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'the FUTURE is being made NUW'

Long belore America declared war, RavTHEON electronic tubes were serving with distinction
in our Army and Navy. Since Pearl Harbor, production has increased 1.000% or more—but
the same “Plus-Extra” performance qualities are built into every tube made by RayTHEON.
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Taking over territory from the Axis does not end the need for communications equip-
ment — and RayTneon will be on the job with the garrison forces as well as in the front
lines, because wherever extra dependability is needed RayTneon usually gets the call.

Even before all our soldiers and sailors are home again. RavrieoN —through the
nationwide network of jobbers, dealers and servicemen—uwill be supplying civil.an needs
for quality electronic tubes for the many applications in the coming era of electronies.

Rﬂ}'lh(’on Production COrpOr(lliOn, * Newton. Massachusetts; Los Angeles.
New York. Chicago. Atlanta

DEVOTED TO RESEARCH AND THE MANUFACTURE OF TUBES FOR THE NEW ERA OF ELECTRONICS

™, ~w. RAYTHEON €

Awarded Army-Navy '"E'' Plus Stars RAD.O & ELECTRON.C TUBES
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WEAPONS OF WAR...
INSTRUMENTS FOR PEACE!

The great mobility of modern warfare de-
mards instartaneous and constant contact
beiween all fighting units. Radio communi-
cations are indispensable weapons in any
military operation. . . . Hallicrafters built SCR-543 (illustrated) is a low powered transmit-
ting anc receiving unit. When mounted in a scout car it dashes virtually into the jaws of the
enemy to direct artillery fire and carry out similar communications duties. Designed and
built to be operated by combat soldiers as easily as by highly trained radio personnel.

Peacetime will find the use of radiotelephones expanding to meet the needs of irans-
portation — MARINE, AVIATION, RAILWAY and AUTOMOTIVE . . . assuring greater safety,
efficiency and pleasure.

MARINE-TYPE RADIOTELEPHONE SCR-281 — another Hallicrafters built unit has
gone fa war! This radiotelephone installed in coastal and harbor vessels is per-
forming vital ship-to-ship and ship-to-shore war duties. Because of its extreme
simplicity it can be operated by even the most inexperienced personnel just

as easily os on everydoy telephone!

hallicrafters w010

= THE HALLICRAFTERS CO., MANUFACTURERS OF RADIO AND ELECTRONIC EQUIPMENT, CHICAGO 16,U. S. A.
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For many years befcre the war, Edwin\‘\Guthmcn & Co. was especially known for manu
facturing better coilsi With war came greotér\demcnds upon our facilities... U. S. Amy and
Navy orders for many diversified radio parts \ . expansion of our plant . . . the addition of
many new manufccturing departmen.‘s. All maiﬁg_focturing and assemb|ing of these many

units was done in our own completely equipp-"édﬂ_ plant. Thus, our engineers and skilled
: personel gained a broader experienca in modern radionics. Now, we are

conzentrating all this ‘echnical experience®in the engineering and
production of Guthman Super-Improved
Coils. . .promised leaders in peace-

time radionics.

15 SOUTH THROOP/STREET-CHICAGO
PRECISICN MANUFACTURERS AND ENGINEERS OF RADIO AND ELECTRICAL EQUIPMENT

* FEBRUARY, 1944 3
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Transients

FREQUENCY MODULATION

* There is no longer any question as to what the status
of frequency modulation will be directly after the war.
Recent straws in the wind are: 1) an extension of
FM program services by NBC and CBS, 2) the an-
nouncement by RCA that the company will enter the
field with both feet, 3) the more-than-fatherly interest
in FM shown by Fly of the FCC, 4) the large number
of applications on file for station permits and. §) the
irrefutable fact, now apparent to most engineers, that
frequency modulation is plaving a major role in the
war and has, to a large extent, replaced amplitude-
modulation systems; and that frequency-modulation
practice, by the mere pressure of its role in the war, is
bound to play an equally important role in peacetime.

It is also apparent that frequency modulation can
readily enter the post-war period without upsetting
radio’s economic structure; first, because a great deal
of communications equipment has become technically
obsolescent and must be replaced in any event; and,
second, because most household receivers will have be-
come unserviceable due to wear and will also require
replacement. A large part of the slate will therefore
be wiped clean for any new progressive move the in-
dustry may care to make on V-day, and frequency
modulation seems the most acceptable venture, If it is
included at the outset as an additional service in the
majority of household receivers, then the transition
from amplitude - modulation to frequency - modulation
broadcast services can be accomplished without any
disruption of present systems and without incon-
venience to the public.

At the same time, frequency modulation provides a
definite sales appeal that the public will be quick to
recognize, if the service is properly expanded. It is
sufficiently “new” to capture public interest at a time
when the average person will be looking for the ful-
fillment of the many promises made for a glittering
post-war world.

LET 'EM EAT CAKE

* Design engineers are often amazed at and blinded
by their own accomplishments. That they should be
amazed is proper, for it's good for the soul; to be
blinded by an attainment of perfection or near perfec-
tion in engineering design is neither proper nor good
for the sales department.

There was a time when engineers and experimenters,
blundering through the woods of idealism, sought the
technical perfection of a flat frequency response from
something like 20 to 20,000 cycles. Having found the
means of accomplishing this by fairly simple procedures
in design, a reasonable facsimile of the response was

6

incorporated in audio amplifiers, with the emphasis
placed on the flatness of the curve. Henceforth, many
engineers became flat-conscious and proceeded to lose
sight of the fact that a flat response—to say nothing
of a wide response—might not be at all desirable in a
receiver or a phonograph from the listener’s standpoint.
It was like telling the listening public to eat cake when
what the public wanted was bread.

This type of blindness is common to both design and
research engineers, though the enthusiasm for periec-
tion shown by the design engineer is usually tempered
by the commercial department. Nevertheless. it is pe-
culiar that both groups, dedicated as theyv are to seek-
ing the truth. often lose sight of the end use of the
product upon which they are working. A radio re-
ceiver, for instance, is definitely designed to be listened
to, yet many engineers seem to place more faith in
what we might term “technical response curves” than
in “listener response reactions,” when the former mean
little, if anvthing, if they fail to please the ear.

The matter has considerable importance with regard
to the design of frequency - modulation receivers be-
cause, on the whole, pre-war designs were not well
accepted. A great many listeners found the response
unpleasant, if not downright annoying; and we feel
that this mistake should not be made again. If the ful
advantages of frequency-modulation broadcast recep-
tion are to be obtained, it is necessary that the response
be adjustable to the listener's ear, irrespective of what
murder may be committed in the audio band.

The engineer basks in the sound of frequencies from
10,000 to 15,000 cycles (whether he can hear them or
not), but the average listener yells, “Let me out of
here!" It’s up to the engineer to find out why the
listener reacts in such an unfavorable (and unfair)
way. and do something about it, so that the listener
may eat cake and actually love it.

ELECTRONICS A SCIENCE

* Under “Quotes” in this issue appears a very per-
tinent remark made by Dr. W, R, G. Baker of the
General Electric Co. The essence of this remark is that
electronics is not a product but a science, such as chem-
istry. As such, it is a highly flexible instrument of
knowledge applicable to all approaches to industry, so-
ciety and science itself

Mr. Baker’s statement is one of those self-evident
truths that are often lost sight of. It seems almost too
self-evident to be given second thought; but the re-
search engineer who will retain this truth in mind will
have broadened his view and extended his own hori-

zons of productiveness.
M. L. Muhleman
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wherever a fube is

A beam of light is reflected
across the point of opero-
tion, then into a photo-tube
in this safety application.

THERE'S A JOB FOR

e€a4yd »» GUARDIAN

Where makeshift mechanical devices rudely thrust your workers’
hands and fingers away from punching and forming dies, the electron
tube in combination with a relay offers definite advantages for safer
power press operations.

Instantly responsive, dependable and simple—a beam of light, if
broken or modvulated, actuates the electron tube; the relay breaks the
circuit and locks the controls in the "off"" position until the full light
beam is restored. Typical of relays which may be used in conjunction
with such a photo-tube safety application, is the Series 5 D.C. Relay by
Guardian. In hundreds of other ways—especially in your postwar
developments—wherever a tube is used there’s usvally o job for Relays

Series 5 D.C. Relay. Maximum switch capacity

by Guardian. two normally open—two normally closed—or
sk Not limiled to tube applicotions but used wherever outomatic control is desired for making, DPDT Contocts. Resistance range .01 up to
breoking, or changing the characteristics of electric circuits 15,000 ohms. Send for bulletin 14,

GUARDIAN @ELECTRIC

1605-R W. WALNUT STREET CHICAGO 12, ILLINOIS
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* * % AND

| PROMISE |

With government training introducing many thousands
of young men to the possibilities and pleasures of radio
communications, Astatic is convinced that, upon their
eventual return to civilian life, *“amateurs™ will be
evident in larger numbers than ever before. With the
dawn of this new era, Astatic will again supply the
amateur field with a complete line of Microphones,
Pickups and Pickup Cartridges, long used and praised
by **hams™ around the world. In the meantime, Astatic
serves America in supplying these and other important
radio communications products used in prosecution of

[ASTATIC [
THE ASTATIC CORPORATION

.
.

the war.

YOUNGSTOWN, GHIO
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TECHNICANA

WWYV TRANSMISSIONS

* Two changes (beginning Feb. 1,
1944) are announced in the standard
frequency broadcast service of the Na-
tional Bureau of Standards. One is the
addition of a new radio frequency,
2500 kilocycles per second, at night.
The other is omission of the pulse on
the 59th second of every minute. The
service is described here. It comprises
the broadcasting of standard frequen-
cies and standard time intervals from
the Bureau’s radio station WWYV near
Washington, D. C. The service is con-
tinuous at all times day and night, from
10-kilowatt radio transmitters. The
services include: (1) standard radio
frequencies, (2) standard time inter-
vals accurately synchronized with basic
time signals, (3) standard audio fre-
quencies, (4) standard musical pitch,
440 cycles per second, corresponding
to A above middle C.

The ‘standard frequency broadcast
service makes widely available the na-
tional standard of frequency, which is
of value in scientific and other meas-
urements requiring an accurate fre-
quency. Any desired frequency may be
measured in terms of any one of the
standard frequencies, either audio or
radio. This may be done by the aid of
harmonics and beats, with one or more
auxtliary oscillators.

At least three radio carrier frequen-
cies are on the air at all times, to insure
reliable coverage of the United States
and other parts of the world. The radio
frequencies are

2.5 megacycles (= 2500 kilocycles
2,500,000 cycles) per second, broadcast
from 7:00 P.M. to 9:00 AM.,, EWT
(2300 to 1300 GMT).

5 megacycles (= 5000 kilocycles =
5,000,000 cycles) per second, broadcast
continuously day and night.

10 megacycles (= 10,000 kilocycles

= 10,000,000 cycles) per second, broad-
cast continuously day and night.

15 megacycles (= 15,000 kilocycles

15,000,000 cycles) per second, broad-
cast from 7:00 AM. to 7:00 PM,,
EWT (1100 to 2300 GMT).

Two standard audio frequencies, 440
cycles per second and 4000 cycles per
second, are broadcast on the radio car-
rier frequencies of 5, 10, and 15 mega-
cycles. The audio frequency 440 cycles
only is broadcast on 2.5 megacycles.
The 440 cycles per second is the stand-
ard musical pitch, A above middle C;
the 4000 cycles per second s a useful
standard audio frequency for labora-
tory measurements.

In addition there is on all carrier fre-

[Continued on page 10]
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Ul
he ignition harness can well  engineering and manufacturing of precision

be described as an airplane engine’s nervous  electrical parts and equipment. When you
system. One of Connecticut Telephone and are planning eleetrical or electronic im-
Electric Division®’s latest war assignments is provements in
the production of this assembly for the manu- your postwar
tacturer of a world-famous aireraft motor. products or
“Connecticut” war production also includes manufactur- VICTORY AN
military field telephones, head sets, switch- ing methods, AFTER VlC? JOBS
boards, electronic devices and speeial igni- our develop- depend on hog; ORY
tion parts. ment engineers agings inﬂ:;mgtheline
A pioneer in communications and ignition are ready to bid up , price-on. Never
systems, this division of Great Americun offer construe- what y4, d(;n':ever buy
Industries, Inc. is geared for advanced tive help. make wap b°n¢:s need;

Your

Investment jp tomorrow,
~

@ CONNECTICUT TELEPHONE & ELECTRIC DIVISION

ql
MERIDEN * \(g}ﬁm‘,f,,”CONNECTICUT
vousry

1944 C. A. 1., Inc., Metiden, Conn.
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U-9-S is Ready for Any Job —
without Duplicating Equipment

Whether you need to work at 50 ohms on
long lines — or want 200 to 500 ohms for that
particular job — or find you must use bal-
anced line connections because of noise or
circuit conditions — or if you want to work
standard high impedance on regular shorter
lines, ONE Microphone, the TURNER US-S,
can fill all your needs. A twist of the switch
shown at back of Model U9-S can give you
your choice of impedances. Adjustable to
semi or non-directional operation. Level
—52DB at high impedance. Response is free
from peaks and holes from 40 to 9,000 cycles.
For sure-fire performance under any and
all acoustic and climatic conditions, for
rugged dependability without distortion,
always specify Turner Microphones.

For complete information and prices on Ug-S
and other wmikes pictured, Write TODAY.

9X-D

TECHNICANA
[Continued from page 8)

quencies a pulse of 0.005-second dura-
tion which occurs periodically at inter-
vals of precisely one second. The pulse
consists of five cvcles, each of 0.001
second duration, and is heard as a faint
tick. when listening to the broadcast;
it provides a uscful standard of time
interval, for purposes of physical meas
urements, and may he used as an accu
rate time signal. On the 59th second
of every minute the pulse is omitted.

ELECTRONIC HEATING

* One conspicuous peacetime benefit of
wartime clectronics lies in the field of
high-frequency heating, using certain
electronic tubes originally developed
for war applications. These tubes, ac-
cording to Westinghouse engineers,
have made it possible to establish a
family of practical radio-frequency
generators. Covermg almost the full
range of high-frequency heating work,
these standard oscillators are being
built in 2, 3, 10. 20. 530. 100, and 200-kw
S1z2¢8
Some laboratory experimentation yet
remains to be donc in both induction
and dielectric heating. Almost every
product presents its own problems in
frequency, power, coil and plate design.
Much experimental work has heen done
in the Westinghouse lahoratory recent-
lv in order to explore various war and
post-war uses of this new branch of the
industry
Present methods for manufacturing
holiow propelier blades for airplanes
require a copper or copper-alloy fillet
in the leading and trailing cdges to
alleviate sharp corners in these regions.
Welding on the outside edge is not suf-
ficient to hold the two pieces together
and it is, of course, impossible to weld
along the inside edge. \With induction
brazing (sec Fig. I). beads of brazing
[Continned on page 12]

FREE We've a copy of Turner's new Microphone
Catalog for YOU. Write for yours NOW,

Crystals Licensed Under Patents _
of the Brush Development Co. [ o -

The TURNER Company =
Pioneers in the Communications Field |

CEDAR RAPIDS, IOWA, U.S.A.

Fig. 1. Induction brazing a fillet

10 FEBRUARY, 1944 * [rADIO]
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“Nothing Like Being Rugged, Eh Kid?”’

QOur mechanized
. Army must have
k" brains, but brawn still
~ counts. The big fellow

wrestling interminably with 155 millimeter

shells serves his greedy howitzer with the
broad back developed by endless months
of bone-tiring drill.

¢« It it cannot take the jolts, vibrations,
concussions, and extreme atmospheric
variations of mechanized global war, the
best electronic fighting equipment in the
world is useless. Hearts of this combat
equipment — electronic tubes — have two
strikes against them from the start. Inher-
ently delicate cmd‘ fragile by nature, still

they must be as rugged as the men who
depend upon them.

Bump, vibration, immersion, life, and
other punishing tests prove the mettle of
Hytron tubes before they leave the fac-
tory. More important still, results of
these tests form the basis for continual im-
provements in construction and process-
ing. Throughout manufacture —in stem,
mount, sealing-in, exhaust, aging, basing,
and test departments — engineers, fore-
men, and skilled operators are cease-
lessly striving to achieve in Hytron tubes
not only the tops in electronic perform-
ance, but also the peak of dependable
stamina which combat demands.

BUY
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TECHNICANA
[Continued from page 10]
material are laid along the inner edge.
The propeller is then moved edgewise
E through the output coil of an oscillator

and the beads are fused—this securely

D RY A I R PU M P binds the edges together. This work

5 ) . . has been done with a torch but it takes
for Economical Dehydration of Air much longer. It requires greater skill

for filling Coaxial Cables and results in greater warpage of the
blades.

Oil-well drill bits must be tough since
they bore their way through solid rock
The tougher they are the longer they
can stay on the job down in the earth.
Each time they are brought up for re.
placement they are raised laboriously
perhaps thousands of feet. Drill bits
get their toughness from a layer of
tungsten carbide deposited on the teeth

This easily operated hand pump quickly and effi.
ciently dehydrates air wherever dry air is required.
One simple stroke of this pump gives an output of
about 23 cubic inches. It dries about 170 cubic feet
of free air (intermittent operation), reducing an
average humidity of 60% 10 an average humidity of
10%. The transparent main barrel comes full:
equipped with one pound of air drying chemical.
Inexpensive refills are available.

The Andrew Dry Air Pump is ideal for maintaining under high heat. Common practice
moisture-free coaxial cables in addition to having a utilizes a torch for this work. The op
multitude of other applications. erator laboriously and slowly carbides

Catalog desciibing coaxial cables and accessories free each of the 20 teeth, one at a time.

on request. Write for informaution on ANTENNAS
and TUNING and PHASING EQUIPMENT.

ANDREW co. | |

363 EAST 75th ST, CHICAGO 19, ILL. |

Fig. 2. Hardening a rock bit in an ex-
perimental induction furnace

Experiments in the high-frequency lab-
oratory indicate that the whole bit can
be carbided by a patented process in a
{ few seconds by passing the toothed cut-
&T ter into the field of a high-frequency

———

SECRET
FINISHING
MECHANISM

oscillator (see Fig. 2). The carbide
particles are held in place by an ad-
hesive coating until they merge with

o the steel base. .The new method heats
) ‘«:..q all 20 teeth uniformly and cuts down
7 | the time required for the process. The
sToKER 3 s - operation can be high-speed and semi-
s < e automatic using unskilled operators.
% 1SS 2 o = o Protective gas atmospheres can be used
. : 1 to improve quality of the carbide sur-
face.

¥ NO FOOLIN', THIS IS'NT OUR METHOD BUT OURS /S
COMPLETELY AUTOMATIC, ELECTRONICALLY CONTROLLED
ANO TESTED AT EVERY STEP,

DX CRYSTAL CO.

GENERAL OFFICES: 1841 w. CARROLL AVE., CHICAGO, ILL., U.5:A.

Induction heating is ideally suited
for soldering applications. For exam
ple, a terminal connector for a fighter
plane has thirty wires soldered to it.

| This job, done by hand, one wire at a
time, requires about fifteen minutes. In

| fifteen seconds induction heating
[Continned on page 14]

“the heort of @ good momminer’

[ 4T
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THE FORMICA

The Greeks had no word for it and neither do we., more’s the pity. Let’s
coin a word and a definition by starting with Webster's definition of
research—"diligent protracted investigation, especially for the purpose
of adding to the sum of human knowledge.”

Now let's add. “More especially creation of new substances and dis-
covery of special services they can perform better than any previously
known substance”.

There* you have Formica research which has been going on more than
30 years through peace and war.

Formica laminated plastic has been created in various grades suitable
for many uses in many industries. Strength. lightness, easy machinability.
dielectric properties, acid and moisture resistance and stable dimensions
are characteristic properties which vary somewhat according to the
purpose of the grade.

Acquaint yourself with the past performance of Formica and its possi-
bilities for your new or improved peacetime product.

“The Formica Story” is a moving picture in color showing the qualities
of Formica, how it is made, how it is used. Available for meetings of
engineers and executives.

INSULATION CO.

4670 SPRING GROVE AVENUE

CINCINNATI 32, OHIO

* FEBRUARY, 1944
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Products of
“MERIT”

weand
Dine Radio Parts

. PARTS manufactured ex-
actly to the most precise
specifications.

Long manufacturers of com-
ponent radio parts, MERIT
entered the war program as
a complete, co-ordinated
manufacturlng unit of skilled
radio engmeers, experienced
precision workmen and
skilled operators with the
most modern equipment.

MERIT quickly established
its ability to understand
difficult requirements, quote
intelligently and produce in
guantity to the most exact-
ing specifications.

Transformers—Coils—Re-
actors— Electrical Windings
of All Types for the Radio
and Radar Trade and other
Electronic Applications.

Since 1924

MERIT COIL & TRANSFORMER CORP.

311 North Desplaines St. CHICAGO 6, ILL.

70:46,444 "z!a anz ?fecu'eaf 7«%@

Radio and Elecronic equipment operates most efficiently when
excess tube heat is dispelled. And this is where PILOT BLOWERS
enter the picture. Compact, efficient, quiet—these Blowers are avail-
able in five Standard sizes with output ranging from 49 to 162
C.F.M. Special Blowers with custom-built Pilot Fractional H.P.
Motors from 12 to 200 C.F.M. Write for detailed information

F. A. SMITH MFG. CO.,701 DAVIS ST., ROCHESTER 5,N.Y.

MADE BY THE MAKERS OF THE FAMOUS PII.OT FRACTIONAI. H.P. MOTORS
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TECHNICANA
Continwed from page 12

solders all connections at one time leav-
ing all joints clean and uniform.

