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TO PRESERVE TH

twice been cited by their courtry This new honor will serve as an

.. . freedoms that are uppermost
in the heart of every American.
Workers in industry have toiled
unceasingly to build peak pro-
duction to enable their country
to be the world's best equipped
fighting forces to protect these
freedoms.

The Hallicrafters employees have

hallicrafters

MAY,

for excellence in production . . .
once with the Army-Navy “E”
Burgee . . . and now the addition
of a star to this Burgee for con-
tinued excellence in producing
communications equipment so vi-
tally needed by our boys on all
fronts.

CHICAGO, U. S A.

1943
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AN OVERWHELMING RESPONSE!

When Halicrafters sent out an appeal for meters to
I \ meet an existing shortage we knew the appeal
g } would oce answered . . . and it was to the extent
\ '> that we want to take this means . . . because we
' PL cannot thank each of you. ... of showing our sin-
cere appreciation of your prompt aid to your
country’s effort toward winning this war in
order that all of us may enjoy our freedom

2 the real American Way!

~ BUY MORE BONDS!'
(

;"J*?'ym hallicrafters

BONDS!
CHICAGO, U.S. A,

4 MAY, 1943 *
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“The listening is often as important in this man’s war as the doing or
the talking—so when I throw it over to a reconnaissance plane, an
observation post or general headquarters—this headset better work

and work right.”

OGER - soldier, it will work okay! It will work as right as
precision manufacturing, careful inspection and the deter-

mination of Utah workmen can make it.

Headphones are only one of the many products now being
manufactured by Utah for the armed forces. A wide range of
electrical and electronic devices is now being built in the Utah
factories—important parts that must be made with split-hair pre-
cision in order to take their vital places on the fighting or war

production fronts.

It may be that you have a wartime problem that can be solved
with Utah parts. Utah engineers are experienced in electrical and
electronic problems. Utah production men are familiar with all
the angles of producing precision work in quantity and on time.

Write today for full information.

UTAH RADIO PRODUCTS COMPANY
846 Orleans Street ¢ Chicago, lllinois

Caonodion Office: 838 King St., W., Toronto ¢ In Argentine: UCOA Radio
Products Co., SRL, Buenos Aires ¢ Coble Address: UTARADIO, Chicago

UTAH WIRE-WOUND CONTROLS, RELAYS, JACKS,
RESISTORS, PLUGS, SWITCHES, MOTOR

MAY,
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TRIGGER TUBE

SECONDARY EMISSION 1s utilized in a
new vacuum tube for obtaining trigger
or relay action similar to that obtained
in a gas-filled tube, as reported in the
April 1943 issue of the Bell Labora
tories Record.

Trigger tubes have many possible ap-
plications in telephone switching, hut
their use has been limited largely be-
cause gas-filled types are noisy and
their ionizing and deionizing times in-
troduce a delay in the trigger action.
\With vacuum tubes there are no ioniz-
ing or deionizing times and the delay
in the trigger action is reduced from
around a thousandth of a second to
something less than a millionth of a
sccond. This thousandfold reduction in
the time element is of great advantage
in many applications. The reduction in
noise, which is also obtained with the
vacuum tube, is also an obvious advan-
tage in telephone work.

COLLECTOR
GRID

DEFLECTOR

CATHODE
GRID

1ST ANODE

Fig. 1. Arrangement of elements of new
secondary emission trigger tubes.

The layout of the elements in one of
these trigger tubes is shown in Fig. 1.
The cathode, grid, and first anode are
like those in a W.E. 244A triode except
that a slot in the plate, or first anode.
allows about 10 percent of the elec-
trons to pass through. These clectrons
follow the dotted paths to the secc-
ondary anode which has a good sec
ondary emitting surface. The second
aries are collected by the collector grid.

A change in grid potential of a frac-
tion of a volt is sufficient to trigger the
tube on.

The amplifying characteristics of
the triode section of the tube are not
appreciably altered by the addition of

[Continued on page 8]
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Wherever man goes: - - cven when
he’s slashing through primeval jungle in some
remote corner of the South Pacific, he is not
alone, thanks to the existence of the two-way
radiotelephone. In tomorrow’s world, this.new
mediumofcommunication willbecomeanactive
part of vour business and social life. And when

hT

JEFFERSON-TRAVIS

RADIOTELEPHONE EQUIPMENT

NEW YORK .

MAY, 1943

*

WASHINGTOHN

hostilities cease you can look to Jefferson-
Travis for the finest radiotelephone equipment
made. As pioneers in this field we have devel-
oped new and exclusive improvements for
this remarkable electronic achievement. Today
they are -employed by the United Nations
evervwhere — tomorro'wv thev will be vours!

BOSTON
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O Handle your mike with respeet?

(] Fasten it sccurely to the stand?

[J Put cable where it won’t be
tripped?

[ Clip cable to bottom of floor
stands?

[J Remember a cable’s weight can
pull a hand mike off a slick table?

O Send your microphone to the fac-
tory or its dealerif it gives trouble?

[J Pack it ecarefully when traveling
rough roads, or when subjecting
it to vibrations in any way?

[J Read the instruetions very care=
fully?

{0 Make sure the circuit is correet for the type of
mike you are using?

[ Keep your crystal microphone away from radia-
tors, sunny windows and closed cars sitting in
the sun?

{1 Protect your microphone cable from contact with
heat, light and oil, and keep it in a cool, dark
place?

[J Aveid pinching, twisting, pulling and kinking
the cable?

IF YOU CAN ANSWER YES

to all the above questions. you can logically expeet long,
useful service from your microphone. Remember, always,
that microphones are sensitive instruments and will give
you better serviee under all conditions when they are treated
with respect. If your unit does not operate at peak performe-
ance, send it to the factory or to its dealer — don’t try home
repair jobs!

THIS FREE BOOK TELLS YOU
HOW TO CARE FOR YOUR MIKE

Bend NOW for your Free Copy of Turner's
new B-page, fully illustrated, colerful Micre-
phone Catalog. Each unit iz engineersad for
specific jobs and troublefree performance.
Select the one best sulted to your needs

| at the price you want to pay

‘yrne:

Cedar Rapids, lowa

THIS NEW TURNER
MICROPHONE CATALOG

www americanradiohistorv com
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[Continued from page 6]

the trigger mechanism that puts it mto
action. The tube may he extinguished
or returned to the off condition either
by momentarily establishing a poten-
tial condition on the secondary anode
that is just a little less in magnitude
than the critical potential, or by swing-
ing the grid sufficiently negative to cut
off momentarily the electron stream.
This is still another advantage of this
new type of trigger tube. With gas-
filled tubes, the grid doses control once
the tube has fired, and the electron
stream can be stopped only by reduc-
ing the plate voltage helow a critical

value.
*

MAGNETIC DISCRIMINATOR

To SEPARATE heat treated parts from
those not heat treated but of identical
appearance, a magnetic discriminator
has been developed. It works on the
principle that heat treating increases
the permeahility and thus gives a
a stronger magnetic field. A system of
balanced magnetic fields used with an
oscilloscope provides casy visual de-
termination of the difference.—Qhmite
News.
*

ELECTRONIC TIMETER

A NEW ELECTRONIC time-interval meter
for accurately measuring extremely
short intervals—as low as 100 micro-
scconds —has heen developed hy the
Special Products section of the Gen-
eral Electric Company. Specifically,

Time-Interval Meter

the meter is designed for measuring
the time interval between two events
which can be converted into electrical
impulses, such as the elapsed time be-
tween the closing of two controls; be-
tween two impulses to a phototube;

[Continwed on page 10]

1943

*

MAY,


www.americanradiohistory.com

IRC VOLUME CONTROLS
HAVE ?(/ THE FEATURES

No single attribute is responsible for the definite preference so often expressed by
electronic engineers for IRC Volume Controls. Rather the fact that each unit embodies
all the important factors which make for dependable operation has earned the regard
of many of the largest users of potentiometers. ... For preferred performance under

severe conditions, for accuracy, stability and long life —specify IRC Volume Controls.

1—Metallized Element

2—Spiral Spring Connector

3—5 Finger Positive Contact

4—2 Sizes—1%" and 14"
diam.

5—2 Ratings—VY2 and 12
Watts

6—Available for Salt Spray,
Sealed, and High Altitude
Performance.

First in the industry to
win an E flag, IRC is
first also to win a Star
for sustained
production

INTERNATIONAL
RESISTANCE COMPANY

411 N. BROAD STREET o PHILADELPHIA

] * MAY, 1943 9
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To Meet Your Specifications

PERFORMANCE is the real measure of success in winning
the war, just as it will be in the post-war world. New and
better ideas—production economies—speed—all depend upon
inherent skill and high precision ... For many years our
flexible organization has taken pride in doing a good job for
purchasers of small motors. And we can help in creating and
designing, when such service is needed. Please make a note

of Alliance and get in touch with us.

ALLIANCE DYNAMOTORS

Built with greatest precision and
“know how” for low ripple— high effi-
ciency —low drain and a minimum of
commutation transients. High produc-
tion here retains to the highest degree
all the “criticals” which are so im-
portant in airborne power sources.

ALLIANCE D. C. MOTORS

Incorporate precision tolerances
throughout. Light weight—high effi-
ciency—compactness. An achieve-
ment in small size and in power-to-
weight ratio. Careful attention has
been given to distribution of losses
as well as their reduction to a minimum.

. Remember Alliance!
—YOUR ALLY IN WAR AS IN PEACE

MANUFACTURING CO.

ALLIANCE.

OHIO
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[Continued from page 8]

and between an clectrical impulse and
a light impulse.

Consisting of two units —an elec-
tronic pancel and a phototube with its
preamplifier stage—the meter has cight
ranges, sclected by means of a tap
switch so that any time interval of a
length between .0001 sccond and 3 sec-
cnds can be measured. A standard in
dicating instrument calibrated in milli-
scconds gives a dircct reading of the
time interval measured.

The normal input signals consist of
changes of light intensity falling on the
phototube or the making of external
clectrical contacts. In the former case,
light values as low as 1/100 lumen, or
an intensity of approximately 1.4 foot
candles, can be used on the photo-tube
and still result in satisfactory per-
formance.

*

USING HIGH CRYSTAL HARMONICS

By USING A CRYSTAL in a lattice net-
work, crystal harmonics at least as high
as the 23rd may be used for the direct
control of an oscillator circuit, thus
dispensing with harmonic generators—
an important consideration in the de
sign of compact wh.f. transmitters.
Using this system, oscillators have been
built for frequencies as high as 150
megacycles using crystals with funda-
mental frequencies below 10 mega-
cycles.

ADJUSTMENT
FORCB
Fig. 1. Arrangement used to include
crystal and three condensers in network

The theory and circuits are described
by I. E. Fair in the April 1943 issue
of the Bell Laboratorics Record.

Of added interest is the fact that the
capacitances of the crystal are very
small, and those associated with it in
the lattice are also very small. It is
possible, therefore, to assemble the

[Continued on puge 13]
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:Zf IS OUT THERE, T0O...

Out where the "fighting front’’ becomes grim reality instead
of a glib phrase, E- L units are powering the "Walkie-Talkie’

that serves as the voice and ears of our advance forces.

It's a marvelously cfficient two-way radio, of course.
But the Signal Corps knew that it couldn’t be the useful,
reliable instrument it is, unless it had a power supply that
would keep it operating, under all conditions . . . whether
in the destructive heat and grit of the desert, the paralyz-
ing aretic colil, or the corroding humidity of the jungle.

Such a power supply did not exist until Electronic’s
engineers designed a special, high-voltage vibrator power
supply. combined with storage battery, in a single, incred-

ibly light and compact unit.

... AND £/ WILL BE HERE WHEN PEACE COMES/

@ Mobile, two-way radio telephones will be at work in peace-time on
big construction projects . .

. on forms . . . in countless other ploces. E-L

products will be on the job then, too, solving the power supply problem!

Behind this and other E- L power supply achievements
are vears of intensive development of the technique of vi-
brator type power supplies, and the most extensive research
anywhere on power supply circuits. They have not only
produced amazing advances for many military purposes,
but promise vevolutionary benefits for products of peace.

Wheveyer electric current must be ehanged, in voltage,
frequency or type—for war or peace—E- L Vibrator Con-

verters will give the same outstanding service that bas

singled them out for battle duty today. A %

e Power Supply using rechargeable, non-spill storage battery for
operatior of "Walkie-Talkie” radio equipment.Input Voltage: 4 Volts;

= Qutput: Numerous Voltages, supplying olote and filoment require.

" ments of the equipment. Width, 32”; Length, 6%2”; Height, 424",

LABORATORIES, INC.

E-L ELECTRICAL PRODUCTS— Vibrator Power Sup- INDIANAPOLIS
plies for Communications . . . Lighting . . . Electric Motor L

Operation . . . Electric, Electronic and other Equipment %;ﬁ— —

...on Land, Sea or in the Air.

www americanradiohistorvy com
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To capture the power of the electron—to make it
behave and do a specific job—often requires control devices
which must be carefully selected and precisely engineered to fit The Automatic Electric line of control
the conditions of the problem. devices includes:

Automatic Electric relays and stepping switches, by bridging ‘
the gap between the electron tube and the job to be done, are
helping to take new electronic ideas out of the laboratory and
put them to practical use. They are the “muscles” that make
electrons go to work.

Automatic Electric field engineers are today working with the

makers of electronic devices of every kind, offering time-saving RELAYS—A complete
d . | range of light and STEPPING SWITCHES
suggestions for the selection of the right control apparatus for heavy duty types, for  —magnet driven se-
< Q : e operation on a-c¢ or fectar switches far
each job—and extending the beneﬁ‘t of the technique which B el L T e
comes from fifty years of experience in electrical control appli- et Ol - o A
. 2 £ . . act ¢ t ch Is, in capacities
cations. As a result, Automatic Electric controls are finding in- of 10 to 100 circuits.

creasing use both in the implements of war, and in the plants
where war products are made.

If you have an electrical control problem—whether electronic
or not—first, be sure you get the Automatic Electric
catalog. Then, if you would like com-
petent help in selecting the

LEVER KEYS—Lock- The Automatic Electric

l‘ight combination to ing and non-lock- catalog of control ap-
1 ing types in any paratus includes also
meet your need, call in dlests2d| confalet a complete listing of

combination, for contral accessories,
manuol switching such as solenoids,
of controlor com- counters, jacks, plugs,
munication impulse senders, Jamp
circvits. and target signals, etc.

Write for your copy.

our field engineer. His
recommendations will
save time and money.

AMERICAN AUTOMATIC
ELECTRIC SALES COMPANY

1033 West Van Buren St.
Chicago, IH.

MUSCLES FOR {5==# THE MIRACLES OF ELECTRONICS
14 MAY, 1943 *
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EDITORIAL

ELECTROENCEPHALOGRAPHY

* From an editorial in the April, 1943 issuc¢ of the
British journal Electronic Engineering, we learn that
the electroencephalogram was admitted as medico-legal
evidence in a recent murder trial.  Records of brain
waves were examined by the jury and presumably
aided them in reaching a verdict.

More to the point are two paragraphs supporting our
own view with regard to the possibilities of emploving
radio equipment for the study of mental and nervous
ailiments, as expressed in our editorial in the March
issue.  Mr. Parr, the editor of Electronic Enginecring,
has this to sav:

“We are all fundamentally composed of the same
kind of clectrons and whether they move in conductors
or in nervous tissue they are subject to the same laws.
Already clectrical analogies have been made to explain
certain phenomena in the human organism. [s it too
much to hope that a complete analogue of the nervous
svstem could be evolved, and with it the explanation of
much that is still the subject of speculation?

“If the problems are attacked by the physiologist in
close collaboration with the electron engineer it is prob-
able that they will be solved in less time, and the view-
ing of many obscure phenomena from the electrical
point of view may provide the clue that the physiologist
is seeking.”

Incidentally, for those who may wish to explore the
subject of nerve action the following books are worth
looking into: The MMechanism of Nervous Action, by
Prof. A. D. Adrian (Oxford University I’ress, 1935) :
and the books .| Bi-Polar Theory of Living Processes
(1926) and The Phenomena of Life (1936), by Dr.
George Crile.

TAILORED RADIO

* Low- and medium-priced pre-fabricated or mass-
produced houses, turned out on the scale of automo-
biles, are planned for the future, Advancements in
many fields of science and the development of many
new materials now produced in huge quantities for war
equipment, contribute to the practicability of such a
venture.

Architects and engineers have already designed a
number of houses of this tvpe which have conveniences
and a durability not to be found in present-day homes.
It is apparent that engineering has the upper hand in
these designs, even to the point of having influenced
the architect in his design coneepts.

MAY, 1943
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The manufacturing principle is predicated upon the
complete fabrication of units that may later be assem-
bled rather than built into a house. Thus, electrical
wiring, plumbing, etc., are built into the walls or parti-
tions at the factory and nced only be joined to their
sources when the house 1s erected. Bathrooms, kitch-
ens and heating plants are complete units in themselves
to which partitions are attached. And the primary
lighting and heating fixtures are built right into the
walls and ceilings. Al in all, there 1s a disposition to
incorporate into the various units all utilitarian devices
that go to make up the complete home, leaving the mat-
ter of atmosphere to the furniture and decorations.

There is every indication that houses of this type will
be produced not by the thousands but by the millions,
in the post-war period. \With a market of this size it
is worth considering now whether a radio for home use
should be classed in the manner of a piano, which has
both utility and beauty, or whether it should be looked
upon only as a utility in the same sense that a heating
svstem is, and be built into the house along with the
other utilities, just as radios have become an integral
part of an auto.

Radio broadcast receivers have suffered from at least
three imitations in the past.  First, it has not been pos-
sible to provide audio quality at a reasonable price.
Second, it has not been possible to house the receiver
in a cabinet of a quality and taste comparable to other
pieces of furniture without the price of the cabinet
swamping the cost of the receiver chassis.  Third, few
recceivers other than those in the high price brackets
have had or can have the operating convenicnce that
they should have, principally because a radio other than
a midget 1s tied down to one spot.

All three of these drawbacks could be_eliminated if a
radio were made an integral part of the house. In the
first instance, with loudspeakers built into the parti-
tions, and with the proper acoustic qualities built into
each room having a sound outlet, the nature of the
sound projection and dispersal would surpass that of
any present-day radio. In the second instance, the
radio would ccase to be a piece of furniture. In the
third instance, operating convenience could be built
into the system in a number of ways, with a plug-in re-
mote-control unit probably being the most logical.

Since all of the units composing the built-in radio
system would be removable for servicing, the door
would be left open for the sale of new receiver models
incorporating engineering improvements.— MM

15
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SPAGE-CHARGE FREQUENCY MODULATION

* The need for a highly simplified and
cxtremely compact pack transmitter
utilizing the important transmission
characteristics of frequency modula
tion, resulted in the unique experiment
described here. Advantages of the cir-
cuit are, the elimination of reactance
tubes and a number of doublers, not
only conserving vital space and weight,
but also cutting the initial cost of man
ufacture by at least M) percent.

Basic Principle

Referring to the original article on
electron-coupled oscillators ( Doz, IR
Proceedings, Dec. 1931), it is noted
that an increasc of screen voltage will
causc a decrease in resonant frequency,
while an equal increcase of plate volt-
age will cause an equal increase in
resonant frequency, assuming the ratio
of plate to screen voltage to be correct
for this equal and opposite compensa.
tion. Although no explanation of this
phenomena is given by Dow in his
original paper, it is obvious that this
shift of frequency is due to the effect
of anode voltages on the dynamic input
capacity of the tube circuit.

Fig. 1 shows the vector relationship

Fig. 1. Vector relationship of properly de-
signed electron-coupled oscillator when the
voltage Er is of the proper magnitude to
draw Ep exactly 180" out of phase with Eg.

RADIO] * MAY,

HAROLD E. ENNES

Technician, WIRE

of a properly designed clectron-coupled
oscillator or compensated Hartley cir-
cuit, when the voltage F, is of the
proper magnitude to draw [:, exactly
180° out of phase with FE, [, or
“coupling voltage ratio” exists in an
clectron-coupled oscillator from plate
to screen; the plate circuit considered
in parallel with the triode oscillator
consisting of cathode, grid and screen
grid, and coupled hy the space charge
existing from screen to plate. Inspec
tion of Fig. I reveals that a change
in transconductance due to Agor A,
will effect the magnitude of the vector,
but will not affect the phase, thereby
stabilizing the frequency. Thus, by
properly proportioning the voltage
ratio of screen and plate, the frequency
is made independent of small changes
in electrode voltages, except as these
changes affcct the dynamic input ca-
pacitance of the tube.

The dynamic input capacity C; of a
triode consists of the geometric or
static capacity of grid to cathode, Cg.
plus the cffect of the voltage amplifica-
tion on the grid-to-plate capacity C,,.

Ci = Cope + (1 + A cos ) Cpp*
where Co=“Hot” input capacity
Cox = zrid to cathode capacity
A=1.,/F, or ratio signal voltage
developed in the plate to the
original signal voltage £,
6 = phase angle of signal voltage

across load impedance to the
equivalent voltage —pe,

since for all practical purposes we
may consider § = 0° when ratio of
voltages is correct as in Fig. 1, we may
omit cos § from our formula since cos
0° = 1. Thus
Ci=Cu+ (4+1) Cpy

Electron Flow

For a clear explanation of the cffect
of space charge on the input capacity,
it is necessary to consider the effect
of electron flow between electrodes in

* For derivation of this formula, refer to
Terman’s Radio Engineering, second edi
tion, page 232.

1943
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Fig. 2. How action of suppressor on space
charge will affect charge on screen and
plate, and in turn affect transconductance.

a tube. It is customary under most
static conditions to assume electron
current flow in an electrode only when
clectrons actually contact the surface
of the clectrode under consideration.
This conception must he modified under
actual dynamic operations,

Considering the screen of an elec-
tron-conpled oscillator as the plate of
a triode oscillator, it is found that each
clectron in the space between cathode
and plate induces a charge on the
screen: the magnitude of the charge
being determined by the proximity of
the electron to the sereen, this in turn
heing dependent on the parameters of
the tube itself. By using Fig. 2, and
noting the direction of the electron mo-
tion as indicating arrows show, it be-
comes clear how the action of the sup-
pressor on the space charge will affect
the charge on the scrcen and plate,
which in turn affects the transconduc-
tance of the tube, hence establishing a
relationship between space charge and
cffective input capacity.
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Fig. 3. Modification of the conventional electron-coupled oscillator,
designed so as to eliminate operation of the cathode above ground.

Actually this change of C; results
from a change of the mutual conduc-
tance of the tube. A deviation of sup-
pressor bias voltage results in chang-
ing the division of clectrons between
screen and plate, a retarding field near
one electrode resulting in an increas-
ing field near the other clectrode. An
increase in suppressor voltage (de-
creased bias) results in a lower f,,
equivalent to the screen voltage-fre-
quency curve. Instability due to modu-
lation of screen or plate is avoided by
utilizing the suppressor as the trans-
conductance control grid, upon which
the signal voltage is superimposed.

The Circuit

The circuit of Fig. 3 shows a modi-
fication of the conventional electron-
coupled oscillator, designed so as to
eliminate operation of the cathode
above ground. This is an important
point for space-charge control of fre-

(-

Fig. 4. Characteristic of type '57 tube
used in space-charge f.m. transmitter.

quency since inductance in the cathode
lead would cause considerable insta-
bility so far as linear control of fre-
quency is concerned. It may be shown
that

Ci=Ca+ (4+1) Cpp—gmgiL

where gm = grid-cathode transconductance
(concerned with the effect of
cathode current through L)
g: = conductive component of grid-
cathode admittance
L = cathode inductance

Thus it is apparent that theoretically,
if the term ¢,9,L were made equal to
Coe + Cgp the effective C; would be
zero. This, of course, is impossible in
actual circuits since the effect of gng.L
could not possibly be very large. How-
ever, when it is considered that g, and
g: change with a change of electrode
voltages, and g, changes also with fre-
quency, it becomes obvious that this
cathode inductance should be held to
an absolute minimum for stable opera-
tion.

The tube used in this experiment by
the author was a type '37, and the dy
namic operation point was determined
by experiment. See Fig. 4. Extremely
small signal voltage was necessary
since a very slight change of sup-
pressor bias proved sufficient for +15-
ke deviation at the output of two
doublers. For practical ficld use, low
drain battery-type tubes would bhe used,
and this circuit should prove to be the
cheapest and most compact f.m. trans-
mitter yet devised. It should be highly
satisfactory for narrow-band f.m. voice
communication. It is obvious, of
course, that the tube chosen for the os-
cillator must have the suppressor on a
separate pin.

The basic design for an f.m. trans-
mitter described in this article allows
a higher fundamental frequency from
which the first doubler works, and
eliminates several doubler stages neces-
sary in conventional reactance tube or
phase modulators. Also, less trouble
from vibration should be experienced,
together with a more rigid construc-
tion of circuit elements.

USING THE §

* In the vector algebra solution of
serfes-circuit equations the radio tech-
nician is often called upon to solve such
equations as the following:

(1) E=204;30

(2) Z=200+4 ;43

(3) 50=15+jX or, 30=/R*4-X?

(4) Z=2004;150

Equations (1), (2), (3), and (4)
may be expresscd in order as follows:

(5) E=+/201F30°
(6) Z=1/200+745¢
(7) \/50°—15¢
(8) Z=1/2002+150°

These arc simple problems to solve
even by the longhand methods. We
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can, however, greatly simplify such
problems by the use of slide rule cal-
culation. These and other such equa-
tions may be readily solved with an or-
dinary “Mannheim” slide rule.
Equations (1), (2), and (4) are the
old familiar ¢*=54%4¢2 varicty. There-

fore, a=+\/b%2+c2 Conscquently, as

suming ¢ to be larger than b:
a et
+ 1
b b?

V(.

b
¢

or, a=2b -

b

(9

MAY,
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Then for equations of this category we
can use formula (9) in place of (5),
(6), and (8). Formula (9) is readily
solved by the slide rule as follows:
Divide ¢ by & and square the result.
This is done by setting & on scale C
over ¢ on scale D. The result squared
is read on the A scale above the left
hand index on scale B. Add 1 to this
by moving the left-hand index of B to
the right by the amount of one on scale
A. The square root of this then ap-
pears on D under the left-hand index
on C. Adjust the slide to b on scale C
and read the answer on D under that
point. Thus we have with a minimum
number of operations solved any typi-
cal vector equation of the nature:
[Continued on page 65)]

1943 * [RADIO


www.americanradiohistory.com

A RECORDING

SOUND FREQUENCY ANALYZER

* A sound frequency analyzer, one
which will simultancously measure and
record frequencies over a wide range,
designed by Western Electric Company
for wide industrial use, is now stand-
ard equipment for many manufactur-
ers. Most recently, however, the sound
frequency analyzer has been appropri-
ated by the medical profession for ex-
perimental purposes and is opening a
new approach to the study of faulty
heart action.

The Equipment

Designated the RA-281, the sound
frequency analyzer consists of three
units, a special filter, a special graphic
level recorder and cither a moving coil
microphone or moving coil vibration
pickup, and is the only instrument of
its kind designed to meet the demon-
strated industrial need of sound fre-
quency analysis. The standard analyzer
covers the frequency range from 10 to
9,500 cycles per second and can ex-
amine this entire range on consecutive
bands as narrow as five cycles. An-
alysis is usually by the sweep method,
using a heterodyne analyzer and a syn-
chronous driving motor coupled to the
dial so as to swcep through the fre-
quency range in question at a definite
rate.

This vibration pickup, which responds
to the sub-sonic range of vibrations,
is associated with the Recording Sound
Frequency Analyzer. It works inter-
changeably with the 633A micro-
phone and weighs but 6 ounces.

