 -

11
5 

V

\/I
P

O
W

E
R

S
W

IT
C

H

P
O

W
E

R
T

R
A

N
S

-
F

O
R

M
E

R

I
C

12

15
2.

5V
__

A
A

T
A

".
__

_

/ k=
, 3

00
V

IC
>

w
=

>

,C
,3

00
V

10
I I

48
0

O
N

E
 F

O
R

M
/

/

O
S

C
IL

L2
tO

R
 C

O
IL

S
E

C
.

S
E

C

rM
U

-6
-0

T
N

P
00

0 
0 

0/
C

I

L 
2

.2
m

-F
75

.4
 1

C
2

9L
2

51
1V

B
LA

C
K

R
E

C
T

IF
IE

R

D
IA

L
LI

G
H

T

L2 .0
00

5 
M

F
D

.

P
R

I.

c3
M

-6
-M

10
,0

00

04
40

.

P
H

O
N

O
G

R
A

P
H

P
IC

K
U

P
 J

A
C

K

V

50
,0

00
 -

n 
-

15
0,

 0
00

_n
_

2,
00

0_
n_

00
S

C

el
.F

S
T

A
G

E

7

10
0,

00
0

B
LA

C
K

 -
R

E
D

 T
R

A
C

E
R

M
O

V
IN

G
C

O
IL

F
IE

LD
 C

O
IL

1,
15

0 
-t

-N
-

O
U

T
P

U
T

/A
U

D
IO

T
R

A
N

S
-

F
O

R
M

E
R

C

.5
M

 F
D

.

I
I

M .0
2F

D
.

I-
-

L 
15

2 
-N

D
. D

E

T
O

C
O

N
T

R
O

L

23
0

- 
_

D
Y

N
A

M
IC

S
P

E
A

K
E

R

G
R

E
E

N
 -

R
E

D
 T

R
A

C
E

R

C
l

V
ar

ia
bl

e 
C

on
de

ns
er

C
2

E
qu

al
iz

in
g 

C
on

de
ns

er
C

3
A

dj
us

ta
bl

e 
C

on
de

ns
er

L
l

T
un

in
g 

C
oi

l
L

2
C

at
ho

de
 C

ho
ke

 C
oi

l
L

11
 D

et
ec

to
r 

Pl
at

e 
C

ho
ke

 C
oi

l
L

12
 A

nt
en

na
 C

ho
ke

 C
oi

l
L

14
 R

.F
. T

ra
ns

fo
rm

er
L

15
 I

.F
. T

ra
ns

fo
rm

er



41

Im
re

 N
N

A
/C

O
M

P
E

N
S

A
T

IN
G

T
 C

O
N

D
E

N
S

E
R

O
.2

C
O

G
IF

O

-4
11

14
4-

N
I

r,
c(

6 
e=

a
,Z

>

,_
,7

11
C

3
'n

4:
:

'C
'C

2:
1

-C
/CI

6
6 

-
oo

e-
s .z
>

 L
I

M
F

D
.

3P
A

R
T

O
N

 M
O

D
E

L
 2

35

/ 4
84

A
fr

O
.

Z
S

af
T

0.

S
E

LE
C

T
O

R

B
R

O
W

N

M
O

T
O

R

cu
r 

O
E

,-
 s

w
irc

ft

ti 41

R
E

D
S

 C
LA

C
K

 O
 p

.A
4

B
LA

C
K

 a
 w

N
/r

E

0

R
E

Q
.d

. S
LA

G

B
LU

E
 -

Y
E

LL
O

W
 T

R
A

C
E

R
- 

T
W

IS
T

E
D

 P
A

IR
 -

4

40
4r

A
ar

C
O

M
P

riV
JA

T
O

R

R
. A

M
P

E
R

E

T
I/S

r

75
0

Y
.

O
O

R
E
D

s;
00

0 
C

C

R
K

0

.0
00

08
3 

M
T

G
.

28
00

 X
I

.0
.

44

O
4 

s)
, qq

4a

0
0-

0
J

§
/

X
s 

4X
6'

00
09

00
a

as

n
o 

p 
o

0

98
1

O

M
T

O
.

L
l

48
4

48
4

L 
7

1-
1-

1

2 
14

F
0.

A
M

P
L/

E
/E

/f

\,i
1.

,1
?,

R
/C

C
/R

C
/N

/T

A
nk

81
.0

E

B
LU

E
 R

E
D

 T
R

A
C

E
R

I/
IX

O
r

Y
E

LL
O

W

r
R

a.
..4

1E
T

R
A

ce
y

O
LA

C
K

+
1,

01
1r

E
B

LA
C

K
 T

R
A

C
E

R
R

E
C

oA
O

rr
0,

31
0

'D
Y

N
A

M
IC

 S
P

E
A

K
E

R

N
O

W
N

S
 0

0/
C

/E
LI

, C
O

(4

2 3
01

/T
P

0 
r 

A
00

/0
re

.4
8.

.tr
oR

ie
rf

e

is
M

A
W

S
H

E
D

.
C

-1
99

F
7G

re
.e

.
C

O
IX

O
X

N
X

E
R

/X
X

O
 X

I.
4

er
-v

vv
v-

--
i-

v

11

O O O

/N
R

Q
T

 A
G

IN
G

T
R

A
N

S
,-

 o
te

m
en

n 
R

ep
ye

 C
LO

W

30
,0

,,0
0

30
00

.R

%
o

7 690 $ 4

L
B

ny
,

PH
O

N
O

G
R

A
PH

V
O

L
U

M
E

 C
O

N
T

R
O

L

R
A

D
IO

 V
O

LU
M

E
C

O
N

T
R

O
L

G
R

E
E

N

L 
/0 84

yE
 C

LO
W

R
E

D

O
R

O
V

V
ii,

B
LA

C
K

30
,

O
C

A
O

K

S
LO

E

41
1

.0
 O

X
 M

E
D

.

/A
fr

o.

3w

"1
0

PO
W

E
R

T
R

A
N

S/
G

R
A

M
M

C
I V

A
R

IA
B

LE
 C

O
N

D
E

N
S

E
R

S
C

2 
E

Q
U

A
LI

Z
IN

G
 C

O
N

D
E

N
S

E
R

S
LI

 T
U

N
IN

G
 C

O
IL

S
L2

 C
A

T
H

O
D

E
 C

O
IL

PO
W

E
R

C
SW

I,
E

ir
re

R

L3
R

.F
. C

H
O

K
E

 C
O

IL
L4

 F
IR

S
T

 P
LA

T
E

 C
O

IL
L 

S
 C

O
U

P
LI

N
G

 C
O

IL

L6
 F

IR
S

T
 R

.F
. T

R
A

N
S

F
O

R
M

E
R

L7
 S

E
C

O
N

D
 R

.F
. T

R
A

N
S

F
O

R
M

E
R

LB
T

H
IR

D
 R

.F
. T

R
A

N
S

F
O

R
M

E
R

Y
E

LL
O

W
 IL

A
D

K
 T

R
A

C
E

R

L9
 F

O
U

R
T

H
 R

.F
. T

R
A

N
S

F
O

R
M

E
R

LI
O

 G
R

ID
 C

O
IL

LI
I

D
E

T
E

C
T

O
R

 P
LA

T
E

 C
H

O
K

E

D
IA

L 
11

8,
40

Q CO



A
E

R
IA

L

V
A

N
T

E
N

N
A

C
O

M
P

E
N

S
A

T
IN

G
C

O
N

D
E

N
S

E
R

L1
2

G
R

O
U

N
D

20
01

E
5 

0,
00

0 
.1

-

.1
-N

`A
l^

A
-\

-1
,

V
O

L.
C

O
N

T
R

O
L

30
.0

00
1-

1_

S
W

IT
C

H

I A
M

P
 F

U
S

E
12

0-
13

0

11
0-

12
0

I 0
0-

 I 
I 0

42
4

E
LI

a
a

Sp
ar

to
n 

M
od

el
 9

-A
- 

Sc
he

m
at

ic
 D

ia
gr

am

42
4

S
C

I

.3
.3

 .3

IN
P

U
T

A
U

D
IO

T
R

A
N

S
F

O
R

M
E

R

42
7

a c.
k  L
Ia

C

20
,0

00
I 1

.0
02

M
F

D
.

M
F

D
.

a
r

"C
r

D
IA

L 
LI

G
H

T

5
V

.

V
O

LT
A

G
E

C
O

M
P

E
N

S
A

T
-

O
R

T
A

P
S

4

4 0 o

12
10

5V
.

C
H

O
K

E

rf
rr

O
lir

.
48

0

2,
40

0

1.
0 

M
F

D
.

_1
5

-5
 M

F
D

.
T

M
F

D
F

IL
T

E
R

 I 
C

O
N

D
E

N
S

E
R

24
5 

V
.

P
O

W
E

R
 T

R
A

N
S

F
O

R
M

E
R

.0
06

 M
F

D
.

D
Y

N
A

M
IC

 S
P

E
A

K
E

R

2,
5 

0 
0

_n
_

O
U

T
P

U
T

A
U

D
IO

T
R

A
N

S
F

O
R

M
E

R

C
I

V
A

R
IA

B
LE

 C
O

N
D

E
N

S
E

R
S

C
2

E
Q

U
A

LI
Z

IN
G

 C
O

N
D

E
N

S
E

R
S

LI
T

U
N

IN
G

 C
O

IL
S

L1
2 

A
N

T
E

N
N

A
 C

H
O

K
E

 C
O

IL



A
E

R
IA

L A
N

T
E

N
N

A
C

O
M

P
E

N
S

A
T

IN
G

C
O

N
D

E
N

S
E

R

C

22
4

LI

S
P

A
 R

T
O

 N
 M

O
D

E
L

41
0 

A
N

D
42

0
A

.G
. R

E
C

E
IV

E
R

12
, \2

2 
4

A
N

N
.

\

vw
w

LI

20
,0

00 JL

IN
P

U
T

A
U

D
IO

T
R

A
N

S
F

O
R

M
E

R

k 
42

7

20
0 

_1
1_

50
,0

00
 _

i \
_

Q
-N

\A
nI

A
/\,

V
O

L. is
l,A

A
N

V
y4

1

C
O

N
T

R
O

L

30
,0

00

S
W

IT
C

H

I A
M

P
 F

U
S

E
12

0 
-1

30

11
0-

12
0

10
0-

11
0

V
O

LT
A

G
E

C
O

M
P

E
N

S
A

T
-

O
R

T
A

P
S

D
IA

L 
LI

G
H

T

5 
V

.

12
40

--
rN

-

2 
80

6)
-N

A
A

A
A

A
4-

71
-.

_ 
5 

V
.

#

P
O

W
E

R
 T

R
A

N
S

F
O

R
M

E
R

.0
06

 M
F

D
.

2:
i5

 V
.

C
H

O
K

E 6 
0

.0
02

I
M

E
D

.

3 
M

F
D

.

15
- 

5 
M

F
D

.
T

M
F

D
F

IL
T

E
R

 1
 C

O
N

D
E

N
S

E
R

t
o
z

R
E

D

0
D

Y
N

A
M

IC
 S

P
E

A
K

E
R

2
5
0
0
_
8
_

o
Z

iff
C

O
IL

M
O

V
IN

O
IL

O
U

T
P

U
T

A
U

D
IO

T
R

A
N

S
F

O
R

M
E

R

C
I

V
A

R
IA

B
LE

 C
O

N
D

E
N

S
E

R
S

C
2 

E
Q

U
A

LI
Z

IN
G

 C
O

N
D

E
N

S
E

R
S

LI
T

U
N

IN
G

 C
O

IL
S

L1
2 

A
N

T
E

N
N

A
 IN

D
U

C
T

A
N

C
E



P
O

W
E

R
S

W
IT

C
H

-C
A

G
E

P
E

-
N

S
A

T
O

R
T

A
P

S

F
U

S
E

.0
06

 M
F

D

11
0-

10
0

L5
 A

M
P

E
R

E

A
N

T
E

N
N

A
C

O
M

P
E

N
S

A
T

IN
G

C
O

N
D

E
N

S
E

R

LI

C

0
ri

.2
 M

F
D

.0
06

 M
F

O
,

R
O

W
E

R
 T

R
A

N
S

F
O

R
M

E
R

LI

LI

O
U

T
P

U
T

A
U

D
IO

T
R

A
N

S
F

O
R

M
E

R

.D
Y

N
A

M
IC

S
P

E
A

K
E

R

no
v

IE
L

C
O

IL
C

O
IL

Y

15
 M

F
D

.
5 

M
F

'D
.

F
IL

T
E

R
 C

O
N

D
E

N
S

E
R

Y
O

B

50
00

S
P

E
A

K
E

R
R

 0
T

E
R

M
IN

A
L

S
T

R
IP

IN
P

U
T

 A
T

R
A

N
S

F
O

S
P

A
R

T
O

N
 M

O
D

E
LS

60
0 

6I
O

A
N

D
 6

20
 A

LS
O

 7
37

P
H

O
N

O
G

R
A

P
H

P
IC

K
U

P
 J

A
C

K

-A
A

/V
V

V
`-

-
11

0
JL

G
R

E
E

N
B

LA
C

K
 T

R
A

C
E

R

0 
G

R
E

E
N

R
E

D
W

V
W

Li
B

LA
C

K
V

O
L.

T
R

A
C

E
R

 C
O

N
T

R
O

L

6
R

E
D

0B
R

O
W

N

40
 B

LA
C

K

3
B

L 
A

2n

P
O

W
E

R
 C

O
N

V
E

R
T

E
R

C
K B
U

JE

Y
E

4,
.+

0
°B

L 
A

 C
 K

D
IA

L 
LI

G
H

T

R
E

D

28
00

]

1.
25

 M
E

D
.

4 3 
T

O
 T

E
R

M
IN

A
L 

S
T

R
IP

-T
-

O
 a

 5
 O

N
 P

O
W

E
R

 C
O

N
V

E
R

T
E

R

S
E

LE
C

T
O

R

C
I

V
A

R
IA

B
LE

 C
O

N
D

E
N

S
E

R
S

C
2 

E
Q

U
A

LI
Z

IN
G

 C
O

N
D

E
N

S
E

R
S

L 
I

T
U

N
IN

G
C

O
IL

S
L2

 C
A

T
H

O
D

E
 C

O
IL

N
I. 

6

L3
R

.E
 C

H
O

K
E

 C
O

IL
L4

 F
IR

S
T

 P
LA

T
E

 C
O

IL
L5

 C
O

U
P

LI
N

G
 C

O
IL

L6
 F

IR
S

T
 R

.F
 T

R
A

N
S

F
O

R
M

E
R

L7
 S

E
C

O
N

D
 R

.F
 T

R
A

N
S

F
O

R
M

E
R

L8
 T

H
IR

D
R

.F
. T

R
A

N
S

F
O

R
M

E
R

M
I I

-
2 

M
F

D
.

A
M

P
LI

F
IE

R

48
4

Le
 F

O
U

R
T

H
 R

.F
 T

R
A

N
S

F
O

R
M

E
R

LI
O

 G
R

ID
C

O
IL

L 
II

D
E

T
E

C
T

O
R

 P
LA

T
E

 C
H

O
K

E

W T
R

A
C

E
R



A
E

R
IA

L

A
N

T
E

N
N

A
E

Q
U

A
LI

Z
IN

G
C

O
N

D
E

N
S

E
R

-
4

LI

G
R

O
U

N
D

.2
 M

F
D

D
IA

L
LI

G
H

T

C
L2

 <
-.

>
L2

R
E

C
E

P
T

A
C

LE
P

LU
G

1S
T

. R
.F

.

S
P

A
R

T
O

N
 M

O
D

E
L 

25
 A

N
D

 2
6 

S
C

H
E

M
A

T
IC

 D
IA

G
R

A
M

1 
S

T
. D

E
T

.

O
S

C
IL

LA
T

O
R

-C
oT

C
.0

0 
05

0,
7>

<
D

-I
 I-

1
C

>
"C

'

I
Q

1 
S

E
C

10
,0

00
-n

_

O
S

C
IL

LA
T

O
R

'N
.A

./\
/\/

\/\
/..

50
,0

00

42
7

LI
I

2
2

P
O

W
E

R
T

R
A

N
S

.

F
U

S
E

2A
M

R

\/
P

O
W

E
R

S
W

IT
C

H
V

O
LT

A
G

E
C

O
M

P
E

N
-

S
A

T
O

R

M
c)

k=
.

I'=
>

5V

F
IL

T
E

R
C

H
O

K
E

 C
O

IL

(0
00

0n
'

8 
M

F
D

I S
T

.
E

.2
.2

.2
.2

2
I

7
.2

 M
F

D
.

I

A
.V

.C
.

M
A

/V
V

V
-

of
-I

 1
-

50
,0

00
-

C
)'1

_1
1

.0
06

<
D

M
F

D
.

8 
M

F
D

.
18

M
F

D
.

E
LE

C
T

R
O

LY
T

IC
F

IL
T

E
R

C
O

N
D

E
N

S
E

R
S

3,
00

0-
n-

1M
F

D
.

2,
90

0

5,
00

0-
n_

V
O

LU
M

E
C

O
N

T
R

O
L

10
,0

00

25
0,

00
0

L1
5

IC
 3

25
0

2 
N

D
. D

E
T

.

.0
02

 M
F

D
.

iI-

3L
11 .0
00

5 
M

F
D

.

2,
00

0

P
H

O
N

O
G

R
A

P
H

P
IC

K
U

P
JA

C
K \-

1

.0
00

25
 M

F
D

.

IN
P

U
T

A
U

D
IO

T
R C

O

P
O

W
E

R
-4

-A
rr20

,0
00

_n
_

4 
45

('Ds_
..

P
O

W
E

R

D
Y

N
A

M
IC

S
P

E
A

K
E

R

(0
0-

0-
0'

 '0
0'

25
 0

0 
-r

s-
F

IE
LD

C
O

IL

G
R

E
E

N
R

E
D

,T
R

A
C

E
R

M
O

V
-

IN
G

C
O

IL

10
0.

00
0

K
7> o

fV
\A

A
/\/

\,
1

1

2.
5V

B
LA

C
K

R
E

D
 T

R
A

C
E

R

C
I V

A
R

IA
B

LE
 C

O
N

D
E

N
S

E
R

S
C

2 
E

Q
U

A
LI

Z
IN

G
 C

O
N

D
E

N
S

E
R

S
C

3 
A

D
JU

S
T

A
B

LE
 C

O
N

D
E

N
S

E
R

S
LI

 T
U

N
IN

G
 C

O
IL

L2
 C

A
T

H
O

D
E

 C
H

O
K

E
 C

O
IL

R
E

D
G

R
E

E
N

O
U

T
 P

U
T

A
U

D
IO

T
R

A
N

S
,

IV
\A

A
L\

A
P

-
7

50
,0

00
.IL

 T
O

N
E

 A
N

D
.1

 M
F

.D
.

S
T

A
T

IC
 C

O
N

T
R

O
L

LI
I

D
E

T
E

C
T

O
R

 P
LA

T
E

 C
H

O
K

E
 C

O
IL

L1
4

R
.F

 T
R

A
N

S
F

O
R

M
E

R
LI

5
I.F

. T
R

A
N

S
F

O
R

M
E

R

E
P

1
O O



.0
00

 M
F

D
,

P
O

W
E

R
S

W
IT

C
H

13
0-

12
0

V
O

LT
A

G
E

12
0 

11
0

C
O

M
P

S
S

A
T

O
R

T
A

P
S

11
0-

10
0

O
U

T
P

U
T

A
U

D
IO

T
R

A
N

S
F

O
R

M
E

R

D
Y

N
A

M
IC

 S
P

E
A

K
E

R

K
A

O
V

I
C

O
IL

Y

N
G

F
IE

LD
2 

50
0

C
O

IL

Y
O

 B

r'N

R

S
P

E
A

K
E

R
T

E
R

M
IN

A
L

S
T

R
IP IN

P
U

T
 A

U
D

IO
T

R
A

N
S

F
O

R
M

E
R

C
-1

82
-1

31
.

14
-

I
ey

e.
H

U
M

C
O

N
T

R
O

L.
. "

C
;

> 0
I

_j
6.

n.
re

:
.

0
0 to

15
 ;h

. .
1

5 
M

E
D

.
- 

V
 :

..r
,

C
-2

80
C

-1
82

-
.

M
E

R
S

H
O

N
 C

O
N

D
E

N
S

E
R

P
O

W
E

R
 T

R
A

N
S

F
O

R
M

E
R

A
N

T
E

N
N

A
C

O
M

P
E

N
S

A
T

IN
G

C
O

N
D

E
N

S
E

R

S
E

LE
C

T
O

R

D
IA

L 
LI

G
H

T

C
I V

A
R

IA
B

LE
 C

O
N

D
E

N
S

E
R

S
L2

 C
A

T
H

O
D

E
 C

O
IL

C
2 

E
Q

U
A

LI
Z

IN
G

 C
O

N
D

E
N

S
E

R
S

L4
 F

IR
S

T
 P

LA
T

E
 C

O
IL

LI
T

U
N

IN
G

C
O

IL
S

L 
5 

C
O

U
P

LI
N

G
C

O
IL

00
00

23
J

M
F

D
.

25
 M

F
D

.

P
O

W
E

R
 C

O
N

V
E

R
T

E
R

A
M

P
LI

F
IE

R

M
F

D
.

L6
 F

IR
S

T
R

.E
 T

R
A

N
S

F
O

R
M

E
R

L9
 F

O
U

R
T

H
 R

.F
. T

R
A

N
S

F
O

R
M

E
R

L 
7

S
E

C
O

N
D

 R
.F

.
T

R
A

N
S

F
O

R
M

E
R

LI
O

 F
R

E
E

 G
R

ID
C

O
IL

L8
T

H
IR

D
 R

.F
 T

R
A

N
S

F
O

R
M

E
R

LI
I

D
E

T
E

C
T

O
R

 P
LA

T
E

 C
H

O
K

E

S
P

A
R

T
O

N
 M

O
D

E
LS

59
IA

.D
59

3 
R

E
C

E
IV

E
R

90
G

R
E

E
N

Y
E

LL
O

W 50
,0

04
p 

I)

G
R

E
E

N
B

LA
C

K
 T

R
A

C
E

R

P
H

O
IL

G
R

A
P

H
P

IC
K

U
P

 J
A

C
K

7
R

E
D

°B
L
A
C
K

T
R

A
C

E
R

V
O

L.
C

O
N

T
R

O
L

60
 R

E
D

N
A

A
A

A
10

 B
R

O
W

N
IIO

n

3 
B

LA
 C

K

.0
02

M
FD

.

E
R



OFFICIAL RADIO SERVICE MANUAL 415

STEI NITE RADIO CO.

0 00 ose

glv 100-

z z o

0 0-
div /00
004 OS

div_s z 0-
bgi,v

0 0 0 05(

/2_Q7-11'

Go>

IP -I HI'
-).,9/ 

-9-C8174

rLku

4

0 0 r oz

I I

11

A514, \.1511- SIS_Sta



A
N

T

45
0

22
4 A

b

3 0 0 O O tk
4

22
4 A

IF
22

4
( 

A

C
o

3

/0
5r

o
/ /

 5
 v

.
G

O
 C

Y
C

LE

28
0

LO
C

A
L-

 D
IS

T
A

N
T

5w
IT

C
H

3 0 0 0 O 18
0

22
7

A

.0
01

7_

1.
0

25
0

24
5

er
n 

-1
1P

3P
E

R
K

E
 f

?
F

IE
LD

fiL
L 

F
iL

5A
IE

N
T

5

17
00

+
+

18
0

25
0

4 
0 

00

90
80

00

"

2 
2

"

C
H

A
SS

IS

et kr
)

I 
'



A
N

T
:

0 cf
)

( 
A

E
1

/ O
ro

/1
5 

k<
ao

C
yC

L
E

6

0 0 0 0

A

2

0 H

A
t

90
_L

/
27

(-
4

5 
PE

A
K

 E
R

 R
E

ID

A

0 0 0 25
-0

g-
in

ar
L

47
0T

1
oo

-i
r

25
-0

47
ti

47

23
70

8
2=

3 
A

L
L

C
iv

ok
E

00
6,

11
^

25
0 

V
80

00

90
 V

B
oo

 o

26
R

E
C

E
IV

E
R

._

V
)

z 1=
1

rr
i 0 Oet
)



11
 0

 V
T

o

// 
5V

G
a

cy
cz

E
 S

5/
6-

1
.
5
/ A

6-
1

.1
fti

ld
lO

ov

T
o 

A
LL

rn
. A

 M
 E

N
rs

-

4o
°V

I 
I

go
d"

4.
0a

V

-I
N

4-
7

i6
...

al
1 

A
fc

ce
q,

.T
G

t: 
(,

)-

C
O

Y

-r
-

/1
/4

/

28
"

R
E

C
E

IV
E

R
_



LI

_r C
O

M
M

O
N

 S
H

A
F

T

A
N

T
-

L2
1

L3
1

L4
 L

5

C
21

V
I

C
3

1I

V
2

L
C

I

G
N

I) R
2 

-1
10

.6
4

I

Ic
hm

e

IN
P

U
T

II
IP

P

0 .1
.=

C
4

L6
14

L
8

6 B
+

V
3

L9
a

a

0
L1

3.
x

x

R
U

C
13

li1
2.

R
1

.1
V

4
V

S

C
9

2.
5 

V
. A

.C
.

I
I

2.
5 

V
. A

 C

R
IO

vv
vv

vv
vv

vv
vv

vv
V

vv
vv

v.
LA

N
. o

lu
as

JP
0

.o
se

iu
t.

C
14

V
6

r 
T

V
7

M M
O

tN
ia

tif

C
IO

 m
A

1.
0

R
8

R
7

3.
**

11
.1

T
uA

i
er

 U
ni

t

A
LL

P
O

S
T

S
IN

S
U

LA
T

E
D

 F
R

O
M

M
E

T
A

L 
C

H
A

S
S

IS

11
0 

V
.

A
.C

.

V
8

P
ow

er
 U

ni
t

P

a I
- D 0

O
a+

B
 -

T
O

 S
P

E
A

K
E

R

P
I"



r
78

72
 -

-0
R

-7
- 

- 
-7

e.
sz

80
/0

-F
O

R
 G

E
N

. I
N

57
R

li,
 C

O
R

O
60

/I
G

E
N

 IM
S

T
R

LI
 C

O
'/O

 /
P

R
E

C
IS

E
 C

O
R

D
eo

n
78

71
 IN

 5
4/

4,
 f 

C
R

Y
(

O
R

71
32

9-
 F

O
R

 P
R

E
C

IS
E

., 
C

O
N

O
O

R
 7

8.
30

O
R

 7
83

0
i

/

St
e'

4,
07

1

lv
J

IN
. C
> :3

_
/

P
. . ...

 _
 _

it 
0 

0s
 0

 _
0_

0 
0 

_ 
-4

77
35

a

I 6 6 .
6 6

^
i. tf
. E
.
ny at

.
-0

i9
,1

78
M

PO
ey

g <
=

,

E
sa

su
im

m
.

...
,..

,

.
t
o
r
.

.2
5

M
ID

=
I

I0
,0

00
4.

pl
r

M
I6

 I
N

 S
A

M
E

 C
A

SE

O

li
, ,

0

.1
 /.

1.
4,

.S
H

E
D

 =
q

if
 f

0 
N

O
71

i '
di

00
0.

4
7 

.J
7

B
LA

C
K

Y
E

LL
O

W
t

JO
al

 7
9 

89
 5

0°
4 

W
A4

1-

A
pr

A
LI

E
-R

 _
.

.C
.E

R
0,

&
LA

C
,

/N
FL

 =
_-

s,
v

Z
/7

10
'''

"-t
11 '` 

A
 r

R
E

D
I

'R
IF

'
..

70
/5

 IN
JA

IT
E

 L
A

M
78

7J
IN

 M
IT

E
 L

  .
35

:
E

IL
A

C
N

<
4,

FI
L

T
E

R
C

O
N

D
.

A
L
C
O
R
D

J6
60

lio
v

o.
G

E
R

E
O

I
I

1
C

in
w

m
in

.
..,

T
E

0.
00

_0
00

0 
Q

S)
0-

31
11

0 
N

.C
.

-
N

gl
ik

71
0A

<
L

4m
ID

V
IE

W
i

-
w

N
ro

-L
L

O
O

K
IN

G
 A

T
_.

_

r
S

O
C

K
E

T
F

R
O

M
C

D

M
E

G
 ,

&
A

G
A

O
U

T
SI

D
E

O
F

C
H

A
SS

IS
,

tO
S

LO
E

P
O

W
E

R
 T

R
A

M
P

 O
P

H
E

R
 7

91
4

B
LA

C
K

S
LA

C
K 501 VOICE o+ A

O
 p

F
IE

LD

-
=

II
I

N
O

T
E

 -
A

 -
V

O
LU

M
E

 C
O

N
T

R
O

L,
B

- 
V

O
LU

M
B

 C
O

N
-r

ri,
oL

-c
 -

sw
i 1

C
M

Z
A

R
E

 O
N

E
 U

N
IT

 (
77

77
 V

O
LU

M
E

 C
O

N
T

R
O

L)
 C

O
N

T
R

O
LL

E
D

 B
Y

 O
N

E
 0

-0
.1

08

R
E

C
E

IV
E

R
 C

IR
C

U
IT

 D
IA

G
R

A
M

ilu
n

-
V

IE
W

 L
O

O
K

IN
G

 A
T

0
O

U
T

S
ID

E
 O

F
 P

LU
G

:.: V
P  tiA

ta 0
0

0
kJ

0
el

l
.

.

0
M

 i
n 

tC
L

+
 L

A
' r

e
iji

ll
E

1
1

:°
1

zl
i

0
'IC

E
I

41
.

.

I
.. 9.

E
m

s

de
ce

iv
er

I
I

el
k

0
)

0 _1
L

a
L

I
/ A

L
L

..1

V
IE

.W
 L

O
O

K
IN

G
 A

T
o\

C
,t-

IN
SI

D
E

 O
F 

Pl
.,(

./G
0

0
V

O
IC

E
0

0
0 0 et to

D
Y

N
A

M
IC

 S
P

E
A

K
E

R
 C

IR
C

U
IT

 D
IA

G
R

A
M

r
y



OFFICIAL RADIO SERVICE MANUAL 421

r

STEWART-WARNER CORP.

