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Preface
Into the field of radio to tackle its tantalizing problems

have come some of the foremost minds in the country. In
consequence of their combined effort, coordinated through
the medium of national and international societies and numer-
ous technical journals, the "teasers" which formerly existed
in profusion are being rapidly reduced in number.

Over night, literally, our radio receiver has changed, as
a result of the attention which has been given to it, from a
relatively simple mechanism to a complicated maze of heter-
ogeneous units - each with a particular purpose in life.

To be sure, the fundamental steps which are necessary
for the reception of radio programs follow a worn path;
however, the auxiliary processes which we now find in the
modern radio set have served to dress our primitive instru-
ment in a manner calculated to please the most exacting
person.

To list each of these "features" would require more
space than is available; in consequence, we mention only a
few of the most interesting subjects: Automatic volume con-
trol, phono-radio operation, remote control, home recording,
short-wave reception, tone control, band -selection, automo-
tive -radio receiver design, improved vacuum tubes, push-
pull and push -push audio frequency amplification, multiple
reproducers.

In consequence of this rapid and chameleon -like transi-
tion the average individual is left without any conception
whatsoever of just why these changes were made; and how
they were affected.

It remains to be seen, however, in what measure the
writer may have succeeded in meeting this condition by com-
piling in convenient form some of the most informative an-
swers to questions submitted by Radio -Craft magazine read-
ers located throughout the world.

R. D. W.

July, 1932



General Radio Abbreviations
A.C. Alternating current
A. or Amp. Ampere
Ant. Antenna
A.F. Audio frequency
C.W. Continuous waves
.-..., Cycle
c.p.s. Cycle per second
db. Decibel
D.C. Direct current
hy. Henry
H.F. High frequency
I.F. Intermediate frequency
I.C.W. Interrupted continuous

wave
kc. Kilocycle
kw. Kilowatt
L.F. Low frequency
MS2 One thousand ohms
mf. or !if Microfarad
[thy. Microhenry
iA[if. Micromicrofarad
iv. Microvolt
tk v/m Microvolt -per -meter
52 Ohm
R.F. Radio Frequency
r.p.m. Revolution per minute
R.M.S. Root mean square
V. Volt
W. Watt
mw. milliwatt
"A" Filament or low -voltage

cuit

c cents
d deci
dk deka
h hecto

cir-

"B" Plate or high -voltage circuit
"C" Grid or medium -voltage cir-

cuit
P.E. cell Photoelectric cell
I Current
R Resistance
E Electromotive force (potential)
L Inductance
T Transformer
Poten. Potentiometer
Ch. Choke
V.C. Voice coil
P. Primary
S. Secondary
D.C.C. Double cotton covered
E.S.C. Enamel silk covered
S.S.C. Single silk covered
Rp Plate resistance
Gp Grid resistance
S -G Screen -grid
C -G Control -grid
F Filament
H Heater
P Plate
G Grid
K Cathode
Sup. -G Suppressor -grid
"B-" High -voltage negative
"B-4-" High -voltage positive
Sw. Switch
P.T. Power transformer
 Vacuum tube

Metric Prefixes
k kilo
M mega
u micro
m milli



CHAPTER I

Definitions

Permalloy
(Q.) What is Permalloy?
(A.) Permalloy is an alloy consisting

of 73%% nickel and 21%% iron. It is an-
nealed and heat treated in such a way
that the resultant material in addition to
being magnetic has a permeability greater
than that of any other grade of iron
known. It loses its magnetism more
quickly and more completely than any
other iron.

It is used mostly by the Western Elec-
tric Company and certain cable compa-
nies.

When used in cables it is a ribbon
wrapped around the bundles of wires.
This ribbon measures one-half inch in
width and is one -six -thousandth of an
inch thick.

In radio, its application is different. It
forms the core of audio frequency trans-
formers working over the entire audio
frequency band. More "brilliant" repro-
duction results.

AEO Light
(Q.) What is an "AEO" light?
(A.) The "AEO" ("alkaline earth' ox-

ides") light, a development of the Case
Research Laboratory, was specially de-
signed for recording sound in Fox "Mo-
vietone" productions. This tube, with a
gas content mostly helium, is about 1% in.
in diameter and 6 in. long. Within the
tube, at one end, are mounted the sheet
nickel anode, about %-in. wide and %-
in. long, and a U-shaped cathode of
platinum coated with oXides which ionize
at 350 volts and 10 milliamps. The re-
sulting intense blue glow at the cathode
is capable of affecting photographic film;
the anode, at this time, shows a less
actinic pale pink glow. Sounds picked
up by the microphones in the recording
studio cause the blue light to vary in in-
tensity, at audio frequencies. This light
of varying intensity is focused on the
margin of the film and photographed;

Fig. 1

5

producing the "sound track," illustrated
in the articles on "Modern Sound Pro-
jection" in past issues of Radio -Craft.
The optical arrangement is Fig. 1.

Anti-Mobo
(Q.) What does "anti-mobo" mean?
(A.) It means anti -motor boating, the

peculiar putt -putt or throbbing sound
caused by circuit oscillation at low or
sub -audio frequencies.. We find use for
this expression as we continue to develop
amplifiers reproducing the very lowest
notes.

De -Coupling Resistors
(Q.) Is there any convenient method

of preventing the circuit oscillation caused
by common coupling in the "B" circuit?

(A.) The usual remedy for this condi-
tion is the use of bypass condensers of
large capacity.- However, improved oper-
ation will be obtained if a "de -coupling"
or circuit -isolating resistor is inserted in
the "B+" lead. It is shown in Fig. 2

as R; and has a resistance of 25,000 ohms
when used in the plate circuit of a de-
tector tube. If used in an amplifier's
plate circuit, it may have a value as low
as 600 ohms. It is bypassed by a fixed
condenser C2, the value of which is be-
tween 0.25-mf. and 2.0-mf.; the latter
value being required where the amplifier
is designed for good low -note reproduc-
tion.

Condenser Cl is the usual .006-mf. Ca-
pacity bypassing the detector's plate choke
Ch. A somewhat similar arrangement
for obtaining the desired result, in which
an inductance is used instead of a re-
sistance, was described in the September,
1929, issue of Radio -Craft Magazine, on
page 122. ,

This idea may be used irrespective of
whether the "W' voltages are obtained
from a battery or an eliminator. Vary
the "B" potential to make up the voltage
drop through R.

Fig. 2
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Complete data on this subject is given
in the article, "The Effective Use of By-
pass Condensers and Resistors," by P. H.
Greeley. This story appeared in the Au-
gust, 1930 issue of Radio -Craft magazine.

Celotex
(Q.) What is the composition of Celo-

tax?
(A.) "Celotex," the material of which

thousands of dynamic and magnetic
speaker baffles are made, is constituted
of sugar cane stalks compressed to four
times the former density, resulting in a
solid board with almost negligible acous-
tic resonance. The boards average one
and one-half inches in thickness.

IR Drop
(Q.) What is the "IR drop" occasional-

ly referred to in articles?
(A.) This is the more familiar "volt-

age drop," or, the potential difference
between two points in a circuit, the
value being determined by multiplying R
(the resistance in the circuit) by I (the
current in the circuit).

Zero Beat Tuning
(Q.) What is "zero beat" tuning?
(A.) With an oscillator or oscillating

detector circuit, it means tuning exactly
to the center of a stations' carrier
(wave). Adjusting the tuning dial a
hair's breadth left or right will start a
howl, heard in the reproducer first as a
growl and then, as the dial Motion is
continued, as a note rising in intensity
and pitch to a powerful shriek, in most
cases, going finally beyond the limits of
hearing. Figure 3 illustrates this in ex-
aggerated form. See also, "The Radio
Encyclopedia," by S. Gernsback.

.---- BREAKLD IN
SHIE

TO RADIO SET.

Fig. 4

Shielded Loop
(Q.) Is the enclosed symbol the correct

one to indicate a von Ardenne shielded
loop?

(A.) The correct figure appears in
these columns as Fig. 4. Shielding the
loop reduces its pickup somewhat but
this sacrifice in sensitivity is well worth
the advantage gained by reduced re-
sponse to local fields.

Microphonic Howl
(Q.) What is a "microphonic howl"?
(A.) We thought everyone knew the

answer to that.
It is a loud noise due to motion of the

elements within one or more vacuum
tubes in the set. The detector tube is
the greatest offender; although any tube
in the set may be the source of this
trouble.

PROGRAM DISTORTED BY
HIGH PITCHED WHISTLE

PROGRAM DISTORTED BY
LOW PITCHED GROWL

PROGRAM BUT NO
WHISTLE

Fig. 3
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The generation of this noise is caused
by sound waves (usually from the repro-
ducer) setting the tube elements in mo-
tion. The resulting A. F. potential is
amplified by the succeeding tubes in the
set. Placing the reproducer elsewhere
may eliminate the trouble. Padding
(with paper, cloth or cotton), or loading
(with lead, rubber or spring devices), may
stop the noise. Both are makeshifts;
the correct solution is to replace the tube
(or tubes) with a tube in which the ele-
ments are supported more rigidly.

Linear Power Detection
(Q.) What is meant by "linear power

detection"?
(A.) The older methods of detector

connection resulted in distortion on high
power, due to the fact that the signal in-
put exceeded the grid -bias potential. By
raising the grid bias to a value not ex-
ceeded by the signal, operation on the
"straight (linear) portion" of the tube's
"characteristic" curve resulted; this point
is covered in Radio -Craft magazine by
Mr. Palmer in his articles, "Vacuum
Tubes for Radio Reception."

See also the book, "Fundamental Prin-
ciples of Radio," by Louis Martin.

Oscillator Coupler
(Q.) What is an "oscillator coupler"?
(A.) This term is applied to the oscil-

lator coil of a superheterodyne receiver
and usually comprises a grid winding, a
plate (feed -back or tickler) winding, and
a coupling or pick-up winding of but a
few turns. The grid and plate induct-
ance are coupled to produce circuit oscil-
lation, and the pick-up coil transfers a
small portion of this high -frequency cur-
rent to the frequency -changer. The rest
of the action has been fully discussed in
past issues of Radio -Craft.

Screen -Grid Neutrodyne
(Q.) What is the meaning of the term

"screen -grid neutrodyne"? It is my un-
derstanding that a screen -grid circuit
does not require neutralization. Please
clarify this point. This term has been
used in referring to the Crosley "Buddy"
and "Chum" radio sets.

(A.) The "screen -grid neutrodyne" cir-
cuit is a development of the laboratories
of the Crosley Radio Corp. and the Ha-
zeltine Service Corp., the latter concern
being the patent -holding organization for
the Hazeltine interests. The feature of
the development centers around the R.F.
transformers. As shown in the accom-
panying diagram, Fig. 5, of the receiver
models mentioned, there is a small open-
end winding L in the primary of each
R.F. transformer. This adds a capacity
coupling at the grid end of each second-
ary, which makes the tuning more uni-
form throughout the range. This desir-
able effect is improved by the method of
winding the concentrated primary outside
the secondary.
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8 RADIO QUESTIONS AND ANSWERS
Computing the Decibel

(Q.) What is the "decibel"; and how
is the term used in connection with radio
equipment?

(A.) Since the decibel indicates a
geometric relation between two figures,
it may be used to indicate a rate of
change either in sound energy or in elec-
trical units.

The ear, for instance, responds not in
linear but in logarithmic proportion to
changes in sound intensity. For example,
although the energy ratio Of a band play-
ing soft or loud is 1,000,000 /1, the ear ap-
preciates it only as about 0/1 ; the figure
60 also is the "db" value.

The decibel, so often used in the work
of audio amplification, transmission and
reproduction, is simply the ratio between
the strengths of any two signals, or the
ratio of change in the energy of a signal
when it is amplified or attenuated.

Ten decibels "up" on a signal means
that the power has been increased ten-
fold; ten decibels down, that it has been
divided by ten. The steps are unequal,
but the peculiarities of this method of
rating are based on physiological and en-
gineering reasons. The decibel, as a
mathematician would instantly see from
the table given here, is a logarithmic
unit (the number of decibels is repre-
sented by ten times the "common" log-
arithm of the ratio of change).

Since the sound energy of the repro-
ducer should be, approximately, in pro-
portion to the electrical output power; and
since electric power is measured by "volt-
age times current," the power varies as
the square of the voltage (or current).
Therefore, the ratio of energy change
corresponding to ten decibels is as much
as the ratio or voltage (or current)
change, corresponding to twenty decibels.

Any signal strength may, be taken as
the base (or zero) in computing relative
intensities. However, for voice -transmis-
sion measurements, six milli -watts (1.73
volts across a 500 -ohm line) is a standard
used by engineers.

The ratio of change in power, and in
voltage (or current) corresponding to any
number of decibels, may be quickly found
from the following table. Multiply the
signal strength, or voltage, which is taken

be
D201801.1

15er67 Voltage
8ftsF,Ser

.0082"

50ergy Voltage

1.16 1.10 1 0.794 0.891

1.69 1.66 1 .631 .794

1.00 1.41 1 .501 .708

2.51 1.59 4 .396 .631

2.16 1.79 8 .316 .682

1.98 1.00 8 0.151 0.501

3.0/ 2.24 7 .199 .441

6.31 2.51 8 054 .398

7.$4 1.41 S .110 .366

as the base, by the factor given in the
proper column, opposite the appropriate
number of decibels.

60/G
55 0 1 11 6 L 6

Zsa617 Voltage teem. Voltage
/Msbar

10.00 6.16 10 .100 .316

12.59 3.56 .11 .079 0.262

16.86 3.01 22 .063 .251

19.96 4.47 13 .050 .224

25.12 6.01 14 .040 .200

31.62 5.2/ 15 .032 .178

19.81 6.31 16 .026 0.158

60.12 7.08 17 .020 .141

63.10 7.94 18 .016 .126

79.43 9.91 19 .013 .112

100.00 10.00 20 .010 .100

125.9 11.22 U .0079 .069

168.5 12.69 22 .0065 .079

199.2 14.13 23 .0050 .011

261.2 16.86 24 .0040 .063

316.2 17.78 25 .0032 .056'

398.1 19.96 26 .0023 .050

501.2 22.39 27 .0020 .041

631.0 25.12 28 .0016 .040

794.3 20.12 .0013 .038

1,000.0 31.62 20 .0010 .062

1,269 35.46 31 .0008 .026

1.962 39.01 32 .0506 .026

1,996 44.67 36 .0005 .072

1,611 50.11 34 .0004 .020

3,122 56.23 35 .00052 .018

3,981 63.10 36 .00022 .012

5,012 70.80 37 .00320 .014

4.310 79.43 39 40016 .012

7,943 89.13 39 .00013 .011

10,000 105.00 40 .00510 .010

12,590 112.2 41 .00009 .0089

15,950 125.9 42 .00006 .0079

19,960 141.3 43 .00005 .0071

25,120 156.6 44 .03004 .0063

31.620 177.8 . 46 .000032 .0052

39,810 199.6 46 .000026 .0050

50.120 223.9 47 .000020 .0045

63.100 251.2 48, .000010 .0040

79,430 282.0 49 .000013 .0066

100,000 516.0 50 .000010 .0032

1,000,000 1,000 60 .002001 .001

10.000,000 3,162 70 .0000001 .0003

100.000.000 10,000 60 .02005001 .00001

1,000,000,000 51.620 90 .000660001 .00001

10,000.000.000 100.000 100 X006000661 .00031



Silica
Sodium carbonate
Calcium oxide
Sodium nitrate
Lead oxide

Bakelite
Porcelain
Glass
Wood fiber
Zinc

Tungsten
Thorium nitrate
Carbon
Nickel
Cobalt
Iron
Titanium

Nickel
Monel
Molybdenum

CHAPTER II

Vaciium Tubes

Component Materials
(Q.) Mention has recently been made

that there are 57 elements which enter in-
to the construction of vacuum tubes. Is
there any record of the names of these
elements?

(A.) While the statement as to the
number of elements is essentially true,
the actual count varies from time to time,
as the designs are modified; while the
elements are, in the main, representa-
tive of most vacuum tubes. A late list
of these elements is given below, by
courtesy of the R.C.A. Radiotron Co.
Hydrogen
Sodium.
Potassium
Caesium
Copper
Silver
Titanium
Calcium
Strontium
Barium
Magnesium
Zinc
Tantalum

Mercury
Boron
Chromium
Yttrium
Carbon
Silicon
Tin
Lead

Aluminum
Neon
Phosphorus
Argon
Molybdenum
Iron
Cobalt
Nickel

Oxygen Iridium
Tungsten Platinum
Chlorine Thorium
Helium Nitrogen
14 Rare Earths*

 (The "rare earths" include the metallic
elements cerium, lanthanum, prasedoymi-
um, neodymium, illinum, samarium, euro-
pium, gadolinium, terbium, dysprosium,
holmium, erbium, thulium, ytterbium and
lutecium which occur together and are
hard to separate. They are used for
coating filaments.-Author.)

The different elements and materials
are used as follows in different parts of
the tubes:

GLASS
Borax
Zinc oxide
Cobalt oxide
Potassium carbonate

BASES
Copper
Nickel
Tin
Marble flour
Ethyl alcohol

FILAMENTS
Silicon
Barium carbonate
Strontium carbonate
Calcium
Barium nitrate
Strontium

GRIDS
Copper
Chromium

9

Nickel
Monel
Molybdenum

Iron
Nickel
Copper

Glass
Mica
Lava
Isolantite

Magnesium
Calcium
Strontium
Barium
Sodium
Potassium

Hydrogen
Helium
Neon

PLATES
Iron
Tantalum

LEADS
Zinc
Borax

SUPPORTS
Nickel
Molybdenum
Monel

GETTERS
Caesium
Phosphorus
Carbon
Tantalum
Mischmetal

GASES
Argon
Nitrogen
Oxygen

Internal Construction
(Q.) In what manner does the con-

struction of the type '35 "super -control"
tube differ from the regular '24 screen -
grid tube, which it replaces, in . circuits
designed for its use?

(A.) As stated in the article, "Recent
Advances in Radio Tube Design," in the
April, 1931, issue of Radio -Craft (page
599), the variable -mu tube may take any
of a great number of different forms, in
the design of the elements, to obtain the

L
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"automatic variation of the mutual con-
ductance" of the tube, which prevents
"cross -talk," due to the proximity of a
powerful local station.

The construction of the regular type
'24 screen -grid tube is shown at A in Fig.
6. The control -grid GI is placed symmetri-
cally, and the screen -grid has two cylin-
drical meshes: an outer screen -grid 0.
S -G., and an inner screen -grid I. S -G.

The design of the elements of a well-
known brand of the new variable -mu
screen -grid type '35 "super -control" tube,
is shown at B. The control -grid G2 is
wound with uneven spacing; and the in-
ner screen -grid is made conical, one end
coming closer to the control -grid, and the
other to the plate.

The symbol of a type '24 tube is shown
at C; and a proposed symbol for the '35,
at D.

A table of tube symbols, and more ex-
tensive information, appears in the book,
"Modern Vacuum Tubes, and How They
Work," by Robert H. Hertzberg.

Internal Connections
(Q.) Is the cap on a screen -grid tube

connected to the screen -grid?
(A.) No, it is connected to the con-

trol -grid. The screen -grid connects to
the tube prong connecting with the "G"
or grid post of the tube socket.

Gas Content
(Q.) A type 200-A tube, when inserted

in a certain radio set, lights but does not
function. Please explain why this tube is
"dead" in a regular radio receiver, and
yet tests satisfactory on a meter.

(A.) This type of tube is extremely
critical because of its very high "gas
content." It is probable that the grid -
return circuit is wrong; or the voltages
used are not just right for this particular
tube. If the set was designed for type
'01A tubes the grid return is probably to
"A+"; this should be changed to "A-"
for the type '00A tube, as illustrated in
Fig. 7.

Fig. 7

Blocking Tube
(Q.) Does a "blocking" tube amplify?
(A.) Ordinarily, yes; but the input and

output coupling circuits may be so poor-
ly }matched as to amplify and pass only
a small portion of the signal current; and
the effect of a reduction in volume may
in fact be obtained.

By using the new pentode -type tubes and
correct resistors it is possible to obtain
very effective amplification from one of
these connected as a blocking tube.

Internal Resistance
(Q.) In a table of tube characteristics,

is the plate resistance an A.C. or a D.C.
value?

(A.) The values are the A.C. resist-
ances of the tubes. For three -element
tubes this may be considered approxi-
mately the same for D.C. measurements.
Four -element (screen -grid) tubes do not
come within this class; their plate cir-
cuits' resistances (in ohms) are A.C. val-
ues, and are above the D.C. value.

Multi -Element Tube
(Q.) It is believed that the "multi -ele-

ment" tube developed some time ago by
Loewe has been marketed in Europe. If
this is the case, please show a diagram
of the connections of such a tube as used
in a practical receiver.

(A.) The tube referred to is a product
of the Loewe Radio Co., Ltd., and bears
the designation of Triple Valve Type 3-
NFB; which is really three tubes in one
envelope, each stage being resistance -
capacity coupled within the tube. A com-
pact receiver, the Type 0E-333, has been
built around this tube (which is not avail-
able in America), and the schematic cir-
cuit is shown in Fig. 8; and at B, the
general arrangement of the receiver and
tube.

90V -

ANTENNA

GROuND,
CUD 5PkR

4v
ztv. +Gv

LOUD
SPEAKER

e
-B-

Fig. 8



CHAPTER III

The Antenna System

Antenna Absorption
(Q.) Does each radio set in operation

take its share of the energy broadcast
by a radio station and dissipate it;
thereby making the signal weaker for the
next receiving station? If this were the
case, perhaps it would be desirable if every
one left his set ungrounded (removed the
lead-in from the antenna post on the
set) when not using it.

(A.) This question has been answered,
partially at least, on page 393 of the
February, 1930 issue of Radio -Craft. The
dissipation of energy picked up by re-
ceiving sets is not important in compari-
son with other losses in the field of a
transmitter, as a matter of fact.

