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There are many ways of choosing a transformer
...there are even more ways of making one
Where a stock item can do the job, by all means standardize. (The UTC catalogue
covers over four hundred types.) But, the ideal transformer for a specific job doesn't
just happen _ills designed. For example, after extensive development, UTC reduced
the weight of an important aircraft item over 90%. Let UTC design a unit to your
specific problem.

There

is no substitute
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K

REET

for engineering skill
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THE STATE OF ILLINO'S has juEt completed one of
the world's finest mobile crime detection laborato:ies. The laboratory
travels in a truck which is staffed with crime detection exrerts and a
modern laboratory incorporating every deice for the s :ientif.c detection
of crime and the apprehension of criminals.

WITH HALLICRAFTERS short wave rad =o communicaequipment the radio operator an maintain communications with
police radio stations and the Illinois State 3ignway ?once Pa:rol Cars to
arrive at the scene of a major crime within a short time cfier its occurrence.
Lions

"

HALLICRAFTERS

short wave rado communications

equipment will always be found doing its job where except'.onal accuracy

and high quality reception are required.
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World's largest exclusive manufactlrer of short crave radio
communications ecuipm?n!.
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HERE is that

high -powered rig you have always wanted to own ... one that
you can depend upon for peak operating efficiency. Hallicrafters have built
into the HT -4B the resultant experience from years of engineering research.
Model HT -4B delivers a carrier output of 325 watts on phone and 450 watts
on CW. The preamplifier supplied with the transmitter can be mounted conveniently at the operating position, controlling volume, keying and standby
... once adjusted to any band the rig may be operated remotely.
When, once again, we are permitted to sell communications equipment for
civilian use your HT -4B will be waiting for you.

-

IldIIiErafflPr1s
CHICAGO,
U.

S.

A.

World's largest exclusive manufacturer of short wave radio
communications equipment.
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RADIO -FREQUENCY VOLTMETER

* Measurement of the high voltages
encountered in radio circuits requires
a potential divider because measuring

instruments cannot take the full differences of potential. One method, out-

Radio -frequency voltmeter circuit.

Those imaginary pixies that haunt our pilots can also gum up
your microphone. Protect your unit from falls, heat, wind,
moisture and improper circuit conditions. Above all, use common sense in handling your mike. Don't bang it around as
though it were a football. You'll get longer, better service if you
treat it right. When your mike fails or gives trouble, send it
to the factory or its dealer
don't try home repair jobs!

-

The back page of the new Turner Microphone
Catalog lists the DOs and DON'Ts for longer
mike life. It's Free. Send for yours.

lined in the January 1943 issue of the
Bell Laboratories Record, is to connect
a large and a small capacitance in series across the voltage and measure
the drop across the larger capacitance.
This drop can be made small by using
a large ratio of capacitances, since the
voltages of two condensers in series
divide inversely as their capacitances.
In the radio - frequency voltmeter
shown here the top plate, which is
[Continued on page 8]

Send NOW for your Free Copy of Turner's
new 8-page, fully illustrated, colorful Microphone Catalog. Each unit is engineered for
specific jobs and trouble-free performance.
Select the one best suited to your needs
at the price you want to pay.

71w_,

77.

THIS NEW TURNER
MICRQP,PH,ONE CATALOG

6

Tgrñer
anr

Cedar Rapids, Iowa

High -voltage r -f voltmeter.
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SPRAGUE
HERMETICALLY SEALED METAL
ENCASED PAPER TUBULARS
TYPES PX -24, -24A, and -24B

BUILT TO DO MICA CAPACITOR JOBS

... and

clue

-

SMALL -light in weight hermetically sealed,
and outstandingly sturdy, these Sprague Metal Encased Paper Tubular Capacitors have proved
eminently satisfactory for numerous blocking
and by -pass applications previously assigned exclusively to molded mica units. Not only is this
true as regards less critical "mica jobs," but also
on more exacting applications where characteristics such as temperature -insulation resistance,
voltage- capacitance, or temperature-capacitance
are important considerations.
There remain, of course, certain applications
where mica capacitors should still be used, and
Sprague regularly produces large quantities of
transmitting mica capacitors in a complete range
of types and sizes.

tikn sa(.t

Deliveries of both types are obviously dependent on prevailing priorities. Production facilities- especially on the Metal-Encased Paper
units -are being steadily expanded, and Sprague
engineers will gladly cooperate in determining
the adaptability of these Capacitors to your
requirements.

SPRAGUE SPECIALTIES COMPANY
North Adams, Mass.
quantities
WANTED'
o r large
include:
market f rem
MATERIALS
M
constant
1eers a
Present raga=' turning; 5/1622
free
Sprague ° materihez
turning #
brass rod, f
of critical 1/4"
2 standard
rod,
brass
8/.
and
metals
2
n
coating;
diameter
15#
°n
_ferrous
1/4
t0
and
ternesf
and n or large will
small lots d=ies su it l be
gauge longnuts; also ferrous
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hex brass

ts

items
and AA1
these
Offers of upon promptly
Agent
reported
purchases.
ARA, p rch?sir9 804
to cover
(Ma:

F./,McNAM
North
Telephone:

Adams

-

KOOLOHM RESISTORS
MANUFACTURERS OF A COMPLETE LINE OF RADIO INDUSTRIAL CAPACITORS AND

IRA DIO
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TECHN JUANA
[Continued from page 6]
about 3 inches in diameter, and the
small metal disc concentric below it,
form one capacitance. Distributed
capacitance between this disc and the
ground provide a much larger series
capacitance whose potential can be conveniently measured. A vacuum tube
rectifies the potential and a milliammeter in the tube circuit indicates the
full voltage.
With this arrangement voltages up
to 10,000 volts with frequencies up to
SO megacycles can be measured.

WOMEN AT WORK

* The Ladies' Home Journal has been

running a series of advertisements
titled, "Never Underestimate the Power
of a Woman !" And it seems now that
the radio engineer and technician will
have to take this warning to heart
for women are in our midst
The Western Electric Company now
has a large number of women doing"the man's work" of testing, calibrating and, in some instances, research. More recently, the Brown Instrument Company ran an advertisement in Philadelphia newspapers for
"women college graduates to train for
laboratory assistants, engineering aides
and careers in research work," the
last of which may chill the hearts of
many males, by its implication of permanency. To make matters worse,
Walter P. Wills, development engineer
of Brown Instrument Co., states that
just as women have shown that they
[Continued on page 10}

-

!

BULL'S-EYE IN THE DARK
Stabbing out into the black of night
locating winged raiders . . .
downing an unseen enemy ... electrical and electronic devices are
helping United Nations win mastery of the air.
Today, the Allies are benefiting by the years of peacetime
research. Companies long active

...

in the radio industry, like Utah
Radio Products Company, are
turning the skill of their laboratories to the manufacture of
weapons for war.
Utah dependability, long a byword in the radio industry, is
being built into all kinds of electrical and electronic devices, for
the Navy, Army and Air Corps.

We would like to tell you this

whole story of Utah developments, but that would be inter-

esting to the enemy, too; so the
full details will have to wait until
after the war.
Then, when America is back
in the swing of peacetime activity American homes and factories will benefit from the wartime research and improvements
that are now going on at Utah.
Re- united family circles will have
greater convenience and enjoyment. Industrial production will
be assured of greater economy
and efficiency. UTAH RADIO
PRODUCTS COMPANY, 846
Orleans St., Chicago, Ill.

-

PARTS FOR RADIO, ELECTRICAL AND

ELECTRONIC DEVICES,

INCLUDING

SPEAKERS, TRANSFORMERS, VIBRATORS,
UTAH-CARTER PARTS, ELECTRIC MOTORS

8

Irene Mele calibrating a standard resistat the Kearny Works of the
Western Electric Company.
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The Toughest Test
in History

Tit Ef RI

l'1,11';TT

Fl.ECTR IC
A

tL INSTRUMENT

CO., BLUFFTON, 01110

WORD ABOUT DELIVERIES

Miracles must be done in minutes
in this war of mechanized movement. And Triplett Testers, built
to the needs of war, are valued
tools with America's armed forces
on 22 fronts and on the seven seas.
Here are a very few of Triplett
Combat Line Testers. There are
many! Built for every tester job,
they are different in adaptation to
each specific purpose; unfailingly
alike in precision performance rendered under the toughest test ever
devised since the beginning of time.
When the last gun has been fired,
the values of Triplett wartime experience will be evidenced by
advanced technical superiority and

by precision performance that
might well seem miraculous today.

Naturally deliveries are subject to necessary priority
regulations. We urge prompt filing of orders for delivery as may be consistent with America's War. effcirt.
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[Con iiutied from page 8]

have greater aptitude at some production jobs than men, they also are better suited to certain laboratory assignments, especially those that require a
great degree of patience.
Possibly we will see in the post -war
period, a Ladies' Section of the Institute of Radio Engineers, and Powder
Rooms in the Engineering Societies
Building.
SIMPLIFYING SMALL -WIRE
SOLDERING

* The job of soldering small wire con-

LOOK ..

nections is simplified at General Electric by making the iron stationary and
dipping the connections into a small
hole filled with solder near the tip of
the iron.
As shown by the drawing, the soldering iron can be fixed for use in this

FOR THE

C

LITTLE BLACK BOX!

We believe every good American wants above all to get
this war won. Certainly that is the spirit here in the "Connecticut" plant. But postwar planning is as necessary to the business world as to government.
We do not believe tomorrow's world and yesterday's world
have much in common.
We think that many of tomorrow's better things will come
from "a little black box" containing automatic electric and
electronic equipment. It will do much more than turn things
on and off automatically at certain times it will "look
inside" materials being fabricated into finished products,
"inspect" transportation equipment to be sure it is safe. It
will improve communications amazingly.
This "little black box" is not the invention of "Connecticut"
or any other one company. It merely represents the practical
application of advanced electrical and electronic principles,
many of which are being learned from wartime development.
"Connecticut" development engineers will have much to offer
the manufacturer who would like to see the magic of "a little
black box" applied to his product, or to machines in his plant.

-

A

B

manner by drilling a hole A into the tip
B. A nickel steel tip will last longer
than other types.
'The drip and splash guard C catches
surplus or drips of solder coming off
the iron. It is made of 1/32 -inch steel
and is fastened to the iron with a hose
clamp D.

*
MONITOR LOUDSPEAKER

* A single -unit loudspeaker employing a unique diaphragm construction
has been designed by the General Electric Co., for use in broadcast stations
for checking transmission quality.
Stiffening the diaphragm with mica
eliminated the ordinary 4000 -cycle peak
with subsequent cutoff and extended
the high- frequency response to 9000
cycles. Good low- frequency response
was maintained by using a very compliant diaphragm suspension and by
mounting the speaker in a completely
sealed wooden cabinet which eliminates
the usual back wave.

*
SIGNAL -CORPS RESEARCH

CONNECTICUT

TELEPHONE &

ELECTRIC

DIVISION

BEAT

"AFRICAN

formance -are far behind the new ones
which are already emerging from the
laboratory stages. And problems which
existed in certain forms of operation
[Continued on page 47]
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* Many are the means of communication devised and developed by engineers of the Signal Corps. Yet those
in use now -excellent as is their per-
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HAZEI.TINE SERVICE CORPORATION
4-ecee-610t24..

HAZELTINE

.

t"«

CORPORATION

You could call it "Shangri La". Even
the location of this new Hazeltine
plant is a result of scientific research.
And what is taking place inside it will
help seal the fate of Tokyo and Berlin.

l.O meet the constantly heavier responsibility entrusted to us by the

-

Army and Navy
and ultimately to
serve industry better -we at Hazeltine
have enlarged all facilities for research
and development in the field of electronics.
With the completion of this project
it is fitting that we take the new name
-HAZELTINE ELECTRONICS CORPORATION. For we are equipped in plant
and personnel to undertake solution of
the most complex problems in electronics.

Since the infancy of radio broadcast ing we have been supplying new principles, circuits, techniques and equipment. Today, Hazeltine developments
are playing a vital part in keeping the
United Nations superior to the enemy.
Under the stress of war we are concentrating years of research into the
space of months. When our facilities
once again can be turned to peace -time
use, there will be at Hazeltine a deep
reservoir of knowledge and experience
that can be invaluable in tomorrow's
world of electronics.

II.IZI:I.TINE ELECTRONICS CORPORATION
A

WHOLLY OWNED

RADIO
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.A BLIGHTING JPEANUR!

it is not a figment of the
.hawing board or the _Lture
dream of a designer. This new
Jensen speech J reproducer is
.

r.ow on ective dut', with the

armed forces.
It is

orly one cf the many

rawly developei Jer.ser

...products
cf Jensen's lzbora :orie3 and.
speech re -orod

c ers

factory.

Jensen continues to rr ake a
full line of sound raprocLcers
of all types foi qualified users.
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EDITORIAL

CIRCUIT VALUES

*

As brought to our attention by Cortlandt Van
Rensselaer, the recent design of radio and electronic
devices using high resistances of accurate value has
outmoded the classical notation used for these circuit
components. Heretofore the plan has been to use the
symbol M for 1000 and Meg for 1 million ohms. Not
only is Meg a cumbersome factor to include in the
specification of many resistance values, but the similarity between the abbreviation M and Meg is sufficient
to often result in confusion. The attempt to be consistent in the statement of resistance values has led
many firms to specify all values in fractions of megohms. While it is true that this notation is less confusing than M and Meg, the numbers are still cumbersome when small resistances are specified.
A logical solution, he points out, and one which has
been found to be wholly workable, is "to modify the
old method by allowing the letter K to designate 1000,
thereby opening the possibility of shortening the Meg
symbol to M for 1 million. This is not an illogical
proposal since the letter K is often used in engineering
to signify 1000, and M 1 million. The resulting simplification is apparent."
Though it is customary in some quarters to express
the values of resistors and capacitors through the use
of exponents, the notation 5 x 10-4, for instance, as
the value of a capacitor is not satisfactory where the
notation is to be resolved by radio maintenance men
in civilian or military service.
For that matter, the entire system of circuit notation
could stand revision and subsequent standardization.
Since there are numerous ways of approaching the
problem, the matter is open to discussion.

RADIOTHERMICS

* The article "Heating of Wood With R-F Power ",
by John P. Taylor, in our January issue, provides but
one small glimpse into the future of Radiothermics.
It is a comparatively new branch of radio that holds
untold possibilities. Quoting from a booklet recently
issued by the Radio Corporation of America, "Radio
waves may now be used to heat, dry, glue, stitch, anneal, weld and rivet ; also to deactivate enzymes . . .
Radio high- frequency 'furnaces' are a post -war prospect, and in them railroad ties can be seasoned quickly
and `cakes' of textiles dried uniformly. Even rubber
may be radio 'cemented' to wood or plastic ; cloth
stitched and seamed by radio heat, metals hardened,
1IZADIOf

*

FEBRUARY,

plywood glued and fresh vegetables deactivated without loss of flavor or color." And any radioman who
may wish to do a bit of imagineering can easily carry
radiothermics into the realm of household appliances
for heating and cooking.
As a commercial possibility, Radiothermics is on
surer ground than such electronic devices as may be
employed for the purpose of precise control, simply
because it will take some time to educate the public,
and industrialists, to the point where they will have
confidence in equipment that can go completely haywire through such a simple fault as an open resistor
or a change in the electrical value of a circuit component.

THE CASE OF THE MISSING PIECE
* A recent article in the New York Times on the
"books of etiquette" passed out to our soldiers bound
for foreign countries, pointed out that these lessons
are necessarily
in "how to behave when you reach
printed well ahead of time. Hence, if Germany had
gotten wind of the fact that a book dealing with the
customs of the peoples of North Africa was in preparation, our whole show would have been given away.
Anyone can see, therefore, why the preparation of
these books must be shrouded in secrecy.
It should be equally as evident though it is not
that people, and particularly engineers and technicians,
should not discuss outside of their own circles the
characteristics of war devices or the theory underlying
their operation, no matter how innocuous the data may
appear to be.
Some time ago, a government agency took excep
tion to an article prepared for The Saturday Evening
Post on the grounds that, though most of the information contained in the article had been published at
one time or another, it was unsafe to tie it up into one
neat bundle, with none of the pieces missing. The
editors of the "Post" saw the logic in that and refrained from printing the material in toto.
Most any scientific device can be likened to a jigsaw
puzzle to the extent that the method of its operation
may not be apparent at all if one segment of its basic
theory of operation is left unexplained. We may assume, without being dramatic, that enemy agents pick
up scraps of information here and there that provide
a semblance of a complete picture. Do not place yourself in the position of unwittingly supplying an agent
with the missing piece to any puzzle by talking out
of bounds.-M.L.M.