ONE DIAL CONTROL
7/ /-

PHONOGRAPH 
-7

 
2.5V 1 5V 5V 1ST A. F & R. F. DET. 1.5V.

BLK & YEL. BLACK BLK & RED RED MAROON BROWN
MODEL 801. 802

ONE DIAL CONTROL
PHONOGRAPH 

-7

-B 2ND A. F
GREEN GRAY

+  -
6V. A + 67B

MODEL 806

a z
z 8 z 0 ,e3 zx
Lne ;24 ',ceg

-B +455 -41/2C +90B 9C +135B

1.5V. 2.5V. 1.5V.5V. 2ND A.F.1sT A.F.& R.F.ET. - B. .  .  I
BLUE BROWN BLK. & Y EL BLACK IBLKA RED GRAY RED MAROON GREEN
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RED

BLK

1Q90490, .00OOQQ QQQCQQO mon mono. St-----------------

BLK. & YEL.

BLACK & RED
H

BLACK &
GREEN

110 V. A C

226 226 226 227 226 171

MODEL 801. 802

.---'1M1rVNN-

POWER UNIT
MODEL 801. 802

201-A 201-A 201-A 200-A 201-A 112

MODEL 806
LOCATION OF VARIOUS TUBES
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;TM.

67 5 54

0114FD
400V.

672 98

N
C:1

N
.9 <

Circuit Diagram R -101 A Br B
VOLTAGE TABLE

Type of
Tube

Tube
Circuit

Filament
Voltage

Plate
Voltage

Screen
Grid

Voltage
Bias

Voltage

'51 R.F. 2.4 243 68 2.75

'24 Det. 2.4 80 68 6

PZ or '47 Output 2.4 228 243 16 *

'80 Rect. 4.8

* This reading obtained between ground and yellow speaker lead. Direct reading
from grid to ground or reading taken with a set tester will show low voltage
because of high resistance in grid circuit.

All D.C. voltages are taken between socket terminals and ground
with high resistance voltmeters having resistances of 1000 ohms
per volt.
Line Voltage -115.
Volume Control full on.

FRONT OF SET

TUBE LOCATIONS
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TO

TO

STROMBERG-CARLSON MFG. CO.

Mode 611.5
II I

Art CO 1'1 5 Ole

'EVEREADY"
No. 771

'CI -BATTERY
OR EQUIVALENT

Diagram of "C" Battery Container with

Cover Removed Showing Connections.
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TO

BLACK -RED
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TO 126
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GREEN -RED

RED-WH
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RED

BLUE ORANGE

DARK GRAY
15000 OHMS

BLACK RED

BLACK -RED

Detail of P-19203 Input Transformer Assembly.
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0

BLUE

BLUE

GREEN RED

0

BLACK -RED"."""'""'""""'"
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ro
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1D
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. .....
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BLACK - WHITE

BLACK - WHITE

Detail of P-19345 'niter Inductor Assembly.
SLATE-WH.

TO OD...... ....... e, 

5
1 MF

-6- 9 -6-
2 FAL1F Atir
-7-

BRED-WHITE /

6

MF

O

BLUE

BROWN
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\".,
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Detail of l'-19252 Capacitor Assembly.
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STROMBERG-CARLSON MFG. CO.

LACK YELLOW_TRACER RED- WHITE\ 4.:,..............umommaamaarim.L.1
BLACK - WHITE RED- WHITE
L .S. 4 , 4

BLACK
\

RED -WHITE
6..

BLACK

RED

RED- WHITE

RED

RED

RED.

RED

Connection Detail of P-21054
Filter Inductor Assembly showing col-
ors of wires and correct connection to

Terminals.

BLACK -RED TR

BLACK

BLACK

BLACK

duarL- YELLO

RED -WHITE

TR

REP
'TO

BLUE
TO ®

7

0

BROWN -WHITE

BROWN

Connection Detail of P-19775
Capacitor Assembly.

BLACK -RED
,TO a

all +or Model 16 Receiver
TO SI

TO 52

TO 53

TO Se

LARGE
PI S

SMALL
PINS

FIELD
WINDING

COPPER
HU
RING

MAGNETIC
STRUCTURE

Schematic Circuit of Electro-
dynamic Loud Speaker and Connector

MOVING
COIL

"C" Batteries Mounted in
Container on Chassis. Note Trap

Switch and Wiring.

4./ RED -WHITE TD®

J SLATE

4 J SLATE -WHITE?

GREEN TO®

SHAFT

GREEN To@

1 81. UE -ORANGE TO@

BLACK

GREEN

KNOB

Cross Section of Control Knob
and Shaft showing arrangement of spring
holding Knob in place. If this spring be-
comes bent so that the Knob is loose it
should be reformed by bending in middle,

or replaced with a new spring.

Connection Detail of P-19505
Audio Output Transformer.
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J

0

TO

TOE L

To

840)001 -NH

OWN WH

STROMBERG-CARLSON MFG. CO.

Models 10 cuAACK RED-TRACFR._...

pjAcK RED,TRACER

.1419

T01$)
LACK YELLOW TRAW

TO@ t
LACK YELLOW -TRACER

oBApp.

,AA91-wi-1

7

rBLUE
BLACK

BLACK

TO® BLATE-42ED

2

£ zT T
S7 3

Connection Detail of P-19604
or P-19618 Capacitor Assembly. P-19618
Assembly has 4 Microfarads between
Terminals Nos. 1 and 2 and is used in
the Chassis of the Nos. 10-B, 10-C, 11-B

and 11-C Receivers.

Connection Detail of Power Transformer.
ORANGE

SLATE -RED

SLATE RED

BLACK YELLOW TR

8

BROWN -NH

B OWN WH
TO

GREEN
TO 10,

GREEN
0

BLACK

BLACK

780

4760.

100

3200

4000

1900

Connection Detail of Voltage Divider
Resistors. The upper one is P-19557 and the

lower one is P-19559.

GREEN

BLACK YELLOW -TRACER

BLACK RED -TRACER
, ,TOC

BLACK RED -TRACER

YELLOW

RED

Connection Detail of P-18200 Filter Inductor Assembly

TO SI
TO 52

199 93
To $A

LARGE
PI S

SrMIN7LLI

Loma 59eslicr
CoKtst eel jooks

FIELD
WINDING

COPPER
HUM
RING

RED -WHITE

BROWN -WHITE

RED

MAGNETIC
STRUCTURE

MOVING
COIL

Connection Detail of Hum Balancer
and Speaker Connector Socket.
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STUDEBAKER LABORATORIES

K2,

aaac,aa
a Imoa

a

750 -11-
VVVVVVd.

a

100,000 s-
,3, 500'-

V,

A.C.

.1 .1

'2+
a

'2+

20, 000

100,000...

10Z0ClAry

aaaaaaa
e

aa

'47

8

Tube Fil. Plate Screen Bias
"On" "Off"

1st. R. F 2.5 185 88 5 16

2nd R. F 2.5 176 89 5 16

Det. 2.5 120* 32 4* 4

Pentode 2.5 192 208 16 16

Rect. 5.0

*Voltages not easily measured with Customary test kit.

Parts List

P100

P101

No Name

Coils (Set 3 matched)
Condenser (3 gang, tuning)

P112

P113

P102 ( By Pass bank ) P114

P103 ( .06 Coupling ) P115

P104 (.0005 By Pass ) P116

P105 ( .05 Line ) P117

P106 ( 8 Mfd. Filter ) P118

P107 Dial Plate P119

P108 Knobs P120

P109 Pilot Lamp P121

P110 Posts (Ant. and Grd.) P122

P111 Resistor (100,000 & 50,000) P123

No Name

Resistor ( 20,000 & 500,000)

(100,000 & 250,000)

( 25,000 & 500)

( 100,000

750

Socket (551)

(224)

(247 Pent)
(280)

Speaker
Transformer (Power)
Volume Control and Switch
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SPEED INDICATOR

CUT OUT AND PASTE ON
STIFF CARDBOARD.
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V

/

L.

's
35

'5'

STUDEBAKER LABORATORIES

51
'35

n<>

OO

'35

27

"42"

'eo

I -I-

nro

SDI( FIELD
e ES.,0 se

Tube Type Fil. Ac. Plate Screen Bias.
Radio frequency 551 2.45 235 75 6 to 45
1st Detector 551 2.50 235 75 10
Int. Frequency 551 2.45 235 75 6 to 45
2nd Detector 224 2.45 75 40 4
Power Output 247 2.40 225 235 16*
Oscillator 227 2.5 75 10

*Effective voltage.

S400 Coils-Set matched with Shields

S401 Condenser-Tuning.
S402
S403
S404
S405
S406
S407
S408
S409

46

''
64

''

1 Mfd. 200 volt.
1 Mfd. 400 volt.
.5 Mfd.
.05 Mfd.
.006 Mfd.
.00O25 Mfd.
8.0 Mfd. filter.
Insulating washers for 8.0 Mfd.

Parts List

S410 Cord-A. C. Cord and Plug.

S411 Dial-Dial assembly with scale.

S412 Pilot Lamp-Lamp only.

S413 Resistors-Variable, tone control 500,000.
8414 Ci Variable, volume control 20,000
8415 46 6 Meg. graphite

S416 Resistors -1.5 Meg. graphite
S417 44 500,000 Ohm. "
S418
S419
S420
S421
S422
S423

S424 Shields-Tube shield tops
S425 " Tube shield complete

S426
S427
S428
S429
S430

" 250,000 44 46

44 100,000 ,,

64 25,000 Ci id (11/2 watt)
46 5,000 46 46

,, 2,000 44 ti

,, 1,500 64 64

Sockets-Type 551
Type 224
Type 247
Type 227
Type 280

''

S431 Speaker-Pentode speaker

S432 Transformers-Power transformer
S433 64 Intermediate frequency

transformer
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FIL

0
CAP

TEST EQUIPMENT SECTION
BEEDE ELECTRICAL INSTRUMENT CO.

_L

- 4 5 V

1.5 a C
FIL

ID, C
FIL. V

GRID
V IO

CONNECTION
BLOCK

L 150 G V

82000 OHMS
GRID CV
v t00 OG

P.0

ALL RESISTANCES
CALIBRATED TO THE
METERS

SG V
100

JUMPER USED
FOR CONT. TEST

SCREEN
GRID

LEADS

HICKOK ELECTRICAL INSTRUMENT CO.

C FILAMENT

O
VOLTMETER

N
CATH

GRIO

VOLTMETER

-1-1.1111
4.5 VOLTS

/ PLATE
°VOLTMETER

MILLI
AMMETER

160

CATHODE

150,
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3200
0**x 5

1

ho Volts
IC bo r\-,

TEST EQUIPMENT SECTION
HICKOK ELECTRICAL INSTRUMENT CO.

,
L.,qpaceiy

/.1fir

-Wvvvvv\AN

TO THE COR
AND PLUG

OHM CAPACITY
VOLTMETER

NQ 4949

4-ooV. I

/0000
YVWvVVWWIA

MF.

2 6., 9/0

2780

27 f.5"

/20

31. 5-

/000

0-
/oo

0

/0

O

300 V 30 V

64 h, - Va // Me pi-
/3 3 3 oh,,, s
?Er vo/t

v.

V

0 0

JEWELL ELECTRICAL INSTRUMENT CO.

0
NOY 160Y.

A.C. AC.

"Pattern 444"

AC
0

20 M A

0
PG

0- 0 0 0+ -0-
4AMPS SHAPS PENTODE OH. D.0 60V 300 12.60
A.C. A.C. SET 4-8V. AC DC. 600 120

100 M A V- DC. MA  DC.

LP

0 0
D C

OHMMETER
ADJUSTER

NORMAL
ORO

MED

OUTPUT

OFF

CONTROL
GRID

e
HIGH LOW MED. HIGH

AESISTAKCE CONTINIATI
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10

kr)

TEST EQUIPMENT SECTION
JEWELL ELECTRICAL INSTRUMENT CO.

--
PATTERN 560 OSC/LLATOR-SCHEMAT/C W/R/N0 D/A0RAM.

LOW
INTERNED/ATE 0 A.

/e/Ch'
HIGH OUTPUT

,i,INTERNED/ATE O G

BROADCAST

r::;)K) .00025
C)

r
"-C> C>

phi b j A.
C> )(2> LOW
C> bTVINNO OUTPUT/ CONTROL

G.

r 4
. *__

T TERY SHIELD

ATTENCIATOR swerco

.'er',6rArrEar
22.5V

I 11111

H

A

OSCILLATOR SoWEL.0

ES' 
\./VVV\

La

44

+-
-6-

1.1BATTERY

=VIII
J

a
C

I

c\J (44q -

A

a
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SELECTOR SW.

9
125 5-15-125,
250 M

500

TEST EQUIPMENT SECTION

RADIO PRODUCTS CO., INC.
80 0 \

70,000-'1.

25,000- X460021

0 L5

100

'5.000-, 15.000^

2 00y

0-
4V 1000

0-

11111.11111 111"111

75011

4-0
20 V

125-' 
3430-,

585,
if 5 VOLT

MU LT IPLIER

0-5.15
25

.2000 ^-
evNAC)
erV\AO dd12000,,0-0 h

0
00 -0 0-/

VVvN.NO
250.000 ,-

47,000

70000A, 25.000,"
9

4601-ff/VIt
15.000 Sti ---7725.60021

640 3200

R f

ISO A.

co

2 5-M c)

0

6o-

SG 7 sh
8 C rej

0-Z00
MA

"TYPE 880"

10y

TYPE L
TUBE CHECKER.

I IS
60
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TEST EQUIPMENT SECTION
READRITE METER WORKS

cc

S PR I NG
CONTACTS To
EYE/ E.T3 ONLY F)8pE Sw, H AN DZ. E

450"
SHORT TESTER_

SPAieG CONT4Cr WITH
Y E L. ET "C" - B ROK E g WHCN

SWITCH IS IA POSITIoN"C" ONLY



OFFICIAL RADIO SERVICE MANUAL 445

TEST EQUIPMENT SECTION
READRITE METER WORKS

0
(Po 2,24.

0 H

TRANSFORMER

22E
1 - N

K

0

P G

zzz0
a N

ti

+BATTERY
-ATTER1'

S000 -

-42 10
5 N
0 0

----7._P

O

7-16- G

f")Z01 -A
4 ETC PI\O

245

0Z27
2 ti
0

(/'-61A!

SECONDARIES
1 \I NEU TRAL

1 =FIRST FROM NEUTRAL -1.5 -v.
Z. -SECOND " " -zs -V.

HI RD if -3. -v.
4 = FOU -5 -v.

-7.S V
TO TEST BAT TERY---
CoNNEcris-Gw)RE To CENTER 226

NESO FIL TO CENTER 220

LEADS TO BATTERY

E

It

"400"
TUB E

TESTER.

Soc ET
Soc /CET

25M.,

Broadcast

L

O A.

eG.
L

L

3r4
Art enttctior A+ A..: B-

550"
OSCILLATOR_

7

H ITE

-R 0
13L4

TO

PRIMARY
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TEST EQUIPMENT SECTION
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TEST EQUIPMENT SECTION

SUPREME INSTRUMENT CORP.
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SANGAMO ELECTRIC CO.
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TELEVISION RECEIVER SECTION
SHORT WAVE AND TELEVISION LABORATORY

LONG SNORT

C7

G

'24 C6

r
CHASSIS

RFC. CS '27

0001

a
a L4
c> R6

T C9
'La 0

11.11'5 OHMSO' ''Hs .'H''M 00S 50H0M0O5

WIRING DIAGRAM No. 3-BAIRD
Ll-L2-Octocoil, No. 7 Socket, connect as

shown.
L 3 -L4-Octocoil, No. 8 Socket, connect as

shown.
CI-MLW No. 150 Hammarlund Variable

Condenser.
C2-J-13 Midget Variable Condenser.
C3-J-23 Midget Variable Condenser.
C4-No. 1450 .02 mfd. Aerovox Bakelite

Moulded Condenser.
C5-No. 261 2 mfd. Aerovox Non -Induc-

tive By -Pass Condenser.
C6-No. 1450 .00015 mfd. Aerovox Bake-

lite Moulded Condenser.
C7-No. 1450 .00005 mfd. Aerovox Bake-

lite Moulded Condenser.
C8-No. 260 .25 mfd. Aerovox Condenser.
C9-No. 261XX I mfd. Aerovox Con-

denser.

'24
R.F. Cl

3

C8 '27

2 4441RiP
l

CHOKE

- 4 II I

L
"a.

R11.-1-4

4
fr,

tit
5V. 2 Eli

2

C10
8

c)

9.'"
5

UNIVERSAL SHORT WAVE AND TELEVISION RECEIVER
6

C10-No. 1070 .02 mfd. Aerovox 1;000v.
DC Buffer Condenser.

C11-3 Section Aerovox No. E5-888 Elec-
trolytic Condenser.

121-No. 992 400 ohms Pyrohm Aerovox
Resistor.

R2-5 megohms 1 -watt Resistor.
R3-50,000 ohms 1 -watt Resistor.
R4-50,000 ohms Royalty Electrad Poten-

tiometer.
R5-100,000 ohms I -watt Resistor.
R6-.5 Resistor.
R7-4.000 ohms Electrad Wire Grid Re-

sistor.
R8-.25 megohms 1 -watt Resistor.
R9-50,000 ohms 1 -watt Resistor.
R10-1,500 ohms International 2 -watt Re-

sistor.

UNE

RII-No. 354 Center Tapped Resistors,
20 ohms.

R12-Aerovox No. 996SW Special Voltage
Divider, 25,000 ohms.

J-Frost 3 -contact Jack.
R.F.C.-No. 100 Baird Television Choke.
Choke-No. 431 Double Choke.
T-No. 411 Power Transformer.
C-Cathode of B.H. Raytheon.
A-Anode of B.H. Raytheon.

Connect Anodes to Filament Prongs on
No. 1 Socket. Connect Cathode to Plate
of this Socket.

R3 is replaced with a 201A Fixed Rheo-
stat which acts as a short circuit when
regeneration is used.

Windings 5 and 6 light power tube in
synchronizing amplifier.

RADIO TECHNIC LABORATORY

4 C2

R2fr
C2 R2. 

HEATERS

o 000Q, ,900 .11
On00000000ro110 V, A C.

RI 500 ohms
R2 10.000 ohms
R3 2 Megohms
R4 50.000 ohm potentiometer
R5 20.000 ohms
R6 50.000 ohms

C1

3 TirC5
L2 a L3

a

90V 180V

C3 Fti C3

070
LI!
R6 R7

DET.
'27

300V.

RIO --CH0KE5

C6-.11-456Ctlif44451:C6

45 .

cs

R9

List of Parts
R7 250.000 ohms
R8 1.000 ohms
R9 750 ohms
RIO 13.500 ohm voltage divider
C 1 .00014 mf.
C2 .1 mf.
C3 .00015 mf.

C4
'24

I
-C ('N .T

C4 .01 mf.
C5 I. mf.
C6 8. mf.
Ll Shortwave R.F.choke (60 millihenries)
L2 Primaries of R.F. Trans.
L3 Secondaries of R.F. Trans.

C4 '24 ca

RADIO

TECHNIC
CORP.
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TRANSFORMER CORP. OF AMERICA
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TRANSFORMER CORP. OF AMERICA
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SPKR. FIELD] --- W

READINGS TAKEN WITH WESTON MODEL 565 ANALYSER

No. Stage
Type
Tube

A
Volts

B
Volts

Cont. Grid
Volts

Cath.
Volts

Ip'
Norm.

SG
Volts

1 r. f 51 2.1 178 1.5 2.5 4.5 82
2 1st det. 51 2.1 160 9.5 10. 1.2 75.

3 Osc. 27 2.05 120 0 0 10 0

4 I. F. 51 2.05 180 .6 3. 3 82.
5 2nd det. 24 2.05 220 8. 8. .25 85.
6 A.V.C. 24 2.05 50 12. 20 0 37

7 A.F. 47 2.1 260 16.5 40 275.
ri

8 Rect. 80 4.6 160 40

Volume control position Full. Line Voltage 115-60 cycle.

NOTE: Filaments and cathodes of TIE., 1.F., and fi rst detector are 95 volts positive with respect to ground.
NOTE: Since resistance tolerances in the sets are plus or minus 10%, and tubes may vary over 20%, your

readings may disagree with the above by plus or minus30%.

ii
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TRANSFORMER CORP. OF AMERICA
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TAP -HIGH VOLT
AGE

60 CYCLE POWER TRANSFORMER

MODEL 90
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r1 CO

) I

\.AF

PICISOP MIL

, La ;is. :'"

CIA

11:111 LS 2i4SEC
CT 75.4.1. C7 OA

1 el RA

11111
crs
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21st .42

SW.

DOA At.

Schematic circuit of the highly -developed midget and console Clarion "Series 90" superheterodyne receivers; these utilize both variable -mu at d
pentode tubes, with automatic volume control. (Note: in. the manufacturer's "breakdown analysis" illustration of this receiver, condensers C24

and C25 return to the juncture of R10 and R20, instead of to the chassis.)

All available constants are as follows: con
densers Cl, C2, C3, tuning units; CIA, C2A,
C3A, shunt trimmers; C5, C21, .0008-mf.; C6,
C7, C8, C9, I.F. circuit trimmers: C10, C15,
C16, C18, C20, C22, C23, .05-mf.; C11, 0.25-mf.;
C12, 1.0-mf.; C14, C24, C27, C28, 0.1-mf.;
C17, .00005-mf.; C19, 0.35-mf.; C25, C26, 8
mf. (electrolytic).

Resistors RI, R3, R6, 1,000 ohms; R2, 230
ohms; R4, 2,000 ohms; R5, R9, 100,000 ohms;
R7, 40,000 ohms; R8, 7z-meg.; RIO, 1.0-meg.;
R11, 12,000 ohms; R12, 3,800 ohms; R13, 4,300
ohms; R14, 1,800 ohms; R15, 1,300 ohms; R16,
435 ohms; R17, 400 ohms; R18, 65,000 ohms;
1219, 20,000 ohms, R20, 210 ohms.

Operating voltages (with volume control in
position "full" and line potential 115 volts)
are as follows: Filaments VI, V2, V3, V4, V5,
V6, V7, 2.2 volts; V8, 4.6 volts. Plate po-
tentials, VI, 160 volts; V2, 168 volts; V3,
125 volts; V4, 163 volts; V5, 178 volts; V6,
25 volts; V7, 260 volts; V8, 350 volts. Control -
grid potentials, VI, 0.9 -volt; V2, 7.6 volts;
V3, none; V4, 0.6 -volt; V5, 6.8 volts; V6,
4.6 volts; V7, 16.5 volts. Cathode potentials,
VI, V4, 2 volts; V2, 4.9 volts; V3, none;
V5, 9 volts; V6, 4.5 volts. Plate currents
(normal), VI, 2.8 ma.; V2, V4, 2. ma.; V3,
9.5 ma.; V5, 0.25 -ma.; V6, none; V7, 36
NIA,: V8, 72 ma. Screen -grid potentials. VI.
V2, V4, 77 volts; V5, 90 volts; V6, 40 volts;
V7, 260 volts.

OFF -ON TUNING VOLUME
AND TONE

V7, CAP

ye

Cl
Vl

C2® ®
C3

POWER.
LEADS

-ww.,PM424940. 90^
REPRODUCER.

CABLE

C7

C6

C9

8

Top view of a Clarion superheterodyne
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No. Stage Type
Tube

A
Volts

. B
Volts

Cont. Grid
Volts

Cath.
Volts

Ip'
Norm.

SG
Volts

1 r. f. CL -51 2.2 233 3. 3. 5. 66

2 1st Det. CL -51 2.2 233 7. 7. 2.3 73

3 Osc. CL -27 2.2 80 0 0 4. 0

4 I.F. CL -51 2.2 233 3 3 5. 77

5 2nd det. CL -24 2.2 162 6.2 7.2 .5 73

6 Output CL-PZ 2.2 228 15. 0 27. 233

7 Rect. CL -80 4.8 300 0 0 50. 0

Volume control position Full Line Voltage 115



0-

23
04

'6

vO
L 

. C
O

N
T

R
O

L

M
 A

 X
 .

14
T

 O
C

T
C

L 
-5

I

/M
F

D
.

.0
55

 M
F

D
.

O
=

In

U
M

 -
Q

(1
}'

S
P

W
R

. F
IE

LD

IF
- 

C
L-

 5
1

O
S

C
.

C
L 

-e
7

25
0M

10
0 

M

C
L-

 P
Z

w
iz

 -
47

2t
P

 D
E

7:
C

L 
-2

4
10

 M
.N

. .
05

 M
F

D

T
.0

05
 M

F
D

.

o
w

m
.

-0
40

 M
-^

-

.3
5M

F
D

.3
5 

M
F

D
.

C
LA

R
IO

N
 M

O
D

E
L 

53

T
O

N
E

C
O

N
T

R
O

L

0.
%

ao
l



(

05
C

.
C

L 
-2

7
w

 o
hm

 A
r

"T
h

E
 L

 E
cr

ao
 M

A
I I

C
S

H
IE

LD
9-

.0
2 

M
F

D
.

H
IP

.0
00

05
 M

F
D

.7
3

.0
5 

M
F

D
_

.0
00

8 
M

F
D

.

P 

I M
E

D
.

D
E

T
.

C
L 

-5
1

66
15

0 
o

I M
F

D
.

6M
F

O
.

S
P

K
R

. F
IE

LD

!.F
 C

L 
-5

1

C
LA

R
IO

N
 M

O
D

E
L 

92
P

H
O

N
O

. S
W

IT
C

H

P
H

O
N

O
. J

A
C

K
P

 (
)E

r
C

L 
-2

4

38
00

-4
-

43
ti

M
O

O

+
.1

 A
N

P
D

.

8 
M

F
D

.

1.
05

M
F

D
..0

5M
F

D

C
 L

 -
4 

7
I

T
O

N
E

 C
O

N
 1

 R
O

L

C
r'



468 OFFICIAL RADIO SERVICE MANUAL

U. S. RADIO AND TELEVISION CORP.

Schematic Circuit Diagram No. 27P Chassis and Motor Board
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No. AT SOCKETS
LINE VOLTAGE, 115 -PLUG IN SOCKET

CONTROL AT MAXIMUM
RECEIVER -TUBE IN TEXT SET

-VOLUME
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Type
of

Tube

Position
of

Tube
Function "A"

Volts
" B"
Volts

Control
Grid
"C"
Volts

ScreenVoltsTestScreen
Current

MA

Cathode
Volts M

PlateA
Grid

MA

224 1 1st Radio 2.3 198 3. 88 .9 3. 3.5 6.
224 2 2nd Radio 2.3 198 3. 88 .9 3. 3.5 6.
224 3 Detector 2.3 150 6. 45 .1 6. .25 .4

227 4 1st Audio 2.3 180 12.5 12.5 5. 6.1
245 5 2nd Audio 2.4 255 55. 26. 31.
245 6 2nd Audio 2.4 255 55. 26. 31.
280 7 Rectifier 5. 36.
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No. 20 CHASSIS-VOLTAGES AT SOCKETS-VOLUME CONTROL AT MAXIMUM
LINE VOLTAGE, 115-PLUG IN SOCKET OF RECEIVER-TUBE IN TEST SET

Type
of

Tube

Position
of

Tube
Function "A"

Volts
"B"
Volts

Control
Grid
"C"
Volts

Screen
Volts

Screen
Current

MA

Cathode
Volts

Plate
MA

Grid
Test
MA
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171A

280

1

2

3

4

1st Radio
Detector
1st Audio
Rectifier

2.5

2.5

5.1

5.1
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95(1)
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2.2

2.3(2)

43. (4)

85

17(3)

1.4

.015

2.2 5.

.1

18.

23.
Per Plate

7.1

.2

20.

(1)

5 VOLTS
/7/A

(3) Computed value. Reading with voltmeter will he lower.
(2) This voltage read across 55 ohm section of shunt resistor.
(4) This voltage read across 935 ohm section of speaker field and 55 ohm section of shunt resistor.

2/OPIATE

2.5 fairs
22/F/1

23-goirs
224.9z

2/OPIATE

0:
Pei

10F/I

VORIATE
CENTER 7AP

210FIL

PR/.

CENTER ROW OF LUGS USED
AS WIRING TERMINALS ONLY

Power Transformer Terminals

YELLOW
WHITE TRACER

GREEN
WHITE TRACER

r ---r i"0/CE
FIELD COIL I COIL

/NRIIT TRANSFORMER

Electrodynamic Speaker and ConnectionN
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I C>1

I IT,T T*Di 44 D.4 A/

C>

/DOD -4 .4141-4.

A A.A.AA A

200.41.

l4/1//7-4"

Schematic Circuit Diagram of No. 26 Chassis

DOTTED%/4/4", ii/04/4/ /4/

No. 26 CHASSIS-VOLTAGES AT SOCKETS-VOLUME CONTROL AT MAXIMUM
LINE VOLTAGE, 115-PLUG IN SOCKET OF RECEIVER-TUBE IN TEST SET

Type
of

Position
of Function

"A "
Volts

-B"
Volts

Control
Grid
"C"

Screen
Volts

Screen
Current Cathode

Volts
Plate
MA

Grid
Test

Tube Tube Volts MA MA

224 1 1st Radio 2.2 245 2.5 80 .6 2.5 2.9 5.1

224 2 2nd Radio 2.2 245 2.5 80 .6 2.5 2.9 5.1

224 3 Detector 2.2 130 3. 40 .1 3. .25 .4

245 4 Audio 2.35 245 50. 28. 31.

280 5 Rectifier 4.6 25.

,e#7.0,e
00D6/r/o/i/ fde
,s7u.own4F ,ir
,,,,,c7Awax /ova ifr:c.

,T,e/rirm:e Co4/47EN..ii-,e

rz/COPE.

I

FifLa c'evz I /levee Co/e.