It is inadvisable to disconnect an aerial
and leave the lead-in ungrounded, as sug-
gested. It was once customary to use a
switch to cut out the receiver, and short
the aerial to ground, when not using it.
In Europe today, some broadcast stations
make a rule of advising the listener to
ground his aerial, just before they sign
off. However, the use of a good lightning
arrester serves the same purpose. This
acts as an automatic switch and bypasses
charges of static from the receiving set.

High -Resistance Joints
(Q.) What is meant by a "high -re-

sistance" joint in the aerial or ground
wires?

(A.) An aerial (or ground) wire may
often consist of several sections of wire.
The junction points should be soldered,
but seldom are. Due to atmospheric ac-
tion, these junctures become corroded
and an imperfect (high -resistance) con-
tact is the result. The degree of "high"
depends upon the degree of contact; and
this may be determined in the labora-
tory by the use of a delicate voltmeter
and a source of current (as illustrated in
Fig. 9; where c is the point of contact;

C

WIRE
BATTERY

Fig. 9
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a, one wire; b, the other; a voltmeter
is depicted. If, having made contact on
each side of the joint, the meter indi-
cates the full battery voltage, there has
been no current loss due to resistance in
the joint; if the meter voltage reading is
even one -tenth less than the known bat-
tery voltage, we know that there is a
high resistance in the circuit and that
this must be at the joint, e.

De -Tuning Effects
(Q.) Varying the antenna coil coupling

throws off the tuning dial readings con-
siderably, which makes logging difficult.
How can this be prevented?

(A.) It cannot easily be prevented.
However, to minimize this effect it may
be well to:

1. Try using a very compact antenna
coil in relation to the filament end of the
tuned circuit;

2. Grounding the filaments, may help;
3. Antenna and grid coils should be

wound in the same direction;
4. Antenna end of primary and grid

end of secondary should be at the ex-
tremes of separation.

Loop vs. Interference
(Q.) Will a loop antenna completely

eliminate interference from power lines?
(A.) The efficacy of a loop in this re-

spect is dependent upon the particular
conditions that exist in its locality. This
is illustrated in Fig. 10. The directional
properties of a loop are often a success-
ful means of balancing out interference
of various kinds. In many cases, how-
ever, the effect of balancing is particular-
ly evident in only one position; and in
all others the interference again become
fully evident. It may be pointed out
that, in numerous instances, persistent
trouble from line noise pick-up can be
successfuly balanced out with an outdoor
aerial properly located, as explained on
page 16 of the July, 1930, issue of Radio -
Craft.

Fig. 10
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Tree Antenna
(Q.) Is there a "correct" way of

"hanging" an antenna between a house
and a tree? It seems those installed with-
out due regard for the swaying of the
tree do not stay up very long.

(A.) A propos of this subject we are
privileged to quote . some interesting in-
formation gleaned from the Davey Tree
Expert Co., as follows:

"Where radio antennas are attached to
trees, the manner in which the attach-
ment is made may determine whether
the tree or part of it will be killed. Too
often the antenna is fastened by means
of a wire that encircles a branch or per-
haps the Main trunk. In those cases
where the encircling wire is used, no im-
mediate harm will result aside from a
certain amount of chafing which may or
may not damage the living bark tissue.
But, as the trunk or branch grows in
diameter, the wire begins to press against
the bark. In a relatively short time it
becomes deeply imbedded and strangula-
tion results, for the sap that flows in
the inner bark is cut off by the wire
barrier. The death of the branch or
trunk quickly follows.

"To avoid the possibility of injury, the
safe method is to use either a. lag hook
or a pulley with a screw end. These
should be attached in the manner shown
in the illustration," (Reproduced here as
Fig. 11), "using first a bit to make the
holes in which threaded attachments are
to be turned. The hole bored by the bit
should, of course, be a little smaller than
the diameter of the lag or screw, in or-
der that the threads will hold firmly.

"The system suggested will not inter-
fere with the life functions or normal
growth of trees. It will prevent much of
the needless injury that has often been
done to fine shade trees in the past."

Certainly this is valuable data for the
Service Man who wants his installation
to be as good as possible. We might
add that it is well to keep the aerial it-
self about ten feet from the leaves of the
trees; this may necessitate the use of an
insulator at this distance from the tree
end of the antenna. Of the two methods
illustrated above, the weight seems pre-
ferable; as most springs, through the
action of strong winds, gradually lose

and become inefficient.their elasticity

Protective Condensers
(Q.) What size condenser do you rec-

ommend for insulating aerial and ground
against causing D.C. line fuses to blow?

(A.) About 0.1-inf. will be quite large
enough. We recommend that the "oper-
ating voltage" rating be at least 250
volts and preferably higher.

"Compensating" the Antenna Coil
(Q.) Is it possible to balance the anten-

na circuit of a receiver by taking turns
from the antenna coil only?

(A.) It is best to balance all the in-
ductances first.

It is preferable to balance a coil by re-
moving or adding turns until resonance
at a particular frequency is obtained
when a given value of tuning capacity is
used in shunt; a small :trimmer" con-
denser may then be placed in shunt with
the tuning condenser and coil when as-
sembled as a unit, and the minimum ca-
pacity of the circuit matched to the
minimum of the other circuits. If the
placement and design of the parts have
been correct, the circuits should tune
correctly throughout the tuning range. If
they do not, the origin of the fault
should be determined.

PVLLEY °LIP.
WITH SCREW IIII IIENO OR WITH
CABLE , THITIBLE & LAG HOOK

Fig. 11



CHAPTER IV

Radio Frequency Circuits
Hand -Capacity Effect

(Q.) I cannot seem to eliminate "hand
capacity" effect in a receiver I have. I
can tune stations in and out by moving
my hands in relation to the tuning dials
(metal). Have grounded everything in
sight, including condenser rotors and the
dials.

(A.) Probably high ground lead re-
sistance.

1. Grotmd lead may be too long;
2. Ground wire may have a high re-

sistance or be open;
3. Earth to which grounding conduc-

tors lead may be dry;
4. Defective ground clamp;
5. Open at the set "ground" binding

post;
6. If house piping is used, this may

have several high -resistance joints. (In
many gas or electric piping systems, re-
member that "insulating couplings" are
used.)

Dusting of Condensers
(Q.) Isn't it carrying things to ex-

tremes, to dust between the plates of
variable condensers?

(A.) Not at all. During dry weather
the dust may not cause much trouble but
as soon as the air becomes damp, the
dust absorbs moisture and becomes very
conductive. These hundreds of conduc-
tive paths from rotor to stator form a
resistance network of very low value.
The observable results are broad tuning,
crackling sounds and loss of sensitivity.
Modern radio sets are well shielded in-
struments and are seldom effected by
dust.

Blocking -Tube Usage
(Q.) What is the reason for using a

"blocking" tube?
(A.) The inductance and capacity val-

ues of the aerial, and the primary of the
input transformer form a circuit having
frequency -discrimination characteristics,
resulting in uneven operation over the
tuning band. "Dead spots," these are
called. (This effect is particularly pro-
nounced on the waves below 200 meters.)
The use of a blocking tube greatly re-
duces this effect; and it accomplishes two
other results.

It makes "ganging" of the tuned stages
a more convenient and satisfactory prop-
osition; and it greatly reduces the radia-
tion of interfering signals when circuit
oscillation results due to a "spill -over"
of a regenerative circuit.
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Standard R.F. Choke
(Q.) What size and kind of wire and

number of turns should be used in wind-
ing an 85 -millihenry choke coil of small
dimensions for use in a radio -frequency
circuit?

(A.) An R.F. choke of this rating may
be made by winding three "pies" of num-
ber 34 S.C.C. wire on a form 3a -in. in
diameter; each section should be 3/16 -in.
wide. (A wooden rod with three grooves
turned in it will be a convenient method
of obtaining this form.) In one end sec-
tion, wind 550 turns; next, 700; and last,
800. The end of the 800 -turn section
should be connected to the plate (or
high -Potential) side of the circuit for
best results; as this construction results
in a "polarized" unit having greater
choking action in one direction.

T.R.F. Regeneration
(Q.) Would the sensitivity of a tuned -

radio -frequency receiver be increased by
adding regeneration to the R.F. stage,
as per marked diagram?

(A.) This circuit, which we reproduce
as Fig. 12, is quite practical, if the oper-
ator does not object to the difficulty of
tuning. This arrangement is only for
those who haVe infinite patience, and
due appreciation of what happens in a
neighbor's radio set when circuits such as
this are adjusted.

As to the sensitivity; it is no greater
than would be that of the standard cir-
cuit if the number of turns in L4 were in-
creased to the point of oscillation, and
some oscillation control incorporated in
the set. As the rotors L3 and L6 un-
balance the tuning of circuits L2 and L5,
a critical condition obtains; varying L3 or
L6 disturbs the stability of the system
again, and causes everything to go out of
adjustment.

Fig. 12

OUTPUT TO AUDIO
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Screen -Grid "Ambassador"
(Q.) If it is possible, I would like a

circuit diagram of the "Ambassador
Four" receiver altered to use a screen -
grid tube in the position of the first
stage of R.F. I have assembled about
eleven of these sets and every one of
them is working very well; and, with a
screen -grid tube properly incorporated in
the circuit, the results should be even
better.

(A.) "Before" and "after" diagrams
of the "Ambassador Four" showing the
manner of connecting into circuit a
screen -grid tube, are shown in this de-
partment. (Fig. 13.)

The electrical values of the parts used
in this set are as follows: Cl, C2, .0005-
mf.; C3, .001-mf.; C4, .00025-mf.; C5, 2
mf.; C6, .01-mf.; C7, C8, 0.25-mf.; R1, 30
ohms; R2, R3, R4, filament ballasts of
the "one -tube" type; R5, 2 megs.; R6,
15 ohms tapped at 10 ohms. Units T1, T2,
the A.F. choke, and C5 are the usual
audio components.

The constants for Ll and L2 are as
follows: LI, 6 turns of No. 26 D.S.C.
wire on a tube 2% in. in diameter, for
the primary, and 55 turns of the same
size wire for the secondary. Coil L2 has
a 6 -turn primary, center -tapped, wound
on a 2% in. form; a 55 -turn secondary;
and a 14 -turn tickler, the latter wound
on a rotor 1% in. in diameter. The dist-
ance between primary and secondary
should be about 5 /16 -in. It is recom-

60 mended that, if convenient, the primary
of L2, when used with a screen -grid tube,
be increased to 15 or 20 turns; the best
value depending upon the selectivity re-
quired by local reception conditions.

The only changes required in the cir-
cuit connections of the old receiver are
indicated at the left of the larger sche-
matic; the part of the latter to which
the smaller diagram relates is set off by
a dotted outline.

Comparing notes, it will be seen that
the center -tap on the primary of L2 is
not used and C6 is no longer required.
An added "B" tap is shown, supplying
the screen -grid with its required po-
tential of about 45 volts (of course, if
the detector works well with the plate
held at this same potential, only one
"B" tap is required). The bypass con-
deners C7 and C8 are absolute require-
ments; the low -voltage filament require-
ments of V1 are met by adding R6 to
the circuit which provides also a small
"C" bias for the control -grid through
the voltage drop across it.

Whether shielding is required for the
circuits of V1 must be determined by
experiment. Because of the rather large
dimensions of the Ambassador coils, real-
ly good shields must be of such large
proportions that they are inconvenient
to install in most sets; but a compromise,
in size, may be secured by careful at-
tention to the fundamentals of shield-
ing. It is possible that the limited de-
gree of shielding afforded by a vertical
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aluminum or copper plate, between com-
ponents of the first and second stages
would be sufficient to prevent circuit
oscillation due to over-all feed -back.

Background Interference
(Q.) Does shielding a set help to re-

duce the pickup of "background" recep-
tion?

(A.) U a sensitive radio set is located
in a district in which one or more sta-
tions are operating, shielding is usually
necessary to prevent the coils and wiring
of the set from picking up energy from
one of these powerful locals, when tuned
to a different station. This pickup gives
the effect of the local "riding in" on the
signals of the desired station. Open by-
pass condensers will cause the same ef-
fect; particularly, at resonance.

Shielding Effects
(Q.) Why does removing a stage -shield

cover result sometimes in increased vol-
ume; while at other times the same
operation may result in a reduction of
volume?

(A.) This is readily understood when
we consider that pieces of metal in the
"field" of a coil change its inductance.
Going one step further, we find that
where there are several tuned stages and
a shield cover is removed, the removal
may either cause that stage to come into
tune with the others or, perhaps, throw
the "gang" out of tune. The first condi-
tion would cause an increase of volume
and the latter would cause a reduction.

Suppression Resistor
(Q.) While recently repairing a radio

set, I found a fixed resistor connected
across the secondary of one of the ra-
dio -frequency transformers. What was
the purpose of this resistor?

(A.) This resistor was used as one of
several optional means of controlling cir-
cuit oscillation. This is a very effective
method and does not possess as many
disadvantages as some other systems. It
cannot be called purely a "losser" meth-
od; for it does not cause a reduction of
the signals in the same proportion as the
parasitic circuit oscillation is reduced.
Many Service Men apply this oscillation
control means to balky receivers, as it is
very convenient; it does not necessitate
the breaking of any leads.

Neutralizing Adapter
(Q.) In balancing a neutrodyne circuit

by use of a tube with a shortened fila-
ment prong, as described in the Novem-
ber 1929 issue of Radio -Craft (page
239), what is wrong when no reception
results when this tube is used? The
tube is OK, for the sets works when the
tube is pushed all the way in; but, as
soon as the filament circuit is broken by
partial removal of the tube, the set goes
dead and no amount of "trimming" will
bring reception through. This applies to
all stages in the set. In fact, I have tried
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several times to apply this idea in both
D.C. and A.C. neutrodynes, but have
never yet succeeded in getting reception
from any set as soon as the filament
circuit is opened via the shortened
prong.

(A.) We are inclined to believe that
total lack of reception, when using the
shortened tube partly removed from the
tube socket, is due to insufficient signal
strength. If the circuit is partly neutral-
ized, and this tube is partly removed
from the socket, the signal strength is in-
sufficient to actuate the following stage
through the capacity coupling afforded by
the tube. To apply this method, it is
necessary to tune in a very loud station.
For this reason, it is common practice
to use for this purpose a special audio -
modulated R.F. oscillator. Such an oscil-
lator usually has only three wavelength
adjustments: one, at the lower end of the
tuning scale; one at about the middle;
and a third adjustment near the upper
limit of the tuning scale. (An oscillator
of the continuously -adjustable type was
described on page 152 of the October,
1929 issue of Radio -Craft Magazine; see
also the August, 1932 issue.)

Screen -Grid -Tube Coils
(Q.) What are the general rules to be

observed in making screen -grid coils?
(A.) The number of turns on the sec-

ondary is governed mainly by the capaci-
ty of the variable tuning condenser. For
good selectivity, wind the primary so that
it has approximately two-thirds the in-
ductance (about two-thirds the number of
turns) of the secondary. The priMary
should be wound with very fine wire; No.
36 or 38 is usually used. Wind both
coils in the same direction, with the pri-
mary on a paper tube that will just slip
inside the secondary; space -wind the pri-
mary so that it extends the length of the
secondary. The end of the primary, near-
est to the grid end of the secondary, is
the plate connection.

D.C. Coils-LC. Tubes
(Q.) Can D.C. screen -grid coils be used

with A.C. tubes? Can coils designed for
type '26, '27 and '24 tubes be used with
equivalent battery tubes?

(A.) Coils designed for A.C. operation
may be used In battery sets; but coils de-
signed for battery operation may cause
circuit oscillatioh when used in conjunc-
tion with A.C. tubes, because of the
higher amplification and the higher in-
ter -element capacity of the latter.

Multi -Stage T.R.F.
(Q.) Is it possible to build a receiver

with six or seven stages of tuned R.F.?
(A.) Receivers having this number of

stages have been built. They are im-
practical for ordinary commercial pro-
duction; because it is too difficult to
maintain circuit resonance and selectivity
throughout the tuning band, with one -
dial control, except as a laboratory job.
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Neutrodyne Hiss
(Q.) With the correct tubes in all

sockets, what causes a neutrodyne to
hiss on high wavelengths? I have a re-
ceiver the circuit of which is out of bal-
tince and oscillates on the low wave-
lengths. By adjusting the neutralizing
condenser I stop oscillation on the low
waves, but start a pronounced hiss at
high wavelengths.

(A.) The hiss mentioned is due to too
much circuit regeneration. The only
remedy is to neutralize at the high wave-
lengths as well as the low. Detailed in-
formation on neutralizing a radio set ap-
pears in Radio Service Data Sheet No. 8,
in the December, 1929 issue of Radio -
Craft Magazine.

If the radio -frequency coils have chang-
ed their positions, this would explain the
lack of balance on the higher wavelengths.
Also, any change in the wiring might ac-
count for this. A loudspeaker cord
brought too close to the tuning induct-
ances of a set will often cause the effects
described.'

It may be necessary to install an "over-
all" neutralizing capacity, to overcome the
tendency to long -wave instability. Such
a condenser arrangement is shown in
Radio Service Data Sheet No. 5, in the
November, 1929 issue of Radio -Craft Mag-
azine. Condensers NC3 and C20 are the
two to which reference is made.

Screen -Grid vs. Neutrodyne
(Q.) I have a six -tube neutrodyne re-

ceiver the first stage of which is untuned.
This set tunes very broadly. Will re-
sults be improved if the circuit is re-
wired to include a screen -grid tube?

(A.) It is impossible to give more than
a general answer to this question, with-
out further information about the exact
circuit of the original wiring.

An ordinary commercial circuit detail is
shown in Fig. 14 as A and, modified, as
B. In the latter circuit are shown three
recommended fixed bypass condensers C3,
C4, C5, each having a capacity of about
34-mf.

Fixed condenser CI is recommended as
a means of reducing the apparent broad-
ness of tuning which results when the
screen -grid tube is used. This condenser
may be of an adjustable type, if de-
sired, with a maximum capacity of about
.00025-mf.

Fig. 14A

A choke -coil input is unusual in neu-
tralized circuits. Unless a regular R.F.
transformer and tuning condenser are
substituted Per CH1, it will not be pos-
sible to obtain maximum amplification
throughout the tuning band from the
screen -grid tube V1, shown in B. Un-
less the number of turns in primary P2
is also increased two or three times, and
wound closely over the filament end of
S2, it will not be possible to obtain very
satisfactory results from the use of a
screen -grid tube.

It is doubtful whether shielding will
be needed; at best, however, this job of
changing over a neutrodyne circuit is
"tricky."

Unit R is a 30 -ohm rheostat; it should
be adjusted while a voltmeter V2.1 is
shunted across the filament, to indicate
when .a voltage not exceeding the fila-
ment rating has been obtained.

Coil Alignment
(Q.) Is it harmful practice to com-

pensate, for capacity between turns in an
R.F. coil that has been space -wound, by
forcing together a few turns at one end
in order to increase or decrease the turn -
to -turn capacity? Will this practice re-
sult in a change in the over-all capacity
and prove detrimental to the operation of
a radio receiver?

(A.) It is presumed that operation of
a gang condenser other-
wise, such accurate balancing of coil
characteristics would not be necessary.
The first point to be considered is that
each tuned circuit should have its induct-
ance and capacity distributed in the same
proportions. For best results, the self
(turn -to -turn) capacity of the coil should
be evenly distributed along the length of
the winding; however, if it is "lumped"
at one end or the other of one coil, it
should be similarly lumped in the other
coils. If the turns are forced out of
their original positions the wire is usually
loosened slightly, and then the entire coil
becomes loose in a fairly short time; since
temperature variations cause expansion
and contraction of the tube on which the
wire is wound.

RFT. 1 v2

A- 8- 13+455
5IAS

+45V.

Fig. 14B



CHAPTER V

Audio Frequency Circuits
Direct -Coupled -Amplifier Volume

(Q.) Having built a direct -coupled
amplifier, I have observed the characteris-
tic lack of volume when a two -tube
amplifier is coupled directly to the an-
tenna; as Mr. Sterns pointed out in his
article on direct -coupled amplifiers, in the
September, 1930, issue of Radio -Craft.
Then, too, I have found a regenerative
detector and single -stage audio (using
type '99 tubes) to be superior in volume
and selectivity. Is this a natura condi-
tion for such a set-up?

However, there is a much greater trou-
ble than this in the set I constructed; it
hums very much. Would increasing the
size of the filter system take care of this?
It is desired to apply this amplifier to a
special audio system, also, for amplifying
very small sounds, but the present mount
of hum precludes this. Grounding the
set has not remedied the trouble; and
neither has coupling the amplifier through
a good transformer to a separate de-
tector.

(A.) This matter received the personal
attention of the author of the article
mentioned; and here is what Mr. Sterns
replied:

"I am a firm believer in resistance -
coupled amplifiers and have yet to find
anything to beat them; but it has been
hard to get sufficient volume in the out-
put, because of the last tube's over-
loading. The Loftin -White amplifier solves
the difficulty with the last tube and, com-
bined with the straight resistance coup-
ling, makes the ideal amplifier.

"Several amplifiers delivering 15 watts
output have been built by the writer
and would completely rover the audio
range of 10 to 30,000 cycles without no-
ticeable variation in output; the maxi-
mum variation within these frequency
limits was two db (a value taken as a
practical figure for a perfect amplifier).

"When using the regulation Loftin -
White amplifier, you will find a marked
diminution in the high frequencies which
are required to give brilliancy to music
and intelligibility to speech.

"In its present form the L -W is not
easily connected to a radio, set, owing
to the ingenious differential input circuit
which requires a very high input imped-
ance. This situation is best met with
resistance coupling to the detector.

"Regarding hum, it may be remarked
that this is one condition that has never
caused the writer any serious concern;
because the 'bucking -out' condenser, C1
in the original diagram (Fig. 2 page 156,
September, 1930 Radio -Craft) certainly
does eliminate the hum; and there is no
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necessity to increase the filter. A little
experimenting with various values of
fixed condensers (perhaps one or two of
those now in the set are open -circuited)
will probably result in eliminating the
hum. This procedure is considered pre-
ferable to increasing the impedance val-
ues in the filter circuit.

