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Preface

WITH the rapid strides of receiver development in the last
year one finds many interesting ideas that can be incorpo-

rated in older model sets. This revised edition of "Bringing
Electrical Sets Up To Date" presents many interesting solutions
of the problems encountered in modernizing radio receivers. One
of the most pertinent topics covers "High Fidelity Reception"
and this section should be of great interest and value to the
skilled radio man.

As a rule economic considerations are limiting factors in the
improvement of existing radio receivers and audio systems. It
is well to consider carefully, if finances are restricted, as to the
worth of any given type of alteration as against the expense in-
volved. Forethought is far less costly than hind -thought, there-
fore it will pay to study carefully the results desired and the
means of accomplishment.

There are many receivers so antiquated that little can be
done to awaken them from their present comatose state. Re-
ceivers in such condition should be dropped from consideration
because the cost of improvements will be greater than that of a
new set.

Since it is impossible to place between the covers of a book,
no matter how large, all the ramifications which may be em-
ployed in bringing a receiver up to date, the contents of this
book will treat with the interesting problems of receiver im-
provements in a broad sense, with practical interpolations which
will have all the physical and electrical specifications required
for the solution of definite problems.

The man who makes a hobby or profession of building and
improving radio receivers should find many points of interest in
the following chapters, as the material contents are based on
practical work which has been done under the supervision of the
author.

The author wishes to thank those interested persons who
expressed themselves so kindly regarding the first printing of
this book, and sincerely hopes that the subjects covered in this
edition will prove as interesting and useful as the first edition.

The Author.



CHAPTER 1

General Improvement

Selectivity
One of the most common requests re-

ceived from the man interested in re-
ceiver improvement is for information
on increasing receiver selectivity.

This is a difficult question to answer
because of the many limiting factors
which exist due to mechanical place-
ment of the parts in the receiver and
the general lack of electrical shielding.
Many times the writer has been called
in on a case of broad tuning to find that
the set, which was shielded thoroughly,
had enough coupling through the com-
mon impedance circuits of the power
supply unit to destroy the selectivity;
of which more will be said later.

Wave Traps
Wave -traps are useful at times aid-

ing in the elimination of unwanted sig-
nals and sometimes offer a simple so-
lution for overcoming an otherwise dif-
ficult job. Nevertheless wave -traps will
not always work unless the correct type
is used. It is best to build several types
and then determine the type which
works best under the local conditions.

The average trap is simple in theory
and in construction and does not cost
much to build. The condenser is ad-
justed so that the circuit absorbs the
energy from the undesired station but
permits energy from the other station
or stations to be passed.

The "trap" illustrated in the circuit
in Fig. I will permit elimination of the
unwanted station but will also cause a
considerable decrease in signal strength
from other stations operating on adja-
cent channels. In the construction of a
trap such as described in the preceding
paragraphs, the coil may consist of
47 turns of No. 22 wire wound on a 3
in. diameter form if the tuning con-
denser has a capacity of .0005-mf. If
the condenser is of the .00035-mf. va-
riety, then the coil should have 60 turns
of the same wire. There are many pos-
sible circuit variations that can be used
although they are not included here.
Most text books refer to these units in
detail.

Pre -Selectors and Band -Pass Units
The desire for greater selectivity often

leads to the reduction of the higher
audio frequency response which is so
necessary for quality reproduction. Older
types of receivers which are capable of
excellent reproduction will sound very
drummy if the tuned circuits which
make up the R.F. end are sharpened up
too much. In cases of this kind it is
necessary to change the audio system as
well.

Fig. 1
A simple form of wavetrap

Band-pass units made up of several
coils and condensers can have the peaks
staggered so that the over-all selectivity
will be increased without materially
changing the quality of reproduction.
Fig. 2 shows the ideal square -top reson-
ance curve and the sharply tuned reson-
ance curve which will not permit high
quality reproduction. The double
humped curve is an indication of the im-
provement that can be expected with
the band-pass type of pre -selection.

There are many types and modifica-
tions of pre -selector circuits which can
be made up to be used ahead of the
older types of sets. Remember, when-
ever additional tuned circuits are used
ahead of an existing receiver there will
be a loss in volume, and the receiver
must be sensitive enough to make up
for this loss if the change is to be
beneficial. What good is it to add se-
lectivity if at the same time the volume
level is reduced to such a point that
the reception will be unsatisfactory?

Examples of band selectors are

4
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sketched in Fig. 3. Tuning condensers
are .00035-mf. each and can be ganged
together. There are many coils avail-
able already wound and mounted in
shield cans which can be used satisfac-
torily. Buy two standard antenna coils
for use with .00035-mf. condensers; re-
move the primary of one of the coils,
if the coils are matched, there will be
little trouble in aligning the two tuned
circuits. If the coils are home-made
they should be mounted in individual
shield cans as all the energy which is
to be transferred from the first coil to
the second appears across the coupling
condenser, except in the case of mutual
inductive coupled circuits. The capacity
of condenser in the capacity coupled
type of circuit can be varied to suit the
conditions and the values recommended
in the figure may not be the exact one
for your particular requirements.

SQUARE
TOP

BAND
PASS,

i

STANDARD
RESONANCE
CURVE OF

TUNED CIRCUIT

Fig. 2
Typical resonance curves

It is difficult to increase the selectiv-
ity of an existing receiver if there is
insufficient gain to overcome the losses
due to the introduction of the added
tuned stages and all changes must be
made with the understanding that the
addition of tuned circuits must gener-
ally be accompanied with an increase in
amplification in some other portion of
the receiver.

Some have attempted to increase the
selectivity of a receiver by removing
turns from the primaries of the R.F.
transformers. This generally leads to
the over-all reduction of the sensitivity
of the receiver and is to be avoided

unless the receiver has ample gain.
A simple way to tell if the set is

capable of improvement is to remove the
antenna and ground wires from the re-
ceiver. If the set does not pick up sig-
nals with the antenna and ground off,
there is a good chance that a wave -trap
or pre -selector circuits will help in ob-
taining the proper degree of selectivity.
If the set picks up signals without the
antenna or ground then the set should
be entirely shielded first.

INDUCTIVE (MUTUAL)

.001 TO
.006 ME

CAPACITIVE

SHIELDS
-7

111.11r
4 TURNS
3 0 D.S.C.

INDUCTIVE

Fig. 8
Three practical band-pass circuits

If the removal of one of the R.F. tubes
from the receiver while the set is in
operation does not kill the signal, there
is coupling between the coils (mag-
netic), or the tuning condenser units
(electrostatic), or through the common
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impedance in the power supply unit or
batteries. In some cases of common
coupling through the power supply unit
it is best to incorporate de -coupling re-
sistors and condensers as shown in the
circuit of Fig. 4. It will be noticed
that the condensers offer low impedance
paths for the R.F. currents while the
resistors limit the flow of current (R.F.)
through the power supply. Care must
be taken that the value of the resistors
b,-) such that the current through them
will not drop the available plate volt-
age to such a low value as to reduce
the amplifying efficiency of the tubes.

and the sensitivity as well, if the tuned
input circuits are used instead.

The values of the coil and condenser
in Fig. 5 are the same as any conven-
tional tuned circuit capable of covering
the broadcast band.

Single Control
Single control operation of multiple -

stage radio frequency amplifiers is quite
a problem at its best.

Let us examine the various stumbling
blocks in the path of good single -dial
control as listed below.

A-Variations in antenna -ground ca
pacity.

1

Ri
R .50,000 OHMS
RI= 5000 TO 50,000 OHMS
R2=5000 TO 25,000 OHMS

R2

Fig. 4
Proper methods of using isolating resistors and condensers

Many receivers have untuned input
circuits and sets of this type can be
improved by the addition of a tuned in-
put circuit. For example, the input cir-
cuit of Fig. 5 shows the simple untuned
input circuit of one of the earlier types
of tuned R.F. receivers. The value of
the resistor ranges from 2,000 ohms to
about 15,000 ohms. The selectivity of a
receiver of this type can be increased,

B-Non-uniformity of tuning conden-
ser capacity in the several sections.

C-Tuning coil inductance variation.
D-Non-uniform circuit capacities due

to the wiring, tubes, etc.
In A, one finds that with every change

in antenna the tuning of the input R.F.
transformer will vary. This condition
can be easily traced to the antenna ca-
pacity.

Fig. 5
Three common methods of antenna input connection
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In design work this capacity is con-
sidered as a whole. The capacity of
the average antenna is about .0002-mf.
and varies in effect as the grid circuit
is tuned. This capacity should be taken
into consideration whenever one is con-
fronted with a problem of this kind.

Tuning condensers can be obtained at
reasonable prices, today, accurate with-
in one-half of one per cent. This is per-
haps the only problem in the case of
tuning condensers. The remaining point
to consider is the mechanical limitations
imposed by the chassis. Do not try to
place one of the small multi -gang con-
densers on a large chassis. Use a tuning
unit that looks as though it were made
for the chassis. There are hundreds of
styles and types and it is possible to
find a unit that will fit almost any set.

Today, coils are sold in sets to match
standard tuning condensers and are
wound with great precision. If the coils
and condensers are changed to permit
ganging then the R.F. stages could be
converted for screen -grid tubes instead
of the older three -element tubes with
which the receiver may be equipped.
Additional filtering and bypassing may
prove necessary if such a change is
made.

In older sets the tubes were placed in-
discriminately with regard to the place-
ment of the tuning condensers and coils.
Changes should be avoided in receivers
of this type as the resultant circuit ca-
pacities will vary to such a degree that
the constructor will have difficulty in
tracking the tuning condensers. The
best way to determine if the layout of
the receiver is adaptable for single -dial
control is to check over the grid and
plate lines. Are they all the same
length? Are the distances from the sol-
dering terminal of the tuning condenser
gang -unit, to the coil and tube socket
the same? Are they short? If the above
questions can be answered in the affirm-
ative then the set can be made over to
single -dial operation.

Most readers will be interested in cir-
cuits which can be used in antenna in-
put stages. Fig. 6A to 6H, show sev-
eral modifications of antenna input cir-
cuits.

In A, the addition of the small con-
denser C, which is placed in series with
the capacity of the antenna, materially
reduces the effect of the shunting ca-

pacity as shown in the dotted lines.
Circuits, as shown in B, are common

with high gain tuned R.F. inputs. The
choke is resonated by the condenser
shunted across it to a frequency below
the broadcast band. The choke is placed
a; right angles to the secondary wind-
ing near the grid return end of the coil.
A small winding in series with the choke
and condenser affords magnetic and ea-
pacitative coupling to the secondary.
The capacity effect is important and be-
comes the main source of energy trans-
fer at the higher frequencies.

A small variometer is connected in
series with the secondary in C with a
control on the front panel. This vari-
able inductance is adjusted as the tun-
ing control is varied so that the effect
of the antenna capacity is minimized
and a condition of absolute resonance
is maintained.

Fig. 6
Antenna input circuits



8 BRINGING ELECTRIC SETS UP-TO-DATE

The use of a trimming condenser is
shown in D and serves the same pur-
pose as the variometer described in C.

Untuned antenna systems with a choke
or resistor connected as shown in E
and F, offer an economical solution, but
the results are not as satisfactory as a
tuned circuit.

For example, G with its variometer
for antenna tuning is much better even
though it necessitates the use of addi-
tional control.

The primary in 6H is a choke resonat-
ing with its own distributed capacity
and the capacity of the antenna to some
point below the broadcast band. This
reduces the effect of the antenna ca-
pacity and gives greater amplification
at the lower radio frequencies. The en-
ergy transferred at the higher frequen-
cies, so far as the choke is concerned,
is very small and the loop of heavy
wire above couples capacitatively to the
secondary. This increases the efficiency
at the higher frequencies.

Detector Circuits
Many times the tube which is selected

requires considerable circuit alteration.
If the tube selection is wisely made

the improvement in most cases justifies
the cost.

There are several rules which are
handy to follow in changing over radio
receivers, and the task of determining
the proper constants for plate resistors,
chokes, bias resistors, and by-pass con-
denser is often a troublesome one.

The values of the resistors depend
upon the currents flowing through them
and the effective voltages required. It
is assumed that the voltage actually ap-
plied to the plate is the effective plate
voltage.

For example, in Fig. 7 a biased de-
tector is shown. This circuit is typical
of that seen in most modern sets.

The bias is supplied by the voltage
drop in resistor R1, and as a general
rule the voltage between the cathode
and ground should be equal to one -tenth
the effective plate voltage. If the plate
voltage is 45 volts then the drop in R
should be 4.5 volts. Care should be
taken so that the voltage drop in resis-
tor R2 caused by the tube plate current
does not fall to such a low value that
it kills the operation of the tube. If
this condition exists the detector circuit
will not be sensitive. A proper choice

of R1 and R2 will always result in
greater sensitivity and quality.

Resistor R1 should be by-passed for
the most efficient action and the size of
the condenser will depend on the value
of the resistor used. If the resistor R1
is less than 10,000 ohms use a 1. mf.
condenser for bypassing. A condenser
of .5-mf. can be used with resistor values
of 15,000 to 25,000 ohms, and for higher
values of resistance the use of a .1-mf.
condenser is permissible but the larger
values of capacity are always desirable.

Fig. 7
Detector plate R.F. filter circuit

Many sets develop a high degree of
instability after changes are made in

various circuits. Especially when
gain in the R.F. section of the receiver
has been raised. If the set develops
these symptoms touch the detector plate
circuit at the point marked "X" in Fig.
7. A squeal, when this test is made, in-
dicates that the choke (R.F.C.) does
not offer sufficient impedance to the
R.F. component present in the plate cir-
cuit and this current is being fed back
to the preceding stages by common im-
pedance paths through batteries or power
supply units.

The remedy lies in the use of larger
values of condenser at Cl. In a single
section filter it is often impossible to
preserve quality if the value of the
condenser is increased. Condenser values
greater than .001-mf. generally cause
high audio frequency attenuation. In
all cases the condenser should be as
small as possible and still permit satis-
factory filtering action.

The best way to handle a situation of
this kind is to add another choke in
series with the original one and juggle
the values of C1, C2 and C3 for maxi-
mum R.F. blocking with minimum at-
tenuation of the high audio frequencies.

Double chokes require smaller values
of capacity to produce a given result;
thus the average size for broadcast re-
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ceivers will be .00025-mf. or less. Su-
perheterodyne second detectors require
larger chokes and generally larger val-
ues of capacity due to the lower fre-
quencies present in the output.

Perhaps more space should be de-
voted to the determination of resistor
RI, Fig. 7. Select the value of R1 which
will reduce the plate current to about
.2 -ma. for screen -grid detectors and
about .4 -ma. for triode detectors.

The best way to determine this is to
place a 0-5 ma. meter in the plate cir-
cuit and change the biasing resistor un-
til the proper current flows.

All tests for plate current should be
made with "no signal."

A handy rule to remember is that
with bias detectors the plate current
increases with an increase in signal.
The opposite effect is noted in the cir-
cuit shown in Fig. 8 where the increase
in signal causes a decrease in plate cur-
rent.

In circuits using grid leak and con-
denser detection, care must be exercised
in limiting the input to the detector.
Overload at this point is the cause of
about 40 per cent. of the distortion in
a receiver.

If the R.F. end of a receiver has been
improved so as to be more sensitive, it
may be necessary to decrease the values
of R and C (Fig. 8) so that distortion
will be maintained at a minimum. Ca-
pacity values of .00015-mf. at C and
50,000 to 1 meg. at R should be tried
to determine the values which will give
the best results. Although the ear is
not a satisfactory criterion of distortion
the resistors and condensers should be
chosen for output at high volume levels.
If the music or speech tends to "mush"
up at high volume, and the insertion
of milliammeters in the plate circuits
of the audio and power stages fail to
show signs of distortion, decrease the
values of the condenser and the resistor.

Fig. 8
Detector Plate M.A. connection

There are times when the output of
the detector sounds thin and stringy.
This is sometimes caused by lack of
power reserve in the "B" supply. Con-
nect a 2 or 4 mf. condenser as shown
in Fig. 9; this tends to round out the
response to a more satisfactory degree.
The condenser connected at this point
acts as a reservoir for the current de-
mands of the plate circuit. This con-
denser is useful with both types of
detectors.

Fig. 9
Position of reservoir condenser

The following tables give values of
bias voltage for rectification for vari-
ous tubes used as detectors at different
plate and screen potentials.

Type Bias Plate V. Screen V.
'99 9.0 v. 90.0 v.
'12A 13.5 v. 135.0 v.
'22 7.0 v. 135.0 v. 67.5 v.
'24, 57 4.5 v. 180.0 v. 45.0 v.
'27 25.0 v. 250.0 v.
'27 20.0 v. 180.0 v.
'30 7.5 v. 235.0 v.
'32 4.0 v. 135.0 v.
'OlA 13.5 v. 135.0 v. 45.0 v.
'OlA 4.5 v. 45.0 v.
'OlA 9.0 v. 90.0 v.
'37 13.5 v. 135.0 v. 75.0 v.
'36, 77 1.5 v. 135.0 v.

This tabulation should be useful in
deciding the proper values of resistance
required for the bias detector.

Electrifying Battery Receivers
There are many battery operated re-

ceivers in use today which are good
enough to electrify. The physical con-
dition of the set should be the criterion
by which the worth of a conversion
should be estimated.

Note if the tuning condensers are well
made; the coils shielded; without loose
windings or warping of the coil forms;
good A.F. transformers giving satisfac-
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tory audio response; and mechanical
construction of the chassis such as to
permit the necessary additional parts.
If the analysis of these points in a set
finds satisfactory answers to all of them,
it is worth the time and money to make
the change -over.

The most important rule to remem-
ber in conjunction with operations of
this kind is to substitute tubes of the
same class. This always simplifies the
work and tends to insure success.

The most satisfactory change-overs
on battery receivers have been made
with the following tube substitutions:

The use of the 2.5 volt tubes for D.C.
operation is not justified now that the
6.3 volt tubes are so highly developed.
A current drain of 1.75 amperes de-
mands the use of a series filament re-
sistor which is wasteful. The new 6.3
volt tubes in the series connection con-
sume .3 amperes. This drain is within
reason.

Do not try to change over sets for
A.C. or D.C. operation and change from
triodes to pentodes or screen -grid tubes.
The coils were not designed for such op-
eration. If the R.F. circuit of the set
had '99 type tubes don't try and replace
them with '24's or '36's. In order that
such a change be made the receiver
might as well be completely rebuilt.

If the above plan is carried out there
will be a minimum of socket change
and other mechanical labor.

Build the power supply separately so
as not to disturb the set chassis. This
will result in less hum and greater sta-
bility.

Place all bypass condensers, bias re-
sistors, etc., on the receiver chassis.
That is where they belong-not in the
power supply unit.

Always try to change over to tubes
with the same inter -electrode capacity
(as close as possible) and the same
plate impedance. By changing over cir-
cuits with this in mind it is possible
to maintain the stability in the R.F.
amplifier and the quality in the A.F.
amplifier which was present in the origi-
nal set and tubes.

It should be apparent to the reader
that the idea of "tube -of -some -classifica-
tion use" limits the amount of work
necessary for any change -over.

The major changes under the above
condition lie in the addition of the power

supply units and the filament wiring.
It is best to start out with the thought
of keeping the power supply unit sepa-
rate from the rest of the set. Mounting
it on a small chassis or even on a wood-
en baseboard simplifies matters and re-
duces the actual work on the receiver
itself.

Changes necessary for the conversion
of battery sets over to D.C. receivers are
quite simple and the progressive steps
necessary for such a job will be de-
scribed in detail. For example, a set
consisting of three R.F. stages, detector
and two A.F. stages, the output stage
being connected in push-pull, will be
used.

The circuit of Fig. 10 is typical of
thousands of battery receivers that are
still popular in the rural or farming sec-
tions of this country. The two R.F.
stages are neutralized by condensers C.
Under these conditions one can see that
any change in the interelectrode capac-
ity of the tube elements will upset the
stability of the circuit and cause the
set to oscillate. This tends to compli-
cate tuning and lower the efficiency;
so tubes with approximately the same
interelectrode capacities should be used.

We can use tubes such as the '27,
'26, '56 or the '37. The '37 is the ideal
tube for this purpose, as the filament
consumption is low (0.3 amperes), and
is of the cathode type.

Fig. 11 shows the original filament
circuit and the revised circuit for the
same set wired for 110 -volt operation,
with cathode -type tubes. In the output
stage, '38 -type pentodes have been used
to replace the '71A's.

So many say that the '01A tubes could
be used in series just as well. That is
true, but the cost of the filter circuit
necessary for humless operation is high
compared to the cost of the tubes, and
the fact is that no filter is required for
the filament circuit of these new type
tubes.

For those interested in knowing how
the value of resistor R in Fig. 12 is ob-
tained, the following will be helpful.

