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INTRODUCTION 

IN consideration of the increasing complexity of modern ra- 
dio receiver and other instrument design, an effort has 

been made not only to acquaint the average experimenter 
with these connections, but also to simplify the understand- 
ing of them. 

To this end there has been compiled a chart of the symbols 
most commonly used in schematic circuits of these devices. 
Further, many diagrams have been examined to obtain only a 
limited number which would be representative of the many 
applications we now find for equipment embodying the prin- 
ciples underlying radio communication. Finally, these sel- 
ected circuits have been so graduated as to be of interest 
alike to student and advanced technician. 

To portray the versatility of instrument design, these dia- 
grams have been selected and classified in the following man- 
ner: Broadcast receivers, all -wave circuits, short-wave sets, 
short-wave converters and adapters, television receivers, mo- 
bile radio sets, home recording apparatus, audio amplifiers, 
power units, miscellaneous equipment. 

These modern devices incorporate not only circuit elements, 
the electrical values of which are obvious by reference to the 
hookup, but also numerous units, the characteristics of which 
cannot be determined from a diagram of connections. Also, 
in some instances, mechanical requirements necessitate the 
use of certain specified types of components. For these 
reasons there is included by make and model number, a list 
of the parts that go to make up each instrument. 

Thanks are here extended to the Editorial Staffs of Short 
Wave Craft and Television News; their cooperation in the 
preparation of this book is deeply appreciated. 

R. D. Washburne 
New York, N. Y. 
June, 1932. 



CHAPTER I 

Radio Symbols 

SCHEMATIC circuits are the "shorthand" of the technician. By their use he is enabled 

to tell at a glance the manner in which various electrical units may be connected; and, 
approximately, the effect which one unit will have upon another. 

The "symbols" in a diagram are the simplest possible representation of the various 
components of the circuit. 

Symbols Lary as the leaves of the trees; the appearance of a particular symbol being 
governed, it seems, by nothing more concrete than whether the technician or draughtsman 
hopped from the right or left side of bed the morning he started to draw an illustration! 

However, a measure of uniformity has Peen maintained in the diagrams which fol- 
low; and to assist still further In miking these figures more readily understood, the Il- 
lustrations which immediately follow have been prepared. 

Some of the simpler ones are shown below, and on the succeeding page all the sym- 
bols, for which there is room, to conclude a listing representative of those used in the 

schematic circuits within this book. 
To show all the variations, of just these alone, conceived by ambitious individuals and 

through the medium of other publications foisted upon an unresisting public, would be too 

horrible to contemplate-and quite without end. Suffice it to say that no effort has been 
made to depict such figures as may be found in any diagrams other than the 101 which 
follow. 

Vacuum tubes are of many types. Due to the fact that the present system of nomen- 
clature ordinarily does not take into consideration, in the arrangement of the symbol, the 
electrical characteristics of these types, it becomes essential to identify tnem by means 

of their catalog number. 
For instance, a three -element or triode tube may be an 'OlA, OOA, '00, '01, '12, '12A, 

'71, '71A, '45, WD -11, WD -l2. '99, '30, '41, '64, '20, '31, '10, '56 or a '50. Since all have the 
same symbol, how are you going to decide which is which? 

If the symbol does not carry a catalog designation, It then becomes necessary to 
closely examine the circuit, noting the components and their method of connection, to 
determine to which family the indicated tube may belong. Operating potentials often 
furnish a clue; the service to which the instrument is to be put may be another. 

The apostrophe indicates a prefix which Is the hall -mark of the manufacturer. For 
Instance: UX-201A (RCA Victor); CX-301A (Cunningham); ER -201A (Eveready Raytheon): 
etc. However, the very newest tubes have only tuo numerals, and this may cause a little 
confusion. For instance, the '80 is a gaseous full -wave rectifier; the 82 also is a full -wave 
rectifier, but of mercury-vapor type. Again, the '41 is a voltage amplifier used to a certain 
extent in power amplifiers; the 41, on the other hand, is a power amplifier of pentode type 
and is designed for use in automotive radio sets. A confusing situation, but one which 
clarifies itself by the application of a little "horse sense." 

Where the tube has a cap connection, it ís indicated in the symbol. A variable -mu 
characteristic is represented by a diagonal arrow on the control-grid-inside the circle 
(bulb). Tube socket connections may be determined by reference to the charts entitled, 
"Radio -Craft Tube Table," in the July, 1932 issue of Radio -Craft. 
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CHAPTER II 

Broadcast Receivers 

RADIO receiver metamorphosis from the simple crystal -and -tube set of which the Gents - 
back "Interflex", Fig. 26, is an example, to that engineering masterpiece of receiver 

fabrication, the 12 -tube "Bi-Acoustic" or "Convention" model superheterodyne, Fig. 4, 
includes nearly every conceivable tariation in the design of tubes, associated components 
and circuits. 

However, a careful analysis of the 101 following diagrams will reveal only three basic 
functions, namely: (1), Boosting the intensity of the high -frequency electrical energy 
received by the antenna (radio frequency amplification); (2), changing the energy from 
high to low frequency (detection), and; (3), increasing the strength of the low -frequency 
electrical energy (audio frequency amplification). 

Components arranged to achieve this sequence of effects constitute a tuned -radio - 
frequency or "T.R.F." receiver. 

In addition to these circuit functions a radio set may incorporate an oscillator, an 
intermediate -frequency or "I.F." amplifier, and a second -detector. Units so connected are 
arranged for supersonic heterodyne reception; the completed device is a "superheterodyne" 
receiver. 

Both the T.R.F. and superheterodyne instrument types may incorporate still another 
tube circuit, viz., automatic volume control or "A.V.C.;" and therefore, in some instances, 
an "A.V.C. amplifier." 

Coupled with these fundamental electrical actions may be a number of less important 
ones; these often are touted to the layman as panaceas for nearly every manner of ailment. 

In the R.F. circuit, for example, we may find one or more of the following features: 
band selection; light -line antenna; image frequency suppression; long- and short -antenna 
compensation; sensitivity control; R.F. pentode amplification; local- and long-distance 
switch; screen -grid amplification; manual volume control; automatic volume control; con- 
stant -coupling transformers; loop pickup; broadcast- and long -wave toning; meter tuning. 

Some of these characteristics also may be incorporated in the I.F. amplifier. 
Detector circuits may be regenerative, and of grid -leak or grid bias type, and may 

include a diode, duodiode, triode, screen -grid, or pentode tube. 
In the A.F. circuit may exist some of the previously mentioned functions, together 

with one or more of the following: tone control; push-pull amplification: hum balancers; 
push -push or Class B amplification; resistance -capacity coupling: phonograph pickup; 
direct or conductive coupling; sound recording; mute -tuning switch. 

Oscillator circuits vary mostly in the manner of their coupling to the first -detector. 
Power circuits are classified as A.C. or D.C. (referring to light -lines), or battery; and 

may incorporate a few variations in the circuit or equipment used-for instance a static - 
shielded power transformer; reversible, A.C.-D.C. light -line operation; voltage compensa- 
tion; tuned filters. 

Two extremely important elements In radio circuit design, and ones which are not 
readily apparent by inspection of the schematic circuit, are the constants of the compon- 
ents and their mechanical arrangement. For instance, a resistor of insufficient power 
capacity in a direct -coupled amplifier might so change in value, under load, as to render the 
instrument inoperative; again, the use of inductively -wound condensers in a high -gain R.F. 
circuit might well be the cause of undesired circuit oscillation; in a third instance, placing 
the detector tube near the rectifier may result in producing a strong hum at the output. 

il3'ar11'/ºv. 

"f' B y' 155V. 

(5.E:2v)A Be;ttkiES\ 
3.a5v)6 eFEEENiE) 

1 íY 

Fig. 18. Gernsback "Megadyne" 1 tube Loudspeaker Radio Receiver. Picture diagram. 
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'38 LOUDSPEAKER 

C1 
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C2 
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Dr 

CAP._. 
11 
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C4 

maw 

-111111-111111111111101111111141- 
' A" g+"22'/2v. 8+-135v. 

Fig. 1A. Gernsback Megadyne 1 tube Loudspeaker Set. Schematic circuit. A crystal 
and pentode set. The following parts are used: Condenser Cl, Hammarlund type ML -23, 
23 -plate .0005-mf. variable condenser, with shield -plate; C2, Duhilier, 0005-mt.; C3, 
XL-Variodenser type G10, .0003- to .001-mt.; C4, Dubilier mica -insulated -00025- or .0005-mf.; 
D, BMS fixed crystal detector: Ll Gen -Win 3 -circuit tuner, with tickler T (primary, un- 
used); pentode tube, type '38, 6.3 -volt filament; Na-Ald No. 425 5 -prong type socket: Carter 
6 -ohm rheostat: panel, 7x10x3/16-in.; Kurz-Kasch knobs and vernier dial. (Coil Ll, 68 T. 
No. 30 D.C.C., 3 ins. in dia.; T, 32 T. No. 30 D.C.C., 11 ins. in dia.) Note the '38's wiring. 
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experimenthl, regenerative circuit. 
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Fig. 3. Crosley "3 -Tube" Superheterodyne. Type 131 "Tynamite" and "Bonniboy." 



(4
.S

ob
ow

r)
 

V
I 

C
I 

°:
 

>
zw

rF
 

56
 

ll 
G

t 
; 

R
E

I. 

%
1-

 
' 

R
A

 
to

w
 

"Y
E

&
 
tin

 ts
))

1 

0.
0.

4-
 

1
E
0
.
 

r
 

t
 

(4
.5

0M
M

r,
) 

f2
A

 
V

7 

e 
sr

sr
or

or
 

L7
 

C
7\

 

R
S(

1W
0)

 

(1
 

-7
5 

M
M

E
) 

C
iA

 
V

S
 

(1
 

55
 
A

I 
C

S
 

0E
7.

1 
C

s 
¡y

m
 C

4:
 

T
.. 
T

. 

56
 

05
C

 

(6
p6

o)
 µ

sp
D

) 
` 

1 
vA

l 
A

S 
v2

,, -
C

-1
 

_S
ot

 
"3

".
 

ro
fI

 

(I
. 

1C
19

 

A
 

I
t
 

C
H

A
S

S
IS

" 

S
ch

 e
m

at
ic

 c
irc

ui
t 

of
 t

he
 
R

C
A

 V
ic

to
r 

M
od

el
 

R
-7

8 
"B

i-A
co

us
- 

A
.C

. 
S

R
15

H
I 

C
2 

tic
" 

re
ce

iv
er

. 
T

he
 

sa
m

e 
ci

rc
ui

t 
is

 
us

ed
 

in
 

th
e 

G
.E

. 
"C

on
ve

n-
 

tio
n"

 
M

od
el

 J
-1

25
 s

et
. 

A
ll 

th
e 

tu
be

s 
ar

e 
of

 
th

e 
ne

w
 

"s
up

er
 - 

ph
on

ic
" 

se
rie

s.
 

T
he

 
un

di
st

or
te

d 
po

w
er

 
ou

tp
ut

 
m

ay
 

re
ac

h 
20

 
w

at
ts

 d
ur

in
g 

he
av

y 
pa

ss
ag

es
 i

n 
th

e 
pr

og
ra

m
 o

f 
a 

st
ro

ng
 s

ta
tio

n.
 

A
 f

ea
tu

re
 o

f 
th

e 
re

ce
iv

er
 

is
 

th
e 

to
ne

 c
on

tr
ol

, 
w

hi
ch

 i
s 

de
si

gn
ed

 
to

 
m

ai
nt

ai
n 

ev
en

 
re

pr
od

uc
tio

n 
of

 t
he

 
lo

w
 a

nd
 

hi
gh

 
fr

eq
ue

nc
ie

s,
 

re
ga

rd
le

ss
 

of
 

th
e 

vo
lu

m
e 

se
tti

ng
. 

T
hu

s,
 

ba
ss

 
re

pr
od

uc
tio

n 
at

 
lo

w
 v

ol
um

es
 

is
 

no
t 

at
te

nu
at

ed
 

as
 

w
he

n 
no

n 
-c

om
pe

ns
at

in
g 

ci
r-

 
cu

its
 

ar
e 

us
ed

. 
(1

 0
1 

n 

1 R
 7

4 

(1
10

0)
 

T
O

 

F
IL

A
M

E
N

T
S

 

R
 

IS
 

ro
bo

r 
11

4e
 -

IN
 

) 
rr

ow
r 

l 
C

5 
C

6 
54

 
)I

II 
1 

I
 
F

1 
se

 

1.
w

r)
 

(T
0 

T
1-

11
Is

 

R
15

,(
2M

E
4)

V
10

 

T
w

w
 

S
 6

 

%
A

V
C

 A
M

P
 

87
6 

(i
so

o)
 

L4
 

R
ot

 (
A

po
o)

 
(I

c 2
21

V
 

r 
1.

11
21

4 

11
01

E
 

S
T

A
T

IC
 

(O
O

It 
1C

H
1(

S
10

0)
 

LS
. 

C
U

T
-0

F
F

C
O

M
T

R
O

L 

56
 

p4
07

in
 

V
S

'M
r.

IR
F

C
w

¢º
7 

(,
}M

ry
R

16
(5

0D
0o

) 
A

M
 

U
S

H
rU

LL
 

D
10

D
E

 
,tE

T
E

(I
.,1

.¡
) 

16
 

C
E

7 
/ 

U
6J

2,
1J

IC
9 

1 
i 

/(
R

15
0)

 
S

6'
S

 
A

.V
.C

. 
/C

7 

E
E

- 
D

E
T

 2
 

) 
jjC

10
 

Í 
54

1 
; 

, 
T

I 
A

 F
.1

 

` 
á 

ó 
J 

E
E

I 
L.

 

11
. ó 
T

 

V
11

 

to
 

(1
70

) 

P
ro

(i0
0)

 
S

E
N

S
IT

IV
IT

I 
C

O
N

iR
R

L)
 

R
70

 
rl 

(1
.5

10
) 

/
 

/ 
R

E
 

(6
40

00
))

 

T
C

15
 

I.F
 It

S
 R

C
. 

A
R

O
A

D
U

T
 

F
E

A
R

E
D

. 
/R

E
A

 M
A

N
U

A
L 

(I
.M

F
) 

S
N

O
R

T
 

IS
 

F
O

R
 

11
(R

E
A

S
E

0 
%

R
N

R
M

 
V

O
LL

IL
S

 1
T

R
O

L 
00

 

A
I 

A
N

D
 
R

O
A

4 
A

R
E

 
G

A
N

G
E

D
. 

P
U

S
H

 -P
U

S
H

 

46
'5

 
/A

 r.
1 

C
4
 

08
 (1
3)

 

Y
 

F
ig

. 
4.

 
A

 
19

32
-'3

3 
12

 -T
ub

e 
S

up
er

he
te

ro
dy

ne
 

B
ro

ad
ca

st
 

R
ec

ei
ve

r.
 

T
he

 
re

si
st

an
ce

 
an

d 
ca

pa
ci

ty
 

va
lu

es
 o

f 
th

e 
re

sp
ec

tiv
e 

un
its

 a
re

 
in

di
ca

te
d 

by
 

fig
ur

es
 

w
ith

in
 

pa
re

nt
he

se
s.

 
T

he
 

fo
llo

w
in

g 
op

er
at

in
g 

vo
lta

ge
 

an
d 

cu
rr

en
t 

re
ad

in
gs

 
ar

e 
fo

r 
a 

12
0 
-v

ol
t 

lin
e,

 
th

e 
V

ol
um

e 
co

nt
ro

l 
se

t 
at

 
"m

in
im

um
,"

 
an

d 
no

 
si

gn
al

 
be

in
g 

re
ce

iv
ed

. 
F

ila
m

en
t 

po
te

nt
ia

l, 
al

l 
tu

be
s,

 
2.

5 
jo

lts
. 

P
la

te
 

po
te

nt
ia

l 
(t

o 
ca

th
od

e 
or

 
fil

am
en

t)
, 

V
I, 

V
2,

 
V

4,
 

1'
b,

 
0,

 
V

10
, 

21
0 

vo
lts

; 
V

3,
 

70
 

vo
lts

; 
V

5,
 

20
0 

vo
lts

: 
V

8,
 

V
9,

 
40

0 
vo

lts
; 

V
II,

 
ze

r(
í. 

P
la

te
 

cu
r-

 
re

nt
, 

V
I, 

V
IO

, 
3 

m
a.

; 
V

2,
 

1.
5 

m
a.

; 
V

3,
 

V
S

. 
V

7,
 

5 
m

a.
; 

V
4,

 
2.

5 
m

a.
; 

V
5,

 
1.

 
m

a.
; 

\'8
, 

V
9,

 
6 

m
a.

; 
V

II,
 

ze
ro

. 
C

on
tr

ol
 -g

rid
 

po
te

nt
ia

l 
(t

o 
ca

th
od

e 
or

 
fil

am
en

t)
, 

V
I, 

\ 2
, 

\ 3
, 

V
4,

 
V

S
, 

V
9,

 
V

10
, 

V
II,

 
ze

ro
; 

V
5,

 
12

 
vo

lts
; 

V
6,

 
V

7,
 

S
 

vo
lts

. 
S

cr
ee

n 
-g

rid
 

(t
o 

ca
th

od
e 

or
 

fil
a-

 
m

en
t)

, 
V

I, 
10

0 
vo

lts
: 

V
2,

 
4,

 
10

, 
95

 
vo

lts
. 

C
at

ho
de

 
(t

o 
he

at
er

) 
po

te
nt

ia
l, 

V
1,

 
V

3,
 

V
IO

, 
7 

vo
lts

; 
V

2,
 

10
 

vo
lts

; 
V

4,
 

8 
vo

lts
; 

V
5,

 
12

 

vo
lts

; 
V

6,
 

V
7,

 
II 

vo
lts

; 
V

II,
 

16
 

vo
lts

. 

T
he

 
in

pu
t 

si
gn

al
 

po
te

nt
ia

l 
fo

r 
th

e 
I.F

. 
am

pl
ifi

er
 

is
 

ap
pl

ie
d 

al
so

 
to

 
th

e 
A

.C
. 

am
pl

ifi
er

 
tu

be
 

du
e 

to
 

th
e 

gr
id

s 
of

 
bo

th
 

be
in

g 
co

up
le

d 
to

ge
th

er
 

by
 

m
ea

ns
 

of
 

C
32

: 
T

he
 

ou
tp

ut
 

of
 

th
e 

I.F
. 

am
pl

ifi
er

 
V

4 
is

 
ap

pl
ie

d 
to

 
se

co
nd

 -d
et

ec
to

r 
V

5 
th

ro
ug

h 
a 

sh
ar

pl
y - 

tu
ne

d 
tr

an
sf

or
m

er
 I

.F
.T

. 
2;

 
ho

w
ev

er
, 

th
e 

ou
tp

ut
 

of
 A

.V
.C

. 
am

pl
i- 

fie
r 

V
10

 
is

 
co

up
le

d 
to

 
A

.V
.C

. 
tu

be
 

V
il 

th
ro

ug
h 

a 
br

oa
dl

y 
tu

ne
d 

un
it.

