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The 1935 (volume 2)

Official AUTO -RADIO

SERVICE MANUAL

T_TERE NOW-is the second volume of
Ithe OFFICIAL AUTO -RADIO SER-

$250 LIST

VICE MANUAL-the 1935 Edition.

With so large a number of new auto -radio
sets placed on the market by different manufacturers, the 1935 OFFICIAL AUTO -RADIO SERVICE MANUAL becomes an es-

sential part of Service Men's equipment.

Remember, there are nearly 1,800,000 auto radio sets in use today.
THERE IS ABSOLUTELY NO DUPLICATION

AUTO
..,

-RADIO :.

: SERVICE MANUAL
Complete Directory

Automobile Radio Receivers

-

OF MATERIAL BETWEEN THE 1933 EDI-

TION (VOLUME U AND THE NEW 1935
EDITION (VOLUME II) . THE MATERIAL
IS 100% NEW.

Every radio man connected in any way

with the booming auto -radio business needs
a copy of the 1935 OFFICIAL AUTO RADIO SERVICE MANUAL. It contains
only auto -radio service "dope."
HERE ARE HIGHLIGHTS OF THE 1935
AUTO -RADIO MANUAL

240 pages crowded with diagrams, service material and

other essential data required for proper servicing of
new auto -radio receivers. Included are diagrams of
sets which appeared during 1934, and which were not

Over 240 Pages Printed on
Special Thin "Bible Paper"

Over 500 Illustrations
Flexible,

Looseleaf Leatherette Cover

included in the supplement to the first edition.
Complete schematic diagrams, chassis layouts, voltage
tabulations and servicing instructions are included for
practically all sets. "Under -side" tube symbols are
also included to facilitate the job of servicing the sets.
Instructions are included with many sets telling how to suppress
stubborn cases of ignition interference. This includes the newest

"suppressorless" sets-and what to do when interference is encountered with this type of set.
Details on how to make installation in "turret -top" cars are in.
eluded. The differerthmethods used by car makers and set manufacturers are listed with the individual circuits and service information.
The index contains the listing of sets which were published in
the first edition, as well as the sets which appear in the new
volume. This information helps the Service Man to locate the
circuit and details for any receiver that has been made.
The book is bound in a handy, flexible leatherette cover. To be
sure the pages are sturdy, to withstand constant use, the book
will be printed on a special "bible" stock. This is a very durable, but thin paper. The book printed on this paper can be easily rolled to fit into your pocket or slipped in the service kit.

Here Is a Partial List of Sets Covered
Atwater Kent Mfg. Co.
Audiola Radio Co.
Autocrat Radio Co.
Belmont Radio Corp.
Century Radio Products Co.
Chevrolet Motor Corp.
Chrysler Motor Corp.
Colonial Radio Corp.

Galvin Mfg. Corp.
General Electric Co.
General Motors Corp.
Graham -Paige Motors
Grigsby-Grunow Co.

Corp.

Chas. Hoodwin Co.
Howard Radio Co.
Hudson Motor Car Corp.
International Radio Corp.
Crosley Radio Corp.
Karadio Corp.
Delco Radio Corp.
P. R. Mallory & Co.
Detrola Radio Corp.
Emerson Radio & Phonograph Montgomery Ward & Co.
Fada Radio & Electric Corp. National Company, Inc.
Nohlitt-Sparks Industries, Inc.
Ford Motor Corp.
Philco Radio & Television Corp.
Ford -Majestic
Pierce Airo, Inc.
Franklin Radio Corp.

RCA Manufacturing Co., Inc.
Sears Roebuck & Co.
Sentinel Radio Corp.
Sparks-Withington Co.
Stewart Radio Corp.

Stewart -Warner Corp.
Stromberg-Carlson Tel. Mfg. Co.

Transformer Corp. of America
United American Bosch Corp.
United Motors Service, Inc.
U. S. Radio & Television Corp.
Wells Gardner & Co.
Wilcox -Gay Corp.
Rudolph Wurlitzer Mrg. Co.
Zenith Radio Corp.

Send remittance of $2.50 in form of check or money order for your copy of the 1935
OFFICIAL AUTO -RADIO SERVICE MANUAL. Register letter if it contains cash

currency. THE MANUAL IS SENT TO YOU POSTAGE PREPAID.
99RG HUDSONSTREET
ST
,
GERNSBACK PUBLICATIONSInc.
NEW YORK, N. Y.
or
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MAKING A

GOOD CRYSTAL
SET FOR 65c
radio which will
It is extremely
easy to make and operate.

A set for the beginner

in

not deplete the pocket -book.

ALTHOUGH this little set is made
entirely from manufactured parts,
the cost is only 65c. The constructor
can build up quite a trade in parts for
crystal sets, among the youngsters of
his neighborhood. The only item that
could not be obtained ready-made was
the tuner, and many of the customers
could not make a workable one. This
problem was solved when it was found

that the ICA No. 93 tuner was just

what was needed. This unit is intend-

ed for use as an antenna tuner, or

wavetrap and similar requirements, but
is ideal for use in a cheap crystal set.
The constructor of this set has been
building crystal sets in large numbers
and finds that, for the type of set they
represent, they are very effective. The
construction is of the very simplest,

only 3 wires or connections being necessary. Thus it can be made by the ver-

iest beginner, with little chance of a
mistake. (For those who wish to buy
it ready-made it can be built up in a
short time.)
A user in Phoenix writes that he has
received KNX, KGO, and KSL. Also

that he can get KNX as soon as KOY
(1,390 kc.), Phoenix, goes off the air
and with KTAR (620 kc.), Phoenix,
still operating.
Stations KTAR and KOY can be separated very nicely with no interference

from each other, with KTAR located
about 7 blocks away and KOY about 15
blocks away.
SLIDER.

TO ANT

CLIP

CLIP

TUNING COIL
.001 -MR CONO
CRYSTAL

The very simple connections between the parts of the set are indicated here.
Tuning is accomplished by moving the slider on the coil.
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HOW TO MAKE THE

World's Smallest

1 -TUBE SET
The introduction of a new tube and battery have made possible this tiny, 1 -tube
"cigarette -case" receiver.
The cigarette case in which it is built is so small

that it holds only 10 cigarettes!

MANY small sets have been built,
but unfortunately the really small
ones were all of the crystal type, since
suitable tubes have not been obtain-

purpose.

more recent "acorn" tube require rather heavy filament current values which

case. The tuning condenser was a mica
compression -type "trimmer" condenser

The small tubes such as the
Western Electric type N tube and the
able.

makes the battery problem a serious
one.

However, as was announced in the

July 1935 issue of Radio Craft on page
11, an English tube company has introduced 3 new types of tubes which are

smaller than either of the two types
mentioned above. And what is even

more important, the filament requires
only 0.06-A, at 2 V. In other words,
two small dry -cells connected in series
are sufficient to operate one of these
tubes for many hours.
The possibilities of these tubes for
pocket receivers were so encouraging
that several of them were importedand arrangements were made to have
them made available in this country.
The little set shown here, completely
enclosed in a small -size cigarette case(the case is so small that it will only
hold 10 cigarettes!) is the first use to
which these tubes have been put. THIS

so a "penlight" was adapted for the
Some difficulty was encountered in

finding

coils

and

condensers

small

enough to fit in the bakelite cigarette
case, but a solution was found in each

having a maximum capacity of 500
mmf. The fixed condensers were unusually -small

bakelite covered mica
units measuring %x%xAr-in. thick.
The coil was made from two sections
of a Hammarlund type CHX R.F. choke.
The original choke contained 5 "pies"

or sections and it was found that each
section had about 200 microhenries inductance.

This was about right for

the tuning coil, so one section was separated from the others for this purpose.
Next, the adjacent pie was "cut loose"
from the remaining three, and 55 turns

were removed to give the correct in-

ductance for the regeneration coil. The
last 3 sections were then removed from
the isolantite core, leaving the 2 useful
coils in place.

IS THE SMALLEST SET IN THE
WORLD!

To further aid the construction of
this pocket set, a well-known battery

manufacturer has introduced a new 45
V. "B" battery which measures only 3 x
4 x 11/4 ins. deep. This battery supplies
sufficient "B" voltage for the set and is
small enough to fit easily into a coat
pocket. The filament battery, as mentioned, can be small -size flashlight cells,

Cl.

500 MMF.
TUNING
CONTROL

P, (CAP)

5.0.

RI. .5m20

MEG. VOLUME
AND REGEN.
CONTROL

(BASE OF
TUBE)

'"-END.

45V. )3"

Schematic diagram of the tiny 1 -tube
regenerative set.
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R1,.5 -To 20
MEG. VOLUME

AND REOEN.
CONTROL

Picture diagram of world's smallest 1 -tube set.

The tube was prepared by filing two
opposite sides of the insulated base, so
that the tube would fit into the cigarette case. A smooth, flat file was used;
only enough was removed from the tube
base to permit the case to close. The
use of a socket, of course, was out of
the question, so the tube was cemented
to the case with a drop of acetone ce-

ment and wires were soldered to the

pins in the base.
The tuning condenser was prepared
by cutting a fibre disc 11/4 -ins. in dia.

and cementing it to the head of the

compression screw of the condenser
with acetone cement. White lines were
then marked on this disc to give it the
appearance of a dial. Calibration numbers could not be added since the compression screw made 4 revolutions between the maximum and minimum positions.

The cigarette case was prepared for
use as the container for the set by cutting a slot in the top edge of the upper
section to permit the edge of the "dial"
to protrude-thus giving a thumb control. Two holes were cut in the back
to mount the tuning condenser and two

more for the 'phone binding posts-

which consisted of 2 No. 4-36 screws.
A small slot was cut in the bottom edge
of the upper section for the adjusting
strip of the plunger -type variable grid leak to protrude, so that regeneration
could be controlled without opening the
case. These slots for tuning and regeneration can be seen in the photos.
This completed the preparation-the

parts were then mounted in place as

shown in the photos and the few wires
connected as shown in the circuit dia-

gram (also shown in the picture circuit).

When these were completed, a 15 ohm resistor was secured to the positive terminal of the filament battery
and the battery wires were connected.

The aerial wire (which consisted of

about 25 or 30 ft. of flexible wire) was
strung up as high as conveniently possible, and a pair of the new piezoelectric
crystal headphones was connected to
the phone terminals (with an iron -core
inductance in shunt in order to reduce
D. C. through the crystal phones).
These phones were used because they
were unusually sensitive. If desired,
though, smaller phones may be obtained.

The set was tried out some 25 miles
from New York City, and also in the
heart of Manhattan. In both locations,
all the local stations could be picked up
with ample headphone volume.

There is no doubt that this unique

little set can be put to many useful applications, for police use, etc., though
it was designed simply in an effort to
make the smallest possible pocket receiver.

LIST OF PARTS
Solar 500 mmf., compression -type mica
condenser, Cl;

One

One Cornell-Dubilier

100

mmf. midget mica

condenser, C2;
Cornell-Dubilier 250 mmf. midget mica
condenser, C3 ;
One Cornell-Dubilier 50 mmf. midget mica condenser, C4;
One

One Hammarlund R.F. choke, type CHX, Ll,

L2;
One Hi -Vac screen -grid tube, type X SG, V ;
One plunger -type grid -leak, 1/4-20 megs., R1 ;
One 15 -ohm filament resistor, R2 ;

One penlight-with two small cells, "A" ;
One special 45 V. "B" battery, "B" ;

*One pair crystal headphones ;
*One bakelite cigarette case ;
Screws, wire, acetone cement, etc., as needed.
(*Name of manufacturer upon request.)
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BEGINNER'S "4 -in 2"

A.C.-D.C. Short -Wave
RECEIVER
THERE are only 2 tubes in this interesting
A.C.-D.C. "breadboard" receiver. It is per-

fectly stable, oscillates easily from 200 down to
15 meters, and really provides foreign reception
with surprising ease.
The 6F7 is really 2 tubes in a single
envelope: a pentode, and a triode. The
heat. (Incorporate R5 in the power
pentode section of the tube is connected
cord, if you care to.)
to the aerial by way of an R. F. choke,
The small condenser (C3A) which is
labeled R.F.C. 1 in the circuit diagram.
shunted across C3, the main tuning
The output is then connected to the triunit, is a band -spread condenser.
ode section through the use of R.F.
Of course, that bugaboo, hum, may
coils, as illustrated. The pentode secbe apparent when used on A.C. unless
tion of the 6F7 is not tuned. The 12A7
care, painstaking care, is taken to keep
is a combination pentode amplifier and
all A.C. leads away from the tuning
power rectifier of the half -wave type.
Rectification is accomplished by the
diode section of the 12A7 tube which is

equipped with a separate cathode for

this purpose.
The terminals of the power plug have

been labeled "plus" and "minus," and
these wires must be traced carefully
when wiring the receiver. The 6F7
heater must be in that side of the line
labeled "negative."

The resistor should

be placed where ventilation is best for
this receiver dissipates considerable
LEAD

617

LIST OF ESSENTIAL PARTS

One condenser, 0.1 mf., Cl ; One condenser, 100
mmf., C2 ; One midget variable condenser, C3 ;

One midget variable condenser, 35 mmf., C3A ;
One condenser, 500 mmf., C4 ; One electrolytic
condenser, 25 mf., 25 V., C5 ; Two electrolytics,
2 mf., 200 V., C6, C7 ; One condenser, .02-mf.,
C8; Two Hammarlund R.F. chokes, type CH -X,
R.F.C. 1, R.F.C. 2 ; One resistor, 300 ohms, R1 ;
One gridleak, 3 rnegs., R2 ; One tapered potentiometer, R3, 7,500 ohms, with line switch, Sw.;
One resistor, 1,000 ohms, R4 ; One resistor, 300
ohms, 30-50 W., fully shielded, R5 ; One A.F.
transformer, T1 ; One small 400 -ohm A.C.-D.C.
filter choke, Ch. ; One 6 -prong isolantite socket
for coil, type S-6 ; Two 7 -prong isolantite sockets, type S -7-B ; One Hammarlund kit of 6 -prong
plug-in coils, type SWK-6, L.
PHONES OR

VOL. AND REGEN. CONTROL

APERIOOIC
GET.

SHIELDED

condenser, coil, and gridleak condenser.

C2
ANT

12A7

ti

1-

5MF

A.F.A RECT

MAGNETIC
SPEAKER

7,5000NmS, R3

C6

500R.

el

3 MEGS.

e "Th

40014i

ttt,Witi

-C3

P .F.C1

OHM

l'44a.

140
MMF

CI -I

F
HI

SEC

TIC

LJK
CS

Cry

-C3A
35

MMF.

1,000

)

-

OHMSR4

c4

500

RI

300 OHMS

mF

Rs

6RD
SW.

Schematic diagram of the "4 -in -2" receiver.

300 ONHIS SOW

C7
mr.
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HOW TO MAKE A

Beginners 2 -Tube

PORTABLE
Here is

a

battery set that just suits the

It is easy to build, efficient and
can be carried in a coat pocket. It corn beginner.

pares favorably with sets using several more
tubes.

midget set will fit in the average overcoat pocket; reception

THIS
is

of the headphone type-but with

sufficient volume to make the received

tubes; covers the complete broadcast

quires no lengthy antenna for pick-up,
but will enable reception from a considerable number of broadcast stations
simply by connecting the antenna lead

calls slightly below 200 meters.
LAYOUT OF PARTS
The layout of parts is well illus-

programs enjoyable; the receiver re-

from the set to any convenient mass
of metal (or ground); the "A" cells
are self-contained (2 flashlight batter-

ies) and the "B" battery is a 90-V.

block which will fit in the other pocket

of the coat; battery consumption is at

a minimum, due to the use of 2-V.

band, as well as some of the police

trated in the photos, and the wiring
diagram is

pictorially shown. The

aluminum case may be made up from
sheet aluminum

and

corner posts,

which also may be obtained from any
supply house that specializes in shortwave parts; or may be purchased complete.

The midget tuning coils are

mounted on the upper shelf, and close
to the grid -caps of each tube.
The coils should be mounted as
shown, and not too close to the side of
the case since the grounded sides will

then tend to absorb energy from the

coils and reduce their efficiency.
The controls for operation of the re-

Above is the top view of the set looking
down on the coils and condensers.

ceiver are all mounted on one end of
the case, which constitutes the upper
side; this is the side which protrudes
from the pocket so that the controls
are easily accessible and may be manipulated at will.
CIRCUIT DISCUSSION
In order to secure maximum possible
sensitivity, and selectivity from 2 tubes
it was decided to employ 2 tuned cir-

One stage to consist of T.R.F.
amplification, the other to be a tuned
cuits.

detector circuit.
.:01,7ROL

Above is a side view showing the volume
control and one filament battery.

The type 34 tube

would have been satisfactory were it
not for its physical dimensions. Hence,
the use of a 1A4 and a 1A6.
In the wiring diagram it will be noted

POCKET RADIO GUIDE
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that the 1A4 is employed as the R.F.
stage. The pentode section of the 1A6

is employed as the detector, while the
triode section is used for A.F. amplification. The gain (amplification) from

this section, although very slight, is
quite acceptable. In addition, there is

an electron -coupling effect (due to the
construction of this tube-placement of
the various grids-between its 2 section
(pentode and triode). Consequently,
any R.F. component which may exist in

the plate of the detector tube is fed

back, by electron -coupling, to the grid

of the detector tube. In this manner

regeneration is created, which serves to
boost the sensitivity of the receiver.
Since the voltage of 2 flashlight cells
in series results in 3 V., and the tubes
require only 2 V., an 8 -ohm resistor is
employed for reducing the initial voltage to the required value. The gain
(amplification, or sensitivity) of the
R.F. stage is controlled by a 200 -ohm
potentiometer which connects across the

3 V. supplied by the cells. The "on -

off" switch is connected in series, before

the potentiometer, to prevent any constant current from flowing through this

resistance, especially when the power
is turned "off."
LIST OF PARTS
I.C.A. midget variable
mmf. each section ;

One

*One midget antenna

MMF
(EACH)

(shield removed) ;

tor;

*Name and address of manufacturer will be
furnished upon receipt of a stamped and self-

addressed envelope.

2
mEGS

1441

350

One Aerovox or I.R.C. 0.1-meg. 1/2_W. resistor ;
One Aerovox or I.R.C. 2-meg. 1/2-W. resistor ;
One Cornell-Dubilier 0.01-mf. 200-V. tubular
condenser
One Cornell-Dubilier 0.05-mf. 200-V. tubular
condenser;
Two Cornell-Dubilier 0.1-mf. 200-V. tubular
condensers;
Two Cornell-Dubilier 250-mmf. fixed mica condensers;
One 6 -prong wafer socket ;
One 4 -prong wafer socket ;
One I.C.A. 5 -terminal bakelite strip ;
Two No. 935 dry -cells ;
One Sylvania 1A4 tube ;
One Sylvania 1A6 tube;
Miscellaneous parts, such as aluminum scrap
for shelving and brackets ; knobs, etc.

REGEN DET.g(

AMPLIFIER

350

condenser,

*One midget R.F. coil (shield removed) ;
One I.C.A. aluminum case, 7%x4x234 ins. deep;
One power switch ;
*One midget 200 -ohm potentiometer;
One wire -wound 8 -ohm resistor ;
One Aerovox or I.R.C. 5,000 -ohm 1-W. resistor ;
One Aerovox or I.R.C. 3,000 -ohm 1-W. resistor ;
One Aerovox or I.R.C. 0.25-meg. 1/2-W. resis-

R.F

ANTENNA

coil

PHONES

A.F

0.1-

146

MEG.

0.25MEG.

200

OHMS

B -I: 90V

5,000 OHMS

Complete diagram of simple 2 -tube portable set.

3,000 OHMS
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HOW TO MAKE A

6 -TUBE ALL -WAVE

"Farm Portable"
BATTERY SET

Covers a complete tuning range of from
12 to 2,100 meters! Employs 2-V. tubes
throughout, and operates with a minimum

of "A" and "B" battery drain.

THIS receiver may be employed for
home use as a table -model receiver,

since the case lends itself attractively

for such a purpose, or as a portable

radio set for beach, picnics, etc. Batteries and speakers are all contained
within the case; and only a short, 20 -

foot wire extended on the ground is
necessary as an antenna (a ground is
not required). The weight of the complete receiver, with batteries, is approximately 25 pounds-not at all heavy for

a receiver having the many features

described in the text to follow.
No plug-in coils. Separate coils for
each band, with a selective switching
arrangement, are used in this portable.
Small trimmers placed across each coil
(excepting oscillator coils) compensate
for any slight differences that may be
created by the circuit wiring.
DELAYED A.V.C. EMPLOYED

In this receiver a type 25S tube is

the equivalent of 3 separate tubes (triodes), and functions as a detector, A.
V.C., and first A.F. stage. The tube is
a duo -diode triode; one diode used for
rectification, the other for A.V.C., and
the triode for A.F. amplification. With
this circuit, as shown in the schematic
diagram, a delayed A.V.C. action is obtained which makes it possible to get
away from negatively biasing the A.F.
circuit. This results in better fidelity
and improved A.V.C. action.

The final (power output) stage em-

ploys a pair of 33 tubes in push-pull ar-

rangement, class A. This results in
ample, high -quality power output.

The I.F. peak employed is 465 kc.
The second I.F. transformer secondary

Must

The Farm -Portable in use.
have two separate secondary

windings, as shown in the diagram.
The "on -off" switch is placed in the

"A4-, B-, 04-" lead, so that, when
the receiver is turned "off," absolutely

no current will flow from any of the

batteries. Either a permanent -magnet
dynamic speaker, or a magnetic speaker (of rugged design and good quality)
may be employed. In either case the

"B" battery drain remains the same,

approximately 40 ma., since no current
is required for field excitation. If the
speaker is not provided with an output
transformer having a center -tapped (3 -

connection) primary it will be necessary to provide one.
CONSTRUCTIONAL DATA

It is rather difficult to advise a con-

structor exactly how to build a re-

ceiver, since set rules are often confusing and apt to make a simple job
seemingly difficult. A few words of
precaution in this direction, however,
would not be amiss.

The antenna coils (for each band)
need not be shielded, but the R.F. coils
must be. There is no need for separately shielding each coil (individually)
from each other since the selective
switching system only introduces that
coil which is necessary for a specified
band coverage. Thus all R.F. coils
may be placed in a single can or con-

tainer without consideration given to
individual shielding from each other.
The oscillator coils, in this case, were
mounted on the underside of the chassis
since this medium is sufficient to shield

them from those coils in the other

tuned circuits. They were all arranged

1

Torplirarp4Tp sT
-L

i i

VI

GIVEN IN TEXT.

CONNECT ALL FILAMENTS IN PARALLEL
VALUES FOR. P/ P2.P3, P4,125 (PADDERS)

P4, .01- mF.
PS, .0.1. mP.

1

x

MNIF.