1943
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elitralab

Our Army, Navy and Air Force is using
electronic equipment in which Centralab Wire
Wound Radiohms play an important part.
Available in single or tandem type ... with or
without switch
for use as potentiometer
or rheostat
in resistance values up to
10,000 ohms. Total rotation 300 °. Switch type
requires 40° for switch throw. Linear taper
only
rated conservatively at 3 watts .. .
temperature rise of 100 ohm unit is 28 °C. at
3 watts, 40 °C. at 4 watts ... with load carried
over total resistor.

...

...

...

o

CENTRALAB:

14

DIV. OF GLOBE - UNION, INC., MILWAUKEE, WIS.

-
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HIGH -VOLTAGE CONTROL
V.

J.

YOUNG

New York University

* High voltages can mean almost
anything from 2000 volts to 400 kilovolts, or even up to a few million
volts. As far as the lethal qualities
of the installation are concerned it
It is
makes very little difference.
something like drowning in 10 feet instead of 100 feet of water. As a matter of fact voltages of 100,000 and
more are probably somewhat less dangerous than 10- kilovolt potentials even
though the two are capable of supplying the same amount of energy.
The electric field of really high potentials makes itself known while there
is still time for you to change your
mind about touching it. You feel it
on your face and forearms ; it tends
to make your hair stand on end. For
example, at the physics department
of the State University of Iowa there
is a 400 -kv direct -current installation
in open air. It consists of a simple
vacuum -tube circuit designed to rectify
and multiply the voltage of an oil
filled transformer by a factor of four.
There the electric field can easily be
felt at a distance of three or four feet.
At the useful load the highest voltage appears on a metal box supported
ten or twelve feet in the air on insulating legs made of a composition fiber.
In this box at high potential are several small power supplies and a generator which is driven by a long insulating belt. The controls in the box
are operated by long strings which
terminate at a panel placed a conservative distance away. Ends of strings
from these controls may be observed
standing quite erect or pointing horizontally out toward the nearest wall.
After a while you even learn that the
output voltage can be estimated from
the appearance of the string ends.
High Voltages in Radio

Both the Iowa installation and a
very similar one at New York University, as well as a dozen others in
various university laboratories both in

1RAn><ol
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lems are currently very pertinent. The
ordinary cathode -ray 'scope with a 905
type tube may use one or two thousand volts ; a tube such as the 912 used
for the examination of transients may
well use as much as 15 kv commercial
television receivers sometimes operate
with 12 kv. A 10 -kw frequency -modulated transmitter will use 7 kv on
its plates and the largest transmitting
tubes listed as standard items operate
with as much as 20 kv. Furthermore,
insulation must often be designed for
twice these amounts to take care of
the peak inverse voltage at the rectifier. X -ray outfits also make use of
high voltage but are more easily handled because of the simplicity of the
high- tension circuit. A tube such as
is used in many doctor's offices will
operate at only a few thousand volts,
but large X -ray therapy machines even
use potentials of 100 to 1000 kv.
Because of the economy of transmission of energy at high voltage,
power companies use high- tension lines
and occasionally, where space is not
at too great a premium, actually operate at voltages as high as 800 kv.
This is possible because the high voltage is alternating and thus obtainable
from a transformer entirely sealed in
The leads are brought out on
oil.
enormous insulators so as to keep
the air path very large. Space is
at more of a premium for laboratory
and semi -portable apparatus and oil
cases make the components inaccessible and add too much to the weight.
Thus it is necessary to watch spacing
very carefully and consider tricks to
help out.
;

Rectifier tower at New York University.
showing string controls in foreground
and stove pipe wiring.

the United States and abroad were built
in 1935 or earlier. The physicist built
up these sources primarily for his use
in studying the central portion of the
atom, but because of the moderately
high voltages now being used in television and special military radio equipment, many of his construction prob-
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Points and Spheres

Two ten-inch spheres separated five
inches in dry air will be insulated from
each other much better than two points
As little as
at the same distance.
85 kv will cause a spark to jump between the points but the spheres will
take 275 kv before breakdown occurs.

15

faces of the stove pipe or inner tube.
Housing High Voltage

Even when surfaces are all kept to
large radii of curvature, it is very
difficult to house more than half a
million volts in a room of modest di-

),./i/i/U////iiiii/i/i////////////////////////////i)iii//i/

///////,%///////i/////, /i/////

Fig. 1. Arrangement of the components in a 300 -k.v. supply at New York University.
A represents storage batteries for filament supplies; B, condensers made by series connecting units formed of three foot square window glass coated with foil on both sides:
C, rectifier filaments and cathodes; D, high voltage point.

It is not the voltage alone that dictates the insulation problem but rather
the voltage and the geometry. These
two requirements can be linked by talking in terms of the electric field. If
a small test plate is located at various
points between the charged spheres
just mentioned, it will be found that
the voltage to which corona charges
the plate is just about proportional
to the distance. That is, if 50,000 volts
are applied to the gap, and if one
sphere is taken to be at zero voltage,
then one inch along the gap the plate
will find 10,000 volts ; two inches along
20,000, etc. We would then say that
the electric field is approximately uniform, and has a value of 10,000 volts
per inch.
With the points the situation is quite
different.
At only a short distance
from the point at zero voltage, we
would find nearly half the available
voltage on the probe. The electric
field will be very high in the neighborhood of the points and only a few
volts per inch will be found in the
central region. With either the
spheres or the points it is a certain
allowable value of the electric field
which, when exceeded, will precipitate
a breakdown.
To avoid these high electric fields,
which always appear at surfaces with
small radii curvature, the Iowa and
N.Y.U. systems were wired up with
three- and five -inch stove pipe. See
Fig. 1. Number eight wire is even far
too small to avoid excessive corona
from the high field at its surface. Built
when rubber and gasoline were common and sealed off high voltage rec-

16

tifiers were not, these systems had
their rectifiers built in 20- gallon glass
cylinders from the old gravity feed
gasoline station pumps. The ends of
the cylinders were closed off by steel
plates and an inflated inner tube coated with colloidal graphite was mounted around each plate.
The plates
with their inner -tube shields then
served as electrode connections. Filament leads were carried from isolated
storage batteries by wires running inside the stove pipe. A charge looking at the assembly from another voltage saw only the smooth curved sur-

Even when the room is
mensions.
specially built and made very large,
a practical limit is reached somewhere
around a million volts. Above this,
the apparatus is too large and small
changes in humidity play too great a
part in the operation.
The natural answer to this was to et.
close the whole generator in a tank
of some 'sort and hope that something
could be done about the air which
supported the unwanted discharge. The
first idea, and again the natural one
was to pump the air out of the tank
and thus have the whole supply in
a vacuum. This proved to be quite
an impossible task. A good vacuum
is the best of insulators but only a
slightly poorer vacuum is even worse
than air at atmospheric pressure. A
glow discharge akin to those in neon
signs takes place. Because of a need
to frequently connect to the high voltage as well as make adjustments, it
was very soon found impossible to use
degassing methods suitable for good
vacuums.
The opposite procedure of pumping
air into the tank under pressure was
very much more effective. Moreover,
at the University of Wisconsin, where
most of the early pressure insulation
work was done, it was found that the
addition of as gas such as freon gave
still better results. In one installation
a voltage of 3.5 million volts was ob-

Control panel inside the lead shack at the State University of Iowa installation.
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Rectifier tower and condenser stacks at the State University
of Iowa. Mechanical pump runs continually on diffusion
pumps at the base of the tower to maintain the vacuum.

tained by using an air pressure of 100
pounds per square inch. When ten
pounds by weight of freon was added,
4.3 million volts could be obtained and
with 15 pounds of freon it was possible
to push the voltage up to 4.5 million
volts before break-over occurred.
Fairly long cylindrical tanks are most
commonly used. The high voltage point
is then usually obtained at the center
of the tank with perhaps the generating equipment running more or less
along the axis of the tank to one end
and the useful load again along the
axis to the other end.
Two insulation problems then arise ;
first, along lengthwise supports to the
ends of the tank and, second, across
the air gap to the side walls. Spacing
to the ends is usually quite ample if
the leakage current which exists along
the supports can be kept uniform
throughout the length. On the other
hand, if a certain segment of the path
represents a sensibly higher resistance
than the rest, charge will pile up
across that piece, creating a local but
very intense electric field and finally
result in a breakdown.

equally spaced corona rings bent from
aluminum tubing into the form of
round hoops. See Fig. 2. A leakage
current in the form of corona is then
passed down these rings in enough
strength to insure a uniform and equal
field between each adjacent pair of
rings. Appropriate rings are then tied
to the apparatus along the axis of the
tanlf so as to hold the components
at proper voltages.

This situation is alleviated by surrounding the axial construction with

*

FEBRUARY

Insulation across the air gap to the
curved surface of the tank is a somewhat different problem Non- uniformity of the field is here caused only by
the shape of the electrodes. Effectively the insulation problem is one between concentric cylinders. The inner
cylinder is made up of the corona
rings and the outer one is the tank.
The field is strongest at the surface
of the inner cylinder and when break-

Fig. 2. Schematic cross section showing the insulation methods used in a typical tank contained d.c. generator capable of several million volts. A is the high voltage electrode. B, longitudinal textolite members, supporting the whole assembly. C, corona
rings to distribute the electric field lengthwise in the tank; and D, an intermediate shell
to correct the field distribution between the high voltage elecrode and the wall of
the tank. For 5,000,000 volts such a tank may be as much as 45 feet long and 10

Corona Rings

RADIO

400 -k.v. system with useful load in foreground as first
built at the State University of Iowa. Framework in left
corner is covered with lead to protect observer from X -rays.

feet in diameter.

,
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condenser and the subscript 2 refers
to the glass condenser.
Also
e,

+

e:

=

e

e:

=

where e is the total voltage applied.
Thus solving these two equations for
e, and a :, we get
e,

=

Cs

c,-}-c:
A typical tank installed high voltage gen-

erator showing the in-

sulating space between the corona ring
system and the wall
of the tank.

down occurs it will start there. This
condition may be helped by inserting
an extra metallic cylindrical shell midway between the two electrodes and
connecting it to a voltage point on the
corona -ring system somewhat more
than halfway up to the potential of
the center electrode.
The number
of volts per inch is then forced to be
smaller ,in the central region and the
field in the outer region is brought
up more nearly to its limit.
Resistance in the sense that we usually think of it is of very little concern in high- voltage insulation. We
must always work with gasses not
easily ionized, liquids such as oil, or
solids that have very high ohmic resistance. Any material able to conduct
through itself more than a microampere or so immediately becomes hot
and explodes or melts. Conduction resistance must always run up to hundreds or thousands of megohms. Except for the bugaboo of humidity we
are rather concerned with avoiding
fields which can actually rupture the
insulation. In this connection, it is
necessary to be wary when two different insulators are placed in series.

Capacitive Voltage Dividers

If, for example, two spherical electrodes 10 inches in diameter are placed
2 inches apart in dry air at standard
pressure and temperature conditions,
the gap will be found to be just about
able to withstand 140 kv. With such
large spheres closely spaced, the field
is quite uniform in the gap and the
140 kv checks nicely with the dielectric
strength of air often given in round
numbers as 70 or 75 kv per inch. However, if a large piece of crown glass
%-inch thick is inserted in the center
of this gap the situation is greatly
changed and a spark breakdown will
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probably occur. This is true in spite
of the fact that crown glass has a dielectric strength of about 90 kv per
inch which is even greater than that of
air. See Fig. 3.
In the simple case of two parallel
plates with two dissimilar dielectrics,
and neglecting the effect of the edges.
we can understand the situation quit
readily. These imaginary plates are a
reasonable approximation to very large
spheres. Thinking first of the boundary surface between the two dielectrics, we can see by symmetry that
if the dielectrics are of uniform thickness, then the boundary must be an
equi- potential plane. Thus we could
insert a very thin sheet of metal along
this surface without affecting the problem. As soon as we do this we realize
that we have two condensers connected
in series, with, for example, air and
glass as their respective dielectrics.
Since the condensers are in series their
charge must be equal. This requires
that
c, e,

=

where the subscript

c: e:
1

refers to the air

BOOK

c,-{-c:

e.

Since the capacity of a condenser depends not only upon the geometry of
the plates but also on a property of
the dielectric measured by the dielectric constant, it is apparent that the
voltage may divide so as to give the
glass much less than its proper share
to withstand. This in turn may cause
a breakdown of the air whereupon
the full voltage appears across the
glass.

Fig.

3.
Showing how voltage will distribute itself across air and crown glass
in series. Because of the 6.2 dielectric

constant of the glass as compared to
unity, the air will be required to insulate
for a disproportionately large part of the
voltage. With constants shown, breakdown will probably occur. This is true
even though 2 inches of air are alone
enough to hold the 140 k.v.

REVIEWS

A -C CALCULATION CHARTS, by R.
Lorenzen, 9 x 12, stiff cloth cover, 160
pages. Published by John F. Rider
Publisher, 404 Fourth Ave., New York,
N. Y. Price $7.50.

Engineers are generally annoyed by
tedious computations; hence the large
variety of special slide rules, monograms, charts, etc., that have come into
being to reduce the time required for
computation. When a number of essentially similar computations are to be
made, the average engineer plots a
curve or family of curves or calculates

a table. Perhaps the engineer's mania
for charts, curves, slide rules and tables
lies as much in his dislike of routine
as in his desire to save time. Certainly every radio engineer is many

times plagued with routine computations of inductance, capacitance, reactance, admittance, conductance, susceptance, etc. "A -C Calculations" has as
its purpose the reduction of effort involved in such computations.
The book, however, is not limited to
radio- frequency calculation, but rather
[Continued on page 43]
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NEW RADIO- RECEIVER STANDARDS
H.

B.

SMITH

Underwriters' Laboratories, Inc.

* Recently, the November,

1942 edi-

tion of the Standard for Power-Operated Radio Receiving Appliances of
Underwriters' Laboratories, Inc., was
given approval by the American Standards Association and is now a recognized American Standard. This is the
sixth edition of the Standard, superseding the edition of April, 1938, and
it is the third edition of the Standard
which has had ASA approval.
The Standard contains the Laboratories' requirements for power- operated
radio receiving appliances for noncommercial use, designed to be employed on interior wiring systems in
accordance with the National Electrical Code. The requirements, in so far
as they apply, cover also television receivers, non - commercial or domestic
phonographs, record players, recorders,
and similar equipment.

The Laboratories' Work
The Laboratories' work on radio appliances is to determine that the fire
and accident hazards involved have
been reduced to an acceptable degree.
Accordingly, such features as the size,
shape, and general appearance of a
receiver or its selectivity, sensitivity,
fidelity, and the various refinements of
control and station selection are not investigated ; and there is, therefore,
practically nothing in the requirements
covering these items.
The requirements call for a substantial enclosure which will house all live
or current-carrying parts involving fire
or accident hazard, except cords or
cables. Capacitors and inductors operating at a potential obtained directly
from a metallic conductive connection
to the power -supply circuit and involving fire hazards are required to be
housed within a complete enclosure of
noncombustible material. The area of
openings for ventilation or other purposes is limited. The type of flexible
cord for connection to the supply circuit is specified and provision is made

;IZA D IO

*

for suitable bushings and strain relief
in connection with the cord.
Material Requirements
The various materials used are required to be products which are recognized as suitable for the particular application and accessories such as receptacles, lamp -holders, switches, etc.,
are required to be devices which comply with the Laboratories' requirements
for those classes. Capacitors are required to present no undue fire or accident hazard. Substantial transformers with impregnated coils are specified, and definite limitations are placed
upon the ventilating openings in transformer enclosures. Appropriate insulated conductors are required for all interior wiring, and spacings throughout
a receiver are specified. Special attention is given to the accessibility and
;

hazards of live parts. Fire and accident hazards are defined and provisions are made for the reduction of
these hazards to an acceptable degree.
The complete investigation of a radio
receiver consists of a careful examination of construction details to determine that the appliance complies with
the above -mentioned requirements, and
a comprehensive test program designed
to insure the safe operation of the receiver under the conditions of actual
service-including some of the abnormal conditions which are likely to obtain.
To Be Checked by Tests
The features which are checked by
means of tests include:
determinaPower Consumption
tion of wattage input, to insure that the
power required to operate a receiver
[Continued on page 49]
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2,121,000

100-MICROAMPERE
TO APPLIANCE

UNDER TEST

120 V.
A.C.

For AC plus DC-Throw the reversing switch,
to the position which gives the maximum
reading.
(a) For current, the reading is in milliamperes
rms of the sine wave or 0.707 times the
peak of the complex wave).
b) For potentials in volts, multiply the reading
rms of the sine wave or 0.707
by 1.5
times the peak of the complex wave).
For AC Only -The meter readings are the
If different readings are
same as )a) and b)
obtained using both positions of the reversing
switch, the average of the two readings is to be
takn.