 
T

he
 

vo
lta

ge
s 

de
ve

lo
pe

d 
ac

ro
ss

 
re

si
st

or
s 

R
4,

 
R

21
, 

R
22

, 
fu

rn
is

h 
cu

ol
vo

l-g
rid

 
bi

as
 

fo
r 

V
I; 

th
e 

dr
op

 
ac

ro
ss

 
R

4,
 

82
2,

 
Is

 
th

e 
co

nt
ro

l -
 

gr
id

 
bi

as
 

fo
r 

V
2;

 
an

d 
th

e 
dr

op
 

ac
ro

ss
 

R
4,

 
co

nt
ro

l -
gr

id
 

bi
as

 
fo

r 
V

4.
 A
s 

th
e 

dr
op

 
in

 
th

es
e 

re
si

st
or

s 
Is

 
du

e 
to

 
th

e 
si

gn
al

 
po

te
nt

ia
l 

ap
pl

ie
d 

to
 t

he
 

A
.V

.C
. 

tu
be

 a
nd

 
th

is
 

vo
lta

ge
 

is
 

in
 

tu
rn

 d
ep

en
de

nt
 

up
on

 
th

e 
bi

as
 

of
 

th
e 

It.
F

., 
fir

st
 -d

et
ec

to
r,

 
an

d 
I.F

. 
am

pl
ifi

er
, 

an
 

au
to

m
at

ic
 

ac
tio

n 
is

 
ob

ta
in

ed
; 

gr
ea

te
r 

vo
lta

ge
 

is
 

ap
pl

ie
d 

to
 

th
e 

R
.F

. 
an

d 
fir

st
 -d

et
ec

to
r 

th
an

 
to

 
th

e 
I.F

. 
to

 
pr

ev
en

t 
ov

er
lo

ad
in

g 
of

 
th

es
e 

tu
be

s 
du

e 
to

 
a 

st
ro

ng
, 

un
de

si
re

d 
ad

ja
ce

nt
 

ca
rr

ie
r.

 
C

O
 



10 MODERN RADIO HOOK-UPS 

1210, 00 
R9 R8 

FUSES C16-1", RFC 2C14.2SMT 
LOW vOItnGE ELECigOLVTIC i- V 

Fig. 5. A 110 -volt D.C. Screen -Grid and Pentode 4 -Tube Receiver. Note the use of a screen - grid tube as detector V3. Ballast resistor R10 must pass 0.3 -amp. and drop to the 25 volts required for the four tubes in series: fortunately, the value is not critical. It is 283 ohms, for a 110 -volt line, and 317 at 120 volts. Considerable amplification is obtained. 

R.F 1/2 MEG. .OOF -/ 2 MEG. 

'24 DET.'24 \g) I A.F '47 MF 

T MFT 

FIELD COIL 

Air ,.-4MF 

CONDENSERS .C" ARE ELECTROLYTIC UNITS 

C r 4 MF. 

110t 
60,$) 

Fig. 6. The "Peter Pan" Model 84 Midget Set. Note the space -saving features: speaker field coil used as filter choke: resistance coupling between detector and power tube. Line switch and volume control are ganged. The output transformer must match V3. 
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Fig. 7. A Modern A.C.-D.C. Pentode Portable Receiver. Two type '37 tubes, with the elements in parallel, furnish adequate rectification on A.C. circuits; on D.C. they act mere- ly as a series resistance. Tubes VI and V2 are variable -mu R.F. pentodes. Use no ground. 
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Fig. 8. An Ultra -Modern, Wunderlich-Tube, A.C. Superheterodyne. Tube V2 combines 

oscillator and first -detector: V4, A.V.C. and second -detector. This set is the Revere Mode 

K2 chassis; the I.P. is 175 kc. Tube V4 is a "coplanar -grid" type Wunderlich "A" or "B.' 
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Fig. 9. A Variable -Mu, Screen -Grid and Pentode "3 -Tube" Set. A \Val -Tone receiver 
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Fig. 10. The Mathews "3 -Tube" Superheterodyne. The output tube is a "Triple -Twin.' 

Coils L2 and L3 are inductively coupled. Tisis is an extremely novel circuit arrangement. 
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10 011...5 

L2ND. RF 
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a b a 12A 
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1 

DETECTOR LAST Al PUSH PULL 

COMMON 
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I OT. á 
-.-1.0111E 

4--T-C1tY. 

12 A1 

SV 
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.002 
MF 

.71A 
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.01eF L 

1 

T ! 

2 MEG. 2 MEG. O a O 
2MF.% 
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115 V.,D. C 
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611115:7---? 50000OHM POTENTIOnE1EA #elt/J 
30 H. CHOKE 

604IATT LAMP 
4 - 9sV. 

T 
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Fig. 11. Grimes "New Yorker" 110 -Volt D.C. Receiver. Series -parallel filaments. 

'01A L2 

Vl 

20 OHMS J 

Ol A 
T2 

V4 
PM. 15 

i Bt"22'hV. 'g+"AMP. 

Jz 

Fig. 12A. Original Freshman "Masterpiece" Battery -Type Radio Set. 

Fig. 12B. Circuit followed in electrifying the Freshman "Masterpiece," Fig. 12A, and other sets of similar design. "Electric" tubes are used as V1 to V5. A type '27 as V3 reduces hum; grid suppressors at X prevent "whistles." Resistor 11 may improve the operation. 
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k 35 

SW. 44 
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I I10V,A.C. j- OR D.C. 

45 "-LINE BALLAST 

DET. 
'36A 

16 

CNA5515 DETAILS 

PARALLEL 
POWER A.F. 

26 '3BA 

o C 

D DO ,+,o---; TUBES 
V5, V12 R.F. 

E'0 ,:t1LC E PENTODES - V 21,5CREEN-GRID 
V2E, V29, A.F. 

PENTODES. 

VOICE 
COIL 

32 

p 34+ 

33f' 
FIELD 
COIL' 

...., 
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Fig. 13. An A,C.-D.C. Pentode Midget Set. Switch 43 controls circuit change -over. The 
tuning inductances are Conoid shielded units; their tuning condensers, a triple -ganged unit, 
Cardwell Type 317-C (shielded) .00035-mf. The dynamic reproducer is equipped with 
a 7,000 ohm (approx.) impedance output transformer, and a 2.500 ohm tie d. A Ciarostat 
50 -watt -type automatic line voltage regulator, 45, is used. The power transformer is in 
use only when the set is connected to an A.C. power line; the unit is of Trutest make, with 
a 5 -volt secondary for the filament of the '80. A Trutest choke is used as unit 40; it Is 

rated at 30 hy. and 200 ohms. The multi -polar switch may he a Best, Type SN.S. 2 sec- 
tional rotary unit, 5 -pole, double -throw. Shield the '39A and '36A tubes, 5, 12 and 21. 

Fig. 14. A 1 -Tube Pentode Receiver. For 
broadcast wavelengths, the grid -leak and 
mid -condenser may have the usual value, 
respectively, of about 2 megs. and .00025-mf.; 
for short-wave reception, over 3 megs. and 
below .00015 mf. A standard 3 -circuit tuner 
and tuning condenser are used in this set- 
up. Although a battery -type tube is shown, 
:onsiderably greater output would be ob- 
tained from an A.C. tube. The plate volt- 
age will depend on the individual tube. 
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TWIST SEC. IN AMP. 

Fig. 15. A Selective Screen -.arid Pre-Ampl' 
Fier. This is the circuit of connections in the 
Electrad Loftin -White Type A-224 Tuner 
which is designed' to be connected to an 
Electrad Loftin -White Type A-245 direct - 
coupled A.F. amplifier. The first tube in the 
amplifier functions as a detector. The ad- 
vantage of this type of unit is that the 
amplifier voltages are not disturbed. 
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Fig. 16. The Radio -Craft "Pentode Portable"-Battery Model. An improved version of a sensitise, small -space receiver. Regeneration is smoothly controlled by the variable resistor. 
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7 AND Id ARE GAN4r1); 
6 IS A TRIMMER, 

10 

8+45V. 

3* 32 
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-34 ----- _J 
Fig. 17. A Portable Screen -Grid "4" Radio Receiver. A loop antenna is the pickup. If available, an outside antenna may be connected to loop terminals 1 and 2, for increased pickup. 
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F.g. 18. Radio -Craft's "Triple -Twin" Receiver. Loudspeaker reception is obtained. Ex- perimenters may wish to try circuit arrangements incorporating a 'general purpose" pen- tode as VI. 
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CHAPTER III 

All -Wave Circuits 
UTILITY is the parent of the "all -wave" receiver which may cover a frequency band twenty times more broad than can be encompassed by the lowly "broadcast" set. This seeming miracle is accomplished by the simple process of changing in a tuned circuit the value of the inductance, capacity, or both. Early receiver designs accomplished this change by replacing one or more coils of a selected value, by a set of inductances having a second, selected response characteristic; later design called for a change In tuning capacity; while a third step incorporated con- tinuous and simultaneous variation of both the coil and condenser. Many modern sets now include an "inductance bank"-a unit incorporating a complete set of coils required for a particular series of tuning bands. 

All -wave receivers are available both in T.R.F. and superheterodyne types. Being built as a complete, integral chassis, they ordinarily are far more efficient than such "combinations" as result when either converters or adapters are used in conjunction with a standard broadcast receiver. Due to the extremely high frequencies of the lower -wavelength stations (20,000 Ice. at 15 meters) as compared to the higher wavelength stations (600 kc. at 500 meters), the unwary experimenter in the former sphere of activity may be astonished at phenomena quite non-existent in the latter. Only by giving the most minute attention to detail will the short-wave enthusiast he rewarded with the remarkable results that may be obtained with good all -wave receivers. 

MAIN TUNING o 
o- B1 S.G. , 

COND. 

1`C3'36(R.F.) 1 P 

C}? 

ó 1,14` R3, 
R1 CI C6 o 

REGEN. 
CONTROL 

C4 

B2 

GND. 

R2 
C5 

DEI. A.F. 
k.37 

R.F.CH, C8 '38 PENTODE 

1 

V2 

k R7 
VOL. CONTROL 

-B+-75 -8+' 135V. 

i. B3 

p, 
R4 

LOUD 
SPEAKER 

B4. 

T 

l 
o 

SWITCH COMMON 

A= 6 VOLTS -A-4-- 

Fig. 35A. A Modern, Simple All -Wave Receiver. Battery or A.C. supply may be used. 
By applying recti- 

fied A.C. to the fila- 
ments of automotive - 
type tubes hum -free 
Operation is obtain- 
ed. To cover a band 
3f 12 to 560 meters 
five plug-in coils of 
tube -base type are 
required. For 73- 
170 meters, 50 turns 
of No. 28 and 16 of 
No. 36; 32-77, 15 of 
No. 28 and S of No. 
36; 12-45, 8 (spaced) 
of No. 18 enam. and 
4 of No. 28; 125-255. 
136 No. 36 enam. and 
10 of No. 36; 250-560, 
250 No. 36 enam., 20 
No. 36. Except as 
otherwise indicated, 
the covering is 
D.S.C.: first figure, 
G -F, second, F -P. 

S VOLT SECONDARY 

400V. 
C.T. SECONDARY DRY RECTIFIER 6 OHM 'A. TYPE RHEOSTAT 

30 NEknitY,4O MILLIAMPERE 
CHOKES 

Fig. 35B. Power pack for the modern, Simple All -Wave Set. 
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CHAPTER IV 

Short -Wave Sets 

THERE is no thrill like that of hearing an overseas announcer as he identifies his sta- 
tion speaking in his native tongue This sensation is non-existent for those who do 

not have the ambition to "fiddle" with short-wave equipment. 
As intimated, there is more to short-wave reception than just hooking together the 

parts specified, and then intently listening. 
After due test we may grant that the components have the correct electrical char- 

acteristics, but unless they have been mounted in correct relation to each other, results 
may not be very satisfactory. 

The final requisite is experience in operating the finished instrument. 
Too often are experimenters prone to cry that "short -waves are the bunk," only to 

find out Eater that certain units were of incorrect value, coils were placed too close to the 
chassis, or it was not known that the "zip -zips" actually were stations that needed only 
a little more careful tuning to be identified as transmitters located at distant points. 

Climatic conditions over which there is no control exert tremendous influence on radio 
signals of short wavelengths. Consequently, if the "air" seems at times to be as dead as 
a graveyard, do not condemn the set-wait 'till another time to try for station programs; 
however, this condition -is seldom found on all the shorter wavelengths at the same time. 

The enthuglast who takes his short -waves seriously will make it a point to study 
weather maps and program time -tables-, and adjust his reception schedule so that enjoy- 
ment is obtained from the short-wave set, no matter whether it has one tube or a dozen. 
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8+ 
135 

8+ 
D T. 

o 

T t 

8+ A- 4,4 
90 8 - 

Fig. 38. Short -Wave Screen -Grid "Craft -Box" Set. One R.F., one AF. stage. 
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Fig. 39. A 5 -Meter Superregenerative Receiver. A "quasi -optical" frequency set. 
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Fig. 40. The Pilot "A.C. Super -Wasp" Short -Wave Set. Four receiver tubes and a rectifier. 
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Fig. 41. The Hammarlund "Hawk" Short -Wave Receiver. The turns on the 14-24 meter coil are: grid 3, plate 3; 22-40 meters, grid 7, plate 5; 36-65 meters, grids 15, plate 6; 60-110 meters, grid 24, plate 12. The aerial winding Ll has 6 turns, 1-13/16 Ins. in dia., No. 18 S.C.C. for all ranges. Number 16 D.S.C. wire, 10 turns to the inch, 2 ins. in diameter, is used for the secondaries and ticklers; except for the 80 -meter coil, which uses No. 18 D.S.C. wire, 16 turns to the inch. Between L3 and L2 the space is equal to one turn of wire. The R.F. choke is helical wound and has a distributed capacity of only about 3 mmf. 
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Fig. 42. The "Superregenode"-With 6.3 24 12,500 12,500 24,Q00 .004 
Volt Tubes. Two pentodes in parallel in- 30 10,000 10,000 30,000 .006 
sure a good sensitivity/power output ratio. 371/2 8,000 8,000 37,500 .01 
It is difficult to obtain an output trans- 50 6,000 6,000 50,000 .02 
former with an output impedance of 15,000 60 5,000 5,000 60,000 .03 
ohms at about 90 cycles; therefore by using 75 4,000 4,000 75,000 .05 
two tubes in parallel, the output impedance 100 3,000 3,000 100,000 .08 
is reduced to 7,500 ohms, which is more sat- 120 2,500 2,500 120,000 .10 
isfactory. The screen -grill '36's must be 150 2,000 2,000 150,000 .2 
selected by actual test in the receiver, until 200 1,500 1,500 200,000 .3 
a really good tube is obtained. The success 
of the receiver as a whole can always be 
traced to the "detector" tube. Experiments 
indicate that the best value for the locally - 
generated suppressor -frequency is in the or- 
der of 1/1000 of the received signal fre- 
quency; that is, the former is expressed in 
cycles corresponding to the kc. of the latter 
(as indicated in Table 1). The sensitivity 
of the receiver increases steadily as the 
signal f equency rises. At the highest fre- 
quencies the locally -generated frequency is 
quite inaudible; it falls to 7,500 cycles only 
above 40 meters. At 5 meters the suppres- 
sor operates at R.F., 60 kc., which does not 
cause interference, and requires no A.F. fil- 
tering for receiving very short wavelengths. 
An extremely important element in the con- 
struction of sets for operation at these very 
high frequencies is the placement of the 
apparatus. A high -frequency hiss, due to 
the super -regenerative action, may be re- 
duced or eliminated by judicious selection 
of A.F. components non -responsive to it. 

TABLE I 
R.F. Input Suppressor C3 

Signal Frequency Cap. 
Meters }Cc. Cycles (Meters) Mf. 

10 30,000 30,000 10,000 None 
15 20,000 20,000 15,000 .001 
20 15,000 15,000 20,000 .0025 

Approximating computed value. 

Fig. 43. Grand "Sun" Short -Wave Tuner. 
A simple circuit arrangement for the be- 
ginner. A good design for "breadboard" 
Son struc t ion. 
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RFC - , /30 K.C.,I.F.7R>N5 
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-A+-2V. "B+ -90V. "C= 13.5v. 
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CHASSIS 
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8+-135 V. 

Fig. 46. The Short -Wave "Superregenode"-With 2 -Volt or "Dry Cell" Tubes. An ordin- 
ary 30-kc. I.F. transformer is used to obtain the super -audible suppressor frequency. 

TOUR POLE 
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a OP.D.T. SM. 

F g. 47. An "Automatic Tuner" Short -Wave Receiver. By ganging a specbtl variometer 
L , and two variable condensers Cl, C2A, unique and wide -range tuning is obtained. 

F2 

VI 

ó P 

F1 

CI 

Ca 

R2 , 

F1 

l2 

C 

= C3 RF 

1 

o 0 
ó 1 

RI ` 

I 

GND A- 
C + 

º 1 
B+ 44 B+ 
45 B 135V 

1 

V3 72 V4 

8+ C- 
DET. 4,1V 

o 4 
8+ C- 8+ 

90V. 9V 135V 

Fig. 48. The Pilot "Super -Wasp" Receiver. A complete receiver capable of reception from 
distant stations and at "loud speaker volume," so called. A very effective short-wave set. 



CHAPTER V 

Short -Wave Converters and Adapters 
SHORT -NAVE converters and adapters are of particular interest to the broadcast listeners; and to those amateur experimenters to whom the cost of more expensive equipment is a deterrent. 

Converters may be defined as units which change the short-wave signals from their incoming wavelength to the longer wavelength for which the associated broadcast receiver is adjusted. These converters may be self -powered, or they may derite operating poten- tials from the broadcast set. 
Adapters connect Into the broadcast receiver at the detector-making connection either to the grid or plate circuit. These devices, too, may be self -powered, or they may con- nect into the power system of the associated receiver. 
Upon reflection it will be clear that the converter should be more satisfactory than the adapter; since the former utilizes all of the amplification possibilities of the associ- ated broadcast receiver. The adapter, on the other hand, uses only the audio portion of the receiver. 
For this reason we find that in converter designs it is usually considered sufficient just to affect the program transfer front the short- to the broadcast wavelengths. In the adapter, however, we often find circuit arrangements for obtaining considerable amplifica- tion at the short-wave lengths-since there is no R.F. amplification in the associated set. 
In fact, it is not possible to say that one or the other is "best," since losses in the converter may offset low sensitivity in the adapter. 
At this point it may be interesting to call attention to the sequence of circuits when a good superheterodyne short-wave converter is connected to a good superheterodyne broadcast receiver. Each step will be given its correct designation. 
The initial stage is the radio frequency amplifier, followed by: first -detector; first - oscillator; first -intermediate frequency amplifier; second -detector; second -oscillator; second - intermediate frequency amplifier; third -detector; audio frequency amplifier. Quite a for- midable array. 
Of course, if there is a fault in any portion of this system. only' mediocre results will be obtained. Not only must each section be correctly aligned, but each one must be correctly matched to the other, component sections. 
For this reason. among others, it is a good plan to always have available an auxiliary short-wave receiver which may be used to monitor or double-check reception conditions. By arranging it to oscillate, it also may be used as a service oscillator. 
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Fig. 49. The Hammarlund Short -Wave Adapter -Receiver. An easily constructed unit 
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CHAPTER VI 

Television Receivers 
FROSt one viewpoint, television receiver efficiency must be ten times as great as a 

broadcast receiver, since it must cover a frequency band ten to twenty times as wide. 
In other words, extreme care must be taken in the design and construction of a receiver 
specifically intended to receive television signals. 

It would be "fine business' if every experimenter had available a calibrated oscillator 
with which he could check his completed instrument. However, in lieu of this he will 
need to depend upon his judgment of the pictures he receives. 

R1 200 0..S 42 7000..5 QJ 100,000 0..5 140UT R4 }0,0000..5 IIOv 45 250.000G..5 60. R6 50,0000..5 R7. 4000...5 
R e 3J000..5 
R 9 2,500 0..5 
R10. 2,500 0..5 41l 1,ISO0..5 
R 12 2,500 0..5 v01. (b.aOl 

Fig. 57. A Direct -Coupled Television Receiver. Use only accurate, high -watt resistors. 
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CHAPTER VII 

Mobile Radio Sets 

AUTOMOTIVE radio is a lucrative field that is rapidly being built up through established 
sales channels which formerly handled only cars; or cars and non -radio accessories. 