9LOTTZ-0 ENO /4601/7" 7:694/.1,-2,FAILO
AY.D7.D.e A'1,07 -.ED" Electrodynamic Speaker a nil Connections

NI
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-1'----ANTDOIA POST

Top View of Chassis Showing Tube Location and Speaker Connections

No. 10 CHASSIS -VOLTAGES AT SOCKETS -LINE VOLTAGE 115
VOLUME CONTROL AT MAXIMUM -POWER LEVEL SWITCH HIGH POWER

Control
Type Position " "B" Grid Screen ScreenSA" Cathode Plate Grid

of
Tube

ofTubeMAFunction volts. Volts "C"
Volts

Volts Current Volts MA.
Test
MA

235 1 R.F. 2.3 175 2.3 (1) 65 .7 0. 4.0 6.0

235 2 1st net. 2.3 185 7.0 69 .4 14. 2.0 2.6

235 3 T.F. 2.3 175 2.3 (1) 65 .7 0. 4.0 6.0

227 4 2nd net. 2.3 115 12. 7.5 .4 .5

227 5 1st Audio 2.3 145 11. (2) 10. 4.6 5.4

227 6 ()sc. 2.3 83 15-35 (3) 21. 4.2 4.4

227 7 A.V.('. 2.3 89(4) 20. .(5) 1.5 0. 0.

247 8 Power 2.35 255 18.5 265 4.5 21. 28.

247 9 Power 2.35 255 18.5 265 4.5 21. 28.

280 10 Rect. 4.9 45.
Per Plate

(1)
(2)
(3)
(4)
(5)

Measured across 250 ohm series resistor.
Measured across 2500 ohm series resistor.
Bias voltage varies from 15 to 35 between 1500 and 550 K.C. settings of tuning condenser.
Measured across 100(1 and MOO ohm sections of shunt resistor.
Measured across 600 ohm section of shunt resistor.

RED

>-zzov

dc.,9cir

GREEN

GREEN

Al`Z et VZ IVO/CZ-CO&

1 ' 3000

TRANSFORMER

Electrod ynumic Speaker and t' on n«d ions

Ce:vi-F,eZ4",
"".rfiz..5ke:

Pe/

Cextre.r

54.046e
12",ZW44/4L

Power Transformer Terminals
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MINI MT CI.

al elf nom

NM LE! MTN

1! MOEN NNE

0o

tlu CNN_

Top Vico. of Chassis showing

STATNN SaECTONIUNI MU NE CNITIR ANN

Tube Location and Speaker Connections

No. 8 CHASSIS
VOLUME CONTROL

AT SOCKETS -LINE VOLTAGE 115
MAXIMUM -POWER LEVEL SWITCH HIGH POWER

-VOLTAGES
AT

ControlType
of

Tube
Function "A"

Volts
"B"
Volts

Grid
"C"
Volts

Screen
Volts

Screen
Current

MA

Cathode
Volts

Plate
MA

Grid
Test
MA

235 R.F. 2.3 190 2.3(1) 68 1.0 0. 3.8 6.5
235 1st Det. 2.3 190 6.5 70 .35 14. 2.0 4.9
227 Osc. 2.3 80 15-50(2) 20. 4.7 4.8
235 I.F. 2.3 190 2.3(1) 68 .6 0. 3.6 6.0
227 2nd Det. 2.3 150 20. 20. .4 .4
227 A.V.C. 2.3 65(s) 40. (4) 20. 0. 0.
247 Power 2.35 260 20. (5) 280 7. 32. 36.
280 Rectifier 5. 41.

Per Plate

(1)
(2)
(3)
(4)
(5)

Measured across 250 ohm series resistor.
Bias voltage varies from 15 to 50 between 1500 and 550 B.C. settings of tuning condenser.
Measured across 1000 and 1200 ohm sections of shunt resistor.
Measured across two 600 ohm sections of shunt resistor.
Measured across 550 ohm series resistor.

,0,5/4/A ---200k

Model 8
CrwreA77.4",

"4/ fiz. SEC. Y -A741 -EC.

I/ SEC, ..r/7 -z .5E4

"A' "f/L. SEC, "X "iziz, SEC.

Zfo /74 ,Zete,"a.

Zio,z7z4re

P.e/.

7 Section Condenser Internal Wiring Power Transformer Terminals
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I 510 VOLTS I etioxK COIL

16 MF

GF(

T1PE U"

(k4

Isov

Terminal Block

MF

U. S. ELECTRIC WORKS

Use no less than
flit wire for "A"
6 Volt supply.

A -t-
180vmrs

F

Type "U" is used with the Universal Radio Set and all others
using B Negative as a common Ground.

Type "U" should not be used on sets where the C Bias current is
from B negative to ground.

Type "U" is recommended for sets using Automobile Pentode tubes.

Type "U" is rated at 180 Volts at 35 Milliampere drain, at
6 Volt input. On the installation of Genemotor it is absolutely nec-
essary that you have no less than 6 Volt supply at the Genemotor Term-
inal Block.

The Common ground connection is connected to the At when the
positive side of the battery is grounded to the car frame or to the A -
when the negative side of the battery is grounded to the frame of the
car.

Genemotor requires no further lubrication for one year after in-
stallation, and then less than one drop in each bearing. String the
rubber grommet on the cables before connecting to the terminal block.

The serial number is stamped on the bottom flange of the base.
The live "A" line or input comes direct from the set control switch,
so that when the. set is turned off it automatically cuts the supply
to the Genemotor.

0

5
(Hors

1G ME

-4D

)1z.,

QIN

isov

V 4):
Terminal Block

Use no less than
flit wire for "A"
6 Volt supply.

TYPE "T" is used with Philco- Tranaitone and all similar type
sets, where the C Bias current is taken.from B. negative to the ground.

Type "T" is rated at 180 Volts at 35 Milliampere drain, at 6
Volt input. On the installation of Genemotor it is absolutely neces-
sary to have no less than 6 volt supply at the Genemotor terminal
block.

The common ground connection is connected to the A+ when the
positive side of the battery is grounded to the car frame, or to the
A- when the negative side of the battery is grounded to the frame of
the car.

Genemotor requires no further lubrication for one year, after
installation, and then less than one drop in each bearing. String
the rubber grommet on the cables before connecting to the terminal
block.

The serial number is stamped on the uncle' side of flange of the
base. The live "A" line or input comes direct from the set control
switch, so that when the set is turned off it automatically cuts the
supply from the Genemotor.

MF ILA 1.1,1 R A fc

. A-
-TYPE M C,1-7:NE.m0ToR

Use no less than
0 No. 14 Wire for "A"

6 Volt supply.
30 180 v, Cov 6V® g

-+-

Terminal Block

"--r(o

The common ground connection is connected to the A+ when the pos-
itive side of the battery is grounded to the car frame oitfthe A- when
the negative side of the battery is grounded to the frame of the car.

Type M is used on the Majestic, Bosch and other sets using a
90 Volt tap at about 1/2 millampere drain. The Negative B is a common
ground.

TYPE -11/44 "

Type M is recommended where the Automobile Pentode Tubes are
used. String the rubber grommet on the cables before connecting to
the terminal block.

Genemotor requires no further lubrication for one year's service
and then less than a drop in each bearing.

This Genemctor has been thoroughly tested at the factory, and is
guaranteed against defective workmanship and material for a period of
ninety days from date of installation.

Type M should not be used on sets where the C Bias current is
from B negative to ground.

Serial number of the Genemotor is stamped under the bottom
flange of the base. The live A line or input comes direct from the
set control switch, so that when the set is turned off it automatical-
ly outs the supply to the Genemotor.

Type if Genemotor is rated at 160 volts at 35 Milliampere drain,
at (D volt input. On the installation of Genemotor it is absolutely
necessary that you have no less than b Volt supply at the Genemotor
.terminal block.
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--r
ZANEY - GILL CORPORATION

CAUTION: Before attempting to install or operate,
ascertain if this receiver corresponds with the voltage
and the cycles of your power supply. The voltage and
cycle reading is marked plainly on the license plate.
("Check Same"). Information on the above figures can
be ascertained by calling your local power company.
In localities where extreme fluctuations of voltages oc-
cur, we recommend that a separate voltage compensator
be used to maintain a steady power supply.
NOTE: We are not responsible for damage caused by
excessive voltages or incorrect installation.
ANTENNA & GROUND
The quality and amount of reception depends on the cor-
rect use of both aerial and ground. In congested areas
where several broadcasting stations are in operation, it
is not necessary to have an outdoor aerial. Set can be
operated on from 3 to 15 feet of aerial for all local
reception. In outlying territories or where your rela-
tivity to a broadcasting station permits, an aerial of
from 25 to 150 feet may be used properly insulated and
with correct lead-ins.
A very important -feature in connecting a radio is to
have a good ground as close to the receiving set as pos-
sible. A poor ground is a producer of noises, fading
and generally poor reception. Both aerial and ground
should be inspected every six months for loose connec-
tions or broken strands.
Aerial and ground connections are marked on the bind-
ing posts at the back of the chassis.

TUBES
The equipment for this radio consists of 3-224, 1-227,
1-280 and 1-245.

CAUTION: Do not insert or remove tubes from sockets
while current is turned on.

SWITCH & VOLUME
The switch and volume control are located on the lower
right hand knob which, when turned completely to the
left, will act as a switch. To increase volume gradually
turn to the right until desired output is gained, being
careful to see that the tuning indicator is directly on
the station signal.

For distance reception it is well to turn the volume con-
trol to almost full capacity and weak signals will break

through and can be cleared by compensating the sharp-
ness of the dial to the volume required.
The lower left hand knob operates VITATONE and tone
control. The principle of VITATONE is supplying the
backward notes with vitality and bringing them to the
proper required impetus so that all reception carries
breadth as well as the other registers. A further use of
VITATONE is the elimination of line noises and static,
which also can be accomplished by turning the knob
completely to the right. This latter feature is excep
tionally desirable for distance reception.
HINTS NECESSARY FOR
BETTER RADIO RECEPTION
Use only standard high grade tubes. Cheap tubes will
result in poor reception, poor tone and break downs at
inopportune moments.
FUSE
Should there be a short in the wiring or a defective tube
installed in the set, the fuse, which is located on the
right hand side of the chassis assembly, will be blown.
This can be replaced by an ordinary 3 amp. automobile
type fuse. There are two positions to install the fuse,
the two rear clips being used for 110 volts and the two
front clips being used where excessive voltages rises as
high as 130 volts.
In case of any unusual disturbances in the set, do not
attempt to operate same until advised by an experienced
service man.

If set does not light, inspect plug connections to wall,
also fuse.

If set lights and does not play, inspect speaker termi-
nal and see if it is plugged into the holes marked
speaker at the rear of the chassis.
Also, have tubes tested for probable filament shorts.
In all cases, do not attempt to repair the set yourself.
Call a competent service man, otherwise your guarantee
will be nullified and void.

All parts of this receiver, excepting TUBES are guar-
anteed by the manufacturer for a period of 90 days
against factory defects of workmanship and defective
material.

SWITCH OA
Vol .CON T.

sj zoo

3 4

18,475

ZANEYGILL
V ITATOteV CILIAIMS o

110 120 227An4Fu.MFMTs
zsy.

ToG OOOOO
I. SOV 105V Pee.
3.1.50V POS.4 300v .

MODEL 54
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WELLS-GARDNER AND CO.
VOLTAGE CHARACTERISTICS

Tube Circuit LINE VOLTAGE
Under Test 90 V. 100 V. 110 V. 120 V. 130 V.

Fil. 1.7 1.9 2.1 2.3 2.5
Plate 151 166 183 199 215

224 Screen 72 79 84.7 93 100
Grid" -2.2 -2.6 -2.9 -3.2 -3.6

Cathode 2.2 2.6 2.9 3.2 3.6

Fil. 1.7 1.9 2.1 2.3 2.5
227 Plate 87 97 104 112 122
Det. Grid"- -13.4 -15.0 -16.5 -18.2 -20.0

Cathode 13.4 15.0 16.5 18.2 20.0

Fil. 1.8 1.9 2.2 2.4 2.6
227 Plate 109 120 129 139 150

1st A.F. Cathode 6.9 7.9 8.9 9.8 11.0

245
Fil. 1.8 1.9 2.2 2.4 2.6

2nd A.F.
Plate
Grid

211
36

235
42.4

258
47

285
53

310
59

280
Rect. Fil. 3.6 4.0 4.5 4.8 5.2

*NOTE: Grid voltages on the 224 and detector tubes are measured from grid to cathode terminals on the
tube socket. The grid voltage on the first audio tube cannot be measured from grid to cathode, but is measured
from cathode to ground. The above voltages are approximate, and will vary with different tubes.

280 PLAre-o

2.90 P/L. /

290 i# /L. 2

270 PC -17-1"

/70 k PM/. di/

//e k AWL 02.

#2 280 /"LATIC

AV 22V-227

SW/Cz. 0 4 c.T.

#2 224'-227 P/L.

25,6 A-//_.

2 go
PLATE

#2 254,5- # 2

C A B D
-5 c.9

Y E K
-s C-4

X 6
@ ©c -a (5c-7 6-6

O

25°
PL ArE

224, 4 227
S,,E1-a c. r. #2.

11

N2
50 FilAnewr.

Power Transformer.

24,5-
#1 #2

r

2Y0

S,Y/EG 0

CAPACITY
CODE 60 CYCLE 25 CYCLE
A 1.0 MFC-2
B 1.0 M EC-/ 2.5 M F.C-I,
C 1.5 MF C3 4. M F.C3
0 1.0 MF.C-9 1.0 M F.C-9

E 1.0 M F. C.6 1.0 M FC-6

F 0.5 M F. C7 0.5 M Pr.C-7

G 1.0 M F 08 1.5 M FC-8

H 0.S M F. C-5 0.5 M F.C5
K 1.5 M F.C=4 2.0 M F.C41.
X COMMON COMMON
Y C 0 MMO N COMMON

X
A
B

-II-0
E
F
G
hl
K

Filter Condenser (60 and 25 cycle receivers).
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WELLS-GARDNER AND CO.
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WELLS-GARDNER AND CO.

to (9
mk c!; k

imo kt; kki ti
h et

ho '

to

141

ki4 k,14

iO Ot1

Power Frams former Connedions.

O

CDndenser 11 lock
III

I 1111111 II II I I II I

A B C DP Ell F G Hfri

A .6.61313CCC PD E K F G H H

iliTIT 1TTTT-7- T

SREC/F/CAT/ONS

LEAD COPE COLOR CAPACITY

A C-8 isLtiz- OS /I PP

B C-5 BROWN 03 PiF.D

C C-6 MELLOW 03 MPIZ

P C-2 6A7frvi-HE 74 03 AFFP

E. C-4 GREEN 0.1 ilf.0
r C-/4 REP 03 .friPP

G e-13 RED 03 PIPP

H C-/7 Rarsii 002/WP
.7 c -H WHIT! (22.5-mr.49

K C -I GREEN 0/0/W7

1/44

O

MODELS

GO G3

Below:
Analyzer
Read inr

Tube Circuit Meter Scale 90 V. 100 V. 110 V. 120 V. 130 V.
1st Grid 0-10 2 2.3 2.6 3 3.3
R.F. Screen Grid 0-100 52 58 63 68 73
224 Plate 0-250 133 142 155 167 178

2nd Grid 0-10 .4 .5 .6 .7 .8
R.F. Screen Grid 0-100 60 67 72 78 83
224 Plate 0-1000 190 210 230 250 278

3rd Grid 0-10 2 2.3 2.6 3 3.3
R.F. Screen Grid 0-100 60 67 72 78 83
224 Plate 0-1000 190 210 230 250 278

Detector
224

Grid
Screen Grid

0-10
0-100

.08
48

.09
54

.1

59
.11
63

.12
67

Plate 0-100 58 66 72 78 87

Audio Grid 0-100 23 27 31 35 40
245 Plate 0-1000 202 222 242 262 282

280 Plate 40 45 50 56 64
Rectifier Current 0-100 mils. mils. mils. mils. mils.

280 Filament

Rectifier to 0-1000 265 298 330 358 392
Ground
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Phonograph Hook-up

SERIES "10"

Tube Circuit Meter Scale 90 V. 100 V. 110 V. 120 V. 130 V.
R.F.
(Ant.)
'35

Grid
Screen Grid
Plate

0-10
0-100
0-250

1.5
53.

195.

1.7
58.

210.

1.9
63.

225.

2.1
66.

238.

2.3
69.

250.
1st
Det.

1 '24

Grid
Screen Grid
Plate

0-25
0-100
0-250

14.
63.

190.

14.3
64.

205.

14.5
65.

220.

15.
67.

233.

16.
70.

245.
Int.

I '35
Grid
Screen Grid
Plate

0-10
0-100
0-250

1.5
53.

195.

1.7
58.

210.

1.9
63.

225.

2.1
66.

237.

2.3
69.

250.
2nd
Det.
'24

Grid
Screen Grid
Plate

0-25
0-100
0-250

14.
63.

110.

14.3
64.

123.

14.5
65.

135.

15.
67.

145.

16.
70.

154.
1 Osc.

'27
Grid
Plate 0-100 76. 78. 80. 82. 84.

Aud.
'47

I (See Caution
Above)

Grid
Accelerating
Grid
Plate

0-10
0-250
0-250

2.1

188.
170.

2.4

210.
190.

2.7

225.
205.

3.

240.
220.

3.3

250.
230.

'80
Rect.

1

Filament
to
Ground 0-1000 198. 215. 233. 250. 263.
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Phonograph Hook-up

SERIES "20"

Tube 1 Circuit Meter Scale 90 V. 100 V. 110 V. 120 V. 130 V.
R.F.Screen
'35 Grid 0-100 67. 75. 82. 90. 97.

Plate 0-250 136. 151. 166. 181. 196.

1st Screen
Det. Grid 0-100 63. 70. 77. 84. 91.
'35 Plate 0-250 132. 147. 163. 179. 194.

Oscillator /--/ Plate 0-100 70. 77. 85. 92. 100.
1st I.F. Screen
'35 Grid 0-100 67. 75. 82. 90. 97.

Plate 0-250 136. 151. 166. 181. 196.
Screen

2nd 1.F. Crid 0--100 65. 72. 79. 86. 94.
'35 Plate 0-1000 227. 252. 277. 303. 328.
1st A.F.
'27 Plate 0-100 87. 95. 104. 115. 122.

Grid 0-25 12.7 14. 15.4 17. 18.3
2nd A.F. Accelerating
'47 Grid 0-1000 192. 208. 235. 252. 278.

Plate 0-1000 180. 200. 220. 240. 261.
'80 Current 0-100 89. M.A. 98. M.A. 108. M.A. 118. M.A. 128. M.A.
Rect (Both

Plates)
(See

below)
Plate to
Plate voltage

0-1000 547. 568. '690. 712. 733.

The '80 rectifier plate voltages shown are the totals of both plates. measured from each plate to
center tap of high voltage secondary.
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Fundamental Circuits Used for
Volume Control

Antenna or R. F. Primary Radiohm

Circuit 1

Circuits numbers one and two were
widely used on electric sets during
1928 and early in 1929. The vol-
ume control shunts the primary of
an R.F. transformer having a tuned
secondary, and has essentially, the
same resistance taper whether used at
the antenna input or between two of
the R.F. tubes. Circuit number one
is the simplest and best to use in

Circuit 2

servicing any type receiver when in
doubt about the proper volume con-
trol. It always works, and cannot
interfere with the proper operation of
any circuit.
Use Centralab Replacement Control
number 70-200.
(A 100.000 ohm left hand tapered
Radiohm.)

Antenna or R. F. Potentiometer

Circuit 3

Circuit 5

Circuit 4

Circuits numbers three, four and five
are quite similar to the first two
except that a potentiometer is used
rather than a two terminal resistor.
Some models may deviate from cir-
cuit four by connecting the antenna
rather than the ground to the variable
contact. These are all circuit arrange-
ments that can be used with the type

-26 or type -27 tubes. Adjusting resistance with a high maximum be -
the volume control will have no effect
on the apparent A.C. hum, and will
not change the selectivity of the set.
Use Centralab Replacement Control
number 72-100.
(A 10,000 ohm left hand tapered
potentiometer.)

Untuned Antenna
Circuit Potentiometer

Circuit number six was used on sev-
eral early A.C. models sold in large
quantities, including those of R.C.A.
The volume control potentiometer has
a resistance of 2,000 ohms, and the
grid of the first tube is directly con-
nected without tuning.
Use Centralab Rpelacement Control
number 72-101.
(A left hand tapered 2,000 ohm
potentiometer.)

Circuit 6

Circuit 7

The gain and selectivity of receivers
using this control circuit can often be
improved by adding an inductance
loading coil per circuit number seven.

A potentiometer of 10,000 ohms is
then desirable, using Centralab Re-
placement Control number 72-100.
(A left hand tapered 10,000 ohm

potentiometer.)

Radiohm in Tuned
R. F. Circuits

Circuit number eight proved a help-
ful and reliable volume control for
those -26 type sets that oscilated
excessively. The control for this
particular circuit has many uses as a
replacement control. It is a shunt

fore going to infinity. It is also used

Circuit 8

Circuit 9

in the antenna circuit where a high
resistance is needed with a tuned
coupling transformer, or where a

variometer is used per circuit number
nine.
Use Centralab Replacement Control
number 70-201.
(A left hand Radiohm.)

Potentiometer "C" Bias
and Antenna Control

Circuit 10

This circuit is more widely used than
any other arrangement using a single
control with type 27 or screen grid
tubes, as it gives a double control
effect at the cost of a single poten-
tiometer. The variable contact is

usually grounded through the bush-
ing and the terminal at the clockwise
end, is connected through a fixed bias
resistor to the cathodes of two or
three R.F, tubes or the I.F. tubes in
case the circuit is a "Super." The
other terminal connects to the an-
tenna, shorting it to ground at mini-
mum volume adjustment to avoid the
grid overloading that might otherwise
occur on loud signals.
Satisfactory volume controls for this
circuit must be carefully tapered and
are apt to prove critical or noisy un-
der some extreme conditions. Where
the very best control is desired, re-
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place the single potentiometer with
Twin control 74-601 connected as
shown by circuit twenty.
Circuit ten uses Centralab Replace-
ment Control number 79-006 or
51-010.
(A 15,000 ohm left-hand tapered
potentiometer.)

Screen Grid Potentiometer

Circuit 11
A single potentiometer providing vol-
ume control by varying the voltage
applied to the screens of the R.F.
tubes. Connection to only one tube
is illustrated, but the screens of all
the R.F. tubes are usually connected
to the slider of the control. A 50,-
000 ohm Centralab has been most
used for this service. Some receivers,
however, use a wire wound control of
such low resistance it passes consider-
able current and is made part of the
voltage divider circuit. Better volume
control will result from using a high.
resistance shunting the voltage divi-
der. When these wire wound con
trols require replacement because of
noise or wear, it is best to use the
Centralab 100,000 ohm potentio-
meter with the two outside terminals
bridged with a fixed resistor of ap-
proximately the same value as the old
wire wound potentiometer.

50,000 ohm potentiometer. Part
number 72-103.
100,000 ohm potentiometer. Part
number 72-104.

(Straight taper potentiometers.) -

R. F. "C" Bias Radiohm

Circuit 12

A popular circuit used effectively with-
al' heater type of tubes. Circuit 12
was widely used in 1929 and 1930 in

tuned R.F. circuits with the type -24
or type -27 tubes. The cathode cur-
rent of all R.F. tubes passes through
the single control and the additional
fixed resistor which supplies the bias
at maximum volume. Control de-
pends upon the tube characteristic
that increasing the negative C -bias be-
yond the normal three volts, will de-
crease the plate current and amplifi-
cation of the tube until the signal is
effectively blocked. The variable re-
sistance must be heavily tapered for
uniform attenuation since the voltage
drop of the cathode current alone is
depended upon for full range control.
The proper Centralab control for cir-
cuit twelve is Centralab number
70-202, a 75,000 ohm right-hand
tapered Radiohm.
Variable Mu tubes,such as type -51
or -35, require such a high negative
bias to fully control the signal it is
customary to obtain the required
voltage drop by passing bleeder cur-
rent through the control in additior

Circuit 12A

to the cathode current. This arrange-
ment is illustrated as circuit 12A.
Two fixed resistors are shown in addi-
tion to the volume control variable
resistance. The one between the vol-
ume control and the cathodes is of
low resistance and provides the mini-
mum bias for maximum volume. The
other resistor has a two -fold pur-
pose of stabilizing the screen voltage
and metering a definite amount of
"bleeder" current through the volume
control. Its resistance, and that of a
third resistance between the screens
and the high potential lead, not shown
in the print, is normally adjusted to
apply about 100 volts on the screens
and pass sufficient current through
the total resistance of the volume
control to provide a drop of about 40
volts across the volume control at
minimum volume.
This type control is used on both
tuned R.F. and Super heterodyne cir-
cuits. On Supers, it is customary to
control the bias of the I.F. tubes
while tuned R.F. circuits will control
two or three tubes. The most popular
control is a right-hand tapered

Radiohm, maximum resistance 10,000
ohms, Centralab. part number 70-205.
A few receivers originally used a wire
wound control with a much lower
maximum resistance. Replace these
with a Centralab Potentiometer of
similar resistance (see list on page
47) and connect the center and right
terminal only.
Volume Control circuits like figure
12 or 12A, sometimes cause distortion

or cross talk, due to overloading, in
sections where local broadcast stations
are powerful and numerous. This
may be corrected by using a poten-
tiometer of similar resistance for the
replacement control, and connecting
the left terminal to the antenna as
illustrated in figure 10. Part num-
ber 79-006 is correct for most re-
ceivers when so changed.

R. F. "C" Bias Potentiometer
Another method of controlling vol-
ume by changing the R.F. "C" Bias

fiVNAA-C-15V

Circuit 13

that will be found on some receivers.
Replacements must have the same
total resistance of the original to in-
sure the correct voltage drop. This
resistance is usually low, such as
Centralab part numbers 72-101, 72-
107 or 72-108.
This method of control is no longer
considered as good as circuit ten or
twelve. It is suggested that one of
these circuits be substituted in mak-
ing replacements.

Audio Circuit Volume
Level Potentiometer

C rcuit 14

Potentiometer across audio stage is a
very old form of control dating back
to 1926. Yet many modern receivers
will be found with this as an auxiliary
control to another in the set; as the
manual control used with automatic
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volume control circuits; and as the
volume control on amplifiers sold for
theatre and school installations. Cen-
tralab replacement Part number 72-
105.

Where space permits, as on separate
amplifiers, use the Centralab Stand-
ard M-500 Modulator, having a

diameter of 214 inches.

R. F. Plate Circuit Contro'

Circuit 15

These illustrate the plate circuit con-
trols widely used several years ago.
Connections for one tube only are
shown, but the plates of two R.F.
tubes are commonly connected to the
control. Circuit number fifteen uses
a 500,000 ohm right hand tapered
Radiohm. Centralab replacement
Part number 70-203.
Circuit number sixteen used a 50,000
ohm potentiometer. Centralab re-
placement Part number 72-103. Both
the above circuits may require- fre-
quent volume control replacement be-
cause a poor tube will practically
short circuit the control. A tube with

Circuit 16

loose grid that may accidentally short
to plate causes the trouble and this
tube is hard to locate because it will
normally continue to function and be
apparently O.K. It is therefore, de-
sirable to replace these volume con-
trols with the number 70-201 control
connected as per circuit number eight
or with circuit number one. The
former volume control connections
are then soldered together and taped

R. F. Filament Rheostat

Circuit 18

A Rheostat in the filament circuit to
control any one or all of the tubes is
the oldest method of volume control.
There is a choice of two types of
rheostats for replacement, Standard
Power or Giant Power. The first is

for low voltage and low current con-
trol; the second is for low voltage and
higher current so that the maximum
power does not exceed 50 watts.
Smoother volume control for these
receivers will always be obtained by
fixing the filament voltage and using
replacement control number 70-200 as
per circuit number one or replacement
control number 70-201 as per circuit
number eight.

Twin Volume
Controls

Volume controls that provide two
separate resistances on the same shaft
are commonly termed twins and the
Centralab replacement controls of this
type represent the highest develop-
ment in radio receiver volume con-
trols. Twin controls were used on
many popular receivers during 1929
and are on a majority of the- 1930
receivers, since screen grid imp:leis

now have such high gain per stage
that a single control will seldom

handle a loud local signal without
excessive overloading, distortion, or

cross talk. When having any of

these troubles with a receiver origin-
ally equipped with a single control it
will be well to replace the original
with a Twin as illustrated in any of
the following circuit sketches. Cen-

tralab twins have all terminals in-

sulated from each other and from the
shaft and bushing.

Twin-Antenna and
R. F. "C" Bias

Circuit 20

A popular twin control application
used on screen grid and high gain

type twenty-seven receivers. The con-
trol varying the C -bias is usually con-
nected to the cathodes of two or three
R.F. tubes, although only one is illus-
trated. There are two variations from
the connections shown in sketch num
ber twenty, both being to the antenna
potentiometer. Some sets may have
the ground connected to the left ter-
minal and the antenna connected to
the center terminal which is the vari-
able contact. Other sets may have
one end of the inductance connected
to the center terminal. Variations of
these antenna potentiometer connec-
tions are shown by sketches 3, 4, and
5. The antenna potentiometer is the
base with the shaft and bushing in it.
Centralab twin replacement control
number 74-601.

Twin-Antenna and
R. F. Primary

Circuit 19 -7

The volume control circuit used on
the 1929 and early 1930 Victor re-
ceivers. The original control was a
twin wire wound potentiometer. The
noise and wear of this type may be
eliminated by replacing the Centralab
especially designed twin control part
number 74-600.

Twin-Antenna and
Screen Grid

Circuit 21

This twin control has the same an-
tenna potentiometer as the one used
tor circuit number twenty and the
same variation of connections apply.
The antenna potentiometer is the one
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having the shaft and bushing in it
The back base is also a potentiometer,
used to vary the screen grid voltage
of the R F. tubes. These two circuits
are insulated from each other in the
control. Centralab twin replacement
control number 74-602. (Shaft base
potentiometer 10,000 ohms. Back
base potentiometer 50,000 ohms.)

Twin-Antenna and
Audio Secondary

Circuit 22

This twin control reduces volume by
varying the antenna input and at the
same time reducing volume in the
first audio stage. This has the ad-
vantage of lowering the hum level
with the volume level, but is best used
with a power detector circuit as other-
wise that tube might overload and
cause distortion on some loud signals.
The shaft base is the antenna poten-
tiometer with a maximum resistance
of 10,000 ohms, and the back base
the 500,000 ohm audio potentiometer.
Centralab twin replacement control
number 74-515.