"In passing it might be of interest to
mention that the writer once constructed
at the Bell Telephone Laboratories a 19 -
stage amplifier so sensitive that, when a
fly walked across the resonator of a
tuning fork to which was attached a
microphone button, a 100 -watt lamp in
the output would flash. In a clinic room
that amplifier, with a good dynamic
speaker, would have made heart beats
sound like sledge -hammer blows!"

A.F. Amplifiers
(Q.) Please print several diagrams of

amplifiers that can be used as separate
units, apart from the radio set; and
adaptable to operation on dry cells.

(A.) We are showing two circuits, in
Fig. 15, which may be what you desire.

In A, transformers Ti and T2 are of
the standard type. If high ratio ones are
used, high volume will result at the ex-
pense of quality; using relatively low -
ratio units will result in relatively bet-
ter quality. The voltages are as indi-
cated. This is the arrangement for a
single stage of audio amplification. It
may be desirable to shunt the input, or
primary winding, of the first A.F. trans-
former with a fixed condenser of .001-
mf. capacity, as indicated in dotted lines;

Fig. 15A

Fig. 15B
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the output of the tube may connect to a
pair of headphones or to the primary
of a matching transformer, T2.

A two -tube circuit is illustrated in B.
A power tube in the last stage is recom- .
mended and illustrated; it is of the dry -
cell type. Resistors are ballasts de-
signed for the particular tubes in the
filament circuits of which they are shown.

In lieu of 3.3 -volt tubes, the 2 -volt or
6.3 -volt type may be used, the "A" supply
being changed accordingly.

A.F. Transformer Reactivation
(Q.) I have an Amertran first -stage

DeLuxe audio transformer which has a
Permalloy core, I understand. The quali-
ty did not sound good so I changed it
for another of the same type and im-
mediately the beautiful tones I had or-
iginally were duplicated. Is it possible
for transformers to change with age?

(A.) Yes, it is possible and occurs
more often than is realized. Age, tube
plate current and mechanical shocks can
cause it. Particularly, transformers hav-
ing a special nickel -iron core material
are the only ones subject to this condi-
tion, so far as we know. It is our guess,
that, perhaps unknown to you, the pri-
mary of the transformer was shunted
across the direct current plate supply.

If, due to a fault in the tube, or to an
accidental contact of some tool, the plate
contact of the audio tube should be mo-
mentarily connected to the "A" circuit,
this would result.

To reactivate your DeLuxe transformer,
connect only the primary winding to the
110 volt. A.C. lighting circuit for one min-
ute, with the secondary entirely, discon-
nected. This will rearrange the mole-
cular structure of the special iron which,
incidentally, is not Permalloy.

Transformer Defects
(Q.) In a set having low volume, I

found that placing my fingers across the
first A.F. primary brought the volume up
to normal. Continuity tests, etc., failed

Fig. 16

to indicate any defect in the transformer.
Condensers and resistors across the pri-
mary failed to be of any use. Could
you explain such a case?

(A.) It is probable that the correct
voltages were not being supplied to the
tubes. Whenever a signal of even mod-
erate amplitude reached the grid of the
first A.F. tube it overloaded the grid
which, operating at the wrong point on
the characteristic (for lack of sufficient
"B" or "C" potential) choked up. Re-
ducing the input by shunting the pri-
mary with a resistance kept the input
to the tube within the working limits of
the first stage of A.F.

Also, a defective transformer might
cause such a condition, by leakage be-
tween primary and secondary, whereby
the signal energy transferred is in in-
verse proportion to the amount of energy
in the input circuit. A similar effect
is sometimes caused by a defective socket.
It is assumed that the tube has been
tested, or replaced, to see that it is not
the source of trouble.

Connect an R.F. choke coil in the de-
tector plate lead and bypass it to ground
with a condenser; this unit may have a
(fixed) capacity of about .0005-mf. or
.001-mf.' The purpose is to prevent R.F.
energy getting into the A.F. circuits.

Another cause of trouble may be an
open circuit, in the primary, that is par-
tially closed through a high resistance.
Testing for continuity with a high -re-
sistance voltmeter would give an indica-
tion that might seem to indicate a per-
fect winding; while under the load of the
tube the current passed through the cir-
cuit would be too little. Of course, a
simple "cut -and -try" method of proving
the case is to substitute another trans-
former for the questionable one. If this
remedies the trouble, the defective unit
may be sent to the makers for test and
report by their laboratories.

Tuned A.F. Amplification
(Q.) Is it possible to tune the second-

ary of an audio transformer to receive
only one audio frequency from the pri-
mary?

(A.) This is common practice in selec-
tive, or multiplex, commercial code trans-
missions; and amateurs have used
"peaked" transformers, which respond to
only a few frequencies, for a long time
(fbr amateur code transmission; this
renders it possible to select one station 
from several others on the same wave-
length). It is a laboratory feat to select
a particular 'frequency to the almost total
exclusion of all others (thus obtaining a
"flat -top" characteristic). These degrees
of selectivity are illustrated in Fig. 16.



CHAPTER VI

Reproducers

Inductor -Dynamic Reproducer
(Q.) Is there an outstanding reason

for the use of an "inductor -dynamic"
type of reproducer in radio sets of the
2 -volt -tube type? It seems that manu-
facturers favor this type of speaker,
rather than the more usual magnetos
and electro-dynamics, for use with battery
and electric sets?

(A.) The use of an electrodynamic re-
producer, requiring a considerable excit-
ing current for its field coils, would dis-
sipate much of the economy obtained by
the use of a 2 -volt receiver for battery
operation. This consideration was suf-
ficient to rule out this type of speaker,
except where there is a source of excess
voltage which cannot be utilized in the
receiver proper (as in D.C. line opera-
tion).

The inductor -dynamic unit has been sel-
ected by many designers of 2 -volt sets
because of the high "sensitivity," or high
volume output at low levels of input
power, of this type of reproducer.

Those who wish to look up references
on the theory and design of the inductor -
dynamic type of reproducer, will find the
desired data in the articles, "A Novel
Dynamic Reproducer," by Clyde J. Fitch,
in the July, 1929, issue, and; "The In-
ductor -Dynamic Speaker," in the Sep-
tember, 1929, issue of Radio -Craft.

It is purely a "magnetic" reproducer.
It does not have a field coil; and the
"voice coils" correspond to the usual two
(or four) magnet windings of the or-
dinary magnetic reproducer. However,
in the latter instrument electromagnets
are in permanently fixed relation to the
armature, and operate to vary the
strength of the field of permanent mag-
nets. In the inductor -dynamic construc-
tion, the voice -coils, or electromagnets,
are mounted on the moving armature.
In addition, the armature does not ap-
proach and recede from the permanent

Fig. 17
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magnets; instead, it swings past them.
Thus, the armature is not limited in its
swing (as when reproducing a low note)
by the pole -tips of the permanent mag-
nets. This mechanical action is clearly
shown in Fig. 17; (A, magnetic; B, in-
ductor).

For the sake of simplicity the permanent
magnet system of this type reproducer has
not been shown. Although experiments
have been conducted, to use an electromag-
net, mechanical difficulties have prevented
this design.

Coupling Condenser
(Q.) Is there any advantage in placing

one 'condenser in each lead of a speaker,
instead of only one condenser in the
entire circuit, to insulate the speaker
from the supply?

(A.) There are several advantages to
the idea.

Sets operating on D.C. lighting lines
usually require insulation from the
ground; placing the reproducer on
grounded metal might cause a short cir-
cuit. Also, there is the danger of get-
ting a shock if the reproducer and cer-
tain parts of the set were touched at
the same time. This would apply to any
type of set.

Then again the single condenser might
become leaky or break down altogether,
unless of the best and more expensive
type. The heavy "B" current shunted
through the reproducer would probably
burn out the windings.

If, for instance, each condenser has a
capacity of 1. mf., the effective capacity
will be only 0.5-mf. (since the two con-
densers thus connected are in series).

"100A" Connections
(Q.) What are the connections within

the R.C.A. "100A" magnetic reproducer?
(A.) The connections inside this re-

producer are shown in Fig. 18, it will be
noticed that an audio filter system has
been included in the design of this re-
producer.

FILTER
ASSEMBLY r

PHONE CORD
TIPS

MAGNET COILS OF
-1 REPRODUCER.

1111

1111

1111

Fig. 18
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Binaural Reception
(Q.) How can two loud speakers at

opposite ends of a room be wired and
operated to produce a "binaural" effect?
I have had the pleasure of listening to
two reproducers, at a friend's house,
connected this way. There did not seem
to be any directional effect and, conse-
quently, a realism resulted which seems
quite unattainable with any other ar-
rangement.

(A.) The circuits of Fig. 19 may be
followed to create the illusion of binaural
reception. In A a 100,000 -ohm potentio-
meter is shown; other sizes may be used
for experiment. If lower resistance is
used, there will be a proportionate drop
in the output volume. The setting of the
potentiometer arm will depend upon the
reproducers and the location of the list-
ener; the listener should, preferably, be
about half -way between the two repro-
ducers. These units may have similar,
or dissimilar characteristics, as desired.

The resistors indicated in B as R1
and R2 may have a value of about 100,-
000 ohms each. As shown, these need
not be of the potentiometer type. This
circuit has the advantages that one may
obtain a variation in quality and volume,
in addition to the binaural effect desired.
Unit T is the usual output device.

In circuit A, it is necessary to use the
radio set controls for volume, after the
two speaker
against each other. The indicated varia-
tion of the output connections employs
an output imliedance L; and C, the usual
fixed condenser.

Fig. 19A

5+

Fig. 19B

Dynamic Reproducer Distortion
(Q.) What is the cause of low -note

distortion in dynamic reproducers when
the high notes can be heard without dis-
tortion?

(A.) We take this opportunity to pre-
sent a few observations, by the engineerp
of the Roister Radio Corp.; which, al-
though particularly applicable to the Roi-
ster dynamic reproducer used in the
"Models K-23" and "K-24" combinations,
apply to most dynamic units.

If the leather backing is loose, the re-
producer will rattle on the lower audio
range. If the voice coil goes off -center,
the rattling will be noted on the over-
tones. Most reproducers are equipped
with a central "spider" which is fastened
at its rim to the voice coil and at its
center to the core of the pot -magnet. If
this spider cracks-a not unusual occur-
rence-high-note distortion will usually
result. This distortion will be most evi-
dent when certain single high notes are
being sounded, as during a solo; when
the tone will "go sour."

Lack of good low -note reproduction is
sometimes traced to hardening of the
leather ring. This ring, in a dynamic
reproducer of poor workmanship, is cut
from a cheap grade of leather, and often
loses its flexibility. A person with a well -
trained "radio" ear can detect the dis-
tortion this causes; for extremely low
notes will lack fulness, or "depth," and
the harmonics of the low fundamentals
will be unduly emphasized.

Distortion caused by the voice coil
touching the walls of the channel in
which it should ride freely, is almost
always a very pronounced and loud
"rattle;" although an even louder rattle
will result if the screw in the center of
the spider should loosen.

Another source of distortion, and one
usually blamed unjustly on the repro-
ducer, is loose parts within the acousti-
dynamic range of the loud speaker. In
other words, little, unsuspected things
like picture frames, screws in the radio
cabinet, bric-a-brac on mantel or piano,
two pieces of furniture which barely
touch each other, a loose grille in the
radio cabinet, and loose window panes,
may suddenly start to vibrate audibly
when their resonant frequency is sounded
by the reproducer; and, the higher the
pitch of this resonant frequency, the more
difficult it is to localize its origin. In
fact, it sometimes has taken hours to
find the source of an annoying buzz
which the trained Service Man would
'know, by past experience and listening
close to the reproducer, did not originate
in the loud speaker. It will be under-
stood why this form of distortion is al-
most always confined to a single note or
two in the audio scale.

Still another form of distortion is the
annoying buzz that appears over the
greater portion of the high -frequency
end of the band. This fault, usually,
is due to foreign particles in the air gap
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between moving coil and fixed pole -piece.
If the Service Man has a "lucky break,"
he may succeed in blowing them out;
then again, he may need to "operate."
(The latter procedure should not be at-
tempted on a customer's reproducer un-
til the technician has thoroughly famil-
iarized himself with dynamic -reproducer
assembly and adjustment, by study and
practice on his own experimental equip-
ment.)

A damaged cone will sound very much
like the "dusty air -gap" just described.
Only experience enables the Service Man
to recognize its characteristic sound.

If the primary of the output trans-
former is not accurately matched to the
plate circuit of the power tube; or, if the
secondary does not accurately match the
voice -coil winding, very pronounced dis-
tortion may result. This may take the
form' of insufficient bass reproduction, or
"fuzzy" high -register notes.

Bass Emphasis
(Q.) What causes a dynamic repro-

ducer to "boom out" on the bass notes?
(A.) The first question to be settled, is,

whether the defect causing this form of
low -note distortion is in the reproducer
or in the receiver.

If the radio set has "mellow" repro-
duction when a magnetic reproducer is
used, it probably is the receiver that is
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at fault. Many radio sets are designed
to operate with a particular loud speaker;
and if this reproducer is deficient at the
lower end of the audio "spectrum," fixed
condensers are so placed by the manu-
facturer as to "boost" the low -note out-
put of the set.

The dynamic reproducer works particu-
larly well on the lower end of the audio
band and, if it is connected to a radio
set having an audio system that over-
emphasizes the bass notes, this over-
emphasis will then become very evident.

If the fault lies in the reproducer, it is
probably due to resonance in the repro-
ducer mounting or to loose parts. If the
leather mounting ring loosens, "booming"
may result. Should the reproducer be de-
fective in design, it may "boom out"
when certain low notes are played; be-
cause of resonance of the moving parts
to notes of those particular frequencies.

If there is a "matching transformer" in
the chassis of the reproducer, it is pos-
sible that this transformer is not prop-
erly matched to the output transformer
or impedance in the receiver; this will
cause poor reproduction of the low
notes.

Incorrect "C" bias or other faults in
power pack design may be the reason.

From a consideration of these causes
of distorted reception, the line of proce.
dure becomes evident.
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The Power Supply
Increasing "B" Voltage

(Q.) What is necessary to rebuild a
"B" eliminator to deliver 250 volts in-
stead of 180?

(A.) The solution of that problem is
to buy another eliminator. A shiftless
and inadvisable scheme sometimes em-
ployed to increase voltage (and the writer
admits having tried it) is to change the
rectifier for one of higher output rating.
However, this puts an added strain on
the transformer, granting that the con-
denser pack has been changed for one
having a higher break -down rating; and a
burned -out transformer may result. These
are only a few of many reasons why
"B" eliminators should be operated only
as designed.

Receiver Operation Cost
(Q.) What is the cost of .current per

month for operating a 75 -watt radio set?
(A.) Find the total wattage required to

operate the set for an average month,
and find the relation this figure bears to
1,000 watts-the usual basis on which the
current cost is rated.

For example: the receiver is operated
on an average of four hours every day,
requiring a total current of approximately
9,000 watt-hours per month. This is
nine times 1,000 watt-hours. In some
localities the charge is "ten cents per
kilo -watt-hour (1,000 watt-hours)" and
this would make the cost of operation
90 cents per month.

25 or 60 Cycles?
(Q.) Can an electric set be used on 25 -

or 60 -cycle supply, optionally? If not why
not?

(A.) A radio set designed to be used
with 60 -cycle supply cannot, except by
special design, be used with 25 -cycle cur-
rent supply.

The 25 -cycle supply changes polarity
very slowly, as compared to 60 -cycle sup-
ply and the lower impedance at this fre-
quency permits a much greater current
flow in power transformer windings which
causes them to heat to a high degree. In
fact, the primary would probably ourn
out.

It is easier to filter properly 60 -cycle
current than 25 -cycle current. For the
latter, it will be necessary to double or
triple the capacity values of the units in
the filter condenser bank; and perhaps to
increase the inductance of the choke
coils.

A power transformer designed for 25 -
cycle supply must need to be substituted
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for the 60 -cycle transformer. If a cur-
rent -regulating line ballast is used, this
must be changed for one having the cor-
rect value.

Ordinarily, a 25 -cycle set will work very
well, and usually with less hum than a
60 -cycle receiver, when connected to a
60 -cycle current supply of the same volt-
age rating.

"A -B -C" Eliminator
(Q.) I have an "ABC" eliminator,

from which the leads have been re-
moved. The power transformer is not
marked, and I find it almost impossible
to determine the original connections in
this unit. Please show a standard wir-
ing diagram, and any additional available
data on the connections.

(A.) The schematic circuit of a repre-
sentative "ABC" eliminator is shown in
Fig. 20 at A, and the connections of the
Earl power transformer, used in this
unit, in the same figure at B.

It will be noted that the "A" portion
of this eliminator will operate the fila-
ments of the average all -electric set. Of

COMMON

5 V

'71A

6q 000 OHM

031 B14

tO

OHMS

B -Cs

fi
2300
OHMS

-8-

5 V. 801.J
Fig. 20
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course, the indicated voltages are alter-
nating and not direct -current.

If any further difficulty is encountered
in connecting up this eliminator, the
trouble should readily be located by test-
ing the circuits with an accurate volt-
meter.

Power Line Potential
(Q.) How could the range in voltage

effect the practicability of design of an
electric receiver?

(A.) By "electric receiver" it is pre-
sumed that what is meant is a radio re-
ceiver using A.C. tubes. Such a set
would work well in the majority of cases
if it was designed for a line supply of
112 volts, the average potential of so-
called "110 volt" A.C. lines (D.C. lines
run more nearly 115 to 120 volts).

However, the voltage range is so great
in many instances it would be wise to
incorporate some compensation arrange-
ment.

First, there is the situation of a fairly
steady supply at potentials othdr than
112 volts.

Then, we have the condition of a
swinging potential with a mean value that
is probably about 112 volts.

The remedy for the first condition is a
limiting device which will prevent the
supply exceeding 112 volts; we know of no
unit to increase the voltage should it be
low, other than the device mentioned be-
low, which is of entirely different char-
acter to the fixed -limit compensating
unit mentioned above.

In the case of a swinging potential, it
is necessary to introduce a boosting volt-
age at one time and remove it at an-
other.

Or, to express it more simply, the
swinging voltage applied to a "balancing
box" must have become a relatively
steady 112 -volt potential upon leaving the
"box." The box's steady output becomes
the steady 112 volt supply for the elec-
tric receiver. All this voltage equalizing
depends upon the supply being A.C.

Such balancing units are already ob-
tainable. Each one must be correctly de-
signed for the job in hand, as the indivi-
dual demands of amperage and voltage
must be satisfied.

A few more words may complete this
answer. It is probably obvious that the
entire electric machine will work best at
some steady voltage for which it is de-
signed. Therefore, change of the line
supply potential will cause an unbalance
of the receiver voltages and in conse-
quence affect the receiver performance.

Insufficient line potential usually re-
sults in distorted, weak reception, as the
units comprising the voltage supply are
not able to deliver the potential for
which the set was designed. Thus, the
tubes will operate on an entirely different
part of their "characteristic curve".
These two foremost effects are sufficient
to cause entirely different operation of the
circuit. When it is realized that, in ad-

dition, the electrical circuit of the tubes,
the coupling circuits, will react very dif-
ferently to these changed characteristics,
it becomes evident that a low line po-
tential is not desirable.

Too great a line voltage carries its dis-
advantages, which are usually broad tun-
ing, short tube life, condenser break-
downs, and perhaps transformer burn-
outs; circuit oscillation may also result
and whether tuning is broad or sharp
with such a condition will depend upon
the couplings which result between the
radio frequency tube input and output
circuits (broad tuning may be caused by
inductive feed -back, although circuit
oscillation may result at the same time;
tube -element capacitative feed -back can
also cause circuit oscillation but it is not
likely to cause broad tuning).

For many reasons it is desirable to in-
corporate some device for equalizing A.C.
line voltages to a standard value.

Sulphated Batteries
(Q.) In the July 1929 issue of Radio -

Craft is an article on page 34 entitled
"Reclaiming Sulphated Storage Batteries."
My storage battery was sulphated to
quite an extent and took a long time to
charge. I obtained the articles specified
and proceeded as per instructions. After
getting the job completed, and leaving
the battery on charge for the periods
specified, I cleaned it out, rinsing it with
several lots of water and charging it after
the last filling for about twelve hours.
I put in the new acid solution, which then
had a specific gravity of 1300. After
letting it stand several hours, the specific
gravity dropped quite low; then, after
putting the battery on charge for several
hours, it seemed to rise quite rapidly to
1200, but nearly a week's steady charge
has failed to raise it much over 1225.
What is the matter and how can I rem-
edy it?

When I looked in the battery, before I
started putting in the new acid solution,
the sulphate seemed to have disappeared;
but, upon inspecting It today, I notice
quite a lot more has formed; also, there is
some down in between the plates, which
seems to have never been removed. I
am anxious to get it fully charged, as
the radio set does not work up to par
with the battery in the condition that it
now is. Do you think I should have left
the battery on charge longer, consider-
ing the charging rate?

(A.) The author of the article in ques-
tion states that there is no reason why
the battery referred to should remain
sulphated, after receiving the treatment
described in his article. Sometimes,
however, with a large battery container,
enough acid may remain so that it will
not be completely neutralized by the al-
kali used to clean it before desulphation.
In this case, a second treatment with the
alkali should be given; then charge the
battery as described. The complete elim-
ination of the sulphate from the plates
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should be indicated by the voltmeter's
registering the ability of the battery to
stand a full charge.

Then the cleansing operation should
commence, and be carried out thorough-
ly. After this, the usual sulphuric acid
solution is poured into the cells, and the
charging continued until the battery is
fully charged. Its ability to retain its
charge is the best indication of its con-
dition, and this is largely due to the skill
with which it has been handled. The
size of the containing cells and the ac-
tive metal surface of the plates govern
the best specific gravity for the solution
to be used.