A special quartz crystal filter allows
frequencies within the sclected band to
pass, rejecting energy of other fre
quencies.  Four different band widths
are availabie and any three of these
can be built into the instrument. The
output of the analyzer is connected to
the graphic recorder which automatic-
ally traces on the chart the level of the
particular frequency through which the
analyzer dial is passing, \With this per-
manent record to refer to, it is a sim-
ple matter to divide any sound into its
frequency components.  Compact and
light weight, the equipment is readily

Exposed view of the recorder chassis. In it, a stylus moving in obedience to impulses
picked up by a microphone, traces on a tape the volume or loudness of sound.

[RaDio] * MAY,
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portable and is intended for field test-
ing as well as laboratory use.

The Frequency Analyzer

This unit does double duty in taking
acoustic measurements. As part of the
complete system it is a continuously
variable sound frequency analyzer of
narrow band width. Used alone, the
turn of a switch converts it into a sta-
bilized feedback sound level meter.

\When used as an analyzer, frequency
input is heterodyned to 30 kilocycles

When the synchronous motor (in housing)
swings into engagement with oscillator dial
(center) it progressively sweeps the fre-
quency band extending from 10 to 10,000
cycles in 3 period of two minutes. An alter-
nate scale extends from 100 to 9,500 cycles.

by a variable oscillator and the band-
pass filter operates at that frequency.
A demodulator reconverts the passed
pand to audio frequencies which are
further amplified and rectified for
measurement.

The analyzer can be tuned to any
frequency between 10 and 9300 cycles.
The two ranges of 10 to 1000 and 100
to 9300 are spread over the 130-degree
rotation of the tuning condenser.

The standard band width is 5 cycles.
This has a substantially uniform re-
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Schematic diagram of the RA-277-F Sound Frequency Analyzer as used in conjunction with the Graphic Level Recorder.
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sponse, 5 cycles wide, centering at the
frequency to which the dial is set and
suppressing frequencies outside of that
range at the rate of approximately 45
db in the first 55 cycles.

Band-Pass Filter

The perfect analyzer filter would
pass all energy in a frequency band of
specified width and completely reject
energy of other frequencies. The filter
used in this equipment approaches
much nearer this ideal than previous
designs. It is of the lattice - network
type, hermetically sealed, using quartz
crystals for clements. Response within
the passed band is relatively uniform
and the suppression of frequencies
outside the band is not affected by tem-
perature. Band widths of 5, 20, 50 and
200 cycles are available.

Recorder Unit

The recording unit traces on a chart
the changes in frequency level applied
to the input terminals. Levels are
plotted on a linear decibel scale, with
displacements proportional to the log-
arithms of the input voltage. The
chart covers a range of 50 decibels on
paper 414 inches wide and changes in
input level as high as 58 db per second
are followed faithfully by the stylus.
Several chart speeds, under control of
a lever, take care of different operating
requirements.

One unusual feature is the clutch
system, developed and used by the Bell
Telephone Laboratories. A very light
moving system is used, consisting of
stylus, attenuator wiper and drive cable
and is engaged to the constantly mov-
ing drive system through a magnetic

Simplicity of oper-
atien characterizes
the RA-281 Re-
cording Sound Fre-
quency Analyzer.
It can pick up,
analyze and record
a pattern of sound
levels extending
over a band from
10 to 10,000 cy-
cles in a period of
two minutes. The
record so made is
both accurate and
permanent.

clutch only when motion is required.
The clutches operate in sliding contact
when not magnetically e¢ngaged, and
when energized their action is almost
instantaneous.

The Sweep System

In order to obtain a complete and ac-
curate picture of the frequency com-
ponents of any sound or vibration, the
sweep method of analysis is used. By
sweeping through the frequency spec-
trum under consideration and record-
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Schematic diagram of the RA-246 Graphic Level Recorder, a part of the Recording
Sound Frequency Analyzer. Note magnetic clutch system associated with diode V7.
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ing the exact level of each frequency,
it is possible to obtain a detailed an-
alysis without incurring errors due to
frequency fluctuations in the sound or

vibration under test. Since the sweep
and paper drive motors are both of the
synchronous type, displacements on the
chart will correspond to fixed incre-
ments on the frequency Jial, regard-
less of variations in frequency of the
power supply.

The sweep method requires a re-
corder which can accurately follow
very rapid changes in level—too rapid
for the usual glass-pen type used in
power plants and industrial practice.
While the exact speed depends upon
the sweep rate, filter suppression and
other factors, a minimum recording
rate of 50 db per second is generally
used. This high speed is accomplished
by the special stylus and driving sys-
tem of the device without overshoot of
the stylus which might be misinter-
preted as a noise component or tend to
confuse the true shape of the record.

Coverage of a wide decibel range on
the chart is required for most analyses,
a condition not readily met by voltage-
operated recorders. A 50-decibel range
is generally satisfactory and a uniform
decibel scale is preferable in inter-
preting the records.

The record is made in from 30 sec-
onds to 2 minutes, depending upon the
frequency range covered—a small frac-
tion of the time required when using
an indicating meter. This time sav-
ing is of real value in tests in which it
is impossible to maintain steady speed

[Continued on page 64]
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DETERMINING

VAGUUM-TUBE GHARAGTERISTICS

* The respouse curve of a radio re
ceiver as scen on an oscilloscope with
a frequency-modulated input to the re-
ceiver is a graph of the output voltage
versus frequency. The scope is meas-
uring the output voltage over a period
of time which is representative of the
frequency deviations plus and minus
the resonant frequency to which the
receiver is tuned. This leads to the
conclusion that a varyving d.c. current
can be viewed on the sereen of an os
cilloscope by allowing the varying cur
rent to flow through a resistor con
nected across the input to the vertical
amplifier of the oscilloscope. The volt
age produced by the /R drop across the
resistor will he measured by the oscillo-
scope deflection. Henee, by an arrange

WITH AN OSCILLOSCOPE

OSCAR E. CARLSON

ment based on this conclusion, it is ¢vi
dent that the oscilloscope may be used
for the determination of vacuum-tube

Such curves, when shown on a scope,
prove an invaluable aid in the teach
ing of vacuum tube theory to radio
students. lowever, a more practical

+
ot

= S — |

Fig. 2. Ep-lp characteristic curve
as seen on oscilloscope screen.

Fig. 3. Eg-lp characteristic curve
as seen on oscilloscope screen.

ent; the cengincer or technician may
run actual curves on the tubes with
which he is working. This climinates
the blind acceptance of the tube man
ual curves which are essentially a com
posite average of many tubes. It also
provides a very cfficient type of tube
tester where a large number of the
same type of tube is to be tested.

Obtaining Plate Characteristic

Getting down to cascs, let us assume
that we vary the plate voltage of a tri
ode vacuum tube from zero volts to

Fig. 1. Circuits for obtaining Ep-lp characteristic curves. Circuit A uses
a.c. to vary Ep, whereas circuit B uses rectified unfiltered d.c. to vary Ep.
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plus 100 volts and back to zero volts
at a rate of 60 cvcles per second. With
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Fig. 4. Circuit for obtaining Eg-lp characteristic curves.

a constant negative grid bias the plate
current will vary from some minimum
value to some maximum value at the

The varying plate voltage can then be
used to provide the horizontal sweep
voltage for the oscilloscope. The re-
sulting pattern would be the result of
two identical frequency variations, in
phase. As we know from the funda.
mental uses of an oscilloscope, two pure
waveforms of zero phase difference
when impressed across the two sets of
deflection plates of an oscilloscope will
produce a 45-degree straight line trace.
In this application the slopc of the
trace will be a function of the gain of
the vacuum tube whose characteristics
arc to be obtained. The plate current
flowing would be represented by the
amplitude of the trace along the Y
axis and the plate voltage would be
represented by the distance of the trace
removed from the Y axis in the diree-
tion along the X axis. This would be
the I,-E, characteristic curve, or plate
characteristic curve, of the tube.

By using several values of grid bhias
and switching these values alternately
in and out of the circuit at a high repe-
tition ratc by use of a commutator type
switching arrangement, a family of
these curves may be made to occur
simultaneously on the screen of the os-
cilloscope. The schematics for two
such arrangements using one fixed bias
voltage are shown in Fig. 1.

The method of Fig. 1-A4 for varying
the plate voltage through the desired
range from zero to a high positive
value uses a 60-cycle a.c. voltage to
buck out and add to the battery voltage.
This a.c. voltage may he obtained
through a multi-tap transformer or by
the use of a Variac. It must be remem-
bered that the a.c, voltage will buck or
add to the battery at continuously
changing amounts over a period of
time. Consequently the peak a.c. volt-
age must be considered. Thus, to buck
100 volts of battery voltage to zero we
must use only 70.7 volts r.m.s, a.c. volt-
age. This would be the value measured
on a regular a.c. voltmeter,

Fig. 1-B3 shows a schematic of a cir-

[Rapio] * MAY,

cnit employing the mnfiltered output of
cither a half-wave or full-wave recti
ficr. The amount of plate voltage ob-
t - f te

peak of the half-wave rectified voltage.
Varying peak potentials may then be
obtained by the simple expedient of
using a high-resistance potentiometer

Fig. 5. Method of finding Rp.

as a bleeder across the rectifier output
and taking the desired voltage from the
tap of the potentiometer to the low
side. or ground.

vpical Ly, curve as obtained by
this method is shown in Fig. 2.

Obtaining Mutual Characteristic

This process may be used to portray
the E,-I, curves on the oscilloscope
also, as shown in Fig. 3. This is accom-
plished by leaving the plate voltage
constant and varying the grid bias volt
age from some negative value to zero.
This is easily accomplished by employ
ing 6Y-cycle house current used in a
circuit such as shown in Fig. 4. Ilere
the a.c. voltage on the control grid may
be supplied by a Variac or by a step-
down transformer with a potentiometer
connected across the sccondary of the
transformer and the voltage taken from
the tap to one side of the potentiometer
The a.c. voltage is used to aid the bat
tery voltage so that the grid voltage
will vary negative by an amount equal

1943
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to twice the battery voltage and will
buck the battery on the other half of
the cycle so that the grid will operate
at one instant at zero bias. The adjust-
ment should be such that the grid does
not swing positive unless that is spe
cifically desired for some particular
tube. The curve obtained is often called
the “mutual” characteristic.

The value of these curves is greatly
enhanced by simply calibrating the ver-
tical amplifier in milliamperes for a
given deflection on the cathode-ray tube
and the horizontal amplifier in volts
for a given deflection along the hori-
zontal axis. These calibrations should
be made for values commensurate with
the values expected from cxamination
of tube manual information of the tube
under test.

To use the same methods for screen-
grid and pentode tubes the other ele-
ments nced only be provided with the
nccessary operating potentials. It is
quite practical to construct a tubc tester
designed to operate in such manner as
described herein. Such a unit would
provide a much more positive indica-
tion of the worthiness of a tube than
does the conventional “emission” type
tube tester,

Other Tube Characteristics

With the oscilloscope calibrated for
current on the vertical axis and for
voltage on the horizontal axis we can
determine the plate impedance, the mu,
and the mutual conductance of the tube
under test. The plate impedance, R,
is cqual to AFE,/Alp, At any two
points on the plate characteristic curve
we can find the voltage hetween these
points along the horizontal axis. This
is done, as shown in Fig. 3, as follows:
Drop two perpendicular lines from the
curve to the axis line, draw two lines
perpendicular to these lines from the
same points on the curve to intersect
the vertical axis. Remembering that
I£, is in volts and that [, is in milli-
amperces, we can then divide the E; by

[Continued on page 631

Fig. 6. Method of finding Gm.
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Adjusting speed compensation on control cabi-
net of Mot-O-Trol.
tubes control the current for the motor field.

The glowing thyratron

* An adjustable-speed electronic motor
drive has been developed by \Westing-
house that can be used in any industry
on applications that require constant
preset speed at varying loads over a
20 to 1 speed range and smooth, auto-
matic acceleration and deceleration.
Flexibility of a direct - current motor
drive with an alternating-current sup-
ply is obtained, as the incoming a.c.
power is converted hy grid-controlled
rectifier tubes and supplied to the arm-
ature and field of the d.c. motor. This
electronic drive provides constant
torque for all speeds up to the bhase
speed of the motor and constant horse
power above base speed.

I S

NOT MORE THAN 8% OF
PRESET SPEED AT ANY
SETTING.IN RANGE 2070 §

The search for a satisfactory motor
with exceptionally wide adjustable
speed range to operate from alter
nating current has continued ever since
alternating current itself was first com-
mercially used. Many solutions have
been offered with some degree of suc
cess, for instance, numerous mechani-
cal drives using a constant speed a.c.
motor and variable speed output shaft,
mnodifications of the wound-rotor in-
ductton motor and slip clutch arrange-
ments. Some industrial machinery 1
supplied by a separate source of d.c.
power, even if it means individual a.c.,
d.c. motor - generator sets, so that a
direct-current motor with its desirable
characteristics might be used.

None of the special adjustable-speed,
alternating-current drives for general
purpose use are without some undesir-

EEEEEEEEEE

1S e
NOT MORE THAN 4%
OF PRESEY SPEED

4 2y .

|

NOT MORE THAN 4%

| ||
+—OF PRESET speeD| F- 1—

ADJUSTABLE - SPEED

A-G ELECTRONIC
MOTOR DRIVE

T. R. LAWSON

, tle >ct

\

able feature, whether it be speed range
obtainable, speed torque characteris-
tics, first cost, maintenance or mount
ing difhculties. In many instances
where direct-current power is available,
the standard direct-current motor does
not commpletely fulfill all requirements;
such as, extremely wide stable speed
range, good speed regulation and
smoother automatic acceleration.

Electronic Control System

This electronic motor drive, known
as the Mot-O-Trol, was designed to
fulfill the desired requirements of an
a.c,, adjustable-speed motor. The basic
idea is not new. Westinghouse has fur-
nished such motor drives on special ap-
plications for some years, but recent
refinements climinate many of the
earlier handicaps and make the new

'-—]——;—-*-—L—t——* —— g

)
PRACTICALLY CONSTANT

Speed torque curves showing control characteristics of the electronic motor drive under three operating conditions. In each case percent
of base speed is plotted against percent of full load torque. Left graph covers a 20-to-1 speed range; center graph a 10-to-1 speed

range. Right graph shows constant
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zero to maximum torque, is obtained at any speed within the operating range.
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electronic system comparable or better
than other existing solutions.

Thyratron tubes supply a shunt
wound d.c. motor with rectified a.c.
power. In general, the system consists
of a single or polyphase grid controlled,
thyratron tube rectifier, that takes pow-
er from an a.c. line and rectifies it into
direct-current output. The rectified d.c.
voltage is applied to a regular shunt
wound, d.c. motor and may be varied
from zero to motor rated voltage (or
above) for d.c. armature control
Smaller thyratron tubes used in the
control provide rectified d.c. field cur
rent for the motor. The field voltage
is held constant throughout the range
of armature voltage and then 1s re-
duced to provide greater speed range
by ficld weakening above the hase spee
of the motor.

This electronic control, shown sche
matically in Fig. 1, for motors | hp
and smaller, uses single - phase, full-
wave rectification on hoth field and
armature. For motors of larger horse-
power rating a two phase full-wave or
three phase half-wave rectifier mav be
used depending upon the most cco
nomical application of tubes. Four
pieces of equipment are involved.
These are the power transformer, the
clectronic control, the control station
and the d.c. motor.

When mercury-vapor tubes are used,
an initial five minute time delay period
1s required for tube warm-up. How
cver, this time delay need occur only
once after the line switch is closed.

Motor, control cabinet and control box

make up the complete Mot-O-Trol system.

The control is designed to maintain
continuous heating of the tubes at all
times, even when the motor is stopped,
unless the line switch is opened or the
low-voltage protection feature operates.
The time delay relay contacts are in
the field control and armature control
circuits so that the “forward” and “re
verse” push buttons are not cffective
untit the initial warm-up period is
over,

Speeds may be preset, within the de-
sign range. \With two speed-control po-
tentiometers and reversing contactors,
different forward and reverse speeds
may be preset so that only the opera
tion of the forward or reverse push

I A.C.LINE ] / POWER TRANSFORMER

|0Iorlolorrrnonorl
OVERLOAD
<~ RELAY
% WL-672
| &

DYNAMIC
BRAKING

buttons 1s necessary to obtain a pre
determined speed in either direction.
Spced adjustment may be made at any
time while the motor is running. Speed
control potentiometers are tandem type
to cover the entire range of armature
and field adjustment on a single dial
Adjustment of the potentiometer
changes the firing point on the a.c. line
voltage wave at which the tubes fire
and therchy varies the output d.c. volt
ge as required.

Speed Regulation

he normal speed range by armature
control is 20 to 1. below the base speed
of the motor, thongh a much wider
range, such as 100 to | can be obtained.
Field control is used above basic speeds
for standard motors. This is normally
2 to 1, but the top speed is limited by
the mechanical limitations of the mo
tor
The standard electronic control auto
matically regulates the motor speed so
as to maintain essentially constant
speed at any setting regardless of load.
Through other small control tubes, the
d.c. voltage output of the main rec
tifier tubes is controlled to compensate
for speed changes. In a properly ad
justed syvstem, the speed over a 10 to
I range will not vary more than 4
percent from a presestting, with torque
varving from no load to full load. Nor
will it vary more than 8 percent for
any speed within the speed range of

[Contimcd on page 61)]
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Fig. 1. Schematic of Mot-O-Trol power circuit. Power taken from the a.c. line is rectified by two 672 tubes and supplied to the

motor armature through a
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thyratrons supply
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rectified

voltage to the field of the motor.
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STANDARDIZATION OF RADI

* Standardization and simplification of
component parts of radio and electronic
equipment is more important today
than ever before. This equipment is
now being produced in a dollar volume
some 1500 percent greater than that in
the month before Pearl Harbor.

Only a limited additional amount of
plant expansion can be provided to
mect the tremendous needs of the
Army and Navy for equipment ranging
from tiny handie-talkies to complicated
and bulky electronic apparatus. Some
of this equipment had not even existed
in the wildest dreams before American
industry set to with a will and pro
duced today’s miracles in electronic re-
search and development.

It is necessary, therefore, because of

* Chairman, War Committee on Radio

(C75)
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S. K. WOLF
Chief, Resources Branct
Radio and Radar Division, WPB

this limited plant expansion, to take
the utmost advantage of our present
production lines and tooling, as well as
to stretch our available supply of la
bor by every possible means.

The use of standard components in
equipment radically reduces the pos
sibility of assembly-line stoppages duc
to shortages of special parts, tailor
made for individual equipment. It will
also reduce the number of separate as-
sembly lines necessary for practically
identical equipment built for various
purchasers but which differs chiefly in
the minor details of the various com-
ponents and sub-assemblies.

Likewise, the use of standard com-
ponents means the elimination of small
runs in the case of the parts manufac-
turers because of small orders for spe-
cial parts. It also makes possible more
extensive use of labor-saving automatic

MAY,

www americanradiohistorv com

machinery by the various parts manu-

facturers because of the increased
runs.
Whims Abolished
With the use of American War

Standard parts in radio and electronic
equipment, component manufacturers
will no longer have to comply with the
whims of any designer who may have
his own ideas of the specifications
which should apply for parts used in
equipment bought by the Armed Forces
on the so-called “performance basis.”
Sometimes such whims have meant that
constructions, tolerances, etc., have
been insisted upon which have been un
necessary or have not been applicable
for the required use in which the
equipment was to be placed. In others
it has meant that inadequate tests and
designs have been called for which
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could not be quickly detected in the
short time military necessity has some
times allowed for equipment type ap
proval tests in the government labora
tories. This has resulted in failures
and in neccessary field modifications of
equipment when the nadequacies have
been discovered 1n actual military
usage. That this has been a serious
problem cannot be denied, since as a
chain is no stronger than its weakest
link so a radio equipment is no better
han its least reliable component par
The actual work of establishing the
necessary standards for the component
parts of military radio and electronic
equipment is now being conducted by
the War Committee on Radio of the
American Standards Association. The
membership of this committee com
prises rcpresentatives of the U. S.
Navy Bureau of Ships, the Signal
Corps Standards Agency, the llcad
quarters of the Army Service Forces,
the War Production Board, the Insti
tute of Radio Engincers, and prime
contractors for radio cquipment.

How Standards Evolve
Under the supervision of this com
mittee, subcommittees and task groups,
representing both the Armed Forces
and industry, meet jointly around the
table to draw up American War Stand
ards. In these standards are included

SIGNAL CORPS

ASA WAR
COMMITTEE
ON RADIO C75

STANDARDS
AGENCY

BUREAU OF
SHIPS-RADIO
DIVISION

WAR

PRODUCTION
BOARD

OTHER
GOVERNMENTAL
AGENCIES

[rADIO * MAY

the minimum number of necessary elec
trical characteristics for each item
chosen on the basis of preferred num-
bers; requirements for physical char-
acteristics which use a minimum of
strategic and critical materials; a test
specification setting forth the tests an

requirements necessary to imsure satis
factory performance of the component
under the terrifically severe conditions
of temperature, humidity, vibration
and shock encountered in equipment
used by the Armed Forces; an typ

designation or part number for all
standard parts. This number identifies
all the essential physical and mechani
cal characteristics of the particular part
as well as designating that they have
been produced to conform with the par-
ticular American War Standard 1
which they are listed.

\When the work of these task groups
and suhcommittees is finished, all im
portant individual and radio compo
nents will be American War Standard
components interchangeable between
various equipmient used by the \ir
Forces, the Ground Forces, and the
N(V_\

"he advantages to both the Armed
Forces and Industry of having these
American War Standards, on which
all interested parties have agreed as to
the essential requirements for any ind:
vidual component, cannot be counted in

D OF A
. »

50 ‘ a
ASA WAR
SUB COMMITTEE COMMITTEE
T M ON RADIO CT5

SIGNAL CORPS

STANDARDS AGENCY
1 [) P
RADIO D 0

OTHER GOVERN-

MENTAL AGENCIES

INDUSTRY
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terms of dollars alone. On the fight
ing front the interchangeability of
standard parts means that equipment
which would otherwise have to be dis
carded because of lack of spare parts
can be speedily repaired and returned
It means
provement in the “sparc parts prob
lem,” because no longer will the Armed
Forces have to maintain large and di
versified stocks of all spare compo
nents in field repair depots scattered
from Iceland to Australia. Accompany
ing the lessening of demand for these
special spare parts is a conscquent free
ing of component fabrication facilities
for standard parts and a reduction n
the amount of criticai matenais and
parts destined for storage against pos
sible use

to service also a great im

Easy Interchangeability

The standard type designation given
to all standard component parts means
that thesc part numbers can be used
for re-ordering, instruction books, cir
cuit diagrams, etc, where in a few
letters they identify the cssential me-
chanical and clectrical characteristics
of a given part. [t means also that the
various Armed Services can obtain
parts from each others’ warehouses
with but little trouble, since the parts
will be identical even unto the num
bers stamped thereon

3 4 . DARD

CHAIRMAN ASA :gsklsc:ugg
STANDARDS DISTRIBUTION TO

COUNCIL

ALL CONCERNED
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Vital link between battle headquarters and the fighting mechanized units is sup-
plied by radio equipment such as this. Dan Veglia is lining up completed units prior
to final tests and shipment at the RCA Victor Division plant in Camden, N. .

Another advantage of these Ameri-
can War Standards has alrcady heen
realized.  Standard component parts
can now be and are heing reallocated,
as the nced arises, from one cquip-
ment to another in order to keep pro-
duction schedules in balance and to re-
lieve sudden needs which arisc as pro-
duction schedules are altered because
of changes in the military situation.

The work of the War Committee on
Radio has evoked international interest
among our Allies and its four Ameri-
can War Standards already approved
are being used for lend-lcase supplies
and as a guide to the tooling up of
production lines abroad. 1t seems prob-
able that component parts of American
equipment will in the not too distant
future be directly interchangeable with
those used and manufactured by our
Allies.  These four American \War
Standards are alrecady in use in licu of
former specifications in the procure-
ment of components and materials for
radio and electronic equipment by hoth
the Signal Corps and the Burcau of
Ships,

Material Conservation

An instance of how far-reaching the
recommendations for simplifications
made by an ASA committee can be is
the case of small pancl-tvpe clectrical
indicating instruments, such as volt-
aociers and ammeters where a reduc-
tion to 386 basic instruments in two
case sizes was accomplished. The per-
missible variations of these instruments
are only 4386, less than 5 percent of
the varicties previously furnished regu-
larly by one large manufacturer. This
American War Standard on Electrical
Indicating Instrnments, developed by an
ASA committec headed by R. B. Shep-
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ard, Chief of the WIPR Simplification
Branch, has alrcady scen use as a
guide to WPR-sponsored plant expan-
sian and tooling in the American in-
strument industry,

In the case of American War Stand-
ard on Fixed Mica-Diclectric Capaci-
tors (C75.3-1942), the number of case
sizes available was more than halved
to 18. The standard ranges and char-
acteristics were simplified to conserve
huge amounts of strategic mica, much
of which has had to he imported by
air from abroad, and of critical low-
loss molding material.

The other American War Standards
already approved include one on Cer-
amic Radio Insulating Materials, Class
L. (C75.1-1943) and another on Cer-
amic Radio Diclectric Materials, Class
H (C754-1943). The first of these
will allow the use of a far greater
number of materials than in present
specifications  used by the Armed
Forces and thus contribute greatly to
the opening up of the bottlenecks in the
production of various ceramic insulat-
o. . The second specification is the
first ever written for the materials used
in ceramic dielectric capacitors which
arec coming into greater and greater
usc today both in precision frequency-
determining circuits and as an alter-
nate for mica capacitors.

The work of other subcommittees of
the War Committee on Radio is prog-
ressing smoothly and cfficiently,  The
draft standards for Fixed Ceramic Di-
clectric Capacitors and for Vibrators
are in editorial preparation for printing
for gencral canvass of the radio and
clectronic industry as are similar stand-
ards for fixed wire-wound resistors and
for wirc-wound potentiometers  and
rheostats,
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A draft standard for external meter-
type resistors is now circulating 1n
printed form for comment and criti-
cism from industry.

A standard for steatite radio insulat-
ors will be finally approved and ready
for use about May 15, it is expected.

Proposed standards for glass, glass-
bonded mica, and porcelain radio in-
sulators will be printed for general can-
vass after compeltion of the pilot work
on steatite insulators.

A draft standard on high stability
fixed wire-wound resistors is being re-
vised and will be recirculated for com-
ment from resistor and test instrument
manufacturers before general canvass
of the radio industry is taken.

Volume Control Work Halted

Work on the draft standard for com-
position potentiometers and rheostats—
the familiar volume controls of civilian
radio—is temporarily halted as a result
of lack of sufficient information as to
the performance of these controls both
on the part of the Armed Forces and
the manufacturers. The work of the
drafting group on this standard has re-
vealed that the type of controls fur-
nished in peacetime are not at all suit-
able for military usage. Manufactur-
ers have undertaken an immediate re-
scarch and development program on
these controls and at the same time
government laboratories are conduct-
ing tests on samples of various manu-
facturers, so that the limits set in the
proposed standard will not interfere
with production.

Various task groups are also work-
ing on drafts of proposed standards for
crystals and crystal holders and on ref-
erence test circuits for testing these
vital quartz frequency standards which
arc used today by the million where
they were used by the hundred before
the war.

A draft of a war standard radically
simplifying the dynamotor situation,
which was first prepared by an Army-
Navy subgroup, is being reviewed and
revised by a joint Industry-Army-Navy
task group to bring it in accord with
the situation as seen by the industrial
representatives  from a  production
standpoint.

Because of the special characteristics
needed in communications and elce-
tronic equipment, new specifications for
both thermo-setting molded, thermo-
molding, and laminated-plate plastic
materials are now being drawn up by
another task group comprising repre-
sentatives of the plastics industry. the
Institute of Radio Engineers, the
American Society for Testing Mate-
rials, and the Armed Forces.

In the offing to be activated as soon
as possible are committees or task

[Continucd on page 66]
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NO. (3—PERCENTAGE MODULATION; MULTIPLE ANGLES; LATTICE NETWORK

FIG. 1

DETERMINING PERCENTAGE
MODULATION
Problem: Show that a mcasurement of
peuk voltuge and audio voltuge can be
used to determine percentuge modula
tion of an amplitude-modulated wave.

