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Communication Receivers
Aircraft Radio
Transmitting Equipment
Airline Radio Equipment

2A

Photo, Courtesy Eastemn Air Lines

Today, the experience of years in manufacturing
flight control radio equipment is turned to produc-
tion for military needs. Tomorrow, this added ex-
perience with present developments will be reflected
in greater radio advantages for a peacetime world,

WILCOX ELECTRIC COMPANY

Quality Manufacturing of Radio Equipment
14th & CHESTNUT KANSAS CITY, MO.

August, 1943



INDIVIDUALLY TESTED

AEROVOX CORPORATION, NEW BEOFORD, MASS. , U. S, A e SALES OFFICES IN ALL PRINCIPAL CITIES
Export: 100 VARICK ST., N. Y. C . Cable: "ARLAB’ ¢ In Canada: AEROVOX CANADA LTO., HAMILTON, ONT
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CORNING GLASS
RESEARCH
ANNOUNCES
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METALLIZING

ON GLASS'

HERE’S an easy solution to difficult assembly problems on units which
must be sealed against leakage of air, oil or water. Corning’s metal-
lizing method is a big step forward in the art of applying metal to glass:
Metallizing becomes part of the glass itself. . . the answer to your hermetic
sealing problems. The metallized layer solders easily and is not harmed
by normal soldering temperatures. Parts can be soldered to it by ordinary
soldering iron, soft air-gas flame or induction heating. And it is tinned to
prevent corrosion of the metal during storage and to make spldering easy:

Best of all, Corning type metallizing can now be applied to an extremely
wide range of Corning’s high and low expansion glasses. Where extreme
resistance to thermal or mechanical shock is required, it can be applied to
strengthened glass. Where electrical characteristics are of prime impor-
tance, it can be applied to some of the special low-loss glasses such as
Corning’s “"Pyrex’ Multiform Glass No. 790.

A few of the interesting applications where metallized glass has already
been used to real advantage are shown on the opposite page. If you, too,
have the job of insulating current-carrying leads or terminals on her-
metically-sealed apparatus, do this now: Fill out and mail coupon today
for full details on the improved metallizing method developed by Corning
Glass Research!

COUPON : Corning Gla.ss- Works :

1 Insulation Division, Dept., P-86, ™

TODAY FOR g Corning, N. Y. .

]

COMPLETE I please send me full details of improved 2

YATXICER . method of metllizing on glass. g

. )

: INIDRCE . A s eir o o o R S wso o Wog S T ons & :

o s

: COMPANY....ooevierintaneiinieanininn .

; |

: \SEVCEE. . i 301 gro ob vy A Pl Wt g FR 35 . WL :

1 .

B City..onvevnns B A e N State. ™. ......004 o

Salie 3, L1 .
"PYREX" is a registered trade-mark and indicates manufacture by Corning Giass Works. I yepepepegerersrr T L L L LN P L
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PRECISION CUTTERS OF QUARTZ FOR
COMMUNICATIONS AND OPTICAL USES

N Proceedings of the I.R.E August, 1943



-‘;f.iere"s History ~Behind"\,£\\lery
JAMES KNIGHTS CRYSTAL

For many years, key men of our carefully built organi-
zation have pioneered, “researched”, and developed
the manufacture and application of precision cut
quartz crystals. As engineers, physicists and operators
from American, Foreign and U.S. Government technical
schools, they have consistently contributed history
making graphs, inventions and methods to the Crystal
industry in general and to James Knights Crystals in
particular. With such a practical achievement back-
ground, it is understandable that James Knights Crystals
meet and satisfy the most intricate specifications.

Thero's efficiency in concentration. We manufacture but one pro- A sectlon of the experimental and testing laboratory. Here is an
duct— precision cut quartz crystals, All of tho skill, experience imporiant reason why we were one of the first manvufacturers after
and output of our staff is concentrated on crystals exclusively. Pearl Harbor in actual quantity production of quartz crystals meet-
Above I3 a corner of the lapping and calibrating department. ing Governmental specifications. What are your requiremonts?
SANDWICH, ILLINOIS PHONE 65
Proccedinys of the I.R.E August, 194
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REMEMBER THE “"SOUTHERN CROSS”?

CAPTAIN Charles J. Kingsford-Smith on the morning of May
31,1928, lifted the Sonthern Cross off the runway of the Oakland
Airport and headed home for Australia. Eight days later his
tri-motored Fokker monoplane landed at Brisbane after a
three-legged trans-Pacific hop of 7362 miles.

“This trip,” according to the New International Year Book,
“was notable for the accuracy of the navigation and the fact
that the radio operator was constantly in communication with
either shore stations or ships throughout the flight.”

The transmitter then aboard the Southern Cross, and now on
display in the Smithsonian Institute, was designed by Ralph
M. Heiatz, co-founder of Heintz and Kaufman, Ltd. Its signal
on 33.1 to 33.5 meters never faltered during the 83 hours and
19 minutes of flying.

The experience gained by Heintz and Kaufman, Ltd. while
pioneering memorable events in radio history is reflected in
the Gammatron tubes today serving the military, naval and air
arms of the United Nations. The efhiciency of modern Gamma-
trons at high frequencies, their long operating life and high
stability, spring from 17 years of continuous and often brilliant
research and development by Heintz and Kaufman engineers.

HEINTZ axo KAUFMAN, w10,

SOUTH SAN FRANCISCO « CALIFORNIA, U.S. A.

)

-
Y GAMMATRON TUBES. .. The grids ond plotes in
| Gommotron tubes ore mode of tontolum, o unique metol

! which eliminotes the need for unstoble getters, ond pro-

A\ tects Gommoatrons from the releose of gos even when

A heavily overlooded. Other Gammotron odvontages: low

}s‘. driving power, eosy nevtralizotion, freedom from porosit-

w ics, ond high efficiency ot radio ond very high frequencies.
HK.454 -

LEADERS IN ELECTRONICS YESTERDAY, TODAY AND TOMORROW

8a Proceedings of the I.R.E. August, 1943



S”"’"”"’ .' THE ENEMY IS LISTENING!

® Sailors at sea couldn’t listen to their favorite radio
programs until one of our foremost radio manufac-
turers was commissioned to build a special sea-
going receiver. [t was found that ordinary radios
*rebroadcast and tipped off the ship’s location. And
without anv radio. morale suffered.

Now, it’s different! Sailors around the world are
listening to radio programs from home through this
low-radiation receiving set. The speed with which it
was produced and put in service is a tribute, in part,

O

LABORATORIES, INC.

INDIANAPOLIS
E L ELECTRICAL PRODUCTS — Vibrator Power

Supplies for Communications . . . Lighting . . . Blectric i, -
Motor Operotion Blectric, Blectronic and other > — —
Equipment

<. on land, Sea or in the Air.

to the E-L engineers asked to provide a suitable
power supply. They did it—fast. and well.

This is just one of the many contributions to Amer-
ica’s war effort which E-I research and specialized
knowledge of vibrator power supplies and electronic
circuits has made possible. You’ll find E-L Vibrator
Power Supplies on the job in all types of service. and
on every front where the United Nations are fighting.

Wherever electric current must be changed. in volt
age. frequency or type, E-L Vibrator e
Power Supplies and Converters offer %
a wide range of advantages, for
peace, as well as for war.

For Operoting Rodio Transmitters in Lifeboots

E-L Model S-1229.B Power Supply. Input
\ oltage. 12 Volts DC; Output Voltage. 500 Volts
DC: Output Current, 175 MA; Dimensions,

< i R

For Operating AC Rodio Receivers from DC
Current—E-L Model 262 Marine Power Sup-
plv. Input Voltage. 110 Volts DC; Output
Voltage, 110 Volts AC; Output Power, 250
Volt-Amperes; Output Frequency, 60 Cycles;
Dimensions, 1014° x 734" x 84 ".




KEYS TO TOMORROW

Locked within this crystal are keys to reunt-
less unexplored avenues of scientific and
industrial knowledge. But it takes a con-
summate skill to release them. Such a skill is
reflected in the scientific precision and
craftsmanship which characterize oscillator
plates and filter erystals by Philips. They
have been proved worthy in their current

service to Allied arms at war. They will be

NORELCO Electronic Products by

worthy of the task of helping open the doors

upon a better tomorrow.

Philips Products for Victory include: Cath-
ode Ray Tubes: Amplifier Tubes, Rectifier
Tubes:Transnitting Tubes ; Oscillator Plates::
Tungsten and Molybdenum in powder, rod,
wire and sheet form: Tungsten Alloys: Fine
Wire of all drawable metals: bare, plated
and enameled: Diamond Dies. X-Ray Appa-

ratus for industrial and research applications.

NORTH AMERICAN PHILIPS COMPANY, INC.

Factories in Dobbs Ferry, N. Y5 Mount Vernon, N. Y. (Philips Metalix Corp.); Lewiston, Maine (Elmet Division)
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rfo?munce of a IW transmitting tube"‘
argel surity of the metals used. Metals' -
“requires m mk,leli‘;or even different treatment if the utmost
N | dgbif'ty is to be attained. That's why every

*ltvacuuhng, bombarding and flashing must
perfect to insure a perfect tube. A final “OK”
be. er given lightly. It is ‘a token of our
“‘*I l’y ‘Where tubes get hard service and a

.|Ls the Custom Built tube that can be
;; ' :ﬂte goods X
o

Y
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A miracle metal... Magnesium serves a vital wartime need
in tracer ammunition, parachute flares, and illuminating
signals. To reducethis difficult, extremely hazardous metal to
powder, Magna Manufacturing Company developed special
machinery and precision processes. Now, in three Magna
plants...the largest facilities of their kind...we reduce
Magnesium to a uniform dust in compliance with rigid
U.S. Army and Navy standards.

BUT TOMORROW...

The facilities that Magna perfected open new possi-
bilities for the utilization not only of magnesium but
also a/l other types of disintegration-resisting metals
and other materials such as ceramics, plastics and
pigments.

Magna capacities are today entirely occupied with
production for victory. However, Magna engineers are
prepared to council forward looking industries on the
potentialities of powdered metals and other materials
in postwar product planning.

i
= MAGNA

MANUFACTURING COMPANY, INC.
MANUFACTURERS OF MAGNAFLAKE METAL POWDERS
444 MADISON AVENUE, NEW YORK 22 Y

Proceedings of the I.R.E.
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PRACTICE MAKES PERELGCT

How many sacks of flour does an attack
Bomber drop on friendly tanks? How
often does a Tank Commander draw a
bead on a friendly plane? How long
must Air and Armored Forces flex their
muscles together in practice before they
become welded in a coordinated striking

‘force?

Know-how takes time to acquire. We are
thankful that National had years of radio

communications know-how all ready.

NATIONAL COMPANY, INC., MALDEN, MASS.

Proceedings of the I.RE. August, 1943 11A
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BROGKLYN,N.Y,
MADE IN 9.8.A,

MICA CAPACITORERY wwm
MOLDED IN BAKELIT il

19 years ago, Micamold developed the first mica capaci
molded in bakelite. From this start grew many developmen
resulting in the large variety of useful types and specifica
tions available today. From the exclusive type *“Q" capacitor
(smallest made) to the big bakelite enclosed transmitiing
mica capacitors, we provide units in many sizes and shapes

. each one built to critical standards. Micamold was first
jand Micamold sjill is first.

?Creruly expanded f{acilities permit the handling of large
production schedules with reasonable promptness.
We invite your inquiry.

{ REMEMBER . . . there's a Micamold Copacitor tor every
| Communications and Electronic Application.

Receiving and Transmitting Mica Capacitors
Molded Paper Capacitors # Oil Impregnated Capacitors
* Molded Wire Wound Resistors

Dry Electrolytic Capacitors

MICAMOLD RADIO CORPORATION ...,...... & .. ..

12a Proceedings of the I.R.E. August, 1943
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At many points where our boys landed along the North
African coast there was little, if any, resistance because
electronics had already won the day. By short wave radio
America’s motives had been made clear. Days of fighting

were avoided. Thousands of lives were saved.

Distinguished service on many fronts has won the
electronic tube a place among the great weapons of
modern warfare. Yes,electronic tubes can fight! And
to supply these fighting tubes for our fighting forces
the men and women of National Union have doubled
and redoubled production. We know the day is com-
ing when these tubes and the knowledge which builds
them will be reconverted to the needs of peace. In

On Sunday, November 8,
in North Africa, the sound
which broke the peaceful still-
ness of that eventful night was
not the booming of allied guns,
nor the throbbing engines of
countless landing barges.Itwas
a VOICE —the friendly voice
of the President of the United
States saying “We come among
you to repulse the cruel invaders
—Have faith in our words—
Help us where you are able.”

NationalUnion’s plans for this new age of electronics,
there is to be a comprehensive industrial service . ..
to aid engineers and production men in applying the
miracle of electronics to their production, testing and
packaging processes. Today, to the extent that pres-
ent war work will permit, National Union invites
consultation with producers of war goods regarding
their electronic tube problems.

NATIONAL UNION RADIO CORPORATION « NEWARK, NEW JERSEY - LANSDALE, PA.

