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PZ-100-QD Dual variable transmitting
condenser. 9000 V. spacing. Normal airgaps
to !/, inch.

TC-100-UD Dual variable transmitting
condenser. Normal maximum airgap .294
inches. /3 inch airgap available in 80 mmf.
single or 40 mmf. dual.

HZ-100-ZD Dual fixed transmitting con-
denser. /5 inch airgap 100 mmf{. per section.

A-7220 Micro-capacitor bridge adjuster.
Typical of the manyspecial components that

are produced to customer specifications. b ==

CARDWELL < CONDENSERS

Specified and used generously in practically every type of communications equipment

from the lowest power transmitters to the highly complex controls of frequency checking

devices, CARDWELLS have never failed to justify their selection.

THE
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Hallicrafters receivers and transmitters are
making history in keeping communications
open for the armed forces of the United Na-
tions. We wish we were at liberty to name
places and dates but of course that is impos-
sible just now. However, as soon as we can,
we want to write the achievements of this
equipment. We are as proud as though we
had several thousand sors in the service. You
can be assured we will continue our efforts
until victory is final and complete. The SX-28
(illustrated) 15 tubes, & bands. 550 ke. to
42 mc. $179.50.

the hallicrafters co.

CHICAGO, U. 5. A.

Published monthly (and copyrighted 1942) by Editors and Engineers, Ltd., 1300 Kenwood Road, Santa Barbara,
Calif. Entered as second-class matter Sept. 26, 1939 at Santa Barbara, Calif., under the Act of March 3, 1879. Ad-
ditional entry at Mt. Morris, IIl. All rights reserved. Title registered in U.S. Patent Office. Printed in U.S.A.
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LDITORIAL

PEACE-WORK

¢ We are by necessity forced to consider the peace
while involved in the war; and it is neither safe nor
prudent to dispense with a long-range view because
of a present urgency.

Before fall arrives, we will have reached complete
war economy, which means that 50 percent or better
of the national income and a considerably higher
percentage of manpower and womanpower will have
been diverted to the war effort. As a result of this
the main line of civilian economy will fall into
disuse; and at the termination of this war, it will
be the task of the government, of industry and the
people to get this economy rolling again in the
shortest possible time.

To change the metaphor, the humpty-dumpty of
civilian economy will have taken a great fall, and it
will take more than all the king’s horses and all the
king’s men to put him together again. There will be
the problems of industrial over-expansion, a scatter-
ing of manpower, and the means of financing to con-
tend with; and how best these problems can be
solved we do not know.

But it may be said that the problems of the post-
war period will be eased by long-range planning.
The Government is thinking in terms of voluntary
or compulsory saving; industry, in the midst of its
war trials, of civilian product development. If a
sufficient number of products having wide consumer
acceptability are “on the shelf” when peace comes,
and there is an accumulation of purchasing power,
the switch-over from war production to civilian
production can be made without a serious dislocation
of our economic structure.

Naturally, new consumer products will emerge
as a result of the war effort; and aborted develop-
ments, such as television, will account for large
markets. But the appetite of post-war industry will
be huge, and our salvation will rest in what we are
prepared to feed it at the moment the last shot is
fired.

Our inmnediate concern is to win the war, but in
doing so we cannot afford to lose the peace-—and

4

peace for us has its basis in a rciurn (o a civilian
economy. IHence, i1f we are not to be short-sighted,
some time—even if it be off-time—must be devoted
to the sowing of seed.

Our field holds special promise in this respect.
The future is irrevocably hitched to it. Engineers,
research workers, and radio amateurs in particular,
have the opportunity of experimentation along old
and new lines, and with the assurance that they will
be practicing something more than a mere diversion.

We offer the suggestion that, as an aid to his coun-
try, each man take up the exploration of some specific
subject along the path of his particular interest,
whether that be radio, sound, or electronics. We,
for our part, will present from time to time ideas
rhat seem worth following through, as impractical
as they may seem on the surface. The rest we’ll leave
to you.

ULTRA-HIGH FREQUENCY

The engineer has been put to no end of head-
scratching in his search for abbreviations that would
serve to differentiate hetween ultra-high frequency
and really ultra-high frequency. The English have
gone to the extreme of using the abbreviation “uhfi”,
meaning “ultra-high frequency indeed”, which is not
bad, but still not good.

There is no question but that “uhf” is sufficient for
general consumption, but the man in the know re-
quires a finer distinction, if for no other reason
than to suggest the character and behavior of the
waves to which he is referring.

Since we are in the habit of expressing the fre-
quencies of the shorter wavelengths in terms of
megacvcles, why not segregate our regions mathe-
matically ? Thus, all frequencies from 10 to 100 mc
could be referred to as 10hf; those from 100 to 1000
mic as 10°hf; and those from 1000 mc upward as
10°hf. Or. in the same sequence and segregation :
dhf, hhi, and khi—-d for “deka”, h for “hekto” and
k for “kilo”.

In any event. we prefer one or the other to such
handles as “ultra-ultra” or “super-dooper”.

—M. L. M.
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CBELL [ABS™
Its Philosophy 91 The Telephone

“a telephone service for the nation, so far as human-
ly possible free from imperfections, errors or delays,
and enabling at all times anyone anywhere to pick
up a telephone and talk to anyone else, clearly, quick-
ly and at a reasonable cost.”—Valter S, Gifford, Presi-
dent, American Telephone and Telegraph Co.

4 Living by and for the telephone, and serving twin
businesses where the incentive for maximum profits
and the drive for improvement that results from
active and strong competition does not exist, the
Bell Telephone Laboratories should, by rights, have
run into stagnation about the time the telephone
became a national asset. That it flourished, instead,
is a minor miracle and a problem in seeming con-
tradictions, with the answer to be found in methods
of doing things unique in the field of industrial
research.

History

Before there was a telephone there was a tele-
phone laboratory. In a corner of a Boston work-
shop Alexander Graham Bell carried on researches,
studying speech and hearing; and devising appara-
tus and methods for the electrical communication

In this evacuated bell jar
thin fims of various sub-
stances are deposited on
metal surfaces. It is used
principally in research stu-
dies of the "varistor” em-
ployed in carrier-current
systems.

A magnetic generator of
harmonics used in carrier-

current telephony. The coil
distorts the input wave-form
so that the output is rich in

VR : harmonies.

8 MAY, 1942 *
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of intelligence. Ever since that time the parent
company of the Bell System, which evolved from
his invention, has maintained telephone laborato-
ries. In 1907 all the laboratories were consolidated
into a unit to be operated as the Engineering De-
partment of the Western Electric Co.

By 1925 the laboratory work had so grown in
range and intensity, and in the magnitude of the
personmnel involved, that it could best be carried on
by a corporation devoted solely to research and
development.

Still, not all of the research problems of commu-
nication in which the American Telephone and
Telegraplh Co. was interested were of a laboratory
character. In its own organization that company
continued to maintain a development and research
group, with responsibilities in the development and
establishnient of proper standards for transmission
and switching. It was its duty, also, to envisage the
art as a whole, to foresce nceds and trends, and to
bring desirable lines of development to the atten-
tion of its colleagites in the laboratory organization.
[n 1934 there was a further centralization and this
A. T. and T. group was consolidated with the Lab-
oratorics. A\l of its activities are now carried on
under the corporate nanie “Bell Telephone Labora-
tories, Inc.”

The TLaboratories has a dual responsibility: to
the A. T, and 1. for fundamental researches and
developments; and to the Western Electric Co., as

Properties of materials are sometimes explored through me-

chanical analogs. This model, developed for the study of

hysteresis, has been found useful in fundamental research in
the theory of magnetic and microphonic action.

American
Tel. & Tel.
Company

OPERATIONAL SETUP

Western
Electric
Company

Bell Telephone Laboratories, Inc.

Radio Engineering

F. B. Jewett, Chairman F. W. Bierwirth
C. F. Craig W. F. Hostord
M. R. Sullivan C. G. Stoll
O. E. Buckley
~ President
F. B. JEWETT, CHAIRMAN l O. E. BUCKLEY, PRESIDENT
I 1 ] |
Q. B. Blackwell M. J. Kelly, R. L. Jones A. B. Clark,
Vice President Director of Director of Director of
Staff Departments Research Apparatus Development Systems Development
Patent Research in: Development and General Engineering
Legal Physics design of: Circuit Design and Testing
Financial Optics Switches Trial Instaliations
Accounting Magnetics N_e?works Power Supply Apparatus
Commercial Acoustics R liegs Telegraph Engineering
Service Electronics Teagstcumers Central Office Equipment
h Telephene {nstruments L 3 A
Personne| Chemistry Microphones Transmission Engineering
Publication Radi Loud Speakers Protection Studies
Televisien Line Apparatus Carrier Current Systems

Inspection Methods Testing Apparatus

RADIO| * MAY, 1942
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Marking locations of sun spots on an illuminated glass sphere.
As a result of jts careful study, the Laboratories has been
able to anticipate periods when sun-spot activity has been

especially troublesome.

the manufacturing unit of the Bell System, for the
embodiment of the results of that work in designs
suitable for manufacture. This relationship is re-
flected in the composition of the Iaboratories’
board of seven directors which includes three offi-
cials from each of the parent companies and the
president of the Lahoratories, Dr. Oliver E. Buck-
ley. The vice president of A. T. and T., Dr. Frank
B. Jewett, is chairman of the board.

The Laboratories headquarters are at 463 West
St.. New York. Two other sections are located at
180 Varick St. and at 250 Hudson St. At Murray
Hill, New Jersey, a group of buildings has recently
been completed which provide laboratories and
office facilities for about 800 persons. There are
several field laboratories for development studies
which require either large open spaces or typical
climatic conditions. The most important of thesc
are located in New Jersey, at Deal, Holmdel, Whip-
pany, and Chester.

Operational Setup

Because the products of the Laboratories are
ideas, inventions and designs its personnel is pre-
dominantly scientific. Of its present working force
of about 5,200 over 2,000 are highly trained and
experienced in science and engineering. For their
work they are organized on a functional basis with
regard both to the fields in which they are individ-
ually expert and to the problems which the Labora-
tories is attacking. They are grouped into three

10

main technical departments, known respectively as:
Research, Apparatus Development, and Systems
Development (see chart of Operational Setup). As-
sociated in the technical departments with these sci-
entists and engineers are about 1,000 technical
assistants, laboratory niechanics, supervising and
designing draftsmen, secretaries and clerks.

We have here the perfect coordination of the
three essential aspects of industrial research—the
managerial, pure science and development engi-
neering, with management at the top.

The Research Department is organized and ad-
ministered with a view to fostering the spirit of
research in its individual investigators, to associat-
ing them so that individual and group experience
may find its most useful expression. The research
man is encouraged to proceed along paths peculiar
to his talent, with, perhaps, the oue reservation that
what he undertakes holds promise of some economic
or social significance. In fact, within limits, the
management furthers his avocational desire because
as regards creative ability it is recognized that the
best results are obtained from mien who are most
happy mn their daily environment. In this respect,
however, care is taken so 10 organize the research
group as to reduce to a minimum the tendency for
men to proceed wholly as individuals rather than
as part of a team.

The approach to research is based on the so-
called scientific method which came to be accepted
rather generally about 150 vears ago, and altered

Tape-punching device used for "'trunking probability” studies.

The number of calls likely to be uncompleted because of

"line busy" conditions is determined. Thus the capacity of
an office is predetermined.

MAY, 1942 * [rADIO
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Control device used in "stereophonic” recording by which

frequencies, amplitudes, and spatial relationships of sound
can be altered to enhance the effect of the reproduction.

all preceding practice by developing and perfecting
a mode of attack by which men undertake to solve
problems not bv theorizing and speculating about
them but by theorizing to a point and then testing
the theory under definitely and positivelv controlled
conditions. In the mam these experimental control
tests do not have for their object the creation of
new things but rather a production of sure foun-
dations on which new things can with certainty be
created.

Only a part of the researcher’s equipment can be
of standardized form, for few of the things he is
concerned with are standardized until their engi-
neering worth is established, and by that time, for
the most part, they have leit the field of research.

The Development Engineer deals with the fact
and the experience within the range of his talent.
In many cases the resources of one specialized field
are not properly appreciated in another; but to
eifect the necessary coordination and interpretation
in unproved instruments and methods is the prov-
ince of engineering as distinct from research.

Because the activities of the lLaboratories are
concerned with all the scientific and engineering
prol:lems of electrical communication, its technical
work covers a wide range of subjects. It includes
fundamental research in physics, chemistry and
mathematics; the development and design of suit-
able apparatus for electrical communication both
wire and radio; the development of complete com-
munication systems and their design for economical

[raDIO] * MAY, 1942

and efficient operation; and the development of
power equipment and other apparatus and circuits
essential to the control, switching and supervision
of communication circuits. The Laboratories” work
covers the study of speech and hearing; the devel-
opment of mstruments for the transmission of in-
telligence ; the design of apparatus and the investi-
gation of materials for use in the construction of
the telephone plant. It also covers the development
of statistical methods of inspection and their adap-
tation for use by manufacturers and installers; and
the development and classification ot standards of
quality for communication apparatus and svstems.

Because of the diversity of projects and their
relationship to more than one branch of science, the
chemist interested in wood preservation for poles
and crossarms becomes temporarily a biologist ex-
perimenting with fungus growths; the telephone
enginecr approaches the phonetician, and the radio
engineer may turn meteorologist and a student of
the ionized upper layers of the atmosphere. Sooner
or later the workers must cross the arbitrarv houn-
daries between chemisiry and physics; between
clectrical engineering and mechanical engineering :
between phyvsics and biology or psvchology, and
sooner or later thev may enter an economic interest
or motive. As a result, there is an intermingling of
effort that promotes teamwork.

Dr. Jewett has pointed out that this advantage
has been augmented in many cases by the fact that
there has been an increasing tendencv to transfer

‘Continuwed on page 54)

This small amplifier shown being tested with a cathode-ray

oscillograph is used principally for monitoring the output
of broadcast transmitters.
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Delermining the Characleristics of

AUDIO AMPLIFIERS

CORTLANDT VAN RENSSELAER*

4 Practically all articles describing audio amplifying
equipment make claims regarding maximum undis-
torted output, low hum level and wide frequency
response. It is geunerally found. particularly with
amplifers employing inverse feedback, that these
clanns are highly exaggerated. The principal reason
for this is that characteristics are often dependent
upon accurate values of resistors, condensers, and
transformers, and these, except in the more highly
priced class, are usually not particularly exactingly
constructed. So it is often expedient to make various
tests in order to determine the exact characteristics
of amplifiers. This is particularly important when
one 1s to be used for recording. since in this case it is
sometimes essential that certain ranges of frequency
be accentuated. While accomplishing this is exceed-
ingly difficult by ear. with simple measuring equip-
ment it can be done quite easily.

Necessary Test Apparatus

The following apparatus is necessary for making
these tests.

1. An audio oscillator capable of covering the
range of frequencies between 20 and 10,000 cycles.

2. A wvacwiomn tube wvoltmeter which will regisier
full scale with less than 0 db of power across a 500-
ohm line.

3. An a-c voltmeter.

4. An oscilloscope. This is not needed for deter-

CALIBRATION CURVE 0-500 MICROAMMETER

CALIBRATED AT 1000~ , 5001 X,
G

' 1 500M %
2 \
sw/ sy .
> 3 a4 ? 1
METER READING )

Fig. 1. Schematic of simple vacuum-tube voltmeter and, at
the left, its calibration curve.
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Fig. 2. A graph from which the output of an amplifier may
be determined from the voltage and impedance. s use is
described in the text.

mining frequency characteristics, but proves valuable
in distortion analyses and in locating hum.

The audio oscillator need not be a particularly
elaborate one. It is not necessary for the output to
be constant over a large range of frequencies since
the input power to the amplifier is measured and
maintained constant during the tests. There are sev-
eral inexpensive oscillators on the market today, and
many have been described in the various radio pub-
lications.

A simiple vacuum tube voltmeter for audio work
with approximate full scale deflection at O db can be
constructed easily with a tvpe 30 tube and a 0-500
microammeter. The schematic diagram for this, and
the relative calibration curve are shown in Fig. 1.
This unit has the advantage over a copper-oxide
rectifier type of drawing very little current from the
line, and also of causing the meter reading to vary
much less with wide changes in frequency than with
the cor. unit. The calibration curve shows only

*P.O. Box 829, Stanford University, California.
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relative values of power. If the filament voltage is
exactly 1.5 volts, {ull scale deflection of the meter
will be close to O db at 500 ohms. As this voltage
changes, the calibration will vary proportionally
between certain limits. However, in the purposes
for which it will be used here, the reading is purely
relative, the actual calibration not being important.

The second andio power meter does not have to be
nearly so seusitive as the first, since its purpose is
to measure the output of the amplifier rather than the
input. Any a-c voltmeter other than the repulsion
type will serve this purpose. A convenient method for
combining both meters in a single bakelite case is
through the use of one of the Triplett twin instru-
ments. A 500 microammeter movement for the
sensitive meter can be secured for the left side of the
case and a 5-mil movement can be placed in the right
hand position. This case can be mounted on the
front of a small metal hox containing the 30 tube,
filament battery and copper oxide rectifier for the
larger meter. Thus a rather compact unit can be
constructed embodying all of the essential metering
facilities for testing audio characteristics.

The oscilloscope need not contain all of the fea-
tures of the large laboratory types to be perfectly
useful in making simple distortion and hum tests.
An inexpensive one which operates with an 813 tube
is described in the “Radio Handbook.” Although this
has no amplifiers or horizontal sweep circuits, it is
satisfactory for most audio testing.

It is often found that a vacuum tube power ampli-
fier will produce about fifty percent more audio
power than the undistorted ratings for the tubes
wortild cause one to conclude. Therefore it is difficult
to determine by ear when the point of maximum
undistorted output is reached. This is because many
loudspeakers. particularly those incapable of repro-

2 ° 0 VERTIGA
()Ul’[“ul’c’L b INPUT /Y j é = TERMINALLS
QUTPUT
I HORIZONTASL
TERMINAL'
AUDIO <
OSCILLATOR AMREIRIER ‘é .
A SCOPE
_ )
LOAD RESISTOR”
— - P
A.C.VOLTS 110 VOLTS A.C.
O

Fig. 3. Layout of equipment for making distortion tests.

ducing high audio frequencies, muftle or mask dis-
tortion to the extent that it cannot he heard.

An amplifier whose sole purpose is to play phono-
graph records, can be allowed to have as much as
five percent distortion, whereas one which is to be
used for recording should not bhe allowed to operate
with more than two percent. Since many amplifiers
are constructed with a view towards eventually using
them {for recording, it is often important that dis-
tortion measurements be made.

[RaDio] * MAY, 1942
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Measuring Output

A satisfactory means must be had for measuring
the power output of the amplifier to be tested. The
easiest means for doing this is through the use of an
a-c. voltmeter. This must be placed across the output
of the amplifier in parallel with a resistor whose
value corresponds to the impedance of the output
transformer secondary and whose power rating is
sufficient to withstand that generated by the amph-

e

o] D

Fig. 4. Oscilloscope patterns indicating: A—proper opera-
tion; B-—distortion; C—presence of resonant circuits; D—
unbalance in push-pull stage.

fier. The speaker which 1s to be used with the ampli-
fier may of course be substituted for the resistor if
none is available, but this will result in a consider-
able amount of noise if the unit is capable of de-
livering much power.

A means for readily determining the output of the
amplifier from the voltage and the impedance is
through the use of the graph of Fig. 2. Power is ex-
pressed logarithmically along the bottomi. There are
three phases from 1 to 10. The first of these must
be multiplied by 1, the second by 10 and the third by
100. In other words the first series of numbers go
from 1 to 10 watts, the second from 10 to 100 watts
and the third from 100 to 1000 watts.

A scale of decibels also appears on the bottom of
the graph. Thus the output can be expressed in terms
of either db or watts. The formula for converting
power to decibels is

P
.00

P = Power in walts

where

db = 10 log

The a-c voltages are expressed logarithmically
along the left side of the graph. These are to be
multiplied by the same figures as are those on the
power scale. The impedance across which the voli-
age is measured is shown on the slanting lines. To
determine the power which produces a given voltage,

I3
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find the voltage on the left column and where this
ntersects the impedance graph, read the watts or db
on the lower scale. The formula for determining
power from any impedance and voltage is

EE
W = 7 where

IV = Watts; E = Voltage; I — Impedance.

Distortion Tests

A simplified diagram for distortion tests is shown
in Fig. 3. Several audio frequencies should be tested
for distortion since the amplifier may be distorting
the low frequencies whereas it is operating normally
at higher ones. If the oscilloscope does not have a

O <O (o2
OUTPUT _ J L RuT % ]
ouTRUT 1 p
AUDIO 2
OSCILLATOR AMPLIFIER /
LOAD
RESISTOR
—
e =
DB METER A.C.VOLTS
O —toc

Fig. 5. Setup of equipment for frequency-response tests.

saw-tooth oscillator, the horizontal terminals should
be connected to the 110-volt line. The image on the
screen can be made stationary by varying the fre-
quency of the audio oscillator shightly. It will be
found that there is a point at every multiple of 60
cycles where the image will become stationary.

If the scope does contain a saw-tooth oscillator it
is simply necessary to set the audio oscillator at the
desired frequency and synchronize the ’scope with
this frequency. At low output, if the amplifier is
operating properly, the figure on the screen will
look like that of A4 in Fig. 4. There may be more than
one such curve on the screen, but each should be
perfectly symmetrical. 1f the shape resembles that
of D in Fig. 4, there is an unbalance in the amplifier.
If it has a push-pull output stage, one of the tubes
i1s probably not putting out as much power as the
other. Any roughness or lack of symmetry in the
sine wave indicates the presence of distortion. Any
spurious curves indicate the presence of parasitic
oscillations or motorboating.

It might be well to mention that very small per-
centages of distortion in the nature of one or two
per cent will not usually show up on the scope unless
the screen is very large.

To determine the maximum undistorted output of
an amplifier. increase the input power until the tops
of the sine curves begin to flatten out as at B of Fig. 4.
Then reduce the power until the waveforms appear
as at 4. At this point the undistorted output will
be at a maximum.

14

Response Characteristics

Frequency response characteristics even more than
distortion are important in an analysis of the opera-
tion of an amplifier. Fig. 5 indicates the usual set-
up of equipment for making these tests. I'7g. 6, which
shows several examples of response characteristics,
demonstrates the method for plotting these curves.
All power computations should be made in db.
These, as can be seen, are plotted along the left of
the graph while frequency is indicated on the bottom.

The db meter must be quite sensitive. It should
be of the vacuum-tube voltmeter type so that it will
consume little of the output power of the oscillator.
It is unnecessary to know the exact calibration of
this meter since it is used only to maintain the input
to the amplifier at a constant level. Most oscillators
do not have essentially even output with wide varia-
tions in frequency. Therefore it is important that the
oscillator output control be readjusted as the fre-
quency is varied.

The best method for plotting the characteristic
curve is to roughly determine the {requency at which
the amplifier has maximum output by quickly test-
ing over the frequency range. The input should then
be adjusted so that the output at this particular
frequency is about one-half the maximum power
capability of the amplifier. Then accurate measure-
ments should be made at 20, 30, 40, 50, 60, 80, 100,
150, 200, 300, 400, 500, 600, 800, 1000, 1500, 2000.
3000, 4000, 5000, 6000, 8000, and 10,000 cycles.

If the amplifier is to be used for playing phono-
graph records, it is desirable for the low frequencies
to be accentuated and for the high frequencies to be
attenuated as shown in curve 4 of Fig. 6. However,
if it is to be used for recording or for other purposes
where linear response is essential, the curve should
be practically flat between 20 and 10,000 cycles. This

T T
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Fig. 6. Several examples of frequency response characteristics of
audio amplifiers. The conditions for each are described in the
text.

condition is indicated in curve B. For most purposes
an amplifier is considered to have good characteristics
if the variation in db over the frequency range is
less than 5. Humps in the curve such as those in-
dicated at € are normally caused by resonant circuits
n the coupling between stages. \Whereas these humps
are desirable in certain cases, they are as a general
rule to be avoided.

MAY, 1942 *
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Hum Level and Gain

It is possible to determine how far below the power
output of an amplifier the hum level rests by first
measuring the output voltage caused by the hum in
the amplifier, changing this to db; then measuring
the output voltage from the audio signal, converting
this to db and subtracting the first number from the
second. It can then be said that the hum level 1s a
certain number of dly below the signal level. To be
inaudible, hum must be at least 40 db lower in vol-
ume than the signal.

fn order to locate the stage of an amplilier where

©: 2]
VERTICAL

- < 5 TERM‘INAALS

™ HORIZONTAL

AMPLIFIER —————+© TERMINALS

l 'SCOPE
H0 VOLTS
A.C

Fig. 7. Setup of equipment for conducting hum tests.

most of the hum is originating, the unit should be
connected to an oscilloscope, as shown in Fig. 7. 11
any appreciable amount of hum is present, the pat-
tern will resemble that of C in Fig. 4. By systematic-
ally removing the tubes {rom the amplifier, beginning
with the first stages. a change in the shape of the

pattern will indicate where the huun is entering the
circuit. When all of the tubes have heen removed
the double loop shape should become a straight line.

