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I + INTRODUCTION +

‘1 N compiling the new 1932 edition of the OFFICIAL RADIO SERVICE MANUAL, the editors
I have been inspired by the tremendous interest shown by Service Men all over the country.
ll 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 berween the information published in the
i first issue and the material published in the 1932 issue, or subsequent volumes.
i The thousands of letters filled with helpful suggestions, criticisms, and praise, have been all care-
F;l fully read, and the many ideas which, in the opinion of the editors, would enhance the value of the new
i volume, have been included in the present Manual. |
Itj " The editors take this occasion to thank all of their many friends for the letters submitted during b
i the yeat. (
I 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.
H 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
i 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-
ﬁ; . 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. i
I While it is true that not every Service Man will have occasion to use such information, it often hap- I
pens that he may be called in to service such apparatus, and then this information will prove invaluable. }
i It has been a source of great satisfaction to the editors to welcome the change of policy by the radio i
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- I
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 oné who can best tell what would be necessary to enhance the value of the P

T A
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T

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.

%
;4

|
I

New York, October, 1931. THE EDITORS.

g




OFFICIAL RADIO SERVICE MANUAL

ELEMENTARY RADIO SERVICING

FIRST PRINCIPLES

T is not essential that we delve into the scien-
I 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 to block 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=IR which means that the voltage
(E) is equal to the Current in Amperes (I) times
the resistance in Ohms (R):

E=IR

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 1s 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 G-volt storage battery. What wil‘l be thg 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 G-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 find 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

4 o
1= 2AMPS E=12. go =

R2

E=2 192 V. E=30 50
£-100 E=10 |

E=40 ';3“
R5 R,AA’l |
M AN — 1
50~ 5o F1G.4

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 =R,+R.+R:+R,+R; 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

li

—r

e
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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 equgl 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:

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

O
7= 100 R4 R
AMP. 5O 10>
E=330V.
I= 66 i=13%
AMP AMP
FI1G.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

@
4 1
7=2 10 AMP ‘

R4 R2 R3 R4

o o 5o 1o
E=16 V.

I=16+| =1e 32| v

| Fi6.3

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

1
R effective=
1 1 1 1
—t—t—t— etc,
R, R: Ry R,
1
Substituting: :
1 1 1 1
—tfr—t—t—
10 6 > 7
1 1 1 1
Solving:—=.1; —=.166; —=.2; —=.14
10 6 S 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-
SISTOfS.
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. RS R6E S RT
E=400V. RI0=502  pa ek 3
R8= 4~ 3
e 2
7). .
w R9=50a
FilGg. 4
Solution: The first thing to do is to solve all of

the branch circuits.

Circuit R,; R,; R, has an effective

resistance of 3 ohms.

Circuit R;; Rq; R, has an effective re-

sistance of 2.5-ohms.

Circuit Rq; R, 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 Ry, is connected across the voltage sup-
ply and the effective value of the resistance network
R, to R, is in turn connected across R,,. Thus
Ry is in parallel to the 17.7-ohm resistance of the
nerwork.

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 circuir.

CONDUCTANCE

It seems peculiar thar we have dealt with resist-
ances when in reality the thing that we requirc 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 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
compatison of the two equations
1
R eff. =

1/R,+1/R,+1/R,
G CE~=G1+G2+G3

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=IR

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-
tent has its polarity or direction of flow constantly
changing. The frequency of the curtent is deter-
mined by the time required for each complete alter-
nation or change of direction. In Fig. 5 this is shown

+2-
1 -A
}-—
5
J:
€ TIME
8 :
-1
-4

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
Ipeak=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-
hating currents is expressed by

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 induetance in a circuit. The
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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.
628 f C
CoNDENSER CAPACITY REACTANCE IN OHMS AT VARIOUS FREQUENCIES

ENRMrosy 60 100 250 | 500 | 1000 | 10,000 | 100,000 | 1,000,000
0.001 2666000 | 1600000 | 640000
o.m1 1 220000 | 160000 | 16000 | 1600 10
0.01. 266600 | 160000 | 64000 | 32000 | 16000 | 1600 | 160 16
01 26060 | 16000 | 6400 | 3200 | 1600 | 160 1 1.6
0.5 5332 3200 [ 1280 640 320 | 32| 3.2 ‘32
1.0 2666 1600 640 320 160 6] 16 016
2.0 1333 800 220 160 80 8| 08 0.08
i 2| B & B £ i & ca
10.0 267 160 64 32 R 1% ot oot

From examination of the chart in Fig. 6 it may be
seen that the reactance decteases with increasing fre-
quency. The capacity in the above formula is stated
in microfarads.
The reactance of an inductance is determined by
the equation
X,=6.28 f L Ohms.

ConL INDUCTANCE REACTANCE IN OHMS AT VARIOUS FREQUENCIES
N HENRIES
60 100 250 | 500 1000 | 10000 | 100000
001 377 628 157 314 628 628 6.280
006 188 314 785 157 314 ,140 31,400
0.1 3.7 628 | 157 314 28 250 62,800
05 1885 314 5 15m | 3140 400 | 314,000
10 Erdd 628 1570 3140 280 800 [ 628000
29 754 1,256 3140 6280 | 1250 600 | 1.256,000.
5.0 8% 3,140 780 | 15700 | 31400 | 314000 | 3,140.000
100 3 6280 1570 | 31400 800 3,000 | _6:280,000
200 7560 | 12360 31400 | 62,800 1600 ,000.| 12,360,000
300 11310 | 18840 17200 | 94200 | 188400 | 1884000 | 18840000
00 5080 | 24720 | 61800 | 123600 | 247.200 | 2,472 24,720,000
50.0 18850 | 31,400 78500 | 157.000 | 314000 | 340,000 | 31:400,000
1000 700 800 | 157.000 | 314,000 000 | 6.280 62,800,000

That the reactance of the inducance increases with
the increase in frequency is apparent from Fig. 7.
This is an important peint 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 whith 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=Y R*+(X,—Xc)?
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.

= e

1
N LxC

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 M 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

159,200

cps.

\/L in microhenries x Cin 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?

199,200
f = C.p.S
V203X 0.0005
= 500,000.

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 ) (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 proc.l-
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

