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Quality and dependability have been

the watchwords at Chicago Telephone Supply
Company — for more than 46 years. No step
in the process of manufacturing high quality
electro-mechanical components is overlooked
or slighted. Each step, from the original
designs to the finished product is carefully
supervised to insure the greatest operating
efficiency and-complete dependability for the
life of the product.

Manufactarers of electronic equipment
are invited to make inquiries. Our engineer-
ing skill, great production facilities and
dependable delivery service are at your dis-
posal. Send us specifications of your special

requirements.

Proceedings of the 1.R.E

November, 1943



Plugs, Jacks, Switches. Variable Resistors

Representatives
R. W. Farris
2600 Grand Ave
Kansas City, Mo.
Phone: Victory 3070

Frank A. Emmot Co.
2837 W. Pico Blvd
Les Angeles, Calif.

ELKHART

*

Telephone Generators and Ringers

INDIANA

Branch Oftices
S. ). Hutchinson, Jr
401 N. Broad Street
Philadelphia, Pa
Shone: Walnut 5369

in Canada:
C. C. Meredith & Co
Streetsville, Ontario
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Stupakoff produces a complete line of ]§1I'@Pmm f)
precision, “radio grade”, low loss insulators ¢ ‘"Ss_! =5 75 .—‘*E |

made of Steatite and other materials
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SED in aircraft applications, the AmerTran Airborne RH

Transtat Voltage Regulator for 400 Cycle A. C. is a new

addition to the already famous Transtat family. It meets the
rigid tests of combat aircraft equipment in action.

Like other Transtats, the Airborne RH is a highly efficient trans-
former type regulator. The velvety smooth Transtat system that
controls without circuit interruption is further refined in this
newer unit. And, similar to its predecessor, it does not distort
wave form or interfere with radio reception. Small, compact, its
weight is the minimum achieved for its power rating.

Well suited to incorporation in other clectrical equipment where
precise line voltage correction or special voltage maintenance is
required, its dramatic wartime performance presages a useful
peacetime future.

AMERICAN TRANSFORMER COMPANY

178 EMMET STREET, NEWARK 5, NEW JERSEY




AEROVOX Series '20

0.25 mfd. to 4.0 mfd.

d. Vork
0 mflzl. to 10.0 mf 'Zc'mfd 1o 1.0 mfd.
PE 37{!20‘(—-37.500 v.
1 mfd, to 1.0 mfd.
TYPE 50020—50.000 v.

1.0 mfd. to 5
TYPE 12520—I12

NEW BEOFORDO,

® To meet certain radio and electronic requirements,
Aerovox engineers have developed the Hyvol Series ‘20
oildilled capacitors covering voltage ratings from 6000 to
50.000 v. D.C.W. Already many of these capacitors are in
military service.

Giant, Aerovox designed and built, winding machines
handle up to several dozen “papers.” Likewise a battery
of giant tanks permits long pumping cycles for thorough
vacuum treatment, followed by oil impregnation and filling,
of the sections. The multi-laminated kraft tissue and hi-purity
aluminum foil sections are uniformly and accurately wound
under critically controlled tension to avoid mechanical
strain.

The sections are connected directly across the full working
voltage. In the higher capacity units, a plurality of sections
are connected in parallel. These capacitors are not to be con-
fused with the series-connected sections heretofore fre-
quently resorted to in attaining high working voltages. Sec-
tions are hermetically-sealed in sturdy welded-steel con-
tainers. Rust-proof lacquer finish. Cork-gasketed pressure-
sealed glazed porcelain high-tension pillar terminals.
W o2 volisoe bypusmE i o el bty et or A

engineering collaboration, recommendations, quotations, Cata-
log on request.

MASS., U. S. A. <+ SALES OFFICES IN ALL PRINCIPAL CITIES
‘ARLAB" - In Canada: AEROVOX CANADA LTO., HAMILTON, ONT

AEROVOX CORPORATION,

100 - VARICK ST,
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INDIVIDUALLY TESTED
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The Rubber
Plant

with roots
two miles deep!

Tm—: MAKING OF synthetic rubber in-
volves among other things the exact
control of gas mixtures of great com-
plexity. Formerly the analysis of some
gases required several days of painstak-
ing laboratory work, and in some casesa
complete analysis was impossible.

Westinghouse scientists—working in
close collaboration with engineers of lead-
ing oil and chemical companies—have
perfected an electronic ‘‘chemist” which
is an important addition to the present
methods of analysis.

With the improved technique and ap-
paratus now available, the time required
for accurately making some of these
analyses has been reduced to an hour
or less!

An amazing electronic device . . .
known as the mass spectrometer
...not only improves the accuracy
of the synthetic rubber process,
but frees hundreds of skilled
chemists from tedious but impor-
tant production testing in these
vital plants.

The mass spectrometer analyzes gases
by sorting the molecules—according to
their mass—in (roughly) the same way
that a cream separator sorts out the
cream from whole milk.

Let’s say we want to analyze a simple
gas mixture containing one part of oxy-
gen and 10,000 parts of nitrogen. Here’s
how the mass spectrometer accomplishes
this incredible feat:

First, the gas sample is hombarded

with electrons. 't'his onizes the nitrogen
and oxygen molecules, giving them elec-
trical charges of their own.

These ions are then drawn by elec-
trical force into a curved vacuum tube.
Here, ions of different molecular weights
whizz around different curved paths—de-
pending upon their reaction to a power-
ful electromagnet surrounding the tube.

The heavier oxygen ions follow a
straighter path than the lighter nitrogen
jons and are directed through a tiny exit
slit onto a plate where they give up their
clectrical charge. The amount of this
charge, amplified and recorded by sen-
sitive electrical instruments, is an ex-
tremely accurate measure of the quantity

|

7
.

of oxygen in the gas mixture,

The starting voltage is then changed
to allow the nitrogen ions to pass through
the same exit slit—thus measuring the
quantity of mitrogen. This same principle
applies to the analysis of complex hydro-
carbon mixtures.

The development of the mass
spectrometer . . . for the quick,
accurate analysis of butadiene...
is a typical example of the way
Westinghouse “know how” in elec-
tronics is tackling the wartime
problems of industry in an effort
to speed victory.

Westinghouse Electric & Manufacturing
Company, Pittsburgh, Pennsylvania.

Westinghouse

Proceedings of the I.RE. November, 1943
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PLEASE LIMIT YOUR CALL TO FIVE MINUTES

When a Long Distance circuit is
crowded the operator will say: “Please

limit your call to five minutes.”

Observing this time limit on essential
calls, and avoiding all unnecessary

X calls, will help the whele war effort.
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! RCA ELF

-2080... 4.

staited, o new Thend, i
electionic coitiol,
THYRATRON is a “trigger” tube—a grid-controlled rectifier
— which can #switch” power from full OFF to full ON with
a very small change in control voltage.

The RCA-2050, announced in 1939, was a great step forward
in thyratron design because it combined unusually high stability

and great sensitivity.

Its characteristics were more uniform, too—from one tube to
another, from one temperature to another, and throughout the

life of any one tube.

Becausé the RCA-2050 offered such unusual performance, it
quickly became a favorite tool of electronics engineers.

And it still is!

Here is a Summary of
RCA-2050's Advantages

1. Stability Throughout Life. Character-
istics of 2050 change relatively little
throughout life of tube.

2. High Power-Sensitivity. Extremely
low grid current (less than 0.1 mi-
croampere) permits use of high
value grid resistor (up to 10 meg-
ohms) with consequent high sensi-
tivity. RCA-2050 can be operated
directly from a high-vacuum photo-
tube,

3. Little Affected by Line-Voltage Surges.
Stability as affected by line voltage
surges is high because of the low
grid-anode capacitance which re-
sults from the use of a shield grid.

4. Extreme Temperature Range. RCA-
2050 is unaffected by temperature
changes over the range of —-50°C to
+65°C!

5. All-position Mounting. You can
mount the 2050 in any position
since it is gas filled and contains
no mercury. Its position can be
changed during operation.

6. Low Voltage Drop. Xenon filling pro-
vides a tube drop of only 8 volts.

7. Quick Warm-up. Ready for opera-
tion in 10 seconds after heater is
switched on.

8. low Cost. List price of RCA-2050

The Magic Brain of All Electronic Equip-
mant Is o Tube ond the Fountoin-Head
of Modern Tube Development Is RCA.

is now $1.35, a 62% reduction from
its original price.

9. Army-Navy Preferred Type Listing.

Application

The 2050 has found wide applica-
tion in industrial control circuits. Its
high power-sensitivity has made it
invaluable as a link between actu-
ating circuits and power circuits
eliminating amplifier stages and
sensitive relays.

The stability of the 2050 makes
possible a high degree of accuracy
in timing circuits,

The RCA-2050 is extensively used
in control circuits for positioning, for
welding, for air-doffer operation, for
plastic molding, and as a relay tube
in phototube control circuits,

If you have an application prob-
lem, RCA application engineers may
be able to help you. Write, stating
your problem, to Radio Corporation
of America, Commercial Engineer-
ing Section, 527 South Fifth Street,
Harrison, New Jersey.

Technical Data

Heater volts, 6.3; heater amperes,
0.6; grid-to-anode capacitance,
0.2nuf; heating time, 10 seconds;
maximum overall length, 4% inches;
base, small shell octal 8-pin; peak
forward anode volts, 650; peak in-
verse anode volts, 1300, average
anode milliamperes, 100; tube volt-
age drop, 8 volts.

TUNE IN "“WHAT’S NEW? " RCA’s
great new show, Saturday nights,
7 to 8, E. W. T, Blue Network.

TRORN TUBES




TIME IS AMMUNITION...

LET'S NOT WASTE IT

They Won’t Forget “Rola”

IGHT now manufacturers of war materials can

be making friends for tomorrow’s products,
products that do not yet exist . . . that may not even
have reached the blueprint stage. For if what a Com-
pany makes for. War gives good account of itself,

isn’t there likely to be a greater confidence.in the.

Company’s peacetime products? e

Take Rola for example. In leading factories
out the country skilled mechanics are bug
sands of communications systems for the
Air Forces.. .. using various important pa
Rola. In countless places all over the wi
cally trained military personnel are instal
maintaining these systems, again with Rorl ¢

. . 1 . '
When their wartime job is done, most of

will continue in their chosen field and will'o
positions of importance and influence i

_-_gm

of Radio and Electronics. We firmly believe that into
their peacetime jobs these same men will carry the
highest regard for everything that bears the name
“Rola”, a regard born of the first-hand knowledge
thag a Rola product . . . whatever it may be...isa
ity product.

q
ad

can think of no way to make more cer-
tal “they won’t forget Rola”, than to continue to
provide the very best equipment it is possible to
malif THE ROLA COMPANY, Inc., 2530 Superior

M 'Avei{xe, Cleveland 14, Ohio.

|
%i v v v
Nengpplica’liom constantly are being found Jor Rola's diver-

e T R 2 .
uﬁed'pqmp.menl and broad manufacturing experience. If

your lgroa’ucllion problems involye anything related to our
4

I all b f;nches ﬁd""x’?e believe you should see what Rola has 10 offer,
LE ; ...‘--\;I-—-\‘,,Y/

ROILA

MAKERS OF THE FINEST IN SOUND REPRODUCING AND ELECTRONIC EQUIPMENT

10A
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STYLE “K" RES'STORS: Power Wire Wound Resis-
tors 5,10, 25, 50, and 120 watts.

Wire lead or lug terminals on styles 5K and 10K,
Lug terminals only on styles 25K, 50K, 120K,
Non-inductive windings available.

Various types of mounting, shown in catalog.

STYLES A, B, C, D, E, F: 120,90,50,35, 20,10 wotts.

Hermetically sealed power wire wound resistors.
Designed to withstand salt water immersion tests,

Ferrule Terminals for fuse clip mounting.

Non-inductive windings available.

STYLE VY. D.: 10 wott and 15 watt wire wound.
Resistors designed to maoke voltage divider sections
when mounted end to end on through bolt.

A TYPE FOR
IMPORTANT NEEDS

STYLES MFA, MFB and MFC: Precisisn Meter Multi-

plier Resistors. Hermetically sealed. Salt water immer-
sion proof.

Type MFA—7.5 megohms max.
Type MFB—4 megohms mox.
Type MFC—1 megohm max,

STYLE SP: Wire wound bobbin type resistors. Style
SP.1, single section. Sfyle SP:2, dual section.

2.5 walts, continyous rating, per section.

250,000 ohms max. per section.

MEGOMAX: High voltage, high temperature, composi-
tion resistor. Hermetically sealed.

Type 1~3400 ohms to 100 megohms
Type 2— 6800 ohms to 100 megohms

Voltage and power ratings depend on resistance value.

SPRAGUE SPECIALTIES CO., Resistor Division, NORTH ADAMS, MASS.

Proceedings of the 1.R.E.

~ SPRAGUE [{00LOHM RESISTORS

REGISTERED TRADEMARK

Noyember, 1943
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for EACH and EVERY DuMONT TUBE

. A thousand cathode-ray tubes are

produced in the DuMont plant today
where but a dozen were made before.
Yet each and every DuMont tube con-
tinues to be meticulously checked for
operating characteristics. Mass testing,
without slightest deviation from criti-
cal DuMont standards, must match
today’s mass production.

And so DuMont engineers have devel-
oped and built the all-the-answers-at-
a-glance test positions here shown.
Tubes plug into corresponding recep-
tacles and rest on the inclined shelf.
Power supply voltages are adjusted
for given tubes. Meters indicate circuit

and operating conditions.

Sitting at the comfortable “electronic
desk”, the operator checks for bril-
liance, focus, deflection, leakage re-
sistance and other characteristics —
simply, quickly, positively. Mean.-
while, a generous and representative
percentage of each production run
goes to life test racks so that antici.
pated service life is an established fact
rather than a mere guess.

Check and double check—this DuMont
test routine day in and day out, regard-
less of enormously stepped-up pro-
duction, continues to safeguard an
enviable performance record,

. The new DuMont loose.leaf manual and catalog is now avai].
able. Write on buslness stationery for your registered copy.

ALLEN B. DU MONT

I.ABO.RA'I'ORIES, Inc.

Passaic -« New Jersey
Coble Address Wespexlin, New York

AN NS NN
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PHOTOGRAPMS COURTEST OF THE COLUMBIA BROADCASTING BTSTEM

PERFURMANCE ... THE PRIME CONSIDERATION

DAVEN attenuators are preferred wherever precision and quality are required.
Verification may be found in the control rooms of the major broadcasting chains
—NBC, CBS, Mutual, Blue—as well as in leading stations, both here and abroad.
Where performance is the prime consideration, DAVEN components are in-
cluded in standard and special equipment. In the hands of engineers whose
judgement is seasoned, they provide precise and dependable control.

DAVEN produces the most complete line of precision attenuators in the world in addi-
tion to more than 80 models of laboratory test equipment for the broadcast, sound
picture, television, and electrical fields. A DAVEN catalog should be in your files.

HELP SHORTEN THE WAR ... KEEP BUYING MORE WAR BONDS

THE DAVEN COMPANY

191 CENTRAL AVENUE NEWARK 4, NEW JERSEY

Proceedings of the I.R.E. November, 1943 13
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4 adaptable to postwar living. At present, however, our total
efforts are pointed toward the liquidation of the Axis. We,

T T —

are supplying vital equipment to the Armed Services at a
faster rate to help shorten the war. More than two decades
of radio and electronic specialization are recorded in our
. laboratory's “log” . . . and the many practical developments,
orne of past commercial and current wartime experiences,
n a@g’ aYaj_I’abI_e to you. From time to time, our pres-

e P

chedules ‘i_er'm'it.n,g.‘to accept additional assignments.

A S S B

3

| FORMULA FOR GREATER PRODUCTION

. cordlal management - labor relations, good
working conditions, recognition of individual merit,
j incentive-bonus plan, recreational and educational
facilities, and the will to get the war over in-a hurry.

144 Proceedings of the 1.R.E. November, 1943



he can do your work .

e lf you are not really concerned about what happens
10 your designs after they leave the drafting board. And if the

choice of electronic tubes and other components is left to

-
chance, the performance of the finished product can scarcely “'_‘2’—
measure up to the engincers’ conception of it. Imagination is -
the well-spring of true progress in the field of electronics - - - but FOTJT"E  AWARDS FOR EXCELLENCE
the performance of the most finely conceived design is no better RS m,z',;"':ﬂ";{"{;”:i?",van g
| ¥y

than the tubes incorporated in it.

The name Raytheon is synonymous with quality and depend-
ability wherever tubes are in use. When production can again

be directed to civilian use Raytheon tubes will be built better

than ever before - - - the engineering of Raytheon tubes will ; i .
afford hitherto undreamed of new horizons for amatecur, RAYTHEON MANUFACTURING COMPANY
commercial and industrial radio. Waltham and Newton, Massachusetts

lDEVOTED TO RESEARCH AND THE MANUFACTURE OF TUBES AND EQUIPMENT FOR THE NEW ERA OF ELECTRONICSz

Proceedings of the I.R.E. November, 1943 15A
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Harmonic distortion is the addition of spurious frequencies to the funda-
mental in definite harmonic relationship. Though the frequency curve may be
excellent, harmonic distortion turns up as raspy reproductions, with an
unnaturdl twang, in microphones, amplifiers and speakers. Five percent is
considered a satisfactory upper limit for good reproduction, and as much as
fifteen percent is allowable for speech communication.

Now come new Electro-Voice Dynamic Microphones with radical innovations
in diaphragm fabrication, reducing harmonic distortion to a lower degree
than hitherto possible. Cleaner, crisper, more highly intelligible reproductions
are achieved. New Electro-Voice Dynamic Microphones are aiding both the
CAA and the Signal Corps in securing improved communications. If you are
a manufacturer of war equipment, details will be sent upon request,

PR DB T Pt SH Nty T nged
] " - ~~ %

\ AT e i RS

Y R ate o W L

The Harmonic Wave Analyzer measures the presence of spurious Electro-Voice engineers have found a way to eliminate harmonic
frequencies introduced by microphone distortion. To the ear, such distortion in microphone design, as proved by the Wave Analyzer;
frequencies give the feeling of ragged and false speech quality and the completely natural reproduction from the new Electro-
that may be unintelligible under the stress and strain of battle. Voice microphones.

TN - T T SRR e o 8.3
oK - g PUANNR IO 0 R e LR L AW ATT E b2k '3 =

7;7 P ELECTRO-VOICE MANUFACTURING CO., INC. - 1239 SOUTH BEND AVENUE - SOUTH BEND, |NDiANA
‘4 Export Division '3 East 40th Street, New York 16, N. Y. — U. S. A Cogbles: ARLAB

16A Proceedings of the 1.R.E. November, 1943



More Bendix-designed UHF radio communication

equipment and automatic radio compasses than

all other makes combined...

NOW USED OVER EUROPE
BY U.S. ARMY AIR FORCES

American war birds are darting at Fortress Europa.. and in
their wake hover mighty flcets for airborne invasion. Our
fighters, bombers and transports will darken Axis skies

In the job of guiding them to secret destinations, and direct
ing and coordinating their swift, complex manauvres, Bendix
Radio” Equipment will fill a vital role

For in the Furopean theatre, the U. S Army Air Forces use
more Bendix-designed U 1 F Communication Equipment and
Automatic Radio Compasses than all other mukes combined
The reason : Designing and producing such equipment for air-

craft has been the highly specialized business of Bendix Radio
from its very inception .. long before the war.

Just as Bendix Radio has set the pace in Aircraft Electronic
Equipment for wartime application, so it will lead in develop:
ing new electronic marvels for peacetime flight, thus helping

make The Vebicles of Victory . the Transporlis of Tomorrow.

pRICIEION
tovirains o7

..r,_A‘ — e

BENDIXADIO
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BENDIX RADIO DIVISION OF THE BENDIX AVIATION CORPORATION




RESTRICTOR VALVES

Shuttle service to the
world! Back and forth to the
outposts of this global war
these Curtiss Commandos
are bringing ‘em in—box car
loads of vital materiel and

supplies...and the wounded.

CHECK VALVES

accumuLators 4. ]
POWER BRAKE
VALVES

We are proud that The
Invisible Crew flies with
the C-46s as it does on
virtually every other U. S.
plane in war service today.
Bendix Aviation, Led., North

Hollywood, California.

Gty

SELECTOR VALVES

SEQUENCE VALVES

2-WAY VALVES

THE BENDIX PRESSURE REGULATOR s
one of the many Bendix Aviation, Ltd., hydraulic
controls that is being manufactured to the new
AN standards. It has been designed to meer all
requirements of specification AN.R-6 and draw-
ing AN 6206. Plastic poppets are used exclusive:
ly; they seal without pre-seating o?ermons and

permit field interchangeability of parts. The
regulator is quiet in operation, free of hydraulic
shocks, and the change in operating differential
is negligible from normal temperatures down
to —65°

Z%f i%_

RELIEF VALVES
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ACTUATING CYLINDERS

AVIATION CORPORATION



MICROPHONE JACK

TU-WAY PHONE PLUG

—

ONE-WAY PLUG

FLAT PLUG

CAN HELP YOU
MAKE THE RIGHT “"CONTACTS”...

HE right “contacts" are always important. In electrical

and electronic applications a poor contact can mean
<ostly losses. By using Utah Jacks and Plugs you can be
sure that your equipment will not fail from the want of
proper contact. They have been tested in the laboratory
and in actual use thousands of times, answering every test
successfully—under all types of conditions.

UTAH PHONE JACKS are everything that selected
materials and human ingenuity can make them. They are
available in Imp, Short and Long frame types to fit the
standard phone plugs. Special Jacks are also made to meet
Navy and Signal Corps Specifications.

UTAH PHONE PLUGS can be supplied in two-or three
conductor types—for practically every type of application.

PARTS FOR RADIO, ELECTRICAL AND ELECTRONIC DEVICES, INCLUDING

Compact, sturdy and dependable—they’realla plug should
be. Utah standard plugs are being used on many products
destined for use by the Armed Forces. In addition, special
plugs are being manufactured.

Investigate today the possibilities of using Utah Jacks
and Plugs in your electrical applications. You'll be as-
sured of absolute dependability—and you’ll be cashing in
on Utah’s extensive electrical and electronic experience.
Write today for full information on Utah’s Jacks and Plugs
—it may save you considerable time and money.

UTAH RADIO PRODUCTS COMPANY, 842 Orleans St.,
Chicago, Illinois. Canadian Office: 560 King Street West,
Toronto. In Argentine: UCOA Radio Products Co.,
S.R.L., Buenos Aires.

SPEAKERS, TRANSFORMERS, VIBRATORS, VITREQOUS ENAMELED RESISTORS, \

WIREWOUND CONTROLS, PLUGS, JACKS, SWITCHES, ELECTRIC MOTORS

CABLE
Proceedings of the I.R.E.

ADDRESS:
Noyember, 1943

UTARADIO,

CHICAGO
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The bulk of UTC production today is on special units designed to specific cus-
tomers’ requirements. Over 5,000 new war designs were developed this past year.
These designs ran from open type units to hermetically sealed items capable of
many cycles of high and low temperature and extreme submersion tests. They
included units from 1; ounce in weight to 10.000 lbs. in weight and from infini-
tesimal voltages to 250.000 volts. It is impossible to describe ‘all these thousands of
special designs as they become available. Our staff of application engineers will
be more than pleased to discuss your problem as related to special components.
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WILCOX EQUIPMENT

used by major Airlines throughout
the United States

Proof of quality and dependa-
bility is in performance. Wilcox
radio equipment is installed on
major Commercial airlines
throughout America, and in ad-
dition it is being used through-
out the entire world in connec-
tion with military operations.
For airline radio communica-

tions, depend on Wilcox!

| WILCOX ELECTRIC |
COMPANY

Quality Manufacturing |
of Radio Equipment '

14th & Chestnut 7 Kansas City, Mo. |

Proceedings of the I.R.E. Noyember, 1943 19A
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Doorway to Electronic Vision =
Y J=IN
HI =3
Control of the forces of electronics begins with vision . . . especially by experienced == :j
engineering minds accustomed to achievement. RAULAND engineers and scientists have ==
earned recognition in the field of electronic achievement with such notable examples as =, . !
(1) High Powered Cathode Ray Tubes for large screen (15 foot x 20 foof) television projection of = &

fine line definition. (2) Frequency Standards having a control accuracy of 1/100th of 19, and
maintaining this almost unbelievable control throughout the entire temperature range of
minus 30°C to plus 50°C. (3) Communications, as exemplified by precision-buile transmic-
ting type tuning condensers, two-way radio and intercommunicating and sound
control units for industry. All of the fruits of RAULAND Electroneering* are at
work for our war effort today as they will serve industry in the new days to come.

* The Rauland word for all of the carefully thought out steps in electronics from vision to completion,

..COMMUNICATI

————— e

Electroneering 7s 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 1.R.E. November, 1943




. as a Weathercock to the breeze!

2 he demands of war in an industrial as well as a military sense, are ever changing.
We must be sensitive to these changes — always ready to meet them, regardless of
the <ost in disappointment, upset schedules, temporary confusion, more work where it

seemed that the most possible was already being

*RIBBON s STRIP®

done. We constantly endeavor to make this the

W
keynote of our operations, realizing its necessity in . S P E C 1A L o

hastening ultimate victory! ALL OYS

Proceedings of the I.RE. November, 1943




FOR RADIO MEN
IN THE SERVICE!

“WRITE A LETTER’

As you know, the Hallicrafters
make a wide range of Radio
Communications equipment, in-
cluding the SCR-299 Mobile
Communications unit. We are
proud of our handiwork, proud of
the job you men have been doing

with them on every battlefront

RULES FOR THE CONTEST

We want letters telling of actual
experiences with this equipment.
We will give $100.00 for the
best such letter received during
each of the five months of No-

(D

vember, December, January,
February and March! (Deadline:
Midnight, the last day of each
month.)

We will send $1.00 for every
serious letter received so even if
you should not win a big prize
your time will not be in vain.

Your letter will be our prop-
erty, of course, and we have
the right to reproduce it in a
Hallicrafters advertisement.

Good luck and write as many

letters as you wish. V-Mail letters
will do.

\u,\\.\érmﬂavw

BUY MORE BONDS!

the IIBIIiI:l'B'I'-"E'I'S co.

CHICAGO, U, 5. a.

2611

INDIANA AVENUE

CHICAGO, U.S.A.

MAKERS OF THE FAMOUS SCR-299 COMMUNICATIONS TRUCK

Proceedings of the I.R.E.
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.'IIR CRAFT . ll,‘l ‘ESSORIES 6'0}! PORATION

BLUEPRINTS OF SAFETY \;@

it's a tough job 2t best...this business of
bombing, tat around-the-clctk-i#t must con-
tinue...if we'd shorten the path to victory
...and it's during the jittery hours of dark-
ness..of when Yog shuts down, that getting
home in safety depends on accurate radic
transmissions. ~Blueprints of Safety” assure
that A A C whip-antenna is reliable at afl
times, and under the meost exacting condi-
tions. Its automatic directionfinder allocates
the course and an additional safety facter
is the retractable feature, which facilitates
easy replacement from within the ship.