Let us consider the tubes as a group
of resistors, in Fig. 12. Studying the
tube chart shows that the tubes §elected
require a voltage of 6.3 with a current
of 0.3 amperes; and as all the tubes
are connected in series the same cur-
rent flows through all the filaments, and

-
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Fig. 10
Typical battery type receiver

11

'01A '014 '015 .715

Lak di akot-
VOLUME
CONTROL
RHEOSTAT

6V.

71A

'37 '37 '37 '37 '38 '36

2 50
50 W.

TO"E; SUPPLY
UNIT OR FILTER

Fig. 11
Break -down analysis of filament circuits

'37 .37 .37 .37 .36 '38

6 6 V.-k-6v.---4-6 6 V.

6 TUBES

36V.

= 0.3 AMP.

6 RESISTORS

6 v.-± 6 V-4.- 6 6 6V -1-6V

36 yr

R = I 0.3
= -74 = 250 OHMS

510 V.
-36 V.
= 74 V. TO BE WASTED

110 v.

I= 0.3 -AMP

Fig. 12
Proper method of calculating value of filament current limiting resistance

the voltage across the filaments will be
the same. Now there are six of these
filaments in series and, as the voltage
drop across each tube is six volts, the
total voltage required across all of them
must be thirty-six volts (six times six
equals thirty-six).

In any circuit where current flows
there will be a limit to the current due

to the amount of the applied voltage
and the value of the total circuit resist-
ance. In other words, if the voltage
is raised and the resistance kept con-
stant there must be an increase in the
flow of current. Under this condition
the tubes would burn out, so, we must
add a current -limiting resistor that will
dissipate that extra current which would
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burn out the tubes.
The current .3 ampere required

through the series circuit will cause a
voltage drop of thirty-six volts and as
we have 110 volts at the source it be-
comes necessary to consume the differ-
ence between these voltages which is
seventy-four volts.

When the voltage to be dissipated is
known it is a simple matter to deter-
mine the value of the resistor R. The
answer to the problem is worked out
in Fig. 12 and while the absolute an-
swer is 246 ohms, commercial practice
and standard values of resistors sug-
gest the use of the 250 ohm size. Odd
values of resistance are difficult to ob-
tain.

As no filter is required in the filament
circuits of these tubes and the proper
value of resistance has been determined,
this part of the circuit can be dropped
from consideration for the moment.

The voltage available for the plate
supply of all the tubes is limited to the
line voltage less the drop in the filter
choke or chokes. This voltage should
be kept at a high value by using low
resistance chokes (D.C. resistance) and
as the frequency of the ripple from the
generators is quite high, filter -condenser
capacities can be quite small with re-
markable results. Fig. 13 shows elec-
trical details for the plate supply filter-
ing unit.

It is well to include a power fuse in
the input circuit to take care of any un-
expected shorts which may develop.

110 V.
D.C.

200 ac. To

250.. SOW.

FIE.

MI 8+ MAX.

CHOKE.

AVM 8 MCD.

(OPTIONAL)
PAPER T200 Y. ELECTROLYTIC

I ES -

Fig. 13
Simple form of D.C. power supply filter

Also, it is not necessary to ground the
receiver as it will be grounded through
to the power lines.

The circuit of the original receiver in
Fig. 10 revised for D.C. operation is
shown in Fig. 14. Correct values for all
resistors and condensers are marked in
the diagram.

The following items are of importance
and must be stressed. One .1-mf. con-
denser should be placed in series with
the antenna R.F. coil primary. This
prevents shorts if the antenna happens
to "ground."

The volume control is changed from
the simple rheostat control of the fila-
ment control
so widely used today. The condensers
C must be adjusted so that the set will
not oscillate at the lower wavelengths.
Last but not least, the output trans-
former or choke must be one designed
for use with the '38 type output pen-
todes. There are several manufactur-
ers making 110 volt D.C. speakers with
output transformers to fit the require -

Fig. 14
Circuit of Fig. 10 revised for D.C. operation
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ments of the circuit.
The results of a change -over of this

kind are remarkable and well worth
while. The secret of it all lies in the
fact that the balance of the original
circuit has not been radically changed
and a minimum of added parts and la-
bor enters into the job.

Remember, stick to tubes of the same
type and it is hard to go wrong!

Alternating Current Conversions
The same principles as stated in the

section devoted to D.C. conversions ap-
ply to changes for A.C. receivers.

Always stick to tubes of the same type
except in the case of power tubes; in
which case higher power rated tubes
may be used if there is sufficient signal
energy inherent in the R.F. and A.F.
sections of the set to swing the output
tube grids.

Taking the same circuit of Fig. 10
and planning the conversion for proper
operation we find that the '27 type tube
will be the best for the R.F. stages, de-
tector, and first A.F. amplifier, with a
choice of output tubes.

There are two suggestions for the
power tubes, '45's or '47's. Push-pull
would be best using either type.

As the greatest gain will be obtained
by the use of the pentode type output
tubes the circuit in Fig. 15 shows the
completed conversion.

If the R.F. coils are changed over to
the screen -grid type then 'screen -grid
tubes can be used.

Build the power supply unit sepa-
rately as recommended for the D.C. con-
version. This results in less hum and
a minimum of labor on the original
chassis.

The output transformer should be se-
lected to match the tubes used in the
output stage and the speaker, for maxi-
mum power and output. The standard
dynamic speaker can be purchased with
any type of output transformer so this
does not present a problem.

Instead of the two chokes a speaker -
field can be used if the voltage supplied
by the power transformer is high
enough to permit the proper voltages
on the tubes. The circuit shown in Fig.
16 may be used with the receiver shown
in Fig. 15, with speaker field used as a
choke. Condenser C should be insulated
from the chassis so that the speaker -
field will not be shorted. This method
of using the speaker -field as part of the
filter system is ideal for converted re-
ceivers. The additional parts necessary
for the A.C. conversion, other than the
speaker, will be the power transformer,
filter condenser, and rectifier tube with
its socket. The choice of the proper
transformer depends on several consid-
erations; the maximum voltage re -

15,000
OHMS

VOL. CONT.

/
1

`0.1-
MF.

(SET)

IT
(POW ERUN)

11.0 V.
C e- pip

r-

200
'OHMS\

r--

2 0 00
OHMS

100110'

X X

25,000
OHMS

X
1 MF.

`2000
OHMS

30H. 30H.,
±100 MA. 100 MA.;

5+250V.

8+250 V.

7900 OHMS (5 W.)

8+435V.

Tom--- 2 MF.
CI (400 v.)

4 MF. B M F. 8 MF. 8 -

Fig. 15
The A.C. version of Fig. 10
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quired, the current at that voltage, and
the current consumed by the filaments
or heaters.

Use filter condensers with a suitable
voltage rating so that they will not be
punctured by any ordinary surge. Elec-
trolytics fill the bill as they are small
in size even when their capacity is rated
at 8-mf. Cost in general will be less
than a paper condenser of smaller elec-
trical capacity.

It will be noted that the four -prong
sockets on the original set have to be
changed over to the five -prong type.

Adapting Old Battery Models to the New
Two Volt Tubes

There are many good receivers in use
today using the standard five volt tubes
on a storage battery. Some times the
storage battery goes bad, but when the
Service Man is called in, the owner of
the set may not want to purchase a new
receiver but would be willing to pay for
a simple conversion.

As a rule the method of procedure
follows closely along the lines set forth
before.

Select tubes of the same general type
and replace the filament controls with
suitable values of resistance. The cir-
cuits of a job done by one Service Man
is illustrated in Fig. 17 and Fig. 18.

This shows the Atwater Kent models
"33" and "49," rewired for 2 -volt tubes.
Since with 90 volts "B" on the R.F.

tube -plates a negative bias of 41/2 volts
is required, the secondaries of the first
three R.F. transformers are disconnect-
ed from the filament, grounded through
a .1-mf. condenser, and brought out to
the "C" connection. There are only six
wires in the cable, so the detector "B
plus" is cut loose and connected to the
R.F. and first audio plate -lead through
a 10,000 -ohm resistor and by-passed by
a .5-mf. condenser. Then, the wire in
the cable that originally went to the de-
tector (yellow wire) is connected to the
R.F. grid lead and the first A.F. trans-
former grid return lead.

The best volume control was deter-
mined by the use of the "antenna ad-
justing condenser," as this has a knob
on the front panel for manual adjust-
ment. Of course, the filaments are cut
loose from the two rheostats and con-
nected direct. If an "air cell" type of
"A" supply is to be used, a 7 -ohm re-
sistance is wired in at point X.

To the Service Man it is at once ap-
parent that the changes called for are
not such as to demand a lot of new
parts or a lot of labor. It is jobs like
this that make receiver modernizations
an interesting proposition.

Many write in for information as to
the proper size of rheostat to use with
a certain tube or tubes. So, let's clear
that question up.

In Fig. 17A there are three tube fila-
ments connected in parallel. Resistor
R is connected in series to limit the

B+
135V

TO GRID RETURN
OF OUTPUT TUBE

METHOD OF OBTAINING BIAS
FOR OUTPUT TUBE

Fig. 16
Speaker field as filter choke.
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flow of current through the filaments.
This resistor may be a fixed resistor or
rheostat as the cause may require. If
a rheostat is used then the value of the
minimum resistance essential to drop
the applied voltage must be found.

'3z

'32.

3 V.

VALUE OF
RHEOSTAT R - -VOLTAGE TO BE WASTED E

OR RESISTOR CURRENT IN CIRCUIT

'32

'30

'30

'31

'33

Fig. 17
Filament break -down analysis of Fig. 16

Refer to the tube charts and it will
be noted that the filament current of
the '32 and '30 is .06 amperes, while the
current of the '31 is .13 amperes. Two
tubes with .06 and one with .13 gives a
total filament consumption of .25 am-
peres. This is the value of the total cur-
rent which will flow when the proper
voltage is applied. This voltage is two
volts, but the source of supply is a six -

volt storage battery. Therefore it be-
comes necessary to reduce the six volts
of the battery to two volts for the tubes.
The difference between six and two volts
is the voltage to be dissipated in the re-
sistor, which is four volts. Ohm's law
tells us that the voltage across a resis-
tor is proportional to the current flow-
ing through the resistor. Thus, by di-
viding the current flowing through the
circuit into the voltage which is to be
dissipated we find the value of the cur-
rent limiting resistor will be sixteen
ohms. Fig. 17B gives a problem along
the same lines with a different source of
voltage such as two No. 6 cells in series.
The resistor in this case is 2.2 ohms.

The rating in watts of resistor and
rheostats to be used should also be
considered. In other words, always
select a resistor or rheostat that will
easily carry .the current. To deter-
mine the power to be dissipated in
any circuit simply multiply the value
of the current flowing through the cir-
cuit by itself, and then multiply the re-
sulting product by the resistor in ohms.
This will give the watts dissipated in
the circuit and a resistor should be se-
lected with a rating of about three times
the value figured.

The following information may be use-
ful in conversions where coil and tuning
condenser combinations permit the use
of screen -grid tubes.

A typical circuit of a three stage R.F.
amplifier is shown in Fig. 18.

.06- 6.1-
MEG. MF.

'34

0
B -C+ A- A+

(?.V. AIR CELL)

/ '34

+
67.5 V.

34

O.1-MEG'-

.02-MEG! .03- MEG

'30

C-
2.2.5 V.

R.F. C.

Toa

.0005- M F.
EACH

0
64 67.5

TO 180 v.

Fig. 18
Two volt battery model of A.K. "33"
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A.C. to D.C. and D.C. to A.C. Conversions
Here are two problems that can be

discussed at the same time. The con-
version of A.C. receivers for operation
on D.C. should be profitable for Service
Men living in large cities where both
A.C. and D.C. are available.

When people move from one neighbor-
hood to another, it is often necessary to
change the radio set because of different
power supply. If the set is a good one
it is worth while changing over, and
usually the cost of material and labor
reach fair figures and the job should pay
a good profit.

The reader should, in general, follow
the instructions outlined before.

A good example of a D.C. to A.C. con-
version will be found in Figure No.
19. It is a standard commercial re-
ceiver built for D.C. operation by the
Lang Radio Company. It has two stages
of screen -grid radio frequency amplifi-
cation, a screen -grid detector resistance -
coupled to the '30 type first audio stage,
which is in turn transformer -coupled to
the push-pull power stage.

All constants for the various parts
are given in the circuit diagram and
the receiver as a whole is representa-
tive of the average D.C. electric set sold
today.

In Fig. 20 the same set is shown, only
in complete A.C. form. Note that tubes

3000..YC

DIAL LIGHT

o

170V. DC.
80A-

32 '52 '32

BD6 DC.

SPlift PLUG

F G

P

FIELD

Fig. 19
D.C. Receiver using low -current, two volt tubes

FUSE

110 V. A.C.
60-"

r,_9000.-----6000
6000-n V C.,

F '27 F TONE CONTROL

50,000,-

/V,7- AC.

VOICE COIL

OF OKR

op
AVM g

.05MEG

Fig. 20
The A.C. model of the above receiver with power supply
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of the same general classification have
been used; type '24 for the '32's, '27 for
the '30's, and '45 for the '31's.

The additional material needed for this
conversion consists of the following
items:

Power supply transformer.
Filter choke.
'80 socket.
Two filter condensers. (Use electro-

lytics.)
Incidental resistors and bypass con-

densers.
Five prong sockets.
Iron or other metal chassis for the

new power supply.
New volume control.
Study these circuits as they show bet-

ter than written words just how to make
a conversion. Note the removal of the
series condensers in the antenna and
ground leads in the A.C. model. The
volume control is placed in the screen -
grid circuit and removed from the an-
tenna primary.

When the filament circuits are
changed over to the parallel connection
that is the time to change the sockets
from the four prong to the five prong
type. The change -over does not affect
the '45 tube sockets. Use the original
sockets.

Mount the power supply unit on a
small metal chassis and place it in the
receiver cabinet. Use heavy wire for
the filament leads especially those leads
marked X.

The man that expects to make money
with such conversions must use his
head. It is impossible to cover all of
the variations in circuit design in the
space allotted to this section, therefore
read up on the ideas expressed in other
sections and chapters of this book.

1. The main points to remember in
conversions of this type are as follows:

2. Use tubes of the same general clas-
sification.

3. Build a separate power supply unit
when making D.C. to A.C. conversions.

4. Study the tube charts when decid-
ing on the values of resistance to be
used in any of the circuits.

5. Use good material and workman-
ship.

6. Plan the job completely before you
start.

The steps to be taken in converting
an A.C. receiver over to D.C. operation

are as follows:
1. Use the automotive type tubes (6.3

volt filament).
2. Wire the filaments in series.
3. Place .5-mf., 200 -volt bypass con-

densers in the antenna and ground
leads.

4. Change bias resistors to conform
with specifications given in tube chart.

5. Use the filter chokes and filter con-
densers of the original power unit for
the D.C. plate filter.

6. Do not remove the power trans-
former or any of the other units which,
though used for A.C. operation, may not
be necessary for D.C. This leaves the
set in its original condition so far as
appearances are concerned.

7. The only addition to the outside
of the set should be the series filament
resistor, and this should be placed in a
position where the resulting heat will
not raise the temperature of the chassis
nor heat the wooden case to such a de-
gree as to effect the finish, or warp the
wood.

The method of determining the value
of the filament series resistor and its
watts rating is covered earlier in the
chapter.

Do not change R.F. circuits over for
screen -grid operation if the set was de-
signed for triode operation, unless there
is adequate shielding and a complete
new set of coils are substituted in place
for the low gain coils which were in the
set.

Plan the job carefully and then check
before doing a single thing to the set.
Know what you are doing before you
start and then do a careful job.

Do the job right and there will be no
loss in time and money for additional
service work.

Modernizing Superhetero dynes
Everyone knows that the superhetero-

dyne type of receiver has reached the
peak of popularity in the last few years.
Thousands of sets using this circuit have
been built and many of them can be im-
proved.

While multi -band reception is common
enough in today's superhet models, one
finds that this angle was ignored or not
used due to the lack of public interest
in short wave reception. This angle is
so important that a special chapter of
the book deals with the circuit prob-
lems in such receivers.
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This chapter deals with the possible
improvements that can be made in
earlier models operating over the broad-
cast band only.

There are a few outstanding features
that deal with the major improvements
in recent superhet design. These fea-
tures can be used in early model sets
with excellent results in many cases.

Suggestions for changes are listed be-
low:

A-Use of the new composite types of
tubes (2A7-Oscillator and first detec-
tor, 2B7-Diode detector and audio am-
plifier).

B-Automatic volume control.
C-Build pre -selector units.
D-Selection of better I.F. transform-

ers and intermediate frequencies.
While most of the necessary informa-

tion necessary for the use of all compo-
site types of tubes can be obtained from
the tube charts, more complete informa-
tion is furnished by RCA -Cunningham
on the 2A7. This tube is quite similar
in characteristics to other tubes except
for the value of cut-off for minimum
mutual conductance. The charts and
coil data are also furnished by RCA -
Cunningham.

As a frequency converter in super-
heterodyne circuits, the 2A7 can sup-
ply the local oscillator frequency, and
at the same time mix it with the radio -
input frequency to provide the desired
intermediate frequency.

For the oscillator circuit, the coils
may be constructed according to conven-
tional design, since the tube is not par-
ticularly critical. The supply voltage
applied to the anode -grid (No. 2) should
not exceed the maximum value of 250
volts. In fact, from a performance
standpoint, a lower value is to be pre-
ferred, because it will be adequate to
provide for optimum "conversion" gain.
The size of the resistor in the grid cir-
cuit of the oscillator is not critical but
requires design and adjustment depend-
ing upon the values of the anode -grid
voltage and of the screen voltage. Ad-
justment of the circuit should be such
that the cathode current is approxi-
mately 11 milliamperes. Under no con-
dition of adjustment should the cathode
current exceed a recommended maxi-
mum value of 14 milliamperes. The
following tabulation gives suitable val-
ues for different voltages on the elec-
trodes:

Plate Voltage 100
Screen Voltage (Grids No. 3 and

No. 5) 50
Anode -Grid (No. 2) Voltage 100
Grid (No. 1) Resistor 10,000-25,000

"Applied through resistor of 20,000 ohms.

250 250 Volts

75
100

25,000-50,000

The bias voltage applied to grid No.
4 can be varied from -3 volts to cutoff
to control the translation gain of the
tube. With lower screen voltages, the
cut-off point is less remote. The ex-
tended cut-off feature of this tube in
combination with the similar charac-
teristic -of super -control tubes can be
utilized advantageously to adjust re-
ceiver sensitivity.

Since the capacity between grid No.
4 and plate is in a parallel path with
the capacity and inductance of the
plate load, it is important to use a
load capacity of sufficient size to limit
the magnitude of the r -f voltage built
up across the load. If this is not done,
r -f voltage feed -back will occur between
plate and grid No. 4 to produce degen-

100 Volts
*250 Volts

50,000-100,000 Ohms

erative effects. For this reason, the size
of the load condenser in the plate circuit
should be not less than 50 mmf.

Converter circuits employing the 2A7
may easily be designed to have a con-
version gain of approximately 60.

For second detector circuits the 2B7
can be used for performing the simul-
taneous functions of automatic volume
control, detection and audio amplifica-
tion.

For detection, the diodes can be used
in a half wave or full wave circuit. The
use of the half wave circuit will pro-
vide approximately twice the rectified
voltage as compared with the full wave
arrangement.

For automatic -volume -control, a rec-
tified voltage which is dependent on the.
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R.F. or I.F. carrier is usually employed.
This voltage is utilized to regulate the
gain of the R.F. or I.F. amplifier stages
so as to maintain essentially constant -
carrier input to the audio detector. Re-
fer to chapter of automatic volume con-
trol methods.

ployed in conventional circuit arrange-
ments. It is designed so that its cut-
off is somewhat extended to permit of
moderate gain control by grid -bias varia-
tion, without introducing cross -modula-
tion effects. The cut-off point and the
ability to handle the larger signals may

TYPICAL PENTAGRID CONVERTER CIRCUIT
R -F I -F

INPUT TYPE 2A7 OR 6A7 OUTPUT

SIGNAL GRID BIAS SCREEN SUPPLY OPLATE
SUPPLY

C .o.( ,U f.