'B+"67.5 V.

05C.& DET.1, 10E
350

I.F. 34-

MEG,

0.1-

MEG,

0.3- )

/.F.T.2

'

-

'0.5-MEG.

MEG.

0.2-

.03-MF

x

sw.,

ovvW:74.

B-

d

B+ -135V.

-C-"16.5V.

4.F. 2 (ClAsSA)

8 -OHM OR (SPECIAL AMPERITE
BALLAST RESISTOR.

L85/255 ~ Ti

A.F.I

DET.2 AN C PHONES

Complete schematic diagram of the farm portable battery set.
so that the trimmers for each coil were
ventional "birdies" and "tweets" which
BATTERIES AND VOLTAGE CHART
conveniently accessible when alignment
Two dry cells (total, 3 V.) suffice for
2 -gang superhet. sets generally conor realignment would be necessary.
tain. A total of 15 coils is, necessary
the "A" battery and will give almost a
The padders are mounted on the side
to cover the complete range of from
month of service using the set a few
of the chassis, as shown in Fig. A, for
12 to 2,100 meters (3 for each band)
hours each day! A ballast resistor
convenience in aligning.
in 5 bands. No skipping of bands or
serves to reduce this voltage to that
Only two padders were employed, one
any important wavelengths is the net
required for the tubes-but its most
for broadcast and one for the long result of such an arrangement.
interesting feature is that it tends to
wave band, fixed padders for the other
reduce this voltage drop as the batterA single high -gain I.F. stage furbands being suitable-with these coils
ies become weakened. This means that
nishes simple amplification. The 106
-for the higher -frequency bands.
tube (used as a composite first -detecadditional service may be obtained from
Coils for a stage of tuned R.F., first
tor and oscillator) has a translation
cells which otherwise would have to be
detector and oscillator, all tuned by a
thrown away if an ordinary 8 -ohm regain of approximately 25 (practically)
3 -gang variable condenser (350 mmf.,
and is therefore equivalent to a stage
sistor was used in reducing the "A"
and gain, besides eliminating the conof amplification in itself.
supply to the tubes to 2 V.

T

7.5 .150

"g

/

g.

mmF,

350

5(et5? 1

3M5P+CIF

..6

P2, 400 -600 MmF
P3, .002-,003MF.

Ipi:

35

a. a. a

i

11
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o

FLI"
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R.F.

34
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The following is a table of voltages
which the constructor can employ as a
guide for trouble -shooting should this
receiver ever fail to operate. All mea-

surements are made from ground to
terminal indicated.

Plate

Tube
Type Purpose
34

106

R.F. Amp.
Det. 1
0 sc.

I.F. Amp.
25S Det. 2
34

A.V.C.
A.F.1
33
33

Output
Output

S. -G.

C. -G.

Volts Volts Volts
67.5
135
67.5
135
67.5
67.5
135

- -

70
130

130

-135
135

-3
-3
-3
-3

-16.5
-16.5

ALIGNMENT DATA

Fig. A.

Sale \ it.w of

t

elver showing

some of the coils and padding condensers.

The alignment of this receiver is similar to that of any all wave superheterodyne receiver, in that individual adjust-

ment of the trimmers is necessary on

The job should not be tried

The receiver should only be aligned
with the volume control turned to maximum position. First align the
transformers by feeding a 465 kc. signal to the control -grid cap of the 106
tube, after removing the control -grid
cap terminal.
Then adjust trimmers of coils in each
band (separately) for maximum output,
feeding to Ant. and Gnd. terminals of

each band.

kc.; Band No. 2 (broadcast), 540 kc.
and 1,500 kc.; Band No. 3, 1,500 anfl
4,500 kc.; Band No. 4, 4,000 kc. and

Three Eby 4 -prong wafer sockets;
Two Eby 5 -prong wafer sockets ;
Two Eby 6 -prong wafer sockets ;
One Na-Ald pin -jack terminal strip, for phones
One Ant. and Gnd. terminal strip ;

the receiver, the following indicated service oscillator frequencies. Use attenuator on oscillator only when output is
too high.
Band No. 1 (long -wave): 150 and 450

12,000 kc.; Band No. 5, 8,000 kc. and

24,000 kc.

without the use of a good service oscillator-preferably of the all -wave
type, covering each band.
LIST OF PARTS

One Paragon 7 x 12 x 3 in. cadmium -plated

steel chassis;
One Paragon complete set of coils, 15 in all,
for R.F., oscillator, and antenna circuits, to
cover range of from 12 to 2,100 meters;
One Paragon 3 -gang 350 mmf. (each) variable
condenser;
One Trutest push-pull input transformer ;
One Paragon 3 -deck (double row of contacts,
5 on each side) switch;
One Paragon airplane -type tuning dial, dual
ratio
One shield can for R.F. coils;
One 0.2-meg. volume control with switch;
One Amperite ballast resistor (6-1 type);

One Solar 150 mmf. (maximum) variable pad der, for long waves, P1 ;
One Solar 600 mmf. (maximum) variable gadder, for broadcast, P2 ;

Three Cornell-Dubilier mica -dielectric fixed pad-

ding condensers-.002-mf., P3; .01-mf., P4;

0-1-mf., P5;
0.1-meg. resistor;
One IRC
0.3-meg. resistor ;
One IRC
One Hammarlund R.F. choke, 85 mhy. ;

Under -chassis view of receiver.
Note positions of band switch and oscilFig. B.

lator coils.

One Lafayette 465 kc. double -tuned I.F. transformer ;
One Paragon special single -tuned 465 kc. I.F.
transformer
Two Cornell-Dubilier 250 mmf. (postage -stamp
size) fixed condensers ;
One Cornell-Dubilier .03-mf. tubular condenser ;
One IRC 0.5-meg. (126-W.) resistor;
One battery cable;
One Lafayette speaker (permanent magnet, or
magnetic with center -tap) ;
One Cornell-Dubilier .01-mf. tubular condenser ;
One Cornell-Dubilier 0.1-mf. tubular condenser ;
One .25-mf. tubular condenser;
One Raytheon or National Union complete set
of tubes;
One Paragon special portable case;
Miscellaneous, such as wire, hardware, knobs,
etc.

12

POCKET RADIO GUIDE

HOW TO MAKE A

DUAL -WAVE CAR RADIO RECEIVER
Suppressor -less design and features not found
in manufactured sets make this receiver
worthwhile.

View of complete receiver.
TO provide maximum sensitivity and
volume much time was spent in design of this circuit. Unusual care was
exercised in filtering every plate,
screen- and control -grid lead so that the
greatest possible amplification could be

obtained from each stage. For this

reason, too, the "B" supply selected for
this receiver delivers the highest convenient voltage. (The resulting high

gain of the set is especially useful in

compensating for the characteristics of
the "varitone" tone compensator built
into the instrument.) A stage of R.F.
amplification utilizing a 6D6 tube is included ahead of a combined first -detec-

namic" quality without the usual 2 or

2.5 A. drain for field current.
It was necessary to design a special
set of R.F. coils for this car -radio set;

in order to obtain proper impedance

match between the car antenna and the
input circuit of the set.
ALIGNMENT

When the parts have all been mounted and the wiring is completed according to the circuit diagram, the receiver
is ready for alignment.
A good service oscillator delivering
accurately -calibrated fundamental frequencies will be required; it must cover

tor and oscillator multi -purpose type

not only the broadcast band and the

6A7 tube, to give the desired selectivity
and freedom from "birdies," and to improve the stability of the receiver. Be-

short-wave band.

cause of its high power output sensi-

tivity, and fine power -handling ability,
the new type 6B5 tube (see Radio -Craft,

April 1935, "The New 6B5 Dynamic Coupled A.F. Tube.") is included in the
power audio stage. A multi -purpose,
type 6B7 tube is used as combined
diode detector, delayed A.V.C., and pen-

tode A.F. stage; an unusual A.F. trans-

former is used to couple this tube to

the 6B5. This transformer (known as

I.F. of 456 kc., but also the 49 -meter
The I.F. is the first

adjustment to tackle. Take the control -grid cap from the 6A7 tube and
connect the service oscillator input to
the tube cap. Adjust the service oscillator to 456 kc., and connect the output

meter to the plate circuit of the 6B5
tube, in the usual manner. Align the
I.F. trimmers for greatest deflection of
the output meter.
When this operation is completed, replace the grid clip and connect the service oscillator to the aerial wire, hay -

the "varitone"-see Radio -Craft, May,

1935, "Variable -Fidelity A.F. Transformers") has a tertiary winding which
permits tone compensation on the low
and high frequencies without the usual
"ills" of tone controls. (It also has a
low -impedance primary which can be
used by the ambitious constructor for a
"mike" or phono, pickup, using the A.F.
amplifier section and reproducer of the
set as a small P.A. system.)
The special dust -proof magneto -dy-

namic

(permanent -magnet)

speaker

specified for this chassis supplies "dy-

WAVE -CHANGE SWITC

TONE EQJAO2

Open top view of receiver showing placement of major components.

POCKET RADIO GUIDE
ing the wave -change switch in the

broadcast position. Tune the service
oscillator to 500 kc. and turn the knob
on the remote control until the pointer
also reads 500. Then align the oscillator broadcast band padder for greatest deflection on the output meter. Two
points will be found where the service
oscillator signal can be heard. Use the
louder (higher frequency) position.
Next tune the oscillator to 1,400 kc.

and adjust the broadcast trimmers in
the R.F., intermediate (first -detector)
and oscillator coil cans for greatest
output meter deflection. Check the
alignment at several other points
across the band, and if necessary, bend

the slotted end plates of the variable
condenser sections to correct for misalignment. Do not touch either the

padder or trimmer condensers once they
are adjusted.

The short-wave alignment is carried
out in the same manner as the broad-

cast adjustment, but with the wave-

change switch in the short-wave position.

In this case, tune the receiver

condenser to nearly maximum capacity

and adjust the service oscillator until
the signals are heard in the speaker;
then, adjust the oscillator short-wave
padder for greatest meter deflection.

Finally, move the condenser plates to a
point near minimum capacity, find the

resonant point on the oscillator, and
then adjust the trimmers (short-wave

trimmers, which are the lower ones) on

the 3 coils for greatest meter deflec-

tion.

The short-wave range covers the

19, 25, 31 and 49 meter "short-wave

broadcast" bands.
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LIST OF PARTS
*One set of special shielded, dual -range, high gain R.F. and I.F. coils (see text), Ll, L2, L3,
IFT1 and IFT2 ;
*One 410 mmf. three -gang condenser and remote control with 2 flexible shafts, Cl, C2, C3 ;
*One dual 6 -plate padding condenser, C13, C14;
Cornell-Dubilier Condensers

Five .05-mf. 200 V. paper condensers, C4, C8,
C17, C21, C24; Four .1-mf. 200 V. paper condensers, 05, C9, C20, C26 ; Eight .1-mf. 400 V.
Paper condensers, C6, C7, 010, C11, C16, C18,
C19, C27 ; Two 100 mmf. mica condensers, C23,
C28 ; One 450 mmf. mica cond. C22 ; One 250
mmf. mica cond. C12 ; One 25 mf. low -voltage
electrolytic condenser, C25 ; One .004-mf. mica
cond. C15.

I.R.C. Carbon Resistors
Three .25-meg. , 0.3-W., R1, R4, R8 ; Two
40,000 ohms, 1-W., RI, RIO ; Two 300 ohms, 0.3W., 112, R9 ; One 200 ohms,. 0-3-W., R5 ; One
50,000 ohms, 1-W., R7 ; One 25,000 ohms, 0.3-W.,

R6; Two 1.-meg., 0.3-W., R11, R17 ; Two 0.5meg., 0.3-W., R12, 1113; One 0.1-meg., 0.3-W..
R15 ; One 3,500 ohms, 0.3-W., R14.

Additional Components
One Centralab 0.5-meg. volume control potentiometer with switch, R16 ; One Centralab 50,000
ohm tone -control potentiometer, 1118.
One United Trans. Corp. VT -1 Varitone transformer, A.F.T..
*One 6 in. special dynamic reproducer.
*One special, "A" -circuit filter ; *One gene motor "B" unit ; *Three 6 pin wafer sockets
*Two 7 pin wafer sockets ; One 6 -pole 2 -throw
switch, Sw.1 to Sw.6.
Two type 6D6 tubes; One type 6A7 tube; One
type 6B7 tube ; One type 6B5 tube ; (Hygrade
Sylvania).

Chassis And Miscellaneous Parts
One Blan aluminum chassis ; Two Blan aluminum shield boxes; *One crackle -finish iron
case ; One 3 -wire battery and genemotor cable
(two No. 10 and one No. 14 flexible wires, 10 ft.
long) ; Four National Union form -fitting tube
shields ; Three Hammarlund 85 mhy. R.F. chokes,
R.F.C.1 ; R.F.C.2 ; R.F.C.3; Four screen -grid
caps ; Shielded and plain hook-up wire, screws.
soldering lugs, etc..
(The names of manufacturers of parts marked
* will be sent upon request.)

Complete schematic diagram of the automobile receiver.
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HOW TO MAKE A

A 12 -TUBE
HIGH-FIDELITY

BROADCAST SET
Here is a real high-fidelity set solely for

superior reception of local stations on the
broadcast band.

Complete tuner, ready for operation.
BRIEFLY, the set comprises 2 T.R.F.
amplifier stages followed by a
diode detector. This in turn feeds into

a 2 -stage A.F. amplifier, with both
stages

in

push-pull.

High -quality

transformer coupling is employed between the driver and power stages. A
separate 2 -stage amplifier with both
stages in push-pull is used as a "bass
booster" stage to insure adequate bass
response when the receiver is operated
at low volume levels. (A 1 -stage preamplifier with mike input transformer

is also included although this may be
left out if the builder does not plan to
make use of it.)

CIRCUIT DETAILS

The T.R.F. amplifier follows conven-

tional design with the exception that
no attempt has been made to secure

sharp tuning. The band -width is of the
order of 30 to 40 kc.
The tuning range with a 3 -gang, 365
mmf. tuning condenser is 530 to 1,700
kc.

It should be noted that the plates of

the R.F. tubes are supplied with 100 V.
instead of the usual 250. With 100

stage was connected in push-pull in order to keep second -harmonic distortion
at a very low value and also to insure

sufficient undistorted power for the
grids of the power stage. The inter -

stage A.F. transformer is a precision
device and will give a response flat

within 1/2-db. from 30 to 16,000 cycles.

The power stage employs two 6A3s
in class A (not A prime), with a fixed
bias source supplied by a separate bias
rectifier circuit in the power supply.
The values of bias and plate voltage

for the 6A3s in push-pull class A are
different from the usual values. The

bias is approximately 45 V. The plate
voltage is 250. The plate current of
each tube should be carefully adjusted

so that both tubes balance at 60 ma.
per tube. Adjusting the grid bias potentiometers mounted under the chassis

serves to balance the plate current of
the 6A3s.
The output transformer employed has

a primary impedance of 8,000 ohms,

The secondaries are arranged to feed a 500 -ohm device or the
voice coil of any speaker from 1.75 to
plate -to -plate.

V. the impedance of the 6D6 tubes is
greatly reduced and makes possible a
better impedance match between the
tubes and R.F. coils. Automatic volume control is employed on both R.F.
tubes.

The output of the diode employs the
"split -tapped" load resistor arrangement which allows a pair of push-pull
grids to be coupled to the diode without
the need of a coupling transformer or
phase -inverting tube. The first A.F.

Under chassis view of tuner.

The power

pack is a separate unit.
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The undistorted output of the amplifier is approximately 10
W. lower than with the "A prime" arrangement but producing
much less distortion than the "A prime" system. An output
of 10 W. is adequate for ordinary home use; and the lowered
(Continued on next page)
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15 ohms. (Taps are provided on the low -impedance winding
to give an exact impedance match to any particular speaker.)
The output transformer has a frequency response flat
1
db. from 30 to 15,000 cycles. The primary winding should be
made to carry 60 ma. per leg continuously.
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distortion makes the drop in power
output well worth while in a high-fidelity set.
THE "BASS BOOSTER"

The bass booster is a 2 -stage A.F.

amplifier which has a peaked frequency
response. It is sharply resonant in the
neighborhood of 70 cycles. When turn-

ed "up" the result is that the bass register is amplified much more than the
other frequencies. This device is only
for use when the set is playing at low volume level.

When operated under this condition
there is with any receiver not compensated for the effect, a lack of bass response. Reproduction sounds "tinny."
The bass booster however restores to a
considerable extent the missing bass. It
does this by means of an A.V.C. system
connected to the power stage. On loud
signals the A.V.C. action overbiases the
bass booster and there is little amplification. The response of the set is then
governed only by the regular amplifier,

and substantially flat response is obtained. When volume is turned down
to a low level the A.V.C. action decreases the bias on the bass booster and
its gain increases, feeding the boosted
bass into the regular amplifier and mix-

ing the two to give a frequency response with the bass predominating
and thus neutralizing to a considerable
degree the low -volume thinness of re-

production.
The mike preamplifier is conventional

and needs no discussion.
THE POWER PACK UNIT

The power supply is a separate unit
and employs 2 rectifier tubes, a type
83V, and a 45 with plate and grid tied

together, as shown in Fig. 3. The 83V,

because of its low internal resistance
and consequent low voltage drop even
with heavy current drain, is used as the
main "B" supply rectifier. Its "choke

(the current drain is fixed at 2 ma. by
the value of the voltage divider across
the bias source).

The power transformer should be
a heavy shield to prevent

cased in

stray magnetic pick-up by the receiver.
It should also contain an electrostatic
shield between the primary and secondary to reduce line -noise pick-up. The
two 10-hy. chokes are thoroughly shielded heavy-duty units. The D.C. resis-

tance of each should be 160 ohms, or
less, with rated inductance at the full
operating current drain of 160 ma. (a
"10 hy." choke rated only to carry 160
ma. without burning out would have an
A.C. inductance of only about 1 hy.).
The 4- and 8-mf. filter condensers in
the high -voltage circuit should be rated

at 500 V. (or higher) working volt to

insure against breakdown in service.
ADJUSTMENT OF THE TUNER BY
MEANS OF THE VISUAL
INDICATOR

The set should be turned on and the
volume control turned up. The R.F.
trimmer condensers (in shunt to the respective tuning condensers,

but not

shown in the schematic diagram) are of
air -tuned type to insure permanence of
alignment. These units, which are

mounted in such way that the adjustment screws project through the top of
the chassis, should be set at about 1/3
full capacity.

Now tune the set to a station carrier
or service oscillator signal at about

1,400 kc.; at resonance, the cathode-ray

tuning indicator beam should narrow.
Now adjust the trimmers, starting with
the antenna unit, until the tuning beam
is least broad. Repeat this procedure
at a 600 kc. (approx.) setting of the
receiver. With a matched set of coils
the position of each trimmer should be
almost identical and very little change
in adjustment should be necessary at

input" arrangement (as against "condenser input," utilizing a 4 mf. unit,)

600 kc. as compared with 1,400 kc.
ADJUSTING THE BASS BOOSTER

supply. That is, the output voltage

are two dual potentiometers indicated

improves the "regulation" of the power

does not vary greatly, even with large
changes in the amount of current drain.
The type 45 is used only as a bias rec-

tifier for supplying "C" bias voltage
for the power stage of the receiver.
Here, condenser input is

employed,

since voltage regulation is unimportant

On the diagram of the tuner there

in the bass -booster circuit; one unit has
a resistance of .5-meg. per section, and
the other, 25-meg. per section. The
.25-meg. control is mounted under the
chassis and once adjusted is left fixed.

The .5-meg. unit is controlled by a
knob on the front of the panel, and is

POCKET RADIO GUIDE

used to vary the degree of bass boosting. To adjust the bass -booster circuit, turn the main volume control to
the off position and turn up the bass booster control to the full -on position.
Next adjust the .25-meg. control for
maximum resistance. In this condition
a low-pitched motorboating or purring
should be heard from the reproducer.
Finally, adjust the .25-meg. control until this sound just disappears.
SPEAKERS

A single, high-fidelity type dynamic
reproducer in this radio set should give
much better reproduction than it would
in the average set. The addition of a

"tweeter" of the dynamic or crystal

type is recommended.
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View of separate power unit showing
placement of parts.
Four Cornell-Dubilier paper condensers, .02-mf.,
400 V.;
Cornell-Dubilier paper condensers, 1.5
mf., 200 V.;
Fourteen Corn ell-Dubilier paper condensers,
0.1-mf., 400 V.;
Two Cornell-Dubilier paper condensers, .15-mf.,
Eleven

20() V. ;

The power transformer has a tapped
primary winding enabling adjustment

One Cornell-Dubilier paper condenser,

125 at 60 cycles. The total power consumption of the set is about 100 W. The
high -voltage secondary must be capable

Three Cornell-Dubilier
mmf. ;

for proper line voltages from 100 to

of supplying 310 V. under a load of
175 ma.
LIST OF PARTS FOR THE TUNER
One I.R.C. resistor, 3,350 ohms, 1/2-W. ;
Two I.R.C. resistors, 50,000 ohms, 1/2-W. ;
Four I.R.C. resistors, 0.5-meg., 1/2-W. ;
Five I.R.C. resistors, 1.0 meg., 1/2-W.;
Two I.R.C. resistors, .25-meg., 3/2-w- . ;
Three I.R.C. resistors, 0.1-meg., 1/2-W. ;
Two I.R.C. resistors, 300 ohms, 1/2-W. ;
Two I.R.C. resistors,. 20,000 ohms, 1/2-W. :
Two I.R.C. resistors, 10,000 ohms, 3/2 -vv. ;
Two I.R.C. resistors, 2 megs., 1/2-W. ;
One I.R.C. resistor, 2,500 -ohms, 1/2-W. ;
One I.R.C. resistor, 20,000 ohms, 1.0 W. ;
One I.R.C. resistor, 15,000 ohms, 1/2-W. ;

One Electrad resistor, with slider, 20,000 ohms,
25 W.;
One Electrad resistor, with slider, 5,000 ohms,
25 W.;
Two Electrad potentiometers, 50,000 ohms;
Two Electrad dual potentiometers, 0.5-meg.;
One Electrad dual potentiometer, .25-meg. ;
One Cornell-Dubilier electrolytic condenser, 25
mf., 25 V.;
Three Cornell-Dubilier paper condensers, 1.0 mf.,
400 V. ;

1.5 AMR 1T1

q.3v.. CC AMP raw,

;.1.01E5,160 MA, 160 OHM RES. (EACH)

5

Schematic circuit of power unit. Note
the two rectifiers.