For that matter, mobile radio activities now include police radio installations, trans- 
continental -bus sets, express train radio service, boat radio receivers, and aircraft set 
Installations; while still other applications are being unearthed. 

For all of these services there obtain essentially the same demands. i.e.; extreme 
sensitivity, remote control, clear reproduction and in most instances, automatic volume 
control. The physica arrangement of the components is varied to suit individual specifi- 
cations. 

To the average Service Man, therefore these circuits present nothing new, since 
they contain the general elements of an ordinary, sensitive broadcast receiver. 

However, there are a few elements which in mobile installations must be given expert 
attention; particularly, in automotive radio receivers. 

For instance, the aerial screen must be 3 ins. away from the edge of the car body, 
dome light, dome -light wires, and all grounded objects. Shield the dome -light wires from 
the switch and ground the shield; also, ground the metal case of the dome light to the 
wiring shield. Be sure the front and réar edges of the aerial screen and the lead -In wire 
are soldered: also make sure that the mesh of the screen is well bonded together. 

Interference and sensitivitc go hand -in -hand. Thus, exceptional contra -interference 
measures are required to' complete the installation of a modern, sensitive car radio unit. 

A resistor is required in each spark -plug lead and another at the distributor. Bypass 
condensers of 0.2-mf. are required; for instance, one must he connected to the generator 
and another to the battery lead at the ignition coil. Still others may be required to by- 
pass the ammeter, fuse blocks, cigar lighter, etc. 

Shielding, too, holds a place of importance. The antenna lead must be shielded from 
the receiver to the cornerpost. When the ignition coil is located on the instrument panel 
it may be necessary to shield the high-tension lead as far as the engine compartment. 
Securely ground all shields. 

Grounding of certain units is imperative. For example, choke and spark rods, speed- 
ometer cable, oil lines and other metal tubing. Motors that are mounted on rubber and 
thus insulated must be grounded at each corner to the dash. 

Additional measures to reduce interference may he required. Separate the high- and 
low-tension wires; dress other wiring as required. Try removing from the metal conduit 
which carries other ignition wires, the leads which connect to the horn. Reverse the two 
primary leads to the ignition coil to determine the connection for least interference. Note 
that a defective spark -plug, or a coil or distributor condenser, may cause noisy operation. 

Finally, make absolutely certain that all the circuits are correctly aligned; and that all 
the tubes are perfect. 

Fig. 59. Cisin "Screen -Grid" Automotive Superheterodyne. Complete details are appended. 
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CHAPTER VIII 

Home Recording Apparatus 
DUE to the fact that every day there is brought forth a new application of recorded 

sound, this field is proving increasingly attractive to technicians. 
Stripped of its complexities, it resolves into a few components. A simple microphone 

picks up the original sound, an amplifier increases the intensity, and a recording head 
actuated by this current inscribes a record blank. The second and final step is the play- 
back. In place of the recording head a phonograph pickup is used. This is followed by 
an amplifier which is used to increase the minute currents developed by the pickup. 
The output of the amplifier connects to a loudspeaker. 

Aside from its application In commercial fields, as in the production of studio records 
for "spot" broadcast service, recording has many other uses. 

For instance, photographers are now making sound records at the same time they 
take a picture of Cousin Nell, or Grandfather Hicks; duplicate records bring a tidy sum. 
Musical students are eager for recorded proof of their ability. John Law has recognized 
the legality of recorded contracts. Recordings are valuable in certain kinds of school 
work; also, they have industrial applications. Proprietors of stores readily place orders 
for individualized records concerning timely sales, etc., which they can publicize through 
a simple public-address system. A "home recording" booth at amusement resorts is a 
good money -getter. Finally, we have records made in the home-"instantaneous" re- 
cording under domestic conditions. 
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Fig. 62A, upper left; B, lower left; C, upper right; D, lower right. Recording. 
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BAKELITE 

Fig. 62E, left; F, above, Recording. In Fig 
62 we find: A, connections for recording 
radio programs; B, circuit for recording 
voice, etc.; C, hookup for "home broadcast- 
ing"; D, reproducing recorded voice, etc. 
These changes may be switch -controlled, as 
indicated at E. Fundamentally, the circuit 
is very simple, as shown by the picture ar- 
rangement of the parts at F. 
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CHAPTER IX 

Audio Amplifiers 
TO audio amplifiers attaches an interest that is not shared by any other instrument. In 

addition to its use as the audio power section of a radio set, it finds useful application 
in experimental work, public address equipment, "talkies," remote control devices, demon- 
stration work, record recording, radio servicing, and laboratory investigation. 

In other words, the audio amplifier as an individual unit is a proposition for com- 
mercial exploitation. In concrete evidence we offer the following rather extensive, yet 
incomplete list of uses wherein the power amplifier has proved to be the foundation of 
thousands of dollars profit: 

Factories, airplanes, apartment houses, amusement parks, auditoriums, athletic fields. 
radio demonstration of photo -electric effects, bathing beaches, banquet halls, baseball 
parks, brokerage offices. 

Radio demonstration of microphonic sounds, burial -vaults, bell -less church chimes, 
cabarets, charitable institutions, churches, clubs, conventions, exhibitions of legerdermain, 
vaudeville shows, political gatherings, dance halls, encampments, fairs, dancing schools, 
filling stations, flyng fields, clinical work. 

Physics laboratories, shipyards, depots, football games, hockey matches, home enter- 
tainments, hospitals, hotels, educational institutions, ice skating rinks, merry-go-rounds, 
buses, motor trucks, demonstrator cars, trains, open-air assemblies, orphan asylums. 

Paging systems, polo games, landing fields, race tracks, regattas, receptions, restaur- 
ants, roller skating rinks, sanitariums, stores, summer resorts, swimming pools, veterans' 
homes, carnivals, automatic protective devices and automatons. 

The foregoing catalog of audio amplifier services should be sufficient indication that 
no single design of equipment will be suitable for any but a limited number of uses. 

Nevertheless, there is little variation in the fundamental connections involved. In gen- 
eral, it may be stated that amplifier units designed to increase the strength of electrical 
energy at audio frequency vary mainly in the use of tubes and circuit; the components are 
selected on the basis of their characteristics as determined by the tubes and circuit used. 

Tubes are the first consideratión. They must have a sufficiently high amplification 
factor to achieve the desired sensitivity/power output ratio for the particular service for 
which the amplifier is being designed. To realize the amplification figure at which the 
tubes are rated it is absolutely essential that the associated components have exactly the 
correct constants; and that the voltage and current ratings of the tubes are adequately 
met by the power supply system. 

The type of tubes used and their quantity are dependent upon the sum of a number of 
individual limitations and preferences, such as fidelity, volume, Input load characteristics, 
output load characteristics, mechanical limitations (marine or land, mobile or stationary 
use, etc.), and that ever-present "nigger in the woodpile," cost. 
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Fig. 67B, right. Type '47 Direct -Coupled 
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CHAPTER X 

Power Units 
CURRENT supply devices are controlled In their design by the current requirements of 

the devices with which they are to be used; and by the type of available power line 
supply. 

Modern vacuum tubes and their circuits have reached such a high stage of develop- 
ment that the current taken from the power pack, for a given sensitivity/power output 
ratio of a radio set or other device, is becoming less and less; at the same time, an 
increasingly large proportion of this current is being taken by the audio section of the 
instrument. Thus, for a particular type of device, more current Is made available for 
the operation of auxiliary equipment. 

Where the power unit is to he used to furnish current for a radio receiver, the selec- 
tion of the components and their circuit connections must enable the set to satisfy the 
following conditions: sensitivity, selectivity, tone quality, undistorted power output, and last 
but not least-economy (including in this figure the cost of maintenance and service). 

The selection of power pack components of incorrect type is sure to be the most 
expensive action a set builder could possibly take. It is only by using instruments of 
good quality and correct characteristics that the builder will be enabled to meet the con- 
ditions stipulated in the paragraph above. 

Power supply units may he required to operate on A.C. or D.C., at 110 to 120 volts. 
On A.C. lines the frequency may lie 25, 40 or 60 cycles; a power transformer designed for 
25 cycles may be used on 60 -cycle supply, but not vice versa; the 25 -cycle supply will 
necessitate increased filtration to reduce the hum level. 
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CHAPTER XI 

Miscellaneous Equipment 

EXPERIMENTERS will find in this chapter many diagrams of particular interest to 

them-everything from a simple code -practice arrangement to a complete, modern 

amateur short-wave transmitter. 
Although all possible electrical values are given the technician, he will, in some in- 

stances, be put very much "on his own" to correctly assemble and wire units built in 

accordance with the 29 figures which follow. For there always is some difference between 

the performances of two devices built by experts in accordance with the same set of 

Instructions-even when complete layouts, photographs, and drilling templates are avail- 

able. Consequently, inexperienced constructors may not be able to obtain perfect opera- 

tion of the finished instrument, at the first attempt, unless the circuit is followed exactly 

-and a horseshoe is hung in a prominent location. 

For this reason we will analyze some of the stumbling blocks which may be en- 

countered In attempting to build up a circuit "blind"-that is, without accompanying data 

concerning the location of the various components, etc. 

"Don't take anything for granted; check all the components for correct electrical and 

mechanical ratings." 
These stipulations include all vacuum tubes, regardless of the type. If there is any 

question concerning their performance, it often is a great convenience to compare 

measured figures with the factory ratings as shown in special tube charts. Since these 

tabulations necessarily consume a large amount of space, the technician is referred to a 

listing of these values and terminal connections for fifty-four representative types of 

tubes, in the July, 1932 issue of Radio -Craft, pages 26 and 27. 

It must be remembered that if one unit develops a fault, it may cause another to 

break down; consequently, replacing the first item may not necessarily restore the en- 

semble to normal operation. (See "Servicing the Ilroadcast Receiyer," by Julius G. 

Aceves, In the September, 1929 issue of Radio -Craft.) 

Correct inductive relationship and adequate shielding must be maintained, whether 

between wiring, components, or both. If undesired coupling takes place between certain 

circuits, it may be sometime before the cause of the trouble is located. This is particu- 

larly true in the case of excessive hum, which may be due to a filter choke or power 

transformer placed too close to :ertain elements of the remainder of the equipment. 

Circuit oscillation is another bugbear which in many instances inay be traced to unde- 

sired coupling between unshielded leads-especially, in R.F. circuits; look also for open 

bypass condensers. 
Noisy operation usually is traceable to imperfect .contacts ín the wiring or equipment. 

Total lack of performance often leads to the discovery of a complete short-circuit in 

the system; wires or instruments may, for instance, be accidentally grounded. 

In conclusion, the author advises the technician to follow three steps in servicing 

new devices: (1), take voltage and current readings; (2), make tests of continuity be- 

tween various portions of the circuit: (3), take resistance measurements-particularly, 

from tube sockets to the chassis (with the current turned off). 
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Fig. 74. A Complete Portable Transmitter -Receiver. Transmitter is a "Split-Colpltts. 
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Fig. 81B, left; C, right. Mixing Panel. The 100 -ohm resistors In C conserve space. 
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Fig. 88, above. A Band -Selector Unit. By varying the inductive relation of Ll and L2 control of the degree of band selection is obtained. Condenser C and the 100-mmf. unit further control the band selection. 
Fig. 89, left. High -Quality Detector -Ampli- fier Circuit. The output circuit is push-pull. 
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S -G. 
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SHUNT 

TOGGLE SWITCH 
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Fig. 90A. A Simple Set Tester. A two -meter instrument of effective pattern. 
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Fig. 90B. A Simple Set Tester. The adapt- 
ers. New 6- and 7 -prong tubes require 
two additional adapters, each. 

F.g. 91. A Dynatron Vacuum -Tube Volt- 
meter. Ultra -sensitive, this instrument will 
indicate 0.2 -ma. with an input of only .05 - 
volt, A.C. or D.C. A useful test device. 

.001- 
IMF. 

!HI 
CI C2 

.001-.001- 2. 2. .02.-1 C C 

- 1. .02- yMF 
700V. 140V. 

A.C. A.C. 

r 
HR 

R3 

MR MB 
HR 

-D.0 

1.25V 1.5V. `Ra 

V 

I 10 I I 

tlllh vw 

R5 

4.5+ 90+ 450 LR LR 
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Fig. 92. An Inexpensive Test Panel. The wiring is simple, and the beginner should ex- 
perience no difficulty with this design. May be used as an ohmmeter, continuity tester, 
capacity meter, and to read A.C. and D.C. voltages within the ranges indicated-and 
higher, if so designed. Arrowheads indicate tip -jacks. Condensers C2, 1 inf., each. 
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TUBE BASE COIL AND 
SOCKET -4 PRONG 

R.F.T. 

P G 

Fig. 93A. A "Treasure" Finder. The receiver; a simple short-wave set for 'phones. 

Fig. 93B. A "Treasure" Finder. Transmitter. 
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Fig. 95. Experimental D.C./A.C. Converters. 
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Fig. 94. Increasing A Meter's Range. 
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E.g. 96. The Speech Inverter. Above; a 
skeleton circuit of the method of connections 
which makes possible "garbled" speech. Be- 
low; graphic illustration of the system. 
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Fig. 97A. Wheatstone Bridge. True -read 
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Mg R2 
C% 1,000 OHMS 

Fig. 97C. Wheatstone Bridge. Capacity 

Fig. 97E. Wheatstone Bridge. Capacity. 

Since it is quite impossible to adequately 
cover In the space here available the ex- 
tensive subject of the Wheatstone Bridge 
and Its myriad applications, an effort has 
been made only to present in conveniently 
available form the foremost arrangements of 
this test system, in connection with the 
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Fig. 97B. Wheatstone Bridge. Meter -rule. 
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Fig. 97D. Wheatstone Bridge. Tube -type 
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Fig. 97F. Wheatstone Bridge. Graph. 

analysis of units incorporating inductance, 
resistance or capacity, or a. combination of 
these qualities. For a more extensive treat- 
ment of the Wheatstone Bridge, the reader 
is referred to the issues of Radio -Craft men- 
tioned in the following chapter on refer- 
ence data; or, most electrical handbooks. 
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Fig. 98A. An Amateur Short -Wave Transmitter. Connections of the power amplifier. 

Fig. 98B. Transmitter. Frequency doubler. 

7.5V. "ro 
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Fig. 98D. Transmitter. Power supply unit. 
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Fig. 98C. Transmitter. Modulator unit. 
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11\-- f 
Fiq. 98E. Transmitter. Oscillator hookup. 
When the five component units, A, B, C, D 
and E are connected together the ensemble 
is an up-to-date amateur phone and code 
transmitter-radio station W9DFR. 
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Fig. 100. "Class B Tube" Amplifier. The tube is a "46," designed to operate with zero 
plate Current, under the "no signal" conditions. Note that transformer Ti steps down 
the voltage. 
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Fig. 101. A Set Analyzer and Tube -Tester. Contains a tube tester, phone -test, continuity 
ester, pre -heater, ohmmeter, and set analyzer. As designed, it tests all the older tubes 

without recourse to adapters. Only one meter, 0-5 ma., is needed in this test instrument. 



CHAPTER XII 

Reference Data 
IN these concluding columns will be found the available data concerning the compon- 

ents essential to the construction of the preceding 101 circuits. 
Although in most cases factory designations are given, it should be realized that in the majority of the instances judicious substitutions may be made. These changes, in turn, may modify the arrangement of other components and thus, the dimensions of the chassis. In general, substitutions are inadvisable. 
Unknown values often may be determined by comparing the circuit arrangement with another of similar type, and observing the values of the components incorporated in the latter. 

FIG. I. (Radio -Craft, July 1932. p. 12.) 

FIG. 2. (Radio -Craft, September 1931, P. 150.) 
One Utah "Midget" dynamic speaker, with 2.500 -ohm field winding; output transformer and UX-base plug; One Gen -win three -circuit tuner, for .00035-mf. con- 

denser (I.. 1.1, L2): 
One Ilanunarlund "Midget" .00035-nd. variable con- 

denser (CI): 
One Ilammarlund A.F.T. (secondary) 1,3; 
Three Aerovox fixed condensers: one .550025-mt. (C2); 

one .0005-mf. (C3); one .01-mt. (C4); 
Two Flechtheim filter condensers: one 2-int. (C5); one 1-mf. (C9): 
Three Concourse 4 -rot. electrolytic condensers (C6, C7, 

C8): 
Two International grid -leak resistors: ono 2-meg. (It); 

one %-meg. (R'S) : 

One International 250.000 -ohm plate resistor, (R1); 
Three Eleetrad wire -wound voltage -divider resistors: 

two 120,000 -ohm (113, 114); ono 5000 -ohm (125); 
One Electrad wire -wound 4110 -ohm resistor (RO): 
One Earl prover transformer, wit's 2.5-, 5- and 400 - 

volt center -tapped secondaries (PT). 
(Coll 1.1, 63T. No. 26 D.C.C., 2 ins. in dia.; L^_, 

3"-T.. No. 26 D.C.C., 14 in. dia. and Inside Ll.) 

FIG. 3. (Radio -Craft. July 1932, p. 19) 

FIG. 4. (Radio -Craft. August 1932. p. 101.) 

FIG. 5. (Radio -Craft, August 1931. p. 97.) 
One shielded antenna coil. 1,1; 
Two shielded R.F. roils, 1.2 1.3; 
Two It.F. chokes, I0"C1, ItFC2; 
One A.F. choke (A.F. trans. rec.), CIII; 
One 30 -henry filter choke, CII2; 
Two 000 -ohm resistors. 112, R3; 
One 50,000 -ohm volume control, RI; 
One 10,000 -ohm biasing resistor. 114; 
Two 0.5-meg. resistors. 115, ItO; 
One 1.200 -ohm biasing resistor, 117; 
One 7,000 -ohm resistor, Ito; 
One 5.000 -ohm resistor, Its; 
One 3 -gang. .00035-nd. variable condenser, Cl, C2, C3; 
Seven .01-mf. bypass condensers. C4 to CO, C13; 
Two 1-mf. bypass condensers, C10. Cll: 
One 001-mt. bypass condenser, C12: 
One low -voltage dry -electrolytic condenser, 25-mf., C14; 
Two 200 -volt filter condensers (one 2-mf.; one 4-mf.). 

C15, C16. 

FIG. 6. (Radio -Craft, January 1932. p. 398.) 

FIG. 7. (Radio -Craft, August 1932, P. 74.) 
One set of Automatic Coil winding Inductances, LI to 

L6. inclusive; 
Three Aerovox dry -electrolytic condensers: one 50 mf., 

100 volt, C16; one 8 mf.. 500 volt, CIS; one 10 mf., 
20 volt, C14: 

Five Aerovox 0.1-mf.. 200 volt tubular condensers, C4, 
C5. C8, C10, C12: 

One Dublller .0035-mf., mica condenser, CT: 
One Dublller .000225-mf., mica condenser, CG; 
One Mountford. 250 ohm, 50 watt vitreous -enamel re- 

sistor. Ito; 
Five Trutest 1 -watt carbon resistors: one 14-meg.. 

Ito; two 1/4 -mee.. Ito, 115; ono 50,000 ohms, R3; 
one 650 ohms, 117: 

Two Truvolt flexible resistors; one ohm, It% Ito; 

54 

One Carter combination switch and 10,000 ohm (volume 
control) resistor, 111; 

One Jensen type I'.M.1 magneto -dynamic reproducer; 
transformer T for parallel '38's; 

One Kenyon loss -resistance choke (coil); 
One DeJur No. 3593, 375 mod. 3 -gong condenser, CI, 

CI, C3, with trimmers. 