ELECTRONICS DIVISION

WANUFACTIPERS OF
PRECISION AIRCRAFT EQUIPMENT

HYDRAULICS ... .. ELECTRONICS

<
CALIF. - KANMLAS CITY, KANS. - WNEW YORY, W ¥ CABLE ADDRESS: AACPRO ( W \ 'MW— PRED



DEPENDABILITY

awo DL

Superbly engineered . . . mechanically and electrically,
Delur wire-wound potentiometers perform their functions
dependably. There’s a Delur potentiometer to fill your
needs. Here, we illustrate a few. .. however, we can and
do produce these units to required resistances. We will
gladly furnish technical data upon request.

X DeJurAmsco (orporation

duction ond Quolity of Moteriol SHELTY ON ¢ { 4 ON NE [ % § 1€ urT
NEw YURK PLANT: 99 Hudson Street, New York City @ CAN‘ADIAN SALES BFFICE- 560 King Street Wese, Toroato

24a Proceedings of the 1.R.E. November, 1943



NATIONAL <c> COMPANY, INC.

MALDEN MASS., U.S. A,

Proceedings of the 1.R.B, November, 1943




“It pays to have rigid specifications — eh boys?”. ..

Byt DT
TOLERANCES . . . ., . "

When measuring aesthetic curves, or
when conducting electrical and mechan-
ical tests on vacuum tubes, the more
stringent the adherence to accepted stand-
ards, the more desirable the resulting
selection.

Impracticable as it is to manufacture all
tubes of a given type exactly alike, it is
possible to insure against slight meter in-
accuracies and the human element by

observing specification tolerances tighter
than customers’ requirements. Each Hytron
tube is thus made to fit precisely the cir-
cuit constants with which it must operate,
For example, strict observance of specifi-
cations for grid-to-plate capacitance makes
easier the adjustment of tuned Circuits to
any Hytron tube of the chosen type.

Simplity your design problems for initial
and replacement tubes by taking advan-
tage of Hytron's insistence upon close
tolerances. Specify Hytron.

Proceedings of the 1.R.E. November, 1943
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TENNESSEE

FOR ELECTRONIC USES
AMERICAN LAVA CORPORATION

CHATTANOOGA

STEATITE CERAMIC ELECTRICAL INSULATION
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Available
I.R.E. Standards

Stondufds

“ g
RADIO WAVE VROPAUAT

Where space is a fac-
tor ... where power
consumption must
be at a minimum.. ..
Zenith Microtubes
are reccommended...

Price
I I l I l l l 2a) Standards on Electronics, 1938

Definition of Terms ........ $0.20

’ 2b) Standards on Elcctronics: Methods

of Testing Vacuum Tubes, 1938 ..$0.50
l 2 3 3a) Standards on Transmitters and
Antennas: Definitions of Terms,

1938 .. rmls « B B ennbrird s B B e - $0.20
A Reprint (1942) of the like-
named section of “Standards on

Transmitters and Antennas, 1938.”
(vi4+8 pages, 8% X1l inches.)

3b) Standards om Transmitters and
APPLICATIONS ® Two Way Communication e et oo W R T

~

H named section of “Standards on
DeV|ces Transmitters and Antennas,
1938 (vi410 pages, B8/4XI11

® Pocket Radio Receivers - ) SRl s =
® Radiation Meters o iy o Tevma. 1908 v et 2

A reprint (1942) of the like-

. . ﬁaxg;d sRectiqn o ‘IIS;;SnEar(d.'-?—%

® Wearable Hearing Aids @ Physchiatric Devi pages, BXIT nehess
YS( a s 4b) Standards on Radio Receivers:

Methods of Testing Broadcast Ra-
dio Receivers, 1938 ... ............ $0.50

® Noise Level Indicators : ; A reprint (1942) of the like-
® Light Intensity Meters faged ston of “andiean o
pages, 8% X11 inches.)

® Geophysical Anplicati D Catiehs Dottt one A T i o
gation: Definitions of Terms, .$0.
eop YS'(O pp Ica IOHS ® V(ltuum TUbe VO'fm&ferS (vi+48 pages, S&Xll incT;es.)
6) Standards on Radio Wave Propa-
gation: Measuring Methods, 1942..$0.50
Methods of Measuring Radio

® Meteorological Services @ Ajrcraft Field Tnsity, - Mothods g
Measuring Power Radiated from
an Antenna, Methods of Measur-

lﬂfEftommUﬂi((lﬁOﬂ ing Noise Field Intensity. (vi+16

pages, 8%3X11 inches.)

® Beu(on light 7) Standards on Facsimile: Defini-

tions of Terms, 1942 ............... $0.20

. o A (vi+6 pages, 84 X1 in hes.)
Relay Circuits ® Concealed Sound Pickups P sl oo
(Sponsored by the I. R, E.)

~

Eage . : 9) Americ Standard: d

A Booklet containing technical data on Zenith v.curuf.'}ube Boce st Secket Dir
4 o 8 5 : mensions ............ ...l $0.20

Microtubes is available at the factory. (ASA  CI621939). (8 wegen.

734X 1054 inches.)

10) American Standard: Manufactur-
ing Standards Applying to Broad-
cast Receivers ... . . e areraiiaaate o $0.20

RADIONIC PRODUCTS EXCLUSIVELY (ASA _ CI6.3—199). (16 pages,

7¥ X 104 inches.)

World’s Leadi”g Manufacturer Prices are net and include postage to emy
p country. Inciude remittance with order and
vess:

ZENITH RADIO CORPORATION THE INSTITUTE OF

_ ; | y - iLiNo RADIO ENGINEERS, Inc.
Rel ™ DIRE N AYENAE SMQROTUBRIANIEION = cHICAGO 39, LLNOIS 330 West 42nd Street, New yRo:Sk 1£,nxc~z.v.

L4 ‘s o
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HE RCA 833 became the RCA 833-A long before
Pearl Harbor—when important design changes made
improved ratings possible.

Now the price is 10% lower—$76.50 instead of $85.00
because fine performance has meant wide acceptance,
resulting in production economy.

ZIRCONIUM-COATED ANODE: This famous RCA
anode gives the 833-A a 44% higher input rating and
33% higher plate dissipation. To a designer, that means
wider application possibilities; to a user, it means the
833-A will give longer life than the 833 it replaced.

EMISSION RESERVE: The 100-watt thoriated tungsten
filament of the 833-A has a tremendous reserve of emis-

sion. That means less chance of damage in case of un-
expected overloads, plus longer filament life.

FILAMENT SHIELDING: The 833-A’s plate is specially
constructed 1o shield the filament, thus eliminating bulb
bombardment by stray electrons.

FORCED AIR COOLING:Design refinements in the 833-A
made it possible for RCA to announce increased ratings
when forced-air cooling is used. That means you can
increase power by the use of 833-A’s instead of 833’s—
or, you can operate at the same power and run the
833-A’s cooler.

TUNE IN ""WHAT’S NEW?'’

Radio Corporation of America’s great new show
Saturday nights, 7 to 8, E. W. T., Blue Network.

Operation with Class B A-F Class C '‘Phone Class € T'graph
Forced-Air Cooling ccs*  IcAst ccs*  Icast ccs*  icast N
".__r__.__-* - 1 - For a vaeallh of in-
Typical Operation T e for'lr‘nabnon or(li l},CA
t
Plate Volts ...................... 4000 4000 3000 4000 4000 4000 zomur:;imtlhc:rrrln‘.; se:degsgnfor 31:
Power output, watts ...... 2400 2700 1000 1500 1440 1600 72-page “RCA Guide for
Driving power, watts........ 29 38 37 42 26 35 Transmitting Tubes.” Write to
RCA Commercial Eng. Sec-
Moax. frequency, Mc: tion, Radio Corp. of America,
at Full input — — 20 20 20 20 538 South Fifth St., Harrison,
at 65% input — | - 75 75 75 75 New Jersey.
*Continuous ‘Commercial Service.
tIntermittent Commercial and Amateur Service. ASK ABRUT...
$ ¥
RCA DN | 0 R
CEEm

RCA Victor Division o« RAOIO CORPORATION OF AMERICA o Camden, N. ),




THis is the world’s most efficient machine, the human hand,
designed by the Master Craftsman. Its dexterity and
versatility has never been matched mechanically. Yet modern
science has found ways to add to the pleasure and comnfort

of humanity by relieving man’s hands of many tedious tasks.

The modern Phonograph Record Changer is an example.

G. I. prewar record changers were conspicuously successful
—notable especially for their long, service-free life, the perma.
nence of their factory ad justment and case of installation.

Our “E” for excellence in war production has accelerated
the development of many new methods—new skills—new
materials—ncw skills in the use of these materials. Obviously,
you will find such advanccs in our Post-War record changers.

We believe that effective planning is cssential if we are to
accomplish a smooth reconversion. We have many plans—
some dcfinite—others, embryonic. Would you like to share

® in our plans? We will be glad to call on you to discuss our
' future and yours.

C evera J NSTRUMEYT........
,

/// 29 NEWARK AVENUE, ELIZABRETYN . N.v.
L4
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A CHILD

New Motorola Electronics Engineering Building

Another gredt industry stands at America’s threshold . . . and American courage, ingenuity and
scientific talents are ready. The new wonders of the Electronic Age stand ready to be revealed to an
eager and waiting world.

e« s« WITH THE COURAGE OF PIONEERS

Motorola Engineers have faced and solved many important problems in Electronic research and de-
velopment demanded by the emergency of war ... and when the time comes, this same tempered
and tested brain and brawn will be quickly converted to the needs of peacetime, Victorious America.

You May Expect Important Electronic Contributions from Motorola Engineers. They're in the Making!

The Army-Navy “E” and
added Star for excellence
in production of Communicatian
Equipment for our Armed Forces.

Proceedings of the 1.R.E. November, 1943
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Today’s Réplacements Speeded

Two Years Before Pearl Harbor!

® It was more than 23 months before Pearl Harbor that RCA
started something which today—23 months affer Pearl Harbor—
is speeding replacements of electron tubes to far-off fronts.

® For at that time RCA launched its Preferred Type Tube program.
From among many hundreds of fubes of various kinds and sizes,
RCA selected 36 receiving tubes—each for .some basic, needed
characteristic. This made possible larger manufacturing runs on
fewer types, and resulted in better tubes of greater uniformity at
lower cost. RCA’s program was hailed immediately by equip-
ment manufacturers. They knew that the saving in all-around effi-
ciency would be their saving.

® When war came, the U. S. Government also issuved a list, called
the “"Army-Navy Preferred List of Tube Types.” (We'll be happy
to send you a copy of the latest revised list on request.) And now
this program is serving the country well . . . in releasing for other
war purposes the stocks of vital materials formerly tied up in the
several hundred tube types . . . and in making it possible to expe-
dite delivery of standard type electron tubes wherever the fight-
ing fronts need replacements—fast.

®* POST-WAR POSSIBILITIES. RCA's application engineers invite
inquiries from equipment manufacturers concerning tubes most
likely to be on the RCA list of post-war preferred types. Remem-
ber: The Magic Brain of All Electronic Equipment
Is a Tube . .. and the Fountain-Head of Modern
Tube Development Is RCA. RCA Victor Division,
RADIO CORPORATION OF AMERICA, Camden, New Jersey. -

ASK ABOUT...

RCA ELEGTRON TUBES [N

TUNE IN “"WHAT'S NEW?'" RCA's great new show, Saturday nights, 7 10 8, E. W. T., Blue Network.




. S. Barton

F. S. Barton is the eldest son of the late Professor
E. H. Barton, D.Sc., F.R.S., of Nottingham, who was
engaged on radio research work under Hertz at Bonn in
1892. Mr. Barton, who was born on May 13, 1895,
started life in an atmosphere of radio research. His sub-
sequent education at St. John's College, Cambridge, of
which he was a Foundation Scholar, was interrupted by
World War I. In the carlier part of the war, he was en-
gaged in munitions research, involving a mission to
Russia; in August 1917 he was commissioned a Sub-
Lieutenant R.N.V.R. for radio experimental duties with
the Royal Naval Air Service. Transferring to the R.A.F.
on its formation, he was finally demobilized as a Cap-
tain, R.A.F., in May, 1919.

Returning to Cambridge to resume his physics course
under Lord Rutherford, Mr. Barton reccived the de-
grees of B.Sc. (War) London and M.A. Cantab, and
then rejoined the Royal Air Force in a civilian capacity
as a member of the Instrument Design Establishment,
later transferring to the Royal Aircraft Establishment,
South Farnborough.

While at the Royal Aircraft Establishment, Mr.

November, 1943

Proceedings of the I.R.L.

Barton was concerned with the research side of com-
munication equipment for the Royal Air Force and was
especially interested in the development of radio-con-
trolled target aircraft and radio aids to blind landing.
In this latter connection, he visited a number of Euro-
pean countries and the United States in 1934-1935,
making a survey of the problem for the Civil Aviation
Department of the Air Ministry.

Mr. Barton was Air Ministry representative on vari-
ous committees of the Radio Research Board, Depart-
ment of Scientific and Industrial Research, and of the
Wireless Committee of the Institution of Electrical
Engineers and on various military committees and
boards. During this time he was elected a Member of
the I. E. E. and a Fellow of the Institute of Physics.
In 1935 he was elected a Fellow of the Institute of Radio
Engineers and gave an address on “Enemy War Radio”
to a New York meeting in October 1942.

In June, 1941, Mr. Barton was transferred to the
British Air Commission, Washington, as Chief of the
Radio Division, and was elected Vice President of the
Institute of Radio Engineers for the year 1943.
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Radio-and-electronic engineers are deeply concerned with the trends of the in-
dustry to which they devote their efforts. Expressions of opinion of commercial
leaders of the industry, published in the PROCEEDINGS in the form in which
theyarereceived, will serve to clarify engineering ideas and to direct technical
thought and effort. To these ends, there is here presented an analytic “guest
editorial” by the President of the Belmont Radio Corporation.

The Editor

Some Comments on Postwar

Electronics :
P. S. Billings

The fabulous wartime expansion of the electronic industry has created a veritable host of prophets,
crystal-ball gazers, and calamity howlers. Some are sincere, some patently dishonest, but all con-
, tribute to the almost unbelievably fantastic public misconception of the part electronics will play

| survive in the pristine glory to which they have become accustomed.

in the postwar conversion.

war on the various branches of electronics as follows:

392 Proceedings of the I.R.E.
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in the immediate postwar period. Ambiguous and in some cases deliberately misleading advertising,
picturing and depicting postwar radio, has only added to the confusion. Overzealous advertising is
building the public up to an anticlimax, the reverberations of which may well shake the very founda-
tions of our embryonic industry. The public will expect promises made now to be kept in the immedi-
ate postwar period and “gilding the lily” will only lead to a retarded market which may well snuff out
many potential postwar developments. The fantastic advertising efforts to capture the public imagi-
nation seem to have been engendered by the fear that industry has overexpanded and that only
through the capture of a lion's share of the postwar market can the individual companies hope to

| Prior to the war, the electronic industry was already on its way to a peacetime expansion previ-

ously unequalled in any but the automotive industry. The war itself served to accelerate this expan-
‘ sion principally through the diversion of engineering talent ordinarily devoted exclusively to the
broadcast receiver and associated branches of the industry into lines of endeavor not previously em-
phasized or exploited, as either commercial or industrial. In addition the engineering staffs of our
foremost seats of learning turned their efforts from teaching and academic research te design and
practical development. It is to be emphasized that the war has served to train our sights upon the
reduction to practice of much fundamental research hitherto allowed to be dormant and neglected.
This effort to practicalize and find applications for hitherto obscure and little-known phenomena
has led to a precocious growth which otherwise would have been delayed for many years. This growth
is most fortunate since otherwise drastic reduction of facilities and personnel would have been required

In looking forward to the postwar electronic picture we may briefly summarize the effect of the
Radio broadcasting will be in practically the same state as prior to the war. Frequency modulation

has not advanced technically even though it found widespread military application.
tionably frequency modulation will find an almost immediate public acceptance, this

While unques-
acceptance was

November



well on the way to establishment before Pearl Harbor. The opening up of the ultra-short-wave and
microwave spectra to other services may result in an indirect benefit through possible expansion of
the band now allocated to this service.

While there has been very little direct television development since the start of the war, it has re-
ceived many indirect benefits through the close similarity of its technique with that of certain allied
fields. If, however, television is to receive the benefits of these developments the release of television
to the public must be delayed for several years in order to permit the redesign of the circuits for much
higher frequency operation and to make other changes which appear advisable in view of advances
in pulse technique, modulation methods, and cathode-ray equipment. This delay might also enable
possible simultaneous release of color television.

Facsimile has received some direct benefit from the wartime development. It resembles television,
however, in that much postwar development is required before it can be released to the public.

In the case of both television and facsimile a major merchandising and financial problem must be
solved before an appreciable growth can be expected.

Navigational aids and equipment have received a tremendous impetus. The application of radio
to the navigation of air and surface craft will become universal. New positioning devices will replace
existing direction-finding equipment. Airway equipment will probably be moved into the ultra-short-
wave spectrum. The development of the helicopter and its probable widespread public distribution
makes this branch one which will require extensive engineering and production facilities.

The strictly communication field has been greatly expanded through the development of ultra-
short and microwave technique for both mobile and specialized point to point communication. This
technique will unquestionably find large application in the control of common carriers and other
mobile units hitherto impractical because of the limited usable frequency spectrum.

Industrial electronics have just begun to scratch the surface. With the end of the war and with
more capable engineering talent available for this specialized branch, it seems reasonable to assume
this specialization will require a substantial portion of the facilities of the electronics field. To enu-
merate or attempt to classify all the possible electronic applications would require far more space
than is here available. It is sufficient to say that a legion of applications are either now already de-
veloped or in the process of development. A roster of electronic applications becomes so formidable
and impressive that one must conclude that here is one industry which has not been overexpanded by
the war effort.

These new applications of electronics arc not for the most part in shape for release to the public.
During the past two years, however, the manufacture of home radio has been cut off. Manufacturers
can use the consequent pent-up demand for new equipment as a stopgap to hold their expanded pro-
duction organizations intact while all possible pressure is placed on the completion and finishing off
of the development of the newer members of the electronic family.

With sane and sensible planning for the conversion to peacetime status, it will not be necessary to
curtail either personnel or existing facilities. Hysterical attempts to capture the public fancy on the
basis that there will not be enough business to go around are not only unnecessary but unwise. The
saner policy consists in a planned and stabilized expansion into the hitherto unexploited fields of our
industry. In this expansion you engineers must “carry the ball.” The future of our industry is in your
very capable hands. Looking postwarward we have every faith in the brightness of your future and
of the part that our precocious infant will play in the world to come.
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Stability in High-Frequency Oscillators:

R. A. HEISINGY, FELLOW, ILR.E.

Summary—This paper discusses frequency stability with change
in plate voltage of high-frequency oscillators of around 100 mega-
cycles and shows both theoretically and experimentally that the
highest stability found by many is only the result of fortuitous circuit
adjustment that may readily lead to the desired result in this frequen-
cy range. It is shown that the factor next in importance in producing
frequency stability is a low ratio of inductance to capacitance in the
frequency-determining circuit. It is also shown that a high Q con-
tributes little directly to stability. A high Q is necessary with low
L/C ratios to get oscillations but an improvementin Q alone may give
poorer stability. To get the fullest measure of stability with low L/C
and high Q calls for slight adjustments in the circuit and possibly
the provision of loose coupling to the frequency-determining circuit.

INTRODUCTION

REQUENCY stability with plate-voltage varia-
Ftion in electric oscillators has been the subject of

many investigations in the past twenty years, and
has given rise to a number of papers. The subject in
most of its aspects has been well covered and such
phases will, therefore, not be treated here. However,
there has developed in the last few years a field wherein
the electric oscillator has held its own in competition
with crystal control and for which there is still need of
furtherstudy. This field is the ultra-high-frequency range
from 30 to 300 megacycles for which crystals have not
been cheaply and easily applicable.

In the published papers on stabilized ultra-high-fre-
quency oscillators, the investigators have described per-
formance which equalled or surpassed what could be
obtained with crystal oscillators. The experimental ex-
periences and theoretical treatments published, however,
have not been adequate for properly designing such
oscillators or proportioning the parts. It was found that
when the oscillator had been designed and constructed,
improved stability could always be secured by further
adjustment of the constituent elements. It was further
observed that most, if not all, of these published stabi-
lized oscillators were brought to their points of maximum
stability by such adjustments, and no criterion for such
adjustment has been given. It was felt, therefore, that
the underlying principles for these stabilized oscillators
had not yet been fully identified.

In discussing the subject it appears desirable in the
interest of clearness first to state three ohservations. The
first observation tor which supporting evidence has been
found involves the general mechanism whereby maxi-
mum stability is attained. As mentioned previously, it
is usually found that the best stability of ultra-high-
frequency oscillators is finally obtained by adjustment
of circuit elements. Even the value df/dE=0 can be
secured by such adjustment. This leads to:

* Decimal classification: R355.9. Original manuscript received by
tlgz Institute, March 20, 1943; revised manuscript received, May 28,

t Bell Telephone Laboratories, Inc., New York, N. Y.

November, 1943

Observation I—That the maximum stability in ultra-
high-frequency oscillators is produced by a fortuitous
adjustment easily brought about due to the respective
interelectrode impedance relations of the tube obtaining
at ultra-high frequencies.

Experimental and theoretical reasons will be supplied
to support a second observation, viz.,

Observation II—That the circuital design next in
importance in producing high stability is a low ratio of
L/C in the frequency-determining circuit.

Becausc of variance from statements occurring in the
literature, a third observation is given herewith:

Observation II1[—That a high Q in the frequency-
determining circuit contributes little or nothing alone
to stability and may actually reduce it, but when com-
hined with proper circuital changes will give an im-
provement.

It should be understood that the material in this
paper applies only to oscillator circuits of the simple
well-known regenerative types where the frequency-
determining circuits are connccted between tube elec-
trodes and operate at frequencies in the lower end of
the ultra-high-frequency range.

Mathematical studies of oscillators show several meth-
ods of improving stability.! It is not always possible to
pick beforehand the method of stabilizing which one
wishes and then proceed to proportion the elements to
produce the desired result. Too often the large number
of independent and dependent parameters are so inter-
woven that the desired values or rates of variation can-
not be predetermined. It is believed that, in so far as
ultra-high-frequency oscillators are concerned, an elc-
mentary analysis combined with experimental evidence
will indicate the most important principles underlying
their stable performances.

A

1 H
L

J ’ ;/.‘z o Ly
H
{—-—1:
Fig. 1—Circuit used in the test. LiCy is the circuit whose constants
were varied, and r is the resistance used to change its Q. Grid
leak resistance 5000 ohms. E, = — 30 volts, Vacuum tube 316A.

In Fig. 1 there is shown a common type of oscillator
circuit. The circuit, ignoring an extra resistance r, is
divided into two sections. The first section, that to the
left of A B, contains only the inductance and capacitance
of the input-grid tuned circuit which has effective

1 F, B. Llewellyn, “Constant frequency oscillators,” Proc. [ R.E.,
vol. 19, pp. 2063-2095: December, 1931
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resistance R; and reactance X, at the oscillating fre-
quency as measured at the two terminals. This is the
circuit which in this treatment embodies those elements
thatexert the major frequency-determining effort. In this
circuit are placed the high-Q elements in determining
their relation to frequency stability. The remainder of
the oscillator circuit, that to the right of 4B, including
the tube, constitutes the second section and measures
resistance R, and reactance X at its terminals at the
oscillating frequency with some certain amplitude of ap-
plied voltage. As is well known from the published lit-
erature on oscillators, any oscillator circuit may be
broken into at any point, and if the resistance and re-
actance are measured at the natural oscillating fre-
quency with a current amplitude equal to that which
obtains as the circuit oscillates, it will be found that
both the resistance and reactance are zero. Therefore,

6 P—
460
4
480
g OSCILLATION
X
z o 522
z 52.2 o
2 510 $3.0
z ‘
I — |
Q CONDENSER
& SETTING
3 -4} + -
w | |
19
& |
[ +
]
i
N 480! /a60 ]
M —
100 150 200 255 300 350 400 450 500

PLATE VOLTAGE
Fig. 2—Curves of frequency as a function of plate voltage with
various settings of the plate tuning condenser. Both positive and
negative slopes are present. The slope of such curves at the oper-
ating potential is termed the “instability.” Zero instability is
therefore zero slope or maximum stability.

when the circuit of Fig. 1 has its two parts connected
together at AB, if oscillations occur, then

X, X,=0 (l)
Ri+ R, =0. (2)
For the first section X, = X(f) 3)

Ry = R(f) (4)
that is the reactance and resistance are functions of fre-
quency as the only variable. X, may have both positive
and negative values, while R, will be positive only. For
the second section,

Xz = X(Ev "lv Bms f) (5)

Ry = R(E, A, gn, f) (6)
that is the reactance and resistance vary due to varia-
tions in E (plate voltage), 4 (amplitude of voltage on
grid), g» (mutual conductance of tube), and f (fre-
quency). X, may have positive and negative values in
different parts of the frequency range but will be nega-
tive at the oscillating frequency. R, may also have
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positive an¢g negative values in ditferent parts of the
frequency range and will also be negative at the oscillat-
ing frequency. Since (1) must hold for all variations in
the circuit, one can write

dX:+dX. =0 ()
and expanding to take account of the variable parame-
ters

90X,  0X: 90X, X, 90X,
d ') di+ dE+ dg.=0. (8)
ar Tt o g, oF 9w
Rearrangin
s g 0)‘2_) ()Xg d/l ()Xz l/g,,,
df oE ' a4 dE ' dg. dE o
dE 90X, % X,
af of

which expresses the variation of frequency with plate
voltage in terms of the other parameter variations.

It now becomes necessary to show in what way the
stability cquation (9) agrees with experimental facts.
Fig. 2 shows five curves for an ultra-high-frequency os-
cillator having the circuit of Fig. 1 with five different
settings of the plate tuning condenser. The input tuned
circuit was constructed to have a high Q. It is to be
observed that positive as well as negative and zero
slopes are obtained.

In reconciling these experimental curves with stabil-
ity equation (9) one should note first the experimental
fact that the rate of variation of frequency with plate
voltage can be made zero. That is

df/dE = 0. (10)
‘To make (9) equal to zero requires ecither that the nu-
merator be zero or that the denominator be infinite.
The denominator can become infinite only if one of the
terms becomes infinite. Inasmuch as the opinion is
widely held that a high-Q circuit is the basis of stabiliza-
tion this phase of it may be investigated first. By mak-
ing input circuit reactance X, with a high Q, a high
value of d.X,/df may be obtained at some values of X
and f. However, an infinite value can be obtained only
if the resistance is actually zero, which is not possible.
Making 0X,/df large by improving the Q, thercfore,
does not account for the stabilization.

In addition, positive slopes of the curve are to be
found experimentally as shown in Fig. 2, which would
require in (9) a negative value for 4.X,/df. A negative
value has been pointed out in the literature? as an un-
stable condition. A circuit of the type indicated in Fig. 1
will allow of oscillations only where X; is positive and
d.X,/9f is positive. For these reasons, therefore, (9) can-
not be made zero or positive by any practical values
assignable to the denominator terms involving the
high-Q elements. This proves that the stabilities ob-
served cannot be explained upon the basis of a large
d.X1/df, no matter what its Q.