2

400 V. ;

mf.,

One Cornell-Dubilier paper condenser, .05-mf.,
400 V.;
mica condensers,

100

*Three T.R.F. coils,. 1,750 to 530 kc.;
One 3 -gang tuning condenser, 365 mmf. per
section ;

Three Hammarlund air -dielectric trimmer condensers, 50 mmf. ;
Two A.F. chokes, 30 hy., 30 ma. ;
*One A.F. choke, 50 hy., 10 ma. ;
*One A.F. transformer (push-pull plates to
pushpull grids), T3 ;
*One output transformer (plate -to -plate --8,000
ohms), T4 ;
*One A.F. transformer (single plate to pushpull grids), T2 ;
*One transformer (tapped primary -500 ohmsto single -grid), Ti ;
One Na-Ald 6 -prong special socket (for 6E5) ;
Three Eby 6 -prong wafer sockets ;
Four Eby 7 -prong small wafer sockets;
Four Eby 5 -prong wafer sockets ;
Two Eby 4 -prong wafer sockets;
One Raytheon, Sylvania or RCA type 85 tube ;
Two Raytheon Sylvania or RCA type 6F7 tubes ;
Two Raytheon, Sylvania or RCA tube 6D6 tubes ;
Three Raytheon, Sylvania or RCA type 76 tubes;
Two Raytheon, Sylvania or RCA type 6A3 tubes;
One Raytheon, Sylvania or RCA type 6E5 cathode-ray tube;
*One chassis ;
*One tuning dial.
(*Names of manufacturers will be sent upon
request.)

LIST OF PARTS FOR POWER UNIT
*One special power transformer, Tl ;
*Two special shielded A.F. chokes, 10 hy., 150
ma., 160 ohms each. Ch.1, Ch.2 ;
One unshielded choke, 300 hy., 2 ma., ,Ch.3;
Two Cornell-Dubilier paper condensers, 10 mf.,
150 V. (working), C3, C4 ;
One Cornell-Dubilier paper condenser, 8 mf.,
500 V. (working), C2;
One Cornell-Dubilier oil -impregnated paper condenser, 4 mf., 600 V., Cl ;
*One chassis
One RCA or Raytheon type 83 tube, V1 ;
One RCA or Raytheon type 45 tube, V2 ;
Two Eby 4 -prong wafer sockets, VI, V2 ;
One Eby 5 -prong wafer socket ;
One 1.5A fuse and fuse mount, F.
*Names of manufacturers will be sent upon request.

CHAPTER II
SERVICE

INSTRUMENTS

HOW TO MAKE A
Free - Reference - Point

MULTI - PURPOSE
SET ANALYZER
analyzer and tube tester which will
accommodate the latest set as well as the
oldest. You will find it unusually flexible.
Set

Appearance of completed tester.

leads, it is necessary to set the socket -

THIS testing instrument consists, es-

selector switches across one of these

sentially, of a universal volt-mil-

shunt.

liammeter, Fig. 2, and a free -reference point unit, Fig. 1. Three sockets, are

Switch Sw.7, in Fig. 1, is in positive
lead, and Sw.8 the negative. To measure plate voltage from the cable, Sw.7
should be set at P, or, according to the
RMA socket numbering system to 3,

available for current readings of all
modern tubes.

Voltage scales, A.C. and D.C. of 10,

100, 500 and 1,000 are selected, as shown
in Fig. 2, by means of a rotary selector -

while the Sw.8 is set at K or H (or 7
or 8), depending on the type of tube.
To measure plate current of the same
tube, both switches should be set at P,

switch, Sw.6. Rotating the same switch
in the reverse direction, selects current
scales of 10, 100, 500 and 1,000 ma. Set-

the jack switches thrown to their prop-

ting the toggle switch Sw.10, cuts a

er position, and the correct scale se-

10-A, shunt directly across the meter.
Jack switch Sw.4 selects current or
voltage; Sw.5, A.C. or D.C.

lected.

meter to a 0-5 voltmeter; R6 then completes the total resistance for the 10-V.

tubes, and on the scale selector for other scales.

Several dead points remain on the

socket selector switches for future

Resistors R5 and R10 convert the

All types of tubes may be tested in

scale.

(Carbon resistors having a 5 per

TC ,TWO K )ACES

cent tolerance were found accurate

TEST

enough for ordinary service work.)

ti
SW 2

The current shunts, with the exception of the 10-A. shunt, are hand calibrated from wire -wound resistors,
for a 5-V. meter. The 10 -ma., 550 -ohm

shunts are obtained by moving the

MLR

clips of a standard, 500 -ohm size, bare wire -wound resistor closer to the ends.

The extra value of 50 ohms is readily
obtainable.

R

The 10-A, shunt is a stock size for

Rl

Sy,

this meter. The 10 -ma. shunts are con-

4

(ur) /e..

nected in the plate leads between the

To make current readings on this scale with the test
socket selector switches.

e- SW I!
(cur)

Fig. 1. Schematic diagram a free -refer-

ence -point unit.
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the analyzer, using the grid -shift method.

For tubes with the grid at the
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It will accommodate both metal tube
sets and glass tube sets.

socket pin, Sw.1 is thrown to "TEST."
When the control -grid is at the top cap,
Sw.2 is thrown to S. -G. (Toggle switch
"NOR" on the panel is an "extra" for
future use.)
The 5Z4 rectifier tube, having one
different filament post, need cause no
worry, because the cable feeds straight
through, so that the filament posts in
the set under test will occupy the same
pins in the analyzer socket. To read

the filament voltage of the 5Z4, set
Sw.7 at 2, and Sw.8 at 8.
Current shunts are connected in
leads 3 and 4. This may be extended
to include all the leads, or toggle
switches may be connected in several
leads, and opened for current readings,

Fig. 2.

The analyzer volt-milliammeter

unit schematic diagram. Refer to List
of Parts below for values of all resistors.
7

7,05

104

7706

7101

\

7708

"..

the shunt then being connected to the

Wil (

scale -selector switch.

The R -C tip jacks are used for resistance and capacity measurements.
Throwing Sw.5 to D.C. gives a scale of
0-1. ma. at these points.
A small battery and a variable resistor may then be used as an ohmmeter
adapter. Five adapters are required,

and should be connected exactly as
shown in the diagram, so that the pin
connections will be the same as the

analyzer sockets. They may be made
by bolting adapter sockets on tube
bases or adapter bases.
This flexible set tester will more than
suffice for every day radio service work.

Under -panel view of analyzer showing
wiring.

(IC' ,

....".
E

.

The adapters for permitting
6-, 7-, or octal -prong tubes to
tested and connected to the unit.

Fig. 3.
5-,

4-,

be

LIST OF PARTS
One Jewell No. 88, 0.1 ma. meter ;
One Na-Ald No. 456E composite socket 4-5-6
prong, S1;
One Na-Ald No. 477E socket 7-7 prong, S3;
One Na-Ald octal socket, S2
Two Yaxley No. 422 tip jacks,
' TC;
Two Yaxley No. 422 tip jacks, test leads;
Two Yaxley No. 422 tip jacks, 11-C leads;
Four S.P.D.T. toggle switches,. Sw.1, Sw.2, Sw.9,
Sw.10 ;
One D.P.D.T. toggle switch, Sw.3
One Yaxley No. 762 jack switch, gw.4 ;
One Yaxley No. 763 jack switch, Sw.5 ;
Two Readrite No. 27 rotary switches, Sw.7.
Sw.8 ;
One Readrite No. 34 rotary switch, Sw.6 ;
Two Electrad meter shunts, 500 ohms, R1 ;
One Electrad meter shunt, 55 ohms, 112;
One Electrad meter shunt,. 10 ohms, R3;
One Electrad meter shunt, 5 ohms, R4 ;
One Weston 10-A. meter shunt, R11;
One Shallcross multiplier resistor, 4,970 ohms
(unwind 30 ohms from 5,000 ohm precision
resistor), R5;
One Continental Carbon multiplier resistor,
5,000 ohms, R6;
One Continental Carbon multiplier resistor,
90,000 ohms, R7 ;
One Continental Carbon multiplier resistor,
0.4-meg., R8 ;
One Continental Carbon multiplier resistor, 0.5meg., R9 ;
One Aerovox multiplier resistor, 4,500 ohms (unwind 500 ohms from 5,000 ohm precision
resistor), R10 ;
One Taurex meter rectifier, RX ;
One bakelite panel, 7 x 9 ins. ;
One analyzer cable, 9 wires ;
One dual S.G. cap and lead;
Three Radio City 1% -in. pointer knobs;
Five 7 -hole 4-5-6-75 and 8 -prong adapter
sockets

Five 4-,

5-,

6-, 7S- and 8 -prong adapter bases.

.
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HOW TO MAKE A

UNINS
CONTROL

WAVE..

AF

\

OUTPUT
CONTROL

RADIO -CRAFT

CNANUt

CONTROL

CUNTROL
I
I

Metal -Tube All -Wave

OUTPUT
CONTROL

OSCILLATOR
An ultra -modern "signal generator" unit
which covers all requirements for service
and experimental work; it is an extremely
flexible unit, which works on any A.C. or
D.C.

line.

Completed oscillator in use.

THE Radio -Craft ultra -modern signal generator covers all frequencies
between 90 kc. and 25,000 kc. (25 mcs.)
in 7 bands; the output is variable from

a portion of a microvolt to approximately 0.1-V. (r.m.s.), in two steps; a
high -mu triode 6F5 tube is used as a
modulator, the frequency of which is
adjusted by a "tapped condenser" having capacities varying between 50 mmf.
and .01-mf. Seven audio frequencies are
thus produced between (approx.) 100
and 7,500 cycles. A jack is incorporated in the circuit so that a "wobbler"
can be plugged in.
THE CIRCUIT
A 6L7 injection -grid frequency -con-

verter tube is used as the R.F. oscillator. (Further details about this inter-

esting tube will be found in the October
1935, issue of Radio -Craft on page 204

-Editor)

A conventional regenerative circuit

is used for the R.F. oscillator, the 7
frequency bands being made possible by

the circuit constants match. This is
accomplished by taking two pieces of
cotton braid hookup wire about 3 ins.
long and twisting them tightly together, leaving one end of each wire open
and connecting the other end to the cap
and cathode of the tube (see Cx which
represents this additional capacity).

The output of the oscillator is fed

through a shielded line to a 1,000 ohm
potentiometer. shunted by a 100 ohm
resistor and a switch. When this
switch, Sw.1, is open, the greatest output is obtained, and when closed, the
low range is in effect.
The A.F. oscillator consists of a lowratio A.F. transformer connected backwards; that is, with the usual secondary in the plate circuit and the primary
in the grid circuit. This is done to obtain the greatest output and the widest
frequency range. The frequency of this
oscillator (modulator) is controlled by
a unit consisting of a group of condensers and a fan switch.

the use of an RCA all -wave oscillator
coil. Since this coil assembly is calibrated for use with the condenser which
is

used, the problem of calibration-

which has stumped so many radio men
when making oscillators and frequency

meters-is eliminated. A trial or two

against known standards (such as
broadcast stations) is all that is needed

to properly set the

dial scale.

One

small additional compensation is needed. Since the coil and condenser were
calibrated for use with a type 30 tube
which has an input capacity of 3 mmf.
and we are using a 6L7 having an input capacity of 1.9 mmf., we must add
1.1 mmf. to the input capacity to make

Rear open view of oscillator.
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Complete schematic diagram of the oscillator.

The construction of the signal generator is not difficult, if the specified
parts are used. The dial should be converted first, by removing the scale disc
and pasting the paper scale which
comes with the coil assembly over the
original one.
ADJUSTMENTS
The adjustments necessary are few in
number. When the unit has been com-

pleted, connect it to a 110 V. line and
connect a shielded wire to the R.F. output terminal and the "Output Common"
terminal, which, by the way is isolated
from the unit by a .1-mf. condenser so

that "fire works" are not seen when
the line plug is inserted in the socket

the wrong way. Connect the shielded
wire to the aerial binding post of a receiver and tune the set carefully to a
number of broadcast stations one after
the other, the frequencies of which are

known; and on the basis of this, set

the dial of the oscillator to the correct
point and lock the set screw on the dial
tightly in place.
If it is desired to use only the R.F.

oscillator without modulation, the modulation switch, Sw.2, should be snapped
to the off position.
If the A.F. oscillator only is desired,
this switch should be in the on position

but the output should be taken from
the "A.F. Output" terminal and the
"Output Common" terminal.

If wider A.F. modulation is needed

than provided by the modulations of the
A.F. oscillator, additional condensers

can be shunted across C11. Or, if for
any reason a separate modulator is to
be coupled to the R.F. signal generator,
the "External Modulation" terminal

should be used and Sw.2 should be

placed in the off position.

A little study of the circuit and this
rather sketchy description of the construction and operation of the unit will
reveal how really flexible the unit is.
LIST OF PARTS
One RCA oscillator coil kit, Ll to L20, type
9559, (including dial scale, two snap switches
Sw.1 and Sw.2, and jack J1) ;
One RCA cond., 9.5 to 290 mmf., type 3980, C2 ;
Two .1-mf. Cornell-Dubilier 400 V. condensers,
Cl, C5 ;
One Cornell-Dubilier 100 mmf. condenser, C3 ;
One Cornell-Dubilier .001-mf: condenser, C6 ;
Four Aerovox 8 mf. 250 V. electrolytic condensers,. C7, C8, C9, C10;
*One tapped condenser bank 50 mmf. to .01-rnf.
type 1200TA C11';
One Clarostat 1,000 ohm non -inductive potentiometer with switch, Sw.3, R1 ;
One Aerovox 100 ohm, 5-W. carbon resistor, 112 ;
One Aerovox 50,000 ohm 5-W. resistor, R3 ;
One Aerovox .2-meg. 5-W. carbon resistor, R41
*One 50,000 ohm potentiometer, R5';

One Blan power cord, with 254 ohm resistor,
R6;
One Hammarlund 10 mhy. RF choke, type
CH1O-S, R.F.C.1 ;

*Two midget filter chokes, Ch.1, Ch.2 ;
*One midget A.F. transformer, Ti,.;
Three ICA Insulite octal sockets;
One Blan D.P.D.T. snap switch, Sw. 4 ;
One Blan aluminum chassis, 83/4 x 41/2 x 21/s, ins. high ;

*One type B dial;
*One cabinet;
One National Union type 6L7 metal tube, V1 ;
One National Union type 6F5 metal tube, V2 ;
*One kit25Z5 metal -glass tube, V3;
Five Blan binding posts;
One 1-A. fuse ;
As needed, screws, hookup wire, etc.
(*Name of manufacturer sent upon request.)
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HOW TO MAKE A VERSATILE

"MAGIC EYE" LEAKAGE
and Resistance TESTER
This inexpensive precision tester takes the place of

neon leakage testers and does a better job.

Back view of tester.
THE NEED FOR HIGH -OHM TESTS

THE introduction of the 6E5 cathode-ray tuning indicator tube which
was described fully in December, 1935,
Radio -Craft makes possible many new

test devices; the one described here
will undoubtedly be used to replace the

unsatisfactory high -voltage tests for
the determination of high resistance

values and the location of current leakage.
In operation the 50,000 -ohm variable

resistor, R4, supplies the normal 8 V.
negative bias to the control -grid of the
6E5 through the 1. meg. gridleak R3;
this normal bias causes the ray screen
to be completely luminous. This nor-

mal bias is reduced by virtue of the

This use requires that there must be at least 1.
V. across the circuit to be measured.
The load of this circuit is practically
in aligning receivers.

nil and for this reason does not affect
The "E" battery is omitted in this test. Resistor R4 should be
set at zero resistance.
Another use is in the alignment of
tone quality.

receivers with A.V.C. In this case term-

inal P1 of V1 is connected to the receiver A.V.C. line at a convenient point
and alignment made on the same basis

as with any other output meter. The
gridleak included in the tester is removed for this test. The "E" battery
also is omitted. Resistor R4 should be
set at zero resistance.

positive component of voltage present
on the grid when some resistance is inserted between binding posts P1 and
P2. A reduction in bias causes the formation of a dark sector on the luminous screen; the greater the reduction in
bias the greater the size of the sector

from any junk at hand.
The "E" battery is composed of 10
"penlite" flashlight cells in order that

the tube top permits the use of this sec-

tapped off for range change.

up to zero bias. A scale placed over

tor variation as an accurate index of
the resistance value between posts P1
and P2.

The range of the circuit may be

changed by having taps on the bucking

battery, E. If the battery, E, is removed from the circuit, the useful
range of the instrument will be approximately between 0.1-meg. and 2
megs. If a 1.5 V. battery is used the

CONSTRUCTION

All of the parts used are standard.
The power supply must deliver from
200 to 250 V. D.C. and may be made

the desired 1.5 V. and 15 V. can be

LIST OF PARTS
The following list is given for parts which
are actually necessary for operation of the 6E5
tube. The parts for the chassis and power pack
can be picked to suit the experimenter.
One RCA Radiotron or Sylvania 6E5 Cathode Ray tuning Indicator, V1 ;
One Bud 6 -prong wafer socket for V2 ;
One I.R.C. 1.-meg. gridleak, R3 ;
One I.R.C. 1.-meg. plate resistor, R1 ;
One Electrad 50,000 ohm volume control, R4 ;
Ten 1.5 V. penlight flashlight cells, E.

useful range will be from .25-meg. to
5.0 megs. If a battery of 15 V. is used,
the useful range will be from 2.5 to 50
megs. Resistor R4 is variable to per-

mit a zero adjustment to take care of
wide variations in line voltage.

In addition to leakage testing, the
tester can be used as an output meter

Schematic diagram of "Magic Eye" tester.

"SHORT" and "OPEN"

TESTER for

METAL TUBES
THE new octal -base tube socket

lends itself to the design of a series -resistance type metal tube short

tester. The only parts required are an
octal -base tube socket, 4 -500 -ohm insulated resistors, 2 -1,500 -ohm insulated resistors, and 1 -5,000 -ohm insulated resistor.
In the circuit diagram, the terminals,

as numbered in the resistor circuits,
connect to the respective numbers in
the tube -base diagram. The illustra-

tion shows the under -socket appearance

of this arrangement with 1-W. insulated resistors connected to the socket
terminals. The junction between the

2 -1,500 -ohm resistors is connected to a
flexible lead to which must be attached
a small grid -cap for tubes with top -cap
connections. Terminals 3 and 8 have
additional flexible leads for connection
to an ohmmeter.
Practically all of the metal tubes

have heater terminals in positions 2

and 7. As may be observed from the
diagram, the heater filament of a tube
would complete a circuit from termin-

al 3 to terminal 8 through the resis-

tors. Neglecting the small resistance

of the tube heater, the sum of the resistors in the circuit is 10,000 ohms.

An ohmmeter connected to terminals 3
and 8 should indicate 10,000 ohms when

a good tube is inserted in the socket.

If the heater circuit of the tube is open,
the reading will be above 10,000 ohms.

Simple resistor network constitutes
the "tester."

If the heater circuit is intact and a

leakage exists between elements of the
tube, the reading on the ohmmeter will
be less than 10,000 ohms-because that
leakage would be in shunt with one or
more of the resistors.
Defects, due to the mechanical displacements within a metal tube, usually form a low -resistance short which

may be easily detected with this ar-

rangement. As will be observed on the
diagram, the cathode and heater-term-

inals 8 and 7-are separated by 8,000

ohms.

Most ohmmeters

capable

of

reading 10,000 ohms will plainly distinguish a difference of 500 ohms; thus
a leakage of 120,000 ohms shunting
with 8,000 ohms will cause that circuit
to show a net 7,500 ohms. This degree of sensitivity is adequate for metal
tube cathode -to -heater leakage testing.
The 5Z4 tube uses terminals 2 and 8
for its heater circuit. The arrange-

ment of the resistors is such that the
5Z4 tube will give a reading of 2,000
ohms if its heater is intact, and if no
internal short-circuits exist.
The polarity indicated at terminals 3

and 8 is recommended so that tubes

may be tested while their cathodes are
hot.

The current applied in the test

opposes the natural electronic emission

of the cathode, thus avoiding the ap-

pearance of leakage which the electrons
might ordinarily cause.

Schematic diagram of inexpensive practical

"short" and "open" tester.

Due to fact that the resistor circuit
is open until a tube is inserted in the
socket, an ohmmeter may be permanently connected when the short tester
is mounted in a bench test panel; in a
tube tester; or in a portable ohmmeter.
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LOW - COST A. C. - D. C.

Vacuum -Tube

VOLTMETER
Here is

a

unit which is made from parts

found in most radio "junk boxes"-it has
many uses in the shop and lab.

AN invaluable addition to any experimenter's laboratory, is a vac-

This is an instrument which many have desired to possess, yet have been deprived of owning,
because of the costly, delicate meters
uum -tube voltmeter.

and elaborate apparatus required in
one as dictated by most of the available circuit requirements and by the
high cost of upkeep of such an instrument due to the use of batteries for
supply purposes.

To surmount both of these difficulties, yet to produce an instrument of
sufficient precision to meet most of the

experimenters' requirements, the following circuit has been developed. In
this, low cost and simplicity of opera-

tion and construction have been the

W. resistor, and R2 is a 600 -ohm, 1-W.
rheostat. This completes the equipment, all of which is either in the pos-

session of or is readily accessible to

any radio

experimenter. Using the
above circuit constants a range of 0-30
volts (effective) will be obtained.
While the set-up is operative on either 110 volts A.C. or D.C., calibration
of the instrument on A.C. is rendered
invalid on D.C.

The V. -T. voltmeter may be conveniently calibrated by comparison with a
standard A.C. voltmeter, using 60 -cycle
current for the grid excitation. In order to avoid reverse reading of the plate
milliammeter in this connection, how-

ever, the phase of the grid -exciting
E.M.F. should be opposite to that of

dominating factors considered in its de-

the power -supply source. This may be

Since most D.C. meters available to
the experimenter are usually of the in-

plate current instead of an increase

sign.

sensitive type, having a range in the
order of 20 ma. for full scale deflection,
such a meter was employed in the circuit.

In order to obtain high -power sensi-

tivity, as is necessary because of the

use of such a high -range plate milliam-

meter, a 12A5 tube was selected, due
to its high transconductance and also
to its low filament current consumption; which enabled the selection of a
convenient filament divider resistance
and in addition the losses in this divider were minimized. The divider employed, R3, is a 35-W. standard mazda
lamp. Condenser C1 is a 1-mf. paper
condenser; C2 is an 8 mf. electrolytic
condenser; and C3 is a 0.5-mf. paper

condenser.

Resistor R is 0.1-meg., I/4 -

done by connecting these leads in the
manner which results in a decrease of

upon their application to the voltmeter.
The versatility and uses of the V. -T.
voltmeter are well-known.
In setting the instrument up for calibration and for use, R1 is adjusted for
full scale deflection of (M.A.), resulting
in a decrease of plate current with the
application of a grid E.M.F. instead of
the inverse, as found in the usual type
of V.T. voltmeter.

