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Single Terminal Kovar-
glass lead-through readi-
ly soldered to apparatus.

Through the use of Kovar and glass
your product can be sealed hermetically
against all Tropical elements—extreme heat,
excessive humidity, myriads of insects and
strange fungus growths.

Kovar is an alloy of cobalt, nickel and iron. A
seal between Kovar and glass is produced by forming
a chemical bond, through heating, in which the oxide of
Kovar is dissolved into the glass. Kovar has the unique
property of matching the expansion factor of hard or thermal
Use KOVAR shock resistant type glass—is readily formed by machining or
for sealing deep drawing.
ELECTRONIC TUBES

Stupakoff supplies Kovar in sheet, rod, wire, tubing or fab.

TRANSFORMERS .
RESISTORS = ricated as eyelets, cups, flanges, etc., also Kovar.glass seals com-
CAPACIT: - s 0o o Q
CONDENSERS Z e plete, ready for soldering, welding or brazing to metal containers.
VIBRATORS Acm&gsgar

HI ¢
aLAYS, €1C. Kovar IS the answer to permanent vacuum or pressure
INSTRUMENTS tight sealing. For further information on your specific problem,
MeTcRs write Stupakoff today.

TRANSMITTERS

BUY MORE WAR BONDS

| i i g CURET E
L STUPAKOEE

, Products for the World of Electronccs E
r[; . STUPAKOFF CERAMIC AND MANUFACTURING CO., LATROBE, PA.
2
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e Functionally fitted to given applica-
tion—that's the keynote of the exten-
sive Aerovox oil-filled capacitor line. A
plentiful selection of containers, mount-
ings, terminals, sizes and impregnants,
assures virtually custom-built capaci-
tors with guaranteed performance.

Aerovox offers both Hyvol and
Hyvol-M (mineral oil) liquid impreg-
nants. For applications subjected to
wide temperature variations, and where
weight and size are important, Hyvolis
recommended. Hyvol capacitors are
considerably more constant with tem-
perature variations than are those with
other impregnating materials of the
same specific inductive capacity, show-
ing no capacitance drop until tempera-
tures of —20° F. (—29° C.) are reached.
At —40° F. (—40° C.) the maximum ca-
pacitance drop that may be expected is
of the order of 5 to 10%.

Hyvol-M (mineral oil) capacitors have
an exceptionally flat temperature co-
efficient of capacitance curve but ap-
proximately 35% greater bulk and cor-
responding weight which usually rules
them out in favor of Hyvol.

At any rate, Aerovox offers both
Hyvol and mineral oil capacitors, as

well as wax-impregnated units for lim- ® NEW CATALOG lists the exceptionally wide selection of Aerovox
ited service—along with that wide oil capacitors, as well as other types. Write on business letterhead
choice of containers, mountings, termi- for registered copy available only o engineers, designers, electronic
nals—to meet your exact needs. maintenance men, manufacturers of equipment, and executives.
o~
‘ © "~

4 /') 2, y s’/7
v . ol £ s
| / P - V.
< f <~

INDIVIDUALLY TESTED

AEROVOX CORPORATION, NEW BEOFORO, MASS., U.S.A. . SALES OFFICES IN ALL PRINCIPAL CITIES
Export: 13 E. 40 ST., NEw YORk 16, N. Y. - Cable: ‘ARLAB’ - In Canada: AEROVOX CANAOA LTO., HAMILTON, ONT.
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an eye to the future

’l‘he electronic engineer is an impor-

tant part of the war effort, and his day
has too few hours for him. His highly
vital, specialized training and knowl-
edge are utilized to the utmost in de-
vising new electronic equipment to
keep up with and anticipate the many

demands of the modern warfare.

Despite those many work-filled
hours, the electronic engineer still
finds time, here and there, to dream
of the future and plan for the day when
his skill will be turned 10 peacetime

pursuits, He has wonderful plans for

tomorrow: Ideas for a better and more

comfortable life. Today, however, he

is working to guarantee tomorrow.

Raytheon is proud of its engineers

and the job they are doing . . . and

Raytheon is proud to have a partin the

vitally important role that advanced
electronic tubes and equipment are
playing in the Allied Nations® drive
for Victory. In the peace to come,
Raytheon’s advanced research and
technique will assure Raytheon’s con-

tinued leadership in the electronic era,

RAYTHEON

ARMY-NA§/Y g |m STARS RAYTHEON MANUFACTURING COMPANY -

Awarded All Four Divisions of Roythcon for Continved Excellence in Production Waltham and Newton, Massachusetts

DEVOTED TO RESEARCH AND THE MANUFACTURE OF TUBES AND EQUIPMENT FOR THE NEW ERA OF ELECTRONICS {

L Proceedings of the I.R.E August, 1944




| MAKE ACCURATE TESTS
ND MEASUREMENTS}

|
IMENTS

HERE'S A PARTIAL LIST OF
TESTS AND MEASUREMENTS
THAT CAN BE MADE WITH
STANDARD (2 INSTRUMENTS

® Distortion Measturement

® Generate Standardized Voltages
® Measure Audio Frequencies

® Gain Measurement

® Voltage Measurement

® Measure Network Response

® Measure Wave Harmonics

“

: There is an -/p- Electronic
strument for making most every
important test or measurement in the field of radio and
electronics. Their accuracy is unexcelled and their perform- ™ coirolic /M eainerement
ance unequalled. Simplicity of operation makes for greater e e

. . ® Measure Frequency Response
speed .. . saves you valuable time whether on the production Jengy £
® Square Ware Measurement

line or in the laboratory. Get the facts about -4p- Instru- @ Establish Standard Frequencies
.  ments today. Ask for catalog number 17A. Also have your ® Establish Standard Ratios by

name put on the list for regular mailing of -5p- technical Attenuation

bulletins which give valuable current information about ® Provide Voltage for Bridge

e N Measurement
electronic instruments. No obligation, of course. =

Special instruments and combina-

: £i b
HEWLETT-PACKARD COMPANY L s T
P. O. BOX 823D, STATION A, PALO ALTO, CALIFORNIA gineers help solve your problem.

Proceedings of she I.R.E. August, 1944 Sa




Master testing instruments are required to be
unfailingly accurate at all times. Comparable,
for example, to the U. S. Master Clock which

regulates all government time is the RAULAND

Frequency Standard which makes possible the
almost unbelievable control accuracy of 1/100th of 1%/
Its maximum backlash is .007 of one degree or
one part in fifty thousand . . . and this precision
control is maintained throughout the entire
range of minus 30° C. to plus 50° C! A typical
example of RAULAND engineering thoroughness

and craftsmanship.

||
/ 4 “ | ""/"/' |
|
Abose: Master Government I / / I { ( / I[
Clock located ar U. S. Bureau SUNNNNNN N R
of Standards, Washington, D. C. B
(RRLELLELLS
Right: RAULAND
Frequency Standard
‘ RADIO » RADAR » SOUND » COMMUNICATIONS « TELEVISION

Electroneering is our business
THE RAULAND CORPORATION e CHICAGO 41, ILLINOIS

Buy War Bonds and Stamps! Rauland employees are still investing 10% of their salaries in War Bonds

6a Proceedings of the 1.R.E. August, 1944

v




"

Ty

Mission Accomplished.
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‘Communications Complete %

RCA Aviotion Rodia Transmitter
vsed in the PBY Catalino

o
B N
: “

o)

X

RCA Aviatian Radia Receiver used
in the PBY Catalino

come back!

the war.

HE PBY Catalina has become a synonym for
reliability—long staying power—the ability
to go anywhere, in any weather —to accomplish
the most difficult and lonely missions—and to

Flying with the Catalina on thousands of these
missions, RCA Transmitters and Receivers have
established their own record for reliability, for
staying power, and for the ability to “get through.”