METER

(c)

5)

I

)
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For DC Only
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(d)

current in milliamperes, multiply the
reading by 1.414.
For potential in volts, multiply the reading
by 2.12.

For

If the potential measured is limited by a
within the appliance, the reading of the meter is less than the open- circuit
voltage; but under this condition, the impedance
also limits the current leakage. As the series
impedance approaches a capacitive reactance
i.e., as the parallel resistance component of the
impedance becomes large-the AC + DC reading becomes less than the AC reading; but under
this condition, the AC reading is a suitable measure of the open- circuit voltage.
a

series impedance

-
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PHASE AND FREQUENCY MODULATION
W. P. BOLLI NGER
Radio Corporation of America

PART 1
* Phase modulation and frequency

modulation are so closely related to
each other that if a clear understanding of one is gained, the other is more
or less self- evident. For a physical
conception of frequency modulation
consider Fig. 1. This figure shows the
r -f waveform for both an amplitude modulated and a frequency -modulated
carrier under various conditions of
modulation. For simplicity, the r -f
cycles are shown as having straight
sides when in reality they are sine
waves.

Amplitude- and Frequency
Modulation
Line A represents the condition of
no modulation where both signals have
identical characteristics, being simply
c.w. carriers. If we now apply modulation to these two carriers, their
waveforms will be similar to the representation in line B. The amplitudemodulated signal has the amplitude of
the carrier varied in accordance with
the modulation without any change in
the spacing between cycles, which
means no change in the frequency of
the carrier. However, in the frequency- modulated signal, just the reverse is
true. Here the amplitude of the signal
is constant but the spacing between the
cycles does change, indicating a change
ill frequency.
Note that at a point on the frequency- modulated signal corresponding to
the maximum positive crest of the amplitude- modulated signal, the spacing
between cycles is largest. This means
that the frequency is lowest at this particular point. Conversely, on the negative peaks, the spacing between cycles
is a minimum, indicating the highest
frequency at this point. Frequency
modulation is then the varying of the
frequency of a constant -amplitude signal in accordance with the modulating
signal.

20

Now consider what occurs when the
amplitude of the modulation is increased, as in line C. In the amplitude
modulation case, the magnitude of the
peaks and valleys of the r -f waveform
have been increased. The condition
shown will be recognized as 100%
modulation. Likewise in the frequency
modulation case, the cycles have been
compressed and stretched considerably
more than in line B. Since this compression and expansion represents frequency change, it is evident that the
frequency deviation in line C is greater than that of line B. To our above
definition of amplitude and frequency

AMPLITUDE MODULATION

III

t

II

FREQUENCY MODULATION

IIIIIIIII

II II

1

lllllll
I

I

I

IIII1I IIIIIIII,,,IIIIIII III1IIIII

modulation, we may then add that in
an amplitude -modulated signal, the
magnitude of the amplitude variation
of the signal is directly proportional to
the amplitude of the modulation, while
in a frequency -modulated signal, the
magnitude of the frequency variation
is directly proportional to the amplitude of the modulation.
The waves shown in line C point out
one of the important distinctions of
frequency modulation. Although the
amplitude-modulated signal has reached
its maximum undistorted modulation
(100%), no such limitation is imposed
on frequency modulation within the
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Fig. 1.

Waveform comparison of amplitude- and frequency modulation.
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counter -clockwise direction. Conversely, if its speed were decreased slightly,
.9
the vector would appear to move in the
CARRIER
.8
clockwise direction. If, then, the vec1st SIDEBAND
tor were observed to move first count.7
12nd. SIDEBAND
er- clockwise, then reverse its direction
.6
3 rd. SIDEBAND
and rotate clockwise an equal amount
.5
4th. SIDEBAND
on the other side, and reverse its direc4
tion again ; that is, oscillate between
.3
the two dotted vectors through the angle D, it would be known that the vec.2
tor was oscillating in its speed.
.1
Note that even though the vector
0
first speeds up and then slows down, its
-.1
average speed would be constant regardless of the speed deviation. Since
the speed of the vector represents a
-.3
frequency, it is apparent that when this
vector oscillates through the angle, 0,
7
10
4
6
e
9
3
5
o
2
the frequency is being shifted either
DEVIATION RATIO
side of the mid -frequency point and
the oscillation is, cycle for cycle, in
direct accordance with the modulating
Fig. 2. Distribution of the components of an f -m signal.
signal. The oscillating vector then represents a frequency -modulated signal,
but it also represents a phase-modulated
practical limits of operation. Line D modulation as in an amplitude -modu- signal; that is, the phase of the signal
represents the condition of a higher lated signal, but varies as shown in is being modulated through the angle
frequency of modulation. Here in the Fig. 2. This graph shows the distribu0. When the vector moves counteramplitude -modulated signal the crests tion of the carrier, or mid - frequency, clockwise, the phase is being advanced
and valleys of the amplitude variation and the sidebands as a function of the and when being moved clockwise, it
have been moved closer together, while deviation ratio. The deviation ratio is is being retarded.
in the frequency-modulated signal, it is defined as the maximum deviation of
the points of maximum compression the frequency -modulated signal from
Where PM and FM Differ
and expansion of the r -f waveform its mid - frequency divided by the modUp to this point it is impossible to
that have been moved closer together. ulation frequency.
the difference between phase modthe
commercial
tell
amplitude
take
an
As
an
example,
in
that
We can then say
since
modulated signal, the number of ampli- frequency -modulated stations which ulation and frequency modulation
The
effects.
identical
produce
the
±
75
kc
both
of
to
deviation
equal
have
is
a
maximum
tude variation cycles
number of modulation frequency cy- from the mid - frequency. If this de- distinction between the two occurs
viation were obtained with a 15 -kc when we consider the effects of various
cles, while in the frequency -modulated
Referring
frequencies.
variafrequency, the deviation modulation
frequency
modulation
of
number
the
signal
this vecof
speed
the
3,
of
to
Fig.
again
number
the
ratio
would
be
tion cycles is equal to
the
from
the
deviation
indicates
per
all
tor
5
=
75/15
cycles,
frequency
modulation
indiconsequently
and
speed
the
deviation
average
amplitude
then
that
It is easily seen
unit of time. If both the
If then
and frequency modulated signals of ratio may become quite high if the cates the frequency deviation.
it is
as
constant,
kept
is
the
and
the
angle
proper
is
low
0
modulation frequency
line D are detected by their
of
number
the
but
be
in
modulation,
will
For
phase
is
maintained.
deviation
the
outputs
full
75
-kc
detectors,
types of
unit
per
makes
vector
the
componoscillations
the
E.
only
simplicity in Fig. 2,
identical, as shown in line
ents up to the fourth sideband and de- time is increased, the speed of the
viation ratios up to ten are shown. The vector and, consequently, the freSideband Characteristics
negative values on these curves simply quency deviation will be increased.
The sidebands of amplitude and fre- means a reversal of phase.
The following statements can then
quency modulation are, in general,
made : In frequency modulation, the
be
quite different. In an amplitude -moduModulation
Frequency
and
Phaselated signal two sidebands are present
Phase modulation can probably best
which are spaced either side of the
carrier. The spacing between either be explained by reference to Fig. 3.
sideband and the carrier is equal to the The vector shown represents an r-f
modulating frequency, and the ampli- signal, and is rotating about its end,
tude of the sidebands is proportional making one complete revolution for
each r-f cycle. Our view may be
to the magnitude of the modulation.
The frequency -modulated signal also likened to a stroboscopic picture of this
has sidebands, but it may have a great rotating vector ; that is, we get a short
many more than the two present in am- view of it once in every unit of time
plitude modulation. Like amplitude required for the vector to make a commodulation, the sidebands are spaced plete revolution. Since, by convention,
from the carrier or mid-frequency and the vector is rotating counter- clockfrom each other by an amount equal to wise, it can be seen that if the speed
the modulation frequency. The ampli- of the vector were increased slightly,
Fig. 3. A vector representation of a
tude of these sidebands bears no sim- our stroboscopic picture would show
phase -modulated r -f signal.
ple relationship to the magnitude of the a slow motion of the vector in the
1.0
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frequency deviation is proportional to
the amplitude of the modulating signal and is independent of the modulating frequency. In phase modulation, the phase deviation is proportional to the amplitude of the modulating signal, and is independent of
the modulating frequency.
From the above discussion, it is apparent that with constant amplitude
of the modulating signal, the frequency deviation is constant in frequency modulation but is directly proportional to the modulating frequency
in phase modulation. Conversely, the
phase deviation is constant in phase
modulation but is inversely proportional to the modulating frequency in
frequency modulation. From the standpoint of a receiving system then, the
only difference between phase modulation and frequency modulation will
be in the amplitude characteristics of
each.
For example, if a receiver were intended for frequency modulation its
audio output voltage would depend
only on the frequency deviation of the
signal and would be flat over the audio
spectrum. If, however, this receiver
were used for phase modulation,
the output would have a rising characteristic with modulating frequency
since the frequency deviation of a
phase modulated transmitter is not
only proportional to the amplitude of
the modulating signal but is also directly proportional to the modulating
frequency. To make this receiver operate properly on phase modulation, it
would be necessary only to correct for
this amplitude characteristic by making the audio system have an amplitude characteristic which is inversely
proportional to frequency.
The same correction can be applied
to the phase -modulated transmitter instead of the receiver, and so it is seen
that all that is necessary to change a
phase -modulated transmitter to a fre-

II ilh6II1IIII6.111IIIII
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An f -m signal under conditions
A noise and B limitation.
1

Fig. 5.

Vector representations of f -m and noise signals.

quency -modulated transmitter is a network in the audio system of the transmitter which has an amplitude characteristic inversely proportional to frequency.
In other words, it has a
characteristic which drops 6 decibels per octave. Likewise, a frequency modulated transmitter can be made to
produce phase modulation by making
the audio system have a characteristic which rises 6 decibels per octave.

add as shown in Fig. 5 -A, where S
is the vector representing the desired
signal and N represents the signal
caused by the noise. The resultant,
R, represents the combined signals and
as can be seen is different in magnitude than the original desired signal.
The phase between the signal and noise
is determined purely by chance and depends only on when the noise pulse
is introduced to the receiver with respect to an r -f cycle of the desired
Noise Reduction
signal. An infinite number of
It is possible to secure some reduc- binations are then possible as incorn
N',
tion in noise in a frequency- or phase - R', and N ", R ".
modulated system by use of a limiter
Now consider the case where the sigin the receiver which removes ampli- nal is not at the mid - frequency
but is
tude modulation caused by noise. A off to one side, as would be the case
physical explanation of this is given when the signal is being deviated to
in Fig. 4.
In A of this figure is modulation, or when the receiver is not
shown a frequency -modulated signal tuned properly. The signal and noise
which is amplitude -modulated by a will not now have the same radio frepulse of noise. If this pulse happened quency but will differ by the amount
to occur at a time when the signal
of deviation of the signal. The two
was deviated from its average fre- vectors shown in Fig. 5 -A will
not
quency, the noise would be passed by then assume any definite phase relation
the receiver. This will be better un- but will be continually changing. Since
derstood after the discussion of fre- the noise vector now has a slightly
quency- modulation detectors. The am- different frequency and, hence rotaplitude modulation which is present tional speed, from the signal, the noise
in Fig. 4-A can, however, be removed vector will appear to rotate about the
if it is passed through an amplifier end of the signal vector, assuming
which limits the output to (a) and all possible phase relations with it.
(a'). The output would then appear The resultant R, R', R ", etc. will then
as in B completely free from the am- be a moving vector oscillating back
plitude modulation but still retaining and forth and also varying in its length
the frequency modulation.
or amplitude.
The frequency-modulation system is
This amplitude variation can be renot completely free of noise disturb- moved by a limiter in the receiver, but
ances, but has certain inherent limi- note that phase modulation and hence
tations. Noise appears in a receiver frequency modulation are also present.
as a pulse of r -f voltage, the frequency Since the receiver is intended to reof this r -f voltage being equal to the ceive frequency modulation, this commid - frequency of the receiver pass - ponent of the noise cannot be discrimband. Hence, if a signal is tuned to inated against. The situation becomes
the mid -frequency, the signal and noise much worse when the noise amplitude
pulse will have the same radio fre- becomes greater than the signal amquency. The two voltages will then
[Continued on page 43]
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Problem
It is sometimes desirable to
supply power from an audio amplifier
to two or more loads, each at a different impedance and each requiring a
different but known power. To accomplish this, transformers of the proper
ratio may be connected each to its separate load and with their primaries in
series across the amplifier output. Derive the general expression for the
transformer impedance ratio to find
each of a number of loads.
1

whence

First let us take a simple example in which we wish to furnish 8
watts of power to a 15 -ohm load, and
4 watts to a 500 -ohm load from a single
amplifier, as generally shown in Fig. 1.
It is well known that if two resistances
are connected in series across a source
of power, that the power absorbed by
each will be directly proportional to its
resistance. Thus, if one resistance is
twice as large as the other it will absorb twice as much power. Therefore
it follows that the primary which is to
absorb 8 watts must present twice the
impedance to the line as the one which
is to absorb 4 watts. To simplify the
problem, transformer losses are assumed to be zero. The losses in well designed transformers are low so that
the error introduced by this assumption should be less than 10 percent.
Assume the amplifier output im-

Z,

FIG.

1

Za=2Z,

Z,+Z,=2Z,+Z,=3Z.
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between inductance, capacitance and
resistance, for which the impedance
looking into the circuit will be a pure
resistance independent of frequency.

From which it follows that the impedance ratios of the two transformers
will be
For Trans. (1) N,= 15/334 imped. ratio
For Trans. (2) Nom 500/167 imped. ratio
:

From this we can easily deduce the
impedance ratios of any number of
series transformers. Let N represent
the ratio of the secondary to the priN2, N3 . . .
mary impedance. Thus
Nk represents impedance ratios of any
finite number K of series - connected
transformers. It is obvious the N varies in accordance with the ratio of
available power to absorbed power. It
is also evident that N varies in accordance with the ratio of secondary
impedance and line impedance. For
the case of transformer (1), it seems
reasonable to expect that :

N

N,=

R,

X

Ro

+1 /jtoC)
+joL) + (R,+ /j0C)

Z- (R,--jwL)
(R,

12

R,

15

1

500

X

500

A +jB

334

12

1

500

4

0.3

167

From which we may conclude that for
the general case:

=

-XRg

Wo

Ro

WE

RK

.

.

.

If g

WE

which is the general expression required.
PARALLEL RESONANT CIRCUIT

Problem 2: Establish the relations, in a
r ¡rill, I- resonant circuit such as Fig. 2,

1943

AC +BD

AD

BC

+i +D'
C +jD = C' +D'
R.

from which we have from
R'

=

and:

It can be assumed that for ordinary
cases the losses of all transformers will
be essentially equal. If this is the case,
then the power loss resulting from K
transformers will be the same as if
only one transformer having the same
loss as one of the series transformers
were to deliver the amplifier power to
one load. Whence a more exact expression would be:

Ro

(1)

1

FIG. 2

-_- -_-_-

Wo
N,=X
Ro
W.