Transmitting Tubes
Volume Controls

Cathode Ray Tubes
Photo Electric Cells

August, 1943

Receiving Tubes
Exciter Lomps

Special Purpose Tubes Condensers
Panel Lamps

Flashlight Bulbs

14,«—







) LEADERSH/P

aA'STANT PIONEERING . . . the unceasing search beyond

present horizons for a Better Way . . . this is the responsibility of Leadership.
As man reaches for the stars, through the science of electricity . . . the miracles
of Radio and T elevision . . . the amazing new world of Electronics, we at American

Lava Corporation have pzzced each new achievement with insulation engineered to the

new requiremenf;.

When war came upon us with its demands for tremendously expanded produc-
tion . . . ifs requirements Sfor higher performance in Communications . . . we were
ready with the KNOW HOW gained from 4o years’ experience in pioneering, de-
veloping and perfecting steafite ceramic insulation.

Our research and engineering stajfs will gladly cooperate on today’ s blue print

. tomorrow’ s praductz'azz.

AMERICAN LAVA CORPORATION

CHATTANOOGA, TENNESSEE

| Where stability is an important [L S m M @

| requirement, ALSiMac Steatite g ¢ 4ADE MARe HEGIILILO U 3. PATINT OFF)

...—-q,g iy -.:

ceramics are unsurpassed for lend-

| ing rigidity and permanence of | STEATlT‘E CERAM'C
alignment to electronic circults. Leh. = INS{’LATORS

CHARACTERISTICS TAILORED T0 YOUR REQUIREMENT.




ON GUARD AGAINST SABOTAGE!

N N\ \\ \
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ELECTRONIC TUBES AID PLANT PROTECTION

America’s war production plants are carefully  guarding against sabotage! ... Raytheon’s
guarded . . . night and day electronic tubes experience during its war time production of
guard against intrusion. Units that transmit  tubes for our armed forces will prove an in-
a virtually invisible light beam are powered  valuable factor when these new developments

by tubes that are constantly on the job ... can be released for general domestic uses.

3= RAYTHEON wo

Raytheon Manufacturing Company
Waltham and Newton, Massachusetts

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

1L Proceedings of the I1.R.E August, 1943




Max. overall length. .. ... 314"

Bulbil s fagme s el le -9

~ Caps (2): Skirted miniature

Base: Intermediate shell octal
8-pin

Y Mounts in any position

2022

AMPLIFIER
TRIODE

APPLICATION DATA

Designed for special high-fre-
quency applications including

transmitter service. Approx.
resonant frequency of grid-
cathode circuit is 335 mega-
cycles,

* Max. overall length. ... .. 215"
Bulb « o beses e alernas
Base: Miniature button 7-pin
> Mounts in any position

MINIATURE
R-F AMPLIFIER
PENTDODE

Heater volts. ......... 6.3 AC or DC
Heater amps .......c..ccoonnnnn 03
Max, plate volts.......... ...300
Plate dissipation....... ..3.3 watts
Plate milliamps. ........... 11
M « o 20 Rp......6600 ohms
Transconductance. . .3000 micromhos
Heater volts. ... ...... 6.3 AC or DC
Heater amps . .........c..o..onn 0.3
Max. plate volts. ............ .300
Plate dissipation. ... ....... 2 watts

Transconductance. . .5000 micromhos

Sharp-cut-off type designed for
compact, light-weight equip-
ment as an r-f amplifier, and
as a high-frequency interme-
diate amplifier.

616

MINATURE
TWIN \
TRIODE

Max. overall length. .. ... 24"
Bulb ... ..
Base: Miniature button 7-pin
Mounts in any position

Heater volts. .. ... 6.3 AC or DC
Heater amps....... ....... 045
Max. plate volts ... 150

Max. plate dissipation. ... 1.5 watts*
Max. plate milliamps.. ... .... 15*
Class C telegraph service:
At 150 volts: Output watts....3.5
Driving watts..0.35
Cathode is common to both triodes.
* Each triode

Designed for either push-pull
or parallel operation up to 600
imegacycles. With push-pull
grid circuit and plates in paral-
lel, the 66 makes a good mixer
at frequencies up to 600 mega-
cycles. Also useful as an oscil-
lator.

Max. overall length...5.5/16"
Bulb . .....ST-16

FULL-WAVE Base: Medium shell octal 5-
HIGH-VACUUM pin, Micanol
RECTIFIER Mounts vertically, or mounts

horizontally with pins 1 and
4 in vertical plane.

Filament volts.................. 50
Filamentamps. ................. 20
Max. peak inverse volts
(No-load conditions) . ....... 2800
Peak plate milliamps per plate. . .650
Max. DC output amps ..... .. 025
at 2400 peak inverse volts.

RCA Commercial Eng. Section
Radio Corp. of America

447 So. Fifth St., Harrison, N. J.
Gentlemen:

Please send me your handy 16-page booklet (Form 1276B)
Which shows “Characteristics and Socket Connections of
RCA Receiving and Allied Special Tubes” in easy-to-read
tabular form.

RCA ELECTRON TUBES

RCA Victor Division

RADIO CORPORATION OF AMERICA Name.....omes
Camden, N. J. et
City... State..... Wy
=




Two kinds of news that does not reach the
public prints is known to Stancor engineers:
new applications of electric energy to war
communications, and new ideas for using
electronic devices in peace-time production.
Both are secrets of victory, not to be told
| until the war is won. [

While devoting major attention to war pro- '
duction, Stancor engineers keep their ear to
the ground . . . alert for news of developments
that will help you to meet the challenge of a |

new industrial era. l

> TANGOR

STANDARD TRANSFORMER CORPORATION - 1S00 NORTH HALSTED STREET . CHICAGO

18a Proceedings of the I.R.E August, 1943




PRODUCTION LINES
MUST NOT SLOW DOWN!

Lafayette Radio is strategically
located to give you quick deliveries on radio
and electronic parts and equipment. Mil-
lions of items have been shipped from Chi-
cago, the shipping hub of the nation, to
industrials, training schools and all branches
of the armed services. Lafayetie’s procure-
ment and expediting service has helped to
prevent work stoppages on many vital war
production lines,

Muany instances are on record where-
in Lafavette has made immediate delivery
on hard-to-find key items, eliminating costly
delays in giant armament programs. This is
because Lafayette handles the products of
every nationally known manufacturer in
the radio and electronie field. A single or-
der to Lafayette, no matter how large or
how small, will bring prompt delivery of
all your requirements.

7 4 ”‘/ "_A F‘rec—l.?() page l.’alulng'—'“RmI";n ar'ul
AW\ m‘:"“_ (i o o i ato. it Db GUE,
[IAVAQ AR, LAFAYETTE

Q\\Q\Q‘“ RADIO CORP.

ORHEL S, TR W CHICAGO

S\ W AR A S\AN CRLMSR NN AR YO

: “Quick Delirery of Radlo and Electronle Par(s and Equipment™

Proceedings of the I.R.E. August, 1943 19a




OF TELEVISION

TYBE/

Successful Television came into view with the
development of the cathode ray tube
which gave it definition—translating
million$ of electrical impulses
per second into animated
reproductions of scenes
occurring at other points.

* RAULAND tubes played

a major part in this epochal
achievement by making
possible practical television
projection on 15 foot x 20 foot
screens. Significant facts like these

point the way to effective post-war planning.

tifustroted obove is o
15-1nch Cothode Roy Tube

> dAD' 6 * e .V. S?vogaﬂwN D LY L '_‘3‘,:‘)._0 .,

Elec/roneering is our business
THE RAULAND CORPORATION . CHICAGO ILLINOIS

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

204 Proceedings of the I.RE. August, 1943




It’s true they’re on tanks, guns, naval
vessels and production equipment—more
than all other lock nuts combined.

This is because these nuts stay put. There’s a
red elastic locking ring in the top which grips
the bolt with an oil- and water-proof seal and
eliminates all axial play and wobbling.

When the war’s won, the millions of Elastic Stop
Nuts we’re pouring out each day can be turned
to the fastening problems of peace.

They can be turned to producing better products

TH EY’RE TH E N UTS FOR and equipment that will save time and expense

for maintenance engineers.

P o STWA R P LA NNI NG Whatever your fastening problems might be, our

engineers, experienced in the work of both war
and peace, will be glad to help cope with them.
IT'S true that now we can’t supply all the Elastic , ]
Stop Nuts Uncle Sam wants — even with threc Feel free to call upon them. They 11 work with
big plants running 24 hours a day. vou and suggest the proper Elastic Stop Nut to
lick the job.
It's true that Elastic Stop Nuts are flying in every
American plane —sometimes 50,000 of them in
a single ship.

"LOCKED an balt SEALED of

by the action top to protect
of the gripping __— working threads
red collar from corrosion
HOLDS nut
thread against FITS any stand-
bolt thread ard bolt. Made
— prevents in all sizes
axial play ‘: =4 and types
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ELASTIC STOP NUTS

Lock fast to make things last

)

ELASTIC STOP NUT CORPORATION OF AMERICA

Unlon, New Jeracy nnd Lincoln, Nebraska
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All of America’s 100-kw. transmitters have been built by G.E.

o

j_'_ﬁ!.

Switchyard at General Electric's 100-kw station, WGEO, in Schenectady, N. Y.

Forceful Allied propaganda is today
beamed to all the Axis world by G-E
international short-wave transmitters.

G-E pioneering in international short
wave, begun in 1923, led to the develop-
ment of nine American international
stations of varying outputs up to 75 kw.
Recently, G.E. added four more, two of
them of 100 kw, the highest signal out-
put of any American-built stations of
that type. G.E. is now building three
more giant 100-kw transmitters for the
expanding American war needs.

General Electric is the only American
manufacturer ever to have successfully
designed and built international trans-
mitters of such great power.

The G-E 100-kw and 50-kw trans-
mitters for Station WGEO-WGEA, shown
in the insert above, have their programs
beamed by special panel-type antennae
backed by ingenious dipole reflectors
that step up the radiation efficiency.

In the main illustration is another
G-E development, adding greatly to the

GENERAL @) ELECTRIC

160-06.0916
G-E employces are now purchasing over $1,000,000 in War Bonds weekly

flexibility and efficiency of international
equipment. This antenna-feeder hook-
up gives quick manual switching from
one directional beam to another from
one overseas work area 1o another.
Day and night, this powerful station is
working for a shorter war, a better peace.

What G-E Leadership Means to You

Informed thinking today points to
changes in post-war broadcasting. It
looks for a hig increase in local FM
stations. It foresees fewer but more
powerful AM stations, and that tele.
vision will grow, becoming an impor-
tant factor in consumer markets.
General Electric offers any
broadcaster a complete service
in all three fields of FM, AM,

television!

1. G.E’s unmatched achievements
in international transmitters are amn-
ple evidence of G-E ability 1o build
new high-power AM transmitters and
improved receivers after the war,

9350 9830 =
AN Amrgica nig

2. The faet that G.E. has built over a

third of alt FM broadeast transmitters and a
large percentage of FM receivers is positive
evidence of its eontinued leadership in the
post-war FM field.

3. And four years of live-talent program-
ming experiment in its own non-com-’
mercial television station, WRGB, plus its
full line of television transmitters, relay
transmitters, studie apparatus, and receivers
provide a sum total of television equipment
and experience that will be of immense
value to the post-war broadcasting industry.
-+ « Electronics Department, General Llec.
tric, Schenectady, N. Y.

Tune in “THE WORLD TODAY"
and hear the news direct from the
men who see it happen, every
evening cxcept Sunday at 6:45
E.W.T. over CBS. On Sunday
listen to “The Hour of Charm"® at
10:00 P'M. E.W.T. on NBC.

42,000 hours of international service
and still going strong! At WGEOQ, a
G-E mercury-vapor rectifier tube
Type 857-B has given faultless
service since 1934,

FM-TELEVISION - AM



Flying blind...but not deaf

IGH over obscuring clouds, through the
H murk of fog and the black of night, the
“bliad” pilot speeds to his mission . . . and
returns . . . almost completely dependent upon
what he hears through his headphones. A
tremendous responsibility for any piece of
equipment.

Making headphones to the exacting standards
of the Army and Navy Air Force is one of the
wartime tasks of Rola. A pioneer in Radio and
later in Electronics, the technical knowledge

and the manufacturing skill of this seasoned
organization now is devoted exclusively to
giving our Fighters in the Air the best, most
effective equipment of any in the world.
THE ROLA COMPANY, INC,, 2530 Superior
Avenue, Cleveland, Ohio.
14 14 7

In addition to complete headsets, Rola manufactures
transformers and coils of all kinds for aerial communi-
cations. If your problem involves Electronics . . .

important to the war effort . . .
a Rola engineer.

and ss
why not discuss it with

ROLA

MAKERS OF THE FINEST
Procecdings of the I.R.E.