L X£=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

e

e ==

e T T e P

-
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KILOCYCLES (kc) TO METERS (m), OR METERS TO KILOCYCLES
[COLUMRS ARE INTERCHANGEABLE]
kcnrmlmorkc keorm kcorm kcorm lmnrkc
.9 4,010 | 74.77 | 5,010 6,010 9,010 |
.9 4,020 | 7458 | 5,020 9,020
1 4,030 | 74. 40 | 5, 030 9, 030
3 4, 040 5, 040 9, 040
5 5, 050
N 5, 060
.2 i 5,070 |
.6 5, 080
1 5, 050
6 5, 100
ol 2,726 11,110 270.1 2,110 | 142.1 {3,110 | 96.41 § 4,110 | 72.95 § 5,110 | 58.67 § 6,110 { 40.07 } 7,120 | 42.17 | 8,110 | 36.97 ] 9,110 | 32. 91
120 2,499 1§ 1,120 | 267.7 §2,120 | 1414 | 3/120 | 96. 10 | 4, 120 | 72,77 | 5. 120 [ 58.56 1 6,120 | 48.99 § 7,120 | 42. 11 § 8,120 | 36.92 { 9,120 | 32. 88
130 | 2,306 | 1,130 | 265.3 {2,130 | 140.8 § 3,130 | 95.79 § 4,130 | 72.60 | 5 130 | 58.44 | 6,130 | 43.91 [ 7,130 | 42.05 § 8,130 | 36.83 | 9,130 | 32 84
140 | 2,142 | 1,140 1263.0 | 2,140 | 140.1 } 3,140 | 95.48 f 4,140 | 72.42 § 5140 | 58.33 § 6,140 | 43,83 { 7. 140 | £1. 99 { & 140 | 36.83 } ©, 140 | 32, 80
150 [ 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. 03 | & 150 | 36.79 § ©, 150 | 32. 77
160°| 1,874 11,160 | 2585 { 2,160 | 138.8 | 3,160 | 94.88 | 4,160 | 72.07 { 5,160 | 58.10 § 6,160 | 48. 67 | 7,160 | 41.87 4 8,160 | 36.74 | 9, 160 | 32.73
170 [ 1,764 § 1,170 1 256.3 1 2,170 { 135. 1 {3,170 | 04.58 | 4/170 | 71.90 | 5,170 | 57.99 § 6,170 | 48.50 | 7,170 | 41.82 | 8 170 | 36.70 | 0,170 | 32.70
180 | 1,666 § 1,180 | 2541 | 2,180 | 137.5 | 3,180 | 94.28 § 4,180 | 71.73 | 5,180 | 57.88 { 6,180 | 48 51 } 7, 120 | 41.76 | & 150 | 36.65 § o, 180 | 32. 66
190 | 1,578 1§ 1,190 252.0 2 190 | 136.9 | 3,190 [93.99 1 4,190 | 71.56 § 5190 | 57.77 | 6,190 | 48 44 { 7,150 | 4170 { 8,19C | 36.61 | 9,190 | 32.62
200 | 1,499 1,200 | 249.9 § 2,200 | 136.3 | 3,200 | 93.60 | 4,200 | 71.39 | 5,200 | 57.66 | 6,200 | 48 36 § 7,200 | 41.64 | 8 200 | 36.56 | 0,200 | 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. 55
220 | 1,363 1,220 | 2458 [ 2,220 | 135.1 {3,220 | 93.11 | 4,220 | 71.05 | 5,220 | 57.44 | 6,220 | 48. 25 § 7,220 | 41.53 | 8.220 | 36.47 § o, 220 | 32, 52
230 | 1,304 {1,230 | 243 & | 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 48
240 | 1,240 ;1,240 | 241.8 2,240 | 133.8 | 3,240 | 92.54 | 4,240 | 70.71 | 5,240  57.22 § 6,240 | 48,05 | 7,240 | 41,41 [ 8 240 | 36.30 | 0, 240 | 32 45
250 | 1,199 | 1,250 | 239.9 §2,250 | 133.3 | 3,250 | 92.25 | 4,250 | 70.55 | 5,250 | 57.11 § 6,250 | 47.07 | 7,250 | 41.35 | 5 250 | 36.34 § ©,250 | 32,41
260 | 1,153 11,260 238 0 { 2,260 | 132.7 | 3, 260 ' 91.97 1 4,260 | 70.38 | 5,260 | 57.00 { 6,260 | 47.89 | 7,260 | 41.30 § 8,260 | 36.30 | 9,260 | 32 38
270 | 1,110} 1,270 | 236.1 ; 2,270 | 132.1 § 3,270 | 91.60 { 4,270 | 70.22 | 5,270 | 56.89 | 6,270 | 47.82 | 7,270 | 41 24 § 8,270 | 36.25 | 9,270 | 32,34
280 | 1,071 1,280 (2342 1 2,280 | 131. 5 ¢ 3,280 | O1.41 } 4,280 | 70.05 | 5,280 | 56.78 § 6,280 | 47.74 § 7,280 | 41.18 | 8,280 | 36.21 § o, 280 | 32 31
290 | 1,034 31,290 | 232.% {2,290 | 130.9 § 3,290 | 9113 | 4,200 | 69.89 | 5,290 | 56. 68 § 6,290 | 47.67 § 7.290 | 4113 { 8,290 | 36.17 | 0,290 | 32. 27
300 999. 4 { 1, 300 | 230.6 § 2,300 | 130.4 { 3,300 l 90.86 § 4,300 | 69.73 § 5,300 | 56.57 § 6,300 { 47.50 7,300 | 41. 07 | 8,300 36.12 { 0 300 | 32 24
310 967.2 11,310 | 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, 20
320 936.9 1,320 227.1 121320 i 120.2 | 3,320 | 90.31 | 4,320 | 69,40 | 5,320 | 36 36 6,320 | 47.44 | 7,320 | 40.96 § 8,320 [ 36.04 | 9,320 | 3217
330 908.6 § 1,330, 225. 4 | 2,330 | 128.7 § 3,330 | 90.04 § 4,230 | 69.24 | 5,330 | 56.25 § 6,330 | 47.36 § 7,330 | 40.00 [ 8,330 | 35.99 § ©,330 | 32,14
340 881.8 § 1,340 | 223.7 | 2/340 | 128.1 | 3,340 | 89. 77 | 4, 340 | 69, 08 | 5,340 | 55, 1% 6,340 { 47.29 | 7,340 | 40.85 | 8 320 { 35.95 § 9,340 | 32 10
350 856.6 § 1,350 | 222.1 § 2,350 | 127.6 | 3,350 | 89.50 | 4,350 | 68 92 | 5350 | 56,04 | 6, 350 | 47 22 7,350 I 40.79 [ 8,350 | 3501 § 9,350 | 32 07
360 832.8 1 1,360 | 220. 4 | 2,360 | 127.0 § 3,360 | 89.23 4 4,360 | 68.77 | 5,360 | 55.94 { 6,360 | 47. 14 | 7,360 | 40.74 § 8,360 | 35.86 | 9, 360 ‘ 32.03
370 810.3 11,370 | 218.8 | 2,370 | 126.5 £ 3,370 | 88.97 | 4,370 | 63.61 § 5,370 | 55.83 | 6,370 | 47.07 | 7,370 |-40. 68 | 8,370 | 35.82 | 9. 370 | 32. 09
380 789.0 § 1,380 | 217.3 { 2,380 126.0 § 3,380 [ 88.70 | 4,380 | 68.45 | 5,380 | 55. 73 6,380 | 46.99 { 7,380 | 40.63 | 8,380 | 35.78 ! 9,380 | 31 96
390 768.8 | 1,300 | 215.7 | 2,390 | 125.4 | 3,390 | 88.44 { 4,390 | 68.30 | 5, 300 | 55 63 § 6,390 | 46,92 § 7. 300 | 40.57 | 8 399 | 3574 } 9,300 | 31.03
