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So that our next generation will not be born to a world of violence,
shortages, rationing and sacrifice . . . a world wherein advancements
are distorted into mechanics of destruction . . . a world in which peace-
time economies are harnessed to the maintenance of colossal war
machines . . . we pledge ourselves and our facilities.

Our nation is engaged in a great task of prepardness for our
defense, and our products, transmitting and rectifying tubes, are em-
ployed in the establishment and maintenance of vital communications
lines. These same tubes, which serve in our broadcasting stations to
bring us laughter, music and culture; in research—and in electro-medical
apparatus to alleviate suffering and disease; and in many industrial appli-
cations; must NOW serve in the protection of our shores. To this end,
we cooperate willingly.

We must therefore ask your cooperation in anticipating essential,
normal requirements so that we may continue to serve both you and our
country to the best of our ability.

AMPEREX ELECTRONIC PRODUCTS

79 WASHINGTON STREET BROOKLYN, NEW YORK
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Don't hold up defense development! Centralab
NOW offers a kit of parts of high grade Steatite
Ceramic Switch Sections and necessary metal
parts which will withstand the 200 hour Salt
Spray Test, for the immediate construction
in your own laboratory of efficient highest
quality SELECTOR SWITCHES (over 200,000

electrical combinations available).

Whether it is the first “hand made” transmitter
or receiver, or whether they are rolling off
your production line; if you equip them with
these CENTRALAB Selector Switches they
will pass every test for they are "BUILT FOR
ABUSE"”. Tor the first or thousandth unit . . .
specifty CENTRALAB SELECTOR SWITCHES.

Send for special bulletin on
Selector Switches for Defense.

CENTRALAB - Division of Glohe-Union Inc., Milwaukee, Wis.

Cummunication §ystems

Important Features of
Centralab Selector Switches

1. High grade Steatite sections, vacu-
um wax impregnated.

2. Contacts, clips, eyelets and rivets
heavily silver plated,

3. Complete index mechanism and
operating shafts of stainless steel.
All brass parts heavily nickel
plated to withstand 200 hour salt
spray test.

4. Standard indexing 30° and 90°
between positions. Also available
in 60° on special request.

5. Sections 3/16" thick. Mounting

center of sections 1-9/16". Over-
all widest dimension 1-7/8"

6. Choice of 2 to 1l positions per
section.

. Kit consists of 61 Steatite Sections
of various switching combinations,
36 indexes complete with hard-
ware for assembling 1 to 6 sec-

tions per index.

December 1941 - — ELECTRONICS
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Here is a tracing cloth that holds erasure scars at
a minimum—that won't show water marks or per-
spiration stains. Now you can have clean tracings,
in pencil or ink, free from these untidy “ghosts”
that reproduce on blueprints!

For PHOENIX is ghost-proofed by a remarkable
new process that 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 lines show clecarly, and reproduce sharply!
Erasing does not mar the drawing surface; erased

pery ERASURE - GHOSTS

with this new tracing cloth

%‘? \}-'

PHOENIX DEFIES
MDISTURE GHOSTS

Perspiration and water splashes
onordinary tracing cloth create
“ghosts” which reproduce on
blueprines. PHOENIX Tracing
Clorh withstands actual immer-
sion in water for fully 10 min-
utes at a time! Perspiration and
water marks will not stain 58!

e
e

¥
¥

o

PHOENIX LESSENS
SMUDGE GHOSTS

The new irproved surface of
PHOENIX Tracing Cloth per-
mits you to use harder pencils
(5H and 6H) and to get
sharper lines with less ten-
dency to smadge.

Result: Cleaner tracings and
blueprints.

£ . 7 Ed

PHOENIX REDUCES
ERASURE GHOSTS

Ordinary tracing cloths be-
come scarred when erased ., .
erased spots produce ghosts
on blueprints.

PHOENIX has a durable

drawing surface that reduces

working scars to a minimum.

areas take pencil smoothly—and ink without
feathering. Its new white color and increased
transparency give you excellent drawing contrast
and produce strong blueprints.

Let PHOENIX prove its virtues on your own
drawing board. See your K&E dealer, or write
for a genecrous working sample and an illustrated

brochure.

EST. 1867

KEUFFEL & ESSER CO.

NEW YORK - HOBOKEN, N. J.
CHICAGD - ST. LOUIS - SAN FRANCISCO - LOS ANGELES - DETROIT - MONTREAL

K&E

REG. U.S. PAT. OFF.

TRACING CLOTH

for pencil and ink
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Each corner of the 410-foot antenna structure is suf
ported by a Lapp push-pull tower-footing insulator. No
wse of Lapp Fog-type Station Post insulators as stand-o
Jor gas-filled high-frequency lead. Lapp tower footin
insulators are available for all pipe masts, self-supporte
towers and guyed radiators.

One of the WABC tower footing insulators before shi
ment from the Lapp factory. These curved-side compre
sion cones of high-voltage porcelain offer remarkab
electrical and mechanical characteristics. This insulat
was tested at 780,000 pounds in the Lapp laboratory. N
Lapp footing insulator has ever failed in service.
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“the new voice of WABC

HE strong clear voice of WABC comes
from the island location of the trans-
mitter, from the up-to-the-minute en-
gineering and design, and from the

efficiency of equipment used.

Columbia engineers tell us, “The per-
formance of Lapp equipment—insulators,
condensers and porcelain pipe—is an
important factor in the efficient and de-
pendable operation of the transmitter.”

Lapp specialties for radio offer peak per-
formance and operating security in the
systems of modern transmitters. When
you are considering installation of a new
transmitter, or modernization of existing
equipment, you can profitably investigate
Lapp tower footing insulators, stand-off
insulators, gas-filled condensers, por-
celain pipe and water coils. Descriptive
literature and specifications on request.
Lapp Insulator Co., Inc., LeRoy, N. Y.

Stand-off insulators of Lapp electrical porcelain
installed in the hand-switching system for the spare
rectifier tubes at WABC so Kw tranusmitter.

ST m—
Part of cooling system incorporating pipe of Lapp Porcelain. This pipe. non-

Y porous and inactive chemically, eliminates sludging and need for cleaning;
provides operation at peak level and low maintenance. Lapp pipe or porcelain
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A part of the final amplifier stage in sKw auxiliary transmitter, Lapp gas-

Air-cooled amplifier tube, mounted on support of
Lapp Porcelain. Such pieces contribute to efficient
operation of air-cooled systems.
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variable capacitance type, {at right} offers great economy of

space, constant capacitance regardless of temperature change, zero loss, puncture-
proof operation and the dependability of leak-proof construction.

water coils are used in all high-power water-cooled transmitters.

7 3 -
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PLASTIC
AIRCRAFT RADIO STANCHIONS

HIGH Frequency electronic equipment
used by all branches of the Army and
Navy require components of exacting
quality. The all-round excellent electrical
characteristics of Erie Resistors fully meet
all requirements for these services. Erie
Ceramicons and Ceramicon Trimmers are
being specified in large quantities for in-
suring frequency stability in transmitters
and receivers. Similarly, Erie Silver-Mica
Condensers, which have practically zero
temperature coefficient, are used to pre-
vent condenser capacity drift. Erie Sup-
pressors are approved for U. S. mobile
equipment for eliminating ignition inter-

ERIE RESISTOR CORP., ERIE,

Siio To44475% CONTRIBUTES

STABILITY and DEPENDABILITY to
National Defense Electronic Equipment |

e

ﬂ |

.

\

RESISTORS

CERAMICON |
P120M
el

CERAMICONS

REC. U 5. GAT.OFF.

REG. V.6, PAT. OFF

CERAMICON TRIMMERS

PLASTIC KNOBS AND DIALS

ference with surrounding communica-
tion equipment.

The Plastic Division of Erie Resistor is
injection moldinglargeaircraftradio mast
stanchions for the Curtiss "Tomahawks"
and the fast cannon-carrying Bell “Aira-
cobras” being delivered to the R. A. F.
Erie custom molded knobs and dials are
being turned out in large quantities for
radio equipment used on land, sea and
in the air.

Complete details on these Erie Re-
sistor products will be sent to interested
engineers on request.

PA- LONDON, ENGLAND - TORONTO, CANADA.

December 1911 — ELECTRONICS
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\: T FORWARD STEP IN BROADCASTING
. .THE NEW WABC STATION
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Transmitting Equipment by Federal Telegraph
ARTVAY “E?Ns\oi
As manufaciurvers of the transmitling equipment for this
greal new broadeasting station, the Federal lelegraph
unit of the International Telephone & Radio Manufactur-
ing Corporation is proud to be associated with this
magnificent project by the Columbia Broadeasting System,
to bring to its millions of listeners quality and performance
characteristics unsurpassed by any similar installation in

the history of broadcasting.
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STATION
W-A-B-C

COLUMBIA
ISLAND
NEW YORK

Rear view of a modulator unit show-

ing Ward Leonard Resistors installed.

CCE appreciate the confidence that the Columbia Broad-

casting System and the Federal Telegraph Company have
shown in our products by their use of Ward Leonard

Vitrohm Resistors in the new Columbia JIsland station.

WARD LEONARD
ELECTRIC COMPANY

32 South Street, Mount Vernon, N. Y.

ELECTRIC CONTROL DEVICES SINCE 1892

8 - December 1911 — FLECTRONICS
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G-E Tubes Mean
Peak Efficiency

Here are a few ways GL-857B’s

meet your high-power, high-

voltage rectifier requirements

MAXIMUM A-C APPROXIMATE MAXIMUM
CIRCUIT INPUT VOLTS* D-C OUTPUT VOLTS | D-C LOAD CURRENT
(RMS) TO FILTER AMPERES
SINGLE-PHASE
FULL-WAVE 7750 7000 20
{2 tubes)
SINGLE-PHASE
FULL-WAVE 15500 total 14000 20
(4 tubes)
THREE-PHASE
HALF.-WAVE 9000 per leg 10500 30
THREE-PHASE
DOUBLE-Y 9000 per leg 10500 60
PARALLEL
THREE-PHASE
FULL.WAVE 9000 per leg 21000 30

*For maximum peak inverse voltage of 22,000 volis

HE exceptionally rigid filament structure in this tube

assures long cathode life. Arcback has been greatly

reduced. The low voltage drop and low power loss between

electrodes

assure peak efficiency and great dependability.

characteristics inherent in this type of tube—

The GL-857B was made possible by General Electric’s
pioneer work. After developing the hot-cathode mercury-
vapor rectifier tube, G-E engineers built the first high-
voltage mercury-vapor rectifiers, soon accepted as standard

throughout the industry. They introduced the 857, and
later this 857B.

When you sign your next tube order specify General Elec-
tric tubes— proved in the laboratory, checked at our own
broadcast stations, and verified by the long list of satisfied
users throughout the radio industry. For your require-

ments in standard broadcasting, FM, or television see your
G-E representative first, or write General Electric, Radio
and Television Department, Schenectady, N. Y.
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DEPENDABILITY

——— — B R Rae A |

Diversity Recciver Installation at WABC

rFlE dependability of Super-Pro reccivers is widely known among
engineers in every branch of radio connmunications. That is why
you will find Super-Pros used by leading broadcasting stations;
press organizations; U. S. Signal Corps, and by many foreign govern-
ments. I it’s a receiving problem vou’ll find the: answer in a

Super-Pro.

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

www americanradiohistorv com
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Other RCA Services: RCA Manufacturing Co., Inc.  «
National Broadcasting Company, Inc. .

This is the House

““Great oaks from little acorns grow”’—In radio, great
services from little electrons grow. Electrons—tiny
bits of electricity—are corpuscles of science in the
liteblood of radio progress.

Electronics took wireless out of the spark gap
and put it into the vacuum tube oscillator; it hfted
radio off the cat-whisker of the crystal detector and
placed it in the electron tube, acting as both detec-
tor and amplifier. Electronics gave wireless a voice—
the radiophone, now called broadcasting.

Today in the Flectronic Age, a new p
structure — RCA Laboratories—is being :‘ i
built on 260 acres at Princeton, N. ].,

are Building

planned to be the foremost radio research center

in the world. Here in surroundings that inspire
clear thinking and research, scientists of RCA
Laboratories will seek new truths. They will develop
new inventions and services for radio, for industry
and for people evervwhere, because Electronics is
an ever-broadening field.

The main section of RCA Laboratories —the
House that Electrons are Building—will be ready
for occupancy in the Spring of 1942. And
with its opening, a new gateway to the
future of radio swings wide for the bene-

fit of America and all the civilized world.

RCA LABORATORIES

A Service of the Radio Corporation of America

Radiomarine Corporation of America

RCA Institutes, Inc.

www americanradiohistorv com
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TURBO exceeds its functions of insulat-
ing—it protects against physical impair-

Strength under impact,
heat, electrical peaks

ments from abrasion, wear, impact. It
resists acids, heat, moisture and oil,
Dielectric constants of TURBO are
higher. lts special feature of impregna-
tion alone assures greater protection,
by going all the way through to the
inside wall. TURBO is used extensively
in the manufacture, repair and rebuilding of transformers,

generators, motors, switchboards, panels and many machines
and diversified equipment. Specify TURBO for vital work
that must stand up efficiently and dependably and endur-

ingly.

Write today for your free sample card.

WILLIAM BRAND & COMPANY

276 Fourth Ave. New York, N. Y.
325 W. Huron St. Chicago, Wi

ATURATED SLEEVING, CAMBRICS, ETC.

12 December 1941 — ELECTRONICS
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M 0 p. M. on October 18, CBS demonstrated, among other

things, one significant fact which many a radio engineer has long
recognized: capacitors arc not all alike.

On this man-made island — salt water site of WABC's giant new
50,000-watt transmitter—Cornell-Dubilier capacitors are installed.
Federal Telegraph Company, responsible for the production of
the transmitter for Columbia, might have chosen some other
capacitor — they all /oo alike. But the new WABC was to be,
and is in fact, “the perfect voice of radio”

And thirty-two years of capacitor specialization — the oldest ex-
perience in the industey — have given to Cornell-Dubilier capaci-
tors a quality . . . an extrs dependanility that can’t be matched.

Thus the familiar slogan, “there are more Cornell-Dubilier capaci-

tors in use today than any other make” is more significant now

than before. To a distinguished company of satisfied users has

been added the name of the rew W ABC! Cornell-Dubilier Electric
,‘fé\/’ Corporation, 1006 Hamilton Blvd, South Plainfield, N. J.

SNP7Z , y
Cornel! Tutiler

SOUTH PLAINFIELD, N.J. « NEW BEDFORD MASS.

MICA - DYKANOL - PAPER - WET & DRY ELECTROLYTIC CAPACITORS

e oo MORE IN USE TODAY THAN ANY OTHER MAKE . ..

ELECTRONICS — December 1941 13
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One of four Ohmute Model “R’ Rheostat-
Potentiometers used for giid bias control of
the modulator tubes in the New W ABC s0
kew main transmatter.

Engineers Choose Ohmite Rheostats for Grid Bias Control in Main Transmitter

A mile out in Long Island Sound, surrounded on all
four sides by salt water, stands this modern engineer-
ing achievement. Much of the equipment in this new
WABC is unique in construction to provide the utmost
efficiency under the unusual operating conditions. It
is highly significant, therefore, that four Ohmite
Rheostat-Potentiometers are used for grid bias con-
trol of the modulator tubes in the main 50 kw trans-
mitter. It proves again the exceptional ability of
Ohmite all-ceramic vitreous-enameled Rheostats to
provide smooth, accurate, close control day-in and day-
out in critical applications.

This dependability is one of the many reasons why

Ohmite Rheostats, Resistors, Chokes and Tap Switches
are so widely used today in broadcast and communi-
cations services, in electronic, aviation and scientific
applications, in industry and in the armed forces of
the Nation. The extensive range of types and sizes in
stock or special units makes it easier to meet your
exact requirements. The specialized ability of Ohmite
Engineers is ready to help you.

Write on company letterbead for complete Catalog
and Engineering Manual No. 40. You'll find it an
invaluable guide for your resistance problems.

OHMITE MANUFACTURING COMPANY
4818 Flournoy Street, Chicago, U. S. A.

December 1941 — ELECTRONICS

wwWw americanradiohistorv com


www.americanradiohistory.com

e

G gl _.!L!{.'aajﬂﬁiggg! e

T T e et e
Rl o 1% 14" i';{l 4
A i A Ll (i

ELECTRIC SWITCH CORP

ALSiIMac

MERCURY SWITCHES,
RELAYS c.«.d CONTROLS

American Lava Corporation has developed several

ceramic compositions which are well suited for mercury
switches, relays and controls. They are not attacked
or “wet” by mercury. They do not oxidize, corrade,
dust or flake. They resist erosion. They ae absolutely
and permanent’y rigid, are shock-resisting, withstand
heat and arcing, have high mechanical and dielectric
strength, Parts are accurately custom-made to the blue
prints of the manufacturer.

For permanently trouble-free insulation, follow the
leaders . . . specily ALSIMac.