Quite often it is advisable that the overall gain
of an amplifier he known. This is normally expressed
in terms of db of gain. The procedure for determin-
11g gain is to measure the input to an amplifier neces-
sary to produce maximum undistorted output. Then
the formula is

P
db =10 log where
P
P: = Power input in walts
P — Power output in watts

A much simpler method than working out this
formula is to determine the number of db of output
and the number of db of input from [Fig. 2, then
divide the first by the second.

While this discussion has not indicated the remedial
procedures for correcting the troubles which may
be found to be present in amplifying equipment, it
has, it is hoped, given a fairly systematic picture of
the procedure for determining the important charac-
teristics of amplifiers. If after these tests have been
completed, the equipment is found to have had the
desired characteristics, there has still been a value
in having made them, since it is often useful to be
able to state the exact characteristics of audio equip-
ment.

BM. in Swing Time

Engineers have had a hard time trying to
explain frequency modulation, so Betty
Rhodes, singing star of the Mutual Net-
work, got a bright and practical answer in

modern language: she simply pointed out
that the engineers were merely "swinging"
the carrier wave instead of jiggling it up
and down in a sawtooth pattern. The danc-
ing figures in the boxes tell the story, and
it's evident from the banging of heads at
the right that amplitude modulation is a
headache. The partners, in each case, rep-
resent distracting noises. Miss Rhodes is
making it all very clear to the photog-
rapher, who still doesn't know what F.M.
is. The chart was originated by Jack Myers,
of the General Electric Co.

RADIO| * MAY, 1942
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Don Lee's K45LA atop Mt. Lee in Hollywood. At right is 4-bay turnstile while the three black poles will support a-m
antennas. The one-story structure has complete living facilities.

< This article is intended to describe the general re-
sults of the Don l.ee Broadcasting System’s op-
eration of frequency-modulation station K451.A,
since its inauguration August 11, 1941, and to include
information of interest regarding FM transmission
and reception.

Don Lee became interested in FM when it was an-
nounced by Major Armstrong in 1936. Following
publication of his article in the Proceedings, we de-
signed, on paper, an FM transmitter in accordance
with Major Armstrong’s published circuits and data.
This was abandoned in favor of purchasing a trans-
mitter. Nothing further was done because we didn’t
have a suitable site for a high-frequency transmitter.
When Mt. Lee, on the Hollywood Hills, was com-
pleted we took active steps to secure a frequency and
buy a transmitter. Our pattern is based on the use of
a six-bay turnstile antenna 160 feet high above Mt.
Lee, or a total height of 1860 feet above sea level.

Initial Groundwork

In view of the fact that a 50-kilowatt transmitter
could not be obtained immediately we decided to
order a Western Electric 50-kilowatt unit but not
wait for it before going on the air. Arrangements
were made to secure delivery of a 1-kilowatt Western
Electric and work was immediately started on leveling
the east mountain peak. This peak was 300 feet long
by about 100 feet wide at its maximum width and
required the moving and leveling of 2000 cubic yards
of rock and dirt. The result is a second level area
about 7 feet lower than the area the television build-
ing stands on.

The distance between the television and FM build-
ing is about 450 feet, which will place their respective

16

Don Leei

hdalA

FRANK M. KENNEDY*

antennas about 500 feet apart. This was considered
necessary because of our concern that the 50-kilowatt
FM signal might get into the television cameras and
cause interference. All telephione and power lines are
buried to within 150 feet of either huilding and all
lines are below the level of the top of the hill.

Don Lee has tried to keep ahead of the public de-
mand in FM and television and to obtain the vital
experience necessary to conduct successful operations
in any new field. We have always believed in high
fidelity and have tried to raise the standards of
operation on AM channels to the maximum possible
with this medium. The limitations inherent in a
10-kc channel and with the present AM broadcast
allocation set-up preclude any substantial improve-
ments bevond that which is now available.

FM presents the opportunity of obtaining the full
advantages of, first, a 15,000 cycle audio frequency

*Chief Engineer, Don Lee Broadcasting System.
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THESE RESISTORS

DO THE JOBS THAT COULDN'T BE DONE

EACH TURN TOUCHES
ANOTHER YET CANNOT SHORT

No “Swimming’’ of Turns

The exclusive Koolohm prozess of insulating
the wire itself before it is wound, permits
layer windings for higher resistance in less
space; progressive windings for non-induc-
tive resistors that are truly non-inductive
even at 50 to 100 Mc.; larger wire sizes;
faster heot dissipation; greater stability;
extreme accuracy and <greater humidity
protection. No secondary insulations such
as brittle cements or encmels are needed
on the windings. For double protection, how-
ever, most Koolohm types are encased in a
sturdy outer ceramic sheli that will not peel
or chip and which allows for quicker, easier

mounting directly to metal parts.

Koolohm wire with section of ceramic
insulation removed

THE ONLY RESISTORS
WOUND WITH CERAMIC
INSULATED* WIRE !

*Flexible...Moisture-Proof...
1000° C. heat-proof... with-
stands high voltage

TOTALLY DIFFERENT—OUTSTANDINGLY SUPERIOR

Whereas other resistors are space-wound with bare wire, Sprague
Koolohms are layer-wound with wire that is insulated before it is wound
with a special ceramic material. This insulation is so flexible it can be
wound on small forms without cracking. It is so moisture-proof it excels
in any moisture test—so heat-proof that the insulation is actually
applied to the wire at 1000° C.—and so good as an insulator that it has
an insulation strength of 350 volts per mil. at 400° C. Small wonder then,
that Koolohms outlast, outperform old style resistors where shorted wind-
ings cause trouble, where bare wires must be protected by outside
coatings of brittle cements and enamels, and where heat and moisture
represent problems that have been only partially solved. Koolohms are
smaller, sturdier, better protected. They are more accurate—and they
stay accurate because windings will not short.

UNEXCELLED FOR DEFENSE APPLICATIONS

RADIO}] * MAY, 1942

Not only are Koolohm Resistors approved
for much military ond naval equipment but,
in various instances, Koolohm insulated,
layer-wound construction and resulting
design features have enabled defense

manufacturers to meet heretofore "impos«
sible' specifications. Koolohms have set new
standards of performance under adverse
salt water immersion conditions. Complete
Koolohm Catalog and samples on request.

SPRAGUE SPECIALTIES COMPANY, Resistor Division
NORTH ADAMS, MASS.

SPRAGUE KOOLOHMS

Greatest Improvement in Wire Wound Resistor Construction in 20 Years
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response; second, almost complete freedom from
noise within the service area of the station; third,
freedom from co-channel and side-channel inter-
ference, and fourth, comparative freedom from in-
tentional jamming by an enemy of our broadcast FM
frequencies.

Response Facilities

With respect to irequency response: our studios
are equipped with facilities which are flat, by meas-
urement, to within 1 db from 25 to 17,000 cycles.
The noise level is a —65 referred to a —65 db micro-
phone level. Obviously, it is useless to refer to a

65 db noise level unless you refer to a —635 db
“below what.”

If a microphone had a program output level of
zero (6 milliwatt reference), it would be very simple
to achieve a —-65 dh noise level below zero. On the
other hand it is practically a physical impossibility
to achieve a —65 db noise below a microphone out-
put level of —85 hecause —65 below —85 is —150
as an absolute noise level, which is below the random
noise level in the grid input circuit of the first or
microphone amplifier. It would be an exceptional
amplifier which would have an absolute noise level
of —145 db below O dh. The average pre-amplifier
has a noise level of about —138. 1f six or eight of
these are ganged together the average resultant noise
will be in the neighborhood of ——130 db below 6
milliwatts or —122 vu.

In passing. we might mention that random noise
or hiss in a 15,000-cycle channel is about 4 db higher
than in a 10.000-cycle channel. This is an additional
burden born by the high-fidelity I'M channel.

The amplitude distortion in these studios runs from
less than 2% at 50 cycles to 0.5% at 400 and 0.5%
at 7.500 cvcles.

The output of the studios goes to the Master Con-
trol where the noise level is —70 b with an essential-

Unusual angle shot of control-room ceiling, showing output unit from transmitter
to unbalanced to balanced transmission lines section, followed by 4-wire
impedance transformation section feeding a 4-wire, 250-ohm transmission line,

which in turn feeds the 4-bay turnstile.

ly flat frequency characteristic; then to the K45LA
Announce Booth with a similar noise and frequency
characteristic and then back to the Master Control
room and then to a telephone program line to Mt.
Lee. This telephone line is flat from 30 to 15,000
cycles within 6 tenths of a db. The noise is approxi-
mately —70 db below 6 milliwatts. There are no
amplifiers or repeaters in the line between our Master
Control and Mt. Lee, therefore there is no amplitude
distortion. It is interesting to note that the Telephone
Company uses a single inductance, capacity and re-
sistance to equalize the I'M telephone line to this de-
gree of (latness.

Notes on Receivers

The fidelity of the received and reproduced pro-
gram is dependent on maintaining the frequency
response and amplitude distortion of the studio
speech equipment, transmitter and M receiver to a
high standard. The studio equipment and transmitter
are within the control of the broadcaster and can be
maintained in proper condition. The design of the
receiver is in the hands of the maunufacturer and in
the great majority of cases, they have done an ex-
ceptional job of design work.

ITowever, it is necessary to keep the adjustment
originally made in the factory or severe amphtude
distortion may result. We have run across some cases
where receivers were not properly lined up and
adjusted for K45LA when we received them. In
these few sets the amplitude distortion was too high
and they were critical to tune. Normally, there is a
reasonable space at the “center” of the carvier where
the signal will be clear and undistorted. \When a re-
ceiver will not accept the full 75-ke swing there will

RADIO] * MAY, 1942
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Bug's-eye view of the 4-bay turnstile an-

tenna at K45LA. It's 40 feet high and

of dural tubing; was assembled on wood-
en horses and later raised, complete.
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Virginia Simms takes an inside peek at the internal structure

and arrangement of the Western Electric f-m transmitter at
K45LA. Neat jobs, both.

he considerable distortion, particularly on peaks.
Sometimes it is more noticeable when tuning from
the center to one side or the other, of a carrier. In
this case the heterodvne oscillator, i-f amplifiers; or
discriminator circuits are not lined up or adjusted for
a band-pass of at least 150 ke. Obviously, a wider
band is desirable. Our experience has bheen that
properly designed receivers can he adjusted for very
low values of overall distortion.

Recently we took several receivers and lined them
up with an i-f test oscillator; that is, a test oscillator
whose frequency can be varied back and forth 300
or more kilocycles. With this instrument and a
cathode-ray oscilloscope we made the proper adjust-
ments to widen the i-f stages and align and flatten
the discriminator circuit to permit well over 75-kc
swing with very low distortion. In fact. one receiver
was adjusted for 0.6% distortion at all frequencies
hetween 50 and 7300 cycles at =£73-kc swing.
However, some i-f gain was lost. Normally, dis-
tortions of 1.8 to 4% are easy to obtain with no
loss in gain. Remember, this is overall distortion
and includes the residual distortion in the test
oscillator, speech equipment, transmitter, receiver
i.f.. discriminator, and audio amplifier circuits. A
frequency response of =2 db from 30 to 15,000
or 16,000 cycles is easy to obtain. The normal
measured noise level is —60 db overall based on
a +75-ke swing.

18

You will note that a swing or deviation of 37.5-kc
represents a signal 6 db below == 75 kc and a 112.5-ke
swing is 3 db above *=75 ke. If the i-f and dis-
criminator circuits are sharply tuned the distortion
will rise very rapidly with an increase in swing. If
a General Radio or RCA Distortion Meter is not
available, the receiver could be adjusted while look-
ing at the picture of the 400- or 1000-cycle sine wave
on a good cathode-ray oscilloscope.

We do not mean to give the impression that it is
necessary to use a General Radio or RCA Distortion
NMeter to adjust an FM receiver after first lining
i up with a frequency “‘wobbulated” oscillator. The
Distortion Meter is just a means of “finessing” the
distortion to the absolute minimun.

Noise 1s a factor which very defiuitely affects the
fidelity of reception of either AM or FM signals.
If the interfering noise is random in character, that
is, like tube hiss, then the psvchological effect is a
tendency to mask the high frequencies. The full
clarity, brilliance, and depth of a musical composition
is impaired and the listener wants to turn down the
tone control, if he has one. Random noise, such as
telephone dial clicks or ignition noise is distracting
in proportion to its peak intensity and frequency of
occurrence.

FM has a 20 to 1 advantage in noise suppression
or elimination over AM. That amounts to 26 db. In
general, a noise peak can be considered as an inter-
fering carrier signal. If the “carrier” frequency of
the noise peak is the same as the station carrier fre-
quency there will be no interference with no modu-
lation on the carrier, hecause the noise will merely
be added to the carrier and will result in amplitude
variation which will be eliminated by the limiter
amplifiers if limiter amplifiers are used. If limiter
amplifiers or other suitable means are not employed
to eliminate the amplitude modulation then this kind
of noise will pass through the discriminator to the
audio amplifier.

We have on order, and expect delivery very soon,
a 50-watt ultra-high frequency FM transmitter to
operate on 156 me. It will he portable and include
everything necessary to make a pickup anywhere
within its radius of operation. This, we believe, will
be 30 to 50 miles.

In practice the 156-mc unit will be used on special
events and anywhere 1t is impractical to obtain a
15,000-cycle telephone program line. For mobile
operation a 3-foot fish pole will be used.

A beam receiving antenna will be located on the
cast peak of the Mt. Lec area just bevond the FM
transmitter building. This beam receiving antenna
will be rotatable and can be turned by remote con-
trol from the transmitting operator’s console position.
It will be a comparatively simple matter to employ a
directional receiving antenna with a gain of 10 or
15 db so that the 30-watt portable transmitter will
look like a 100-watt unit at the receiver input on
Mt. Lee. Thus, FM fidelity will be obtainable on
remote pickups over a very wide area.
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THE LUNAR

Photselectric Effect

(e V) Rac&‘a Weved

PERRY FERRELL, JR.

4 Recently Dr. Harlan T. Stetson, eminent investi-
gator and director of the Cosmic Terrestrial Re-
search Laboratory, announced his discovery of
“moon rays” that positively affect E-layer ioniza-
tion, and a good correlation to dx-ing between 100
and 600 meters i1s now indicated.

Dr. Stetson in basing his hypothesis upon field
strength readings of \WWBBM, 780 kc, Chicago, Illi-
nois, at his suburban laboratory of the Massachu
setts Institute of Technology at Needham, Massa-
chusetts, says, “The interpretation we gain is in
the direction of increasing ionization with lunar age
to an optimum value. . . . It is a simple fact that
the ligh: of the moon itself is too feeble to have
any ionizing effect on the earth’s upper atmosphere*
and yet the fact that the ionization appears to de-
pend upon the amount of the illuminated surface of
the moon turned towards the earth has suggested
some sort of photoelectric effect. . . . Furthermore,
the fact that the effect is much more marked at
sunspot maximum than sunspot minimum strongly
suggests that the solar radiation falling upon the
meon’s surface is a primary factor.

“It 1s not possible to be too dogmatic as to the

*Ultra-violet light from the moon amounts to 0.000044

ergs cm™ sec.
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W /' Stream of rays akin to

MOON CRATERS, POSSIBLY FORMED BY
RADIOACTIVE HEAT

nature of the bombardment from the moon, just as
it is not wise to say what type of ‘ray’ causes the
lunar surface to become radioactive. There appear
to be a very wide choice of particles, including high-
velocity electrons, positrons, protons, neutrons,
deutrons, alpha particles and cosmic rays, not for-
getting the greater numerical strength of the po-
tentially wezker photon. We can. however, assume
that myriacs of electrically-charged particles arriv-
ing from the sun at the speed of light strike the
moon’s surface and cause the probably raw element
deposits there to becomme atomically excited, emit-
ting strong gamma rays or something akin to ultra-
violet light, whose high penetrating power affects

the E-region ionization.”
Dr. Stetson again points out that this is the re-
sult of several cycles of inter-locking factors. The
(Continued on page 58)

It is suggested by
Dr. Stetson that solar
radiation from sun-
spots falling upon
the moon's surface

i and thence reflected
ik to earth is the source
EAR[TH! ||| of "moon rays' that

affect E-layer ioniza-

ultra-violet ionize E ton.

layer at night
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The Cathode-Ray

USCILLOSCOP

JAY BOYD*

Part ll—Practical Oscilloscope Design

¢ In the March issue, the theory of cathode-ray oscil-
loscopes and sweep circuits was discussed with the
object of introducing this most useful piece of ap-
paratus. This installment will be devoted to practical
design, so the reader may build a one-, two-, or three-
inch oscilloscope that will compare favorably with
commercial instruments of comparable size.

This will not be an academic text on the subject
but will be written around certain specifications which
experience has shown to be practical, even if not
always ideal. The reason for selection of certain
values will be given in many cases, and the effects of
changing these values explained.

Last month we mentioned that the general purpose
oscilloscope was made up of five units; that is, the
cathode-ray tube circuit, the vertical amplifier, saw-
tooth oscillator, horizontal amplifier and a dual power
supply for all units.

There is practically no difference in circuit design,
whether one builds his ’scope around a one- or two-
inch tube. A three-inch job will require more voltage
for the cathode-ray tube but the saw-tooth oscillator,

amplifier and switching arrangement will be identical

for all models. Circuit design will be considered first,
with suggested physical layouts being given in the
third installment.

Selecting the Tube

Whether to use a small cathode-ray tube or a larger
one is a problem each huilder must decide for him-
self. The larger tubes produce bigger patterns, of
course, but a little 913 will show up faults of the
apparatus under test just about as well as a three-
inch tube. The larger screen is much better, though,
where accurate measurements of the pattern are
made by a ruler or dividers on the screen.

On the other hand, the smaller jobs may be much
more compact. We know of one geophysics labora-

*2468 Lyric Avenue, Los Angeles, Calif.
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tory that uses a five-inch ’scope ““at home” but takes
little one-inch ’scopes out in the field. They are
more portable and less liable to accidental breakage.

Although the writer has built several oscilloscopes
using both one- and two-inch tubes, he has used one
of the smaller ones for three years. Building that
two-inch job for himself is an event still hanging on
the calendar, parts having been on hand for months.
Experience with three-inch jobs has been that of
using and repairing a few commercial jobs that went
on the rampage.

To familiarize the reader with several of the more
suitable cathode-ray tubes, the accompanying Com-
parison Table has been prepared so their size, oper-
ating voltage, and deflection sensitivities may he
compared.

In addition to the manufacturer’s specifications,
some of the sensitivity ratings have been recalcu-
lated for the actual voltages obtained from a Thor-
darson 92R 33 transformer, operating from a 117-volt
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Fig. 1. Schematic diagram of complete power supply suitable

for any one- or two-inch cathode-ray oscilloscope tube. Design
data given in text.
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CATHODE -RAY

TUBE COMPARISON TABLE

Tube Type 913 902 XH-24 3AP1,/906
" Diameter of Screen ol 2" 2" 3"
 Length Overall 43" 7% TR 1"
" Heater _Vol'roge . 6.3 6.3 6.3 2.5
B Heater Current - 0.9 0.9 99 2.4
High-voltage Electrode (Anode No.2) 250 | 375! | 378 | 440%| 375 440 1000
_E.i (F;using) Electrode, approx. 50 75 94 10 75 | 88 285 |
Grid Voitage required for safe cut-off,approx. 30 50 50 60 | 50 60 50
Deflection Sensitivity - mm. per volt, d.c. 045 010 | 030 0.26 | 027 023 0.33
| Volfs per Inch Deflection, d.c. [167 250 | 83 96 | 94 108 75
| Volts d.c. for half-screen deflection | 83 125 83 96 | 94 108 | 12
Volts a.c.for full-screen deflection o 59 88 59 68 66 76 79
Sow-footh Voltage (peak-fo-peak) for full sweep | 167 250 | 166 192 | {88 | 216 224
L This voltage, plus stated grid potential,is based on actual voltage obtoined from transformers referred toin text, using low tap.
3 Al sensitivity figures given refer to front set of deflector plates. Reor plates cre slightly more sensitive. ?

Handy table from which the size, operating voltages and deflection sensitivities of four types of

cathode-ray oscilloscope tubes may be compared.

line, both with and without the high-voltage tap in
use.

To furnish more useinl figures, sensitivity has been
calculated 1n d-c volts per inch, d-c volts for half-
screen deflection, and a-c potentials necessary for full-
screen detlection. The d-c¢ voliages given are those
required to shift the beam from the center of the tube
2 its ouler edge. The a-c voltages shift the beam in
both directions, of course, so the figures given are
those necessary 1o touch both edges of the screen.

Ifrom the Comparison Table we find, that for a
given voltage, the deflection sensitivity in millimeters
per volt is approximately proportional to the diame-
ter of the screen. However, the voltage necessary
for full-screen deflection is roughly the same, re-
gardless of tube size. That is, a little more or less
than a Lundred volts will be required for the pattern
tc touch all edges of the screen.

It car. be seen, then, that any saw-tooth oscillator
and amplifier arrangement designed for one type of
tube will be suitable for any other tube listed. The
only difference in circuit design and component se-
lection will be in the power supply.

Power-Supply Requirements

The high-voltage anode potential is not at all criti-
cal. A 913 will operate on any voltage from about
250 to 500; the two-inch tubes from 300 to 600 volts,
and the three-inch tubes from 600 to 1500 volts.

In addition to the anode voltages, which are meas-
ured from cathode to high-voltage anode, the cathode-
ray tube’s grid bias of 30 to 75 volts is also taken
from the power supply.

Since the high-voltage anode is grounded, all power
supphed o the cathode-ray tube must be of a negative
potential. The amplifiers and saw-tooth oscillator
require power of a positive character. This, then,
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makes it necessary to employ either two separate
power supplies, or else a dual affair, the latter being
more oiten used.

Designing the power supply is a simple matter.
The trouble comes in getting the right transformers.
If you’re building a one-inch ’scope the solution is
fairly simgple; if it’s a two-inch job, it becomes a
problem; and a three-inch oscilloscope may become
a headache.

Four separate circuits for c.r.o. power supplies
are shown. Figs. I and 2 are preferable—if you can
get the right transformers. But Figs. 3 and 4 are
usable if you liave to get along with whatever you can
get, and if proper care is used in separating the c.r.
tube and transformer.

Dual Supply for Small Tubes

I'ig. 1 shows a dual power supply built around a
Thordarson 92R33 cathode-ray power transformer.
This produces a d-c potential of 400 volts for the
saw-tooth oscillator and amplifiers, and either 425 or
500 volts negative for the cathode-ray tube, depend-
ing on wheher or not the high-voltage secondary
extension tap is used.

A California manufacturer, Hadley, also makes a
similar transformer, except that it does not have
this h.v. extension tap.

The positive portion of this supply is quite ortho-
dox, except for using one more bleeder than one
might expect to find. On the negative side we find a
half-wave rectifier connected “backwards” so as to
get a negative output. The current taken from this
rectifier is less than two milliamperes, so a single
filter conderser, without choke, is all that is required
for ample filtering. Both rectifier tubes are of the
“automobile type,” instead of the expected 80’s.

Four filament windings are used. The amplifiers
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cannot operate from the same filament winding as the
rectifiers or cathode-ray tubes.

Inserted in the negative bleeder are two poten-
tiometers, R6 and RS, which control the cathode-ray
beam intensity (brilliance), and focus of the tube.

Note that the cathode is internally connected to one
side of the heater in the c.r. tube and this side only
must be connected to the junction of R6 and R7.

In the typical cathode-ray tube circuit shown in
Part I the free deflector plates were returned directly
to ground through their respective resistors. This is
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Fig. 2. Schematic diagram of power supply for three-inch
cathode-ray oscilloscope tubes. The power transformer must
be designed for this purpose.

usually ok with 913’s but seldom practical with larger
tubes.

Although the electron gun may be perfectly cen-
tered on the screen, the beam is usually a bit off cen-
ter, due to attraction of nearby apparatus or the
eartll’s magnetic attraction. And if you think that
last mentioned point sounds like nonsense, just lay an
oscilloscope on its side or turn it upside down and
watch the beam shift !

So instead of returning directly to ground these
“free” plates may be given a moderate position or
negative bias to place the beam where it should be.
This bias is taken from the two potentiometers, R13
and R14, which “straddle” a portion of both negative
and positive bleeders.

A potential of about 75 volts is usually ample to
either center the beam or purposely lower it for cer-
tain classes of work.

One may wonder why the positive ends of these
potentiometers were not returned to the middle of
R2. It can be done if you're careful, and patient in
juggling resistors. But unless you are looking for
a lot of grief you’d better not be too stingy with an
extra resistor or two. This is done in some com-
mercial ’scopes—and some of them even omit RI10,
thereby saving another resistor and making the
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wiring more confusing when one has to tear into
it. The separate bleeder also makes it easier to in-
crease or decrease the maximum value of bias, should
the occasion arise.

If a one-inch ’scope is built, the beam centering
parts may be omitted. But provide room to add them
if it should become necessary. Without these parts,
R13 and RI4 will connect to ground.

Bleeder and Filter Design

The main positive bleeder is designed for a bleed-
ing current of five milliamperes. The 885 cathode
current will vary from 0.075 to 0.550 milliampere,
according to the saw-tooth oscillator frequency, so
adding a five-mil drain across R3 will raise the
cathode 3.8 to 4.15 volts above ground.