The induction process for flowing tin
on tin plate to obtain a bright surface
is now well known. Using the same
principle, experiments were carried out
applying induction heating to a new
kind of plastic made in large sheets.

wo surfaces are required to he abso.
lutely smooth—previously this had been
accomplished by heating the surface
between two steam-heated platens. With
high-frequency heating, it appears that
by using thinner platens and about 200
kilocycles, the job can be done much
more quickly. Delays required for heat-
ing and tooling the thick steam platens
will, of course, be eliminated.

Much research work has dealt with
the application of high frequencies to
objects that are insulators—such usage
is termed dielectric heating. In the
future, dielectric heating may play an
important role in curing plastics and in
drying synthetic binders used for mak-
ing large sheets of multi-ply plywood.
Westinghouse engineers are at work on
the problem of obtaining uniform volt-
age stresses over the large areas in-
volved.

UNDERWATER TELEPHONE LINE

#* Unwilling to wait for the arrival of
regular submarine telephone wire dur-
ing the desperate fighting for Munda in
Tuly of last year, a Signal Corps detach-
ment laid an underwater telephone line
from Corps headquarters on Rendova
Island to two divisions on the mainland
with Spiral 4 cable. This cable is made
to be used on land. This marked the
first time its use for underwater com-
munications has been reported.

Spiral 4 cable ordinarily is used by
Signal men to establish semi-permanent
wire channels to the front lines. It is
utilized with carrier equipment and fur-
nishes a number of voice and telegraph
circuits to division and regimental com-
mand posts. It was used with great suc-
cess in the North African and Sicilian
campaigns and is playing its part in
furnishing vital communications to the
troops now fighting in Italy.

RADIO DISPATCHING

* William J. Halligan, President of the
Hallicrafters Company, manufacturers
of short-wave and ship-to-shore radio
telephone equipment, expressed pleasure
that the nation’s railroads had asked
for immediate examination of public-
safety possibilities in the proposed use

of radio telephones on moving trains.
Passengers who have ridden on trains
equipped with broadcast receivers are
[Continued on page 56
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TEAM MATES

THAT MAKE ELECTRONS

*GO TO TOWN”

ERE are two partners that have taken the “impos-
H sible” out of hundreds of wartime control prob-
lems. One is the electronic tube in its infinite variety of
types and applications. The other is Automatic Electric
control apparatus—the relays, stepping switches and
other devices which serve as “muscles” for the miracles
of electronic science. Together, they are helping to
speed new electronic ideas through the laboratory
and put them to practical use on the production line
and on the fighting fronts.

Automatic Electric field engineers are working daily

elnys

AND OTHER CO‘NTROL DEVICES

AUTOMATIC
ELECTRIC

— |

with the makers of electronic devices of every kind,
offering time-saving suggestions for the selection of
the right control apparatus for each job, and extending
the benefit of the technique which comes from fifty
years of experience in electrical control applications.

Let us pool our knowledge with yours. First step is
to get a copy of the Automatic Electric catalog on con-
trol devices. Then, if you would like competent help
in selecting the right combination for your needs,
call in our field engineer. His recommendations will
save you time and money.

|

|
AUTOMATIC ELECTRIC SALES CORPORATION
1033 West Van Buren Street
Chicago 7, llinois

In Canada: Automatic Electric (Canada) Limited, Toronto

MUSCLES FUR-}‘."“T: THE MIRACLES OF ELECTRONICS
=g

\
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VAT

Ay Cat » oy Frequency

Meck skill and precision are performance-
proved. Meck experience is proved by our
completely diversified selection of crystals in
a wide range of types—silver-plated, too.
Our Special Crystal Service Division is today
prepared to meet exacfing requirements to

any specifications on short notice.

For your urgent
needs, either large

or small, phore

FLYMOUTE (INDIANA) 33

S T PR : T
Sl s R e y a.,:
p o , ,‘ d’ MUSIC AND VOE' l
135 == t
Sagy ) N L
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Book Reviews

THE TECHNIQUE OF RADIO DE-
SIGN, by E. E. Zepler. Published by John
Wiley and Sons, Inc.,, New York, N. Y.
312 pages. Price $3.50.

Here is a practical book which cov-
ers radio circuit design from the view-
point of the laboratory engineer. Dr.
Zepler was formerly head of the Re-
ceiver Development department at
Telefunken and also a Marconi re-
scarch engineer. With this broad
background he is able to present a
common-sense approach in discussing
circuit design problems and to point
out pitfalls which are seldom, if ever,
covered in general texts. As the au-
thor states, this is the principal aim of
his book.

Throughout the book the author is
careful to include such items as fac-
tors of safety and relative magnitudes
in design work. This makes the book
especially valuable to those engineers
who lack broad experience in design
work, and even those who are expe-
rienced can gain much from the prac-
tical points discussed.

We must, however, take exception to
one minor point: On page 54, it is
stated that the leakage resistance of
an 0.1 pf wax-impregnated capacitor is
between 5 and 50 megohms. If capaci-
tors of European manufacture are that
bad, American manufacturers of such
items need have no fear of European
competition in post-war markets.

J.H.P.
*

MANUAL FOR ON-THE-JOB IN-
STRUCTION OF SCREW MACHINE
PERSONNEL. Published by National
Screw Machine Products Association,
13210 Shaker Square, Cleveland 20, Ohio.
107 pages. Price $2.00.

This Manual represents the culmina-
tion of two years’ intensive work by
the Association on manpower prob-
lems. It presents easily understood in-
structional material in a highly original
manner and covers all types of multiple
spindle automatics, as well as cross-
indexing the Brown and Sharpe 14-
booklet series to the Association’s sug-
gested training method. In addition to
functional machine operation, the Man-
ual includes extensive data on grinding
and setting tools, and comprehensive
Trouble Charts.

The Association’s approach repre-
sents a return to the highly successful
pre-war method of training — instruc-
tion on the job and at the machine.

[RADIO]. *
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By using this Manual as a standard,
operators who act as teachers will not
overlook some small step which may
later cause trouble. Further, the use
of this book should aid greatly in
speedily reducing the shortage of
skilled screw-machine personnel.

*

TIME BASES, by O. S. Puckle, Pub-
lished by John Wiley and Sons, Inc., New
York, N. Y. 204 pages. Price $2.75.

This is an authoritative discussion
of the design and development of scan-
ning generators, a subject in which the
author specializes.

Among others, trigger circuits,
blocking oscillators, inductive, polar
co-ordinate, multiple and velocity-
modulated time bases are thoroughly
covered.

The latter portion of the book is de-
voted to a series of seven appendices
and a bibliography. In this section are
discussions of the cathode ray tube, in
which a wide range of topics concern-
ing the tube are dealt with clearly and
concisely.- Other appendices cover dif-
ferentiating and integrating circuits,
square wave generation, gas-discharge

time bases and other pertinent subjects
of interest.

The information given in this book
will be found invaluable to anyone in-
terested in sweep circuits. J. H. P,

*

FUNDAMENTALS OF TELEPHONY,
by Arthur L. Albert. Published by Mc-
Graw-Hill Book Co., Inc., New York, N.
Y. 374 pages. Price $3.25.

This elementary book, intended for
beginning students and for telephone
workers, is devoted exclusively to tele-
phone communication. The principles
of electricity and acoustics upon which
telephone practices are based are pre-
sented in the first four chapters. These
are followed by chapters on telephone
transmitters and receivers, telephone
sets, manual and dial telephone sys-
tems, transmission circuits, interfer-
ence, and measurements. The last
chapter, on repeater and carrier sys-
tems, includes a brief discussion of
vacuum tube theory and applications in
telephone systems.

The review questions and problems
following the chapters add to its value
as a text for home study or class-room
work, for which it seems exceptionally
well adapted.

ga ote4

Post-War Distribution

* Theories being advanced about the
elimination of the middlemen in post-
war days are impractical. The radio
parts jobber will be essential to dis-
tribution ; for providing the service and
stock-carrying facilities that the mid-
dlemen offer.

These functions unquestionably add
to the convenience and speed with
which the public is served. Should the
huge corporations succeed in eliminat-
ing the jobber, their costs of distribu-
tion will more than make up for the
amount necessarily paid the middleman
because the jobber has the smallest
overhead.

John Meck, of John Meck Industries.

New Product Plans

* A total of 58 per cent of all com-
panies interviewed in a recent survey
are planning to bring out some kind of
new product. The companies which

1944
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have no new products in mind, most
prevalent in the automobile, office
equipment and aviation industry
groups, feel that their biggest oppor-
tunity is to concentrate on the prod-
ucts they have now. Tire and rub-
ber, paper and paper products, and
the miscellaneous group have the high-
est percentage of companies reporting
a new product. New products are
planned by 56 per cent in the radio and
phonograph industry.

Commercial Research Division, The
Curtis Publishing Co.

Television Frequencies

* During the present war, scientists
have uncovered a wealth of informa-
tion about higher frequencies. This
has led many to the belief that all tele-
vision problems can be solved at these
high frequencies since many broad
channels would be available. However,

[Continued on page 59}
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Aluminum Electrolytic Condensers:

P.

* The aluminum electrolytic condenser
derives its name from the fact that it
comprises an aluminum anode which
has been subjected to voltage in an
electrolytic cell. \When a d-c voltage
is applied to such a cell, the surface of
the aluminum is electrolytically oxi
dized. This process is usually referred
to as “formation.”?

Therc is a very large amount of data
on aluminum eclectrolytic condensers in
the literature, and much of it conflict-
ing. The fundamental reason for this
is, of course, that the clectrolytic oxida-
tion of aluminum is irreversible. Once
the process starts and an oxide film is
formed, then, while we can measure
the current and the original electrode
arca, we no longer know the electrode
area exposed to the electrolyte, and
hence the term “current density” has
only statistical significance. In turn,
effects which are functions of current
density, such as overvoltage, composi-

* This article is based on a paper pre-
sented at the Eighty-Third General Meet-
ing of The Electrochemical Society and is
published with the permission of the au-
thors, through the courtesy of The Elec-
trochemical Society

! Guntherschulze, Z. Physik. Chem, 143,
62 (1929).

? Van Geel, Physica (Nederland. Tijdsch.
Natuurkunde) 1, 989 (1934).

Fig, 1. Equivalent circuit of an
electrolytic condenser

[RADIO] *
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ROBINSON and |. BURNHAM

An authoritative treatment of the design, structure, and operating

characteristics of electrolytic condensers

tion of the anolyte, have no definite
significance. In addition, not only are
the kind and number of impurities in
the original aluminum anode important,
but their distribution in the metal sur-
face is also important. However, from
the mass of conflicting data, a few
facts and definitions cmerge,

The thickness of the oxide film
formed is a lincar function of the volt-
age applied and is of the order of 104
cm. thick,? for 1.000 v. This extremely
thin diclectric film accounts for the
high capacities per unit of plate area
obtained in clectrolytic condensers.

In practice, the capacity per unit
area is further increased by preliminary
etching of the surface of the aluminum
plate. This is the origin of the desig-
nation “etched-plate” and “plain-plate”
condensers. The relative increase in
surface obtained by etching is measured
in terms of the “ratio” of the capacity
of the ctched plate to that of the plain
when oxidized to the same d-c poten
tial.

The clectrical quality of the oxide
film is determined by the maximum
“formation” voltage and the leakage
current per microfarad. A minimum
leakage is desirable, and the lowest
obtainable value depends on the chemi-
cal nature of the clectrolytic solution
in which it is formed. The maximum
obtainable voltage is similarly de
pendent on the solution, and may be
expressed as some inverse function of
the concentration of the solute

The rating of a condenser is usually
a (large) fraction of the voltage to
which the anode is formed. The voltage
overloads that it can withstand are lim-
ited by the latter. Since thus the volt-
age brecakdown of an electrolytic con
denser can be accurately controlled, it
is unnecessary to design it to take
“flash” voltages of two and three times
the rating, such as is the case in paper
condensers. Limiting the overload volt-
ages has the important advantage of
increasing the capacity per unit volume

1944
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relative to a condenser which is formed
at a high voltage.

“Wet” and “Dry” condensers are dif-
ferentiated by the kind of electrolytic
solution in which thcy operate. The
“wet” uses an aqueous clectrolyte and
the “dry” a non-aqueous electrolyte.
The “wet” condenser usually has rigid
clectrodes which are comparatively
widely separated. The “dry” condenser
usually employs thin flexible metal strip
clectrodes, with thin, porous separators
between them. This composite strip is
wound up on a mandrel into a compact
cylinder, and is subsequently impreg-
nated with the clectrolyte.

T
=4
G
|.J
=
=
2
o
A
[=]

Frequency characteristics of the equi-
valent circuit (Fig, 1) for ditferent
values of R.. The solid line in (A)
above, and (B) below, shows the re-
sulting curve when the resistivity of
the electrolyte is decreased with respect
to that represented by the dotted line
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Applications

The first large commercial use of
electrolytic condensers was in the filter
circuits of radio sets which derived
their plate voltage from rectified a.c.
The filters used for this purpose are
low-pass filters with a cut-off frequency
below that of the ripple frequency,
which usually is 60 or 120 cycles. The
early filters were itcrative networks
consisting of choke coils, and con-
densers of impregnated paper or mica
dielectric. With the advent of the elec-
trolytic condenser, which made possi-
ble large capacities in a small space
and at a low price, these circuits were
redesigned using progressively smaller
coils, fewer sections, and larger capaci-
ties until, in 1941, a typical filter circuit
consisted of two electrolytic condensers
and one resistor, with the coils no long-
er used. The utilization of aluminum
in this type of work is perhaps best
illustrated in the filter circuit of the
low-priced radios popular at that time.
These comprised 30 microfarads of 150
volts d-c rated condensers, which con-
sumed 2.2 grams of aluminum.

These condensers consisted of a
formed aluminum anode, a spacer im-
pregnated with electrolyte, and an un-
formed aluminum cathode. A con-
denser useful on a-c comprises two
formed aluminum electrodes with elec-
trolyte-saturated spacers between them.
Such a condenser was completely de-
scribed electrically in papers presented
before The Electrochemical Society in
1904 by Zimmerman,® but it was nearly
30 years later before they found wide
commercial use. They are used with
single - phase fractional horsepower
motors to provide essentially a two-
phase motor at the instant of starting.
The high starting torque so provided
met a large need in driving compres-
sors, pumps and hoists. Their use con-
tinued to expand up to the start of the
present war, largely at the expense of

Fig. 3A

polaroid discs (mag.—40), and B,

the repulsion-induction type of motor.

The Equivalent Circuit

An electrolytic condenser can, like
other electrical devices, be represented
by a number of equivalent circuits. Of
these the simplest and one which ad-
mits of the most straightforward physi-
cal interpretation is shown in Fig. I.
This R-C network is constituted as fol-
lows:

C, is the condenser with a dielectric
consisting of the oxide film, with the
anode as one armature plate, and an
imaginary conducting layer as the
other.

R, is substantially the leakage re-
sistance of the condenser.

C, is the condenser with a dielectric
consisting of paper saturated with elec-
trolyte, with the cathode as one plate
and the imaginary conductor of C, as
the other.

R, is substantially the resistivity of
the electrolyte.

The admittance of the network is
represented by the following expres-
sion:

1 o*Coo kT
V= — 4+ ——
R 14T

k
14— ..... 1
( * 1+w’T’) o

where the parameters in terms of the
circuit elements are:

- juCoo

R=R +R:
CiCs

Coo — 5
G+ G

(CiRi—C:Rs)?

C.iC: (Ri+Ry)?
(Cl+ Cz) Rl R:

(Ri+ Ry)

When, in this case of the electrolytic
condenser, actual values are assigned,

(left) Photomicrograph of translucent oxide film placed between crossed
(right), etched surface of aluminum foil by

reflected light (mag.—75)}
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these expressions can be reduced to
simpler forms. For purposes of anai-
ysis, it is desirable to retain the expres-
sion, Eq. (1), for a short time.

Accepting Eq. (1), the imaginary
part gives the effective capacity.

k
). 500000 2)
14-a'T?

Neglecting the effect of the leakage
resistance, R,, the real part of Eq. (1)
is the reciprocal of the equivalent series
resistance.

C(°)=C°°(1+

1 4 &T°
R(0)y—m—— ........ (3)
@’CokT
The dissipation factor.
Y (real) wkT
tan 6 — —_— (4)

Y (imaginary)  14-k+e'T
This expression can be maximized with
respect to frequency, where

Vi4-&
W= — e (5)
T
at which frequency,
tan § max — ——— ...... (6)

2V1+-k

In an electrolytic condenser the ratio
of C, to C, is about 10? and that of
R, to R, about 10%; it is thus possible
to simplify the above equations.

1f, then, taking R, to be small as
compared with R,; and C, small com-
pared with C,, then:

G Cs

Coo —
C:+C,
R=R+R 2 R
(C1Ry — C3Ry)*

Cs

= 2 CJCs
GiCs (Ri+R:)? —

. (Ci4-G3) RiR,

— - CI Rl
R, 4 R:

v

Then the equations may be rewrit-
ten, the asterisks denoting the approxi-
mation:

14 ’CY Ry
C*(w) =C( 1 4 ——-———)....(7)
Cy/Cs
1+0’C:’R”
@*C:R:?
0w C¥ R,

tan* § — ——— ———
C. - C+ @*C*CRy
VI+G/Cs

w* for max tan 8 — ——— .. (10)
IR’

Ci/Cs
tan* § max — ——

2VIFCJ/C

R*(w) =

(9

... D

3C. 1. Zimmerman, Trans. Electrochem.
Soc. 5, 147 (1904) ; 7, 309 (1905).
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From these equations, qualitative
predictions of the characteristics of an
electrolytic condenser can be made. Eq.
7, for the change of capacity with fre-
quency, is shown graphically in Fig. 24
and Eq. (8), for the change of dis-
sipation factor with frequency, is
shown in Fig. 2B.

For example, as we decrease the re-
sistivity of the electrolyte, keeping
everything else constant, the frequency
at which a power factor maximum oc-
curs moves to the lower frequency. At
frequencies below this, the power fac-
tor is decreased by lowering the re-
sistivity, but not linearly by any means.

When the ratio of C, to C, is
changed, for example, by decreasing
the forming voltage, or by etching the
anode, or by both, the maximum of the
dissipation factor is increased enor-
mously, but at frequencies well below
this point the change in power factor
may be and usually is quite small.

As the temperature is lowered, the
resistivity of the electrolyte increases
exponentially ; and the frequency char-
acteristic of capacity and dissipation
factor are translated toward the lower
frequency characteristic.

In the section which follows, these
predictions are qualitatively borne out.
For quantitative results, neglected vari-
ables must be taken into account. For
example, the polarization capacity of
the cathode usually is so large that it
can be neglected. The leakage resist-
ance of the film R, is far from constant
but is a function of the voltage. The
dielectric constant of the electrolyte
changes with temperature, and the di-
electric constant of the film to a much
lesser extent changes with temperature
and frequency. There are power losses
in the film itself.

Applying Faraday'’s Law

The formation of the oxide film is an
electrolytic process, and consequently
Faraday’s Law should be applicable.
One may, on the hasis of this law, cal-
culate the electrolytic efficiency of the
oxidation process, and at the same time,
from agreement or disagreement be-
tween the theoretical and experimental
results, formulate some idea of the
mechanism of electrolytic oxidation.

The experimental results were ob-
tained from the electrolytic oxidation
of high purity aluminum in an aqueous
boric acid solution of 120 g./L. at 90°C.
An clectrode of 161 cin.2 and weighing
6.0856 grams was used. The results are
shown below:

Weight of raw aluminum

electrode = 6.0856 g.
Weight of oxidized
electrode = 6.1018 ¢.

Weight gain = 16.2 mg.
Coulombs required to attain 550 volts
on the electrode = 168.

ADIO]. *
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Coulombs required to produce a leak-
age current of 0.031 milliamp./ecm.2 of
electrode surface = 36
Total coulombs to form = 204

The coulombs per gram of weight
gained is 12.6 x 108 and this is to be
compared with the theoretical value per
gram of 1/2 0, which is 12.1 x 103. The
close agreement indicates that the elec-
trode process involves essentially a de-
position of one gram equivalent of
oxygen for each Faraday. The electro-
lytic efficiency obtained is 95% which
is within the experimental error of the
1009% expected on the basis that the
clectrolytic oxidation proceeds without
evolution of oxygen (or any gas) at
the aluminum anode.

Oxide Film Structure

The crystalline structure of the thin
oxide film in the past has been supposed
to be essentially cubic.* We have found
that it is birefringent, consequently the
crystal must be of lower symmetry.
The birefringence is illustrated in the
microphotograph, Fig. 34, of the film
taken with transmitted light and placed
between crossed nicols.

The striking parallel between the
mosaic pattern and that of the grain
structure of the surface of the alumi-
num clectrode shown in Fig. 3B is un-
mistakable, and leaves no doubt that
the orientation of the Al,O; crystal is
determined by the crystal face which
the metal presents to the solution. This
result suggests further experiments on
single crystals to determine whether
different thicknesses of film are pro-
duced on different crystal faces at the
same oxidation voltage.

The birefringence raises a question
as to whether this crystalline form is
entirely new or whether it is identical

with one of the naturally occurring
forms of Al,O,.