JEFFERSON
ELECTRIC

LS00

AMERICAN LAVA CORPORATION * CHATTANOOGA ° TENNESSEE

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

ELECTRONICS — December 1941 15
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MALLORY RECTIFIERS

In many industrial applications Mallory Mag-
nesium-Copper Sulphide Rectifiers provide the
econoinical dependable solution to the problem

of obtaining low voltage direct current from a
commercial alternating current source. These
rectifiers are used for hundreds of services, such as

® The charging of automobile, airplane, elec-
tric truck, railroad and industrial storage
batteries.

® The operation of magnetic separators, mag-

netic chucks, solenoids, generator and alter-
nator fields, vibrating separators and chutes.

® The operation of arc devices in welding,

A Ao Send for this catalog

- » Wagis
;* Ht? Mallory’s catalog of approved

precision products should be
in every engineering source
file. It saves time and money.

Solve Many a

Problem for

motion picture projection arcs, theatre spot
lights and milk irradiation arcs.

@ Battery substitutes for—

Illevator, mechanisms
Laboratoryequipment
Burglar alarms

Railway signal
devices, etc.

Motion picture
exciter lamps

Coin Machines
Telephones
Telegraphs
® Electrochemical applications
Electroplating (capacities to 5,000 amperes)
Iilectrocleaning T
Electrolysis elimination
Let Mallory solve your rectification problems.
Engineering service without obligation.

P. R. MALLORY & CO., Inc., INDIANAPOLIS, INDIANA

Cable Address—PELMALLO

MALLORY

December 1941 — ELECTRONICS
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ELECTRONICS....KEITH HENNEY Editor....DECEMBER, 1941

M

» HOKUM . . . At the Fall Meeting
of radio engineers at Rochester, re-
ported on in detail elsewhere in this
issue, much of great interest and value
transpired. One of the things that in-
spired us with some hope for the radio
receiver portion of the industry was in
a talk by cost accountant Hulse of the
General Electric company. Mr. Hulse
did not talk long, but he had fresh
and interesting approach. To the aver-
age radio engineer cost accounting
must be about as interesting as radio
engineering is to cost accountants—
and yet Mr. Hulse’s talk was interest-
ing.

Among other things, he gave hope
that much of the hokum which has
plagued the radio industry would be
eliminated as a result of a decreasing
profit margin (not because of govern-
ment control of prices but lack of con-
trol on wages) and decreased raw ma-
terials available. If this really comes
about, sales departments must revise
their chatter when oversized cabinets,
oversized loud speakers, extra—and
unused—tubes are eliminated from the
average radio receiver. We hope the
necessity of substituting real value for
this hokum will not too seriously in-
convenience the sales and advertising
departments of many of our radio re-
ceiver companies.

There was nmuch mention of the fact
that the end of the war would see
many changes in the communication
setup due to advances in technique
spurred on by the present situation.
The faet that the post war days may
see a severe depression with corre-
sponding lack of spending cash in the
pockets of the people, indicates that
every technical advance made today
should be earmarked as a potential
stimulant for sales in the future.

Recognition that broadcasting pro-
vides the nation with a most essential

CROSS

TALK

means of keeping the people informed
of important news events, points to the
need for an annual production of about
7% million home and auto receivers ac-
cording to Dorman Israel. If the aver-
age life of a radio set is 8 years and if
there are 60 millions in use, this an-
nual production for replacement only
is a subsistence level for the industry.

» ELECTRONICS . .. is happy to an-
nounce the addition to its editorial staff
of W. W. MacDonald, a McGraw-Hill
editor of some 15 years experience.
Mr. MacDonald originally entering the
field of communications as field engi-
neer for one of the earliest mass-pro-
ducers of radio receiving equipment,
has seen the business of broadcasting
grow up and settle down. Successively
assistant editor, technical editor, as-
sociate editor, managing editor and for
the last two and one-half years chief
editor of Radio Retailing. ‘“Mac”
brings to ELECTRONICS his long experi-
ence with the distribution and service
aspects of the radio industry. Amateur
radio readers of ELECTRONICS will rec-
ognize him as W2TY since he has trans-
mitters on nine amateur bands, begin-
ning with 15-watts on %-meters and
culminating with a 500-watter on 160
which burns up many an eardrum
around Long Island.

Mr. MacDonald will devote his full
time to investigating the growing field
of applications of electronics to indus-
trial problems.

» SIGNALS . .. During the -current
year, it is expected that the Materiel
Branch of the Office of the Chief Sig-
nal Officer of the Army will buy from
the radio industry more than a billion
dollars worth of communication equip-
ment. Of this vast sum, between 600
and 700 millions will go for radio ap-
paratus; the rest for wire and wire

www americanradiohistorv com

comnrunications. For a partial break-
down of where some of this money is
to go, see this page for October 1941.
It is hoped that an occasional progress
report on contracts alloted and on
deliveries made by the industry will be
available here.

The mountains of communication
equipment to be made available to the
military will seriously curtail the pro-
duction of radios for civilian needs
both because of lack of raw materials
and because of lack of man power and
production facilities. In a good year
the radio business might amount to a
half-billion dollars at the prices manu-
facturers received for their products.
Radio set and tube plants did not work
full speed ahead all the year round and
so some extra plant capacity has been
available. The retail market is going
to feel the lack of things to sell, how-
ever. Judging from present complaints
of dealers that only the ability to get
receivers limits sales, the pinch is al-
ready being felt.

Among the many products being
made for the military services, the
most subcontracting has gone on in the
manufacture of radio sets, marine en-
gines and electrical equipment. Here
the figures are from 44 to 47 percent.

» RESEARCH . . . During 1941 1,008
American manufacturers will spend
$117,490,000 for research according to
the first survey of its kind just com-
pleted by Dr. Karl T. Compton, presi-
dent of MIT and chairman of the Re-
search Advisory Committee of the
NAM. This is roughly 1.1 percent of
gross sales. Only 8 percent of those
surveyed indicated that their expendi-
tures for research were less than in
1940; of the others, 49 percent in-
creased their research budget and 42
percent had the same budget as the
previous year.
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THE GEIGER MUELLER TUBE

HE Geiger Mueller counter tube

represents the most sensitive in-
strument known for the detection
and measurement of radiations such
as are emitted by radioactive sub-
stances, nuclear particles, x-rays,
ultraviolet and ordinary light, and
cosmic rays. To nuclear physicists
it has been known as a very helpful
laboratory instrument for nearly
two decades. However, it is only re-
cently that it has reached a stage of
development which qualifies it to be
added to the list of electronic in-
struments such as the cathode-ray
tube, or the electronic vacuum tube.
For, although simple in appearance,
the construction of reliable Geiger
Mueller tubes used to be more haz-
ardous a game with unpredictable
results, the main reason being that
the mechanism of its operation was
unknown.

After years of careful research
and development nearly all the mys-
teries have given way to understand-
ing, and the trial and error method
of construction has turned into sys-
tematic and routine procedures cap-
able of producing hundreds of tubes
of equal characteristics. With the
curtain of mystery rising, new ap-
plications extending from those in
the laboratories of chemistry, bi-
ology, and medicine, to various in-
dustrial applications are being
found in steadily increasing number.

Construction and Operation

The ordinary type of counter tube
consists of a metal cylinder, and a
thin tungsten wire extended along

Fig. 1—Circuit of a Geiger Mueller tube.
The voltage used is dependent upon the
nature of the gas, the gas pressure and
the geometry of the tube. A small counter
tube like that at A in Fig. 4 contains a
mixture of argon and oxygen (94 percent
argon, 6 percent oxygen) at a total pres-
sure of about 9 em Hg, and has a Geiger
threshold of about 800 volts. Other com-
binations have been employed, such as
argon and ethyl-ether. Organic vapors,
such as ethyl alcohol, are used in the
“self-quenching” counters which seem de.
stined to play an increasingly important
role because of their clean cut mechanism
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its axis, in a glass chamber contain-
ing a few centimeters (Hg) of pres-
sure of a certain gas or gas mixture.
Cylinder and wire serve as cathode
and anode, respectively, in a circuit
of the type shown in Fig. 1.

This relatively simple and very
rugged instrument will supply a
pulse of several hundred volts at
A-B (Fig. 1) within a few micro-
seconds from the time free electrons,
or even a single free electron, are
produced inside the cylinder. This
pulse may then be used to operate
or control any electrical or electro-
mechanical device, as for instance a
recorder which will count the num-
ber of such events taking place in
the counter tube.

What tremendous amplification
takes place in a Geiger Mueller tube
can be realized by the fact that the
presence of one single electron will
unfailingly set off the counter
mechanism to produce an electrical
pulse sufficiently great to operate a
relay tube without any further amp-
lification.

A number of applications follow
immediately from this feature of the
Geiger Mueller tube as a detector
for electrons, since the production of
such electrons may be a consequence
of various kinds of processes whose
occurrence can thus be detected:
ionization (corpuscular radiations),
photoelectric and Compton effects

(light rays, x-rays, y-rays), or
thermionic emission.
Under certain conditions, the

counter tube can be made to supply
pulses the amplitudes of which are
directly proportional to the number
of primary electrons formed in each
event, so that this number may be
determined by measuring the pulse
size, thus supplying means for in-
vestigations regarding the nature
of an unknown radiation, or the
energy of a radiation, or the number
of simultaneously occurring particles
in every event. Working under such
conditions, the tube is called a “pro-
portional counter.”

The Elementary Process in the Counter
Tube Mechanism

A process similar to the one occur-
ring in the electron multiplier de-
veloped by Zworykin takes place in
the Geiger Mueller tube. The initial
number of electrons is multiplied by
giving them sufficient velocity (kin-
etic energy) to make possible the
production of secondary electrons
which join the initial ones on the
path of further acceleration, this
process repeating itself with the
steadily increasing number of elec-
trons.

While in the Zworykin tube the
secondaries are produced by impact
on a series of metal surfaces in a
vacuum, in the Geiger Mueller tube
the tremendous number of gas mole-
cules in the tube supply the second-
ary electrons when the initial elec-
trons have acquired such velocities
that they ionize the molecules of the
gas, and these ionization electrons
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AN ELECTRONIC INSTRUMENT

By PAUL WEISZ,

Bartol Research Foundation of the
Pranklin Institute,
Swarihnmr(’, Pennsylvania

again join in on the action of fur-
ther multiplication in the same man-
ner, until a whole avalanche of elec-
trons is formed which is attracted
by the electrically positive wire and
which will finally reach this elec-
trode.

The electrical field conditions be-
tween the negative cylinder and
positive wire are such that the main
part of the multiplication process
takes place in the immediate neigh-
borhood (a few thousandths of an
inch) of the wire.

Everywhere, however, where an
electron is formed there is also a
positively charged remainder of the
molecule: the ion. These positive
fons, which are altracted by the
negative cylinder, are practically
molecular in weight, and therefore
travel very slowly compared with
the velocity of the electrons. In fact,
after all the electrons have reached
the wire, the heavy ions have hardly
moved away from their points of
formation, that is from the vicinity
of the wire, where they now form a
sheath of positive space charge.

It is interesting that up to this in-
stant, practically no potential varia-
tion has occurred on the wire, al-
though the actual multiplication
process, often called the “dis-
charge,” has taken place and has
now definitely ended. The positive

E. T. Clark for their measurements on neutrons in the cosmic radiation on Mount
Evans, California in August 1941
Fig. 2 (Left)—Sketch of the shape of a pulse from a Geiger Mueller tube, during an
entire process of operation
! Region 1—The initial elecirons have formed a whole electron avalanche which
has reached the counter wire.

Region 2—The positive ion sheath moves out towards the cylinder, traversing
| a relatively small distance in the close neighborhood of the wire where the
1 potential gradient is the greatest. Duration: A few microseconds.

Region 3—The positive ions travel the rest of the way to the cylinder and
start to neutralize over the external leakage resistance R. Duration: a few
tenths of a millisecond or less.

Region 4—The positive ions have all reached the cylinder and only the

Tirn e Al [ process of neuiralization of the charges on cylinder and wire is going on, in the
manner as any capacity represented by wire and cylinder would neutralize
(discharge) its charges over a resistance R. Duration: Determined by R and the
capacity of the system

[‘ Mr. Weisz holding one of the larger counter tubes used by Drs. S. A. Korff ard
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ion charges have made the negative
electron charges on the wire ineffec-
tive on account of their closeness to
the oppositely charged electrons.

But the positive ions are moving
out towards the negative cylinder,
although much slower than the elec-
trons have traveled, and thus during
this motion, the negative charges on
the wire become effective making
the wire more negative. Due to the
particular field distribution, this
potential variation of the wire is
greatest while the ions are moving
out the very short distance through
the immediate vicinity of the wire,
and becomes less rapid while they
travel the rest of the space to the
cylinder.

When all ions have moved out and
have reached the cylinder wall, the
wire has acquired its maximum
negative potential at which it would
remain, had not a leakage resistance
E (Fig. 1) been provided to carry
away and neutralize the electrical
charges at a rate determined by the
rate of arrival of ions, the capacity
of the wire system, and the dimen-
sions of the leakage resistance, so
that the potential difference between
wire and cylinder will finally drop
to its original value, in the manner
of a small condenser discharging
over a parallel leakage resistance
according to the exponential law.
Figure 2 shows the form of the en-
tire potential variation, that is the
shape of the counter pulse which we
obtain at A-B as a result of an
“event” in the counter tube.

This is the elementary discharge
mechanism. It is not difficult to see
that in this process, two initial elec-
trons will at the end have produced
twice as many electrons as a single
initial electron, and, generally, the
total charge produced, or the total
pulse size, will be proportional to the
number of electrons in the initial
event which set off the counter
mechanism.

The Additional Mechanism Above the
Geiger Threshold

The counter tube may be operated
in the described way as a propor-
tional counter if the high potential
applied to its electrodes has a value
within a certain range of voltage in-
dicated by ‘“proportional counter
action” in Fig. 3. This diagram also
shows how the amplification factor,
that is, the total multiplication, can
be controlled within wide limits by
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means of the voltage applied. It also
demonstrates that an amplification
factor as high as several million can
be obtained from the proportional
counter. g

If the potential applied to the tube
electrodes is increased beyond the
region indicated above, a new
mechanism will set in, in addition to
the elementary multiplication proc-
ess, making it possible to obtain a
total amplification up to some thou-
sand millions (10%).

This additional action in the tube
is initiated by the same elementary
process. However, the electrical field
in the neighborhood of the wire
is now not only sufficient to acceler-
ate all electrons to energies enabling
them to ionize molecules of the gas,
but all electrons are now given such
kinetic energies that they can pro-
duce excitation of the gas molecules
followed by their emitting light
quanta. These light quanta have a
wavelength of the right dimensions
to be qualified as ultraviolet light or
soft x-rays, and as such will easily
produce photo-electrons upon falling
on other gas molecules, or on the
surface of the cylinder if they are
not absorbed before reaching it.
These new photoelectrically produced
secondary electrons also become par-
ents of new multiplication electrons,
and of new light quanta, which in
turn produce photo-electrons again,
and so on. Thus, these light quanta
acting as carriers which travel with

the velocity of light, finally spread
the multiplication “disease” over the
entire length of the tube.

This action would go on indefi-
nitely. But again the positive ions,
which are formed at the same tre-
mendous rate as the electrons, play
an important role. They, as a posi-
tive space charge sheath surround-
ing the wire, begin to screen the
latter electrostatically more and
more as their number increases, un-
til the field in the region close to the
wire is reduced so far that the elec-
trons do not experience enough ac-
celeration to produce quanta or even
ionization secondaries. Then the
discharge has ended, and now we
obtain a voltage pulse produced by
the migration of the great number
of positive ions and the neutraliza-
tion of charges over the external
circuit in essentially the same man-
ner as at the end of the elementary
discharge process in the case of the
proportional counter.

When the electrode potentials are
increased beyond the region of pro-
portional counter action (Fig. 3),
the process of light quanta emission
sets in, at first partially, and finally,
at a voltage called the “Geiger
threshold” the entire length of the
counter becomes involved in the dis-
charge mechanism. As this dis-
charge mechanism is stopped only
when the number of positive ions
is such that the electric field at the
wire is too weak to make quanta
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Fig. 4—Various types of Geiger Mueller
tubes. Tubes designed by G. L. Locher and
W. E. Ramsey

Fig. 5—Geiger Mueller tube with fluoride

window for the measurement of very small

light intensities in the ultraviolet. Tube
designed by G. L. Locher

emission possible, and as this is
some fixed number of ions, the final
pulse size is now the same in every
event, regardless of how many elec-
trons initially set off the multipli-
cation process. Therefore, there is
no proportional counter action tak-
ing place, but at the expense of pro-
portionality we have achieved a tre-
mendous sensitivity and amplifica-
tion factor.

It is understandable, of course,
that the processes described would
vield such extraordinarily great am-
plification above the Geiger threshold,
for there the number of initial mul-
tiplication processes itself is quickly
multiplied by the action of the light
quanta.

Types of Geiger Mueller Tubes

Efficiency considerations, the prob-
lems regarding penetrability of the
various tvpes of radiation, the dif-
ferent wayvs of formation of the first
elevtrons, and background from un-
desired radiations, have lead to the

development of various types of
Geiger Mueller tubes for specific
purposes.