IN SOUND REPRODUCING AND ELECTRONIC EQUIPMENT
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Underwood and Underwood

Ellery W. Stone

Captain Ellery W. Stone, US.N.R., ho until his recall by the
Navy, was president and director of the Postal Telegraph Company,
has resigned those posts to enter active duty. Announcement of his
re-entry into active Navy service was made May 24, 1943, He had
been deferred from active duty during the merger negotiations w ith
the Western Union Telegraph Company.

Captain Stone has just been promoted from the rank of Com-
mander, having previously served frequent tours of duty in the
Communications-Liaison Reserve of the Office of Naval Com-
munications and Eastern Sea Frontier. e is now designated for
overseas duty as Chief of Staff to Vice-Admiral William Glassford
on the latter's mission to French West Africa.

He has been associated with the field of communications since
he became a licensed radio operator in 1911 while still a high-school
student in Oakland, California. He subsequently attended the
University of California where he specialized in electrical and radio
engineering. In World War 1, he served with distinction as a lieu-
tenant, first junior then senior grade, as District Communications
Officer of the 11th Naval District on the Pacific Coast.

ite was a pioneer in the radiotelegraph field and organized the
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Federal Telegraph Company on the Pacific Coast, which company
was later acquired by the International Telephone and Telegraph
Corporation and became the Mackay Radio Company of Califor-
nia. With the International Telephone and Telegraph Corporation,
he successively held a variety of executive posts, including the
Executive Vice-Presidency of Mackay Radio, Vice-President of
All America Cables and Radio, and he was also in charge of all
International Telephone and Telegraph Corporation radio opera-
tions. He joined the Postal Telegraph organization as Vice Presi-
dent in 1938.

e has been a member of various committees of the Board of
War Communications. He joined the Institute of Radio Engincers
as an Associate in 1914, transferred to Member grade in 1916, and
became a Fellow in 1924, He is the author of two books on radio,
and of various articles on communications. The following papers by
Captain Stone has been published in the PROCEEDINGS.

“An Impulse Excitation Transmitter,” June, 1916

“Additional Experiments with Impulse Excitation,” April, 1917

“Municipal Regulations Covering Radio Stations,” December,

1917
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| The membership of the Institute of Radio Engincers and
‘ other engineering readers of the PROCEEDINGS oF TR
I.R.E. will doubtless find thoughtful suggestions and help
ful inspiration, both leading to increasingly eflective war-
time and postwar efforts, in expressions of the thoughts of
pioneers in the radio industry who have risen (o leadership
in that field. There is accordingly here presented a state-
ment prepared for the PROCEEDINGS by the President of
the Radio Corporation of America who is as well a former
Secretary of the Institute. As seems suitable in the publi-
cation of such material, it is presented in its original form
as received from the author.
The Editor

Saluting the Radio-Electronic Engineer

David Sarnoff

The radio engineer has his hand on the throttle of Victory in an engine of science empowered
by the radio-electron tubec. Electrons are the fuel; radio is the driving force. While soldiers,
sailors, and fliers of the United Nations align their forces (o smash the “Fortress Europe,”
radio research men engineers, and production workers are clectronically allied in the effort.

Radio in this war is a priceless ingredient. As the offensive progresses, the indispcnsal)ilily
of radio-electronics becomes more apparent, not only in ba(tle but in the peace (o come.
Thousands of radiomen are working at top speed (o rush new ideas and inventions into service
and to supply the apparatus that will assist greatly in achieving unconditional surrender of
the enemy in Europe and the Orient, as it has done in Africa. The radio engineer's Mmportance
Was never more significant, for he s performing two vital services—helping (o win the war,
and laying the foundations of a more enduring peace and a better world.

My faith in the radio research worker and in the engineer goes back a long way, yet not so
long as radio’s fast pace measures time. It is like looking back to vesterday that I recall how
I wore the carphones in the old Marconi station on the sands of Siasconset in 1908 and mar-
veled at the work of the radio engincers who had made it possible for the sparks to tlash dots
and dashes. My admiration for the men who create, design, an( build the apparatus that has
kept the cavalcade of radio advancing, has grown with the passing years.

Proceedings of the I R.E.
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I remember how we anxiously awaited the Titanic as the new Queen of the Seas; how we
waited to hear its new spark and hoped to catch a glimpse of its wireless station when the big
ship came into port. | remember as vividly as if it occurred last night, how shocked we were,
how unbelievable it was to hear that the Titanic was in distress on her maiden voyage; and
then the news that she had plunged to a sepulcher in the sea.

That memorable night in the annals of radio was a turning point for many an American
youth interested in science. Wireless from mid-ocean, from a great liner in distress, captured
the imagination of many an American boy. From the group of wireless amateurs that sprang
up after that terrible night on the air, developed many leading radio engineers, who today
look back to 1912 as the date when wireless got into their blood and became their life work.

Behind the operator’s fist at the key, behind the microphone or the high-speed transmitter
and recorder, stands the engincer. He put Uncie Sam at the forefront of wireless in the First
World War, and helped to make the United States the communication center of the world.
Since 1918, with new radio-electron tubes produced by research engineers, the operating
engineer has blazed new trails through space. He has explored on the wavelengths far into the
ionosphere and to every corner of the earth, from North Pole to South Pole. He has opened
up new spectrums of the “ether”—electromagnetic regions once looked upon as barren. It
was the ingenuity of the radio engineer that transformed them into fertile fields of communica-
tion. Today, he stands with radio on the frontier of light.

In America the scientist and engineer enjoys an atmosphere of freedom in which to think
and to work. He is fortunate in having radio as a force of untimited possibilities; a force that
is unending. The engineer’s work is never finished, for radio itself is measured by infinity.

We are fortunate too, to be living at a time when the Destiny of civilization challenges, and,
by answering the challenge as radio engineers are doing, brings joy to their work in a gigantic
task. In radio, one of the qualifications for success in achievement is for the mind to be ever
active. We call the radio tube a “magic brain.” Butitis the brain of the engineer that puts the
electrons to work—first, to the task of winning the war.

The veteran radio engineer can look back to the old spark days and quickly realize how his
profession has contributed to the progress of the world since this century opened. Great are
the triumphs of radio in the span of years that separate the first transatlantic signal from
television and radar. The youthful engineer whose career may date back to the advent of
broadcasting also knows the importance of his profession in the modern world. To him the
wircless sparks of yore no doubt secem tame compared with voices that leap the hemispheres,
and with television which frames into a picture the glory of the past in radio engineering. But
it was in the spark gaps that radio achieved its start, and today the engincer, whose Alma
Mater is the school of wireless telegraphy, marches ahead with the younger men of the
Radio-Electronic Age, men of the Signal Corps, Naval Communications, and in every phase
of radio operations.

A wartime salute is in order for the radio engincer of the past and present, and may his
future be one of unparaileled opportunities. | have every confidence that it wiil be, for the
man who thinks and works to keep pace with progress on the wings of radio.

1943
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Electric Communications, the Past and Present
[lluminate the Future’

A SUGGESTIVE INTERPRETATION
LLOYD ESPENSCHIEDf{, FELLOW, I.R.E.

Summary—The paper is intended to stimulate thought. The
art of conveying intelligence to a distance is looked at broadly in
terms of the underlying physical dimensions of energy, time, and
space. These dimensions connect each individual with the outside
world. The original information, which is to be transmitted, itself
partakes of them as does the system over which the information is
to be projected.

One sees in the free electron in vacuous space the ideal means
for supplying the appropriate carrying energy and of renewing it en
route. In the time dimension, or its inverse, the frequency spectrum,
one can trace an underlying trend which courses through the whole
history of electric communications and that now leads to very high
frequencies and an enormous accretion in intelligence-carrying
capacity. In the spacial dimension, of distance and direction, one
recognizes not only the conquering of distance but also the con-
serving of space by the directing and guiding of the radiation, repre-
senting further advance in the kinds and amounts of intelligence
that may be conveyed. Altogether the trends toward new electronic
instrumentalities, the higher frequencies, and wave propagation
more sharply demarked in space, spell enlarged opportunities and
new horizons.

“\ay-be the things I perceive, ... are only appari-
tions, and the real something has yet to be known.”
(Walt Whitman: “Of the Terrible Doubt of
Appearances,” in the “Leaves of Grass.”

7T YHUS has a great poet alluded to that interesting

[ tentativeness which always resides in our con-
ceptions of the day and to the complementary
element of discovery and growth of new knowledge.
This is, of course, in the very nature of progress and
applies as well to our perception of things at a distance
electrically, to the impressions we get and how we get
them, to the physical systems we employ, and our inter-
pretation of them. For truly our conception of the art
of electric communications, of the means being brought
within reach, of what it is that we undertake to do, the
scope of it as both a science and a service, is continu-
ally changing and rapidly these days.

In considering the subject of electric communica-
tions, then, let us not confine ourselves to the existing
practices as we ordinarily think of them, telegraphy,
telephony, radio, etc., but rather try to get ou tside and
deal with the art as a more general whole in terms of
the physical principles and dimensions which underlie
it and relate it to our surroundings. By getting a fresh
point of view we might see the interesting field in

|
|
»

* Decimal classification: 621.38X R400. Original manuscript
reccived by the Institute, January 30, 1943. Presented, Winter
Conference, New York, N. Y., January 28, 1943.

1 Bell Telephone Laboratories, Inc., New York, N.Y.
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which we work in a somewhat different light, discern
trends more nearly in their true perspective, and gain
some suggestion, perhaps, of that real something that
has yet to be known.

TuE UNDERLYING DIMENSIONS

We start by recognizing that the projection of in-
telligence to a distance electrically involves three of
the major aspects or dimensions of the physical uni-
verse; namely,

Energy or power—in the sense of its being that

something which does the carrying of the meaning-

ful pattern.

Time—in the ordinary sense of transition, involving

the velocity of propagation and the rate at which

the signal patterns are formed.

Space—in the sense of three-dimensional space de-

fining distance and direction.

We may think of these entities as dimensions which
define a great imaginary structure or universe center-
ing about each individual. Thereby the individual may
gather information of the world about him in scope
beyond the capabilities of his ordinary senses, and sim-
ilarly send out information. Actually it appears that
there is much more to take in than there is to send
out! In each case the requirement is that the manifesta-
tions as related to man must be in such form as to
link up with him, as to be capable of stimulating his
senses inbound and of permitting him to express him
self outbound. Naturally it is desired to link up
electrically with as many of man’s senses as possible,
giving him a general and natural coupling with his
environment: from which will be seen something of the
great opportunity which exists for development.

If one looks rather carefully at what the art has to
tell when viewed in this manner, through the underly-
ing physical facets of the structure as it were, certain
flowlines of development will be discerned and a cer-
tain hasis in reality established for judging the various
practical embodiments of the art and even perhaps of
future trends. Of course discovery and invention are
so much a matter of intermodulation between the
physical world and human affairs, and mankind is so
very unpredictable, that one cannot hope to foretell
the relative values and the actual occurrences of the
future. Streaming in from other directions than those
which we can now encompass in our consideration are
other forces related to man's activity, which in com-
bination with the older trends determine the new
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events. Naturally one is always doing a certain amount
of wondering and predicting about the future especially
in such a lively and promising art as the present one,
and under wartime stimulation. Each is free to do this
on his own account; but the writer on his part forbears
being a prophet. It should be mentioned also that the
interpretation of the art which is here offered by its
very nature is a personal one to the writer and not
anything for which the communications agency with
which he is associated should be held responsible!

In attempting to develop this, a more universal
physical conception of electric communications, we
shall observe in the first place the nature of the original
tnformation which is to be transmitted, in terms of the
dimensions of energy, time, and space. Then we shall
go on and consider in terms of each of these dimension
the distance-covering telecommunications link itself.
In doing this we shall sweep over c mprehensively but
briefly the whole history of electric communications
down to the present time in respect to these elementar
elements of energy, time, and space. From this th
imaginative ones may be able to discern something of
how these dimensional cross sections are likely to re
assemble themselves to form the electric communica
tions art of the future

THE ORIGINAL MESSAGE INFORMATIO

Let us think of the information which we are to send
and receive as in the nature of a package which can be
picked up, sent over the intervening medium, and de
livered. What is the form and nature of this informa-
tion package in its original appearance and as it must
needs be delivered? It appears to be a pattern which
exists principally in one of two senses:

(1) In space, as the object itself exists, with all of

its parts present simultaneously. Such is the
kind of information we pick up with our senses
of touch and vision;
In time, a fleeting pattern which develops from
instant to instant and which we might say is dis
posed along the time axis. Such is the manipu
lating of a telegraph key, the exercise of our
vocal cords in speaking.

These are not watertight divisions, for we find that
the two forms flow into each other. If in speaking |
gesticulate with my hand, your impression will start
with a space pattern and merge with one of a time
character. In hearing my voice you receive what is
primarily a time-disposed pattern and yet through the
binaural effect, as well as through your vision, you will
place me in space. In that most elementary of our
senses, the tactile sense of feeling, the full object is
present in a space-pattern sense but we “take it in”
in succession as we do visual images.