(R,

From the well - known relation for
complex circuits we know that:

W,

500

=

sum.
Whence:

Wo

=
= -X -=
22.33
8
15

N,

The impedance of parallel resonant circuits is equal to the product of the two arms divided by their

Solution:

- -

Substitution yields:

Ng

pedance Ro is 500 ohms. Obviously the
series impedance of the two primaries
must be 500 ohms. Assume from Fig. 1
that transformer (1) is to absorb 8
watts and transformer (2) is to absorb 4 watts. Then:

00

3Z2

Z.= 500/3 = 167 ohms
Z, = 2Z2 = 334 ohms

and:

N:

w2

=

:

:

Solution:

+

Z,

POWER TO MULTIPLE LOADS

X'

(1):

(R,+ R,) (R,R, +L /C)+
(1200L-R, /wC) (toL-1/40C)
(Rd-R,)2 +(wL- 1 /.C)2

(2)

=

(R, +R,) (RooL- R,/uC)-

(R,R,+L/C) (wL -1 /0C)

(3)
(R, +R,)'+ (6)L-1/400'
If impedance Z of the parallel combination is to be a pure resistance, independent of frequency, obviously X
must be zero. Equating the numerator
of (3) to zero we have:
(R,-}-R,) (R,oL- R,/tC)
(R,R,-1-L /C) (uL -1 /r C)
or:

_

wL

(R,'-L /C) =1 /a+C(R,'-L/C)

This relation will hold if :
R,

= R. =

VL%C

(4)

Substituting the values of (4) in (2)
we find:

Z= R,= R, =VL/C

This arrangement has met extensive
use in line equalizers.
[Continued on page 241
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RADIO DESIGN WORKSHEET
CAMPBELL BALANCE EQUATION

DETERMINING OPTICAL PATH

Set up the equation of the
Campbell Balance from the following
observations.

Determine the maximum
optical path between two points at
heights H, and H2 above a plane spherical earth. ( Fig. 6).

Problem 3:

If two inductance coils are
placed in such position that there is
magnetic coupling between them, an
Solution:

Problem 4:

Solution:

Then
L2

L,

Referring to Fig.

radius of earth

Hi=

=R =

-

7, assume

4000 miles.

R
(R+H,)
Since R is approximately equal to

FIG. 6

then:

face of the earth, but the rate of attenuation increases much more rapidly
beyond the optical horizon. Fig. 8 and
Fig. 9 are curves relating D and H.
In Fig. 8 the square root of H1 is
plotted against the square root of H2
with optical path D1 + D2 as a parameter. Thus if H1 and H2 are equal,
for a 30 -mile range from each tower
to point of tangency, we have ß/H1 =
ß/H2 = 24.4 miles, and H1 = H2 =
24.42 = 595 feet.
Fig. 10 is a somewhat more useful
curve, with D plotted as a function of
H. Here we find directly that a 30mile range means a tower height of
595 feet.

M

FIG. 3

increase or decrease in the combined
inductance of the combination results,
due to the mutual inductance. This is
illustrated in Fig. 3. Thus the total
series inductance is: L1 + L, ± 2M

1111

1111

FIG. 7

[

(R +H=) +R]

(R+H,)'- R' =Di'
[ (R+H,) -R] = D,'

26

D,2

(R+Hi)+R
FIG. 4

where M may be positive or negative,
finite or zero. Since the mutual inductance is common to the two circuits, it
may be represented schematically as in
Fig. 4.
The Campbell Balance makes use of
this fact by resonating M with a capacitor C, as shown in Fig. 5.

Whence Hi= D,' /2R
Whence D, = V2RH, approx.
V2 V4000
V5280

D1=1.22

H1

E ELNEEEEEEEE D2=1.22
MM MMMMM MEMO
kg

H2

1e

EEE

EE

E

ii

ENEEIEEEEE MUM EEEEEEE

16

VH1

Whence:

1.22

20

iLL

If D, and R are in miles and H, in feet.

D,+ D2 =1.22 VH,+

22

2R
very closely

=
VH, = 122

E EEEEEEEEEEE

24

14
12

10

e
e
4

VI/2

This formula may be applied to microwaves or other very short radio
waves if refraction and diffraction can
be neglected. Actually, ultra- high -frequency waves do bend around the sur-

2

.E.
MovE

E EMIEEIEEk

'
iy
-

Oh

EE

EE\\EEEEEEEEE

E\

\

`EEE\
E
E\
EEE, \t

\\EE\\EE\\EE\\EEEE

0 iiiN:'
2

4

NOW

E:o
6

8

10

12

14

;2

16

18

20 22 24

Feet

FIG. 8

FIG. 5

When C and M are in resonance, the
loss is infinite since it constitutes a
short circuit. Actually, in practice, the
loss is not infinite but is always large.
This is sometimes used to boost the
loss of filters at a specific frequency.
At resonance:
2171M = 1 /27rfC
Whence
C

24

=

1

/4ir'f'M

FIG. 9
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6 tubes, 3 bands. Tunes
Model EC-1Bandspread
Echophone
logging scale.
mc. Beat frequency oscillator.

from 550 kc. to 30
115 -125
Self- contained speaker. Electrical bandspread on all bands. AC /DC.
volts. ECHOPHONE RADIO CO., 201 EAST 26TH ST., CHICAGO, ILLINOIS
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ALARM AND COMPARISON CIRCUITS FOR

REFERENCE FREQUENCY EQUIPMENT
F.

DENNIS

R.

Bell Telephone Laboratories

* In the designing of new reference

frequency equipment *, every precaution
has been taken to insure the constancy
of the various supplies, both in frequency and level. Since these frequencies are used for standardizing purposes it was felt desirable to provide
an alarm system that would give immediate indication of any appreciable
deviation from the nominal frequency.
This function is served by the frequency- checking bay, which may also be
used for determining at what primary
frequency the trouble first appears.

ference between the two 100 -kc frequencies was as much as 2 parts in ten
million. At 100 kc, however, a deviation of 2 parts in ten million is only
1/50 of a cycle, and it is difficult to
design an alarm circuit to operate on
such a small difference. It seemed
preferable to raise the basic frequency

BAY 2
100 KC

'00 KC
m

F

Reference Bays

to some higher value before determining the difference. Since the basic
oscillators were also to be checked
against the 5000-kc signal from Station
WWV, it was decided to raise their
frequencies to 5000 kc for comparison
in the checking circuit.
[Continued on page 28]
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0 KC
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1
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0

1
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OSCILLOSCOPE

FREQUENCY CHECKING PANEL

IMODULATOR

CONVERTERS

100 KC

I

TOSMC

-{

DETECTOR

-- AMPLIFIERS

AMPLI FIERS

J

RADIO RECEIVER

r4535

OSCIL-

KC

LATORS

-j MODULATOR

--i

464

KC

DETECTOR

AMPLIFIERS

L

J

INDICATOR PANEL
INDICATOR
FREQUENCY

INDICATING
CIRCUIT

ALARM

CIRCUIT

LAMPS

_1H

RECTIFIER

AMPLITUDE
ALARM
CIRCUIT

RECTIFIER

r-

* New Reference Frequency Equipment,

ALARM

by V. J. Weber, Bell Laboratories Record,
Nov. 1942, p. 73; A New Frequency Di-

PANEL

-J

vider for Obtaining Reference Frequencies,
by F. R. Stansel, Bell Laboratories Record,

26

-J

FREQUENCY
100 KC
TO 5 MC

Fig. 1.

Circuits of checking bay - bay 2 in the actual line -up.
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KC- 0

1:00 ti

Two reference frequency bays are
provided; and both are operated continuously. Since there is very little
likelihood that any trouble would affect
the frequency of both bays alike and
at the same time, it is possible to use
the difference in frequency between
their outputs as an indication of constancy. So long as the frequencies do
not differ by more than a very small
amount, it may safely be assumed that
each is operating at its correct value.
The frequency-checking bay provides
a continuous comparison of the two
frequencies, and also is arranged to
give both visible and audible alarms
should the difference exceed a very
small amount. In addition, arrangements are included to compare the frequency from either of the frequency
generators with the standard frequency
from the Bureau of Standards, which
is sent out over Station WWV.
Each of the basic 100-kc oscillators
maintains its frequency constant to
within one part in ten million for long
periods of time ; and it was decided to
have the alarm operate when the dif-

Dec. 1942, p. 27

KC

Widly.Used
YOU CAN GET and Accelaimed
T he

RADIO

F
MOTOROLA Communications Equipmnt
is still available to all Law Enforcement
Bodies who are serving Defense Plants and Areas.
Delivery is made through the Defense Supplies
Corporation Radio Reserve Pool -and we will

assist you in every way in the procurement of the
kind of 2 -Way Radio Systems which many important states and cities have selected after
exhaustive tests, in which all other available
equipment was given due consideration.

MOTOROLA statewide systems have recently

FM and AM emergency radiotelephone equipment -and when the war broke were ready with
equipment that was quickly pu: into government, state, county and municipal service. If you
need equipment it will be to your advantage to

been installed in California and Michigan
... complete systems that provide unexcelled
radio communication efficiency and flexibility.
Motorola Electronics Engineers have pioneered
many important phases of Mobile and Portable

investigate and consider Motorola NOW!

"-

Awarded for excellence in the producTHE ARMY -NAVY "E
tion of Communications Equipment for America's Armed Forces

Motorola Radio Communication Systems
Designed and Engineered to Fit Special Needs

GALVIN MFG. CORPORATION
FRADrO1

*
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A block schematic of the various circuits of the checking bay is shown in
Fig. 1. These circuits are all on bay 2.
Bays 1 and 3 are the reference -frequency bays. A tap from the 100 -kc
supply of each reference -frequency bay
is brought to a 100 -kc to 5000 -kc frequency converter. Leads from the converters, as well as those from the antenna used for picking up the signal
from WWV, are brought to a switch
that permits any two of these 5000 -kc
sources to be connected to what are
essentially two radio receivers supplied
by common heterodyne and beat -frequency oscillators. The heterodyne ascillator is at 4,535 kc, and the modulation of this frequency with the 5000-kc
input gives an intermediate frequency
of 465 kc. This frequency, modulated
with the output of the 464 -kc beat -frequency oscillator, results in an audio
output of 1 kc from each receiver.
Since the same oscillators supply both
receivers, the difference between the
two output frequencies will vary only
with variations in the two input frequencies ; variations in the modulating
frequencies will not affect it. These
two 1000 -cycle frequencies are carried
to the indicator panel, where the difference is indicated, and gives an

alarm if it exceeds a given amount.
Alarm Circuit

This alarm and indicating circuit is
shown schematically in Fig. 2. The
1000 -cycle outputs from the two receivers connect to the corners of a
resistance bridge, which with the following vacuum tube acts somewhat as
a modulator, and the usual sum and
difference frequencies appear in the
output circuit. A d -c meter in this
output circuit will not respond to the
sum of the frequencies or to any of
the higher frequency products, but it
will respond to the difference frequency it will swing back and forth at the
rate of the difference frequency. If the
two 100 -kc frequencies differ by 1/50
of a cycle, the two 5000-kc frequencies
will differ by 1 cycle, and at the outputs of the two radio receivers, the two
1000 -cycle frequencies will also differ
by 1 cycle. Under these conditions, the
meter pointer swings back and forth
once each second, thus giving a direct
indication of the difference in frequency between the two basic oscillators.
In addition to the meter, the control
electrode of a cold- cathode gas -filled
:

B+

FF:OM

tube is connected to each plate circuit
of V7. At some point in the difference frequency cycle, depending on the adjustments of the circuit, each tube will
become conducting because of the voltage on its control anode, and will pass
current to an associated relay. One
tube flashes just
cycle of the difference frequency after the other. The
flashing of V3, for example, will operate relay S2 through a back contact of
relay S3, and the operation of S2 lights
lamp L2. When V4 flashes 3/z cycle
later, the operation of S3 through the
front contact of S2 will light L3. When
S3 operates, it momentarily opens the
circuit of S2, and since the control
voltage of V3 is below the flash point
at this time, S2 will release, extinguishing L2. The release of S2 momentarily opens the circuit of S3, but
since the control voltage of 174 is
above the flash point, S3 will not release. Lamps L2 and L3 thus alternately flash at the rate of the difference frequency, and give a continuous
visual indication of the frequency difference.
To provide an alarm when the difference exceeds a certain amount, a
connection is taken from the cathode
[Continued on page 50]
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MASTER AMPLITUDE
ALARM CIRCUIT
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Fig. 2. Alarm and comparison circuit.
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Giving split-second accuracy to timing devices, "Relays by Guardian"
and dozens of other
Pyrometers
are widely used in Thermatrols
electrically operated instruments. But the war has brought thousands
for firing and
of new uses, calling for greater precision than ever
for swiveling "Fortress"
for controlling battle radios
timing guns
turrets . .. for dcing hundreds of war control jobs. One of the newest
Guardian developments is

...

...

...

...

B -8

... NEW

...

...

LIGHTWEIGHT SOLENOID CONTACTOR

Built to U. S. Army Air Force specifications for aircraft engine starting
motors. With variations in mounting brackets and terminals the B -8 will
meet intermittent duty specifications of the B -4, B -6A and B-7A Contactors.
Contacts are rated at 200 amperes and will not chatter on voltage drops
caused by starting current surges. "Pull -in" voltage is 6 volts as compared to 18 volts on contactors with which the B -8 is interchangeable.

SO_ENOID CONTACTOR
On ten -ho sand units this
new design -aves over three
B -8

Write for 8-8 Bulletin for further information. Or for SC -25
Bulletia for technical data on contiruous duty contactors

GUARDIAN

1605 -C

WEST
A

IZADIO

*

WALNUT

STREET

COMPLETE LINE

OF

RELAYS SERVING

tons of critical rraterials.

ELECTRIC
CHICAGO,

AMERICAN
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i
EVEN war can bring out much that is good.
The gauging of thin mica sheets threatened to
be a production bottleneck. Fingers, highly trained
by the Braille system, were called upon to replace
mechanical gauges and slower vision. The fingers
responded.
Today a group of blind employees at SOLAR
are gauging mica quicker and more accurately than
ever achieved before. They and their "seeing -eye"
dogs bring unusual talents to the production front.

"HANDS THAI SEE"
proud to be a pioneer in drawing upon
the untapped reservoir of such able employees.
SOLAR "Quality Above All" is well protected by
these "hands that see."
SOLAR is

MANUFACTURING CORP., BAYONNE, N. J.
Makers of Capacitors (Mica, Paper and Electrolytic)
SOLAR

-IFCAPACITOR3-11 Q.,..
www.americanradiohistory.com
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Q. & A. STUDY GUIDE
C.

R

A

D

I

U S

RC/\

VACUUM TUBES

-3

TETRODES AND PENTODES
Tetrode Characteristics

31. Describe the physical structure of
a tetrode electron tube. (11 -127).
32. What is the primary purpose of a
screen grid in a vacuum tube? (II-

145).
33. What is the primary purpose of

the screen grid of a tctrodef (V-63).
34. What is the meaning of secondary
emission? (II -131).
35. What currents will be indicated
by a milliammeter connected between
the center tap of the filament transformer of a tetrode, and negative high
voltage (ground) ? (V -103).
In an ideal amplifier tube the plate
should act only as a collector of electrons and not have any influence on the
magnitude of the alternating current
flowing in the plate circuit. (See Questions 18 -22). Such a tube would have
an I, -Er static characteristic as indicated in Fig. 1 where a change in E,
does not produce an appreciable change
in I,.
To accomplish this, the function of
the plate dealing with the control of
the flow of electrons will have to be
taken over by a fourth electrode, usually referred to as the screen grid,
located between the cathode and the
plate near the latter. See Fig. 2.
In order to function in this manner
the screen grid must be maintained
at a fixed potential (E.,) equal to or
less than that of the plate. It will
then supply the electrostatic force pulling the electrons from the cathode to
the plate.
Because of its physical
structure only a relatively small number of electrons strike its wires giving

1.
Plate- current,
characteristics of a triode
ideal tube.

Fig.