The ordinary type of tube with
metal cvlinder and glass envelope
(Fig. 4A) is most widely used in
work with the w-radiation from
radium and other radioactive sub-
stances, with hard x-rays, and in
cosmic-ray research, for these radia-
tions are able to penetrate both the
glass and the metal cylinder of the
tube. Such tubes have been con-
structed to have cylinders less than
one inch in length to as large as 25
by 3 inches and larger, as for in-
stance for radioactivity measure-
ments in oil bore-holes and the lo-
cation of cement introduced into the
bore-hole,

When soft x-rays or v-radiation
are dealt with which cannot pene-
trate the ordinary counter walls, the
latter must either be constructed
from material which the radiation
can penetrate, or a window of such
material must be provided where
the rays can be shot into the tube.

In Fig. 4B, a tube is shown which

has no metal cylinder, but instead
the cathode is formed by a thin
layer of colloidal graphite painted on
the inside surface of a glass tube
which has been drawn out to have a
thin wall.

The window type of counter is
shown in Fig. 4C, and is particularly
fit for work with a-rays and B-rays
down to comparatively low energies.
The window at one end of the tube
is made by blowing a glass bubble
onto the open end of the counter.
Such glass windows have thicknesses
down to as little as five ten-thou-
sands inch. Such tubes may be used
successfully in all applications em-
ploying weak radioactivity, in bio-
logical and biochemical tracer work.

Remembering that the formation
of electrons by quantum radiation
takes place through the photoelectric
effect or Compton effect, the effici-
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ency for the detection of soft x-rays,
and for work with ultraviolet light
can be greatly increased by allowing
the radiation to fall on the metal
evlinder wall inside the counter to
produce photo-electrons there as well
as in the relatively thin atmosphere
of gas molecules. Thus, Fig. 4D
shows a Gieger Mueller tube having
a thin glass window at the side and
a hole in the cylinder through which
the radiation may fall on the oppo-
site side of the interior counter cyl-
inder wall.

By introduction of a photo-sensi-
tive layer into a Geiger Mueller tube,
it has also been possible to build
extremely sensitive detectors for
visible light, for instance for the
measurement of the light intensity
of stars. However, it is still difficult
to build such tubes reliably, as it
has been a delicate problem to com-
promise between the requirements
for the proper working conditions
as a counter tube, and at the same
time maintaining the conditions
necessary for the c¢reation and
preservation of photo-sensitive
lavers.

It is interesting that by means of
a trick even neutrons. which since
electrically neutral do neither ionize
nor produce photo- or Compton elec-
trons, have been made detectable by
special Geiger Mueller tubes. Here,
the fact that neutrons may enter nu-
clear processes with certain atoms
resulting in the liberation of ioniz-
ing particles is utilized. For exam-
ple, in a borontrifluoride gas at-
mosphere neutrons will interact with
boron atoms leading to the ejection
of a-particles which produce strong
ionization. By filling Geiger Mueller
tubes with this gas therefore, neu-
tron intensities can be measured in-
dirvectly by measuring the number of
counts resulting from a-particles
produced in the tube by the neu-
trons.

Although this may sound as a fine
laboratory experiment with little
practical use, there really exist a
number of applications of even the
neutron counter, as the U.S. patent
filex reveal, where we find neutron
sources and counters used in geo-
logical applications. and in indus-
try employed for the testing of ma-
terials.

SWe are here dealing with the simplest
fiam of counter mechauism as it actually
takes  place in so-called sxelf-gqiienching
cotpters.”
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A Versatile Oscilloscope

Flexible amplifier and sweep circuit arrangement for use with C-R tubes incorporates on

a single panel, unity amplifier, provision for single sweep, spiral sweep arrangements, and

a z-axis amplifier to modulate intensity of heam by varying bias on electro-optical tube

By W. E. CILSON

Medical School, niversity of Wisconsin

HE oscilloscope to be described

was constructed because none of
the commercial cathode-ray oscil-
loscopes included all of the features
which seemed to be necessary or at
least highly desirable, and in the
past were found only in research
equipment designed for special ap-
plications. The original features in
the unit described here are the
method of eliminating the influence

of the amplitude control on the posi-
tion of the spot in the direct coupled
sweep circuit, and the inclusion of a
unity amplifier for use in observing
potential changes in circuits from
which no current can be drawn
without disturbing their operation.

As shown in Fig. 1, a direct
coupled push-pull amplifier using
two 6N7G tubes is used for the ver-
tical deflection.! It has an amplifi-
cation of 600, and is absolutely
stable at full gain. The in-phase
gain (the same signal applied to
both grids) is extremely small, mak-

ing it unusually free from 60 cycle
per second pickup. Because of the
inherent phase inverting character-
istics of the circuit, the output is the
same whether the signal is applied
from grid to grid, or from one grid
to ground.

As the circuit is push-pull there
iIs no loss of amplification produced
by the large cathode resistors, since
there is no signal voltage across
them. Another important advantage
of the push-pull amplifier, besides
its great stability to changes in
plate and heater voltages, is its rela-

Fig. 1—Circuit diagram of oscilloscope and associated equipment. For simplicity in fol-
lowing some of the circuit details, the essential units are shown in dotted rectangles
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tive indifference to a moderate
amount of ripple in the plate sup-
ply voltage. This is of course ap-
plied to both plates equally, thus
producing no deflection.

Provision is made for condenser
coupling if desired by turning S..
The two inputs are of value in ob-
serving the voltages between two
points both of which are above
ground, or as described later for
mixing two signals.

The adjustment of the amplifier
is very simple when carried out as
follows: Variable 100,000-ohm re-
sistors are placed in the cathode cir-
cuits of the tubes. The second
6N7G is removed. The centering
control is adjusted to its midpoint
by equalizing the plate voltages on
the first 6N7G. The bias is adjusted
by means of the 100,000-ohm vari-
able cathode resistor until the volt-
age from the cathode to plate is
slightly more than half of that from
the cathode to the plate supply. The
second 6N7G tube is now inserted
and the same means used to adjust
its bias. The variable cathode re-
sistors are then replaced by equiva-
lent fixed resistors, the values of
which are determined by an ohm-
meter or Wheatstone bridge. Almost
any value of resistance may be ob-
tained by proper selection from a
group (a dozen or so) of commercial
resistors which have a nominal value
near to that desired.

The gain of the amplifier is very
easily measured. One tenth volt in-
put produces a plate-to-plate swing
of 60 volts or more in the final stage,
or a gain of 600.

The frequency response curve of
the amplifier is illustrated in Fig. 3.
No attempt has been made to com-
pensate for the drop above 30 ke
as such an extended response is not
needed but if necessary compensa-
tion could be introduced without
difficulty.

The vertical deflecting plates are
connected to points on the rear
terminal strip, so that direct con-
nection may be made to them for
radio frequency observations.

It has frequently been my experi-
ence that the use of an oscilloscope
has been impossible in adjusting cer-
tain circuits, without disturbing
their operation. For example, in a
circuit just developed for delaying
a single sweep from 0.1 to 5 seconds
after a signal peak, and used in re-
cording cardiac potentials, the con-

Gain

Relative

5K 10K 5O 100K

Cyclag par Second

Fig. 3—Frequency response curve of direct-coupled amplifier

necting of a 500,000-ohm resistor
from a certain condenser to ground
changes circuit conditions consider-
ably. For this reason it was consid-
ered desirable to include a unity
amplifier for use in such circum-
stances and this may be connected
in the circuit by closing S.. A unity
amplifier is one in which the load
resistor is in the cathode circuit.
It thus has extremely high inverse
feedback, and the output at the cath-
ode is in phase with the input and
theoretically equal to it, but actually
somewhat smaller. The cathode
binding post is connected to one of
the input binding posts, and the grid
is connected to the point whose po-
tential changes are to be observed.

The sweep circuit is direct cou-
pled, making possible the use of
sweep frequencies as low as desired.
The longest travel time obtainable
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with the values shown is 9 seconds.

Assuming that the standard
sweep generator®, consisting of the
884 and 6J7G, is operating satisfac-
torily, the 6N7G feeding the hori-
zontal deflecting plates is removed,
the 100,000-ohm bias control is
turned to its most negative point,
and the sweep selector switch, S, is
turned to internal sweep. The volt-
age at the plate of the 6F8G is
measured at the end of the return
trace, using the slowest sweep. The
100,000-ohm balance potentiometer,
located under the chassis, is set to
the same voltage. At this point there
is no voltage across the sweep gain
control, and changing the amplitude
has no effect on the starting point
of the sweep.

A 100,000-ohm variable resistor
is placed in the cathode circuit of
the 6N7G, the tube is inserted, and
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the bias adjusted so that the largest
possible linear sweep is produced.
The linearity is best judged by ob-
serving the shape of the sweep with
another oscilloscope, but a fairly
good idea of the linearity may be ob-
tained by producing a sinusoidal
vertical deflection and observing the
evenness of spacing of the peaks.
The variable resistor is replaced as
described for the vertical amplifier.
The linear output is more than suf-
ficient to cover the screen.

The horizontal deflecting plates
are connected to points on the rear
terminal strip, so that direct con-
nection may be made to them.

The sweep may be synchronized
with a regularly recurrent signal
by means of the synchronizing in-
put. This is coupled through a unity
amplifier, using a 6C8G, to the grid
of the 884 gas tube, causing the
latter to fire at a somewhat lower
plate voltage than ordinarily and
tending to synchronize the break-
down with the positive peaks of the
signal. The synchronizing voltage
may be obtained from a plate of the
vertical deflection amplifier or from
an external source by turning S..

The bias control of the 6F8G is
used to produce a single sweep. The
cathode of the diode to which the
bias control is connected goes nega-
tive as the sweep condenser charges.
If the bias control is set to a point
more negative than the peak of the

sweep, the diode has no effect. When
the bias control is set to a point
slightly more positive than the peak
of the sweep, the cathode of the
diode becomes slightly negative
with respect to the plate, and the
diode draws current preventing fur-
ther charging of the condenser. The
884 gas tube will not break down
unless its grid bias is reduced by a
positive pulse applied through the
synchronizing amplifier, which pro-
duces a single sweep. This pulse
may be initiated by a signal peak,
or by applying an impulse from a
transient producing device a few
milli-seconds before the transient is
produced.

A single sweep may be produced
manually by opening S;, and then
closing and opening S,. This sweep
occurs without time delay, as the
condenser starts charging imme-
diately. Points 1 and 2 are connec-
tions on the rear terminal strip, and
may be connected to points on the
transient producing device which
are in contact until the transient is
generated.

The external side of the sweep
selector switch, S, is connected to
such a point on the bleeder that the
spot is near the center of the screen,
when the sweep selector switeh is
turned to external sweep.

A 60 cycle per second output is
provided from transformer T, two
voltages to ground being available.

'/\/"-Mc

Fig. 4—Typical records obtained with
the oscilloscope.

A. Square wave input, direct coupling
B. Square wave. condenser coupling
C. Lissajous figures, with 60 cps ap-
plied to hcrizontal plates and 360 cps
applied to vertical deflecting plates

D. Circular trace of Lissajous figures
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shown at C, but with fore and aft
separation

E. Spiral trace with 360 cps signal

F. Circular trace with 360 cycle in-
tensity modulation which blanks out
portion of the circumference

G. Linear sweep of 60 cps signal with
360 cps intensity modulation

The phase of one of them is variable.
By connecting one of the outputs to
the external sweep input a 60 cycle
per second sweep is produced. This
is useful for producing the familiar
Lissajous figures. A somewhat less
familiar figure, as useful as the
cogwheel pattern obtained by mod-
ulation of the second anode voltage
but more easily obtained, is the
circular sweep. This is produced by
connecting the other output post to
one of the d-c¢c amplifier grids and
adjusting the relative amplitudes
and phase until a circular sweep is
produced. This separates the front
and back halves of the Lissajous
figure, as shown by a comparison of
Figs. 4C and 4D. This is very use-
ful for frequency determinations.

A spiral sweep is produced by sup-
erimposing a linear motion on the
circular sweep. This is done by con-
necting the sweep output to one of
the inputs of the d-c amplifier with
the signal source, and leaving the
connections otherwise as for a cir-
cular sweep.' This is shown in Fig.
4E.

The Z-axis amplifier is used to
modulate the intensity of the beam
by varying the grid voltage, pro-
ducing dark areas in the trace on
the negative peaks. This may be
used to eliminate the return trace on
the linear sweep, or to mark the cir-
cular sweep, Fig. 4F, or to produce
timing marks on a signal with a
linear sweep, Fig. 4G. Accurate tim-
ing is thus possible on a photograph
of a single sweep.

Placement of parts is not critical,
except that it is advisable to keep
the transformers as far from the
cathode ray tube as possible. It was
found necessary to encase the tube
in a 9-inch nipple of 3-inch iron pipe,
as sufficient spacing was not pos-
sible on the chassis used.

It is recommended that anyone
constructing an oscilloscope of this
type use a 550-volt power supply, as
this makes the adjustment of the
various supply voltages even sim-
pler,
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PREDICTED
CONTOURS

O PARAPHRASE the famous formula for mili-
tary success, the engineers of the Columbia Broad-
casting System figured that they could capture a large
portion of the large New York market by getting
their programs into that area “loudest-est and best-
est.” The problem was doubly difficult because of
the large area to be covered with primary service and
the highly competitive situation among the local
hroadeast stations. The solution necessitated the
construction of a new transmitter for WABC at a
location from where the radiated signal would blanket
the highly populated areas so strongly that good re-
ception could be obtained with all but the poorest
receivers. and in all locations but those having very
bad local noise conditions. In this respect. from
CBS’s viewpoint, it wuas necessary to equal or beat
the performance of competing stations.

Using the concept that the best transmission can

ELECTRONICS - — December 1941
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To describe the circuit features of WABC's new transmitter

would be like, as one CBS engineer put it, describing a 1942
T model automobile by a dissertation on the operation of an
internal combustion engine. The great mechanical complexity
of a modern broadcast transmitter, however, is often over-
looked, as are the many precautions that must be taken to
maintain that station in continual service. The photographs
were made to show these mechanical features.

be obtained when the initial path of transmission,
that is, the first few miles from the transmitter, is
over a ground material of high conductivity, CBS
cast about for a small island surrounded by sea water,
which has greater conductivity than any other ground
material. A group of rocks in Long lIsland Sound
projecting slightly above the water was selected as
the site for the new transmitter. It was necessary
to build a seawall 18 feet high and fill in an area 150
feet square. Because of the extremely small area avail-
able for construction the transmitter building and the
antenna had to be constructed at the same spot. Ex-
ternally, it appears that the tower is built atop the
transmitter house, but actually the two are completely
separate structures. The tower rests upon four con-
crete blocks which go down to bedrock. The lower por-
tion of the tower consists of four concrete posts which
pass through the building without coming in contact
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A corner of the antenna tower showing the antenna lead (right fore-
ground). the ceramic insulator, the toroidal transformer (arrow)
supplying the tower lights, and the photoelectrically controlled beacon

Crystal controlled oscillators which generate the 880-kc carrier. A
spare oscillator is provided in the main and auxiliary transmitters

High voltage d-c power for the transmitter tube plates is supplied by
this three-phase full-wave rectifier. Six F-357 tubes supply 12 amps
at 12,000 volts. The seventh rectifier tube is ready for emergency use

with any part of it, although rubber baffles are used
to keep rain and snow out.

The station itself consists of two complete trans-
mitters, the main unit having a power rating of 50
kilowatts and an auxiliary unit rated at 5 kilowatts.
Should anything happen to the 50-kw transmitter, the
5-kw unit could be put into emergency service im-
mediately. In addition, the 5-kw unit can be used to
drive the final stage of the 50-kw unit to further
insure continuous operation at high level if trouble
occurs in the low level stages of the main transmitter.

The observer is struck with the double keynote in
the design of the new WABC. The first is the con-
venience of operation and maintenance of the trans-
mitter and the other is the great precautions which
have been taken to be sure that service can be con-
tinued regardless of almost any type of emergency.
The program from the studio reaches the island by
two different land and underwater routes. If these
should fail, there is an f-m studio-transmitter link
operating on 335 Mc. The f-m receiving antenna is
located atop the tower and the signal is brought to
ground potential by a quarter-wave transmission line
in the basement of the building. Electric power is
brought to the island by two cables coming out from
the mainland over different paths. If both of these
fail the station can be operated from a 94-kva gener-
ator driven by a gasoline engine. The duration of
operation with the motor generator is limited only by
the supply of gasoline and oil. The transmitter itself
can be operated under several sets of conditions. All
of the low-level equipment is duplicated so that in the
case of failure of any one unit, the spare can be
placed in operation without delay. If both units of
the same stage fail, the 5-kw transmitter can be used
in place of all the low level stages of the main trans-
mitter. If the power output amplifier stage should
fail, the station can remain on the air with reduced
power using the smaller transmitter. DProvisions
have been made so that even if the tower should fall
over, the station can continue to operate, with reduced
power of course, by stringing up an erergency an-
tenna on the four nautical looking flagpoles at the
corners of the island.

