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FREQUENCY—CYCLES

Thete are many applications in the audio fleld requiring coils of high Q and
good stability. UTC coils of the type HQA series are ideal in this respect.
Q CHARACTERISTICS of a typical .14 Hy. coil at three voltages are illustrated.
VOLTAGE STABILITY is high. At 1,000 cycles, for applied voltages from .1 to 25

volts, the change in inductance is less than 1 %. DC current change in inductance
is approximately 1% per 10 Ma. linsarly.

HUM PICKUP is Tow due to a self shielding structure:
gavss at 60 cycles.

TEMPERATURE effects are negligible. From —60 de

« « « 70 microvolts per
C., inductance variation is less than 1/3%.

grees C. to plus 85 degrees
MECHANICALLY, these unifs are hermetically, sealed in a drawn steel case
1-13/16” diameter by 1-3/16"” high. Weight . . . 5 ounces.

VIBRATION effects are not evident over entire rarige of normal aircraft tests.
HQA UNITS are available in any inductance valve from 5 Mhy. to 2 Hy.,
and are ordered as: HQA followed by valve in Mhy. Typical semi-standard
valves are:

HQA—-12.5

..... v e .r+$5.00 net HQA—200...........$8.00 net
HQA—-30....... fee..$6.00 net HQA-500........... $9.00 net
HQA—80 ... ........ $7.00 net HQA—-1250........ $10.00 ne?

.
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LONG LIFE

is huilt into every

Tobe Capacitor

*

In War, Long Life Saves Lives
In Peace, Long Life Saves Customers
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SPECIFICATIONS OF JUST ONE TYPE OF THE MANY TOBE OIL-IMPREGNATED
AND OIL-FILLED PAPER CAPACITORS. ..

OM-CAPACITORS
TYPE OM.* MIDGET OM-CAPACITORS
RATINGS . . . . . . 05 to 2.0 mfd. 600 V.D.C. TYPE OMM.-*
.05 mfd. to 1.0 mfd. 1,000 V.D.C. RATINGS 05. .1 and
STANDARD CAPACITY TOLERANCE . . . . . . oo ey PATIES - oocoi D, s o
TEST VOLTAGE . . . . . .. Twice D. C. rating 05 x.1 1,000 V.D.C.
GROUND TEST . . ... ... 2,500 Volts D. C. gyaNpaRD CAPACITY TOLERANCE . . . . . . 2005%*
OPERATING TEMPERATURE . . . . -55° F to 185° F GROUND TEST . . ... . ... 2,500 V.D.C.
SHUNT RESIS'I'MII:EO5 A v ’ DPERATING TEMPERATURES. . . . -55° F to 185° F This new separate
25 t[(()) 0.5 ::fd.. 12:00?) $§§3h2: SHUNT RESISTANCE . . . . . . . 20,000 megohms mounting is stronger
1.0 to 2.0 mfd. 12,000 megohms POWER FACTOR . . . . . At 1,000 cycles—.0075 and  belps prevent

CONTAINER SIZE 1
Width 34”. length 1-5/16", height 1-11/64”

MOUNTING HOLE CENTERS . . . . . ... . . 114"

leaks caused by
breaks in can, This
outstanding Tobe
design takes the
minimum amount of
space.

POWER FACTOR . . At 1,000 cycles—.002 to .005

CONTAINER SIZE
Width %", length 1-5/16”, height 21/”
MOUNTING HOLE CENTERS . . . . . ... . . 114"

*Data sheets showing complete code number for units having a specific capaci-
tance value and voltage rating available on request. **Other tolerances available.

A SMALL PARTY IN VICTORY TODAY...A BIG PART IN INDUSTRY TOMORROW
2 January 1945 — ELECTRONICS
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Still Young at 99

Who wants a tracing paper that's still good—and we
mean good—still white, transparent, flexible—99 years
later? Well, you can never tell. Maybe more tragic
things have happened than having a drawing go to
ruin in its sleep, but nevertheless, that can be awfully
scrious. That’s only onc rcason why we developed
ALBANENE white rtracing paper. It's permanent,
because it's made of 1009 long-fibre pure white rags,
treated with Albanite. In drafting rooms today there
are drawings on ALBANENE that are years old and
still in perfect condition.

What's Albanite? It's a crystal-clear, unaltering syn-
thetic developed by the K&E Laboratories, and is
simply tops as an impregnating medium for long-fibre
paper stock. That gives ALBANENE extra trans-
parency. And becausc ALBANENE stays white, it
gives strong, contrasting prints. It's fine to work on
too, with pencil or ink—keeps clean and takes erasures

well. That's not the whole story; to get it all, write
us on your letterhead for a sample sheet. Made in
rolls, sheets, and pads.

Cbanenc

REG. U, S, PAT. OFF,

KEUFFEL & ESSER CO.

EST, 1867

NEW YORK « HOBOKEN, N. J.

CHICAGO . DETROIT . ST. LOUIS
SAN FRANCISCO « LOS ANGELES - MONTREAL

Drafting, Reproduction, Surveving
Fquipment and Materiuls
Side Rules, Mewsiuring Tapes
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BOVE you see the fundamental characteristics found
A only in G.A.F. Carbonyl Iron Powders. The text
below outlines kinds of powders, chemical and physical
analysis, including “Q” value, and suggested uses.

G.AF. Carbonyl Iron Powders are obtained by
thermal decomposition of iron penta-carbonyl. There are
five different grades in production, which are designated
as “L,” “C,” “E,” “TH,” and “SF” Powder.

arbonyl |
Powders

The particles making up the powders “E,” “TH,” and
“SF” are spherical with a characteristic structure of in-
creasingly larger shells. The particles of “L” dand “C” are
made up of homogenous spheres and agglomerates.

The chemical analysis, the weight-average particle
size, the “tap density,” and the apparent density as de-
termined in a Scott Volumeter are given in the follow-
ing table for the five different grades:

. ‘ ’ ' TABLE 1

| = We. Ave. Tap Apparent

: diometer Density Density

Grade* 96 Carbou % Nitrogen mierens g/em3 g/em3
l 0.005-0.03 0.1 —02 0.005—0.05 20 3.5-4.0 1.8-3.0
0.03 —0.12 —0.‘ 0.01 -0.1 10 4.4-4.7 2.5-3.0

06 —0.7 s 44—y 2.5-3.5

TIJ £33 \ém{j o5 06 8 4447 2.5-3.5

_ M' —-0.6 ‘8 4.7-4.8 2.5-3.5

With reference to the chemical analysis shown above,
it should be noted that spectroscopic analysis shows the
rest to be iron with other elements present in traces only.

Carbonyl Iron Powders are primarily useful as elec-

tromagnetic material over the entire communication fre-
quency spectrum,

Table 2 at right gives relative Q values (quality fac-
tors) and effective permeabilities for the different grades

Januvary 1945 — ELECTRONICS



This diagram emphasizes the fact 2 Note shell structure of each particle
that Carbonyl Iron Powders consist —produced by varying content of

of spherical particles only. oxygen and carbon.

of carbonyl iron powder. The values given in the table  values as expressed in percentage of the best core give
are derived from measurements on straight cylindrical an indication of the useful frequency ranges for the dif-
cores placed in simple solenoidal coils. Although the ferent powder grades. '

data were not obtained at optimum conditions, the Q

“L” and “C” powders are also used as powder metal-  strengths reach 150,000 psi.)
lurgical material because of their low sintering tempera- Further information can be obtained from the Special
tures, high tensile strengths, and other very desirable Products Sales Dept., General Aniline and Film Corpo-
qualities. (Sintering begins below 500°C and tensile  ration, 437 Hudson Street, New York 14, N.Y.

6 A 2 CARBONYL IRON POWDERS
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AMPEREX

WATER AND AIR COOLED TRANSMITTING AND RECTIFYING TUBES

The ILLINOIS TOOL WORKS has made tremendous strides in the design and
development of dielectric heating equipment for such applications as
moulding bakelite, heating pre-forms, joinirg thermoplastics, etc. AMPEREX
tubes are used in all such equipment produced by this well-known concern.

x With the ILLINOIS TOOL WORKS, as with many other leading concerns work-
ing with electronic tubes, it's the “Amperextra” of longer life and low-enst
efficiency that has made our products a first and exclusive choice. AMPEREX
pioneered in the field of tubes for industrial applications. We are familiar
with the needs of industry, and we have the tubes to meet all requirements.
Consult AMPEREX for assistance with your present or postwar problems,

IMPORTANT! AMPEREX tubes ere now available through lead-
ing radio equipment distributors. This new arrangement may

nmpE“Ex save valuable time for busy enginecers by enabling them to obtain
many of our standard tube types from their local supply sources,

- AMPEREX ELECTROITIC CORPORATION

79 WASHINGTON STREEY + +« =+ =« =« BROOKLYN T, N. Y,
Export Divisien: 13 E. 40th St., New York 16, N, Y,, Cables: "Arlab"

THE WAR ISN'T OVER YET...BUY AND HOLD MORE WAR BONDS
ELECTRONICS — January 1945 7



Llectronic 1elevision is

Thin is a story of leadership—as clean-cut, unassailable and complete as any industry
can show.

It's the story of RCA’s development, in all of its basic essentials, of the electronic
television system in use today. For RCA engineers contributed ALL of the essential ele-
ments of this system—including tubes and circuits.

RCA factories built the first transmitters and the first receivers of the type now
almost universally used. The Radio Corporation of America through its broadcasting
service—the National Broadcasting Company—installed the first commercial television
station—a station whose operating and programming technique has set a standard of
performance in the television broadcasting field.

ELEMENTS OF 7HE

TELEVISTON SVSTEA

1. THE ICONOSCOPE—The “electric eye™
of the television camera, Developed by
Dr. V. K. Zworykin, RCA scientist, and
brought to a high degree of perfection
by RCA engineers.

S.

THE FIELD CAMERA — The RCA fleld 6

pickup camera shown here is the first
camera to use the “orthicon” pickup
tube—by far the most satisfactory for
“outside” pickuns.

11. THE SYNCHRONIZING GENERATOR—

Furnishes the signals that key trans-
mitter and receiver together. This type
of synchronizing, now almost univer-
sally used, was developed by RCA.

12. THE VIDEO TRANSMITTER
commercially produced video trunsmit-
ter, the 4 KW model shown here, was
designed and manufactured before the
war by RCA,

REMOTE PICKUP EQUIPMENT — RCA
engineers built the first television equip-
ment for field pickups—and the first
such equipment (shown here) for use
with the “orthicon” camera.

The Arst

THE RELAY TRANSMITTER — The first
transmitters to be used for television
relaying were built by RCA engineers—
the one shown here 1s for relaying from
a remote pickup point.

13. THE TELEVISION ANTENNA—RCA en-

gineers have designed a large numnber
of antennas for television. The turnstile
antenna, shown here, was developed by
Dr. G. H. Brown of RCA Laboratories.

Janvary 1945 — ELECTRONICS



an RLA Develgpment

2.

1%.

RCA and NBC engineers, working together, established the first television relay
system, put on the first outdoor program, the first “theatre™ television, the first Broadway
play, the first baseball game, the first television from an airplanc.

Consider, for instance, the elements of the television system as presented on these
pages. Note that RCA engineers played a big part in developing every one of them. Add
to this the fact that these same engineers have heen working 100% of their time on radio,
radar and other electronic equipment of the most advanced types for the Army and
Navy, und you can well understand the basis for RCA television leadership,

You can expect the best of all kinds of television transmitting and receiving cauip-
ment from RCA—the leader from start to finish.

THE KINESCOPE —— The reproducing 3. THE “ORTHICON’ — The high-sensi-
tube used in all present-day receivers. Ltivity pickup tube, which requires much
Developed by Dr. V. K. Zworykin of less light and hence makes outside pick-
RCA Laboratories as part of his “allr ups practical. Developed by Dr. Rose

electronic” television system, and Dr. Iams of RCA Laboratories.

7
¥

Z
BEAM ANTENNAS — Beam antennas 9. THE FILM SCANNER — The arrange- 10.
such as the one shown here, which may ment which allows standard motion
be used with the relay transmitter picture films (24 frames) to hbe tele-
shown at left, are largely bLased on vised over a 30-frame, interiaced sys-
original RCA research tem was devised by RCA engineers,

‘BIG SCREEN’’ RECEIVERS RCA engineers designued and RCA
factories built the nrst home television receivers. Their newest
contribution, shown tere, is the home receiver with a built-in,
large-size screen for comfortable viewing from any point in an
wverage-sized living room, Picture is unretouched.

ELECTRONICS — Jonuary 1945

THE STUDIO CAMERA — Deluxe-type
studio cameras shown here were first
designed and built by RCA. Cameras
of generally similar design are now
used in nearly every television studio.

THE MONITOR EQUIPMENT —The sys-
tem of monitoring several video chan-
nels by means of a picture tube and an
oscilloseope for each cHannel was first
used by RCA cungineers,

For Everything in Television

RADIO CORPORATION OF AMERICA

RCA VICTOR DIVISION -+ CAMDEN, N. J.
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A camera clicks in Moscow. Thirty minutes later, via
Press Wireless radiophoto circuit, the picture is in
Times Square, ready for the newspapers.

Awoarded to our

Tand: Plowt for o, Today, swift, dependable and accurate radio trans-

il ;‘_.;g:;;:;;::: mission and reception of pictures, drawings, blue-

e prints and other graphic material is of vital impor-
tance not only to the papers but to many other agencies as well.
Mindful of this, Press Wireless is making constant improvements
in its radiophoto technique and equipment.

An example is the trans-receiver shown here. It can send.or
receive a radiophoto, uses either amplitude or frequency modu-
lation of the sub-carrier, is compact, easy to operate and reliable.

The trans-receiver is one of several advanced units Press
Wireless has designed and is manufacturing chiefly for war
today,—for peace tomorrow.

PRESS WIRELESS, e 1o sfgive ond scies otice

RIO DE JANEIRO + MONTEVIDEO - BERNE . SANTIAGO DE CHILE - NEW YORK - CHICAGO - LOS ANGELES « LONDON - HAVANA
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OF THE VERY HIGH
FREQUENCY BAND

Transmitting Tube GL-8002-R, full
input up to 120 megacycles, for FM
and Television service. Price $125.

- MEGACYCLES \
R

Broadcast needs for high-frequency tube performance are superbly met by
this modern vacuum triode, station-tested over a substantial period.

Engineered to combine high-frequency operation with high output, the
GL-8002-R offers you unusual qualities of durability and top-grade per-
formance. Construction is very rugged. For example, the substantial thimble
seal of fernico metal and glass with equal coefficients of expansion, minimizes
breakage during installation or service, and typifies the strength built into
every part of the tube. Also, the careful selection of component materials con-
tributes to the high power output delivered within a compact structure.

There are three grid-leads which can be used for neutralization or exeitation,
or can be connected in parallel, and this feature, as well as the multiple fila-
ment leads, greatly reduces inductance to these electrodes. Throughout,
Type 8002-R is engineered for high performing characteristics, and for the
long-term economy that results from sturdiness and efficiency.

Ratings are given at the right, along with comparative figures for Types 889-R
and 8009, which are similar in purpose and general design. The range in
capacity between these types enables you to select a tube suited to your par-
ticular transmitter requirements. Additional G-E transmitting tubes also are
available in the high-frequeney classification, and the data on these will
gladly be supplied. Consult your nearest General Electric office or distributor,
or write Flectronics Department, General Electric, Schenectadv 5, N. Y.

Tune in General Flectric’s ““The World Today” and hear the news from the men who
see it happen, every evening except Sunday at 6:46 FE.W.T. over CBS network.
On Sunduay evening listen to the G-F “Al-Girl Orciestra® at 10 F.W.T. voer NBC.

GL-8002-R.

$125.

Maximum frequency tor full ratings, 120

megacyeles. For reduced ratings, 200
megacyceles. As a Class C radio-frequency
power amplifier, plate voltage is 3,500:
current, 1.0 amp; inputl, 3.0 kw; dissipa-
tion, 1.2 kw. Cooled by forced air.

GL-889-R. $325.

Maximum frequency for tull ratings. 25
megacyeles. For reduced ratings, 100
megacycles. As a Class C radio-frequency
power amplifier, plate voltage is 8.500;
current, 2.0 amp; input, 16 kw; dissipa-
tion, 5.0 kw. Cooled by forced air.

GL-8009. $450.

Maximum frequency for full ratings, 25

megacyveles. For reduced ratings, 100
megacyeles, Special introverted anode

helps to minimize inductance, thus in-
creasing suitability for high-frequency
applications. Asa Class C radio-frequency
power amplifier, plate voltage is 10,500:
current, 6 amp; input, 60 kw; dissipation,
20 kw. Cooled by warer and forced :ar.

GENERAL @@ ELECTRIC

ELECTRONICS — January 1945
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THROUGH STORM
AND NOISE

with clear reception that will build

and hold greater audiences

Over a period of a year, more radio receivers are turned off
during programs because of man-made and natural elec-
trical disturbances than for any other cause. If your station
serves areas where electrical devices produce high noise-
levels, if you are geographically located where static is a
problem, consider FM. Frequency Modulatiod will give
vour listeners vastly improved reception, virtually free
from noise —and do it with less transmitter power and
reductions in operating costs. Or, with the same power and
the same cost, it will enlarge your primary service area.

I'n order to provide radio reception with low background
noise level, the signal strength of an AM broadcast station
should be about 100 times stronger than that of the inter-
fering noise or signal. By comparison, an FM broadcast
station can provide reception with the same low back-
ground noise level but with a signal strength only about
twice that of the noise level itself.

GENERAL @ ELECTRIC

Natural and man-made electrical disturbances
can ‘‘cut holes' in an AM broadcast pro-
gram because waveforms of such disturbances

have similar modulation characteristics.

Consider, for example, the case of the 1-kw AM station
on 1200 ke. With a 400-ft half-wave antenna overlooking
flat country and where conditions of ground conductivity
are average (3 x 10-1* EMU) this station can generally
provide its radio audience with satisfactory noise-free
service over the following approximate effective areas:

AM Service Range Coverage
Day 22 miles 1520 square miles
Night 10.5 miles 346 square miles

Compare this performance with the virtually interfer-
ence-free reception that a 1-kw FM station can provide
over the same terrain, using a 2-bay circular antenna
400 feet high:

FM Service Coverage
Day and Night 5300 square miles
Performance like this provitles hetter service. Service like
this builds larger audience and greater advertiser interest.

Range

43 miles

160-D2-5358



The G-E pre-war
3-kw FM Transmitter

FM broadcasting is unaffected by natural
and man-made electrical disturbances
because the waveform of frequency mod-
ulation is unlike that of noise.

Look to General Electric when you plan your FM sta-
tion. G.E. is the one radio manufacturer with experience
in designing and building complete FM system&—from
transmitters to receivers. G.E. has designed and built
more FM broadcast transmitters than any other manu-
facturer. G.E. built the first FM home receivers and has
furnished a large percentage of today’s half-million now in
use. Today, the six studio-transmitter FM relay links now
operating in the 340-megacycle band are all G.E.—with
thousands of hours of regular operation to their record.
G.E. operates its own FM proving-ground, station WGFM,
at Schenectady. For information on General Electric FM
broadcast equipment, write: Electronics Department,
General Electric, Schenectady 5, N. Y.

ESTABLISH A PRIORITY ON DELIVERY OF YOUR FM EQUIP-
MENT. Write for your copy of the “G-E Equipment Reser-
vation Plan” which tells you about General Electric’s plan
to help you obtain early delivery of transmitters and asso-
ciated equipment. .

50 FM BROADCAST STATIONS ON THE AIR
OVER 300 APPLICATIONS PENDING

FM DOES IT—

FM multiplies your effective coverage day and might.

FM gives your audience programs with lower background noise.
FM minimizes station interference on your freqmency.

FM contributes to the economy of your breadcasting system.

General Electric’s FM equipment will include revolu-
tionary circuit developments, new companent designs,
and improved layout features that will contribute directly
to the quality and economy of yeur broadcasting system.

Tune in General Electric’s “The World Taday" ard hear the news
from the men who see it happen, every evering except Sunday at 6:45
E.W.T. gver CBS network. On Sunday evening listen to the G-E “All
Girl Orchestra’ at 10 EW.T. over NBC.

JBES - HOME RECEIVERS

FM - TELEVISION - AM _ oz -2’
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NO. 1IN A SERIES EXPLAINING HOW ELECTRONIC TUBES CAN BE USED TO IMPROVE EQUIPMENT DESIGN

Current rectification and motor

control by the THYRATRON

Two of the chief applications of electronic tubes in equipment design may be
named as (1) to rectify electrical current without the use of rotating equipment,
(2) to provide automatic regulation of speeds, temperature, etc. In the thyratron
—most versatile of tubes—these functions are efficiently combined.

Thyratron equipment is employed to operate small d-¢ motors from an a-c power
source, and at the same time keep these motors running at the proper speed,
regardless of varying loads. The thyratron is a gas-filled tube with qne or more
grids to control power with split-second precision. Pioneered by General Electric,
it performs numerous valuable functions in industry with which design engineers
may profitably acquaint themselves.

The many advantages of electronic-tube applications of various types justify a
thoroughgoing study of such applications in every case where a design is on your
boards for development. General Electric will be glad to cooperate in this study,
by providing engineering advice on which you may safely base final construction
plans. For general or specific information about G-E electronic tubes and their
industrial applications, consult your nearest G-E office or distributor. Also ask
for the illustrated book on “How Electronic Tubes Work.” It is filled with facts
about the way tubes operate, how they are classified by design and function,
and the many difficult tasks you may turn over to them with confidence.
Electronics Department, General Electric, Schenectady.5, N. Y.

TUNE IN General Electric’s “The World Today” and hear the news from the men who see it
happen, every evening except Sunday at 6:45 E.W.T. over CBS network. On Sunday evening lisien
to the G-E ““All Girl Orchestra” at 10 E.-W.T. over NBC.

.....

THYRATRON GL-3C23
PRICE $9

This widely used thyratron is a rectifier-
regulator, 3-electrode tube of medium
output—1,250 v (peak inverse) and 1.5
amp (average). The coated-filament
cathode is a quick-heating type; only 15
seconds are required. Exemplifying an
important industrial use of the thyratron
group, type GL-3C23 is especially appli-
cable to motor control circuits. Singly it
can be used for motors of % to %4 hp,
and in pairs for larger motors up to 3 hp
where 3 amp is required.

The gas mixture of argon and mercury
vapor helps to provide constancy over
an exceptionally wide temperature range
—from —40 to +80 C—which is impor-
tant where motors must be started insub-
zero weather or function at high tem-
perature levels. Another feature is uni-
formity of electrical characteristics. This
gives assurance of successful operation
to the design engineer who includes the
GL-3C23 in his circuits. )

G. E. HAS MADE MORE BASIC ELECTRONIC-TUBE DEVELOPMENTS THAN ANY OTHER MANUFACTURER

GENERAL g ELECTRIC

162.D2-8830
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SAFETY IN THE AIR

One of RADIO RECEPTOR'S most valuable contributions to safety in the air is its
3 KW MULTIPLE UNIT GROUND STATION TRANSMITTER

This equipment, Type CT-3000—'THE GLOBE GIRDLER," is used at airports for communication with
planes and with other airports —for long distance as well as local communication. It is ruggedly
designed for continuous use under adverse and rigorous conditions. Transformer and coils are impreg-
nated for operation in a tropical climate.

OPERATING CHARACTERISTICS

The transmitter assembly is composed of individual units, one for each RF channel, one for each
modulator, and one for the rectifier power supply unit. The RF and modulator units are interwired
and connected to operate from the common rectifier power supply unit,

L ]
FREQUENCY RANGE—2 to 20 mc. RF units are supplied with colls
and capacitors to operate at a single specified frequency and
output load. Components are available for operation on any
ather frequency and output load impedance within the limits
specified,

POWER OUTPUT-—2.5 KW continuous, 3 KW intermittent service.

FREQUENCY CONTROL—Law tempaerature coefficient crystal con-
trol at a sub-multiple of output frequency.

RF LOAD IMPEDANCES—Grounded or balanced transmission line
loads—50-700 ohms. Loading inductor or series condenser avail-
able on special order for working directly into reactive antenna.

TYPE OF TRANSMISSION-—A.1 (CW Unmodulated telegraph),
up fo four simuHaneous channels: or A-3 (telephone Modulated
carrier), up to two simultaneous channels.

MODULATION—High level modulation of RF power amplifier by
means of Class B audio modulator.

NOISE LEVEL—Carrier noise 40 db. below 100% modulation,
KEYING—High speed (200 words per minute) electronic keying
standard. Slow speed keying of oscillator available on special
order.

POWER SUPPLY REQUIREMENTS—230 volts 50760 cycles, 3 phase.

Also availlable in output powers of 1 and 3 KW. Circular on request.

23531 WEST 19¢th STREET

& ”\—’-\*
(FRES

N

RADIO RECEPTOR COMPANY. I~e.

NEW YORK 11.N. Y.

N
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RCA's New 170-A §
Audio
Chanalyst

Tests Everything
from Microphones
to Muitiple Speakers

THE new 170-A Audio Chanalyst is a combina-
tion testing unit which includes the famous
Voltohmyst circuit, a new diode flat through the
audio range, a B.F.O. signal source, a gain cali-
brated amplifier, and speaker and line output
connections.

The various channels of the RCA Type 170-A

all common defects in audio amplifiers and sound
systems. Polarity indication and a.c. can be de-
termined instantly with the new electronic indi-
cator, without danger of overload!

A pamphlet containing full description and
specifications of the 170-A Audio Chanalyst will
be sent gladly, on request.

can be used independently or in unison to check

;Dédde we /7&‘«5 aoW ' BEY MORE WMR BONDS

----—-----I-.--—--.————-..-.—-—ﬁ"’.——---n—-—--————..—.———--f

=

1 Test & Measuring Equipment, Dept. 97-87 D |3 P -
1 Radio Corp. of America, Camden, N. J. z
I  Please send the bulletin describing the new RCA 170-A Audio ; : 4 I
Chanalyst to: . [ E
B s G ¥ e
Name! rifl - R e L e LS B0 00 ofloooo0 E .  CAMDEN, N. J. :
Rosltionl o.ic o 0 L TS - <L b o0 aloo 6o 0/Us B o 0 08 og o db d ! T A CE
COMPaNY .o e e v - S g c°"_°°° F= .
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Chicago Telephone Supply Company
is a scientific manufacturing organi-
zation devoted to craftsmanship in
mass production. The excellence of
performance of CTS variable resistors
reflects the exacting care that goes
into every detail of construction.

Soon the advanced techniques of
intensive war manufacturing expe-
rience will be utilized for civilian
production. For the highest stand-
ards in variable resistors, both wire
wound and carbon types, look to
ChifugoTelephoneSuppIyCompony.

7¢lm:afacta/zms o4
g"cc&w-%l(wjt s
d’nponms Sl‘l

R N

VARIABLE RESISTORS, PLUGS AND JACKS
SWITCHES, TELEPHONE GENERATORS, RINGERS

REPRESENTATIVES
R. W. Farris, 2600 Grand Avenue
Kansas City 8, Missouri - Phone Victory 3070

Frank A. Emmet Co., 2837 West Pico Boulevard |
Los Angeles 6, California « Phone Rochester 9111

BRANCH OFFICES

S. J. Hutchinson, Jr., 401 North Broad Street
Philadelphia 8, Pennsylvania « Phone Walnut 5369

IN CANADA
C. C. Meredith & Co., Streetsville, Ontario

=,

CHICAGO TeEI.EPHO-NE SUPPLY

ELECTRONICS — January 194F




HARVEY UHX-25 HARVEY “AMPLI-STRIP"

A. 25-Watt General Purpose Radio-Tel- For I-F and AUDIO Amplification.
ephone Transmitter— Available for op-
eation between 1.5 M.C. and 30 M.C.

OF . CAMBRIDGE

'RADIO AND ELECTRONIC EQUIPMENT

HARVEY Regulated Power

Supply 206 PA
For labaratary D.C. Seurce—Range 500 HARVEY MARINE 25

to 1000 volts. A 6-Channel Marine-Radio Telephone.

OF CAMBRIDGE
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A machine like that shown above
may look like a complicated and perplexing
mass of metal to you, but not to Utalins*.

They visualize the precision of the result-
ing tools . . . made in Utah’s own factory to
Utah’s undeviating standards. They know
these tools will play a major part in creat-
‘ing the quality products that make possi-
ble the modern electronic circuit. .

And Utalins* know the performance of
these products! For Utah’s

process is absolutely com-

*Utalins— Utal’s helpers.

RADIO PRODUCTS COMPANY
CHICAGO, ILLINGIS

UNBROKEN CIRCUIT

UTrAl
SPEAKERS:
More than 20
million Utah speakers
havebeen made for radio,
and public address systems.

prehensive. . . the making of tools is only
the first step. It is followed by the close
supervision and painstaking testing of all
steps of manufacture,from raw material to
finished product. .. the unbroken circuit.
When finally these products become an
integral part of an electronic device, those
listening—as well as those working in the
‘many phases of electronic development—
can re‘cognize the quality of the products
that emanate from Utah’s

self-contained plant.




//{{;INYMITE

SMALLEST PAPER

CAPACITOR
yet 100%

MOISTUREPROOF

FEATURES

. Bakelite Resinoid Ends. Lead wire cannot
pull out, even under hot conditions.

. Non-Inductive.

. Excellent Temperature Coefficient.
. Very high leakage Resistance.

. Fine Power-Factor.

. Range from 20 MMFD to .25 MFD.
From 150 volts to 600 volts.

. Types P4N, PSN for 100% humidity opera-
tion.

. Types P4, PS5 for 95% humidity operation.
Samples and price list on Request

BUY EXTRA WAR BONDS . . .
‘TIL THE WAR IS: OVER.

ELECTRIC CO.

MEFR'S OF
CAPACITORS FOR EVERY REQUIREMENT

34 HUBERT STREET NEW YORK, N. Y.
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Is there an Idea for your New Products in thls

B

War-time Use of Natlonal Vulcanized Flhre?

ELECTRONICS — Jonuary 1945

National Vulcanized Fibre, because of its
remarkable combination of properties—
resilience, formability, lightness in weight
and exceptional strength—was found to be
exactly the right material for this struccural
member of the bullet-sealing fuel tank of
the B-29 Super-Fortress. lts superior re-
siliency and shock-absorbing qualities
protect the tanks from the sudden and great
impacts of landing. The same properties
that make National Vulcanized Fibre the

best material for this and thousands of
other war-time applications make it equal-
ly practical for countless peace-time uses.
National Vulcanized Fibre may be the
means of developing new, profitable prod-
ucts for you—of enabling you to get the
lead on your post-war competition.
* - L]

National engineers are available today
to assist you in your current design and
research work. Write, phone or wire us.

Electrical Applications —National Vulcanized Fibre, in com-
bination with its exceptional physical and mechanical prop-
erties, has high dielectric strength which makes it ‘the one

best material for numberless electrical and electronic uses.

NATIONAL VULCANIZED FIBRE C(

Wilmington, Delaware

Offices ip Principal Cities

21
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BUT WE DO KNOW ALUMINUM

As a designer, builder or user of electronic or
tlectrical equipment, vou know what you want
a material to accomplish there. Up to that
point, frankly, we probably can’t help much.
But name the requirements and we'll send
some real men into the game. They know
aluminum.

Is there a corrosion problem, a question of
weight or strength? Alcoa engineers have a
wealth of data on which to base their alloy
recommendations. Must it have peculiar elec-

trical properties? Aluminum is nonmagnetic,

you Kknow, and an excellent conductor of
electricity.

Are parts to be sand-cast, permanent mold
or die-cast? Could they be produced better as
extruded shapes, forged or formed from sheet?
Alcoa’s manufacturing divisions offer complete
fabricating services, so they play no favorites.
Alcoa advice is based on what’s most econom-
ical for you.

For this service, write ALuminuym CoMpany
OF AMERICA, 2136 Gulf Building, Pittsburgh 19,

Pennsylvania,

January 1945 — ELECTRONICS



The art of Transformer design, manufacturing technique
and the ample production capacity that made possible
meeting tremendous War requirements, will be in readi-
ness to serve you post-war as they have in the past.

You are assured of traditional quality and reliability
of Jefferson Transformers, and the full coopera-tion of
our engineering staff when civilian needs can again be
filled. JEFFERSON ELECTRIC COMPANY, Bellwood
(Suburb of Chicago), Illinois. In Canada: Canadian Jeffer-
son Electric Co., Ltd., 384 Pape Avenue, Toronto, Ontario.

 JEFFERSO

ECE IR R G

TRANSFORMERS
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' Testing of photographic shutters: measurements of flash-bulb
characteristics: calibration of lens diaphragm openings; compari-

son of transmission factor of lenses:; opacity and density measure-
ments—such are typical applications of versatile DuMont? Oscill-

Typical of this technique is the pre-
cise checking of shutter speeds.
Fig. 1 shows an oscillogram ob-
tained with arrangement in Fig. 2.
Light intensity passing through
shutter is directly plotted as a func-
tion of time.

When shutter opens, light from
neon lamp falls on photo-cell. Both
cell and neon lamp operate on D.C.
Output from photo-cell directly, or
D.C. amplified if necessary, is ap-
plied to vertical deflection plates
of cathode-ray tube. A timing wave
modulates the cathode-ray beam,
so that plot appears as dotted line.
the distance between two adjacent
dots being determined by the pe-
riod of the timing wave.

ography to still better photography:

This oscillogram discloses the
elapsed time for the opening shut-
ter, the full opening, and the clos-
ing shutter, calibrated in time ele-
ments of 1/1000ths of a second.

Fig. 3 discloses the characteris-
tics of a flash-bulb again in terms
of 1/1000ths of a second. Equip-
ment used is shown in Fig. 4. A
relay, delayed for about 1/30th
second, starts the flash after the
start of the single sweep.

This flash-bulb checkup deter-
mines: (1) Time elapsing between
closing of battery contact and start
of flash: (2) Duration of flash itself:
(3) Measurement of peak luminous
output: and (4) Determination of
total light output (by integration).

Typically DuMont Oscillography. No doubt there is an equally
important application in your laboratory, on your production line,

or out in the field. Submit your problem for our suggestions and
engineering help.