R, A. Heising, “Audion oscillator
April and May, 1920.
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To make df/dE zero in a practical circuit then re-
quires that the numerator of (9) be zero. This is brought
about by adjusting the various elements in the second
part of the circuit, that is X, until a balance is achieved
between the positive and negative terms according to
principles laid down by Llewellyn.! By adjusting the
grid leak, or grid-stopping condenser, or variable con-
denser C,, etc., X2 will be altered, and its variation with
parameters E, 4, f, and g. can be altered so that no
change of frequency is observed with reasonable changes
in plate voltage E. This appears to be the type of stabi-
lization obtaining in many high-Q ultra-high-frequency
oscillators. Credence is lent to this by statements that
have been made by writers when delivering their papers
that after inserting the high-Q elements in the circuit,
improved stability was secured by readjusting other
parts of the circuit. This phenomenon which has been
observed many times suggested that in the ultra-high-
frequency range, the capacitance reactances between
tube elements are so low that together with plate and
grid resistances and load impedance they readily pro-
duce a situation which will make the numerator of (9)
zero. It has been found experimentally that it is rela-
tively easy to stabilize most ultra-high-frequency oscil-
lators, while it is not so easy to stabilize those for longer
waves.

Now it is not to be denied that changes in the con-
struction of input reactance X, to give a large 0.X,/df
may contribute to stabilization. A change may contrib-
ute both directly and indirectly. The direct effect will
be considered first.

The term 9X,/df contributes directly to stability if
it is such as to make the denominator larger. This is
the usual conception of its operation. Undoubtedly for
a fixed numerator, enlarging the denominator will re-
duce the slope of a frequency-voltage curve, or will in-
crease the radius of curvature of a curve. The methods
of increasing 0.X,/df must be looked into. Consider first
the effect of increasing the Q only. In Fig. 3, curve |
represents the reactance curve for a given circuit having
constants shown thereunder. Assume that operation oc-
curs at point P; on this curve. The slope of the curve
at P, is the magnitude of dX,/df. Assume now that the
Q of the circuit is doubled. The reactance curve is now
that of curve II. Operation will now occur at P; at a
slightly different frequency and very slightly changed
reactance to conforin to (1) and (2). The slope 3X,/df
at point P is, however, only very slightly greater than
at P,. If now the Q should be doubled once more giving
reactance curve 111, the operating point will be at P,
and will be so close to P as to be difficult to show on the
drawing. The slope 9X;/df at that point will change
even less. Increasing  indefinitely thereafter will
make little change in position of P or value of dX,/df.
Change in Q only operating through increasing 9.X,/df
cannot give improved stability of any measurable
amount, no matter if Q becomes infinite.

However, the first thing that comes to mind after in-
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creasing the Q from that of curve [ to curve Il is to
observe that there is a place on the new curve such as
point P, where the slope actually will be much greater
than at P, or P,. Will not a shift to this point give
greater stability due to the much larger dX,/df? This
brings in the indirect effect mentioned. In shifting to
point P, the magnitude of dX,/df is actually increased
markedly. However, such a shift has increased X, itself
also. The increase in X, makes X. undergo a decrease
since X;+ X, must equal zero. X, in assuming a new
value may have an effect on stability many times as
great as the change in the denominator by the new
8X,/9f. Changing X, changes the three terms 0X:/dE,
0X./8A4,and 8X,/dg.in the numerator. Also, increasing
X, changes the amplitude of oscillations A upon the grid.
It makes the term 04 /dE change. Also, the new ampli-
tude 4 changes the grid current and grid bias resulting
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Fig. 3—Reactance curves for an input circuit L,Cy in which the 0
of the elements only 1s varied. At the operating points P, P and
P, the slopes 9X,/df are practically the same. L,=120X10"*
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in a change in g. and, therefore, of term dg/dE. All in
all, the changes in these terms will usually cause a
change in the numerator sufficient to outweigh any in-
crease in the term 9X,/df in the denominator. If an
actual improvement in stability is secured, one is likely
to think that improving the Q had produced the result.
If the stability becomes worse, one is likely to feel
something went wrong while changing the Q. The effect
of Q alone upon the stability can be determined only if
care is taken to see that X, and the numerator are
changed by negligible amounts at the same time.

Such stability measurements were made. The input
tuned circuit alone was altered so as to provide different
Q's to the coil with the oscillator operating at the same
frequency and with the same X,. The same identical
frequency was essential to insure that no change in X
occurred from a change in frequency. In changing the Q,
the resistance element used changed the inductance or
capacitance slightly so that a slight change in capaci-
tance C was made to restore the frequency. This slight
change in L and C and L/C is negligible. However, the
main effect of change in Q alone gave anomalous results.
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To clarify the relations it was deemed desirable to secure
a family of curves in which not only is Q varied but
there is varied that element in the circuit which is most
likely to be subsequently used in the circuit adjustment.
That element is the plate-coupling reactance which in
the type of circuit shown resolves into plate-tuning con-
denser C,. This element is likely to be adjusted for maxi-
mum power, for maximum grid current, for a desired
space current, for maximum stability, or for other rea-
sons. To get the family of curves, the Q of the inductance
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Fig. 4—Instability curves when the Q of the tank circuit is varied
by different values of shunting resistance r showing that maxi-
mum stability (zero instability) can be secured with several differ-
ent Q's, and poorer stability may be secured with larger Q's with

certain circuit adjustments. Q increases with increase in r.
in the tuned-grid circuit was given different values by
connecting across it a high radio-frequency resistance
(r in Fig. 1). For each chosen Q, a series of curves of
frequency versus plate voltage was plotted for a series
of chosen values of C; as in Fig. 2. For each chosen Q,
C; was varied over its entire range for which oscilla-
tions would occur. Then from these curves values of
Af/AE were measured. It was then possible to plot these
values of instability as a function of the adjustment of
C: for each chosen Q. Such curves plotted in Fig. 4 show.,
thercfore, what can happen to the stability as Q alone
is changed for different adjustments in the plate circuit.

The curves show first that maximum stability (inter-
cept on the x axis) is attainable with almost al! values
of Q for which the oscillator would operate. The curves
show second that over certain ranges of C, values, an
improvement in Q gives greater stability, while over
other ranges of C, values, improvement in Q gives lesser
stability. The curves show third that for high-Q circuits
(large 7), operation will occur for a wider range of C.
adjustment and that the wider range brings within its
limits greater instability.

The stability, being affected by plate-circuit adjust-
ment, is going to depend upon the aim used in adjust-
ment. If one wishes maximum power in the plate tuned
circuit, there is no reason to expect maximum power to
occur with the adjustment which gives maximum fre-
quency stability, or if maximum power is desired in the
grid circuit, a still different adjustment is likelv to occur.
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It is possible, therefore, if one wants power as well as
stability that using a high-Q circuit can lead to a poorer
stability after adjustment than if a lower Q were used.

The curves of Fig. 4 are made with such adjustments
in the oscillator circuit as to provide maximum stability
with some value of C,. If some element such as grid leak
is changed, this set of curves may be raised or lowered
as the case may be to the extent of being entirely above
or below the X axis. A change in Q only, for a fixed C,,
can then produce opposite changes in stability in the
two cases. Similar sets of curves with the grid resistance
as the independent variable instead of C; can be plotted
but they do no more than confirm the evidence that
stability increase or decrease with improving Q is purely
a matter of the adjustment obtaining in the circuit.

It is, however, possible to operate upon the input
tuned circuit and produce desirable effects on stability
curves. Such operation is aimed at increasing 4X,/df
without changing X, and with a minimum of disturb-
ance to the numerator of (9). I'ig. 5 gives reactance
curves for several different sets of inductance and ca-
pacitance. Curve I represents the reactance of an
arbitrary example of L=120%10"° henry and C=25
micromicrofarads and a Q of 400. T'he effective value
of X, at the operating frequency is the ordinate repre-
sented by point P. It is now desired to change the circuit
so that operation will still occur at point P, but the slope
of the curve be increased. By making the ratio of L/C
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Fig. 5—Curves showing different slopes 9.X,/af at an operating point
P secured by changing the L/C ratio, O l)eji‘ng const)ant. Cirrile 1
Ly =120X10"* henry. C,=25X10"" farad, Q=400. Curves 11
and 111 have L/C ratios one fourth and one sixteenth, respec-
tively, that of curve I with a slight shift in the resonant point to
give the same frequency in the oscillator circuit

about one quarter the previous value and shifting the
resonant frequency from 4 to B with Q remaining con-
stant, curve I1 is obtained passing through P. The slope
of this curve at P is greater than for curve | thereby
giving the desired increase in 9X,/df. By reducing the
L/C to a quarter the second value, and shifting the reso-
nant frequency to C, still further improvement in
0X,/df is obtained. Thus, the denominator of (9) can
be incrcased by reducing the ratio L/C to whatever
value is practical to assist in improving the stability’.
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Further confirmation is secured by constructing an
oscillator with a series of input circuits having a wide
range in ratio of L/C made with lumped inductance and
capacitance, with about the same Q's. Such curves are
given in Fig. 6. The circuit with lowest L/C values shows
greater stability over the entire operating range. It
possesses an inability to be adjusted for as poor stabil-
ity as for larger L/C values. In these tests, the operating
adjustments were so made for the different L/C values
that frequency was the same and X, was the same at a
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Fig. 6—Instability curves when the L/C ratio is changed, the Q re-
maining approximately constant. The one with the smallest in-
ductance and lowest L/C ratio will inherently be more stable
when adjusted so as to oscillate than the others. All may be ad-
justed to have the same maximum stability (zero instability) at
certain adjusting points.

nominal operating point, thus insuring that the magni-
tude of X, was the same for all L/C values.

An inspection of the published literature shows that
the stabilized oscillators described have been con-
structed with lower L/C ratios than would be the
case had lumped inductance and capacitance of pre-
vious conventional forms been used. The investigators,
in order to get high Q's chose a concentric line or other
form of inductance that had low inductance. These in-
vestigators unwittingly constructed their oscillators
with advantageous L/C ratios following reasoning based
upon a false premise. It is probable that they were
sometimes puzzled as to why further circuit adjustment
gave more stable operation, and also puzzled as to why
improved Q circuits sometimes gave less stable opera-
tion. If the true basis for the stabilization were known,
undoubtedly different designs would have been used in
many cases.

Since higher Q's do produce larger dX,/df values on
certain parts of the reactance curves, and since 4.X,/df,
if large, should contribute to improved stability or give
flatter frequency-voltage curves, the question arises as
to the proper method of utilizing improved Q. The an-
swer is that looser coupling between the high-Q circuit
and the rest of the oscillator must be employed simul-
taneously. There are a number of factors involved lead-
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ing to this conclusion. One is the grid-filament ettective
resistance of the tube. At ultra-high frequencies this be-
comes low in tubes and when connected across reactance
X, it can spoil the effective high Q. Another point of
view is that this resistance may be effectively intro-
duced into the tuned circuit by the coupling to the tube
and if the coupling is too great such introduced resist-
ance may be much greater than the actual resistance.
A second reason is that the larger X,/df occurs only
with an increased X, (see point P, in Fig. 3) and such
increased X, calls for decreased reactance in the tube's
plate circuit. Such necessary plate reactance may
thereby be reduced to such a point as not to be able
properly to couple the tube to the circuit for power.
Also, a large X, may require a negative plate reactance
at some frequencies which then produces a nonoperable
circuit. Furthermore a large X, will generate an ex-
cessive voltage on the tube grid, wasting power, over-
heating the tube, and reducing still further the effective
resistance. For these various reasons, the magnitude of
X, must be kept within practical limits and, with
high-Q circuits to take advantage of possibilities in se-
curing large X ,/df, it is necessary to use loose coupling.

The looser coupling may be obtained by tapping down
on the inductance, or placing a small capacitance in
series. For example, in the case of greater slope at point
P, on curve II, Fig. 3, a series-capacitance reactance
in the lead to the grid can reduce the total input circuit
reactance to the magnitude of P, and yet have greater
3X,/df. In the case of the input circuit used in Fig. 4,
of which a cross-section diagram is given in Fig. 7, this
“tank” circuit had a Q of 1700. With this Q (and no
shunting resistance to reduce the Q) certain adjustments
of the plate-tuned circuit would call for high values of
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Fig. 7—Drawing showing construction of the tank circuit used in
most of the experiments. Inductance approximately 120X10-°
henry and capacitance approximately 25X107! farad.

X, that would overload the tube grid. With a series con-
denser of 9 micromicrofarads, the effective reactance
could be brought down to safe values, and at the same
time stability curves secured, due to combined high
38X,/df and adjustments that were superior to what
could be secured without this reduced coupling.

In Fig. 8 are shown several curves in which the tank
circuit was given higher values of Q than represented
in Fig. 4 by means of higher shunting resistances and
where a 9-micromicrofarad coupling condenser was
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inserted in the lead to the grid. The abscissas in both
cases are plate-tuning condenser settings. The shapes of
the curves in the two figures follow the same pattern,
the ranges of plate-circuit capacitance over which oscil-
lation will occur are comparable, most of the curves
cross the zero axis at some point indicating maximum
stability, but the curves of Fig. 8 show less than half
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Fig. 8 —Curves showing that narrower ranges of instability are se-
cured if a series-capacitance reactance is used with the high-Q
tank circuit. 9 micromicrofarads used in these tests. Values of 7
are shunting values to reduce the effective Q.

the range of instability. It is the reduced instability range
within the entire adjustment range that is contributed by
the combination of higher Q and looser coupling.

The experiments were made with only the one type
of oscillator circuit. The results however are applicable
to all the more common oscillator circuits.

It is to be observed that with the wide range in Q's
and L/C ratios covered, maximuimn stability could al-

ways be secured by circuit adjustment. This checks the
observations mentioned by many experimenters. At the
ultra-high frequencies, the reactances of the interelec-
trode capacitances, and of the necessary attached in-
ductances are such that with the tube constants stable
circuital conditions are readily obtainable. In lower fre-
quency ranges, in which investigations were carried out
and concerning which exhaustive mathematical analyses
have been published, such fortuitous circuit conditions
did not obtain. It was often found necessary to insert
lumped reactances, or unusual-sized circuit elements to
secure stabilization. It is hoped that by clarifying in the
literature the parts that are played by the elements en-
tering into stability unnecessary or false steps in its
attainment may be eliminated.

CONCLUSIONS

The experiments show that maximum stability can be
secured with a wide range in Q’s, the magnitude of the
inductance remaining constant, and that it is secured by
proper adjustment of the circuit elements. The curves
show that with certain circuit adjustments, improving
the Q only will give poorer stability. With reduced L/C
ratios and constant Q a reduced instability range re
sults, although oscillations will not be secured over as
wide a range in misadjustment of a circuit element.
With improved Q and looser coupling, a reduction of in-
stability range is also secured.

Frequency-Modulation Transmitter and Receiver

for Studio-to-Transmitter Relay System:
W. F. GOETTERY, ASSOCIATE, I.R.E.

Summary—A complete studio-to-transmitter system for high-
fidelity program relaying between the studio and the main transmit-
ter is described. The entire equipment was designed considering
simplicity and reliability to be of prime importance. Several installa-
tions have been in successful operation for over one year.

The 25-watt transmitter incorporates several nove! features which
account for the excellent performance obtained. Newly designed
tubes especially suited for ultra-high-frequency operation are used.

A crystal-controlled, double-conversion superheterodyne re-
ceiver, employing such features as cascade limiting, carrier-off-
noise suppression, and vertical-chassis construction is also described.
Harmonics from the same crystal oscillator are used in performing
both conversions, resulting in an extremely stable unit. Both trans-
mitter and receiver may be remotely operated when proper compli-
ance is made with Federal Communications Commission regulations.

A high-gain studio-to-transmitter antenna, which meets all
Federal Communications Commission requirements, is totally en-
closed against the weather to avoid ice-melting problems.

A frequency-modulation station monitor indicates center fre-
quency continuously, as well as per cent modulation and carrier level.
Aural monitoring is also obtained from the same unit.

* Decimal classification: R414. Original manuscript received by
the Institute, July 29, 1942; revised manuscript received, May 24,
11943. Presented, Summer Convention, Cleveland, Ohio, June 30,

942,

t Radio Transmitter Engineering Department, General Electric

Co., Schenectady, N. Y.
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INITIAL CONSIDERATIONS

{ YITH the inauguration of the first high-frequency
frequency-modulation broadcast programs, the

need for high-fidelity studio-to-transmitter ra-
dio circuits became apparent. The assignment of the
frequency band 330.4 to 343.6 megacycles by the Fed-
eral Communications Commission to studio-to-trans-
mitter service gave the “all clear” to the development
of suitable equipment to serve this need.

The rigid requirements on over-all performance as re-
gards frequency response, distortion, and noise level for
frequency-modulation stations indicate that the relay-
circuit characteristics must be held to very close tol-
erances. The Federal Communications Commission
requirements for high-frequency broadcast stations
include over-all characteristics from microphone input
to main transmitter output. Specifically, the noise level
must be at least 60 decibels below 100 per cent mod-
ulation, the distortion must not exceed 2 per cent

! Federal Communication Commission Rules and Regulations,
Section 3.245(A). Also, Standards of Good Engineering Practice Con-

;:{:r(r;in:;; 4l)ligh Frequency Broadcast Stations, Section 6, paragraph
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root-mean-square at 100 per cent modulation, and
the frequency response must be within 2 decibels of the
standard Radio Manufacturers Association 100-micro-
second pre-emphasis characteristic. Distortion and fre-
quency-response measurements must be made over the
range 50 to 15000 cycles per second. The 2 per cent dis-
tortion requirement has been temporarily relaxed to
3 per cent.?

The General Electric type GF-8-A studio-to-transmit-
ter transmitter and model LM-156 studio-to-transmitter
receiver which will be described have been designed to
meet these requirements.

One question which arose early during the develop-
ment of this equipment was in regard to what frequency
swing should be established as “100 per cent” modula
tion. While a frequency swing up to +200 kilocycles is
allowed for this service, it appeared more desirable to
use + 75-kilocycle swing as a reference as is done on the
frequency-modulation broadcast band. By so doing, all
measuring equipment, such as frequency and modula-
tion monitors which have already been designed for
accurate measurements on the frequency-modulation
broadcast frequencies 42 to 50 megacycles at a fre-
quency swing of + 75 kilocycles, are applicable for meas-
urements on studio-to-transmitter stations simply by
providing a high-frequency converter to bring the carrier
within the usable range of this equipment. Also the prob-
lems encountered in keeping receiver distortion at a min-
imum are greatly reduced when using the lesser swing.

Further, it is seen that if the allowable +200-kilocycle
swing were used, new transmitter and receiver circuits
would have to be developed as well as all associated
measuring equipment. On the other hand, if the broad-
cast swing of *75 kilocycles were used, much less
fundamental development work would be required, since
proved and successful designs could be applied to the
new system. In fact, part of the basic design of the
General-Electric type GF-1-B frequency-modulation
broadcast exciter? was incorporated in this studio-to-
transmitter transmitter.

Federal Communications Commission regulations
state that for studio-to-transmitter service, only as
much power as is required for satisfactory operation
shall be used. In addition, rigorous antenna require-
ments are set up. It is difficult to predetermine just
how much power will be required to satisfy the require-
ments at all installations. However, the General Electric
type MY-36-A studio-to-transmitter antenna is de-
signed to give an effective power gain of 10. If the same
antenna is used at the receiving location, an over-all
antenna power gain of 100 can be realized. For a trans-
mitter carrier power of 25 watts, the signal at the re-
ceiver input would be equivalent to that which would
be obtained if 2500 watts and simple dipole antennas

 As permitted by the Federal Communication Commission Pub-
lic Notice No. 47160, dated January 31, 1941.

3H. P. Thomas and R. H. Wllhamson, “A commercial 50 kilo-

watt frequency-modulation broadcast transmitting station,” Proc
I.R.E., vol. 29, pp. 537-545; October, 1941

were used. The 25-watt carrier power of the type
GF-8-A transmitter is, therefore, believed to be ample
to provide sufficient signal strength over any distance
now contemplated for this service.

TRANSMITTER

The transmitter employs the familiar principle of
direct-frequency modulation of an oscillator having its
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Fig. 1—Block diagram of 25-watt studio-to-transmitter transmitter.

mean frequency stabilized by a crystal (Fig. 1). A
frequency-comparison circuit maintains the oscillator
on its correct frequency and provides audio feedback
resulting in low distortion and noise level. The sixth
harmonic of the modulated oscillator and the sixth
harmonic of a temperature-controlled, highly stable
crystal oscillator are combined to produce an intermedi-
ate frequency of 3 megacycles. A temperature-compen-
sated discriminator operating at this frequency produces
the direct-current potential for electronic frequency con-
trol and also serves as a high-quality demodulator for
the audio feedback circuit.

The third harmonic of the modulated oscillator is
combined with the twenty-fourth harmonic of the same
crystal oscillator used for the frequency-control circuit.
These two frequencies, when added together, produce a
signal which when tripled becomes the transmitter out-
put frequency.

Since the sixth harmonic of the oscillator is main-
tained at a frequency 3 megacycles above the sixth
harmonic of the crystal oscillator, the frequency of the
modulated oscillator is only one-half megacycle above
the frequency of the crystal oscillator. Now, if the third
harmonic of the modulated oscillator is added to the
twenty-fourth harmonic of the crystal oscillator, the re-
sulting frequency is composed of a very large percentage
of crystal-channel frequency and a very small percent-
age of modulated-oscillator-channel frequency. Tripling
of this frequency to produce the output or carrier fre-
quency does not change these percentages. The output
frequency may be said to be approximately seven
eighths directly crystal-controlled and one eighth sta-
bilized master-oscillator controlled.

The modulated oscillator which contributes only ap-
proximately one eighth of the output frequency is
highly stabilized by the frequency-control circuit. The
sixth harmonic of the modulated oscillator and the sixth

—<~
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harmonic of the crystal oscillator are of much higher fre-
quency than the intermediate or difference frequency of
3 megacycles. Since the crystal oscillator is extremely sta-
ble, any variations of frequency on the modulated-oscil-
lator channel will result in approximately the same num-
ber of cycles variation of the intermediate frequency.
But this variation, while probably a very small per cent
of the modulated-oscillator frequency, is a very much
larger per cent of the intermediate frequency. Thus a

Fig. 2—High-frequency triode, type GL-8010A-R

great magnification of the modulated-oscillator frequency
instability in per cent is obtained for control purposes.

This intermediate frequency is then applied to a form
of frequency-modulation detector or discriminator, simi-
lar to those used in frequency-modulation receivers,
which converts frequency changes into amplitude
changes. The output vcltage of this discriminator will
consist of a direct-current component having a mag-
nitude and polarity dependent upon the mean devia-
tion of the modulated-oscillator frequency from its
proper value, and audio-frequency components resulting
from the frequency modulation of this oscillator. This
combined signal is passed through a network which has
zero attenuation for the direct-current component and
about 20 decibels attenuation for frequencies above 20
cycles. The audiooutput from this network provides a de-
generative signal which is applied to the modulator grid.

The discriminator is so adjusted by extremely stable
tuned circuits that when the intermediate frequency is
exactly the correct value, no direct output voltage is
obtained from the discriminator rectifier. Hence nothing
happens to change the modulated-oscillator frequency.
If the modulated-oscillator frequency for some reason
tends to drift slightly higher, the intermediate frequency
changes six times as much and the discriminator rectifier
immediately produces a direct voltage of such polarity
that, when applied to the grid of the modulator tube, it
causes a corrective change to force the oscillator back
on its proper frequency. Had the oscillator frequency
drifted lower, a direct voltage of opposite polarity from
the discriminator would have caused the frequency-
modulator tube to correct the oscillator in the opposite
direction to that resulting from the previous drift. Thus
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it is seen that, in addition to the modulated channel
contributing only a small part of the output frequency,
it is highly stabilized and its frequency depends directly
upon the stability of the crystal oscillator and the inter-
mediate-frequency circuits. This results in an over-all
stability which is practically as good as that of the crys-
tal alone. Although the required stability is 0.01 per
cent (or approximately 34 kilocycles), the guaranteed
stability of the output frequency is 0.002 per cent.
Measurements during actual operation show that the
frequency may be expected to remain within 2 or 3 kilo-
cycles of its assigned value.

A relay is connected to the discriminator in such a
way that any failure of the frequency-correction circuit
will cause the relay to drop out and shut down the
transmitter, thus preventing any possibility of operation
of the transmitter without frequency stabilization.

As previously mentioned, the same feedback circuit
which performs the frequency-control function also pro-
vides feedback for maintaining low noise and distortion
levels. A noise level of —70 decibels (unweighted) and
a harmonic distortion better than one and one half per
cent are maintained.

Audio voltage is supplied to the modulator from a
single audio amplifier stage which has an inductance
resistance pre-emphasis network in its plate circuit. Th
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Fig. 3—Transmitter final tripler (right) and 25-watt
output stage (left).

over-all audio-frequency response is withir + 1 decibel
of the desired 100-microsecond pre-emphasis standard
from 30 to 16,000 cycles.

The final tripler and output stages utilize type
GL-8010A-R tubes (Fig. 2). These newly developed
high-frequency triodes have a rated plate dissipation
of 50 watts. Full ratings may be used up to 350
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megacycles in conventional circuits such as used in the
transmitter. The tubes may be used at much higher
frequencies when different type circuits are employed.

Both the tripler and output stages have transmission-
line tank circuits (Fig. 3). Neutralization is necessary
only on the output stage. As a result of careful circuit
design, these stages may be adjusted and operated in
much the same manner as conventional low-frequency
equipment, which is unusual in apparatus operating at
ultra-high frequencies.

The radio-frequency output circuit is designed to feed
a single coaxial 7/8-inch transmission line having a surge
impedance of approximately 65 ohms.

Tube cooling is obtained from small quiet blowers
mounted inside the transmitter cabinet (Fig. 4).

Indicating instruments are provided for filament volt-
age, plate voltage (output stage), and frequency devia-

Fig. 4—Rear view of transmitter, door open.

tion (discriminator direct-current output) (Fig. 5). In
addition, three plate milliammeters may be used to
check the various circuits by means of transfer switches.

The transmitter operates from a 115-volt, 60-cycle,
single-phase power supply. Total power consumption is
approximately 1.5 kilowatts.

Access to the interior of the cabinet is gained through
full-length doors both front and rear. The front door
may be opened for all tuning operations with complete
safety to the operators (Fig. 6). Sections of the front
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door may be opened to gain access to the meter switches
and to certain of the tuning controls that are used for
the occasional adjustments required to maintain the
transmitter at optimum performance.

The transmitter is designed to operate over the range
from 260 to 350 megacycles. Thus all the studio-to-trans-

Fig. 5 Front view of transmitter, door closed

mitter frequencies are covered as well as certain chan
nels for television—sound broadcasting and relaying.

RECEIVER

The model LM-156 receiver is the companion unit of
the type GF-8-A transmitter. Each unit is designed for a
particular frequency in the band from 260 to 350 mega-
cycles. This fixed frequency is accurately established by
a temperature-controlled low-drift quartz crystal.