The good engineering, the quality construc-
tion, that make RCA Aviation Radio reliable
when life and the successful accomplishment of
war objectives are at stake, will serve aircraft
manufacturers, the air transport industry, and
the American flying public equally well after

RADIO CORPORATION OF AMERICA

3UY MO RE

" oh "




*¢ The Pan American World Airwa
routes shown below are those in exi
tence on December 7th, 1941. Preser
routes cannot be shown.

PRECISION RADIO

Kansas City, Kans.




AN AMERICAN WORLD AIRWAYS continues to perform a vital

wartime service by speeding men and materials to every U.S. front
and outpost ...and AAC Precision Radio Products play an important
part in this service.
o | As the giant Clippers spread their wings across the world, AAC
Products help to maintain communications along the lifelines of this
vast system which flies to every continent on the globe. These products
are in use at operations bases, both here and overseas.
I This is just one example of how the engineering and production
skill of Aircraft Accessories Corporation serves the world’s great air-
lines—as well as various branches of the armed forces. As one of
America’s largest producers of transmitters and other precision radio ,
equipment, AAC offers the services of its Engineering Department in
designing special equipment for you, without obligation.

Eiecrronics Division

Kansas CiTy, KANSAS l

,

—

In war as in

peace the PAA
Clippers serve hu-
manity.Here 1810
pounds of medical
supplies go aboard
atLaGuardiaField.

iy | |
/ CCESSORIES (| ORPORATION

and ELECTRONICS * ENGINEERED POWER CONTROLS

New York, N.Y. Burbank, Calif. Cable Address: AACPRO




ONE ALWAYS STANDS OUT

IT'S THE QUALITY OF PERFORMANCE THAT COUNTS

ALS

TRADE MARK REGISTERED U. 5. PATENT OFFICE

ALCO has been awarded for the fourth
time the Army-Navy “E” Award for con-
tinved excellence in quantity and quali-
ty of essential production.

STEATITE CERAMIC INSULATORS

There are many dancers in the ballet but only one Premiere Danseuse. It's
the quality of performance that counts . . . the exquisite skill and precision
that is acquired only through long years of training and experience.

One always stands out! Among insulators it's ALSIMAG.

ALSIMAG Steatite Ceramic Insulators are the result of 42 years of
Leadership in the ceramic field. The knowledge, skill and Precision gained

from these years of experience is your assurance-of the qudlity of ALSIMaG _ -
performance.

AMERICAN LAVA CORPORATION
CHATTANOOGA S, TENNESSEE

42nd YEAR OF CERAMIC LEADERSHIP



Tests are meaningless unless the testing
equipment is accurate. Utah's “bureau
of standards” is kept under guard to
assure absolute accuracy . . . these special
testing devices, used to check the testing
equipment on the line, are operated only
by specially trained men and are never
allowed to reach full-scale reading.

Because of this testing of testing
equipment, the results of Utah’s com-

plete testing laboratory can always be re-
lied upon—failures due to inadequate,
inaccurate testing are avoided.

These comprehensive testing tech
niques which have been developed by
Utah engineers are playing an important
part in the adaptation of the many new

>
¢

testing the testers!

radio and electronic ideas to milicary
needs today—and will play an equaily
vital part in mecting commerdial require-
ments tOMOITOW.

* * *x

Every Product Made for the Trade, by
Utah,lsThoroughlyTested and Approved

-

et

Keyed to “tomorrow's" demands: Utah transformers,

speakers, vibrators, vitreous enamel resisfors, wirewound controls,

plugs, jacks, switches and small electric motors.
e .
TR

Utah Radlo Products Company, 842 Orleans Street, Chicago 10, .

Proceedings of the I.R.E. August, 1944
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WHERE TOMORROW MEETS TODAY

Up there

above the clouds
the Dreams of Tomorrow
are being proven
today

SOARING COMBAT PLANES sing a song of the future! In

equipment and efficiency they far outstrip normal peace-time !
ambitions. They are born of the grim challenge of war for new and DESIGNERS
ever-improved electrical design. AND MANUFACTURERS

Of All Types of Precision ,

Electrical Apparatus ‘

Including:

D.C. & A.C. Motors for

Vision and inventive genius are required to originate such new
developments, and in this field Small Electric Motors (Canada)
Limited have been privileged to make important scientific contri-

Motors with Governors
Gyros, etc.

butions. Out of the experience gained today by forward-looking Specialized Purposes
firms like this, substantial benefits will accrue to the world of Aircraft Generators
e Aircraft Engine Starters
Alternators
At the moment, Small Electric Motors is in full production for Motor Generators
Victory but in the post-war field of electrical equipment the Electric Pumps ‘
}

influence of this aggregation of creative engineering minds will
also be recognized for specialized services of a high order. '

1-44

SMALL G Ebctric Worons

(CANADA) LIMITED

LEASIDE . T ORONTO . CANAD A

121 Proceedings of the LR.E. August, 1944
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WATER and AIR COOLED
TRANSMITTING AND
RECTIFYING TUBES

Even for small Amperex fubes, extraordinary
processing temperatures are specified by our
engineers. To achieve these, we employ high
frequency induction heating with high
power water cooled tube generators. This
“Amperextra” drives the acluded gases from
the tube elements, after which they are pumped
outin an operation for which specific and unique
equipment was devised in our own tool shop.
A better Amperex tube is the result. .. as
substantiated by operating economy and an
increased number of working hours per tube.

AMPEREX ELECTRONIC CORPORATION

79 WASHINGTON STREET

BROOKLYN 1, N. Y.

€XPORT DIVISION: 13 EAST 40 STREET, NEW YORK 16, N. Y., CABLES: “ARLAB"

SHARE YOUR BLOOD WITH A WOUNDED SOLDIER ... VISIT YOUR BLOOD BANK TODAY

Proceedings of tbhe I.R.E. August, 1944
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Capacities from
6 to 2000 MMF

Less than one half inch in diameter. .. capacities from
6 MMF to 2000 MMF . . , ideal for numerous UHF
and VHF applications.

Mica discs of the highest grade, individually silvered
for maximum stability and stacked to eliminate any
book effect. The assembly is vacuum impregnated.
Available in a variety of terminals. All units are
». color coded.

Form 586 is available for additional information on
these CENTRALAB Silver Mica Capacitors.

Division of GLOBE-UNION INC., Milwaukee
PRODUCERS OF VARIABLE RESISTORS + SELECTOR SWITCHES - CERAMIC CAPACITORS, FIXED AND VARIABLE - STEATITE INSULATORS

A Proceedings of the I.R.E August, 1944




DEATH AT 20 METERS

... or another reason for the 1011g life of Gammatrons

NE out of every thousand Gammatron tubes
O is sacrificed in the Heintz and Kaufman lab-
oratory so that the operating life of similar Gam-
matrons may be periodically checked and assured.

This thousandth tube oscillates at 20 meters,
pouring its power into light bulbs until it finally
fails. The length of its operating life is carefully
recorded, and compared with the previous per-
formance of tubes of the same type. This is but
one of 17 checks made in the Heintz and Kaufman
laboratory to guarantee the efficiency and reliabil-

ity of every tube bearing the Gammatron label.

Proceedings of the I.R.E. August, 1944

Basically correct design, plus continuous
mechanical and electrical tests, have led to wide-
spread recognition of Gammatrons as “the tubes

that can take 1t.”

FOR VICTORY AND SECURITY BUY WAR BONDS

HEINTZ ano KAUFMAN L7D.