The amplifier screens require half a mil per tube
at 100 to 125 volts. Using 50,000 ohms in R and
20,000 ohms in R2 completes the bleeder.

The beam centering bleeder should draw about the
same current as the negative bleeder, or about 1.5
mils. A quarter-megohm in series with 50,000 ohms
will be about right, but may be changed if more
centering bias should be desired.

The total current taken from the full-wave rectifier
will be about 13 mils, so is easily filtered. Any 20-
millihenry midget choke will be satisfactory, with a
filter condenser before and after it.

Paper condensers should be used, since experience
has shown the voltages encountered too much for
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Fig. 3. Schematic diagram of a two-transformer power supply
for a type 913 oscilloscope tube. The transformers are of
the radio-receiver replacement type.
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electrolytics. Paper-wound replacements are recom-
mended. The actual capacity of such condensers is
about 1.75 microfarads per section for typical “8-8”
replacements, but that 1s ample.

The Negative Bleeder

Cataode-ray tubes thrive on lots of voltage b
consume almost no current. The anode current will
seldom exceed one-quarter of a milliampere for any
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Fig. 4. Complete schematic of a four-transformer power
supply for a three-inch oscilloscope tube. Here again, re-
placement-type transformers can be used.

tube up to three-inches diameter, and only a fraction
of this current is drawn by the focusing anode.

From an electrical point of view most any bleeder
current should be ok, but from a practical angle cer-
tain factors must be considered. If the resistance
is too high, a variation of the brilliance control may
necessitate a slight readjustment of the focusing
anode voltage. Too low resistance will cause a heavier
current drain and may require more filter than the
single condenser shown.

A current drain of from one to two milliamperes
will be setisfactory. The resistors specified are based
on a drain of 1.5 mils so a “single-8” replacement
(about 2.75 actual #ids.) will keep the ripple down
to six terths of one percent.

It should be noted that whatever voltage is dropped
across 6 is lost, insofar as the c.r. tube is concerned,
its actual operating potential being that measured
from cathode to its grounded anode. A 50,000-ohm
potentiometer at R6 should give sufficient grid bias
to completely cut off the beam current with any cr.
tube mentioned in the tube table.

But 75 volts is more than we may care to rob
from the c.r. tube. In practice, one-half to two-thirds
this voltage will reduce the beamn intensity to such a
low value that no fluorescence appears on the screen.
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Now if a half-watt resistor of 50,000 or 100,000
ohms is placed in parallel with R6, more voltage will
be saved for the c.r. tube. After connecting this
resistor, turn both vertical and horizontal gain con-
trols to zero and see if a spot can be seen in a darken-
ed room. 1f it is visible a larger value of K64 will
be necessary, or else the beamn must always be kept
in motion to avoid burning a dead spot in the center
of the screen.

Another method is that of connecting a jumper
from the RG slider to rectifier plate. This places
maximum voltage on the c.r. tube. It has the dis-
advantage, though, of changing the sensitivity of the
tube slightly as the beam intensity is varied, which
may be objectionable.

Using Substitute Transformers

The power supply diagrammed in Fig. I is de-
signed around Thordarson or Hadley transformers,
the only ones known available. These were designed
for the 913 tube, for which they are quite satisfactory.
They produce ample voltage for two-inch tubes, too.
Oversize cores are used to minimize magnetic field
radiation, which is less than half that of ordinary
receiver transformers of equal size. But alas, their
fields are still much more than we would wish for
two-inch tubes!

Some day, when the war is over, maybe someone
will build a transformer with plenty of high-per-
meability core, electrostatic shielding between wind-
ings, and then put it in a high-conductivity case thick
enough to keep those cussed fields inside. And then
we can builc a two-inch ’scope as compact as it should
be. But now we must just be satisfied with what we
can get.

Fig. 2 is designed for a three-inch tube on the
assumption that a suitable cathode-ray transformer
may be had from the maker of the tube, and is seli-
explanatory.

Fig. 3 1s designed around two small receiver re-
placement transformers, and should be used only if
a regular c.r. transformer is not available. Tt should
be ok for the 913 tube and can be used for a two-
inch tube if plenty of space is used between tube and
transformers.

Both transformers should be i1dentical and of the
530- or 60-mil size in order to get more core and
less magnetic field floating around loose. It would be
better to get 25-cycle transformers, which have more
core, using them on 60-cycle current, if they should
he obtamable. The thought of shielding occurs, but
this requires a lot of weight to have much effect.

Fig. 4 1s a four-transformer supply for three-inch
tubes. Two of the aforementioned c.r. transformers
are used, plus a pair of 2.5-volt midget filament trans-
formers. Two 60-mil replacement transformers could
also be used in this arrangement, with careful spacing.
An 879 rectifier is shown, although some oscilloscope
manufacturers use an 81; others overwork our old
reliable 80 bur seem to get away with it.
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Diagrams of three relaxation oscillators, all operating on the

same principle. Either Fig. § or Fig. 7 is to be preferred for

the generation of a saw-tooth wave. All three are explained
in the fext.

Designing Saw-Tooth Oscillator

The theory of the relaxation oscillator was dis-
cussed last month, but will be briefly repeated. In
Figs. 5, 6, and 7 are shown three such circuits, all
operating on the same principle.

An appropriate tank condenser, selected by the
rotary switch, is charged by current from the d.c.
supply. R19 regulates the charging rate, while R20
prevents this rate from becoming excessive.

When the condenser is charged to a certain poten-
tial, the gas-triode’ tube flashes, discharging this con-
denser to almost zero. Then the charge-discharge
cycle begins all over again.

The potential at which the gas-triode tube flashes,
is determined by the negative bias on its grid, this
bias being supplied by tapping the cathode about 4

*The writer wishes to correct a slight error in which the
885 was referred to in Part I as a “thyratron.” This is a trade
name of a particular make of grid-controlled rectifier, but has,
through common usage, been loosely applied to all tubes of
this general type. It is strictly correct, then, to use this name
only in reference to the General Electric product.
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volts® up on the bleeder circuit in Figs. 5 and 6, or by
a fixed bias, as in Fig. 7.

The frequency of oscillation is determined by the
value of tank condenser, its rate of charge, and the
potential at which it is discharged.

This frequency may be synchronized to that of the
signal under observation by feeding a small por-
tion of that signal back to the oscillator tube’s grid,
the amount of feedback being adjustable by the po-
tentiometer, R16. A grid resistor, R17, prevents in-
stability of oscillation.

The output voltage from the oscillator will be equal
to the flashing potential at which the tube is biased
to operate, minus the de-ionization potential of the
tube. The tank condenser is never completely dis-
charged. When discharged to a certain low potential
—10 or 15 volts—the gas tube again becomes a non-
conductor and the charging cycle begins anew.

The oscillator’s output voltage rises at a constant
rate but discharges instantaneously, producing a
waveform looking like the teeth of a saw, whence
gets its name.

Fig. 5 looks all right on paper but in practice has
such a long discharge time as to be unsatisfactory.
This is because discharging current must pass
through the biasing resistor, /5, which lengthens the
discharging time.

By connecting the switch arm to the cathode in-
stead of ground, as shown in Fig. 6, a very fast dis-
charge is obtained. To hold the discharge current
to a safe value for the tube, a small resistor, RI8, is
added in the plate circuit. A value of 200 ohms pro-
tects the tube and still permits a very fast discharge.
As for tube life—wwell, one tule has been used for
four years.

Another good oscillator circuit is shown in Fig. 7.
Here a fixed bias is supplied by a “C” battery or from
the power supply.

Either Fig. 6 or Fig. 7 will be satisfactory, choice
being somewhat a matter of preference. In either
circuit the current consumed by the oscillator will in-
crease with the oscillation frequency. In case of Figs.
5 and 6, this increasing current will increase the bias,
which will proportionately increase the “flashing”
potential. This, in turn, results in increasing output
as the frequency is increased, making it necessary to
reduce the horizontal amplifier gain if a pattern of
constant width is desired. This is a minor nuisance
at frequencies below 10,000 c.p.s. but above that fre-
quency the increased output may be an advantage,
compensating to some degree for the falling off in
oscillator output.

If fixed bias is used, the output will be essentially
flat up to about 10,000 c.p.s., at which point the output
diminishes rapidly. It is preferable, then, to use a
little more if Fig. 7 is chosen.

(To be continued)

*This refers to actual voltage and should be read on a volt-
meter of very high resistance. If a 5-volt, 1000-ohms-per-
volt meter is used, a much lower than actual voltage will be
indicated.
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PERRY FERRELL, Jr.

€ A irequent question encountered in dealing with
wh.i. propagation is about ionization. “I\Vhat is
ionization exactly?” and “We know there is an
ionosphere, hut just how does it get there?” are
common examples. Suppose we digress a little from
w.hf. and look into this ionization of the earth’s
upper atmosphere.

[onization may be thought of as the breaking up
of a neutral gas molecule into its positive and nega-
tive constituents, the negative constituent being the
light and verv mobile electron, and the positive par-
ticles being the much heavier and more sluggish
ion.  Among the causes which produce ionization
of the atmosphere may be mentioned the ultra-violet
light from the sun and direct hombardment of the
outer region of the atmosphere by electrons (viz.)
thrown off from the sun, notably sunspots.

These freed electrons have varying potential gra-
dients which accordingly vary their movement in
the jonosphere. Now, if ionization has taken place
in regions where the gas molecule population is
sparse, the individual ion and electron may move
about for a long time before they meet one of the
opposite affinity; therefore ionization at these high
levels is more or less persistent, and at the outer
reaches of the F layer ionization is probably present
at all times, because of stray rays arriving from
inter-stellar space. Of course, this does not imply
that ionization would rise indefinitely, because this
would be limited by the electron or gas molecule
population itself. Naturally, the reverse process
also takes place, namely de-ionization or recombi-
nation. As the lone particles move about, their
magnetic fields attract those of the opposite affinity
and a union takes place—only to be destroyed again
in a short time by ionization, and so the process
completes a cycle.

The fluidity of movement is a product of the
energy of ionization and re-combination and is real-
ized as heat. In fact. the actual rare air temperature
at the hase of the E laver is probably very close to
the hoiling point of water (around 206 degrees F.).

These electrons, etc, arriving from the sun vary
in potential to such a degree that either normal
ionization (the action of a high velocity particle
striking a neutral molecule and exploding or jolting

RADIO| *
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loose some of the electrons) or that of an extremely
high potential particle causing the free ions and
electrons to enter into an excited state and glow or
vibrate, as in aurora (also your neon sign).

Naturally, there are numerous other factors
affecting the ionosphere, and a full treatment of
the subject would require probably volumes of ma-
terial. Principally, however, we must recognize the
fact that the earth’s magnetic field “return circuit”
through the ionosphere influences the motion of the
free electrons and ions therein.

Open Letter
Dear Fellows:

You know, we just can’t grasp the conception
that you have all either fallen asleep or believe the
w.h.f. is a washout for the duration. It just doesn’t
seem quite right, somehow.

We shouldn’t think it would be necessary to re-
count our past exploits; how the present use of the
wh.f. is the direct result of amateur activity; how
a small group has worked tirelessly and endlessly
in the foundation of our present operating tech-
nique, and how many of our technical developments
are now incorporated in commercial and military
designs.

And vyet, somewhere there has been a slip up;
somewliere the gang has “missed the bus.” You will

(Continued on page 50)

The 10-bay turnstile for W43B, constructed after the top col-
lapsed in an ice storm.
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NOISE LIMITERS

MANUAL AND AUTOMATIC TYPES FOR UHF AND BC RECEIVERS

W. P. BOLLINGER

RCA Manufacturing Co., Inc.

4 Noise limiters are of great importance for re-
ceivers used on the higher frequencies where im-
pulsive noises of the ignition type may be many
times the strength of the desired signal. \When
choosing a noise limiter, selection may be made
from two broad classes, the manually-controlled
and the automatic types.

The manually-controlled type has one advantage
over the automatic limiter in that it mayv be adjusted
to accommodate the peak modulation of the signal
being received. It then produces slightly better
limiting action than the automatic limiter which is
set to always cut off at one predetermined modula-
tion level. The automatic limiter, however, has
other advantages which greatly outweigh that of
the manually-controlled limiter. No additional
controls or adjustments are required. The limiter
may be wired directly into the circuit becoming an
integral part of the receiver, the noise limitation
being equally effective for all values of received
signal strength. The automatic limiter has one
other important advantage which applies equally
well to receivers used on the lower frequencies in
that it produces considerable quieting action when
the receiver is tuned between stations.

With a noise limiter operating directly after the
detector, it is necessary to limit only one side of the
audio output since the other side is limited by the
detector ; that is to say, noise impulses cannot pro-
duce more than 100% modulation in the negative
direction, the condition corresponding to zero car-
rier, but may modulate the carrier in the positive
direction to several hundred percent. The noise
limiter is then only required to cut off all modula-
tion in excess of 100% in the positive direction.
Several different types of limiters are available
which will produce this chopping, all of which may
be automatically controlled.

The "Shorting" Shunt Limiter

Fig. 14 shows the fundamental circuit of a limiter
designed to short circuit the detector output when the
output voltage reaches a predetermined value, A volt-
age E is used to bias the limiter diode so as to make it
non-conductive to the audio voltage developed across
R until point I becomes sufficiently negative to over-
come this bias. This limiter would then allow all volt-
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Fig. I. The "shorting” shunt type of limiter. "A" is funda-
mental circuit. "B" provides automatic variation of limiter bias.

ages less than E volts to be passed on to the amplifier.
If the limiter is to cut off at 100% modulation, then E
must be twice the d-c voltage developed across R since
audio peaks will swing point I to twice the d-c voltage
appearing across the detector load.

A circuit for automatically varying the limiter bias
to accommodate different signal strengths is shown in
Fig. 1B. The detector load resistors R2 and R3 are
of such values that point 7 is at about twice the d-c
potential above ground as point 2. The voltage at
point I is used to bias the limiter diode by feeding it
through the filter network R4 and C4 which elim-
inates any audio voltage from point 3. Then when
a noise corresponding to greater than about 100%
modulation occurs, it is shorted out through the
limiter and C4.

The shorting limiter is very simple from the stand-
point of adding it to a present receiver, hut it has
several disadvantages. All noise pulses which are
limited must pass through C4. This condenser tends
to build up a charge which biases the limiter higher,
making it less effective. General indications are that
the shorting limiter is satisfactory for rather high
signal-to-noise ratios, but that with weaker signals
and higher noise levels the limiting action is unsatis-
factory.

The Balancing Shunt Limiter

Fig. 2A4 shows the fundamental circuit of a limiter
in which the noise impulses are balanced out in the
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detector circuit. Normally, only the detector is func-
tioning, but on noise pulses which overcome the bias E
the limiter diode also begins to detect. The current it
produces in R is opposite to that produced by the
detector and so the noise 1s canceled out. The relative
value of E may be found as follows: Assume a d-c
voltage of 1 volt developed across R. At the peaks
of 100% modulation, where we wish to cut off, the
voltage at point 7 or across R will be a negative 2 volts
peak. The r-f voltage across the i-f transformer
must then also be about 2 volts peak. Point 2 will
then reach a peak voltage equal to the sum of the i-{
secondary voltage and the voltage across R, or + volts
peak. From this it is seen that in order to have the
limiter begin conducting at 1009% modulation the
voltage E must be four times the d-c voltage appear-
ing across the detector load.

An additional rectifier may be used to secure the
limiter bias, as shown in Fig. 2B. Excitation for this
rectifier is taken from the primary of the i-f trans-
former. Since the limiter bias must be four times the
d-c voltage developed by the detector, the primary of
the i-f transformer must have four times as much r-f
voltage across it as appears across the secondary.
This is accomplished by loading down the transiormer
Jy R1 and decreasing the coupling until limitation at
100% modulation is obtained. Either a regular
transformer may be modified or one may he pur-
chased which is especially designed for this circuit
(see diagram).

As in the shorting limiter, the noise pulses must
pass through a condenser C4 but in this case the
charging current is limited to a low value by the
cetecto- load resistance. Noise reductions greater
tnan 20 to 1 are possible with this circuit with all
values of signal strength. One objectionable disad
vantage lies in the reduction in gain and selectivity
as a result of the loading on the i-f transformer.

A simplified modification of the balancing shunt
limiter is shown in Fig. 2C. Since impulsive noise is
made 1> mostly of high-frequencv components the
noise may, to a degree, be separated from the signal

LIMITER

DETECTOR

DETECTOR

LIMITER

by a high-pass filter. Such a filter, made up of K3
and €3, is placed in the limiter diode of Fig. 2C.
Noise impulses are then detected by both the detector
and the limiter, but since the two are in opposition
the result is that the noise is balanced out in the detec-
tor load. A tone control may he combined with this
limiter by adding C4 and R4. Better limiting action
with some sacrifice in highs may then be obtained by
reducing R4.

This Iimiter is not as effective as other types and
will limit only certain tvpes of noise. It is. however,
very easily added to an existing receiver and might be
put in a classification as being better than no limiter
at all. It has been used with some degree of success
on the sound channel of television receivers.

The Series Limiter

The fundamental circuit of the series limiter is
shown 1n [ig. 34. This limiter is conducting at all
times until the voltage at pomnt I exceeds E. The
limiter then opens up and the noise pulses are not
allowed tc pass through to the audio amplifier. By
the same znalysis as used for the shorting limiter of
Fig. 1 it is seen that the voltage E must be twice the
d-c voltage appearing across the detector load. This
analysis applies only when the a-c resistance of the
audio amplifier is very high. \When appreciable audio
load is present the a.c. flowing through the limiter is
determined not only by R2 but is increased because
the a-c resistance now becomes the parallel combina-
tion of K2 and the a-f load. For this reason the d.c.
flowing through the limiter must be increased by
increasing E.

Automatic bias for the series limiter may he ob-
tained through the use of a voltage doubler, as shown
in Fig. 3B. The voltage doubler functions as follows :
Point 1 will charge up to a negative potential about
equal to the peak r-f voltage appearing on the secon-
dary of the i1-f transformer. \When the limiter bias
diode conducts the voltage applied to it, it is then the
voltage at point I plus the r-f voltage of the trans-
former, or twice the voltage at point 7. Point 3 will

LIMITER

LIMITER

Fig. 2. Circuits of "balancing" shunt limiters. "A" is fundamental circuit. "B'" uses separate diode for limiter bias. "C'' is a simpli-
fied modification.
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Fig. 3. Diagrams of series limiters. Fundamental circuit is

shown at "A". In circuit "B" & voltage doubler is used to

provide automstic bias. Circuit "C" is a simplification. Here

the limiter bias is derived directly from the detector load
resistance.

then charge up to a negative potential equal to twice
that at point 7.

The limiter bias is fed through the filter R4 and
C4 to eliminate the audio components, and biases the
limiter. As previously stated the limiter bias voltage
must be higher than twice the d-c voltage across the
detector load in order to take care of the a-c load
represented by R6. This is accomplished by tapping
down the detector load resistance so that the d-c volt-
age at point 2 is reduced, resulting in higher limiter
bias and also reducing the a-c voltage. Both of these
effects add together to make the limiter cut off at a
higher modulation level. If the audio load were taken
at point I instead of point 2 the limiter would cut off
at a relatively low modulation level, resulting in dis-
tortion.

The series limiter is very good for limiting high
amplitude noise pulses, since it is not necessary for the
noise pulse to pass through a condenser which can
charge up and alter the bias. Noise reductions of
greater than 20 to 1 are obtainable. It also has an
advantage over the shunt limiter in that with the series
limiter it is not necessary to have a loss in the i-f
transformer due to loading and decoupling. This not
only improves the gain but also the selectivity.

A simplified modification of the series limiter is
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shown in Fig. 3C. Here the limiter bias is derived
directly from the detector load resistance. The bias
for the limiter diode is taken from points 7 and 3 and
is fed through isolating resistors R3, RY, and R5.
Point 2 is at nearly the same potential as point 3 since
R2 is a rather small isolating resistor. As far as audio
1s concerned, point I is at ground potential because
of the large bypass CI, and so the detector audio
output appears across 3. Now since the peak audio
voltage at 100% modulation is equal to the d-c voltage
across the detector load, and since this d-¢ voltage
is used to bias the limiter, it will cut off at about
100% modulation.

This modification of the series limiter produces
limiting action which is as good as that obtained by
the circuit of Fig. 3B. It has one disadvantage,
however, in that some diode hiasing is applied to the
a-f amplifier. With high-gain amplifiers, such as the
65Q7, some distortion may, as a result, be produced.
It is impractical to add a coupling condenser and grid
resistor after R5 since this will make the a-c load
resistance lower than the d-c resistance. This condi-
tion. it has been shown. will make the limiter cut off
at a lower level, producing distortion.

Conclusions

Of the three general types of limiters presented
here, the shorting type of Fig. I should be discarded
if limiting action at high noise levels is to be obtained.
It has found application in some commercial amateur
receivers, hut tests have indicated that it is not so good
as either the series or shunt limiter.

(Continued on page 54)

ANSWER TO CROSSWORD PUZZLE
Appearing on page 52, March issue
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RADTO DESIGN WORKSHEET

NO. 1—AUDIO CIRCUITS

TRIODE AMPLIFIER

Problem 1:—The accompanying diagram illustrates a
sunple triode amplifier with grid filler and power
supply potentiometer. Voltage L. consists of a d-c
and an a-¢ component. Determmine the relations be-
tween Cr, Cs, Riand Rs for which the a-c component
of I: due to E will be zero. Assume no signal voltage
1pressed on the tube.

Solution:—Let # be the amplification factor of the tube
. ’ 1 1
and R» its plate impedance. Let X« e wc
By Kirchhoff’s laws:
le(Ra4-Z:) 4-1:2Z:
1oZi4-T:(Re4-Z2 +- 7 ) =uZ.o]
I:(R4Ri4-Zes) =Rolo
) —jXaRs
Where Z:: Ri—jXa
By conditions of problem: I.—0
Therefore lvZi=—=upZal:
IRi—(Ri+Re+Z)Ts
R: R:i4-R+4Za
\Whence: 7 T

LR«=E

But admittance Y. juc:

1
R
Y ija

(R4+-Rs4-Zo) Yo
jocs(Ro-Re) +1

#R'Yli -
1.
KR, —iee)

Therefore Ri=¢R:
This signifies that when grid is biased to cutoff

The other solution is:

S5 )

This solution does not disturb the d-c bias but does
give zero a-c plate current.

REACTANCE-COUPLED TRIODE

Problem 2:—Calculate the woltage gain of the re-
actance-coupled triode audio amnplifier stage showon.

Solution:—Let #=20, let R»==7700, and let the input
voltage be at a frequency of 60 cycles.

The effective plate voltage generated in the tube as
a result of e being impressed on the grid circuit is re;
and the equivalent circuit is:

Il
20H.
ue

100w %

Reactance of choke=27{L=27 > 060X 20=7550 w.
Impedance of load=Z: _:\/(Z'TfL‘)“+ 100°=
/7550° 4 100'=7550 © approx.

\O,

plate current, I:==0. This is condition of zero ampli- Voltage gain "Z_ . 20X 7550 139
fication. VRE+Z /7700°+7550°
[RADIO] * MAY, 1942 29
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A Carniier-Current

IRANSMITTER-RECEIVER

JOHN F.

¢ Carrier-current telephone and telegraph systems
have been in use many years, yet very little is written
about them. Utility and power concerns have made
substantial use of them, with complete privacy, since
radio’s early days. Cousidering this fact, it is surpris-
ing that the technic of transmitting radio-frequency
signals over wires has been known only to those who
built and maintained the equipment for these com-
panies. However, now that the amateurs not already
in government services are concerned about “what to
do for the duration”, an opportunity is presented to
learn about what carrier-current systems can be
made to do over ordinary house lighting circuits.

Wired wireless systems have the peculiar advantage
of being non radiating. Present-day warfare forbids
the use of radiated signals when there is danger of air
attack, which is precisely the time that flexible com-
munication systems are most needed. While the ap-
paratus to be described here does not solve any of the
perplexing problems of civilian defense, at least it is
useable for short-distance communication without en-
dangering the community in which it is used. In this
connection, however, wired wireless is being studied
for what usefulness it might be expected to yield in
civilian defense, and developments may he forth-
connng in the near future.

Advantages of System

Communication by means of carrier current has, in
addition to being non-radiating, a number of other
advantages. Distances up to several thousand feet
can be covered with an input power of less than two
watts with the intervening lines above ground. The
transmitters and receivers necessary are entirely con-
ventional and very simple to build and operate. With
carrier-current equipment antennas are not necessary,
which of course makes it much more convenient to
move from place to place than radiating equipment.
In fact, if the transmitter and receiver are built into
one physical unit, only one piece of apparatus, save for
the telephone handset, need be carried about. To set
it into operation the line cord is plugged into the near-
est socket. Such simplicity of operation will be found

*1834 Burke St., S.E., Washington, D.C.
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THURLOW, M.D.,

W3JRX*

a restful change by those who dislike encumbrances
and fussing.

The unit to be described in this article resulted
from a long standing curiosity as to how carrier-cur-
rent systems performed, and was built to serve a need
for house-to-shack communication. The equipment
was worked out by trial and error methods which
finally brought results, although not until much effort
had been expended winding large coils with various
amounts of very fine wire. Spare parts were used
when available. It will be noticed in referring to the
circuit diagram that r-f chokes are omitted; no use
was found for any. We used variable condensers
from old battery operated (A-K) receivers for our
receiving section.

