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More than 100 types of
tubes for use in Commercial
Broadcasting, Point to Point
Communication, Ultra High
Frequency Transmission, Elec-
tro Medical Apparatus, High
Voltage Rectification and many
Industrial Applications,

"A TOTAL WAR! A war in which the fighting man DEPENDS upon radio for his information,
his orders and his very life.

"And that odd-shaped bottle is an ultra-high frequency, high-power, air-cooled transmit-
ting tube. Thousands of these, as well as other AMPEREX types, are in 'front line' service.

"Folks back home subordinate their civilian requirements to such military needs. It's an ‘all-
out' war calling for sacrifices from all of the people."

AMPEREX ELECTRONIC PRODUCTS

79 WASHINGTON STREET BROOKLYN, NEW YORK
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Not when

YOU'RE EQUIPPED
TO HANDLE THEM

In addition to the electrical character-
istics, many customers' application
problems are related to the physical
appearance and dimensions of their
transformer components. Fortunately,
the UTC sheet metal division supplies
practically all the housings, laminations,
brackets, and other devices which con-
trol the mechanical characteristics of
UTC units. Instead of restricting designs
to specific cases, the sheet metal divi-
sion can run off a special case to more
closely fit the final transformer dimen-
sions, or to effect the particular mount-
ing provisions required by the applica-
tion.

The sheet metal division has
drawing, forming, and other press
facilities to cover the entire
gamut of transformer housings
from tiny transformer channels,
to large oil tanks for broadcast
and industrial service. Since
these housings are produced at
UTC, fast service can be given.

Hustrated are a few [just a very few) typical cases as supplied for some special applications

IF YOU HAVE A SPECIAL PROBLEM, MAY WE HAVE AN OPPORTUNITY TO COOPERATE?

UINHITEEDETERANSIROIRIMIERECI0R

150 VARICK STREET NEW YORK, ‘
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PHOENIX DEFIES
MOISTURE GHOSTS . . .

Your hands are never dry.
Perspiration stains ordinary
tracing cloth, producing
opaque spots, or "'ghosts,”
that show on blueprints.
Water splashes make even
more disagreeable stains,
PHOENIX Tracing Cloth
withstands actual immersion
in water for more than 10 min-
utes ata time without sl effects!
Perspiration will not stain it!

PHOENIX LESSENS
SMUDGE GHOSTS . . .

The improved surface of
PHOENIX Tracing Cloth
permits you to use harder
pencils (5H and 6H) and to
get sharper lines with less
tendency to smudge.

Result: cleaner tracings
and blueprints!

TRACING CLOTH /s

GHOST-PROOF {

Here is a new kind of tracing cloth that won’t show perspiration

PHOENIX REDUCES

ERASURE GHOSTS . . . stains or water marks — that bolds /Iencil smudges and erasure scars at

Oxdinary tracing cloths be- @ minimum. Now you can have clean tracings, in pencil or ink, free
come scarred when erased. B e v 2
Erased spots produce ghosts from these untidy “ghosts” that reproduce on blueprints!
on the blueprints.

PHOENIX has a durable i . ¢ o
e e i For PHOENIX is ghost-proofed by a remarkable new process that
p g tTOEh o defies moisture, and gives you an unusually durable working surface.

You can use harder pencils with this improved cloth and get sharper
lines with less tendency to smudge. Even G6H pencil lines show
clearly, and reproduce sharply! Erasing does not mar the drawing
surface; erased areas take pencil smoothly—and ink without feather-
ing. The new white color and increased transparency provide excel-

lent drawing contrast and produce strong blueprints.
Try PHOENIX for yourself on your own drawing board. See your
K&E decaler or write for a generous working sample and

K E an illustrated brochure.
8 3

. EST. 1867

\ KEUFFEL & ESSER CO. :

NEW YORK + HOBOKEN, N. J.

REG. U.S. PAT. OFF. CHICAGD - ST.LOUIS - SAN FRANCISCO - LOS ANGELES - DETROIT - MONTREAL

TRACING CLOTH

for pencil and ink
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tubvlar instrument pointers

sty strateht

Light weight combines with extra rigidity

The tubular pointer, a Westinghouse development, ends instru-
ment inaccuracies caused by bent or warped pointers. Our instru-
ment designers achieve minimum weight with maximum strength
just as aircraft designers do it—with seamless aluminum tubes.

Overswing is reduced because lighter weight means lower
moment of inertia. Shock of accidental above-scale quantities is
tully absorbed by the stress-free tubing.

High visibility is an added advantage of these tubular pointers,
with either target or knife-edge.

Tubular pointer construction, along with ageless springs, non-
blunting pivots, white dials, and permanent magnets is typical of
the extra quality in all Westinghouse electrical instruments. It is
typical also of the reasons why Westinghouse instruments are in
special demand today when accurate measurements are vital in
conserving power, controlling production quality, and wielding the
weapons for defense. e

Help for you in selecting instruments is
contained in a new “'Instrument Selector”’
chart to be found in our book B-3013.
Address Westinghouse Electric & Manu-
facturing Company, East Pittsburgh,
Pa., Dept. 7-N.

www americanradiohistorv com
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INDUSTRY’S MOST COMPLETE

PX-5 portables provide d-c
measurements with 139, ac-
curacy for a wide range of
uses.

PX-4 is a versatile, double-range,
direct-current volimeter,
accuracy, in a dustproof case.

LINE OF QUALITY

&9
W B0

W

Type S instruments, 1% ac-
curacy, for large switchboard
applications, are 7 inches in
diameter.

INSTRUMENTS

UX-25 is a 1Y%, accuracy switch-
board instrument with large scale
that is easily read from a distance.

TA-Industrial Analyzer—contains in one case all the instruments
necessary to obtain complete alternating-current data in any industrial
plant. Requires no complicated setup wiring. Weighs only 3514 pounds.

U-35 is an attractively styled instru-
ment for projection mounting on
medium size panels. Accuracy is
within 2%,.

www americanradiohistorv com

S-37 is a beautifully designed in-
strument of 2% accuracy for
mounting on panels in various ap-
plications.
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Ageing and humidity cause no measurable change
in capacitance. There is no air film or possible
mechanical movement between the plates.

Small mass and open tubular construction insure
rapid and uniform changes with temperature. No
measurable change in the coefficient after cycling.

T = U W el S | T b R g | W E AP W =

Less than .08%. After 100 hrs. at 90% humidity
. . . less than 0.2%.

e e T T A e R

500 volts D.C. Tested at 1000 volts RMS 60 cycles.
Special small capacity high voltage units available
on special order.

Write for special Bulletin 597

Capacities Available in Each Size

CLASS Temp. Coeff. Maximum Minimum
A 0. 400 mmf. 220 mmf.
A -.00075 900 mmf. 525 mmf,
B 0. 220 mmf. 150 mmf.
B -.00075 525 mmf. 350 mmf,
C 0. 160 mmf. 50 mmf.
C -.00075 375 mmf. 120 mmf.
D 0. 50 mmf. 1 mmf.
D -.00075 120 mmf. 2 mmf.

ENTRALAB Ceramic fixed Capaci-

tors are furnished with zero tem-
perature coefficient where absolute sta-
bility is desired, and with any desired
negative temperature coefficient to a
maximum of —.00075 mmi{/mmf/C".

The temperature coefficient is deter-
mined by the ingredients of the ceramic
dielectric and is accurately controlled.
The dielectric constant of the material
increases with the amount of negative
coefficient which makes possible high-
est capacitance per unit size in the maxi-
mum negative coefficient. (See chart).

Centralab

Division of GLOBE-UNION INC., Milwaukee, Wisconsin
April 1942 — ELECTRONICS
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v\ 20,000 VOLTS
(NSt PN AT 30,000 FEET
— WITH THIS RELAY!

=
i

CAPABLE of handling an R. F. potential of 20,000 volts at 30,000 feet altitude—yet no larger
than your hand is the new Model 3926D Bendix Vacuum Relay which takes the place of
cumbersome heavy equipment for switching antenna circuits and other relay applications. |

Unparalleled reliability already has been demonstrated by the relay in thousands of installations and
the new model is even more efhcient.

The Bendix Relay consists of single pole double throw switch enclosed within a highly evacuated,
nonex glass envelope. This makes the unit entirely independent of climatic conditions, altitude, dirt or
oxidation. The arm, or armature, when actuated by an external electro-magnet, transfers the circuit from
receiver to transmitter. Because of the small mass of the armature and the small space between contacts
the transfer allows instantaneous break-in. This speed of action enables keying at 40 words a minute.
The spacing between the open contacts is approximately .015", yet because of the high vacuum this
space is ample to stop transfer of energy between the open contacts.

Weight of the 24-volt unit, including case, is 24-ounces. The relay measures 2 5/8" x 55/8" x 67/16"
overall. Coils can be supplied for any common voltage. Bendix invites inquiries regarding requirements
for circuit applications or special installation problems.

SUBSIDIARY OF BENDIX AVIATION CORPORATION i

ol
]

T T IR TR AT L T e e e H-Fﬁ*q—munwe.&

INTERPHONE SYSTEMS - TRANSMITTERS « COMMUNICATION UNITS « RANGE FILTERS « CONTROL PANELS « JACK BOXES + ANTENNA SWITCHES « MICROPHONES

VACUUM SWITCHES - FABRICATION OF ELECTRICAL CABLES  INTERFERENCE FILTERS - (INSTALLATION ENGINEERING - HYDRAULIC AIRCRAFT UNITS
] e www americanradiohistorv. com .
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in CERAMICON

Trimmer Design

2 1/4 times enlargement

Increase Dependability

All Ceramicon Trimmers now have a semi-flexible
electrical connection that is independent of the mechan-
ical keying between the rotor and adjusting screw. This
consists of a .005" x .035" hottinned brass strip
placed along the bottom of the screw driver slot. One
end is soldered to the silvered portion of the rotor and
the other to the end of the slot.

Facilitate Installation

The improved Ceramicon Terminals, illustrated at the
left, have been re-designed to provide attachment of
wires either through the slot, or by wrapping around the
narrow portion near the bottom. Overall terminal length
has been increased for easier sub-panel wiring, and a
heavier metal (.025" thick) employed for greater rigidity.

.050*.00S

062 * 005 —‘L -J -1
109t .005 ——»d

RESISTOR CORP., ERIE,

RIE

eg A

ST 1
@ el
. |

(a2

Rt

—

—

8

N -

F ( IQ lﬂ:::‘“" ;
| i
¢

SUPPRESSORS SILVER MICAS

HE recent design changes, described

above, add to the dependability of Erie
Ceramicon Trimmers. Other features such
as stability with respect to temperature
change, completely covered track, and little
capacity change when mounted on a metal
chassis, provide a high degree of operating
efficiency in military and naval communi-
cations equipment.

Erie Ceramicon Trimmers are made in
single and double units in the following
temperature coefficients, Zero, —.0003 /°C
and —.0005/°C. Write for data sheets that
tully describe these small, silver-ceramic,
trimmer condensers.

PA. LONDON, ENGLAND - TORONTO, CANADA,

PLASTICS

© CERAMIGONS

ELECTRONICS

April 1942
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DEPENDABLE TWO-WAY
RADIO COMMUNICATION EQUIPMENT

*x

Moderate Quantities

Available for

Immediate Delivery

*

communication equipment, now in use by the United States Army, Navy

JEFFERSON-TRAVIS is nationally recognized as a manufacturer of Quality radio

and other Departments of the United States and foreign governments.

In spite of the considerable increase in our manufacturing activity due to
war contracts, we are making every effort to continue our policy of maintain-
ing an adequate quantity of Jefferson-Travis standard equipment available
for immediate delivery.

If you require dependable two-way radio communication equipment, we
invite you to communicate with us, and your inquiry will receive prompt at-

tention.

AIRCRAFT

Two-way radios ideal for light plane use.
The compact receiver utilizes the selec-
tive TRF circuit which is very efficient
in the frequency range of 200-400 kc.
The transmitter has a power output of 5
watts with crystal control on any fre-
quency in the range of 2.8 to 6.5 mc.
Both the receiver and transmitter, which
are available as single units or as a com-
bination unit, operate from either a
vibrapack or dynamotor power supply.

MARINE

Squadron Model 101A is a 10 watt ma-
rine radiotelephone which is crystal con-
trolled on 4 channels in the frequency
range of 2100-2800 kc. Designed for
efficient economical operation on 6 or 12
volt electric systems, Squadron Model
radiotelephones have power and range
suitable for harbor and offshore craft.

MOBILE

Model M-10 mobile radiotelephone equip-
ment has been designed and developed
to meet performance standards required
by military agencies. Especially useful in
ambulances, lorries and crash trucks, the
M-10 has a 10 watt power output and
permits crystal controlled operation on 1
to 4 channels in the frequency range of
2000-6000 kc.

*x Otler JEFFERSON-TRAVIS [roducts *

FONDA TAPE RECORDER

The Fonda Model AV cellophane tape recorder is a
new sound recording instrument that records up to 8
hours continuously without supervision. An ideal ref-
erence recorder for airport control towers, Army and
Navy Reference transcriptions, Government Diplo-
matic and Intelligence activities, and similar uses.

MARINE RADIO DIRECTION FINDER

This new model Direction Finder-Receiver features
the Electric Eye for taking visual bearings and the
Sense Indicator which shows the direction of the
beacon station. Loud speaker reception on three
bands, 550-1600 kc; 200-400 kc; 2000-3110 kc.
This lightweight, compact direction finder permits
close checking without intricate adjustments.

Ilustrated descriptive literature
and prices available upon request.

JEFFERSON-TRAVIS RADIO MFG. CORP.

380 SECOND AVENUE . . . NEW YORK, N. Y.
/”anajactate‘u 05 ﬁi‘zc‘mﬁt, Marine and Mobile Radio Communication ggaipment

ELECTRONICS — April 1942 9
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THEN sxo NOW
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Typical Special Purpose Variable Condenser.

T IME was when you could recognize a Hainmar-
lund condenser by its physical make-up. Now,
with hundreds of special designs of all shapes
and sizes, you can still identify a Hammarlund

condenser by its precision workmanship.

THE HAMMARLbND MANUFACTURING CO.. INC.
424-438 West 33rd Street, New York, N. Y.

e ___unnw americanradiohistorv com
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It measures up or it’s

SPRING NEWS

100% LOAD TESTING

TEST

e toap {P)

tenGH (U
The gradient of m
susceptible to pr
muaking possible a simple conver-
sion In the testing method. For
example, if the specified load tol-
erance is A P then the corres-
ponding length variation is A L.
This means that we can apply a
fixed load P, measuring ¢nly the
variarion in L. P.S. Hunter uses
only 75, of the ailowed tolerance
range in 1009, testing.

L Dy (S

I-" P

]
’

l,‘;

... Fortunatelv for vou, our testers have
no pity. Certain springs, such as these we
make for an electrical equipment manufac-
turer, require 100% load testing—cach in-
dividual spring cheched against specifica-
tions. There’s a hiteh to ic. Accurate testing
must run in the same race with mass pro-
duction,

all orders. To make 1007 testing practical

speed today is the essence of

mustered out

Hunter had to develop its own line of test-
ers. Principal features are an amazingly
true-sliding bearing to prevent wobble, and
ultra high frequeney vibration to eliminate
frictional drag effeets on gauge readings.
The Hunter spring tester is heartlessly im-
partial, accurate, fast . . . shows yvou once
again that there is much more to spring

making than winding a “hunk of wire.”
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CIRCUIT BREAKER HOUSING ‘40

molded from a general-purpose BAkgELITE Phenolic

Plastic, represented sound designing and engincering.
For ordinary industrial service, it fully met the need for
high dielectrie strength, moldability, and resistance to

moisture, corrosion, and wear. But—

S
" Di fferent Properties
. R(,qutred

AY /ﬂ

1940 Required: A plastic that could

be easily preformed; one high in dielec-

tric strength; one that could be em-

ploved in intricate molds, and providing

a highly lustrous and attractive finish.
\

\

(e 4
v

ov

o

>
A~

e
,-l 103
i 1942 Required: A plastic housing
2 that, under test, would withstand the
4, d shock from the blow of a one-ton weight
—.—q
o=
¥
77

| For help in determining the

RIGHT Plastic Material

crashing into the wall behind it! Pre-
formability, surface finish, and other
propertics subordinated to maximum
toughness and shoeck resistance.

% : RIGHT Mold Design
R|GHT Fabricating Technique

enlist the aid of

Bakelite Plastics Headquarters

i i
! LR A Fal B/

BAKELITE PLASTICS HEADQUARTERS

can help you to

I i b—_* f' speed up production while conserving
el T el o L :
' < valuable, strategic materials
. -1
: |
v

BAKELITE

TRADE-MARKS

i . ; i ol

www americanradiohistorv com
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et

IN PLASTICS

CIRCUIT BREAKER HOUSING ‘42

had to be molded from a different plastic, @ high-im pact
BAkkLITE Phenolic material, because today’s service
conditions, for example, aboard a warship, are greatly
different from those encountered in 1940. Toughness
and shock resistance are now the vital factors in plastics

selection.

ril Different Material
Speciﬁed

1940 Typteal material wsed was a
general-purpose, cellulose-filled
Bakevite Phenolie plastie. Bulk Factor,
i.e., the ratio of the volume of molding
material to the voliime of the finished
piece, is 2.5 to 1, and molds were built
accordingly.

g

25 8
e
“"‘,, + B, i%.
“’a}é’f‘.’}‘l‘}‘”

1942 The highest ranking shock-
resistant plastic is demanded. Bulk
Factor is 8 to 1 50 that molds bhuilt pre-

viously are too shallow to accommodate
the impacttype material, even though
the design of the finished piece has not
heen altered. New molds are necessary.

1 LITERATURE on“Do’s and Don’t’s”

Of Plastics — Helpful, technical booklets
containing data on the various types and forms
of BakeLire Plastics, and the most economical
and effective methods of fabrication. This lit-
erature will assist you in selecting the proper
plastic for a given job, will save your time, and
help you to avoid errors.

2

1940 Molding pressure averaged
2.000 pounds per square inch. This com-
paratively low pressure minimized the
danger of shearing-off pins. Material
could be preformed thus simplifying
the problem of filling-out “hard-to-get-
at” corners. Flow ranged from “soft™ to
“very soft” permitting s fast molding
eycle.

1\
i~
» W o
SN\ 0%
/) 1
[ 1]
o] [Ex

1942 Molding pressures range from
8.000 to 14,000 pounds per square inch.
Molds have to be built sufficiently strong
to withstand these considerably higher
pressures. The material is not preform.
able. Because flow 1s “extra hard,” al-
lowances must be made in designing
the mold to provide proper fillets and
1apers.

GEARING our Laboratories to Yours
Bakelite Laboratories offer a two-fold service.
They are ready to help you utilize present
plastics in current strategic production. And,
they will also develop new formulas to help
solve the problems created by highly spectai-
ized applications,

Plastics H eadquarters

The word " Bakelite" and the Symbol are registered trade-marks identifying products of Bakelite Corporation

www. ameticanradiohistorv.com

You will be interested in this story of two Circuit Breaker
Housings molded from different ‘“Bakelite’’ Plastics

Because no two plastics problems may
be exactly alike, it is recommended that
designers and engineers draw upon the
knowledge and data accumulated by
Bakclite Plastics Headquarters in more
than 32 years’ experience with plastics
development and application. Here you
will learn the essential differences be-
tween thermosetting and thermoplastic
materials, and the fabricating methods
required to convert these plastics into
finshed parts. Here you will learn the
“Do’s and Don’ts” of materials selec-
tion, mold design, and other vital fac-
tors that are so essential to satisfactory

plastics pecformance.

-

3 FIELD WORK on “Frontline” Jobs

Located at important industrial centers
throughout the Nation, Bakelite Field Engi-
neers are readily available to give prompt
service to manufacturers engaged in Defense
Proauction. These engineers are fully quali-
fied. and (requently may be able to solve
production problems right un the spot.

BAKELITE CORPORATION

Unit of Union Carbide and Carbon Corporation

20 EAST 42nd STREET, NEW YORK

(T
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RESISTANCE.
2 fen Fomres,

Accelerated war time research on materials
and processes has made it possible for Formica
to produce a new grade of laminated material,
emphasizing the important quality of arc resis-
tance, which greatly exceeds any material of
the type ever produced before.

Previous grades, used for electrical purposes,
subjected to the American Society for Testing
Materials. Test for Arc Resistance D-495-41 stood
up without breakdown for from 13 to 18 seconds

_

Arc Resistant Formica

Arc resisting grades are available in

all the usual types of Formica—paper
base, muslin base, Fiberglas grades.
Each of these grades is available in sheets,
tubes and rods and can be machined
in the usval way to produce insulating
parts of antennas, and other high vol-
tage radio apparotus. In  all other
qualtites this arc resistant grade offers

in the various grades.

Similar tests on the Arc Resistant Fiberglas grade
will take it from 130 to 190 seconds—or approxi-
mately ten times as long.

Let us send you engineering data and prices

on arc resisting grades.

THE FORMICA INSULATION CO.
4661 SPRING GROVE AVE., CINCINNATI, OHIO

ORMICA

* k Kk Kk Kk Kk Kk K Kk Kk Kk Kk Kk *k Kk Kk &k

valves approximately equal to the
standard grades of Formica. The arc
resistance is accomplished practically
without sacrifice of any other useful

quality.

. . e
= T Yy Formica for DEFENSE g[M T
WA N F e
¥ ?/ ;@'ﬁgj . Ignition parts of American tanks, planes and motor vehitles are =
. e e e made ot the Formica factories. So are control pulleys for air- . —_—
%jllﬁr%{i:rzj:ﬁ) planes, insulation for signalling and c¢ommunications opparatus, \
- T e T machined ports for devices of all kinds. Four fifths of Formica’s
production is now devoted to war work.
14 April 1942 — ELECTRONICS
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“THERE IS A BRIGHT SIDE”’

An Open Letter to Users of Electrical Measuring Instruments

Much more than instruments is needed to fill the vast requirements
of America’s gigantic production program. Experience gained by many
years of actual instrument manufacturing is vital. Triplett’s broad experi-
ence in filling peace-time needs is answering the call to arms—is doing

its part in re-establishing in the world the Democratic ideals of freedom.

Private business must undergo restrictions for the sake of National

security. As good Americans we will bear these willingly.

And there is a bright side. Rapid expansion, new fields and im-
proved processes mark today’s instrument program. New developments
unbelievably revolutionary in their scope are growing out of the vast
proving ground of war-time production. When war ends, these advan-
tages will be passed on to all of you. From the experience of today will

come many new and greatly improved instruments to better serve the

peaceful world of tomorrow. M‘ Z : Z : E
77 =

Sales Manager
The Triplett Electrical Instrument Co. n——

We Can Also Help in Another Way
Buy Defense Stamps and Bonds. Buying them

UNITED

STATES regularly is the best way you can help General
SAVINGS . .
#R Mac Arthur and our fighting men. We must all pull
together now, and your dollars can best serve in

stamps and bonds.

THE TRIPLETT ELECTRICAL INSTRUMENT CO.

BLUFFTON o OHIO
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The pace of development in the
electronic industries — always fast
—was stepped up to lightning speed
when war was declared.

Important developments began
breaking thick and fast — and
engimeers had to have FACTS.
Today, meore than ever, it’s a mat-
ter of the survival of the informed.
Almost every new electrical devel-
opment brings a new insulation
problem.

American Lava Corporation gives
you needed information and help in
selecting the proper AlSiMag stea-
tite ceramic insulation in three
ways:

ALSIMAG PROPERTY CHART

1. A chart of Physical Properties of
the more frequently used AlSiMag
compositions, sent free on request.
We know of no other data available
with comparable detail or accuracy.

ALSIMAG SPECIAL COMPOSITIONS

2. In its research department there
are records of the physical charac-
teristics of a great number of special
AlSiMag steatite ceramic composi-
tions which have been evolved for
specific applications.

ALSIMAG RESEARCH DIVISION

3. An

search Laboratories that are unri-

Engineering Staff and Re-

valled in the industry stand ready
to advise or assist in any problem
involving technical ceramics.

When you have a problem, old or new, involving
technical ceramics you can probably find the answer here,

Trade Mark Reg, U, 8. Pat. OF,

AMERICAN LAVA CORPORATION - CHATTANOOGA * TENNESSEE

CHICAGO « CLEVELAND « NEW YORK » ST. LOUIS » LOS ANGELES « SAN FRANCISCO » BOSTON + PRILADELPHIA « WASHINGTON, D C

ELECTRONICS — April 1942
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Radio Inustrument Lm/diug System
Dez'elo/led Y Coo/;eralion with the Civil Aeronautics
Administration by L'T. & T. Associate Compauy

Through the fog the airliner of tomorrow will be able to
glide roward an unseen landing field as accurately as if its
wheels were taxiing down a gently sloping road.

*
In the log books of commercial aviation a new chapter starts
with the words: Radio Instrument Landing System de: eloped
y L. T. & T.'s associate, International Telephone & Radro
Mannfacturing Corporation, in cooperation with the Civil
Aeronantics Administration.

Uulizing ultra high frequency equipment, which incorporates
I.T. & T.'s broad experience in the field, this new system
places before the pilot—on one dia/—all information needed
to keep his ship on a correct landing course.

Having demonstrated its value in actual use the system will
be installed in many of the Nation’s principal airports
during the coming year.

INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION

67 Broad Street, New York, N. Y,

—
e —
- S AR

T A .
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RESISTANCE PLUS

From the tropics to the arctics -
on land, sea and in the air,
HARDWICK, HINDLE resistors
and rheostats are serving with
distinction.

Our greatly expanded facili-
ties are operating night and

/

.

greeer et o 4,

HARDWICK, HINDLE, Inc.
Newark, N. J., U. S. A.
RHEOSTATS:AND.RESISTORS

<

April 1942 — ELECTRONICS
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more planes for victory

HIS 1s an air war. The 60,000

planes Uncle Sam must have in
1942 are a real challenge to Amer-
ican production genius. To the men
in acronautics. .. to the men in radio
communicaition.

To mcet that challenge, Cornell-
Dubilier has been preparing for
more than thirty two years. Its capa-
citors for radio communication, like
all C-Ds have extra dependability -
morce than enough to outlast any
enemy. And as the world's largest

—more hours of capacitor use per dollar for industry

producer of capacitors exclusively, ﬂ
Cornell-Dubilier has the production
facilities to outweigh him,

While you may not now be able to
¢njoy the finer performance of C-Ds,
Cornell-Dubilier’s contribution to
America’s war c¢ffort does assure
morc hours of capacitor use per dol-
lar for industry in time to come.

Cornell-Dubilier Electric Corpora-
tion, South Plainficld, New Jersey;
New England Division, New Bed-
ford, Mass.

MICA CAPACITORS
Copied, imitated .. .but never duplicated.
Type 75A Mica Capacitors are designed
and widely used for heavy-duty commer-
cial service such as high frequency C. W
furnaces or bombarders. These units em

wall aluminum castings. Available in

C;I’ﬂé// -ﬂuﬁz’/z’er 6;1046‘”073‘ f;;’:;l;“;nS“:i:‘:ic;:;;‘in'ﬁﬁzv;‘ﬂ;;i;

MORE I N USE
ELECTRONICS — April 1942

capacities from .001 mfd. to 05 mfd. at
voltages from 7,500 to 25,000 volts.

TODAY THAN ANY OTHER MAKE

21
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RELAVS

TIMING DEVICES

STANDARDS —ADAPTATIONS —
SPECIALS . . .

in an extremely wide variety of

types—built to high quality stand-

ards —individually tested for the

specific job they are expected to do.

STRUTHERS DUNN, Inc.

mmmmm 1326 Cherry St., Phila., Pa.
29 April 1942 — ELECTRONICS
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THIS GIANT BA - :
SE INSULATO
ONE CORNER R SUPPORTS
OF THE NEW
WABC
e TOWE.R

THE SERVICE RECORD

OF 21,000 COMPRESSION
CONES IS YOUR
MARGIN OF SAFETY

IN SPECIFYING “"LAPP”
FOR ANTENNA

STRUCTURE INSULATORS

e compression cone of electrical

a structure insula-

SINCE Lapp engineers conceived th
porcclain as the most suitable design for radio antenn
n 21,000 of these cones have gone into service. They range

tors, MoOre tha
above and

arge units shown
itter. And, in the history of

we have never heard of a

ailure of a Lapp porcclnin part. This record, we sub-

for confidence on yout part as you specify “Lapp”
nc., LeRoy, New York.

nes for pipe masts to the 1
d in the new W ABC transm
than 20 years,

from tiny 3" €©
recently installe
these insulators, covering more
tower failure duetof
mit, is adequate reason

for tower footing insulators. Lapp Insulator Co.,1

[
i

-

o
E i
e

| L5

SE
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Gethng Z;/y/ abour
@ abtreare Swbpect’

ADIO, too, has been drafted for the
duration. That means radio tubes
must be robust enough to serve wherever
the needs of our armed forces require—
on land, sea, and in the air.

No tube is quite as well equipped for such
arduous duty as the Sylvania Lock-In.

Its very name bespeaks one outstanding
advantage—the “lock-in” lug. This
unique feature joins tube to socket so

modern warfare dislodges it.

Moreover, in sheer ruggedness of con-
struction, the Lock-In Tube is without a
peer. Support rods are stronger, thicker.
Joints are fewer — they are welded, not
soldered. Header is all glass, insuring
low loss and better spacing of lead wires.
And all elements are assembled in a new,
improved mount support.

Here, indeed, is a tube ready for any

securely, not even the load that total war may
thundering violence of SYLVANIA place on it!
RADIO TUBE DIVISION
HYGRADE SYLVANIA CORPORATION
g New York City EMPORIUM, PA. Salem, Mass.
Also makers of HYGRADE Incandescent Lamps, Fluorescent Lamps and Fixtures
24 April 1942 — ELECTRONICS
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PROVED BY YEARS OF AIRCRAFT SERVICE
OHMITE Srcostats, Resistors, Taopp Fsitohres

%\
\\

S—
S

Q\GHT w/)
& x #

OHMITE

Rheostats-Resistors
Tap Switches

07
C‘é}he service-record of Ohmite prod-

ucts in all types of aircraft has proved
their dependability for today’s critical
requirements. The special features of
Ohmite Rheostats insure permanently
smooth, trouble-free, close control.
The unique, compact design of Ohmite
Power Tap Switches has made it pos-
sible to provide small size multi-point
rotary sclectors capable of carrying
high currents. Ohmite wire-wound
Resistors are known for their
ability to stay accurate, dissipate heat

Ohmite Rheostars were
tl'm first to be used in
aircraft—and have peeg
first ever since, Today
more Ohmjee Rheostats'
are used jn Military an4
COmmerciy| airplanes

than any other make,

rapidly, prevent burnouts and failures.

The wide range of types and sizes
makes it casier to provide the right
units for each need. Units produced to
Government specifications or engi-
ncered for you.

Send for Catalog and
Manual No. 40
Complete, helpful 96-page car-
alog and engineering guide.
Write on company letier-
head for your copy today.

OHMITE MANUFACTURING COMPANY, 816 Flournoy Street, Chicago, U.S. A.

ELECTRONICS — April 1942
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Are you having Difficulty

He may be able to show you how you cun get along

without taps on many metal and plastic assembly jobs.

With the properly engineered use of PARKER-
KALON Quality-Controlled Self-tapping Screws you
can eliminate many tapping operations - you can
save the cost of taps and the expense of maintaining

tapping equipment.

You’ll speed up the production rate of your assem-
I I 1Y y

bly line, too. You’ll save the time of salvaging rejected
: = parts due to crossed and mistapped threads . . . elimi-
| nate the need for lock washers . . . do away with the

fumbling that goes with bolts and nuts . . . cut out riv-

4 . .
_W% eting in hard-to-get-at places . . . and you’ll eliminate
the need for tapping plates on thin sheets, and for
SELF-TAPPING SCREWS

inserts in plastics.

These savings are made possible with P-K Self-tap-
ping Screws! Get together with a P-K Assembly Engi-
neer without delay, und learn how to put these benefits
: to work in your plant. P-K Self-tapping Serews require

{ L0 A ] no special tools or special skill to handle - no costly

G e t-he,ﬁreﬂll l.lght e te D-Efen-se‘A&SemblieS ! changeover. For the help of an engineer, write

) Yalr, o e 2 OIS IR A e Parker-Kalon Corp., 192-194 Varick Street, New York.

=
=
3
=
=

N

et

SELF-TAPPING SCREWS FOR EVERY METAL AND PLASTIC ASSEMBLY ... AND OTHER FASTENING DEVICE

7.

26 April 1942 — ELECTRONICS
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Three types
of service
insurance . . .

FLEXIBLE VARNISHED OIL TUBING—SATURATED SLEEVING—meeting the all-
purpose requirements of a sleeve insulation to stand guard against breakdown,
moisture-absorption—all commonly encountered acid and oil influences.

VARNISHED GLASS TUBING—for those applications where extremely high
heat resistance becomes the above-all consideration,

EXTRUDED TUBING—where extreme sub-zero temperature resistance to any
of the effects of embrittlement becomes a prerequisite.

For proof ask for samples of each; also
for new specimen board and list of
standard sizes. There is no obligation.

WILLIAM BRAND & C€O.

276 FOURTH AVENUE, NEW YORK, N.Y. ¢ 325 W. HURON STREET, CHICAGO, ILL.

ELECTRONICS — April 1942
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Latest Dat
Electrical |

Electrical contacts control the %urgm power of
billions of horsepower . . . on land, in the sea, and
in the air. Mallory has been the nation’s head-
quarters for contacts and contact assemblies for
more than 20 years...while Mallory engincers
have developed improved contact materials, new
contact designs and high-speed production tech-
niques for turning out better electrical contacts
faster, at low cost.

The new Mallory Contact Catalog offers vou more
than 50 pages of useful data...a factual digest
of many man-years of electrical and metallurgical
research. Here are a few features of this informa-
tive, illustrated book:

1. How To Select Contacts—electrical, mechani-
cal and economic factors.

2. lHHow To Design Contacts—both standard and
“special types.

3. Mallory Contact Materials—chemical and
phyvsical properties and typical applications of
tungsten, molybdenum, fine and coined silver:
alloys of silver, platinum, palladium and gold
(Elkonium Series); powdered metal alloys, cop-
per, silver and other metals (Elkonite Series);
Mallosil facings; Mallory Inlay and COverlay
Metal; and Mallory 8 CC Metal.

4. Availability Table for Contact Materials.
5. Mallory Individually Fused Tvpe Contacts—

a new development.

6. Mallory Complete Contact Assemblies—to
speed your production.

7. Mallory Alloys for Current-Carrying Springs.
8. How Mallory Develops and Produces Contacts.

9. Contact Application Index—to make it easy
for you to refer to products you manufacture
or consider manufacturing.

Write us today on your company’s stationery for yvour
copy of this new complete Mallory Contact” Calalog

® P. R. MALLORY & CO., Inc., INDIANAPOLIS, INDIANA -+ Cable Address—PELMALLO @

__'_.El.scmlcm. CONTACTS AND CONTACT _ASSEMBLIES
NON FERROUS ALLOYS, POWDERED METAL ALLOYS

April 1942 — ELECTRONICS

www americanradiohistorv com

oo ——


www.americanradiohistory.com

ELECTRONICS ....KEITH HENNEY Editor....APRIL,

1942

+ U-H-F . .. In this issue, we depart
from our usual attempt to balance the
editorial contents so that all diverse in-
terests are covered by individual arti-
cles. The greater part of the feature
pages of this issue are devoted to a
summary of existing knowledge about
the u-h-f region and the techniques as-
sociated with it. All over the country
courses are being given in colleges and
elsewhere to rapidly acquaint engineers
with u-h-f fundamentals and to give
“refresher” courses to men who al-
ready have a smattering of this new
communication science. This summary
is but one step in the program ELEC-
TRONICS has laid down as its contri-
bution to this educational effort. Re-
prints will be available at moderate
cost to anyone who may want them.

Another large story will appear in
our May issue, this one devoted to a
most interesting communication set-up
having features of interest to all radio
engineers. June will be the Reference
and Directory issue and the feature
editorial pages of this big issue will be
devoted, largely, to that field of in-
creasing usefulness of the electron tube
~—industry. After that, the editors hope
to settle down a bit and relax.

+ WAR . .. “On the production lines
of the radio industry depends, to a large
extent, the success of the communica-
tion links that knit the land, the sea
and air forces into one unified fighting
organization,” so says a release from
the War Production Board.

No one need tell us the vital part
communications will play in the vast
war of the type soon to be fought; and
no one need tell us that nothing must
stand in the way of speedy and efficient
transformation of the presently allo-

CROSS

TALK

cated two biliions dollars into com-
munication equipment.

Reading the papers and listening to
the radio, as we all do, day by day, we
get only piecemeal pictures of the vast
war; and our own share of it seems to
be rather disappointing. Losses at sea,
strikes at home-—nothing much seems
to be happening on the bright side. But,
now and then the clouds blow away and
we see a bit further and the vision that
comes with the seeing is grand.

For all is not going wrong.

There is building in this country to-
day the most God-awful lot of military
destruction the world has ever seen;
and if we could get a word to certain
people in Tokyo and Berlin we would
advice hurried trips elsewhere when
this load of dynamite begins to fall.
The war, to date, will resemble the war
a year from today only as the merest
creek resembles the Mississippi. The
machine still creaks a bit, but it is mov-
ing fast; there are still those who gripe
and stall and delay and talk when ac-
tion is needed, but all these together
cannot hold off the vast production of
tanks and planes and munitions—and
the communications that go with them
—nor long delay the ultimate destruec-
tion to be produced by this equipment.

By the end of the year, production of
military communication equipment will
exceed a rate of $125,000,000 per
month. Some two billion dollars have
been allotted for this equipment; one-
half is for detector equipment; one-fifth
for aircraft and navigation equipment;
one-fifth for walkie-talkies, tank sets,
etc.; and the remainder is for telephone,
telegraph and miscellaneous equip-
ment. About 120 radio models are be-
ing made ranging in cost from $75 to
$85,000 per unit.

Of the country’s 55 set makers, 21
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got some military business in 1941 but
the volume amounted to only $10,000,-
000. This year 40 firms are sharing
$500,000,000 worth of military business.

Stoppage of set construction except
for military purposes will release 70,-
000 tons of steel, 10,000 tons of copper,
2,100 tons of aluminum, and 280 tons
of nickel from civilian to military needs.

Communication is a vital part of the
vast program unfolding; and lack of
communication in a war of the type
soon to be fought will be fatal.

+ HELP | . . A problem presents itself
to communications people. a solution to
which would be very welcome. This is
the problem of warning air raid war-
dens, auxiliary firemen and policemen
and first aid people when an actual raid
is in prospect. Some localities feel it
unwise to blow the fire or air raid siven
when preliminary warnings come
through on the basis that there is no
need to disturb the people unless there
is really going to be a raid. On the
other hand it is highly desirable to
have the auxiliary services in a state
of readiness, or actually at their posts,
in advance of the all-out warning,

Now everyone likely to be a mem-
ber of these auxiliary services has
power wires coming into his home,
whether it is a full-fledged house or an
apartment. If a simple—and cheap—
device could be attached to these power
wires so that a bell could be made to
ring in the homes of those who should
get the preliminary and precautionary
warnings, these people could collect
their duds, their shillalahs and other
equipment and be ready in case the
final alarm goes off. This would re-
serve the air raid or fire siren for the
real thing.
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Broadcasters

HE aim of the Broadcast Engi-

neering Conference of 1942 was
to help solve the problems facing
broadcasters in war time. Judging
by comments of those present at the
Conference, this aim was achieved.
The success of the Conference may
be credited to W. L. Everitt, of The
Ohio State University who was
aided by Lynne C. Smeby, Director
of Engineering of the National Asso-
ciation of Broadcasters. This year
the Institute of Radio Engineers par-
ticipated as co-sponsor; the Confer-
ence also served as the Engineering
Convention of NAB.

After Dr. H. L. Bevis, President
of the University, formally opened
the Conference on Monday, February
23, E. K. Jett, Chief Engineer of
the FCC and Chairman of the Co-
ordinating Committee of the De-
fense Communications Board, out-
lined the accomplishments of the
DCB and indicated where its activ-
ities would impinge upon those of
the broadeasting industry. Among

Jransmitfer

the points mentioned were the sur-
vey of available facilities, establish-
ment of priorities for traffic, alter-
nate services, establishment of key
stations and liaison among all sta-
tions concerned, with radio or wire
links to advise stations during emer-
gencies. Some orders have already
been issued by the FCC covering
the situation and Mr. Jett discussed
some of the provisions of these
orders. Steps to improve emergency
facilities of cities and other civil di-
visions are being taken, and efforts
are being made to improve the situ-
ation with regard to repair parts
and critical materials. In addition,
the establishment of the large num-
ber of monitoring stations already
has had a salutory effect in clearing
from the air illegal or “fifth-column”
stations, as well as yvielding a record
of a great amount of propaganda
from foreign governments, which is
analyzed by the proper authorities.

Orrin W. Towner, Chief Engi-
neer of WHAS, discussed the emer-
Airplane

MM

ABOVE
Terrain between transmitter (158 Mc) and
receiver at WSM tests to determine value
of uhf as link circuit between studio and
transmitter

RIGHT
Airplane between transmitter and receiver
causes changes in 158 Mc signal at re-
ceiver indicating reflections from plane in
transmission path

30

Discuss Wartime

at Fifth Broadcast Engineering Conference

gency operation of broadcast sta-
tions on the basis of experience ac-
quired during the flood of 1937. After
setting the scene by showing pie-
tures of the conditions prevailing
during this emergency, when more
than one hundred thousand urgent
messages were handled by the sta-
tion over microphones kept open con-
tinuously for 187 hours, Mr. Towner
described the precautions taken at
his station for operation in case such
a catastrophe occurs again. To aid
other stations, he summarized the
points covered, including a check of
the minimum power for a signal suffi-
cient to cover the emergency service
area, the minimum number of tubes
to give this signal strength (in case
of tube failures), the voltage limits
which the transmitter will tolerate,
and the minimum water supply for
this temporary operation. The tem-
perature limits of cooling air or
water and the ambient temperature
which must be considered, and dis-
persal of spare parts so that destruc-
tion of a single room or building will
not wipe out the entire stock and
the necessity of alert guards were
stressed.

Tuesday’s sessions began with a
paper by Karl Troeglen, WIBW, on
engine-driven emergency  power
plants. Two main types are available,

www americanradiohistorv com
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Problems

diesel-engine driven and gasoline-
engine driven, each with certain ad-
vantages and disadvantages. The
emergency plant at WIBW was then
described and suitable specifications
for similar equipment were sug-
gested. Important auxiliary items in-
cluded a voltage regulator, quick-
acting transfer switch, mounting to
reduce transfer of vibration, and
starting battery and motor. Mainte-
nance and testing were emphasized
to insure smooth operation and reli-
ability.

Mobile FM in the Field

A paper on mobile frequency mod-
ulation by Daniel E. Noble, Research
Engineer of the Galvin Manufactur-
ing Company, included a brief review
of some of the fundamentals of fre-
quency modulation and then dealt
with the actual operation of f-m
equipment in the field. Communica-
tion service, (especially emergency
type) requires intelligibility rather
than fidelity of tone, and a restricted
audio-frequency range has proved
adequate for these services. Phase
modulation was used here rather than
true frequency modulation, to util-
ize the inherent high-frequency pre-
emphasis thus provided. The portable
transmitting unit used receiving
type tubes except for the final stage,
and included a crystal controlled os-
cillator, mixer, two frequency-quad-
rupling stages, a doubler stage and
the output stage. This unit is de-
signed for a maximum frequency
deviation of 15 ke at 500 cps (the
lowest transmitted audio frequency)
with a phase shift of one radian at
the modulator. Multiplication of 32
times is used to attain the 15-ke de-
viation. By adding a second power
tube and socket in a hole already pro-
vided, the output may be increased
from about 30 watts to about 50
watts. Power supply units include
interchangeable Genemotor, vibrator
packs, and a-c supply. A single mi-

ELECTRONICS — April 1942

Dr. W. L. Everitt, Ohio State University, and E. K. Jett, Chief Engineer FCC as they
open the conference, the fifth held at Columbus for benefit of broadcast engineers

croammeter may be used rapidly to
align the transmitter or localize trou-
ble because jacks are provided in
the grid circuit of each stage, with
suitable shunting resistors.

The companion receiver shown
was a double superheterodyne, with
two crystal-controlled oscillators, r-f
stage, first mixer, first i-f stage at
4.3 Me, second mixer, second i-f
amplifier (at 455 ke) with two lim-
iters in cascade, discriminator, audio,
squeleh, and noise limiter circuits.
The need of high sensitivity in re-
ceivers for this service was stressed
and the effective squelch cireuit was
described.

The squelch works in the follow-
ing manner: A voltage generated by
the noise is selected by a high-pass
filter above the modulating frequen-
cies used in the system. This volt-
age, positive in the direction of the
squelch, closes the squelch, and there-
fore the squelch will tend to open
when a carrier is introduced at the
input of the receiver so that the
noise output of the receiver is re-
duced. Further to increase the sensi-
tivity of the squelch system, the rec-
tifier noise voltage is connected in
series with a voltage (ave) supplied
by a resistor in the grid circuit of the
limiter. A carrier at the input of the
receiver will Increase this voltage
supplied by the limiter resistor and
will tend to open the squelch. Thus
the introduction of a carrier to the

wWWwW americanradiohistorv.com

input of the receiver will result in
the changing of two voltages, one
of which is reduced to open the
squelch and the other is increased
to open the squelch, and the sum of
the two voltage changes will be the
voltage acting to open the squelch.

The selection of a quiet location
for the station receiver was stated
as of paramount importance and
pains taken in finding such a loca-
tion on high ground are amply re-
paid. Proper installation, Mr. Noble
said, will often result in the f-m
talk-back link exceeding the range
of the higher-powered, low-frequency
talk-out equipment.

The mobile transmitter is so de-
signed that the entire unit may be
used as an exciter for a higher-power
installation, and examples of this
use were shown. In connection with
tests during this development it was
found that the roof-top antenna was
superior to other types of car an-
tenas, both for effective height, and
non-directional pattern of reception.

Charles Singer, WOR, Chairman
of the Round Table on Transmitter
Maintenance, told a story which is
of interest to all in this emergency.
Conservation of equipment by care-
ful maintenance is now an impera-
tive necessity, because of the situa-
tion presented regarding repair and
replacement parts and materials. Il-
lustrating from his own experience,
Mr. Singer showed many details nec-
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Lirniter  Discriminotor Audio amp.

Squelch control circuit for receiver de-

scribed by D. E. Noble of Galvin Manu-

tacturing Co., which lowers receiver noise
appreciably

essary to provide a well-organized
program of maintenance for trans-
mitter and studio which will fune-
tion smoothly from day to day, which
can be carried out by personnel with
a minimum training period, which
will secure uniformity of procedure
in starting, stopping or testing
equipment, and which will provide
adequate provision for any contin-
gency which may arise. Besides sug-
gesting a detailed operating manual,
Mr. Singer offered a wealth of ideas
which any station might use to “put
its house in order.” Other members
of this round table who cooperated
in the preparation were Frank V.
Becker, WTBO; G. Porter Houston,
WOBM; and Floyd N. Lantzer,
WLW,

The panel discussion on broadcast
station operation during war time
began Wednesday morning and con-
tinued during the rest of the Confer-
ence. The keynote was struck by
Lynne C. Smeby, NAB, who empha-
sized the need for taking a realistic
view of the present situation and pos-
sible future developments—includ-
ing shortage of material, shifting or
shortage of personnel, and perhaps
lowering the fine record made by
stations in the past.

Andrew Ring, Consulting Engi-
neer, and member of the Broadcast
Committee of DCB, discussed some
of the activities of this body and se-
cured suggestions from the Confer-
ence to guide its future steps. Many
questions still remain to be an-
swered, but a working plan has been
formulated and put into effect.

The panel discussion was contin-
ued by J. D’Agostino, NBC, with the
topic “Property Protection and Fire
Fighting.” He pointed out a number
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of hazards often existing in trans-
mitter and studio and outlined means
for combatting them. Among the
points covered were types of fire ex-
tinguishers, information on civil air
defense, resuscitation, studio and
transmitter guards, care of ship-
ments from outside (possibly con-
taining dangerous material), provi-
sion for emergency lights, and other
safety precautions.

The vertical antenna of present
broadcasting stations is efficient but
vulnerable, stated R. F. Guy, NBC,
introducing his talk upon auxiliary
antennas. Few stations now have a
spare antenna. One of the difficulties
of installing short antennas on
broadcast-band frequencies is the re-
sult of their high reactance, with
consequent excessive voltage and
poor radiation. Data were presented
on the practical limits of power
which various simple antennas might
be expected to absorb. Other useful
suggestions included the use of
chicken wire for the ground system
and the construction of ‘“skeleton”
concentric lines with groups of wires,
using two or four on the outside as
the grounded outer conductor and a
single wire in the center for the
inner conductor. By parallel opera-
tion of such groups, low impedance
lines could be made.

Frank A. Cowan, A. T. and T,
assured the conference that wire
facilities would be furnished as
nearly as possible in accordance with
the high standards always main-
tained. In spite of the heavy in-
crease in traffic, steps have been
taken to provide alternate routes,
duplicate equipment and other pre-
cautions against interruption of
service.

Conservation of the material still

Effectiveness of frequency modulation in

reducing noise in receiver is clearly indi-

cated in this comparison with amplitude
modulation
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available is a necessary step in keep-
ing our stations on the air, and Hec-
tor R. Skifter, Consulting Engineer,
offered many practical suggestions
as to how such conservation might be
effected. The whole broadcasting in-
dustry must learn that unlimited re-
placement of parts is over for the
duration. Good practice in routine
maintenance and prompt repair, with
improvised components if necessary,
were stressed. Protective devices
should be installed and all reason-
able precautions against fire, storm
or sabotage should be taken. This
talk closed the panel discussion of
broadcast station operation during
wartime with emphasis on an im-
portant topic of the Conference—
making the best use of what we
have.

Potential Shortage of Personnel

Another problem faced by broad-
casters and also by the armed forces
is the imminent shortage of person-
nel trained for radio work. The train-
ing of engineers and technicians to
fill this gap was discussed by a round
table group led by W. L. Everitt,
The Ohio State University, with
Fred Pumphrey, Rutgers University,
and G. F. Leydorf, WLW. The prob-
lem presents two aspects, the group
decided; the immediate need for a
large number of persons with a cer-
tain degree of skill in the radio art,
and the long-term need for engineers
and technicians to design, operate,
and service the complex equipment
used in both the military and civilian
radio fields. Aptitude and intelligence
tests were suggested as means of se-
lecting those best fitted for training.
Programs have already been launched
to train persons in radio skills, and
thus form a reservoir of talent to
which both industry and the armed
services may have access.

Gerald C. Gross, Assistant Chief
Engineer, FCC, presented a forcetul
and impressive talk on broadcasting
in England during war conditions.

The important topic of Standards
for Recording was reported upon by
Howard Chinn, CBS. The work of
the Committee on Recording Stand-
ards for the past year was reviewed
and two classes of proposed stand-
ards were cited—those which would
be standardized on the basis of pres-
ent practice or custom, and those

(Continued on page 117)
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Non-metal Shields

Engineers searching for substitutes for metal will find useful suggestions in this paper deal-

ing with shields for vacuum tubes. electronic musical instruments, electrostatic generators,

guard rings for vacuum apparatus

By BERNARD H. PORTER

HERE are several scattered, but
Tstandard practices in the elec-
tronics field which with slight read-
aptation provide a ready means of
forming non-metal shields for a
variety of purposes. The more ob-
vious of these are described here
with a view to aiding engineers cur-
rently searching for metal substi-
tutes.

Vacuum Tubes and Ground Connections

As the first example of present
usage, consider the operation of the
type FP-54 pliotron. This tube ac-
quires, from simple handling alone,
surface charges that tend to leak off
via the control grid circuit and in-
crease the grid current in the process.
This undesirable condition is elimin-
ated, at the manufacturer’s recom-
mendation, by applying a film of
aqueous colloidal graphite directly
to the pre-cleansed glass and up to
within an inch of the control grid
connection. The dried, electrically
conductive layer, connected to a
source of potential equal to that of
the grid, provides the necessary dis-
sipative path.

The obvious adoption of this prac-
tice applies as metal radio tubes and
metal shields for glass tubes become
increasingly scarce. The exterior
surfaces of glass tubes, rendered
grease-free with chromic acid fol-
lowed by thorough water-rinsing
and air-drying, are painted or
sprayed with an aqueous colloidal
graphite solution of fairly high con-
centration (1 part Aquadag to 3
parts H,0).

Such coatings possess a matte-like
surface conducive to heat dissipa-
tion. Since the electric-furnace
graphite composing them is also a
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better thermal conductor than most
metals, little difficulty in radiating
filament heat is encountered. Graph-
iting the tube surface in lattice or
cross-hatch fashion, leaving small
areas of glass exposed, is also feasi-
ble, should the problem of heat dis-
sipation persist.

Permanent grounding connection
to the conductive film may be made,
in some cases, by extending the film
down over the tube base to touch or
be sealed to an appropriate lead in
the top of the baseboard or chassis.
In other instances, contact is made
with a loop of wire or a narrow band
clamp placed about the tube. If these
parts are first hot-dipped in dilute
colloidal graphite solution, better
electrical connection is assured, par-
ticularly if a final application of the
more concentrated product is made to
seal edges between the connection
and the glass. This treatment is also
recommended when the connection is
made to the tube prior to the coating
operation. Successive graphite

layers are preferably dried with cir--

culating warm air before fresh solu-
tion is applied.

Shield Forms and Their Grounding

Practices currently employed in
the shielding of electronic musical
instruments are equally as adapta-
ble. In this instance, (U. S. Patent
No. 1,927,030) the interior non-con-
ducting walls and parts of electric
pianos, organs, violins and similar
devices are coated with films of col-
loidal graphite in distilled water to
insure stable and hum-free per-
formance. Thus, converting this
procedure to broader use, fibrous
board or sheets, first impregnated in
dilute graphite solution, then sur-
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face coated with a more concentrated
dispersion, make ideal non-metal
shield partitions between stages or
radio components. Slow or heat dry-
ing under pressure may be advisable
directly after the impregnation
treatment. Soft polishing of the
dried film will both increase its elec-
trical conductivity and contribute to
improved appearance.

Similarly, glass, plastic and wood
in sheet form may be surface coated
for the same purpose. Tubular
shields pressed or formed from glass,
plastic, fibrous material or other
non-conductors are likewise ren-
dered conductive. The entire cabinet
or case, whether wood or plastic,
may be treated by spraying, should
the use of metal chassis become re-
stricted or this practice seem, for
other reasons, expedient. The
grounding of graphite films on com-
paratively thin supports is accom-
plished with metal eyelets, inserted
through the piece and preferably
having one end of the wire dead
soldered in place before coating is
made. Additional sealing or cover-
ing with concentrated colloidal
graphite about the points of con-
tact to the film is necessary, whether
eyelets are inserted before or after
the main application.

A useful method for making elec-
trical connection to graphite film
deposits of this class also follows
from the current practice of cement-
ing filaments to leads in carbon fila-
ment lamps wherein globules of con-
centrated colloidal graphite, dried at
the filament-lead juncture, provide a
positive, vibration-resisting contact.
In this immediate instance of shield-
grounding, the bare lead, preferably

- (Continned on page 126)
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Checking AUTO BREAKER-POINTS

N the early days of automobile ig-

nition system maintenance, it was
the custom to adjust the separation
of the interrupting contacts within
the distributor at maximum opening
by means of a feeler gauge, and this
proved quite satisfactory for the low-
speed motors of that time which had
only four or six cylinders. Breaker
point operation occurred at such a
slow rate that adequate time was al-

‘Breaker
points

lowed during each cycle of operation
for the current flowing in the pri-
mary of the ignition coil to build
up to a satisfactory value. With the
advent of higher speed operation and
the use of more cylinders, less and
less time was allowed for primary
current build-up and in some cases
where contacts had been properly set
according to feeler gauges, it was
found that the primary current did

FIG. 1—Elementary diagram of the gas-tube breaker-point operation test
enabling modern motor cars to be adjusted for proper engine operation
without removing the distributor from the motor

FIG. 2—Damped sinusoid wave occurring in automobile ignition circuit
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not build up to a value sufficient to
give the necessary sparking voltage.
This was the result when the ignition
was on the border-line of satisfac-
tory high-speed operation, and the
contacts were not closed for a long
enough interval between breaks due
to the fact that the operating separ-
ation was greater than that indi-
cated by the feeler gauge, because of
irregularities in or misalignment be-
tween the working surfaces of the
contacts.