Thick films are optically homoge-
neous. This and other properties, such
as the ability to adsorb dyes, etc., indi-
cate that the oxide is probably of an
amorphous nature.*

Breakdown Tests

The breakdown was investigated in
aqueous solutions of citric acid, and
boric acid mixed with ammonium bor-
ate. An aluminum electrode was formed
in a solution of citric acid of 1.53 g./L
of solution until the breakdown voltage
was reached. The leakage current was
then allowed to drop to 0.25 milli-
amp./sq. in. of surface. The breakdown
voltage was determined as a function
of pressure from the vapor pressure of
the solution at room temperature up to
1,200 mm. of Hg. The pressure was
controlled with a water pump below 1
atmosphere and air pressure introduced
above 1 atmosphere. The breakdown
voltage was found to increase almost
linearly with the pressure and is ex-
pressed approximately by the equation.

V =423 4 0064 P ..... .(12)
where V' = breakdown voltage
P = pressure in mm. Hg.

The breakdown voltage at zero pres-
sure is an extrapolated value.

Ammonium horate and boric acid
electrolytes follow the same general
Eq. (13).

P=Votal . ..........(13)

with the same value of “a” but a differ-
ent I/,. The change of resistance effec-
tively changes the magnitude of the
constant 17,

The breakdown changes only slightly
with temperature, so one cannot as-

Fig. 4. Variation in dissipation factor with voltage rating for plain and etched plate
dry electrolytic condensers at 25'C and 120 cycles
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sume that the resistance per se has any
physical significance in the breakdown
mechanism.

The increasing breakdown with pres-
sure indicates that at least part of the
voltage drop across the oxide film is
determined by presence of a gas layer
at the instant of breakdown. The fact
that the increment of breakdown is
nearly independent of electrolyte re-
sistance shows that the mechanism of
the breakdown is left unchanged. The
gas layer involved, however, is not
trapped in film pores as has been sup-
poseds because in thick films where
pores have been definitely observed
microscopically the breakdown voltages
in aqueous solutions are of a lower
order of magnitude.

The breakdown voltage increases
with increasing resistance according to
an exponential law.® For a range of
resistance between 200 and 1,200 ohms
in a mixed boric acid and ammonium
borate aqueous solution, the relation
betwecen the breakdown voltage and
the resistance of the solution is ex-
pressed approximately by Eq. (14)

InR = 53400171 (V-245) ...(14)
where R specific resistance in ohms/cm.
V breakdown voltage in volts

The main source of experimental
error lies in the determination of the

*E. T. Verwey, Z. Krist. Abt. A, 91,
317 (1935).

*A. Guntherschulze, Z. Physik Chem.
143, 62 (1929)

*A. Guntherschulze, Z. Physik 9, 197
(1922)
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Fig. 5. Change with temperature of power factor (x) and
capacity (dot) of dry electrolytic condensers as functions of

voltage rating
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voltage at which breakdown "occurs.
Another possible source of variation is
the method of oxidizing the electrode.
The electrodes used here were oxidized
to 550 volts in a boric acid solution at
90°C.

Above and below the limits of re-
sistance indicated, the curve of InR vs.
voltage deviates from linearity due to
complicating factors. At high resist-
ances the breakdown becomes so high
that it approaches the voltage to which
the electrode was oxidized, in which
case the electrode starts oxidizing to
higher voltages. At the very low re-
sistances the electrolyte begins to react
with the electrode surface and probably
polarization effects at the solution-
clectrode interface also interfere.

Design Factors

(a) Single Electrode Capacities. The
capacity of an electrolytic condenser
depends on the kind of cathode used.
This appears obvious to those who are
familiar with a-c electrolytic con-
densers. However, this is equally true
of d-c condensers, a fact which is not
thoroughly appreciated. This has been
overlooked probably because anode ca-
pacities are generally based on meas-
urements in aqueous solutions in which
the capacity of the cathode is generally
of a very large order of magnitude and
it is tacitly assumed to be infinite. This
capacity 1s purely a polarization capac-
ity.

In electrolytes of the “dry” type this
polarization capacity is very much
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smaller and can no longer be neglected.
For example, the polarization capacity
of a plain aluminum plate may be de-
rived from the absolute anode capacity
and comes out to be 16 microfarads per
sq. in., similarly a foil etched to its
maximum ratio gives 125 microfarads
per sq. in. in a glycol boric acid elec-
trolyte. From these two figures it may
be seen that the effective ratio of sur-
face area of etched to plain foil is
about 7.8.

These facts also indicate that the
equivalent circuit (Fig. 1) may be more
successfully applied to condensers of
the “dry” type.

(b) Effect of Ratio on Power Facior.
The power factor of electrolytic con-
densers is a function of the ratio of the
surface area per unit of gcometrical
area. This is illustrated in Fig. 4, where
the dissipation factor is shown as a
function of voltage rating. In this ex-
periment condensers with equal areas
of anode were made. Consequently the
capacities are different for each con-
denser and increase as the rating de-
creases. This means that the ratio of
the effective surface area to the geo-
metrical area increases in the same
way. For comparison, plain plate con-
densers are also shown on the same
graph (Fig. 4).

A similar change in power factor is
obtained if electrodes are oxidized to
the same voltage and the ratio is varied
by etching to different degrees. In this
case the power factor rises almost
linearly with the capacity per unit area.

[Continued on page 52]

VOLTAGE RATING

Fig. 6. Effect of temperature variation on impedance at 60
cycles of dry electrolytic condensers as a function of voltage

rating
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Multi-Range V-T Voltmeter

* Old as is the principle of the
vacuum-tube voltmeter, it has up until
recently enjoyed only a small portion
of the popularity which it so justly de-
serves. \What small usage it has en-
joyed has heen confined almost entirely
to the more serious communication lah-
oratories.

For some time past the writer has
had nced of means of stable r-f volt-
age measurements. In satisfying this
need he has had recourse to the differ-
ent vacuum-tube and electronic volt-
meters today available, not to mention
having devoted considerable time to a
perusal of the literature of the art.
The result of these investigations,
which for all practical purposes began
at the point of the performance to be
had from the better existing instru-
ments, is pictured, diagramed and de-
scribed herewith.

This new “vacuum-volts,” now avail-
able in commercial form, overcomes
the disadvantages of previous instru-

McMURDO SILVER
Vice Pres., Grenby Mfg. Co.

A line-operated instrument with ten linear a-¢c and d-c ranges from 1'%
to 300 volts, full scale, usable at UHF up to 300 mc

ments in a sufficiently adequate man-
ner in terms of laboratory and field
service use to be of interest. In order
to appreciate the improved perform-
ance of which it is capable, it seems
well to define what might be termed
the minimum requirements which such
an instrument mnst possess to he gen-
crally useful.

The principal benefit of the “vacuums-
volts” to most engineers is its presumed
high-impedance input. It may there-
fore be stated that the input impedance
should be as high as is commercially
practicable in long-time terms in order
that it may load to a minimum degree
the circuits to which it is to he applied.
[f it is to be useful in other than a
restricted field it should be usable upon

Fig. 1. Showing the ‘‘girder type’’ construction of the v-t voltmeter
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d.c. and likewise upon a.c. up to quite
high frequencies. Ideally it should
have no upper limit of frequency above
which it is not usable. This ideal is
unfortunately unobtainable today, and
a compromise must be effected as to
top-frequency limit. For general utility
300 mc seems a sensible compromise,
for it may be attained by conventional
circuit means discreetly employed.
That the limit should not be lower
seems inescapable, since frequencies up
to 300 mc will unquestionably be in
widespread use commercially after the
war and will therefore be of concern
to the average radio design laboratory,
and even to the average service man.

Range Requirements

Voltage ranges provided should be
enough so that recadings may be made
accurate to within a few percent on all
ranges. Top and bottom limits should
be such as to permit direct measure-
ment of single-stage, as well as mul-
tiple-stage receiver gains. The same
should be true for low and medium-
power transmitters and audio systems.
In practice this means the ability to
read accurately down to around one-
tenth of a volt, and on up to receiver
plate-supply voltages if the instrument
is to be sufficiently useful to justify
widespread use. To the service man,
who can ill afford investment in a mul-
tiplicity of instruments of partially du-
plicating functions, this is a significant
advantage.

Scale linearity should be such that
the very minimum of different meter
scales conventionally neceded to over-
come non-linearity be required, since
the greater the number of scales, the
greater the confusion in reading, es-
pecially today when design or service
time is “of the essence.”

Both short-period and long-time sta-
bility must approximate that of the in-
dicating meter alone, which forms an
essential part of the vacuum-tube volt-
meter. This requirement may be satis-
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fied through the somewhat cumbersome
device, in a necessarily portable instru-
ment, of gaseous tube or other plate-
supply voltage regulators, through the
use of battery plate-supply, or through
a dual-triode, balanced d-c voltmeter
circuit if the latter be combined with
heavy individual degeneration. This
last combination provides not only sta-
bility versus line voltage variation, and
excellent re-trace characteristics, but
also the desirable operating feature of
requiring but a single zero adjustment
for all a-c or d-c voltage ranges.

Add to the above that quality of
component parts must be such not only
as to obviate failure, but high enough
to preserve the above summarized es-
sential operating characteristics
throughout the presumably indefinitely
long life of the instrument and the
picture is about complete. Add again
that construction must be rugged and
substantial for laboratory or field serv-
ice rigors, that the whole must be com-
pact and capable of correct operation
by the tyro and the sum-total require-
ments become just so stiff that, to the
writer’s knowledge, no such instru-
ment has been available up to now.

Design Details

It is believed that the instrument
herein described satisfies these require-
ments in full. Fig. I illustrates a pre-
production model with grey-enameled
metal cabinet removed to expose the
rigid, “girder type” of construction em-
ployed. The etched white -on - black
metal panel is sccurely fastened to two
cast aluminum frames, one at each end,
with the chassis plate sccured to hori-
zontal members of ecach end- frame.
This provides an unusually rigid struc-
ture practically free from the multi-
plicity of flexes and bends possible to
the usual pan chassis construction. It
additionally provides a protective
cradle to prevent damage through lean-
ing the assembly upon any of its more
delicate components to support it when
out of the cabinet. Further, the open-
end frames and rear skirt permit great-
er accessibility. Still another advan-
tage is that the panel need not be
crowded with a number of screws to
fasten the unit into its cabinet—it is
positioned therein by the cradle con-
struction, and held in place by two
thumb screws tapped into the end-
frames through the rear of the cabinet.
In the model illustrated, neither the
meter scale nor the probe for r-f meas-
urements are ‘“final.” The former is
illustrated in Fig. 2, while the latter
is of plastic with two probe tips, one
“ground” and one “hot,” for most con-
venient use.

To the engineer familiar with the
non-linearity of usual vacuum-tube
voltmeter scales, Fig. 2 should prove
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Fig. 2. The meter scale for the v-t voltmeter

refreshing. It is reproduced to show
the order of linearity which may be at-
tained through modern design. It will
be noted that of the five a-c and five
d-c voltage ranges of the instrument,
the slope of nine out of the ten total
ranges is identical, and hence they re-
quire but a single properly numbered
scale. Only one out of the ten ranges,
the 1Y5-volt a-c range, departs from
this linearity, and so requires a sep-
arate scale due to slight crowding at
its lower end. Tt is felt that this order
of linearity in ranges starting as low
as 114 volts and ranging up to 300 volts
full scale may well serve as a criterion
of excellence for future designs.

Fig. 3, the complete schematic dia-
gram with values of individual com-
ponents given, should convey sufficient
information so that the interested en-
gineer may build an equivalent instrn-
ment for himself. Within the dotted
lines at the upper left is the circuit
of the a-c measurement probe. Tor
low-frequency a-c work, up to 10,000
cycles or more, the probe is inserted
through an aperture in the left side of
the cabinet so that its two prods cor-
rectly engage two matching jacks with-
in the instrument. So arranged, a-c
voltages to be measured are applied to
the panel jacks labeled “AC” and
“COM. GND.”

For use at radio frequencics, where
the inductance and capacitance of in-
terconnecting leads are deleterions, the
probe is removed, and at the end of its
3-ft. flexible shielded cable, has its
prods applied directly to the circuit
providing the voltage to be measured.
This ecliminates the cffects of usual
connecting leads, and allows measure-
ments to be made up to above 300
megacycles. This figure has been cs-
tablished, largely arbitrarily, as the
upper limit of measurement in terms
of frequency. This is because, though
the probe resonance is close to 600 mc
with probe prods shorted at their bases,
shunt capacitance becomes an increas-
ingly serious factor as frequency is in-
creased. The separate cathode - plate
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capacitance of the type 9006 diode, as
well as its cathode-heater capacitance
add their individual values of 1.4 and
2.2 ppf respectively to yield a basic
shunt input capacitance of 3.6 ppuf.
This is negligibly diminished by the 500
puf series d-c 1solating input capacitor.
It is increased to about double the act-
ual tube capacitances by the “strays”
associated with the necessary wiring,
socket and diode load resistor. But
even allowing a total of 7 puf input
capacitance shunting the diode itself
and the 4-megohm load resistor, the in-
put impedance is well above 1 megohm
at 1 me, falling to approximately 10,-
000 ohms at 300 megacycles by virtue
of the combination of resonance and
transit time effects.

Input Impedance

To the uninitiated this figure of only
10,000 ohms input impedance at 300 mc
looks undesirably low. In a broad, gen-
eral sense, this view is correct. In a
practical sense, it has little application,
for as frequency increases the effec-
tive tuned circuit impedances which
may be produced today diminish very
rapidly. In any event, the input resis-
tance presented by this instrument at
any frequency up to 300 mc has not
been found so low as to destroy its
utility, while the effective 10,000-ohm
input resistance is believed to be sig-
nificantly higher than has been here-
tofore commercially available.

In the range of 1 mc, where the in-
put resistance is above 1 megohm, the
experience of any engineer tells him
that there are few circuits to be en-
countered in r-f amplifiers, receiver or
transmitter, the bhehavior of which is
materially altered by the addition of a
1-megohm shunt resistor. Input capa-
citance is another matter, and in re-
ceivers at least, trimmer capacitors
must usually be readjusted when any
r-f circuit is shunted by 7 puf to com-
pensate for the temporarily added
capacitance.

The d-c input resistor is 23 megohms.
This resistor might be omitted in either

1944 * [rADIO
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a-c or d-c operation, but is intention
ally included in preference to allow-
ing the measurement triode grid to
float during d-c operation until it is
connected to a closed-circuit voltage
source. There are few d-c mecasure-
ments which an input resistance of 23
megohms can seriously affect, while the
climination of this resistor, leaving a
floating grid as the test prod was
moved about, would tend to kick the
meter off scale—not good for any
meter, no matter how well protected
or how carefully used. Nevertheless,
if the user wishes, the d-c input resis-
tance may be made infinite by discon-
necting the upper end of the 23-meg-
ohm resistor from circuit.

The a-c probe scen in dotted lines in
Fig. 3 is switched out of circuit in d-c
measurements by switching S1a, ganged
to the same knob with S1b and Slc.
The functions of S1b and SIc will be
considered later. The sole function of
the probe is to rectify unknown a-c
voltages to produce d-c voltages which
may be measured by the “vacuum
volts” itself. The vacuum tube volt-
meter proper consists of the 6SN7GT
dual triode vacuum tube, the 454” d-c
milliammeter of 1-ma full scale range,
the power supply at the lower right
and the resistors and switches imme
diately below the 6SN7GT in Fig. 3
This particular combination is the
secret of the exceptional stability of
the instrument

1.0 MEG., % ™.

ac. 0—C=

Hi.

Fig. 3. Schematic diagram of the complete
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Starting with the power supply, the
small transformer at T1, feeds a full-
wave 5Y3GT rectifier tube to develop
a total of 300 volts d-c, approximately,
across the load-bleeder resistors of 50,
10 and 40 kilohms shunting the two
8-uf, 400-volt plug-in dry electrolytic
filter capacitors. In each cathode re:
turn is a 50-kilohm resistor operating
to provide very heavy inverse feedback.
The self-bias developed across these
resistors 1s so great that satisfactory
performance may not be had from the
6SN7GT if input voltage is applied be
tween grid and B—, in the conven
tional manner. The excessive grid
bias so developed is offset for measure-
ment purposes by the opposing volt
age of 142 volts, approximately, de-
veloped across the lower portion of the
10-kilohm, and across the 40-kilohm
resistors between B— and ground.

The use of this inverse feedback,
coupled with the two balanced triodes
of the 6SN7GT, minimize greatly de-
viations in voltage readings despite ap-
preciable variations in a-c line voltage.

This arrangement permits connect
ing the meter itself between the two
triode cathodes, where it registers dif-
ferences in cathode current caused by
applied voltages, and where it is quite
safe from damaging overloads.

Voltage Ranges

Voltage ranges corresponding to the
meter scale calibration accurate to =+
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29 of full scale, are basically selected
for a-c or d-c by switch S1b, and for
individual a-c or d-c ranges by switches
S2a and S2b. These switches select in-
dividually hand-adjusted (and, for
service, adjustable) wire-wound range-
multiplying resistors, all of which are
intimately associated with S2a¢ and
S$2b in Fig. 3.

Reestablishment of meter calibration,
should it ever be nccessary, may be
effected by applying known voltages
equal to each full-scale range, and then
simply setting the individual multiplier
resistors with a screw-driver to give
correct recading. This is about as simple
as setting the mechanical zero on the
conventional meter.

A very important point not so far
mentioned is the matter of contact po
tential generated by the 9006 probe di
ode. This is a finite voltage which will
operate to upset meter calibration un
less it is compensated for. Compensa
tion is provided by the duplicate 9006
diode at the upper right of Fig. 3 ar
ranged to supply a contact potential
made equal by proper adjustment of its
10-megohm load resistor to that de-
veloped by the mecasurement probe
diode. This balancing potential is fed
in a-c operation only to the grid of the
right, or balancing triode of the
6SN7GT which grid is grounded in d-¢
operation.

This shift from grounded grid for

[Continued on page 54

105-125 v,
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instrument
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Automatic Test

Recorder For Quartz Crystals

JOSEPH ANLAGE, Ergr

Fig. 2. Crystal test rack assembly

26

An improved instrument for automatically recording the characteristics

of BT and AT type crystals

* \Vith the advent of mass production
of quartz erystals and the need for
production apparatus to meet this de-
mand, new devices have been developed
to speed up and simplify the processing
of war-time quartz oscillator plates.
One of the most important functions
i the manufacture of crystals is the
final testing operation, where the con-
dition of the completed crystal unit is
revealed. Performance requirements
are ecstablished through spccifications
that may vary from one crystal type
to another and also in proposed appli.
cations where circuit conditions may
influence the calibration accuracy;
where temperature deviations may be
unusual and where mechanical rugged-
ness may be important. All these fac-
tors must range between tolerances
fixed by a specification for the manu
factured type of crystal unit. In this

article, apparatus designed to record
automatically the characteristics of BT
and AT type oscillator crystals will be
described. Previous equipment had cer-
tain deficiencies, mainly from the point
of view of

I. Number of crystal units accom-
modated for test initially.

2. Validity of manually
and recorded results.

3. Time required for a complete
test.

4. Uniformity of tests and proper
interpretation.

The test requirements for continuous
recordings will not be more conven
iently performed by any particular ap
paratus of this type but possibly equally
well by all of them, depending upon
the mechanical facility of each. The
production methods used are known as
intermittent recordings where the cir

oncrated

Fig. 1. Block diagram of complete test equipment

POWER SUPPLY RECORDING METERS FREQUENCY
FOR R.F. OSC. METER
AND 0-1 MA 0-5 MA Fo)
PULSE SYSTEM . . 0- 5000~
A -
‘SJt’rAZ’Z‘**‘ > q P—»o.c. GRID CURRENT
THERMOCOUPLE e e
== LEADE RECORDING
2 METER
0S
e = i
ok J
&3
= i AUDIO FREQUENCY BEAT OF
W
a5 QD> £ 2500~ + DEVIATION FROM
oY SWITCHING NOMINAL FREQUENCY
UNIT OF TEST CRYSTALS
CONTAINING
TEST CRYSTALS i
AND T.R.F.
THERMOCOUPLE DETECTOR
R.F.
COUPLING
CRYSTAL STANDARD # 2500~
FROM TEST CRYSTALS
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Fig. 4. Crystal switching unit

cuits arc excited in succession, by a
different crystal being switched into
play, at time intervals depending upon
the number of crystal units desired for
test in a given time to meet the aver-
age specification requirements. It may
be assumed that such a test will re
quire the erystal to exhibit an activity
of at least two-thirds its average maxi-
mum throughout a specified temper-
ature range, all other factors held con-
stant. Crystals may be exposed to tem-
peratures ranging from —50°C. to
+90° C. with a rate of temperature
change not exceeding 3 degrees per
minute. Characteristic measurements
must take place sufficiently accurately
and frequently to check crystal per
formance under the conditions stated.

The apparatus herein described will
accommodate 59 crystal units of the
same nominal frequency and type for
test as a group. A sixtieth contact po
sition is incorporated and contains a
thermocouple. During a sequence of
switching intermittently, this position
allows a break in the series of read
ings plotted that can be identified as a
rcference, marking the interval be-
tween the first and fiftv-ninth crystals.