An amplitude-modulated
wave may contain one or two side-
bands. For our purpose let us consider
v single sideband carrier transmitted
radio communication.

Let the carrier be:

C sin @
l.et the sideband be
S cos (w—p)t

I'he output of a peak voluncter will
register:

Solution:

1
The output of a square-law detector
would register an a.c. voltage of:
cs =Y
Now, for different ratios of carrier
amplitude to sideband amplitude we
have:
CH S =1 W, IV, ec. (1)
, Vo, Vs, etc 2)
1f (1) is plotted with C as ordinate
and S as abscissa, we have a family of
curves as shown in Fig. I--1. And if
(2) is plotted we have a family of
curves as shown in Fig. 1-B. If these
two figures are superimposed we have
Fiy. 1-C. Obviously the intersections
represent the percentage modulation or
ratio of carrier amplitude to sideband
amplitude. If we solve (1) and (2)
for C and S we find

= vz —4)

2

and S
2

Since both C and S arc given by the
same two valued cquations it is obvious
that the carrier vill be represented by

one ruot and sideband amplitude by the
other. Moreover, we know that: C>S.

Whenee, if we plot C or Y as a func-
tion of ¥ with 17 as a parameter, we
have a family of curves such as shown
by the one in Fig. 2. The upper half

FIG. 2

of this curve will represent C=f(})
for a given value of 11’7, and the lower
half will represent § = f(Y) for the
same value of I¥. Then vertical lines
parallel to the C or Y a All repre
sent C/S=2,,7,,7Z, cic.

A similar sct of curves should be

C and 5 were substituted for the peak
voltage, as shown in Fig. 3.

While the probiem has been based on
a single sideband, it can casily be
hown that similar results can be ob-
tained for the conventional double side
band system.

A somewhat more satisfactory ar
rangement and one more generally used
consists of a linear detector. In this
case the change i direct current and
the audio voltage are measured and
compared. The solution of the linear
detector for a double sideband ampli
tude-modulated radio wave is given in
Problem 5, Radio Design Worksheet
No. 11, page 30, March 1943 issuc.

l.et the radio wave be

1K AK
1 cos wt +
2 2
cos (w-—pit
Applying this to a lincar detector
vields:
Mo
change in direct current
cos pt audio term
Lird
There are in addition a number of

higher order modulation products
which must be filtered out. It is evi
dent that the change in direct current
is proportional to the carrier amplitude
!, the ratio being M /zx where M is a
loss factor determined by the constants
of the detector.

ft is also evident that the amplitude
of the audio term M /z X 4K /2 is pro-
portional to sideband amplitude, the
ratio again being M /= Whence, the
ratio of d.c. to maximum instantaneous
audio current is proportional to the

which in turn is proportional to per-
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EXPRESSION FOR SIN®6

Problem: Derive an cxpression for
sin¥ @ in termns of multiple angles, that
is harmonics of 6.

Solution: From Euler's Theorem we
have:
¢ 1
sin 6 = ‘[eﬂ ~"]
2 2j
where j — V—1
and e 2.7183 which is the base of

Naperian logarithms,

Whence:
l »
[c”’ ‘ | ]
(25)

Expanding by the binomial theorem,
we have:

1 [ _
N*

N(N—1)

sin™é

sin*é

pl

N(N—1) (.\'_-2)(-(1\‘—6”'0

2 X
V—1; 1; 7 ] 1
If N 2 we have:
1
sin® ¢ = —— [l 2c0+¢ }
(—4)
p
Whence :
1
sin*é v ]
(—=2) 2
1 1
os 260 +
2 2

If N = 3 we have:
1

sin‘é

l at -
m 36 +
4 4
Likewise have:
1
sin‘e cos 26
2 >
1
ST s @ 1 36
4 4
1 4
sin'é C [4 cos 2
8 8 8
1 10
n°é sin 36 sin 3 sin @
16 16 16

RADIO DESIGN WORKSHEET

1 6
sin®6 — cos 66 +
32 32
15 10
cos 16 cos 26 +
32 32
1 7
sin’é sin 76 +
64
21 35
sin 56 sin 36 4+ — sin ¢
1 IS 33
sin®é cos 86 cos 66 4
28 128 128
70
cos 46 cos 26 +
128 128
1 9 36
sin“é sin 96 sin 76 4+
256 256 256
%) 126
sin 56 sin 36 + sin
256 256
1 10 45
sin'’8 cos 106 + cos 86
512 512 512
120 210 126
cos 66 + cos 46 cos 260 +
512 512 512

In similar fashion it may be shown

that:
sin 36 3 sin @ 4 «in‘9
5 in 8 in"é [}
$in 76 =7 sin 8 — 36 sin*0 4
112 sin®¢ 64 sin’¢
sin 96 — 9 sin 8 — 120 sin*0 +
432 sin®*0 — 576 sin' 4 256 sin®0

LATTICE NETWORK CURRENT

Problem: Apply Thevenin's Theorem to
determine current that will flow
through Z, (Fig. 1) if it terminatcs a

A

WA -

AR 1_r..LJ

B

FiGC, 1

lattice network when woltuge I is ap
plicd to input terminals,

Solution: Thevenin's Theorem was
stated 1n Radio Design Worksheet No,
6, October 1942 issue.

The impedance Z, looking into the
output terminals of lattice network
with E short circuited is from Fig. 2.

I'I\'I'|'~ ’l .‘.':.lll f‘ 'll.iii

4D BC
/) “_t_f
AD(B4C)+BC(A+D)

(A4D) (B4C)

The voltage appearing across the out

FIG, 3

put terminals of the lattice nctwork
with Z; removed is from lig. 3.
DI BE
€
(A+D) (B4C)
ED(B+C)—EB(A4D)
(A4D) (B4C)
The current which would flow

through Z, terminating the network is:

€ El
7
i

Which is the current required. Obvi-
ously if E were applied through an im-
pedance, the solution would have been
identical. Likewise, by comparing the
square of cquation (1) times the re-
sistance Z, with [:2/Z, we could de
termine the loss caused by the lattice
network, Lattice networks are of great
importance in communications, appear-
ing in filter, tube, and bridge computa-
tions. Also, Thevenin's Theorem is a
most convenient tool in their solutions,
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REVISED LIST OF

ARMY-NAVY PREFERRED TUBES

* ‘The accompanying Army-Navy Pre-
ferred List of Vacuum Tubes, issued
March 1, 1943, supersedes the former
list, dated Scptember 28, 1942 (page
11, October 1942 Rapio).

To those concerned with the design
and manufacture of Army or Navy
equipment utilizing vacuum tubes. the
following data is pertinent:

1) The accompanying Army - Navy
Preferred List of Vacuum Tubes sets
up a group of unclassified general-
purpose tubes selected jointly by the
Signal Corps and the Bureau of Ships.
The purpose of this list is to cffect an
eventual reduction in the variety of
tubes used in Service Equipment.

2) It is mandatory that all unclassi-
fied tubes to be used in all futurc de-
signs of new equipment under the juris-
diction of the Signal Corps Labora-

tories or the Radio and Sound Branch*
of the Burcaw of Ships be chosen from
this list. Exceptions to this rule are
hereinafter noted.

3) The term “new equipments,” as
mentioned in Paragraph 2 above, is
taken to include:

a. Equipments basically new in elec-
trical design, with no similar proto-
types.

b. Equipments having a similar pro-
totype but completely redesigned as to
electrical characteristics.

¢. New test equipment for opera-
tional ficld use.

* Attention is invited to the fact that the
Radio  Division, (formerly Radio and
Sound Branch) Burean of Ships, has cog-
nizance over all radio electron tubes
(vacuum tubes) used by the Navy Depart-
ment,

4) The term “new cquipments,” as
mentioned in Paragraph 2 above, does
not include:

a. Equipments cither basically new
or redesigned, that are likely to be
manufactured in very small quantity,
such as laboratory measuring instru-
ments.

b. Equipments that are solely me-
chanical redesigns of existing proto-
types.

c. Equipments that are recorders
without change of existing models.

d. Equipments in the design stage
before the effective date of adoption of
this Preferred List.

The foregoing statements in Puarua-
graphs 3 and 4 above are explanatory
in naturc and are not intended to be all-
inclusice.

[Continued on page 63]

RECEIVING
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1oy 1A3 iy et | aas Iy Iy ILCE Ay 991
1291 ILNS IRS 3Qu
155 30567
1299
5.0 5046
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6.3 | cHe® 65Q7% |2¢22 646 6AG5 6ACT® 6X56T 6SATH 6BYG 6ES
9006 6SR7% | 2026 6SL76T | 6AKS 6AGT* 1005 6666
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§J 5% 6SK7& | sy 6N76T
1201 9003 900 | 6veeT
9002 6Y66
12.6 12H6® | 125Q7% | 125-6T | 125L76T | 12567% | 125H7% 12547% 1246% 1629
12SR7% 12SN76T | 125k7% | 12507%
TRANSHITTING MISCELLANEQUS
RECT IF I ERS
TRIODES | TETRODES |  TWIN PENTODES GRID COKT. lyoivaGE REG) PHOTOTUBES |CATHODE RAY
TETRODES VACUUM GAS RECTIFIERS
304TH 807 815 2622 2%2 4825 394-4 YR-90-30 918 24P1
801-4 813 829 803 3824 83 884 YR-105-30 927 38P1
811 81y 832 837 SRYGY | 866A 2050 YR~ 150-30 5CPI
826 1625 73R 8724 C18 9EP|
833-4 371A Cs8
838 7054
1626 836
8005 1616
8025 8020

® Where direct interchangeability is assured “GT" snd "L" counterparts of the preferred meta] tubes msy be used.
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0. & A. STUDY GUIDE

A-F AMPLIFICATION—I
Equivalent Cenerator Circuits

1. What is the most desirable factor
in the choice of a wvacuum tube to be
used as a voltage amplificr? (11-148)

The tube constant which must he
considered in the selection of a vacuum
tube to be used as a voltage amplifier

pends on the type of tube: i e, tri-
ode or pentode. In general triodes may
be treated as constant-voltage gener
ators and compared on the basis of the
amplification constant, while pentodes
are treated as constant-current gener-
ators and comparcd on the basis of the
transconductance.
A. CONSTANT-VOLTAGE (GENERATOR:

From the definition of the amplifica
tion factor , it is known that a small
change, ¢, in the grid voltage will
cause the same change in plate current

C. RADIUS

Fig. 2, Pertinent

characteristics

of two triodes and
a pentode,

TRICDE

PENTODE &5J7

input voltage, ¢, the amplification be-
Ry
comes g Sce Fiy. 1-B. Tt is
"p “l" Rl
apparent from this expression that the
gain of a stage is directly proportional
to g and can never exceed this value,
See g, 2.
B. CONSTANT-CURRENT (JENERATOR:
Because of the high plate resistance
of pentodes, it is difficult to evaluate
the amplification factor. Since the

Fig. 1. A—Actual triode circuit.

as a change of ue, in the plate voltage.
The space charge between the cathode
and the plate offers opposition, r,, to
the flow of this current. The triode
can then be thought of as a generator
with internal resistance r,  See Fig.
1-B. This is known as the constant
voltage equivalent circuit, since pe, is
independent of the load R;.

If we assume that the tube is a lincar
device in which the {,-e curves are
straight lnes, then g oand r, of the
cquivalent generator are constants,
I'he tube is then a distortionless ampli
fier.  This assumption is justified in
practice if the signal s maintained

certamn linnts.

Since amplification is the ratio of
the a.c. output voltage, 1, to the a.c.

32

B—Constant voltage equivalent circuit.

tube's transconductance specifies  the
change in plate current with respect to
grid voltage, it is possible to consider
the tube as a current generator. A
change, ¢, in the grid voltage will
cause a change, ¢ ¢, in the plate
current. This current flows from plate
to cathode through an impedance
formed by r, and K, in parallel. R be
ing very much smaller than r,, the out
put voltage is equal to the current gpe,
multiplied by the load K;. Sce Fig. 3.
This is known as the constant current
equivalent circuit since g,,c, is inde
pendent of the plate load resistor R,;.
In this case the amplification is di-
rectly proportional to g,,.

It must be noted that there is a 180
degree phase displacement hetween e,
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and E, since plate voltage decreases as
grid voltage increases (hecomes less
negative).
Class A Amplification

2. Describe the characteristics of a
vacuum tube operating as a Class A
amplifier. (11-136)
3. IWhat are the characteristics of a
Cluss A audio amplificr? (11-166)

4. Describe what is meant by a Cluss
A amplifier. (11-165)

A Class A amplifier is one in which
there is a continuous (360 degrees of
cach cycle) flow of plate current, nor-
mally without any flow of grid cur-
rent. The grid bias, plate-load resistor,
and signal are adjusted so as to cause
the output voltage to be a linear re-
production of the signal. Sce Fig. 4.

Since plate current flows continu-
ously, plate dissipation is relatively
higher than in other modes of opera
tion. This results in low efficiency and
is a factor which must be considered
in Class A power amplifiers.

Bias Voltage
S hat is the purpose of a bius
voltage on the grid of an audio-fre
quency amplificr tube? (11-144)
6. What is the maxinuon permissible
rons. value of audio voltuge which can
be applicd to the grid of a Class A au

Fig. 3.
valent

Constant current equi-
circuit for pentodes.
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dio amplifier which has a grid bias of
10 wvolts? (VI-131)

Class A\ audio amplifiers opcrate with
negative bhias voltage, E.. to prevent
the flow of grid current. The peak
value of the signal voltage should
never exceed the bias voltage. Since
the r.n.s. voltage is 0.707 X peak volt-
age. a tube hiased at —10 volts should
not operate with a signal greater than
7.07 volts. In power amplifiers, particu-
larly, this limiting valuc of signal volt-
age should never be applied if distor-
tion is to be kept at a minimum since
the grid will draw current when its po-
tential is still negative with respect to
the cathode. This is a result of sev-

Fig. 4. Graphical illustration of
Class A amplification where output

is linear reproduction of input.

cral factors which involve contact po-
tential, gas current and clectron ve-
locity.

Audio amplificrs commonly” use cath-
ode hias as indicated in Fig. 1-A. The
d.c. plate current [, flowing to
ground through the cathode bias resis-
tor R. develops a d.c. potential J2, =
Iyo X R.. This places the grid at
ground potential and the cathode ahove
ground potential. The value of the bias
voltage is so adjusted that the oper-

Fig. 6.
the frequency com-
ponents present in
the output wave
when the dynamic
characteristic is a
second - degree
function.

Indicating

INPUT

ating point is the midpoint of the lincar
(straight line) portion of the Ip-E,
curve. Sce l'ig. 4.

Distortion

7. Does a properly operated Class A
audio amplificr producc serious modi-
fication of the input wavcform? (I11-
139)

8. IVhen a signal is impressed on
the grid of a properly adjusted and op-
crated Class A audio amplificr, what
change in the average wvalue of the
plate current will take placc? (I11-
167)

Fig. 5 indicates the actual operation
of a 6C3 triode voltage amplificr with
normal bias, plate voltage, and load re-
sistance. It is immediately apparent
that if the maximum permissible signal
is applied., the output voltage wave is
very unsymmetrical. The dynamic
characteristic which is plotted from
the load line indicates how the ontput
(plate current) varics with the input
(grid voltage). If this tube were oper-
ating as a distortionless amplifier, the
dynamic characteristic would be a
straight line. The curvature in the dy-
namic characteristic will determine the
distortion components present in the
output wave. In this example the dy-
namic characteristic has second degree
curvature and the output wave contains
approximately 3 pcrcent harmonic dis-
tortion. The average value of the plate
current has also increased approxi-
mately 0,05 ma. This d.c. component is

PLATE CURRENT

O¥HARIT
CHARACTERISTIG -

GRID

POTENTIAL

INPUT VOLTAGE

1N WA,

-LOAD LINE

PLATE
POTENTIAL

OUTPUT

Fig. 5. Graphical illustration of the operation of a 6C5 as a Class A volt-
age amplifier, with Ebb 300 volts, Ec —8 volts and R1 100,000 ohms.
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a result of the signal and hence repre-
sents rectification. When the d.c. plate
current of a Class A amplifier changes
with the application of a signal on the
grid, second harmonic distortion is al-
ways present. The peak value of the
second harmonic is equal in magnitude
to the rectified plate current.

If the signal voltage wave were made
up of two frequencics. say 5000 cycles
and 6000 cycles, the output wave would
contain a 1000 - cycle (6000 — 5000)
component and a 11,000-cycle (6000 4
3000) component. In this case the
1000 - cycle component would be de-
cidedly objectionable. It is these com-
binations or sum - and - difference com-
ponents which arc generated by the
tube operating as a non-linear device,
that are truly responsible for the dis-
tortion. Fig. 6 indicates the frequency
components present in the output wave
when the dynamic characteristic is a
sceond degree function:

i, =a+ bc, + cc,t
*
METER STANDARDIZATION

Many small eclectrical instruments
used in radio and radar, such as volt-
meters and ammeters, can he reduced
by standardization from sixty varieties
to one or two. it was said at a meeting
of the Electrical Indicating Instrument
Industry Advisory Committec with the
Radio and Radar Division of the War
Production Board.

The adoption of American War
Standards will facilitate the production
of instruments, many of which will be-
come interchangcable. Tt also will sim-
plify depot stocking and replacements.

Manufacturers said that simplifica-
tion shonld not include the elimination
of special scale markings. Because
switchboard and portable instruments
are produced in small numbers, special
scale markings do not disrupt the rou-
tines of manufacture. Such markings
are functional rather than decorative,
it was said.

The Production Consultant to the
Instrument Unit was asked to work out
methods for comparing the demand
on industry with scheduled production.
The data will be used in scheduling de-
liveries of various companics.
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BIBLIOGRAPHY ON

FREQUENCY MEASUREMENTS AT R. F.

(INCLUDING U.H.F.)

*This bibliography was originally prepared as
part of a dissertation for the degree of Doctor
of Electrical Engineering at the Po'ytechnic
Institute of Brooklyn and is published with
the permission of this Institute,

1. General

E. B, Moullin—The theory and practice of
radio frequency measurements (book),
2nd. edition, 1931, Chap. 5, pp. 187-234,
Griffin (London).

A. Hund—High frequency measurements
(book), 1933, Chap. 5, pp. 169-210, Mec-
Graw-Hill.

F. E. Terman—Measurements in radio
engineering (book), 1935, Chap. 5, pp. 113-
139, McGraw-Hill.

A. Campbell and E. C. Childs—>Measure-
ment of inductance, capacilty and fre-
guency (book), 1935, Chap. 19, pp. 378-
433, Van Nostrand.

H. A. Brown—Radio frequency electrical
measurements (book), 2nd. edition, 1938,
Chap. 2, pp. 93-135, McGraw-Hill.

O. Zinke — Hochfrequenzmesstechnik
(High frequency measuring technique)
(book), 1938, Section D, pp. 108-132, S.
Hirzel (Leipzig). Description of Ger-
man equipment with references to the
original articles. Particularly wavemeters,
Lecher wires, and heterodyne type meas-
uring equipment.

A. Scheibe—Zusammenfassenden bericht.
Normal Frequenzen und absolute fre-
quenzmessung (Survey of the subject of
standard frequencies and absolute meas-
urement of frequency). Jahrb. Draht.
Tel., vol. 29, pp. 120-129, April 1927 and
pp. 158-162, May, 1927.

W. A. Marrison—Some facts about fre-
quency measurement. Bell Labs. Rec.,
vol. 6, pp. 385-388, Aug., 1928.

B. Decaux—La measure absolute des fre-
quence radioelectriique (The absolute
measurement of radio frequencies).
L’'Onde Elect., vol. 8, pp. 325-346, Aug.
1929.

S. Jimbo—Measurement of frequency.
Proc. I. R. E., vol. 17, pp. 2011-2033, Nov.
1929.

Bibliography on frequency measurement.
QST, vol. 14, no. 4, p. 49, April 1930.
Amateur practices and other references
during period 1925 to 1930.
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U. Adelsberger—Zeit und frequenzmes-
sung hoher genauigkeit (Very accurate
measurements of time and f{requency).
EN.T,, vol. 12, pp. 83-91, March 1935.
Bibliography.

L. Rohde—Frequenzmessung bei hoch-

frequenz. Allgemeins. (Frequency meas-
urement at high frequencies. General
remarks). A.T.M., vol. 5, pp. T33-T34,

March 31, 1936.

J. E. Thwaites and F. J. M. Laver—The
technique of frequency measurement and
its _application to telecommunications.
]191.5125, vol. 89, part 3, pp. 139-167, Sept.

2, Frequency Standards
2.1 Resonant Circuit Standards

J. A. Fleming—A standard of wavelength
for the calibration of cymometers. Electri-
cian, vol. 63, p. 459, July 2, 1909.

A. Campbell—On the measurement of
wavelength of high frequency electrical
oscillations.  Phil. Mag., 6th. series, vol.
18, pp. 7%4-801, November 1909. Abridged
in Electrician, vol. 64, pp. 612-613, Jan.
21, 1910.

R. T. Cox—Standard radio wavemeter,
Bureau of Standards type R-708. Jour.
Opt. Soc. and Rev. Sci. Inst., vol. 6. pp.
162-168, March 1922,

E. L. Hall—The standard wavemeters of
the Bureau of Standards. Popular Radio,
vol. 6, pp. 173-177, Aug. 1924. Also Sib-
ley Jour. of Engr., vol. 38, pp. 123-126,
May 1924,

2.2 Tuning Fork Frequency Standards

H. M. Dadourian—On the characteristics
of electrically operated tuning forks.
Physical Rev., vol. 13, p. 337, 1919.

W. H. Eccles—The use of the triode valve
in maintaining the vibration of a tuning
fork. Proc. Phy. Soc. London, vol. 31,
p. 269, 1918-19. Short note on exhibit
before meeting of May 23, 1919.

W. H. Eccles and F. W. Jordan—Sus-
taining the vibrations of a tuning fork by
a triode valve. Electrician, vol. 82, pp.
704-705, June 20, 1919.

S. Butterworth—The maintenance of a vi-
brating system by means of a triode valve.
Proc. Phy. Soc. London, vol. 32, pp. 345-
360, 1919-20.

A. Campbell—Standards of high fre-
quency. Electrician, vol. 84, p. 66, Jan.
16, 1920. Letter to editor suggesting use
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of 30 kc. or 500 kc. to maintain a 3 kc
fork.

E. A. Eckhardt, J. C. Karcher and M.
Keiser—An electron tube tuning fork
drive. Jour. Opt. Soc. and Rev. Sci.
Inst.,, vol. 6, pp. 949-957, Nov. 1922. Bib-
liography including references to earlier
methods involving mechanical contacts
with fork.
B. W. Dye—Valve-maintained tuning fork
as precision time standard. Proc. Royal
Soc. London, vol. 103, pp. 240-260, May
1923. Bibliography.
J. W. Horton, N. H, Ricker and W. A.
Marrison—Frequency measurement in
electrical communication—Trans. 4.I.E.E.,
vol. 42, pp. 730-41, 1923. Discussion, p.
1265.
J. G. Ferguson—A clock-controlled tuning
fork as a source of constant frequency.
B.S.T.J., vol. 3, pp. 145-157, Jan. 1924,
A. B. Wood—Electrically maintained tun-
ing forks—Some factors affecting fre-
quency. Jour. Sci. Inst., vol. 1, pp. 330-
339, August 1924.
D. W. Dye—Note on electrically-main-
tained tuning fork. Jour. Sci. Inst., vol.
1, pp. 340-341, Aug. 1924, )
T. G. Hodgkinson—Valve maintained tun-
ing fork without condensers. Proc. Phy.
Socs. London, vol. 38, pp. 24-34, December
1925.
E. Klein and G. F. Rouse—Methods of
exciting and for calibrating tuning forks.
Jour. Opt. Soc. and Rev. Sci. Inst., vol.
14, pp. 263-287, March 1927. Bibliography.
Report prepared at request of Committee
on Research Methods and Techniques, Di-
vision of Physical Sciences of National
Research Council.
S. W. C. Pack—A constant frequency
source and its frequency measurement.
Exp. Wireless, vol. 4, pp. 535-346, Sept.
1927.
E. Mallett—Distortion of resonance curves
of electrically driven tuning forks. Proc.
Phy. Soc. London, vol. 39, pp. 334-358,
1926-27.
E. Norrman—A precision tuning fork fre-
quency standard. Proc. I.LR.E. vol. 20,
pp. 1715-1731, November 1932.
D. W. Dve and L. Essen—The valve-
maintained tuning fork as a primary stand-
ard of frequency. Proc. Roval Soc. Lon-
don. vol. 143, pp. 285-306, January 1,
1934.

[Continued on page 36]
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O. H. Schuck—An adjustable tuning fork
frequency standard. "Jowr. Acous. Soc.
Am., vol. 10, pp, 119-127, Oct. 1938.

E. Norrman—Tuning-fork stabilization.
Electronics, vol. 13, pp. 15-17, Jan. 1940.

A tuning fork maintained by photocell.
Jour. Sci. Inst., vol. 17, p. 72, March 1940.

2.3  Piezo-Electric Frequency Standards

. Vigoureux—Quartz resonators and
oscillators (monograph), 1931, H. M. Sta-
tionary Office, London. Bibliography.

P.  Vigoureux—Quartz oscillators and
their applications (book), 1939, H. M.
Stationary Office, London. Bibliography.

A. Hund—Uses and possibilities of piezo-
electric oscillators.  Proc. 1.R.E., vol. 14,
pp. 447-470, Aug. 1926, bibliography.

R.  Jowaust—Le quartz piezo-electrique
comme ctalen de frequence (Piezo-electric
quartz as standard of frequency). L’Onde
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and pp. 580-388, Dec. 1927.

J. W. Horton and W. A.
I’recision  determination of
Proc. 1.RI.. vol. 16, pp.
1928. Bibliography.
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EN.T., vol. 5, pp. 65-82, Feh. 1928,

R. H. Womall and R. B. Owens—The
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1L.R.E., vol. 16, pp. 778-793, June 1928.

L. P. Wheeler and W. E. Bower—A new
type of standard frequency piezo-electric
oscillator.  I’roc. I.R.E., vol. 16, p. 1035-
1044, Aug. 1928.

S. Namba and S. Matsumura—General
properties of piezo-electric quartz and the
value of a quartz oscillator as a frequency
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nical Lab., (Tokyo), no. 248, April 1929
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W. A Marrison—A high precision stand-
ard of frequency. Proc. I.R.E., vol. 17,
pp. 1103-1122, July 1929. Also B.S.T.J.,
vol. 8, pp. 493-514, July 1929,

IF. R. Lack—Observations on modes of vi-
brations and temperature coefficients of
quartz crystal plates. Proc. I.R.E., vol.
17, pp. 1123-1141, July 1929. Also B.S.
T.J1., vol. 8 pp. 515-533, July 1929.

R. Jonaust—Temps, frequence, mesure des
frequences (Time, frequency, standard of
frequency). L’Onde FElectrique, vol. 8, pp.
421-435, Oct. 1929. Bibliography.

H. J. Lucas—Some devclopments of the
piezo-electric crystal as a frequency
standard. Jour. I.E.E., vol. 68, pp. 855-
872, July 1930. Abstracted in Exp. Vire-
less, vol. 7, pp. 201-203, April 1930.

J. K. Clapp and J. D. Crawford—Fre-
quency standardization. QS7T, vol. 14,
no. 3, pp. 9-15, March 1930.

W. A. Marrison—The crystal clock. Proc.
Nat. Acad. Sci., vol. 16, pp. 496-507, July
15, 1930. Bibliography.

B. Decaux—lLe frequencementre etalon
absolu du Laboratoire National de Radio-
electricite (The primary frequency stand-
ard of the Laboratoire National de Ra-
dioclectricite). L’Onde Electrique, vol. 9,
pp. 449-466, Oct. 1930.