The receiver is a double-conversion superheterodyne
wherein the oscillator voltage for both conversions is
obtained from the same crystal oscillator (Fig. 7). When
operating over the band 260 to 300 megaycles, the
cighteenth harmonic of the crystal is used for the first
conversion and the second harmonic for the second con-
version. Over the range from 300 to 350 megacycles, the
sixteenth harmonic is used for the first conversion and
the second harmonic for the second conversion.

“Acorn”-type tubes are used in the high-frequency
stages. A radio-frequency stage precedes the first con-
verter to improve the intermediate-frequency rejection
ratio.

All the high-frequency circuits are linear tuned

=
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circuits. Coarse frequency adjustment is accomplished
by movable short-circuiting barsand vernier adjustments
may be made with small trimmer capacitors. All high-fre-
quency circuits are silver-plated for good conductivity.

Fig. 6—Front view of transmitter, door open.

All intermediate-frequency circuits except the dis-
criminator use single-control, permeability tuned trans-
formers making alignment extremely simple. Double
limiting is used in the 4.3-megacycle second intermedi-
ate frequency. A carrier-off-noise-suppressor circuit is
provided with adjustable threshold.

Two audio channels are provided; one for program
and the other for monitoring. Each channel is equipped
with a resistance-capacitance de-emphasis circuit which

379409 wC
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Fig. 7—Block diagram of studio-to-transmitter receiver.

maintains the receiver frequency response within 0.5
decibel of the desired 100-microsecond de-emphasis
standard from 30 to 16,000 cycles. Both channels are
designed to operate into standard 600-ohm speech-

input equipinent.

Proceedings of the I.R.E.

November

The receiver is equipped with two indicating instru-
ments; one, a high-sensitivity microammeter connected
to the discriminator output to indicate detector balance,
and the other a milliammeter which may be transferred

Fig. 9—Rear view of studio-to-transmitter receiver, cover removed.

by means of a transfer switch to the various circuits for
tuning adjustments (Fig. 8).

Only one tuning control is brought to the receiver
panel. This is the vernier control for the discriminator-
secondary tuning capacitor. Normally only occasional
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slight adjustment is required since this circuit is tem-
perature-compensated.

Provision is made so that the receiver may be turned
on and off with a three-way local-remote switch when
it is desired to operate the receiver at a location remote
from the operator.

The electrical design of this receiver is such that all
circuits are very stable in operation. Shielding is not
critical, which is evidenced by the fact that the rear
chassis cover may be removed without affecting the
operation (Fig. 9). Particular care has been taken to
eliminate the possibility of spurious responses when the
receiver is operated near other transmitters.

All tuning adjustments are extremely simple. The use
of the tuning-meter transfer switch makes it possible to
adjust all circuits quickly for optimum operation. The
band-pass characteristic is sufficiently wide to pass the
frequency-modulated wave without causing distortion.

An important mechanical feature of this receiver is
the vertical-chassis construction which provides com-
plete accessibility of all parts. The receiver panel is de-
signed for standard-rack mounting.

All tubes, crystals, tuning controls, and adjustments
are accessible through the front-panel door (Fig. 10).
The chassis design and arrangement of parts allow com-
plete ventilation.

Fig. 10—Studio-to-transmitter receiver with front door open.

The use of electrolytic capacitors has been completely
eliminated in the interest of maximum reliability.
ANTENNA

Present Federal Communications Commission regu-
lations* state that the power gain of a studio-to-trans-

¢ Federal Communication Commission Rules and Regulations,
Section 4.34(d).
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mitter transmitting antenna toward the receiver shall
be ten times the free-space field from a doublet and in
all other directions 30 degrees or more off the line of
the receiver the power gain shall not exceed one quarter
the free-space field from a doublet. The type MY-36-A
studio-to-transmitter antenna has been designed to
meet these specifications.

This antenna consists of two horizontally polarized,
colinear arrays. Fig. 11 is a drawing showing the me-
chanical arrangement.

. DIRECTiON_OF
WAK RADIATION

— SUPPORTING Ma3T

Fig. 11—Outline drawing of studio-to-transmitter antenna.

The studio-to-transmitter antenna is designed to op-
erate over the range of studio-to-transmitter frequencies
330.4 to 343.6 megacycles. No antenna adjustments are
required if it is desired to change transmitter frequency
within this range.

An important mechanical feature of this antenna is
the complete enclosure of the radiating elements, phase
inverters, and matching sections within Herkolite in-
sulating tubing. This tubing is airtight and connected so
that the entire antenna as well as the transmission line
may be pressurized if desired. By enclosing the antenna,
all sleet and ice-melting problems are avoided.

FREQUENCY MONITOR

It was mentioned above that if a frequency swing of
+ 735 kilocycles were established as “100 per cent modu-
lation,” standard measuring equipment which has been
developed for use in high-frequency frequency-modula-
tion broadcast stations could be modified for use at the
studio-to-transmitter frequencies. The use of a high-
frequency converter with the General Electric fre-
quency-modulation station monitor® (Fig. 12) provides
an excellent system for monitoring the studio-to-trans-
mitter output.

This versatile monitor measures four essential char-
acteristics of the frequency-modulated carrier as follows:
(1) mean frequency of carrier with and without modula-
tion, (2) percentage of frequency modulation with (3)
alarm indication for overmodulation, and (4) fidelity of
the modulated signal. In addition, the converter unit
which is used with the monitor provides a continuous
indication of the transmitter relative output power.

The output of a highly stable, temperature-compen-
sated crystal oscillator is multiplied and heterodyned

¢*H. R. Summerhayes, Jr., “A frequency-modulation station
monitor,” Proc. I.R.E., vol. 30, pp. 399-404; September, 1942,
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against the transmitter carrier, creating an intermedi-
ate-frequency component. This intermediate frequency
passes through a current-sensitive discriminator, the
output of which actuates the direct-reading frequency

Fig. 12-—Frequency-modulation station monitor and
high-frequency converter,

meter. A calibration crystal is provided for adjustinent
of the discriminator circuit.

The discriminator output also actuates the alarm cir-
cuit which may be adjusted to operate at any pre-
determined modulation percentage over a range of 50
to 120 per cent. In addition, an output amplifier is pro-
vided which may be used for aural monitoring of the
transmitted signal. A conventional VU meter of short

Fig. 13—Transmitter remote-control unit, for use at
transmitter location.

time constant is used for continuous indication of modu-
lation percentage.

REMOTE-CoNTROL UNITS

Remote control of studio-to-transmitter transmitters
is not authorized by the Federal Communications Com-
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mission. However, if the following conditions are satis-
fied, the operation does not constitute the prohibited
“remote control” of the transmitter: (1) The operator
can reach the transmitter in five minutes. (2) The opera-
tor has off-on control of power to the last radio-fre-
quency stage. (3) There are continuously indicating
instruments dt the operating position for frequency
deviation and percentage modulation indication; there
is also a spurious emission check (aural monitoring).

It is seen that the use of the above monitor converter
makes it possible to satisfy all requirements with the
exception of the transmitter off-on control. Remote-
control equipment for operation of the transmitter from
a distant point over a two-wire circuit (such as a tele-
phone line) and ground has been designed for this pur-
pose. This remote-control equipment consists of two
units, one located near the transmitter (Fig. 13) and
the other at the control point (Fig. 14). These units

Fig. 14—Transmitter remote-control unit, for use at control point

contain the necessary switches and relays for placing the
transmitter in and out of operation from the remote
point without the continued presence of the operator
at the transmitter.

ConcLusioxN

The studio-to-transmitter transmitter, receiver, and
associated equipment which have been described are
commercial types which will meet all the performance
requirements for studio-to-transmitter service. The op-
eration and control of the equipment has been kept as
simple as possible while still maintaining all the features
which are customary in standard broadcast equipment.
One fundamental basis for the design of the transmitter
was simplicity and ease of maintenance both from a me-
chanical and electrical point of view.

Several installations have heen in successful operation
for over one year.
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Power-Tube Performance in Class C Amplifiers
and Frequency Multipliers as Influenced
by Harmonic Voltage:

ROBERT I. SARBACHERTY, MEMBER, LR.E.

Summary—In investigating the effect of harmonic voltage in
class C amplifiers, it is found that the second- or third- harmonic
voltages introduced into the plate or grid circuit in the proper phase
improve the performance of the tube. Harmonics of higher order are
found to be undesirable in general. The most favorable path of
operation is determined and it is found that this path may be easily
obtained by the introduction of the third-harmonic voltage 180 de-
grees out of phase with the fundamental voltage into the plate
circuit. Various means for doing this are devised, and the power out-
put and over-all efficiency of the tube, acting as a class C amplifier,
is increased. The method of analysis employed, when applied to fre-
quercy multipliers, shows that by the introduction of harmonic volt-
ages into these devices in the proper phase and magnitude, sub-
stantial increases in power output and efficiency may be obtained.

VER SINCE their introduction into the field of
communication engineering over twenty-five years
ago, high-vacuum electron tubes of the power
type have assumed a steadily increasing importance.
Improvement in design technique has permitted the
construction of tubes giving outputs of thousands of
watts. Owing to the use of such large power, any fac-
tors which contribute to an increase in the efficiency of
operation of the electron tubes are worthy of serious
consideration. Many papers have appeared which deal
with technical investigations of the properties of tubes
operating as radio-frequency class C amplifiers. These
papers are concerned largely with the conditions under
which optimum conversion of direct-current plate-sup-
ply power into radio-frequency power is obtained, con-
sistent with the demands of the type of service required.
One of the factors governing the efficiency in power
amplifiers is concerned with the introduction of har-
monic voltages into the amplifying system, and this
factor has, up to this time, received littie attention.
In an attempt to analyze this problem it has been
found desirable to investigate the most favorable path
of operation for power-tube performance. Let us con-
sider first the most favorable path of operation for the
plate circuit; that is, the one which gives the maximum
plate-circuit efficiency for a given power output. The
plate efficiency may be expressed as
(eﬁ)t’ = (E,,,mlp,m)/(ZE[,p,/p,,,
where E,,.=the maximum value of the fundamental
component of plate voltage
I, =the maximum value of the fundamental
component of plate current

_* Decimal classification: R255%XR357. Original manuscript re-
ceived by the Institute, March 6, 1943. Presented, Summer Conven-
tion, Boston, Mass., June 28, 1940; Chicago Section, April 17, 1942,

t Formerly Cruft Laboratory, Harvard University, Cambridge,
Mass., later, Illinois Institute of Technology, Chicago, 1l.; now
Bureau of Ships, Navy Department, Washington, D. E
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Ew = the plate-polarizing potential
I, = the average value of plate current

If we fix, for the moment, the ratio E,,./Es, the effi-
ciency becomes a function of the ratio Jp,m//ea. The
problem is to determine the path joining the quiescent
point Q, Fig. 1, with the point 4 so as to make this
ratio a maximum. Now

Tom  2J0Is(eb, €2)] cos 6d6

-[,m. = S0ad

[51[1(es, €2) |dB

where Iy(es, €.) represents the equation of the path of
operation on the static plate-current characteristic sur-
face of the tube, and 8, is the half angle during which
plate current flows. 2

[t can be seen by inspection that as 6—0, the cos 6—1
and the ratio I, ./Js approaches its maximum value 2.
[t is evident that 8, must be a minimum for maximum
efficiency when E,,./Es is fixed. Now if Epm= Es, the
plate efficiency approaches 100 per cent as 8, approaches
zero. Hence, the most favorable path of operation is one
which will penetrate the plate-current region as late in
the cycle as possible and rise as quickly as possible to
the maximum current while keeping EsnZ Ew during
the interval in which current flows as shown by the
lower dashed line in Fig. 1. In order to maintain a
fixed power output, it is necessary that the product
Ebm I, be maintained constant. As 0, is reduced, I;,m
is reduced and hence E,. must be increased propor-
tionaily. Tt will be shown that it is possible to do this
without increasing the plate-polarizing potential.

From the standpoint of the grid circuit, it is desirable
to have the driving power P, as small as possible. Since
this power supplies both the power delivered to the grid
P,, as well as the power delivered to the grid battery
or bias supply P., it is desirable to keep hoth of these as
low as possible. If the grid-polarizing potential and am-
plitude of grid-excitation voltage are determined for any
given tube, the path that will make P4 a minimum will
be the path that will make the fundamental comnponent
of the grid current I., and the average value of the
grid current I., a mimimum. From considerations analo-
gous to those made in the plate circuit above, we can
see that this path, when in the region during which grid
current flows, should be orthogonal to the lines of con-
stant grid current as shown by the upper dasherd line
of Fig. 1.

It is apparent that the path resulting in maximum
plate efficiency differs greatly fromn that most favorable
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to the grid circuit. Indeed each “ideal path” results in
exceedingly inefficient operation for the other element.
It might appear upon inspection that the normal
straight-line path represents a good compromise be-
tween these two. It is found, however, that this is not
the case, and that a more desirable path is that indicated
by the dot-dash line in Fig. 1. For this path the driving
power is increased but slightly over that resulting from
the ideal grid path, and the plate efficiency still ap-
proaches its ideal value without seriously reducing the

\ [
¢

r = — \\
Aos? Favoradle Poth
| \/for Grid CircnT

£ a.m

l \ Y \ Normal Path
Los \ Mas? Fovorobie Foth
& \\ . Por robe Pertormonce

]
|
Y é.:”;”.’JLT;/)\ \ ]
2 A
Aas? Fovoroble Fom (4

For Plore Crrces?.

Fig. 1—Paths of operation shown on the e, —e, diagram of a power
tube. The region in which plate current flows is to the right of
the line 1,=0 and above the ¢, axis. Only the “power stroke”
of the path of operation is indicated in the figure,

power outut. The resulting tube efficiency is then con-
siderably greater than it was with the simple straight-
line path. Whether or not this advantage is offset by
the expense of producing this path of operation, and
how closely it may be approximated remains to be shown.

The possibility of obtaining this path of operation by
the introduction of harmonic voltages in the grid circuit
will be considered first. Fig. 2a shows the effect on the
path of operation of the introduction of the second har-
monic voltage in the grid. If es=Ew—E, . cos 6 and
ec=—E.+E,;.cos 0+E,, cos 20 we shall obtain the
paths indicated in this figure. For path q, E,»=25 per
cent E;,» and for path b, E,;,.=50 per cent E, ... If the
phase of the second harmonic is different from that
shown, the operation is less efficient.

Other examples of the shape of the path of operation
resulting from the introduction of harmonic voltages
into the grid circuit are shown in Fig. 2. Fig. 2b shows
the effect of the third harmonic, Fig. 2c the fourth, and
Fig. 2d the fifth. The best approximations to the ideal
path of operation are obtained by the use of either the
second or third harmonic. The fourth harmonic bends
the path of operation back into the region of plate cur-
rent at high plate voltages. If E.. is increased to avoid
this, then E, .. and E,,, must be increased in order to
maintain the same operating point. This will result in
an increase in the value of grid-polarizing potential re-
quired and also increased driving power. Higher-order
harmonics have an even less favorable effect upon the
path of operation.

The effect produced by the introduction of harmonic
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voltages into the plate circuit will now be considered.
In Fig. 3 paths a and b show the correct phase relation
for the second harmonic. Here e, = —E.+E;mncos @ and
es=Ey—E,ncos 0+E, . cos 20. In path a, E, .. =50 per
cent E,.; in b, E,n=25 per cent E,.. When the
phase of the second-harmonic voltage is reversed so that
es=FEyw—E; . cos 8+E, n cos 2(0+(n/2)), path ¢ re-
sults. Path d is the normal straight-line path. Figs. 4a
to d show the effects of the third, fourth, fifth, and
sixth harmonics introduced into the plate circuit. As in
the case of the grid circuit we can see from these figures
that the harmonics of higher order than the third are
of small advantage in realizing the ideal path.

In Fig. 5 the paths obtained with the second and third
harmonics in the plate circuit are shown in more direct
relation to the static characteristic curves. Both of these
paths are excellent approximations to the ideal path,
In each case the quiescent point Q has been adjusted for
most favorable operation. The use of the second har-
monic reduces the necessary grid-polarizing potential;
whereas the use of the third harmonic increases it. On
the other hand, a relatively large second-harmonic am-
plitude is required to approach the ideal path, while a
comparatively small third-harmonic amplitude is suffi-
cient. The use of increased fundamental voltage over
that required for normal operation aids in compensating
for the reduction in the amplitude of the fundamental
component of plate current caused by the reduced oper-
ating angle. This results in approximately constant and
sometimes increased power output, even though I, . is
reduced.

It is possible to introduce these harmonic voltages
into the plate or grid circuits without simultaneous in-
troduction of appreciable reactance. The conditions that
must be met in order to do this may be stated as follows.
If X,, and X,, are reactances at the kth harmonic fre-
quency, existing in the plate and grid circuits, respec-
tively, then it is necessary that

-Ym < (Rb)hu 'Yﬂl « (Rc)wx

‘Ym. < (Rb)w Xu X (RC)HI;
where (Rs)., and (R.),, are the equivalent resistances of
parallel resonant circuits inserted in the plate or grid
circuits and tuned to the frequency of the harmonic
voltage it is desired to obtain. If, for example, a parallel
resonant circuit is inserted in the plate circuit of an
amplifier and tuned to the second harmonic, a second-
harmonic voltage will be developed across this harmonic
tank. When the reactance of the plate circuit is negli-
gible, this harmonic voltage E,. . will be in phase with the
harmonic current I,,.. Whether this harmonic voltage
will have the correct phase relation to the fundamental
voltage to give us the path of operation we desire re-
mains to be determined.

Since the current pulse generated in this type of opera-
tion is symmetrical and periodic, Chaffee's simplified
harmonic analysis! may be used to analyze it. According

' E. L. Chaffee, “A simplified harmonic lysis,” 1
vol. 7, p. 38; 1936. s
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Fig. 2—The path of operation on the e, e, plane of a power tube as influenced by the second-, third-, fourth-, and fifth-harmonic
voltages introduced into the grid circuit.

to the “13-point” analysis, further simplified as is allow-
able with the special type of current pulses considered
here, the components of the current wave may be ex-
pressed in terms of the instantaneous values. These val-
ues are chosen at 15-degree intervals along the time
axis of the wave. If C, is the value of the instantaneous
current at =0, C, its value at =15 degrees, C; its
value at 0 =30 degrees, ctc., the analysis tells us that
the average and harmonic currents can be defined in

terms of the values at these intervals by the schedule
given helow.
Ia=v5(C1/24+C,;+Cs+Ci+4Cs+C)
I pm=1%(C1+1.93C:+1.73C3+1.41C,+C+0. 26 's)
I,m=15(C1+1 J13C+C3—Ci—1.73Cs)
Iyn=72(Ci+1.41C,—1 41C,—2Cs—1.41C,)
! =1"y(C1+Cz—C3—2C4—C5+Co)
I pm=1g(C1+0.518C;—1.73C; — ACHCs+1.93C)

pem

mm
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Fig. 3—Path of operation when the second-harmonic voltage is present in the fundamental voltage of the plate circuit

Ip.mzjlg(cl_ 2C3+ 2C5)

where Iy, = the direct-current component of the cur-
rent wave

I,,»=the maximum value of the fundamental
component in the current wave

Ippn = the maximum value of the kth harmonic

component in the current wave

We can now determine the phase relations between
the fundamental current in the plate or grid circuits and
the harmonic currents in these circuits. It was shown
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Fig. 4—The path of operation on the e, e. plane of a power tube as influenced by the third-, fourth-,” fifth-, and sixth-harmonic volt-
ages introduced into the grid circuit. Only the path during the “power stroke” is shown

that in the case of the introduction of the second-har- power stroke. To meet this phase requirement, I, .
monic voltage in the plate circuit, we obtain the most must be negative, and, consequently, Cs+1.73 Co>C,
favorable path when e, = Ey— Ep,n cos 0+ E,, cos 26. +1.73 C;+Cs. But this is never true even with a
That is, the amplitude of the second-harmonic voltage straight-line path and is contrary to the conditions that
is opposite in sign to that of the fundamental during the are specified for the most favorable path, namely, that
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the angle during which current flows must be small.?
Therefore, it appears that the second-harmonic compo-
nent of the current pulse from the tube produces a sec-
ond-harmonic plate voltage which is opposite in phase
to that required to give the most favorable path of oper-
ation and second-harmonic power of the correct phase
must be supplied from an external source to buck out
this undesired component.

From the harmonic analysis we can see clearly the
effect of a variation of 8 on the ratio of I,./I1.. From
this analysis we obtain

* The existence of an instantaneous current at C¢ means that
29> 150 degrees.

Ioim  Ci41.93Co4+1.73C:41.41C,+Co+0. 26Ce

i C1/2+Co+C3+Ci+Cs+Cs
If G+Cs+Ci+CG+Cs=0, we get the value 2 for this
ratio, which we obtained previously. For small increases
in 6 this ratio is only slightly affected. Now for large
power output it is desired to have a high I, and from
this standpoint, the existence of all the C's is desirable.
But, since I;,m/Isa should be high from the standpoint
of efficiency, it is desirable to have the terms Cs and C,
equal to zero, since their contribution to I,.m is small,
This will limit 20 <120 degrees. In the case of the third-
harmonic voltage introduced in the plate, it is necessary
that 1.41 C,+2C+1.41 Ce>C,41.41 G, in order that
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the harmonic current develop the voltage in the phase must be supplied in the correct phase from an external
we wish to have it. Since the ideal path requires that # source.

b small, t}'ns eotidition cdtiot e m.et CRCORE at. o # There is one exception to this statement which will he discussed
fice in efficiency,? and, hence, the third-harmonic power  |ater.
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g, 7— ent pulses in the plate and grid circuits for various
B2 =t iy 3 is located at E,=1000 volts, E
€e=260 volts, Fig. 5. Only half of the current p

mental plate voltage. The quiescent point Q
of operation, on the power stroke, at e, = 220 volts,
symmetrical about the time ¢ = C, on the diagram.

From similar consideration in the grid circuit it can
be shown that the voltage of harmonic frequency de-
veloped across a second- or third-harmonic tank in-
serted in this circuit will be in the wrong direction to

ges of second-harmoni
e = — 100 volts

percenta C content in the funda-

and the end point of the path
ulses are shown. The pulses are

give the path of operation desired. Hence, the harmonic
power required to maintain the correct voltage must be
supplied by an external circuit. The improvement in
operation that is obtained in this case i- relatively small.
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If the power required to maintain a desired harmonic
voltage is introduced into the plate_ circuit, then the
plate-circuit efficiency must be expressed as

(effp) = Pu/(Pss + Pui)
when Py, =the power output of fundamental frequency
Py = the direct-current power supplies to the plate
circuit
Py, =the power of kth harmonic frequency intro-
duced

In amplifiers which are supplied in this way with har-
monic voltage to improve the performance of the tube,
the plate efficiency as defined above may be misleading.
In standard-frequency doublers, plate efficiencies of 60
to 65 per cent are considered good. For frequency
triplers this efficiency may fall as low as 50 to 55 per
cent. Hence, the losses incurred in obtaining the har-
monic power required should be taken into considera-
tion in making a comparison of the performance of the
tube operating in this way, with normal operation.

Because of the higher efficiency of oscillators, it would
be desirable to use one to obtain this harmonic voltage.
However, this is difficult except in the special case dis-
cussed later, since the oscillator will tend to lock in
phase with the harmonic current in the opposite phase
to that desired.

Fig. 6 shows the effect produced on the dependent
variables of the amplifier system, when the second har-
monic is introduced in the plate circuit in the correct
phase while Fig. 7 shows the shape of the current pulses
for different percentages of harmonic voltage with the
same constant values of the independent variables.

The plate efficiency can be seen in Fig. 6 to increase
with harmonic content, when P, is supplied at 100 per
cent efficiency. If, however, Py, is supplied at 50 per cent
efficiency, the amplifier efficiency reaches a maximum
with approximately 30 per cent second-harmonic volt-
age. This, of course, is due to the increase in P,, with
increasing harmonic content, while the power output is
reduced rapidly as the angle during which current flows
is reduced to below 90 degrees. The driving power and
grid loss are seen to increase slightly with increased
harmonic content, while the plate loss is rapidly re-
duced. At a second-harmonic content cqual to 35 per
cent of the fundamental voltage, with 15 watts grid
dissipation, 27 watts driving power and 70 watts plate
loss, a power output® of 450 watts may be obtained. If
P,, is supplicd to the system at 50 per cent efficiency,
the plate efficiency of the amplitier will be approxi-
mately 73 per cent. Chaffee has obtained curves showing
the optimum power output that it is possible to obtain
with this tube operating under ideal conditions with the

¢ Exceptionally high power outputs such as this are of course ac-
counted for by the fact that when the harmonic voltages are intro-
duced into the system in their correct phase relations, the plate
dissipation is reduced. This permits us to shift the end point of the
path of operation to a region of higher plate current, which causes the

late dissipation and power output to rise. In doing this, care must

K‘e taken that the maximum instantaneous plate current does not
rise to such a value that the filament life is materially shortened
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straight-line path of operation. These curves show that
the optimum power output with the same driving power
and plate-polarizing potential, as used above, but with
100 watts plate loss, is slightly under 300 watts. Since
P,=100 watts, the plate efficiency is slightly under 75
per cent.

From this example, we see that if we can supply Ps,
at 50 per cent efficiency, we can obtain approximately
50 per cent more power output with the curved path
than we can obtain with the straight-line path, without
reducing the plate efficiency to any extent. It will be
shown later that, by inserting harmonic voltages into
frequency multipliers, large increases in efficiency of
these devices may be obtained. Second-harmonic power
may then be generated at from 70 to 80 per cent plate
efficiency, and third-harmonic power at from 60 to 65
per cent plate efficiencv.

Figs. 8 and 9 are similar to Figs. 6 and 7, except
that percentages of the third harmonic are plotted as
absissas. These diagrams do not represent optimum con-
ditions of operation but are merelv representative of the
way in which the dependent variables change when the
path of operation is varied for any given quiescent point
Q and operating point 4.

With the harmonic voltage introduced in the plate
circuit there are five variables which we may consider as
independent. These are fpi, Ecc, Eym, Epm and E,pm.
With such a large number of independent variables, it
is convenient to use contour diagrams® which show the
behavior of the dependent variables, in terms of any two
of the independent variables, the other three independ-
ent variables being held fixed. Such a diagram is shown in
Fig. 10, where Eys and E,. and the ratio E,m/Ep . =0.25
are held fixed and the dependent variables in the system
plotted as functions of E, . and E,, or as functions
of ey and e..

In the case of the third-harmonic voltage inserted in
the plate circuit, if the independent variables in the
amplifying system are adjusted so that Ce=0 and
1.41 C4+2C; is just slightly greater than C,+1.41 C,
a small third-harmonic current will be generated in the
plate circuit which will be in the proper phase to de-
velop the desired voltage correctly. This current may
then be used to control the frequency of an auxilary
oscillator which will supply the energy necessary to
maintain the desired voltage amplitude. Since the losses
in a properly constructed parallel resonant circuit may
be kept quite low?® the auxiliary oscillator may be of
very low power. When 1.41 Ci+2Cs is greater than
C,+1.41 C, by an amount sufficient to develop enough
third-harmonic power to supply the tank losses and
maintain the required harmonic voltage, the angle dur-
ing which plate current tlows is usually increased to the
point where the efficiency of the system is only slightly
improved. Wherecas, with the auxiliary oscillator high

s E. L. Chaffee and C. N. Kimball, Jowur. Frank. Inst., vol. 221
p- 237, 1936.