Design

The general layout pictured in Fig. 1
will illustrate the mechanical design
and chassis arrangement. The elemen:
tal units that go to make up the final
test rack and associated equipment may
be identified from the photograph (Fig.
2) as follows:

1. Temperature recorder (“Micro-
max” Leeds Northrup.)

2. Dual strip recorder
Angus Mfg. Co.)

3. T-R-F receiver.

4. Frequency reccorder.

5. Pulse synchronizer
supply.

6. R-F crystal oscillator.

"

(Esterline

and power

FEBRUARY,

Associated equipment includes an
oven of sufhcient thermal capacity to
raise the temperature of the erystals
undergoing test to the required value.
This pre-heating is accomplished apart
and separate from the actual recording
equipment. At the beginning of record-
ing the crystals under test are at the
high-temperature limit of the test re-
quirement. This pre-heater consists of
an insulated closed circulating chamber
wherein air is warmed by passing
through temperature-regulated electric
heater elements. See Fig. 3.

A switching unit device designed to
hold 60 crystals of a particular type is
illustrated in Fig. 4. This double-
decked circular frame fits into a ther
mos jar of cquivalent proportions. Its

INLET ANC OUTLET PIPES

INSULATED —— THERMAL
JOVER - JAR

- PZIRFOIATED
SHEWVES

CRYSTALS —
IN CONTAINER
80x

fit is sufficiently tight to prevent appre-
ciable leakage to the room temperature
air, from the joint at the mouth of the
jar. Cold or warm air, as the case may
be, is circulated through the thermos
container by connections for intake and
cutlet sources, allowing a change in
ambient temperature to occur around
the crystals enclosed in the thermos
jar. On the top side of the switching
unit is a supporting socket for mount
ing the r-f oscjllator used in conjunc-
tion with the crystals under test. A
sixty-point rotary contact switch is
fitted to the lower circular crystal bank,
with the contact shaft centered through
the switching unit. The opposite end
of the contactor rod is actuated, a
single contact at a tine, by a solenoid
plunger connected to a ratchet type
gear mechanisi. This also appears on
ton of the switching unit, and obtains
ts operating current through a com-
men cable connecting the ascillator cir
cuit to the main recording rack.

In addition to solenoid current and

Fig. 5. In this crystal test rack the electronic temperature indicator unit is shown
at the top and the crystal oven at the side
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osgillator power connections, the d-c
grxd current developed by the crystals
1s coupled through the connecting cable
to record directly upon the strip re-
corder on the left-hand side of the
Esterline-Angus instrument.

Temperature Recorder

Temperature-indicating thermocouple
leads are run through the connecting
cable to the temperature-recording in-
strument. The source of the thermo-
couple lies in a place equivalent to
that of the crystals. It is highly im-
portant to have a mass presented to the
thermocouple equal to that encountered
at the quartz crystal plate itself, to re-
sult in an accurate set of values under
est of various temperatures. A con-
tinuous set of leads must be main-
tained, that is, no connections between
‘Fhe source and temperature recording
mstrument terminals may be contacted
with connecting sockets, etc. if ac.
curate transfers are to he maintained.
A copper-constantan pair of thermo-
couple leads are used with a “Micro-
max” recorder made by The Leeds
Northrup Company.

A second type of electronic temper-
ature indicator is used for recording
the temperature gradient of the test
chamber. Similar thermocouple con-
nections may be used as mentioned.
The electronic temperature indicator is
illustrated in the rack assembly (Fig. 5)
and indicates temperature directly upon
a temperature-calibrated milliammeter.

PLATE
VOLTAGE

FILAMENT

Fig. 6. R-F oscillator circuit

Local Crystal Oscillator

Connections from the rack power
supply furnish filament and plate po-
tentials for the operation of the r-f os-
cillator connected to the top side of
the switching unit and thermos cham-
ber. It is a conventional tuned-plate
oscillator circuit fitted with a plug-in
type of inductance which will allow
changes in frequency ranges as desired.
The tuning condenser and a 0-1 ma
milliammeter are mounted at the top of
the oscillator box to permit convenience
in tunnig. (See Fig. 6).

Fig. 7. The dual strip recorder. The meter on the left indicates oscillator grid cur-
rent (crystal activity) . The other meter records crystal frequency deviations
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To arrange the oscillator circuit for
proper oscillation during the interval
of test, a standard crystal is connected
to the circuit through a socket provided
at the side of the oscillator box. This
standard crystal is one that has its
nominal frequency carefully calibrated,
and so establishes the exact tuning for
the remaining crystals about to be
tested. The tuning is made with the
oscillator in place and proper load ob-
tained at the open crystal position. As
the beginning of the test is started at
a remote temperature, the frequency
calibration of the testing crystals has
deviated from their nominal frequency
calibration.

During the sequence of the test the
oscillator adjustment must remain un-
disturbed if accurate recordings are to
result. Insofar as practical, the oscil-
lator circuit is designed to be similar
to the particular equipment in which
the crystals will finally operate.

Dual Strip Recorders

Mounted in the recording rack
is a set of two recording instruments;
the left-hand milliammeter has an 0-1
ma movement while that on the right
is an 0-5 ma meter (Fig. 7). As in-
dicated previously the crystal grid
current is so adjusted that a direct in-
dication of the relative activity of the
crystal being tested is measured. The
0-5 ma meter records the frequency de-
viation of the crystals being tested
This is accomplished through current
excitation from a direct-reading fre-
quency meter.

Chart paper on both instruments is
fixed to track in an endless fashion
that is, the starting trace 1s again
marked when the paper length has
made a complete revolution and so syn-
chronized with the crystals being
switched into the circuit one at a time.
The repeat traces are directly over the
previous ones corresponding to the
same crystal every time. The chart
moves at a speed of 3 minutes per
revolution, its length being 18 inches.
During this movement, a telechron
clock arranged with a switching cam
pulses the switching unit contact arm
to a new position once every 3 sec-
onds. One of the three seconds applies
the solenoid current while the remain-
ing two allow for pen orientation and
for correction of drag. Pen response
is very good when ink and weight are
carefully considered. As illustrated
for any particular crystal, the devia-
tions that occur with time and temper-
ature are traced plus and minus the
starting trace. The limits are estab-
lished by specifications so that any
traces exceeding these limits are easily
observed.
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Frequency Meter

The frequency-meter application in
the crystal test apparatus serves as a
translator of small differences in audio
frequency from a rectifier beat note in-
put of a radio frequency detector.
These audio frequencies are plotted on
the 0-5 ma strip recording meter, dur-
ing a period of time determined by the
switching sequence of crystal units un-
der test. The chief advantages in the
application of this frequency meter to
its desired functions are its ability to
convert variations in frequency to cur-
rent values with excellent accuracy and
almost instantaneously. Another im-
portant requirement is sufficient output
to operate a recording instrument such
as the 0-5 ma recorder. The hetero-
dyne beat note to be measured is ap-
plied to the input circuit of the fre-
quency meter with an amplitude of at
least 0.2 volt. As this instrument op-
erates on the principle of voltage pulse
generation, its characteristic operation
maintains an average amplitude of op-
erating wave-shape independent of in-
put level, and frequency through proper
amplification in the frequency meter.
The voltage impulses are fed to an
RC differentiating circuit, the resultant
of which is rectified and coupled to the
recording instrument. Bias adjust-
ments and voltage stability are impor-
tant considerations, as well as careful
trimming of the frequency range cali-
bration in the RC network.

T-R-F Receiver

The heterodyne detector or t-r-f unit
(shown in the schematic diagram, Fig.
8) receives excitation from a link cou-
pling situated at the r-f oscillator. In
connection with the detector and built
upon the same chassis is a second crys-
tal oscillator circuit. This crystal oscil-
lator contains an external crystal hold-
er socket where may be plugged in a
standard frequency crystal. The pur-
pose of this standard crystal which is
ground with a frequency difference of
#2500 cycles from a nominal fre-
quency desired for test, is the establish-
ment of a heterodyne. The beat pro
duced is applied to the frequency meter
which in turn runs the 0-5 ma re-
corder.

Referring to a previous statement
to the effect that when adjustment is
made for the start of recording, a crys-
tal of nominal frequency is used for
adjustment of the r-f oscillator; simul-
taneously an adjustment of the trimmer
across the standard crystal will pro-
vide a frequency recording of 2.5 kc
on the strip recorder. It is easy to
realize now that any crystal being
tested that has deviated from nominal
frequency due to temperature or other-
wise will create a beat note, plus or
minus the established nominal value.
Being adjusted at a value of 2.5 ma
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for U cycles deviation a linear devia
tion of =+2.5 ma represents a fre-
quency change of +=2500 cycles. Head-
phones may be connected for an aural
adjustment when in the process of tun-
ing the detector.

Power Supply

In the power supply, a voltage source
for filament and plate potentials is
made available for the crystal r-f os-
cillator. An clectrically driven tele-
chron motor is connected mechanically
through a circular multipoint cam to a
micro switch which in turn supplics
power to an oxide rectifier, the output
of which actuates the solenoid switch
mechanism. The pulsing current is
timed for three-second intervals. With
18-inch chart lengths and 60 contact
positions in the switching unit, a paper
speed of 6 inches per minute will re-
sult in a series of 60 individual traces
per 3 minutes. This cycle repeats it-
self throughout a test run. The num-
ber of revolutions obviously depend-
ing upon rate of change of temper-
ature and length of temperature range
to be included.

All other units are made with self-
contained power supplies.

With each unit in complete adjust-
ment, the crystal test run should not
be interrupted for danger of upsetting
the synchronization of the rccordings
being traced as well as altering the rate
of change of temperature which must
be maintained at a uniform degree.
Time required for an average test con-

sistent with requirements as described
will be about two and one half hours
including adjustment.

While this equipment is ideal for
automatically testing crystal character-
istics, its use may be extended to in-
clude an adaptation to any other elec-
trical components required by specifi-
cation to meet electrical performance
tests under the conditions mentioned.

QUOTES

Physical Science

* Physical science can provide a tonic
for the ills of unemployment in the post-
war world. New products are resistant
to depression psychology, and experi-
ence has shown that they can be sold
when old products can’t. In this way,
physicists can contribute to the all-im-
portant job situation.

The screen-grid tube can be cited as
a yardstick for the value of new prod-
ucts. Radio receivers were made with-
out it, and could be now, but they would
require twice as many tubes and circuit
clements and would cost twice as much.
The American people spent 400 million
dollars for radio receivers in 1941,
Without screen-grid tubes, the cost
would have been double that value.
Hence the screen-grid tube saves the
public $400,000,000 a year.

Dr. A. W. Hull, assistant director of
the General Electric Research Labora-
tory, speaking as retiring president of
the American Physical Society.

=
=
ES
=
i

Fig. 8. Basic circuit of the heterodyne detector, or t-r-f, unit
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Loop Antenna Design

A. C. MATTHEWS

An analysis of the factors which enter into the design, construction,

and ultimate performance of loop antennas

* The energy in a radio wave is
equally divided between an clectro-
static component and a magnetic com-
ponent which are always at right
angles to cach other. A plane contain-
ing these lines of force represents a
wave front whose direction of travel
is always perpendicular to the plane as
shown in Fig. I. The direction of the
lines of force determines the polariza-
tion of the wave. Waves are normally
either vertically or horizontally po-
larized. A discussion of wave polariza-
tion is beyond the scope of this article,
except to point out that at low fre-
quencies the polarization of an antenna
is the same as that of the waves leav-
ing it. At high frequencies this is not
strictly true, since the wave usually
splits into several parts which follow
different paths, thus changing the
polarization from vertical or horizontal
to circular or elliptical.

The energy received from a wave by
an antenna will be greatest when the
polarization of the receiving and trans-
mitting antennas are the same; except
for high frequencies where the polari-
zation may change, as previously men-
tioned. Neglecting the electrostatic
component for the moment, it is evi-
dent then that a coil of wire placed in

Fig. 1. Direction of wave travel with
respect to its energy components
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the proper inductive relationship to the
magnetic lines of force will intercept
them and will serve as an antenna.

Loop Types

A loop antenna can consist of any
number of turns of wire and may be
in the shape of a circle, square or rec-
tangle. Tt can be wound in the form
of a solenoid, or flat with the turns
in a spiral. A diagram of a solenoid
type loop antenna is shown in Fig. 2.
The voltage induced in a loop antenna
when the wave is polarized in the plane
of the loop is

2aNA cos @
Er = N Em n

Where E; = voltage induced on loop, volts
N = number of turns in loop
1 — area of loop, square meters
Em = field strength, volts per meter
6 — angle between plane of loop
and direction of trans
mitted signal
A wavelength in meters

The maximum induced voltage will oc-
cur when ¢ 0 (cos § = 1) or when
the plane of the loop lies along the di-
rection of the transmitted wave. This
is illustrated in Fig. 34, where the
plane of the loop is shown to be parallel
to the direction of wave propagation
of a vertically polarized wave. For
simplicity we have shown two unequal
lines representing induced voltages of
slightly different phase due to the time
it requires the wave to travel from one
side of the loop to the other. Theo-
retically, no voltage is induced in the
horizontal arms. Since the voltages in
the vertical arms do not cancel each
other, they produce a voltage which
circulates a current around the loop.
In Fig. 3B, the loop is at right angles
to the oncoming wave. llere equal
voltages are induced in the two vertical
arms. These voltages being equal but
opposite in phase cancel each other, so
that no current flows in the loop. This
is not rigorously true because of
ground currents, as will be explained
later, however, it does serve to illus-
trate the action of a loop antenna.

FEBRUARY,
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Fig. 2. Diagram of solenoid type loop
antenna

Neglecting geometric shape there are
several types of loop antennas, namely:
high-impedance, low-impedance,
shielded and unshielded. Each has its
particular application, as will be
pointed out directly.

High-Impedance Loop

A high-impedance loop may consist
of as many as 70 turns of wire, de-
pending on the desired operating fre-
quency. It should be located as far
away as possible from metal objects,
in order to reduce losses due to eddy
currents. However, the leads between
the loop and the input of the receiver
should be kept short in order not to
introduce excessive losses due to lead
capacity. Long leads have inductance
as well as capacity, and obviously the
two in combination prevent the use of
a maximum number of turns in the
loop proper, thus reducing the signal
pickup. A compromise is therefore
necessary between the loop location
and lead length.

These factors alone are not all that
need be considered in the design of a
high-impedance loop. The large num-
ber of turns required increases the dis-
tributed capacity of the winding which
in turn decreases the () of the loop.
A high distributed capacitance plus
high - capacity connecting leads also
limits the tuneable frequency range of
the circuit. The frequency range is de
termined by the percent capacity
change in the circuit. This is shown
in Fig. 4 and equation (2) where C, =
circuit capacity (including distributed
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loop capacity, lead capacity, etc.), f; =
low - frequency end of range and
12 high frequency end of range.

G+ C
(fo/f:)? (2)
Then
C= G [(f/f1)? — 1] 3)
and
C
C, 4)

(f/h) — 1

From the above it can be appreciated
that the circuit capacity should be kept
to a minimum. As C, increases it is
necessary to use a larger tuning capaci-
tor to cover a given frequency range,
or assuming the tuning capacitor range
as being the highest practical value ob-
tainable, then to satisfy the equation
the frequency range would be de-
creased.

The voltage impressed on the grid
of an r-f amplifier or detector tube
when the loop is tuned to resonance by
a variable tuning condenser can be cal-
culated as follows:

At resonance —X Xy (5

The voltage across the capacitor or
coil is
{
E = — or wlL (6)

wC

Fig 4. High impedance loop circuit

Substituting for current in the coil
we have

E wl 7
R
We know that the Q or figure of
merit of an inductor is
wl
Q= 8)
R
Substituting Eq. (8) into Eq. (7)
we have

E=¢Q 9

This assumes that the radiation resis-
tance can be neglected, which is true
for most cases. Thus it is seen that
the voltage delivered to the grid of an
r-f amplifier or detector is equal to the

[RADIO]
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MINIMUM SIGNAL ([ B=80")

®

Fig. 3. Manner in which a loop antenna operates

voltage induced into the loop (¢) mul-
tiplied by the Q of the loop. It is desir-
able then to have as high a loop Q as
possible since the signal delivered to
the receiver input is directly propor-
tional to the Q. Also, the higher the
loop QO the better the signal-to-noise
ratio. This is particularly important
when the loop is to be used for direc-
tion-finding purposes, since a high noise
level makes the null point obscure and
very difficult to determine.

A high - impedance loop has certain
disadvantages which must be consid-
cred when selecting the type of loop
for a particular application. The most
serious disadvantage is its suscepti-
bility to moisture. The insulation must
be of the highest quality throughout,
otherwise moisture will increase the
distributed capacity and decrease the
leakage resistance across its terminals,
reducing its high Q and thercby its
effectiveness.

Another disadvantage occurs when
it is necessary, because of interfering
objects, to locate the loop at some spot
remote from the receiver. The long
connecting cable introduces additional
circuit capacity which effectively im-
pairs the performance. \When the loop
must be located within the radio cab-
inet, as in home radio receivers, the
presence of the metal chassis and the
wood cabinet appreciably reduces the
loop Q. llere, also, the effect of moist-
ure is noticeable. since most wood
cabinets are not waterproofed on the
inside and moisture is readily absorbed.
It is not uncommon for the QQ of the
loop to be reduced 50% or more when
mounted in a wood cabinet in close
proximity to the receiver chassis. Of
course, in many low-priced receivers,
particularly where size is an important
factor in the salability of the unit, it
is sometimes desirable to regain sen-
sitivity, lost through the reduction in
loop ), by increasing the i-f or r-f
amplifier gain. Under these conditions
a good null point is practically non-
existent, but this unfortunately is the
price one must pay when a high-im-
pedance loop is mounted within a small
cabinet in close proximity to the
chassis.
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Low-Impedance Loop

A low-impedance loop consists of
from 2 to 6 turns of large diamecter
wire (usually No. 10 B&S or litz
equivalent) wound in a circle, square
or rectangle. Since the inductive re-
actance is comparatively low, it is com-
monly known as a low-impedance loop.
As shown in Fig. 5 the loop may be
connected to the receiver by means of
a coaxial transmission line or cable.
Rubber diclectric may be used, since
the connection cable nced not be of
low-capacity construction.

The receiver input circuit consists
of a powdered iron core coupling or
matching transformer with its sec-
ondary tuned by a conventional vari-
able air tuning condenser. On the de-
sign of the coupling transformer de-
pends the performance of the low-
impedance loop. Without going into a
detailed mathematical analysis, which
would involve numerous engineering
approximations, an attempt will be
made to describe physically the design
of a typical coupling transformer.

Design of Transformer

The primary inductance should be
approximately cqual to the inductance
of the loop antenna and the primary
should be as high as possible. The
transformer can be made either with a
separate primary and secondary or as
an auto-transformer having a primary
tap for the loop. The winding should
consist of litz wire having from 7
strands of No. 40 to 45 strands of No.

Fig 5. Low impedance loop circuit
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41; the latter is about the maximum
size of commercially procurable litz.

The coupling between primary and
secondary should be made as high as
possible, or until the secondary Q starts
to decrease quite rapidly with increased
coupling. The coefficient of coupling
of a typical design averages approxi-
mately 85%. This is attained by the
use of high-quality powdered iron as
the core, with a minimum of spacing
between the core and the winding. The
winding may be concentrated by em-
ploying a universal-wound coil, as
shown in Fig. 6. Some designs make
use of cup shields made of the same
material as the core. This increases
the coupling somewhat at the expense
of added capacity and a slight loss of
Q. However, a shielded coil can be
located in close proximity to metal
parts without loss in (), whereas the
unshielded coil should be spaced at
least 174 times its diameter from the
metal chassis or other parts. This is
oftentimes a factor in the design of
small receivers.

Besides the coefficient of coupling
between primary and secondary and the
high Q of both windings, the ratio be-
tween primary and secondary react-
ances is important. Offhand this would
indicate that the greatest voltage gain
would be obtained by using a single-
turn loop and a very high ratio of
primary - to - secondary turns in the
coupling transformer. This is not
strictly true, because a one-turn loop
would have such a low reactance that
the characteristics of its connecting
cable could no longer be neglected.
Therefore a compromise must be
effected between the reactance of the
loop and the characteristics of the con-
necting transmission line. The loop
winding, as mentioned previously, is
usually made of No. 10 B& S gauge
solid wire or equivalent. The large size
was chosen for its low resistance, thus
improving the Q of the loop. Copper-
clad steel is often employed because of
its rigidity, since it is only necessary
to have sufficient copper over the steel
core to satisfy the equation for the skin
depth of r-f currents.

Briefly, the low-impedance loop has
the following advantages over the
high-impedance type. It is less sus-
ceptible to humidity effects, is not se-
riously affected as to Q when placed
near a metal chassis (except for di-
rectivity pattern), the mechanical con-
struction is more sturdy and the loop
does not necessarily have to be in-
stalled near the recciver input.

Directional Patterns

Two factors influence the directivity
pattern of a loop antenna. One is the
antenna effect caused by capacity be-
tween the loop and ground which
makes the loop act as a vertical an-
tenna. The magnitude of this effect
is determined by the physical dimen-
sions of the loop and is independent of
the position of the loop. The other fac-
tor influencing the directivity is depen-
dent on whether the loop is of the
solenoid or spiral-wound construction.
In the former the voltage developed in
one turn will differ slightly from that
in every other turn, since each is at a
slightly different distance from the sig-

Fig. 7. Field pattern of high-impedance
solenoid loop antenna

nal source. Because of the capacitance
between turns, a current will flow
across the loop which produces a volt-
age 90° out of phase with the current.
Since the loop is tuned to resonance,
the desired signal voltage and current
are in phase, so the resultant of the
two voltages produces a distorted field
pattern, as shown in Fig. 7.