Circuit of A.C.-D.C. VT voltmeter.
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HOW TO MAKE A

"EIR" TESTER
WHILE this meter was primarily
designed for the measurement of
voltage, resistance, and current, other
uses indicate themselves to those familiar with such equipment.
A fortunate discovery of a very compact miniature three -prong socket and
a

small

compact three -prong

plug

solved the method of selecting any
range at will with a minimum of

switching. It will be noted that in this
unit all switching is done with a single
switch and this switch simply throws
the rectifier unit in or out of the circuit
as required. The use of the three socket contacts permits automatic connection of the shunts, R1, R2, and R3 respectively, in the circuit.
This new meter has A.C. and D.C.

voltage ranges of 0-5, 0-10, 0-25, 0-100,
0-250, 0-500, 0-1000, 0-2,500 V. The
meter selected being a milliammeter of

fairly high sensitivity made it a simple
matter to include shunts so that ranges
of 10, 25, 100 and 500 ma. could be obtained readily. Three resistance measurement ranges were included having
ranges of 0-1,000 ohms, 0-10,000 ohms,
0-1. meg.
LIST OF PARTS

One Hickock Model 49X meter, 50 my. drop,
with M rectifier panel ;
One ICA drilled and engraved metal panel;

Appearance of the completed tester.
Sixteen three contact sockets;
One plug ;

One ICA small bar knob ;
One pair ICA test leads ;
One three -circuit, two -position switch, Sw ;
One Electrad 20 ohm potentiometer, shaft slotted
for screwdriver adjustment, R5 ;
Electrad 100 ohm potentiometer, shaft
slotted for screwdriver adjustment, R7 ;
One Electrad 2,500 ohm potentiometer, shaft
slotted for screwdriver adjustment, R9 ;
One Electrad 100 ohm flexible resistor, R6 ;
One Electrad 13,500 ohm resistor, R8 ;
Four meter shunts for 10, 25, 100 and 500
ma., R1, R2, R3, R4 ;
One Shallcross resistor, 4,950 ohms, R10 ;
One Shallcross resistor, 5,000 ohms, R11 ;
One Shallcross resistor, 20,000 ohms, R12 ;
One Shallcross resistor, 95,000 ohms, R13 ;
One Shallcross resistor, .245-meg., R14 ;
One Shallcross resistor, .495-meg., R15
One Shallcross resistor, 0.5-meg., R16 ;
Two Shallcross resistors, 0.75-meg., R17, R18 ;
One aluminum bracket.
One carrying case.
One 1.5 V. flashlight cell, tubular type, B1 ;
Two "C" batteries, B2, B3.
One

10 -

Schematic diagram of
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the tester. The jum-

100-

picks up the required
battery and meter
current shunt circuits
for the various ohm-

500 -

per in the plug also

meter ranges, thus
eliminating switches
of any kind in these
circuits.
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CALIBRATING an
OSCILLATOR with
BROADCAST

a

RECEIVER
The oscillator being calibrated.

ALTHOUGH any service oscillator
may be calibrated by this method,
we will briefly describe the one which
we actually used-See Fig. 1.
It is a self -modulated oscillator em-

ploying a type 30 tube, batteries and
everything self-contained, but includes

an 0-1 ma. milliammeter in the plate
circuit to indicate the existing output
when the oscillator switch is turned
"on." Due to the low plate voltage ap-

plied to the tube (45 V. maximum, although 221 V. is sufficient in most
cases) the plate current will never exceed 1 ma. and may be regulated by
the filament rheostat which is included
in the design of the unit.
The frequency range is from approximately 100 kc. to 1,500 kc., the higher
frequencies being harmonics of fundamental frequencies in the tuning range
of the coil and condenser. The coil
used in the construction of this oscil-

lator was from an I.F. transformer
whose peak was 350 kc. (and from
which the padding condensers were re-

aerial from the broadcast receiver and
connect the insulated output post of the
oscillator to the aerial post of the receiver and connect the other post to the
ground of the receiver. By switching
on the oscillator, a series of harmonics
may be heard by turning either the oscillator dial or the broadcast receiver
dial. We are now prepared to make a
very accurate set of calibration curves
of the oscillator, after which the calibration can be further checked by hetcrystal -controlled
with
broadcast station waves.
erodyning

The next step is to set the oscillator

dial at its maximum or 150.

the highest dial setting heard on the
broadcast receiver. Turn the volume -

control of the oscillator until the harmonic signal is very weak and an accurate dial reading of the receiver is
obtained. On this particular set, a harmonic was heard at 87 on the receiver
dial. This indicated, from Fig. 3, a frequency of 593 kc.

moved).

iS00

The value of the coupling condenser
in the output (plate) circuit which con-

nects to the receiver should be low.

Approximately 50 mmf. will be sufficient for the average set, and 100 mmf.
for old or insensitive receivers.
By tuning -in various broadcast sta-

tions on a standard receiver of good design, accurate frequencies are available, especially from crystal -controlled

1400
c;

1300
1200

X

1100

3 woo
900

a
ft.

800
700
600
500

broadcast stations; these are used for

400

procedure is to first plot an accurate
calibration curve of the broadcast receiver. Such a curve is illustrated in
Fig. 3. Frequency in kc. is plotted

200

calibrating the oscillator. The simplest

against tuning dial settings.
The first step is to disconnect the

Then

tune in a harmonic of the oscillator at

300

-----

100

0
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OSCILLATOR DIAL SETTING

Fig. 2.

1125

The plotted calibration curves of
the oscillator.
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Now slowly decrease the tuning dial
setting of the broadcast receiver (leaving the oscillator setting as it was) until another harmonic is heard. In this

case one was heard at 70 on the re-

ceiver dial and from Fig. 3 indicated a
frequency of 711.5 kc. The former figure subtracted from the latter, or
711.5 minus 93 equals 118.5. This is
the fundamental frequency of the oscillator because each harmonic differs
from adjacent ones by an amount equal
to the fundamental.
We can check the accuracy by dividing 593 by 118.5, which gives 5 and a
slight amount over indicating that our
readings were not exact. Evidently we
were working on the 5th and 6th harmonics. Dividing 593 by 5 gives 118.6
as the fundamental. Six times 118.6
would give a frequency of 711.6 for the
6th harmonic instead of 711.5, which
was obtained from the curve.
Knowing that the fundamental frequency is 118.6 at the 150 degree setting of the oscillator dial, we can mark
off on the calibration chart, Fig. 4, harmonics up to the 12th, spaced 118.6 kc.
apart.
The same procedure can be carried
out at the zero setting of the oscillator
dial. In this case the frequencies
worked out accurately at the first trial.
A harmonic was tuned in at 72 on the

tuner dial, indicating a frequency of
r
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0

70
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87

100

Receiver tuning curve plotted
on graph.

700 kc., and at 43, indicating a frequency of 1,050. The difference, 350 kc., is
the fundamental frequency of the oscillator at this setting. The second, third

and fourth harmonics are marked on

the graph of Fig. 2. This procedure

was carried out at every 10 degree setting of the oscillator dial. A series of
curves, as shown on the chart of Fig. 2
were plotted. It was found that the
curves were actually straight lines, due
to the straight -line -frequency charac-teristic of the oscillator condenser.

To make an accurate check of the

calibration curves of the oscillator, one

of the side plates should be removed

and a piece of wire connected across the
grid condenser so as to short-circuit it.
Then the side plate should be replaced.
In this condition the oscillator will generate a non -modulated wave which can

be used to heterodyne the wave of a
crystal -controlled station tuned in on
the receiver. When making this test a

short indoor aerial, just sufficient to
connected to the aerial post of the re-

The oscillator is left connected

to the receiver. By tuning -in a station as WOR at 710 kc., (the test was
performed in New York City) the os-

Tune the oscillator dial for
zero -beat adjustinent and the calibration will be exact. Several stations
may be tuned -in in this manner and
slight corrections can then be made to
the previous plotted curves if necessary, after which the short-circuiting
wire connected across the grid condenspectively.
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third, fourth and fifth harmonics re-
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40

tings of the oscillator) working on the
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cillator should cause a heterodyne
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The pick-up coil may consist of

about 5 to 20 turns of bell wire wound
around the ground end of Ll; the "output" condenser, if used instead, may be
adjustable between 10 and 100 mmf.

ser may be removed.

CHAPTER III
AUDIO EQUIPMENT
HOW TO MAKE A

MICROPHONE
PREAMPLIFIER
The metal tubes offer the advantages of
compactness and good shielding, and so are

used in preference to the glass type.

The complete preamplifier.

MANY P.A. systems are now in use

A volume control is provided as a
The arm connects to the
grid of the 6C5, which is biased with
the usual cathode resistor. The bias
system of the 6F5 is quite different.
Here, one of the new 1V. bias cells is
used and proves very effective and

which have been designed only
with sufficient gain for carbon microphones. When the owner of one wish-

convenience.

es to use the newer type "mikes," he is
faced either with the prospect of extensive rebuilding or of purchasing a new
high -gain amplifier.

simple. This cell in its holder, together with all other components in the input circuit, are mounted directly on the
input terminal strip, which may be seen

The preamplifier unit here described

is designed to have sufficient gain to
allow the use of a "condenser head"
(condenser -type microphone) with any

in Fig. B, attached to one end of the

amplifier which has sufficient gain to

case.

operate with a carbon microphone. It is
compact and self-contained, and the out-

As is usual with this type circuit, all
components in the circuit are insulated

put can be connected directly to the

microphone transformer of the regular
amplifier, or it can be fed into a 500 -

ohm line.

POWER SUPPLY
The power supply is built -1n, and uses

a type 25Z6 tube in a "voltage doubling" circuit. The series filament cir-

cuit employs a regulation line -cord resistor such as is used on many midget
receivers. All the electrolytic filter condensers are of the 1 -in. diameter type,
so the total capacity used is very high,
about 50 mf. The 2 filter chokes and

the output transformer are housed in
special cast alloy cases to minimize

Fig. B.

hum in the output.
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Inside view of instrument showing placement of parts.
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as closely as possible to secure proper

from the chassis and metal case. Thus,
even the electrolytic condensers must be
insulated. The only connection to the
chassis is the 0.25-mf. condenser between "B-" and the chassis.

operation.

There are no adjustments needed, and

after a careful check of all wiring, the
power may be turned on and the performance tried out. The preliminary
tests may be made with a pair of low -

There are 2 pilot lights, one burning
whenever the heaters are lighted, and
the other only when the high -voltage
switch is operated. This second lamp
is shorted by the same switch which

impedance headphones connected to the
output transformer, or high -impedance
phones used in series with 0.1-mf. condensers in each lead and connected directly across the primary of the output
transformer. There should be no detectable hum in the phones with the vol-

opens the high -voltage lead. Since 3.2
V. bulbs are used, this slight change in

total voltage cannot be noticed. Be
certain the bulbs used are 3.2 V. and

ume control on full, and even a low-

0.3-A., as these can be used without a
parallel resistor. The 10,000 -ohm re-

level condenser head should give a good
loud signal.

sistor which precedes the 2 filter chokes
serves to drop the high voltage to about
150 V., which is sufficient for all needs,

LIST OF PARTS
One National Union type 6F5 tube, V1 ;
One National Union type 6C5 tube, V2 ;
One National Union type 2556 tuber V3;
Three I.C.A. 8 -prong sockets;
One I.C.A. steel cabinet 5x6x9 ins. long;
One I.C.A. S.P.S.T. toggle switch ;
One I.C.A. S.P.D.T. toggle switch ;
One I.C.A. dial plate with knob ;
One I.C.A. 4 -post terminal strip ;
One I.C.A. 3 -post terminal strip ;
Five I.C.A. name plates;
One Electrad volume control, 0.5-meg ;
One Aalloy output transformer (in case), T.;
Two Aalloy filter chokes in cases, Ch. 1, Ch. 2 ;
One Blan power cord, 248 ohms ;
Two Blan pilot lamp sockets with 3.2 V., 0.3-A.
bulbs ;
Two Solar electrolytic condensers, 4 mf. ;
Three Solar electrolytic condensers, 16 mf. ;
Two Solar paper condensers, 0.25-mf. ;
Two Solar mica condensers, .01-mf. ;
One Solar electrolytic condenser, 10 mf., 50 V. ;
'One "C" -bias cell with holder ;
Two I.R.C. 10-meg. carbon resistors ;
Two I.R.C. 50.000 -ohm carbon resistors;
One I.R.C. 0.25-meg. carbon resistors ;
One I.R.C. 2,000 -ohm carbon resistors;

and which is as high as should be applied to most condenser mikes. The
resistor also serves as additional filtering.

The microphone cable enters at the
bottom of the front panel, while the out-

put is at the upper rear of the case,

although the arrangements may be
changed to suit individual requirements.
CONSTRUCTION

Construction of the unit is almost
self-explanatory.

The

case

comes

knocked down, and is assembled with
self -tapping metal screws. Since some
constructors will wish to use parts that
are on hand, other than those specified,
no dimensions are given. However, the
placement of parts should be followed
INPUT
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One I.R.C. 10,000 -ohm carbon resistor.

(*Name of manufacturer will be sent upon

request ; kindly enclose a stamped and self-addressed envelope.)
OUTPUT

02,MF

C6FS

4
1

The wiring is very
simple. It should be
remembered
there are extra unused contact prongs

that

on most of the metal

tube sockets and these

may be used to advantage

to

support

small condensers, re-

sistors and the

like.
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HOW TO MAKE A

CONDENSER

MICROPHONE
Constructed from an old Kellogg hand
microphone.

OUR basic unit, a Kellogg hand microphone, as first obtained, is a
single -button, stretched - diaphragm
type; the tension of the diaphragm being adjustable, thus makes it excellent

for use as a condenser head. If we
now suppose the reader has obtained

one of these mikes, and is desirous of
using it as a condenser mike, the following then are the necessary steps:
First, remove the 3 machine screws in
the back -cover. This permits the cover

and handle to be removed and the cord
to be unsoldered. Now, put the mike

in a vise, with the mouthpiece down,
and punch out the 8 rivets around
flange; take care to cut only the rivets.
Next, grasp the mike by its flange and
front 'over, turn the mouthpiece upward, and carefully remove the front cover; take care not to injure either the
diaphragm or its 2 gaskets, as these

ins. long. Mark off the resulting plate
evenly, and drill 20 or 25 1/32 -in. holes

through it, as shown at upper -left.
Polish this "back plate" by using fine

sandpaper, or emery dust and oil on
glass. Important-use a circular motion in order to keep the plate as flat as
possible.

Thread this backplate into

the carbon cup (previously threaded for
this purpose).
Next, enlarge the 8 holes in the diaphragm and gaskets sufficiently to pass

the 6-32 machine screws. Then, replace the tension ring (for stretching

the diaphragm) that fits on the 6 screws
in the back chamber; and the gaskets,
diaphragm, and front -cover. Draw up
the screws evenly.
A CRITICAL ADJUSTMENT

You are now ready to make the

Care should be taken, not to cut

necessary adjustments. First, tighten
the 6 screws that stretch the diaphragm.
Next, adjust the backplate by turning
the 11/4 in. machine screw that was
placed on this plate and threaded
through the carbon cup. This stage of
the adjustment is critical, as the space
between the diaphragm and the back plate should be .005 -in. When this distance is attained (as indicated by maxi-

After this, ream the holes in the

set -screw in order to make the adjustment permanent.

later will be needed. It is now possible

to empty the carbon cup of its gran-.
Keep the cup but discard the carbon disc (since it is of no further use).
ules.

Next, remove the 3 rivets in the
front -cover; this permits the screen and
mouthpiece to be removed. Cut away
all excess metal. Now, the opening in
the front -cover should measure 1 11/16
ins.

away too much metal, since the protecting screen must be soldered to the back
of the remaining shoulder metal.

mum sensitivity and tone quality), a
6-32 lock nut may be run up on the

front -cover until they will take size 6-32
machine screws. Tap to size 6-32, corresponding holes in the rear flange. Tap

the carbon cup to take a 6-32 machine

screw, replace the cup in its proper
place, and tighten the set -screw.

The next move is to obtain a steel

washer, 1 in. in dia., by 1/16 in. thick.
Countersink the center hole and tap it
for a 6-32 flathead machine screw, 11/4

All parts necessary

to

condenser mike.

build the
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HOW TO MAKE A

VELOCITY MICROPHONE
you will require two motorcycle magneto magnets. These may be

obtained from an automobile wrecker's

store; they should measure 41/2 ins.
long, and 3 ins. wide, and they should

Fig.

A.

Right.

The appearance
of the complete
velocity microphone with its
transline"

Each magnet should be provided with

all
former
mounted in a

You will also require
two pieces of soft-irbn bar, 5 ins. long
and 1 in. x 1/2 -in. These bars are the
2 pole -pieces which fit inside when the

for a straight -edge and cut the foil

be an exact fit when placed end -to -end.

one or two holes through the end of

each pole -piece.

magnets

are laid

end -to -end.

They

should leave a gap of approximately
1/4 -in. It is in this gap that the ribbon
is suspended.

Place the magnets end -to -end, like

poles together (opposing); place the
bars in position and mark the places

where holes must be drilled and tapped
for the retaining bolts. Referring to

the diagram, the two end ribbon supports are of shellacked wood and are

fastened to the pole -pieces by means of

"aluminum cement"-the kind that is

neat case are
readily seen.

pieces; use a stiff piece of cardboard

with a keen safety -razor blade. The
result should be a ribbon not over Y4 -in.

wide, and about 6 ins. long-allowing
for the succeeding steps of crimping
and fitting. To obtain the necessary

corrugations in the ribbon, which makes

the device non -resonant, run the ribbon in a straight line through a small

pair of gearwheels (Meccano gears will
do nicely).
Use small brass screws for fastening
the ribbon in the air gap. Fasten one
end first, then, with a pair of tweezers,

sold in tubes.
HOW TO MAKE THE RIBBON

draw the other end to the anchoring

For excellent results one cannot do
better than to use tinfoil of the kind
that is brittle and thin. It can be obtained from cigarette -packing in the

bon when in place. It should move

Care should be taken in
smoothing it out; avoid wrinkling or
putting cuts in it through creasing.
Determine the maximum permissible
width of your ribbon, allowing about
1/16 -in. clearance between the polesmall boxes.
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screw -hole and fasten it firmly. There
should be very little tension on the ribfreely when you blow on it gently.
Mount the completed mike in a case,
such as the one shown. In the openings at the front and back of the microphone -case, use only copper screen, and
place one or two layers of cotton mesh
between each screen and the case.
RIBBON TO MIKE TRANSFORMER
A mike transformer, from the ribbon

The parts to the preamplifier is best for proper
which make matching and maximum transfer of
up the mi- energy.
crophone are
a 1 I labeled
Get any good -quality core from an
for the con- A.F. transformer (the better ones have
venience

of
con- thin laminations) and wind 60 turns of
the
structor.

Note partic- No. 22 enameled wire for the primary,
ularly that tapping at 30, 40, 50 and 60 turns. For
the fixed
magnets are the secondary, wind 390 turns of No.
placed with 30 enameled wire. When your mike is
"like poles"
together.

assembled, test for best response and
volume using the different taps to the
ribbon side of the mike.
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METAL TUBES in a

HIGH-FIDELITY
AMPLIFIER
Fig. A.

The amplifier showing place-

ment, of parts.

TO those of us who have watched the

progress of radio from its inception, the forward movement of the industry to produce at a reasonable cost,
practical high-fidelity amplifiers has
proven a most difficult feat. The new

metal tubes, however, have removed
some of the most stubborn difficulties

in the way of producing an A.F. amplifier with high -quality output, adequate

for either a P.A. system or the audio

output system of a fine radio set.
These difficulties all boil down to
four: (1), gain; (2), hum; (3), fidelity;
and (4), power -capacity. It has been
unfortunate that most of our tubes with
fairly high gain were not of the separate -cathode type, so that they tended
to introduce hum, or else they failed to

between the 40 and 20 W. amplifiers

are the power and the output transformers.

As noted in Fig. 1, the 6F6 tubes are
connected as triodes in class A prime.
This provides high A.F. power and low
distortion. The static plate current is

only 20 ma. per tube, but when it is
driven, it increases to almost 55 ma.
This is a factor in the economical side
of class A prime operation. It means

that the average plate power is half

that which would be taken by an equiv-

alent straight class A amplifier. This
economy is not obtained at the expense
of fidelity. The fine quality delivered

is due almost entirely to the trans-

provide enough output to swing the

formers used.
The unusual simplicity of construction and wiring is apparent at a glance.

everything needed.

terminations to match a universal line.
This transformer is coupled to the grid

grids of a final push-pull output stage
wide enough. The metal tubes provide

The input transformer has primary

The general details of the amplifier
circuit are standard. However, there
are a number of features which are
new and of interest. After careful consideration of all the metal tubes available, the following tubes were finally
chosen as being the cream of the crop

of a 6J7 tube triode connected. The

and also the most suitable for this type
of amplifier. One 6J7, two 6C5s, two
or four 6F6s, and three 5Z4 rectifying

tubes.

The amplifier, Figs. A and 1, consist
of three stages of transformer coupled
amplification.

The output stage uses

6J7 tube has the unusual good amplification factor of 22 and is non -micro phonic. This tube is again transformer coupled to the 6C5s. The input transformer from the 6C5s to the 6F6s is of
a special type designed specifically for
the purpose. The output transformer
is also critical and should be the exact

impedance to match the tubes. This
transformer is quite a husky affair and
will handle the entire output without
saturation. Output is provided for 4,
8, 16 and 500 ohms.

four 6F6 tubes connected in a push-pull

parallel arrangement that will deliver

an output of 40 W. with only 5 per cent
harmonic distortion present. For those

who do not require this amount of
power, two of the 6F6 tubes may be

omitted, thus making the output stage
straight push-pull. This will provide
an output of 20 W. The only difference

Fig. 1.

Schematic diagram of the
amplifier.
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It is, of course, necessary to have a

power supply with good regulation because of the difference of plate current
at no -signal and full output. See Figs.
B and 2. This also explains why self biasing is not used. The power supply

has been especially designed to take

33

To feed an R.F. tuner to this amplifier
it is suggested that this be accomplished
through the use of a suitable plate -to -

line transformer and the volume can
then be controlled with the T pad as
shown.

care of this requirement. The internal
resistance of the plate supply is quite
low and the D.C. regulation does not
exceed 10 per cent. The resistance of
the grid supply for the 6F6s is essentially zero, since fixed bias is used. Bias
voltage is obtained through a separate
rectifier system using a 5Z4 rectifier in
a half -wave circuit.

The amplifier is extremely flexible,

both electrically and mechanically. By
placing the A.F. amplifier and the

power supply on separate chassis, the

possibility of hum pick-up is made negligible.

It can be used for rack or

table mounting.