The new station differs most from other broadcast
stations, speaking of the transmitter itself, in that
circuit elements are placed at the most favorable posi-
tions in the circuit and the controls are placed in the
normal positions on the front panel. There are a
lurge number of shafts with universal joints and
gears connecting components with the controls. This
method has the advantage of providing very short
leads where they are necessary because the location
of the coil or condenser is in no way dependent upon
the position of the knob controlling it. Ingenuity
in the mechanical design of the station has attained
considerable flexibility in the electrical design with
certainly no loss and probably with an increase in
operating efficiency.

The Transmitter

The transmitting equipment for the new station
was manufactured by the Federal Telegraph Co., a
subsidiary of the International Telephone and Tele-
graph Corp., according to specifications drawn up by

December 1941 — ELECTRONICS

ameri®anradiohistorv com


www.americanradiohistory.com

the engineering department of CBS. Two completely
independent transmitters were built. The main trans-
mitter is capable of delivering 50 kw at 100 percent
modulation and the auxiliary transmitter will radiate
5 kw. Both transmitters use high level modulation,
and for maximum flexibility the 5-kw unit uses air-
cooled tubes to insure continued operation if the water
cooling system should fail. Two type 124-A water-
cooled tubes are used in the final r-f stage and two
type 125-A water-cooled tubes are used in the high
level modulator of the main transmitter. The two
124-A tubes have an anode dissipation rating of 40
kw each. They are capable of providing a 50-kw car-
rier signal and at 100 percent modulation they will
deliver the necessary peak power of 200 kw. The
filaments of all tubes in the station are operated on
alternating current to avoid the added complication
of providing rotating machinery for d-c power. The
5-kw unit uses two type 892-R air-cooled tubes in the
final r-f stage and two 891-R air-cooled tubes in the
modulator.

The Antenna System

The steel antenna tower rises 410 feet above sea
level and is designed to remain upright in wind veloci-
ties up to 125 miles per hour, which is considerably

(Right) Circuit diagram of the complete broadcast stalion. The com-
plexity of the main and auxiliary transmitters with the switching
for emergency operation is indicated by the size of the blueprint

The control room is laid out for maximum convenience of
operation. The meters on the main panels are large enough

greater than has ever been experienced in this area.

As is usual with broadcast antennas, the height is
severely limited by the demands of safety for air-
craft. Fortunately, the effective height of an antenna
can be increased by a considerable amount by the
use of top loading. Top loading consists of introduc-
ing near the top of the antenna a positive reactance
which increases the current radiated from that por-
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to be read from the desk. The main transmitter is behind
the center panels and the adjoining panel at the left

tion of the antenna. By inserting various amounts
of positive reactance in the antenna the radiation
characteristic can be varied over a considerable
range. There are various methods of inserting the
reactance. The usual method is to place an inductance
at the top of the antenna, but in this case it would
involve a large mass high on the tower creating an
undesirable wind load. Instead, top loading is ob-
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tained by the transmission line method. A %#-inch
copper pipe is hung parallel to and about a foot away
from one of the four sections of the tower. At a dis-
tance from the top the pipe is shorted to the tower by
a metallic connection. The top of the tower proper
terminates at insulators on top of which is placed
the “top hat,” or upper portion of the radiator. The
upper end of the &-inch copper pipe is connected to
the top hat to complete the antenna system.

The top loading system used opérates as a quarter-
wave transmission line which is shorted at some point.
If it is shorted at one end it naturally presents a zero
impedance looking into that end, and if shorted at the
far end, it presents an infinite impedance, or an open
circuit, looking into it as before. Any desired value
of impedance can be obtained by shorting the trans-
mission line at the proper point along its length. The
value of positive reactance required to give the an-
tenna system the desired characteristics was deter-
mined and from this was determined the proper point
at which to short the ¥-inch pipe part of the trans-
mission line to the tower as explained above.

A dummy antenna of unusual design is provided
to carry the load of a transmitter when it is not de-
sired to radiate power. Either the 50-kw or the 5-kw
transmitter may be connected to the dummy antenna
for testing at any time. The conventionally designed
dummy antenna is air cooled and requires consider-
able space to dissipate the heat generated. However,
the unit at WABC is water cooled with a consequent
great saving in space. It is contained in a cabinet
about one foot square and about three feet high.

Emergency F-M Studio-Transmitter
Program Link

An f-m radio studio-transmitter program link is in
readiness for operation in case both land lines are
forced out of service for any reason. The top of the
studio building at 485 Madison Ave.,, New York City
and the top of the antenna tower are within line of
sight of each other and therefore the antennas for
this service are mounted atop these structures. The
lead-in of the receiving antenna is carried down from
the top of the tower through the J-inch copper pipe
which is also used for top loading. This coaxial line
is at high r-f potential and is not suited for connec-
tion to a radio receiver until the potential is brought
down to almost ground potential. This is done by
carrying the line through another copper pipe to form

Appearance of the island as construction of the new transmitter was
getting under way. It was almost entirely covered with water at high tide

a quarter-wave co-coaxial line one end of which is at
high r-f potential and the other at ground potential.

The ground system consists of a number of heavy
copper cables which extend into the water far enough
that the ends rest on the bottom six feet below mean
low water. These cables are securely fastened to a
sturdy bus which surrounds the sea wall at its base.
At several points the bus is brought through the wall
for connection to the transmitters and to the cop-
per shielding of the transmitter building. The build-
ing is completely covered with copper sheeting except
for door and window openings. This provides an ex-
ceptionally fine grounding system.

Duplication of Equipment and Switching
Facilities

Each electrical circuit essential to the operation of
the station is duplicated in some manner. First, there
are three different program paths from the studio.
There are two audio amplifiers for each transmitter
up to the input of the modulator driver stages.
Switching from one audio line to another, within a
single transmitter, is accomplished by the push of a
button. The erystal-controlled oscillator of each trans-
mitter has a spare ready for service at all times except
when it is out for inspection or repairs. The r-f amp-
lifiers up to the input of the drivers for the final stages
of both transmitters are duplicated and may be in-
stantly replaced. In the rare case that all of the low-
level equipment of the main transmitter should be out
of service, the output stage of the auxiliary unit may
be made to drive the final stage of the 50-kw unit.
If the 50-kw final stage should go bad, the station
can continue in operation with the 5-kw transmitter.
In other words, every effort has been made to guard
against failure of the station due to any set of con-
ditions which can be foreseen.

The final precautionary touch of this island broad-
casting station is that in case it is cut off from the
mainland because of extremely severe weather condi-
tions or for any other reason, complete living facil-
ities are provided for at least six men. There are
three bedrooms equipped with double deck beds as
well as a complete equipment kitchen, dining room,
and lounge. Men could live here for an indefinite
period of time provided one of them has, in addition
to his knowledge of how electrons chase each other
around, a little down to earth acquaintance with the
art of cookery.—cC.w.

This model was used in early tests
to determine the proper antenna design
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Report on 1941
Rochester Fall Meeting

Design and production of radio equipment for national defense absorb interest of engineers
at 1941 TRE-RMA Rochester Fall Meeting. Topics discussed include improvements in bass

output, skin effect. electron microscope, signal generators and receiver

production

ORE than 500 radio engineers

from the north-east quarter
of the country with a representative
or two from the west coast gathered
in Rochester on November 10-12 in-
clusive for the thirteenth Rochester
Fall Meeting of the IRE and RMA.
That the meeting would live up to
past performance was assured as
the first flurries of snow of the year
greeted out of town conventionites
as they left their Pullmans early on
Monday morning to descend upon
the desk clerk at the Sagamore
Hotel.

Seventeen technical papers were
presented, twenty-five RMA com-
mittee meetings were held, and
thirty exhibitors showed their new-
est products to the 520 engineers
who gathered, while two additional
firms were represented without ex-
hibits. Emphasis this year centered
around problems of the industry,
especially as these are influenced by
demands of national defense, and
there was less emphasis on sales
largely because production and lack
of raw materials was the bottleneck
this year in contrast with activities
of preceeding years.

As usual, group lunches in the ho-
tel were planned to keep the engi-

Constant impedance connector, below, for joining two ends of
At right is shown a circuit
for increasing the apparent bass output of small radio receivers

coaxial cable having solid dielectric.

neers together. For those who re-
mained until the end or could not
make train connections before late
Wednesday evening, provision was
made to attend a broadcast show,
after which Mr. Ter Louw of the
Eastman Kodak Company presented
an interesting talk on “New Things
in Photography”. Among other mat-
ters pointed out was the need for
technical men in the photographic
field, men who know industrial ap-
plications of photography and engi-
neering rather than portraiture and
commercial photography.

The technical program was opened
by Harner Selvage, consultant to the
American Phenolic Corporation, who
described recently developed flexible
dielectric materials for coaxial cable
in a talk, solid dielectric in coaxial
cables. The new materials, which go
by the names of Copolene S and Copo-
lene B, are copolymers of polysty-
rene and polybutene respectively.
The dielectric constants are 2.8 and
2.6; the power factors at 1 Mc are
0.001 and 0.0006 for Copolene S
and Copolene B respectively. The
latter material compares favorably
with ordinary polystyrene (power
factor of 0.0002 at 1 Mc.) Copolene
B is the more flexible of the two

ELECTRONICS — December 1941

wwWwW americanradiohistorv com

and retains its flexibility down to
low temperatures. Neither material
can absorb water. Professor Selvage
outlined the methods of measuring
the characteristics of coaxial cable
and described a connector which
maintains a constant impedance be-
tween cables and hence minimizes
reflections and losses. The flexible
cables are particularly suited to air-
craft installations, where vibration
and bending may break the inner
conductor of the beaded type of
cable. The extremes of temperature
encountered in aircraft applications
also cause the beaded cable to col-
lect moisture, whereas the filled
cable is so constructed that moisture
is completely excluded.

Speaking on the subject of syn-
thetic bass in small receivers Frank
Shepard, Jr. of the Revelation
Patents Holding Corporation dem-
onstrated a system of artificially en-
hancing the bass output of small re-
ceivers by introducing distortion in
the low frequency region. Mr. Shep-
ard described the input-output char-
acteristics of the human ear, and
showed that its electro-mechanical
system inherently introduces a high
degree of harmonic distortion, which
is particularly pronounced at the
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lower frequencies. Thus, if only the
harmonics of a low-frequency tone
are present, the fundamental being
surpressed for example by the limi-
tations of a small loudspeaker, the
ear has most of the information
which would be present if the funda-
mental were not surpressed. If the
harmonics are emphasized, the ap-
parent depth of the tone increases.

In practice a pentode tube is used
to introduce the distortion. Regen-
eration between plate and grid is in-
troduced through a filter circuit
which limits the regeneration to the
low frequencies, with corresponding
high harmonic distortion in this
range. The effect was demonstrated
on several small receivers, using a
beat-frequency oscillator and a pho-
nograph record as sound sources. A
marked increase in apparent buss out-
put was apparent. In the discussion
it was pointed out that the truly faith-
ful reproduction is not obtained,
since the ear introduces further
distortion to the distorted output,
but the net effect is neverthe-
less more pleasing when a small
loudspeaker must be emploved for
reasons of economy.

Radio Engineering Economics

A departure from the usual run
of papers was presented by E. L.
Hulse, a member of the accountancy
staff’ of the General Electric Company
who spoke on “Some Aspects of
Radio Engineering Economics”. The
talk was a lively commentary on the
relationship of the sales department
to the engineering department. The
necessity of measuring engineering
performance was illustrated, Mr.
Hulse said, by the need of a device,
which, if placed at the head of an
engineer sitting with his feet on the
desk, would reveal whether or not
he was awake. Mr. Hulse pointed out
that restrictions on materials would
force a lot of the hokum out of en-
gineering by making it essential to
remove oversize components and un-
necessary tubes which had been
added at the insistence of the sales
department. In the discussion H. A.
Wheeler proposed that the IRE re-
turn the compliment conferred by
this talk by sending a speaker to the
next meeting of the American So-
ciety of Accountants,

Otto Schade and H. De Ryder of
the RCA Manufacturing Company
at Harrison described a high-per-
formance video signal generator used
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Design constants of video coupling net-
work used in wideband circuits, as
given by Otto Schade and H. De Ryder

Formula for r-f resistance of a ring
near a shielding wall with diagram

illustrating the conditions for which

equation applies

in the testing of cathode-ray picture
tubes. Since the video signal has to
have considerably higher detail
than the limiting resolution of the
best picture tube to be tested, a video
band from 20 c¢ps to 10 Mc was
chosen in the design. The signal
source is a monoscope (static-pic-
ture) tube, which feeds into a high
gain preamplifier with degraded
high frequency response. The high
frequencies are restored in a later
stage, thus obtaining flat response
with a minimum noise level. Several
forms of circuits suitable for restor-
ing the high frequencies were de-
seribed. One circuit, employing a
large cathode resistor and by-pass
capacitor, produced a gain of 18
times, while delivering a uniform
signal up to the 10 Mc limit. Several
forms of coupling connection were
described to obtain high gain over
this wide range. The authors pointed
out that a high degree of overshoot
in reproducing a transient signal
was occasioned by the use of a sharp
cut-off *filter, but that the use of a
tuned circuit in the cathode of one

of the stages could reduce this effect.
Slides showing test chart images re-
produced on this equipment were
remarkable for their detail and ab-
sence of phase distortion. The
equipment produces the necessary
synchronizing and blanking pulses
for testing picture tubes, although
these pulses are not identical with
the NTSC standards since it is not
necessary to reproduce commercial-
broadecast conditions in the circuits.

Skin Effect Simplified

H. A. Wheeler of the Hazeltine
Service Corporation maintained his
reputation for presenting valuable
simplifications of difficult subjects in
his paper “The Skin Effect and the
Depth of Penetration”. The accom-
panying chart shows the results in
readily usable form. The depth of
penetration D is the thickness of the
laver at the surface of a conductor
through which substantially all of
the current passes. This quantity,
once determined for the frequency
and the conductor material, is the
basis of the following rule: In
shielding, attenuation of undesirable
fields is increased as the depth of
the layer of conductor is increased,
until an attenuation of 8.7 db is ob-
tained for a conducting laver equal
to the depth of penetration. The
other quantity shown on the chart is
the surface resistivity R, which per-
mits determining the a-c resistance
of a conductor at any frequency.
The a-c resistance is equal to the
surface resistivity R, times the ratio
of the length to the circumference of
the conductor.

Mr. Wheeler also derived equa-
tions for the a-c resistance of paral-
lel wire transmission lines. This re-
sistance is given by

LRy

" ar /1 — (a/b)

where [ is the length of the line,
R, the surface resistivity of the con-
ductor at the frequency of operation
(taken from the chart), ¢ is the
radius of each conducterand b is one
half the distance between the centers
of the conductors, (a, b, and [ in the
same units).

Based on the equation above, as
well as other formulas given at his
talk, Mr. Wheeler stated his “incre-
mental inductance rule” which is
used for determining not only the
effective resistance of a circuit, but
also the added resistance caused by

December 1941 — ELECTRONICS

wwWw americanradiohistorv com


www.americanradiohistory.com

1iv

conductors in the neighborhood of
the circuit. The inductance of the
circuit is determined, from which
the increase in resistance can then
be calculated.

Super-Voltage Electron Microscope

One of the most interesting pres-
entations at the Convention was that
given by V. K. Zworykin, J. Hillier,
and A. W, Vance of the RCA Manu-
facturing Company, Camden and en-
titled “A  300-Kilovolt Electron
Microscope”. The paper was deliv-
ered to a capacity audience by DMr.
Hillier at the evening session. The
earlier 60-kilovolt microscope, which
had been described before the IRE
in June 1940, was briefly reviewed.
The reason for going to higher volt-
age was not to secure an increase in
useful magnification, but rather to
permit the examination of thicker
specimens. The lower voltage model
could not penetrate even thin layers
of histological specimens, and its use
was therefore limited to materials
which could be applied in very thin
layers to the collodion support. With
the higher voltage however, speci-
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audience ran as high as 4,000,000
times.

The problem of producing 300,000
volts for accelerating the electrons
with sufficient stability to prevent
defocusing was reviewed. A totally
new design of the electron gun was
necessary before the full voltage
could be applied in damp weather,
Also protection against the high
voltage x-rays produced by the im-
pact of the high speed electrons on
the photographic plate was found to
be essential. A large number of
slides were shown to compare the
detail available on a given specimen
with the best optical microscope and
that obtainable in the high voltage
electron microscope.