C. G. Mcliwraith—The accuracy of the
primary frequency-standard of the Bu-
reau of Standards. Trans. American Ge-
ophysical Union (Nat. Research Council),
twelfth annual meeting, pp. 29-32, June
1931.

A. Scheibe and U. Adelsberger—Eine
quarzubr fiir zeit-und frequenzmessung
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schr hoher genauigkeit (A quartz-con-
trolled clock for time and frequency
measurements of very high precision)
Phys. Zeits.,, vol. 33, pp. 835-841, Oct.
1032,

2\, Scheibe and U,  Adelsherger—ine
Quarzuhr fiir zeit-und frequenzmessung
sehr hoher genauigkeit (A quartz-con-
trolled clock for time and frequency
measurements of very high precision).
Zeits. fiir Tech. Phys., No. 13, pp. 591-393,
1932.

A. Scheibe—Quarzuliren als Zeitnormal
(Quartz clock as standard of time).
Naturwissenschaften, vol. 21, pp. 506-512,
July 7, 1933. Bibliography.

E. G. Lapham—A 200-kilocycle piczo os-
cillator.  Rur. of Stand. Jour. of Re-
search, vol. 11, Paper No. 576, pp. 59-64,
July 1933,

A. Scheibe and U. Adelsberger—Frequenz
und gang der quarzuhren der Physikalisch
—Technischen Reichsanstalt (Frequency
and operation of the quartz frequency
standard of the I’hysikalisch—Techni-
schen Reichsanstalt). ~Ann. der Physik,
vol. 18, pp. 1-25, Sept. 1933.

Wavelength accuracy of frequency stand-
ard equipment at National P’hysical Lab-
oratory. Electrician, vol. 111, p. 784, Dec.
22, 1933.

K. L. Hall, V. E. Heaton and E. G. Lap-
ham—The national primary standard of
radio frequency. Jour. of Res. of Nat.
Bur. of Stand., vol. 14, Res. Paper No.
759, pp. 85-98, Feh. 1935. References.
O. F. Booth and E. J. C. Dixon—Crystal
oscillators for radio frequencies—an ac-
count of experimental work carried out
by the Post Office. Jour. of I.E.E., vol.
77, pp. 197-244, 1935.

L.. Essen—The Dye quartz ring oscillator
as a standard of frequency and time.
Proc. Royal Soc. lLondon, vol. 153, pp.
498-519, July 1, 1936.

S. C. Hight and G. W. Willard—A simpli-
fied circuit for frequency substandards
employing a new type of low-frequency
zero-temperature coefficient quartz crystal.
1’7:307[. I.RE. vol. 25 pp. 549-503, May
1937.

C. P. Harnwell and J. B. H. Kuper—A
laboratory frequency standard. Rew. Sci.
Inst., vol. 8, pp. 83-86, March 1937.

I. Koga—A portable standard frequency
oscillator. Report of Radio Research in
Japan, vol. 7, pp. 219-225, Dec. 1937 (in
English).

l.. Essen—A new form of frequency and
time standard. Proc. Phy. Soc. London,
vol. 50, pp. 413-426, May 2, 1938.

I.. A, Meacham—The bridge-stabilized
oscillator. Proc. I.R.E., vol. 26, pp. 1278-
1294, Oct. 1938.

L. A. Meacham—High-precision frequency
comparisons. Bridge of Eta Kappa Nu,
vol. 36, pp. 5-8. Feb.-March 1940. Also
Bell System Monograph B-1232.
Rohde and Leonhardt—Quarzulir und
normal frequenz-generator (Quartz clock
and standard frequency generator). E.N.
T., vol. 17, pp. 117-124, June 1940.
E. Giebe and E. Blechschmidt—On tor-
sional vibrations of quartz bars and their
use for frequency standards. Hochfreq.
und Electroakus, vol. 56, pp. 65-87, Sept.
1940.

2.4 Other Types of Frequency Standards
R. Moens and P. Mortier—Over het
nauwkeuring meten van frequenties (The
accurate measurement of frequencies),
Nataurwetensch. Tijdschr., vol. 13, pp.
143-146, 1931. Pendulum.

T. Kujirai and S. Fujitaka—Notes on gen-
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cration of absolute frequencies. Reports
presented by Radio Research Commuttee
of Nat. Res. Council of Japan to Int. Sci.
Radio Union, April 1931, no. 6, (in Eng-
lish). Pendulum.

H. E. Warren—A new time standard.
Trans. ALEE., vol. 59, pp. 137-143,
March 1940. Vibrating wire.

2.5 Intercomparison of Frequency
dards in Various Laboratories

Stan-

W. G. Cady—An international comparison
of radio wavelength standards by means
of piezo-clectric resonators. Proc. I.R.E.,
vol. 12, pp. R05-816, Dec. 1924. Correction
in vol. 13, April 1925, contents page.

J. 1L Dellinger—Finding the *yardsticks”
of radio at the Burcan of Standards.
Popular Radio, vol. 13, pp. 290-291, April
1928.

J. H. Dellinger—The status of frequency
standardization. Proc. I.R.E., vol. 16, pp.
579-592, May 1928,

E. Giebe and A. Scheibe—Internationale
vergleichang von frequenznormalen fiir
elektrische schwingungen (International
comparisons of frequency standards).
Jahrb. Drat. Tel., vol. 33, pp. 176-180,
May 1929.

S. Jimbo—An international comparison of
frequency by mcans of a luminous quartz
resonator. Proc. I.R.E., vol. 18, pp. 1930-
1934, Nov. 1930.

H. Mégel—Vergleich von fernfrequenz-
messungen zwichen New York, London
und Berlin (Comparison of distant fre-
quency measurements made in New York,
l.ondon and Berlin). E.N.T., vol. 8, pp.
321-330, August 1931, portion of longer
article.

. Decaux—Visite de quelques laborator-
ies etrangers a |'occasion de comparaisons
internationales de frequence (Visits to
some foreign laboratories for the purpose
of making international comparisons of
frequency) L’Onde Electriqgue, vol. 10,
pp. 521-540, Dec. 1931.

J. Groszkowski—The absolute measure-
ment and international comparison of fre-
quencies.  Wiadomosct i+ Prace Inst
Kadjotech (Warsaw), vol. 4, no. 1, 1932,
i6 pp.

A. Wainberg—Frequency standardization
by international comparison. Journ. Tele-
graph, vol. 57, pp. 172-177, June 1933.
Simultaneous measurements on some Sta-
tion made in Warsaw, Dallis Hills, Brus-
sels, Berlin, France and Stockholm.

I.. Essen—International frequency com-
parison by means of modulation emissions
Jour. I.LE.E., vol. 75, pp. 289-292, Sept.
1934.

Comparison of radio-frequency standards
—B.B.C. co-operation with three trans-
mitters. Wireless Engr., vol. 12, p. 121,
March 1935. Short note only.

L. Essen—International frequency com-
parison by means of standard radio-fre-
quency emissions. Proc. Royal Soc. Lon-
don, vol. 149, pp. 506-510, April 10, 1935.
Measurements of WWYV made in England.
A. Wainberg—Comparison internationale
des étalons de frequences (International
comparison of the standard of frequency).
1’Onde Electrique, vol. 16, pp. 71-80, Jan.
1937.

A series of articles by K. Takatsu, K.
Tani, Y. Kusunose and R. Mitsuda, etc,,
in Report of Radio KResearch in Japan
(National Research Council of Japan)
bearing the titles “Intercomparison of fre-
quency standards by means of modulation
emissions” and “Intercomparison of ab-
solute values of frequency standards.”
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Later reports bear subtitle “—the report of
subcommittee for frequency standards.”
These reports give results of intercom-
parison of frequency standards in various
Japanese laboratories. (In English)

Vol. 4, pp. 77-79, July 1934

Vol, 5, pp. 35-37, March 1935

Vol. 6, pp. 23-26, May 1936 (6th report)

Vol. 6, pp. 27-29, May 1936 (7th report)

Vol, 7, pp. 17-20, June 1937 (8th re-
port)

Vol. 8, pp. 57-60, Oct. 1938 (9th report).
E. Giebe—Report on the results of meas-
urements made at the P.T.R., 12th/13th
March 1935.

U.R.S.1. Proc. of Gen. Assembly, vol. 5,
part 1, pp. 324-326, 1938, (in English)).

2.6 Distribution of Standard Frequencies
2.61 In the United States
U. S. will send standard waves for
A.RRL. OST, vol. 6, no. 12, pp. 28-29,
July 1923.
H. J. Walls—The standard frequency set
at WWV,, OST, vol. 8§ no. 10, p. 9,
Oct. 1924.
M. S. Strock—Standard frequency dis-
semination. Proc. I.R.E., vol. 15, pp. 727-
732. Aug. 1927.

H. A. Chinn—Standard frequency station
WIXP. QST, vol. 15, no. 1, pp. 27-36,
Jan. 1931.

J. H. Dellinger and E. L. Hall—Radio
dissemination of the national standard of
frequency. Radio Engr., vol. 12, pp. 23-
24, May 1932.

J. H. Dellinger—The services available
from the standard-frequency transmission
of the Bureau of Standards. Trans.
American Geophysical Union (Nat. Re-
search Council), twelfth annual meeting,
pp. 29-32, June 1931.

L. Mickey and A. D. Martin—Develop-
ment of standard frequency transmitting
set. Jour. of Research of Nat. Bur. of
Stand., Res. Paper no. 630, vol. 12, pp.
1-12, Jan. 1934

I-. G. Lapham—DMonitoring the standard
radio frequency emissions. Jour. of Nat.
Rur. of Stand., Res. Paper no. 766, vol.
14, pp. 227-238, March 1935.

E. L. Hall—Some data concerning the
coverage of the 5 megacycle standard fre-
quency transmission. Proc. I.R.E., vol. 23,
pp. 448-453, May 1935.

2.62 Abroad
H. A. Stowe—Standard frequency trans-

mission in Australia. QST, vol. 11, no. 1,
pp. 34-35, Jan. 1927. Station 2ZWI.

Transmissions of wireless waves of stand-
ard frequencies from the National Physi-
cal Laboratory. P. O. Elect. Engr. Jour.,
vol. 24, pp. 237-238, October 1931.

1.. Essen—Description of the quartz con-
trol of a transmitter at 1785 kilocycles per
second. Jour. I.E.E., vol. 74, pp. 595-597,
June 1934,

A. Wainberg—Nouvelle méthode de trans-
mission des fréquences €’talonnes, pour le
controle périodique des differentes fré-
quencemetres dan les stations radioelec-
triques régionales (New method for trans-
mitting calibrated frequencies for the pe-
roidical control of the various {requency-
meters in regional radio stations). Rei.
Gen. de IElcc., vol. 36, p. 388, Sept. 15,
1934.  Abstract of article originally in
Jour. des Telecommunications, vol. 1, pp.
179-180, Jumne 1934.

\. Scheibe and U. Adelsherger
Finission of standard of frequencies from
Physikalisch - Technische - Reichanstalt on
the Deutschlandsender. Physik Zeils.,
vol. 40, p. 216, March 15, 1939.
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A. Scheibe-Zur werktaglichen assend-
ing der normalfrequenz 1,000,000 hz. und
des stimmatones  440.00000 hz. der
quarzuhren der Physikalisch-Technischen-
Reichanstalt iiber den Deutschlandsender
(On the week-day transmissions of the
standard frequency of 1000.000 cycles and
the tuning frequency of 440.00000 cycles
from the quartz clocks of the Physika-
lisch - Technische - Reinchanstalt). Hoch-
freq. und Electroakus., vol. 53, pp. 145-
146, May 1939.

U. Adelsberger—Das steuergerat fiir die
assendung von normalfrequenzen fiber den
Deutschlandsender (The control equip-
ment for the transmission of standard
frequencies from the Deutschlandsender).
Hochfreq. und Electroakus., vol. 53, pp.
146-150, May 1939.

A. Scheibe and U. Adelsherger—Stand-
ard frequency transmission of the P.T.R.
by the Deutschlandsender at 10:50 A.M.
on week days. Physik. Zeits., vol. 41, p.
156, April 1, 1940. Also /{ochfreq. und
Electroakus., vol. 55, p. 132, April 1940
and subsequent issues. Daily deviations
from Nov. 1939 to March 1940.

W. Uhink—The recording of the stand-
ard frequency of 1000 cycles of the Geo-
desic Institute at Potsdam. Zeits. f. In-
strumkunde, vol. 60, pp. 107-112, April
}ggg Daily results from Feb. to Aug.

3. Multiplication and Division
of Frequencies

R. Lindemann—On the application of
the harmonic overtones of the Poulsen
arc to the measurement of wavelength.
]Vﬂzh' Dent. Phys. Gesell., vol. 14, p. 624,
912.

H. Abraham and E. Block—\lesure cn
valeur absolue des périodes des oscilla-
lations électriques de haute fréquence (On
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lations). Comptes Rendus, vol. 168, pp.
1105-1108, June 1919,

H. Abraham and E. Block—\esure en
valeur absolue des périodes des oscilla-
tions electriques de haute fréquence
(Measurement of the absolute value of
the period of high frequency electric oscil-
lations.) Ann. de Physique, 9th series,
vol. 12. pp. 237-302, 1919.

R. von Ettenreich—The calibration of
wavemeters by means of higher harmon-
ics. Jahrb.,, Drat. Tel., vol. 15, pp. 236-
240, March 1920.

M. J. Mercier—Sur la synchronization
harmonique des oscillations électriques
(Harmonic synchronization of electric
oscillators), Comptes Rendus, vol. 174,
pp. 448-450, Feb. 13, 1922.

E. V. Appleton—Automatic synchroniza-
tion of triode oscillators. Proc. Cam-
bridge Phil. Soc., vol. 21, pp. 231-248,
1922.

D. W. Dye—A self-contained standard
harmonic wavemeter. Phil. Trans. Roy.
Soc., vol. 224, pp. 239-301, Nov. 1924,
Bibliography.
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PRECISION

Under the guidance of highly skilled
operators, the finest precision machines
are employed to insure uniform high
uality in all National Union tubes. la
this photograph a bending machine in
the Stem Department 1s shown doing 1ts
war job of helping 10 provide this year
thelargest number of the finest electronic
tubes National Uanion has ever built.

MAY, 1943

Sure, winning the War is our big job right now. To
that end we here at National Union are exerting our
every thought and energy—both on our production lines
and in our research laboratories. But after the war—
what then? It is certain that for men trained in electronics
there’ll be new worlds to conquer. For from today’s new
applications of electronic tubes specifically developed to
help win the war—will emerge countless new peacetime
applications. It is here that American business will find
invaluable assistance in designing, producing and pack-
aging the better products its post war customers will
want and demand. With the designers and producers of
these new products National Union will welcome the
opportunity to share its up-to-the-minute knowledge
and research experience.

Tronsmitting Tubes . Cathode Ray Tubes ¢ Receiving Tubes e«
Special Purpose Tubes « Condensers « Volume Conlrols « Photo
Electric Cells « Exciter Lomps « Panel Lamps « Flashlight Bulbs

NATLONAL UNION RADIO CORPORATION

NEWARK, NEW JERSEY LANSDALE, PENNSYLVANIA
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Variable resistors (carbon and wire wound), switches (separate

and in combination with variable resistors), plugs, jacks, key switches,
push switches, telephone generators and ringers and similar electronic

components. Also other devices not illustrated here.
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If you are a manufacturer of electronic equipment we

invite your inquiries. Our engineering skill, great produc-
tion facilities and dependable delivery service are at your

disposal. Send us your specifications.

CHICAGO TELEPHONE
Supply Company

* MAY, 1943 41
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Messages like these, crackling
through the ether enable our flyers

to meet and defeat attacking enemy
forces. The efficiency of aviation
radio communications has played a
major role in our air victories, and the
engineers who design and produce
this equipment deserve their share of
the glory.

That millions of feet of Lenz wires

and cables were selected for this

equipment is a source of considerable

pride to this organization.

The Lenz wire engineers are always
ready to consult with the designers

of communications equipment on their
wire and cable specifications. No mat-

ter how stringent and exacting the
requirements, how severe the condi-
tions under which the equipment must
operate, Lenz engineers will help you

find just the right wire for the job.

ELECTRICAL CORDS, WIRES & CABLES

LENZ ELECTRIC MANUFACTURING Co.

1751 N. WESTERN AVE

CHICAGO, ILLINOIS

“In Business Since 1904"

MAY, 1943 *
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Photo, Courtesy Mid-Continent Airlines showing current Wilcox installations

Uninterrupted Service
IS Vital to Safe Air Transportation

Dependable communications are the keynote. There must be no failure. For
years, Wilcox has made radio equipment to help carry on flight control safely.
Today, the “know-how” of Wilcox facilities is entirely devoted to manufacture
for military needs. After peace is

secured, the marvels of radio develop-

ment will be working for better living.

\'é' ’ WILCOX ELECTRIC COMPANY

14TH & CHESTNUT KANSAS CITY, MISSOURI

RADIO] * MAY, 1943 43
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H. O. Kneser and H. Knotzel—FEine Fre-
quenzmessanondnung hoher genauigkeit
(A frequency measuring device of higher
accuracy.) Zeit. fur Tech. Physik, vol.
20, pp. 242-244, 1939.

R. 1.. Bunt—Extending frequency—meter
calibrations with the 100 kc oscillator.
OST, vol. 23, no. 4, pp. 46-47, April 1939.
A. Habermann—Allwellen-frequenzmesser
(All-wave {requency meter.) .4.7.M., pp.
T7-19, Jan. 1939.

A. Habermann—An all-wave f{requency
meter. E.T.Z., vol. 60, p. 1237, Oct. 26,
1939.

(. Latmiral—Frequency-metering receiv-
ers. lita Frequenza, vol. 9, pp. 195-207,
April 1940,

S, Measurement by Resonance Methods
5.1 Absorption Type Wavemeters

J. Donitz—A wave meter. Electrician,

vol. 52, pp. 407-410, Jan. 1, 1904. Trans-

lation from E.T.Z., vol. 24, pp. 920-925,

1903.

I. E. Ives—On a new standard of wave-

length, Electrical World and Engr., vol.

43, pp. 1074-1077, June 1904,

The Fleming direct-reading cymometer

and its application. Electrician, vol. 58,

pp. 495-497, Jan. 11, 1907, and pp. 536-

537, Jan. 18 1907.

E. Nesper—Die frequenzmesser und
dampfungsmesser der strahlentelegraphic
(The wavemeter decremeter of radio
telegraphy). (Book), 1907, Veits and Co.
(Leipzig). Descriptions and references to
equipment in commercial use prior to 1907.
Diesselhorst — Absolute messung der
wellenlaiige  elektrischer  schwingungen
( Absolute measurement of the wavelength
of electric oscillation). Jahrb. Drat. Tel..
vol. 1. pp. 262-279, 1909. Methods used
in calibration of wavemeters at Reichan-
stalt.

G.W.0. Howe—The calibration of wave-
meters for radiotelegraphy. Proc. Phy.
Soc. London, vol. 24, pp. 251-239, 1912.
Abridged in I'Ieclncum vol. 69, p. 490,
June 28, 1912.

J. O. Mauborgne—Practical uses of the
wavemeter in wireless telegraphy. (Book),
1913, McGraw Hill

1. Zenneck—Wireless Telegraphy (trans-
fation by A. E. Seelig). (Book), 1915,
McGraw Hill.  References to equipment
in commercial use prior to 1915,

1. A. Fleming—The principles of electric
wave telegraphy and telephony, (Book),
4th ed., 1919, Longsman (London).
Radio instruments and measurements, Cir-
cular no. 74. Bureau of Standards, 1918,
pp. 97-10%, Bibliography.
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“Cruiser and transport

MAKERS OF THE FINEST

Messages like these “must go through,” and
to make certain they do, the communication
systems in our Army and Navy aircraft are as
sensitive, as rugged, and as trouble-defying
as advanced design and precision manufac-
turing methods can make them.

Producing transformers, headsets and other
communications equipment for the Army and
Navy Air Forces is ROLA’s present responsi-
bility to the war program. To keep abreast . ..
and ahead . . . of demands, new machines have
been designed, new methods devised, new tests
and inspections applied. Facilities have been

expanded, and production vastly increased.

All this is important to peacetime users of
ROLA equipment, for it is only logical to
believe that the research and the skill and the
equipment inspired by wartime necessity will
find important application in the Electronic
World of Tomorrow.

b4 14 14

The “know bow,” gained through twenty years of leadership
in the radio field, has enabled ROLA to meet . . . and exceed
... every war demand made upon it, both as prime and as sub-
contractor. We have facilities available for additional con-
tracts. If you are interested, we suggest you write us. . . or ask
our representative to call. THE ROLA COMPANY, Inc,
2530 Superior Avenue, Cleveland, Obio.

ROLA
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F. A. Kolster—A direct reading instru-
ment for measuring the logarithmic dec-
rement and wavelength of electromagnetic
waves. Bulletin of Bureau of Standards,
Sci. Paper no. 235, pp. 421-455, vol. 11,
Aug. 15, 1914.

F. A. Kolster—A direct-reading decre-
meter and wavemeter. Proc. I.R.E., vol.
3, pp. 29-54, March 1915.

A. Tsubouchi—Standardization of wave-
meters. Researches of Electrotechnical
Lab. (Tokyo). no. 115, Sept. 1922,

L. B. Turner—Wavemeters. Wireless
World, vol. 15, pp. 381-386, Dec. 17, 1924
and pp. 419-422, Dec. 24, 1924. Discussion
pp. 454-458, Dec. 31, 1924.

M. S. Strock—An improved type of wave-
meter resonance indicator. Sci. Paper of
Bureau of Standards, no. 502, vol. 20, pp.
111-118, March 6, 1925.

T. Nakai—Wavemeter. Electro-Technical
Lgb. (Tokyo), circular no. 14, pp. 133-
134, 1925. Bibliography.

E. Giebe and E. Alberti—Absolute mes-
sung der frequenz elektrischer schwing-
ungen: ein normalfrequenz—oder wellen-
messer ( Absolute measurement of electric
oscillations: a standard frequency or
wavelength measuring device.) Zeits fiir
Tech. Physik, vol. 6, pp. 92-103, 135-145,
1925. References.

R. Braillard and E. Divoire—The exact
and precise. measurement of wavelength in
radio transmitting stations. E.rperimental
Wireless, vol. 4, pp. 322-330, June 1927,
and pp. 3%4-401, July 1927.

R. Braillard and E. Divoire—La mesure
exacte et précise des longues d’onde dans
les stations d’'emission (Precise measure-
ment of the wavelengths of transmitting
stations.) L’Onde Electrique, vol. 6, pp.
357-387, Aug. 1927.

R. Braillard and E. Divoire—Die genaue
messung der wellenlangen bei sendestellen
(Exact measurement of wavelength in
sending stations). E.N.T. vol. 4, pp. 443-
458, Nov. 1927. .

W. H. F. Griffiths—Notes on the accuracy
of variable air condensers for wavemeters.
Experimental Wireless, vol. 4, p. 754-757,
Dec. 1927.

W. H. F. Griffiths—The accuracy and cali-
bration permanence of variable air con-
densers for precision wavemeters. Experi-
mental Wireless, vol. 5. p. 17-24, Jan.
1928 and p. 63-74, Feb. 1928.
W. H. F. Griffiths—The demonstration of
a new precision wavemeter condenser.

Exp. Wireless, vol. 5, p. 278-279, May
1928.

W. H. F. Griffiths—Substandard wave-
meter design. Exp. IWireless, vol. 5, pp.
324-326, June 1928.

R. A. Hull—The frequency measurement
problem. QST, vol. 12, no. 10, pp. 9-19,
Oct. 1928,

Standard inductances for wavemeter and
other R. F. purposes. Wireless Engr.,
vol. 6, Oct. 1929,

H. Piesch—Ein ecinfacher Frequenzmesser
hoher gnanigkeit (A simple frequency
meter of high accuracy). Jahrb. Draht.
Tel., vol. 36, p. 211-217, Dec. 1930. Bibli-
ography.

W. H. F. Griffiths—Accurate wavemeter
design.  Wireless World, vol. 26, p. 113
and 148. Jan. 29, 1930.

A wavemeter with alternative close and
open scales. [Vireless Engr., vol. 10, pp.
255-257, May 1933.

Mong-Kong Ts’en and Chin Tao Tsai—
The theory, design and calibration of ab-
sorption wavemeter for one meter range.
Scientific Papers of the National Research
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Institute of Physics, Academia Sinica
(Shanghai, China), vol. 1, no. 4, pp. 1-17,
Sept. 1933. (In English.)

W. H. Moore—Simple ultra short-wave

wavemeters. Electronics, vol. 6, p. 311,
Nov. 1933

A. Habermann—Wellenmesser und ihre
genauigkeit im bereiche kurzer wellen

(Wavemeters and their accuracy in the
short wave band.) Funktech. Monat-
sheft, Oct. 1934, no. 10, pp. 399-402.

H. Ataka—A theory of the ultra-short-
wave wavemeter with an auxiliary coil.
Journal I.E.E. of Japan vol. 55 (no. 12),
no. 569, p. 1040-1041. Japanese only. Eng-
lish summary in Report of Radio Rvs.
in Japan, vol. 4, no. 3, abstracts p. 48,
Oct. 1934, and vol. 5, no. 3, abstracts p.
32, Dec. 1935.

I.. Rohde—Ein wellenmesser fiir dezi-
meter-wellen (A wavemeter for deci-
meter waves). EN.T., vol. 13, pp. 13-16,
Jan. 1936.

A. Habermann—Frequenzmessung  bei
Hochfrequenz, Resonanz-frequenzmesser
(High frequency measurements. Reso-
nance frequency meters.) A.T.M., vol.
5, p. T76, June 30, 1936. Bibliography.
P. Gantet Ondemétre pour ondes trés
courtes (\Wavemeter for ultra-short-
waves). L’Onde Electrique, vol. 15, pp.
577-584, Sept. 1936.

‘G. A. Kiandsky—On the calculation of the

frequency scale of a wavemeter with in-
verted linear condenser. [zvestia Elektro-
prom. Slab. Toka, vol. 5, pp. 18-32, 1936.

Y. Miyamura—A new type of ultra-short-
wave wavemeter. Report of Radio Re-
search in Japan, vol. 7, no. 3, abstract pp.
30-31, Dec. 1937.

I. B. Selyutin—On the linear interpolation
of frequency corrections in the recalibra-
tion of wavemeters. [zvestia Elektro-
prom. Slab. Toka, no. 4, pp. 17-19, 1937.
K. Herold—Einfacher wellenmesser fur
den frequenzbereich von 3 bis 60 mhz (A
simple wavemeter for the frequency range
3 to 60 Mc.) Funktech. Monatschefte.,
no. 3, pp. 70-72, March 1938.

Y. Miyamura—A new type of wavemeter
for ultra-short waves. Nippon Elec.
Comm. Engr., no. 12, pp. 340-342, Sept.
1938. Condensed translation of paper in
Japanese in Journ. of Inst. Elect. Comm.
Engr., of Japan, Nov. 1937.

B. W. Brown—A compact, sensitive wave-

meter. Rew. Sci. Instr.,, vol. 10, p. 196,
June 1939.

H. R. Meahl—A high-frequency wave-
meter. Gen. Elec. Rev., vol. 42, p. 279,

June 1939.

H. Straubel — Ein direkt-anzeigender
wellenmesser (A direct reading wave-
meter). Hochfreq. und Elektroakus., vol.
54, pp. 94-96, Sept. 1939.

E. Karplus—Direct reading wavemeter for
ultra-high frequencies. Gen. Radio Exp.,
vol. 13, no. 3, pp. 1-2, Aug. 1940.

E. L. Hall—A sensitive frequency meter
for the 30 to 340 megacycle range. Elec-
tronics, vol. 14, no. 35, pp. 37-38, 91-93,
May 1941,

5.2 Piezo-Electric Resonators

W. G. Cady—The piezo-electric resonator.
Proc. I.R.E., vol. 10, pp. 83-114, April
1922. Correction on the contents page,
Aug. 1922,

G. W. Peirce—DP’iezo-electric crystal reso-
nators and crystal oscillators applied to
precision calibration of wavemeters. Proc.
Am. Acad. Arts and Sci., vol. 39, pp. 91-
106, 1923.