"lows." Actually boosting the "lows"
is a difficult problem requiring careful
engineering in the original design of
the amplifier, and can seldom be ac-
complished with satisfaction by any
attachment made later. Even when
incorporated in the original design, it
can have no practical advantage over
a simple tone control on a full range
amplifier when the tone and volume
control knobs are properly adjusted.

The most widely used and simple cir-
cuit is illustrated at number 23. A

Centralab one megohm Radiohm
number 41-010 is shunted, in series
with a fixed condenser, from grid to
grid of the push pull output tubes.
The condenser capacity commonly
used is .01 mfd. If greater high fre-
quency cut off is desired, use a larger
capacity, such as .02 mfd., while less
cut off results from a smaller capacity,
such as .005 mfd.

Circuit 23

While circuit 23 illustrates a -45
output, the same parts and connec-
tions are used with a Pentode push
pull, except that the condense capac-

Circuit

A

24

ity should be about -.004 mfd. The
proper connection for a single Pen-
tode is shown as circuit 24, and the
same connection is used with a single
-45 or -50. All of these grid cir-
cuit applications, which we recom-
mend as best, use the same Centralab
1 megohm 41-010 control with a con-
denser capacity of about .01 mfd. for
the -45 and about .004 mfd. for the
Pentode.

Some receivers locate the tone con-
trol in the detector plate per circuit

25. Centralab number 41-050 Radi-
ohm has the correct taper for this
location, while the condenser capacity
is about .05 mfd. Circuit 26, also

located in the detector plate, is de-
signed to boost the "lows" as well as
cut the "highs." The inductances and

11.41111144441

Circuit 25

B+
Circuit 26

capacities are part of the receiver de-
sign. The control is a Centralab
72-103 potentiometer.

Some tone controls have been located
in the plate circuit of the output

A

I

Circuit 27

tubes, either Pentode or -45, as
shown by circuit 27. This circuit is
not recommended because the high
voltage and possible surges in this
location may break down the conden-
ser or the control. Where such
trouble requires replacement parts,
use a Centralab 41-010 located on
the grid side per circuit 23 or 24.
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CENTRAL RADIO LABORATORIES

Replacement
Model No. Volume Control Circuit Circuit No. Control No.

ACME MANUFACTURING CO.
A.C. 7 Radiohm across first stage audio secondary Fourteen
88 Potentiometer controls .reen voltage Eleven

AERO COIL CO.
Unit 6 Rheostat controls 201A filament circuit Eighteen
International
Short Wave Rheostat controls 201 A filament circuit Eighteen

AERIO PRODUCTS CO.
Aerio 7 Rheostat controls filament 3.20IA R.F. tubes Eighteen
Aerio 6 Rheostat controls filament 3.20IA R.F. tub. Eighteen
Aerio 5 Radiohm controls plate voltage of 3.201A tubes Fifteen
Aerio 4 Rheostat controls filament 2.20IA tubes Eighteen
A erio Short
Wave Set Rheostat controls 1.20IA tubes Eighteen

ALL AMER-CAN MOHAWK CORP. (LYRIC)
80-83-84.85-86
88 Radiohm across detector tuned circuit Eight
60-6162.6546 Radiohm across detector input circuit. 227 tab. Eight
96-90 Potentiometer across antenna coil and varying C -bias Ten

THE AMRAD CORP.
81 Controls screen voltage of 3.224 tubes Eleven
70-7100 P.entiometer across aerial coupler roil Three
84 Potentiometer shunts audio secondary Fourteen
1928 Radiohm varies R.F. C -bias .

1929 Potentiometer controls screen 'grid voltage Elev.
APEX (U. S RADIO es TELEVISION)

36 Radiohm across serial and ground One
80 Redid= across aerial loading mil One
44-46-4741-42-
48 400 ohms potentiometer controls C -bias Thirteen
Battery Models Radiohm control R.F. plate voltage Fifteen
31B Potentiometer controls antenna and Chico Ten
32A -32B Potentiometer controls antenna and Chi. Seventeen
70 Potentiometer antenna to ground c.trols grid One
R Radiotrope Potentiometer antenna to ground controls grid One
26 Potentiometer controls antenna and C.bias Ten

ARBORPHONE
45 Radiohm across primary of second R.F. tube. 226 tubes. Two

ATCHISON RADIO
Potentioineter controls cathode voltage and eaten. Ten

8430 Potentiometer controls antenna and C -bias (Switch Type) Ten
ATWATER KENT MEG. CO.

10-B Potentiometer across A battery controls grids of R.F.
tubes 201-A

32-33.35-48-49-
12 and 20.30 Rheortat controls 2.201-A R.F. tubes, filament Eighteen

33 Series -61a -
mat

36
50
55-55C

6040C
67C

61-61C-66

Potentiometer across secondary of last audio transformer. Fourteen
Radio's= across first and second R.F. primaries Two
Rheostat controls 4.201-A tubes Eighteen
Potentiometer controls Salten voltage and Radiohm in
aerial circuit Twenty-one
P.entiouteter controlling screen voltage and grid circuit
of 2d R.F. tube. Dual unit Tweney-one

Potentiometer in B circuit controlling screen voltage of Eleven
3-224 tubes
Radiohm c.trots screen voltage Eleven
Radiohm across first stage audio secondary. Fourteen
Potentiometer controls sm., grid voltage and Poten-
tiometer across pick-up unit Eleven
Potentiometer controls amen grid mItage and radiohm
across R.F. secondary Twelve

Model No. Volume Coastal Groat °Mit P1
BREMER TULLY RADIO CO.

72.105 7.70-771 Potentiometer controls C -bias of 2d R.F. NW gad
72-103 aerial coil

81-8244-21-31 Controls C -bias voltage of 3-227 tubes. P.m- witch-.
47-006 84-40 Potentiometer anon 3rd R.F. secondary stage

0.20A Potentiometer mon first stage R.F. secondary
47-006 8546 Potentiometer controls screen grid voltage

820-A. 821-A Potentiometer moss secondary and feelhadt

47-006 7A, 7B, W81 Potentiometer controls anteuna and C -bias

47-006 BROWNING DRAKE (NATIONAL RADIO CO.)
70.203 34-36-38 Radiohm across ' I and pound
47406 MB30 Potentiometer controls semen grid voltage

69 Potentiometer controls screen grid voltage
47-015 70.71 Potentiometer shunts audio secondary

BRUNSWICK.BALKE-COLLENDER CO.
3-5128 Potentiometer in antenna circuit
S-14. S-21, S-31, Potentiometer controls screen voltage. Switch type
S-81, S-82
3-5 NC 8 Potentiometer controls R.F. Clsias. Super Met
2-5-KRO Potentiometer in antenna circuit

72-103 5 -NO Potentiometer controls, intermediate Cbias. Sugar Hat
72-100 14 Radiohm varies R.F. C -bias (Switch Type)
72-105 3N -W8 Potentiometer across aerial and ground, automatic cow
70-205 trot tube
72-103 5-32 Carat Potentiometer antenna to ground metro& grid

70-201
70-201
79-006

70-200

15-22-R1 Potentiometer controls antenna and C -bias
BUCKINGHAM

70-201 1928 Radiohm shunts R.F. primary
CAVAC CORP (CRESCENT)

24-110 Potentiometer sontrols antenna and C -bias
26-500 Year 1930 Potentiometer controls screen grid voltage
79-005 Year 1929 Radiohm shunts tuned grid .

41-009 Twin: Potentiometer shunts antenna primary; Radians,
70-100 motto's Obits
70-200 10 tube se Radiohm varies R.F. C -bias
79-006 950 Potentiometer shunts ifIlliM3 primary

70-200

79-006
62-100

24-110

47-015

72-105
70-200
47-006

Special
Sire Controls

should be
ordered

direct front
manufacturer

72.104
72-105

74-616

25-425

Replacement
Model No. Volume Control Circuit Circuit No. Control No.

ATWATER KENT MFG. CO. -Continued
Battery 222 tubes?otentiorneter controls screen grid voltage to R.F. tubes Eleven
37, 38. 40, 41,
42, 43, 44, 45,
46, 47, 52, 53,
56, 57, Potentiometer across aerial and ground .... Three 77.112
67 Potentiometer shunts audio secondary Fourteen 72.104

Potentiometer antenna to ground controls grid .. Sin 72.101
Twin: Potentiometer shunts antenna primary:

potenti ometer controls screen grid ming. Twenty-one 25.425
Twin: Potentiometer controls screen grid -Potentiometer

ronncoed across pickup . 74.516
H2 Radiohm

on cross
grid of 1st I.F. stage-Potentiometer

controls screen grid voltage of R.F. stage . Eight In Eleven 74609
;fie 75, 76, Potentiometer shunts antenna primary

Super Het radiohm control grid and grd , 1st R F
and IF

Midget
84. 12 Radiohm varies R.F. Chi. Twelve

AUDIOLA RADIO CO.
308, 7330 Potentiometer controla screen voltage Eleven
31, 62, 72
82 Potentiometer controls antenna and C -bias Ten

AUTOMATIC ELECTRIC CO.
Ton, Thomb
Model B Potentiometer controlling C.bias Thirteen 24-110

BALDWIN
Hubs Potentiometer controls cathode voltage and antenna .. Ten 79-006

BALKITE (FANSTEEL MFG. CO.)
A3 -A4 -A5 -A7 Potentiometer across B supply. Controls plate voltage of

3-227 tubes Sixteen 72-103
Model F -C Potentiometer in antenna CirCU and C -bias control Ten 79-006
Model C Potentiometer controls Obi. and

lt
nd antenna Ten 79.006

BELMONT
Potentiometer controls some grid voltage Eleven

BOSCH (AMERICAN.BOSCI-1 MAGNETO CORP.)
49 Potentiometer across antenna and ground Four
5448-56 Potentiometer controlling screen voltage and Twenty-one
28-29 Potentiometer across antenna and ground Seven
96 Radiohm across detector secondary Eight
146-166-176-46-

66.96-107-126-
116-136 Radiohm across detector secondary Eight

Radiohm across aerial coupler Nine
Radiohm across first stage detector secondary Eight
Radiohm across detector secondary . Eight

28 Potentiometer across aerial and ground 226 tubes Four
35 battery set Rheostat in filament lead Eighteen
48 Potentiometer across aerial and potentiometer controls

screen grid voltage . . . .. Twenty-one
54 D.C. Potentiometer controls aerial and cathode voltage Ten
58 Potentiometer controls R.F. C.bias Thirteen
60 Potentiometer shunts audio secondary . Fourteen
5A-58, 73A-
7313 Potentiometer controls antenna and Cbias Ten

BUSH & LANE
10 Potentiometer controls R.F. plate voltage Sixteen
12 Potentiometer controls screen voltage Eleven

BRANDES RADIO (See Kolster Radio. Models and controls are the same )

72.109

72-103

79'00'

72-103

72.100
74-602
72-102
70.701

70.201
72.102
70.201
72-106
72-102
47-006

74-602
72-102
72.100
72-105

79.006

Volume controls of many receivers may be replaced to best ad with Centralab 70.200 shunted
from antenna to ground regardless of the Mask location of the original control.

C6, C7 Radiohm shunts tuned antenna circuit .

Potentiometer with switch causal/I mann voltage
Potentiometer controls aerial mad cathode circuits (With

Switch)
CLARION (TRANSFORMER CORP. OF AMERICA)

Midget AC.61 Potentiometer controls antenna and Cbias
60 Potentiometer cenerels Hrtefl grid voltage
Midget 61 Potentiometer controls antenna and C.bias .

CAMEO
Potentiometer controls antenna 'and Chit.

CANADIAN WESTINGHOUSE
1928 Radial., shunts R.F. primary
'20 Radiohm varies R.F. Chits -

21 Potentiometer controls screen grid voltage . .. ..
23 Radiohm shunts tu.d antenna circuit
80 Pad across aerial coil and pad control Chia ... .

89, 90, 99 Radiohm varies R.F. C -bias
110 Radiohm varies R.F. C.bias

CLAGO RADIO
4131, 5134,
8235. 9342 Radiohm varies R.F. C -bias

CLEARTONE
110 Twin control

Potentiometer across detector secondary
Twigeil.lsve & Fourteen Zl68Ill

Replacement
Control No.

Teo 79-006
Eight 70.201
Eight 72-105
Ten 52-202
Eleven 62.108
Eight 24-200
Ten 79.006

One 70-200
Eleven 72-103El.. 72.100
Fourteen 72-105

Four 72-100
Ten 52-202

Four 72-101
Four 72-100
Four 72.101
Eleven 62-102

One 72-101
Six 72-101
Ten 79-006

Two 72.100

Ten 79-006
Eleven 62-a03
Eight 70-201

Twenty 74-601
Twelve 70202
Four 72.100
Nine 70-201
Eleven 62-103

Ten 79-006

Ten 79-006
Eleven 72-111
Ten 72-012

Ten 79-006

Two 70-204
72-107

Eleven 72-110
NW, 72-105

70-202
Twelve 70.202

Twelve 72-1013

Volume controls of many receivers may be replaced to best advantage with Centralab 74200 shunted
Iran antenna to ground regardless of the orroit location of the original control.

Replacement
Model No. Volume Control Circuit Circuit No. Control- No.

COLONIAL RADIO CORP.
72.104 26 Rheostat controls R.F. tubes- 5-201A tubes Eighteen 47.003

S G. 32 Controls Chias voltage and aerial coil Twenty 74-601
D.C. 31 Rheostat controls filament of R.F. tubes Eighteen 47.020

COLUMBIA RADIO CORP.
961-902.C-11 Potentiometer across aerial coil which is inductively

coupled Seven 72-102
C4 -980 -K24 -C1 -
C3 -C2 Radiohm ac its first R.F. secondary coil M. 70-201
S.G. 8 Potentiometer controls aerial and cathode circuits Ten 79.006

SG -5 SG -7 Radiohm shunts tuned grid
SG -9. AC -950 Potentiometer shunts antenna primary

Eight) 70.201
Thee 72.100

.

COURIER RADIO (UNITED REPRODUCERS CORP.)
653 Potentiometer Controls C.bias Twelve 72.107

CROSLEY RADIO CORP.
40S -41S -42S-
416.825 Late 2 Potentiometers 15M in antenna remit and 25M
Model screen voltage. Dual unit. Twenty-one 72.102
60S-61S62S
D.C.
3R3.401.90.601 R11.3tit controls filament voltage. Ergetne.

Potentiometer controlling some voltage 72-103
47-006

608-704.705-
706609-610 Potentiometer across aerial coil Three

Twelve
7722:11 0807Rosario Radiohm controls detector plate

Buddy Radiohm controls C.bias
Potentiometer controls tureen grid mItage Elmo

20-21-22
Radiohm controls C.bias .

Radiohm controls C.bias . . ........ Twelve

70-202

40S -IS
Potentiometer across antenna and ground -

70-770.2-22010"22

72-103

42AC

Eleven30S -3M -33S-345 lotentiometer controls screen voltage
602.41 A and

2 Potentiometers 15M in antenna circnit and 25114 Twenty-one11:
s..n voltage. Dual unit72-100

400. 410, 420 Radiohm ' R.F. C -bias

71A Spec.

7262:Dc2377

20
Potentiometer shunts antenna granary Three

TE.:ehi've

777,772:1:r!

7Q-201
72-100

24.110

84 Potentiometer shunts audio snondary Fourteen
52. 54, 57. 120 Potentiometer controls anteona arid C -bias Ten

Wigit 48 Potentiometer controls antenna and Chi. Ten 79.006
Johnny Smoker
Buddy Boy 54

Super Buddy 122 Potentiometer controls antenna and C -bias Ten 72-101
124 Potentiometer Controls Obi. and Antenna (Switch

Type) Ten 62-109
DAYFAN (GENERAL MOTORS RADIO CORP.)

6 AC Potentiometer controls R.E. plate and MOM 1st stageA. F.primaryFoam.
72 Radiohm shunts tuned grid Eight
509148
8 A.C.

Radiohm across aerial and ground 226 tubes Ogg
77° .20-2--12200IOM':Potentiometer across aerial and ground 226 tubes Four .

Oem 74-54 Rheostat controls 3.20IA R.F. and audio tubes EilltPll

110-6 M. G. Potentiometer controls plate vokap to 3-207A E.F Th",

47-006
72-1008 A. -C.- Potentiometer across aerial coil. 226 tubes

6 -DC -32 -DC.

XL30

Sixteen

Fifteen 70-203

72.101 DAYTON RADIO'COb".
72-103

XL70, XL60,
Radiohen varies R.F. plate voltage

70.50 Radiohm varies R.F. plate voltage Fifteen
7A.C. XL61 Radiohn, varies R.F. plate Fifteen 26 -5002-In

T
A.C.43-6546 Radiohm across R.F. secondary 226 tub.

B:settee
72-101

A.C. Dayton Controls C.bias voltage to 5.227 tubes 70.202

72.103
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CENTRAL RADIO LABORATORIES

Model No. Volume Control Circuit
DEFOREST CROSLEY RADIO CORP.

DeForest Potentiometer from A+ to A-
700 Potentiometer controls ureter voltage to R.F. tubes.
800-810 Potentiometer in A.F. secondary circuit

Potentromet, controls screen voltage
750.800-810 Connected in audio ucondary circuit
605 Potenticanet, across detector R.F. secondary
Tone Control Connected in audio secondary circuit

DIAMOND COIL CO.
Diamond of Air Radiolins controls C.bias to 222 tubes

EARL RADIO CORP.
33S Twin control
31DC-24DC-
33DC Twin control Nineteen 72-106
3132-21-22-41 Twin control -2 controls Twelve & Fourteen 25-416
315. 371 Twin: Potentiometer shunts antenna primary; Radiohm

controls Chia . Twenty 74-601
271 Twin: Potentiometer shunts antenna primate: Poteritio-

meter controls screen grid voltage Twenty-one 76-006
ECHOPHONE RADIO MFG. CO.

5 S, E, F Radiohm varies R.F. C bias Twelve
Midget
S3, 24, S5 Potentiometer controls antenna and C -bias

THOS. A. EDISON, INC.
R -I22 Potentionserir used in first R.F. stage Five
R-4, R-5 Potentionsemr across antenna and ground and R.F. bias Twenty
C.4 Potentiometer across enters's, and ground and R.F. bias Twenty
R -I, R-2
Osamu, Jr., and Radiohm across primary of second R.F. stage (Spec.) Two
Jc. 60 Cycles ad
25 Cycles
C-1 Chassis Sc. Radiohm across primary of second R.F. stage (Spec.) Teo
R4. R5 DC Twin: Potentiometer shunts antenna primary; Radiolan

controls C-bsas Twenty
R6, 97 Potentiometer shunts audio secondary Fourteen
250 Radiate shunts R F. primary Two

ELECTRICAL RESEARCH LABORATORIES (ERLA)
12-1 Potentiometer across aerial and ground Tier,
224-A.C. Potentiometer controls screen voltage Thirteen

Potentiometer controls antenna and C -bias (Switch Type) Emen
R61, S61 Potentiometer controls mem grid voltage (Switch Type) Eleven
271 Twin: Potentiometer shunts an primary; poteatio-

meter rontro/s semen grid voltage Twenty.one
Polnti0O3etier shunts audio secondary ..... .. . Fourteen
Twin: Potentiometer shunts antenna primary: pasta

meter controls screen grid voltage . Twenty-one
224 Potentiometer controls sae, grid voltage Eleven

EMERSON
Eateitlesu Potentiometer controls antenna and C -biota Ten

EVEREADY (NATIONAL CARBON CO.)
All Series 50 Controls C.bias and grid of first R.F. Stage Secondary Tam.,
I, 2, and 3 Potentiometer across R.F. secondary Eight
Series 30, 40 Potentiometer to control C -bias Eleven
31 Radiohm controls cathode voltage Twelve

FADA (F.A.a ANDREA, INC.)
16.17-32 Potentiometer control C -bias voltage to 2-227 tubes . Thirteen
18 D.C. Potentiometer connected acmes aerial coil. Arm goes to

ground Four
S.F. 45/75 UA 'Radiohm across secondary of 2d R.F. transformer 227

or CA rohL' Eight

Circuit No.

Eleven
Fourteen
Eleven
Seventeen
Eight
Seventeen

Twelve

Twenty

Replacement
Control No.

Replacement
Model No. Volume Control Circuit Greta No. Control No.

GENERAL MOTORS RADIO CORP. (See Day F..)
24-110 120A Twin: Potentiometer shunts anemia primary; Rohialmn
72-103 controls C -bias Twenty 74602
72-105 Twin: Potentiometer shunts antenna primmer; Rollin
72-101 cootrols C -bias Twenty 74.502
41.010 Twin: Potentiometer shunts antenna prima; Radiohm
72-012 controls C.bim Twenty 74,517
41-009 Tenn: Potentiometer shunts antenna primary; Potentio-

meter controls screen grid voltage Twenty-one 74.510
All 1930 Twin potentiometer controls antenna and MOM grid_ 74-602

Tone control -Spec. Shaft Length 74019

74601 GILFILLAN RADIO CO.
10 Potentiometer controlling Claim to 4-227 robs and

aerial Ten 79.006
100 Pomotionseter across =emery of first R.F. imnsfornier. Five 72-100
60 Radiohm controls plate voltage to last stage R.F. tubes Fifteen 70.203

Potentiometer control, screen grid voltage Eleven 72-102
44 Potentiometer controls ureen grid voltage Eleven 72103

GRAYBAR
311, 700, 770
900 Radiohm varies R.F. C -bias Twelve 72.109

A. H. GREBE & CO., INC
SK -4. A.C. earlyPotentiocnner controls C -bias. Bandon as primer,
and late model, of last R.F. stage Twenty-two 74-515

72-101 SK -4 D.C. Radiohm controls grid bias Twelve 74202
74-601 MU -I Rheostat controls filaments of 201A R.F. rob.. Eighteen 47-006
74601 MU -2 Double resister in rheostat blue and controls R.F. and

audio tubes Twenty-two 74-515
24-008 No. 5 Rheostat controls filament of RE. taws which are 201A 641mesen 47-006

AC 7, 428 AC 6 Radio's:is ornmected across primary of last R.F. stage Two 70.200

GULBRANSEN (WELLS GARDNER & CO.)
Maid C 1929 Potentiometer across antenna and ground and Potentio-

meter controlling grid .0 first audio. Dual control Twenty-two 74.509
1930 Twin Control. Controls aerial and screen grid Twenty-one 74601

HALLDARSON
Halldanon Radiohm connected across aerial coil 74200

7002112

74-503
72.106

See P. 6
70-202

72-111

74-601

70-201

Volume controls of many receivers may be replaced to best ad,ntage with Centralab 70-200 shunted
from antenna to ground regardless of the circJit location of the original control.

Model No. Volume Control Circuit Circuit No.
FADA (F.A.D.) ANDREA, INC)-Continued

50-7471-72 Radiohm across secondary of 2d R.F. transformer 227
tubes Eight

75.77 Potentiometer controlling mow voiltog. .1 3-224 tubes El..,,.
10-1130-31 Radiohm across 2d R.F. m000llocy cool
22 D.0 Rheostat In filament arras
35 and 35Z Potentiometer controlling mem gird whit..
356 Twin control

Pomntiometer controls scam grid yokes.
41, 42, 44, 46,
47
43

35C

20-20Z

25-252

Eight
Eighteen

Twenty-one
Eleven

Potentiometer shunts audio secondary ..... .. .. Fourteen
Twin: Potentiometer shunts antenna penmen Radial,.

controls C-bies Twenty
Potentiometer controls antenna and C -bias Ten
Twin potentiometer across aerial and mood motto's

C -bias voltage Twenty
Potentiometer controlling Chios Twelve
Potentiometer across aerial and ground and potentio-

meter in C -bias circuit Twenty
Potentiometer controls mthode voltage Twelve

FEDERAL RADIO CORP.
Type E 10 Potentiometer controls R.F. plate voltage (Switch Type) . Sixteen
Type M Radiohm controls grid of second R.F. stage Eight
Type I. Potentiometer varying C -bias voltage to 3.224 tubes and

Potentiometer across detector secondary Eight
Type D -BA Potentiometer A- to 13701- controlling plate voltage Sinner

to 2-20 [A tubes
Type H Potentiometer ontrolling grid of volume control tube FourteenB

Potentiometer control, plate oltage Sixteen

FREED EISEMANN
NR -70. NR -57 Potentiometer connected across aerial a -punter
NR 80 DC Radiohm connected across aerial coupkr
NR 95 Radiohm controlling Ch. to 4-227 tubes
NR5-11-FE18-
F-10, NR -7, Rheostat to control filament
NR -30, 32, 40,
48, 50
470 Radiohm shunts antenna to ground One
90SAGNR657, Potentiometer across first stage R.F.
NR879 radiohm controls cathode vslialio
NR 60 Radiohm shunts tuned grid

CHAS. FRESHMAN CO.
L-1 C.C.,60.S Potentiometer across first sum adj. ....dui

Rheouat controls 2.201A OF, tubes
KKK-H-M-6OS Potemionmeter across first usam nark. secondary

N-12. N-17, Radiohm across aerial and ground
Q15 -G -Q1316

Four
One
Twelve

Eighteen

mrso.dsffs and
Trent,

Fourteen
Eighteen
Fourteen
One

72-100
70-200
70-202

Replacement
Coetrol No.

79-006

79-006

24.008

74-601
72-105
70-200

72.100
72-110
62.104
62.111

HAMMARLUND MFG. CO.
H.I.Q 30 Potentiometer controls screen voltage 3.224 tubes
H.I.Q 29 Potentiometer across aerial and ground

HIGH FREQUENCY LABORATORIES
76.006 Maltertone Potentiometer controlling screen voltage of 224 tubes
51.105 H.F.L. Soper Potentiometer controls screen voltage to 3-222 tube[

HOLMES JORDAN
A.C. Potentiometer controls C -bias voltage and anunna
Battery R.F. plate circuit radiohno

HOLLISTER
79-006 AC 8 Potentiometer controls screen voltage of intermediate

stages Eleven
A.C. 8 Potentiometer controls aerial input and cathode Ten

HOWARD

771112.

SGA

35AC

8

One

Eleven
Four

Eleven
Eleven

Ten
Fifteen

72-103
72-101

72.103
72.103

79.006
70-203

72.103
79-006

Potentiometer controls screen grid voltage Eleven 72.101
Twin radiohm controls C.bias voltage and potentialitiess

across aerial and ground Twenty 74601
Radiohm varies R.F. C -bias. (Ground Type.) Twelve 70.202
Twin Potentiometer shunts antenna printery; Poomitio.

meter shuns audio secondary Threes Fourteen 74602
Radiohm shunts antenna to ground One 72.101
Radiohm var. R.F. C -bias Twelve 72.113

Volume controls of many receivers may be replaced to best advantage with Centralab 70-200 shunted
from antenna to ground regardless of the circuit location of the original control.

Model No. Volume Control Circuit
JACKSON BELL

62 Potentiometer controls antenna and C -b:..

70-201 KFT reinr SWITCHBOARD & SUPPLY CO.
72-103 Potentiometer shunts antenna primary
70-201 ;:,35. 534, 535,
47.006 Potentiometer controls R.F.C-bins
72.103 Potentiometer controls screen grid voltage
74-602 K24-25.2728 Potentiometer B supply controls cathode voltage
72-111 523-526 Potentrometer across aerial and ground and automatic

volume control tube
72-105 523-526 Automatic volume control

KENNETH HARKNESS CO.
74-604 Harkness AC 7 Potentiometer in aerial and grid circuit of first R.F.
79-006 tube

Harkness AC 7 Potentiometer in audio circuit
COLIN B. KENNEDY72.11I CORP.79-006 Royal 80 Potentiometer across secondary of first audio transformer.

Model 10 Potentiometer controls plate voltage to 3-227 R.F. tubes76-007 Model 20, 2013 Potentiometer controls screen grid volume72-106 220 Rheostat controls filament voltage
1930 Combination twin control

24053 30. 32 Potentiometer controls screen grid voltage
70-201 42, 526, 826 Twin: Potentiometer shuno antenna primary; paeans

meter controls screen grid voltage
74-514 826 Short wave Potentiometer controls screen grid voltage
24-064 826 Short wave Radiohm used as tone control

KR 15 Radiohm shunts antenna to ground
72-105 12 S.G. Twin: Potentioeneter shunts antenna primary; poitentio-
70-203 meter controls screen grid voltage

KING ELECTRIC CO.
53 1 otentionseter controls antenna and Cbias
SGA Twin: Potentiometer shunts antenna primary; Radiohm

controls C-bies
10 KI, 25, 71 Rheostat R.F. stages in filament circuit
E-80-81.FGH47-006 Potentiometer across aerial and inroad

70-200

74-506
70.201

218
82 Radiohm across 2nd R.F. primary
3 & H. 1929 Radiohm across aerial it
9798, Monarch Potentiometer across aerial and cootrols Chios

KOLSTER RADIO CORP.
1928 Radiohm connected across primary of last stage R.F. 226.
K23-24-2-2344
22-25-27 Radiohm across prima, of third R.F. tube -226 tabs51-105 15 and 16 Potentiometer ac rosa aerial coil

47-006 8-A Rheostat controls R.F. filament
51-105 44-0-42.43-45
51-200 1929 Twin Potentiometer controls Screen grid volume and

Potentiometer across first RE. semndaty and nidialan
controls C -bias voltage Torrey 74-506

31-32 Radiohm controls C -bias to 227 tubas Twelve 70-202
21AC-22 Potentiometer across first R.F. wands, ..d P.0.6 -

meter across laststage OF. printery . Twelve & Fourteen 25-416
G Radiohrn shunts antenna to ground One 70-204

GALVIN
Potentiometer controls antenna and C -bias (Switch Tr se) Ten
Radiohm varies R.F. C -bias Twelve
Potentiometer controls cathode voltage Twelve

GAROD
Gonad 13-A Potentiometer across ucondary of Ion AY. unnisommer. Foorteen

GENERAL ELECTRIC
H31. H51, H7I Radiohm variel R.F. C.bias Twelve
T41 Twin: Potometer shunts memos; Postostiommeor OAF

trek screen grid Tieestroese

62.102
70-202
70.202

1930 Models antenna
40, 60, 70 Radiohm shunts tuned grid
21 Radiohm shunts tuned grid
1924-1925 Radiohm varies R.F. plate voltage
60-7 Radiohm shunts antenna to ground

LINCOLN ELECTRIC CO.
Lincoln 840 Potentiometer controls screen voltage to 3-222 tubes
Lincoln*, Controls C -bias voltage to 2-224 tubes in Ulm -media=

LYRIC (MOHAWK RADIO LTD.)
90 Potentiometer across antenna and ground to cathode

Single unit
D -L Twin: Potentiometer shunts antenna Radiohmprimary:72-105 controls C -bias
H

72-109 280 Radiohm across detector secondary
1394 Twin: Potentiometer shunts antenna roomy; waits

74.526 meter controls screen grid voltage

Rlp601111 /leII t
Control NoGroan No.