The annual report of the RMA
Director of Engineering was deliv-
ered by Dr. W. R. G. Baker who oc-
cupies that office. A review was
given of the activities of the Na-
tional Television Systems Commit-
tee which resulted in the adoption
by the FCC of television operation
standards and the consequent com-
mercial operation of television
stations. Itwas estimated that an ex-

gL |
(5)s0ft iron /for small
(6) transformer irony magnetic
Z-1{Tpermalloy 78] intensity
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Depth of Penetration in Inches- T

Graphical study of skin eifect, showing surface resistivity and depth of
penetration in mks units for various metals and small magnetic intensity
from a paper given by H. A, Wheeler

mens prepared for an optical
microscope can be viewed in the elec-
tron microscope. The increased volt-
age causes the electrons to take
straighter paths as they pass
through the specimen, so higher
fields in the magnetic lens system
are required to restore the magnifi-
cation as the voltage is increased.
The highest useful magnification at
present, beyond which no new detail
is revealed, lies between 60,000 and
100,000 times. However, the total
magnification from specimen to its
projection on the screen before the

Rt filament and regulated high

voltage supplies for the 60 kv

electron microscope described by
Zworykin, Hillier and Vance
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penditure on the part of the
employvers of the committee members
of more than $50,000 was made.
The activities of the RMA DMateriel
Bureau were also outlined. The mem-
bers of this committee are at present
very active in determining the re-
quirements of the radio industry
of various materials and the avail-
ability of these materials., Stand-
ardization of design of parts and of
procedures are going forward at a
rapid rate. It was emphasized by
Dr. Baker that the committee is en-
deavoring to convince the govern-
mental authorities that rather than
limit the production to a given num-
ber of units, the industry should be
given a certain amount of materials
and be permitted to make as many
units as it can. This procedure would
be a challenge to the ingenuity of
radio engineers to make more radio
equipment from less materials.

Tube Noise

Noise in radio tubes and its origin
in the manufacturing processes was
discussed by Walter L. Krahl of
Hygrade Sylvania Corp. Frequently
noise is caused by momentary con-
tact between two electrodes or an
electrode and a piece of metal, such
as a speck of nickel on a mica spacer
or the getter. The major source of
noise, because of electrodes shorting
to each other. is the many small
pieces of cotton or wool lint, largely
from the clothing of the operators,
which finds its way inside the tube
envelope.  During the exhausting
and aging processes the tube strue-
ture becomes very hot in vacuum
and the lint carbonizes to form a
very good conducting medium. One
of three things then happens: (1)
the lint falls to the bottom of the
tube where it does no harm, (2) it
falls directly across two elements
where it forms a short circuit, or (3)
it falls in such a way that when the
tube is struck with a light rubber
or cork hammer, or when it vibrates,
a momentary short circuit is caused
to produce noise. In a test involv-
ing several hundred tubes and very
severe noise testing conditions, re-
jected tubes were reduced from 90
percent for regular production tubes
to 7 percent for tubes made with
extreme and impractical precautions
for preventing lint from entering the
tubes. Also important as a cause
of noise in tubes is the radiation of
energy from one tube to a more
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sensitive tube. Floating elements in
the more sensitive tube become
charged resulting in noise.

F-M Signal Generator Design

According to C. J. Franks of Boon-
ton Radio Corp. the design of an
f-m signal generator is a conflict
between performance and cost. It
should have better operating char-
acteristics than the equipment it is
to test and yet it should be reason-
ably low in cost. Consequently its
circuit must be simple and the gen-
erator should contain as few tubes
as possible. This immediately rules
out phase modulation as a possible
method of producing frequency-
modulated signals because of the
frequency multiplication required.
Thus, the designer is limited to the
use of a reactance tube for the gen-
eration of f-m signals. Mr. Franks
discussed two types of reactance tube
circuits, the grid connected circuit
and the plate connected circuit
which are shown in the accompany-
ing diagram. It was decided to use
the grid connected circuit, largely
because of the low operating (or
hot) losses associated with it.

It is highly desirable to operate
this type of circuit at a single fre-
quency. Therefore, a circuit with a
mean frequency of 20 Mc is used
in conjunction with a heterodyne
oscillator. To cover the ranges from
1 to 10 Mc for intermediate fre-
quencies and 41 to 50 Mc for carrier
frequencies, the frequency range of
the variable oscillator is from 21 to
30 Mc. This type of signal genera-
tor cannot be tested properly by the
use of a vacuum tube voltmeter.
Suitable tests require the use of an-
other signal generator and a se-
lective voltmeter which would be a
radio receiver.

New Magnetic Materials

W. E. Ruder, of the General Elec-
tric Company, outlined some of the
contributions which have been made
in recent years to the improvement
of magnetic materials which find ex-
tensive use in the radio field as core
materials for transformers and as
magnets for loud speakers. The
benefits to be derived from cutting
core pieces so as to take advantage
of the unsymmetrical magnetization
characteristics of the material, which
are usually greater with the rolling
grain than against this grain, the
improvements due to carefully con-
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A

Grid connected tube circuit (above)
compared with plate connected re-
actance tube for the production of f-m
signals, as discussed by C. J. Franks

trolled heat treatment, and particu-
larly the improvements to be derived
by appropriate magnetic treatment
during the heat treatment of the
magnetic materials were illustrated
by means of slides and tables. All
of these improvements have in-
creased the effectiveness of magnetic
materials and result in increased per-
meability with lower losses. Some
discussion was also given to possible
future developments which might be
expected to come about as a result
of increased activity on the part of
metallurgists.

Problems encountered in the de-
sign and production of a signal gen-
erator covering the frequency range
of from 50 to 400 Mc were outlined
by John M. VanBeuren of the
Measurements Corporation. Orig-
inal plans for a signal generator for
this high frequency range led to a
realization that the techniques used
in previous lower frequency models
would, very likely, have to be dras-
tically modified. Although certain
problems which at first appeared to
be quite simple were found to lead
to unexpected difficulty, whereas in
other cases, no trouble was experi-

enced where it had been anticipated,
the original point of view was de-
termined to be well founded.

The signal generator deseribed
had a frequency range of from 50
to 400 Mc, a low impedance output,
and provision of output signals of
from 1 to 100,000 microvolts with
switch arrangement of the resistance
attenuator, and with extension up
to 1 volt by external tap. The oscil-
lator was a 954 acora tube which,
when used in a resonant line type of
circuit produced a satisfactorily con-
stant voltage at any frequency
within the range of the instrument.

Most unusual feature of the in-
strument was the resonant line oscil-
lator circuit, the frequency of which
was varied by altering the length
of the transmission lne as well as
by capacitive loading. To conserve
physical space as well as to obtain
the desired frequency range, the
transmission line was made in the
form of a loop which could be ro-
tated about a central axis by means
of the tuning drive shaft. The ro-
tation of this disc also varied the
capacitance of the loading con-
densers. Because of the large fre-
quency range which was covered,
it was found necessary to short-cir-
cuit the wunused portions of the
transmission line tuning circuit to
prevent undesirable resonant cir-
cuits from being established. These
short circuiting elements were pro-
vided by means of stationary jaws
which made contact with the contact
lugs on the rotatable transmission
line. The tuning mechanism has a
high ratio gear, and to conserve time
of the operator, a motor driven
mechanism is used to tune the cir-
cuit to the approximate frequency.
Final adjustment of frequency is ac-
complished manually. The scale for
the tuning dial has an overall length
of about 5 feet, so that accurate tun-
ing can be accomplished easily.

Iron Core Improvements

W. J. Polydoroff, consulting engi-
neer of Chicago, gave a talk, illus-
trated with a series of slides, on
“New Advances in Iron Cores” in
which were outlined the advances
which have been made in the past de-
cade, on the improvements in iron
core inductances and transformers
for radio purposes. Whereas ten
years ago, all emphasis was placed
in the use of iron core coils for op-
eration in the normal broadcast

December 1941 — ELECTRONICS

www americanradiohistorv com


www.americanradiohistory.com

band, present day requirements
utilize these coils in ultrahigh fre-
quency bands as well. Reduction in
size of the individual grains of the
iron powder, resulting in greater
uniformity and improved operation
were outlined, and mention was

Noise Meter Transients
C. M. Burrill of the RCA Manu-
facturing Co. opened the Thursday
morning session with a discussion of
“Some Observations Concerning the
Transient Behavior of Radio Noise
Meters”. The transient characteris-

specified in terms of transient re-
sponse alone, as has been done in the
past, since the transient response
was dependent upon the noise range
and the scale configuration for
which the meter movement was de-
signed. A method of analyzing the

made of the availability of domestic tjes of noise meters were discussed, transient response characteristics
carbonyl iron which is at least equal with and without the use of auto- of noise meters by a method of suc-
to the quality of products which matic volume control cireuits. It was cessive approximations was also
were formerly imported. The more gshown that the transient character- given.

important characteristics of
bonyl iron were also discussed.

car-

istics of noise meters for measuring
radio noise could not be completely

Circuit of connections for parallel con-

In prepared discussion which fol-
(Continued on page 85)

Constructional detail of 50-400 Mc. os-

I ductor oscillator having range of from cillator, showing loading condensers
50 to 400 Mc. as given by John M. and shorting lugs on coiled parallel
=150 V. e Van Beuren conductors

+I5QV. 0

Change in Weight of Materials of Construction in Two 1342 Radio Receivers from 1940 Practice

Vari- Paper
able Brac~ Hook- Con-
Con- kets Up  Electro- densers Re-
denser & Loop & I-F Wire & lytic & Cabinet main- Total
Loud Perm. An- Hard- Trans- Other  Line Con- Re- Tube  Con- & der in De- In-
Speaker Tuner tenna Chassis ware formers Coils Cords densers sistors Sockets trols  Knobs and X pounds crease crease
Iron and steel 1940 1.15  0.38 0.82 0.24 0.03 X 0.21 X 0.02 2.85
1942-A 1.28 0.68 X 0.15 0.04 X 0.03 0.26 X 0.02 24 0.39
1942-8  1.28 0.39 X 0.15 0.04 X 0.03 0.26 X 0.02 217 0.68
Brass, Copper, Bronze .. ... 1940 0.24 X 0.08 0.03 X 0.06 X 0.04 0.03 0.05 0.01 0.54
1942-A X X 0.06 X 0.04 X 0.01 0.n 0.43
1942-8 X X 0.06 X 0.04 X 0.01 0.n 0.43
Aluminum 1940 L 0.10 0.05 0.014 0.026 0.19
1942-A  0.02 0.03 0.05 0.14
19428  0.02 0.03 0.05 0.14
Tin . 1940 X X X X 0.06 0.06
1942-A X X X X 0.06 006 0
1942-8 X X X X 0.06 006 0
Lead 1940 X X X X 0.04 0.04
1942-A X 0.20 0.03 X 0.12 0.04 0.39 0.35
1942-8 X 0.20 0.03 X 0.12 0.07 0.42 0.38
Nickel. . ..... ... 1940 . X 0.003 0.003
1942-A  0.03 X 0.003 0.033 0.03
1942-8  0.03 X 0.003 0.033 0.03
Caobalt. 1940 .
1942-A  0.05 0.05 0.05
1942-8 0.05 0.05 0.05
Bakelite 1940 X X X X 1.8 0.2 2.0
1942-A X X X X 0.2 0.2 1.8
1942-8 X X X X 0.2 0.2 1.8
Silver. . ................ 1940 ..
1942-A 0.08 0.02 0.01 0.1 0.n
1942-8 0.02 03 05 05
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Panoramic Reception for
Increased Receiving Efficiency

Efficiency of receiving stations can he improved if the operator is at all times aware of the

activities of transmitters in the band to which he is listening. The Panoramic Spectroscope

adapter informs hin instantly when a new signal is radiated

ONTINUOUS indication of the

presence of radio signals
within plus or minus 50 k¢ of the
tuned frequency of a receiver can be
obtained by attaching to an ordinary
superheterodyne an instrument mak-
ing use of the panoramic method of
reception. The indications appear
as deflections on the screen of a

cathode-ray tube and are such that
the characteristics of any signal can
easily be determined. This continu-
ous indication can be extremely use-
ful to a commercial or amateur op-

erator to increase the efficiency with
which he can operate his station. It
provides him with an overall picture
of traffic conditions of that portion
of the spectrum which interests him
and enables him to spot instantly
any new signal which appears, With
a little practice, the operator can in-
terpret the indications so that he
may know the approximate signal
strength, whether or not the carrier
is modulated and if it is modulated,
the type of modulation.

The operation of panoramic radio
reception was described in the June
1940 issue of ELECTRONICS and a
brief review of its principles will
suffice here. The panoramic receiver,
or adapter unit which is attached
to the plate of the converter in a
conventional superheterodyne re-
ceiver, is continuously tuned through
the selected portion of the band at
the rate of 30 times per second. As
each signal is tuned an audio volt-
age is impressed on the vertical
plates of the cathode-ray tube. The
horizontal sweep frequency is syn-

chronized with the tuning sweep

Oscillograms showing how typical signals
are indicated on the screen of the cathode-
ray tube.
Sidebands vs sweepwidth
1. Carrier modulated at 3000 cps. 100-kc
sweepwidth. The modulating frequency
is too low for the sidebands to be re-
solved. The slightly irreqularity near the
base indicates their presence.
2. Same as No. 1, but with the sweep-
width reduced to 70 kc.
3. Same as No.
duced to 50 kc.
4. Carrier modulated at 15,000 cps, 100-
kc sweepwidth.
Resolution vs Sweepwidth
5. Two carriers 5 kc apart, 100-kc sweep-
width.
6. Same as No. 5 with sweepwidth re-
duced to 50 kc.
Amplitude vs Signal Strength {100-kc Sweep-
width, fixed gain)
7. 10-microvolt signal.

1 with sweepwidth re.
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rate. The indication of each signal
exists for but a very small part of a
second, but because of the rapid
scanning it appears as a continuous
trace on the cathode-ray screen and
because of the synchronization of
the cathode-ray tube horizontal
sweep frequency and the tuning
sweep frequency the deflection re-
mains stationary.

The adapter unit, attached to an
crdinary superheterodyne receiver,
operates in the following manner.
The input to the adapter is obtained
from the plate of the converter tube
through a high resistance as shown
in the diagram. The resistance is
used so that the operation of the
receiver is unaffected and so the op-
erator can listen to the single signal
to which the receiver is tuned. The
first stage is an r-f amplifier whose
passband is 100 ke wide with the
mid-frequeney equal to the inter-
mediate frequency of the superheter-
odyvne receiver. The characteristics
of this stage are such that the over-
all response curve of the receiver r-f
and converter stages and the adapter

8. 100-microvolt signal.
9. 1000-microvelt signal. Base widens
and limiting action causes square top.
10. 10,000-microvolt signal.
11, 100,000-microvolt signal. The indica-
tion breaks up into three positions, the
central portion flattened on top and two
spurious harmonics.

F-M Signals
12. Unmodulated carrier.
13. Small degree of modulation.
14. Moderate degree of modulation.
15. Heavy modulation.

Typical Examples of Reception
16. Amateur phone band at 14 Mc. Six
modulated phone stations are indicated.
17. A portion of the standard broadcast
band.
18. Three automatic telegraph stations.
The rapid keying and relatively slow film
exposure cause the deflection to be closed
at the bottom.

— ELECTRONICS
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Block diagram of the pancramic adapter.

through the 100-kc band under inspection 30 times per second

Chassis of the adapter unit.
signals appear on the screen of the cathode-ray tube when the
unit is attached to a superheterodyne receiver

External view of the panoramic spectroscope adapter.
screen is placed over the cathode-ray tube for increased visibility
- under strong light conditions

Indications of the presence of radio

A green

The unit is tuned

for indications of signals in the ether

Input
Stage

Qscillater

r-f stage is nearly flat over the band
in which the adapter must operate,
To avoid too much complication the
response curve is made flat for the
medium frequency portions of the
radio spectrum, with the low fre-
quency end under-compensated and
the high frequency end over-compen-
sated. The output of the adapter
r-f stage when it is fully compen-
sated consists of all the signals
within the 100-kc band which ex-
tends from 50 ke greater than the
receiver tuned frequency to 50 ke
less than the tuned frequency with
the degree of overall amplification
equal for all signals.

The purpose of the next portion
of the circuit is to separate the sig-
nals so that each has a separate
entity. The mass of signals is fed
into the converter stage where they
are mixed with the output of the os-
cillator. The frequency of the oscil-
lator has a mean value 100 ke lower

Cathode Ray Tube

Amplifier

~ Hgl D tactor _+
pr—— CDAVEF AR |—F—

than the intermediate frequency of
the receiver and varies 50 ke above
and below the mean value. The con-
verter is followed by an amplifier
stage tuned sharply to 100 ke so that
the signals are now spread out on a
time basis as the frequency of the
oscillator sweeps through its band.
That is, the output of the oscillator
heterodynes with the incoming sig-
nals and produces a 100-ke signal
with only one signal at a time, and
signals at frequencies of other than
100 k¢ with the remaining incoming
signals. Because the next stage is
sharply tuned to 100 k¢, only that
signal is passed. As the oscillator
sweeps through its band heterodyne
sigmals are passed through the cir-
cuit one after the other. The signals
are then fed to a detector circuit
and then fed to the oscilloscope.

A 30-cvele saw-tooth
supplies the horizontal sweep for the
oscilloscope and also the variation
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generator

for the oscillator. Part of the out-
put of the saw-tooth generator is
fed to a reactance tube circuit which
is connected through the proper
phase shifting circuits so that it is
part of the tuning element of the
oscillator. This is a version of the
reactance tube method of obtaining
{requency modulated waves.