E. Giebe and A. Scheibe—Sichtbarmach-
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ung von hochfrequenten longitudinal-
schwingungen piezoelektrischer kristall-
stabe (Production of visible indications of
high frequency longitudinal oscillations in
piezoelectric crystal plates.) Zeits. fiir
Physik, vol. 33, pp. 335-344, 1925.

D. W. Dye—The piezo-electric quartz
resonator and its equivalent electric circuit.
Proc. Phy. Soc. London, vol. 38, 399-458,
Aug. 1926.

G. Vallauri—Confronti fra misuse di fre-
quenza per mezzo di piezorisunatori
(Comparison between measurements of
frequency by means of piezo-resonators.)
L’Elettrotecnica, vol. 14, pp. 682-684, 1927.

Y. Watanabe-—Piezo-electric resonators.
Journal I.E.E. of Japan, supplementary
issue no. 466, pp. 56-57, May 1927.

G. W. A. Cobbold and A. E. Underdown
—Some practical applications of quartz
resonators. Expertmental Wireless, vol.
5, pp. 215-219, April 1928.

H. Mdgel—Einige methoden zur frequenz-
messung von kurzen wellen (A method
for frequency measurement of short
waves.) E.N.T., vol. 7, pp. 133-140, April
1930.

E. Giebe and A. Scheibe—Transversal-
schwingende Leuchtresonatroren als Fre-
quenznormale in Bereich von 1000-20,000
Hertz (Light resonators vibrating trans-
versely as frequency standards in the
range 1-20 Kc.) Jahrb. fiir Draht. Tel.,
vol. 35, pp. 165-177, May 1930.

W. A. Marrison—Quartz crystal resonat-
ors. Bell Labs. Record, vol. 10, pp. 194-
199, Feb. 1932.

G. Leithauser and V. Petrzilka—Uber
normalien fiir wellenmessung der ultra-
kurzen wellen (On standards for measure-
ments of ultra short waves). Funktech.
Monatschefte, 1932. Summary in English
in Electronics, vol. 5, p. 350, Nov. 1932.
Tourmalin plates.

E. Giebe and A. Scheibe—Uber Leuchtre-
sonatoren als hoch frequenznormale
(Light resonators as high-frequency stand-
ards). Hochfrequenz. und Elektroakustik,
vol. 41, pp. 83-96, March 1933.

R. Bechmann—Quartz resonators — Tele-
funken (formerly Telefunken-Zeitung),
vol. 18§, no. 76. pp. 5-15, July 1937.
S. Matsumura and S. Kanzaki—A new
type of direct - reading radio - frequency
monitor. Nippon Elec. Comm. Engineer-
ing, no. 12, pp. 377-384, Sept. 1938. Con-
densed translation of paper in Japanese in
Jour. of Elect. Comm. Engrs. of Japan,
Dec. 1937.

5.3 Standing Waves—Lecher Wires
O. Heaviside — Electromagnetic  Theory.
(Book), vol. 1, 1893, Von Nostrand, sec.
199-207, pp. 374-403.
J. A, Fleming—Propagation of electric
currents in_telephone and telegraph con-
ductors. (Book), 3rd edition, 1919, Con-
stable and Co. (l.ondon), chap. 6, pp.
191-206.
E. Lecher—Eine Studie fiir electrische
resonanzerscheinungen (A study of elec-
tric resonance oscillations). Annalen d.
Physik, vol. 41, pp. 850-870, 1890.
R. Blondlot—Sitir un nouveau procédé
pour transmettre des ondulations élec-

triques le long de fils métalliques. (On a
new method for transmitting electric
waves along metallic wires.) Compt.

Rend., vol. 114, p. 283, 1892,

J. M. Miller—Electrical Oscillations in
Antennas and Inductance Coils. Proc.
I.R.E., vol, 7, p. 299, June 1919. Discus-
sion, vol. 7, p. 652, Dec. 1919 and vol. 8,
p. 424, Oct. 1920.

[Continued on page 48].

1943 *


www.americanradiohistory.com

Casting the die of Precision

e Sylvania Radio Tube precision be- continuity of Svlvania precision quality. And anyone who holds a Sylvania fran-
y P 1d any y

gins with the tool- and diemaker. A chise knows, from experience, that spe-

graduate from our own apprentice From the toolmaker who patterns pre- cialization also means good business.

school, he magnifies the pattern of pre-  cision to the inspector who

cision on his drill press 10 times by okehs a radio tube for ship-

means of high-power spectacles. ment — the same painstak- IT PAYS TO SELL SYLVANIA //-\g

ing care of the specialist = W
All dies and machine tool heads for  goes into every step of pro- \ .
the production of Sylvania Radio Tube duction. |

parts are made by specialist-toolmakers

in our own tool shop. This step-by-step special-

ization produces radio

The training of experts for this pri- tubes of the highest
vate shop —to service exclusive ma- quality. It is the reason wl?y 7 R T
chines and tools designed by our en you can sell Sylvania Radio Sylvania Lock-in Regular Style

Receiving Tubes

gineers—is our best guarantee of the ~ Tubes with confidence.

SYI.VANIA ELECTRIC PRODUCTS INC.

Emporium, Pa.

Incandescent Lamps, Fluorescent Lamps, Fixtures and Accessories, Radio Tubes, Electronic Devices
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G. C. Southworth—Electron tube gen-
erators of alternating current of ultra-
radio frequencies. Radio Reuvicw, vol. 1,
pp. 577-584, Sept. 1920.

J. S. Townsend and J. H. Morrell—Elec-
tric oscillations in straight wires and
solenoid. Phil. Mag., vol. 42, p. 265, 1921.

F. W. Dunmore and F. H. Engel—A
method of measuring very short wave
lengths and their use in frequency stand-
ardization. Proc. I.R.E., vol. 11, pp. 467-
478, October 1023. Discussion, vol. 13,
p. 125, Feb. 1925, and p. 647, Oct. 1925.

M. Mercier—Determination of speed of
propagation of electromagnetic waves
along conducting wires.  Annales de
Physique, vol. 19, p. 248, and vol. 20, p.
5, 1923.

A. Hund—Theory of determination of
ultra-radio frequencies by standing waves
on wires. Sci. paper no. 491, Bureau of
Standards, June 23, 1924.

A. Hund—Correction factor for the paral-
lel wire system used in absolute radio
frequency standardization. Proc. I.R.E.,
vol. 12, p. 817, Dec. 1924.

E. Takagishi, K. Hatakeyama and S.
Kawazor—A simplified method of calibra-
tion of a wavemeter by standing waves on
parallel wires. Researches of the Electro-
technical Laboratory (Tokyo), no. 177,
Aug. 1926.

E. Rossler—Zur fortpflanzung elektro-
magnetischer  wellen liangs leitungen
(Propagation of electromagnetic waves
along wires). E.N.T., vol. 4, p. 281, 1927.
C. R. Englund—The natural period of
linear conductors. B.S.T.J., vol. 7, pp.
404-419, July 1928.

E. Takagishi—On a double hump phenom-
ena ef current through a bridge across
parallel lines. Proc. I.R.E., vol. 18, pp.
513-532, March 1930.

J. B. Hoag—Measurement of the fre-
quency of ultra-radio waves. Proc. I.R.E,,
vol. 21, pp. 29-36, Jan. 1933.

0. Schmidt—IDas paralleldrahtsystem als
messinstrument in der kurzwellentechnik
(The parallel wire system as a measuring
instrument in short wave engineering).
Hochfrequenz. und Elcktroakustik., vol.
41, pp. 2-16, Jan. 1933, Bibliography.

A. Hikosaburo—Ellipse diagram of a
Lecher wire system. Proc. I.R.E., vol
21, pp. 303-311, Feb. 1933.

R. King—Amplitude characteristics of
coupled circuits having distributed con-
stants. Proc. I.R.E., vol. 21, pp. 1142-
1181, Aug. 1933.

S. Ishikawa—DMeasurement of ultra-radio
frequencies by standing waves on wires
and its comparison with that by multi-
vibrator syvstem. Rescarches of Electro-
technical Laboratory (Tokyo), no. 242
(Japanese with English synopsis).

A. Chilaev—A new absolute method of
measuring the length of short and ultra-
short electromagnetic waves. [zvestia
Elektroprom. Slab. Toka. no. 11, pp. 31-36,
1935.

Ataka and Mori—On a wavemeter for
decimeter waves. Report of Radio Res.
tn Japan, vol. 6, no. 2, abstract pages 18-
19, Oct. 1936.

H. Ataka and T. Urano—On the measure-
ment of the natural wavelength of wire
circuits with an ultra-short wave. Jour.
I.E.E. of Japan. June 1936, pp. 747-751
(Japanese only). English summary in
Report of Radio Res. in Japan, vol. 6, no.
2. abstract page 16, Oct. 1936.

H. Slatis—The effect of the condenser
leads on measurements with a Lecher sys-
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tem. .dnn. der Physik, series 6, vol. 32,
pp. 734-742, Aug. 1938.

1. Placinteanu—\Vave propagation along
wires. Comples Rendus, vol. 208, no. 24,
pp. 1890-1891, June 12, 1939,

A. G. Clavier—Wavelength measurements

of decimetric, centimetric and millimetric

waves. Electrical Communication, vol. 20,

no. 4, pp. 295-304, 1942, Bibliography.

6. Radio Frequency Measurement
Installations

G. T. Royden—The frequency checking
station at Mare Island. Proc. I.R.E., vol.
15, pp. 313-318, Aug. 1927.

R. Braillard and E. Divoire—How broad-
casting wavelengths are checked. [Vire-
less 11 orld and Radio Review, vol. 22, pp.
219-222, Feb. 29, 1928. Brussels frequency
checking station of U.R.S.1.

G. Pession and T. Gorio—Measurement of
the frequencies of distant radio transmit-
ting stations. Proc. I.R.E., vol. 17, pp.
734-744, April 1929. I1talian Royal Insti-
tute for Communications.

H. L. Bogardus and C. T. Manning—The
routine measurement of the operating fre-
quency of broadcast stations. Proc. [.R.E.,
vol. 17, pp. 1225-1239, July 1929.

R. Braillard and E. Divoire—The meas-
urement of wavelengths of broadcasting
stations. Exp. Wireless, vol. 6, pp. 412-
421, Aug. 1929, Brussels frequency
checking station of U.R.S.I.

H. Mogel—Einige methoden zur fre-
quenzmessung von kurzen wellen (Some
methods for measuring the frequency of
short waves.) E.N.T., vol. 7, pp. 133-
140, April 1930. Telefunken Co.

E. L. Hall—Method and apparatus used in
testing piezo oscillators for broadcasting
stations. Burean of Standards Journal of
Research, vol. 4, pp. 115-130, January
1930, Research paper no. 135. Bureau of
Standards.

Y. Namba—The establishment of the
Japanese radio-frequency standard. Proc.
I.R.E., vol. 18, pp. 1017-1027, June 1930.
H. Mogel—Some methods of measuring
the frequency of short waves. Proc.
I.R.E., vol. 19, pp. 193-213, Feb. 1931.
Telefunken Co.

I. L. Weston and R. J. Renton—Frequency
checking. The Department of Commerce
Monitoring Station at Hingham, Mass.
QST, vol. 15, Feb. 1931, pp. 9-13.

J. J. Vormer and C. van Geel—Frequency
measurements of high accuracy. Euxp.
IWireless. vol. 8, pp. 298-303, May 1931.
Radio laboratory of Dutch state tele-
graphs.

A. A. Roetkin—Measuring the frequencies
of radio signals. Bell Labs. Record, vol.
9, pp. 585-588, Aug. 1931. Netcong sta-
tion of A. T. and T. Co.

Radio problems—work of the Post Office
Laboratory at Dollis Hill and the Colney
Heath Frequency Measurement Station.
Eglectricim:, vol. 107, pp. 662-663, Nov. 13,
1931,

H. O. Peterson and A. M. Braaten—The
precision frequency measuring system of
R.C.A. Comunications, Inc. Proc. I.RE,
vol. 20, pp. 941-956, June 1932.

H. Mogel—A service wavemeter working
in conjunction with the quartz clocks of
the Physiklisch Technische Reichsanstalt.
T. F. T., vol. 23, pp. 148-152, June 1933.

A. Wainberg and I.. Segebart—A station-
ary equipment for the exact measurement
of high frequencies. E.N.T., vol. 10, pp.
472-476, Dec. 1933. U.S.S.R. State Lab-
oratory.

J. G. Beard—Primary frequency stand-
ard has accuracy of 99.9999%. Radio
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Engr., vol. 14, pp. 15-17, June 1934. Grand
Island, Nebraska monitoring station.

W. A. Steel—Primary frequency standard
and monitoring station of Canadian Nadio
Broadcast Commission. Proc. I.R.E., vol.
22, p. 681, June 1934. Summary only.
W. H. F. Grifiths—Notes on the measure-
ment of radio frequencies. }Vireless Engr.,

vol. 11, pp. 524-332, Oct. 1934. Sullivan-
Griffiths apparatus.
K. Schmoll — Wavelength control in

Brussels in U.LLR. Laboratory. Funktech.
Monats., no. 5, pp. 165-172, May 1933.

M. Benesch—Short-wave measurement.
Elektrot. und Maschbau., vol. 53, no. 8,
pp. 90-91, 1935. Radio-Austria A. G.

Nues instrument fiir messungen in ire-
quenzbereich von 30 hz.—1.6 mhz. (New
instrument for measurements in the fre-
quency range of 30 cycles to 1.6 mc.).
Stemens Zeits., vol. 15, p. 450, Aug. 1935,

G. Espinasse—The French Centre of
measurement and control of radioelectric
transmissions. Aun. des Postes T. et T,
vol. 24, pp. 808-822, Sept. 1935. At
Noisean.

Broadcast frequency measurements at the
AW.A  Rescarch Laboratories. A.1.A.
Tech. Rei. (Australia), vol. 1, pp. 26-28.
October 1935.

B. Decaux—Ies mesures de fréquences au
Laboratoire National de Radioélectricité
(Frequency measurements in the Labora-
toire National de Radioélectricité). Rer.
Gén. de VElec., vol. 39, pp. 305-306, Feb.
29, 1936. Abstract of paper presented be-
fore Societé des Radioelectriciens.

W. M. Kellogg—A broadcast frequency
measurement set. Bell Lab. Record, vol.
14, pp. 307-311, May, 1936. Bell Labora-
tories.

B. Decaux—Frequency measurements at
the Laboratoire National de Radioélec-
tricité. L'Onde Elec., vol. 15, pp. 411-
439, July 1936.

E. Divoire—Prazisionsfrequenzmessungen
der internationalen kontrolistelle in Briis-
sel (Precision frequency measurements of
the international control station of
Brussels.) E.T.Z,, vol. 57, p. 818, July 9,
1936.  Abstract from Bull. Soc.” Belg.
Electr., vol. 52, p. 89, 1936.

A. Sabbatini—The exact measurement of
radio frequencies. Alta Frequenza, vol.
5, pp. 630-650, Oct. 1936. P.T.T. section
of Experimental Institute of Communica-
tions in Rome.

H. J. Finden—Frequency standardizing
equipment. [Vireless Engr., vol. 14, pp.
117-126, March 1937.

H. A. Thomas—Frequency measurement,
a new equipment for the range 1 to 70
Mc/s, Wireless Engr., vol. 14, p. 299-305,
June 1937. National Physical Laboratory.
H. V. Grifiths—Frequency measurement.
World Radio, vol. 26, pp. 12-13, March
11, 1938 and pp. 12-13, March 18, 1938.
B.B.C. Tatsfield station.

N. Lea and K. R. Sturley—Frequency
measuring equipment.  AMarconi Reuview .
July-Sept. 1938, no. 70, pp. 1-11. Marconi
tyvpe 482C equipment.

I..  Sponzilli— Frequency measurements
carried out by the E.I.A.R. Control Center
at Sesta Calende. U.R.S.I. Proc. of 1938
Gen. Assembly, vol. 5, Part 1, 1938, pp.
230-235. (Italian with French summary.)

\V. Guckenburg—Ein frequenzmesser bis
1000 mhz (A frequency meter for fre-
quencies up to 1000 mc.). Hochfreq. und
Electroakus., vol. 51, pp. 189-190, June
1938. English translation in Reports on
advances in  communication enginecring
(Siemens, Inc., N.Y.C.)
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Official Photo by U. S. Signal Corps;
courtesy of Douglas dAireraft Co.

On e £519

* A RACON Marine Horn Speaker is used in the cabin
of the world’s largest bomber, the B-19. Approved by
the Bureau of Marine Inspection and Navigation, De-
partment of Commerce, these units are also to be found
aboard U. S. Navy and Army Vessels. Weatherproof and
Stormproof RACON Acoustic Material, plus superior
engineering design, are reasons why many types of
RACON Horns are used by all branches of the Military
Services. Shipyards, war factories, air bases and training
camps that use public-address systems can select just
the type of speaker needed from the complete line

made by RACON.

The quality, efficiency and dependability of RACONs
have long been recognized. There’s nothing finer. RA-
CONs deliver more energy per watt input. Because of
RACON’s exclusive Stormproof, Weatherproof, Acous-
tic Material the elements cannot affect RACON’s effi-
cient operation. Use RACONs when planning your next
installation. Inquiries are invited—perhaps we can help
you in some phase of the war effort. Ask for our free
catalog, too.

RACON ELECTRIC CO., 52 East 19th St., New York, N. V.

MAY, 1943

¢

RACON Speakers Used
By The U. S. Military

P-M
HORN
UNIT

MARINE HORN
SPEAKER

RE-ENTRANT
TRUMPETS

Here are but two of the many RACO« Speakers and one of the many
P.M Horn Units. The Marine Horn ZSpeaker is of the re.entrant tyoe,
for marina and ogeneral p.a application~ Avallabie in several sizes, from
5 to 50 watts, they may be used as laudsaeaker or as microphone. (ADp-
proved by the Bur. of Marine inspectien, Dep't of Commerce.) RACON
Re-entrant Trumpets occupy small spzee but afford a long horn that
carries highly concentrated sound efficinatly over long distances. Several
sizes available.
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A New Instrument for Recording Tran
sient Phenomena—S. J.  Begun—/:lec.
Eng., Vol. 61, No. 4, April 1942, . 175,
Measuring C and L at R-F—]. C. Willson
—Comunications, Vol. 21, No. 6, June
1941, p. 16.

Frequency Indicator for RF Monitor—
L. S. Bookwalter—Communications, \ol.
21, No. 7, July 1941, p. 7.

The Decade Calibrator — Jeffrey — OST,
Vol. XXV, Oct, 1941, p. 23.

A Lecher Wire System for Ulira High

Frequency  Measurement — QST, Vol
XXV, Oct. 1941, p. 18
A Sensitive  Absorption  Wavemeter—

OST, Vol. XXV, July 1941, p. 19.

A 50-, 100- and 1000-KC Oscillator for
Band Edge Spotting—QST, Vol. XXV,
Sept. 1941, p. 32

Amateur Application of the Wien Bridge
—Caywood—QST, Vol. XXV, Jan. 194],
p. 22.

Autorratic Direction  Finding—Gibbons—
OST, Vol. XXV, Dec. 1941, p. 48.
Meter  Shunts—Mix—QS7T, Vol
Drec. 1941, p. 24,

Modern Vacuum-Tube Voltmeter for AC,
DC and RF Measurements—De Soto—
OST, Vol. XXV, Dec. 1941, p. 40.
Optimum Q) and Impedance of RF In-
ductors—Nashmd—QST, Vol 25 July
1941, p. 28,

Wide Range Vacuum-Tube Voltmeter—
Kelley—QST, Vol. XXV, Feb. 1941, p.
32

XXV,

A 10-Centimeter Wave Meter—D. C. La-
voie—Communications, Vol. 21, No. 1,
Jan. 1941, p. 9.

The Design of a Diode Millivolt Meter-
C. Brunetti, C. \W. Harrison—Communi-
cations, Vol, 21, No. 1, Jan. 1941, p. 14
Ganged Impedance Bridge—I1). B. Green,
and 1" A, Hudson—Communications, \'ol.
21, No. 1, Jan. 1941, p. 20.

Mecasuring the Characteristic Impedance
of Lines—I’. H. Hudson—Comntunica-
tions, Vol. 21, No. 2, Feb. 1941, p. 7.

A Direct-Reading Field-Intensity Meter—
J. P. Tayvlor—Communications, Vol 21,
No. 6, June 1941, p. 5.

Characteristics of Fluorescent Materials—
L. H. Staffer—FElectronics, Vol. X1V,
Oct. 1641, p. 32.

Synehronized Voltages for Bioelectric Re

search—H. Goldberg—Electronics, Vol.

X1V, Aug. 1941, p. 30,

Tracing Two (haracteristics on a Cathode

Rav Okscilloscone—Millman & Moskowitz
Llectronics, Vol XIV, March 1941, p.

36.

Versatile O-cilloscove—\\. E. Gilson-

Electronics, Vol. XIV, Dec. 1941, p. 22,

Direct Reading Interpolation Oscillator—
D). R. Tibbetta—Flectronics, Vol. XIV,
Oct. 1041, p. 35.
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Electronic Integrator for Counting Cir-
cuit Contacts—G. W. Kenrick—Electron-
tes, Vol. X1V, March 1941, p. 33.

Flectronics in Auditory Research—D, M.
Speaker—Electronics, Vol, XIV, Sept.
1941, p. 33.

Linear Densitometer—]. A. Tiedman—
Electronics, Vol, X1V, March 1941, p. 48.

Frequency Response Curve Tracer—Car-
liste & Mundel—FElectronics, Vol. X1V,
Aug. 1941, p. 22,

Measurements in Frequency  Modulation
Transmitters—H. 1. Thomas—Flectron-
ies, Vol. XIV, July 1941, p. 36.

['hase Shifting up to 360 Degrecs—F. A.
Fverest—Electronics, Vol. XIV, Nov.
1941, p. 46.

'ower Factor Meter—A, B, Bereskin—
Llectronics, Vol XIV, Oct. 1941, p. 28

Reference Data for Measurements—E/lec-
tronics, Vol. X1V, June 1941, p. 61.

Ruter for Recore Patterns—I). R. King-
Electronics, Vol. XTIV, May 1941, p. 47.
Sensitive Frequency Meter for the 30 to
340 Megacycle Range—FE. L. Hall—FE/ee-
tronics, Vol. X1V, May 1941, p. 37,
Sinewaves  in Resistance-  Capacitance
Oscittators—P. S, DeLaup—/ZKlectronics,
Vol. XIV, Jan, 1941, p. 34

60 Cycle Square \WWave Generator—K., H.
Martin—FElectronics, Vol X1V, July 1941,
p. 46,

Synchronized Voltages for Bioelectric Ne-
search—H. Goldberg—FElectronics, Vo'
NIV, Aug. 1941, p. 30.

Technique for Tube Data—C, C. Street-
Electronics, Vol. X1V, Oct. 1941, p. 50.
Tracing Tnbe Characteristics on a Ca-
thode Rav Oscilloscope—2Millman & Mos-
kowitz—Electronics, \'ol. XIV, \arch
1941, p. 36.

Vector Computations—P. Klipsch—FElec-
tronics, Vol. X1V, Dec. 1941, p. 41,
Versatile  Oscilloscope—W,. . Gilson—
Electronics, Vol, X1V, Dec. 1941, p. 22.
Water-Cooled Resistors for Ultra High
Freauencies—Brown & Conklin—Electro -
tes, Vol XTIV, April 1941, p. 24,

The Measuring of Madulation Deptl-
H. B. M. Ellis—IlVireless Engineer, \ol.
XVIH, No. 21, March 1941, p. 99.
Calibrated B.IF.O. As Aid in Frequeney

Measurement—QS7, Vol. XXIV, Feh.
1640, p. 61.
Keving  Monitor  System—QST, Vol

NXITV, Sept. 1940, p. 43.

A Precision Crvstal Fregnency Standard
Brown—0OST, Vol XXIV, Aug. 1940,

po 13

Bootleg Catcher
1940, p. 81.

A Complete Oscilloscope Using the 902

—Greck—QST, Vol. XXI1V, Oct. 1940,

p. 33.

OST. Vol. XXIV. Sept.

MAY,
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Meter Switching with Toggle Switches—
OST, Vol. XXIV, April 1940, p. 60.
One Meter for Multi-Stage Transmitters
—Warner—(QOS5ST, Vol. XXIV, March
1940, p. 0.

Q Measurements—Stafford—QST,
XXIV, Jan. 1940, p. 48.

Radio Direction Finding—Bruning—QST
Vol. XXIV, Aug. 1940, p. 19.

Reactance Calculations with the Lightning
Calculators — Buss—OS7T, Vol. XXIV,
Jan. 1940, p. 44.

Simple Bridge for D. and R, Checking—
OST, Vol. XXIV, May 1940, p. 60.
Cathode-Ray  Alphabet Machine—A. W,
Friend—/:lectronics, Vol. X111, June 1940,
p. 40.

Cathode-Ray Frequency Modulation Gen-
erator—R. k. Shelhv—Electronics, Vol
X111, Feb, 1940, p. 14
Improved Cathode Ray Oscilloscope De-
sigh—W . A, Geohagen—FElectronics, Vol.
X111, Nov. 1940, p. 36.
Tube Used as Aircraft Instrument Indi-
cator—/lilectronics, Vol. XIII, March
1940, p. 36.
Amplifier for D-C Galvanometers—A\, \V.
Sear—Flectronics, Vol. XII, Jan. 1940,
p. 28.
Audio-Frequency Voltmeter—H. C. Likel
—llectronics, Vol X111, Dec. 1940, p. 32.
Band-Operated Oscillator — A, Bloch —
Electronics, Vol X111, July 1940, p. 36.
Differential  Modulation Meter—V. V.,
Gunsollev—FElectronics, Vol. XIII, Jan,
1940, 1. 18
Daosemeter — Diatherm Measur-ment:
Kravs & Teed—Electronics, Vol. XIII,
Dec. 1940, p. 1R
Electronic Mcthod for Determining Dis-
tribution Curves—IL.. A, Ware—Electron-
ics. Vol. XTII, Oct. 1940, p. 3G.
Electronic Flow Meter—]J. M. Weinherger
Electronics, Vol, XIIT, Jan. 1940, p.

Vol.

Logarithmic Flectronic Voltmeter—P. J.
Selgin—/Filectronics, Vol XTH, Nov, 1940,
p. 40,
Multi-Frequency  Oscillator  for
Testing—]). Quinn — FElectronics,
XTI, May 1940, p. 23.
Petie Feeanency Power Measurement—P.
M Tosnell=FEleetronies, Vol XTI, Jan,
1940, p. 21,
Stroboscope Circuit—A. C. Street—Flec-
tronics, Vol XI1I1, April 1940, p. 36.
Testing Ceramic Capacitors—FE T, Sher-
wood—ZLlectronics, Vol. X111, Sept. 1940,
26.
Tuning Fork Stabilization—E. Norrman—
Electronics, Vol. XIII, Jan, 1940, p. 15.
Vacuum Tube Voltmeter for Coaxial Line
Measurements—G. .. Usselman—Elec-
tronics, Vol XTI July 1940, p. 32,
|Continued on page 52|
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Ceramic
TUBULAR

Capacitors

Provide Controlled Temperature Compensation

ENTRALAB manufactures small pur-

pose capacitors, widely used in high
frequency circuits where the ultimate
in stability and retrace characteristics
are essential. Centralab capacitors
consist of a thin wall ceramic tube,
spacing two tubular silver plates, one
inside and the other outside the ceramic.
The temperature coefficient of these
capacitors is determined by the ingre-
dients of the ceramic dielectric and can
be controlled within very close limits.

Available in capacities from 1 mmf to

860 mmf. Greater capacities can be
obtained by paralleling two or more
units without affecting temperature

coefficient or tolerance of capacity.