This was remedied by removing
the distributor from the motor and
placing it in a distributor test fix-
ture in which the distributor is
clamped and the drive shaft thereof
rotated by a small electric motor.
The cam angle, or angle of closure, is
determined by connecting an electric
circuit containing a source of direct
current, a limiting resistor, and a
d-c indicating meter ir series with
the contact points and measuring the
ratio between the meter current with
the points closed and that indicated
as the distributor shaft is rotated.
For example; in a distributor having
an eight-lobe cam, the limiting cam
angle is 360/8 or 45 degrees. If the
measured ratio of meter indications
is 69 percent, the cam angle is 69
percent of 45 or 31 degrees, which is
the recommended cam angle for a
1941 Buick. In like manner, the lim-
iting cam angles for 6-, 4-, and 3-
lobe cams are respectively 60, 90, and
120 degrees.

The intensity of the spark de-
veloped by an ignition coil is depen-
dent on the current flowing in the
coil primary at the time the contact
points separate, and the magnitude
of this current in turn depends on
the time during which the primary
is connected to the source of electri-
cal energy, so that in measuring cam
angle we are measuring directly the
factor determining this time, rather
than such an indirectly related factor
as the maximum linear separation
of the contacts. The ratio of labor
involved in setting a pair of points
by the last described method, which
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entails the removal of the distributor
from the motor, and in setting them
by the feeler gauge method, is ob-
viously considerable and for this
reason alone, the distributor test
fixture has not been popular. In ad-

dition, in more recent years, the
drive shaft of the distributor has

been greatly lengthened, due to the
practice of driving it from the oil
pump, so that in event of failure of
the pump, the engine cannot be op-
erated. As a consequence the align-
ment of the shaft with reference to
the distributor bowl has been deter-
mined by the bearing surfaces within
the engine which vary from motor
to motor. This, in turn, varies the
position of the cam with respect to
the breaker arm and results in an
operating cam angle installed which
is different from the cam angle ob-
tained in the test fixture.

Unconventional Gas Tube Circuit
is Used

To make measurements of the op-
eration of the ignition system with
the distributer in its normal oper-
ating position, an electronic instru-
ment using a type 884 gas tube in an
unconventional circuit was devel-
oped. It is connected across the dis-
tributer, the motor is run as usual,
and the results appear on a meter in
the output circuit.

Grid control gas tubes have
proven very satisfactory in the
fields of electronic control and elec-
tronic instrumentation, but it ap-
pears that certain of their capabili-
ties have not been utilized up to the
present time. It is widely believed
that the control grid of a gas dis-
charge tube cannot regain control
after the discharge has been once
initiated. For this reason, in ap-
plications where alternating current
is not available for the anode supply,
many ingenious and often complex
circuits have been developed to pro-
vide a negative pulse on the anode
for the purpose of extinguishing the
discharge.

Within a certain limited range of
operating conditions, it is possible to
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FIG. 3—Electronic cam angle tester as
men

supplied to garage maintenance

regain control of the tube, that is, to
extinguish the discharge, solely
through the use of the control grid
as the controlling element. Figure 1
shows a circuit fulfilling the neces-
sary conditions which are; a source
of fixed bias for the control grid, a
d-c anode supply, means for limiting
the anode current of the gas dis-
charge tube to less than a certain
critical value and a low impedance
source for supplving large negative
impulses to the control element. It
is necessary that the anode supply
voltage be sufficiently low to prevent
a discharge from starting while the
control grid is maintained at its nor-
mal fixed bias and it is further re-
quired that the anode supply voltage
be sufficiently high to insure the
initiation of the gas discharge when
the control grid bias is reduced to
zero or to some selected smaller value
than the bias initially present.

The discharge current through the
tube is limited by the use of exter-
nal resistance. The limitation set
upon the current also limits  the
number of ions produced per unit
time within the tube structure. If,
now, some means is provided to col-
lect ions more rapidly than they are
formed, the total number of ions will
be reduced until ultimately the num-
ber is insufficient to maintain the
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discharge, at which time the conduc-
tion will cease.

The control grid of a type 884 or
885 grid control tube is situated
directly within the discharge path.
When this grid is made strongly
negative, the positive ions which
neutralize the space charge imme-
diately around the cathode are re-
moved and control by the grid once
more established. It is this principle
which finds application in the ap-
paratus to be described.

Operation of the Circuit

Referring again to Fig. 1, igni-
tion voltages for internal combus-
tion engines are supplied by an in-
ductance coil whose primary is con-
nected to a storage battery in series
with a set of breaker points. The
breaker points are opened periodi-
cally by a cam driven from the cam
shaft of the engine, the design of
the cam and the adjustment of the
contacts being such that the primary
circuit is opened at the instant when
ignition is desired in a particular
cylinder. It is customary to shunt
the breaker points with a condenser
to minimize burning of the contact
points. The test apparatus it=elf in-
cludes a 6H6 half-wave rectifier con-
nected in series with an anode re-
sistor across the breaker points,
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The anode resistor is shunted by
a capacitor to minimize the error
caused by the time required to de-
ionize the 884. The 884 has its con-
trol grid connected to the anode of
the rectifier while the anode of the
884 is connected to the anode sup-
ply battery through a meter, a limit-
ing resistor, and an adjustable re-
sistor. The voltage of the supply
battery is 22% volts as it has been
found that this will serve to initiate
the discharge reliably under condi-
tion of zero bias on the 884.

The voltage and current condi-
tions in the circuit are shown in
Fig. 2. When the contact points are
closed, no voltage drop exists across
the input to the 6H6 and no voltage
appears across the RC combination
in the grid circuit of the 884. When
the points open, an exponentially
damped sinusoidal oscillation voltage

appears across the breaker-point
condenser. The first half-cycle of
oscillation causes the ungrounded

terminal of this condenser to become
negative with respect to ground, asg
indicated in Fig. 2. This causes a
high negative potential to appear on
the grid of the 884, rapidly collect-
ing the positive ions and extinguish-
ing the gas discharge. The rectifier
(6H6) prevents the positive im-
pulses from appearing on the grid
while C. prevents the grid voltage
from falling to zero while the ther-
mionic rectifier is non-conductive.
As the oscillations die away, there is
finally left impressed on the input
leads the steady d-c potential of the
battery which is sufficient to prevent
the initiation of discharge. The cam
continues to rotate and the contact
points close, short-circuiting the
voltage input to the apparatus where-

upon the grid voltage of the 884
diminishes and the gas discharge
once more is initiated as the grid
voltage crosses the pickup potential
of the 884. Therefore, anode current
flows at all times when the points
are closed and is interrupted while
the points are opened. The plate
meter of the 884 may be calibrated
to read the percentage of time dur-
ing which the contacts are closed.
The procedure followed in using the
apparatus is to short-circuit the
rectifier cathode to the cathode of
the 884 and adjust resistor R. so that
the meter is precisely at full scale,
which may be calibrated to read 100
percent. The short-circuit is now re-
moved and the apparatus connected
to the ignition system whereupon
the percentage of contact closure
time may be directly -read. With a
cam having a given number of lobes,
the time during which the contacts
are closed may also be expressed as
the number of degrees of cam rota-
tion during which the contacts are
maintained closed for one cycle of
operation. In fact, this is the gen-
eral practice in the field of automo-
tive instruments and the meter is
therefore calibrated in terms of cam
angle, as it is called, rather than per-
centage of contact closure time.
The damping characteristics of
the meter movement are such that
current impulses at the rate of 25
per second give substantially steady
indications. During a test, the en-
gine is run at a speed giving at least
this number of interruptions each
second, corresponding to 400 rpm for
an eight-cylinder engine, 550 rpm
for a six-cylinder engine, etc. Tak-
ing an eight-cylinder engine for an
example, it is seen that the dis-

FIG. 4—Actual circuit used in the practical embodiment of Fig. 1
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tributor shaft rotates at 200 rpm
or 3% rps so that any operational
irregularities due to an eccentric
cam or defective bearings will be
cyclically repeated at this frequency,
which is sufficiently low so that the
damping of the meter is without
effect, and they may be readily de-
tected.

Extinction of the discharge does
not occur simultaneously with the
opening of the breaker points but it
is delayed by an amount which we
may call At (see Fig. 2). This is
capable of causing considerable
error, particularly at high operating
speeds and, for this reason, the time
constant of the parallel combination
of R.C, is so chosen that the initia-
tion of the discharge after the points
are closed is delayed by approxi-
mately the same amount and the
error from this source is thereby
decreased to a negligible amount.

Figure 4 shows the schematic dia-
gram of the instrument as manufac-
tured in quantity. Polarity revers-
ing switch S, is provided to accom-
modate the various types of battery
installations, connecting the recti-
fier cathode to the negative breaker
point in either positive-ground or
negative-ground systems, at the
same time connecting the cathode of
the 884 and its associated circuits
to the opposite contact. S, has been
added for convenience in making the

initial calibration setting of the
meter current. The distributor,
ground and battery leads are of

flexible textile and rubber covered
wire, and are provided with rubber
sheathed battery clips at their work-
ing ends. Heater voltage for the
tubes employed is derived from the
electrical system of the car whose
motor is being tested.

A photograph of the completed in-
strument appears in Fig. 3, the front
panel with the four controls and the
indicating meter with its scales be-
ing visible.

The outstanding advantage of this
instrument over equipment previ-
ously available is the very low load-
ing imposed on the ignition cireuit,
there being no perceptible diminu-
tion of the spark intensity. This is
undoubtedly because the break cur-
rent through the points is from 2 to
3 amperes while a peak current of
only 2 milliamperes is sufficient to
deionize the gas tube.
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U-H-F .---- for \/ictory

ICTORY guides our thinking! In presenting this outline of ultrahigh frequency
practice, the editors of ELECTRONICS take cognizance of the importance which
electronic engineering is playing in the nation’s victory effort. New electronic
devices and communication systems are being developed rapidly. Manufacturing
plants are working at the heels of research laboratories, rapidly converting bread-
board models into production units. Large numbers of men must be trained to

take on new duties and increased responsibilities.
®. © [ ] —

Fundamentally important in this country’s program of production for viec-
tory is that of training personnel to design, manufacture, test, operate, service, and
repair this new equipment, much of which employs ultrahigh frequency tech-
nique. The program of training men in this flield for the numerous tasks required
is a vast one. But it is also one in which we, as editors and publishers of
technical journals, can make our own individual contributions, for after all, we
are educators as well as editors and publishers.

Since the theory and practice of ultrahigh frequency technique differ
markedly from that of radio communication at more familiar frequencies, many
of the concepts and approximations which suffice at 1000 ke are no longer
valid at 1000 Mc. For example, at frequencies above 100 Mec:

(1) Lumped circuits disappear and we must deal with circuit elements in
which inductance, capacitance, and resistance are inextricably interwoven.
Consequently, knowledge of recurrent networks and transmission lines and
wave guides assumes increasing importance.

(2) The physical dimensions of circuit elements, including even tubes, may
be of the same order as that of the generated waves. Therefore these circuit
elements can no longer be regarded as non-radiating and field concepts are neces-
sary to replace circuit theory.

(3) The transit time may determine the upper frequency at which a tube
operates. For this reason a greater understanding of the motion of electrons
is essential for the design and use of newer and better u-h-f tubes.

Such instances could be multiplied many fold. The three examples given
will indicate that the engineer, the designer, the research worker, and the
manufacturer who come anew to problems in u-h-f technique, will have to reorient
their thinking of communication phenomena.

As an aid in solving these educational problems, the editors of ELEC-
TRONICS offer their readers this compilation of u-h-f technique with its
three-fold presentation:

(1) In plain, simple, understandable text, the philosophy of ultrahigh fre-
quency technique is given to outline the nature of the problems at frequencies
for which “line of sight” transmission is of paramount importance.

(2) By means of graphs, tables, and equations, the more important quanti-
tative results are given to familiarize the technician with the general mag-
nitude of the quantities involved—to provide a sense of quantitative propor-
tions and the fitness of things.

(3) Finally, since u-h-f technique cannot be treated thoroughly in a 32-page
booklet, a convenient bibliography is included at the end of each section.
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I. Radiating Systems
and Wave Propagation

1—Current distribution on antenna.
illustrating radiation properties

Fiq.

l. Radiating Systems
A. General

CCURATE treatment of radiation
phenomena is complex and highly
mathematical involving a careful ex-
amination of Maxwell’s equations. Text-
books* deal with the subject for those
who desire a thorough knowledge of
the nature of radiation. Any current
along a conductor has an associated
electromagnetic field which varies along
with the current. If the rate of cur-
rent variation, i.e. frequency, is high
enough and the configuration of the
current carrying conductors is such as
not to confine the resulting electromag-
netic field, a considerable amount of
radiation will result. Radiation from a
conductor carrying u-h-f current will
occur unless the resulting electromag-
netic field is confined by shielding, as
in a coaxial transmission line, or by
an equal and oppositely directed cur-
rent, as in a balanced open line. In the
latter case the two conductors are
spaced relatively close to one another,
i.e., very much less than a half wave-
length.

B. Radiation from Linewr Antennas

The radiation from an elementary
antenna in space (Fig. 1) carrying cur-
rent ¢ may be expressed as

62\” idl cos 6 cos w <t — %) (1)

where  F is the field in volts per meter,
d is the distance in meters,
0 is the angle measured from plane
perpendicular to antenna element,

F =

\ is the wavelength in meters,

dl is the length of elementary antenna,

¢ is the velocity of propagation in
meters per second,

¢ is the time in seconds, and

w 18 2 = times the frequency.

The radiation field pattern from a
linear conductor of any length having
a known current distribution may be
derived by taking at a distant point P
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in direction ¢, the vector sum of all
the fields due to each infinitesimal ele-
ment dl of the conductor. The complete
expression is rather complicated.”
When the radiating conductor is a
multiple of a half wavelength, open at
the far end, the expression becomes

F = Kl[cos <»7r)i sin 0)] / cos 8 2)

for length [ equal to an odd number of
half wavelengths and

KI [sin < 7r)}»sin 0) ] cos 8 (3)

for 7 equal to an even number of half
wavelengths. In both Eq. (2) and Eq.
(3) I is the maximum current along
the conductor, K is a constant. Ex-
amples of radiation patterns given by
Eq. (2) and Eq. (3) for different
values of /X may be found in many
textbooks and publications (see list of
references).

F =

C. Radiation Resistance

From measured or assumed current
distribution on any antenna element or
array one can compute the resulting
electric field £ and the magnetic field
H. By applying Poynting’s theorem the
total power radiated through a sphere
which envelopes the antenna may be
computed. By equating this power to
the square of the effective value of the
peak current carried by the radiating
conductor times R, we may solve for
R,, which is known as the radiation re-
sistance.
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Internetional Telephone
and Radio Laboratorics

The radiation resistance is one of
the most important properties of any
antenna system. All of the power dis-
sipated into this resistance may be con-
sidered as useful power, since it is
radiated in the form of electromag-
netic waves. The ratio of radiation re-
sistance to the total circuit resistance
is a measure of antenna efficiency. Thus
the efficiency is

= Rg/(Rg + 1) 4)
where » is the ohmic resistance of the
antenna circuit. It is desirable to main-
tain as large a ratio as possible be-
tween 2, and .

The radiation resistance of a radiat-
ing conductor in space has been solved
for any length of conductor? As an
example (Fig, 2), the radiation re-
sistance of a half wave dipole is
approximately 73 ohms.

Another type of antenna commonly
used at ultrahigh frequencies is the
loop antenna.® The radiation resistance
of this type of antenna is given approx-
imately by

Rq = 320 (m/N)*42 (5)
where 4 is the area inclosed by the
loop. This equation applies when A™ is
small compared to the wavelength., The
accompanying table shows how the
radiation resistance varies with the
loop dimension.

VA /A R, (ohms)
0.05 0.194
0.10 3.11
0.15 15.8
0.20 49.8

Fig. 2—Radiation resistance of antennas of various lengths
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It is necessary to distinguish be-
tween radiation resistance and input
impedance of an antenna. Radiation
resistance is defined as the ratio of the
total power radiated to the square of
the effective value of the peak cur-
rent in the radiating system. Hence
the radiation resistance is the re-
sistance at the peak current point. Un-
less the antenna is fed at this partic-
ular point, the input impedance will
not equal the radiation resistance, but
will be equal to the radiation resistance
transformed by a ratio depending upon
the surge impedance and length of
conductor existing between the current

Half Wawe
Dipole
=]

Shortenead
Dipale
(b}

Turnstile
Arnienna
(c)

for thin wire radiators and somewhat
greater for large diameter dipoles.

Sometimes, as in portable field
strength measuring instruments, it is
not convenient to use a full size half
wave dipcle. For this purpose the di-
pole may be folded near its center (Fig.
3b). Under these conditions the radia-
tion is essentially the same as for a
full half wave, except that the tuning
is more critical because the radiation
resistance is reduced considerably.

A familiar form of antenna. used
widely for f-m broadcasting is the
turnstile antenna. This unit is made
up of two intersecting and perpendicu-

FiB)=Kcos 8

Note=-i, andis
phased 90°

JElnta+costB=K'{1)

Note- Al gntenna rodialors are assumead to be in horizonial plare.
8 iz horizorrfal angle

Fig. 3—Radiation pattern data for several types of u-h-f antennas

maximum point and the point of feed.
This is very important to keep in mind
when an antenna is to be used over a
frequency range, for although the
actual radiation resistance change ver-
sus frequency may be small, the in-
put impedance to the antenna can
change quite rapidly.

D. Types of Antennas Used in U-H-F
Work
The most common antenna eclement
used in u-h-f arrays is the half wave
dipole. The radiation from a dipole
Fig. 3(a), is given by

Fe) = K[C)S <%Sin 0>:|/ cos = K cost

(6)

where ¢ is the angle measured from
the perpendicular bisecting plane. In
this plane the radiation from the
dipole is circular—the same in all di-
yections. The input impedance to a
yesonant half wave dipole fed at its
center is a pure resistance of about 70
ohms—equal to its radiation resistance.
The resonant half wave dipole is some-
what shorter than a full half wave be-
cause of the “end effect,” which is small
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lar dipoles (Fig. 3¢). The object is to
obtain uniform radiation in the horizon-
tal plane of the dipoles. The currents
fed to the mutually perpendicular di-
poles must be phased at 90 degrees. This
type of antenna (composed of two per-
pendicular dipoles) radiates maximum
energy perpendicular to the plane of the
dipoles. When placed in the horizontal
plane, the maximum energy is radiated
up (and down) and not in the horizon-
tal plane. This loss in the horizontal
plane can be overcome by stacking an-
other pair a half wave above the first
pair so as to cancel the vertical radia-
tion and reinforce the horizontal.

The loop antenna is widely used in
u-h-f work. Here the object is to obtain
an approximately constant current dis-
tribution around a fixed area (Fig. 4a).
A loop antenna has an omnidirectional
pattern in its own plane (Fig. 4f) and
a doughnut shaped pattern in the per-
pendicular plane (Fig. 4e).

A loop of this type can be designed
in several different ways, depending
upon how nearly a constant current
distribution is desired. Type I in Fig.
4 is the most elaborate and makes use
of the maximum current regions of
four half waves, one on each side of the
loop. By this means a relatively large

www americanradiohistorv com

Current Distribution
UHF Laap

UKRF Loop
Type 1

UNF Loop
Type TI

UHF Loop .
Type I

(e
Weriical Pattern
UHF Loop
{1 Plane of Laop)

1F}
Harizenial Patiern
UHF Loop
{Im Plane af Loap)

Fig. 4—Diagram illustrating construc-
tion of various types of u-h-f loops

LINEAR MULTILEMENT ARRAY
BROADSIDE DIRECTIVITY

Configuration
of &rray

A

Expression for
Intargity

.ﬂ.|}

y oA
o

A A

2A[cos{4 sin8)]

B
L_qt;..l._rg,j s+
A A B

* . .
o E"-Ei” 5%s

gin{m ;“:In [
it LI bk

]

m Radiators °
{general casa)

A=z For horizontal loop vertical dipeole

cos{F ain 8)
T eos B

Far horizondal di pale

Spacing of successive elements
In degrees

Fig. 5—Expressions for the radiation
patterns of some multi-element arrays
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area may be enclosed inside the periph-
ery of the loop and a satisfactory
radiation resistance obtained. In one
particular  design for transmitting
work each side was made 0.187 giving
a radiation resistance of approximately
32 ohms.

[For some applications more sim-
plicity of design and compactness is
desirable. In sueh a case type II loop
may be used as in Fig. 4c. This is par-
ticularly useful as an aireraft receiving
antenna where convenience of size is
more important than radiation efli-
ciency. A radiation resistance of 5 to
10 ohms is generally obtained.

Sometimes a very compact and sim-
ple horizontally polarized omnidirec-
tional loop is desired for laboratory in-
struments or for a field intensity meas
uring equipment. Loop type IIT in Fig.
4d may be used for this purpose. This
loop is no more than a balanced res-
onant half wave open transmission line
whose far end (current maximum re-
gion) is opened up to form a loop.

I]. Antenna Avroays

The u-h-f region is ideal for the use
of multi-element arrays. Depending
upon the particular application, any
onc of the antenna elements previously
discussed may be used in these arrays.

The basis for all directivity control
in antenna arrays is wave interference.
By providing a large number of sources
of radiation it is possible with a fixed
amount of power to greatly reinfore
radiation in a desired direction by sup-
pressing the radiation in undesired
directions.

One of the most important arrays
uses a large number of equally spaced
antenna eclements which are fed equal
~urrents in phase to obtain maximum
directivity in the forward direction.
Expressions for the radiation pattern
of several particular cases and the gen-
eral case of any number of broadside
elements are given in Fig. 5.

Although a great deal of directivity
may be obtained in this type of array
there are apt to he present a large
number of minor lobes which may be
undesirable. The binomial array may
be used for such conditions. Here again
all the radiators are fed in phase.
However, the current is not distributed
equally between the array elements, the
center radiators being fed more cur-
rent than the outer ones.

The configuration and general oex-
pression for such an array are shown
in Fig. 6. In this case the configuration

Fig. 7—LEight-element binomial array pattern

y i
Loo| S?ac‘f Infensity

1 >

\ AN/ 4 / X

Vertical Radiation Puaiiern
<l 8 Loop Stack
\(/ Interloop Spacing S=7’}

\\/ ) . \

Configuration of Array

Expression for Intensity

2cosB '[cosﬂ(%osin ?))

22cos @ _[cos"- (£'sinB))

23cos 6 [cos3(%°sin (5)]

2%cos B _[co.s"'(%osin 6]

and in general:

2 lcos B [Cos n-1 (%osin (3)]

Where m is the number of Loops in
the array

Fig. 6—Configuration and intensity for binomial array with no back radiation

is made for a vertical stack of loop
antennas, to obtain single lobe dirvec
tivity in the vertical plane. If such
an arrayv of » dipoles end to end were
desired Jn the horizontal plane with
the specitied current distvibution the
expression would be

F(g) = 2! ] cos 0} lcos

cos (Yyomsin 0

1, S sin @ (7

The term binomial is due to the fact
that the current distribution between
successive array clements is in accord-
ance with the binomial expansion
(1 + 1)"" where n is the number of
elements. The radiation pattern of an
cight element binomial arrvay of ver
tically stacked loop antennas, is shown

Fig. 8—Four-element binomial array pattern

P \ »
“E=cos B[cos"’(%esin 8)
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=

in Fie. 7. A similar 4 clement array.
fod with binomial distribution is shown
in Fig. 8 while Fig. 9 shows how the
pattern of Iig. 8 changes when each
loop is fed unit current. Note the pres-
ence of minor lobes in Fig. 9.

F. Broadeast Antenpus

The recent advance of f-m broadeast-
iy has brought about the design of
antentia elements and arrays particu-
larly for tiiat purpose. Horizontal pol
arization is mvst commonly used even
though for a fixed power the signal
level is somewhat higher with ver-
tical polarization. This is due to the
fact that the noise level is a little more

Fig. 9—Array with unit element current

0)f 1807
\IBO'
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Surge Impedance

2n

L 2=2T6=log 4 dpprox.

22120 cosh™! dE exact

than correspondingly higher with ver-
tical polarization.

Two types of antennas already de-
scribed have been proposed for f-m
broadeasting. An array made up of
turnstile elements is widespread at the
present time. The other is a stacked
array of loop antennas. The patterns
shown in Figs. 7, 8 and 9 as well as
others were calculated originally for
that particular application.

Some of the most interesting an-
tenna developments in the recent past
have been in connection with television.
For this service the chief problem is
bandwidth., The antenna must have
essentially constant input impedance
over a frequency band approximately
10 percent or more of the center fre-
quency. It becomes imperative that the
antemma have a large radiation resis-
tance, then to make the radiating mem-
bers large physically and shaped so as
to have a minimum change of reac-
tance with frequency. One type de-
scribed by the RCA engineers is a
turnstile antenna made up of ellip-
soidal members,.

G. Wave Guides and Electromagnetie

Horns P

At frequencies of the order of 1000
Me and higher, a new-iype of power
transmitting and radfating means may
be used to advantage, i.c., “wave
guides.” These are either hollow tubes
whose cross sectional dimensions are
of the order of a half wavelength or
more, or solid dielectric hose or rods
in which the diameter may be made
considerably smaller, depending upon
the dielectric constant of the insula-
tor. These wave guides may have cir-

cular, elliptical or rectangular cross
section.
Propagation inside these guides is

initiated by the terminal devices at the
sending end. These generally consist
of little dipoles or current loops, either
singly or in combination to provide
the proper type of electromagnetic
field configuration inside the guide.
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- Type of Line
Single Coaxial Line

Balance Shielded Line

o

Open Two Wire Line

o &

D=

Electitmagnetic horns used for very
dizective radiation at the ultrahigh
frequencies are analogous to acoustic
horns. Power is delivered at the send-
ing end of the horn to an exciting
rod or loop as in the case of wave
guide  transmission. Some  piston
arrangement is generally provided to
match the impedance at the input end.
The directivity obtainable from these
horns depends upon the dimensions of
the open end, in wavelengths, In gen-
eral, the larger the opening the more
directive is the resulting pattern. An
aperture of approximately five wave-
lengths will provide a radiated major
lobe width of approximately 30 de-
grees,

H. U-H-F Transmission Lines

Three types of transmission lines
are commionly used in u-h-f cireuits.
These are the single, coaxial line, bal-
anced shielded line and ordinary bal-
anced open wire line. Surge impedance
formulas for these transmission lines

wwWw americanradiohistorv com

Fig.
tions for surge impedance of open, two

11—Exact and approximate equa-

wire transmission lines

Fig. 10—Surge impedance of some com-

mon types of transmission lines

Characteristic Impedance

2=%109m 5

€=Dielectric constant
= lin gir

For Cases (a) and (c)

If ceramic beads gre used of
frequent intervals-call new
surge impedance 2,'

Zg

Bl —9
o= =%
Ves ESE W

2= 120 cosh™ &

= 276 Log ??D

are tabulated in Fig. 10. Serious errors
may result if the more familiar approx-
imate formula for surge impedance is
used for open wire lines. (See Fig. 11)

Knowing the surge impedance of a
uniform transmission line, one can
compute the inductance and capacity
per unit length of line assuming the
permeability and dielectric constant of

the medium between inductors to be
unity,
L = 1020 Z, uuh per foot (8)
C = 1020/Z, puf per foot 9)

I. Measurements on Lines ¢nd Imped-
ance Matching

The input impedance of an antenna
element or array very seldom equals
the surge impedance of the transmis-
sion line. Unless this situation is cor-
rected three serious difficulties will
result. First the transmission line effi-
ciency is poor, because minimum power
is lost in the line only when it is
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o
>
o

£
=]

-
E
=]
-

th Open Stub

Fig. 13—Use of open:-circuited stub

properly matched. Second, assuming
the transmitter output circuit is prop-
erly designed one will experience diffi-
culty in delivering power to the load.
Third, the transmission line being
tuned (unmatched) will be ecritical as
to length. It is very desirable to match
the antenna impedance to the transmis-
sion line somewhere near the junction
of the antenna and the line.

Before attempting to match im-
pedances it is necessary to determine
two things: First the amount of mis-
match, i.e., ratio (p) of voltage max-
imum to voltage minimum (or current
maximum to current minimum) should
be measured. Next the location of volt-
age minimum (current maximum) must
be determined. In Section V the tech-
nique of such measurement is discussed.
Knowing p and the location of V,,,, by
referring to Fig 12 we can find the
length [ of shorted transmission line
section to correct the mismateh. The
A curve shows where the stub is to be
placed. If it is desired to correct the

ELECTRONICS — A4pril 1942

mismatch with an open stub, that may
be done by reference to Fig. 13.
Length [ gives the stub length and A
its location.

Another very useful means for
matching impedances is by the use of
the so-called quarter wave transformer.
Knowing p, the ratio of V,,./V,,, the
impedance at the V. point is known
to be a pure resistance equal to pZ,.
The impedance at the V', point is also
a pure resistance but equal to Z,/p.
The line may be matched by inserting
a quarter wave transmission line whose
surge impedance is (Z,°p) * between the
V... point and the remainder of the
line. The line may also be matched by in-
serting a quarter wave line of surge
impedance equal to (Z,%/p)" between
the V,., and the remainder of the
regular transmission line.

Il. U-H-F Wave Propagation

The propagation of electromagnetic
waves is quite a complex phenomenon

www americanradiohistorv com

and much has been written on the sub-
jeet from the earliest days of radio.
Given a radiating source and a fixed
amount of power, the field strength at
a distant point is the resultant of at
least four so-called waves. One, the
direct wave, is duec to direct propaga-
tion from the transmitting antenna
to the receiving antenna. This is equiv-
alent to the wave occurring in free
space. The second, ground reflected
wave, is due to the wave which is re-
flected from the ground before it
reaches the receiving antenna. The
third or surface wave is guided and
confined to a certain extent by the sur-
face of the earth and the surrounding
atmosphere. The fourth is the sky wave
which is directed toward the upper
ionized atmosphere, the Kennelly-Heav-
iside layer, but is reflected back from
there to the receiving antenna. The
total signal received is the vector sum
of all of these various waves.

Fortunately at any one frequency,
or band of frequencies, some of these
modes of propagation are very small
and may be neglected. For instance in
the broadcast band and at lower fre-
quencies, the surface wave is im-
portant and other modes may be
neglected. From 5 to 20 Mc used for
long distance communication, the sky
wave is important. At the ultrahigh
frequencies the space wave, composed
of the direct and ground reflected
waves is important, although for very
low receiving heights, particularly for
vertical polarization, the surface wave
also must be considered.

The geometry of the propagation
problem is illustrated in Fig. 14. Point
A represents the transmitting antenna
P the receiving antenna. The two
heights are h, and h, while », and »,
are the direct and ground reflection
distances between the two points, and
B is vertical angle of reflected wave.

Discussion of the problem of field in-
tensity at point I may be best accom-
plished under three subdivisions:

(I) For very large  distances,
d >>h, -k h., and B is very small, dif-
fraction due fo earth’s curvature and
refraction due to surrounding atmos-
phere considered.

(11) Distance d, is veduced to values
(20 to 30 miles) for which the earth
may be considered flat, 3 is small and
d >>h, + h..

(I11) The vertical angle B is varvied
from small angles to 90 degrees, and .
is only a few miles.

Fig. 14—Geometry of u-h-f propagation
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000 Soop

Fig. 15—Calculated and measured field in-
tensity data for u-h-f propagation within
the line of sight

Cuse [

The analytic expression for the field
intensity is very complicated and is
generally based on a number of sim-
plifying assumptions. The field in-
tensity depends upon a large number
of factors including the conductivity
and the dielectric constant of the
ground, the curvature of the carth,
the heights of the transmitting and
receiving antennas and the polariza-
tion of the transmitted signal. The
subject is too complex for a satisfac-
tory discussion here. A good discussion
of this subject appears in the October

Long Distance Propagation

1938 issue of the Proceedings of the
Institute of Radio Engineers

1000

H in Metars

2000

Fig. 16—Gain in field intensity due to
elevation of transmitting and receiving an-
tennas to a height H above the earth

Case II—Distances Well Within
of Sight
Referring to Fig. 14 the field strength
at point I’ may be expressed as

Line
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=K P:2(1 4 R=m:—r,N/d (10)

where K is a constant, I’ is the power
radiated and R is the complex ground
reflection coefficient depending upon
ground conductivity, dielectric con-
stant, frequency, polarization, ete. We
may make a simplifying assumption
which is quite good for horizontal pol-
arization at ultrahigh frequencies and
is not a bad assumption even for ver-
tical polarization, if angle 3 is low.
The assumption is that R = — 1. Then
F=KP!'2h hy/d*\ (11)

This equation shows that the field
strength is directly proportional to the
square root of the transmitted power,
the height of the transmitting antenna
and the height of the receiving antenna.
It is inversely proportional to wave-
length and the square of the distance.

Case IH—Ground Reflection at Various
Vertical Angles

One important aspect of the ground
reflection of radiation from a u-h-f an-
tenna is the variation of the reflection
coefficient with angle of incidence of
the ground reflected wave. We may dis-
cuss this by seeing what happens as
point P (Fig. 14) is varied to change
angle {§ between 0 and 90 degrees. So
far as horizontal polarization is con-
cerned, e.g., radiation from a horizon-
tal u-h-f loop antenna, the reflection
coefficient remains negative and very
close to unity.

This is not true for vertical polariza-
tion. For very low values of ¢ (near
grazing incidence), the reflection coeffi-
cient is essentially the same as for
horizontal polarization. But as {3 is in-
creased the reflection becomes less and
less and its phase advances. The mini-
mum reflection angle is known as
Brewster’s angle and ut this point the
reflected wave bears a 90 degree phase
relationship to the incident wave. For

3 hightr than Brewster’s angle, the
phase of the veflected wave keeps
advancing, eventually being almost

equal to the phase of the incident wave.
The amplitude, however, does not quite
reach unity.

Brewster’s angle changes  with
ground conditions and frequency of the
transmitted wave. As an example, K. A.
Norton gives Brewster’s angle=—14°
25" 30" at 46 Mc with a reflection coeffi-
cient of less than one-tenth. The
oround constants were € = 15, 0 = 5 X
107 e.m.u,
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I. Triode Generators

A, Geweral Considerations

LTHOUGH there is no general
agreement on the definition of the
term, ‘‘ultrahigh frequencies,” it is
most commonly applied to all fre-
quencies above about 40 M¢. Considering
that one may dream of producing, in
some not very remote future, radio
waves a few millimeters in length,
(above 30,000 Mc), the u-h-f spectrum
is at least 1,000 times greater than the
combined width of all other bands (from
0 to 30 Mc) used in radio. From this
fact alone a great variety of u-h-f ap-
plications can be anticipated. At the
sanle time, one may logically expect
that essentially different types of u-h-f
generators will be required for various
parts of this spectrum.
A basic difference in the electronic
mechanism of the three main types of

the modern u-h-f generators consists
in: (1) the manner of bunching elec-

trons emitted by the cathode into a suc-
cession of electron groups which rhyth-
mically impinge on the anode directly
or through its electric field; (2) the
length and the shape of the electron
paths within the tube, and (3) the time
spent by individual electrons on their
way from cathode to the anode called
the transit time and usually measured
in parts of an oscillating cycle.

In the conventional cylindrical tri-
odes the buanching of electrons is ef-
fected by the control grid which opens
the gate to electrons and closes it dur-
ing each cycle as grid potential swings
above and below the cut-off voltage.
The clectrons admitted into the grid-
anode space with a considerable energy
arce further accelerated and impart
their energy to the anode; the anode
potential never becomes negative and is
always greater than that of the grid.
Generally speaking the electron paths
are radial and very short. The transit
time for efficient operation must be less
than one-tenth of a cyele, the shorter

the better. In fact, the difficulty of
keeping  transit time short enough

represents one of the main limitations
in designing triodes for ultrahigh fre-
quencies. )

In the magnetron, due to the long
sharply curved spiral paths, transit
time becomes a rather ambiguous con-
cept; individual electrons may stay in
motion for a considerable portion of a
cyele or even longer than an oscillation
cyele. In the typical velocity modula-
tion generators, an originally continu-
ous beam of electrons of uniform veloc-
ity is transformed at a certain point, by
application of an r-f voltage, into waves
of electrons or successive bunches.
Transit time here can embrace several
cveles before the individual electrons
are utilized for production of oscilla-
tions. In the last two types of gener-
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ators, long transit time is no more a
limitation—it is a corner-stone of the
tube design.

One great advantage of the triode or
tetrode over the other types of u-h-f

generators is the convenience with
which its output can be effectively

modulated at audio or video frequencies
while its carrier frequency is kept
constant.

There are two main factors limiting
the output and efficiency of a triode as
the frequency is raised above a certain
level: (1) the inductances and capaci-
tances associated with tube electrodes
and their internal leads (which effect
is of the nature of circuit limitations in-
curred by the presence of the tube) and,
(2) electron transit time limitation
affecting the electronic mechanism of
the tube and its capahility of producing
oscillations. Due to these limitations
triode generators must be reduced in
size (and likewise in power) as
the generated frequency is increased.
Thus, there are water or air cooled
tubes delivering several kilowatts into
the load at 100 Mec, but only a few hun-
dred watts can be obtained from spe-
cial tubes at 200 Mc and at 500 Mc
tubes with a few watts output can be
built. The limit for receiving triodes
is about 3.000 Mec.

B. The Role of Vacwwm Tube Capuci-
tavees and Inductances

In a vacuum tube cireuit intended for
the generation of high frequency oscil-
lations the tube capacitances and in-
ductances are integral parts of the
oscillating ecireuit. Thus, in a circuit

connected between the plate and the
erid (IFig. 1) the composite tube ca-

Fig. 1—Internal capacitances

and inductances of triode
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pacitance, (',, augments the lumped ca-
pacitance of the ecircuit, C, by the
amount:

CnCy
Crg + Cpp

At lower frequencies, when ( is large,
the effect of the tube capacitance is
negligible; so is, also, the effect of the
tube inductances. The higher the in-
tended frequency, f. the smaller must
be L and C, as follows from William
Thomson’s formula (derived in 1853):

f=12xzvVL¢( (2)

The highest feasible frequency from

a tube corresponds to the complete ab-
sence of external capacitance and to the
cireuit inductance shrunk to a direct
short circuit between the anode and
orid terminals. This is =o called reson-
ant frequency of the tube, 7, and is

Co= Cgp + 1

usually found among the manufac-
turers’ tube data. The resonant fre-

quency may serve as a figure of merit
of the tube as a u-h-f generator, but
cannot be used in practical applications
because at this frequeney the tube out-
put is negligible.

In addition to the frequency, every
circuit is characterized by the num-
cerical quantity, Q. which is

1 /b
Q= i \ =

= I, ‘ é‘

=ty wC (3)

where R and R, are the series and
parallel resistance, respectively, and
R,=Q/wC.

The correct value of the pavallel load
resistance, R, for the optimum tube
operation can be determined directly
from the constant-current chart of tube
characteristics. The choice of proper
R, is called matching the load to the
tube. If the only capacitance in the cir-
cuit is that of the tube, C,, the match-
ing becomes difficult with increasing
frequency if tube operation is to remain
officient. Indeed, due to the increased
¢ircuit loss as a result of the increased
skin effect and direct radiation, Q
decreases with increase in frequency.
Then, from Eq. (3) it is seen that for
constant capacitance, C, the parallel
vesistance R, it reduced. A low load
resistance usually makes tube operation
inefficient unless the tube is designed
for low voltages and high currents.

In addition to having their share in
establishing the resonant frequency
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Fig. 2—Diagram of neutral-
jzed push-pull amplifier

Fig. 3—High frequency water
cooled triode with folded anode

Fig. 4 — Concentric transmis-
sion line type of oscillator

A
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of the tube the inductance of the in-
ternal tube leads may interfere with a
proper neutralization of the tube used
as a power amplifier. A neutralized
push-pull circuit of two tubes can be
represented schematically by a balanced
bridge arrangement (Fig. 2). It is evi-
dent that inductances in series with the
anodes and grids of the tube prevent a
perfect equilibrium between the bridge
arms, especially when modulation is
applied to the tubes so that the fre-
quency is variable or a wide bandwidth
is obtained. The inductance inherent in
the filament leads is common simul-
taneously to the anode and the grid
circuits; therefore, it effects a degen-
erative coupling between the two.

To minimize the detrimental effect
of the internal inductances the struc-
tural parts of the tube must consist of
straight conductors short in length and
large in diameter. The application of
this principle to the large water-cooled
tubes leads to the anode designs with
the inverted or folded-up feather edges
(Fig. 3). For the same length of the
active anode this construction permits
a considerable reduction in the length
of the grid and the cathode structures.
It may be noted that due to the skin
effect the current between the internal
anode surface and the outside circuit
does not flow on the shortest path across
the anode wall but follows its surface
all around the feather edge, sometimes
causing heating of the glass seal. The
depth of penetration of electro-magnetic
energy into a metallic surface, or the
thickness of the film carrying the cur-
rent, is given by the expression.

_ 1 ,’>\p
P kT 2

Here, A is wavelength in centimeters
and is the resistivity of the material
in ohms per centimeter cube. For cop-
per and a frequency of 100 Mec, 3 is less
than 0.001 inch.

In order to minimize the effect of the
inner capacitances and inductances, the
tube can be designed so that it is an
integral and continuous part of a trans-
mission line or Lecher system (Fig. 4).
In this concentric cylindrical structure,
the anodes form the end portion of the
outer pipe, the grids are associated with

Fig. 5—Oscillator using parallel wire transmission line
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the inner pipe. The filament can be
inserted from the end. Such a system,
if excited by application of direct volt-
ages, can produce oscillations with
standing waves along the pipes so that
the generated wave equals very nearly
twice the length of the concentric pipes.
The wavelength is independent of the
plate-to-grid capacitance, C,, although
it may be slightly affected by C,, and
C,, apearing as though connected across
the concentric pipe ends. The tube
proper can be made mechanically as a
separate unit attached to the pipes, or
for very short waves, the whole sys-
tem can be located within a glass en-
velope.

Concentric pipes are structurally
cumbersome; in addition, tke coupling
between the plate and the grid is too
rigid and cannot be well regulated.
Therefore, in a great many cases of
u-h-f oscillators a parallel-wire Lecher
system is used between the grid and the
plate, or better, one or two tubes are
used in push-pull arrangement with in-
dependent parallel rods or flut bars con-
nected between two anodes and two
grids (Fig. 5). The tubes can be located
either at the ends of a half-wave sys-
tem, or they can be put in series with
each other, across a quarter wavelength
line shorted at the other end by a bar.
The fllaments can be either short-cir-
cuited or connected by an independent
Lecher system. The actual length of
the plate system can be calculated from
the expression

1/Cow = Zytan (2w 1/ V), (6)
where Z, — (L/C)': is the characteris-
tic or surge impedance of the system (L
and C are uniformly distributed induc-
tance and capacitance per unit length;
Z,, L and C depend on wire diameter
and wire spacing”")

@ 18 27 times the generated fre-

quency

C, is the tube capacitance foreshort-

ening the line, and

[ is the line length.

The equation can be sustained only
for [<M, because only then is the
reactance inductive and capable of pro-
ducing the desired resonance with tube
capacitances. From this expression it
is seen that the tube capacitance must
be small if short wavelengths or high
frequencies are to be secured. The tube
leads can be so arranged that there is
no discontinuity between the tube and
the external transmission line.

In all previous discussions it follows
that for production of u-h-f oscillations
it is advantageous to make plate-to-
grid capacitance as small as possible.
This is important whether a tube is to
be operated as a neutralized and fre-
quency-controlled amplifier or an os-
cillator. However, were it not for this
capacitance one could not have built
many simple and convenient triode os-
cillators which play such a tremendous
role in u-h-f applications. Most of such
devices, for example the one just de-
seribed, operate as tuned plate-tuned
grid oscillators, in which the output
and input circuits are coupled only
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through the tube capacitance, C,,. It
can be shown by a simple derivation®,
that with certain assumptions the feed-
back role of C,, (Fig. 6) is equivalent
to a connection of a “ghost” resistance,
R,, and of a “ghost” condenser, C, across
the grid-filament circuit. Their values
are given by the following expressions:

C. = (14 A1) Cpy

1
Cpp A2 w

The quantities 4, and A, are the in-
phase and the reactive components of
A = E,/e,, the ratio of r-f plate and
grid voltages. The appropriate value
of A for maximum tube output can be
estimated from the tube chart; it can
also be calculated from the tube and
cireuit data. When R, is negative and
numerically smaller than R, the total

R, = (7

Fig. 6 — Grid circuit resistance and
capacitance resulting from feedback
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positive grid resistance, the grid ecir-
cuit becomes a generator of oscillations
of frequency:
1

27 VL, (C. + Cpy)
These oscillations are amplified in the
plate circuit. From Eq. (8) it is seen
again that the smaller C,, the higher
can be the frequency of generated oscil-
lations. On the other hand, if C,, is too
small R, may become numerically
larger than R, that is, too high to
originate oscillations.

f=- (8)

C. Transit Time

In low frequency operation it has al-
ways been taken for granted that an
electron leaving the cathode reaches the
anode of a tube “instaneously”. A lit-
tle thinking leads to the conclusion that
it is not so as electrons move with finite
velocity depending on the voltage ap-
plied. The reason that the question of
transit time attracts our attention now
with the advent of u-h-f tubes is that,
short as it is, transit time becomes of
the same order of magnitude as the
period of the oscillation eycle and, there-
fore, its effect must be considered.

From a simple energy relation, work
done equals energy acquired, we have
the expression

eE = %m? (9)
The veloceity of an electron whose charge
is ¢, and whose mass is m moving in the

Current af
the cathodle == -

Power foss with
i dd e’
cerrdit fimme

wT = Phase shift befween
onode voltage onad
currert due fo
transtt time T

e r=F grid voltage
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i

Fig. 7—Phase shift between anode voltage and cur-
rent due to finite transit time of flight of electrons

electric field, can be computed as a
function of the voltage applied, E,

v=6X10" Vv E cm/sec (10)

The grid-cathode transit time, ¢, will
be found by dividing the average veloc-
ity between the cathode and the grid
into the distance separating them, d,,.
However, considering the effect of space
charge, the actual expression becomes

3dge

6 X 107 v E,
With d,, = 0.3 e¢m and grid cathode
voltage E, — 1000 volts, ¢, is approxi-
mately 3 X 10 sec. In a similar man-
ner the transit time, f,, between the
grid and the anode may be calculated.
Experimentally, it has been found
that with total transit time, T less than
one-tenth of the cycle the tube would
operate satisfactorily. At longer tran-
sit times the efficiency drops consider-
ably. When the total transit time ap-
proaches a quarter of a period of osecil-
lation the tube usually will not oscillate
at all. Gavin' has derived a relation be-
tween the tube structural parameters,
voltages used and minimum wave-

€3]

ty

Fig. 8—Electron paths for
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length, %,, which can be generated by
the tube:

2dga

Ao =k {3dkg + ——} {f} (12)

vu+1

where k is a constant,
u s the amplification factor
dig is the cathode-grid distance,
dg. is the grid-anode distance, and
E, is the anode voltage.

By checking this formula on several
well known types of tubes he found
that the constant & is approximately
1000. This formula checks very closely
on small cylindrical tubes, but gives too
optimistic results on large tubes. From
this expression is follows that a low u
tube is favorable for producing waves
of shorter minimum length. However,
other considerations may modify this
conclusion. For example, if class C op-
eration is desired, it may prove ad-
vantageous to use a tube of greater
amplification. The values of £ between
10 and 20 can perhaps be suggested.

In a high efficiency self-oscillator
operating at long waves, the electron

two different transit times

T Electric
Fleld

Cathade
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current is in phase with the grid volt-
age and 180 deg out of phase with the
plate voltage (Fig. 7). When the elec-
tron transit time becomes an appre-
ciable fraction of a cycle, this phase re-
lation is applicable only at that instant
at which the electrons leave the cathode,
but due to finite transit time they ar-
rive at the anode after the anode vol-
tage has passed its minimum value.
Hence, the phase difference is greater
than 180 deg. Power output becomes
smaller and plate dissipation larger,
than in the absence of this shift.

The effect of finite transit time in
tube performance is not limited to the
simple phenomena of phase shift"” al-
ready described. Thus, in Fig. 8 two
horizontal lines designate the position
of the cathode and of the grid. On the
horvizontal axis time is plotted in frae-
tions of a cycle. For the sake of sim-
plicity a rectangular form of grid vol-
tage is assumed. In this diagram the
position of various groups of electrons
leaving the cathode at different time
intervals are plotted as a function of
time. Thus, if the transit time is small,
the consecutive positions will be given
by a family of steep concave curves,
With increasing transit time their av-
erage slope will decrease. For transit
time equal to a quarter peviod (f=
T/4) only the electrons leaving the
cathode at the middle of the half cycle
will reach the grid before the voltage
reverses. The later electrops will find
themselves in a negative electric field
before they reach the grid. Then, the
curves representing their position will
become convex. Finally, the electrons
leaving at the moment corresponding to
3T /8 will not reach the grid at all but
will turn back and land on the eathode.
Thus, due to the long transit time, the
cathode is bombarded by electrons pro-
ducing heating or even deterioration if
the tube has a thoriated tungsten or is
oxide-coated cathode. Another result is
that there will be a back and forth mo-
tion of electrons which, due to the vari-
able positive charges induced on the
grid, may become the cause of addi-
tional heating of the grid even if it is
negative with respect to the cathode®

If the frequeney is too high, it may
happen that all the electrons will turn
back before reaching the grid so the
tube will give no output.

Fig. 9—Anode-cathode structure (a and

c respectively) of 4-plate magnetron
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Il. Magnetrons

A. Introdicetion

As mentioned in the preceding sec-
tion, the magnetron offers an alternate
method of producing oscillations at ul-
trahigh frequencies. In this type of
generator the transit time is not neces-
sarily shorter than the oscillating cycle.

Structurally the magnetiron consists
of a cylindrical anode and a concentric
cathode. When used for the production
of ultrahigh frequencies, the anode is
usually divided into several segments
by means of longitudinal cuts (Fig. 9).
A d-c potential is applied between anode
and cathode, and a homogencous mag-
netic field is applied parallel to the
clectrode axis. There may be two or
more anode segments, between which
the oscillatory circuits are attached.

The theory of operation of the mag-
netron is complex and an exact mathe-
matical analysis is difficult. A fairly
complete analysis and detailed discus-
sion is given in reference (A). This
book also contains an excellent bibli-
ography of the rather extensive litera-
ture on magnetrons.

D. Motions of Electrous in Flectric and
Magnetic Fields

In all discussions of the operation of
magnetrons, it is necessary to exam-
ine the electronic motions in some de-
tail.

[f the clectvon has initially a veloeity
. perpendicular to H, it moves in a cir-
cular path. The radius of the path is
oiven by » = wmv/eH, the uniform an-
gular velocity by

(13)

If, in addition, the electron has a ve-
locity component pavallel to H, it will

w, = v/r= He/m

m

Fig. 12—Electron motion in a single
plate magnetron, with magnetic field is
slightly greater than the critical value

Fig. 10—Motions of an electron in perpen-
dicularly crossed electric and magnetic
fields. Possible motions for different initial
velocities are represented at a, b, and ¢
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maintain this value, so that the result-
ing motion is a circular helix about H
as an axis. The magnetic field does no
work on the electron.

If a constant electrie field is added
perpendicular to FH, the electron will
describe a cycloidal path, (F-g. 10) the
average motion being in a direction
perpendicular to E and to i, that is,
the electron drifts along the equipo-
tential surfaces. In the case of an elec-
tric field constant in magnitude, but
radially distributed, an electron de-
seribes a cycloidal path as before, but
the average motion of the zlectron is
now on a circle. (Fig. 11,) As in the
previous case, the angular velocity of
the electron as seen from the center of
the rolling cirele generating the cycloid
is «,, = He/m. But the ave age angu-
lar velocity as it proceeds around the
cathode is given approximately by

% =E Hr
Here is assumed that v, >> w

There are three classes of magnetron
oscillations known:

(1) Quasi-stationary oscillations,

(2) Transit time oscillations of the

first order,

(3) Transit time

higher order.

The order of oscillation is defined by
n = w,/w where n is not necessarily an
integer, and w, is as defined above, w
is the angular frequency of the oscil-
lations produced.

(14)

oscillations  of

C. Quasi-Stationary Oscillations

Quasi-stationary  oscillations, also
known as Habann oscillations after
their discoverer, “negative resistance
oscillations” and ‘“dynatron oscilla-
tions”, are very efficient and can be used
for the production of high outputs at
moderately high frequencies. They are
not suitable for production of micro-
waves, inasmuch as the upper frequency
limit is below the micro-wave region.

D. Transit Time Oscillations of the

First Order

Let us consider a simple split plate
magnetron with a cathode radius r, and
anode radius », in a uniform axial mag-
netic field H and let a d-¢ potential V
be applied between anode and cathode.
First, we suppose that the tube is not
oscillating. Then, an clectron on leav-

Fig. 11—Motion of an electron in per-
pendicularly crossed electric and mag-
netic fields, both of which are constant
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Fig. 13—Dependence of efficiency on the

order of oscillation, n. for two magnetrons
14—Diagram showing construction

of a velocity modulated oscillator

Fig.

ing the cathode describes approximately
a circular path and returns to the cen-
ter of the tube. 1f it were not for the
cathode the electron would trace out
a four-leafed rosette (Fig. 12). For
the values of 17 and H, called the crit-
ical values, the electrons would just
graze the anode. In this case

ra (14 2 0 = 67200V 1 (15}
When V1 is in volts and H in gauss,
The motion of the electron produces a
field whose wavelength in centimeters
is obtained from w, = He/m

A= 27 w. = 10,700,/ 16)

From this expression alone one can
conclude that with magnetic fields of
quite practical values (several hundred
pauss) very short waves can be pro-
duced. Let us assume next that there
is a small alternating voltage applied
between the two anode segments. The
uniform radial electric field will be dis-
torted by the superposition of the oseil-
lating tangential field on the radial field
between the segments. This will be
particularly strong in the vicinity of
the gaps. Those electrons which pass in
front of the gaps with the a-c field re-
ceive an additional acceleration, their
radii become greater according to Eq.
(3) and they probably fall on the seg-
ment with the higher potential, thus
contributing to the tube loss.

On the other hand, those clectrons
which pass the gaps with an adverse
a-¢ field will be decelerated and give
up a part of their energy to the field.
This encrgy serves to sustain the oscil-
lations. The decelerated electrons con-
tinue their motion on a curve with a
smaller radius than originally, and by
being again accelerated by the d-c field
may repeat the same process during
several consecutive cyeles until they
will be exhausted and contribute no
more to the sustenance of oscillations.
Experimentally it was found that a
slight angle (3 to 5 deg) between the
anode axis and the magnetic field con-
siderably intensifies the oscillations by
sorting out the exhausted electrons.
This sorting is accomplished by a slight
spiral motion of electrons along the
anode axis which follows from the pre-
vious consideration of electron motion
in a combined electric and magnetic
field. A similar effect can be produced
by applying a longitudinal electric
field. In both cases, elimination of elec-
trons gives preference to the effect of
the useful electrons over these causing
only a loss of energy.
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Field free
spoice
= TP

From this type of magnetron only
relatively small outputs at low effi-
ciency can be obtained; vet, they are
suitable for generation of waves as
short as 10 em and even down to 1 em,
In general the magnetic field serves
to limit the frequency, although the
anode diameter is also a limiting fac-
tor, since it diminishes with inereasing
frequency.