It is a difficult proposition to find a
suitable volume control that will not

introduce distortion. In fact, it is really
impossible, without resorting to a
"pad." The T pad as shown in the diagram is a 500 -ohm unit. If a mixer circuit is required it may be connected as
shown in Fig 3 A and B. Care should

be exercised in the choice of the T

pads. They should be of the tap switch
variety, utilizing self-cleaning contacts
that are noiseless in operation, furthermore they should be non -inductive, low
capacity and wire -wound. In operation,

the T pads used safely carry 8 W. of
signal energy.

Tonal control is just as necessary in
high-fidelity systems as in any other
amplifier. The need for tone correction

is to compensate for defects in the original program or record fidelity and for

the wide range of acoustic conditions
that are encountered in various locations. For tone compensation, the reader is referred to the article "High Fidelity by Equalization," Radio -Craft, Jun,

Fig. B.

Power supply showing placement
of parts.

LIST OF PARTS
*One transformer, T1 ;
*One transformer, T2;
*One transformer, T3 ;
*One transformer, T4 ;
*One transformer, T5 ;
*One transformer, T6;
*One choke, CH1 ;
*One choke, CH2 ;

One Electrad transformer pad, type 8AT500, T ;
One Electrad resistor, 2,000 ohms, type B20, RI ;
One Electrad resistor, 1,250 ohms, type 1G1250,
R3;
One Electrad resistor, 500 ohms, type IG500, R4 ;
Two I.R.C. resistors, 10,000 ohms, R5, R6 ;
One Aerovox condenser, 5 mf., type MM25, Cl ;
One Aerovox condenser, 10 mf. type MM25, C2 ;
One Aerovox condenser, double 4 mf., type GG5,
C3;
One Aerovox condenser, 8 mf., type 15-525, C4;
One Aerovox condenser, 16 mf., type PB2-200,
CS;
*Two drilled chassis ;
Ten Blan metal tube sockets;
One Blan off -on line switch;

One kit of RCA, Raytheon, or Sylvania metal
tubes.
(,Names of manufacturers upon request.)
500 own,1"7.PAD

500

CONNECT TO
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7

INPUT

INPUT TRANSFORMER.
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1935.
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Fig. 2.

Schematic circuit of power supply.
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TERMINALS
1 AND 5 OF INPUT
TRANSFORMER.

Fig. 3. Pad connections for various lines
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R.F. PHONO.

ATTACHMENT
TO ANT

& GND.

TO P1403/0

PICKUP

POSTS

HOW TO MAKE A
R. F. PHONOGRAPH
and PUBLIC ADDRESS

ATTACHMENT

PORTABLE
ROADCAST
SET

PHONOGRAPH --

The phono attachment ready for use.
WITH this little device you can, in

a moment, take any phonograph
record and reproduce it electrically

through your regular radio receiver-

without touching the interior of the set
or using any type of "adapters" and by
adding a microphone transformer and
a carbon mike, any broadcast receiver
can be converted into a public address
system.

To use the portable R.F. phonograph

attachment, first remove the antenna

wire from its binding post on the broadcast set, and permit the wire to lie unused. Next, connect a wire from "ANT"

of the attachment to the antenna post
of the broadcast set; and another wire
from the "GND" post of the attachment
to the ground post of the set (the latter,
in addition to the regular ground wire,
which is permitted to remain on the
ground post of the radio set).
Finally, connect a phonograph pickup
(or a microphone transformer, if a mi-

crophone is to be used) to the attachment terminals marked PICKUP; start

the motor of the phonograph with which
the pickup is to be used; and then tune
the broadcast set until the phonograph
program is heard.
If there is available only a phonograph not equipped with a phonograph
pickup, this unit must be provided. By
selecting a slightly larger carrying case

a phonograph pickup could be carried
along with the "attachment," and used
as necessary.
The reader will not be bored with a
lengthy description of why the circuit
works. Instead, only a short, general
description will be given.

Although the ways in which circuit
oscillation may be obtained are legion,
the circuit utilized in our R.F. phono-

graph attachment is one of the most

simple and, for our purpose, efficient.
In this instrument the plate of the os-

11==111111MENIMMINIMIIIIIMIN

cillator-mixer pentode, tube V1, is con-

nected to one end of an R.F. circuit

comprising variable condenser Cl, and
center -tapped secondary S. of coil Li;
the screen -grid of VI is connected to
the other end of this circuit (which is
resonant in the broadcast band). The

center -tap on Ll is connected to the

maximum available voltage supply.
Upon grounding the control -grid of V1,

as shown (only for the purpose of this
discussion) dotted, at X, circuit oscillation is obtained; the R.F. output may
be taken off by means of a pick-up coil
(primary P. of L1), and fed to the antenna and ground connections of any
radio set, producing a whistle when the
set is tuned to a broadcast station with-

in the operating range of the attachment. Vary the value of RI for mini-

mum hum.

However, unless the broadcast set is
tuned to a broadcast station, neither the
whistle or anything else can be heard.

It now remains to merely "modulate"
this R.F. output, in some manner, at
audio frequency, and our R.F. phonograph attachment will be complete and
functioning as a miniature home broadcast station.
Audio modulation is conveniently accomplished by breaking the control -grid

Rear view of
phono
at-

tachment
showi
ng

placement of
components.
cillator coil
shield.

Note the os-
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lead of the 43 and inserting a phonograph pickup into the circuit, at con-

43
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nections J1 and J2. The plate and
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resistor R2 and in so doing establish
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screen -grid currents must pass through

across its terminals a voltage which becomes the "C" bias for the tube. Condenser C2 bypasses the R.F. and A.F.
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tube; C3 acts as both a power supply
filter condenser, and power supply R.F.

bypass; C4 eliminates hum when the
attachment is operated on A.C. power
lines. We now have a miniature radio
transmitter functioning full-blast-it
only remains to utilize the signal.
A convenient manner of utilizing the

"signal" is to run leads from the pri-

mary winding P., located at the center
of the secondary of Li, to the antenna
and ground posts of any radio set. As
most broadcast receivers are more sen-

sitive at the lower end of the wavelength range, this attachment was designed to be operated within approximately the first one-third section of the
tuning range. Just tune the broadcast

set to a "dead" point on the scale,

within this range, at which a broadcast
station cannot be heard, and then adjust the setting of Cl on the R.F. phonograph attachment until the phonograph program can be heard. Finally,
adjust the volume control on the phonograph pickup for optimum volume and
maximum tone quality, and the volume
control on the radio set for the desired
output volume.

A direct ground connection to the

chassis must not be made since, in the
reversed position of the line plug, the
power line would be shorted, on D.C.
power circuits.

To secure operation on A.C. power
lines a rectifier is required to furnish
the necessary D.C. for the plate and
screen -grid of V1. A type 25Z5 tube,
V2, was selected for several reasons.
First, it has a 25 V. filament and, in
conjunction with V1, a tube that has a
30 V. filament, accounts for 55V., which

reqUires the filament limiting resistor

R1 to "absorb" only 60 V.. thus the

power cord heats to the minimum degree. Second, although this tube is of
the high -vacuum type, it has a very low

(4ND
C3.

8 N4,
ELL

CNRSSiS

around the grid bias resistor unit R2,

thus eliminating its tendency to reduce
the A.F. modulated R.F. output of the

--I

11

(UNGROUNDED)

4)"
110 X,

AC OR DC.

(DOwER
.
CORD)

(C ..01.44F. PAPER )

Schematic diagram of phono attachment.

internal resistance and therefore will
deliver to the 43 much more current

than would other type tubes.
A special filter choke, designed for
A.C.-D.C. sets and having a resistance
of only 100 ohms, is used as "Ch." in order to obtain maximum voltage on D.C.
power supplies.

If the chassis of the attachment is

grounded accidentally in the reversed
position of the line plug, fuses F. inside

the line plug, will act as safety de-

vices.

Almost any center -tapped R.F. broadcast coil having a centrally -located primary may be used. The authors' coil
was made by winding 100 T., center tapped, of No. 28 wire on a tube 21/z x

1% ins. in dia., for the secondary; the
primary was made by winding 25 T. of

No. 32 wire over a layer of empire cloth
at the center of the secondary.
LIST OF PARTS
One specially -wound antenna coil (see text),
L1;
One variodenser, 500 mmf., Cl ;
One Tobe Deutschmann electrolytic condenser,
20 mf., 35 V., C2 ;
One Concourse high -temperature electrolytic
condenser, 8 mf. (or two 4 mf. units, to
save space), 500 V., C3;
One Concourse electrolytic condenser, 8 mf.,
500 V., C4 ;
One General Transformer Corp. special A.C.D.C. choke, 100 ohms, Ch. ;
One Sian power cord (to drop 60 V.), R1 ;
One I.R.C. resistor, 2,500 ohms, 2 W., R2 ;

One RCA Radiotron, Sylvania or National
Union pentode, type 43, V1;
One RCA Radiotron, Sylvania or National

Union rectifier, type 25Z5, V2 ;
Two Na-Ald 6 prong sockets, for V1, V2;
One Blan power switch, Sw. ;
One fused power plug ;
Two fuses, 1. A., F;
Four insulated tip jacks, J1 to J4;
x 81/3 x 1/16 One Blan aluminum panel,
in. thick ;
x 1/16 -in.
One Blan aluminum base, 4 x
thick ;
One Blan aluminum shield can (for coil) ;
One pair sub -panel brackets, cut to fit;
x 51/2 ins. deep
One carrying case, 5% x
(inside dimensions) ;
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HOW TO MAKE A

SPEAKER FIELD
SUPPLY
Hundreds of radio men will be greatly interested in this practical construction article on
a "field coil exciter."
Fig. A. The complete field supply.

IN its finished form this unit, illustrated in Fig. A, will furnish field excitation to three 1000 -ohm speaker
fields, or six 2,500 -ohm fields; it is also
adaptable to many odd values of field coil resistance and current drain. In
addition, when it is not performing its

regular job it may be used as a source
of rectified A.C. (needing only a filter
to allow it to be used as a power supply
for experimental equipment, or what have -you).

In order to fulfill the requirement for
economy the parts on hand were exam-

ined to see if any were suitable. This
search brought to light a power transformer, delivering some 300 V. each
side of the center -tap, as well as various filament voltages, and an 8 inf.

electrolytic

condenser.

Using these

two units as a starter the basic circuit
was developed as in Fig. 1A. This
necessitated the additional purchase of
one 1,000 -ohm resistor which amounted
to some 29c. (This need only be of the

15-20 W. variety since it will only dissipate 10 W., as will be shown.)

The basic circuit of Fig. 1 consists
merely of the transformer feeding into
a full -wave rectifier circuit, the condenser for a filter, and the two fields
and the resistor in series for the load.
As the two fields each require a potential of 100 V. at 100 ma. for excitation,
the two fields in series will provide a
voltage drop of 200 V. when that current is flowing. Since, by Ohm's law,
the total resistance to provide a voltage
drop of 300 V. with 100 ma. current is
3,000 ohms, resistor R1 becomes 1,000
ohms to provide the remaining drop of
100 V.

This circuit proved to be very satis-

factory in use so it was decided to build

the unit in such a way that one, two,

or three fields could be accommodated
by switching. Fig. 1B shows the cir-

cuit arrangement used for this.

To

place a field other than the first one in
the circuit it is only necessary to open
the switch connecting the corresponding resistor into the circuit and plug in
the field desired.
If it is desired to use 2,500 -ohm fields
instead, the series resistors would have

a value of 2,500 ohms each and the

fields would be excited by 100 V. at 40

This means, assuming that the

ma.

same transformer with a current capacity of at least 100 ma. (more for 1,000ohm fields, to provide a safety factor)

is used, that another series group of

three may be excited by connecting the
second group in parallel with the first.

By disconnecting the fields and resistors and using a filter, a power supply for experimental use is formed. See
Fig. 1C for details and added connections.

MOO

OHMS
FIELD
COIL

8

MF,

so
110 V., A.0

FT -O
COIL

-A-

1.000
OHMS

4\s\

FIELD
COILS

1.000

OHMS

Fig. 1. Schematic diagrams of the circuits used in this practical field supply.

CHAPTER IV
GENERAL INTEREST ARTICLES
HOW TO MAKE A
VARIABLE TONE CODE

PRACTICE SET
THIS code practice oscillator is designed for the beginner or even the
licensed ham. It can be made into a

very compact job, having a variable
tone which can be controlled by the
variable grid resistor. If one likes to
copy a high-pitched note it can be so

adjusted; or a low tone can be obtained
or any pleasing tone the operator wishes to copy.
If one doesn't have a variable grid -

builder has or if he wants a compact
job.

This all-A.C. oscillator was designed
for beginners unable to buy expensive
batteries. One can purchase an old
"B" box at a reasonable price and filament transformers can also be obtained
very cheaply, or if one has a small receiver the "A" and "B" supply can be
tapped from its powerpack ("B-" connects to ground).

leak, the tone can be varied by using
a variable grid condenser instead of a
fixed condenser. In this case a fixed

grid -leak should be used, ranging anywhere from three to ten megohms. The
variable condenser should be about 250
mmf. maximum.

Either one of these arrangements can

The oscillator in the picture is made
on a 31/2 -in. x 4 -in, aluminum pan %in. deep. The binding posts on the end
are for power -supply taps. The two
small ones are for the filament supply,
and the two large ones for the positive
and negative "B" supply. The audio
transformer is of the midget type with

be used depending on what parts the
A.F,TRANS
RATIO 5-t

V4 TO 10

MEGS

VOLTAGE CONTROL

(OPTIONAL)

a ratio of 1 -to -5, but almost any old
transformer will work. The variable

grid -leak has a range varying from 1/2
to 10 megohms and the grid condenser
has a capacity of about 250 mmf. The

tube used is a type 27. (Note-A 27

with poor filament emission will operate much more satisfactorily than a new
tube, so any old tube will do that isn't

KEY

2.5

V,A.C.

45-1.80V

OR. BATTERY

shorted.) This oscillator will give a
pure D.C. signal.

Schematic diagram of the code practice
set.
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EFFECTIVE

NOISE SILENCER
A new, clever, yet very simple device that
really cuts out man-made static, ignition
noises, dial telephone clicks, and interference

from

THAEa1401t)

motors

such

as

oil

vacuum cleaners and fans.

burners,

,,,.cGNG CLP

Appearance of noise silencer unit
(Photo-"QST")

THE following circuit-reproduced
by special permission of QST Pub-

lishing Co.-was developed by J. J.

Lamb of QST magazine.

This is one of
the most successful methods so far developed for eliminating man-made
static, ignition noises, dial telephone

clicks, and interference from motors
such as oil burners, vacuum cleaners

and the like.

While it does not entirely cut out the interference, it floes,
nevertheless, cut it down to such an extent as to make hitherto unintelligible
reception clear, clean and enjoyable.
The action of the noise -silencer is to
cut off the receiver momentarily during
the peaks, so that they never reach the
detector tube. Thus, there are periods
of silence lasting about one -thousandths

of a second and recurring with the frequency of the noise. These silent periods are actually not heard by the ears.
The simple analogy of motion pictures
will clarify this. Although "movies"
consist of 16 different pictures flashed
separately on the screen every second,
we see one continuous moving picture.
This is the persistence or lag of vision.
Similarly, in the noise silencer, we do
not notice these periods of silence but
hear a continuous unbroken signal.

passed on to the 6116 plates. If the

noise is of sufficient intensity, it is rectified and a corresponding negative bias
applied back to the 6L7, cutting off this
tube during the noise peaks. The
amplifying and silencing action occurs
simultaneously and instantaneously, so

that the set cuts off on every undesirable noise properly.

The unit illustrated may be plugged
into an existing receiver or it may be
built into a new one. In the latter case

the clips and plug naturally will be
omitted.

LIST OF ESSENTIAL PARTS
Cl, 0.01-mf., 400 V.;
C2, 0.1-mf., 200 V.;
C3, 0.1-mf., 200 V.;
C4, 0.1-mf., 400 V.;
C5, 250 mmf., midget mica ;
C6, 0.1-mf., 200 V.;
C7, 50 mmf., midget mica ;
R1, 600 ohms, 3h -W.;
R2, 20,000 ohms, 1 W.;
R3, 5,000 ohm potentiometer ;
R4, 0.1-meg., %-W-;

R5, 0.1-meg.,
Ll, diode -type I.F. transformer ;

RFC. 20 mh. R.F. choke.
NOISE AMP
, 6,17

The circuit devised by Mr. Lamb

amplifies at radio frequency the noise
wave peaks extending above the desired

signal amplitude, then rectifies them
and uses the rectified voltage to con-

2ND LE

trol a subsequent radio frequency stage,
automatically and instantaneously.
The desired signal and the noise sig-

nal are both applied to the grid of the

6L7. The signal is amplified and passed

on to the succeeding stages. At the
same time, however, it is also applied
to the 6J7. It is amplified here and

V2

SILENCER

I

NOISE
TO

H ATERS

1.16,
R3

SHIELDED
LEAD
25:G.NaTUIEDETCRAAPNSTO

GRID CLIP

/

THRELDSHO

ADJ.

HEATER
SUPPLY

(CLIPPED TO
WWII TERMINAL OR
TUBE BASE PLUGGED + SIDE OF OUTPUT
TRANSFORMER)
IN 2ND. LE SOCKET.

t

Schematic diagram of the noise silencer
unit.
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HOW TO MAKE AN

A.C.-D.C. 1 -TUBE

"DEAF AID"
Fig. A.

AFTER a careful study of the equip-

ment requirements for such service, this 1 -tube amplifier "deaf aid"
was designed which enables even very

deaf people to hear just as distinctly

as those possessed with the finest hearing.

Fundamentally the device is a 1 -tube
A.F. amplifier utilizing the type 12A7
dual-purpose tube in conjunction with a
microphone and headphone. The refinements of the completed design warrant the following detailed description.

Inasmuch as this unit will be used

only indoors-often in the manner
shown in the heading illustration-

there is no pressing need for portability.

Nevertheless, the unit described is

quite compact. May we offer a sug-

gestion-use the specified parts for best
results, inasmuch as each one has been
selected for a specific reason. (There is
to be considered, for instance, the "rising frequency characteristic" essential
in deaf -aids for the average person.)
The circuit is shown in Fig. 1; Figs. A
and B show, respectively, the set in use

Deaf Aid in use.

livers a relatively large input to the
tube grid.
Output transformer T2 offers impedance of 50, 200, 500 ohms, and a number of combinations that may be used
simultaneously to operate one or several headphones. (This feature makes

this device adaptable to either indivi-

dual or multi -aid use.)
The single headphone used-and
known as "featherweight" on account of

its extreme lightness-when used as an
individual unit has an impedance of
about 500 ohms; when used as a multiunit in a church or
ance value required will depend upon
the number of phones desired.
LIST OF PARTS
Two Aerovox condensers, 25 mf., type P.R. 50,
Cl, C2 ;
Two Aerovox condensers, 8 mf., type B.P. 2, C3;
One Aerovox condenser, 0.5-mf., type 1140; C4 ;
*One microphone, type A -sensitive, M ;
One Electrad volume control, type 205, R2;
One Kenyon transformer, type BLG, T1 ;
One Kenyon transformer, type BPL, T2 ;

and inside top view.

One Kenyon choke, type KC -200, Ch. 1 ;
One Kenyon choke, type KOC, Ch. 2 ;
One I.R.C. metallized resistor 1,500 ohms, %-W.,
R1;
One I.R.C. metallized resistor, 5,000 ohms, 1. W.,
R4;
*One line cord resistor, 322 ohms, R3;

Following the circuit from input to
output, we have first the microphone.
This is a sensitive, high-grade, single button type, made especially for this

12A7 tube. V ;
One 7 -prong socket (for tube V).
*Names of manufacturers sent upon request.

type of work. Input transformer T1 de -

Fig.

B.

Inside

top view.

*One drilled chassis and aluminum case:
*One single -pole power switch; Sw.;
*One single headphone; 500 ohms impedance;
One Sylvania, Ken-Rad or National Union type

Fig. 1. Schematic diagram of circuit.
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AN A.C.- D.C.
ELECTRONIC
RELAY
Radio dealers and Service Men will find this
circuit an exceptionally fine way to
attract customers to their store windows. Very
effective displays can be made.
simple

The completed electronic relay system in
operation. A movement of the hand controls the window lights.
HERE is

an inexpensive piece of
electrical magic that will draw a

crowd to a radio dealer's show window.

It enables people on the street to turn
on an array of light or an electric fan,

or to start a toy electric train in the

show window, merely by placing a hand
close to the window glass.

The circuit (which was designed by
Mr. F. G. Shepard, Jr., of RCA Manu-

facturing Company) is shown in the

diagram. It operates on the change in

output of an oscillator, caused by a

change in the oscillator's feedback ca-

pacity when a prospective customer
puts his hand near an "antenna," or

capacity plate, in the window. The triode section of V1 is the oscillator. Feed-

back depends on the capacity, represented by C1 in the diagram, between
the antenna and ground. If a hand is
brought close to the antenna, capacity
C1 is increased and the output of the
oscillator falls. The diode section of

rectifies the 6R7's triode -section oscillator's output and applies to the control grid of V2 a D.C. voltage, the magnitude of which depends on the strength
The schematic circuit of the oscilla-

tor and relay. Resistor R2 controls

the sensitivity of
the device. Two
new
metal -tube
types a r e incorporated in this
useful device.

of oscillations. When the oscillations

are at full strength a negative bias is

applied to the control -grid of V2, which

makes the plate current of V2 fall.

When someone in front of the window
places a hand close to the antenna, the
output of the oscillator is diminished
and the voltage applied to the control grid of V2 is less negative, thus raising
the plate current of V2 sufficiently to
operate the relay.
The sensitivity of the circuit, that is,
the distance between hand and antenna

at which the relay operates, is controlled by adjustment of C3 and R2.
The maximum plate current of V2 is ad-

justed to a value sufficient to close the
relay by adjustment of R3. The oscillator coil can be a commercial type of
8-mhy. center -tapped R.F. choke. This
coil should be mounted close to the 6R7

socket so that leads can be short. It
will be seen that since the circuit oper-

ates directly from a 110-V. line, no

power pack is necessary. However, be-

cause of the direct connection to the
line, the whole circuit, except the antenna and antenna -lead, should be enclosed in a box so that there is no danger of shock or of shorting the power
line to ground.
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A "RADIO LIE DETECTOR"
The ohmmeter, known to
every experimenter and
radio man, finds a new
and novel application.

THE "lie detector" here illustrated
and described is used at Cortland

Normal School (Cortland, New York),

for personal interest rather than its

academic electrical value. This makes
it desirable that there should be no confusing electrical parts. Even though it

has been reduced to a minimum of

equipment it is amazingly effective in
detecting trivial lies. Aside from its
use in the Normal School it has excited

great interest at several private parties.

In principle, the lie detector is a
"psycho-galvanometer":-that is, it indicates the electrical resistance of the
subject's body. This resistance changes
in response to emotions, and is beyond
the control of the mind. The emotion

involved in telling a lie lowers the body
resistance, while emotional relief raises
it.