The sweepwidth, or the portion of
the spectrum under examination,
can be varied over a wide range with
a maximum value of 100 ke. As the
sweepwidth decreases, the deflections
spread apart with the deflection
corresponding to the audible sig-
nal remaining at the center. At
a sweepwidth of 100 ke the resolu-
tion is about 3 ke and at 20 ke the
resolution is 1.5 ke. The resolution
is the difference in frequency of
two signals at which two deflections
are produced.

Interpretation of Results

Each type of signal has its own
characteristics on the screen of the
cathode-ray tube‘and can be easily
identified. A constant unmodulated
carrier appears as a steady deflec-
tion of fixed amplitude. An ampli-
tude modulated carrier will appear
as a deflection whose amplitude
varies in accordance with the modu-
lation. A constant tone produces
periodic changes in the ampli-
tude while voice or music modula-
tion produces irregular changes. As

(Continued on page 79)
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Flexible Sweep Circuit

and Deflection Amplifier

FOR C-R OSCILLOGRAPHS

N a previous article,* the author

described a positioning method
for cathode-ray oscillographs, utiliz-
ing a d-c push-pull deflection ampli-
fier with d-c coupling from the ampli-
fier to the deflection plates, and
a variable d-c voltage superimposed
upon the input to the deflection
amplifier for position control. The
advantages of this circuit are in-
stantaneous  positioning  without
electrical backlash, improved low-
frequency response, and an increase
of several hundred percent in the
effective undistorted output of the
deflection amplifier.

The sweep circuit described in
this article employs the possibilities
offered by such an arrangement to
provide flexible single-sweep opera-
tion as well as generally improved
performance at low sweep frequen-
cies. A simplified deflection ampli-

* An Improved Cathode-Ray Oscilloscope
Design, Wm. A. Geohegan, ELECTRONICS,
November 1940.

fier is also described. The sweep
circuit used in conjunction with the
amplifier is shown in Fig. 1.

The amplifier, as shown, consists
of but one tube (7F7) and three
resistors and it provides push-pull
output with uniform response from
d-c¢ to beyond 20,000 cycles per sec-
ond with a gain of more than 50.
The outputs of the two triode sec-
tions are opposite in phase, and
differ by less than 5 percent in
amplitude.

The sweep circuit is direct cou-
pled throughout to provide flexible
single-sweep operation, but it has
been designed in such a way as to
retain the desirable features of con-
denser coupled circuits, namely, in-
dependence of position and gain con-
trols, and symmetrical expansion of
the time-base line, with respect to
its center, as the gain control is
turned up.

To retain these features, it is
necessary that the sawtooth voltage

appearing at the top of the gain con-
trol (point A) be symmetrical with
respect to ground. For recurrent
sweep operation, this i3 easily ac-
complished by condenser coupling,
but with such coupling., time must
be allowed for the coupling-con-
denser charge to reach its new level,
and the spot must be re-positioned
to compensate for the change when
the sawtooth oscillator is stopped
preparatory to single-sweep opera-
tion. This can be particularly an-
noying where the circuit is designed
for slow sweeps and hence has a
long time-constant in the coupling
circuit. Further, if several sweeps
are tripped off within a short time,
their positions will not coincide be-
cause of the charge built up on the
coupling condenser.

In Fig. 1, the d-c component at
A (referred to ground) will change
much more rapidly than the saw-
tooth component as R, is adjusted.
It is, therefore, possible to find a

Fig. 1—Wiring diagram of the simplified sweep circuit and deflection amplifier

POSITIONING
CIRCUIT

Cartfhosie | roay

Furbe

DEFLECTION
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A simplified sweep circuit and deflection amplifier is described which provides flexible

single-sweep operation for cathode-ray oscilloscopes for frequencies up to 20 ke. The C-R

tube is operated from a single tube balanced deflection amplifier of simplified design

By WILLIAM A. GEOHEGAN

Department of Anatory, Cornell University Medical College

point on R, at which the sawtooth
wave is symmetrical about ground
and is only slightly attenuated. With
R, adjusted to this point, the sweep,
running recurrently, will behave as

though condenser coupled, but
when the single-sweep feature is
placed in operation it will assume its
new conditions instantaneously with
no adjustment of the positioning
control and no annoying delay while
the condensers build up to their new
charge. Also, successive sweeps will
coincide in position. Once adjusted,
R, need not be adjusted further.
It need not be a front-panel control.

The operation of the circuit may
best be shown graphically as in
Fig. 3. With the sweep running con-
tinuously, at an amplitude cor-
responding to that shown as A-B,
it is necessary only to throw the
lower switch of the synchronizing
and tripping circuit to ‘“single” to
put the single-sweep feature into op-
eration. When this is done, the spot
continues the cycle in progress, but
does not fly back when it reaches B,
because the ionization potential of
the 884 tube has been raised by the
change in grid bias. The spot,
therefore, continues off the screen
toward D, the position which cor-
responds to the new ionization po-
tential. It is prevented from reach-
ing this point by the left triode sec-

Fig. 2—Proper operation of the circuit makes

it desirable that the sawtooth waveform be

symmetrical with respect to ground poten-

tial. This can be accomplished by proper
adjustment of R,

Fig. 3—Time trace of spot on screen of

oscilloscope. and illustration of the mode of

operation of the sweep circuit and deflection
amplifier

tion of the 7TF7 of the sweep circuit
which begins to draw current as
soon as its plate becomes positive
with respect to its cathode. The
screen remains dark until a tripping
pulse is applied, manually or
through the synchronizing circuit,
at which time the spot flies back
to A, completes one excursion at the
same transit speed, and then con-
tinues off the screen again to await
another tripping pulse. Tripping
pulses may be selected from any of
the sources usually used for syn-
chronization or, with the syn-
chronization-selector switch in the
“manual”’ position, the sweep may
be tripped manually by means of a
push button. When the button is
pressed, the bias on the 884 is
momentarily reduced while C,
charges. The values of C,, and R.
are chosen so that the tripping pulse
is of shorter duration than the
shortest transit time for which the
circuit is designed, and only one
sweep will be tripped regardless of
how long the button is held down.
When the button is released, C, dis-
charges through R, and the circuit
is restored to normal. If C, dis-
charges too rapidly, an unwanted
tripping pulse may be generated due
to contact bounce when the button
is released. This is prevented by
making R, very high.

ELECTRONICS — December 1941

www americanradiohistorv com

Since the input resistance of the
TF7 (or V-2 B) is practically infin-
ite, and d-c¢ coupling is used through-
out, the linearity of the time base line
at low frequencies depends entirely
upon the sawtooth oscillator. The
linearity is good at 0.2 cycles per
second using inexpensive condensers
at C., and reasonably good linearity
at even lower frequencies is un-
doubtedly possible with better con-
densers and other precautions
against leakage. With the values
shown, performance is satisfactory
up to 10,000 sweeps per second.
Performance at much higher fre-
quencies, without .mpairment of
low-frequency operation, is perfectly
feasible with tubes of higher mutual
conductance and with lowered im-
pedances throughout.
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New Books

Handbook of Broadcasting

By WaLpo ABpor. McGraw-Hill Book
Co., New York, 1911 Second Edition.
422 pages, illustrated. Price $3.50.

THE REVISED SECOND EDITION of this
book on how to broadcast effectively
incorporates changes and suggestions
made by instructors in 50 universities
where it has been used as a text, and
by former students of the author who
have gone into the field of broadcast-
ing. For the benefit of those who are
unacquainted with this work it may be
pointed out that this is essentially a
book for people engaged in the non-
technical side of radio broadcasting.
Such topies as radio speaking, radio
pronunciation, articulation, the vari-
ous types of programs, writing for
radio, electrical transcriptions, micro-
phone technique, sound effects, the
radio day, and the law as it affects

broadcasting are treated in great
detail.
However, by no means should the

strictly technical man in radio feel
that this book is beneath his dignity to
read. Some of the chapters tell how
the electronic equipment which he
designs and builds is used, and may
well suggest revamping existing devices
or even new types of equipment to meet
the need of the broadcaster. Apart
from this the book makes interesting
reading by citing the mechanics of
putting a program on the air. The sec-
tion on sound effects is especially inter-
esting.—E.E.G.

Fourier Series and
Boundary Value Problems

RUEL V. CHURCHILL. Published by Mec-
Graw-Hill Book Co., Inc., Necw York,
1941. 206 pages, mine illustrations.
Price $2.50.

THIS TEXT IS A MODERN presentation
of the application of generalized
Fourier scries to boundary value prob-
lems. Sources such as Courant-Hil-
bert, Byerly and Riemann-Weber ave
drawn on liberally, but the treatment
makes use of all the later work done
in this field. For instance, there are
frequent warnings against accepting
a solution until it has been shown to
be both convergent and unique.

The treatment is entirely mathe-
matical, but of the nearly 250 problems
(with answers) some 40 percent re-
late directly to physical examples,
mostly of the classical type involving

40

homogeneous differential equations and
boundary conditions. The author does
not touch the field of forced oscilla-
tions, in which the equations and bound-
ary conditions are usually non-homo-
geneous, and lead to complicated
characteristic functions and values.

Fourier series receive the most
thorough attention, with emphasis on
the type of function which may be ex-
panded. Together with the concept of
orthonormal functions this leads to a
concluding short presentation of ex-
pansions utilizing Bessel functions
and Legendre polynomials.

Viewed as a whole this text is re-
markably complete and should be a
welcome reference book in any engi-
neering library. Its especial appeal
should be to the industrial mathema-
tician, who will find it a convenient
source of expansion as well as theo-
retical information. As a textbook it
should be most valuable to the mathe-
matical physicist although intended for
the student of mathematics.—H.K.

Advanced Electrical
Measurements

By WALTER C. MICHELS, D. Van Nos-
trand Co., New York, 1941. Second
Edition. 350 pages, illustrated. Price
$3.50.

THE FIRST EDITION of this work ap-
peared in 1932.
advances in electrical measurement
technique have necessitated a complete
revision of the text, and the author has
done a fine job of compiling all the
fundamental ideas of electrical meas-
urements in a well organized book. Be-
ginning with a dissertation on the pre-
cision of measurements and the prep-
aration of suitable laboratory reports,
the work covers such topics as: meas-
urement of resistance, current, poten-
tial difference, quantity of electricity,
and impedance; thermionic amplifiers,
the measurement of their characteris-
tics and their application in measuring
instruments; and oscillators and oscil-
lographs, and their use in measure-
ments including transient studies.
Electricity in gases, electrical vacuum
measurements, electrical thermometry,
radiation measurements and applica-
tions, and electrochemical measure-
ments are also discussed.

The book presents its material in the
usual form which has come to be ac-
cepted as standard for this type of
work. The principles and theory un-

Since then the rapid

derlying a particular measurement are
given first. Then follow one or more
experiments which not only illustrate
the principles discussed, but also the
established methods of measuring, or
calibrating instruments. Finally, ref-
erences for further information on
the subject are listed at the end of
each chapter. The MKS system of
units is used in this book, and for
convenience in transforming from this
system to the cgs-electrostatic or the
cgs-electromagnetic systems, a table
listing these conversions is published in
the appendix.

Since the book covers practically all
phases of electrical measurements, and
almost all of the instruments described
are commercially available, it can well
be recommended to the engineer as a
guide to the solution of his measure-
ment problem.—E.E.G.

Radio-Frequency Measure-
ments by Bridge and
Resonance Methods

By L. Hartshorn, Principal Scientific
Officer, The National Physical Labora-
tory. Published by Jokn Wiley and
Sons, Inc., New York, 1941. 6 by 9
inches, 265 pages, illustrated, price
$4.50.

ALMOST ANY ELECTRICAL ENGINEER can
set up a bridge circuit, and with the
aid of a few equations, can readily
neasure circuit parameters such as
resistance, inductance, and capacities
at low frequencies. However, attempt-
ing the same procedure at high fre-
quencies may result in large errors.
The subject matter of this book de-
scribes the proper, experimentally
proven methods of accomplishing ac-
curate measurements at radio frequen-
cies.

The volume is divided into three
parts. The first outlines the principles
underlying r-f measurements. Circuit
parameters, fundamentals of imped-
ance measurement by resonance meth-
ods, screening, and the r-f bridge are
covered in detail. The second part ex-
plains the apparatus used in r-f meas-
urement. Generators, detectors, stand-
ards of capacitance, resistors, and
standards of inductance are treated
from a high frequency standpoint. Part
three presents the methods of measur-
ing capacitance, inductance, resistance,
power factor, decrement, ete. by reson-
ance and bridge methods. Ultrahigh
frequency technique is also covered in
this last section.

Many .equations appear throughout
the book, but none which the average
engineer would find too difficult to un-
derstand. The various topics are
treated qualitatively and quantita-
tively, derivations beirg included in
many instances. The work is recom-
mended for men engaged in the high
frequency field who want a good source
of practical methods of measurement.
—E.E.G.
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VECTOR

COMPUTATIONS

Fiq.
z = x + jy

By PAUI. W KI.IPSCH Houston, Teras

o and x
04 05 06 0708091

a and =

el

1—Graph for converting between rectangular and polar coordinates to solve equations of the form
a/b. The x and y axes are logarithmically spaced. while the curves represent the argument a.

The straight lines from lower right to upper left give the phase angle, b.

HE practical use of complex
quantities in electrical engineer-

ing is almost as old as the profes-
sion itself. It is the purpose of this
paper to offer two charts for per-
forming two vector operations,
namely transforming from rect-
angular to polar coordinates (or the
reverse) and determining the ve-
ciprocal in rectangular coordinates.
The first of these operations, de-
termining the vector sum or abso-
lute value, together with the phase
angle, can be done by means of a

slide rule. A simple operation of
unknown origin, the knowledge of
which does not seem to be wide-
spread despite its age will be pre-
sented here as an introduction to
the subject.

Consider the problem of finding
z in the equation

x -+ jy =z

The absolute value of z (written z|)
is readily found in two operations
on a slide rule as follows: On the
C and D scales take the ratio of
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» and y such that the ratio, greater
than unity, appears on the D scale
at the index mark on the slide. Op-
posite this ratio find its square on
the A scale, add one, run the slide
up to this new point, and under
xr or y, whichever is the smaller, on
the C scale will be found |2/ on the
D scale. For example, take 3 -+ j4.
Set 3 on the C scale opposite 4 on
the D scale which places the slide
index at 1.333 on the D scale and
1.778 on the A scale. Add 1 and
run the slide index up to 2.778 on
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the A scale. Under 3 on the C scale
find the answer, 5, on the D scale.
This is in effect a solution of the
equation
2= (@ +y) P=y [ (/y)+ 1]

Finding the phase angle involves
the additional operation of deter-
mining the value of the impedance
angle,/__z tan 'y /&

This method is as simple and fast
as the same determination on the
vector slide rule.

An alternative of the slide rule
method is the use of the chart of
Fig. 1 in which a transformation
from rectangular to polar coordi-
nates is performed in a single op-
eration. The modulus and argument
(absolute value and phase angle)
can be found from the x and ¥ com-
ponents or the reverse operation can
be performed. For example, locat-
ing the point (3, 4) on the rectan-

curved coordinates and/z": 53
deg. on the diagonal coordinates.

The second vector manipulation
is that of finding the reciprocal. For
a series of operations in solving a
multimesh network, the multiplicity
of slide rule steps becomes tedious,
but the chart of Fig. 2 gives each
reciprocal in a single operation. The
vector reciprocal is the solution of
the equation

T+ gy = (e + j0)7

and the solution by means of the
chart of Fig. 2 is simply that of
looking up the numbers ¢ and b on
the rectangular system and then
finding the coordinates of the same
point (a, b) on the curvilinear sys-
tem which are @ and y, the sign of y
being reversed with respect to the
sign of b.

When the ratio of ¢ to b lies out-
side the range 1/10 to 10 a simple

when the numbers are otherwise
off the chart a factor of ten or
power of ten may be applied to the
number to arrive at a value locatable
on the chart, looking up the con-
verted value on the chart and apply-
ing the same factor to the answer.
To use the 3 + j4 example again,
the reciprocal is found to be 0.12 —
J0.16. As an example of a complex
number outside the scale of the
chart, take 30 + j40. Using a factor
1/10, (30 + 740)/10 = 3 + j4 and
the reciprocal is (1/10) x (0.12 —
70.16) = 0.012 — j0.016. For the
case in which the ratio of « to b is
greater than 10, the chart is not
needed to arrive at a close approxi-
mation. For example, let ¢« + jb =
3 + 740. The reciproca! is 3/40° —
71/40 = 3/1600 — 7 1/40 = 0.00188
— 70.025 within less than 1 percent,
the true value being close to 0.00187

gular system gives z| = 5 on the approximation may be used, and — ;0.0249.
Fig. 2—Graph for détermining reciprocal of complex number. The reciprocal of z — a + jb — 3 + j4 on
the a and b scales {top and right) is found to be z' = x — jy — 0.12 — j0.16 on the x and y scales (bottom

and left)
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‘k Says the radio engineer-
ing authority . . . More assem™
often than not, a canvass

of radio engineers would where:

get“endorsement by use” of
CINCH parts as its result.
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CINCH MANUFACTURING CORPORATION - 2335 WEST VAN BUREN STREET - CHICAGO, ILLINOIS
SUBSIDIARY: UNITED-CARR FASTENER CORP.