K. Transit Time Oscillations of Higher
Order

In this mode of oscillation, the fre-
quency is not closely related to the char-
acteristic frequency of the electron.
@, == He/m as in oscillations of the
first order, nor is it determined solely
by the external civeuit as is the case for
the quasi-stationary mode of oscillation.
Although the motions of the electrons
play a decisive role in the production of
oscillations, the values which the op-
erating data take are not at all critical
within wide limits. High efficiencies can
be realized in this mode even at short
wavelengths. H must be greater than
the critical value.

Since # = w,, w by definition, the fre-
quency of the oscillation « is less than
w,. Inasmuch as the observed efficien-
cies are high, we may expect that the
clectrons must remain in the anode-
cathode space over a period of several
oscillations in order to transfer a large
portion of their kinetic energy to the
oscillating field. From what has been
said about the motions of electrons in
crossed electric and magnetic  flelds,
when the electric field is radial and H
is greater than the critical value, it
may be expected that the average path
of the electron would be some sort of
spiral motion roughly following the
equipotential lines and having the cy-
cloidal motion superposed on it. This
would lead to a general motion of the
cloud of electrons around the cathode
which should have variations in density
if it is to induce alternating currents in
the anode circuit.

If now we consider that oscillations
of frequency w exist, according to the
Ferraris principle the oscillating a-c
field between the anode segments may
be resolved into two rotating compon-
ents of frequency w/n where p is the
number of pairs or segments, the com-
ponents rotating in opposite directions.
In order for the clectrons to have the
correct phase relative to the field. their
average angular velocity must be
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Colector; C-7 -|—

w = w p. Thus, one component of the
wave rotates in the same sense and
with the same angular velocity as the
electrons. The field component rotating
in the opposite sense has such a high
velocity relative to the electrons that
the net effect averages out over one
cyele,

We have zeen that the average angu-
lar velocity of the electrons in a radial
clectrie field and axial magnetic field is
w = F/Hr. If the electrons are to keep
in phase with the wave, w must be con-
stant. Hence E must he proportional
to r, or nearly so, in the outer portion
of the anode-cathode region where the
oscillating field is strongest. In this
case

N=0482r2H pV (N
and H must be the optimum value ob-
tained from the relation

H. . _m 1 ) (18)
Heririen 2\ =1

It is appavent that the order of the
oscillations, », and the pole pair num-
her, p, play an important role. These
formulae are, however, approximate.
The efficiency, likewise, depends on =
and p and agrees in a general way with
experimental curves which follow for
p=1and p = 2. (Fig. 13.) The disa-
greement is  pronounced for small
values of n, but for n greater than 10,
the agreement is fair. In designing
tubes, one must, of course, rely on the
experimental curve, especially if it is
necessary to operate at small values
of n.

This type of oscillation is the most
useful type of magnetron oscillation on
account of the possibility of operating
at high efficiencies at high frequencies.

11l. Velocity Modulation Generators

As already mentioned, the velocity
modulation generator of u-h-f oscilla-
tions is a development of quite recent
yvears. A velocity modulation generator
contains a kind of electron gun, knowmn
in the cathode-ray tube art, by means
of ‘which a narrow beani’of electrons is
projected down the axis of the tube
(Fig. 14.) After having been acceler-
ated by a voltage of several hundreds
or thousands of volts, all electrons move
with a uniform velocity corresponding
to the voltage used. However, when
they pass through a narrow gap be-
tween grids 1 and 2. the electrons are
subjected to an impulse of a sinusoidal
voltage applied between the grids sup-
plied by an oscillating cireuit con-
nected between the grids. Therefore,

49


www.americanradiohistory.com

some electrons emerge from gap I and
2 with slightly greater and some with
slightly smaller than average velocities.
Space 2-3 is free of electric field as all
four grids have the same d-c potential,
ordinarily zero. This means that the
cathode must be at high negative po-
tential. Moving through this Faraday
cage, the faster electrons catch up with
the slower ones and are aggregated in
groups or bunches. In fact, before they
reach grid 3, the electrons can be de-
bunched and re-bunched several times
because of the different velocities. An
r-f potential is also applied between
grids 3 and 4. Now, (1) if this second
gap is located at such a distance, S,
from the first one that electrons enter
it while they are bunched; and (2), if
an electron bunch crosses the gap while
the r-f electric field (or voltage) is ad-
verse, the electrons will be retarded by
the field; their lost energy is imparted
to the field, hence, to the oscillating cir-
cuit producing it. Thus, oscillations,
once started in the oscillating circuit
associated with the second gap, can be
sustained; of course, the consecutive
electron groups must arrive in syn-
chronism with the oscillations, The ex-
hausted electrons fly through grid 4
and are intercepted by the collector, C,
in which their residual energy is con-
verted into heat. Obviously, the fre-
quencies of both oscillating circuits,
f = «/2m, must be the same, while the
average velocity, v,, and the amplitude
of modulation velocity, v,, must be so
chosen that the electron bunches are
formed just before they enter the gap
3-4. All these qualities are connected
by the expression:

Swm _ S(.u U1

r= =
Vo* Yo Yo

(19)

Theoretically it can be shown that
variation of r, by varying one or sev-
eral quantities in this expression, causes
changes in the shape of the electron
waves passing through the gap, 3-4,
hence, in the form of the current, i,
through the gap. The wave forms of
the current for » = 0.5, 1, and 1.5 are
shown in Fig. 15. Theoretical maxi-
mum efficiency, 58 percent, corresponds
to »r = 1.84. As can be seen, in some
cases the current curve has pronounced
peaks; this shows that velocity modu-
Jation generators ave suitable for pro-
duction of harmonic oscillations, in
other words, for frequency multiplica-
tion. In this case, the output circuit

Fig. 15—Wave forms of current of velocity
modulated tube

50

must be tuned to the desired harmonic
frequency.

For a given value of », Eq. (19) shows
that the distance, S, between the modu-
lating gap 1-2 and the first pronounced
electron bunch, is directly proportional
to the average velocity, v,, and inversely
proportional to frequency and to the
percent of modulation v,/v,.

A theoretical derivation of the effi-
ciency given above is made with the
assumption that:

(1) There are no losses in the oscil-
lating circuits,

(2) There is no de-focusing of the
beam due to the space charge.

(3) No electrons are intercepted by
the grids or walls.

All these assumptions, particularly the
third one, may depart greatly from ex-
perimental conditions so that the actual
efficiencies may be 20 percent and even
less.

The wvelocity modulation principle
and generation of power by rhythmic
projection of electron groups against an
adverse r-f field were first described in
1935 by Heil and Arsenjewa-Heil.®”
However, the brothers R. H. and S. F.
Varian,” in this country, arrived inde-
pendently at a similar solution of micro-
wave generators and they improved
their design decidedly by combining the
velocity modulation principle with the
most efficient oscillators, hollow body
or cavity resonators. These have been
known to science since 1897 through a
paper by Lord Raleigh®®.

It has been shown theoretically and
experimentally that a space totally en-
closed by a metallic conductor, such as
a sphere, cylinder, prism, and the like,
may become a seat of vigorous electro-
magnetic oscillations, if these are
properly excited. A basic rule is that
the electromagnetic field outside of the
resonator is zero, and that the tangen-
tial component of the internal electric
field at the conductor is zero. Because
of the latter condition, only certain dis-
creet frequencies or wavelengths are al-
lowed, and there always exists a mini-
mum or cut-off frequency. The values
of the resonant frequencies are deter-
mined by the size and shape of the
enclosure and can be calculated®’, The
longest, or cut-off, wavelength is always
comparable at least with one of the
main dimensions of the resonator. Thus,
for a sphere. A, ,,=2.287; for a cylin-
der. \,,,.=—2.617, where r is the radius
of the sphere or of the cylinder.

The great advantage of cavity reson-
ators as compared to other forms of os-
cillating cireuits is their extremely
high Q. This is the result of low resist-
ance loss and of the complete absence
of radiation losses. For a cavity reson-
ator, @ is equal to the ratio:

volume of inner space
surface area X4
Here 5 is the thickness of the inner
conducting skin of the wall; it can be
calculated from Eq. (5), given before.
Values of @ as high as 50,000 can be
obtained with cavity resonators. An-
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other advantage of these oscillators is
a high shunt impedance permitting a
better matching of the load even at ex-
tremely high frequencies.

BIBLIOGRAPHY

(1) J. 1. Dellinger and Haraden DIratt,
“Development of Radio Aids to Air
Navigation,” Proe. I. R. E., Vol. 16,
No. 7, p. 890, Jul_v, 1928,

(2) €. C. Shangraw, "“Radio Beacons for
Trans-Pacitie thhts " Proe. 1. R. LK,
Vol. 16, No. 9, p. 1203, Sept., 1928,

(3) 1L Dinmond And F.”W. Dinmore “A
Radio Deacon and Receiving \htmn
for Blm(l Landing of Aircraft,” I'roc.
I. I8, Vol. 19, No. 4, p oSo, April,
1')5
I)arlmrd, “Reflectors and Transmis-
sion Lines for 18 em Waves,” Londe
KElectrique, Vol. 11, No. 122, p. 53,
Feb., 1932,
(5) W. L. Barrow and If. M.
tangular Hollow-Pipe
Proc. 1. R. E., Vol. 26, No.
Dec., 1938,
(6) G. It. Kilgore,
tion of 9 ecm Waves,™
. 678, 1934,
(7) K. C. ‘l'hree New Ultra-1ligh
Frequeney ‘Triodes,” Proe. 1. R. I,
Vol. 29, No. 9, b 175, Sept., 1941,
(8) W. G. Wagener, I‘wo New Ultra-High
¥requency Triodes,” PO

Proe. I. R. 15,
Vol. 26, No. 4, p. 401, April, 1938.

D. C. Prince, “\'acuum Tubes as Power
Oscillators,” Proe. I. R. E., Vol. 11,
Nos. 6, 8, 10, p. )70, p. 400, p. 927

June, Aug. and Oct.. 1923,

1. J. Thomson and G. M Itose, “Vacuum
Tubes of Small Dimensions for Use at
Extremely IHigh Frequencies.” I'roc.
I. R. E., Vol. 21, No. 12, p. 1707,
Dec., 1933.

(11) C. Ii. Fay and A. L. Samuel,
Tubes for Generating
above One Hundred
I'roe. I. . E., Vol. 23,
March, 1935.

(12) A. L. Samuel,

(1) L.

Greene, “'Rec-
Radiators.”
12, p. 1498,

“Generation and Recep-
Proe. 1. It. LK.,

“Vacuum

Frequencies
Megacyeles,”
No. 3, p. 199,

“A Negative Grid Triode
Oscillator and Ampliﬁer for Ultra-
Iigh Frequencies,” I'roe. 1. R. 1.,
Vol. 25, No. 10, p. 1243. O:‘tober 1937
I E. Mouromtseff and H. V. Noble, “A
New Type of Ultra-Short Wave Oscil-
lator.” I'roc. I. R. E.,, Vol. 20, No. 8,
p. 1328, Aug., 1932.
F. L. Termﬂn “Resonant Lines in Radio
Circuits,” Transactions A, 1. E. E,
YVol. 53, No. 7. p. 1046, July. 1934.
(13) L. Ii. Mouromtseff, Tunod Grid Tuned-
Plate Oscilmtor," Communications,
Vol. 20, No. 8 p. 7. Aug., 1940.

(16) M. R. Gavin, ‘“I'riode Oscillators for
Ultra-Short. Wavelengths,” Wireless
Engineer, Vol. 16, No. 189, p. 287,

June, 1939.

Chao-Chen Wang, “Large Signal H-F
Klectronies of Thermionic Vacuum
Tubes.” Proe, 1. R. E., Vol. 29, No
p. 200, April, ]9-}1.

(18) W. R. TFerris, “Input Resistance of
Vacnum Tubes as U-1-F Amplifiers.”
RCA Radiotron Publication No. ST-34.
Jan., 1936.

L. Brilluuin, “Theory of the Magnetron.”

I'hysical  Review. Vol. 60, Second

Series, p. 385, Sept. 1, 1941,
Arsenicwa-1leil  and Tleil  “Line

nene Method zur Enzengunt hurzer,

unzedamptter elektromaguetischer

Wellen gneber Intensitiit,” Zeits f.

Physik, Vol. 95, No. 11 and 12, p.

752, July. 19335.

R. H. Varian and 8. F. Varian, “\ High-
I'requency Oscillator and Amplitier.”
Journal of Applied Physies. Vol. 10,
No. 5. p. 321, May, 1939,

Lord’ Rayleigh  “Philosophical .\Iazn-
zine,” Vol. 43, Fifth Series, (No. 1),
No. 261, p. 1"5 Feh., 1897.

(23) W, W Hansen, “A Type of Electrical
Resonator,” Journal of Applied
Physies, Vol. 9, No. 10. p. 654, Oct,,
1938.

W. W. Jlansen and R. D. Richtmyer,
“On Resonators Suitable “or I\lntron
Oscillators,””  Journal o  Applied
Physies, Vol. 10, No. 3, p. 189, March,

1939,

(25) W. L. Barrow and W. W. Mieher.
“Natural Oscillations o2  FElectrical
Cﬂvlty Resonance,” Proc. LR.E., Vol,
28, No. 4, p. 184, April. 1940,

(A) Emfukung in 'I‘heorlo und Technik der
Dezimetewellen.” Otto Groos.

(B) “Principles of Eleectricity” (Page
Adams, Chapter 8).

(C) “Einfukung in Theorie und Technik der
Dezimetewellen,” Otto Groos. . 45.
(D) “Binfukung in Theorie und Technik der

Dezimetewellen,” Otto Groos, p. 30.

(17)

(19)

(20) A.

and

April 1942 — ELECTRONICS


www.americanradiohistory.com

I. Problem of Ultrahigh Frequency
Reception

LTRAHIGH frequency communi-

cation involves point to point
transmission with little or no broadcast
service. There is only one receiver (or
at most, only a few receivers) for each
transmitter but there may be an appre-
ciable number of transmitters in opera-
tion at a given time. In order that the
frequency spectrum may be most effec-
tively utilized with interference reduced
to a minimum, it is desirable to reduce
the transmitter power and increase the
receiver sensitivity to the greatest ex-
tent. The factors which limit the
sensitivity of receivers thus become of
paramount importance. Because a rel-
atively few rececivers are in operation,
mass production methods are not ap-
plicable to their construction. Cost
of manufacture is secondary to results
obtained so that the engineer designing
ultrahigh frequency receivers faces
totally different economic and design
problems than the designer of broad-
cast receivers.

The condition of propagation of radio
waves in the ultrahigh frequency spec-
trum places emphasis on certain re-
ceiver problems which are different
from those encountered in the broad-
cast band. At frequencies below 10 to
30 Me, receiver noise is usually not the
factor limiting its effectiveness. From
50 to 80 Mc there is appreciable man-
made noise from spark, ignition and
similar sources but there is little
natural static. At frequencies above
approximately 80 Me, man-made noise
and static decrease to such an extent
that above approximately 100 Mc, noise
originating within the receiver limits
its effectiveness. As a result, noise be-
comes the factor limiting receiver sen-
sitivity, although other factors are also
of importance.

The chief problems in the reception
of signals at ultrahigh frequencies are
concerned with: (a) the signal-to-noise
ratio, (b) the bandwidth to which the
receiver is responsive, and (¢) the se-
lectivity of the receiving equipment.
These three factors are interrelated.
Optimum design for each one of the
quantities may not always be achieved
in a single receiver design.

Beyond a certain point an increase
in receiver sensitivity is not useful be-
cause the noise in the receiver masks
the signal. Accordingly, sensitivity is
intimately associated with the signal-
to-noise ratio.

In the u-h-f spectrum the wave-
lengths of received signals are com-
parable to the physical dimensions of
circuit elements. Accordingly, the con-
cept of lumped circuit constants is no
longer valid. At those frequencies for
which distributed circuit constants must
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U-H-F Reception

and Receivers

By BEVERLY DUDLEY

be given consideration, the physical
dimensions and mechanical construction
of the receiver become of primary con-
cern. Tuning is usually accomplished
by application of transmission line
principles. The operation of the re-
ceiver is appreciably affected by the
presence of stray or distributed
capacitance and inductances. Require-
ments of frequency stability necessitate
the most rigid mechanical construction
and frequently require voltage regu-
lating devices.

Since the superheterodyne is used
almost exclusively and only the first
tube usually operates at the carrier
frequency, u-h-f receiver problems are
largely confined to design of the input
stage. The design and construction of
the i-f and audio portions of the system
follow usual practice, and consequently
will not be treated here.

Il. Characteristics of Tubes at Ultra-
high Frequencies

The limitation of ordinary vacuum
tubes at ultrahigh frequencies has
been rather thoroughly investigated.
Thompson® has shown that by reducing
all physical dimensions of a tube by
the same scale factor, the interelectrode
capacitances are considerably reduced
without affecting the transconductance
or amplification factor. Transit time
is likewise reduced as is also the power
input of a tube of small dimensions.
The introduction of acorn, and other
tubes of physically small dimensions,
is a valuable contribution to u-h-f.

At ultrahigh frequencies, the input
impedance of a tube can no longer be
considered as infinite or even very
large. Exact expressions for the u-h-f
input admittance of a tube are ex-
tremely cumbersome, but Strutt® has
shown that it may be expressed by a
conductance term proportional to the
square of the frequency, and a suscep-
tance term proportional to the fre-
quency.

Fig. 1—Concept of noise fluctuations pro-
duced by an equivalent voltage generator
(left), or as a current generator, (right)
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North and Ferris' have derived an
expression for the input conductance
which shows that this is proportional
to g, at low frequencies, and is propor-
tional to f* as well as to the square
of the time required for an electron to
travel from cathode to grid.

At ultrahigh frequencies the grid-
cathode capacitance becomes of extreme
importance. Published values usually
refer to this capacitance as measured
when the heater is cold, but this
capacitance increases above published
figures when the tube is heated.

At ultrahigh frequencies the plate
current is not in phase with the grid
voltage. Consequently, g, becomes a
transadmittance rather than a trans-
conductance. However, although the
magnitude of the conductance and sus-
ceptance current individually vary ap-
preciably with the frequency, the mag-
nitude of the total transadmittance is
reasonably constant with frequency.
This variation with frequency may be
neglected for a consideration of ampli-
fier operation but not for oscillator op-
eration.

The output admittance of a tube is
always of much less importance than
the input admittance, and consequently
is usually neglected, even at the highest
frequencies encountered.

Ill. Noise Due to Statistical Fluctuation

Because it limits the sensitivity of
the receiver by masking the weakest
signals, noise in the receiver is of
extreme importance. Noise due to sta-
tistical fluctuation may be attributable
to: (1) thermal agitation noise arising
from the random motion of electrons
in the conductor, (2) electron emission
noise, (3) noise due to current division
in the electrodes of the tube (4) noise
due to emission of secondary electrons
and (5) noise due to formation of gas
within the tube.

Nyquist® has shown that noise volt-
ages appear in many circuits because
of the random motion of the electron
within the conductor and that these
noise voltages may be represented in
terms of an equivalent noise resistance
R which may be determined from the
relation

*=4ETRAS
where & is Boltzmann's constant
T is the temperature of the resistance in
degrees absolute
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R is the value of the equivalent noise
resistance across which the voltage
is produced and

Afis the bandwidth of the receiving or
measuring instrument

The concept of an equivalent noize re-
sistance which is responsible for pro-
ducing the noise voltage is a great
convenience in the construction of
equivalent circuits and the analysis of
receiver operation. As shown in Fig. 1,
the thermal noise may be represented
by means of a voltage or current gen-
erator whose output is ¢, or i, as indi-
cated in the diagram. It should be
noted that in dealing with noise, the
square of the current or voltage is re-
ferred to since it is more convenient
to deal with powers than with voltages
ol currents.

In these equivalent noise diagrams,
the resistance R is assumed to be noise-
free, the equivalent nocise being gen-
erated by the voltage or current gen-
erators as shown. Likewise any phys-
ical tube may be replaced by an ideal
noise-free tube operated in conjunction
with the equivalent noise resistance.

Another type of noise existing only
at ultrahigh frequencies is the noise
induced on the electrode within the
tube. North and Ferris"™ have shown
that the noise in the grid cireuit is
equal to

=B X4k TgeAf

where ¢, is the effective input con-
ductance for the tube and the other
symbols have the meaning already
given then.

The noise in the plate circuit meas-
ured by i, may be referred to the grid
or input circuit by making use of the
relationship i, = e,y,, consequently
the plate circuit noise is equivalent to
that produced by a grid voltage noise

bl =4 T Ry A S

where R, is the equivalent noise re-
sistance in the grid circuit. An equiva-
lent circuit of a tube with thermal and
induced noise generators in the grid
circuit is given in Fig. 2. The thermal
noise is shown as being produced in the
plate circuit (left) whereas at the right
it is produced in the grid cireuit.

In those cases where a tube is rep-
resented with suitable noise generators,
it is assumed that the tube is noise
free and that any noise resulting occurs
because of the presence of the noise
generators.

1¥. The Receiving Antenna

The receiving antenna may be
looked upcn as a device for coupling
the receiver to the medium through
which electromagnetic waves are prop-
agated. It may also be looked upon as
an impedance matching device to trans-
fer power from free space to the re-
ceiving equipment.

Two factors are important in u-h-f
antennas: (1) the power picked up by
the antenna and which is transferred
to the receiver, and (2) the noise oc-
curring within the antenna circuit. The
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Fig. 2-—Equivalent circuit of a tube with
thermal and induced noise generators

Fig. 3-—Equivalent circuit of u-h- receiving
antenna with sources of signal voltage,
e.. and noise voliage. e,

Fig. 4—Transmission line u-h-f input coup.
ling transformer and its equivalent circuit

Fig. 5—Diagram illustrating concept of
measurement of noise voltage in terms
of signal voltage

factor of merit of an antenna is the
ratio of the desired signal voltage to
the noise voltage. ‘

Power picked up by the receiving
antenna is given by

Pr=e R = NDSN 2n
where ¢, is the voltage at the terminals of the
antenna
R, is the radiation resistance
N is the wavelength of received xignal
D, is the directivity of the receiving
antenna, and
S is a factor, measurad in watts per unit
area. speeifving the signal intensity at the
location of the recaiving antenna and is deter-
mined by dircetivity and power in the trans-
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mitting antenna, and distance between the
transmitting and receiving antennas.

At any receiving location, the value
of S, from a specified transnitter, will
be fixed. From this equation it is evi-
dent that the power of the received sig-
nal can be inereased by increasing the
wavelength, However, if the frequency
of the communication circuit is def-
initely established, the only means by
which the power in the receiving an-
tenna may be increased is by increas-
ing the directivity of the receiving
antenna, [J,. Fortunately, it is rela-
tively easy to increase the directivity of
receiving systems at shorter wave-
lengths.  Consequently, the loss in
power which occurs as the wavelength
is reduced can be compensated by in-
creasing the directivity of the system.
This procedure has the ~further ad-
vantage of decreasing the interference
due to transmission from other sta-
tions.

The noise in the antenna due to the
thermal agitation is given by

e = 3ETRAS
where R, is the radiation resistance of
the receiving antenna and the other
symbols have the meaning zlready as-
signed. Combining this equation with
that given above for the power in the
receiving antenna, we may express the
signal-to-noise ratio as

(ea ea%) = NN SrlTAf

As is true in so many instances, the
signal-to-noise ratio depends upon the
bandwidth of the system.

The directivity factor, D,, represents
the voltage gain in the receiving antenna
over that of a perfectly non-directional
antenna. For a half wavelength dipole
D, is approximately equal to 3. The
directivity of the antenna system may
be increased through the use of addi-
tional elements properly arranged in
an antenna array. The power obtain-
able from a properly constructed an-
tenna array ix proportiornal to the
number of eclements but the difficulty
of construction also increases with the
number of elements so that frequently
a four or eight element array is the
maximum which is feasible.

It is sometimes convenient to rep-
resent an actual antenna by its equiva-
lent circuit, (Fig. 3) where X, repre-
sents the antenna reactance, R, repre-
sents the antenna radiation resistance,
¢, represents the equivalent noise volt-
age on the antenna, and e, represents
the voltage of the desired signal, or the
antenna voltage,

Because it is not desired to change
the size of the antenna every time it
is desired to receive signals of a new
frequency, the effective bandwidth or
frequeney range of an antenna is im-
portant. Antennas for u-h-f reception
are always tuned and are usually half
wave dipoles.

The input circuit of the receiver
usually contains a coupling transformer
in the form of a section of a transmis-
sion line whose purpose is (1) to match
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the impedance between the antenna and
the receiver, and (2) to obtain the re
quired selectivity or bandwidth. A sec-
tion of the transmission line used as a
coupling transformer and its equivalent
input circuit are shown in Iig. 4.

In practice the length of the trans-
mission line forming the input trans-
former is usually slightly less than
one-quarter of a wavelength. The @
of the transmission line coupling unit
increases as the input resistance R,
and input capacitance, C, of the tube
to which it is connected are increased.
When the antenna is connected to the
input circuit of the receiver the added
antenna resistance, R, produces in-
creased loading which broadens the
band to which the transformer is re-
sponsive.

To increase the selectivity, it may be
desirable to connect the grid of the
input tube farther down toward the
grounded end of the transmission line
rather than connecting it, as shown in
Fig. 4 at the quarter wavelength posi-
tion. When this is done, it will be
found that it is also usually desirable
to tap the antenna farther down the
line from the position which is optimum
when the grid is tapped at the quarter
wave section of the coupling trans-
former.

V. The First Tube and 1ts Noise

The plate current of any vacuum
tube, such as T of Fig. 5, possesses
instantaneous fluctuation of plate cur-
rent of a random nature, which, appear-
ing as noise, establishes a limit to the
useful operation of the tube. The mean
or average value of the minute fluctua-
tions cannot be detected directly by
placing a current measuring instrument
in the plate circuit of the tube since
the fluctuations are usually masked by
other currents and also because they
occur at too rapid a rate for them to
be registered by the meter. However,
they may be detected when the gain of
the amplifier is sufficiently high if the
output meter is replaced by a cathode-
ray oscillograph. The presence of fluc-
tuations is then indicated by an irreg-

. ular trace on the screen. The presence

of noise, in terms of equivalent input
signal voltage, may be measured by
means of the circuit of Fig. 5. A signal
generator producing an input or grid
signal e,, is fed to the grid of the tube
whose plate circuit is connected to an
amplifier of variable gain. The output
of this amplifier is connected to an in-
dicating or output meter M. For large
or moderate values of e,, indications of
the meter M are proportional to the
magnitude of the voltage applied to the
grid of the tube.

For a signal voltage, e,, impressed
upon the grid, the plate current due to
the signal is given by the expression

Tpr = Gmes
where g, is the transconductance of
the tube. Likewise, the current in the
plate circuit due to random noise may
be represented in terms of the equiva-
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lent noise voltage on the grid by the
equation
Tpn = Gmen = gn (4 ETRASIE)

The signal-to-noise ratio may be ex-
pressed as
(e./en)? = €2/4 K TRAS

The signal-to-noise ratio will increase
with an increase in signal strength,
and with a decrease in the equivalent
noise resistance and decrease in the
bandwidth to which the receiver is re-
sponsive. For receivers operating above
approximately 300 Me, practically all
of the noise is due to that originating
within the plate circuit of the first tube.
For this reason it is important to pay
more than usual attention to the noise
originating within the first tube.

VI. Signal Noise Ratio for Simple
U-H-F Receiver

To illustrate the value of some of
the noise concepts, let us investigate the
signal-to-noise ratio for a simple re-
ceiver operating at frequencies of 300
Mec. The equivalent input circuit is
shown in Fig. 6 in which for simplicity,
only one source of mnoise (thermal
noise) will be employed. This is intro-
duced in the grid circuit by means
of the generator labeled e,”. In Fig. 6,
e, is the voltage delivered by the an-
tenna, and R, is the antenna radiation
resistance of the receiving antenna.
The transformation ratio of the
coupling transformer is designated as
m, while C, is the input capacitance of
the first tube, and R, represents the in-
put loading of the first tube. For the
coupling transformer to match the an-
tenna to the tube input resistance, the
equivalent ratio of transformation
must be m? = R,/R,. For this adjust-
ment, maximum grid voltage and max-

et KT Ryg AF

Input Circuit Step-Up [m)

Fig. 7—Dependance of signal and signal-
to-noise voltages upon input transformer
coupling ratio
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imum gain are obtained. The voltage
across terminals AR is one-half of the
antenna voltage so that the signal volt-
age applied to the grid is

e, = me,/2 = % e, (R/ Ra)*%

The signal-to-noise ratio may be deter-
mined from the square of this quantity
and the square of the noise voltage as
given in Fig. 6. The result is

( ye o ( . ) 1 R:_)
Cem) "= N R )4k T AF\ 4Ry
The first term on the right-hand side
of the equation is the signal-to-noise
ratio of the antenna. For a given an-
tenna this is fixed and cannot be modi-
fied to obtain an improved signal-to-
noise ratio. Likewise, for given band-
width, the second term is fixed. How-
ever, the third term involving R, and
R., depends entirely on the character-
istics of the first tube in the receiver.
Accordingly, by selecting the most suit-
able tube, it is possible to increase the
signal-to-noise ratio appreciably. To
increase this ratio we must have a tube
with a high input resistance, B, and a
low equivalent noise resistance, E,,.

Although the ahpve analysis was
based on adjustment of the coupling
transformer to provide maximum gain,
the signal-to-noise ratio is also a func-
tion of m.

Herold® has shown that the coupling
of the input transformer for maximum
signal-to-noise ratio is less than that
required for maximum gain. The re-
lationship between signal voltage on
the grid, the equivalent noise voltage,
Landwidth, and signal-to-noise ratio is
shown graphically in Fig. 7, for the
case in which the input resistance of the
first tube is 400 times the radiation
resistance of the antenna. It is evident
that optimum signal-to-noise ratio oc-
curs for a smaller value of m than
that required to give maximum signal
voltage on the grid.

The signal-to-noise ratio for maxi-
nium gain depends only upon the input
resistance of the first tube and its
equivalent noise resistance. If the
coupling transformer at the input of
the receiver is adjusted for maximum
signal-to-noise ratio rather than for
maximum gain, the signal-to-noise
ratio is given by

e, )2=<e,2) 1
€n i Sc kT

1
((A fEC an)
where R, is the radiation resistance of
the antenna and C, is the effective
capacitance of the input circuit.

Since both the bandwidth and the
signal voltage vary with the coupling
ratio of the input transformer, maxi-
mum signal-to-noise ratio will be
obtained (if bandwidth is not a con-
sideration) for that value of m corres-
ponding to the condition of maximum
efficiency. However, if a specified band-
width is desired, some lower value of m
may be required to produce a maximum
signal-to-noise ratio for the specified
bandwidth.
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Vil. Converter and Mixer at UHF

The non-linear device producing
oscillations of intermediate frequency
as a result of the combination of in-
coming signal and locally generated os-
cillations impressed upon it, may be any
tube having a non-linear characteristic
between two or more eclectrodes. The
important figure of merit for the tube
operated as a mixer or converter, is
the conversion transconductance. If we
have a circuit (Fig. 8) in which the in-
coming and _locally generated oscilla-
tions are combined on the grid of the
mixing tube and oscillations of the
lower (intermediate) frequency are
taken from the plate circuit then it will
be possible to measure the plate cur-
rent at a lower or intermediate
frequency if the plate circuit is tuned
to that frequency. The ratio of the
plate current change at the inter-
mediate frequency, to the corvesponding
change in grid voltage producing it, is

defined as the conversion transcon-
ductance. Mathematically the con-
version transconductance is defined by
diy ,
.(](. = g4 N
(Itgrf

where di,,,, is the change in the plate
current of intermediate
frequency and
de, is the v-f voltage impressed
“upon the grid and arising
from the combination of the locally
eenerated and received oscillations. It
should be observed that while the math-
ematical expression for the transcon-
ductance is similar to that for the more
familiar grid-to-plate transconductance
(g, ) the conversion transconductance
involves a change in frequency, which
is not the case for the ordinary trans-
conductance. Likewise, it should be
noted that in deriving the expression
for converter transconductance, it is
assumed that sinusoidal received and
oscillator voltages are referred to.
The transconductance as defined above
applies, of course, to a specific set of
operating voltage conditions. In gen-
eral, different values of transcon-
ductance will be obtained for various
values of grid and plate operating
voltages.

When two sinusoidal voltages of os-
cillator frequency and incoming fre-
queney are combined in a non-linear
device. additional frequencies not pres-

Fig. 8—Circuit for frequency converter
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TABLE [—Optimum Input Circuits

WEAK SIGNALS

MODERATELY The circuit

HIGH
FREQUENCY

impedance for
moderately high frequencies
is given by the term
Z = 1/(22CAf)

In this case, the gain of a
radio-frequency amplifier is
approximately four times
that which may be obtained
from a converter. Conse-
quently, so far as gain is con-
cerned, it is advisable to
make the first tube a radio-
frequency amplifier. This
has the further advantage of
tending to reduce the under-
sired image signal.

The signal-to-noise ratio is
much more important than
the gain. The gain consid-
eration remains the same as
for strong signals at moder-
ately high frequency. How-
ever, the equivalent noise
resistance of a converter
is much greater than that
of an amplifier and accord-
ingly, the use of at least
one stage of radio-fre-
quency amplification in the
input circuit is desirable.

The impedances at the fre-
quency of the imput signal
are much less than those
which can be built up for the
intermediate frequency, and
for such a case, the radio-fre-
quency gain is much less
than that obtainable in an
intermediate-frequency stage
For still higher frequencies
this condition is even more
greatly exaggerated. Accord-
ingly, above a certain tran-
sition frequency f) it is advis-
able to use a converter stage
immediately at the input of

The signal-to-noise ratio is
of primary consideration.
The considerations of gain
are the same as for those
of strong signals in the
ultrahigh-frequency band.
The necessity for a high
signal-to-noise ratio rnakes
it desirable to change from
a tuned amplifier to & con-
verter input stage at a
lower frequency than that
transition frequency desig-
nated for the case of
strong signals at ultrahigh
frequency.

the receiver,

The transition frequency, f,, depends upon bandwidth, For a very
broad bandwidth, the transition frequency will be very high, while for
a narrow bandwidth, the transition frequency f, occurs at lower fre-

quency.

Transition frequency increases as the bandwidth increases.

TABLE II—Calculation of R;, and R., for Acorn Tube Mixer

Oscillator Lo R,, R;. R,, R,,
Mixer Frequency « mhos (ohms) (ohms)
954 Fundamental .. ... .. 730 30.000 1,350 0.045
954 Second harmonic. . . .. 520 72,000 2,700 0.036
955 Fundamental . . . 785 4,600 1,350 0.293
955 Second harmonic. .. .. 560 11,000 2,700 0.245

ent in the input voltages appear in the
output of the device. Of the various
distortion currents thus produced, only
those which are equal to the sum or the
difference of the two impressed fre-
quencies are of importance in super-
heterodyne reception.

A useful empirieal equation for de-
termining the value of the intermediate
frequency for u-h-f receivers in terms
of the bandwidth and image ratio is

J= Y4 AfE/E;

where Af is the bandwidth of the receiver

E, is the desired or signal frequency

voltage and

E; is the image frequency voltage
The ratio E/E, is a measure of the
ratio of the intensity of the desired
signal to that of the undesired signal,
and is expressed as a voltage ratio.
The intermediate frequency should be
raised as the bandwidth increases.

Instead of permitting the funda-
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mental frequency of the local oscilla-
tor to beat with the incoming signal
frequency, it may be more desirable,
especially in u-h-f receivers. to utilize
one of the harmonies of the oscillator
to produce the beat frequency. With
this arrangement it is usually possible
to secure greater stability since the
oscillator can operate at an integral
sub-multiple of the carrier frequency.

VIIl. Type of Input Tube

A problem of very practical im-
portance in receiver operation assumes
that a certain signal is to be received.
The question then arises as to what
type of circuit is to be used for the

first tube. This tube may be used as a
r-f amplifier or as a converter. Two
considerations are of primary im-

portance; (1) the signal-to-noise ratio
must be as high as possible, and (2)
consistent with its primary requisite,
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the gain must be as high as possible. It
sometimes happens that the two re-
quirements are not mutually consistent.

The choice of the most desirable
type of input tube depends upon four
principal factors: (1) the magnitude
of the received signal frequency, (2)
the bandwidth required of the ve-
ceiver, (3) the field intensity or mag-
nitude of the received signal, and (4)
the nature of type of tube used in the
first stage.

Table 1 gives an appraisal of the
most suitable type of input tube under
ordinary conditions for operations at
moderately high frequencies and at
ultrahigh frequencies, both for mod-
erately strong and for weak signals.

IX. Classification of Converter Mixers

Frequency converters for super-
heterodyne receivers may be classified
according to the position of the grid on
which the signal is injected as: (1)
converters with oscillator voltage ap-
plied to the same grid as the signal,
(2) converters with oscillator voltage
applied to an inner grid, (3) con-
verters with oscillator voltage applied
to an outer grid, and (4) diode con-
verters.

Although diodes are sometimes used
for mixers in u-h-f superheterodynes
they are obviously incapable of pro-
viding any gain and for this reason are
inferior to triodes or multi-grid tubes.
They suffer from a further disad-
vantage in that the i-f oscillations are
contained within the same circuit as
oscillations of incoming and locally
generated frequencies so that the inter-
mediate frequency may beat with the
local oscillator to produce additional
spurious and undesired frequency com-
ponents.

For converters in which the signal
and local oscillator voltages are im-

signal-to-noise ratio is high, but bad
interaction between signal and local
oscillator circuit occurs.

When local oscillator voltage is im-
pressed on an inner electrode with re-
spect to that containing the signal
frequency, interaction of signal and
oscillator circuit is somewhat reduced
but is still objectionable at the higher
frequencies because of space charge
coupling between the two grids. The
disadvantages of these two methods
may be somewhat reduced by the third
method in which the local oscillator is
applied to an outer electrode with re-
spect to that containing the impressed
frequency. By special tube design, this
type of circuit may be still further im-
proved.

An appraisal of the various merits
of possible modes of operation of con-
verters has been given by Herold® in
tabular form. While this table may be
used as a rough approximation for
the design of converter stages, the rel-
ative merit of one type of operation as
compared with another may depend
somewhat upon the tube used. For this
reason the table should be considered
merely as a rough guide.

It has already been shown that the
figure of merit for a tube. so far as
concerns the signal-to-noise ratio, is
given by the ratio of the input re-
sistance to the equivalent noise resist-
ance of the tube. Table II shows this
figure of merit as well as other factors
of importance for two types of acorn
tubes employed as mixers and operat-

ing either at the oscillator funda-
mental frequency or at its second
harmonic. From this table it is evi-

dent that a 955 mixer tube operating
at the fundamental frequency of the
oscillator is the most suitable of those
listed so far as signal-to-noise ratio is
concerned, with a 955 mixer operating
at the same harmonic of the oscillator

pressed on the same electrode, the as second choice.
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IV. Wide Band Amplifiers
& Frequency Multiplication

By D. L.

th = plote cathode copacity of T,
C = wiring copacities

[','hzgrfpf cothode capacity of T
C' =Cpg (1+A)

Cpa= gricd plate capacHy of T,

A = amplification of second stage

Fig. 1—Schematic wiring diagram of two

stage resistance-capacitance coupled am-

plifier with various capacitances aiffecting
its operation indicated

1 Wide Band Amplifiers

N many ultrahigh-frequency circuit

applications, a need arises for uni-
form amplification, with negligible
phase shift, of frequencies ranging
from as low as b cps to 10 Mc. The re-
sistance coupled amplifier suggests it-
self as a solution. However, the famil-
iar audio frequency amplifier shown in
Fig. 1 presents two problems which
must be solved before this method can
be adapted.

The high frequency response (above
20 kec) is limited by the capacities indi-
cated, while at the low frequencies (be-
low 20 ke) the time constant R,C, must
be high compared with the lowest pe-
riod to be transmitted. In practice C,
may become too large if ordinary de-
sign procedures are followed so that
other means must be sought. Plate de-
coupling in low level stages is usually
desirable and unless the decoupling net-
work is properly designed with respect
to the time constant of the grid circuit
of the following stage, the low fre-
quency response will not be uniform,
nor will the phase shift be a minimum.

Considering these factors we can in-
vestigate methods of modifying the cir-
cuit of Fig. 1 to accomplish wide band
amplification. It is advisable to consider
the high frequency operation first be-
cause certain constants, fixed by the
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high frequency requirements, also tend
to determine the low frequency re-
sponse. In the discussion that follows,
linear amplification and the use of
pentodes will be assumed.

A. Uncompensated Resistance Coupled
Amplifier

In Fig. 2 all the capacities have been
lumped together and called C,. A vari-
able frequency sine wave signal is ap-
plied to the grid of T, from a low im-
pedance source and a vacuum tube volt-
meter is connected across a low resis-
tance I2,” (about 100 ohms). Figure 3
gives the response of the amplifier un-
der these conditions.

The percentage of output voltage is
plotted vs. frequency, for constant input
voltage. Above the mid-frequency, the
response falls with increase in fre-
quency. The high frequency at which
the output wvoltage is 70.7 percent
(3 db down) of its low frequency value
will be called the upper cut-off fre-
quency f.. The output voltage of the
two-stage amplifier is related to the
input voltage by the equation:

€y = gm W1 Aven / 11 + (w R C'[‘).:l e

(1
where

¢ = 15 transconductance of 1

Fig. 2-—Schematic diagram of two stage

resistance coupled amplifier using pen-

todes with equivalent circuits for two
conditions

&= gmPLein |
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Tt

Phose Shift in Radians
Percent

Fig. 3—Amplitude and phase response of
the amplifier of Fig. 2

Modi fied
Lu'g.' Pa=s
Filtar

Fig. 4—A low pass filter may be inserted

in the plate circuit of an amplifier tube to

assist in maintaining constant gain through-
out a specified frequency band

I? 1 is load resistance in plate cireut of 7',
w is2rf
f isfrequency in cps
C'7 is total shunt capacity across £, and
A, is amplification of the second stage
The high frequency amplification of the
first stage, A,, is given as
AL = gm B2/l + (0 Ro Cp)J's
= gn Ri/I1 + (f/fe)*P2 (2)
When the gain is reduced to 70 percent
of its value at mid-frequencies, « R,C,
=1 whence,
Cr=Y%rfRe (3
This indicates an experimental method
for determining C,. The phase shift
(in radians) introduced at high fre-
quencies is shown in Fig. 3, and is
related to frequency in the following
manner
o1 = (— 7 — tan "1 f/f;) (4)
The low frequency amplification A,
and phase shift ¢,” of the first stage are
also shown in Fig. 3. For the low fre-
quencies the gain and phase shift are
given by
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TABLE I. Vacuum Tubes Used in Wide
Band Amplifiers and Their Figures of
Merit

9

Tube (#mhos) 9./C,
6ABT 5000 380
6ACT 9000 550
6CH 2000 77
6186 2600 95
6J5 2600 108
61.6 6000 231
6V6 4100 178
6Y6(G 7000 250
25L.6 8200 315
807 6000 3156
954 1400 234
955 2000 230
956 1800 290
123 5500 400
1232 4000 350
1851 9000 540
A = gm Bon, |1+ (0 Ry '

= gw L0/l (Fe/f: (5)

ol = (—w—f-tan“l _w_CTlck_g_>

—[ = 7+ tan " (Fe/)) (6)

where [I7o = - - is the lower cut-off

2w Ry
For a given value of R,, Eq. (2) shows
that the high frequency gain increases
directly with g,, and inversely with C;.
The ratio g,/C, should be as high as
possible and is usually referred to as a
figure of merit of a vacuum tube.” '
Some tubes frequently used and their
figures of merit, are listed in Table I. ”

B. High Frequency Compensation

The amplification per stage of a re-
sistance coupled amplifier using a pen-
tode may be expressed as

A=gnZ ()

where Z is a complex impedance in the
plate circuit. To make the gain uni-
form for a given frequency band, Z
must be a constant, independent of fre-
quency. To accomplish this, the plate
circuit is designed to work into some
modification of the mid-shunt image
impedance of a low-pass filter structure
(constant K type) as indicated in Fig.
4. The gain is then g¢,R, where R,
is the terminating impedance of the fil-
ter. Typical high frequency compensat-
ing circuits with their design formulae
are given in Table IL."Y In practice
they usually can be adjusted to provide
compensation to the highest frequency
to be amplified within *£1 db.

All of the circuits shown in Table II
are straightforward in their applica-
tion, except (4) and (5) which are
rather critical to adjust. When using
circuit (2) it may be necessary to shunt
1., with several thousand ohms to flat-
ten the response characteristic. When
maximum possible gain is to be realized
two coils will be necessary and ecircuit
(6) is to be recommended provided the
capacitances are properly distributed.

ELECTRONICS — April 1942

TABLE II—High Frequency Compensating Circuits

CIRCUIT

de i
04 m.#c'||1|z|:,«._

§, is highest frequency fo be amplified

Phase shift which is extremely impor-
tant in wide-band amplifier applica-
tions, will be introduced as f, is ap-
proached. It is usually necessary to
keep the time delay, T = (Phase shift
in rad.)/27f within certain specified
limits to assure faithful reproduction
of the amplified signal. If the frequency
response up to f, can be limited to the
deviation = (1 db)/n per stage, where
n is the number of stages in cascade,

the phase shift produced will not seri-
ously affect the result desired.

C. Low Frequency Considerations

To maintain constant amplitude and
a minimum of phase shift at low fre-
quencies, any one of the circuits shown
in Table III can be used. = * ' Because
of the commercial tolerance of the vari-
ous components it is usually necessary

TABLE Ill—Low Frequency Compensating Circuits

CIRCUIT :
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FORMULAE

T = fowes? perfod fo be fronsmiffed
Ry = (G R Re
C=(GmR) Gk

€% Cy
Cy

-—
R,

Ry

Ratld of abaut 00-300 gies
practical values
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to adjust each circuit atter the ampli-
fier is built. A convenient method is to
employ, as the input signal, a sym-
metrical square wave of the lowest fre-
quency to be transmitted and to vary
R, until the input and output wave-
forms are identical. Note that R, en-
ters into all the determinations for the
low frequency compensating networks.
Thus it becomes apparent why it is
desirable to do the high frequency
aligning first.

D. Pulse Amplifier Frequency Require-
ments

The frequency band requirved by a
pulse amplifier is determined at the low
frequency end by the fundamental fre-
quency of the pulse and at the high
frequency end by the slopes of the pulse
edges. The number of harmonics neces-
sary to reproduce a pulse illustrated in
Fig. 5 is given by ™

A= (8)
where T is the period of pulse, and
t is the time duration of slope
The maximum frequency to be trans-
mitted, f,, is given as
Jo=FTH 9
where F' is the pulse fundamental fre-
quency.

E. Frequency Compensation of Power
Amplifiers

The above considerations were con-
cerned mainly with low and medium
power wide band amplifiers. When the
power to be dissipated in the plate cir-
cuit resistors becomes so high that their
size and physical construction introduce
capacitances greater than that of the
tubes themselves, other means of fre-
quency compensation must be found.

The two-terminal constant resistance
type of network shown in Figs. 6(a)
and 6(b) can be used to accomplish
high-frequency compensation. When
the constants are so proportioned that
R, = R, = (L/C)*” the terminal im-
pedance is a pure resistance indepen-
dent of frequency. The arrangement of

Fig. 5—Wave form of pulse requiring
wide band amplifier for its transmission

Fig. 6—Constant resistance networks for
high frequency compensation
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two-terminal networks in a practical
application is illustrated in Fig. 7.

Note that the networks are arranged
in cascade so that section 1 forms the
resistance element in parallel with C,
of section 2 and so on. The plate cir-
cuit thus sees a resistance R shunted
by the tube and stray capacities. The
network nearest the plate supply, i.e.
section 1, is usually utilized to filter the
rectified high voltage. In practice each
section maintains the frequency re-
sponse to some value determined mainly
by the choke capacities, For example
in a television modulator, sections 1
and 2 used alone would give a response
approximately to 1.5 Mec; sections 1, 2,
and 3 maintain the frequency response
to 3 Me, while sections 1, 2, 3 and 4
operate to 5 Mc. The greatest R loss
will occur in the resistance nearest the
plate supply. This resistance can be
water cooled if necessary because the
capacitance to ground at this point is
small compared to that of C,.

An application of the constant resis-
tance type of network to plate-grid
coupling is shown in Fig. 8(a). The
self inductances of the two coils L, and
L, are so designed that when coupled
their mutual inductance is such that
L, — M = 0. The impedance of C, is
small compared to that of (L, — M) or
the resistance, R, for the lowest fre-
quency to be transmitted. The equiva-
lent circuit is shown at bottom of Fig.
7. When R, = R, = (M/C,)%* and
R,= R, = [(L, — M)/C,1* a resistance
equal to R, exists between plate and
grid. This type of constant resistance
network will not be a pure resistance
down to very low frequencies because
of (.,

F. Designing the Wide Band Amplifier

To begin the design of a wide band
amplifier one must know the following:

1. I'requency response desired.

2. Signal waveform and peak-to-peak
voltages of the input and output. These
are necessary if optimum linearity is
to be obtained. Obviously the operating
points for the various tubes depend
upon signal waveform and magnitude
among other things.

3. Power supply ripple and amplifier
gain. These must be known to properly
design decoupling filters to prevent
“motorboating” at some low frequency
and excessive power supply ripple on
the grids of the low level stages.

With a knowledge of these factors
we can Dproceed to find the circuit con-
stants for each stage, working from the
output end towards the input after
choosing a tube from Table I. An esti-
mate of capacitances will allow us to
determine the plate load resistance and
the inductance of coils, using a circuit
listed in Table II. Knowing the signal
levels and the required hum level, a
reasonable value of decoupling resistor
and capacitance can be determined. The
low-frequency compensation can then
be calculated from Table III. The re-
quired output voltage divided by the
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Section 3

| Sectign 2

Sectien 1

Equivalent Circuwit

Fig. 7—Four-section constant resistance
networks for extending frequency range

Fig. 8—Application of constant resistance
networks to interstage coupling
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plate resistance fixes the peak-to-peak
plate current swing. A suitable bias is
selected using the I, —FE, character-
istics, so that the plate current swing
along the plate load line is linear for
the wave form considered. Knowing the
limits of the current swing we can
easily find the grid voltage necessary
to produce this change in the plate cir-
cuit. This becomes the output voltage
for the preceding stage. The procedure
outlined above is then repeated until
the signal voltage on the grid of a tube
is equal to or less than the input volt-
age. [t is evident that the type of tube
selected from a group of high g, tubes
will be determined mainly by signal
level for reasons of power economy.

Before proceeding to a description
of the layout of wide band amplifiers a
word should be said about the cathode-
follower. This circuit provides a low-
capacity high-impedance input whose
output is in phase with the signal input.
The gain is always less than unity and
equal to ¢, R,/ (1+g¢g,R,) for pentodes.
where R, is the cathode resistance.
The pentode cathode-follower, shown
in Fig. 9, finds much use as a low impe-
dance output device.” ™ The generator
inmpedance of such an arrangement is
1'¢,. Thus a 6ACT cathode-follower
shows an impedance of 111 ohms to the
load. Since ¢, = (iR, + e,) where ¢,
is the grid-cathode voltage, it is neces-
sary to add the voltage drop (R, to
the grid voltage determined from the
i,—F, characteristic in order to deter-
mine the signal voltage to produce a
given plate current swing.

G. Wide Dand Amplifier Layout

If maximum gain is desired the most
important consideration in the arrange-
ment of parts is to keep stray capacities
at a minimum. Coupling condensers
should be elevated from the chassis, sig-
nal leads should be made as short as pos-
sible and condensers should be mounted
as close to the tube socket as practicable.
For effective by-passing over the whole
band, electrolytic condensers shunted
by small paper condensers are used as
shown in Fig. 8 This practice makes
possible the placing of the paper con-
densers near or at the socket while the
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Fig.
pass condensers near the by-pass point

10—At high frequencies, small by-

are desirable in parallel with larger
capacitances
parallel connected electrolytic con-

densers may be placed somewhere on
the chassis where their bulk does not
produce crowding. When the gain of
the amplifier exceeds 40 db isolation by
means of shielding is usually necessary
to prevent coupling between high and
low level stages. The ) of the coils
used is not critical. Pi-wound induc-
tances on & or i-inch dowels work out
very well. For experimental work the
variable inductance type of coil is pre-
ferable.

H. Testing Wide Dand Amplificrs

After the amplificr has been built it
is usually aligned stage by stage both
for high and low frequency response
to assure compliance with the original
specifications. The high frequency re-
sponse of wide band amplifiers refers
to those frequencies above 20 ke and de-
pending upon the accuracy desired, can
be checked by the following methods:
(1) point by point method, (2) video
sweep oscillator, or (3) square wave
analysis.

The first method, point by point
checking, compares the output and in-
put voltages at predetermined fre-
quencies. This method is the most ac-
curate of the three listed above, and is
limited only by the accuracy of the
meters and the signal generator used.
The disadvantage of this method is the
time consumed where many stages are
to be checked.

band
amplifier

Fig. 9—Schematic diagram of cathode
follower, with its simplified equiv-
alent circuit is shown at the left
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For experimental and developmental
purposes and where frequency diserim-
ination limits are not greater than
+1.0 db, the video sweep oscillator is
to be recommended. This signal gen-
erator is an oscillator whose frequency
is varied at a constant rate by means
of a mechanically driven condenser. In
a typical signal generator a constant
voltage source is available whose fre-
quency varies at 60 cps from 100 ke to
5 Me. When such a signal is fed to an
amplifier, it modulates the voltage from
the signal generator but this can then
be demodulated in the usual manner and
observed on the screen of an oscillo-
scope. The use of a band sweep oscilla-
tor 1is illustrated in Fig. 11. The
probe of the diode detector must not
diseriminate against frequencies in the
band to be observed. Once the demodu-
lation has been effected an oscilloscope
whose amplifier has good low fre-
quency response will suffice.

The high frequenecy response can also
be checked with square waves,™ but it
assumes the use of an oscilloscope whose
frequency and phase characteristics are
better than those of the amplifier under
test. Experience is also necessary to
correlate the output wave shapes with
the frequency or phase distortion intro-
duced by the amplifier, for most rapid
testing,

In adjusting the constants of the
amplifier for low frequency response it
is desirable to use a symmetrical square
wave whose fundamental frequency is
equal to the lowest frequency to be
passed by the amplifier., This method is
preferable to any other since a wide-
band amplifier is usually required to
pass square waves at the very low fre-
quencies. The type of square wave dis-
tortion observed when the constants of
an individual stage are not properly
balanced is shown in Fig. 11.

In measuring the frequency response
of amplifiers, overload conditions must
be avoided. It is advisable to check for
obvious amplitude distortion by con-
necting an oscilloscope across the out-
put resistor, and varying the input sig-
nal level. The oscilloscope should be
removed when checking the high fre-
quency response. When investigating
low level stages with 60 cps square

Cothode roy
oscilloscope

Diode
detactor

Fig. 11——Diagram illustrating the method
of checking a wide band amplifier by
means of video sweep oscillator
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waves, hum modulation of the output
wave form may obscure the actual cir-
cuit operation. Precautions should be
taken to eliminate spurious hum
pick-up. This is a good practice to fol-
low in any event.