We realize that our perception of time and space are
intimately related, different aspects of our conscious-
ness. When we think of traveling to a distance, the
two elements of spacially disposed things and of arriv-
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ing at them in time succession are intimately associ-
ated. But we should not let this intimacy of our two
primary dimensions of time and space obliterate the
distinction between them in defining the character of
the original message pattern itself, whether it is pri
marily a spacial one or a time-developed one, for this
constitutes a useful “handle” with which to grasp an
otherwise elusive subject.

Nor need we, in doing this, be unduly perplexed b
the fact that the way in which we describe the sendin
end information is the way in which it presents itself
through our ordinary senses at the receiving end. \We
simply admit that there is no such thing as the a
priori existence of this sending-end information in an
absolute sense, that our description of it is necessaril
limited to the way it stimulates our receiving senses;
and then we simply say that in terms of /7fe, of our own
reactions, this is what the information really 7s

Then we go on and see that the pattern itself
whether disposed in space or in time, is constituted
basically of departures or changes. An infinitely e
tended uniform surface conveys no information, nor
does an indefinitel prolonged uniform sound. It i
the changes that mark off the patterns; in the world of
intelligence we deal essentially with the transients of
space and time. The sharpness of definition, the rate at
which intelligence is dispatched, is a matier of the ah
ruptness of the transitions, the width of the spectrum
of harmonic frequencies.

Now picture the world of information as it is dis-
posed about the observer. There is in the first place the
spacially disposed information composed for example
of reflected light, which in terms of energy is there in
the first place ready for us to come along, pick up, and
interpret. Myriads of rays come pouring in wherever
onc goes from a world of tremendous detail, in large
part a fixed world from which one may help himself at
will to this and that portion. Then in this background
of fixity there play the forces of motion and of life. We
hear noises; we see the motions of clouds, the move
ment of the leaves; in fact the entrance of the observer
himself into the field of view represents the setting-up
of motion and in turn the generation of the time pat-
tern.

The observer is attracted by animate life, and parti
cularly by his fellow man who proves to possess the
most highly developed kind of instant-to-instant-gen
erated intelligence. By his appearance, expressions, and
gestures, and more especially by his vocal cords and
writing, this fellow man conveys his own reaction to his
surroundings, his thoughts, by a process of codification
which we call language. Although this man-made in
formation is no different in its physical form from that
which we gather from the surrounding world, it is more
highly developed in meaning because attached to the
most complex assembly of mechanism the world af
fords, namely, man himself. \We are, of course, tre-
mendously interested in this man-to-man kind of
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Electric Communications, the Past and Present
Illuminate the Future’

A SUGGESTIVE INTERPRETATION
LLOYD ESPENSCHIEDT, FELLOW, L.R.E.

Summary—The paper is intended to stimulate thought. The
art of conveying intelligence to a distance is looked at broadly in
terms of the underlying physical dimensions of energy, time, and
space. These dimensions connect each individual with the outside
world. The original information, which is to be transmitted, itself
partakes of them as does the system over which the information is
to be projected.

One sees in the free electron in vacuous space the ideal means
for supplying the appropriate carrying energy and of renewing it en
route. In the time dimension, or its inverse, the frequency spectrum,
one can trace an underlying trend which courses through the whole
history of electric communications and that now leads to very high
frequencies and an enormous accretion in intelligence-carrying
capacity. In the spacial dimension, of distance and direction, one
recognizes not only the conquering of distance but also the con-
serving of space by the directing and guiding of the radiation, repre-
senting further advance in the kinds and amounts of intelligence
that may be conveyed. Altogether the trends toward new electronic
instrumentalities, the higher frequencies, and wave propagation
more sharply demarked in space, spell enlarged opportunities and
new horizons.

“\May-be the things I perceive, . .. are only appari-
tions, and the real something has yet to be known.”
(Walt Whitman: “Of the Terrible Doubt of
Appearances,” in the “Leaves of Grass.”

7T YHUS has a great poet alluded to that interesting
J‘[ tentativeness which always resides in our con-
ceptions of the day and to the complementary
element of discovery and growth of new knowledge.
This is, of course, in the very nature of progress and
applies as well to our perception of things at a distance
clectrically, to the impressions we get and how we get
them, to the physical systems we employ, and our inter-
pretation of them. For truly our conception of the art
of electric communications, of the means being brought
within reach, of what it is that we undertake to do, the
scope of it as both a science and a service, is continu-
ally changing and rapidly these days.

In considering the subject of electric communica-
tions, then, let us not confine ourselves to the existing
practices as we ordinarily think of them, telegraphy,
telephony, radio, etc., but rather try to get outside and
deal with the art as a more general whole in terms of
the physical principles and dimens<ions which underlie
it and relate it to our surroundings. By getting a fresh
point of view we might sce the interesting field in
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which we work in a somewhat different light, discern
trends more nearly in their true perspective, and gain
some suggestion, perhaps, of that real something that
has yet to be known.

Tie UNDERLYING DIMENSIONS

We start by recognizing that the projection of in-
telligence to a distance electrically involves three of
the major aspects or dimensions of the physical uni-
verse; namely,

Energy or power—in the sense of its being that

something which does the carrying of the meaning-

ful pattern.

Time—in the ordinary sense of transition, involving

the velocity of propagation and the rate at which

the signal patterns are formed.

Space—in the sense of three-dimensional space de-

fining distance and direction.

We may think of these entities as dimensions which
define a great imaginary structure or universe center-
ing about each individual. Thereby the individual may
gather information of the world about him in scope
beyond the capabilities of his ordinary senses, and sim-
ilarly send out information. Actually it appears that
there is much more to take in than there is to send
out! In each case the requirement is that the manifesta-
tions as related to man must be in such form as to
link up with him, as to be capable of stimulating his
senses inbound and of permitting him to express him
self outbound. Naturally it is desired to link up
electrically with as many of man's senses as possible,
giving him a general and natural coupling with his
environment ; from which will be seen something of the
great opportunity which exists for development.

If one looks rather carefully at what the art has to
tell when viewed in this manner, through the underly-
ing physical facets of the structure as it were, certain
flowlines of development will be discerned and a cer-
tain basis in reality established for judging the various
practical embodiments of the art and even perhaps of
future trends. Of course discovery and invention are
so much a matter of intermodulation between the
physical world and human affairs, and mankind is so
very unpredictable, that one cannot hope to foretell
the relative values and the actual occurrences of the
future. Streaming in from other directions than those
which we can now encompass in our consideration are
other forces related to man's activity, which in com-
bination with the older trends determine the new
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events. Naturally one is always doing a certain amount
of wondering and predicting about the future especially
in such a lively and promising art as the present one,
and under wartime stimulation. Each is free to do this
on his own account; but the writer on his part forbears
being a prophet. It should he mentioned also that the
interpretation of the art which is here offered by its
very nature is a personal one to the writer and not
anything for which the communications agency with
which he is associated should be held responsible!

In attempting to develop this, a more universal-
physical conception of electric communications, we
shall observe in the first place the nature of the original
tnformation which is to be transmitted, in terms of the
dimensions of energy, time, and space. Then we shall
go on and consider in terms of each of these dimensions
the distance-covering teleccommunications link itself.
In doing this we shall sweep over comprehensively but
briefly the whole history of electric communications
down to the present time in respect to these elementary
elements of energy, time, and space. From this the
imaginative ones may be able to discern something of
how these dimensional cross sections are likely to re-
assemble themselves to form the electric communica-
tions art of the future.

THE ORIGINAL MESSAGE INFORMATION

Let us think of the information which we are to send
and receive as in the nature of a package which can be
picked up, sent over the intervening medium, and de-
livered. What is the form and nature of this informa-
tion package in its original appearance and as it must
needs be delivered? It appears to be a pattern which
exists principally in one of two senses:

(1) In space, as the object itself exists, with all of
its parts present simultaneously. Such is the
kind of information we pick up with our senses
of touch and vision;

(2) In time, a fleeting pattern which develops from
instant to instant and which we might say is dis-
posed along the time axis. Such is the manipu-
lating of a telegraph key, the exercise of our
vocal cords in speaking.

These are not watertight divisions, for we find that
the two forms flow into each other. If in speaking I
gesticulate with my hand, your impression will start
with a space pattern and merge with one of a time
character. In hearing my voice you receive what is
primarily a time-disposed pattern and yet th rough the
binaural effect, as well as through your vision, you will
place me in space. In that most elementary of our
senses, the tactile sense of fceling, the full object is
present in a space-pattern sense but we “take it in”
in succession as we do visual images.

We realize that our perception of time and space are
intimately related, different aspects of our conscious-
ness. When we think of traveling to a distance, the
two elements of spacially disposed things and of arriv-
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ing at them in time succession are intimately associ-
ated. But we should not let this intimacy of our two
primary dimensions of time and space obliterate the
distinction between them in defining the character of
the original message pattern itself, whether it is pri-
marily a spacial one or a time-developed one, for this
constitutes a useful “handle” with which to grasp an
otherwise elusive subject.

Nor need we, in doing this, be unduly perplexed by
the fact that the way in which we describe the sending-
end information is the way in which it presents itself
through our ordinary senses at the receiving end. We
simply admit that there is no such thing as the a
priori existence of this sending-end information in an
absolute sense, that our description of it is necessarily
limited to the way it stimulates our receiving senses;
and then we simply say that in terms of /ife, of our own
reactions, this is what the information really 7s.

Then we go on and see that the pattern itself,
whether disposed in space or in time, is constituted
basically of departures or changes. An infinitely ex-
tended uniform surface conveys no information, nor
does an indefinitely prolonged uniform sound. It is
the changes that mark off the patterns; in the world of
intelligence we deal essentially with the transients of
space and time. The sharpness of definition, the rate at
which intelligence is dispatched, is a matter of the ab-
ruptness of the transitions, the width of the spectrum
of harmonic frequencies.

Now picture the world of information as it is dis-
posed about the observer. There is in the first place the
spacially disposed information composed for example
of reflected light, which in terms of energy is there in
the first place ready for us to come along, pick up, and
interpret. Myriads of rays come pouring in wherever
one goes from a world of tremendous detail, in large
part a fixed world from which one may help himself at
will to this and that portion. Then in this background
of fixity there play the forces of motion and of life. We
hear noises; we sec the motions of clouds, the move-
ment of the leaves; in fact the entrance of the observer
himself into the field of view represents the setting-up
of motion and in turn the generation of the time pat-
tern.

The observer is attracted by animate life, and parti-
cularly by his fellow man who proves to possess the
most highly developed kind of instant-to-instant-gen-
erated intelligence. By his appearance, expressions, and
gestures, and more especially by his vocal cords and
writing, this fellow man conveys his own reaction to his
surroundings, his thoughts, by a process of codification
which we calil language. Although this man-made in-
fon.nation is no different in its physical form from that
w.hnch we gather from the surrounding world, it is more
highly developed in meaning because attached to the
most complex assembly of mechanism the world af-
fords, namely, man himself. We are, of course, tre-
mendously interested in this man-to-man kind of
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communication, itself of both the space-disposed and the
time-disposed kind, especially the latter. But note also
that this is only a part of the information world with
which we are surrounded. Thus far the practice of elec-
tric communications has been concerned principally
with this man-generated language kind of information,
outstandingly the aural form of it which is essentially
time-disposed information. Such man-made informa-
tion is transferred out of the body through muscular
actions—facial expressions, gestures, actuation of
vocal mechanism, and writing—mechanical actions the
fundamental period of which is relatively slow, of the
order of one tenth of a second. Perhaps the fact that
we are limited by these muscular actions in what we
send out is a wise provision of nature, for it seems that
we cannot really masticate our ideas in the first place
any more rapidly, and it would be unfortunate were we
able to flood the world with undigested brainstorms!
Or is it that we are at present actually encumbered by
having to express our thoughts thus in these mechani-
cal forms and that communication would be freed by
the avoidance of this obstacle? At least these are con-
siderations we shall need to keep in mind when it comes
to tapping the brain for more direct electrical transmis-
sion.

THE CARRYING ENERGY

In undertaking to transmit intelligence to a distance
one seeks immediately some effect or source of energy
which naturally propagates rapidly to a distance with
not too great loss and which is capable of “taking” the
information. Light is such a medium or vehicle, and
in accordance with our modern ideas of it, as a wave-
propagation-corpuscular phenomenon, is electrical. In
fact it was the discovery of the remarkably high speed
of propagation of electricity along wires, approximat-
ing the velocity of light, which first excited interest in
electricity as a messenger of intelligence in the 1700's.

On the basis of the identity of light and electricity
we can regard the early visual or semaphore type of
telegraph, from which the word telegraph has come, to
be the first clectrical system for reading graphic signs
or writing at a distance.! Indeed we can go a step
farther and say that our everyday vision is an electrical
system of communication. The messages we receive are
those set up all around us in a spacially disposed world
by the reflection of waves in a certain portion of the
electromagnetic-wave spectrum.