PRIMA

INSUILATION

Fig. 6. Low-impedance loop coupling transformers
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Fig. 8. Cross-sectional view of shielded
low-impedance loop antenna

A spiral-wound loop will have a simi-
lar directivity pattern, part of which,
as in the solenoid type, is due to the
antenna cffect; the remainder, which
is in quadrature with the main loop
effect, is due to the winding pitch. The
smaller the number of turns, and the
closer the spacing between turns, the
less noticeable the effect.

These factors may be effectively
eliminated by the use of an electro-
static shield around the loop. This not
only solves the electrical problem but
also provides mechanical strength, sta-
bility and weather protection for the
unit. Fig. 8 shows a typical shielded
loop construction. The shield consists
of non-magnetic metallic tubing (pref-
erably aluminum) formed into a circle
with a break at the top. The circle is
completed by the insertion of insulating
material at the break, thereby pre-
venting the shield from becoming a
closed turn. The turns are spaced in
the center of the tube by means of in-
sulators and the shield is grounded.
Since the shield is not a closed circuit,
the magnetic field which produces a
voltage across the ends of the loop will
not produce any current flow in the
shield but will penetrate it and induce
a voltage on the loop conductors. How-
ever, the clectrostatic field will cause
currents to flow from each side of the
shield to ground. These currents in-
duce voltages in the loop in such a
manner that a current flow opposite
to that in the shield results. Since the
currents are nearly equal and flow in
opposite directions, they cancel each
other and do not produce a voltage
across the loop terminals. Further-
more, since the electrostatic voltage
producing these currents is within the
loop, no ground currents will be pro-
duced which will distort the field pat-
tern when the shield and one side of
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the loop are grounded. See Fig. 9 for
a typical pattern.

An additional advantage of the
shielded type loop is its noise-reducing
properties. As mentioned previously,
the desired signal has cqual magnetic
and electrostatic components, and since
the majority of noisc sources are
known to have a predominance of elec-
tric components their elimination by
means of an electrostatic shield greatly
reduces the noise pickup. Of course,
the shield does reduce the signal pick-
up slightly (approximately 3 db) due
to a reduction in the loop Q. This is
more noticeable in high-impedance loop
systems, since the overall circuit is
more affected because of the higher
initial loop Q. IHowever, this loss in
signal pickup can be easily regained
in the r-f or i-f amplifier.

For direction-finding applications it
is often undesirable to have a figure-
eight field pattern, which obviously has
two maximum and two minimum posi-
tions. This can be overcome very
easily by combining the signals derived
from the loop (in proper phase rela-

Fig. 9. Shielded low-impedance solen-
oid type loop antenna pattern

tionship, with a signal received on a
vertical antenna. The resultant field
pattern is a cardioid which has only
one maximum and one minimum, as
shown in Fig. 10.

Measuring Receivers

The most commonly used method of
measuring receivers employing a tuned
loop as the antenna is given in the In-
stitute of Radio Engineers *“Standards
on Radio Receivers: 1938.”

A transmitting loop is employed to
crecate a known inductive field into
which the loop or receiver is placed.
The field pattern of the transmitting
loop is shown in Fig. 11 under condi-
tions as set up for recciver measure-
ments. The inductive field is at right
angles to the radiation ficld, so the loop
being measured must bhe placed co-
axially to the transmitting loop. This
1s, of course, not true when greater dis-
tances separate the two antennas, since
the inductive field decays rapidly. The
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natural frequency of the transmitting
loop and its associated leads should be
several times that of the signal fre-
quency employed.

The relation between the current in
the transmitting loop and the equiva-
lent standard-antenna voltage can be
easily calculated from Eq. (1) as given
in the IRE Standards. Eq. (1) in the
IRE Standards when rewritten be-
comes,

1885 N2 1
x:

(10)

\Where E = ficld strength at the receiving
loop antenna (#v/m)
N — number of turns in the trans.
mitting loop
r = radius of transmitting
(centimeters)
I = current through transmitting
loop (milliamperes)
N distance between transmitting
and receiving loop (meters)

loop

From Eq. (10) we can rearrange and
evaluate the current, thus,

X!
l =
1885 Nr*

(11)

Assuming the transmitting loop to be
fixed as to size and turns and spaced
at a fixed distance from the receiving
loop, then the current is proportional
only to the field strength.

For convenience of operation it is
desirable to design the transmitting
loop such that the field strength can be
read directly from the test signal gen-
erator by dividing its output by 10.
Since most signal generators are ca-
pable of one volt output, this would
give us an equivalent field strength of
100,000 microvolts per meter for meas-
urement purposes. Such a field strength
is adequate for most cases.

The distance between loops should
not be too great, otherwise metal ob-
jects in the vicinity of the measuring
setup will affect the results. However,
the spacing should excced twice the
largest dimension of either loop, other-
wise an error will result. A choice of
one-half meter should be a satisfactory
value for most cases. However, where
loops have a dimension greater than 12
inches, the spacing should be increased.
Remember, the field strength is in-
versely proportional to the cube of the
distance, so it will no longer be one-
tenth of the signal generator output
voltage if the spacing is changed from
one-half meter.

Suppose the transmitting loop has a
radius of 10 centimeters and two turns
of quarter-inch copper tubing spaced
Y% inch comprise the coil. (This
would give us a fairly low reactance
for broadcast frequencies.) Substi-
tuting the chosen values in Eq. (11)
we have,
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Fig. 10. Pattern obtained from a loop
and vertical antenna combination

100,000 X 0.5°

= =331 ma (12)

1885 X 2 X 10°
Since our original intention was to use
a one volt r-f output from the signal
generator to give us 100,000 pv/m field
strength it will be necessary to put a
resistor of 302 ohms in series with the
transmitting loop to limit the current
to 3.31 ma. This resistor is high
enough in comparison with the loop re-
actance so that the latter has only a
negligible cffect on the impedance. The
output impedance of the signal gen-
erator should be low, otherwise the
loading effect of the resistor will in-
troduce an error in the mehsurements.
All measurements should be made with
the low-potential side of the transmit-
ting loop facing the receiver, in order
to minimize electrostatic coupling
effects. The receiving loop should re-
main in its cabinet together with the
chassis and any batteries employed,
since these will simulate normal oper-
ating conditions. This procedure should
also be adhered to when checking the
loop characteristics alone. Here we
are interested in the loop Q and its
figure of merit.

The figure of merit is obtained by
dividing the first grid sensitivity of the
receiver by the overall sensitivity with
the loop connected.

The Q is usually mcasured by the

[Continued on page 56]

REDI ATHON

Fig. 11. Field pattern of loop antenna
at a distance of less than one-tenth
wavelength
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Radio-Electronic

Design and Distribution Problems

* The purpose of this article is to an
alyze some of the problems which will
arise in the design and distribution of
industrial electronic devices. As the
engineer will bear the greatest portion
of responsibility for the execution of
this work it will be to his advantage
to understand some of the factors in-
volved. This holds true for both gen-
eral product design and distribution.
It was felt that rather than approach
the subject from a general viewpoint,
a much greater understanding of what
is involved could be obtained, if the
discussions centered on some specific
item, which would be typical of a wide

SAMUEL S. EGERT

Basic considerations which should be investigated before a product
design is undertaken, and the specific engineering features that are
affected by the general field of application of the device

variety of the equipment that will be
produced in the industrial electronic
field. The best item for this particu-
lar application that has come to the
writer’s attention, is the photocell re-
lay.

The photocell relay falls into the
category of an item which is usually
too inexpensive to sell through direct
channels, and at the same time too com-
plex to sell directly from a catalog,

without full technical data. As a mat-
ter of fact, in most cases, to complete
the sale, actual engineering services
are required.

Our discussion therefore, will be on
the type of product which should have
reasonably good production possibili-
ties, and which must be set up for dis-
tribution through an outside agency,
having the necessary technical person-
nel to complete the sale.

Packaging machines equipped with General Electric Co. photocell relays in plant of American Chicle Co.
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Product Design

The fundamental circuit of the
photocell relay is relatively simple, yet
the engineer has a difficult problem
confronting him when attempting to
design a unit which should have rea-
sonably good production possibilities
and which can easily be distributed.
Basically, there are two ways to de-
sign such a unit.

1—So that it will have universal usc
in a wide portion of industry.

2—So that it has specific use for a
patricular application that will have
good production and distribution pos-
sibilities.

In the design for universal use atten-
tion must be centered on physical re-
quirements such as ruggedness, under-
writer's acceptance, mounting facility,
appearance, etc. Electrically, careful
attention must be given to the type of
tubes employed, so that easy replace-
ment is assured; need for the ability
to vary the focal length of the beam
to take in a wide range of possible
uses; a good relay construction to in-
sure against possible overloads in the
output circuit, etc.

In the design of a photocell relay for
specific use the chief problem is to find
the application. Once a specific use
has been discovered, which has a mar-
ket that will allow reasonably good pro-
duction, the problem of the engincer
is more straightforward. All mechani.
cal and electrical ideas to be incorpo-
rated are designed for the specific ap.
p!ication, in accordance with good en
gineering practice.

It is intcresting to note that the
number of possible designs of photo-
cells in the specific application group
are unlimited, depending principally on
the ingenuity of the engineer to find
them. In much the same manner spe-
cific items for other fields, such as
electronic  heating, alarm circuits,
sound equipment, etc., also have the
same degree of possible distribution
and use, depending on the ability of the
engineer to find uses.

Distribution

Our two types of basic designs of
photocell relays; namely, (1) for uni-
versal use, and (2) for specific use,
also require different distribution meth-
ods.

In merchandising a photocell relay
for universal use a wide portion of
industry must be covered. Also, cach
problem for photocell relay application
will vary. Advertising publicity, liter-
ature and distribution houses must be
selected to attract and handle the va-
ried prohlems which will arise.

In merchandising a photocell relay
for specific use, the engineering prob-
lems and customer’s needs are known
factors, making the distribution prob-
lem much simpler.

*
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G. E. photocell relays controlling toothpaste-tube fillers in Bristol-Meyers plant

From distribution standpoint,
therefore, the photocell relay design
for specific use is the most desirable.
To a large extent this is one of the
basic problems in the industrial elec-
tronic field as a whole. If engineers
are able to create electronic devices
for specific use and merchandise them
properly, they will succeed in convert-
ing industry to the use of electronic
tools far more rapidly than by depend-
ing on industry to adapt general de-
signs to their own particular applica-
tions.

Distribution Agency

There are four qualifications re-
quired of a distribution house or agency
to distribute a line of photocell relays
properly. They call for (1) financial
responsibility, (2) ability to merchan-
dise the device, (3) ability to apply and
install the equipment, and (4) ability
to handle service problems.

The four qualifications are difficult
to find in one organization. Financial
responsibility usually ties in with the
ability to merchandise: while the abil-
ity to engineer and apply ties in more
with service. Necessity may require
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tying in a technical agency with a dis-
tribution house. The available supply
of technical men or organizations suit-
able for such work is pitifully small.
Below are some of the methods that
might be employed to accomplish the
purpose. No set rule can be adhered
to, as conditions will vary depending
on territory to be covered and the type
of outlets available.

1—Independent electronic industrial
consultants can be tied in with neigh-
boring distribution houses to supply
technical data.

2—Often an electronic specialist can
be employed directly by a good dis-
tribution house. This is the ideal com-
bination.

3—TIndcpendent engineering - minded
factory representatives can supply the
sales and engineering neceds for dis-
tribution.

4—Specialty engineering service ac-
counts acting as factory branch service
stations can be created in certain ter-
ritories to aid selling jobbers.

In the final analysis, however, the
most important function required at
the present time is the ability of a man

[Continued on page 52]
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Radio Design Worksheet

NO. 22—QUARTER-WAVE LINES; CONVERSION FORMULAE

QUARTER-WAVE LINES
The input impedance Z, looking into

4 q S
Z

2

where Z, is the characteristic im-
pedance of the line and Z, the termi-
nating impedance. (Fig. 1).

If the termination is open-circuited,
re, Z, o0, then

25 Z2/Z, 2,2/ o 0.,
i. e., the input to the lines has the same
effect as a short circuit. This, of
course, holds only for that frequency
or wavelength at which the line is one-
fourth wavelength long.

If the termination is a short circuit,
e, Z, 0, then

Z, Z.:2/Z, 22 0.
The input impedance of such a line has
the same effect as an open circuit. Act-
ually, due to line losses, etc., it has
about the same effect as a high-QQ anti-
resonant circuit.

FIG. 1

A quarter-wave line is often used as
an impedance transformer to match a
non-resonant transmission line to an
antenna. For this condition, let Z,
impedance of the antenna at the point
to which it 1s desired to connect a
transmission line, and let the impedance
of the non-resonant transmission line
be Z;. See Fig. 2.

To match both the line and the an-
tenna, as would a transformer of prop-
er ratio, we must have the quarter-

i LINE

- RESOMANT TRANSMI

OUARTER - WaWE LINE

=
o
=
=
o
o
T
\
E
=
|
L.
= |
=
T

NOM =RE NT COAXIAL LINE
TO TRANSMITTER

FIG. 3

wave line impedance Z, = \V/Z.Zy,
whence the input impedance to the
quarter-wave line will be

Z, Zz2/Z, Zo Z1/2,.

But Z, Z,, whence Z; Zyp, 1. e,
the impedance is matched both to the
antenna and to the non-resonant trans-
mission line.

An application of this is frequently
used to match a grounded half-wave
radiator to a coaxial line, as shown in

e L » 1 ¢ A
l‘ly. 3. 11115 15 UIC l1dllllllal ) 4lilttiidia.

C. R. Nelson

EXACT CONVERSION FORMULAE
FOR SERIES AND SHUNT
CIRCUITS

In certain types of nctwork prob-
lems it is desirable to convert an equiv-
alent series circuit to its equivalent
parallel circuit and vice versa. Certain
formulae are available which can be
used where the power factor of the
circuit is low, but these equations will
introduce appreciable error where the
power factor becomes large.

The following conversion cquations
are exact and can be used in all gen-
eral solutions both for RC and LC
circuits.

The foundation for these formulae
is that in the equivalent circuits shown
in Figs. 44 and 4B Z, Zy,.

From circuit theory the following re-
lationship can then be established.

ANTENNA

DUARTER-WAVE LINE

FIG. 2

R
(1) R
R X
R:3X
( X
R X5
R + X2
( R
R,
R + X)
(4) \
X,
R.R:
(5) b'¢
VRi(R: —R)
(6) X, = VRi(R:i—R))
(7) E

FIGC. 4

Equations 1 to 4 are the ones most
generally used, while those from 5 to 7
often find special application.

Only numerical values of reactance
are used in the formulas, thus obvi-
ating the use of the (j) operator.

A numerical example is given to
show the use of the equations.

Given a series circuit of

R, 5 ohms

X, 10 ohms (for example capaci-

tive)
R + XY 54107
R 25 ohms
R, 5
R+
\ 12.5 ohms,
X 10 capacitive

In all cases where these equations
are used, X, and X, are of the same
type of reactance.

William Vissers, Jr.,
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I yow HOGARTH, WE MUSTN'T UNDER-
ESTIMATE THE ENEMY — EVEN IF OUR
SIDE IS INGENIOUS ENOUGH TO

P ECHOPHONE EC-1”

L )S.L'f’,

%
;‘;f{g

2 AN

.....

Echophone Model EC-1

(INlustrated) a compact communications receiver
with every necessary feature for good reception.
Covers from 550 kc. to 30 mc. on three bands. Elec-
trical bandspread on all bandss Six tubes. Self-
contained speaker. 115-125 volts AC or DC.

Echophone Radio Co., 540 N. Michigan Ave., Chicago 11, Illinois
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—H. B. Herman—Radio World, Vol. 18,
Feb. 28, 1931, page 6.

All Waves—Without Changing Coils—R.
Hertzberg—Radio News, Vol. 12, June
1931, page 1082.

Hints on High Tension, Pop. Wireless,
Vol. 19, July 18, 1931, page 597.

H.H.V. Cabinet Radio Receiver, Wire-
%3; World, Vol. 29, Dec. 23, 1931, page

Equipment for Testing Radio Receivers
in Production—L. C. Hollands—Electron-
ics, Vol. 2, March 1931, page 545.

The Latest All-Wave Receiver Design—
W. H. Hollister—Radio News, Vol. 13,
Oct. 1931, page 286.

Magic Wave-Changing—A. Johnson-Ran-
dall—Pop. H’ireless, Vol. 18, Tan. 17, 1931,
page 865.

The Extenser “Dual-Ranger”—G. T. Kel-
sey—Pop. Vircless, Vol. 20, Nov. 21, 1931,
page 679.

Operating a Flexi-Coupled Receiver—G.
P. Kendall—Pop. Wireless, Vol. 19, April
25, 1931, page 215.

Revising Amateur Tuner Design—R. S.
Kruse—Modern Radio, No. 1, July 1931,
page 12.

Modern Fabrication of Radio Receivers
and Other Like Assemblies, Radio Engi-
necring, Vol. 11, Nov. 1931, page 39.
What Shall We Do for 1931 Sets?—A. C.
Lescarboura—Radio Enginecring, Vol. 11,
March 1931, page 32.

A Rapid Method of Estimating the Sig-
nal-to-Noise Ratio of a High Gain Re-
ceiver —F. B. Llewellyn — Proceedings
IRE, Vol. 19, March 1931, page 416.
New Specification for Mains Supply
Apparatus for Radio and Acoustic Repro-
duction. Mains Radio Set, Electrician,
Vol. 107, July 24, 1931, page 134.
Making an All Mains Radiogram, Pop.
Wireless, Vol. 20, Nov. 21, W31, page
659.

Marconiphone Model 3560; Four Valve
A.C. Set, Wircless World, Vol. 28, Feb.
25, 1931, page 210.

The Dollar Cost of Tone Quality—\WV. R.
McCanne—Electronics, Vol. 3, Sept. 1931,
page 97.

The McMichael Conoial Receiver, Wire-
less World, Vol. 29, Oct. 28, 1931, page 97.
A Combination A.C. and D.C. Amateur
Band Receiver—]. Millen—QST, Vol. 15,
Sept. 1931, page 9.
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The New Cossor “Empire” Melody Maker,
Pop. Wireless, Vol. 20, Dec. 19, 1931, page
948.

A New Radio Receiver, Electrical Review,
Lond., Vol. 108, May 1, 1931, page 740.
The New Telefunken Ultra Short-wave
Receiver—F. Noack—Short Vare Craft,
Vol. 2, Sept. 1931, page 118.

A Compact Three-valve Transportable
Weighing Only 28 Lbs., Wircless World,
Vol. 28, April 22, 1931, page 430.

Our Annual Directory of the Season’s
Newest Radio Models, Radio, Vol. 13,
June 1931, page 25.

The “Outer Circle” Crystal Set, Popular
Wireless, Vol. 18, Jan. 10, 1931, page 827.
The Variable Mu-Three.—W. I. G. Page
& W. T. Cocking—IVireless World, Vol.
29, Nov. 18, 1931, page 573.

The Variable-Mu Three—W. 1. G. Page
& W. T. Cocking—IVireless 1World, Vol.
29, Nov. 25, 1931, page 620.

Experiments with a Quartz Crystal Re-
ceiver—A. Palmgren—Experimental Wire-
less, Vol. 8 May 1931, page 250.

The Pentode Diamond, Radio I17orld, Vol.
19, May 9, 1931, page 3

Les Recepteurs a Galene—A. Planes-Py—
QST Francais, Vol. 12, March 1931, page
34 (Galena receivers).

Les Postes Alimentes par le Courant du
Secteur Alternatif, T.S.F. Moderne, Vol.
11, April 1931, page 167 (Receivers sup-
plied by alternating currents).

Radio Set Being Built at Mount Wilson
Observatory to Tune in on Stars, Teleg.
and Teleph. Age, May 16, 1931, page 218.
Radio Set Runs on A.C. or D.C,, Pop.
Science, Vol. 119, Aug. 1931, page 55.
The German Super-Midget Receiver—M.
Raven-Hart—Electronics, Vol. 2, June
1031, page 674.

Broadcast Receiver Equipment Now—and
Then—]. . Rider—Radio News, Vol. 12,
May 1931, page 983.

A Combination Short and Long Wave Set
—\W. H. Secor—Short Wave Craft, Vol.
1, Dec. 1930-Jan. 1931, page 276.
Selectivite, Scnsibilite, Fidelite des Radio-
Recepteurs., JI. Teleg., Vol. 55, April 1931,
page 114 (Selectivity, Sensitivity and Fi-
delity of radio reccivers).

Short and Long-Wave Broadcast Receiver,
Radio Craft, Vol. 2, Feb. 1931, page 470.

And Now—A 200-2000 Mcter Broadcast

Receiver Design—M. Silver—Kadio News,

Vol. 13, Dec. 1931, page 469.

Using Tuned Audio Circuits to Compen-

sate Side-Band Cutting  Selectivity—Mec-

Murdo Silver—Radio News, Vol. 13,

Sept. 1931, page 200.

Band-I’ass Pentode Three—I{. F. Smith—

Wireless World, Vol. 29, Oct. 28, 1931,

page 495.

Pre-Selection A.C. Three—H. F. Smith—

Wyireless 1170orld, \'ol. 28, TFeb. 25, 1931,

page 197.

Pre-selection A.C. Three—H. F. Smith—

Wireless World, Vol. 28, March 4, 1931,

page 224.