32

grid -voltage
against an

as

rise to a screen grid current. As the
name implies, the screen grid effectively isolates the plate so that changes
in its potential, clue to the voltage
drop across the load in the plate circuit, will not affect the flow of current from the cathode to the plate.
The "screening" or "shielding" effect of this screen grid can also be
thought of in terms of reduced inter electrode capacity. This idea will be
developed in a discussion on neutralization, to appear next month.
Since the plate potential changes
by an amount equal to the a-c voltage drop across the plate circuit load,
it is possible for the screen potential
to exceed the plate potential. When
this condition exists, the secondary

electrons

(secondary

emission)

Dotted line indicates elimination of secondary emission by means of
suppressor grid.
Fig. 3.

trons begin to return to the plate.
Above D secondary electrons are emitted in large number. Since the plate
potential is higher than the screen potential the secondary electrons all return to the plate.
Since the degree to which the plate
current is controlled by the plate potential is much less in the tetrode
than in the triode, the amplification
factor is very high for the tetrode.
For the original tetrode (24) the amplification factor is around 500. The
small slope of the 1, -E, curve indicates
that the plate resistance is also large,
around 0.5 megohm, which is generally speaking, a disadvantage.
A milliammeter connected between
the center tap of the filament transformer and the negative high voltage
(ground) will read both the plate and
screen -grid currents.
P.ntod. CharacNristies

Fig. 2. Construction of pentode tube.

knocked out of the plate by the high
velocity primary electrons emitted by
the cathode, will travel to the screen.
The exact nature of this phenomena is
indicated in Fig. 3.
As the plate potential (E,) increases
a point A is reached where the number
of secondary electrons traveling to the
screen exceeds the number of primary
electrons traveling to the plate. The
net current (1,) therefore decreases
as E, increases from A to B. Under
ordinary conditions current is directly
proportional to voltage. Hence, this
phenomena is referred to as "negative
resistance." It is a detriment to amplifier action but is usefully employed
in the dynatron or transitron oscillator. When the plate potential is increased beyond B, the secondary elec-

36. What is the primary purpose of the

suppressor (or cathode) grid in a multi element vacuum tube? (II-146).
37. Describe the physical structure of
a tetrode and a pentode on a comparative basis. (11 -123).
38. Describe the electrical characteristics of a pentode, tetrode, and triode
on a comparative basis. (II-124).
Because of secondary emission there
is a relatively large unstable region,
as shown in Fig. 3. If the effects of
secondary emission could be eliminated,
the 1,-E, curve would follow the dotted
line from A to D. This is done in the
pentode or five -electrode tube. A third
grid is introduced between the screen
grid and the plate. This grid is connected to the cathode either internally
or externally, and is sometimes referred to as the cathode grid. Because
[Continued on page 48]
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HALF -WAVE MERCURY -VAPOR

RBCTLPIBR
Price

$7.50

LONGER LIFE - HIGHER

PEAK EMISSION
WITH CORRESPONDINGLY LOWER TUBE DROP

RATINGS
Filament Voltage,

5

volts

Filament Current, 7.5 amperes
Peak Inverse Voltage,

10,000 volts, max.'
Peak Plate Current,
peres, max.

5

am-

Average Plate Current,
1.25 amperes, max.
For condensed -mercury temper.

etere of 20 -60° C.

While you've been busy making hard -to- replace transmitting tubes last longer on the
job, RCA engineers have been losing no time in building longer potential life into the
tubes that are produced. The RCA 872 -A/872 Half -Wave Mercury -Vapor Rectifier offers
a good example of achievements scored in this direction:
Adoption of a special alloy for the cathode base has yielded materially increased emission with correspondingly low tube drop which, in turn, has resulted in greatly improved
shelf and operating life. Thermal efficiency has been greatly increased, and, therefore,
the tube will withstand higher surge currents without sputtering of the cathode coating
-an important factor in increasing life.
In brief, the RCA 872 -A/872 of today is a stronger, sturdier tube
than ever before -just as numerous other RCA Transmitting Tube
types are delivering longer life and better performance as the result
of progressive RCA engineering developments.
TIPS ON

MAKING YOUR TRANSMITTING TUBES LAST LONGER

Many valuable operatics hints on making Transmitting Tubes last longer that were incorporated
in previous RCA advertising have now been compiled into a handy booklet. A copy will gladly be
sent upon request to RCA Wg. Co.. Commercial Engineering Section. Harrison. N. J.

TUBES
RCA TRANSMITTING
EXACTING APPLICATIONS
PROVED IN

COMMUNICATION'S MOST

www.americanradiohistory.com

WIRING

LACED

A sure cure for wiring "headaches ". Constructed entirely of wires with approved types
of color coded insulation, assembled exactly in

your important labor to other assembly tasks.
Make the Lenz organization a part of your

factory. A Lenz Wire engineer will be glad to
consult with you on your requirements. Quotations will be gladly furnished on receipt of

accordance with your specifications, Lenz Laced

Wiring Harnesses will speed up your wiring
operations and permit the release of some of

specifications and sketch.

IN BUSINESS
L
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Z

SINCE 1904

ELECTRIC MANUFACTURING CO.
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NEW PRODUCTS

RIMLOCK CUT -OFF WHEELS

The Felker Manufacturing Co., Torrance, Calif., have introduced two
types of "Di-Met" diamond abrasive
cut-off wheels designed for cutting
quartz, but equally as suitable for the
cutting of glass, tile, ceramics, vitreous products, etc.
Rimlocks are a new development in
diamond cut-off wheels and differ from
former blades in their method of bonding the diamonds to the periphery of
the wheel. The method of manufacture rigidly locks the diamond without additional fracturing and in a radial pattern, thus presenting thousands
of needle -sharp cutting edges.
Rimlock blades are made in a steel
bond for fast cutting, and in a copper
bond which, though not quite as fast,
cuts with a softer, more feathery action and with increased life.

Army Air Force specifications and can
be adapted from numerous applications
of heavy current control in aircraft and
other products.

or diamond cut (faceted) colored
glass, are optional. The slip -fit bezel,
holding the jewel, permits quick, easy
removal of lamp from panel front.
Metal parts are burnished cadmium
plated, except the bezel, which has a
highly polished chrome finish. Any
double contact, candelabra sized bayonet base lamp with C7, G6, S6, or
T4/ bulb size can be used.
ERIE DISC CERAMICONS

Unit is said to resist acceleration
and vibration over 10 times gravity,
that it operates in any position and is
so constructed that it may be disassembled with pliers and screwdriver.
Metal parts are plated to withstand
200 -hour salt spray test. Full details
obtainable by writing to Guardian
Electric, Dept. B -5, 1605 West Walnut
St., Chicago, Ill.

Erie Resistor Corporation announces
a new type ceramic condenser that
combines unusual compactness and high
capacity. Know as Erie Disc Ceramicons, these capacitors provide all the
inherent properties of ceramic dielectrics, such as low loss, capacity stability and excellent retrace characteristics.

*
DRAKE PILOT LIGHT ASSEMBLY

A folder giving additional details
regarding these blades and their use, is
available from the manufacturer upon

request.

*

The outstanding features of their
new No. 675 Type Jewel Light Assembly, as told by Mr. "Ken" Foute,
Sales Engineer of Drake Manufacturing Co., are its extra heavy -duty
construction, and the double contact
candelabra bayonet socket housed in a
thick black bakelite base. The new
No. 675, designed for horizontal
mounting on panels up to one -half
inch thick, has a one -inch jewel.
Jewels of smooth, colorless frosted
black glass, with removable color disc

AIRCRAFT SOLENOID CONTACTOR

Among five types of approved
solenoid contactor units announced by
Guardian Electric Manufacturing Company, Chicago, the B-5 series illustrated, has a contact rating of 50 amperes
continuous and operates on 24 volts
d.c., producing a coil current of 210
milliamperes. It has double pole, single
throw, normally open contacts. Weighs
11.2 ounces.
The B -5 Solenoid Contactor, like the
balance of the series, is built to U. S.

*

FEBRUARY,

No.675

They are made in two sizes, basic
in diameter
type 1770 which is
and basic type 170 which is 15/16"
Height of the units
in diameter.
vary in accordance with capacity, the

/"

/

maximum height, excluding mounting
stud and terminal is
".
Type 1770 is rated at 500 volts d.c.
working and is available in any standard temperature coefficient from ±120
(P120) to -750 parts per million per
[Continued on page .51]
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Transmitting Antenna and Directional Loop for Aircraft, Aviation,
Vol. 41, Feb. 1942, p. 281.
Turnstile Antenna for U.H.F. Broad-

casting-G. H. Brown and J. Epstein
-Proceedings, IRE, Vol. 29, April
1941, p. 221.

Adjusting Rotary Antenna Elements

by Remote Control, QST, Vol. XXV,

July 1941, p. 40.
Adjusting the Delta -Match System
From Ground, QST, Vol. XXV, Dec.
1941, p. 49.

Antennas for Domestic Work -Mix
-QST, Vol. XXV, Sept. 1941, p. 38.
Coupling Unit for Continuous Antenna Rotation
Blotts
QST, Vol.
XXV, Nov. 1941, p. 15.
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Electromagnetic Waves in Hollow
Metal Tubes of Rectangular Cross
Section -L. J. Chu & W. L. Barrow
Proceedings IRE, Vol. 26, No. 12, Dec.

-

1938, p. 1520.

Multiple Courses of an Aeronautical
Radio Range Beacon and the Causes
of this Phenomenon-S. Yonezawa &
K. Hiraoka-Nippon Elec. Comm.
Eng., Vol. 14, Dec. 1938, p. 467.
Cathode -Ray Goniometer Type Direction Finder-T. Tukada
Radio

-
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Civil Engineering, Vol. 8, Aug. 1938,
p. 531.

15, 1939, p. 308.

Transatlantic Radiotelephone Circuits
-F. A. Polkinghorn Proceedings
IRE, Vol. 27, Sept. 1939, p. 614.
Television and Transmitting Antenna for Empire State Building-N. E.
Lindenblad-RCA Review, Vol. 3,
April 1939, p. 387.

8, Dec.

1938, p. 125.

27,

-

Feb.

Transmitting Aerials Excited at Different Points-E. Siegel- Hochfrequenztechn. u. Elek. Vol. 51, March
1938, p. 101.

WTAR Directional Array-G. H.
"Vol.
11, Jan.

Brown-Electronics,
1938, p. 38.

A Radial Ground System Chart -G.
H. Brown -Electronics, Jan. 1938, p.
33, Vol. 11.
Constants of Fixed Antennas on

Aircraft -G. L. Haller-Proceedings
IRE, Vol. 26, No. 4, April 1938, p. 415.
Simple Directional Arrays Using
Half -Wave Elements-A. S tan rowQST, Vol. XXII, No. 5, May 1938, p.

-

17.

N.

A New Type Anti -Fading Aerial
Wells-Marconi Review, July -Sept.

1938, p. 12.

Radio Progress During 1937: Report
by the Technical Committee on Trans-

mitters and Antennas -Proceedings
IRE, Vol. 26, March 1938, p. 302.
Receiving Aerials -J. GrosskopfT.F.T., Vol. 27, April 1938, p. 129.
Receiving Aerials -F. R. W. Strafford- Wireless World, Vol. 43, Oct.
13, 1938, p. 324.

-

Researches in Radiotelephony; Multiple -Unit Steerable Antenna
R.
Brown -Journal IEE, Vol. 83, Sept.
1938, p. 395.

Rhombic and V Antennae Excited
by Travelling Waves -Y. Kato-Nippon Elect. Comm. Eng.; Vol. 12, Sept.
1938, p. 391.

Rotatable Antenna at PCJ-J. J.
Fruin -Electronics, Vol. 11, Feb. 1938,
p. 30.

A Rotating Directional Aerial for
Short-Wave Broadcasting
J. H. A.
Nordlohne- Philips Tech. Review,
Vol. 3, Feb. 1938, p. 58.
Shielded Loop for Noise Reduction
in Broadcast Reception -S. Goldman
Electronics, Vol. 11, Oct. 1938, p. 20.
Standards on Transmitters and An-

-P.

-

tennas, Proceedings IRE, 1938.
Structural Aspects of WSY's 625-ft.
Vertical Radiator-E. G. Semon-

p. 424.

New Principle in Directional Antenna Design-W. W. Hansen-Proceedings IRE, Vol. 26, March 1938, p. 333.
New Vertical Broadcasting Antenna
for Station WGY-E. G. Semon, et al.
-General Electric Review, Vol. 41,

March 1938, p. 134.
On the Electromagnetic Field from
a Vertical Half-Wave Aerial Above a
Plane Earth-P. Rjasin-Jour. of
Tech. Phi's. (USSR), Vol. 5, No. 1,
Jan. 1938, p. 29.
On the Field of a Vertical HalfWave Aerial at Any Height Over a
Plane Earth -K. F. Niessen-Annalen
der Physik, Vol. 31, March 1938, p.
522.

On the Spacing Between Projector
and Reflector of a Beam Antenna -H.
Takeuchi Nippon Elect. Comm. Eng.,
Vol. 10, April 1938, p. 189.
Partially S c r e e n e d Harmonic
Aerials-H. E. Hollmann-Hochfrequenztechn. u. Elektroakustik, Vol. 51,
June 1938, p. 195.
Precise Measurement of Electromagnetic Fields-H. G. Smith-Proceedings IRE, Vol. 25, Jan. 1938, p. 45.
Radiation in the Earth from a Hertzian Dipole -Y. Kato Nippon Elect.
Comm. Eng., Vol. 12, Sept. 1938, p.

-

-

364.

Radiation of the Dipole, Derived
with the Aid of a Simple Expedient-.
H. G. Moll er -Hoch frequenztechn. u.
Elektroakustik, Vol. 52, July 1938, p.
26.

-

Electrical Oscillations of a Prolate
Spheroid-L. Page & H. I. Adams
Physical Review, Vol. 53, May 15,
1938, p. 819.

Electrical Properties of Aerials for
Medium and Long Wave Broadcasting
-W. L. McPherson-Electrical Communications, Vol. 16, April 1938, p. 306.
Elevated Transmitter for Testing Direction Finders -R. H. Barfield
Wireless Engineer, Vol. 15, Sept.

-

1938, p. 495.

Fairchild Direction Finder with a
Streamlined Loop, Aviation, Vol. 37,
Jan. 1938, p. 37.
Ground Absorption for Horizontal
Dipole Aerials-K. F. Niessen -Annalen der Physik, Vol. 32, July 1938,
p. 444.

Impedance Characteristics of Short Wave Dipoles =T. Walmsley-Phil.
Mag., Vol. 25, June 1938, p. 981.
[Continued on page 42]
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FREQUENCY MODULATION

[Continued from page 22]
plitude, as shown in Fig. 5 -B. Here
instead of the resultant simply oscillating back and forth it makes complete rotations as in R, R', R ", etc.
This means that during noise pulses
the resultant signal actually picks up
or looses extra cycles, causing an in
stantaneous variation in frequency.
This variation will be detected by the
frequency- modulation receiver and will
appear in the output as noise.
The vector diagrams of Fig. 5 an
not absolutely true indications of the
actual case, because the noise vector
has a varying magnitude. However,
for simplicity, it is assumed to be constant and indicates the desired effects.

FROM that high resolve was
born the Army-Navy Production Award
which stands today as our fighting
forces' joint recognition of exceptional performance on the production front
of the determined persevering, unbeatable spirit which can be
satisfied only by achieving

...

This is the first of three articles on
the fundamentals of Phase and Frequency Modulation. Part 2 will appear in the March issue.

today what yesterday
seemed impossible!"

BOOK REVIEWS

We're sincerely
proud of our award
-its significance

[Continued front page 18]
to the solution of a.c. problems generally. It contains some 146 charts in
two colors (red and green) and two
black and white charts to be used as
keys to find the proper chart to meet
specific boundary conditions. In addition to the charts there are some nine
pages of explanation of the use of the
charts in network problems. A twopage introduction explains the general
theory and use of the charts.
The charts are essentially patterned
after that described by Slonczewski in
the Bell Laboratories Record of November, 1931, and later amplified by
Tolmic in the IRE Proceedings of Sep-

will always be
our goal.

ßL.ILE

"

tember 1933. Half of the 146 charts
are intended for computation of reactance or impedance and half for computation of susceptance or admittance.
The charts are arranged in groups of
nine, each group having the same frequency range but with ascending
values of reactance or susceptance.
Since the reactance or susceptance
charts alone would not enable the determination of impedances or admittances directly, supplementary scales
are printed on each page to permit of
such computations. One chart is devoted to the computation of Q( = reactance /resistance) and another to the
computation of phase angle.
Anyone at all familiar with a.c.
theory can use the charts in this book
with ease. The charts are well chosen
and the explanation clear and logical.
It is highly recommended to all radio
engineers and others concerned with
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NINTH EDITION

The new ninth

edition

is now ready

Revisions in this edition adapt it even better than ever before for war- training and general use; contains
added and simplified theory in the simplest possible language; added test equipment which can be
home- or field- constructed; and a review of mathematics for solving simple radio problems.