It Frequency Multiplication and Division

High frequencies may bhe derived
from low frequencies by certain circuit
arrangements wherein the low fre-
quency is multiplied an integral num-
ber of times. This process is referred
to as frequency multiplication. The fre-
quency of many transmitters operating
in the u-h-f region is determined by same
stable oscillator of relatively low fre-

Fig. 13--Diagram of frequency multiplier,
(a). and voltage and current wave forms
showing appreciable distortion in output
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Fig. 14--Magnitudzs of d-c and harmonic
content for Class C amplifier

LEFT
Fig. 12-—Types of square wave distortion
which may be produced when amplifier
consiants are not properly designed

RIGHT
Fig. 15—Ouiput of harmonic generating
tube circuit at various harmonics, in per-
cent of output at fundamental frequency

quency. The fundamental oscillator
frequeney is then multiplied by vacuum
tube circuits, to obtain the desired car-
rier frequency. Practically all f-m trans-
mitters operate in this manner.

The inverse of frequency multiplica-
tion is frequency division and is ac-
complished by dividing the frequency
of a stable oscillator an integral num-
ber of times, by use of multivibrator or
counter circuits. The object is to pro-
duce stable low frequency oscillations
from a relatively high frequency source.

A. Frequency Multipliers

The generie form of the usual vacuum
tube frequency multiplier is the class C
amplifier. Consider the triode circuit
Fig. 13(a). The grid circuit is tuned
to the fundamental frequency while
the plate circuit is tuned to the mth
harmonic. The tube is biased well be-
low cut-off and driven slightly positive
so that the plate current is produced
in spurts as shown in IFig. 18(b). The
angle ¢ is the time angle during which
plate current flows. The wave form of
7, (t) will be rich in harmonie content
as shown in Fig. 14 where the magi-
tudes of the d-¢ and harmonic com-
ponents of the space current are plotted
in terms of the peak space current, I,
versus the angle of flow, Reduc-
ing the negative bias and grid driving
voltage increases . Referring to Fig.
14 1t will be seen that the harmonie
output is a maximum when ¢ = 270/n
electrical degrees, where the order
of the harmonic is designated as n.
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Percent of FJndamenfal
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2 3 4 5 8
Harmonic Order

However, increasing 4, lowers the plate
efficiency because the plate current
flows over a greater part of the plate
voltage cyele. Terman ™ *” has indi-
cated that the best angle of flow is
180/n electrical degrees. Where low
grid driving power is available the an-
ele of flow will have to be inereased
even up to 360/n at the expense of plate
efficiency previded the rated plate loss
is not exceeded. The output of a har-
mon'c generator compared with the
same tube as a class C amplifier is
shown in Fig. 15. (For a class C ampli-
fter. # = 140 deg.)

The design of frequencyv multipliers,
where transit time effects do not have
to be considered. has been amply treated.
The steps to be taken in the design of
a triode frequency multiplier follows
below. "

B. Frequency Multiplier Design

1. Decide upon a tube. High g, sharp
cut-off tubes are to be preferred. From
the tube characteristics determine the
safe peak space current 7,,. This cur-
rent can also be determined knowing
the tvpe of emitter and power input to
the tilament. The emission current in
milliamperes per watt of hea:ing power,
can be taken to be about 10, for tung-
sten, 62.5 for thoriated tungsten, and
100 for oxide coated emitters. For tung-
sten, 7, can be determined by the full
emission. For thoriated tungsten or ox-
ide coated filaments, use factors of
safety varying from 3 to 7 for the for-
mer type to at least 10 for the latter.

April 1942 — ELECTRONICS


www.americanradiohistory.com

2. For the value I,,, determine from
the tube characteristics the correspond-
ing plate minimum volts E,m“‘ and

the maximum grid drive volts E,

3. Depending upon the use of the
tube as a frequency multiplier deter-
mine the angle of flow, § =— 180/n.

4, Assuming the space current fol-
lows the 3,2 power law, determine the
ratio /,./I, and harmonic output ratio
I/1,, from Fig. 14. Let these values be
K,. and K, respectively and let /,. be
the zero frequency space current and
I, be the harmonic space current. Thus

Lie = Kae Im
1;. = Kh ]m

5. Assume the grid current to be 15

percent of the space current so that

Ligg = 0.15 Kac I'm
IP(/; = 0.85 K(Ic Inm

{b) Push Push
Harmenic
Generator

Fig. 16—Push-pull odd harmonic genera-

tors and push-push even harmonic genera-

tors ditfer in method of connecting output
circuit

6. The harmonic component of the
plate current is
Ih = (Kh - 03 ch) Im
7. The plate input power is
P, = kg Ipdc
where E, is plate supply volts
8. The power delivered to the load is

watts,

P,=Y%(Ep— Ep )1, watts
9. The plate efficiency is
np = 100 Po/P:
10. The plate loss is
P,=P,— P, watts
11. Tank impedance is
Z = (B — By ,.)/1, ohms

12, The tank circuit for ¢ = 10 in-
ductance can then be calculated from
the relationship

7 = wlQ
13. The grid bias can be calculated from
Terman’s formula
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E, =
li'B [1 — cos V5 (n 8)] + Epmincos V4 (n 6)
T T ull—cos 150 o

+ Egiarcos 14 8
1 —cos 156
14. The grid excitation voltage is
By = (B + E”maz)
15. The grid driving power is
Py = E; Iy,

C. Push Pull and “Push Push” Fre-

quency Multipliers

Two circuits used in the production
of harmonics because of their inherent
properties to produce either predomin-
antly even or odd harmonics are shown
in Figs. 16(a) and 16(b). The push
pull arrangement shown in Fig. 16(a)
will produce odd harmonics since the
even ones tend to cancel in the load cir-
cuit. In the case of the ‘“push push”
type of frequency multiplier the grids
are fed in push pull while the plates
are connected in parallel. The odd har-
monics tend to cancel as in the case of
a full wave rectifier so that the output
contains only even harmonics. The
push push circuit evidently will not
pass the fundamental efficiently so that
this type of circuit should not be used
where the frequency multiplier is some-
times used for class C amplification.

D. U-H-F Operation of Frequency Mul-
tipliers

As the frequency is increased the ef-
fect of lead inductance, inter-electrode
capacitance and electron transit time
will reduce the efficiency of the har-
monic generator. Consequently tubes
and circuits designed especially for
u-h-f use will have to be employed.** *
Where the transit time from cathode to
plate is negligible compared with the
periodicity of the grid potential, a
change of grid voltage produces an in-
stantaneous change in the rate of ar-
rival of electrons at the plate. When
the time of transit is not negligible this
instantaneous action does not take
place. As a result serious grid load-
ing may be expected while the peak
emission will be considerably reduced
and the plate current angle of flow
greatly increased. Lindenblad®’ has
shown that the efficiency of cylindrical
triodes operating as frequency triplers
can be increased as much as three times
by the use of axial magnetic fields. Two

17—Fundamental wiring diagram oi
multivibrator

Fig.
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Fig. 18—Grid voltage and plate current
wave forms of the two tubes of a multi-
vibrator

19—A single 6F7 tube used as a
multivibraior

Fig.

RCA 846 tubes connected in push pull
were operated as triplers from 137 Me
to 441 Mc. With an axial field of about
200 gauss these tubes delivered 115
watts at 441 Mc while without the mag-
netic field the maximum power output
was 35 watts.

E. Multivibrators ® = ©

The two-stage multivibrator circuit
is shown in Fig. 17. This type of cir-
cuit is nothing more than a two stage
resistance-coupled amplifier fed back
on itself. A small positive change oc-
curring in the grid circuit of T, will
be amplified almost instantaneously by
T, and T, to produce a larger positive
change on the grid of T, while i,; will
grow larger until limited by plate cur-
rent saturation. While e, is becoming
more positive e, becomes more nega-
tive, because of the increasing volt-drop
across R, until i,, stops as a result of
plate current cut-off. The amplifier is
then at rest until C, discharges through
R,. sufficiently to produce a small posi-
tive change on the grid 7. whereupon
the whole sequence of events is re-
peated. This time the grid of T, be-
comes positive while the grid of T, be-
comes more negative until T, is cut off
and the amplifier is once more at rest.
When C, discharges through R, suffi-
ciently to allow amplifier action to take
place in T,, the whole cyecle is repeated
again. The plate current and grid volt-
age waveforms for a symmetrical mul-
tivibrator (identical tubes, R, = R, and
R,C, = R,.C,) is shown in Fig. 17,

The frequency for a two-stage mul-
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Fig. 20 Typical circuit for frequency division

tivibrator is approximately given by

f = (Rpl C1 + Ry2 Ce)_l
Note that for a symmetrical arrange-
ment the plate current waveform is
symmetrical. For asymmetrical cir-
cuits when the coupling capacities are
equal, the symmetry will be a funection
of the ratio R,/R,. In practice it is
convenient to make C, = C, and by
means of potentiometers in the grid
circuits, to determine R, and R, to give
the correct frequency and desired
symmetry.

Multivibrators can be used to gener-
ate frequencies from 1 ¢ps to 1 Me. The
upper frequency limit depends upon the
type of tubes used and shunt capacities
while the lower limit is set mainly by
coupling condenser leakage.

A voltage of frequency f, injected
in either grid circuit, may be used to
synchronize the multivibrators at some
frequency f,/n, where » is an integer,
and f, is very nearly the free frequency
of the multivibrator alone. Frequency
divisions greater than 10 to 1 are to be
avoided if good stability is desired.

Terman “ has shown that if the in-
jected voltage is applied in phase to
each grid then the multivibrator will
favor even values of n. When the in-
jected voltage is applied to only one
grid then it favors any value of n. Volt-
ages 180 degrees out of phase applied
to each grid cause the multivibrators to
favor odd values of n.

A conventional asymmetrical single
tube multivibrator using the 6F7 type
of tube is shown in Fig. 19.

F. Counter Circuit

The counter circuit is an extremely
stable frequency arrangement whose
stability is essentially dependent upon
two condensers. Extremely stable divi-
sions of 15 to 1 are not uncommon. All
the tubes involved act as switches. Thus
their characteristics do not affect the
operation of the divider ecircuit except
to determine the voltage levels at which
the switching takes place. This can-
not be said for multivibrator frequency
dividing ecircuits.

A typical counter circuit frequency
dividing arrangement is shown in
Fig. 20.
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Large positive pulses of frequency f
are applied to the grid of T, so that the
voltage at E changes from zero to prac-
tically the supply voltage. When F goes
positive the diode T, conducts charging
C, and C, in series while T, does not
conduct. When E swings negative,
diode T, conducts while T, does not,
and C, is discharged. The cycle is then
repeated, thus increasing the voltage at
P in steps every 1/f seconds. The stair-
case waveform built up across C, is
shown in Fig. 21. Tube T, is biased to
cut-off by means of a positive cathode
voltage. When the voltage built up
across (, is high enough to make T,
conduct the multivibrator consisting of
T, and T, is triggered and a pulse de-
veloped across R.. The multivibrator is
so designed that it is esentially at rest
until fired by T,. Thus if it took n steps
before T, conducted, the output fre-
quency will be equal to one nth of the
input pulse frequency. In practice C,
is made approximately (C,/20. The
voltage E, after n steps can be calcula-
ted from
E.=Ep K{1 + (11— K)+(1l— K)*+...

+ (1 — K)n-1j
where Kp is the supply plate voltage,
7eis the number of steps, and
K = C\/(Ci 4+ Cy) is the ratio of ca-
pacitances in the output cireuit of 7'.

Fig. 21 Voltage-time wave forms built up
in frequency dividing circuit of Fig. 19

DIBLIOGRAPHY.

/\\nr_\'kin and G. A. Morton,
(John Wiley

(A) V. K
vigion
1940).

(B)y . Wilkon,
(I'itman.

“Tele-
and Nons, N, Y.,

“Television
London, 1937).

Engineering™

(Cy Do Iink, “Principles of Television Lingi-
neering”™  (Metiraw-Hill. New  York.
1940),

www americanradiohistorv com

(D) F. E. Terman. “Radio Fn"nw(-rmg" 2nd
Edition (MeGraw-Hill, N. Y., 1938).

() 1. E. Terman. "Measurements in Radio
Engineering” (McGraw-Hill, N, Y.,
1935).

(F) A, Hund. “High Frequency Measure-
ments” (McGraw-Hill. N, Y., 1433).

(1) G. D. Robinson, “Theoretical Notes on
Certain IFeatures of Television Re-
ceiving Cirenits,” Proc. 1. R, E., Vel.
eI \o 6. p. h;’% lune 1933,

(2) S. W. Secley and C. Kimball. “Analy-
sis and ])O\l"ll of \ldeo Amplifiers.™
R. C. A. Review, Vol. 2, No, 10, p. 171,
Oct. 1987 and Vol 3. No. 1. p. 290,
Jan.. 1939.

(3) A. Preisman, “Some Notes on  Video
Amplifier Design.” R. . A, Review,
Vol. 2, No. 4, p. 421, April. 1938,

(4) F. A, Everest, “Wide Band Television
Amplifiers,” Electronics, Vol, 11, No.
1. p. 16, Jan., 1938.

(5) L. W. Herold. “High Irequency Correc-
tion in Resistance-Coupled Ampli-
fiers,”” Lummmnc.nl(ms Vol. 18, No.
8 p. 11, Aug.. 38.

(6) H. A. Wheeler, “"Wide-Band Amplifiers
for Television.” Pree. 1. R. E., Vol
29, No. 7, p. 424, July, 1639.

(7) A, P. Kauzman, **New Television Am-
plifier Receiving Tubes” R, C. A
Review, Vol. 3, No. 1. p. 271, Jan.
1939,

(8) R. L. Freeman and J. D. Schaatz. “Video
Amplifier Design,” Electronics, Vol.
10, No. 8, 1. 22, Aug. 1937,

(9) I'. Nagy. “The Dexign of Vigion Fre-
quency Amplifiers.”” Television, and
Short Wave World. Vol. 10, No, 109,

p. 160, March.
p. 220, April,
p. 279, May. 1937.

Dale Pollack, “Choice of Tnbes for Wide-
Band Amplifiers.” Electronjes Vol. 12,
No. 4. p. 38 April. 1939,

(11) A, A Bareo, “leonoscope Prcamplifier,”
R. ¢, AL Review, Vol 4. No, 7, p. 849,
July, 1939,

G. Swift. “Amplitier Texsting by Meanx
of Square Waves Communications,
Veol. 19, No. 2. po 220 Feb,, 19349,

(13) D. E. Foster and 1. A. Ranken. *Video

Output Systems,” R. . a. Review,

Vol. 5. No. 4. p. 409, April, 1941

(14) R. A. Montfort and [, J. Somers,

“Meaxurement of the Slope and Dura-

tion of Television Synchroaizing Iin-

pulses” R. . A, Review, Vol. 6.

No. 1. p. 370, Jan., 1942,

Von ;\r(]ennp. “Fregqueney Speetrum
of Raw-Tooth Waves,” Television and

1937,
1937,

Vol. 10, No. 10,
Vol. 1, No. 11,

(10

(12)

Rhart Wave World, Vol 11, No. 119,
p. 35, Jan., 1938,

(1) D. . Norgaard. and J. L. Jonex, “Ver-
satile Multi-channel TFelevision {‘on-
trol Equipment.,” Proc. I. R, K. Vol

29, No. 5. p 2300 May., 1941,
“RCA Supplement to Instruction Book.”
I 26576,
(18) 1. 1. Joenes. "The Dependence of the
Inter-Electrade Capacitances of Valves
Upon  the  Operating  Ceonditions.”
Jour. 1. E. E.. Vol. 81, p. 358, Nov..
1937.
(19) F. E. Terman and W. (. Rouke, *
lation of Claxs ¢ Amplitiers.”
I. R. E.. Vol. 24, No. 4, p. 260,

Caleu-
Proc.,
April,

1036,

(20) . E. Terman and J. II. Ferns, “The
Cialenlation of Class ' Amplitier and
Harmonie Generator Performance of
Sereen Grid  and NSimilar . Tubes,™
Proe. I. Il E.. Vol. 22, No. 3, p. 259,
March, 1934,

(21) W._ L. Everitt, “Optimum Oper: ting Con-
dition for Class C Amplifiers,” Proc.

Vol 22 No, 20 p. 152, Feb..

I R. E.

(22) “Analysis of Class B and
i Amplitiers.”™ I'roe. I R, E,,

Vol 23, No. &, p. 486, May, 1935,
(23) W. 1. Ferrix. “Input  Resistance of
Vacuum Tubes ax Ultra Iligh Fre-
quency  Amplitfiers.” I'roc. L R, E.,

Vol. 24, No. 1. p. 820 Jan., 1936,

(24) N, E. Lindenblad.
Transmitters for
300 Megaeyeles,™
25, Na. B op.

(23) B. J. Thompson.

“Development  of
Frequencies Above
Proc. I. R Vol.
]“13 Sept.. 1035,
“Review of Ultra High

Frequeney  Vacuum I‘n}w I‘mhlvm\
It ¢ AL Review, Vol. 3. No. 2, p. 146,
et 1938

{26) I, Abrabam. and E. Dloch. Compte
Rendos. Vol 168, No. 145, p. 11065,
June, 1914,

(27) A0 V. Bedford and J. . Smith. "\ T're-

sion Television Rynchronizing Signal
Generator.” R. €. A, Review, Vol. 5,
No. 1. p. 51, July. 1940,

April 1942 — ELECTRONICS


www.americanradiohistory.com

I. Introduction

HIS section will outline briefly

measurement techniques in the u-h-f
spectrum. Measurements may be made
for various reasons and can be carried
out in a number of ways. Thus it is
evident that no fixed rules can be set
forth for interpreting the conditions
of measurement.

There is, however, a possible division
that will aid in the problem of measure-
ment: namely, (1) those problems re-
lating to the transfer of energy via a
transmission line to an unknown impe-
dance such as an antenna or antenna
array and (2) the problems of measur-
ing component parts such as resistors,
condensers, induectances, insulating ma-
terial, ete. This is a purely arbitrary
division and is made only because it is
felt that the problems in the first cate-
gory can be best investigated by an ex-
amination of the standing wave distri-
bution of the tranmission line itself.
The problems in the second grouping
could, in some instances, fall into the
first class. However, it is believed that
more reliable results are obtainable if
these are investigated by a tuned cir-
cuit method loosely coupled to a gen-
erator.

Other governing features of the tech-
nique of measurement might be the
power available and the power limita-
tions of the unknown impedance to be
investigated. The latter consideration
is important in the measurement of low
wattage resistors and thermocouples
for example.

II. Measuring Equipment

A. Signal Gemnerator

Without a good, reliable source of
radio-frequency energy, dependable

measurements are impossible. Such a
generator for u-h-f measurements
should possess: (1) adequate power

output, (2) freedom of harmonies, (3)
satisfactory frequency stability, (4)
adequate frequency range, (5) complete
and thorough shielding, and (6) small
size and compactness.

Other factors which contribute to
convenience and speed of measurement
include such items as external controls
for change in coupling and frequéncy.
In some measurements it is very con-
venient to have the output of the gen-
erator calibrated. It might be well to
point out that for some measurements
it is not necessary to adhere rigidly to
above recommendations.

B. Voltage and Current Indicators
A satisfactory voltage or current in-
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dicator should have: (1) adequate sensi-
tivity, (2) ealibration independent of
frequency, and (3) an impedance such
that when connected to the circuit un-
der measurement it will have no dis-
rupting effect.

The partieular problem in question
will determine the most suitable indi-
cator. If sensitivity is the controlling
factor, some type of electronic device is
generally best. Triode or diode detec-
tion can thus be used. If, however,
there is adequate power and the prob-
lem does not require accurate measure-
ments, a thermocouple serves the pur-
pose. Indicating instruments should be
small and compact. Thought should also
be given the physical and electrical
characteristics of the portion making
contact to unknown impedance so that
the detecting unit itself will not cause
the cireuit to be upset.

Ill. Calibration of Voltage and Current
Indicators

The device used for detecting either
voltage or current should be calibrated
not only at low frequencies but also in
the range of frequencies at which it is
to be used. Low frequency calibration
will be useful in making initial adjust-
ments and approximate determinations
of u-h-f voltage or current. Experience
has shown that u-h-f calibration is al-
ways useful and in many instances is
necessary. In calibration at u-h-f the
absolute voltage or current is not
usually the ultimate aim. It is much
more important to know the linearity
of scale calibration of the instrument
since in most cases relative values of
voltage or current are the primary in-
terest, or at least, suffice.

One method of determining the lin-
earity at u-h-f may be accomplished by
measuring the voltage distribution
along a transmission line on which
standing waves have been established.
With a given power a maximum and
minimum of voltage will be observed.
Let the ratio of E,,,,/E,,.. be called Q.
If the power is changed, making sure
that the frequency remains constant,
the ratio Q, as determined from read-
ings of the indicating meter should re-
main the same. In general it will be
found expedient to use only that por-
tion of the calibration scale for which
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Q is found to be independent of power
fed to the line. Another method uses a
short-circuited transmission line tuned
to resonance. The voltage indicator is
moved along the transmission line un-
til a maximum reading E,,., is ob-
tained. The indicator is then moved an
eighth wavelength from this point and
the voltage at this point E should be
0.707 E, ... This process is continued
for various powers delivered to the line
until the ratio E,,../E begins to differ
from the value 1.414, thus establishing
the linearity of the instrument.

A method of checking the input im-
pedance of the voltage measuring in-
strument will be given in the section
pertaining to measurements of un-
known impedances. The calibration of
absolute voltages is not difficult but
will be left for the discussion under
power measurements.

Similar tests for calibration could be
carried out on current indicators. Cur-
rent indicators employed to analyze
standing wave distribution are not in
general use at ultrahigh frequencies.
The primary reason is that one of the
requirements of a current indicator
is that it have low impedance. For this
reason it cannot be connected across
the transmission line like the voltage
indicator. Should a current distribu-
tion be desired, a rather elaborate setup
would be required to maintain exact
spacing between the coupling circuit of
the instrument and the transmission
line. Another drawback to the current
indicator is the error which occurs
when the instrument picks up a portion
of the electric field as well as the mag-
netic field. The problem becomes com-
plicated beyond the bounds of engineer-
ing practicality if the instrument em-
ployed responds to both the electric and
magnetic fields.

IV. Determination of Wavelength

The measurement of wavelength may
be accomplished by observing the waves
in free space or existing on a transmis-
sion line. The measurement of wave-
length in free space consists of placing
a sensitive detecting indicator in the
neighborhood of the u-h-f source. A
plane metallic surface is then moved in
the direction normal to its own surface
toward the indicator. The distance be-
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tween positions of the reflecting sur-
face for two successive maximum read-
ings on the detecting instrument is
equal to a half wavelength.
Measurements of wavelength taken
on a transmission line consist of meas-
urement of the distance between two
adjacent positions of a movable short
circuiting bar as for consecutive cur-
rent maxima indicated by a detector
loosely coupled to the transmission line.
The wavelength is given by:
N=2210[14 (ry/2w Lo)?*
where Al is the distance between two
adjacent current maxima, », is shunt
resistance per unit length, and L, is
inductance per unit length. Since
(r,/2wl,) << 1 on well constructed
lines we can write
AN=2A1
Should it be desired to use a quarter
wavelength section of line to determine
the wavelength it will then be neces-
sary to include the inductance of the
short-circuiting bar. The wavelength is:
AN=4 (L + L/Ly)
is the inductance of the short-
ing bar,
L, is the inductance and
l, is the length of line to give
maximum reading in the de-
tector, measured front the
position of minimum read-
ing.

where L
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Fig.
diodes or
diodes for u-h-f voltage measurements

1—Voltage detector using two
acorn tubes connected as

Other types of wavemeters, such as
the absorption type, are useful on the
lower frequency Ilimits of the u-h-f
spectrum. Such an instrument having
a range of calibrated frequencies be-
tween 55 and 400 Mec is described in the
General Radio Experimenter for Aug,
1940.

V. Voltage and Current Measurements

A. Voltage

In general, voltage measurements are
used to determine unknown impedannces,
whether the method employs an analy-
sis of the standing wave distribution or
makes use of a tuned circuit loosely
coupled to a generator.

Three types of lines are encountered:
(1) open wire lines, (2) dual coaxial
lines, and (3) concentrie lines. The
voltage distribution existing on an
open wire line can be explored by em-
ploying a quarter wavelength section
of line shorted at the far end. A sensi-
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tive thermocouple meter, shielded in a
small metal box, is then coupled to the
shorted end of the quarter wavelength
section by means of a shielded loop. The
open ends of the quarter wave section
are fitted with a small V to form a
2uide on the transmission line used for
the measurement.

For approximate measurements a
small thermocouple meter may be
shunted across the quarter wave line
close to the short circuit. The limits of
this type of measurement are generally
yoverned by the unknown terminal im-
pedance which should be such as to
cause not more than a two to one change
in the meter reading.

When power is limited a double diode
tvpe of voltage detector may be used.
This consists of two acorn tubes in a
circuit as shown in Fig. 1. Each plate
is connected to one conductor of the
transmission line.

Measurements of voltage on a dual
coaxial line are made in much the same
manner as that described in the open
wire line. Slots or small holes provide
a means of probing the inner con-
ductors.

Measurements of voltage on a con-
centric line are invariably taken on the
inner conductor either by direct con-
tact or by capacity pickup. Instru-
ments used in measuring the voltage on
the coaxial line are generally grounded
to the outer conductor. Small holes or
slots in the outer conductor provide for
the probe to be inserted. It is often an
advantage to construct the probe so
that it will have a plunger effect. This
is done to conform with the irregular-
ities of the inner conductor. When the
capacity pickup is desired a small piece
of insulating material can be fastened
to the probe. In use, the insulator rests
on the inner conductor, and provides
capacitive coupling between the inner
conductor and probe.

A single-ended ecircuit wusing one
diode is sufficient to measure voltages
on concentric lines (Fig. 2) L is gen-
crally a section of concentric line and
is used to tune the instrument, C is
some small fixed capacity.

Other experimenters' have used a
thermocouple in series with a resistance
as a voltmeter. The thermocouple in
this type of heater is made very short
and generally of carbon wire 0.002 inch
in diameter. Although this instrument
has a linear response with applied volt-
age it is subject to error due to stray
fields reaching the couple circuit. This
type of voltmeter should be used only
when great care has been taken to pro-
vide adequate shielding and when the
measuring technique is such that the
voltmeter remains in the same position
throughout the test.

When voltage measurements are such
that the instrument can be left in one
position throughout the experiment, a
calibrated receiver is very useful.

B. Current

Since current measurements are not
in general use in determining an un-
known impedance, power, @ or other
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quantities at ultrahigh frequencies,
current measurement is in a somewhat
undeveloped state. The drawbacks to
current measuring devices are (1) the
necessity of low resistance and (2)
the dependence of calibration of the
thermocouple on wavelength since the
current distribution along the heater
and the change of resistance in the
heater due to skin effect are functions
of wavelength. The heater can be made
very short to minimize the difficulty of
current distribution. However, the skin
effect depends not only on the wave-
length but also upon the amount of
power fed to the heater.

Thus, for current measurements a
number of factors enter into the prob-
lem. A separate instrument for the
wavelength in question, as well as for
the power that is to be delivered to the
device may be desirable. With proper
thermocouples and suitable precau-
tions current measurements may be
made at very high frequencies.

VI. Transmission Line as a Measuring
Device

When using a transmission line as a
measuring device, either for examining
standing waves or as sections of a
tuned circuit: it is desirable that (a)
the line be composed of conductors of
circular cross-section, (b) low loss ma-
terials be used in the construction of the
line, (c¢) insulators be used in the sec-

Fig. 2—Single sided circuit using
diode-connected tube for measur-
ing voltages on concentric lines

tion for measuring purposes, and (d)
the line be constructed to he free of
surrounding objects, particularly those
of good conductivity. Since measure-
ments may often depend upon the char-
acteristic impedance of the line it will
be well to discuss this topic at some
length.

In the case of a transmission line
used :as a measuring device, a calcula-
tion of the characteristic impedance
will suffice. The characteristic imped-
ance of an open wire line in which the
spacing between conductors is large
compared to the conductor radius is
given by the expression

ZoZ 129 log e (b 'a)
where @ is the radius of the conducting
wires and
b is the distance between con-
ductors, in the same units
as a.
It may be desired to also measure this
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impedance. This is particularly true
when measurements are to be made on
a transmission line of more complicated
configuration. Literature affords many
sources on the subject of the calculation
of inductance and capacity of such pos-
sible configurations but they are rather
complicated. Thus a method of meas-
urement would be of advantage.®

It will be assumed that the transmis-
sion line in question is of such construec-
tion that the veloeity of the propaga-
tion of the wave is equal to that of
light. Then the velocity of propagation
becomes:

V= (LC) "

or expressed in terms of the character-
istic impedance,

Ze = 107", 3C,

where €, is the capacity in farads per
centimeter of length, and may be de-
termined by bridge measurements at
1000 cps.

The value of C, may also be deter-
mined by an electrolytic method hy
measuring the leakage resistance of a
short section of the line in a conductive
liquid and then comparing it to the
leakage resistance in the same liquid of
a condenser whose capacitance is
known or easily calculated. The leak-
age resistances are then inversely pro-
portional to the corresponding capaci-
tances. The edge effect when measur-
ing the leakage between discs or plates
can be ecliminated by masking with a
coat of paraffin or similar material.

= 3 X 10" em per sec.

Vil. Methods of Computing Unknown
Impedances

When standing wave distribution is
analyzed to determine the unknown
terminating impedance, charts™ ™ can
be used which will give results which
are well within the scope of experimen-
tal error. Necessary measuring data to
obtain a result from these charts are
the ratio, @, or the ratio of the voltage
minimum to the voltage maximum (or
current minimum to current maxi-
mum), the distance from the unknown
load to a point of pure resistance (a
position of current or voltage maximum
or minimum) and the characteristic
impedance of the line upon which the
measurements were taken. These
charts are self-explanatory in their
use and space and time will not be taken
up in their discussion. Some charts are
designed for current measurement and
the distance to a pure resistance point
is determined with respect to a cur-
rent minimum. If such a chart is to
be used with voltage measurements it
will be necessary to apply a 90 degree
correction since the resultant current
and voltage are 90 degrees out of phase
on an unmatched line.

For more accurate calculation of the
unknown impedance or in cases where
the chart is difficult to read, such as
for small values of @, the above data
may be used as formulas to determine
the unknown terminating load, viz:
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Fig. 3—Vector diagram for determining re-

sistance and reactance from transmission

line measurements when voltage maximum
occurs first

Z Q
Z, = 2] - L
A cl: cos® 0 + (P sin® ¢ +

f sin 8 cos 6_((32 -
7 cos® 0 + (47 sin* @

1 — KR®*— j°Ksinég
1+ K*— 2K cos 0

is the receiving end imped-
ance (unknown load)

Zr =2,

where Z,

is the characteristic imped-

ance of the line

6 is the electrical length from
unknown load to a voltage
minimum, and

@ is the ratio of K, /E, ..

or 1,.,./I,.. and

_1-0
140

The unknown impedance may also be

Z.

K
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Fig. 4—Vector diagram for determining re-

sistance and reactance from transmission

line measurements when voltage minimum
occurs first
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obtained by a graphical method. The
pertinent data obtained for a measure-
ment of the standing wave should be
the ratio Q =1,,,,/1,... ov E . ./E ..., the
electrical length, 8, to the first voltage
minimum or maximum point and a
knowledge of whether a maximum or
minimum of voltage occurs first when
measuring from the load toward the
generator.

1—Case when a maximum of voltage
occurs first. In this case, the sign of
the reactance will be positive. To con-
struct the diagram, Fig. 3, from which
the unknown impedance may be ob-

tained let
04 =1~— Q
OB =1+
0 = electrical length to the first maximum
20 = angle between 04 and OB

Draw AB jointing the ends of OA and
OB, and bisect AB at C. Draw BD per-
pendicular to OCD. Then

R, = Z. (0D 0OC

X, = Z. (DB/OC

Z, = R +j X

2—Case where the minimum occurs

first. The sign of the reactance will be
negative. The diagram (Fig. 4) is
constructed in the same manner as Fig.
3, the only difference being in the plot
of the angle, which is now measured
from the vertical to the two sections
OA and OB rather than between them.
Then

R = Z, (CD/OC)

X, = 2, (BD/OC)

Zr= Ry — J X,

Measurements of Unknown
Impedance

VL

A. Determination from an Analysis of
Standing Wave Distribution

Before entering into the subject of
standing wave analysis it would be
profitable to review the wave phenomena
on a transmission line. For practical
purposes a consideration of the wave
phenomena from a vectorial standpoint
under the assumption of simple har-
monic distribution is most advanta-
geous. With an ideal transmission line
the voltage along the wires may be
considered as due to the superposition
of two waves traveling in opposite di-
rections. The wave traveling from the
generator toward the load end will
be called the direct wave (main wave
or initial wave) and will rotate, in a
trigonometric sense, in a negative di-
rection clockwise. The wave traveling
from the load end toward the generator
will then rotate in a positive direction
(counter-clockwise). The voltage at
any position along the line can then be
represented by the vector sums of these
two vectors at the point in question.
The current vector associated with the
voltage vector as given above is then
the vector difference of the two vectors
rotating in opposite directions. Then
with a given terminating load the vec-
tors of the direct wave and of the re-
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flected wave have a fixed relative angu-
lar displacement with respect to each
other at regularly reappearing inter-
vals along the line. At such points the
voltage (or current) vectors of the
direct and reflected waves will become
alternately linearly additive or sub-
tractive. The position where the vec-
tors become additive indicate a maxi-
mum of voltage (or current); likewise,
when the vectors hecome subtractive,
they indicate a minimum of voltage (or
current) and are thus points of pure
resistance.

The ratio of the direct voltage vector
and direct current vector is equal to the
characteristic impedance of the trans-
mission line. The same is true of the
ratio between the reflected voltage vee-
tor and the reflected current vector.

The characteristic of the terminal
load determines the relationship be-
tween the phase and amplitude of the
direct and reflected vectors. Should the
line be open-circuited at the far end
the reflected voltage vector is equal to
and in phase with the direct voltage
vector, thus resulting in a voltage max-
imum. If the line should be short-
circuited, the direct and reflected volt-
age would still be equal but 180 degrees
out of phase; thus the resulting voltage
vector becomes zero. Since the voltage
and current vectors are in phase for
one direction of travel and 180 degrees
out of phase for the opposite direction
of travel, it is evident that where the
direct and reflected voltages become
additive (thus producing a voltage
maximum) the current vectors become
subtractive. Thus, wherever a voltage
maximum exists there will likewise
coexist a current minimum.

When considering a pure resistive
load the reflected veetors are in phase
or in phase opposition to the direct
vector at the load. Should the load then
be of pure resistance but less than the
characteristic impedance of the line the
reflected voltage vector is in phase op-
position to the direct voltage vector.
Similarly, if the load is a pure resis-
tance but greater than the characteris-
tic impedance then the veflected voltage
vector is in phase with the direct volt-
age vector. In both the above cases the
reflected voltage vector is of a lesser
magnitude than the direct voltage vec-
tor. Should the resistive load be made
equal to the characteristic impedance
of the line then a pure traveling wave
would exist; the veetor which would
normally be the reflected vector is now
totally absorbed in the load resistor.
Should the load be a complex imped-
ance, the voltage veetor (or current
vector) is always rotated with respect
to the direct voltage (or current)
vector at the load.

The coefficient of reflection is defined
as the vector ratio of the reflected volt-
age vector to the direct voltage vector
at the load. Expressed in other words
the magnitude of the reflection coeffi-
cient is equal to the ratio of the nu-
merical values of the direct and reflected
voltage vectors and the angle of the
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coeflicient is equal to the angle of ro-
tation of the reflected voltage vector
with respect to the direct voltage vector
at the load.

Since it is often difficult to establish
the voltage and phase relations by
measurement at the load itself, it is
more convenient to establish a point of
pure resistance by exploring the trans-
mission line and obtaining a position as
well as the reading of minitmum or max-
imum of voltage. (It is generally pore
accurate to establish the minimum posi-
tion of voltage). The resistance at the
position of minimum voltage is related
to the ratio of the voltage minimum and
voltage maximum by the expression:

Roun=2;Emin,/E nar
where R .i, is the resistance at a point of
minimum voltage,

E.n/E .= Q is the ratio of the
voltage at the minimum to the
voltage at the maximum position ¢
and

Z. is the characteristic impedance of the
line.

To find the impedance at the load,
R,,., can be substituted in the formula:

Zy = Z¢ (I pin cosh 6 —
Zcsinh 0)/(Z; cosh 8§ — R ... sinh 6)
This can be reduced to:

Zy = Z:X
RuwmZe = Jsin B eos 0122 — K2,.0)
ZlAenst 0 4+ K ,0 sint g

where Z, is the receiving end or load
impedance, and
f is the distance from the un-

known load to the position of £, ,, ex-
pressed in electrical degrees. (If the

distance is measured in X inches then
# = 360 x/N where \ is also in inches.)
The use of the coefficient of reflection
K can also be used to obtain the same
result. The results in both the above
methods give the impedance as a series
combination. A method of obtaining

5—Vector diagram

Fiq.

parallel components of

measurements giving components
series combination

for obtaining
impedance from
in a
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the parallel components can be ob-
tained from the graphical construction
shown in Fig. 5. Draw a horizontal line
representing the vector K, to some con-
venient scale. To the same scale draw
the vector X perpendicular to R, where
R, is the measured value of the resis-
tance of the series combination. The
magnitude of the series impedance, Z,,
is determined by connecting the free
ends of the two vectors already drawn,
and the phase angle of this impedance
will be ¢. To the same scale. draw X,
perpendicular to Z,, and draw R, hav-
ing an angle ¢ with respect to Z,, as
shown. Now the vector R, represents
the resistance of the parallel combina-
tion, and X, represents the reactance
of the parallel combination.

If the problem is that of measuring
an antenna or array simply to obtain
its impedance either method will serve
equally well. However, if the problem
is of greater scope, for example, in
which the band width, sharpness of
resonance, and similar factors must be
known, the method of using the coeffi-
cient of reflection lends itself more con-
veniently in that K represents a quali-
tative factor.

The attenuation and phase shift
properties of transmission lines can be
likewise determined by the analysis of
wave distribution on an ideal line. An
unknown impedance of the unknown
line of length I is measured with the far
end shorted and then the far end open
circuited. The short circuitec. and open
circuited impedances are

Zse = Z¢ tanh (v1)
Zoe = Z¢ coth (1)
where y=a+j8
Since Z, = (Zse Zy)* an expression for vl

can be found as follows:

cosh (2~)) =a+jb
By expanding and substituting vy = « +j 8
we have
. cosh (2 Bl) +j2calsin’(28l) =a + jb
where cosh (2 8l) = a, and 2 ol is small.
To determine the quadrant of the angle,

notice the sign of b and a, and deter-
mine the quadrant from the table

a b Quadrant o 2 81
+ + 1st
- + 2nd
= - 3rd
+ = 4th

However, 2 3l is, equal to twice the elec-
trical length of the line. Thus:
a = b/2lsin (2 Bl)

The velocity of propagation on the un-
known line with respect to velocity in
free space is given by

V/e = 6/8L
is the apparent electrical length
based on velocity in free space

1" is the velocity on the unknown

line, and

¢ s the velocity in free space

The attenuation is given by:

where 6

attenuation in db = 20 logi € ¢/ = 8.68 al
attenuation ratio = 4.34 b/sin (2 81)

Attenuation can also be obtained by
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employing two test transmission lines
with the unknown line connected be-
tween them. A load impedance is
placed at the end of the second test
line. The values of E,,, and E,,, are
observed on the two test lines. The
relative power flowing in the first test
line is given by P, = wmn/ Zet
The relative power in the second test
line is then Py = (K win X Bmes)/Zer Thus
the attenuation in the unknown line of
length [ is given by

attenuation in db = 10 logw (Pi/ P2} = al

If the same characteristic impedance
is used on both test lines, then P, and
P, are given by the respective ratios
of i/ Einer and Eup i /Eoon

If the unknown line can be perfectly
matched, then the attenuation is simply
given by a series of voltage readings.
The readings between fixed points give
the attenuation as of the length be-
tween these points. Thus:

attenuation in db = al = 20 logis (E\/E»)

Measurement of phase shift § depends
upon accurate measurement of posi-
tions of minimum voltages. The dis-
tance between these two points of
voltage minimum and the phase shift
then become

d = Ng/2
B =2/ = n/d

where J., 1s the wavelength which cor-
responds to the actual velocity of prop-
agation along the line. In attempting
to establish the points of minimum,
practice has shown the required pre-
cision may be obtained by making
either a plot of the voltages each side
of the minimum on graph paper or a
series of readings taken each side of
the minimum. The two readings of
each pair of observations should be of
the same amplitude, so the position of
minimum current will be one half the
average distance between each pair of
observations.

The accuracy of ‘the results depends
upon the accuracy with which the volt-
age minimum and maximum can be
measured and the position of the volt-
age minimum established. Thus, if the
load nearly matches the line, the posi-
tion of the voltage minimum will be
difficult to establish. Likewise, if the
load is such that a large standing wave
exists, then the linearity of the voltage
device becomes the governing feature.
Thus, a proper choice of characteristic
impedance will improve the accuracy
of the measurements. A knowledge of
the limitation of the instruments at
hand will govern the choice of the
characteristic impedance of the test
line.

B. Determination by Resonant Circuit
Method

The determination of the unknown
impedance in the following discussion
employs the use of transmission line
elements as portions of tuned circuits.
The voltage indicator is likewise loosely
coupled to the tuned ecircuit and, in
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general, remains at a fixed point
through any individual investigation.
One end of the line will be short-
circuited and the energy fed to the
point by loose coupling.
Resistance measurements
fall into three categories:

(1) Substitution method
(2) Resistance-variation method
(3) Reactance-variation method

generally

The substitution method consists of
using a section of transmission line
of low characteristic impedance and of
a length much shorter than a quarter
wavelength, the line being terminated
at one end by a short circuit and at the
other end by a capacity. This method
is well suited to the measurement and
comparison of commercial types of re-
sistors. Let R, of small resistance, be
placed across the line near the short
circuit at a distance, I, from the short
circuit. The line is now brought into
resonance with the capacity and the
voltage is read on the loosely coupled
voltmeter.

It can be argued that the voltage
distribution on the transmission line
has not changed in shape; only the
magnitude has been reduced. This same
shape and magnitude can be simu-
lated by removing the resistor R, and
by placing resistor, R, of a much
higher value across the end of the line.
The magnitude of the voltage is
assumed to be the same as for R when
the voltage readings on the voltmeter
are the same for both cases. The re-
sistance of R, is assumed to be small
compared to the resonant impedance
of the line, and is given by

Ry =R (L/1)?
where I, = total length of line

| =distance from the short circuit to
specific position on the line

Other values of resistances can be
placed across the line at such posi-
tions that the voltage will always have
the same value as it did when the low
value resistor, R, was used. Thus a
number of standard resistors may be
established. Other values of resistance
may be determined by comparing them
with the standard resistor in the above
equation.

The resistance-variation method em-
ploys known resistance, such as may
have been tested by the above method.
A known resistance R, is placed across
a tuned circuit and the voltage across
the circuit is measured. The unknown
resistor B, is now placed parallel with
the known resistor and the voltage
again read. If the resonant impedance
is high compared to the resistance
placed across the tuned ecircuit, the
unknown resistance E, is given by

Rz = Ri [(BL/Ex) — 1}
where R is the unknown resistance
Ry is the known resistance
Ex is the voltage across known re-
sistance
E;is the voltage across unknown re-
sistance and known resistance
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This equation makes use of the prop-
erty that the voltage across the loosely
coupled circuit is proportional to the
impedance.

Resistance measurements employing
the reactance-variation method are
based on two readings of the volt-
meter at some fixed position, one with
the circuit in a resonant condition and
the other with the reactance varied to
produce a voltage of 0.707 of the
value at resonance. The reactance of
the transmission line can be varied
by changing the capacitance of a con-
denser placed across the open end, by
changing the actual length of the
transmission line, or by changing the
frequency. Since all of these methods
embody the same technique only a sum-
mary will be given of the procedure
and results. The values of resistance
are obtained from a knowledge of the
admittance of the tuned circuit with
the resistance across this cireuit.

The capacity-variation method con-
sists of using either a variable con-
denser of known calibration at the end
of the line or a specially constructed
type of transmission line. If the con-
denser method is used, the unknown
resistance is placed across the tuned
cireuit. The circuit is then resonated
and a voltage E, is obtained with the
condenser at some value C. The circuit
is then detuned by an amount AC to
give a voltage reading E, which is
0.707 E,. The resistance is then given by

R = 1/wAC

Special lines have been constructed by
some experimenters to employ the ca-
pacity variation method by utilizing a
section of open-ended line for the con-
denser. Such technique is best suited
for use with concentric types of lines
and is well adapted to the measurement
of input impedance of single ended de-
vices such as the input impedance of
diode voltmeters.
The line-length variation is again
a method of measuring the admittance
of the tuned circuit. With the unknown
resistance placed across the line the
circuit is brought into resonance by
changing the length of section to [.
Then, if parallel conductance of the
unknown resistor is much greater than
the parallel conductance of the line
R =1/G

where G = [A — Z; cot (2r I,/ M)
in which A = Z; cot (2w Li//\)

I, is the length to give maximum

voltage (resonance)
I, is the length to give a voltage 0.707
times that at resonance

Z.is the characteristic impedance of
the line

The frequency-variation method
consists of obtaining resonance of the
circuit and then shifting frequency to
an extent that allows the voltage to
drop 0.707 of that at resonance. If G is
the conductance of the resistor, G, is
the conductance of the line, %, is the
resonant wavelength of the line, and
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A%, is the shift in wavelength to obtain
a voltage reading 0.707 of the resonant
value, then

G+GL=ZC<2L’> )
n

%[1 o Sin Or I/3) 1/”] ese? (2r1/\)

(47[' I/)\l
when G and G, are very small. The
plus sign is used when 3= wC and a
minus sign when 3 =1/wL.

C. Measurement of Reactance

Reactance measurements can be con-
veniently carried out by using a see-
tion of transmission line short ecireuited
at one end and open circuited at the
other. Reactance, X, is placed across
the line, the value of X, is given by

Xe = Zc eot (2r Iy/N)

where /. is the length of the line to
bring the circuit into resomance with
the unknown reactance across the open
circuit. In some measurements it may
be necessary to include the inductance
of the short-circuiting seetion in the
calenlation of reactance.

This method is used to determine the
resonant wavelength of diodes and the
calibration of special condensers.! The
method consists of plotting the function

2 L
()\ tan 7) (ln + Ln) versus A%  The

intercept on the 3% axis is 5.2 and the

slope is s = 27 Ly/N\ 2L,

where (lo + L%) IQSht(})\; i;:gsintt,mn term fof
Ar is the reasonant wavelength, and
Ly is the indu ~tance of the dinde

Then
Lqg = NS Lo/27

is the series inductance of the diode
and the interelectrode capacity is given
by

Cq = )\72/Ld (2#6)2

¢ being velocity of light, 3 X
em/sec.

If the line is shorted at both ends the
procedure is the same in that the line is
brought into resonance giving a total
length I,. A capacitv or insulating ma-
terial is then placed near the center of
the half wavelength section. The line is
again brought into resonance. The
capacity C is then given by

C = 1/[2xf Z; cot (360 Io/)\)]

where [, is the difference in the total
length between a resonance condition
and that with the capacity aecross the
midsection.

1 010

IX. Power Measurements

Power measurements can be divided
into three classes (1) powers much less
than one watt, (2) powers in the
neighborhood of one watt, and (3)
powers much greater than one watt.
This division is warranted by the fact
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that the instruments as well as the
technique differ in the three cases.

Instruments used for these measure-
ments should be: (a) of adequate sensi-
tivity, (b) adequately shielded or
isolated from stray capacity or indue-
tance, and (c) independent of fre-
quency or else calibrated at the fre-
quency in question.

For powers of less than one watt a
vacuum thermocouple is used. These
thermocouples are generally specially
built for power measurements. A few
of the important construction consid-
erations may be listed as follows:

(1) The heaters should be short and
straight so that the current will be
uniform throughout their length.

(2) Heater resistance should be
large compared to that of the circuit
from which the power is to be meas-
ured.

(3) The heater and the couple units
should be so constructed as to minimize
coupling.

(4) The elements should be self
supporting to eliminate shunting effects
caused by supports.

For power measurements in the
neighborhood of one watt the power
dissipated in the filament of a small
diode can be used as an indication of
power. The filaments of the diode must
be short with respect to the wavelength
in question to insure uniform current
distribution. The anode voltage must
be high enough to insure temperature
limitations of current at all times. The
power which can be measured by such
a device is limited by the anode dis-
sipation.

For power greater than 2 or 3 watts
there are two possible methods of
attack. One is the use of an incandes-
cent lamp as a terminating load. The
brilliancy of this lamp can be ascer-

tained either visually or by photometric
methods. The lamp is then connected
to a 60 eps source and brought to the
same brilliance thus giving an indica-
tion of the power. When the visual
method is employed, two lamps operat-
ing simultaneously, one energized by
u-h-f and the other by 60 cps, give a
chance for quick comparison. No doubt
there is an inaccuracy present with
this type of measurement since the
lamp filament is long with respect to
the wavelength and a non-uniform dis-
tribution of current exists or the fila-
ment.

Another method is to dissipate heat
in a well insulated box. A resistive load
on the end of a transmission line ecan
first be excited by u-h-f and the tem-
perature rise is recorded against time.
The sending end of the transmission
line can be disconnected from the u-h-f
generator and 60 cps source applied.
By taking a series of runs at various
powers against time a simple extrapola-
tion will give the power at u-h-f.

A byproduct of the power measure-
ment is the calibration of the absolute
voltage of the voltage indicator. Since
the power has been established and the
energy fed to the load on a transmis-
sion line of some known characteristic
impedance, the voltage is easily ob-
tainable from the following:

Rumin = Z¢ E min/ B max
Rues = Z; Emaz/E min
Emin = (PRmin)%
Eme:= (P Rmax) %

or if the line is perfectly matched
Emln/Emaz: 1! theny
E=(PZ)%

By varying the power, the veltage de-
vice can be completely calibrated in
absolute voltage.
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%4 "CATCH EVERY SIGNAL

‘&
8526
114" M.C.

kAGTU'AL SIZE

™ 8476 8527
154" M. C. 124" M. C.
: 8517
APPROXIMATELY 2 SIZE ' 115" M, C.

¥ Cinch tube holders maintain tubes must be caught”. Made of high

rigidly, an effective guard against quality spring steel, Cinch tube hold-

shocks that distort reception. The ers as illustrated are inexpensive and
added protection of the tube holder simple units for locking tubes in
is a precaution when “every signal their sockets. “They're the Clincher”.

CINCH MANUFACTURING CORPORATION - 2335 WEST VAN BUREN STREET - CHICAGO, ILLINOIS
SUBSIDIARY: UNITED-CARR FASTENER CORP. » CAMBRIDGE, MASS.
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New Books

Automatic Record Changers
and Recorders

By JounN F. RIDER, Published by John
F. Rider Publisher, Inc., 404 Fourth
Ave., New York, 1941, 723 pages. Price
$£6.00.

IN “AvuToMATIC RECORD Changers and
Recorders” Mr. Rider does for record
changers and recorders what he has
done for receivers in his famous man-
uals which have been published for a
number of years. The load on the radio
servicemen of the nation is bound to
increase greatly in the future because
of the unavailability of new receivers
and the increased need for keeping the
old receivers in working condition.
Along with radio maintenance, most
service men will find it necessary to re-
pair record changers when they get out
of kilter. To reduce the repair time as
much as possible, the service notes of a
large number of record changers and
recorders have been gathered together
in one volume together with a discus-
sion of the mechanical aspects of such
equipment. The fundamental design of
commercial automatic record changers
is discussed in the early chapters with
the emphasis on the troubles which may
develop. The RCA model RP-152-C
record changer is chosen as a typical
unit for detailed description. A num-
ber of photographs of the mechanism
in various phases of its operation to-
gether with well-written captions are
presented. The major portion of the
book (662 out of 723 pages) is taken up
with the service notes of practically all
the automatic record changers and home
recorders which were on the market at
the time the book went to press. Any
service man who has more than a few
changers to repair will find this book
well worth its purchase price in time
saved locating troubles.—c.w.

Mathematics for Electricians
and Radiomen

By NELsoN M. Cookk, Chief Radio Elcc-
trician, United States Navy. Mec-
Graw-Hill Book Co., New York, 1942,
604 pages. Price, $4.00.

THE DOMINENT AIM of this book is to
furnish the electrical and radio student
with a sound mathematical foundation
and to show him how to apply this
knowledge to the solution of practical
problems. This aim is fulfilled by pre-
senting an outline of mathematics with
numerous problems and interspersing
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chapters dealing with the application
of material covered up to that point to
electrical and radio circuits. The book
is suitable for self-instruction by stu-
dents who have had some training in
high school mathematies. With the
greatly increased need for technical
radio men caused by the war program,
many men will find it highly desirable
to increase their knowledge of mathe-
matics for a better understanding of
circuits. It is this type of man, with
limited formal training, who will find
this book very useful.—cC.w.

Standard Handbook

for Electrical Engineers

ArcHer E. KNowLTON, FEditor-in-
Chief (7th Edition, 2303 pages. 1941.
Price $8. McGraw-Hill Book Co.,
New York.)

LIKE ITS PREDECESSORS, the 7th edition
of this well-known work is designed to

present an orderly compilation of the
working tool information of electrical
technology which has been authenti-
cated by research and experience, but
is not generally accessible in compact
form. Before undertaking the revision,
more than 100 electrical engineers in
well-diversified professional activities
were interviewed to ascertain what they
expect from an engineering handbook.
The 7th edition is intended to meet the
demand as expressed by the group in-
terviewed, as well as by the experience
of the various specialists who have
contributed to its 26 sections.

There is a distinet difference between
this edition and previous editions. Part
of this, perhaps most of it, is due to the
fact that many of the contributing au-
thors have not participated in previous
editions. It is particularly gratifying
to observe that the communication field
has fared better than in the past. Two
chapters deal with the subject; Chapter
23 which is devoted to electronies and
electron tubes, and Chapter 24 which
deals with radio and carrier ecommuni-
cation. These two chapters occupy ap-
proximately 100 pages, a small enough
portion of the total when the impor-
tance of modern electrical communica-
tion is taken into account. Chapter 22
on wire telephony and telegraphy, of
about 60 pages, should also be included
as a contribution to communication sys-
tems.

(Continued on page 74)

CYCLOTRON PORTRAYS NEW PART

These three University of California scientists, left to right Doctors Paul Aeber-
sold. Robert S. Stone and John H. Lawrence. are shown at the convention of

the Radiological Society of America.

They had an informal discussion on the

encouraging results of treating cancer with radioactive substances obtained
from the atom smashing cyclotron

wwWw americanradiohistorv com
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They’re Going YOUR Way

A—Sawed, milled,drilled & bored Brush Ring
B—Sawed, sanded & drilled Insulating Plate

atang o@Bushio

HE scout car, virtually unknown to a

jeep conscious U. S. public, is neverthe-
less a first rate fighting unit in the mechan-
ized divisions.

Scout cars are especially equipped for
speedy reconnoissance. Good radio and
electrical insulation, such as Synthane, con-
tributes to their effectiveness over rough
roads, in driving rains, hub-deep mud.

Synthane’s properties, valued in peace-

time and wartime production, include ex-
cellent electrical insulating characteristics,
light weight, structural strength, ease of
machining, and resistance to corrosion from
solvents, water, many acids and salts.
While the war lasts, why not plan ahead
with industrial plastics? There are many
Synthane folders which you will find helpful.
Plan your future with plastics.
SYNTHANE CORPORATION, OAKS, PENNA.