¢ With the higher frequencies, tuned concentric cables or cavity
resonators may be used with which the selectivity Q may exceed 1000.
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efficiency and high power output can be maintained
simultaneously with C;=0 and C; very nearly 0; c.g.,

20 =120 degrees.
Figs. 11 and 12 show the dynamic characteristics,

taken at a radio frequency of 3.5 megacycles for a type
HK-54 Gammatron power tube. The values of the inde-
pendent variables £, .. and E,,. given on these figures
represent very nearly optimum values for the plate
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are symmetrical about the time ¢ =C, on the diagram.

voltage used. These diagrams may be considered to be
divided into two parts. To the right of the line
P,,=1,,=0 in the region designated B in these fig-
ures, the third-harmonic current is being delivered to
the oscillator in the proper phase to supply the har-
monic voltage correctly, and the path of operation that
is obtained is shown in Fig. 13. To the left of the line
I,,»=0, in the region designated 4 in these figures, the

harmonic current is in the wrong phase to supply the
harmonic voltage correctly, and the path of operation
is as shown in Fig. 14. When the current I,,» approaches
0, the oscillator becomes unstable, and the path of oper-
ation jumps from the favorable to the unfavorable case,
as shown in Fig. 15. When the path of operation is as
shown in Fig. 14 the angle during which current flows
is increased to almost 180 degrees, and P, approaches
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Fig. 13—Amplifier operating in region
B, oscillator output in correct phase.
rect phase.

Fig. 14—Amplifier operatingin re-
gion 4, oscillator output in incor-
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Ep/m

Fig. 15—Amplifier operating on line
Py, = Ipm = 0o0f Figs. 11 and 12,
Oscillator unstable.

Figs. 13, 14, and 15—Oscillations of the path of operation taken for the amplifier whose characteristics are given in Figs. 11 and 12. The
vertical deﬂectmf plates of the oscilloscope were connected, through appropriate attenuators, between plate and filament of the am-
1

plifier tube, The

an extremely high value which may seriously injure the
tube.

The ordinate of the diagrams of Figs. 11 and 12
might well have been E, . instead of P,. However, on
this diagram, the limits of operation seemed to take the
best form. Fig. 16 which is merely an enlargement of
Figs. 11 and 12, shows more clearly the factors which
bound the region of operation of the amplifier. In this
figure we see that the region of operation is bounded on
the left by the reversal in phase of I, on the right, by
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£g <500 v 1
Egm =350V
Epm 3250V

orizontal plates were connected between grid and filament,

excessive grid dissipation, and above by excessive plate
dissipation. Within this region the variation of all the
associated variables is indicated by the arrow direction.
The black circle in the region of operation represents the
most desirable position of operation. It is located
slightly to the right of the I,,» line so as to allow for
slight variations in the grid-polarizing potential due to
line-voltage fluctuations, while at the same time giving
the minimum grid loss and maximum power output.
When the independent variables were adjusted to
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rd-harmonic oscillator of the Hartley tyvpe
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of 87 per cent was obtained. When the direct-current
power delivered to the oscillator was included, the efh
ciency was reduced to 85.5 per cent which shows the
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small effect on the efficiency of the power consumed by
the auxiliary oscillator. The optimum power output that
could be obtained with the normal straight-line path for
the same plate polarizing potential and driving power
was 167 watts at 78 per cent efficiency.

Examples of circuit connections that may be used for

Sarbacher: Power-Tube Performance
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cuit in the correct phase. Fig. 19 shows a circuit arrange-
ment which will generate the third harmonic in the cor-
rect phase with respect to the fundamental for efficient
operation but will not work for the second harmonic.
This is because a reversal in the fundamental voltage as
fed to the auxiliary tube will reverse the phase of the

F crox &

TITTYIN

> ot

MAIN TUBE

—\ii—i

WV

LT

Fsg HARMONIC

TANKS

E ovrPur f

[y

\ Avzitior y

TUBE

Fig. 18—Typical circuit for the generation of harmonic voltage in the correct phase to improve power-tube performance.

high-efficiency amplifiers working on this principle are
given in Figs. 17a and b. Fig. 17a shows the third-
harmonic tank raised above ground by the radio-fre-
quency potential of fundamental frequency across the
plate-load tank circuit. In this case the oscillator must
be link-coupled to the third-harmonic tank, as shown,
since the filament supply of the tube in the auxiliary
oscillator has high capacitance to ground. When the

third harmonic in the plate circuit of the tube but not
the phase of the second harmonic. Fig. 20 shows a circuit
which will work efficiently for the second harmonic but
not the third. This is because, when the third harmonic
is adjusted in phase to give the most favorable path for
one of the “main” tubes, it will be in the wrong phase
for the other. For the second harmonic, however, this is
not the case and the “main” tubes are mutually benefited

R.F- Chote.
NAIN I [ B
TYBE BLOCKIN &
\ © conoenser
f E : ovrpPur
7o
FUNOANENTAL
EACITER,
f TANK
/
3f S THIRD HARMONIC
e p . TANK
“BLOCKING
Avrile 0/‘)/ | | ConoENIER
TveE R0~ +~

Fig. 19—This circuit will generate the third-harmonie voltage in the correct phase, but not the second-harmonic voltage.

third-harmonic tank is lowered to ground potential, the
tube of the auxiliary oscillator may be directly con-
nected to it, as shown in Fig. 17b. In this case the plate
tank is elevated above ground by the third-harmonic
potential. Fig. 17¢ shows a Colpitts oscillator which may
be installed between the terminals a and b of Fig. 17b
in place of the Hartley oscillator. The tank circuit of the
auxiliary oscillator is, in this case, so arranged as to by-
pass the fundamental current while at the same time it
is parallel resonant to the third harmonic.

Fig. 18 shows a circuit which may be used to obtain
the second- or third-harmonic voltage in the plate cir-

In designing a frequency multiplier that would supply
for this research any amount of harmonic power that
might be desired, it was found that distinct improve-
ment in frequency-multiplier design over the standard
designs could be obtained.” The discussion of the most
favorable path of operation for a tube is perfectly gen-
eral. When we compare with this the path of operation
for a frequency doubler or tripler, we find there is

7 A comprchensive investigation of the influence of harmonic
voltage on frequency multipliers has been carried out by II E.
Shepherd under the direction of E. L. Chaffee at the Cruft Labora-

tory, Harvard University. Results of this work will be presented at a
later date.
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opportunity for greater itprovement than was found to
be the case for the amplification of power of the same
frequency. Fig. 21 shows paths of operation for a doubler
or tripler. By the introduction of harmonic voltages in
the grid circuit in the correct phase as shown in Fig. 22,
it is possible to obtain very large gains in efheiency. This
i1s evident, when we apply the arguments presented
carlier, since the plate losses are reduced in even much
greater proportion than in the case of the amplifier. By
supplying the third-harmonic frequency to the grid cir-
cuit with a small auxiliary tank, the efhciency of the
multiplier system was improved so as to approach the
cfiiciency obtainable by ordinary class C amplification
of power of the same frequency. Since verv small
amounts of sccond-harmonic power were required to
accomplish this, the over-all gain is greatly increased

By the correct adjustments of the operating angles
of the exciter, which in this research was a crystal oscil-
lator, it was possible to obtain in the plate circuit of
this apparatus greater plate efhiciency and at the same
time a third-harmonic voltage for the frequency doubler
without the use of an auniliary tube. Sce Fig. 23. To
obtain this operating angle, however, the power output
of the exciter was slightly reduced. 1f an auxiliary tube
is used to supply the third-harmonic volrage, the power

&
[

cmre

mny
K4
aeé Pot
T

Fig. 23—Circuit for the generation of a harmonic voltage in the cor-

::%tephase for a frequency doubler without the use of an auxiliary
output of the system will be increascd and also the third
harmonic voltage available for the doubler can be in-
creased. See Fig. 24.

Since the feedback through the gnd-plate capacitance
of the frequency doubler is degenerative, a neutralizing
condenser, as shown in Fig. 23,should be used. It is pos-
sible to make the doubler slightly regenerative and gain
thereby, but since the effect of the neutralizing con-
denser is to shunt the grnid tank circuit or circuits to
ground, the aid due to regeneration is limited. It is pos-
sible that difficulties may arise due to self-oscillation of
the doubler, when the feedback is too large.

CoxcLusioN

It was found in this research that the most favorable
path of operation for a vacuum tube is different from

Sarbucher: Power-1ube Performande
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that which is obtained in the normal operation of class C
amplifiers. It was found that a good approximation to
this most favorable path of operation could be obtained
by the introduction of the second- or third-harmonic

voltages in the proper phase into the plate circuit of the
+* -

'gt‘m

Fig. 24—Usc of an auxiliary tube to improve the performance of

a {requency doubler
amplifying system. When these harmonics were intro-
duced into the grid circuit, the path of operation was
only slightly improved. Fourth- and higher-order har-
monics were at best of little value in improving the path
of operation and were detrimental in most cases, when
introduced into either the plate or gnd circuit.

The insertion of parallel resonant circuits tuned to the
sccond- or third-harmonic frequencies into the gnd cr-
cuit of amplifiers of this type, develop harmonic volt-
ages which are in the wrong phasc to improve the per-
formance of the tube. The harmonic power necessary to
develop these voltages must, therefore, be supplied by
auxiliary equipment. These remarks are applicable to
the plate circuit except in one special case, which has
been pointed out in the text. In general, carc must be
taken to avoid excessively high instantaneous space cur-
rents, in order that reasonable fitament life is not im-
paired.

In frequency doublers the third-harmonic voltage in-
troduced into the grid circuit in the proper phase raises
the efficiency of these units up to that obtained in ordi-
nary class C amplification, even when the power re-
quired to supply the harmonic voltage is included.
Similarly, high efficiency is obtained in frequency triplers.

A discussion of the effect of harmonic voltages in
plate- and grid-modulated amplifiers and in linear am-
plification will be presented in a later paper.
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Coupled Antennas and Transmission Lines’
RONOLD KINGT, ASSOCIATE, I.R.E.

Summary—The problem of coupled antennas is reviewed;
unbalanced currents in and radiation from transmission lines are
discussed briefly and resolved into transmission line and antenna
problems. The use of sections of transmission line as coupling links
between antennas is discussed qualitatively and illustrated in terms
of a colinear array. The principles of phase reversing and of de-
tuning stubs and sleeves are explained in terms of coupled circvits
in which a section of transmission line may carry transmission-line
currents, antenna currents, or both. Methods of driving trans-
mission lines and of feeding antennas using transmission lines are
discussed from the point of view of minimizing unbalanced currents
on the line.

CoOUPLED ANTENNAS

YHE TERM driven as applied to an antenna is
j[ used to designate an antenna that has two input
terminals which are a negligible fraction of a
wavelength apart and across which a potential differ-
ence is maintained by a generator connected either
directly or through a transmission line. It is always
implied even though not specifically stated in defining
the input self-impedance of such an antenna at its
terminals! that every other antenna (or any conducting
or dielectric material) be sufficiently far from the
driven antenna so that any change in its position
which does not bring it nearer, in particular moving it
very much farther away, produces no measurable
difference in either the distribution of current? or the
self-impedance of the driven antenna. Under these
conditions the impedance at the terminals is correctly
called the input self-impedance of the driven antenna,
and every other conductor is individually only loosely
coupled to it. It is important to bear in mind that this
self-impedance includes as a major part the load due to
radiation coupling of the driven antenna to currents
which are ultimately made to flow elsewhere in the
universe. These latter cannot, of course, be assumed
absent in defining the self-impedance, but they are
required to be far away.

If neighboring antennas are present, the input im-
pedance of the driven antenna in question is no longer
the self-impedance. The general mathematical prob-
lem of coupled antennas has been set up, but thus far
only solved completely for the special case of a distant
receiving antenna.? From the general integrals one can,
however, conclude that the distribution of current

* Decimal classification: R120XR116. Original manuscript rec-
ceived by the Institute, January 25, 1943; revised manuscript
received, May 18, 1943.

t Cruft Laboratory and the Research Laboratories of Physics,
Harvard University, Cambridge, Massachusetts.

! Ronold King and G. H. Blake, Jr., “The self-impedance of a
symmetrical antenna,” Proc. I.R.E., vol. 30, pp. 330-349; July,
194’Z‘Ronold King and Charles W. Harrison, Jr., “The distribution
of current along a symmetrical center-driven antenna,” PRroc.
I.R.E., vol. 31, pp. 548-567; October, 1943.

* Ronold King and Charles W. Harrison, Jr., “The receiving
antenna,” Proc. I.R.E., to be published.
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along a driven antenna in the presence of a coupled
antenna must differ from the distribution when it is
very far from all other antennas. Accordingly, the in-
put impedance of the antenna in question (antenna 1)
when near a second antenna will differ from its value
when isolated for two reasons. The first and most im-
portant is due to the potential difference appearing
across the terminals of antenna 1 due to the current in
antenna 2. The second is a change in the self-impedance
due to the modified distribution of current. For present
purposes it is sufficient to write the following equations
(1) for the isolated driven antenna with input self-
impedance Zgo, and (2) for the driven antenna in the
presence of a second antenna as shown schematically
in Fig. 1. In the latter case the self-impedances of the
two antennas in cach other’s presence are, respectively,
Z, and Z,; the mutual impedances are Z,, and Z,
Vl¢ 101\Z1 +Zuo) (1,

V, InZ,+ Z,) + TosZs (2a)

17 ,¢ ToZa + 102(22 + Za2)‘ Zb'

The superscript e on V designates an externally applied
potential difference; the subscript 0 on the currents
means the current at the input terminals. These are at
the origin of the z axis which is oriented along the
antenna. Z, and Z, are lumped impedances in series
with antennas 1 and 2, respectively. In all cases not
involving media of variable permeability and dielec-
tric constant the following reciprocal relation is true:
Z]2 = 221. (3)

The equations (2) are exactly the same in form as the
equations for two coupled circuits in ordinary network
theory. By use of the principle of superposition the
currents produced by each applied voltage may be de-
termined separately, and the results_combined alge-
braically. Accordingly, there is no loss in generality if
V3 is set equal to zero. If V,is actually zero, antenna
2 is said to be parasitic. If it is not actually zero its
effect can always be calculated by interchanging the
subscripts 1 and 2 and combining the solutions so ob-
tained with those determined below. Thus the equa-

tions for one driven and one parasitic antenna are

Ve = Ion(Z, +Zn) + TaZ12 (4a)

0 =1T0Zy + Io(Z, + Z,2). (4b)

If a transmission line is connected between the input
terminals 4 B of, say, antenna 1 and the output termi-
nals of a conventional network containing a generator,
as shown in Fig. 2, the symbols in (4a) must be changed
as follows: One must write V,, (open) for V¢ with
Vap (open) meaning the open-circuit voltage across
AB when the antenna is disconnected. Instead of A
one must insert Z,p where Z, 5 is the impedance look-
ing to the left (i.e, into the line) at AB with the

November, 1943
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generator replaced by its internal impedance. It fol-
lows from Thévenin's theorem that (4a) is then a true
equation.

The solutions of (4) may be derived directly from
conventional analysis of coupled circuits. For present
purposes it is sufficient to write down the expression for
the impedance Zro (Fig. 1) offered to the generator.
Itis
Z _ 'Z +7 y ZI2Z21- s ZlAzZﬂ ) (5)
oo o Zy+ Z:2) Zo

If one makes use of (3) and introduces the following
notation:

AT

~ 11

X2
0, = tan~! — (6)
12
X
tan—! — (7N
22

llz ezan;

Zzz = Zzz e’0; 022 bl
one readily obtains

Rr¢ = Ry —

2

VAT
—mn cos (20,2 — 02,) (8a)

Xrg = 1mn - sin (2012 - 022}. 18b)

It follows directly that the input impedance Z4p of

|
|

Fig. 1—Schematic circuit for coupled antennas.

antenna 1 in the presence of antenna 2 has the follow-
ing resistive and reactive parts:
Zl2 a
RAB = R,] - '7‘_'. COoSs (2012 — 022)

~22

(%9a)

e

/12 )
Xas X sin (2012 — 65,). (9b)

«22
These relations reduce to those of transformer coupling
in ordinary circuits if R.1 and X,1 apply to the primary
coil if one writes Z,2=jwM so that 6,,=7%/2. In this
case one has for the transformer
2M2

w

Rup(trans) = R,; + ——— cos 05, (10a)
| Z2 |
0)2 &

Xan(trans) = X, — 7= sin 0,,. (10b)

22

An important difference exists hetween the general
case of two circuits coupled by the mutual impedance
between antennas and two inductively coupled cir-
cuits of conventional type. Whereas R;.(trans) as
given by (10a) is always larger than R,; by the resist-
ance “reflected” into the primary from the coupled
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secondary, R,p for the antenna as given in (9a) may
be larger or smaller than R,; depending on the dis-
tance between the antennas. In the case of the trans-
former the coupled secondary always represents an in-
creased load on the primary due to the power which is
dissipated in the secondary and which must be sup-
plied by the primary. With the antenna the presence
of a neighboring antenna necessarily implies an in-
crease in the load corresponding to the very small
amount of power dissipated in heat in the coupled
antenna, but it also means a change in radiated power.
This is manifested by a complete or partial cancellation
in certain directions of the fields due to the currents in
the two coupled antennas. This may be compensated
by greater or smaller increases in other directions, so

|
: |

Transmission Line Aj
(s
2T =

1

Fig. 2—A symmetrical antenna driven from a paraliel-wire
transmission line,

that the input resistance R,p may be either larger or
smaller than the self-resistance R,, depending upon
whether the presence of the closely coupled antenna
increases or decreases the total power radiated. Ana-
lytically this is determined by the algebraic sign of
cos (2012 —0,;). It is well to note that an antenna which
is self-resonant, i.e., adjusted to resonance when no
other antenna is near, is no longer resonant if another
antenna is brought near and the mutual impedance be-
tween the two is not negligibly small. The same conclu-
sions are true for more conventional coupled circuits.

MuTtuAL IMPEDANCE

The mutual impedance (referred to input current) of
one antenna in the presence of another depends upon
the size, shape, and relative orientation of the con-
ductors forming the two antennas as well as upon their
conductivities. The analytical problem of deriving
formulas for the mutual impedance of antennas has not
up to the present time been solved either rigorously or
to a reasonable degree of approximation even for the
simplest case of two identical, parallel, center-fed
antennas of small radius. The data for mutual im-
pedance which are available have all been calculated
on the assumptions, first, that the distribution of cur-
rent along a driven antenna, (and even of a parasitic
antenna), when in the presence of another is just the
same as that of an isolated driven antenna and second,
that the simple sinusoidal distribution of current
(which is correct only along an infinitely thin, perfectly
conducting antenna) is a good approximation. Except
when? X4 X, =0, this assumption may be so very far
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from correct that the results which are based upon it
are often not even rough approximations. A more
accurate analysis depends upon the determination of
the distributions of current and charge along antennas
coupled in different ways. This is no simple problem.
For reasons which have been discussed? the mutual
impedance between two parallel and identical center-
driven antennas of half-length £#=X/4 (or odd multi
ples thereof), and extremely small radius may be obh-
tained approximately from calculations based on the
simple sinusoidal distribution of current. Curves for

Zm' and i, for this special case are in the literature.®
As the separation b between the antennas is made to
vanish, Z); approaches, as it should, the expression for
self-impedance calculated under the same assumptions.

It is
Zo = (Z12) oo = 13.13 + j42.5. (11)
On the other hand for a very thin antenna (a/A = 10-%)
with /1 =\/4 one has'
Z,, = 69.5 + 736: (12)
for a moderately thick antenna (a/\=10"%) with

Ih=X/4 one has
Za = 66.5 + j31. (13)

While the discrepancies between (11) and the practi-
cally possible values (12) and (13) (as well as those
for all intermediate thicknesses) is considerable, a
rough estimate of the mutual impedance of extremely
thin antennas is presumably given by assuming a
sinusoidal current. It is important to note, however,
that this is only true for 1 =\/4 and not at all for self-
resonant antennas however thin, of length #, less than
A/4. For a resonant antenna X, is zero and this cannot
be approximated by 42.5. Until satisfactory data for
mutual impedances and for self-impedances of an-
tennas in the presence of others are made available,
precise calculations of impedances in coupled antennas
of this simple type are impossible. The accurate calcu-
lation of self- and mutual impedances in simple parallel
arrays is one of the major problems awaiting solution
in the theory of antenna circuits. Once these are known
many important circuit problems relating to coupled
antennas can be solved numerically as well as formally.
Only qualitative discussions of such problems are now
possible, except for extremely thin identical antennas
with h=X\/4, or with X, 4+ X, =0.
Tt CoEFFICIENT OF COUPLING BETWEEN
ANTENNAS

The input impedance of an antenna (1) in the pres.
ence of a single antenna (2) is given by

Zlﬂi’l
ZAB = le = = (14)
Za2
This may be rearranged as follows:
Zl%ﬂ Z:2 =
=21 - 222 22)
\ /’NIZ~2 Z'.'?

*G. H. Brown and Ronold King, “High-frequency models in
antenna investigations,” Proc. I.R.E., vol. 22, pp. 457-480; April,
1934: curves marked G =90° in Fig. 13.
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Let a complex coefhicient of coupling between antennas
1 and 2 be defined by

R VAT AT (16)
ARV
- /,.2 4™
'l‘hen /.”f Z,]( 1 k2 Z,n ) \]/)
LLoose coupling may be defined hy
k2K 1. (18)

This condition is always satisfied by antennas which
are sufhciently far from each other. The coefficient of
coupling approaches but does not quite reach uniry if
the two antennas are self-resonant and are moved very
close together. The resulting circuit closely resembles
the parallel line. It is clear that all degrees of coupling
are possible with antennas, and that effects may be
anticipated similar to those for coupled circuits of more
conventional types. In particular, double-resonance
peaks for greater than critical coupling may be ex
pected. Two important differences obtain. These are
first, the fact that mutual resistances and reactances
may be negative as well as positive, and second, that
resonance peaks are always blunt due to radiation, un
less the antennas are very close together. Extensive
and accurate quantitative results of coupled-circuit
effects in antennas are not yet available either from
theoretical or experimental investigations.

TRANSMISSION LINES

Conventional analysis of two-conductor transmis-
sion lines, whether of the parallel-wire or coaxial type,
assumes that the currents in the two conductors are
equal and opposite. The solutions obtained are valid
only if this condition is actually fulfilled. Although the
ideal condition of operation for transmission lines is
precisely that assumed in the analysis, it does not fol
low that it must necessarily obtain in practice unless
special precautions are taken. Currents in the two con-
ductors of a transmission line will be equal and oppo-
site only if the driving generator, the load, and the line
itself are symmetrically constructed and connected.
The requisite type of syvmmetry is different for
parallel-wire and coaxial lines, and the consequences
of asymmetry are not alike though equally undesirable
from the point of view of transmission of power. They
will be described and discussed bhelow.

Parallel wires are not always used as in two-wire
transmission lines. Thus in a cage antenna several con-
ductors are arranged in parallel with approximately
equal currents in the same direction. In a four-wire line
currents are in the same direction in one diagonal pair,
in the opposite direction in the other. If a parallel-wire
line is driven and loaded symmetrically but located
parallel to the electric field of an antenna, it will carry
equal and opposite currents /1, = — I, due to the gener-
ator, and in addition practically equal currents in the
same direction [y, = [s, due to the clectric field. The
former may be called transmission-line currents, the
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latter, antenna currents. The line may be adjusted to
carry resonant transmission-line currents /, by suita-
bly placing a conducting bridge; it may be arranged to
carry resonant antenna currents I, by adjusting its
over-all length. A line which carries both transmission-
line and antenna currents has a complicated distribu-
tion of current given by

L=+ . (19a)

Io=Tu+Tw=—Tu+ la (19b)
Such a distribution is said to be unbalanced. Every un-
balanced distribution of current in a parallel-wire line
may be expressed in terms of transmission-line and
antenna currents. The former may be analyzed using
line theory; the latter using antenna theory. The for-
mer contribute a negligible amount to radiation (if the
line is closely spaced as it must be if conventional line
theory is to be used); the latter radiate as for any other
antenna. If a parallel line radiates appreciably it is be-
cause it carries an antenna current.

I

Fig. 3—Use of a coaxial line to form a shielded loop antenna.

Coaxial lines may also carry antenna currents. [n
fact, it is more difficult to avoid antenna currents on a
coaxial line due to an unsymmetrical generator or load
than on a parallel line as will become apparent below.
In the case of a coaxial line the antenna currents flow
on the outside surface of the outer conductor, the
transmission-line currents on the inner surface of the
outer and the outer surface of the inner conductor. On
a transmission line such antenna currents are always
undesirable because they radiate power just as currents
on the surface of any other antenna. On the other hand
in the shielded-loop antenna, which consists essentially
of a coaxial line as shown in Fig. 3, the entire operation
as an antenna depends on the antenna current which
flows on the outer surface.

TieE COUPLING OF ANTENNAS AND TRANS-
MIsSION LINES
In carrying out the mathematical analysis of two
coupled antennas no assumption whatsoever was nade
regarding the relative orientations or positions of the
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coupled antennas. The diagrams of Fig. | suggested
that they might be parallel, and this is actually often
the case, as in so-called parailel arrays. But other
orientations, as for example, antennas placed end to
end along a single axis are also possible and useful.
Instead of coupling antennas only through the mutual
impedance between them, additional coupling espe-
cially in the form of sections of transmission line (so-
called phase-reversing stubs) is often provided for
special purposes. Furthermore antennas are not always
driven by potential differences maintained between two
symmetrically placed terminals. Frequently they are
asymmetrically driven by being coupled more or less
closely at one end to each other or to a resonant or anti-
resonant section of a transmission line. The mathemat-
ical analysis of all such cases depends on the intricate
problem of providing data on mutual impedances, not
only of the antennas but also of the sections of trans-
mission line. Consequently, calculation of the input
impedance at the terminals of an antenna or of a trans-
mission line, which is coupled in one way or another to
one or more antennas, is not at present possible. In
some cases the radiation resistance R.° referred to a
maximum sinusoidally distributed current has been

e :—:”":32727'
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IFig. +—(a) Center-driven antenna of half-length A== 3A/4,
(b) Center-driven dipole with coupled colinear elements. Solid
curve; distribution of maximum current for infinitely thin
antenna; dotted curve: distribution of charge a quarter periorl
after the indicated current.

computed. For practically available antennas the ac-
tual distribution of current may depart sufficiently
from the assumed sinusoidal one to lead to errors? in
R.¢ as large as 50 per cent. A rough comparison of ra
diated power is, nevertheless, possible in terms of R,.°.

In attempting to understand in a qualitative way
the operation of, and the distribution of current in
resonant systems consisting of several coupled com-
ponents of which at least one is an antenna, it is well to
bear in mind that one is usually concerned only with
highly conducting antennas and lines in which the
charges are free to redistribute themselves continu
ously in such a way that at every instant and at every
point along each conducting surface the interacting
tangential forces practically cancel. Accordingly, any
redistribution of charge which follows the coupling of
two circuits must be of such a kind as to lead to a vir-
tual cancellation of tangential forces along all the
conductors. In circuits consisting of several more or
less closely coupled components there may be more
than one possible mode of oscillation. The mode which
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18 actually excited depends upon the relative directions
and magnitudes of the tangential forces due to the
several interacting parts of the circuit and upon the
power radiated in each case.