SOUTH SAN FRANCISCO o CALIFORNIA, L U. 5. A

A

=
éd,mmdtfwn Tubes




UNITED TRANSFORMER COMPANY

130 varICK STRe Y @ NEw YORK 13 N Y Mee' our 9 beSf

salesmen for Pyrex

Cedretens
.
wamura(tueqes

Metallized Bushings

SFBowstr & COMPANY.INC. '
BO&"SER. A oG _Civ.-x,{ﬁi){._\j:,_‘... catsle

~ i M o DIVISION
€ REFRIGERATIO
Mon.l.:wvo-- FPICL CCUMERCE BLOG
59 0aRT aava ETREETY

WE could never pay these "salesmen”

what they're worth! For it's com-
panies like these who have discovered
for you all the savings that Pyrex metal-
lized bushings can bring. This unique
method features a metallized layer that
solders easily yet gives you a positive seal
against leakage of oil, water, or air.With
fewer parts and Operations you save time
and money on assembly. Best of all,
Corning type metallizing can be applied
to awide range of glasses offering extreme
resistance to thermal, mechanical, or elec-
trical shock as needed.

Coppen Wire Paooucrs

rrmiv.a.o [T =veeray S

=Ner

J‘zr—«..ul.u.,?/ '*~—¢x.}mw&ld‘n& pa

Oren oo,

DEW Y0RE TRANSFORMER CO

NEW YORAK 3, N ¥V

AUDIO DEVELOPMENT COMPANY
3D Nerwenis Avanve Sowd
MDOMAPOLIS MEXKISOTA

This new metallizing method is just one
of many ways Corning Research in Glass
can help you. Let us send you full details
of hermetic metallizing on glass plus a
new booklet, "There Will Be More Glass
Parts in Post-war Electrical Products.”
Write Electronic Sales Department P-8,
Bulb and Tubing Division, Corning Glass
Works,Corning,N.Y.

AUTOMATIC AND REMOTE CONTROL EQUIPMENT o 2

COP;TROL 7CORPOR/\TION

¥~ Soo Tmion ONAEIsRe mmngarOun

minng SOTA

" ROLA COMPANY nec

O ~~v i ok, .IIL-LJ_&-.IAQM.J(LMC'-,— e
M SerLos srievy
CLIVILARD 14 OO 0 5 &

o

SOLDERING METAL TO GLASS /s one of 1h ”

tl_:ey.m:d “corldn’t be doper y brzt/mail;l?arff
panies are now doing it eve day. With Corning’s
metqu the base for the sol, er becomes part of the
8lass itself, Providing a permanen; hermetic seal,

] T i N
INNING 7/ c Gl
JURNIN ectronic Olassware K"
”’/’l’l!’S £
Hesearch in Glass
“PYREX" and “CORNING" are registered irade-marks of Corning Glass Works
16A Proceedings of the IR E Avwgust, 1944




W. J. HALLIGAN, President, M. Halligan says, “Thosc of us who are building radio communications equip-
Hallicrafters Radio rient in this war anticipate a tremendous demand in the futwre for radios and radio
3 *** telephones for planc to ground, ship to shore use, and many other applications.

Y ¥

i

i

|

~ g ¥

%

“COMMUNICATIONS EQUIPMENT IS ONLY AS GOOD
AS ITS POWER SUPPLY”

-
Radio equipment nceds an efficient, reliable power supply,” continues Mr. Halligan,

"And for that reason, the radio industry is constantly on the alert for new and better E-L STANDARD POWER SUPPLY

power supplies and devices for adapting current for radio use. Such power supplies and MODEL 307

such devices are of inestimable value to the communications equipment manufacturer.” . g
f i s equip f For the operation of standard 110 volt AC equip "

: . : ment, such as radios and small motors, from a 6 !
Electronic Laboratories has vibrator power supplies for use wherever current must ) I -
volt battery. Characteristics: Input voltage,

be changed in voltage, frequency or type, or will engineer one to fit specific space, ' DC; Output voltage, 115 v. AC; Output power
weight and voltage requirements. E-L Vibrator Power Supplies offer many advan- i 100 watts: Output frequency, 60 cycles

tages for all current conversion requirements up to 1500 watts as a result of devel-
opment in circuits and design pioneered and perfected by Electronic Laboratories.
E:L Power Supplies are definitely more efficient, and give substantially longer
service life. In addition, they are highly versatile, permitting multiple inputs and
outputs, any needed wave-form, great flexibility in shape and size, and a high de-
gree of voltage regulation when needed. They are economical in price and require
almost no attention or maintenance. Their dependability is being demonstrated every-
day on the fighting fronts. E-L engineers offer consultation on powersupply problems

Dimensions: 7V2x8%x10% in. W

Write for farther
;
101 of this

her mode

on N

s N
WO LABORATORIES INC.

INDIANAPOLIS

VIBRATOR POWER SUPPLIES FOR LIGHTING, COMMUMNICATIONS, AD ELECTRIC MOTOR OPERATION - ELECTRIC ELECTRONIC AND OTHER EQUIPMENT




Need a Motor
that can lift
00 times its
own weight?

;ls electric motor weighs only a pound
:;t more power is packed in that one
pound of motor than has ever been hefore.

l\V it]h Lear gearing it can handle a quarter-ton
oac

And it has to be ready to do thatin an instant.
Because this motor moves control flaps, and
heater shutters on warplanes. And air pres-
sures mount high at the speed these ships fly.

On aircraft, even the weight of a coat of paint
has to be considered. So this motor had to be

light.
There’s little room in an airplane. So it had

to be small.
g from scratch.

g it meant startin
this kind of en-

Designin
There was no precedent for
gineering.
Y ou may never need a motor like this. It may
ore than you might want to pay:
king ahead toward manw
etime product. W€ want

motor has been de-
duects-

cost m

But if you are loo

facturing some peac
know that such a
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ant, we want you to know
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NOMINAL LOAD 300 VA, 50/60 CYCLES, MAXIMUM LOAD 340 VA, 50/60 CYCLES,
115 YOLTS INPUT, 0 TO 115 YOLTS 115 YOLTS INPUT, O TO 130 YOLTS
OUTPUT OUTPUT y

With this new model, many smaller communications and
industrial applications can have Transtat's smooth con-
trol, high efficiency and ruggedness. An ideal compo-
nent, this transformer—type a.c. voltage regulator is
but ane-half the size and less than one-holf the weight
of the smallest previous TH Transtat.

UNIFORM-—Interchangeable Bakelite Bases

In addition to the well-known Bakelite closeness of toler-
ance, these bases have insulating barriers between ter-
minals to prevent shorting of leads.

e ——— iy = e n—

T

e ——— W s & _ __—nlli
fou

Pioneer Manufacturers
of Transformers, Reactors
and Rectifiers for Electronics
and Power Transmission
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FLEXIBLE—New Brush Assembly Facilitates
Mounting Changes

The unique brush arm shaft mechanism provides ease of
change from table mounting to back of panel mounting
or ganging. Die cast brush arm permits quick brush
changes, improves heat dissipation and hos generous
brush contact area. Other features include extra wire
insulation and impregnation of core and coil with special

synthetic phenolic varnish. For complete details write for
bulletin.

AMERICAN TRANSFORMER COMPANY, 178 Emmet St., Newark 5, N. )
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Cross-section views of Type J Bradleyometers showing how
terminals are connected to resistor eleme. t.

sOLID MOLDED

RESISTOR ELEMENT

Type J Bradleyometer show-

ing how low-resistance carbon

brush makes a smooth contact
with the resistor element

For War Service—Use these solid molded resistors
.« . not affected by cold, heat, or moisture

The resistor element in Allen-Bradley Type J Bradleyometers

S ‘@ has substantial thickness (approximately 1/32.inch thick), and in [ 7

this respect differs from film, paint, or spray type resistors. The F l x E D |

resistor is molded as o single unit with Insulation, terminals, face l

RESISTORS
plate, and threaded bushing. There are no rivets, welded or sol- J

Type JS Bradleyometer with o k = " A | l Bradleyunits are
built-in switch, dered connections, or unrelioble conducting paints, Allen-Bradley molded, fixed re.