In designing the transmitter-receiver unit it was
decided to use 185 ke so as not to interfere with other
services. After considerable listening on this and
neighboring frequencies there did not seem to be any
possibility that interference would be created, nor
were any other carrier-current signals heard in our
locality at any time during several months of almost
daily operation. There is, however, a possibility that
signals lower or higher in frequency might conceiv-
ably give trouble, so it is suggested that the neighbor-
hood of 185 ke be used. The use of 175 ke for wired
wireless telegraphy has been suggested elsewhere.

When development of the unit had progressed to
the point where signals could be transmitted through
the power lines, it became apparent that operation of
the equipment could be made very simple. The trans-
mitter, it was found, would work nicely without fre-
quency or other tuning adjustment; the receiver re-
quired a tuning adjustment, and regeneration and
volume controls. This made it possible to construct
apparatus which anyone of ordinary ability could op-
erate, and gave a minimum of opportunity for failure
when operation was carried on by anyone unfamiliar
with transmitting equipment.

Description of Equipment

As finally worked out, the carrier-current appara-
tus took the form of a “talk-back”. To call the other
party, a small permanent magnet speaker is used,
which in conversation is switched off, putting the tele-

MAY, 1942 *
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phone handset and its microphone in operation. To
transmit, a “'push-to-talk” switch, SW 7, is depressed,
which puts the transmitter into operation as long as
it is 1eld down. On letting the switch up the receiver
again operates. The “transmit-receive”, or push-to-
tallk switch is so arranged that the antenna condenser
shifts from one part of the unit to the other in switch-
ing, along with the plate-voltage supply. This helps
to prevent trapping the transmitter signal in the re-
ceiver circuits. The receiver can be left alone once it
has Leen adjusted. As a result, no adjustments are
necessary except for occasionally reversing the line
plug for best signals if the unit is carried from one
place to another.

Four tubes are used. The ac-dc power supply eni-
ploys a 1-V rectifier which supplies both the trans-
mitter and receiver. The transmitter consists of one
tube only—a 6D6-—which is suppressor-modulated
by a carbon microphone through an ordinary micro-
phone transformer, T7. The receiver uses a 6F7 and
a 25A5G, the former tube functioning as two separate
tubes. The receiver circuit is the familiar “detector
and two-step” arrangement.

The transmitter section uses a modified Colpitts
circuit, and its efficiency was found to be of a high
order 1i the L/C ratio was kept high. When we tried
lowering the oscillator frequency by adding capacity
across the tank, the output fell off rapidly. The out-
put of the 616 is very effectively modulated through
the suppressor grid if a microphone battery of 414
volts is used. A dry-cell “C” battery fills the bill.
Less than this is not recommended. The frequency

of the transmitter is fixed, and can only be changed
by the substitution of another value of fixed con-
denser, which we did not find to be necessary. IHow-
ever, it is worthwhile to determine the {requency.
This we accomplished by borrowing the use of a
Chanalyst. It was found to be 185 ke with the values
of inductance and capacity given.

The pentode section of the 6F7 serves as a regener-
ative detector, while its triode section supplies audio
for the handset and the output 25A6G. In our equip-
ment the triode section of the 6F7 worked into a
low-impedance handset much better than into a good
quality high-impedance telephone receiver. For this
reason, provision was made for the use of a three
terminal handset, which is the most readily available
low-impedance equipment f{or the average amateur.
However, a four terminal handset can also be used.
If the handset has three terminals, connect X and R
together, as indicated by the dotted line in the sche-
matic.

The power supply furnishes about 110 volts for
the plates of the oscillator and output tubes if the line
voltage is about 120 volts. The amount of resistance
used to d-op the line voltage to the 43 volts necessary
for the tube heaters is dependent on the prevailing
line voltage in a given location. As ours averaged
128 volts, we used 210 ohms at R10 to prevent heater
voltages from getting too high. In other locations it
is possible that as little as 190 ohms will be required.
Consideralle filtering was necessary, and blocking
condensers across the line were put in which ef-
fectively reduced line noises from electrical devices.

CIRCUIT OF CARRIER-CURRENT TRANSMITTER-RECEIVER

6D6

L1—405 turns No. 32 E.W.
on 13%” dia. form (3%”

winding) center-tapped. L2
—13 tu-ns No. 32 EW. over

Lt H 03 MICA iV
L2 .
25,150V
=~ PAPER
SW1 MJ
l 30MH 19077
s A ﬁ CHOKE x
ON-OFF
vV 16 pfd SW.
/
30 ufd 4 —=
150 V. -
I l -
83
4.5y 5:7%
DEo
il ==
e 8
o (e

center of LI, separated by

3 layers of paper. L3—460 553 'SeLTion
turns No. 32 EW. on 214"
form (4)4” of winding)

TRIODI e

SECTIO © Y oj
. Y

tapped 20 turns from bot-
tom. SWI is Centralab 3-

position spring return switch.

VYVWWVY

Use middle and lower posi-

AMAAAAA— AAAAAAA—

VYYYVVYY

- X x
. : 1.0 MEG e
tions. SW2 is Htle same \ i o T
type. Use two positions, as 00035 IJL?!SE\Q
above. VAR {A-K)

006 250M —
MICA POT. S L 10ufd
J = 55y,
w7
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Constructional Notes

Construction offered no problems once the mani-
fold terminals of the 6F7 were firmly in mind.
Nothing was grounded to the chassis, so as to reduce
the likelihood of receiving shocks. To reduce chances
of radiation, the oscillator tube and inductances, and
as much of the r-f circuits as possible were covered
by a shield can which also served to protect the fine
No. 32 wire used in the inductances from damage.
The inductances were wound on cardboard cylinders
and painted with coil dope. The fine leads from these
were brought to terminal strips bolted to the chassis
in order to make the necessary connections with fixed
condensers, etc., and to give the r-f section physical
stability.

The mechanical layout used can be that which
seems most practical. Breadboard construction was
found to be just as satisfactory in performance as
the metal chassis arrangement which we eventually
used. A panel of insulating material, such as Presd-
wood or Masonite, is suggested with a view to making
it possible to mount panel circuit components so that
they will be isolated from the chassis. If every effort
is made to prevent the chassis from being “ground,”
there is little likelihood of shocks being felt, which
could easily happen if the polarity was such that the
chassis was “hot.” Even so, operation in the bathtub
or from wet cement flooring is not recommended.

Operation

To operate the equipment, the line cord is plugged
in and reversed if necessary so that a singing line
hum, instead of a low 60-cycle buzz, is heard. The
regeneration control R4 is advanced until it just goes
into the fringe of oscillation, as in any regenerative
receiver. When two of these units are plugged in,
the push-to-talk switch of one is held down until its
signal can be tuned in by the other. The tuning ad-
justment of the receiver need not be changed once
it has been made at a sufficient distance to tune it
accurately. With the microphone connected (hand-
set in operation, and speaker inoperative), the push-
to-talk switch is depressed and the other unit called.
This other unit then responds with its switches in the
same position, while the first listens by simply letting
the push-to-talk switch return to the receive position.
With a little practice conversation is effected quite
smoothly.

CW operation, of course, is simply a matter of
plugging a key into the meter jack }J and keying
the plate lead of the oscillator, with the other unit in
oscillating condition to heterodyne the signal. With
the receiver in this condition, radiated long-wave sig-
nals will often be heard across the receiver dial.

Within one building the signals received from the
other unit are hroad, and so strong that the plate cur-
rent fluctuates in the receiver. \With the units farther
apart, tuning becomes sharper and more normal. It
is recommended that they first be tried between build-
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ings several hundred feet apart once “percolation”
has been achieved.

Long, uninterrupted power lines strung above
ground provide the best medium for distant opera-
tion, and when circumstances are favorable good sig-
nals are heard at about 3000 feet. When the inter-
vening lines are unfavorable, which seems to be the
case with underground conduit, or when transform-
ers provided with baffles intervene, the dx possibili-
ties are much less. It is well to remember, also, that
two locations only a block apart may have a separa-
tion of a mile or more from the standpoint of the
power lines supplying them, so that a study of power
routing may prevent disappointment by indicating
that what seems a short distance is really dx.

Our limited experience with this form of communi-
cation has seemed to indicate that low power offers
results comparable to what a similarly-powered trans-
ceiver would provide under somewhat unfavorable
conditions. The outstanding feature, however, is the
convenience of the equipment from the standpoint
of operation and portability. A single piece of equip-
ment which may be easily carried about can be made
to yield many useful functions about the house, or
from building to building, and its usefulness is not
decreased by the need for adjustment or special in-
stallation. For example, one of our relatives has
called her OM from a neighbor’s house to remind
him to feed the baby.

Legality

The Federal Communications Commission took
cognizance of the use of wired wireless systems by
unlicensed persons when the matter of collegiate
“broadcasting” Dbetween university buildings was
brought to its attention. It was decided by the Com-
mission that the “Provisions Governing the Opera-
tion of Low Power Radio Frequency Devices” was
applicable. In other words, the rules laid down for
wireless record players and the ‘“Mystery Control,”
which permit operation if the field strength of the
device does not exceed 15 microvolts per meter at
a distance of /27 from the transmitter, were allowed
to apply in the case of wired wireless telephony.

The University students in question were stated
to have used an input power of 2 watts. The FCC
not only allowed the inter-dormitory systems to con-
tinue in operation, but those who developed them are
now aiding the OCD in its attempts to find a way to
utilize wired wireless for air-raid warning purposes.
It is strongly urged, therefore, that the precedent of
using inputs of 2 watts or less be rigidly adhered to
in order to prevent the enactment of prohibitive legis-
lation. This will surely follow any excesses of power
or frequency deviation, especially those which cause
interference with other services. It is also essential
that the equipment be checked for radiation with a
long-wave receiver before being put into use. If care
is exercised, the amateur will have a new instrument
to use “for the duration” and after.
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The Sl‘a/uf a{ W51R4 New

SKY RIGGING

4 Her= is the photo-story on the assembl.ng and raising of the turnstile
antenra for W51IR, Stromberz’s “-m station at Rochester, N.Y. The varn
starts at the bottom of the page and works up to the completed installation
shown at the right. The unit includes a slect melter that furnishes heat
to each element when the outside temperzture stands between 28 and 30
degrees.

Almost in place, the top-
section is shown as it was
rolled and tugged into posi-
tion so that the welders
could “hemstitch" her into
place. The 3f-inch coaxial
line dangles below.

STAGE 3 p

All ground work (12 stories
up} the antenna now heads
for its perch. The riggers
have purposely hooked onto
the sha-t slightly off center
to help in controlling the
swing of the assembly on
the way up.
STAGE 2 )

4 STAGE |

* MAY, 1942
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- STAGE 4

Here she is, all up and work-
ing. The main coaxial feeder
can be seen coming up from
below and splitting at the "T".
The two bays are stacked, one
above the other, at a distance
of one-half wavelength. In this
manner corresponding doublets
can be made to operate in
phase. The bays are fed in
such a manner that adjoining
elements operate 90 degrees
out of phase. This out-of-
phase operation gives the radi-
ated pattern a circular charac-
teristic. The long loop of co-

axial line turning from the "T" is a half-wave
loop which is used to feed opposite elements of
the various doublets 180 degrees out of phase.

Here is W5IR's new two-bay turnstile antenna

as riggers assembled it for hoisting. The two

kibitzers are Alex Gressens and Ken Gardner

of the engineering staff. Note that the elements

have been bolted to the main shaft and the
coaxial line installed.
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The completed receiver, exploded view, showing how the panel may be opened out for antenna adjustments. Note

slack in cabled leads to permit opening. Trouble shooting is easy without removing set from car.

Mobile, Dual-Channel

UHE DEFENSE RECEIVER

L. W. MAY, Jr., W5AJG*

4 A mobile receiver was needed for a certain de-
fense guard organization. The requirements were
not at all difficult to any practicing uhf amateur.
As a matter of fact, they appeared just too modest,
considering the complexity of equipment the aver-
age uhf ham had been “tinkering” with before the
second shut-down.

Requirements

The requirements were these: 1. To be used in
conjunction with a 1.7-mc regular police set-up. At
once, this made available the plate and filament
voltages from the police receiver. 2. To tune two
communication channels. For all practical pur-
poses, these will be called “56” and “112” mec. 3.
Instant change from one to the other channel. 4.
Freedom from ignition noise. 5. Inexpensive and
easily installed and operated. 6. To cover a radius
of a few miles.

Not a rough ticket at all. TIorget about your

*R4, 9428 Hobart St, Dallas, Texas
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much desired Orbital-Beam Secondary-Electron
Multiplier Tubes and such, of which nobody seems
to be carrying a spare in his pocket. Instead, re-
live your uhf days of five or six years ago. The
“good ole days” when radio seemed simple enough
and the average blockhead thought he understood a
few things about uhf, plus me.

Only item number 6 occasioned even the slightest
hesitancy. Most uhf men have had lots of ques-
tions put, but “How many miles can I work ?” seems
to be one of the most popular (and dangerous). In
this particular case, further investigation revealed
little over which to be concerned. The associated
nobile transmitters for the two channels were ap-
proximately ten watts each, which was reasonable
assurance that a simple receiver would easily suf-
fice. Turthermore, I don’t wish to appear even
more completely to have “blown my top,” but modu-
lated oscillators at the lower of the two frequencies
are still being issued in certain quarters. However.
do not become alarmed. There are reasons—

The super-regen, of course, is the answer. It ad-
mirably fulfills all qualifications, even including that
RADIO
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of expenditure. Can vou tie that? From dailv
reading of the rags, one would think expenditure
was of inconsequential magnitude. Perhaps this
commanding officer is a bit old fashioned

The newer 9000 series tubes, of which the 9002 is
a triode, arc excellent oscillators at these frequen-
cies. The difference in cost, compared with. say, a
type 6]5, was felt justified. Good action is 10 be
had on much lower plate voltage and radiation from
the receiver somewhar attenuated. The number of
cars along with geographical location in this case.
resulted m neghgible complaints from this cause.
Furthermore, the two separate communication chan-
nels, il used correctly, practically gnarantee nearly
complete relief from the receiver radiation problem.

Design of Receiver

Nothing at all new is incorporated; just ordinary

ham gear cahiber. Don’t forget—plenty of lock
washers, as with any mobile equipment. These
things get the daylights shaken out of them. Two

1‘—f sections are used, one on “56” mc and the other

n “112” me. Both use 9002 tubes. A single-pole-
double throw toggle switch is inserted in the lead
to the interstage audio transiormer to provide selec-
tion of the oscillators. This transformer then ex
cites a 6]5 first audio tube, which is resistance cou-
pled into a 6V6 output stage. A regeneration

6FT.
3 TURN 2 TURN
127.N0. 14 WIRE Link Rl 67T.NO.14 WIRE
5/5" DIA. SPAGEO TO 307 22T . Yo" DIA. SPAGED TO
SPREAD BAND NO.26 WIRE  NO.26 WIRE , SPREAD BAND
14" Dia 4" Dia.
4 4
= ‘cLose cLOSE
WDUND WOUND .

3 PLATE
MIOGET

*'IH

s 2 PLATE

MIDGET

o
2.5 MHY. A 2.5 MHY.

L I,\.oos .005 6L f_l

< MIDGET | MIDGET b P

= = v$ ,
f_[—? 10 MEG 10 MEG —|L

T oW Vo w. 7

"50 uufd MIDGET

3002 50 uufd MIDGET 9002
We A N
56"MC. “112" Mc.
[ 25mee. Yo w
31 INTERSTAGE
AF. AN
M 645 T“BlUL“R sp K'R
£3 ’ ‘—‘!
: o Pl
=X =
‘e =
=
& L 10ufd
<' 25V.
500 i
=1 2w
+180V.
o = ki
FEMALE
A WAFER
= HEATERS SOCKET
C.3V

Complete schematic diagram of the dual-channel receiver.
All parts values and coil data are given. Instant switching
from 56" o "112" me, or vice versa, is accomplished by one
single pole double throw switch. This tacks plate voltage

onto the 9002 in use.
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Band switch at bottom, with the "56"
and "112" tuning controls directly above.

Front view cf receiver.
The regeneration
control in the middle serves for both channels. Antenna re-
ceptacles are at top of panel. Power and speaker sockets are

on side of cabinet.

control is provided, but no volume control. In a
moving car, one usually wants about all the volume
he can get anvway, so it is left off, and incidentally
is not missed at all. The resistor R3 is merely ad-
justed for proper level and left alone.

The innards are confained in a small box six
inches wide, five inches high, and four inches deep
—a standard item on the market. This is usually
bolted to the steering column or to the dash. No
mounting is shown in the photograph as all cars
require different tvpes of “head scratching.”

Two antenna receptacles are provided, one for
cach frequency. The band-selecting toggle switch
is mounted in the middle oi the panel at the lower
edge. When it is pomted to the left, everything on
that side of the panel is to do with ”’36” me. When
in the right position, “112” mc is brought into play.
Tt is impossible to have both oscillators pumping at
the same time. due to the plate voltage being hroken
by the selector toggle switch. This has to he——or
it could probably be used as an air-raid warning
device.

The front panel of the bhox is detachable and
attached to it are all r-f components. Some play is
left in the cabled leads, so as to allow it to be pulled
a few inches away, which makes for convenient
adjustments to the antenna coupling and so on. The
audio transformer and associated tubes and parts
are permanently tied down inside the box. No
adjustments are necessary here, and placement is
of no great importance.

Filament and plate potential are introduced
through the five-prong wafer socket. As above
stated. this power is borrowed from the regular
low-frequency police receiver. Speaker terminals
are provided just below the five-prong socket and a
small p-m speaker with matching transformer
mounted wherever is convenient.
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Rear view of set, with front panel in place. Tank and antenna
coils are seen at top, with upside-down 9002's just below.

No trouble should be encountered with this unit.
The 56 and 112-mc bands are still around, although
they are not overburdened with QRM, I am told.
Nevertheless, locating them is still fairly simple.
The receiver performs very smoothly on both com-
munication channels and good results are obtained
using total antenna lengths (including lead-in,
which should be as short as is practicable) of four
feet for 56 mc and six feet for 112 mec. Using these
lengths on whip antennas provides for low-impe-

dance terminations at the antenna coupling link,
which may consist of a few turns coupled to the
tank circuits of the oscillators. One side of the
link is grounded to the antenna receptacles.

Double-Channel Advantage

Locations and contour of terrain influence greatly
maximum distances obtainable when talking car to
car. It has been found wise not to prognosticate
too heavily in this regard. Open flat country on
the one hand and metropolitan areas on the other
tend to confuse most uninformed uniformed per-
sonnel, as far as dx is concerned. Of course, ele-
vated, stationary control centers are able to com-
municate with mobhiles for quite respectable dis-
tances, with the lower of the two frequency chan-
nels perhaps at an advantage. With the use of the
double communication channels, it is possible to
“do things” that one channel could not attempt—
rather like the airways with their well-known
“North” and “South” frequencies, etc. This phasc
will not be further elucidated. Leave that to the
dispatchers and such. We are supposed to talk
about the means.

No further constructional details are necessary
here. The photographs are much better salespeople,
coupled with the fact that all this is mere revival of
equipment forgotten years ago, for most of you uhf
men. The possible exception is the new 9002 triode.
Tt is really a honey at 112 mc and above. Miss
Acorn, watch your laurels.

TELEVISION AND AIR-WARDEN INSTRUCTION

Lieutenant William F. Maley, (right)
of the staff of the Coordinator for
Police Department Civilian Defense,
New York City, gives the oral in-
struction in the televised lesson for
air wardens on putting out a fire
bomb. Assistants at the left demon-
strated various devices to be used.
These lessons were broadcast over
NBC's television station WNBT +to
groups of air wardens stationed at
points throughout the city where tele-
vision receivers were made available.
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delle Communicazioni—Bolletino del Centro Volpi di Elet-
trologia, Year I, p. 73; December, (1938). (Summary only).

A Cause of Scattering in the Measurement of Radiophonic
Interfering Voltages—G. Goffin—L’Onde Elec., Vol. 18,
(wrongly printed 19), pp. 57-69; February (1939).

The Relation of Radio Sky-Wave Transmission to Iono-
sphere Measurements—N. Smith—Proc. I.R.E., Vol. 27, pp.
332-347 ; May (1939).

Theoretical Tonization Curves for the E Region—M. V.
Wilkes—Proc. Phys. Soc. (London), Vol. 51, pp. 138-146;
January, (1939).

Relation Between Actual and Virtual Tonospheric Height—
H. G. Booker and S. L. Secaton—Phys. Rev., Vol. 57, pp.
87-94; Jan. 15, (1940).

Atmospheric Disturbances—Funktech. Monatshefte, No. 3
pp. 70-74; March, (1939) O. Morgenroth.

Notes on the Random Fading of 50-Megacycle Signals Over
Nonoptical Paths—K. G. Maclean and G. S. Wickizer—
Proc. L.R.E., Vol. 27, pp. 501-506; August (1939).

On the Influence of the Troposphere on Ultra-Short-Wave
Propagation—W. Scholz and ‘L. Egersdorfer—7Teleg-Fern-
Und Funk-Tech., Vol. 28, pp. 77-83; March (1939).

A. W, Friend, Bull. Amer. Meteor. Soc., Vol. 20, pp. 202-205;
May, (1939).

A.W. Friend-——Nature—Vol. 144, p. 31: July 1, (1939).
(Continued on page 44)
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HERE IS THE CHART TODAY’S
RESISTOR USERS NEED

Complete—Practical—Easy-to-Use

Here, in a single chart—suitable for wall-hanging
or desk use—is all of the essential technical data on
over 122 sizes in 18 standard IRC fixed and variable
resistor types for War and essential industrial use.
This up-to-the-minute information includes wattage
and voltage ratings, dimensicns, resistance values
available, terminals, mountings, maximum operat-
ing temperatures, temperature rises, temperature

WRITE FOR
YOUR COPY -

NOW!

Essential data on practically
every standard IRC resistor type
is confined to one side of the
chart, only 18" x 22'2", for quick, .
easy and complete reference. 3

* MAY, 1942

coetlicients, inductive characteristics, prices in small
lots for estimating purposes, availability of various
types for army and navy use—everything, in short,
to simplify the selection of the right resistor for your
electrical and mechanical requirements.

Write for your copy today—or as many copies as
may be required to equip everyone in your organi-
zation who may have use for it.

N
ve

INTERNATIONAL RESISTANCE COMPANY

18] N. Broad Street, Philadelphia, Pa.

4]
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@HM" TE Rheostats, Resistors,

C:g\b/ Tap Switches MEET THE TEST!

Vitreous Enameled Resistors

The resistance wire is evenly

Today’s critical requirements
find Ohmite Products well
qualified for any service. Ohmite Rheostats

wound on porcelain core, rigidly
held in place, insulated and pro-

tected by Ohmite vitreous en-
amel. Dissipates heat rapidly—
prevents hot spots and failures.
Core sizes range from 2 1,2
diameter by 20" long to 5/16"
diameter by 1" long.

*

Close Control Rheostats
Smooth, gradual, close control
is permanently builtin. The wire
is wound on a solid porcelain
core, locked in place and in-

were the first to be used in aircraft—and have

been first ever since. Today, more Ohmite

Rheostats are used in military and commercial

airplanes than any other make. Approved types

Lt for all Army and Navy specifications.

‘ Like the Rheostats, Ohmite Resistors and
B Tap Switches are used in endless variety and
‘ number i1 many other military, industrial and

! electronic applications. They have proved their
' ability to meet the test of service on land, sea
and in the air, in every climate.

sulated by Ohmite vitreous en-
amel. Nothing to shrink, shift

or deteriorate. Self-lubricating

; Wides: range of types and sizes make it metal graphite contact prevents

- easier to provide the right units for each need. wear on the wire.
Many stock items. Units produced to Govern- *
mental specifications. Special units engineered High Current Tap Switches
for you. Load-break, single-pole, multi-
point rotary selectors. Compact,
oNMITE send for Your cOPY Of cﬂtalog 18 all-enclosed ceramic construc- \
: g Gives up-to-date information on the wide tion. Unique slow-break action. |
range of Obhmite stock resistors, rheostat§, Large self-cleaning silver-to-sil- E
chokes and switches used in all types of appli- B ot Lo e I
cations. Helps you select the right units for ’ > f
each job easily, quickly. Write for Catalog 18 ance. Back of panel mounting.
- now—it’s Free. Non-shorting type. Five sizes /
OHMITE MANLFACTURING CO., 4867 Filournoy St., Chicago, U. S. ‘A. from 10 to 100 amperes, A. C. /

OHMITE MANUFACTURING COMPANY

Forenasl Jlanu/ac/ucew of Fower Rtrecslals, Fesistows and Fafy Srwilchres
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(Continued from page 40)

The Heights of the Reflecting Regions in the [roposphere—
A. W. Friend and R. C. Colwell—Proc. |.R.I:., Vol. 27, pp.
626-634; October (1939).

The Origin of Radio-\Vave Reflections iu the Troposphere—
J. H. Piddington—Proc. Phys. Soc. (London) Vol. 51, pp.
126-137; January, (1939) ; Vol. 51, pp. 547-348 ; May, (1939).
Nonexistence of Continuous Intense Ionization in the Tropo-
sphere and Lower Stratosphere—QO. H. Gish and H. G.
Booker—Proc. [.R.E., Vol. 27, pp. 117-125; February,
(1939).