Our correspondent is recommended to
disregard the hydrometer test, for the
present; charge the battery at a greater
rate-say three amperes-and, when each
cell shows 2.5 volts while charging, re-
move the battery. Discharge it slowly-
that is, through a suitable load, equiva-
lent to a radio receiver. When the volt-
age drops to 1.5 per cell, recharge it
without losing any time; so that it will
have no opportunity to sulphate. Repeat
this until the battery is as nearly nor-
mal to all indications, as may .be judged
from its working condition. Then, when
it is fully charged, if it gives an incorrect
hydrometer reading, pour out all the
acid electrolyte and refill with a stand-
ard acid solution. It will be best to watch
the voltage indicator until the battery
begins to work normally.

"C" From "B" Unit
(Q.) Please advise me as to whether a

"B" eliminator can be wired to supply
the "C" bias for a '71A power tube and
also a 4% -volt bias. An eliminator in
question supplies 60 milliamperes at 180
volts.

(A.) A 2000 -ohm resistor, connected
between the center -tap of the power
transformer secondary and the negative
terminal of the power unit, will supply
the required bias for a '71A tube. The
center -tap is now "C" minus and the
regular "B" minus post is now also the
"C" plus connection. If the resistor is
equipped with a sliding contact, the bias
may be varied and, if two contacts are
provided, the 4% volts negative required
as the bias potential for '01A -type tubes
may also be obtained.

When securing a bias voltage in  this
manner, the "C" voltage is obtained at
the expense of the "B" voltage; and
causes a corresponding reduction in the
total "B" available.

Connecting Two "B" Units
(Q.) Can two "B" eliminators, each

delivering 180 volts, be hooked up to de-
liver 360 volts?

(Q.) Yes, the highest positive lead of
the first unit being joined to the nega-
tive lead of the second.

Before connecting the increased output
to a receiver, the latter should be ex-
amined to determine whether the by-
pass condensers within the set, from
"B+ Max" to "B-" are capable of oper-
ating at the increased potential.

Trickle Charger "A"
(Q.) I have a trickle charger and a

Kuprox replacement unit, "Type A-110."
Can I connect this combination in such
a way as to make an "A" eliminator?

(A.) As this unit is designed to pass
not more than 0.8 -amp., it cannot be
used in an "A' unit requiring more than
this amount of current. In addition to
this, filtering would be required.

Gaseous -Rectifier "B" Unit
(Q.) I have a "B" eliminator of the

type shown in Fig. 21. Please advise
the range of the two variable resistors.

(A.) Two "universal range" resistors
are used in this "B" eliminator, in the
positions shown in the schematic diagram
(Fig. 21). The rectifier is a "BR" or
gaseous -type tube. The power -line re-
sistor may be set to take care of differ-
ences in line -voltage. Resistor R1 meas-
ures 200 ohms.

Fig. 21
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Superheterodynes
Intermittent Operation

(Q.) What might cause a "Radiola
Superheterodyne" ("Second - Harmonic"
semi -portable) to appear "dead" at times,
operate well for a time, then suddenly
go dead?

(A.) This is probably due to loose
contact at the "cat" (catacomb). Close-
ly examine all connections on the alu-
minum "cat"; this is grounded, and
voltage tests may be made with one side
of the meter grounded against it. A
milliammeter in the "B-" lead will fluct-
uate if there is a break in the "B" cir-
cuit, during the process of shaking the
leads of the set; a similar meter in the
"A" circuit would check defective "A"
connections.

There is a loop built into the rear of
this receiver, and it occasionally happens
that its connections to the set work
loose. Another cause of trouble in this
receiver is poor tube -prong contact. Clean
the tube -socket springs with sandpaper,
similarly clean the tube prongs; and
bend up the socket springs, carefully,
by placing below them a piece of cord
and pulling it up. Whether the latter
performance is necessary may be deter-
mined by gently wiggling each tube; if
the receiver suddenly stops operating,
this is due to an open circuit which
will be remedied by restoring good con-
tact.

Antenna Coupler
(Q.) Please furnish construction de-

tails for an antenna coupler to be used
with a superheterodyne. The I.F. coils
are peaked at 4,300 meters.

(A.) An essential value, the capacity
of the loop tuning condenser, is lacking.
However, no difficulty should be found
in making an antenna coupler. There is
nothing to it but a primary and second-
ary winding. The exact number of sec-
ondary turns is to be determined by
experiment; try 110 turns of No. 28 D.
C.C. wire on a tube 1% in. in diameter.
Over this coil, at the filament end, bunch
30 turns of the same (or smaller) wire;
taking taps at the 10th and 20th turns.
Thi8 antenna coupler should be shielded,
with a minimum of 1 inch between coil
and can.

Connect the antenna coupler in an or-
dinary detector circuit, with antenna and
ground connected to the primary, to de-
termine whether turns should be added
to, or removed from, the secondary to
cover the broadcast band properly. The
peak of the I.F. transformers has no
bearing on the design of the antenna
coupler.
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Matching I.F. Transformers
(Q.) How can a set of home-made in-

termediates be matched?
(A.) It is presupposed that the design

is approximately correct for the desired
frequency. The problem, then, is not to
match the coils exactly to a given fre-
quency, but to match one set of coils to
the other. The best method involves the
use of a calibrated, A.F.-Modulated, R. F.
oscillator. Its output is transferred to a
detector tube, the intermediate -frequen-
cy transformer being introduced between
the two units. Maximum deflection on a
milliammeter indicates resonance; which
is obtained by varying the number of
turns on the secondary. Varying the ad-
justment of the long -wave oscillator un-
til the meter indicates a current will
show whether there are too many or too
few secondary turns.

A more simple method is to connect
antenna and ground to the primary wind-
ing, and a detector tube to the second-
ary; one side of the coil connecting to the
grid -condenser and leak, and the other
side to "A+." A pair of headphones,
shunted by a .001-mf. fixed condenser, are
connected in the plate circuit of the de-
tector tube. A .0005-mf. variable con-
denser is connected across the secondary
coil and varied until a spark signal is
heard; if there is no spark signal within
this long -wavelength range a .0005-mf.
variable condenser may be connected from
detector plate to antenna, and varied
until there is circuit oscillation (to ob-
tain this condition it may be necessary
to reduce the capacity of the fixed con-
denser in shunt with the headphones).

When a whistle is heard, as the beat -
frequency between a CW signal and the
circuit under test becomes audible, the
reading of the variable condenser in shunt
to the secondary is noted, and the sec-
ond intermediate -frequency transformer is
substituted for the first. The shunt con-
denser is again varied until the same sig-

0 1:0005MF. .00025 MF.

2MEG.

.000511F.

Fig. 22
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nal is recognized. Then, turns are re-
moved from (or added to) the secondary
coil until the variable condenser's read-
ing is exactly the same as it was when
the same signal was heard with the first
transformer in circuit.

This is a very accurate method; the
only requirements are care and common
sense in applying it. In this arrange-
ment, a code station is commandeered
to supply the A.F.-modulated R.F. long -
wave signal (the spark signal); or the
R.F. signal may be the code transmis-
sions of the C.W. station (the A.F.
modulation being obtained by the heter-
odyne method as mentioned above).

To facilitate rapid comparison, a circuit,
shown at Fig. 22, has been developed.

Although 1, 2 and the antenna may all
be connected together a refinement, an
antenna switch, is indicated in the dotted
enclosure.

Aperiodic Amplification
(Q.) After reading the description of

the "1930 Electric" receiver in the No-
vember, 1929 issue of Radio -Craft, the
question arose in my mind, whether the
idea of untuned stages could be applied
to other receivers. Please answer whether
a superheterodyne, for example, could be
improved by this circuit arrangenient?

(A.) The superheterodyne incorporates
an amplifier which is tuned (at least at
its input and output) in such a manner
that its stages are called on to handle
only one frequency range; this is brought
about by "changing the frequency" of the
signal. On the other hand, the "untuned"
R.F. amplifier is designed to accept, and
amplify with as little discrimination as
possible, any frequency in the broadcast
band. This subject was discussed quite
thoroughly by Mr. Grimes in the Co-
operative Radio Laboratory section of
Radio -Craft (page 458 of the March, 1930
issue, with illustrative diagrams).

The "untuned" R.F. amplifier (as a
matter of fact, every circuit containing
resistance, capacity and inductance is
tuned to some frequency; and the "un-
tuned" or "aperiodic" circuit, ordinarily,
is one that is working a long way from
its natural frequency) was in favor in
the early days. The need for selectivity
led to tuning the R.F. stages; and now we
have tuning devices-such as a band -
selector circuit-separated from the am-
plifying stages.

In some designs of superheterodyne, the
"intermediate -frequency" output of the
frequency -changer is at high R.F. fre-
quency, such as that of the broadcast
band; and the "untuned R.F. ampli-
ers" suggested could be used. The only
advantage is that, dinder varying condi-
tions, met with in different locations, the
operator could choose the intermediate
frequency best adapted to avoid station
interference. It is necessary that the
intermedate frequency, whatever it may
be, shall be evenly amplified over a band
of ten kilocycles, or so, and that the
undesired station frequencies be kept out
of this amplifier,

Loop Dimensions
(Q.) Can a loop of the "box" type be

made for the "Radiola 25?"
(A.) A satisfactory loop for this re-

ceiver may be made by winding 12 turns
of wire on a frame 12 x 24 inches, spac-
ing the turns about 34 -in.

I.F. Tuning Capacity
(Q.) What is the recommended capaci-

ty for a variable condenser to be used as
a shunt capacity to balance the seconda-
ries of intermediate -frequency transform-
ers?

(A.) A small unit (100-mmf. rating) is
usually suitable. However, a larger ca-
pacity may be required if the transform-
ers were not carefully constructed to close
limits. This is usually evident by pro-
nounced lack of resonance in one I.F.
stage.

Service Data
(Q.) A "super," wired exactly as spec-

ified by the manufacturers and using
specified parts, with the exception of the
audio transformers, has decided to de-
velop a loud howl. When two stages of
audio are used the set starts to howl,
not at a high pitch, but with a low,
deep whistle like a steamboat in the dist-
ance, growing louder until it turns to a
deafening roar. This action does not
occur when only a single audio stage is
used. The fault is not due to micro -
phonic tubes.

I am using a 6 -volt "A" battery, "B"
eliminator, and "C" batteries, and have
tried different audio transformers the
same and different ratios (they work well
in other sets). A resistance in shunt
with the secondary of the first audio
transformer reduces the howl, but also
reduces the signal volume. An R.F.
choke and a bypass condenser in the sec-
ond -detector plate circuit do not change
the operation. Inserting an audio choke
coil in the "B" lead to the detector and
bypassing it to "A-" does not stop the
howl.

Changing the resonant period of the
transformers by shunting the secondaries
with fixed condensers has been tried. I
have grounded the transformer shells,
changed sockets, tried different tubes, and
even removed the entire audio unit to a
distance, connecting the 'circuit with
lengthened leads. The "A" and "B" po-
tentials test O.K. with the set in opera-
tion.

(A.) Although the "B" potential may
seem to be correct by meter test, we be-
lieve that the trouble lies in the output
of the particular "B" eliminator you are
using. One designed to deliver a heavier
current should enable you to operate the
"super" without trouble.

The entire trouble is due to audio re-
generation; there is a feed -back coupling
in some part of the set which is "com-
mon" to both the grid and plate circuits.

The "C" battery may have sufficient
"internal resistance" to cause this; a 2 -
to 4-mf. condenser around this battery
is recommended here.
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However, we believe it is the "internal
resistance" of the "B" unit that is caus-
ing the trouble. Although the meters
indicate a steady current supply to the
tubes, there is a rapid fluctuation of the
potential at an audio -frequency rate, too
rapid for the meter to indicate. Very
large bypass condensers across the sev-
eral voltage -output posts of the eliminator
will stop the howl; but it will probably
be impractical to use the high capacities
called for. Excha,nging the eliminator for
one having a heavier current -output -ca-
pacity (lower internal resistance) is the
better plan.

Changing the reproducer is sometimes
a convenient remedy. Another expedient
is the use of low -ratio A.F.T.'s-not ex-
ceeding 2 -to -1.

I.F. Transformer Design
(Q.) Numerous issues of Radio -Craft

have contained descriptions of service
oscillators, designed for use in aligning
superheterodynes in which the intermedi-
ate frequency Is in the neighborhood of
175 or 180 kc. However, I never have
seen a description of an I.F. transformer
operating in this range. While this may
not be a service request, at least it
should be of interest to a large number
of set builders; and even, perhaps, to a
few Service Men who sometime might
be stuck with a badly burned I.F. trans-
former and have no immediate repair
unit on hand for replacement. Please
publish construction details for an I.F.
transformer of the shielded type, similar
to average I.F. transformers. This should
be a good item for use in modernizing
old superhets.

(A.) In Fig. 23 is illustrated a suitable
design for an I.F. transformer which by

adjustment of variable condensers C will
operate over the frequency band of 160
to 200 kc. (one type of small -space unit is
shown on page 22 of the July 1931 is-
sue). The copper plate is required only
when exceptional selectivity is required-
as when a limited number of stages are
to be used. Selectivity and volume are
controlled also by the spacing of coils L.
Brass supports may be used, bent as
shown. The formers, or spools, may be
lathe -turned bakelite or wood, or a Job
built up of insulating washers and rods.
Scramble -wind the coils.

Extensive data on this subject appears
in "The Superheterodyne Book," by Clyde
J. Fitch.
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CHAPTER IX

Short Waves
Servicing Short -Wave Receivers

(Q.) If the difficulties I am experi-
encing in getting to operate the "Com-
posite Short -Wave Receiver" described
by Mr. Robert N. Auble in the February,
1930 issue of Radio -Craft are described
to you, perhaps a remedy can be sug-
gested; ideas which would be applicable
in the repair of any set of this general
type. The set was laid out and wired in
accordance with the instructions; all
voltages are as specified. Only local
broadcast stations can be heard, and the
detector circuit cannot be made to oscil-
late. What can be the cause of the
trouble?

(A.) Mr. Auble points out that a not
uncommon cause of trouble in home -built
radio sets is the inclusion of defective
parts. It is suggested that every part
used in the set be carefully tested, indi-
vidually, for its rated characteristics.

If grounded shielding braid is used, the
trouble may be due to a strand of the
braid touching a lead from which it
should be insulated.

Since it is reported that only local sta-
tions can be received, Mr. Auble suggests
this procedure: disconnect the R.F. stage
by removing the '22 (first R.F.) tube, VI
in Fig. 24 and the R.F. choke R.F.3 in its
plate circuit. Next, connect the antenna
to the stator of the tuning condenser Cl,
through a 3 -plate "midget" variable con-
denser, and connect a ground connection
to the "F"' terminal of the tuning coil
socket. This results in a standard three -
tube short-wave receiver circuit.

Short-wave stations should now be re-
ceived; and, if short-wave code stations

cannot be heard, the detector circuit must
be carefully checked to determine why
this circuit does not oscillate. Now, by
shorting the midget condenser, it will
be possible to receive broadcast stations
on any coil (try it). If the reception ob-
tained in this manner seems to be the
same as before, this would indicate that
the original wiring included a short-cir-
cuit of equivalent effect, which should be
located and eliminated.

Although a few more turns in the tick-
ler winding may cause the circuit to
oscillate, there is probably some other
cause for the lack of circuit oscillation,
which should be found and corrected.
For instance, the tubes may need chang-
ing. The '22 is a delicate tube and
should be handled like a precision in-
strument; its filament circuit should in-
clude resistors which will prevent the
potential exceeding 3.3 V., as checked
by an accurate meter. An increase in
plate voltages may be desired; and a grid
condenser of .0001-mf. may work better.
The "C" bias battery, also, may be con-
nected backwards; check for correct po-
larity.

A source of trouble, which often escapes
the attention of inexperienced construc-
tors, is found in leaky insulators. Con-
denser insulation is sometimes poor; and
the strips of insulation (particularly fi-
ber) used to support instruments carrying
R.F. currents, may leak to a great ex-
tent and cause what is popularly termed
a "high -resistance short." A pair of
headphones and a 45 -volt battery in ser-
ies ordinarily are suitable test equip-
ment for locating faults of this sort.

Fig. 24
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RADIO QUESTIONS

More complete information will be found
in the book, "How to Build and Operate
Short -Wave Receivers," by the Editorial
Staff of Short Wave Craft magazine.

Lack of Oscillation
(Q.) I have a short-wave receiver, the

circuit of which will not oscillate at any
point, on five coils ranging from 20 to
200 meters. How can this be remedied?

(A.) You do not enclose your circuit,
so we can give you only a general an-
swer. Granting the circuit is correct,
check off the following points:

1. Defective tube.
2. Shorted antenna coupling condenser

(antenna coupling too close).
3. Defective detector plate circuit

choke.
4. Low "A" or "B" potentials.
5. Reversed tickler leads.
6. Defective R.F. coil secondary (or

primary).
7. Leaky tuning condenser insulation.
8. Corroded connections.

Shielding
(Q.) What is the recommended dist-

ance between tuning inductances and
shields, for short-wave operation?

(A.) This depends considerably upon
the operating wavelength. For very short
waves, it has been suggested that special
wire screening be used to overcome cer-
tain losses which result when even the
best of solid shields are used at very short
wavelengths.

In general, copper shielding may be
placed not closer than one to one and
one-half inches from the sides of coils,
and not closer than two to three inches
from the ends. However, such figures are
a matter of discussion, as many factors
enter into the situation. For example,
certain coil shapes produce magnetic and
electrostatic "fields" with different ar-
rangements of the lines of "flux"; and
each type of coil, therefore, is best used
with shields of a certain pattern.

R.F. Choke Desirability
(Q.) How is it possible to tell whether

a choke coil is needed in a short-wave
receiver?

(A.) The purpose of, a choke coil is to
prevent the passage of alternating cur-
rent. Its location in a receiver depends
upon the design of the receiver. Some
sets call for the use of choke coils in
dozens of places, while other sets entirely
dispense with their use.

The usual place for at least one choke
coil, in a short-wave receiver, is in the
plate circuit of the detector. In one posi-
tion, it makes regeneration a possibility;
without it, no regeneration or circuit os-
cillation is possible. This is probably the
use you have in mind.

Another action of the choke coil, also
in the plate circuit of the detector, is to
prevent R.F. currents getting into the
A.F. amplifier. In this position ,it will be
found in a majority of the better com-
mercial broadcast receivers.
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These same receivers, as well as the
short-wave receivers, use choke coils in
the leads which supply plate potential
to R.F. stages, as well as bias potentials
for the screen -grid of screen -grid tubes.
When used to prevent R.F. currents pass-
ing into the current supply units, these
choke coils are almost always bypassed
with fixed condensers, as is seen upon
inspection of most any schematic cir-
cuit; the R.F. is "led" from the "high
potential end" of the R.F. choke, to a
point at low potential. This is ordinarily
the ground or the "A" circuit.

When it is desired to use the choke as
a "load impkiance" or coupling unit be-
tween stages, the fixed condenser con-
necting to the high potential end of the
choke "leads" the R.F. to the stage
which follows, instead of to ground.

Erratic regeneration will result if a
choke coil is not used in certain circuits.
Without choke coils, a tuned R.F. re-
ceiver may operate with only one-half the
volume it should. Radio frequency choke
coils often prevent R.F. circuits from go-
ing into uncontrollable oscillation. In
screen -grid circuits they are almost a
necessity.

If a choke coil is poorly made, "holes"
in tuning result; there will be points at
which the short-wave receiver circuit
goes out of regeneration or oscillation; or,
it may go into oscillation with an un-
controllable "thump."

More detailed information appeared in
the August, 1929 issue of Radio -Craft
magazine under the title, "Some Notes on
Short -Wave Operation," by Robert Hertz-
berg.

A.C. Short -Wave Adapter
(Q.) Please show, as a matter of in-

terest, the schematic circuit of a short-
wave adapter to be used with A.C. sets.

(A.) A circuit arrangement of a short-
wave adapter using the type '27 tube is
depicted, in Fig. 25, in answer to this
query.

Fig. 25
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It must be mentioned, this is a throw-
back to the old 3 -circuit regenerative set
of some time ago; and the comparison of
results obtained on this arrangement with
those of the regular radio set, at the
broadcast wavelengths, will not be a good
recommendation for the adapter. At the
short wavelengths, however, good code
reception should be obtained and the few
phone stations broadcasting should be
heard. Squeals and whistles and dis-
torted reception generally will result
when trying to tune in the harmonics of
broadcast stations. This is quite natural,
as the harmonics cannot be expected to
reproduce as clearly as the fundamental
frequencies.

Inductances Li and L2 are the standard
windings, which constitute one of the
units of a short-wave kit. The 5 -prong
plug is a standard tube base. Resistor
R is a grid leak with a value of about
3 megohms or more. Condenser C4 is
of .00025-mf. capacity. Condensers C2
and C3 are the usual tuning and re-
generation units, the capacities of which
are determined by the particular set of
short-wave coils decided upon. The an-
tenna coupling condenser( Cl, is very
necessary and has a value of about .0001-
mf. The grid condenser, C, is .00015-ra

Coil Design
(Q.) Where is it possible to obtain

specifications for winding short-wave
coils, using various sizes of wire, for
various condenser tuning capacities?

(A.) It is impossible to obtain such
systematized information; for the simple
reason that there would be no end to the
data. It would consume the space of
many large volumes; for it is true that
tubes, aerials, condensers, coil placement,
associated apparatus, shielding, winding
forms, methods of winding and other
factors vary critically at high frequencies.
The only reliable method is that of wind-
ing a set of coils to suit the conditions
in a receiver, following a general idea of
the values; and varying the coils until

exactly the desired tuning band is ob-
tained.

This general idea of values may be ob-
tained from published data; including the
detailed specifications which have ap-
peared in past issues of Radio -Craft and
Short Wave Craft magazines for coils
covering the entire short-wave range.

Receiver Constants
(Q.) I would like to have a schematic

circuit and any other available data on a
good short-wave receiver using a screen -
grid "blocking" tube; and, preferably, of
commercial design.