. resistors are therefore relioble under gll extremes of service sistors with leod F

f o | wires embedded

; conditions. ’ in homogeneous

) During manufacture, the resistor element may be varied through- resistor moterial.

|
~

They will sustain
an overload of
ten ftimes rating
foraconsiderable
period of time with.
autfailing.Nospe-
¢cial wox impreg-

out its length to provide practically any resistance-rotation curve,

Once the unit has been molded, however, its performance is not
Bradleyometers may be used

singly or assembled for dual aoffected by heat, cold, molsture, or hard use.

@ Bradleyometers are the only continuously adjustable composi-
tion resistors having a two-watt roting with o good safety factor. nationisnecessary
to pass the salt

water immersion

The Allen-Bradley Brodleyometer is the only commercial type od-

iustable resistor that will consistently stand up under the Army- test. Availoble in

stondard RMA

Navy AN-QQ-591 salt spray test. Write for specifications.

values from 10 e
—ar triple construction to fit

ohms 10 10 meg- o~

|
Y2 WATT insulated and non-

ony electronic contral need. Allen-Bredlcy Compeny, 114 W. Greenfield Ave. ohms in both the
9 . . 2
Milwavkee 4, Wisconsin insulated types.

1 WATT

ELEMENT ACTUAL SIZ§

FIXED & ADSJ\STABI.E RADIO RESISTORS
=AUV
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THIS is an actual photograph
of the centrifugal air drier,
or “spinner,’” used in Bliley pro
duction to facilitate clean han-
dling of crystals during finishing
and testing operations. Quartz
blanks are dried in 5 seconds in
this device which is powered
with an air motor and spins at

15,000 r.p.m

Little things like lint or mi-
croscopic amounts of foreign
material can have a serious
effect on crystal performance.
The “spinner’ eliminates the
hazards encountered when
crystals are dried with towels

August, 1944

...to CRYSTAL CLEANING

and makes certain that the fin-
ished product has the long
range reliability required and
expected in Bliley crystals

This technique is only one
small example of the methods
and tests devised by Bliley En-
gineers over a long period of
years. Qur experience in every
phase of quartz piezoelectric ap-
plication is your

assurance of de- AR [,
pendable and ‘\i <
accurate crystals |\ ER=——

that meet the test )
of time \

19a
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 YOUR BLOOD IS URGENTLY NEEDED ON THE ROAD TO BERLIN ... DONATE A PINT T0 THE R

Y

Y

%
L

-

® Aircraft type bracket as welll as aircraft type

jewels and pivots; ruggedly built; unaffected by

vibration or humidity and femperature extremes

® Specially built apparatus winds-the armalurezon

a precision coil form;the number of turns and’the

internal resistance of the armature are held to
close tolerarnces A

® “kow resistance bronze torque springs are adjusted

and tested before assembly; high torque to weight

ratio; damping factor as Prescribed by American

Standard Association war standards

® Pivots are microscopically inspected before 4'75-

sembly; balance weights, made of selected beryl-

lium copper wire, are permanently fixed in place

® Delur Meters are characterized by their rugged-

ness, close tolerances, and highest quality maferT'S

ED CROSS TODAY

Cttene,
e tu

De JurAmsco (orporation

MANUFACTURERS OF DeJUR METERS, RHEOSTATS, POTENTIOMETERS AND OTHER PRECISION ELECTRONIC COMPONENTS
SHELTON, CONNECTICUY

NEw YORK P'.ANTI 99 Mudson Street, New York 13, N. Y. ® (ANA DlAN SA'.ES OFH(E: 560 King Street West, Toronte

IV f the 1.R.E August, 1944



A White “Star’ has been added to the “E” flag of the McElroy

‘ Manufacturing Corporation, symbolizing that McElroy

workers have continued to excel in the production of radiotelegraph

equipment for the Army and Navy. It is a matter
of deep pride to us to learn that ours is the
only organization of its kind in the country
flying the White “Star” on our
“E” flag. For this, our second award in

six months, I publicly thank our loyal men

and women employees and our suppliers.

McELROY ENGINEERS NEVER COPY AND NEVER [MITATE. CREATE, DESIGN, BUILD. WE ARE NEVER SATISFIED WITH MEDIOCRITY

Proceedings of the I.R.E, August, 1944 21A
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VACU/U TUBE
 PROBLENS..

Let TAYLOR Engineers Help You

Whether your need of information is immediate or for
postwar application, Taylor Tube Technicians are always
at your service for consultation on any vacuum tube
problem. If you are located near Taylor’s headquarters
in Chicago, you may find it convenient to come in
for a personal discussion. If you wish to write, your ™
correspondence is welcome.

VTRANSMITTING V ELECTRON|C
VRECTIFIER VINDUSTRIAL

Buy War Bonds For Victory!

TAYLOR TUBES INC., 2312-18 WABANSIA AVE., CHICAGO, ILLINOIS

22A
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NEW LETTER CONTEST
for SERVICEMEN!

ELEVEN Ist PRIZE WINNERS IN 5 MONTHS IN CONTEST No. 1!

Yes sir, guys, the hundreds of letters received were so swell that double first prize winners
had to be awarded each of the first four months and there were triple first prize winners the
fifth and last month ...

SO-HERE WE GO AGAIN!

Get in on this NEW letter contest — write and tell us your first hand experiences with all types
of Radio Communications equipment
built by Hallicrafters including the
famous SCR-299!

RULES FOR
THE CONTEST

Hallicrafters will give $100.00 for

the best letter received during each

/_-
of the five months of April, May,
June, July and August. (Deadline:
2

Received by midnight, the last day

of each month.) . ..For every serious
.]__ letter received Hallicrafters will send
$1.00 so even if you do not win a

%}_@ big prize your time will not bein vain.

~==\Y//. ... Your letter will become the prop-

NN
e e o o

erty of Hallicrafters and they will
have the right to reproduce it in a
Hallicrafters advertisement. Write as
many letters as you wish. V-mail let-
ters will do. . . . Military regulations
prohibit the publication of winners’
names and photos at present . ..
monthly winners will be notified im-

mediately upon judging.

BUY A WAR BOND TODAY!

hallicrafters raoio

THE HALLICRAFTERS CO., MANUFACTURERS OF RADIO AND ELECTRONIC EQUIPMENT, CHICAGO 16;. Uz Sn Aw
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THESE ARE
THE WAR BONDS
THAT COUNT. ..
KEEP
BUYING
THEM

Ji.ECA ST

The story of the Electronic Corpordtion of America is one
which has great significance at this time . . . one which gives
life to the American principles of equality and opportunity
for all.

During the course of 25 yYears work in radio and electronics,
we have maintained close collaboration between manage-
ment and labor. Responsible union representatives working
with equally responsible executives have established a hub
of friendly relations around which revolve various phases of
our production and infernal structure.

One pertinent result of our smoothly operating labor-man
agement committee is that we are free from friction . . . pro-
duction schedules are, therefore, adhered to. Another is that
the quality of our products remains at q consistently high
level. And the most important immediate result is that our
cooperative efficiency has enabled us to increase our output
more than six-fold in a single year.

Our engineering, too, is a reflection of the ECA story. Ex.
periences and knowledge have been tested under the rigid
requirements of military specifications. We give due credit
to our engineers for the accuracy and dependabilily of the
delicate equipment we are now producing for the Armies of
Liberation.

This, in brief, is the ECA story. Currently, we are engaged
100% in war work . . . and each of us is giving his best to
help speed the defeat of our enemies. In the coming electronic
era the same teamwork, the same skill. and the same effi-
ciency will be devoted to the design and manufacture of
products for home and industry.