Tropospheric Reflections of Radio Waves—R. C. Colwell and
A. W. Friend—U.R.S.I. Proc. of 1938 General Assembly,
Vol. 3, pp. 146-149; (1938).

Limiting Waves and the Ionosphere: II1I—Q. Burkard—
flochfrequens und Elektroakustik, Vol. 52, pp. 142-146; Oc-
tober. (1938).

Noise Measurements in the Television Bands—Jerry Minter
—Electronics, Vol. 12, p. 21; December (1939), (Abstract
only.)

Receiver for Frequency Modulation—J. R. Day—Electronics,
Vol. 12, pp. 32-35; June, (1939).

A Noise-Free Radio Recciver—G. W. Fyler and J. A. Wor-
cester—Gen. Elec. Rev., Vol. 42, pp. 305-310; July (1939).

A new Armstrong Frequency-Modulated-Wave Receiver-—
G. W. Fyler and J. A. Worcester, Jr—Proc. Radio Club
Amer., Vol. 16, pp. 16-18; July, (1939).

The Application of Negative Feedback to Frequency-Modu-
lation Systems—]. G. Chaffee—Proc. I.R.E., Vol. 27, pp.
317-331; May, (1939); Bell Svs. Tech. Jour., Vol. 18, pp.
404-437; July, (1939).

Communication by Phase Modulation—M. G. Croshy—Proc.
I.RE., Vol. 27, pp. 126-136; February (1939).

Methods of Controlling Radio Interference—C. V. Aggers—
Prloc). I.LRE., Vol. 27, p. 408; June, (1939). (Summary
only).

Radio Interference-~Investigation, Suppression and Control—
H. L. Merriman and F. G. Nixon—Proc. 1.R.E., Vol. 27,
pp. 16-21—January (1939).

AIRCRAFT TRANSMITTERS

A new Method of Producing Short Undamped Waves of
Great Intensity—Arsenjewa-Heil and Heil—Zeit. fur Phyvs.,
Vol. 95, pp. 752-762; July 12, (1935).

A High-Frequency Oscillator and Amplifier—/our. App.
Phys., Vol. 10, pp. 321-327 ; May, (1939).

On the Resonaut Frequency of Closed Concentric Lines—
W. W. Hansen—/our. App. Phys., Vol. 10, pp. 38-45; Jauu-
ary, (1939).

On Resonators Suitable for Klystron Oscillators—W. W.
Haunsen and R. D. Richtmyer—J/our. App. Phys., Vol. 10,
pp. 189-199; March, (1939).

Electromagnetic Natural Vibrations of Dielectric Spaces—
I'. Borgnis—Aunn. der. Phys., Vol. 35, pp. 359-384; June 11
(1939).

Dielectric Resonators—R. D. Richtmyer—/our. App. Phys.
Vol. 10, pp. 391-398 ; June, (1939).

On the Natural Electromagnetic Oscillations of a Cavity—

1(\/{9 ]gc))tlguet—Contﬁt. Rend., Vol. 209, pp. 203-204; July 24,
39).

Theoretical Relationships of Dielectric Guides—A. G. Clavier

—Elec. Coman., Vol. 17, pp. 276-290; January, (1939).

Velocity-modulated Tubes—W. C. Hahn and G. F. Metcali—

Proc. .R.E—Vol. 27, pp. 106-116; February, (1939).

Wave Energy and Transconductance of Velocity-Modulated

Electron Beams—W. C. Hahn—Gen. Elec. Rev., Vol. 42, pp.

497-502; November, (1939).

The Electronic-wave Theory of Velocity-Modulation Tubes

—Simon Ramo—Proc. I.R.E., Vol. 27, pp. 757-763; Decem-
ber, (1939).

Influence and Control of the Variable Density of Electron
Currents in Tubes and the Use of this Phenomenon for
Generating Short-Wave Oscillations by the Impulse Method
—G._Jobst—Telefunken Hausmitteilungen, Vol. 20, pp. 84-
96; July, (1939).

Small Signal Theory of Velocity-Modulated Electron Beams

—W. C. Hahn—Gen. Elec. Rev., Vol. 42, pp. 258-270; June,
(1939).
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Space Charge and Field Waves in an Electron Beam—Simon
Ramo—Phys. Rev. Vol. 56, pp. 276-283; August 1, (1939).

Theory of Klystron Oscillators—D. L. Webster—/our. App.
Phys., Vol. 10, pp. 864-872; December (1939).

Production of Ultra-High-Irequency Oscillations by Means
of Diodes—F. B. Llewellyn and A. E. Bowen—DBell. Sys.
Tech. Jour. Vol. 18. pp. 280-291; April. (1939).

The Anode-Tank-Circuit Magnetron—E. G. Linder—Proc.
L.R.E., NVol. 27, pp. 732-738 ; November (1939).

High-Efficiency Sentron—S. Uda, M. Isida, and S. Shoji—
Llectrotech. Jour. (Tokyo), Vol. 2, p. 291; December
(1938).

100-Kilowatt Short-Wave Broadcasting Transmitter Type
SWDB-14 and 18-E.—Green and L. T. Moodyv—A3{arconi Rev.,
No. 74, pp. 1-23; July-September, (1939).

New Multi-Purpose 357A Operates at full Ratings up to 100
Megacycles—Pick-ups, (W. E. Co.) pp. 16-34, July (1939).
Air-cooled Transmitting Valves—M. Van der Beck—Philips
Tech. Rev., Vol. 4, pp. 121-128; May, (1939).

A new Principle of Construction for Radio Valves—Philips
Tech., Rev., Yol. 4, pp. 162-166; June, (1939).

Velocity-Modulated Tubes—W. C. Hahn and G. F. Metcalf—
Proc. I.R.I, Vol. 27, pp. 106-116 ; February (1939).

On Resonators Suitable for Klystron Oscillators—\W. V.
Hansen and R. D. Richtmyer—Jour. App. Phys., Vol. 10,
pp. 189-199; March, (1939).

Small Signal Theory of Velocity-Modulated Electron Beams
—W. C. Hahn—Gen. Elec. Rew., Vol. 42, p. 258-270; June,
(1939).

Space Charge and Field Waves in an Electron Beam—Simon
Ramo—Phys. Rev., Vol. 56, pp. 276-283 ; August 1, (1939).

Wave-energy and Transconductance of Velocity-Modulated
Electron Beams—W. C. Hahn—Gen. Elec. Rev., Vol. 42,
pp. 497-502; November 19, (1939).

The Electronic-wave Theory of Velocity-Modulation Tubes
—Simon Ramo—Proc. .R.E—Vol. 27, pp. 757-763 ; Decem-
ber, (1939).

The Anode-Tank-Circuit Magnetron—E. G. Linder—Proc.
I.R.E., Vol. 27, pp. 732-738; November, (1939).

Frequency Modulation: Theory of the Feedback Receiving
Circuit—]. R. Carson—Bell Sys. Tech. Jour., Vol. 18, PD.
395-403; July, 1939.

Field Tests of Frequency and Amplitude Modulation with
Ultra-High-Frequency Waves—I. R. Weir—Gen. Elec. Rev.,
Vol. 42. pp. 188-191 and 270-273; May and June, (1939)
Abstract Part I, Electronics, pp. 12, 70; June, (1939).

F-M Broadcasting on Three Relavs Proves Successful—
Broadcasting, Vol. 17, p. 26; December 13, (1939).

Ground Station Equipment

Some Principles in Aeronautical Ground Radio Station De-
sign—P. C. Sandretto—Proc. [.R.E.—27:5-11, January, 1939.

Precipitation Static Interference on Aircraft and at Ground
Stations—H. M. Hucke—Proc. [.R.E—27:301-316. \ay
1939.

North Beach Nerve Center; Radio Facilities of the N.Y.
Municipal Airport—D. Fink—Awiation 38:24-5, November,
1939.

200 Kilowatt Valves with Replaceable Filaments—Gen. Elec.
Rev, Vol. 32. p. 369 ; August, (1939).

High Power Valves: Construction, Testing, Operation—]J.
Bell. J. W. Davies and B. S. Gossling—/our. [.LE.E. (lon-
don), Vol. 83, pp. 176-198; August, (1938) ; Proc. Wireless
Section Vol. 13, p. 177 September, (1938).

On the Reflection Coefticients of the Heaviside Laver in the
Wave Band irom 200 to 2000 Meters for Various Departure
Angles—F. Vilbig—Teleg.—/Fern. und Funk-Tech., Vol. 27,
pp. 291-294 ;— August (1938).

The Lower Ionosphere—S. K. Mitra, J. N. Bhar and S. P.
Ghosh—/ndian Jour. Phys., Vol. 12, pp. 455-465; December,
(1938).

Diurnal Variation of Absorption of Radio Waves—F. W. G.
\White and T. W. Straker—/Proc. Phys. Soc. (London), Vol.
51, pp. 865-875; September. (1939).

Further Investigations of Very Long Waves Reflected
from the Jonosphere—K. G. Budden. J. A. Ratcliffe and M.
V. Wilkes—Proc. Rox. Soc., ser. A, Vol. 171, pp. 188-214;
May, (1939).
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Solar Eruptions and Their Influence on the Propagation of
Electromagnetic Waves—M. Waldmeier—Helvetica Phys.
Acta., Vol. 2, pp. 537-538 ; fasc. 7, (1938).

Nature of Radio Fade-Out—L. V. Berkner—P/lys. Rev.,
Vol. 55, pp. 536-544; March 15, (1939).

Tonosptere and Short-Wave [Fade-outs—R. Jouaust—Jour.
de Phye. et le Radium, Vol. 10; pp. 231-259; June, (1939).

Reinforcement of Long Waves at Time of Short-Wave Fade-
Outs—R. Bureau—Jour. de Phys. et le Radium, Vol. 10, pp.
271-273; June (1939).

Radio Fade-Outs and Solar Eruptions—R. V. Giovanelli and
A. J. Higgs—Terr. Mag., Vol. 44, pp. 181-187; June, (1939).

Radiatien from Solar IFlares and Radio [Fade-Outs—T. H.
Johnson and S. A. Korff—Terr. Mag., Vol. 44, pp. 23-27;
March, (1939).

Solar Eruptions and Ionospheric Perturbations—L. d'Azam-
buja—Jour. de Phys. et le Radion, Vol. 10, pp. 274-281;
June, (1939).

Fifth Report of the Comimission on Solar and Terrestrial
Relations—International Council of Scientific Unions. Pre-
sented, International Union of Geodesy and Geophysics,
Washington, D.C., September (1939).

Ionosphere Disturbances, 1937-1938—J. H. Dellinger—Pre-
sented, [.R.E.—U.R.S.I. Meeting—\Washington, D.C., April
29, (1939).

The Experimental Verification of the Diffraction Analysis
of the Relation Between Height and Gain for Radio Waves
of Medium Lengths—T. L. Eckersley and G. Millington—
Proc. Phys. Soc. (London) Vol. 51, pp. 805-809; (1939).

Characteristics of the Ionosphere at Washington, D.C.—T. R.
Gilliland. S. S. Kirby and N. Smith—Published each month,
Proc. IR.E.

Application of Graphs of Maximum Usable Frequency to
Communication Problems—N. Smith, S. S, Kirby and T. R.
Gilliland—Jour. Res. Nat. Bur. Stand., Vol. 22, pp. 81-92;
January, (1939).

The Prediction of Ionosphere Characteristics and Maximum
Usable Frequencies—N. Smith and A. S. Taylor—Presented
[.R.E. URS.I meeting, Washington, D.C., April 29, (1939).

Trends of Characteristics of the Ionosphere for Half a Sun-
spot Cycle—N. Smith, T. R. Gilliland and S. S. Kirby—
./011r.81\’e.f. Nat. Bur. Stand., Vol. 21, pp. 835-845; December,
(1938).

The Solar Cycle and the Iz Region of the Ionosphere—WV. M.
?oodall—Proc. I.R.E., Vol. 27, pp. 701-704; November,
1939).

A Representation of the Sunspot Cycle—C. . Anderson—
Bell Sys. Tech. Jour., Vol. 18, pp. 292-299; April, (1939).

Report of Commission II, Radio Wave Propagation, Inter-
national Scientific Radio Union—]. H. Dellinger—Proc.
I.RE., Vol. 27, pp. 645-649; October, (1939).

Averages of Critical Frequencies and Virtual Heights of the
Tonosphere, observed by the National Eureau of Standards at
Washington, D.C. Published quarterly in Terr. Mag.

The Ionosphere at Huancayo, Peru—H. W. Wells and H. E.
Stanton. Published quarterly in Terr. Mag.

The Ioncsphere at Watheroo, Western Australia—\W. C.
Parkinson and L. S. Prior—Published quarterly in Terr.
Mag.

Ionospheric Observations—I. Ranzi—La Ricerca Sci., Vol.
10, pp. 32-38; January-February (1939).

Annual Variation of the Critical Frequencies of the Ionized
Layers at Tromso during 1938—L. Harang—Terr. Mag.,
Vol. 44, pp. 15-16, March, (1939).

Midday F. Region Critical Frequencies for Deal, New Jersey
—(—;\fé) M. Goodall—Terr. Mag., Vol. 44, p. 212; June,
1939).

Simultaneous Ionosphere Observations at \Washington, D.C.
and Deal, N.J.—J. P. Schafer and W. M. Goodall—Terr.
Mag., Vol. 44, pp. 205-208 ; June, (1939).

Deviations of Short Radio Waves from the London-New
York Great-Circle Path—C. B. Feldman—Proc. I.R.E., Vol.
27, pp. 6353-645; October, (1939).

* MAY, 1942

Scattered Reflections of Radio Waves from Height of More
than 1000 km.—L. Harang and \W. Stoffregen—Nature, Vol.
142, p. 832; November 5, (1938).

Scattering of Radio Waves in the Tonosphere—T. L. Eckers-
ley—ANature, Vol. 143, pp. 33-34; January 16, (1939).
Scattering of Radio \WWaves in Polar Regions—E. V. Appleton
and R. Naismith—Nature, Vol. 143, pp. 243-244; February
11, (1939).

Scattered Reilections in the Ionosphere-—B. Beckmann, W.
Menzel and F. Vilbig—Teleg.-Fern.-und Funk-Tech., Vol.
28, pp. 13C-135; April, (1939).

The Polarization Condition of Radio Waves by Reflection on
Layers which are Formmed by Magnetic Storms and Northern
Lights—[. Harang and W. Stoffregen—Iochfrequenztech
und Llektroakustik, Vol. 53, pp. 181-187; June, (1939).

Ionospheric Effects Associated with Magnetic Disturbances—
L. V. Berkner, I1. W. Wells and S. L. Seaton—Terr. Mag..
Vol. 44, pp. 283-311; September, (1939).

Incident Angle of Short Waves and High-Frequency Noise
(Resembling ‘Grinders’) During Dellinger Effect—>M.
Nakagami and K. Miya—=ZElec. Jour. (Tokyo), Vol. 3, p. 216;
September, (1939).

Some Principles in Aeronautical Ground-Radio-Station De-
sign—P. C. Sandretto—Proc. [.R.E., Vol. 27, pp. 5-11; Janu-
ary, (1939).

A Cathode-Ray Frequency-Modulation Generator—R. E.
Shelby—Electronics—Vol. 13, No. 2, February, 1940, p. 14.

Frequency Modulation—Electronics—Vol. 13, No. 1, January,
1940, p. 10.

Multi-Wire Antennas—]. D. Kraus—Elecironics, Vol. 13,
No. 1—Januzery, 1940, p. 26.

UHF—W. E. Jackson—Awiation, Vol. 39, No. 4, April,
1940, p. 44.

Notes on I'M Transmitters—I°. A. Gunther—Commuatica-
tions—Vol. 20, No. 4, April, 1940—p. 11.

Some Notes on Selenium Rectifiers—Conuinications—Vol.
20, No. 3, March, 1940—p. 5.

A High Efficiency R-F Amplifier—E. J. O'Brien and H. Kees
—Communications—Vol. 20, No. 2, February, 1940—p. 7.
Charts for Transmission Line Measurements and Computa-

tionsss—P. S. Carter—RCA Review—Vol, 3, January, 1939.
p. 355.

Recent Developments in Radio Transmitters—]. B. Coleman
and V. E. Trouant—RCA Review—Vol. 3, January, 1939, p.
316.

Modulation Suppression—H, Roder—Communications—Vol.
18 No. 2—Fzbruary, 1938, p. 14.

Selenium Rectifiers—Communications—Vol. 18 No. 3 March,
1938, p. 7

High-Frequency Triode Oscillator—G. Reber—Conununica-
tions—Vol. 1& No. 3, March, 1938, p. 13.

A Receiver for Frequency Modulation—]. R. Dayv—Elec-
sronics—Vol. 13 No. 6, June 1939, p. 32.

A Noise-Suppressor Circuit for Heterodyne Receivers—A.

Richardson—Commumnications—Vol. 18 No. 1, January, 1939,
p. 10.

PRIVATE FLYING EQUIPMENT AND FACILITIES

Aircraft Antennas

Icing of Aircraft Antenna Wires—G. L. Haller—Journal of
the 7Aeronautica1 Sciences—Vol. 6, No. 1, November, 1938,
p. 27.

Developments in  Aircraft Radio Aerials—Electronics—
February, 1938.

Reduction of Night Error by Adcock Aerial—H. Busignics—
L’Onde Elec—March and April, 1938—195-210.

Constants of Fixed Antennae on Aircraft—G. L. Haller,—
Proc. I.R.E—April 1938.

Improvements in the Marconi-Adcock Radiogoniometer—
Assoc. Suisse Elect. Bull—January 12, 1938.

Model Measurements on Aircraft Fixed Aerials to Obtain
Polar Diagrams in the Short-Wave Region—E. Harmening
—IHochfrequenztechnik und Elektroakustik—February, 1939.
The Useiul Radiation Power Beam Antennae—Y. Kato—
Nippon Llect. Comm. Eng., May, 1939.
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Antenna Systems; Direction Finding—Electrician—Septem-
ber 9-16, 1938.

Installation of Antennas for Directjon Finding—]J. C. Frank-
lin—Air Commerce Bulletin—April, 1938.
Precipitation-static Interference on Aircraft and at Ground
Stations—H. M. Hucke—Proc. [.R.E—27: 301-16, May,
1939.

Radio in Aviation; A General Survey with Special Refer-
ence to the Royal Air Force—N.F.S. Hecht—I[.E.E. Journal
—85:215-19—August, 1939.

Development of Aircraft Radio Antennas—R. McGuire—
J. Delmonte—Comnmnications—Vol. 20, No. 3—March,
1940, p. S.

INDUSTRY TRENDS

Further Note on the Propagation of Radio Waves Over a
Finitely Conducting Spherical Earth—B. van der Pol and H.
Bremmer—Phil. Mag.—Vol. 27, pp. 261-275; March (1939).
The Diffraction of Wireless Waves Around the Earth—G.
Millington—Phil. Mag—Vol. 27, pp. 517-542—\ay, (1939).
The Propagation of WVireless Waves Around the Earth—B.
van der Pol and H. Bremmer—Philips Tech. Rev—Vol. 4,
pp. 245-253—September, (1939).

Diffraction and Refraction of a Horizontally Polarized Elec-
tromagnetic Wave Over a Spherical Earth—M. C. Gray—
Phil. Mag—Vol. 27, pp. 421-436—April (1939).
Oblique-Iucidence Ionospheric Data and the Lorentz Polar-
ization Term—N. Smith—Trans. Amer., Geophys., Union of
1939, p. 375—April, (1939).

Lorentz Polarization Correction in the Ionosphere—D. F.
Martyn and G. H. Munro—7Terr. Mag.—Vol. 44, pp. 1-6—
March (1939).

Effect of Lorentz Polarization Term. in Ionospheric Calcula-
tions—J. A. Ratcliffe—Proc. Phys. Soc. (London)—Vol. 12,
pp. 747-756—September (1939).

Reflection of Electromagnetic Waves in the Ionosphere—
R. C. Majundar—Trans. Bose Res. Inst., (Calcutta)— Vol.
12, pp. 125-140, (1936-1937).

An Tonospheric Investigation Concerning the Lorentz Polar-
ization Correction—H. Booker and L. V. Berkner—Terr.
Mag—Vol. 43, pp, 427-450—December (1938).

Observations on Sky-Wave Transmission on Frequencies
Above 40 Megacycles—D. R. Goddard—Proc. [.R.E.—Vol.
27, pp. 12-15; January (1939) ; RCA Rev—Vol. 3, pp. 309-
315; January (1939).

40-cm Waves for Aviation—Elecironics—Vol. 12, pp. 12-15;
November (1939).

Aircraft Radio Vibration—L. B. Hallman—Communications
—Vol. 20 No. 5, May, 1940—p. 5.

Details of the Sikorsky Helicopter—dAero Digesi—Vol. 36,
No. 6—June, 1940—p. 56.

Into the Sub-Stratosphere—R. J. Minshall—Awiation—Vol.
39, No. 5—May, 1940—p. 46.

An Engineer’s Closeup of the Curtiss-Wright Transport—
G. Page—Awviation—Vol. 39 No. 3—March, 1940—p. 46.

Power-Supply Equipment for Large Aircraft of the Future
Electrical Insulation for Aircraft—G. L. Moses—Awviation—
Vol. 38 No. 9—September, 1939—p. 28.

AC for Aircraft—P. C. Sambretto—Awviation—Vol. 38 No. 6
—June, 1939—p. 30.

Proposed Ultra-High-Frequency Communication Facilities

Tests with Ultra-High-Frequency Radio Transmitting and
Receiving Equipment for Itinerant Aircraft Communication
—CAA Technical Report No. 7—July, 1938.

UHF—W. E. Jackson—Aviation—Vol. 39 No. 1—January,
1940—p. 42.

Some Typical Phenomena Relative to Ultra-Short-Wave
Amplifier Circuits—Philips Transmitting News—Vol. 6 No.
3 and No. 4.

Proposed Ultra-High-Frequency Navigational Aids
Some Theoretical Considerations on the Philips Ultra Short

Wave Radio Beacon—Philips Transwitting News—Vol. 6
Nos. 3 and 4—December, 1939.

Obstruction Indicators

A Terrain Clearance Indicator—Lloyd Espenschied and
R. C. Newhouse—Bell Sys. Tech. Jour—Vol. 18—pp. 222-
234; January, (1939).

Radio Altimeter—Commanications—Vol. 18 No. 10, October,
1938—p. 34.

WQNK's NEW CONTROL CONSOLE

4J. W. Councill, of Police Radio WQNK, City of
Noriolk, Va., has sent us the accompanying photo
of their new Control Console, which should prove of
inspiration to others.

The console panels from left to right are: first,
an alarm system {rom vital industries and business
houses, the indicator lights still to be installed. Next
is the control panel, from which either the main or
emergency transmitter may be selected, power ap-
plied and all antenna and associated relays changed
over. This operation is controlled by a single switch.
The panel also includes an electric clock, and manual
“on air” and calling tone switches.

The third panel carries a Howard all-wave re-
ceiver used to monitor other police frequencies. The
next panel includes the speaker for the Howard, an
inter-office communicator, and meters and switches
for the termination of the remote receiver lines.

The fifth panel is a Kaar receiver for emergency
reception from mobile units; and the last panel
carries the indicator lamps for the mobile units,
giving the dispatcher a quick check on them.

The mike is a Turner dynamic on an adjustable
boom. The transmitter is normally controlled by a
foot switch.
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Although 100% of Johnson's production
has been strictly for Natior.al Defense for
several months, no attempt has been
made to capitalize on this angle in ad-
vertising. It is being mentioned now only
as an explanation of why a few orders
were not shipped promptly. Johnson is
operating three shifts and producing close
to ten times as many parts as a few
months ago.

ASK FOR
CATALOG
967 K

“MANUFACTUKERS

Regardless of the need, if its variable condensers Johnson
has thz cnswer. Pictured in order of size are types K, I.
G, H. T. E, D and C. Type B, at the bettom, is available in
spacings up to % inch and the big type A up to 1%2 inches.
Type N neutralizing condenser, shown in the center is
furnished in several sizes and gas filled (pressure type) are
also available in several sizes.

E. F. JOHNSON CO.

WASECA, MINNESOTA

EXPIRT: 25 WARREN ST., NEW YORK, N. V.
OF RADIO TRANSMITTING EQUIPMENT”
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New Products

LOW-FREQUENCY LINEAR-TIME-BASE
GENERATOR

TFor those oscillographic studies re-
quiring sweep frequencies as low as
one cvcle every few seconds, a Low-
IFrequency Linear-Time-Base Genera-
tor ts now announced by Allen B.

Du Mont Laboratories, Inc, of Pas-
saic, N. J. Used in conjunction with
an oscillograph provided with a long
persistence cathode-ray tube, or with
photographic recording methods, this
accessory instrument opens up new
fields of investigation of low-frequen-
cy transient and recurrent phenome-
na. Vibration studies, stress and
strain measurements, low-frequency
electrical observation, electrocardiog-
raphy and electroencephalography,
are all facilitated by this new unit.
The frequency range of the instru-
ment corresponds to rotating speeds
of 12 to 7500 r.p.m., thus permitting
the use of an oscillograph for the
visual study of certain characteristics
of rotating machinery at low and me-
dium speeds. Transient observation
is provided for by a single-stroke
sweep circuit.