More than 600 pages; durably clothbound; goldstamped.
from us, postpaid; please add any applicable taxes.

$2.00 in continental U.

S.

Get it from your favorite dealer, or direct

A.

Elsewhere, $2.25
Published by

Editors and Engineers,

1422 North Highland Avenue, Los Angeles

To the trade: Radio parts stores. schools, and governmental units mar order direct from us;
all other trade outlets should order through the nearest branch of the American News Co., Inc.
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any degree of circuit computations.
C.F.N.

-

RADIO CODE MANUAL, by Arthur
R. Nilson, 5/ x 7/, flexible cover
with ring binding, 174 pages, published
by McGraw -Hill Book Co., Inc., 330
W. 42nd St., New York, N. Y. Price
$2.50.

As an author, Mr. Nilson is well known for his books "Practical Radio
Communication" and "Radio Operating
Questions and Answers ", with J. L.
Hornung as co- author. It is reasonable
to expect, therefore, to find his "Radio
Code Manual" an authoritative and
seasoned work.
The book is divided into seven sections, these sections covering the learning of code; how to send; twenty radio
code lessons being your own code instructor how to build code -practice
apparatus ; how to become a better
operator; setting up and running a
radio class, and how to get a restricted
radiotelephone operator's permit. A
comprehensive index is also provided.
The manual contains a number of
innovations, one of the most helpful,
from a psychological standpoint, being
a table and a chart indicating the time
required by the average student to attain various code speeds. The chart
shows the disheartening "Plateau
Period of Slow Learning" where many
students become discouraged. Pointing
up the fact that such a period in learning exists, and is common to most all
students, is, in itself a means of helping the beginner pull himself through
the interval where no apparent progress is (consciously) made.
The twenty code lessons-the real
meat of the manual -provide the usual
combinations of letters and numerals
in groups having common code characteristics (and to be studied as groups),
together with code -practice material
built up around these groups. Subsequent lessons bring in the many abbreviations, etc., that are used in commercial radio, so that the student becomes
familiar with them as he is picking up
code speed. The final lessons contain
code-practice material in the form of
actual message forms, etc., as used in
commercial radio communication.
The construction of a number of
types of code -practice sets is covered
in Part V, most of them simple enough
to he made up from spare and junk
parts, which is important nowadays. A
really good homemade key is also described.
The ring binder permits the manual
to be opened out flat at any page,
which is a distinct convenience when
the student wishes to use the code practice material.
A fine book for anyone wishing to
;

;
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For military reasons, there are many things we cannot tell

-

facts that would give aid (not comfort) to the enemy -figures
from which Schickelgrueber et al could get an idea of American radio and mobile equipment production.

We can tell

you that in slightly over two years we have expended our
floor space to four times the former amount (our own buildings,
not rented space), the number of employees to ten times, and

dollar production to fifteen times. All of this additional capacity is being used to produce the same type of parts we
have always manufactured -tube sockets, insulators, plugs
and jacks, inductors, condensers, and similar items. It is being
used to produce war material exclusively.

requiring these or
they will help win
similar parts
the war, send us your inquiries.
Catalog 967 free on request.
To those now

-if

1
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learn the code ana pick up commercial
procedure at the same time.-M.L.M.

MATHEMATICS FOR ELECTRICIANS AND RADIOMEN, by Nelson M. Cooke, 6% x 9 %, stiff cloth

cover, 604 pages. Published by McGraw-Hill Book Co., 330 W. 42nd St.,
New York, N. Y. Price $4.00.
Though one can gain a great deal
from a study of mathematics as a subject in itself, infinitely more is to be
gained if the study is in the channels
of one's own field. Thus, though there
are many excellent books on general
mathematics, the radioman lacking a

background of mathematics has a far
better chance of grasping the subject
if it is applied as a supplement to his
knowledge of radio. "Mathematics for
Electricians and Radiomen" more than
meets this special advantage.
The framework of this book is similar to many student texts, in that problems are posed for the reader to work
out at the conclusion of each chapter,
and the answers provided in the back
of the book. Moreover, the author has
been generous in the number of practical examples and solutions he has
provided, which are always of assistance to the student in determining the

EXTENDED RANGE

manner in which mathematical problems are tackled. Of further aid to the
uninitiated, an appendix includes the
meanings of mathematical symbols,
such as
>, < <, <, etc., and the
usual designations (in electrical and
radio work) given to the letters of the
Greek alphabet-"road signs" that are
often meaningless to the beginner.
The book opens with chapters on
arithmetic, then works into equations,
the use of the slide rule, fractions, exponents and radicals, logarithms, trigonometric functions, vector algebra,
etc., with interspersing chapters on
such subjects as Ohm's Law as applied
to series and parallel circuits, Kirchhoff's Laws, series and parallel a-c circuits, etc.
Radiomen short on mathematics but
long on aspirations will find this book
a mighty good stepping stone to a
more useful life. -M.L.M.

-,

*

SIGNAL SHIFTER!
With Meissner's
newly developed

generaleorcrage
series plug -in
Boils ... corer
frequencies
from 1000 kc.
to 16.500 kc.
MEISSNER SIGNAL SHIFTER

quency change in any given band
operating position.

RADIO SERVICING MANUAL

Allied Radio Corporation, 833 West
Jackson Boulevard, Chicago, announces
the publication of a new pocket sized manual, written by Major J. G.
'Tustison, U. S. Army Signal Corps,
formerly electronics engineer with
ERPI and Altec Service Corporation.
The booklet describes practical field tested short -cut methods for servicing
Electronic and Radio devices, with only
the simplest equipment and tools.
Many methods described are those used
by our armed forces for servicing
equipment in the field of operations.

permits instant freright from the

...

MANUAL OF
SIMPLIFIED RADIO SERVICING

Your crystal procurement problems are solved

...

when you install a Meissner Signal Shifter!
provides continuous coverage of a frequency range from
1000 kc. to 16,500 kc. without any sacrifice in stability
.
NO CRYSTALS REQUIRED!

The Meissner Signal Shifter is a variable frequency exciter of exceptional stability
may be used
alone as an auxiliary or "Short- Haul" C -W transmitter.
All tuned circuits are gang -controlled by a high quality
precision vernier dial.

...

See

your Meissner distributor or write

MOUNT CARMEL

ILLINOIS

"PRECISION -BUILT PRODUCTS"
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Engineers will be interested in the
application of principles for practical
servicing of Radio and Electronic units
without the use of complex test instruments. Service and maintenance
men also will be able to apply many
of the methods in their everyday work.
This handy booklet includes color code
information on resistors, condensers,
power and audio transformers, i -f
transformers, and speaker lead and
plug connections. An additional feature is a conversion table of fractional inches to decimal and millimeter equivalents.
Copies of the publication are offered
free to engineers, maintenance and
servicemen who send in requests on
firm letterheads.
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[Continued from page 10]

are meeting defeat as rapidly as Rommel in Africa or the Japs at Guadalcanal.
Cold- Weather Batteries

Take batteries, for example. In cars,
as the temperature goes down, the
storage battery's output follows it.
Less known is the fact that the chemicals which activate a dry cell become
less and less active at low temperatures,
being virtually inert at subzero temper atures-no lower than some of those
encountered by members of our armed
forces in Arctic outposts, or even in
planes at high altitudes.
Several methods are being investigated for overcoming these handicaps,
and one of the most interesting is the
development of a new type of storage
battery. This particular model, as reported by the Special Projects Section,
will deliver an output at temperatures
of minus 40° F.
The Ground Radio Section of the
Ground Signal Equipment Branch is
using a different approach to the problem of "B" supplies in certain American and British radio sets. This consists of the design of vibrator power
supplies to replace the dry cells formerly used.
Still another method has been hit
upon by the Meteorological Section of
the Signal Corps General Development
Laboratory at Fort Monmouth. There,
"B" batteries sent up to the substratosphere in radiosonde equipment suffered from the effects of low temperature. The solution in this instance was
a means of keeping the batteries at
normal temperature regardless of the
frigidity of their surroundings
and
the solution was beautifully simple ; the
batteries are merely contained in a
thermos bottle.

-
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SHALLCROSS SWITCHES

Solderless Terminals

4\I

Another study being conducted by
the same branch deals with the use of
solderless terminals on Signal Corps
equipment. If adopted, these might
save considerable time and labor expense in addition to saving solder,
which uses a percentage of that precious metal, tin. Other factors affecting
the use of such terminals are also being considered.

Are constructed of the finest materials

available. Many designs may be obtained
having solid, fine silver contacts, and ceramic or phenolic insulation. Where essential

War Production dictates the

use

of switches

that are rugged and dependable, send

your specifications to Shallcross, Dept. 28.

Standardization

1

Standardization is similarly receiving much engineering thought. The
Standards Branch at the Signal Corps
General Development Laboratory has
appointed a member of the Standards
Information Section to investigate the
various uses of composition resistors,
the important characteristics for each
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use, and the proportion of each use to

total requirements. Reasons for this
are that binding materials may differ
in various resistors, that due to variations in design and construction, resistors of the same nominal rating are
not always interchangeable, and so
forth.
Mica capacitors, too, came in for
their share of attention. The Branch
released Standards Sheets on the
American Standards Association Wartime Standards on Mica Capacitors.
This standardization has been in work
for some months, and many believe
that it will prove to be the first step
toward simplifying the process of de-

sign, manufacture, storage and issue of
many components of Signal Corps ap-

paratus.
Crystallography

Over at the Crystal Section, they
have not only been busy grinding and
testing crystals, but have started a series of lectures for training production and inspection personnel in the use
of the special apparatus required in
their work. Some interesting results
have been obtained in a series of tests
on various types of crystals, including
Grade Zero -B and smoky quartz, both
of which showed "excellent activity."
In the former, the needles were virtually perpendicular to the surface of

the crystals tested, and preliminary results indicated that when blue needle
quartz is used, the needles must not be
parallel to the major surfaces of the
finished crystals. In the case of the
smoky quartz, the blackest specimens
available were employed to make crystals from 3 mc to 7.3 mc.
*
THERMAL RADIO

* High frequency induction heat, used
in a brazing operation on certain parts
for war goods being produced at a
General Electric plant in the east, has
reduced the time for the operation
from four minutes to forty seconds,
and has eliminated the need for highly
skilled workers to perform the work.
In use, the part to be heated is placed
in a water -cooled, copper tubing coil
and current is passed through the coil
at frequencies in the order of 500,000
cycles per second. This current generates the pulsating magnetic field which
heats the part. The intervening air, or
parts of the human body which may
he in the magnetic field, are, of course,
not affected.

STUDY GUIDE

o

Z

Here -there- everywhere Ken -Rad
is in the service
Directing the
courses of our warships keeping
our precious merchantmen informed
discovering hidden enemies sighting and firing guns Yes Ken -Rad
tubes are in service-on and under
the seas -in the air -smashing along
with the tanks everywhere -the
heart of communications You may
have to wait a while But Ken -Rad
will be back with you again -even
better than before
Our armed
forces come first now You understand . . .

KEN -RA

[Continued from page 32]
it is held at cathode potential which
is always negative with respect to the

plate, the secondary electrons are repelled, driving them back into the plate
from which they were ejected by the
primary electrons. This action suppresses all the effects of secondary
emission, but does not suppress the
primary emission. Greater output can
be obtained from pentodes because the
unstable region is removed.
Fig. 4 shows comparative values of
the electrical characteristics of triodes,
tetrodes, and pentodes.
Transmitter -Tube Faults

What are some of the possible indications of a defective transmitting
tube? (III -94).
40. What are some of the indications
of a defective vacuum tube in a transmitter? (VI-158).
41. What may cause a radio- frequency
amplifier tube to have excessive plate
current? (VI- 157).
39.

TUBE

9m
5000

10

-100

800-

TETRODE

400 - 4000

300

- 800

400,000-

PENTODE

400 - 9000

70

-1500

22,000-

TRIODE

200

-

150,000
1,000,000

2,000,000

RADIO TUBES INCANDESCENT LAMPS TRANSMITTING TUBES

OWENSBORO
48

-

KENTUCKY

Fig. 4.

Comparative values of triodes,
tetrodes and pentodes.
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What are some of the possible
causes of overheating vacuum tube
plates? (III -101).
43. What are some of the possible indications that a vacuum tube in a transmitter has subnormal filament emission? (III -95).

to pitaent any fire hazard and temperatures which would result in the deterioration of insulation or other es-

42.

It is standard practice to periodically
record currents and voltages on all
tubes in a commercial transmitter. Abnormal readings will indicate either a
defective tube or improper circuit adjustments which, if not corrected, may
result in tube injury. A defective tube,
if not burned out, will have either a
low plate current if emission is low
or a blue haze and /or high plate current if gas is present. Excessive plate
current resulting in overheating of the
plate may also be due to improper circuit adjustments ; such as, insufficient
bias, excessive excitation (a -c grid
voltage), off- resonant tuning of the
L -C tank in the plate circuit, excessive
plate voltage, or improper neutralization. Below- normal plate current is
usually a sign of subnormal emission
if grid and plate voltages are correct.

RECEIVER STANDARDS
[CClltt iltlde(t

sential nonmetallic material are not
considered to be acceptable.
comprehenDielectric Strength
sive check on the adequacy of the insulation and spacings throughout a receiver, with particular reference to the
factor of safety over the potentials
normally existing at various points.
Strain Relief -A 35 -pound test on
supply cords.
Abnormal Operation- Special tests
on parts which are normally operated
for limited periods of time, but which
may be operated continuously under

f ruul, page 19]

-A

5 per cent in excess
of the marked rating on the appliance.
Leakage Currents -A determination
of the currents which may flow from
exposed or partially protected live
parts. Such leakage currents are required to be held within safe limits.
Temperature-Operation of a receiver under normal conditions to determine that specified temperature limits
on various materials and parts are not
exceeded. Temperatures high enough

is not more than

Radio Soligee4 agd 7eef/uteeiaod Qe#d

e

NEW SHURE REACTANCE SLIDE RULE
C,,FACIIIVE FEPCIANCE
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FACTOR
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Filament Adjustment

44.

If the transmitter filament volt-

-

U©UY GOI C3G30rt?IICL3ß

meter should cease to operate, how may
the correct filament rheostat adjustment
be found? (II -100).

r

c

FOR

Rpadtanc& Slid&

CALCULATION OF RESONANT
FREQUENCY eRORSEMS

Rule

maotfta

With proper plate voltage, grid voltage, and grid excitation, the filament
rheostat may be set to deliver normal
plate current.

0.N^«'

end MenVre.rynn el MinePAener
and Ace.. Doric .
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n.w...........
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Grid Bias Voltage

45. Given the following electron tube
1000 volts, Ip
constants Ep
150
10 ma. and grid leak
ma., I,
5000 ohms. What would be the value

=

=

=

CT

SHURE

OTHERS

225

WES

Since the bias is established by the
flow of grid current through a grid leak
resistor, the plate current does not enter into the problem.
E= I X
(.010 amp.) X (5000
ohms) = 50 volts.

R=

46. The 50- kilowatt output stage of a

broadcast transmitter, having a final
amplifier efficiency of 33 percent,
has a plate current of 10 amperes. If
the water cooling- system leakage -current meter reads 11 milliamperes, what
is the resistance of the water system
from plate to ground?
Power input = 50,000 watts/.33 =
150,000 watts.
Plate supply voltage = 150,000
watts /10 amp. = 15,000 volts.
Resistance = 15,000 volts /.011 amp.

Inductive Reactance, Coil "Q" and Dissipation Factor Problems
FRONT

works
Here's how it
UATION
-

Resonant Fre-

cu't_C=1

quency problems

RANGE

SOLVES

Resonant Frequency if L and
C are known
2. Various l and C values for
desired resonant frequency
1.

5

Frequency
cycles to 500 megacycles
Capacitance
.001

00001
BACK
Reactance
problems

xL

m2 7r' fL

X

_

c-2

7rfC

2

n-fl

o
D

1

Any single unknown variable,

providing remaining variables
are known in equations for Inductive Reactance, Capacitive
Reactance,
tion Factor

Coil

"Cr,

m

f. to 1,000 ref.

Inductance
10,000 henrys

mh. to

Frequency
10,000 megacycles
Capacitance

0.1 cycle to
1

Dissipa-

mmf. to 100 mf.

Inductance
.001 mh. to 100 henrys

R

=2 7rfCR

Dept.