C2}GANGEDVARIABLE CONDENSERS
C3= PADDING CONDENSER
C4I.GRID CONDENSER OF 200 PP f

} COUPLEDL2=0SCILLATOR PLATE INDUCTANCE
LI=OSCILLATOR GRID INDUCTANCE

M .MUTUAL INDUCTANCE OF Li & L2
RI=OSCILLATOR GRID LEAK
R2=SELF BIASING RESISTOR
R3cVOLTAGE REDUCING RESISTOR OF 20,000 OHMS

(USED ONLY WHEN PLATE VOLTAGE
IS OVER 200 VOLTS)

DETAILS Of OSCILLATOR COIL ASSEMBLIES
PLATE TUNING
COIL (GRID)COIL

PLATE COIL
GRID COIL

0.00S-
0.010"

MUTUAL INDUCTANCE OF PLATE &GRID COIL
GRID COIL INDUCTANCE

TURNS
TURNS PER IN.
INDUCTANCE
MICRO HENRIES

35
113

90
100

200

cord-PLATE
COIL

./-GRID COIL
PLATE TUNING
COIL (GRI D1 COI L

TURNS 45 115870.005-
L44, 0.01 cr TURNS PER IN. 115 115

INDUCTANCE
MICRO HENRIES( 180=

346

MUTUAL INDUCTANCE OF PLATE &GRID COIL
GRID COIL INDUCTANCE

GRID COIL
PLATE COL

1.5c + 116

TURNS
INDUCTANCE
MICRO HENRIES.'

PLATE
COIL
45

TUNING
(GRID) COI L

91

180

43- T MUTUAL INDUCTANCE OF PLATE &GRID COIL =0 30GRID COIL INDUCTANCET
NOTE:
EACH OF THESE COILS DESIGNED FOR AN INTERMEDIATE
FREQUENCY OF 175 K.C. IN A BROADCAST BAND RECEIVER

Fig. 21
Pentagrid Converter Circuits. (Courtesy R.C.A.)

The complex structure of the 2B7 per-
mits obtaining automatic volume con-
trol voltage in a number of ways. In
one case, the required voltage is ob-
tained from the detector circuit by util-
izing the voltage drop caused by the
rectified current flowing through a re-
sistor in the detector circuit. In an-
other case, the required voltage is ob-
tained by utilizing one diode for the
sole purpose of automatic volume con-
trol. This latter method is of particular
interest since it confines the sensitivity
and time -delay function to the a.v.c. cir-
cuit. Time -delay action is determined
by the use of a resistance and condenser
combination having the desired time
constant. The a.v.c. action may be post-
poned by applying a negative voltage to
the a.v.c. diode plate. Another a.v.c.
arrangement capable of various adap-
tions is to use the pentode as a D.C.
amplifier to supply the regulating volt-
age.

For R.F. and I.F. amplification, the
pentode unit of the 2B7 may be em-

be altered by choice of screen voltage
to suit the requirements of the circuit.

For many types of circuits a conveni-
ent and practical method of obtaining
the desired benefit of the extended cut-
off is to supply the screen voltage from
a high -voltage tap through a series re-
sistor. This arrangement provides, au-
tomatically, an increase in the voltage
applied to the screen as the grid -bias is
made more negative, with the result
that the maximum signal -handling abil-
ity is obtained. When this method is
used, the voltage applied to the screen
should be limited to 125 volts for -3
volts grid -bias, and to 200 volts for more
negative values of grid -bias.

For A.F. amplification, the pentode
unit of the 2B7 may be used in a resist-
ance -coupled circuit arrangement to pro-
vide high gain. Typical operating con-
ditions for such service are: plate -sup-
ply voltage, 250 volts, applied through
a load resistor of 0.2 megohm; screen
voltage, 50 volts; grid -bias, -4.5 volts;
and plate current 0.65 milliampere.
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Grid -bias should be obtained from a
fixed -voltage tap on the D.C. power sup-
ply. The value of resistor in the grid -
circuit should not exceed a maximum
value of 1.0 megohm.

An example of the possibilities when
using composite types of tubes will be
found in the block diagram of Fig. 23.
Here a standard two gang tuning con-
denser was used to tune the detector
coil and a separate oscillator tube. In
this set a 27 tube had been used as the
oscillator and a 24 type tube as the first
detector.

By combining the function of detec-
tion and oscillation in the same tube, a
socket was left open. This socket was
used to add a tuned stage of radio fre-
quency before the first detector. This
really improved the performance of the
set tremendously.

The set had to have another three
gang tuning condenser and a new radio
frequency transformer. The extra R.F.
transformer was placed in a convenient
place under the chassis, and one of the
new midget types of tuning condensers
was used in place of the original two
gang unit. The parts fitted very well,
and the whole job completed in three
hours. The block diagram of Fig. 24
indicates the changes. Fig. 21 shows
the circuit of the oscillator-detector
combination. The circuit of the addi-
tional R.F. stage was of the conventional
type usually employed in such receivers.

An excellent use of the new 53 type
tube in audio frequency circuits was
incorporated in another super. Here
the audio amplification was not suffi-
cient to swing the output tubes. The
double grids and plates of the 53 type

TYPICAL DUPLEX -DIODE PENTODE CIRCUITS
USING TYPES 2B7 OR 6B7

HALF -WAVE DETECTOR
FIXED -BIAS AMPLIFIER AF

FULL -WAVE DETECTOR
FIXED -BIAS AMPLIFIER

HALF -WAVE DETECTOR
D -C AMPLIFIER

AF

HALF -WAVE DETECTOR,AND
A.V.C.,FIXED-BIAS AMPLIFIER

FIG.2

HALF -WAVE DETECTOR.SEPARATE
A.V.C.,FIXED-BIAS AMPLIFIER AF

C6

A.V.C.

Tc3R2-
FIG.5

APPROXIMATE VALUES
_<,50.1.1ps: FOR 500-1500 MC.

CI- ASO pio: FOR 175 RC.
C2=0.Ipf.
C3=0.1dUf.
C4=0.5,Uf. OR LARGER
C5= 0.0001)..1f. OR SMALLER
C5=0.01 -0.1).1f.
C7=0.0005 -0.001,11f.
C5=0.1)Jf. OR LARGER

f

REGULATING
VOLTAGE

B- FIG.3

HALF -WAVE DETECTOR
FIXED -BIAS H -F AMPLIFIER

R'1=0.5 -I.0 MEGOHM
R2=1.0-1.5 MEGOHMS
R3=0.1-0.2 MEGOHM
R4=0.5-1.0 MEGOHM
R5=1.0 MEGOHM
R5=30000-100000 OHMS
R7=0.I -0.2 MEGOHMS
E5= VOLTAGE FOR SENSITIVITY CONTROL

NOTE:SUPPRESSOR CONNECTED TO CATHODE WITHIN BULB

Fig. 22
Duplex -Diode circuits. (Courtesy R.C.A.-Cunningham)
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tube were used in the circuit of Fig.
25 and due to the high gain worked out
very well. A new socket and a few re-
sistors were the main expense.

The addition of A.V.C. is of major
importance and is taken up in great
detail in Chapter 4.

The circuit changes of Figs. 23 and
24 indicate the possible improvements

Fig. 23
Block diagram simple super circuit

Fig. 24
Block diagram using pentagrid converter

TWO STAGE A-F AMPLIFIER CIRCUIT
OUTPUT TUBE

TYPE 53

PLATE SUPPLY=250 VOLTS
GRID BIAS. -3 VOLTS
PLATE GURRENT(PER UNIT0.5 MILLIAMPEPF_S(APPROx)
VOLTAGE AMPUFICATION .26.6 PER UNIT
OVERALL VOLTAGE AMPLIFICATION =720
MAXIMUM A -F INPUT =0.08 VOLTS (RMS)
MAXIMUM A -F OUTPUT.57.5 VOLTS ANIS)
DISTORTION -NEGLIGIBLE

Fig. 25
Circuit of high -gain voltage amplifier

that can be obtained from pre -selection,
and the addition of more tuned circuits
before the first detector will help to re-
duce image interference and other un-
desirable effects. These pre -selector
units can be built up on a separate
chassis with a dial for tuning purposes.
Units of this kind will reduce the sensi-
tivity in most cases, but this must be
expected.

New and more efficient intermediate
frequency transformers are available
and can be used to give greater gain
and selectivity. Use intermediate fre-
quency transformers tuning to the same
intermediate frequency for which the
set was designed unless you can change
the oscillator coil. This is very neces-
sary as changes in the intermediate
frequency will throw off the tracking
of the oscillator tuning condenser.

The use of 465 k.c. for the intermedi-
ate frequency is quite common today
and, because of this, along the coast
code interference appears in such re-
ceivers. These code signals seem to
come in all over the tuning dial and
are very exasperating. There are sev-
eral stations transmitting
around 465 k.c. and these signals are
picked up by the set and amplified by
the intermediates. The way to clear the
difficulty is to use a trap in antenna cir-
cuit as shown in Fig. 26. The coil can
be one of the windings from an old 465
k.c. I.F.T. and the condenser one of the
compression type. Tune this coil and
condenser combination to the frequency
of the intermediate amplifier and leave
it alone. This will prevent this code
interference.

Fig. 26
465 KC wave trap for code elimination



CHAPTER 2
Selecting Tubes

Special purpose tubes are. available
everywhere today and the proper selec-
tion of tubes can be made to really im-
prove an existing receiver. It might be
advisable to reread Chapter 1, and with
proper thought given to the various con-
siderations stated proceed to the selec-
tion of tubes.

A close study of the comprehensive
Tube Chart in this chapter will give the
set builder many ideas in tube combina-
tion which will permit real improve-
ments in receiver operation.

An interesting wrinkle in tube possi-
bilities, especially for audio work will
be found in connection with the popular
51 and 77 type tubes. In this case the
screen grid and suppressor grid are con-
nected directly to the plate and the tube
functions as a triode. The plate voltage
applied can be from 180 to 250 volts.
The amplification or gain will be 20
when resistance coupled to the next
stage with a plate coupling resistance of
100,000 ohms. The plate impedance of
the tube under this condition will be
about 12,000 ohms and of course can be
used transformer coupled with greater
resultant amplification. It is a real im-
provement to use one of these tubes in
the first stage of radio sets built with
two stages of audio amplification. The
resultant high gain of the 57 type tube
connected as a triode gives excellent
frequency response plus the generally
needed increased amplification. Try
this sometime and note the results. It's
well worth while. If the transformer
used in the set is a real old timer with
high turns ratio and low primary in-
ductance then use a parallel -feed cir-
cuit with a 100,000 ohm plate loading
resistor and at least .1 mf. capacity as
the coupling condenser. The larger this
coupling condenser the better the low
frequency response, as this condenser
resonates with the primary of the audio
transformer. If improvements in qual-
ity have to be made, then this is one
way to get quality and more amplifica-
tion at a very low cost.

Many set builders have hesitated to
use diode detection because they did not

want to incorporate A.V.C. circuits.
Tubes such as the 2A6, 2B7, 55, 75, 6B7,
85 can be used as diode detectors with
their triode or pentode portions con-
nected to give increased audio gain. The
addition of the separate tube elements
in the same glass envelope is really
necessary due to the lack of amplifica-
tion in diode circuits. Diode circuits
serve one function only, rectification.
Changes of this kind can always be un-
dertaken in circuits with high radio
frequency gain, i. e., superheterodyne
receivers. Ordinary second detector cir-
cuits have a tendency to overload easily
and the substitution of the diode detec-
tor will help improve the quality of
output in many cases. Remember that
the loading effect of the diode is greater
than that of the ordinary triode type of
tube, and for this reason there will be
a decrease in the selectivity when this
circuit is installed.

The improved cathode construction
used in most of the new tubes results
in less hum. This simplifies the filter-
ing system of the receiver, and for this
reason it is well to use cathode types
whenever changes are made so that the
present filtering system of the receiver
will be adequate.

The 2A6, 2B7, 6B7 and 75 type tubes
should be used with resistance coupled
circuits, or tuned radio frequency cir-
cuits, because of their high plate im-
pedance. The 55 and the 85 type tubes
can be used with transformer coupling
or resistance coupling connections due
to their low plate impedance.

The audio frequency response of one
receiver was improved tremendously by
the use of the 2A6 tube transformer
coupled to the output stage. A rising
audio characteristic 4was obtained in
this manner which compensated for the
"sideband cutting" of this very selec-
tive receiver. Prior to this change, the
high frequency audio signals were badly
attenuated by the receiver; the audio
transformer when used with the 2A6
had poor low frequency response. The
resultant output due to the use of this
combination was very pleasing to the

22
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ear and satisfied the owner of the set.
Output Tube Chart

The accompanying chart has been pre-
pared as a convenient means of compar-
ing the various types of output tubes
with respect to the relation between
watts output and input voltage applied
to the grid. The curves shown repre-
sent these characteristics under approxi-
mately the rated operating conditions
with optimum values of load resistance
and in most cases, with the maximum
rated plate voltages. The correspond-
ing values of plate and grid voltages are
listed in the accompanying table. In
the case of the triodes and pentodes in
Class A operation, the maximum values
of power output shown correspond to
the point at which grid current just be-
gins to flow, or, in other words, at which
the peak value of the input voltage is
equal to the grid bias voltage. The type
52 tube under zero bias Class A condi-
tions and the type 245 under over -biased
Class A conditions are exceptions. In
these cases, as well as in the cases of
Class B operation the grid normally
swings positive and the maximum out-
put is determined primarily by consid-
eration of permissible distortion. It
should be understood that the values
shown on these curves are approximate
only, as the relations may be materially
changed by variations in operating con-
ditions, such as the value of the load
resistor, the characteristics of the input
transformer, power available for driv-
ing, etc.

In the cases of Class B and overbiased
Class A operation where tubes are al-
ways used in pairs, in push pull, the
curves represent the input voltage and
output for each tube of the pair. Thus
the output for a pair of 52 tubes under
Class B conditions would be approxi-

mately 5.0 watts or double the value
shown for a single tube and the corre-
sponding input voltage from grid to
grid would be 60 volts. In the case of
the 79 tube which is a complete full-

wave Class B tube, the curves represent
the output and input for one side, the
total output and input being double the
values shown.

Logarithmic coordinates have been
used so that the characteristics are rep-
resented by straight lines for tubes hav-
ing the ideal square law relation be-
tween input volts and watts output.
Variations from this straight line rela-
tion and the square law slope, such as
occur at high output levels with pen-
todes and with triodes under Class B
conditions, ordinarily indicate the pres-
ence of third or other odd harmonics.
The higher slope in the case of some
triodes operated under Class B condi-
tions is due to increased mutual con-
ductance and reduced plate resistance at
high signal levels.

The position of the characteristic
curve indicates the relative power sen-
sitivity of the tube; the higher or far-
ther to the left the curve is, the higher
the power sensitivity. The numerical
value of power sensitivity in milliwatts
per input volt squared is equal to ten
times the intercept on the 10 volt axis;
for instance, the output from a type 89
tube used as a Class A triode is 0.15
watts with an input of 10 volts RMS,
corresponding to a power sensitivity of
1.5 milliwatts per volt squared. For con-
venience the approximate values of
power sensitivity for medium signal
amplitudes are listed in the accompany-
ing table. The power sensitivity will of
course vary with the factors affecting
total power output and in many cases
also with the signal amplitude.
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Tube
Type
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Amplifier
Type Class

112A Triode
120 Triode
171A Triode
210 Triode
230 Triode
231 Triode
233 Pentode
238 Pentode

41 Pentode
42 Pentode
43 Pentode

245 Triode
245 Triode

46 Triode
46 Triode

247 Pentode
48 Pentode
49 Triode
49 Triode

250 Triode
52 Triode
52 Triode
59 Triode
59
59 Triode
79 Triode
89 Triode
89 Pentode
89 Triode

LA Pentode

Plate
Volts

Grid
Bias

Volts

Power Sensitivity
Milliwatts

in
(RMS input V.)2

180 13.5 3.2
135 22.5 .43
180 40.5 .90
425 39 2.55
157 22.5 1.0
135 22.5 .66
135 13.5 9.0
165 17 12.0
167 12.5 29.0
250 16.5 43.0

95 15 12.0
275 56 1.3
300 75 .90
250 33 2.25
400 0 6.0
250 16.5 43.

95 20 11.5
135 20 .86
180 0 4.0
450 80 1.30
180 0 6.2
110 0 3.0
250 28 3.2
250 18 46.
400 0 8.0
180 0 8.2
160 20 1.5
163 17 15.2
180 0 6.7
165 11 31.

Acknowledgement is made to the RCA Cunningham Company for the
use of charts 26 to 33; to A. M. Flechtheim Co. for the excellent power
output chart and tables; also, to Hygrade Sylvania for the condensed
tube characteristics on page 36.
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Tube Symbols and Bottom Views of Socket Connections

FIG.I

FIG.2

FIG.3

,PGRICPMETAL TOP CAP

FIG.4A

FIG.6

FIG.7

FIG.8

GRID FACIAL TOP CAP

FIG.9

,CMO-METAL TOP CAP

FIG.9A

FIG.10

FIG.I2

e. GRID -METAL TOP CAP

F1G.13

FIG.I5

FIG.ISA

F10.18

CRIO-METAL TOP CAP

FIG.21

Pf5IPAL

PErnir

FIG.22

FIG.23
CATHODE

FIG.24

FIG.25

COOT PLATE

Taf,c

ATHCCE

''PENTODE CP* ...UAL TOP CAP
F1G.27
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TYPE NAME BASE

SOCKET

CONNEC-

TIONS

DIMENSIONS

MAXIMUM
OVERALL CATHODE

TYPE

RATING

FILAMENT OR
HEATER PLATE SCREEN

LENGTH
X

DIAMETER VOLTS AMPERES

MAX.

VOLTS

MAX.

VOLTS

RCA- 36 R- TFETRODEAMPLIFIER SMALL 5 -PIN FIG. 9 4 ' x 16' HEATER 6.3 0.3 250 90

RCA- 37
DETECTOR*
AMPLIFIER

TRIODE
SMALLS -PIN FIG. 8 41° x IA" HEATER 6.3 0.3 250 -

RCA- 38
POWER AMPLIFIER

PENTODE
SMALL 5 -PIN FIG. 9A 41r x 1 HEATER 6.3 0.3 250 250

RCA -39-44
SUPER -CONTROL
R.F

PENTODEAMPLIFIER

SMALL 5 -PIN FIG. PA 4-'y" x 116° HEATER 6.3 0.3 250 90

UX -240
VOLTAGE

AMPLIFIER
TRIODE

MEDIUM 4 -PIN FIG. 1 4-14" x iyao FILAMENT 5.0 0.25 180 -
RCA- 41 POVINATNAL2FIER SMALL 6 -PIN FIG. ISA 1- x 1? -6" HEATER 6.3 0.4 250 250

RCA- 42 POWKINATN3PDVIER MEDIUM 6 -PIN FIG. 15A 416" . vdo HEATER 6.3 0.7 250 250

RCA- 43 POWER
KNATIV2FIER MEDIUM 6 -PIN FIG. 15A 4H-' x lib" HEATER 25.0 0.3 135 135

RCA- 45 POWEI73.R/gtoPrIER MEDIUM 4 -PIN FIG. 1 41.4" x iv FILAMENT 2.5 1.5 275 -
RCA- 46 POWDEURALARCOFTER

MEDIUM 5 -PIN FIG.? 511. x ' FILAMENT 2.5 1.75
250 -
400 -

RCA- 47 POW RNATIMFIER MEDIUM 5 -PIN FIG. 6 -51' a 3.*" FILAMENT 2.5 1.75 250 250

RCA- 48 POWER ARRZFIER MEDIUM 6 -PIN FIG. 15 5,1" x , D -C
HEATER 30.0 0.4 125 100

*For Grid -leak Detection -plate volts 45, grid return to + filament or to cathode.

RCA- 49 POWDEURAL=FIER MEDIUM 5 -PIN FIG. 7 416" 0 1fr FILAMENT 2.0 0.120
135 -

UX -250 POWEI1RTDAELIFIER MEDIUM 4 -PIN FIG. 1 61" x 216" FILAMENT 7.5 1.25 450 -
RCA- 53 TWIN -TRIODE

AMPLIFIER MEDIUM 5 -PIN FIG. 24 41-1' x ill' HEATER 2.5 2.0 300 -
RCA- 55 DUPIRSIEODE SMALL 6 -PIN FIG. 13 4H-0 . IA" HEATER 2.5 1.0 250 -
RCA- 56

SUPER -TRIODE
AMPLIFIER

DETECTOR*
SMALL 5 -PIN FIG. 8 4k" x 111" HEATER 2.5 1.0 250 -

RCA- 57
TRIPLE -GRID

AMPLIFIEETECTOR R

D
SMALL 6 -PIN FIG. 11 411 ff x 119-6.' HEATER 2.5 1.0 250 100

RCA- 58
TRIPLE-GRID

SUPER -CONTROL
, AMPLIFIER

SMALL 6 -PIN FIG. 11 4i6" a 116 ' HEATER 2.5 1.0 250 100

RCA- 55 PojATLAENI-GPZIPIER
MEDIUM 7-PINO FIG. 18 51" x 2A- HEATER 2.5 2.0

250 -
250 250

400 -
RCA- 71-A POWETIRMITI FIER MEDIUM 4 -PIN FIG. 1- 4-1-1- " x 116, FILAMENT 5.0 0.25 180 -
RCA- 75 110;_iig-iNigg, SMALL 6 -PIN FIG. 13 41-10 a iiv HEATER 6,3 5,3 250 -
RCA- 77

-

TRIPLE -GRID
AMPLIFIER
DETECTOR

SMALL 6 -PIN FIG. 11 4H" a 1-Pu C HEATER 6.3 0.3 250 100

RCA- 78
TRIPLE -GRID

SUPER -CONTROL
LIFIE

SMALL 6 -PIN FIG. 11 41i 1A-' HEATER 6.3 0.3 250 125

*For Grid -leak Detection -plate volts 45, grid return to + filament or to cathode.
 Either A. C. or D. C. may be used on filament or heater, except as specifically noted For use

of D. C. on A -C filament types, decrease stated grid volts by .% (approx.) of filament voltage.
a Requires different socket from small 7 -pin.
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USE

VII,. to de' 9
°Wei n conditions

ar,d eneemmenee for

lacerated typical ...