SYNTHANE TECHNICAL PLASTICS

SHEETS - RODS - TUBES- FABRICATED PARTS | SYNTHANE I SILENT STABILIZED GEAR MATERIAL
N

Bakelite — !_I laminated
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7 HURDLES REMOVED
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Installation is easy when you choose a G-E FM broadcast
transmitter. All parts of each unit are fully assembled at the
factory. Only a few of the heavier components are disassembled

for shipment. All you
need to do is set the

transmitter in place and

attach power lines, con-
trols, audio input, and
antenna transmission
line. The 50-kw trans-
mitter proper (shown
above) takes only 63.6
sq ft of floor space; the
1-kw, only 9.3 sq ft. Our
complete line of matched
transmitters includes rat-
ings of 250 watts, and 1,
3, 10, and 50 kw.

>
2You can relay pro-
grams from studio to
main transmitter with
practically no loss of orig-
inal brilliance with this
General Electric 25-watt
S-T transmitter (for use
in the 330-344 mc band).
Frequency swing, =75 ke
for 1009, modulation,
meets F.C.C. require-
ments.

The operating console for the 50-kw transmitter provides single

push-button starting

for

the

entire

transmitter with automatic

sequence. Controls and indicator devices are provided for all major

operating functions.

tion is assured with this
rack-mounted S-T re-
ceiver. It uses a double-
conversion, crystal-con-
trolled superheterodyne
circuit specially designed
for this type of FM serv-
ice. It’s the companion to
our 25-watt FM S-T
transmitter shown at the
left.
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from YOUR PATH to FM

For life-like aural monitoring

of your I"M programs use the
General Electric JCP-10 monitoring
speaker.

S IN selecting apparatus for
other types of commercial
broadcasting, the foremost con-
siderations in choosing FM equip-
ment are dependability (con-
tinvity of service), economical
dperation, ease of operation, low
maintenance expense, and a high
standard of performance.

All of these are provided by
General Electric FM transmitters
and associated equipment.
General Electric, Schenectady, N.Y.

ammmm
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FM station monitoring is made easy

with this multi-purpose unit. It pro-
vides: direct reading of center-frequency
deviation (with or without modulation);
direct reading of modulation, percentage;
intant calibration against a precision crys-
tal standard: adjustable modulation-lmit
flasher; high-fidelity output for audie
monitor.

Tubes developed especially for FM

are another G-E contribution to FM’s
progress. A pair of GL-880’s provide the
ideal mecthod of attaining 50 kw of FM
at 50 me. General Electric offers a eom-
plete line of top performers for standard
broadeasting, M, television, or inter-
national broadecast service.

Wi

General Electric and its employees
are provd of the Navy award of
Excellence made to its Erie Works for
the manufacture of naval ordnance.
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A MESSAGE TO
ELECTRICAL DESIGN
ENGINEERS.......

of radio, communication, electrical, air-

' VARNISHED
TUBING

SATURATED
SLEEVING

VARNISHED

PAPER

EXTRUDED
PLASTIC

TUBING

&

INSULATION
PRODUCTS /AL

craft, automotive and
electronic equipment

Insulation Materials for Defense Industries

Leading industrials; aircraft plants;
Army; Navy and Government depart-
ments: radio receiver and transmitter
manufacturers; transformer, electrical,
automotive, and transportation equip-
ment manufacturers; utilities—have long
recognized and used B & C Sleeving
and Tubing. Al materials described
below are manufactured in strict ac-
cordance with A.S.T.M. standards.

Varnished Tubing and Saturated Sleeving

Can be furnished in a complete range
of standard sizes. This material is re-
sistant to all commonly encountered
breakdown influences.

Varnished Cambric Cloth and Paper

meets the all-purpose requirements for
insulation of wire, coils, transformers,
cables, etc. Available in black or yel-
fow. Tape widths to your specifications
or standard 36 inch-width rolls.

Extruded Plastic Tubing

flexible and smooth, minimum wall
thickness, great mechanical strength,
long life—will withstand soldering tem-
peratures without flow.

Ask for our free sample display board
of tubing #442.

We will welcome the opportunity to
work with you on your insulation prob-
lems. Send us your specifications.

22 West 21st Street, New York, N. Y.
Chicage office: 831 No. Wabash Ave.

Sales representatives in principal cities
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(Continued from page 70)

As has become practice in electrical
engineering handbooks, the first several
chapters are devoted to a consideration
of units and conversion factors, meas-
urements, electric and magnetic cir-
cuits, and circuit elements. Approxi-
mately 900 pages are devoted to trans-
formers, rotating machinery, rectifiers
and converters, prime movers, power
plant economics, power system electrical
equipment, power transportation, power
distribution, and wiring, all of which
might be considered of interest to the
power engineer.

After this fundamental introduction
and treatise on power system, the re-
maining chapters are, by and large,
devoted to specialized applications of
electricity including illumination, in-
dustrial power application, heating and
welding, electricity and transportation,
electrochemistry and electrometallurgy,
batteries, codes and standard practices,
and electrophysics in addition to the
communication chapters already men-
tioned. Each chapter contains a bibliog-
raphy to which the specialist may refer
for additional information.

It is expecting too much to say that
a book of this size and scope could be
adequately given a critical review in
the short space available for the pur-
pose, or that even a book of this mag-
nitude could hope to supply answers to
all of the multitudes of questions which
its users will encounter in their work.
But as a single volume aiming to be of
practical and theoretical interest to the
clectrical engineering fraternity, it is
doubtful if a more convenient, more
comprehensive reference exists. Par-
ticularly in these harassed times when
engineers are under pressure to find the
answer to their problems in the short-
est possible time, the 7th editicn of the
Standard Handbook will fill an ex-
tremely important niche in electrical
literature.—B.D.

The Development of
Mathematies

By E. T. BELL, Professor of Mathema-
tics, California Institute of Techuol-
ogy, McGraw-Hill Book C¢., New
York, 1940. Price $4.50, no illustra-
tions, 538 pages.

TECHNICAL BOOK READERS who brave the
rather prosaic title of this book will
find it a fascinating account of the evo-
lution of the important science of
mathematics. Mr. Bell has done a fine
job of rendering a coherent, informa-
tive and interesting account of the
growth and development of mathemati-
cal concepts. He separates mathemati-
cal history into seven periods: from the
earliest times to ancient Babylonia and
Fgypt; the Greek contribution, about
600 B.C. to 300 A.D.; oriental and
semetic contributions; Europe during
the Renaissance and the Reformation;
the 17th and 18th centuries; the 19th
century; and the 20th century. Each
period is covered with an eye to trends
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STOCK No. 170
$2252° net

Complete with cover and leads {Height,
1215/6"; Depth, 933"; Width, 1873".
Weight, unpacked, 35 lbs.)

With RCA Test Equipment being pro-
duced in ever-increasing quantities for
war purposes, it has been impossible to
supply many items for ordinary com-
mercial and civilian uses. The signal
tracing instruments illustrated here, how-
ever—and various other RCA units as
well—are being produced steadily and
are being supplied on priority orders.

——

RCA Chanalyst

{. 3 Converter
Stock No. 164—Net $55.00
@ {including Chanalyst coup-
ling lead and special test

J, _,,;'; cable and probe)
¢ —» .
D =
RCA Junior RCA Rider
s VoltOhmyst Chanalyst
- Stock No. 162-
o 3 NS 50 Net $107.50

A1TEN Comnsg

FOwEn

@ -

A NEW TIME-SAVING MONEY-MAKER
FOR THE SOUND EQUIPMENT SPECIALIST

All that the RCA Rider Chanalyst has meant to the radio industry in terms of
better, faster and more accurate work, the new RCA Audio Chanalyst now means
to the installation and checking of audio equipment.

Compact and portable, the Audio Chanalyst contains all necessary equipment
for matching up a new sound installation or locating trouble in an old one. It
will hold a continuous check on four different audio circuit conditions simul-
tancously without appreciably interfering with the operation of the system. It
is cquipped for all types of audio testing, such as checking gain and operating
levels; noise and hum levels; a-f (a-¢) and d-c voltages; resistance and impedance;
supplying spot frequencies throughout the audio spectrum, and many more. A
loudspeaker is provided for listening tests.

The RCA Audio Chanalyst permits a complere, rapid analysis of any audio
system, and affords a positive means of isolating any troubles that may exist. To
the busy technician, it comes as an instrument that will quickly pay for itself in
the time it saves as well as in the greater efficiency its use makes possible. Sold
by RCA Tube and Equipment Distributors. Folder free. Ger the facts!

TEST EQUIPMENT

RCA MANUFACTURING (CO., C., Camden, N.J. * A Service of the Radio Corporation of America
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SPECIFY
STACKPOLE
SWITCHES / °
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STAGKPOLE carson co.

ST. MARYS, PENNSYLVANIA, U. S. A.
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in mathematicai thought as wall as in-
dividual discoveries.

This is not a “popular” history of
mathematies. At times it is rather dif-
ficult reading. However Mr. Bell’s pro-
found knowledge of his subject, his
keen "historical” sense, and his oceca-
sional flashes of humor is sure to hold
the interest of readers with an engi-
neering mathematics background.—
E.E.G.

Radio Troubleshooter’s
Handbook

By ALFRED A. GHIRARDI. Ruadio and
Technical Publishing Co., New York
City, 1941. 700 pages. Price $3.50.

THIS REVIEWER HAS ALWAYS stood in
some awe at the huge books got out for
radio service men, first at the tremen-
dous amount of labor involved in com-
piling, writing, proofreading their con-
tents, and secondly at the value these
books must have to the radio repairer
faced with a recalcitrant receiver.
Only a brief perusal of the pages of
the first half of Mr. Ghirardi’s book
will convince the reader that no serv-
ice man could possibly keep track of
the ailments of the thousands of models
that the radio industry has produced.

iThe first 386 pages contain nothing

but diagnoses of ills that atfect re-
ceivers still in service, some of them
many years after the name of the
manufacturer has been forgotten. A
long list of i-f alignment peaks, an
auto-radio trouble shooting reminder
chart in many pages, lists of replace-
ment batteries for portable radios,
RMA codes etec., etc., fill up the re-
mainder of this big volume.—X.H.

Mallory Radio Service
Encyclopedia

4th edition, compiled and published by
P. R. Mallory & Co., Inc., Indianap-
olis, Indiana, 1941. Paper covers, 415
pages, illustrated. Price $1.50, ($0.95
net when purchased through any Mal-
lory distributor).

THE LATEST EDITION of this well known
service engineers guide to replacement
parts for commercial receivers and
their associated equipment has been
enlarged and brought up to date. It
contains replacement information on
the various parts and how they are
connected in the set. ‘Controls, con-
densers, vibrators, a complete tube com-
plement, the i-f peak, and a Rider’s
reference for the complete circuit of
the set are listed for each receiver.
Diagrams of the control circuits, the
power supply condenser circuits and
vibrator base diagrams are listed in the
rear of the book. These circuits are
numbered and are referred to in the
tables of replacement parts so that the
trouble shooter can see at a glance how
the part being replaced is connected in
the eireuit.—E.E.G.
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TODAY'S

Heat-resistant, B
constant-pressure \C.

stainless steel ' :
spring spot- K

g welded 10 band.

Positive pressure
| of contact button
on wire never
vories —never
damages.

" Thread on bond—

™ no nut required.

POSITIVE CONTACT BAND
ELIMINATES WIRE DAMAGE
AND CORROSION

Designed for high temperatures, this
IRC Positive Contact Band fer adjust-
able resistors, has a smooth, rounded
silver contact button on a heat-re-
sistant stainless steel spring spot-
welded to the band. Pressure does
not vary, no matter how much the
band is tightened. Button will not
corrode at point of contact, or
damage resistance windings.
Sample resistor and band gledly
sent to manufacturers of original
equipment,

IRC BUILDS

THEM TOUGH

XACTING CONDITIONS
J[Foved feveciloss

War conditions of use for a wide variety of radio and electronic
equipment call for a more searching and comprehensive appraisal
of resistor qualifications than might normally be the case.

What, for instance, happens to resistors under bomb shock?—
extreme vibration?—tropical use?—salt-water immersion?. . .

Such are the questions being asked today—questions which look
as though we ourselves had hand-picked them to spotlight the
greater dependability of IRC Climate-Proofed Power Wire Wound
Resistors for those exacting, heavy-duty applications where failure
may have serious consequences. For IRC Power Resistors stand the
gaff of rigorous use. They have proved this conclusively. They have
proved it in the air, at sea, and on land—over a long period of time.

Their sturdy cement coating was specifically chosen because of its
remarkable durability; because of its outstanding heat-dissipation
and moisture-protection qualities; and equally important, because
it is applied to resistors at low temperature, thereby not endangering
the resistance windings or baking the temper out of terminals.

IRC's will not let you down!

FIXED, ADJUSTABLE, NON-INDUCTIVE TYPES

IRC Cement-Coated Power Wire Wound  applications and will gladly cooperate
Resistors gre made in h;(ed %d]ustgble in solving any problems. Write for IRC
or non-inductive types, from 5- to 200- s . ;

watts in all shapes and mountings. IRC Resxst'al'lce Data Bull'etm v. Bull‘etms
resistance engineers have made a lorig- describing other IRC Fixed and Variable

time specialty of war-equipment resistor  Resistor types also available.

INTERNATIONAL RESISTANCE CO.

403 N. Broad St., Philadelphia, Pa.
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TUBES AT WORK

Preamplifier-Filter for Crystal Pickup........... ..
Telephone Amplifier for Power Companies........
Electronic Watt-Hour Meter Tester...............
Direct-Reading Aircraft Insulation Tester..........
Sensitive Feedback Voltmeter............ ... ... ..

Preamplifier-Filter
for Crystal Pickup

By CHARLES AFFELDER
WWSW. Pittsburgh. Penna.

THE PREAMPLIFIER-FILTER circuit illus-
trated permits the playing of ortha-
coustic transcriptions, constant-velocity
transcriptions and ordinary phono-
graph records by means of a relatively
inexpensive and readily available crys-
tal pickup. Circuit constants shown
are for use between an Astatic HP-36
pickup (LP-23 head) and a 500 ohm
load. The three switches are ganged.
T is a Western Electric 127-C output
transformer.

The number one switech position is
used when playing orthacoustic tran-
scriptions which require bass pre-em-
phasis and treble de-emphasis, in ac-
cordance with a standard curve fur-
nished by the manufacturer. It was
found impossible to equalize in the
amplifier grid circuit, so only partial
compensation is made there by means
of the 90,000 ohm resistor. Additional
equalization is provided by the 0.2 uf
capacitor, which gives high frequency
compensation, and the 6uf capacitor,
which governs the low frequency boost.

To play ordinary phonograph records
or constant-velocity transcriptions the
switch is placed in the number two po-
sition. This places 500,000 ohms in
the preamplifier grid circuit and con-
verts the network on the 500 ohm side
of the transformer into a regular 20
db H pad.

Output volume level is approximately
-30 db for number one switch position
and —-25 db for number two.

Amplification can be used to raise
transmitted signal level ahkove the
noise. If all communication points are
equipped for high level transmission
fixed attenuation can be used ‘n all re-
ceiving circuits to hold signals at the
desired level. (If there are conven-
tional telephones on the line there will
be an upper limit of usable power, be-
vond which bells will ring spasmod-
ically during conversations. Attenua-
tion permissable in receiving ecircuits
will also, in this case, be limited by the

—
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Circuit of telephone amplifier. Should power fail the handseis

operate in the conventional manner.

Telephone Amplifier for
Power Company Circuits

By W. H. BLANKMEYER
The Montana Power Compuny,
Butte, Montana

MANY POWER COMPANIES carry long-
distance inter-office telephone lines on
high voltage power line structures.
Noise is frequently very high on such
telephone lines, rendering them rather
unsatisfactory for use with conven-
tional handset microphones having low
power output.

6J7
& 0.5
Q
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>
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)
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Preamplifier-filter for a crystal pickup used in broadcast

station playing

orthacoustic

transcriptions, constant-

velocity transcriptions and ordinary phonograph records
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without amplification

intelligibility of standard telephone sig-
nals.) Cross-talk is not encountered
in this type of service as poles rarely
carry more than one telephone line for
any great distance.

Cireuit Operation

Referring to the diagram, when the
handset is removed from the hook the
battery circuit is completed through the
induction coil T, transformer T, relay
SW, and the transmitter. This relay
operates on the transmitter button cur-
rent and its contacts complete a 110 volt
a-c circuit through the coil of relay
ST, which has a five-pole double-throw
contact arrangement. When SW, op-
erates, it puts the amplifier output on
the line, short circuits the primary of
the induction coil, removes a short cir-
cuit from the primary of T,, connects
the telephone receiver to the receiver
amplifier output and grounds the cen-
ter tap of the power transformer high
voltage winding. The amplifier is now
in operation, but if there had been a
failure of the 110 volt supply, SW,
would have left the telephone handset
connected into a conventional local bat-
tery sidetone circuit. In this way
communication would be maintained,
even if at reduced efficiency.

With the amplifier in operation, the
signal coming from the transmitter is
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EXCELLENT OPPORTUNITY
FOR OUTSTANDING MEN

THE Farnsworth Television &
Radio Corporation is adding to its staff
of research and development specialists—
the closely knit group which has won
recognition throughout the world for its
developments in the field of electronics.
These men know how to work harmoni-
ously toward a common goal. for each
realizes that his opportunity to succeed
is controlled only by his ability and

ambition.

The urgency for additional research
and development of highly specialized
electronic apparatus at this time enables

us to solicit applications from qualified

American citizens including junior and
senior engineers and physicists having

suitable qualifications.

Excellent opportunity to participate
now in most important engineering de-
velopments as well as to qualify for re-

sponsible positions in post-war activities.

Replies, including complete statements
of experience and training, references
and photographs, should he addressed to
this company, attention of Personnel
Manager, at its main office at Fort Wayne.

Indiana.

Personal interviews will be by appoint-

ment only.

FARNSWORTH TELEVISION & RADIO CORPORATION

FORT WAYNE, IND.

MARION, IND.

Makers of
RADIO AND TELEVISION TRANSMITTERS AND RECEIVERS, THE CAPEHART,
THE CAPEHART-PANAMUSE AND FARNSWORTH PHONOGRAPH-RADIO COMBINATIONS

ELECTRONICS — April 1942
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MANUFACTURED FROM
STANDARD PARTS

Custom designed transformers can often be assembled from
standard parts found in the large variety of types and sizes
available to Chicago Transformer's customers.

Where entirely different designs are necessary, it's modern
and complete plant and laboratory facilities are equipped
to handle the most unusual assignments.

Given the application, description ond the electrical resuits
desired, the Chicago Transformer organization shouid best be
able to solve your new ond difficult transformer problems.

Manapactirers of all lyfies of
?(nmﬂ"mzew tfe lo 70 J{ AVJ/

S SeUEE WEE R s - .

CHICAGO TRANSFORMER ¢

CORPORATION '
3505 WEST ADDISON STREET » CHICAGO

& g Bh b
) gﬁf&@» LES 2 e | S o b LR 4 tr
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applied to the primary of 7,. This has
a 50 ohm primary and a high impedance
secondary. R,.-R, is a dual gain con-
trol ahead of all the tube grids. Each
section of R, feeds straight into the
first push-pull stage, but the grids of
the other stage are electrically crossed
to get a 180-deg. phase shift. The
plates of both stages are connected
through the 50,000 ohm resistors and
20,000 ohm potentiometers. The com-
bined plate circuits represent a bridge
circuit which can be balanced with the
potentiometers. The arms of the po-
tentiometers feed through coupling
capacitors (', and the dual gain control
to the 6N7G grids. The output of the
6N7G goes to the telephone receiver.
The output of one of the 6F6G push-
pull stages gces into the line through
T, and the other feeds into a network
having characteristics approximately
the same as the line througk T, The
network is used to load the two stages
as nearly as possible alike at all fre-
quencies. The network, to be most ef-
fective, should also duplicate any prom-
inent line irregularities as closely as
possible.  When the bridge is balanced,
a voltage appearing on the 6F6G grids
does not appear across the 6N7G grids
but does appear on the line. In other
words, there is no sidetone in the re-
ceiver. However, when a signal
voltage from a distant phone comes into
the amplifier it appears across one end
of the bridge only. so that it is unbal-

Amplifier chassis, showing layocut with six

tubes removed. Gain and bolance con-

trols are slotted for screwdriver adjust-
ment to discourage tampering

anced. Such a signal is amplified
through the 6N7G and fed to the re-
ceiver.

The heaters of the tubes are operated
continuously, at 80 percent of the nor-
mal rating. Three of these amplifiers
have been in operation twenty-four
hours per day for 13 years and the
tubes are still in good condition. The
amplifiers give plenty of output for use
on extremely noisy long lines. The
bridge balance is good on lines that
don’t have serious irregularities or im-
pedance mismatching, which causes re-

flected energy to appear in the receiver.

Design work is being done on an ar-
rangement for returning the three
wire input to a two wire circuit so the
equipment can be used in a standard
private branch exchange.

April 1942 — ELECTRONICS


www.americanradiohistory.com

BROWNING
TYPE S-2

FREQUENCY
METER

CHECK FREQUENCY

_/4€curafe/y

1. Accuracy better than .005%,

2. Will meet the F. C. C. require-
ments for checking the frequencies of
any transmitter which requires a fre-
quency meter accurate to .005%,.

3, Employs a cathode ray indicator
as well as aural means for checking
zero beat. The cathode ray indicator
allows much more accurate setting
than can be made by means of aural
determination of zero beat.

.'B W

SEND FOR FURTHER INFORMATION AND PRICES

WINCHESTER - MASS:-

e Designers and Manufacturers of
Electronic Equipment for National Defense

Designed Especially for Emergency, Police and

Similar Services. This Instrument Is Custom Built for Individual Frequencies

4. The Browning Frequency Meter is
so designed that the precision of the
apparatus at any time can be
checked to at least fifty parts in five
million against the Bureau of Stand-
ards Station WWYVY or against any
reliable station operating on fre-
quencies which are an even multiple

of 100 KC.

B. Custom-built for specified fre-
quencies. Models from | to 5 bands

inclusive.
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w7t EISEMANN MAGNETO (((.‘f;!;f*‘{f#?}?{*f!{

lo wehiich c A I. I. I T E conlicbeled

EVER has dependability meant more—to Uncle Sam and to you—
than in the ignition systems of our pilot training ships. There
must be no hit-and-miss operation here, for the hour is late and

much is at stake.

That is why EISEMANN MAGNETO CORPORATION, responsible
for the magnetos used in the Franklin air-cooled engines that power
many of the pilot trainers of America’s Air Force, specify Callite for
breaker contact points.

The experience of Callite engineers . . . the quality standards by
which Callite haslongbeenrecognized, are behind the contactdepen-
dability that's become synonymous with the name Callite. If uninter-
rupted production is impertant to you, if you are looking for contacts
engineered to “make and break” with precision . . . consult Callite.

W hether your contact requirements are for serews, rivets, com-
posites, inlays or special forms—in tungsten, molybdenum, silver,
platinum, palladium and alloy combinations of these metals,
Callite can serve you on near-normal schedules. Consult us.

CALLITE TUNGSTEN

CORPORATION

544-39th STREET UNION CITY, N. J.

CABLE: .ii[i,'_l,l,'*' “CALLITES"
BRANCHES: CHICAGO ® CLEVELAND

82

www americanradiohistorv com

Ordnance Plant Sound

Installed in the new Plum Brook Ord-
nance Plant at Sandusky, Ohio. this
840-watt  Webster-Rauland amplifier
teeds microphone, phonograph and
radio programs to workers via 16 miles
of connecting cable and 48 high-power
reproducers over an area of 30 square
miles

Electronic Watt-Hour
Meter Tester

A NEW INSTRUMENT designed Dby the
Wheeleo Instruments Company c¢f Chi-
cago counts the number of revolutions
‘ made by the dis¢ of a watt-hour meter,

avoiding the use of frictional centacts
which might introduce lag and mag-
netic metals which could readily affect
accuracy if placed in the meter’s field.

The testing device consists of an
oscillating tube, a relay, a counter and
a pickup unit at the end of a coaxial
cable. A small, light aluminum or
copper vane is mounted on the dise of
‘the meter. A copper pickup coil is
mounted within the case of the meter
at a point where the vane will cut
‘throug’h its field. The pickup coil is
; coupled, through the coaxial catle, to
| the oscillator circuit of the tester.
. Passage of the vane through the field
i of the pickup coil alters the frequency
i of the oscillator and this alteration in
frequency changes the oscillator’s
anode current sufficiently to actuate the
relay and operate the counter.

With a known load connected to the
meter under test for a definite time
the accuracy of the meter may be de-
termined by comparing the number of
dise revolutions recorded by the counter
with data supplied by the meter manu-
facturer. A meter may be compared
with a master meter (a master meter

I
!
|

|
|
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SOUTH SAN FRANCISCO ' LTD, /' CALIFORNIA U-5-A

of

ELECTRONICS — April 1942 83

wwWw americanradiohistorv com


www.americanradiohistory.com

COLLINS
RADIO
COMPANY

have equipped
their NEW
Skw 21A |

TRANSMITTER

with /

Single Pole Two Pole

HEINEMANN
CIRCUIT BREAKERS

Here's positive protection against short circuits and
dangerous overloads on equipment operating on
any specified current from 50 milliamperes to 50
amperes. The device opens instantaneously and can
be reclosed as soon as the trouble is located and
corrected. Hydraulic time delay action is optional
at no extra cost. All breakers are accurately cali-
brated, set and adjusted at the factory and the
magnetic trip unit is hermetically sealed to prevent
tampering.

HEINEMANN CIRCUIT BREAKER CQ.

Three Pole

EMANN
cuUilT

HEIN
C IR
BREAKERS

increase life of

tubes...save costly
replacements

keep broadcast in-
terruptions at a
minimum . . . are
fully electro-mag-
netic . . . small in
size, low in cost.

Send for Catalog
No. 40 showing
complete line.

97 PLUM ST. - - - - TRENTON, N. J.
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This elecironic watt-hour meter tester

counts the number of disc revolutions

without introducing any frictional lag and

without employing magnetic metals in
the field of the meter

is shown in position in the accompany-
ing photograph) by plugging it into a
receptacle provided on the base of the
instrument, which connects it in series
with the pickup-equipped master meter.
By starting the discs of both meters
at a given point, permitting them to
operate for a number of revolutions
and then comparing, the percentage
difference may be noted.

Direct-Reading
Aireraft Insulation Tester

By W. N. LAMBERT
United Air Lines,

LaGuardia Airport, New York
IGNITION SYSTEM insulation resistance
must be maintained at a high value if
aireraft engine spark intensity is to be
satisfactory. It is also necessary that
aircraft radio antenna insulation resis-
tance be maintained somewhere near
initial standards if transmission and
reception efficiency is to be kept up.

Insulation deteriorates in use. In-
spection is therefore a constant main-
tenance requirement and it is facili-
tated by the instrument to be described.

Two Test Ranges

The instrument diagrammed has two
resistance ranges. For measuring re-
sistance up to 100 megohms it operates
as a conventional ohmmeter. About
950 volts d.c. is developed across four
resistors constituting an iaternal load
on the section of the 6F8G tube used as
a halfwave rectifier. This voltage is
impressed across the insu.ation under
test in series with a current-limiting re-
sistor and the O-1 ma milliameter. By
choosing the series resistor properly
the meter can be calibrated to read
directly in megohms.

When measuring resistance between
100 and 5,000 megohms the triode sec-
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Type €4351 Series, Used for Tube Warming
Tube Cooling, and High Limit Controls

Type D Series Miniature Ambient
Compensated Time Delay Relays

because it’s Type C285) Series, U;ed as

Type B3120 Crystal Dew Point Roughing Controls on Outer

centeal DISC-OPERATED /4 S hiedk

Type ER Series Ambient Compensated Timé Type RT Adjustable Crystal Temp.
Delay Relays Oven Control

Snap-Acting Controls for Radio Equipment

The heart of any temperature control is its thermal ele-

ment. In Klixon thermostats, the famous Spencer snap- Klixon Snap-Actzng
acting dise delivers a positive action to switches in re- C 't B b
sponse to temperature change. It is unique in the tem- wrcuit breakers
pcraturc control field. Have you heard about Spencer Thermostat Company’s
Unaffeeted by motion, altitude, or position of mounting, Isfealywmliiatonol (rienniisgipeneegng™ gy
d b | h . - midget circuit breakers—now used with outstanding
zmd hlghly immune to ‘S}).()Cl\ zmd Vlbl‘atl()n, I\llX()n th(‘l‘- success in military wireraft, tanks, trucks, and auto-
mostats are ﬁll(llllg a \Vld(‘ appllcatlon n ]‘a(]l() equlp- mohiles? Available in switeh and push button manual
ment tOdily 'l‘}l(‘y are small and C()mpact accurate in reset types, or for automatic operation, in a variety
. . : 5 i d ’ ‘ of useful ratings, these miniature circuit breakers are
callbratlon, and llght mn We‘ght, y('t handle hCiLVy dUty already beginning to find a number of applications in
electrical loads with case. Klixon Thermostats are low radio equipment. Send for data sheets.

in cost and flexible in application, too—it is very likely
one of the many types of standard control designs is
suitable for your nceds.

Spencer Thermostat Company’s cngineering depart-
ment will gladly recommend the types of Klixon ther-
mostats best suited to meet your control requirements—
or will gladly cooperate with your own engineers in the

development of special disc-actuated thermostatic con-

trols for your particular necds if practicable. Send for Sp encer Thermostat Co.

data shects today. 1404 FOREST STREET, ATTLEBORO, MASS.
ELECTRONICS — April 1942 85
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AMERICA DEPENDS ON

RELAYS by curroian

This **G"” in the shield . .. high in the air—scouring the
sea—sweeping the land ... in jeeps—guns—tanks—
planes—ships—is doing a 100% *‘all out” job for America!

Strictly defense, production time open for government
approved items, with samples immediately available
for any job for the U. S. Army, Army Air Corps, Navy,
Naval Air Corps, Marine Corps, Signal Corps, Ordnance.

WRITE—~WIRE—PHONE

SAMPLES OF APPROYED CONTROLS
AVAILABLE ON SHORT NOTICE

GUN SWITCH HANDLES
REMOTE FIRING EQUIPMENT

TURRET CONTROLS
RADIO CONTROLS
NAVIGATION CONTROLS
AIRCRAFT CONTROLS
BOMB RELEASES

P. S. Want to take advantage of some of our recent developments for that
“after it's over’’ product you have in mind2 Samples only available now!

GUARDIAN (¢JELE

1625 WEST WALNUT STREET CHICAGO,

DEFENSE
LARGEST LINE OF RELAYS SERVING AMERICAN AINDUSTRY

[/TTTETETTEVANANN
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tion of the 6F8G (the section with its
control grid connected to the top cap)
comes into use. Potentials are applied
to the electrodes of this triode section
through the voltage-divider in such a
i manner that the grid is biased just be-
vond the cutoff, It will be noted that
the high range jack is connected to the
erid through a 2 megohm resistor. Thus,

] Ground
i + (or wire, conduclo
ALY

Q5 meg low range

1 Kl (
-~ Wmegksgmd 095meg

LR
< 8000 -
G- IR e W P
6F8G - T9 “?l(m} S range
> {
S 5 S
S o7 &
- gn ma
*
V23 &
ac 2 Q

‘ & x

(% Subject to aqjustment during

| calibratior)
Aircraft insulation tester with
two resistance ranges, 0-100

megohms and 100-5.000 megohms

when the high range jack is connected
I to the insulation under test, any small
i amount of current flowing through the
insulation and through the 2 megohm
resistor makes the grid less negative,
causing anode current to flow. Anode
" current flows through the milliameter,
! which may be calibrated to read di-
rectly in megohms.

Accuracy, Calibration

The calibration of the instrument is
somewhat affected by aging of the
6F8G and replacement of the tube is
usually the solution when the instru-
ment fails to read full scale with the

Allnight Guard

With $30 worth of G-E parts. including a
phototube and a relay. Schenectady store-
keeper Andrew Tessier licked the prob-
| lem of how to turn display window lights
|‘ out automatically in the event of an air-
| raid. The phototube., aimed at a nearby
|- streetlight, does the job when the city's
{ central station pulls the big switch

April 1942 — ELECTRONICS


www.americanradiohistory.com

ENSEN has taken on the job

of producing large quantities of
highly specialized sound repro-
ducers for the armed forces .. .
reproducers which will speed vital
communications...facilitate mil-
itary operations in many ways.

XPERIENCE in designing

for severe service requirements
on land and sea ... in meeting
highly technical specifications...
in solving new problems and de-
livering the answer in production
quantities—these are our qualifi-
cations for this big assignment.

ECE ss ITY dictates that war

production be given a clear track
over everything else, with first
call on all materials, machines
and manpower.

OME civilian orders for Jensen
speakers and reproducers must
therefore go unfilled until the
war is successfully ended. We ap-
preciate the spirit of cooperation
and understanding displayed by
our many customers and friends
under these trying conditions.

VE RY effort should be made to
repair and continue in service ex-
isting speakers. Our Service De-
partment will help keep Jensen
speakers in operation.

EW and brighter days are not too
far away. New technical horizons
lie ahead. And when the Big Job
is done, Jensen will be ready with
even greater achievements in the
field of fine sound reproduction.

= [T]1 ] & 7] G

m’ ™% 3 ¥

e These standard Jensen designs have found
f’, . extensive applications with the armed
A==, forces. Priority inquiries for these and other

= types of sound reproducers are solicited.

6601 SOUTH LARAMIE AVE. « CHICAGD
CABLE ADDRESS <+ “JERAD‘ CHICAGO
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THORDARSON laboratories have been active in the design and
manufacture of wave filters since engineering praciice first prescribad
their use. These laboratories have developed filters wiih unusuallv
sharp cutoft characteristics. THORDARSON wave filters are out-
standing in the following characieristics:

i. Low insertion loss in the pass  {$. Minimum cubic size.
band.
2. Stable performance. 1. Sharp cutoff.

A typcal example of unusual performance is illustrated by the
carve of siock type T-4E05 shown below. Sharp cutoff at 7500 c.p.s.
10 db maximum level, For use on 500-600 ohm line. Dimensions:
3" x 415" x 234" . Weight 234 lbs.

Confer with us on all of your {ilter problems

THORDARSON

ELECTRIC MFG. COMPANY
500 WEST HURON STREET, CHICAGO, ILLINOIS
TRANSFORMER SPECIALISTS SINCE 1885
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test prods shorted together. Calibra-
tion i= affected to only a minor degree
by ditferences in the characteristies of
61°8G tubes,  Variation in calibration
appears to be less than 5 per zent up to
1.000 megohms when tubes are changed.

The simplest manner of calibrating
the instrument is to connect known re-
sistances  across its  terminals  and
draw a suitable scale from the result-
ing readings. Suitable resistors are
available up to 20,000 megohms.  Other
conventional methods  of  calibrating
the instrument may, of course, be used
but it should be born in minc that cali-
brating circuits employed for this pur-
pose must draw little or no cwrrent
from the device.

Sensitive Feedback Voltmeter
With Rugged Milliameter
Indicator

By LAWRENCE FLEMING
A USEFUL INSTRUMENT for audio fre-
queney measurements is the feedback
voltmeter. consisting of a resistance-
coupled amplifier feeding a diode recti-
fier and a d-¢ microammeter. Nega-
tive feedhack Is applied between the
output rectifier and the amplifier input
stage, th make the whole system stable

B+

Feedback
1 VA T

Fig. 1—Basic circuit of a typical feed-
back voltmeier

and linear. Figure 1 illustrates the
idea. It has been described in detail
by Ballantine® and in a patent to A. V.
Wurmser.

Such meters generally require a
fairly high plate supply voltage and a
sensitive  d-¢  indidating  instrument.
This has its root in the fact that the
diode load R, should be high for lin-
earity. A common value is 50,000 ohms,
which requires a 100 wmicroampere
meter 3 when the plate supply is of
the order of 300 volts.

Figure 2 shows a ecircuit variation
nermitting the use of a less sensitive
indieating instruments. The diode is
operated into a high resistance load
and followed by a current amplifier
stage operating the indicating meter.
Negative feedback is run from the out-
put of the current amplifier back to the
input of the first stage.

Performanes

The voltmeter diagramed uses a 125
shm-per-volt d-¢ instrument reading
& ma. full scale as the indicating means.
With about 22 db of feedback in use,

full scale deflection requires 0.4 volts
rms of signal at the input. The rela-
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(Below) FAR-FLUNG LINES of communications are an integral
part of the nation’s lines of defense. To speed the dispatching of
messages to such vital areas as the Caribbean, South America, and
the Southwestern Pacific, additional facilities for radio-telephone ser-
vice are being constructed. Representative applications of Isolantite™
in such stations are shown in the accompanying photographs. Main
photo shows Isolantite stand-off insulators on an antenna selector
switch panel. Switches shown in inset employ Isolantite strain in-
sulators as bases, mounted on Isolantite stand-offs. These uses are
typical of the diversified ways in which increasing quantities of
Isolantite are employed to serve the needs of the Victory program.

(Below) IN AIRCRAFT APPLICATIONS, Isolantite incorporates
outstanding features in a single ceramic body. Its high mechanical
strength is a doubly important advantage. It reduces the risk of
insulator breakage, and permits the use of relatively small cross-
sections, with consequent savings in weight. Isolantite is liberally
used on many combat planes.
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(Below) EXTERNAL CONSTRUCTION is completed on the new
building at Isolantite’s plant, which will provide greatly increased
capacity for the production of ceramic insulators. Production facilities
are planned for maximum time economy, to enable Isolantite to
render more efficient service in meeting the demand for its products.

(Above) ISOLANTITE’S MANUFACTURING PROCESSES are
adaptable to the production of a wide variety of shapes and sizes. Illus-
trated are a few of the many forms in which Isolantite has been produced
for specialized applications in which standard designs cannot be used.

CERAMIC INSULATORS
ISOLANTITE INC., 233 BROADWAY, NEW YORK, N. Y,

*Registered trade-name for the products of Isolantite Inc.
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Fig. 2—Feedback volimeter with amplification after the rectifier to allow
the use of a relatively insensitive indicating instrument

tion of input voltage to meter deflec-
tion is linear over the whole scale.

Stability is satisfactory for most
purposes. The apparent disadvantage
of a zero adjustment (absent in the
voltmeter’s prototype) is not serious in
practice. Decreasing the line voltage
from 110 volts to 80 volts shifts the
zero reading by 1 small division, only
2% percent of full scale. On the in-
cremental calibration this line voltage
change has no discernable effect.
Changing tubes in the ecurrent ampli-
fier position 17, may shift the zero set-
ting by a few percent of full scale, but
readjusting control P, readily brings
the calibration back to its original
value. Changing of other tubes has no
detectable effect on the calibration.

With respect to frequency, no varia-
tion in response can be read over the
range 40-20,000 cycles. (The upper
figure was as high as the available test
oscillator would go.) Below 40 cycles
the meter pointer tends to oscillate
with the signal. It will be noted that
the signal component cannot readily be
filtered out of the current amplifier
because that component is used to sup-
ply negative feedback.

Construction

Tubes 17, and V, are used as a con-
ventional two-stage amplifier, feeding
into diode V.. The rectified output is
applied to the grid of a 6J5, V, ar-
ranged as a current amplifier. V, is op-
erated on the linear part of its charac-
teristic and the no-signal direet current
is balanced out of the meter by a con-
ventional resistor network R,, R, P..
The diode is poled so that an increase
in signal increases the plate current of
V.. The opposite arrangement is more
common in diode-triode meters but in
the present case would involve excessive
bleeder currents.

The feedback circuit extends from
the cathode of V, through 15,000-ohm
resistor R, to the arm of potentio-
neter F,, which is in the cathode cir-
cuit of the first stage V,. The usual
blocking condenser in series with the
feedback resistor was omitted to reduce
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phase shift. Since the output end of
the feedback resistor R, is at a fairly
low positive potential, 15 to 30 volts,
the bias on the 6J7 is not upset enough
to affect its gain.

The zero adjustment potentiometer
P, gives a range of adjustment plus or
minus 5 percent of full scale. To prop-
erly locate this range another poten-
tiometer, P,, is adjusted with a screw-
driver. P, being part of a shunt
around the meter, affects current
sensitivity of the stage considerably
more than P,. The feedback control
P, is another screwdriver adjustment,
covering a range of 15 to 1 in the
overall gain of the system.

The writer is indebted to Dunford
Kelly of the Miller Instrument Com-
pany for suggestions leading to the de-
sign of the instrument here described.

(1) Ballantine ELECTRoNIcs, Sept. 1938,
(2) A, V. Wurmser, U. 8. Patent 2,147,724,

Fly’s Footsteps Amplified

G-E's Walter Mikelson caiches tlies, pre-

paratory to a demonstration of the racket

they make when crawling over a micro-

phone feeding a high-gain amplitfier or

sailing through the air immediately above
it
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Solve your insulation problems
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Handles machined from
Lumarith rod for electrical
apparatus.

Covers of
& Lumarith Pro-
\ tactoid. Use: Dust
\, covers over con-
Lact springs.

(] o

Phenol fibre laminated with
Lumarith Protectoid. Use: Sealing
Lumarith-filled coils to spool heads.

Coils, layers insulated awith
Lumarith Protectoid. Use:
Comumunication apparatus.

Insulating washers o/
Lumarith  Protectoid.

Insulating washers of

d Impregnated fabric lyminated with
colored Lumarith. preg J

Lumarith  Protectoid. Use:  Coil
covers.
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TR

Lumarith Protectoid
corner insulator
Jor coil cores.

Injection-inolded Lumurith
connecting Mocks.

Splicing insulators of Lumarith Protectoid.
Use: Insulating splices in coils.

Windmws of sheet Lumarith. Use: Pro-

tection  for instrictions on  electrical HI few applications shown, barely seratch the surfuce
apparatus both indoors and out. ol what Lumarith (rellulose ilC(‘lile) can do in solving

present insalation problems. In dielectrie strength, tough-

Y, A a § i - N . . . . e
N— Ep— p— ness, case of processing— yes, and in availability
Crransse Couuto Conronation (formerly Celluloid Corpo- Lamarith suggests weleome possibilities in speeding pro-
pitinndy Tl MatissufAve:, New Yorld Cigpes . ISgletrplinsirof duction and in improving product performance. We have
=~ Ll.ulmrllh (cellulose .|f:cl.|l\j plastics in sllcels,‘r'«tds. Iubhs; 1||e 1]&1'(;&1 Vo Il(‘t'(l- (,)lll’ [(‘('|llll(‘,ﬂ] stafl will COO rate with
nondding powder, wansparent il and dope) . . . *Trademark N
Reg. U.S. Pat. Off. you in development work.

CELANESE CELLULOID CORPORATION
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Precision Frequency
Comparisons

WHENEVER A FREQUENCY SOURCE of high
precision is developed, some means of
measuring the performance of the
source must also be devised. Thus if a
100-ke oscillator is intended to be stable
within one-thousandth of a cycle per
second, the test circuit should be able to
detect a variation in the order of
one ten-thousandth of a cycle per
second. A method which has worked
satisfactorily, even when the varia-
tions occur for short durations is de-
scribed in the March 1942 issue of the
Bell Laborutories Record by L. A.
Meacham.

The frequencies of two or more sim-
ilar but independent oscillators are
compared. If these are constant with
respect to each other within observed
limits and if they are truly independent,
then probability assures the constancy
«f the individual frequencies within the
same or closer limits. The circuit used
to make these comparisons is shown in
simplified form in Fig. 1. The two 100-
ke oscillators O, and O, are adjusted to
differ in frequency by about one-tenth
cycle per second. Their outputs are
added together in a hybrid coil and the
sum is amplified and rectified to fire a
thyratron once each beat cycle, in turn
discharging condenser C through a
spark coil. The high voltage generated
by the coil causes a brief flash of light
in the neck of a mercury vapor lamp.
To record the time between flashes, a
circular scale marked in milliseconds is
rotated by a 1000-cps motor, synchro-
nized with current from the frequency
standard. Each discharge illuminates
the scale and records the time on a
slowly moving film.

The time elapsed during a single ten-
second beat cycle is recorded to the
nearest thousandth of a second, and any
irregularity in the beat frequency
amounting to more than one part in ten
thousand becomes apparent. Since the
frequency of the beat pulses is one-
millionth of the frequency of either
100-ke oscillator, the precision of the
comparison between the pair of oscilla-
tors is about one part in ten thousand
million. As a specific example, if O, is
set precisely at 100,000 cps and O, at
100,000.1 ¢ps, then the difference will
produce a beat once in ten seconds or a
frequency of 0.1 e¢ps. If the frequency
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of O, changes to 100,000.1001 cps the
beat period will be shortened by 0.01
second or ten divisions on the scale.
Thus very small irregularities become
readily apparent.

To make sure that a recorded change
is not due to any irregularity in the
testing device itself, the thyratron must
be fired at the same point in each beat
cycle. The two oscillator outputs must
be so compared that some condition
for firing is satisfied abruptly and at a
definite phase angle of the cycle. In
Fig. 2, F, and E, are the voltage out-
puts of the oscillators. &', + E, is the
sum of the two voltages added in the
hybrid coil, which is constantly chang-
ing in length throughout the beat cycle.
This vector is amplified and rectified to
provide negative bids for the thyratron.
When the bias falls below a certain
value determined by the design of the
tube, and represented by the radius of
the cirele C the tube fires, and a record
is made. Thus whenever the end of
vector K, falls inside the circle C the
tube is fired. If the vector enters at «,
the voltages are equal and the firing
occurs earlier than if the entry is
made at b or b’. Under the latter con-
ditions the two voltages are not the
same. The possible error introduced is
approximately the ratio of the radius

Fig. 2—Vector diagram of voltages

at input of measuring circuit |
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Fig. 3—Short-time frequency com-
parisons between two oscillators

of C to the circumference of the circle
swept by the end of E,. This error is
reduced by amplifying the vector
E, + E. before rectification. This proc-
ess increases the sensitivity or effec-
tively reduces the radius C.

It is interesting to note that varia-
tions in the gain of the amplifier and
the firing potential of the tube produce
first order changes in the sensitivity
but only very small errors in the meas-
urements themselves. The results of
using this method of frequency com-
parison are shown in Fig. 3. They ware
made on two oscillators now in use in
the Bell System frequency standard.
The plotted points represent frequency
differences between the oscillators, and
for clarity the average of the whole
set of measurements has been taken
arbitrarily as the zero of deviations.
The measurements show a sinusoidal
variation with an amplitude of about
six parts in ten billion. It is believed

N
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Fig. 1—Circuit for measuring short-time stabilities of standard-frequency oscillators
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primary law of vibration control tells us that in any flexible

mounting system, for a known load and disturbing frequency.
the isolating efficiency of the mounting increases as the deflection
of the mounting increases. The efficiency of bonded rubber mount-
ings for supporting electronic equipment depends largely on this
condition. One of the earliest forms of rubber mounts is the simple
compression pad as indicated in Block A. As rubber is an incom-
pressible material, provision must be made for bulge or flow of the
rubber as the mounting deflects. In actual practice, compression
type mountings are unstable as they are soft in all directions
normal to the vibratory thrusts.

Block B shows a mounting with the load applied so as to
produce tensile stress in the rubber. A mounting of this type is
somewhat softer than rubber in compression, but has the same
lack of stability in directions perpendicular to the vibratory thrusts.
When a mounting is loaded in tension, the rubber stretches,
reducing the cross sectional area. In this condition, rubber is
extremely sensitive to injury and any cut or tear will cause rupture
and quick failure.

Rubber stressed in shear under load, which is the operating
principle of all Lord Mountings, has proved to be the most efficient
design for obtaining adequate deflection under load without
sacrificing other desirable characteristics. As shown in Block C,
mountings operating in shear do not require a large volume of
rubher and are, therefore, stable in all directions normal to the
vibratory thrusts. This cross-section shows a typical Lord Tube
Form Mounting, which is made in various sizes for supporting
loads from a few pounds to 1500 pounds each and in special
sizes for any higher load rating. For supporting lighter loads,
from a few ounces up to 300 pounds each, Lord Plate Form Mount-
ings are made in numerous sizes,

For a full description of standard Lord Shear Type Mountings
and an engineering discussion of vibration control for mobile
radio equipment, recorders and electronic control instruments,
write for a copy of Lord Bulletin 104.
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LORD MANUFACTURING COMPANY ... ERIE, PA.

245 E. OLIVE AVE., BURBANK, CAL.
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BONDED RUBBER

SHEAR TYPE
VIBRATION
MOUNTINGS

IT TAKES RUBBER IN SHEAR 'TQ

280 MADISON AVE., NEW YORK

520 N. MICHIGAN AVE., CHICAGO
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FRACTIONAL H. P.
TUBE FORM MOUNTINGS FLEXIBLE COUPLINGS
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| that this sine wave is associated with
Jthe intermittent heating of the crystal

temperature control ovens, and this has
| been confirmed by correlation of the

WER SWIRE BRO
\ b periods involved. Fluctuations in the
\ \ il | other operating conditions cause the
A | small scattered individual readings, and
b | q q
, these are in the order of plus or minus
C ——

one part in ten billion.
/I
.
\Decreases Pickup of
°
Rundom NOIse ray oscillograph can be used in fre-
quency measurements and comparisons

are outlined in the December 1941 issue
of the General Radio FExverimenter.
Where an unknown frequency is to be
| ~ompared with or adjusted o a known
I frequency the cathode-ray oscilloscope
offers a convenient and precise means
0 |of making the necessary comparison.
| The simplest method is by means of

| Lissajous figures. If a voltage from a
frequency standard is applied to one
pair of plates of a cathode-ray tube,
and the voltage of unknown frequency
is applied to the other pair of plates,

@ patterns of the type shown in Fig. 1

L N\ LA A oA\

4
7/

Cathode-ray Oscillograph for
Frequency Comparisons

| SEVERAL WAYS IN WHICH the cathode-

: 4 g _AB c |
. ; = Model 55GA for 35-50 0bms, Model 556B for * I | g

* Patented by 9 % - 200-250 ohms. Model 556C high impedunce, < L
Shure Brothers, ad \ ~ 4 —at only $75.00 list. I § ,
)_’ “‘ \ ﬁ, . N) i
d J‘ oo % [ Standard —» |
T . H | |
("Q‘)hepracticnladvan- *./\.lorc mn(/ir.eclmmr/ than the car- . ':‘ !
tages of this new Super- dioid, yet has wide-angle front pick-up, * [
Cardioid make it especi * Decreases pick-up of reverberation |l A B % i

ally useful inbothstudio
and remote broadcast service.
That's why Broadcast Engincers are
enthusiastic about it. The Swper-
Cardioid pick-up pattern, together
with the Shure Uniphase single-unit
moving-coil construction, elimi-
e’ nates undesired noises more easily
— simplifies sound pick-up prob-
lems— makes it ideal for outdoor
as well as indoor locations. Ger «ll
the fucts — Send for Super-Cardioid
Booklet No. 172.

30-Day Trial. Broadcast Engineers:
Try the Super-Cardioid for 30 days
in your station without obligation,
Write us today.

SHURE BROTHERS
Designers and Manufacturers of
Microphones and Aconstic Devices

225 West Huron Street, Chicago, lllinois

energy and vandom noise 73%.

* Linproved 1cide-range frequency re-
sponse—from 40 1o 10,000 cyeles.

* Symmetrical axial polar pattern at
all frequencies,

* Highly immune to mechanical vi-
bration and wind noises.

J

will
called Lissajous figures. If the voltages

Fig. 1—Lissajous figures for a frequency

ratio of 3:1. Top, the two frequencies
are shown in phase; center, slightly
out of phase: bottom, in quadrature

result on the screen. These are

lare in quadrature, the third or lowest
pattern of Fig. 1 will be obtained.
|The ratio of the horizontal tangent
points (A, B, C) to the number of ver-
tical tangent points (D) is the ratio of
the frequency of the votage on the
horizontal plates to the frequency of
the voltage on the vertical plates. In
|Fig. 1 the frequency ratio is 3:1. Us-
ling this method the tangent points can

April 1942 — ELECTRONICS
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THESE RESISTORS

DO THE JOBS THAT COULDN'T BE DONE

EACH TURN TOUCHES
ANOTHER YET CANNOT SHORY

No “Swimming”’ of Turns

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

Koclohm wire with-section of ceramic
insulation removed

Progressive winding

ELECTRONICS — April 1942
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THE ONLY RESISTORS
WOUND WITH CERAMIC
INSULATED* WIRE !

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

TOTALLY DIFFERENT—-OUTSTANDINGLY SUPERIOR

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

UNEXCELLED FOR DEFENSE APPLICATIONS

Not only are Koolohm Resistors opproved  manufacturers to meet heretofore "imposs
for much military and naval equipment but,  sible” specifications. Koolohms have set new
in various instances, Koolohm insulated, standards of performance under odverse
layer-wound construction and resulting salt water immersion conditions. Complete
design features have enabled defense Koolohm Catalog and samples on request.

SPRAGUE SPECIALTIES COMPANY, Resistor Division
NORTH ADAMS, MASS.

E KOOLOHMS

Greatest Improvement in Wire Wound Resistor Construction in 20 Years
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ASK FOR CATALOG
967 D.

Although 100% of Johnson’s production has been strictly for National
Defense for several months, no attempt has been made to capitalize on
this angle in advertising. It is being mentioned now only as an explana-
tion of why a few orders were not shipped promptly. Johnson is operat-
ing three shifts and producing close to ten times as many parts as a
few months ago.

Regardless of the need, if its variable condensers Johnson has the ‘

answer. Pictured in order of size are types K, J. G, H. F, E, D and C.
Type B, at the bottom..is available in spacings up to % inch and the big
type A up to 1% inches. Type N neutralizing condenser, shown in the
center is furnished in several sizes and gas filled (pressure type) are also
available in several sizes.

E. F. JOHNSON C0.

WASECA, MINNESDTA

FAPONT: 23 WAHKEN ST, NEW YOIK K. Y.

YMANUFACTURERS OF RADIG TRANSMITTING EQUIPMENT"
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be counted only for simple frequency
ratios. The pattern will change pro-
gressively through the stages shown in
Fig. 1 if there is a slight ditference in
frequency between the unknown and
the standard frequency.

Modulated wave patterns are another
means of frequency compatison. The
problem of matching a low beat fre-
quency, obtained as a result of com-
paring an unknown radio frequency.
with a standard frequency is often sim-
plified by resorting to modulated wave
patterns. If the beat is obtained in an
oscillating receiver, the oscillating fre-

- Carrier frequency
e trace
- — _

Fig. 2—Modulated wave pattern. Left, in
phase: center. slightly out of phase: right
in quadrature

quency being offset appreciably (by a
kiloevele or so) from both of the radio
frequencies, then the output of the re-
ceiver is an audible tone. The amplitude
of this tone waxes and wanes at a rate
equal to the heat frequency difference
of the two radio frequencies. If one of
the two radio frequencies has a slightly
areater amplitude than the other, and
if the receiver output is cornected to
the vertical plates while a calibrated
audio-frequency oscillator is connected
to the horizontal plates, then patterns
of the type shown in Fig. 2 are ob-
tained. The receiver output is equiva-

lent to an audio-frequency carrier modu-

Fig. 3—Successive phase of a modulated
wave paltern when the matching fre-
quency is twice the modulation frequency

lated by the beat frequency difference.
The pattern serves as a means of check-
ing the percentage modulation and
roughly indicates the quality of modula-
tion. The patterns are for the case
where one radio frequency is about
twice the amplitude of the other vesult-
ing in a modulation of the audible car-
rier of about 30 percent. The ratio of
the length A to the length B will give
the percent modulation. If the match-
ing oscillator frequency is not exactly
equal to the beat frequency then the
pattern will progress through the se-
quence shown. If the matching oscilla-
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Laboratory Standards . . . Precision DC and Specialized Test Equipment. .. Light
AC Portables . . . Instrument Transformers Measurement and Control Devices ...
. . . Sensitive Relays . .. DC, AC, and Exposure Meters... Aircraft Instruments...
Thermo Switchboard and Panel Instruments. Electri¢ Tachometers...Dial Thermometers.