P Write for Literature

© ALLEN B. DUMONT LABORATORIES. INC;

” éz@‘%w %ém,
PASSAIC, NEW JERSEY « CABLE ADDREISS: WESPEXLIN, NEW YORK

i Tt S \«r’“\/"\./‘"\r’\/'\/"\“-“‘w”"v‘vw -
B % O e L NN N NN, NN
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o CONDENSERS—Variable, Fixed, Gas Filled Pressure, Neutralizing—a type

for every transmitter needs

o INDUCTORS —Wire-wound, edgewise wound copper strip, copper tubing
—fixed, tapped, or continuously variable —50 watt to 100 KW,

¢ INSULATORS —Stand-off, Thru-Panel, Cones, Bushings, Antenna Strain or

Compression—a type for every requirement,

o TUBE SOCKETS —Steatite or Porcelain—Wafer, Bayonet, Miniature, Acorn
or Special Types—a socket for almost any transmitting tube.

o« HARDWARE —Tube Caps, Inductor Clips, Solder Terminals, Fuse Clips,
Panel Bearings, Flexible Shafts—those hard-to-find constructional
parts.

Ask for Calalog 968D

q

JOHNSO

a jamoaj name in Radio

E. F. JOHNSON COMPANY « WASECA o

OTHER
FAMOUS
JOHNSON
PRODUCTS

o Plugs and Jacks
® Couplings

o Concentric Line
» Chokes

¢ Antennas

# Antenna Phasing
Equipment

@ Antenna Coupling
Units

@ Heavy Duty
R. F. Relays

®» Make Before Break
Switches

® Sampling
Transformers

MINNESOTA
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NEW, HIGH-STRENGTH ZIRCO

...a stronger, simpler way

to seal coaxial cables

Laborious mechanical assemblies can be
eliminated . , gas-tight, shock-resisting
hermetic seals assured . . . with this new
Zircon Prestite coaxial cable seal.

Especially designed to meet extreme con-
ditions encountered in wartime communica-
tions applications, this development offers
many advantages for similar uses.

Zircon-base Prestite—a special form of
Westinghouse Prestite—provides extreme
low-loss factor and high resistance to heat
shock, as well as extremely high mechanical
strength (see table). Solder-sealed directly to
the metal cap and base by the Westinghouse

solder-sealing process, this assembly makes

possible a high-strength hermetic seal.

®

FOR

ELECTRONICS — January 1945

COMMUNICATIONS

The resulting seal offers an important aid
to designers in the growing field of pressurized
coaxial cable and wave guide developments.
Moisture, dirt and corrosive atmospheres are
permanently sealed out. Dielectric charac-
teristics of enclosed gases—even under pres-
sure—can be maintained at constant values
regardless of outside variations in tempera-
ture, humidity or barometric pressure.

Investigate the advantages that Westing-
house solder-sealed assemblies can offer in
your design developments. Write Westing-
house Electric & Manufacturing Company,
P. O. Box 868, Pittsburgh 30, Pa. J-05156

V%stinghouse Sotttbr-senbod ritis

CELAIN...

tbr-sewtoal

TO METAL

EQUIPMENT



By Mycarex CORPORATION OF AMERICA

Issued in an Effort to Clear up and to

An Important Statement

Avoid Continued Confusion in the Trade

T has-come to our attention that in some quarters electronic engineers
and purchasing executives are under the erroneous impression that the
MYCALEX CORPORATION OF AMERICA is connected or affiliated
with others manufacturing glass-bonded mica insulation, and that genu-
ine “MYCALEX” and products bearing similar names are all “the same

thing” . . . are “put out by the same people”

the same plant.” :

and “come from

THESE ARE THE FACTS:

The MYCALEX CORPORATION OF
AMERICA is not connected or affiliated
with any other firm or corporation man-
ufacturing glass-bonded mica insulating
materials. It is 1009, American in own-
ership and operation.

The word “MYCALEX” is a registered
trade-mark owned by MYCALEX COR-
PORATION OF AMERICA, and identi-
fies glass-bonded mica insulating mate-
rials manufactured by MYCALEX COR-
PORATION OF AMERICA.

The General Electric Company, by vir-
tue of a non-exclusive license it had

under a MYCALEX patent through the.

MYCALEX (PARENT) COMPANY
LTD., has been permitted use of the trade-
mark “MYCALEX” on its glass-bonded
mica insulating materials.

The MYCALEX CORPORATION OF
AMERICA has behind it over 20 years
of research leadership, dating back to
work done by the original MYCALEX
(PARENT) COMPANY, LTD. of Great
Britain, from which it obtained its Amer-
ican patents. MYCALEX CORPORA-

MYCALEX CORPORATION of AMERICA

TION OF AMERICA owns U. S. patents
and patent applications on improved
glass-bonded mica insulation marketed
under the trade-mark “MYCALEX".

The products of MYCALEX CORPO-
RATION OF AMERICA are: (a) "MY-
CALEX 400"—the most highly per-
fected form of MYCALEX insulation,
approved by the Army and Navy as
Grade L-4 insulation. MYCALEX 400
is sold in sheets, rods and fabricated
form. (b) "MYCALEX K'—an ad-
vanced capacitor dielectric with a
dielectric constant of 10 to 15, which
can be fabricated to specifications.
(c) MOLDED MYCALEX available to
specifications in irreqular shapes and
into which metal inserts may be in-
corporated.

“MYCALEX” in the forms described
above is made by exclusive formulae and
exclusive patented processes. It is utterly
impossible for any one other than the
MYCALEX CORPORATION OF
AMERICA to offer any product, simi-
lar in appearance, as “the very same
thing”.

“Owners of ‘'MYCALEX’ Patents”’

Executive Offices: 30 ROCKEFELLER PLAZA, NEW YORK 20, N. Y.

Plant and General O ffices: Clifion, N. J.
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VIEW

THESE PICTURES PRESENT A PRE-
VIEW OF THE CONDITIONS UNDER
WHICH YOUR AIRBORNE ELEC-

TRONIC EQUIPMENT WILL OPFRATE

DURING FLIGHT.

WO shock suspensions, both
"mounted in rubber” and carry-
ing equal weights, are shown installed
side by side on the same shake table
with the table set for a horizontal

- amplitude of 1/32 inch.

The mount A is a Robinson Vibra-
shock* suspension, as manufactured
to support a vital electronic unit on
our warplanes. B is a conventional
shear type mount formerly used for
this same equipment.

These photographs were taken at
three vibrating frequencies within air-
craft operating ranges. (See captions)

It is apparent that the mere mounting
of equipment “in rubber” does not
assure protection from vibration and
shock. in fact, conventional mountings
often amplify vibration 300% or more.

Robinson engineers use the exclu-
sive double-neutral axis principle,
and have as a background the design
and manufacture of more than 75,000
complete shock suspensions for the
Armed Services.

We can design and build, for your
equipment, Vibrashock suspensions
guaranteed to absorb better than
90% of all engine and propeller vi-
bration throughout aircraft operating
ranges.

Robinson Aviation offers for the
first time a complete shock mount
service, available to aircraft and
radio manufacturers pnd users.

*Trode Mark

ROBINSON

AVIATION, INC.

730 FIFTH AVENUE, MEW YDORK 19, h. Y.  FIRST NATIONAL BUILDING, HOLLYWOOD 28, CALIF.
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JGULD ACAINST
THEEEMENTS..

s STUPAKOFF

oy

: - _, : 1 lfela/- f/as: ferm/ba: :

The hermetically sealed transformer glass and forms a permanently vacuum and
illustrated functions properly under the pressure tight seal.
most adverse conditions. Stupakoff metal- Stupakoff manufactures Kovar-glass termi-
glass terminals, soldered, welded or brazed nals with single or multiple, solid or hollow
to the container, protect against humidity, electrodes. For those equipped to do their own
fungi and other elemental hazards. Ideal glass working, Kovaris

working conditions are sealed in—detri- supplied as sheet, rod, re I ,
mental conditions are sealed out. wire, or tubing; or fab- KOVAI Rf-G ass
Stupakoff metal-to-glass sealed termi- ricated into cups, eye- Seals for
nals are made possible by the metal, Kovar lets or special shapes. E.;EACJ:?J:S‘EL‘;"S

- i i i i RESISTORS
a Cf)balt, mcke‘l iron alloy which form's a Write ‘Stupako'i’f i s
chemical bond with glass through a heating today for assistance in CONDENSERS
process, in which the oxide of Kovar is engineering Kovar- :w:;:;g:s
dissolved into the glass. Kovar matches glass terminals to RELAYS
o . INSTRUMENTS
the expansion of thermal shock resistant your product. GAUGES
METERS
RECEIVERS
DO MORE THAN BEFORE—BUY EXTRA WAR BONDS TRAKGMITTERS

‘TRADE MARK 337962 REGISTERED IN U S PATENT OFFICFE

STUPAKOFF CERAMIC AND MANUFACTURING CO., LATROBE, PA.
Products for the Wonld of Electronice

“FOR GREAT
ACHIEVEMENT"
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350 WATY
POLICE HEADQUARTERS
TRANSHITTER

MARINE RADIO
TELEPHONE TRANSMITTER
AND RECEIVER

TEMCO can assure delivery of 250 Watt to 10 KW Trans-

mitters for Broadcast and other services within 30 to €0
days after hostilities cease and restrictions are lifted.

Although our skills, at present, are devoted exclusively
to producing Radar and special Electronic Equipment
for the armed services involving mechanical and elec-
trical complexities of the highest standards, TEMCO
engineering versatility and production flexibility are
geared for a quick changeover to fill post-war orders
rapidly.

Ours is a long slcmdmg repu'lcxtxon for designing and
building high quality communication and electronic de-
vices. By placing your order now with TEMCO you will
be assured of prompt delivery of perfected Transmitting
equipment. TEMCO advancements in design, materials
and construction are ready to serve you as an aid in the
success of your post-war plans.

Cansult with us at your earliest convenience regardmg
your requirements.

RADIO COMMUNICA TI’ONV EﬁUIPMEN T

TRANSMITTER EQUIPMENT MFG. CO., INC.V"‘
345 Hudson Street, New York 14, N.-Y. '

e ®

|

g T8,
° g ™ _3 METER

COAST GUARD
ANTENNA TUNING
UNIT

STUDIO SPEECH
INPUT ASSEMBLY

AR RS

©

HETERODYNE
FREQUEMCY
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200°C. CONTINUOUS
OPERATION

A high-temperature ceramic (inorganic)
insulation for copper, nickel and other wire

Many engineers are already familiar with Sprague
CEROC 200, a ceramic insulating coating applied
to copper, nickel, and other types of wire. Many
have already taken advantage of its ability to with-
stand 200° C. continuous operating temperature in
their design of restricted war developments on
which details cannot yet be announced. So far
reaching are its possibilities for so many electrical
products of a later date, however, that we now
take this means of announcing it to the trade
in general.

Briefly, Sprague CEROC 200 is a flexible, ceramic
inorganic insulation for wires used in winding
motors, transformers, chokes, and similar equip-
meant, and permitting a very substantial increase in

volt-ampere ratings. It is conservatively rated for
200° C. continuous operating temperature, as com-
pared with 105° C. for conventional organic insu-
lations such as enamels, varnishes, etc. Actually, we
believe that Sprague CEROC 200 meets all Class C
insulation specifications under A.LE.E. standards.
Thermal conductivity is rapid, and space facror is
extremely good. Typical percentages of copper area
to total cross-sectional. area of finished wire are
96% for AWG #21 wire, and 95% for #24 wire
for CEROC 200, by comparison with only 69%
and 59% respectively for other insulations that
might be used for high-temperature applications.

WRITE FOR BULLETIN— Check the possibilities of CEROC 200
against the more exacting needs of your product of Tomor-
row! Write today for Sprague CEROC Bulletin.

SPRAGUE ELECTRIC COMPANY, North Adams, Mass.

(Formerly Sprague Speciaities Co.)

*Trademorks Regq. U. S. Pot. OF,

SPRAGUE CAPACITORS -KOOLOHM RESISTORS — CEROC INSULATION
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TELEVISION

FOR PROSPECTIVE STATION OWNERS

1. What firm’s pioneering development of the
Cathode-ray Tube (the heart of a television set)
gave television its first c/ear pictures...and made

television commercially possible?

2. What manufacturer’s national advertising—
for more than a year—has been devoted to answer-

ing the public’s eager questions about television ?

3. What company designed and built 3 of the 9
television stations on the air today (more than

any other company) ?

4. What firm’s extensive experience in television
station design, construction and operation has set
a pattern for profitable managemefit of an aver-

age-size station?

5. What manufacturer’s experimental station
telecasting equipment provided a week-in-week-
out demonstration of low operating cost and

rugged dependability since the summer of 1940?

A copy of ''Planning Your Tele-
vision Station'’ is yours for the
asking, This bookler outlinei
equipment requirements for a
complete, low-cost telecass op-
eration...and suggests plans for
expediting postwar delivery of
equipment ard sraining of per-

ELECTRONICS — Jonuary 194§

6. What firm's strong patent position assures
clients of exclusive and important features not
matched by other companies’ television station

equipment ?

7. What company’s experimental television sta-
tion was the first to offer the use of its facilities
during wartime to advertisers and advertising
agencies to develop commercial techniques...and
to provide experienced directors, writers and
talent for television's_ inevitably-swift postwar

expansion?

8. What manufacturer has provided a plan to
instruct operating executives and technical crews,
which will insure the efficient commercial opera-

tion of your postwar station ?

9. What firm’s telecasting equipment is rated
“tops” in signal transmitting efficiency and ef-
fectiveness...and in installation and operating

economites ?

The one-word answer to all

these questions is: DUMONT

Copyright 1944, Allen B. DuMont Laboratories, Inc.

\
: /| 3 v
; ] — -_—r . .
HU MUNT ?} P s C:/f; osoces crored SEllrvieise.

ALLEN B. DuMONT LABORATORIES, INC., OFFICES AND PLANT, 2 MAIN AVE.. PASSAIC, N. J.
JALEL TELEVISION STUDIOS AND STATION WABD, 515 MADISON AVENUE, NEW YORK 22. N. Y.
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In meeting
the challenge of the future,

Western Electric
equipment leads the way

War’s end will bring a challenge to everyone. To ;
those identified with communications and trans- 3
portation, faster, better interchange of ideas and %‘
goods will be the order of the day. 11

We at Western Electric —with our 75-years heri- m
tage of leadership in communications equipment — o
believe we are peculiarly qualified to accept this

B challenge.

In world-wide telephony, broadcasting, aviation,
marine and mobile radio—in every field where
sound-transmission apparatus plays a part— Western
Electric has led and will continue to lead the way.

T

In these fields as well as in television, Western
Electric will play a dominant part in the future.

To speed Victory, buy more War Bonds—and keep them?!

Western Electric W

ARSENAL OF COMMUNICATIONS EQUIPMENT .‘i"
1N
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A HIGH HONOR FOR

THE Dejun INSPECTION PERSONNEL

United States Army Air Forces’
Approved Quality Control Rating

“As a result of the efficiency of your inspection personnel and
procedures in production of equipment for the Army Air
Forces,. your company bas been given an ‘approved’ quality con-
#rol rating”—this is a direct quotation from the letter received by
the DeJur-Amsco Corporation from the District Supervisor, East-

ern Procurement District, AAF Technical Service Command.

This rating is the Army Air Forces’ official recognition of the
ability of the DeJur inspection personnel to meet all AAF inspec-
tion requirenients. And it means that in future fabrication of ¢
DeJur products, Air Corps inspectors will not function in the
same capacity as heretofore but will stand by merely for super-
visory purposes. The men and women inspectors of the DeJur-
Amsco Corporation are extremely pleased with this new honor,
and pledge unrelenting care in the performance of their duties.

BUY MORE WAR BONDS..:HOLD ON TO THEM

e JurAmsco (orporation

NORTHERN BOULEVARD AT 45th STREET

Long Island City | New York hIE A
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Checking gold-clad molyhdenum wire with a chemically treated
paper which elcctricaily tests the porosity of the gold covering
— one of many rigid tests to which the wire is subjected.
Microphoto at left shows blistered - condition frequently
produced by ordinary plating methods. Microphoto at right
shows smooth surface resulting from modern coating technique
developed by North American Philips. Magnification 40X,
center of wire only in focus.

North American Philips has pioneered two important
developments in gold-clad fine wire. The first was the
domestic production of gold-coated fine wire for military
uniforms.l})evelopcd early in 1942, we were in production
by October of that ycar.

Then, new electronic tube developments created a
war-born demand for gold-coated molybdenum fine wire,
which North American Philips also developed.

"Today we are exclusive suppliers of gold-clad fine wire
to many leading electronic tube manufacturers and
makers of military insignia. On fine tungsten, molybdenum
and silver wire, we can produce a smooth, even, non-
blistered, non-porous golg coating with these features:
It sticks, even when elongated. It guards against undesir-
able grid emission in electronic tubes. It can be controlled
to rigid customer specifications.

These superior qualities are the result of highly
specialized equipment and closely controlled processing

Reg. U. S. Pat. Off.

Medical X-ray Equipment, Tubes and Accessories. When in
% dustrial Electronics Showroom.

or e/c O Flectronic Products by NBRIH AM[RIBAN PH".'PS CUMPANY,‘INC

techniques developed by an organization with a back-
ground of over 50 years” experience in the electrical field.
North American Philips manufactures fine wire below
_003” diameter in silver, nickel, copper, nickel chrome
and aluminum alloy; also silver, tungsten, molybdenum
and alloy wire up to .010” clad with gold, copper or
other materials.

Many manufacturers have found our unusual skill of
great value in helping them meet wartime production
schedules. When you %]ave a fine-wire problem, call on
our specialized engineering service.

WHERE NORELCO FINE WIRES ARE USED IN THE ELECTRONICS FIELD
Precision wire-wound resistors; hearing aids; radio headphones;
sensitive recording and indicating meters; sensitive relays; elec-
tronic lube grids and filaments; sound recording on steel wire;
fractional horsepower motors; wire braid and cloth; and hun-
dreds of other uses wherever very fine wire is required.

Dept. C-1, Executive Offices: 100 East 42nd Street, New York 17, N. Y

ProneerU.S.Producersof GOLD-C LAD FineWire

NORELCO PRODUCTS: in addition to fine wire and diamond dies for our own drawing, we make:
Tungsten and Molybdenum products; Quartz Oscillator Plates; Amplifier, Transmitting, Kectifier
and Cathode Ray Tubes; Searchray (Industrial X-ray) Equipment; X-ray Diffraction Apparatus:

New York, be sure to visit our In-

Factories in Dobbs Ferry, N. Y.; Mount Vernon, N. Y. {Metalix Div.}; Lewiston, Me. (Eimet Div.)

ELECTRONICS — January 1945
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ARE URGENTLY

elimination of ambient noise. We designed and devel-
opéd the now-famous “Lip-Mike,

the first successful
Differential microphone. Our new Model 205-S for air-
craft, railroad, industrial and police applications is
another Differential achievement. Scon there will be

Electro-Voice Differential microphones for all commun-
ication services. Watch for them.

If any of your limited quantity needs can be met by standard
model Electro-Voice microphones, with or without minor modi-
ficaticns, contact your local radio parts distributor.

NEEDED . . .
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EleclhioYores. DIEFERENTIAL MIROPHONES

Electro-Voice engineers have years of experience in the

YOUR

Export Division

ELECTRO-VOICE CORPORATION ¢ 1239 SOUTH BEND AVENUE - SOUTH BEND 24, INDIANA

gkm'%’.cz MICROPHONES [t

13 East 40th Street,

New York 16 ., U5 A

\

. Cabies: Arlab
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PERMANENT RIGIDITY

ALS1IMAG Steatite Ceramics are unsurpassed for lending pernranent rigidity—
permanent alignment and accurate spacing of elements in electrical circuits.

ALSIMAG Insulators are permanent materials. They are strong, hard, inflexible—do not
distort by loading, nor do they shrink with time. Impervious to heat up to 1000° C. Highly
resistant to thermal shock. Non-corrodible. Do not absorb moisture.

If stability is a requirement of your electronic and electrical apparatus, investigate the
strength and permanent rigidity of ALSIMAG. Send us a blueprint or a sample. Let us prove

ALCO has been awarded for the : . H
fith time the Army-Navy "E" that ALSIMAG is best suited to your requirements.

Award for “continved excellence
in quantity and quality of

e ot AMERICAN LAVA CORPORATION, CHATTANOOGA 5, TENNESSEE
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TRANSFORMERS

STANDARDS

l - AUTOMATIC Mica Compression Trimmers have for many

m years been the Radio Industries’ time-tested standard of cuality
and design.

%
*a%( / To assist you in your post-war receiver designs, we have
> prepared a Trimmer Catalog showing dimensions and capacitan-
/{%” ces of the many types which will be available immediately. Why
74

77 not gain the advantage of quick delivery and mazimum econo-
m my by incorporating standard type trimmers :in your design
y considerations. A copy of the AUTOMATIC Trimmer Catalog

will be mailed to you free or request.

e UIOWAITIE

MANUFACTURING

COMPLETE ELECTRQ?‘“C ASSEMBLIES & COMPONENT PARTS
900 PASSAIC AVE  — —"  EAST NEWARK, N. J

Jonuary 1945 — ELECTRONICS



Plumbing is an inherently un-precise word — but, in electronics, plumbing must be ultra-precise.

Electronic plumbing by DICO incorporates the essential precision in machining, in assembling, in
silver soldering, and in gold and silver plating to tolerances as close as 5/100,000 of an inch.

The skills that make such precision com-
monplace in our production cause DICO
to be regarded as a foremost producer of
all types of high frequency “plumbing.”
These skills are available to you — write or
call when you are in need of electronic high-

D I A M 0 " D frequency plumbing.
®
l “ STR u M E nT CD Telephone CRYstal 2200 — thru Boston

Rirt AVENUE * WAKEFIELD, MASSACHUSETTS

ELECTRONICS — January 1945
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I'D LIKE TO SEE
ABOUT SOME SMALL
00 Yoy
HOTORS S KNOW WE MAKE
MOLDED PLASTICS,

700?

THIS conversation might
easily occur at our re-
ception desk because

here under one roof and
management we produce
both small motors and
molded plastics in large

quantities forusein widely

different products.

YES, YOU CAN BUY 807#
. AT GENERAL INDUYSTRIES

- E » Take small motors. We’ve built Smootl! Power

units for many jears for our own line of velvety operat- =z
ihg recorders, record -changers and turntables. We %
- .
supply standard or designed-to-order Smooth Power %5

drlves and assemblies for automut_ﬁ dew(‘(;e, controls®
and other small electric products. Our customers include
leading manufacturers in a wide range of industries.
-©- Now about molded plastic parts. We have the t
equipment for small and large work in any quantities.
Our engineers, mold makers and machine operators — E NERAL
have the combined “know-how” to deliver better plastic
parts quicker and at prices in line with our established NDUSTRIES
high quality. If you visit our factory (and you’ll be COMPANY

welcome) you’ll be amazed at the diversity of our work
and at the length and quality of our customer list,

Yes, you can buy both small motors and
molded plastics for your postwar prod-
ucts from General Industries. We suggest

a general discussion now, to be followed
by details when our war work has been

finished. It will be appreciated if you will

address the specific division ... motors
or molded plastics.

e e = — = —— o _ __ L]

Janvery 1945 — ELECTRONICS
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MATCHED
PERFORMANCE

UNIFORMITY
MEANS LONGER TUBE LIFE

Heintz and Kaufman engincers have continually developed
closer electrical and physical tolerances for Gammatron tubes
over the past 16 years, knowing that matched characteristics
result in better operation and longer tube life.

Today the importance of tube uniformity, especially in the
very high frequencies, is widely recognized; and many of the
peacetime standards we have established for Gammatrons are
now contained in the wartime specifications for all tubes of the
Gammatron type...When you design a transmitter around a
pair—or even a dozen—Gammatrons, you will get the full bene-
fit of our years of experience in pioncering constantly higher
standards of transmitting tube performance.

HEINTZ Anp KAUFMAN .u7D0.

SOUTH SAN FRANCISCO - CALIFORNIA

Gammatron Jebes

ELECTRONICS — Janvary 1945

M K-254 Hatcled
CHARACTERISTICS

MAXIMUM RATINGS

PowerQutput . . . . . 500Watts
Plate Dissipation e & . 100 Watts
Amplification Facter . . . 25

DC Plate Voltage . . . . 4000 Volts
DC Piate Current . . . . 225 M.A,
DC Grid Current s M 40 M. A
Max. Frequency . . . . . 175 Mc

INTER-ELECTRODE CAP. :

C grid-plate . . . . . 3.6 vuf

C grid-filament . . . . 3.3 uuf

C plate-filament . . . 1.0 vuf
Filoment Voltage . . . . . 5 Volis
Filament Current . . . . 7.5 Amps.

hex ‘KE!P'T“P.}....

\ BUY WAR BONDS




Before you get going
on Post-War Production

Eliminate

MACHINE SCREW
IN TAPPED MOLE

R

W
\<

BOLY, NUT AND
LOCK WASHER

RIVETING IN
HARD-TO-REACH
PLACE

Now is the time to talk to a P-K Assembly Engi-
neer. Before your post-war assembly practices
are set-up. have him check all fastenings and point
out where you can use the short-cut method — P-K
Self-tapping Screws — to make savings in time,
labor and materials.

One operation makes a fastening with a P-K Self-
tapping Screw. You just drive it into a plain un-
tapped hole. You eliminate tapping for machine

This new “User’s Guide” is
full of information on
where and how to use all
types of P-K Self-tapping
Screws. File size - fitted
with wall hanger. Write for
your copy, and invite a P-K
Assembly Engineer to call.
(Or. send details of fasten-
ing jobs and we'll mail rec-
ommendations to you.)
Parker-Kalon Corp.. 208
Vaurick Street, New York 11,

1

SELF TAPPING SCREWS FOR EVERY METAL AND PLASTIC ASSEMBLY

Ger THIS GUIDE

CIN G

RITREAN SOREW

serews, and lap expense . . . fumbling with bolts

and nuts . . . troublesome inserts in plastics . . .
riveting in hard-to-reach places. Truly a short-cut
to assembly economy!

You'll find the P-K Assembly Engineer’s advice
unbiased. He’ll recommend P-K Screws only when
they will save time, lower costs, provide stronger
fastenings. And he’ll recommend only the best
type of Self-tapping Screw for the job, because
Parker-Kalon makes all types.

No matter what kind of plastic. or metal. you are
working with, there’s a P-K Self-tapping Screw
designed for the job, and you’ll find you can adopt
it to advantage in 7 out of 10 cases.

PARKER-KALON
Dnalitty Contiollic

SELF-TAPPING SCREWS

ELECTRONICS
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LAPP-DESIGNED, LAPP-BUILT—TO DO A SPECIFIC JOB

This is an antenna base insulator for use on a communi-
cations center transmitter. It is one of several Lapp de-
signs for transmitter and receiver mast bases for military
vehicular radio—on jeeps, halftracks, tanks and other
rolling equipment.

Whether or not this special-purpose gadget has appli-
cation to anything you build or propose to build, there’s
a moral in it for you. In this case, as in hundreds of
others, an original and impractical design was modified
by Lapp engineers—to provide a part that meets all elec-
trical and mechanical requirements, and that Lapp can
build economically and cfhciently.

Lapp engineering talent and Lapp production methods

are such that we can say, “If it’s an assembly that can be

made of porcelain or steatite and metal parts, tell us what

ELECTRONICS — January 1945

the requirements are and how you think it mightbe made:
Lapp will tell you how it can best be made—and will
make it.” Our right to that claim has been proved over
and over in military electronic production; it’s going to
be a competitive advantage to smart post-war electronic
producers. Lapp Insulator Co., Inc., LeRoy, N. Y.
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MAKING IT HOT ... for callite

tube components

For the extreme temperatures of high
frequency heating, or in powerful short wave trans-
mitters, oscillator tubes must be extra rugged. The
Ken-Rad Type 810 is such a tube. Contributing to its
sturdy efficiency are Callite tungsten filaments, stem
lead assemblies and molybdenum grid wires.

Leading tube manufacturers recognize
the superiority of Callite tube components, the result
of Callite research in tungsten, molybdenum and spe-
cial alloys. For instance, one Callite development which
facilitates tube-making is “KULGRID,"*. a stranded com-
posite wire which does not oxidize readily at the high

temperatures required for beading, stem - making,

sealing-in and exhaust. _ _
®Covered by U.S A and Foreign Patents

Callite Tungsten Corporation,
544 Thirty-ninth Street, Union City, New Jersey
Branch Offices: Chicago, Cleveland

tube components P

HARD GLASS LEADS, TUNGSTEN AND
MOLYBDENUM WIRE, ROD AND
SHEET, FORMED PARTS AND OTHER
COMPONENTS FOR ELECTRONIC TUBES
AND INCANDESCENT LAMPS.

January 1945 — ELECTRONICS



A leaf octvator makes this
Switchette into a tiny lmit
H .swl’dn._- b

S

 Selector switches made up
‘of Switchettes provide com-

pact, sequence clrcvit control. -

 This small but sturdy fimit
switch -has widespread
opplicotion. The Switchette
is actvoted by a plunger.

In this compact multicircvit
switch, Switchettes save
spoce and weight.

T0 COMPACT DESIGN

OU can use Switchettes to con-

trol several circuits from a
single location. They can be actu-
ated by cams in selector switches,
or by a bellows or lever in limit
switches. Whichever way you use
them, G-E Switchettes help vou
save space and make your equip-
ment more compact.

Note the dimensions: 11{ by 14
by 14 inch. Yet the Switchette
handles up to 10 ampcres at 21
volts d-¢ (230 volts a-¢), and is
sturdy enough to withstdnd millions
of mechanical operations.

Its small size, its lightning-fast
snap action, and its ability to resist
high physical shock and vibration
make it ideal for built-ir applica-
tions on electric control equipment

GENERAL @ ELECTRIC

ELECTRONICS — Jonvary 1945

that has to “take it.”” Best of all,
because of its unusual double-break
conlact structure, it simplifies the
solution of many tricky circuit-
control problems.

Don’t handicap your important
designs

Your plans for a smaller, lighter,
or more compact equipment need
not be stymied by the lack of a
suitable make-and-break contact
mechanism. More than 200 modifi-
cations of the Switchette are ready
to meet vour needs. In addition,
we have a variety of limit switches,
transfer and selector switches, push-
button stations, thermostats and
timers built around the Switchette.
Perhaps you can use some of these

ready-made devices to advantage.

Send for a catalog

If you don’t already have a copy
of our Switchette catalog, mail the
coupon below. If none of the forms
listed in the catalog meet your
needs, our engineers will be glad
to work with you to adapt them.
General Electric Co., Schenectady 5,
New York.

cSAt Gt A At A LAt RN RRRRRRRRRRRRY

General Electric Company, Section 676-142
Schenectady 5, New York

Please send me Bulletin GEA-3818. which gives
detailed information on Switcheties.

NAME
COMPANY

ADDRESS

Budu

eeettL.uLRLuRRRRBRBRRY
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ﬂn 1500, Leonardn da Viic: had a fine idea—a
flying machive!

His 16th Century Flying Fortress had a dandy

arrangement of stirrups and pulleys which oper-

ated oars supposed 10 propel the craft through

the air. Leonardo’s machine didn’t work and it
- didn’t work for onc simple basic reason . . .
= There wasn't ¢nough knowledge and experience

to develop a flying machine. Had da Vina the
: _benefits of our experience he could have built a
' flying flying machine.

;\

There is a very significant maoral to thal story

Experience Counts!

For years, WARD PRODUCTS CORPORATION hus been
the leader in the design and manufacture of sec-
tional and one-picce antennas. This position was
established and maintained because warp has the
Experience that Connts. WARD has pioneered many
of the design changes that have become accepted
standards in the industry . . . For the finest sec-
tional and one-picce antennas for automobile and

home applications — Look to waArD)

- Send for vur attractive new 1945 calendar.

THE WARD PRODUCTS
- - CORPORATION

1523 EAST 45TH STREET
CLEVELAND 3, OHIO

50
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G-E oscillograph,
Type PM-10, set up
for tests with moga-
zine film holder,
driving head, and
a-c motor unit

Portable oscillo-
raph, Type PM-1¢,
or general use
where only two ele-
ments are required

Avutomatic oscillo-

groph,Type PM-13.

tarts recording one-
quarter cycle after
disturbance occurs

WEIGHS 10 POUNDS

SIZE: 42 by 43 by 14 inches

FT\HIS 6-ELEMENT OSCILLOGRAPH was developed

for use where light weight and small size are
essential. It’s easily portable, to obtain “‘on the spot”
photographic records of the characteristics or the
performance of many machines and devices. Records
simultaneous variations of six rapidly changing
phenomena. Type PM-17; net price, $850 up. Write
today for leaflet GEA-4331.

IF SMALL SIZE 1S NOT ESSENTIAL, HERE
ARE OTHER G-E OSCILLOGRAPHS

TYPE PM-10—Records 6 to 12 phenomena simultan-
eously. A large, multi-element, general-purpose
oscillograph for a wide field of application. Includes
simultaneous viewing with recording. Net price,
$3160 up.

TYPE PM-12— Anyone can operate it. For work in
the field, in the laboratory, or in the classroom. For
either visual indications or taking oscillograms of
current and voltage waves. Originally developed for
school use, industry has found this 2-element port-
able especially valuable for observing or recording
welding current. Net price, $665.

TYPE PM-13—Entirely automatic. Can take as many
as 100 oscillograms of transients and surges without
attention. Particulatly useful for determining the
sequence of relay and breaker operation and the
effect on system stability. Net price, $2125.

Our nearest office will be glad to help you select
the right oscillograph for your specific requirements.
General Electric Company, Schenectady 5, N. Y.

BUY WAR BONDS AND KEEP THEM
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BUSY HANDS There can be no letdown in any one of the

eritical operations required in the production of Sangamo MICA
CAPACITORS That is why every Sangamo operalor in cach depart
ment 1y fully rained tu her particular duty until she becomes thor-
oughly capable in doing her task. These operators know the impor-
tance of accuracy and maintain faithfully the Sangamo standard of

eccellence.

SANGAMO ELECTRIC

ESTABLISHED 1898 . . . MICA

52 January 1945 -— ELECTRONICS
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CAPACITORS

Because of the precise and accurate operations
involved in the manufacture of mica capacitors, too
much emphasis can not be placed upon the impor-
tance of modern equipment and adequate working
facilities. The facilities used by Sangamo for gaug-
ing mica are shown in the attached picture. Other
departments, utilizing equally accurate, modern,
and efficient methods, for MICA SPLITTING, MICA
PUNCHING, INSPECTION, and STACKING, are all
H €

vital factors in i 9 g 3

The preparation of mica to be used as the dielectric in a
mica capacitor requires many steps. Splitting the lamina-
tions from the mica block is the first step, but it is only
the beginning in a long and carefully controlled series
of operations in the final preparation of the mica. As the
electrical capacitance of a mica capacitor depends upon
the dielectric constant of the mica, its thickness, and the
active area of the electrodes used in the unit, these factors
must be accurately controlled. In some cases several
thousand or more individual mica films are used in the
construction of a capacitor and the dielectric failure of
any one of these pieces would result in the destruction of
the entire unirt. Conscqucntly, it is readily apparent that
extreme care in selecting and gauging of the individual
mica laminations is of extreme importance. The dielec-
tric constant of mica is determined by precise electrical
measurcments, but usually this constant is fairly uniform
for any group or batch of mica of equal quality when
obtained from a single source or mine.