Temperature coefficient ,from zero to
—.00075mmf /mmf/°C which is maxi-
mum negative. Thus in addition to
units with zero temperature coefficient
that are the most stable of all commer-
cial capacitors, others with a uniform
rate of negative change are available
to compensate for normal positive drift
of other circuit components.

Flash tested at 1400 volts D.C. Recom-
mended working voltage 500 volts D.C.
Power factor will average .05% with
Power factor
does not increase with age. Leakage
resistance more than 10,000 megohms.

1% the passing limit.

CENTRALAB « bivision of Globe-Union Inc. » Milwaukee, Wisconsin

Ceramic diclectric
for low power factor.
Composition allaws
complete controf of
capacitance-tenmperature
coeflicient

N
Adequate protection
against breakdown

at L0 volts.

MAY, 1943

—
Solder coating for

Heavy copper coatings make
tubular capacitor plates.

:

venneiting end leads

WWW americanradiohictorvy com
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Visual Alignment Generator—H. F. May-
§r-—E1ectrom'cs, Vol. XIII, April 1940, p.
9.

Voltage Control with Non-Linear Wheat-
stone Bridge — W. Richter — Electronics,
Vol. XIII, June 1940, p. 20.

WWV Schedules— QST, Vol. 24, Jan.
1940, p. 25.

A Bridge Type Set for Measuring Vacu-
um Tube Parameters—]. R. Pernice—
Communications, Vol. 19, No. 1, Jan. 1939,
p. 11

Amplifier Testing by Means of Square
Waves—G. waft—Commumcatwns Vol.
19, No. 2, Feb. 1939, p. 22.

Impedance Measurements on Broadcast
Antennas—D. B. Sinclair—Communica-
tions, Vol. 19, No. 6, June 1939, p. 5.

Direct Detection of Radio Frequency Sur-
face Corona and Internal Ionization—H.
E. Brown and D. H. Weston—Communi-
cations, Vol. 19, No. 9, Sept. 1939, p. 5.
A Demonstration of Audio Testing with
Square Waves—L. B. Arguimbau—Elec-
trontcs, Vol. 12, Dec. 1939, p. 23.

Optical Curve Analysis—H., C. Mont-
gomery—Bell Lab. Record, Vol. 18, Sept.
1939, p. 28.
Sound-l.evel
Kahl—Bell Lab. Record, Vol.
1939, p. 254.

Impulse Testing—G. J. Siezen—IVireless
Engincer, Vol. 61, Aug. 1939, p. 391.

The Relation of the Carrying Car to the
Accuracy of Portable Field-Intensity
Measuring Equipment—I. H. DeWitt, Jr.,
and A. C. Omberg—Proceedings IRE,
Vol. 27, Jan, 1939, p. 1.

The Use of Gas-Filled LLamps as High-
Dissipation, High-Frequency Resistors,
Especially for Power Measurements—E.
G. Linder—RC.A Review, Vol. IV, July
1939, p. 83.

Measurements of Currents and Voltages
Down to a Wavelength of 20 Centimeters
—M. J. O. Strutt and K. S. Knol—Pro-
ceedings IRE, Vol. 27, Nov. 1939, p. 783.
QOscillograph Design Considerations—G.
Robert Mezger—Proceedings IRE, Vol.
27, March 1939, No. 3, p. 192,

An Ultra-High-Frequency Measuring As-
sembly—S, Sabaroff — Proceedings IRE,
Vol. 27, No. 3, March 1939, p. 208.

A Phase-Shifting Device for the Rapid
Determination of Audio-Frequency Am-
plifier Characteristics — K. Spangenberg
and W. lalmer—/’ rowequs IRE, Vol.
27, No. 9, Sept. 1939, p. 555.

Some Applications of Negative Feedback
with Particular Reference to Laboratory
Equipment—I°. E. Terman, R. R. Buss,
W. R. Hewlett and F. C. Cahill—Pro-
ceedings IRE, Vol. 27, No. 10, Oct. 1939,
p. 649,

New Transmission Measuring Systems for

Distribution Recorder—H.
17, April

Telephone Circuit Maintenance—F. H.
Best—B.S.T.J., Vol. XVI11, Jan. 1938, p.
1.

High Speed Motion Picture Photography
—W. Herriott—B.S.T.J., Vol. XVII, July
1938, p. 393.

An Optical Harmonic Analyzer—H. C.
Montgomery—RB.S.T.J., Vol. XVII, July
1938, 1. 406.

Magnetic Shielding of Transformers at
Audio Frequencies—\V. G. Gustafson—
B.S.T.J., Vol. XVII, July 1938, p. 416.
An  Audio Frequency Response Curve
Tracer—]. . Sherman — Proceedings
IRE, Vol. 26, No. 6, June 1038, p. 700.
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Sweep Circuit—]. L. Potter—Proceedings
IRE, vol. 26, No. 6, June 1938, p. 713.

A Bearing-Type High-Frequency Electro-
dynamic Ammeter—H. R. Meahl—Pro-
ceedings IRE, Vol. 26, No. 6, June 1938,
p. 734.

Theory of the Diode Voltmeter—C. B.
Aiken—I’roceedings IRE, Vol. 26, No. 7,
July 1938, p. 859.

Parallel-Resonance Methods for Precise
Measurements of High Impedance at
Radio Frequencies and a Comparison
with the Ordinary Series-Resonance Meth-
ods—D. B. Sinclair—Proceedings IRE, 26,
No. 12, Dec. 1938, p. 1466.

Mecasurement of the Plate Resistance of
High Frequency Class B and C Ampli-
fiers—\". A. Babits—Communication &
Broadcast Engmeering, Vol. 4, No. 1,
Jan. 1937, p. 7.

The Radio Frequency Output Meter—P.
N. Honnell—Communication & Broadcast
gngineering, Vol. 4, No. 2, Feb. 1937, p.

Cathode-Ray Engine Pressure Measuring
Equipment—H. J. Schrader—RCA Re-
view, Vol. I1, Oct. 1937, p. 202.

Frequency FErrors in Radio-Frequency
Ammeters—]. ). Wallace and A. .
Moore—Proceedings IRE, Vol. 25, No. 3,
March 1937, p. 327.

Magnetic Measurements at Low Flux
Densities Using the Alternating Current
Bridge—V. E. l.egg—B.S.T.J,, Vol. XV,
JTan. 1936, p. 39.

Technical Digests—Measurement of Tele-
phone Noise and Power Wave Shape—

1. M. Barstow, P. W, Blye and H. E.
Kent—B.S.T.J., Vol. XV, Jan. 1936, p.
151,

The Proportioning of Shielded Circuit for
Minimmum ligh-Frequency Attenuation—
E. I. Green, F. A, Keibe and H. E. Cur-
tis—B.S,T.]., Vol. XV, April 1936, p.
248.

A Magneto-Elastic Source of Noise in
Steel Telephone Wires—\V. O. Pennell
and H. P. Lawther—B.S.T.J.,, Vol. XV,
April 1936, p. 334.

Microscope, the Vacuum Cell Luminesc-
ence—J. Gallup—RC.A Review, Vol. I,
Oct. 1936, p. 80.

A Beat Frequency Oscillator—L. B, Hall-
man—Communication & Broadcast En-
ameering, Vol. 3, No. 5, May 1936, p. 10.

Direction of Motion of a Cathode Ray
Oscillograph Spot—J. R. Havnes—Radio
Enginecring, Vol. XVI, No. 7, July 1936,
p. 21

A lLogarithmic Cathode Ray Resonance
Curve Indicator—S, Bagno and M. Pos-
ner—Radio Enqgineering, Vol. XVI, No. 1,
Jan. 1936, p. 15.

Beat Irequency Oscillators—A. \W. Bar-
ber—Radio Engincering, Vol. XVI, No. 7,
July 1936, p. 13.

A Magneto-Striction FEcho Depth Re-
corder—A. B. WWood, F. D. Smith and J.
A. McGracky—Wireless Enginecr, Vol.
XII, No. 137, Feb. 1935, p. 81.

A Field Strength Measuring Set Using
Thermal Agitation Noise as the Calibra-
tion Source—A. H. Mumford and P. L.
Barker—P.O.E.E. JI., Vol. 28, Part 1,
April 1935, p. 40.

An R. F. Measurement of R, X, and Z—
T. C. MacNamara—IVireless Engineer,
Vol. XII, No. 144, Sept. 1935, p. 471.
Mecasurement of Reverberation—H. Sa-
bine—Flectronics, March 1937, p. 30.
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St. Obotron—E. B. White—Electronics,
March 1937, p. 18.
Relativity's Reality Foils Development of
True Direction Instrument for Aircraft
—A. M. Dulley—Instruments, Feb. 1935,
p. J0.
A Method of Frequency Measuring—G.
F. Lampkin—Communication & Broad-
ch7Englne¢'rxng, Vol. 2, No. 7, July 1935,
p. 17.
Fle]d Strength Measuring Equipment—
L. Gobe and C. B. Smith—Commusi-
catwn & Broadcast Engineering, Vol. 3,
No. 5, May 1936, p. 10.
Signal Generator, Attenuator Design—R.
F. Shea—Radio Engineering, Vol. XV,
No. 2, Feb. 1935, p. 12.
O:cnllographlc Tube Characteristic Curves
—H. M. Kozanowski and [. E. Mour-
omtseff—Radio Engineering, Vol. XV,
No. 1, Jan. 1935, p. 16.
The Cathode Ray Osmllograph—\V F.
Diehl—Radio Engineering, Vol. XV, No.
6, June 1935, p. 10.
Fundamental Tube Tester Design—L. D.
Smith—Radio Engineering, Vol. XV, No.
6, June 1935, p. 17.
A-F  Band Response Oscilloscope—S.
Bagno and R. Posner—Radio Engineering,
Vol. XV, No. 6, June 1935, p. 19.
The Linear Multi-Range Electronic Volt-
meter—1.. C. Pasley and M. W. Horrell
—Ruadio Engineering, Vol. XV, No. 7,
July 1933, p. 7.
Volume Indicators—F. X. Lamb—Cum-
munication & Broadcast Engineering, Vel.
1, No. 1, Oct. 1934, p. 11.
A New Method of Measuring Distortion
—S. S. Egert and S. Bagno—Radio En-
gineering, Vol. XIV, No. 2, Feb. 1934,
p. 16.

Antenna  Measuring Set—\W. B, Lodge-
Radio Engineering, Vol. XIV, No. 4,
April 1934, p. 14,

High Fidelity Monitor—]J. P. Tavior—
Radio [Engineering, Vol. XIV, No. 4,

April 1934, p. 32

Testing Audio Frequency Equipment—H.

CIough—Rad:o Engineering, Vol. XIV,

9, Sept. 1934, p. 16.

ngh l'n'qumcv Measurement—A. Hund

(Book) McGraw-Hill, 1935,

A New Harmonic Analyzer—B. G. Gates

—JI. of Sci. Inst, Vol. IX, No. 12, Dec.

1932, p. 380.

Balancing Cables by Inductive Networks

—\I. [. Pupin—FElectrical Communication.

Vol. 10, April 1932, p. 218.

The Cathode Ray Oscillograph—]. B.

Johnzon—B.S.T.J., Vol. XI, Jan. 1932, p.

[

The Method of Measuring R & L. at R.

FF. — Colebrook and Wilmotte — Journal

{EE (Britain), April 1932, p. 497,

A Direct Reading A. F. Phase Meter—

Macl.ear and Sivian—Jour. .dc. Soc.

Amer., April 1931, p. 419.

Accurate Method of Measuring Trans-

mitted \Wave Frequencies at 5000 and 20,-

000 Kilocycles per Second—E. L. Hall—

Procecdings IRE, Vol. 19, No. 1, Jan.

1931, p. 35.

Some \lethods of Measuring the Fre-

quency of Short Waves—H. Mogel—

Proceedings IRE, Vol. 19, No, 2, Feb.

1931, p. 195,

Monitoring the Operation of Short-Wave

Transmitters — H.  Mogel — Proceedings

IRE, Vol. 19, No. 2, Feb. 1931, p. 214.
|Continued on page 54)
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The Use of the Copper-Oxide Rectifier
for Instrument Purposes—]. Sahagen—
Proceedings IRE, Vol. 19, No. 2, Feb.
1931, p. 233.

An Experimental Method of Studying
Transient Phenomena—H. M. Turner—
Proceedings IRE, Vol. 19, No. 2, Feb.
1931, p. 268.

A New Method of Testing for Distortion
in  Audio-Frequency Amplifiers—H. J.
Reich—Proceedings IRE,. Vol. 19, No. 3,
March 1931, p. 401.

A Rapid Method of Estimating the Sig-
nal-to-Noise Ratio of a High Gain Re-
ceiver — F. B. Llewellyn — Proceedings
IRE, Vol. 19, No. 3, March 1931, p. 416.

The Design of Radio-Frequency Gener-
ators—J. R. Bird—Proceedings IRE, Vol.
19, No. 3, March 1931, p. 438.

Measurement of Resistances and Imped-
ances at High Frequencies—J. W. Labus—
Proceedings IRE, Vol. 19, No. 3, March
1931, p. 452,

Alternating-Current  Measuring Instru-
ments as Discriminators Against Har-
monics—I. Wolff—Proceedings IRE, Vol.
19, No. 4, April 1931, p. 647.

A Device for the Precise Measurement of
High Frequencies—F. A. Polkinghorn
and A. A. Roetken—Proceedings IRE,
Vol. 19, No. 6, June 1931, p. 937,

A Thermionic Type Frequency Meter for
Use Up to 15 Ke—F. T. McNamara—
Proceedings IRE, Vol. 19, No. 8, Aug.
1931, p. 1384.

A Simple Method of Harmonic Analysis
for Use in Radio Engineering Practice—
H. Roder—Proceedings IRE, Vol. 19, No.
8, Aug. 1931, p. 1481.

An Output Meter for Rec. Test—Fransk—
Electronics, July 1930, p. 190.

Constructing Modern Test Kit—Shafer—
Radio, May 1930, p. 36.

Vacuum Tube Voltmeter Design—Lubcke
—Proceedings IRE, May 1929,

Braun Tube Hysteresigraph—]J. B. John-
son—B.S.T.J., Vol. VIII, 1929, p. 286.

Shielding in High-Frequency Measure-
ments—]. G. Ferguson—B.S5.T.J., Vol.
VI, 1929, p. 560.

Precision (High) Standard of Frequency
—W. A, Marrison—B.5.T.J., Vol. VI,
1929, p. 493.

Extending the Usefulness of the Oscillo-
graph in Circuit Testing—I. H. Gerks—
Bell Lab. Record, Vol. VIII, No. 9,
March 1929, p. 352

Measurement of Ripple in Output Power
Devices—K. Clough—Radio Engineering,
July 1928, p. 26.

The DuFour Cathode-Ray Oscillograph—
I. E. Cole—Bell Lab. Record, Vol. V, No.
5. Jan. 1928, p. 141.

Development of the Impedance Bridge—
S. 1. Zammataro—Bell Lab. Record, Vol.
V1, No. 4, Dec. 1928, p. 150.

Bridge for Measuring Small Time Inter-
vals—]. Herman—B.S.T.J., Vol. VII,
1928, p. 343.

Measurements of Capacitance in Terms of
Resistance and Frequency—]. G. Fergu-
son and B. W. Bartlett—B.S.T.J., Vol.
VI, 1928, p. 420.

Electrical Measurement oi Communication
Apparatus—W. J. Schackleton and J. G.
Ferguson—B.S.T.J., Vol. VII, 1928, p. 70.

Notes on Use of R.F. Voltmeter—God-
win—Journal AIEE, 1927, p. 479,
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AV.T.A.C—Potentiometer—R. C. \Wenti
—Journal AIEE, April 1927.

Measuring Radio Field Strength—C. R.
Englund and H. T. Friis—Jowrnal AIEE,
1927, p. 492,

Empirical Analysis Complex Waves—]J.
W. Horton—/ournal AIEE, 1927, p. 335.
Oscilloscope—H. K. Bedell and E. R.
Reisch—/Journal AIEE, 1927, p. 546.

Stroboscopic Analysis—F. S. Kammerer
—Bell Lab. Record, Vol. 11, No. 5, Jan.
1927, p. 176.

Frequency Measurements with the Ca-
thode-Ray Oscillograph—F. J. Rasmussen
—Bell Lab. Record, Vol. IV, No. 2, April
1927. p. 281.

Analyzer for Complex Electric Waves—
A. (3:0 Landeen—B.S5.T.J., Vol. VI, 1927,
p. 230.

Analyzer for the Voice Frequency Range
—C. R. Moore and A. A. Curtiss—B.S.T.
J., Vol. VI, 1927, p. 217.

A Shielded Bridge for Inductive Imped-
ance Measurements at Speech and Carrier
Frequencies—\. J. Schackleton—RB.S.T.J.,
Vol. VI, 1927, p. 142

Measurement of Inductance by the
Shiclded Owen Bridge—J. G. Ferguson—

.BS.T.J., Vol VI, 1927, p. 375.

AMeasuring Sets for Radio—A. G. Jenson
Bell Lab. Record, Vol. 11, No. 4, June
1926, p. 177.

Transmission-Measuring Set—S. J. Zam-
mataro—Rell Lab. Record, Vol. 11, No. 3,
May 1926, p. 28.

Remote Control of Power Stations—F.
Zogbaum—Bell Lab. Record, Vaol. 11, No.
4, June 1926, p. 171.

A Method of Calibrating a Low-Fre-
quency Generator with a One-Frequency
Source—S. Harris — Proceedings IRE,
April 1926, p. 213.

A Radio-Field Strengthi Measuring Sys-
tem for Frequencies up to Forty Mega-
cycles—H. T. Friis and E. Bruce—Pro-
ceedings IRE, Aug. 1926, p. 507.

Discussion on Portable Receiving Sets for
Measuring Field Strengths at Broadcast-
ing Frequencies—G. D. Gillett—Proceed-
ings IRE, Oct. 1926, p. 699.

A Method of Measuring at Radio Fre-
quencies the Equivalent Series Resistance
of Condensers Intended for Use in Radio
Receiving Circuits—C. N. Weyl—Proceed-
ings IRE, Feb. 1925, p. 109.

A Method of Measuring Radio Frequency
by Means of a Harmonic Generator—A.
Ht;nd—Proceeding: IRE, April 1925, p.
207.

An Electrometer Method for the Measure-
ments of Radio Frequency Resistance—
. O. Pedersen—Proceedings IRE, April
1925, p. 215.

Novel A. C. Voltmeter—Wilson—Journal
AIEE, NMay 1924,

Peak Voltmeter—Mershon—Journal
EE, February 1924.

Correction Factor for the Parallel Wire
System Used in Absolute Radio Frequency
Standardization—A, Hund — Proceedings
IRE, December 1924, p. 817.

Note on the Measurements of Radio Sig-
nals—C. R. Englund—DProceedings IRE,
Feb. 1923, p. 26.

Further Discussion on “Resistance and
Capacity of Coils at Radio Frequencies”
—J. H. Morecroft—Proceedings I[IRE,
Feb. 1923, p. 57.
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Standards of Capacity Particularly for
kadio Irequency Currents—]. B. Demp-
ster and E. O. Hulbert—Proceedings IRE,
Aug. 1923, p. 399.

A Method of Measuring Very Short
Radio Wavelengths and Their Use in Fre-
quency Standardization—F. \WW. Dunmore
and G. H. Engels—Procecdings IRE, Oct.
1923, p. 467.

Resistance and Capacity of Coils at Ra-
dio Frequencies—]. II. Morecroft—Pro-
ceedings IRE, Aug. 1922, p. 261.

Oscillographic Study of Electron Tube
Characteristics—E. L. Chaffee—Proceed-
ings IRE, Dec. 1922, p. 440.

Mcasurement of Direct Capacities—G. A.
Campbell—B.S.T.J., Vol. 1, No. 1, 1922,
p. 18.

The Cathode-Ray Oscillograph and Its
Application in Radio Work—I.. M. Hull—
Proceedings IRE, April 1921, p. 130.

Rapid Determination of Distributed Ca-
pacity of Coils—R. R. Batcher—/’ro-
ceedings IRE, Aug. 1921, p. 300.

Note on Radio Frequency Measurements
—C. Englund—Proceedings IRE, Aug.
1920, p. 325.

On Mecasurement of Signal Strength—W.
H. Eccles—Proceedings IRE, June 1919,
p. 267. .

The Natural Frequency of an Electric Cir-
cuit Having an Iron Magnetic Circuit—
H. G. Cordes—Proceedings IRE, Feb.
1919, p. 73.

The Measurement of Radie Frequency
Resistance, I’hase Difference, and Decre-
ment—]J. H. Dillinger—Proceedings IRE,
Feb. 1919, p. 27.

Hysteresis and Eddy Current Losses in
Iron at Radio Frequencies—C. Nusbaum
—Proceedings IRE, Feb. 1919, p. 15.

Resonance Measurements in Radio Teleg-
raphy with the Oscillating Audion—L. W.
Austin—Proceedings IRI:, Feb. 1919, p.
9.

The Determination of the Audibility Cur-
rent of a Telephone Receiver with the
Aid of the \Wheatstone Bridge—F. W.
Washburn—Proceedings IRE, April 1918,
p. 991.

Harmonic Method of (alibrating a \Wave
Meter—E. L. Chaffee—Proceedings IRE,
QOct. 1917, p. 357.

Skin-Effect Resistance Measurements of
Conductors at Radio Frequencies up to
10,000 Cycles per Second—A. E. Kennelly
and H. A. Affel—Proceedings IRE, Dec.
1916, p. 523.

A Null Method of Measuring Energy
Consumption in a Complex Circuit—A. S.
Kuhn—Proceedings IRE, Feb. 1916, p. 33.

A Direct-Reading Decremeter and Wave
Meter—F. A. Kolster—Proceedings IRE,
March 1915, p. 29.

A Method for Determining logarithmic
Decrements—I.. Cohen—Proceedings IRE,
July 1914, p. 237.

The Seibt Direct Indicating Wavemeter—
E. J. Simon and A. N. Goldsmith—Pro-
ceedings IRE, July 1913, p. 3.

The Relation between Effective Resistance
and Frequency in Radio-Telegraphic Con-
densers—L. W. Austin—/I’roceedings IRE,
April 1913, p. 35.

The Effects of Distributed Capacity of
Coils Used in Radiotelegraphic Circuits—
. A. Kolster—Proceedings IRE, April
1913, p. 19.
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ELECTRO-VOICE MANUFACTURING CO.,

*

Neither were planned for war

We're not raising new generations to die on battlefields; we're not design-
ing implements for future wars. We Americans are a peace and freedom-
loving lot, with an econcmy that is geared to the home . . . washing machines,
automobiles, radio . . .

But we first must finish an unpleasant job of blasting the daylights out of
those who deliberately attacked our way of life. For that purpose, we've given
our men. And our men are getting the very best tools for that piece of grim
business.

We thank heaven that change, progress and mass production are an
integral part of a system that enabled us to redesign our products for military
applications. True, our new designs were speeded by war necessity—but we
like to think of these latest Electro-Voice microphones as no different from the
others in our evolutionary scale.

For, as eagerly as any soldier on a fighting front, we retain « vision of
returning again to our natural mode of living. We plan to build better micro-
phones for civilian communication . . . for music . . . for laughter . . .

&a&‘w %we MICROPHONES
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NEW PRODUGTS

ALLIED SEALED SWITCHES

Allied Control Company's A3 and
A5 Switches are scaled in Bakelite
cascs to protect their contacts against
the hazards of dirt, dust. sand and ol :
the greatest individual factor of switch
failure.

This positive protection feature is
finding a ready welcome and acceptance
by manufacturers of clectrical control
units for the newest types of aircraft
and ground ecquipment, especially for
use where climatic conditions cause
failure of ordinary types of cquipment.

Operating characteristics of  Allied
A3 and A5 Sealed Switches are: Con-
tact Arrangements: Single pole, single
throw. A3 —normally closed, double
break. A3—normally open, double
break. Contact Ratings: Non-induc-
tive, 30 amperes at 12 and 24 volts d.c.
and 110 volts a.c. Operating Pressure:
1% to 3V pounds. Plunger Travel:
Travel differential 0.006 to 0.012 of an
inch. Over Travel: 0.050 to 0.070 of
an inch at maximum pressure, [ ibra-
tion: 10 G for either horizontal or ver-
tical positions. IVcight: 5 ounces. Di-
mensions: 115/16 by 115/16 by 1 19/32
inches. The Allied Contral Company,
2 East End Ave., (at 70th St.) New
York.

*
CURTIS FEED-THRU TERMINAL BLOCKS

A new multiple terminal block, for
sub-panel and chassis construction, with
feed-thru terminals, has just heen an-
nounced. This new terminal block is
designed to meet present-day demands
of electronic and electrical design,
which require external terminals, be-
cause of their wiring simplicity .and
other advantages.

The terminal block consists of indi-

56

vidual feed-thru terminals, mounted in
bakelite, which are permanently held
in a metal strip in any combination de-
sired. Factory production now includes
blocks having any number of units be-
tween 1 and 10, but, because of their
unique scctional design, blocks can be
supplied with any number of terminals
needed.

Terminals have ample clearances
and leakage distances for circuits
carrying up to 300 volts, 20 amperes.
Center to center distance between ter-
minal units is 54”. No. 8 screws are
uscd on each side of the terminal units
for securing connection. The two
mounting holes at cach end of the ter-
minal basc take No. 8 machine screws,
These new blocks, known as Curtis
Feed-Thru Terminal Blocks arc offered
by Curtis Development and Mfg. Co.,
1 N. Crawford Ave., Chicago, 11l. De-
scriptive literature is available upon
request.

*
NEW CARNER FREQUENCY METERS

The Fred E. Garner Company has
just announced production of four new
models of their “Telrad” line of fre-
quency meters. All models are crystal-

MAY, 1943 *

wwWw americanradiohistorv com

controlled and, by means of a Class C
harmonic amplifier circuit embodied in
the nnits, accurate frequency carrier
signals are provided every 10 kc and
every 100 ke from 100 cycles to 45
megacycles. A carrier signal is also
produced every 1000 ke from one
megacycle to 120 megacycles. A con-
venient pancl-mounted Yon-off” switch
permits usc of a 1000-cycle modulated
note.

Special models designed for use un-
der adverse conditions are available.
cquipped with two precision crystals
that have been ground to produce ex-
act frequencics of 100 and 1000 kc and
tested for cfficient operation at temper-
atures from —35° to 33° Centigrade
and have temperature co-cfficients of
maximum drift of only 2 and 3 cycles
per megacvcie per degree Centigrade
respectively.

Models arec available for either a.c.
or portable battery operation. Addi-
tional information may he obtained
from Fred E. Garner Co., 43 Fast Ohio
St., Chicago, 111

*
CLAROSTAT TANDEM CONTROLS

A plurality of circuits—up to two
dozen if desired—can be controlled by
the single shaft of the “42” Series
Control developed by Clarostat Mfg.
Cn.. Inc.. 283-7 X. 6th St., Brooklyn,
N. Y.

This new control was developed to
meet certain radio and electronic re-
quirements calling for the single con-
trol of several circuits. To produce
maximum rigidity in such tandem as-
semblies, as well as positive rotation
of all units without the slightest hack-
lash, the “42” Series construction has
been worked out.

The new design of case for cach unit
permits the nesting and locking of all
units into a compact stack. The metal

{Continued on page 76]
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q;ne advancement of electronics has meant wider use of Ohmite Rheostats and Re-
sistors . . . in science and industry, in laboratories, products and production. Engi-
neers, scientists and manufacturers have come to know and rely on them for
accurate, dependable control of electronic tubes and devices . . . from x-ray

to radio and television, from instruments and machines to airplanes. These
time-proved resistance units insure permanent performance.

Today, of course, Ohmite Rheostats and Resistors serve the Armed Forces and
Industry in combat, production and research in an all-out effort to speed Victory.
The electronic world of tomorrow will find Ohmite units ready to meet new
requirements and Ohmite Engineers ready to help you on any problem.