FIG. 8. (Radio -Craft, June 1932, p. 742.) 

FIG. 9. (Radio -Craft, February 1932, p. 464.) 
The values of the various parts listed in the diagram 

are as follow : Itesistor ltl, 8.020 ohms; 1t2, 1. 
megohm; 1t3. 24.000 ohms; Ito, a megohms; 115. 0.5- 
meg.; 1(7, 60.000 shuts: ItO, 209 ohms. Condensers 
Cl. two -gang variable unit; C2, 100 rust. ; C3. 8 mf.; 
C4, 4 mf.; C5, .1-mt.; CG, .02-nd.; C7, 16 mint.; C8, 
.006-mt. Transformer Ti. an antenna coil; 'I'2, ass 
R.F. coll. 

FIG. 10. (Radio -Craft, August 1932, p. 86.) 
Ono DeJur 2 -gang type 3502 condenser, C1, C2; 
One dynamic reproducer with 2,500 ohm field and Ti 

primary of 4.000 ohms; 
One Carter type 3562 paver transformer. VI.; 
One Carter choke, type 4073 (10 hy. at 10 nsa., re- 

sistance less than 200 ohms), A.F.Ch.; 
One Meissner, 26211 kg. output 1.F. transformer with 

trimmers, LF.'1'.2; 
One Meissner. 26214 ke. composite oscillator coil and 

Input I.F. transformer, I.F.T.I. L2, 1.3; 
One S millhy. I.F. choke, 
One Meissner antenna coil, type N, LI; 
One combination switch and 10,000 ohm volume core- 

trol resistor RIO: 
Two 70 mot. padding condensers, C15, C17 
One DeJur 001-mf. padding condenser C2.4 
One DeJur dual trimmer. 140 mmi.. C3. C4 
One 6 rot. and on, S mf., 450 -volt electrolytic con- 

denser with leads. CO and C10. respectively: 
Two .001-inf. Dubiller condensers, C7, Cll; 
One .005-mf. Dublller condenser. C12; 
One .25-mt. Cub type 200 -volt condenser, C13: 
Two .1-mf. 200 -volt Cub condenser, C5, C6; 
One 20 mt. electrolytic condenser. 50 volt, CO; 
One shortwave coil and Israel:et. 1,4; 
One 50.000 -ohm variable resistor, 1111; 
Ono .05-mt. Cub condenser, C16; 
One .01-mf., 400 -colt Cub condenser, C14: 
One 7.500 -ohm. 1/5 -watt resistor. R1 : 

One 200 -volt. 1/5 -watt resistor. 112; 
One 25.000 -ohm, 1 watt resistor, 113: 
One 25.000 -ohm, 1 /5 -watt resistor. It1; 
One 1-megolun. 1/5 -watt resistor, 115: 
One 100.000 ohm. 1/5 -watt resistor. 116; 
One 400 -ohm. 1/5 -watt resistor. 117: 
One 1.000 -volt, 1/5 -watt resistor. Ito; 
One 20 -ohm center -tap resistor, Re; 

FIG. II. (Radio -Craft, February 1930, p. 391.) 
The inductances may be a standard It.F. coil kit. 

Current consumption of entire set. only 60 watts. Fuse 
the D.C. line. 

FIG. 12. (Radio -Craft, October 1930, p. 205.) 
Two Pilot Itesistograds. Ill, 113; 
One 2 meg. grid leak, It2; 
Toro Aerovox center -tapped 20 ohm resistors, Ito. R5; 
Three Dublller bypass condensers. 1 mf., CS. CO. C7; 
Two "replacement" transformers, low ratio, T1, T2; 
One suitable filament transformer (not shown) ; 

One 500 snot. Dublller mica condenser. C; 
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One anti-motorboating condenser, 8 mf., CS. 

FIG. 13. (Radio -Craft, June 1932, e. 730.) 
Two Aerovox type 461-31 triple section metal case con- 

denser, .1 -rot., (7. 14): 
One Arroyos type 260 bypass condensers, .5-mt.. (19) 
One Aerosol type E25.25 electrolytic condenser, 25 

mt.. (30); 
One Aerorox type E5-248 triple -section electrolytic con- 

denser, In can 2% in. high by 3 -In. dia. (8 mf - 
39) (4 mt.-41) (2 inf.-422); 

One Aerovox type 1460 mica condenser, .001-mf.. (2222_); 

One Aeroros type 1960 mica condenser. .01-m1,, (26); 
One Aerovox type 461-21 double section condenser. 

(19-35A); 
One Conoid (shielded) Antenna Coupler, (3); 

Two Conoid (shielded) R.F. coils, (10. 16); 
Two I.R.C. Durham type F-1. metallized resistors. 

50,009 ohm, (20, 21); 
Two 1.11.0. Durham type F-1, metallized resistors. 

75,000 ohms, (9. 15) ; 

One I. ITC. Durham type F-1, metallized resistor, 
10,000 ohm, 123); 

Two 1.11.C. Durham type F-1, metallized resistors, 
50,000 ohm. (25. 27 

One Standard Mazda dial light, 3.2 volt. .35-omp. (I6); 
One Electrad type 211-500 flexible resistor. (31); 
One Electrad type 111-2022 volume -control potentiometer, 

(Si. with switch. -500 
Two F.irrtrul type flexible resistors, (6. 13): 
One Electrad type C-3 Trurolt fined resistor, (35): 
One Crowe moving light full -vision dial. (36A) 
Five Arcturus tubes, (5, 12. 21. 28, 29). 

FIG. 14. (Radio -Craft, March 1931, p. 569.) 

FIG. 15. (Radio -Craft, July 1931, p. 40.) 

FIG. 16. (Radio -Craft, April 1932. P. 608.) 
The audio choke is on A.F.T. primary and sec- 

ondary, in series. A standard 3 -circuit tuner is used. 

FIG. 17. (Radio -Craft. July 1929, p. 16.) 

One Gen-\\ in 3 -Circuit Tuner, with rotable primary 
used as tickler (16) 

Two Ilammarlund 500 mmf., "midline" variable con- 
densers (7, 10): 

One Electrad "Royalty" resistance, typo "F". 0-2000 
ohms (21); 

One Durham 2 meg. metallized resistor, (19); 
One 31 Manifold, 250 mmf. mica grid condenser (18); 
Too 'Thordarson transformers. 3% to 1 ratio, type 

It -150 (25. 28): or a 6 to 1 ratio, type 11.151 may 
be used at (28) for greater distance; 

Two Amperites, No. 4V-199, with mounting (22. 27); 
One Amperlte. No. 120 with mountings (30); 
Three Silver -Marshall 11.1e. chokes, type 276 (12, 15, 

23): 
One Silver -Marshall midget condenser, type 340 (6); 
Two Sticamold,.01-mt. mica condensers (13, 19); 
One ktieamold, 500 mot. mica condenser (24); 
One Carter .IU-5-15 tapped resistor (11); 
Two Carter open -deceit short Jacks for loop sockets; 
One spool No. 22 D.C.C. Corwleo wire for loop (3); 
One 7 -conductor cable with mounting plate (39); 

Four Gold Seal tubes, types GSX22222 (9); GSX199 
(20. 26 ; GSX120 (29) ; 

One loudspeaker unit; 
One sheet of Burtex or Alhambra paper, 1202 Inches 

for loudspeaker cone; 
Three Ile volt dry cells ("A" battery); 
Seven small 221% volt "Il" batteries; 
One carrying case, 12 x 14 x 10 Ins.; the loop has 

60 turns, 12 x 14 ins., No. 18 bell -wire -outside 
antenna cell, (1, 21, 4 turns. 

FIG. IB. (Radio -Craft. A prll 1932, p. 592.) 
One Ilammarlund, 'Type 5(1,17, 350-mmf. variable con- 

denser, Cl ; 

Two Aerovox, Type 200-S. 1-mf., bypass condensers, 
CI, C9: 

One Arroyos. 250-mmf. molded mica condenser, C2-; 
One Aerovos, 500-mmf. molded mire condenser, 03: 
One Aeroros, Type 200-S, 4-mf, bypass condenser, C5: 
Two Arroyos, Type III -Farad electrolytic filter con- 

densers. 4 mf., CO. 07: 
One Aeroros, Tyne Hi -Farad electrolytic filter con- 

denser. 8 mt., 08; 
Two National. 60 -ma., 30 -henry chokes, unmounted, 

CIi.1, CB.2; 
One Thordarson. replacement type A.E.T., Ti; 
One Franklin midget power transformer. 85 watts. PT; 
One Electrad Super-tonatrol. 0-10.000 ohms. tapered, 

112; 
One Elertrarl Trurolt resistor, Type B, 500 ohms, 

with tap, B6: 
One Durham resistor. metallized, I watt, 2 meg.. Rl; 
One Durham resistor, metallized, 2 watt, %-meg.. R3; 
One Durham resistor, metallized. 2 watt, 12,500 ohms, 

115; 

One Durham resistor, metallized, I matt., 0.1-meg., 114; 
One Utah midget dynamic speaker, 2,500 -ohm field, 

4,000 -ohm transformer primacy, 4 -prong plug, LS; 
Three Speed tubes, VI, V2, V3. 

Coil 1. Iles a 12T. primary wound over the 110T. 
secondary; No. 30 cotton -covered enameled wire la 
wound on a 1% -in. tube. The tickler has 25T. No. 
28 enameled wire on a 1 1n. tube which fits Into the 
larger tube, at the grid end. 

FIG. 19. (Radio -Craft, September 1929, p. (02.) 
Three Silver- Marshall colla, Type 132A, 1% -in. dia. 

(3, 9. 20) 
Seven Aerovox fixed condensers, 1-m4 200 -volt D.C. 

(working voltage) (4. 12, 19, 21, 21, 32, 35); 
Three ll:unmarlund "midi ire" variable condensers, 

.00035-mf. t6, 14, 16); 
Two Electrad grid suppressors, 1,900 ohms, (7, 33) : 

One Electrad variable resistor, 0 -200,000 -ohm, (11); 
Ono Electrad grid suppressor, 1.000 -ohms, (13); 
One Pilot ilserl condenser, .00025-mt. (17): 
Three Silver -Marshall B.F. chokes, Type 276 (23. 24, 

28) 
One Carberundum grid leak. l tls-meg. (25); 
One Electrad "Royalty" variable resistor, Tyne F.. 

0 -2.000 -ohms (26); 
One Dublller fixed condenser. .0005-mr. (2229); 

One Amertran Deluxe first -stage A.F.P.. (30) - 

One Amertran DeLuxe second -stage A.F.T., (48); 
One I'llot output choke, 20 henry (36); 
One Thordarson prover compact, Type 11280 (40); 
One Pilot filament transformer. Type 286 (41); 
One Aerovox filter condenser. Type TIC2S0 (43); 
One Electrad 'Introit voltage divider, 14,000 -ohms, 

(total). with five tans (44); 
Six tubes: '27, (8, 27, 31); '24, (75); '71A, (34); 

'80. (42); 
Six brass pillars (coil socket supports) %x1 r Inches; 
One Radio Trading copper strip (for Peridyne plates). 

7% x 2t% x 1/322 inches (50Ií); 
Winding farms of 5 -prong typo are used -dim. 1% 

ins. Each secondary has 98 St. T. No 30 enam. wire, 
spaced slightly: No, 3A primary, I52'. No. 26 enam. 
of 1% in. tube at filament end of smoothes. Second 
R.F. primary, 40T. No. 36 D.S.C. In slot 1 /16 -in. 
by 1 -In. deep at filament end. Con 20A. 25T. No. 
32 D.S.C. on a 1% in. tube to fit Into secondary. The 
Peridyne plates are 22% ins. In dla. and 1/16 -ire. 
thick, at gri.l end of rolls. 

FIG. 20. (Radio -Craft. August 1929. p. 56.) 
Coll data: Antenna coil primary. 187. No. 22 D.C.C., 

2 Ins. rlla.: Secondary. 77T.; some -tube spacing. %- 
In. Second Inductance. some size tube; primary 
18T.; secondary, 77 T., center -tapped; primary is 
wound over one end of secondary. Third coil, same 
size tube; 77 T., tapped at 29 T. 

FIG. 21. (Radio -Craft, June 1930. O. 648.) 
The electrical values of the parts used In this set 

are as follows: Cl. C2, .0005-mf.; C3, .001-mf.; C4. 
.00025-mf, ; Cl. 2 mf. ; C6, .01-m1, ; C7, 0.25-mt. ; 

CS. 0.25 -rot.: 111, 30 ohms; 1(2, 113. R4, filament bal- 
lasts of the "one -tube" type: 115. 2 mess. : 116, 15 
ohms tanned at 10 ohms. Tl, T2, th,. A.F. choke, and 
C5 are the usual audio components. 

The constants for 1,1 and 1.2 are as follows: LI, 
6 turns of No. 26 D.S.C. wire on a tube 2% In. In 
diameter, for the primary, and 56 urns of the same 
size wire for the secondary. L2 has a 6 -turn primary. 
center -tapped wound on a 2% in. form : a 56 -turn 
secondary; and a 14 -turn Hester, the latter wound on 
a rotor 1% fns. In diameter. The distance between 
Primary and secondary should be about 5/16 -In. It 
is recommended that, if convenient, the primary of 
L2, when used with a screen -grid tube, be increased 
to 20 or 30 turns; the hest value depending upon the 
selectivity required by local receptloe conditions. 

FIG. 22. (Radio -Craft, February 1931, p. 478.) 

'rte ITC. Inductances are wound on forms 1% Inches 
In diameter; the primaries het sx al.ngside the secon- 
daries. hot spared therefrom 1% ir -h. The primary 
or antenna winding of I. consists of 30 turns of wire, 
which may he of any convenient size; for instance. 
No. 24 D.C.C. 

The two secondary windings of 1. consists of 120 
turns; as do the secondaries of 1.12, I.13, and L14. 
The primary windings of L122. L13 and 1,14 consists 
each of 40 turns of wire. The shield cans have a 

diameter o0 2% Inches. Note that the ran shielding 
the antenna coil Is open at the end where the antenna 
coupling coil is placed. 

Condensers CO, CO, CIO. Cl1 are hanks of 0.1-mf. 
capacities. The tuning condensers Cl, C2 C3, C4. 
C5, used were "USIA" 000422-m1, units. Condenser 
C6 has a rapacity of 000025-mf.; C7. 000015: C12, 
C13. C14, .002-mf.; C15, .0002225-mf. Dubllier conden- 
sers were used. 

The radlo-frequency chokes LI, 1,22. I,7, L8, L9, L70, 
L11 are the standard 85-mh., chokes which usually are 
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scramble -wound with about 750 turns of wire on a 
small core. Chokes L3, L4, L5. L6 are specially 
designed, with 1.000 turns of small -sized wire (about 
No 36 D.C.C.). and are rated at 150 mh. 

Resistors 111. 112, 113 are 400 ohms; 114, 7,500 to 
25.000 ohms; 1(5. 50,000 -ohm Centrelab potentiometer. 
Except for the last unit, Accosts resistors were used. 

All tubes are type '24. 

FIG. 23. (Radio -Craft, October 1930, p. 210.) 

FIG. 24. (Radio -Craft, November 1929, p. 204.) 
RECEIVER CHASSIS 
One Haumarlund dial. Illuminated, 0-100, type SD11-1; 
Two Electrad 0.5-meg., Type E potentiometers (115. 

116): 
Four Type '24 tubes; one Type '27 tube; two Type '10 

tubes; 
One American input transformer. Type 151 (AFT); 
Two Electrad 50,000 -ohm resistors, (118, R9); 
One Electrad 0.25-meg. resistor (113); 
One Flechthelm .05-inf. condenser (C17); 
One Doyen 0.5-meg. resistor (114); 
One Electrad 100 -ohm "'Truvolt" wire grid resistor, 11.1 

One Electrad 5600 -ohm "Truvolt" wire grid resistor, 112 
One Electrad 1500 -ohm "Truvolt" wire grid resistor, 117 

One Silver -Marshall 85 mil. 11.0'. choke (LI); 
One Flechthelm .0005-mf. bypass condenser (C16); 
Thirteen Flechthelm 1-mf., 250 -volt condensers (CS to 

C15, C18, C20) ; 

Orto Flechthelm 2-mt., 250 -volt condenser (C19): 
Three Duratran "screen -grid" 11.1'. transformers (I1FT1, 

Itr'r2, 1íF'1'3); 
One Amertran output choke, No. 641; 
POWElt I'ACK 
One amertrm power transformer, Type 1'0' 281 (1"r); 
One Amertran choke, Type 700 (L5); 
One Amertran choke. Type 854 (L6); 
Two Flechthelm 1000 -volt condensers, two sections 4-mf. 

each (C21-22, C23-21); 
One Flechthelm 250 -volt, 1-mf. conde aver (C25); 
One Aerovox 3000 -ohm 100 -watt resistor (1110) 
One Aerovox 2000 -ohm 100 -watt resistor (1111) 
One Aerovox 30011 ohm '20 -watt resistor (1(1°) 
One Aerovox 4500 -ohm 20 -watt resistor (R13) 
One Aerovox 1000 -ohm 10 -watt resistor (1(14); 
One '81 rectifier; one '74 voltage regulator glow 

FIG. 25. (Radio -Craft, February 1932, p. 470.) 

tube. 

FIG. 26. (Radio -Craft. July 1932. p. 12.) 

Strong signals with exceptionally good tone quality 
are possible with this circuit. A tuning condenser of 
500 mmf. Is connected in series with a coil Ll having 
68 T. No. 30 L.C.C. wire on a tube 3 ins. In ilia. 
Reverse the crystal leads to find best position. 

FIG. 27. (Radio -Craft. January 1930. p 332.) 

FIG. 28. (Radio -Craft, May 1931, P. 672.) 
Two Pilot .00035-mf. variable condensers, Cl, C2; 
One Pilot .0005-inf. variable condenser, C3; 
Three Pilot 11.F. transformers No. 176. altered as 

per test (Ll, L2. L6); 
Two I.F. transformers (1.4, L5 -see below); 
Ten Pilot sub -panel UX sockets, for coils and tubes; 
Three X-1, Variodensers. 0-5 (Cl. CS, CO): 
Five Pilot 80 -millihenry R.F. chokes, No. 130; 
Two 3,000 -ohm variable resistors (ItI, 1181; 
Four (tire -wound filament resistors: two 50 -ohm, (Ií2, 

115); two 15 -ohm (113, It8); 
Five Amperltes; four 630 (114, Ií9, 1(10, 1(12); one 

631 (]ill); 
Eleven tined condensers; four 0.5-mf.; four 0.1-mf.; 

two .001-mf. (C7, C9); one .00025-mf. (C8); 
The o diluter roil. LO has 50 turns of No. 228 enam. 

wire for the grid winding and 30 tutus for the plate 
winding; 1.1, pri. 12 T. No. 30 enam. at low-potentlal 
end of seeondary of 100 T.; 1.2. 50 T. No. 35 enam. 
(in a slot at the low -potential end of sec.), and a 
secondary of 105 T. No. 30 enam.: all wound on Pilot 
plug-in forms 1% ins. In dla. The I.F. coils have 
200 turns of No. 36 S.S.C. wire on a 1 -Inch core for 
each winding except the tickler of IS (which has but 
100 turns): these windings are to lie tuned by the 
Variodensers until they match. 

FIG. 29. (Radio -Craft. October 1930. p. 251.) 

FIG. 30. (Radio -Craft, August 1929, p. 82.) 