PLATE

SUP-

PLY

VOLTS

GRID

VOLTS m

SCREEN

VOLTS

SCREEN
MILLI-
AMP.

PLATE
MILLI-

AMP.

A -C

PLATE
RESTS-

TANCE

OHMS

MUTUAL

CON-

DUC-

TANCE

MICRO-
MHOS

VOLT -

AGE

AMPLI-
FICATION

FACTOR

LOAD

FOR

STATED
POWER

OUTPUT
OHMS

POWER

OUT -

PUT

WATTS

TYPE

SCREEN GRID
R-F AMPLIFIER

100
180
250

- 1.5
- 3.0
- 3.0

55
90
90

--
1.7.

1.8
3.1
3.2

550000
500000
550000

850
1050
1080

473
525
595

--
C - 36

BIAS DETECTOR
1000
2509

- 5.0
- 8.0

55
90 - Plate current o be adjusted to O.

with no signal.
milliampere

CLASS A AMPLIFIER
90

180
250

- 6.0
-13.5
-18.0

- 2.5
4.3
7.5

11500
10200
8400

800
900

1100

9.2
9.2
9.2 C - 37

-
BIAS DETECTOR

90
250

-10.0
-28.0 - - Plate current o be adju ted to 0.2 milliampere

with no signal.

CLASS A AMPLIFIER
100
180
250

- 9.0
-18.0
-25.0

100
180
250

1.2
2.4
3.8

7.0
14.0
22.9

140000
110000
100000

875
1050
1200

120
120
120

15005
11600
10000

0.27
1.00
2.50

C . 38

SCREENPLI GRID
R- AA4FIERF

90
180
250

{- P:)}
nun'

90
90
90

1.6
1.4
1.4

5.6
5.8
5.8

375000
750000

1000000

960
1000
1050

360
750

1050
- - C .3944

ci AfS A AMPLIFIER
135*
180X

- 1.5
- - 3.0 - - 0.2

0.2
150000
150000

200
200

30
30 - CX340-

CUSS A AMPLIFIER
100
180
250

- 7.0
-13.5
-18.9

100
180
250

1.6
3.0
5.5

9.0
18.5
32.0

103500
81000
68000

1450
1850
2200

150
150
150

12000
9000
7600

0.33
1.50
3.40

C - 41

CLASS A AMPLIFIER 250 -16.5 250 6.5 34.0 100000 2200 220 7000 3.00 C 42

CLASS A AMPLIFIER
100
135

-15.0
-20.0

100
135

4.0
7.0

20.0
34.0

45000
35000

2000
2300

90
80

4500
4000

0.90
2.00 C 43

CLASS AAMPLIFIER
180
250
275

-31.5
-50.0
-56.0

180
250
275

--34.031.0

36.0

1650
1610
1700

2125
2175
2050

3.5
3.5
3.5

2700
3900
4600

0.82
1.60
2.00

C - 45

LLAMA AMPLIFIER 0 250 -33.0 - - 22.0 2380 2350 5.6 6400 1.25
C 46

CLASS B AMPLIFIER*
300
400

0
0

- - Power output values are for 2 tubes
at indicated plate to -plate load.

5200
5800

16.0
20.0

CLASS A AMPLIFIER 250 -16.5 250 6.0 31.0 60000 2500 150 7000 2.7 C - 47

CLASS A AMPUFIER 95
125

-20.0
-22.5

95
100

9.0
9.0

47.0
50.0

10000
10000

2800
2800

28
28

2900
2000

1.6
2.5

C
413

0 Applied th ough plate coupling resistor of 250000 ohms o 500 -henry choke shunted by 0.25 megohm resistor.

X Applied th ough plate coupling resistor of 250000 ohms. *Two grids tied together. *Maximum

CLASS A AN1PLIFIER 0 135 -20.0 - 5.7 I 4000 I 1125 I 4.5 11000 0.17
C . 49

CLASS B AMPLIFIER* 180 0 - Power output values are for 2 tubes
at indicated plate -to -plate load. 12000 3.5

CLASS A AMPLIFIER
300
400
450

-54.0
-70.0
-84.0

- - 35.0
55.0
55.0

2009
1800
1800

1900
2100
2100

3.8
3.8
3.8

4600
3670
4350

1.6
3.4
4.6

CX350

CLASS B AMPLIFIER
320500 0

0
Power output value is for one tube

at stated load, plate -to -plate.
800p 1::g C - 53

TRIODE LNIT AS
CLASS A AMPLIFIER

.135
180v
250

-10.5
-13.5
-20.0

- - 3.7 I 11000
6.0 8500
8.0 7500

750
975

1100

8.3
8.3
8.3

25008
20000
20000

0.075
0.160
0.350

C . 55

CLASS A AMPLIFIER 250 -13.5 5.0 9500I 1450 13.8 -
C 56

BIAS DETECTOR 250 -20.0 - - Plate current o be adju ted to 0.2 milliampere
with no signal.

SCREEN GRID
R -F AMPLIFIER 250 - 3.0 100 0.5 2.0

exceeds
1.5 1225

uceeds
1500 C 57
-

BIAS DETECTOR 250 - 3.9 100
Cathode current

0.97 ma.
Plate coupling resistor 250000 ohms.
Grid coupling resistor 250000 ohms'

SCREEN GRID
R -F AMPLIFIER 250

- 3.01min. ( 100 2.0 8.2 800000 1600 1280 - -
C - 58

MIXER IN
SUPERHETERODYNE 250 -10.0 100 - Oscillator peak volts .= 7.0.

AS TRIODE 1
CLASS A AMPLIFIER 250 -28.0 - - 26.0 2400 I 2600 I 6.0 5000 1.25

C . 59a.g.5PPADVI.Le 250 -18.0 250 9.0 35.0 40000 I 2500 100 6000 3.00

AS TRIODE*
CLASS B AMPLIFIER

300
400

0
0

Power output values are for 2 tubes
at indicated plat -to-plate oad.

4600
6000

15.0
20.0

CLASS A AMPLIFIER
90

180
-19.0
-43.0

10.0
20.0

2170
1750

1400
1700

3.0
3.0

3000
4800

0.125
0.790 C - 71-A

TRIODE UNIT AS
CLASS A AMPLIFIER 250X -1.35 - - 0.4 - Gain p r stage = 50-60 C - 75

SCREEN GRID
R -F AMPLIFIER

Ito
250

- 1.5
- 3.0

60
100

0.4
0.6

1.7
2.3

650000
1500000

1100
1250

715
1500

C - 77
BIAS DETECTOR 250 - 1.95 50

Cathode current
0.65 ma.

Plate oupling.resistor
Grid au

250000 ohms.
ling resistor 250000 ohms...

SCREEN GRID
R.F AMPLIFIER

90
180
250
250

j- 3.01
1 min. f

90
75

100
125

1.5
1.0
2.0
3.0

5.4
4.0
7.0

10.5

315000
1000000

800000
600000

1275
1100
1450
1650

400
1100
1160
990

_ c ,. 78

Grid St 1 is control end. Grid 82 is screen. Gr'd 03 tied to cathode. *Two grids tied together.
Grid St I is control gr'd. Grid 02 and 83 tied to plate. x Applied through plate coupling resistor of 250000 ohms.

et Grids N I and 81 connected together. Grid #3 tied to plate. "For grid et following tube.
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TYPE NAME BASE

SOCKET

CONNEC-

DIMENSIONS

MAXIMUM
OVERALL

RATING

CATHODEHEATER
TYPE si

FILAMENT OR

PLATE SCREEN

TIONS LENGTH
X

DIAMETER
VOLTS AMPERES

MAX.

VOLTS

MAX.

VOLTS

RCA -I A6 PENTAGRID
CONVERTER 0 SMALL 6 -PIN FIG. 26 4H" x IA FILAMENT 2.0 0.06 180 67.5

RCA -2A3 POWEIRRigErtIFIER MEDIUM 4 -PIN FIG. 1 Siff x 2N" FILAMENT 2.5 2.5 250 --
RCA-2A5 POW ,FEINATNroVFIER

MEDIUM 8 -PIN FIG. 15A 4U "x 11-a" HEATER 2.5 1.75 250 250

RCA -2A6 HIGH -MU SMALL 6 -PIN FIG. 13 4} x 1* HEATER 2.5 0.8 250 --
RCA -2A7 PENTAGRID

CONVERTER a SMALL 7 -PIN FIG. 20 4f.-}" I HEATER 2.5 0.8 250 100

RCA -2B7 DUPLEX -DIODE
PENTODE SMALL 7 -PIN FIG, 21 4H" .x 1*" HEATER 2.5 0.8 250 125

RCA -6A4
also LA

POWER
PENTODE

AMPLIFIER
MEDIUM 5 -PIN FIG. 8 4H" x I FILAMENT 6.3 0.3 180 180

RCA -6A7 PENTAGRID
CONVERTER 0 SMALL 7 -PIN FIG. 20 4H' x I*" HEATER 6.3 0.3 250 100

RCA -6B7 DUPLEX -DIODE
PENTODE SMALL 7 -PIN FIG. 21 4H 1*." HEATER 6.3 0.3 250 125

RCA -6F7 TRIODE -
PENTODE SMALL 7 -PIN FIG. 27 4,1,--] " x 1" HEATER 6.3 0.3

100 -
250 100

UX- 200-A DETECTOR
TRIODE MEDIUM 4 -PIN FIG. 1 4H" x I'd" FILAMENT 5.0 0.25 45 -

RCA- 01-A DETECR*TO
AMPLIFIER MEDIUM 4 -PIN FIG. 1 41 " x IN" FILAMENT 5.0 0.25 135 ---

RCA- 10 POWE19RMPELIFIER MEDIUM 4 -PIN FIG. 1 x 211; FILAMENT 7.5 1.25 425 -
*Grids 0 3 and A 5 are screen. Grid 04 is signal -input control -grid.
*For GridIcak Detec ion -plate volts 45, grid return to + filament or to cathode.

WD- 11

WX- 12
DETECTOR*
AMPLIFIER

TRIODE
WD 4 -PIN

MEDIUM 4 -PIN
FIG. 12
FIG. 1

4V x 1.ilg"4ii" 1.,,,
0.0

FILAMENT 1.1 0.25 135 -
UX -1 1 2-A

DETECTOR*
AMPLIFIER

TRIODE
MEDIUM 4 -PIN FIG. 1 43" x 1H" FILAMENT 5.0 0.25 180 --

RCA- 19 TWIN
AMPLIFIER SMALL 6 -PIN FIG. 25 4i' x I*" FILAMENT 2.0 0.26 135 -

UX -120 POWER AMPLIFIER
SMALL 4 -PIN FIG. 1 41" x 5.*" FILAMENT 3.3 0.132 135 -

RCA- 22 R -F AMPLIFIER
TETRODE MEDIUM 4 -PIN FIG. 4 q'F' x 1H' FILAMENT 3.3 0.132 135 67.5

RCA- 24-A R-FTraLTER MEDIUM 5 -PIN FIG. 9 531,. x lir HEATER 2.5 1.75 275 90

RCA- 26 AMPLIFIER
TRIODE MEDIUM 4 -PIN FIG. 1 4H" x pa, FILAMENT 1.5 1.05 180 -

RCA- 27
DETECTOR*
AMPLIFIER

TRIODE
MEDIUM 5 -PIN FIG. 8 41-}" x 1H" HEATER 2.5 1.75 275 -

RCA- 30
DETECTOR*
AMPLIFIER

TRIODE
SMALL 4 -PIN FIG. 1 4.1" x 1126" FILAMENT 2.0 0.06 180 -

RCA- 31 POWEctsTla_IFIER
TRIODE SMALL 4 -PIN FIG. 1 41" x 1-A 'a FILAMENT 2.0 0.13 180 -

32 R-FTrriIRPM ER MEDIUM 4 -PIN FIG. 4 $11.y" x iir FILAMENTl 2.0 0.06 180 67.5

RCA- 33 POWER NATN2FIE R MEDIUM 6 -PIN Fig. 6 4H" x I- -fa FILAMENT 2.0 0.26 135 135

RCA- 34
SUPER -CONTROL
R -F AMPLIFIER

PENTODE
MEDIUM 4 -PIN FIG. 4A i33" FILAMENT 2.0 0.06 180 67.5

RCA- 35
SUPER -CONTROL

R -F TETRODEAMPLIFIER MEDIUM 6 -PIN FIG. 9 5311" x Ifr HEATER 2.5 1.75 275 90

*For Grid -leak Detec ion -plate volts 45, grid return to + filament or to cathode.
2 Either A. C. or D. C. may be used on filament or heater, except as specifically noted. Foruseof D. C. on A -C filament types, decrease stated grid volts by .5. (approx.) of filament voltage.
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USE

Values to right give

"5'0'14 "'nil"'
end characteristics for
Indicated typical use

PLATE

SUP-

PLY

VOLTS

GRID

VOLTS.
SCREEN

VOLTS

SCREEN

MILLI-
AMP.

PLATE
MILLI-

AMP.

A -C

PLATE

RESTS-

TANCE

OHMS

MUTUAL
CON-

DUC-

TANCE
MICRO -

MHOS

VOLT-

AGE
Ampu.

FICATION

FACTOR

LOAD

FOR

STATED
POWER

OUTPUT

OHMS

POWER

OUT -

PUT

WATTS

TYPE

-3.0 Anode -Grid ( At 2) 13 Max. Vol s, 2.3 Ma.
CONVERTER 180 min. 67.5 2.4 1.3 500005 Oscillator Grid( 0 1) Resistor, 50000 Ohms, C -I A6

Conversion Conductance, 300 Micromhos.
CLASS A AMPLIFIER 250 -45 - - 60.0 300 5250 I 4.2 2500 3.5

PUSH-PULL 300 -62 Self -bias 40.0 Power Output is for 2 tubes at 5000 10.0 C -2A3
AMPLIFIER 300 -62 Fixed -bias 40.0 stated oad, plate -to -plate 3000 15.0

CLASS A AMPLIFIER 250 -16.5 250 6.5 34.0 100000 2200 220 7000 3.0 C -2A5
TRIODE UNIT AS

CLASS A AMPLIFIER 2500 - 1.35 - - 0.4 Gain per stage = 50-60 C -2A6-
Anode Grid ( 4 2) 200 Max. Volts, 4.0 Ma.

CONVERTER 250 - 3.0 100 2.2 3.5 360000 Oscillator Grid( 0 1)Resistor, 50000 Ohms. C -2A7
Conversion Conductance, 520 Micromhos.

PENTODE UNIT AS
R -F AMPLIFIER

100
250

- 3.0
- 3.0

100
125

1.7
2.3

5.8
9.0

300000
650000

950
1125

285
730 -

C-2137PENTODE UNIT AS
A.F AMPLIFIER 25044 - 4.5 50 - 0.65 ---

cl 4s9 A AMPLIFIER 100 - 6.5 100 1.6 9.0 83250 1200 100 11000 0.31 C-6,01
180 -12.0 180 3.9 22.0 45500 2200 100 8000 1.40 also LA

Anode Grid (K 2) 200 Max. Vol s, 4.0 Ma.
CONVERTER 250 -- 3.0 100 2.2 3.5 360000 Oscillator Grid ( 4 1) Resistor, 50000 Ohms. C -6A7

Conversion Conductance, 520 Micromhos.
PENTOQE UNIT AS 100 - 3.0 100 1.7 5.8 300000 950 285

R -F AMPLIFIER 250 - 3.0 125 7.3 9.0 650000 1125 730
_____

G -6B7PENTODE UNIT AS
A -F AMPLIFIER 250+ - 4.5 50 - 0.65 -

TRIODE UNIT ASAMPLIFIER3.5AMPLIFIER 100 - 3.0 - - 17800 ' 450 8 -
C -6F7

-
PENTODE UNIT AS

AMPLIFIER 250 - 3.0 100 1.5 6.5 850000 1100 900

PENTODE UNIT AS Oscillator peak volts - 7.0
MIXER 250 -10.0 100 0.6 2.8 Conversion conductance = 300 micromhos.

GRID LEAK Grid Return to
20 CX-300-ADETECTOR 45 (- Filament 1.5 30000 666 - -

CLASS A AMPLIFIER 90
135

- 4.5
- 9.0

2.5
3.0

11000 ,
10000

725
800

8.0
8.0 - C - 01.A-

CLASS A AMPLIFIER 350425
-31.0 - -

16..901 8
5150
5000

1550
1600

8.0
8.0

11500
10200

0.9
1.6 C - 10

.Applied through plate coupling resistor of 200000 ohms.
g Applied through plate coupling resistor of 250000 ohms.

CLASS A AMPLIFIER 90 - 4.5 - 2.5 15500 425 6.6 - C - 11
135 -10.5 3.0 15000 440 6.6 CX- 12

CLASS A AMPLIFIER 90
180

- 4.5
-13.5 - - 5.0

7.7
5400
4700

1575
1800

8. 6-
8.5 CX- I I2 -A

CLASS B AMPLIFIER 130
135

0
- 3.0 - Power output value is for one tube

at stated load, plate -to -plate. -

10000
10000

2.1
1.9 C - 19

CLASS A AMPLIFIER 90
135

-16.5
-22.5 - 3.0

6.5
8000
6300

415
525

3. 3
3.3

9600
6500

0.045
0.110 CX-220

SCREEN GRID 135 - 1.5 45 0.6° 1.7 725000 375 270
R -F AMPLIFIER 135 - 1.5 67.5 1.3° 3.7 325000 500 160 - - C ' 22
SCREEN GRID
R -F AMPLIFIER

180
250

- 3.0
- 3.0

90
90

1.7°
1.7°

4.0
4.0

400000
600000

1000
1050

400
630 - -

- 5.0 20 to .Plate cur= to be adjusted to O. milliampere C - 24-ABIAS DETECTOR 2750 approx. 45 with no signal.

CLASS A AMPLIFIER 90
180

- 7.0
-14.5 - - 26.9 2

8900
7300

935
1150

8.3
8.3 - C - 26-

CLASS A AMPLIFIER
135 - 9.0 4.5 9000 1000 9.0
250 -21.0 5.2 9250 975 9.0 -

'Plate curren to be adjusted to 0. milliampere C - 27
BIAS DETECTOR 250 -30.0 - - with no signal.

90 - 4.5 2.5 11000 850 9.3
CLASS A AMPLIFIER 135 - 9.0 - - 3.0 10300 900 9.3 - C - 30180 -13.5 3.1 10300 900 9.3
CLASS A AMPLIFIER 135

180
-22.5
-30.0

8.0
12.3

4100
3600

925
1050

3.8
3.8

7000
5700

0.185
0.375 C - 3t

SCREEN GRID 135 - 3.0 67.5 0.4° 1.7 950000 640 610
R -F AMPLIFIER 180 - 3.0 67.5 0.4. 1.7 1200000 650 780

-" 6.0 67.5 bePlate curren to adjusted to O. milliampere C - 32BIAS DETECTOR 180* 8,p,1 with no signal.
0 .ss A AMPLIFIER 135 -13.5 135 3.0 14.5 50000 1450 70 7000 0.7 C - 33

SCREEN GRID 135 1 - 3.01 67.5 1.0 2.8 600000 600 360
R -F AMPLIFIER 180 I min. f 67.5 1.0 2.8 l0000po 620 620 - C - 34
SCREEN GRID 180 I- 3.01 90 2..i. 6.3 300000 1020 305

R -F AMPLIFIER 250 1 min. I 90 2.5° 6.5 400000 1050 420 C ' 35
V Applied hrough plate coupling resistor of 250000 ohms or 500 henry choke shunted by 0.25 megolun resistor.
*Applied through plate coupling resistor of 100000 ohme.