17t.

25
Hon,
Stamps
Write Shure Brothers,
A., sending
U.S.
Chicago,
handling and moiling
cover cost of

Shure Brothers, designers and manufacturers of
Microphones and Acoustic Devices, are supplying our
Armed Forces and our Allies with rugged military
microphones for duty on land. on the sea, and in the air.
However, you can still obtain our standard line of
microphones for vital civilian needs. See your ^^11
radio parts distributor -or write for catalog 154U

1,363,636 ohms.

1

The answer is correct if we assume
that the plate voltage and plate supply
voltage are equal.

*

CHICAGO, U.S.A

Saves Time in Solving Resonant Frequency, Capacitive Reactance,

Water- System Resistance
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abnormal conditions. Pull -out tests on
separable connectors. Short circuit
tests on capacitors and cables.
New Features

FOR ALMOST a quarter of a century Lafayette has
maintained quick, accurate delivery service from complete
stocks -one or a thousand units, there is no order too small
or too large.

Get acquainted with Lafayette's immediate delivery service-send in your order now to this ONE CENTRAL
SUPPLY DEPOT for those hard to find parts -radio, electronic,
or sound. Draw on the thousands of varied items now in
Lafayette's stockrooms. You can depend on Lafayette quality.
ENGINEERS:

FREE! 130 page illustrated CATALOG containing thousands of items indexed for quick reference
order your copy now! Address 901 W.
Jackson Blvd., Chicago-Dept. 2F3.

-

Camera Fans: Photo graphic Equipment at
lowest prices. Write
for FREE PHOTO.
GRAPHIC

CATALOG.

LAFAYETTE RADIO CORP.
901 W. JACKSON BLVD., CHICAGO, ILL.

s's."

`s.a.e./

265 PEACHTREE STREET, ATLANTA, GA.

"...mow/

Among the new features of the revised edition of the Standard are the
following paragraphs relating to shock
hazard, and a description and wiring
diagram (Fig. 1) of a device with provision for input, line, and meter connections which has been found to be
suitable for determining compliance of
a radio receiver with the new requirements for voltages and corresponding
leakage currents at exposed or partially
protected live parts.
A current - carrying part which involves shock or fire hazard shall be
spaced or otherwise suitably insulated
for the voltage involved and suitably
protected for the expected service.
Shock hazard shall be considered to
exist at a live part in a circuit involving a potential of 125 volts or less in
the following cases:
(A) At an exposed live part, if the
open- circuit potential is more than 25
volts and the current with a 1500 -ohm
load is more than 5 milliamperes.
(B) At a partially protected live
part, except as noted in paragraph 75,
if the open- circuit potential is more
than 35 volts and if the current with a
1500 -ohm load is more than 15 milliamperes, with a maximum allowable
a -c component of 10 milliamperes in
any case.

REFERENCE FREQUENCY EQUIPMENT

[Continued from page 28]

More blue notes than harmony from the Axis just

44tz

orxru

ttott,c'

now.

Let's keep them howling ... War Bonds will help.
They're the best possible investment for every cent
of your surplus income. Are you buying all that
you can?

Erwood Sound Equipment Co.
223 WEST ERIE STREET
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CHICAGO, ILL.

circuit of V4 to a small condenser Cl.
The other side of this condenser is
connected to ground through a high
resistance R1, and also through a rectifier. The charging current of Cl
passes through the rectifier to a much
larger condenser C2. Since the rectifier passes current in one direction only,
C2 cannot discharge through it, and
must discharge through the high resistance R2. A tap from this resistance
is carried to the control anode of the
gas -filled tube V2. When the discharge
current of C2 reaches a predetermined
value, the voltage on the control grid
will be high enough to cause V2 to
become conducting, thus passing current to relay S4, which sounds an
alarm and lights a lamp. The voltage
on the control grid of V2 depends on
the rate at which C2 discharges, and
this, in turn, depends on the rate at
which it charges. This latter rate is
proportional to the charge on Cl times
the rate, or number of times a second
at which it is charged. Since Cl

FEBRUARY,
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charges once for each cycle of the
difference frequency, the voltage on the
control grid of V2 is proportional to
the difference frequency, and the circuit may be adjusted to operate the
alarm at any desired difference frequency.

¶.,joDYNAMOTORS
Are 0 nThe JobTo GetThem

OVER ME SPOT

Output Level Alarm

You can count on
Wincharger Anten-

na Towers. They
combine strong efficient coverage with

built to last quali-

ties that insure you
years of service.
Add to these advantages their strikingly attractive appearance plus a sensationally low initial
cost and it's easy to
see why an ever increasing number of

Wincharger Antenna Towers are being
used for:
Commercial Broadcasting
Police Work
Air Lines
Signal Corps
Ordnance Plants
To be sure for years ahead
-be sure to specify Win charger Antenna Towers.

An alarm is also sounded and a
lamp lighted when the output level of
any of the frequency outputs falls below safe values. Such a reduction in
level of the 100-kc, or of the 100 -cycle
frequency of either of the reference frequency bays, will cause sufficient
potential to appear on the control grid
of tube V1 to cause current to pass and
operate relay Sl. This rings the bell
and lights an alarm lamp as does the
operation of relay S4. The use of the
100 -cycle frequency gives an overall
check on the system.
The amplitude alarm circuits associated with the four frequency supplies
are essentially alike. Only that for the
100 -cycle frequency from bay 3 is
shown in Fig. 2. The input, after being
brought to a suitable level, is impressed
across the diode V8, which passes only
the positive half cycles. The negative
half cycles, flowing through resistance
R3, bias the grid of tube V6 sufficiently
so that no current flows. Should the
input level drop sufficiently, however,
the negative bias on 1/6 will be reduced
enough to permit current to flow. This
current, flowing to ground through R5,
provides a positive bias for the grid of
V1, which passes current and operates
the alarm for all four amplitude alarm
circuits the tubes corresponding to V6
are grounded through R5, and the operation of any one or more of them will
give an alarm.
Besides alarm and comparison circuits, the checking bay also carries the
cathode -ray oscilloscope for comparing
frequencies. It can be used for comparing the two 1000 -cycle outputs from
the radio receivers, or any of the four
reference frequencies from bays 1 and
3. Jacks permit comparison, also, of
frequencies from outside sources.
Through these various provisions, the
accuracy of the basic sources is under
constant supervision; and any significant abnormality sounds an alarm.

Winco Dynamotors are alout
ways ready to "dish it

whether in the numbing
or
cold of the stratosphere
in the flaming desert heat.
Right on the job- constant
and reliable -they supply
power that will keep your
and
communications clear
.

intelligible.

Simple or complex, whatwe
ever your specifications,
believe Winco will meet
them. Already our engineers
have done marvels in light-

ening weight, increasing
efficiency and eliminating
hash. They are at your service for new or special dewire
signs. Simply write or
us.

No obligation, of course.

Makers of
/PO

!/AQ`fR

CB-

!ARM ELECTRIC
SYSTEMS

"CG
INCÿ C`R

DYNAMOTORS

VERTICAL
RADIATORS

WINCHARGERVERTICAL RADIATOR
WINCNARCER

CORPORATION
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SIOUX CITY. IOWA

NEW PRODUCTS

[Continued from page 35]
degree C (N750). Maximum capacity
at zero temperature coefficient (NPO)
is 1000 mmf and is approximately
7000 mmf in N750.
Type 170 is rated at 1500 volts d.c.
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DIE -LESS DUPLICATING
The parts shown are typical of the great variety of
simple or intricate forms and shapes which can be
quickly duplicated to a tolerance of .001" with DI.
ACRO Precision Machines -Shears, Brakes, Benders.
For experimental and research work or production
runs, DI -ACRD Units form angle, channel, tube, rod
moulding, wire, strip stock; shear stock sheets, trim
duplicated stampings. With DIE -LESS DUPLICATING, Man Hours and Critical Materials are
regularly saved. High hourly production rates
can be easily maintained. Multiple units provide large output if desired.

working. Maximum capacity in NPO
is 400 mmf, and 1750 mmf in N750.
Erie Disc Ceramicons can be supplied
in a wide variety of mounting studs
and terminals. The design of these
condensers is such that their resonant
frequency is considerably higher than
that of conventional condensers, an
important characteristic for ultrahigh frequency applications. The Disc
Ceramicons are hermetically sealed, to
provide maximum protection against
humidity.
Copies of a data sheet showing various styles of available mounting studs
and giving electrical characteristics of
Erie Disc Ceramicons can be secured
by writing Erie Resistor Corporation,

Erie, Pennsylvania.

*
CRAMER TIME -DELAY RELAY

SHEAR

BRAKE

WRITE FOR CATALOG

*'

-Send today for

BENDER

new 32 -page

catolog-

"Metal Duplicating Without Dies" giving full information on
the capacity of Di -Acro Shears, Brakes, and Benders and illustrating their great variety of applications.

O'NEIL -IRWIN MFG. CO.

346 8th Ave S.
Minneapolis, Minn.

Designed specifically to furnish maximum protection to vacuum tube equipment under unusual and difficult operating conditions, a new time -delay
relay has been developed by The R.
W. Cramer Company, Inc. of Center brook, Connecticut.
Basically, the Type TD4 Time -Delay Relay consists of a synchronous
motor-driven timer which delivers an
accurately measured but completely adjustable time delay prior to activation
of a switch mechanism. As such, it is
ideal for controlling application of plate
voltage to mercury -vapor rectifiers and
other tube equipment.

IDEAS WANTED
for Peace -time Products
If you have an idea for an electronic or radio
product which can be placed on the market after
the war is over, we want to hear from you.
Today our factory is busily engaged in making
communications devices for America's armed
forces. But we are looking forward to the time
when the world will again be at peace and will
be in a position to buy a larger number of
products than ever before. We believe that now
is the time to get busy on post -war planning
and we invite you to come along with us.
We will pay a good price for worth while
ideas on new products and developments. Please
tell us what you have in minci. Send your letter
to Max L. Haas, President, Bud Radio, Inc., 2118

-

East 55th St., Cleveland, Ohio.

$ D

compound.

BUD RADIO, INC.
CLEVELAND, OHIO
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The Type TD4 is designed for operating conditions which the ordinary
time -delay' relay cannot withstand.
The heavy steel base plate provided for mounting is zinc plated. The
cover is zinc plated and has a black
crackle finish enamel over the zinc.
The joint between cover and base plate
is sealed by a compressible gasket. The
entrance for control cables is sealed
by a special grommet and by a sealing
The entire mechanism is, therefore,
protected against dust, moisture and
air with intent to eliminate any possibility of condensation inside the case.
The wiring is protected against moisture by protective coating.

FEBRUARY,
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The relay provides the customary resetting action of its predecessors so
that the full delay period is delivered
in cases where circuits are re -energized after power interruptions of considerable duration.
In cases of momentary power failures, the ordinary timer resets completely.
The Type TD4, however,
holds the time actuated switch in operating position for about 3/10 second after all power is cut off. Interruptions of less than 3/10 second, however, do not cause resetting of the
timer and equipment functions normally with power restoration.
In addition to protection against atmospheric conditions, the mechanism
is designed to prevent opening or closing of the switch by heavy jarring or
rapid vibration. This is a requirement
for many industrial applications as well
as for Marine and Military service.

THAN A SLIDE RULE

*

by R. LORENZEN
This new Rider Book greatly reduces the time required
for alternating current engineering calculations- speeds
up the design of apparatus and the progress of engineering students. Two to five times as fast as using a slide
rule!
A -C CALCULATION CHARTS are designed for use by
civilian engineers and engineers of the armed forces who
operate in the electrical-communication- power -radiovacuum tube -telephone -and, in general, the electronic
field. Invaluable for instructors as well as students, and
also administrative officers who check engineering calculations.
RANGE OF THE 146 2 -COLOR CHARTS

$7.50
160 Pages

"DURASHIELD" LAMINATED PLASTIC
Durashield is a laminated plastic
which is meeting war demands for a
satisfactory substitute for brass, cop-

(9x12)

Send for New Book
Catalog (R) Today!

per, or bronze nameplates, tool checks,
dial faces and similar marking plates
on ships, machinery, and metal equipment of every kind. It is a product
of Plastic Fabricators, Inc., 500 San some Street, San Francisco, California, and is built to meet minimum
Navy requirements in the standard
grade, and can be obtained in colors.
"Durashield is produced by a lamination process," explains Dan Dan ziger, Sales Manager of Plastic Fabricators, Inc. "To meet minimum Navy
specifications, the center sheet upon
which the wording is printed is an
opaque cellulose acetate plastic, .010"
thick. On each side of this is laminated a transparent acetate plastic, .020"
thick, making a finished product measuring .050" thick. The transparent
outside allows a clear vision of the
directions, name, or whatever may be
printed on the center and' being laminated in a solid plate resists wear
and remains a solid unit which successfully replaces the familiar brass,
bronze, or copper plates heretofore
used."
Another advantage of the new product is the fact that it can be die -cut,
stamped, drilled, or otherwise made to
conform to any specification as to size
and shape. It is fire resistant, successfully withstanding temperatures of
200°F.
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In the sending of radio communications
. orders or mesAstatic's
sages of any kind
GDN Series Dynamic Microphones provide greater speed
and convenience of operation by
grip control. This control, built
into the desk stand upon which
the microphone is mounted, embodies a relay operating OFF -ON
switch for remote control of
transmitters and amplifiers, placing instant action at the finger
tips of the operator. Available in high and low impedance models, of
50 to 50,000 ohms, Astatic GDN Series Microphones are ideally
suited to the requirements of air base and marine ground stations,
on ships and for similar uses. Proper priority ratings make these
microphones available at Radio Parts Jobbers.
.

AST TIG

WELDING CONTROL

*

1000

Mlcromicrohenrys Susceptance

Export Division: Rocke -International Elec. Corp., 100 Varick St., N. Y. C.

THE

A new electronic half-cycle, synchronous control for the precise operation of resistance -welding machines
has been announced by the General

DIO

cycles to
meg acycles
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ASIATIC CORPORATION

Licensed Under Brush
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Electric Company. Mounted in a protecting cabinet, the control is furnished
in two types : the CR7503 -A136, which
also includes a welding transformer
and is designed for bench mounting,
and the CR7503 -A133, which is without a transformer and is designed for
wall mounting. Both types can be used
either with tongs or with a suitable
bench welder.
The control features a new tube,
the easily replaced GL-415; a new
circuit which makes higher-speed welding possible ; and a simplified initiating circuit which improves performance
and reduces maintenance. The new
design also incorporates heat control
by the phase -shift method. The heat
adjustment is made by a dial mounted
on the front of the cabinet.
The control facilitates the welding
of tinned copper, steel, or alloy wires ;
of studs from 0.01 to 0.05 inch diameter to flat surfaces, with little or
no indentation on the opposite surface
of the metal ; and the spot welding
of unusually thin (less than 0.01 inch)
pieces of stainless or mild steel, nickel,
or silver to brass or bronze, with
negligible oxidation or discoloration.
The control also makes possible the
welding of low resistance joints which
are unaffected by temperatures consid-

erably in excess of 125 C, the point
at which certain types of soldered joints
weaken and often collapse. This results in the complete elimination of
solder, with a corresponding saving of
tin, and a saving of approximately 50
percent in time. Also, in many cases
it greatly simplifies the problem of
training new employees, since the technique of resistance welding is learned
much quicker and with less waste of
material than in the case of soldering.
ALLIED AIRCRAFT RELAY

Allied Control Company's Model AK
Relay is a high speed Keying and
Break -In Relay for Aircraft Radio
Equipment. It is compactly designed
for high voltage, high speed and reIts push -pull
sistance to vibration.
magnetic arrangement provides magnetic holding pressure on both transmit and receive contacts. One pole
is equipped with two windings one
of which is a holding winding connected directly across the battery supply. The other winding is connected
in series with the single winding on
the other pole and polarized so that
when the circuit is completed through
the key, the flux is neutralized on the
holding or receive position pole and

Lo
,.t\es
GOING
THROUGH

HELL!
For the men at the front who are
Going Through Hell, thé laboratories and production lines of the
electronic industries are helping
to produce the weapons of Victory. Electronic devices are the
eyes and ears of modern, mechanized warfare. And the tubes
produced by the research and enN A T

UNION

I O N A L
NEWARK, NEW JERSEY

gineering laboratories of National
Union are doing their part for the
electronic program of our armed
forces. With Victory, the quality
and precision of National Union
manufacture, the ingenuity of
National Union research will be
devoted to the peacetime marvels
of the new era of Electronics.
R

A D

I

O

C O R P O R A T I O N
LANSDALE, PENNSYLVANIA

NATIONAL UNION
ELECTRONIC TUBES
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sulation plate is of high pressure steatite ; it is mounted with plastic stop
nuts and its dimensions are 2 7/16 x
x
inches; its weight is 17
ounces.