FIG. 31. (RadioCraft, April 1931, p. 594.) 
Two Cardwell dual variable condensers, type 217 -CL 

(4, 15), and type 217-CIt (27, 39); capacity, each 
section.. .00035-mf. ; 

One Silver -Marshall R.F, shielded coil, type 124 (3); 
Three Silver-bin/limit 11.F. shielded coils. Type 121 

(14, 26. 38); 
Seven Silver -Marshall It.F. chokes, Type 275 (12, 13. 

23, 24. 36, 35. 46); 
One Sliver -Marshall Illuminated drum dial, Type 810-R 

(25), with pilot light (73); 
One Electrad No. 3 "Super-Tonatrol," 50,000 -ohm po- 

tentiometer (33); 
One Electrad 'Truvolt" resistor, Type 11-250 (70); 
One Electrad "Truvolt" resistor, Type B-30 (71); 
One Electrad "Truvolt" resistor, Type C-8, (72); 
Two Electrad filament switches (48, 69); 
One Flechthelm midget contenser, .001-mf., Type 

11-E (45); 
One Flechthelm midget condenser, .006-mf., type M -J 

(47); 
Nine Flechthelm midget condensers, .01-mf., type 11K 

(6, 10. 11. 17, 21, 22, 30. 34. 35); 
Three Flechthelm bypass condensers, 1.0-mf., type 11100 

(41, 53. 56): 
One Flechthelm bypass condenser, 2-mf., Type B200 

(40); 
Five Durham "Powerohm" metallized resistors, 50,000 

ohms, type M.1".4 with pigtail terminals (7, 18, 29. 
42, 52); 

One Durham "Powerohm" metallized resistor, 40.000 
ohms, type M.F.4 (50); 

Five Amperltes, No. 631. (9, 20, 32. 41, 55); 
Two Amperltes, No. 630i (61, 6lA): 
Four Meter or X -L midget variable condensers. 3 mmf. 

to 50 omit. (5 16, 28, 401: 
One 'rhordarson A.F. transformer, Type R-260 (51): 
One Thordarson A.F. transformer, push-pull Input. Type 

T-2922 (57); 
One Tltordarson A.F. transformer. push-pull output. 

Type T-2903 Lm dynamic reproducer; or Type T-2880 
for ntagnetle reproducer (62); 

One Eveready ".1IrCell" "1" battery: 
Four Eveready Type 486 "B" batteries; 
Two DeForest Type 430 tubes (43, 54) ; two Type 431 

(59, 60): three. Type 432 (8, 19). 

FIG. 32. (Radio -Craft, May 1932, p. 663.) 
One Cardwell .000365-mf. "Midway" Featherweight 

variable condenser, Type 407-13, 6; 
One .Aerovox .00025-mf. mica condenser, (9); 
Two Aerovox .00115-mf. mica condensers, (2, 13); 
One Aerovox .00.1-mf. condenser, (4); 
One Aerovox .01-mf. tubular condenser, Typo 280, (7); 
One I.1t.C. 2-meg. metallized resistor (Durham), Type 

MF-4 (10); 
One Trutest 30 -henry choke (small) Type 1892-A. (17) : 

Two 137-A Arcturus Universal A.C.-D.C. tubes (11, 19); 
One Hubbell 115 -volt depressed outlet (prongs are on 

outlet instead of on plug) (22); 
One special plug for Hubbell outlet, 6 ft. lamp cord; 
One Clarostat automatic line -voltage regulator, Type 

"50 -Watt," (231: 
One Universal single -button "llandl-Mike," Model No. 

50. 

FIG. 33. (Radio -Craft, April 1932. P. 598.) 
One set Moore "Super-Da-Lite-R" coils, LI, L2; 
One set Moore "Super-Da-Lite-It" tuning coils, 1.3, L4; 
One set Moore "Super-Da-Lite-R" oscillator coils; 
One set Moore "Super-Da-Lite-It" I.F. transformers 

LS, L7, L8, 1,9; 
One Moore tuned antenna impedance, L6, C4; 
One three -gang .1100365-mf. clockwise tuning condenser, 

Cl; 
One two -gang .000385-mf. counterclockwise tuning con- 

denser. C2: 
One Hammarlund padding condenser, C3; 
Two 1.-mf. condensers, CS, C13: 
Two .5-mf. condensers. CO, C7; 
Three 02-mf. condensers, C8, CI. CIO; 
One .00222-mf. condenser, Cll; 
Ono bypass condenser, 4 mf., C12: 
One 3.0)10 -ohm volume control Itl and switch SW.2; 
One 225 -ohm resistor, 112; 
One 12,500 -ohm resistor, 113 (25 watts) : 

One 25,000 -ohm resistor. It4 (25 watts,; 
Two 100.000 -ohm carbon resistors, 1(5, R6; 
One 7.500 -ohm carbon resistor, It7; 
Two 250,000 -ohm carbon' resistors. ItO, 119; 
Two 50.000 -ohm carbon resistors. 1t10, Itll; 
Two 25.000 -ohm carbon resistors, 1(1l. 1114; 
One 500.000 -ohm carbon resistor, 1112; 
One 2.000 -ohm re.Istor, 1t13; 
One 750 -ohm resistor, 1116. 

FIG. 34. (Radio -Craft. April 1932, p. 609.) 

FIG. 35. (Short Wave Craft. Dee. '31 - Jan. '32, 
p. 252.) 

One Hammarlund Type lift. 5 condenser (Cl); 
One Hammarlund Type MI, 11 condenser (C2221: 
One Hammarlund Equalizer condenser. 32 mmf., (C3); 
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Two Sprague or Aerovox tubular bypass condensers, 
0.1-mf., (C4, C5); 

Two Sprague or Aerovox tubular bypass condensers. 

0.5-Inf.. (CO, C9): 
One Aerovox moulded mica condenser midget type, 

.00015-mf., (C7); 
One Aerovox moulded mica condenser, .02-mt., (C8); 
Two Lynch metallized resistors with pigtails, 1 wait, 

100,000 ohms, (Ill. 1(4); 
One Lynch metallized resistor with pigtails, 1 megohm, 

I watt, (1(5); 
One Lynch metallized resistor with pigtails, 6 meg- 

ohm, 1 watt, (1t3); 
One Lynch metallized resistor with pigtails, 1500 ohms, 

2 watt, (1t6): 
One Electrad 500 -ohm pigtail grid -suppressor resistor. 

(112): 
One Electrad 0.50.000 ohm Bakelite shell Supertona- 

tral, (117): 
One plan Bryant Electric" switch, lower type, single 

pole single throw two position; 
One Pilot 80 -millihenry 11.F. choke; 
Two National type C vernier dials. (Cl. C2); 
One 236; one 237; one 238. automobile tubes; (Arc- 

turus used In tests): 
Oat Ititeohm voltage divider (25,000 ohms), for power 

pack. 

FIG. 36. (Radio -Craft, April 1931, P. 604.) 

FIG. 37. (Radio -Craft, May 1932, p. 650.) 
One Lynch 250.00 -ohm pigtail resistas, RI; 
One Electrad 1,000 -ohm grid resistor, 112; 

On, Carter 5,000 -ohm potentiometer, C. 1'. 5 5I.. 113; 

One Lynch 25.000 -ohm pigtail resistor, 1(4; 
Ono Lynch 6,000 -ohm pigtail resistor, Its; 
One Electrad 200 -ohm resistor. 116; 
Tiro Lynch 0.5-megohm pigtail resistors. 117, 1(8; 
One Lynch 100,000 -ohm pigtail resistor, It9; 
One Electrad 15.000 -ohm Type D. 75 -watt voltage 

divider. 1(10-1111: 
One 2.000 -ohm resistor, Ií12; 
One Electrad 200 -ohm grid resistor, 1213; 
Three 175-kc. transformers, Ti. '12 T3; 
One Thordarson Input push-pull transformer Type 2408. 

T4: 
One Thordarson output push -Pull transformer Type 4831, 

T5; 
One Polo power transformer, '45 type, 1'T.; 
One Polo 30 -henry choke. CII. 1; CII. 2 is field coil. 

FIG. 38. (Radio -Craft, October 1929. p. 160.) 
Two seven -plate midget rondensers, 32-mf., CI, C2; 
One unmounted A.F. transformer. (Tit); 
One 85 -millihenry R.F. choke; 
Two mica lived condensers, .006-nsf. ICI. C5); 
One mica fixed condenser, .001-nsf., (CO); 
One grid leak. 2-roegohnl (RD: 
One grid leak. 5- or 6-megohm (R4); 
One filament resistor. 15 -ohm wire. tapped at 5 ohms to 

provide grid Islas for the '22 R.F. tube (112. 1(3): 
One resistor, 10-olsm wire, for the '09 filaments (115); 
No. 22R D.C.C. magnet wire. t/ pound. for coils; 
One '22 tube (VI): two '99 tubes (\2. V31: 
Five small "It" batteries. 22254 -rot) portable: 
Two "C" batteries. 45h -colt for filament supply. 

Coil A. 18-25 meters; t,1. IT.: L2, IT. Coll II. 
25.35 meters: Ll, IOT.: 1.2, 10T. Coll C, 35-45 
meters: Ll. 15T.; 1.2. 14T. Coll D. 45.65 ,refers: 
L1, 20T.; L2, 18T. Coll R. 63-100 meters: LI. 50T.: 
LI 50T.. on a tube fitting Into LI. Tube bases of 
"long" UX-type are used; use No. 28 D.C.C. wire. 
Except for coil E. the primary is wound over the sec- 
ondary. 

FIG. 39. (Radio -Craft. May 1932. p. 675.) 
Follossing are the electrical valises of all the parts 

used in this receiver: Condensers CI, C? 30 mmf. 
(each). "compensator" type; C3, Cardwell Type 404-B, 
105 most.; C4. 0.5-mf.: C5. .0002225-mr.; CO, .0025-mf.; 
C7, 0.1-mf. ; CS. 1. inf.; C9, .005-inf. Resistor ltl, 2 

mess.: ItS variable. 50,001) ohms: 1(3. 114. 2.000 ohms 
(carbon). Itasilo frequency choke R.F.C. is space - 
wound with 40 turns of No. 36 S.S.C, wire on a 

form '4 -in. In diameter. Coils 1.1, L^_, curb consist 
of 6 turns of No. 16 bare copper. wire air -wound to a 

diameter of 94 -in.; f.3. 800 turns of No. 40 S.S.C. wire; 
L4, 1,500 turns. No. 40 S.S.C. (core diameter, b'i-In.). 
Transformer T has a rallo of 354 to 1. 

(An Arme 30 kc. I.N.T. may he used as L3 -L4.) 
The wavelen'gth range is 3 to 8 meters (approx.); by 
reducing the size of Ll-L2 a minimum of 1 meter may 
be reached. 

FIG. 40. (Redlo-Craft, January 1930, p. 310.) 
A. standard Electrad 25,000 ohm wire -around voltage 

divider resistor may be used In the prover park. 
Special "short-wave" tubes are indicated 1n the cir- 
cuit. The same coil -kit may be used as In the 
"Super -Wasp" (Fig. 48). 

FIG. 41. (Radio -Craft, March 1931, p. 541.) 
One llammarlund 125-mmf., Type "1:LW-125" (Cl); 
Osse llamwarluud 100-uuu(. condenser, Type "MC -23" 

(C2); 
One llauunarlund 20-100-ntmf. condenser, Type "EC -80" 

(C3); 
One liammarldnd LWT-4 short-wave coil set (L1, L22, 

L3): consisting of an "1,WT-I1" base, with adjust- 
able primary; and one each "1,WT'20," "L\VT-30." 
"-L\\T-40," and "LRT-80" coils, to cover the 14 - 

to 110 -meter range. 
One llammarluld LWT-120 coil, (grid, 44T.; plate, 18T.; 

No. 22 S.S.C., 30T. per in.; 105-205 meters); 
One 11 rnmarluud H.F. choke. Type "RFC -85"; 
One Ilanunarmml A.F. transformer, 'type "ILL -15" (T); 
One 3-megohm grid leak (It1): 
Too is «hm filament resistors (1(2. 11-1); 

One 100,000 -ohm resistor (Its); 
One 061 -ml. fixed condenser (C4); 
One Ilammarlund drum dial and knob, type "SDIV-/"; 

FIG. 42. (Short Wave Craft, May 1932. P. 41.) 
This general circuit arrangement is discussed In 

connections w1:11 Pigs. 39 and 46; see also the August 
and October 1931 issues of Radio -Craft, is. 222. 

F IG. 43. (Radio -Craft. September 1929, p. 116.) 

One set of fear Oetocoils (LI-L2) 
Green coil 16 to 20 meters 
Brown toil, 29 to 58 meters 
Blue coil, 54 to 110 meters 
lied coll, 103 to 225 meters; 

One Pilot 80 roily. 1t.P'. choke coll. (LS): 
One 1' lot. No. J-13, .00005 -ml. midget variable conden- 

ser, (CI); 
One Pilot, No. 1609, S.L.F. .00015-mt. variable con- 

denser, (C2); 
One Aerovox .00015-mf. grid condenser. (C3); 
One Pilot, No. .1-23, .0001-mt. midget variable con- 

denser, (Cl); 
One Carboruudum 8-megohm grid leak. (Ill); 
One Vaxley fixed resistor (1(2)., (50 ohms for type '99 

tube or 4 ohms for '01A tube); 
The coils are of plug-in type, Pa ins. in din., 

wound as follows: Green LI, L2, 6T.; brown' Ll. L2, 
13T.: blue LI, 211`., 1.2, 15T.; red LI 54T., L2 27T. 

FIG. 44. (Radio -Craft, November 1931, p. 290.) 
Three Amsco "4511 kc." I.F. transformers, 'I'2, 'r3, TI; 
Two Aniseo .00015-nsf. S.L.P. variable conuensers, Cl, 

C?; 
One Electrad 15.000 ohm 50 watt voltage divider, 1(11; 

One double -vole rotary switch, SI, 
Two Carter 0.5-meg. variable resistors. 116, R12; 
Eleven Dubilier .01-mf. fixed condenser. CO to C19; 
Six I(,mnnarlund 100 mmf condensers. C3 to C8; 
Two 00-mhy. 11.1". chokes; 
One Lynch 0.5-meg. resistor. RO: 
One "metallized" 80.000 ohm resistor. Ito; 
One 20.000 ohm carbon resistor, Ills; 
Six \Vard-Leonard 950 Ohm resistors, III, 112, 113, R4. 

ItS, 117; 
One 2-meg. grid leak; 
One .00025-mt. grid condenser, C24: 
One push -pall Input audio transformer. T1; 
One Dubllier .002-mf. condenser, C20; 
One WardLeonard 200 -ohms resistor. 1113. 

Coils LI and 1,2 are tapped at 3. 8. 18 and 60 

turns, they are wound with No. 26 D. S. C. wire. 

FIG. 45. (Radio -Craft, July 1932, P. 41.) 

FIG. 46. (Radio -Craft, August 1931, is. 91.) 
Two llammarlund "111\\'-125" 125 rood. short -ware con- 

densers, Cl. CS, and two Kurz-Kasch rernier dials; 
Two llammarlund 14 -to -110 meter Model 1.\VT-4 short- 

wave kits, LI. L2; 
One llammarlund Type RFC 250. 210-mh. B.F. choke, 

ItFCI ; 

One llammarlund Type EC 80, 80 mmf. equalizing 
condenser, C I ; 

One Flechtheint filter block (five 1-mt. units), CG, 

C7 (2 mf.). C8 (1 mt.): 
One Ferranti "Type AF -5," 3.75 -to -1 ratio audio trans- 

former. T; 
Two Sangamo .001 -rot. fixed condensers, C3. C5; 
Two Electrad 50.000 -ohm "Supertorostrols," 111, 1(22; 

One Acme 30-kc. I.F. transformer, L3; 
One Yaxley 7 -wire cable. 3 to 9; 
One Rlan aluminum cabinet 7xOx18s3/3222-in. thick; 
Two Blast' aluminum sheets (partitb.ns), 7%x9%x3/32- 

In. thick 
Remove the shield -case over the Acme 30 Ice. trans- 

former and wind over the secondary a pick-up coil of 
150 T. No. 28 enam., random wound. An experi- 
mental equivalent to the 30 ke. Acme unit is a com- 
bination of three honeycomb coils of 200. 1,000 and 

1,500 turns. The whistle tiller consists of a 30 by. 

choke and 250 mmf. condenser, it the suppressor fre- 
quency Is about 6,000 cycles; a variable resistor of 
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10.000 ohms in serles will broaden the range of this selector circuit. 

FIG. 47. (Radio -Craft, May 1930. p. 572.) Cl. 150 mint.; I'21, C211. 135 mml., variable; C3, .0005-mf.: C4A, C413, .00015-utf.: CSA, C511. 1.0 mL; C6A. COB. C6C, ('61), C6E, C6F, COG, .002-mf.: 111. 10 mega.; 11221. 11211. 10,000 ohms ("Bradleyohms"); 113, 20 ohms; 114, 600 ohms; 115, 15 ohms; 116, 2 -tube ballast; 117, 100.000 ohms; I18. 40(1 ohms; 119, 2.000 ohms. Chl, Ch2, Aero No. C -GO low -Impedance R.F. chokes; Chi, hero No. 65 high -impedance 11.F. choke. L1 -L2, special short-wave variometer. Ti, T2, Aero AE -300 (peaked for code reception), or Thordarson 11300 (for phone reception) A.F. transformers, The stator tube of the varlometer has 4% T. of wire, 1% ins. in dia.: the rotor has 4% T., 1-11/16 Ins. in vita.: both are wound with No. 24 D.S.C. wire. The tickler consists of 5 T. No. 28 D.S.C., placed over the stator coll. 

FIG. 48. (Radio -Craft, July 1929, p. 22.) Twu No. 1608 .00016-mf. variable condensers; One No. 1613 .00025-mf. variable condenser; One No. 906 rheostat, 6 ohms; 
One No. 961 tapped resistor. 15 ohms; Two special Super -Wasp shield cans, with all neces- sary mounting screws: 
One No. J5 midget condenser, 5 plates, with special bakelite mounting strip; 
Two No. 931 A.F. transformers: Two No. 212 Ilse -prong sockets (for plug -1n coils) ; One No, 758 3-megohnr grid leak: 
One No. 750 100,000 -ohm grid leak; 
One No. 5011 fixed condenser, .0001-mf.; Five No. 59 fixed condensers, .01-mf.; 
One No. 1311 11.F, choke coil; 
Two sets of plug-in coils, made especially for the Super- Wasp. 
(The parts listed are Pilot.) 

Inductance 1.1 have the following values, for the secondary coils; lied, 41% 'I'.; orange. 9% T.; yel- low, 20% 'r.; green, 46% T.; blue 128 T. The last coil has. in addition, a primary of 29 T., spaced about %-in. from the secondary. 
Inductances L2 have the following characteristics; (the first figure is the primary and the second Is the secondary*); Red, 4-3% 'r.: orange. 6-7% T. ; yel- low, 7-17% T.; green, 15-45% 'I',; blue 25-106 T. Wind these on ribbed forms 1% Ins. In dia. All the jails except the blue are wound with No. 21 D.S.C. wire; the blue coils are wound with No. 28 S.S.C. wire. The primary and secondary of L2 are spaced about ?é -in. 