(A.) The schematic circuit of an ex-
cellent 4 -tube battery -model short-wave
receiver, the Radiola Model AR -1145 is
shown in Fig. 26, together with all avail-
able constants. The tube (average) char-
acteristics are as follows: filament poten-
tials, VI, 3.2 volts; V2, V3, C4, 5 volts.
Plate potentials: V1, V4, 130 volts; V2, 30
to 60 volts (depending upon the position
of the volume control); V3, 65 volts.
Control -grid potentials: V1, 1.6 volts; V2,
zero; V3, 3 volts; V4, 9 volts. Screen -
grid potentials: Vi, 67.5 volts. Plate cur-
rents: Vi, 3.5 ma; V2, 0.65 to 1.5 -ma; V4,
4 ma. Screen -grid current, Vi, 0.5 -ma.

Readings of VI will vary with individual
test instruments; those of a Weston
"Model 537" test set being given above.

The color code of the 6 -wire battery
cable is as follows: Red, "B+135"; ma-
roon, "B+67%"; black -green, "C-3";
black, green tracer, "C-9"; yellow, "A+"
(6 volts); black, yellow tracer, "A-."
To the lug on the last is connected a
green, red -tracer lead which terminates in
a "B-" lug from which runs a short
green, red -tracer lead which terminates
in a "C+" lead.

The wavelength range of the standard
"Model AR -1145" receiver is approximate-
ly 15 to 75 meters, covered by three
coils; though two additional coils are .
available for the 200- to 545 -meter range
of the instrument.
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In lieu of the resistor R2, some models
incorporate an R.F. choke coil. It is rec-
ommended that a 5 -amp. fuse be placed
between the yellow, positive filament lead
and the battery.

The antenna may be to 25 to 100 feet
long. Station interference may be re-
duced by using a short antenna, or con-
necting in series with the aerial a con-
denser of .00025-mf. capacity. In some in-
stances, it may be necessary to use a
wavetrap in the antenna lead. A sup-
plementary volume control is a 200 -ohm
variable resistor connected in series with
the antenna.

Amateur Licenses
(Q.) What is the fee and what are the

requirements for operating an amateur
short-wave station transmitting voice?

(A.) The required forms may be ob-
tained from the office of the Supervisor of
Radio in the Inspection District where the
applicant resides; the correct address may
be determined from the following list:

First District: Maine, New Hampshire,
Vermont, Massachusetts, Rhode Island
and Connecticut. (Supervisor of Radio,
Custom House, Boston, Mass.)

Second District: New York (New York
City, Long Island, and the counties on the
Hudson River to and including Schenec-
tady, Albany, and Renssalaer) and New
Jersey (counties of Bergen, Passaic, Es-
sex, Union, Middlesex, Monmouth, Hud-
son and Ocean).

(Supervisor of Radio, U. S. Sub -Treas-
ury Building, Wall, Pine and NassauSts., N. Y. C.)

Third District: New Jersey (all coun-
ties not included in Second District),
Pennsylvania (counties of Philadelphia,
Delaware, all counties south of the Blue
Mountains, and Franklin County), Dela-
ware, Maryland, Virginia, and the Dis-
trict of Columbia. (Supervisor of Radio,
Room 13, Custom House, Baltimore, Md.

Fourth District: Alabama, Tennessee,
North Carolina, South Carolina, Georgia,
Florida and the Territory of Porto Rico.
(Supervisor of Radio, Room 524, PostOffice Bldg., Atlanta, Ga.)

Fifth District: Mississippi, Louisiana,
Texas, Arkansas, Oklahoma, and New
Mexico. (Supervisor of Radio, Custom
House, New Orleans, La.)

Sixth District: California, Nevada,
Utah, Arizona and the Territory of Ha-
waii. (Supervisor of Radio, CustomHouse, San Francisco, Calif.)

Seventh District: Oregon, Washington,
Idaho Montana, Wyoming and the Ter-
ritory of Alaska. (Supervisor of Radio,
2116 L. C. Smith Building, Seattle, Wash.)

Eighth District: New York State (all
counties not included in the Second Dis-
trict), Pennsylvania (all counties not in-cluded in the Third District), West Vir-
ginia, Ohio and Lower Peninsula of Mich-
igan. (Supervisor of Radio, 504 Com-merce Building, Detroit, Mich.)Ninth District: Indiana, Illinois, Wis-
consin, Michigan (Upper Peninsula), Min-
nesota, Kentucky, Missouri, Kansas, Colo-
rado, Iowa, Nebraska, North Dakota and

South Dakota. (Supervisor of Radio,
2022 Engineering Building, Chicago, Ill.)

This subject is thoroughly covered in
the chapter, "Getting Started," in "The
Radio Amateur's Handbook," obtainable
from The American Radio Relay League,
Hartford, Conn. The prospective "ham"
should write to the Government Printing
Office, Washington, D. C., for a copy of
"Regulations Governing Radio Commllni-
cation," (10c per copy); and "The Radio
Law of 1927," (5c per copy).

(Further procedure is explained on the
forms, which are obtainable gratis.)

Amateur transmitting stations licensed
to operate in any of these districts may
be permitted to use any or all of the
available amateur frequency bands; ama-
teur phone stations must transmit only
on the 1715-2000 and 56000-60000 kc. (150-
175, and 5-5.36 meter) bands; and, by
special permission only, on the 3,500-4,000
kc. and 14,150-14,250 kc. (75-85.7 and
21.05-21.20 meter) bands. Transmission is
prohibited, in the United States, between
the hours of 8:30 and 10:30 p.m., local
standard time; and also, from 10:30
to 1:30 P.M. on Sundays if interference
to other services exists.

Servicing Short -Wave Converters
(Q.) After carefully following the di-

rections appearing in the September,
1930, issue of Radio -Craft in the ar-
ticle, "Short -Waves on Your Broadcast
been unable to get the smoking -stand
converter to operate on the lower wave-
lengths; that is, those below 60 meters or
or so, using Zenith "Model 52" broadcast
receiver. What can be the trouble?

(A.) Mr. Brown has done some more
work on this interesting and effective
converter, which may be considered re-
presentative of other converters, and his
remarks are worth noting: "Apparentlyyou have failed to connect the set up
quite right. I would suggest that you
use a separate filament transformer and
an Arcturus or Pilot '27 tube. It is
most important too, that you have your
power supply and switch not over twelve
inches from the 'A' and 'G' posts on the
Zenith '52.' Also two condensers C5 (of
0.5-mf. capacity) should be mounted, one
on each side of the filament transformer,
and the connections run direct.

"Have you tried 45 volts on the plate?
The shorter the cable that leads from
your set to the smoking stand, theeasier it is to cut out locals. (I have no
trouble like this-even when lightning is
bad on the broadcast band.) A metal
chassis should be used, by all means. Try
a 16 -foot aerial.

"Since this article was published I have
had a lot of fun with the very instru-
ment pictured. Using it in conjunction
with an Atwater Kent 'Model 60' receiver,
I have picked up the transmissions from
London, Sydney (Australia), Bolinas and
Oakland (Calif.), Mexico City, and a
'raft' of closer stations; all of them day-
time reception at loud -speaker strength."
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It is possible that some of the parts
in the completed converter are defective.
The "Model 52" Zenith has an unusual
input arrangement; the secondary of the
first R.F. transformer is tuned by a va-
riable condenser, as usual; but the con-
nection between the grounded side of the
variable condenser and the ground end
of the coil is made through the primary
or antenna winding (therefore, the pri-
mary is in series with the secondary
winding and the chassis ground). This
primary winding is bypassed by a fixed
condenser which is across the tuned sec-
ondary circuit.

The aerial connection is optional; both
a direct lead and a variable capacity
coupling to the primary are provided.
It is possible that changing the value of
the antenna variable condenser would
result in considerable improvement, with
the converter connected to the "Long
Ant." post. (This diagram appears on
page 320 of the first volume of the
Official Radio Service Manual.)

As shown on page 328 of the same
manual, the "A. K. 60" used with the
original converter model has a regular
tapped -primary type of R.F. transformer.

(Readers might find it of interest to
check the input and output circuits of
the converter against the several means
of connecting an adapter shown in the
diagram of the Work -Rite [Walker]
"Flexi-Unit" illustrated on page 203 of
the October -November, 1930, issue of
Short. Wave Craft magazine.)

Antenna Design
(Q.) What are the correct length and

height of an antenna for best short-wave
operation? We are located about thir-
teen miles west of the down -town dis-
trict of Chicago?

(A.) The correct design of the antenna
for short-wave transmission or reception
Is determined by local conditions, as well
as the wavelength, or wavelengths, at
which the equipment is to operate, and
the circuit design of the instruments.

Grid Leak Value
(Q.) Is the grid -leak value on short-

waves the same as for broadcast waves?
(A.) Usually, higher for the short

wavelengths; one or two megohms for
200 meters and up, and two to eight, be-
low.



CHAPTER X

Automotive -Radio Data
Installing Remote Controls

(Q.) Please describe in detail the man-
ner in which auto -radio remote control
units are mounted in the car and ad-
justed to the radio set.

(A.) As indicated in the illustration
(reproduced on page 34, in Fig. 27A),
there are 10 main parts to one of the
best-known assemblies.

The parts referred to in the illustra-
tion bear the following classifications:
(A), control head with control cable and
electric cable attached; (B), two semi-
circular clamps for securing the head to
the steering post (one grounding set-
screw in each); (C), four 8-32 x
round -head screws (to attach clamp to
control head); (D), four No. 8 internal
tooth lock -washers (for clamp screws);
(E), two leather spacers; (F), one brass
hexagon cable -chuck (consisting of three
parts); (G), one condenser pulley (with
two set -screws in hub and cable clamp-
ing screw and washer); (H), one spiral
spring; (I), one centering ring; (J), two
keys for lock.

In mentioning the condenser pulley G,
the centering ring encircles the condenser
shaft with the lugs projecting through the
condenser end plate. These holes should
be %-in. in diameter and %-in. between
centers. They are provided on some con-
densers, but will have to be drilled in
some others. When the ring is in place,
bend the lugs over on the inside of the
plate.

The inside turn of the spiral spring is
provided with an offset bend. This is
locked in the slot in the centering ring
and the loop on the outside turn is
placed on one of the twelve projecting
pins on the condenser pulley. The spring
is then wound' by turning the condenser
pulley on the shaft. Usually about one
turn provides sufficient tension.

The pulley set -screws are then tight-
ened on the shaft, being careful that
some clearance is allowed between the
projecting pins and the condenser end
plate to prevent binding. When the
proper tension has been determined, it
may be that the cable clamping screw
on the pulley is not in the correct posi-
tion for operation. The same tension
can be maintained and the position of
the clamping screw corrected by moving
the loop on the outside turn of the spiral
spring to a different pin on the pulley.

A minimum of %-in. clear space and
9/16 -in. condenser shaft extension is re-
quired at one end of the condenser for
mounting the condenser pulley.

The cable chuck, which is in three
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parts, can be mounted in the receiver
housing or on a bracket secured to the
condenser or chassis. It mounts in a %-
in. hole, the large jam nut fitting on the
tapered end and the lock nut on the short
end. This chuck may be located any
distance from the condenser pulley but
should be in line with the center of the
groove in the pulley.

Now, turn the selector knob as far as
it will go in a clockwise direction, to be-
gin the procedure of mounting the control
unit. This draws the cable into the tub-
ular housing and protedts it from injury
at the free end. Keep it in this position
during installation. The control head A
is mounted on the steering post with the
knobs projecting toward the right-hand
side. The proper distance below the
steering wheel can be determined by trial.

If the steering post is 1% -ins. in di-
ameter, use the leather spacers E. If
1% -ins., split the spacers or wrap the
post with about 1/16 -in. of friction tape,
under the brackets. If the post is 1% -
ins., spacers are not required.- Use the
lock washers D under the heads of the
clamp screws C for securing the clamps
B to the head.

Run the control cable in as straight a
line as possible, avoiding any short bends.

The next step is to loosen the large
jam nut on the cable chuck. Insert the
free end of the cable and its tubular
housing. The weatherproof braid at this
end is removed to expose the metal
spring; here the housing with the wea-
therproof covering will not enter the
chuck. If it is necessary to insert the
housing so that it extends farther through
the chuck, remove the covering for that
distance and tighten the jam nut. Be
sure that the selector knob on the control
head is still turned to the stop in the
clockwise direction. Turn the condensers
to the extreme position (against the re-
turning action of the spring and toward
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the free end of the control cable). Loosen
the cable clamp -screw arid insert the
cable under the clamp washer, then
tighten in place. Cut off any excess cable
to prevent tangling with other parts of
the receiver.

The standard cable has a length of 10
feet; a longer length may be required, up
to 30 feet. This cable Is to be cut off to
suit the installation.

After the control head has been mount-
ed and the control cable run to the set,
mark the right length by cutting the
weatherproof covering, being sure that
enough cable is allowed, to avoid sharp
bends, and in no case coil the excess
into short loops.

In cutting off the outside housing it is
necessary, again, to be sure that the
selector knob Is turned full clockwise.

With a sharp, three -cornered file, mark
across one of the turns of the tubular
housing until it is practically severed.
Then bend it slightly, back and forth,
until it breaks; do not bend sharply, as
in so doing permanent injury to the in-
ner element of the cable might result.

Mount the junction box attached to
the free end of the electric cable, to the
vertical dash or bulkhead, and then run
the volume control and battery leads to
the junction box, to wire in the electric
cable.

The standard automobile cartridge -type
fuse rated at 5 or 10 amperes may be
used for replacing the fuse in the fuse
block if one is provided on the control.

The dial light may be replaced by re-
moving the selector knob and the two
screws on the sides of the control hous-
ing. Use a standard 6- to 8-V. screw -
base lamp which may be procured from
the factory. As a temporary measure, a
6-V. pilot -light bulb may be procured
from a radio supply house.

The several circuits in which the cable
may be connected, depending upon the
number of wires in the particular cable
required, are shown at 27B: At A a 3 -
wire cable; B, 4 -wire; C, 5 -wire; and. D,
arrangement for special wiring.

Reducing Interference
(Q.) Can you suggest any way of re-

ducing interference, in addition to the
use of spark -plug circuit series resistors?
The use of these does not entirely elim-
inate interference from the motor.

(A.) Apparently bypass condensers
have not been applied to the several ra-
diating circuits of the ignition wiring in
the car.

Two bypass condensers, one on each
terminal, at the ammeter may reduce
certain forms of car interference. The
receiver should not be located near the
car's ignition coil, due to its strong field.
Interchanging its primary connections
may reduce interference. Whether the
antenna lead-in shield should be grounded
to reduce interference should be deter-
mined by test.

Illustrations and procedure in this and
other phases of automotive radio opera-
tion will be found in the book "Automo-
bile Radio and Servicing," by Louis
Martin.

Auto -Radio Laws
(Q.) Is there any regulation that would

prohibit my installing a radio receiver in
my car?

(A.) There is no such regulation in
the State of New York. However (as
pointed out by Mr. Gernsback, writing in
the May, 1930 issue of Radio -Craft)
such regulations are in force in other
states, notably Massachusetts and New
Hampshire. We also note that, under
the provisions of a new law in Michigan,
a fine of $1,000 or imprisonment for six
months, or both, is the punishment for
equipping, or using, an automobile with a
short-wave receiving set unless the car
is used or owned by a peace officer or
unless E. permit is granted by the police
authorities. The law was enacted to
prevent the receipt of broadcast warnings
by those for whom the Police Department
are instituting search. (The police cars
of many municipalities are equipped with
radio apparatus.) The constitutionality
of these regulations is another question.
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Generator Polarity

(Q.) In the article, "Simplified Radio
Installation," in the June, 1930 issue of
Radio -Craft, the author states: "If the
'A-' is grounded, the receiver is con-
nected up as shown. If the 'A+' is
grounded to the car frame, reverse the
battery connections and make the car
frame a negative ground, instead. This
will change nothing except that it re-
verses the reading of the ammeter on
the instrument board; accordingly, re-
verse the connections to the meter and
everything will then be in proper shape."
I beg to differ with him.

If he does not reverse the connections
on the generator he will have the finest
case of run-down auto battery he ever
heard tell of. You see, when the positive
terminal of the battery is connected to
the frame, the positive side of the genera-
tor is also grounded; so that when the
battery terminals are reversed those on
the generator should also be reversed.
I may also say that those on the gene-
rator are inside the generator case and,
inmost cases, the generator will have to
be removed in order to make the change
of connections. This pointer may save
some Service Man needless work check-
ing through a circuit that is apparently
0. K.

(A.) The solution of this problem lies
in the fact that the polarity of the output
of the generator is dependent upon the
polarity of the exciter current through
the field coils of the generator of prac-
tically every car on the market (as we
are advised by the manufacturer's Chief
Engineer); and this polarity, in turn, is

dependent upon the polarity of the bat-
tery to which it is connected.

Installation procedure would be as fol-
lows: If the car battery has "A+"
grounded to the frame of the car, the
next step is to lift the battery out of
the battery box and turn it half -way
around (if, as may be found in a few
instances, the leads are "polarized," it
will be necessary to resolder the lead -
ends accordingly), and then reverse the
connections to the ammeter. If the meter
now reads "discharge" with only the car
lights turned on, all is well; if it doesn't
leave the zero mark, "flash" the field
coils for a couple of seconds, to kill the
residual magnetism, by pressing down the
cutout relay arm. The connections to a
standard generator are indicated in Fig.
28. To overcome the residual magnetism
of the core, the battery must, of course,
be well charged; and all the connections
must be tight.
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CHAPTER XI

Sound Equipment
Complete Tone Control

(Q.) What is the difference between
a type SAF Fader and SAF-3 Mixer;
both units being part of a sound movie
installation? How are these to be wired
into a sound system?

(A.) The SAF Fader is a distortionless
attenuator to be interposed between the
head amplifier disc pickup and the main
amplifier, and serves to control volumein a "straight line" =wren Change-
over to either disc or head amplifier is
the duty of a two-way switch. Vitreous
resistors are used, having the total value
shown 1n the illustration of these units,
Fig. 29.

The SAF-3 Mixer is a tone -control de-
vice which is to be connected between
the sound pickup device and the main
amplifier.

The following detailed data is furnished
by the manufacturer, and indicates that
the mixer has application also in radio
receiver circuits:

"As there are always two projectors in
a theatre installation, the disc equipment
includes two phonograph pickups. The
sound -on -film equipment is generally
made up of two photoelectric cells and
two head amplifiers or preamplifiers;
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these are 2 -stage units using a com-
bination of resistance and transformer
coupling.

"The selection or rejection of frequen-
cies is obtained in the SAF-3 Mixer by
control of inductance and impedance
values, as shown in Fig. 29.

"The 'equalizer' portion of the instru-
ment is for the purpose of adjusting the
impedance match of the input and output
circuits. With the equalizer set at zero,
no frequency correction takes places, no
matter what the setting of the 'com-
pensator,' as the impedance of the ampli-
fier input is lower than the impedance
of the pad.

"The 'compensator' controls the amount
of low, medium, or high frequency cut-
off.

"With the equalizer set at half -way or
6,000 ohms, any amount of the high, me-
dium, or low frequencies can be cut out
by adjusting the compensator. When the
compensator is s"1 at zero, maximum cor-
rection occurs; however, if it is necessary
to secure more correction, the resistance
in the equalizer circuit can be increased.
For instance, with R1 set at 10,000 ohms,
and R2 at zero, the frequency band
passed by the impedance -capacity com-
bination will be greatly broadened. Now,
by moving the 3 -way selector switch to
'low,' medium,' or 'high," only the low,
medium, or high notes, respectively, will
be bypassed through the impedance -ca-
pacity combination, resulting in only high
frequencies being passed from input to
output at the 'low' setting of the switch;
low frequency selection at the 'high' set-
ting; and in 'medium,' only the extreme-
ly low and extremely high notes will be
bypassed."

This method of tone control is moreconvenient than the system described
in "An Ideal Sound System for High
Power," in the August, 1931 issue of
Radio -Craft; although the tone correc-
tion has substantially the same graph as
shown in Fig. 2 of the article. It is
very convenient to apply to phonograph
pickups and radio receiver output cir-
cuits, in addition to its use primarily in
sound movie installations.

Applications
(Q.) Are there very many applications

of the modern "public-address" type of
audio amplifier, aside from the generally
known ones: (a) at parks; (b) at politi-
cal gatherings; (c) in theatres; (d) in
dance halls?

(A.) By checking over sales records,
Samson Electric Company has been able
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to compile a representative list of appli-
cations of their own product, the "PAM"
public-address unit, and we present these
and additional uses:

"Airplanes, amusement parks, apart-
ment houses, auditoriums, athletic fields,
bathing beaches, banquet halls, baseball
parks, brokerage offices, cabarets, char-
itable institutions, churches, clubs, con-
ventions, dancing schools, encampments,
factories, fairs, filling stations, flying
fields, football games, hockey matches,
home entertainments, hospitals, hotels,
ice skating rinks, merry-go-rounds, motor
cars, open-air assemblies, orphan asylums,
paging systems, polo games, railroad de-
pots, race tracks, regattas, receptions,
restaurants, roller skating rinks, sani-
tariums, schools, stores, summer resorts,
swimming pools, veterans' homes and
carnivals."

The sound requirements of these vari-
ous demands vary within de limits,
from one reproducer or pair of head-
phones to forty or fifty reproducers and
perhaps fifteen hundred or two thousand
pairs of headphones.

From a study of these figures it be-
comes evident that the chances for plac-
ing a public-address system are very
numerous, for the capable technician
with a little sales ability.

Scratch Filters
(Q.) Please furnish construction data

for a "scratch" filter to be used in con-
junction with a phonograph pickup.

(A.) For all practical purposes, it is
only necessary to shunt the pickup leads
with a fixed condenser of suitable capac-
ity to be determined by test; choke
coils are quite unnecessary.

It is recommended, however, that the
Service Man double this value and con-
nect in series with the condenser a va-
riable resistor of 25,000 ohms. This will
result more nearly in a "tone" control;
at the same time, "scratch" of any type
may bb suitably controlled, or elimin-
ated (as found desirable), no matter
whether it is due to the use of a needle
of incorrect shape, worn records, poor
recording, poor matching between the
pickup and the amplifier, or to peaks in
the amplifier, the reproducer, or the
pickup.