3/

2/

TEIlS

for

UMTM

POLICE RADIO ESSENTIAL

the armature pulls up to the transmit
position. Opening the key cuts off the
bucking flux and the holding flux pulls
the armature back to receive position.
The relay is completely balanced;
its arms are equipped with anti -bounce
features ; it is magnetically held in
both positions and does not rely on
back spring pressure ; it keys at 20
cycles ; its contact rating is 1,000 volts
at 30,000 feet, 20 megacycles; 4 pole
double throw; it is insulated to sustain 10,000 volts at sea level; its
standard models are in 12 and 24
volts d.c.; its wattage consumption is
5.5 in first position and 17.0 in second
position; it withstands vibratory motion to better than 20 G.; all of its
terminals are easily accessible ; its in-

No Time

The inevitable loss of some police
manpower to the armed services makes
the need for two -way police radio cornmunication vital in many communities
never before having this service, according to responsible police officials
who point out that one policeman with
this equipment can do the work of
four policemen without it. This was
explained by D. L. Chestnut, General
Electric electronics engineer in a talk
on January 20 to the New Jersey section of the International Municipal Signal Association meeting at Harrison.
War- expanded responsibilities in
hundreds of communities have put increased burdens upon these communities to maintain orderly and effective
efforts in their local contributions to
the total war program, the speaker explained. "An appreciable part of this

Minor League
Stuff Today
Our force, the largest
in our history is

hitting

the production ball at

a

.400 clip for Uncle Sam
and our Allies, and every

person in our employ is

a

"Minute Man" in buying
bonds.
Yes, sir -we are in the

"Big League" and we will
continue lining them out

until the scrap

is over.

HENRY FORSTER
President

RADIO SPEAKERS
INCORPORATED

Cullerton St.
Chicago, Illinois

221 East
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OIL CAPACITOR
with the NEW
double terminals

burden falls upon the local police January 24, at the age of 60. Mr.
force," he said, pointing out that in Carter was among the organizers of
addition to their regular duties these the Radio Manufacturers Association,
police agencies must help provide ade- and for many years served on its
quate protection to local war indus- Board of Directors. He was a pioneer
tries."
in television, having promoted the first
The amount of material required to television exhibitions in Chicago in
produce enough essential two -way po- 1923 -29. He was a Director on the
lice radio equipment is "infinitesimal- first RMA governing board through
ly small" in proportion to the total
1924-25, and served on the Associamilitary radio requirements, Mr. Chest- tion's Board for several years therenut said in explaining how the Federal after.
Government has set up a radio reserve pool to take care of essential
police requirements. During the first HAZELTINE SERVICE CORPORATION
BECOMES HAZELTINE ELECTRONICS
few months of 1942, it looked as though
CORPORATION
no more police radios would be availThe
name
of Hazeltine Service Corable for the duration, Mr. Chestnut
said. Law enforcement agencies and poration has been changed to Hazelindustry presented their problems to tine Electronics Corporation, accordWPB which, after accumulating the ing to an announcement just made by
facts, set up the "pool." Each of sev- Mr. W. A. MacDonald, President. This
eral manufacturers have been given step follows completion of a program
an order by the Defense Supplies of plant expansion providing large adCorporation, a subsidiary of the RFC, ditional facilities for electronics reto manufacture a specified quantity of search and development.
"The tremendous growth in the use
"essential" two -way police radio equipof electronic devices by the Army and
ment.
"Much freedom of action is allowed Navy has greatly increased the reby WPB in the choice of radio equip- sponsibilities entrusted to the Hazelment. Individual cities are permitted tine organization," said Mr. MacDonto proceed in substantially peacetime ald. "Since the infancy of radio broadmanner in the selection of the manu- casting Hazeltine has been supplying
facturer from whom they wish to pur- new principles, circuits, techniques and
equipment, and Hazeltine developments
chase," the engineer explained.
As a guide to law enforcement agencies needing new police radio equipment, Chesnut pointed out that they
should (1) be sure that the need is
vital ; (2) select the equipment needed; (3) submit an application through
the manufacturer to the War Production Board for this equipment, on a
CURRENTLY
form which can be obtained from the
manufacturer; (4) submit an applicaPRODUCING
tion for construction permit to the Federal Communications Commission. The
JK26 JK48 JACKS
manufacturer will assist in filling out
FT243 CRYSTAL HOLDERS
the necessary form.
The Federal Government, law enforcement agencies throughout the
* *
United States, and the radio manufacturing industry are united in full recogRadio and Electrical
nition that the first job is to produce
Assemblies
the necessary combat equipment and
material and get it to our troops, the
* *
engineer said, and are also united in
a co- operative program to successfully
WRITE FOR
solve an important "contributory probINFORMATION
lem," the supplying of essential police radio communication on the home
* *
front.
*

vOKA

Something new has been added to this
long-popular Aerovox "10" series Hyvol
capacitor. Note the double terminals
spaced on the stepped bakelite threaded terminal post. This means the can
of this handy inverted- screw -mounting
capacitor is now insulated or "floating." No longer is an insulator washer
required when non -grounded mounting
on a metal chassis is desired.

-

handy to install as the usual metal can electrolytic. And just as compact.
As

600 to 1500 v. D.C.W. .5 to 4 mfd.

If you do not already have a copy of our
Transmitting Capacitor Catalog in your work-

ing library, write today on your business stationery, to reserve your copy

A.

In Canada: AEROVOX CANADA LTD., Hamilton, Ont.

EXPORT:
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100 Varick

St,

N. Y.,

Cable 'ARLAB'

J.

CARTER, RMA FOUNDER, DIES

ELECTRONIC PRODUCTS

Services were held Wednesday, January 27, at Chicago for A. J. "Nick"
Carter, president of the Carter Motor
Company of Chicago, and a founder
and former Director of RMA, who
died suddenly at his home, Sunday,

FEBRUARY,
www.americanradiohistory.com

MFG. CORP.
7300 Huron River Drive
DEXTER, MICHIGAN
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EVERYTHING

IN JADIO

supplies. public
address systems, amateur equipment, testers. kits and fluorescent lighting at lowest prices.
Huge stocks, bought months ago
ready for shipment the same
day your order is received. The
Defense-Program is making big
demands on our industry but because of our advance buying we
are able to fill your orders
Sets,

parts,

.

PACKED WITH
VALUES!

promptly and efficiently.

BURSTEIN - APPLEBEE COMPANY
1012 -1a McGEE STREET, DANSAS CITY, MISSOURI

MEN AND WOMEN
AIRCRAFT RADIO
COMMUNICATIONS COURSE

today are playing an ever more vital
part in helping to keep the United Nations superior to the enemy. With enlarged facilities in plant and personnel
we can undertake solution of the most
complex problems in electronics. Following the war, Hazeltine Electronics
Corporation will be able to supply the
public, through industry, with electronic marvels that can make life safer
and happier for every one."

WAVES, WAACS,
Army, Navy, Merchant

Marine or private industry.

Radio

Tele-

phone,

Radio

Tele-

graph,

Radio

Code,

complete preparation

Camden, N. J., Feb. 10.- Members of
the radio, television and electronics industries mourned today the loss of one
of its best liked pioneers in death
yesterday of Irvin Ray Baker, 39, of
Haddonfield, New Jersey. Mr. Baker,
who was formerly head of RCA's
Broadcast Transmitter Sales and latterly was advancing the development
of electronic applications to war industries, died at work (Tuesday, February 9th) of a cerebral hemorrhage.
Mr. Baker is survived by his wife,
Eleanore, and a month old son, Robert Roland.

A handy new Reactance Slide Rule
that speeds up the solution of reactance
and resonant frequency problems has
been devised by Shure Brothers, designers and manufacturers of micro-

by GEORGE F. MAEDEL, A.B., E.E.
Chief Instructor, N. Y. School, R.C.A.

-

the technicalities of radio -to

read engineering literature intelligently
you must have the mathematical groundwork covered by these absorbing books
prepared for home study. Book I (314 pp.)
covers the algebra, arithmetic, and geometry: Book II (329 pp.) covers the advanced
algebra, trigonometry, and complex numbers
necessary to read technical books and articles on radio.
Room 102
MAEDEL PUBLISHING HOUSE
593 East 38 Street, Brooklyn, New York
Send me MATHEMATICS FOR RADIO AND
COMMUNICATION as checked below. I enclose

payment therefor with the understanding that
I may return the book (s) within 5 days in good
condition and my money will be refunded.
Name
Address
Book I at $3.75 plus 6c postage .
Book II at $4.00 plus 6c postage.
Books I and II at $7.75 postage prepaid.
Foreign and Canadian prices 25c per volume higher.

phones and acoustic devices.
Radio and electrical engineers,
physicists, radio servicemen, radio
amateurs, teachers and students find
this accurate Slide Rule useful in their
every -day work. It saves time solving
problems covering resonant frequency,
capacitive reactance, inductive reactance, coil "Q," and dissipation factor.

for FCC license examinations. Learn in
Miami!

AND COMMUNICATION

To master

DEATH OF I. R. BAKER SHOCKS
RADIO WORLD

SHURE REACTANCE SLIDE RULE

those planning to enter

FOR RADIO
Institutes

*

Specialist training for

MATHEMATICS

[ROTHE

Readauma. SG/e- Rade.
MONIONVI

L

k

1,1111W

reetrserarteittreairtarrrtarr
r-vrY wr Yrail
MOM
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Write or wire
On one side of the rule, resonant
frequency problems are solved with
one setting of the slide, using

EMBRY- RIDDLE
SCHOOL OF AVIATION

3240

N. W.

27th Avenue

MIAMI, FLORIDA

w'LC =1

with ranges of 5 cycles to 500 megacycles, .001 mmf to 1,000 mf, and
.00001 mh to 10,000 henries.
On the other side of the rule, reactance, dissipation factor and coil "Q"
problems are solved with one setting of
the slide, using the following formulae:
Xo

-

RADIO

*

= 211iL,
= 27fCR.
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27fL /R, and D
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6327 GUILFORD AVENUE
INDIANAPOLIS, IND.
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LAPIDARY EQUIPMENT

FOR QUARTZ CRYSTAL PRODUCTION
16

-inch

Elts.LAP

UNIT
-Inch
Power
14

i

The ranges on this side are 0.1 cycle
to 10,000 megacycles, 1 mmf to 100
mf, and .001 mh to 100 henries.
This new Reactance Slide Rule is
available at a nominal charge of 10c
in coin or stamps to cover the cost of
handling and mailing. Shure Brothers,
225 West Huron St., Chicago, Ill.

Feed

DIAMOND
SAW

easy installation on the proper pages.
The new revised Technical Manual
sells for the pre -war price of 35c
per copy, and may be secured from
Sylvania Distributors or by ordering

direct from Sylvania Electric Products Inc., Emporium, Penna.

*

*

Used by

U.S. Gov't.
Send for
Literature to
Covington Lapidary
Engineering Co.

Redlands. Cal.

ADDRESS

CHANGE?

Notify RADIO's Circulation Department at 132 West 43rd Street,
New

York, N. Y., of your new
address two or three weeks before
you move. The Post Office Department does not forward magazines
sent to a wrong address unless
you pay additional postage. We
cannot duplicate copies mailed to
your old address. Thank you!

NOW

-

A REALLY HIGH - POWERED

-

Library

The Library comprises a selection
of books culled from leading McGraw -Hill publications in the

radio field.

especially selected by radio specialists of
McGraw-Hill publications
to give most complete, dependable coverage of
facts needed by all whose fields are grounded on
radio fundamentals.
available at a special price and terms
THESE looks cover circuit phenomena, tube
theory, networks, measurements, and other
subjects -give specialized treatments of all fields
of practical design and application. They are
books of recognized position in the literature
books you will refer to and be referred to often.
If you are a practical designer, researcher or
engineer in any field based on radio, you want
these books for the help they give in hundreds
of problems throughout the whole field of radio
engineering.

-

Volumes, 3319 Pages, 2289 Illustrations
FUNDAMENTALS OF VACUUM TUBES

2. Terman's RADIO ENGINEERING
3. Everitt's COMMUNICATION ENGINEERING
4. Hund's HIGH FREQUENCY MEASUREMENTS

5. Henney's RADIO ENGINEERING HANDBOOK
10 days' examination. Easy terms. Special price under

this otter less than books bought separately. Add these
standard works to your library now; pay small monthly
Installments, while you use the books.
IO

DAYS' FREE EXAMINATION -SEND COUPON

McGraw -Hill Book Co., 330 W. 42nd St., NYC
Send me Radio Engineering Library, 5 vols., for 10
days' examination on approval. In 10 days I will send
$3.00 plus few cents postage, and $3.00 monthly till
$24.00 is paid. or return books postpaid. (We pay postage as orders accompanied by remittance of first installment.)
Name
Address
City and State
Position
Company
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In a special bulletin just issued, The
Acme Electric & Mfg. Co. of Cuba,
New York, lists standard specifications
and mounting means of Audio Transformers, Driver Transformers, Interstage Transformers, Reactors, Microphone Input Transformers for airborne equipment and transmitter transformers and reactors for mobile equipment.

NOTE:

I. Eastman's

WANTED
Communications Receivers for important
War Work in Crystal Manufacturing. We
will rent or buy your receiver or buy it
and sell it back in perfect condition after the war. Write us air mail today
what you have. Good -All Electric Mfg.
Co., Ogallala, Neb.

ACME TRANSFORMER CATALOG

Radio Engineering'

5

"FORMEX" WIRE CATALOG

A 27 -page catalog dealing with the
properties, advantages, and available
types of Formex Magnet Wire, has
been issued by the General Electric Co.,
Schenectady, N. Y.
The wire has as an insulation a
thin film of synthetic resin of the polyvinyl- acetal type.
The catalog, GEA -3911, is available
upon request to the manufacturer.

R

2 -43

In addition to the specifications covering such units, a chapter is devoted
to the explanation of transformer
compounding. The manufacturer asserts that transformers sealed with the
proper compound can operate at a lower temperature rise than ordinary aircooled transformers, the secret being
that certain types of compound have
the quality to dissipate heat more rapidly than ordinary free air.
The manufacturers offer to send this
engineering bulletin No. 159 to anyone interested in the production of
equipment in which transformer units
of this type may be included.
SYLVANIA TECHNICAL MANUAL

A new printing of Sylvania's 5th
edition of the Technical Manual is
now ready for distribution to Radio
Technicians.
One section of the Technical Manual
has been devoted to listing all new
types of tubes released since the previous issue, and a section pertaining
to panel lamps has also been added.
Plastic binding has been employed
which allows the book to lie flat and
remain open at whatever page is to be
consulted.

The general arrangement of the
technical data of the reprinted Manual
remains the same, and index tabs are
still supplied, glued and marked for
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Communications and other radio equipment
made by Wilcox are at work to help carry
on flight control safely under the increased
strain of wartime activity.

Communication Receivers
Aircraft Radio
Broadcast Equipment

Control Apparatus
Transmitting Equipment

Present Wilcox

manufacturing is devoted exclusively to the

li
/)
kf

Government's needs to coordinate fighting
forces on land, sea and in the air with vital

communications. Until peace is won, the sign
on our door reads, "Uncle Sam comes first."

WILCOX ELECTRIC
COMPANY
Radio Egre(u:luring
.I

Lill rrltic

14th & Chestnut

Gf

Kansas City,

Missouri_

HYTRON'S SOLE PURPOSE

for the duration

is to maintain an always -increasing

flow of

tubes into the radio and electronic equip-

ment which is playing a vital part in winning

this Radio War. It is our firm conviction that
the torch of Liberty which Hytron is helping

to keep burning will light the way to the
unconditional surrender of our enemies and
to an electronic age which will amaze a
freed world.

gr.

HYTRON CORP.,
.

.

Igor
Salem and Newburyport, Mass.

Ilnnu /nrrurers o/ Radio Tube Since 1921

.