NEW YORK i1, N.Y. WATKINS 9-1870

b

ERICA

e e
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HOW Pan American

Airways PACKS

2,100 HOURS INTO A DAY

THE minute the giant transatlan-
tic Pan Amcrican Clippers get
back to their base, they get an ex-
haustive going over.

It’s thorough. And it’s fast.

A swarm of mechanics, working in
eight-hour shifts, get the job done
in 60 hours — 2,100 man-hours a

day.

What helps this swift turn-around
are Elastic Stop Nuts. These nuts
have been on cvery Pan American
Clipper since 1928. They are on
motors, mounts, wings and count-
less structural parts.

Particularly timesaving are the
Anchor Nuts which permit smooth
blind mounting. Hundrcds of these
fasten thc covers for inspection
openings. These Anchor Nuts* are
an Esna development and are used
by millions in all kinds of airplanes.

Elastic Stop Nutslock tight and fast
without any auxiliary devices.
There’s no time wasted in fussing to
get them off and back on again.

They lock because of the elastic col-
lar in the top. This collar squeezes
in between the bolt threads. It’s
compressed tight. The nut can’t
turn. It can’t wiggle. It can’t shake
loose. And you can take it off and

Proceedings of the I.R.E. August, 1944

put it on again many times aud it

still locks.

Every fastened product can be bet-
ter because of these nuts — can be
safer, tighter, quieter, and longer
lasting.

So if you have a fastening problem
now, or see one ahead, let us show
you how these red-collared Esna
Nuts can help. Our engincers are
ready to consult with you and rec-
ommend the appropriate nut.

LOCKED ON
THE BOLT BY
THE ACTION OF
THE GRIPPING
RED COLLAR.

THE COLLAR
1S ELASTIC, X
THE NUT CAN BE

USED TIME AND
TIME AGAIN.

- e o o

h g
| MADE "IN ALL SIZES AND TYPES— WITH
THREADS: TO ‘FIT ANY STANDARD
.. TYPes 'OF 8OLIS,

ELASTIC STOP NUT CORPORATION

OF AMERICA

ELASTIC STOP NUTS

Lock fast to make things last

UNION, NEW JERSEY AND
LINCOLN, NEBRASKA

254




Talk is Important, bere

Transmitting orders, reporting results, ex-
changing information . . . even words of en-
couragement and commendation . . . that’s the
service that Communication is performing in
every phase of our military operations, and

under the most adverse and difficult conditions.

THE ROLA COMPANY, INC., « 2530 SUPERIOR AVENUE
Makers of Transformers, Coils, Head Sets and other Electronic Parts

At the front, Communication . . . or just plaia

talk . .. is helping win battles, but at

home talk

could be fighting on the side of the enemy.

That’s why we must heed the warning, “Let

the man with the ‘mike’ do your tafking".

He knows just what to say.

ROLA

April 8th o Stor wos odded

to Rolo’s Army-Navy €' flog

MAKERS OF THE FINEST IN SOUND REPRODUCING AND ELECTRONIC

26A
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* CLEVELAND 14, OHIO
Jor Military Communications Systems
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The superiority of Ken-Rad “self-shielding"’
metal tubes isgbest exemplified by 10 years’
successful manufacture of over sixty million
Today millions more are demanded by the
military This experience and capacity becomes
available for civilian requirements postwar

TRANSMITTING TUBES
CATHODE RAY TUBES
SPECIAL PURPOSE TUBES

EXECUTIVE OFFICES RECEIVING TUBES
OWENSBORO-KENTUCKY INCANDESCENT LAMPS

EXPORTS 166 MOORE STREET NEW YORKX

FLUORESCENT LAMPS
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/@4/ %/”M Cocts N MINIATURE!

N\

D INDUCTORS

Now, for the first time, you can get The coils have ¢ high Q, due to the
B & W Air-Wound Coils in very small almost total absence of insulating
sizes from Y2 to 1%4" diameter, in 3"  material in the electrical field. They are
steps, and in winding pitches from 44 exceptionally light in weight and ex-

to 4 turns or less per inch. Almost any tremely rigid. Normally wound with

type of mounting can be supplied. tinned copper wire in sizes from #28

Applications for these ﬁ& coils in- to _#]4.: they can qlso bfa supplied with

o clude: coil switching turret assemblies; coin silver, coin silver jacketed, bare
3

intermediate frequency transformers; copper, or PhOSPhO.r bronze' wire. All
high-frequency r-f stages (low-powered types may Pe equnpped with either
transmitter or receiver); all types of ﬁxed.OT Vflrlcble internal or external
test equipment involving tuned r-f cir- coupling links, or other non-standard
cuits; high-frequency r-f chokes, and features. Samples on request to quan-
numerous others. - lity users. Send us your specifications!

BARKER & WILLIAMSON

235 FAIRFIELD AVENUE UPPER DARBY, PA,
EQUIPMENT ASSEMBLIES

New York, N. Y, U. S A,
Proceedings of the 1.R.E. August, 1944
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Exclusive Export Representatives: Lindeteves, Inc., 10 Rockefeller Plaza,
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N transmitting tubes operating in

military communications at ultra high i P
frequencies, long life and uniform elec- _ -
tron emission are imperative require-
ments. The photograph illustrates one J
interesting tube manufacturing opera- g #13 7
tion with the tungsten filaments being B\
“flashed” in a hydrogen atmosphere as 3
a protection against oxidation. b o | 8 X

North American Philips engineers “-.w-\ v :
build long life expectancy, optimum elec- iR :
tron emission and all-round satisfactory : 5 ! Haaks )
performanceintoevery NORELCO tube ‘
they manufacture. ,, :

Although all the tubes we produce ‘ i ol x o -
now go to the armed forces, we invite : 38 v g
inquiries from prospective users. A list n
of tube types we are especially equipped ’ L >
to produce will be sent on request.

- “ -

In the North American Philips Company, there is gathered together a
team of outstanding electronic engineers, captained by one of America’s
leading physicists, and coached by a group with world-wide experience o
resulting from fifty years of research and development in the electrical y
field. This new combination of technical talent has at its command =
many exclusive processes that insure electronic devices of the highest =

precision and quality, Today, North American Philips works for a —
United Nations’ Victory; tomorrow, its aim will be to serve industry. M

illator Plates;

CTS: Quortz Oseil
NORELCO PRODU tifler and Cothode
; smitting, Rectitle P
Amphﬂ;’: T;z:rchray \X'TGY) Apparo'U!: X ::“Y
Ray Tubes; otus; Medical X-ray Equipmen s

o / Difiraction APPSC ries; Electronic Measuring
l'E/CO ELECTRONIC PRODUCTS by D vt Acmmrions B2

|ng'rumeﬂ'ii°ncy Heating Equipmen" Tungsten

NORTH AMERICAN PHILIPS COMPANY, INC.  Cicibaerum prodec [0 K1 o

When in New York,

Executive Offices: 100 East 42nd Street, New York 17, N. Y, :3:::,,,;,,; Electronics Showroom:
Factories in Dobbs Ferry, N. Y.; Mount Vernon, N. Y.
(Metalix Division); Lewiston, Maine (Elmet Division) s+

Proceedings of the 1.R.B. August, 1944
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ILITARY APPLICATION

Universal takes pride in producing these three types of
Microphones at the request of the U. S. Army Signal
Corps. These units represent but a small part of the
skill and experience which has produced over 250 differ-
ent types and models made available to our customers.
From Submarine Detectors to High Altitude Acoustic
units, Universal’s Engineering experience has covered
World War II.

These Microphones built without peace time glamour
have every essential of military utility. When peace
comes, Universal Microphones, with many innovations
of design and accoutrements, will enter upon the post-
war scene. Universal includes among its electronic com-
munication components, in addition to microphones :
Plugs, Jacks, Switches, and Cord Assemblies.