While proficient splitting operators can split mica so
that approximately 809%, or more of their production
will come within limits of one-half thousandth of an
inch in thickness, this 1s not sufficiently accurate to ac-
complish the results desired in obtaining uniformity of
characteristic, Consequently, it is nccessary to gauge each
mica lamination on special beam gauges, as shown in the
accompanying picture. Here, trained operators select
mica to thickness limits of one-fourth of a thousandth of
an inch or less. This gauged mica is separated into groups
according to the thickness of the lamination, and each
group is then ready to be punched to the special size and
shape required for the particular capacitor in which it is
to be used.




ACTUAL SIZE
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ERIE DOUBLE CUP CERAMICONS

REG. U. 8. PAT, DFF.

These compact, high voltage condensers are designed to carry
appreciable amounts of current at high voltage without danger of
corona or excessive internal heat. The silvered ceramic construc-
tion provides choice of temperature coefficient, excellent, sta-
bility and retrace characteristics. Two sizes are illustrated above.

Type SP-106 is rated at 5 KVA. Peak working voltages at
sea level for types SP-106 and SP-172 are as follows:

ez | " SP.106 | !
] Temperature Peak Working Volts
Capacity Coelficient at Sea Level
20 MMF NPO 10,000 -
30 MMF NPO 6,500
39 MMF NPO .- 1 5,000
51 MMF N-750 , 10,000
75 MMF N-750 ' 7,500
100 MMF N-750 5,500
SP-172
51 MMF NPO 10,000
75 MMF NPO 10,000
100 MMF NPO 10,000
- 200 MMF N-750 10,000
300 MMF N-750 10,000 .
L__-"_"H’_ e 390 MMF N-750 8,000

If you have applica-
tions for condensers of
this style for either mili-
tary or peacetime equip-
ment, our engineers will
be glad to discuss them

~withyou. =~ .= =

Note: Test voltage, SP-106 and SP-172—60 cycle RMS equal to peak working voltage.

ga 7 el D. 7Y

ERIE RESISTOR CORP., ERIE, PA.
LONDON, ENGLAND <+ ‘“* TORONTO, CANADA
* % » Do More TharBefere—Buy EXTRA War Bonds: #* % * ‘_.";; :
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v oou s TEDMA N PRECISION T00LS

Stedman equipment has become standard among radio manufacturers
because it is especially designed to speed assembly-line production, lower
costs and insure a better finished product.

NEW ASSEMBLY JIG

Can be loaded and unloaded in two seconds.

Indexed 360° fixture to hold chassis in any position to step
up soldering and all other assembly operations.

Adjustable to any size within base limits of the Jig. Comes
in 4 standard sizes (6", 9”, 12", 15" swing) or we will
make Jigs to your specifications.

Sturdy, rigid construction.
We make adapters to fit any type chassis.

Send us your specifications, or a sample chassis, for quotations.
We are ready to meer your delivery schedules.

DUMMY TUBES (ALL TYPES, INCLUDING MINIATURE *)

High precision machined (not die cast). Stainless steel pins.
Used to hold socket clips in correct alignment during wiring.

TUBE PIN STRAIGHTENERS (iocx. i ano wmruse

Stainless steel inserts are standard for corrosion resistance. In-
serts are replaceable. Hardened tool steel inserts available for
factory production use. Body and posts are cadmium plated.

PRECISION GAGES

High precision gages for all types of tube bases. Adherence
to standards eliminates rejections! Increases profits!

TEST AND ADAPTER PLUGS

Made to fit any type socket. Silver plated brass pins. Hand-
some plastic grip. Good dielectric characteristics.

SOCKET MOUNTING TOOL

Installs snap ring 7 a jiffy! Speeds up socket mounting in
chassis. Just drop snap ring over expander tube, place handle
on tube and press snap ring down on to socket. Simple,
quick, economical!

*MEETS REQUIREMENTS OF WPB SUBbOMMITTEE ON MINIATURE TUBES

Wnite or wine «d of your rnegucirements

" ROBERT L. STEDMAN e wous

SPECIALISTS IN MASS PRODUCTION TOOLS
OYSTER BAY, LONG ISLAND NEW YORK

&
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In numerous engineering and technical uses, includ-
ing precision instrument applications, the new liquid
organo-silicon-oxide polymers known as Dow Corn-
ing Fluids are proving their marked superiorities
over conventional oils.

These water-white mobile liquids remain fluid at
arctic temperatures, ana exhibit unusually low rate
of viscosity change over a wide temperature range.
They are heat stable, neutral in reaction, chemically
inert, non-corrosive to metals.

The dielectric constant of the nonvolatile [T} Fluids
(those above 20 centistokes) is 2.7 to 2.8 and their
dielectric loss is exceptionally low, remaining at less
than 0.000] over a wide frequency range. Inguiries
for detailed information are invited.

DO w
BOX

CORNING
592, MIDLAND,

CORPORATION
MICHIGAN

ELECTRONICS — January 1945

DOW CORNING FLUIDS COME IN TWO TYPES:

TYPE 200--commercially available in five viscosity grades—100,
200, 350, 500 and 1,000—in centistokes at 25°C.

TYPE 500—commercially available in ten viscosity grades-—-0.65,
1.0, 1.5, 2.0, 3.0, 50, 10, 20, 50 and 100—in centistokes at 25°C

57



- ADJUSTABLE RESISTORS

Three-section
control

Two-sectian
cantrol

Single-section
control
with switch

The Only Continuously Adjustable
Composition Resistor of 2-Watt Rating
withe Substantial Safety Factor

The resistor material in the Type J Bradleyometer is molded
with the insulation, terminals, face plate, and threaded bush-
ing into a one-piece unit. Itis not a film or paint type resistor.
During manufacture, the resistor material is varied throughout
itslength to provide the desired resistance-rotation curve. Once
molded, the resistance curve does not change. Heat, cold, or
moisture cannot affect the Type J Bradleyometer, and long,
dependable life is guaranteed. Supplied for rheostat or poten-
tiometer uses, with or without a switch.

Cross-sectional view of Type J Bradleyometer showing how the
terminals are molded into the solid-molded resistor element.

ALLE

58
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FIXED & ADY

FIXED INSULATED RESISTORS

2 -WATT

Length 3/g in. Diam. 9,44 in.

g ViAo
1-WATT

Length 9 /34 in.

2-WATT

Length 11/14 in.

Diam. 7/32 in.

Diam. 5,14 in.
=1

!

Length of all leads—11/2 inches

AU Expedts say-

“Tops"tn Qual?/lt?

WAR SERVICE. . . far more grueling than laboratory
tests or civilian service...has proved beyond a doubt
that Allen-Bradley resistor engineers know how to design
and produce fixed and adjustable composition resistors
that satisfy all service conditions. Allen-Bradley resistors
are the choice of the experts because they are “tops”
in quality.

The latest Allen-Bradley achievement is the new 2-watt
insulated Bradleyunit . . . 11 16-inch long and 5 /16-inch
diameter. .. yet it passes all load and endurance tests
and requires no derating for even the toughest service.
Like the well-known !/2-watt and 1-watt Bradleyunits, it
is available from 10 ohms to 0.47 megohms in all R. M. A,
standard values in tolerances of 5, 10, and 20 per cent.
Send for technical data sheet, today.

Allen-Bradley Co.,11.0 W. Greenfield St.,Milwaukee 4, Wis.

BRADLEY

ABLE RADIO RESISTORS

-
UST
%E;;uualnv§§é\
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Joint Session of 1. R. E. and A. L. E. E. at the Engineers’ Building, Wednesday evening, January 24

A Tribute to the

Genius of the
Nbody knows hetter

C
than we do the resourceful-
NEERS f ness and vision of electronic
ENGI 0 engineers. As builders of
test equipment, we’ve
I-R-E. and A-I-E.E. worked with them, shoulder
to shoulder. We’ve found
hem invaluable collaborators
in devising apparatus
designed to make electronics
a completely foolproof tool.

[}
We know the questing spirit of

these men. We've seen them come into
our laboratory, and all but turn the
place upside down, diagramming, in-
specting, or checking equipment aimed
at perfecting the performance of elec-
tronics. Quality control is their fetish.

We can say that with authority. Because
as makers of test equipment, quality
control is our objective.

So when we pay tribute to the

genius of electronic engineers, Welcome to Sherron
we know whereof we speak. . Exhibit Room E and
Display Booth No. 1

e LABORATORY
e DESIGN
¢ DEVELOPMENT
e MANUFACTURING

sssibgsll SHERRON ELECTRONICS COMPANY

Electronics
L ]

Division of Sherron Metallic Corporation

1201 FLUSHING AVENUE, BROOKLYN 6, N. V.

i

here the Ideal is the Standard, Sherron Units are Standard Equipment”

ELECTRONICS — January 1945
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ON INSULATING MATERIALS

® MANUFACTURERS
® DESIGNERS
®© ENGINEERS

Prepared from the cumulative experience of
fifty years in the manufacture of electrical in-
sulation, the Mica Insulator Company offers
“Electrical Insulating Materials” —its new
handbook for those who use insulation.
Profusely illustrated, the eighty-six pages
of this highly informative handbook contain
many important facts about sheet mica...
built-up mica ... laminated plastics. .. var-

nished fabrics... papers and other types of

insulation manufactured and distributed by
the Mica Insulator Company and its five
divisions. Manufacturers, designers and
engineers will find it a useful guide to the
selection of proper insulating materials and
their fabrication.

Your complimentary copy of “Electrical In-
sulating Materials”” will be mailed promptly
on receipt of a request on your company’s

letterhead.

SALES OFFICES:

BOSTON CHICAGO CINCINNATI CLEVELAND DETROIT
HOUSTON LOS ANGELES + NEW YORK - SAN FRANCISCO + SEATTLE
FACTORY:

SCHENECTADY, NEW YORK

%M COMPAN

' 200 Varick Street
New York 14, N. Y.

ELECTRONICS — January 1945 8l



How to make your product
Environment-Free ... ... toe

< P
S g A
TAMPERING =¥ MOISTURE
You'Can Control These
"Conditions Beyond Your Control”

Fedelco-Sealed by Federal Electric Company, Inc. Fedelco-Sealing Service

Environment
can be the cause of defeating all vour careful design

... skilled engineering . .. conscientious manu-

facture . .. all your painstaking effort to assure
the long, dependable operation of your product.

Fedelco-Sealing

offers a sure mecans of sealing-in ideal working
conditions . . . sealing-out moisture, dust, bugs,
and tampering. This new method seals vour
electrical or mechanical device inside a housing
which is proof against these common cnemies.
This sealing assures your customer of getting,
for a long, long time, the reliable operation You
built into your product.

We can Fedelco-Seal it for you . . .

or you can Fedelco-Seal it yourself
You can send your product to us, and we will
return it to you completely Fedelco-Sealed. Or
we can show vou how you can Fedeleo-Seal in
your own plant, witlt our equipment, and by the
methods we use.

Get the Details . . . Now!
The growing importance of Fedeleo-Sealing is
shown by its rapidly increasing use. You will
want to know about it. Write Federal Electric
Company, Inc.; deseribe vour product and your
problem; and ask for details of Fedelco-Sealing
and how it can be applied to your product.

FEDERAL ELECTRIC COMPANY, INC.
225 No. Michigan Ave., Chicago 1, lllinois
8700 So. State St., Chicago 19, lilinois

E. B. MATHEWSON COMPANY e Sdles Agents
New York 17, N. Y.—Greybar Bldg.; Chicago 11, IIl.—612 No.
Michigan Ave.; Philadelphia 7, Pa.—Real Estate Trust Bidg.;
Cleveland, Ohio—Bulkley Bldg.; Kansas City 8, Mo.—2017
Grand Ave.; Atlanta, Ga.; Troy, N. Y.—17 Bank Street.

Here’s how we Fedelco-Seal a Clare Type “C” Relay

bracket for
mounting relay. Tube is for evacuat-

Base for enclosure, wi

ing enclosure.

R 3
Relay mounted on base assembly and

wired to sealed terminals. Enclosure
may be filled with dry air, or inert gas,
after sealing.

@ FEDERAL ELECTRIC COMP

Glass-to-metal seals surround connec-
tions to relay, provide hermetically-
sealed terminals.

Completed Fedelco-Sealed relay. Envi-
ronment-free, because ideal working
conditions are sealed in.

ANY, INC.

Jgnvery 1945 — ELECTRONICS



AMERICAM PHENOLIC CORPORATION, Chicago 50, lllincis e In Conada: Amphenol Limited, Toronto

s

® Up to 1940 when war construction
began, Amphenol had a long, proud record of
achievement in the production of electrical trans-
mission equipment of the better—more critical
—kind. Among other 'firsts’” Amphenol had
developed, and built, the first ultra-high fre-
quency cable.

When production for the Air Corps, Army
and Navy demanded precision far beyond that
of civilian manufacture, Amphenol went to work
exclusively for the Armed Forces ... will con-
tinue working for Uncle Sam until the last bomb
burst. When that time comes, the years of ex-
perience “‘under fire’’, the broadened perspec-
tive and knowledge will mean new and im-
proved products, a source of supply of unlimited
capacity. This is a rich background of experi-
ence in the production of parts for the users of
electrical {ransmission equipment in the elec-
tronic, radio and electrical fields.

Connectors (AN, British, U. H. F.) « Conduits « Fittings ¢ Cabte Assemblies « U. H. F. Cables + Radio Parts « Plastics for Industry
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tare invited to take advantage of
Centralab’s unchanging quality and
splendid engineering co-operation on
Selector Switches.

These switches are available in both
steatite and bakelite insulation, the
former being indicated where low
loss and low moisture absorption for
high frequency circuits are required.
Built by Centralab to withstand the
heavy service specifications required
by the Army and Navy. May be had
with fungicidal treatment for tropical
climate.

Allswitches have double-wipe contact
terminals for long life. Low contact
resistance of less than 22 milliohms
and are completely self cleaning.

Centzalab

Division of GLOBE-UNION INC., Milwaukee
Producers of Variable Resistors —Selector Switches ~—
Ceramic Capacitors, Fixed and Variable —
Steatite Insulators.

.
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C-D capacitors are precision productts.

Every operation in their processing is subject
to careful checking and re-checking. Specialists
in capacitor manufacture dictate the proper
tests, the value of the tests and their sequence
in the manufacturing process.

Such precise attention to detail brings its re-
ward in the reputation C-D capacitors have
for quality and performance. We are main-
taining that reputation . . .

PROOF : More engineers choose C-D than
any other make.

Today our special skills are focussed on
the capacitor problems of the nation and of
industry. Our enormously enlarged facilities
may be able to help you. Cornell-Dubilier
Electric Corporation, South Plainfield, N. J.
Other plants: New Bedford, Brookline,
Worcester, Mass., and Providence, R. 1.

*This reliable bridge balancmg test for checking
capacity and power {actor is one of the many, many
tests used at C-D during the course of production.
if the bridge is not in balance, capacity of unit being
checked is off, and a hum is heard by tester. When
capacity is correct she hears no signal.

ELECTRONICS — January 1945
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~ HERE'S A FAMO3S C.D MICA

R. F., BY-PASS, GEID AND PLATE

Special unpregnauora resists chdnges “in upaeﬂy
with high insulation resistance.

No magnem: material reduces loases at all fre-
quencies.

Moulded in Bakelite for greater mechanical

strength and better insulation.

Short, heavy terminals for minimum r.f_ and contaet
resistance. Typical o7 C-D’s precnslon engineering.

MICA - DYKANOL - PAPER . WET AND DRY ﬂECTROLYTlCS

CAPACITOR —THS TYPE 9 FOR

BLOCKING IN LOW POWER
TRANSMITTERS AP AMPLIFIERS.

&*
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There are hundreds of products on drawing boards today that will
do a better job at lower cost with the right electrical control appara-
tus. The problem is: precisely what apparatus?

That is where the Automatic Electric field engineer can help. He is
a specialist in electrical control, backed by an organization that
offers this three-poiat service:

1. Technical advice by experienced field engineers, who know
the “how” and “why” of control technique.

Here are jobs that can be done easier

2. A complete range of relays, stepping switches and other con- dnd better with Automatic Electric
trolunits—time-proved products readily adapted to your needs. control devices:
3. A design and manufacturing service for complete engineered
assemblies. - Automatic Selection and Switching of
Ask our field engineer for a copy of our catalog of control devices. Circvits & Time, Temperature and Se-
He will be glad to show you how they can serve you. quence Control ¢ Counting and Total-

izing e Inspection and Sorting Operations
o All Types of Electrical and Electronic

Control..
AND OTHER CO'NTROI. DEVICES .

AUTOMATIC ELECTRIC SALES CORPORATION
A U T o M A T I C 1033 West Van Buren Street ¢ Chicago 7, llinols

E I_ E c T R I C In Canada: Auvtomatic Electrie

(Canada) Limited, Toronto

&b January 1945 — ELECTRONICS



SYNCHRONIZATION

While improvements in circuit technique developed by
Electronic Laboratories have allowed commutation of
currents up to 25 to 30 amperes, recent requirements for
increased power have necessitated introduction of dual
vibrator circuits thereby doubling the output of E-I. Power
Supplies. Both in-phase and two-phase systems are avail-
able permitting output powers in excess of 1000 watts.

Parallel Operation — Single-Phase — A.C. Output

In units furnishing A.C. power as output, the vibrators
must operate in phase. This operation is secured by means
of modulating voltage obtained from a secondary placed
on a current dividing reactor, which insures the division of
the current between the two vibrators., The primary is
center-tapped with the center tap feeding the power trans-
former, while the ends connect to power contacts on the
same side of the respective vibrators. If one vibrator makes
contact before the other there will be a voltage induced in
the secondary of the transformer. This induced voltage is
applied to the actuating coil of the other vibrator in such
a way as to be in phase and thereby cause it to increase its
frequency and decrease that of the higher frequency vibra-
tor. When the vibrators reach the same frequency it is
obvious there will be no modulating voltage. The time
constant of the current division network is such as to take
care of small time differentials. The circuit has the further
advantage of allowing the use of one large power trans-
former which gives higher efficiency than can be secured
by using two smaller ones.

Parallel Operation — Two-Phase — D.C. Output

In vibrator power units which have a filtered D.C. out-

LABORATORIES

INDIANAPOLIS

INC.

OF VIBRATORS FOR PARALLEL OPERATION

Typical E-L single-phase and two-phase circvits
of dual vibrators which permit powsr outputs in
oxcess of 1,000 watts.

put, the advantages of a two-phase system are obvious in
the reduction of the filter network required to secure a
given A.C. ripple on the output.

To correct any possible frequency deviations, Electronic
Laboratories’ engineers have cross-modulated the D.C.
voltage applied to the respective actuating coils with an
A.C. voltage secured from the opposite transformer pri-
mary. The A.C. voltage is of such a value that the alter-
nate in- and out-of-phase relationship effectively forces the
vibrators to assume the same frequency. The 90° phase
relationship essential to insure low ripple outputs from
associated rectifiers is secured by the action of the modu-
lating voltage, inasmuch as the vibrator having the higher
natural frequency will make contact first upon the appli-
cation of the input voltages. This causes the effective volt-
age on the actuating coil of the lower frequency vibrator to
be Euic+- E ac(E.cis the modulating voltage received from
the transformer winding associated with the higher fre-
quency vibrator). When the lower frequency vibrator ac-
tually makes contact, the phase of the A.C. modulation is
such that the effective voltage applied to the higher fre-
quency vibrator is Edc — E.c,thus causing a reduction in
its frequency until synchronism is obtained with the lower
frequency vibrator and contact is broken. It then functions
in the normal manner. The cycle then repeats itself and
maintains the 90° phase shift.

The E-L unit. shown below is a typical Vibrator Power
Supply used in the operation of communication equipment,
With a 12 volt DC input, it devclops 500 watts power out-
put. Dimensions: 20 x 20 x 83 inches.

YIBRATOR POWER SUPPLIES FOR LIGHTING, COMMUNICATIONS. AND ELECTRIC MOTOR OPERATION - ELECTRIC, ELECTRONIC AND OTHER EQUIPMENT

ELECTRONICS — January 1945
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Every
MANUFACTURING
CUSTOMER
Will Benefit

Industrial users of WILCO Prod-
ucts will find the increased facil-
ities, the new products and tech-
niques developed by WILCO for
war service of great advantage
to their own postwar products.

As the Hourglass indicates . . . with the
coming of peace, many WILCO products
now making for precision performance in
airplanes, ships, tanks, guns and instru-
ments of the Army and Navy will play an
equally important role in meeting civilian
needs for hundreds of useful and reliable
products.

The demand of all branches of the serv-
ice for Thermostatic Bimetals and Electrical
Contacts has motivated many WILCO de-
velopments of great potential value to post-
war industry. New products added to an
already extensive line: increased facilities
for refining and fabricating precious metals;
greatly extended rolling mill facilities—
these new additions and improvements,
now devoted principally to the war effort,
will prove equally helpful to manufactur-
ing customers in meeting their peacetime
production and marketing problems.

WILCO PRODUCTS ARE: Contacts —
Silver, Platinum, Tungsten, Alloys, Sin-
tered Powder Metal. Thermostatic Bimetal
— High and Low Temperature with new
high temperature deflection rates. Precious
Metal Collector Rings for rotating controls.
Silver Clad Steel — for bearings, shims, re-
flectors. Jacketed Wire — Silver on Steel,
Copper, Invar, or other combinations re-
quested. Rolled Gold Plate. Special materials.

Tue H. A. Wirson CoMPANY
105 Chestnut Street, Newark 5, New Jersey

Branches: Detroit ® Chicago

i

Thermometals—Electrical Contacts
Precious Metal Bimetallic Products

January 1945 — ELECTRONICS
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ELECTRONIC,,.

RESEARCH

FoR INDUSTRY

FOR A SINGLE PROJECT OR A COMPLETE
SERVICE .,.THE NATIONAL UNION

The idea that electronics may work to advan-

tage in your peacetime products or processes—
is only the start. Making it work by developing
efficient, up-to-the-minute applications is where
this task really begins.

Here, highly specialized experience and
proved resourcefulness of National Union can
save you time and money. How extensive or

LABORATORIES ARE AVAILABLE TO YOU

B

limited your electronic research requirements
may be is no problem. National Union has the
top-flight scientists, the costly laboratory equip-
ment and high-priority materials to take all or
any part of the assignment.

May we discuss electronic research with you?
Without obligation, of course. Please address
Department E.

NATIONAL UNION RESEARCH "I.A;BORATOR.ES

National Union Radio Corporation

ELECTRONICS -~ January 1945
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MAXIMUM CAPACITANCE

at minimum cost...

)
| TCLAMP
~ MOUNTING

HOLE IN
CHASSIS
—» (3 DIA.OR
LARGER)

INSULATED
LEADS
3Y%,"LONG

CLAMP-MOUNTING ELECTROLYTICS

® PRICE with inbuilt Aerovox Quality — that's the prime
objective of the ingenious Type PRV one-hole-mounting
paper-cased electrolytic. * Wax sealed. Impregnated card-
board-tube container. Suitable for commercial and other
applications where extreme operating conditions are not
encountered and metal-can types are not essential. + Note
ingenious clamp and cenfer-screw mounting means. This
type can take the place of various other vertical-mounting
electrolytics such as twist-prong, spade-lug, screw-base.
etc. * Normally with etched foil, Also avallable in plain
foil. High-purity aluminum elements throughout. Positive
and negative lead tor each section. 450 and 600 v. D.C.W.

70

4 to 40 mid.; 8-8 to 20-20 mid. 1.3/8" dia.; 3 to 4-3/4" high.

AEROYOX CORPORATION, NEW BEDFORD, MASS., U.S.A.
Export: 13 E. 40 ST., NEew Yorx 16, N. Y. - Cable: ‘ARLAB’

CARDBOARD-CASE ELECTROLYTICS

® PRICE with inbuilt Aerovox Quality —that's the prime
objective of this popular Type PBS rectangular cardboard-
case dry electrolytic. *+ Sections housed in sturdy card-
board containers. Patented Aerovex Adjustimount or
swivel metal flange permits mounting flatwise or on nar-
row side according fo space limitations. Also, PBS units
may be stacked and held together by overlapping metfal
flange and soldering securely. *+ Normally with etched
foil. Plain foil also available. High-purity aluminum ele-
ments throughout. Made in single and multiple sections.
Separate sections with positive and negative leads for each
section. * 450 and 600 v. D.C.W. 4 to 16 mid.: 8-8, B-16 and
8-8-8 mfd. Dimensions: L. 2-7/16 to 3-3/16; W, 3/4 to
1.1/2"; H, 1/2 10 1-7/16". A good general-purpose clectro-
lytic for normal service,

Q
INDIVIDUALLY TESTED

. SALES OFFICES IN ALL PRINCIPAL CITIES

- In Canada: AEROVOX CANADA LTD., KAMILTON, ONT.

Janvary 1945 — ELECTRONICS



IF YOUR
PRODUCTION NEEDS

include:
*x WIRING HARNESSES

* BONDING JUMPERS
* CABLE ASSEMBLIES
% CABLE or TERMINALS

--you’ll find WHITAKER
is a dependable source

Whitaker has complete facilities for engineering and
producing cable and wiring assemblies, harnesses, or
any type of flexible leads for power and lighting.

. In addition to an eng%neered wiring service, Whitaker Wiring Harness Assemblies ma d.'by Whitaker vary
also offers a quality line ol standard cable products from the simplest type of sub-assembly to others
... Catalog on request. .. Your inquiries are solicited. that are a major portion of the complete product.

WHITAKER CABLE CORPORATION

General Offices: 1307 Burlington Avenue, Kansas City 16, Missouri
Factories: Kansas City, Mo. ¢ St. Joseph, Mo. ¢ Philadelphia * Oakland

ELECTRONICS — January 1945 7t



NEW RCP
SIGNAL
GENERATOR
model 704

R ALY

plus new
high frequencies

for FM and
television

The simplicity and ease

of operation of RCP testers
speeds production testing

at the Van Roe Corporation
of New York. Here RCP
Model 804 Dual-Testers
and Model 664 V.T.
Voltmeters have a double
responsibility—testing the
Signal Corps equipment
during manufacture and
being included as vital,
necessary parts of the
completed equipment
destined for use ‘
in fighting fronts. = =% | — - GRPR C iS

(1]
UCTS co, SEW TORK, 4 3.4

GET THIS NEW RCP MODEL 704.
It’s a complete wide range Signal
Generator, meeting the broad require-
ments of today’s testing with great
accuracy and stability. Model 704’s
range is from 95 kilocycles to 100
megacycles. Fundamental frequencies
are continuously variable from 95 KC
to 25 MC in 5 bands. Calibration is
accurate to 2% for high frequency
bands. See other special features de-
scribed here. Complete, ready for use

OTHER FEATURES OF RCP MODEL 704

7

* Planetary drive condenser with
direct reading calibration. Output
can be modulated or unmodulated.
Self-contained modulation is either
400 cycles or 1000 cycles sine wave
which modulates carrier. Either is
available for external use.

* Protective features are: Auto-
matic shorting of all coils not in
use; individual shielding of R. F.
circuits, coil assembly and atten-
uator, overall steel case, chassis
and panel.

* Five step ladder attenuator is
used for controlling output. Con-
venient pilot-lite “on-off” indica-
tor; double-fused line cord.

The new Model 704 Signal Gener-
ator is only one of the complete
line of RCP Test Instruments.
Send for our Catalog No. 128. Our
engineers will be glad to confer
with you on your test problems or
to design special instruments.

RADIO CITY PRODUCTS COMPANY, INC.

127 WEST 24th. ST, NEW YORK 1. N. Y,

MANUFACTURERS OF PRECISION ELECTRONIC LIMIT
BRIDGES — VACUUM TUBE VOLTMETERS — VOLT-
OHM-MILLIAMMETERS — SIGNAL GENERATORS —

ANALYZER UNITS — TUBE TESTERS — MULTITEST-
ERS — OSCILLOSCOPES — AND SPECIAL INSTRU-
MENTS BUILT YO SPECIFICATIONS.
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D-H Alloy

v

Advance'

Advance* is a Driver-Harris alloy made from electrolytic Nickel

and Copper under close controt of exclusive Driver-Harris methods.
It possesses a nuimber of remarkabie properties ideally svited for
these 3 distinctly different applications.

High electrical resistance (294 ohms per Circular Mil-foot), great
ductility and non-corroding properties make it particularly good

for winding .heavy duty industrial resistors employed in motor
starting ond controlling equipment. Both wire and ribbon are
used in this application.

In finer sizes negligible temperature co-efficient of resistance
(+.00002) combined with high resistivity makes it the most desired
resistance alloy for winding precision resistors of the type used in
electric meters and laboratory testing devices.

Because Advance* develops high and uniform thermol em f
against Platinum, Copper or lron, it is used extensively by all
instrument manufacturers in the well-known lron-Advance and
Copper-Advance (Constantan) Thermocouples. Smail temperature
changes are clearly indicated through larger scale deflections.

*Trade Murk Reg. U. S. Pat, Off.

Dvriver-Harris
COMPANY

HARRISON, NEW JERSEY

BRANCHES: CHICAGO - DETROIT . CLEVELAND
LOS ANGELES + SAN FRANCISCO - SEATTLE

*

Advance* is only one of a large, fomous
family of versatile Driver-Harris resistance
alloys that can be relied upon to make your
post-war products more dependable. For
important information about improved re-
sistance alloys write for a free copy of
Data Book R-42 . . . a complete text on
Advance and other D-H alloys.

Special Purpose Alloys Since 1899



OUR electronic problems may

find an answer in Corning’s
process for permanently bonding
metal to glass.

Which of the following qualities
will help you?

1. Hermetic bond between glass and
metal — assures positive and per-
manent seal against oil, water,

and gas.

2. Precision metallizing —allows ac-
curate control of capacitance, in-
ductance, or resistance.

3. Permanent mechanical and elec-
trical qualities—maintain accurate
tolerances indefinitely.

4. Superior electrical properties of glass
— low power factor, high dielec-
tric. strength, extremely high re-
sistance, wide range of dielectric
constants.

5. Thermal endurance of a high order.
Metallized glass easily meets Army
and Navy specifications for therm-
al shock.

Write us about your problems. We'd
be interested in seeing if glass can
help you. Address Electronic Sales
Dept. E-1, Corning Glass Works,
Corning, N. Y.

g

C NN Electronic Glassware

<t g
means | A
Research in Glass 2

J 4‘,:/)\1.\)"‘"
“PYREX" and “CORNING” ure registered trade-marks of Corning Glass W irks
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Electironic engineers have been working
hard égainst time ever since Pearl Harbor.
As far as they are concerned it’s always
“five minutes to twelve”—for they must
not only keep up with, but must anticipate
the vast requirements of modern warfare.

And they are coming through— with the

Listen to
““MEET YOUR NAVY"
Every Saturday Night &
ENTIRE BLUE NETWORK
Coast-to-Coast
181 Stations

&f ‘Ncma,bkm . %wms . _
DEVOTED TO RESEARCH AND THE MANUFACTURE OF TUBES AND EQU!PMENT FOR THE NEW ERA OF ELECTRONICS

ELECTRONICS — Jonuary 1945

most of the best electronic equipment for
the Allies — on time!
Raytheon-designed equipment and
Raytheon-made tubes are serving on all
battlefronts — with that *“Plus-Extra” per-
formance quality that has always been
associated with the name Raylheon.

All Four Divisions Have Been Awarded
Army-Navy “'E'* with Three Stars g




(')b vperior facilities are devoted exclusively to the production

of small metal tubing. Long before the war we set our maxi-

mum size at %" OD because experience has shown that only by so doing could we
maintain high quality in the smaller diameters. As a result, we have a mill, operating
at top speed, equipped to produce in a routine manner what formerly was known as
“specialty” tubing. So, if you need cold drawn tubing in any metal, and the OD does

not exceed % “— then the inherent benefits of our specialization are yours for the using.

FOR EVERY SMALL TUBING APPLICATION FROM °&" 0D DOWN

SUPERIOR @ Seamless in various analyses. WELDRAWN <& 94 > Welded and drawn Stainless, **Monel’’ and ¢‘Inconel”’

= -SEAMLESS and Patented LOCKSEAM Cathode Sleeves

Jonuary 1945 — ELECTRONICS




This generator armature bas

been "Harvelized” by Hanson-
Van Winkle-Munning Company.
They use Harvel varnish because
— (1) bakes quicker — (2) bakes
barder — (3) does not become brittle
— (4) lasts longer.

THE SECRET OF BETTER
INSULATION in u NUTSHELL

ROM the shell structure of the familiar Cashew nut

comes a natural phenol which is the basic component
of Harvel Insulating Varnishes. The discovery of this
unique insulating ingredient which has been utilized
by Irvington in the manufacture of a superior insulat-
ing varnish is the result of exhaustive research and an
experience of over thirty-six years in making all types
of insulating varnishes.

Harvel varnishes have many excellent insulating
properties which add years to the life of motors, gener-
ators, transformers and other electrical equipment. They
possess the highest safety factors even when operating
under excessive heat, heavy over-loads and in atmos-
pheres where acid or alkali fumes and abrasive mate-
rials are present. For example:

Motor failures in a large chemical plant occurred
every three months until Harvel varnish was used. Now,
three years of uninterrupted service on these same
motors is not unusual. This is typical of Harvel per-
formance under extreme conditions.

Harvel reduces the time necessary to produce a unit
of electrical equipment by cutting the average baking
time in half on applications involving multiple coats.

VARNISH & INSULATOR CO.
IRVINGTON, NEW JERSEY, U.S.A.

ELECTRONICS — Jonuary 1945

It polymerizes to a solid infusible state and will not
soften or “throw-out” at high peripheral speeds.

Harvel varnishes have excellent dip-tank stability—
exceptional penetrating power—and contain no objec-
tionable solvents.

Because the unusual featurestof Harvel varnishes are
not all disclosed by ordinary laboratory methods of
testing, why not get these facts first-hand? We will
gladly send you a generous sample for testing. See for
yourself how Harvel varnishes are superior for use with
any type of insulation — for application on equipment
wound with Formex and Formvar coated wire, Fiber-
glas, cotton, asbestos, and paper or enameled wire of
all classes.