4/faximum.
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TYPE NAME BASE

SOCKET

CONNEC-

TIONS

DIMENSIONS
MAXIMUM

OVERALL CATHODE

TYPE 

RATING

FILAMENT OR
HEATER FLATE SCREEN

LENGTH
X

DIAMETER
VOLTS AMPERES

MAX.

VOLTS

MAX.

VOLTS

RCA- 79
TWIN -TRIODE

AMPLIFIER
SMALL 6 -PIN FIG. 19 414 ff x TA" HEATER 6.3 0.6 250 -

RCA- 85
DUPLEX -DIODE

TRIODE
SMALL 8 -PIN FIG. 13 4.1-2--7,.."x 1 ff HEATER 6.3 0.3 250 -

RCA- 89
TRIPLE -GRID

POWER AMPLIFIER SMALL 6 -PIN FIG. 14 4-H- ff x IA HEATER 6.3 0.4 250 250

UV -199
UX -199

DETECTOR*
AMPLIFIER

TRIODE

SMALL 4 -NUB
SMALL 4 -PIN

FIG. 10
FIG. I

31" x I*"
41" 114

D.0
FILAMENT 3.3 0.063 90 -

RCA -864
AMPLIFIERAM SMALL 4 -PIN FIG. 1 4" 0 ITV FILTMCENT 1.1 0.25 135 -

*For Grid -leak Detection -plate volts 45, grid return to + filament or to cathode.
gi Either A. C or D. C. may be used on filament or heater, except as specifically noted. For use

of D. C. on A -C filament types, decrease stated grid volts by .1.i. (approx.) of filament voltage.

RECTIFIERS
RCA -523

FULL-AVE
RECTIFIER

MEDIUM 4 -PIN FIG. 2 Sr .x 214" FILAMENT 5.0 3,0 - -
RCA -1223

HALF -WAVE
RECTIFI ER

SMALL 4 -PIN FIG.22 43" x 1.19-6" HEATER 12.6 0.3 - -
RCA -2525

RECTIFIER -
DOUBLER

SMALL 6 -PIN FIG. 5 41" x 130 ff HEATER 25.0 0.3 - -
RCA -1-v

HALF -WAVE
RECTIFIER

SMALL 4 -PIN FIG. 22 4±" x IN," HEATER 6.3 0.3 - -
RCA- 80

FULL -WAVE
RECTIFIER

MEDIUM 4 -PIN FIG. 2 4j.}" x Iii* FILAMENT 5.0 2.0 - -
UX -281

HALF -WAVE
RECTIFIER

MEDIUM 4 -PIN FIG. 3 6 x 2304"FILAMENT 7.5 1.25 - -
RCA- 82

FULL -WAVE
RECTIFIER).

MEDIUM 4 -PIN FIG. 2 41,14.ff x 1qe FILAMENT 2.5 3.0 - -
RCA- 83

FULL -WAVE>
RECTIFIERRECTIFIER

MEDIUM 4 -PIN FIG. 2 or x 2-,g"$ FILAMENT 5.0 3.0 - -
84

also 6Z4
FULL -WAVE
RECTIFIER

SMALL 5 -PIN FIG. 22 4r . 1,,e, HEATER 6.3 0.5 - -
RCA -866

HALF -WAVE>
RECTIFIER

MEDIUM 4 -PIN FIG. 3
see Note 9 6r a 2*. FILAMENT 2.5 5.0 - -

>Mercury Vapor Type. ° Interchangeable with ype I.
8 Plate connection made to top cap of tube.

AMPLIFIER CLASSIFICATION
There are three major classes of am-

plifier service. Definitions describing
these have been standardized by the In-
stitute of Radio Engineers:

Class A Amplifier
A Class A amplifier is an amplifier

which operates in such a manner that
the plate output wave form is essen-
tially the same as that of the exciting
grid voltage.

This is accomplished by operating
with a negative grid bias such that some
plate current flows at all times, and by
applying such an alternating voltage to
the grid that the dynamic operating
characteristics are essentially linear.
The grid must usually not go positive
on excitation peaks and the plate cur-
rent must not fall low enough at its

minimum to cause distortion due to
curvature of the characteristic. The
amount of second harmonic present in
the output wave which was not present
in the input wave is generally taken as
a measure of distortion, the usual limit
being five percent.

The characteristics of a Class A am-
plifier are low efficiency and output with
a large ratio of power amplification.

Class B Amplifier
A Class B amplifier is an amplifier

which operates in such a. manner that
the power output is proportional to the
square of the grid excitation voltage.

This is accomplished by operating
with a negative grid bias such that the
plate current is reduced to a relatively
low value with no grid excitation volt-
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USE
values to right give

operating conditions
and characteristics for
indicated twice' ties

PLATE

SUP-

PLY

VOLTS

GRID

VOLTS
SCREEN

VOLTS

SCREEN

MILLI-
AMO.

PLATE

MILLI-
AMP.

A -C

PLATE
RESIS-

TANCE

OHMS

MUTUAL
CON-

DUC-

TANCE

MICRO-

MHOS

VOLT-

AGE

/RLI -
FICATION

FACTOR

LOAD

FOR

STATED
POWER

OUTPUT

OHMS

POWER

OUT-

PUT

WATTS

TYPE

CLASS B AMPLIFIER
180
250

0
0

- Power output value is for one tube
at stated load, plate -top ate.

7000
14000

5.5
8.0 C - 79

135 -10.5 3.7 11000 750 8.3 25000 0.075
TRIODE UNIT AS

CLASS A AMPLIFIER
180
250

-13.5
-20.0

-- 6.0
8.0

8500
7500

975
1100

8.3
8.3

20000
20000

0.160
0.350

C - 85

160 -20.0 17.0 '3300 1425 4.7 7000 0.300
AS TRIODE 11

CLASS A AMPLIFIER
180
250

-22.5
-31.0

-- - 20.0
32.0

3000
2600

1550
1800

4.7
4.7

6500
550U

0.400
0.900

AS PENTODE 
100 -10.0 100 1.6 9.5 104000 1200 125 10700 0.33

C - 89
CLASS A AMPLIFIER

180 -18.0 180 3.0 20.0 80000 1550 125 8000 1.50
250 -25.0 250 5.5 32.0 70000 1800 125 6750 3.40

AS TRIODE co - Power output values are for 2 tubes 13600 2.50
CLASS B AMPLIFIER ,.. 0 -,

operating at indicated plate -to -plate load. 9400 3.50

CLASS A AMPLIFIER 90 .- 4.5 - - 2.5 15500 425 6.6 - C -299
CX-299

CLASS A AMPLIFIER 90
135

- 4.5
- 9.0 - - 2.9

3.5
13500
12700

610
645

8.2
8.2 -- C -864

 Grid 81 is control grid. Grid # 2 is screen. Grid 63 ied to cathode
li Grid 8 1 is control grid,, Grids # 2 and # 3 tied to plate.
a Grids # 1 and 6 2 connected together. Grid 63 tied to plate.

RECTIFIERS
Maximum A -C Voltage per Plate 500 Volts, RMS
Maximum D -C Output Current 250 Milliamperes C -5Z3

Maximum A -C Voltage per Plate 250 Volts, RMS
Maximum D -C Output Current 60 Milliamperes C -I223

Maximum A -C Voltage per Plate 125 Volts, RMS
Maximum D -C Output Current 100 Milliamperes C-2525

Maximum A -C Voltage per Plate_ 350 Volts, RMS
Maximum D -C Output Current.......... ...... ..... .. . 50 Milliamperes C- I V°

A -C Voltage per Plate (Volts RMS).. 350 400 550 The 550 volt rating applies to filter circuits having an
D -C Output Current (Maximum MA.) 125 110 135 input choke of at least 20 henries. C - 80

Maximum A -C Plate Voltage 700 Volts, RMS
Maximum D -C Output Current 85 Milliamperes CX-381

Maximum A -C Voltage per Plate......500 Volts, RMS Maximum Peak Inverse Voltage 1400 Volts
Maximum D.0 Output Current 125 Milliamperes Maximum Peak Plate Current .. 400 Milliamperes C 82

Maximum A -C Voltage per Plate 500 Volt,, RMS Maximum Peak Inverse Voltage......1400 Volts
Maximum D -C Output Current 250 Milliamperes Maximum Peak Plate Current.. 800 Milliamperes C - 83

Maximum A -C Voltage per Plate 225 Volts, RMS C - 84
Maximum .D.0 Output Current 50 Milliamperes elan 6Z4
Maximum Peak Inverse Voltage 7500 Volts C -866
Maximum Peak Plate Current..._ 0.6 Ampere (CX-366)

age, and by applying excitation such
that pulses of plate current are pro-
duced on the positive half cycle of the
grid voltage variations. The grid may
usually go positive on excitation peaks,
the harmonics being removed from the
output by suitable means.

The characteristics of a Class B am-
plier are medium efficiency and output
with a relatively low ratio of power
amplification.

Class A -Prime Amplifier
When the type of amplifier service is

intermediate to the classes listed above,
it is convenient to designate the service
by other terms. The most important of

these is the Class A -Prime (also called
Class AB) service.

A Class A -Prime amplifier is one which
is overbiased, operating as a Class A
system for small signals, and as a Class
B amplifier when the signals are large.
The result is that plate current flows
during appreciably more than half a cy-
cle, yet less than 360 degrees of the
cycle.

Several recent household radios have
incorporated this type of amplifier serv-
ice in the output stage, utilizing Type
42 tubes as triodes.

(Courtesy, Hygrade Sylvania Corp.)
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Type
Tube Purpose

BY-PASS CONDENSER, GRID -BIAS RESISTOR CHART

Plate
Volts

Screen
Volts

Grid
Volts

Grid Resistor By-pass Cap.
In OHM in Microfarads

2A3 A 250 -45 750 20.
LA5 A 250 250 -16.5 400 25,
Ek6 A 250 - -2 2500 2.
2A7 C 250 100 -3 500 .1
2B7 A(rf) 100 100 -3 400 .1
2B7 A(rf) 250 100 -3 250 .1
2B7 Alai) 250 50 -4.5 7000 1.
6A4 A 100 100 -6.5 600 25.
6A4 A 180 180 -12 500 25.
6A7 C 250 100 -3 500 .1
6B7 A(rf) 100 100 -3 4000 .1
6B7 A(rf) 250 125 -3 2500 .1
6B7 A(af) 250 50 -4.5 7000 1.
6F7 A 100 - -3 500 2.
6F7 A 250 100 -3 400 .1
6F7 Mixer 250 100 -10 2500 .1
24A A(rf) 180 90 -3 500 .1
24A A(rf) 250 90 -3 500 .1
24k A(af) 500 75 -4.5 3000 1.
24A Det 275 30 -5 50000 1.
26 A 90 - -7 2500 1.
26 A 180 -14.5 2250 1.
27 A 135 -9 2000 1.
27 A 250 - -21 4000 1.
27 Det 250 - -30 50000 1.
35 A(rf) 180 90 -3 350 .1
35 A(rf) 250 90 -3 350 .1
36 A(rf) 100 55 -1.5 800 .1
36 A(rf) 180 90 -3 1000 .1
36 A(rf) 250 90 -3 600 .1
36 Det 100 55 -5 50000 .5

36 Det 250 90 -8 80000 .5
37 A 90 - -6 2500 1.

37 A 180 - -13.5 3000 1.

37 A 250 -18 2500 1.

37 Det 90 - -10 50000 .5

37 Det 250 - -28 140000 .5

38 A 100 100 -9 1000 10.

38 A 180 180 -18 1000 10.

38 A 250 250 -25 1000 10.
39 A(rf) 90 90 -3 400 .1

39 A(rf) 180 90 -3 400 .1

39 A(rf) 250 90 -3 400 .1

41 A 100 100 -15 600 25.

41 A 180 180 -13.5 600 25.

41 A 250 250 -18 500 25.

42 A 250 250 -1G.5 400 25.

43 A 100 100 -15 600 25.

43 A 135 135 -20 500 25.

45 A 250 250 -50 1500 10.

46 A 250 - -33 1500 10.

47 A 250 250 -16.5 400 25.

48 A 125 100 -22.5 400 10.

49 A 135 - -20 350 10.

50 A 450 -84 1500 10.
55 A 180 -13.5 2250 10.

55 A 250 -20 2500 10.

56 A 250 -13.5 2500 1.

56 Det 250 - -20 100000 1
57 A(rf) 250 100 -3 1000 .1
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BY-PASS CONDENSER, GRID -BIAS RWS/STOR CHART (Continued)

Type
Tube Purpose

Plate
Volts

Screen
Volts

Grid
Volts

Grid Resistor
In OHMS

By-pass Cap.
In Microferads

57 Det 250 100 -4 4,000 .5

58 A(rf) 250 100 -3 300 .1

59 Triode 250 - -28 1,000 20.
59 Pent 250 250 -18 400 25.
71A A 180 - -43 2,000 20.
75 A 250 - -1.5 3,500 10.
77
77

A(rf)
A(rf)

100
250

60
100

-1.5
-3

700
1,000

.1

.1

77 Det 250 50 -2 3,000 1.

78 A(rf) 90 90 -3 400 .1

78 A(rf) 180 75 -3 600 .1

78 A(rf) 250 100 -3 350 .1

85 A 135 - -10.5
2:2)2

10.

85
85
89

A
A
Triode

180
250
160

-13.5
-20
-20

2,500
1,000

10.
10.
10:

89 Triode 180 -22.5 1,000 10.
89 Triode 250 - -31 1,000 20.

89 Pent 100 100 -10 900 25.

89 Pent 180 180 -18 800 25.

89 Pent 250 250 -25 700 20.

ABBREVIATIONS:

A -means class A amplifier.
Det -means Detector.
of -means audio frequency.
rf -means radio frequency.
Pent -means Pentode.
mixer -means first detector of a superhet.

-Resistor values are given in sizes stocked everywhere and are
satisfactory for most conditions.
-Condenser values are chosen with the question of frequency of
signals involved and circuit conditions.

This tabulation of grid -bias resistors and by-pass condensers

used with different tubes et different voltages and in different parts of the

radio set circuits should be useful to servicemen and experimenters *like.

Biasing Volume Control Considerations

The method employed in older type receivers to control the volume was that of
varying the screen voltage applied to the tubes. Later, with the advent of "super -
control" tubes, the system of C -bias variation was universally adopted. The bias
voltage was obtained either from a potentiometer across the negative portion of the
bleeder, or by inserting a variable resistance in the common cathode lead of several
tubes when manual control of sensitivity was desired.

Most modern receivers employ automatic volume control. The function of the
a -v -c circuit is to properly regulate the bias applied to the control grids of the r -f
and i-f tubes so that constant signal will be delivered to the input of the second
detector. This is accomplished by utilizing the rectified voltage developed across the
load resistor in the diode circuit for the control voltage impressed on the grids of
the amplifier tubes. The diode current flowing through the resistor will place the
cathode end at positive potential and the opposite end at negative potential. The
negative voltage for biasing the grids is obtained from the negative end of this resistor.
The value of the resistor should be such that for a given signal the drop in voltage
across it will be sufficient to bias the tubes being controlled to a sensitivity consistent
with the volume desired. An increase in the r -f signal input will raise the voltage
drop, thereby applying more bias to the control tubes. This will decrease the receiver
sensitivity and maintain the receiver output at normal volume. On the other hand,
a decrease in r -f signal input reduces the voltage drop and thus lowers the bias on
the control tubes. This increases the receiver sensitivity and automatically main-
tains the volume constant. (Courtesy, Hygrade Sylvania, Carp.)
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2.5 -Volt Types

Fil. Plate Grid Screen Cathode BiasType Use Amps. Volts Volts Volts Current Resistor27 Amp. 1.75 90 6.0 .... Ma. Ohms135 9.0 .... 2.7 2,200180 13.5 .... 4.5 2,000250 21.0 5.0 2,700Det. 250 30.0 5.2 4,00056 Amp. 1.00 250 13.5 0.2 150,000Det. 250 20.0 5.0 2,70045 Amp. 1.50 110 31.5 0.2 100,000250 50.0 .... 31.0 1,050
275 56.0 .... 34.0 1,4502A3 Amp. 2.50 250 45.0 .... 36.0 1,550Push-pull for Two Tubes 300 62.0 .... 60.0 75024A RF 1.75 180 3.0 90 80.0 750250 3.0 90 5.7 525Det. 250 5.0 20 to 45 5.7 52557 RF 1.00 250 3.0 100 0.1 50,000Det. 250 4.0 100 2.5 1,20035-51 RF 1.75 180 3.0 90 0.1 60,000
250 3.0 90 8.8 34058 RF 1.00 250 3.0 100 8.0 37547 Pwr. 1.50 250 16.5 250 10.2 290Amp. 37.0 4502A5 Pwr. 1.75 250 16.5 250

40.5 40055 Triode 1.00 250 20.0
Sect. 8.0 2,5002.A6 Triode 0.80 250 1.3
Sect. (thru .1 megohm) 0.26 5,000

Tor Use

6.3 -Volt Types

Fil. Plate Grid
Amps. Volts Volts

Screen
Volts

Cathode
Current

Ma.

Bias
Resistor

Ohms37 Amp. ' 0.30 90 6.0 .... 2.5 2,400
135 9.0 .... 4.1 2,200
180 13.5 .... 4.3 3,100
250 18.0 .... 7.5 2,400Det. 250 28.0 .... 0.2 140,000

76 Amp. 0.30 250 13.5 .... 4.2 3,200Det. 250 20.0
.6:5

0.2 100,000
36 RF 0.30 100 1.5 3.5 430

135 1.5 67.5 4.5 330
180 3.0 90.0 4.8 625
250 3.0 90.0 4.9 615

77 RF 0.30 100 1.5 60.0 2.1 715
250 3.0 100.0 3.0 1,000Det. 250 4.0 100.0 0.1 40,0006C6 RF 0.30 250 3.0 190.0 2.5 1,200Det. 250 4.0 100.0 0.1 60,00039-44 RF 0.30 90 3.0 90.0 7.2 415
135 3.0 90.0 7.2 415
180 3.0 90.0 7.2 415
250 3.0 90.0 7.2 415

78 RF 0.30 90 3.0 90.0 6.9 435
180 3.0 75.0 5.0 600
250 3.0 100.0 9.0 335
250 3.0 125.0 13.5 2206D6 RF 0.30 250 3.0 100.0 10.2 290

38 Pwr 0.30 100 9.0 100.0 8.9 1,000Amp. 135 13.5 135.0 11.4 1,200
180 13.0 180.0 16.4 1,100
250 25.0 250.0 25.8 975

41 Pwr. 0.40 100 7.0 100.0 10.6 670
Amp. 135 10.0 135.0 14.7 680

180 13.5 180.0 21.5 625
250 13.0 250.0 37.5 480

85 Triode 0.30 135. 10.5 .... 3.7 2,800Sect. 180 13.5 .... 6.0 2,250
250 20.0 ..... 8.0 2,500

75 Triode 0.30 250 1.3 0.26 5,000Sect. (thru .1 megohm)

Courtesy, Hygrade Sylvania Corp.



CHAPTER 3
Volume Controls

Circumstances alter recommendations
when it comes to volume controls, and
this chapter is devoted to these units
in a manner calculated to give the great-
est amount of information in the small-
est possible space.

Volume controls should always be
used in the radio frequency portion of
the set. Always control the volume be-
fore the signal reaches the detector. In
superheterodyne receivers the volume
controls should be placed before the
second detector.

Wire wound controls will usually be
found more satisfactory than graphite
or carbon element controls for volume
control use, except where high values
of resistance are required. The wire
wound controls are better for use in
circuits where the control is required
to carry current, as in the case of grid
bias or screen grid controls.

Graphite or carbon controls are ex-
cellent for use in circuits where low
current values flow and resistance values
must be high.

In the case of grid bias and screen
grid volume control circuits, only one
of the amplifier tubes are indicated in
the diagram. In general practice at
least two tubes are connected in the
volume control circuit. The single tube
Is indicated for simplicity.

Filament Voltage Control
A circuit showing this method of con-

trol is shown in Fig. 27. The value of
resistance and the current carrying ca-
pacity required in the rheostat depends
upon the type and the number of tubes
in the circuit. It is wise to select a
control with a slightly higher resistance
than necessary so that sufficient control
can be obtained.

Untuned Antenna Volume Control Circuits
In Fig. 28 and 29, the resistance ele-

ment of the volume control potentiom-
eter is used as the coupling unit be-
tween the antenna and grid circuits.
The signal variation being obtained by
adjusting the moving arm of the poten-
tiometer. Of the two circuits indicated,
the one in Fig. 28 is the best as it abso-

lutely kills the signal at the low volume
setting by bringing the grid of the tube
to the ground with respect to the in-
coming signal. The circuit used in 30
can be used in untuned antenna circuits
where a choke or resistor is used as a
coupling between the antenna and the
grid.
Radio Frequency Plate Circuit Volume

Controls
The circuits shown in Fig. 31 and

32 show volume controls that vary the
plate voltage applied to the plates of
the radio frequency tubes. These cir-
cuits work out well for battery type
sets.