Proccedings of the 1.R.E. August, 1944



.;‘ spRAGUE [{(0J0LOEIM ResisTORs

The Greatest Wire-Wound Resistor Development in 20 Years

Proceedings of the |.R.L

%/ GET ACQUAINTED

NOW WITH THE
RESISTORS OF
TOMORROW!

t]

= )
HERE'S THE LATEST DATA..”

on the most up-to-the-minute resistors

Time and again, during the past seven
years, Sprague Koolohms have demon-
strated convincingly their ability to
handle jobs that old-style, conventional
wire-wound resistor types could not
handle satisfactorily.

One after another, they have proved
their superiority in practically every
essential characteristic — from faster

heat dissipation with resulting use up
to full rated wattage values, to better
performance under humid conditions.

Whether for war use today, or for
greater efficiency for your post war
product tomorrow, it should pay you
to become fully acquainted with this
remarkable resistor development.
Write for this big new catalog today!

Resistor types in this new catalog include:

Wire-wound power types, 5-
to 120-watts. Inductive and

non-inductive,

Hermetically - sealed wire-
wound types, 10- to 120-watts.

Wire-wound bobbin types.

Voltage divider sections, 10-,
15- and 25-watts.
Hermetically-sealed precision
meter multipliers resistors.
Megomax hermetically - sealed
high-voltage, high-temperature
resistors.

SPRAGUE ELECTRIC COMPANY, Resistor Division

(Formerly Sprogue Speciolties Co.)

-~ %
s "
\ A/

August, 1944

NORTH ADAMS, MASS.

K1V




The 17 RCA Miniatures shown on
this page—all of them on today’s Army-
Navy Preferred List of Vacuum Tubes—are:

1A3—H-F diode

1L4 —R-F amplifier pentode

1R3 — pentagrid converter

155 —diode-pentode

174 —R-F amplifier pentode

JA4—power amplifier pentode

3A3—H-F twin triode 9001 —Sharp cut-off U-H-F pentode

JS4—power amplifier pentode 9002—U-H-F trioda
9003—Super-control U-H-F pentode

6AG3—R-F amplifier pentode
6ALS—twin diode
6AQ6—Duplex-diode High-Mu triode
6C4—H-F power triode
6J4—U-H-F amplifier triode
6J6—twin triode

INY tubes like these—every single one of them developed
Tby RCA— were destined for the spotlight — thanks to

your recognition of their possibilities.

The spotlight picked them up first in June, 1940, when
the “Personal Radio” was announced — the history-making
portable designed around RCA’s staunch little quartet,
Miniatures 1RS5, 1584, 1S5, and 1T4.

War found Miniatures instantly available for overseas
service — for example, in such equipment as the para-
trooper’s air-borne ““Handie-Talkie.”

Once Victory is won, it will be our privilege to work with

you designers so that, together, we may play our continuing
parts in miniature tube type development and use for
peace-time purposes. We look forward to that day. And we
will gladly advise you now which tubes —Miniatures, and
others — will most likely be on RCA’s post-war list of
“Preferred Tube Types,’? if you will write to RCA Commer-
cial Engineering Section, 721 South oth St., Harrison, N. J.

The Magic Brain of all electron;ic equipment is a Tube and
the fountain-bhead of modern Tube development js RCA,

RADIO CORPORATION oF AMERICA

\
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Close co-operation and understanding between the radio-and-electronic en-
gineers, and industrial pioneers and leaders in their industry will undoubtedly
promote not only personal good will but also technical, individual, and or-
ganizationa! effectiveness. To these ends, the ProceepinGs OF THE [.R.E.
presents in the form in which they are received expressions of the viewpoints of
the outstanding figures in this field. The thoughts expressed below by the
President of the Mutual Broadcasting System are a contribution to this inter-
change of ideas between the engineers and their industrial colleagues.

The Editor

The Radio Engineer’s‘ Stake in OQur Future
MILLER McCLINTOCK

One of the most inspiring elements in broadcasting lies not only in the breath-taking speed with which it has de-
veloped but likewise in the fact that the horizons ahead have no limitation.

The miracle of radio as it stands today is the result of the imagination, skill, and scientific ability of radio engineers
in all fields of electronics. Upon these engineers, we must continue tc depend for the expansion of radio to its full
opportunities and responsibilities in the future.

That which was an unbelievable phenomenon only a few years ago has now become an actuality. It is a simple
commonplace to say that frequency modulation and television will be here in great volume in the postwar years. While
its full development cannot yet be foreseen, it needs little discussion among radio engineers.

We are less likely, however, to understand the impact of the radio industry upon the development of other indus-
tries and upon the molding of our social and economic life.

Immediately after the war and in the years following, automobiles will return in full volume. There may be as
many as 50,000,000 cars in this country ten years after peace. The principles are already laid whereby the highways
of the future and the traffic system will largely be under electronic control. Each vehicle will be equipped with radio
signals on its instrument panel telling, among other things, whether or not cars are coming from blind roadways or
drives ahead. Traffic stop and go signals will be repeated in cars both by light and by sound. Continuous traffic in-
structions and directions will be available along each highway for each car. Touring passengers may enjoy a description
of the historical and business significance of each of the miles of the highway pver which they pass. These mechanisms
are not visionary but have been fully field-tested and probably no highway will be built in the future without complet2
electronic equipment.

There will be many electronic controls within cars themselves, such as electric bumpers proventing collisions and
invisible electric tracks to guide vehicles around curves and obstacles. Passengers in cars will find it possible, at 60
miles per hour, to call any telephone number in the country. The effects of these developments upon comfort, safety,
and efficiency in highway traffic are beyond calculation.

The application of radio to maritime and aerial navigation opens equally practical but, none the less, spectacular
opportunities. Shipping upon the approaches to and in great harbors will no longer be fogbound. Ships will be guided
tcf) ;heir berths and along their channels with complete security and efficiency. Collisions at sea will become something
of history.

Air liners similarly will descend unsceing in heavy weather to land with safety on their home runways. But to re-
turn to land transportation; radio as developed today has all of the elements necessary to make the tragic train dis-
asters of recent months only a memory. Full and complete radio train control is now available in several different forms.
Engineers will never be without full information as to the clear track ahead and should they disregard warning control,
the train control will be taken away from them.

These are only a few of the marvels of radio which will be commonplace things of tomorrow. If one goes into the
laboratories, the factory, the great steel mills, he only sees today the elementary beginnings of electronic controls of
scientific processes and production which will revolutionize many industrial activities.

All of these developments will be superimposed upon the greatly expanding services and obligations of radio com-
munications for the entertainment, information,and culture of our people and of the people of the whole world. In the
hands of the radio engineer lies the opportunity and the capacity to make all of these marvels the servants of mankind.

August, 1944 Proceedings of the I.R.E.
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Fabian Bachrach

E. Finley Carter

Board of Directors—1944

E. Finley Carter was born in Elgin, Texas, on July 1,
1901. He was graduated with distinction, receiving a
B.S. degree in electrical engineering from Rice Institute
in 1922. Mr. Carter started work for the General Ele-
tric Company in radio development at Schenectady in
1922. One of his earliest jobs was the development of the
three early high-power broadcast transmitters, WGY,
Schenectady; KGO, Oakland; and KOA, Denver. He
held various positions in charge of developmental sec-
tions and at the time of his leaving was division engineer
in charge of a special development division handling
television, facsimile, and commercial receiver develop-
ments. In 1926, he spent three months installing the
first General Electric carrier-current cquipment in-
volving the use of coupling condensers on 220-kilovolt
lines, Southern California Edison and Pacific Gas and
Electric systems, from Los Angeles to the High Sierras
and from Oakland to the Pit River stations. He traveled
extensively throughout the country in development of
carrier-communications systems.