400 749.6 1 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 § & 400 | 35. 60 § . 400 | 31. 59
1
4100 7313 § 1,410 | 212.6 | 2,410 | 124.4 [ 3,410 | 87.92 | 4,410 | 67.00 | 5, 410 | 55, 42 6,410 | 46.77 | 7,410 | 40.46 | 8,410 | 35.65 | o, 410 | 31. 86
420 715.9 4 1,420 | Z11. 1 § 2,420 | 123.9 § 3,420 | 87. 67 | 4,420 | 67.83 | 5,420 | 5532 { 6,420 | 46.70 | 7,420 | 40.41 | 8 420 | 35 61 { o 420 | 31 83
430 697.3 | 1,430 | 200.7 § 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 | 31.79
440 681.4 11,440 | 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 | S, 440 | 35.52 | © 440 | 31 76
450 666.3 { 1,450 | 206. 8 | 2,450 | 122.4 { 3,450 | 86.90 | 4, 450 | 67.38 | 5 450 | 25 01 6,450 | 46.43 § 7,450 | 40.24 | 8 450 | 35. 481 9,450 | 31.73
460 OS1.8 £ 1,460 | 205. 4 { 2,460 | 121.9 | 3,460 | 8G.65 | 4,460 | 67.22 | 5,460 | 54.91 | 6,460 | 46.41 | 7,460 | 40.10 | 8, 460 | 35.44 § 0,460 | 3160
4%0 637.0 ) 1,470 | 204.0 | 2,470 | 121.4 § 3,470 | 86. 40 | 4,470 | 67,07 | 5. 470 [54.51 16,470 | 46.34 | 7,470 | 40,14 | 8,470 | 35.40 [ 0o, 470 | 3166
480 628.6 | 1480 | 202.6 § 2,480 | 120.9 ; 3,480 | 86.1C | 4,450 | 56.92 | 5,480 ' Sa 71 | 6,480 | 40, 27 | 7,480 | 40, 03 | 5 <50 | 35.36 § o 450 | 9L 43
490 G119 11,490 | 201.2 1 2,400 | 120.4 | 3,490 | 85 01 | 4,490 | 66.78 | 5,490 | 54 61 | 6,400 | 46. 20 § 7,490 | 40.03 | & 490 | 35. 31 § © 200 | 3150
500 5996 | 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 | 3156
510 587.9 11,510 [ 198.6 {2,510 | 119.5 £ 3,510 [ 85.42 | 4,510 | 66.48 | 5,510 | 54 41 | 6,510 | 46, 06 | 7,510 | 30.92 § 8,510 ! 35.23 1 9 510/ 31 53
520 576.6 | 1,520 | 197.2 | 2,520 | 119.0 | 3,520 |.85 18 § 4 520 | ¢6. 33 5,520 ' 54.32 { 6,520 | 45.98 { 7,520 | 39.87 | 8 520 | 35 10 | o 520 | 3140
530 | 565.7 § 1,530 | 196.0 { 2,530 | 118.5 § 3,330 | 84. 94 | 4, 530 | 66. 19 5,530 | 54.22 | 6,530 | 45.01 | 7,530 | 39.82 | 5,530 | 35.15 | ‘9530 | 31. 46
540 555.2 1 1,540 | 194.7 12,540 | 118.0 § 3,540 | 84.70 | 4,540 | 56 04 | 5,590 | 54.12 | 6,540 | 45.84 | 7,540 | 39.76 | 5,340 | 35 11 § 0, 54 | 31 43
550 545.1 % 1,550 | 193.4 | 2,550 | 117.6 § 3, 550 | 84.46 | 4,550 | 65.89 | 5,550 5402 | 6,550 | 45.77 | 7,550 | 39.71 { 8 550 | 35.07 | 9,550 | 31.39
560 535.4 | 1,560 192.2 ;2,560 | 117.1 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 | o 560 | 31. 36
570 526.0 { 1,570 | 191.0 | 2,570 | 116.7 § 3]570 | 83.08 | 4 570 | o5 41 5,570 | 53.83 | 6, 5‘7’3 45. 63 ; 570 | 39,61 [ 8570 | 34.08 | o s70 31: 33
580 5002 1,580 1180.8 2,580 | 116.2 | 3,580 | 83.75 { 4,580 | 65 46 | 5,530 | 53.73 | 6,580 | 45. 57 § 7/580 | 35.55 | 5,580 | 3404 | ©. 380 | 31 39
590 508.2 | 1,500 | 1886 | 2,59 | 115.8 § 3,500 | 83.52 { 4,500 | 65.32 | 5.590 | 53. 64 | 6,590 | 45. 50 | 7 590 | 39. 30 | & 500 13490 1 9,500 31 26
600 4907 | 1,600 | 187.4 § 2,600 | 1153 | 3, 600 | 83. 25 | 4 600 | 63 1 5,600 | 53.54 | 6,600 | 45.43 | 7, 600 | 30.45 1 8600 | 34.86 | 9,600 | 3123
610 49L5 | 1,610 | 186.2 | 2,610 | 1149 { 3,610 | 83.05 ] 4,610 | 63.04 | 5 610 | 53, 44 10 | 45. 7,610 | 30.40 { 5,610 | 3882 | o, 610 | 21,
620 483.6 § 1,620 | 185.1 | 2,620 | 114. 4 | 3,620 | 82 82 4,620 | 64 90 § 5,620 | 53. 35 g,’ o0 45. 33 7620 | 30,38 5520 | 3475 { o 620 31. fg
630 475.9 11,630 [ 183.9 ] 2,630 | 114.0 | 3,630 | 82 60 § 4,630 | 64.76 § 5,630 | 53. 25 | 6,630 | 45.22 | 7.630 | 39.20 | 8,630 | 34 72 | o 030 | 31 13
640 $98.5 | Loa0 182.8 | 2,640 | 113.6 {3,640 | 82.37 { 4,640 | 64.62 | 51640 | 5316 | 6,640 | 45. 15 | 7,640 | 39.24 | 5 640 | 3470 | © 620 | 31 19
650 461.3 4 1,650 | 181.7 42,650 | 113.1 § 3,650 | 82.14 | 4,650 | 64.48 | 5,650 | 53. 07 | 6. 650 | 45,05 | 7,650 | 30.19 | 8 630 | 34 66 9,650 | 31,07
| |
660 454.3 | 1,660 | 180.6 [ 2,660 | 112.7 3,560 | 81.92 } 4, 660 | 64.34 | 5,660 | 52, 07 45.02 | 7,650 | 39.14 | 8,650 | 34.62 § 0,660 | 31
670 4475 0 1,670 | 179.5 | 2,670 | 112.3 3,670 ' 81.70 | 4, 670 I 64.20 | 5, 670 | 52, 88 g; ggg 4ii 95 b 7, 678 i 30.09 | 8 67g 34581 9 670 glj g‘l*
680 0.9 o8B0 | 178.5 12,680 | 211.9 § 3,080 | 81.47 | 4,680 | 64.06 § 5680 | 52.79 [ 6,680 | 44.85 | 7,620 | 39.04 | 8. 630 3434 1 o 680 | 30 97
690 436.5 81,600 [ 177.4 1 2,690 | 111.5 {3,600 | 81.25 | 4,690 . 63.93 | 5,690 | 52 65 | 6 690 | 4482 § 7,600 | 38.90 | 5,690 3450 | 9 690 | 30. 04
700 428.3 11,700 | 176.4 {2,700 | 111.0 [ 3,700 | 81.03 } 4,700 | 63.79 | 5,700 | 52 60 § 6,700 | 4475 | 7700 | 35.04 | 8, 700 | 34 29 9,700 | 30.91
710 422.3 11,710 1 175.3 § 2,710 | 110.6 § 3,710 | 80.81 | 4,710 | 63.66 | 5,710 | 52 s 710 | 44 7,710 | 3889 { 8,710 | 34.42 | 9,710