The required value of condenser capac-
ity cannot be given as it will depend
upon the above conditions; also, whether
the pickup is of low- or high -impedance
type.

Baffle Sizes
(Q.) Is there available any ready re-

ference, which will indicate the size of

FREQ. OF NOTE
(,v PER. SEC.)

0

20

40
60

80

100

120

140

160

180

200

220

240

260

280

300

320

340

LOWEST INSTRUMENTAL
FREQUENCIES N

irPixt40,LowesT
USED -3Z

BASS VIOL- 40
BASSMA-42
BASSOON -60

ICELLO -04
BAsScLABORIKETav
BASS VOICE

TROMNE

KETTLE DRUmS85

VOICE96

FRENCH WORN -103

TENOR VOICE

VIOLA

OIC
BANJO -128

\ITRUMPET -160CLARINET - -

VIOLIN -192
71SOPRANO VOiCE-240
FLUTE
HARMONICA 256
OBOE

0 10 20 30 40 SO 60 70 80

UKULELE -26

+- PICCOLO -512

90 100 110 120 130 140 150 160 170 180 190 200

REQUIRED BAFFLE LENGTH IN INCHES

Ftir. 30



38 RADIO QUESTIONS AND ANSWERS

baffle recommended for various cut-off
frequencies?

(A.) This information appeared recent-
ly in the form of a graph which is re-
produced in these columns (Fig. 30). It
was developed by Mr. A. A. Ghirardi of
the Pilot Radio and Tube Company; and
appeared in the Spring, 1931. issue of
Radio Design.

Faders
(Q.) I have a "Super-Tonatrol," type

7. Please show this unit connected as a
"fader" for swinging from one pickup
or microphone to another.

(A.) The circuit for this and similar
units is shown in Fig. 31. The pickups
are numbered 1 and 2. This fader con-
trols volume on only one pickup at a
time.

In order to maintain a fixed volume
limit, a separate control, in shunt with
the output of the pickups, is recom-

mended. This is preferably a 100,000 -
ohm unit, indicated as R3. It may be
adjustable in small steps, or continuous-
ly variable.

Each half of the fader is numbered,
R1 and R2, and each has a resistance of
25,000 ohms.

For simplicity, there has been no at-
tempt to show controls having ''con-stant impedance" design.

Fig. 31



CHAPTER XII

Home Recording

Copying Recordings
(Q.) In commercial recording, the wax

"master" is electro-plated. Test records
are stamped from this; then a metal
"mother" is made from this original
negative (by electroplating once again);
and from the metal mother is made the
production negative "stamper" (or stamp-
ers) from which the composition records
for commercial use are finally made. In-
asmuch as, in instantaneous recording
with aluminum discs, we have the equiv-
alent of the metal mother (the first step,
or the original, and the first negative
from this, being eliminated) cannot a
metal negative be obtained from this
by electroplating; whereby the home re-
cordist might have records stamped on
regular record composition or celluloid
and thus be able to obtain additional
records from the original which, dupli-
cated, might be played in the ordinary
way on the regular phonograph using the
regulation steel needles?

(A.) You are right in assuming that
the aluminum disc is the equivalent of
the metal mother. Stampers have been
made from these aluminum discs by the
plating process, and the results have
been fairly good. The only objection is
that the groove in the stamped record is
as shallow as the aluminum record; and
that is not as deep as the groove on the
commercial record.

A better method of making copies of
the original would be to "dub" (re-re-
cord) the original on a wax disc, and then
obtain the stampers in the conventional
manner.

Re-recording an aluminum record re-
sults in an efficiency loss of about 10%.
In order to make several inexpensive
copies of the original, the latter is placed
on a turntable provided with an electric
pickup, the output of which is connected

to the input of the usual audio ampli-
fier; the procedure from then on is the
same as in making the original.

Amplifier Design
(Q.) Can you give me any informa-

tion as to what type of amplifier to use?
(A.) Any good three -stage transformer -

coupled amplifier will be satisfactory for
recording; the diagram of such an ampli-
fier is shown in Fig. 32.

The parts illustrated have the follow-
ing characteristics; potentiometer R9,
14-meg.; R1, R4, 50,000 ohms; R2, R5,
R8, 1,000 ohms; R3, 30,000 ohms; R6, 20,000
ohms; R7, 20 ohms, center -tapped. Con-
densers Cl, C3, C4, C6, 1.0 mf.; C2, C5,
0.5-mf. Unit Ti is a microphone trans-
former; and is indicated with a two -
winding primary, for matching a double -
button microphone into a type '27 tube.
Unit T2 is a standard '27 -to -'27 trans-
former. Components T3 and T4 are the
usual input and output transformers, re-
spectively; the latter being provided with
a secondary S which exactly matches the
impedance of the particular recording
head which is being used.

Care must be taken to isolate this
amplifier unit from the power unit, to
prevent induction hum. The use of high-
grade transformers will be repaid in re-
cordings of high quality. Remember
that the use of any unit of inferior qual-
ity is reflected immediately in the quali-
ty of the recordings; ordinarily by lack
of extreme bass or treble notes. Test
all resistors and condensers for rated
values; make certain also that the
units will operate under the rated loads.
Use only tested tubes.

Design data and other information on
this absorbing subject appear in the
book, "Home -Recording and All About
It," by George J. Saliba.

Fig. 32
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Stroboscope
(Q.) In the article, "Home Recording

of Radio Programs and Speech," in the
December, 1930 issue of Radio -Craft, the
statement is made (page 341), that the
"stroboscope" makes possible a satisfac-
tory solution of the problem of main-
taining the correct speed of disc rotation
for recording and reproduction. How
does such a device work; and how can it
be made?

(Q.) The stroboscope is a mechanical
device which depends for its effective-
ness upon the "inertia" of the optic
nerve, or, more familiarly, the "persist-
ence of vision." By courtesy of the Mar-
coni Radio Co. of Canada, we are able
to reproduce in Pig. 33, a stroboscope de-
signed for 60 cycles per second.

When a disc of this type is rotated at
the correct speed by a phonograph turn-
table, the lines appear to stand still when
the disc is illuminated by an electric
bulb which is lighted by an A.C. supply
of the stated frequency.

Lack of Volume
(Q.) We are using a special celluloid

for recording and find it difficult to get
the grooves deep enough to give us suffi-
cient volume. We have seen "electrical
transcription" records, from some Cali-
fornia recording studios, that seem to be
made on this same material; and we won-
der how it is possible to overcome this
lack of volume.

(A.) Your lack of volume is not due
to the shallow groove. A shallow groove
might make it difficult for the reproducing
needle to track, but the lack of volume
is due to the modulations being too small.
This can be caused by several things:
either the amplifier's gain is not high
enough; there is incorrect impedance
matching between cutting head and am-
plifier; or the material might be too re-
sistant for good recording. The tran-
scription records are "processed"-that is,
a metal stamper is used to impress the
sound track. In that case the hardness
of the material is reduced considerably,

Fig. 33
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by heating, so that it will take an im-
pression. Try using celluloid that con-
tains no pigment (coloring).

Frequency Range
(Q.) Will you tell me if a frequency

range of 35 to 6000 cycles will record
the highest and lowest frequencies?

(A.) A frequency range of 35-6000 cy-
cles is very suitable for good -record-
ing. As a matter of fact, the maximum
reproduced frequency in talking pictures
is never more than 6000 cycles; while
broadcasters limit themselves to about
5000 cycles.

Matching -Transformers
(Q.) What are the average impedance

values, of the primary and secondary
windings of transformers designed to
match a. carbon -button microphone to a
vacuum -tube grid circuit?

(A.) The average values are: Primary,
200 ohms; secondary, 400,000 ohms. These
values are for the usual 1,000 -cycle stand-
ard.

Tone Quality
(Q.) I am using my radio receiver for

recording, and the results are poor. When
I reproduce commercial records. the vol-
ume is good; but with home-made rec-
ords the volume is very low. My pickup
(when recording) is connected to the
plates of the output tubes. Can you
tell where my trouble may be?

(A.) Evidently your trouble lies in a
poor impedance match between the cut-
ter and the amplifier output. Check your
pickup to see if it is of high -impedance;
the value should be around 4000 ohms.

Recording -Power Figures
(Q.) We would like to know how

much gain it takes to make a good re-
cording, and we would also like to know
the impedance of pickups suitable for re-
cordings.

(A.) For recording on aluminum, the
level at the cutting head should be about
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+20 decibels. If a carbon microphone is
used, the pickup volume level is down
about -36 db. It is obvious, therefore,
that an amplifier having a gain of at
least 56 db. is necessary.

If celluloid is to be used, the required
recording level is near +36 db. and, con-
sequently, an amplifier having a gain of
at least 72 db. is necessary. A good
three -stage transformer -coupled Job will
serve the purpose very nicely.

The impedance of the cutting head
does not make any difference, so long as
it is properly matched to the output of
the amplifier. The, use of a high -imped-
ance cutter of the order of 4000 ohms is
common practice.

Microphones
(Q.) Are there any convenient cor-

rective measures that may be applied to
packed carbon -button microphones? The
one in question is noisy and, though sen-
sitive, it is difficult to keep at the best
operating point.

(A.) If buttons become packed because
of moisture, or long standing in one posi-
tion, it will often be possible to loosen
the carbon granules by holding the
"mike" with the diaphragm in a _hori-
zontal position, in one hand, and striking
it gently against the other hand. Also,
try gently striking the edge of the micro-
phone against one hand. Note that dam-
age may result if this procedure is fol-
lowed with the current on; make certain
that the microphone is disconnected from
the battery circuit while undergoing this
manipulation. Do not strike the dia-
phragm.

If the "mike" is located in an exces-
sively moist place it may be advisable
to place the unit under an electric light
bulb, in front of an electric heater (at
some distance), or in the rays of strong
sunlight, to drive out the moisture that
has caused the packing of the carbon.
Most microphones are, after assembly,
tested and balanced with meters; and
they should not be opened or tampered
with.



CHAPTER XIII

Test Apparatus
Service Oscillator

(Q.) Are there any data available on
the circuit details and use of an A.F.
modulated R.F. and I.F. service oscilla-
tor?

(A.) The Dayrad "Type 180" portable
test oscillator circuit is shown in Fig. 34.
A type '30 tube is used as the oscillator.
The design of this good, totally -shielded
service instrument is representative of
similar types of oscillators.

The procedure to be followed in using
this modern service oscillator may be of
interest:

First, the black lead of the shielded
dummy antenna is connected to the slid-
ing rod just below the unit marked "out-
put control"; the red wire being con-
nected to "ground." (The jack switch
marked "550-1,500 kc." and "175-180 kc."
should be turned till its pointer is in the
former position.) The other end of the
dummy antenna is to be connected to the
set; the black wire attaches to the an-
tenna post and the red wire to the
ground. Turning the line switch on now
will put the oscillator in operation.

The output meter (Weston "Model 30,"
type 653) is removable for observation
in the most convenient position. The
"output meter connector," with its adap-
ter, serves as the connection between

the set and the meter. The latter is
connected to the receiver by removing
the output tube and placing this in the
adapter's tube socket; the plug of the
adapter is then inserted into the power -
tube socket of the set. The two leads
from the adapter are connected to posts
C and 3 on the output meter; posts 1

and 2 are used if connection is made,
where necessary, directly to the voice
coil of a dynamic reproducer or a mag-
netic, respectively.

The intermediate frequencies calibrated
on the oscillator are 170, 172.5, 177.5 and
180 kilocycles. The I.F. output of the
oscillator may be smoothly varied; the
vernier must be set at 50 to obtain the
exact fundamental frequencies. This vari-
ation feature permits "flat -topping" tun-
able I.F. transformers.

Various other oscillator circuits are
illustrated and described in the book,
"Radio Kinks and Wrinkles; for Service
Men and Experimenters," by C. W.
Palmer.

Meter Internal Resistance
(Q.) What is, approximately, the in-

ternal resistance of a 0 to 1. -ma. meter?
(A.) The internal resistance of the

average milliammeter of this rating, in
one make, is 28 ohms. However, this value
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may vary five percent, plus or minus.
Each instrument is a hand -made unit and
this causes slight variations which do not
noticeably effect the scale readings. The
exact constants of all meters are individ-
ually recorded and may be obtained by
writing to the makers, if special labora-
tory work should necessitate the data.

Aligning Cage
(Q.) What is meant by the term

"aligning cage," and how is the device
made?

(A.) An aligning cage is used by some
radio manufacturers, to prevent the dis-
turbing effect of radiations from power-
ful local stations, and the static radia-
tions of electric machinery, from affect-
ing the tests and adjustments which are
made upon receivers in the final stages
of production.

Through the courtesy of the RCA Vic-
tor Co. we show, in Fig. 35, the ar-
rangement of an aligning cage, recom-
mended by them. Though a powerful
station broadcasting on, for instance,
1,260 kc. might cause enough interfer-
ence to prevent correct alignment of the
set at the 1,264-kc. point, an aligning cage
can be used effectively in a service shop,
as at the factory, to reduce this inter-
ference, and it will permit accurate
alignment of the instrument in the short-
est possible time.

The cage illustrated is built of light
material, such as would be used for
screen -door construction. The entire set
of equipment includes amplifier, speaker

Fig. 35
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and suitable plug connections, oscillator
and necessary meters. If it is undesir-
able to use a separate amplifier and
speaker, the cage can be constructed
large enough to accommodate the entire
cabinet.

Although the cage must be built to fit
the available space, it should be large
enough to permit swinging the chassis, to
couple it to the oscillator. The screen-
ing should preferably be of copper, 12
meshes to the inch. The sides are care-
fully bonded together to give maximum
screening effect, and the entire screen is
grounded. In all cases the open side of
the cage should be placed away from
the interfering station.

4 -Meter Set Analyzer
(Q.) Please show the circuit arrange-

ment of a portable test set in which
meters may be plugged into sockets, to
give instantaneous reading in different
parts of a tube circuit; with an extra re-
ceptacle, connected to test prods or
probes, for making external tests.

(A.) The circuit of this tester appears
in Fig. 36. This is available in commer-
cial form as the Readrite "Model 9"
Test Kit; hence the data concerning this
instrument are given here. Four out of
the nine meters are plugged into respec-
tive sockets. For reference, the ranges
of the nine meters are given in the
table in the upper left corner of the il-
lustration; the meter receptacles are
shown in dotted outlines.

The two sockets (in solid outline) are
for the various 4- and 5 -prong tubes
which may come under suspicion; their
elements are connected into the receiver
circuit by means of a 5 -wire cable having
a 5 -prong plug and a 4 -prong adapter.
Another adapter is required for 6 -prong
tubes.

A screen -grid tube under test must
have its cap connected to something, of
course; and the "something," when using
the "Model 9" tester is the cap connec-
tion in the radio receiver. A long lead

MA. V.D.C.V.kr..

0-10 0-8 0-6
0-100 0-50 0 -IS
0,3000-500 0-150

Fig. 86
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for this purpose is provided. One end of
it has a cap which fits the control -grid
connection on the top of the screen -grid
tube, and the other end has a plug over
which fits the control -grid cap in the
radio set.

Numerous circuits of set analyzers ap-
pear in the book, "Radio Set Analyzers
and How To Use Them," by L. Van der
Mel.

Capacity Meter
(Q.) Please show the circuit arrange-

ment of a simple capacity bridge to use
headphones and measure capacities less
than one microfarad.

(A.) The circuit arrangement of an
excellent bridge of this type, developed
by Mr. Beverly Dudley and described in

Fig. 37A
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QST, is shown in its elementary form
at A in Fig. 37; and in detail, in Fig. B.
Its capacity range as shown is approxi-
mately 10 mmf. to 0.05-mf. Its operating
graph in. position 1 of the selector switch
is shown in C of the same figure.. How-
ever, this is only approximate, and the
completed test instrument must be sent
to a laboratory for calibration. (See al-
so "Measuring Inductance and Capacity"
in the June, 1931 issue of Radio -Craft.)

A device of this nature is almost in-
dispensable to the radio Service Man. A
test unit of this type eliminates guess-
work as to whether condensers of 10
mmf. to 0.05-mf. are open-or have their
rated capacity.

Meter Accuracy
(Q.) Using a 0 to 1. -ma. milliammeter

with resistors of the correct value in
series for operation as a voltmeter, will
the accuracy of the meter be as good or
better than one of the high-grade stand-
ard voltmeters?

(A.) A voltmeter can be no better
than its different parts and, if any part
of the assembly, exclusive of the resist-
or, is of inferior design, the resulting in-
strument will be inferior to just that ex-
tent. The usual good voltmeter, shorn
of its series resistor, is simply a milliam-
meter with a range of 0 -10 -ma.; precise
voltmeters, designed to read voltages in
high -resistance circuits, and known as
"high -resistance voltmeters," usually con-
sume only about 1 milliamp.

1 -Meter Tube Checker
(Q.) What are the connections within

a "self -biasing" tube checker?
(A.) Figure 38 shows the schematic

circuit of the commercial Dayrad "Type
L" Self -Biasing Tube Checker.

RO.
1000-

O

O

3000 OHMS

1000 OHMS

300 9111.1

0.3

0.1
100 OHMS
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O.100)
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The sockets take tubes as follows: V1,
'24, '27; V2, '26, '30, '31, '32; V3, X12,
'36, '37, '38; V4, '45, '20, '99, '22; V5,
'01A, '12A, '71A, '80; V6, '10, '50, '81.
Output terminals give 3 and 15 volts.

Only the following readings are furn-
ished. To test other types, it is only
necessary to make a checkup test of
three or four of these tubes to deter-
mine average readings; and include these
figures in the following list. "Min." in-
dicates the minimum difference reading,
which marks the "End of Life." The
tube should exceed this figure in propor-
tion to its expectancy of service.
Type Min. Type Min. Type Min.
'24 9 '20 2 '50 20
'27 13 '30 1 '01A 3
'45 18 '31 31/2 K-12 3
'71A 18 '32 1 '26 51/2
'12A 8 '22 4 '80 34
'99 ih '10 10 '81

*lEach
34

plate.

A.C. vs. D.C. Meters
(Q.) How does an A.C. meter work?

Why does it indicate, steadily, on A.C.;
when the needle of an ordinary D.C.
meter on this supply will flutter?

(A.) The D.C. meter when measuring
D.C. may be represented as shown at
the right in Fig. 39 where a moving coil,
indicated by the arrow and carrying the
current to be measured, produces a field
which reacts against the stationary field
of the permanent magnet. This reaction
is physical and the coil, being freely sus-
pended, moves in proportion to the amount
of current through it. However, alternat-
ing current, flowing through this winding,
at the rate of, say, 60 cycles, changes
polarity so rapidly and is attracted and
repelled so fast, that the coil cannot fol-
low it. If there were some means of
changing the field of the permanent mag-
net, at the same rate as the change in
the moving coil, there would be continu-
ous repulsion; and the needle would in-
dicate truly.

Fig. 38
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This action may be obtained by dis-
carding the permanent magnet and sub-
stituting two coils (N, S, shown at the
left). These are connected in .series with
the moving coil, so that alternating cur-
rent through these coils changes polarity
at the same rate as the current through
the single moving coil. This produces
continuous repulsion, and indication on
the A.C. meter scale.

Characteristic Graphs
(Q.) Please show a schematic circuit

for taking the "characteristic curve" of
an A.F. transformer, or for determining
its comparative value.

(A.) The circuit requested is Fig. 40.
As shown, it is of value only for obtain-
ing an approximation of the "gain" or
voltage stepup of a particular transfor-
mer, at 1000 cycles (1 kc.), as compared
to another transformer used as a stand-
ard. However, the gain of a complete
stage, including such a transformer, at
other frequencies may not be in propor-
tion to this volume.

To obtain a true picture, it is neces-
sary to make a graph of the values ob-
tained at other frequencies; this is possi-
ble by. using an oscillator adjustable to
these frequencies.

The constants of T3 will be determined
by the design of the oscillator and the
characteristics of the tube selected as
V1 (the voltages indicated are for an
'01A). The milliammeter should read
nearly zero, until the oscillator is started.

Fig. 39
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CHAPTER XIV

General Inquiries
Statistics

(Q.) How many radio sets are there
in the United States? In New York
City?

(A.) Late U. S. census figures indi-
cate that there are approximately 14
million radio sets in operation in the
United States; and that nearly one-half
the population of the country, or 50 mil-
lion people, can be classed as "listening
public."

The figures which concern a large city
are of particular interest. New York
City, for instance, boasts that of its 1.7
million families, approximately 1 million
are radio set owners; 70% of these sets
are electrically operated. Incidentally, of
the 3.1 million families in New York
State, 1.8 million have radio sets. It is
interesting to note that city and state
figures closely agree as to the proportion
of "listening public," with city interest in
radio taking a bit the edge over that of
the ruralites.

It is estimated that in New York,
Pennsylvania and Illinois are to be found
one-fourth of all the radio sets in the
country; and more than one-third of the
listening public.

Tri-Color Television
(Q.) In the latter part of 1928 I read

about a scheme for trahsmitting instan-
taneous pictures in colors. Red, blue and
green were used, but I do not recall the
details. Can you tell me in a genera
way the method used by the inventor,
Mr. Baird?

BLUE

SPIRAL

GREEN SPIRAL

RED
SPIRAL

N'ig. 41
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(A.) Figure 41 depicts a Baird method
of color television.

By having three scanning spirals in-
stead of one, it was found possible to
assign a particular color pickup and re-
production to each one and present a very
creditable example of television in colors
-the eventual arrangement we may ex-
pect.

The solution to the problem of ob-
taining three primary or primary -second-
ary colors was to use two separate lamps.
One, the usual pink or red neon; the
other, a special mercury vapor, helium
vapor lamp. The latter radiations could
be readily filtered into blue and green.

Set Modernizing
(Q.) What is the usual procedure in

modernizing radio receivers?
(A.) The changes necessary to modern-

ize any given receiver depend upon the
characteristics of the individual set. In
general, it may be stated that the wir-
ing and components are changed to per-
mit operation with the latest tubes; this
usually necessitates
pack. In some cases the R.F. coils are
replaced; a more modern volume con-
trol usually becomes necessary; a tone
control usually improves the audio quali-
ty. Single -dial tuning may replace mul-
ti -dial operation; a power detection cir-
cuit improves the tone quality, as does
the use of a pentode or other high -power
output tube. Perhaps the major altera-
tion is the use of A.C. tubes in place of
battery -operated types.