For catalog, samples, or for technical assistance on un-
usual problems, write Dept 106.
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MAKERS OF THE FINEST IN
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A Word About Reconversion

ECONVERSION already is getting start-
R ed in a few plants. For others, it may be
just “around the corner”, but Radio still is
completely absorbed in its wartime job.

That’s the situation at Rola today. The things
made here . . . transformers, coils and other
intricate parts for Military Communications
... still are being required in gigantic quan-
tities, and since Rola is one of the few plants
of its kind equipped to make those things,
the obligation to produce in maximum

amounts cannot be slighted.

This means we may not be able, now, to give

our old customers the kind of service they
have learned to expect from Rola . .. @/ the
experimental models, @// the technical assist-
ance and «// the other things we used to pro-
vide. This we should regret, for we are proud
of our quarter-century reputation for Service,
but there is no alternative and we hope our
friends in the Radio Industry will under-
stand our present position.

No one can predict how long this interven-
ing period may be, but Rola’s reconversion

. . when it comes . . . will be speedy, and
at that time set makers again can look to
Rola for the “Finest in Sound Reproducing
Equipment.”

THE ROLA COMPANY, INC. » 2530 SUPERIOR AVENUE, CLEVELAND 14, OHIO

SOUND REPRODUCING AND

ELECTRONIC

January 1945 — ELECTRONICS
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THEY SAID IT COULDN'T BE DONE !

Back in 1938, Hytron began designirg
new dies and converting production ma-
chinery for the first BANTAM GT tubes.
The industry said in effect: “'You're crazy;
it won't work. You can'’t telescope standard
glass tubes to BANTAM size and get the
same results.” Beam tetrodes, such as the
S50L6GT, particularly were considered im-
possibilities. The intense heat developed
during normal operation would warp the
elements and crack the small glass bulb.

But Bruce A. Coftin, originator of the
BANTAM GT, stuck to his guns. In a few
short years, Hytron developed over fifty
GT types. The GT became the most popular
receiving tube.” Short leads, low capaci-

tances, advantages of shorter bombard-
ment at lower temperatures, ruggedness of
compact construction plus both top and
bottom mica supports, smaller size, stand-
ardized envelopes and bases — all con-
tributed to that popularity.

The BANTAM GT permitted new space
economies in pre-war receivers. Only its
universal acceptance as standard by all
manufacturers makes possible fulhillment
of the Services' demands for receiving
tubes. In increasing numbers, as this war
draws to its ultimate conclusion, Hytron
will continue to supply you with the popu-
lar BANTAM GT tubes which everyone
said just couldn’t be made.

1941 industry production figures. GT—52,000,000, metal— 27,000, 000 ;
standard glass, G, and loctad — 56,000,000,

oLDEST

wi<

BUY ANOTHER WAR BOND

ELECTRONICS — January 1945
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This 100-ton “merry-go-round” curing press for fairings or
“cuffs” on propeller blades was built in an Eastern plant
to break a bottleneck in the production of these critical
airplane parts.

Ebonite fairings on two sets of 21 propeller blades are
cured simultaneously under the direction of the 42 instru-
ments mounted around the center —one for each curing
mold. And these instruments are driven by synchronous,
self-starting Telechron motors. They control temperatures
in the curing mold through cam-operated water and steam
valves, and provide records of curing time and pressure for
each blade being processed.

— helping to break bottlenecks and speed victory. They
are available in sizes from 12 to 250 volts for all commercial
frequencies — and from 1 to 1800 rpm. Their industrial

applications include:

TIMING e CONTROLLING ¢ METERING <+ RECORDING

SWITCHING + CYCLING OPERATIONS =+ SIGNALING

FIXED PROCESS CONTROLLING = MEASURING * GAGING
REGULATION +« COMMUNICATION

Our experience as the oldest and largest makers of
synchronous, self-starting electric

Adaptable and dependable,
Telechron motors are doing all
kinds of timing, controlling and re-
cording jobs in many different fields

ASHLAND

REG.U.5. PAT. OFF,

WARREN TELECHRON COMPANY .
MASSACHUSETTS

motors for instrumentation is freely
available to you. If you'd like our
help, just write Motor Advisory Ser-
vice, Dept. C.

MAKERS OF TELECHRON ELECTRIC CLOCKS AND SYNCHRONOUS ELECTRIC MOTORS

80
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his SOLA CONSTANT VOLTAGE TRANSFORMER

has an important postwar future in

HEATING CONTROLS »
REFRIGERATION CON-
TROLS . TELEVISION
SETS - F-M RADIO -
VACUUM TUBE VOLT-
METERS « ELECTRON-
IC GAUGING AND IN-
SPECTION EQUIPMENT
» PHOTO-METRIC IN-
STRUMENTS.. .there are
otherapplicationsof course

Here is a SoLa Constant Voltage Trans-
former that should be a built-in part of

Fifth: because a majority of anticipa_ted’st_ex_'v-
ice calls can be eliminated from your cost

vour equipment—

First: because it will stabilize output voltage
at your rated requirements regardless of
line voltage fluctuations as great as =12
to 15 %.

Second: because its small, compact size is
ideal for chassis mounting.

Third: because of its low, economical cost.

Fourth: because of the saving that can be
made through the elimination of other com-
ponents.

calculations.

Sixth: because the users of your product will
get greater satisfaction from trouble-free
service.

This particular transformer is rated at 6.3
volts, 17VA output and is designed primar-
ily for the stabilization of vacuum tube
filament and heater voltages. Other voit-
ages and capacities for chassis mounting
can be supplied on the same low cost, eco-
nomical basis to meet your exact require-
ments.

To Manufacturers:
Complete specification details
covering this new Corstant Volt-
age Transformer will be fur-
nished at your request.

Ask for Spec. No. DCV-103

Constant Voltage Transformers

Transformers for: Constant Voltage » Cold Cathode Lighting « Mercury Lamps ¢ Series Lighting * Fluorescent Lighting - X-Ray Equipment * Luminous Tube Signs
Oil Burner Ignition * Radio - Power « Controls « Signal Systems » Door Bells and Chimes « etc. SOLA ELECTRIC CO., 2523 Clybourn Ave., Chicago 14, lil.

ELECTRONICS — Jonuary 1945 E]l



First with the Low-Loss Ripple Loop in 1940, Sickles scores
again with an improvement of an improvement.

By winding the loop with alternate straight and rippled
turns, these distinct advantages were achieved :

1. A completely open mesh pattern.
More input per loop dollar.

No change in size or cost of wire.
No inherent increase in cost.

Complete adaptability of size, shape and mounting
method, to your needs.

A Rk B

Combines Alternating Straight and
Rippled Turns to Produce More
Input Per Loop Dollar

For your wartime production or postwar plans, we invite
inquiries. Write for a sample made to your specifications.

THE F. W, SICKLES COMPANY .« CHICOPEE, MASSACHUSETTS

straight-wire (1940) EXCELLENT This enlarged
loop was only fair. An enlarged Sickles Ripple Loop was a vast cross-section of the new Sickles
section shows how wires were in improvement. It offered a more Ripple Loop (Patent Applied For)
contact at all points; a decided open mesh pattern and higher shows how alternate straight and
obstacle to cfficicney. cfficiency. rippled turns produce the completely

open mesh pattern that means
higher in-put per loop dollar.

SICKLE

82
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% Engineers at Hallicrafters are continuall> scriv-
ing for new heights of perfection in high frequency
development work. The Model S-37 is one exainple
of the progress they have made. This is the first
and only set of its kind — covering both AM and
FM and operating in the range of 130 to 219 Mc.
Two r.f. stages are used and in conjuncticn w th an
intermediate frequency of 18 Mc., assure ar amaz-

ingly high ratio of image rejection. It is beccring & eff/

o P r’ .
a valuable instrument in the hands of all explor- : ’”wéyf?ﬂ/ V7 !///’0005/327/06:” cy
ing the upper reaches of the high frequency ~znges. 7t eC'e/i/e, e’ ”_q

hallicrafters rioio ™= v g

THE HALLICRAFTERS CO., MANUFACTURERS OF RADIO AND E.ECTRONIC EQUIPMENT, CHICAEO I3, U, 5. Al

ELECTRONICS — January 1945
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Electronic Communication Components

NORCO has been supplying close tolerance elec-
tronic communication components, and complete audio
frequency amplifiers to discriminating users. The intensive
engineering and development work, resulting in the high
standard of NORCO products, has been intensified by rigid
wartime demands. Whatever your needs, you can depend
on NORCO as a dependable source of supply for your
present or future requirements.

NORTHERN COMMUNICATIONS MANUPACTURING 0.

210 EAST 40th STREET NEW YORK 16, N. Y,

Manufacturers of Transformers + Reactors +. Sound Systems <~ Recorders
Equalizers + The Norco Full Range Phonograph *+ Also Coaxial Transmission Lines
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A- last! Industries’ new and revolution-
ary heating process explained in a lan-
guage understandable to everyone. In
filteen minutes reading time, you will
gzin a complete basic knowledge of
Electronic Heating. This important
handbook discusses all the essential facts
ysu have to know in considering the
appli-ation of Electronic Heating to
yaur own manufacturing methods.

Manufacturers of Vacuum Tybe and Spark Gap Converters since 1921

DIVISION OF “S™ CORRUGATED QUENCHED GAP COMPANY

107 Monroe Street Garfleld, New Jersey

ELECTRONICS — Jonuary 1945

It contains a brief record of the his-
torical background and development of
the process — explains the principle of
its operation — describes the two chief
methods and fields of application and
lists many proved present-day uses.

Let us send you a complimentary copy
at once. Fill in the coupon or write on
your company letterhead.

USE THIS COUPON FOR CONVENIENCE

P - Scientivic ELECTRIC |
107 Monroe Street, Garfield, N. J. |

Please rush my complimentary copy of The ABC |

of Electronic Heating today to: :

‘ INAme:. .. . . S o Title..... ... |

: Company Address. ... ... . . B :

City .. .. .. State. . {

2 D St rve— - — ————— — —— —— —— — b —— — — — T\ S s i'



He’s TWICE the Man

.

when you start him
driving

AMERICAN PHILLIP
SCREWS

T ake him off the slow, dangerous, high-cost drudgery of drivin§
slotted screws. Put him on the trigger-end of a 4-winge
Phillips driver and start him driving American Phillips Screws.

He'll do better work . . . because he won't make false starts, or split screw-heads,
or slash up his work or himself. And he'll increase his production as much as 509,
. . . because he won't fumble or drop the screws, or drive them crooked . . .
and because he will command the super speed of power driving. Every American
Phillips Screw drives straight because the screw and driver a/ign themselves into
a single unit that can’t disengage until the screw-head is turned up tight.

THAT'S WHY AMERICAN PHILLIPS SCREWS COST LEAST TO USE

UNDER ANY CONDITIONS . . . NO MATTER HOW FEW ARE USED
. .. WHETHER YOUR BUSINESS IS LARGE OR SMALL.

And there are still more reasons why leaders of American industry make
American Screw Company their No. 1 source for Phillips Screws. American
has had long experience in Phillips production. American maintains adequate
nationwide stocks .". . and every screw is American-inspected for fitness of head,
thread, and point. NOW see how American Phillips screws can serve as one of
your chief weapons to fight the costs of the future. Write.

AMERICAN SCREW COMPANY, PROVIDENCE 1, RHODE ISLAND
Chicago 11: 589 E. Illinois Street Detroit 2: 502 Stephenson Building

AMERICAN
PHILLIPS Zuo
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Put the Screws on
the Japs . . .
BUY BONDS!



Here’s another difficult hardening job, done
simply and quickly with Megatherm.

Exact contour hardening of the inner gear of
these supercharger clutch discs was done in less
than 25 of a second each.

These gears were hardened to a depth of .050”,
with the hardening closely following the tooth
and root contour of the gear surface, without
affecting the strength or ductility of the remain-
ing metal. The unretouched photograph above
tells the stery.

To do this contour hardening a jig was built
to support the disc so that its inner surface sur-

*REG. AND PAT. TRADE MARK

. INDUSTRIAL ELECTRONICS DIVISION

ELECTRONICS — January 1945

in g of a SECOND

wi

rounded a two-turn induction coil, directly con-
nected to the output terminals of the 25 kw
Megatherm.

The Megatherm automatic timer limits the
heat period to exactly 23 of a second, then
operates a solenoid which trips the disc inte an
oil-quench bath.

Here is another example of Megatherm’s adapt-
ability to many hardening problems involving
irregular and “hard-to-get-at” surfaces.

If you have a surface hardening problem . ..
whether for wartime or peacetime application
. .. consult Federal’s Megatherm engineers for
the answer or write for complete data.
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Aiter ADOLPH and T0JO are Q'H'T |

The rig he left behind is due for a big change when
Gl Joe comes home. War experience has been an
“eye opener'’’ for him. From chassis to sky wire
many pre-war Ham outfits will undergo a major aj-

teration and amazing technical advances will be put

into practice. Stimulated by training and experi-

ence gained in the armed services thousands of new
enthusiasts will swell the ranks of amateur radio.

When the gang goes back on the air again,

CQ’'ing, SS or DX; UNITED will be feady to serve the
Amateur with war-perfected Transmitting Tubes.
Since 1934 UNITED has specialized in engineer-
ing, designing and building Transmitting Tubes that
set the Quality Standard for the entire Radio Indus-
try. When performance counts UNITED Tubes pro-
vide a maximum of electronic efficiency—plus a
long and dependable life. Accept nothing less than

UNITED quality for your own tube requirements.

Order direct or from your electronic parts jobber.

MASTERPIECE OF SKILLED HANDS

UNITED

ELECTRONICS COMPANY

NEWARK, 2 INEW JERSEY
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WHAT
DOES AMERICA WANT?

series, to state the urgent need for a clear declaration
of American policy in world affairs.

Within the past few weeks there has been a wakening
conviction in this country that the determination of inter-
national arrangements cannot safely be put aside until
victory has been won. For we have seen actions taken in
Europe seemingly without full consultation and agree-
ment of the Allied powers, which may profoundly affect
the design of the post-war world.

A declaration of American policy is needed, and it
should be accompanied by a statement of our firm inten-
tion to exert full effort to procure its acceptance and
furtherance. Emphatically, this does not mean that an
American platform should be put forth as an ultimatum,
which other nations must accept totally, or reject at the
cost of having the United States withdraw from collabora-
tive participation in world agreements and organization,
On the contrary, the first plank in such an American
platform should be a firm commitment on our part to
participate with our associate nations in building a gen-
eral system of world security and order. By definition,
this requires that each participant be willing to accom-
modate its purely national interests to a program that
can be accepted as fairly representing the interests of all.
But equally, there is imposed on each participant an ob-
ligation to state honestly and openly what it conceives its
individual interest to be, as well as its concept of what
measures will best serve the general interest.

l'r 1s THE PURPOSE of this editorial, the thirty-first of a

* % *

Americans have displayed a singular diffidence in the
matter of formulating a bill of American objectives —
singular, in that it contrasts so sharply with our power
to exercise as broad a leadership as we are able to define.
This reluctance stems partly from the inherent difficulty
of arriving at a coherent statement of national aims in a
country like the United States —so vast in area, so mul-
tiple in its sectional and group interests, and so soundly
committed to the free expression of individual thought.
But it stems also, in part, from a tradition of national
isolation which, however understandable in historic per-
spective, now stands clearly discredited by two world
wars which were not of our making, but from which we
were unable to hold aloof.

That the economic wellbeing and political security of
the rest of the world is closely bound to the decision and

performance of the United States is questioned nowhere

but in America. Political boundaries and restrictions can-

not build effective fences against the interplay of eco-
nomic forces, and the sheer weight of American econemic
influence is of crucial import to all the other nations of
this globe, In large measure their decisions will be shaped
either in response to the opportunities that our pro-
cedures offer them, or in defense of interests that our
procedures may jeopardize.

* % *

The United States contains only about 6 percent of
the world’s population. But — our national income, be-
fore the war, amounted to almost 25 percent of world
income; our industrial output as a whole approximates
45 percent of world totals, and we now are producing a
like percentage of the world’s munitions; we have 35 per-
cent of the world’s railroad mileage; 25 percent of mer-
chant fleet tonnage; 50 percent of the world’s telephones;
45 percent of steel production; 40 percent of aluminum
production; 33 percent of coal output; we are refining
(though part of the production comes from imports) 55
percent of the world’s copper, and 70 percent of its petro-
leum; we now are producing 50 percent of the world’s
rubber (though post-war resumption of natural rubber
production will sharply reduce this balance); our shares
of agricultural production are, of course, much smaller,
but just before the war we accounted for 35 percent of
world cotton production, 15 percent of wheat, and 10
percent of wool. :

Whether we like it or not, we must exercise political
responsibilities commensurate with the weight of our
economic power in an inter-dependent world. But before
responsibilities can be assumed, they must be defined.
Can the United States arrive at a clear agreement and
statement of aims for which it is willing to stand sponsor?

The recent campaigns of both political parties have
helped to provide an encouraging answer. In general,
election mandates are glaringly deficient as indicators of
a unified national purpose. A majority of voters declare
themselves for the winning candidate. But even among
the majority there are varying degrees of enthusiasm for
the platform principles espoused by their candidate; and
the substantial minorities' of the defeated parties may
have had no enthusiasm whatsoever for particular planks
in the winning platform, or for the platform in its en-
tirety. A sportsmanlike deference to the will of the ma-~
jority is a feeble substitute for unified national conviction.

But this Presidential campaign was noteworthy for
certain basic principles upon which both the platforms
and the candidates of the major political parties were




united. Surely, upon such areas of agreement there may
be said to have been an American mandate; the more so,
because upon certain of them, we have evidence that
no party or candidate could have declared opposition with
any hope of victory. What then were these agreed-upon
principles? The following is an attempt at a fair summary:

1. That America, in collaboration with its Allies, is com-
mitted to seeing the war through to the unconditional
surrender of our declared enemies.

2. That America is committed to a responsible role in
a world security system after the war, including a com-
mitment to lend the support of our armed forces to repel
aggressions that may violate such security.

3. That America is committed to the post-war goal of
substantially maintaining in this country an economy
that will provide jobs for those who are able and willing
to work.

4. That America is committed to the principle of
achieving this goal of sustained, high-level employment
of manpower and economic resources under a system
primarily activated by competitive enterprise.

These are American mandates. They can be made the
nucleus of a coherent national policy, for they define
aims upon which the great majority of our people are
emphatically agreed. But no one can pretend that in this
generalized form they serve as more than directional
guides for either internal legislation or international
negotiation. This skeleton of aims must be clothed with
the living flesh of agreed-upon means. Here we have no
national mandates of comparable clarity, but it is patently
clear that it is our compelling task to achieve them.

* = =

On our elected representatives in government rests the
primary responsibility for formulating the specific pro-
grams required to implement national policies. Under our
system of government, those representatives need con-
tinuous nourishment in the form of mandates as to what
the people want. Particularly during a period when so
many urgent problems are being thrashed out upon an
international basis, this imposes a grave responsibility
upon all sectors of our citizens; for it requires them to
think in terms of the welfare of our nation as a whole, to
focus upon those points which offer possibilities for sub-
stantial agreement among Americans, rather than upon
matters of individual, group, or sectional advantage,

In earlier editorials I have tried to define a basis for
national policy in keeping with that broad purpose. They
have dealt with problems that are basic to the healthy
functioning of free enterprise under the competitive sys-
tem, with the mobilization of our resources for war and
for reconversion to peace-time production, with labor
and management responsibilities and relations, with na-
tional debt and taxation, with foreign trade and our
economic relationships abroad, with the industrial devel-
opment of backward areas. Since they have been pre-
sented in the McGraw-Hill publications, which reach a
group broadly representative of all American industry,
they have centered upon problems that have an economic
rather than a strictly political import.

Future editorials, to appear during 1945, will deal with

comparable subjects selected in recognition of the urgent
importance for arriving at concerted definitions of na-
tional policy. I am fully aware that no individual or
group can speak authoritatively for the American Nation.
But I hope that an honest attempt to formulate sound
concepts of national interest in crucial economic matters
will help to crystallize American policy both by focusing
agreement and by eliciting dissent.

¥ * =

Here there is space only to indicate in broadest outline
what I conceive to be desirable foundations for an eco-
nomic policy for the United States:

1. The attainment of a high and sustained level of busi-
ness activity and employment in the United States and
in the world.

2. Active and expanding markets for world trade based
upon fair competition rather than upon bloc agreements,
discriminatory preferences, and cartel arrangements.

3. The encouragement of industrial development in
nations that have been backward in that respect.

4. A recognition that hospitality to imports, rather than
constituting a threat to national standards of living, offers
in fact the most potent instrument for international bar-
gaining that any nation can command.

5. A willingness to assume a responsible national role
in international arrangements designed to provide such
financial stability as may be needed to support mutually
advantageous world exchange of goods and services.

We must see to it that the end of military warfare does
not merely open the door to an era of economic warfare.

The fact is that America has no choice but to assume
leadership in world affairs. For the weight of our influ-
ence will be felt by other nations no less whether our
attitude be positive or negative. And the cost to us of
any international obligation which we might undertake
must in all fairness be weighed against the equally real
cost to us of dealing with measures that others may take
to protect themselves against the results of our non-
participation,

We have tended in the past to approach international
commitments timidly, fearful that we might be outwitted
in a world battle of wits. And in-so doing, we have too
often ceded to others the initiative of suggestion, leaving
{o ourselves the thankless task of accepting or rejecting
what they demand of us.

Our one bargaining weakness stems from the fact that
other nations, by contrast feeble in potential power,
know what they want and are abie to mobilize all their
strength to achieve it.

America can be the most effective nation on earth — if
only it knows what it wants.

President McGraw-Hill Publishing Co., Inc,
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COLLINS ENGINEERING ano EIMAC TUBES
achieve outstanding results

COLLINS Type 231D-1 (Nevy TOH)
Molti-frequency tramsmitter

Output CW—5 KW; Output 'Phone—3 KW
100% modulated with a pair of Eimac 450TL
tubes in class “B” audio; continuous coverage
from 2 MC to 18.1 MC with 11 preset channels
in that range and complete manual coverage
throughout whole range. Capable of completely
unattended remote control operationand of A1,
A2 and A3 type emission. Audio characteristics:
plus or minus three DB from 150 to 3,500 cycles.
Tota! harmonic distortion less than 10%. The
transmitter can be terminated into a 50 to 1,200
pure resistive loadatzero degrees phase angle.70
to 850 ohm load at plus or minus 45 degreesand
100 to 600 ohms at plus or minus 60 degrees.

Write for your copy of
Electronic Telisis — a 64
page booklet fully illus.
trated — covering funda-
mentals of Electronics
and many of its impor.
tant applications. Writ.
teninlayman’slanguage.

This Collins type 231D-11 (Navy TDH) radio transmitter
is an outstanding demonstration of the value of capable
engineering coupled with the intelligent choice and use
of vacuum tubes.

It is the latest of a series of Collins Autotune, quick shift
transmitters which were originally introduced in 1939,
and which use Eimac tubes in the important sockets. In
the 231D-11, two Eimac 750TL tubes in parallel make
up the power amplifier, while a pair of Eimac 450TL
tubes in class "B” are used as modulators for voice and
MCW emission.

Mr. F. M. Davis, General Manager of the Collins Engi-
neering Division, says: “Eimac tubes have been found to
be reliable, rugged and capable of withstanding the severe
overloads encountered during equipment tests, without
damage.” Statements like this, coming from such men as
Mr. Davis, offer proof that Eimac tubes are first choice of
leading engineers throughout the world.

Follow the leaders to
Eimac has received

8 ARMY- NAVY "E'" AWARDS
for production efficiency

SanBruno 5, Sait Lake ity 3

EITEL-McCULLOUGH, Inc., 956 San Mateo Ave., San Brune, Calif.
Plants located ot: San Bruno, California ond Salt Lake City, Utah
Export Agents: Frazar & Hansen, 301 Cloy Street, San Francisco 11, California, U. S, A.




Pre-Testing of
MALLORY SWITCHES

Assures Precision Performance

ALLORY has pioneered in developing new designs for both rotary and
M push-button switches, and in manufacturing them from improved
materials. To make sure of the electrical performance and long life of these
switches, Mallory puts them through punishing tests.

The complete line of Mallory standard, pre-tested precision switches and
other electronic components is available from your nearest Mallory Dis-
tributor. See him today, and ask for your free copy of the Mallory catalog—
containing specifications for switches, jacks, plugs, capacitors, resistors,
vectifiers and other parts. Or write us today.

¥. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA

SALT SPRAY TEST: In a few short
n hours, switches are subjected in
this salt spray chamber to condi-
tions that equal years of marine service.

hour, this machine continues to

operate the switch until it is de-
stroyed. Results enable Mallory to develop
switches with operating life exceeding nor-
mal requirements.

@ SWITCH LIFE TEST: Hour after

TEST: The rarified air of the sub-

stratosphere is reproduced inside
this large bell jar. Data from this test has
aided Mallory in developing better switch
construction for aircraft application.

5 LOW ATMOSPHERIC PRESSURE

@ FUNGUS CONTROL: In this labo-
ratory, fungus cultures from the
tropics are used in testing the fun.

gicidal properties of new impregnating mate-
rials for the insulation in Mallory Switches.

P.R.MALLORY & CO:.Inc

ALLOR
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» OPTIMISM . . . In a questionnaire submitted to
executives of radio receiver manufacturers by a large
parts manufacturer to determine the industry think-
ing so far as receivers are concerned, considerable
optimism was displayed. The concensus was that only
83 days would be required after government restric-
tions were removed before the industry would be going
into production; that in the first six months the in-
dustry would produce some 5,200,000 receivers; that
by the end of the first year 13, 650 000 sets would be
ready for sale.

_ Of these 35 percent would have 8 tubes or over and
65 percent would use 7 tubes or less. During the first
year, manufacturers estimate .that 96,560 television
receivers would be made.

And now, boys, hold your hats, for here we go
again! The manufacturers who made the above esti-
mates, also planned to make in the aggregate 8,077,000
receivers during the first six months and 21,518,000
during the first yearly period. This is not quite
up to the good old days when industry produced about
twice as many sets as could be sold over the counter
so that year-end dumping made headaches for credi-
tors and good buys for the listener.

» RESEARCH . . . Rumors that the National De-
fense Research Committee (NDRC) is to be liquidated
soon come as a great shock. We hope it is not true.
No one of us will ever know or could ever appreciate
the value or the volume of the work done by Harvard,
California, MIT, Columbia, Johns Hopkins and other
universities and by industry under grants from
NDRC. So much has been accomplished by so many
hundreds of the nation’s best scientists and engineers
working behind NDRC’s closed doors that the mere
vastness of the electronic, chemical, electrical or me-
chanical research makes it virtually impossible to
comprehend the effort even if the books were thrown
open for all of us to see.

The secrecy under which this work must be done
keeps people from knowing the benefits derived. To
most people and perhaps even to Congressmen NDRC
is just another alphabetical government agency that
should be lopped off. The truth is that nearly all re-
search into weapons of war stopped at the conclusion
of the last war. The truth is that we were caught flat-

TALK

footed at the beginning of this war; that many of our
lost ships and their lost crews would still be at sea
had aggressive research into such an obvious sub-
ject as anti-submarine warfare been carried out. It
is the truth that much of the materiel now going into
service could have been ready at the beginning of the
war-—and not, as is the fact—almost at the end.
Research would have made it possible.

It is poor business, bragging how we compressed
into a few months all the research that ordinarily
would take years. It is no way to win wars or save
lives. Research into defensive and offensive methods
and machinery is less expensive, even in terms of dol-
lars, before a war starts than after it is almost lost.

Surely, the kind of work accomplished under NDRC
will not be stopped. A way must be found to continue
wartime research so that we never get caught again.

» COLLEGE . .. Ask the average high-school boy
what he thinks of when you mention the word ‘“re-
search” and it is ten to one he will say “chemistry.”
For years there was a great deal of planned whoopla
about the glamor of chemistry, the forefront of the
future. The result was obvious; a student who had an
urge to get into research went in for chemistry.

Perhaps the present glamor surrounding the word
“electronics” will serve one good end, at least; that
of attracting young men into fields of electronic or
physical research. Up to the present there has been
little urge for a youngster to consider the broad field
of electronics or any of its parts as a lifetime study.
The radio industry has had a bad record in its deal-
ings with scientists or engineers. Only a few com-
panies felt the need for or would spend money for re-
search. Many engineers were kicked out at the end of
the season; and hired only when a new series of models
was to be developed. Only the large companies were
stable, and the number of electronic men they could
employ was distinctly limited.

Happily, electronics is now in the situation in which
chemistry found itself at the close of the last war. It
is booming; new blood is needed; and the sky is st111
the limit as to what may come of it.

Young men should be taught that there is a future
for them as electronic experts.



Broadcasting’'s POST-WAR

Standard a-m stations indicate what gear they will need for modernization of existing

plants. and replacement. Proposed increases in power are reported. Intentions rela-

tive to other services such as f-m and television are revealed. ELECTRONICS’ survey

emphasizes importance of market offered by one branch of the communications field

HEN the war ends and trans-

mitting equipment once more
becomes readily available there will
be a substantial backlog of demand
for it among standard a-m broad-
cast stations. Fully 34.2 percent of
the stations now in operation hope
to increase power and 26.1 percent
of this group proposing to crack on
more kilowatts have already filed
application with the FCC for per-
mission to do so.

These and other facts indicative
of the post-war market for elec-
tronic gear in one of the most im-
portant branches of the communi-
cations field are revealed in a sur-
vey just completed by ELECTRONICS.
The editors contacted chief engi-
neers of 64.8 percent of all the
standard a-m broadcast stations in
the country. Only 8.9 percent said
they have no plans.

Complete New Transmitters

In addition to the need for new
equipment where power increases
are proposed, there are many rea-
sons why stations want to purchase
new gear. Chief among these, in
order of importance, are:

Obsolescence of equipment
Worn-out equipment
General inadequacy

Poor quality

Desire to standardize

Thus 7.4 percent of all the sta-
tions contacted plan to buy com-
plete new a-m transmitters soon
after V-E (Victory-in-Europe) day
or after Japan collapses. Archi-
tects, builders and suppliers of ma-
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terials such as sound-proofing and
lighting in particular will be inter-
ested to know that 3.9 percent of
all the standard a-m broadcast sta-
tions contacted hope to have new
studios, and 1.3 percent say they
are already dickering for new
transmitter building sites.

Component Parts and Accessories

Partial replacement of existing
equipment, or addition of duplicate
equipment, is contemplated by 69.4
percent of all stations. Reasons
given are the same as those noted
in connection with complete new
transmitters. The following list in-
dicates the number of stations ap-
parently waiting to buy or build
specific items:

Transcription equipment. 44.0%

Recording devices. .. .. .. 434
Microphones ........... 40.8
Studio audio systems... 299
Field amplifiers......... 29.7
Audio and modulation
Mmonitors ............ 25.8
Antenna systems........ 12.6
Transmission lines...... 12.3

PLANS FOR PEOPLE

Technical Personnel per Station

Pre-War Today Post-War
Men 74 4.7 11.7
Women 04 1.6 0.8
' 78 . 83 125

Frequency monitors. .. .. 4.3
R-F units ............. 1.9
Power supplies......... 1.9
Modulators . ........... 1.3
Other indicated items include

mobile units, auxiliary transmit-
ters, emergency power systems,
ground systems, master controls,
attenuation panels, miscellaneous
amplifiers, level indicators, over-
load equipment, phasing and coup-
ling devices.

Post-war plans are not yet suf-
ficiently far along to permit deter-
mination of the number of individ-
uval items the average station pro-
poses to acquire. However, in the
case of microphones, sufficient in-
formation is at hand to indicate
that purchases should average bet-
ter than one per station.

Tubes and Test Equipment

Regarding replacement tubes, 1.9
percent of the stations surveyed say
they use more or less standard
types readily available even in war-
time and have ample stocks on hand,
while 62.3 percent are apparently
obtaining a sufficient number of
harder-to-get types of tubes to keep
things going and perhaps avoid the
need to place abnormally heavy or-
ders when the dam breaks. The re-
maining 35.8 percent are, to some
extent, tube starved. It looks as
though a-m broadcast stations will
lay an average of $315 on the line
for replacement tubes the instant
these become available.

Purchase of new test and meas-
urement equipment is planned by
51.6 percent of all stations con-
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EQUIPMENT PLANS

There will be much new construction
among standard a-m broadcast stations,
aside from their plans for other services

tacted. Specifically, the items rank
in this order of interest:

Signal generators....... 17.4%
Field strength meters... 15.1
Noise and distortion me-

172 o U 14.7
R-F bridges............ 9.1
Oscilloscopes ........... 8.0
Tube testers............ 45
Vacuum~tube voltmeters. 3.2
Phase monitors......... 2.6
Square-wave generators. 2.2
Multimeters ............ 1.5
Capacitance bridges..... 1.3
Circuit analyzers........ 1.1

Interest was also exhibited in
impedance bridges, Q meters, and
-miscellaneous instruments. Dollar
value of proposed purchases cannot
be estimated owing to the prob-
able duplication of individual items
and to the unknown factor of price
on post-war gear.

Other Services, S-T Links

Immediate post-war operation ot
frequency-modulation stations, in
addition to present a-m facilities, is
planned by 66.8 percent of the sta-
tions contacted. Of those planning
such additional services 40.6 per-
cent say they have already filed ap-
plications with the FCC. Average
power requested appears to be in
the neighborhood of 10 kw. Even-
tual operation of television trans-
mitters is planned by 17.8 percent
and 38.5 percent of this group have
filed applications in Washington.
Average power requested is 6 kw.

Plans for studio-transmitter
links among standard a-m stations

ELECTRONICS — January 1945

proposing to operate f-m and tele-
vision stations after the war are
highly speculative and dependent
upon some factors over which the
stations themselves have little con-
trol. Of the stations surveyed, how-
ever, 67.8 percent presented some
tentative plans. Of this group 2.7
percent will need no s-t links at all,
since studios and stations are to be
at the same location. Among sta-
tions proposing f-m service, 40.3
percent hope to use radio links,
35.4 percent plan wire links, and
12.9 percent would like to use
coaxial cables. In the television
picture, 11.2 percent plump for
radio links, 4.4 percent expect to
use coaxial cables, and 1.1 percent
hope wire lines suitable for the job
can be devised. These percentages
total more than 100 percent because
alternate proposals were given in
a number of cases.