The lit detector itself is merely a

series circuit involving two dry cells, a
moderately sensitive galvanometer, and
the body of the subject. (This is similar
to the ohmmeters used by many experimenters and Service Men.) Modifica-

tions and improvements will suggest
themselves to every reader. Contact
with the subject is established through

two metal plates, about 4 ins. square,
upon which he (or she) places the
palms of his (or her) hands.
In practice, when the subject places
his hands on the metal squares, the galvanometer will read about 20 divisions

on a scale of 30. A slight rise in the

reading, even a quarter -point, will indicate the mental activity usually associated with the telling of a lie. Lowering of the reading indicates relief after
the lie has been told, or that the question asked did not call for a lie in answer.
Two

situations involving lies are

easy to set up. In one case the subject is seated at the detector, and requested to pick out one of five cards.

The operator is not told which card has
been chosen. The operator now shows

the cards to the subject one at a time,
asking, "Is this the one?", for each of
the cards. The subject answers "No"
for all of them, thus making only one
lie to detect. The operator watches the

galvanometer for signs of emotion or
relief. With small, serious groups of
observers this device will detect nearly
all of such lies!

The other situation takes the form of
a game similar to "Forfeits." The subject chooses some object in the room.
He must watch while some person hunts
for the object, but remains silent during
the whole search. The operator keeps
the searcher posted by calling "warm"

for the slightest rise in the galvano-

The circuit of the simple galvanometer

milliammeter) and battery is shown here.
the photo.

The appearance of file unit is shown in

meter reading, and "cold!" for the
slightest fall. The object is usually
easily located if the person hunting for
it explores the room rapidly and thoroughly.
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A TUNED
ALL -WAVE

LINE NOISE
ELIMINATOR
Line noise filters are an essential
item with all -wave receivers, par-

ticularly for eliminating noise on

stations that many
times seeps in through the power

short-wave

line.

THE methods used to alleviate noise
pick-up, especially for short-wave
reception, have been confined mostly to
antenna systems. The popular doublet,
with transposed lead-in when properly

installed is very effective in reducing
noise pick-up by way of the aerial and
is one of the outstanding achievements
in this field. There are, however, two
other ways of noise entering the receiver.

They are:
(1) Tubes, wiring and any portion of
the receiver that is not shielded.
(2) The power supply source.

As shielding is part of the receiver

design, it is often very difficult to make
any changes. The easiest method to
increase the effective shielding efficiency is to enclose the entire receiver
in a grounded metal box.
The power supply line is often more
effective in transferring interference to
the receiver than an aerial in the noisiest of locations. Most of this noise is
produced by manmade static from

motors, generators, sparking and kinSome of this inter
ference is radiated, but the larger portion is fed back directly to the power
line and is often carried for miles. The
easiest way of eliminating this type of
interference is at the source, but this is
dred other devices.

often impractical to accomplish, and the

alternative is to prevent it from entering the receiver.
Another trouble arising from the

power line is voltage fluctuations, which
may overload resistors and result in in-

ternal noise from expansion and contraction of these parts.

The common line filter, consisting of
two chokes, bypassed with condensers,
used very successfully for the ordinary
broadcast receiver, was found to be totally inadequate when used with shortwave receivers.
After a number of experiments it was

determined that by using a tuned re-

sonant trap the noise could be quite effectively eliminated. The circuit
in Fig. 1A makes an ideal filter for the
short-wave regenerative set, but is not
recommended for the superheterodyne.
Chokes Ll are heavy commercial

wound coils made especially for this

However, these can be made
by winding about 100 turns of No. 17
wire on a 1 in. cardboard form. Two
are placed in series with each wire of
the power line, the windings wound in
the same direction and placed side by
side in inductive relation to each other.
purpose.

Condensers Cl are non -inductive high -

voltage filter condensers and C2 are

the bypass type. The coil L2 is a Litz

wire wound coil taken from an intermediate frequency transformer that
happened to be lying around, but any
small coil can be used, providing the
ohmic resistance is low. Condensers
C3 are small equalizing condensers with

mica dielectric and are provided with
an adjustment screw to change their

respective capacities.

Tube V1 is a line voltage regulator
tube and is connected as shown. This
tube consists of an iron filament wire
having a high temperature coefficient
of resistance, through which all current
flows.

The filament is inclosed in a
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Figure 1B shows the circuit that was

glass bulb which contains nitrogen gas.
When the line voltage rises the voltage

finally used for superheterodyne re-

drop across the tube varies, due to its
change in resistance and the effective
voltage to the receiver is practically
constant. In general, with a 10% increase in current through the regulator
tube the voltage drop across it increases 200%. The type of tube used
in each particular filter depends upon

ceivers. The only difference to the pre-

vious filter is the inclusion of an additional tuned trap circuit. When the
trap was tuned to the same frequency
as the receiver's intermediate frequency amplifiers, the noise was reduced suf-

ficiently to warrant the above state-

ment. This effect is logical when one

the number of tubes used in the re-

considers that the I.F. stages of these
sets are usually worked at a very high
gain, and any noise pickup on this fre

ceiver or to be more correct the current
consumption of the receiver. The selection of the proper regulator tube is
important if good regulation is desired.
To install this filter, remove the aerial lead-in from the receiver and install
the filter in the power line, turn up the
volume control in the set and tune condenser C2 until the noise diminishes. If

quency is enormously amplified.

Both circuits are sound in engineering practice and extremely simple, being devoid of any tricks or fancy frills,
and may be used with A.C. or D.C.

The parts are mounted on an alum'
inum chassis and the entire unit is inclosed in a totally shielded aluminum

no difference is noticeable take off a
few turns of wire from the coil L2 and
continue this procedure until trap is
resonated with the noise frequency.
When this filter was tried with var-

box. A power line receptacle outlet
socket for the receiver power plug is

fastened to one of the sides of the filter
shield can.

ious superheterodynes it was not as effective in reducing all the noises, and
as the receivers were known- to be in
perfect condition it was apparent that
another noise source was present that
did not show itself when a regenerative

LIST OF PARTS

One Amperite voltage regulator tube and socket,
V1;
Two 25-80 mmfs. Hammarlund equalizing condensers, CS;
One set of coils from any I.F. transformer, L2;
Four Blan line filter chokes, Ll ;
Four Cornell-Dubilier .5-mf. filter condensers,
Cl, 400 V. rating;
Two .075-mf. bypass condensers, C2 ;
One chassis ;
One shield can ;
One fuse holder and fuse;
One receptacle socket;
One Blan power line cord and plug.

receiver was used.

Associated with the new all -wave

superheterodynes are the
noises from tubes such as thermal agitation and other inherent tube noises.
Not wishing to debate on this subject
it suffices to say that most of the noises
present were not caused by any of the
above effects, but from power line pick-
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HOW TO
OPEN DOORS

_PE CELL
CONITROL
BOX
ELECTRIC
DOOR

AUTOMATICALLY

LATCH

A new device operating with

a

grid -glow relay tube which is positive in action and low in cost.
It will find many practical uses.

SIMPLE mechanical features involve

two main pieces of equipment. A
door -opener, or release, is electrically
operated and a set of springs mechani-

converts 110-120 V. lighting power to
440 V. Since the load on the secondary
of this transformer is extremely light,
well under 1.W., it does not require a
very high power rating.

placed on the framework above the
doors. It is electrically operated so
that the latch releases when current

inductance, say of the order of 100 hy.
The adjustable resistance, C, should
have a maximum value in the order of

cally opens the door.
The door -opener, like that commonly
used on apartment house doors, may be

from a bell -ringing transformer flows
through the winding. Catches on the

doors should engage the opener and
hold the doors closed. When an impulse is sent through the coil, it releases the latch, allowing the doors to
open.

The mechanism which swings the

doors open consists of heavy -coil door
springs. They should be mounted along
the hinged edges so that they can exert

their full force against the doors as

Choke coil B should have a fairly high

20,000 to 50,000 ohms.

Screen -grid re-

sistor D should have a resistance of 60
to 100 megs.

The photo -tube at E is an SR -50
type. A cardboard or metal tube, approximately 2 ins. in dia. and from 8

to 12 ins. long, may be mounted vertically below the sensitive cathode of the
photo -tube, which rests in a horizontal
position in the control box. Directed

so as to pick up the reflection of the
headlight beam, such a tube will tend

they are released. Since these springs
generally are used to close doors, they
must be installed opposite to the usual
manner, so as to open the doors(which previously had been manually

to prevent operation of the photo -tube

The electrical circuit operates directly from the regular 60 -cycle lightning
line (see below). The transformer, A,

cathode type. It has no filament, and
operates by breakdown or ionization of
the neon gas within.

closed).

FE TUBE
GRID -GLOW

ruaE

by extraneous light from one side or
the other.

The heart of the device (F, in the

schematic diagram) is a Westinghouse
type KU -618 grid -glow tube of the cold -

As soon as light falls on the SR -50
phototube, the grid voltage is increased
and current passes between the anode
and cathode.

This current passes through relay

winding H; this winding should have a

resistance of between 200 and 1,000
ohms across this winding to prevent
chattering. The contacts of the relay
will close the circuit through transformer, I, and energize the winding of
Schematic diagram.

the door -opener indicated at J.

CHAPTER V
USEFUL SHORT-CUTS AND WRINKLES
THESE short-cuts and wrinkles have been carefully selected from among those
submitted to Radio Craft by its many readers. Most of them have won prizes
for their contributors. The rest have received honorable mention. All, no doubt,
will prove to be of considerable use to radio men.
Antenna Tester
E6

HIGH. FREQUENCY

7 0 .1.
PN CELL

SPARK CO,

DOUBLET

ANT.
LEFT
OPEN

An arrester is sometimes not
at hand when an installation is
being made. On one such occasion the arrester shown in
Fig. 2 was made up and proved
very satisfactory. It is made

Simple Field Exciter

from 2 bee -hive -shaped stand-off

insulators separated by a 1/4 -in.

-

T
TWISTED
PAIR OR
SHIELDED

DASHIELDE

LEAD IN

sheet of bakelite and held together by bolts, as illustrated.

The gap between the two brass rod ends may be between 1/16 and

.,

LEACNN

oss up

00ES NOT PICK

W. ga"E.,...

INTERFERENCE.

i!

1a

'

JOS. G. TABACYZNSKI

1

Lt

....All WAVE .CEIVE0. ----."----'

Fig.

Moisture Seal

1

After installing an all -wave
antenna the Service Man is
never sure that it is a perfect
job. The device shown enables
a test to be made immediately!
(See fig. 1.)
It consists of a model T Ford
spark coil and a single dry cell.
These may be mounted compactly (see Fig. 1), so that they can
be put in the tool kit. The apparatus is simply placed near

Fig. 4
This exciter (see Fig. 4) costs
almost nothing to build and is
an extremely handy unit to have
at hand. The output voltage
under load of about 80 ma. will
be around 145 V. Only a 40
W. lamp should be used, as this
provides the correct voltage drop
for the filament of the 25Z5 rectifier.

PUTTY -

SEALED

H. P. KELLY

SPLICE

0

32 -Volt Power Supply
LAYERS OF
TAPE ON
PUTTY

the receiver or lead-in and turned on. Disconnect one lead of a
transposed feeder system,

use

the other as the antenna, and
the noise will come in strong,

but, if a good job has been done
on the antenna, the regular
doublet connection will give a
minimum of noise.
A. WARD HOWE

Lightning Arrester
ROO

ONREADES)

BEE-NivE
(ROLL, ATORS

1

ttrounttartx4madryttalt

(TmRiE'l?DOED,

Fig.

3

In connection with some types
of antenna installation in which
soldered connections are desired,

such as joints to be made on
the roof, it is often very difficult to use a soldering iron or
blow torch. In such cases it
is often the practice to merely
make a twist joint and tape it
for protection. This is obviously very poor practice, and
the writer has found that the
use of common putty will proa weatherproof covering
under all conditions. Tape is

vide

used over the putty for protection. See Fig.

3.

LOUIS B. SKLAR

NUTS

Fig.

2
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Many Service Men are at a

loss when called upon to test, or
do work in their shops on, 32
V. radio sets. Ample power for
the purpose may be secured
from the arrangement shown in
Fig. 5. The old Majestic "A"
eliminators deliver between 12
and 15 V. when the chokes are
removed. Hooked in series with
one or two 6 V. storage batteries, a handy 32 V. power supply is available.
HERBERT MALVIN

POCKET RADIO GUIDE
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Cold Soldering Iron
The 5V. -secondary of a power

transformer from an old radio

set is used to supply the energy
for the "iron" (which, unlike
the usual "copper," is made of
'carbon" I) illustrated in Fig. 6.
SE (WAIN)

TRANS.

sheet metal, lined throughout
with %-in. sheet asbestos. A

slot is provided for the cord to
pass through. The 2 pieces of
metal used to hold the iron in
place are riveted to the case. A
single wide rubber band is used
to hold the 2 halves together.
A case of the dimensions shown
is large enough to hold a large
industrial iron.

WOODEN
HANDLE

CARSON
ALLIGATOR

Flashlight Ohmmeter
OHMMETER.

- METER.
GROUNDED
TO CASE

POST 2

The ambitious Service Man
may well build up a few of these
boxes for sale to his friends. A
little study will show how other
equipment which is needed for

HARD
RUBBER

3/4" WIDE
OV 33/4"LONG

+ METER

soldering may be included in the

WIRED 13
POST 3

MD

CLIP

Fig.

USE 3

Fig.

6

which terminates in a holder,
fastens to an electrode-a piece
of carbon rod about 2 ins. long
and %-in. in dia. (The type of
rod used in arc lamps will do,
or it may be taken from a flashlight cell.)
The clip is fastened to the material to be soldered and the

plied. This iron is particularly

handy, since there is no wait for
heating up and it is always
ready for use.
OSCAR 0. BOUCHER

for "C" battery use. Posts 2
and 3 enable the meter to be
Fig.

used for reading up to 43/s V.
N. A. LAMB

8

same box. For example, a small

spool of solder could be fastened
at the handle end of the box
which stays relatively cool.
R. T. SCHULTZ

Here is the circuit (see Fig.
11) of an output meter which is
The
meter used is a Weston model
506 0-8 voltmeter with a lead
brought out between the move-

Handy Test Leads
3 ft. in length and fastened to
the end of a 3 ft. x %-in. tube

SMALL PIECE 01 METAL ROO, FILLS.SRACE

TO LENGTHEN THE SOLDERING TIP.

Fig.

7

A small length of copper rod
the same diameter as the tip is
inserted in the space behind the

This insures that the tip
will remain tight in the seat.

tip.

which is supported on an angle
bracket formed to make a bear-

ing for a %-in. shaft which is

set horizontally 44 ins. above the
service bench. The weights are
discs from an old RCA or Westinghouse disc rectifier. Add discs

to the arm until the weight is
sufficient so that the arm and
cord will remain stationary to
whatever the position the leads
are brought.

Simple as this idea may seem,

it is very effective. See Fig 7
EUGENE KINGREY

3 FT. LONG

mi. DIA.

ALUMINUM OR
BRASS TUBING

9
DETAIL

Soldering Iron Case
In order to eliminate the usual
wait for the soldering iron to
cool off, when ready to leave a
service job, the iron holder illustrated in Fig. 8 was built. It
is constructed of No. 20 gauge

Low Cost Output Meter
efficient and inexpensive.

The test cords (see Fig. 9) are

SENR.0 TIP, AND IS INTENDED

(see

ed on the rubber. Posts 1 and
3 are used for resistance and
continuity: 1 and 2 give 4% V.

Fixing Soldering Tip
SOLDERING
TIP

10

Fig. 10) is made from a 3 -cell
flashlight case. The lens and reflector are removed and a disc of
hard rubber fitted in the end of
the case. The meter brackets
and the binding posts are mount-

which is used as the ground
connection. The other lead.

rod placed on the part where
soldering is to be done. When
the part heats up, solder is ap-

1 V2 VOLT CELLS

This handy instrument

One heavy, flexible lead terminates in a heavy alligator clip

SOLDERINGIRON HEAD

+3

GROUNDED
TO CASE

OF BRACKET
BEARING

44 "

TEsT
LEADS
WEIGHT

pRoOS

DRY-D15C
RECTIFIER.

20HONm RHEOSTAT WITH 'OFF'
POSITION

TOGGLE

SWITCH USED
WHEN CONNECTING TO

VOICE COIL\

1..11

311111

;DS 3111

NPUT
2

Fig.

I.N2PuiT

11

ment and the multiplier to permit it to be used as a milliammeter. Any milliammeter with
a low range may be used.
The rectifier is one out of an
old Elkon 3 A. charger which
had worn out. The rheostat is
20 ohms, and is used as a shunt
when necessary. A "dynamic"
output transformer is used,
though none is needed when connecting to the voice -coil leads of
the radio set.

(Such a transformer may be
from an A.F. transformer and
made by removing the secondary

winding about 50 turns over the
primary.)
Fig.

9

CARROLL S. WHITE

Metal Tube Adapter
A metal -tube adapter. Now

that these tubes are generally

available, an adapter will be

necessary for test purposes. The
simple one shown is made of an
"instrument" -type 8 -prong sock -

TOP VIEW OF
OCTAL
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broke off. Since the pointer was
hollow, I carefully opened the

Tip -jacks A, B, (see Fig. 15)
counter E. M. F.; B, C, full current supply ; C, D, condenser and
continuity tests ; A, C, battery voltage tests.

end with a needle. Then a piece

of stiff hair was dipped into a

thin solution of speaker cement
and stuck into the opened end of
the pointer. When dry the hair

CURTISS NEILSON

was cut to the proper length,
and the repaired indicator re-

balanced with the 3 weights.
This repair is very light and allows the needle to act perfectly.
See Fig. 13.

F. H. BAST

5 SOCKET

SHIELD

test transformer primaries for

Comparison Meter

Conductivity Tester
FOR TESTING

5Z4 TUBE
INSTALL A

BOTTOM
VIEW OF
7 -PRONG
TUBE
BASE

TOGGLE
SWITCH
AS SPOWN

LIMB TACK

SIX

LAMINATIONS FROM

OLD TRANS
FORMER.

Gl

P
G2

Fig.

G34,5

12

et fastened to a 7 -prong tube base

Fig.

by means of small brass angles
(as the picture shows). Before
fastening together, the wiring
must be installed and the S.F.S.T. toggle switch fastened in
place. The wiring is done with
flexible wire, each piece being
about 3 ins. long. All connections may then be made to the
socket and switch, the ends being threaded through the pins
of the tube base. The shield pin

GROUND

GLASS
VERNIER

THIN PAPER SCALE MOUNTEDON

GLASS: HOLE IN PANEL ACTS
TO ILLUMINATE SCALE.

may be left open. The two
parts are bolted together, and
the leads soldered in the pins.

Fig.

The toggle switch is used only

when testing 5Z4 rectifier tubes,
since these have the heaters
connected to 'prongs Nos. 2 and
8.
(Fig. 12)
PAUL K. HARLAN

The type 6F5 tube necessitates the use of a second snap
switch to swing the octal socket
plate connection from terminal
3 to terminal 4.-Editor)

Meter Needle

WIRE

RESISTOR.

14

Desiring to test the conductivity of some seemingly poor
connections, and not wishing to
invest in a milliammeter at the

the qualitative unit
shown in Fig. 14 was made. It
"reads" the resistance of a 1 -in.
length of wire.-MARK JONES
moment,

Versatile Tester

16

Resistor and condenser commeter, illustrated in
Fig. 16 is a very practical inparison

strument for the radio laboratory. It is a comparison meter
for determining the values of
resistors and condensers. The
instrument has a range from
500 ohms to 1. meg. on the resistance scale and 0.005-mf. to
8 mf. capacity on the capacity
scale. In making the instrument I would like to suggest
that the inclined cabinet is the
best as it will give full vision
of the panel while working on
the set. This saves the time of
walking back and forth to observe the value.
DAVID CERVANTES

Detecting Unmatched
Push -Pull Tubes

BROKEN
NEEDLE, OPEN
ENO. ANO EXTEND

WITH STIFF HAIR.
COAT HAIR WITH
CEMENT

WEIGHTS TO

BE ADJUSTED

Fig. 13
Meter repair. While using my
ohmmeter in a hurry, I accidentally touched the prods to high

voltage and made an "S" out
of the pointer! It was of the
knife-edge type, and while trying to straighten it out,

Fig.

15

Fig. 17
A perfect match will be
shown by zero reading. If meter reads backwards, reverse the
connections. A reading of more
than 1 volt indicates that a new
tube should be put in. (Fig. 17.)
ERNEST J. CHRISTIANS
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Electrolytic
Condenser Tester

Fig.

See Fig. 20. All that is necessary is an ordinary inductance
such as used for T.R.F. purposes, a variable condenser to
suit, a low -current -consuming
buzzer, a switch, a small "C"
battery, and a shield can to
house the unit, as shown. This
type of oscillator was called a
wave -meter in the "old days."

(If you wish to try it
over again, the enamel may be
removed with alcohol or thinlac.

ner.)

This tube checker clears up
any doubt concerning tube condition, and when included in a
standard analyzer, completes
the equipment.
HERB. JONES

Simple Test Lamp

18

This tester will measure the
capacity of a condenser and at
the same time measure its leakage. To measure the capacity
we must use alternating current
and as we cannot use A.C. alone
on an electrolytic condenser a
rectifier is employed (a "B"
eliminator will do as a substitute), as shown in Fig. 18. The
voltmeter measures the capacity
by calibrating the scale against
known condensers and the leakage should not be more than 1.
ma. per mf.

E. A. REDMON

Simple Ohmmeter

Flo.

20

The oscillations are produced by

the sparking of the buzzer contacts and are of an undamped
nature. For that reason the
unit must be completely shielded.

N. ALLEN

Fig.

OHM SCALE
OHM
DDEO

aggg8g4,

By arranging a fountain pen
type of flashlight in the man-

TESTING GOOD
RELIABLE RESISTORS

s

o

O:

s

BEFORE TESTING
RESISTORS SHORT
THE 7WD TIP JACKS

D u5E THE 200
OHM OHM. FOR A0/

22

Direct -Reading Meter

USE"V/ZIETErSTALE
2 - 3 VOLT

ner illustrated a serviceable
test lamp was made, for moderately low resistance circuits.
See Fig. 22.
JOHN RILEY

7GLANATLIGI.IT
y
BATT .
SAW SHAFT OFF

PLUSH wiTH PANEL
AND SLOT FOR SCREW

DRIVER A0JusTmENT

J TIP JACK

Oscillation Tester

Fig. 19
A very inexpensive ohmmeter

Here is a practical tool for
servicing superhets. It indicates
if the set oscillator is functioning or not. The hook-up is
shown in Fig. 23. In order to

can be made from a discarded
filament meter of the type used
in old battery sets generally
having a 0 to 5 volt range.
Simply add a scale, calibrated

test for oscillation place one
test prod on the plate of the
oscillator tube and the other
prod to the chassis. If the oscillator is working the bulb will

standard resistors, and
hook it up with a 200 -ohm rheostat and a pair of tip -jacks as
shown in Fig. 19.
from

Before testing resistors, short
the 2 tip -jacks and use the rheostat for adjusting to zero on the
scale.
L. W. FIELD

light.