Ten 72-101

Three 72.100

Thirteen 72.103
Eleven 72-103
Ten 79.006

Four 72-103
Fourteen 72-105

Ten 79-006
Fourteen 72-105

Fourteen 72.105
Sisteen 76-008
Eleven 76-000
Eighteen 47-006
Twenty-one 76-006
Eleven 72 -Ill

Twenty-one 74.602
Eleven n-ioo
Seventeen 72-103
One 72-101

Twenty-one 76008

Ten 79-006

Twenty 74601
Eighteen 47-006
Four 72-100

Two 74204
One 74200
Ten 51-010

Too 70-200
Seven 72-102
Eighteen 47-003

Twenty-one 76-006
Eight 74201
Eight 74204
Fifteen 70-203
Two 72-100

Elev. 72-103
Twelve 74202

Ten 79-006

Twenty 74-601
70-201

74-602

111a111116.  V
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CENTRAL RADIO LABORATORIES

Replacement
Model No. Volume Control Circuit Circuit No. Control No.

STEWART WARNER CORP.-Continued
801-802 Potentiometer controls L and C circuit of 2d R.F. and

aerial coil 226 tube. Single unit One 72.100
806 Radiohm mntrols plate voltage to 3-20IA tubes Fifteen 70-203
811 Radiohm controls R.F. C bias Twelve 70-202
900 Series Radiohm controls C -bias to 3.227 tubes Twelve 70-202
950 Series Potentiometer controlling screen voltage of 3-224 tubes

and series aerial reiistance in one unit: Single unit 28.031
305-315.320 Potentiometer across A Battery controls C.bias to 2-20IA

tubes in R.F. circuit 24-110
300.310-325 Potentiometer across aerial coil controlling C -bias to

2-224 tubes Ten 79-006
363 Radiohm across antenna and ground One 70.200

STROMBERGCARLSON CO.
501-502 Rheostat controls 2 R.E. 201A filament circuits Eighteen 47-006
1A-1B-501-502-
523-524DC- Potentiometer across aerial coil and radiolun across pri-
635-636-638 mars of last R.F. stage. 2 single controls . . Four -Two 72-100
641-652-654 Potentiometer across inductive coupled aerial coil and

Potentiometer controlling C -bias voltage to 2-224
tubes. Dual unit Twenty 74.001

10-11 Potentiometer in grid circuit of R.F. tubes Twelve 72-107
523. 524DC Potentiometer controls plate

of
Sixteen 72.103

12, 14 Potentiometer shunts audio secondary Fourteen 72.105
L41A Potentiometer shunts antenna primary Three 72.102
846-642 Potentiometer across antenna and ground Four 72-100
Automatic
volume control Potentiometer across audio secondary Fourteen 72.105

TEMPLE CORP.
8-60, 8.80, 890 Radiohm across antenna and ground One 70.200
8-61, 8-91, Potentiometer across aerial coil and potentiometer across
8-81 first stage audio secondary Twenty-two 74.515
Battery ,no Pountiometer shunts audio secondary Fourteen 72.105

THOMAS ENGINEERING
Potentiometer controls screen grid voltage Eleven 72.100

TRAVELER
C DX, K Potentiometer controls an and C.bias Ten 79.006

Potentiometer controls screen grid voltage Ereven 51-101
Potentiometer controls screen grid voltage Eleven 72-103

TYRMAN RADIO CO
Tymnan 60 Rheostat controls filament voltage to 2-222 intermediate

tub-, Eighteen 47.006
Tyrman 72-80 Radiohm controls Chins to 2-222 intermediate tubes Twelve 70-202

UNITED STATES RADIO & TELEVISION CO.
Apex 36 Radiohm across aerial and ground One 70-200
Panatrope 1929 Potentiometer shunts antenna primary . Two 72.100
Midget
27. 32 Potentiometer controls antenna and Cbias , Ten 51-010

UNITED STATES ELECTRIC CORP.
Werkrite 6.8 Rheostat controls second R.F. 20IA tubes Eighteen 79-201

VICTOREEN RADIO CO.
Victor.. Super Potentiometer controls Chia, to 3.201A tubes in inter-

mediate stages . Twelve 24.111
Victoreen A.C. Radiohm controls C -bias to 3-227 intermediate tubes Twelve 70.202

Volume controls of many receivers may be replaced to best advantage with Centralab 70.200 shunted
frorn antenna to ground regardless of the circuit location of the original control.

Replacement
Model No. Volume Control Circuit Circuit No. Control No.

VICTOR RCA CORP.
1929 & 1930: R 32, R 52, RE 45, RE 75, RE 154

Resistor across aerial coil and lower cod in second stage
RS. transformer Nineteen 74-600

1930: Screen grid battery set
Potentiometer controls screen voltage Eleven 72-103

Four Circuit -R15, R17
Twin, controlling screen grid and antenna Twenty-one 74-526

Five Circuit -R35, 839, RE57
Twin, controlling C -bias and antenna Twenty 74-524

WALBERT
27 Plate Circuit Radiohm Fifteen 70.203

WARE
T Rheostat controls filament Eighteen 47.006

WELLS GARDNER
1929.30 Potentiometer controls C -bias and shunts antenna Ten 79-006
1929 Twin radial= controls cathode voltage and radiohm

aerirl and ground Twenty 74.601
192829 type, Radiohm shunts antenna to ground One 70-204
226 tubes
80A Radiohm varies R.E. Obias (Switch TYPO Twelve 52.205
80 Potentiometer controls antenna and C -bias Ten 79-006

WESTINGHOUSE
WR5-WR6
WR7 Radiohm varies R.F. C-biu Twelve 72.109
WR4 Twin: Potentiometer shunts antenna primary: Potentio-

meter controls screen grid voltage Twenty-one 74-526
WURLITZER

1929.7 robe Potmtionseter across aerial and ground and controls
Cbiu Ten 79.006

ZANEY-GILL
54. Queen Anne,
Music Box Twin: Potentiometer shunts antenna primary: Radiohm

controls C -bias Two & Twelve 70.200
ZENITH RADIO CO.

52, 53, 54 Potentiometer controls screen grid voltage Eleven 72.10341, 42, 412,
422 Potentiometer across aerial and grid

Potentiometer controls R.F. Plate voltage Twenty-three 74.602
50, 60 Potentiometer controls screen grid voltage (Switch Type) Eleven 62.10442, 41, 11E, Potentionuur shunts antenna primary Three 72-101
14E, 70 Potentiometer shunts antenna primary (Switch Type) Four 75-61410, II, 12, 17,
33, 362, 342,
352, 352A, 392
392A Potentiometer controls plate voltage Sixteen 72.104
35 -36 -37A -39-
39A -40A-31.32-
33-34-362 Potentiometer controls plate voltage Sixteen 72-104
1929 Teen control shunting antenna and primary.

Specify if wanted with A.C. switch Nineteen 74-600
All 1930 Tone control Seventeen 41-009
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HE above sketches show dimensions of Electrad Replacement
Volume Controls. View "A" shows the back view and location

of terminals, the numbers of which are referred to in diagrams
and tables which follow. View "B" shows depth of unit and lengths
of shafts and bushing. The shaft is made long enough for most
cases. When a shorter shaft is needed 'it can be cut to proper length.
View "C" shows the knob end and location of terminals after mount-
ing the unit on set.
In order to make each type control as universally applicable as
possible, all types are potentiometers except where an off position
is desirable as in RI -204. Where a rheostat type is needed only two
of the terminals are used. The proper terminals are indicated in
circuits. When connecting in receiver, reference should be made to
above drawings.
View "C" also indicates quarter positions knob rotation. These
positions are used to determine the type of taper of the resistance.
When a volume control is used in a series circuit such as Nos. 8
and 9, it has a regular or right-hand taper. This means that the
resistance of the first quarter -section is higher than that of the
second quarter -section, etc. When control is used in a shunt circuit
such as Nos. 2 and 3, it has a reverse or left-hand taper. That is, the
first quarter -section has lower resistance than the second quarter -
section, etc. When resistance of all sections is equal, the taper is
linear or uniform.
All RI and FB type replacement controls have insulated bushings.
There is no connection between terminal No. 2 and bushing or shaft.
No insulating washers are needed when mounting the unit on metal.
panel. In circuits Nos. 3, 5, 7 and 8 a connection must be made
externally between terminal No. 2 and chassis or ground.
In many receivers the volume control is not smooth, or appears to
be defective even when replaced by new control. This may be due
to the set having gain which cannot be practically controlled by a
single unit, or the fact that at certain volume control positions tube
distortion, cross -talk or oscillation occurs. This can be corrected
by the addition of a switch and fixed wire resistance as shown in
circuit No. 19. The resistor should be a Truvolt Wire Grid Resistor
with a nominal value of 50 ohms. In cases of extremely high gain
a 25 ohm resistor should be used. The switch is then used as a local -
distance switch, closed for local and open for distance. A much more
convenient method of doing this, however, is to use an RI type
resistor with switch attached.
Figure No. 1 shows appearance of RI type volume controls without
switch. Figure No. 2 shows the same control with switch. The
switch is so arranged that when the knob is turned completely to
the right (full clockwise position) the switch opens and stays open
until knob is turned completely to the left ( full counter -clockwise
position) when switch will close. This feature makes these .units
ideally suited for combination local and distance switch and volume
control. A representative diagram is shown in circuit No. 20. Circuit
No. 19, however, can be used in combination with any one of circuits
Nos. 1 to 15 inclusive.

FIG. 1

FIG. 2

If it is desired to use the switch as a line
switch the locknut on switch should be
loosened and switch turned one-half turn
in counter clockwise direction which will
reverse the operation of the switch. That is,
the switch will connect the current to the set
when turned fully clockwise and disconnect
when turned fully counter -clockwise.
Circuit No. 18 shows use of rheostat and con-
denser for tone control. RI -206 can be used
for replacement in this circuit or can be

used to add tone control to any re-
ceiver. Circuit shows connections for
push-pull audio. Where a single power
tube is used, terminal No. 2 should be
connected to ground. R207P has the
condenser enclosed in unit and is sup-
plied with leads that can be connected
to the two grids of push-pull output or
to grid and ground of single tube out-
put. R207P is furnished with insulat-
ing washers which must be used when
mounted on metal panel or chassis.

VOLUME
CONTROL

RI -201
15,000 ohm

reverse
potentiometer

HOW USED
CIRCUIT
NUMBER

Antenna Potentiometer-center arm to
coil

RF Primary shunt 2

Antenna and ground rheostat shunt 3

Unwired Antenna potentiometer -2000
ohm grid resistor must be connected
between terminals No. 1 and No. 3 4

Antenna Potentiometer-center terminal
to ground 5

RF Primary Potentiometer-center term-
inal to plate 6

Antenna Cathode Potentiometer 7

RI -201S With Switch.

1

IU-202 Cathode series resistor 8
75,000 ohm

regular RF Plate Voltage series resistor 9
potentiometer

RI -202S With Switch.

R1.203 RF Secondary shunt 10
500,000 ohm RF Secondary potentiometer - centerreverse
potentiometer arm to grid 11

AF Secondary potentiometer - center
arm to grid 12

AF Secondary shunt 13

RI -203S With switch.

RI -204
10 ohm
regular
rheostat

Filament rheostat - 14

RI -205 Screen Grid Potentiometer 15
50,000 ohm

Uniform
Potentiometer

RI -205S With switch.

FB-478-T Antenna potentiometer and Cathode
series resistor 16

FB479-T Antenna potentiometer and screen grid
potentiometer 17

111-206 Tone Control rheostat (condenser not
supplied) 18

RI.206S With Switch 18-19

R -207P Tone Control unit (rheostat and con-
denser with leads) 18

Omilammio
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ELECTRAD INC.

BASIC CIRCUITS
For Which Electrad
Replacement Volume

Controls Are Designed
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TYPE NO.

Number of
Receivers

Listed Using
This Control

RI -201 133
RI -202 60
RI -203 67
RI -204 52
RI -205 31

TOTAL 343
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RECEIVERS

Acme Mfg. Co.

Aero Coil Co.
Aero Prod. Co.

ELECTRAD INC.

ELECTRAD VOLUME CONTROLS ARE AVAILABLE FOR THE

FOLLOWING RECEIVERS
(Important Note -AU controls listed below must be used only in circuit indicated)

MODEL NO.

VOLUME
CONTROL

CIRCUIT TYPE
NO. NO.

AC 7
88.
Unit 6, Short Wave
Aero 5
Aero 4, 6, 7, Short

.911 -Amer. Mohawk 96, 90
Wave

12
15
14

9
14

7
60, 61, 62, 65, 66, 80, 83, 84, 85, 86, 88 10

.Amrad 70, 7100
81

Apex 36
80
Battery Models

Arborphone 45
Atwater Kent 37, 38

86
40, 42, 44, 52
SS series filament
12, 20, 30, 32, 33, 35, 48, 49, 50
61, 61C, 66, Battery 222 Tubes

Audiola SOB, 7330
Baldwin
Balkite FC, C
Belmont Belmont
Bosch 49

28, 29
54 DC

107, 116, 126, 136, 146, 166 10
14
15

7

46, 66, 96,
35 Battery Set
48

Bremer -Tully 7-70, 7-71
4, 6, 8, 8-20A
14, 21, 31, 81, 82

Browning -Drake 34, 36, 38
Brunswick 3, KR8, 2, 5, KRO
Bush & Lane 12

Cavac 7
Cleartone 112 11
Colonial 26, DC31 . 14
Columbia 961, 902, C-11

568
Crosley 42AC, 706, 609, 610

804AC, 20, 21, 22, Chum, Buddy
3R3, 90, 401, 601
30S, 31S, 33S, 348
5091-9.8
8AC early models
8AC late models
OEMS4, 74

A. C. Dayton X1.61
AC -63, 65, 66

DeForest-Crosley 605
800, 810

Diamond Coil Diamond
Edison R-122

R-1, R-2, C-1, C-2
Elect. Res. Lab. R-1 1
Eveready 31 8
Fade 18DC 5

SF 4575 VA or CA, 10, 11, 30, 31, 50, 70, 71,
72 10 RI.203

Federal Radio Type M 10 RI -203
Type H, Type L 11 RI -203

Freed-Eisemann NR57, 8870 5 RI -201
NR80, DC470 3 RI -201
I4R95 8 R1-202
F-10, NR7, SO, 32, 40, 48, 50 RI -204

Chas. Freshman N-12, N-17 R1-201
L, LS, 6608, II, M, K, K6OS RI -203
Equaphase 81-204

Garod E -A RI -203

Dayfan

Gilfillan 10
100

A. H. Grebe AC -7, 428, AC -6
SK-4DC
Synerophone, MU1, No. 5

Henderson
Hammarlund RIO -29

HIQ-30
Kenneth Harkness AC -7 Control A

AC -7 Control B
High Frequency Mastertone, HFL Super
Hollister AC 8 Control A

AC 8 Control B
Holmes Jordan AC
Howard
Kellogg K-24, 25, 27, 28

523, 526 Control A
523. 526 Control B

RI -201
R1-203
R1-204

1 R1-201
7 RI -201
1 RI -201
8 RI -202

14 RI -204
15 RI -205
3 RI -201
5 RI -201
1 RI -201

14 RI -204
9 R1-202

10 RI -203
11 RI -203
12 RI -203

8 RI -202
6 RI -201
2 RI -201

RI -201
81-202
RI -201

14
3

12
14
12

7 R1-201
6 R1-201
2 RI -201
8 RI -202

14 RI -204
3 81.201
5 RI -201

15 RI -205
12 RI -203

7 RI -201
15 RI -205
15 RI -205

7 RI -201
7 RI -201

15 RI -205
7 RI -201
5 RI -201

12 RI -203

RECEIVERS MODEL NO.

Lyric
Magnavox
Majestic
McMiflan
Metro
Montgomery Ward
Ozarka
Peerless Courier

VOLUME
CONTROL

CIRCUIT TYPE
NO. NO.

Colin B. Kennedy Royal 80 12 81.203
220 14 RI -204
20 15 RI -205

King Elec. Co. 8.80, 81, FGH 5 RI -201
82 2 RI -201
J & H 3 RI -201
9798, Monarch 7 RI -201
10K-1, 25, 71 14 RI -204

1 RI -201
8A 14 RI -204

Lincoln Elec. Lincoln 40 8 RI.202
8-80 15 RI -205
90 7 RI -201
Magnavox 14 RI.204
90, 91, 92, 1008 ' 8 RI -202
900 3 RI -201

3 RI -201
Screen Grid 7 RI -201

15 RI -205
K-70 7 R1-201
65 8 RI -202
Peerless 12 RI -203

3 81-201Patterson
Philco

RI -203
*RI -205

RI -204
RI.202
RI -204
81-201
RI -203

1 111-201
15 81-205 Kolster K-20, 22, 23, 24, 25, 27, 28

7 RI -201
3 RI -201
9 RI -202
2 RI -201
3 RI.201
2 RI -201
S RI -201

12 RI -203
14 RI -204
15 RI -205
15 RI -205

7 RI -201
7 81-201

15 RI -205
5 111-201
1 RI -201
7 111-201

RI -203
RI -204

*RI -205
RI -201

11 RI -203 Pilot Pilot 5
8 RI -202 PE -6
3 RI -201 Powrad
5 RI -201 RCA 17, 18, 33

15 *RI -205 41, 50, 51, 64
16, 20, 25, 28, 30, 32
44, 46, 47
66 Radiola

Radio News Elco Elco
Remler Mfg. Co. 111
Scott Super Scott Super
Sears, Roebuck Screen Grid
Silver -Marshall Around World 4

SM 690
Sonora 9-30, A-32, A-36, A-40, A-44
Sparks -V ithington 49B, 39, 931, 301

390, 110, 10.9, 89, 89A
Splitdorf ES 62

CI
Steinite 261

40, 50, 102
991, 992, 993

Stewart -Warner 715, 720
500, 520, 525, 700, 705, 710, 806
811, 900
530, 535
300 to 500

Sterling A2
Strosuberg-Carlson 300, 310, 325

363
846, 642
Automatic Volume Control
501, 502

Temple 860, 880, 890
Tyrman Radio Tyrman 72-80

60
Victor -RCA R-52
Victoreen AC
Walbert 27
Ware
Wells -Gardner 1929-30

1928
Wurlitrer 1929 Seven Tube

82, 86, 87, 511, 512, 513, 514,
515, 531, 551, 571

Series 5
296, 296A
65

* Value of R of Circuit No. 15

Acme
Bosch
Bueh ilk Lane
RCA

Model 88
Model 48
Model 12
Models 44, 46, 47

5 RI -201
3 RI -201

12 RI -203
15 RI -205

15 111-205
15 RI -205
4 RI -201
5 RI -201

14 RI -204
15 *RI -205

8 RI -202
15 RI -205
15 RI -205
14 RI -204
7 RI -201
8 RI -202

12 111-203
2 RI -201
9 RI -202
8 111-202
2 RI -201

11 81-203
2 RI -201
8 RI -202
9 81-202
3 RI -201
9 RI -202
8 RI -202

10 RI -203
14 RI -204

7 81-201
7 RI -201
3 RI -201
5 RI -201

12 RI.203
14 RI.204

3 RI -201
8 RI.202

14 RI -204
7 RI -201
8 RI -202
9 81-202

14 RI -204
7 RI -201
3 RI -201
7 RI -201

5000 ohms
5000 ohms

10000 ohms
3000 ohms
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Can You Service Every Set

Accurately Quickly Profitably?
These two Jewell Service Instruments provide

Every facility for servicing all modern receivers

The Pattern 444 Set Analyzer
I. Tests easily, quickly every circuit in 6. Twenty-four instrument ranges for

all receivers. Direct tests of all vafi- use with test leads.
able -mu and pentode circuits.

2. Accurately tests all types of A.C. and
D.C. tubes under actual working con-
ditions.

3. Any socket test requires setting of
but a single switch.

4. Self-contained triple -range output
meter.

5 Self-contained triple -range ohmmeter
with battery compensator adjustment
located on instrument panel. Price to Servicemen 484.00

The Pattern 563 Oscillator

Output adjUstable to any freiiiieay in broadcast band
from 550 to 1.500 K.C., and in the two intermediate bands of
125 to 185 K.C. and 175 to 45U K.C.

Completely shielded. Metal carrying case and panel form
effective shield. The radio frequency coils are separately shield-
ed from rest of the unit.

Operates from self-contained batteries. These are carried
within the case for complete shielding.

Output continuously variable from maximum to zero. A sep-
arate high output is provided for adjustments such as neutraliz-
ing.

Single control adjusts output frequency. Three -position
switch allows instant change to any of the three frequency hands.

Calibration curve for each wave band carried in the cover
for easy reference.

Filament rheostat and tapped "A" battery provide proper
filament votlage for tube at all times and greatly increase the
life of the battery.

Trimmer adjustment permits spotting any much used inter-
mediate frequency at a convenient point on the dial.

Completely equipped with shielded output lead, calibration
curves, instruction chart. '30 type tube, and batteries.

Jewell Pattern 563 Oscillator, including tube and bat-
teries-Price to Servicemen $35.63

Jewell Pattern 559 Output Meter-Price to Servicemen 15.00

j31 YEARS MAKING GOOD INSTRUMENTSE EL

7. Test leads connect to pin -jacks mold-
ed in panel. All binding posts are
eliminated.

8. Complete meter ranges for accurately
measuring all receiver voltages and
currents.

9. Socket test cord is instantly remov-
able at the panel.

Get the Complete
Jewell

Radio Instrument
Catalog

Every serviceman should have this new catalog,
containing the most complete line of radio test
equipment ever offered.

Write for your copy today and learn what re-
markable equipment is now available to speed and
simplify radio work. Find how your store can add
to its profits by developing the lucrative tube re-
placement field through new store and home sell-
ing methods.

JEWELL ELECTRICAL INSTRUMENT CO..
1642-V Walnut St., Chicago, Ill.
Please send me the new Jewell Radio Instrument
Catalog.

i

t Same 1

1 Address I

1

SCit.- tate
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Important and far-reach-
ing developments in
Radio create sudden
demand for specially
equipped and spe-
cially trained Radio
Service Men.

MANY skilled Radio Service Men are needed now to service
all -electric sets. By becoming a certified R. T. A. Service
Man, von can make big money, full time or spare time, and

fit yourself for the big -pay opportunities that Radio offers.
We will quickly give you the training you need to qualify as a
Radio service man .. . certify you . . . furnish you with a marvelous
Radio Set Analyzer. This wonder instrument, together with our train-
ing, will enable you to compete success fully with experts who have
been in the radio business for years. With its help you can quickly
diagnose any ailing Radio set. The training we give you will enable
you to make necessary analysis and repairs.
Serving as a "radio doctor" with this Radio Set Analyzer is but one
of the many easy ways by which we help you make money out of
Radio. Wiring rooms for Radio, installing and servicing sets for
dealers, building and installing automobile Radio sets, constructing
and installing short wave receivers . . . those are a few of the other
ways in which our members are cashing in on Radio.
As a member of the Radio Training Association, you receive personal
instruction from skilled Radio Engineers. Upon completion of the
training, they will advise you personally on any problems which arise
in your work. The Association will help you make money in your
spare time, increase your pay, or start you in business. The easiest,
quickest, best -paying way for you to get into Radio is by joining the
Radio Training Association.

'clhis excellent
set analyzer
and trouble
shooter included
with our course
of trainin

This amazing Radio Set Analyzer plus the
instructions given you by the Association
will transform you into an expert quickly.
With it, you can locate troubles in all types
of sets, test circuits, measure resistance
and condenser capacities, detect defective
tubes. Knowing how to make repairs is
easy ; knowing what the trouble is requires
expert knowledge and a Radio Set Analyzer.
With this Radio Set Analyzer, you will be
able to give expert service and make big
money. Possessing this set analyzer and
knowing how to use it will be but one of
the benefits that will be yours as a member
of the R. T. A.

Write for No -Cost Membership
We have worked out a plan whereby a membership enrollment need
not cost you a cent. Our thorough training and the valuable Radio
set analyzer can be yours. Write at once and find out how easily
both of these can be earned.
Now is the time to prepare to be a Radio Service Man. Greater
opportunities are opening up right along. For the sake of extra
money in your spare time, bigger pay, a business of your own, a
position with a future, get in touch with the Radio Training Associa-
tion of America now.
Send for this No -Cost Membership Plan and Free Radio Handbook
that will open your eyes as to what Radio has in store for the ambi-
tious man. Don't wait. Do it now.

RADIO TRAINING ASSOCIATION OF AMERICA

Dept. ORS - I 4513 Ravenswood Ave. Chicago, III.

Plan
Fill Out and Mail Today!

RADIO TRAINING ASSOCIATION OF AMERICA
Dept. ORS -1 4513 Ravenswood Ave., Chicago, III.

Gentlemen: Send me details of your No -Cost
Membership Enrollment Plan and information on
how to learn to make real money in radio quick.

Name

Address

City State
/MMENkall
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Metallized RESISTORS
used EXCLUSIVELY

3 Watt
Type

1 Watt
Type

011

Pigtail and
Cartridge

Types

in Stenode Receivers
-AND WHERE THERE CAN BE

NO COMPROMISE WITH QUALITY

The resistance element is based on the
famous metallized principle which has
proved its superiority for accuracy and
uniformity. Lynch Resistors embody the
following improvements:

1-Casings are ceramic-permitting
maximum heat dissipation, and sturdy
enough to withstand heavy shocks
and jars, thus minimizing possibility
of breaking by crushing.

2-Caps are molded on, insuring posi-
tive mechanical and electrical contact
-tapered for easy mounting where
interchangeability is desired.

3-Pigtails are tinned copper, molded
into the caps, not soldered or
strapped-thus insuring positive con-
tact and proof against noise caused
by faulty connection.

LYNCH
Metallized-Precision Wire Wound

RESISTORS
Satisfactorily and economically meet

Every Resistance Need
Guaranteed accurate - permanent - absolutely
noiseless - popular. Featured and specified by

leading radio authorities.

JOBBERS-Write us about our FREE 50 Drawer Metal
Resistor Cabinet Offer-Ideal for keeping complete range
of Resistors. New low list prices now in effect apply on
either regular labelled stock or color coded, according to
RMA standards. Liberal discounts and splendid sales co-
operative plan.

DEALERS - SERVICEMEN - New Resistor Replacement
Manual Now Out. Sixty pages -200 circuits-Free with
every order of 10 Metallized Resistors or can be purchased
for $1.00 Write today for new reduced price catalog and
RMA color code card.

Standardize on LYNCH for Permanent Satisfaction

LYNCH MFG. CO., Inc.
GENERAL MOTORS BUILDING

1775A BROADWAY
NEW YORK, N. Y.
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RADIO
Manufacturers, Distributors,

Jobbers and Dealers
If in need of Service Men wire or write us and we will send you the name and
address of Service Men in your city or vicinity.

THIS SERVICE IS FREE TO THE RADIO TRADE.
OFFICIAL RADIO SERVICE MEN'S ASSOCIATION, Inc.

98 Park Place, New York, N. Y.

Radio Service Men Join the ORSMA
IEVER since the appearance of the corn- Man who can pass the examination necessary

mercial radio broadcast receiver as a to demonstrate his qualifications will be
household necessity, the Radio Service elected as a member and a card will be issued

Man has been an essential factor in the radio to him under the seal of this Association,
trade; and, as the complexity of electrical which will attest his ability and prove his
and mechanical design in receivers increases, identity.
an ever -higher standard of qualifications in
the Service Man becomes necessary. The terms of the examination have been

drawn up in co-operation with a group of
the best-known radio manufacturers, as well
as the foremost radio educational institu-
tions.

\Ve shall not attempt to grade the mem-
bers into different classes. A
candidate will he adjudged as
either passing or not passing. If
the school examining the papers
passes the prospective member as
satisfactory, we stall issue to him
fin identification card with his
photograph.

If the candidate does not pass
this examination the first time, he may apply
for another examination three or six months
later.

The necessity, also, of a strong association
of the technically -qualified radio Service Men
of the country is forcing itself upon all who
are familiar with radio trade problems ; and
their repeated urging that such an
association must be formed has led
us to undertake the work of its
organization.

This is the fundamental purpose
of the OFFICIAL RADIO SER-
VICE MEN'S ASSOCIATION,
which is not a money -making in-
stitution, or organized for private
profit ; to unite, as a group with strong
common interests, all well qualified Radio
Service Men ; to make it readily possible for
them in keeping up with the demands of their
profession; and, above all, to give them a
recognized standing in that profession, and
acknowledged as such by radio manufac-
turers, distributors and dealers.

To give Service Men such a standing,
it is obviously necessary that they must
prove themselves entitled to it ; any Service

There is absolutely no cost attached to
any service rendered by the Association to
its members, no dues, no contributions.

If you wish to become a member, just
fill out the coupon below and mail it to us.
We will send you all the papers necessary
to become a member.

The following firms have cooperated with
us in formulating the examination papers.
The Crosley Radio Corporation, Cincinnati, 0. Mr. D. J.Butler, Se nice Mgr.
Grigsby-Grunow Company (Majestic), Chicago, Ill. Mr.L. G. Wilkinson, Service Mgr.
Strnmberg-Carlson Telephone Mfg. Co., Rochester, N. Y.Mr. E. S. Browning, Service Mgr.
Colin R. Kennedy, Corp., South Bend, Ind. Mr. B.. P.AlcNansee, Prod. Mgr.
RCA -Victor Company, Inc., Camden, N. J. Mr. H. C.Grubb, Vice -President.
Stewart -Warner Corporation, Chicago, Ill. Mr. T. N.Gotten, Service, Mgr.