Considering the fact that all of

the above figures deal with the pro-
posed post-war plans of just one
communication group . . . the ex-
isting standard a-m stations of the
country . . . it is apparent that the
potential market for transmitting
equipment in the United States it-
self is indeed bright, without even
considering export possibilities.
For there are many f-m stations al-
ready operated by people not hav-
ing a-m licenses, and therefore not
covered in this survey, and several
such television stations. More sta-
tions, operated by people not yet in
the field, are obviously to come.
There is also much additional busi-
ness among present and potential
operators of point-to-point commer-
cial communications services, po-
lice, fire, forestry and other public-
welfare services, and industrial
services such as aviation and rail-
roads that are clamoring for space
on the airlanes.—W. MAcD.



The K-8 Computing

Aircraft turret gunsight and electronic servo system automatically provide correct deflec-

tion to compensate accurately for speed of enemy plane and all other factors affecting

time of flight of bullet, extending range of machine guns on bombers to 1000 vards

For wing spans
larger than 64f]

Q:q'l’a:'c_;et properly encircled by reticle image
%

HE gunsight known by the U. S.

Army as the Model K-8 is an
electrical brain used in bomber gun
turrets to automatically insure hits
on enemy aircraft.

With this system it is only neces-
sary for a gunner to keep a reticle
in the sight lined up with the target
to compensate for all the factors
which affect the course of the bullet
in flight and to provide the neces-
sary lead to compensate for the
relative velocity of the enemy air-
craft. All of the computation is
done electrically. The final voltage,
representing the desired offset be-
tween the line of sight and the gun,
is then sent to an electronic servo
gystem to provide the Hesired offset.

Development of the K-8 was be-
gun in 1938 in the laboratories of
the Fairchild Camera & Instru-
ment Corporation, and the sight
has been in production and in com-
bat use many months.

Advantages of Electronic System

Use of an electrical computing
system has many advantages over
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previously .used mechanical sys-
tems. With an electrical system it
is possible to include all of the
factors which should enter into the
computation, With the mechanical
systems used prior to the develop-
ment of the K-8 it was necessary to
eliminate some of the factors en-
tirely and to provide only partial
compensation for some of the re-
maijning factors.

Another obvious advantage . is
that electrical computation is in-
stantaneous, which is of great im-
portance when dealing with target
speeds of 300 or 400 miles per hour
and bullet velocities of 2,700 feet
per second. Electrical computation
also eliminates backlash and the
consequent necessity of adjustment
and effects of wear. Furthermore,
when dealing with the very limited
space available in aircraft turrets,
an electricgl computing system per-
mits the distribution of various
components of the system wherever
convenient in a turret, since only
electrical wiring is required be-
tween components. This also per-

mits the reduction in size of the
equipment in front of the gunner’s
face, thus giving the gunner much
greater visibility.

An aircraft gunsight requires
two major compensations. One is
the lead to compensate for relative
velocity between the target and the
bomber in which the gunsight is
used; the other is the correction
for windage and gravity, known as
ballistic deflection.

Lead is determined from the
product of angular velocity and
time of flight of the projectile. Time
of flight in turn depends upon the
following five factors:

(1) Azimuth position of gun

(2) Gun elevation

(3) Range of the target

(4) Indicated air speed of the

bomber

(5) Altitude of the bomber

The ballistic deflection also de-
pends upon the same five factors
but there is no exact relationship
between the two, so it is necessary
to compute them separately. Prev-
ious mechanical computers have
had to neglect the effect of indi-
cated air speed and altitude; to
further simplify the problem, it has
been necessary for them to use
only two of the remaining factors
at a time for a given computation.

For instance, in computing the ver- .

tical deflection, it was possible to
include only azimuth position of the
gun and gun elevation in a me-
chanical computer, the effect of
range being neglected entirely.
With the K-8 computing system
a]l factors have been included in all
computations. Consequently, in-
stead of producing an approxima-
tion to the correct deflection, the
sight produces an almost exact solu-
tion under all conditions. As a re-
sult, scores three or four times
greater than any previously re-
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Gunsight

By H. ERWIN HALE

Engineer in Charge

Computer Section

Fairchild Camera Instrument Corp.

New York, N. Y

corded for mechanical computers
were obtained with this equipment.

Method of Computation

The angular velocity of the tar-
get is obtained by means of spe-
cially designed d-c generators con-
nected to the turret and gun ele-
vation drive. These generators are
in effect electrical tachometers but
they have wound fields in place of
the usual permanent-magnet fields
used in such devices. The purpose
of the wound field is to provide for
multiplication of the angular ve-
locity (indicated by the speed of
the generator) by the time of flight
(indicated by the strength of the
current in the fields of these gener-
ators)., Thus it was necessary to
develop generators with extremely
low residual magnetism in order to
maintain the linear relationship of
this product. The residual mag-
netism in these generators is kept
under one percent.

The time-of-flight current is ob-
tained from an electrical attenuator
network especially developed for
this purpose. The attenuators
themselves are essentially the same
as those which have been used in
the radio industry for a number of
years. However, the accuracy re-
quirements are far greater than
previous applications have de-
manded. The problem of obtaining
this accuracy and the special tapers
required for the various attenu-
ators was worked out in conjunc-
tion with another concern of long
experience in this field. Attenu-
ators or T-pads, as they are known,
are used in the computing network
in order to maintain constant cir-
cuit impedance while the attenua-
tion, corresponding to the various
factors entering into the computa-
tion, is altered. The various at-
tenuator networks are supplied
with current by specially designed
permanent-magnet d-c generators.

Design of Computing Network

The approach to the problem of
designing an electrical computing
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Cutaway illusiration of Martin upper turret for heavy bombers, showing the

Fairchild K-8 gunsight installation.

The sight itself is at the top. Foot pedal for

range conirol is at the bottom, with the computer direcily above and fitting be-

tween the gunner's legs.

network is, in the case of the gun-
sight computer, purely empir-
ical because the relationship be-
tween the various factors is so com-

plex that they cannot be repre-.

sented easily by mathematical for-
mulas. It should be noted, however,
that electrical computing networks
which follow exact mathematical
formulas can just as easily be built
and, in fact, have been built.
Three families of curves are

Power unit is under qunner's bucket seat at right

shown in Fig. 1, representing the
variation of time of flight with four
factors, namely A, B, C and D; a
fifth factor, E, is omitted for rea-
sons of clarity. Each family gives
the variation of A with time for five
different values of B and for fixed
values of C and D as indicated. In-
spection of these curves shows that
time of flight does not vary with A
under the condition B..- Only fac-
tors € and D affect time of flight

o



under this condition of operation.

The electrical computing net-
work used to produce the required
shape of compensating curve for
any given combat situation is
shown in Fig. 2. Generator ! sup-
plies a voltage proportional to the
time of fight corresponding to
curve B, in family C,D, of Fig. 1.
Attenuator C attenuates the volt-
age of generator 1 in accordance
with the variation of time of flight
with factor C under condition B..
Attenuator D in series with C fur-
ther attenuates this voltage in ac-
cordance with variation of time of
flight with factor D under condi-
tion B..

Considering only condition C,D,
in Fig. 1 for the moment, if a volt-
age proportional to the maximum

difference between curves B, and B,
is produced by generator 2 in Fig.
2 and is subtracted from the volt-
ayge corresponding to B, point X on
B, will be obtained. If this second
voltage is then attenuated in ac-
cordance with the variation with
factor A, the complete curve B, can
he obtained. Another attenuator in
this second circuit varies this sec-
ond voltage still further in accord-
ance with the variation of factor B.

Inspection of curve families C.1),
and C;D. in Fig. 1 shows that the
differences between the values B,
and B, are less in each case than for
family C.D,. Consequently, it is
also necessary to provide C and D
attenuators in this second or auxil-
iary circuit. With the attenuators
thus far mentioned, a voltage pro-
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FIG. 1 —Manner in which time of flight of the bullet from turret to target varies

with one variable. A, for various combinations of fixed values for three other

factors, namely B, C and D, Numerical subscripts indicate different values for the
factors represented by letters
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FIG. 2—Elecfrical computing network, made up of three permanent-magnet d-c
generators and a number of different specially tapered attenuators
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portional to time of flight for all
conditions between B, and B. for all
values of A, B and C is obtuiined.

To obtain a voltage proportional
to time of flight for conditions be-
tween B, and B; it is necessary to
add a voltage to that corresponding
to B, under condition C,D,. It was
found that by extending curve B; as
indicated hy the dotted line, some
of the attenuators already men-
tioned as being used in the first
auxiliary circuit could be used for
these conditions also, To do this,
reversing switches are provided in
the auxiliary circuit to cause the
voltage from generator 2 to be
added to rather than subtracted
from that of generator 1. The same
A and B attenuators can be used,
but different C and 1) attenuators
must be provided. This is easily ac-
complished by switching different
C and D attenuators into the cir-
cuit, as shown in Fig, 2.

Since the distance from X to H.
is less than that from B. to Y, a
greater voltage is reguired in the
latter This is accomplished
by providing a voltage from gen-
erator 2 corresponding to the dis-
tance B.Y. A fixed amount of at-
tenuation is then switched into the
circuit for conditions between B
and B..

A second auxiliary circuit is used
to provide a voltage corresponding
to the distance 1.Y. This voltage is
subtracted from the sum of the
other two voltages and is attenu-
ated much more rapidly with fac-
tors A and B, as can be seen from
inspection of the curves., A differ-
ent value of attenuation for factor
C is also necessary in this second
auxiliary circuit. However, it is
found that attenuation for factor
D is the same as in the case of the
first  auxiliary eircuit. Conse-
yuently, the second auxiliary cir-
cuit is connected intn the first auxil-
lary circuit prior to factor D), which
thus modifies the output of both
circuits.

In & similar manner, it was found
that factor E affected all circuits
equally. Consequently, the rfirst
auxiliary circuit is connected to the
main circuit prior to the attenuator
for factor E. The current or volt-
age out of attenuator E is propor-
tional to the time of flight under
all conditions of all five factors il-
lustrated.

case,
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Complete sight assembly. including range-
finding system and sight offset motors

If necessary, still further refine-
ment could have been added by the
addition of further auxiliary cir-
cuits. The circuit as shown will,
however, give values of time of
flight which are accurate within
0.01 second, which would result in
errors of less than 1 yard at 1,000
yards for a relative speed of 200
miles an hour,

Lateral and vertical ballistic de-
flections are computed with circuits
very similar to that just illustrated
for time of flight. The voltage from
the vertical ballistic deflection cir-
cuit is added to that from the verti-
cal relative velocity generator and
this voltage is then delivered to the
electronic servo system. The same
is true of the lateral ballistic volt-
age except that it is added to the
voltage from the lateral relative
velocity generator modified by a
gun elevation attenuator. This is
necessary since the azimuth rela-
tive velocity generator is driven by
turret rotation in the horizontal
plane while the sight is offset in a
plane making a variable angle with
the horizontal plane.

Gun Offsetting Problem

One other compensation must be
added to those heretofore men-
tioned. Because of space and weight
limitations it is not practicable in
an aircraft turret to offset the guns,
and consequently the sight itself
must be offset in order to, in effect,
offset the guns. However, this leads
to a complication, since any offset
of thé sight tends to move it off of
the target. The gunner then has to
rotate his turret to bring the sight
back on the tdrget. But since rela-
tive velocity is obtained from rota-
tion of the turret, any rotation to
compensate for the offset of the
sight will result in a false velocity
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Maechanical foot.control assembly for range
adjustment

being put into the system, Further-
more, it will be found that any ro-
tation to compensate for the offset
of the sight will cause a still greater
offset, etc. This would result in an
unstable system and it would be im-
possible for a gunner to keep his
sight on the target.

To overcome this difficulty with a
mechanical computer, a fixed
amount of damping is introduced.
In effect, a time lag is introduced
into the system. This lag varies
with range and all other conditions
affecting the time of flight. The
practical effect is to limit the use-
ful range over which the compen-
sating sight is effective in mechani-
cal types of computers. At very
short ranges the sight is much too
sluggish to be of any benefit, and
at long ranges the damping is in-
sufficient so the gunner has diffi-
culty staying on the target. Strictly
speaking, a fixed amount of damp-
ing provides a satisfactory correc-
tion for only one range and one set
of all other conditions of altitude,
air speed, azimuth and gun eleva-
tion position,

With the K-8 electrical system it
is possible to provide an exact solu-
tion of this gun offsetting problem.
A small generator is provided on
the same shaft as the motor which
offsets the sight. The velocity of
this generator is then proportional
to the rate at which the sight is
offset. The same time-of-flight cur-
rent supplied to the field of the
velocity generators is also supplied
to the fields of the auxiliary gener-
ators on the sight. The output of
the auxiliary generators is sub-
tracted from the corresponding out-
put of the relative velocity gener-
ator. In this way the velocity of
offset of the line of sight is sub-
tracted from the turret velocity to

Power unit assembly, operating directly
from plane’s storage battery

give true target velocity. All veloc-
ities are, of course, multiplied by
time of flight. With this K-8 sys-
tem the performance of the sight is
the same at all ranges and a true
solution is obtained.

Servo System

The servo system of the K-8 gun-
sight converts the voltages from
the computing network into me-
chanical motion to offset the sight
laterally and vertically. Without
the great development in the art of
electronics within the past few
years the electrical computing sys-
tem would have been impossible.
True, the computer would still com-
pute, but electronics is required to
make this computation available as
a mechanical motion, which is the
ultimate result required in any
gunsight-compensating system.

The servo system of the K-8
sight is unique in that it involves
a balanced d-c amplifier which is
precise enough for an accurate com-
puter and yet rugged enough for
use in an aircraft turret with at-
tendant airplane vibration and gun
shock. This amplifier was devel-
oped especially for this application.
It has a sensitivity of 20 millivolts
and performs throughout a temper-
ature range from 65 degrees below
zero to 160 degrees above, and a
humidity range of 0 to 95 percent
(actually it has performed satisfac-
torily while dripping wet).

The circuit of the servo amplifier
is shown in Fig. 3. In the complete
unit two such amplifiers are used,
one for lateral deflection and the
other for vertical deflection. A pair
of matched 6SF5 triodes is used to
control a pair of 2050 thyratrons
which supply a split-fiefd series
motor as shown. Balance and bias
adjustments are provided to take
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care of any variation in tubes. It is
sometimes necessary to adjust the
controls, when the voltage in the
airplane varies radically from the
standard voltages, in order to main-
tain maximum sensitivity of the
amplifier. However, over the speci-
fied voltage range of 26 to 32 volts
the sensitivity will remain within
.about 10 to 40 millivolts. Even 40
millivolts would correspond to only
a 2-yard error at 1,000 yards, well
within the accuracy of the gun
itself.

The thyratron plate supply is
obtained from a specially designed
four-phase alternator. One phase
is used for each of the four thy-
ratrons (two for each amplifier).
The direction of rotation of the mo-
tor which offsets the sight is de-
termined by which field is ener-
gized. This depends on which thy-
ratron fires, which in turn is de-
termined by the polarity of the d-c
signal applied to the input of the
6SF5 tubes.

The motor continues to drive un-
til the voltage from the so-called
bucking potentiometer, -which is
also driven by the motor at the
same time the sight is offset, equals
the voltage from the computing
network. When this occurs the in-
put to the amplifier is reduced be-
low the amplifier threshold sensi-
tivity of 10 or 20 millivolts, and the
thyratrons stop firing.

The bucking potentiometers are
supplied from a permanent-magnet
generator driven by the same motor
which drives the permanent-mag-
net generators used for supplying
the computing network. In this
way all the voltages of both the net-
work and the bucking potenti-
ometers vary together so that a null
system is obtained. Any variations
in the speed of the motor driving
the generators do not effect the
computation in any way. Since the
bucking potentiometers are driven
from the same shaft which offsets
the sight, the mechanical backlash
is held to an absolute minimum.
Any backlash in the gear train of
the motor has no effect on the ulti-
mate accuracy of the offset of the
sight.

Mechanical Construction

The K-8 sight consists of four
main units: the sight itself, which
includes the optical system for
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range finding and the sight offset
motors together with the auxiliary
generators; the computer, mounted
in front of the gunner; the power
supply, mounted underneath the
gunnner’s seat; the foot pedal for
range control, located on the foot
rest of the turret.

The sight itself is mounted in a
yoke which is connected with the
gun elevation sector by means of a
linkage system so that the entire
unit elevates as the guns are ele-

Computer unit with control panel. This

faces the gunner and fits between his legs,

so that controls are readily accessible
during combat

vated. The sight mount is pivoted
in the yoke to provide for vertical
deflection, and the sight itself ro-
tates in the sight mount to provige
for lateral deflection.

Optical System

The optical system of the sight
provides a reticle consisting of a
solid ring of light with a dot in
the center. This ring of light is
variable in size to provide a means
of determining the range of the
target. The size of this reticle ring
is controlled by means of the foot
pedal through a flexible shaft. At
the same time that the foot pedal
varies the size of the reticle ring
it also positions the range attenu-

ator in the computer unit, thus
automatically setting the correct
range into the computer without
the gunner having to know the
range at all. All the gunner has to
do is to keep the reticle ring just
encircling the target.

Use of a solid ring of light is an
innovation. Previous stadiometric
range finders used in gunsights
have consisted of two vertical lines
which are adjustable in spacing, or
in some cases a variable-size ring
of 7 or 9 dots has been used. A
solid circle of light is highly ad-
vantageous because planes may as-
sume almost any attitude during
attack. With only two vertical lines
as a guide it is difficult to deter-
mine the proper range unless the
target is horizontal. With a circle
of dots, which because of mechan-
ical reasons must consist of an odd
number of dots, it is difficult to
range under any conditions because
there are never at any time two
dots opposite each other.

Computer Unit

One other factor which enters
into the range computation is the
wing span of the target airplane.
To eliminate mechanical linkages
this factor is put into the K-8 com-
puter electrically by means of po-
tentiometers in the lateral and ver-
tical deflection circuits.

The computer unit is mounted
between the gunner’s knees where
it is out of the way and yet where
all of the controls are readily ac-
cessible. The computer unit con-
tains the attenuators used in the
computing network, the velocity
generators, the reversing switches,
the -gearing to drive velocity gen-
erators and attenuators, and the
necessary controls for the system.

As previously mentioned, the
velocity generators and azimuth
gun elevation attenuators are

driven by means of flexible shafts
connected to turret gearing, and
range is put into the computer
automatically by operation of the
foot pedal. Indicated air speed' and
altitude are set in manually by
means of controls located on the
computer unit. It is not necessary
to have these factors put in auto-
matically since they do not vary ap-
preciably during combat. Wing
span of the target is also set in
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manually by means of a control lo-
cated on the front of the computer
unit. All controls are provided with
indirect illumination. This illum-
ination together with the sight light
is variable in brilliancy by means of
a rheostat located on the computer
unit. This permits use of the unit
under any lighting conditions or
even at night, when visual activity
must be maintained by reducing
artificial lighting to an absolute
minimum.

Fower Supply Unit

The power supply contains the
amplifier previously described, and
the four-phase alternator for sup-
plying the thyratrons. It also con-
tains the permanent-magnet net-
work generators and a motor for
driving them. This motor also
drives the four-phase alternator.

The network generators are es-
pecially designed units. Each has
two windings and a commutator
on each end of the shaft to provide
two direct voltage outputs per gen-
erator. Four generators supply the
computing network and 4 fifth gen-
erator supplies the bucking poten-
tiometer. A sixth dual output gen-
erator supplies the B and C volt-
ages for the amplifier. A single
casting provides the common end
bell for all six generators, thus pro-
viding automatic alignment for
each gear of the gear train driving
the generator. All six generators
are magnetized simultaneously in a
special magnetizing jig especially
developed for this particular unit,
Each generator is magnetized to

give exactly the right voltage out-
put required for each of the net-
works.

All connections between the vari-
ous units are electrical with the ex-
ception of the connection to the
foot control, which is a flexible
shaft. This gives a large amount
of leeway in the adaptation of this
sight to various turrets.

Performance Data

The electrical computing system
described above has provided a ma-
terial advance in the art of aircraft
gunsighting, by extending the ef-
fective range of .50 cal. machine
guns to more than 1,000 yards.
Without it the maximum range at
which hits might be expected has
been only 400 to 600 yards, and
even then the probability of obtain-
ing a hit has not been very high.
With this sight the number of hits
approaches that obtained when fir-
ing at a stationary target from a
stationary platform. When it is
realized that a pursuit ship must
come within 200 to 400 yards in
order to score effective hits, it is
readily apparent that the K-8 sight
provides a vreally deadly defense
against pursuit attack. In order to
press home an attack a pursuit ship
must fly through six or eight hun-
dred yards of deadly accurate .50
cal. machine gun fire from the
bomber.

Conclusions

Although the electrical comput-
ing system described above was de-
veloped primarily for use in an air-

craft gun sight, it will have many
other applications in post-war de-
velopments. It is particularly
adaptable for complex problems in-
volving several variables which are
difficult or impossible to handle by
mechanical means. In fact, the
more complex the problem and the
more  variables involved, the
greater the necessity for use of an
electrical system to obtain an ac-
curate solution without time lag
and with a minimum of equipment
and expense.

Since many of the parts are
standard radio equipment and a
large part of the assembly work
consists of wiring the various com-
ponents, it is obvious that consider-
ably less gkilled help is required in
the manufacture of electrical com-
puters than for equivalent mechan-
ical systems, resulting in lower first
cost and cheaper maintenance.

The K-8 sight is designed for
operation from a 26 to 32-volt d-c
power supply. However, an a-c
computer has been developed for
commercial use. This eliminates
much of the rotating equipment re-
quired for the d-c system, with
consequent further reduction of
mechanical parts. Many other im-
provements in methods of computa-
tion, component parts and produe-
tion methods have recently been de-
veloped, all of which will result in
even greater aceuracy.

The K-8 electrical computing
gunsight was conceived by Irving
W. Doyle, a Fairchild engineer, and
the problem was worked out in co-
operation with the author.
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3—Servo amplifier circuit used in the K-8 gqunsight
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PULSE-TIME

A new type of radio transmission, in which the carrier consists of pulses, and the time
interval between the pulses is varied in accordance with modulation. The system takes
advantage of inherently wide bands available at uhf, and improves signal-to-noise ratio

RANSMISSION  utilizing  the

higher frequencies poses a
problem not involved with the lower
frequencies: how to take advan-
tage, from a transmission view-
point, of the much wider band-
widths per channel which are avail-
able. The elements of such signals
as telegraph, telephone, and fac-
gimile, when transmitted by ampli-
tude modulation, do not require
the electrically available band-
widths. :

An approach to the problem is to
estimate the bandwidth required by
the signal as a percentage of the
carrier frequencies, and to decide
whether, in view of the number of
channels required, one can justify
intensive packing of the channels.

A group of twelve telephone
channels properly segregated, on a
gingle sideband and an amplitude
modulation basis, occupies a band-
width of approximately 50 kilo-
cycles. In the transmission of this
group over a pair of wires between

10 and 60 kilocycles, the bandwidth -

is five times as large as the lowest
frequency used.

If the same group is transmitted
by radio between 10 megacycles and
10.06 megacycles (single sideband
carrier suppressed), the bandwidth
required is only one-half of one per-
cent of the lowest frequency used.
At 1000 megacycles (double side-
band with carrier) the bandwidth is
only one-hundredth of one percent
of the lowest frequency used.

Thus the number of telephone
channels that can be handled on a
constant percentage bandwidth
basis is extremely large at the
higher frequencjes. Several thou-
sand telephone channels can be ac-
commodated if required, insofar as
bandwidth considerations go.
~ Present-day telephony, telegra-
phy, and facsimile requirements, in
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HISTORY

Pulse - time modulation was an-
nounced in France and England by
A. H. Reeves and E. M. Deloraine,
in 1837. In that some year experi-
ments. directed by E. H, Ullrich at
the Paris laboratory of International
Telephone and Telegraph Corp. in-
dicated that TM had a signal-to-
noise ratio 20 to 40 db better than
AM. Experiments over a one-mile
range in England in 1938 between
a mobile transmitter and a fixed re-
ceiver confirmed these measure-
ments. C. E. Brigham, technical
head of Kolster-Brandes, Ltd., Eng-
lish IT&T affiliate, and W. A. Beatty
studied practical applications in
1938 and 1939.

most regions of the world, would
not justify any such large numbers
of channels. Hence, practical con-
sideration of how best to utilize the
available bandwidth presents a
fundamental problem to communi-
cation engineers.

Circuit Instabilities

Another approach is to consider
the bandwidth required due to in-
stabilities of the oscillators and cir-
cuits, both at the transmitting and
receiving ends, compared to the
bandwidth of a telephone signal.
For example, with carriers at 10
megacycles and combined instabili-
ties for both ends of 1/10,000, the
bandwidth requirement due solely to
instabilities is 1000 cycles. Assum-
ing a telephone bandwidth of 3000
cycles, the widening of the mini-
mum bandwidth due to instabilities
is 80 percent. For a carrier of
1000 megacycles, the instabilities
amount to 100,000 cycles, while the
signal band still is 8000 cycles. Con-
sequently, the widening due to in-

stabilities is equal to 80 times the
telephone bandwidth.

To determine how to transform
the telephone signal in such a way
as to employ usefully a greater
bandwidth than the original signal
is evidently of considerable
interest. The value of such a
transformation is dependent on
improvements in transmission and
equipment.

One solution is the transforma-
tion of the speech signals into
frequency-modulated signals. An
improved signal-to-noise ratio can
be obtained; the improvement,
within limits, is proportional to the
band-width used.

Pulse-Time Modulation

Another method of transmission
applicable to telephony consists es-
sentially of transmitting intelli-
gence by pulses of constant ampli-
tude and duration, the instantane-
ous amplitude of the voice being
translated into variation of time in-
tervals between successive pulses,
the rate of this variation corres-
ponding to the instantaneous fre-
quency of the signal. The band-
width required is determined by
the steepness of the pulses, and can
be adjusted to be as large as de-
sired. The method is called pulse
time modulation (TM) or pulse
time position modulation. Its ad-
vantages are considerable when ap-
plied to the higher carrier fre-
quencies.

The obtainable signal-to-noise
ratio of TM at the terminal of the
link increases as the bandwidth in-

creases. It is consequently possible -

to utilize all the frequency band
available with advantage.

The transmitted signals are of
the simplest type, being short
pulses of constant shape with vari-
able timing. The system introduces
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MODULATION

By E. M. DELORAINE and E. LABIN

the possibility of reducing consid-
erably the influence of parasites of
artificial origin, and the possibility
of increasing considerably the sig-
nal-to-noise ratio of the link on the
sole condition that the maximum
potential due to noise is lower by a
certain quantity than the maximum
amplitude of the received pulses. If
the noise amplitude is greater than
the signal pulse amplitude, then
there is the possibility of time mod-
ulating during part of the pulse in-
terval only, and of eliminating the
majority of the interference by
blocking the receiver except during
the extremely short interval when
the pulses are actually transmitted.
Also, the impulses can be given ad-
ditional characteristics which per-
mit them to be separated from the
noise.

Of the various types of time mod-
ulation considered one presents the
possibility of using one series of
pulses in fixed time position and
another series that is time modu-
lated, the interval carrying the in-
telligence. Tt is possible to sup-
press the fixed pulses, giving an
economy in power and the possi-
bility of providing more channels
in a multiplex distributor system.
These fixed pulses are reproduced
locally at the receiver and synchron-
ized by suitable synchronizing
pulses transmitted at compara-
tively large time intervals. Also, by
use of* rugged repeaters capable of
operating on trigger action, the
usual requirements for stability,
distortion, and noise are reduced.

Tests were carried out in Eng-
land over an experimental link
about one mile long. The measured
signal-to-noise ratio improvement
at the receiver output was 20 db.
Signal-to-noise ratio of 30 db on
amplitude modulation was con-
verted into a 50 db signal-to-noise
ratio on double pulses. The 20 db
separation was maintained down to
a ratio of 15 db on amplitude modu-
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Federal Telephone and Radio Laboratories
New York, New York

lation ; below this figure the separa-
tion decreased.

Theory of Pulse Time Modulation

After the following general ex-
position, it seems useful to explain
more in detail why pulse modula-
tion improves the signal-to-noise
ratio and to give some theoretical
results showing quantitively how

this improvement depends upon
the frequency band used.
Generally speaking, a receiver

for any type of modulation can be

divided into the following sections:

a. A linear amplifier and detector;

b. A series of limiters introduc-
ing a fixed or adjustable amplitude
gate;

¢. A converter or demodulator
restoring the audio characteristics
of the original signal;

d. A series of audio filters elim-
inating all frequencies not used in
the desired signal, followed by
audio amplifiers which bring the
signal to the desired level.

In an AM system, b does not ex-

MNoise puise
/ envelope 4

\ ~N
R _4___ . J
\\ ] /

Resultant pulse
I/ envelope

Pulse ervelo
arfter limiti ng

FIG. 1—The effect of noise on the final pulse shape and time position is
shown in this illustration. Signal and noise are both shown as triangular pulses
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ist and c is a linear detector which
is usually included in a. In other
words, in an AM system, the whole
receiver can be considered as a
linear system not only as regards
the relationship between the out-
put audio signal and the original
audio signal at the transmitter,
but also as regards the output and
input signals.

In an FM system, part b gener-
ally precedes the linear detector of
a, and part c is a discriminator.

In pulse modulation, b may pro-
cede or follow the linear detector
and c is a special type of demodu-
lator circuit not herein described.

The essential difference of TM
and FM compared to AM is that
the receiver is no longer a linear
system. The relation between the
audio output signal of the receiver
and ,the audio input signal at the
transmitter obviously must be
linear but, in the receiver itself,
non-linear devices considerably dis-
tort the signal-to-noise relationship.
This nonlinearity in an FM or TM
receiver necessitates the introduc-
tion of the concept of output signal-
to-noise ratio as opposed to input
signal:to-noise ratio. The input sig-
nal-to-noise ratio is the ratio which
exists at the input of a or b. This
ratio is simply the ratio of the am-
plitude of the incoming intelligence
wave to the amplitude of the noise
(or, if preferred, the ratio of the
corresponding powers).

Such a ratio depends on the field
strength at the receiver or, for
identical propagation conditions,
on the transmitted power and on
the frequency band of the receiver.

The relation between the fre-
quency band and the amplitude of
the noise is well known. It states
that the equivalent power gener-
ated by the noise is proportional
to the frequency band of the re-
ceiver.

The output signal-to-noise ratio
is the important factor and repre-
sents the ratio of the audio output
signal to the audio output noise.

In an AM system, the output sig-
nal-to-noise ratio is essentially
equal to the input signal-to-noise
ratio, provided that the input sig-
nal-to-noise ratio is calculated on
the basis of the audio frequency
band used. In an FM or TM system,
there is no such simple relationship
between the output signal-to-noise
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ratio and the input signal-to-noise
ratio.

The noise presett in the receiver
ahead of ¢ does not, as such, gen-
erate any audio noise at the output
of d. In an FM system the noise, in
order to be audible, must affect the
frequency of the signal applied to
the discriminator. In the Ysame
manner in a pulse system, the noise
in order to be audible must affect
the positioning in time of the
pulses. In other words, the noise is
introduced in the system only
through the fluctuations of the
characteristic factor of the signal:
amplitude fluctuation in AM; fre-
quency fluctuation in FM; time dis-
placement fluctuation in TM.

It is therefore clear that the out-
put signal-to-noise ratio may be
quite different from the input sig-
nal-to-noise ratio, depending on the
way this transformation has taken
place after the signals have trav-
elled through b, ¢, and d.

Distortion of Pulse by Noise

In order to obtain a simple for-
mula, the analysis will be confined
to simple cases.

If the signal amplitude is larger
than approximately twice the noise
amplitude, no noise is transmitted
through the limiters, and the sig-
nal-to-noise ratio at c¢ measured
in voltage ratio may be considered
infinite. Actually the presence of
noise distorts the pulses in ampli-
fier a and limiters b and, as previ-
ously explained, the signal-to-noise
ratio at d is again finite due to the
fluctuations of the position of the
pulse despite the complete elimina-
tion of the amplitude variations of
the noise by the limiters. The
amount of noise introduced by the
demodulator depends entirely on
the types of distortion to which the
pulse has been subjected by the
noise in the amplifier a-b.

If the entire receiver preceding
the limiters is linear, the sole dis-
tortion arising is due to the addi-
tion of noise to the pulse. This
process is represented schematically
in Fig. 1. In this figure, the signal
pulse has been idealized and repre-
sented simply by a triangle S and
the noise has been represented by a
similar triangle N of lower ampli-
tude and the same duration. Rep-
resentation of noise and pulses by
triangles of the same shape is justi-

fiable because the shape is actually
determined by the frequency band
of the receiver. Distortion intro-
duced in the desired pulses by dif-
ferent noise pulses is indicated in
this figure.

As a first approximation, disre-
garding the change in slope, the
distorted pulse may be regarded as
an additional pulse whose leading
edge is advanced or retarded in
time by an amount varying with
the position of the noise pulse, but
the maximum value of this displace-
ment is proportional to the ratio of
noise amplitude to pulse amplitude.
This time displacement of the lead-
ing edge is converted in the de-
modulator into audible noise. In
other words, any noise small enough
in amplitude to be eliminated by
the limiters will nevertheless gen-
erate an audible noise at the output
of the demodulator through time
displacement of the pulse front.

The amount of noise reintroduced
at the output of the demodulator

" can be calculated in the simple case

represented in Fig. 1. The noise
amplitude after demodulation is
proportional to the time displace-
ment of the pulse front, while the
desired maximum signal amplitude
is proportional to the maximum
time displacement D allowed in the
gystem.

Calculation of Signal-to-Noise Ratio

Maximum time fluctuation of the
pulse front is obtained for a rela-
tive position of the noise pulse and
the desired pulse as represented in
Fig. 2. Input signal-to-noise ratio
as indicated in Fig. 2 is the ratio
of the amplitude of the two pulses.
The output signal is proportional
to the maximum time displacement
D; the output noise amplitude is
proportional to the displacement of
the pulse front. >

In Fig. 2 this displacement
caused by the noise is reprsented
by the line a’b’, and can be calcu-
lated as a function of the input sig-
nal amplitude, the input noise
amplitude, and the build-up time G
of the signal pulse. From similar
triangles a’bb’ and bed,

cd/a’b = bd/a’t
But

cd/a’b = (S/N)inpus = G/a’t’
Solving for a’d’

&'t = G(N/8)input
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The signal-to-noise ratio in the out-
put is the ratio of the maximum
pulse displacement D to the dis-
placement of the pulse by the noise
a’b’, hence

(S/N)nutpul = D/a’b’

Substituting the above expression
for a’b’ in this last equation,

(S/N)nutpul = (D/G) (S/N)l'nput (1)

Maximum time displacement D
and the build-up time G can vary
within relatively large limits and
Eq. (1) therefore shows that, for
the same input signal-to-noise
ratio, the output signal-to-noise
ratio may be quite different de-
pending on the choice of D and G.