! In its original meaning the word telegraph applied to the
writing or displaying of graphs or signs at the sending station which
was viewed from the receiving end by a telescope. [n its electrical
adaptation it has been skewed around to apply to the writing
down of the information at the receiving end. This has occasioned
some ambiguity. In accordance with this interpretation if the re
ceiving operator does not record the message but merely receives
by ear and passes it along by telephone, there has been no writing
at a distance! Actually in the sense of taking the original graph, a
surface-disposed pattern, and reproducing it for reading at the
receiving end, the facsimile or television type of transmission is
more truly in accordance with the original meaning of the word
than is one which operates on the basis of the time-disposed Morse
code and which permits of being read by car rather than the eye.

Espenschied : Electric Communications
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The form of energy which man himself generates in
expressing his thoughts through muscular exertions
of one kind and another is essentially one of mechanical
motion. These motions are taken off and fed to our
senses either

(1) Through the medium of light, wherein we note

that they become time modifications of the
space-pattern kind of intelligence, or

(2) As continued outward mechanical impulses, as

in punching keys or in beating the air with our

vocal cords, wherein the intelligence pattern is

developed along the time axis.
The latter way of continuing the man-made informa-
tion beyond the body, through mechanical waves,
propagates relatively slowly and with a very high at-
tenuation and is not ordinarily useful for distances
beyond a few tens of feet. This is in fact the very infor-
mation in which we are most interested to transmit to
a distance for it conveys so much of man’s thought.
To do the conveying to considerable distances we must
ride this mechanical-action kind of time pattern upon
a more fleet and far-reaching carrier—that of elec-
tricity, and we do it electromechanically.

We recognize that what gave birth to the age of
electric communications was the discoverv of elec-
tricity in a form which could be reasonably conserved
in being propagated to a distance, namely, the gal-
vanic or voltaic electricity of the low-impedance bat-
tery as distinguished from the preceding electrostatic
machines of impossibly high impedance. With this kind
of electricity came the discovery of electromagnetism
whereby there became available the electromechanical
instrument with which the silent messenger is linked
with man’s mechanical actions and senses.

In the absence of other instrumentalities the art
continued for years on the basis of using as the carrying
energy a direct current taken from a battery. And even
today, after having learned how to develop high-fre-
quency carriers and implant the intelligence on them,
we seem always to start out with the primary source of
electricity one of direct current or very low frequency.
Once having started our technique with electricity
generated at the low-frequency end of the scale, it
seems we cannot do other than start there anew even
though we wish to land high up in the frequency spec-
trum. In our engines for getting this low-frequency
energy in the first place we start with heat, which it-
self represents high-frequency oscillations—of the
molecules. How long is it going to take us to make a
short cut from the energy of heat, directly to tle fre-
quencies that we want for transmission? Certainly
everyone knows today that the power pack, etc., the
primary supply for vacuum tubes, is the bane of one’s
existence and one of the reasons why the vacuum-tube
amplifier is still rather expensive and clumsy in use.

The idea of transmitting intelligence in relays,
through a chain of stations, must be as early as the
marathon race itself. Before the advent of clectric
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events. Naturally one is always doing a certain amount
of wondering and predicting about the future especially
in such a lively and promising art as the present one,
and under wartime stimulation. Each is free to do this
on his own account; but the writer on his part forbears
being a prophet. It should be mentioned also that the
interpretation of the art which is here offered by its
very nature is a personal one to the writer and not
anything for which the communications agency with
which he is associated should be held responsible!

In attempting to develop this, a more universal-
physical conception of electric communications, we
shall observe in the first place the nature of the original
information which is to be transmitted, in terms of the
dimensions of energy, time, and space. Then we shall
go on and consider in terms of each of these dimensions
the distance-covering telecommunications link itself.
In doing this we shall sweep over comprehensively but
briefly the whole history of electric communications
down to the present time in respect to these elemen tary
elements of energy, time, and space. From this the
imaginative ones may be able to discern something of
how these dimensional cross sections are likely to re-
assemble themselves to form the electric communica-
tions art of the future.

THE ORIGINAL MESSAGE INFORMATION

Let us think of the information which we are to send
and receive as in the nature of a package which can be
picked up, sent over the intervening medium, and de-
livered. What is the form and nature of this informa-
tion package in its original appearance and as it must
needs be delivered? It appears to be a pattern which
exists principally in one of two senses:

(1) In space, as the object itself exists, with all of
its parts present simultaneously. Such is the
kind of information we pick up with our senses
of touch and vision;

(2) In time, a fleeting pattern which develops from
instant to instant and which we might say is dis-
posed along the time axis. Such is the manipu-
lating of a telegraph key, the exercise of our
vocal cords in speaking.

These are not watertight divisions, for we find that
the two forms flow into each other. If in speaking I
gesticulate with my hand, your impression will start
with a space pattern and merge with one of a time
character. In hearing my voice you receive what is
primarily a time-disposed pattern and yet through the
binaural effect, as well as through your vision, you will
place me in space. In that most elementary of our
senses, the tactile sense of feeling, the full object is
present in a space-pattern sense but we “take it in”
in succession as we do visual images.

We realize that our perception of time and space are
intimately related, different aspects of our conscious-
ness. When we think of traveling to a distance, the
two elements of spacially disposed things and of arriv-
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ing at them in time succession are intimately associ-
ated. But we should not let this intimacy of our two
primary dimensions of time and space obliterate the
distinction between them in defining the character of
the original message pattern itself, whether it is pri-
marily a spacial one or a time-developed one, for this
constitutes a useful “handle” with which to grasp an
otherwise elusive subject.

Nor need we, in doing this, be unduly perplexed by
the fact that the way in which we describe the sending-
end information is the way in which it presents itself
through our ordinary senses at the receiving end. We
simply admit that there is no such thing as the a
priori existence of this sending-end information in an
absolute sense, that our description of it is necessarily
limited to the way it stimulates our receiving senses;
and then we simply say that in terms of /ife, of our own
reactions, this is what the information really 7s.

Then we go on and see that the pattern itself,
whether disposed in space or in time, is constituted
basically of departures or changes. An infinitely ex-
tended uniform surface conveys no information, nor
does an indefinitely prolonged uniform sound. It is
the changes that mark off the patterns; in the world of
intelligence we deal essentially with the transients of
space and time. The sharpness of definition, the rate at
which intelligence is dispatched, is a matter of the ab-
ruptness of the transitions, the width of the spectrum
of harmonic frequencies.

Now picture the world of information as it is dis-
posed about the observer. There is in the first place the
spacially disposed information composed for example
of reflected light, which in terms of energy is there in
the first place ready for us to come along, pick up, and
interpret. Myriads of rays come pouring in wherever
one goes from a world of tremendous detail, in large
part a fixed world from which one may help himself at
will to this and that portion. Then in this background
of fixity there play the forces of motion and of life. We
hear noises; we see the motions of clouds, the move-
ment of the leaves; in fact the entrance of the observer
himself into the field of view represents the setting-up
of motion and in turn the generation of the time pat-
tern.

The observer is attracted by animate life, and parti-
cularly by his fellow man who proves to possess the
most highly developed kind of instant-to-instant-gen-
erated intelligence. By his appearance, expressions, and
gestures, and more especially by his vocal cords and
writing, this fellow man conveys his own reaction to his
surroundings, his thoughts, by a process of codification
which we call language. Although this man-made in-
for{nation is no different in its physical form from that
\\"h]Ch we gather from the surrounding world, it is more
highly developed in meaning hecause attached to the
most complex assembly of mechanism the world af-
fords, namely, man himself. We are, of course, tre-
mendously interested in this man-to-man kind of
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communication,itself of both thespace-disposed and the
time-disposed kind, especially the latter. But note also
that this is only a part of the information world with
which we are surrounded. Thus far the practice of elec-
tric communications has been concerned principally
with this man-generated language kind of information,
outstandingly the aural form of it which is essentially
time-disposed information. Such man-made informa-
tion is transferred out of the body through muscular
actions—facial expressions, gestures, actuation of
vocal mechanism, and writing—mechanical actions the
fundamental period of which is relatively slow, of the
order of one tenth of a second. Perhaps the fact that
we are limited by these muscular actions in what we
send out is a wise provision of nature, for it seems that
we cannot really masticate our ideas in the first place
any more rapidly, and it would be unfortunate were we
able to flood the world with undigested brainstorms!
Or is it that we are at present actually encumbered by
having to express our thoughts thus in these mechani-
cal forms and that communication would be freed by
the avoidance of this obstacle? At least these are con-
siderations we shall need to keep in mind when it comes
to tapping the brain for more direct electrical transmis-
sion.

THE CARRYING ENERGY

In undertaking to transmit intelligence to a distance
one seeks immediately some effect or source of energy
which naturally propagates rapidly to a distance with
not too great loss and which is capable of “taking” the
information. Light is such a medium or vehicle, and
in accordance with our modern ideas of it, as a wave-
propagation-corpuscular phenomenon, is electrical. In
fact it was the discovery of the remarkably high speed
of propagation of electricity along wires, approximat-
ing the velocity of light, which first excited interest in
electricity as a messenger of intelligence in the 1700's.

On the basis of the identity of light and electricity
we can regard the early visual or semaphore type of
telegraph, from which the word telegraph has come, to
be the first clectrical system for reading graphic signs
or writing at a distance.! Indeed we can go a step
farther and say that our everyday vision is an electrical
system of communication. The messages we receive are
those set up all around us in a spacially disposed world
by the reflection of waves in a certain portion of the
electromagnetic-wave spectrum.

' [n its original meaning the word telegraph applied to the
writing or displaying of graphs or signs at the sending station which
was viewed from the receiving end by a telescope. [n its electrical
adaptation it has been skewed around to apply to the writing
down of the information at the receiving end. This has occasioned
some ambiguity. In accordance with this interpretation if the re-
ceiving operator does not record the message but merely receives
by car and passes it along by telephone, there has been no writing
at a distance! Actually in the sense of taking the original graph, a
surface-disposed pattern, and reproducing it for reading at the
receiving end, the facsimile or television type of transmission is
more truly in accordance with the original meaning of the word
than is one which operates on the basis of the time-disposed Morse
code and which permits of being read by ear rather tLan the eye.

Espenschied : Electric Communications

397

The form of energy which man himself generates in
expressing his thoughts through muscular exertions
of one kind and another is essentially one of mechanical
motion. These motions are taken off and fed to our
senses either

(1) Through the medium of light, wherein we note

that they become time modifications of the
space-pattern kind of intelligence, or

(2) As continued outward mechanical impulses, as

in punching keys or in beating the air with our

vocal cords, wherein the intelligence pattern is

developed along the time axis.
The latter way of continuing the man-made informa-
tion beyond the body, through mechanical waves,
propagates relatively slowly and with a very high at-
tenuation and is not ordinarily useful for distances
beyond a few tens of feet. This is in fact the very infor-
mation in which we are most interested to transmit to
a distance for it conveys so much of man’s thought.
To do the conveying to considerable distances we must
ride this mechanical-action kind of time pattern upon
a more fleet and far-reaching carrier—that of elec-
tricity, and we do it electromechanically.

We recognize that what gave birth to the age of
electric communications was the discovery of elec-
tricity in a form which could be reasonably conserved
in being propagated to a distance, namely, the gal-
vanic or voltaic electricity of the low-impedance bat-
tery as distinguished from the preceding electrostatic
machines of impossibly high impedance. With this kind
of electricity came the discovery of electromagnetism
whereby there became available the electromechanical
instrument with which the silent messenger is linked
with man's mechanical actions and senses.

In the absence of other instrumentalities the art
continued for years on the basis of using as the carrying
energy a direct current taken from a battery. And even
today, after having learned how to develop high-fre-
quency carriers and implant the intelligence on them,
we seem always to start out with the primary source of
electricity one of direct current or very low frequency.
Once having started our technique with electricity
generated at the low-frequency end of the scale, it
seems we cannot do other than start there anew even
though we wish to land high up in the frequency spec-
trum. In our engines for getting this low-frequency
energy in the first place we start with heat, which it-
sell represents high-frequency oscillations—of the
molecules. How long is it going to take us to make a
short cut from the energy of heat, directly to tl e fre-
quencies that we want for transmission? Certainly
everyone knows today that the power pack, etc., the
primary supply for vacuum tubes, is the bane of one's
existence and one of the reasons why the vacuum-tube
amplifier is still rather expensive and clumsy in use.

The idea of transmitting intelligence in relays,
through a chain of stations, must be as early as the
marathon race itself. Before the advent of electric
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telegraphy we find it carried out in the visual or sema-
phore type of systems, of necessity because the span
of transmission was limited to line-of-sight distances, a
reminder of ultra-high-frequency radio today. The
conception of electrical relay stations appears to have
arisen with the very birth of the electromagnetic tele-
graph. We find it in one of Morse's early patents.? It
appears that on the route which Morse’s original tele-
graph line took between Baltimore and Washington,
the first stagecoach station out of Baltimore where the
horses were changed and fresh horsepower was taken
on was named “Relay House,” and that this had to do
with the origin ol the term relay as applied to the elec-
tromagnetic telegraph.?