720 416.4 { 1,720 | 1743 [ 2720 | 110.2 | 3,720 | 80.60 | 4 720 | 63, %9 5,720 | 52, o 720 | 44 o3 7, 730 | 38 82 'y |3t 9,720 3088
730 410.7.9 1,730 | 173.3 | 2,730 | 109.8 | 3,730 | 80.38 | 4,730 | 63.30 } 5,730 | 52.32 | 6. 730 | 44.55 § 7. 730 | 38.75 | 5. 750 34 3% 9,730 | 30. 81
740 405.2 81,740 | 172.3 § 2,740 | 109.4 1 3,740 | 80.17 | 2,740 | 63.25 | 5,740 | 52.23 | 6,740 | 44 48 | 7 720 | 38 74 8,740 | 34.30 | 9,740 | 30,73
750 399.8 1 1,750 | 171.3 12,750 | 109.0 | 3,750 | 79.95 § 4,750 | 63.1z | 5,750 | 52 14 | 6,750 | 44 42 | 7' 750 | 35. 63 | 5 750 34 37 9,750 | 30.75
760 39045 11,760 | 170.4 £2,760 | 108.6 | 3,760 | 79.74 | 4,760 | 62. 99 } 5,760 | 52.05 } 6, 760 | 44 7,760 | 38.64 § 8,700 3423 | 9,760 | 30.72
770 3804 { 1,770 | 169.4 | 2,770 [ 108.2 | 3,770 | 79.53 | 4 770 | 6. 86 5,770 | 5196 | 6, 70| 4% 7,770 | 38/59 § & 770 | 3410 § 0 770 | 30, 69
780 3821 1780 168.4 {2,780 | 107.8 § 3,780 | 70.32 § 4,780 | 62:72 § 5,780 | 51.87 | 6,780 | 44 22 | 7,780 | 38.54 | £,750 33215 | © 780 | 30 o6
790 37951 1,790 | 167.5 | 2,790 | 107.5 } 3,790 | 70.11 | 4,790 | 62.59 | 5,790 | 51.78 | 6750 | 44 16 | 7,700 | 38,45 § & 700 | 34 11 9,790 | 30. 63
800 374.8 11,800 | 166.6 § 2,800 | 107.1 } 3,800 | 78.90 { 4,300 | 62. 46 | 5,800 | 5169 | 6, 500 | 44,00 | 7,800 | 38 44 | 8 800 | 34 07 9,800 = 30.59
810 370.2 {1,810 | 165.6 1 2,810 | 106.7 § 3,810 | 78.69 | 4,810 | 62.33 § s 810 l 51.60 | 6,810 | 44.03 | 7,810 | 38.30 | 8,810 | 34.03 | 9,810 | 30.5
820 365:6 § 1,820 | 164.7 | 2,820 | 106.3 | 3 820 | 72 49 | 4. 820 | 65. 20 5,820 | 51. 52 2: 820 | 4396 | 7,820 | 38 34 | 8,820 | 33.99 | 9,820 | 30,55
830 301.2 ] 1,830 163.8 | 2,830 | 105.0 | 3,830 | 78.28 | 4,850 | 62,07 | 5,830 | 51.43 | 6,830 | 43.90 | 7,830 | 38.20 | & 850 | 33.05 | o 830 | 30 29
840 356.9 11,840 | 162.9 | 2.840 | 105.6 {3,840 | 78.03 § 4,840 | 61.95 | 5 840 | 51 32 | 6 840 | 43. 83 7,840 | 38.24 § 8,840 | 33.92 | 9,840 | 30. 47
850 352.7 | 1,850 | 162.1 | 2,850 | 105.2 | 3,850 | 77.88 | 4 550 | ol 83 5,850 | 51.25 | 6,850 | 43.77 | 7,850 | 38,19 § 8,850 | 33.88 { o, 850 | 30. 44
860 348.6 11,850 | 161.2 12,860 | 104.8 | 3,860 | 77.67 { 4,850 | 61.69 | 5,860 | 51.16 | 6,860 | 43.71 | 7,860 | 38.14 § 8, 860 | 33.84 | o 860 | 30, 41
870 34061 1,870 | 1603 1 2,870 [ 1045 | 3,870 | 77.47 | 4 870 | o1 56 5,870 | 5108 | 6,870 | 43.64 § 7,870 | 3810 § 8,870 | 33.80 | 9 870 | 30,33
880 350.7{ 1,880 | 150.5 02,360 | 104 1 £ 3,880 | 77.27 | 4,880 | 61 44 | 5,880 | 50,99 § 6,880 | 43.58 | 7,880 | 3805 | 8 830 | 33.76 | o 830 | 39 33
890 336.9 § 1,890 | 158.6 § 2,89C | 103.7 | 3,890 | 77. 07 4,850 | 61.31 § 5,890 | 50. 90 6,890 | 43.52 § 7,890 | 38.00 | 8,890 | 33.73 9,890 | 30. 32
900 333.1 11,900 | 157.8 §2,900 | 103. 4 §'3,900 | 76.88 § 4,900 | 61.19 | 5,900 | 50.82 | 6 000 | 43. 45 § 7/ 000 | 37. 95 § 8500 | 33.69 | © 000 | 30. 28
910 329.5 11,930 | 157.0 £ 2,910 1 103.0 § 3,910 | 76.68 } 4,910 | 61.06 { 5,010 | 50.73 § 6,010 | 43.30 | 7.010 | 37.90 } 8,010 | 33.65 | o, 610 | 3025
920 | 3259 11,620 (156 2 | 2920 | 10217 £ 3,020 | 76.45 | 4.920 | 60,04 | 5,020 | 20 63 | o' 930 | 43 o 7,920 | 37.86 | 8,020 | 3361 | 9,020 | 30 22
930 322.4 11,930 | 155.3 | 2,030 | 102.3 | 3,030 | 76.20 { 4,030 | 60. 82 | 5,930 | 50.56 | 6,930 | 43. 26 § 7,930 | 37. 81 { 5,030 | 33.57 | o 030 | 36 10
940 310.0 | 1,940 | 1545 § 2,940 | 102.0 | 3,940 | 76.10 | 4, 940 | 60. 69 5,940 | 50.47 ] 6,040 | 43.20 | 7,940 | 37.76 { 8,940 | 33.54 9,940 | 30.16
950 315.6 11,050 | 153.8 § 2,950 | 101. 6 § 3,950 | 75.90 | 4,950 | 60.57 § 5,050 | 50.39 | 6,950 | 43. 14 § 7,050 | 37.71 § 8,950 | 33.50 § o 950 I 3013
960 312.3 3 1,960 1 153.0 § 2,960 | 1013 [ 3,960 | 75.71 § 4,960 | 60.45 1 5,060 | 50.31 | 6,960 | 43.08 § 7,960 | 37.67 | 8,960 | 33.46 | ©,960 | 30.10
970 309.1 1,970 | 152. 2 2; 970 | 100.9 3,970 | 75. 52 4,970 | 60. 33 5,970 | 50. 22 ©, 970 | 43. kOZ 7,970 | 37. 62 3: 970 | 33. 42 9,970 | 30. 07
980 303.9 £ 1,080 { 151.4 ¢ 2,080 | 100.6 | 3,980 | 75.33 1 4,980 | 60.20 | 5,080 | 50, 11 6,980 | 42.95 | 7,980 | 37.57 } 8,980 | 33.39 ] 0,080 | 30. 04
990 302.8 | 1,900 | 150.7 § 2,690 [ 1003 | 3,990 | 75. 14 | 4,950 | 50. 08 | 5,990 | 50. 05 § 6,990 | 42.89 { 7,090 | 37.52 | 8990 | 33.35 | 0900 | 30 o1
1, 000 2998420001 149.9 4 3,000 99.94 } 4,000 | 74 96 | 5,000 | 59. 96 § 6:000 | 49. 97 | 7000 | 47.83 | & 000 | 37. 48} 9/ 000 | 33.31 { 10/ 000 | 79. 08
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Z=VR*+(X1—Xe)*
is equal to zero and the impedance of the circuit
is simply
Z=VR*
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.