 YEARS LEADERS IN ELECTRICAL MEASURING INSTRUMENTS |
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NEW
Super Power Battery Operated, Self-Contained
ABBOTT WT-5 TRANSMITTER-RECEIVER

® input up to 5 Watts, 3 or 4 times the power of ordinary "walkie-talkie"
equipment @ receiver radiation at a minimum ® Transmitter and Receiver
sections are completely separated ® Frequency: 112-116 MC. ® Size: 143"
long, 121/, high and 53," deep ® Weighs only 37 pounds, complete with
batteries ® Single inter-connected switch throws antenna from transmitter to
receiver ® All advanced operating conveniences associated with fixed station
units are incorporated in this ABBOTT WT-5 @ Details and prices available
on request.

ABBOTT TR-4 MOBILE or FIXED STATION
2'/2 METER TRANSMITTER-RECEIVER

A compact, efficient unit, designed for
either fixed station or mobile operation.
Transmitter and receiver sections are
completely separated. The 5-inch PM
speaker is self-contained. Single inter-
connected switch permits use of a com-
mon antenna for both transmitter and
receiver. The TR-4 requires a 6-volt bat-
tery or 110 volt, 60 cycle AC power
supply. Receiver radiation is necessarily
reduced to a minimum.

e FREQUENCY: 112 to 116 MC. e
RANGE: Varying from 5 to 75 miles, depending upon terrain. Contacts up
to 150 miles have been completed in field tests ® TUBES USED: One each of
Hytron HY-615, Hytron HY-75, 7F7, 6Vé, or 6L6 ® MICROPHONE: Any good

single button microphone.

INSTRUMENT INC.

8 WEST 18 STREETeNEW YORK, N. Y
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| tor frequency is adjusted to a multiple

of, or in simple ratios to, the beat fre-
quency, the pattern developed at the
ends of the figure corresponds to the
Lissajous figures for the same ratios.
The appearance of the pattern when
the matching oscillator is adjusted to
twice the beat frequency is shown in
Fig. 3. The two-to-one pattern is de-
veloped at the ends of the modulated
wave pattern. If the frequency ratio is
not exactly two to one the pattern will
change progressively through the se-
quence shown.

Very useful patterns are obtained if
a circular sweep is used. Here fre-
quency ratios are easily identified, even
when the ratios are not small integers.
To produce a circular sweep, it is neces-
sary to obtain two equal voltages hav-
ing a phase difference of 90 degrees
from the standard frequency source.
One method is shown in the circuit in
Fig. 4. The standard frequercy is sup-
plied through transformers T, to match

. T =C T

i é 27T

ilter| = [[}=
AR IELE

|

| Standard
frequency
1nput

|

CRO defleciting plates

Fig. 4—Connections for ob-
taining a circular sweep

the total load. Resistances R, and re-
actances C are made equal in magni-
tude, about 10,000 ohms at the standard
frequency. The phases of the voltages
on the primaries of T, and T, are 45
degrees ahead and behind of the voltage
supplied from T, thus they have a

| phase difference of 90 degrees. If the

impedances of T, and T, are high (in-
terstage coupling transformers with a
step-up ratio of 6:1 are suitable) then
connecting them across the elements

| B and C will not materially affect the

phase of the voltages. The combined
effects of the transformer loading and
the impedances across the secondaries
generally makes it necessary to read-
just the elements of the phase shifter
slightly.

Since a distorted waveform will not
give a circular sweep a low-9ass filter
is used in the input. The unknown fre-
quency is introduced to the vertical
plates through T,. The kind of pat-
terns obtained with a circular sweep
are shown in Fig. 5. With no unknown
frequency introduced the pattern is a
circle, the spot traveling around once
for each cycle of the standard fre-
quency. If a frequency which is five
times the standard is introduced on the
vertical plates the second figure will
result. The frequency ratio is deter-
mined by counting the tops of the
waves (A, B, (", D, E). If radial de-
flection is used then the pattern is not
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WHICH WOULD YOU HIRE TO KEEP A FASTENING TIGHT?

Yy P
h g“%w ¥ (el btl A

At Irmh‘iﬁim

Why, you'd hire Anchor-Armed Phil.

So, when you want a truly vibration resist-
ant fastening . . . use Phillips Recessed Head
Screws.

They set up tighter. The greater area of con-
tact and snug fit between Phillips recess and
Phillips driver increases the effectiveness of
the operator’s turning power. There’s no

danger of driver slippage — no effort needed

to keep a wobbling blade driver in a mutilated
slot — so the Phillips Screw can be driven
home. The carefully-designed shape of recess
ends any worry about splitting the head or
chewing the metal.

If your product will be subject to vibration
in service . . . you can cure it of the “shakes”
beforehand, by fastening with Phillips. Any

of the firms below can supply you.

THIS STRONGER FASTENING COSTS YOU
AN AVERAGE OF 50% LESS BECAUSE

PHILLIPS SCREWS drive faster—with pneumatic or electric driving tools e
drive straightautomatically,in any position, leaving one hand free to hold the
assembly e avoid screwdriver accidents—the driver can’t slip from the recess.

And they improve product appearance. Phillips Recessed Head Screws

L are a sign of a well-built product.
g Tter Aesenlles. .

/M/{#ssé/f////ﬁff”’/% Phl"ll]S e SCTBWS

\ \ WOOD SCREWS ¢ MACHINE SCREWS e SHEET METAL SCREWS ¢ STOVE BOLTS

SPECIAL THREAD-CUTTING SCREWS ° SCREWS WITH LOCK WASHERS

U. S. Patents on Product and Methods Nos. 2,046,343: :.946.}317::.046.330:2.046.840: 2,082,085;
2,084,078; 2,084,079; 2,090,338, Other Domestic and Foreign Patents Allowed and Pending.

Order stronger, cost-cutting Phillips from any of these sources

New England Screw Co., Keene, N.H.

The Charles Parker Co., Meriden, Conn.

Parker-Kalon Corp., New York, N.Y.

Pawtucket Screw Co., Pawtucket, R.1.

Pheoll Manutacturing Co., Chicago, Ili_

Russell, Burdsall & Ward Bolt & Nut Co., Port Chester, N.Y.

International Screw Co., Detroit, Mich. Scovill Manufacturing Co., Waterbury, Conn.

The Lamson & Sessions Co., Cleveland, Ohio Shakeproof Inc., Chicago, 11l .

The National Screw & Mfg. Co., Cleveland, Ohio  The Southington Hardware Mfg. Co., Southington, Conn.
Whitney Screw Corp., Nashua, N.H.

American Screw Co., Providence, R. I,

The Bristol Co., Waterbury, Conn.

Central Screw Co., Chicago, |1l

Chandler Products Corp., Cleveland, Ohio
Continental Screw Co., New Bedford, Mass.
The Corbin Screw Corp., New Britain, Conn.
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Fig. 5—Circular sweep patterns. Left,
standard-frequency circular sweep:
center, circular pattern with superim-
posed frequency equal to five times
the standard; right, with superimposed
frequency equal to 9/2 the standard

distorted and the frequencv ratio is
found by counting the outer -ips of the
waves. If the unknown frequency is
not exactly five times the standard fre-
quency then the pattern will retain its
shape. hut will rotate slowly. The one-
line pattern is very conveniert for cali-
brating equipment which is known to
be nearly accurate. The error will
govern the rate of rotation of the pat-
tern.  An audio-frequeney  oscillator
can be calibrated using single line pat-
terns at every 100 cycles (from a 100-
cvcle standard) up to the highest fre-
quency at which successive waves on
the pattern can still be distinguished.
If the oscillator is set at odd multiples
of one-half the standard frequency
then a two-line pattern such as the
third diagram in Fig. 5 is obtained.
Three-line patterns occur when the
oscillator is set at one-third and two-
thirds of the way between successive
100-cycle points. Four-line patterns
are produced when the oscillator is set
at one-quarter and three-quarters of
the way between successive 100-cvele
points. The sequence of the patterns
ave repeated in cach 100-cycle interval.

Liguid Column Varies Quartz
Plate Resonance Frequency

THE RESONATING FREQUENCY of a piezo-
electric X-cut quartz plate may be
shifted by varying the surrvounding
temperature, pressure, and by varying
the air gap between the plate and one
of the electrodes in a holder. An ar-
ticle in the January 1942 Proceedings
of the I. R. E. called “A Quartz Plate
with Coupled Liquid Column as a Vari-
able Resonator” by Francis E. Fox and
George D. Rock explains how an ex-
tremely wide frequency variation may
be secured by using a liquid column
coupled to the plate instead of an air
gap.

The equivalent clectrical constants of
such an oscillator are changed when
the height of the liquid column is
varied. The variation obtained in the
experimental setup was from 2.2 to 3.0
Mec. At the same time it was found that
the sharpness of resonance also was af-
fected. A diagram of the resonator is
shown in Fig. 1. An X-cut plate having
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ceeonG THEM IN SERVIC

ERY FEW Variac auto-transformers give trouble
even after years of fairly continuous use. Cer-
tain operating and maintenance precautions are
necessary, however, to keep any Variac from pass-
ing out of the picture as did these in the illustration.

The five things to watch when using Variacs are:
® WORN BRUSHES
® DIRT ON EXPOSED SURFACE OF WINDINGS
® CONTINUAL OVERLOADS
® GROUNDED OUTPUT CIRCUITS
® HIGH-VOLTAGE SURGES

The brushes should be inspected regularly and
replaced before excessive wear causes the brass
holder to come in contact with the winding. When
this happens the holder short-circuits several turns;
immediate fusing results and the Variac is ruined.

Variacs, when exposed to dirt, dust, grit and cor-
rosive fumes, must be cleaned frequently to insure
positive contact between the brush and the winding,
and to prevent arcing.

When the windings become blackened or cor-
roded they should be cleaned with crocus cloth or
very fine sandpaper. All rough spots must be
smoothed. Loose particles can be removed with a
fine brush; the windings should then be cleaned

with carbon tetrachloride or some similar cleaning
fluid.

GENERAL RADIO COMPAN

Overloading may cause excessive heating. While
the winding may not be damaged if the load is re-
moved quickly, the carbon brush may disintegrate.
A new brush should be installed. Lengthy over-
loads may cause a turn or two of the winding to be
displaced and raised from the core with danger of
damage to the brush.

To keep surges from damaging the Variac when
it is used in the primary circuit of a high-voltage
transformer or other highly inductive load, it is nec-
essary that either the voltage setting of the Variac
be reduced to zero or the -
output circuit opened betfore Ji
the line circuit is broken. F & /]

Since the Variac is an Smm""“jm:r"mt 3
auto-transformer, it should ik |
not be connected to a load
circuit containing a ground, @
unless the same sides of
the line and the load are vt Sl
grounded. Wi s

With these simple precau-
tions, and an adequate sup-
ply of replacement brushes
and line- and load-circuit
fuses, the users of the Variac
should expect many years
of service from these trans-
formers.

To assist users of General
Radio equipment to obtain
the greatest possible life
from G-R products. the Serv-
ice Department has prepared
a comprehensive manual of
“’Service and Maintenance
Notes” tfor a number of in-
struments. We would like
very much for you to have
a copy of these notes gratis.
Merely reguest a “‘Service
Notes™ order form.

CAMBRIDGE
MASSACHUSETTS
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I've smoked myself silly
... worrying about you |

its thickness vibration frequency close
to 2.5 Mc was cemented to & brass disk,
over an opening slightly smaller than
the plate. The upper face was sputtered
with platinum, the film forming a con-
tinuous connection to the brass disk. A
film was also sputtered on the face
showing through the opening, but a wax
coating, about one millimeter wide was
placed around the edge of the plate
before sputtering. Later this was re-
moved, leaving an insulating space be-
tween the edges of the film and the sup-
porting plate. The disk was used as the
base of a container for a liquid in which
a metal reflector attached t¢ a microm-
eter screw, could be moved to adjust
the length of the liquid column between
the quartz and the reflector.

The measuring circuit is the usual
one, consisting of an inductance L, a
variable standard condenser C,, and a
thermogalvanometer, in series, with the

4 1-Reflector

14-Quortz
plate

"You're a swell guy, Jim Smith. You've been a regular customer
of our's and a good friend. And there's Bill Brown and Charlie |

White and Joe Thompson . . . all swell guys, too. '
|

I'd do almost anything for you boys, but here's the lowdown.
A non-priority order for CARDWELL CONDENSERS hasn't a

ghost of a chance until after the war.

Orders bearing priorities extension certificates must be filled
in the order of their rating and dating . . . and all the letters,

telegrams, phone calls and what-have-you cannot change this.

Even though we've doubled and redoubled our facilities and

manpower, we can't possibly fill a// requirements, for all customers,

Fig. 1—Diagram of the liquid-column
quartz-plate resonator

08 |
07 -
0.6 |-
05
0.4
03 -
02
0.+

L

s t 1 !
-0 -5 2500 +5 +10
Kc. Frequency

all of the time. So, if your shipment has been delayed, it is only
because a MORE VITAL order has preceded it.

That's the story! [I've finished worrying . . . LET'S WORK!

CARDWELL@CONDENSERS

THE ALLEN D, CARDWELL MANUFACTURING CORPORATION BROOKLYN, NEW YORK I
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Fig. 2—The frequency difference may be

read directly from these curves

resonator connected across C,. The
total resistance of the circuit, including
the galvanometer is R,. When C, is ad-
justed so that the L,C, circuit has the
same resonant frequency as that of the
mechanical resonator the curve of the
current (i) plotted against the fre-
quency rises as the frequency ap-
proaches the resonant frequency of the
L.C, circuit. Then it dips sharply to
form a crevasse at the resonant fre-
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VACUWUM

The Invisible Protection
for Filament Emission

EIMAC
2000T
Filament Voltage . . 10 volts
Plate Yoltage . up to 6000 volis
Plate Dissipation . . 2000 watts

Power Output {75% eff.) 6000 watts

ELECTRON MICROSCOPE virtually gives a
moving picturc projection of the ac-
tion of electrons being emitted from a
heated filament. Such observations en-
able Eimac engineers to constantly
produce better filaments.

Like a solid coat of armor-plate, hard, high vacuum protects filament emis-
sion in every Eimac tube. Extremely efficient evacuating pumps developed
and built in the Eimac laboratories for the precise purpose of producing the
highest possible degree of vacuum are shown in action above. It is this
excellent vacuum that proved the idea fallacious that plate temperature
destroyed emission...caused premature failures. Chiefly because of this pro-
cessing, Eimac tubes today, and for the past number of years, have provided
longer life, greater stamina and vastly superior performance.

PEAX EMISSION TESTER measures the flow of FLASH FILAMENT TESTER checks filaments be-
electrons from the filaments of com- fore tubes arc assembled and pumped.
pleted Eimac tubes. Of the long series of Here tubes are placed under a tempo-
gruelling tests made to insure more effi- rary vacuum, heated to much higher
cient filament emission in every Eimac temperatures than will ever be required
tube, this is the final test. in normal use. Only perfect filaments

reach the final stages of manufacrure.

i
In Peacetime or Wartime.. wherever you look...in Follow the Leaders fo .

theair,onland and at sea...you'll find Eimac tubes

doing their bit. Right now the Armed Forces get UBES
Sirst call on our facilities and Eimac tubes are re- T
cerving enthusiastic acceptance from all guarters.

Eitel-McCullough, Inc.

San Bruno, California, U.S. A.

FOREIGN DIVISION: FRAZAR & CO., LTD., 301 CLAY STREET, SAN FRANCISCO, CALIFORNIA, U.S. A.
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quency of the mechanical resonator,
rises again and then falls off more
slowly as the frequency increases be-
vond the neighborhood of resonance for
the L ,C, circuit. When the two reson-
ant frequencies coincide, the crevasse
agivides the L,C, resonance curve sym-
metrically. Assuming R, L, and C, are
known, the following relationships are
used to determine R, L, and C of the
nmechanical resonator.

R = op((l— op) @t C* R

5 watts output with less than
1% distortion

Frequency range from
20 cps. to 20,000 cps.

C =6 (Rw)™"

L = (Cws)™!

6 = Mo™ i
Where:

R is the equivalent series resistance

C is the equivalent series capacitance

| L is the equivalent series inductance

o, is the ratio ¢/I where [ is the maxi-
mum current at resonance and ¢
is the current at the bottom of the
crevasse. This is the minimum
current ratio.

w, is 27f, where f, is the resonant fre-

| quency.

& is the reciprocal of the sharpness
of resonance (@) of the mechani-
cal resonator. This may be de-
termined accurately by plotting o
or ¢ against the frequency in the

‘ region of the erevasse. One may
read directly from the crevasse
curve the frequency difference

(Af) for ¢ = (1 + o, %) /2. This
is M.

| The experimental results of measur-
ing the characteristies of liquid column

Meter for setting output voltage

New, improved input meter
for gain measurements

Dial calibrated
for direct reading

Qutput impedance
selected by switch

| ©
v T T
| g Q Sharpness of resonance versus |
& 3 column length |
24 xI0 S
e t
S *
(o]
v 1
g2 |
&
g1 Fequency 25 '
3 quency 25 mc |
w ! i i
o 0 50 100 150 200
The -hp- Model 205-AG Audio Signal Dip Number
Generator supplies a known voltage and a U

known frequency at the commonly used
impedance levels. The uses for this instru-
ment in audio frequency work are too

Fig. 3-—Curve showing the shorpness of
resonance versus column length

numerous to menton. It 1s ideal for mak- :
ing gain measurements because no auxil- B T I T o e
. . . . 0.205- udio Signal Generator | = — 11
lary eqU{Pmem 15 nee(ied" S[andardlzéd combines a resistance tuned oscillator ’ ]
frequencies and voltage are instantly avail- bhaving 5 watts output with less than : ‘ i ]
e .
able. You can make extremely accurate 1 % distortion, plus Output meter, Input Il R ‘
X meter, Attentuator and an impedance = /
measurements with the utmost speed . . . matching system...all in a single unit. ‘ Kol wl H—"—//‘/
SAVE TIME, SAVE MONEY, SAVE ERRORS. Y sl : |
. . . © -
Write today for more complete information. instruments include : ‘ £ |2 'I
Resistance-Tuned Oscillators il %0‘ - I l/Jn‘
Harmonic Analyzers I % S Aol
Square Wave Generators < < el
Vactuwum Tube Voltmeter ! s o 5
E c__ .= |
- Tell us your problem so we can help. S = * |
L I Y S =
LABORATORY INSTRUMENTS I 0 50 100 o
| Dip Number
FOR SPEED AND ACCURACY | J

HEWLETT - PACKARD COMPANY ., . i show how e

483 PAGE MILL ROAD % PALO ALTO, CALIFORNIA |equivalent R L and C of the resonator

varies with the column length
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Serving with The roar of motors in the night . . . black shapes against the

sky ... American planes are on the job! And in the air as on the
ground, wherever direct current is required from an A.C.

the Air corps . % @ source, I T. & T. Selenium Rectifiers are also in the service.

Extremely compact and light in weight. .. vibration-proof and
dust-proof . . . I. T. & T. Selenium Rectifiers have no moving
parts to wear out or cause failure at crucial moments. Of par-
ticular value in aircraft they are unaffected by altitude and
atmospheric changes and will operate over an cxtremely wide
tempemturc range.

Consulting engineering services available for specific reguirements.
Address Rectifier Division for descripiive bulletins.

General Offices: 1000 Passaic Ave.
Fast Newark, New Jersey

International Telephone & Radio Mamufacturing (orporation
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° transparent

@ stron

i

TRANSFLEX does not shot-
ter when wropped around o
mondrel ofter removal from
—50° C. solution of dry ice
ond olcohol.

281020520 ¥ 0000 OR8N

TRANSFLEX'S toughness
{tensile strength of 3000
Ibs. per sq. in, on Scott Ten-
sile Tester) mokes it excellent
for use os conduit.

Identification of marked
woven wire insulation, col-
ored tubing or cable wire
markers can be clearly seen
when TRANSFLEX covered.

ﬂex'lb_‘e .
g and o —58° F.

prittle down ¢

TRANSFLEX Extruded Tubing is a plas-
tic Fibronized product especially devel-
oped to meet war needs. It can be bent at
sub-zero temperatures as low as —58° F,
and is transparent cnough for wires and
markings to be seen inside. TRANSFLEX
is extremely tough with tensile strength
of a ton and a half per sq. in. It has un-
usual elongation, permitting stretch over
splices, lugs and other projections.

Irvington TRANSFLEX Tubing meets
Army and Navy requirements for an in-
sulating tubing where resistance to brit-
tleness at low temperatures is a factor,
and is already used by Douglas Aircraft,
Curtiss-Wright and other airplane manu-
facturers. Its transparency, high insulat-
ing value, smooth surfaces, toughness
and rubber-like qualities make it useful
for a wide range of other industrial and
clectrical applications.

Send for complete technical data and
samples—then make your own examina-
tion and tests. Furnished from stock in
3 ft. lengths, in sizes 14, 12, 10, 9, 8, 7,
S, 4, 2, 5/16” LD. and 1/2” 1.D. Con-
tinuous lengths of 25 ft. and over, and
other A.S.T.M. sizes ranging between 13
and 5/8”, are available on quantity or-
ders. If other sizes than above are necded,
write requirements.

OTHER IRVINGTON TUBINGS

IRV-O-LITE XTE-30 and XTE-100 Tubing are
other flexible plastic cubings used by many
prominent manufacturers of instruments, radjos.,
clectronic devices, electrical appliances, aircrafr,
mortor vehicles and other equipment. These tub-
ings possess high dielectric and mechanical
strength; c¢xcellent resistance to tearing. abra-
sion. heat, fire and solvents; smooth inside and
outside surfaces; extreme flexibility — all of
which increase che life of equipment, facilitate
quick assembly and decrease manufacturing
costs. Let Irvington solve your tubing problems.
Send for complete technical data and free
samples. Write Dept. 106

T PLANTS ATIRVINGTON, N. 1, and HAMILTON, ONT., CAN.
Represantatives in 20 Principa! Citles

@24'-1
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resonators are shown in Figs. 2, 3, and
4. The dip numbers refer to points
when the liquid column plus the quartz
plate is in resonance. A sharp dip in
the current to a minimum value of ¢ *°
occurs at these points. The first dip
occurs when the liquid column is ap-
proximately \/4, where \ is the wave-
length in water of the sound generated
by the vibrating quartz. Successive
dips occur at intervals of \/2.

F-M Carrier Telegraph Svstem

How THE PRINCIPLE OF frequency modu-
lation is applied to a carrvier-current
telegraph system is described in the
January 1942 issue of Electrical Engi-
neering by F. B. Bramhall and J. E.
Boughtwood in an article called “Fre-
quency-Modulated Carrier Telegraph
System”. The system employs true fre-
quency modulation to derive the ad-
vantages of polar current signalling,
with the same spectrum efficiency as in
conventional amplitude systems, and
at the same time obtains freedom from
attenuation change in the transmission
medium and greater immunity from
extraneous disturbing currents.

There are two basic types of opera-
tion in almost all telegraphic communi-
cation circuits. The first is the single-
current type of operation where trans-
mission of current indicates a marking
signal and absence of current indicates
a spacing signal. The other is polar
operation where transmission of ecur-
rent of one sense or sign indicates a
marking signal, and current in the op-
posite sense or sign indicates a spac-
ing signal. The relative power requirve-
ments of these two systems are such
that there is a two-to-one reduetion in
average power, and a four-to-one re-
duction in peak power in favor of the
polar system for equal interference
susceptibility.

= = 1

Oscillator
FI |

=l
, Outpu?
L]

Sy § A4
T Cnn

] N ; ML’\IV\'— -

“oomo Sending relay

Fig. 1—Schematic diagram of fre-
quency modulator

In the new system it is provosed that
one frequency, f,, be used as the mark-
ing signal, and another frequency, f,
be used as a spacing signal. A sche-
matic diagram of the frequency modu-
lator is shown in Fig. 1. With the trans-
mitting relay on spacing, the positive
battery is connected to the control eir-
cuit establishing across R, a potential,
positive with respect to ground and of
magnitude slightly greater than the
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WARD LEONARD CONTROLS

We are proud that Ward Leonard Controls
developed during the past fifty years, now
contribute their part in increasing safety,
comfort and efficiency of men in the service.

Clean air, air at endurable temperatures, air alive with
life sustaining oxygen is essential where men must be
confined in congested quarters. Maximum health and
energy are the direct results of breathing good air.
Aboard ships, in barracks, and in shops where war
materials are produced, air conditioning assumes a new
importance. Ward Leonard’s contribution to air condi-

Ward Leonard provides
automatic switches to regulate the flow of coolants.
Ward Leonard builds motor starters for controlling
Ward Leonard Engineers

tioning is electric controls.

both pumps and blowers.
are continuously developing and producing special
purpose controls for air conditioning, refrigeration, and
other essential equipment.

RELAYS - RESISTORS - RHEOSTATS

Electric control

WL) devices since 1892.

WARD LEONARD ELECTRIC COMPANY, 32 SOUTH STREET, MOUNT VERNON, NEW YORK
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trained engineers

Prepare for speciali-
zation in this
important field

with the aid
of these books

THIS LIBRARY was selected by radio

engineering specialists of the McGraw-Hill
publications to give a well-rounded view of
communications engineering theory, appli-
cations, and special techniques. From im-
portant tube and radie fundamentals to
special emphasis on high-frequency prob-

The newly-assembled

Meeting a pressing need

~—for defense communications improvement

—demanding extension of services, development
of refinements, more specially-

lems. the essentials of this field and its
complete modern background are grouped
here, for the aid of those who wish to pre-
pare quickly for design and research work

in the vitally important and expanding
field of defense communications engineer-

ing.

DEFENSE COMMUNICATIONS LIBRARY

6 volumes, 3662 pages, 6 x9, 2111 illustrations, many tables and charts

These books give the basis for comprehensive prac-
tical working knowledge of ultra-high frequencies

1. Hund's PHENOMENA IN HIGH FRE-
QUENCY SYSTEMS

A complete survey of theories, practices, and
-equipment the high frequency communica-
tions engineer requires in design and develop-
ment of ultra-high frequency systems. Chap-
ters on High Frequency Generators, Electro-
magnetic Theory, Theory of the Ionized
TL.ayer, Lines of Long and Short Electrical
Length, and on Directive Systems have par-
ticular application in the present emergency.

2, Hund's HIGH-FREQUENCY MEAS-
UREMENTS

An authoritative treatise on measurements
-of voltage, current, power frequency, L, C, R,
tube constants and characteristics, radiation,
.and other high frequency electrical quanti-
ties, Of special timeliness is the material on
measurements of frequency and phase modu-
lation, the discussion of the use of cathode
ray tubes in high-frequency measurenients,
and the determination of radiation, directiv-
ity and other transmission phenomena.

3. Stratton’'s ELECTROMAGNETIC
THEORY

An advanced text on electromagnetic theory,
treated mathematically through the exten-
sive application of vector analysis. The first
chapters deal with electrostatic and electro-
magnetic fields, which are followed by chap-
ters on plane, cylindrical and sperical waves.
‘Of particular interest to the engineer en-

gaged in ultra-high frequency phenomena, is
the material on radiation from antennas of
various types, effect of the earth on the
propagation of radio waves, and the refrac-
tion and reflection of waves. A “must” for
advanced workers engaged in wave propa-
gation phenomena,

4. Reich’'s THEORY AND APPLICA-
TION OF ELECTRON TUBES

A standard and authoritative text on elec-
tron tubes, the heart of modern communica-
tion syvstem, giving thorough, coordinated
groundwork in tube and circuit theory, with
emphasis on fundamental principles and their
use in many applications in electronics, com-
munications, power, and measurements.

5. Everitt's COMMUNICATION ENGI-
NEERING

A standard and well-known text covering
conimunication practice at all usual fre-
quencies, emphasis is on theorems which
apply fundamental similarities of simple net-
works to new complicated structures,

6. Glasgow’'s PRINCIPLES OF RADIO
ENGINEERING

A well-known text, relating theory of the
thermionic vacuum tube and its associated
circuits to communications without slight-
ing necessary mathematical explanations.
Used in Government-sponsored defense com-
munications courses.

10 DAYS' FREE EXAMINATION

Special low price
Easy terms
Bought singly, these 6 books would
cost you $31.00. Under this offer you
save $2.50 and in addition have the
privilege of paying in easy installments

These books assemble for your con-
venience facts, standards, practice,
data, for the wlole field of com-
munications engineering, with em-
phasis on training in uitra-high fre-
quencies. Add them to vour library
now, under this advantageous offer.

108

Name ... ...

beginning with $3.350 ten days after ORGRE
receipt of the books, and continuing
at $5.00 monthly for 5 months.

No installment charge Address

\ Company

EXAMINATION COUPON

Send me Defense Communications Library for 10
days’ examination on approval. In 10 days I will
send you $3.50, plus few cents postage, and 3$5.00
monthly till $28.50 is paid. or return books postpaid.
(We pay postage if yvou send first installment with

ol s
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peak oscillating voltage existing across
LC. Under this condition the impedance
of rectifier A4, approaches infinity, ef-
fectively isolating L,C,. Simultaneously,
A, becomes conductive, and R, limits
the control current to a value slightly
greater than the peak oscillating cur-
rent flowing through A4, As C, pre-
sents-a low impedance to the carrier
frequency, L, effectively parallels LC
and the frequency approaches

Ly

1, [ L
R

Similarly the marking or negative
Lattery applied by the transmitting re-

lay isolates L, and L,C, effectively
parallels LC. The frequency ap-
proaches
- 1
1 LL') tl
[, W Ll ’
- Tz + 5 (C+ Cy)
Discriminator
Current oletector
limiter uf‘
¥
o} L3 4
' B +
D-c Amplifier Receiving
reloy

Polar biors controlt="

Fig. 2—The frequency-modulation
receiver

In practice, L,L, and C, are so pro-
portioned that f, — f,, = f. — f, = 70
cps. The network N is used to restrict
the rate of change of the control cir-
cuit voltage to an approximately sinu-
soidal shape at the maximum modula-
tion frequency. Failure to provide this
network introduces a distortion com-
ponent in the received signal.

The receiving circuit is shown in Fig.
2. L,C, and L,C, are tuned respectively
to the marking and spacing frequencies.
The current limiter uses regenerative
action to secure a high order of sen-
sitivity. The two diseriminator output
voltages, after being separately de-
tected, are differentially added before
being applied to a d-c power amplifier
stage to operate the receiving relay.

A comparison between amplitude and
frequency modulated systems shows
that the latter is far superior in many
respeets. Using the f-m system, the
signal loss at the point of greatest sus-
ceptibility to single-frequency crosstalk
decreases 8.3 decibels from the maxi-
mum loss with amplitude modulation
for interference of this character. Sig-
nal loss caused by fluctuating noise
produced by batteries, shot effect, ete.,
is reduced about 9 decibels, and losses
caused by impulse noise produced by
lightning are reduced by akout 10.5
decibels; both for large signal-to-noise
ratios.
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How to build an

CIRCUIT diagram of
the Tube Conditioner
used at WOR

LONTROL
SWITCH

MICRO SW!

6 RS

inexpensive T“be condltlonel‘

*Western Electric does not make this unit or any of its parts. We tell
you about it solely to help you get best results from your tubes.

—=
’
UN

MAGNETIC SH

THORDARSON T2474
PRI 110V SEC 25 000Y
V.A. 1000

WARNING,

6w(Q)

WARD [EONARD RELAY
TYPE /3/-642

Adds many hours to tube life.. . keeps spares in perfect shape

With vacuum tubes no longer easy to get, this tube con-
ditioning unit is the answer to every engineer’s prayer.
Designed by Bell Labs, Western Electric and WOR, it

has proved its great value in actual use.
Save that tube!

Here’s an example of what it can do for used tubes. After
3.000 hours, one of WOR’s 312\ tubes showed a tend-
ency to become gaseous. There occurred a series of flash-
arcs that would ordinarily mean discarding the tube.
Instead, the tube was hardened for service in 12 minutes
—reinstated — and went gaily on giving perfect service
for over 4,000 hours more!

This same unit also enables you to keep spares as
good us the dav Western Electric made them, no matter

Western Eleclric IS

Ask your Engineer

ELECTRONICS — April 1942

how long they’ve stood on your shelf. Tt’s good for high
and low powered tubes, air cooled or water cooled,
amplifiers or rectifiers.

Too good to pass up

You can build this unit for less than $100 complete —
and figure on getting your investmnent back in tube
savings in less than six months.

For reprint of an article by Charles W. Singer of
WOR — which gives you all the necessary information
on how to build and operate this tube and money saver
—send the coupon today.

DISTRIBUTORS: In U. S. A.: Graybar Electric
Co., New York. N. Y. In Canada and Newfound-
land: Northern Electric Co.,Ltd. Inother countries:
International Standard Electric Corporation.

GRAYBAR ELECTRIC CO., Gravbuar Bldg., New York, N. Y E

You bet I want a reprint of the article
on How to Recondition Vacuum Tubes.

STATION

ADDRESS
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TUBES

Characteristics of cathode-ray and tele-
vision picture tubes are presented this
month.  No new receiving tube types
were registered by the RMA Data Bureau

during February 1942

Cathode-Ray Tubes

Type 2519A14

Type 2514D9
DuMont

DuMont
CATHODE-RAY tube; medium-persistence,
green fluorescent screen; electrostatic
focus and deflection; usual application
television; diameter 14 inches; 12-
contact peripheral base.

CATHODE-RAY tube; medium-persistence,
white fluorescent screen; electrostatic
focus and deflection; usual application
—oscillographic, high voltage, and tele-
vision; diameter 9 inches; 11-pin mag-

nal base.
N . Efr=25v
E;=063v I; = 2.1 amps
Iy = 0.8 amp E (anode 1) = 2000 v (max)
E (apode 1) = 2000 v (imax) E (anode 2} = 6000 v (max;
E (anode 2) = 5000 v (max) E (grid) for cutoff = — 75 v
E (grid) for cutoff = — 75 v E (intensifier) = 12,000 v
F (intensifier) = 10,000 v Deflection Factor
Deflection Factor D — D2 = 17 v {d.c)) kilo-
Dy — Dz =21 v (d.e)/kilo- volt-ineh ¢ ‘\/ %
volt-inch ) o Di— Di = 15 v (de, kilo- nrensitier
Ds — D4 =20 v (d.c.)/kilo- A volt-inch 2519A14-B14
Cl4-Di4a

volt-inch
c9-D9

@ The temperature coefficient of Aerovox
Series K Compensating Capacitors can
be made so that the product of “L” and

L e e o apermy RESEARCH SCIENTISTS FORM FIVE-MAN TEAM
perature changes over normal operat-
ing temperature range. Such a means .
used in an oscillator will provide con- J
stant frequency independent of any
temperature variations in units caused
by current flow in the circuit. Other
applications will suggest themselves.

~—

Series K Capacitorg .

® Type 1550K
. 1560K
able wj 50K | 15791
i th negative zerq gr :ggm'fesoc'(()é;xau
cient

with — 0g5o, 0 +.005¢, ber degres ¢ over
o -
g %
temperature range of between —i0 C. to +70°

® Low . joss (
: yellow) p.
mersjon 4 akelite ¢
Speciat nla'tiiz' tinned brass’spy gy, Sealed for im_
9 available on spee’ 27° standary
extra cost

® Availaple in limiteq

volt i ra
28e ratings nge of capacities anq

® Inasmych
as capacrty voltage anq temperat
rature

coefficient
and size of g, cdually gontributory tg gas
esign

i unit i 4
require - Specifie,
ments will 'pg iurrnsa':ég";n":;q'ndividual
® Toleranc uest,
es of py
loser o BlUS or g n
Mﬂﬁmu;r?'g,a:?es obtainaple 50" IS standarg,
mbient temperatyre oo Fhra cost

-

& Write for DATA . . .
Engineering data on Series K compensat-
ing capacitors sent on request, or refer
to that section of Transmitting Capacitor
Catalog available to executives and
engineers. Made possible by a $250.000 gift to the University of California, a modera re-

search plan establishes the first medical-physics laboratory in the world, repre-
senting a union of physics, medicine, chemistry. bacteriology. biology and genet-
ics, governed by a five-man team of scientists. Leader of the group is Dr. John

H. Lawrence in charge of medical investigation with the Cyclotron developed by

his Nobel prize winning brother, Dr. E. O. Lawrence. Left to right, the five.man

research team is composed of Dr. Joseph G. Hamilton, medical chemist: Dr. Paul

Aebersold, physicist: Dr. Robert F. Stone, radiologist: Dr. Alfred G. Marshak. ani-

mal biologist and genetist: and Dr. John H. Lawrence, clinical investigator in

charge of medical work with the Cyclotron

April 1942 — ELECTRONICS

In Canada: AEROYOX CANADA LTD., Hamilten, Ont.
EXPORT: 100 Varick St, M. Y., Cable ‘ARLAB'
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AS THE MEASUREMENTS PRESCRIBE”

AmerTran modulation
transformers and re-
actors, oil-immersed
type, for large broad-
cast transmitters.

AmerTran RS plate
transformers and re-
acters, oil-immersed
type, for all large
installations.

HE custom tailor takes his measurements in detail,

makes his pattern, cuts his cloth, and produces the
suit to his customer’s specifications. In manufacturing
transformers, our measurements are your engineering
requirements, viz; KVA, voltage, phase, duty cycle, char-
acteristics and mechanical limitations. Forty years of
transformer experience has taught us well, how to follow B

AmerTran W plate
transformers and re-
actors for all small
and medium installa-
tions.

these measurements—and in some cases to make worth-
while suggestions for economy or improvement—result-
ing always in dependable, quality components—designed to your specifications in every detail
—mechanically and electrically. Today, AmerTran offers you so much that only years of
hard work and experience can produce—engineering and manufacturing excellence, unques-
tionable quality, and an intelligent understanding of your transformer problems. All this,
coupled with increased manutacturing facilities, places AmerTran in an enviable position to fur-
nish transformers for all radio, communication, electrical, industrial, laboratory and electronic
equipment where your priority rating is sufficient.

AMERICAN TRANSFORMER CO., 178 Emmet St., Newark, N. J.
MEIF Manufactured Since 1901 at Newark, N. J.

Built to your Specifications
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ermopivots for precision instruments in air
planes have already been tested and proved
superior. They are tipped with Permometal-—a

* r. non-corrosive, smooth wear-resisiing, non-magnetic *

precious metals alloy with a low coefficient of
friction.

Aviation instrument pivots and contacts. phono
graph needles, long life fountain pen tips—are
just a few of the countless uses of these remark-
able alloys.

Write for detailed data.

PERMO PRODUCTS CORP.
6427 Ravenswood Ave. Chiecago, 111,

MANUFACTURING METALLURGISTS

BUD Condensers

for every application

BUD precision - built con-
densers are made in many
types and capacities for a
variety of commercial elec-
tronic applications. We will
submit prompt quotations on
receipt of your prints or
specifications.

BUD RADIO, INC.

CLEVELAND, OHIOQ
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Type 2519B14
DuMont

CATHODE-RAY tube; long-persistence,
green fluorescent screen, elzctrostatic
focus and deflection; usual application
—television; diameter 14 inches; 12-
contact peripheral base

E;=25v
Iy =21 amps
E (anode 1) = 2000 v émax)
E (anode 2) = 6000 v (max)
E (grid) for cutof = —75v
E (intensifier) = 12,000 v
Deflection Factor

Dy — D = 17 v (d.c.) /kilo-

lt-inch N :
Ds = Di = 15 v (dec)/kilo-  _ Irrensifier
volt-inch 2519A14 - B14

Cu4-D14

Type 25D19D14
DuMont

CATHODE-RAY tube; medium-persistence,
white fluorescent screen; electrostatic
focus and deflection; usual application
—television; diameter 14 inches, 12-
contact peripheral base.
Efr=25v
Iy = 2.1 amnps
E (anode 1) = 2000 v (max)
E (anode 2) = 6000 v {(max)
E (grid) for cutoff = — 75 v
E (intensifier) = 12,000 v
Deflection Factor

Dy — D2 =17 v (d.c.)/kilo~

volt-inch

Dy —l D Tx 15 v (d.e)/kilo-  “ptensifier
volt-ine 2519A14-B14
Cu-D4

Type 2520C20

DuMont
CATHODE-RAY tube; short-persistence,
blue fluorescent screen; electrostatic
focus and deflection; usual application
—television; diameter 20 inches; 12-
contact peripheral base.
Ey=25v

Iy = 2.1 amps

E (anode 1) = 2000 v (max)

E (anode 2) = 6000 v (max)

E (grid) for cutoff = — 75 v

E (intensifier) = 12,000 v

Deflection Factor .
D1 — D2 =15 v (d.c.)/kilo-

volt-inch Y,
D= 14 v (ded/kilo-  ptemsrfer
volt-inch 2520A20-B20

C20-D20

Type 2529A5
DuMont

CATHODE-RAY tube; medium-persistence,
green fluorescent screen; electrostatic
focus and deflection; usual application
—oscillographie, high frequency; di-
ameter 5 inches, 11-pin magnal base.
Er=863v

Iy = 0.8 amp

E (anode 1) = 600 v (max)
E (anode 2) = 2000 v (max)
E (grid) for cutoff = — 50 v
E (intensifier) = 6000 v
Deflection Factor

h
Ds — Dy =25 v (d.c.)/kilo-
volt-inch

U N,
Inrensifier->

2529A5-85-C3-D5
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MAILING 1157

Mc GRAW-HILL

DIRECT MAIL LIST SERVICE

McGraw-Hill Industrial Mailing Lists are a direct
route to today’s purchase-controlling executives
and technicians in practically every maijor in-

dustry.

These names are of particular value now when
most manufacturers are experiencing constantly
increasing difficulty in maintaining their own

lists.

Probably no other organization is as well
equipped as McGraw-Hill to solve the compli-
cated problem of list maintenance during this
period of unparalleled changes in industrial
personnel. These lists are compiled from exclu-
sive sources. based on hundreds of thousands of
mail questionnaires and the reports of a nation-
wide field staff, and are maintained

on a twenty-four hour basis.

Investigate their tremendous possi-
bilities in relation to your own prod-
uct or service. Your specifications are
our guide in recommending the par-
ticular McGraw-Hill lists that best
cover your market. When planning
your industrial advertising and sales
promotional activities, ask for more
facts or. better still, write today. No

obligation, of course.

DIRECT MAIL DIVISION

s THAT WORK ="

McGraw-Hill Publishing Co.. Inc.

330 West 42nd Street New York, N. Y.
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For outstanding performance - strength to

meet severest wind conditions and low init-
ial cost use Wincharger Vertical Radiators.

These

strating their efficiency and economy in over
300 commercial broadcasting and police
stations throughout the United States.

\ | \ . = :
il ey ) i 5

s bs 2 3 o ;

< - y - < .

- i < ¥
56 WTMC HOVO KCRY WPAD KyFo e X g

. |

b |

superior radiators are already demon-

-t

i Built of uniform triangular cross sections to

insure highly efficient radiation - designed
and built to withstand 100 mile wind veloc-

{e3p8p

, ity - these towers guarantee you years of
low cost service. Complete erection service,

includ

ing lighting equipment, anchors, base

g and ground systems is available.

_ WRITE T0

WIN

Othe

WINCHARGER VERTICAL RADIATOR®

hee e n || STANDARD RANGE

the lo

DAY FOR FULL DETAILS AND QUOTATIONS

CHARGER CORPORATION SIOUX CITY, 10WA

MOLDED

RESISTORS

THESE widely used Resistors are favored
because of their noiseless operation and
durability and becsuse they retain their
values and characteristics under extremes
of temperature, humidity and climatic
changes.

wer valves

1000 ohms to 10 megohms.

1
RESISTOR BULLETlLNs3 NOISE TESTED
GWES FULL ETA‘ ‘-Ff- i At slight additional cost, resistors in the
iNlustrations of the dlderd Standard Range are supplied with each resis-
1+ shows lof . S. White M°‘be‘ tor noise tested to the following standard:
ent types and gives details a °“A "For the complete audio frequency
Resistors dimensions, etc. 3 range, resistors shall have less noise
°°“5"“c.h:n§ ice List, will be maile than corrcsponds to a change of re-
copy, With FI0 e for it—today: sistance of 1 part in 1,000,000."

on request.

HIGH VALUES

I5 megohms to 1,000,000 megohms.

S.S. WHITE

The S. S. White Dental Mig. Co.
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INDUSTRIAL DIVISION

Department R, 10 East 48th St., New York, N. Y,
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- Type 2529B5
DuMont
CATHODE-RAY tube; long-persistence,
egrceen fluorescent screen; electrostatie
focus and deflection; usual application
—oscillographic, high frequency; di-
ameter b inches, 11-pin magnal base.
Er=63v
Iy = 0.8 unip
FE (anode 1) 600 v (max)
IZ (anode 2) = 2000 v (max)
E (grid) for entoff 50 v
£ (intensifier) 6000 v
Deflection IFactor
Dy D 28 v (d.e.)/kilo-
volt-inch
)z D: =25 v (d.e)/kilo-
volt-ineh

wERaN
Irirensifier>

2529A5-85-C5-D5

Type 2529CS5
DuMont
CATHODE-RAY tube; short-persistence,
focus and deflection; usual application
focus and deflection; usual application
—oscillographic, high frequency; di-
ameter 5 inches, 11-pin magnal base.
Ey =63v
1y 0.8 amp
E (anode 1) = 600 v (max)
I (anode 2) = 2000 v (mmax)
E (grid) for cutoff 50 v
E (intensifier) = 6000 v
Deflection Faetor
D D» = 28 v (d.e.)/kilo-
volt-inch
Dy — D¢ =25 v (d.e)/kilo-
volt-inch

/nrensifier>

2529A5-B5-C5-D5

Type 2529D5
DuMont
CATHODE-RAY tube; medium-persistence,
white fluorescent screen; electrostatic
focus and deflection; usual application
—oscillographie, high frequency; di-
ameter 5 inches; 11-pin magnal base.
Ef=63v
1 0.8 amp
L (anode 1) 600 v (inax)
E (anode 2) = 2000 v (max)
E (zrid) for cutoff - 50 v
E (intensifier) = 2000 v
Deflection I"actor
Dy — D: =28 v (d.c.)/kilo-
volt-inch
Ds — Ds =25 v (d.e)/kilo-
volt-inch

N
/nteénsifier->

2529A5-B5-C5-D5

Type 2530A9
DuMont

CATHODE-RAY tube; medium-persistence,
green fluorescent screen; clectrostatic
focus and deflection; usual application,
oscillographie, high-frequency; diame-
ter 9 inches; 11-pin magnal base.

E 63 v

I; =08 amp

E (anode 1) = 2000 v

E (unode 2) = 5000 v

E (grid) for eutofl — 125 v

E (intensifier) = 10,000 v
Deflection Factor
D: — D: = 36 v(d.c.)/kilo-
volt-inch
Ds — Dy = 34 v{d.c.)/kilo-
volt-inch

i -
E ~
Intensifier->

2930A9-B9-C9-D9
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INDUSTRY ANSWERS THE CALL!

v \GF 32,145 Firms With Over
17,700,000 Employees
Have Installed the . . .

PAY-ROLL SAVINGS PLAN

Have YOU Started the Pay- Roll oo
Savings Plan in YOUR Company? Plan Easy to Install

Like all efficient systems, the Pay-Roll Savings

Like a strong, healthy wind, the Pay-Roll Savings Plan is amuazingly easy to install, whether your
Plan is sweeping America! Already more than employees number three or ten thousand.

32,000 firms, large and small, have adopted the Plan,

with a total of over seventeen million employees— For full facts and samples of free literature, send

the coupon below—today! Or write, Treasury De-

partment, Section €, 709 Twelfth Street NW.,
But time is short!. More and more billions are Washington, D. C.

needed, and needed fast, to help buy the guns, tanks,

planes, and ships America’s fighting forces must NOW

have. The best and quickest way to raise this money N

is by giving every American wage earner a chance to

and the number is swelling lLiourly.

participate in the regular, systematic purchase of
Defcnse Bonds. The Plan provides the one perfect
means of sluicing a part of ALL America’s income
into the Defense Bond channel regularly every pay-
day in an ever-rising flood.

Do your part by installing the Pay-Roll Savings
Plan now. For truly, in this war, this people’s war, i e iz A e

VICTORY BEGINS AT THE PAY WINDOW. 4] \ nNawe. - o0

MAKE EVERY PAY.DAY ... BOND DAY!

U.S.Defense BONDS » STAMPS

This space is a contribution to NATIONAL DEFENSE by Electronics

ero  16—20944-1 Form No. DS8S-280
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Type 2530B9

DuMont
CATHODE-RAY tube; long-persistence,
‘ green fluorescent screen; electrostatic |
focus and deflection; usual application,
| oscillographic and high frequency; di-
anteter 9 inches; 11-pin magnal base.
E 6.3 v
e =06 amp
! E tsnode 1) = 2000 v
E (anode 2) H000 v
FE rarid) for cutoff — 125
E (intensifier) 10,000
Detlection Factor _
i D. 36 v (d e kilo-
volt-inch
Ds — Dy = 34 v ide kilo-
voit-ineh

‘\
[ Intensifier—
2930A9-B9-C9-D9

i
3
3
|
i

Type 2530C8

DuMont
CATHODE-RAY tube, short-persistence,
blue fluorescent screen; electrostatic
focus and deflection; usual application,
oscillographic and high frequency, di-
ameter 9 inches, 11-pin magnal base.
Ef=63v
Iy =06 amp
E (anode 1) 2000 v
E (anode 2) = 5000 v
E (2rid) for cutoff — 125 v
E (intensifier) = 10,000 v
Deflection Factor
Dy — Dy = 36 v (d.c.)/kilo-
| volt-inch
D3 — Dy = 34 v (d.e) /kilo
volt-ineh

| u RN
Iritensifier=>

2930A9-B9-C9-D9

Write for
| NEW 1942 CATALOG
° ° ° Address—Dept. E-4

ARMY WALKIE-TALKIE
WIRE & RIBBON

For Direct-Healed
ELECTRON EMITTERS

% Yes, if your requirements are standard

or special—especially unusual—just consult ‘ ir| ’fﬁc uum TUBES
the Clarostat engineer available at your

beck and call. He's a specialist. He's

backed by a plant that makes all kinds of
resistors and controls—impartially—without

playing favorite types. For example:

n a complete range of sizes
and alloys for Transmitting,
Receiving, Battery and Hear-
ing-Aid Tubes . ..

Here’s an iniricate winding job for rheo-
stat resistance element calling for non- |
linear resistance change throughout rota-
tion. Note intricate notched or stepped |
winding. Readily handled by unique
Clarostat winding machines.

Clarostat strip resistor imbedded in bake-
lite and encased in steel for maximum |
protection.

"elred and worked under

close Supervision fo assure
Glasohm, with fibre-glass core and fibre-
glass braided covering. Power resistor in
most compact form.

maximum emissivity, uni-
tormity and the| highest
tensile strength |.

Typical special resistor—enameled resist-
ance wire on square ceramic tube.

Precision resistor used in fine instruments
—accurate to 1% or closer if required.

% Send that resis- |

tance PrOb’em to... A 7-b. portable receiving and transmit-

ting radio set, capable of sending voice
and code in reconnoitering distances of

‘_ I-_‘ j‘-‘, “ 0 S T*"T about a mile, has been developed at |

Fort Ord, Calif.. by Capt. Joseph W. I Write for list of stock alloys

MAN .llil"' €T Stilwell, who is shown with the appa- SI G M U N D c 0 H N
nreorparaied . A o
3 5 ¥ ; ratus. This new “walkie-talkie”” is 16 ! '

mO H »

WIRES drawn to .0005” diam.
RIBBON rolled to .0001" diam.

SPECIAL ALLOYS made to meet

individual specifications . . .

i 1b. lighter than other models and is 44 GOLD 5T MEW YOREK
Brooklym. N. Y. about fifteen times as expensive as ] LANCE _‘_ ool
other models ’
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Engineering
Conference

(Continued from page 32)

=t

which were controversial or upon
which data were lacking now being
considered by the committee.

J. H. DeWitt, WSM, described the
results of his experience with a stu-
dio-transmitter link operating in the
u-h-f band. Such alternate circuits
take on increased importance under
present conditions. The terrain to be
spanned presented a difficulty in the
shape of a hill high enough to ex-
clude a line-of-sight path from stu-
dio to transmitter building. Thus it

was necessary to mount the receiv- ]

ing antenna at the top of the WSM
tower and so an extensive study of
the u-h-f antenna, transmission line
and filter circuits was carried out.
The 300-Mc transmitter used a con-
centric line for frequenecy control,

which was found to give adequate |
stability due to careful design. The |

'ROGAN BROTHERS

transmitting antenna consisted of a
stacked dipole array with reflectors.
Measurements made with an airplane
showed that the field strength was
relatively high at 2000 feet altitude
but dropped below a useful level half-
way down the WSM tower.
Experience gained in the use of
this equipment and other considera-
tions led to the design and construc-
tion of an f-m link at a frequency
of about 150 Mc. An unusual feature
of the transmitter was its 450 ke
oscillator modulated with a reactance
tube. The modulated carrier was
then added to the output of a crystal-
controlled oscillator running at 12.75
Mc in a mixer tube, to give a result-
ant frequency of 13.2 Mc. The latter
was multiplied as necessary to the
final carrier frequency. The system
was said to have the advantages that
the frequency-modulated oscillator
could be built for greater stability at
the low frequency used, and any fre-
quency variation would be an ex-
tremely small fraction of the output
frequency even after multiplication.
The antenna used comprised
stacked folded dipoles, with reflec-
tors, arranged four high. Both re-
flector and antennas were supported
without insulators, and were con-
structed from standard fittings.
Folded dipoles offered greater im-
pedance than simple dipoles, thus

ELECTRONICS — April 1942

Deliver DEFENSE PLASTIC PARTS Faster

BRAND LETTERING — DESIGNS and MARKINGS on

Fuse Panels, Socket Bases and Other Parts!

AS PERFECT AS MOLDED LETTERING ITSELF

% If you use plastic panels or other bakelite parts needed for

communications systems of airplanes, tanks and other imple-
ments of war—it will PAY you to try Rogan "deep relief”
BRANDING of lettering, designs and markings for economy,
quality and speed!

SRR

SAVE DIE CHARGES and MOLDING COSTS Qamg
The fuse panel and socket
base illustrated, typify the

clear and sharp results others
are getting with "deep relief"
BRANDING on items ap-
proved by the U. S. Signal
Corps and Ordnance Depart-
ment.

R Y

|

|

"Deep Relief” BRANDING by
Rogan is now being specified
by large-scale producers of
plastic panels and parts for

DEFENSE

Y

[+

Above illustration
shows laminated bake-
lite panel with Rogan

deep relief branding

WRITE TODAY for Full Details on Rogan Deep Relief Branding. No Obligation.

2003 S. Michigan Ave,,
Chicago, lllinois

ITS THE NEW
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Lightweight CARBON MICROPHONE

MODEL 805 A moderately priced microphone, produced entirely with non-
restricted materials. Particularly well suited to modern communication applications of
aircraft and mobile radio transmission.

Output level: —10DB., through a conventional coupling transformer. Frequency response
is 100—4.500 c.p.s., with frequency peaking through the mean speech range. Size:
21/16” diameter, 11/16"” thick. Weighs only two ounces. Molded, non-breakable Tenite
case. Will withstand, without damage, ambient temperature of 172°F. Sprayproof pro-
tection for warm, humid climates. Supplied with 42" cable. Complete specifications,

prices and actual samples are available on request.

ELECTRO-VOICE MFG. CO., Inc.

1239 SOUTH BEND AVENUE, SOUTH BEND, INDIANA
‘Export Division: 100 Yarick 5t., Mew York, N. Y.—Cables: "Arlab" |
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1/ 4 facilitating operation in parallel on
PP y relatively high impedance lines.

Experience with this system shows

”n that the receiving antenna location

I ME DE T should be picked with great care to

— PATRICK HENRY be in an area where the signal is

as strong as possible and uniform;

the largest signal strength possible

at the receiver should be sought; and

antennas should be used which are

designed for maximum gain and di-
rectivity.