FIG. 49, (Radio -Craft. February 1930, p. 387.) One Ilamntarlund .00014-mf. variable condenser, Type ML -7. C; 
One ilammarlund .0001-mf. midget variable condenser. Type MC -23, CI: 
One Ilamnsnrlund equalizing condenser, Type EC -80, 102; Three Sprague 0.1-mf. fixed condensers, Type F, C3. C4. C5; 
One set of Ifammarlund short-wave rolls, Type SWC-3, and one special short-wave coil. Type SWT-120, L2, 1.3: 
One )Iammarlund radio -frequency choke coil, Type ItFC 250. L4: 
One Elertrad Tonatrol, Type P, R: 
One Yaxley 20 -ohm mid -tapped fixed resistor, Type No. 820C, ltl: 
One Yaxley 4 -ohm fixed resistor, Type No. 804, 112; Oro Durham metallized grid leak. 2 to 9 mega., 113; One Ilan marlund knob -control drum dial, with light, Type 5D\V: 
One llammarlund adapter plug and cable, Type SWAP; The colts are wound as renews: For the 20 -meter band, 1.2, 4 T.. 1.3 3 T.: 40 meters. L2 10 T., 1.3 5 T.; 80 meters, L2 21 T., 1.3 9 T.; 120 meters, L2 32 T., L3 15 T. The first three coils are wound with No. 18 S. S. C. wire; the fourth, size 18. The first three toils are wound on a 2 In. tube; the fourth. 3 Ins. in dia. The primary, used only In conjunction with the fourth coil. has 6 T. No. 18 S.S,C., wound on a form 1-13/16 ins. in dia. 

FIG. 50. (Radio -Craft, August 1931, p. 91.) Two National S.W. condensers, "Type S.E." 125 mmf., Cl. C2; 
One National eetuicycle condenser, 250 mmf., C3; One Dliramold scolded fixed condenser, 150 mmf.. C4: Five Micarnold molded fixed condenser, .01-mf., CS, CO, C7, C10. C11; 
One 1-mf. bypass condenser, C8: One 2-mf. bypass romlcnser. C12: 
One X -L 1'ariedenser, "Type N," C12; One 2000 -ohm fixed resistor, 111; 
One 2-meg. grid leak. 112; 
One 500 -ohm fixed resistor, 1t3; 
One 3-meg. grid leak, 114: 
One Clarostat volume control, R5; 

One Centralab Radiohm. 500.000 ohms, 116; 
One 1800 -ohm resistor, preferably variable, It7; 
One Clarostat "Dum-Dittger" hum balancer, 20 ohms, 

118; 
One Silver -Marshall audio transformer "Type '25" or 

'255' AT; 
One A.P. filter choke, 80 hy., AFC; 
One filament transformer, 2% volts, 6 amperes, FT; 
One Ifammarlund shielded, polarized 8.5V. choke, RFC; 

The colts are wound on standard UY coil forms, 
11% ins. In dia.; No. 24 D.S.C. wire Is used. The 
grid winding Is at the top in each Instance, with 
the tickler Sí -In., or the primary r.4 -1n, below. 

Winding data: For 18.5 to 32 meters, coil LI, 
primary 5 T secondary 6% T.; coil L2, secondary 4% 
T., tickler 5% T. For 31.5 to 52 meters, coil LI, 
primary 6 T., secondary 9% T.; coil 1.2, secondary 
8% T.. tickler 6t/a T. For 50 to 85 meters, coil LI, 
primary 7 T., secondary 18% T.; coil L2. secondary 
171k. tickler 8% T. 

FIG. 51, (Short Wave Craft, May 1932, p. 14.) 
One Amrad vernier varlometer No. 2610, 3; 
One Aerovox 50 mint. mica condenser, 4; 
One llaummrlund 140 mmf. midget dual condenser. 

Type SICD-14071, 5, 10; 
One Dubiller .01-ntf. mica, shielded condenser, G; 
One 2.000 ohm. 1. watt resistor. 7; 
One 30 mmf. neutralizing condenser, 9; 
One 5 -prong plug. with cable. 

This police-warelength converter Is designed to plug 
into the first It. F. stage of any radio set, whether 
T.R.F. or superheterodyne. This converter operates 
on the superheterodyne principle; this, the broadcast 
set must be adjusted to a suitable Intermediate fre- 
quency -try any setting between 250 and 500 meters. 

At A are Indicated the connections for 3 -element 
tubes, such as '01A, '12 5, '99. or '30; at II, the circuit 
design for tube types '24, '35, '51. or '38. 

Tice tuning coil Is in three sections, all are wound 
on one tube, 1 in. in die. Coil A. has 41 T., spaced 
%-in. from It: latter coil, 20 'f., 1/39 -In. from C: 
this last coil has 35 T.; all are wound in the same 
direction. with No. 31 S.S.C. wire. 

Varlometer 3 consists of two fixed and two notable 
spools, each one of which Is wound with 11 'f. No. 28 
S. S. E. wire. The spools are 9/16 -In. in dia. and 1 -In. wide: the two rotors' clearance is 1/32 -In. All 
four coils connect in series. 

(Designed, 
CORord E. Denton. It nworksd s! Anted d 

IL Cernsback 
howl) and 

FIG. 52. (Radio -Craft, October 1929, p. 178.) 
Inductances LI and L^_ are the standard windings, 

which constitute one of the coils of a short-wave kit. 
The 5 -prong plug is a standard tube base. Resistor 
It is a grid leak wilt a value of shout 3 megohms or 
more. Condenser C4 Is of .00025-mf. capacity, Con- 
densers C2 and C3 are the usual tuning and regenera- 
tion units, the capacities of which are determined by 
the particular set of short-wave coils decided upon. 
The antenna coupling condenser. Cl, is very necessary 
and has a value of about .0001-nd. The grid conden- 
ser. C, is .00015 -sat. 

FIG. 53. (Radio -Craft, October 1931. p. 228.) 
One Ifammarlund midget condenser (the antenna series 

unit), 100 usinf.: 
Two Pilot condensers -one 8- and one 13 -plate ---C, C; 
Two 'fobs -Coupler B.F. chokes, S)VC: 
One National No, 10 impedance, LI, 

The bypass condensers are rated at 300 volts D.C. 
In lieu of the National units as Li. the designer of 
the circuit recommends winding 222 T. No. 30 D.S.C. 
wire on a bakelite form '/z -in'. In dia. 

Unit 1.2, for 17 to 110 meters. consists of three 
coils; tube bases are used. Winding data: Coll 1, 
secondary 7 T., tickler 4 T.; coil 2, secondary 14 T., 
tickler 7: secondary wire. No. 22 P.C.C., tickler, No. 
30 D.C.C.. both wire -spaced. Coil 3, secondary 26 T. 
No. 28 D.C.C., tickler, 13 T. No. 30 D.C.C.: windings 
close -wound. 

FIG. 54. (Radio -Craft. July 1931, P. 23.) 
A self -powered converter for a band from 14 to 200 

meters, which connects to the broadcast receiver only 
at the antenna post. The power pack follows standard 
design. Tube VI is biased by a 350 ohm resistor, 
bypassed by 0.1-mt.: 1'3. 300 ohms and 0.1-mf. 

Additional values: Tuning condenser, 135 mmf.; os- 
cillator condenser, 150 mmf.; It.FC 2, RFC 3 and de- 
tector grid coupling condensers, 100 mmf. (each): 50 - 
volt bypass, .002-mf.; 75 -volt bypass, 0.1-nsf.; plug-in 
coils are used. 

FIG, 55. (Radio -Craft. June 1931, p. 734.) 
Two versions of short-wave converter design; at A, a 

battery design, and; at It, a self -powered A.C. cir- 
cuit. 
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Plug -In coils have been obviated, for the tuning 
range of 20 to 110 meters; the recommended I.F. Is 

190 to 200 meters. 
Coils LI, L3, L4, 275 T. No, 40 enam.. on a ba)e- 

lite tube %-in. In dla. L5, standard beeadcast 
choke. 

FIG. 56. (Radio -Craft, October 1931, p. 224.) 

Two IIammarlund 200-mmf. midget condensers; 
One National "Type G" dial, clockwise movement: 
One 2,1-rolt filament transformer, and one 30 -henry 

filter choke. not over 2% Inches high; 
Two R.F. chokes, 65 -millihenry; 
One Lynch 50,000 -ohm, 2 -watt resistor, and one Lynch 

2-meg. grid leak; 
Tuso Aerovox 4-mt. electrolytic condensers, with mount- 

ing rings; 
Five Aerovox fixed condensers: two .0002-mf, midgets; 

two .0005-mf., one .002-mf.: 
One Taxlee 6 -point change -over switch; 

The rrrommcnded I.F. is 480 meters; converter range, 
14 to 197 meters. 

Coll data: Ilangc, 14 to 26 meters. LI. L2, L3, 3 T. 
each; 25 to 52 meters. LI 7 T.. 1.2 6% T., 1,3 6 T.: 
50 to 106 meters, LI 18 T.. 1.2 I0 T.. L3 9 T.; 100 
to 197 meters, 1.1 46 T., 1.22 40 T., 1.3 18 T. Use 
Pilot plug-in forms; 1.1 on nne set, 1.2-L3 on another; 
use No. 24 D.S.C. Space L2.1.3 3/16 -In. 

FIG. 57. (Television News, March -April '32, p. 24.) 
Four rolls; Two antenna, 11 21.; two detector. 31. 41,; 
Five 30 by. chokes, 51., to 91.: 
Two .00035-mt. variable condensers. IC, 5C; 
One trimmer condenser, 2C: 
Four 0.1-mf. condensers, 3C. 4C, 7C. 8C; 
Two 1. mf. condensers. 6C, IOC, 11C: 
One 2 mf. condenser, 12C: 
Four 4 mt. condensers, 13C, 14C, 15C, 17C: 
One 8 mf. condenser. 16C: 
One 0.1-meg. potentiometer. Pl: 
Two 1. meg. resistors, G1.1. 1011: 
One 1.000 ohm resistor, 211; 
One 0.5-meg. re.ºistor. 311: 
One 50,000 ohm resistor. 41t: 
One 0.2-meg. resistor- 5R; 
Two 20 ohm center -tapped resistors, 611, 1111: 
One 500 ohm resistor. 121; 
One 2,000 ohm variable resistor 131t; 
Sin tubes: Two type '21. VI, VI one '45, V3; ono 

'47, V4; one neon lamp. V5; one '80. V6: 
One power transformer. (swills two 2.5 volt windings, 

one winding suitable for supplying the dial light. 
one 5 volt winding. and a high -voltage secondary, 
350 volts each sine of the center -tap). T1. 
Coll data television band: Winding 11 14 T.; 21 

28 T.. on a tube 1% ins. In dia.: Sparing. r4 -ín. 
Winding 3I.. 40 T.. on a tube snugly fitting Inside 
secondary; 41., 28 T. on a tube lr% ins. in die.; 
Use 28 S.S.C. wire. 

Coil data-hroadrast band: Winding 11., 20 T.: 21., 
105 T. Winding 3L, 40 T.; 4L, 105 T.; same specs. 
as above for wire and forms. 

In both instances, sliding 31. to a different position 
will re -determine the degree of seleetivity: to a lesser 
degree, It may he necessary to change the spacing of 

11.-21, for the same reason. 
This circuit won a contest prize. 

FIG. 58. (Television News, March -April '32. p. 32. - 

FIG. 59. (Radio -Craft, July 1930. p. 32. - 

Two .00035-mt. Ilammarlund "midline" variable con- 
densers (4, 9); 

One Render antenna coupler, interchangeable Inductance 
No. 550 (2): 

One Hensler Interchangeable Inriurtanve. No. 612 (151; 
Three Remler Interchangeable inductances No. 614 (17. 

22. 32): 
One Render oscillator Inductance, No. 570 (8); 
Three 1000 -ohm Electrad "Truvolt" flexible wire re- 

sistors (27, 28, 291: 
One Elertrad "Royalty" Type "11" potentiometer (14) 

with filament switch attached (40): 
Two Silver -Marshall R.F. chokes. Type 276 (12, 14A); 
One .001-mf. Dubiller mica condenser. (34); 
Ten .006-mf. Dulstlier mica ronrlensers, (11, 17A. 18, 

19, 22.1. 223, 2.1. 30, 31, 322.1); 
One Thordarson A.F. transformer. Type 11-300 (35); 
One .00025-mf. Micamold grid condenser (6) : 

One 2 meg- Durham metallized resistor (5): 
Three 2 meg. Durham metallized resistors Type 1IF4-2 

with tinned -wire pigtail leads (1711, 222B, 3211); 
Three Amperites. No. I -A (7A. 10.1, 33,51; 
Six Amperites, No. 120 (16, 16.1. 21. 21.1, 26. 26.1); 
One Amnerite, No. 112, wills mounting (39): 

Coll data: Inductance 2, primary 17 T. No. 36 enam. 
wire; secondary, 110 T. No. 30 enam.. Spaced 1/16 -In. 
from primary and on a tube 1% fns. In dbl. In- 
ductance 8, grid winding RO T., separated 1/16 -in. 
from plate winding of 51 T.; both wound wills Nr. 30 

D.S.C. wire on a tube 1% ins. In dia. Over the 

grid coil is wound a 10 T. pickup coil. 
The I.F. coil 13 has a primary of 85 T., wound 

over the filament end of a secondary of 350 T. No. 40 

P.S.C. ors a tube S Ins. in dla., the same as 17, 22 

and 32: all four "secondaries" are shunted by Type 

0-5 (500 mmf, max.) Variodensers, for 115 k.c. 

FIG. 60. (Radio -Craft, July 1931. p. 33.) 
One Ilammarlu:hi "battleship" Type 4 -Yang, .00035-mf. 

variable condenser, Cl, C2, C3. Cl; 
Nine Aerovox 0.1-nd. rectangular -type bypass conden- 

sers, C5, 06, 07, CO, C9, C10. C11, C12 C13; 
Three Concourse 1-mt. 200 -volt rectangular -type conden- 

sers. C14, C16. C18; 
One Duhlller .001-mf. mica fixed condenser, C15: 
Two Duhlller .01-mf. mica fixed condensers, C11, C19: 

One Electrad "Tonatrol" 50.000 -ohm potentiometer, Itl; 
Three Electrad 400 -ohm flexible, wire grid resistors, 

It2, Ill, 1t6: 
Four Durham 50.000 -ohm "metallized" 1 -watt resistors, 

lt3, 115, 127, 1112; 
Two Durham 10,000 -ohm "metallized" 1 -watt resistors. 

ItS, 1113: 
One Durham 0.1-meg. "metallized" 1 -watt resistor, R9; 
Two Durham 0.25-meg "metallized" 1 -watt resistors, 

1110, )ill; 
One 7 -wire cable, 1, 2, 3. I. 5, 0. 7; 
Four shielded lt.F. transformers for .4035-mt. tuning 

condensers. LI antenna, L2. 1.3. LI radio-fretiueney; 
Four Duhlller .00001-mf. mica fixed condensers, C: 
Four 85-mh. R.F. chokes, ItFC1, RFC2. RFC3; 
Four Cunningham Type C-336 6.3 -volt screen -grid 

tubes. VI, V2, V3, V4: 
One ('unninghtm Type C-338 6.3 -volt pentode tube, V5; 

One 'Ilan aluminum chassis, 7 x 11 x 3 ins. high: 
One Carter or Federal automotive remote control unit. 

FIG, 61. (Radio -Craft, September 1912, p. 167.) 

FIG. 62. (Radio -Craft, September 1931. 6. 142.) 

(See also the .luree 1931 issue. P. 721, for picture 
representation, F.) 

FIG. 63. (Radio -Craft, Novembér 1931, p. 288.) 

FIG. 64, (Radio -Croft, January 1932, is. 414.) 
(AMPLIFIER) 
One Jewell. 0-50 ma. milllammeter. MI; 
One Thordarson microphone transformer, TI: 
One Sangamo 1st stage A.F. transformer, TI: 
One Sangamo push-pull input transformer, 'FI: 
One Sangamo push-pull output tramtermer. T4; 
Two Electrad 20.000 -ohm resistors. )19. lt5; 
Tuvo Electrad 1.000 -ohm resistors. Its. 116; 

One Electrad 30,000 -ohm resistor, It's: 
One Elertrad 50,000 -ohm resistor, 1;7: 
One Electrad r4-meg. potentiometer: RS; 
One Electrad 10,000 -ohm potentiometer, R9: 
One voltage divider. Ií10: 
One Arcanos 2-seetlon condenser unit 2 mf. and 200 

%, (per Section). CI, CS: 
One Aerovox 22-seetiosn condenser unit 2 mf. and 400 

V. (per section), C2. C4; 
One Aerovox filter condenser block, 2. 4. 8 inf., re- 

spectively. C7, C9. C9: 
Two Thordarxon filter chokes, (300 ohms, or less) CRI, 

CR2_: 
One Thordarson power transformer, PTI: 
One carrying ease 9 a 12 x 1R Inv. 
(TURNTA11LE AND LEVEL INDICATOR CASE) 
One Elertrad t4-meg. potentiometer, C12: 
Two Eleetrsd 50 -ohm resistors, ill I. 1115: 
One Akra-Ohm 10.000 -ohm resistor, ií16: 
One Fleetrad 10.000 -ohm pot e^tlnmeter, 1113; 

fins' turntable and feed -accrue. TT1: 
One Jewell. 0-5 ma. milllammeter. 5C; 
One carrying case, 9 x 13 x 18 ins. 

Designed by George J. Saliba for Ampee Engineer- 
ing Laboratories. 

FIG, 65, (Radio -Craft, October 1930, p. 218.) 

Two Yaxley "No. 702 junior" closed-circuit jacks 
(.11, .12): 

One Stromberg-Carlson "No. 15" phone plug. (F): 
One Universal "]tonel ER" double -button microphone, 

with stand and 12 -ft. cable (M): 
One Amertran "No. 923" microphone trans.: (int., 100 

ohms each side of center -tap; sec., 6.000 ohms) (T1); 
One Elertrad poten., 400 ohms, with switch (RI); 
One Electra I Tyne E resistor, 500,000 ohms (1122); 

One Amperite "No. 4V-99" (its): 
One Weston "Model 506" milllammeter, 0-15 ma. 

(NIA); 
One Flechthelm 22-mf. bypass condenser (C) 
One tube base. 4- or 5 -prong; 1 -ft. twisted wire (D); 
One /fuhbell plug and rerentaele, polarized (E); 
Two Burgess "No. 4156," 22% -volt 'B" blo ks ("B"); 
Three Burgess "No. 6" dry cells ("A"); 
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FIG. 66. (RadioCralL November 1930, p. 273.) One 150 -turn honeycomb coil ((or filtering); One audio filter choke (made by winding about Y lb. No. 18 D.C.C. wire on an old transformer core); Twu %-ureg. leaks: 
One Dublller .0005-mf. fixed condenser; 
One 2 -tot. Dublller bypass condenser: 'oo porcelain screw -base lamp sockets; 
One Amertran push-pull A.F. input transformer. T3; Two fused receptacles and 10 amp. fuses; one outlet. 

FIG. 67. (A, Radio -Craft, July '31, P. 25; B, Aug., 
0- 97.) 

The circuit at A is the Loftin -White Type A245, I'T is rated at 40 ma. at 475 V., A.C. (each side of center -tap). Circuit II calls for a litter output of 41 ma. at 435 V. lteslstors must be of accurate, high - Watt t)pe. 

FIG. 68. (Radio -Craft, January 1932, p. 415.) 

FIG. 69. (Radio -Craft, October 1930, p. 222.) Two Aerovox 2.000 nit. dry electrolytic "A' condensers, CI -C2; 
Two Tudd Type C2 chokes, 2 -amp., t/0 -henry. L1 -L2; One 7 -ohm 'rood special heavy-duty resistor, 1t5; One Todd special relay, L5; 
One b'lechthelur "B" condenser bank, 450 -volt rating; 2.2-8.1-1-mt., C-3, 4, 5, 6, 7, respectively; One b'lechthelru 4-mt. fixed conde Nor, 4a0 -volt. C8; Two Todd type C30 chokes, 30 -henry, 85-01ill1amp.. L3 -L4; 
One Electrad "Truvolt" 5,000 -ohm variable resistor, Ill; 
One Electrad "Truvolt" 8.000 -ohm adjustable resistor, 1t2; 
One Carter "Midget" type -MW heavy-duty (2 -amp.) 6-ohnr rheostat, It3; 
Otte Frost 30 -ohm rheostat, Itl; 
One Iteadrite 0.8 -scale voltmeter. V: 
Two Cutler-llatunrer power toggle switches, Sl'S2; Two 3 -amp. tuses, F. with porcelain sockets. 