H. Eby S0

CAMBRIDGE, MASS.
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TUBES AT WORK

New method of motion pictures requires

novel illumination system of interest to

electronic

engineers.

Expander and

transcription control also described

OPTICAL METHOD FOR
INCREASING DEPTH OF FIELD

A DISTINCTLY NEW and worthwhile con-
tribution to optical practice and elec-
tronic illumination engineering which
may very easily have possibilities for
creating rather more than a minor
revolution in motion picture and tele-
vision procedure is described by Dr.
Alfred N. Goldsmith in the January,
1942 issue of the Journal of the Society
of Motion Picture Engineers. Dr.
Goldsmith’s vast experience in the
photographic and radio fields is liber-
ally drawn upon, as is easily apparent
in his article, “The IR System: An
Optical Method for Increasing Depth of
Field.”

At first thought, a reader of ELEcC-
TRONICS might gain the impression that
the article (which, incidentally, was
delivered at the S.M.P.E. convention in
October) deals so exclusively with
optics and photography that it has but
remote interest to electrical engineers.
What makes Dr. Goldsmith’s paper
particularly suitable for mention in
this department is that the photo-
graphic method outlined makes use of
a new and novel sequential and vre-
gional lighting arrangement which
gives illumination and electronic engi-
neers plenty of opportunity to exercise
their imagination and ingenuity to put
the most appropriate tubes to work.

The improvements in depth of tfield which are possible
with the IR system are evident in this illustration showing
that objects from 8 to 18 feet from the lens are easily
recorded in sharp focus by means of the new IR system

The first part of the paper outlines
the limitations of current practice in
the optical science by pointing out that
the depth of field of a corrected lens
system is determined by its focal
length, its relative aperture, and the
permissible diameter of the in-focus
image of a point source. The limited
depth of field in motion picture photog-
raphy restricts freedom of action in
large parts of the set, dictates a styl-
ized, protracted, and costly studio pro-
cedure and affects dramatic value and
audience appeal of monochrome or
color pictures. The limitations of the
ordinary optical system and practices
have such severe limitations on the

quality of the reproduced image, that
many attempts, over a long period of
vears, have been made to increase the
depth of field. Such previoas attempts
to increase the depth of field of an
image have been scientifically unsound
and unsuccessful in practice and have
usually been accomplished, if at all,
either by the decrease of the quality
of the image, or by an appreciable re-
duction of the relative aperture of the
system, thereby necessitating a vast
increase in lighting to achieve a given
effect on a film or television camera
tube of specified sensitivity. These dis-
advantages are overcome in the IR
(increased range) system.

Briefly the system described is based
on a division of the set into optically
appropriate regions, each region hav-
ing identifiable illumination, with the
identification and differential focusing
at the camera of all regional images
within a single exposure.

It is well known that for a given cir-

Fig. 1—Diameter of point-source image

versus distance for IR System opera-

tion. For lens of focal length of 50 mm
and {/2.3 stop
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Photograph made with usual technique, and with lens
focused on subject in foreground, a distance of 8 feet from
the lens, and using @ 50-mm, {/1.4 lens. Notice that back-

feet frem the lens are badly out of focus
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f\%;R A;TKO N f ic_a_z_:_ be isolated

\
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USE LORD BONDED RUBBER SHEAR TYPE MOUNTINGS T0 PROTECT
TRANSMITTERS AND RECEIVERS FROM VIBRATION AND SHOCK

ROM the engineering point of view, all types of elec-

tronic apparatus, whether mobile or stationary, have
widely different vibration conditions with which to cope.
For the efficient isolation of electronic devices Lord manu-
factures several different styles of Bonded Rubber Mount-
ings in hundreds of standard sizes for supporting loads from
a few ounces up to 1500 pounds each. Their proved eftfi-
ciency is due largely to the shear stress produced in the
rubber by the imposed load and the special Lord process
for bonding rubber to metal. Rubber mountings stressed in
shear deflect more readily than when stressed in tension
or compression. At the same time they are stable in all
directions normal to the disturbing force.

As an example of efficient vibration isolation, consider
the following case study. A certain small aircraft receiver,
similar to the bottom illustration at the right, weighs 16
pounds. The disturbing frequency is 1800 c.p.m. Four Lord
Plate Form Holder Type Mountings of 4 lb. capacity deflect
116" under this load and the resulting natural frequency
of the assembly is 750 c.p.m. As a result, 79% of the disturb-
ing force is isolated by the mountings. This portion of the
vibratory forces is dissipated by a slight movement of the
equipment on the mountings; whereas, in a rigidly mounted
system such destructive forces must be absorbed in the
equilpment. .

The basic engineering principles of vibra-
tion control are described in Lord Bulletin
104, which will be sent on request. Lord
Vibration engineers have had considerable
experience in solving many vibration prob-
lems in the radio, recording and industrial
electronic fields, and are available to help
with an efficient vibration control program
for your equipment.

LORD MANUFACTURING COMPANY .

245 E. OLIVE AVE., BURBANK, CAL. 280 MADISON AVE., NEW YORK

BORDED RUBRER

S SHEAR TYPE
b : 88 VIBRATION

-

IT TAKES RUBBER, IN SHEAR TO0O ABSORB VIBRATION

ORM MOUNTINGS MOUNTINGS TUBE FORM MOUNTINGS

Heavy transmitters such as this Radic
Marine Corp. of America unit ar
protected from shipboard vibratio
by four Lord Shear Type Mountings ¢
the base and other Lord Mounts (nc
shown) used for lateral bracing.

Standard Lord Shear Type Mounting
effectively isolate small compac
equipment from surrounding vibre
tion without materially increasing th
weight of the assembly or requirin
design changes.

.. ERIE, PA.

844 N. RUSH ST., CHICAGO

FRACTIONAL B F
FLEXIBLE. COUPLINGS
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cle of confusion of the final image a
lens of specified relative aperture and
focal length has a definite depth of
field, for which objects in this field
may be considered in focus whereas ob-
jects nearer to, or farther from the
camera are more or less out of focus
and produce a blurred image. The
depth of field not only depends upon
the optical characteristics of the lens
itself, but also depends upon the dis-
tance from the camera for which the
lens is focused. For objects close to
the camera, the depth of field will be
relatively small, whereas for objects
somewhat more distant, the depth of
field may be increased perhaps several
fold.

The IR system, which is suitable for
motion picture and television work as
well as for still photography, may be
considered as a method of making

HOLE ,
multiple exposures on one frame of

GLASS BASE the single film in rapid succession, each

® @ successive exposure of which is made
with a lens set for a different lens-
object distance. Thus, several succes-

sive exposures are superimposed upon
the same frame of film, but each par-
tial exposure applies to a particular
lens-object distance for whose depth of
field (corresponding to a single region)
all subjects photographed are in focus.
By increasing the lens-object distances
of the lens system for successive ex-
posures in such a way that for one
lens-object  distance, the farthest
plane in focus is the same as the near-
est plane in focus for the next lens-
object distance, the effect produced is
one of vastly increased depth of field.

This may be explained in greater
detail by means of Fig. 1, in which the
lens is successively focused on objects
9, 12 and 18 ft. from the camera. The
solid lines, representing the operation
of the IR system, then will indicate the
depth of field for each region. It is
apparent that even for very small
areas near the four cusps, images in
sharp focus will be obtained for dis-
tances of from 8 to 24 feet. The dotted
line for the lens stopped down shows

. . . mean back-to-normal recording

AUDIODISCS have all—not just some—of the features essential to high
fidelity recording. Four holes and conventional disc thickness have ended
makeshift operating conditions. Audio’s superior coating formula and
process achieve a flawless surface—mean less static charge in cutting and
lower surface noise. Longer playback life. freedom from deterioration,
and amazing durability combine with other brilliant features that make
Audiodises the quality choice of recording engineers everywhere.

FOR PROFESSIONAL RECORDING: Red Label Audiodiscs, double and single

faced types, for lateral or vertical recording. Master Audiodises for copies (pressings).
Reference Recording Audiodiscs for test-cuts, filing and reference work.

FOR GENERAL USE: Yellow Label Audiodiscs, **wide latitude™ type for radio record-
ings, diction classes, sales talks, demonstrations, etc.

[ ] [ 4
SAFETY PACKAGE ﬂ-l-l-d-lﬂw'lﬂk

Al glass  base  Audivdises  are
shipped in specially designed re- i
usable wood packing cases for safe or

delivery. Safety cartons are avail- recording the effect usually produced by ordinary
able to you at cost for reshipping optical systems if the aperture is de-
1 to 3 Audiodiscs. Write for details. excellence

creased and the lens is focused so as to
produce the same depth of field as that
produced by the IR system. It is ap-

Precision manufactured under the closest quality

superynsnon.eacAh Audmp('nnl und_ergoesacluul cutting parent that with the lens stopped
tests in recording machines while sound character.

G orcl . . lown, only region two is in sharp focus
istics are scientifically measured. Correct engineering, ¢ . ¢
based on extensive research. insures recurd?ng exc(i \vhere.as. region one and region three
) are distinctly more out of focus than
with the IR system. The stopped
down lens has the further disadvan-
tage of admitting considerably less
light than the lens used in the IR sys-
tem. In Fig. 1, three regions are
shown, although it is obviously pos-

lence when used with Audiodiscs—since Audiopoints

are accurately designed for extremely high frequency
response, more reliable thread action, lower surface

o noise, splendid tone quality, and longer pla)'baCk
— life in the completed record. There is a cutting or
playback Audiopoint for every recording need and
Audiopoints of special characteristics are available

*

Audio proudly serves in our nation-
al defense activities. Thousands of
Audiodiscs are leaving our plants

monthly in fulfillment of govern- for highest fidelity applications. (TheA same high sible to limit the IR system to only
ment  contracts. However, trade quality standards and tests apply to Audio’s resharp. | two regions, or conversely, to expana
deliveries are also normal. ening service.}) Write for free folder on Sapphire, \ it to more éhan three re i,ons

* S ¢ Stellite and Steel Audiopoints today. g 5

In order to obtain, in a relatively
CALL YOUR JOBBER, OR WIRE U'S FOR COMPLETE INFORMATION TODAY, fil}?ilc; g::obde :fmf:t]gfl o lzgjel_szﬁ'stﬁ?}
5 i = ferent lens-object distances, the author
." lT['lo [.E" I‘ E~ suggests the use of a differential focuser
A " AL (abbreviated “diffo”), which may be
defined as an optical element placed
16500 BROADWAY NEW YORK CITY integrally in relation to an objective
lens and capable of rapidly shifting

I € o R PO A AT ED
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RESISTORS ror DEFENSE

>

BULLETIN 1

Two sizes Metallized and Wire
Wound Volume Controls and
Potentiometers up to 2 watts
and 20 megohms resistance.

BULLETIN i

Metallized-type Resistors: 4 in-
sulated sizes, 14-, lp-, 1- and
2-watts; 10 high frequency sizes,
14. to 150-watts; 4 ultra-high
range sizes; 5 high voltage and
high frequency power sizes; 5
suppressor sizes.

BULLETIN Ili

Insulated Wire Wound Resis-
tors: 7 sizes from 1/5- to 20-watts.

BULLETIN IV

Power and Precision Wire
Wound Resistors: 53 sizes of
fixed and adjustable power
types from 10- to 200-watts; in a
wide variety of shapes, mount-
ings, etc. Inductive and non-
inductive. 14 Precision Wire
Wound Resistor types to as
close as 1/10 of 1%, accuracy.

BULLETIN 1V-B

Sealed Precision Voltmeter
Multipliers, 2 sizes, 1.0 meg-
ohm to 5 megohms resistance
and 1 kilovolt to 5§ kilovolts.
Impervious to moisture.

BULLETIN V

Attenuators: Unique new IRC
molded motor commutator type
20-step Attenuator; also, con-
ventional 30-step units. Ladder,
potentiometer or bridge T.

BULLETIN VI

Quick heat dissipating all-metal
Rheostats, 25- and 50-watts.
2-watt Wire Wound Potentiom-
eter and Rheostat.

These IRC Resistance
Data Bulletins, designed
P

for gquick, easy reference,
will simplify getting the
right resistor for almost
any application. Ask for
them by number.

403 NORTH BROAD STREET
PHILADELPHIA, PENNA.
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CALLITE

When the Columbia Broadcasting System planned

conlicboled

“the perfect voice of radio”—its new 50,000-watt
transmitter in Long Island Sound, it turned for

transmitting equipment to Federal Telegraph.

Because Columbia demanded new strength, new
clarity, new brilliance—to serve 15,000,000 lis-
teners as they had never been served in the past
—the answer was Federal’s Transmitter Tube F-124
for R. F. Power Amplifier, and F-125 for Class
AB Modulator.

That Federal Telegraph should turn to Callite for
the tungsten and molybdenum rods required for
internal leads and supports, speaks eloquently of
Callite’s absolute dependability. When the best

is required—Callite is specified.

Specialists in the manufacture of electrical contacts of
refractory and precious metals, bi-metals, lead-in w ires,
filaments and grids—formed parts and raw materials
for all electronic applications.

CORFORATION

CALLITE
E44-30th BSTREET rtumcsTew UNION CITY M. L

Cabls: “CALLITES™ qu-‘chn.Whm&p. M. * Clevaland, Q,
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the back focal plane thereof, according
to a predetermined time schedule dur-
ing a picture-making period, but with-
out the introduction of perceptible
aberrational errors in the conjoint op-
tical system. As indicated in Fig. 2,
this may be achieved by inserting a
differential focusing plate in the path
of the image-forming rays so that the
new image will be displaced away from
the lens by an amount depending upon
the thickness of the parallel-plane diffo
plate and its refractive index.

If an object at position O, in Fig, 2
forms an image on the photographic
plate at I,, an object at O, somewhat
more removed from the lens, will form
its image at I, in front of the plane
of the photographic material. In order
that the image of O, may be brought to
the plane of the photographically sensi-
tive material at I,, it will be necessary
either to refocus the lens by increasing
the lens-image distance or, as indi-
cated, to insert a plane diffo plate
behind the lens. By employing a series
of diffo plates which may be succes-
sively but rapidly placed in the path
of the image forming ray, it is possible
to alter the focal length of the optical
system by discrete steps quite rapidly
without rotating the lens barrel.

/,/ m\Oz

—=—-Diffo plate

Fig. 2—Method of altering focus by
use of diffo plate

Since each individual diffo plate,
when combined with a lens, will pro-
duce images which may be regarded as
being in focus for a different lens-
object distance and since the total ex-
posure is made up of several partial
exposures, a new technique of illumin-
ation is required for optimum utiliza-
tion of this optical system. The new
technique utilizes what might be
termed regional lighting, in which only
that portion of the scene to be photo-
graphed (corresponding to a depth-of-
field region) 1is illuminated for the
particular lens-object distance which is
focused on the film. Illumination for
other regions of the set is brought
into play successively as additional
diffo plates enter the optical path.
Thus, illumination is provided only for
that region for which tlke lens is in
focus. When another diffo plate is
brought into the optical path of the
lens, another region of the scene is
illuminated, and so on. This require-
ment makes it necessary to provide a
system of illumination which may be
operated in a brief period of time and

December 1941 — ELECTRONICS
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CUARDING
’A ’Tﬁ COMMUNICATIONS OF

NATIONAL DEFENSE

SOLA cONSTANT VOLTAGE
TRANSFORMERS

Radio communication in all its phases needs the protection
of constant voltage to—

1 —insure dependable operation under emergency conditions.
2—protect vital equipment against damage by line surges.
3 —eliminate the necessity of constant supervision.

The enormous demands placed on power stations by the na-
tional defense program are already making the maintenance
of stable line voltages an overwhelming problem. Success or
failure of a communications system may depend upon protec-
tion against line surges, or abnormal voltage levels,

Manufacturers of defense communication equipment can
provide protection against these contingencies by building
CONSTANT VOLTAGE into their products.

Sola CONSTANT VOLTAGE TRANSFORMERS will deliver
a perfectly stabilized output voltage, even though line voltages
vary as much as 30%. No moving parts. Instantaneous in ac- ARMY « NAVY « AIR CORPS
tion. Self-protecting against overload or short circuit. COAST GUARD and C.A.A.

Sola CV TRANSFORMERS are al-
ready at work in the national de-
fense programs of the—

SOLA ELECTRIC COMPANY, 2525 Clybourn Ave., Chicago, Ill.
ELECTRONICS — December 1941 49
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from the Orikinal by Allen Houser, Grandson of Geronimo

Sabotaged...

by Old Style Methods!

% Stopped dead by primitive means . .. crude methods are a

charge in peace—in war a weak defense!