Data were presented upon the ef-
fect of an airplane crossing over the
line of the studio-transmitter link.
First small and rapid oscillations of
the signal strength were observed;
these increased in amplitude and
slowed down in time as the plane
approached the transmission path,
and the whole action was reversed
as the plane flew beyond the line of

MERICANS are again repeating, "ls life so dear, or peace so sweet transmission.
as to be purchased at the price of chains and slavery?" Today, 'Ijhe Alert calling system was de-
the roaring activity of our defense industries is America's triumphant scribed l:‘ A F Van Dyck and 8. W.
hymn of determination .. . and we are proud to add our part ... for Seele_\:, RCA Llcens? Lab(')ratory. The
LIBERTY. technical features, including the gen-

eration and reception of the sub-

‘ udible fr ‘ies for its rati
KENYON TRANSFORMER Co., Inc. audible frequencies for its opt(s)lfi }L(;ll;

were considered and uses
840 BARRY STREET NEW YORK, N. Y. device were described and demon-
strated with the cooperation of a
local hroadeasting station, WCOL.
In addition to the sessions of the
campus of The Ohio State Univer-
sity, two evening meetings were held.
The first featured a popular scien-
tific lecture by Dr. Phillips Thomas,
Westinghouse Electric and Manufac-
turing Company. On Thursday eve-
ning the annual Banquet was held
at the Fort Hayes Hotel, with nearly
200 attending.

HIGH SCHOOL
STUDENTS BROADCAST

PRACTICAL FOR
A MULTITUDE OF USES

Here are three G-M relays designed and built to meet
defense standards, and available for your defense require-
ments. Type "C' is a small, I, 2, 3 or 4 pole, single or
double throw relay with self-cleaning wiping contacts avail-
able in a variety of materials for different load require-
ments. Type "J" relay is a low weight, small size, ruggedly
constructed relay, built to withstand high acceleration and
aircraft vibration. Suitable for high altitude and high
humidity operation. Type "F" relay measures 2!/4" high,
214" long and 1" wide, and is available in I, 2, 3 or 4
pole, single or double throw, for either A.C. or D.C. with
self cleaning heavy pressure contacts.

For full data on any one or all of these relays, write or
wire for completely descriptive bulletins. The students of Lafayette High School
broadcasted an American history story
in accordance with the literature they
are studying. The school station is
installed in the Brooklyn Technical

4313 NORTH KNOX AVE. _ CHICAGO, U. 5. A. |k imibaieunniii
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RECENT U.S. PATENTS

Each week the United States Patent Office
issues grants to many hundreds of inven-
tions that pass the acid test of that office.
A few of those relating to electronies are

reviewed here

High Frequency Systems

High Frequency Generator. A tube
connected to an elongated conductive
shell having a conductive closure at
each end, a conductive linear member
coaxially secured at one end to each
closure in conductive relation there-
with, one of the members being longer
than the other; a coaxial resonant line
made up of capacity, ete. The electri-
cal length of the shell and the capaci-
tively loaded linear members is sub-
stantially one-half wavelength of the
desired frequency while the physical
length is much less. H. W. Kohler,
Washington, D. C. Mar. 16, 1940. No.
2,272,211,

Relay System. A relay station made
up of a receiving antenna and a trans-
mitting antenna with amplifying means
between and a metal shield between
antennas for preventing feedback; an-
tennas and amplifier supported above
ground on a conductive support, con-
nected to the shield. A tuned circuit
connected between shield and ground
maintains the shield at zero radio fre-
quency potentials. Harry Tunick, RCA.
May 20, 1939. No. 2.272,312.

U-H-F-Tuning System. A metallic
shield with holes therein through which
connections to the tube elements pro-

trude. Shield is adjustable along the
] A=t

Magneic 111 _- 2
‘ ag,;?'e;d 1 l!’ I

|
S ===
[Ty 8/ 6 [j’

Directional Antenna. In a marker
system for radiating a field in a verti-
cal direction, several turnstile antennas
spaced a half wavelength apart, each
antenna comprising several vertically
disposed pairs of crossed horizontal
dipoles, and means for establishing a

27 5,
Vg b PR
7] L1 3
2557 fe 42 5 Zhl e
| B B2 Py |

leads so that the shield and the leads
constitute the sole high-frequeney tuned
circuit of the system. A. G. Clavier and
E. Rostas, International Standard Elec-
tric Corp. Apr. 1, 1939. No. 2,272,599.

Turnstile Antenna. I'our radiator
elements located in the same plane and
attached at 90 deg. intervals to a sup-
port, two phase splitting circuits con-
nected between adajacent radiator ele-
ments to apply currents of quadrature
phase to radiator elements, and a pair
of transmission lines for applying cur-
rents of opposite phase to the phase
splitting circuits. Jesse Epstein, RCA.
No. 2,275.030. Oct. 17, 1940.

ELECTRONICS — April 1942

phase quadrature relation between ener-
gizing currents for upper and lower
dipoles of each turnstile lying in one
plane with respect to energizing cur-
rents for dipoles lying in a plane per-
pendicular thereto. E. A. Laport, RCA.
Aug. 30, 1940. No. 2,270,130.

Amplifier. A connection from the
center of a filament of an amplifier
tube to a point of zero r-f potential,
and means associated with the connec-
tion for series tuning the reactance be-
tween the center of the filament and
the point of zero potential to provide a
path of low impedance. O. E. Dow,
RCA. June 30, 1939. No. 2,272,060.

Relay System. A receiver, an ampli-
fier and a transmitter so located that
a small amount of undesirable feed-
back occurs from the transmitter to the
receiver over several paths around the
edges of a directive structure. The re-
flectors have their edges so constructed
that energy fed back over some of the
paths neutralizes the energy fed back
over others of the paths. H. O. Peter-
son, RCA. June 30, 1939. No. 2,270,-
965,

Generator. Means for producing ul-
trashort waves by projecting toward
each other particles charged with dif-
ferent potentials to cause them to meet
at a common point. Fritz Schroter,
Telefunken. Jan. 25, 1941, No. 2,-
270,479.

Amplifier. A multistage u-h-f ampli-
fier using tuned coaxial lines as coup-
ling impedances between stages with
means for tuning all stages simultan-
cously. R. W George, RCA. Mar. 1,
1939, No. 2,272,062,

www americanradiohistorv com

Wave Guide System. Means for pro-
ducing a unidirective beam of energy
comprising a cylindrical wave guide
having an internal diameter approxi-
mately 0.7 times the wavelength to be
used, a paraboloid reflector having a

diameter at its normal focal plane
large with respect to the internal di-
ameter of the wave guide, and a focus-
ing lens having a diameter substan-
tially equal to the diameter of the re-
flector at its normal focal plane. R. S.
Ohl, BTL, Inc. Sept. 7, 1939. No. 2,-
273,447,

Non-Communication
Applications

Measurements. Apparatus respon-
sive to the volt-amperes in an a-c cir-
cuit. L. Michaelis and D. M. Davis,
G. E. Co. Dec. 6, 1939. No. 2,275,860.

Frequency Indicator. For indicating
the frequency of a low frequency source
containing several other frequencies,
a method comprising filtering for se-
lecting the low frequency, a pulse gen-
erator responsive to the selected fre-
quency, a variable speed driving means
of high speed stability, and a second im-
pulse generator having a pulse fre-
quency proportional solely to the speed
of the variable speed means. C. A.
Lovell, BTL, Ine. Dec. 2, 1938. No.
2,273,532.

Measuring and Control
Apparatus

Resistance Measurement. Voltage
across a lamp is sufficiently low so that
the lamp is not illuminated. A means
dependent upon the magnitude of the
unknown resistance decreases the grid
bias of an amplifier to raise the voltage
across the lamp until it illuminates.
W. J. Delmhorst, Jersey City. Sept. 19,
1939. No. 2,272,239.

Defect Location. Use of an amplifier
for testing rails for defects. A. E. F.
Billstein, Pennsylvania Railroad Co.
No. 2,276,011. Nov. 9. 1940.

Burner Control. Method for control-
ling the supply of fuel to a burner, in-
volving a four element tube. W. F.
Scanlan, Chicago. Mar. 26, 1941. No.
2,274.38.1.
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REG. U. 5. PAT, OFF

CERAMIC
RESISTORS

®Finding the right resistor
for a specific application is
likely to be no easy problem.
Because the solution so often
is found in Globar Brand
Ceramic Resistors we urge
you to acquaint yourself with
the distinctive qualities of
these versatile resistors.

The handy chart below shows
types available, together with
their characteristics.

[_ TYPE | A B 44
DIAMETER | [
MIN. | 1/16”7 116”7 | 1/18"
MAX. W T | ) 13
LENGTH | [ [
MIN. /e 1/4” [ /4"
MAX. | s 18! 18"
wWATY | [ [
RATING* [
MIN. 1/8w. | 1/8w. |1/4w.
MAX. 54w. | 54w. | 150w.
RESISTANCE [
per in. of
length
MIN. 250hms| 5 ohms | 1 ochm
MAX. 15 meg. (15 meg. 1000
ohms
NORMAL
RATING
w./5q. in. of |
radiating 1 1 | 21/2

surf. | |

*By artificial cooling thesc ratings may

be increased substantially

Characteristic Coefficient

Type A: Commercial straight line
Voltage snd Temperature

Type B: Negative Voltage
Negative Temperature

Type (X: Commercial straight linc
Voltage and Temperature

Terminals: All types: Mctalized ¢nds
with or without wire leads

In addition to these standard
items, special resistors can be
made to meet definite specifi-
cations both as to shape and
characteristics. Ask for Bul-
letin R and give us details of
your requirements.

Globar Division

THE CARBORUNDUM CO0.

REG. 1, ,§ PAT. OFF

NIAGARA FALLS, N. Y,

Carborundum and Globar are registered
trade-marksofand indicate manufacture
by The Carborundum Company,

Photometric Analysis. A recording
apparatus for recording variations in a
process producing a product having sev-
eral components, one of which is char-
acterized by a strong absorption band
in the infrared spectrum, by transform-
ing variations of concentration of the
compounds into electric currents and
means of comparing an unabsorbed in-
frared beam with a beam which has
passed through the absorbing material,
producing electric currents from these
infrared beams which actuate a galva-
nometer, the movement of the mirror of
which is proportional to a function of
the difference in infrared energies strik-
ing the two detectors. Urner Liddel and
R. B. Barnes, American Cyanamid Co.
Aug. 22, 1939. No. 2,269,674. No. 2,-
273,356, A. L. Holven and T. R. Gillett,
Crockett, Calif. is on a somewhat sim-
ilar subject comprising a photo-electric
light absorption measuring device.

Measuring Apparatus. A reversible
motor driven by rectified current in re-
sponse to variations in light intensity

-26

e

.

Reg. U. S. Pat. Off,

UNBRAK

KNURLED Socket Head
Cap Screws

r-'
L&

e

Knurling of Socket
Screws originated
with ‘'Unbrake’’
years ago.
Have the knurled non-skid
finger grip . . . no lost motion
. . . for speed in assembly.
And-—~they cost no more than

ordinary cap screws.
Send for details.

STANDARD PRESSED STEEL CO.
BOX 596 JENKINTOWN, PA.

and direction falling on a photoelectric
cell. T. R. Harrison, Brown Instrument
Co. Dec. 23, 1937. No. 2,273,191.

Dielectric Study. Method of deter-
mining the power factor of a capacitor
by applying an alternating emf to the
capacitor and removing the out-of-
phase component and measuring the in-
phase component of the current. E. H.
Povey and E. A. Walker, Doble En-
gineering Co. No. 2,273,066. Apr. 26,
1938.

Condenser Analyzer. An instrument
for testing a condenser for open, inter-
mittent and shorted connection, com-
prising an electron tube oscillator. A
continuation of oscillation denotes an
open connection and a flickering of an
indicator between balance and unbal-
ance denote an intermittent connection.
J. H. Fisher, Solar Mfg. Co. Mar. 6,
1940. No. 2,271,292. -

Welding System. No. 2,269,460 to
Hans Klemperer, Raytheon Mfg. Co.,
Feb. 5, 1940, a condenser welding sys-
tem; No. 2,275,419 to O. R. Carpenter,
The Babcock & Wilcox Co., Mar. 15,
1938, involving tubes in a method of
manufacturing composite clad plate;
and No. 2,275,948 to J. W. Dawson,
Westinghouse E&M. Co., Jan. 28, 1938,
spot welding control means.

> www americanradiohistorv com

A PLUQ FOR..;LAASSES
audiodiscs

AUDIODISCS' exclusive composition
center plug or “insert” not only pro-
vides all three drive pin holes, but also
makes Audiodiscs interchangeable with
aluminum-base blanks without fussy
readjustments or gadgets.

AUDIODISCS, thanks to the relatively

and shipped.

\ flexible glass base, are safely handled

Other brilliant exclusive AUDIO-
DISC features make possible new
advances in profcssional high-
fidelity sound recording.

CALL YOUR JOBBER OR WIRE US TODAY

AUDIO DEVICES

IN L@ R PFORATED

1G00 BADADWAY NEW YOHK CITY
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Measuring Device. A single phase in- |
duction motor having field poles and
coils so arranged that the motor is nor-
mally not self-starting but is self-stop-
ping, and means responsive to input
energy which shifts the phase of a part
of the motor field, thereby starting the
motor which rebalances a network so
that the motor comes to rest at a posi-
tion commensurate with the value of
the input energy being measured. S.
Bagno, Kurman Electric Co. June 22,
1938. No. 2,270,991.

Power Applications. Patents Nos. 2,-
274,364 and 2,274,365 to P. C. Gardiner,
G. E. Co. Both of March 8, 1940, on
electron tube means of controlling a di-
rect current voltage. No. 2,275,165,
Charles Wasserman, Baltimore, Md.,
Jan. 27, 1939, is for a system of con-
trolling the voltage of a dynamo-electric
machine. No. 2,270,894 to W. P. Over-
beck, Raytheon Mfg. Co., Jan. 29, 1938,
and 2,271,738, Feb. 27, 1939, to M. F.
Leftwich, Charlotte, N. C. are for elec-
tron tube systems for controlling bat-
tery charging. Nos. 2,275,941; 2,275,971
and 2,276,033 all to Westinghouse E&M
Co. involve the application of electron
tubes to pilot channel protective relay- I
ing systems.

Air Speed Indicator. Device for in- '
dicating velocity including a source of |
sound waves, a pair of pickup devices |
responsive to the sound waves, and |
means for indicating the velocity of the
medium passing the source as a func- |
tion of the phase of the sound waves. |
Further, means for changing the fre-
quency of the sound as a function of
temperature of the medium to thereby
indicate the velocity within limits in-
dependent of said temperature. Irving
Wolff, RCA. May 31, 1939. No. 2,-
274,262.

Hydrogen Ion Indicator. Apparatus
for indicating a balance between a pair
of opposable electric potential sources,
one of which is variable in magnitude,
by impressing the potential difference

|
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on a condenser and comparing this
potential to the potential of a second ]
condenser connected in the output of an
amplifier. K. R. Eldredge, Berkeley,
Calif. Apr. 13, 1940. No. 2,271,478. |

Registering Device. Method for in-
suring proper registration on a printing
press. Hermann Kott, Speedry Gravure
Corp. Sept. 6, 1939. No. 2,272,376.
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PN

.'J \"‘, Also manufacturers of high
lﬁ““\ | grade cotton and silk cov-
S ered wires, cotton and silk
e SR coverings over enamel coated
e wires, and all constructions
F \-“ of Litz wires. A variety of
| “““\l coverings made to cus-
'“\‘ ) tomers' specifications, or to
“ \ f/ requirements determined by
—— our engineers. Complete de-
L “y sign and engineering facili-
I."' \Qp" ties are at your disposal;
‘“‘ I details and quotations on

l&l Fi request.

Winstead

HUDSON, WIRE C0.

ENAMELED
MAGNET
WIRE

A product, resulting from many years of
research in the field of fine wire manu-
facture, that meets the most rigid re-
quirements of radio and ignition coils.
A new coating method gives a smooth,
permanently-adherent enameling, and
mercury-process tests guarantee perfect
uniformity. Great flexibility and tensile
strength assure perfect laying, even at
high winding speeds. If you want re-
duction in coil dimensions without sacri-
ficing electrical values, or seek a uniform,
leakproof wire that will deliver extra
years of service, this Hudson Wire
product is the answer.

VLSLON

WINSTED o CONNECTICUT

stand.

YOUNGSTOWN,
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® Because of their high efficiency, practi-
cability and relatively low cost, Astatic
JT-Series Crystal Microphones are widely
used and highly recommended for replace-
ment installations.
are made in both voice and wide range
models and come completely equipped
with concentric cable connector, conven-
ient wood handle, interlocking mefal base
and 15-ft. cable.

JT-Series Microphones

These models may be used for either desk or hand
microphones or, with handle removed, on floor
Two tone finish.

SEE YOUR RADIO PARTS JOBBER

tHID
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THERMOSTATIC BI-METALS

ELECTRICAL CONTACTS

Vital in war and peace

TODAY WAR PRODUCTION calls for new increased uses of
thermostatic bi-metals and special electrical contacts. Wilco
engineers will cooperate with you. * The II. A. Wilson Com-
pany offers a wide variety of specialized thermostatic bi-
metals of high and low temperature types. Also a series of
resistance Dbi-metals. (from 21410 ohms, per sq. mi. ft.).
* Wilco electrical contact alloys meet war requirements . . .
available in Silver. Platinum. Gold. Tnngsten, Metal Powder
Groups. Wilco Aeralloy is the outstanding aircraft magneto
contact alloy.

Scale Calibration. In a system for
calibrating an instrument having a
blank scale, a standard instrument in-
cluding a master scale, means for vary-
ing the magnitude of a condition repre-
sented by one of the instruments, and

lbnab/e speed  Amp-, 0 Consrant speed
7 /
S

Standard Oscillator Test Oscillator

means for inter-connecting the instru-
ments so that the instrument to be
calibrated represents a condition of cor-
responding magnitude whereby the
second scale is continuously calibrated.
W. J. Means and T. Slonczewski, BTL,
Inc. Sept. 28, 1938. No. 2.275,977.

Temperature Control. Use of a Wheat-
stone bridge with a resistance in one of
the arms subject to temperature
changes, and means for utilizing the

variable bridge output to control the
supply of heat. A. W. Krause, Aug. 27,
1937. No. 2,275,368.

105 CHESTNUT ST, NEWARK, N, J,

Branches: Chicago and Detroit

; e H. A.WILSON CO0.

Reeling System. Electron tube ecir-
cuit responsive to the variation in the
tension of a material being reeled and
means for controlling a motor thereby
to counteract the variation in tension.
C. A. Bailey, G. E. Co. Dec. 16, 1939.
No. 2,275,192.

Time Recording Machine. Method for
stamping a record when a light beam
is interrupted as by placing a record
sheet between a light source and a
phototube. H. N. Deane, E. M. Pritch-
ard and E. W. Sherman. Simplex Time
Recorder Co. March 5, 1940. No. 2,-
271,914.

Inspection System. Use of lenses to
project radiation from an article being
inspected onto areas of high sensitivity
and for effecting a relative movement in
a fixed direction between the article and
the lenses. C. E. Smith, Westinghouse
E&M Co. Feb. 29, 1940. No. 2,272,097.

Color Reproduction. Taking several
color separation photographs of the
same subject, modulating several elec-
tric currents in accordance with the

. Accuracy and variations in tone of the different color-
dapandu bility are separation photographs and using elec-
built into avery tric currents to control a single record-
Bliley Crystal Unit. ing machine. A. C. Hardy, Interchem-
Specify BLILEY for ical Corp. Sept. 4, 1936. No. 2,272,638.

assured performance.

BLILEY ELECTRIC COMPANY

Induction Heating. Transformer hav-
ing secondary cut into sagments with
an inductor element at each cut, said in-
ductors joining the segments to pro-
vide a continuous heating effect. F. S.
ERIE, PA. Denneen, and W. C. Dunn, Ohio Crank-
shaft Co. No. 2, 271,916. Aug. 2, 1940.

UNION STATION BUILDING
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Solar Mica Capacitors add

vital dependability to radio

and communications equipment

for the Armed Service Branches
of the Government.

The "Quality Above All" in-
corporated in these units is
evolved from a wealth of
experience.

If Mica Capacitors are part
of your present problems, con-
sult Solar for a ready Solution.

Special Catalog 12-F
available on letterhead request

SOLAR MFG. [ORP.
BAVONNE, M. ).

KRYPTON
MIXTURES

HELIUM
XENON

GAsES
4np MixTures

R 4RE

e Spectrosco[)imlly Pure
. . . Easily removed from bulb

without contamination

Scientific uses for Linde rare gases include—
1. The study of electrical discharges.

2. Work with rectifying and stroboscopic
devices.

3. Metallurgical research,

4. Work with inert atmospheres, where heat
conduction must be increased or decreased.

Many standard mixtures are available.
Special mixtures for experimental purposes
can be supplied upon request.

THE LINDE AIR PRODUCTS COMPANY
Unit of Union Carbide and Carbon Carparation

30 E. 42d 5t., New York EE] Offices in Principal Cities

In Canada: Deminion Dxygen Company, Lid., Toronta
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Frequency Meter. A tuned circuit |
energized by the alternating current
circuit, the frequency of which is to be
measured, the power factor of said
single tuned circuit changing with the
frequency, and tube apparatus for
measuring the power factor of the
tuned circuit, including an instrument
calibrated in terms of frequency. T. A.
Rich, G. E. Co. July 13, 1940. No. 2,-
271,991.

Musical Instrument. A device for
transposing music to sound in keys
other than that in which it is written,
comprising rotating tone generators,
speed control means for quickly and ac-
curately changing the speed of the sys-
tem throughout a number of predeter-
mined fixed ratios. S. T. Fisher, WECo.
Oct. 15, 1940. No. 2,273,768.

Hemadynamometer. A pneumatic
arm-bandage, a hermetically closed
chamber, ete., and means for applying
the measurements of pressure to an
amplifier and an oscillograph. Hans

Gerdien, Siemens & Halske. Feb. 24,
1938. No. 2,272,836.
Telautograph System. A resistance

tablet having substantially uniform
lateral resistance over an exposed area,

3 3435

amplifiers, a cathode-ray tube, etc.
H. C. Moodey, RCA. Dec. 27, 1940. No.
2,269,599.

Signaling System. An electro-acous-
tic device for use by vehicles prior to
overtaking one another, comprising a
biased rectifier to eliminate noise be-
yond a certain point and means com-
prising a microphone having a reso-
nant range for frequency ranges char-
acteristic of a horn signal for obtaining
selective reception of characteristic fre-
quency signals. Ommo Schmidt, Stutt-
gart, Germany. Mar. 5, 1940. No. 2,-

| 275,161.

Frequency Modulation

Monitor. Method of visually indicat-
ing several frequency components of a |
frequency modulated wave by gen-
erating a second wave having a mid-
frequency differing from that of the
frequency modulated wave by a given
intermediate frequency, automatically
varying with frequency of the second
wave above and below its mid-frequency

www americanradiohistorv com

DECADE

AMPLIFIER

MODEL 210

(%

A highly stable amplifier
giving gains of exactly 10
and 100 times. Operated
by self-contained batteries.
Through the use of special
circuits the gain is inde-
pendent of battery voltage,
circuit constants and tubes
within 2% from 10 to
100,000 cycles. Particularly
useful with our Model 300
Electronic Voltmeter to
increase its sensitivity,
permitting voltage meas-
urements down to 30 micro-
volts. Send for Bulletin 7.

SENSITIVE ELECTRONIC
AC VOLTMETER

MODEL 300

10 to 150,000 cycles.

1 millivolt to 100 volts in five
ranges (to 1,000 and 10,000
volts with multipliers).

Logarithmic voltage scale.

AC operation, 115 volts, 60

cycles.

Accurate and stable cal
ibration.

Ballantine Laboratories. Inc.

BOONTON NEW JERSEY
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ELECTRONIC
DEVICES

Electrostatic shields can be formed

conveniently on non-conductors by

means of “dag" colloidal graphite
dispersions Graphite films

so produced are tenacious and |
homogeneous and possess con- |

ductivity. - Write for bulletin

No. 31 for complete details.

is a registered trade-mark of Acheson ‘
Colloids Corporation.

ACHESON COLLOIDS
CORPORATION

PORT HURON, MICH. !

“dag"’
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| 16, 1939. No. 2,275,298.

in a linear manner, beating the second
wave of varying frequency with the fre-
quency modulated wave to produce a
series of beat frequencies spaced apart
in accordance with the frequency com-
ponent of the frequency modulated
wave. R. J. Pieracci, Cedar Rapids,
Towa. Jan, 8, 1941. No. 2,269,126. See
also No. 2,272,768 to H. M. Crosby, G. E.
Co. on a method of analyzing frequency
characteristics of electrical waves
whose frequency is varied over a band
of frequencies as a funection of modu-
lating potentials by means of a cath-
ode-ray tube.

Communication System.
signalling by frequency modulation
from one station to another station
which is receiving signals from a third
station having the same carrier fre-
quency as that transmitted by said one
station and having an intensity more
than twice as great as the intensity of
the signals received from the first sta-
tion by frequency modulating the car-
rier wave of one station by an amount
greater than the frequency modulation
of the third station and at a rate greater
than the rate of frequenecy modulation
of the signals from the third station.
Hans Roder, G.E. Co. Nov. 12, 1938.
No. 2,270,899.

Relaying System. Two patents, No.
2275 486 and 2,276, 008 to Edwin H.

130 Mc  Amplif Narrow filter
6 Frer mp/bé; ger OBV AC
Converter- [9]{i0] /
. Armplifier
Ascillator: 7
-+{8] Brood /
2 i filter— 7
92541075 KC f

filter

Power
omplifier iz ia 297572625
,,E,,cy 43000 KC
| ™ ”/’/’” 23 Fitrer Cbnyerfer
Filter |
| \C‘anven‘er /.525 1675
f”ﬂ/ N\ Yaooxe

Qscyllator

Armstrong, for relaying frequency mod-
ulated signals.

Detector. In a frequency modulation
detector, means to produce a voltage in
the circuit whose phase varies with the
frequency variations. W. v. B. Roberts,
RCA, Oct. 16, 1940. No. 2,273,144. See
also No. 2,273,771 to Seymour Hunt,
RCA. April 10, 1941, on a frequency
modulated carrier detector.

Direction and Location
Indicators

Course Indicator. A device for indi-
cating visually the deviation from a
radio course of the complementary sig-
nal type which includes receiving the
signals, transforming them into im-
pulse signal combinations with the rela-
tive polarity of the impulse signals de-
pendent upon the direction of devia-
tion. E. H. Hugenholtz, RCA. Nov.

www americanradiohistorv com
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DEFENSE REQUIREMENTS

ELECTRICAL

COIL WINDINGS
& TRANSFORMERS

Designed to meet specific require-
ments or to your specification.

=

COIL WINDINGS
ELECTROMAGNETS
SOLENOIDS
COIL ASSEMBLIES

PAPER INTER-LAYER SECTION
BOBBIN WOUND
FORM WOUND

Equipped for vacuum and pres-
sure impregnation — varnish or
compound.

An experienced organization at
your service prepared to assist in

design or cooperate on problems.

DINION COIL COMPANY
P.O. BOX D CALEDONIA, N. Y.

JONES 500 SERIES
PLUGS and SOCKETS

l

6 contact
Plug and
Socket

5000 volts and 25 amperes. Fulfills every
electrical and mechanical requirement.
Polarized to prevent incorrect connec-
l tions. Easy to wire. Sizes: 2, 4, 6, 8, 10
and 12 contacts. Thousands of uses.
I'| Write for Bulletin 500 today.
l

HOWARD B.| JONES
2300 WABANSIA AVENUE,
| cHicaco ILLINOIS
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Direction Finder. A directive an- |
tenna, a second directive antenna an-
gularly disposed with respect to the
first antenna and a non-directional an-
tenna together with radio receiver and
a switching means for combining in |
successive order the currents of one
of said directive antenna with the cur-
rents of the non-directive antenna.
G. B. Hagen, Telefunken. Feb. 7, 1939.
No. 2,275,296.

Navigation System. 'I‘n"ansmitting|
an unmodulated radio frequency wave
whose carrier frequency varies periodi-
cally within predetermined limits, the
rate of carrier frequency variation be-
ing predetermined and the limits of
frequency variation being characteris-
tic for each of several stations, all of
which operate within a given frequency
band. Visual means for individually and |
simultaneously indicating within the
frequency spectrum the respective lim-
its of frequency variations of each of
the several signals. Marcel Wallace,
Panoramic Radio Corp. Apr. 26, 1938.
No. 2,273,914 '

Distance Determination. Means of |
frequency modulating a wave and for
receiving the wave after reflection from
an object whose distance is to be de-
termined by converting the received
frequency modulated wave into an amp-
litude modulated wave whereby the
distance of the object is a function of
the amplitude of the demodulated wave. |
M. G. Crosby, RCA. Oect. 25, 1939. No.
2,268.643. I

Radio Compass. An angularly mov-l
able directional antenna moved by a
motor with a pair of reversing ﬁeld|
windings and a radio receiver to regu- |

late the direction and speed of opera-
tion of the motor. A. H. Lamb, Weston
Klec. Inst. Corp. Oect. 23, 1939. No. 2,-
276,235,

-

Amplifier
10 der,/;c/or |

24

Angle Determination. A method of
determining with a loop antenna the
vertical angles of incidence of energy
waves having components of the mag-
netie flux polarized vertically and hori-
zontally in the plane or front of propa-
gation of the wave. W. L. Clemmer,
Monroe, Wis. May 26, 1937. No. 2,269,-
437.
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INSTANTANEOUS ACTION NO MOVING PARTS

When a precision electrical device or a critical process is powered from
an AC line, a Raytheon Voltage Stabilizer will permanently eliminate
all of the detrimental effects caused by AC line voltage fAuctuations.

Made for all commercial voltages and frequencies, single or three phase.

Raytheon's twelve years of experience in successfully applying the
Stabilizer to hundreds of perplexing voltage fluctuation problems is at
your service. [t will pay you to take advantage of our engineering skill.

Write for Bulletin DL48-71 JE describing Raytheon Stabilizers.

RAYTHEON MANUFACTURING CO.
100 Willow Street, WALTHAM, Massachusetts
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INSTRUMENTS THAT STAY ACCURATE

GCGONSTANT VOLTAGE

is the answer to the precision demands of

SCIENCE and INDUSTRY for DEFENSE

o

Every COMMUNICATIONS system—every
electrical INSTRUMENT employed in the
production of materials of war needs
CONSTANT VOLTAGE protection against
line surges and fluctuating voltage levels
caused by overloaded power lines. Sola
CONSTANT VOLTAGE TRANSFORMERS
will deliver a perfectly stabilized output
voltage, even though line voltages vary as
much as 30%. No moving parts. Instan-
taneous in action. Self-protecting against
overload or shert circuit.

Ask for Bulletin DCV.74

SOLA ELECTRIC COMPANY

//,\\\_/ SRR
(e TALNSTORMIRS

2525

CHICAGO, 1ILL.
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Non-metal Shields

(Continued from page 33)

small in gauge, is bent spring
fashion to the graphited surface in
question and cemented in position
with the heavy dispersion. A spot of
nitro-cellulose varnish applied over
the dried globule further aids in
strengthening the connection.

Many experimenters currently ap-
ply colloidal-graphited water to the
porcelain tower constructions and
non-conducting high vacuum parts
of electrostatic generators as a
shield against radial fields. Inflated
rubber inner tubes or similar loop
constructions of neutron generators
are also protected in this way. These
and similar practices common to
recent physical investigations sub-
stantiate the propriety of the fore-
going suggestions for shielding and
in addition suggest that both glass
and rubber tubing, treated in this
way, may conceivably assure an
effective substitute for tubular metal
shields. The minute graphite par-
ticles assist in stopping microscopic
glass cavities—a feature of practical
value when high vacuums are also
| involved; and, in the case of rubber,
do not impair flexibility or produce
a film susceptible to flaking. Should
the two types of tubing require
splicing, both the exterior of the
larger tube and the interior through-
out the length of the joint are coated
to insure good electrical connection
to the coated smaller tube. Ground-
ing is accomplished with metal eye-
lets inserted in the walls of the rub-
ber tube, and with the lead embedded
or sealed by heating into the glass
tubing.

Research workers have long em-
ployed colloidal graphite films for
guard rings whenever, in vacuum
techniques, it was inconvenient to
prepare metal ring strips that would
properly fit the encased parts. Should
‘metals become unavailable for this
| use, the practice of painting guard
ring formations with aqueous col-
loidal graphite is worthy of more
universal acceptance. Such rings can
be employed on certain types of pho-
'to-electric cells and in all other in-
stances where metal rings are cus-
tomarily used. In fact, the facility
with which graphite films are ap-
plied, together with their adhesive
properties with respect to glass, por-
celain, bakelite and enamel, fre-
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quently makes them much preferred |

to metal. |

i . Permanent electrical contact to

; film rings is easily effected by coat- @ Q & QWQ
ing over, or cementing by means of

‘ | the concentrated product, the con- CARBONYL

necting wires previously sealed into
the glass for this purpose. The dif-
ference in coeflicients of expansion
involved between the base material

IRON POWDER

Manufactured by
GENERAL

f into Lingo designing and the graphite is preferably kept ANILINE WORKS
hes'gon, the finest as small as possible, even though, 435 Hudson Street.,
e enginsering skill and | within limits, the graphite particles N.Y C.
r modern antenna en- 1
gineering. The re- - tend to slide over one another.
sult—"plus" perform. Methods of producing ijonization |

ance combined with
low installation and
maintenance costs.

and counting tubes, insulation-
measuring  contacts, thermopiles,
and means of coating complicated

- e avparatus i
% T TR —— form-joints of vacuum apparatus is .

fad’iator at WIBM, too fully described elsewhere' to war-
ackson, Mich. An-
other  example  of rant treatment here. DMethods of

Lingo wversatility
every station

coating the interior of vacuum and k
cathode-ray tubes, making counter ©
electrodes for photocells, and pro-
ducing focusing anodes from non-
conductive base materials is well
known. It is sufficient to mention
that all of these applications have,

Crowley ~Magicore  cups, center
core and coil. At left, typical per-
meability core or plunger

at some stage in their development, These are recent ex-
employed metals and metal foils, amples of iron cores
D whi S D .
which have been, for \.anous reasons, produced bY Henry L.
s supplanted by graphite films. With C 1 & C 1C
= - an increasing number of non-con- | rowley — =
”A/ P I E Z Nu ductors being presently demanded tral Ave., West Orange,
o | for new uses, normally served by N. J.
OILS, GREASES AND WAXES | conducting bodies, the electrical con-
' ductivity obtainable from graphite
. olloi Y — . it e . g .
for hlgh vacuum u_)] oxda]_]s dispersed er suxf-sz]e car This firm is a
I( | riers will be more extensively uti- prominent user of
wWor lized.
o . B . IHBI'IH- (‘I:()PTQI'. ,‘_‘1{054::11'(?11_ ‘\P[lli_l':l[iOI)S of G'A'W' CARBONYL
avevapor pres- (],ltl,l ()]HU.(I;] (;19.:1:]‘);1;1((-, Rev. Sci. Instruments, 7, | IRON POWDER.
sures as low as e o o
-6 7
10-° mm. of Hg, MUSIC WHILE YOU

and even un- - , . . .
WORK Typical Crowley "Magicore” per-
measurable at L8

’ " meability tuner cores or plungers
R0 wEEHPEkas and fixed cores.

ture, ‘ -

*

HE Apiezon products which |

we still carry in our Phila- | §
delphia stock, include special l
otls for oil-diffusion vacuum
pumps, and a variety of oils,
greases and waxes for sealing |
joints and stop-cocks in high |
vacuum systems. Bulletin 1565-E
listing physical characteristics

Distributor of G.A W

and prices will be forwarded Naval officials are convinced that men Carbonyl | Powd
upon request. working in rhythm add to construction o Ony._ 19N SOwEer
speed. Music pours through loud speak- ]
JAMES G BIDDLE co. ers) plaf:ed throughout the bat}leship Hﬂ‘“”c .
ELECT.RICAL A which is now !.mder construction at otvenrs & Cnemicar CORPORATIO
SCIENTIFIC INSTRUMENTS an East coast shipyard. The Alabama I S AT = Mo, WU {0y
7211-13 ARCH ST. ' PHILADELPHIA. PA. is a sister ship to the U.S.5. North '
Carolina
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NEWS OF THE INDUSTRY

Conversion of radio plants to war pro-
duction in England. Year-end reports

of

producers

show

increases in

sales and profits over previous year

Quotes

Sk CLIVE BAILLIEU, Director-general
British Raw Material Mission and Brit-
ish Representative the Allied Joint
Raw Materials Board, before a confer-
ence of business publishers and editors,
February 13.

“The first industry we took over en-
tirely was the automobile industry.
During the first 11 months of the war,
two-thirds of its capacity was converted
to making Army trucks, scout cars, air-
plane engines and components. The
other one-third was permitted to con-
tinue passenger car production in order
to make use of parts and materials on
hand and to hold the labor force in
the plants pending complete conver-
sion. In July, 1940, all new cars were
reserved for essential civilian needs
and exports were slashed 90 percent
and later eliminated entirely. By Aug-
ust, 1940, 100 percent of the productive
capacity of the automobile industry
was engaged in war work. It still is
and will continue to be until the war is
over.

“The radio and television industry.
which normally produces 2,000,000 sets
annually, was converted with almost
the same speed, and is now manufac-
turing radiolocation instruments, tele-
communication apparatus and various
secret devices. The industry now pro-
duces only 150,000 radio sets a year,
and these are all for the Government.
Women have been trained to do that
werk, thereby releasing skilled workers
and technicians for other war work and
for maintaining military communica-
tions. Since February, 1941, no radio
tubes have been available for civilians,
and consequently thousands of private
sets now are useless.”

Chairman James L. Fly of the FCC,
“We have so many radio sets in this
country if there is anything like an
equitable distribution there should not
be any difficulty for some years. We,
both on the Commission and on the De-
fense Communications Board, feel that
an adequate number of receiving sets
is utterly essential.”

Lee McCanne, Stromberg-Carlson,
“Deliveries of radio sets will not cease
automatically on April 22. In the first
place, some chassis put into production
on April 22 will not be set into cab-
inets with record changers for possibly
two or three months beyond that date.”
Mr. McCanne stated before a meeting
of the FM Broadcasters, Inc., that
fully one-third and possibly more than
one-half as many f-m sets would be
made available in 1942 as in 1941.

128

Stromberg-Carlson, who delivered 10
percent of all f-m sets sold by industry
in 1941 will produce more in 1942.
According to him General Electric
deliveries in March, April, May and
June will total about two-thirds as
many as the company shipped during
the height of the 1941 radio season.
Zenith will deliver about as many sets
as Stromberg-Carlson in 1942. Philco
will ship as many f-m sets as they did in
the last quarter of 1941 and will then
cease production. Capehart will ship
as many as they did during the last
quarter of 1941.

Charles E. Wilson, president of Gen-
eral Electric, ‘“Electronics has been
no gift. Then men of science learned
its secrets and earned its blessing dur-
ing decades of unremitting toil, pa-
tience, trial and error and brain work.
The electronic tube, so innocent and
mysterious to a layman’s eyes, will
touch you in the yvears to come where-
ever and however you live.”

Production

To BETTER MEET SOME of the demands
for industrial paging systems, inter-
communications systems and various
special equipment for the Army and
Navy departments, Mr. Floyd W. Bell,
president of Bell Sound Systems, Inc.,
Columbus, Ohio, reports that his com-
pany is now completing an addition to
the present plant which will approxi-
mately double their previous produc-

tion capacity. Installation of all neces-
sary equipment is being completed and
the additional capacity will be put into
immediate production.

A broad line of aircraft control de-
vices is now available from General
Electric, according to G. R. Prout,
Manager of G. E.’s industrial control
division. Included in the line are sole-
noids, relays, contactors, and pressure
and limit switches, some of which are
also applicable to tank and other instal-
lations.

A significant part of the company’s
industrial control engineering, produc-
tion, and research facilities are being
devoted to the new line. The latest ad-
vances in metals and fabrication are
being used in the design and produe-
tion of aircraft control devices to assure
minimum weight and size for opera-
tion at great altitudes under wide
ranges of temperature and very severe
vibration conditions.

Victor J. Andrew Company, formerly
at 6429 South Lavergne Ave., Chicago,
has moved offices and factory to larger
quarters at 363 East 75th Street, Chi-
cago. Technical Appliance Corpora-
tion has moved into larger quarters at
516 West 34th Street, New York City,
where they will have 20,000 square
feet of floor space. Tech Laboratories,
7 Lincoln Street, Jersey City, has com-
pleted an expansion to their plant
which doubles present space. With addi-
tional equipment and by dint of a night
shift, Tech Laboratories expect to triple
present output. Electronic Transformer
Company has moved to 515 West 29th
Street, New York City, where 10 times
their old area will be available. Acous-
ties Division, Burgess Battery Com-
pany is now at 2815 West Roscoe Street,
Chicago.

Faets and Figures

Hygrade Sylvania—Sales in 1941 in-
creased 43 percent over 1940; net in-

Five Graces Illustrate Five Senses

Electronic instruments can see, hear, taste, sense by touch and smell.

Devices which

have these characteristics are here dramatized in a picture taken at a recent G.E dinner
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INDUSTRY SALE OF RADIO TUBES

Each Figure Represents
10,000,000 Tubes
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come after all charges and taxes was
21 percent greater than 1940. Late in
the year increasing radio tube require-
ments for war purposes made necessary
the construction of about 20,000 square
feet of additional floor space for this
purpose. Hygrade Sylvania continues
to be second largest producer of radio
tubes in this country. 1941 taxes
amounted to $341.06 per employee.

Kellogg Switchboard and Supply—
Net income for 1941, $564,000 com-
pared to $303,000 in 1940. Because of
the growth of the independent telephone
industry due to war conditions, this
company experienced a vast growth in
business which, added to the increas-
ing share of plant activities resulting
from Government requirements, con-
tinues to keep company at full speed.

Crocker Wheeler—Orders booked in
1941 were 233 percent over the pre-
vious year. Net income for the year
was $731,562 compared to a deficit of
$509,405 for the previous year.

Western Electric—Sales increased 60
percent over 1940; net earnings de-
creased from $32,787,000 in 1940 to
818,428,000 in 1941. Taxes increased
from $14.8 million to $57 million. Near-
lv 40 percent of the value of the con-
tracts secured by the company for war
equipment was distributed to other
companies on a sub-contract basis.
Taxes in 1941 amounted to $1,078.48
per employee.

AT & T—About 1,360,000 telephones
were added in 1940, 409,000 more than
ever added before in one year; tele-
phone conversations per day increased
to 84,692,000, 5.3 million more than in
1940; one million miles of long dis-
tance circuits were added in 1941; 4000
miles of new cable, two-thirds under
ground; 60 new transcontinental cir-
cuits. Taxes in 1941 amounted to nearly
$15 per share of stock.

Speaking of the work of the Bell
Laboratories, Mr. Gifford’s annual state-
ment has this paragraph:

“The science underlying electrical
communication is at the very heart
of modern war. It is responsible for
plane locators, submarine detectors,

gun-fire control systems, communica-

ELECTRONICS — April 1942

tion between planes moving in the air
and tanks on the ground and ships at
sea, and the means of quick control of
vast numbérs of men and units of equip-
ment, as well as for the instantaneous
communication in a war front stretch-
ing around the world. The contest be-
tween the scientists of free people and
those of the Axis powers is one of the
real battles of the war.”

United States Steel—Loss of pro-
duction resulting from strikes and work
stoppages during 1941 was estimated
by Chairman Olds as the equivalent of
300,000 tons of steel, 5,000,000 tons of
coal and 19 days of ship production.
Dollar volume of sales in 1941 was
$1.6  Dbillion. Wages and salaries
amounted to about $1,647,000 for each
day of 1941.

People

To DEVOTE HIS WHOLE time to his duties
as chief-engineer of the Roller-Smith
Company, J. D. Wood has resigned his
position as president of that company.
Reg Halladay, a director of the com-
pany since 1939, becomes president.

The honor of Fellow Grade in the
Australian Institute of Radio Engi-
neers has been conferred upon Virgil
M. Graham, director of the radio tube
application engineering department
Hygrade Sylvania Corporation. Only
22 persons have been made Fellows of
this organization.

Fellowships have heen awarded by
the Charles A. Coffin Foundation to
the following men to work in the field
of electronics:

Boris D. Abramis, University of
California, to continue at same school
the theoretical and experimental study
of hyper-frequency wave guides; Rob-
ert W. Hull, Yale University, to. study
at Massachusetts Institute of Tech-
nology the chemical nature of ther-
mionic emitters, such as oxide cathodes,
and the effects of impurities on their
properties; and Arthur E. Snowdon,
Carnegie Institute of Technology, to
study at same school the design of
variable, smooth model transmission
lines.

Henry C. Beal, manager of Western
Electric Kearny works became engi-
neer of manufacture for the company
on March 1. George K. Throckmorton,

for the past five years president of
RCA Manufacturing Co.,, has been
elected Chairman of the Executive

Committee of the company. This com-
mittee will act in the intervals between
meetings of the Board of Directors,
thus keeping very closely in contact
with the multitudinous activities of the
company. Robert Shannon, former
executive vice-president, becomes presi-
dent of RCA Manufacturing.

Three years with WEAF, two years
in transatlantic broadecasting with
A.T.&T., seven years with the Bell

Laboratories and six years in the field |

—such is the experience of D. B. Mec-

Key recently appointed general com- |

munications engineer in charge of
broadcasting sales for Graybar Electric.
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SERIES
COMPONENTS

NIQUE and conservatively de-.

signed., yet ruggedly con.

structed to serve many needs.
May be mounted with terminals
either above or below mounting
surface. When sub-panel mount.
ing is used. cabled wiring is easy.
providing quick assembly, wiring
All are
pregnated. then potted in moisture-

resistant for trouble

and testing. tropic im-
compound

free service.

The extreme flexibility of these
STANCOR PROFESSIONAL SERIES
TRANSFORMERS make them
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runs
amplifiers and many
other elecironic devices.

Special types manufactured to
comply with government specifica-
tions. Send in full data on your
transformer problems for prompt

quotations.
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Ask for Catalog
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NEW PRODUCTS

Month after month, manufacturers de-
velop new materials, new components,
new measuring equipment; issue new
technical bulletins, new catalogs. Each
month descriptions of these new items

will be found here

New U-H-F Insulation

DILECTENE IS A PURE, synthetic resin,
red-brown in color, which contains no
cellulose filling materials such as paper,
fabric or wood flour. Since the pres-
ence of fillers is one of the primary
causes of water absorption by plastics,
their absence means that this material
is highly resistant to moisture and con-
sequently is very stable electrically.
Electrical stability is also inherent in
the material itself, as can be seen from
the data presented in the accompany-
ing table.

This new u-h-f insulation material is
available in two grades: Dilectene 100
and Dilectene 160. The latter is a plas-
ticized grade. The choice as to which
grade is more suitable for a given ap-

plication depends upon the require-
ments of the application itself. Where
resistance to moisture and especially
where tendency to resist cold flow is
important, Dilectene 100 will be the
better material. Where ease of work-
ing is the prime factor, Dilectene 160
should be used. The tabulated data
given will generally indicate which of
the two grades will be found more suit-
able.

Dilectene is available as sheets and
as rods, but not as tubes. Sheets, which
are supplied approximately 15x33
inches, are made in thicknesses from s
to 1 inch. Rods under 1 inch in diam-
eter are cut from sheet stock, and from
1 to 2 inches in diameter are molded.
Rods of Dilectene 100 are available up
to 1 inch diameter, rods of Dilectene

PROPERTIES OF DILECTENE#

GRADE GRADE
) 100 160
SPECIFIC GRAVITY. ... .. . G0ee000000000000 1.21 1.31
HARDNESS (Rockwell)
Room temperature . AM-110-125 M-110-115
Cooooo AL-105-115 Too soft
Scleroscope....... .. ... 85— 95 83— 90
WATER ABSORPTION (3 x 1 inch, ASTAD)
29 h0o0Ts Lo 0.08 0.03
Hdhours. ............. ... ... .. ... 0.21 0.06
TENSILE STRENGTH, psi . ................ o 10,500 9.000
FLEXURAL STRENGTH. psi. . .............. 20,000 16,000
MODULUS OF ELASTICITY IN FLEXURE,
PO T4 x 100 1.8x 108
COMPRESSION STRENGTH, flatwise, psi.. ... 20,000 20,000
IMPACT STRENGTH
15 x 15 inch specimen. Izod in ft. Ibs. per
inch width at noteh, parallel to molding
Pressure) ... ............ouiiinininno. .. 0.33 0.38
COLD FLOW
(Bell Labas. method. 14 x 5 x 34 inch pxlenp
% reduction in height after 24 hours) . . 0.17 16.35
DIELECTRIC STRENGTI (VD))
short time,
asreceived. .. ... L L L 640 470
100 F 600 570
150° Ko 720 550
step by step,
asreceived. ... ... ... L 410 430
100° L. o 220 490
BOPF. oo (G50 4180
INSULATION RESISTANCE (\Iegohmw)
(After 4 days at 909% RH, 95° Iy ...... ... 96,000t 62,000%
DISTORTION POINT (ASTM)
(10 mil deflection under 5# load) °F.. . .. 210 125
LINEAR COEFFICIENT OF EXPANSION
{Parts per million per °F'. Specimen 18 inches
long x 3 inches wide by 34 inches thick.. ... 30 30

* 14 inch sheet.

T Unaffected by eontinued exposure.

1 Decreased by continued exposure.
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160 are made up to 2 inches diameter.

The material can be machined read-
ily, if the special instructions given
by the manufacturer are carried out.
It is not recommended for punching.
Sheet stock can be formed to simple
shapes in molds.

.o“

Parts made of Dilectene

@

Because of present conditions, sam-
ple orders for Dilectene must be re-
stricted. A 2x2x /% inch sample ix
available for inspection purposes and a
sample 4x6x s inches may be obtained
for test. Address Continental-Diamond
Fibre Company, 13 Chapel St., Newark,
Delaware.

Power Circuit Transformers

FOR OPERATING 115-VOLT DEVICES from
230, 460 or 575 volt power circuits, this
line of indoor air-cooled circuit trans-
formers have been extended to include
capacities from 25 to 150 VA, inclusive.
They are designed to provide 115-volts
for operating lighting circunits, indi-
vidual lighting for machine tools, weld-
ing machines, and other production
machinery, as well as for electrical de-
vices such as small motor-driven equip-
ment, magnets, controls, relays, etec.
Their design makes unnecessary the in-

stallation of complete low-voltage sys-
tems, saves copper and conduit, and the
installation time and power costs are
reduced.

The transformers are self-contained
and are equipped with roomy wiring
compartments for primary and sec-
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We Did It Once ...
And We’ll Do It Again!

“Acclaim” is the one word which described
the reception of the First Annual Reference
and Directory Issue of ELECTRONICS,
published June, 1941.

A questionnaire to subscribers, sent out last
August, brought back such spontaneous
comments as these:

“Avoids necessity of my own card file. Use-
ful for signal corps procurement planning.”

“Maybe I've been asleep, but I found many
more manufacturers of desired material than
I was aware of.”

“Something we have nceded for a long—
long time.”

“The Directory has proved of great value
in the purchase of a wide variety of equip-
ment and supplies.”

“Up-to-the-minute purchasing aid.”

An over-run, considered ample, has
long since gone — demands coming
from all types of industry and from
many Government departments. This
first issue is still being used—copies
worn threadbare — and what adver-
tiser cannot help but profit from such
long service of his printed selling?

The June, 1942, Reference and Directory
Issue will be more comprehensive, more
sought after and more used than the last.
There can be no other issue like it—because
no other magazine reaches the concentration
of radio, broadcast and industrial engineers
found in the list of 18,000 subscribers. No
other magazine or directory can be mailed
to such a list because it cannot be bought
and it cannot be built.

Decide now to set aside your Directory
appropriation for conspicuous presentation
of your products and your manufacturing
ability in this great issue. You will not only
reach every important plant, but you will
penetrate to the individual who buys or
influences purchase of your product. In
ELECTRONICS, you get to the man himself
—to a man, a dozen, or 200 men in one
company, depending on its size.

A McGRAW-HILL PUBLICATION
ABC ABP

330 West 42nd Street, New York, N. Y.

ELECTRONICS — April 1942
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Now, as never before, professional radio-
men have a golden opportunity to go after—
and get the higher engineering positions and
the increased pay that go with them. The
radio industry needs competent men. By im-
proving your own technical ability, you will
help yourself. and at the same time make
vourself more valuable 1o your employer and
company,

CREI training in practical
radio engineering 1= a proven method of
equipping vourself for advancement. For the

home-study

past 15 years this Institule. its conrses and
outstanding faculty have been known and
respected throughout the industry. Now, with
time so important and the need so urgent.
every ambitious radioman should investigate
the advantages of the CREI planned program
of ~study for advancement and future security.

Write today for our free booklet and

complete particulars about our home

study courses.

CaritorL Ranio
ENGINEERING INSTITUTE

E. H. RIETZKE. President

Dept. E-1, 3224—161h Sireet, N.W.
WASHINGTON. D. C.
Contractors to the 170 8, Siznal Corps 17 80 Coast Guand
Producers of Well-trained
Technieal Radiomen for Industr

ondary connections which have been
insulated. Thirty-two volt secondaries
are available for lower voltage lamps.
These transformers are listed as stand-
ard by Underwriters’ Laboratories, and
are available from Jefferson Electric
Company, Bellwood, Ill.

G-E Products

Three new products are available from
General Electric Co., Schenectady,
N. Y.

LIGHT IN WEIGHT and small in size, a
new line of variable-voltage autotrans-
formers is designed to provide smooth,
adjustable control of uninterrupted
voltage at small amounts of power.
This equipment is mechanically strong
and is for use in factories, laboratories,
schools, or for assembly with other
equipment.  Although designed for
panel and bench mounting, they can
be supplied without the enclosed cases
for use with built-in applications. Other
features of these autotransformers are

Adjusiable-vollage autotiransformer

high efficiency, good regulation
throughout the entire range from no
load to full load. Low input-power and
low exciting current is made possible
by a circular core, wound from low-
loss silicon-steel strip to provide the
magnetie circuit. The input circuit is
connected to a winding made up to
spaced turns of the round conductor
insulated by tough Formex enamel.
Connection to the output circuit is
provided by a carbon brush which is
kept in constant contact with a non-
insulated portion of the inside of the
winding. Each turn of the conductor
gives a different step in voltage. By
changing the position of the brush, the
output voltage can be varied uniformly
without interrupting the load current.
The dial on the cover is calibrated to
indicate from 0 to 100 percent of the
maximum output voltage.

The other two new products are a
contactor (for starting and stopping
dynamotors) and a relay, designed as
Model CR2791-A100A (for high alti-
tudes and severe vibration conditions).
Both of these items are for aircraft

www americanradiohistorv com

INVISIBLE FENCE

Always alert and vigilant guardianship of in-
dustry, transportation, raw materials and all
objectives of the saboteur,

ANTI-SABOTAGE
ANTI-ESPIONAGE

<
@

—

LONG RANGE
LIGHT SOURCES

PHOTOELECTRIC
AND RECEIVERS

Prevents sabotage by
trespass or conceal-

SEND FOR

ment. Operates sur-

ENGINEERING | prise floodlighting
systems. Supplements

BULLETIN other protective sys-

tems. Protects lives
of property patrol
guards,

BLACKOUT WARDEN

Equipment to turn lights off and on automatically
as the street lights are shut off and turned on to
comply with Blackout regulations.

WORNER PRODUCTS

CORP., Dept. L
1019 LAKE ST., CHICAGO, ILL.