The above elementary -ecalcula-
tions are presented as a simple
demonstration of Eq. (1). The rea-
soning might not be considered en-
tirely convincing since the output
signal-to-noise ratio should actu-
ally be expressed in rms value while
the calculations involving Fig. 2
are based on peak values. The peak
value of the signal is quite clear;
however, suitable selection of peak
values of the noise is not so obvi-
ous. It has been found that the
noise amplitude requiring consider-
ation in Fig. 2, in order to approxi-
mate experimental values, corre-
sponds to the mean square noise
amplitude. The mean square noise
amplitude is also the most probable
one for normal noise voltage dis-
tribution.

The maximum possible time dis-
placement D depends on the system
used, but it is always a fraction of
the time interval between two suc-
cessive pulses. This time interval
itself is determined by the maxi-
mum number of pulses required to
reproduce correctly the highest sig-
nal frequency.

Effect of Signal Frequency

In a single-channel system, if f
is the highest audio signal fre-
quency to be reproduced correctly,
the number of pulses is equal to
2f or 3f and, therefore, D is a cer-
tain fraction of 1/2f or 1/8f. In a
multi-channel system with.n chan-
nels, the total number of pulses is
3nf and D is a fraction of 1/3nf.

The time G in Eq. (1) is equal to
the build-up time of the pulse and
is directly related to the frequency
band of the receiver if it is assumed
that the transmitted pulse is steeper
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than that finally applied to the de-
tector in the receiver. If the fre-
quency band of the receiver is *=F,
the build-up time G is approxi-
mately related to the frequency
band F by

G =1/3F 2
For a single-channel system we
can, as an example, assume that

.D = 20 percent of the period be-

tween successive pulses or

D = 1/10f 3)
Expressing D and G in Eq. (1)
with the values of Eq. (2) and (3),
there results the equation

(8/N)ous = (8/N)in X 0.3F/f (4)

Equation (4) shows that, for a
given input signal-to-noise ratio

FIG. 2—By representing the signal and

noise pulses as isosceles triangles, the

relation between input and output

signal-to-noise ratios can be determined
by geometry

and for a given audio signal spec-
trum, the useful output signal-to-
noise ratio -is proportional to the
frequency band F used by the
system,

In order to compare these results
to the signal-to-noise ratio obtain-
able in an AM system, it seems
proper to assume the same average
power in both cases. It then be-
comes relatively simple to calculate
the input signal-to-noise ratio- for
the pulse system as a function of
the input signal-to-noise ratio for
the AM system. For the complete
computation, certain assumptions
concerning the pulse shape and its
rms value are necessary.

Regardless of these assumptions,
an equation of type (5) applies. In
this equation K is a numerical fac-
tor dependent on the pulse shape
and also on the crest factor of the
noise.

(S/N).’nput TM = K(S/N)l‘nput aM (5)

This equation merely expresses the
fact that, when the pulses become

narrower and the average power is
maintained constant, the peak
power is increased in the same pro-
portion as the frequency band and
the input noise power so that the
input signal-to-noise ratio remains
constant. The input signal-to-noise
ratio for a pulse system with a
given average power is therefore
roughly equal to the signal-to-noise
ratio for the same average power
with an AM system.

When the pulses approach the
ideal case of a triangle with a de-
cay time and build-up time equal,
the factor K is close to 1.5. With
this value of K, by comparing Eq.
(5) with Eq. (1) and remembering
that in an AM system the output
signal-to-noise ratio is the same as
the input signal-to-noise ratio, the
ratio of the TM signal-to-noise
ratio to that of AM is obtained:

(S/N)autput T™M = (S/N)AH X 1-5D/G (6)
In Eq. (6), D and G could in turn
be expressed as functions of F' and
f in order to derive

(S/N)autput ™ = (S/N)Au X 0.45F/f (7)
Equation (7) applies only for the
special choice of time displacement

D made in conformation with Eq.
(8). For a different value of D as

_a function of f, the numerical fac-

tor of Eq. (7) would be different
but the form of the equation would
not change. Although from Eq. (7)
it appears possible to use TM with
a frequency band F only twice the
frequency f, practical considera-
tion limit F to a lower limit sev-
eral times higher. Nevertheless this
relation expresses in a quantitative
manner the fact that the signal-to-
noise ratio obtained in a pulse mod-
ulation system is proportional to
the ratio F/f of the total frequency
band used to the frequency band of
the signal. This relation is similar
to that for FM.

One of the interesting aspects of
pulse modulation is expressed by
Eq. (6) and (7): the use of a wide
frequency band gives a gain in sig-
nal-to-noise ratio.

Furthermore, with pulse modula-
tion, especially at very high car-
rier frequencies, problems of modu-
lation at the transmitter are
greatly simplified and, in such
cases, the use of a large frequency
band is in itself justified by normal
operating conditions.

Pulse modulation has been pro-



posed mainly for multi-channel op-
eration. For such operation pulse
modulation allows time selection as
opposed to frequency selection, and
it is expected that time selection
may have merits when compared
with frequency selection.

Maulti-Channel Operation

It might be expected that multi-
channel operation with pulses
would necessitate a very large fre-
quency band since the frequency
used for a single channel is large.
Contrary to usual multi-channel
operation based on frequency selec-
tion, it should be emphasized that
the total bandwidth in pulse modu-
lation is essentially independent of
the number of channels. The band-
width is determined by the build-up
time of the pulses and not by the
number of pulses. In principle, the
number of potential channels can
be calculated as a function of the
total frequency band and the spec-
trum of the signal.

Assuming an ideal case where
the pulse width can be kept as small
as twice the build-up time G, also
that the guard time between ex-
treme positions of two successive
pulses of different channels can be
reduced to three times the build-up
time G, then the maximum time
displacement D possible for each
channel is such that the unmodu-
lated time interval T between two
successive pulses is determined by

T = 2D+ 26 + 3G (8)

If now it is assumed that the sig-
nal-to-noise ratio per channel is the
same as in a corresponding AM sys-

tem of the same average power per .

channel, then Eq. (6) gives a rela-
tion between D and G, ie., D =
2G/3. Using this value in Eq. (8),

T/G = 19/3 (9)
But T is related to the number of
channels N and to the frequency
band of the signal f by

T=1/3f(N +1)

The factor N 4 1 has been intro-
duced rather than N to take into ac-
count the marker pulse. The
build-up time G is related to the
total signal band-widths by Egq.
(2) and therefore Eq. (9) yields
N+ 1 = 3F/19f
For N large with respect to 1,

NTM = 0158F/f, (10)
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where N,x is the number of chan-
nels for time modulation.

It is interesting to compare Eq.
(10) with similar equations for
AM or FM transmissions. For AM,
assume that each channel is trans-
mitted by single sideband ampli-
tude modulation of a subcarrier,
that a guard band of 1/3f is allowed
between channels and that trans-
mission is effected by double sidé-
band amplitude modulation of the
main carrier. Under these condi-
tions, Eq. (11) holds.

Naw = 0.75F/f (11)

For FM assume that transmis-
sion of separate single-sideband
amplitude modulated channels is
accomplished by frequency modula-
tion of the main carrier with an in-
dex so chosen that the signal-to-
noise ratio is the same as in AM.
By using formulas of signal-to-
noise ratio in FM Eq. (12) holds:

Nru = 035F/f (12)

In other words, for the same aver-
age power, the same radio fre-
quency band and the same audio
band, the number of channels theo-
rectically possible with pulse modu-
lation is only * of what is can be
with AM and 2 of what it can be
with FM transmissions.

As an example, if the maximum
modulating signal is 3 kilocycles,
and the total radio frequency band
is =3 megacycles, the possible num-
ber of channels for each modulation
method is: N,y = 750, No = 850,
N,y = 150. '

At first sight these figures appear
very favorable to AM. However, a
number of channels’ as large as 750
could hardly be handled in an AM
system because the non-linear dis-
tortions introduced by the repeat-
ers would be in excess of acceptable
values.

FM transmission would facilitate
the problem of distortion in the re-
peaters but would not entirely
eliminate it. The non-linearities of
tube characteristics are the main
difficulties in AM transmission and
a similar difficulty exists in FM due
to the non-linearity of the phase re-
sponse of the circuits.

Improved Repeater Performance

For pulse modulation, there is no

.source of distortion due either to

tubes or to circuit characteristics

as long as the frequency band is
large enough to reproduce correctly
the build-up time. Even from this
viewpoint, repeater requirements
necessary for pulse modulation are
not very severe inasmuch as it is
not essential in pulse modulation
to produce faithfully the shape of
the pulse. In other words, for multi-
channel transmissions operating
with a large number of relays, pulse
modulation, in principle, has a
fundamental advantage: distortions
introduced in the different re-
peaters are not cumulative. The
only effect of additional repeaters
is to increase the noise if the fre-
quency band of the repeater is not
sufficiently large.

It should be stressed that the
above formulas, especially Eq. (10),
are only approximate and are based
on certain assumptions that may
or may not be practically obtainable
under actual operating conditions.
Nevertheless, only the numerical
factor of Eq. (10) could be differ-
ent. The fundamentally important
aspect of this equation is that of
number of channels is proportional
to the ratio F/f.

The numerical coefficient in Eq.
(10) assumes specifically that the
signal-to-noise ratio for each chan-
nel is the same as in AM. If it is
desired to increase the signal-to-
noise ratio, it can be done either by
increasing the time displacement
allowed for each channel and keep-
ing the steepness of the pulse the
same (which means that the total
frequency F is left unchanged), or
by maintaining the displacement
the same and increasing the steep-
ness of the pulse (which means that
the total frequency band F is in-
creased).

In the first case, the number of
channels possible with the same
frequency band F would be smaller.
In the second case, the number of
channels would be the same but the

-frequency band needed would be

larger. This flexibility of the pulse
modulation system is of great prac-
tical advantage.

While the foregoing outline cov-
ers only the broadest aspects of
pulse time modulation technique, it
will be appreciated from the dis-
cussion that this type of modula-
tion opens far-reaching possibil-
ities in the field of transmission
using very high frequencies.
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Typical signal strength recording, showing two distinct ex-
This record was obtained at Laurel, Md.
for {-m station WGTR 337 miles away at Paxton. Mass.. op-
erating on 44.3 Mc with power of 83 kw, during the early
morning hours_of Nov. 11, 1943 while Leonid meteor showers

amples of bursts,

were near a peak. Signal strength at this distance is normally
insufficient to give good aural reception. The accompanying
account is abstracted from Exhibit 4 of the Frequency Alloca-
tion Hearings in Washington and is published with the
approval of the FCC Engineering Department

% i : i i / 7 %
52 /4 }( ~-Short burst / s / / / / /
1o . 1 PR Y [ Lo borst =
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9am. 10 om.

Measurement of V-H-F Bursts

Sudden increases in strength of signals received beyond line-of-sight range are believed
due to meteors passing through upper atmosphere. Pulse techniques gave path lengths

ONTINUOQUS recordings of sig-
C nal strength of selected f-m
and television stations, made at dis-
tance ranging from 100 to 1400
miles, have at times revealed unex-
pectedly strong signals that could
not be attributed to reflections from
aircraft or to undulating tropo-
spheric discontinuities, These sig-
nals, which have been designated as
bursts, usually involve a sharp rise
in signal strength over a period of
a few tenths of a second, but occa-
sionally the burst may be sustained
for several seconds or more.

Measuring Path-Length of Bursts

In order to determine the propa-
gation path-lengths of the burst
pulses, a series of tests was made
by transmitting a steady signal
having evenly spaced reference
pulses. When the path length for
the momentarily strengthened sig-

"nals or bursts is longer than for
. ground wave signals, these burst

pulses appear between the refer-
ence pulses, and the measured path
differences are a clue to the origin
of the bursts.

The method of pulsing involved
frequency-modulating the trans-
mitter =75 ke by a continuous 170-
cycle tone. The f-m signal was re-
ceived on a Hallicrafters S-27 re-
ceiver, the i-f output of which was
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fed to a Hammarlund Super-Pro
receiver tuned to a narrow pass
band at the lower end of the swing.
The resulting sharp pulses were
fed to the vertical plates of a cath-
ode-ray oscilloscope. The horizon-
tal sweep was set at one-half the
tone frequency so that two refer-
ence pulses appeared simultan-
eously on the screen, as shown on
the accompanying diagram. Any
difference in path length D causes

the burst signal to be delayed by a.

time interval D/c where ¢ is the
velocity of propagation, so that the
pulse of the delayed burst occurs
between the ground wave pulses,

170 cys\les per second

‘n

quency  #

i I )
-"

M Fre

&

Amplitude

“Cathode-ray
ascilloscope screern

Method used for measuring path lengths
of v-h-f bursts

During the tests the path differ-
ences ranged from about 150 to 900
miles, corresponding to total path
lengths of from 350 to 1100 miles.

Cause of Bursis

The greater distances can be in-
terpreted as reflections from media
of height comparable to the E layer
but lying to each side of the great-
circle plane. This correlates quite
well with the assumption that
bursts are produced by ionization
caused by passage of meteors
through the upper atmosphere.

Visual correlation of bursts and
meteors was obtained by engineers
on several nights. In one instance
a brilliant meteor with a persistent
visible train was observed along the
plane of the signal path, with suffi-
cient inclination of the track to re-
flect the signal back at an acute an-
gle, and the increase in signal
strength was sustained for about
ten seconds.

Bursts have also been recorded at
Laurel, Md. on 71.756 Mc from tele-
vision station WRGB. They are
less frequent than at 44.3 Mec, and
have a shorter average duration.
Engineers have concluded, however
that bursts are mrot sufficiently pre-
valent to impair the usefulness of
that portion of the v-h-f spectrum
in which they occur.
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Multiple X-Y Recorder
For Testing Quartz Crystals

View of complete crystal test equipment.

with the recorder at the top (with door

open), tha temperature chamber directly

below. and the elecironic equipment at
the bottom

UARTZ crystals have to pass
Q specified production tests re-
garding activity and frequency
variation over a wide range of tem-
perature. To make these tests a
large number of crystals, 60 or
more, is arranged on a rotary ta-
ble and placed in a cold chamber,
which is cooled with dry ice to—40
or —50 deg C. By passing warm
air into the chamber, the temper-
ature is slowly increased, at a speci-
fied rate not exceeding 3 or 5 deg C
per minute, to a maximum temper-
ature of 50 or 90 deg C, depending
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on the type. The universally ac-
cepted crystal testing apparatus®?
includes a frequency deviation
measuring circuit (cyecle counter)
which indicates the beat frequency
against a standard frequency and
measures the oscillator grid cur-
rent as an index of activity. Thus a
frequency variation of 2000 eycles
is indicated by a current of 2 ma
on a moving coil d-¢ instrument,
and the activity is indicated as the
deflection of a 0-1 ma d-c¢ instru-
ment. .
According to one set of specifica-
tions, crystals with frequency var-
iation of more than 1840 eps over
the whole temperature range are
rejected, as well as crystals with an
activity below 0.260 ma at any tem-
perature. Readings are made at
temperature intervals from 2 to 5
deg C, and the figures are fre-
quently put into a table.

The frequency-temperature char-
acteristic depends on the angle at
which the crystal is cut. The fre-
quency may have its maximum any-
where in the temperature range
and may show zero deviation once
or twice within the range.

The crystal activity charac-
teristic may be constant or may
gradually increase or decrease over
the temperature range, as well as
have three or even more dips and
humps over the temperature range.

To trace a diagram which gives
an accurate picture of a crystal’s

Batches of 71 crystal units in holders are
placed in a temperature chamber, a starting
button is pressed, and in less than an hour
this new electronic'crystal recorder delivers
71 sets of curves, each showing frequency-

deviation and activity plotted vs temperature

characteristics, such as that in
Fig. 1, 10 or even 20 points are not
sufficient; at least twice as many
are necessary. Automatic plotting
of the two curves appears highly
desirable, and simultaneous plot-
ting of both curves automatically
for each crystal in a large batch
during a single run of a cold cham-
ber constitutes a goal long sought
in the crystal industry. With the
development of the electronic X-Y
recorder to be described, this goal
has been achieved.

Function of an X-Y Recorder

An X-Y recorder traces on a
chart the relation of two variables,
neither of which is time. A typi-
cal X-Y recorder is the old steam
engine indicator or the modern
cathode-ray oscilloscope.

There are true X-Y recorders,
such as the one to be described and
the given examples, ‘and there are
pseudo X-Y recorders, in which
the chart is. moved in proportion to

Activity (Y) in ma.
Y

19
0 +60

Temperature. (X) in Deg. C

FIG. 1—Example of type of graph desired

in production testing of quartz crystals,

showing both activity and frequency devia-
tion plotted against temperature
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time and one of the variables is so
controlled that it too increases in
proportion with time. An example
of this type is a viscosity-temper-
ature recorder equipped with a
temperature controller, raising the
temperature of the liquid under test
in exact proportion to time.

No X-Y recorder has been known
so far which traces two curves
simultaneously, two different mag-
nitudes versus a third one, and es-
pecially not tracing a large number
of diagrams for the same number
of samples under test.

X-Y recorders would be useful
for many industrial problems,® but
the design was considered difficult
because the moving of the paper
surface (generally a drum) re-
quired high controlling forces.
These forces may be available in
such X-Y recorders as stress-strain
recorders for tensile testing ma-
chines, but not generally, especially
not in electrical instruments.

By using what can be called
sweep-balance principle,* this diffi-
culty is easily overcome. In one of
the various designs, a continuously
rotating drum is covered with volt-
age-sensitive paper, known as
Teledeltos paper and used for fac-
simile recorders. A black mark is
produced on this paper when an
electric discharge is passed through
the paper at the moment of balance
corresponding alternately to the
frequency or activity value to be
recorded, while the position of the
stylus along the axis of the drum
is adjusted by the second magni-
tude, which in this case is the tem-
perature.

Automatic Wheatstone Bridge
Recorders

The sweep-balance system of re-

cording applies a measuring prin-

ciple which can be best explained
by going back to the elements of
design and the existing types of
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Closeup of recorder, with chart carriage swung out and the crystal-holding
drawer pulled out from the temperature chamber

recorders, as used for recording on
strip charts.

In the ordinary Wheatstone
bridge, with one resistor arm used
as a resistance thermometer, the
slide wire contact is adjusted by
hand until -the null galvanometer
(generally of the moving-coil type)
goes to zero. The position of the
contact is then read on-a seale
alongside the slide wire. As long
as 30 years ago this adjustment was
done automatically in regular time
intervals by means of a step-by-step
motor-controlled movement. Re-
corders of this type are widely used
for temperature measurements with
thermocouples and resistance ther-
mometers. In a multiple recorder
the time between two recordings
is between 10 and 20 seconds.

The next step in recorder devel-
opment (as far as potentiometiric
recorders are concerned) was the
continuous balance recorder with
an amplifier and null motor in the
diagonal of the bridge for the ad-
justment of the slide contact, as in-
dicated in Fig. 2(a). The motor is
only moving when there is a
change of the magnitude to be
measured, and the motor is running
to bring the contact to the bal-
ance point with variable speed,
slowing down when ceming near
the balance point. Recorders of this
type have also been known for many
years. A twin recorder for power
factor and capacitance of high-volt-
age dielectrics, based on this prin-
¢iple, has been described.®

The highest speed obtained with
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Moving-coil
null relay
[

7

Null relay with oscilloting
zero adjus{er

......

(c) |

FIG. 2—Basic circuits for three types of Wheatstone bridge recorders. Null motor
recorder with reversible motor and continuous balance is at (a): (b) represents
an oscillating sweep-balance recorder, while (c) shows a sweep-balance recorder
with oscillating relay as used in the multiple X-Y recorder for quartz crystal units

this type of recorder is about one
second between two recordings
from different transmitters. Damp-
ing problems and hunting prob-
lems increase with the speed. The
design is simple for low speeds
(ten seconds or more for full-scale
travel) irrespective of whether d-c
or. a-c power is used. This null-
motor principle is applied for the
positioning of the stylus of the new
crystal recorder according to tem-
perature.

Sweep Balance Recorder

With the sweep-balance recorder
shown in Fig. 2(b), the balance
point of the bridge is neither ap-
proached step by step nor by a con-
tinuous motor movement stopping
at the balance point. Instead, the
motor-driven contact is swept with
high speed along the full length of
the slide wire. The slide wire cvn-
tact moves a stylus over the re-
corder paper, with the stylus al-
ways representing the position of
the slide wire contact. In the di-
agonal of the bridge is a moving-
coil null relay, with contacts close
together symmetrically to the null
position. For greater sensitivity,
the relay’ may be connected to the
bridge through an amplifier, which
need not have constant amplifica-
tion factor,

During the first part of the
sweep, up to the balance point, the
upper contact of the relay is closed
and a capacitor is charged from a
d-c source of 200 to 300 volts.
Within a short time (for the high-
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est recording speed, within less
than 1/1000th second upon ap-
proaching the balance point, and
for low recording speeds within
less than 0.1 percent of the time
for one recording cycle) the contact
arm moves to the lower contact and
closes the discharge circuit. The
resulting discharge from the stylus
to the electrolytic paper takes
place in less than 1/1000th second.

Because the time of charge and
discharge is very small in compari-
son to the period of the sweep and
some time is left at both ends of the
slide wire, there is always enough
time to complete the charge of the
capacitor even at the lowest points
of the scale. After the charge is
completed, the relay contacts sep-
arate with no voltage difference and
no current flowing, and close again
for the discharge over a high re-
sistance. It is a perfect null method
of recording, wherein the sensitiv-
ity of the relay and its amplifier
(if used) in the diagonal is with-
out influence. !

Oscillating Spring-Relay Recorders

Thesweep balance principle can
also be applied in another way, sim-
plifyving the recorder to some extent
but sacrificing the null method fea-
ture. The slide wire and the sliding
contact of the bridge circuit are re-
placed by two fixed resistors, as in
Fig. 2(c). The relay in the diag-

onal is the same moving-coil relay’

with zero center and two contacts.
But the zero adjuster is movable—
by means of a motor—from the

position where the coil, without
current in it, is in the middle be-
tween the two contacts, to a position
where only an electromagnetic
countertorque to the mechanical
spring torque (equal to the unbal-
ance current in the diagonal for the
full desired range) brings the
needle again to the zero position
between the contacts. The zero ad-
juster is oscillating with a maxi-
mum angle of about 60 degrees
through the one angular position of
the zero adjuster where the needle
is free between the contacts. A
stylus is mechanically connected to
the zero adjuster, and produces a
mark on the recording paper each
time the adjuster passes through
the balance position, much as in
Fig. 2(b).

The oscillating spring recorder is
not operating with a null method,
but is using a deflection method
with the possible errors of all de-
flection methods. Its accuracy is
determined by the mechanical
torque of the spring and the ab-
solutely linear torque characteris-
tics of a moving-coil ammeter, both
of which have very small temper-
ature errors. The scale characteris-
tic is given by the spring and, if
properly designed, is fully propor-
tional. This is better than with a
deflection ammeter, where the scale
divisions depend on the uniformity
of the flux along the airgap.

When the full angular movement
of the zero adjuster is completed,
it has to snap back to the null posi-
tion. To save inactive recording
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time, this back move is made in a
much shorter time than the for-
ward move (about 15 percent of
that time).

Adaptation for Current Recording

Instead of using the oscillating
spring system in a bridge circuit
for recording a resistance change
such as that occurring in the resis-
tance thermometers of Fig. 2, this
system may just as well be used
for recording a current. If the cur-
rent to be measured is not a con-
tinuous direct current, but consists
of short impulses with zero current
between them, a null method could
not be employed anyhow, at least
not with a high-speed zero indi-
cator. The current output of the
frequency counter in the present

testing equipment is of this inter-
mittent nature.

The position of the oscillating
zero adjuster at which the mechan-
ical torque balances the electromag-
netic torque developed by the coil
is marked by the capacitor dis-
charge through the stylus. Oscil-
lating spring recorders can work
with a2 maximum current of one mil-
liampere or less if necessary. The
mechanical oscillation, however,
limits the speed. So far, three
sweeps per second have been made
successfully with the oscillating
relay. In the present crystal re-
corder the sweep takes 0.833 sec-
ond, including the return to the
starting position.

The sweep-balance recording sys-
tem can be adapted to any electrical

= Null rmotor for
N\ temperature

) tylus
carrier

“Oscillating
relay for
activity

Motor for
continuous
paper drive
and for
moving maip
switch

\Osc/'//aﬂhg
refay for
frequency

FIG. 3—Isometric drawing of the chart section of the crystal recorder.

During

each complete cycle of travel of the endless-loop chart, the stylus burns black
dots at correct positions on the frequency, activity and reference curves for
each of the 71 diagrams occupying one vertical row on the chart
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or mechanical measuring problem,
as long as both or at least one of
the magnitudes can be transformed
into electrical currents or voltages.
Since they operate without ink, all
sweep-balance recorders can be used
at extremely high or low temper-
atures without any difficulty. The
mechanism is simple and, except
for the electromagnetic relay, there
are no delicate parts. In some sweep-
balance recorders an electronic re-
lay can be used, eliminating all mo-
tion except that between stylus and
paper and the movement of the bal-
ancing mechanism.

Design of the Crystal Recorder

In designing the crystal recorder
for industrial use, it was decided
to use a temperature chamber for
72 crystals and trace 72 diagrams
at the same time. A net height of
one inch per diagram was consid-
ered sufficient and the total height
of one diagram was chosen to be
1.25 inches. The diagrams had to
be traced on an endless strip of
Teledeltos paper with a total length
of 72 % 1.25 = 90 inches. The length
of one diagram, representing the
temperature range, had to be in a
reasonable ratio to the height, and
not much over 2 inches.

In order to get full freedom for
the design of” other recorders, a
standard-size recording paper with
10-inch net width was selected and
the instrument was designed so
that four groups of 72 diagrams
each were traced side by side, one
group after the other on the 10-in.
chart, as shown in Fig. 8. The long
endless loop of paper had to be
folded back and forth several times
on idler rolls to fit into a recorder
case of normal size. A large number
of sprocket pins are in constant en-
gagement with the paper, so it is
possible to move the same sheet of
paper several hundred times around
without tearing the holes in the
paper.

One complete paper cycle is made
in 60 seconds, leaving 0.883 second
time per crystal to mark zero line,
frequency and activity with three
points, each by the discharge of a
capacitor. For frequency, a larger
capacitor is used than for activity,
to make the frequency curve heavy
and the activity curve light.

In the arrangement of Fig. 2(c).
both stylus and zero adjuster are
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oscillating, and the recording is
made on a line at vight angles to
the direction of the paper move-
ment. In the crystal recorder, how-
ever, frequency and activity have to
be recorded in the direction of the
paper movement and only the zero
adjuster has to oscillate while the
paper moves under the stylus with
a constant speed of 1.5 inches per
second.

Circuits Employed

This problem was solved
shown in Fig. 3. There are two
oscillating relays, both operating
in synchronism with the paper
movement, with one cycle of each
corresponding to 1.25 inches of
paper travel. A relatively strong
motor moves the paper with con-
stant speed. The motor also moves
the zero adjusters, and gives the
signals (by means of cam-actuated
contacts) to operate a solenoid
ratchet mechanism that connects
the next crystal on the turntable in
the temperature chamber into meas-
uring position during the time the
o=cillating relays move back to zero
position,

One of the 72 crystals was re-

as

placed by a resistance thermometer
consisting of 500 ohms of fine
nickel wire, arranced in the same
case used for the ecrystals, so rhat
thermal time constunt would
be the same as that of a erystal
(This explains why the industrial
version of the recoirder makes 71 ra-
cher than 72 diagrams at a time.)
The resistance thermometer, con-
nected in a 60-cyvele bridee cireuit
ax indicated in Fig. 4, was the
transmitter for the null-motor
drive of the stylus across the paper.
The three-stage amplifier in the
diagonal of the Wheatstone bridge
an output of about 5 watts
maximum and is connected to the
rotor of the reversible null motor.
The travel of the stylus for the full
temperature range is 2.5 inches,
To use the next section of the
10-inch wide paper for the next
series of 71 crystals, the stylus
holder is set exactly 2.5 inches far-
ther on the spindle after the cou-
pletion of the last ciystal group.
Spring clips are provided for this
purpose at 2.5-inch spacings on the
spindle. Because the temperature
rise is slow, there are no hunting
problems in this null-motor drive.
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The motor for the paper drive
also serves to wind the springs of
both moving-coil relays by means
of a crunk which rotates a five-star
wheel, so that synchronism of a re-
lay movement over T2 degrees and
paper miovement over 1.25 inches is
obtained. The paper moves from
the zero line (marked by a capac-
itor discharge) to the maximum
relay deflection, and from there to
the next zero line.

Somewhere on this travel, ac-
vording to the currents in the two
moving coils, the discharge from
each of the corresponding capaci-
tors is passed through the one sty-
lus. This marks the paper with two
points, frequency and activity, at
the temperature measured and
placed on the diagram by the null-
motor drive.

Interference between the two ca-
pacitors is prevented by inserting
diodes between the stylus and each
capacitor. This makes it impcssible
for one capacitor to charge the
other if both relays should he actu-
ated at the same time.

Every ten minutes a continuous
line is marked along all 71 dia-
grams by means of a signal clock.

Discharge 3
age Q
+300 v o l g
Ar‘np-lh:ude - p S
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amplifier Y
LY
L i 1% i
—L— 1 Activity relay <= | -« 3
= 2L
[l
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motor b £ & g
/ SR
[ ¢ \ ) >t J\
: : e S
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—~~ [ 1
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n test
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— ~ 4 t_—4
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FIG. 4—Circuit arrangemeni af the recorder.

The two osciliafing relays close the capacitor dis-

charge circuits at correct instamts to plot activity and irequency values for each crystal in turn
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Full-size reproductions of four of the dia-
grams plotted by the recorder. These dia-
grams were taken at random from ditferent
columns of the strip chart. hence the ver-
tical 10-minute traces do not line up

This interrupts each diagram re-
cording every ten minutes for
0.833 second. In this way the dia-
grams also include a record of the
rate of temperature increase, to
show whether the rate of rise was
within the specification limits.

The frequency deviation dia-
grams are plotted without regard
for the sign of the deviation. In-
stead of crossing the zero line, the
curve therefoie seems to be re-
flected at the zero axis. The general
shape of the curve (whether convex
or concave towards the zero line)
therefore indicates whether the
crystal is above or below the refer-
ence standard.

The shape of the activity curve is
affected by a number of factors.
Carelessness in the edging (bevel-
ing) operation may produce dips at
certain temperatures Reworking
may eliminate such dips and per-
mit salvaging of such crystals.

ELECTRONICS — Jonuary 1945

Generally low activity curves, es-
pecially towards the high-temper-
ature end, can in many cases be
traced to insufficient cleaning of
the crystals after final lapping, the
embedded dirt particles restricting
free oscillatory movement. Activ-
ity curves that show a general drop
below freezing temperature are
usually indicative of moisture in
the sealed holder. In such cases
crystals can be salvaged by more
-areful drying after opening the
holder.

Quality Control Applications

The erystal recorder was origi-
nally built to meet unusual require-
ments. Probably never before has
a recorder been built to trace 7!
two-curve X-Y diagrams at the
sume time by plotting automatic-
ally more than 4000 measurements,
immedijately visible in less than
one hour. No fundamental difficul-
ties arose, although some improve-
ments of a mechanical nature had
to be made.

From the standpoint of crystal
production supervision the result
was also highly satisfactory. One
set of 71 crystals was tested a num-
ber of times over a considerable
period of time. The curves were all
fully identical in all their details,
giving proof of the satisfactory ac-
curacy of all measurements.

Over and above its originally in-
tended application, the recorder was
found useful as an aid to quality
control in production. The temper-
ature at which the frequency max-
imum occurs indicates the angle at
which the wafer was cut, the influ-
ence for a B-T cut crystal being
approximately 30 deg C per angular
degree variation around the freez-
ing point.” A series of 71 diagrams
shows at a glance what care has
been taken in production to main-
tain the orientation angle within
given liinits,

In mass production of crystals
the effect of certain changes in
manufacturing procedure can be
verified only by running a compar-
atively large batch of test units, so
that observed results can be aver-
aged. The recording method de-
scribed lends itself particularly to
this purpose owing to the wealth
of information obtained in each
picture.

Since a temperature run, if made

in 45 minutes for instance, pro-
vides frequency and activity curves
each made up from 45 measuring
oints, such curves can be consid-
ered to be equivalent to continu-
ously recorded curves in which a
single crystal is observed while
subjected to a steadily changing
temperature. Due to this almost
ideal continuity, undesirable dips
or humps can hardly escape detec-
tion as sometimes happens during
manual testing at a necessarily
limited number of temperatures.

It has been the practice to open
up tolerances if the spacing of the
temperatures at which measure-
ments are made is decreased. [t
appears, therefore, that it might be
safe to increase inspection toler-
ances further if, through the use
of an automatic recorder like the
one described, the ideal condition
of continuous testing can be ap-
proached more clesely. Opening up
tolerances would increase the effi-
ciency of eryvstal manufacturing as
expressed in the number of accept-
able finished crystals per pound of
raw material, thereby helping to
conserve a commodity the procure-
ment of which has been under heavy
strain in the past.
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Practical STRAIN-GAGE

Electronic techniques speed material and design testing, by recording accurately the
slowly varying strains due to temperature changes in welding, the periodically vary-
ing strains in turbine bucket metal and the rapidly changing strains during impact loading

HE demands of the war have

forced engineers to create new
designs with higher and higher effi-
ciencies. This has meant, in many
cases, an increase in the speed of
rotating machines, an increase of
temperature in thermal machines,
and a better utilization of mate-
rials in almost any kind of appar-
atus. Better utilization of mate-
rials was achieved by an increase
of the stresses to values approach-
ing the safe limit. Much apparatus
used in combat is subjected to im-
pact loads, and engineers were
forced to build apparatus which
continued to function despite severe
mechanical impacts.

With time at a premium, new
methods had to be developed for
testing sample designs speedily.

These tests involve, in a large
number of cases, measurements of
static and dynamic strains for the
determination of the breakage
strength of a material, for the de-
termination of the damping factor,
for the determination of the modu-
lus of elasticity, etc.

Advantages of Strain Gage

The wire strain gage 2 was found
to be a suitable tool for many of
these measurements due to its small
size, its low cost, and the ease with
which it can be attached to the test
pieces. These gages are either at-
tached to the sample under test or
are made an integral part of the
test equipment.

Three typical strain gage appli-
cations will be described. One deals
with slowly varying strains due to

From a paper presented before the Na-
tienal Rleetronics Conference, Chicago, 1944.
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temperature changes encountered
in welding operations; another in-
volves the periodically varying
strains occurring in an oscillating
tuning fork; the third deals with
rapidly changing strains encoun-
tered in impact Joading.