et iy

= o = -
L .
A.C.~ AC. ~ L j&
SOURCE . SOURCE %VW ‘:r
e i B
Ol
FIG.9 Fi1G.10

In a parallel circuit a somewhat different effect
occurs. Here we have a circuit arrangement sub-
stantially as shown in Figure 10. Insucha 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

I I
4
CR
L is in henries
C is in farads

R is in ohms
Z 1s 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 1s
usually a figure somewhat larger than the direct
current resistance. 1t can be seen that the lower |
the resistance the higher will be the impedance
of the circuit.

The important difference between series and i
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- v
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
tRem 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- P

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. l
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SERVICING RADIO RECEIVERS

The Service Man’s Tools.

HERE 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 Dirill 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.E. coils, howl arrester, complete set of tubes, such
batteries as may be necessary, spate 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.

Uy
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M A MA.

PENTODE
o
40C¢ o
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FlGa. 114 Fl1G.42

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 ohmiheter 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 ate provided with adapters which
make the necessary connections automatically. This
is of course necessary when we intend to test circuits
involving rectifier tubes or wubes 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
is important 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-
nictan.

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-

RADIOLA—Model 64
Line Voltage 112—Volume Control Full

umuatnw—wuuut
Y: TIAE mo;m TUBE OuT TUBE 'm TESTER
Y 7 Tuse R 5 3 5 = lcarmope| momear] Fate Tevare
omsen| T Frarmroererc | il olie | vours | vours | vorrs | vers | "utt® 10 GT"] cumec
1229 Bnt.Coup.Sth 2¢5 1 2.4 |124 Teb | Sed |78 [Ze4
1227 | Tuned R.F.| 2,5|328 (2,4 [124 | 25 16,0 363 [Tel |3
+_{ 227 [Tuned 1stDekf, 80 (2, %5 [ 25 (3640 | o2 [2e9 [26
T T1227 | 1ot, 1.F. | 205|128 12,4 1124 D 1245 | 304 [7s8 1445
. 1227 | 2nd, J,F. [ 251228 2,4 [124 13,5 | 3e4 |78 [445
S [ 227 scillator | 2,5 | 80 (2,4 1 75 |25 l3.5) 7.0 7,6 | o6
"I227 | 2nd, Det, | 2,5[180 12,4 1'71 2.2 13,5] = | = -
. 7 ¥ol. Control2a.9 24 = = o =
. Power o5 | 584 1,2 [592 | 65 = [ 82 | 55 [3.0
i | Rectifier| o4 50
| Rectifier 14 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 oneach 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 i$ these exceptions which
make necessary the use of other apparatus in testing.

This statement must not ke 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

%g

F1G. 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.

=
e
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Open condensers do not in any way -aftect 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 shortcircuited. 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 how] 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 effect
but if the biasing resistance be open the meter re-
sistance will fill the gap with the result thar the
tube receives a high grid bias. Fig. 17. The plate

OPEN

FIG.47
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 ar a glance.
Open or shorted neutralizing condensers will have
no effect upon the meter readings except where the
Circuir arrangement is such thart a short circuir results
in a connection between the grid and plate through
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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 recetvers with the chmmerter. 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-
sistarice 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 recetver and also with neutrodyne receivers.
The manner of operation in checking neutralization
and alignment of circuits follows:

The Modulated Oscillator and Its Uses.

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 ke, for checking the character-
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CONTINUITY TEST CHART

Under Test

Test Positions

Correct
Effect

Probable
Incorrect

Effect

Caused By

R. F. Grid
Circuits

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

Closed thru
40N (B1.3)

Open or
shorted

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

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

1st A. F. grid

circuit

Ground to 1st A. F. socket
grid contact

Closed thru
1 meg (A0)

Shorted thru
165.000 N
(A.02)

Shorted .01 mfd. coupling
condenser

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

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

Antenna
circuit

Ground to high side ant.
primary coil

Closed thru
5n (B1.6)

Open

Open primary

Antenna
circuit

Ground to ant. post (switch
set for local)

Open

Closed thru
30n (B3.6)

Defective switch

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

Phonograph
jack

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

Open

Closed thru

40 (B1.3)

Defective jack

Radio Fre-
quency plate
circuit

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

Closed thru
70000
(A0.6)

Closed thru
60n (B4.2)

Closed thru

41000 (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 1000 grid bias resistor

Detector plate
circuit

Ground to detector plate

Closed thru
165,000
(A0.02)

Closed thru
25,000
(A.17)

Shorted .001 mfd. by-pass
condenser

1st A. F. plate
circuit

Ground to plate contact 1st
A. F. tube

Closed thru
9800N
(A0.4)

Closed thru
2700Nn
(Al1.3)

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 106N grid bias resistor
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CONTINUITY TEST CHART—Continued

Probable
Test| Under Test Test Positions Correct Incorrect Caused By

No. | Effect Effect

13 | Power tube Ground to alternate power | Closed thru | Open Open field coil

' plate circuit tube socket plate contacts 12,3000 | Closed thru | Open primary windings

(A0.3) 600 (A3.0) | Shorted condensers in filter
750n (A3.3) | block
52000 (A0.7)
14 | Screen-grid Ground to 1st, 2nd and 3rd | Closed thru | Short Grounded volume control
circuits R. F. socket grid contacts { 31001 Closed thru | Shorted.1 mfd. by-pass. cond.
(Volume control at max.) (A1.2) 1000 (A4.5)

15 Ground to 1st and 2nd R. F. | Closed thru | Closed thru Open 1000 grid bias: resistor
socket grid contacts (Vol- 1000 100,000 | Defective volume control
ume control at minimum (A4.5) (A.05) Shorted .5 mfd. cathode by-

Short pass condenser
Grounded volume control
16 | Detector Ground to detector socket | Closed thru | Short Shorted .1 by-pass condenser
Screen-grid grid contact 17,0000
circuit (A0.25)
17 { R. F. return Ground to 1st, 2nd and 3rd | Closed thru | Short Shorted .5 mfd. cathode by-
circuit R. F. socket cathode con- | ~ 100N Closed thru pass condenser
tacts (A4.5) 100,0000 | Open 10011 resistor
(A.05)
18 | Detector re- | Ground to detector socket | Closed thru | Short Shorted .1 mfd. by-pass cond.
turn circuit cathode contact 25,0000 | Closed thru | Defective phonograph jack
(A.17) 800Nn(A2.7)

19 [ 1st A. F. re- | Ground to Ist A. F. socket | Closed thru | Short Shorted condenser in filter

turn circuit cathode contact 20001 (A1.5) block

20 | Power tube Ground to filament contact | Closed thru | Short Grounded hum potentiometer

return both power tube sockets 800N (A2.7) Grounded filament winding
l on power transformer
| 21 | Plate supply | Ground to rectifier socket | Closed thru | Short Shorted 1st condenser in filter
j filament contact 11,0000 | Closed thru | Shorted 2d condenser in filter

(A.37) 1501 (A4.3) | Open choke coil
Open Open field coil
22 ' High voltage | Ground to alternate rectifier | Closed thru Open Open high voltage secondary

secondary of | socket plate contacts 250N winding

power trams. | (A3.9)

23 | Primary of Ground to side of primary | Open Shorf Grounded power switch

power trans. | winding Grounded transform.primary

24 | Speaker field | Across terminals of plug Closed thru | Open Open field coil

47501 (A0.8)| Short Shorted field coil

25 | Choke coil Rectifier filament to blue or | Closed thru | Closed thru | Shorted .275 cond. in block

maroon wire on field 160n(A4.2) | 20n (B3.2) |
Note—
FiG.22




istics of the intermediate frequency amplifier of a
superheterodyne receiver. This may be a commes-
¢ial 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 difhculties 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.

OFFICIAL RADIO SERVICE MANUAL

Improper bias on tubes.

Cathode to heater short circuit in deteceor 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 tbe.
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.
Deteéctor 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. o

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 cvidenced 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 osdillation 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
flter 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 1s 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 Icose 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 neutralization will be described shortly in
the section covering theé use of the service oscillator.