THE CoOLINEAR ArRAY as A CoupLEp CIRCUIT,;
PHASE-REVERSING AND DETUNING STUBS

A number of important properties of coupled anten-
nas may be described in terms of the colinear array.
For simplicity let this consist of three identical self-
resonant units each something less than a half wave-
length long arranged end to end as shown in Fig. 4a.
Only the central unit is driven from a resonant section
of transmission line. A number of different methods
of coupling the three units together are pictured in
Figs. 4 and 5, and these will be discussed in turn. The
approximate distributions of the principal components
of the maximum current and the charge per unit length
a quarter period later are shown respectively in solid
and dashed lines. In Fig. 4a the three units are con-
nected directly together, the coupling between them is
so close that they form in effect a single resonant an-
tenna of length near 3\/2.

In Fig. 4b the two outer antennas are shown pulled
away from the central one, thus decreasing the cou-
pling. To a first approximation the distributions of cur-
rent and of charge per unit length along each of the
three units is changed relatively little as the separations
are increased from very small values. The amplitudes
in the outer units decrease rapidly, however, Adjust-
ments in the lengths of the outer antennas or of the
central unit produce coupled-circuit effects on the am-
plitudes of current that resemble those encountered in
conventional coupled circuits with lumped constants as
the secondary or primary tuning is varied. Depending
upon the degree of coupling as determined by the spac-
ing, double or single resonance peaks may be obtained.
The load on the generator driving the central unit is
not correspondingly diminished when less power is
transferred to the outer antennas as these are moved
outward. As the degree of coupling of the central unit
to the outer two is decreased less power is supplied to
the two adjacent antennas, but more is radiated from
the central unit. This is readily understood from the
fact that the currents in the parasitic antennas are both
opposite in direction to that in the central unit, so that
a partial cancellation of the fields due to them in most,
but not necessarily in all, directions must result. The
radiation resistance referred to maximum sinusoidal
current for the case of Fig. 4a is 105.5 ohms which is
considerably less than three times the corresponding
value, 73.1, for the central unit alone.

In Fig. 5a a quarter-wave bridged-end section of
parallel line is connected to the adjacent terminals of
the antennas shown in Fig. 4b. There are now five
resonant circuits. The three antennas are coupled to-
gether just as before in Fig. 4b, but they are now also
coupled to the upper ends of the stub sections of trans-
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mission line. Very little power would be required to
drive only the stubs as coupled secondaries of the cen-
tral antenna because they can radiate only a negligible
amount of power as a result of the cancellation of forces
due to their equal and opposite transmission-line cur-
rents. The currents will be equal and opposite because
the over-all length of the stubs is not such as to permit
significant antenna currents to be superimposed on the
transmission-line currents. But when the outer anten-
nas are attached, the situation is different. The only
possible condition of resonance of all the coupled cir-
cuits in Fig. 5a requires equal and opposite currents
and charges in the stubs, and this reverses the currents
and charges in the outer antennas as compared with
those in Fig. 4. Thus the coupling forces between the
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Fig. 5—Colinear arrays.

stubs and the outer antennas—forces which are con-
fined to short distances near the points of contact—are
in opposition to those existing directly between the
antennas which seek to produce the distribution of
current and charge of Fig. 4. But so long as the stubs
are adjusted to resonance, the forces between them and
the antennas are very much the stronger and the dis-
tribution shown in Fig. 6a prevails. It is to be noted
that the currents in all three antennas are now in the
same direction. This means that the field of the colin-
ear array of three units is enormously increased be-
cause cancellation of forces due to currents in different
parts of the array is very much reduced in more direc-
tions than those in which it is increased. Accordingly
very much more power must be supplied to the
colinear array of Fig. 5a than to the antenna of Fig. 4a
or the coupled array of Fig. 4b for the same input cur-
rent. That is, the input resistance at resonance is much
greater for the colinear array than for the straight
antenna of the same length. An estimate of the differ-
ence is obtained by comparing the radiation resistances
referred to maximum sinusoidal current in the two
cases. For Fig. 4a R, has been given to be 105.5 ohms;
for Fig. 5a it is 316.5 ohms. As a radiating device the
colinear array is thus three times as effective as the
linear radiator of the same length, 3\/2, and over four

&
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times as effective as the central unit alone. Arrange-
ments equivalent to that of Fig. 5a are shown in Figs.
5b and 5c. Coaxial sleeves have been substituted for
parallel-line stubs. Their operation is described in de-
tail in the following section dealing with a completely
coaxial colinear array.

It is important to bear in mind that the colinear ar-
rangement of Fig. 5 does not behave like a single tuned
circuit as does the antenna of Fig. 4a. It consists of five
more or less closely coupled resonant circuits, and its
behavior is correspondingly complex. If the tuned cir-
cuit analog (but not equivalent) of a single antenna is
taken to be a series-resonant circuit coupled to an infi-
nite line, as shown in Fig. 6a, then the corresponding
analog of the colinear array approximates the circuit of
Fig. 6b. The characteristic resistances R, of the non-
resonant lines of Fig. 6 are taken to be approximate

S

Resonant Non-resgnant line
Circuit

a

=—3f . A
J%&hﬁﬂwgm

inll b

g ¢ —= R’

Fig. 6—(a) Circuit analog (not equivalent) of a single driven
antenna.
(b) Circuit analog (not equivalent) of a three-element colinear
array.

. Analog of central antenna element of Fig. 5.

. Analog of left antenna element of Fig. 5.

. Analog of right antenna element of Fig. 5.

. Analog of radiation load on central antenna element.

. Analog of radiation load on left antenna element.

. Analog of radiation load on right antenna element.

. Analog of left phase-reversing stub of Fig. 5.

. Analog of right phase-reversing stub of ngg. Sx
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analogs of the characteristic resistance R, =376.7 ohms
of space to which power may be assumed to be trans-
ferred in the radiation process. It is clear that compli-
cated coupled-circuit effects must be expected. In par-
ticular, the colinear array cannot be tuned to resonance
merely by adjusting the length of the two outer ends as
can the antenna of Fig. 4a. Each of the five circuits
must be tuned separately, and multiple resonance peaks
of current due to greater than critical coupling may be
expected unless the spacing of the parallel or coaxial
conductors in the stubs is too small. Because of the large
load due to radiation all resonance peaks are blunt.
If one of the outer antennas is detuned, the ampli-
tude of current in it will, of course, decrease to a small
value, but a slight readjustment in the tuning of the
rest of the circuit will keep this in resonance with no
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appreciable change in the distribution of current (if the
antennas are very thin). For the same input current
the radiated power will diminish, as will the input re-
sistance. For the same applied voltage the amplitudes.
of current in all but the detuned antenna will increase.
If the stubs are detuned sufficiently either by chang-
ing their length or by decreasing the spacing of the
parallel or coaxial conductors the periodically varying
high concentrations of charge at their upper ends will
decrease in amplitude, and the voltage induced in the
outer antennas by tangential forces along the surface
of the attached ends will decrease. (The induced re-
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Fig. 7—Antennas and lines coupled in various ways.

distribution of charge cancels these.) If the voltage
induced in the outer antennas as a result of their
coupling to the attached stub is reduced below the op-
posing voltage induced as a result of their respective
coupling to the central unit, then a condition similar
to that of Fig. 4 is established. If the stubs are com-
pletely removed, or if their length is increased to
nearly one-half wavelength as in Fig. 7a, resonance can
be restored. In the latter case each stub acts essentially
as a single conductor, with both wires in parallel carry-
ing antenna currents in the same direction. There will
be a maximum concentration of charge at the bottom a
quarter period after maximum current halfway down.
Transmission-line currents will be extremely small be-
cause of the low input impedance across which the
driving potential difference would have to be estab-
lished. In fact if the two conductors of the stub are
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connected at the top or are actually replaced by a sin-
gle conductor as in Fig. 7b, no significant change in the
mode of oscillation or the distribution of current oc-
curs. One now has the equivalent of five coupled anten-
nas, three horizontal, two vertical, and a corresponding
change in the radiation from the array. If each half-
wave stub is a section of coaxial line, closed at the bot-
tom by a metal disk connecting the inner and outer con

ductors, practically no transmission-line current will
flow in the completely.detuned interior. On the other
hand the outer surface is simply a thick antenna which
is self-resonant at a length somewhat shorter than \/2.

If the terminating bridge (or disk) at the bottom
of the stub is removed, the parallel line (or the two-
conductor interior of the coaxial line) has a high input
impedance at a point of maximum concentration of
charge on the antenna, so that equal and opposite cur-
rents on the two conductors with the distribution of
Fig. 7c might be expected. However, since the other
mode of oscillation is still possible both on the parallel-
line stub (or on the outside of a coaxial stub) so long as
the over-all length is such as to make it self-resonant as
an antenna both modes will be excited simultaneously
on the stub. In the case of the parallel line the equal
and opposite currents of the one mode would be super-
imposed on the unidirectional ones of the other mode;
in the coaxial line the current and charge of the one
mode is confined to the interior; those of the other
mode to the outside. Since the two modes on the paral-
lel-wire stubs exert opposite forces on the outer anten-
nas, the currents in these will be very small.

If a bridge is placed across the center of the \/2
stubs as shown in Fig. 7d, the distribution of current
may be either like that shown for the left-hand stub or
the current may flow through the bridge as shown for
the right-hand stub depending upon whether the length
of conductor with or without the bridge is more nearly
that for resonance. Slight changes in tuning, as for ex-
ample, an extending or shortening of one side of the
stub, will cause the current to shift from the one distri-
bution to the other.

One may conclude from these examples that sections
of transmission line are analytically simple and prac-
tically effective as coupling or phase-reversing stubs
only when they are of such length that they are de-
tuned as antennas. When this is true transmission-line
theory alone is adequate. From this one may conclude
that a phase-reversing stub should have a high input
impedance and that it should be inserted at a point
where the antenna without it has a maximum concen-
tration of charge or a minimum current.

If an open stub, which is approximately a quarter
wavelength long, is connected at the center of each of
the two outer antennas as shown in Fig. 8a a somewhat
different problem is presented. In this case the stub is
symmetrically placed with respect to the outer anten-
na so that equal and opposite currents will flow at its
terminals. Since in addition the over-all length of the
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stub is one which completely detunes it from the point
of view of an instantaneously unidirectional antenna
current on both wires, it may be treated by ordinary
line theory. That is, it is entirely equivalent to a very
low impedance connected at the center of the antenna.
I't is easily adjusted to be a pure resistance of the order
of magnitude of a few tenths of an ohm?®. Accordingly
the stubs in the outer antennas have practically no ef-
fect on the distribution of current in the antenna arrav
at resonance, and this continues to behave much as a
single resonant circuit. If each stub is lengthened to a
half wavelength as in Fig. 8b it will present an ex-
tremely high impedance at the center of each of the
outer antennas to a flow of transmission-line currents
like those in Fig. 8a. The result is that this mode of
oscillation 1s completely detuned; no resonant amplitude
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Fig. 8—Antennas and lines coupled in different ways.

of current distributed along the horizontal antennas
with a maximum at the input terminals at the center
as in Fig. 8a is possible. The input impedance at these
terminals is changed from a relatively low to a high
value, and if the tuning of the transmission line is re-
adjusted a large resonant amplitude in an entirely dif-
ferent mode as shown in Fig. 8b will be obtained. In ef-
fect the “current-fed” or resonant system of Fig. 8a
has been transformed into a “voltage-fed” or anti-
resonant system. A large antenna current flows on each
stub as shown instead of a transmission-line current.No
resonant currents will flow in the outer parts of the an-
tenna or of the coupling stubs as shown by the absence
of current arrows in Fig. 8b. This part of the circuit is
actually completely detuned.

If the A/2 stubs in Fig. 8b are bridged by conductors
at their lower ends, both modes a and b are possible
and will be excited simultancously. The N\/2 stubs
carry an unbalanced current of which a part is a
transmission-line-current for mode a with currents

in the two wires in opposite directions; a part is an
antenna current as in b.

¢ This adjustment as well as the lengths of the several antennas
are very critical.

-~
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If the \/4 stubs in Fig. 8a are bridged by good con-
ductors at their lower ends, a superposition of the
modes of Figs. 9a and 9b is to be expected. The parts
of the antenna between each stub and the feeding line
will swing primarily as in Fig. 9b. Each stub will carry
transmission-line currents in directions appropriate
for this mode but the outer conductor of each pair will
also carry an antenna current so that it will swing
with the outermost \/4 section of the horizontal an-
tenna just as in Fig. 8a. These outer sections are not
detuned in this case as in that of Fig. 8b because they
form resonant systems together with the attached
parts of the stubs.

The several arrangements discussed above have been
described in order to illustrate some of the effects which
must be expected in antenna circuits and arrays. An
important application which is considered at a later
point is the problem of detuning conductors (such as
the outside of a coaxial line) which is not intended to
be part of an antenna but which may, neverthcless,
carry large and undesirable currents. The principle
involved is clear from the above illustrations. As in the
case of phase-reversing stubs the length must be such
that antenna currents are kept negligibly small, so that
transmission-line theory is applicable. If this is true it
follows directly that a high-impedance stub must be
inserted at a point of maximum current (rather than a
point of minimum current as for a phase-reversing
stub) in order to detune the particular mode. This will
reduce the current due to that particular mode of oscillu
tion to a minimum, It may, however, make another
mode possible.

THE CoaXiaL COLINEAR ARRAY—PHASE-
REVERSING SLEEVES

A very interesting and important alternative ar-
rangement of the colinear array makes use of the inside
of a coaxial pipe as feeder, of the inside surfaces of co-
axial sleeves (each about a quarter wavelength long
and spaced at intervals of about a quarter wave-
length) as coupling and phase-reversing stubs and of
the outermost surface, consisting partly of the coaxial
pipe itself and partly of the coaxial sleeves, as the
rather thick units of the antenna. A cross section of
this arrangement for two colinear antennas is shown in
Fig. 9a with the cross-sectional dimensions enormously
enlarged. Actually both the diameter of the pipe and
especially the spacing between it and the con¢entric
sleeves are small compared with the wavelength. The
complete array consists of the following coupled cir-
cuits.

First, there is a coaxial feeder extending from the
generator (which is connected to the feeder below J) to
K. This line is assumed to be resonant in the figure.
(All but a part near the top may be made nonresonant
by inserting a suitable matching sleeve.) The currents
flowing on the outer surface of the inner conductor and
the inner surface of the outer conductor are equal and
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opposite transmission-line currents. The second coupled
circuit is the self-resonant center-driven antenna 4 BC
of which one half is the central conductor AK and the
other half the outermost surface BC. (Because the sec-
tion BC of the antenna is considerably thicker than
AK it will have to be shortened considerably more be-
low a quarter wavelength than AK in order to assure
self-resonance.) The direction of current and location
of maxima at time (=0 is indicated by arrows; the lo-
cation and sign of maximum charge a quarter of a cycle
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Fig. 9—(a) A coaxial colinear array. )
(b) Distribution of maximum current (solid curve) and of charge
(dotted curve) a quarter period after the current for an infinitely
thin antenna of the same length and construction.

later is also shown. The third coupled circuit is the self-
resonant stub of length near \/4 with open end at CD
and closed end at B. It is formed by the inner surface
of the sleeve and the outside of the pipe. The fourth
coupled circuit is the antenna consisting of the outer
surface DEF. The fifth coupled circuit is the resonant
quarter-wavelength sleeve with open end at FG and
closed end at E. A sixth circuit consists of the outer
surface of the pipe from G to its end below /7 (including
all attached and coupled conductors such as the gener-
ator circuit and the earth). This sixth circuit may be
resonant or detuned depending upon its length and the
arrangement of other attached or coupled circuits. If
power is to be radiated primarily from the colinear
array made up of the two antennas ABC and DEF,
the outside of the feeder line to G must be kept de-
tuned. Methods of achieving this will be considered
below. In this case, much as in the case of one of the
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outer antennas of Fig. 4, the antenna DEF is coupled
both to antenna ABC and to the section of transmis-
sion line with open end at CD. The fields due to these
two are opposite in direction, but those due to the
sleeve are much greater provided this is adjusted in
length to resonance and it is not too small in diameter.
This has been assumed in Fig. 9. If this is not true, in
particular if the sleeve BC is removed or the open end
at CD is closed with a disk, then the retarded forces
due to the moving charges in A BC are alone active and
the current in DEF is reversed. If the spacing CD is
made small by reducing the diameter of the sleeve or if
an insulating bead is placed betwcen sleeve and co-
axial line at CD, the coupling to the inside of the sleeve
may be reduced sufficiently so that the sleeve may also
fail to reverse the current.

For optimum performance each of the two antennas
and each of the two sleeves must be individually tuned.
(Colinear arrays with more than two coupled antennas
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Fig. 10—A symimetrically driven antenna using a parallel-wire line.

are readily constructed by attaching additional
sleeves below IJ in Fig. 9.) This cannot be done as ac-
curately in the case of the coaxial colinear array of Fig.
9 as with the structurally less attractive form of Fig.
S5a, because the half-length BC (outer surface) of the
coaxial antenna cannot be made shorter than the half-
length BC (inner surface) of the sleeve. A section of a
coaxial line which is open at one end and closed at the
other always has a resonant length which differs much
less from a quarter wavelength than does the half-
length of an antenna of the same or greater outer diam-
eter. Since the antenna and sleeve are closely coupled
the adjustment for maximum and as nearly equal cur-
rents in the two antennas as possible is not precisely
that for self-resonance in each case. It depends there-
fore on the degree of coupling, and in the absence of an
even approximate theoretical treatment it must be de-
termined experimentally.

THE END-CoUuPLED HALF-WAVE ANTENNA

A single antenna of length near /2 may be center-
driven from a parallel line as in Fig. 10 or from a coax-
ial line by the arrangement of Fig. 9a for the top an-
tenna ABC. The sleeve EF in this case is not present
and the outside of the line below D on the diagram must
be detuned by methods to be described later. An an-
tenna of this same length may be coupled to a long,
resonant, parallel, or coaxial line, (or a short, resonant,
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and impedance-transforming section of such a line)
using the arrangements of Figs. 11 and 12. Here the
antenna is merely the continuation (in the same direc-
tion or at right angles) of one of the parallel wires or of
the inner conductor of the coaxial line or pipe. Elec-
trically the length A B is a self-resonant antenna which
is closely coupled to the resonant two-conductor trans-
mission line and also to the outer surface of the coaxial
pipe or to the two wires of the open line acting in paral-
lel as a single conductor. If it is assumed that resonant
currents on the outer surface of the coaxial line or on
the parallel-wire line acting as a single conductor are
minimized by detuning (either by adjustment in over-
all length or by other methods to be described below)
there remain only two closely coupled circuits. These
are the antenna A B and the resonant part of the trans-
mission line. They are coupled by the interaction of
forces between charges near the junction point B of the
antenna and the line. The degrée of coupling depends

A A
*
N

+

=

—

a | b
I |

Fig. 11—End-fed antennas.

on the spacing of the two conductors of the line, but
unless this is extremely small the coupling will be close,
usually greater than critical so that double resonance
peaks of current will be observed as the tuning of an-
tenna or line is varied.

If the length of the line is such that the outer surface
of the coaxial line or the two wires of the open line
treated as a single conductor come into resonance and
carry antenna currents, this also becomes a coupled
antenna which contributes to the radiation. In the case
of the parallel line the resonant antenna currents,
which are in the same direction along both conductors,
are superimposed upon the equal and opposite transmis-
sion-line currents so that the resultant currents are no
longer equal and opposite. That is, the parallel line
acts simultaneously as both transmission line and an-
tenna as explained above. If the two conductors are
enclosed in a metal shield for their entire length the
unbalanced or antenna current flows on the outside
of the shield just as in the case of the coaxial line.
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UNSYMMETRICAL ANTENNAS AND ARRAYS

The symmetry of an antenna or of an array is meas-
ured in terms of the geometrical arrangement of the
conductors with respect to the two input terminals. In
order to define an input impedance for an antenna or
array in the conventional low-frequency sense, the two
input terminals must be sufficiently close together so
that they may be connected as part of a lumped-con-
stant network or, more commonly, to the end of a trans-
mission line the conductors of which are very close to-
gether compared with the wavelength. Furthermore, the

B oA A

\ 8

Fig. 12—End-fed antennas.

currents at these two terminals must be equal and op-
posite if the impedance is to be defined by the relation

Zap = Vas/la = Vas/Ip (20)
for the two input terminals A and B. In the case of a
coaxial line an antenna current flows entirely on the
outside of the outer conductor at sufficiently high fre-
quencies so that one can speak of the equal and oppo-
site transmission-line current as a separate current, and
it could be measured separately by a meter with its
element placed inside the line. On the other hand, with
a parallel line an antenna current flows in the same
direction on both conductors of the line superimposed
on the equal and opposite transmission-line currents.
Experimentally there is no way to separate these cur-
rents which interact and combine with each other to
form a different resultant in each conductor. A long
transmission line or a stub section of line can be pre-
vented from carrying a significant antenna current
first, if the coefficient of coupling between the line (act-
ing as a single conductor) and the entire array is made
vanishingly small, or second, if the coefficient of cou-
pling is not small butthe line withall that is attached
to it is detuned so that resonant antenna currents
are suppressed. In each of Figs. 13 the antenna or array
is itself symmetrical and the parallel line is symmetri-
cally placed with respect toits two identical halves. In
this case the retarded forces tangent to the line (which
are exerted by the moving charges in the two halves of
the antenna on the charges in the line) cancel and the
mutua! impedance between the antenna and the line
(treated as a single conductor) vanishes and with it the
complex coefficient of coupling. The two wires of the
open line thus carry equal and opposite transmission-
line currents and no antenna current. In this case
the input impedance of the array is easily defined in
the conventional way and it could be determined ex-
perimentally by substitution or bridge methods or
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from measurements on the input impedance of the
parallel-wire line. The coaxial array of Fig. 9 and the
end-fed antennas of Figs. 11 and 12 are unsymmetrical.
The charges in the outer surface of the coaxial line
(below G in Fig. 9a) experience uncanceled retarded
forces from the moving charges in the antennas above,
so that the coefficient of coupling does not vanish. In
this case the outer surface of the entire coaxial pipe
(below G in Fig. 9) must be detuned or it will carry ap-
preciable antenna currents and be a part of the an-
tenna array. The input impedance of the entire antenna
array, which is also the terminating impedance of the
coaxial line, may be defined in the conventional way
because the inner conductors of the line carry equal
and opposite currents and charges except very near the
open ends. Since a small end correction is in any case
always included as part of terminating impedances of
more conventional types, the same may be done here.
(The equations of the transmission line imply an
infinitely long line. If the line is finite, the error, actu-
ally made in assuming the constants per unit length of
the line to be the same near the ends as far from the
ends, is absorbed into the terminating impedance ex-
cept when the end is open, in which case it leads to a
small end correction in length.) In the case of Fig. 11 or
Fig. 12 the cc mponent of current at the junction point,
B, of the line and of the antenna is the component
I.” in phase with the driving potential difference as
previously described! for an antenna of nonvanishing
radius and of antiresonant length near A\/2. The ap-
proximately equal and opposite current, —I.", on the
inner surface of the outer conductor of the line flows
around to the outside of the coaxial line at the upper
end, even if this is detuned. For thin antennas it is
small. A substitution or bridge method of measuring
the impedance at the terminals of the antenna would in
most cases not be reliable because the outside of the
coaxial cable is inevitably a part of the antenna even
if detuned, so that it would theoretically have to be de-
tached as a part of the antenna leaving only the inside
transmission line. This is, of course, physically impossi-
ble. On the other hand, if the constants and the length
of the transmission line are accurately known, the in-
put impedance of the line at the generator may be
measured by any convenient method and the terminat-
ing impedance (which is the input impedance of the
antenna) then calculated.

In the unsymmetrical arrangements of Figs. 11b and
12h the two conductors of the parallel line will be com-
pletely unbalanced if an appreciable antenna current
flows in the same direction in both conductors. It will
be somewhat unbalanced even if this is avoided by
careful detuning of the line treated as a single antenna
because the current at the junction point B of one of
the conductors of the line and the antenna does not
vanish if the antenna has a physically realizable radius.
A component of current,? I.”, inevitably flows into the
antenna and this can have no equal and opposite
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counterpart on the other parallel wire because this
ends and the current must vanish. Accordingly the
parallel-wire linc in Figs. 11b and 12b is at best slightly
unbalanced if the antenna is thin and the line com-
pletely detuned as an antenna; at worst, considerably
out of balance if the line is not detuned and carries a
significant antenna current.

Up to the present, nothing has been said of the pos-
sibility of substituting a coaxial line for the parallel
line in the completely symmetrical arrangement of Fig.
10. I't might perhaps be assumed that the circuit of Fig.
13a using the coaxial line is just as symmetrical as that
of Fig. 10 with the parallel-wire line. In so far as the
cancellation of tangential forces along the outer surface
of the coaxial line is concerned, this would certainly
be true everywhere except in the proximity of the
noints 4 and B (where the antenna is attached) if the
two halves of the antenna carried the same current and
charges of opposite sign distributed in the same way.

Fig. 13—Center-fed antenna using coaxial line.

The fact is, however, that the distribution of metal and
hence the distribution of charge at the end of a coaxial
line is always and inevitably unsymmetrical with re-
spect to the two halves of the antenna. Thus, in the en-
larged line of Fig. 13b, the periodically charged outer
conductor at B’ in proximity with the antenna main-
tains forces on the upper half of the antenna between
A and B’ which are opposite to the driving forces which
are maintained between 4 and B by the charges on the
coaxial line. Similar forces do not act on the lower half
of the antenna so that a condition of unbalance ob-
tains. It can be reduced somewhat, but not eliminated,
if the end of the coaxial line is cut away near the upper
half of the antenna as shown in Fig. 13c. The forces act-
ing on the charges in the two halves of the antenna are
still unbalanced. A further condition of unbalance re-
sults from the fact that the axis of symmetry for the
electromagnetic effects within the coaxial line and at
its end is the central conductor, whereas the point of
symmetry for the two halves of the antenna is inid-way
between the terminals A and B. Another way of ex-
pressing this same dissymmetry is in terms of the cur-
rent which flows out of or into the two halves of the
antenna. ‘Thus, that which flows, say, down near 4
merely continues along the same conductor bent at a
right angle, whereas that which (19w§ do'wn must
change its rotationally symmetrical distribution along
the inner surface of the outer conductor and flow to-
ward a single point B. Accordingly, the adjustment for
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resonance and the maintenance of similar distributions
and amplitudes of current and charge in the two halves
of the antenna is somewhat improved if the half of the
antenna which is attached to the outer conductor of the
coaxial line is made shorter than the other half by
about the outer radius of the coaxial line. This also is
illustrated in Fig. 13c.