Write on company letterbead for belpful 96-page Catalog and Engineering

Manual No. §0—an invaluable guide in the selection and application of
Rbeostats, Resistors and Tap Switches.

OHMITE MANUFACTURING (0., 4867 Flournoy St., Chicago, U.S. A.

Foremost Manufacturer of Power Rbeostats, Resistors, Tap Switches.
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[HIS MONTH

RMA NAME CONTINUED

Continuation of "Radio Manufactur-
ers Association” as the namce of the
industry trade organization, was de-
cided upon by its Board of Directors
at its meeting in New York on April
15. There had been discussion of in-
cluding ‘“clectronics,” “radionics,” or
some other term connected with the
new technical developments and pos-
sibly changing the name of RMA,
which was organized in 1924,

The Organization Committce of
RMA, of which Mr. Leslie . Muter,
past president of the Association, is
chairman, presented a unanimous re-
port to the Board of Directors recom-
mending that for the present the name
of RMA be continued. The Zenith
Radio Corporation offered RMA un-
restricted use of its copyrighted word
“radionics.” Members of the commit-
tee which recommended continuation
of the Association’s present name in-
clude H. C. Bonfig, Glenn W, Thomp-
son, A. 8. Wells and Fred D. Williams.

*

HALLICRAFTERS ACAIN RECEIVES
PRODUCTION MERIT AWARD
The Hallicrafters Company, Chicago,
who were awarded their Army - Navy
“E” Burgece on September 9, 1942 have
again been cited for continued excel-
lence in the production of communica-
tions equipment by the addition of stars
to their Army-Navy “E” Burgee.

This coveted award was accepted for
the THallicrafters Company hy W. ],
Halligan and R. \V. Durst.

*

*‘E” AWARD TO SPRAGUE

The presentation on April 2nd of the
Army-Navy "E” Award 1o the Sprague
Specialties Company, manufacturers of
condensers, resistors and many other
pieces of clectronic equipment for the
war cffort, took the form of a double
ceremony under one roof. Two “E"
IFlags werce received, one by the Beaver
Street Plant and one by the Brown
Street Plant. Employing over half the
industrial population of North Adams,
Mass., "Sprague Day” became a cele-
bration in which the entire city assisted.

[Following a buffet luncheon to out-
of-town military and civilian gucests,
the program was held at the Brown
Street Plant, a band and color guard
from Westover Field opening the cere-
monies at 3 P. M. by raising the Amer-
ican Flag and playing the National An-
them. Governor Leverett Saltonstall
brought greetings from Massachusetts
and Mayor C. E. O'Brien congratu-
lated the employees on behalf of the
city.

Brigadier-General AL A, Farmer, U.
S, Signal Corps, presented the two “E”
Flags to President R. C. Sprague and
two of the employees. Following Mr,
Sprague's speech of acceptance, Cap-
tain J. 8. Evans, U.S.N,, presented the

R. W. Durst, Marcia Davis, and W. ]. Halligan dis-
playing Hallicrafters’ "‘E’’ Burgee with Star added.
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President R. C. Sprague interrupts his

speech of acceptance of the Army-Navy

“E'" to observe it is first time he has

stood before all the employees of the
Sprague Specialties Co.

’

cmblem pins to james F. X. Shea,
President of the Independent Conden-
ser Workers' Union, Local No. 2, and
to four other employees representing
all the workers. Mr. Shea then ac-
cepted for hoth plants.
*
SHURE BROTHERS AWARDED
ARMY-NAVY “E”

The Men and Women of Shure
Brothers, Chicago, were awarded the
Army-Navy “E" for high achicvement
in the production of war materials.
The “E” Burgee was presented to Mr.
S. N. Shure, General Manager of
Shure Brothers, by I.t. Col. Nathan
Boruszak. The presentation was made
at Thorne Hall, Northwestern Univer-
sity. Other Army and Navy men and
women on the rostrum were: Lt. Col.
John M. Nichaus, Lt. Comdr. George
C. Norwood, Lt. Comdr. T. M. Brauti-
gam, Major Eldon A. Koerner, Lt.
Robert D. Morgan, Lt. Barbara Rode,
Ensign Miriam Fullbright, S. I. Nei-
man. Presentation of the “I£" Pin was
made by Lt. Comdr. George C. Nor-
wood. Acceptance of the “E” ’in was
made by Marion De Block.

Master of Ceremonies was Jack Ber-
man, Shure Sales Manager. Over 800
Shure workers and guests filled Thorne
Hall to overflowing and participated
in the presentation. It was the first
“E” awarded to an exclusive micro-
phone mannfacturer.

[Continued on page 60]
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THIS MONTH

--continued

SICKLES GETS “E”” AWARD

For excelience in the production of
radio equipment, the F. \W. Sickles
Company and its employees were pre-
sented with the Army-Navy “E” by
Lieut. Col. Kenneth D. Johnson of the
Army Signal Corps. Col. Johnson told
the large audience of Sickles workers
that they had won the award ‘“because
of the high quality and quantity of
vour production.” One Sickles item
Col. Johnson said, leaped upward in
production some 350% after Pearl
Harbor, under the employee-manage-
ment impetus to provide the fighting
forces with radio parts. Production
was increased 450% on another item,
the Colonel revealed.

The award was accepted on behalf
of the Sickles management by Roy F.
Sickles, company president and son of
the founder F. W. Sickles, and on be-
half of the employees by William Me
serve, president of the Mutual Benefit
Association.

*
MOTOROLA EARNS STAR ON “E” FLAG

One of the first Chicago firms to be
awarded a star on their Army-Navy
“E” Flag, for continued excellence in
production, is the Galvin Mf{g. Corpo-
ration, 4545 Augusta Boulevard.

Ever since the original ceremony of
September 8, 1942, at which Lt. Col.
Paul F. Hannah presented the “E”
Flag and emblems to Mr. P. V. Galvin,
President, representing the Motorola
management, and Mr. P. J. Maloney,
representing the Galvin employees, the
Motorola factory has kept abreast of
and ahead of its production quota. It
1s this record which led to the recently
awarded star.

S. N. Shure (left) shaking hands with J. J. Kahn.

S. N. SHURE HONORED

At its April meeting the Association
of Electronic Parts and Equipment
Manufacturers (formerly the Sales
Managers Club, \Western Group) for-
mally presented to one of its charter
members and past presidents, Mr. S.
N. Shure, General Manager of Shure
Brothers, a large decorated cake com-
memorating the recent Army - Navy
“E" production award to that company.
The presentation was made to Mr.
Shure by Jerome J. Kahn, Chairman
of the Association.

*
RMA, WITH IRE, ORCANIZING
TECHNICAL PLANNING BOARD

Plans of RMA, with participation of
IRE and cooperation of the Federal
Communications Commission, to estab-

Representing Galvin employees here are June Bauer and P. J. Maloney.
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lish a “Radio Technical Planning
Board” for the study of postwar serv-
ices to the public, including FM and
television, were announced by Chair-
man James L. Fly of FCC on Wednes-
day, April 28, at the annual meeting of
the National Association of Broadcast-
ers in Chicago. The FCC and other
government agencies will cooperate in
extensive postwar technical studies
planned of the use of ultra-high fre-
quencies in the radio spectrum.

The RMA, through its Engineering
Department under Director W. R. G.
Baker, initiated the plans for the Radio
Technical Planning Board, following
suggestions made by Chairman Fly last
November at the RMA-IRE fall meet-
ing in Rochester, N. Y. The scope of
RTPB organization and technical
studies is similar to that of the Na
tional Television System Committee,
which was organized by RMA with
FCC cooperation, and which Chairman
Fly said at Chicago “did a monumen-
tal work for the industry and the gov-
ernment.”

Preliminary organization of RTPB
now is being completed and its opera-
tions will be financed entirely by RMA.
The tentative organization plan, after
revision, was approved by the RMA
Board of Directors at New York on
April 15 and later by FCC. It awaits
final action by the IRE Board of Di
rectors. An initial appropriation of
$10,000 for RTPB operations was
made by the RMA governing board.

President Paul V. Galvin of RMA
and Dr. L. P, Wheeler, President of
IRE are to appoint the RTPB chair-
man, with the approval of Chairman
Fly of FCC. The RTPB board mem-

[Continued on page 66]
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ELECTRONIC MOTOR DRIVE
[Continued from page 25]

20 to 1. Normal variations in a.c. line
voltage have only a small effect on the
speed regulation.

Motors furnished with this electronic
control are selected to handle constant
torque load over the entire armature
control speed range (or up to the base
speed of the motor) and constant
horsepower over the field control range
continuously without exceeding safe
temperature limits. The frame size of
the motor will depend upon the base
speed rating and other operating char-
acteristics. In most ratings it will be
<omewhat larger than the standard d.c.
motor frame of the same horsepower
and basic speed rating. The reason for
a larger motor frame in most cases is
because of the high form factor of
pulsating current obtained from the
rectifier when the firing angle is phased
back to obtain low output voltage and
consequently low motor speeds.

The control is arranged so that the
motor is always started at full field re
gardless of the setting of the speed po-
tentiometer. If the speed is set above
hase speed, with weakened field, the
speed control does not become effective
and the field is not weakened until the
motor reaches base speced. Fast, smooth
acceleration is automatically obtained
through a special current-limiting de-
vice huilt as part of the standard unit.
The current-limiting device also works
from a small auxiliary control tube
that in turn controls the firing of the
main rectifier tubes. Thus, the voltage
output of the rectifier will be such that
a presct current limit will not be ex-
ceeded. For general applications, the
current-limiting device may be set over
a wide range up to 200 percent of rated
full-load motor current, so that ac-
celerating characteristics may be varied
to suit load conditions. Tf unusually
high starting currents are required the
rectifier tubes must be carcfully chosen
for their peak ampere rating, even
though the running load conditions do
not exceed the average ampere tube
rating.

The motor is quickly stopped with a
dynamic braking resistor that is not in
the motor circuit during running con
ditions. The amount of braking resis
tance is adjustable.

Vibration difficulties sometimes en-
countered with adjustable-speed drives
have heen minimized, as the d.c. motor
is the only rotating part. No separate
line starter or field rheostat is required.
The electronic control may be mounted
in its own cabinet or installed directly
into the driven machine.

*

* MAY,

Our Engineering Staff is pleased to serve 45,848
Engineers, Technicians and Students with the

Mr. B. B. Bover, Chief Engineer
of Shure Brothers, inventor of
the Shure Reactance Slide Rule

MICROPHONES

1943

Shure Reactance Slide Rule

During these days, while our efforts are
devoted to the job of supplying the Army,
Navy, and Air Force with microphones, we
are pleased that our engineering department
has also been of additional service to industry.
15,848 engineers, technicians and students
have found the Shure Reactance Slide Rule a
big help in radio computations. Makes the
calculation of complicated problems in resonant
frequencies extremely simple. Also helps in
the solution of circuit problems involving
inductances and condensers. Covers a frequency
range of 5 cycles per second to 10,000 mega-
cycles. Indispensable for radio and electrical
engineers, technicians and circuit designers.

If you haven’t your Slide Rule—we will be
pleased to send it to you with complete
instructions. Kindly send 10c in coin

to cover handling.

SHURE BROTHERS
Dept. 174U, 225 West Huron St., Chicago, U. S. A.
Designers and Manufacturers of Microphones and Acoustic Devices
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NEW REVISED NINTH EDITION

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. Cet it from your favorite dealer, or direct
from us, postpaid; please add any applicable taxes.

$2.00 in continental U.S. 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 may order direct from us:
all other trade outlets should order through the nearsst branch of the American News Co., Inc,
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ARMY-NAVY TUBES

[Continued from page 31 "SHORTI NG” sw,.tChes

5) In the event that it is believed I =< This is the shorting type. As the
that a tube other than one of those in il B ~_ armis rotated from one positicn
cluded in this Preferred List should be — L i to another the adjacent contact

used in the design of new equipments ] ; - ; " “(bri
for cither the Sgignal Corpsqorp.\Ia\ y, . i MM"’ el g shcgfied ™ (brictged):
specific approval of the Service con or
cerned. is to be requested from the
Signal Corps lahoratory concerned (1] 1]
with such equipment; the said Labora NON- SHORTING
tory will then make known its recom H
mendations in the matter to the Office This is the non-shorting type. SW"Ches
of the Chief Signal Officer where the Ko this a8 votated frd one f
final decision will he made and returned e b h h
to the laboratory for transmittal to the ;'>osmon 2 eiistieg; de sxm
party requesting the exception. When lifts up, and only one contact
Navy equipment is concerned, the re- is touched at a time.
quest for exception shall be addressed
to the Bureau of Ships, Navy Depart-
ment.

6) The publication of this list is in
no way intended to hamper or restrict
development work in the field of

vacuum tubes or vacuum tube applica OTHER SHALLCROSS THE No. 4605
tions. Switches are designed for i ‘ 5
7) This list is to take effect imme nigd, B R4 paMiss|ar is one of many Shallcross
: tield. . Switches extensively used
diately. Let Shallcross answer : : 1 in instruments and in
Office of the Chief Signal Officer, your problems. ' Faany ol G
Headquarters, Services of Supply, Address Depr. C.EH | )

War Departiment.
Chief of the Bureau of Ships,
Navy Department.

SHALLCROSS ROTARY SELECTOR

TUBE CHARACTERISTICS SWITCHES USE SOLID SILVER CONTACTS,
[Continued from page 23] BECAUSE SOLID SILVER. ..

the 7, and multiply the quotient by 1. Has the highest conductivity of materials
1000. This will be the numerical value available.

of the plate impedance in ohms.

: / = g ¥ v . s off
The mutual conductance, G, is equal 2. s superior to silver-plating which wear &

to Al,/AE,X10% and may be easily resulting in high resistance contacts.
computed from the E,-/, curve when 3. Should it corrode the sulphide formed does not
that curve is traced on the oscilloscope appreciably increase the contact resistance.

screen by the same methods as for find

ing R, The graphical analysis is shown \ \

in Fig. 6.
The gain, or mu, of the tube equals \\

AE,/AE, which equals G,R,/10°

The mu may therefore be computed
from the G,, and R, values which are M’td m %aéew o‘

found from the curves as shown above. Accurate Resistors— Switches— Special Equipment and
By these methods we can ascertain all Special Measuring Apparatus for. Production and Rou-
of the pertinent facts concerning the tine Testing of Electrical Equipment on Military Aircraft
tube, and whether or not any particu ...Ships ... Vebhicles. .. Armament ... and Weapons

lar tube is within the specified toler- =
ances for proper operation. In the
above calculations /, is in milliamperes
and G, is in micromhos.

For other information on measure-
ments of this type and the dara attain

able by such methods, the following

texts are worth consulting: RCA Re HALLC ROSS MFG CO
cewving Tube Manual; Electronics o o
Millman and Seely; Principles of Elec-

tron Tubes—Rceich; Radiotron Design-
ers’ Ha”db.ook,__RC COLI-INGDALE’ PENNA.
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PRESTO

RECORDING CORP.
242 WEST55thST.N.Y.

World's Largest Manufacturers of Instentancous Sound Recording Eguipment and Discs

64

WHEN YOU NEED AN
UNBREAKABLE
RECORDING BLANK

USE THE PRESTO MONOGRAM

... a paper composition base disc that will safely withstand mail-
ing, all ordinary handling, shipment anywhere. Monogram discs
are lightweight, unaffected by temperatures above 40°F. or ex-
cessive humidity, have a remarkably long shelf life.

While the composition base is not as smooth as the glass base
used for the highest quality recording discs, the coating material
is exactly the same, giving the same cutting qualities, frequency
response and long playing life. Surface noise is slightly higher
than that of glass discs but at the same time well below that of the
best commercial phonograph records.

With metal discs withdrawn from use, the Presto Monogram has
become the most practical disc for recording in the field, for
recordings to be mailed to distant points and those subjected to
frequent handling. Thousands of monograms are used by the
military services of the United Nations and by the larger radio
stations for delayed broadcasts. Made in all sizes, 6, 8, 10, 12 and
16 inches. Order a sample package of 10 discs today.

CHICAGO, Har. 4340 « CLEVELAMND, Me, 1545 « DALLAS, 37093 «

Cul. 53548 « SAMN FRANCISCO, Su. 5854 =
WASHINGTON, D. C., Shep, 4003—Disi, 1840
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In Othor Cities, Phone . . . ATLANTA, Jock. 4372 » BOSTOM, Bel, 4310

Ch. 4277 = DETROIT, Uniw, 1-0180 « HOLLYWOOD, HIL 9133 « KANTAS
CITY, Vic 4631 + MIMNEAPOLIS, Aflantic 4716 = MOMNTREAL, Mor, 6368
TORONTD, Hud. 0333 s PHILADELPHIA, Penny. 0542 « ROCHEITER,

SEATTLE, Sen, 2560

MAY,

SOUND FREQUENCY ANALYZER
[Continucd from page 21]

and load conditions for more than a
short period, such as in moving
vehicles.

War Use

The Medical profession became in-
terested in the RA-281 after plant phy-
sicians at one of the country’s largest
explosives manufacturing companies
turned to it as a possible method of ac-
curately determining the degree of
heart muscle fatigue on the part of
workers in a particular section of the
chemical works.

Employees in this department were
unavoidably exposed to chemical fumes
which caused fatigue of the heart
muscles. \When that fatigue reached a
certain point it induced fainting. The
medical problem: to devise a positive
method of determining the point at
which fatigue of the hecart muscles
would bring about fainting; circumvent
a possible explosion that might injure
a number of men and wreck the plant
if a worker fainted while handling ex
plosive elements. The use of stetho-
scopes was highly unsatisfactory as the
human element—the doctor’s interpre
tation of the sounds heard—was too
great. The sounds of a normal or un-
fatigued heart differed only minutely
from those of a heart reaching the
danger point of fatigue.

By using three filters, plant phy-
sicians found that they could chart the
heart sounds of a worker before his
exposure to the chemical fumes. These
charts were compared with similar
charts taken of the heart sounds of
workers who had fainted from the
fumes. By a regular check-up on all
workers in the department and com-
parison of their charts with those
showing the characteristics associated
with fainting, the company physicians
have heen able to prevent further faint-
ing. \Workers whose charts show mus-
cular fatigue are immediately trans-
ferred to other departments

Clinical Use

How cffectively and to what extent
the RA-281 may be applied to the study
of “heart cases” remains to be deter-
mined. At present, however, it has
been learned that the RA-281 may be
used in conjunction with the cardio-
graph. The electric cardiograph, as it
is used. reveals irregularity of heart
action by graphically registering the
comparative duration and intensity of
the heart’s movements. The degree to
which duration and intensity of the
heart cycle vary from the established
normal help to ascertain the serious-
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ness of the irregularity. By using the
RA-281 in conjunction with the cardio-
graph, physicians can now determine
what part of the heart cycle 1s respon-
sible for any abnormal heart action
charted by the cardiograph.

USING SLIDE RULE
[Continued from page 18]

7 R+ X2, or Z=R+4jX

If the unknown is the reactance X
as shown in equation (3) and ex
pressed as in equation (7), our simpli-
fied formula for slide rule operation
becomes

ey )

Note that we now subtract 1 where
formerly we added 1.

Let us take a few examples and solve
them.
Example 1.

If Z-=R+j then when 47
and j =15, Z =/ 47 4 152

To follow our outlined slide rule pro
cedure we set 15 on scale C to 47 on
scale D. The square of that division
is then read on scale A ahove the left-
hand index of B, and is 19.8. We add
one to 19.8 and so set the left-hand
index of scale B to 10.8 on scale A.
Move slide to 15 on scale C and read
answer on D. This answer is 49.5 ohms.

The phase angle is the angle whose
tangent — X /R or 47/15. The tangent
as found on the rule is then 3.2. The
angle is readily found by placing the
right-hand index of scale C over 3.2 on
scale D and reading the angle on tan
gent scale on the reverse side of the
slide. The angle found is subtracted
from 90 degrees to give the phase
angle, since the tangent is over 1. We
find the angle to be 17° 25 so the phase
angle is 72° 35"
Example 2:

1f Z = 50 ohms

R =15 ohms

and we wish to solve for X, we set 15
on scale C to 50 on scale D. Read re.
sult squared above the left-hand index
of B on A as 11.2. Subtract one from
this and set left-hand iudex of B to
10.2 on A. Adjust slide to 15 on C and
read answer under that on D. The
answer is then 47.6 ohms. The phase
angle 1s the angle whose tangent is
X/R or 47.6/15. The tangent is then
3.17 and the angle found by the same
procedure, as in Example 1, is 73 de-
grees.

From the above the technician should
be able to greatly facilitate solutions
of vector analysis as applied to series
circuits and their use in series-parallel
arrangements.
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PARTS STANDARDIZATION

[Continucd from puge 28]

groups to set up standards for dry elec-
trolytic capacitors, air diclectric cap-
pacitors, transformers, tube sockets,
plugs and connectors, batteries, hook-
up wire, and solder and methods of
soldering.

In all the standardization work of the
War Committece on Radio, the cooper-
ation between representatives of the
War and Navy Departments and of
industry has bheen whole hearted and
unceasing.  Standards established on

such a basis are not only sound from
an enginecering standpoint but also
from a production standpoint, since
both aspccts have been considered dur-
ing the progress of the standardization
and simplification work and a satis-
factory balance struck.

Inspection Made Easy

Not the least advantage to hoth in-
dustry and the Armed Forces of these
new American War Standards is the
clear, concise instruction for sampling
and inspection given in each standard,
which should do much to end unneces-
sary controversies between inspectors
and manufacturers.
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Tough and they can take it—
these PT's
subs

And so can the
planes warships—and
every combat unit of the Allies

For the Heart of Communica-
tions—Ken-Rad Radio Tubes—
are working with them . . . and
they are doing a grand job

You might be unable to get

Ken-Rad Tubes now for your

home set But they’ll be back
— and how Meantime you'll
wait won't you rather than

retard victory

RADIO TUBES- INCANDESCENT LAMPS - TRANSMITTING TUBES

OWENSBORO
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Also important to both the engineers
of the Armed Forces and the equipment
manufacturers is the assembling for
the first time in ecach standard of all
the important design and usage data
for the particular component under
consideration. This information has
only been available to a very limited
number of ecngineers in the Armed
Forces and in the laboratories of the
largest equipment manufacturers. Now
it is available to cveryonc who can
properly make use of the information.

With the adoption of these recog-
nized standards, design laboratories will
be able to build preliminary shop
models using standard parts from the
start, thus saving much time on the
part of production engincers when they
find it necessary to redesign such carly
models for production purposes.

THIS MONTH

[Contimed from puge 60]

bers and numerous panels and commit-
tees of technical experts are to be ap-
pointed hy the RTPB Chairman. Dr.
Baker is scheduled for the appointment
to the chairmanship.

The scope provides for technical
studies of radio spectrum frequency
allocations over which the FCC has
jurisdiction of assignment, and RTPB
primarily will formulate recommenda-
tions to the Commission for such allo-
cations. Radio services now are vir-
tually limited to frequencies under 100
megacycles, but experimental work is
being done up to 3,000 megacycles.

Many technical experts and scien-
tists will be drafted for the RTPB
work, on its panels and committees,
provided in the organization draft.
The Board itself will be composed of
representatives of industry groups,
such as Interdepartmental Radio Ad-
visory Committee (1RAC), of govern-
ment officials, including Army and
Navy; National Association of Broad-
casters, American Radio Relay League,
and other regularly constituted radio
groups and including all chairmen of
the RTPR panels.

*

TEST EQUIPMENT DELIVERIES

After May 1, deliveries of radio and
radar test equipment will he made in
accordance with schedules determined
under M - 293 instead of preference
ratings, it was stated at a recent meet-
ing of the Test Equipment Industry
Advisory Committee with the Radio
and Radar Division of the War Pro-
duction Board.

Buyers of test equipment will fill in
Form 536, on the basis of which the
placement and delivery of new orders

1943 *
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will be determined. These forms, avail-
able at \WPB regional offices, will be
submitted to the \WWPB Radio and Ra-
dar Division for approval, and the ap-
proved forms will be attached to pur-
chase orders.

\WWhile it is expected that buyers no
longer will be able to trump ecach
other’s bids for cquipment with triple
A ratings, they will he able, under re-
strictions, to ohtain dircctives for
prompt delivery. However, requests
for such directives will he scrutinized
more closely, leading to a swift reduc-
tion in the number of them in force,
it was said.

Elmer Crane, Chicf of the Com-
ponents Scction, said that while deliv-
cries of test equipment no longer would
be subject to the competition of pri-
ority ratings, production would con-
tinue to he expedited by the use of
ratings to purchase components and
materials. Since supplies of these com-
ponents, consisting of resistors, con-
densers and other equipment, are not
as tight as those of test apparatus,
schedules of the component producers
will not be upsct.

Since test cquipment purchase or-
ders hercafter are to carry WPRB ap-
proval on Form 336, manufacturers re-
ceiving purchase orders without such
approval should return them to their
customers, it was stated. Jobbhers, like
manufacturers, are to sce to it that
their customers receive approval on
Form 536, and that the approved form
is sent with the purchase order to the
producer.

*

ONSTAD APPOINTED PRESIDENT OF
THORDARSON

R. E. Onstad, formerly Vice Presi-
dent and General Manager of Thord-
arson Electric Manufacturing Company
of Chicago has been clevated to the
post of President and General Man-
ager, following the resignation of C.
1. Thordarson as President.  Mr.
Thordarson, who founded the Com-
pany nearly a half century ago, and
who is now nearly 76 vears of age, will
continue to lend his talents to the or-
ganization as technical consultant.

At the same time the Board of Di-
rectors announced the above changes.
I.. G. Winney, former Treasurer, was
named Vice President and Treasurer,
and W. R. Mahoney, formerly con-
nected with Arthur Anderson and Com-
pany, was clected Assistant Treasurer.

*

ZENITH ANNOUNCES NEW OFFICERS

Four new officers of the Zenith
Radio Corporation were clected at the
last mecting of the board of directors,
it was announced by Commander E.
. McDonald, Jr., Zenith president.

[Rapio] * MAY,

G. E. Gustafson, who has been with
the company since 1925, has held the
post of chicf engineer since 1933, and
has been assistant vice president since
1940, was elected vice president in
charge of enginecring.

R. D. Burnet, who joined the com-
pany in 1924 and has heen controller
and assistant treasurer since 1929, was
also elected secretary, replacing Licu-
tenant-Colonel John R. Howland who
resigned to enter the Army.

Karl L. Iasscel, engineering  ex-
ccutive, who with Commander Mc¢Don-
ald and Ralph Mathews was an original
founder of the company and who has

been a director of the corporation since
1932, was clected assistant vice presi-
dent.

J. E. Brown, Zenith's engincer spe-
cialist in television and frequency mod-

ulation since 1937, was clected as-
sistant vice president.
*

PECK TO COLUMBIA UNIVERSITY

Arthur G. Peck, studio engineer for
Columbia  Broadcasting System, at
W CCO, Minneapolis-St. Paul, has re-
signed to become a member of the staff
of the Airborne Instruments Labora-
torics of Columbia University on Long
Island.

Many years of engineering research developed the
Meissner “Align-Aire” Condensers to meet the
exacting performance requirements of high fre-

quency circuits.

Meissner Align-Aire “midget” units are encased in
newly developed low loss yellow bakelite number
16114 and occupy extremely small space . . . only
6" in diameter 14" long .
for high frequency coils. Midget Align-Aire Con-
densers are exceptionally stable. Capacity range
1 to 12 MMFD. Samples sent upon request.

/ Better
Performanee

with Meissner
“*Align-Aire’” Condensers!

Available only on proper priorities

MT. CARMEL,

. . are ideal trimmer

ILLINOIS

CPRECISION-BUILT ELECTRONIC PRODUCTS®®

1943

www americanradiohistorv com

67


www.americanradiohistory.com

RINCE HUEI admired the skill of his cook in cutting up

a bullock. “Sire,” replied the cook, “a good cook wears out ‘-—*
a chopper once a year—an ordinary cook one a month. But I
have had this chopper nineteen years, and its edge is as if
fresh from the whetstone.”