But whatever the origin of the term, the action it-
self, of infusing new energy along the route, is basic
and vital to the whole art. It is something to which wire
transmission lends itself naturally. In radio transmis-
sion one tends to depend more largely upon the original
sending-end energy in order to jump as far as possible
before coming down to earth again. To ultra-high-fre-
quency radio systems the relay idea lends itself for the
reason that such systems begin to approach the guided-
wave method of transmission by giving access to the
new energy along the line of travel.

It appears that the greater the finesse which at-
taches to the sending-end information, the weaker is
the energy taken off the original intelligence pattern
and the greater the need for a sending end amplifier.
In the earliest form of electric communication, namely
telegraphy, the muscular motions involved in manipu-
lating the telegraph key represented the availability of
considerable energy with which to modulate the source
of power. When it came to the telephone, the available
signaling power, that of sound waves, was very much
less and there was difficulty in getting enough energy
into the line and on to the receiving end to be discerni-
ble to the ear. The telephone transmitter-microphone
represented the early supplying of a transmitting am-
piifier, which really insured the success of the early
telephone. More recently in electric communications
we have come to the picking-up of spacial patterns by
light waves and here the energy available originally
from the pattern is so extremely weak as to require the
immediate insertion of a high degree of amplification
before anything can be done.

We well recognize that the greatest advance in elec-
tric communications in our time is the appearance of
the vacuum-tube amplifier. It puts a new face on the
whole art in several respects. In the first place it is

2 U. S. Patent No. 1647, June 20, 1840.

* There exists an interesting account of this and the change
which occurred in the meaning of the word relay, from a station to a
particular device for working into a local circuit, and of the use of
the word repeater to designate the working from one line section
to another, written by a pioncer, Thomas D. Lockwood, in an
article which appeared back in the 90's in three sections, entitled
“Telephone repcaters or relays, and repeating systems,” Elec.
World, vol. 20, pp. 593-597; November 14, 1896 pp. 626-630.
November 21, 1896; and pp. 660-661; November 28, 1896.
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capable of supplying the carrying power remarkably
flexibly over a very wide range of frequencies, and of
enabling the information to be impressed thereon. 1t
does this by virtue of being an aniplitier, and its more
fundamental significance is as a straight amplifier
where we can look at it in two senses. One is the fact
that it can be used at the sending end to pick up ex-
tremely weak original patterns, to maintain them
along the route, and to deliver them at the receiving
end to our senses at the power required for convenient
consumption. ‘The other is the fact that it can do this
amplifyving at extremely high frequencies of transmis

sion. In this latter respect the vacuum-tube amplifier
has in effect rolled back from the frequency spectrum
the curtain of attenuation which has hung across it,
and has revealed a great new dimension into which the
art lately has been expending. Frequency being a sub-
division of time, this matter of the frequency spectrum
and its significance to the art is discussed in the section
to follow.

What makes the vacuum tube such a remarkable in-
strument is the fact that the minute electrical carriers
the electrons, are obtained by tl.emselves in free space,
free from the encumbrance of the solid matter conduc-
tors in which they had been contained heretofore in
electrical devices. Electricity is obtained in pure and
unadulterated form, as it were, out in a bit of vacuous
space where it can be operated upon directly by elec-
trical influences such as those of the reccived signal
waves, without the intervention of mechanical action
with its inertia limitations. No wonder then that we
find ourselves in the midst of a great new era in electric
communications, as we shall see in terms of the fre-
quency-spectrum picture given subsequently, and one
which is much broader than electric communications
itself.

THE TiME-DiMENsION- FREQUENCY SPECTRUM

The first thing that occurs to one in thinking of the
element of time in electric comm unications is the speed
with which communication may be accomplished. The
electrical mode of signaling is unique in this respect.
But this matter of the speed of transmittal contains
two aspects which are distinct and should not be con-
fused. First there is the velocity with which the carry-
ing wave stream is projected ocver the intervening
medium, which is essentially that of light. This high
speed of travel is especially important in long-distance
telephony with its requirement of immediacy of re-
ceipt and response in two way talking. The interval
between go and come is a matter of split seconds, and
there are occasions of simultaneous talking in which
one speaker breaks the other. In the case of wire tele-
phony the velocity at voice frequencies is materially
less than that of light, especially over loaded cable
circuits, and the higher velocity which characterizes
the higher frequencies on nonloaded wires is one of
the reasons why carrier Ltransmission is becoming so
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extensively employed for the longer distances. back again. For purposes of television the rate of dis-

The other factor concerned with the speed at which
communication may be conducted electrically pertains
not to the time of travel between the two terminals
but to the rate at which the signaling pattern is gotten
off at the sending end and gathered together again at
the receiver. This rate of modulation determines the
extent to which the sinusoidal carrier wave is made to
depart from its original smooth form by the superposed
signal wave, to occupy a band of signaling frequencies.
The faster the rate of signaling the wider the band or
frequency aperture represented by the transmission.
This bandwidth is substantially constant for tele-
phony, fixed by the nature of our vocal system and
hearing. In telegraphy the bandwidth is pared down to
a minimum in the first place by the condensing of the
code, but is directly proportional to the speed of key-
ing. In picture transmission and television there 18 no
economizing in the number of signal elements by cod-
ing, all the dot points are taken as they exist, and the
bandwidth is on the whole much greater, again being
proportional to the rate at which the dot clements are
gotten off, to the rate of scanning over the surface.

Here we have a surface-disposed pattern which by
scanning is converted to a time-disposed one and then

patch of the picture frames is so high as to require a
very wide signaling band.

It is a part of the technique of carrier and radio to
take such signaling bands and place them anywhere
desired in the broad frequency spectrum by tl.e act of
modulation. The modulation process is an interesting
one in itself, the more so since the signaling wave can
be impressed upon the carrier in any of several ways,
amplitude modulation, frequency modulation, etc.
Also the wedding of the two, the signaling and the car-
rier wave, can be done at low or high power levels, etc.
The end result is the placing of the signaling bands in
the broad frequency spectrum of electromagnetic
waves. We can, then, look at the art from this stand-
point of the placing of any and all kinds of signaling
bands on top of each other in the broad frequency spec-
trum of the common medium.

Fig. 1 presents a historiograph of electric communi-
cations in these terms, of the broad frequency spec-
trum. It is a cross section of the whole art of electric
communications, from its beginning about a century
ago down to the present time, in terms of this one di-
mension of the rates of vibration of the terminal de-
vices and of the carrying waves.
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The relationship is between the years of the art
plotted horizontally and the frequency spectrum ver-
tically. At the left, vertically are the portions of the
spectrum with which our senses are concerned, the
slits into which we need to feed the final received sig-
nals to discern them. It is to be understood that be-
neath the audio frequencies and extending down to zero
frequency are the impulses concerned with our tactile
sense and our muscular exertions. In the curves the in-
terrupted lines represent the research and experimental
phase of developments and the full lines the undertak-
ing of practice and the giving of service.

Horizontally along the bottom of the diagram is the
base line of the art, representing hand-speed telegra-
phy of about 10 cycles per second, which ushered in
electric communications about a century ago. The rate
of signaling has been speeded up somewhat over the
years until we might say that telegraphy today repre-
sents frequencies of the order of 10 to 100 cycles funda-
mental-dot frequency. Tech nically much higher speeds
of signaling have been attained but the use of such
higher-speed systems has been limited. Rather than a
few very high-speed channels the main requirement
has been for many low-speed ones because of the neces
sity of transcribing by hand from written texts into the
telegraph and from the telegraph back to written
texts. With the attainment of more automatic means
for effecting this translation, as by electrophoto meth-
ods, this trend may be changed. More recently telegra-
phy has grown into picture transmission and in turn
into television and has moved on up to the higher fre-
quencies of radio and the coaxial cable.

Referring again to the chart, telephony will be seen
to have been the first major step beyond telegraphy.
Here two branches of knowledge merged, that of acous-
tics, diaphragm devices, and the like, and that of
speeded-up electromechanical telegraph instruments,
whereby sound-wave and electrical-wave paths were
joined together. Telephony represented an enormous
speeding-up of the rates of response of the terminal
instruments of telegraphy at the time, much as had
the realization of the electromagnetic telegraph instru-
ments themselves represented increased agility over
the ponderous movement of the signal arms of the old
visual telegraph systems. The higher line frequencies of
telephony meant a corresponding increase in attenua-
tion, whereby it became necessary to build more care-
fully constructed lines for conserving the energy and
to deal with much weaker received power. The atten-
tion to wave propagation over wires that was called
forth in telephony, and previously in the submarine-
telegraph-cable problem, led gradually to the estab-
lishment of the great technique which for some years

now has underlain the whole electric communications
art, that of electrical networks. It starts with an evalu-
ation of wave propagation over wires in terms of
attenuation and phase and goes into the whole line of
technology represented by artificial lines and balancing
networks, by the recognition of the band character of
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the signaling wave, by equahization, impedance match-
ing, and by the invention of the electric wave filter—
all forming a great technical base much as has the
land-line network itself constituted the service base of
the art.

Not long after the invention of the telephone there
occurred the physical beginning of radio in the experi-
ments of Hertz. He dealt with frequencies of the order
of hundreds of megacycles, generated discontinuously
by means of sparks, frequencies which were extremely
high at the time for electrical generation, and which
only recently have been much exceeded on a continu-
ous wave basis. Stemming from Hertz's work will be
secn two lines of development. The upper interrupted
line leading to still higher frequencies represents the
pure-research pursuit of electromagnetic waves which
succeeded finally in joining the radio spectrum with
that of radiant heat, still by nicans of electromagnetic
waves generated by sparks.

The downwardly sloping line out of Hertz represents
the development of practical radio. The frequency
trend was initially rapidly downward, to the longer
waves, for the reason that the eflort was to stretch
the transmission over longer distances. This involved
bending the waves around the curvature of the earth
larger antennas, greater sending powers meaning
larger condensers, and naturally lower rates of vibra-
tion. The lower frequencies meant in turn greater per-
sistence of oscillation and led to new methods of gen
erating the waves, such as the arc and the machine
alternator, whereby there began the continuous-wave
phase of radio.

It was at this juncture, just before the incidence of
World War I, that the vacuum-tube amplifier came
into the picture, more or less simultaneously in
America and Europe through de Forest and von Lieben
and Reisz, through both the radio and the wire arts.
Theattainment of the high-vacuum form of tube in the
Bell Telephone Company's Laboratories, and also in-
dependently in those of the General Electric Com-
pany, marked the great beginning in the practical
phase of the electronic amplifier. This occurred just
prior to the start in Europe of World War I, high-
vacuum amplifier tubes going into service for the first
timein 1913. In radio. the vacuum tube quickly spelled
the beginning of practical radiotelephony, and equally
quickly in wire communication the beginning of high-
frequency or carnier-current telephony, both starting
about 1914 and reaching considerable technical attain-
ment before the entry of the United States into the
war. In time the vacuum tube converted radio com-
p!etely to continuous-wave transmission and led long-
distance wire telephony rather generally to the higher
frequencies.

The up-surges in frequency that are shown in the
chart starting around 1920 followed after World War |
!)ut were by no means due to the war. The genesis lay
in the great technical base that was established before
the war, starting years before in electron physics and
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the vacuum tube and in the great underlying technique
of wave propagation and circuit networks. It is true
that the war did promote certain developments. Weare
not conscious of what it may have held back, but do
know that it gave early experience in manufacturing
vacuum tubes in some quantity and in building little
radiotelephone sets which marked the beginning of
small-boat telephony and of aircraft radiotelephony.
Another important bearing of the war was the quick
indoctrinating of thousands of bright young men with
knowledge of the new vacuum-tube art whereby they
became enthusiastic workers in the developments to
follow, notably in the launching and carrying out of
broadcasting.

The curves show rather dramatically the great up-
ward surge in frequency which has occurred between
the two great wars. The art has entered the present
war with an enormously expanded front as to frequen-
cies and types of services, in the technical phenomena
and tools that were becoming available. With this
greater physical front to choose from and the greater
effort and duration of the present war, the technology
may be expected to come out of it more greatly altered
from its normal course than was the case previously,
some parts delayed but many greatly advanced. War
may be likened to a huge amplifier,a highly selective or
distorting one, which greatly enhances certain com-
ponents and suppresses others; an amplifier which by
bare overloading, as it were, generates some interesting
by-product harmonics, and in this way contributes to
a certain widening of the front! We may, then, expect
to enter the next peace period with greater opportuni-
ties than ever both in the physical means at our dis-
posal and in the brains and youthful enthusiasm that
will have been attracted to this interesting field.

Having dealt with the frequency dimension as a sub-
division of time, we should recall before leaving the
element of time that we are interested also in bridging
long time intervals by the storage of the intelligence.
In telegraphy and picture transmission we start out
with a stored intelligence and we reproduce it assuch at
the recciving end. The period of preservation can be
anything from short duration, as per the fleeting figure
on a cathode-ray tube, to impressions made upon a
very long-life holding medium such as paper and the
phonograph record. The facility with which we can
now produce signals of ample encrgy and place them
more or less anywhere in the frequency spectrum en-
larges the opportunity for record ‘making both as to the
kind of information and the manner of recording it.
The invention of multiple-type printing about the year
1450 constituted one of the greatest advances in in-
telligence conveyance in general and also in the broad-
casting aspect of it up to the time of radio broadcast-
ing. Perhaps now, with all our electrical facilities, we
are on the verge of another great new cra as regards the
record, both for individual and mass use and for local
as well as distant recordation. Certainly those of us
who struggle with a pen or the pounding of a type
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writer would relish a neater way of extending our
thoughts in time for later eye consumption.