The schools wno have consented to act as
an examination board are :
International Correspondence Schools, Scranton, Penna.

Mr. D. E. Cansenter, Dean.
RCA Institutes, Inc., New York, N. Y.
East Bay Radio Institute, Oakland, Calif. Mr. T. T.

Tonnehllt, Director.
Radio Training Association of America, Chicago, Ill.

Mr. A. G. Mohan pt, President.
School of Engineering of Milwaukee, Milwaukee, Wis.Mr. W. Wenvath, President.
Radio College of Canada, Toronto, Canada. Mr. J. C.

Wilson, President.
Radio Division, Coyne Electrical School, Chicago, Ill.Mr. H. C. Lewis, President.

MAIL COUPON TODAY!

OFFICIAL RADIO SERVICE MEN'S
ASSOCIATION, lee.

98 Park Place, New York, N. Y.
wish to become a member of your Association.

Please snail me the examination papers and appli-
cation blanks.

GM

Name

Address

Town State
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++ ATTENTION ++
RADIO SERVICE MEN
Foremost in QUALITY

FLECHTHEIM
SUPERIOR CONDENSERS

When buying

Flechtheim Condensers

you are assured of the
highest standards of
QUALITY, at the lowest

possible prices!

IN USE BY

2 of every 3
BROADCASTING
STATIONS IN THE

U. S. A.

Conclusive Proof
of their Excellence!
WRITE TO -DAY FOR OUR NEW
1931-1932 CATALOGS Nos. 23 and
24, DESCRIBING OUR COMPLETE
LINE OF SUPERIOR CONDENS-
ERS -200 to 7,000 V. D. C.

GET WISE and get in on the Real Profits

in Radio Repairing and Servicing

TYPE NU
600 VOLT D.C.

UNCASED

In capacities of
.10 mfd.; .25
mfd.; .50 mfd.;
1, 2, and 4 mfd.

TYPE NU-the condenser that is quickly finding favor with Service-
men who appreciate a condenser that will repair ANY set. Does away
with the use of expensive so-called Replacement Blocks.

- Merely disconnect the defective section of the condenser bank
and shunt type NU in circuit. The set STAYS fixed you please a
SATISFIED CUSTOMER and REPEAT BUSINESS through
GOOD -WILL ADVERTISING, YOUR GREATEST ASSET, IS
BOUND TO COME YOUR WAY.

FLECHTHEIM
SUPERIOR CONDENSERS

Distributed by Leading Jobbers EVERYWHERE

A. M. FLECHTHEIM & CO., Inc.
124 Liberty St., New York City, N. Y.
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RADIO S
ALYZER

AND

Flow to UseT Most Important
and Timely NEW--

Radio Publication
HERE is the latest book, and one of the most

important which we have ever issued. It
fills a long -recognized want; for there is not

a Service Man or a radiotrician who has not an
immediate use for this welcome book.

It is the first book that explains COM-
PLETELY the operation of analyzers, tube
checkers, oscillators, etc., from a thoroughly
practical standpoint. The book is intended for
Service Men of all classes, whether junior grade
or expert. Everyone will find a tremendous
amount of live "meat" in its pages. Nothing has
been left to your own ingenuity; everything is
complete.

The contents:

CHAPTER I

Introduction

The Problems of the Service Man
General Methods of Analyzing Trouble
General Description of Modern Receivers
The Need for a Radio Set Analyzer
What to Expect from an Analyzer

CHAPTER 2

The Analyzer

The Fundamental Requirements of an Analyzer
The Switches or Push Buttons
The Ammeter
Multiscale Ammeters
The Shunt and Its Calibration
The D.C. Voltmeter
The Multiscale D.C. Voltmeter
The Multiplier and Its Calibration
The O.C. Voltmeter
The Design of a Simple Analyzer

CHAPTER 3

Trouble Shooting with the Analyzer

Classification of Trouble-
(1) External to the receiver;
(2) In the receiver proper:

(a) Mechanical troubles;
(b) Electrical troubles.

Detailed Analysis of Electrical Troubles-
(1) Tube testing;
(2) Localizing trouble:

a) By past experience;
(b) By actual test of circuit.

(3) Interpretation of analyzer readings;
(4) Tube charts (use of);
(5) Circuit diagrams (use of);
(6) Testing the power unit;
(7) The use of the analyzer in testing indi-

vidual units.
Additional Features and Uses of the Analyzer-

(1) Asra modulated R.F. oscillator;
(2) As a means of lining up R.F. and I.F.

amplifiers;
(3) As an output meter.

Care and Maintenance of Analyzers
Conclusion and Brief Summary

CHAPTER 4

Detailed descriptions, photographs, and circuit
diagrams of commercial set analyzers.

This book is sold at a ridiculously low price,
because it is our aim to put this valuable work in
the hands of 100,000 Service Men and Radio-
tricians before the end of this year.

Published by RADIO -CRAFT magazine, it has
included in it all worth -while information avail-
able to the radio servicing profession; and for that
reason the price of the book is kept at a very
nominal figure.

Rush Coupon TODAY!

GERNSBACK PUBLICATIONS, Inc.. GM
96-98 Park Place, New York, N. Y.

I enclose herewith fifty (50r) cents, for which
send me a copy of your book "Radio Set
Analysers and How to Use Them"

Name

Address

City and State

1.



562 OFFICIAL RADIO SERVICE MANUAL

N
'LON

WO

Co O
Moor

MIDWEST RADIO CORP.

~AAA&

N
N

N
N

N
N

00000000-0
10040`

000000000,

,0000000-0,

O
0.pusou,

co co 

tOz 0,._
O.m toO -0

E x
0
000
0
in

oE
0

6
O= <

ON
O xox

O

cc

Y_JO
<WOura:
a.

CZ)
C>

ctS)

-1I-



OFFICIAL RADIO SERVICE MANUAL 563

TWO BOOKS
EVER`fHAVE

SERVICEMAN
SHOUO

FREE
A VERITABLE
ENCYCLOPAEDIA
FOR THE RADIO
SERVICEMAN

Thousands of dealers and servicemen every-
where are familiar with -Radio Bargain News -
and know how indispensable it 1: to their work.
The Acratest Booklet is an adjunct to our regu-
lar catalog and is very handy and useful. If you
are already receiving -Radio Bargain News."
,end for iti little brother -Acratert--and
you are not receiving our big book, send far
both and see hou much you have been missing.

IN this booklet we have included
the most complete line of radio replace-
ment parts ever presented by one manufac-
turer. It solves the problem of a reliable

source of supply for every radio component for
the radio dealer and serviceman. For the first time,
a complete line of high grade condensers, trans-
formers, resistors and volume controls is made
available to the small manufacturer, dealer, service-
man and set builder at prices usually paid only by
the largest manufacturers.

Every part herein listed is manufactured of the
finest ingredients obtainable and with the highest
precision possible. They are built to the R M A

and N E M A standards and are rated at safety fac-
tors far in excess of those required for normal ope-
ration. In most cases replacement parts for speci-
fied receivers have been improved over the original
manufacturers' specifications and have a larger
margin of safety. This is particularly true about our
filter condensers and power transformers.

All Acratest products are sold with a guarantee of
"complete satisfaction or money refunded." We
can afford to make this broad guarantee because
we have utmost confidence in the quality of our
products.

ACRATEST PRODUCTS
V.

NEW YORK, N. Y.

EXCLUSIVE DISTRIBUTORS

lederated rehasa?
25 PARK PLACE Dept.G NEW YORK
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AMPERITE is the radio serviceman's best seller. It pays a quick and easy profit
without effort. Just show it "doing its stuff" when you make a service call and
your customer sells himself.
AMPERITE is the only self-regulating line -voltage control. Takes the "bumps" out
of the line automatically. Saves premature tube, condenser and transformer burn-

outs. Eliminates tone distortion and blasting. Can be installed in any
radio in five minutes.
By our unique sales method, you don't have to sell AMPERITE-
your customer BUYS it.

7414PERITE Gfirn

*1

BROADWAY, NEW YORK

456PERIM
Self -Adjusting

NE VOLTAGE CONTROL

AMPERITE TUBE
Write Dept. GM for

CHART and
MONEY- MAKING
PROPOSITION

CD
ahe Ivey to every

ra io prohlem

Here are the
HIGH SPOTS

2.201 Radio Definitions

1,253 Technical Illustration.

34 Tables and Charts

24 Pages of Appendix

Size of Book:
9 in wide by 12 in. high

352 PAGES

Weight, 3 lb.
Red bloroccoiKeratial

Flexible Binding

Printed on strong ledger
paper

Loose -Leal Arrangement

S. Gernsback's
Radio Encyclopedia

SECOND EDITION COMPLETELY REVISED

THIS BOOK is the Nett. Edition of the Famous First Radio
Enoclopedia by S. Gernsback, the first book of its kind
ever published in America.

The new Second Edition- just off the press-is fully revised,
rewritten, and enlarged. It is the absolutely up-to-the-minute .

new model of the pioneei. First Radio Encyclopedia, which be-
came the stand-by of all radio men in every part of the world.
Over 39,000 copies of the first edition were sold.

WHAT THE NEW SECOND EDITION RADIO
ENCYCLOPEDIA GIVES YOU

It gives you an explanation of every word used in radio. These
explanations-or, rather definitions --are not brief outline infor-
mation like those of an ordinary dictionary, but they give in
fullest detail, and at considerable length, the meaning and ap-
lication of every word, phrase, general and special term used in
the science of radio. They are written in (plain, everyday Eng-
lish. easily understood by anyone.

Practically every definition in the book is illustrated by
drawings, photographs, diagrams, or charts. All you need to do
is to look up as you would in a dictionary, the word or phrase
about which you are seeking information. Furthermore, each
page is key -indexed, for greater convenience and speed in locat-
ing any definition. All the Subject -Matter is Arranged in Alpha-
betical Order.

This greatly enlarged Second Edition Radio Encyclopedia is
an absolute necessity to everyone interested in Radio. It answers
all radio questions, increases your knowledge, and saves your
time. It covers every known radio problem, and is a goldmine
of practical information for every radio man.

Mail Coupon Today! L

S. GERNSIIACK CORPORATION,
98 PARK PLACE, NFAV Yost:, N. V.

I enclose herewith $3.98 for which you
are to send me postpaid One Copy of the
S. Gernsback Radio Encyclopedia, Second I

Edition.

Name_

4ddress

City or State_

1



566 OFFICIAL RADIO SERVICE MANUAL

ZENITH RADIO CORP.
SUPER ZENITH VOLUME CON 7- OL Ty PE

Mattel MC

jR1) Nv0,0 RNO

'

per,/s r ..7110,0

0

3 MSG

00026

2 NO. R.F

.2000

0{,

"C" BAT.

To ZE 7
SUPPLY

Saris/ tiamabfrf
lio,No 4 Iso11L7

only

/sr. R.F.

SNORT AMT.

ET. .AMT.zcwa A

G490(010

435 OHM

1 0 0 +  -
BLRC If /1.91r00./ GOLD -P.81777

901, 22 v --freArr:
4 'a" Bar -re' BR, -

WIRING CIRGRRn

8- & C-

0

MODEL ZEBP FILTfI? UNIT For use on AEP 11.4. deluxe *aids

r I

r H
UI

15030i5n

8* 425

52 MULTI PLUG

8-

WIRING DIAGRAM

8 - & C -

C

hopes ZL 8 elLTER UNIT Gor ',Ise on Nadel /SE



OFFICIAL RADIO SERVICE MANUAL 567

gg RADIO
Service Man's HANDYBOOK

with Addenda Data Sheets
THE first volume of the Handybook

contains a tremendous amount of
the most important servicing data of
every kind-hundreds of illustrations,
wiring diagrams, and dozens of charts
on every conceivable subject pertaining
to radio sets, tubes, line voltages, etc.
This book contains live "meat" from
start to finish, and only practical in-
formation on which every radio man

$2.00
Per Copy

can cash in on immediately.
Just to give you an idea of a few of

the subjects covered in this book, we
mention the following:
Prescriptions of a radio doctor
Modernizing old receivers
Operating notes for Service Men
Service Men's data
Servicing automobile radii? installations
Curing man-made static
Causes and cure of radio interference
Notes on repairing "B" power units

Nov tR,Tts!"a!! Receiver P

GERNSBACK PUBLICATIONS, Inc.
Dept. GM
96-98 Park Place, New York, N. Y.
As per your offer, I enclose herewith remit
tance of $2.00 (Canada and foreign $2.25)
which pays the entire amount on your new
book entitled RADIO SERVICE MAN'S
HANDYBOOK with Addenda Data Sheets.
in looseleaf form, as described in RADIO -
CRAFT.

Name

Address

City State

Size 9 x 12 Inches
Weight 2 lbs.

-,1

Constructional data on laboratory equipment
A portable radio testing laboratory
Servicing with the set analyzer
What and how the Service Man should sell
Helping the Service Man to make money
How to become a Service Man
Servicing broadcast receivers
All about vacuum tubes, and vacuum -tube

data
Special radio Service Man's data
Dozens of radio service data sheets
And hundreds of other similar subjects

Contributions by
Foremost Radio
Authorities - -

C. W. Palmer
Leon L. Adelman
Sylvan Harris
Bertram M, Freed
Julius G. Aceves
C. W. Teck
Paul L. Welker
H. Weiler
J. E. Deines
F. R. Bristow
and many others

A NEW.
IDEA

Every Service Man,
every radio man, every
radio experimenter and
every radio professional
usually records his
own notes, draws his
own circuits and writes
down his own obser-
vations and his own
data. For these rea-
sons, the RADIO

SERVICE MAN'S HANDYBOOK, with Addenda Data Sheets, has been made in loose-
leaf form. There is supplied with this book a special 48 -page section, square -ruled on one
side and logarithmic ruled on the other. These sheets are transferable to any desired
place in the book. On these sheets diagrams, charts, etc., are easily recorded and
material from other sources can be pasted in this looseleaf section for future reference.

The total number of pages is 200 and a wealth of radio material is contained therein.
Nothing like it has ever been published before. The size of the book is 9 x 12 inches
with a semi -flexible red cover with gold stamping. It is in looseleaf form similar to the
OFFICIAL RADIO SERVICE MANUAL.

MAIL COUPON TODAY FOR YOUR COPY!
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Discriminating Service Men Follow the Choice
of Well-known Engineers and Specify

Polymet Products
These finely built parts are used by practically
all leading radio receiver manufacturers, follow-
ing thorough and successful laboratory tests.
ENGINEERS DO NOT GUESS-THEY KNOW!

FILTER BLOCKS
The Standard

of the Industry
Built to specification

BY-PASS
CONDENSERS

In stock in all usual
capacities

UNCASED PAPER
CONDENSER

SECTIONS
For repair work

ELECTROLYTIC
CONDENSERS

In single, double and
triple units

FIXED RESISTORS
Wire -wound Tubular
Flat Strip-Flexible

Grid Leaks

VARIABLE
RESISTORS

Carbon Volume Controls
Wire -wound Volume Controls
Rheostats-Potentiometers

TRANSFORMERS
Audio Transformers
Power Transformers

Standard Choke Units

COIL WINDINGS
All types of coils.

except radio frequency.
built to specification

MICA CONDENSERS
Postage Stamp Type

Large Molded
Small Molded

MAGNET WIRE
Enameled Wire

Sizes, 18 to 42-in case lots

A copy of Special Service Men's Catalog of
POLYMET RADIO ESSENTIALS

will be sent on request.

POLYMET MANUFACTURING CORP.
World's Largest Manufacturers of Radio Essentials

833-S East 134th Street :-: :-: New York City
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SERVICE
What Does It
Mean?

SERVICE may mean many things to many
men.

Say "SERVICE" to some men and they
think only of speed. To others service

means courtesy, accommodation, large stocks, low
prices, or exceptional values.

FEW MEN think of service in terms of QUALITY,
even though they are sincere in their effort to do
their work well.

Bur QUALITY is the very essence of service-
or should be. Nothing else counts for so much in
satisfying a customer and retaining his good will.
Speed, courtesy and other things help and are valu-
able-but without QUALITY, they count for little
in the long run.

WHEN you have radio building to do, or are called
on to replace worn or defective parts in a receiver,
it pays to choose parts with a reputation for fine
workmanship, accurate performance and long life.

HAMMARLUND CONDENSERS, Chokes and Shields
are the highly perfected products of more than
thirty years' experience in designing precision in-
struments for radio, telephone and telegraph use.
They are internationally known and respected for
their high standard of excellence. Plan to use
them in your next service job.

Write Dept. GM for descriptive literature
and helpful service data.

HAMMARLUND MFG. CO.
424-438 W. 33rd St., New York

ItUltYt. Bkiatet

immarlundPR/5/
PRODUCTS

The new Hammarlund
II idget Condenser is
s ito a lion proof and is

particularly suited tot
a ii erg t, polite ear and
marine work. Soldered
brass plates. Aluminum
end plates. Fitted bear -
ings. Noiseless brush -
type contact. Stock sizes.
covering 20 to 325 muff.

61.60 to $3.50.

--

\ ":

'.'
I tO

l.

I

I la inmarltind intermedi-
ate Transformer Tuning
Condensers are used it
tile majority of super-
heterodyne intinufartu-
rei s. Insolant i te base.
Phosphor bronze spring
plates with self -aligning
adjusting screws. Finest
imported mica insul -
at ion. Single and dual
models in four shad,
ranges; 10 to 70 tint..
711 to 140 rnmf : 140 to
220 mint. and 7110 to
1000 mint. 70c to $1.50.

0.1,

II , --,,,

/ ,-,

' a - 4.2..

- : .....- . - - b:ii7
'

Four years' leadership
at test to the engineer-
ing perfection of I -

marlund "Al WI ine" Con
densers. Special shaped
brass plates. Full float -
lag rotor. Removable
shaft. Ball and Cone
bearings. Bronze Pigtail.
Rib -reinforced al um i-
num alloy frame
-Pertain" low -loss in-
sulation. .00023 mid..
.00033 told.. .0005 !Md.

$5.00 to $5.50.

--/(4

I

tX... -jit.4

e...- .1...-

7

all

.0 Siurtly Accurate
Neutralizing, Ratan,
ing or Trimming Con 
denser. May be attached
to socket landing Milt
or tuning condenser.
2 to 35 mint. 50e;
20 to SO mitt. 60c.

.7

il.

.1".'

- ',,,."-

The new If ammarlund
Screen -Grid Tube Shield
is designed with spec-
ial cut-outs for maxi-
mum mad ing of the tube
by up -draft of air, and
at the .1111C lime pro-
s ides the full -extent of
shielding required for
most efficient operation.
A luminum shell and
base with large hole at
the top for access to
control grid of t atm.
Designed for use with
cub -panel sockets.

60e each.

A radio -frequency Choke
specially developed for
modern hi gli-gain streen-
grid reeeivers. Alumin-
um shielded and polar-
ized. 51 inim um external
field. No undesired
coupling 10 cause cir-
cuit instability or feed
back. II igh inductance.
low distributed capa-
city. Efficient. compact.
Sub -panel tonneet 1011S.

$1.50.

0w

r
i

.14
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VOLTAGE READINGS AT SOCKETS USING WESTON 547 ANALYZER
Line Voltage 115. Fuse in 120 Volt Clips.

TYPE POS
ITION

el,
VOLTS

PLATE
VOLTS

GRID
VOLTS

SCREEN
VOLTS

NORMAL
PLATE M.A.

GRID TEST
M. A.

224 1st R. F. 2.3 185 3.25 90 4 7

224 2nd R. F. 2.3 185 3.4 90 4 7.5

224 3rd R. F. 2.3 185 3.3 90 4 7.5

224 Det. 2.3 90 3 30 .25 .75

227 1st A. F. 2.3 170 12 - I 6 7

245 P. P. 2.3 245 50 - 128 37

245 P. P. 2.3 245 50 - 128 37

6ND.

QI

4.5

227,1/4
224- -

2.5.0 K

51
.45
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BIG News for you

GERNSBACK PUBLICATIONS. lee.
96-98 Park Place. New York. N. Y.

I on hereulth my remittance for 9e.00 (cheek
,,r money order preferred) for which you are to send to
me. postage prepaid. one copy of the OFFICIAL RE-

RIDERATION SERVICE MANUAL.

Name

Address

City

State

GM

-NVoVve- sC°eV,eLSSI)°X°S

EVER since the advent of radio, the sum-
mer season has been a curies to the radio
man because that is the time when radio
activities are at their lowest.

In the summer time. people do not use
their radio sets so much and there is, as
a rule, little servicing to be done. This
means that the average radio service man
and ratliotrician finds pretty slim pick-
ings during the summer months.

We have given this problem considerable
and fur over a year worked quiet-

ly on the problem: and from
now on every radio man, ser-
vice man and radiotrieian will
have a steady income all the
year around, incredible as this
may seem.

The idea of radio people
servicing refrigeration units Is
self-evident and the thought
has occurred to perhaps un-
told thousands of radio men
ever since electric refrigera-
tion started. Yet nothing was
done, because the average radio
man knows little or nothing
about refrigeration. Our sur-
vey of the field convinces us
that, compared with seivisdng
a radio set, the servicing of
a refrigerator Is absurdly sim-
ple, once you get. the hang of
it; and that Is exactly why
alto OFFICIAL REFRIGERA-
TION SERVICE MANUAL is
going to ho a side -partner to
the OFFICIAL RADIO SER-
VICE MANUAL, with which
you are welt acquainted.

When you are called in to
service a radio set, It to easy
to and out if your customers
own a refrigerator. If they
do, you can now tell them
that you can Ferrier the re-
frigerator as well. Place your
card somewhere neer the re-
freterator so that, if trouble
comes. you will be called in
to fix it.

Front whatever point you
look at it, you will make
money. And don't ever lose
sight of the fact that refrig-
erators usually need servicing
In the summer time and the!
It Is here that you will get a
new and extra Income.

But don't take our word rot
all this. Study the situation
yourself and see if we are not
right. Look around in your
locality and find out how many
refrigerators there are. At the
present time the servicing of
these refrigerators goes to other
trades when this business 'night
just as well belong to you.

So we say to yeti. why net
DO tote the refrigeration ser-
vicing business at once? Re-
member, there is big money
In it and the refrigeratlee
business Is growing enormously
every year; and it won't be
very lone before there will be
more refrigerators than radios,

The OFFICIAL REFRIGER-
ATION SERVICE MANUAL
has heen edited by L. K.
Wright. who is an expert ant
a leading refrigeration author-
ity. Be Is a member of the
American Society of Mechan-
ical Engineers, American So-
ciety of Refrigeration Engin-
eers. The National Amoctatlon
of Practical Refrigeration En-
gineers, etc.

The new Manna!, as you
will see from the photographic
reproduction. is the same size
as our OFFICIAL RADIO
SERVICE MANUAL. It will
be 9 x 12 inches. and willcontain 952 pages-
loose-leaf, bound in leather-
ette, gold -stamped rover; in
fact, it is a gold mine of
Information on the entire art
of refrigeration.

Here are the chapter con-
tents: Preface; Introduction:
History of Refrigeration: Fun.
damentals of Refrigeration;
Description of Ail Known Types
of Refrigeration ; Service, Tools
and Shop Equipment; Trouble

Shooting: Motors; Unit Parts, Valves and Automatic Equipment; Menem-
turers, Makes and Specilications of Units; Manufacturers of Cabinets.

Every page is profusely illustrated; every refri-erator part is explained: dia-
grams are furnished of every known machine; special care is given to the servicing end. of course; all the tools needed are
illustrated and their use explained; there are trouble shooting charts, and other service data.

This by no meats exhausts the contents of the hook, and it would take much more space to give you ail of the details.
Last year, when we brought out the OFFICIAL RADIO SERVICE MANUAL, we made a special pre -publication offer
to our friends, which actually saved them thousands of dollars. We are now giving you the same chance again for I vogr
abort time.

thought

MAIL COUPON TODAY FOR YOUR COPY!

GERNSBACK PUBLICATIONS, Inc.

I 96-98 Park Place New York, N. Y.
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All
You Need
to Know
to Build the World's Best Receiver

STENODE
Designed by Stenode Engineers under
the direction of Dr. James Robinson

The absolutely revolutionary receiver which makes possible For
the first time Superheterodyne reception so quiet you can hear
no noise between stations . . . all musical tones as no other
method can reproduce them.

Dr. James Robinson, former Chief of Wireless Research, British
Royal Air. Force, has given you an entirely new principle of
radio reception in the STENODE, not merely a rehash of worn
out principles. Build a STENODE! Be a radio leader in your
community. Learn for yourself and prove to your friends what
it means to have

500% Better Selectivity
STENODE tuning is so sharp that it requires a 300 to 1 ratio
dial. Turned up to full sensitivity there is no noise in tuning
the STENODE until a station is reached. Stations come in
"crystal clear"-an absolute replica of the studio performance,
whether 5 or 500 miles away. There is nothing else like it in
all radio. STENODE owners are the envy of their friends-no
matter what other circuits they use. A STENODE log is not
merely a log of stations painfully identified, but of stations
listened to with pleasure. Because-on locals or DX-the
STENODE gives -

1000% More Freedom from Noise
By the STENODE principle the highest selectivity ever at-
tained does not cut down tonal range or audio quality, which
all engineers agree must be the case with other receivers. You
can tune out heterodyne whistles on a STENODE while keep-
ing your station clear and full in volume. STENODE gives-

Infinitely Better Quality
The STENODE opens up new fields for short-wave and tele-
vision work, as well as broadcasting. Full details of all sorts
of applications are given in the STENODE Data Book. Nine
full-sized diagrams show where to place every part. How to
make every connection is clearly told in STENODE Book of
Directions. Your finished STENODE will put you into a new
field of radio. Fill in and mail the coupon with your money
order for the biggest value ever offered custom set builders.

STENODE CORP. OF AMERICA
HEMPSTEAD GARDENS, L I., N. Y.

(FORMERLY AMERICAN RADIOSTAT CORP.)

A 9 Blue Prints
Data Book

Direction Book
All for $5

ONLY
Increased demand for Stenode
Data Rook. Instruction Book and
Blue Prints permits our cutting
fo,inc: price in half. Those who
have already sent in full price

will receive our check for $5. We are not
interested in making profit from our engi-
neering service. Our profits come solely from
Royalties paid us by our licensees.
STENODE selectivity curve makes IOKC
selectivity, so-called, look like broad tuning.

STENODE selectivity is com-
pared, above, to that of or-
dinary receivers. All back-
ground noise is contained in

D e outer curve. Stenodes curve.
shaded; contains but 1-10the total noise.

STENOTUBE. Only one required
in each Stenode. This heart of
the Stenode circuit consists of a
quartz crystal ground to 175KC
frequency and mounted in tube
form for easy handling. Standard
UX socket base. Price $15.

None genuine without the inven-
tor's signature.

Made n England

STENODE CORP. OF AMERICA
Hempstead Gardens, L. I., N. Y.

Enclosed find Q Money Order, [] Check, for
. Please forward me D STENOTUBE,

D BLUE PRINTS, DATA BOOK and DIREC-
TION BOOK For building STENODE.

Name

Street

City State

IF IT ISN'T A STENODE IT ISN'T A MODERN RECEIVER
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"It speaks for Itself"-

RADIO Set Servicing, Short
Waves, Television, Sound Projection,
Automobile Radio, Airplane Radio,
Construction of Test Laboratories,
Operating Notes for Service Men,
Latest in Radio, Radio Service Data
Sheets, Money -saving Kinks, Inform-
ation Bureau -- these and many other
subjects are covered each month in

RADIO -CRAFT.

The magazine is edited by
men outstanding in theI
radio profession. I I

Be sure to get the magazine at the newsstand, or if you
cannot get one there, take advantage of our special subscription
offer to Service Men.

ONE YEAR FOR $2,00
RADIO.CRAFT,
98 Park Place,
New York. N.IY.

Dept. GM

Enclosed find $2.00 for which please enter my subscription to
R ADIO.CR AFT (or one year.

Name . .

Address

City............ .. State
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Volume 1 (1931 edition)
Official Radio Service Manual
Complete with all Supplements

Keep Your Radio Library Up -To -Date

YOU MUST HAVE VOLUME No. I WITH ALL
SUPPLEMENTS IF YOU WANT A COMPLETE
COLLECTION OF ALL EXISTING RADIO DIAGRAMS.

Positively No Duplication-Not One Diagram
Published In Manual No. II Will Be Found

In Volume No. I.

What you will find in
Manual Volume I

(1931 EDITION)

 Over 1,500 diagrams, illustra-
tions and charts.

 Wiring diagrams of every set
manufactured since 1927, and
many earlier ones.

 Complete course of instruction
for radio service men, manu-
facturers, dealers, jobbers and
amateurs.
MO pages of helpful radio
servicing material.a

Course of Instruction

Here are but a few of the subjects
the section devoted to the Special
Instruction.

Amplifiers
Antennae
Automotive Radio
Condensers
Detectors
Eliminators
Meters

covered in
Course of

Power Supply
Systems

Radio Phonograph
Equipment

Resistors
Short Wave Sets
Speakers
Tubes

650 Pages GOLD STAMPED LOOSE -LEAF
BINDER SIZE 9 x 12 in.

Mail Coupon Today!

r-GERNSBACK PUBLICATIONS, Inc.
t 96-98 Park Place, New York, N. Y.

ORS

I Ashi ifi)er your offer. I enclose herewith $4.50 for
Io u

of
are
the

t:) send
OFFICIALe.I v'Volu.sneyRADIOpostpaid,

SERVICEcopy
of

f-

1 UAL. complete with all Supplements.

Name

Address

City State
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INDEX TO COMMERCIAL WIRING DIAGRAMS

WITH the issuance of each set of supplements, a completely revised and up-to-date index is fur-
nished. To use this first remove all of the pages from the cover; throw away the old index
pages and replace them with the new ones;and then insert the supplement pages in their numer-

ical and alphabetical order. Then replace the cover and the book is complete.
Often, the trade name of a set is known by the user of this book but the name of the manufac-

turer not known.