—CHUANGTSE, The Preservation of Life
The Erwood organization may likewise point to its experi-
ence—over twenty years in the electronics field.

We like to do difficult jobs. Today we are fully engaged in
doing_just that for the war effort. When peace comes, this
experience will be available to you in the new and changed
electronics era which lies ahead.

r ~ . i 1
Fhe Erwood Company
223 WEST ERIE STREET ° CHICAGO. ILL.

o
éﬁ\\"ﬁ&

( Lalaye"e is doing its part to win the war...and the )
peace that must surely follow. We play the important part of speeding
the war effort by supplying emergency requirements of radio, sound
( and electronic parts to all branches of the armed forces as well as to )
manufacturers and sub-contractors. Lafayette is in there fighting to
save you time by supplying all of your needs in one order—gquickly!

Nouww it is no longer necessary to comb the.field to find the
various parts you need. Due to Lafayette’s extensive buying facilities
and large, diversified stocks, one order {(no matter how large or how
small) will bring quick deliveries on all of your requirements.

Free catalog—Radio, Sound
and Electronic Parts—Dept. 5F3

“Quick Deliveries on Radio, Sound and Electronie Paris®’
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Mr. Peck has been on the staff at
WCCO for the past six years. During
that time he had also acted as techni-
cal supervisor for Beck Recording Stu-
dios of Minneapolis. Ile was educated
at the University of Minnesota, major-
ing in communications.

For the past vear Art has been Sec-
retary - Treasurer of the Twin City
Chapter of the Institute of Radio En-
gineers. e will assume his new duties
about May 10th.

*

ROSE HILLIARD APPOINTED
PRIORITY DIRECTOR
Victor J. Andrew, president of the
Victor J. Andrew Company, has an-
nounced the appointment of Rose Hil-
lard as Priority Director.

Victor J. Andrew and Rose Hilliard

Rose Hilliard is well known in in-
dustry and comes to the Victor J. An-
drew Company from the Columbia
Broadcasting System where she served
as a technician in the engineering de-

partment.
*

OXFORD-TARTAK ELECTS TWO
VICE PRESIDENTS

Paul II. Tartak, President of (Ox-
ford - Tartak Radio Corporation, of
3911-3929 South Michigan Avenue,
Chicago, Illinois, announces the elec-
tion of Alexander M. Arnt and Karl
A. Kopetzky as Vice-Presidents.

Mr. Arnt is in charge of production.
while Mr. Kopetzky, besides continu-
ing his executive duties, will take
charge of clectronic developments oc-
casioned by the firm’'s war conversion
and expansion.

The corporation in peace times was
one of the foremost manufacturers of
loud-speakers. With war conversion.
it branched out into electronic devices.
range filters and transmitters.

*

ALLEN APPOINTED ERIE WORKS
MANAGER

Erie Resistor Corporation, Erie, Pa..
announces the appointment of Mr. J.
M. Allen as Works Manager.

Mr. Allen is well known in the radio
industry, having been actively con-
nected with many phases of radio work
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since 1923, when he joined Fanstecl
Products Corporation at North Chi
cago, Ill. He was superintendent of
radio receiver manufacturing for Fan-
steel during the latter part of his con
nection there.

In 1930 he went to Stewart Warner
Corporation as superintendent of radio
receivers and component parts.

]. M. Allen

In 1934 he joined Fairbanks-Morse
in Chicago as manager of radio manu
facturing.

A year later Mr. Allen went to
R.C.A. at Camden where he was suc
cessively coordinator of inspection and
test lahoratories and in charge of pur
chasing of all radio receiver production
materials.

When R.C.A. created its Blooming
ton, Indiana works in 1940, Mr. Allen
was in charge of organizing the manu
facturing facilitics, and served as
works manager until shortly after the
first of the year, when he resigned to
come to Erie Resistor.

*
JACK HORNER JOINS BURTON BROWNE

Jack Horner, well known in adver
tising art circles, has joined the art de
partment of Burton Browne Advertis-
ing, Chicago. Mr. Horner resigned a
similar position wirh a Muncie, Indiana
organization.

*

RADIOMARINE PROMOTES
MACKENTY

John Gilman MacKenty, for many
years Assistant to the Vice President
of Radio Corporation of America in
charge of RCA Laboratories, has been
elected Vice President and General
Manager, and Director, of Radiomarine
Corporation of America, Charles J.
Pannill, President of Radiomarine Cor
poration, has announced

Mr. MacKenty, who has been a mem-
ber of the staff of Radio Corporation
of America for twenty-one years, has
been in charge of foreign license con
tracts of RCA since 1930. After at-
tending Shefheld Scientific School of

RADIO] * MAY,
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Buy War Bonds and Stamps

DX CRYSTAL CO.

GENERAL OFFICES: 1841 W, CARROLL AVE., CHICAGO, IlL, US.A.

the heart of 8 good tammitter
18208 . aste

Dynamotors go into action right from
the take-off. They furnish the necessary
high voltage and current for radio
communications, direction - finders,
compasses, and other aircraft equip-
ment which enable our men to reach
theirobjective, attack and return safely.

EICOR DYNAMOTORS have
earned their fine reputation through
years of exacting service in both the
commercial and military communica-
tions fields.
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AN ARMY

WITHOUT raDIO

 ITHOUT swift depend-

able communiecation in
these days of lightning war,
American fighting equip-
ment would be practically
useless. Radio today is
helping to give our armies
strength and the power to
win over the enemy., And
on scattered battle fronts
throughout the world,
BUD Produets are daily
proving their dependability
under all the eonditions of
war.

BUD RADIO, inc.

CLEVELAND o OHJO
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Yale University, he became associated
with the Sales Department of RCA in

1922.
*

W. G. WAGENER NOW CHIEF ENGIN-
EER OF HEINTZ AND KAUFMAN

The appointment of Winfield G.
Wagener as chief engineer of Heintz
and Kaufman, Ltd., has just been an-
nounced by the company. Mr. Wagener
has been associated with the firm for
five years, during which time he has
been working out practical applications
of vacuum tubes in UHF circuits, and
has headed up the development of two
new tubes for military service.

\Wagener graduated from the Um
versity of California in 1928 with hon
ors in electrical engineering, and ob-
tained his master’s degree while on a
John \W. Mackay scholarship at that

university. He later did postgraduate
work under Dr. F. E. Terman at Stan

ford.
*

HAZELTINE ENGINEER ACCEPTS
NAVY POST

John Kelly Johnson for many years
engineer in charge of the Hazeltine
laboratories in Chicago has resigned
his position as senior engineer in Ha-
zeltine Electronics Corporation in or-
der to accept the position of Special
Representative assigned to the Office
of Procurement and Material of the
Office of the Under-Secretary of the
Navy. He will assume his new duties
with headquarters in Washington, D. C.

immediately.
*

NON-FACTORY SET PRICE CEILINGS

To provide a precise method of de-
termining maximum prices on radios
and phonographs assembled by retail-
ers and distributors the Office of Price
Administration will issue shortly a new,

1943 *
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regulation controlling the price ceilings
for such sets.

Coming under the new rcgulations
will be a scattered number of radio dis-
tributors, retailers and brokers who,
since the summer of 1942, have be-
come assemblers of houschold phono-
graph and radio receiving sets. By
comparison with full-ledged manu-
facturing procedures, their operations
are rclatively simple, consisting of the
mounting of a fully-assembled chassis
with a speaker, and frequently with a
phonograph pickup mechanism into a
finished cabinet.

Specifically excluded from the new
regulation will be regular manufac-
turers of radios. They will continue
under Revised Price Schedule No. 83
(Radio Receivers and Phonographs).
Manufacturers are practically removed
from production of such sets, by Limi-
tation Orders L-44A and L-183 issued
by the War Production Board. How-
ever, these WPB orders do not pre-
vent placing a chassis manufactured
in accordance with the terms of the
orders, into a cabinet.

*

NEW LITERATURE -

CRYSTAL ACCESSORIES BULLETIN

Engincering Bulletin No. 201 de-
scribing a line of new fixtures and ac-
cessories has heen made available by
the Philips Metalix Corporation. These
Philips accessories and fixtures will
greatly extend the usefulness and ver-
satility of the Philips NX-Ray Quartz
Analysis Apparatus. A few of the fix-
tures listed in this bulletin are Crystal
Blank Holders, Rotating \Wafer and
Rotating Crystal Blank Holders, Edge
Correction Holder, Angle Correction
Holder and Bragg Angle Scale. Copies
of RBulletin No. 201 can be obtained by
writing to the Philips Metalix Corpo-
ration, 419 Fourth Avenue, New York
City.

*
““PREFERRED TYPE CAPACITORS"

Solar Capacitor Sales Corporation,
Bayonne, N. J.. announce the adoption
of a new policy of capacitor standardi-
zation, in anticipation of inevitable
Government-enforced standardization.

New Catalogs V-1 and V-2 have
been issued, illustrating a minimum
number of types specifically designed
for a maximum number of applica-
tions.

*
ALLIED’S RADIO CIRCUIT HANDBOOK

Published by Allied Radio Corpora-
tion, 833 West Jackson Boulevard, Chi-
cago, Illinois. DPrice, 10c.

A new publication containing radio
and electronic circuits with analyses,

A4 COAXIAL CABLES

P

... for Radio Transmission Lines

The VICTOR J. ANDREW CO.,, pioneer manufacturer
of coaxial cables, is now in a position to take additional orders, in any
quantity, for all sizes of ceramic insulated coaxial cables and accessories.
The Andrew Co. engineering staff, specialists in all applications of coaxial
cables and accessories, will be pleased to make recommendations to meet
your particular requirements.

““Attention!’

o
i coaxial cables are your VICTOR J. ANDREW co.

problem . . . write for new

catalog showing complete 363 East 75th Street, CHICAGO, ILLINDIS

line of coaxial cables and

accessories. ANTENNA E'["“FHE"T

ASTATIC’S
MICROPHONE
CONTRIBUTION

To Greater
Speed and Dependability

in Wartime Radio
CODN

Neries

Communication

Microphone

% In highly important branches of the military service,
where every second is precious and operating efficiency is imperative,
Astatic GDN Series Dynamic Microphones are doing a great job.
Unaffected by wide variations in temperature, sturdy and efficient,
GDN Series Microphones stand the test of rigid government require-
ments. Designed with tilting head and interchangeable plug a'nd
socket connector. Recommended for use with Astatic's exclusive
grip-to-Talk Desk Stand embodying an efficient relay operating
OFF-ON switch for remote control of transmitters and amplifiers.
Finishes available in official army and navy shades.

ASTATIC [ ret
THE ASTATIC CORPORATION

YOUNGSTOWN, OHID
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SHEARS BRAKES BENDERS

Di-Acro Shear squares and sizes Di-Acro Brake forms non-stock Di-Acro Bender bends angle, chan-
material. cuts strips. makes slits or angles. channels or **Vees''. Right nel. rod, tubing, wire, moulding.
notches, trims duplicated stamp- or left hand operation, lolding strip stock. etc., 2 gizes. Capacity
{ngs. Shearing widths — 6*, 9, 127, widths — 67, 12°, 18", up to %" cold rolted steel bar.

WOMEN AT WAR

Saving Man Hours and Critical Materials
No delay waiting for dies — parts ready quicker —
deliveries speeded up — all to bring the Victory
sooner! Women are rapidly taking a major place on

: the industrial front. DI-ACRO Precision Machines
g — Shears, Brakes, Benders — arc ideally suited for

use by women in making duplicated parts accurate
” N - 0 Q A\Genoge

Send for Catalog to .001 Dik-Less DurLicatiNG. _Thoyusands of

“METAL DUPLICATING DI-ACRO Machines are now in use in War plants.

WITHOUT DIES”

346 8th Avenue So.,
Minneapolis, Minn.

SAVE TIME . . . SPEED PROCUREMENT

Our specialized service greatly simplifies
Most Complete, Up-to-Date your procurement problems. You get
everything you need in Electronics and

1943 BUYING GUIDE * Radio faster, easier from this one depend-

able, central source. Over 10,000 items

for laboratories, maintenance and produc-
OVER 10,000 WARTIME ITEMS tion, for war training and combat. Our
large stocks speed delivery of emergency

Condensers  Sockets needs. Our experienced staff is ready to
Trassformers  Test Equip. help you. If you do not have your copy of
Resistors Power Supplies the new streamlined 1943 Allied Buying
:2::;:‘" g::ﬁ:':;;ms Guide, send for it now . . . #'s Free.
Switches Intercom Write, Wire or Phone Haymarket 6800.
cijas:  BholaGolls ALLIED RADIO CORPORATION

Wire & Cable  Tools 833 W. Jackson Blvd., Dept. 14-E-3, Chicago
Batreries Receivers

S ALLIED RADIO

comparisons, and discussions. The
mcthod of presentation was especially
planned to make this book a uscful text
for the classroom and for home study
as well as a reliable guide for experi-
menters and builders. Fundamental
principles of radic are illustrated and
explained in sixteen basic circuits.
The application of these principles to
various components of receivers, trans-
nitters, and other electronic units is
shown in twenty-five additional circuits
of conventional radio and electronic
units. A schematic and pictorial dia-
gram is shown for cach unit, ranging
from simple onc-tnhe sets to super-
heterodynes.

ALLIED'S
RRBIO-CIRCUIT

&

BLLIED DROIG (OpPRANTION

This well-prepared booklet should
prove to be very useful as a supple-
mentary text for radio classes. Forty
pages, 814”x11”,

*

GENERAL ELECTRIC ELECTRIC CGAGES

“21 Electric Gages to Aid Produc-
tion” is the subject of a new 8-page
article reprint (GEA -3991) recently
issued by the General Electric Com-
pany. The leaflet deseribes the func-
tions of the twenty-one gages, and
contains a chart showing schematic
representations of clectric gage circuit
applications.

Included among the gages described
and illustrated in the leaflet are thick-
ness, magnetic, clectrolimit, pressure,
strain, and eccentricity gages. These
arc some of the most important gage
types in usc today. They perform a
variety of unique gaging functions and
represent, in many cascs, the practical
solutions to many gaging problems.

*

G-E AIRCRAFT POWER PACKAGE

The G-E power package for aircraft
is described in a new, illustrated 4-page
bulletin (GEA-3968) recently issued by
the General Electric Company. The
bulletin illustrates and describes the
three types in which the compact power
package is furnished and explains the
usc for which ecach type is desirable.

The bulletin also describes in detail
the unusual number of functions in-
corporated in cach power package—
motor, brake, gears, clutch, limit
switch, and load releasc.

72 MAY, 1943 *
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YWIA CoDYNAMOTORS
AreOnThedJobToGetThem

OVER THE SPOT

Winco Dynamotors are al_-l
ways ready to "dish it out

_ whether in the numbing
cold of the stratosphere or
in the flaming desert heat.
Right on the job—constant
and reliable—they supply
power that will keep your
communications clear an
intelligible,
| Simple or complex, what. l

ever your specifications, we
believe Winco will meet
them. Already our engineers
have done marvels in light-
ening weight, increasing
afficiency and eliminating
hash. They are at your ser-
vice for new or special de
signs. Simply write or wire
us. No obligation, of course

onty ,.H"”@g GIVES YOU

—.

designed to insure masimum
efficiency ot all operating
aliifuses and temperatures

— WEINCHARG DT CONPORATION - §10Wa CITY. (0WA

M’ce OYNAMOTORS

RADIO] *
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BULLETIN ON “DIEFLEX"

Insulation Manufacturers Corp., 3035
West Washington Bled., Chicago, I,
have issued a 4-page bulletin on “Die-
flex” varnished tubing products and
“Fiberglas” basc sleeving and tubing.
Data is also included on Dicflex wire
identification markers. Copies of the
bulletin arc available on request to the
manufacturer,

*
NEW CALLITE CATALOG

In their attractive new 36-page, illus-
trated, two-color catalog, Callite Tung-
sten Corporation discusses the design,
manufacture and application of elec-
trical contacts of silver, platinum, tung-
sten, molybdenum and a varicty of
other metals and alloys, Covering types
of contacts, their physical size and
shape, and the particular applications
to which each metal and alloy is best
suited, this new catalog offers the de-
sign and production engincer a com-
plete story on clectrical contacts. The
book also illustrates and gives specifi-
cations of typical standard contacts de-
signed and manufactured by Callite.
Catalog No. 152 is available on request
at the main office of the Callite Tung-
sten Corporation, Union City, New
Jersey.

*
NEW RCA WAR-EDITION TUBE GUIDE

A new and completely revised edition
of the RCA Guide for Transmitting
Tubes, designed especially for radio
engineers  and  technicians in  the
armed service and war industries, has
just heen published and is available
through all RCA power tnbe distribu-
tors.

Written originally and carried
through in the three earlier cditions
as a catalog for tube uscrs, the present
or fourth edition of the Guide trans-
forms the booklet into an cffective in-
strument of war. In 72 pages of circuit
designs, photographs and technical de-
tails it supplies a wealth of informa-
tion invaluable to every engincer and
experimenter.

*
AMPERITE AUTOMATIC BALLAST TUBE

Amperite Company, 361 Broadway,
New York, N. Y., have issued a +-page
folder covering the specifications, char-
acteristics and applications of their new
Automatic Ballast-Regulating Tube, an
automatic rheostat designed to kecp the
current in a circuit at a definite value,
regardless of supply voltage. Copics
on request to manufacturer.

*
NEW V. J. ANDREW CATALOG

The Victor J. Andrew Co., 363 East
75th St., Chicago, 111, have issued for
distribution to manufacturers, engi-
neers, ctc,, an 18-page catalog covering
the company's complete line of Coaxial

www americanradiohistorv com

No Time
for

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

D A

221 East Cullerton St.
Chicago, lllinois
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TRANSFORMERS THAT

FIGHT
BATTLES

AND
BREAK

PRODUCTION
BOTTLE-NECKS

On the battle fronts of the world Acme
Transformers are giving a good ac-
count of themselves. If you, too, need
transformers that are built to meet
emergency performance beyond the re-
quirements of the application, then get
in touch with Acme Electric transformer
specialists.

Sealed-case transformers for air-borne communi-
cation equipment. These transformers success-
fully withstand c¢limatic and temperature condi-
tions of the steaming tropics or ({::

of the 40,000 fc. alticude.

intense cold

High voltage
plate supply
transforme r
for tramsmit-
ter. 33,000
vole, 1.8
ampere sec-
ondary, 230
wvolt, 60 cycle
primary.

A manually operated full
range stepless voltage
control umit, from O to
135 volt. Regulation ac-
curate to  within 4/10
volt adjustment. Not a
resistance regulator; out-
put voltage is imdepend-
ent of load. Panel and
portable types. Write for
Bulletin  150.

THE ACME ELECTRIC & MFGC. CO.

55 Water St. Cuba, New York

A

74

Cables and Accessories, such as Ter-
minals, Gas Equipment, and Fittings,
as well as the Andrew Direct Reading
Phase Monitor, Remote Indicating An
tenna Ammeter, and Andrew Tower
Lighting Equipment. Copies of the
catalog may be obtained from the
manufacturer.
*

NEW R.C.P. BULLETIN

Bulletin No. 127 describing new ad-
ditions to the R.C.P. line of electrical
and electronic instruments has been
released by the Radio City Products
Co., Inc.

This bulletin describes the new mod-
el 703 Signal Generator. Model 419
Master Multi-tester 1n three models
Models 416 and 418 Pocket Multitesters
and the Model 446 A A.C.-D.C. Multi
tester.

Copy of Bulletin No. 127 may be
had on application to the Radio City
Products Co., Inc., 127 \WW. 26 Strect
New York City.

>
TELECAST ADVERTISING PREVIEWS

Houw will television programs be paid
for? The answer to that question i1s now
being prepared even though television
1s necessarily a war casualty. Allen B.
Du Mont Laboratories, Inc., operating
television station W2XWV at 515
Madison Avenue in New York City,
are inviting broadcasters. advertisers
and advertising agencies to take part
in studying and experimenting with
telecasting technique without cost for
studio and station facilities so that the
sponsorship angle can round out the en
gincering and programing angles al-
ready worked out to a high degree.
With the signing of the peace, there-
fore, telecasting will be all set to go
on a truly commercial hasis.

For months past Station W2X\WV
has been on the air each Sunday eve-
ning with a scheduled program of pro-

MAY,
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HEN production sched-

ules are tight, it's
more than ever important
that you specify DRAKE for
the Pilot Light Assemblies
youneed! For,asthe “world's
largest exclusive manufac-

turer”. we've developed ef-
ficient, high-speed precision
methods and machinery for
producing in large volume,
War’s greatly increased de-
mand found wus ready to
manufacture and ship big
quantities faster than ever
considered possible wunder
critical shortage conditions.

The patented Drake ‘::0 ‘u
e

Assemblies of today
give quality and
perfcrmance un-
equalled, we be-
lieve, in the history
of this industry!

DO YOU WANT OUR
NEWEST CATALOGUE?

DRAKE MANUFACTURING CO.

CHICAGD, U. 5. A.

o o oHere's How
You Can Qualify for a
BETTER RADIO JOB!

® ©® O CREI technical training
is preparing others for
good-paying radio jobs—
WHY NOT YOU?

Are you finding yourself in a routine job
—a job that any other man can handle
just as well as you? Today, radio JOBS are
many—but radio CAREERS are few! Now
is the opportune time for you to equip
yourself with the necessary technical train-
ing to qualify for an important engineering
position with a sound future.

Now when industry needs men, is the
time for you to investigate radio career
training. Your radio experience backed by
modern CRE! technical training will equip
you to share in the good-paying jobs that
await trained men . and to make good
in the important positions that lead to se-
curity and happiness!

Write for Details ‘

1713 W. HUBBARD 5T. =

About CRE! Home Study Courses
If you are a professional ra-
dioman and want to wmake
more money— let us prove to
you we have something you
need to qualifv for the BET-
TER career-job opportusities
that can be yours. To help
us intelligently answer your
inquirv-—PLEASE STATE
BRIEFLY YOUR EDU.-
CATION. RADIO EXPE-
RIENCE AND PRESENT
POSITION. Free Booklet Sent

CAPITOL RADIO

ENGINEERING INSTITUTE

Dept. RA-5 3224-16th St.. N.W., Washington, D. C.

[RADIO] * MAY,

fessional entertainment. Now in addi
tion to the Sunday cvemug program
which is serving to formulate the studio
technique and to train a telecast per
sonnel under the direction of Program
Director Will Baltin, the Du Mont or
ganization aims to study and formulate
a satisfactory advertising or sponsor
ship practice in coilaboration with those
seeking to be identified with the busi-
ness end of future television.

To broadcasters, Du Mont extends
an invitation to come to W2XWV and
survey at first hand the operations of
a telecasting station.

*

UNIVERSAL ERECTS ANNEX

Universal  Microphone Co., Ingle
wood, Cal., in April crected a two story
amnex adjacent to Building No. 2 that
will enlarge the floor space by onc
half. 1ixtension of the war production
department will be made for the first
story with lathes and other equipment,
while the second story will he devoted
to the administrative force, including
a newly installed cost accounting de-
partment.

TECHNICANA
(Continued from page 13]

the material along. At the same time,
they act as plates which set up a small
clectromagnetic field of radio-fre-
quency current. As this current passes
through the material, heat is gener-
ated by diclectric loss, or, in other
words, by the struggle of the current
to get through the closely packed mole
cules of matter which compose the ma
terial. The heat causes thermoplastics
to fuse, or weld, in a tight hond.

Somewhat similar in appearance and
operation to the conventional sewing
machine, the radio device derives its
current from a low-power radio-clec
tronic oscillator. A small clectric mo-
tor drives the roller wheels. Controls
arce m a foot pedal.

ELECTRON]

BURSTEIN-APPLEBEE CO.

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

1943
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VOKAR

CURRENTLY
PRODUCING

JK26 JK48 JACKS
FT243 CRYSTAL HOLDERS

*
*x X

Radio and Electrical
Assembiies

* *

*
WRITE FOR
INFORMATION
* K
*

ELECTRONIC PRODUCTS
MFG. CORP.

7300 Huron River Drive
DEXTER, MICHICAN

J

7
Redell

6327 Guilford Avenue
INDIANAPOLIS, IND.
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PLUGS @ JACKS

U.S. ARMY
SIGNAL CORPS
U.S. NAVY
APPROVED

NAF-1136-1
PL-68, PL-54
PL-55, JK-26
JK-48, PL-291
NAF.212938-1

Prompt Deliveries

UMNIYERSAL MICROPHOME CO., LTD

494 WARREN LAME
INGLEWOQOD, CALIFORNIA
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Although some older desi
obtainable, several alternate mox

ahle o ) under Government r:qulr:m'nt
TRIFLETT ELECTRICAL INSTRUMENT CO., BLUFFTON, DHID
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NEW PRODUCTS
[Continued from puge 50

end discs and tie rods hold the cases
together and provide further rigidity.
The single shaft passes through and
locks with cach rotor in the stack. The
finished assembly is to all mechanical
intents and purposes a single control
with a plurality of independent sections
for as many independent circuits. All
units of the control of course pass
through the same degree of rotation as
the single shaft is rotated. Individual
units can be of any standard resist-
ance, taper, taps and hop-offs to meet
individual circuit requirements.

“42” Series Controls are necessarily
made on special order only, since the
number of sections and the values vary
from one application to another. Units
with as many as 20 sections are be-
ing produced for critical applications.

*

*“POLECTRON" SYNTHETIC

Recent announcement of the devel-
opment of “Polectron” Synthetic by the
Americanized General Aniline & Film
Corp., as the basic substance in mica
replacement materials, has sharply
focused attention on the important
place strategic mica, now largely im-
ported from India, is playing in the
war.

The original patent and technical re-
search records from which “Polec-
tron” Synthetic was developed hecame
a military secret when the control of
General Aniline, formerly enemy-
owned, was invested in the Alien Prop-
erty Custodian. Facilities of the com-
pany were immediately directed toward
increased war production, and an ex-
panded program of research and de-
velopment was instituted by the new
hoard of managing directors under the
chairmanship of Rohert E. McConnell.
One of the first war projects under-
taken was the industrial production of
a synthetic replacement material for
high grade mica to reduce the drain
from our supply on hand.

(qveng v LAPIDARY EQUIPHENT

FOR QUARTZ CRYSTAL PRODUCT!ON

16-inch
LAP UNIT
14-inch
; i P

Send for
S Literature to

Covington Lapidary

Engineering_ Co.
Redlands, Cal

MAY,
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~ Gertrude Fontaine, mount operator

at Hytron's Salem plant, and soldier

s

~ in the Army of Production.

Miss Fontaine concentrates her nimble fingers and
keen young eyes (assisted by a microscope) upon

spot-welding and assembling minute parts of a 954,

On another floor, a Hytron engineer is giving lavishly, night and day, of his long training and
experience as he designs and develops a new War tube in record time. The driving force urging
them — and all of us at Hytron — on to superhuman effort, stems from a single thought, a single
purpose: to supply our courageous fighting men with tools to win. Hytron employees have but
one goal — a mounting flood of top-quality tubes to serve as the "hearts” of electronic and

radio equipment helping our boys to blast the way to speedy and permanent Victory.

Oldest Erclusive Manu{acfm o{ Radia Rece«lw'nq Tubed
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P4/ TYPE OF cuUT
AND FREQUENCY

We have facilities for producing crystals to all

temperature co-efficient and absolute frequency
specifications. QOur engineers have wide expe-
rience with all crystal types. In our Special
Crystal Division, we are ready to undertake
NOW the developmerit and production of any
special and exacting crystal types that may

assist you in the war effort. If it's "'Rush’’ phone!

%ze CRYSTAL SERVICE DIVISION
PLYMOUTH THREE THREE

-

JOHN MECK INDUSTRIESE="

~ PLYMOUTH.INDIANA

RGBT 0 e \

/



www.americanradiohistory.com