Stresses During Welding Operation

To study the proper sequence in
the welding of complex structures,
welding engineers were interested
in obtaining a record which showed
the magnitude of the stresses
within the welded structure during
the welding operation. For estab-
lishing a suitable measuring tech-
nique two plates were joined by an
arc-weld as shown in Fig, 1.

Wire strain gages were selected
for the measurement since the sur-
face was not to be defaced to install
the gages. It was also desirable to
measure the stress in at least two
dimensions; this requires the use
of three strain gages for measuring

the strain in three directions.” The
short gage length of the wire strain
gages' allows such an installation
within a rather small area. One
measuring station had to be con-
fined to a small area since there is
a stress gradient on the surface of
the welded pieces.

A-C excitation was used for this
application because the change of
strain was expected to be very
gradual. A transformer was used
to reduce the voltage to the desired
excitation voltage of approximately
25 volts, and a voltage regulator
was used to keep the excitation volt-
age constant. The bridge output
voltage was amplified, rectified, and
fed to a photoelectric recorder’ that
was able to follow frequencies up to
approximately 5 cps.

One problem encountered was
the temperature change to which
the gages were subjected due to the
heating of the metal. Gage resis-
tance varies during welding due to

<

60 cps
175 ¥

// 9 \////}‘-’ Thermocouple

~Strain gage

Bridge circuit

Amplifier

Photoelectric
Strain recorder

FIG. 1—Setup used for measuring stresses occurring during welding operations
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the difference in the coetlicient of
thermal expansion of the base ma-
terial and the gage wire and due to
the change in resistance of the gage
wire with temperature. The tem-
perature limit of commercially
available gages was found to be ap-
proximately 400 deg F.

For many applications where the
forces are in only one direction,
such as strain measurements in
bars subjected to compression. the
etfect of those temperature changes
can be cancelled by using two gages
to measure the strain in two direc-
tions perpendicular to each other.
These two gages are connected into
the two arms of a bridge circuit in
such a way that the resistance
changes due to the applied load add
up, while the resistance changes
due to temperature changes cancel.

The arrangement just described
could not be used for this applica-
tion since the forces acted in vari-
ous directions. Tests made on steel
specimens showed, however, that
the resistance change of the gage
was a function of the temperature,
and this function was found to be
the same for a large number of
gages. A calibration curve based
onn this funetion showed that the
resistance change was caused ex-
clusively by the difference in the
coefficients of thermal expansion of
the steel and the filament material.

A temperature record was drawn
for any instant of the welding oper-
ation, by a second photoelectric re-
corder connected to a thermocouple
which was imbedded close to the
center of the gage. The resistance
change due to the temperature
change was determined for any in-
stant by meang of the above-men-
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FIG. 2—Variation of stress with time in a sheet of 3% in. low-carbon steel as
obtained with the equipment shown in Fig. 1, using a model SR4-ABS bonded type
strain gage developed by Baldwin Locomotive Werks

tioned calibration. This resistance
change was deducted from the re-
corded resistance change. The re-
sulting curve corresponds to the
actual strain and stress in the
welded specimen.

An example of such a time-stress
curve for a welding operation is
shown in Fig. 2. After the first
bead was completed, the stress in-
creased until the second bead was
begun. When the metal was heated
again, the strain was reduced to ap-
proximately zero. After completion
of the second bead and subsequent
cooling of the material, the stress
increased again, this time to a
higher value. This was expected,
since the second bead covered a
larger section of the welding

groove. During the next heating
period, due to drawing of a third
bead, the strain again decreased to
approximately zero, and then in-
creased to a still higher value dur-
ing the subsequent cooling period.
(This time it reached a value even
above the vield pcint of the mate-
rial.)

Damping Coefficient Measurements

Turbine desigrers desired to
know the damping coetlicients of
various bucket materials. In gen-
eral, the higher the damping coeffi-
cient of a material, the lower are
the stresses which may occur in a
structure due to resonant vibra-
tions excited by the same periodic
forces, The damping coeflicients
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FIG. 3—Method of using a strain gage to determine the damp-
turbine bucket

ing coefficients of wvarious
example of recorded curve obtained from
into the shape of a tuning

were to be determined as a function
of the stress and of the temper-
ature. The test temperatures were
as high as 1200 deg F.

For damping measurements, tun-
ing forks having a frequency of
1000 cps were made from the test
materials. These tuning forks were
suspended inside a furnace. By the
insertion of a wedge between the
feet of each fork, its prongs were
stressed to a pre-determined value.
This stress was then suddenly re-
leased, and the decrease of the vi-
bration amplitude was measured
by special high-temperature wire
strain gages® attached to the prongs
of the fork as shown in Fig. 3. The
rate of decrease of vibration ampli-
tude was a measure of the damping
coefficient.

The vibration frequency was
within the frequency range of the
commonly used voltage amplifiers,
and hence d-¢ excitation of the
strain gages was used. The output
voltage of the strain gage circuit
was amplified and recorded by a
magnetic oscillograph®.

The associated equipment had to
be designed for a true recording of
the first amplitude of the oscilla-
tion which followed the transient
caused by the sudden release of the
stress within the tuning fork, be-
cause this amplitude corresponded
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materials, and materials.
sample machined
fork

to the original stress within the
fork and was used as a scale for all
subsequent amplitudes on the rec-
ord. The establishment of such a
scale was necessary in view of the
fact that the gage factor of the
special high-temperature wire
strain gages could not conveniently
be determined.

The expected wave shape of the
stress which was to be recorded is
shown in Fig. 8. The stress is in-
creased when the prongs of the
tuning fork are spread apart, and
when this stress is suddenly re-
leased, the prongs begin to oscillate
around their normal position.

For an analysis, the stress or the
output signal of the gage could be
segregated into a square wave and
a damped oscillation. The signal
due to the damped oscillation was
desirable for recording, while the
signal due to the square wave did
not contribute to the determination
of the damping co-efficient. The
time constant of the circuit, there-
fore, was made very low so that the
signal due to the square wave dis-
appeared after a very short time
and thus did not interfere with the
desired record of the damped oscil-
lation.

A convenient check of the circuit
response to square waves was ob-
tained by connecting a square-wave

FIG. 4—Method of determining dynamic breakage strength of

The camera simultaneously photographs three c-r

tube screens, one of which has a timing wave. Total duration
of each test is half a millisecond

generator® to the input terminals of
the circuit and recording the signal.

The results obtained with the
equipment described above have
been recently published elsewhere.*
It was found that for steels, such as
SAE-1020 and SAE-4140, the damp-
ing coeficient increased many times
with inereasing temperature, and
that the damping coetficient also in-
creased with increasing stress.

A by-product of those measure-
ments was the determination of the
modulus of elasticity, which was de-
termined from the resonant fre-
quency of the fork for various tem-
peratures. For the materials men-
tioned above, the modulus at 1000
deg F was approximately 80 per-
cent of the modulus at room tem-
peratures.

Measurements of Impact Strenqth

For rational design of apparatus
subjected to impact, the dynamic
impact strength of the materials
used for the design should be
known. At the present time, de-
signs of apparatus are mostly based
upon the static characteristics,
even when the apparatus is to be
subjected to impacts. When the
dynamic breakage strength is lower
than the static breakage strength,
the apparatus may not withstand
the impact, and when the dynamic
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breakage strength is above the
static value, the weight of the ap-
paratus may be unnecessarily high.

To help answer this question,
stress versus strain measurements
were made on test bars which were
torn apart at high velocities. The
machine’ used is diagrammed in
Fig. 4. The flywheel was brought
up to the desired impact speed, and
the striking horns were released.
The tup at the end of the test speci-
men was struck by the striking
horng, and the specimen was torn
apart.

To obtain the dynamic stress
versus strain curves, two quantities
were measured. These quantities
were the stress and the strain.

For the measurement of the
stress, 4 wire strain gage was ce-
mented to the specimen in a larger-
diameter section in which the elas-
tic limit was not exceeded. The
stress in the smaller test section, in
which breakage occurred, was then
obtained by calculations using the
value of the strain measured in the
larger section.

For the measurement of the
strain. a single Nichrome wire of
2-mil  diameter was stretched
parallel to the specimen. The two
ends of this wire were attached to

FIG. 5—Special cathode-ray oscillograph

developed for simultaneous recording of

three different signals. Recording camera
is not shown
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the two ends of the test bar. The
resistance change of such a wire
due to elongation™ is linear up to
its point of breakage.

The stress in the test bars in-
creased to its maximum value in
approximately 40 microseconds,
and the complete time for the
hreakage did not exceed half a
millisecond. The true recording of
this fast signal demanded ampli-
fyving and recording equipment
which could follow a rapid rate of
change in voltage.

2000 cps

Strain —

Stress

FIG. 6-—--Typical oscillogram of dynamic

stress and strain measurements. Striking

velocity here is 50 ft per sec, and sample
is Dural 17ST

D-C excitation was applied to the
strain gages, and voltage amplifiers
with frequency response at least up
to 50,000 ¢ps were used. It also had
to be made certain that a square-
wave signal did not excite any oscil-
lations of the circuit elements.

For the interpretation of the
records, it was necessary to have
three traces on the film: the stress
signal, the strain signal, and the
timing wave. The encountered fre-
quencies were beyond the range of
available magnetic oscillographs,
and hence the cathode-ray oscillo-
graph shown in Fig. 5 was used
for simultaneous recording of three
signals. The amplifiers were part of
the oscillograph, and had a total
gain of 120 db. There were two am-
plifiers for each channel, and each
amplifier had its own attenuator.
Cabinets on top of the oscillograph
contained the potentiometer c¢ir-
cuits and the batteries for d-¢ ex-
citation of the gages.

The sereens of the cathode-ray
tubes were photographed with a
high-speed camera of the continu-
ous drive type, such as is used for

filming with stroboscopic lights.
This camera was loaded with spools
holding from 50 to 100 feet of film,
and the film was run with a maxi-
mum speed of 100 feet per second.
This gave a running time between
1 and 13 seconds. .

The timing of the high-speed
camera was done with good success
by the operator. Later a contact-
making device was installed which
saved film. A short section of unex-
posed film was inserted in a 100-
foot roll of old, exposed film." The
camera motor was then synchron-
ized in such a way that the unex-
posed film passed behind the lens
Just when the hreakage of the speci-
men occurred. A typical record is
shown in Fig. 6.

To mention some of the results
obtained by this tes{,” the dynamic
strength and the dynamic break-
age energyv of Dural (17ST) and
Steel (SAE-X-1112) increased ap-
proximately 30 percent when the
striking velocity was inereased
from 0 to 100 feet per second.

The author is indebted to Miss
H. M. Morvis and Mr. 1i. M. Rood
of the General Electrie Company
for their assistance with the meus-
urement of stresses due to welding
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Broadcasting POLITICAL

Technical report on radio facilities installed at Chicago Stadium for use by the four major

networks that covered the Republican and Democratic conventions, with details of equip-

ment and operating procedures. A guide for planning future convention coverage

oW that the full ¢ycle of rou-

tine has been completed for
the 1944 conventions of both polit-
ical parties, a technical report can
be rendered that tells of a job well
done and also serves as a pattern
for 1948.

Use of the same auditorium in
Chicago for both Republican and
Democratic conventions simplified
the over-all radio arrangements.
By common consent, it was agreed
that physical plans approved by the
Republican committee would be ac-
ceptable to the Democratic party
leaders.

Equipment Procuring Problems

The group assigned to the 1944
convention project by the Nutional
Broadeasting Company began seri-
ous consideration of engineering
plans early in January 1944, At a
meeting of technical representa-
tives of the four major networks,
it was decided that NBC would in-
stall and operate the extensive dele-
gation floor microphone system,
apply to WPB for priorities, and
place orders for all necessary ma-
terials, the total cost to be divided
between the networks.

No time was lost. To the WPB a
few days later went applications
for 64 RCA 88-A microphones,
2,000 feet of DT-10 cable and 20,-
000 feet of No. 19 lead-covered
twisted pairs. An order was placed
with the Illinois Bell Telephone Co.
for the network’s convention com-
munlication system in Chicago, com-
prising four 5-trunk, 12-station
boards in the Chicago Stadium and
the Stevens Hotel, interconnected
by local wire lines.

The network’s owned and oper-
ated stations and its division head-
quarters were combed for vital con-
trol units. NBC offices in Holly-
wood, San Francisco, Denver and

Ale
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Operating Engineer
Nutional Broadeasting Co.
New York, NOY.

Two-part wood base for microphone

with grooved channel for
shielded microphone wires

stand.

Cleveland supplied amplifiers and
short-wave equipment. Fortunately,
5,000 feet of No. 19 twisted rubber-
covered lead-covered cable for
microphone circuits and 2,000 feet
of DT-10 cable for the floor micro-
phone system were available from
vendors when needed.

What appeared at first to be one
of the most difficult problems was
solved when the WPB granted a
priority on the 64 microphones, on
condition that they be returned to
the manufacturer after the conven-
tions had ended and reconditioned
for use by. the military forces.

General Arrangements

To obtain sufficient space for
radio booths of equal size was the
first construction problem. Investi-

gation showed that only 37 feet
were available for this purpose be-
tween two stair wells in the mezzan-
ine, directly behind the speaker’s
stand on the south- side of the
stadium. However, by moving the
front of the booths to the rear of
the stair wells, 49 feet of space was
obtained between the aisles. This
location restricted the headroom,
bhut this difficulty was solved by
building the booth floor on three
different levels and by using the
plaster underside of the mezzanine
as the booth ceiling.

As can be seen from Fig. 1, the
convention radio installation com-
prised two separate sections: (1)
The delegation floor microphone
system, feeding all networks, the
public address system, local broad-
casting stations, recording firms
and the sound film companies; (2)
The NBC broadcasting installation
for handling convention proceed-
ings, announcers and commenta-
tors,

Floor Microphone System

A dependable, safe tloor system
was a primary essential but the ter-
razzo floor of the Chicago Stadium
called for ingenuity in the place-
ment of wiring and microphones.
Embedded in this floor were hollow
metal pipes which carry a refriger-
ant when the stadium becomes a
skating rink, hence no screws or
bolts could be placed in the floor.
Microphone pairs branching out to
the various delegations had to be
protected against trampling, and
microphone stands had to be
mounted rigidly so they would not
be torn from their mountings by
surging crowds. Both problems
were satisfactorily solved by lay-
ing Z-inch sleepers the full length
of the aisles and covering them
with plywood sections nailed to the
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CONVENTIONS

sleepers to form raised aisle walks.

The method of running the wire
circuits between the sleepers is
shown in Fig. 2. Spare pairs of
cable were run along the edges of
the aisles where they could be fished
out when needed.

Each microphone stand was se-
cured to a chair with a 1-inch pipe
strap and the base of the stand
wired to the bottom seat rail, as
shown in Fig. 3. Details of the
microphone stand and mountings
are shown on the opposite page.
The two wood pieces, one with a

cable running between the aisle
wireway and the pipe stand.

While rearranging the floor mi-
crophones for the Democratic con-
vention it was learned that Texas
had designated two delegations,
both of which had to be seated while
committees decided which group
should be recognized. Fortunately
the flexible system of microphone
circuits made it possible to provide
the extra microphone where it was
needed.

All lines from the floor micro-
phones terminated at the micro-

rostrum near the post of the con-
vention chairman. On this panel
were 64 buttons and their accom-
panying tally lights—one set for
each delegation—and a master re-
lease button. Sixty-five wire pairs
ran from the 64 relay windings to a
battery supply in the NBC booth.
When the chairman recognized the
spokesman of a delegation, the en-
gineer on the switching panel
pressed the button corresponding
to that delegation, thus connecting
the proper floor microphone
through the amplifying system to

groove, protect the microphone phone control panel located on the all networks and the several other
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FIG. 1—Speech schematic of floor and broadcast systems installed
at Chicago stadium for the two national political conventions in 1944
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sound services. By pressing the re-
lease button, this microphone was
disconnected and the circuits made
ready for the next delegation. Four
or five microphones could be paral-
leled, as was done on several occa-
sions when delegations were being
polled member by member.

Audio Circuits

The first amplifier in the floor
system was an automatic audio gain
control amplifier. Its purpose was
to increase automatically the gain
of the amplifying system for weak
voices to a point just below the
sing-back setting of the public ad-
dress system. It also automatically
decreased the gain of the system
for strong voices, thus preventing
overloading.

After the aage amplifier came the
master relay. Floor microphone re-
lays were adjusted to operate prior
to the master control relay to elim-
inate clicks. The output of the aagc
amplifier was fed into a 600-ohm
bus across which were bridged six
RCA 83-A bridging amplifiers to
provide service to CBS, MBS, BNC,
NBC, the public-address system and
a spare.

NBC System

Further analysis of the conven-
tion layout and operation will be
simplified from this point on by
describing a single system, the one
which supplied the NBC network.

The speaker’s stand on the ros-
trum was provided with three
microphones supported on a special
bracket. Two 77-B microphones,
connected to amplifiers in the CBS
booth, fed the convention proceed-
ings from the rostrum to all net-
works and other sound services ex-
cept the public address system. A
Western Electric cardicid micro-
phone supplied the latter.

Microphones, audio and radio
circuits connected to the NBC
patching panel and mixer are out-
lined in Fig. 1. The panel and mixer
were connected to the RCA 84-B
studio amplifier feeding regular and
emergency program wire circuits
to the network’s Chicago studios in
the Merchandise Mart. The output
of the NBC bridging amplifier con-
nected to the floor microphone sys-
tem fed a multi-unit amplifier. By
this means, either the microphone
circuit from the speaker’s stand via

the CBS booth or that from the
public address system or the NBC
emergency microphone installed at
the rear of the speaker’s stand,
could be selected depending on
which circuit had normal level and
highest quality. The three feeds
were either on patch cords or fad-
ers and under the immediate con-
trol of the mixing engineer, permit-
ting him to switch from one circuit
to ‘another as conditions dietated.
Through this multi-unit amplifier,
therefore, it was possible to feed
the microphone output to all inter-
ested services while requiring the
presence of only three microphones
on the speaker’s stand.

This microphone set-up proved
its soundness on all occasions save
one, the platform appearance of
Herbert Hoover. Whenever the ex-
president speaks he provides his
own short metal stand carrying a
light to illuminate the pages of his
speech. This stand was placed at an
angle of 45 degrees to the existing
microphones, and an emergency
microphone was spotted on the
stand. Someone with more enthusi-
asm than common sense tried to
move the special microphone to one
side and persuade the speaker to
use the normal battery of micro-
phones. Sensing that all was not
right, Mr. Hoover paused briefly in
his speech and requested that the
microphones be left as they were.

All remaining microphones, such
as those used by the announcer and
commentator in the booth, the com-
mentator on the platform, the para-
bola for crowd noise, at the organ
and band stand, and also the out-
put of two short-wave receivers
were connected directly to the 10-
position mixer by means of Hubbell
male twistlock plugs, or to female
plugs in a patching panel and con-
nected to the mixer by patch cords.
The output of NBC’s stadium
studio could be patched into the
mixer and used as another micro-
phone position. Pads or artificial
lines of proper value were used
where necessary to reduce high
audio levels down to —60 vu at the
mixer,

Microphones needed for immedi-
ate service were connected to the
mixer; those which might be used
on short notice were connected to
the patching panel. The mixing en-
gineer had to be on his toes every

moment to have the right micro-

'phones properly connected and to

fade in and fade out microphones
as dictated by program require-

ments. S —

The feedback amplifier was fed
with a double input, from the out-
put of the mixer and from the out-
put of the special events director’s
microphone. During normal opera-
tions the program transmitted to
the network was fed to jacks in-
stalled at the various announcer,
commentator, and engineer posi-
tions. Staff members could be thus
kept advised of what had been said
in order to eliminate repetition.
Whenever the special events direc-
tor had general instructions to pass
on to the staff, he merely pressed
the button in the base of his micro-
phone, cut off the program, con-
nected his microphone to the feed-
back circuit and talked to all points
simultaneously.

Telephone Facilities

The behind-the-scene communica-
tions system and facilities were
supplied by the Illinois Bell Tele-
phone Company. High spots of the
system included a full®talk tele-
phone circuit between New York
and Chicago NBC offices and four
506-B cordless type private branch

‘exchange switchboards, two at the

stadium and two in the Stevens
Hotel. This circuit provided instan-
taneous communication between the
special events director in Chicago
and important operational points in
New York, permitting rapid trans-
fer of network control to Chicago
in the event of a news break.

At the special events director’s
position, a cradle hand telephone
set with dial connected to a 4-posi-
tion key box was provided for the
director and one for his assistant.
This enabled both men, through the
booth switchboard, to reach any
station inside the stadium or on
the other 506-B board, or contact
the New York office, by connecting
their instrument to key position No.
1. Key position No. 2 connected
both instruments to a local ex-
change operator, and position No. 4
connected them to the traffic direc-
tor’s board in the Stevens Hotel.
From here thev could be connected
to trunk No. 1 which routed them
through to NBC, New York, via the
full talk circuit. Key position No. 3
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FIG. 2—Construction of wireway in aisles of stadium, and
method of running and protecting the wire pairs going to the
delegation microphones

.

was isolated on each box. The direc-
tor could be connected with a long-
distance telephone operator on this
position, whereas the .assistant
.could talk to all the operational
points within the stadium through
the booth switchboard. This latter
feature enabled the director and his
assistant to talk jointly to a given
location through the booth switch-
board or carry on separate conver-
sations if the occasion required.

Cue Circuits

Engineers on duty at the floor
microphone switching panel on the
rostrum, at the duplicate panel in
the NBC booth, and the technician
in general charge of service on the
convention floor were connected to
the same station on the 506-B
board. By connecting the news desk
telephone in the stadium office with
the booth switchboard, the director
was able to make rapid contact with
any one of the locations without go-
ing through the office board. Con-
‘tinuous visual light signals replaced
bell ringers on all telephones in the
booth, stadium and Stevens Hotel
studios, and also at locations near
the speakers’ stand in the stadium

where a ringing bell would inter-

ELECTRONICS — January 1945

>

fere with the broadcast or conven-
tion proceedings.

Each commentator and announcer
had a microphone and earphones,
which "could be connected to the
combined program and cue feed-
back circuit or to the convention
proceedings circuit. Two loudspeak-
ers were suspended on the wall of
the NBC booth, one connected to
the NBC network for cues, and the
other to the booth amplifier han-
dling convention proceedings. Also
in this booth were short-wave pro-
gram receivers and frequency-
measuring equipment covering the
30-40 Mc pack cue transmitter. The

~whip antenna of this transmitter

extended through a hole in the top
of the booth, while vertical and
horizontal dipole antennas for pro-
gram reception were located atop
the booth.

Preventative Maintenance

In an undertaking of this nature,
which at its best must be consid-
ered a temporary one from an en-
gineering viewpoint, special pre-
cautions must be taken to keep
service failures at a minimum.

Constant supervision of the Chi-
cago stadium and Stevens Hotel in-

FIG. 3—Method of anchoring delegation microphone stands
to backs of seats and to temporary flooring laid in aisles
over 7s-inch wood sleepers

stallations paid off with a record of
no major failures and few minor
troubles. The engineer assigned to
the duplicate switching panel in the
NBC booth was constantly checking
each microphone on the floar system
to determine if any had been dis-
connected from the circuit or dam-
aged in any way. On the convention
floor another engineer was in con-
stant communication with the
booth. If a particular delegation
microphone showed upon test that
it was functioning abnormally, a
man was dispatched to make imme-
diate repairs. Such emergencies, it
was foreseen, were most likely to
arise during the unrestrained par-
ades of jubilant delegates. At such
times, the repairman would have
found it difficult to buck the crowds
in order to reach his objective.
For thoroughness in basic plan-
ning, installation and technical as-
sistance, the writer wishes to give
credit to members of NBC’s engi-
neering staff, particmlarly Gerald
Hastings, Al Poppele and J. A.

Weis from the New York office, and’

Frank Schnepper, H. C. Luttgens,
Carl Cabasin and others from Cen-
tral Division headquarters in Chi-
cago.
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ETCHING TECHNIQUE

In the first etch, the disoriented layer

i3 removed from a group of quariz

blanks by a temperature-controlled so-
lution of ammonium di-fluoride

ANY quartz crystal units de-

teriorate with time, both in
the field and in storage depots, the
cause being attributed to the
phenomenon of “aging.” At fre-
quencies above 5 or 6 megacycles,
this effect is particularly noticeable.
An increase in crystal frequency is
often accompanied by decreasing
activity.

As a result of extensive experi-
mentation on the matter, it is now
generally .agreed that aging is
caused by the progressive accumu-
lation of submicroscopic particles
of quartz on the surfaces of the
crystal blank and their eventual
loss. These particles appear to be
the result of abrasive action during
various stages of manufacture and
form what is often referred to as
the “disoriented layer.”

Aging is accelerated by high tem-
perature and humidity. These two
factors make aging a particularly
serious problem in the tropical cli-
mate of the South Pacific.

Etching crystal plates to final
frequency rather than grinding
them in with abrasive has proven
an effective cure for aging. After
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By L. A. ELBL

etching, there is very little change
in either the activity or the' fre-
quency of the unit. To insure qual-
ity crystals, the U. S. Army Signal
Corps requires that almost all fu-
ture crystal units be brought to
final frequency by etching rather
than by grinding.

Etching Process

We have developed an etching
procedure which is very satisfac-
tory. The various steps and proc-
esses are described.

To develop a surface suitable for
etching, a minimum of ten mils is
removed from the surface of each
crystal with 600-grit silicon carbide
and then a minimum of two mils is
removed with 145 aluminum oxide.
Final lapping before etching is done
with the aid of a radio receiver.
The mean or average frequency of
the crystals can be followed on the
receiver and the lapping operation
stopped at the correct frequency.

Between lapping stages, the
blanks are brought to exact dimen-

Engineering Dcepartment

Crystal Productz Company

Kansag City. Mo.

sions with respect to length and
width. For best activity, plates for
each frequency must be made a
slightly different size. To insure
proper edges, crystals are next
beveled by machine.

In spite of the great care exerted
in dimensioning and beveling, some
of the crystals contain chips. These
are removed by tumbling groups of
600 crystals for a period of six
hours in jars containing a water
mix of 600-grit carborundum and
garnet. The plates are then thor-
oughly washed.

After final lapping; the blanks
are dipped in a concentrated solu-
tion of chromic acid and rinsed in
water. Next, each crystal is given
a thorough scrubbing with soap and
water. Crystals are then loaded into
specially constructed baskets hold-
ing six hundred crystals. The
baskets are swished first in am-
monia water and then in clear run-
ning water. The design of the
basket is such that the crystals are
held at an angle of 45 degrees to

At Crystal Products Co., the mean frequency of the quartz blanks is followed
on a radio receiver during lapping. The plates then go through several clean-
ing operations to prepare them for the mass etch in ammonium di-fluoride
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Signal Corps contracting officers are now requiring that etching be used in bringing most

quartz crystal plates to final frequency, to eliminate aging effects due to flaking. The

equipment and procedures employed at one midwestern plant are described

the motion of the basket to insure
that every ecrystal is properly
rinsed.

First Etch

The plates are now ready for the
first etching stage, called the “mass
etch” or “deep etch.” This is done
in a temperature-controlled solu-

tion of ammonium di-fluoride. The -

purpose of this etch is to remove in
one step the minimum amount of
quartz necessary to eliminate the
disoriented layer. If this layer is
not removed, the units will not be
etched evenly in subsequent opera-
tions. This mass etch requires from
3 to 6 minutes, depending upon the
strength of the etch solution.

The plates are next washed in
hot water, dried, and examined for
bevels, chips, and flaws. All plates
needing attention are worked on
diamond wheels.

The crystals are next classified
according to frequency on a unit
built from a Hallicrafter SX-28
Receiver. A neon light in the cir-
cuit flashes when the crystal fre-
quency is registered on the dial.

With this classifier, crystals are
sorted into groups having fre-
quencies 10 kilocycles apart. The
groups are filed away in a storage
cabinet to provide a bank of crystals
for any order of frequencies de-
sired.

Close Etching

Plates are taken out of the stor-

age bank according to the daily
needs. They are given a degreasing
wash in boiling tri-sodium phos-
phate and are then rinsed and sus-
pended from wheels for close etch-
ing. This etch is done on a time
basis in an etch tank whose tem-
perature is held constant to within
} degree.

The crystals are placed in plastic
baskets which are hung in tracks
under the wheel according to the
number of kilocycles to be removed.
The baskets drop off into the etch
at periodic intervals (according to
the track used) and move around in
the etch. When they reach a point
to the left of the operator, they fall
into a hot water bath and then into
a drier. All erystals come off with-

Plastic baskets containing quartz plates are dropped into the
etch solution by this rotating wheel. Time in the bath is deter-
mined by having the basket follow the proper track
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in five ke of the desired frequency.

Crystals removed from the first
etch wheel are classified into groups
every 500 cycles of frequency. They
then go to a second close-etch wheel
which moves more rapidly. The
plates leave this wheel approxi-
mately 1500 cycles from final fre-
quency.

In the final etching stage, each
crystal is given individual treat-
ment. If activity is low, it is
brought to maximum by slight edge
working on a wet-bonded abrasive
stone. The final few cycles of fre-
quency are taken off in the small
temperature-controlled etch pot
shown. Crystals are then washed
thoroughly with soap and water,
rinsed in running warm water, and
dried in a mechanical drier. No
towels are used on account of lint.
Crystals are assembled between
electrodes and sent to the inspection
room for final mounting.

While the procedures given above
are not new, the proper sequence of
steps is very essential. Conversion
from hand lapping to etching was
accomplished smoothly.

At the final etch position shown above. each plate is brought
to maximum activity and final frequency by means of an
abrasive stone and a small temperature-controlled etch pot
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QUALITY CONTROL IN

Discussion of problems involved in setting 1p a statistical method of ‘controlling quality

of tubes and component parts during manufacture, with instructions for using process
control charts in connection with random sampling techniques to detect promptly when
a process is out of control and causing excessive shrinkage

Go no-go inspection for dimensional accuracy of tube parts is performed on a
sample quantity taken from the grand lot

HE chief objective of a quality
Tcontrol system is to assure
quality on an economic basis. Such
a system should exercise its effect
during manufacturing operations,
through process control, and should
insure the quality of the finished
article by means of product control.

Effectiveness of the control can
be determined in two ways: 1. By
studying the presence or absence of
critical attributes of the product:
2. By studying the variation of some
mensurable characteristic of the
product,

Sample Size

A statistical method of quality
control requires consideration of
the problem of sample size. Usually,
this presents a difficult problem be-
cause the fundamental concept of
the statistical approach is not
clearly understood. When this dif-

122

ficulty is analyzed, the question of
sample size resolves itself into a
statement (on the part of man-
agement) concerning quality level
to be maintained in the product.
Once this level is established for
interdepartmental or external ship-
ments the percentage limits for de-
fectives can be established and an
intelligent solution to the sample-
size question can be obtained.

As an example, management may
decide to ship a finished product
with a 9 to 10 probability that de-
fectives will not exceed 30 per 10,-
000. Once management decides
what risk it is willing to take to
get a specific quality, the question
of sample size can be rationally ap-
proached. If every unit shipped
must be absolutely perfect, then

100 percent inspection and 100 per- -

cent efficiency are necessary. In
mass production 100 percent in-
spection efficiency cannot be as-

sured because of 1. Human judg-
ment; 2. Prolonged work periods;!
3. Worker’s skill; 4. Worker’s con-
cept of how the job should be done;
and 5. Worker’s attitude toward
the work.

Because of these human factors
controlling inspector efficiency, 100
percent inspection is not the prac-
tical solution for the problem.

Of course, most manufacturers
desire to ship a product that is
100 percent perfect. How can it be
done? In most cases (certainly in
mass production), perfection in in-
spection is impractical and unat-
tainable. Hence, the existence of
merchandise returns from custom-
ers. It is a rare organization indeed
which never has a product returned.
However, though the manufacturer
cannot achieve a 100 percent per-
fect product, he can certainly ap-
proach that condition. The essence
of the technique is to obtain a ran-
dom sample of good size and in-
spect it carefully. In this way, 100

_percent inspection efficiency is ob-

tained on the sample rather than
partial inspection efficiency on 100
percent of the product.

Suppose management agrees it is
permissible to have 100 defects in
10,000 parts: in other words, the
fraction defective is 0.01 on the av-
erage. If this condition existed, a
sample of 250 units would probably
disclose two rejects.

If the lot had 200 defects per

Other articles on
QUALITY ENGINEERING

Quality Engineering in Tuhe Manufacture
ELECTRONICS, November 1944

Shrinkage Analysis in Tube Manufacture:
ELECTRONICS, December 1944
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10,000 on the average, then a sam-
ple of 250 could have four rejects
and a sample of 500 could have nine
rejects. This example shows that as
the sample size increases, the frac-
tion defective in the sample ap-
proaches the fraction defective in
the lot. The answer to the question
of sample size rests then with man-
agement, which must declare that
the observed fraction defective in
the sample must be accurate, =X
percent. The actual technique for
gelecting samples and interpreting
the results can be found in suitable
texts on statistics.? These methods
should be diligently applied in order
to protect the manufacturer.

Once the theoretical sample size
has been computed, it becomes
necessary to select the practical
sample size, depending on the
availability of the product. If the
theoretical sample size is 189 and
the product comes packed in groups
of 25, it i3 convenient to take a sam-
ple which is a multiple of 25. In
this case, either 175 or 200 would
be suitable but it is good practice
to use the larger sample.

Sample size does not depend on
percentage. For example, if per-
centage were a criterion in select-
ing a sample, then 1 out of 5
would be as typical as 200 out of

FIG. 1—Normal or Gaussian distribu.

tion curve relates frequency of occur-

rence with different values of deviation

from the arithmetical mean X for a
given measurement

Frequency of Occurrence
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By EUGENE GODDESS

Special Projects Engineer
North American Philips Co.
Dobbs Ferry, N. Y.

Ceramic insulating rods for cathode-ray tube assemblies are checked for go
and no-go in this jig. Deviations and frequency of their occurrence are shown
- in Fiq. 1 :

1000, since both are 20 percent
samples. Likewise, if sampling in-
formation were on a percentage
basis, a sample of 1 from a lot of
10 would be more typical than a
sample of 50 from a lot of 1000.
Of course, these extreme cases re-
duce the percentage basis of sam-
ple selection to an absurdity but
they were selected to make the ar-
gument more poignant.

The object in taking a sample
from a grand lot is to obtain in-
formation about the quality of
the grand -lot, the assumption
being that the sample has the
same distribution of defects (or
variables) as the grand lot. To be
properly selected, a sample must be:
1. Taken at random so as to be typ-
ical; 2. Large enough that its dis-
tribution curve is not materially
affected by sample size; 3. Com-
posed of normal products and not
containing engineering freaks.