THE SPACE DIMENSION

The fact that certain kinds of information, such as
that of vision, are of a space-pattern character already
has been noted. This kind of information, that which
has cross section and streams out from a surface as it
were, it not limited to visible rays as we well know to-
day from the use of reflected radio waves for the detect-
ing of objects. This streaming-out kind of information
can be used also in another sense which we see exempli-
fied in the ultra-high-frequency marker of an airport.
Here the beam extending upward sets up a vertical de-
marcation having a cross-sectional dimension, which
the airplane intercepts. Obviously the principle could
be extended to include additional information by more
complex patterns. In fact with the growing occupancy
of the air we may well expect a sort of compartmental-
izing of the space over the earth'’s surface for purposes
of controlling navigation by sharply directive radio.
We shall be fortunate if the advertising signs of the
future planted on the earth’s surface, to be seen from
the aerial highways, are not of this character to insure
that they can be seen by the passing air-borne throng
irrespective of weather conditions!

This brings us to a consideration of space on a
grander scale, viewed as the great gap across which we
wish to transmit intelligence. Let us cast our eyes at the
heavens and think of electromagnetic waves that are
being propagated out in interstellar space. There being
no guides there is only one way the propagation can
take place and that is radially from the source, along
the straight lines we call rays. In the stars we see
myriads of such radiators each emitting spherically,
the whole galaxy setting up a crisscross of countless
rays, a network or exchange system of waves in free
space, on a colossal scale. It is from this system that we
gain our knowledge of the greater universe, of the ori-
entation of the heavens, of the speed of light itself, of
the similarity of the remote bodies to our own as told
by the light spectra, and of more subtle goings-on not
yet understood represented by the spectral shift and
the fact that it increases with distance. The distances
of this interstellar system are so enormous that elec-
tromagnetic-wave propagation seems slow. It depends
solely upon sending-end energies, and these are so
great that although our own earth intercepts but a
minute part of that of our sun we get enough to “keep
us going.” Indeed this interstellar system is the grand-
est and most lavish kind of intercommunicating system
as it were; yet for us human beings it lacks the one ele-
ment of the time-disposed pattern of information that
ties up with life.

Imagine now that we come down to earth and take
up man-made radiating systems of the radio variety.
We find immediately that our little radiating oscillator
cannot continue its propagation in all directions, for
the radiation hits an impenetrable barrier in the
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earth’s surface. A measure of shielding and reflecting
immediately arises. In fact we can provide reflecting
surfaces at our will, set Up compartmentalizing walls as
it were. By disposing a reflecting wall around the radi-
ating source, energy dissipation in undesired directions
can be stopped off and the transmission in desired di
rections reinforced. The desired transmission can be
throttled down to a harrow cone. We can go farther
and extend the shielding surface on down the line of the
cone in the form of . pipe whereby the radiation is fur-
ther restricted to a VEry narrow cross section a la wire
transmission.

Thus in our imagination we have gone gradually
from a pure radio system radiating in three-dimen-
sional space down to almost a single-ray path, to a
tube of transmission to which the wave cnergy is con-
fined and along which it is reflected to a particular des-
tination.

In this approach we see radio as something which
starts out in keeping with its name as a radiant space-
occupier but which at the higher frequencies can be
narrowed down to a certain general bundle of rays
that reach a limited area. We see the guided-wave
method of transmission as a closed-in ray as it were
which frees space for other occupancies and which
enables the path of transmission to be guided around
corners and obstacles and to be projected through solid
material by boring a hole through it as it were, through
walls and along under the surface of the earth itself as
in laying a cable. In both cases the conveyance of
energy is through space, the difference being the extent
to which the spacial dimension is closed in, physically
how this is done, and the sharpness of the lines of de-
marcation. It would seem that altogether between the
two extremes of the wide openness of the original form
of radio and the complete closed-in nature of the orig-
inal form of a shielded pair of wires, quite a wide
variety of possibilities exists.

Now we come in our consideration of the spacial
dimension to what is perhaps the controlling physical
fact of our existence on the earth. It is that we are
surface creatures who live in that transition plane be-
tween the solid matter of the earth and the things
around us, and the great open space above. We have
two general realms with which to deal, first that of the
solid matter all about us, to penetrate which with our
spacial wave we must in effect bore a hole. This is
what the tubular wave-guide or wire-line kind of thing
does. It involves work and expense but provides a
medium which is removed from the greatoutside world
and in this sense is private; the price that one pays for
this threadlike definition in the form of increased at-
tenuation with increased frequency can be offset by an
increased use of amplifiers. The other realm with whjch
we are concerned is that of the open space itself above
the earth's surface, now becoming so very important
for aerial navigation, for which the radio method is
vital and unique. Then there is an intermediate condi-
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tion which because of its practical importance amounts
really to a third realm. It is that of the horizontal di-
mension skimming along the earth’s surface. One
can traverse istance immediately outside the
earth’s surface either by the wave-contained method,
by cable or open-wire line suspended above the
surface, or by the wave-projected method of radio,
or conceivably by a combination of or intermediate
condition between the two. Which of the two general
methods to employ obviously depends upon the partic-
ular purpose in view. For fixed point-to-point com-
munication the closed-in private medium is obviously
preferred, if for no other reason than that it prevents
the cluttering-up of space gencrally for the purpose of
particular communications. On the other hand for
mobile services within the arca of the movenient, ob-
viously radio is the answer. For effecting a general
Coverage as in broadcasting, radio likewise is indicated

although not uniquely, for wires are readily spun out
into a network.

CoNcLusioN

In recent years the clectric-communications tech-
nique has been acquiring a greatly expanded physical
base, which is characterized by:

Electronics, representing a new command of elec-
tricity in the form of carriers free in vacuous space
capable of energizing communication systems at enor-
mously high rates:

A greatly extended frequency dimension, represent-
ing enlarged intelligencc-carrying capacity and a new
technique common to the radio and guided method of
transmission ;

Means in the form of wave guides and directed radio
for realizing transmissions of very high frequency char-
actericed by a high degree of spacial definition, where
by the number of communications may be multiplied
on a space-segregation basis;

A trend toward undertaking the” transmission of
additional forms of intelligence, particularly of the
Space-pattern type.

The new phenomena and instruments of today are
the harbingers of the new services of tomorrow, from
which we realize that our existing plants and services
are the steppingstones to the attaining gradually of a
tnore complete conveyance of intelligence between man
and his surroundings. The picture of the future ap-
pears to be that of great networks of transmissions
covering in general each area of the earth's surface and
indeed the globe, with innumeralle island systems rep-
resenting local Interests, and myriads of sprouts feed-
Ing out into open spacein keeping with man's increased
mobility and conquest of the air; a world nervous sys-
tem so comprehensive in terms of time and space and
mtelligence-carrying Capacity as cventually to enable
one anywhere to keep in touch, by more or less all his
senses and to the extent desired, with his environment
and fellow man.




Direct-Reading Wattmeters for Use at Radio
Frequencies*

GEORGE H. BROWNTY, FELLow, LR.E., J. EPSTEINY, ASSOCIATE, L.R.E., AND
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Summary—The principle upon which the operation of direct-
reading wattmeters is based has been known for many years. The
contribution of this paper lies in the application of this principle to a
practical operating instrument for the measurement of high power
at radio frequencies.

Two instruments are described. The first is useful in the range
of frequencies from 500 to 2000 kilocycles. This instrument contains
circuits which permit operation at any frequency in this band with
no tuning or other change in the instrument.

The second instrument operates in the region near 50 mega-
cycles. It is inherently a single-frequency device constructed from
sections of transmission lines.

The theory of operation is discussed, as well as calibration
methods. Test data taken with the instruments with loads having a
wide range of power factors are compared with power measure-
ments made on water-cooled loads.

I. INTRODUCTION
T N THE PAST, the output power of a radio broad-

J_ cast transmitter has been determined by either one

of two methods, the direct and the indirect. In
the indirect method, the plate input power of the last
stage of the transmitter is multiplied by a stated factor
to obtain the output power. This method is not ex-
tremely accurate for a number of reasons. The direct
method consists in measuring the antenna resistance
or the resistance at some point in the feed system, and
inserting an ammeter at this point. Then the power is
determined from the I!R formula. This method of
power determination assumes that the antenna resist-
ance or the feed-point resistance does not change. If
such a change occurs due to, say, climatic conditions,
in the first case, or to circuit changes made either in-
tentionally or inadvertently, the mere fact that the
current at the measuring point remains constant does
not assure a constant power.

At ultra-high frequencies, the measurement of power
into an antenna has always presented a difficult prob-
lem. As in the low-frequency case, the constancy of an
ammeter reading need not at all mean that the power
is constant.

It is the purpose of this paper to describe two in-
struments which have been developed. The first is a
wattmeter for use in the band of frequencies between
500 and 2000 kilocycles. The second wattmeter, oper-
ating on the same principle, is usefu! in the neighbor-
hood of 50 megacycles.

II. Thne PriNCIPLE OF IPAIRED THERMOCOUPLES

The operation of these wattmeters centers upon two

* Decimal classification: 621.374.6 X R251. Original manuscript
received by the Institute, January 11, 1943. Presented, Winter

Conference, New York, N. Y., January 28, 1943
t RCA Laboratorics, Princeton, New Jersey.
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identical thermocouples. These thermocouples are of
the vacuum type, with the heater insulated from the
junction. Let us suppose that in some manner we in-
duce currents in the heaters of each couple as shown in
Fig. 1(a). These currents are equal in magnitude and
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Fig. 1—Fundamental circuits involved in the principle of
paired thermocouples.

phase. We will designate these currents by I,. Then
(Fig. 1(b)) we induce another current T, in each heater
but make the current in heater B flow in the opposite
direction to the current in heater 4. It is assumed that
the method of obtaining T, and T is such that these
currents are entirely independent of each other. Then
the current flow is as shown in Fig. 1(c), where heater
A carries the sum of the two currents, while heater B
carries the difference of the currents. The meter is con-
nected so that the junction voltages oppose each other.

If the couples follow the normal square law, the de-
flection of the meter due to one couple is

D = KI* (1)

where 7 is the absolute value of the current flowing in
the heater and K is a constant determined by means of
the circuit shown in Fig. 2, where the current is passed
through heater 4, while no current is passed through
heater B.

Returning now to Fig. f(c), let us assume that I;
leads 7, by an angle 0. ‘Then the current in heater A is

To=1,4+1s=1,4+ I2c080+ jlzsin0. )
The current in heater B is
7[[ 71 71' I,—-Igcos0——jlgsin0. (3)
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The square of the absolute value of each of these cur-
rents is

I =134+ 1,2+ 21/, c080 4)
and
e 124 1,2 — 27,1, cos 0. (5)

Because of the manner in which the meter is con nected

Fig. 2—Circuit for determining the therimocouple constant

in Fig. 1(c), the deflection will be, from (1), (4), and
(5),

D = Ds — Dy = K(I4* — 1)) = 4K/, cos 6. (6)

If now we feed power to a load and fulfill the following
conditions,

1. I,is always proportional to the load voltage,

2. I is always proportional to the load current. and

3. the phase angle 8 between I, and I, is equal to the
phase angle between the load vol tage and the
load current,

we see that the deflection as indicated by (6) will al-
ways be proportional to the power into the load.

Sureny L2000

Fig. 3

The principle of the paired couples shown in (6) was
disclosed by Bauch! and his trecatment was later ex-
panded by others.?~® The elementary circuit as shown
by Bauch is repeated here in Fig. 3.

! R. Bauch, “Hot-wire wattmeter,” Elek. Tech. Zeit., vol. 24, pp.
530-536; July 9, 1903.

? E. Kuhnel, “Thermowattmeter,” Zeil. fur Instrumentenk, vol.
48, pp. 127-130; March, 1928.

*G. Zickner and G. Pfestorf, “Loss measurements on large
condensers,” Elek. Tech. Zeit., vol. 51, pp. 1681-1684; December 4,
1930.

¢ B. A. Sharpe, “Thermal wattmeter,” Jour. Sci. Instr., vol. 10;
pp. 318-321; October, 1933.

*F. A. Laws, “Electrical Measurements,” second edition, 1938,
McGraw-Hill Book Co., New York, N. Y., p. 325.
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Applications of this same principle where the pair of
thermocouples is replaced by a pair of vacuum tubes
used as square-law detectors have been described in

the literature.t8

111, Tue Circult oF THE Low-FREQUENCY
\WATTMETER

The circuit used in the low-frequency wattmeter is
shown in I'ig. 4. The current /, which is set up by the
load voltage passes through the resistor R, and through
cach of the thermocouple heaters. The current I, is ob-
tained by coupling to the feed line by means of identi
cal but oppositely polarized current transforniers. R, is

Loap
m

Fig. 4—Circuit of the low-frequency wattmeter.

a rather high resistance, formed by a metallized surface
on a ceramic tube. C, is the small stray capacitance
across the resistor R; to the point shown. Any stray
capacitance from the top of the resistor to ground
plays no part in the functioning of the wattmeter, since
it acts simply as a shunt on the load. C:is a compensat-
ing capacitor which will be considered later.