Radio Reading Lamp—H. F. Smith—

Wireless 1 orld, Vol, 28, \March 11, 1931,

page 254.

Planning the Radio Receiver—J. E. Smith

—Radio Engineering, Vol. 11, Jan. 1931,

page 39.

Testing Wireless Receivers—R. L. Smith-
[Continued on page 42)
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Key to a world within a world

To inspect metal, judge its inner worth with the aid
of electronics, is to add a vital chapter to war industry’s
book of knowledge. More, it is to write a preface to the

mightier book of the fucure.

This same science of electronics, which finds the struc-
tural flaw in war metal, holds great possibilities whose

commercial use awaits only the welcome day of peace.

Infinite additions to the knowledge, the safety, the
comfort of modern man continuously reveal them-

selves in the quick flutter of the electronic tubes.

This is an inspiring reason why at Sylvania, in our
work with electronics, as in everything else we do to
widen the range of the eye and the ear, we set for

ourselves a single goal — the highest standard known.

SYLVANIA ELECTRIC PRODUCTS INC. tormerly Hygrade Sylvania Corporation

EXECUTIVE OFFICES: 500 FIFTH AVENUE, NEWYORK 18, N. Y

RADIO TUBES, CATHODE RAY TUBES, ELECTRONIC DEVICES, INCANDESCENT LAMPS, FLUORESCENT LAMPS, FIXTURES AND ACCESSORIES

AIDING THE HOME FRONTS “KNOW-HOW"—Sylvanio Fluorescent Lamps ond
Fixtures give war workers the light they need to praduce thelr armament
miracles. Sylvania Radio Tubes bring the news of the world to the American
family, keep our people mentolly olert. Sylvania Incandescent Lamps
economically protect the eyes of the American family. Indeed, the Sylvania

name now, as always, meons the vultimate in product performance.
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NEW PRODUCTS

FLUXRITE SOLDER

A new type of fluxed wire solder, which
contains flux in longitudinal grooves on the
surface rather than in the conventional
core, has just been placed on the market
According to the manufacturer, the prod-
uct represents the first basic improvement
in fluxed wire solder design since the in
troduction of this tyvpe of material a num-
ber of years ago.

The new material, called Fluxrite and
put out by National l.ead Company, 111
Broadway, New York, is said to overcome
completely an inherent disadvantage of
regular cored solders which supply flux
and solder to the surface simultaneously
Since the flux in the new product is out-
side rather than inside, it liquefies and
flows onto the work bhefore the solder
melts. This insures thorough and com-
plete fluxing and resunlts in stronger and
better solder joins.

In addition to pre-fluxing, the new sol-
der also is said to guarantee an unbroken
flow of flux. Interruptions in the flow
sometimes occur with cored solders due to
gaps or voids in the flux core. Since the
new product has more than one flux-filled
groove, there is naturally a continuous flow
at all times.

Flux
/" SOLDER

CONVENTIONAL FLUX-CORE WIRE SOLDER

FLUX
\ SOLOER

L “"r-""—-—~—_ e -
ﬂ !.l — B

NEW TYPE OF WIRE SOLDER WITH FLUX IN GROOVES

An additional advantage claimed comes
from the fact that the flux supply being
outside the wire, is always visible to the
user and can be checked quickly and read-
ily. Gaps or voids in ordinary cored sol-
ders are not detectable until after solder-
ing begins.

The new product, which contains a re-
cently developed special flux, comes in the
same diameters as regular cored solder.
It is available in two compositions desig-
nated as Red Stripe and Green Stripe.
These designations refer to the color of
the flux which has been specially dyed in
each case for casy identification.

LANGEVIN A.F. AMPLIFIER

The Langevin Company, Inc., of 37 West
65th Street, New York, N. Y. has just

announced a new muplifier known as

44

Langevin Type 101-A. Its outstanding
virtue is excellent low-frequency waveform
at high output levels, which makes it
unique among commercial amplifiers.
Volume range is excellent, inherent noise

level being 68 db unweighted below full
output of plus 47 vu at 2% rms harmonic
distortion, With the input impedance of
600 ohms, the gain is 60 db. Using bridg-
ing input, the gain is 46 db. Output im-
pedance is adjustable 1 to 1000 ohms. Gain
vs. frequency and power output vs. fre-
quency characteristics available upon re-
quest.

“COMPACTO'" PILOT LIGHT

The Dial Light Co. of America, Inc.
90 West St., New York, N. Y., announces
a new pilot light assembly known as the
“Compacto.” It is intended to adapt
a large jewel holder to a panel where
mounting space behind the panel is lim-
ited, and to provide a large surface light
on a low-voltage panel.

It is made of brass or aluminum, with
bakelite socket housing. The screw-in
type jewel holder facilitates bulb replace
ment from front of panel. Trademarks,
numerals, letters, or special signals may
be incorporated in the jewel assembly. A
wide variety of finishes, lens types and
colors, are available.

The umt has silver-plated vibration-
proof terminals, and may be had grounded
or ungrounded. The socket accommodates
the following lamps in all voltages: T3
single contact, TS-53, and Mazda No.
51 G31. All are miniature, bayonet-
hase types.

Je i;!ﬂ

Complete information and catalog avail
able on request to manufacturer.
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WEBSTER VOLTAGE
REGULATORS

Data on a new, Ingh-wattage voltage
regulator has just been released by \Veb
ster Products, 3825 \V. Armitage Ave.,
Chicago 47, 1ll. Known as the VR-2200
Series, these carbon-pile voltage regulators
were developed for air-borne applications
They dissipate 300 to 400% more power
than previous conventional designs, vet oc
cupy the same chassis space . . . with 8%
less cubic volume . only 6% heavier.

Many different applications are possible
In one the resistance of the carbon pile is
in one side of the line and the regulator
operates to vary this resistance automati
cally so as to produce constant voltage
across the load. [n another typical appli
cation. the voltage regulator varies the
field excitation of an inverter, alternator
or special dynamotor in such a manner as
to produce constant output voltage across
the load. Where the machine is delivering
a.c., a rectifier may be provided to <upply
the regulator solenoid circuit.

handle

The VR-2200 Series units will
100 watts in the pile with an air flow
through the fins of approximately 25 cubic
feet per minute, and up to 50-75 watts

without air blast. I’iles can be provided
witli a resistance range of the order of
20 to 1, the total range or maximum values
being from less than 1 ohm to about 100
ohms.

“COPROX' RECTIFIERS

*Coprox.” a group of copper oxide
rectifiers, has been announced by Bradley
l.aboratories, Inc. Gold contacts on the
copper oxide “pellets,” highly adaptable
mountings, and pre-soldered lead wires,

|Continued on page 46]
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D A‘I A A problem solved, designed, and
R A‘I | “ G produced in ninety doys—and
. e and Wattage Ratings:— made possible by longstand-
f Neleag TYPE ) R.M.S. Voltage Rating ing research and experience.
Maximum Wattage Rating based on wattage
Resistance Value 12 wotts 9 kv. mox.
Up to 1.9 megohms 9 watts 10 ky. max
- 25) 1o 10 megohms bosed on voltage i
Above 10 megohms TYRe'2 i R.M.5. Voltage Roting
Maximum Wattage Rating based on wottage
Resistance Value 22 watts 15 kv. max.
up to 39 megohms 15 watts 20 kv. max.
4.0 to 20 megohms bosed on voltage nee:—
Above 20 megohms Resistance Tolerd lerance T13%.
Temperature Rating : — t tempero- Minimum acceptoble tol€ -
: recommended hot spS oC .
c’:’::"';‘::‘ continuous operation: Construction:— to withsand salt
{Ambient plus rise). mbient fempero: {a) Hermeﬁcolly-seoled
Maximum recomme“ded. 2 .7 water immersion tastst
ture for full wottage ratings: ) 4 aircroft vibrotion
soie Coeflicient: — (b) Designed 10 withstan o
a 1 sts.
litgi:mo'ely 04% per degree Cbetween and 109 occeleration fe
20°C and 130°C.
TYPE 1
5-9/32" x 1-1/16"”
3600 ohms to
100 megohms
TYPE 2
9-25/32" x 1-1/16"
6800 ohms to
100 megohms
HIGH-RESISTANCE, HIGH-VOLTAGE RESISTORS

Less than 3 moaths from the presentation to Sprague vibration tests, salt water immersion tests, and tests
}(oo}l:_)h‘qn Resistor engnlneers of the plr)cl)ble;ndc_)f design- for mechanical shock produced by rapid acceleration.
ing high-resistance value units capable of dissipating In addition to use as a high-voltage bleeder and as a
f’eo':ee’r:: ::shi:ﬁzsﬁl:a (SO 20 tVM“"d 8‘ I‘\‘{'ghR“m_b'e"‘ broad accuracy meter multiplier for a voltage indica-

u rague Meg-O-Max Resistors : ; icati i
wers an M Jobl Maceovee, they weed pragiically po oo Jes; O Whaw Reslotops Fod ammay app callons 1o
critical materials, were of smaller physical size, and L & ¥ gty Lo B
d : = : dividers, and as broad accuracy meter multipliers. Spec-
presented a degree of resistance stability and mechani- ify Meg. O -Max for High - Resi Hieh-Vol
cal ruggedness not available in other units,exclusive of Feeg - O i Siph-TsesSImicer=1gh=t alage
costly wire-wound meter multiplier types! e rauonts:

Entirely unique in construction, Meg-O-Max Resist- Data sheets gladly sent upon request. Saffipilesy sant
ors are formed of a series of molded segments. These only on firm’s request, giving details of application.
are joined non-inductively, and the assembly is then
encased in a hermetically-sealed, rugged glass envelope SPRAGUE SPECIALTIES COMPANY

ol provided with ferrule terminals to withstand aircraft Resistor Division o

North Adams, Mass.

A NEW DEVELOPMENT BY THE MAKERS OF K@@l@HM INSULATED WIRE-WOUND RESISTORS
-

TRADEMARK REGISTERED
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NEW PRODUCTS

—continued

or other arrangements to prevent over-
heating during assembly of equipment us-
ing these rectifiers, are innovations.

o BX-22.4
(=]

BX-100, a center tap, full-wave recti-
fier is completely enclosed in Bakelite and
rectifies high-frequency current, operat-
ing in special circuits up to 8 megacycles.
8X-22.3 is a double bridge rectifier, with
excellent temperature and temperature-
current characteristics. BX-225 is a
single half-wave rectifier, BX-22.2 a full
wave, and BX-224 a double half-wave.
Conservative ratings show very low for-
ward resistance, combined with high leak-
age resistance. Full information can be
obtained from Bradley Laboratories, Inc,,
82 Meadow Street, New Haven 10, Conn.

NEW WIRE STRIPPER

A new model of the Speedex Wire
Stripper incorporating an improved au-
tomatic “stay open” feature provides an
important time-saving advantage when
stripping the insulation from very fine
stranded wires. The mechanism of the
new tool is designed to hold the jaws
of the stripper open until the wire is
removed.

A new handle design makes easier op-
eration possible when tne stripper is used
as a production tool by girls with small
hands. The stripper removes insulation
from all types of solid or stranded wire,
without crushing, over a wide range of
sizes from No. 8 to No. 30. It can be
used to cut wire when desired. 750 to
1000 wires can be stripped per hour by
the average operator without fatigue.
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Hardened steel precision ground cutting
blades can be purchased separately. Man-
ufactured by General Cement Mfg. Co.,
Rockford, lllinois.

PORCELAIN-CLAD CAPACITORS

For high voltage d-c applications where
space is limited, new solder-sealed por-
celain-clad type FPC Inertecen Capacitors
arc announced by \Westinghouse Electric
and Manufacturing Company.

From 7,500 volts up to and including the
200,000-volt class, the capacitor elements
are hermetically-sealed in a tubular, wet-
process porcelain body with solder sealed
end closures. The end closures act as the
capacitor terminal by connccting the ele-
ment leads at opposite ends, utilizing the
porcelain tube as insulation.

By eliminating the large metal case and
bushings required by metal case capacitors,
the new porcelain-clad capacitors help
maintain minimum over - all dimensions.
Larger types are furnished with or with-
out cast mounting flanges. \Where castings
are used, the capacitors are solder-sealed,
then castings are cemented on with min-
eral-lead compound,

Additional information on type FPC
Capacitors may be secured from Dept.
7-N-20, Westinghouse Electric and Manu-
facturing Company, East Pittsburgh, Pa.

“SELCO" POWER RECTIFIERS

The “Selco” line of power rectifiers is
announced by Selenium Corporation of
America, 1800-04 West I’ico Boulevard,
Los Angeles 6, Calif.

Seven disc sizes ranging from 34" to
414" in diameter are available.

All the units are stated to be moisture
proof and to have permanent character-
istics. Assemblies with output up to 1000
amperes can be supplied.

Rectifiers are of the selenium type and
are claimed to offer the advantages of high
cfficiency, high overload factor, unlimited
life, maximum output per unit weight and
advantageous temperature characteristics.

Selco rectifiers are available for bolt or
stub mounting direct to equipment or with
mounting brackets as per specs.

“EC’’ CAPACITRONS

The new “EC” oil type Capacitrons are
designed as standard components to replace
many similar types of special capacitors
used in the production of war equipment.
They are being manufactured in several
capacity ranges with d.c. working voltage
ratings from 600 to 1,500 to meet U. S.

FEBRUARY,
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Signal Corps and Navy specifications.
The new units are locked on the chassis
by means of a solid nut and lockwasher
throngh a single hole to clear the 34”-16
threaded bakelite neck. The bakelite neck
is lock-spun into the extruded, insulated

metal container, making possible a 100%
hermetic scal. Grounding of cither insu-
lated terminal is readily accomplished with
a special groundlug. Dimensions of the
3-mf. and 4-mf. size units are 114" in di-
ameter by 414" in height. Capacitrons,
Inc., 318 West Schiller Street, Chicago 10,
I

INDUSTRIAL X-RAY UNIT

Searchray Model 150, second in a series
of safe, self-contained, easily operated X-
ray units for industry, is announced by
North American Philips Company, Inc,
through its Industrial Electronics Division,
100 East 42nd Street, New York City.

Searchray 150 is designed for inspection
of parts, assemblies and finished products
of metal, hard rubber, plastic, bakelite, ce-
ramics, dielectric materials, etc. It makes
possible the taking of highest quality sharp
radiographs quickly by plant personnel un-
der controlled conditions, without the ex-
pense of a skilled X-ray technician or the
cost of a lead-lined room,

Searchray has a continuous kilovolt reg-
ulator which permits adjustment during
viewing operation at any point from 0 to
150 Kv, so that, depending on density and
thickness of the part under observation,
greater clarity on the fluoroscopic screen
can be obtained. The apparatus can also
be set for correct metal thickness on a di-
rect-reading scale when radiographs are to
be taken.

Long tube life on continuous or intermit-
tent operation is assured by an electrical
circuit so arranged that high tension can
only be applied at a relatively low value.
An automatic, electrically operated water
valve controls the cooling of the tube.

Searchray’s overall height is 82 inches,
the radiographic compartment being 253%
inches high, 35 inches long and 25 inches
deep. It is designed for operation on 220
volts, single phase, 60 cycles. Weight is
approximately 600 Ibs.
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Designed for «rgent
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] "Is is the new ARHCO plant. Incorporating

more than 60,000 square feet of space, it was planned and
designed for today’s urgent production schedules. Marking
another milestone in our successful 21-year growth, it pro-
vides even better facilities for research, engineering, manu-
facturing and delivery.

Out of this new ARHCO plant come over two thousand
individual components . . . each one doing a big job in
radionic and industrial applications. Moreover, we are
equipped to produce special parts from your blueprints.
Quotations and advice furnished upon request.

Put more dollars to work . . . tell the Boys
you mean it by buying more War Bonds today

. MT..VERNON, NEW YORK

o TELEVISION « RADIO . SOUND EQUIPMENT

SEERRRED
LI

- s -

raDio] * FEBRUARY, 1944

www.americanradiohistorv.com

47


www.americanradiohistory.com

THIS MONTH

RMA “MID-WINTER
CONFERENCE"

All industry resources were marshaled
at the three-day RMA “Mid-Winter Con-
ference” toward delivery of the 1944 war
radio-electronic program officially stated
as 50% larger than last year. More than
one hundred leading industry executives
attended the semi-annual RMA conference,
including many group meetings, at the
Stevens Hotel, Chicago, January 11-13.

President Galvin of RMA and other in
dustry leaders predicted that the greatly
increased war production program would
require utmost industry mobilization, with
manpower difficulties a major bottleneck
There appeared no prospect of any civilian
radio production this year and the industry
probably will be among the last for recon
version from war production

Plans to meet the stepped-up war pro
gram, approaching $5 billion in 1944, pre
dominated at the Chicago conference. Man
power problems, including larger employ-
ment of new workers and also returning
servicemen; war contract terminations and
financing problems were major measures
for the work outlined

New and expanded services for RMA
members, including additions to the RMA
headquarters staff in Washington, also were
authorized and much new RMA committee
work arranged. Cooperation with the va
rious government agencies on the military
program, as well as on the distant industry
reconversion problems, also were planned.
Several officials, including Army and Navy,

and Director Ray C. [llis of the \VPB
Radio & Radar Division, participated in
the industry conference.

TELEVISION GROUP FORMED

The following group of organizations
were represented at a meeting at the
Palmer House in Chicago and formed an
organization known as Television Broad
casters Association, Inc.

Allen B. DuMont Laboratories, Inc
Balaban and Katz Corp., Columbia Broad
casting System, Don Lee Broadcasting
System, Earl C. Anthony, Inc, General
Electric Co., General Television Corp.
(Boston, Mass.), Hughes Tool Co., Inter
mountain Broadcasting Corp., International
Detrola Corp,, The M Journal Co. (Mil
waukee Journal), KFRE, Fresno, Calif
Midland Broadcasting Co., N. \V. Ayer
& Son, Inc, National Broadcasting Co..
Philco Corp., Television Productions, inc
WGN, Inc. (Chicago Tribune), \WOR
(Bamberger Broadcasting Service, Inc.)

The meeting was proposed and organized
by the Society of Television Engineers, an
organization of engineers with headquar
ters in Los Angeles and represented at the
meeting by Philip G. Caldwell and Curtis
Mason

The principles and organization code
under which the group would operate were
decided upon and an organization commit-
tec of the following individuals was se-
lected: Allen B. DuMont, Chairman, F. J.
Bingley, Robert L. Gibson, O. B. Hanson,

WAC Sergeant Mary ). MacGuire and W. J. Halligan, president of Hallicrafters, with
display model of Signal Corps mobile radio, the Hallicrafter SCR-299.

FEBRUARY,
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PRESENTED TO
ILALLEN MITCHELL

PRESIDENT OF
UNITED TRANSFORMER CO.

BY THE EMPLOYEES -
IN APPRECIATION OF YOUR FINE
AND COOPERATIVE SPIRIT.
LOCAL 430-UE.R.M.WA.

>

In awarding this plaque to UTC's pres-

ident, his employees have not only

recognized his cooperation but have
gonc out of their way to show it

E. A Hayes, C. W. Mason, C. W. Miuer
Paul Raibourn, Lewis Allen Weiss

Necessity for the organization was found
in the prospects for the immediate develop
ment of large scale television activity after
the war.

The object of the organization is to
foster and promote the development of the
art of television broadcasting.

Two classes of membership have been
arranged for, namely, active voting mem
bers, a group to which all organizations
operating a commercial or experimental
television broadcasting station, who have
a construction permit therefor, or who
have an active application therefor with the
F.C.C, are eligible. Affiliate, non-voting
memberships were arranged for all others
interested in television.

NEW ASA STANDARDS

The American Standards Association has
announced the approval of a new American
War Standard for Glass Radio Insulators
(C75.8-1943), developed by a group of rep
resentatives of the radio industry in con-
junction with representatives from the U
S. Army Signal Corps and the U. S. Navy
Bureau of Ships. This work was under
taken at the request of the WPB.

This standard should be vitally impor
tant in the preparation of new manufac-
turing facilities for glass insulators and
will facilitate their production as well as
simplify their procurement by the Armed
Services.

These specifications cover the perform
ance requirements, test methods, and stand-
ard dimensions for a standard series of
glass insulators of the quality required by
the Army and Navy. The basic specifica
tions for glass material is the American

[Continued on page 50]
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Ilistory of Communications Number Two of a Series

COMMUNICATIONS BY ROMAN POST RIDERS

In the early days of the Romans and Phoenicians the fastest means of
communication was the post riders, who carried news and War dis-
patches from the battle front. As fleet as their horses might have been,
their speed does not begin to compare with electronic voice communi-
cation. The twist of a dial and the pressing of a button—in the flash of a
second the message comes through. Clear cut speech transmission with
Universal microphones reduces error and expedites the delivery of the
message.

Today Universal microphones and voice communication components
are being used throughout the world on every battle front filling a vital
need and “getting the message through.”

{ Model 1700-UB, illustrated at ieft, is but one
of several military type microphones now avail-
able 1o priority users through local radio jobbers.

INGLEWOOD, CALIFORNIA

FOREIGN DIVISION: 301 CLAY STRIET, SAN FRANCISCO 11, CALIFORMIA -~ CANADIAN DIVISION: 560 KING STREET WEST, TORONTO 1, ONTARIO, CANADA

RADIO

*
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THIS MONTH

—continued

War Standard, Ceramic Insulating Mate-
rials, Class L, C75.1-1943.