Uses lamps, as shown, orWard-Leonard Type 507 screw -base resistors to control filament current. 'The relay is a protective measure. 

FIG. 70. (Radio -Craft, December 1931, p. 344.) (Refer also to the later comments by Slr. Jarowcy. lr the May 11132 issue, p. 674, and July, p. 38.) 

FIG. 71. (Radio -Craft. August 1931, D. 75.) 
Resistors ltl to 115 may be set to correct value for the particular receiver with which the pack is to be used; thus, a single 25.000 ohm voltage ulvider, with four sliding contact,. may be used. 'This is the filet "A -15-C" power aupUly unit; secondary, rectified out- put rating, 125 ms. at 300 V. 

FIG. 72. (RadioCraft, February 1930. p. 364.) 

FIG. 73. (Radio -Craft. May 1931, p 655.) 
Two Silver -Marshall plug -its long -wave coils, Type 111-E (1, 6); 
Two Silver -Marshall coil sockets, Type 515; 
One Sliver -Marshall Illuminated drum dial, Type 810-L (9), with 214 -volt dial light (Oro; 
One Silver -Marshall midget condenser, Type 342 11 (12); 
Two Thordarson choke units, Type 11.198 (21, 27); One Thordarson aulotunuer, Type 11-190 (222); 
One 'Thordarson power -supply transformer. 'Type lí280 (34): 
One Thordarson lllament transformer, Type T-3660 (36); 
One Electrad "Royalty" variable grid leak, potentio- meter Type 0 (21); 
One Electrad "Truvolt" resistor, Type C 130 S (33); Tiro Flmhthetrn midget axed condensers, .00025mí., Type 31-C. and two .0001 -nit.. 'type St -A, to give two .00035-inf. capacities (2, 11); 
Two Flechthelm midget condensers. .0001-mf.. Type St -A. (10, 19A); 
Four Amperltes. No. 227, (39. 40, 41, 42); 
Four Durham "Pocerohns" metallized resistors; three 2,000 -ohm (4. 11. 25) and ono 50,000 -ohm (16); Four Flechthelm bypass condensers: Two 0.5 -amt.. Type B-50 (3. 3); and two 1 -td.. Type 11-100 (15, 20); One Flechthelm midget coupling condenser, .01-mf.. Type 5t -IR (23); 
One Flechthelm filter condenser, 4-mt.. Type F401 (28); 
One Flechthelm condenser block, Type Fí9 (35 -used 

as 2.2-4-mt.). 

FIG. 74. (RadioCraft, August 1929. p. 68.) ItECEI VEIL 
Antenna series coupling condenser, 14. -art. In. plates; G. grid leak 2 moms. and condenser .00025 -tot. ; At, 

antenna coil, 7 T. bell wire, "over one, skip one," on ll Halls in a 3 in. circle; Ira. regeneration coil, 9 T.; 

S. fit. switch; A, 4% V. "C" battery; B, 45 -Vs "B" battery; Cl, 5 -plate variable condenser; C9. 11 -plate variable condenser; T, three type '99 tubes; Tr, two 3% to 1 transformers; .11, double -circuit jack; J2, filament -control jack; It, filament rheostat, 125 ohms. TRANSMITTER 
At A, a 4% V. "C" battery; B. 6714 V. "B" bat- tery; Cg and Cp, two .00025-mf. variable condensers, 9 -plate: Cs, .001-mf. mica condenser; Le and l.p, 7T., each, No. 12 bare copper wire, 3 ins. In dla.-turns spaced 6 -in., and colla 2 ins., La. antenna coupling coil. 5 T.; the tube is a type '99; Itl, 5,000 ohm grid leak; it. Cl. thee., 125 ohms; two 1t,F. chokes, RFC, 40 T. No 22 D.C.C., "over oree, skip two," on 8 nails in a 1% ins. circle; It9C, two 40 T. It. 9'. chokes; IC. key; Al, antenna Indicator; DT, D.I'.D.'r. switch; F, ill. switch. 

FIG. 75. (Radio -Craft, April 1931, P. 613.) One General Electric 115 -volt Type SD, compound wound motor, 1,725 r.p.m., (28 segments) 1/6-h.p.. 2 amps.: 
Twenty-four Itadlo Trading Company, No. 1703 re- placement condensers, 1 Inf. each; 
Two General Electric porcelain fuse blocks. Fl. F2; and two 2 -amp. fuses; 
Two General Electric porcelain screw -type plug re- ceptacles, Itl, 112; 
Four pounds No 21 cotton -enameled copper wire (for filter chokes and auto -transformer primary): One pound No. 18 cotton -enameled copper wire (sec- ondary of auto -transformer T): The chokes at V and It are wound on a tube 1 in. In dla., one coil oven the other; those at A may not be needed. 

The auto -transformer T, at C, has a prIruary of 400 T. No. 21 cation-enam. on a form 1% ins. ma. and 2 Ins. long: about 72 slllcov-steel laminations 1/65 -In. thick fit Into this space. Over the primary 3 layers of Empire cloth are wound. arid in the same direc- tion, 225 T. No. 18 cotton -mum., tapped at 150, 175 and 200 T. 
A 15 W. lamp in series with the shunt field speeds the specified motor from 1725 to 3600 r.p.m. 

FIG. 76. (Radio -Craft. April 1932. p. 614.) 

FIG. 77. (Radio -Craft, April 1932, p. 610.) Wiest the valve of rheostat 113, filter resistor 111, and the filament potential to suit the tube VI. 

FIG. 78. (Radio -Craft, April 1931. p. 612.) Parts used: One All-Amerir' n Type 11-21 A.F. transformer, T; one type '99 tube. \ ; one 60 -ohm rheostat, It; one fixed condenser, .001-mt., C. 

FIG. 79. (Radio -Craft, July 1931. O. l0.) Values of components: Resistor Ill, 500 ohms, tap- ered 112, 113, 60,000 ohms; 114, 42 ohms; ItS, 300 ohms: 118, 1,591 cellos. Condenser Cl, 500 mint.; C2 to CO, .01-mf. 
With SI open 8.)'. modulation Is obtained. All forms are %-In. In dla. and svound with No. 30 

ens. wire. All chokes, 700 T., 11/32 -in. wide. Coils L1-1.2. 660 7'., center -tapped ami 7/16-111. wide (In- ductance, total, 8.2 noisy.); 1.3, It T. 

FIG. 80. (Radio -Craft, March 1931, is. 545.) 
Resistor ltl, 25 ohms; It2, 30 ohms; the tube is a '32. A standard "antenna" It. F. transformer may be 

used, thus dispensing with the antenna serles con- denser. Screen -gad bypass condenser, .25-Inf.; plate 11.10. choke. 85 miry.; plate coupling condenser. mica. .008-mf. The completed unit connects to the antenna post of a radio set. 

FIG. 81. (Rattle -Craft, February 1932, p. 467.) Four Clarostat duo -type 300 -ohm constant -Impedance pads (Clarostat); 
One Weston 0 -50 -ma. meter; 
Three 200 -ohm variable resistors; 
Three Aerovox 25-mf. electrolytic condensers; 
One Acrecen 2-mt. condenser Type 207; 
One 4-mt. .Vermeer condenser (electrolytic) : 
Three microphone mixing transformers 200 -ohm Input and 200 -ohm output; 
One matching transformer 500 -ohm input to grid of 

type 230 tube. 
One Impedance -matching transformer input front plate of type UN 230 to 200 -ohm output; 
One 20 -ohm resistor (variable); 
Five "on-otf" switches; six 2 -war; 
One 45-V. Iturgess "II" battery; one 4% V. and; two No. 6 dry cells. 

FIG. 82. (Radio -Graft; A. Dee. 1931. p. 336; B. 
Feb. 1932, p. 409; C. Nov. 1931. p. 274.) 

For potassium cells, It Is 10 megs. and the "B." 
135 V., approx.; for caesium. 2 mega. for It and 90 
N. for "B." 
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FIG. 83. (Radio -Craft, June 1932. p. 731.) 
One Pilot Universal "II" eliminator transformer, or 

similar unit delivering 5.5 V. at 2 A.; also, 275 V. 
Tour switches; One D.P.D.T., Sw. l; one S.1'.S.T., 

Sto. 3; one S.1'.U.T., Sw. 4; ono push-button, Sw. 5; 
Two 6 volt pilot lamps and sockets. P.L.; 
One Giant Power variable resistor, 60 ohms, It; 
One 1,909 ohm resistor, Ill; 
One 2,000 ohm resistor. 112: 
One 3.090 ohm resistor. Its; 
Two sockets; one UX and one UY; 
One Iteadrite double -scale mllllammeter, 0-20 and 0-100, 

ma. ; 
One Iteadrite A.C. voltmeter. 0-10 \., \. 

All types of tubes may be tested for. mutual con- 
ductance. emission and shorts. 

FIG. 84. (Radio -Craft. May 1931. p. 679.) 
A bell -ringing transformer T of sufficient rating is 

required. 

FIG. 85. (Radio -Craft, May 1932, P. 670; August 
1932. p. 106.) 

The capacity of the broadcast and int. tuning con- 
denser is .0005-nd.; I. F. loading condenser. .0885-mf.; 
grid condenser. .001-nd.; feedback condenser, .001- or 
.002-mf. The value of Itl Is 0.1- to 1. oleo., depend- 
ing upon the tone desired. The broadcast coil form 
is is in. In disc and contains 100 turns of 2o. 21 
wire, center -tapped; the I.F. tuning coil Is 114 in. 
La diameter and contains 485 turns of No. 31 wire, 
center -tapped; the value of the R. F. choke Is 85 mhy.; 
the pickup coil contains 15 turns of No. 31 wire wound 
s/a-In. (rota the grid end of the I. F. tuning coll. 

This is the Iteadrite No. 550 service oscillator. 

FIG. 80. (Radio -Craft. January 1932. p. 406.) 
This circuit was developed by the engineers of 

Nhallcross 911g. Co. 

FIG. 87. (Radio -Craft. May 1932. p. 667.) 

FIG. 88. (Radio -Craft. December 1931, p. 377.) 
Winding data roil Ll, primary 15 T. ; secondary 

70 T. ; coil 1.2. vlre versa. Forth, I% Ins. it: die.; 
wind with No. 28 anon.; variable condensers, 500 tninf., 
shunted by trimmers. 

FIG. 89. (Radio -Craft September 1931, p. 164.) 
The .t. F. choke Is a center -tapped unit, an Imer- 

tran No. 041 A. F. choke, 200 by, each side of the 
center -tap. 

FIG. 90. (Radio -Craft, May 1932. p. 659.) 
The meters are Weston 5Indel 506. The voltmeter 

reads 0-8 and 0-290 V.. D.C.: the mllllantmeter has 

a range of 0-15 ma. The values of the shunts and 
multipliers must Ire adjusted to suit individual meter 
requirements. The circuit arrangement shown is con- 
venient for risk log simple tube and circuit tests. taking 
voltage and current readings In a circuit. measuring 
resistors, and for mak log continuity measurements. 

FIG. 91. (Radio.Cralt. April 1932, p. 614.) 

FIG. 92. (Radio -Craft, March 1932. P. 533.) 
One inexpensive A.C. double -range voltmeter, 0-10-140 

volts; 
One resistor to Increase the 10 -volt range to 140 volts 

A.C., 112; 
Ooe resistor to Increase the 140 -volt range to 700 

volts A.C.. Ill; 
One Inexpensive 4.5 -colt, 10,1100 -ohm resistance meter; 
One resistor to increase the ohmmeter range to 50,000 

ohms, 1t3; 
One resistor to Increase the 4.5 -volt range to 90 volts 

D.C., 114; 
Ono resistor to Increase tho 90 -colt range to 450 volts 

D.C.. Its : 

Two miniature flashlight -bulb porcelain receptacles; 
One 1.25 t. and one 2.2 V. riastlllght bulb; 
One .001 -mf, condenser, CI: 
Tao 1 -tat. condensers, C2; 
One .02-mf. condenser. C3; 
One strip white cardboard 1 x 12 ins. ; 19 tip -jacks; 
Orw rubber panel 7 x 14 Ins.; 
One 110 -volt porcelain receptacle; plug for saute; 
One roll hookup wire; 5 ft. lamp cord. 

FIG. 93. (Radio -Craft. June 1932, p. 716; October 
1932, p. 229.) 

At A It Illustrated the receiver. whlrh Incorporates 
the follow log units: Two )Iatnmarlund 250 mm(. mid- 
get ea Hanle condensers. 0'. CI: one Uublller 250 mmf. 
fixed condenser. C2 ; ono Dub! tier .5011 mint taxed con- 
denser, CS; two Uublller .5-mf. fixed condensers, CI. 
C5; one 2-megohm resistor, 111; one 2íh -ohm resistor, 
112; one 0.1011,000 -ohm variable resistor, 113 ; one Air 
Bing or Gen -Win plug-in type. 100-200 meters, R.F.T.; 
one 3W to 1 audlo-trequeney transformer, A.F.T.; 
1 switch, SW. 

At B Is shown the circuit arrangement of the trans - 
minter, the components of which have the fallow log 

values; Con censers C, (variable) and Cl, (lived), 250 
tutu!.; C2, .5-111(.; 11, 1 megaton; RI, 15 ohms. 

The tito box -type loops are made by tv hiding 10 
T. bell -wire on a frame each 15 o 15 x 3 Ina. tolde; 
the transmitter -loop is center -tapped. The receiver - 
loop la mounted (directional into the earth) on one 
end of a 5- or r> -foot carrying stich; the transmitter - 
loop (direct tonal toward the receiver -loop -therefore. 
Parallel with the ground) Is mooted on the other end; 
the falter loop Is so mounted that it will swing free- 
ly as the stick is tilted with respect to the ground. 
Balance for minimum sound: metals then are indicated 
by a change In the tone Witch Iran been pro -deter- 
mined party by the particular value selected for trans- 
mitter grid -leak It1. 

The constants of the 11.F transformer. R.F.T., may 
be approximated by winding 35 T. No. 30 cotton- 
enam. on a tul>e base, for the secondary; and for the 

prltuary, spaced two turns, 15 T. of the same sloe 
w Ire; this will cover the 190 to 200 meter band as- 

signed for this type of "pork." 
This "treasure" tinder teas approved only after it 

was demonstrated that the presence of a metal object 
about I ft square and 6 feet di tent could he in- 
dicated by a change of tone In the beadphones. 

The "A" potential is 2 V.; the "11", 90 V., both 
for transmitter and receiver. 

FIG. 94. (Radio -Craft. May 1932, p. 654.) 
Shunts 141, 112 connected Into circuit via added 

wire S. ntultlplY a meter's range. 

FIG. 95. 1 Radio -Craft, May 1932. p. 674.) 
Transformer 'r Is an :into spark -coil, rewound to 

have 10 T. No. 22 D.C.C., for the primary and 

4,000 T. No. 32 enant. for the secondary. 

FIG. 96. (Radio -Craft, October 1931. P. 226.) 

FIG. 97. (Radio -Craft. A. B. D, June '31, p. 741; 
C. E. F, Sept. '31. p. 172.) 

The slide -tiro is a 40 In. length of No. 24 to 28 

B. es S. gauge constantan resistance Loire. 

FIG. 98. (Short Wave Craft, Feb.- Mar. 1932, p. 314.) 
A-IO'A-EI4 AMPLIFIER 

Condenser Cl, .50t-mL. 1.000 C.; C3, 250 mmf., 

1,000 V.: C5, double-seetioa G. It. condenser, 500 ntmt. 
per sectiot; C6, I. inf., each ; Cl. 23 -plate midget, 
double -snared, for neutralizing: CR. 250 mint., each, 

antenna tuning units. Resistor Ií4, O to U.1-meg., 
OradleYohnt. 

Plate coil L5 must carry the plate U.C. and also 

the II.1'. current. Obtain a one -foot section of gas 

pipe 254 Ina. In die. and drill at one end a hole 

which is a slip tit for a 3/3^ ---in. bolt. Flatten and 

drill, for a 55/32 -In. bolt. a length of 3/16 -in. or 

a In. copper tubing. Bolt the tubing to the pipe 
and close -wind the copper tubing on the pipe form. 
by turning the pipe In a vise; to space. run a screw- 

driver between the turns. Mount on stand-off Insula- 
tors spaced 414 ins. (tbr all coils). For 31/2 mega- 

cycles, 20 T. of 3/16 -in. tubing will be about right; 
7 megacycles, 12 T., t4 -In. tubing: 14. 6 T. 

When the circuit of A is used as an amplifier 
the grid _oil L4 functions as a grid choke and its 
constm,ts are not critical. For 3 5 megacycles, wind 
48 T. No. 20 U.C.C. on a tube base, ronnecting the 
two outside leads to the filament prongs, and a tap 
from the exact center to the plate prong; 7 mega- 

cycles. 21 T. ; 14. 12 T. Polish the tubing and paint 
with Duco to reduce skin effect. 

If any changes are made In the number of turns, 
or the diameter or size of wire, the coil must be 

brought Into resonance in the folloxving mariner: 
Open Si and reverse S2 so that the last stage is oDer- 

ating as an oscillator. Turn C5 until mllllantmeter 
shows the lowest reading and, If this occurs nelth the 

condenser at maximum. remove a turn or two from L4 
and try again. If the dip occurs with the condenser 
at minimum. add a turn or two; repeat this test until 
the drop In plate current occurs at a frequency just 
at the top of the band in which the coil is to be 

used. 
The switch SI Is closed and S2 thrown so that the 

center -tap of L4 goes to the "C" bias battery, when 

using this stage as an amplifier. If it Is desired to 
use this as a self-controlled oscillator, merely open 

SI and reverse 52. In this tray It Is possible to ob- 
tain operation anywhere In the Land w-tthout buying 
a block of crystals. 

Condensers C6. of 1. mf., should eliminate key clicks. 
L'se Cl only to prevent arcing across C5. 

For 3.5 megacycle work the two excitation clips lead- 
ing 14 the grid of the last stage are connected to op- 
posite ends of the oscillator inductance. and both 

doubler tubes are removed from their sockets. Insert 
correct calls as 1.4, L5. See that the amplifier is 
correctly neutralized before the plate voltage Is ap- 
plied. when operating on the fundamental of the crJ's- 
tal. 
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For 14 megacycle operation, both doublers are used, with number two feeding the amplifier. The antenna for this 20 -meter work may be a zeppelin voltage -feed system consisting of a single wire 32 ft. long, fed by two 15 -ft. feeders spaced f Ins. 

B-FltEQUENCY DOUBLERS 
Condenser VI, .001-mf., 1,000 V.: C2. 250 mmf., variable; C3, 250 mmf., mica. 1.000 V.; C4, .001-mf., mica. 
The two frequency doublers are somewhat similar to the oscillator, except for the grid circuit. Batteries "C" are 135 V.; they may be common with both doublers and the pourer amplifier. The first doubler which serves also as a butter has a tank coil L2 identical to LI in the oscillator, Fig. 98E, when working in the 3.5 megacycle band. In this case the tube in the second doubler is removed from the socket and the two clips focusing Into the grids of the power amplifier are clipped at Opposite ends of L2. For 7 megacycle work, L2 has 20 T. No. 20 D.C.C., 196 ins. 1n die. 
Coll L3 is the tank In the secord doubler stage. Since this stage is only used for 7 and 14 megacycle work, no 80 -meter or 3.5 megacycle coil is needed. For 7 megacycles, use 20 T. No. 20 D.C.C., 1% ins. In silo.; for 14. 12 T. 