On May 1, 1929, Mr. Carter became director of the

444
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radio division of the Unijted Research Corporation, New
York, a subsidiary of Warner Pictures, designing Bruns-
wick radios, circuits, and reccivers. He holds a number
of United States and foreign patents assigned to General
Electric, United Rescarch, and Sylvania Elecectric Prod-
ucts, on devices ranging from clectronic-control devices
to single-frcqucncy duplex transmission and reception
systems, radio-receiver systems, and vacuum tubes.

In September, 1932, he joined Sylvania Electric
Products, Inc., as a consulting engineer, later becoming
assistant chief engincer. In February, 1941, he was ap-
pointed to organize and head 3 new industrial relations
department of Sylvania, taking the position of director
of industrial relations. He was elected a director of the
company in March, 1943,

Mr. Carter is an Associate member of the American
Institute of Electrical Engineers, a member of the Amer-
ican Radio Relay League, and Tay Beta Pi. He joined
the Institute of Radio Engineers as a Fellow in 1936, and
is now a member of the Board of Directors
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A Critique of Communication

at the Centennial of the Telegraph*

I. S. COGGESHALLT, FELLOW, I. R. E.

Summary—The historical influence of S. F. B. Morse, American
inventor of the telegraph, upon present-day life is attributed to the
fundamental soundness of his work, to his being first in the field of
applied electricity, and to his recognition of the social forces reacting
to his invention. He is credited with having inspired a technological
following who laid the foundations of electrical and radio engineering
and education. The paper appraises the effect of electrical communi-
cation upon world peace, and poses the question of engineering re-
sponsibility in the postwar world.

Section of The Institute of Radio Engineers should

have chosen this auditorium of the “Telegraph
Capitol of the World” as the place in which to hold a
conference on industrial electronics this particular eve-
ning, for it was one hundred years ago to the day, May
24, 1844, that Morse sent his epochal “What Hath God
Wrought!” message by telegraph from the Capitol at
Washington to Baltimore.

Applied electricity on that memorable day a century
ago figuratively flashed its way out of the physics lab-
oratory into the globe-encircling field of its later
triumphs. Hitherto electricity functioned only in the
experiments and classroom demonstrations of Gilbert,
Franklin, Volta, Davy, Ampere, Ohm, Faraday, and
Henry; thereafter there was to be a continuous stream
of instances where the products of electrical experiment
were to be applied to the workaday world. This centen-
nial is therefore quite the first of a long succession which
will celebrate, in turn, the other electrical inventions,
including those of radio and electronics, which have
combined to revolutionize power, illumination, manu-
facturing, transportation, and communication, and
hence the very pattern and mode of modern living.

IT IS A felicitous circumstance. that the New York

I

Morse's competition was the United States mail,
which by that time was being moved by railroad, and
the semaphore, a visual fair-weather telegraph relay
system which had grown up in this country after having
served the Rothschilds and others well in the Napoleonic
Wars. The semaphore’s tariffs gave Morse an idea of
what he might expect, both for patronage and revenues,
as the result of public acceptance of his invention, and
he solicited the backing of the Congress to build an ex-
perimental line. The five years’ opposition which he met
was due to the initial unwillingness of that body to ac-
cept the risk of the not-understood electrical device

* Decimal classification: 621.382. Original manuscript received by
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N. \{., May 24, 1944.
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against the demonstrated utility and obviousness of the
alternative visual semaphore.

The alphabetic code which Morse devised was a
triumph of simplicity itself. In it he set up a relation-
ship of language, alphabetically expressed, and of elec-
tric impulses, measured in time, which not only stood
the test of immediate acceptance but has met, in 100
years, only one serious competitor, the five-unit code
adapted from Baudot. It is a tribute to the inventor that
even today his code (with a minor variation introduced
on the European continent in 1851, from which it de-
rives the name of Continental Morse), carries all but
a fraction of the world’s radiotélegraph traffic. The sub-
marine-cable adaptation of the code, using positive,
negative, and zero-current values, and averaging only
3.7 impulses per transmitted character, still sets the
practical record for economy of line time in the trans-
mission of thought by electricity. It is evident that the
significance of the ETAOIN SHRDLU arrangement of
the modern linotype keyboard was not lost on Morse
even as far back as 1844. His code was fundamentally
sound.

Morse and his partner, Alfred Vail, were their own
first operators, the first of the amateurs, the first pro-
fessional telegraphers, the first of three generations or
more of ambitious American youth to whom the tele-
graph and the railroad offered early hobbies and life
work the equivalent of today’s radio and aviation. The
contrast between Morse's poverty during the interval
of his life when he was obsessed with his invention, and
his prior success as an artist, and his eventual success
as entrepreneur of the industry which he founded, fitted
nicely into the picture of the times. He was an individ-
ualist, quite rugged, an exponent of competitive enter-
prise, an indefatigable defender of his patent rights, and
a good businessman.

His influence upon Cyrus Field, who first joined
Europe and America telegraphically, was direct and
personal. Perhaps even more important for posterity,
Morse fired the imagination of the youthful Edison and
by that one circumstance alone catalyzed the electrical
arts. Alexander Graham Bell was in quest of a harmonic
telegraph when he stumbled upon the principle of elec-
trical transmission of speech and invented the telephone.
The telegraph also was the early objective of Marconi,
who sought a means for, and succeeded in, transmitting
Morse code between mobile stations without wires; and
of de Forest, whose vacuum tube, having already re-
vivified communication, promises to revitalize the use
of power through industrial electronics.

Morse lived his life within the narrow portion of the
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electrical-communication spectrum lying between zero
and 15 cycles per second and quite without the benefit
of electrical engineering, for his art was itself the pro-
genitor of electrical engineering. Electrical and magnetic
phenomena were originally the province of natural sci-
ence, or physics, and it was in the physics laboratory of
New York University that Morse worked out his dream
of 1832 and improved his original instruments to such
an extent before patenting them in 1840 that it may be
said that the telegraph was not a garret invention but
one produced under college auspices. Morse also re-
ceived help on a university level from Henry's experi-
ments with powerful electromagnets at Princeton, and
scientific support from the endorsement of his work by
the Franklin Institute in Philadelphia.

One of the first problems to be solved in the field was
the matching of impedances of line and instruments for
maximum energy transfer. While this was at first done
by methods of cut and try, it was not long before a
science grew up around the telegraph, and before its
characteristics were made the subject of the first prac-
tical electrical measurements. Following the galvanom-
eter and the Wheatstone bridge, came Sir William
Thomson, Lord Kelvin, who, in connection with the
Atlantic cable, developed the laws of the flow of elec-
tricit> along a wire having resistance and capacitive re-
actance, by analogy from the mathematical laws of the
flow of heat along conductors. Kirchhoff derived the
“telegraphic equation,” relating propagation to the elec-
trical parameters of a circuit including inductive re-
actance and leakance. Contemporancously with the
mathematicians and the Physicists canie the inventors,
with their multiple-channel circuits, their tickers and
printers, their improved batteries, and finally steam-
engine-driven dynamos for telegraph power. The tele-
graph clectricians began to meet and exchange views.
In Great Britain, the Society of Telegraph Engincers
underwent metamorphosis into the present Institution
of Electrical Engineers. In the United States, 21 tele-
graph men and four others joined to call into existence
the American Institute of Electrical Engineers, the first
two presidents of which were telegraph men. Many of
the electrical engineering departments of today’s uni-
versities were founded by men who themselves studied
electricity in college physics because of their early inter-
est in telegraphy. When Andrew Carnegie, himself a
Morse telegrapher. gave the Founder engineering socic-
ties their present headquarters building in New York,
he said, with satisfaction: “Well! the telegraph boys will
now have a comfortable place to meet.” By these vari-
ous lines of genealogy do we clectrical engineers, radio
engineers, industrial clectronics engineers, trace our
ancestry back to Samuel Finley Breese Morse.