RCA SPREADS KNOW-HOW

Union officials have joined with factory
executives at RCA Victor’s Camden plant
in a unique program to help expedite de-
livery by sub-contractors of essential parts
used in building radio and electronic equip-
ment for the armed forces.

The idea, which was advanced by the
labor-management War Production Drive
Committee, consists simply of passing
along to other labor-management commit-
tees of sub-contractors methods which
have been successfully employed in RCA’s
own war production. In the process they
are helping to expedite shipments by these
sub-contractors of vital parts and sub-
assemblies which RCA Victor workers
need to complete their own production
schedules.

NEW TREATING EQUIPMENT AT
FORMICA PLANT

Capacity of the Formica Insulation Com-
pany, Cincinnati, manufacturers of lami-
mated plastics, to use raw materials for
fabrication will be increased between 20
and 25 per cent by installation of new
treating equipment involving the infra-red
principle of heating, D. J. O’Conor, pres-
ident, has announced.

Simultaneously, George H. Clark, vice
president and chief engincer of the com-
pany, disclosed that high priorities have
been granted for the manufacture and in-
stallations of the new treating equipment,
which in cooperation with Cincinnati con-
tractors is expected to be completed around
March 15,

Clark, describing the technical advan-
tages of the infra-red treating equipment,
reported that its use will enable the

Formica plant to handle more raw mate-
rials and consequently expand the over-all
capacity of production.

FCC ACTIONS

The Commission en banc amended Sec-
tions 10.123 and 10.153 relating to “co-
ordinated service” of municipal police and
state police radio stations, respectively, so
as to delete the requirement that applicants
or licensees in these services must file witi
the Commission copies of contracts with
other municipalities, counties, or govern-
mental agencies to which coordinated serv-
ice is rendered. It should be noted, how-
ever, that it still remains necessary to ap-
ply to the Commission for specific au-
thority to render coordinated service, and
any applicant or existing licensee propos-
ing to furnish, or now furnishing, such
service, who has not already obtained such
specific authorization, should file a no-
tarized request therefor promptly. Such
request may be in the form of a notarized
letter, in duplicate, setting forth the in-
formation prescribed to be furnished in
the new rules, effective January 1, 1944,

The Commission effected this simplifica-
tion of the rules because of the difficulty
experienced by municipal and state police
applicants and licensees in complying with
the previous requirements.

The Commission added to the rules a
new provision indicating that licensees ren-
dering coordinated police service may ac-
cept, for the cooperative use of the sta-
tions, contributions to capital and operat-
ing expenses on a cost sharing basis from
those to whom it renders coordinated serv-
ice. It is the intention of the Commission
that no licensee rendering such coordi-
nated service shall do so on a profit basis.

The Federal Communications Commis-
sion has also announced the adoption of

Sir Robert Watson-Watt (left), head of a Radio Mission to this country, visits a
Philco plant and discusses latest radio manufacturing techniques with Joseph H.
Gillies, vice president in charge of radio production at Philco

FEBRUARY,
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Christened Battlin’ Benny, this shrap-
nel-torn RCA loudspeaker was aboard
the USS Boise when it sank six Jap

ships. In photo is Franklin Bowman,
RCA worker who served on the Boise

an amendment to its rules and regulations
looking toward the issuance of standard
broadcast licenses for a normal license pe-
riod of three years, the maximum period
authorized under the Communications Act
ol 1934, The present license period is two
vears.

Initial renewals will be for staggered pe-
riods, ranging from one year to two years
and nine months. Thereafter, all regular
licenses will be for the full three-year pe-
riod. In this way the plan will be placed
in operation in such manner as to spread
the work load incident to examination of
applications for renewals over the full
three-year period. Stations are grouped
in order of the different license expira-
tion dates in such manner as to include
in each group a fair cross-section of the
entire industry.  This will automatically
accomplish a fair distribution of the work
load on renewal applications.

NEW ELECTRONIC GROUP

Over sixty of the leading electronic and
component parts manufacturers in the west
have recently formed an organization to be
known as the West Coast Electronic Man-
ufacturers Association. Sol Smith has
heen appointed Secretary-Manager.

The newly formed West Coast Elec-
tronic Manufacturers Association which
has the full approval of the United States
Army Signal Corps and also of the War
P’roduction Board, will function as a com-
plete West Coast Unit at the formal induc-
tion of officers immediately following the
January meeting of the group.

The present prime objective of the mem-
bers in the Association are:

1. Full utilization of existing manpower
and manufacturing facilities of the elec-
tronics industry in the West.

[Continued on page 61]
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ey Look Alike—

. . . But What a Difference n Performance /

% Many seals, many brands of air-column horns, loud speakers and
driving units look alike—but what a difference in performance!

% RACON won its position as World’s Largest Manufacturer of

air-column horns, speakers and units because of outstanding product

performance.

Outwardly some other speakers look quite like

RACONS, but that’s where the similarity ends. All RACON prod-
ucts contain top-quality materials, assembled by skilled craftsmen.
RACONS deliver more output per watt of input. And only RACONS
can supply patented Stormproof, Weatherproof Acoustic Material
which prevent resonant effects while being impervious to any weather

condition.

% There is a difference in loud speakers so be sure you get the best—
get RACONS. A type is available for every conceivable sound distri-

bution requirement.

MARINE
CONE SPEAKERS

'MARINE
HORN SPEAKERS

The MARINE HORN SPEAKER may be used as a loud-speaker or
microphone, comes in several sizes; is approved by the Bur. of
Marine Inspection, Dep't. of Commerce. MARINE CONE SPEAK-
ERS are the re-entrant type, suitable for indoor or outdoor use.
Storm-proofed for all weather conditinos. Sizes for 2, 3, 5, 8
and 12 inch speakers,

RACON ELECTRIC CO. 52 EAST 19th ST. NEW YORK, N. Y.
*

FEBRUARY, 1944

RACON P, M. RE-ENTRANT
HORN UNITS TRUMPETS

RE-ENTRANT TRUMPETS are compact, of the double re-entrant
mpe which in a small space affords a long air column enabling
them to deliver highly concentrated sound, of ;reat clarity, over
extremely long distances. Available in 6’ 4147, 31(3’ and 3’ air
column sizes. RACON P-M HORN UNITS are available in oper-
ating capacities of 5 to SO watts.

www . americanradiohistorv.com
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ELECTROLYTICS
[Continued from page 22]

The deviation from linearity in the
graph is probably to be ascribed to the
greater inherent leakage as the voltage
to which the electrode is oxidized de-
creases. This is borne out by the in-
crease in the power factor for plain
plate electrodes.

This change in power factor may be
explained qualitatively in terms of the
equivalent circuit and in terms of Eq.
(11) where the power factor increases
directly with the square root of the
ratio C,/C,. This is, however, a slower

increase than is actually found.

(c) Effect of Low Temperature. The
variation of capacity and power factor
with temperature for condensers of
different voltage ratings is shown in
Fig. 5. These two factors are combined
m Fig. 6, showing the relative im
pedance of the condensers at low tem-
perature, using room temperature as
standard. The following characteristics
may be noted:

The lower the voltage, the worse the
condenser hehaves at low temperatures,
the largest change occurring from 50 v.
down. The greater proportion of the
relative increase in impedance is due

Behind the veil of military
secrecy are the wonder stories
of Ken-Rad electronic tubes

Nearly five thousand of us
are now making and sending
these tubes which are help-
ing to shatter tyranny And
through Ken-Rad depend-

able tubes will be worked
the constructive miracles of
the great science of to-

morrow

TRANSMITTING METAL AND VHF
TUBES - TUBES
CATHODE RAY INCANDESCENT
TUBES CXCCUTIVE Orriccs LAMPS

SPECIAL OWENSBORO : KENTUCKY FLUORESCENT
PURPOSE TUBES LAMPS

EXPORYS 116 BROAD STRECT
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to the increase in power factor. The
108s 11 capacity is secondary. It is this
ract that makes the behavior of plain
plate condensers much better at low
temperatures because the power factor
1s much lower. As an illustrative ex-
ample, a plain plate 23-volt condenser,
other things being equal, has an im-
pedance ratio of about 1.8 at —38°C,,
whereas the graph shows a ratio of
7.5 for the etched plate.

It is obvious that these curves allow
one to obtain any predetermined capac-
ity or impedance at any low tempera-
ture desired. Furthermore, by chang
ing the kind of electrolyte used, widely
varying results in low-temperature
characteristics may be obtained.

DISTRIBUTION
[Continned from page 35]

to apply and properly install the photo-
cell relay. The man who can utilize
the photocell relay to demonstrate such
things as, new methods of safety, meth-
ods of lowering production costs, etc.,
is the man who will create the demand
for such units. To a large extent the
success of selling other industrial elec-
tronic items follows the same pattern.
The key to the problem is “Find the
specialty man for the job.”

Sales Engineers

A study of the qualifications neces-
sary for the man who must apply and
direct the 1nstallations of photocell
cquipment and other industrial elec-
tronic equipment, is important. They
call for two talents. One is for a man
of wide selling experience; as, in the
main, top executives must be con
tacted; and secondly, the man must be
well qualified as an engineer or prac-
tical technician with a sufficiently ex-
perienced background to recognize the
need for photocell equipment in differ.
ent applications. He must also be
capable of specifying and installing the
correct type of unit for each applica.
tion.

Such men are difficult to find at pres-
ent. As the industrial electronic field
expands sales engineers of this char-
acter will develop as the work will of-
fer excellent possibilities in remuner-
ation.

Literature

Preparation of sales literature for a
photocell relay designed for industrial
use can be divided into two categories.
First, there is educational literature to
inform prospective users of general or
specific applications possible with the
relay. Secondly, technical specification
literature is required. [t should be
made up in technical form for use by
the field sales engineer who will sell
the equipment. Complete data showing

[Continued on page 54]
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the amateur is
still in radio...

No other industry has had tte benefit of such an eager and
profic.ent group of supporters as the radio amateur.

By his own experimentazions and inventions, and because
of the extreme demands he made upon radio equipment, the
radio amateur has been the dsiving force behind many of the
major d2velopments in redio. Out of the amateur testing
grounds have come advanced techniques and vastly superior
equipment of which Eimac tubes are an outstandin% example.

Eimr ac tubes created and developed with the help of radio
amateurs, possess superiot pzrformance characteristics and
great stamina. They will stand momentary overloads of as
much as 600% and they are uncondi- g s 10
vonally guaranteed against premature
failure due to gas released internally.
These are good reasons why Eimac tubes
are first choice among leading elec-
tronic engineers throughout the world.

Plants at: Solt Lake City, Utah and San Bruno, California

Export Agents: FRAZAR & HANSEN, 301 Clay Street,
San Francisco, California, U. §. A.

www.americanradiohistorv.com
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the full capabilities of the relay are
mandatory.

Publicity

Tied in closely with the preparation
of literature is the publication of ar-
ticles. Scientific and production devel-
opments in all fields have found a me-
dium of expression through technical
publications, and industrial electronics
is no exception. In the case of the
photocell relay, articles can be written
in a wide variety of publications.
Photocell relays are being used in in-
dustries such as paper, chemical, pe-
trolenm, mining, restaurant, railway,
etc. Informative articles written in the

publications covering each of these in-
dustries describing actual installations
made in each respective field will pay
dividends.

Service

Service is an integral part of the de-
sign and merchandising plan of an
electronic industrial item such as the
photocell relay. No expense in the in-
itial design is too high, if it will avoid
unnecessary service when the equip-
ment is in the field. This point cannot
be over-stressed. Photocell relays are
often installed in production machinery
where a single breakdown might prove
very costly.

54

Ingenious New

Technical Methods

Presented in the hope that they will
prove interesting and useful to you.

New Metal Surfaces Made
by Spraying

Molten metal is now sprayed or atomized
on to metal surfaces for the purpose of salvag-
ing worn bearings, shafts, cylinder walls and
such parts. Metallizing, as the process is called,
is also used for putting a non-corrosive coating
on iron or steel surfaces subject to corrosion
such as cylinder walls of internal combustion
engines, valve gates and such parts in contact
with water. The metals to be sprayed may be
aluminum, zinc, stainless steel, high carbon
steel or other alloys depending upon the char-
acter of the surface desired. The sprayed sur-
face may be “over built” and machined down
to size to obtain accurate surfaces.

Metal spraying guns have been perfected for
use with various types of gases for heat, de-
pending upon the melting temperature of the
metal to be sprayed.

We hope this has proved interesting and use-
ful to you, just as Wrigley's Spearmint Gum
is proving useful to millions of people working
everywhere for Victory.

You can get complete information from
The Metallizing Company of America,
1330 W. Congress St., Chicago, 1llinois.

Rough threading—cooling
locks metal firmly to surface,
producing a permanently
tight bond.

Sprayed journal before finish-

ing—Main bearing journal

after surface has been
Metallized.

Y-101
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Handled properly, the service of in-
dustrial equipment, such as the photo-
cell relay, can be a profitable venture
instead of a headache. Several com:
panies have devised service contracts
which are sold as an integral part of
the initial equipment, calling for a flat
fee per year in payment for periodical
inspection. by the vendor of the equip
ment.

A complete and well-written service
manual which can be understood by the
engineer in charge of the plant in
which the photocell or other electronic
unit has been installed, often avoids
needless service calls. Many engineers
in other industries are conscious of
electronic devices in general and if
given an even chance, will do their
part.

Also, to facilitate rapid service in
case of breakdown, a complete spare
equipment set should be kept on hand
to replace units which fail in operation.
This avoids the necessity of tampering
with the internal circuits when time is
at a premium. It also allows a man
who is not too familiar with the equip-
ment to make the change. The defec-
tive unit can then be returned to the
factory for repair.

V-T VOLTMETERS
[Continued from page 25}

d-c to contact potential applied to the
grid in a-c operation is effected by S1c.
Switches $2¢ and S2d between them
change the a-c measurement diode d-c
load, and contact balancing potential
diode, circuits in such a way that in
a-c operation the 100-volt a-c range is
measured by the 30-volt d-c range, and
the 300-volt a-c range by the 100-volt
d-c range. This arrangement is incor-
porated since it has been determined
that the 6SN7GT grid will not satis-
factorily handle the rectified d-c pro-
vided by the probe diode with 300 volts
rms a-c input. It is one of the devices
employed to extend the top voltage
ranges to double what is believed to
have been obtained in previous instru-
ments.

The a-c meter scales are calibrated
in rms volts. This meter calibration
holds good for most uses, since sine,
or essentially sine waves are usually
being dealt with. In a-c operation the
instrument is basically a peak volt-
meter.

Military experience has indicated too
completely the fallacy of the usual
penny-pinching component selection
found in service test equipment. In a
laboratory or commercial/military field
test instrument such as that described
nothing much less than military stand-
ards may be considered. Hence all

[Continued on page 56]
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ABORATORY
TANDARDS..

Quick and efficient comprehension of the production of labora-
lory equipment comes naturally to us of ECA. We’re rich in the
fundamental experiences arising from specialization in the de-
velopment, design and manufacture of “tailored-to-order” radio
and electronic equipment. Qur facilities, geared to exacting lab-
oralory standards, permit our engineers and technicians lo
approach a prohlem confident that the ultimate result will prove
ultimately satisfactory.

An example of the work we do is the ECA Laboratory Oscillo-
graph. This is a 7-inch, direct curreni, general purpose device
built to provide features not ordinarily available in any com-
mercial unit. This Oscillograph has seen continuous service in
the ECA laboratory for more than a year, and it has been em-
ployed for such varied purposes as photographing transcient
phenomena, measuring time delay circuits, checking the fidelity
of mechanical recorders and oscillographs, and so on.

INVASION! This is no time for complacency. It's
still necessary to buy War Bonds . . . still necessary to
save scrap metal still necessary to be a regular patron
of the Red Cross Blood Bank . . . to hasten Victory and
save lives.

ELECTRONIC CORP. OF AMERICA

45 WEST 18th STREET « NEW YORK II, N.Y. « WATKINS 9-1870
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In the erucible of war, BUD
condensers and other pre-
cision parts have proven
themselves dependable and
accurate under all condi-
tions. That is why the BUD
parts you are buying now
and will buy after the war
will serve vou even better
than ever before.

BUD RADIO, INC.

CLEVELCAND, OHIO

metal parts are durably fimshed to re-
sist corrosion, capacitors are either
plug-in electrolytic, wax - impregnated
moulded mica, or oil-impregnated her-
metically sealed types. The power
transformer is open-mounted, yet
through a construction believed new,
comparable to potted and poured types
in humidity resistance. [ixed resistors
are either wire- wound or moulded
high-quality metalized; all range-mul-
tiplying resistors are wire wound. In
every casc operating currents and volt
ages are kept well below the continu
ous duty rating of component parts.

LOOP DESIGN
[Continued from page 33]

band-width method at two points near
the ends of the frequency band. The
loop to be measured is tuned by a va
riable condenser and spaced as far
away from the transmitting loop as
possible while still maintaining an ad-
equate reading on a vacuum tube volt-
meter. The band width at 2 times the
normal input from the signal gener:
ator is measured and substituted in Eq
(13) to determine the Q

V3 (f/W2) (13)

Where f center frequency in kilocycles

IV, — band width at 2 times input in
kilocycles

A typical value of loop Q in a cab-
inet for a small compact table model
receiver might vary from 50 to 85
while the QO of a larger console type
loop would be of the order of 90 to
120, the higher values being for the
lower frequencies. The figure of merit
from 0.5 to 0.7 for the small variety to
for corresponding loops would range
0.7 to 1.2 for the larger console type.

TECHNICANA
[ Contivwed from page 14]

familiar with the large amount of back
ground noise that disturbs their enjoy
ment of programs. Citing this as one
example of the technical problems to be
overcome, Mr. Halligan said he is con-
fident that the radio industry’s engi-
neers, if given the opportumity, can
make radio telephone dispatching en
tirely practical. “Perhaps,” said Halli:
gan, “placing a carrier on the telegraph
wires now paralleling all railroad
tracks would help to solve this problem.
In fact, this would mean that the train’s
radio equipment would have to trans
mit and receive only the few feet be-
tween the train and the telegraph
wires.” Halligan suggested that a trial
be given present-day ship-to-shore
equipment.

[Continucd on page 59)
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_[L"Calling Car 29... Car 29” “OK - ON THE WAY!" |
Police radio installations have for some years de-
pended on the Browning Frequency Meter for
help in determining the accuracy of fixed-frequency
operations. Police departments have found this
unit economical to buy, easy to operate, and
ruggedly built. Other emergency services have
also found this product of Browning Laboratory
research to be an asset. Full details are avail-

able in literature sent upon request.

Another product of Browning Laboratory research is the
balanced-capacitance Browning Signal System for plant
protection without armed guard patrols. Descriptive liter-
ature is available on request.

LABORATORIES, INCORPORATED
WINCHESTER, MASSACHUSETTS
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* THE GROUP PLAN

Here's what Group Subscriptions cost:

One 1 yr. subseription $3.00

Two 1 yr. subscriptions . 2.50 each
Three 1 yr. subscriptions 200 °
Four 1 yr. subscriptions 1.5

Five ! wr. subscriptions . Le60 >

Six or more 1 yr. subscriptions 1.50 °*

Make a list giting each subscriber's name,
address, employer’s name and their respec.
tive positions.

A DJIK®]) croup

SUBSCRIPTIONS
SAVEYOU $5$ $

For a limited time only—save up to half the regular
cost of a RADIO subscription by using the Group
Plan. The more men in a Group the more each saves.

up to 50%.%

Every month, RADIO Magazine's vital departments
acquaint yon with newest developments — editorial
“car-to-the-gronnd” releases keep youn abreast of trends,

in fact. ahead of most coming events.

The combination of exclusive, fine and timely articles
plus this low-rate subseription offer makes RADIO a
must-have publication. So fellows, form a Group today

and send it to—

RADIO MAGAZINES, INC.

342 MADISON AVENUE NEW YORK 17, N. Y,
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“The problem is a complicated one,”
stated Halligan, “but not primarily be-
cause of the technical difficulties. The
greatest part of the problem is to con-
vince the railroad operators that such
equipment will be of value, and to se-
cure government approval, priorities
and licenses. The sooner such a prob-
lem is started, the sooner our complete
transportation systems—air, land, and
sea—will be utilizing modern communi
cations.”

QUOTES
[Continued from page 171

the work in connection with the war
has been almost exclusively confined to
point-to-point transmission and reflec-
tion. The problems in television broad-
casting where signals must go out in
all directions and be satisfactorily re-
ceived at all reasonable distances, are
quite different.

These problems, which are likely to
be encountered in an aggravated form
at higher frequency levels, are indi-
cated in the results of a recently com-
pleted and extensive measurement of
reception conditions from present tele-
vision and frequency modulation sta-
tions in the New York area made by
the Allen B. Du Mont Laboratories.
In general, the survey indicates that re-

f BENDER T"-
\ :r‘-?'
. - ___

Machines

U PRECISION nA(nnusu
X

RADIO]

t

“DIE-LESS” | )
""" v~/ DUPLICATING
might be described as a new industrial technique
i made possible by the accuracy, extreme adapta-
bility and ease of operation of DI-ACRO Precision
Shears, Brakes, Benders-
as a continuous, integrated production process.

The DI-ACRO System of METAL DUPLI-
CATING WITHOUT DIES has proven its adapt-
ability in making parts just as accurately as can
be done with dies, to a tolerance e
of 001" in all duplicated work.
The delay of waiting for dies is DUPUCATING
avoided, deliveries speeded up.