The circuit in Fig. 31 uses a high re-
sistance potentiometer which is con-
nected across the "B" supply. Varia-
tion of the moving arm controls the volt-
age applied to the plates of the tubes.
In Fig. 32 the voltage is varied by
means of the high resistance rheostat
connected in series with the "B" sup-
ply. A compression type of control is
best suited for this circuit, and will give
greater life than that which can be ob-
tained from the carbon or graphite type
of control.

The plate circuit volume control of
Fig. 33 and 34 was a favorite with older
model sets and is not used to any great
extent today, except in experimental
circuits.

Tuned Antenna Volume Controls
The circuit shown in Fig. 35 is the

most desirable method for tuned an-
tenna volume control. At the minimum
setting the primary of the T.R.F. coil
is shorted and the resistance of the po-
tentiometer is in series with the an-
tenna and the primary coil.

The arrangement on Fig. 36 is not
quite as effective as Fig. 35. Fig. 37
is still poorer, but there may be some
applications where these circuits will
provide sufficient control to be satisfac-
tory.

Shunting rheostat connection method
is shown in Fig. 38, and is one of the
simplest methods of control and is very
easy to install. It is generally used as
a supplementary control.

37
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Methods of Controlling Volume
Letters represent following Figure Nos.: A-27, B-25, C-29, D-30, E-31, F-32, G-33,

H-34, 1-35, J-36, K-37, L-38, M-39, N and 0-40. Text describes each.
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Screen Grid Voltage Variation Volume
Control

Volume control by variation of the
screen grid voltage works well with
tubes of the 22 and 24 type, and the cir-
cuit is shown in Fig. 39. The resistance
element of the control can be part of
the voltage divider. In this case the
control should be wire wound, since the
bleeder current of the receiver will flow
through this resistance. Under these
conditions the resistance element will
have a value from 10,000 to 15,000 ohms.

If it is not convenient to have the re-
sistance control element in the bleeder
circuit, it is possible to use a higher
resistance unit of 60,000 ohms in shunt
with some portion of the voltage di-
vider. Also, it is more desirable to use
wire wound resistors in these circuits
because of their higher current carry-
ing capabilities. The carbon or graph-
ite types can be employed as shunts to
the voltage divider, when their resist-
ance is high enough to limit the cur-
rent flow to a very low value. The cur-
rent required by the screens being low
good carbon types of resistance units
can be used successfully for this pur-
pose.

Grid Bias Variation Volume Controls

When variable -mu type of tubes are
used in radio frequency circuits, bias
control of volume will always be found.
The control is used with a limiting re-

sistor in the cathode return of each
tube connected in the control circuit.
As most of the variable -mu types have
extended cut-off characteristic it is well
to make the volume control part of the
voltage divider system. In this case
the control should be wire wound.
When used as part of the voltage di-
vidor system the control will have lower
resistance due to the increased current
flowing through it for a given required
bias voltage. Do not control more than
two tubes in this manner unless the
fixed bias resistor is heavily by-passed
to ground by a condenser.

Grid Bias and Antenna Combination
Volume Controls

In circuits where greater control is
necessary it is desirable to combine two
volume controls as shown in Fig. 40.
Here a single resistance unit serves as
an antenna and a bias volume control.
This is one of the most popular circuits
and is used in many receivers today.

Resistor R1 maintains a minimum
bias on the individual tube. The gen-
eral value of this resistor is 300 ohms.
In some cases it is necessary to increase
the voltage available for bias regulation.
A portion of the bleeder current is then
permitted to flow through the volume
control and this current is limited by
resistor R2. The value of R2 will de-
pend on the voltage required for proper
control for the receiver circuit in ques-
tion.
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VOLUME CONTROL RESISTANCE CHART

CIRCUIT OHMS TAPER ELEMENT
711778 2,000 L.H.T. Wire, Carbon

1,000 or Graphite
11 29 ditto

30 2,000 L.H.T. Wire
10,000 L.H.T. Wire
10,000 L.H.T. Carbon or

100,000 L.H.T. Graphite
500,000 CompresIn

11 31 50,000 N.T. Wire
50,000 L.H.T. Carbon or

Graphite
32 500,000 Compres'n

500,000 R.H.T. Carbon or
Graphite

33 10,000 L.H.T. Wire
10,000 L.H.T. Carbon or

Graphite
11 34 100,000 L.H.T. Carbon or

Graphite
35 10,000 L.H.T. Wire

10,000 L.H.T. Carbon or
Graphite

" 36 ditto
9 37 ditto

38 10,000 L.H.T. Wire
10,000 L.H.T. Carbon or

Graphite
100,000 L.H.T. Carbon or

Graphite
500,000 CompresIn

" 39 ditto
" 40 7,500 R.H.T. Wire

10,000 R.H.T. Wire
20,000 R.H.T. Wire
10,000 R.H.T. Wire
15,000 R.H.T. Wire

Volume control units are listed above in
the order of their desirability, the first
unit in each class being preferred..



CHAPTER 4

Automatic Volume Control Circuits

One of the most desirable features
that can be incorporated in a radio re-
ceiver is automatic volume control.
Many listeners, especially ladies do not
like the sudden intense volume that
blasts from the speaker when a local is
tuned in. Especially when the volume
control has been set for reception from
one of the low power transmitters and
the tuning dial is swung through the
signal of 50,000 watt transmitter.

Smooth performance of a radio re-
ceiver demands automatic volume con-
trol and most receivers are so equipped
today. However, there are many sets
that haven't this feature, and this chap-
ter gives data on the problems encoun-
tered when making changes for A.V.C.
and how they can be overcome.

Automatic control of the volume in a
radio set is generally obtained from a
rectified voltage which depends on a
carrier signal from the radio or inter-
mediate frequency amplifier. This ra-
dio frequency (rectified) voltage is used
to vary the gain of the radio frequency
or intermediate frequency amplifier so
that a practically constant carrier is
fed to the detector circuit. This de-
tector circuit will be the conventional
detector circuit in a tuned radio fre-
quency amplifier and the second detector
in a super.

The regulating signal or voltage can
be used in different ways to vary the
amplification of the radio or interme-
diate frequency amplifier. This voltage
may be applied to the suppressor grid,
screen grid plate or control grid of a
tube such as a 58 for example. The
most common method is to use this reg-
ulating voltage as a grid bias control on
the grids of the radio frequency or in-
termediate frequency amplifier tubes.

In Fig. 41 it will be noted that the
current is flowing in the direction of
the arrow. That is from the plate to
the cathode, through the resistance R
and then back to the tuned circuit. Thus
the cathode end of resistor R is at a
positive potential and the end nearest
the tuned circuit at a negative poten-

tial. As this resistance R is generally
large in value (500,000 ohms) fairly
high values of A.V.C. voltage can be de-
veloped with the low diode currents
available from the incoming signal.

Fig. 41
Elementary delayed A.V.C. circuit

If the current through the diode is
such that it will develop a voltage that
will bias the controlled tubes for satis-
factory reception volume in Fig. 41 what
will happen as the current through the
diodes varies? The current in the diode
circuit will vary with the increase or
decrease in radio frequency signal input.
Thus a decrease in the radio frequency
input will cause a decrease in the volt-
age drop across resistor R. This will
lower the effective bias on the tubes be-
ing controlled, and the sensitivity will
increase so that a normal volume of
signal will be obtained. A stronger ra-
dio frequency signal will cause higher
currents to appear in the diode circuits
and a greater voltage drop will be ob-
tained. This increased voltage will de-
crease the sensitivity of the controlled
tubes so that the effective sensitivity of
the receiver will be essentially the same
as it was in the first instance.

The circuit of Fig. 42 shows the
method of full wave diode detection and
automatic volume control voltage gen-
eration. A very important point to re-
member when comparing half -wave and
full -wave circuits of this type is that
the half -wave method will provide ap-
proximately twice the voltage for A.V.C.
action. The best feature of full -wave
circuits is the elimination of radio fre-
quency currents from the audio feed

41
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Fig. 42

Method of full -wave diode detection

line. This results in greater stability
and minimizes the necessity for radio
frequency filtering condensers and
chokes always found in detector plate
circuits. As the diode circuits are never
absolutely in balance it is wise to in-
clude some filtering in both cases.

Delayed A.V.C.

The A.V.C. circuits of Fig. 41 and 42
start to operate as soon as a signal is
received. In some cases it is desirable
to delay this controlling action until the
radio frequency signal reaches a certain
value. This can be done with the cir-
cuit of Fig. 43. If a voltage from the
power supply unit of the receiver or a
bias battery is connected as shown in
this illustration, then the radio fre-
quency signal must swing to some value
greater than the voltage from the power
supply, or battery, before current will
flow in the diode circuit. If the "de-
lay" voltage is five volts then the posi-
tive peak swing of the radio frequency
signal must be greater than five volts
before the current will flow through re-
sistor R. From this it will be noted
that a certain value of radio frequency
signal must be applied before the auto-
matic volume control action will be ob-
tained.

I.F. OR RF.

INPUT

DELAYED
A.V.C. VOLTAYE

Fig. 43

Half -wave delayed A.V.C. circuit

A circuit that will be found in many
receivers, with modifications of course
is found in Fig. 44. Here the automatic
volume control circuits are drawn in
with -very heavy lines. Note the filtering
resistors and by-pass condensers used
to Prevent coupling between the various
circuits. In this receiver the bias an
the radio frequency amplifier tube, the
pentagrid converter tube and the inter-
mediate frequency amplifier tube is con-
trolled by the A.V.C. action.

Radio frequency filtering is accom-
plished by means of the radio frequency
choke in the grid circuit of the triode
portion of the 55 type tube. This choke
should be of the proper type for use at
the intermediate frequency to which the
intermediate frequency amplifier is
tuned. The standard 85 mh radio fre-
quency choke is generally satisfactory
for use in this circuit.

For those interested in the constants
of the condensers and resistors used in
this receiver the following parts list is
included.

R-250,000 ohm resistor
R1-300 ohm resistor
R2-20,000 ohm resistor
R3-10,000 to 50,000 ohm resistor
R4-25,000 ohm resistor
R5-.5 meg. (A.F. Volume Control)
R6-1. meg. resistor
R7-200 ohm, 5 watt resistor
R8-25,000 ohm, 10 watt resistor
R9-14,000 ohm resistor
L-R.F. Choke
R.F.C.-85 mh. choke
Li-Speaker field, 1,000 ohms
L2-20, 30 henry filter choke, 500 ohms

D.C.
C-.1 mf. tubular condenser
C1-Padding condenser (depends on

coils used)
C2-Tuning condensers
C3-.00025 mf. mica condenser
C4-.006 mf. tubular condenser
C5-.01 mf. tubular condenser
C6-.0005 mf. mica condenser
C7-1. mf. paper condenser
C8-8. mf., 500 volt electrolytic con-

denser
C9-8. mf., 500 volt electrolytic con-

denser
C10-.25 mf. paper condenser
C11-.02 mf. tubular condenser
T1-Intermediate frequency transformer
T2-Plate to push-pull grids A.F. Trans-

former
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PENTAq RID CONVERT.
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AMP
FUSE
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115 V.
A.C.

0

t

I F AMP
58

DIODE DETECTOR
DELAYED At(

55

Fig. 4 4

Note heavy lines of A.V.C. circuit connections

T3 - Output transformer (generally
mounted on speaker), 14,000 ohms
plate -to -plate for 2A5 type tubes.

T4-Power transformer, 400 volts R.M.
S. per side, under lead.
One of the most important problems

encountered in placing A.V.C. circuits
in existing receivers is the selection of
the tubes to be controlled. Thought
must be given to every receiver and each
receiver will have to be considered as
a special case. However, this is not a
problem that cannot be solved by the
experimenter. Every radio man can
compare sets and circuit diagrams of
sets equipped with A.V.C. in service
manuals. Select a receiver with the
same type of circuit and the same num-
ber of tubes if possible. Note the dif-
ference in the power sensitivity of the
output tubes. If the set that you intend
converting for A.V.C. has 45 type tubes
and the diagram that you are studying
has 2A5 tubes check for ample voltage
amplification when the detector tube is
changed over for A.V.C. and determine
if ample audio voltage gain will be ob-

tained to swing the 46 type tubes. These
tubes have lower power sensitivity than
the 2A5's and require more voltage am-
plification. This may necessitate an ad-
ditional audio frequency amplifier stage.
In some cases it will be best to change
over the output tube circuits and use
the output tubes with the higher power
sensitivity. While this adds to the cost
it may be found that another audio stage
is impossible due to space and power
supply limitations.

A very interesting chart showing the
power sensitivity of the various types
of output tubes on the market is printed
by permission of the Raytheon Produc-
tion Corp., and appears in the chapter
on tubes. When adding A.V.C. study
this chart and it will assist in laying
out the necessary changes in the par-
ticular receiver.

While the unexpected inclusion at this
point of the output tube considerations
may seem odd it has a very important
bearing on the selection of tubes to be
controlled. It is always necessary to
obtain ample audio volume and as the
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Fig. 45
Possible A.V.C. circuits for tuned R.F. receivers
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tube used in the detector or second de-
tector circuit will determine both the
A.V.C. voltage and the audio output
available some information must be
available to tie these factors together.

Having decided as to the type of tube
to be used in the detector or second de-
tector circuit and the audio amplifier it
is then necessary to examine the radio
frequency portion of the receiver. The
main requirement of the radio frequency
end of the set will be its gain. If the
receiver is of the low radio frequency
gain type then it will be difficult to ob-
tain sufficient radio amplification to
swing the diode current to such a point
or value where it will be useful for
A.V.C. action.

Examine the block diagrams of Fig.
45 carefully as most of the common types
of tuned radio frequency receivers are
indicated. Notice that the indicated
circuit of Fig. 45 A and B are not suited
for A.V.C. action at all. The reason is
simple, insufficient radio frequency
amplification.

The circuit of Fig. 45C can be A.V.C.'d
but the results will not be satisfactory
unless the A.V.C. voltage is AMPLI-
FIED. Amplified A.V.C. will not fit in
with the average receiver due to the
complications in circuit wiring. There-
fore it is best to leave this circuit alone.

Fig. 45D with the additional audio
frequency stage will be less satisfactory
than "C," due to the increased audio
amplification.

If the circuit of Fig. 45E is of the real
high gain type good A.V.C. action will
be possible. Here the output of a high
gain detector feeds the power tube. In
most cases the power tube will be of
the pentode type and have a high power
sensitivity.

In Fig. 45F, the additional audio stage
(unless the output power tube has low
sensitivity) will necessitate greater
A.V.C. action than the circuit of Fig.
45E.

The use of a separate A.V.C. tube is
an excellent idea and finds its way in-
to many short wave receiver designs.
However, it is not widely used in broad-
cast -receivers as it adds an extra tube.

The method of A.V.C. voltage coupling
to the grid circuit of the radio frequency
tube should be done as indicated in
Fig. 45H. Note that condenser C com-
pletes the resonant circuit of L and C

and serves as a by-pass condenser to
the radio frequency signal blocked by
the resistor R. The value of C and R
will depend on the frequencies tuned by
L and C. The ratio of R to C should
be in the order of 50 to 1. If the re-
actance of the condenser C at 1,000 kc.
for example, is 1,000 ohms then R should
have an ohmic value 50 times 1,000 or
50,000 ohms. As the current through
this portion of the receiver is small, this
resistor can be of the carbon .5 watt
size.

Do not think that extended cut-off
types of tubes can be used in A.V.C.
circuits, and tubes like 57, 36, and
the 24 may not. In many cases it is
necessary to use tubes with the lower
voltage cut-off. The reason is simple.
Tubes with lower cut-off necessitate
lower voltages from the A.V.C. voltage
source. A tube that will have practi-
cally zero mutual conductance with 10
volts applied to the grid will afford
quicker cut-off for a given receiver sen-
sitivity than that will be obtained from
a tube requiring 45 volts. In many
eases, especially where the receiver sen-
sitivity is low, it is best to use ordinary
screen grid tubes so that the maximum
effect can be obtained with the avail-
able A.V.C. voltage. In Fig. 45D greater
A.V.C. action will be obtained when 24
type tubes are used. In this circuit
51 type tubes were tried and after a few
minutes test the variable -mu tubes were
removed and the 24 type tubes used
instead.

If the audio amplification is high use
greater A.V.C. voltages for satisfactory
results. If the sensitivity of the R.F.
portion of the receiver is low and you
must use A.V.C. then use tubes with
low cut-off. Tubes of the low cut-off
type are the 77, 57, 24, etc.

The problems encountered in super-
heterodyne receivers are comparable to
the problems covered in the last few
paragraphs. Here at least one of the
tubes may be used as a composite de-
tector and oscillator, although early su-
pers had a separate oscillator tube.
However, the circuits of Fig. 46 are rep-
resentative of the receivers on the mar-
ket today, and can be used as examples.

Do not try to A.V.C. the circuit of
Fig. 46A. There is nothing to control
due to the lack of sensitivity.

In Fig. 46B a separate oscillator tube
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Possible A.V.C. circuits for superhet receivers
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is used and in the average receiver it
is not advisable to include A.V.C. un-
less the set has very high gain, and is
used in the vicinity of high -power broad-
cast transmitters.

A.V.C. action can be obtained with the
circuit of Fig. 46C if the intermediate
frequency amplifier is capable of high
gain. It would be wise to use tubes
with low values of cut-off, such as the
24 type.

A very common type of circuit is
shown in Fig. 46D and the A.V.C. volt-
age should be applied to the radio and
intermediate amplifier stages. This cir-
cuit works out when the received sig-
nals are great in vartie, and will be
rather useless on weak stations.

The use of the two I.F. stages of Fig.
46E, and the additional control of the
gain before the detector, will give good
A.V.C. action in this receiver. This cir-
cuit has been followed in many of the
commercially made receivers.

Additional A.V.C. control is obtained
in the circuit of Fig. 46F by connecting
the pentode grid of the first detector to
the A.V.C. voltage feed line. While this
circuit is practical the author prefers
to leave the oscillator and detector cir-
cuits alone. The latter permits smoother
operation of the receiver as a whole
and enables the set operator to know
just what voltages are applied to the
detector tubes at all times. This point
may be open to criticism but pelsonal
experience has shown that it is best to
set oscillators and detectors to their
best operating conditions, and so ar-
range their circuits that they will be
operating at the maximum efficiency at
all times.

In an endeavor to provide the maxi-
mum sensitivity with the minimum of
back -ground noise the circuit of Fig.
46G is a great favorite. Here the radio
frequency stage and the oscillator -de-
tector stage are operated for the con-
dition of maximum gain with the mini-
mum back -ground noise and the A.V.C.
voltage is applied to the two interme-
diate frequency amplifier stages.

The method of applying the A.V.C.
voltage to the intermediate frequency
stage is shown on Fig. 46H. This cir-
cuit is familiar to every one and the
value of 01 and R Will depend on the
amplification of the intermediate fre-
quency. Keep the ratio of Xc to R at

least 50 to 1 as covered in the section
devoted to A.V.C. in tuned radio fre-
quency receivers.

Tuning Meters

The use of indicating devices on sets
equipped with automatic volume con-
trol is a desirable convenience. One of
the most satisfactory indicating devices
is a milliammeter so built that the maxi-
mum current flowing through the meter
movement will cause the indicating
pointer to swing over to the left. Then,
when the incoming signal is applied to
the volume control tube, causing an in-
crease in the bias voltage on the grids
of the amplifying tubes, the needle will
swing to the right. The greater the
pointer swing to the right the closer
will be the approach to station reso-
nance.

The meter is placed in the plate cir-
cuits of the R.F. or I.F. tubes and the
meter to be used will depend on the
amount of current flowing in the plate
circuits. This current will be the sum
of the plate currents of the tubes con-
nected to the meter.

Meters of this type can be purchased
in several ranges and can be mounted
with an escutcheon plate on the front
panel. Fig. 47 shows the visual tuning
meter made by Readrite Meter Works,
Bluffton, Ohio. These meters can be had
in several ranges. The following cur-
rent ranges can be obtained; 0-5, 0-10,

Fig. 47
Inexpensive type of tuning meter
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0-15 ma (full scale of deflection). The
current scale selected should be the
one whose indicator will move to the
extreme left and which is determined
by the plate current of the tubes into
which the meter is inserted.