The Du Mont Type 215 Low-Fre-
quency Linear-Time-Base Generator
provides a sweep frequency range of
02 to 125 cycles per second. The
maximum undistorted output signal
is approximately 450 volts peak-to-
peak, balanced to ground. The single
sweep is initiated either manually or
by observed signal. Excellent linear-
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ity is assured by a compensating cir-
cuit.

Thoroughly portable, the instru-
ment measures 1414” h., 8-13/16" w,
19%5” d., and weighs 41 1bs. Steel
cabinet, black wrinkle finish, with car-
rying handle. Iitched metal black
panel. 115 or 230-v. a.c. r.m.s. 40-60
cycle. Power consumption, 50 watts.
1 amp. fuse protection. The primary
voltage is selected by a switch in the
instrument.

*

LIGHTWEIGHT AIRCRAFT RELAY

A sturdy, lightweight relay designed
particularly tor aircraft applications
calling for operation at high altitudes
under severe vibration conditions has
been announced by the industrial con-
trol division of the General Electric
Company. The relay is also applicable
to tank installations.

Designated CR2791-A100A, the re-
lay weighs only 4% ounces, is 3}4 in.
long, 154 in. high, and 13 in. wide,
and can be mounted in any position.
It is designed for mechanical frequen-
cies of 5 to 35 cycles per second at
1/32-inch maximum amplitude (1/16-
inch total travel) in any direction. Al-
titudes from sea level to 40,000 feet
and ambient temperature ranging
from -40 C to 9314 C fall within the
performance scope of the relay.

The CR2791-A100A relay has a cur-
rent rating of 25 amps at 12 or 24 volts.
The coil operates at 1.2 watts. The
single-pole, normally open contacts
are designed to stay open when the
coil is not energized and closed when
the coil is energized at rated voltage
even when subjected to linear accel-
eration of 10 times gravity (10G) in
any direction, or to the vibration con-
ditions outlined above.

The entire relay has been built to
meet United States Army Air Corps
specifications. It is corrosion proof,
having passed, among other rigid

www.americanradiohistorv.com

tests, the Navy’s 200-hour salt-spray
test. Its balanced-armature construc-
tion contributes to its excellent vibra-
tion performance.

*
NEW DYNAMOTOR CONTACTOR

A new contactor specially designed
to start and stop dynamotors used
with aircraft equipment has been an-
nounced by the industrial control di-
vision of the General Electric Com-
pany. It is available for either 12- or
24-volt direct-current circuits, and
conforms to the general requirements
set up for aircraft control devices. The
contactor is also applicable to tank
installations.

The dynamotor contactor is ap-
proximately 2% in. wide and 4 in.
high, weighs only 2.3 pounds, and can
be mounted in any position. It is
totally enclosed, with the contacts in
the upper compartment and the coil
and plunger in the lower compart-
ment. Copper-lead-alloy contact tips
are used to assure the best high-cur-
rent inrush performance.

The contactor meets Signal Corps
vibration requirements, being good
for mechanical frequencies of 5 to 55
cvcles per second at a maximum of
1/32-inch amplitude (1/16-inch total
travel) applied in any direction. The
single-pole, normally open contacts
are designed to stay open when the
coil is not energized, and closed when
the coil is energized even when the
contactor is subjected to a linear
acceleration of 10 times gravity (10G)
applied in any direction, or to the vi-
bration conditions outlined above.

All ferrous parts of the contactor
are treated to resist corrosion. Non-

(Continued on page 59)
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Close observation of the flow of electrons from a
heated filament is made possible with this Electron
Micrescope. This instrument, designed and con-
structed in the Eimac laboratories, virtually gives a
motion picture projection of the electron movement.

Before filaments are sealed into the triode they are
placed in a temporary vacuum where they undergo
their first emission test. Thus faulty filaments may
be weeded out without further processing.

~E= NI
Makes the Modern
World Go Around

HE life of radio communications hangs by a tiny thread of filament wire. If
the steady flow of electrons from the vacuum tube filaments ceases, the transmitter
is off the air no matter how excellent the other components may be performing,

To assure peak emission under the most severe operation conditions, many exact-

ing tests are conducted during the process of manufacture.

Filament Voltage
Plate Dissipation

at75% eff. . .

Plate Voltage (D.C) .

EIMAC 304T
5 or 10 volts

3000 volts
. 300 watts

Power Output 3000 volts

900 watts

Above is an Eimac technician checking an
Eimac tube on the Peak Emission Tester. This
device, designed and constructed ir the Eimac
laboratories, measures the flow of electrons
emitted from the completed tube. Of a long
series of filament tests conducted at various
stages of manufacture, this test is the final.
Other important controls are illustrated at left.

From beginning to end, Eimac tubes are de-
signed and constructed to give vastly superior
performance. The proof that they do is made
clear by the fact that Eimac tubes enjoy first
choice in the minds of leading radic engineers
throughout the world.

Follow the leaders to . . .
L 4

TUBES

San Bruno, Californj,

FOREIGN DIVISION: FRAZAR & CO., "%NW:.’%eﬁ&MaaiBm&%N.&%f‘Nc'Sco' CALIFORNIA, U. S. A.
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U.H:F. .
[Continued from Page 25]

find mentioned elsewhere in this col-
umn that FM is developing in excess
of all expectations, and if you are a
careful reader you will note that al-
ready there aren’t enough FM chan-

More than

Quality

Every Mallory product has an unseen asset
that goes beyvond the product itself. This
unsecn value exists because a radio product
is bought for the service it is expected to

deliver. Satisfactory service means:

1. Selection of the correct product.

2. Proper installation.

3. The merit of the product selected.

You can see and measure the guality of a
Mallory product, but vou cannot see or
measure the service that goes with it.
Whether it be a tinv rubber grommet or a
6,000-ampere Rectoplater, Mallory will help
vou select the best, most economical prod-
. and advise vou

uct for vour application . .
how to use it.

It is this friendly service, available for the |
asking, that has made Mallory outstanding
as a source of supply for radio and electrical

products. We’re here to help vou.

P. R. MALLORY & CO., Inc.
INDIANAPOLIS INDIANA
Cable Address — PELMALLO

Use

P.R.MALLORY & CO.Inc.

MALLORY

APPROVED

PRECISION PRODUCTS &=
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nels to go around. Again, it shouldn’t
be necessary to emphasize that the
radio spectrum is a very, very limited
place, and while for the past two years
the gang has not quite wasted the
36-mc band, 2000 or 3000 idle kilo-
cvcles will certainly present a most
attractive picture when this mess is
over, unless we can keep abreast of
technical developments.

“Well,” you say, “what’s the
matter with you; there’s a cen-
sorship on!” Yes, of course, but
did you ever try building a hot
front end receiver using pipes
and the 9000 series and strictly
for FM use? Did you ever try
series tuning in your mixer cir-
cuits for greater conversion effi-
ciencies? Probably not.

Just a suggestion, fellows;
load up those pipes for the FM
broadcast band while there are
still a few parts left and a place
to use them.

Miscellany

Mel Wilson took a half hour
off to drop us a line about propa-
gation and wave theory and such.
Mel suggests a better word for
the sporadic E mass, besides
cloud, while emphasizing the
three-dimensional picture neces-
sary for correct approach on as-
suming 56 wave paths. One
other point raised was the diffi-
culty in obtaining data for the
coming summer. May we urge
all reports on sporadic E when
affecting the FM stations be
forwarded to us, and we’ll act
as a clearing house for that

important data. All letters
and cards will be acknowl-
edged.

Jim Brannin of 60VK writes
! that the radio blackout caught the
Tucson boys just 2 days after
they got authorization for their
OCD set-up. Some sort of
periodical activity is hoped for
as about 18 units have been built
so far. Jim’s modified super-
infra is, at writing, doing 24
hour duty at the Sheriff’s office,
as it replaced an S-27 that broke
down. The superinfra does a
| swell job at pulling in the 112,150
ke sig from the State Police
relay station atop a nearby moun-
tain.

6SLO, 6KMM, 6PCB, 60ZM,
60WX and 60VK saw a dem-
onstration of light-beam com-
munication at the University of
Arizona, and all were evidently
so intrigued that work has been
going on using this system, and
some very interesting results are
promised in the near future.

A little concern was raised by
several parties regarding a ques-
tion that appeared in our Feb-
ruary column, on page 63, deal-
ing with wh.f. propagation char-
acteristics and possibilities. Some
comments were pretty sharp and
to the point, but all expressed a
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natural concern. To those who wrote
in, be it known that the questioner
supplied sufficient references to allay
any thought of “fifth column activi-
ties,” and we will go so far as to state
that the party was connected with a
most friendly foreign government. To
cease all worries, you will generally
find the questions answered are but
portions of questions we have com-
pletely covered by. previous direct
mail.

Clyde, 6QLZ, Criswell, says he has
nothing left but three small' trans-
ceivers and thesreceiving equipment—
Clyde’s station being located on a
very unique portion of property. He
furthers his suggestion on the co-axial
coupling in the February issue, page
35, with a note about using it on p-p
stages, by tapping the 3-30 condenser
directly into the center of the coil.
This particular coupling may be a lit-
tle tricky to tune till you get the hang
of it, as it will bring the noise up to a
sharp peak. Clyde wonders if every-
one has the experience of co-axial
antennas being very poor on reception
and at the same time giving an omni-
directional 6 db gain on transmit?
WIHDQ and W2AM]J also have re-
ported similar results, while we find
a “whirling Joe” always outperform-
ing any ed.z. on 112 mc. The whirl-
ing Joe, to those unfamiliar with it, is
the co-axial vertical with 4 quarter-
wave ground-plane arms.

We are still getting reports on the
November 28th sporadic E session.
Seems that this day was the best for
short skip signals during the past two
years, believe it or not. As was
pointed out previously, double hop
was taking place, while 6QLZ says
it was the first time in 8 years of
DX-ing that sporadic E signals were
heard 500 miles away on frequencies
over 60 mc. KOKO, out in Honolulu,
was coming through around 53 mc. on
a harmonic, while WS5HTZ still says
he heard a Spanish station call CQ
around 57.17 mc. According to more
reports over the entire mid-Atlantic
section and New England States, the
FM station W45BR came through
with a terrific signal for over three
hours, while 56 was open, but dead.

Portable Stuff

WIBKM and W6QLZ say this
(ex-) portable stuff isn’t as easy as it
sounds and cite a little incident. Seems
that 6QLZ had started down the
mountain only to punch a nice size
hole in his gas tank on a sharp rock
and had to plug it up with his Sun-
day-go-to-meeting shirt. Meanwhile
9BKM, over on Signal Peak, parked
his car in the woods and took the
portable rig up into the fire tower,
only to come back and find someone
had chopped down a huge pine tree
which had fallen right square across
the car. Back to 6QLZ, who found
the road so rough that he lost muf-
fler. front fender and bumpers.

Van R. Field, fresh from Lear Avia
and now with F. M. Link, says these
super-regens on 112 mc radiate a lot
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nmore than anyone thinks. Last sumi-
mer while mobile sailboat in Long
Island Sound his 7A4 with about 90
volts on the detector was picked up
11 miles away by W2ADW . Van does
considerable experimenting with su-
per-regens, having also models with
955’s, HY615’s and a 9002. The latter
tube seems to be about the best for

stable operation and sensitivity with
low rush level. The squeal on the
9002 is also way below any of the
other types.

FM Swing-Around

~ FM continues to roll merrily along
its way. The FCC stoppage on all
new work appears not to affect M
commercially as much as it might

___at first seem. Reports are at
hand stating that there are quite
a few low-power FM transmit-
ters complete and ready for ship-
ment, and there are quite a few
more phase-shift modulators of
the wide-band characteristic suit-

able for broadcast purposes

real, but somewhat seem-

3 ) ase-shif 1: . ¢
_' e-he “har -1St1 i
A real, J .
ingly unnecessary, bottleneck has

IS SILENT
but NOT ASLEEP

F you could lookinside the nation’s
many radio equipment plants you
would see activity undreamed of only
a few months ago. Every machine and
every worker is straining in united
effort towards a universal goal.

Bliley is no exception. Produc-
tion must, of necessity, be increased
enormously and to that end, manu-
facturing facilities are being both
improved and expanded. Research
too, is being carried on at an ac-
celerated tempo.

While amateur radio is neces-
sarily silent, it is by ﬁo means asleep.
What is being |learned today, will
help make better amateur radio com-
ponents when the goal of peace and

freedom finally'has been reached.

FREQUENCY CONTROL
SERIAL NUMRER

R1LSES5S

FOUEtN

UNION STATION BUILDING

52

BLILEY ELECTRIC CO.

ERIE, PA.

developed in the product of an-
tennas, since many of the sta-
tions applying are disinclined to
build their own. Turnstiles seem
to be the prevalent polarization
and John E. Lingo, leading
manufacturer of turnstiles, ad-
vises, “ . we are unable to
quote on IM turnstiles at the
present time inasmuch as our en-
tire plant is operating on emer-
gency work for the Government;;
and then, too, most of the ma-
terial used in the manufacturing
processes are under strict prior-
ity control . . . we can supply in
a reasonable length of time on an
A-1-a rating.”

New Rigs

E. H. Clark, of W49D, writes
they will shortly have their RCA
FAI 10-A in operation and will
then start building their version
of a 45-kw final. An eight-sec-
tion turnstile has been erected
atop the Eaton Tower Building
(365 feet) in downtown Detroit.

. W45V has a Lingo product
of 6 bays 330 feet above the heart
of Evansville, Indiana. They
are using about 8000 watts for an
8397 square mile service area.

. Unless some unforeseen dif-
ficulty pops up. W33IPH will
have their 10-kw final in opera-
tion by this time, according to
Frank Gunther of R.E.L., who
are supplying their equipment.
W33PH has a 4-bay turnstile
right underneath old William
Penn’s hat across the street
from the Philadelphia City Hall.

. While talking about Philly,
W49PH is about ready to get on
regularly. They will use a co-
axial vertical some 350 feet above
Chestnut Street. . . . Meanwhile
WS57PH went on the first part of
April.  Their transmitter was
heard testing from the RCA
plant, and was one of the last
to come off the line. A make-
shift antenna will probably have
to suffice for the duration and
to ensure some degree of cover-
age, vertical polarization will
probably be used.
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It isn’t quite fair at this time, in
case you have already noted, to jump
to the conclusion that everyone will
use horizontal polarization. In fact,
this time, eight vertically-polarized
stations are, or will soon be in sched-

led operation.

W51C seems to be doing pretty
good at full power of 50 kw. Don’t
forget, M stations are licensed for
service areas, and power is in reality
a secondary factor, The Zenith Chi-
cago antenna is a 4-bay turnstile with
a power gain of 2.9, a little low as
turnstiles go. . . . W75P, Pittsburgh,
was lined up to start on or about
March 26th. Pittsburgh is already
represented by W47P, on the air 10
hours a day. . . . Another mountain-
top station, W4IMM, started a wide-
spread p10m0t1onal campa1gn, which
you probably saw if you live in Vir-
ginia, North or South Carolina, Ten-
nessee, Kentucky, Georgia or Ala-
bama. They will start out with 3 kw
around the last of April. . . . Up in
Boston town W67B, the commercial
version of W1XK, will probably start
testing from out of Hull, Massachu-
setts way, by the middle of April.

T. R. Dunlop, of WJJD and W47C,
savs they have no indication when
equipment will arrive so they can be-
gin tests; the project may be dropped
if those conditions persist. . . . Ex-
perimental W8XFM of the Crosley
Corporation is off the air for the dura-
tion and no attempt will be made to
build a commercial outlet. . . . W55M
fnally got all the pieces for their
50-kw transmitter, located at Rich-
wood, Wisconsin, and got on the air
February 22nd. This power reaches
out to over 1,500,000 more listeners in
that area.

H. D. Taylor, of WTIC, says they
just got their co-axial cable in time
and just got enough steel to make a
302-icot tower. A 6-bay turnstile is
in the offing which will remove one of
the consistent I-kw vertically polar-
ized signals. Operation has probably
begun by this time. W45D s
running at 13.5 kw at latest advices;
maybe they find their 50 kw too hot
to handle.

Way out west, K53L A of the Stand-
ard Broadcasting Co.. in I.os Angeles,
are getting their feet wet with a
1000-watt job and a temporary an-
tenna, which is located on Lookout
Mountain. . . . K45I.A seem to be in
daily operation and are in fact in-
creasing both power and service area
considerably. WS8IPH of the
Seaboard Radio Broadcasting Cor-
poration will probably show up on
46.50 mc, because of the high antenna
location contracted for. . .. K31LA,
the Los Angeles C.B.S. outlet up on
Mt. Wilson, will prohably be the big-
gest station in the West for a long
time. A service area of 34,000 square
miles with a population of something
like 3,500,000 is planned.

Notes

FCC seems to be somewhat sorry
hecause of the war and the stop sig-

i942 * [RADIO

MAY,


www.americanradiohistory.com

S

10

Hendboo

EIGHTH EDPITION

£1.735 in continental U.S.A. Elsewhere, $2.00

Over 600 pages—profusely illustrated. This book is truly the radio
engineer’s, the short wave technician’s, and the amateur’s own hand-
book. Written to give you the information you want. See it at your
dealer’s today! If he can’t supply you, order direct from

The Editors o/ Racfia, Sanita Ba/zéafm, eclé/.
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ators,

For certain NATIONAL DEFENSE
purposes, Clarostat makes these
multiple-section controls even up to
18 wire-wound botentiometers con-
nected in tandem! Also the most in-

tricate tapered and notched and
tapped windings which only its
unique winding machines, plus 20

years of outstanding winding experi-
ence, can produce.

Potentiometers, rheostats, attenu-
power resistors, power rheo-
stats, glass-insulated fiexible re-
sistors, precisicm resistors, carbon-
element controls, ballasts—these and
other types are available to you,
standard or special, one or a million.

Submit that Problem . . .

If it has to do with control or re-
sistance, send it along for engineer.
ing collaboration, specifications, quo-
tations. Engineering Nterature on
request.

CLAROSTAT

< Lo
écuxonu%

AR
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285 Nort

nal on newspaper-controlled I'M sta-
tions. Undoubtedly the loss in the
rapid development at that critical mo-
ment is felt now. FM stations aren’t
easy to follow wlhen flying a beam and
many times FM stations are located
far outside the cities they cover, so
it would appear when the broadcast
band stations shut down during an
“alert,” nothing could stop the re-
stricted coverage of the FM fellows.

FM is serving excellently afield. Too
bad it couldn’t serve excellently at
home with an all-out for FM broad-
casting. At last count 29 permits
were still pending on the newspaper
inquiry.

Two FM grants for Jersey City on
91 and 95 cleared up that problem, or
so it seems. ‘The three frequencies
left for the New York area, Jersey
City also covering New York City,
are being fought for by nine concerns
at the last count. . . . Columbia Uni-
versity, home of the “Major,” now
rebroadcasts W2XMN and W7INY
in their wired radio svstem within the
College grounds. WO65SH also advise
they have made a listing of their pro-
grams available to Yale, Wesleyan
and Connecticut Universities. The
idea is to create a restful background
and musical programs for the poor
students to study by and relax with.

Noise Limiters

[Continued from Page 28]

Of the series or balanced shunt lim-
iters, there is little choice between the
two as far as noise limitation is con-
cerned. The series limiter does, however.
have the advantages of gain, selectivity,
and ease of construction over the bal-
anced shunt limiter, with perhaps the
exception of the modified diagram of
Fig. 2C. This modified limiter, as ex-
plained, does not produce limitation
comparable to other types, and finds
application where only a moderate de-
gree of noise reduction is desired. For
the two automatic series limiters shown,
the one of Fig. 3B will produce the best
results when using a high-gain audio
amplifier. Fig. 3C is somewhat simpler
and may be used with low-gain am-
plifiers in which a small amount of diode
biasing is not objectionable.

Undelayed avc voltage may be ob-
tained satisfactorily from most of these
circuits bv connecting the avc line to
the bottom of the i-f transformer. In
Fig. 2B, slightly better results may be
obtained by tapping it to the plate of the
limiter bias diode. With Fig. 3C, if avc
bias is taken from the bottom of the i-f
transformer, the voltage will be reduced
by 2/3 over that obtainable in the other
circuits because of the voltage divider
action of R3, R4, and RS5.

Tt is the opinion of the writer that
since an automatic noise limiter is so
easily built into a receiver, it should not
be omitted from any receiver which is
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to be used on the higher frequencies. A
noise limiter will often mean the differ-
ence between no reception at all and sat-
isfactory reception when ignition-noise
interference is a limiting factor. Also, its
noise-reducing action while tuning be-
tween stations should not be overlooked,
as this advantage might be equally well
applied to broadcast receivers.

“Bell Labs"
[Continued from Page 11]

men as well as methods and ideas
from the research organization to the
operating departments. In other
words, many men engaged originally
as research investigators have gone
ultimately into the manufacturing and
operating departments in positions
where their special skill has been of
vast advantage to these departments.
Where such transfers have been made
they have almost invariably resulted
in a rapid indoctrination in the de-
partments of an appreciation of the
power of the so-called scientific meth-
od as distinguished from cut-and-tr

NOW! you can secure
the math you need

for solving everyday
electrical and radio
problems

Radiomen and electricians know
that the language and the habit
of mathematics are essential for
real progress in their chosen
field. They know mathematics
is a tool that they are helpless
without.

NOW out of the U.S. Navy
Radio Materiel School at Ana-
costia Station comes a complete
home-study book that is so

JUST OUT!

thorough and so detailed that any reader “who
can perform arithmetical computations rapidly
and accurately is capable of mastering the prin-
ciples laid down in this text.”’

MATHEMATICS for
ELECTRICIANS and RADIOMEN

By N. M. COOKE, Chief Radio Electrician,
U.S. Navy
604 pages 6x9,” $4.00

This book teaches vou mathematics from elementary al
gebra through quadratic equations, logarithms, trigohom-
etry, plane vectors and elementary vector algebra with
direct applications to electrical and radio problems. It
teaches vou how to apply this mathematical knowledge in
the solutions of radio and circuit problems. In other
wolds. it gives you the grasp of mathematies You need
and then shows vou how to use vour knowledge.

Based on over 8 years’ experience teaching mathe
matics to U.S. Navy electricians and radio operators, the
hook gives vou 600 illustrative problems worked out in
detail and over 3000 practice problems with answers so
vou can check your work.

sesseasanar]() QAYS' FREE EXAMINATION:wsssunses,

McGraw-Hill Book Co., 330 W. 42nd St.. New York

Send me Cooke’s Mathematics for Electricians and
Radiomen for 10 dars’ examination on approval. In
10 days I will send vou $4.00 plus few cents Dostage,
or return hook postpaid. (We pay postage if remit-
tance accompanies order.)

/NSNS UNAE NSRRI

Name

Address

City and State

Position
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with the United States Navy..

MAY,

Here is your opportunity to serve your
country and advance yourself at the same
time. The U. S. Navy needs 5,000 picked
men to install, operate, maintain and re-
pair RADAR equipment—the secret ultra
high frequency apparatus used to locate
airplanes. If you are an Amateur, Service-
man or Engineer YOU may be eligible.

You go into the Navy as a Petty Officer
with food, quarters, uniforms, medical
and dental care supplied plus pay of from

$60.00 to $106.00 monthly. After the

1942

successful completion of eight months
technical training you are eligible to im-
mediate promotion to the rank of Chief
Radioman with pay up to $175.00 monthly
the first yeer and up to $200.00 per month
thereafter—with opportunities to remain
in the service permanently.

Go to your nearest Navy Recruiting Sta-
tion TODAY (generally in your local post
office) and find out how YOU can take
advantage af your technical knowledge.

THE NAVY NEEDS YOU!

wWwWw.americanradiohistorv.com
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h

capacitor, Submer-
sion-proof terminals.
Ideal for electronic
gadgeteering and

poses.  200. 400,
600 and 1000 .
D.C.W. Unit illus-
trated measures
o) only 1-11/16” high
: x 1-5/16” wide x
. 11/16” deep.

@ Ham radio must necessarily be banned |

“for the duration.” That's a small
enough sacrifice to make towards win-
ning the war. Fortunately, however, it
now becomes possible to use your tal-
enis, your components, your ambitions,
for the widest array of functions in
home, shop. national defense.

Electronic gadgeteering — doing things
better, electronically — that's the new
challenge to radio amateur, experi-
menter, serviceman. Thrills far beyond
any yet experienced in radio work are
now within your grasp.

the

As a conlinuing contribution to

progress of the radic art, Aerovox now |

makes available a wider choice of
extra-heavy-duty capacitors, together
with practical data on electronic gadg-
eteering. Don’t miss this opportunity!
Simply

Write for D AT A ...

The fundamentals of electronic gadgeteer-
ing are dealt with in the latest issues of
the monthly .Aerovox Research Worker.
Copies are yours by merely writing for
the “‘Electronic Devices’’ series. Also ask
your local Aerovox jobber for a free sub-
scription. Ask about the new commercial-

type capacitors now available to you.

: NEW BEDFORD, MASS., U. S. A.
In Canada: AEROVOX CANADA LTD., Hamitton, Ont.