346 EIGHTH AVE. SO. - MINNEAPOLIS 15, MINN.

* FEBRUARY,

ception is excellent but that multipath
signals constitute the industry’s number
one reception problem. These multipath
signals become rapidly worse as fre-
quencies become higher.

Paul Raibourn, president of Tele-
vision Productions, Inc.

Electronic Research

* Electronic research, which already
has beaten a scientific path into the
1960’s, has created a vast reservoir o
technique which waits to be tapped by
the demands of the public and industry.
Research and development in radio
during the present war is perhaps a
thousand times that of the last war.

We will end up this war with a sim
ply terrific amount of technique, know-
how and facilities. All that’s needed to
start a few new industries is to know
what service—as yet unborn—what fa-
cility yet unknown, would be useful in
the American home, in industry, trans-
portation or in the amusement field.

That is the sixty-four dollar question

the onec that we engineers are not
cquipped to answer. That kind of ques-
tion is in your field, and if you can
produce the answer, it's an even break
we can work it out.

Walter Evans, vice president, 1Vest-
inglhouse Radio Division, in an address
before the Radio Executives’ Club of
New York. [Continued on page 611

r SHEAR j
N i

-when used

Write for Catalog

1944

www.americanradiohistorv.com

Hinking

CLOS
T0 l,]: liAN Ck

s Aerovox silvered mica capacitors are de-
signed for the most critical applications re-
quiring precise capacitance values and ex-
Silver coating applied to
mica and fired at elevated temperatures.
Unit encased in molded XM low-loss red
bakelite for silvered-mica identification.

treme stability.

—_—

@ These and other capacitors are listed in
the Aerovox catalog. Write on business

letterhead for your copy. See our local
jobber for your usual capacitor needs.

INDIVIDUALLY TESTED

AEROVOX CORP., NEW BEDFORD, MASS., U. S. A.
In Canada: AEROVOX CANADA LTD., HAMILTON, ONT.
Export: 13 €.40ST., Nisoan N.Y.- Cable: ‘ARLAB'
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Is your boy out there...

in the land that God forgot?

S he slogging along some muddy

road . . . or huddled beneath a

Ieaky tent? Do you see him now,
thirsty beneath a broiling sun?

Or is your boy fighting a wintry hlast
in the land where winter never ends?
. . . Yes, millions of people worry
tonight for the men in the lands that
God forgot.

But if your heart is sick with longing
for some special boy . . . remember
this and find comfort . . . wherever he
may be, in the frozen wastes of Iceland
or the jungles of New Guinea . . . you
can reach out and give your boy some
little comforts that spezk of home.

He will get coffee, doughnuts and
other American comforts when the
long march is over . . . thanks to you.

60

He will sleep between sheets when he
gets his furlough, in a town ten thou-
sand miles from home . . . thanks to
you. Even should he be a prisoner of
war,he won’t be condemned to live on
alien bread. For every week the Red
Cross will carry to him a carton of
food. Yes, eleven full pounds of real
American food, the kind you

heart through the Red Cross.

Because the Red Cross is jou—the
Greatest Mother in the World, because
it represents all the mothers of Amer-
ica. The Red Cross is your blood and
your bandages, the sweaters you knit
and the gifts you pack.

And the Red Cross is your money too!
This year when your Red Crcss has a
bigger job than ever before to do . . .
this year when your Red Cross is serv-
ing your own sons in every corner of
the globe . . . this year you will want
to give more, more of your time, more
of vour work, the blood

used to give himat yourown GIVE TO THE from your heart...and more
table. And real American of your money to help the
cigarettes and tobacco! + work go on.

He will get all this . . . and RED CROSS So dig deep and be glad.
niore . . . straight from your For wherever he is

The RED CROSS is at his side
and the Red Cross is YOU !

FEBRUARY,
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Electronics a Science

* Electronics is not a product, such as
an airplane, a turbine, or a locomotive.
Like chemistry, electronics is a branch
of science. Just as chemistry is not lim-
ited to the manufacture of synthetic
rubber or plastics, neither is electronics
limited to radio, or television, or com-
munications or locator systems.

Dr. Walter R. G. Baker, vice presi-
dent, Electronics Department, General
Electric Co., in an address before The
Economic Club of Detroit.

Post-War Service

* Kunowledge and expcrience that will
be of great value in the post-war “Age
of Elcctronics” are being gained by
field service cngineers of the radio and
electronic industry in their wartnne
assignments.

The installation and maintenance of
radio and clectronic equipment for the
armed forces have made it difficult to
keep up with increasing ‘service necds
in civilian life. However, in the long
view, civilian users of electronic equip-
ment will benefit in terms of better in-
stallation and maintenance service.

W. L. Jones, vice president and gen-
eral manager, RCA Service Co.

Freedom of Choice

* In the post-war world, I believe we
should have the right to suspect any
nation of unfriendliness, even of poten-
tial enmity, and to apply sanctions to it,
that denies its people the right to choose
for themselves what they shall import,
read, listen to, or look at.

Let me repeat. Re-education of Ger-
many and its satcllite nations is neces-
sary for an enduring peace. Re-educa-
tion depends on two factors: First, the
control of free enterprise of news-
papers and motion pictures, of radio
and television networks, so that our
programs, as well as any others, will
have an opportunity to be heard and
seen; and second, making certain that
our programs possess sufficient merit to
win and hold audiences on an enter-
tainment basis while emplanting a true
picture of American democracy in look-
ing-listening minds.

Paul Raibourn, president of Tele-
vision Productions, Inc., in an address
before the American Television Se-
ciety.

THIS MONTH

[Continued from page 50)

2. Insure all proper information to the
interested Government Agencies which will
allow this area to make full contribution
to the war effort.

3. Clarifying various Government regu-
lations and rulings and disseminating the
information to all members.

4. Attempt to secure uniform consider-

RADIO] *
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ation on problems affecting renegotiation
and termination of contracts, selective
service, wage stabilization, and other mat-
ters of mutual interest.

5. The  distribution  of  information
amongst the membership as to commadities
manufactured by them, thus enabling them
to utilize the facilities of \West Coast
manufacturers to the fullest possible extent
by their Purchasing Departments.

FOUCH W.C.E.M.A. CHAIRMAN

James L. IFouch, president of the Uni-
versal Microphone Co., Inglewood, Calif,,
has been appointed chairman of the mem-
bership committee for the recently organ-
ized \West Coast Electronics Manufactur-
ers Association, composed of coast elec-
tronics and component parts manufacturers.

WILLYARD TO NEW POST

Les Willyard, since 1931 with the Uni-
versal Microphone Co., Inglewood, Cal,
has been appointed Chief Engineer, a
post vacant the past five years. Originally
assigned to microphones, he later was
placed in charge of recording machines
and blank discs. He later returned to the
microphone division and, since Pearl Har-
bor, has been technical engineer in charge
of research and testing laboratories.

NEW HAZELTINE OFFICERS

Announcement has been made by Ay
William A. MacDonald, President of Ha-
zeltine Electronics Corporation, of two im-
portant executive appointments within the
corporation. Mr. Fielding Robinson has
been elected Vice I'resident and Mr. John
D. Grayson, Treasurer.

Fielding Robinson

Mr .Robinson joined forces with Hazel-
tine in 1941 as coordinator with various
Government agencies in \Vashington and
other locations. Formerly he managed the
Crosley Company of New York. lleis a
native of Norfolk, Virginia, a graduate of
Virginia Military Iustitute, and served as
a Captain in the Marines during the last
war.

Mr. Grayson also joined forces with
Hazeltine in 1941 as Comptroller. Prior

[(Continued on page 63|
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From Lafayette Radio Corp.'s

rnsenal of
RADIO AND

ELECTRONIC

EQUIPMENT

Clarostat

3 ohm 25 watt Powet
Rheostat. Handles
maximum current
through entire resist
ance of 2,880 amps.
No. 1C6839 ..$1.95

Aerovox Metal Cased
Bathtub Condenser
.1-.1..1 Mfd. 400 Volt
DC. Oil impregnated
and oil filled. Riveted
luw”terminals. 1%” x

1”7,
No. 1C2362 Each 79¢

R.C.A. 6" PM Speaker

h-ounce magnet. Han-
dles 4 to 6 watts of
audio without distor-
tion. Comes with
transformer for single
beam power output

be.
No. 1C19430
Each ......... $2.95

Selinium Dry Disc
Rectifier
Maximum AC

input
voltage. 50 volts &0
cycle AC. Maximum
DC output current 2.5
amps. b6%” long.
11%6" high, 27 wide.

No. 1C10573
Each

Special Values!

CONDENSERS—10-20Mfd. 350 V, D.C.-5-5
V. D.C. Upright. No. 102369
e RESIST(DRS‘?ISO Ohms. 50 Watts,

able. No. 1C52

IRC RE%IST%I;S;ZO\( Ohms, 50 Watts, W.W. \'lrl-g

able. No.

me I{LSIST()llé?—g'{."OO Ohms. 80 Watts. W.W, \'lri-

ahle.  No.

RENEWARLE FUSES—3 Amps..
No. 1CI12376 ............
LFA:‘H 4- P(iléﬁ ZI;LLA\—llelvy Duty—110 V.

“oil. No.

YS—
Coil. No.
MInGFT RELAYS—8P'S'
110 V. A.C. Coll. Neo.

RELAYS — SI’ST Contacts
closed, No. 1C14310 . ...

1CA OSCILLATONE.

“ZipT
one o ratlon. 2“ wide,
No, 1015268 .............

‘ontacts normally ¢
1C14307
normally open.

MOD. No. 4300—Code pracuce

set, keying monitor. No. 1C14086

WIRE STRIPPER—Strips insulatior! clean in
27 deep, 2%” long.

............ $11.76

Gany bwn’l‘t.ll—l -way shorting type. 4 pole two

position per ganhg,
3” long. No. 1C12666

%" diameter standard shnn.
................. .47c

LAFAYETTE
RADIO CORPORATION

901 W. Jockson Blvd.
CHICAGO 7, ILLINOIS

THE ONLY UP.TO

DATE CA"ALO(‘; IN?W',

THE FIELD. From cover.
to-cover . & ftressure
house of radio and slec-
tronic parts and equip.
ment . contains in.
valuable information on
how to obtain needed
items without delay.

265 Peachtree Street
ATLANTA 3, GEORGIA

'-II.IIIII.I.I.-F‘:‘——\_

BLAFAYETTE RADIO CORP.
901 W. JACKSON BLYD., CHICAGO 7, ILL., DEPY F2

.Ploou send me o FREE copy of the new Lofayette
g Rodie Corporation Cotalog No. 94,

L)
.NAuE
BADORESS
2

BCITY ... irieeiinennnn
Ihmssssssssass
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This is an official U. 8. Treasury advertisement — prepared under auspices of Treasury Department and War Advertising Council ) I
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Pin-up picture for the man who “can’t afford”

to buy an extra War Bond!

OU’VE heard people say: “I can’t

afford to buy an extra War Bond.”
Perhaps you’ve said it yourself . . . with-
out realizing what a ridiculous thing it
is to say to men who are dying.

Yet it is ridiculous, when you think
about it. Because today, with national
income at an all-time record high . ..
with people making more money than
ever before . . . with less and less of

Let’s all BACK THE ATTACK!

things to spend money for . . . practi-
cally every one of us has extra dollars
in his pocket.

The very least that you can do is to
buy an exfra $100 War Bond . . . above
and beyond the Bonds you are now
buying or had planned to buy.

In fact, if you take stock of your re-
sources, and check your expenditures,
you will probably find that you can

RADIO
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buy an extra $200 ... or $300...or
even $500 worth of War Bonds.

Sounds like more than you “‘can af-
ford?”” Well, young soldiers can’t afford
to die, either . . . yet they do it when
called upon. So is it too much to ask
of us that we invest more of our money
in War Bonds . . . the best investment
in the world today? Is that too much
to ask?

WE BOUGKT EXTRA WAR BONDS
w

1944 *
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John D. Grayson

to this, he was Comptroller of Bellows and
Company, and prior to that, Asst. Treas-
urer of Devoe-Raynolds Company, Inc. He
is a native of Monroe City, Missouri, a
member of the Controllers Institute of
America, and the New York Society of
Certified Public Accountants,

ALTEC APPOINTMENTS

George L. Carrington and Harry M.
Bessey have been elected president and
vice-president, respectively, of Altec
Service Corp. Carrington succeeds L.
W. Conrow, who died here recently.

In addition to his duties as president,
Carrington will retain his position as
general manager, a post he has held
since the inception of the company in
1937. He will also function as president
of Altec-Lansing Corp., west coast man-
ufacturing subsidiary, which operates
three factories in the I.os Angeles area.

Carrington was previously associated
with Western Flectric Co.. in the FErpi
division, and with the Southwestern Bell
Telephone Co., before joining Altec.

Bessev assumes the post of vice-presi-
dent after serving as secretary-treasurer
of Altec Service Corp. since 1937. He is
a director of Altec companies, as well as
an officer of Altec Lansing Corp.

TEMPLETONE APPOINTMENTS

Captain Robert Adams, recently retired
from the Signal Corps for reasons of
medical disability, has joined Templetone
Radio Company, Mystic, Connecticut, in
the capacity of Production Manager of the
Radio Division.

“Bob” Adams is well-known throughout
the radio industry, having been engaged
in the production of radio receivers, trans-
mitters, and television for eighteen years.
Prior to entering the Armed Service he
was Works Manager of Sonora Radio
and Television Company. Previous asso-
ciations were as Superintendent, Radio
Division, Stewart Warner Corporation,
and with General Electric Company, RCA
Victor Company, and Raytheon Manufac-
turing Company.

Dr. Gregory Timoshenko, who is As-
sociate Professor of Electrical Fngineer-

RADIO]
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ing at the University of Connecticut, and
specialist in electrical measurements, is
now connected with the development work
of Templetone Radio Company in a re-
search capacity.

DUMONT ELECTED PRESIDENT
OF T.B.A.

Allen B. DuMont, president of Allen
B. DuMont Laboratories, Inc., was clocted
president of the newly formed Television
Broadcasters Association, Inc., at a mcet-
ing of the organization commitice in
New York.

Other officers elected were: Lewis Allen
Weiss, Don Lee Network, vice-president;
Jack Poppele, Station WOR, New York,
assistant secretary-treasurer.

A.M.P. APPOINTS NORDEN

Appointment of Alexander Norden to
further product development and post-
war merchandising rescarch is announced
by Aircraft-Marine Products, Inc., 1521-31
North Fourth Street, IHarrisburg, Pa.,
manufacturers of solderless wiring devices.

Mr. Norden has been in the radio and
automotive industries for many years. He
was active in forming the Norden-Hauck
Electric and Manufacturing Company of
Philadelphia. For the last ten years he
has been executive vice-president of L. A.
Brach Manufacturing Company of New-
ark, New Jersev.

VIA JOINS MECK

Lester Via, who has had well over 10
years experience in the radio field, has
been appointed to the engineering de-

Lester Via

partment of John Meck Industries, of
Plymouth, Indiana. Mr. Via will have
charge of special crystal research.

BENDIX CONSOLIDATION

Bendix Aviation, Ltd., of North Holly-
wood, Calif., is now opcrating as the Pa-
cific Division of Bendix Aviation Cor-
poration, following rccent announcement
of the change-over by Ernest R. Breech,
corporation president.

Actually, the change-over from Bendix
Aviation, Ltd., organized seven years ago
by Bendix Aviation Corporation as a
California Corporation, will affect only
administrative and legal considerations,
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www.americanradiohistorv.com

ev%nbzgi

UNCLE SAM
DUMONT
VICTORY M3&™

L -

SUPERCAPS

Dumont Electrolytic

WITH
THE
NEW

tubulars for the
duration have the
following special.

features..and are
guaranteed to
give the same high
quality perform-
ance for which all
Dumont Electroly-
tic Tubulars have
a reputation.

BUY BONDS

SELF HEALING
LONG LIFE
ECONOMICAL
VARNISHED TUBES
DOUBLE SEALED
SMALL SIZE

FULLY GUARANTEED

Patent Pending

DUMONT
ELECTRICCO.

EMER'S OF
CAPACITORSFOR EVERYREQUIREMENT

34 HUBERT STREET

MNEW YORK, HN. Y.
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What Chance Have

YOU-

for a secure peace-time
futurein Radio-Electronics?

If you want peace and security after the war
. . . prepare for it mow!

Your present job may last only as long as
the war. After that, industry will face a com-
plete readjustment as the country returns to
peace-time normalcy and millions of men re-
turn from the Armed Forces. Then, once
again, the choice jobs will go to those who
have the ability and technical knowledge to
qualify.

Opportunity is yours, but competition will be
keen.

We can train you, as we have trained more
than thousands of other experienced radio-
men for secure, good-paying positions. You
can train in your spare time, without inter-
ference with your present work, at moderate
cost . . . and you can start right notw!

Write for Details
Abost CRE! Home Study Courses

If yom ore a professional or w

omatewr rodiomaen and want
to make more momey—let wus
"zzn to yow dm Iuw; f:o'?e-
g_yom need to qualify for
the BETTER mntr-ioz op-
portwmities that caw be yours.
To help us intelligentlv an.
swer your inquiry—PLEASE
STATE BRIEFLY YOUR
EDUCATION,
EXPERIENCE AND
PRESENT POSITION.

Free Booklet Sent

CAPITOL RADIO

ENGINEERINGINSTITUTE

Dept. RA-2, 3224-16th St., N.W., Washington 10, D. C.

BURSTEIN-APPLEBEE CO.

1012-14 McGee 5t. Kansas City, Mo.

I according to Palmer Nicholls, who has

been made a vice-president of the parent
company,

He and AMel M. Burns will continue to
play the exceutive roles in the new divi-
sion, operations and personnel remaining
unaffected. Principal reasons for the
change, Nicholls pointed out, were to
streamline corporation activities and to
avoid confusion which has existed be-
cause of the similarity in names of Ben-
dix Aviation, l.td,, Bendix Aviation Cor-
poration, Bendix Products and other Ben-
dix subsidiaries.

G. R. OPENS CHICAGO OFFICE

To assist users in the Chicago and
middle western area, the General Radio
Company has opened a Chicago engineer-
ing officc at 920 South Michigan Ave,,
Chicago 5, the phone number being Wa-
bash 3820.

In charge of this office is Lucius E.
Packard who for the past three years has
been in charge of the New York engineer-
ing office.

Succeeding Mr. Packard at the New
York office is Martin A. Gilman of the
factory engineering staff.

NEW B & W CATALOG

A new catalog just issued by Barker &
Williamson, 235 Fairfield Ave., Ubpper
Darby, Pa., gives complete information on
the line of B & W Type CX Variable Air
Condensers for heavy-duty requirements.

Features of thesc B & W Condenser:
include perfect electrical design symmetry
built-in neutralization with mounting of
standard B & W coils in such a way that
lead lengths and resulting lead inductance
are reduced to an absolute minimum, and
extreme mechanical durability.

A copy of this new catalog will gladly
be sent upon request to the manufacturer.

' Ask for Condenser Catalog 75C.

LONG JOINS UNIVERSAL

Floyd I.ong, radio engincer and instruc-
tor for United Airlines at the Oakland
Airport, is a new addition to the technical
staff of the Universal Microphone Co.,
Inglewood, Calif. He is assigned to the
production control laboratory in charge of
all company test equipment.

CETR

SEND FOR CATALOG

NTINENTAL ELECTRIC C

GENEV A, ILL.

THE TUBES YOU CAN
DEPEND UPON

Rectifiers - Phototubes - Electronic Tubes

Prompt deliveries on most types
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JOHNSON
W%W

are used in the famous

HALLICRAFTER BUILT SCR-299

JOHNSON'S are proud of their part in furnishing many of the important components for
this famous transmitter. They are proud to have been selected originally by HALLI-
CRAFTERS to furnish these components for the HT-4—before the pressure of war made
price unimportant. They are proud that this same HT-4 was used by the Signal Corps
to become a part of the SCR-299—a tribute to the dependability of HALLICRAFTERS equip-
ment and JOHNSON parts. They are proud to have been able to expand production to
furnish all of these parts needed in the SCR-299 in addition to the vast numbers of parts
needed by other manufacturers. And. we are proud that these

are all standard parts made to the same specifications as our /

"ham’ parts before the War. .

JOHNSON

PWrcte for
CATALOG
967K
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GUIDES
NICATIONS EQUIPMENT

2

STEPPED.yp
-UP p.
VOLTAGES | , £

SEND FOR THESE NEW BOOKLETS TODAY!

Whether it’s a problem of stepping up d-c power...
reducing core assembly time...locating the right high-
frequency insulators or high-voltage d-c¢ capacitors in
a hurry, you’ll find the answer in these new Westing-
house publications. Complete listings of sizes, weights
and dimensions, together with application guides
make these booklets an invaluable aid in designing
and ordering.

These are only four examples of the help that
Waestinghouse can offer in the design and manufacture
of communications equipment.

Westinsho

PLANTS IN 25 CITIES...

L d

Other helpful publications are available on

®* Micarta insulating parts
and materials
®* Thermostats
* Contactors

Whatever your problem, Westinghouse Communi-
cations Equipment and Communications Specialists
can help you find a quick solution. Call on Westing-
house for help. Ask for the booklets you want from
your Westinghouse representative, or write Westing-
house Electric & Mfg. Co., East Pittsburgh, Pa,
Dept. 7-N. 194613

® Instruments
®* Rectox rectifiers
* Relays
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