In order that the proper range can be
selected the circuit of Fig. 48 has been
included. This circuit shows the plate
circuits only and represents the R.F.
or I.F. circuits which are controlled by
the A.V.C. tube.

The plate current indicated in three
plate circuits will be equal to the total
value of plate currents of various tubes
see the tube chart in Chapter 2. Select
the meter range nearest to the value of
plate current present when the tubes
are supplied with the bias which gives
normal plate current.

Increased input signal raises the bias,
thus reducing the plate current, and the
indicating needle moves to the right due
to the increased current.

Fig. 48
Tuning meter circuit connections

Resonance Indicators

One of the methods available for vis-
ual tuning incorporates a neon gas filled
tube. This tube has two elements; a
long cathode over 3 inches long and a
short cathode one-half inch long. These
elements are inclosed in a glass tube
three and one-half inches long and one
half inch in diameter. Gas lamps con-
nected across the loudspeaker terminals
are instantaneous in responding to
changes in signal strength which is in-
dicated by the variation of the intensity
of illumination. In the "Tune-A-Lite,"
the variations of sound intensity varies
the height of a column of red neon light.
This tube mounts in an automobile
headlight socket. Of course the indi-
cator should be mounted on the front
panel of the receiver, above the tuning

scale. As the voltage across any gas
tube is increased from zero, a particular
value of voltage will be reached when
the tube just begins to glow. This volt-
age is called the "striking" voltage. If
the potential across the tube is further
increased, the intensity of the glow in-
creases, but in this tube it is spread out
so that the length of the glow increases.

The chart of Fig. 49 shows how the
rise of the glow discharge varies as the
current through the tube is increased.

To determine the ignition voltage, and
the potential at which the tube will go
out (called the extinction voltage) the
circuit of Fig. 50 is used. The resistor of
R is increased from zero until the tube
just glows. The value indicated by V
is the ignition voltage. If the value of
the resistance R is decreased from high
value until the tube just goes out, the
value V will be the extinction voltage.

Fig. 50
Elementary Tune-A-Lite connections

These tubes are especially adapted to
receivers using A.V.C. When the signal
is applied to the grid of an amplifier
tube, the plate current, of course, in -
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creases and decreases with the signal,
with the average plate current remain-
ing the same. The signal voltage passes
to the A.V.C. tube which by its method
of operation, increases the grid bias of
the amplifier, thus lowering the average
plate current. The actual plate voltage,
therefore, rises, due to the decreased
voltage drop in the plate circuit of the
tube. The "Tune -a -light" tube takes ad-
vantage of this condition and uses it for
its operating principle.

From the above, it is obvious that the
tube should be connected in the circuit
where a voltage will increase and de-
crease with the signal. For example,
if the tubes which are controlled by the
A.V.C. have all their "B" plus leads
connected together at a common point
before entering the power supply unit
as shown in Fig. 51; then when the
light is connected between the common
point and the bleeder resistor in the
power unit, it will work in the follow-
ing manner.

OR MORE

TO POWER OUTPUT TUBE

TO CONTROLLED
R.F. TUBES OR

T.F. TUBES AND
ANODE OF
TUNE-A-LITE

TO CATHODE
TUNE-A-LITE

Fig. 51
Tune-A-Lite circuit connections

The A.V.C. tube will cause a decrease
in the voltage drop across the resistor
R, Fig. 51, as the signal is tuned in.
The voltage between the terminals of
the light will then increase, depending
on the strength of the signal, which in
turn depends on the condition of reso-
nance. The height of discharge will be
a maximum when the receiver is tuned
t..) exact resonance.

Fig. 52
Method of adjusting no -signal voltage

The circuit of Fig. 52 shows the cath-
ode of the light connected to a variable
arm on the voltage divider. This ad-
justment sets the "no -signal" voltage
applied to the tube, and is adjusted so
that it is just equal to the ignition
voltage.



CHAPTER 5

Short Wave and Police Band Reception
Nothing has caught the interest of

radio fans so rapidly as short wave and
police band reception. Short wave re-
ceivers are the sets of the hour and
there are many interested in changing
over sets so that these interesting bands
can be included. However, there are
several considerations before adding
short wave tuning bands to a standard
broadcast receiver.

A. study of the most popular receivers
on the market for this year finds that
present receivers are divided into sev-
eral groups, and offer different classes
or types of reception. A study of the
small chart following indicates these
groups.

1-Broadcast and Police Bands (550
to 1000 meters) Two tuning ranges.

2-Broadcast and International Broad-
cast Bands (200-550, 17-55 meters) Two
Tuning ranges.

3-Broadcast and Short Wave Bands
(200-550, 80-200, 40-80, 20-40 meters)
Four Tuning ranges.

4-Broadcast, Short Wave and Long
Wave (Same as No. 3 except an added
range (750-1700 meters) Five tuning
ranges.

The last is used for export and is sel-
dom found in the U. S., however it was
listed as a point of reference.

Of all the types No. 1 and No. 2 are
the easiest to include in receivers, as
they require a minimum of equipment
and can be worked into most sets.

It is not practical from the viewpoint
of simplicity to try and add several
bands. A study of the limitations of
the tuning coils, condensers, etc., will
show that for the best efficiency at low
cost, more than two wave bands or tun-
ing ranges will complicate matters.

One of the easy ways to change over
a standard broadcast receiver so that
police and 160 meter amateurs can be
received, is to remove turns from the
tuning coils so that the tuning range is
shifted. This method is workable with
sets of the later type. Most of the older
type receivers do not tune down to 200

meters, whereas most of the more mod-
ern sets of the superhet. type will, and
these sets can be modified. The only
necessary change is to remove turns
from the coils. This will throw the
tuning scale off if the scale is calibrated
in kc. If this is not objectionable then
proceed as follows.

If the set is a super remove five turns
from the secondaries of the radio fre-
quency or band-pass coils and the de-
tector coils. Remove three and one half
turns from the oscillator grid coil. Re-
move turns from the tuning coils at the
end furthest from the primary. This
end of the coil is called the grid end
or "hot"end. Rebalance the tuning con-
densers and check the tracking of the
oscillator. The set is ready for testing.
In some cases, stations around 550 me-
ters will be received due to the reduced
inductance of the coils. This may be
objectionable.

There are many sets on the market
similar to the one shown in Fig. 53. In
sets of this type it is best to obtain a
set of coils suitable for broadcast and
police band reception. In this circuit
a double pole switch can be used to
connect the upper secondary coils in
parallel to the lower secondary coils.
This shunting of the standard broadcast
coil with a smaller coil reduces the ef-
fective inductance of the two tuned cir-
cuits. When the double pole switch is
opened the smaller upper coils are float-
ing and broadcast reception can be ob-
tained. These coils can be purchased
in sets of two and three at low prices
and it does not pay to try and wind
them by hand, unless you have the
proper equipment for coil matching.

Some more coil and tube information
has been made available by RCA -Cun-
ningham which will serve the short
wave super fan. This material gives
data on coils, wire sizes, tubing sizes,
etc. Fig. 54 covers the coil data for
the various bands.

The pentagrid converter tubes 2A7,
6A7, and 1A6, frequently used as com-

50
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bination mixer (first detector and os-
cillator) in broadcast receivers, have
application in short-wave or multi -range
receivers.

This application note is devoted to a
discussion of the conditions under which
the pentagrid converter may be used in
multi -range receivers, of the proper cir-
cuit conditions for best operation, and
of the specifications and constants for
the inductances and capacitances suit-
able for various frequency bands.

All of the advantages which these
tubes have for applications at broadcast
frequencies are retained at the higher
frequencies. The fundamental circuits
for the higher frequencies are found to
be almost identical with those used for
the broadcast band. Also, operating
voltages are the same as those recom-
mended for broadcast frequencies.

In such a receiver, it is generally de-
sirable to use the same tuning condenser
for each frequency band, a convenient
capacity range being approximately 40
to 350 mmf.

In a multi -range receiver typical fre-
quency bands are:
550 to 1,500 kilocycles -4 to 10 mega-

cycles.
1.5 to 4 megacycles -10 to 25 megacycles.

The low frequency band of 150 to 400
kilocycles is sometimes included.

An intermediate frequency of approxi-
mately 450 kilocycles is suitable for use
with all of these bands. The 2A7 and
6A7 will operate satisfactorily in all the
bands to provide gain comparable with
that obtained at broadcast frequencies.
The 1A6 may be used in all except the
10 to 25 megacycle band. Although the
1A6 can be made to oscillate at fre-
quencies higher than 25 mc., it is diffi-
cult to cover the 10 to 25 mc. band. To
cover this and higher frequency bands,
the 1A6 can be used in combination with
a triode.

The table below gives for the fre-
quency ranges considered the approxi-
mate values of inductances for r.f. and
oscillator coils and of series condensers.
The constants assumed are:

Frequency Band Megacycles

.15
to
.40

.55
to
1.5

1.5
to
4.0

4

to
10

10
to
25

R.F. coil inductance (L) 3248 241.6 32.5 4.43 .709 microhenrie.3
Oscillator grid coil inductance (L) 699 131.2 25.0 3.60 .648 microhenr it
Tracking Condenser (C) 120 385 1000 mmf.
Additional minimum capacity re-

quired in oscillator circuit 22 9.5 4.3 11.3 4.2 mmf.
Ratio of oscillator grid coil induc-

tance to r.f. inductance .21 .54 .77 .81 .92 mmf.
*Not required for the 4 to 10 and 10 to 25 megacycle bands.

R.F. tuning condenser, 40 to 350 mmf.
Intermediate frequency, 450 kc.
The minimum capacity assumed will

be somewhat higher for the high -fre-
quency ranges, due to the close coupling
between circuits necessary at high fre-
quencies.

The design of the high -frequency os-
cillator coils recLuires care. The prin-
ciple requirements are:

1. Low resistance in the grid coil.
2. High mutual inductance between

grid and plate coils.
3. Low capacitance between grid and

plate coils.
4. Low self-inductance in plate coil.

Since these requirements are to some
extent contradictory, compromises are
indicated. Other considerations such as
restrictions on overall dimensions and
wire size should be taken into account.

Grid and plate coils are made short
in comparison with their diameters to
facilitate proper coupling. The plate
coil is wound at the end of the grid coil
rather than inside of it in order to keep
their inter -capacitance at a low value.
The inductance of the plate coil is about
twice that of the grid coil for the 10 to
25 mc. coil. Increasing plate turns be-
yond the number given will increase the
amplitude of oscillation at the low-fre-
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Fig. 53
Circuit of broadcast and police band receiver

quency end of the range, but will also
limit the high -frequency end to a value
considerably less than 25 mc.

All except the 10 to 25 mc. coil may
be used with the 1A6, although it may
be desirable to increase the plate turns
on the "4 to 10 mc." coil for use with
this tube. All coils will operate with
the 6A7 and 2A7 in the circuit of Fig.
65.

It is possible to use the 1A6 in the
10 to 25 megacycle band and the 2A7
and 6A7 at still higher frequencies by
connecting a triode in parallel with the
oscillator portion of the pentagrid con-
verter, as shown in Fig. 56. This com-
bination may be used in any variation
of this circuit without change in con-
nections or voltages. The function of
an extra tube is to increase the voltage
available for excitation of the oscillator
circuit. This is necessary at high fre-
quencies because of the very unfavorable
L/C ratios and consequent low impe-
dances obtained with tuned circuits op-
erating at these frequencies. Combina-
tions suitable for use in this circuit are:

Pentagrid Converter
2A7
6A7
1A6

Triode
56
37

30

When these converter -triode combina-
tions are used, it is not necessary to
disconnect the triode for low -frequency

operation. However, with this combi-
nation, it will probably be found desir-
able to reduce the number of turns in
the low -frequency oscillator plate coils
in order to keep the voltage developed
across the grid coils at the value best
suited for operation, of the converter.

Short Wave Converters
Perhaps the best solution to this prob-

lem of providing short wave reception
with a standard broadcast receiver will
be found in the use of a short wave con-
verter. There is no reason why a short
wave converter cannot be used with a
standard broadcast set with excellent
results. Many persons have reported to
the writer that they have not had the
results expected. In every case there
has been some mistake made by the
converter constructor, especially in con-
necting the converter to the broadcast
receiver. This problem of coupling is
one of the most important considera-
tions.

Converter users claim that the system
lacks sensitivity. Since the broadcast
receiver contributes most of the ampli-
fication, it must be in good condition.
The R.F. and I.F. stages must be prop-
erly lined up. Especially at the fre-
quency to be used as the intermediate
frequency.

After the broadcast receiver has been
checked then look to the converter. The
oscillator and first detector tuning con-
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CONTROL BRIO OSCARIO
BIAS SUPPLY

SCREEN PLATE
SUPPLY SUPPLY

C  OSC. UMW, CONDENSER L1  R -F INPUT INDUCTANCE
C,TRACKIN4 CONDENSER* LE - OSC.C,RiD INDUCTANCE
R  SELF-BIASiNg RESISTOR L3  05C.PLATE INDUCTANCE

OSC,C,RiD RESISTOR N NOT REQUIRED FOR THE 4 To 10
AND 10yo2.5 MEC,AcYCLE BANDS

Fig. 55
Pentagrid converter constants

R.F. INPUT'

LI ar
I A6

C

C,

IF OUTPUT

CONTROL (RIO OSC GRID SCREEN PLATE
BIAS SUPPLY SUPPLY SUPPLY

NOTE : TYPE 30 IS TO BE USED WITH 1A6 FOR 10 rc;25
NIEC,ACYCLE BAND, SEE TEXT

Fig .56
Using 30 type tube for H.F. oscillation

densers must be properly aligned. Most
converters are made with a trimmer
connected across the first detector tun-
ing condenser. It should be possible,
by turning this, to bring the signal
sharply into resonance. Should this
prove impossible, it means that the tun-
ing coils are not properly lined up.
Turns should be removed or added to
the oscillator coil for that range until
the two condensers track.

If the sensitivity is low after the con-
verter and broadcast tuning has been
lined up accurately it is probably due
to R.F. losses in the coupling between
the two (converter and the receiver).

The circuit of Fig. 57 is most gen-
erally used for coupling in short wave
converters. Sometimes this method is
inefficient because it can reflect back
to the plate of the first detector the im-
pedance to which it is coupled. This
is usually the antenna winding as em-
ployed in a broadcast set, and this may
be a low value of inductance, with the
result that the output circuit of the
converter is not sufficiently loaded and
operates at very low gain. Many broad-
cast receivers have band-pass input
stages. Do not couple converters to
the grid of the first R.F. tube, couple
to the antenna. Ground primary wind-
ing. This will improve selectivity.

Fig. 57
Converter Coupling Circuit

A more complicated circuit is shown
in Fig. 58 and is a real improvement in
the sensitivity of a converter -broadcast
combination. It employs a stepdown
R.F. transformer with its primary tuned
and its secondary arranged in an un-
tuned link circuit with the antenna coil
in the broadcast receiver. Link coup-
ling in short wave transmitters has been
used for years.

The twisted coupling line may be sev-
eral feet long as the losses are low. The
turns ratio of the output transformer
prevents the low impedance of the link
circuit from being reflected into the

Fig. 58
Link coupling circuit



BRINGING ELECTRIC SETS UP-TO-DATE

plate circuit of the converter detector.
This circuit was a standard broadcast

antenna coupling coil such as is found
in broadcast sets. It should not be of
the high gain type. C should be about
.00025 mf. (mica type), and C 2 a 100
mmf. compression type condenser. This
will tune the unit to frequencies lower
than 650. If the I.F. selected is greater
than 650 reduce the size of C 1. Do not
ground the primary of the antenna coil
in the receiver.

Use twisted lamp cord as the coupling
link. A better method of coupling by the
link method permits grounding and is
shown in Fig. 59. The windings are
placed on a 1" form and consist of 12

Fig. 69
Balanced -line link circuit

55

turns No. 29 or 30 D.S.C. wire with a
center tap. The diagram indicates how
the ground is specially connected, and
which is an excellent method for reduc-
ing noises.



CHAPTER 6
High Fidelity Audio Systems

One of the most interesting develop-
ments of the present year is the trend
towards high fidelity reception. While
it has not reached a state of general
public acceptance, one will find many
persons interested in obtaining truly
improved audio performance. This
means that the receiver should be cap-
able of handling audio frequency ranges
from about 40 to 7,500 cycles. This is
the greatest audio frequency range re-
quired today and will not be found in
the average radio set. Most radio sets
of the real selective variety have a ten-
dency to cut off at about 1,000 cycles
with a steady decrease in audio output
until 5,000 cycles are reached, where the
response is practically at complete cut
off.

While there are a few 1934 receiver
models manufactured that are capable
e responding up to 5,000 cycles, the ac-
tual number of manufacturers turning
out this high-grade type of receiver is
rather limited. Therefore, there is a
ready market for changes in radio re-
ceivers which will permit the amplifica-
tion of these higher audio frequencies.
It is necessary at this point to consider
a very important factor. A radio set
that will respond to frequencies up to
7,500 cycles will also respond to a greater
noise area, which, of course, should be
nullified so the reception could be en-
joyed. If we have a receiver which is
capable of responding to audio frequen-
cies from 40 to 7,500 cycles, there will
be a certain additional amount of noise
coming in which up to the present, due
tc the attenuation of the higher audio
frequencies, which has not been pre-
viously noticeable.

If the receiver has its audio frequency
ranges extended down to 40 cycles and
up to 7,500 cycles we can therefore see
that noises within that additional fre-
quency range will be amplified. It will
be found that the amount of noise pres-
ent in the output of the receiver is
nearly equal throughout the audio band.
Thus, as a high fidelity receiver will
pass more noise, it will be absolutely

necessary to use some means of noise
elimination so that disagreeable effects
can be eliminated.

If a high fidelity audio system is in-
cluded in a radio receiver, the customer
may not be satisfied, due to this in-
creased noise, and blame it on the re-
ceiver itself (when it might be due to
a noisy location) especially if he is not
familiar with the problems of radio.
Most of the noise encountered in the
receiver is local and does not come in
on the carrier from the transmitting
station. Therefore, some type of noise
reducing antenna system should be used
in receivers of this kind.

A simple system using the antenna
impedance matching transformer and
impedance transmission line with a re-
ceiver matching transformer, located at
the receiver as shown in Figure 60, is
very satisfactory for use on broadcast
bands, and for that purpose cannot be
beat. Of course, it is necessary that the
top part of the antenna be raised as
high as possible away from any possi-
bility of noise pickup for best results.
The dimensions given in the illustra-
tion are very satisfactory for use with
the modern radio set.

ANT

ANTENNA IMPEDANCE
MATCRiNq TRANSE

RECEIVER IMPEDANCE
y" MATCWINC, TRAN5E 

TO SET

Fig. 60
Noiseless antenna connections

56
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If a high fidelity audio system is be-
ing incorporated in one of the new all
wave receivers, it would be wise to use
a transposed double antenna as shown
in figure 61. Doublet antennas of this
type are directional, and in the United
States, for best results, should be strung
in north-west, south-east direction. Res-
onate the antenna by cutting off equal
lengths from both halves until it will
have a natural period of about 19 me-
ters. This will be a very good antenna
for the 25, 31 and 49 meter bands which
are used for international broadcasts.
This aerial while particularly good for
the above wavebands, can be used for
the amateur, police and aircraft bands,
and while the antenna efficiency will
fall off, from one band to the other, it
will be made up by the increased effi-
ciency of the receiver which will gen-
erally improve as the frequency goes
dawn.

INSULATORS

If 20.5'

TRANSPOSED
LEAD-IN

S

LIENTNING
ARRESTORS

19"

5'

ANTENNA

TO SET

Fig. 61
S.W. transposed antenna

Numerous antenna kit manufacturers
have done considerable work along these
lines, and it would be well for the reader
to pick up all the information he can
on these antennas, as it will become
more important as the frequency width
of the audio channels in our present
radio receivers are increased. In every
case it will be necessary to broaden the
tuned circuits so that no frequency dis-
crimination occurs before the detector.

Tone Controls
It may seem strange to many readers

for this sudden switching from the sub-
ject of high fidelity to tone controls.

57

47,2,45,59,33

NOTE.- WHILE TUBE INDICATED IS A ZAS, THE TONE
CONTROL VALUES ARE SUITABLE FOR ALL TUBE5
LISTED ABOVE.

Fig. 62
Simple tone -control circuit

However, there are many set owners
who still have a great desire for "Bass
Note Reception." Many of the earlier
models of radio sets did not have tone
controls, and while most of the later
model sets incorporated such devices,
they did not prove satisfactory in giv-
ing the desired range, so that now there
is always an opportunity for making
changes in this portion of the receiver
circuit. Tone controls are always lo-
cated in the audio frequency portion of
the receiver, generally between the de-
tector and output power stage in the
smaller sets, with the tendency on the
part of some manufacturers to put the
tone control in the plate circuit of the
pentode output tube. In this position
it serves two purposes-one to maintain
the plate loading impedance constant;
secondly, to cut off the higher audio fre-
quencies which are not desired in the
output. This also has a tendency to re-
duce the hash or noise present in a high
gain receiver. Five interesting circuits
are shown in figures 62, 63, 64, 65 and
66, with complete electrical specifica-
tions, showing some of the more popu-
lar methods in use today.