EXPORT: 100 Varick St., N. Y., Cable ‘ARLAB \
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severe-service pur- |

methods in the solution of new prob-
lems or in the elimination of unex-
pected difficulties.

From Management down the Lab-
oratories are imbued with a traditional
New England culture, with perhaps a
responsibility to society as its princi-
pal motivating force. Certainly, in
the absence of a purely commercial
incentive, something of this character
gives spirit to the workers. And cou-
pled to this is a permissiveness of the
culture to a free expression of a work-
er’s ideals.

Management itself is composed of
men of science brought up under this
tradition—men trained over years to
the knowledge that skill and foresight
and liberal-mindedness are the prime
requisites in an organization devoted
to the maintenance, improvement and
extension of a service essential to over
130 million people.

John Mills has said that skilled mau-
agement always strives not only for
technical advancement of the art but
also for human relations between all
the individuals concerned with the
business. Without successful man-
agement, and its farsighted planning,
progress is haphazard and accidental.

Project Research

Another important factor in the
success oi the Laboratories is the
“project method” of research wherein
the aim is established and pinned
down to a comparatively narrow chan-
nel of investigation. As John Mills
has put it, “The adoption of a project
permits a unified and coordinated re-
search program; it adds direction,
prevents scattering of effort and rolls
up ideas, methods, techniques and
results with a cumulative effect like
that of compound interest. The re-
search grows and branches like a tree,
with new shoots and budding prob-
lems springing from the last season’s
growth. Its roots meanwhile reach
farther and farther back into the fun-
damentals of the sciences upon which
it depends, entering new ground, tap-
ping new veins of knowledge and ven-
turing into a dark unknown.”

It was out of the project method
that came the important physical dis-
covery by Dr. C. J. Davisson that a
stream of electrons is diffracted by a
crystal as if they were a beam of
waves; and the investigation into the
factors underlying textile insulation
and the resulting discovery that prop-
er washing of cotton would make it
an insulator superior to ordinary silk.
The apparatus required for that in-
vestigation was relatively simple, the
ingenuity considerable, and the ulti-
mate financial savings large.

From the research projects have
emerged many by-products purely in-
cidental to the investigations. From
his researches in speech and hearing,
Dr. Harvey Fletcher developed the
artificial larnyx. In the analysis of
speech, the research investigators set
themselves the task of picking up
telephonically all the component

www americanradiohistorv com

sounds of speech and of converting
them faithfully into corresponding
components of current. They planned,
in other words, to construct devices
so periect that even the keenest ear
could not find a flaw in their rendi-
tion; and then, by controlling the
current through electrical filters or
other circuit elements, to introduce
measured amounts of imperfection
until an observer could just detect a
fault. In that way they expected to
reach a quantitative understanding of
the importance of the various compo-
nent sounds of speech. These investi-
gations necessarily carried somewhat
into the field of music, where they
produced important information. The
clear knowledge of the nature of
sound that was derived from these
studies, which have been continued
ever since, has been an important fac-
tor in the improvement in the quality
of telephone conversations; and it has
been the basis of the enormous ad-
vances which have heen made in pub-
lic-address systems and in the related
fields of phonographic reproduction of
[Continued on Page 58]

NOW—A REALLY HIGH-POWERED—
Radio Engineering
Library

The Library comprises a Selection
of books culled from leading Mc-
Graw-Hill publications in the ra-
dio field.

@ especially selected by radio specialisis of Mec-
Graw-Hill publications

@ to give most complete, dependable coverage of
facts needed by all whose fields are grounded on
radio fundamentals

o available at a special price and terms

HESE books cover circuit phenomena. tube the-

ory. networks, measurements, and other sub-
jects—give specialized treatments of all fields of
practical design and application. They are books
of recognized position in the literature—books you
will refer to and be referred to often. If you
are a practical designer, researcher or engineer
in any field based on radio, you want these books
for the help they give in hundreds of problems

| throughout the whole field of radio engineering.

5 VOLUMES, 3319 PAGES, 2289 ILLUSTRATIONS

. Eastman’s FUNDAMENTALS OF VACUUM TUBES
. Terman’s RADIO ENGINEERING

. Everitt’s COMMUNICATION ENGINEERING

. Hund’s HIGH FREQUENCY MEASUREMENTS

. Henney's RADIO ENGINEERING HANDBOOK

10 days’ examination. Easy terms. Special price under
this offer less than books bought separately. Add these
standard works to your library now; pay small monthly
installments, while you use the books.

10 DAYS' FREE EXAMINATION—SEND COUPON

McGraw-Hill Book Co., 330 W. 42nd Street, N. Y. C.

oW —

Send me Radio Engineering Library, 5 vols., for 1
days’ examination on approval. In 10 days I will send
23.00 plus few cents postage. and $3.00 monthly till

| $24.00 is paid. or return hooks postpaid. (We pay post-
age on orders accompanied by remittance of first in-
stallment.)
NAME S - g - saa- oo ool ea e B o R rereey
Address ...
City and State..
BOoSition seescresrmmss. - Misremeemseacsn—eemgas

l Company..... .- R.5-42
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BIG ISSUES FOR

Charter Subscription Offer

All subscriptions postmarked before May 31st will be con-
sidered as ‘“charter subscriptions” to the new RapIO, and
will receive without extra charge three issues over and
above those called for by our regular rates below. RaDIO is
now published twelve times annually.

$900 $ K00

for one year for two years

in U.S.A. only. To Canada (inclusive of current taxes),
Newfoundland, Spain, and Pan-American countries, add
50c per year. Elsewhere, add $1 per year.

Note: Ilecause of wartime censorship restrictions, we must reserve the right to withhold from foreign subscribers any
issue the Tegular domestic edition of which is not approved hy the authoerities for export without changes. In such
cases subscriptions will be extended so fhat each subscriber will eventually receive the number of issues to which
he is entitled.
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TUBE EXPERTS!
YOU'LL FIND
THE ANSWERS |

music, of sound motion pictures, and
of radio broadcasting.

Motivation is usually keener when
effort can be centered on some definite
project. The growth of research is

| then a more or less natural evolution,

guided somewhat, perhaps, by pinch-
ing off inopportune buds or refusing
to give fnancial nourishment to
shoots which do not promise rapid
and firm growth.

Analogy

In the research department proper-
ties of materials are sometimes effec-
tively explored through mechanical
analogs. For instance, a model devel-
oped for the study of hysteresis has

| been found useful in fundamental re-

search in the theory of magnetic and
microphonic action.

As an instance of the value of such
analogs. and as another example of a
by-product of research, in 1924 the
Laboratories’ development of equip-
nent for electrically cutting phono-
graph records and for reproducing
from them had reached a point where
it was obvious that electrically-cut
records were suitable for commercial
use. The resulting process of record-
ing was licensed early in 1925 to Vic-
tor and Columbia.

At that time there was some feeling

| by those concerned with phonograph

@ If there’s anything you don’t
know about Sylvania radio tubes,
you'll find the answer in the
Characteristics Sheet we’ve pre-
pared for your use. |

In it you will find complete list-
ings and base diagrams for
all Sylvania tubes—along with
panel lamp characteristics. Tab-
ulated in a convenient and easily
readable form, this is just the sort
of information you need to help
you do a first-rate service and

selling job.

Price? It doesn’t
cost you a cent. Just
fill in the coupon
below and we’ll
send you one at
once.

SYLVANIA

!

RADIO TUBE
DIVISION

HYGRADE SYLVANIA CORPORATION |
EMPORIUM, PA.

Also makers of HYGRADE lucandescent
Lamps, Fluorescent Lamps and Fixtures

HYGRADE SYLVANIA CORPORATION
Emporium, Pa.

Please send your Sylvania Radio Tube
Characteristics Sheet.

Name.

Address -

sales that the public would be unwill-

| ing to buy electric reproducing equip-

ment. A purely mechanical, or acous-
tic, phonograph was then developed
and licensed to Victor. This device,
which was called the “Orthophonic”
phonograph, represented the result of
the application to the problems of
mechanical vibration of the electrical
techniques which had been developed
during the study of transmitters, re-
ceivers, and telephone lines.

Though the problems of the Lab-
oratories are perhaps not the problems

ot industrial research laboratories in
competitive fields, there appear to be
here many methods of operation that
would prove advantageous in any re-
search setup. The war effort accents
the need for a more thorough coor-
dination of activities in all fields.
—M. L. MUHLEMAN.

Lunar Effect
[Continued from Page 19]

new moon rays are not detected at all
times, but only at periods of sunspot
activity and when the moon itself is
approaching the optimum position in
the heavens; i.e, if there should hap-
pen to be a particularly active sunspot
group about two days before the full
moon, the E layer ionization at night
would rise notably. As the moon be-
comes full the lunar energy begins to
decrease until two days before the last
quarter, when it has its least effect.
There may be some significance to
psychologists and physicians in this
discovery from the viewpoint of the
moon ray’s hitherto unaccounted-for
influence upon the human being.

Editorial Comment:

Undoubtedly there is much more to
the lunar effects than have been here-
tofore supposed. It is recalled that
some ten years ago, V. S. Forbes,
Christ’s College, Cambridge, published
a paper through the Smithsonian In-
stitution dealing with “The Moon and
Radioactivity”.

Forbes concluded, to everyone's
amazement, that actually we don’t
know where the craters and markings
on the moon’s surface came from.
Anyone who has studied the surface
features of our satellite is immedi-
ately impressed by the remarkable

HALF PRICE SUBSCRIPTIONS . . .

for Men in the U. S. Armed Services

Subscriptions to “RADIO” addressed to men in the U. S. Army, Navy,
Marine Corps, or Coast Guard will be accepted at the below-cost rate
of $1.50 per year. Subscriptions at this rate (whether ordered by the
addressee or a donor) must be accompanied by a remittance in full; ad-
dressee’s rank and military address must be given.
wherever domestic U. S. postal service extends, including naval units
at sea and overseas army postoffices. No cancellations or refunds.

Simply write rank, name, and military address on a slip of paper and
send, accompanied by remittance, to

The Editors of Radio, Santa Barbara, California

This rate applies
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sharpness and ireshness that most of
these features exhibit. Yet there
exist on that body several of the most
powerful destructive forces known to
man,

The first of these is the differential
contraction and expansion of the rock
surface due to the abruptness of the
thermal ranges, from that of absolute
zero of inter-solar space to the tripled
boiling heat of the sun’s rays. This
force should operate a steady erosion
so that if the surface were subject to
temperature changes every 14 days
since pre-Archeozoic times, would
surely have degraded all the moon’s
features to a very marked extent. [f
the craters were of volcanic origin
surely the presence of atmospheric
gases would have aided this slow deg-
radation, although the atmosphere, it-
self, may have been lost ages ago.

The second force is the one even
more likely to obliterate the sharp re-
lief of the moon's surface. It is the
continuous never ending hombard-
ment by meteors and meteorites. Cer-
tainly, the moon deprived of its gase-
ous envelope as a means of protec-
tion, these meteoric bodies would
slowly hammer the features to a more
even surface.

In such a way the Forbes paper
continued to dissolve every known
answer to the question of the forma-
tion of the moon’s features.

Since we assume that the moon was
once part and parcel of the earth, we
can see from our geological structure
that the moon is composed almost en-
tirely of sial, the light acidic rock of
pronounced radioactive content.

IForbes’ paper then Dbranched into
the formation of the surface features
by the theorv of radioactive heat. This
volcanic heat, deep below the surface,
would cause a gradual shifting and
retain the sharpness of the moon’s
craters to a verv high degree.

We can now sec that a moon’s sur-
face of partially radioactive material
is perhaps not too far wrong. Stet-
son’s hpvothesis, il anything, tends to
support TForbes.

New Products
[Continted from Page 48]

ferrous parts are likewise treated ex-
cept where such treatment would in-
terfere with operation. The contactor
is suttable for use in ambient tempera-
ture ranging from 60 C to minus 40 C.

The contact rating is 50 amperes on
an 8-hour basis. Inrush current rating
is 500 amperes at 32 volts direct cur-
rent. Coil wattage is 9.5.

*

PLASTIC ELECTROLYTICS
Specially  designed, inverted tvpe

tubular capdurors with lock nut now
available in modern plastics for chassis
top installation. Available in single
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or multiple units over a wide range
of capacities and working voltages in
hoth electrolytic and paper by-pass
types, to meet rigid government speci-
fications.

They are jar and vibration proof
with effective insulation from chassis
to container—providing an amgle
safety factor for voltage surges. Spe-
cially developed insulated leads cannot
ground. Additional information may
be had by writing American Con
denser Corp., 2508 S. Michigan
Ave., Chicago, Il

*

LATCH-IN, ELECTRICAL RESET
RELAY

A new mechanical latch-in,
electrical reset relay especially
designed for aviation purposes
and carefully tested to withstand
vibration incident to such service
has been announced by Struthers
Dunn. Inc., 1335 Cherry Street,
Philadelphia, Penna. Known as
Dunco Relay Type CX3190, this
unit operates from a brief im-
pulse without the necessity of
keeping the coils energized.
Double-pole, double-throw con-
tacts are rated at 6 amperes at
12 or 24 volts, d.c.  An auxiliary
contact breaks one coil circuit.
All contacts are insulated from
the frame for radio frequency.
Coils are for operation on d.c.
only. Dimensions of the unit
are 3-5/16” high x 133” wide x

The tube is then pushed pneumatically
through the new heated compression
die which effects an added compres-
sjon of about 109 and fnishes the
operation.

Precision Tubes made by this proc-
es: can be supplied in round, oval,
square or rectangular cross section
and in continuous lengths of any wall
thickness with any inside or outside
diameter.

134” deep. Weight is 7 ounces.
Other contact arrangements are
also available

Dunco Aviation Relay and
Solenoid Bulletin Na. P-249 de-
scribing Type CX3190 as well
as various other units for avia-
tion uses will gladly be sent upon
request to the manufacturer. It
is suggested that those also in-
terested in other Dunco Relay
and Timer types for industrial
and general use also ask for the
complete Dunco Catalog. \

*
NEW PROCESS ADDS STRENGTH,
ACCURACY, SPACE-SAVING TO
PRECISION TUBES

Another improvement in tubes
for electric coils is announced by
Precision Paper Tube Co., 2033
W. Charleston St., Chicago, I1l.

Heavy compression insuring a
new degrec of strength, and re-
sistance to collapse—clean perfect
formation—finer accuracy in siz-
ing to specifications, superior
dielectric properties, lower mois-
ture absorption rate, space-sav- ‘
ing on “light jobs,” absolutely
square corners and straight side
walls are among the advantages
claimed for tubes treated by this

| “Quality llbiuue Rl mica
‘(u‘ilﬁtiélrﬁ udd réelinbi:litvft;n the
%mmmanitﬁtinns eqiliﬁmeﬁt
'usali Ev the Ilrmed Seruu:e
Brnnrlus nf our Gnuernment

|s uuninllle to vnul Standard-
ue on Su!ur mitas--us well as
dru, waf uml puper tapacitors

This ;elf—snme dependuhlllw

--Inr snﬂsfuttnw, uninterru pt-
: ed§ serﬁte.

_.._...__

Speclal Catalog ¥2 E
avm!a:le on leﬂerhea: reques

added process. ‘
The improved tubes are pre-
liminarily formed as heretofore,
of dielectric kraft, or fish paper,
or a combination of both. The
paper is spirally wound on a steel ‘
die in an automatic machine.
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The advance in the approach to
absolute accuracy is especially worthy

oi note. It has been shown that Pre-

cision Tubes made by this process can

be held to a tolerance of .002 inches.
*

SHATTER-PROOF ALL-METAL RHEOSTATS

A new tvpe of IRC All-Metal Rheo-
stat for aircraft and ordnance use
where durability to withstand bomb
and gunfire concussions, as well as
dependability to meet conditions of
high humidity and other temperature
extremes are prime essentials, has
been announced by the International
Resistance Company, 401 N. Broad St.,
Philadelphia, Pa.

Actually, the new units entail only
minor changes from the rugged yet
light weight metal construction which
has characterized TRC Rheostats in
the past. Instead of ceramic insula-
tors which might shatter under con-
cussions, the new ordnance type units
have hakelite insulators. In addition
to being lighter in weight than con-
ventional rheostats, the IRC All-

Metal Rheostats have a 50% lower
temperature rise for equal size in
other types and are available in both
25- and 50-watt sizes to meet the 200-
hour salt-spray test requirement. Cov-
ers are available to protect the units
from dust and dirt.

Blue prints showing dimensions of
the ordnance types as well as IRC
Rheostat Data Bulletins Nos. VI and
VI-a describing the standard types
will gladly be sent upon request to the
manufacturer.

AIR RAID ALARM

An alert signal unit of small dimen-
sions, and designed for installation in
any type radio receiver without altering
the circuit, is now being marketed by the
National Union Radio Corp., 57 State
St., Newark, N.J.

Known as Model AR-101, the air raid
alarm has but four connections to be
made. When installed, and the receiver
is tuned to any desired local station, the
unit gives out a loud siren-like tone at
the instant the station carrier goes off
the air—an indication of an impending
ratd.

Since the siren tone is generated in the
alarm unit, the receiver to which it is
attached may be left on during the night
with the volume control turned all the
way down. When the alarm sounds, it
may be turned off by means of a toggle
switch provided for that purpose.

For further information write Na-
tional Union at the above address.

*

Remember Pearl Harbor

Buy U. S. War Bonds

IMPROVING STABILITY OF
FIXED-FREQUENCY RECEIVERS

WILLIAM S. GRENFELL,* W7GE

4 Some time ago the writer was con-
fronted with a problem the solution
of which was so simple it left that
“why didn’t T think of it before” feel-
ng.

The trouble occurred in connection
with a remote receiver installation
which was used on the 1706-kc State
Police frequency. After the system
had been in use for a few days it was
discovered that the drift in the re-
ceiver, which was left running con-
tinuously, was so great that many
weak signals were lost entirely. The
receiver was a fairly well known com-
munications type superhetrodyne
which included 1706 kc on the broad-
cast band tuning range.

It was determined that the drift was
due to the change of temperature,
throughout the day and night, in the
building which housed the receiver.
It was while considering such solu-
tions as a crystal oscillator control,
temperature compensating condens-
ers. etc., that the easy way out was
found. By merely connecting an addi-
tional variable condenser across the
oscillator section of the condenser
gang and tuning the oscillator to the
low frequency side of 1706 ke, a
marked improvement in oscillator
stability was achieved. In fact the
improvement was so great that it was
quite feasable to use the crystal filter,
setting it fairly sharp, where hefore
weak signal reception was impossible
with the crystal cut out and selectivity
~ switch in the “broad”

position.

The reason for using

STREAMLINE
CABINET RACKS

These handsome

modern,
Cabinet Racks are being used
in numerous radio and elec-

tronic applications. They are
made in five sizes with panel
space varying from 83/4” to
35””. Panel mounting flanges
are drilled to fit W.E. and
Amateur type rack panels.

® BUD Metal Cabinets
are “'tops’’ in appear-
ance, durability and pro-
tection. They give your
equipment that hand-
some, finished appear-
ance that will withstand
the most strenuous
service.

® You'll like the way
BUD Cabinets, Panels
and Chassis fit together.
You’ll like their easy
workability and the many
“extras’’ that reflect their
careful design and accu-
rate construction. Your
jobber will be glad to
assist you in making
selections to fit your
requirements.

Prices subject to change
withouat notice.

SLOPING PANEL
AMPLIFIER
FOUNDATIONS

add a

These foundations
real “‘commercial” appearance
to any amplifier. The sloping
front on the amplifier chassis
provides adequate space and
easy visibility for controls and

indicators. Finished in two-
tone grey and black crackle
enamel. Made in four stand-
ard sizes.

BUD RADIO, INC.

CLEVELAND,
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the “B.C.” band posi-
tion rather than the
next higher band, which
also included 1706, was
that the sensitivity was
noticeably greater due
to the low capacity of
the tuning gang (higher
circuit Q) at that fre-
quency. This, of course,
| was also the reason for
the instability of the

1 oscillator.
The writer hopes that
l this kink will be of use
to others who desire an
improvement in fixed-
frequencyreception
without the additional
expense and trouble of
going to crvstal control.

*Route 7. Box 818-B,
Portland, Ore.

LOOSE TALK
SINKS SHIPS

1942 *
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A Simplified Method of Checting
Powen-Tnaniformer Dedign

LLOYD W. ROOT, W9HA

€ As time goes on the more effective
utilization ot available materials will
take on increasing importance, particu-

larly as regards copper and iron for
power transformer construction. In
Rapio for March, 1941, and again in

February, 1942, the subject of proper
transformer design for optimum utiliza-
tion of available core material is quite
thoroughly presented.

Disadvantages in the methods sug-
gested for experimentally checking de-

230VOLTS AC

3

FIG.1

Setup for simplified method of checking pow-
er-transformer design. A low-range a-c volt-

meter may be used, as at B, if a shunt is used.

sign data are apparent,
however; in one case I
requiring specialized in-
struments not generally
available, and, in the
other, tedious effort and
possible waste of pre-
cious wire. A simple ex-
perimental method has
been worked out by the
author which makes
possible design check-
g on either commer-
cially manufactured
units or others of the
home-built type.

Simplified Method

Using a potentiome-
ter capable of handling
an ampere or two of
current or an auto-
transformer of the
“Varitran” or “Variac”
types in conjunction
with an a-c voltmeter

test. If a low-range a-c ammeter is not
available, a low-range a-c voltmeter
may be shunted by a resistor R of 3
to 10 ohms, as shown in Fig. I-B,
and used as a current indicator. As an
example, an iron-vane type of a-c volt-
meter reading 3 volts full scale was
shunted with approximately 4 ohms to
read full scale on one ampere. For lower
or higher current ranges, of course, the
shunting resistor can be increased or de-

creased in value. Since measurements of
current streugth are comparative only

1t 1s not necessary to know exact values
of a-c being measured. Voltage indica-
tions on a shunted meter used in this
fashion must be subtracted from the
potential indicated by voltmeter } in
[y, 1-4 to give the actual voltage being

applied to the primary of the trans-
former under test. All secondary wind
ings are left disconnected fron any usual
loads so that the core saturation point
only is determined. Any shorted turns
on either primary or secondary will
show up immediately 1 excessive
energizing current values. Normal
excitation current should not exceed a
few tenths of an ampere, even for power
transformers rated at a few hundred
watts.

of 250 volts range and
an a-c ammeter having
a range up to one or two
amperes, the job is easi-
ly done.

Fig. 1-4 shows the
necessary setup for the

MAY,
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Recording Data

In recording the data it might be ad-
visable, if using a shunted voltmeter as

ammeter

A.C AMPERES

-

ey
\

to use a high-resistance shunt

[

., 510
250

150 200
(V) a.cvots

FIG.2

HIS is no time to take chances. When you have a parts replacement to make
in radio-phonograph or sound equipment, play safe and duplicate the model
and make originally used by the manufacturer.

Astatic Cartridges, Recording

Heads, Pickups and Microphones, available at your Radic Parts Jobber's, are
produc’rs of the highest type, used by a great majority of America's leading manu-
tacturers, and sure to give you long and dependable service. Keep your equip-
ment up and forestall any possible replacement disappointments which might
result from national emergency demands upon parts manufacturing facilities.

THE ASTATIC CORPORATION

In Canada:
Canadian Astatic Lid
Toronlc; Ontario
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for low applied potentials and then,
while the ammeter reads full-scale, de-
crease the value of the shunt so as to
make the meter read one-tenth as much,
thus providing ior larger applied cur-
rents for the upper portion of the curves
shown in Frgs. 2 and 3.

When testing a transformer, in whicl
the number of turns on the primary is
unknown, a simple graph of input volts

vs. amperes is plotted, as shown in Fig.
2. For transformers whose total primary
turns is known, each applied voltage
may be divided into the number of turns,
this giving (urns-per-volt,T/v, in each
mstance.

After carefully plotting the observed
data it will be seen that the extreme ends
of the hyperbolic curves appear to be-
come asymptotic or parallel to two

in size and contains & factory wound loop antenna.

simple to build . . .

pictorial wiring diagram. The Kit i3 complete—there is nothing
else to huy. i

Kit with tubes—$31.25 list.

high

cludes

neceesary for construction of the receiver with exeeption of tubes
Meissner pictorial diagrams make this set ex-

aud speaker.

tremely easy to build. Kit—3$27.00 list.

ke. Compact, high

cision tuning condenser.

parts except tubes and speaker. Pictorial

vou to construct this receiver easily and quickly.
See vour nearest Meissner jobber.

$19.50 list.

Write for complete new catalog. Address Dept. RA-§

MT. CARMEL, ILLINOIS
"*Precision-Built Products’
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5-TUBE
AC-DC
SUPER-HET KIT

hy
= Using a small number of tubes, this Meissner
engineered 5 tube AC-DC super-het is compact |
Only two
controls are used, making the set very simple to operate. It's
you can easily follow the schematic and

5-TUBE AC
T.RF. KIT

Here's a Kit that is
low in cost
in  quality.
Operates from 114
volt 50-60 AC with
a frequency range
of 530 to 1600 ke
(187 to 565 meters).
Complete kit in-

quality. Fre-
quency coverage of 530 to 1600
shielded
coils are tuned with a two gang pre-
I'rovision tfor
mounting 5” dynamie speaker. Kit contains all
i diagrams_aid

gain

_ imaginary lines 40 and B0 which
are mutually perpendicular.
These lines may be drawn in on
the graph and a third line, 0C,
drawn at an angle of 45° with A0
or BO. From the point of inter-
section of line 0C with the curve
at point P, a line dropped down
to the horizontal axis will indi-
cate the proper primary operat-
ing potential in Fig. 2 or the
proper turns-per-volt point in
Fig. 3.