NO. 105

IN ELECTRONIC
AND RADIO

EQUIPMENT

4

You Cén

® Electronic Tubes
® Test Equipment
® Public Address
® Xmitting Gear

® Photo Cells

4 i, . = ¥
Depend on ALLIED
VAST COMPLETE STOCKS
Phote ( IMMEDIATE DELIVERY
® Receivers
® 15,000 Parts, etc.
*
All the lecding rines: ( ONE DEPENDABLE SOURCE
RCA, National, Ham-
marlund, Mu.llory,
Raythean: Helliraft- (™ GET YOUR 208 PAGE BOOK
son, Bliley, etc.

*

Here's everything in Radio and
Electronic equipment for engi-
neering communications,labora-
tory and industrial application.
You'll want the 208 Page ALLIED
Buying Guide handy. For your
FREE copy, write Dept. 24-D-2.

ALLIED RADIO

B33 W. JACKSON + CHICAGOD
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applications or for tank installations,
and meet Government specifications,
with mechanical frequency ratings of FOR PRECISION
5 to 55 eps at a maximum of 1/32-inch

amplitude (1/16-inch total travel) in
any direction. The single-pole, nor- M EAS U R EM E N T

mally open contacts are designed to .

stay open when the coil is not energized ) I hieh i ! » 3 2 ] ® JeRnm erecte, e
- - . s v, .g <y ORK
and closed when the coil is energized, m afl high mmpedence circuits 8 ;

at rated voltage, even when subjected use
to linear acceleration of 10 times that

FERRANTI
ELECTROSTATIC
VOLTMETERS

Zero Current Consumption  Reading up to 23,000 Volis
Infinite Sensitivity Self-Contained
A.C. or D.C.
up to 3,500 Volis
Portable, Projecting or
Flush Types Made, Guaranteed and

Over-Voltage Protection

Magnetic Damping

Single, Dual and Triple Ranges Serviced by

e | EERRANTI ELECTRIC, INC.

The contactor is available for either
12 or 24-volt d-¢ circuits and measures | RCA BU“-DING, NEw YORK' N Y
approximately 23 x 4 inches, weighs 2.3
lbs, and can be mounted in any posi-
tion. It is totally enclosed, with the
contacts in the upper compartment and
the coil and plunger in the lower com-
partment. Copper-lead-alloy contact
tips are used to assure good high cur-
rent inrush performance. The contact
rating is 50 amps on an 8-hour basis.
Inrush current rating is 500 amps at

“RADIOCARB A"

12-volts direct current. Coil wattage is . L is the occep"red superior c¢arbonized
9.5, The contactor is suitable for use ko H i
in ambient temperature ranging from : nickel for ppwer tubes meeting i

60 deg C to —40 deg C. All ferrous i specifications of the U. S. Navy.
parts are treated to resist corrosion. ViR

\
NEWARK, NEW JERSEY '(\_

Mix with REMLER Silver Tap
ATTENUATORS

Enjoy the fesl of self-clean-
ing pure silver on silver, ball
bearings front and rear, pre-
Model CR2791-A100A single-pole relay | cision machined in every de- o
tail. It's smooth. And those o i
are the factors that make W) Ball-Bearing Rotor Shaft
the REMLER silver attenu- A . —

ator QUIET—so quiet you = Clock Spring Pigtail Connection
can operate it in a low-level -

circuit in perfect ease and S

(D WILBUR B. DRIVER CO. /@

- Silver Contact Points

The relay measures 33x15x1% inches,
and weighs 4} ounces, and can also be
mounted in any position. It may be

. - = i i Al
used in altitudes from sea level to 40,- \ comfort. Standard imped- — Sitvee Tipped Contact Arm
000 ft and in ambient {emperatures ances. Special values to Write for full details.
ranging from —40 deg C to 93} deg. order.

C. It is rated at 25 amps, at 12 or 24-
volts. The coil operates at 1.2 watts.

REMLER COMPANY, Ltd. » 19th at Bryant ¢ SAN FRANCISCO
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Selected for

SERVICE !

onwe Ultra-Highs "

One after another the special Hytren ultra-high-frequency designs which during
peace time proved their championship calibre, are being called up for vitally
important war-time service. For civilian defense radio communications, or for the
most gruelling combatant service, the HY75, HY114B, and HY615 have been rated
I-A and ideally "fit" to serve. When you try these efficient tubes, you too will
pronounce them worthy of selection for your U-H-F equipment.

{'Pj JUST AN EXAMPLE

Among the host of HYTRON tubes picked for serv-
ice in the Victory program, the HY75, HYI14B, and
HY615 furnish but three examples. Consult Hytron
first whether your tube needs are for these ultra-high-
frequency types, standard receiving or transmitting
types, U, S. Government types, United Nations types,
or special types designed to fit your particular needs.
Rely upon Hytron's greatly expanded manufacturing
facilities, and over twenty years of experience to sup
ply you with tubes whenever discriminating choice is
indicated.

HYTRON CORPORATION

Salem, Massachusetts
“*Manufacturers of Radio Tubes Since 1921

Instrument Resistors Co., can supply
special coils and wire wound resistors
precisely to your specifications - more
rapidly than they can be produced in
vour oun plant. ., . Quradvanced
winding methods minimize expense.
Catalog upon request. 5 . 5

NEW CATALOG SHOWS
Cost.-Cutting, Time-Saving Methods e

If you have small parts or pieces to form, send for this new
catalog today. It shows how Di-Arco Precision Machines,—
Bender, Brake, Shear—produce an almost unlimited variety of
intricate shapes, accurate to .001'" on all duplicated work. The
Di-Acro System forms angle, channel, round or square tube, rod,
moulding; round, half-round, square or flat wire, strip stock,

etc.,—frequently avoiding expense and time

delay of Dies. Get the facts on the Di-Acro
NG
“esion ™ O'NEIL-IRWIN MFG. CO.

System of ''Metal Duplicating Without Dies'’,
—write for catalog.

321 8th Ave. S.,
Minneapolis, Minn.
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Reference Recorder

CONTINUOUS RECORDING for a period of
two hours may be made on a reference
recorder which consists of four stand-
ard recording units within a single
cabinet. The units are interconnected
by means of a timing control system to
provide the continuous operation of
these turntables in sequence. The

records may be changed at the op-
erator’s convenience any time during
the two hour period. Each unit gives
thirty minutes recording time (at 22
rpm and 300 grooves per inch) on each
7-inch diameter disc.

side of a The

recording turntables operate at a con-
stant angular velocity, and the record-
ing is done by embossing the sound
grooves into the recording material.
The recording discs are a vinyl plastic
0.010 inches thick.

A playback head on each recording
unit permits immediate playback of
any portion of the disc by using a play-
back amplifier which is independent of
the recording amplifier. There is also
an independent playback turntable for
playing records at any time completely
independent of the recording process.
SoundSecriber Corp., 82 Audubon Street,
New Haven, Conn.

Any standard type of capacitor can be
securely mounted in any desired position
by the use of Cornell-Dubilier’s universal
mounting hardware. Each of the units
shown is adaptable to a reasonable va-
riety of capacitor diameters. Large and
small mountings are also available. These
may also be used to hold flashlight cells
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A Precision Crystal

Secondary

FREQUENCY STANDARD
THAT HAS BEEN
"Designed for App' -ation'

A Jireelslan iueney stanidand Dla ot tanu
admst ol to WWV o ather Jitinary stamdarl
and nuttne it untfermly accnrate calibipting signals
with 1o, 250 1M 1000 KO oantavals, | ses the new
GENLRAL RLECTRIC Noo 1A 1000 Ko st hay
Ing a4 t==quency tenmperatar coetliclent ut liss than
ane ovale /MerC?0 The crystal 15 sealisl m Helium
1 oa standacd mptal tube enclppe

Fhe st eintainml AC pover supply has VIRL G- 0
valtuge 1esulater tube

In et it to pscrllator, multivilirators. and hat
monicamplie s a Lt am nixer witl phons 2ol anil
gain vuntiol o panel is incorporated.

MFPG.CO. Inc.
MALDEN, MASS.

JAMES MILLEN
150 EXCHANGE 5T.

z CarZer
AIRCRAFT TYPE
GCENEMOTORS

© SENSATIONAL!! That's the word for
the new Carter Multi-Output Dynamotor.
Since its inftroduction a year ago, Police
Departments, Government Agencies, and
manufacturers of Tank Radio Equipment
have found it has no equal for small
size, high efficiency, and extra light
veight. It's the coming thing for ail
Transmitter and Receiver installations

® Write

today for descriptive literature
on Carter Dynamotors-—-D.C. to A.C. Con-
verters—Magmotors—Heavy Duty Perma-

nent Magnet Hand Generators—Special
Motors—High Frequency Converters—Extra
Small A.C. Generators—Permanent Magnet
Dynamotors and Generators.

@@E‘ﬁ@tﬁ @fitr

SRIEADE ILLINEIS

-

©o

1606 Milwaukee Ave. Cable: Genemotor

Carter, a well known name in radio since 1922

ELECTRONICS — April 1942

Air Corps Type Switch

A NEw AR CorPs TYPE switch assembly
(designed to meet the requirements of
U. S. Air Corps specification 94-32249)
consists of a basic Mu-Switch with wide
contact spacing mounted in a cadmium
plated steel bracket to which is rigidly
attached an over-travel plunger mech-
anism having a pre-travel of 1/16
inches minimum and an over-travel of
1/8 inches plus or minus 1/32 inches.
The pressure required to operate this
switch is 1 1b minimum and 8 1b maxi-
mum over the entire operating range.
Electrical rating is 25 amps at 28 volts
direct current (for eclevations up

40,000 17

ft)7
amps at 125 volts and 8.5 amps at 250
volts alternating current non-inductive
loads. Wiring connections can be sup-
plied normally open, normally closed,

alternating current

and single pole, double throw. Special
mounting lugs are provided on the bot-
tom of the switch to allow the use of
ring type wire connectors. The stand-
ard switch member can easily be re-
placed at a very much lower cost than
with older assemblies. The characteris-
ties and dimensions of the over-travel
plunger mechanism can be changed to
adapt this new switch assembly to prac-
tically any type of application.
Mu-Switch Corporation,
Mass.

Canton,

Are Resistant Insulating
Materials

A NEW TYPE OF LAMINATED insulating
sheets, tubes and rods made with newly
developed materials show, undev test,
approximately ten times the are re-

sistance that has been available in
laminated insulating material. Under

AS.T.M. arc resistance test, this ma-
terial is rated from 130 to 190 seconds
in the fiberglass grade, in comparison
to previous materials which have a
rating of from 13 to 18 seconds. The
material is available in bases of paper,
canvas, muslin and fiberglass, and is
made in sheets, tubes, rods and parts
that may be machined from those forms.

Formica Insulation Company, Cin-
cinnati, Ohjo.

www americanradiohistorv com
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|5°°*10 DAYS' F’REE EXAMINATION *"*"",

NOW ... you can secure
the mathematical
background you need

for the solving of everyday
electrical and radio problems

Radiomen and electricians know that
the language and the habit of mathe-
matics are essential to them for real
grasp of. and progress in their chosen
field. They know that mathematies is a
tool for them that they are helpless
without.

Now out of the L.S Navy Radio
Materiel School at Anacostia Station
comes a complete home-study texthook
that is =0 thorough. so careful in its
explanations. =0 detailed in its exam-
ples that any reader “wcho can perform
arithmetical computations rapidiy and
accurately is capable of mastering the
principles laid down in thrs text.

JUST OUT!

s

MATHEMATICS FOR
ELECTRICIANS
AND RADIOMEN

By NELSON M. COOKE
Chief Radio Electrician, U. S. Navy
Member, Institute of Radio Engineers

604 pages, 6 x 9, $4.00

This book teaches you mathemuatics from
elementary algebra through quadratic equa-
tions, logarithms, trigonometry, plane vectors
and elementary vector algebra with direct ap-
plications to electrical and radin problems. It
teaches you how to apply this mathematical
knowledyge in the solutions of radio and circuit
problems. In other words, it gives you the
grasp of mathematics you need and then shows
you how to use your knowledge.

Keep these 3 points in mind

® gives you 600 illustrative your work;
groblems worked out in

detail; e based on more than &
years' experience teach-
® gives over 3000 prob- ing mathematics to U.

S. Navy electricians and
radio oPerators.

lems for practice, with
answers so you can check

= McGraw-Hill Book €o., 330 W. 42nd St., New York

a

.

-
. -
e  Send me Cooke's Mathematics for Electricians and .
® Radiomen for 10 days’ examination on approyal. In &
e 10 days I will send you $4.00 plus few cents postage,
e Or return book postpaid.  (We pay postage if re- ®
s mittance accompanies order.} :
: .
aName ... .
= .
S G T a0 B0 B R GAGE 50 0H6 6 G650 08 aABAG0 850600300500 .
. H
.
o City and State. ... ... ... ... i =
. H
e POSIION ... =
. H
-
e (ompany . . .. 442 g
. SsEssssssssssEEREEERERTY
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—MICO—
ENGRAVER

For letiering panels of steel, aluminum,

bakelite, or for
finished apparatus.

brass, or marking

A sturdy machine for routine production
as well as occasional engraving.

Attachments increase its versatility to
include large work on flat or curved surfaces.

Excellent c¢ngraving can be produced by
an inexperienced operalor.

Catalogue on request
Prompt Delivery

Priced from §115 with type

Mico Instrument Co.

20 ARROW STREET
CAMBRIDGE, MASS.

Rugged—Compact—Portable

AUTOMATIC
POWER LEVEL
RECORDER

A Laboratory Instrument
You Can Take on Your
Engineering Mission

Gives a reliable record to prove
results of technical investigations.
Applicable to acoustic — electric—

vibration — and noise problems, re-
corded either on DB, linear, or phon
(loudness) scale. Price within your
budget.

Descriptive literature available.

SOUND APPARATUS COMPANY

150 W. 46th St New York, N, Y.
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Counter

Mon1ror Mobern PDC-E electric counter 1
will count objects passing on a con-
veyor or delivered from a machine.{
Electrically actuated, the counter may
be located near to, or at a distance
from, the objects being counted. Any
number from 1 to 9999 can be quickly
set up by simply turning knob pointers
to the proper digits. When the count
reaches the predetermined number set
up, a control and signal circuit is closed
(or opened). This circuit may be used
to sound an alarm or operate a relay
to perform any desired function. Count-
ing ceases at the predetermined num-
ber until a reset lever is depressed
which makes the instrument ready for
a new count. To change the predeter-
mined number, the knob pointers are
turned to the proper digits before re-
setting. Resetting time is less than half
a second.

The counters are actuated by any
switeh, relay or photoelectric unit with
a closed period of 0.035 seconds or
more, and an open period of 0.040 sec-
onds or more.

Production Instrument Company,
710-12 W. Jackson Boulevard, Chicago,
I,

Inspectors Stamps

| ONE HUNDRED NEW SYMBOLS of Inspec-

| permits an included number to be used

tors Symbol Stamps have been designed
in sharp and distinect markings. The
qlmplluty of each symbol design gives ‘
maximum strength to each stamp and

in the same operation in ditferent in-
spection shifts. Kach stamp is

graved for hard service, and the Steel
is tapered to the symbol so that an in-
spector can see where he is marking.

Where it is necessary to use the same
symbol for the same operation by sev-
eral inspectors, the stamps may be
had with a number inside each symbol.
On the front of each stamp there is a
symbol identification number and size
so that marks won’t be stamped wrong
side up, and also to assist in classify-
ing the stamps. These stamps may be
carried in the pocket of an inspector.
Boxes are available to hold any num-
ber of stamps, at extra cost.

The Acromark Corp., 251 North
Broad St., Elizabeth, N. J.
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IDENTIFIED as

leaders in the dynamotor
industry from its earliest
days, Eicor engineers are
responsible for much of
the technical advance-
ment in this field.
Today’s standard and
multi - purpose  dynamo-
tors, for example, reflect
the specialized ability of
these men and their un-
tiring efforts in the search
for improvements. Our
contribution to America’s
military materiel is rep-
resented by rapidly ex-
panding production of
Eicor Dynamotors. DC
Motors, and special ro-

tary electrical units.

g2 IINNNNNNNNNNNNNSN

ECOR, Inc ﬂ!rﬂ'l'l' ldeI U!il:ﬁgb,Ll LA,

Eaport: Ad Aurissa, B9 Bread 5r,, Mew Tark

IRON CORES

o

ANUFACTURERS,
quality magnetic cores for
electrical and high frequency
uses—comply with the most rigid Na-

of
all

exclusively,
radio,

tional Defense specifications: for high
“Q”. high resistance. and rust-proofing
against exireme climatic conditions of
temperature, humidity and salt air mois-
ture. Submit your R.F. or LF. coil prob-
lems for our engineering collaboration.
Samples. quotations, specifications sub-
mitted.

FERROCART CORP. OF AMERICA

Plant and Laboratory
Hastings-on-Hudson, N. Y.
Chicago: 149 W. Ohio St. Tel: Whitehall 7620

Los Angeles: 1331 S. Hope St. Tel: Rlchmond 9121
**Doing Our Bit to Keep 'Em Flyi
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Va

[
A NEW ELECTRIC
BOND TESTER

Mt =OHst=YETER
AMoorr

Ranges 0.5: 0.1: 0.05:
0.01: 0.005: and 0.001
ohms, at full scale

Electirical Reset Relay \

R eeucTion
oreraTHe :“ ,n_uom":rsn

ESPECIALULY DESIGNED FOR aviation pur- raLLGROSS No-87
poses (and tested to withstand aireraft
vibrations), is a new mechanical latch-
in, electrical reset relay designated as
Dunco Type CX3190, which operates
from a brief impulse without the neces-
sity of keeping the coils energized.
Double-pole, double-throw contacts are
rated at 6 amps at 12 or 24-volts, direct

st
o A

4

DOES NOT REQUIRE REFER-
ENCE CURVES OR CHARTS
... THE MEASURED RESIST-
ANCE IS DIRECTLY READ
FROM METER SCALE.

current., An auxiliary contact breaks

one coil circuit. All contacts are insu- !
lated from the frame for radio fre-
quency. The coils are for d-c opera-
tion only. The unit weighs 7 lbs. and
measures 31% x 13 x 1% inches. Other
types of contact arrangements are also

The battery-meter and controls are in the case . . . fixed clamp
and exploring cables are easily connected.

available. , Send for your copy of Bulletin No. B-3, details and prices are
Struthers Dunn, Inc, 1335 Cherry given. These low-resistance testers can be used by non-technical
Street, Philadelphia, Pa.
personnel.

]g HALLCROSS MFG. CO. Gaiviin:

Expanded Range Conduetivity

-y INSTRUMENTS © RESISTORS ® SWITCHES
Bridge

SPECIFIC RESISTANCE VALUES up to 2.5 |
megohms, in six ranges, are obtained
from a new Model RC-1-C conductivity
bridge. It is a sturdy, simple, mod-
erately-priced ($90) instrument for in- |
dustrial and laboratory measurements.
A six-point switch covers the six resist-
ance ranges. A single dial control pro-
vides direct resistance readings in con-
junction with the multiplying factor of
the range switech. Accuracy is guaran-
teed within 1% (except for extreme
ends of calibration) and is independent
of line-voltage variations. The unit
has an a-c bridge with a cathode-ray |
visual null indicator. The scale length |
of about 14 inches, or a total of 84

)
3
3
N
~
3
3
o

ALL SHAPES — ALL SIZES
FOR ALL PURPOSES

Stamped, Formed, and Cast; Chrome, Tung-
sten Cobalt and ALNICO** (cast or sin-
tered) under G. E. license.

THOMAS & SKINNER
STEEL PRODUCTS COMPANY

1116 E. 23rd STREET INDIANAPOLIS, INDIANA

Laminations for Radio Transformers — Tools
Dies — Heat Treating — Stampings
linear inches of calibration over the six

ranges, permits close readings. —————40 YEARS EXPERIENCE =—=

This instrument was originally de- — TR = 3 5
veloped for a manufacturer of organic | | A 2
chemicals but the new adaptation of the
Wheatstone bridge permits wider appli-
cation than the previous model which
covered values up to 250,000 ohms in
five ranges. If the instrument is used
as a conductivity bridge in connection
with the proper cell, it is sufficiently
sensitive to detect impurities in dis-
tilled water in the order of 1 part of
chloride ion in 2,000,000 parts of dis-
tilled water. It is also useful for meas-
uring high conductivity solutions such
as strong acids or alkalis. Its high
range is suitable for working with very
dilute aqueous electrolytes and organic |
liquids.

Industrial Instruments, Ine., 156
Culver Ave., Jersey City, N. J.

Vulcanized Fibre * Phenol Fibre

SHEETS, RODS, TUBES, FABRICATED PARTS

TAYLOR FIBRE COMPANY

Norristown, Pennsylvania
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HERE'S YOUR NEW GUIDE

TO BETTER USE

OF ELECTRICAL CONTROL

OF RELAYS

APPARATUS

If the products you are build-
ing for the war effort call for
the use of relays, stepping
switches, keys or other electrical con-
trol devices, this book is a “must” item
for you. It includes more helpful data and a
greater variety of products than you will find anywhere else under a
single cover. o

More important still, it lists the products of the pioneer organization
in the electrical control field: the company which originated the auto-
matic telephone and has adapted electrical control units and principles
to every conceivable type of business.

Write for your copy of this new book today. It will not only save
you time and money, but will also help you improve your products.

AMERICAN AUTOMATIC ELECTRIC SALES COMPANY
1033 W. Van Buren St., Chicago, lll.

AUTOMATIL

RELAY MAKERS SINCE

1898

. . . COMPLETE CATALOG

AND ELECTRICAL CONTROL

WAXES « COMPOUNDS for

ELECTRICAL INSULATION

Zophar offers prompt service on Insulating Compounds for
a wide variety of electrical applications, including:

_ insulation for CONDENSERS, TRANSFORMERS, COILS, power
packs, pot heads, sockets, wiring devices, wet and dry batteries, etc,
Also WAX SATURATORS for braided wire and tape. WAXES for
radio parts.

Special compounds made to your order.

EOPHAR MILLS INC.

130-26th St. Brooklyn, N. Y.
FOUNDED 1846

NO ENGINEER

whose work takes him into the field of sensitive electrical
devices can say—today—that he is thoroughly grounded
unless he “knows his electronics.”

Because electronic circuits more and more are getting
into industrial work as an automatic hand, an automatic
eye, a new means of generating heat, etc., etc., they have
become the background for a new cycle of industrial
progress.

Are you trying to get along without ELECTRONICS?
Better subscribe today!
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High-Powered Amplifier

MopeEL E-75 HIGH-POWERED amplifier
features dual construction originally
presented in the manufacturer’s Deluxe
Model EX-70. The new model is de-
signed for multiple requirements for
emergency sound equipment. It con-
sists of two 35-watt amplifiers, each
equipped with its own independent
power supply rectifier, filter circuits and
output channels. Each 35-watt channel
has individual power controls and
therefore can be used as a single 35-
watt amplifier, or two 35-watt ampli-
fiers, or both outputs can be paralleled
to deliver a total of 70 watts for maxi-
mum high power.

It has three input channels (for two
microphones and a phono-jack) and is
equipped with a bass-treble tone con-
trol. It uses seventeen tubes and both
output channels use double push-pull
6L6 circuits with inverse feedback and
separate fixed bias. Each output pro-
vides tapped terminals of 4-8-15-250
and 500 ohms. These amplifiers are
available in systems with a choice of
microphones and with four 12-inch PM
speakers, walnut baffles, or with four
weatherproof outdoor reflex trumpets
and units.

David Bogen Company, 663 Broad-
way, New York, N. Y.

Quick-Heating Soldering Iron

A NEW FAST-HEATING soldering iron
consists of a high current, low voltage
transformer with its primary circuit
controlled by a trigger action switch.
Across the transformer secondary ter-
minals is shunted a soldering tip of
No. 11 B&S guage copper wire. The
iron reaches soldering temperature in

five seconds, and consumes 80 watts of
power. The tip can be bent to various
shapes for reaching difficult spots. Some
variation of heating time and tempera-
ture can be made by changing the
length of the tip. One minute is re-
quired to change tips. The current is
turned off by the trigger switch when
the unit is not in use. No stand is
needed.

Weller Brothers, 516 Northampton
Street, EKaston, Pa.
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Insulation Tubing

“TRANSFLEX” IS A NEW transparent tub-
ing which has good resistance to brit-
tleness (down to —50 deg. C). Although
it was designed to give continued, ef-
fective insulation on aireraft flying in
high altitudes, it may be used for in-
dustrial or electrical applications be-
cause of its transparency which permits
quick location of wire breaks. It is
available from size No. 12 to §-inch in-

side diameter.

Its tensile strength is
3000 lbs per sq in, and its dielectric
strength (conducted on a tubing with a
wall thickness of approximately 0.020
inches) is 850 VPM when dry and 815
VPM when wet. Other characteristics

are: water absorption, 0.4%
after twenty-four hours immersion;
Wemeco Oil Test (48 hrs at 100 deg. C) ;
and continuous operating temperature
of 150 deg F.

Irvington Varnish & Insulator Com-
pany, Irvington, N. J.

Mobile Generating Plant

COMPLETE CENTRAL STATION power
houses on wheels which can be readily
transported for instant power genera-
tion whenever needed. Each mobile unit
carries two 50 kw electric plants, a
switchboard, fuel oil storage tank, elec-
tric fuel transfer pump, lubricating
oil rectifier, starting batteries, station
transformer and both a-¢ and d-c sta-
tion lighting system, as well as a sub-
station with transformer, lighting ar-
restors and air break switches.

The plants can be operated alone, or
in parallel with other mobile plants, or
as boosters in parallel with central sta-
tion power. They carry their own fuel,
have a power operated fuel supply
pump for fuel transfer from tank wa-
gon or other supply source, and as they
are completely muffled, they can be op-
erated in congested districts without
creating a noise nuisance. The Inter-
national Harvester Diesel engines used
in these mobile plants are started on
gasoline with an automotive-type start-
ing motor. After a brief warming-up
period the engine is thrown over to full
Diesel operation. Starting is quick, and
in case of battery failure, the engine
may be cranked by hand.

The Ready-Power Company, 3826
River Avenue, Detroit, have available
Bulletin 522-B which illustrates and
describes these mobile plants.

ELECTRONICS — April 1942
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Silent Mercury Plunger Relay

A RELAY DESIGNED and improved to
insure long life under severe conditions
of vibration and shock. The new design
eliminated the metal cap and support
frame which held the mercury tube.
The tube has been made secure by a
single metal band which is more stable.
The area for terminal fastening and
connecting has been tripled to eliminate
the danger of tube breakage and to
simplify installation. The relay has one
moving part and is available for either
alternating or direct current. It is
rated at 30 amps, 110 volts, 1 hp. and is
listed under Re-examination Service of
the Underwriters’ Laboratories.

The manufacturer, H-B Electric
Company (2530 North Broad Street,
Philadelphia, Pa.) states that it has
been tested to ten million operations
without a failure.

Stickers

A NEW STICKER for electrical wire iden-
tification (or for warnings, carry in-
structions, patent numbers, manufac-
turer’s identification) is available.
These stickers may be applied without

I\
R

moistening. They will permanently ad-
here to any smooth surface and will
stay on under extreme heat or humid-
ity, but may be easily pulled off with-
out leaving a mark. Available blank
or printed from Avery Adhesive, 451
East 3rd Street, Los Angeles, Cal.

Capacitor Weld Unit

“REVERS-O-CHARGE” IS THE NAME of a
power and control unit for wuse in
capacitor-welding, particularly in the
welding of aluminum for aireraft. It
operates at high power-factor with a
balaus~d 3-phase load and a minimum
peak KVA demand. With 480 uf of
capacity, the unit is capable of a maxi-
mum of 100 spot-welds per hour, or a
maximum of 42 spots per minute, and
a sustained rate of 1,200 spots per hour
with 2,640 uf connected. It is designed
for operation on 230/460 volts 3-phase,
and is available for either 60 or 50 cps.

Weltronie Corp., East Outer Drive,
Detroit, Mich.

Y Still another outstanding contribution to
cathode-ray oscillography — the new Du-
Mont Type 215 Low-Frequency Linear-Time-
Base Generator. This accessory instrument,
used in conjunction with a DuMont Type
178A or equivalent cathode-ray oscillo-
graph, permits studies requiring sweep fire-
quencies as low as one cycle every few
seconds. Note this check of

list main

features:

\/ Sweep frequency range of 0.2 to 125 cycles
per second.

\/ Balanced output signal voltage.

\/ Undistorted output signal of approximately
450 volis peak-to-peak.

\/ Single sweep initiated either manually or
by observed signal.

Excellent linearity assured by
sating circuit.

compen-

\/ When used with DuMont 175-A Oscillograph,
pattern may in eifect be spread out to an
extent corresponding to approximately three
times full scale deflection, or 15“.

115 or 230 v.,
consumption. Portable

40-60 cycle
steel
Etched black
d. 41 1bs.

\/ Operates on
a.c. S0-watt
case with carrying handle.
panel. 1414 h., 8 13/16"" w., 191,"

|
‘ * Write for Literature . ..
{
[
|

ALLEN B. DU Mom
LABORATORIES, Inc.

Hew Jersay
Wespexlin, New York

Passaic &
Cable Address:
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J S.S.WHITE
FLEXIBLE SHAFTS

As a leader in the manufacture and development of
flexible shafts for over 50 years, we are naturally
being called on at this time for flexible shafts in
unprecedented volume for many power drive and
remote control applications in aircraft, tanks, ord-
nance, naval and signal corps and other war equip-
ment.

At the same time, if we can do more to help achieve
the war production goal, we want to do it. So, if
you need flexible shafts—including their companion
flexible casings and end fittings—let us know your
requirements. We'll do our utmost to satisfy them.

DATA FOR ENGINEERS

The following bulletins will be mailed to you on request:

F AN

l cgo,?.;a!i?,.”’f,fsfﬁ.ﬁ‘r"h‘éfgb.e BULLETIN 1238 Flexible Shafts for Power Drives. =
shaft experts for working BULLETIN 38  Flexible Shafts for Remote Coatrol.
TR BULLETIN 839 Flexible Shafts for Aircraft.

S.S. WHITE

The S. S. White Dental Mig. Co.

INDUSTRIAL DIVISION

Department E, 10 East 40th St., New York, N. Y.

ramic rapio* i
Pnglgscmhcscopz PROFESSIONAL

SERVICES

INTERNATIONAL ELECTRONICS, INC.

Special Instruments, Equipment and Methods to
control gauging, welding, heating, eommunications,
signaling. safety, insbection, color and testing.
Quality control and cost reduction for meckanical,
electrical, metallurgical and chemical industries.

ULTRA HIGH FREQEN GY Rkl one Ctrcto 8-5308 " "
OSCILLATOR BEHAVIOR

@® Indispensable in tuning through the
wide bands of the UHF spectrum.

HAROLD J. McCREARY
Mem. A.I.LE.E. & W.S.E.
Consulting Engineer

@ Permits sharp accurate tuning to Laboratory, Facilities
resonance. :llles(‘zllroh Electronics
. Jevelopment Television
'I Quickest, most ac;‘:urafe mc;aﬂ\foil of Design Radio Sienall
aligni H Factory Practice Railroads Signaling
Igr]mg and testing the RF end o HF Patent Studies Telephony
receivers, 105 W. Adams St. Phone STate 4003 Chicago, 11l

@® Measures frequency and frequency
drift of UHF oscillators over wide fre-

quency range. o JOSEPH RAZEK, PH.D.
N . 0 .
L J Dlrecfl?n and degree of "drift" in- Consulting Physicist
stantly visible. Flectrical and Mechanical Fngineering Troblems
" I T . . " i

erin UHF OSCIl - Instruments and Control Devices Electronics

® Detects SURSRInG du la sSpecialist in  Colorimetry, Spectophotometry and

tors. Industrial Color Control

@ Monitors FM transmitters. Laboratory and Shop Facilities

430 Greenview Lane Llanerch, Pa.

@ Measures residual AM in FM trans-

mitters and vice-versa.
* Registered U. 8. Patent Office

i Fi Bulletin of Inf i
o s CANADA MARCON] Co.Ltd. J. ALBERT STOBBE
Montreal, Can.

Consultant
PANORAMIC RADIO CORP. Electronics and Communications
242-250 W.55th 5T, NEW YORK CITY 63 Wall Street New York City

Phone; Circle 6-9440 ' Cable: Panoramsc, MewYork
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Correction

A TYPOGRAPHICAL error in last month’s
New Products department would lead
the reader to believe that the General
Radio Co. and ELECTRONICS have been
around longer than is actually the case.
It was stated that the GR Type 759-
P50 power supply was described in the
June 1910 issue of ELECTRONICS. Now
many of our charter readers were born
since that date and it stands to reason
that there never was a June 1910 issue.
General Radio Co. dates from 1915.
Please note that what was meant is the
June 1940 issue.

Literature

Comparison Capacities. A condensation
of an original article, “Capacity Com-
parison Using a Cathode-Ray Tube” by
Dr. Robert H. Cole which appeared in
Review of Scientific Instruments is con-
densed in a recent issue of Oscillo-
grapher, published by Allen B. DuMont
Labs., Inc.,, 2 Main Avenue, Passaic,
N. J.

Reactance Charts. These simplified
charts have a frequency spectrum from
1 cps to 1000 Mec per second and all the
scales are plotted in actual magnitudes
so no computations are required to lo-
cate the decimal point in the final re-
sult. They have been broken down into
three parts. Chart I covers the range
from 1 cps to 1000 eps, Chart IT from 1
ke to 1000 ke and Chart IIT from 1 Mc
to 1000 Mc. Engineering News Letter
No. 70 is obtainable from Hygrade Syl-
vania Corp., Emporium, Pa.

Electronic Devices. Another issue of
The Aerovox Research Worker is de-
voted to the subject of “Industrial Ap-
plications of Electronic Devices.” This
is part two of a series of three such
articles. This particular issue deals
with the design and characteristics of
several tubes, not conventional vacuum
tubes, and the manner in which they
work. Aerovox Corp., New Bedford,
Mass.

Pyrometers. Catalog No. 1101-G illus-
trates and describes electric thermome-
ters, pyrometers, photoelectrically bal-
ance recorders, indicators, controllers,
recording controllers, potentiometers
for thermocouples, slide-wire Wheat-
stone bridges for resistance thermome-
ters. This may be obtained from C. J.
Tagliabue Mfg. Co., Park and Nostrand
Ave., Brooklyn, New York.

Specification Folder. This specification
sheet No. 234, released Jan. 1942 ex-
plains the Aero-Thread screw thread
system so far as workmanship, general
and detail requirements, inspection and
application are concerned. It is for use
by design engineers and procurement
departments and may be obtained from
Aireraft Screw Produets Co., Inc., 47-23
35th St., Long Island City, New York.
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Priorities and Pyrometers. This bulle- |
tin is intended to explain, to all users
of temperature measuring and control
instruments, how the National Defense
Program affects these instruments,
their purchase, use, maintenance, and
the replacements necessary. It points |
out the present scarcity of various ma-
terials and lists other materials which
may be substituted. Properties of the |
original and substitute materials are
compared. How to maintain present |
equipment for maximum efficiency and |
uninterrupted service is also pointed
out. This Defense Bulletin No. 1 may l
be obtained from Wheelco Instruments
Co., Harrison and Peoria Sts., Chicago,
11l.

Precision Test Equipment. A 1942

booklet on test instruments for radio, |
television, electrical, industrial and lab-

oratory equipment has been released by .
Precision Apparatus Co., 647 Kent

Ave., Brooklyn, New York.

Lead and Tin Products. Describing the
various alloys-solders, extruded shapes, |
pipe and tubing and other specialties
which may be needed for defense orders,
a folder entitled “Alpha Lead and Tin |
Products” 1is available from Alpha
Metal and Rolling Mills, Inc., 363 Hud- |
son Ave., Brooklyn, N. Y. The folder |
also contains lead-tin alloy tables.

Vibrational Phenomena. A copy of The |
Experimenter is devoted to the subject |
of “The Measurement and Analysis of

Linear and Torsional Vibrations with ’
Electronic Instruments” as well as “A ‘
100-Watt Output Meter” and “Rubber
Covered Cables.” General Radio Co., 30 |
State Street, Cambridge, Mass.

Safety Code. A reprint from Indus-
trial Standarization, TFebruary 1942
issue, announces the revision of the
Fifth Edition of National Electrical
Safety Code which has been approved
by American Standards Association.|
The Code, which comes in five parts, l
outlines safety rules for the construc- |
tion, maintenance, and operation of sys- \

tems supplying electrical energy for
light, heat, and power, as well as for
communication and signal systems and
radio installations. Rates, copies of the |
Code and the reprint, are available from
American Standards Association, 29 |
West 39th Street, New York, N. Y.

|

Electronic Gadgeteering. Since radio |
amateur activities are being seriously |
curtailed for the duration of the war, |
so far as ‘ham’ communications are |
concerned, Aerovox engineers are com-
piling and releasing practical data on ‘
electronic gadgeteering as an outlet for l
the equipments, skill and ambition of
the radio hobbhyist. Articles on radio
control ecircuits and the industrial ap-
plications of electronic devices are cur-
rently appearing in the monthly Aero-
vox Research Worker. Aerovox Corp.,
New Bedford, Mass. |

ELECTRONICS — April 1912

Save
trouble
time and
money

with the aid of this
practical radio
engineering help

L. 945 pages of carefully selected ac-
curate data—charts, tables, circuits,
diagrams, formulas

D Y
<. Covering all the most needed sub-
jects for engineers, from funda-
mentals to specialized applications

PREPARED BY 23 RADIO SPECIALISTS

.

’;-Every section prepared by one or
more specialists. to assure you de-
pendable, expert answers to vour
problems in design and practice.

Third Edition, 945 pages,
4Y/2x7, 836 illustrations, over
100 tables—priced the same

as previous editions, $5.00

PRESENTS RADIO PRINCIPLES,
STANDARDS AND PRACTICE for
the designer and practicing engi-
neer.

Enlarged, Up-to-date 3rd Edition
RADIO /
ENGINEERING HANDBOOK
ERE is a book that gives the radio engineering profession its own handboeok. com-

Keith Henney, Editor-in-Chief, Editor of Electronics
. parable to the standard handbooks available in other fields of engineering. It con-.
veniently presents a great.deal‘of constantly needed reference material covering all fields
and aspects of radio engineering—concise, dependable, arranged in easy-to-get-at form.

To meet the greatest and most lasting needs in such a rapidly developing field as radio,
e ~ material has been chosen carefully for its

importance to the practicing engineer. With
22 concise, authoritative radio the deletion of ohsolete material and the
works in one usable volume substitution and addition of material on
5. Mathematical and Electrical Tables important new developments, this new third
3 Emg:ﬂcﬂ;ﬂ Magnetic Circuits edition brings you:-
4. Inductance
5. Capacitance . 5
6. Combined Circuits of L. C. and R ® new data on crystal control circuits,
7. Electrical Measurements i i
8. Vacoum Tubes ultra-high frequency apparatus, modulation
9. Vacuum-tube Oscillators g i0- -
10 Modulation and" Daeection systems, audio-frequency transformer .de
11, Audio-frequency Amplifiers sign, vibrator power supply, long-time
12, Radio-frequency Amplifiers —
13. Receiving Systems 0:(:1llat0rs, etc,
14. Power Supply Systems
15, quh-freqnengy.Transmission and Reception . - .
16. Code Transmission and Reception ® completely rewritten sections on air-
17. Aircraft Radio B o0 E
Ilg. Antennas craft radio, television, detection, loud
20, Ig'::i'.:.'ﬂ: speakers, facsimile, oscillators, etc.
21. Radio Broadcasting
22, Loud-speakers and Acoustics O.C

® revision throughout to make the book

- J

FOR 10 DAYS' FREE EXAMINATION MAIL COUPON

McGRAW-HILL BOOK CO., INC., 330 West 42nd St., N.Y.C.

Send me Henney's Radio Engineering Handbook for 10 days' examinalion on approval. In 10 days 1 will
send you $35.00 plus few cents postage or return book postpaid. {We pay postage on orders accompanied
by remittance.)

as useful as possible in modern practice.

Address

City and Stale. ... ... it e e e e e e e

Position Company

MeNRASEEEEEESEEEEANEEEEEEENNNNNNEARERENEEENNENUANEEESRRRRREEBRREREEERRREnnannanl
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EMPLOYMENT :
BUSINESS :

UNDISPLAYED

10 CENTS 4 Worp, MiN1MUM CHARGE $2.00

Positions Wanted (full or part time salaried
employment only) 1§ the above rates pay-
able in advance.

Bo» Numbers—Care of publication New
York, Chicago or San Francisco offices
count as 10 words.

Discount of 109 {f full payment is made
in advance for 4 consecutive insertions.

SEARCHLIGHT SECTION

(Classified Advertising)

"OPPORTUNITIES"

——RATES——

: EQUIPMENT
: USED OR RESALE
DISPLAYED

Individual Spaces with border rules for
prominent display of advertisements.
The advertising rate is $6.50 per inch for
all advertising appearing on other than
a contract basis, Contract rates quoted

on request.

An advertising dnch is measured %” ver-
tically on a column — 3 columns — 30
inches to a page.

POSITIONS VACANT

ELECTRONIC ENGINEER young man under
35 as research and design engineer with
Vacuum Tube hearing aid company, must be
graduated EE with some electronic and acous-
tical wexperience desirable. Unusual oppor-
tunity to progress with company. Compen-
sation secondary to proveable ability. Give
age., coniplete education, experience and tele-
phone number. Present staff know of this
opening. Apply in complete confidence. P-296,
Electronics. 330 W, 42nd St., New York, N. Y.

RADIO OR ELECTRICAL ENGINEERS for

Chicago firm. College graduate or experience
man with part college training. Prefer at
least 2 years experience with small electrical
devices. Will work with acoustic devices
and amplifying circuits. Must have ability in
dcesigning small mechanical devices. Give age,
education, experience and photograph, P-323,
Electronics, 520 N, Michigan Ave., Chicago, IlL
ENGINEERS, Eastern manufacturer of radio

transmitting and receiving tubes, and special
electronic devices, incandescent and fluorescent
electric lamps, and lighting fixtures, has open-
ings for engineers and physicists to do (a)
research; (b) design and development of fac-
tory processes, equipment, and materials; (¢)
production engineering. Apply by letter. P-

324, Electronics, 520 N. Michigan Ave., Chi-

cago, IlL -

GENERAL MANUFACTURING 2JAANAGER.
Must have executive ability and record of

efficient production, (omplete charge of pro-
duction. Pittsburgh district. P-323, Electron-
ics, 330 W, 42nd St., New York, N. Y.

_ POSITIONS WANTED

FIRST CLASS Radiotelephone and Radiotele-
graph licenses. Six years broadcasting and
marine. Will assume responsibility. Capable
of doing anything with tools. Age 28. Present
salary $1850.00. Month's notice necessary. PW-
326, Electronics, 68 Post Street, San Francisco,
Cal,
TANSFORMER ENGINEER: Grad. Audio
transformers, filter chokes, industrial trans-
formers. Design, eslimate, production. PW-
."'.YEle('tronics. 330 W. 42nd St., New York,

WANTED
ANYTHING within reason that is wanted in
the field served by Electronics can be quickly
located through bringing it to the attention of
thousands of men whose interest is assured
because this is the business paper they read.

HI6GH GRADE USED

ELECTRON TUBE MACHINERY

Huge 8took of Every Type and Voristy
KAHLE ENGINEERING CORPORATION

Specialists in Equipment for the manufacture of
Neon Tubes, Radio Tubes. Incandescent Lamps,
I’hoto Cells, X-ray Tubes, etc.

900 DeMott 8t., North Bergen, N. J.

DEPENDABLE
ELECTRONIC TUBE EQUIPMENT

Complete line of used equipment for the manufac-
ture of Radio Tubes, Neon Tubes, Incandescent
Lamps, etec. Write for Bulletin showing 25 to 70%

CALLITE TUNGSTEN CORPORATION
formerly Eisler Electric Corp.
534 39th Street, Union City, N. 1}

BEST QUALITY, USED
ELECTRON TUBE MACHINERY

Fquipment for the manufacture of all kinds of
electron tubes, radio tubes, incandescent lamps,
neon tubes, photo electric cells, X-ray tubes, etc.

AMERICAN ELECTRICAL SALES CO., INC.

65-67 East 8th St. New York, N. Y.

OLD TRANSMITTING TUBES ARE VALUABLE

Have your old tubes rebuilt and save half
the cost of new tubes. We can rebuild
most any tube from 250 watts to 20 K.W.

Freeland & Olschner

922 Howard Ave. New Orleans, La.

FOR SALE—TRANSMITTER

Used as 500 watt experimental Television Trans-
mission—Can be easily modified as 1000 watt
broadeast transmitter {outbut now uses 4—833
tubes). Excellent condition. Complete with power
supply tubes, meters, etc. Also other equipment—
four Raird (British) Electron Multipliers, Cathode
Ray Tubes—Transformers, etc, Offers to

FS-317. Electronics, 330 W. 42 §t., N. Y. C.

$3500 to $6500 per year

. for qualified
JUNIOR and SENIOR

The Magnavox Company (Radio-
Phonograph Instrument Div.) is ex-
panding its engineering facilities to
meet present wartime and future
peacetime needs. Transmitter and
receiver experience preferable.

State experience, education and
age in application to Mr. Frank
Freimann, Vice President.

THE MAGNAVOX COMPANY

FT. WAYNE, INDIANA

WANTED

RADIO ENGINEERS :

WANTED TO BUY

@® Used or New in its entirety or singly
one 250 watt TRANSMITTER with as-
sociated monitors and speech input
equipment.

® One 150 to 500 foot self supported ver-
tical RADIATOR.

W-322, Electronics
5320 No. Michigan Ave., Chicago, Tll.

Don’t Forget the BOX NUMBER

When answering the classified adver-
tisements in this magazine. It’s our
only means of identifying the adver-
tisement you are answering.

142

wwWwW_americanradiohistorv.com

Electrical Control Apapratus. A cata-
log and reference book which includes
comprehensive data on thirty major
types of relays and their mountings,
stepping switches of various types and
capacities, and electrical control parts
such as switching keys, signal lamps
and sockets, cords and plugs, dials,
microphones, handsets, solenoids and
coils is available to engineers and prod-
uct designers from American Automatic
Electric Sales Co., 1033 W. Van Buren
St., Chicago, Ill.

Graphite. Two separate booklets on
this subject include “Graphite” which
describes a few of the more common
uses of this material, and “Graphitar”
which tells of a few of the present suc-
cessful applications of Graphitar, a
molded carbon-graphite. United States
Graphite Co., Saginaw, Mich.

N. U. Literature. Five pieces of litera-
ture, on the subjects of “Cathode Ray
Tubes”, DeLuxe Amplifier” (of the
W15A  Series), “Radio Receiving
Tubes”, Condensers” (paper, wet, dry,
electrolytic and mica), and “Standard
Sound Amplifiers and Accessories” (a
12-page booklet) are available from
National Union Radio Corp., 57 State
Street, Newark, N. J.

PHOTOTUBE PRODUCES
SYNTHETIC MUSIC

In the variaphone, invented by two
Russian physicists, two wheels rotate

in front of a phototube. The shape of
the tube is determined mathematically
to produce a fundamental and har-
monic in accordance with the instru-
ments which the gear is to simulate. A
ditferent gear is required to produce
the music of each individual instrument
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PN EON cier

LAMPS

Three different units designed especially
for use with G.E. Neon Glow Lamps. types
Sl4, G10 and T4ls. All for single hole
panel mounting.

_G10P Unit

Overall Depth

Behind Panel
§3"

Uses (| or '4"

Lamp on 220 V.
Our Latest
Catalogue De-
scribes All Neon

We manufacture a complete line of equipment

SPOT VgFLRﬁI{SR selectm, from % to 500 KVA AC ARIgS Type Units jn Detail.

TRANSFO special and standard types WELDE. B

INCANDESCENT LAMP manufacturing equipment From 100 to w‘: h“‘;e many. t'Yg‘” of heavy d“'lY "‘d“i
FLUORESCENT TUBE MAKING FQUIPMENT 400 Amps cating lamp units that are extensively use

by a host of well known concerns, who
cheerfully pay more to secure the best.
Distributed nationally by

THE GRAYBAR ELECTRIC CO.

Mfr'd by H. R. KIRKLAND CO., Morristown. N, J.

VACUUM . . OHM
TH ERMOCO“PLES LEcTR\Mreous Enameled

ELECTRONIC EQUIPMENT., vacuum pumps, etc
WET GLASS slicing and cutting machines for laboratory use
GENERAL GLASS working macmnes and burners
COLLEGE GLASS working units for students and laboratory
EISLER ENGINEERING CO.
751 So. 13th St. (nnr Avon Ave.) Newark. New Jersey

RESISTORS [T 7
: for measurements at A complete mEe from 1Om 200
we ean furnish Uliza High Frequencies SATE SR b
that peshy, fzd'fq i
Pﬂ'ff J‘ﬁﬂf!}'ﬁ'ﬁfﬂﬁﬂf AMERICAN (l;a‘:)eu.rt\:gtg legs furnished when re- i |
- SEND FOR SAMPLES -
up yeur production.. THERMO - ELECTRIC CO. | | &Sl tehon o
oo 67 East 8th St. New York, N. Y. SFios il
HAH“EY Rﬂnlu cu Telephone: STuyvesant 9-1465 LE CT R 0 H M IN'C.
L] 5131 WEST 2I5"™ PLACE

CHICAGOD (CICERD POJILL

103 W. 43 5T. « NEW YORK,. N. Y.

CRYSTALS by

e Il 121 1 1D(0) VY IRR

Molybdenum in widths ,006” to 1*

in thickness to .0005” The Hipswer Crystal Compony. one of
Tungsten Ribbon to specification America's oldest and Iur‘qeﬂ m.;nuj:;‘:.
Y NN turers of precision crystal units; is able =
l." CROSS - to olfer the broodeaster amnd manoloc 2 SIGNAL & INDICATOR
15 Beekmnu St. New York "f

turer otiroctive prices becoause of their
large production and the exclusive
Hipower gtinding procesas, Whotever
your crysial need may be, Hipower
cun Aapply 1. Write loday lor full
informotion.,

HIPOWER CRYSTAL CO.

Sales Divigion—205 W. Wacher Drive, Chicago
Faclory—2035 Charleslon Streel, Chleaga, 101

PILOT LIGHTS

for oll electrical devices,

S —
neep LUMINESCENT MATERIALS?
RESCENT OR FI.UORESC
; ? é/f?//’ ({40

General Luminescent Burp.,nz Federal St., Chicago

L
WRITE FOR CATALOGUE
showing @ complete line of
assemblies for oll purposes

SIGNAL INDICATOR Corp.

<140 CEDAR ST. NEW YORK, N. Y.

MICROMETER
FREQUENCY

for
checking
transmitters,

#e ; ¥ 1.5 to 56 me.,
SOUND SYSTEMS (sl [ e ) METER within 0.01 per cent.
NATIONAL" DEFENSE [JIRE S g LAMPKIN LABORATORIES

the finest |o'.;a.p..nn ' i T Bradenton, Fla., U. 8. A.
pecy |
UNIVERSITY REFLEX

complete loud-

-mk-r flno ich soives # s y ._ Cdps
Universi so%l&ho;r::}:l.&' & | . S5 . : r 1
gt | R SPECIALIZATION

Many years of dealing only
in radio have won for us
an enviable reputation for
reliability. We know our

, merchandise . . . The bet-

E FOR PARTS I HARVEY RADIOLAB S, Inc. ‘ ter to serve you, gentle-
n!

> call HARRISON first! e e
b RADIO Co. Redlo Transmitiors TERMINAL RADIO CORP.
D 12 West Broadway ¢ New York City | ELECTRONIC APPARATUS 85 CORTLANDT STREET
LAAAAT':TAVIAO:’:iﬁzleAAA‘ | 447 Concord Ave., Cambridge, Mass. | by Phone WOrth 2-4414
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ATTA]N]NC perfection is a gradual

process, Only recently, enginecrs
strove for 7,500 cycles. Again AUDAX
came through and mastered wide range
so thoroughly that, today, even the low-
est priced MICRODYNE has a range to
over 7,000 cycles—other models over
10,000 cycles.—However, just as ability
to reach high “C” does not mean a
quality voice,—so wide range by itself,
in a pickup, does not mean quality per-
formance. It is the all-important factor
of “VIBRATORY-MOMENTUM*” that
determines quality. Not only does V-M
control quality, but is also a serious
factor in record wear. Needle pressure,
needle impedance, etc., are compara-
tively secondary.

AUDAX succeeded in reducing “VI-
BRATORY-MOMENTUM” almost to the
vanishing point—finally banishing that
down-in-the-cellar effect.—All this bears
out the contention of leading scientists
that only the Inductor Principle makes
possible high quality results—and this
means MICRODYNE

“The Standard by Which Others
Are Judged and Valuned®”

With or without Jewel Point, the sharp
clean-cut  facsimile reproduction of
MICRODYNE-—regardless of climatic
conditions—is a marvel to all who have
put it to the only test that really counts
... the EAR test.

WITH OUR COMPLIMENTS
A copy of “PICKUP FACTS” is
yours for the asking. It answers

many questions concerning record re-
production.

Pickup List Prices

$11.50 to $198.00

HIGH FIDELITY CUTTERS
List to $150.00

AUDAK COMPANY
500 Fifth Avenue New York City
{In Chicago, ‘phone: Webster 4840]

“Creators of High Grade Electrical
and Acoustical Apparatus since 1915.”
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The Radiotron
Designer’s Handbook

Edited by F. Langsford Smith espe-
cially for the radio set designer,
this book (now in its Third Edition)
is equally valuable to others
interested in the fundamental prin-
ciples of practical radio circuit
design. Chapters cover Audio Fre-
quencies; Tests and Measurements;
Valve Characteristics; General
Theory, etc. Contains 356 pages,
with many illustrations, numerous
reference charts, tables, and other
data. Send your remittance to RCA
Manufacturing Company, Harrison,
N. J. Price $1.00 postpaid.

OF HARD-TO-GET TUNGSTEN-FILAMENT TUBES

The accompanying chart showing how the life
expectancy of pure-tungsten-filament tubes increases
by leaps and bounds as filament voltage is reduced,
serves as a convincing illustration of how simple pre-
cautionary measures can often add thousands of hours
of life to tubes already in use. In tungsten-filament
tubes, reduction of only 5% in the filament voltage
doubles tube life. A reduction of 15% increases it
almost tenfold!

Obviously, a 159 filament-voltage reduction with
its resultant decrease of 739 in tube emission would
hardly be feasible in most applications. On the other
hand, a less drastic reduction might. Admitting that
maximum signal quality is important to a broadcast
station, it is well to recognize that these are days when
circumstances might well alter cases. In many instances,
it may prove highly advisable to adjust station opera-
tion conditions closer to the maximum permissible

distortion in order to operate tungsten-filament tabes
at the lowest possible filament voltage and thus add
materially to the life of units which may be difficult
to replace.

It is an old story that RCA Transmitting Tubes are
built to withstand plenty of abuse—so much so, that
abnormal operating conditions are frequently accepted
as “normal”’. Even though tube life has been entirely
satisfactory under such conditions, it is by no means
as long as might be obtained, simply by operating the
tubes as conservatively as possible, and in accordance
with the information given in the Instruction Booklet
packed with each one. Not only does conservatism in
the use of tubes mean the saving of essential war
materials, but it may well be a station’s assurance ot
staying ““on the air” at a time when the civilian supply
of new tubes has been drastically reduced.

RCA BROADCAST
EQUIPMENT

éL :
.

From microphone
10 antenna

PROVED IN COMMUNICATION’S MOST EXACTING SERVICES

RCA MANUFACTURING CO., INC,, CAMDEN, N. J. * A Service of The Radio Corporation of America
n Canada: RCA VICTOR COMPANY LIMITED, MONTREAL y
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