MRS. OLE FUGLESTAD

Fig.

21

t/4 WATT NEON LAMP
25

An NIR
CON DE NSER

It is easy to make an English
(direct) reading scale on your
regular milliammeter. See Fig.
Service Oscillator
21. Merely wipe the flange
clean with a cloth dipped in al A simple service oscillator can
cohol. Apply two coats of col be built from odd parts that ored enamel. Lettering is then
most radio experimenters always
added. To protect the scale add
have-and in a few minutes, too. a coat of clear varnish or shel-

TEST PRODS
CHECKING OSCILLATING CIRCUITS)

Fig.

23

POCKET RADIO GUIDE
Speaker Tester

Adding A Tweeter
002

Many midget sets which can
barely be heard with the volume
full -on, will be found to have a
rapid
reproducer. A
faulty
test for this condition is shown
in Fig. 26. It merely consists
of a 2 mf. paper condenser in

F, CON D

Sw
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RUBBER
AINKATURE
DAMPER

MAGNET

BRASS

DAMPER
HOLDER

.00440

.006 -IN.
ARIKATIIR
COIL

EARANCE

ARMATURE
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RUBBER
PIVOT

DAMPER
PLATE
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2i

TELEPHONE REOUTEIPIECE CEMENTED TO PHONE
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Fig.

SLOT FOR ARM -

NEEDLE MOLDER

ATURE BLADE

NEEDLE

IRIS HIGH -FREQUENCY -TWEETER IS TURNED
ON OR orc BY oPERA TtNG SWITCH S., (TRY
VAPViNG THE VALVE OF C TO SUIT)

RUBBER DAMPER

CVT-FROM INNER TUBE

RUBBERUTCINI PIVOT DAMPERS
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R

C

This high frequency speaker
can be used with any set to increase the high -frequency response. It is simply a single
of any standard
make, with a microphone mouthpiece cemented to the cap. This

Fig.

headphone

unit may be used with single -

ended or push-pull output stages.
(Fig. 24.)
H. PUTNAM

series with

Fig. 28
easily be made (see Fig. 28)
with rubber from an inner tube
which still has good' resiliency,

and bits from a (transparent)

26

a small magnetic

speaker and a set of test prods.
With the set turned on and
tuned to a local station, touch
all the terminals on the speaker
with one of the prods, the other
being grounded. If the set is
in good condition otherwise, a
signal will be heard in the mag-

rubber nursing nipple. Use care,
when taking the assembly apart
as the fine wires from the coil
break off with the slightest pull.
RALPH BILLS

Increasing Bass

netic speaker.
HARRY E. WESSEL

Response

Replacing Speakers
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There are many old A.C. sets
use today, whose owners
would like to have the advantages of dynamic speaker results, but can't afford new sets.
Figure 25 shows how this can
be accomplished on the old sets.
in

without much change being
necessary, yet the results are

very satisfactory. The field of
the new speaker is put in the
circuit as a second choke. The
transformer on the new speaker
connects directly to the posts
which formerly went to the
magnetic speaker. If the new
field causes too great a voltage
drop, run the high -voltage lead
from the output tubes to the
connection between the field and
the choke.
WM. CLARK

Fig.
An

ordinary

MaatT,

cardboard

29

paper

basket,

with the bottom removed, and
fixed to the back of a speaker
cabinet as shown in Fig. 29,
greatly increases its baffle area
and therefore increases the bass
response of the speaker. A substitute for the basket may be
constructed from a clothes box

by cutting and bending the card-

27

radio

A

power

transformer will be found use-

as an emergency output
transformer. Using the high voltage secondary as the primary
and the low -voltage secondaries
as voice -coil windings, considerable flexibility is possible in
speakers.
matching
dynamic
See Fig. 27.
GERALD BATES

board into a tube of the right
diameter.

CLYDE J. DAY

ful

ID

Speaker Alignment

Pickup Repair
Other than actual burn -out,
trouble in pickups is usually
caused by drying of the rubber
armature dampers. Repairs can

Fig.

30
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Producing a strong signal for

lining -up

loudspeakers.

When

centering voice coils of dynamic
speakers a good strong signal is
necessary. It can be obtained
as shown in Fig. 30 by connect-.
ing a neon lamp in series with
a 110 V. line. Alligator clips
should be used for quick connec-

tion to the output transformer.

project slightly. A little sealing
wax will secure the diaphragm
to the can. Make a case as illustrated. Get a good A.F. transformer with a heavy core. Remove the core, and cut through
the outer layers of the coil.
Wind on 60 turns No. 24 wire.
When used with a good ampli-

R. C. RICKARD
r- FIELD COIL.FLANGE

VOICE COIL

Home -Made Dynamic
Microphone
The microphone here described

is particularly useful because it
gives faithful reproduction over
the entire audible musical range.
Obtain a small dynamic speaker
field coil, such as an old 6-V.
Magnavox field and voice coil.
The field, however, must be re 5-

MP

56

T.

\

CORE
OPENING

VOICE COIL
SUPPORTS

BOLT
FOR

wiNoiNG

SUPPORT

FACE PLATE)

CORE

formed, glue a felt or cotton
washer. Fill the cup half -full of
silver filings. Lash a piece of

radio crystal, such as galena or
silicon, to a strip of copper foil
by means of very fine copper
wire. Make a cellophane diaphragm to fit the block of wood
(balsa is best). Force the crys-

tal through a hole in the diaphragm made by means of 2
short razor slits at right -angles.
Glue the cellophane diaphragm

to the felt washer and wooden
rim. Draw taut and hold in
position until the glue has set.
A piece of fine screening may
be put over the finished instrument to protect the diaphragm.
Connect into circuit the same as
a regular carbon microphone.
BILL BARTLETT

DETAIL OF DIAPHRAGM -FACE PLATE

Auto Remote Control

SPID

TIN CYLINDER
SEALING WAX
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Fig. 31B
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Fig. 33
Remove wiper and resistor
from a volume control unit and
fasten to the case a metal plate
to which is soldered a copper
guide tube. Solder a flexible
shaft to the volume control shaft
and to the opposite end of the
flexible shaft solder a dial collar
and set -screw. See Fig. 33.
0. E. PAYNE

Home -Made Lapel
Microphone

i.

:: AO
PLUG

this page show all necessary details, and a little care will produce a fine job.
G. E. FAULKNER

PAPER
PADDING

--,-

F':

.1.---

it is perfect with the
spoken word. It has wide-angle
pickup and hence is excellent for
orchestral work.
Illustrations
fier,

,j-

6°,2,,°s -..

"..

A

COUPLING

TRANS.
WOOD

SUPPORT

)1

HELD
COIL

DIAPH.
SUPPORT

DETAIL OF MICROPHONE CAGE-.

Fig. 31A

Phonograph Motor

wound with No. 38 wire, to add
sensitivity.

Obtain a heavy tobacco tin,
about 4 ins. in dia. Drill some

%-in. holes around the sides and
back, to prevent air cushioning.

Connections to the voice coil
should be very flexible. The
diaphragm must be extremely

light, but tough. ' Using watercolor paper of light weight,
make a cone with 3 ins. overlap. Moisten the edges of the
cone. Place the diaphragm and
trim the edges so that it will
slip freely in as far as the voice
coil spider. Make a small hole
in the diaphragm through whiclf

the nut on the voice coil may

Fig.

WELD TURNTABLE CENTER
TO SHAFT

32

INSERT SMALL POST
IN MERE

An excellent lapel microphone

may be made from a tin box, a
block of wood, a piece of carbon
rod salvaged from a defunct dry
cell, a piece of cellophane, and
a few miscellaneous items as

See Fig. 32.
A disc %-in. thick is cut from
a carbon rod and shaped as
shown in the illustration. Around

BREAK OFF
DISTRIBUTER

GEAR MAY

HOUSING

BE LEFT
ON

AGMS 8555015 UNTIL
SPEED OF 78 R PM IS OBTAIN

ER. If CORRECT SPEED
CANNOT BE OBTAINED USE

shown.

the top rim of the cup thus

asS

A RHEOSTAT.

G VOLT BERM
014"A"

TOR

SPEEDOr 35 /34PM CAN BE
NAM BY USE or ON, A 4 VOLT
STORAGE BATTERY

Fig.

34
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This motor is made from junk

parts, but works very well. It
is made from a Chevrolet generator, and is used for both recording and playback work.
There is plenty of power available and the unit may be used

in a sound truck very nicely,
since it operates on 6 V. The
only real work to be done is to

break off the distributor housing

and weld the turntable to the
shaft. Any speed may be ob-

tained by adjustment of the
rheostat. See Fig. 34.
JOE YEAGER

base and a piece of insulating

tubing, or may be an ordinary 6 prong commercial coil form.
The windings for any two bands

are put in place and wired up

as shown. The socket has only
3 connections to it, and the suppressor- and screen -grid holes
are made large enough to fit the
filament prongs of the coils, so
that when the latter are reversed, another set of windings

is connected to the 3 prongs of
the socket.

(The coils

shown

are for use with a detector, a

cathode tap being employed for

regeneration.)
TRANQUILINO M. NAVARRO

By using a couple of clock

gears, strips of brass, battery

wax and a shaving -tube cap, a
fairly serviceable tuning control
can be fashioned to resemble an
airplane dial, shown in Fig. 38.
In the event that the condensers have a bakelite frame and
the rotor is grounded, it will be
necessary to ground the brass
strips, as the latter will change
the capacity of the condenser
slightly. Also the gears make
a poor electrical connection.

Wherever possible it is best to
make connections by means of
pigtails.

If plastic wood is available it
will make a more firm bond for

the shaving -tube cap to the
The easiest way of
shaft.
mounting the pointer is to solder

0

Color Code Guide
Low Cost Mixer

it on to the upper shaft.

JAMES M. GORDON

PAPER CNART

I_ 21/4. --I DO EL

000*

0000.
00000

000 000

Tube Puller

8
CuT ALONG LINE

HAND

THM WASHERS
DRILL NOCE TO TARE

2.

LONG

COIL

WOOD OR

VA' OM SHAET

SuArr

SPRING

R005

Fig. 35
All resistors under 5 W. rating
are marked with a color code in

HAROLD J. CLARK

TUBE BASE. POSITION

W.f. 15.30N, COIL
IS USED

30-60

;111118

say.o
CRASS*

Fig.

By this means, several sources

of input may be mixed and any
may be varied without disturb0.5ing the others. Ordinary
meg. potentiometers are used
for the individual volume con.
trols. The cost of the extra
tubes and associated equipment
(Fig. 37.)
CHARLES M. DIBRELL

t

C:RYINI3

EDGE

Fig. 39
After loosening or pulling off
several grid caps and spending
many embarrassing moments.

the tube puller shown in Fig.
39 was constructed and found
to be highly satisfactory. In
operation, the tube is wiggled
slightly to allow the bent finger
on the tubing to fit under the
tube base. Then,, a little pressure on the grips and the tube

pops out of the socket.
HERBERT E. EHRET

Burglar Alarm

Vernier Dial

SU

METERS

37

is less than that of the expensive, conaant-impedance type
mixers that are ordinary used.

Plug -In Coil Hint

"m"A

I.

place of the actual value.
order to determine the resistance
it is necessary to have a color
chart. Figure 35 illustrates how
to make a revolving chart that
will save much time. Complete
construction details are shown.
It is only necessary to twirl the
various colors into position for
the body, tip and dot, and the
resistance is instantly indicated.

FINGER GRIP
SOLDERED
TO ROD

'41

100 WATT LAMP

1108.A.C..t

TUBE BASE POSITION

w.EN 30 60M COIL
S USER

.2

110,.

.0fft

Sc,

..- NIGH1 LIGHT

50.1NOINBE
CAT WON WIND

IN . %V.

.

LARGER TO TII F IL PPOAIGS OE TUBE

36

Plug-in coils are a nuisance,
especially when used with a portable set. The form shown in

Fig. 36 can be made from a tube

Hi I PLUG.
AND
SOCKET

1

Alk

(WIRING IN %NIS SOCREICNA.ED SO AS TO
SHoRT.CiRCUIT THE LANIPWHEN CHAIN IS

PULLED I

BASE OF AS L.. AS ORIGINAL III HOLE

Fig.

CHAiN.PuLL

N SOCKET

10 WATT LAMP

.0110; CLUCK SET

HOED - Su .005500LE MOOT

( \.

RELAY

Fig. 38

Fig. 40
This arrangement was rigged
up after our radio store was
robbed, to prevent a similar oc-
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currence. The night light is lit

the set and antenna used, but

by using a long stick with a
hook to pull the chain of the
ceiling

If

socket.

the

cord

hanging from the night light is
pulled, the large bulb lights and
remains lighted, and the horn
blows continuously. They cannot be turned off, since the relay locks in and must be manually released ! The night light
socket is changed so that the
switch shorts the 10-W. lamp,
thus closing the circuit for the
100-W lamp and horn, and the
relay. See Fig. 40.

A. B. DUNGAN
e

as a rule 70 T. of No. 30 D.C.C.
wire on a 114 -in. form will be
about right when tuned by a 350
mmf. condenser. The coupling
coil consists of 10 or 15 turns of
the same size wire wound on top
of the other coil. "A" and "G"
of Fig. 42 go to the antenna and
ground connections of the set.
If the set has no ground connection, the "G" post may be connected to chassis. In Fig. 42 B,
the same circuit is shown with a

This makes a resistor that
will stand plenty heat ; and can
be mounted with a bolt through
the center.
0. E. PAYNE

Variable A. V. L. Action

switch added to cut out the

tuner if desired.
Service Men should find this
gadget an excellent demonstrator to aid in showing the need
for modernizing older sets.
G. H. BAIRD

Cabinet Polisher
GRIND UP A DOZEN

PUB TOE GROUND PARTICLES
INTO TWO CHEESE CLOTH

PECAN NUTS

Insulating Coupling

R DIODE LOAD
RESISTANCE
CONTROLLEDI0 TUBES

CHEESE CLOTH
MADE INTO A POUCH

Fig.

Fig.

REMOVING

45

A SCRATCH

Here is a kink for carrying the
A.V.C. control voltage which is

41

handy when hunting for DX

This idea, shown in Fig 41,

is a remover that will eradicate
the worst scratch, yet costs only
a few cents to make. Grind up
about a dozen pecan kernels.
taken fresh from the shells and
rub them into a piece of cheese
cloth. You now have one of the
finest scratch removers it is
possible to make. The cloth will

last for a year or more before
needing renewal of the pecan
Simply rub the cloth over

oil.

the scratch, let the oil dry a few
moments, and polish with a
clean, dry cloth.

stations, especially if the receiver does not have delayed
A.V.C. This is also useful in

Fig.

cutting out noise when tuning.

43

The

A piece of tire pump hose inexpensively serves as a flexible
coupling for remote operation
of a tuning condenser. Refer to
Fig. 43.
CHESTER STINE

potentiometer

(Fig.

45)

should have a high value (about
2 mega.) to prevent changing
the diode load and cutting down

the input to the first A.F. section.

HENRY WEIMAR

MORRIS DORSEY

Home -Made Resistor

Added Sensitivity

Emergency Test Clip

A

Fig.
F:g.

42

Many of the popular 4 -tube
midget sets with a single stage
of R.F. are somewhat lacking in
selectivity and sensitivity, and
may be improved by the addition
of a tuned antenna stage. The
size of the coil will depend on

44

Obtain a porcelain tube such

as used in house wiring; this
tube may be snipped either to
reduce the length or it may be
ground off on an emery wheel.
Fit lugs on each end; wind
wire to suit your needs, leaving
space between turns.
dip assembled resistor

Then
in a

paste made of water and plaster
of paris. See Fig. 44.

Fig.

46

Many times when testing or
experimenting with circuits it is
necessary to make some connections in a hurry. The test clip
shown in Fig. 46 will readily
solve this problem.
JOHN MODNONSKY

CHAPTER VI

HANDY REFERENCE DATA
- USEFUL FORMULAS
RESISTANCES IN SERIES

CURRENT, VOLTAGE AND RESISTANCE (Ohm's Law)

Rt=R1+R2+R3 .

.

. R.

Where: Rt is the total value of all re -

E

resistors connected in series.
R1, R2, etc. are the individual
resistors.

I=R

Where: I is current in Amperes.
E is potential
Volts.

difference in

RESISTANCES IN PARALLEL
1
RiXR2

R is resistance in Ohms.

Rt

Example: What current will pass
through a resistor having a value of

20,000 ohms when the potential difference between its ends is 100 volts?

I=

100

-1

1

R1

R2

Ri+R2

Where: Rt is the effective value of all
the resistors connected in
parallel.
R1, R2 are the individual resistors.
Example: What is the effective value
of resistance of a circuit having resistors of 30,000 and 60,000 ohms connected in parallel?

=0.005 ampere=5 ma.

20,000

E-IR
Example: What will be the voltage
drop in a filter choke having a D.C. resistance of 700 ohms when the current
passing through it is 40 milliamperes?

R=

E -0.04X700=28 volts (V.)

R-

30,000X60,000

_

20,000 ohms

30,000+60,000

E

REACTANCE (INDUCTIVE) OF A

I

2q-cfL - Reactance (ohms)

COIL

Where: n-3.14
f=frequency in cycles per sec-

Example: What value of decoupling
resistance is required to drop 80 volts
when the current passing through it is

ond.

L-inductance in henries.
Example: What is the reactance of a

10 milliamperes?

R=

_

80

20 -henry choke at 50 cycles?

=8,000 ohms

6.3 X 50 X 20 = 6,300 ohms

0.01

*Courtesy Wireless World
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REACTANCE (CAPACITATIVE) OF
A CONDENSER
106

Reactance (ohms)
2rzfC

Where: n-3.14
f=frequency in cycles per second.

C=capacity in microfarads.
Example: What is the reactance of a
2-mf. condenser at 50 cycles?

IMPEDANCE OF A CIRCUIT
When an inductance, capacity and a
resistance are connected in series, the
combined effect is called the impedance of the circuit.
Z
V R2
(X1 - Xc)2.
Where: Z=impedance in ohms.
R=resistance in ohms.
X1=reactance of inductance in

ohms.

L-reactance of capacity in
ohms.

106

1,590 ohms

6.3X50 X2

OHM'S LAW FOR A.C. CIRCUITS

X = 1,885 V LC
Where: X-wavelength in meters.
L=inductance in microhenries.
C =capacity
(mf.).

in

E=-IZ
I

Where: Z=impedance of

circuit

in

ohms.

E=potential

microfarads

difference

in

volts (V.)

I-current in amperes (A.)

Example: To what wavelength will a
0.0005-mf.

E

E

WAVELENGTH

(500 mmf.) condenser, in

parallel with a 180-microhenry coil,
tune?

1,885 V 180X0.0005 = 565 meters
FREQUENCY

THE DECIBEL

The number of decibels corresponding to a given power ratio is 10 times
the common logarithm of the ratio.

106

ITV LC
Where: f= frequency in cycles.

L=inductance in microhenries.
C=capacity in microfarads
(mf.)

Example: To what frequency will a
(500 mmf.) condenser, in
parallel with a 180-microhenry coil,
0.0005-mf

tune?
106

___ 530,000 cycles

6.3/180 X 0.0005

530 kilocycles = 565 meters.

N = 10 Logic,

P2
P1

Where: N=decibels.
P2

_power ratio.

P1

In the case of voltage or current the
number of decibels corresponds to 20
times the common logarithm of the ratio.

Example: What gain in decibels will
there be if the voltage in an amplifier
rises to 7 times the normal level at a
certain frequency?

N = 20 log10 7 =. 20 x 0.845 -= 17
decibels.
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*HANDY FORMULAS FOR DETERMINING
POWER,

and

CURRENT

RESISTANCE

When making resistor calculations, two fundamental formulas are employed.
One, known as Ohm's Law, shows the relation between voltage, current, and resistance in the circuit while the other gives the power consumed in the circuit. By
combining these two formulas, 12 equations are obtained, that will give directly
either the voltage, current, resistance, or power if any 2 of the 3 remaining quanti-

ties are known. As most resistors used in radio equipment carry current of an

order of magnitude best measured in milliamperes, these equations, as given in the
following chart, include correction factors where necessary so that the current values
may be substituted directly in milliamperes.
Voltage in Volts

Current in MA.

KNOWN

KNOWN

KNOWN

1000 X Volts

KNOWN

1000 x Watts

1000 x Volts

1000

1000 X Watts

1000

Volts x Volts

KNOWN

Ohms

Volts

Volts X Volts
Watts

KNOWN

KNOWN

KNOWN

MA. x MA. x Ohms

V

1000

1,000,000

Watts
MA. X MA.

1,000,000

KNOWN

MA

Volts x MA.

MA.

Ohms

MA X Ohms

v" Ohms x Watts

Resistance in Ohms Power in Watts

x

KNOWN

KNOWN

0Whatts

KNOWN

When using the chart find the horizontal line in which the two known values are
marked "KNOWN" and the formula for either of the two remaining values will be
found in the proper column.
Courtesy International Resistance Company

End Color

Body Color
Black
Brown
Red
Orange
Yellow
Green
Blue

Purple
Gray
White

5
6

Black
Brown
Red
Orange
Yellow
Green
Blue

9

White

0
1

2
3

4

7 Purple
8 Gray

R. M. A.
COLOR CODE
For CONDENSERS
Unit-mmf.
Micro-microfarad

Dot Color
0
1

2
3

Brown
Red
Orange
Yellow
Green
Blue

0

00

000
0,000
4
00,000
5
000,000
6
7 Purple
0,000,000
8 Gray
00,000,000
9 White 000,000,000

First Dot
Black
Brown
Red
Orange
Yellow
Green
Blue

Purple
Gray
White

0
1

4 Yellow

8
9

COLOR CODE
For RESISTORS

Second Dot
Black
Brown

2 Red
3 Orange
5
6
7

R.M A

Green
Blue

Purple
Gray
White

Unit-OHMS
Third Dot
0

1

Brown

2 Red
3 Orange

0

00
000
4 Yellow
0,000
5 Green
00,000
6 Blue
000,000
7 Purple
0,000,000
8 Gray
00,000,000
9 White 000,000,000
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VOLUME AND TONE CONTROL CIRCUITS
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* Explanation of Tone and Volume -Control Circuits
Circuits No. 1, No. 3, No. 4 and No. 5

show various antenna control applica-

tions.
Circuit No. 2 shows a volume -control

method used on many receivers during
the year 1930 and previous to that time.
Circuit No. 6 is similar to circuit No.

the screen -grid is lowered in combination with the introduction of resistance
in the antenna coil.
Circuit No. 23 varies the cathode pot-

ential above ground by moving the

cathode along a bleeder arrangement.