Working Example

For a certain transformer,
whose curves are shown, the pri-
mary was wound with 840 turns
of wire and it was designed to
operate on a 120-volt line. From
I'ig. 2 the proper operating po-
tential would be 180 volts and
from [ig. 3, the proper turns-
per-volt would be approximately
5.3 instead of the 7 turns per volt
with which it was wound. A
considerable saving in space
could therefore be obtained, mak-
ing possible either the use of a
greater cross-sectional conductor
for the windings, resulting in a
transformer capable of handling
greater power, or a larger num-
ber of secondary turns could be
used for higher output voltages.
The operation of transformers at
the determined optimum point
results in core flux densities of
from 65 to 70 thousand lines per
square inch, which value could
thus be used in initial computa-
tion of proper design for future
construction.

and

parts

DATA ON ELECTRONIC
GADGETEERING

Recognizing the fact that ra-

4-TUBE dio amateur activities are being

Ac-DC seriously curtailed for the dura-
T.R.F. KIT | tion of the war, so far as com-
Here is a vers munications are concerned, Apr—
small compact re- OoVOX engineers are COI]lplIlllg
e ems. | and already releasing practical
tivity and tone

data on electronic gadgeteering
as a promising outlet for the
equipment, skill and ambition of
the radio amateur. Articles on
radio control circuits and the
industrial applications of elec-
tronic devices are currently ap-
pearing in the monthly Aerovox
Rescarch Worker. Copies will be
sent to anvone writing Aerovox
Corporation, New Bedford,
Mass. Also, a free subscription
may be obtained by getting the
endorsement of any Aerovox
jobber.

Kit—
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Curve which determines proper turns per volf.
Fig. 2, on page 61, indicates proper operating
potential.

TWO NEW RADIO TEST DEVICES DE-
VELOPED BY UNITED AIR LINES

Two new devices for testing aircraft
radio equipment have been designed
and produced by United Air Lines for
use in service shops along its routes.

One of the devices, designed by
H. N. Wilcox of the laboratory statff,
is a vibration generator for testing
radio equipment under conditions
considerably in excess of those en-
countered in flight. An air-operated
generating unit with an electrical fre-
quency control is connected with a
test table which can be rotated
through 360 degrees for inspection of
cquipment during test. A means is
provided for increasing or decreasing
the amplitude of vibration, with a
maximum intensity of 3 g’s for a 100-
pound load. The frequency of vibra-

Push-button r-f signal generator with 24 crys-

tal-controlled frequencies, used for aligning of

all aircraft receivers carried aboard United

Air Lines Mainliners. E. A. Jensen, the design-
er, is pictured.

1942 * |[RADIO
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tion is constant at 30 cycles per sec-
ond. ,

The other device, designed by E. A,
Jensen, also of the laboratory staff, is
a signal generator for aligning and
measuring the frequencies of all radio
receivers carried aboard United’s
Mainliners. The equipment is made
for the operation of 24 crystal-con-
trolled frequencies but can be adapted
to as many as 40. It has an output
ranging from one niillionth of a volt
to one volt and is capable of modula-
tion up to 100 percent at six different
audio frequencies.

*
fBoast Review
A.R.R.L. "DEFENSE" HANDBOOK

THE RADIO AMATEUR’S
HANDBOOK, Special Defense Edition
(1942), by the Headquarters Staff of the
ARRL. A manual for radio training
courses. Published by the Awerican
Kadio Relay League, Inc., West Hart-
ford, Conn. 288 pages, including 8-page
topical index. More than 500 tllusira-
tions, charis and tables. Price, paper
bound, $1.00, postpaid.

Designed to replace the League's
standard Handbook in defense radio
training courses, this special edition
retains everything from the regular
edition that is useful to the task in
hand and has added new chapters on
mathematics, measuring equipment
and code instruction. It omits such
sections as those on counstruction of
amateur equipment and operation of
amateur stations.

The nine basic theoretical chapters
of the standard edition are retained in-
tact. Brand-new is the first chapter
covering the elementary mathematics
necessary for the solution of all for-
mulas and interpretation of graphs
appearing throughout the text. This
includes a review of decimals, method
of extracting square root, algebraic
notation and manipulation of formu-
las, laws of expounents, logarithms, a
discussion of linear, power and ex-
ponential functions and their applica-
tion to graphs, and the use of polar
coordinates. Supplementing this chap-
ter. a four-place log table is included
in the Appendix.

The constructional chapters of the
regular edition have been condensed
into one new chapter in which repre-
sentative types of radio equipment are
featured. Data on and photographs
of the more generallv used commercial
receivers and transmitters are in-
cluded. along with selected equipment
described in the regular edition. Simi-
lar treatment has been given the chap-
ter on measurements.

There is a new chapter on learning
the radio telegraphic code. TIts treat-
ment is based on up-to-date methods
of learning by hearing, and is believed
unique in its handling of the subject.
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| Changes of Address

To become effective with

The Next Issue

| must be RECEIVED at SANTA BARBARA
by the 25th of this month

| °

Address labels are shipped to our mailers on
that date. Remember: under U.S. postal
laws, magazines sent to an old address are
|unked unless forwarding postage has been
left in advance with the postmaster; unlike
letters and cards, magazines are not for-

warded either free or collect (except to
addresses in the same city).

Circulation Department

* Write, ¢elephone, tele-
graph us anytime about
any receiver, transmit-
ter or parts. We are on
the job 24 hours a day,
365 days a year. We
also have a store at
| 2335 Westwood Blvd.,
West Los Angeles, Calif.
Bob Henry, WGSARA,
runs the Butler, Mis-
souri, store; Ted Henry,
| W6UOQU, the California
store. Your inquiries in-
vited.

EVERYTHING IN RADIO|

Sets, parts, supplies. public
address systems. amateur equip-

ment, testers, kits and fluores-
cent lighting at lowest prices.
Huge stocks. bought months ago
. ready for shipment the same
day your order is received. The
Defense Program is making big
demands on our industry but be-
cause of our advance buying we
are able to till your orders
promptly and efficiently.

BURSTEIN APPLEBEE COMPANY

1012-14 McGEE STREET, KANSAS CITY, MISSOURI

WE HAVE the World’s Largest
Stock of HALLICRAFTERS,
HAMMARLUND, NATIONAL,
RME, HOWARD communica-
tions receivers at lowest whole-
sale prices. Order from us for
immediate delivery. We special-
ize in government and other pri-
ority orders and solicit such
buyers. We will give you better
service and lower prices.

Our stock of receivers is so
large that we can sell to civilians.
Anyone can buy a communica-
tions receiver while our large
stock lasts. You can buy on our
6% terms financed by us. You
can trade in your radio. You get
ten day free trial.

We have a large stock of trans-
mitters, Triplett meters, radio
parts and supplies of all sorts.
Send to us for any radio parts.
No priority required.

W9ARA 3

HENRYRADIO SHOP

BUTLER, MISSOURI

“WORLD’S LARGEST DISTRIBUTOR OF COMMUNICATIONS RECEIVERS”

Kk ok ok ok ok ok ok ok ok Kk ok Kk &
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It can be used either for self-instruc-
tion or for the guidance of those in-
terested in giving code classes, for
whom suggestions for the construc-
tion of special code-instruction tables
for large groups are included.

*

AS.T.M. STANDARDS ON ELECTRICAL
INSULATING MATERIALS

The latest edition of this annual
publication is considerably enlarged
by the inclusion of new specifications
and tests and several reports and
papers. It provides in their latest
form as of December, 1941, the some
58 specifications and tests issued by
AS.T.M. covering this field. Out-
standing activities carried on by
A.S.T.M. Committee D-9 on Electri-
cal Insulating Materials are covered
in certain reports, one on punching
quality of laminated phenolic sheet;
a study of measurements of power
factor and dielectric constant at ultra-
high frequencies; a report on round-
robin tests of power factor and dielec-
tric constant for glass; and several
discussions on the significance of tests
of insulating materials, including di-
electric strength.

Seven of the specifications and tests
cover insulating varnishes, lacquers
and their products and thirteen pro-
vide standardized test methods for
molded materials. The section cover-
ing plates, tubes, and rods includes
nine standards and there are six stand-

-
Y

- $

BECAUSE of the
ing and design facilities, we have “keyed” our machinery and manpower to the
requirements of military services.

ards in the field of mineral oils,
ceramic -products and solid filling and
treating compounds. Two test meth-
ods cover insulating paper; four apply
to mica products; and there are eight
specifications—four each for various
rubber products and textile materials ;
and four standards give tests and tol-
erances for various types of glass
products and for woven tapes. Six
standards give tests covering arc re-
sistance, dielectric strength, power
factor and related properties and tests.

This publication, which includes for
the first time a detailed index, also in-
cludes two tables of contents, one
listing standards in numeric sequence.
The 1941 report of Committee D-9,
with its recommendations on stand-
ards, is given.

Copies of the 450-page publication
can be obtained from A.S.T.M. Head-
quarters. 260 S. Broad St., Philadel-
phia, at $2.25 per copy, heavy paper
cover.

*

LOW-FREQUENCY LINEAR-TIME-BASE
GENERATOR BULLETIN

An explicit bulletin, describing the
new Du Mont Type 215 Low-Fre-
quency Linear-Time-Base Generator
and its applications, is now available
on request, from Allen B. Du Mont
Labs., Inc, 2 Main Ave., Passaic, N.J.
This accessory is used in conjunction
with a Du Mont Type 1753A Cathode-
Rav Oscillograph or equivalent, and

adaptability of Electro-Voice microphone manufactur-

If you have a microphone problem, see if Electro-Voice can take care of it.
Write. Our engineers will give your request prompt and confidential attention.

ELECTRO-VOICE MFG. CO,, Inc.

1239 SOUTH BEND AVENUE, SOUTH BEND, INDIANA
Export Division: 100 Varick St., New York, N. Y.—Cables: "Arlab"

64

WwWWW americanradiohistorv com

Get Your Rating

w NOWI!

Prepare for increased pay positions in the
Army, Navy, Merchant Marine or Commaercial
Communications fields, There is a serious
shortage of trained Radio code operators . . .
you can prepare for one of these jobs without
jeaving your own home with the simplified
Candler System. Over a quarter of a century
of experience in training radio code operators.
Write today and find out how easy it is to
learn code now or improve code Proficiency,
and_be prepared for the future. Mail a post
card now . . . there’s no obligation and no
salesman will call!

A Free Book For Youl

FREE 52 page BOOK OF
FACTS contains inside ad-
vice and tips from the cham-
pions and world’'s fastest
amateur and commercial op-
erators. Get your eopy of this
free book now! Write today.

CANDLER
SYSTEM CO.

Box 928, Dept. 55
DENVER, COLORADO

Remember Pearl Harbor

BUY U.S. WAR BONDS

Dear RADIO:

Kindly send me the items
listed below for which I en-
close $ in payment.

[] “Radio” (one year)
[ ] “Radio” (two years)
[ ] “Radio” Handbook

Name ...

Note: All shipments are prepaid
by us. Current editions are al-
ways supplied unless previous or
future editions are requested in
the original order. California cus-
tomers: please add sales tax.

{ THE EDITORS OF

RADIO

1300 Kenwood Road,
Santa Barbara, California
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permits screen studies requiring sweep
frequencies as low as 1 cycle every
few seconds, or more specifically,
within its range of 0.2 to 125 cycles
per second.

*

Newd

UNITED NATIONS NEED HAM
EQUIPMENT

Radio hams are being asked to sell
their transmitters and receivers for
use by the armed forces of the United
Nations, according to an announce-
ment by the American Radio Relay
League, which is centralizing informa-
tion on available apparatus on behalf
of the government agencies con-
cerned.

Only commercially-manufactured
communications-type receivers and
transmitters for which standard in-
struction manuals are available are
required at present. Such equipment
is more readily used and understood
by military operators than homemade
units, even though the latter may bhe
of comparable quality, it was ex-
plained.

Urgent shortages of communica-
tions equipment required for defense
needs led to the call, manufacturers
finding themselves unable to make de-
liveries sufficient to fill the intensified
demand as the theatre of war expands
in widening circles.

Amateurs willing to turn over their
apparatus to their country are re-
quested to advise the ARRL at West
Hartford, Conn., giving mode! num-
ber, condition, and the price for which
it can he delivered crated to a local
transportation agency. Onlv standard
manufactured equipment should he
offered, homemade or “composite”
equipment not being required at pres-
ent.

The biggest need is in transmitters.
According to League statistics, ap-
proximately two-thirds of the receiv
ers found in amateur stations are fac-
toryv-made but only 5% of amateur
transmitters were purchased from
manufacturers.

*

ERROR-PROOF RADIOTELEGRAPH
PRINTER
All possibility of error from defec-
tive signals in radio telegraph trans-
mission is eliminated by a new error-
proof radio printer put into operation
in the international communications
field on the direct radio circuit of
R.C.A. Communications, Inc., be-
tween New York and Buenos Aires.
Product of RCA Lahoratories, the
new printer automaticallv rejects false
signals and prints an astevisk in place
of an incorrect letter.

Present secrecy restrictions necessi-
tated by the war, prevent a full de-
scription of the printer. Tt may be
revealed, however, that the device op-

MAY, 1942
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erates with a special code so con-
structed that a defective character is
immediately recognized as such by the
printer,

The printer may operate alone or
with others over the same radio trans-
mitter. When more than one printer
is used, they are operated in conjunc-
tion with RCAC’s “time-division”
multiplex system, which provides two,
three or four simultaneous message
channels over a single radio trans-
mitter. In sending messages, the out-
put of the several transmitter-perfora-
tors is brought together in the multi-
plex equipment, scrambled, and de-
livered to a transmitter, which beams

the aggregate radio signal to its desti-
nation. At the receiving end, the
multiplex equipment unscrambles the
signal and delivers the components to
the several separate error-proof print-
ers. The aggregate speed of the four-
channel system is 248 words a minute.

With ordinary telegraph printers as
used on the radio, errors may be
caused by spurious signals. The ap-
pearance of an extraneous signal, or
the absence of part of the correct one,
will cause printing of an incorrect
letter on the ordinary instrument.
Unless the error is obvious, it may go
undetected.

Classified Advertising

as desired.

{b)

tisement must be accepted as final.

(e)
separately.

reprints sent.

in full.

(a} Commercial rate 10c per word, cash with order; minimum, $1.00. Capitals: 13¢
per word. For consecutive advertising, 16% discount for 3d, 4th, and 5th insertions;
25%, thereafter. Break in continuity restores full rate. Copy may be changed as often

Non-commercial rate: 5¢c per word, cash with order; minimum, 50c. Available
only to licensed amateurs not trading for profit; our judgment as to character of adver-

{c} Closing date {for classified forms only): 20th of month; e.g., forms for June
issue, published early in June, close May 20th.

(d) No display permitted except capitals.
Used, reclaimed, defective, surplus, and like material must be so described.
(f)] Ads not relating to radio or radiomen are acceptable but will be grouped

{g) No commissions nor further discounts allowed. No proofs, free copies, nor

{h) Send all Marketplace ads direct to Santa Barbara accompanied by remittance

HAVE SEVERAL reconditioned guaranteed
JRA3, 400 Watt A.C. light plants at $45, ideal
for amateurs. Write Katolight Inc., Mankato,
Minnesota.

COMPLETE PHONE TRANSMITTER, in cabi-
net, very conservatively rated at 150 watts car-
rier, excellent fidelity. Originally designed for
amateur bands from 3500 to 30,000 kec., but
with few coil alterations will work on any fre-
quency between 2000 and 33.000 kc. Makes
excellent police transmitter. Described on
page 357 of 1942 RADIO HANDBOOK. Price,
less tubes, crystal and microphone. $200.00
f.o.b. Editors & Engineers, Ltd., Santa Bar-
bara.

BOB HENRY, WYARA, can make immediate
delivery of Hallicrafters. Hammarlund, Na-
tional. RME, Howard and other receivers and
radio supplies. You get lowest prices, best 6%
terms (financed by us), best trade-in, ten day
trial. Write. telegraph, telephone. Henry Ra-
dio Shop. Butler, Mo., or 2335 Westwood Blvd.,
West Los Angeles, Calif.

FOR SALE one general purpose 1500-volt Power
Supply as shown on page 33, figure 33. of 1942
RADIO HANDBOOK. Price $47. F.0.B. Edi-
tors & Engineers, Ltd., Santa Barbara. Calif.

RECONDITIONED guaranteed communications
receivers and transmitters. All makes and
models cheap. Free trial. Terms. List free.
Henry Radie Shop, Butler, Mo.

LICENSED OPERATORS. Vacancies. Broadcast
studios & transmitters. Register now. No fee
charged. Write or apply AMERICAN COM-
MUNICATIONS ASSN., 1626 Arch St., Phila-
delphia, Pa.

www.americanradiohistorv.com

FOR SALE—Push-Pull Beam Tetrode Amplifier,
on page 18 of December, 1941, RADIO. §21.00
F.0.B. Editors & Engineers, Ltd., Santa Bar-
Lara, Calif., less tubes and coils. Tubes and
coils are available.

WARTIME SACRIFICE: 200 watt totally en-
closed complete transmitter for 10-20-40-75
with coils, crystals also Pierce French vari-
able frequency control. TZ-10 push pull final
class AB-2 modulators, speech amplifier, com-
plete. Dynamic mike on stand. Also new
Browning frequency meter. Mims three ele-
ment rotary for twenty with direction indica-
tor. All tubes, crystals, cables. feeds, etc.,
sell for $300 cash fob El Paso. Will split.
Write P.O. Box 1110, El Paso, Texas for de-
tails or cinch deal with vour check. Sales to
certified U. 8. citizens only.

WE PAY cash for used communications receiv-
ers. Get our offer. Code machines rented and
sold. Henry Radio Shop, Butler, Mo.

PANELS, racks, chassis, cabinets, specials. R.
H. Lynch, 970 Camulos St., Los Angeles, Calif.

FOR SALE—Push-pull 8005 amplifier, shown on
page 287, fizure 2 of the 1942 RADIO HAND-
BOOK, less tuhes, $27.00 F.0.B. Editors and
Engineers. Ltd. Santa Barbara, Calif. Tubes
are available.

WANT to employ men who know ecrystal cut-
ting and finishing. Write or telephone. Henry
Radio Co., Butler, Mo.

FOR SALE—25 watt utility unit. figure 16 on
page 277 in 1942 RADIO HANDBOOK. usable
either as an R.F. amplifier or oscillator. Less
coils and tute $12.00 FOB Editors & Engineers,
Ltd.. Santa Barbara, Calif. Coils and tube are
available.
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NEW SAN FRANCISCO SHORT-WAVE
STATION

O. I'. Walker, radio engineer of the
General Electric Company, is now in
San Francisco supervising the instal-
lation of a 100,000-watt short-wave
transmitter, which will be another gun
in a kilocyclic battery “‘shooting” from
the United States across the Pacific
in the propaganda war with Japan.

The powerful transmitter, bult by
General Electric and operated previ-
ously at its Schenectady station
WGEO {for short-wave broadcasts to
Europe and Latin America, will be
operated in San Francisco under call
letters KWID. Operators of the sta-
tion will be Associated Broadcasters,
Inc., operators of long-wave station
KSFO. General Llectric is complet-
ing another 100,000-watt transmitter
for WGLEO at Schenectady and mean-
while is on the air there with two
other short-wave transmitters,
WGEO and WGEA.

KWID, which will have studios and
olfices at the Hotel Mark Hopkins,
will render additional short-wave serv-
ice to that now heing given by General
Electric’s 50.000-watt San Francisco
station KGEI with studios and offices
at the IFairmont Hotel. KGEI has
been broadcasting to Latin America,
Asia, the Antipodes, and Africa for
more than three vears, and is at pres-
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ent the only United States short-wave
broadcasting station west of the Mis-
sissippi.

*

RADIO OPERATORS SOUGHT FOR
FEDERAL WORK

War Department, Federal Com-
munications Commission, Civil Aero-
nautics Administration, Coast and
Geodetic Survey, and other Govern-
ment agencies are needing radio op-
erators. Persons are needed to stand
regular watch for the transmission
and reception of radio messages and
other communications. In some cases
operators will be responsible for the
maintenance and operation of a radio
station and its equipment. In others
they may have to transmit messages
by teletype as well as in code.

To fill the jobs, which pay $1,620
and $1.800 a vear, an examination was
recently announced by the Civil Serv-
ice Commission. Because of the large
number of vacancies which exist ap-

plications will be accepted at the Com-
mission’s Washington office until fur-
ther notice.

While no paid experience is re-
quired, applicants for these positions
must show that they are able to trans-
mit and receive messages by radio-
telegraph at a rate of 20 words a
minute, transmitting either by hand
or bug. For some positions persons
are needed who can operate a regular
typewriter at 40 words per minute, or
a teletypewriter at 35 words per
minute. The age limits are 18 to 35.
Persons are to be rated on their expe-
rience or training and fitness to per-
form the work.

Operators who are interested in this
work and who would be available for
Government employment are urged to
secure the proper application forms
from the Commission’s representative
at first- or second-class post offices, or
direct from the Commission in Wash-
ington.

Winnine THIS WAR is going to take the
mightiest effort America has ever
made—in men, materials, and money!

An important: part of the billions of
dollars required-to produce the planes,
tanks, ships, and guns our Army and
Navy need must come from the sale of
Defense Bonds. Only by regular pay-
day by pay-day investment of the
American people can this be done.

Facing these facts, your Government
needs, urgently, your cooperation with
your employees in immediately enrolling
them in

A PAY-ROLL SAVINGS PLAN

The voluntary Pay-Roll Savings Plan
(approved by organized labor) provides
for regular purchases by your employees
of Defense Bonds through voluntary
pay-roll allotments. All you do is hold
the total funds authorized from pay-
roll allotments in a separate account and
deliver a Defense Bond to the employee

A WAR MESSAGE
to

ALL EMPLOYERS

% From the United States Treasury Department %

Make Every Pay Day - BOND DAY

U. S. Defense BONDS x STAMPS

each time his allotments accumulate to
aa amount sufficient to purchase a Bond.

You are under no obligation, other
than your own interest in the future of
your country, to install the Plan after
you and your employces have given it
consideration.

WHAT THE PAY-ROLL SAVINGS
PLAN DOES

1. It provides immediate cash now
to produce the finest, deadliest fighting
equipment an Army and Navy ever
needed to win. 2. Tt gives every
American wage earner the opportunity
for financial participation in National
Defense. 3. By storing up wages, it
will reduce the current demand for con-
sumer goods while they are scarce, thus
retarding inflation. 4. It reduces the
percentage of Defense financing that
must be placed with banks, thus putting
our emergency financing on a sounder
basis. 5. It builds a reserve buying
power for the post-war purchase of
civilian goods to keep our factories run-
ning after the war. 6. It helps your
employees provide for their future.
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The HRO gives superb unfal-
tering service, 24 hours a

day, week in and week out,

year after year. It'sareceiver

to depend on.

NATIONAL COMPANY, INC., MALDEN, MASS.
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PROUD indeed is Hytron that its HY615 and HY 114B have
been selected for vitally important service in the armed forces. Built-to-order
tor exceptional performance on the ultra-high frequencies, these two Hytron
designs automatically fell into Class 1-A, and were found ideally "'fit"' for the
most gruelling combatant service.

Made in U.5.A- ‘

o

R

3 & - e

" FIRST IN PEACE ~ FIRST IN WAR

During peace time, the radio amateur put the HY615
and HY114B through their paces. To the HY615
over one and a half years ago, went the still-unbroken,
135-mile world's record for reception and transmis-
sion on 224 mc; to the HY 114B, instantaneous recog-
nition as the tops for battery-operated U-H-F equip-
ment. While records in themselves may mean little,
that the HY615 record has remained unbroken over
such a long period of time, added to the fact that

‘Now in war, engineers in the@ armed forces and in
industry have found that the record-breaking per-
formance and the national popularity of these two
unique tubes were deserved. The amazing efficiency
of these HY615 and HY114B tubes has, therefore,
been promptly called to serve in many ingenious
U-H-F applications designed for VICTORY. Prove
to yourself that the same high quality and unequaled

‘engineering design that made these little power

the HY615 and HY114B were more widely used than  houses regb?d performers in peace, m them de-
any other types, indicates that Hytron U-H-F tubes pendable and efficient g war. Select the HYG15 and
; = r-ti
- o

o -fvere in first Iﬂﬂ(‘f bef§r§ thg-v;a'r.. 3 _i t - __% Hz_gi%Bé;g_yi;zwa‘ 4&1@&?—1’-%@@%& _._-%&': o
An Example

22 a =

Among the host of HYTRON tubes selected for service in the Vic-
tory program, the HY&15 and HY114B furnish but two examples.
Consult Hytron first whether your tube needs are for standard re-
ceiving or transmitting types, U. S. Government types, United Na-
tions types, or special types designed to fit your particular needs.

HYTRONIC LABS. it F

HYTRON CORP.
SALEM ... MASS.

Manufacturers of Rad‘jo Tubes Since 1921
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