Most of these changes are described in
complete detail in the "Radio Service
Treatise"; copies of which are available
gratis by addressing an inquiry to the
publishers of this book. See also the
publication, "Bringing Electric Sets Up -
to -Date," by Clifford E. Denton.

Harmonic Production
(Q.) I have a coil of 85 turns of No.

26 C.S.C. wire, which is tapped at the
40th turn. I use this in an A.C. oscilla-
tor, for balancing purposes, in a unit
which covers the broadcast band from
550 to 1500 kc. I now find I am able to
use this contraption on the 20-, 40-, and
80 -meter amateur bands without the
change of coils; thus giving me a range
from at least 17300 kc. (W2XK), 17.34
meters, to 560 kc. (WIBO), 635.4 meters.

Would you kindly explain this pheno-
menon; and could its calibration be re-
lied upon if such is obtained?

(A.) Our inquirer has discovered the
phenomenon of harmonic frequency pro-
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duction, so often discussed in Radio -
Craft. The statement may be recalled
that, in an oscillatory circuit including
an ordinary vacuum tube, there is pro-
duced not only the fundamental fre-
quency of that circuit (due to the values
of its inductance and capacity-see Table
I, page 55, July 1931 issue), but also nu-
merous other frequencies which are mul-
tiples of the fundamental. These "har-
monic" frequencies are rated in their nu-
merical sequence; the first multiple being
the "second harmonic" or double the
fundamental frequency; the second mul-
tiple is the third harmonic, or three
times the fundamental; and so on.

We fear our correspondent did not read
this July 1931 Radio -Craft; therein, on
page 10, is described an "All -Wave Oscil-
lator for Modern Servicing" which com-
mercializes the phenomenon of harmonic -
frequency production.

The practicability of calibration, obvi-
ously, is evident at least, for the 200- to
1500-kc. band specified. Further, this
method is used in amateur radio trans-
mitting work to accurately calibrate
short-wave wavemeters; the signals of
crystal -controlled stations are used for
the fundamental; to which may be tuned
(by zero -beat) a vacuum -tube oscillator,
whose harmonics may be logged on graph
paper for further reference.

Constancy and accuracy of calibration
are largely a matter of obtaining constant
current supply and uniform tube char-
acteristics. In general, quite close work
may be done.

Battery Carbons
(Q.) I would like to use an ordinary

battery carbon as a resistance. What
is the average value of one which is six
inches long?

(A.) About 55 ohms. It varies about
five ohms each way.

Electrolytic Condensers
(Q.) What are the dimensions of the

coiled sheets of metal foil used in the 8-
mf. Mershon electrolytic condenser and
the 2000-mf. Elkon dry "A" condenser
shown as Figs. Cl and B, respectively,
in the September, 1930, issue of Radio -
Craft, on page 148?

(A.) The coiled strip used in the
former measures 2 in. by 36 in.; two
strips are required in the latter, each
one measuring 5 in. by 72 in.

"Newton's Disc"
(Q.) I am conducting some experi-

ments in television and would like to
duplicate the physics experiment known
as "Newton's Disc." By mounting on a
rotable shaft and twirling the card, all
the colors of the rainbow painted on it
merge into almost a clean white. Can
you assist me?

(A.) A sketch of the card to which
you refer is Fig. 42. We suggest you
use the following water colors or oils to
get approximately the right effect, which
may be close enough for your work.

For red, use vermilion with a little
permanent violet; orange, orange cad-
mium; yellow, chrome yellow; green,
blue-green viridian plus a small amount
of cobalt blue; blue, prussian blue and
cerulean blue; violet, permanent violet
and a little blue; indigo, permanent in-
digo. Due to optic nerve fatigue the
colors will, when rotated, resolve into
the sensation of white.

Fig. 42



CHAPTER XV

Experimental Circuits

Reflex Set
(Q.) Some time ago the Carborundum

Company published a reflex circuit where-
in a single tube amplified both radio and
audio frequencies, with detection accom-
plished through the use of a Carborun-
dum crystal detector. The writer built a
set according to the plans and has re-
ceived the programs of WPG, WBAP,
KTHS, KWKH, WGY and CFCA, among
the distant listings, and about twenty-
five more local ones. However, increased
volume is sometimes desirable and the
question is, "How can the audio output
of this reflex set be increased?" The
theory of reflex operation is not clear
to me.

The constants of the -circuit are as
follows: LI and L2 are wound on, a
three-inch bakelite tube to a total length
of 3% -in. Coil Li consists of 32 turns
of No. 24 D.C.C. wire tapped at every
eight turns, and spaced %-in. from L2
which consists of 45 turns of the same
size wire. Coils L3 and L4 are wound on
a form of the same size as Ll and L2;
but L3 consists of 48 turns of No. 30 D.
C.C. wire, tapped at every twelve turns,
while L4 has 45 turns, center -tapped.
Units Cl and C2 are .0005-mf. variable
condensers, preferably with grounded ro-
tors; C3 is .000I-mf.; C4, .0005-mf.; R1,
a suitable filament ballast for the par-
ticular tube used as VI; R3 (required
only if uncontrollable A.F. oscillation oc-
curs), has 50,000 ohms resistance mini-

mum, and 500,000 ohms maximum (it is
variable within these limits); Detector, is
a Carborundum crystal.

(A.) A schematic circuit of the desired
arrangement (Fig. 43) is shown in these
columns. Tube V2 is the added one, ar-
ranged as a second stage of A.F. ampli-
fication; the "B" and "C" potentials
shown are the correct values for a 'HA
tube; although any other power tube
may be used if the current supply is ad-
justed accordingly.

For convenience, the idea of the fila-
ment -control jack has been retained;
but the old jack is now shown as J2 and
a new one, JI, replaces it in the former
position.

If the A.F. transformer Ti has a ratio
of about 4 to 1, T2 may have a ratio of
2 to 1, if of good design; otherwise, the
volume may not be as great as desired.
It is suggested that C5 placed as shown,
with a capacity about .00015-mf., might

the circuit.
Resistor R2 is the filament ballast re-
quired for the particular power tube sel-
ected. The old circuit is shown at left
of dotted line, and the added A.F. am-
plifier at right; this unit may be con-
structed in any convenient manner.

(A study of the action of a reflex cir-
cuit appears in the December, 1929, issue
of Radio -Craft Magazine, in Radio Ser-
vice Data Sheet No. 7.)

Other considerations are covered in the
writer's book, "Modern Radio Hookups."

Fig, 43
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Long -Wave Receiver
(Q.) As I would like to make up an

experimental circuit to receive long -wave
stations for code practice, please print
details of this arrangement.

(A.) The schematic circuit of an eas-
ily -built set, a 2 -tube "autodyne," and
designed by the writer, is shown in Fig.
44.

Although a tuning condenser Cl of
.0005-mf. capacity may be used, it is
recommended that this part have a ca-
pacity of about .001-mf.; which value may
be obtained by ganging two .0005-mf.
units. The larger capacity will make it
easier to tune in a greater number of
stations with a lesser number of coils.
Any type of tube may be used at VI
and V2.

Honeycomb coils may be purchased, or
home-made coils scramble -wound, with
No. 30 enameled S.C.C. wire, on a form
an inch wide and about two inches in
diameter, to the following number of
turns: (25, 80-350 meters; 35, 175-550); 50,
220-750 meters; 75, 330-1030; 100, 450-
1460; 150, 660-2200; 200, 1300-4000;; 250,
1550-4800; 300, 2050-6300; 500, 3,000-8,500;
600, 4,000-12,000; 750, 5,000-15,000; 1,000,
6,200-19,000; 1,250, 7,000-21,000; 1,500, 8,200-
25,000, meters.

The two smallest coils are listed mere-
ly for completeness; the ranges are
roughly those covered with a .001-mf.
condenser. Some form of mounting must
be arranged so that the coils may be con-
veniently interchanged. The coils should
be rigidly supported, so that the turns
cannot move, even slightly, when the
coils are interchanged.

It may be desirable to insert a resistor
of about 1,000 ohms in the detector
plate lead at X.

ANT.

1. MEG.

1TUBE
AMPERITE

0-10. MEG.
BRIO LEAK

BLOCKING .0005-
T U BE

.00025-N F.

30 OHM
V. RHEO. "B45 V.

Fig. 44

AND ANSWERS 49

Once adjusted for a given tube and
plate potential, resistor R1 need not be
reset. The adjustment of R3 is critical.
Unit R2 controls volume and sensitivity.

Blocking tube VI prevents radiation of
interfering frequencies.

Signal Booster
(Q.) Please show the circuit for an

A.C. screen -grid booster unit to be added
to the average receiver, for use on broad-
cast wavelengths.

(A.) The circuit requested is Fig. 45;
connect its "output" to: the "Ant." post
of the first R.F. tube in the set. The
tuning condenser C2 will not "track"
closely with the radio set dial unless it
is of the same capacity and design of
plates; and unless coil L2 has the same
effective inductance as the tuned wind-
ings in the associated receiver.

The experimental constants may be as
follows: Ll, 10 turns of No. 26 D.C.C.
wire on a tube 2 inches in diameter; L2,
80 to 85 turns of the same wire on a
tube of the same diameter; L13, standard
R.F. choke, Cl and C3, 1 mf. fixed con-
densers; C2, .00035-mf., variable; C4,
.00025-mf., fixed; R, 1200 ohms. Resistor
R. is for biasing the tube.

Over-all shielding, grounded, is shown
in dotted lines. The coils should not ap-
proach the can more closely than two
inches at any point. It is a good idea to
connect a 1 mf. condenser as shown in
dotted lines.

By using one of the new "pentode" tubes
as the amplifier, increased amplification
may be obtained.

Pig. 45



CHAPTER XVI

Service Problems

Aligning and Neutralizing
(Q.) Please advise as to the best

method to be employed in completely bal-
ancing a radio set of advanced design.
It seems to me that a well-equipped shop
should be able to align these correctly, if
the correct procedure is made available;
whereas, at the present time, we ship
such sets to the factory of the re-
spective manufacturer.

(A.) In reply, the Service Department
of the Kellogg Switchboard & Supply
Co., has very kindly submitted the follow-
ing detailed information .on this proce-
dure in connection with a representative
set,-their "Model B" chassis, which in-
corporates Kellogg types 401 and 403
tubes. (The schematic circuit appears on
page 199 of the Official Radio Service
Manual, Vol. 1.)

A modulated oscillator tuning from 1500
to 550 kc. should furnish the signal, and
an output meter should be connected at
the audio output. (If this equipment is
not available, circuit resonance may be
satisfactorily obtained by tuning in two
weak radio stations, one at either end
of the band, and adjusting the aligning
condensers of the detector and R.F.
stages for greatest volume.)

Each aligning or trimming condenser is
located nearest its associated tube, and
the balancing or neutralizing condenser is
nearest the coil of each stage.

After alignment of the resonant circuits
has been secured, the balancing or neu-
tralizing procedure is as follows: begin-
ning with the R.F. stage nearest the de-
tector tube, and using the shield top
which has two holes perforated to allow
the entrance of two "neutralizing sticks,"
the top filament connector is removed
from the R.F. tube in the stage being
balanced and, keeping the stage in best
alignment, the balancing condenser is ad-
justed for weakest volume. On some
stages no signal will be evident; this is
the ideal point at which to leave the
balancing condenser. Each succeeding
stage is balanced in the same manner.
After all stages have been balanced,
the balancing condenser should not again
be touched, but should be sealed with
wax, or other suitable sealing medium.

The receiver should now have its final
resonance alignment and every stage in-
cluding the detector should be aligned for
greatest volume. The last step is to test
the receiver by tuning in stations across
the entire range, noting the selectivity
and sensitivity.

Kellogg receiver circuits of the series
using Kellogg Type -401 tubes raretly oscil-
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late, and may be considerably out of
balance without being near the oscillation
point. Inductive tuning is used, the left-
hand knob controlling zone -switch con-
tacts which tap the secondary of each
coil and divide it into seven zones. These
contacts should be cleaned if an oxide
or dust has accumulated on them and
prevented perfect contact. This condi-
tion may be the diagnosis if the set fades
and other possible causes have been
checked and eliminated.

The right-hand tuning knob controls a
rotor coil for each stage, which through
variometer action varies the inductance
and thus tunes each zone. The contacts
to these rotors should also be cleaned.
The proper method of cleaning both zone
and rotor contacts is to use a pipe
cleaner or a special tool with special felt
which has been dipped in "Carbona" or
carbon -tetra -chloride; or, if the first two
are not available, alcohol may be used.
After the cleaning operation a very thin
film of vaseline may be spread on the
contacts to prevent future oxidization.

Grounded Circuit
(Q.) What is most likely to be the

trouble in an A.C. set, when the 110 -volt
current passes through the ground wire
of the set? Set cannot be used with
ground lead. Would a condenser in the
ground lead help, and what capacity
should it be?

(A.) This unusual phenomenon is prob-
ably due to a "ground" between the
windings of the power transformer. If
this transformer is carefully tested, it
probably will be found that the insula-
tion between windings has broken down.
A fixed condenser of 0.25-mf. capacity
may be connected in the ground lead; but
it is best to have the transformer re-
placed or repaired. Otherwise, the in-
sulation may break down still more, and
eventually arc-setting fire to inflamma-
bles in the cabinet.

Distortion
(Q.) I have a neutrodyne receiver, the

reproduction of which seems to have a
high note "fuzz." Can this be due to
the neutralization not being as exact as
it was?

(A.) It can be. Also:
1. The insulation of the neutralizing

condensers may be leaky, causing detec-
tion in one of the R.F. stages, due to a
positive potential being impressed on the
grid;

2. The detector grid -leak value may
have changed;
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S. Defective tubes may be causing this
trouble;

4. The audio transformers may need
to be replaced. (This is an unusual
source of distortion);

5. The reproducer may need repair.
(Frobably re -magnetizing, in the case of
a magnetic motor; or, re -centering of the
voice coil, if a dynamic unit is used);

B. Defective bypass condensers may be
causing the trouble.

Shocks
(Q.) I have a D.C. "mains" set well

insulated by antenna and ground series
condensers. Why is it that I get a shock
when the shield cans and radiator are
touched at the same time?

(A.) Evidently the shielding of your
set is grounded to the set wiring, which
is connected to the lighting lines, and
contact with it and the ground (radia-
tor) completes the lighting lines circuit
to ground, through your body; or dis-
charges the isolating condensers.

Fading
(Q.) What is the remedy for fading

signals in two receivers operated from
"A" units which incorporate "dry" recti-
fiers? One set is an 8 -tube receiver oper-
ated from a 21/2 -amp. "A" unit, and the
other is a 7 -tube set used with a 2 -amp.
unit of the Kuprox dry -disc type.

(A.) The trouble mentioned can be
traced, usually, to: a defective "A" rec-
tifier unit; defective "A" filter conden-
sers, or; poor contact elsewhere in the
"A" circuit. Defective units must be re-
placed.

Of course, this is working on the as-
sumption that the trouble is in the "A"
circuit; there are numerous other possi-
bilities, exterior to the "A" supply.

While all tubes are "on," test the out-
put voltage of the "A" unit with a low -
scale voltmeter. If the voltage is not
steady, the source of the fading has been
located.

Crackling Sounds
(Q.) The battery cable on a radio set

produces a loud crackling sound when
the cable is moved in a certain position,
near the input to the set. I have tested
this cable for open or short circuit, but
find it OK in every respect; in fact it is
a new one. Sometimes merely touching
the cable with the finger causes the
noise.

(A.) This crackling sound is caused by
loose connections (perhaps corroded con-
tacts), partial breaks, or partial shorts.

The reason the cable tested perfect is
that the tests were not carried sufficient-
ly far; or else the trouble does not rest
in the cable.

It is possible that the fault is due to
poor connection at binding posts; perhaps
a wire underneath a post is making in-
termittent contact. Corroded "A" bat-
tery clips will cause the same effect. A
voltmeter placed across the filament con-

nections of a tube will quickly indicate
whether the "A" supply is fluctuating.
If this reading is steady, check the "B"
supply with a voltmeter or milliam-
meter.

A broken strand of the cable conductor
will occasionally cause this effect, when
the strand sticks through the insulation
and intermittently touches another lead.

Ground Efficiency
(Q.) The writer has been informed

that the size of the spark obtained, when
the ground wire is removed from the
chassis of some Victor sets, when they
are connected to the light -line, is an in-
dication of the efficiency of the ground.
Is this true? And is the ground best
when the spark is large, or small?

(A.) The information is correct; the
better the ground, the larger the dis-
charging spark of the 0.1-mf. condenser
bank across the power lines.

Phono Motor Interference
(Q.) I replaced the spring motor in my

phonograph with a 110 -volt A.C. syn-
chronous electric motor. It was my
intention to operate this motor and an
electric phonograph pickup in conjunc-
tion with my radio set, which is pro-
vided with connections for a pickup.
However, the motor causes a loud hum
in the reproducer when the motor is put
into operation; although there is no in-terference when the motor is not turn-
ing.

If the pickup head is moved about six
inches from the motor, the hum stops; it
can also be stopped by turning the pick-
up to an odd angle. The leads from the
pickup are not inductively coupled to
the motor, since shielding them does not
reduce the hum. How can this trouble
be remedied?

(A.) If grounding the frame of the
motor does not eliminate the interfer-
ence which is experienced from the pho-
nograph motor, it may be necessary to
shield the entire motor in the manner
shown in Fig. 46. The shield is to be
made from soft iron sheeting, of any con-
venient thickness.

Before making this shield, it may be
advisable to try grounding the frame of
the phonograph pickup; and shielding the
A.C. leads to the motor and to the
switch controlling the motor.

Fig. 46
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RADIO QUESTIONS AND ANSWERS

Circuit Oscillation
(Q.) An 8 -tube screen -grid radio set,

has developed a case of circuit oscilla-
tion. Please advise as to the probable
cause of this effect; the means to correct
it; and the procedure in phasing the sev-
eral tuned circuits.

(A.) Although the request is terse and
appears to be a simple one, the answer
must necessarily be rather extensive. For
our example we have selected a commer-
cial radio set,-the Stewart -Warner "ser-
ies 950" receiver, Fig. 47.

Referring to this diagram, the 0.1-mf.
condenser bypassing the screen -grid of
V1 may be open -circuited and therefore
the cause of circuit oscillation over the
entire waveband.

Circuit oscillation on the higher wave-
lengths may be due to an open R.F. plate
bypass condenser.

Circuit oscillation throughout the tun-
ing range, accompanied by a blurred re-
ception, may be due to an open in the
fixed condenser, bypassing the R.F. grid
bias resistor.

It is to be noted that a screen -grid po-
tential greater than 85 volts will probably
cause circuit oscillation. The cause of
excessive voltage at this point may be
due to a lowered value of the 20,000 ohm
(purple) resistor.

Each of the tuning condensers is
grounded through an individual contact
shoe, which makes connection with the
rotor shaft. If this contact collects a
considerable amount of dirt, loosens, or
becomes corroded, circuit oscillation may
result.

Coupling through external wires may
cause circuit oscillation, due to this feed-
back. Such coupling may exist where the
aerial comes close to the terminal strip
in back of the set, or where it crosses
either the reproducer leads or the 110 -
volt current supply cord.

Once again, it is considered advisable
to point out that a poor ground may
cause circuit oscillation; this is more
true of sets of this design, in which high
sensitivity has been achieved.

The Service Man perhaps is unaware
that a simple, but infallible, test may be
made to determine whether the ground
is a poor one, or whether external coup-
ling exists. Just connect an .006- to 0.1 -
nil. condenser inside the set, from the
frame to one of the 110 -volt power leads.

If, after reassembling the receiver care-
fully, all traces of circuit oscillation are
gone, the original cause was unquestion-
ably either outside feed -back, or a poor
ground. Having determined that outside
leads run directly to the set and are not
coupling back to other parts of the cir-
cuit, change the ground connection.

Exceptional amplification at the higher
wavelengths may result in circuit oscilla-
tion at the low -frequency end of the
tuning scale; a condition which is seldom
apparent unless the set is tuned exactly
to the station and the volume control is
turned full on.

68

To cure this trouble first remove the
bottom metal plate of the set. Note the
three leads running under the large filter
condenser, from the R.F. coils to the
plates of the screen -grid tubes. If these
leads are encased in metal braiding, the
braiding should be pulled out more; see
that the wire is completely shielded. If
these leads are encased in brass channel -
strips, the filter condenser should be re-
moved, and the brass clinched over the
wires with a pair of pliers.

Now, when replacing the filter con-
denser, omit the cardboard strips between
the shield leads to make certain that the
pressure on the leads is sufficient to in-
sure a perfect ground. (For the same
reason, if the condenser is of the large
black type, it should be reversed, so that
the paper back is pressed against the
shields.) This should clear up the cause
of the particular circuit oscillation re-
ferred to above.

NOTE: Make certain that the bottom
plate is bolted tightly in place, as this is
part of the shielding system.

Leaving the ground connected, but with
the set turned on and the aerial discon-
nected, couple the set to an A.F. modu-
lated R.F. service oscillator and adjust
the receiver dial for 1,000 cycles; then
tune the oscillator to this frequency,
with the volume control of the receiver
full on. (Control the volume of the oscil-
lator by some adjustment in the oscilla-
tor or by changing coupling, but not by
variation of the volume control on the
set.) Carefully balance the antenna trim-
ming knob.

Now, bring an insulated piece of metal,
such as a tape -covered hack -saw blade,
close to the detector -circuit tuning con-
denser, through the stator plates at the
left side; so that the blade can make
contact at its lower end with the upper
left rim of the condenser frame. This
added capacity should cause the signal
to decrease. If there is no change of
signal strength, or an increase in strength,
this indicates that the circuit is out of
resonance and should be aligned by the
trimming condenser at the left. (The
coupling condensers at the right, of 16
mmf., are set at the factory and should
not be touched). Repeat this procedure
for RFT3 and RFT2; the circuit of RFT1
is taken care of through the panel con-
denser control.