Motorboating.

This is usually due to feed-back betweén 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-
cesstvely 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-
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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 1mportant

The values of the various parts are given directly
on the schematic circuit diagram. It wiil be noted
that by simply throwing an anti-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-
1stics—except in its capabilities of plckmg 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.

DUMMY ANTENNA

00025 COND. /‘#2300 TURNS
IN SERIES — 5C.

’ [T ADVANCE RES,
WIRE.

\/TINNED LEADS FI1G.24

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 ser:
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.

OFFICIAL RADIO SERVICE MANUAL

A second type of output meter is the “resonance
indicator” which consists of a milliammeter in series
with the detector plate lead. An adapter is made
from an old tube base and a socket in such a man-
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.

H2-A
OUTPUT METER
OUTPUT
0-1 MA
m JL45V
D =
F1G. 25

Alignment of Radio Freguency 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.

FlG. 20

7

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 ot 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 SET.
ANTF}NNA : :
vl s 0
O
B G OUTPUT
METER

FI1G.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 zlign-
ment of the intermedrate frequency before actempting
any adjustment of the R.F. or oscillator.

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 out
and no signal passes through the dummy tube. Hav-

B e A N —————

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
connecied 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 tie 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. Alighment.

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 wirh
spaghetti tubing mounted on the end of a bakelite
rod.

BALANCING

F1G.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.

-
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Making an Ohmmeter for Resistance and Contin-
uity Tests.

Through the courtesy of the International Resis- ADAP
tance Company we are including two sketches for CEONes JON METER,

. MODEL JOA.
the adaptation of 0-1 ma. meters to use as ohm- &0

1.0 MIL, MILLIAMETER

R
), | FIG. 29 A

BATTERY

(] [——,
CALIBRATING
RES ISTANCE.

F1G.29B8

meters. These two scales shown 1n 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 |

H Battery Series Muleiplying = |

! : .
| Voltage Resistance Factor ADAPTED FOR "!:E;‘&' T !
I H
I 15 1,500 1 PATTERN 88. |
i 4.5 4,500 3 i
| 22.5 22,500 15 !
| In each case prior to use the test prods should be DIRECTIONS FOR USE OF ONMMETER SCALES. il
| shorted and the zero adjustment of the meter set so REMOVE METER FROM CASE 5Y LOOSENING THE |
H o : - THREE MOUNTING SCREWS, REMOVE THE Two SCREWS

! that the reading is zero resistance. This compensates MOLDING THE MILLIAMMETER SCALE IN POSITION,

| for loss of battery voltage through service. When PLACE OMMMETER SCALE ON TOP OF oI

4 : FASTENING WITH A FEW SPOTS OF

| the setting can no longer be made at zero tbe bat- DESIRED, AND MEPLACE SCALE MOUNTING SCREWS.
§ tery should be replaced. The two ranges having the CONNECT METER, BATTERY AND CALIBRATING
i! 1 and 3 factors are the most useful for our purpose RESISTANCE IN SERIES, AS IN DIAGRAM, AND

. . . SHORT-CIRCUIT “UNKNOWN" TERMINALS. METER

il and the meter can be set up in a cabinet with a B neAp! <ERO| O ORPIMETER SCaiel e
fl change-over switch and a tapped “C" battery so as NOT, ADJUST POINTER WITH ZERO SET SCREW.

to cover both ranges at will. REPLACE METER 1IN 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
AF. 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-
loyed 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 C, 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 L,. 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, L,, L,, 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 R, and the two
may be coupled to the same shaft for simplicity of
operation. Anothet reason for the use of the two
controls will be shown in another section of this
book under the heading of “Cross Modulation.”

If R, 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 R, 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. It 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 1n 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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with the double peak characteristic readily notice-
able,

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

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 R; 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 to
ground from the grid of the first tube would be 3
megohms but with C, short-circuited the reading
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 L,C, and L,C; 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 tbe 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. Scemingly 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
cathede circuit. The true meaning is not distorted if
we say that the cathode should be positive with re-
spect to the grid. The current fiowing 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 R, and leaves
R, between the cathode of V, and ground. The con-
denser C; is in shunt across R, so as to effectively
short circuir it as far as R.F, is concerned. This as-
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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 R..

The resistances R, and R, provide a minimum bias
for the tubes below which excessive plate current
would be drawn. Increasing the resistance of R, in-
creases the bias of the tubes and thus.decreases their
amplification. Short-circuiting of R, 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 R,, Ry, or R, would be indicated
by no plate current flowing in one or both tubes.
Short-circuiting of either Ry or R; causes excessive
carrent 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 V, would consequently draw
excess current. Short-circuiting of C; or Cy also
removes the biasing potential from the grids of their
respective tubes and allows excess current to flow.

R, Re, R, and R, are what is known as isolating
resistances. C, and C, 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-
giid stages and is preferable even in circuits employ-
ing threc element tubes. The two coils L, and L,
should be shielded one irom the other. Individual
shields or partial shields should be over the screen-
grid 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
tuins 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 fréquency. 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 R;, 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 Ry, must be of suf-
ficient capacitance to effectively by-pass the resistor
at audio trequencies. This means that a capacitance
of from .5 to 2 mf. must be used at C,,.

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

The system C,y, L, C.. represents a low pass filter
which allows the passage of currents of audio fre-

e e e

i
f
i



OFFICIAL. RADIO SERVICE MANUAL

quencies but by-passes to ground all R.F. energy.
C.: might well be omitted from the circuit but C,,
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

fed back to the R.F. amplifiers where it might cause
serious oscillation problems. If we employ C,; 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 Ly 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 R,;. 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 Cy1 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 cit-
cuit will result in loss of plate voltage for all tubes
obtaining voltage from a common tap on the voltage
divider. An open resistance R,, 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 T, 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
baving 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. T, may
be of higher ratio than T, as its primary inductance
need not be so high.

The circuit across the secondary of the transformer
C.s, Ry, 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 cither 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 1n the “bass” position.

V. 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 V,.

A center tapped resistance (R;s) 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 R;;. Failure of R, 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,s) 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 ciscuits 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 (Ts) serves o 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
(T,) 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 transtormers are equipped
with an electrostatic shield between the primary -and
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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
ettect 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 encugh 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 stubbozn 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 §,, the detector
from S, and the output tube from S.

The heaters are kept at ground potential by center-
rapping 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
R.s.

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. S, and
S. are the rectifier filament and high voltage wind-
ings feeding the rectifier tube (V).

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 s 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 l

designed to cut oft 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 1n 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
R,, 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-
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cuits dependent upon the location of the fault.

The by-pass condenser unit C,, is a furthef pre-
caution against interstage reaction due to an im-
pedance common to two or more cigcuits. 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
manutactuter to produce a cheaper though better
receiver. Starting at the antenna and skipping the
volume control, the first item is the antenna input
circuit.
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Some recervers—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 tning 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
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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. Afrer installation, it is
necessary to make an adjustment of the coupling
condenser which will remain in a fairly efhicient
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 antenina 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
S

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 tQ
the two crcuits 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
i 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-
{ ual. 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

im
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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
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FIG. 30

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 of 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 seties
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.
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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
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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- . SR {l
| 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.
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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 appeat-
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
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detector action. x
Grid circuit detectors differ from the others in
that they are not biased negatively, employ the < n
familiar grid condenser and leak, draw a rather high || Bt
plate current for the plate voltage applied, and have FIG. 38

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
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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
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does not differ greatly from the plate circuit type as
far as service requirements arc concerned.