RELIAYS by cuarnian

Modern as tomorrow’s airplane—Relays by Guardian must be up-to-
the-minute because they're specified on the planes of tomorrow as well as
today’s Trainers —Fighters—Bombers —Tanks —for Transmitters —Turrets —
Bombing Equipment—Fire Control—or practically every defense job you

figure.

Do you need Gun Switch Handles—Turret Controls— Relays that
weigh less than 14 ounce—Double Pole, Double Throw Control (Thumb-
size, one-ounce weight)—Solenoids—or a two-pound Contactor to handle

1000 amp. surges?

WITH A TWO-YEAR START—GUARDIAN IS READY WITH
TODAY’S DEFENSE CONTROLS—GOVERNMENT APPROVED!

F‘i‘_qnning for TOMORROW—there’s a good chance we have your
194? control on the shelf right now! When the end of defense calls for
increased sales in strongly competitive peacetime markets, volume will

i e

only come if you're ready to offer the most fully auto-

matic equipment you can design TODAY.

Perhaps you’ve already begun. If so, we can

help you. If not, a letter, blueprint or a visit to our

Series BK—16 Relay. Built to
minimum tolerances ond the
most exocting requirements in
production quantities for the
U. S. Signat Corps.

plant will give you a big headstart on the field.

FREE—Initial Your Letterhead for Catalog *'E’’. Write

GUARDIAN

1625 W. Walnut Street
LARGEST LINE OF RELAYS SERVING AMERICAN INDUSTRY

ELECTRIC

Chicago, lllinois
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which may be correctly synchronized
with the operation of the diffo plates.
This may be accomplished through the
use of a completely separate system of
illumination for each region, and by
synchronizing the illumination with
the operation of the diffo plate. To
assure rapid operation, illumination
is obtained from gaseous discharge
rather than from incandescent lamps.
Other considerations in the use of this
regional type of illuminatior. are that
there shall be a relatively small per-
centage of “spillover” light from one
region to the next and that there shall
be reasonably good blending of light
between the various regions. Experi-
ence has shown that the sharpness of
photographic focus is not appreciably
affected on important parts of each
regional picture if the spillover does
not exceed 3 percent,

Extensive work with the IR system
has made clear that the method is not
4 mathematical abstraction or a pre-
cision geometrical system under usually
desirable working conditions. It turns
out to be a convenient method of op-
eration with which liberties can be
taken in practice, and which can be
used with the same latitude and ex-
pression as any other photographic
system. Illustrations made by the
author showing depth of field with the
usual system and that obtained with
the IR system definitely indicate the
superior depth-of-field obtainable with
the. new technique.

L] L] L]
A Simple Expander

By WALTER BACON
Yorks, England

THE SYSTEM OF CONTRAST EXPANSION
described below employs simple ap-
paratus, and can readily be fitted to
an existing amplifier. It gives results
which are good audibly and can also
be shown to satisfy the theoretical con-
ditions for correct expansion.

The basis of the method is to control
feedback from the output transformer
to an early stage of the amplifier by
means of a small lamp. The resistance
of such a lamp inereases rapidly with
the voltage applied to it. By a suitable
circuit arrangement this can be used
to decrease the amount of negative
feedback applied as the output voltage
increases. At low values of output
feedback is considerable and the gain
of the amplifier is much reduced, i.e.,
a small input signal will produce a
much lower output than it would do
were feedback not present.

At high output levels, on the other
hand, the negative feedback is small or
even zero. The gain of the amplifier is
accordingly high. To a large input
signal the amplifier acts as it would
without the additional expansion and
feedback circuit.

The system thus operates by reduc-
ing the level of soft passages while
leaving the loud ones unchanged. The
maximum output is still obtainable
from the same input signal.
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2 FIELD SERVICE REPRESENTATIVES: To as-

* *x K*x K Kk Kk Kk Kk

USE THIS GREAT FUND OF

PLASTICS EXPERIENCE

industrial speciﬁcations

T MANY YEARS' EXPERIENCE: Many plants
are today employing plastics for essential
items. To these concerns, Bakelite Plastics
Headquarters offers its assistance in meet-
ing exacting government and industrial
standards and specifications. Plastics Head-
quarters is well qualified to help engincer-
ing groups in finding the answers to such
important questions as the right plastic to
use and the correct method of fabrication.

4 LABORATORY AND TESTING FACILITIES:
Whether manufacturers wish to improve
production methods, or seek ways and
means of testing plastic products to deter-
mine their fitness for service, they may
obtain the full co-operation of the Bakelite
Development Laboratories. The services of
technologists are also available for improv-
ing existing plastic products or developing
new formulas for specialized applications.

5 HuNDREDS OF

in meeting rigid government and

UTILIZE KNOWLEDGE AND EXPERIENCE OF BAKELITE PLASTICS HEADQUARTERS
BASED ON MANY YEARS' CO-OPERATION WITH INDUSTRY AND GOVERNMENT

“BANELITE” PLASTICS:

sist manufacturers in using plastics cor-
rectly, Bakelite Plastics Headquarters
maintains a staff of Field Service Repre-
sentatives. These men are plastics special-
ists. Long years of experience qualify them
to study conditions prevailing in an indi-
vidual plant, and determine how existing
equipment and personnel can he used most
effectively to obtain the desired results.

The large number of DAKELITE materials
available enables manulacturers to select
the proper plastic {or each application.
These include Phenolic, Urea, Cellulose-
Acetate, and Polystyrene molding materials ;
laminating varnishes; cast resins;: oil-sol-
uble resins; plybond adhesives; air-drying
and heat-reactive cca:in;s: bonding resins;
impregnating and calendering materials.

3 ADVISORY TECHNICAL STAFF: By inves-
tigation, study, and analysis of a specific
plastics application, the Bakelite Advisory
Technical Staff is often able to offer ideas
and suggestions that will simplify design,
speed production, cut costs, and improve
product performance. It welcomes the op-
portunity to submit recommendations that
will assure the many savings which the use
of plastics makes possible.

6 PRINTED LITERATURE: Helpful technical
hooklets containing detailed information
on Bakente Plastics are available with-
out charge. These booklets cover such sub-
jects as BAKELITE molding materials; heat-
reactive varnishes for making laminated
plastic materials; cast resins; oil-soluble
resins for paints and varnishes; plywood
bonding materials; and other types for spe-
cific industrial needs.

BAKELITE CORPORATION, 30 EAST 42np STREET, NEW YORK, N.Y.
U'nit of Union Carbide and Carbon Corporation

BAKELITE

nAOE MaRK
The word "Bokelite” ond the B Symbol ore registered trode.morks
dentitying producis ( () ) of Boketne Corporanon

PLASTICS HEADQUARTERS
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AmerTron Modulotion Transformer and Reactor of the WABC 50 KW fransmitter.

AMERTRAN EQuUIPS
ANOTHER OUTSTANDING
TRANSMITTER..
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AmerTran Transformers used for the grid bias rectifier at WABC.

Rear view of Modulator. In center on rack is an AmerTran Interstage Transformer. On
floor left and right, connected by gear-driven remote control are two AmerTtan Transtats.

WHEN PLANNING the new WABC Columbia
Island Station, CBS officials in cooperation with
engineers of the Federal Telegraph Co. conceived
the most modern and efficient 50 Kw. high-fidelity
radio transmitter to serve the world's most important
market. From antenna to ground every component
was selected with the greatest care.

We cre proud of our contribution to this installation
which has now been proved sound in actual opera-
tion. AmerTran Transformers and reactors were se-
lected for the entire audio and high-level modula-
tion system on which the transmitter's fidelity de-

pends. Likewise AmerTran transtormers, reactors
and voltage regulators were specified for the sta-
tion's power supply. As in many other outstanding
radio installations, equipment supplied was designed
and fabricated to meet the customer's exact elec-
trical and mechanical requirements.

If you are planning a new transmitter, consider
AmerTran's 40 year record of performance when
specifying transformers. Our engineers will gladly
cooperate by recommending equipment suitable
for your needs. Let us have your specifications.

AMERICAN TRANSFORMER CO., 178 EMMET ST., NEWARK, N. J.

Manufacturers since 1901

at Newark, N. J.
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The mechanism for obtaining this
cffect is shown in Fig. 1. The lamp L
is placed in series with the resistance
E, across a low impedance winding on
the output transformer. A bridge cir-
cuit is completed by the resistances
R, and R, also in series across the
transformer.

A separate low impedance winding
may be kept especially for expansion
purposes, but if it is not desired to do
this the bridge may generally be run
in parallel with a low impedance
speaker. It is essential, however, that
neither side of the speaker be grounded.

/st stage Output transtformer

T ET

EIRSEN

Fig. 1—Schematic wiring diagram

of bridge circuit expander

It will be seen that a voltage whose
magnitude depends on the value of
R, will be fed back from the output
to the first tube T,. Thus if B, is zero,
the voltage fed back is F R,/ (R,+R,).
As R, increases, this feedback voltage
decreases until when RE,/R=R./R,
there is no feedback voltage at all.

Increase of output voltage from the
amplifier will eause more current to
pass through the lamp, the resistance
of which will rise. This will cause the
feedback to be cut down, increasing
the gain of the amplifier. The output
voltage will accordingly be further in-
creased. Thus doubled input voltage
will cause the output voltage to be
much more than doubled so that the
range of volume is being expanded.

Should R, ever exceed the value
which makes R,/E,=R,/R, feedback
will change over from negative to
positive. The amplifier will then go
into uncontrollable oscillation. It is
therefore necessary to arrange that I,
reaches this value only at the maxi-
mum possible output of the amplifier.

For successful operation of the sys-
tem it is necessary to satisfy two sets
of conditions:— (1) the expansion
must be correct, yet (2) it must not
cause the amplifier to be unstable. The
condition for correct expansion is that
a given db change of input shall cause
a greater db change of output, but that
the output-input ratio shall remain
constant. From this may be deduced
certain relations between amplification
and output.

Let e, and e, represent the two values
of input voltage.

a, and a, represent the correspond-
ing amplifications of amplifier.

E,, E, represent the corresponding
output voltages.

December 1941 — ELECTRONICS
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THE LOCKHEED 322 “LIGHTNING”

B
%
L

G :EQUIP

o
S
-

FERBYI

i i
-
IN’3

i
o

OF FAMOUS WAR PLANES

THE Lockheed 322 “Lightning,” British version of the P-38 and the
Hudson, a bomber, is equipped with Sylvania “Lock-in” Tubes for all
ferrying equipment.

This is also true of the “Catalina” (PBY Flying Boats), built by Consoli-
dated Aircraft, It was one of these latter ships which discovered the
“Bismarck” and led to her destruction. . . . The radio ferrying equip-

ment for both of these planes is produced by Stoddart Aircraft and
Sylvania “Lock-Ins" are standard because they can take all the punish-

ment that ferrying planes can give.

Ferrying equipment receives extremely hard abuse because the sets
go into planes on the Pacific Coast for use across the country. Then
they are removed and shipped back to the Coast to be installed in

other planes. They must stand up because there is a minimum of time
for the reinstallation and little if any for servicing.

Thus Sylvania “Lock-Ins" are serving in one of the toughest of jobs. No

wonder they are selected for tanks, jeeps, fighter planes, transport
planes, and ships at sea. No wonder they give such remarkably effec-
tive service in motor cars and home radios.

Sylvania Radio Tube Division

HYGRADE SYLVANIA CORPORATION

EMPORIUM, PA.
500 FIFTH AVE., NEW YORK + SALEM, MASS. - ST. MARYS, PA. » IPSWICH, MASS. « TOWANDA, PA.

Also makers of Hygrade Lamp Bulbs, Hyvgrade Fluorescent Lamps and Miralume Fluorescent Light Fixtures
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Another Instance of
HEINEMANN ‘“Re-Cirk~it*®

PROTECTIO

Only the most accurate protective devices can
be used in such installations as this new WABC
Transmitter—and the logical choice was HEINE-
MANN CIRCUIT BREAKERS. These breckers are
accurately calibrated, set and adjusted at the
factory with the magnetic trip unit hermetically
sealed to prevent any possible tampering. Among
their most important features—

® They open instantaneously on short circuits.

® A delayed trip permits momentary harmless
overloads such as passage of inrush current.

® They are available in all ratings from 50 milli-
amperes to 50 amperes.

® Breaker also serves as switch to provide simple
and effective control circuit.

® Breakers increase life of tubes; cut down fre-
quent and expensive replacements; reduce
costly interruptions of service.

Send for Catalog showing complete line.

HEINEMANN
CIRCUIT BREAKER

97 Plum S#t.

Co.

Trenton, N. J.

COLUMBIA’S
New 50 Kw.
Transmitter at
WABC
uses
HEINEMANN
Fully

Electro-Magnetic

CIRCUIT
BREAKERS

in the
RELAY SYSTEM

ONE POLE

THREE POLE
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Then, expressed mathematically, the con-
dition stated above is:—

logw Eg E1 =R lOgm 6‘2/6’1 (1)
where 2 is a constant. But we may also
write £y = as ey and E, = a ¢;or ey = Es/as
and e, = E,/a,. Substituting these in Eq. (D)

vh] €2 F, a
= R log 7

log —~ = I log -
2 o ) as

_l EQ ay f
= log E a

Taking antilogs of each side,
E2/El = (Ezﬂl, Elllz)”
Collecting voltage terms together,
((11 (L-))R = (Ez/Ex)lhR
Raising each side to the power -(1 R) (which
inverts the L.H.8.),
(IQ"(Il = (Eg/El) -1y
= Eg([{'l) lx’/El(R-l) '/I(
Hence  ay= a Eo(t-) Bl &~
@ and &, are fixed datum values and since

for correct contrast R must not change we
may write:-

4 = a EI(/(’-I 1R
K =~Rk-1)R (2)
and hence
ar = AEX 3
which is a general expressicen for amplification
in terms of output. Rearranging Eq. (2) to
express [{ in terms of K,
R—1= KR
k=1/1— K 4
It will thus be seen that as K is in-
creased from zero (i.e. an ordinary
non-expansion amplifier) the value of
R is increased from unity until as K
tends to 1, R tends to infinity. The
criterion of stability is thus that K
shall be less than one.

LY
0 . .,
c With series s
o resxsfance.) P
(2]
‘D ’
© -,
@ Pid
-
-
-
_’
——’—

Current

Fig. 2—Resistance-current curve for

lamp with and without series resistance

A
30n §
: 2
N 120
S o
& 7o first ) o
: stoge S
. N3 formps N
5 63V 034
i )° eac
Y

Fig. 3—Circuit constants of expander
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A PRECISION INSTRUMENT TO ‘
TEST APRECISIONINSTRUMENT ' |

Brush Development Company uses an -hp- Resistance
Tuned Oscillator to check the AF performance of the Self
Inking Oscillographs which they manufacture. These
Oscillographs chart low frequency electrical fluctuations
with as little as .001 volt input. Such an instrument re-
quires accurate testing and the -hp- oscillator does an im-
portant job. |

Here is shown the -hp- Resistance Tuned Oscil- |
lator testing the performance of the Brush |
Oscillograph.

Series 200 Resistance Tuned Audio Oscillators are suit-
able for almost every type of work. They are particularly J
valuable in making distortion measurements. They pro-
cide an output sufficient to drive signal generators. The
frequency drift is negligible . . . they require no zero set-
ting and their wide frequency range is suitable for work
in the supersonic region.

Get full details now about this and other -hp- pre-
cision laboratory instruments. There's no obligation.

HEWLETT-PACKARD

Laboratory Instruments for speed and accuracy

484 Page Mill Road Palo Alto, California

The value of K is determined by the
relative values of the resistances in
the four arms of the bridge, and the
way the lamp resistance varies.

It will be seen that the resistance-
current curve for the lamp, solid line
of Fig. 2, may be modified and given
a more uniform rate of change by the
addition of series resistance. A small
resistance is included ir series with the
lamp therefore. The values adopted
are shown in Fig. 3.

Errata

Dr. EUGENE MITTELMANN has pointed
out that the vrelationship between
power absorption and area of elec-
trodes is exponential rather than
linear as stated on page 51 of the
September issue. The proper relation-
ship is given by the chart, “Design
Chart for R-F Heat Treatment Gen-
erators.”

Incidentally, the chart has been im-
proved by addition of a power factor
scale in the lower rignt corner under
the scale of “Distance Between Each
Side of Object and Electrode.” While
it is not feasible to republish this
graph, those interested may add their
own power factor scale, since this
scale is logarithmically ruled. Values
of 3, 24, and 54 percent power factor
occur immediately under distances, D,
of i, 1%, and 3 inches, respectively.

With regard to his article, “Power
Factor Meter” Alexander Bereskin
points out an elusive decimal point in
the second paragraph of the last col-
umn of page 42. The equation should
have read, (0.5 X 100)/120 0.42,
instead of 42 percent.

A Transeription Control Box

By E. L. MARVEN
WORC, Worcester, Mass.

BROADCASTING  STATIONS  GENERALLY
use transcription playback equipment
in groups of twos, but no particular
equipment manufacturer, up to the
time of writing, has seen fit to supply,
as a regular stock item, a suitable con-
trol box for use in conjunction wi