Neither the cutting away of the end of the outer
conductor of the coaxial line nor the shortening of the
lower half of the antenna is sufficient to assure com
plete symmetry. In fact the geometrical structure of
Fig. 13c is in itself so obviously asymmetrical as to
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Fig. 14 A typical circuit for an antenna

make it perfectly clear that the forces acting on charges
in the outer surface of the coaxial line in a direction
parallel to its axis due to currents and charges in the
two halves of the antenna cannot be expected to cancel
completely near the end of the line. If they do not can-
cel, and small tangential forces obtain, current will flow
along the highly conducting outer surface of the coaxial
line. If the outer surface of the line is not detuned, large
resonant amplitudes of current may be built up. In
this case the outer surface of the line acts as a coupled
antenna in a way similar to that described before.

If the radius of the coaxial line is very small so that
the distance 4 B in Fig. 13a is an extremely small frac-
tion of a wavelength, the dissymmetry is relatively
slight. Even so currents due to resonance along the
outer surface of the coaxial line may be significant. At
very short wavelengths it is not always possible to keep
the radius of a coaxial line a negligible fraction of a
wavelength because the spacing may then be so small
that spark-over can occur. If the distance 4B is an
appreciable fraction of a wavelength as in Figs. 13b and
13c the dissymmetry is great and relati vely large uncan-
celed forces may be expected to act on the charges in the
outer surface of the coaxial line so that this must be kept
detuned if resonant amplitudes are to be suppressed

TrRANSMISSION-LINE FEEDEKS

The connecting circuit between a generator with its
associated network and an antenna commonly con-
sists of a transmission line. Such a line is usually of the
two-wire, the four-wire, or the coaxial type, and it may
be long or short. A typical circuit is shown schemati-
cally in Fig. 14. It consists of a generator with output
terminals FG, a matching and tuning circuit for the
generator with output terminals KL, a transmission line
with output terminals A/, and a tuning and matching
network for the antenna with output terminals
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AB, which are simultaneously the input terminals
of the antenna. The most effective over-all transmis-
sion of power will be achieved when the impedance
looking to the right at FG presents the optimum load
for the generator, and when the power losses in the
line and in the matching networks are at a minimum.
The losses in the matching networks may be kept small
by using only circuit elements with low resistance; if
sections of line are used these must be kept short. The
losses along a transmission line are always least if it
carries no antenna current and is terminated in its
characteristic impedance Z.. Methods for satisfying
the first condition will be discussed at a later point; the
latter condition requires that the impedance looking to
the right at AN, viz., Zsy, must be made equal to Z..
Thus the matching network for the antenna must
transform the input impedance Z 45 of the antenna into
an impedance Z yy looking to the right at M N given by

Zun l’ighl) = Ze (21)
If the generator is designed to feed into a load Zo;, for

optimum performance (such as maximum efficiency or
maximum transfer of power), then one must have

ch(righ[) = Z\,pg. (22)

Accordingly the matching network for the generator
must transform the input impedance Zg, (right) of the
line at KL into Zo,. at FG. If the line is terminated in
Z. as required by (21), then

ZKL(right) =7 (23)
and the matching network of the generator must trans-
form Z,. looking to the right at KL into Z,,. looking to
the right at FG. If the generator has been desgined
specifically so that

Zopg - ZL, (24)

then the matching network for the generator is unnec-
essary. At ultra-high frequencies this is usually not
possible, and a matching network is required. For most
lines Z.(=R.+jX.) is predominantly resistive with X,
very small and negative. Thus for purposes of match-
ing one can write

Ze = R.; X.| <R (25)

in (21), (23), and (24). Matching networks will not be
considered in this paper.

If the conditions (22) and (23) or (24) are fulfilled by
a suitably adjusted matching network for the antenna,
the transmission line is said to be nonresonant. A non-
resonant line is a line that is terminated specifically
and only in its characteristic impedance. The primary
advantages of the nonresonant line are its relatively
low nonresonant potential differences and its low
losses. If the line is short, that is, not over a wavelength
or two in length, the losses in the line are in any case
negligibly small compared with the power transferred
to the antenna. Accordingly, it is then relatively un-
important whether the line be nonresonant or not. On
the other hand, if the line is long, the losses in the line

King: Coupled Antennas and Transmission Lines

637

may become excessive unless the line is made non-
resonant.

Even though terminated in its characteristic im-
pedance it may be impossible to make a line nonreso-
nant if the supporting insulators or spacers are incor-
rectly placed. At long wavelengths supporting insula-
tors are usually separated a negligible fraction of a
wavelength both for paraliel and coaxial lines. In this
casc no difficulty is encountered. On the other hand, at
extremely high frequencies the spacing of dielectric
beads or other supports may be an appreciable fraction
of a wavelength. If the beads occur at intervals of
slightly less than a half wavelength, successive partial
reflections occur at each bead and the effect is cumula-
tive. Accordingly, resonant amplitudes may be built
up even though the line is correctly terminated. Ex-
actly the contrary is true if the spacing of the beads is
approximately a quarter wavelength. A partial reflec-
tion at one bead is then practically canceled by that at
the next bead, since the phase difference will be 180 de-
grees. In this case, therefore, the effect is not cumula-
tive but self-destructive. Transmission lines which are
to be made nonresonant at a single, very high fre-
quency should have the insulating supports spaced a
quarter wavelength apart if the line is many wave-
lengths long. If the line is not that long it need not be
made nonresonant. An important disadvantage of the
nonresonant line is that it does not lend itself readily
to multiband operation because it is not possible to
provide a single matching network which will terminate
the line in its characteristic impedance at more than
one or at most two frequencies. For this reason non-
resonant lines are seldom used for transmitters operat-
ing on a number of frequencies.

For short distances and for multiband operation
resonant transmission lines may be used. In this type
of operation the antenna-matching network is not re-
quired. The impedance Zx. looking to the right at KL
is that of the transmission line terminated in the an-
tenna. The condition for optimum performance of the
generator then requires the generator matching net-
work to transform Zg. (right) at terminals KL into

Zro(right) = Zoy. (26a)
at terminals FG. The condition
Xra(right) = Xope (26b)

which is contained in (26a) is usually equivalent to
tuning the entire circuit to resonance in the matching
and tuning network of the generator. In this case,
then, the transmission line is also resonant. It is impor-
tant to bear in mind that a resonant line is not merely
any line which is not terminated in its characteristic
impedance. It is specifically a line which in conjunction
with its termination is tuned exactly to resonance; i.e.,
its input reactance is the negative of the reactance of
the generator. For operation at a single frequency
dielectric beads or insulating supports should be placed
at current maxima along a resonant line. For operation
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at several frequencies they should be so placed that
they do not occur near voltage maxima for any of the
several frequencies.

ANTENNA CURRENTS ON LINEs; DETUNING STUBS

Whenever transmission lines are used for purposes
which depend on the characteristics of equal and oppo-
site currents as analyzed in conventional line theory it
is of primary importance to avoid or at least minimize
antenna currents on the line whether this be an open-
wire line or a coaxial line. Only if this is accomplished
will the line exhibit exclusively those important
and extremely useful properties predicted by line
theory. These include the transmission of power by a
nonresonant or by a resonant line with extremely small
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Fig. 15—Detuning stub for a parallel-wire line with
unsymmetrical load.

radiation if the spacing of the conductors is a very
small fraction of a wavelength; they also include the
use of transmission lines for making a large variety of
electrical measurements at ultra-high frequencies. In
both of these important applications many an engineer
and investigator has erroneously come to the conclu-
sion that open-wire lines are unsatisfactory because of
large radiation merely because the line was arranged
to make an appreciable antenna current possible. Ac-
cordingly, it exhibited not only the well-known proper-
ties of a transmission line, but superimposed upon
these, the equally well-known properties of a linear ra-
diator. In a similar way the large antenna currents
which may flow on the outer surface of coaxial lines
have caused much trouble when such lines have been
used as feeders in many-element arrays.

Antenna currents either in the form of unbalanced
currents on parallel-wire lines or currents on the outer
surface of coaxial lines are due to two fundamental con-
ditions. First there must be a condition of asymmetry
which provides forces acting tangentially along the two
conductors which are not quite equal and opposite;
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second, the line in question must be of such length or so
arranged in conjunction with its terminations, that a
condition of resonance or at least partial resonance ob-
tains. The complete elimination of antenna currents
demands complete symmetry for the terminal im-
pedances and symmetrically applied driving potential
differences, as well as over-all detuning of the entire
circuit treated as a single conductor. This is not always

a simple matter.
If a parallel-wire line is driven by a symmetrically
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Fig, 16—Detuning sleeve for a coaxial line with an unsymmetrical
load consisting of an end-fed antenna.

constructed and symmetrically placed generator® either
at one end or at any point along the line, and if it is
loaded by a symmetrical impedance at the other end,
antenna currents can be avoided completely. Since per-
fect symmetry is difficult to achieve in practice it is al-
ways desirable and usually necessary to adjust the
over-all length of the line with terminations so that it
differs considerably from an integral multiple of a half
wavelength. If, on the other hand, a parallel-wire linc
is driven from a coaxial oscillator of conventional type
or from a coaxial line either by direct connection or by
means of a coupling unit, complete symmetry is im-
possible for both the parallel-wire line and the coaxial
line since the types of symmetry they require are dif-
ferent. Accordingly appreciable antenna currents are
inevitable on either the parallel-wire line, the coaxial
line, or both at all frequencies for which the over-all
length of either line is resonant in any mode. In such
cases the resulting radiation from the antenna current
on either or both of the two lines is often incorrectly at-
tributed to radiation from the transmission-line cur-
rents of the parallel-wire line. Actually a parallel-wire
line the wires of which are separated a small fraction of
a wavelength radiates an insignificant amount of power
if it does not carry unbalanced currents. And parallel-
wire lines can be constructed so that this is the case.

® See, for example, Ronold King, “A continuously variable oscil-

lator for parallel line measurements at 100 to 1000 megacycles,”
Rev. Sei. Instr. vol. 11, pp. 270-271; August, 1940,
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Unless both the generator and the load of a coaxial
line are completely enclosed in metal so that the tan-
gential electromagnetic field at all outside pointsis van-
ishingly small, the outside surface of the line will always
carry at least a small current. This is true in particular
if connections are made to the inner and outer con-
ductors and the end is left open. If the over-all length is
detuned this current will be so small that radiation due
to it will be insignificant just as for the balanced paral-
lel-wire line. If it is not detuned, large antenna currents
will flew and radiation will be very appreciable.

Significant radiation from unbalanced currents is
automatically avoided in all cases where a transmission
line, either open or coaxial, is only a very small fraction
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Fig. 17—Detuning sleeve for a coaxial line with an unsymmetrical
load consisting of a center-fed coaxial antenna.

of a wavelength from the surface of a highly conduct-
ing earth upon which an array of any configuration is
erected. The distribution of currents in the highly con-
ducting earth is always such as to lead to a virtual can-
cellation of the distant field due to the currents on the
line.

If an antenna current along a transmission line can-
not be made insignificant by a symmetrical arrange-
ment and by adjusting the over-all length for physical
reasons it can always be minimized for any one mode by
following the method already outlined in connection
with Fig. 6b. In this case part of a resonant antenna
was detuned by cutting it at a current maximum and
connecting the two terminals so obtained to the open
end of a high-impedance stub. Any conductor or group
of conductors excited in parallel as a single conductor
can be detuned in this way with respect to a particular
mode by inserting a high-impedance stub at a point
where a current maximum would be if the conductor
were resonant without the stub. If a line is long and
exposed to tangential forces several such stubs may be
required. A number of arrangements for detuning par-
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allel-wire lines and coaxial lines which could become
resonant as a single conductor are shown in Figs. 15 to
18. In all of these the transverse dimension is very
much exaggerated for clarity.

In Fig. 15 a closed-end detuning stub is connected
into the parallel line of Fig. 11b. The two sides of
the stub are turned to be mutually at right angles
so that there is no interaction of the equal and op-
posite transmission-line currents, whereas to the an-
tenna current, (which flows in the same direction
at corresponding points of the two parallel conduc-
tors) the two wires of the line are simply in parallel
and equivalent to a single one. If the resonant an-
tenna current were to exist on the line, it would have
to have a current node at the upper end or junction
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Fig. 18—Detuning sleeve for a coaxial line with an unsymmetrical
load consisting of a center-fed antenna at right angles.
with the antenna. The first current loop would, there-
fore, be a quarter wavelength down. If the line is cut
at this point and a \/4 stub is inserted as shown, the
line below the stub is detuned.

In Fig. 16 exactly the same thing is accomplished
more simply for a coaxial line. In this case a A/4 de-
tuning sleeve is provided with its open end at a quarter
wavelength from the top. The sleeve might equally
well be moved down a quarter wavelength if the upper
end were then left open and the lower end closed.

In Fig. 17 the center-fed antenna uses the outer sur-
face of the phase-reversing or coupling sleeve as its
lower half. The inside of this sleeve is a resonant cou-
pled circuit. If the second (lower) sleeve were closed
at the top and left open at the bottom it too would be
a phase-reversing or coupling sleeve exactly as in the
colinear array of Fig. 9a. However, with the open
end at the top and the closed end at the bottom as in
Fig. 17 it serves to detune the entire circuit consisting
of the outside of the coaxial line below the lower end of
the upper sleeve. If such a sleeve were placed at a
quarter wavelength below the lower coupling sleeve in
Fig. 9a the outside of the feeding line of the colinear
array would be detuned.

In Fig. 18, the outside of the coaxial line, which is
used to center-feed an antenna, is detuned by a suitably
placed sleeve. The effects of the partly uncanceled
forces acting tangentially along the outside of the line
may be summarized roughly by stating that a part of
the current from the lower antenna flows along the
outside of the coaxial line instead of all along the inside
as it would if no dissymmetry existed. Accordingly a
resonant current on the outside would have to have its




maximum directly at the end. The open end of a coax-
ial, A/4 detuning sleeve must, consequently, be placed
there. If more convenient it could also be placed with
its open end a half wavelength from the terminals of
the antenna. In all cases where an antenna is fed from
a flexible coaxial line (as in Fig. 18) a detuning stub is
essential. For if the cable is moved or coiled, its electri-
cal length is altered and resonance may be established
in one position and not in another. This is a most un-
desirable condition since the impedance at the termi-
nals of the antenna as well as the power radiated may
become a function of the manner in which the feeding
cable is coiled. Detuning sleeves should be considerably
larger in diameter than the coaxial line to provide ade-
quate coupling.

ExPERIMENTAL VERIFICATION

The discussion of coupled transmission lines and
antennas has been nonmathematical because a com-
plete analytical treatment of the difficult coupling
problems is unavailable. It has, nevertheless, been
based on general electromagnetic principles in so far
as a qualitative application of these was possible. In ad-
dition, practically all phenomena discussed above were
verified in detail experimentally both in the laboratory
and on the lecture table. Special equipment was con-
structed for this purpose using a wavelength of 1 meter.
Space does not permit its description at this point.?

T A detailed description of this and other demonstration and

laboratory equipment for ultra-high-frequency and microwave
work is to be published in Electronies

Radio Production for the Armed Forces*
STANFORD C. HOOPER{, ASSOCIATF, I.R.E.

most the entire radio facilities of the United

States are now geared to production of radio
and underwater sound apparatus for the Armed Forces
and Merchant Marine. In addition, many plants and
laboratories not previously in this branch are producing
this equipment. There are over 500 plants engaged, with
approximately 200,000 employees. This includes the
subcontractors. It is one of the largest and most im-
portant of war industries.

Communications within the Armed Forces, detection
and location of the enemy, identification, and radio con-
trol are essential to nearly every mobile war unit, in
some form. Rapidity of movement of forces in the air,
on the ground, on and under the sea, makes success
impossible without instantaneous, secure, and positive
communication.

A dramatic illustration of this was provided during
our invasion of North Africa. The deadly accuracy of
firing by one of our battleships which destroyed the
Jean Bart, at Casablanca, was made possible by radio
communication. As the first blast from our big guns,
twenty-six miles away, struck the resisting French bat-
tleship, an observation plane flashed back the word of a
direct hit on the deck, a damaging but not a fatal blow.
A slight change in elevation was signaled for. The next
salvo struck the side of the ship at the water line, smash-
ing her hull beyond repair. Radio directed and reported
the destruction.

Production, enrollment of personnel, and training in
the radio industry are proceeding according to well-

)& FTER one year in World War Il we find that al-

* Decimal classification: R560. Original manuscript received by
the Institute, June 15, 1943. Presented, Winter Conferences, Janu-
ary 28, 1943, Boston, Mass.; Cincinnati, Ohio; Detroit, Mich.; New
York, N. Y.; and San Francisco, Calif.

t Rear Admiral, United States Navy (Retired), 72 Spier Drive,
South Orange, New Jersey.
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formulated plans and are steadily but surely reaching
the point where requirements will be satisfied, at least
until the demands for increased production are again
raised, which no doubt will be very soon. Every time a
ship goes down, demands for production are increased
We must not only replace that lost equipment, we must
strive to duplicate it in order to outstrip the Axis.

In Berlin today, in Rome, and in Tokio, there are
groups just like yours, which are working to outproduce
us. Just as the Navy must outfight the enemy, ship for
ship, and plane for plane, so must you in this industry,
outthink, outplan, and outproduce the Axis competition
in the production of radio facilities.

Production is not a simple thing. It includes design;
and many designs for each order of apparatus are made
and discarded before the final one is decided upon. It
includes manufacturing drawings which, in the case of a
complete ship, may mean one hundred and fifty tons of
blueprints, alone. It includes the procurement of raw
materials, materials which must be transported from
far-distant sources of supply, through dangerous waters
and at great hazard, and new materials to replace those
of which the enemy has deprived us by seizure or oc-
cupation. Production includes manufacture of parts,
their assembly and test, thorough inspection during and
after the process of manufactu ring and assembly, pack-
ing, shipment, and delivery to destination. All along the
line expediters are engaged night and day in the work
of hastening the delivery of materials and parts to keep
production lines moving. Then the finished product goes
to war, taking its place with the Armed Services for the
final test.

‘ Itis amazi{ig to see the complete change from peace-
time to wartime activity in the radio industry in the
United States. A year ago these same plants were pro-
ducing broadcast receivers at the rate of 4,000,000 a
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year, and a thousand other products for civilian use.
Now they comprise one of the largest co-ordinated pro-
duction lines for the war effort in the world, under the
co-ordinated direction of the Army, Navy, and War
Production Board.

It is hard for the majority of radio engineers to appre-
ciate the need for the complex specifications governing
design of service apparatus. For thirty years we have
needed improvements which we are now getting. The
experience of the Armed Forces over thirty years has
demonstrated the need for them. Now, under the com-
pulsion of war, we are getting them and getting per-
formance which has never before been attained. These
new specifications reflect the demand for perfect per-
formance; perfect reception by planes flying at twenty
thousand feet, battling ice and sleet, as well as the
enemy; perfect reception by pitching tanks, hurdling
debris, and jolting through shell holes in the heat of the
African deserts; perfect reception for all our mobile
equipment, whether it be in the Battle of Midway, the
Aleutians, or the green hell of steaming jungles in the
Solomons.

These specifications call for equipment that must
stand up with full efficiency under all conditions—
tropical and Arctic temperatures, rapid changes in alti-
tude, varying humidities, salt spray, hot sun, and desert
sands. It must be unaffected by the motion of motorized
units, ships and aircraft, and the jar and vibration due
to gunfire and shell impact. It must be fireproof, espe-
cially from the instantaneous hot flame which follows a
bomb explosion or proximity to hot metal surfaces. It
must carry on during severe icing and snow conditions.
It must be rugged to withstand mishandling and opera-
tion by inexperienced personnel, and jars due to han-
dling in transit. It must be designed to compromise
ruggedness and extreme sensitivity. It must be capable
of being operated adjacent to various other transmitters
and receivers through the roar of battle, through elec-
trical and other noises of ships and planes, and radio
jamming. The radiation from tubes must not divulge
presence to an enemy. It must be flexible in frequency
shifting and power variation in order that shifts from
one command or information channel to any other may
be accomplished as required, and instantaneously. It
must be constructed for installation in most limited
spaces, with minimum weights, and convenient for oper-
ation. It must be instantaneously ready for operation at
all times, exactly on the prescribed frequency, and ac-
cessible for adjustment and quick repair. Danger of
accident due to electric shock to personnel must be
prevented. These are but a few examples to show the
need of specifications more elaborate than those govern-
ing design of commercial equipment.

Those who have not served in the Ariny or Navy may
find it difficult to appreciate why such strict standard-
ization is required, and why so many spare parts.
Standardization is necessary in order that radio opera-
tors anywhere may be able to communicate with one
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another on the prescribed channels and within pre-
scribed methods of operation, under constantly shifting
conditions of location, changes in combination of units
within the various forces, change in commanders, and
many military factors involved.

Also, standardization is vitally necessary because of
the constant shifting of units from one location to an-
other. Ships, planes, and tanks must be able to obtain
parts from the various widely separated shore bases and
constantly changing supply vessels afloat, and unless
there are plenty of spares, and all standard, there would
be no guarantee that the stocks would contain the exact
spares needed by the particular unit. Therefore, it is
necessary to keep stocks of all spare parts in practically
every base afloat and on land, all over the world. This
should be borne in mind by the research and design
engineers so that in their designs they will adhere to a
minimum of standard parts such as condensers, resis-
tors, meters, tubes, nuts, and bolts.

The public hears much about production activities,
but little about what the research engineers are doing.
It might be of assistance to the enemy if the magnitude
of research work were discussed, but I can say that
great strides are being made in research, and co-ordina-
tion exists between the activities. This story will be of
tremendous interest after the war and the results will
have a far-reaching effect on the improvements which
will be adaptable to public uses. This is always the case
following a great war.

If the war lasts many years, which we pray it will not,
the research work now being carried on may prove to
be the margin for victory. Much improvement in the
equipment is already apparent due to the research engi-
neers. If we were able to predict the length of the war,
then it would be possible to say exactly the date research
should cease, a date chosen when all equipment design
should be frozen for the remainder of the war and a por-
tion of those engaged in this field could be made avail-
able to assist in production.

In the first World War our radio and sound produc-
tion just about equalled one week’s production in World
War I1. This shows the great advance in appreciation
and use of radio, with increased speed due to airplanes
and fast ships, which has now changed the movements
of warfare from hours to seconds. Battles are won and
jost on the strength of communications. Some of Rom-
mel's earlier successes in Africa were due not so much
to the numbers of his tanks as to the superiority of his
communications. Strength of forces, their placement,
and the “edge” gives victory. The “edge” is given to the
commands which keep the initiative and can first detect
changes in the strategical situation. Radio and sound are
the instruments used for this quick servige.

I want to say, for the Armed Forces, that we are
thoroughly cognizant of the production situation as it
exists in radio and underwater sound. All of us, from the
Commanders-in-Chief down, know the apparatus you
make because we use it constantly whether in the task




forces or engrossed in the business or inspection end re-
lating to its procurement. Discussion concerning the
comparative merits of the various types and makes of
apparatus is a regular “wardroom-mess” discussion these
days.

I take this opportunity to express our sincere ap-
preciation of the work of the engineers who have been

brilliant, farsighted, and courageous. The production
personnel deserves equal praise for their devotion to
duty, and long hours in planning and putting into
operation the radio industry's part in the united
mass production effort of this war. Together, let us
all march forward in the electronics victory production

parade.

Standard-Frequency Broadcast Service
of National Bureau of Standards,
United States of America’

an announcement of August 1, 1943, broadcasts

standard frequencies and related services from its
radio station WWYV, at Beltsville, Md., near Washing-
ton, D. C. The service has been improved and extended,
a new transmitting station has been built, 10-kilowatt
radio transmitters installed, and additional frequencies
and voice announcements added. The services include:
(1) standard radio frequencies, (2) standard time in-
tervals accurately synchronized with basic time signals,
(3) standard audio frequencies, (4) standard musical
pitch, 440 cycles per second, corresponding to A above
middle C.

The standard-frequency broadcast service makes
widely available the national standard of frequency,
which is of value in scientific and other measurements
requiring an accurate frequency. Any desired frequency
may be measured in terms of any one of the standard
frequencies, either audio or radio. This may be done by
the aid of harmonics and beats, with one or more auxil-
iary oscillators.

The service is continuous at all times day and night.
The standard radio frequencies are:

5 megacycles (=5000 kilocycles =5,000,000 cycles)
per second, broadcast continuously.

10 megacycles (=10,000 kilocycles=10,000,000 cy-
cles) per second, broadcast continuously.

15 megacycles (=15,000 kilocycles=15,000,000 cy-
cles) per second, broadcast continuously in the
daytime only (i.e., day at Washington, D. C.).

All the radio frequencies carry two audio frequencies
at the same time, 440 cycles per second and 4000 cycles
per second; the former is the standard musical pitch and
the latter is a useful standard audio frequency. In addi-
tion there is a pulse every second, heard as a faint tick
each second when listening to the broadcast. The pulses
last 0.005 second; they may be used for accurate time
signals, and their 1-second spacing provides an accurate

(4 'l YHE National Bureau of Standards, as stated in

* Decimal classification: R$55. Original manuscript received by
the Institute, August 5, 1943,
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time interval for purposes of physical measurements.

The audio frequencies are interrupted precisely on the
hour and each five minutes thereafter; after an interval
of precisely one minute they are resumed. This one
minute interval is provided in order to give the station
announcement and to afford an interval for the checking
of radio-frequency measurements free from the presence
of the audio frequencies. The announcement is the sta-
tion call letters (WWYV) in telegraphic code (dots and
dashes) except at the hour and half hour when the an
nouncement is given by voice.

The accuracy of all the frequencies, radio and audio,
as transmitted, is better than a part in 10,000,000.
Transmission effects in the medium (Doppler effect,
etc.) may result in slight fluctuations in the audio fre
quencies as received at a particular place; the average
frequency received is however as accurate as that trans-
mitted. The time interval marked by the pulse every
second is accurate to 0.00001 second. The I1-minute
4-minute, and 5-minute intervals, synchronized with the
seconds pulses and marked by the beginning and ending
of the periods when the audio frequencies are off, are
accurate to a part in 10,000,000. The beginnings of the
periods when the audio frequencies are off are so syn
chronized with the basic time service of the United
States Naval Observatory that they mark accurately
the hour and the successive 5-minute periods.

Of the radio frequencies on the air at a given time, the
lowest provides service to short distances, and the high-
est to great distances. For example, during a winter day
good service is given on S megacycles at distances from
0 to about 1000 miles, 10 megacycles from about 600 to
3000 miles, and 15 megacycles from about 1000 to 6000
miles. Except for a certain period at night, within a few
hundred miles of the station, reliable reception is in gen-
eral possible at all times throughout the United States
and the North Atlantic Ocean, and fair reception over
most of the world.

Information on how to receive and utilize the service
is given in the Bureau's Letter Circular, “Methods of
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Standard Frequency Broadcast Service

Using Standard Frequencies Broadcast by Radio,” ob-
tainable on request. The Bureau welcomes reports of
difficulties, methods of use, or special applications of the
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service. Correspondence should be addressed National
Bureau of Standards, Washington, D. C.

Correction

S. P. Chakravarti, whose paper, “A Note on Field
Strength of Delhi 3 and Delhi 4 at Calcutta During the
Solar Eclipse of September 21, 1941,” appeared on
pages 269 to 271 in the June, 1943, issue of the Pro-
CEEDINGS, has brought to the attention of the editors
the following correction.