In searching for diagrams, if the particular diagram you desire cannot be found, be sure to look
through the Miscellaneous section at the end of this index. If it is not listed there look through the
Trade Name Index; this gives the name of the manufacturer for each trade name. Since all dia-
grams are listed in the index in alphabetical order in accordance with the manufacturers' names, it is
absolutely necessary to know the name of the manufacturer before a particular diagram can be found.

In the supplements are included diagrams for which we have received requests. Wherever the
diagrams that have been requested are not included in one set of supplements, they will appear in the

set published after we receive Many diagrams of obsolete are difficult obtain, but we
are using every possible effort to procure them.

We wish to express our thanks to the many subscribers who have taken such extreme interest in
the MANUAL, and especially to those who have voluntarily submitted diagrams for publication in
the supplements.

A
A. C. DAYTON CO.

XL -20; XL -25; XL -30 77
XL -61; AC -66 78
AC -63; AC -65 79
XL -5; Navigator, Navi-

gator Power P. 80
XL -10: XL -70 804*
XL -60; XL -50 A.C. .....- 80B*

ACME ELECTRIC CO

Model S.G. 88; A.C.-7 81

ALL-AMERICAN
MOHAWK CORP.

6 and 8 tube A.G. "W""
Power Pack 82

Lyric models 60, 61, 62,
65 and 66 82

Lyric models 80, 83, 84,
85, 86, 88 82

70, 73 and 75; No. 90
chassis, 60 cycle 83

No. 90 chassis 25 cycle;
No. 96 chassis, 60
cycle 84

Mohawk one dial battery

Circuits listed in
with the page nu

and A.C. 226-227 85
Model D. Lyric Receiv-

ers 844*
Model 44; Model H 84B*
All American Lyric

B-94 356'C*
Model K 138
Model P 139
Model 90 Chassis, 60
cycle 130

Model 90 Chassis, 25
cycle 130

Model 90 Speaker and
plug 131

Model 96 Chassis, 60
cycle 131

Model S-8 Lyric 132
Model S-7 Lyric 133
Model J Lyric 134
Model S-6 Lyric 135
Model B-7 Battery. .. 136
Model C-6 Lyric 136
Model DC Lyric 137

ALLIED ENGINEERING
INSTITUTE
(See Television Section)

-THE PUBLISHERS.

AMERICAN BOSCH
MAGNETO CORP.

16 Amborola; 27 Am-
borada; 46 The Little
Six; 57 & 87 86

Cruiser, Royal Cruiser
and Imperial Cruiser,
model 35 battery sets 87

Models 66, 76, and 76L
the Cruiser; Models
66AC, 96, 116, 136
for A.C.; Model 107
for A.C.; Models 126,
146, 166, 176, 46-
A.C. 88

Model 96 D.C. 110 V
Cruiser; Model 156
Cruiser; Model 28;
Model 825 Super Dy-
namic Power Pack 89

Models 48 and 49; Type
BAN edition 2 No -
battery; Type BAN
edition 3 and 4 No-battery; Types BAN
edition 3 and 6 No -
battery 90Model 54 D.C. receiver;

Bosch Motor Car re-
ceiver 91

Model 58, 59 904*
Model 61, 62 90B*
Model 60 Volume Con-

trol Receiver 90C*
Model 5 90D*
Model 60 and 61 (Auto-

matic Volume Con-
trol) 90E*

Model 62-D. C 90F*
Model 63-D. C 90G*
Models 73 and 74 140
Model 20 141
Models 80 and 84 142

AMERICAN TRANS-
FORMER COMPANY

De -Luxe Recording Am-
plifier 143

Pick -Up Matching Cir-
cuit 148

PF-281 144
PP -250 144
PF-245A 145
Hum Reduction Chart. 145

italic type are in the 1931 issue of the Manual. Circuits listed in italic type,
mber followed by an asterisk*, are in the supplements to the 1931 Manual.
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I

I

I

I

PF 250 Power Ampli-
fier 334

ABC Hi Power Box 26
2 -AP amplifier and 21-D

Hi Power box 342
Amertran Concert - Hall

Amplifier type 25A;
Approved Audio Cir-
cuits 334A*

Plate Supply Transfor-
mer Connections 334B*

AMRAD CORPORATION

Neutrodyne A. C. - 5;
Model D. C.-6 Model
A.C.-6 Concerto Noc-
turne 92

Model D.C.-7; Model
A.C.-7 93

Model 80, 82, and 83;
No. 7100; No. S-522 94

3500-2; 2500-1; S-733;
7191 power unit;
No. 3590 95

Amrad model 81 (Bel
Canto Series) 96

Models 84, AC7 96A*

ANSLEY RADIO
LABORATORIES

Model MD -1 146
DC Electric 146

APEX RADIO CO.
See U.S. Radio and Tele-

vision Co.

ARGUS RADIO CORP.

B-195: B-125 326

ATWATER KENT
MFG. CO.

Model H-2 147
Model H-1 148
Model 84 AC, early
type 149

Model 81 150
Model 82 151
Models 82D and 84D 152
Models 82, 83, Super 153
Model 84Q battery 154
Model 84 Super, later
model 155

Model 85 Super 156
Model 85Q 157
Model 87 158
Models 89, 89P 159
Models 55F, 55FC,

early 160
Models 61, 61C (Direct
Current) 161

Models 61, 61C, late
types 161

Models 60, 60C, late
types 162

Models 67, 67C, battery,
early types 162

Model 66 163
Models 67, 67C, bat-
tery, late 163

Model D-1 164
Model Q-2 164
Model L-1 165
Model D-2 165
Models, P and F 166
Models 60, 60C, early 167
Model 10; Model 10B;

Model 20 compact;
Model 12; Model 19:

Model 20 97
Model 20 (A I s o

see) 196P*
Model 60 96B*
Model 21 dry cell; Mod-

el 32; Model 36 with
condenser volume con-
trol; Model 36 with
resistance volume con-
trol 98

Models 30, 33, 35, 48
and 49 99

Model 37; Model 38;
and power unit 100

Models 40, 42, and 52;
Model 44; and power
unit 101

Model 41; Model 43 102
Model 50; 2nd type

power unit for Model
41; 3rd. type power
unit for Model 41;
2nd. type power unit
for Model 44 103

Model 55 and 55C 104
3rd. type Model 60-C 328

AUDIOLA RADIO
COMPANY

Models 4T-31-RF 168
Models 6T-31 Pentode 168
Model Junior 169
Model 31 170
Model 13-T-5 170
Model 6-T Jr. No. 1 170
Model 10-T Super 171
Model 9T Super Pen-
tode 1931 172

Model 8T Super Pen-
tode 173

Model 7T Super Pen-
1931 174

Model 9T 45 Supei,
1931 175

Super -heterodyne
receiver 176

Series 31 1044*
Superheterodyne receiv-

er

B -I80 Form B; B-135;
BY; Bile or B Model
D; B-11 104B*

Model A 108C*
Socket "A" supply 23
6-180 Form A 26

BEEDE ELECTRICAL
INSTRUMENT CO.

(See Test Equipment
Section)

BELMONT RADIO
CORPORATION

Series 40 178
Models 45, 46 179
Series 50 180
Models 65, 66 181
Model 70 Super 182

BRANDES PRODUCTS
CORPORATION

AC Set and power unit 183
AC Set and power unit,
25 cycles 184

6 Tube DC 185
6 Tube AC, 60 and 25
cycles 186

Models B-11, B-12,
Brandes 187

Model 25 188
Model K-24 (210 power
tube) 189

Model K-38 190
Model K-42 191
Model K-48 192
Models K-60, 62 193
Models K-70, 72 194
Model K-80, 82 195
Models K-90, 92 196
"B" Socket power unit 197
Columbia Electric Phon-
ograph 197

Columbia 950 198
Columbia C-5 198

10413* BREMER-TULLY MFG. CO.

AUTOMATIC RADIO
AND MFG. CO.

"Tom Thumb"
able

Port -
340

AUTOMOBILE RADIO
CORP.

TR-106; NR -109 75

AZTEC RADIO COMPANY

5 -Tube Pentode 177

B

BALKITE PRODUCTS
COMPANY

Model C; Model F 105
Models A-3; A-5 and

A-7 352
(A & B Eliminators)

&Mite BX; Combina-
tion KX; AB6-135
Form A; AB6-135
Form B 1044*

B -T Counterphase 6;
Counterphase 8; 6-40
power converter 106

6-40 circuit diagram;
8-20A 107

7-70 and 7-71 108
(Also see Brunswick)

BROWNING -DRAKE CORP.

Model 34, 36, and 38 350
MB -30 108A*
Model 69; Models 70 &

71 108B*
Model 36 108D*
4 -tube Battery Model 108C*

Models 14, 21 and 31
S. P. U. 109

Model 31 combination
radio and Panatrope 110

RPA-1; RPA-4 .265
Models 3 and 10 267

BRUNSWICK RADIO
CORP.

Bremer -Tully Models 81
& 82 1104*

Bremer - Tully Models
S81 and S21; Bruns-
wick panatrope S3I 110B*

Bremer -Tully S81 & S82
-60 S82-25 cycles;
Brunswick S-14 cy:
Brunswick S-14 & S-21
-60 cy. 110C*

Model 5NO (SPU X-
900, Chassis X-1101 110D*

Pancarope 3NC8 (Chas-
sis X-1103, SPU X-
901) 110E*

Model 3KR8 (SPU X-
355, Chassir X -822) 110F0

SPU X-341 (used with
5KR, 5KRO and
3KRO), SPU X-341
& dynamic spkr. (used
with 3KR6 &5KR6) 110G*

Chassis X-801 (used
with SKR, 5KRO,
2KRO and 5KR6);
& dynamic spkr. (used
with panatrope combi-
nations and 3KRO and
3KR6) 110H*

Chassis X-1104 (used
with panatrope combi-
nations and 3NIV8);
SPU X-902 (used
with 3NW8)

1101*Models 15 & 22, Model
R-1 1101*

Model B-15 ''Uni-Selec-
tor" 110K*

Model D. C.-15 110L*

BUCKINGHAM RADIO
CORP.

Model 80 348

BUDD MANUFACTURING
COMPANY

Control panel 208

BUSH AND LANE PIANO
CO.

No. 10 DeLuxe; No. 12
S. G. 111

C

BRUNSWICK-BALKE CANADIAN MARCONI CO.
COLLENDER-COMPANY

Model X-1102 199
Model RPA 5 (AP952)
(with potentiometer) 200

Models 14, 21 SPU 201
Models 14, 21 202
Models 11, 12, 16 203
Model 10 204
Models 14. 21, 31 206
Models 17. 24. 25. 207

Type XIV D.V. 360
Tuner Unit Types XV,

XVI, XVII, XVIII
A. C.; Power Unit
XVI 361

Models X, XIII 370/1*
Models XI, XII 370B*
Models V, VII 370C*
Models XII, XIII power

units 370D*

Circuits listed in italic ty.pe are in the 1931 issue of the Manual. Circuits listed in italic type,

with the page number followed by an asterisk*, are in the supplements to the 1931 Manual.
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Models III, IV,' VI 370E*
Models VIII, IX. and

Model X power unit 370F*
Model 20 A. C. Chas-

sis 362
Model 20 A. C. Power

Unit 363
No. 10 DeLuxe; No. 12

S. G. 111
Model 21 A. C. Chas-

sis 364
Model 21 A. C. Power

Unit 365
Model 22 A.C. Chassis 366
Model 22 A. C. Power

Unit 367
Model 23 A.C. Chassis 368
Model 23 A. C. Power

Unit 369
Model 19 D. C. 370
Model 28-29 373
Model 70 374
Model 80, 60 and 25

cycles 375
Model 89 376
Model 90 377
Model 99 378
Model 110 379
Model 120 380

CANADIAN WESTING-
HOUSE CO., LTD.

Model 55. W55A. W57,
W60, W58 371

6 -Tube A. C. Chassis
1928 model and 200B
loud speaker; No. 18
SPU 372

CAPEHART CORP.

See Webster Elec. Co.
Page 350

Models 400, 401. 402 350C*
Tuner only, Models 400.

401, 402 350D*

CENTRAL RADIO
LABORATORIES

Volume control replace-
ment information,

537 to 544

CLEARTONE RADIO
CORP.

Goldcrest Model 60;
Model 80 112

Clearodyne Model 70:
Clear tone Series 100 113

Model 110 compact;
Model 112 114

COLONIAL RADIO CORP.

Model 31 A. C 115
31 and 32 D. C 116
32 A. C. 117
33 & 34 A. C. Remote
Control 330

Model 33 D.C.; Model
16 116B*

COLUMBIA PHONO-
GRAPH CO., Inc.

Models C-33, C-34,
C-25-33, C-24-34.. 208

Models C-31, C-32.
C-25-31, C-25-32 209

Model C-100 536

6 tube A.C. set; 7 tube
A.C. set 118

Columbia C-5 and Kol-
ster K-24; C-5 Substi-
tute 119

Models 930-300; Model
931 120

Model 902; Type 950
radio and phonograph
combination 121

Models 900-801; Model
961 122

Power Pack for model
980; 6 tube D.C. set
C6 -C7 123

Type 980 radio and
phonograph combina-
tion 124

COLUMBIA RADIO CO.

Screen Grid -8 125
Screen Grid 8 receiver 118B*

CONTINENTAL RADIO
CORP.

Models Ten 29-A and B
with 171 - L Power
Unit: Model 9 126

Slagle 29-C: Slagle 29-A
& B 127

Ten 29-D and C with
250-L power unit 128

All Models 129

CROSLEY RADIO
CORPORATION

Models XJ and XL 210
Models 20, 21, 22 210
Model 705 211
Roamio 211
Models 92, 28, 121,
121-1 Series B 212

Model 92 212
Model 77 213
Models 104, 105, 106
Power Converter 213

Models 104R and 105R
Power Converter 213

Models 122, 123 214
Model 124 215
Speaker 297 and 305J 215
Speaker 278, 306J and
306M 215
AC -7 and AC -7C .....

Model 3B and 3C; Trir-
dyn 3R3; 5-38; Type
V; Model 51; 2 -stage
A.F. amplifier type V;
Model XI and XL 131

Model 4-29; Models
30S, 31S. 33S. 34S;
Models 40S, 41S, 42S,
82S 132

Models 40S, 41S, 42S,
82S, arranged for M
type speaker: Model
401; Model 608 133

Models 60S, 61S, 62S.
63S; Jewelbox 704A 134

Model 601 135
Jewelbox 704-B; Show -

box 706 136
Models 705, 804 1364*
Jewelbox 704; Gembox.

Gemchest 610 - 609
A.C.: 804 A.C. 137

Jewelbox 706; Models
20. 21. 22: Model
RFL-90 138

Models 41-A & 42AC:
6-20 and 6-85 139

Bandbox Jr. 401-A; 602
Bandbox; Buddy and
Chum 140

Model 54 -New Buddy
Midget 354

Wigit model 48 358A*
Model 58; Model 77-1 138A*
Model 91 138B*
Model 55; Model 56 138C*
Model 26: Model 59;

Model 76 138D*
Model 120 Super-Sondo.

Super Rondeau and
Super - Administrator
Receivers 138F*

Model 77; Model 84:
Super Buddy Boy 138F*

D
DAVEN RADIO CO.

Bare Note Circuit 136B*

DAY -FAN ELECTRIC
COMPANY

Model 5050 216
Model A-5003 216
Model 5066 217
Model 5069 217
Model 5072 218
Model 5091 218

DeFOREST-CROSLEY,
LTD.
DC -5 Compact: C-6

compact; Conway and
Hastings; Warwick

Windsor 381
Balmoral and Berwick:

Bandbox 1 r. : A.B.C.
Power Unit 282

Barcarolle and Minute:
Etude and Symphony:
Electric Hastings 383First Series Symphony:
Elect -Berwick: Second
series Symphony; Noc-
turne, A.C.; Concerto.
Sonata and Opera 384

Types 400-420; 410 385
Aria and Troubador

models type 740; type
750 386

Type 800 Chassis; Type
810 Chassis 387

Type 810 Phonograph;
Type 700 388

Type 402.. Drake and
Nelson Models 389

Type 403 390Type 410. Motor Board
Wiring 391

Types 603. 605 392
Type 700. Serenata mod-

el
Type 701
Type 702
Type 705
Type 707
Type 740B
Type 741
Type 742
Type 743
Type 750, Motor Board

Wiring 402Type 762 403Type 766 404Type 810B 405
Type 810B, Motor Board

Wiring 406

393
394
395
396
397
398
399
400
101

DeFOREST RADIO CO.
CS -5 : F5:D-17 353

DELCO APPLIANCE
CORPORATION

Model 3002 Broadcast 219
"Police" Short Wave

Set 76A*
Delco Automotive Radio

184

E
EARL RADIO CORP.

See Chas. Freshman,

ECHOPHONE RADIO
MANUFACTURING CO

Model S-3 220
Model S-3, improved 221
Model S-4 222
Model S-5 223
Model 80 Super 224
Model F 225
Model 40 226
Model 60 227
Model 90 228

THOMAS A. EDISON, INC.
(Also see Splitdorf)
R-4, R-5 and C-4 141
R-1, R-2 and C-2 Chassis

Jr. and Jc.; Model C-1
chassis SC 142

RT-1, R-2 and C-2 Chas-
sis Jr.- and Cr (25
cycle) 143

Models R-6 & R-7 140B*
Models R-4. R-5. D.C 140D*

ELECTRAD, Inc.
Tuner B-235 229
Amplifier B-245 229
Amplifier D-250 230
Amplifier E-250 230
Replacement Resistor
Information ..545 to 547

Loftin - White amplifier 63
Type 250; and 250 Push -

Pull 358B*

ELECTRICAL RESEARCH
LABORATORIES, Inc.

Model 248, revised 231
Model 250 231
Model 271A 232
Erla model 224 screen

grid 1424*
Erla model 225 142B*
Model 271 Midget 142D*

EMERSON RADIO &
PHONOGRAPH CORP.

Model F 356

F

F.A.D. ANDREA. INC.

761'
Fada 10, 11, 30 and 31

-60 cy.; ioZ, iiZ, 30Z.
31Z-25 cy.: 16. 17, and

Circuits listed in italic type arc in the 1931 brut' of the Manual. Circuits listed in italic type,
with the page number followed by an asterisk*, are in the supplements to the 1931 Manual.
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32-60 cycle; 16Z and
32Z-25 cycle 144

Fada 18 D.C.; Fada 22
battery 145

Fada 20 A.C. - 60 cycle;
20Z A.C.-25 cycle; 25
A.C.-60 cycle; 25Z A.C.
-25 cycle 146
25 and 25Z with M-250
and M-2502 Electric
Units; 35 A.C.-60 cy;
35Z A.C.-25 cycle 147

Fada 40 A.C. 60 cycle
using P-250 Elec. Unit
and 7-A speaker; Fada
50, 70, 71 and 72 148

E-420 Electric Unit; E-180
Electric Unit; 192-A
receiver, 192-S and 192 -
BS Units 149

"7" A.C.; 75 and 77 A C.
60 cycle 150

Special model 265-A and
Fada "7" model 475-A 151

460-A receiver and R-60
unit; R -80-A unit, 480-
A or SF 50/80A 152

"Special" A. C. receiver
265 UA or CA and RP-
65-UA or CA; 262-UA
or CA and RP-62-UA
or CA; 480-B and SF
50/80 B 153

ABC" 6 volt supply
types 66-0 and 62-R;
'ABC" 6 volt supply
types 86-V and 82-W;
Type J unit; Type "C"
unit used with "special"
and 7 AC 154

Fade KA-6 Chassis for
models 42, 44, 46, 47 154B*

Fada 5 -tube Neutrodyne;
160 neutrodyne 154A*

Model KU 235
Models KO, KOC 236
Model KW 237

FEDERAL RADIO CORP.

Ortho - Sonic type D;
Series Filament type D 155

Model K 156
Series Filament type F:

Ortho-Sonic type H 157
Series Filament type E;

Type M 158
Model L 136B*

JESSE FRENCH & SONS
PIANO CO.

Model H-1 232
Junior Model "G" 355

FEDERATED PURCHASER
Inc.

Models 45-40 233
Model 2 234
Melora.d Cathedral Tone..365

FREED-EISEMANN RADIO
CORP.

Model NR -6; Model NR -7
Model NR -9-9A 159

Model 10: Model NR -11:
Model NR 12 160

Model FE -15: FE -I8; NR
20: NR -60 161

Models 30, 40 and 48;
Models 30N, 40N and
48N; Model 50 162

Model 130. Model NR215
NR -400, English long
and short wave set 163

Model 457 Power Unit;
Model NR8ODC 164

Model 90S AC; Model
NR -95 AC; 470 165

Model NR -85; Model 53;
Model 800 166

Models NR -80, NR -5 166A*
Models NR -78, NR -55A 166B*

CHAS. FRESHMAN CO.,
INC.

Earl models 21 and 22;
Earl models 31 and 32 167

QD- 16S; Model N 168
Model G: Model G power

pack: Model G with
G60 -S power supply 169

Earl model 41; Freshman
model M with M - 60
power supply 170

New and improved Mas-
terpiece; Equaphase:
Model H-9 171

Combination K and K -60S
QD-16S 172

Q-15 and Q-16; 2N and
2N -60-S 173

21AC and 22AC: 3Q-15
and 3Q-16 174

Model 121; Model 21
D.C.; Earl models 33,
31 and 24 D.0 175

32 and 32 AC; 31 -SAC
and 32 -SAC and
33 -SAC; 41AC 176

Models "Q" 2N-12 176A*

GAROD RADIO CO.

Model EA . I88D'

GENERAL ELECTRIC
COMPANY

Model E-52 Phono
qircuits 234

Models H -51-R. H -71-R 238
Models H -51-R, H -71-R

motor contactor ad-
justment 239

Model T-41 240
Model T-12 241
Model H-32 242
Model K-62 243
11-31 266A
H-71 266B*
H-SI 266D*
General Electric Models

G.E. Jr. No. S-22,G.E.
Jr. No. S -22X and
S-42 266G-,

Models H-31, H-51 and
H-71 266H'

GENERAL MOTORS
RADIO CORP.

Models 252, 253, 254,
255, 256, 257. 258 '244

Delco RB-3, RC -3 jr ,
RA -3 244

Models 216, 217, 219,
250 245

Models 251, S2 -A, S2B 246
Day -Fan OEM -11, OEM -

7 OEM -7 supper selec-
tive; 5 -tube 1925 mod-
el 177

Day -Fan Five "5044" 178
Model 5055 358A*
Day -Fan 6-61-6 tube; 6B -

tube; Seven 7 -tube 179
Seven 5 -tube; Six - 6

Day -Fan Five Twenty
6 -tube; 6 Junior 6 -tube;
6 AC -tube, 180

SAC -5 tube Model 35 7 -
tube; 6AC Power Set; 6
Junior AC Power Set;
110 Volt D.C. 6 -tube;
Motor Generator set 181

32 volt D.C. set 6 -tube;
Motor Generator and
Filter; Power Supply for
5 -tube AC set; Power
Supply for 6 -tube AC
set; B and C Power
Supply; B Power Sup-
ply for No. 5524 and
No. 5525 182

8 -tube Model 5077; 8 -tube
Model 5080; 8 - AC
Power Set 183

General Motors Model
"A" chassis; Delco Au-
tomotive Radio 184

GILFILLAN BROS., INC.
A.C. Model 60; A.C.

Model 100 185
Models 105, 106, GN6 1768*

GRAYBAR ELECTRIC
COMPANY

Model 8 247
Model 311 388
700 266A*
900 266B*
770 266D*
Graybar No. 8 Midget 266G*
Graybar Models 700, 770,

900 266H*

GRAY & DANIELSON
MFG. CO.

Rembler R-14. Infradyne 220F4
Sargent-Rayment, 1927 220F*

A. H. GREBE & CO.

R.F. Amplifier type RORN
"13" Regenerative Re-
ceiver; Short Wave type
CR-18; Short Wave
type CR-6 186

Synchrophase type MU -I:
Broadcast Receiver 187

Super Synchrophase type
SK -4; Synchrophase 7 -
AC 188

Synchrophase 7 189
Super Synchrophase A.C.-

SK-4 188A*

B & C Socket paver type
671 B Synthropbase
type AH-1 188B*

Models SK -4 DC, AH-1 188C*

GRIGSBY-GRUNOW
COMPANY

Model 20 248
Model 30 249
Model 15 250
Model 150 250
Model 30 power unit 251
Model 60 252
Model 160 253
Model 90B s 254
Model 110 auto radio 255
Model 25 256
Model 120 257
Majestic Models 60-707-

80; 7BP3 Power Unit;
7BP6 Power Unit 190

Models 90, 91, and 92;
9P3 Power Unit; 9P6
Power Unit; Model 70B
chassis in 72 Set 191

Model 100; 90-B 192
Model 100-B; 180 and.

181 193
7P6 and 7P3 Power Unit

(old wiring) 7P6 and
7P3 Power Unit 194

8P6 and 8P3 Power Unit;
P.U. System in 130-A
Super Screen Grid
chassis 195

Super Screen Grid chas-
sis in model 130-A; in
Model 230-A 196

Majestic "B" eliminators 25
Majestic Models 50, 51

and 52 Supers 192B*

GULBRANSEN COMPANY
Model 60 63 258
Model C9 -in -Line 197
Champion Junior 196G'
Model 724; 8 -Tube 196H'

H

HAMMARLUND MFG. CO.
HI -Q 30 A.C. 51
HI -Q 31 A.C. 356
Hammarlund - Roberts

Hi -Q 356C
Hi -Q Six 356C*
Hi -Q Six Power Supply 356C*
Hi -Q 30, battery model 356D*
Z-4 Commander 356D*

HATRY & YOUNG, Inc.
Short -Wave 6

HICKOK ELECTRICAL
INSTRUMENT CO.
(See Test Equipment

Section)

HIGH FREQUENCY
LABORATORIES

Mastertone Super -10. 1931
Model 356A*

Mastertone, 1929 Model,
and Nine -in -Line 356B*

Circuits listed in italic type are in the 1931 issue of the Manual. Circuits listed in italic type,
with the page number followed by an asterisk*. are in the supplements to she 1931 Manual.
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CHARLES HOODWIN
COMPANY

World Wide 1 tube 267
Low Power Transmit-
ter 267

Aero "Transmitter" 268
Metropolitan Four, Inter-

national All -Wave, 15-
30 Watt Transmitter ...196K*

1929 - 1930 Auto Radio,
Aero S. W. Converter,
Aero Lo -Power Trans-
mitter 196L*

Aero Seven, Aero Short
Wave Adapters for A.C.
and batteries 196M*

Aero "Trio" A.C. Three,
Aerodyne D.C. Six 196N*

Aero 1931 Midget, Aero
1931 Auto Radio 1960*

HORN RADIO COMPANY

Model 15 458D -
Model 59 265
Model 49 266
Models 59-69 548
Models 79. 99, 109 549

HOWARD RADIO
COMPANY

Model SG -A 196A*
Model 8 Green Diamond

(3 diags.) 196B*
Model SG -B Midget 196C*
Model SG -C 196D*
Model SG -B 259
Model H 260
Model 0 261
Model AVH 261
Model 60 Phonograph

Combination 263
Model 135 AC 264

I

INSULINE CORPORATION
OF AMERICA

AC Broadcast and Long
Wave Combination 269

110 Volt DC Midget 270
DC Broadcast and Long
Wave 270

Midget, 220 DC 271
110 Volt AC Midget 271
Insulette and Mascot,
BC and LW 272

Insulette and Mascot,
AC 272
A.C. Short Wave Set 340

J
JACKSON -BELL Ltd.
Model 60 274
Model 84 Peter Pan 275
Model 87 276
Model 88 277
Model 99A 278

Model 62 Midget 354 Combination 204A''
Royal 80; Models 30 and

32 204B*
JENKINS AND ADAIR, Inc.

GL -35 273
G-12 Condenser Trans-
mitter 273

Microphone Mixing Panel
Type 3-B; Monitor Pan-
el; Level Indicator Pan-
el 196E*

Type "A" Amplifying
panel; Type "D" Am-
plifying panel 196F*

JEWELL ELECTRICAL
INSTRUMENT CO.

(See Test Equipment
Section)

K

KELLER-FULLER
MFG. CO., Ltd.

Model 20 279
Model 70 280
Model 80 281
Radiette Model 14F 355
Model FIFTY, Model

SIXTY 3288*

KELLOGG SWITCHBOARD
AND SUPPLY CO.

6 Tube Set 507 and 508;
A.C. 7 -tube set induct-
ance tuned; "A" chas-
sis 510, 511, 514, 516-
8 -tubes 198

Power Unit K -SO for sets
No. 524. 525, 527,
528; Chassis "B" .515,
519, 521 199

523 and 526 with power
unit No. 245 200

Wave Master; RFL 7 -
tube Cascade 201

Models 533, 534. 535,
536 200A*

COLIN B. KENNEDY
CORPORATION

Model 50 282
Models 23, 36, 38, 40

DC 282
Model 26
Model 34 SW
Model 42
Model 52
Model 54 Super -het SW
Converter 286

Model 60 286
Model 281.; 110; 220 202
Model 6 type 420; Mod-

el 15 type 430 and
431 203
Cornet D. C.; Type 435
Model 20 type 440:
Model 521 and 525 204

Model 10; Model 20 205
Kennedy Model R26B

283
284
285
285

KING MFG. CORPORA-
TION

Model 218 287

Model 10K1 Neutrodyne;
25 Neutrodyne; 71
Neutrodyne; 30 T.R.F.;
61 T.R.F. 62 T.R.F. 206

Model E and 80A; Model
80; Model 81 207

Model F; Model 82 and
Power pack 208

Model J Model H 209
Model 97; Model 98;

King Monarch 210
Model G; Power pack

wiring King, Royal.
Imperial and Monarch 211

Model FF 220E,'

KOLSTER RADIO, Inc.