Circuit No. 25 shows the antenna-

2 except for the fact that a potentio-

control-grid control. In this circuit for

Circuit No. 7 illustrates the use of

mary is shunted, while resistance is introduced in series with the secondary
of a tuned circuit.
Circuit No. 26 shows the application

meter is used.

one of the most popular methods of volume control, namely: antenna -cathode
control. The control in this position

tends to shunt the antenna coil mainly
at low volume level while affecting the
trans -conductance of the first R.F.
tube by varying the control grid bias.
Circuits No. 8 and 16 show the use
of a variable resistance to increase the
bias of a R.F. stage by raising the potential of the cathode with respect to
grid.

Circuits No. 9 and No. 24 are effective by virtue of decreasing the plate
voltage of the R.F. amplifier.
Circuit No. 10 shunts the detector input circuit, thus lowering the R.F. load.
Circuit No. 11 shows the application
of a potentiometer to vary the voltage
impressed on the grid of an R.F. stage.
Circuit No. 12 accomplishes the same
affect for audio frequencies.
Circuit No. 13 shunts the secondary

of an A.F. transformer, lowering the
voltage impressed on the control grid

by increasing the secondary load.
Circuit No. 14 shows the conventional filament current control.
Circuits No. 15, 17 and 20 lower the
trans -conductance of an R.F. amplifier
by decreasing the screen -grid voltage.
Circuit No. 18 is a conventional tone

control arrangement, attenuating the

high frequencies by bypassing them in
the control grid circuit of an A.F. amplifier.

Circuit No. 19 is a local -distance
switch arrangement to vary the input
antenna voltage.
Circuit No. 21 is the tone control cir-

cuit most generally used. It attenuates the "highs" by lowering the load
impedance of the output for those frequencies.

Circuit No. 22 is a screen -grid antenna control, wherein the voltage on
Courtesy Electrad Inc.

decreasing volume, the antenna pri-

of circuit No. 23 when several tubes

are controlled, simultaneously.
Circuit No. 27 illustrates a potentio-

meter used as the load circuit of an
A.F. amplifier.

Circuits No. 28 and 32 illustrate the
use of a potentiometer as an A.F. grid leak.

Circuit No. 29 shows a scheme for

balancing 2 push-pull tubes by varying
the individual control -grid biases.
Circuit No. 30 shows a potentiometer

connected so as to secure a variable
voltage between two limits.

In circuit No. 31 use is made of an
auxiliary or tertiary winding in inductive opposition to the tuned secondary
circuit of a R.F. amplifier.
Circuit No. 33 balances the plate cur-

rents of 2 push-pull tubes by varying
the space -charge currents brought
about by changing the filament current.
Circuit No. 34 bypasses the R.F. load

by shunting it with a capacity.

Circuit No. 35 shows the use of a

bucking coil whose effectiveness is low-

ered by reduction of resistance in the

control.
Circuit No. 36 is a tone -compensating
volume control circuit. At low volume

level the high frequencies are bypassed
to ground, thus improving the response.
Circuit No. 37 employs a volume control as a diode load.
Circuit No. 38 shows the use of a po-

tentiometer to control the triode control -grid.

Circuit No. 39 shows the connections

for a fader control whereby 2 signal

sources are faded into a common input.
Circuit No. 40 shows the tandem
audio control used to vary the voltage

impressed on the control -grids of 2
push-pull tubes.
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*Conversion and Extension of Meter Ranges
Extending

the Range

Finding the Shunt
Required to Extend
the Range of a
D.C. Milliammeter

of a D. C.
Voltmeter
Fig.

1

Fig.

Rv-Resistance of the voltmeter in
or, if ohms -per -volt is
given, Rv can be found by multiplying the ohms -per -volt by the
maximum reading in volts of the
ohms,

voltmeter.

V1=Original maximum reading of the
meter in volts.
V2-The desired new maximum reading of the voltmeter in volts.
N = Multiplying factor

=-

Rm-Resistance of the meter in ohms.
Im = The original maximum reading,
in milliamperes.

I = The desired new maximum reading, in milliamperes.

Im

V1

Then:

Then: Rm=Rvx (N-1)
See Fig. 1.

Converting

I

Rs= The value of resistance in ohms
of the shunt required.

the meter multiplier as an external resistor.

=-

N = Multiplying factor

V2

Rm-Resistance in ohms required in

Rs_

Rm
N-1

In using the above method, the resistance of the
meter must be accurately
known. Fig. 3.
If the meter resistance
is not accurately known,
greater accuracy in scale

conversion may be ob-

a D. C.
Milliammeter

tained by using two pre-

into a D. C.

cision wire -wound resistFig.
ors as shown in the accompanying illustration, Fig. 4. The use of this circuit

Voltmeter

Fig. 2

I = Original maximum reading in mil-

liamperes.
V = Desired maximum reading in volts.
Rm=Resistance of multiplier required,
in ohms.
Then:
V x 1,000
Rm

arrangement considerably reduces the
error that otherwise would occur when
the resistance of the meter is not accurately known.

Rm=Approximate meter resistance, as
from manufacturer's catalog.

Rk=A resistor, equal in ohms, to 9
times Rm.

Then:

I

Note: The internal resistance of the

milliammeter may be neglected without

seriously affecting the result, for all

practical purposes.

3

See Fig. 2.

Rs =

Rk

Rm
N-1

10 X RM
N-1

*Courtesy International Resistor Co.
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*GRID -BIAS RESISTOR CALCULATION
THE radio Service Man often finds it
necessary to replace the grid -bias
resistor in receivers employing a self -

plate supply voltage is 250 and the

resistance value is not known, it may be
calculated by dividing the control -grid
voltage required at the plate voltage at

addition, the plate current is 6.5 ma.

biasing arrangement for obtaining the
proper control -grid voltage. When the

which the tube is operating, by the

plate current in amperes plus the

screen -grid current in amperes times
the number of tubes passing current
through the resistor.
Under the above rule, the control -grid

bias resistor value is given by the following formula.

Eel x 1,000

R

Ie2) n
(Is
where: R=Control-grid bias resistor
value in ohms.
Eel=Control-grid bias required
in volts (V.).

IB=Plate current of a single
tube in milliamperes (ma.).

42=Sereen-grid current of a

single tube in milliamperes

ma.).
n= -The number of tubes pass-

ing current through the resistor.

screen -grid voltage is 90. Looking in.
the characteristics chart, it is found
that the proper control -grid bias for the
35 under these conditions is -3.0 V. In

and the screen -grid current is 2.5 ma.
Substituting in the formula,
3.0 X 1,000
111 ohms.

R

2.5)3

(6.5

The value of grid bias resistors can
be calculated in this manner for any

type and any number of tubes. In the
case of triodes, the screen -grid current
term drops out entirely.
Be sure to determine the plate voltage at which the tubes are working, the
number of tubes being supplied from
the control -grid bias resistor, the
screen -grid voltage (if a tetrode or pentode), the correct value of control -grid
bias voltage required (whether the
tube cathode is operated from A.C. or
D.C. will affect the value of bias voltage), and the plate and screen -grid current for the given plate voltage.
In the case of resistance -coupled
amplifiers which employ high -grid resistance in the plate circuit, it must be

remembered that the plate voltage is

equal to the plate supply voltage minus

Example:
It is desired to determine the value of

the voltage drop in the plate load resistance caused by the plate current.

control -bias resistor used to obtain the
proper value of control -grid bias on 3

The net plate voltage alone determines
the correct value of control -grid bias.

stages of a radio receiver.
First determine the plate and screen grid voltages employed in this. set. Sup-

tions cannot be used in connection with
radio sets and other equipment employ-

type 35 tubes working in the R.F.

pose, in this case, it is found that the

The foregoing methods of calcula-

ing a bleeder circuit to obtain control
grid bias.

*Courtesy RCA Manufacturing Co.

FACTORS FOR CONVERSION
Multiply
Amperes
Amperes
Cycles
Cycles

Farads

By

x 1,000,000
X 1,000
x .000,001
x .001
x 1,000,000,000,000

Farads
Henries
Henries

X 1,000,000

Kilowatts

X 1,000
X 1,000,000

Kilocycles
Kilovolts

Megacycles

Mierofarads

x 1,000,000
x 1,000
x 1.000
X 1,000
x .000,001

To Get

microamperes
milliamperes
megacycles
kilocycles
mieromiero-

farads
mierofarads
microhenries
millihenries
cycles

volts

watts

cycles

farads

Mierofarads

x 1,000,000

Microhenries
Microvolts
Micromicro-

x .000,001

Milliamperes
Millihenries
Millivolts

x .001
x .001
x .001

farads

Ohms
Ohms
Volts
Volts

Watts
Watts

X .000,001

x .000,000,000,001

X .000,001

x 1,000

X 1,000,000

x 1,000
X .001

micromicro-

farads
henries
volts
farads
amperes
henries

volts
megohms
milliohms
microvolts
millivolts

milliwatts
kilowatts

POCKET RADIO GUIDE

60

RADIO -CRAFT'S AUGMEIN
Gauge
No.
B.&S.

Diam.
in
mils.*

Diam.
in
in m.

Cross-sectional area
Cir. mils
Sq. Inches Sq. m m.

0000
000

460.0
409.6
364.8
324.9
289.3
257.6
229.4
204.3
181.9
162.0
144.3
128.5
114.4
101.9
90.74
80.81
71.96
64.08
57.07
50.82
45.26
40.30
35.89
31.96
28.46
25.35
22.57
20.10
17.90
15.94
14.20
12.64
11.26
10.03
8.928
7.950
7.080
6.305
5.615
5.000
4.453
3.965
3.531
3.134
2.75
2.50
2.25
2.00
1.75
1.50

11.68
10.40

211600
167800

00
0
1

2
3
4
5
6

7

8
9

10
11
12

13
14

15
16
17
18
19

20
21

22
23
24
25
26
27

28
29
30
31

32
33
34
35
36
37
38

39
40
41

42
43

44
45
46
50

1.00

9.266 133100
8.252 105500
7.348
6.544
5.827
5.189
4.621
4.115
3.665
3.264
2.906
2.588
2.305
2.053
1.828
1.628
1.450
1.291
1.150
1.024
.9116
.8118
.7230
.6438
.5733
.5106
.4547
.4049
.3606
.3211
.2859
.2546
.2268
.2019
.1798
.1601
.1426
.1270
.1131
.1007
.0897
.0799
.0711
.0633
.0564
.0502

---

*A mil is 1-1000 of an inch.

83690
66370
52640
41740
33100
26250
20820
16510
13090
10380
8234
6530
5178
4107
3257
2583
2048
1624
1288
1022
810.1
642.4
509.5
404.0
320.4
254.1
201.5
159.8
126.7
100.5
79.70
63.21
50.13
39.75
31.52
25.00
19.83
15.72
12.47
9.888
7.841
6.220
4.933
3.910
3.66
2.25

.1662
107.2
.1318
85.03
.1045
67.43
.08289
53.48
42.41
.06573
.05213
33.63
.04134
26.67
21.1
.03278
.02600
16.77
.02062
13.3
.01635
10.55
.01297
8.36
.01028
6.63
.008155
5.26
.006467
4.17
.005129
3.31
.004067
2.62
.003225
2.08
.002558
1.65
.002028
1.31
.001609
1.04
.001276
.82
.001012
.65
.0008023
.52
.0006363
.41
.0005046
.33
.0004002
.26
.0003173
.20
.0002517
.16
.0001996
.13
.0001583
.10
.0001255
.08
.00009953
.064
.00007894
.051
.00006260
.040
.00004964
.032
.00003937
.0254
.00003122
.0201
.00002476
.0159
.00001964
.0127
.00001557
.0100
.00001235
.0079
.000009793 .0063
.000007766 .0050
.000006160 .0040
.000004885 .003Z
.000003873 .0025
.000003073 .0020

-

Turns per linear inch,
D.C.C.

D.S.C. or
S.C.C.

----- 7.1
7.8
8.9
9.8
10.9
12.0
13.3
14.7
16.4
18.1
19.8
21.8
23.8
26.0
30.0
31.6
35.6
38.6
41.8
45.0
48.5
51.8
55.5
59.2
62.6
66.3
70.0
73.5
77.0
80.3
83.6
86.6
89.7

7.4
8.2
9.3
10.3
11.5
12.8
14.2
15.8
17.9
19.9
22.0
24.4
27.0
29.8
34.1
37.6
41.5
45.6
50.2
55.0
60.2
65.4
71.5
77.5
83.6
90.3
97.0
104.
111.
118.
126.
133.
140.

Enamel

S.S.C.

--- -- ----7.6
8.6
9.6
10.7
12.0
13.5
15.0
16.8
18.9

21.2
23.6
26.4
29.4
33.1
37.0
41.3
46.3
51.7
58.0
64.9
72.7
81.6
90.5
101.
113.
127.
143.
158.
175.
198.
224.
248.
282.

18.9

21.2
23.6
26.4
29.4
32.7
36.5
40.6
45.3
50.4
55.6
61.5
68.6
74.8
83.3
92.0
101.
110.
120.
132.
143.
154.
166.
181.
194.

--- - - -- -- -

**For hard drawn copper, increase resistance values 2%.
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FED COPPER WIRE TABLE
Feet per pound

Turns per Square Inch2
S.C.C.

Enamel
S.C.C.

D.C.C.

D.C.C.

(copper)
S.C.C.

Bare

87.5
84.8
110
105
131
136
170
162
211
198
262
250
321
306
397
372
493
454
592
553
775
725
940
895
1150
1070
1400
1300
1700
1570
2060
1910
2500
2300
3030
2780
3670
3350
4300
3900
5040
4660
5920
5280
7060
6250
8120
7360
9600
8310
10900
8700
12200
10700
14000
13400
16600
15150
18000
16750

19.6
24.6
80.0
30.9
95.5
38.8
121
48.9
150
61.5
183
77.3
223
97.3
271
119
329
150
399
188
479
237
625
298
754
370
910
461
1080
584
1260
745
1510
903
1750
1118
2020
1422
2310
1759
2700
2207
3020
2534
2768
3137
4697
6168
6737
7877
6510
9309
6950
10666
7450
11907
14222
17920
22600
28410
35950

---

19.9
25.1
31.6
39.8
50.2
63.2
79.6
100
124
155
196

247
311
389
491
624
778
958
1188
1533
1903

2461
2893
3483
4414
5688
6400
8393
9846
11636
13848
18286
24381
30610
38700
48600
61400

.0499 .0629 .0793 .1000 .1260 .1592 .2004 .2536 -

211.6 140.7
167.8 111.3
133.1
88.9
105.5
70.3
83.7
55.7
44.1
4.977
66.4
6.276
52.6
35.0
7.914
41.7
27.7
9.980
.3192
8.88 33.1
22.0
12.58
.4028 11.21 26.3
17.5
15.87
.5080 14.19 20.8
13.8
20.01
.6045 17.9
16.5
11.0
25.23
13.1
8.7
.8077 22.6
31.82
1.018
28.0
10.4
6.9
40.12
1.284
35.5
8.2
5.5
50.59
1.619
44.8
6.5
4.4
63.80
2.042
56.7
5.2
3.5
80.44
2.575
71.7
4.1
2.7
101.4
3.247
90.4
3.3
2.2
127.9
4.094 113.0
2.6
1.7
161.3
5.163 145.0
2.0
1.3
203.4
6.510 184.0
1.6
1.1
256.5
8.210 226.0
1.3
.86
323.4
10.35
1.0
.68
287.0
407.8
13.05
362.0
.81
.54
514.8
16.46
460.0
.64
.43
.51
648.4
20.76
575.0
.34
817.7
26.17
725.0
.41
.27
1031
33.00
919.0
.32
.21
1300
41.62 1162
.25
.17
1639
.20
52.48
1455
.13
2067
66.17
1850
.16
.11
2607
83.44 2300
.13
.084
105.20 2940
.10
.067
3287
4145
132.70 3680
.079
.053
5227
.042
167.30 4600
.063
6591
211.00 5830
.050
.033
.039
.026
8310
266.00 7400
10480
335.00 9360
.032
.021
423.00 11760
.025
.017
13210
16660
.020
.013
533.40 14550
21010
.016
0.10
672.60 18395
.012
.008
26500
848.10 24100
33410
1069.00 32660
.009
.006
.008
.005
42130
1323.00 38880
53100
1667.00 47040
.006
.004
66970
2105.00 58070
.005
.003
.004 .0025
84460
2655.00 75500
96000
130700
1.561
1.968
2.482
3.130
3.947

- -

Copper wire
carrying capacity
Resistance
(amperes)
of wires
(ohms per 1000 ft) at 1000 at 1500
C.M.
C.M.
Copper** Advance
(approx) per amp per amp

2The figures given are approximate only, since the thickness of the insulation varies
with different manufacturers.
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Servicing 14 -Million 16 -MM. Talkies Units

Novel "Expander" Set
"Ladder" Attenuator

.for the real

servicing "dope"

you can't find a
better book

NO other radio book is compar-

able to the 1935 OFFICIAL

RADIO SERVICE MANUAL. In contents, in style of

printing, in grade of paper, in illustrations, there has never been
published such a comprehensive
volume.

What Others Say
about this
Manual:

Norfolk, Va.
the OFFI-

I received

The 1935 Manual contains over a
thousand pages-yet it is only 114
inches thick because it is printed
on a special Bible stock which is
an exceptionally good stock, yet
one of the thinnest and most durable papers. This 1935 Manual
is the most authentic and elaborate service guide ever used in the
radio industry. Service Men and dealers who use
this 1935 Manual are astonished by finding in it such
a wealth of profitable service information which has
never been published before.

CIAL RADIO SERVICE

Contents of the 1935 Manual

per my letter of March

Over 1,000 pages full of diagrams and essential information of manufactured receivers-only data of
real use in servicing is included. This new Manual
is really portable since it will be extremely thin and
light as well. Volume V continues where the preceding manual left off. Many circuits of old sets
are included. Service Men know every set has certain weak points which are really the cause of trouble. Wherever the information could be obtained,
these weaknesses with their cures are printed right
with the circuits. This is an entirely new and valu-

MANUALS

as

ordered

20, 1935 in good order.
I am very well pleased
with same, as it is a very

valuable

Radio

Service

data reference and guide.
Arthur J. Freeney
Detroit, Mich.

Received

your

1935

OFFICIAL RADIO SERVICE

MANUAL

and

certainly is something to
rave about. It's great.
A. Hedke.
I

Stilwater,. Maine
received the

have

1935 Manual, and I am
very much pleased with
my investment.
Franklin J. Holmes.
I

Swift Current,
Saskatchewan, Canada
beg to acknowledge

receipt of my 1935 issue
of the OFFICIAL RADIO
SERVICE MANUAL.

Your Manual is fine,

and would not be without any of them.

The

Manuals may be improved

for Canadian use.
A. M. Ford.

able addition to the Manual. All the latest re-

ceivers are included-all-wave sets, short-wave sets,
auto -radio sets, midget and cigar -box sets, etc., as
well as P.A. amplifiers and equipment, and commercial servicing instruments. The cumulative index
is even more complete than' before; including crossreference to sets sold under different names and type
numbers. Volume V includes resistance data;

socket layout; I.F. data; and voltage data. Tube
data on latest tubes. Free question and answer
service-as included in our last three manuals.

OVER 1,000 PAGES

Over 3,000 Illustrations

Flexible. Looseleaf Leatherette Covers
Yet only 11/4" thick
Send remittance of $7.00 in form of check or money order for your copy of the
1935 OFFICIAL RADIO SERVICE MANUAL. Register letter if it contains
cash or currency. THE MANUAL IS SENT TO YOU POSTAGE PREPAID.
Size 9x12

GERNSBACK PUBLICATIONS,
99RG HUDSON STREET

Inc.
NEW YORK, N. Y.

THIS IS THE ONLY COMPL
REFRIGERATION

SERVIC

MANUAL EVER PUBLISHED

Entirely New Material
from Cover to Cover!

OF THE Official REFRIGERATIO
SERVICE MANUA
OVER 352 PAGES
OVER 300 DIAGRAMS

Complete Service Data
Flexible Looseleaf Binder
This edition is printed on a
Special Bible Stock which is
extremely thin, yet durable.
The special grade of paper
makes the new Refrigeration
Manual much easier to handle.
O

This Manual forms a companion and supplement to the previous OFFICIAL REFRIGERATION SERVICE MANUAL (Volume I), since
all data in this volume is entirely new.

The OFFICIAL REFRIGERATION SERVICE
MAN UAL was the first refrigeration Service
Manual ever published-and now this new volume has been prepared so that they both form
a comprehensive library of information on this
rapidly growing refrigeration industry.
Detailed information on servicing; outlines of
theory and methods of operation; instructions
for the handling of refrigerants; charging systems; diagnosing troubles; trouble charts; elec-

trical hook -ups; charges of oil and refrigerant in different models; advice on the selec-

tion of oils; placement and temperature required by foods; valve settings, compressor
construction, faults, overhauling; estimating

coil and machine loads; are encompassed in
this new volume of refrigeration servicing.

List of Contents in the Second Volume of the
"Official Refrigeration Service Manual"
History
Food

Preservation
Fundamental

Theory and
Methods

of

Refrigeration

Laws

Refrigerants, Lubricants and
Brines
Handling, Testing and Storage
of Refrigerants
Compression Systems of
Refrigeration
Liquid Throttle Devices and
Valves

Refrigerating Systems
Electric Control Devices

Compressors, Types. Seals,
Valves, Capacities, Service

Evaporators and Cooling Units
Service Tools, Equipment and
Toll Manipulation
Commercial Unit Specifications
and Service

Household Unit
and Service

Specifications

Servicing Refrigeration
Apparatus
Servicing Lew Si do Float
Valve Systems
Servicing High Side Float
Valve Systems

Servicing Expansion Valve
Systems

Servicing

Thermostatic

Systems

Valve

Servicing

Restrictor and
Capillary Tube Systems
Charging Systems with
Refrigerant
Electrical Service; Motors.
Fuses,

Hookups

Kinks
Estimating Refrigeration Loads.
Coil and Machine Sizes
Miscellaneous Data
Service

Send remittance of $5.00 in form of check or money order for your copy
of the OFFICIAL REFRIGERATION SERVICE MANUAL (Volume 2).
Register letter if it contains cash or currency. THE MANUAL IS
SENT TO YOU POSTAGE PREPAID,

GERNSBACK PUBLICATIONS,

Inc.

99RG HUDSON STREET
NEW YORK, N. Y.