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 rhe 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 2 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 1n 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
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single resistance is employed to operate in such a
fashion thart rotating it toward the minimum setting
decreases the resistance across the input circuit at
the same time thar the bias is being increased.
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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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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 wihereby 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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sense as to increase the negative R.F. bias.
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FIG. 42

as to limit the gain through the amplifier, it 1s 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. Vj 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
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

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
irids of the first and second R.F. tubes take their

1as 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.

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 RF. 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 4s 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 methods 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.
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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 conriected 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

F1G. 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. amPliﬁe; with

PICK-UP JACK PICK-UP SWITCH
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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-

DET.

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.

g |

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” ¢an effect a cure by connecting a
condenser of from .00025- to .01-mf. across one of
the AF. 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 regardiess 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 X

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
Uumts..

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
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FIG. 53 A

purpose in the Atwater Kent S5, 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 cit-
cuit. ' '

The speakers employed in these connections aré
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 ou:-
put, the voltage across the power supply condenser
would rise to high values during the initial surge.

RF DET.

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 wherte

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.

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

m‘nr PLATES
i
' \ SCREEN GRIDS

' mﬁmaon PLATES

+
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.

FiGc. 54

DET. PWR
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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
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FIG. 56 i“ l'

The circuit diagrams given in this manual can m
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
tubes 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

AR

FIG.57

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, wheére 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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ment 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-
cetvers employing '27’s or '24’s and ’45’s.

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

36 36

FIG.59

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 2 D.C. receiver are connected
without first seeing the schematic or tracing the
circuit itself; in consequence, do not remove a tubs
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
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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
1s 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 ke.  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 k. 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
litle 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 ke. 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” tor 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 exampl
of the modern superheterodyne receiver. Here
“band-selector,” in which the coupling is obtaine
by winding the coils adjacently on the same form, i
employed in the antenna coupling. ]

The first tube is the radio frequency amplifie
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

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 1n-
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
supetheterodyne 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

ng.

View of Three L. 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

(=Y

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.

BRIDGE

VOLUME CONTROL.

FIG. 63

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.
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 1s 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.

A twelve-wire cable connects the

Other Remote Control Systems.

As is the case with every radio innovation, there
ate 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-
ton so far. For those experimenters desiring to

OFFICIAL RADIO SERVICE MANUAL

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 actempt 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.

Stromberg - Carlson Spectal Remote

Control

Receiver
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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.

FIC. 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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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
latger changes in the current in the plate cireuit 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 volrage—is given.

In order to operate the tube over a range where
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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

M (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 sufhiciently 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 1s 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 micrombhos.

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 trequencies or at radio frequencies.
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Plate Voltage.

The voltage difference effective berween 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—T etrode—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

SERVICE MANUAL

Amplification = i L
Rp+Zo

where u 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
impédance 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
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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-

FI1G.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.

B+

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
2 mid-trequency 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 re-
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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-

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 R,, R, and Xc in parallel.

F1G.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

Y VU

—_

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 R,. 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.

omD.
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OPERATING DATA ON COMMERCIAL
VACUUM TUBES

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 afe not
listed they are rarely, if ever, found in commereial
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 stll to be found in
some of the older receivers.

Where the designation is that of some particular
manufacturer, no specific advertisement is intended
—<redit is merely given that particalar 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.

THE previous section dealt briefly with the

’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 batteties, 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:

Grid Bias
. —3.0 voOlIts
.. —4.5 volts

Plate Voltage
67.5
90.0

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

AVERAGE CHARACTERISTICS

90 volts
-4.5 volts

Plate Voltage

Grid Bias Voltage
Amplification Factor
Mutual Conductance 15500 micromhos
Plate Resistance 425 ohms

Plate Current oo 2.5 milliamperes
Undistorted Power Output 7 milliwatts
Grid-Plate Capadcitance .............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 FiLament & Ewnssion GriD CHARACTERISTIES

CHARACTERISTICS (Subect to large varsations) I;
|

plate voltages. \ TT 1]

Dynamic Characteristics—Fig. 78 shows the ef- Re=33Yy D
fect of grid voltage upon the amplification factor,
mutual conductance and plate resistance.
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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 0 famentyeitage  © * % endveitage
plate voltage of 135 volts and a bias of --22.5 volts, Fi6.75 Fle-7e
the maximum power output obtainable is quite sat- Puate CupmactgmisTics
isfactory for home use in locations where commer- = a1 Vb L
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be used in push-pull with exceedingly gratifying re-
sults.

It is not necessaty 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.
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AVERAGE CHARACTERISTICS ==

Plate Voltage......coc... 90 135 volts

Grid Bias Voliage.............. 16.5 ~22.5 volts.

Amplification Factor 3.3

#  Mutual Conductance........ 525 micromhos

i  Plate Resistance.......... 6300 ohms
Plate Current.....occ...... . 3 6.5 ohms
Undistorted Power Output... 45 110 milliwatts
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AVERAGE CHARACTERISTIC CURVES T11 i y L ;
Filament Characteristics—Fig. 80 shows the BOECHT: o AL / e

change of filament current with various filament / 154 z 7

voltages. 3

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. i‘
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Output Characteristics—Fig. 84 shows the undis-
torted power output obtainable at various load re-
sistances.
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This is the “grand old nan” 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 '01A 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 omn
very weak signals but with somewhat inferior fidel-
ity.

As AN AMPLIFIER

The "01A, when used as an amplifier, should have
the following recommended grid biases applied
whenever the plate voltage is over 45 volts:

Plate Voltage Negative Grid Bias

O - S Wemccssemmtiaresiamimiesic e s 3.0
O O —, T D —— 4.5
135.0 e 9.0

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 Voitage .......... .. 90 135 volts

Grid Bias Voltage ...... .. —4.5 —9.0 volts

Amplification Factor ...... 8.0 8.0

Mutual Conductance ... 725 800 micromhos

Plate Resistance 11000 10000 ohms

Plate Current ........... 2.5 3.0 milliamperes

Undistorted Fower Output. . 15 55 milliwatts

Grid-Plate Capacitance . ... 8.1 mmf.

Grid-Filament Capacitance . 3.1 mmf.

Plate-Filament Capacitance . 2.2 mmf.

AVERAGE CHARACTERISTIC CURVES

Filament and Emission Characteristics—Fig. 85
shows the change of filamént 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 B sE oo el
plate voltage—plate current curves at various grid [T 17
bias voltages. FoporRe
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.
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The "12 and '12A differ only as tw the type of e A "% i S
filament employed. Certain other minor differences o

R LATE CHARACTERISTICS
may be forgotten. The '12 draws .5-amp. at 5 pERDE i N AT T A%
volts and the '12A, .25-amp. at S volts. The tube T Je-sovne A :r-"‘ xip :9“_',\ F7 T
is ideally suited to use as a general purpose tube 1 =
replacing the '01A and in certain cases a distinct VIR aTAviv.».
improvement in results may be so gained. Operat- a4 /
ing conditions in amplifier circuits are indicated in /
the Tube Data Chart.

The twbe has been used in some circuits with
alternating current on its filament in the last audio
frequency stage. This is an economy not practiced vV
today and is only possible because of the use of (L el
push-pull circuits in which the hum voltages pres- T e e
ent in the outpur stage cancel out. The high ther-
mal inertia of the filament as compared with earlier Dvnamie_Cuamacrerisrics
tubes helps to make-this type of operation possible. !
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As A DETECTOR

Factor {Mu)

2
in
Amphification

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 MuTer, Conmpctomenics
i maximum sensitivity, it is best to use the higher '
values of grid leak and for more stable operation,
the lower values should be used.
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AS AN AMPLIFIER
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N
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fier and should always be operated with the proper o F - »,
valuc of grid bias to secure maximum undistorted P LA
- . . - ‘, -y
amplification. When used in the last audio stage, the e e e e
Grid Voltage

power output can be calculated from the curve Fi6. 88
shown in Fig. 94.