Model K-60, K-62 ....288
Model K-70, K-72 ....289
Model K-80, K-82 ....290
Model K-90, K-92 ....291
Columbia type 930;

Kolster 6K 212
Kolster 6 -tube receiver;

7 - tube A.C. set
(Brandes) 213

Kolster 8A -B -C; 6H; 7A
and 7B 214

K-44; K-43 215
K-45 216
Brandes B10; B15; B16217
Tuning chassis for 7 tube

sets used in K-21, K-23.
K-24 andK-28; 4 -tube
chassis used in K-20,
K-22, K-25 and K-27;
Power supply and am-
plifier unit in K-24 218

K-20, K-22, K-27 and
K-37 2184*

K-42; K-30 & K-32 2188*

L

LANG RADIO COMPANY
Model BD6 DC 292
Model M-7 AC 292
Model J-7 DC 292
Model BA -5 AC 293
Model F-9 DC 293
Model R-8 DC 293

C. R. LEUTZ, INC.
Trans - Oceanic; 'Seven

Seas" console 338
LINCOLN RADIO CORP.

Model 31 357
Lincoln DC -8 358C'

LONG RADIO CO.
Cardinal Model 70 108D*

M

MAJESTIC
(See Grigsby-Gruno Co.)

MASTER RADIO MFG,
CO., LTD.

Master Model 424 355

McMILLAN RADIO CO.
Series 900; 8 -AC power

Set 210

MIDWEST RADIO
CORPORATION

Model AC -9 550
Model Unitune 5 and
Ultra 5 552

Model RF and Detector
Ultra 6, Ultra 7 554

Unitine 8 556
Model Ultra 8 battery 558
Model AC -11 560
Model AC -9 562

MILLS PHONOGRAPH CO.
Mills phonograph 218C':
Phonograph diagrams with

extra speakers 218D*

MONTGOMERY WARD
& CO.

Model 20W and 62-520 296
Model 49 296
Model 26P and 26PX 297
Model 26-360 297
Model 26-367 297
Model 1111 and 811 298
Model 111X and 811X 298
Model 1355 and 1955 298
Model 62-1040 , 299
Models Commander and

Cavalier 299
Model 181, 60 cycle 300
Model 181, 25 cycle 300
5 tubes S.G. battery sets

Nos. 1522 & 1562.(Wells Gardner); 7 -
tube A.C. S.G. feu Nos.
2822, 2827, 2895,2897.
(U. S. Rad. & Televi-
sion Co.) 218Af*

8 tube A.C. S.G. sets Nos.
2955 & 2957. (Wells
Gardner). 8 tube A.C.
S.G. sets Nos. 3035,
3037, 3065, 3067. (U.S.
Rad. & Television) 218N*

MOTOROLA (Galvin Mfg
Corp.)

Auto Receiver 294

MULTICOUPLER (Amy,
Acevas & King)

Riser Circuits for Multi -
coupler installation . . 295

Circuiss listed in italic type ate in the 1931 issue of the Manual. Circuits listed in italic type,
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NATHANIEL BALDWIN
CO.

Screen Grid Model 80 324

NATIONAL CARBON CO.,
INC.
Eveready models 1. 2 and

3; series 50 220
Eveready series 30, 30-C

and 40 221
Models 20, 21 220E'

NATIONAL COMPANY
Inc.

Model BD Official 301
One Tube Reflex 301
B.D. Transformer Co. 301
Models SW3. SIP4 220A°
Models MB -29, MB -30 220B"
Models SW5 and Special

Television Receiver 220C*
Automobile Receiver 220D"

N. R. I.
(See Television Section)

NATIONAL TRANSFORM-
ER CO.

Midget Six 358E"
Screen Grid 8 3581:"

O

OZARKA, INC.

Model 92AC 302
Model 95 WDI 302
Models S-7, S-5, 5-A 358G*
Models 89, 90 ,....358H*
Model 78 and Viking

92AC 3581"

P

PACENT ELECTRIC
COMPANY, Inc.

Booth connections film
reproducer 303, 304

Disc and film repro-
ducer 305

PEERLESS
(See United Reproducers

Corp.)

PFANSTEIHL PRODUCTS
CO.

Models 34 and 50 AC 230F

PHILADELPHIA STORAGE
BATTERY COMPANY

Model 50 and 50A... 306
Transitone (3) 307
Battery Life Chart. 308
Model 30 309
Model 35 310
Philco Resistor and Con-

denser data 76-0*
Oscilator circuits for 175

or 260 K. C 76-0*
Philco Model 40; Model

41 222
Model 65; Model 76 223

Models 77 & 77A; 86 &
82 224

Model 87 225
96 & 96-A: 296 & 296-A 226
Models 511, 521, 512,

513, 514, 515, 531,
551. 571: Model 95 227

"A" & "B" Eliminators
"DB" & "B" part of
"DAB" socket powers;
180 volt B and B part
AB -623, AB -463, AB -
of 180V. AB; Types B-
603 & B-253; AB -663,
AB -623, AB -463, AB -
423 226A

Philco Set Model 65;
"Baby Grand" 20 &
20A 126Th

Socket "A" supply 23
AB -656 & AB -652 25
Models 92, 95, 95E

96A, 96E, 296, 296A,
296E 226C°

Models 111 and 111A 226D*
Models 220 and 220-A 226E*
Models 211 and 211-A 226F°
Philco Model 30 358C*
Models 56 and 46-E 226G*
Models 111 and 111-A 226H"
Models 112 and 112-A 2261*
Models 112 and 112-A

Radio - phonograph:
Models 270 and 270-A 2261*

Models 70 and 70-A 226K°
Models 90 and 90-A 226L'
Model Series .5 230F*

PIERCE AIRO, Inc.

Model AC -14-45 311
Model AC -534-5 312
Model DC -273 313
Model AC -447M 313
Model AC -547 314
Model AC -547-A 314
Model AC -546-7 315
Model 724 316
Model 727 DC 311
Model AC -734-5 318
Model DC -637-8 319
Model AC -746-7-M 320
AC -24-45 352
De WALD Model A.C.

524 355
Pierce Airo DeWald D.C.

632 358C-'

PILOT RADIO & TUBE
CORP.

5 Tube TRF Midget 321
Model SW Converter. 321
Model DC Super -het 220
v DC 322

Model DC 7 tube 120
volts 323
PE6; K-113 power am-

plifier; Pilotone Electric
6 -tube; Super Wasp 228

Pilot Automotive Radio;
Grimes 110 -volt D.C.
New Yorker; Twin
S.G. 8 229

K - 106; K - 108; S.G. -
105 230

A. C. Super Wasp 73
Pilot Midget 354
Pilot Universal Super

Wasp 358D
Models C-153, C-154 230A4
Models S-148, S-164, C-

151, C-162 230B':
Short -Wave Converter and

Public Address Ampli-
fier 230C*

Models S-155, C-157,
S-156, C-158 230D*

TRF. Midget. Universal,
and K-139 pack 230E4

Pre -Selector 358/"

PRIESS RADIO CO.
Models R and C nine -in -

line supers 357

R

RADIO PRODUCTS CO.
(See Test Equipment

Section)

RADIO TECHNIC
LABORATORY

Television Receiver ..455D

RADIO RECEPTOR. Inc.

Model C Announcer...352
Model CAM3 352
Model R80-81 Control

Panel 353
Time Clock Control

Panel 353
Model PMA2 354
Model PYP 245-R . .. 354
Model PXP-250A 355
Model PXP-245 355
Model PXP-245 (vari- -

ation) 356
Model PWA-1 356
Model PYP-245 357
Model PMA-1 357
Model PMA-1 AX2

panel 358
Model H-1 Amplifier 358
Model PMA-1 AX -1
panel 359

Model P -50-W 359
Model P -50-W 359
Model RXP-171 360
Model PX-245 360
Model MM3-PMX3. . 361
Model PXP-245 361
Model PYP-245 (varia-
tion) 362

Model PSA-2 control
panel 362

Model AR -3 Receiver 363

Model RS -81 Amplifier. 364
Model PYP-250 364

RADIO SERVICE
OSCILATOR 761*

RCA-PHOTOPHONE INC.

Model 4PK1A2 power
amplifier 341

Model PS -21A and PS -
22A 342

Model PG5 Equipment 343
Model 4-PA50A1 am-

plifier 344
Model PG5 Circuits 345
Model PG13 347
Model PG6 Power Am-

plifier 348
Model PG6 Voltage

Amplifier 351
Model PG7 349
Model PG10 350

RCA -VICTOR. Inc.

Model 100 A Speaker ..324
Model 100B Speaker..325
Model 103 Speaker ..325
Model 106 Speaker ..326
Model R7A 327
Model Theramin 328
Centralized Radio AC
Layout 329

Model 25 AC 330
Model 28AC Conver-
sion 331

Model AR 1145 SW 332
Model R-43 333
Model R-5 Radioette 334
Model R-11 335
Model R-5 DC 336
Model R-7 and R-9 DC 337
Models R-50, R-55 338
Model T5 Electrola 339
Model 7D 339
Model RAE 68 340
Antenna System RF-

5100 340A
Antenna System RF-

5600 340B
Loud Speaker AF -6175

340C
Centralized Equipment,
ER -1240 ..340D to 340H

Centralized Equipment,
ER -1240A -3401 to 340M

Centralized Equipment,
AF -6100 ..340N to 340P

Auditorium Radiola-
phono-radio,

340Q to 340V
Alhambra I (7-1; Elec-

trola Cromwell, Borgia
II 231

Electrola 9-25: Electrola
9-40 232
hambra II and Flo-

Electrola Hyperion: Al-
renza: Radiola 25 Cat-
acomb for Alhambra II
(7-2) and Florenza
(9-1) 233

Models 7-3. 7-30 and
R-20, Electrola Radiola
7-26; Victor Radiolit
16 234

10-70: AP -777C: Cata-
comb. Radiola 28: 12-
15, 12-25 235

Circuits listed in italic type are in the 1931 issue of the Manual. Circuits listed in italic type,
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AP -952 and AP, -997; Vic-
tor Radiola 18; AP -974-
A; 951-A and 997-A;
12-15 236

Victor Radiola 17 (in
model 7-25); 9-15 237

AP -736; AP -997C; Mod-
el 9-55 238

Electrola Audiola 9-54;
Automatic Electrola 10-
69; and power wiring 239

R-32, R-42, RE -45, RE -75,
10-69; 10-51 240

AP -947 (RPA-1A): AP -
952 and AP -997 (RPA-
5 and RPA-5 special);
Electrola Radiola 9-18 241

7-26; Radiola 9-54: Elec-
trola 10-70 242

Victor Radio R-14 242A*
Victor Radio R-15 266D''
Victor Micro Synchron-

ous Models R-35, R-39,
RE -57 266E*

Model RE -17 2661, 2661*
Radiola Division

RCA Centralized Radio
System 49

Radiola Senior; Radiola
RS; Radiola III; Radi-
ola SC Amplifier; AR.
Balanced Amplifier, Ra-
diola VII 243

Radiola V: VI; II; IV 244
Radiola 111A; IX; Super-

heterodyne; Radiola
Grand 245

Radiola 16; AP -937;
VI1B 246

Radiola 20; Radiola 30 247
67 248
Super VIII (AR -810),

"semi (AR -
812), 24 and 26 249

Radiola 25 250
46 D.C.; 33 251
Radiola 17; Radiola 60:

Radiola 18 252
33 D.C. 253
28 (battery operated):

loud -speaker 104 RPA
unit 254

47 255
Radiola 64; AP -951; AP -

935 256
Radiola 41; Sterling SPU:

Receptor SPU; Loud-
speaker 105 257

Radiola 67 258
Radiola 47 259
Radiola 50: 51 260
41 D.C.; 51 D.0 261
18 D.C.: 62 262
Radiola 66 263
30-A 25 cy; 21 & 22:

30A RPA Unit 264
Brunswick RPA-4 with

Panatrope and panel
connection (88 - tube
panel); RPIA with Pan-
atrope and panel conn. 265

Radiola 44 chassis; 32
RPA unit 266

Radiola 44; Models 3 &
10 (Brunswick) 267

RCA R-80 266A"
RCA 86 266B*
Audio frequency circuits

(86) 266C*
RCA 82 266D"
Radiola 28 A.C.: RCA

Loudspeaker 106 266F,
Radiola 48, same as Vic-

tor 15 266D'
Radiola 42 242A5

Radiola 24 and 104
power speaker 242B,

RCA - Victor Radiola
"SuPeretie" Model R7 266G*

Models 80, 82. 86 266W

READRITE METER
WORKS

(See Test Equipment
Section)

REMLER COMPANY Ltd.
Model 21 365
Model 15 366
45 KC Superheterodyne...340
Cameo Model 14 354

ROBERTSON-DAVIS CO.
Melo - Heald 11 - tube

Superheterodyne 357

ROLA COMPANY
Models 80 and 90 367

S

SAMSON ELECTRIC
COMPANY

Model PAM9 369
Model PAM16N 370
Model PAM17M 370
Model PAM5 371
Model PAM 16 372
Model PAM 17 372
Model PAM 25 373
Model PAM 19 374
Model PAM MIKI 375

SCOTT TRANSFORMER
CO.

All -Wave Super -Hetero-
dyne 196P*

SEARS, ROEBUCK & CO.
Silvertone Models F, G,

H. J, same as King
'07, 208, 209

Silvertone F, FF, G. H,
1 200B"

SHORT WAVE AND TELE-
VISION LABORATORY

Baird Television
Receiver 376

SILVER MARSHALL Inc.

Model 782-16 Midget 377
Model 30-B 378
Model 722 DC 379
Model SMD-1 Super 380
Model 726 SW 381
Model A 382
Model 716 Receiver 383
Model 683 Amplifier 383

Model SM 684
Amplifier 384

Model 692 385
Model 739 SW adapter 386
Model D 387
Model F 388
Model 686 Amplifier 389
Model G Receiver 390
Model 679B Amplifier 391
Model 738 Converter 392
Model 737 AC S.W. 393
Model 677 B Amplifier 394
Model 679 Amplifier 394
Models 30 (chassis. 60

Lowboy. 95 Highway
and 75 Concert Grand 268

720 A.C. 59
S.M. 690 Public Address

System 340
33-A power supply (25

& 60 0.); 1929 9 -tube
S G. superheterodyne

Model 34 - A: Model
35-A

Silver Marshall Super
with Model 36A Chas-
sis and 32A Power
Pack 268C'

722 Baad Selector 7; SM-
712 Tuner: 724 A.C.
Receiver 268D*

Model 714 Superhetero-
dyne: Models 37. 38
and 39 268E"

Models 30-B. 630 268G-::

SIMPLEX RADIO
COMPANY

Model II

Models 25 and 60,
Super 413

Model 591-593 414
Sparton Model 39; 89A...275
49; 9-30 276
931 and 301 D.0 277
6-26; 6-16; A.C. 62-63

& A.C. 7 278
A.C.-89: DeLuxe 109 279
Sparks Ensemble 280
5-26, 5-15; Model 110 281
Sparton 931 A.C. 280B-'
Equasonne Model 589 280C*
Sparton Model 301 A.C. 280D*

SPEED INDICATOR
Stroboscope discs ....437

SPIEGEL, MAY, STERN
CO.

"Melrose"-same as Apex
41 306

SPLITDORF ELECTRIC
MFG. CO.

R-200; PAD -4 ABBEY
(with volume con-
trol) 322

ABBEY Model 171 324
"Inherently Electric"

Model 324.4*
Splitdorf Model M5, R.V.-

695
Model M-6: R-100 322B*

368 STAIRS -WINTERS CO.
Model K 368 Television Receiver ..455C

SONORA PHONOGRAPH
CO., INC.

Model 2RP-25
3R and 4R
3 RP
5R
7P

269
270
271
272
273

B-31 (25 cycle): Phono-
graph automatic stop...274

Models E -AC. A-36 268W'

SPARKS WITHINGTON
COMPANY

Models 564, 570, 740,
750 395

Model AR -19 396
Models 5 and 9 TRF 397
Model 103-578 En-
semble 398

Model 707 Serial 6502
and up 399

Model 410-420 DC 400
Model 574-870 401
Model 600-610 DC 402
Model 620-740-750 DC 403
Model 10 Super -Hete-

rodyne 403
Model 31 404
Model 51M-52 405
Model 40 406
Model 30 407
Model 15 408
Model 235 409
Model 9A TRF 410
Model 410-420 411
Model 600-610 412

STANDARD RADIO CORP.
A. C. Model 29 342

STEINITE RADIO
COMPANY

Model 20 Chassis 416
Model 15 Chassis 415
Model 26 Receiver 417
Model 28 Receiver 418
50-A & 102-A 282
991, 992, 993; 261 &

262 283
Model 40 power pack 28
Power Pack Models 40C-

60 -120C 282A*
No. 10 Screen Grid Chas-

sis in Models 70, 80,
95 282B'

STENODE CORPORATION
OF AMERICA

Stenode Receiver ....419

STERLING MFG.
COMPANY

Miniature Receiver ...420
5D3A Receiver 449D

(See Test Equipment
Section Also)

No. 4; No. 4 chassis,
power unit and speaker

284
No. 4 speaker; No. 4

power unit; No. 3A
chassis 285

Circuits listed in italic type are in the 1931 issue of the Manual. Circuits lifted in italic type,
with the page number followed by an asterisk*. are in the supplements to the 1931 Manual.
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No. 704-B: 501 & 502 299
No. 734-B; 633 & 634 300
No. 14 phonograph dia-

gram; No. 638 A & B 300A*
No. 12 & No. 14 300B*

STUDEBAKER
LABORATORIES

Model 31 436
Model 42 439

SUPREME INSTRUMENT
CORP.
(See Test Equipment

Section)

T

TELEPHONE MAIN-
TENANCE CO.

Telmaco P-1 358

TEMPLE CORPORATION
8-60, 8-80, 8-90 301
8-61, 8-81, 8-91 302

TRANSFORMER CORPO-
RATION OF AMERICA

Model 40 456 &-457
Model AC 94 458
Model 25-94 458
Model AC -94, 25-94 459
Model '70 Clarion 460
Model 70 461
Model 61 Clarion 460
Models 61 and 70 ... 462
Model 40 463
Model 90 464
Model 80 465
Model 83 Clarion 466
Model 92 467

Clarion AC -53, AC -55,
25, 51-25, 53-25, 55..328

Clarion Jr. Model 60 355
Clarion Series 90, Models

AC -90, AC -91, AC -91A,
25-90 and 25-91 328A-

TRAV-LER MFG. CO_

Model AC SG DX 451
Model K 452
Model 8 Super 453
Trav-lette 454
Model DC SG 455
Model SG AVC Super -
het 455

Model 6 & 7; D.C. & AC

power packs 332

U

UNITED AIR CLEANER
CO.

Model 7 tube, Super, .493
Model 8 tube Super 494
Model 7 band-pass In-
put 495

Model 444 495A
Model 666C 495A
Sentinel 660 9 -tube; Sen-

tinel 666-C 9 -tube chas-
sis for phonograph com-
bination 346

Model 444 and 440 7 -

tube S. G. 348
Sentinel 104, for models

11, 12, 15 and 16 346A*
Sentinel 8 and 9; 31-33

and power pack 346B*
Model 50 324A*

UNITED REPRODUCERS
CORP.

Model 65 Electrostatic,
revised 489

Model Arborphone 45 490
Models 868, 880, 890

Temple, revised 491
(Peerless) Courier "65"

chassis: Series K-70 303
Series 20 Electrostatic

(Kylectron) 304

U. S. ELECTRIC WORKS
Type M Genemotor...492
Type T Genemotor...492
Type U Genemotor . . .492

U. S. RADIO AND
TELEVISION CORP.

Model 27P Motor
Board 468

Model 27 (late) 469 & 470
Model 31, Remote Con-
trol 471

Model 31, Phono 472
Model 31 473
Model 37 473
Model 31, Chassis As-

sembly 474
Model 27 475
Model 90 476
Model 32 477
Model 20 478
Model 26 479
Model 26P 480
Model 10, Super -bet 481
Model 10 482
Model 8 Super. .483 & 484
Auto Radio 485
Model 80 486
Model 6 Tube Battery 487
Model 3 . 488

(See Montgomery Ward
& Co.)

Model 80; Apex 48 - 60
cycle, 484-25 cycle 305

Apex 41-60 cycle, 43-25
cycle; 42-60 cycle, 44-
25 cycle 306

Apex 46 & 47-60 cycle,
46A & 47A, 25 cycle:
Model 30 Automotive 307

Model 36 96B'

WEBSTER ELECTRICAL
CORP.

Model 6013 Power Am-
plifier 496

Model 35TH Power
Amplifier 496

2 -Stage PO. Amplifier,
Code 6005; 6025 -JD
Amplifier 350/14.

3 -Stage PO. Amplifier:
6030- JE & B-37-50
Amplifier 3508'

WELLS GARDNER & CO.

Model 8T AC . .497 to -499
Model 80A ... 498 to 500
Models Series 10, 7 tube
Super 501 & 502

Model C, AC 9 503 & 504
Models 60, 63 505 to 507
Model 80 508
Model 5 tube DC,

509 & 510
(See Montgomery Ward

& Co.)
Wells Gardner Co. Nine -

in -Line same as Gul-
bransen-see page 197

Sterling Midget; Model
268F,"

SANGAMO ELECTRIC
COMPANY

Single 250 Amplifier..450
3 Stage Push -Pull '50
Output Amplifier ....450

STEWART WARNER
CORPORATION

Models 801, 802 421
Model 806 421
Model 801, 802 Power
Unit 421

Model 202A, B and E 422
Models R -101A and B 423
Models R -301A, B and
E 424

Short Wave Converter 424
305-315-320; 300: 310-

325 330; 335-340; 345-
350-355-360 385-390...286

500-520-525; 700-705-
710; 530-535; 715-
720 287

Power unit models 530-
535-715-720; Power
unit models 801-80121-
811-811A - series B;

WESTARK RADIO STORES
Knight Model 8/9 324B* STORY AND CLARK

RADIO CORP.
Model 36 tuner unit;

Model 36 power pack;
Model 42 and 51 tuner
unit 290B -WESTINGHOUSE ELEC-

TRIC & MFG. CO.

Model WR4-
511, 512 & 513

Model WR-8-R dia-
gram . .514

Model WR-8 diagram .. 515
Model WR-8 Power
Unit 516

Model WR-8 Receiver
Assembly 517

Model WR-8-R Receiver
Assembly 518

Model WR-8-R Power
Unit

Model WR-10-A
Model WR-10,

521, 522,
Model WR-15
Model WR14

519
520

523
524
525

Models WR-6-R and
WR-7-R 526

Models WR-6-R and
WR-7-R Receiver As-
sembly 527

Power Unit 528
Remote Control Con-
nections 529

WR5 2664 *
WR7 266B*
IVR6 266D'
Westinghouse No. WR-10

266G*
Westinghouse models

WR-8 & WR-8R 266H-

WESTON ELECTRICAL
INSTRUMENT CORP.
(See Test Equipment

Section)

STROMBERG-CARLSON
MFG. CO.

Model 645 Art Console,
425 & 426

Models 25 and 26....427
Model 22 428
Models 19 and 20 429
Model 16, details of con-
denser and transform-
er connection 430

Model 16 431
Models 10 and 11, con-

denser and transform-
er details 432

Models 10 and 11
Receivers 433

Model 11 Phonograph
Pick-up 434

Model 1A 435

2
Model 806 series B

Model 750; 950 series 88
battery S.G. 289

950 D. C.; 950 25 & 60
cycle A.C.

90Models R -100A, AF, B.
BF, E. and EF 290/1"

Series 900 291
Circuit D-968; 523 & 524

635 & 636 292
641 & 642 793
638 D.C.; 652 & 654 294
846 295
403 AA radio power unit.

404 RA and 404 RAC
SPU; 403 B audio
Power unit 296

635 D.C.: 601 & 602 bat-
tery

297No. 1-B; 403 & 403A
power pack; No. 10 &
11 receivers 298

Circuits listed in italic type are in the 1931 issue of the Manual. Circuits listed in italic type,
with the page number followed by an asterisk*, are in the supplements to the 1931 Manual.
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WHOLESALE RADIO
SERVICE CO., Inc.

Lafayette 10 Series,
531 & 532

Series 20 533 & 534 ZANEY GILL
Mighty Atom 535 CORPORATION

Midget Receiver . .495B

WILCOX LABS. INC.
Model 6 530

WILLARD STORAGE
BATTERY CO.

"B" power units No.
3095; 4095: 3310 &
4310 "A" power units
No. 3280: 3262 3290
& 3390 304,1*

"A -B" units No. 3301:
6301: 4301 3045::

WURLITZER RADIO CO.
Model B 536

ZENITH RADIO CORP.

Models ZE-20 Audio
Unit on Model 563 564

Model ZE-19 Filter Unit
on Model 563 564

Model ZE-8 Filter Unit
on Model 15E 566

Model ZE-8P Filter Unit
on Model 6EP AC de
luxe model 566

Model 7 Serial Nos.
111000 and up 566

Model ZE-9 Power
Supply 568

Models ZE-7 Power
Supply .....568

Model de luxe AC Re-
ceiver 6EP 570

Models Super -Zenith
10. 11, 12, 102, 112,
122 Power Unit 572

Model 6 tube Zenette 574
Model 5 tube Zenette 574
Models 2009C and up, 574
Model ZE-50 Power

Unit 576
Model 80 576
Model 80 Power Unit. 576
Model ZE-6 Power
Unit 578

Zenith Record Changer 578

11E & 14E: 11-12 14 308
17 -series filament; 4R:

ZE10 power supply:
ZES power supply for
model 17 309

33X & 362X 6 -tube elec-
tric; 34P & 342P 6 -tube
electric 310

Model 27: 31 & 32 311
ZE 4 "B" power supply:

ZE3 "A" power supply
models 33-34-35: 35A-
342 -352-352A-362 312

35P - 35AP-352P-352AP:
37A 313

ZE/4 power supply; ZEII
power supply; ZE13
power supply: ZE15
power supply 314

39 -39A -392-392A; 40A 315

35AX - 35APX - 352PX-
352APX- 37A; 333-
353A 6 -tube D.C. set...316

ZE17 power supply; ZE18
power supply; Models
60, 61, 62, 602, 612 &
622 without loop; 64.
67, 642 & 672 with
loop 317

15 & 16; 15E, 15EP, 16E,
16EP; 42 & 422 318

ZE16 power supply: ZE12
power supply; Models
41 & 412 319

Models 52 & 53: 54 320
Model 70 (71, 72, 73 &

77-60 cycle: 712, 722.
732 & 772-25 cycle) 321

Model 80
Model 80 Power Supply

332200.B1:

MISCELLANEOUS
CIRCUITS

Aerodyne Six 344
Ambassador Four 344
Magnavox TRF-5 and

TRF-50 344
Continental Wireless and

Supply Co. "Voice of
the Road" Automotive 344

Magnaformer 9-8 Super-
heterodyne 352

Blair TRF 6 -tube receiver
342

St. James Superhetero-
dyne 336

Madison Moore Super-
heterodyne 336

Victoreen Superheterodyne
336

Garod Neutrodyne 358
Grimes 4 -DL Inverse

Duplex 358
Zaney Gill Receiver 358A'
Mission Bell and Royal 358A*

MAJESTIC
(See Grigsby - Grunow

Co.)
Model 90, phonograph

jack connections and
voltage table

Interference Suggestions 1961'

AMPLIFIERS

AMERICAN TRANSFORM-
ER COMPANY

De luxe Recording
Amplifier 143

Pick-up Matching Cir-
cuit 143

PF 281 144
PP250 144
PF-245A .145
Hum Reduction Chart..145

BRANDES PRODUCTS
CORPORATION

Columbia Electric
Phonograph 197

BUDD MFG. CO.
Mike Control Panel...208

ELECTRAD, Inc.
Model B-245 229
Model D-250 230
Model E-250 230

JENKINS & ADAIR Inc.
Model GL -35 Control
Panel 273

Model C-12 Condenser
Transmitter 273

PACENT ELECTRIC
COMPANY

Booth connection film
reproducer .. . .303-& 304

Disc and film repro-
ducer 305

RCA PHOTOPHONE, Inc.
Model 4PK182 Power
Amplifier 341

Model PS -21A and PS -
22A 342

Model PG -5 Equipment 343
Model 4-PA50A1 Am-

plifier 344
Model P05 Circuits 345
Model PG13 347

Model PG -6 Power
Amplifier

Model PG -6 Voltage
Amplifier

Model PG -7
Model PG -10

348

351
349
350

RADIO RECEPTOR, Inc.
See pages 352 to 364.

SAMSON ELECTRIC
COMPANY

See pages 369 to 375.

SANGAMO ELECTRIC
COMPANY

Single 250 Amplifier ..450
3 stage Push -Pull '50

Output Amplifier . . . .450

SILVER MARSHALL Inc.
Model 683 Amplifier.. 383
Model 686 Amplifier . .389
Model 679B Amplifier, 391
Model 677B Amplifier, 394
Model 679 Amplifier.. 394

WEBSTER ELECTRICAL
CORP.

Model 6013 Power
Amplifier 496

Model 35TA Power
Amplifier 496

AUTO RECEIVERS

AMERICAN BOSCH
MAGNETO CO.

Models 80, 84 142

CROSLEY RADIO CORP.
Roamio 211

DELCO APPLIANCE
CORP.

Model 3002 219

GRIGSBY-GRUNOW
COMPANY

Model 110 255

PHILADELPHIA STOR-
AGE BATTERY CO.

Transitone Model 3...307

SILVER MARSHALL Inc.
Model 770 388

U. S. ELECTRIC WORKS
Type M Genemotor. .. .492
Type T Genemotor ....492
Type U Genemotor. .. .492

CENTRALIZED RADIO
SYSTEMS

AMY, ACEVES & KING,
Inc.

Multicoupler 295

RCA VICTOR, Inc.
Centralized Radio AC

Layout 329
Centralized Equipment,
ER -1240 . .340D to 340H

Centralized Equipment,
ER -1240A .. 3401 to 340M

Centralized Equipment,
AF -6100 .. .340N to 340P

MIDGET RECEIVERS

ALL AMERICAN
MOHAWK CORP.

Model S-7 133
Model S-8 132
Model S-6 136

AMERICAN BOSCH
MAGNETO CORP.

Model 20 141

ATWATER KENT
MFG. CO.

Models 82, 83 153
Models 82D, 84D 152

Circuits listed in italic type are in the 1931 issue of the Manual. Circuits listed in italic type,
with the page number followed by an asterisk*, are in the supplements to the 1931 Manual.
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