Since the current transformers are connected in op-
position, these circuits will set up no voltage between
the point @ and ground so that I, is not affected in the
least by the choice of R, and C..

The action of the current transforiers will be better

Fig. 5—The current -transformer relations.

}1r1derstood by an examination of Fig. 5. The current I,
is

jw.WTL

7, - 7
R + jwL, @)

: E. Pergr;on, U.S l"al’an 1,586,533, June, 1926
mete:_la;i\dl‘ L}jtrnc;' and 5 I '.\lc\'almara. ‘An clectron tube-watt-
voltmeter and a phase shiftj i 7 .
vol. 18, pp. 1743 1748 0c1obper, ”1(93\0].l R
__ B E. Mallett, “A valve wattmeter
12, pp. 295-302; September, 1933,

Jour. I E.E. (London), vol
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where M =the mutual inductance of the current trans-
former
L. =the self inductance of the secondary circuit
, = the resistance of the secondary circuit, with
practically all the resistance residing in the
heater
w=2rf
f=the frequency of the source.

Equation (7) may be written

7= joMI, M I,,éﬂ‘ ®
i o) e (5
JjwL, wL,
where
R,
tan B = oL, 8

If we keep Ry/wlL, very small compared to unity, we
sce that T, is proportional to the load current and sub-
stantially independent of frequency. However, we find
that T, leads the load current by a small angle 8, which
is a function of frequency. 1f Ra/wl, should be as large
as 0.1, the radical in (8) would differ from unity by
only 0.5 of 1 per cent, but the angle 8 would be equal
to 5.75 degrees. However, it should be easy to keep the
ratio well below this figure.

Fig. 6 shows the circuits which determine the cur-

——————————

{b-

¢ =

‘t.
€. |
T

_

G

Ly

Fig. 6—The equivalent “proportional-to-voltage” circuit.
rent I,. Since R, is a large resistance and R, so very
small in comparison, the current /o drawn from the

source is esscntially independent of R,, L, and C..
Then

~ = A . E. )
Lo = EL[ +ch,] . [1 + juCiR). (9)
R, R,

+ J'wCz]
R:

= 7,[1 Vi +j2wC2R,],
]ng

Also,

= A 1
lo = 2R2’1[ +
2R, j2ul

(10)

Brown, Epstein, and Peterson: Direct-Reading Wattmelers

405
Equating (9) and (10),
=7 E 1 4+ jwCiR
7, = — L . (11)
R, R. )
[1 + X +]2wC2R2
]sz
For the moment, let us consider the expression
R, )
[1 + - [1 4+ j2uCaR,|
_]sz
R, ) 2R5*Ca
=14 — + j2uCaR2 + - (12)
]ng Lg

Since the second and third terms on the right-hand side
of (12) are smaller in comparison to unity, and since
the fourth term is the product of the second and third
terms, we may drop the fourth term. With this as-
sumption, we may substitute (12) in (11) and obtain

_ E 1 jwC 1R
e L [ +J<af 1”1] (13)
R, R, ]
[1 T ][1 + j2wC1R,)
Jwho
We now make a choice of C;, and make
2C2R2 = C]Rl (14)
and (13) becomes
4 E 1 E.4
, s (15)
R, [1+ Rz] R /1+<R2))
Jwls 11 wL,
where
P R,
an 8 = .
sz

From (15) and (8), we see that ], is independent of fre-
quency to the same extent as I,. Also I, lcads the load
voltage by the same angle 8 that I, leads the load cur-
rent, so that if 8 is the phase angle between load voltage
and load current, the phase angle between I, and I,
will also be 6.

1V. METHOD OF CALIBRATING

The instrument may be set up and calibrated with
ordinary laboratory instruments. The power source
need not have sufficient power to deliver the full-scale
watts to be indicated by the meter. In fact, the source
need supply only a few watts. After calibration, there
will be a certain value of load resistance with zero
reactance at which I, and I will be equal and in phase.
Under this condition, the current in heater A will be
twice I, while the current in heater B will be zero. For
purposes of illustration, we will assume this load to be
100 ohms. The direct-current meter used across the
junctions has a full-scale reading of 200 microampercs.
We now propose that this meter shall read 100 micro-
amperes when the power into the load is 1000 watts.
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If the angle 8 is zero, we may find I, and I, for this
condition from (6) to be

/D
1 4K
In the pair of matched thermocouples used in this watt-
meter, the maximum rated current of each heater is

0.10 ampere, with a heater resistance (R,) of 2.3 ohms.
For these particular couples, where the heater current

Ti= 74 (16)

1=

Fig. 7—The broadcast-frequency wattmeter.

is given in amperes and D is expressed in microam-
peres, the constant K =67,500. Then from (16),

100
Iy=1,= ————— = 0.019 ampere.
4 X 67,500
Now, for a power of 1000 watts and a load resistance
of 100 ohms and zero reactance, the load voltage will
be 316 volts, with a load current of 3.16 amperes. Then
from (15)
316.
g = = 16,600 ohms.
0.019

Before placing this resistor in the circuit, we make the
calibration for I,. A radio-frequency ammeter is used
for a load. This ammeter has an essentially zero im-
pedance. A current of 3.16 amperes is now passed
through the primary of the two current transformers
to the ammeter. Each current transformer is then ad-
justed so that a current of 0.019 ampere flows in the
secondary and the associated heater. This current may
be measured by placing the microammeter directly
across the individual junctions. When this adjustment
has been made, the microammeter is connected across
the two junctions in opposition to see that the meter
reads exactly zero. If the reading is not zero, further
adjustments of the current transformers must he
made. This particular adjustment requires a great
many trials, until some skill is acquired.
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Next, a low-loss capacitor of approximately 100
ohms reactance at the calibrating frequency is used
for a load. Sufficient current is supplied to this capaci-
tor until about 1000 volt-amperes are reached. The
resistance R, is now placed in the circuit. Because of
the stray C,, the meter will probably read some small
value. The compensating capacitor C; is then adjusted
until the meter reads exactly zero.

The wattmeter is now calibrated and ready for usec.
It is interesting to note that while it was assumed that
the load resistance of 100 ohms was fed with a power
of 1000 watts, it was not necessary to have such a re-
sistor nor to feed power to it.

Under the calibrating condition, we assumed that I,
and I; were cach equal to 0.019 ampere. Then heater 4
carried 0.038 ampere. The safe current carried by this
heater is 0.10 ampere.

V. TEsT DATA OF THE [Low-FREQUENCY \WWATTMETER

The wattmeter as assembled and calibrated to read
100 microamperes with a load power of 1000 watts is
shown in Fig. 7. After a number of laboratory experi
ments, the wattmeter was tested under full load for a
number of load resistances, with varying amounts of
power factor. Tests were made in which the power was
dissipated in a water-cooled resistor. Measurements of
water flow and temperature rise of the water gave an
accurate measure of power into the load. It was found
that the wattmeter performed satisfactorily under all
the conditions imposed. The accuracy of the meter was
also checked by measurements of the load resistance
with a radio-frequency bridge. A calibrated ammeter
in series with the load was then used to measure the
power.

Fig. 8 shows wattmeter readings (multiplied by 10)
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Fig. 8—Responsc of the broadeast-frec uency wattmeter to a
variety of load conditions anJ frequencies.
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as a function of load power for three frequencies and
for three conditions of power factor.

A wattmeter of the paired thermocouple type was
installed at a radio station which operated with a di-
rectional antenna system consisting of three towers.
The transmitter power was 1000 watts, on a frequency
of 920 kilocycles. The antenna system was operated in
the directional condition. The wattmeter was first
placed in the common-feed point and indicated 1000
watts. Then the meter was placed in each of the three
transmission lines with the following results.

TABLE 1
Transmission Meter Reading
ne (watts)
Center 640
East 290
West 75
1005

Here the individual powers added up to agree within
0.5 of 1 per cent with the total power.

Next, the east and west tower were floated, and
power was fed to the center tower alone. Under this
condition, the center tower had a resistance of 20.6
ohms. The following readings were taken.

TABLE II
Antenna Current Meter Reading IR Error
(amperes) {watts) (watts) (per cent)
6.97 1000 1000 "o -
6.50 880 870 1.18
5.47 620 616 0.65
4.97 510 511 —0.196
2.27

3.58 270 264

The transmitter was also modulated with a 1000-cycle
tone to various known degrees, and observations made
of the increases in the wattmeter reading. 1t was found
that the meter readings increased in exact accord with
the theoretical relation between power output and per-
centage modulation.

VI. OPERATING LLIMITATIONS OF TIHE
[LOW-FREQUENCY \WATTMETER

The wattmeter has been operated successfully at
frequencies between 500 and 2000 kilocycles. No at-
tempt has been made to operate outside this band of
frequencies, but it is believed that a much wider fre-
quency range is feasible.

Another point which must receive attention in safe-
guarding the thermocouples is the variation in current
in the heaters for a wide range of loads. Under calibrat-
ing conditions, we set the currents 7, and 7, each equal
t0 0.019 ampere. Thus with a power of 1000 watts into
the 100-ohm load which is free of reactance, these two
currents add directly to give a heater current 7, equal
to 0.038 ampere. As the load becomes reactive and the
load resistance changes, the current I, increases in
magnitude. Care must be taken to see that this heater
current does not exceed 0.100 ampere.

Fig. 9 shows the variation of /4 as a function of the
load resistance. The solid curves are on the basis of a
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constant-power-factor angle § while the dotted curves
are for a constant load reactance. The data in Fig. 9
are based on a constant power into the load. Since I4
in the calibrate condition is 0.038 ampere, and the safe
current is 0.100 ampere, the safe operating region is
below the horizontal line which has an ordinate value
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Fig. 9—Variation of heater current with load impedance.

of 2.63. To safeguard the heater properly, it is best to
switch the meter so that it is across the junction of
thermocouple A alone as a measure of the current in
heater A.

VI11. Tueory of THE ULTRA-HIGH-FREQUENCY
WATTMETER

In the ultra-high-frequency wattmeter, the principle
of paired thermocouples is used exactly as in the low-
frequency wattmeter described above. The difference
in the two instruments lies in the method of coupling
the thermocouples to the transmission line. The ther-
mocouples used in this instrument had a maximum
allowable heater current of 1 ampere. This allowed
the use of a heater resistance so low that the thermo-
couple placed across a concentric transmission line be-
came a very effective short circuit. The thermocouples
were mounted in a specially bored brass block in which
the necessary transmission lines terminated so that as
much lead inductance as possible was eliminated. This
mounting, as well as a shielded case around the meter,
was used to eliminate undesired radio-frequency cur-
rents which might endanger the junctions of the
couples.

The currents I; and I; were obtained with concentric
lines in the manner illustrated in Fig. 10. The power
from the transmitter was fed in at T and passed out to
the antenna at 7/’. The transmission-line passing point
L was enlarged to facilitate mechanical construction. A
characteristic impedance equal to the main transmis-
sion-line characteristic impedance should be main-
tained through the enlarged section. A half-wave sec-
tion of 3-inch line U was connected in series with the
inner conductor of line II-1I'. A short-circuiting plug
at S; a half wave from line II-TI' made the series im-
pedance very low, zero if there were no losses in the
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line. The outer conductor of line U is the inner con-
ductor of line C. This line C is short-circuited at S,
a quarter wave from L. Thus line C places a very high
impedance across line I/-If’. For all other lines, a
3-inch transmission line is suitable.

The velocity of propagation » was taken into account

Fig. 10—Circuit diagram of the ultra-high-frequency wattmeter.

in calculating line lengths. v is the velocity and \, the
wavelength in free space. The physical length to which
the lines are cut is determined by \ = (v/2)\,.

z
-
.

N
H =

£

x

i
Fig. 11

The current 1. and the voltage E, along a transmis-
sion line with negligible losses are (Fig. 11)

- - 2rx Ec L. 2rx

I.=14cos + J sin 17)
A Z

-, o 2rx - . 2rx

E E, cos \ + jloZ. sin (18)

Z. is the characteristic impedance of the line, 27x /X is
in radians, and X is a wavelength of the line measured
in the same units as x. If Z, the line-terminating resist-
ance is made zero, E, is zero and for lines C, U, F, M,
N, O, and P

(19)

~l|
L}

]
~I|
=]
[
(o]
w

|

(20)
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If Zo=Z. as for line V

£ = 2rx .. 2rx

1,=10<cos + j sin - )
A A

_ _ 2rx . 27x
E. E(,(cos \ + J sin )\).

\

(21)

(22)

In examining phase relations and voltage and current
magnitude it should be observed that 