This is the check for high capacity in
the tuning condensers; the test for low
capacity follows the same routine, with
the tuning dial adjusted off the 1,000 kc.
setting by two degrees. If the signal
does not become louder, carefully adjust
the trimming condenser in shunt with
the tuning condenser under test.

Should the receiver tune a little too
broadly after, a careful lineup as de-
scribed above, a poor ground system may
be the cause. Otherwise, the aerial is
probably too long, or close to a metal
roof, trees or light lines. A defective
tube may also be the cause.
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Midget Set Constants
(Q. Kindly show the complete schematic

circuit and operating potentials of a re-
presentative commercial midget radio re-
ceiver which employs only four tubes, in-
cluding the rectifier; a band -selector
should be included in the design.

(A.) In Fig. 48 is shown the schematic
circuit of an exceptionally good receiver
which meets the specifications; the set Is
the Sears, Roebuck 4 -Tube Midget Re-
ceiver.

Operating potentials are to be meas-
ured at a line voltage of 110 and with
the volume control full on; the readings
(on a Weston Model 547 set -checker)
should approximate the following figures:
Filament potential, VI, V2, V3, 2.4 volts:
V4, 5 volts. Plate potential, V1, 250
volts; V2, 65 volts.; V3, 230 volts. Con-
trol -grid potential, V1, 2.5 volts; V2, 2.5
volts.; V3, 16.5 volts. Plate current,
normal, V1, 4 ma.; V2, 0.4 -ma.; V3, 35ma.; V4, 30 ma. (each plate). Screen -
grid potential, VI, 90 volts; V2, 37.5 volts*.
Space -charge grid, V3, 250 volts. Readings
(*) are comparative only, and are not
true potentials, due to the resistance of
the meter.

Adjust the length of the antenna to the
requirements of individual localities. Totake advantage of the adjusting vanes onthe variable condensers (from front to
back, they are in this order: Cl, C2, C3),
the circuit should be aligned at 1,600 kc.,
1,295 kc., 800 kc., 750 kc. and 650 kc.The degree of band selection is deter-
mined by the inductive coupling of coils
LI. and L2.

The receiver diagrammed in Fig. 48 is
exceptionally well balanced for the re-ception of most programs; however, in
some instances it may be desirable to in-
crease the proportion of "highs" in the
reproduction. This may be conveniently
accomplished by changing the effectivevalue of the output bypass condenser C4
by connecting in series with it, at "X,"
a variable resistor of 0-50,000 ohms; of
course, an off -on switch may be used in-
stead, if satisfactory tone results when
this portion of the circuit is open -cir-cuited.

The first tube is a type '35 or '51 va-
riable -mu, which functions as first R.F.;

thiS is followed by the detector, which is
a screen -grid type '24 tube; the last
tube in the receiver portion of the cir-
cuit is a type '47 pentode, resistance -
capacity coupled to the detector; the rec-
tifier is an '80.

In this model, "C" bias is obtained as
the voltage drop across the 300 -ohm sec-
tion of the field coil, Ch.

Ungrounded Sets
(Q.) What is the explanation for an

increase in signal volume when the
ground wire is disconnected from a sen-
sitive T.R.F. set. Aerial and ground have
been inspected, and both seem to be in
perfect condition; all tubes test up to
par.

(A.) When the ground wire is re-moved from a radio set, the chassis no
longer serves as a radio -frequency shield
since it is ungrounded. Regenerationnow takes place in the circuit, thus
causing increased sensitivity; and per-
haps the circuit may become so highly
regenerative as to slip easily into oscil-
lation. Another result of this instability
is to decrease the noise -to -signal ratio,
bringing in background noises not other-
wise heard. Also, the hum level is often
raised to an objectionable degree.

Under normal conditions, the various
interfering noises picked up, by the light -lines and chassis may pass directly to
ground through a filter bank consisting
of two center -tapped 0.1-mt. capacities,
connected inside the amplifier unit. How-
ever, when the ground connection is re-
moved, the effectiveness of the ground
wire to carry off these static discharges
is eliminated. Also, the signal gain ob-
tained by removing the ground is not as
noise -free when obtained in this manner,as when the volume control is advanced
to obtain the same sensitivity; for it is
seldom that a sufficient degree of sensi-
tivity is not obtainable by adjustment of
this control-if the receiver is otherwise
properly balanced.

Signal pickup via the light -line, nolonger bypassed to ground, now may backup through the set. If it is "in phase"with the antenna pickup, volume is in-
creased; otherwise, decreased volume will
be experienced.

BAND SELECTOR;

--'S---- r(11 1 L2' I

200 OHMS

R.F
'35 OR

.51

7,000 OHMS
VOL. CONTROL

13 I

900,000 OHMS 30,000 OHMS TONE CONTROL Sw. OR .*R RESISTOR
00025- 600V. / VOICE CNN.PET MF .01-MF. / A.F. COIL REPRODUCER24 I('47 / T1 S4

3?,?4C4cr

10.000 .20,000
OHMS OHMS

300 OHMS CH 1320 OHMS

SW.

PT. 1

110 V.,
A .0 .

Fig. 48
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"Screen -Grid" Coils
(Q.) Please print details for the con-

struction of R.F. transformers of a de-
sign suitable for use as antenna and in-
terstage units in modernizing old '01A -
and '27 -(tube) type receivers to the use
of screen -grids or variable-mu's. The
coils should be small as possible.

(A.) This is rather a large order. In
the first place, the proximity of the
shield to the R.F. coil will greatly affect
the tuning range of the receiver; as will
the characteristics of the particular tubes
used. Perhaps the greatest factor with
which to contend is the minimum capac-
ity and the capacity range of the tuning
condenser, as pointed out in past issues
of Radio -Craft. Furthermore, reference
should he made to recent articles in Ra-
dio -Craft magazine on coil design of the
latest type; in which reception at both
low- and high -frequency ends of the
tuning spectrum are compensated in the
design of the primary winding.

However, still another, and more com-
mon design, is illustrated in Fig. 49. The
object here has been to obtain good
operation, though using coil forms and

CELLULOID
FORM

1- IA.

.00035-MF.
121 T. Ng 32. SHAM.

1AG"

TIGHT

ANT. PRI.
ET. N933 S.C.E.

SC. -GRID
75T. N.9 37 5.5.C.

SHIELD CAN -2 Ye DIA x 3" HIGH

Fig. 49

shield cans of very small dimensions.
The values are those of a commercial
product.

The primary of the antenna coil fits
tightly inside of the form, on the outside
of which is wound the secondary. The
primary of the screen -grid coils is to be
spaced 1/16 -in. from the inside of the
celluloid winding form.. All secondaries
have the same number of turns, and are
tuned by a variable condenser rated at
".00035-mf."

Automatic Volume Control
(Q.) How does an automatic volume

control act to control the volume of a
radio receiver?

(A.) As explained in detail in the ar-
ticle, "Automatic Volume Control," by
C. H. W. Nason, in the November, 1930
issue of Radio -Craft magazine, there are
numerous types of circuits; however
they all operate to vary the screen -grid,
or the control -grid potential of the R.F.,
I.F., or A.F. tubes.

A circuit in general use is shown in
Fig. 60.

r.0001- '27

TO GRID
OF °ET.
IN SET

I.MEG%
50,000
OHMS

R2

-80V. -60V.
,TO R.F. SCREEN GRIDS

Fig. 50



CHAPTER XVII

Handy Reference Data

Conversion Chart for Wavelength, Frequency, and Oscillation Constant
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076160 DCC SCC DSC SSC Enos.
Ene®.
SCC

and
SSC

14 13.7 14.6 14.7 15.0 16.2 14.2 14.7
15 15.0 18.2 16.4 17.0 17.0 15.8 16.5
18 16.7 18.0 18.2 19.0 18.7 17.6 18.4
17 18.5 20.0 20.0 21.2 21.4 19.5 20.5
18 19.6 22.3 22.3 23.6 24.0 21.7 22.9
19 22.5 26.0 25.2 27.0 27.2 24.2 26.8
20 24.5 27.6 27.5 29.5 30.1 26.5 28.4
21 27.5 30.8 30.8 32.8 33.6 29.6 31.5
22 30.0 34.0 34.0 36.6 37.7 32.7 35.0
23 32.7 37.5 37.6 40.7 42.3 56.1 39.0
24 35.6 41.5 41.6 45.3 47.2 39.7 43.1
25 58.6 46.7 46.7 50.3 62.9 43.7 47.9
28 41.8 60.2 60.2 55.7 69.0 47.8 62.8
27 45.0 65.0 56.0 61.7 65.8 62.1 58.1
28 48.5 60.0 60.0 88.3 73.9 67.0 64.4
29 52.0 65.5 65.5 76.4 82.2 61.9 70.6
30 66.6 71.3 71.3 85.1 92.3 67.4 77.9
31 60.0 77.3 77.3 91.6 103.0 72.8 85.3
32 62.7 83.7 83.7 101.0 116.0 79.1 93.9
33 86.3 90.3 90.3 110.0 130.0 85.6 103.0
34 70.0 97.0 97.0 120.0 146.0 91.7 112.0
35 73.4 104.0 104.0 131.0 164.0 98.8 123.0
58 77.0 111.0 111.0 143.0 182.0 105.0 133.0
37 80.3 126.0 126.0 166.0 206.0 113.0 148.0
38 88.5 133.0 133.0 168.0 235.0 120.0 167.0
39 39.9 140.0 140.0 181.0 261.0 128.0 172.0

Bias Resistor Values
for Individual Tubes

Rz V= V:g Vz: 074'
I. Rees... --

56 Amplifier 2" 11.5 F -42a-2700

36 "C" Bias
Detector

250 20 F-5/1-100,000

57 Amplifier 2" "0 F -Y5-1000

57 ,,,,,,o, 250 100 6 0- -60,01:10

Plate coupling

rs3r,Uho7nt.
F -I -250,000

58
Clam "A"
Amplifier 250 100 3 0- Vy.-270

S8
Super-

beserodYne
1st Detector

250 100 1°145"1^`"'biasCannot be used
as ordinary grid

detector

46 Amplifier 2" 33 0-1-1500



RADIO QUESTIONS AND ANSWERS

A Self -Perpetuating Nomograph for Determining Tube Characteristics

Determining Meter Shunts and Multipliers

57

Voltage
Range

Desired
ip Voles

100 us 200 us. 1 300 as. 1 SOO us
1 1000 se I 1.5

1 M A M.- A M. A.M.
3

M A.
5

M A.

Resistance in ohms.

10,000 5,000 3,330 2 000 1,000 667 500 333 200
15,000 7,500 5,000 3,000 1,500 1,000 750 500 300

2 20,000 10,000 6,670 4,000 2,000 1,330 1,000 667 400
3 30,000 15,000 10,000 6,000 3,000 2,000 1,500 1,000 600

50,000 25,000 16,700 10,000 5,000 3,330 2,500 1,670 1,000
7.5 75,000 37,500 25,000 15,000 7,500 5,000 3,750 2,500 1,500

I0 100,000 50,000 33,300 20,000 10,000 6,670 5,000 3,330 2,000
15 150,000 75,000 50,0,10 30,000 15,000 10,000 7,500 5,000 3,000
30 300,000 150,000 100,000 60,000 30 000 20,000 15,000 10,000 6,000
SO SOO 000 250,000 167 000 100 000 50,000 33,300 25,000 16.700 10,000

(00 1. 500,000 333,000 200,000 100,000 66,700 50,000 33,300 20,000
Megohm

ISO 750,000 500,000 300 000 150,000 100 000 75,000 50.000 30.000
Megohm

300 1.5 1 600,000 300.000 200 000 150,000 100.000 Two
Megohm Megohm Megohm 1 30,000

SOO
Megobm

2.
Mego5 tuu

I Meg
A 667,000 Megohm

500,000 333,000 350.000
100,000

3 66,700
{30,000

30.
60,000000

Two
1.000

3M
Two Two Three Five

Meech= Megohm 133,000 Meacham 16o:soh= 333,000 250.000 111,000 40,11011
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PRESENTING THE

ilidiotaft kbrary
Presented on this page are the new books of the RADIO -CRAFT LIBRARY-the most 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 no that they are easily digested and
clearly understood. Mail coupon below for your books.

Book No. I

RADIO SET ANALYZERS
And How To Use Them

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

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

Book No. 2
MODERN VACUUM TUBES

And How They Work
With Complete Technical Data 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 t
CoLYDESeryFlce ITCHThemBy

nook No. 4
MODERN RADIO HOOK-UPS

The Best Radio Circuits
A Complete Compendium of the
Moat 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. 8

BRINGING ELECTRIC SETS
UP TO DATE

With Pentodes, Multi-Mus. Dr.
namie Speakers-Complete Inform-
ation How to Modernize A.G.,

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
Money -Savers

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 Servieing and Maintenance
By LOUIS MARTIN

Book No. 10

HOME RECORDING AND ALL
ABOUT IT

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

Machines, Servicing, ate.

By GEORGE J. SALIBA

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, and
no expense has been spared to make it an outstanding value, for its editorial contents as well
as from the mechanical standpoint.

Big Discount Offered
In order to make it possible for everyone to buy these 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.  IT A.. . Ng
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The Key to every Radio Problem!

S. GERNSBACK'S
RADIO

ENCYCLOPEDIA

PRICE

$3.98
POSTPAID

SECOND EDITION!
CONTENTS ENTIRELY NEW

THIS book is the New Edition of the Famous Firs t Radio Encyclo-
pedia by S. Gernsback, the first book of its kind ever published in America.

The new Second Edition-just off the press-is fully revised, rewritten,
and enlarged. It is the absolutely up-to-the-minute new model of the pioneer
First Radio Encyclopedia, which became the stand-by of all radio men in everypart of the world. Over 39,000 copies of the first edition were sold.

It gives you an explanation of every word
used in radio. These explanations-or, rather,
definitions-are not brief outline information
like those of an ordinary dictionary, but they
give in fullest detail, and at considerable
length, the meaning and application of every
word, phrase, general and special term used in
the science of radio. They are written in
plain, everyday English, easily understood by
anyone.

Practically every definition in the book is
illustrated by drawings, photographs, dia-grams, or charts. All you need to do is tolook up as you would in a dictionary, the
word or phrase about which you are seeking
information. Furthermore, each page is key -
indexed, for greater convenience and speed
in locating any definition. All the Subject -
Matter is Arranged in Alphabetical Order.

This greatly enlarged Second Edition Radio

Encyclopedia is an absolute necessity to every-
one interested in Radio. It answers all radio
Questions, increases your knowledge and saves
your time. It covers every known radio prob-
lem, and is a gold -mine of practical informa-
tion for every radio man.

2,201 Radio Definitions
1,253 Technical Illustrations

34 Tables and Charts
24 Pages of Appendix

Size of Book:
9 in. wide by 12 in. high

352 PAGES
Weight, 3 lbs.

Red Morocco-Keratol Flexible Binding
Printed on strong ledger paper

Loose -Leaf Arrangement



Patent Your Ideas
This Free Book Shows How

YOUR idea for a practical article or an im-
provement upon an old one should be pat-

ented NOW. Frequently many of the thous-
ands of applications filed in the U. S. Patent
Office each year are for the same or almost
the same idea. In such a case, the burden of
proof rests with the last application filed.
Sometimes a delay of even a few days in filing
the application means the total loss of
the patent. Lose NO TIME.
The entire time of my large and experi- Iw
enced organization is devoted exclusive-
ly to patent and trade -mark cases. We
know the rules and requirements of the
Patent Office. We understand the tech-
nicalities of Patent Law. We can pro-
ceed in the quickest and safest ways
in preparing an application for a patent
covering your idea.
The book shown here contains valuable informa-
tion that every inventor should know. It tells
you just how to go about obtaining a patent for
your idea. With the booklet I will send you
my "Record of Invention" form an which you
may sketch your idea and establish its date be-
fore a witness. If a dispute arises this will
be valuable to you. Send the coupon TODAY!
You will receive the FREE book, the "Record
of Invention" Form, and full information re-
garding costs.

Strict Secrecy Preserved
All communications, sketches, etc., are held in
strictest confidence and protected by steel files.
Your idea will be in trustworthy hands. I havethe highest references. It is probable that I
can help you. Send the Coupon AT ONCE.

Personal Service
Your case will be handled by a specialist select-
ed for knowledge and experience in certainlines of inventions. His personal attention will
be given to your idea.

Above is a view of our drafting and specification
rooms. These important departments are made up of
men of demonstrated skill and aptitude for the par-
ticular phases of patent and trade -mark procedure
to which they give their attention.

=caw*

ALSO FREE
"Record of Invention" Blank:
On request I will send you
FREE a copy of my "Record
of Invention" blank. On this
blank you can sketch and de-
scribe your invention and have
it witnessed in such
manner that it may
be of value to you an
evidence. Bend cou-
pon _now and receive
this form together
with my free book.

CLARENCE A.O'BRIEN

Clarence A. O'Brien
Registered Patent Attorney
26B, Adams Building, Washington, D. C.

Please send me your Free Book, "How to
Obtain a Patent," and your "Record of In-
vention" form, without any cost or obligation
on my part.

NAME

ADDRESS

(Important: Write or print name plainly)

J
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Nil trainyou athome
tofin a

106 PAY
RadioJob

J. E. Sinith,, President, Na-
tional Radio Institute., the man
St has directed the Home
Study Training of more men
for the Radio industry than
any other man in America.

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 850 to $100 a Week
Over 300,000 jobs have been created by Radio's
growth, and thousands more will be created by its
continued development. Many men and young men
with the right training-the kind of training I
give you in the N. R. I. course-have stepped into
Radio at two and three times their former salaries.

Many Men Have made $200 to 81000
in spare these while learning

The day you enroll with me I send you material which
you should master quickly for doing 28 jobs, common
in most every neighborhood, for sparetime money. I give
you the plans and ideas that have made $200 to $1,000
for N. It. I. students in their spare time while study-
ing. My course is famous as the crania that pays
for itself. I have doubled

Talking Movies, Television, and tripled theAircraft Radio Included
Special training in Talking Movies Television
and home Television experiments, Radio's use
in Aviation, Servicing and Merchandising Sets,
Broadcasting, Commercial and Ship Stations are
included. I am so sure that N. R. I. can train
you satisfactorily that I will agree in writing
to refund every penny of your tuition if you
are not satisfied with my Lessons and Instruc-
tion Service upon completion.

64 -page Book of Information Get
FREE a Job

with a
Get your copy today. It tells you where
Radio's good jobs are, what they pay,
tells you about my course, what others
who have taken it are doing and making.
Find out what Radio offers you without
the slightest obligation. ACT NOW!

.. NEW Radio Equipment
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 be-
ginner. In a short time you have learned what
would take years to learn in the field, You
make experiments illustrating the important
principles in the 25 best known receiving sets.

Fare

salaries of many.
Find out about
this tested way
to BIGGER

.P

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.

NAME

ADDRESS

CITY STATE
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A GOLDEN OPPORTUNITY

NEXT GREATFONRINDUSTRYTHE

Official

352 Pages

Over 600

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

trig and Refrigeration Units is self-evident and the
thought has occurred to some untold thousanda, ever
since air conditioning equipment has been installed in
public auditoriums, theatres, studios, department stores,
office buildings and manufacturing plants. The tre-
Mendously broad possibilities in this new industry are
bound to give employment and success to men far-sighted
enough to see its advancement and development. We
quote an excerpt from Mr. Hugo Gernsbaek'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 corning industry In this country. Thous-
ands of small firms will spring up. undertaking
to air-condition private houses. small business
offices, factories. etc. We are not going to
tear down every building In the United States
immediately. It will be a gradual growth; yet
small Installation firms will alr-condition small
houses, and even single offices in small build-
ings."

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

Air Conditioning Service Manual

Illustrations

9x12 Inches

Flexible, Looseleaf

Leatherette Cover

$5.00 Li:4

The °FERIA I, 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 REFRIGERATION
SERVICE MLANUA_L and other volumes.

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

charts and page after page of service data.
Remember there Is a big opportunity in this -new field and plenty of mono'

to be made In the servicing end. There are thousands of firms selling installations
end parts every day and this equipment must be cared for frequently. Eventually
air cod dltioning systems will be as common as radios and refrigerators In homes.
offices and industrial plants. Why not start now-increase your earnings with a

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

SERVICE MANUAL:
CONTENTS IN BRIEF

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

Send remittance of $5.00 In form of oheck or money order
for your copy of the OFFICIAL AIR CONDITIONING SER-
VICE MANUAL. Register letter if it contains cash or
rurrenry. THE MANUAL IS SE NT TO YOU POSTAGE
PREPAID.

GERNSBACK PUBLICATIONS, Inc, 99RA HUDSON ST
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There's plenty of Servicing Material

in the NEW 1934 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

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

 Voltage readings for practically all sets,
as an aid In checking tubes and wiring. All values of intermediate -frequency trans-
formers used in superheterodynes, with the man-
ufacturers' own suggestions as to correct bal-
ancing.
15 Detailed trouble -shooting suggestions and
procedure as outlined by the manufacturers' own
engineers-in other words, authentic "dope"
right from headquarters.
gb Values of all parts Indicated directly en
all diagrams.
 A.C.-D.C. cigarbox midgets.
 Public-address amplifiers.

Short-wave receivers.
 Remote -control systems.
gi A complete compilation of radio tube data.
covering both the old and the many new types.
a Section devoted to test equipment, analy-
zers. etc., with full diagrams and other valu-
able information.
 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.
a Free Question and Answer Service, the
same as in our last two Manuals.
a 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 handy, easily -consulted master Index
making It easy for you to find almost anything
Pertaining to your service problem Instantly.
This index Includes all the diagrams published
in all the previous GERNSBACK Manuals, as
well as the 1934 diagrams. A big convenience
and time saver!

[Send remittance of $3.50 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. 99RA HUDSON ST.
NEW YORK, N. Y.