Fig. 63
Grid -circuit tone control
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A.F. .001 ME
OFT. TRANS. .002ME .000110. AISTA4E

NOTE: VALUES OF CAPACITY WILL BE GOVERNED BY
TYPE OF AUDIO TRANSFORMER USED. IT IS BEST
TO TRY DIFFERENT VALUES. VALUES INDICATED
ARE SUGGESTIONS.

Fig. 64
Step type tone control

PUSH-PULL CIRCUITS
WITH TONE CONTROL

Fig. 65
P.P. circuit tone control

Modifications of these methods can be
developed to fit the conditions of the
particular receiver in question, and, of
course, to suit the set owner.

The coming thing in tone controls will
be the introduction of automatic tone
control circuits. This is generally ab-
breviated as A.T.C.

The circuit in figure 67 shows how an
A.T.C. circuit can be incorporated into
one of the more modern receivers of
the superheterodyne class.

OET.'27 R.F.C.

I MF.

GO H.

.5 MELT

TONE
CONTROL

COMPENSATED TONE CONTROL CIRCUIT

Fig. 66
Compensated tone control

The type 51 tube has its control grid
connected to the negative side of the
diode load resistor, which, of course, is
the source of the AVC voltage. The
tube during operation acts as a variable
capacity across the output circuit of the
diode. The capacity increases with a
decrease in signal. If the signal
strength is high, then the total capacity
across the diode output is the capacity
of the grid -plate coupling condenser plus
the grid plate capacity of the tube. This
effective capacity has a value ordinarily
used for shunting in the diode load cir-
cuit. This will not cause attenuation
of the audio frequency output in this
portion of the circuit.
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Fig. 67
Automatic tone -control circuit

If the signal is weak, the dynamic ca-
pacity of the condenser C will rise to a
high value. The minimum signal gives a
dynamic value (.0002 mf. cond.) of about
50 times the static value. The result
is an increase in attenuation of the high
audio frequencies with the actual audio
cutoff extended down to 800 cycles
(approx).

The operation is based on the fact
that the input capacity of the tube varies
with the mutual conductance and is
controlled by the grid to plate capacity.
The grid to plate capacity of the vari-
able -mu tube plus a static capacity C
permits larger values of input capacity
to be obtained and in this particular cir-
cuit the capacity reaches .006 mfd.

This automatic tone control works
right along with the automatic volume
control and because of the high capacity
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developed across the diode load a very
effective inter -carrier noise suppressor
action is obtained. This circuit de-
creases the amount of noise present in
proportion to the signal strength with
the greatest removal at minimum sig-
nal. For this reason the "wash" on the
end of a frequency channel is entirely
removed.

Another method of A.T.C. control is
found in Fig. 68. Here the value of re-
sistance changes with changes in the
grid bias voltage. A -B and C -D repre-
sent the audio feed circuit and the plate
of the tube works into a very high im-
pedance from the A.F. line to the plate
by the condenser C. If the grid is con-
nected to the most negative end of the
diode circuit and the signal voltage is
high then the grid bias will also be high.
Under these conditions both Rp and the
impedance L will have extremely high
values and condenser C is an ineffective
by-pass path. However, when the signal
voltage is small the grid bias is also
low. Then the value of the plate im-
pedance drops and condenser C becomes
effective as a by-pass. The effectiveness
of C varies as the strength of the signal
applied to the diode section of the de-
tector tube. Circuit arrangements can
be used introducing parallel resonant
circuits by selection of C and L.

Fig. 68
Simple A.T.C. circuit

Phonograph Pick -Up Connections
Most radio receivers can be adapted

for phonograph reproduction with very
little difficulty. This is another source
of income for the man specializing in
modernizing radio receivers. The cir-
cuits given in Fig. 69 cover several of
the most common circuits used. In A
we find the common application of the
pick-up and volume control connected
to the input circuit of an amplifier tube.
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Practical phono pick-up circuits

This circuit works very well with sets
having two audio stages. The average
pick-up does not have an audio output
that approximates the gain in the radio
frequency end of a set, thus it is neces-
sary to have at least two stages to pro-
vide the proper signal volume.

In B we find the pick-up connected in
series with the primary of the tuned
R.F. transformer with a simple shorting
switch which disconnects the phono-
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Four methods of connecting microphones to

radio receivers

graph pick-up from the tuned circuit
when using the set as a radio receiver.
It is necessary that R2 be chosen so
that when parallel with R1 the tube will
function as a amplifier, not as a de-
tector. This resistor R2 should always
be connected when using the pick-up and
is absolutely necessary for quality re-
production.

In Fig. C we find a simple way to se-
lect the value of resistance used for vol-
ume controls with pick-ups. If the im-
pedance of the pick-up is 200 ohms and
you wish to use a volume control with
it, select a control with a resistance hav-
ing a value of 5 times the impedance of
the pick-up. In this case the volume
control will have a value of 1,000 ohms.
The lower the value of this resistor the
lower the gain from the pick-up. There-
fore always select the volume control
with the higher value. Thus, there will
be no falling off in pick-up output.

In Fig. D we find a combination which
can be used with a phonograph pick-up
and a microphone with a volume control
in the detector grid circuit. Notice the
use of the additional resistor in the de-
tector bias circuit. This changes the ef-
fective bias of the detector tube so that
it will function as an amplifier. Circuits
of this kind can only be used with radio
sets having high audio gain due to the
lower sensitivity of the mike. How-
ever, if the lower priced carbon mikes
are used, satisfactory operation can be
obtained if the turns ratio of the pri-
mary to secondary is at least 20 to 1.

Connecting Microphones

Several manufacturers have brought
out a very simple microphone of the sin-
gle button type. This microphone can
be connected in the cathode circuit or
plate and cathode of an audio stage tube,
and operates on the plate current of the
tube; connections are shown in Fig. 70.

While this microphone is quite sensi-
tive and has a high output when con-
nected as shown in Fig. A it is not noted
for quality.

Fig. B shows the use of a single but-
ton microphone, generally of the "hand
type" with its microphone transformer
connected to the grid circuit of a radio
tube. A double pole switch connects
the bias adjusting resistor and connects
the secondary of the microphone trans-
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former to the grid of the tube. R2 is
necessary, changing the operating con-
dition of the tube so that it functions
as an amplifier and not as a detector.

In all of these figures triode tubes
have been indicated but tubes of the
pentode or screen grid type can be used
with this type of equipment in the same
manner. The reason for working in
ahead of the detector tube in circuits of
this type is to obtain the maximum gain
that the circuit affords. R2 should be
of such a value as to reduce the effective
resistance (cathode to ground) to about
3,000 ohms for tetrodes or pentodes, and
about 2,000 ohms for triode type tubes.

In Fig. C a double button microphone
is used with a microphone transformer,
output switch with the secondary of
the microphone transformer connected
across the grid -ground circuit of the 55
type tube. Some tone control action
will be obtained from the manual vol-
ume control, since the audio grid coup-
ling condenser in series with the vari-
able 500,000 ohm diode lead resistor also
shunts the audio grid circuit. While
this tone control is not entirely effec-
tive, not being designed for this pur-
pose, some tone effect will be obtained
in almost every case with this circuit.

In cases where additional amplifica-
tion is necessary, prior to connecting
the microphone and microphone trans-
former to the radio set, build a single
stage amplifier as shown in Fig. D. You
will note that the volume control is con-
ected across the secondary of the micro-
phone transformer. All constants for
this circuit are stated and there should
be no trouble in building such a unit.
The filament and plate voltages can be
taken from the radio set. If it is de-
sired to have battery operation use a
30 type tube with two dry cells for the
filament supply and about 22 volts B
battery for the plate.

Carbon Vs. Condenser Mike

Most high quality two -button micro-
phones produce on the average an out-
put level lying between -30 and -50 db
when operated under the usual pickup
conditions. For the purposes of this
article, the reference level is assumed
to be 6 milliwatts (0.006 watts). The
output level, however, depends on the
condition of the buttons, on the button

current and, of course, on the actual
value of the sound pressure.

It is never possible to assume that a
variable frequency sound source of con-
stant pressure will deliver a constant
sound pressure at the microphone dia-
phragm, for reflection, absorption and
resonance due to surrounding acoustic
conditions always introduce an unknown
element. It should be remembered,
however, that the human ear, if it were
located at the pickup point, would like-
wise sense the effects of the acoustic
conditions, so that these facts in no way
imply improper functioning of the mi-
crophone itself.

The single -button microphone is in-
tended for applications where high out-
put is more important than a uniform
frequency response. The response range
is much more restricted and there is
usually a diaphragm resonance peak
rather low in the frequency scale. Hence
the device is suitable in connection with
headphones which in themselves are not
capable of wide range reproduction, but
would not be satisfactory on high qual-
ity systems for loudspeaker reproduc-
tion of music or voice.

All carbon microphones produce some
"hiss" or carbon noise. In well designed
microphones, the "hiss" has a very low
level, but it is always present to a
greater or lesser degree. Part of the
noise is due to thermal agitation inside
the carbon granules, but the greatest
noise disturbances are caused by local
heating where the granules are in con-
tact. As current passes through the
button, some heat is produced which
tends to drive gas out of the more or less
porous surface of the granules. This
results in random variations in the re-
sistance of the button, giving rise to a
non -periodic noise. This noise lies prin-
cipally in the upper portion of the fre-
quency range.

The condenser microphone is almost
entirely free from background noise, for
there are no variable contacts such as
those in the buttons of the carbon trans-
mitters. The principal sources of noise
in the condenser microphone are found
in electrical leakage between back plate
and diaphragm, dirt or foreign matter
in the air gap, thermal agitation in re-
sistors in the amplifier circuit and tube
noises.

(Courtesy, Shure Bros. Co.)
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Radio's Greatest Servicing Book
The Most Complete Directory

of Radio Circuit Diagrams
in One VOLUME
of over 2300 Pages

with Extra Heavy Cover
- Loose Leaf Bound

Buy This Big Volume on our New

DEFERRED PAYMENT PLAN
Here are two of the most surprising announcements
that we have ever made to the radio trade and we
know that it is such good news that every radio man
will be greatly enthused.
FIRST-that the three editions of the OFFICIAL

RADIO SERVICE MANUALS have now been com-
bined into one big volume of over 2,300 pages.

SECOND-that this new single volume of consolidated
radio circuit diagrams and complete radio servicing
course can be bought on a deferred' payment plan-
and at a big saving for you.

It is needless to say how valuable the OFFICIAL
RADIO SERVICE MANUALS have been to members
in every branch of the Radio Industry, and. how many
thousands of each edition have been sold to manu-
facturers, jobbers, dealers, Service Men and experi-
menters. But we must emphasize this one feet: Ser-
vice Men now realize that, they are tremendously handi-
capped without the full set of Gernsback Manuals. So
much so, that those who have purchased only one or
two volumes, are NOW ORDERING THE MISSING
BOOKS.
The complete book gives yOtt a volume of over 2,300
Pages with over 5,500 diagrams, charts and photos.
There are absolutely no pages or illustrations or dia-
grams duplicated. There is no radio book published
today which is so modern, up-to-the-minute, and which
contains so much useful information as is to be found
in this single volume. It is a book that will outlast
any other radio book in print. The book measures
9" wide, 121, long, 41/2" thick.

Included in this volume is a complete radio ser-
vicing course. This course covers every step needed to
learn the servicing business ... from starting in busi-
ness ... materials needed ... and how to go about
servicing receivers and repairing other radio equipment.
This course in itself, is actually worth the price of
the entire book.

Mail Coupon Today!
GERNSBACK PUBLICATIONS, Inc.,
99 Hudson Street, New York, N. Y.
Gentlemen:

In accordance with your Special Offer, I enclose
herewith $3.00 as first payment toward the One -
Volume Radio Manual. Please forward it to me

1 promptly. Upon receipt of the book, I shall pay
I express company $5.00. Thirty days later I shall

I send you $3.00, and sixty days after receipt of
books, I shall send you my last payment of $3.00.

1 If you want to take advantage of the Special Dis-
count of 10%, remit only $12.60 with this coupon.
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this single volume-a Complete Directory of all Cir-
cuit Diagrams, of over 2,300 pages, on deferred pay-
ments. Too can order this book immediately-get it
in a few days, and use it while you are doing ser-
vicing work. You can make the first few calls Day
for the entire cost of the book.
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1932 OFFICIAL RADIO SERVICE MANUAL, with
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and the 1933 OFFICIAL RADIO SERVICE MANUAL
Complete

at a big saving.
THE SPECIAL NEW PRICE FOR ALL THREE

MANUALS, WITH SUPPLEMENTS, IN ONE
VOLUME, WITH HEAVY BINDER
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$14.00
You buy this book this way-
Send $3.00 with order-
Pay $5.00 to Express Company upon receipt of book.
Send $3.00 thirty days after receipt of book.
Send $3.00 sixty days after receipt of book.
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ORDER, WE WILL ALLOW YOU A 10% DISCOUNT.
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REMITTANCE.

IMMEDIATE SHIPMENT
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Many N.R.I. Men Have made $200 to Stoo0
in spare time while learning

The day you enroll with me I send you material which
you should master Quickly for doing 28 jobs, common
In most every neighborhood, for sparetime money. I give
you the plans and ideas that have made $200 to $1,000
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A GOLDEN OPPORTUNITY
FOR ALERT RADIO MEN IN

THE NEXT GREAT INDUSTRY

OFFICIAL

AIR CONDITIONING
SERVICE MANUAL

Official

THE idea of electricians, radio service men and other
mechanically inclined men, servicing Air Condition-

ing and Refrigeration Units is self-evident and the
thought has occurred to some untold thousands ever
since air conditioning equipment has been installed in
public auditoriums, theatres, studios, department stores,
office buildings and manufacturing plants. The tre-
mendously broad possibilities in this new industry are
bound to give employment and success to men far-sighted
enough to see its advancement and development. We
quote an excerpt from Mr. Hugo Gernsback's editorial
which recently appeared in Everyday Science and Mech-
anics magazine.

"I advise young and progressive men to go

Into the airconditioning business during the
next few years; because, this, without a doubt.
Is the coming industry in this country. Thous-
ands of small firms will spring up. undertaking
to air-condition private houses. small business
offices. factories. etc. We are not going to
tear down every building in the United States
immediately. It will be a gradual growth; yet
small installation firms will air-condition small
houses, and even single offices in small build-
ings."

This is only partial proof of the certain success of
this new field. Further assurance is that engineering
schools have already added many important courses on
air conditioning to their regular curriculum. Architects
and building contractors are giving considerable thought
to installation of this equipment in structures which
are now being planned and built. The beginning of
this business will probably be similar to the auto
and radio industries, but in a few short years it will
surpass these two great fields.

Air Conditioning Service Manual

352 Pages

Over 600

Illustrations

9x12 Inches

Flexible, Looseleaf

Leatherette Cover

$5.00 List

The OFFICIAL AIR CONDITIONING SERVICE MANUAL is being edited by
L. R. Wright, who is an expert and a leading authority on air conditioning and
refrigeration. He is a member of the American Society of Refrigerating En-
gineers, American Society of Mechanical Engineers, National Association of
Practical Refrigerating Engineers; also author of the OFFICIAL REFRIGERATION
SERVICE MANUAL and other volumes,

In this Air Conditioning Service Manual nearly every page is illustrated;
every modern installation and Individual part carefully explained; diagrams fur-
nished of all known equipment; special care given to the servicing and installation
end. The tools needed are illustrated and explained; there are plenty of
charts and page after page of service data.

- Remember there is a big opportunity in this new field and plenty of money
to be made in the servicing end. There are thousands of firms selling installations
and parts every day and this equipment must be cared for frequently. Eventually
air conditioning systems will be as common as radios and refrigerators in homes.
offices and industrial plants. Why not start now-increase your earnings with a
full- or spare -time service business.

Here are some of the chapter heads of the OFFICIAL AIR CONDITIONING
SERVICE MANUAL: CONTENTS IN BRIEF

History of Air Conditioning; Fundamental Laws; Methods of Refrigeration;
Ejector System of Refrigeration; Compression System of Refrigeration; Refrig-
erants; Lubricating Oils; Liquid Throttle Devices; Servicing Expansion and Float
Valves; Servicing Refrigerating Systems; Control Devices; Thermodynamics of Air
Conditioning; Weather in the United States; The Field of Air Conditioning;
Insulating Materials; Heat Transmission Through Walls; Complete Air Condition-
ing Systems; Estimating Requirements for the Home, Small Store, Restaurant;
Layout of Duct Systems; Starting Up a System; Operating and Servicing Air
Conditioning Systems; Air Filtration, Ventilating and Noise Eliminating Devices;
Portable Electric Humidifiers and Room Coolers; Automatic Humidifiers; Air
Conditioning Units for Radiator System and Warm Air Systems; Central Con-
ditioning Units, etc.

Send remittance of $5.00 in font of check or money order
for your copy of the OFFICIAL AIR CONDITIONING SER-
VICE MANUAL. Register letter if it contains cash or
currency. THE MANUAL IS SENT TO YOU POSTAGE
PREPAID.

GERNSBACK PUBLICATIONS, Inc. 99ES HUDSON STREET
NEW YORK, N. Y.
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1934

Official
Radio Service

Manual

Complete Director);

1933-1934 Radio Receiver,:

Full Radio ServiceGuick.

400 Pages

Over 2,000 litustratiollt

9 x 12 Inches

Flexible, Looseleaf
Leatherette Cover

There's plenty of Servicing Material

in the NEW 1934 Manua
THE necessity of GERNSBACK Manuals in

the radio field has been shown by the fact
that the total sales of the first three OF-

FICIAL RADIO SERVICE MANUALS, in-
cluding the new CONSOLIDATED EDITION,
now exceed 80,000 copies. Radio Service Men
and others engaged in various branches of
radio know the importance of such books, and
how they must depend upon them for reliable
information. Whether for public-address work,
tube information or a circuit diagram, the
material needed is certain to be found in one
of the OFFICIAL RADIO SERVICE MAN-
UALS.

In preparing this new edition many of the
outstanding problems of the Service Men have

en considered-methods of servicing, the new
quipment constantly needed to cope with new
bes and sets, and the other fields of radio,

uch as public-address systems, short waves,
uto radio and others.
The illustrations in the 1934 Manual are
ore explicit than before; inasmuch as the

iagrams are not limited to the schematic cir-
uit, but other illustrations show the parts
ayout, positions of trimmers, neutralizers, etc.
here are hundreds of new circuits included,
nd not one from any previous editions of the
anuals has been repeated. This we uncon-

ditionally guarantee.
It is quite evident that the 1934 Edition of

the OFFICIAL RADIO SERVICE MANUAL
is a decided improvement over previous vol-
umes. The new book will prove itself to be
invaluable as those volumes for previous years.

Contents of the 1934 Manual
in Brief

& Diagrams and service notes, more complete
than ever before in any MANUAL. Not merely
the schematic hook-ups will be found, but chas-
sis drawings showing parts layouts, positions of
trimmers. neutralizers, etc.

 Voltage readings for practically all sets,
as an aid in chocking tubes and wiring. All values of intermediate -frequency trans-
formers used in superheterodynes, with the man-
ufacturers' own suggestions as to correct bal-
ancing.
 Detailed trouble -shooting suggestions and
procedure as outlined by the manufacturers' own
engineers-in other words, authentic "dope
right from headquarters.

Values of all parts indicated directly
all diagrams.

A.C.-D.C. cigarbox midgets.
 Public-address amplifiers.
 Short-wave receivers.
is Remote -control systems.
fe A complete compilation of radio tube data,
covering both the old and the many new types.
a Section devoted to test equipment. analy-
zers, etc.. with full diagrams and other valu-
able information.
O A complete list of American broadcast sta-
tions with their frequencies in kilocycles: ex-
tremely useful in calibrating and checking test
oscillators and in calibrating receivers.
 Free Question and Answer Service. the
same as in our last two Manuals.
fb Na theory: only service information In
quickly accessible form.
& Absolutely no duplication of any diagrams;
nothing that appeared in any of the previous
Manuals will appear in the 1934 MANUAL.
This we unconditionally guarantee.
11 A handy, easily -consulted master index
making it easy for you to find almost anything
pertaining to your service problem instantly.
This index includes all the diagrams published
in all the previous GERNSBACK Manuals, as
well as the 1934 diagrams. A big convenience
and time saver!
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