I1

For 25 years following 1844, the telegraph occupied
the field of industrial electricity alone. During that
period and in succeeding years, it galvanized the world

Proceedings of the I.R.E.

g
August

into reacting at a stepped-up tempo which, to historians,
is the century’s outstanding characteristic.

Not all philosophers are in agreement that facility of
communication, especially under electrical stimulus, is
an unmixed blessing. It is interesting to note, for ex-
ample, that Morse's instrument had been writing its
messages for only a year when Thoreau went to Walden
Pond to think:

“Our inventions,” said he, “are but improved means
to an unimproved end, an end which it was already but
too easy to arrive at. We are in great haste to construct
a magnetic telegraph from Maine to Texas; but Maine
and Texas, it may be, have nothing important to
communicate. Either is in such a predicament as the
man who was carnest to be introduced to a distinguished
deaf woman, but when he was presented, and one end
of her ear trumpet was put into his hand, had nothing
to say. Men think that it is cssential that the nation
have commerce and talk through a telegraph and ride
30 miles an hour. For my part, I could easily do even
without the post office. 1 think that there are very few
important communications made through it. I never
received more than one or two letters in my life that
were worth the postage and 1 am sure that I never read
any memorable news in a newspaper. To a philosopher
all news, as it is called, is gossip, and they who edit it
and read it are old women over their tea.”

By that standard, five generations of communication
men since NMorse have been wasting their time! Still, the
mailbags do bulge, and the printing presses roar; the
telegraph extends many miles bevond Maine and Texas;
a thousand broadcast stations emit ten thousand news
bulletins a day; and the telephone, in all candor, seldom
finds us speechless. As nature is profligate, so are our
communication facilities. We feel we are philosophical
when we merely concede that nine tenths of them are
wasted (at the usual tariffs), and hope that the remain-
der are of tremendous importance. .

Morse figuratively anchored his first telegraph line to
a printing press, for uncrringly he sensed from the be-
ginning that its greatest social influence would be in the
gathering and dissemination of news. In fact, in the
carly days, telegraph personnel acted as news collectors,
Or reporters. In time that was outgrown, but the tele-
graph has never outgrown its importance in keeping the
public informed of ¢vents as they occur. While news-
papers and broadcasting are the modern agencies, both
are constantly fed by wire, cable, and radiotelegraph.
Today, Freedom of Access to Information is looked
upon as one of the peacetime blessings of constitutional
government, equal, in the scale of human liberties, to
Freedom of Speech guaranteed by the Bill of Rights.

Likewise unerringly, Morse ran his first telegraph
along a railroad right of way., Transportation and com-
munication havye always been the handmaids of com-
merce. The telegraph-railroad alliance was a natural
one. The railroads necded the telegraph to dispatch their
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trains, often single-track-operated in those days, with
elements of safety of life as important as elements of
speed. Pole lines were most easily erected along railroad
rights of way, and since the railroad station was the
center of community social life as well as of trade and
transportation, the telegraph was in the right place
when it was in the “depot.” Shoulder to shoulder in this
alliance, the railroad and the telegraph literally rolled
back the western frontiers of the United States to the
Pacific Coast; they opened a continent to exploitation
and settlement, and thereby aided in making this coun-
try great.

Politically, the telegraph made it possible to admin-
ister as a federal unit so vast a territory as that between
the Atlantic and Pacific. Abroad, it accomplished some-
what the same end, knitting scattered provinces to-
gether and encouraging a growing sense of nationalism
throughout the world. In the form of the submarine
cable, the telegraph made feasible the administration of
the globe-encircling British Empire from the Mother
Country. To a certain extent, therefore, Morse’s inven-
tion determined some of the important world political
alignments which have existed down to the present day.

Another social effect of the telegraph was its democ-
ratization of the means by which the common man ex-
tends his horizons by indulging his taste for movement
and adventure. The telegraph became, like the railroad,
a “common carrier,” serving poor and rich alike with
equal favor. Between cities, the horse-driven vehicle
and the courier had been the agencies of the wealthy
and of the aristocracy. While universal mail service had
broken down that barrier, following the diffusion of
knowledge through mass education, the semaphore had
grown up as a tool of the moneyed interests, a device to
get closely guarded market and shipping news through
to the big merchant quickly so that he could act to his
advantage before others had the reports. Morse prompt-
ly broke that tradition down with his electric telegraph,
making it available to all the people, to Big Business and
Little Business, alike. The railroads did their part by
carrying passengers at low rates and without discrimina-
tion. The influence of these two factors can hardly be
overevaluated. They made the population mobile
enough to take advantage of the huge natural resources
of the new republic, and on a soundly democratic basis;
they conditioned the people upward to a better stand-
ard of living, to a new-found independence of spirit, and
to a rapid leveling-off of the class system under which
their forebears had lived and done business in Europe.

I

Nevertheless, after giving the telegraph due credit
for all its social benefits, it is a matter of common ob-
servation that it has not brought the millenium. At the
time when Field stretched Morse's telegraph across the
Atlantic, people generally thought that it might. It was
predicted that the establishment of electrical communi-
cation between the nations would so merge their spheres
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of interest as to diffuse civilization, liberty, and law
throughout the world. The poets burst forth with such
paeons as this:

“'Tis done! The angry sea consents.
The nations stand no more apart:

With clasped hands the continents

Feel throbbings of each other’s heart.”

The poets, in their passion, failed to take into account
the relative influence of the electrical as compared to
the other important agencies of international communi-
cation, notably the physical transportation of men
and books, which was going on long before the times of
Morse, Field, Bell, or Marconi. Electricity, it is true,
emancipated communication from the deadweight of
transportation, and electrical communication was there-
after destined to supply nervous energy to the inter-
national body politic. But the real vitality continued to
lie deep in the accumulated wisdom of the ages, recorded
in books, in works of art, and other records of man's
progress and culture. The annals of science and engineer-
ing, and of that realm of current thought which inter-
prets the plain folk of one country to those of another,
continued to be transmitted by mail in the more serious
periodicals, our own PROCEEDINGs oF THE I. R. E. be-
ing a not inconspicuous example of a publication having
an international following. Again, understanding among
the nations, and misunderstanding, for that matter, are
still fostered by travelers: traders, artists, diplomats,
educators, students, tourists. The good they accomplish,
and the damage they do, have been, up to now, quite
comparable in magnitude to the best and the worst to
be imputed to cable and wireless.

The transmission of international thought in pure
and undistorted form is a fearsome thing to contem-
plate, even though the medium be a stretch of passive
copper, or the virgin reaches between the sea and the
reflecting canopies of the sky. The problems still are
there when the radio or cable engineer has compensated
for all elements of attenuation and phase to Fourier's
complete satisfaction, after he has canceled out his last
parasitic stray, and lifted his gain by the last useful
decibel. For electrical communication shares with all
forms of the written and spoken word the dangers of un-
intentional distortion through all the vagaries known to
semantics. In addition, when the complex of telegraphic
brevity, or the exigencies of radio program-making,
interfere, ideas are sometimes only half-expressed, lead-
ing to difficulties not usually attributed to the medium
of transmission. Furthermore, the very celerity with
which remarks can be interchanged between nations
too frequently leads to hair-trigger promptness and
asperity of rejoinder. Conjure those three elements and
you may witness one of those characteristic transoceanic
exhibitions of editorial and parliamentary shuttlecock
which so often put international good will to a tempo-
rary strain. Even the accompaniment of a parochial
accent, or an unfamiliar turn of expression, may greatly
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aggravate the seizure; the absence of a common lan-
guage has been known to prove fatal,

During a state of war, further distortions are intro-
duced intentionally, for military reasons. Fact and pro-
paganda, it has been found, are equally easily translated
into