In substance, sampling is safe if
production on a product is run-
ning normally. When production
becomes abnormal, units should be
subjected to a manufacturing cull-
ing operation. The good product is
then inspected on a sampling basis
—actually, this amounts to inspect-
ing a previous inspector’s work.

Product Control

One of the problems which con-
fronts quality control engineers is
that of passing judgment on the
grand lot. The lot can have one of
three sources: (1) An outside sup-
plier supplying a raw product; (2)
A company department supplying a
part to another company depart-
ment; or (3) The company itself,
offering its completed product for
final inspection.

Regardless of where a grand lot
comes from, judgment should be
made in the same way. In evaluat-

123



ing the grand lot, the quality eon-
trol department will feel pressure
exerted upon it by: (1) The out-
side supplier, who feels his good
product has been rejected; (2) The
department head, who resents hav-
ing a grand lot rejected because “a
few bad ones showed up in the
sample”; or (3) Over-anxious pro-
duction men, who are trying to
meet shipping schedules and con-
tracts. .

These pressures are only human
and will always exist as long as
humans play a part in the produc-
tion picture. One of the best ways
to overcome this situation is to sit
with the persons involved and dem-
onstrate the quality of the rejected
product by detailed examination
of the grand lot in question.

For example, although only 8 de-
fects showed up in the sample of
250, there is a probability of 0.9
that the number of defectives per
thousand will be between 21 and 7.
[f the detailed examination does
not verify the prediction, some-
thing is wrong with the data.
Usually, when the true condition of
the product is once revealed and
verified, the doubters accept future
statistical results. .

There is one other possibility of
serious friction which eannot be
ignored. Should the outside sup-
plier insist that his product is good
despite the rejection, it will prob-
ably be necessary to review the
specification against which the ex-
amination was made.

The subject of product control is
extensive indeed and will not be
discussed further except for one
additional warning. Be sure to se-
lect a random sample. If the grand-
lot is thoroughly mixed, the ran-
dom nature of the sampling is not
critical. But if the grand lot is not
thoroughly mixed, it is imperative
that the sample be selected by a
random operation. It is interesting
to note that a random sample means
a sample selected in a random man-
ner; thus the reference is to the
technique of sampling rather than
to the sample per se. Obviously, the
criterion of random selection is to
give each unit of the grand lot an
equal chance of being chosen.

Process Control Charts

Process control prevents the oc-
currence of industrial losses by
showing the trend in quality as a
funetion of either the attributes or

.

the variables. This is best illus-
trated by an example. Several con-
stants from the American Stand-
ards Association War Standard
Z 1.3-1942 are used, and it is well to
point out that if the sample size
changes, the constants also change.
The ASA has issued three excel-
lent publications covering this en-
tire problem, which are valu-
able in setting up a quality control
system.

Suppose it is desired to control
the depth of a grid assembly for a
cathode ray tube. In such a case.
quality is to be measured by observ-
ing the trend in a variable, and one
way to proceed is given here:

1. Each hour, determine and re-
cord the depth of a sample of five
grid assemblies.

2, Compute average depth by

.adding the depths and dividing by

5. Call this value X. ¢

3. Determine the range, R, of the
sample by subtracting the smallest
value from the largest.

4. After n values of X have been
computed, determine the average

of the averages, __}Z, which is found

by the equation X = SX/n where
10 <n<25.
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FIG. 2—Depth measurements on grid cylinder are recorded

in this manner on a typical control-chart data sheet. Com-

puted average values X and range R provide poinis for
plotting on control chart
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FIG. 3—Control chart record carries a plot of calculated values

X and R from data sheet of Fig. 2. Points 25 to 36 are thus

derived. Note point 31, which exceeds maximum limit estab-
lished for this grid subassembly
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5. From the same data, compute
E. the average of the ranges using
the equation E = IR/n where

10<n<25.
6. Compute control limit values
for X as
Xy wpee = X + 057TR

Xitomes = X — 057TTR
7. Compute control limit values
for B as '
RL upper — 2.114E
R, lower — O(E) =0
8. Prepare two charts, one for X

and one for B. Show X, X, upper, and
X...... on one chart. Show R,
R, .., and R, ,,... on the second
chart.

9. Plot the values of X and R on
the respective charts.

10. If 25 consecutive values of X
and R fall between the upper and
lower limits, we can say that con-
trol exists. If not more than 1 out of
36 successive values of X and R (or
2 out of 100) fall outside the lim-
its, it may be safely concluded that
excellent control exists.

11. . If good control exists (as de-
seribed in step 10 above), X and R
may be adopted as standard values,
ie. X = X' and E = R.

12. If good control does not exist,
use only that portion of the data
which can be considered as repre-
sentative to recompute X and R.

13. Compute sigma prime, the
standard deviation, as ¢’ = K/2.326.
This is an index to the dispersion
or spread of the individual measure-
ments about their average.

14. Let the maximum specified
limit be X.... Then, if

(Xpe — X)) /80" >1
X’ and ¢ may be used for ensuing
calculations.

15. On the basis of X' and o
(from step 14) determine the cen-
tral line for X, which is the average
of the (representative) averages X
(see step 12) and is equal to X'

16. Compute the limits for X as

X, wper = X + 1.3424

Xitower = X — 1.842¢
17. The central control line for
R is
. R ontrel line — 2.326q
18. The control limits for K are

ELECTRONICS — Jonuary 1945

R, uppe: = 4.918¢
Rirower = 0(6) = 0

19. Use the values of X, Xi uper.
X, jewers B couceor tine R, uppers and
R. iower, as determined in steps
15 to 18, as control lines on their
respective charts for the next 100
samples unless a major cause of
failure is eliminated.

20. If a major cause of failure is
eliminated, use the last 25 repre-
sentative values to compute new
control lines as indicated in steps
12 to 19.

21. If no major failure is elimin-
ated in the next 100 values, then
use the last 25 values to compute
new control lines as indicated in
steps 12 to 19.

22. Completed
should be filed.

An interesting observation can

control charts

Sample.good
Pass grand lot

Problem 1. What shall be
done to the lot that con-
tained the sample?

Problem 2 What shall be done e
the process to bring it back

under control?

FI1G. 4—Functional breakdown of situa-

tions resulting from a good sample lot

and a bad sample lot under quality
control

be made about step 14. The denom-
inator of the fraction contains 3¢’
because ¢’ is the standard deviation
of the observed values from their
average, and 3¢” includes 99.74 per-
cent of the articles examined. Of
course, this theory is based on a
normal or Gaussian distribution
curve, as shown in Fig 1. Thus,
J(Xx—f.)2+(X2—}?l"+——-—
t (Xn — X
7= H T
where X,, X,, ———-— X, are the
observed averages and
X = (X1+X2+Xa+—"—_‘—
+ Xu/m.

Use of the Control Chart

A typical control chart data
sheet is shown in Fig. 2. Values of
the constants given in the example
are correct so long as the sample
gize is 5. Should the sample size
vary. the new constants should be

determined as explained in ASA
publication Z 1.3-1942.

A quality control chart as shown
in Fig. 3 should not be kept secret.
It should be posted where the fac-
tory engineers, quality control engi-
neers, foremen, factory production
heads and division managers can
observe it at will. New data should
be plotted as soon as it is obtained
and verified. If newly-plotted points
are inside the limits, the manufac-
turing process continues uninter-
rupted.

But suppose a point occurs out-
side the 3-sigma limits as deter-
mined in step 16. Since a normal
distribution is assumed (based on
the 25 consecutive satisfactory sam-
ples), the point outside the 3-sigma
limits is due to an assignable cause
—in other words, it was not a
chance variation.

As shown in Fig. 4, an out-of-
control condition presents two prob-
lems: 1. What should be done with
the lot that contained the sample;
2. What should be done to the proc-
ess to bring it back under control?

The lot can be judged as ex-
plained under sections covering
sample size and product control
With respect to the process, the best
procedure is to request foremen and
factorv engineers to investigate
the cause for lack of control. Until
control is re-established, sampling
should be done at an accelerated
rate, say once every 5 or 10 min-
utes. Once control is re-established
(25 consecutive samples within
limits), the sampling rate may be
reduced to its original value.

Quality control is a broad and in-
volved subject, as is evidenced by
the extensive literature that is
available, Several aspects have not
been mentioned in this article. Op-
erator bonus for quality, control
charts for fraction and number de-
fective, relationship between con-
trol and specifications, sample size
as a function of past quality his-
tory, Poisson distribution, rational
sub-groups, and probability are a
few that are important. The refer-
ences provide much additional data.
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Audible
AUDIO DISTORTION

DISAGREEMENT between the
average non-technical lis-
tener and the engineer regarding
the excellence of reproduced sound
has become almost traditional. The
listener’s judgment is based upon
" whether or not he finds the repro-
duction faithful, or at least pleas-
ing. The engineer, on- the other
hand, tends to have preconceived
ideas based upon various technical
characteristics, which may or may
not be the factors governing the
listener’s preference.

Laboratory instruments and tech-
niques represent a means and not
an end. It is necessary occasionally
to reconsider the results obtained
through laboratory measurements,
to decide whether or not they are
indicative of the actual important
performance characteristics of the
equipment under test. This is par-
ticularly true in cases involving
human judgment and psychologi-
cal or physiological factors.

Quest for Perfect Reproduction

The characteristics of systems -

for the electrical reproduction of
sound can be measured in physical
terms to a high degree of precision,
and such reproducing systems can
be designed to perform with any
given degree of excellence. A close
approach. to perfection will be
found in certain types of transmit-
ting and recording equipment,
which is necessarily expensive.
However, in the design of most
audio-frequency equipment, and,
in particular, radio receivers,
phonographs, and sound picture
projectors of the types manufac-
tured in large quantities for home
use, economic considerations must
frequently take precedence over ar-
tistic ideals. In such a design
perfection is not expected, and the
problem is to provide the best pos-
sible results, as judged by the lis-
tener, within predetermined price
limits.

Perfect reproduction of sound is
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the will-o’-the-wisp that has been
chased through half a century by
the phonograph, radio, and motion
picture industries. Thirty years
ago Edison attempted to demon-
strate that there was no noticeable
difference between the reproduction
of his phonograph and the voice of
the living artist. Radio advertise-
ments through the years have ac-
claimed the tinny squeaks or muffled
rumblings which were in vogue at
the moment as absolute perfection.
Actually, early phonographs and
radios were so far from perfection
that each successive change seemed
like a tremendous improvement.
Engineers and scientists, however,
have never overlooked the short-
comings of what currently passed
for perfect tone, and have antici-
pated the day when the reproduced
sound would be indistinguishable
from the original. Today this is a
technical possibility, limited only
by practical and economic factors.

Practical Considerations

In planning for the post-war
period the matter of distortion in
sound-reproducing systems should
be reviewed carefully, to take best
advantage of the existing state of
the art and provide the public with
the best possible tone quality per
dollar expended. A hint as to some
of the past difficulties and disagree-
ments lies in the word quality. Our
laboratory measurements so far are
quantitative only. What the listener
hears is qualitative, and the rela-
tionship between the two is ex-
tremely complex and little under-
stood. About all we can rely upon
is the fact that, if the commonly
recognized types of distortion are
reduced below certain measurable
levels, the ear will be satisfied with
the result. This procedure can be
followed in the design of high-

priced studio and transmitting
equipment, but in the case of sound-
reproducing systems for the home
it is not yet commercially practi-
cal and may never be, because of
price competition.

Distortion is of Three Types

It is unfortunate that no single
measurement. will define the excel-
lence of sound reproduction. Audio
distortion is generally ciassified
into three types—namely, frequency
discrimination, harmonic (also
called amplitude or non-linear)
distortion, and phase distortion. In
the past the most advantageous bal-
ance among these three character-
istics has not been maintained.
This is the reason for the almost
traditional disagreement among
engineers, sales departments, and
customers.

Frequency discrimination is
easily measured with even a rela-
tively simple oscillator. It met early
acceptance in engineering circles as
a criterion of quality. Actually it
is only one of several important
characteristics. The terms har-
monic distortion and amplitude dis-
tortion are misleading and do not
convey an impression of the real
seriousness of this type of distor-
tion. Phase distortion is important
mainly in long transmission lines
and other circuits where time delay
occurs. The amount present in the
usual home amplifier and  loud-
speaker system is considerably less
important than the other types of
distortion, but cannot, of course,
be neglected entirely if these others
are reduced.

Wide Frequency Response is Not
Enough

These are the three types of dis-
tortion which the engineer con-
giders and attempts to correlate.
How do his measurements corre-
spond with the judgment of the
average listener, unprejudiced by

From a paper presented at the Nationa)
Electronics Conference, Chicago, 1944,
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Wide frequency response alone is not enough for perfect reproduction of sound. Genera-
tion of intermodulation frequencies must be suppressed in order to secure favorable
listener reaction. A double-beat oscillator for intermodulation measurements is described

technical knowledge? The poor pub-
lic acceptance of many so-called
high-fidelity systems proves that,
even when it is really attained,
wide frequency response alone is
not the answer. In fact, wide fre-
quency response may be a disad-
vantage if noise or other forms of
distortion are present. Consider-
able research is needed on the cor-
relation between the various forms
of distortion. The only informa-
tion available is incomplete and
often contradictory. In the mean-
time the engineer can attempt to
base his measurements and conclu-
sions on factors at least logically
related to the average listener’s
reactions.

The alterations in music caused
by variations from a flat frequency
response or by moderate phase
shifts in the reproducing equip-
ment are not fundamentally differ-
ent in character from variations
which may exist under actual lis-
tening conditions with no electrical
reproduction interposed. For in-
stance, an orchestra will sound dif-
ferent when playing in different
halls, and still differently again
when playing outdoors. The acous-
tic conditions under which the lis-
tener hears the music will cause

wide variations from what a micro-
phone placed near the orchestra
might pick up. When one hears
music outdoors, or through a door-

" way, or from the back seat in a

top balcony, it does not sound dis-
torted in the popular sense of the
term, and yet the effective trans-
mission of different frequencies be-
tween the orchestra and one’s ear
may vary tremendously in both
amplitude and phase. The ear will
accept a large amount of this varia-
tion without considering the music
as unnatural, even though many of
the high or low frequencies may be
missing entirely. This is probably
one reason why the public has been
able to -tolerate radio receivers
with poor frequency-response char-
acteristics.

Intermodulation Products

What the average listener de-
fines as tone is mainly governed by
the frequency-response character-
istic. A radio has a high tone, a
mellow tone, or a deep tone, de-
pending upon the frequency range
and the balance between high and
low frequencies. The non-technical
person does not consider these vari-
ations in tone as distortion.

Electrical or mechanical repro-

ducing systems, however, subject
the music to another form of dis-
tortion which is unnatural because
it is never encountered under con-
ditions where the music is heard
without reproduction or reinforce-
ment. This is the poorly named
amplitude or harmenic distortion.
It is not the actual deviation from
the original amplitude relationships
which in itself is objectionable,
Neither is it in most cases the in-
crease in harmonics which were
present in the original music at
appreciable amplitudes. Associated
with this form of distortion is the
generation of many intermodula-
tion products of an amplitude equal
to or higher than the generated
harmonics and bearing no harmonic
or musical relationship to the com-
ponents of the original sound. The
importance of this form of distor-
tion has been generally overlooked
because of diffculties of exact
measurement and interpretation.
Actually this form of distortion is
probably the most annoying of all
types and warrants considerable
further investigation.

It has long been noted that cor-
relation between harmonic meas-
urements and actual listening tests
is inconsistent. The production of
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intermodulation products is not
necessarily proportional to the pro-
duction of harmonics excepting un-
der certain carefully defined condi-
tions. Hence the conventional
methods of measuring harmonic
distortion with a harmonic analyzer
or distortion meter, which meas-
ures the amount of harmonics added
to a single input frequency, is safe
only when these harmonics can be
kept to a very low level, of the or-
der of a few tenths of a percent.
In the design of sound-reproducing
gsystems for the home this is never
feasible, and limits of 10 or 20 per-
cent are frequently met in practice.
Furthermore, on systems of limited
frequency range, high-frequency
distortion may be audible and an-
noying, although the actual har-
monics may be above the cut-off
frequency. This type of distortion
has more than nullified the ad-
vantages of many a good frequency-
response characteristic,

Distortion in Power Output Stages

The procedure for rating har-
monic distortion has been greatly
oversimplified. For instance, when
circuits were simpler, class A tri-
odes were the general rule for
power output stages. Such tubes
produced relatively little distortion
until actually overloaded, and the
power output was conveniently
rated at the level where 5 percent
distortion occurred. Furthermore,
such tubes had a low plate imped-

effects of a changing load imped-
ance such as a loudspeaker.

In the quest for higher power
efficiency, various successive stages
of development have included the
pentode, the class B amplifier, and
the beam tube. Some of these tend
to produce appreciable distortion,
even at levels well below the maxi-
mum power output. Also, some
have a high plate impedance, which
exaggerates the effects of changing
load impedance, thus accentuating
the distortion caused by output
transformers, shunting capacitance,
and the normal changes in loud-
speaker impedance. Many of these
disadvantages can be overcome by
the use of inverse feedback at the
expense of gain and simplicity.

Many designers have seriously
wondered whether these more elab-
orate output circuits offer any ap-
preciable advantage, economic or
otherwise, over the simpler triode
systems. Under commonly en-
countered operating conditions am-

plifiers with identical distortion
ratings may sound entirely dif-
ferent with degrees of actual

audible distortion ranging from
practically unnoticeable to practi-
cally unbearable.

There are many reasons for this.
It is desirable, so far as possible,
that the amplifier be operated be-
low its overload point. Under these
conditions the actual distortion
produced bears little relation to
the distortion at some particular

ance, which tended to reduce the degree of overloading. In class B
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systlems, as an extreme, the distor-
tion increases rapidly at low levels.
Furthermore, in many systems
push-pull and feedback circuits are
used, which cause the distortion to
vary with frequency. Push-pull
amplifiers, for example, are often
unbalanced at the extreme ends of
the audio-frequency range.

Some Overloading May be Tolerable

Unfortunately, in equipment
designed for home sound reproduc-
tion economic considerations limit
the power-handling ability of the
output stage and the efficiency of
the loudspeaker. Consequently the
systems are often operated just be-
low the overload point, so that
overlvading oceurs on volume peaks
in the music. With good design an
amplifier will overload gracefully.
The result will be a certain un-
natural brightness in the reproduc-
tion which may, however, be tol-
erable for short periods of time,
particularly when heard at a high
acoustic level, where the ear itself
is distorting. The same degree of
overloading in a poorly designed
amplifier provides a muddy and
coarse quality which is infinitely
worse to the ear. Harmonic meas-
urements made with single tones
give little clue to this difference.

Many writers have pointed out
that the intermodulation products
and not the harmonics are respon-
sible for the annoying quality when
a sound-reproducing system is over-
loaded. Musical tones contain har-
monics at various percentages,
sumetimes stronger than the fun-
damental. Adding a small per-
centage to these harmonics does not
in itself produce a serious change
in tone quality. When two differ-
ent tones are passed simultaneously
through a distorting amplifier the
intermodulation results in sum and
difference frequencies which are
not harmonically related to the
original tones. Some writers have
intimated that these components
are so low in amplitude as to be
negligible, but it is easily demon-
strated that this is not the case.
We have all heard the soprano solo
with flute obbligato marred by the
growling of difference frequencies
and the symphony orchestra which
produces only a confused jumble of
sound. Frayne and Scoville' showed
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in a simple mathematical analysis
that it is quite possible for such
components to be several times the
amplitude of the harmonics. They
calculated an average ratio of the
order of 3.5, which, however, does
not hold for conditions more compli-
cated than those which they were
considering.

How Intermodulation Occurs

The intermodulation products
congist not only of the first-order
sum and difference frequencies
fi+f. and fi—f. (where f, and f.
are the two fundamentals) but also
the second-order terms 2f,+f;,
2fi—fs f1+2fs, fi—2fs, and higher-
. order beats. None of these are har-
monically related to the original
components in the signal except by
accident, hence the harsh discord-
ance characteristic of certain types
of so-called harmonic distortion.
When the large number of tones
involved in the reproduction of a
symphony orchestra is considered
and it is realized that every tone
will intermodulate with every other
tone, causing a series of sum and
difference frequencies, there is lit-
tle reason to wonder what causes
the blurred effect characteristic of
some amplifiers and loud speakers.
These effects are what the average
listener means by the word dis-
tortion.

Previous Intermodufation Research

In certain branches of audio-fre-
quency engineering the presence of
intermodulation has produced such
serious results as to necessitate
more investigation than' usual.
Frayne and Scoville’ described an
intermodulation test for use in con-
nection with variable-density film
recording. Hilliard®, working in the
same field, pointed out the advan-
tages of a similar technique for
measuring the performance of am-
plifiers, radio transmitters, and
other systems. He observed that, of
two systems having the same total
harmonic distortion as measured
by conventional means, the one with
the greater amount of intermodu-
lation provided reproduction which
was definitely more objectionable,
and he recommended a means of
measuring the intermodulation by
applying to the amplifier simul-
taneously a low and a high audio
frequency. In Hilliard’s system the
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hicher audio frequency is treated
as a modulated carrier and its mod-
ulation by the lower frequency
measured in much the same way as
the modulation of a broadcast sta-
tion. While the amount of equip-
ment required for such measure-
ments is not negligible, Hilliard re-
ported, “by comparison other meth-
ods are inadequate and inconven-
ient, as well as more laborious.”
Hilliard considered that the inter-
modulation had to be less than 2
percent to be unnoticeable to the
ear. '

In discussing the Hilliard paper.
B. F, Meissner® pointed out that he
had used the two-sine-wave method
of test in his development work on
electronic musical instruments,
analyzing the output with a Gen-
eral Radio wave analyzer, and con-
sidered this “the ideal distortion-
measuring system, since it meas-
ures directly what the ear itself
hears as the objectionable element
in sound reproduction.” Lewis and
Hunt!, in connection with their in-
vestigation of tracing distortion in
phonograph recording, recognized
the importance of the intermodula-
tion components. Their analysis
includes re-recording, which is
customarily used in the production
of vertically cut records in order
to minimize tracing distortion,
which on this type of record
consists mostly of even harmon-
ics and first-order intermodulation
products.

At a somewhat earlier date Har-
ries® in England used intermodula-

tion measurements to demonstrate
the advantages of the so-called
Harries valve over the then-current
pentodes. Earlier references will
be found in European publications,
particularly German.*™®*® Of these
Janovsky®, as early as 1929, per-
formed certain experiments to de-
termine which of the various inter-
modulation products were most
noticeable.

Conventional Distortion Measurements

Analyzers and distortion meters
have been developed to a point
where harmonic distortion can be
measured to 0.1 percent. There are
also numerous oscillators available
which provide a sufficiently pure
signal for these tests. However,
intermodulation measurements
have not been widely adopted, pre-
sumably because of the equipment
required, the complexity of the
measurements, and the large num-
ber of components to be measured
and evaluated.

There are many applications
where harmonic or distortion-
meter measurements alone are in-
adequate. = Home-type sound-re-
producing equipment generally op-
erates at distortion levels such that
serious intermodulation may be
present, and this intermodulation
does not have, excepting under a
specific set of conditions, a fixed
relation to the harmonics. A sharp
high-frequency cut-off character-
istic will render harmonic meas-
urements useless in the upper
octave of the frequency range, vet
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intermodulation is frequently at its
worst in this range. High noise
levels, hum, etc., also encountered
in low-priced equipment, affect dis-
tortion-meter measurements.

Double-Beat Oscillator

A development program had been
planned covering complete methods
for intermodulation measurements,
with the hope of investigating also
the relation of such measurements
to distortion as judged by the aver-
age listener. Like many other pro-
grams, this has had to wait for the
war, but one instrument has been
developed which has proven un-
usually satisfactory in such appli-
cations. This is the fundamental
instrument needed for convenient
and accurate intermodulation meas-
urements—namely, the source for
producing two tones free from har-
monics and intermodulation. The
new instrument is called the dou-
ble-beat oscillator and is shown
diagrammatically in Fig. 1. Where
a standard beat oscillator includes
two high-frequency oscillators, this
has three. The outputs may be
heterodyned in various combina-
tions 80 as to provide (I) a single
variable output frequency, (II)
two variable output frequencies
having a constant sum or a con-
stant difference, or (III) two
independently variable output fre-
quencies. The instrument also in-
cludes mixing controls for adjust-
ing the relative amplitudes of the
two output frequencies, as well as
usual output eircuits for varving
the total output over wide ranges.

Uses for Double-Beat Oscillators

Such an oscillator may be used
in many ways. It will do anvthing
a standard beat oscillator will do.
and in addition will provide two
simultaneous output frequencies,
either ore of which may be varied,
to allow any sort of intermodulation
measurement. Since it can be set
so that the two output frequencies,
while varied, maintain a fixed sum
or difference, the measurement of
first-order intermodulation prod-
ucts is greatly simplified and facili-
tated. In fact, it becomes as easy
as running a response curve, since
the analyzer tuning may remain
fixed, or a simple fixed tuned indi-
cator may be used. This is a tre-
mendous advantage when large
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numbers of laboratory measure-
ments must be made or for produc-
tion or routine maintenance check-
ing. The double-beat oscillator is
less expensive than two beat-fre-
quency oscillators and much sim-
pler to use because of the constant
sum or difference feature and the
mixer circuits.

Measuring Pracedure

Figures 2, 3, 4, and 5 show sam-
ples of results obtained with the
double-beat oscillator in measuring
the difference frequency generated
in various types of amplifiers and
sound-reproducing systems. The
curves were taken as follows:
Above 200 cycles a constant differ-
ence frequency of 100 cycles was
used, the amplitude of the differ-
ence frequency being plotted in
terms of the higher of the two in-
put frequencies. Since the double-
beat oscillator provides two output
frequencies with a fixed difference,
the analyzer was left tuned and the
portion of the curve above 200 cy-
cles obtained by merely varying the
main oscillator control. Below 400
cycles the same procedure was used,
but with a fixed difference fre-
quency of 500 cycles, the curve be-
ing plotted in terms of the lower
of the two input frequencies. If
the characteristics of the reproduc-
ing system are fairly flat between
100 and 500 cycles the curves will
overlap almost exactly in this re-
gion, thus forming, in effect, a con-
tinuous curve.

The main justification for this

procedure is purely practical and
arbitrary. It is a simple means of
obtaining a continuous curve show-
ing first-order intermodulation as a
function of the controlling fre-
quency (which is generally the
lower of the two frequencies in the
low-frequency region and the
higher of the two frequencies in the
high-frequency  region). Such
curves on amplifiers producing
strong first-order intermodulation
check far better with audible esti-
mates than any other simple distor-
tion curves that we have found to
date. Janovsky considered the dif-
ference tone as the most serious
component in this annoying type of
distortion.

A similar curve can be obtained
without shifting the difference fre-
quency, but two peaks will appear
when the fundamentals equal that
frequency. This is no disadvantage
for routine and production testing,
since the difference frequency may
be chosen so that it lies in a part of
the range where distortion is ordi-
narily small-for instance, around
400 or 500 cyeles.

Analysis of Sample Results

Figure 2 shows an amplifier char-
acterized by a good frequenecy-re-
sponse characteristic, but a rough
and annoying quality in the high-
frequency reproduction. The rise
in the difference tone at high fre-
guencies shows the reason. Judged
by its frequency-response curve,
this is an extremely fine amplifier.
On actual listening tests it per-
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formed very poorly. The intermod-
ulation characteristic shows at least
one very good reason.

Figure 3 shows an amplifier with
inferior frequency response to Fig.
2. If only the frequency-response
curves were available, one might
conclude that the cleaner reproduc-
tion of the amplifier shown in Fig.
3 wus a result of greater attenua-
tion of high frequencies. Actually,
over the important region up to
10,000 cycles the difference between
the two amplifiers in this respect
would never be noticeable, and the
amplifier of Fig. 3 is characterized
by unusually clean, crisp, full-range
reproduction, The intermodulation
curve shows one reason for this.
Although ordinary frequency-re-
sponse and distortion measure-
ments indicate that the amplifier
of Fig. 2 is better than that of Fig.
3, listening tests definitely indicate
the opposite.

Figure 4 shows another case in-
volving an amplifier with rather
poor frequency characteristies, also
characterized by harsh reproduc-
tion which many designers have
attempted to avoid by reducing the
high-frequency response. This par-
ticular amplifier has bad intermod-
ulation at both the low- and high-
frequency ends. Also, in the high-
frequency region there is one point
where the intermodulation cancels
nut exactly, which indicates the
risk in making intermodulation
measurements at only a few fre-
quencies,

Figure 5 shows the actual voltage
across the voice coil in a loud
speaker - amplifier combination.
When operated into its rated load
impedance the amplifier is satisfac-
tory, providing less than 2 percent
intermodulation. Because of the
high output impedance of the ampli-
fier and the variation in the loud
speaker impedance with frequency,
the intermodulation curve shows
sharp rises at the low- and high-
frequency regions. While either the
amplifier or the loud speaker, when
checked alone by conventional meth-
ods, seems satisfactory, the com-
bination of the two is definitely not.

Second-Order Products

The foregoing curves show only
first-order intermodulation, which
may not always be the controlling
factor. It is realized that under
certain conditions, and particularly
in highly balanced circuits, the first-
order intermodulation products will
tend to cancel and the second-order
intermodulation products become
the important factors in the audi-
ble distortion. It is, of course, pos-
gible to build an oscillator having
an output such that one or more of
the second-order intermodulation
products can be kept constant, but
this has not seemed warranted so
far,

As a practical matter, many push-
pull amplifiers do not seem to he as
well balunced as might be assumed,
particularly at the extremes of the
frequency range, so that the first-
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order intermodulation products are
as strong as or stronger than the
higher-order products. (The am-
plifier shown in Fig. 4 is push-pull.)
Harries” reported that on symmetri-
cal overloading the first-order inter-
modulation producis rose to a max-
imum as the overloading increased
and then fell off as the second-
order intermodulation products
rose. His observations were on sin-
gle output tubes having an S-shaped
amplitude characteristic, but also
seem to apply to many actual push-
pull amplifiers. Under these condi-
tions the distortion is generally
serious before the first-order inter-
modulation has reached its maxi-
mum.

Conclusions

We have used this double-beat
oscillator only on a few special ap-
plications, but it has proved so sat-
isfactory and convenient that we
feel that there may be a real de-
mand for such instruments in the
field. 1t is mentioned not as a cure-
all, but as a further step in the de-
sign of audio-frequency measuring
equipment in an effort to obtain re-
sults which correlate better with
listening tests.

The writer will be very glad to
receive comments and suggestions
from other engineers who have used
two-frequency  measurements,  or
who have devised equipment for
making such measurements.
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Pressure-sensitive quariz crystal unit,
shown actual size. Output terminal is
at the top

TO THOSE familiar with engine
work, the need for an accurate
means of recording pressure-time
and rate-of-pressure-change curves
is obvious. An engine pressure
curve means as much to an auto-
motive or aircraft engineer as the
square-wave response of an ampli-
fier means to an electronic engi-
neer,

A good engine pressure indicator
should record equally well either
static or dynamic pressures, and

Quartz crystal unit, inserted in an engine head like
a spark plug, converts pressure variations into a
pulse wave form requiring an amplifier having essen-
tially flat response from 1 to 20,000 cps. A wide-

band oscilloscope reproduces the pressure pattern

have an accurate calibration that is
not affected by time, fatigue, tem-
perature, or shock. It should make
a complete diagram recording fer
each explosion of the cylinder in
which it is inserted, and should not
respond to engine vibrations. Phys-
ical dimensions closely approaching
those of an average size spark plug
are most desirable. And since auto-
niotive engineers normally are not
electronic engineers, simpjicity of
operation is essential.

Four different types of electrical
or electronic pressure indicators
have been developed. Those with
carbon as the pressure-sensitive
element have been virtually aban-
doned due to a high response to
engine vibrations and inconsist-
ency of calibration. Magnetic type
pickups do not respond to the high-
frequency components in pressure
waves. Capacitance-variation types
show congiderable promise, but
have not yet gained widespread use.
Piezoelectric pressure indicators
constitute the fourth type; they

have had extensive industrial use,
and have proved to be the most sat-
isfactory for the instrument to be
described.

With the quartz crystal type of
pressure indicator, it is possible to
study combustion balance under all
conditions of operation and the ef-
fect of changes in carburetor ad-
justment, as well as carburetion and
ignition characteristics, during suec-
cessive cycles. The same equipment
may be used on spark or compres-
sion-ignition types of internal com-
bustion engines, air compressors,
fuel-injection lines and in all other
applications where pressure
changes must be measured.

Construction of Piezoelectric Unit

The pressure-sensitive unit con-
sists of two quartz erystals mounted
in a small cylindrical casing be-
tween two grounded electrodes, in-
dicated in Fig. 1 as the piston and
plug. A third eleetrode, insulated
from ground by the crystals them-
selves, is inserted between the two
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FIG. 1—Cross-section of quartz crystal pressure indicator
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crystals and connected to the out-
put terminal of the unit. The end
that is inserted into the engine has
a pressure-tight seal which excludes
all gasses.

The crystals are held under
constant pressure by the two
grounded electrodes. When an ex-
ternal pressure is exerted on the
piston, thus further compressing
the two crystals, electrical charges
appear on each crystal. The quan-
tity of this charge varies directly
with pressure and is therefore a
direct measure of the pressure ex-
erted. The voltage between the cen-
ter electrode and ground, when no
current is drawn from the unit, is
directly proportional to this charge
and inversely proportional to the
capacitance between the two elec-
trodes. This voltage may be applied
to the grid of an amplifier tube.

Amplifier Circuit Requirements

It is impossible to produce am-
plifier tubes with an-infinite input
resistance or with perfect insula-

FIG.

2—Pressure diagram obtained
from four.cylinder engine operating at
1200 rpm with peak pressure of 700 1b
per sq in.
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Cathode-ray oscilloscope developed for

engine-pressure studies, with built-in

amplifiers capable of handling fre-
quencies from 1 to 20,000 cps

tion. For these reasons, some cur-
rent is drawn from the pressure
unit by an amplifier and errors are
introduced. If, however, the time
constant of the circuit connected
across the crystals is large with
respect to the rate of change of
pressure, only a very small portion
of the charge on the crystals can
leak off between the pressure peaks,
and thus crystal loading errors will
be small.

In order to make the time con-
stant such that the unit will be
accurate over the speed ranges de-

-gired, it is necessary to connect a

comparatively large capacitor
across the outp