Q

ﬂ The '12A may be used as an R.F. or A.F. ampli-

AVERAGE CHARACTERISTICS Mutua] Conductance ...... 1500 1600 1700 micromhos
Plate Resistance ......... 5600 5300 5000 ohms
Plate Voltage ........... 90 135 180 volts Plate Current ........ “...5.2 6.2 7.6 milliamperes
Grid Bias Voltage ..... .. —45 —9 +-13.5 volts Undistorted Power Output. 30 115 260 milliwatts
Amplification Factor ...... 85 8.5 8.5 Grid-Plate Capacitance , ... 8.1 mm{.
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AVERAGE CHARACTERISTIC CURVES
Filament Characteristics—Fig. 90 shows the

change of filament current with various filament
voltages.

Pliate Characteristics——Fig. 92 shows the relation
between plate current and plate voltage at various
bias voltages.
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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 ouiput obrainable 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
cconomically 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-chm
resistance where a single '71 was originally em-
ployed.

Grid bias is preferably obrained 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:

Two tubes
Plate Single in parallel Total Plate
Volts Tube or Push-Pull Voits required
90 1580 ohms 790 chms 106.5 -1.
135 1685 ohms 840 ohms 162 il
180 2150 ohms 1075 ohms 220.5 i

As in all cases where the grid bias is obtained by
making 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 1s
subject to failure when the plate voltage of 180 is
applied and the voltage should be held down to
135 cxcept in cases where the additional power out-
put is necessary. The '71A is the smallest of the i
tubes in which the plate current is far beyond the
limirs of the carrying capacity of loud-speaker wind-
ings and some form of output device which pre- L
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 1
output load to that of the tube. |
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RATING

Filament Voltage ... e 3.0 VOIS
Filament Current a ..0.25-ampere
Plate Voltage (maximum) 180 volts

AVERAGE CHARACTERISTICS

Plate Voltage 180 volts

Grid Bias Voltage -40.5 volts
Amplification Factor 3

1620 micromhos
1850 ohms

20 milliamperes
700 milliwatts

Mutual Conductance

Plate Resistance

Plate Current

Undistorted Power Output 125

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 Characeristics—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.

X222,

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 tube 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 berween the stages.

Usg 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 Raplo FREQUENCY AMPLIFIER

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‘ o
capacity between these elements. It is also possible
to obtain higher voltage amplification per stage, 25
to S0 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 tube, 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 impedancc
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 murual conductance of 350 'micromhos
(.00035-mho).

Av.=100,000 x .00035==35 per stage.
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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 useé 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) ..o -1.5
Screen-Grid Volts (Average) ... 45
Plate Volts e O e R— 90 to 135

AVERAGE TUBE CHARACTERISTICS
Plate Voltage ..................... 135 135

Grid Voltage ..................... ~-1.5 -1.5
Screen-Grid Voltage ...... T P 45 6.7.5
Amplification Factor .............. 300 290
Plate Resistance (ohms) .. .......... 850,000 600,000

Mutual Conductance (Micromhos).. . . 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.

CircuUrT 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
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 14 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
00 P T ~10.5

135 M et s et -15.0

1G5 o oo et Sommemncecses —-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 ..........:i.. 700 micromhos
Plate Resistance ....:........c.o0. 13000 ohms

Plate Current
Maximum Undistorted Power Output..

1.8 milliamperes
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 berween the radio frequency input and the
audio frequency output, for several percentages of
modulation,




OFFICIAL RADIO SERVICE MANUAL

Tl =] T
53 | ! | |
i: I I | =
@10, + b ! H
cpe) AN O s 1 3
L il = = 2
£2 [ | | k=] E
< . i | T [ k3
W o §
e | . - Ess2.0vDei—fa00"
. ! A Ep:90v | H
. i ~ Ec:-asv | H
0 ¢ 3
2 fr4 000k —t——/ i i 600 é
HE ad } Py H
» :
[ i / | \L i b
oz T T T = } 400
T S G I | | T | _:
[ il I i [ J l ! 3
N 2 200
Plote Curremt (M.AY
Fi6.104
MuTuAL CHARACTERISTICS DeTecToR CHARACTERISTICS
l [ I l as Ese2 0V. DC l?o.
} d
£,:2.0V DC AT |
L 75
3 f 3 Of Rpri00,000%
2 g [ 1] ‘ /
S0 HE
5 B X /
b3 3 | I — s0l%,
-2 o Py I/ MODUL ATjON
5 [ 1 1] z /
» >
H [ w 7y
L -
Y ] J/ N
ZI I L J/ Z3%
& VIRV IRE! 3!
o 3 .
IV ARTAR « TPV
e Q[’L
o 20 15 1] s o 2 ,\
- - - - © k] 0 5 20
Grid Voltage F6.105 RF Input (VolteRMS) -°
& Fibsi0b
PLATE ChARACTERISTICS
T
R
E¢=2.0 V. DC|
y
.
i ViRVANY
£ P 717
b
M, A/ v
-4 uf v, A
o
E 4 ¥, ,_glnll." /
53 7 / find o | /
) A y. V.4 VAN § Al
25 4 ' r A g C
5 —t— o 3 A
by ,/ L / A A A L ,"
b A_ |/ //’ / AV ap, P4
AV Ay 4 A4V AV,
. T VT v A T 7T 7T
] 20 40 60 80 100 1207 140 160 180 200 220 240
Plate Voltage
FiG. 103
FILAMENT CHARACTERISTIC GriD_ CHARACTERISTAC
T W
“°( Subject to )
large voriatieng
- Ef+20 V. D.C.
. @120/ —En-40 Vv
e 2 /
£ H
- £
3 M
¢ 0 /i
38 X
< E eo
.
£ 1 :
8 G4
< v
50| 5 20
i
18 X 20 22 24 °

4
T “reegast
’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 ............... T00 micromhos
Plate Resistance . ..... ........... .. 13000 ohms

1.8 milliamperes
16 milliwatts

Plate Current ....................
Maximum Undistorted Power Output.

Grid-Plate Capacitance ............. 6.0 mmf.
Grid-Filament Capacitance ......... 3.5 mmf
Plate-Filament Capacitance wvvevs. 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.

132,

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.
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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 RF.
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 ...........co....:- 13000 ohms

—_——————— =
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AVERAGE CHARACTERISTIC CURVES
‘ Filament Characteristics—Fig. 107 shows the
il change of filament current with various filament
il  voltages.
‘é Plate Characteristics—Fig. 109 shows the relation
i 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,
i  mutual conducrance and plarte resistance.

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

oAy

’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 ro 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.

T ———
= e

FiLAMENT

l The ’32 has a coated filament which operates at
il a normal voltage of 2.0 volts and a current of 6o
l' 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

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 |f
used, the grid resistance should not exceed 2.0 meg-
ohms.

#
e

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: q

Plate Load Resistot ... v 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 ..o, 2.0 volts
Filament Current ... 0.06-ampere
Plate Voltage ... 135 volts
Control Grid Voltage ... ... -3 volts
Screen-Grid Voltage ..o 67.5 volts

AVERAGE 'CHARACTERISTICS

Amplification Factor ... 580
Mutual Conductance .. 505 micromhos

Plate Resistance ... 1150000 ohms
Plate Current ..o 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

[r reduce coupling in external parts of the circuits. In
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Typical Circuit Using CX-330, CX-331, and CX-332 Two Volt Filament Tubes

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-726.

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 tube 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 t