C-DfODULATOII UNIT 
Condenser Cl, I. mf., 1,000 V. Resistor RI, 1,500 ohms, variable (must pass 200 ma.) ; 112, Clarostat (to reduce "B" to 180 V. for the type '27 tube); It3, 2,000 ohms. Unit TI. double -section 30 by. choke, each 150 ma.; T2, A.F.T., about 5 to 1 ratio; 7'3, microphone -to -tube transformer. D-POWER SUPPLY UNIT 
The filter condensers should have a working rating of 1,000 V. The filter choke should be rated at 250 ma. ; its insulation should he high. The fuses are %-A. rating (a flashlight bulb will serve). E-OSC ILL 4TOlt 
Condenser Cl, .001-mf.; C2, 250 mmf., variable; C3. 250 mmf., mica, 1,000 V. Resistor RI, 48,1100 ohms (field resistor) ; 102, 40 ohms, center -tapped; 113, Clare - stet, 40 -watt rating. 
Oscillator tank coil LI, 34 T. No. 22 D.S.C.. (25i, ins. long). 1% Ins, in dla. This tank circuit %rill resonate at any frequency In the 3% megacycle band. Should the oscillator "spill," move the clip towards the center. 
Quartz crystal NTL has a fundumental between 3,500 and 3,600 Ice. 

GENE11 'rL 
All the 1t.F. chokes, B.F.C.. consist of 150 T. No. 30 enam., random -wound 1n three slots % - in. wide and sleep, in a dowel 9'a -In. In die,; the slots are separated 1 in. (There are 50 T. per slot.) Dip the completed choke to Disco; dry, and dip again. Assuming the transmitter to be correctly wired, the final step is to tune the several stages. The oscillator mllltanuneter will drop sharply when the tank condenser of that stage fs tuned to reson- ance with the crystal. Care should he taken to see that no more than 250 volts is applied to this stage, or injury to the crystal may result. Voltage regula- tion is secured by mound of R3. A flashlight bulb, in circuit us lth one turn of wire, if hreught close to the Inductance will indicate circuit oscillation also. the mtlllammeter of the first frequency double until excited by the oscillator will indicate 5 ma. or less. After the oscillator is operating, clip the two ex- citation leads of the power amplifier onto the first frequency doubler. remove the tube from the second one, and tune the tank of the first doubler until the 

mtlllammeter shows a dip. The flashlight bulb should light when held close to 1,2. if the tank is tuned to a harmonic. With the correct colts In L4 and 1,5 for the 7,000 ice. band, tune C5 with the key open until the flashlight bulb lights when held close to the tank coil, LS. Then to neutralize, condensers C7 are rotated together until the light disappears. The bulb may now be removed and the key closed. Condenser C5 should then be readjusted carefully for minimum plate current; if everything is operating cor- rectly the plate current will he from 40 to 80 ma. The antenna 1s coupled to the amplifier and brought into resonance by means of C8 and the clips on L6. The same number of turns should be used in each antenna coil, thus providing air ideal coupling system for a zeppelin -type antenna. 
The final, and very necessary adjustment (especially when using the last stage as a straight oscillator, since the antenna current is increased by as much as tk-A.) 

is to vary 114 for maximum antenna current. 
FIG. 99. (Radio.Croft, February 1932, p. 466.) One Weston Model 301, 0 to 200 microamperes, Or Jewell microamnteter, MI; 
Three pourer switches, Sw2, Sw3. Sw4; One three point, single -throw power -switch, SR7: One Eleetrad Supertnnatrol, 0 to 500,000 ohms, R3; One Yaxley midget 100 -ohm potentiometer. 1t2; One Lynch or Shallot -ass wire -wound precision resistor. 200.000 ohms, ltl; 
'ruco Sprague or Aerovox, 1-mf. fixed condensers. C2. C3; Three Sprague or ~oven, 0.1-mf. fixed condensers, Cl; One 12 -In. length hollow B\ tubing, gooseneck; One empty "Mennen," talcum powder can, to shield V1; One ]flan aluminum panel 4t x 12 x %- in. thick. One Bien aluminum sheet 2 y 6th x 1/16-tn. thick; for wafer socket support; 
Two tubes; one '36, VI and one '37. V2_; Six portable 22% -volt "B" batteries, Burgess type 4156. 112: 
Two 4%'volt "C" batteries. B4, RS; 
'ruso 1% -volt flashlight cells, BI and B3; Four No. 6 ..Irv -cell batteries in metallic container for filament supply, B6. 

FIG. 100. (Radio -Craft, March 1932, p. 523.) Transformers 'rl and T2 must be tYnes designed for class B operation. A type '45 tube drives the 46 to an undistorted power output of 8 %watts. 

FIG. 101. (Radio -Craft, January 1932, p. 410.) One A.C. outlet socket; 
Three 5 -hole and four 4 -hole tube sockets; One meter (used 0-5 ma.: recommend 0-1 ma.); One phone Jack; seven pin Jacks: two push buttons; Four D.1'. S.T. push button switches; Two D.P.D,T, lark switches (Sus. No. 1 and No. 2); One power transformer made out of old Freshman trans- former 
One rheostat 200-250 ohms Itl; 
One 400 -ohm resistor 118; 
Tuvo 10,000 -ohm resistors III and It^-; One 40.000 -ohm resistor 113: 
One 611,000 -ohm resistor It4; 
One 2250 -ohm resistor R5. 

Four sets of leads are required as follows: An A.C. 2 -wire cable terminating In plugs at either end; a set of test leads. comprising tuvo wires terminating in plugs; a screen -grid test lead terminating in a screen' - grid clip at one end and a panel plug at the other; and a standard 5 -wire analyzer cable. 
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Here you will find other titles 
which are included in the Series 
of the book you are now reading 

Presented on this page are the new books of the RADIO -CRAFT LIBRARY-the moat com- 

plete and authentic set of volumes treating individually, important divisions of radio. Each book 

has been designed to give radio men the opportunity to specialize in one or more of the popular 
branches of the industry. The material contained in these books will increase your knowledge: 

you will find them a real help in your work and they will contribute to your money earning 

capacity. Read these books during your spare time at home. 

The authors of these books are well-known to everybody. Each one is an expert radio man: 

an authority on the subject each is thoroughly familiar with the field which he represents. 

This is perhaps the first real opportunity that you have ever had to build a radio library of 

books that are authentic. right -up-to-the-minute and written so that they are easily digested. 

Book No. I 

RADIO SET ANALYZERS 
And How To Use Them 

With Full Instructions and De- 
scriptions of Set Analyzers, Tube 

Checkers, Oscillators. Etc. 
By L. VAN DER MEL 

Book No. 2 

MODERN VACUUM TUBES 
And How They Work 

With Complete Technical Bata on 

All Standard and Many Special 
Tubes 

By ROBERT HERTZBERG 

Book No. 3 

THE SUPERHETERODYNE BOOK 

All About Superheterodynes 
How They Work. How to Build and 

How to Service Them 

By CLYDE FITCH 

Book No. 4 

MODERN RADIO HOOK-UPS 
The Best Radio Circuits 

A Complete Compendium of the 
Most Important Experimental and 

Custom-built Receivers 
By R. D. WASHBURNE 

Book No. 5 

HOW TO BECOME A RADIO 
SERVICE MAN 

How To Get Started and How To 
Make Money In Radio Servicing 

By LOUIS MARTIN 

Book No. 6 
BRINGING ELECTRIC SETS 

UP TO DATE 
With Pentodes, Multi-Mus, Dy- 
namic Speakers-Complete Inform- 

ation How to Modernize A.C., 
D.C. and Battery Operated 

Receivers 
By CLIFFORD E. DENTON 

Book No. 7 
RADIO KINKS AND WRINKLES 

For Service Men and 
Experimenters 

A Complete Compendium on the 
Latest Radio Short -Cuts and 

MoneySavers 
By C. W. PALMER 

Book No. 8 

RADIO QUESTIONS AND 
ANSWERS 

A Selection of the Most Important 
of 5.000 Questions Submitted by 

Radio Men During the Course 
of One Year 

By R. D. WASHBURNE 

Book No. 9 

AUTOMOBILE RADIO AND 
SERVICING 

A Complete Treatise on the Subject 
Covering All Phases from Installing 

to Servicing and Maintenance 

By LOUIS MARTIN 

Book No. 10 

HOME RECORDING AND ALL 
ABOUT IT 

A Complete Treatise on Instan- 
taneous Recordings. Microphones, 
Recorders. Amplifiers. Commercial 

Machines. Servicing. etc. 
By GEORGE J. SALIBA 

Book No- II 
POINT-TO-POINT RESISTANCE 

MEASUREMENTS 
The Modern Method of Servicing 

Radio Receivers 
By CLIFFORD DENTON 

Book Nc. 12 

PUBLIC ADDRESS INSTALLA- 
TION AND SERVICE 

Modern Methods of Servicing and 
Installing Fublie Address Equipment 

By J. T. BERNSLEY 

ALL BOOKS UNIFORM 
The books In the new RADIO -CRAFT LIBRARY are all strictly up-to-date and written by men who know their 

subjects. The volumes are all uniform size, 6 x 9 inches, and contain on an average from 50 to 120 Illustrations. 

Each book is printed on fine book paper. 

Big Discount Offered 
In order to make it possible for everyone to buy tnese books, the fifty (50) cents price has 

been made uniform for all volumes. You can buy these books separately, but you should take 

advantage of our special offer: 
WHEN FIVE (5) BOOKS OR MORE ARE ORDERED DEDUCT 20% 

FROM YOUR REMITTANCE 
Simply fill In the coupon below, and mail it to us together with your remittance. Checks, stamps 

or money orders accepted. 

Clip Coupon and Mail TODAY 

GERNSBACK PUBLICATIONS, Inc., 99 Hudson Street, New York, N. Y. 

I have circled below the numbers of books in the RADIO -CRAFT LIBRARY. which you 

are to send me, and have deducted 20% for ordering five (5) books or more. I have 

included my remittance in full, at the price of 50e each, when leas than five books are 

ordered. 
The amount of my remittance is __....-(Stamps, checks or money orders accepted.) 

Circle numbers wanted: 1 2 3 4 5 6 7 8 9 10 11 12 

Name _ Address 
State -.. .1MHR 
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J. E. Smith President. No. 
whosihas directedre 

Institute. 

frdridioi more 
no the R. of 

than any other man in America. 

ojob Book 
Tells How 

Mail Coupon ! 

Get my big FREE book on the opportunities in Radio. Read how quickly you can learn at home in your spare time to be a Radio Expert-what good jobs my graduates have been getting-real jobs with real futures. 
Many Radio Experts Make $Soto 6100 a Week 

Tt,. 
43 

- 

Over 300,000 jobs have been created by Radio's ,,,,,e, a ; a;,. growth, and thousands more will be created by its 
1 e continued development. Many men and young men ..,. with the right training-the kind of training I II give you in the N. It. I. course-have stepped into I 

-- 

Radio at two and three times their former salaries. ! a4 w 

Many N.R.I. Men Have made $200 to $1000 y?; ^`. in spare time while learning ':e tit* l .',cam '- ,' The day you enroll with me I send you material which 
you should master quickly for doing 28 Jobs, common J. to men every neighborhood, for sparetime money. I give you the plans and Ideas that have made $200 to $1,000 

course is famous as the coarse that pays 

for N. R. 1. students in their spare time while study- a -e _ tog. MY 
for Itself. I have doubled Talking Movies, Television, and tripled the Aircraft Radio Included salaries of many. 4, Special training in Talking, Movies Television 3i' and home Television experiments, Radio's use Find out about Ali elp in Aviation. Servicing and Merchandising Sets, this tested way s _` Broadcasting, Commercial and Ship Stations are included. I am so sure that N. R. I. can train y ¡^ry+R -,^' n you satisfactorily that 1 will agree in writing to KylV 1 r ,, j to refund every penny of _our tuition if l/° h C' are not satisfied with my Lessons and Instrue--- {, PAY,' r/ lion Service upon completion. lárGeteÍfsLj 64 -page Book of 

REElaformation _ - a Job 
.-. FILL OiJTAÑDMAIL' =. with a -r Get your copy today. It tells you where` ,TH18'G UVii,ra ODA Radio's good jobs are, what they pay. Future , , R'. tells you about my course, what others who hare taken it are doing and making. Find out what Radio offers you without the slightest obligation. ACT NOW! 

e a NEW Radio Equipmeii 
for Broad Practical Experience 
Given Without Extra Charge 
With this equipment you work out many of the things you read in textbooks. From it you get the experience that tells an expert from a tte- 
would take ayearrs to llrt earnninstheefed You snake experiments illustrating the important principles in the 25 beat known receiving sets. 

J. E. SMITH, President 
National Radio Institute, Dept. 2ED7 
Washington, D. C. 

Dear Mr. Smith: Send me your free 
book. I understand this request does not 
obligate me and that no salesman will call. 

NADIF 

ADDRESS 

CITY STATE 
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THE NEXT GREAT INDUSTRY 

Official 

_ 352 Pages 

FOR ALERT RADIO MEN IN 

THE Idea of electricians, radio seerrlee men and other 
mechanically Inclined men, servicing Air Condition- 

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

"I advise young and progressive men to go 

Into the air-conditioning business during 'the 
next few years; because, this. without a doubt. 
Is the coming Industry in this country. Thous- 
ands of small firms will spring up. undertaking 
to alrcoadltlon private houses. smell business 

offices. factories. etc. We are not going to 

tear down every building In the United States 

Immediately. It will be a gradual growth; yet 

small Installation firms will elr-eoadltion small 

houses and even single offices in small build- 
ings." 

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

Air Conditioning Service Manual 

Over 600 

Illustrations 

9x12 Inches 

Flexible, Looseleaf 

Leatherette Cover 

$5.00 List 

The OFFICIAL. AIR CONDITIONING SERVICE MANUAL is being edited by 

L. K. Wright. who is an expert and a leading authority on air conditioning and 

refrigeration. He is a member of the American Society of Refrigerating En- 

gineers. American Society of Mechanical Engineers. National Association of 

Practical Refrigerating Engineers; also author of the OFFICIAL ItEFRIGERATION 
SERVICE MANUAL and other volumes. 

In this Air Conditioning Service Manual nearly every page is Illustrated; 
every modern installation and individual part carefully explained; diagrams fur- 

nished of all known equipment; {pecial rare given to the servicing- and installation 
end. The tools needed are Illustrated and explained; there are plenty of 

charts end page atter page of service data. 

Remember there is a big opportunity In this new field and plenty of money 

to be made in the servicing end. There are thousandº of firms selling installations 

and parts every day and this equipment must be eared for frequently. Eventually 

air conditioning systems will be as common as radio, and refrigerators in homes. 

slices and Industrial plants. Why not start now-Increase your earnings a ith a 

full- or spare -time service business. 
Here are some of the chapter heads. of the OFFICIAL AIR CONDITIONING 

SERVICE MANUAL: 
CONTENTS IN BRIEF 

History 'of Air Conditioning; Fundamental Laws; Methods of Refrigeration: 
Ejector System of Refrigeration; Compression System of Refrigeration; Refrig- 
erants; Lubricating Oils; Liquid Throttle Devices; Servicing Expansion end Float 
Valves; Servicing Refrigerating Systems: Control Devices; Thermodynamics of Air 
Conditioning; Weather in the United States; The Field of Air Conditioning; 
Insulating Materials; Heat Transmission Through Walls: Complete Air Condition - 

.Ina Systems; Estimating Requirements for the Home, Small Store, Restaurant; 
Layout of Duet Systems; Starting Up a System: Operating and Servicing Air 
Conditioning tandems; Air Filtration, Ventilating and Noise Eliminating Devices; 

Portable EIecteic Humidifiers and Roam Coolers; Automatic Humidifiers; A ir 
Conditioning I nits for Radiator System and Warm Air Systems; Central Con- 

ditioning Volts. etc. 
Send remittance el $5.00 In form of check or money order 
for your copy of the OFFICIAL AIR CONDITIONING SER- 
VICE MANUAL. Register letter If it contains cash or 

eurreney. THE MANUAL IS SENT TO YOU POSTAGE 
PREPAID. 

GERNSBACK PUBLICATIONS, Inc. 99 MR HUDSON ST. 
NEW YORK, N. Y. 



$350 
Reg. List Price 

r ° Official lce . : Manuál, 
; 

; 1 

"Gromplete Dirécioryo-' s.t 

oyi933.1934 Radió Réleivérs.' 19 8' 
Full adioS v.a ¡ '' er iG Cuide 

400 Pages 
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There's plenty of Servicing Material 

in the NEW 19 3 4 Manual 
THE necessity of GERNSBACK Manuals in 

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

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

In preparing this new edition many of the 
outstanding problems of the Service Men have 
been considered-methods of servicing, the new 
equipment constantly needed to cope with new 
tubes and sets, and the other fields of radio, 
such as public-address systems, short waves, 
auto radio and others. 

The illustrations in the 1934 Manual are 
more explicit than before; inasmuch as the 
diagrams are not limited to the schematic cir- 
cuit, but other illustrations show the parts 
layout, positions of trimmers, neutralizers, etc. 
There are hundreds of new circuits included, 
and not one from any previous editions of the 
manuals has been repeated. This we uncon- 
ditionally guarantee. 

It is quite evident that the 1934 Edition of 
the OFFICIAL RADIO SERVICE MANUAL 
is a decided improvement over previous vol- 
umes. The new book will prove itself to be 
invaluable as those volumes for previous years. 

Contents of the 1934 Manual 
in Brief 

al Diagrams and service notes, more complete 
than ever before In any MANUAL. Not merely 
the schematic hook-ups will be found, but chas- 
sis drawings showl?tg aorta layouts positions of 
trimmers, neutralizers, etc. 

a Voltage readings for practically all sets, 
es an aid In checking tubes and wiring. 
a All values of intermediate -frequency trans- 
formers used in superheterodyne'. with the man- 
ufacturers' own suggestions as to correct bal. 
encina. 
O Detailed trouble -shooting suggestions and 
procedure as outlined by the manufacturers' own 
argineers-In other words, authentic "done" 
right from headquarters. 
a Values of all parts Indleated directly on 
all diagrams. 

A.C.D.C. elgarbox midgets. 
1111 Public-address amplifiers. 

Short-wave receivers. 
113 Remote -control systems. 
a A complete compilation of radio tuba date. 
covering both the old and the many new types. 
A Section devoted to test equipment, analy- 
zers. etc., with full diagrams and other valu- 
able Information. 

A complete list of American broadcast sta- 
tions with their frequencies in kilocycles; ex- 
tremely useful In calibrating and checking test 
oscillators and In calibrating receivers. 
al Free Question and Answer Service, thI 
same as In our last two Manuals. 

No theory; only service information In 
quickly accessible form. 
a Absolutely no duplication of any diagrams: 
nothing that appeared In any of the previous 
Manuals will appear In the 1934 MANUAL. 
This we unconditionally guarantee. a A handy, ensilyconsulted master index 
making it easy for you to find almost anything 
Pertaining to your service problem Instantly. 
This index includes all the diagrams published 
In all the previous GERNSBACK Manuals, as 
well as the 1934 diagrams. A big convenience 
and time savérl 

Send remittance of 33.50 in form of check or money order for your copy of the 
1934 OFFICIAL RADIO SERVICE MANUAL. Register letter If it contains cash 
or currency. THE MANUAL IS SENT TO YOU POSTAGE PREPAID. 

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