The first sentence of the paper reads as follows:
“Field strengths of Delhi 3 (5 kilowatts aerial power and

19.62 meters day wavelength) and Delhi 4 (5 kilowatts
aerial power and 25.26 meters wavelength) were simul-
taneously measured at Calcutta,” etc. This should read:
“Field strengths of Delhi 3 (5 kilowatts aerial power and
19.62 meters day wavelength) and Delhi 4 (10 kilowatts
aerial power and 25.36 meters wavelength) were meas-
ured at Calcutta,” etc.
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Electronics

The radio-and-electronic field has leen
analyzed in a discussion by Carl J. Madsen,
electronics engineer in the industry engi-
neering department of .the Westinghouse
Electric and Manufacturing Company. Mr.
Madsen has been an Associate of the Insti-
tute since 1928. Extracts from his analysis
of the fieldjfollow:

There are probably as many definitions
of the word electronics as there are individ-
uals associated with its application. One
definition is: electronics is the application
of devices in which the flow of free electrons
are made to perform such numerous func-
tions or duties, as to rectify, amplify, gen-
erate, control, convert light into current.and
current into light. The necessary tubes may
take the form of diodes, triodes, ignitrons,
pentodes, beam power tubes, thyratrons,
phanatrons, kenatrons, phototubes, cath-
ode-ray tubes and so on. A brief study of the
application of these hundreds of types of
tubes shows that the science of electronics is
not new. It also shows that the future possi-
bilitiesare extremely important inthat hardly
a week passes without the development of
new tube types or new combinations of tubes
and circuits to perform new functions.

The developments of electronics can best
be explained by breaking down the applica-
tions into these nine classifications: rectifica-
tion, inversion, high-frequency heating, com-
munications, measurements, control, inspec-
tion and sorting, precipitation,and radiation.

There are two fields which have been im-
portant in past years in rectification. The
first is power rectification. The second, high-
voltage rectification, is important in that it
is frequently employed as a means to an end
in many other types of electronic equipment,
such as, power supply for high-frequency
oscillators, communication equipment, meas-
uring equipment, and broadcast receivers
and transmitters. Rectification will have an
important position in most of the electronic
devices which may be developed in the fu-
ture because of the nature of etectronic tubes.

High-frequency heating was the subject
of much experimental work more than ten
years ago. Experiments were conducted at
that time in the heating of various materials
such as plastics, bonds, food, metals, ce-
ments, and for the extermination of bugsand
larvae. Excessive cost caused by misapplica-
tion or misunderstanding of some of the
limiting factors proved some of these appli-
cations unpractical. However, a number of
these applications have been brought to the
forefront recently and will undoubtedly be-
come increasingly widespread in their ap-
plication in the future.

Some of the present applications employ-
ing dielectric heating are the bonding of
plywood and the heating and curing of
plastic materials. Diclectric heating has its
important application where thick sections
of plywood, thermoplastic, or thermosetting
materials are involved. The development of
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thermosetting bonding materials now permit
fabrication of thick sections of plywood in
the matter of three to five minutes. Hours
were required with steam or other form of
heat. The same is true in the heating and
curing of plastics. In addition to speed, the
electronic method does a more thorough and
uniform job. High-frequency heating is
bound to have an important position in
the future in both the plastic and plywood
industries,

Another important phase of high-fre-
quency induction heating is used in the heat-
ing of metals. With this method, faster and
more uniform heat treating, annealing, braz-
ing, welding, soldering, and tempering have
been made possible. In some processes, time
has been reduced from 2 minutes to § sec-
onds. It is possible, by proper choice of
frequency and equipment, to case-harden
desired surface of mechanical parts, such as
gears and shafts, and leave the base metal
tough and malleable.

The conservation of tin in making tin
plate was made possible by the application
of induction heating. Tin plate is produced
at speeds approaching 1000 feet per minute.
Here high-frequency power in a single plant
equals the total power of all our conventional
broadcast stations, and the total installa-
tions will soon be over 2} times this figure.
It is only a year ago that the early experi-
ments were made on tin plate.

To date, induction heating has been
limited primarily to those particular applica-
tions important to our war program. After
the war is over and the limiting restrictions
of supply have been removed, hundreds of
new high-frequency heating applications im-
portant to the steel, aluminum, tool, and
general manufacturing industries will be
found for electronics.

In the field of communication consid-
erable prophecy has already been made
by many leading authorities on frequency
modulation, television, and broadcasting.
Important developments in the past year
or so will lead to vast expansion in the num-
ber of frequency-modulation and television
sets. Even in our present broadcast field the
trend of ever-increasing power leads us topre-
dict the building of “superpower” broadcast
stations of 750,000 to 1,000,000 watts output.

Carrier-current transmission, a less known
phase of communication, has found increas-
ingly wide application in the past few years.
Its use in connection with protective relay-
ing has permitted the capacity of our present
power lines to be increased over 50 per cent,
with a comparable saving in vital copper and
other critical materials. Telemetering, or the
remote indication of circuit and plant load-
ing to a central dispatcher in the power-
distribution system, is another application
of carrier-current developments. This appli-
cation facilitates the economic operation of
power-generating systems. As the power
needs of the country grow, this industry will
find some of the wartime developments in
electronics ready to assist in their problems.

In the field of electronic devices for mak-
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ing measurements, a number of develop
ments have been tnade in the past few years

These developments include dynetric bal

ancing, the electron-mass spectrometer, cath

ode ray, stroboglow, micrometers and many
others. Dynetric balancing is highly impor

tant today as it mecasures and locates the
position of off-balance components of all
types of rotating parts from the tiny aircraft
instrument gyros weighing less than a quar-
ter of a pound, to the massive marine gears
weighing over 80 tons. In the conventional
sizes, rotors weighing from 4 pound to 100
pounds are often balanced in less than 15 sec-
onds. Former methods required more than
one hour. Off-balance components producing
vibrations of as low as three thousandths of
an inch can be accurately measured elec-
tronically and the position for a balancing
weight located within two degrees. This de-
velopment will be of increasing importance
in years to come in helping to build longer

life machines with quieter and more depend

able operation.

Many types of electronic equipment
have been developed for use in the inspection
and sorting of products in a diversified group
of industries. Industrial X ray, for instance,
is at present applied for the inspection of
armor plate, welds, airplane parts, and other
equipment, spotting certain defects which
might otherwise escape notice. In peacetime
the advantages of this type of inspection
may result in safer, lighter automobiles,
trucks, and planes as unnecessary safety fac
tors for unseen defects can be avoided.

Photoelectric devices in applications such
as pinhole detectors permit the rapid inspec-
tion and automatic sorting of prime and de
fective sheets. Defects which often escape
visual inspection are spotted faster than the
combined work of a dozen employes. Simple
operations such as high-speed counting and
the control of conveyor lines are applications
which are in operation today, but which un
doubtedly will beextended to many other
industries in the near future.

It is not possible to anticipate all the
future developments made possible by elec-
tronics. The possibilities are beyond imagi-
nation. llowever, many applications exist
where electronics can do the work better
than other types of equipment, do some
things not possible in any other way. But
electronics cannot do everything. Many pos-
sible applications are not economical or
practicable. With electronics now on the tip
of every tongue it is essential that every ex-
perienced electronics engineer weigh care-
fully every request, every possible application
to avoid misapplications which may lead to
delay in acceptance on jobs it can do well.

The vast production capacity developed
to meet present wartime requirements will
place electronics in the position to serve the
needs of the postwar world, but our develop-
ment effort and production facilities must be
used wisely. It is important that we “keep
our feet on the ground” lest the electronic
ﬁeld again be smothered by adverse public-
ity caused by misapplication.
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Board of Directors

The regular meeting of the Board of
Directors ‘took place on September 8, 1943,
and was attended by L. P. Wheeler, presi-
dent; F. S. Barton, vice president; S. L.
Bailey, E. F. Carter, 1. S. Coggeshali, H. T.
Friis, Alfred N. Goldsmith, editor; O. B.
Hanson, R. A. Heising, treasurer; F. B.
Llewellyn, Haraden Pratt, secretary; G.T.
Royden (guest), B. J. Thompson, H. M.
Turner, H. A. Wheeler, W. C. White, and
W. B. Cowilich, assistant sccretary.
These applications for membership were
approved: for transfer to Member grade,
Stanford Goldman, S. L. Seaton, and G. C.
Sziklai: for admission to Member grade,
D. D. Cole, P. G. Forsyth, P. M. Gunz-
bourg, G. N. Hancock, M. K. Toeppen, and
Marc Ziegler; Associate grade, 238; Student
grade, 156; and, Junior grade, 6.
The report of the Tellers Committee re-
lative to counting and checking of the Con-
stitutional-amendment ballots, dated June
30, 1943, was accepted and the Constitu-
tional amendments declared adopted.
President Wheeler called attention to a
letter concerning a proposed change in name
of the Institute, and to the recent decision
of the War Production Board on the Insti-
tute's appeal for relief from that agency's
Paper Limitation Order L-244.
Secretary Pratt, as chairman of the
Committee on the Radio Technical Planning
Association, reviewed the developments and
announced that a meeting of invited spon-
sors would take place on September 15, 1943.
Unanimous approval was granted to
holding the Winter Conference and Annual
Meeting during January, 1944, in New York
City, and to a program of utmost brevity
consistent with the presentation of papers of
importance to the present emergency. Dr.
B. E. Shackelford was appointed chairman
of the committee on arrangements.
It was decided to present the Institute's
Medal of Honor, Morris Liebmann Mem-
orial Prize, and Fellowship Awards for 1943
at an evening session of the forthcoming
Winter Conference.
A committee consisting of Treasurer
Heising, chairman; President Wheeler. Sec-
retary Pratt, Editor Goldsmith, and Assist-
ant Secretary Cowilich was appointed to
investigate other office quarters which would
allow for the expansion of Institute activi-
ties.
The report on the Institute investments
presented by Treasurer Heising, as chair-
man of the Investment Committee, was
accepted and the recommendations ap-
proved.
Proposed amendments to the Bylaws,
submitted by Treasurer Heising, were re-
ceived and tabled for further consideration.
On recommendation of the Executive
Committee, approval was given to con
tinuing Institute Representatives on Other
Bodies, indicated below:
American Documentation
J. H. Dellinger

Council of the American Association for
the Advancement of Science: J. C.
Jensen

Joint Co-ordination Committee on Radio
Reception of the EE.I., NEMA,
and RM A.: C. E. Brigham

Institute:

Institute News und Kadio Notes

National Research Council, Division of
Engineering and Research: F. E.
Terman

U.R.S.I. (International Scientific Radio
Union) Executive Committee: C. M.

Jansky, Jr.
U. S. National Committee, Advisers on
Electrical Measuring Instruments:

Melville Eastham and Harold Olesen

U. S. National Committee, Advisers on
Symbols: I.. E. Whittemore and J. W.
Horton

ASA Standards Council: Alfred N. Gold-
smith (H. P. Westman, alternate)

ASA Electrical Standards Committee:
H. M. Turner (H. P. Westman, alter-
nate)

ASA Sectional Committee on Acoustical
Measurements and Terminology: E. D.
Cook and H. F. Olson

ASA Sectional Committee on Definitions
of Electrical Terms: Haraden Pratt

ASA Subcommittee on Vacuum Tubes:
B. E. Shackelford

ASA Sectional Committee on Electric
and Magnetic Magnitudes and Units:
J. H. Dellinger

ASA Sectional Committee on Electrical
Installations on Shipboard: 1. F.
Byrnes

ASA Sectional Committee on Electrical
Measuring Instruments: Wilson Aull

ASA Sectiona! Committee on Graphical
Symbols and Abbreviations for Use on
Drawings: Austin Bailey (H. P. West-
man, alternate)

ASA Subcommittee on Communication
Symbols: H. M. Turner

ASA Sectional Committee on Letter
Symbols and Abbreviations for Sci-
ence and Engineering: H. M. Turner

ASA Subcommittee on Letter Symbols
for Radio Use: H. M. Turner

ASA Sectional Committee on National
Electrical Safety Code, Subcommittee
on Article 810, Radio Broadcast Re-
ception Equipment: E. T. Dickey
(Virgil M. Graham, alternate)

ASA Sectional Committee on Preferred
Numbers: A. F. Van Dyck

ASA Sectional Committee on Radio:
Alfred N. Goldsmith, chairman; Hara-
den Pratt, and L. E. Whittemore

ASA Sectional Committee on Radio-
Electrical Co-ordination: J. V. L.
Hogan, C. M. Jansky, Jr.,, and L. E.
Whittemore

ASA Sectional Committee on Specifica-
tions for Dry Cells and Batteries:
tl. M. Turner

ASA Sectional Committee on Standards
for Drawings and Drafting Room
Practices: Austin Bailey

ASA Committee on Vacuum Tubes for
Industrial Purposes: B. E. Shackelford

ASA War Committee on Radio: Alfred
N. Goldsmith*

* Also Chairman of Its Subcommittee on
Insulating Material Specifications for the
Military Services.

The appointment to the Electronics
Committee of these three subcommittee
chairmen took place:

A. M. Glover, chairman, Subcommittee
on Photoclectric Devides

D. E. Marshall, chairman, Subcommittee
on Gas-Filled Tubes
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A. L. Samuel, chairman, Subcommittge
on Advanced Developments

President Wheeler reviewed the need for
expanding the scope of Institute activities
and Dr. Llewellyn was requested to prepare
a report on the subject for the next meeting.

The distribution of the Temporary
Facsimile Test Standards to the entire
membership was approved.

Executive Committee

The Executive Committee met on Sep-
tember 7, 1943, and those present were L. P.
Wheeler, president; Alfred N. Goldsmith
editor; R. A. Heising, treasurer; F. B. Llewel-
tyn, Haraden Pratt, secretary; H. A. Wheeler,
and W. B. Cowilich, assistant secretary.

The following applications for member-
ship were approved for confirming action by
the Board of Directors: transfer to Member
grade, Stanford Goldman, S. L. Seaton, and
G. C. Sziklai; admission to Member grade,
D. D. Cole, P. G. Forsyth, P. M. Gunz-
bourg, G. N. Hancock, M. K. Toeppen, and
Marc Ziegler; Associate grade, 238; Student
grade, 156; and, Junior grade, 6.

Action was taken on certain office mat-
ters, including overtime work, which were
presented by Assistant Secretary Cowilich.

The subject of office quarters was dis-
cussed and followed by a recommendation
to the Board of Directors.

Matters pertaining to the Buenos Aires
Section were given further consideration.

Editor Goldsmith reported on the deci-
sion of the War Production Board relative to
the Institute’s supplementary appeal for re-
lief in behalf of the PROCEEDINGS, from that
agency'’s Paper Limitation Order L-244.

It was indicated by Editor Goldsmith
that the number of papers on hand are
sufficient for the next few issues of the Pro-
cEEDINGs and that the situation can be
considered good.

Attention was called by Editor Gold-
smith to the Audit Bureau of Circulations
statement covering the first six-month
period of 1943, which had been completed
by the staff and which had recently been re-
leased by that Bureau.

Mr. H. A. Wheeler, as chairman of the
Standards Committee, gave a progress re-
port on the Standards on Symbols and the
Temporary Facsimile Standards.

Following a review by Dr. Llewellyn, the
list of Institute Representatives on Other
Bodies was revised and in that form recom-
mended to the Board of Directors.

Several matters pertaining to the holding
of a Conference and Annual Meeting were
considered and followed by recommenda-
tions to the Board of Directors.

The holding of a meeting of the Sections
Committee meeting was given consideration.

Recommendations were made to the
Board of Directors on additional personnel
for the Electronics Committee.

At the suggestion of President Wheeler,
the desirability of expanding the scope of
Institute activities was discussed.

Treasurer Heising described the report
on Institute investments and read a pro-
posed Bylaws amendment relative to the
establishment of a permanent Investment
Committee, in advance of the submission of
these matters to the Board of Directors
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Government Radio
Official Commended
for Long Service

The Federal Communications Commis-
sion made public on August 24, 1943, a
letter to Mr. William D. Terrell, Chief of
the FCC's Field Division, Engineering De-
partment, who terminated 40 years of gov-
ernment service when he retired August 31,
1943.

Born August 10, 1871, in Golansville,
Virginia, Mr. Terrell is one of the outstand-
ing pioncers in communications science. As
Chief of the Radio Division of the Depart-
ment of Commerce from 1915 to 1932 he
contributed perhaps more than any other
government official to the growth of broad-
casting and high-frequency communica-
tions. In 1932 Mr. Terrcll became Chief of
the Division of Field Operations of the
Federal Radio Commission and in 1934 took
over the direction of the Field Division of
the newly-created FCC. The letter follows:

Mr. William D. Terrell

Chief, Field Division

Engineering Department

Federal Communications Commission
Washington, D. C.

DEAR MR. TERKELL:

On the occasion of your voluntary retire-
ment from government service August 31,
1943, may 1 convey to you on behalf of the
Commission and its staff, as well as person-
ally, our sincere best wishes and our hope
that you will continue to enjoy for many
years to come health, happiness, and the
satisfaction of important work well done.
\We know that the friendships cemented dur-
ing our association with you will endure, and
that you will continue to hold the respect of
all concerned with radio which you have
carned during your forty years of meritori-
ous service to your government.

In 1911, when you became the first
United States Radio Inspector, you had al-
ready had twenty-two years of pioneer com-
munications experience including eight years
of government service. Thereafter, as Chief
of the Radio Division of the Department of
Commerce, you contributed more than any
other government official toward the early
growth of broadcasting and of high-fre-
quency communication. Since 1932, as Chief
of the Division of Field Operations of the
Federal Radio Commission, and as Chief of
the Field Division of the Federal Commun-
ications Commission, you have devoted
yourself unremittingly and unsparingly to
the duties of your office.

We especially wish to thank you for your
last two years on active duty, undertaken at
our request and with the approval of the
President after you had passed seventy, the
statutory age of retirement for Federal em-
ployees, thus giving us the benefit of your
expert advice and assistance during the most
difficult period of adjustment to war condi-
tions when your help was urgently needed.

As tokens of your accomplishment and of
the esteem in which you are held in your
profession, you were elected a Fellow of the
Institute of Radio Engineers in 1929 and
made an honorary member of the Veteran
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Wireless Operators Association. You have
represented this Government with distinc-
tion at many national and international
meetings, including the International Radio-
telegraph Conference, London, 1912; Na-
tional Broadcast Conferences called by the
Secretary of Commerce, 1922, 1923, 1924,
and 1925; International Telegraph Confer-
ence, Paris, 1925; International Radio Con-
ference, Washington, 1927; Safety of Life at
Sea Conference, London, and European
Broadcasting Conference, Prague, 1929. In
all these lines of duty, you have brought
credit to yourself and the government.

Not the least of your services has been
the selection and training of younger men
who will now carry on the tradition of com-
petence and integrity which you have es-
tablished, and who will seek to maintain the
high standards you have set. | know these
men join with the Commissioners in appre-
ciation and cordial best wishes.

BY ORDER OF THE COMMISSION

James Lawrence Fly
Chairman

THE WHITE HOUSE

Washington, D. C.
August 31, 1943
DEAR MR. TERRELL:

I take the occasion of your retirement
from Federal service to convey to you my
thanks and gratitude for the forty years
service in the field of governmental radio
services.

You can well be proud of the record you
have made.

Very sincerely yours,
FRANKLIN D. ROOSEVELT

Mr. W. D. Terrell
4764 24th Read North
Arlington, Virginia

Davip GRIMES

David Grimes, vice president in charge
of engineering for Philco Corporation, who
was abroad on a special war mission, was
killed on September 4, 1943, when the trans-
port plane in which he was traveling, crashed
into a mountain in Northern Ireland. He
was 47 years of age.

Mr. Grimes was born on May 28, 1896,
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at Minneapolis, Minnesota. Following his
graduation from the University of Minne-
sota, he served in the last war as chief radio
ofticer at Kelly Field, Texas, when the use of
radio communications in warfare was just
beginning to assume importance. From
June to Deccember, 1918, he was Signal
Officer attached to the British Air Forces at
Aldershot and Littlehampton, England.

After the war, Mr. Grimes joined the
American Telephone and Telegraph Com-
pany as a research engineer in telephony.
In 1922 he established his own engineering
organization to do rescarch work on a con-
sulting basis for a number of different com-
panies. It was during this period that he in-
vented the famous “Grimes Inverse Duplex
circuit” that was used by many carly radio
amateurs in home-made receivers. From
1930 until 1934, e was license engineer with
the Radio Corporation of America.

Mr. Grimes joined Philco in 1934 as engi-
neer in charge of home-radio-set research
and engincgring, and continued in that
capacity until 1939, when he was named
chief engineer. In 1942 he was elected vice
president in charge of enginecring.

Under Mr. Grimes's direction, the Philco
research and cngineering department was
greatly expanded and strengthened. His
fellow officials regret that Mr. Grimes will
not see the fruition of many of his advanced
ideas.

Mr. Grimes contributed in substantial
measure to the development of the radio in-
dustry and did much to prepare the way for
the general introduction of television after
the war. Under his direction, his organiza-
tion established one of the first successful
television relay systems, which was put into
operation between New York and Philadel-
phia in October, 1941 It was his belief that
a network of similar relay links which
beamed television programs through the air
from one station to another 25 to 40 miles
apart would make it possible to develop a
nation-wide television service in a relatively
short time. Mr. Grimes joined the Institute
of Radio Engineers as an Associate in 1920
and transferred to Member Grade in 1928,

LR.E. People

NELsoN P. Case

Nelson P. Case, Member of the I.R.E,,
has been appointed director of the newly
created engineering, design, and develop-
ment division of Hamilton Radio Corpora-
tion of New York. The program of his work
will include the design and development of
household radio models for postwar use.

Mr. Case was associated for approxi-
mately thirteen years with the Hazeltine
Electronics Corporation. He has served on
several |.R.E. committees and, until the war
started, was chairman of the recciver section
of the R.M.A. Engineering Department.

PALMER M. Cralc

Palmer M. Craig, for the past two years
chief engineer in charge of radio communi-
cations equipment development, has been
named chief engineer of the radio division
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of Philco Corporation. Mr. Craig joined
the Philco Research Laboratories in 1933 as
a radio engineer and assisted in the de-
velopment of high-fidelity reception, auto-
mobile radios, and the remote-control radio
receiving sets. He was appointed engineer in
charge of console radios in 1938 and, even
prior to the attack on Pearl Harbor, was
active in the development of military radio
equipment,

He was graduated from the University
of Delaware in the class of 1927 with the
degree of B.S. in electrical engineering and
was formerly associated with the Westing-
house Electric and Manufacturing Com-
pany. He has been an Associate Member of
the Institute since 1925.

H. H. FrIEND

H. H. Friend, who until recently was
associated with Scintilla Magneto Division
of the Bendix Aviation Corporation, is now
development engineer of electronics, air-
plane division department, of the newly
formed development division, Curtiss-
Wright Corporation at Bloomfield, New
Jersey. Mr. Friend joined the Institute of
Radio Engineers as an Associate in 1926 and
transferred to Member Grade in 1938.

CLype M. HunTt

The chairmanship of the Engineering
Committee for the Fourth District of the
National Association of Broadcasters has
been accepted by Clyde M. Hunt, chief engi-
neer for station WTOP, Columbia-owned
and -operated station for Washington, D. C.
In this capacity, he will co-ordinate the
activities on behalf of the industry of chief
engineers of member stations.

Mr. Hunt joined the Institute of Radio
Engineers as an Associate in 1934 and trans-
ferred to Member Grade in 1941. At the
present time he is chairman of the Washing-
ton section of the . R.E.

I. J. KaAr

I. J. Kaar has been appointed manager of
the receiver division, of General Electric's
electronics department at the company’s
Bridgeport, Connecticut, works.

Mr. Kaar, who formerly was managing
engineer of the receiver division, was gradu-
ated from the University of Utah in 1924
with a B.S. degree in electrical enginecering.
In October of that year he joined General
Electric at Schenectady as a student engi-
neer on “test,” and in 1925 was transferred
to the radio engineering department where
he was engaged for several years on the de-
ve.lopmcnt and design of high-power trans-
mitters. In January, 1933, he entered the
general engineering laboratory to work on
the development of radio receivers, and made
many contributions to vacuum-tube and
radio-circuit design.

In September of 1934 Mr. Kaar was
transferred with the nucleus of what is now
the recciver division engineering section to
the General Electric Bridgeport plant. On
November 15 of the same year he was ap-
pointed designing engineer of the radio re-
ceiver section there. Later, when the radio
and television (now electronics) department
was formed, Mr. Kaar became designing
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engineer of the receiver division of that
department. On October 1, 1941, he was
named managing engineer of the receiver
division, the position he held until his new
appointment.

Mr. Kaar is a native of Dunsmuir, Cali-
fornia. He is a member of the Society of
Naval Engineers, Sigma Nu, and Tau Beta
Pi, a Fellow and past director of the Institute
of Radio Engineers, and chairman of the
television technical committee of that body

A. H. ROSENTHAL

A. H. Rosenthal, physicist and elec-
tronic engineer, has been appointed director
of research and development of Scophony
Corporation of America, according to an
announcement made by Arthur Levey,
president of Scophony, with which are as-
sociated Television Productions, Inc. (a
Paramount subsidiary), and General Pre-
cision Equipment Corporation.

Dr. Rosenthal was connected with
Scophony, Ltd., of London for several years,
and in his present position will head a group
of scientists and engineers engaged in re-
search and development of inventions, not
only in television, but also in the field of
electronics, including various applications of
supersonics.

RusseLL H. VARIAN

In recognition of his contribution to the
development of radio location, and par-
ticularly with reference to the invention
and evolution of the klystron, the Brook-
lyn Polytechnic Institute of Brooklyn,
N.Y.,in June, 1943, conferred the honor-
ary degree of Doctor of Science on Russell
H. Varian, rescarch associate at Stanford
University. Mr. Varian is an Associate
Member of The Institute of Radio Engi-
neers.

RAY ZENDER

In addition to his duties as Chief Engi-
neer and Sales Manager of Lenz Electric
Manufacturing Company, Chicago, wire
manufacturers, Ray Zender, an Associate
Member of the Institute, has been ap-
pointed wire consultant to the Radio and
Radar section of the War Production Board
on a “dollar-a-year” basis.

Correspondence

The following method is suggested for
the solution of transient circuits whose
steady state can be written by J. Millman’s
network theorem.! The problem is to deter-
mine the voltage across two points when a
constant voltage-is applied across two other
points. This response voltage can be ex-
pressed as an admittance function, solvable
by operational methods.

Millman shows that the steady-state
voltage Voo, of a system of »n admittance
branches Yk, terminating at 0, where the
voltage Vg at each of the other ends (K)
of the admittances is known, is

M
VokY
Voo = 2x VR K = 1,2,3,--- M. (1)
2Lk-1¥k

' §, Millman, “A useful network theorem”, Proc.
1I.LR.E,, vol. 28, p. 413; September, 1940.
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Reducing (1) for a single constant vol.
tage Vo for the transient solution,

Val,
T kaYx
This is the form of the response current

as systematized by Heaviside. The solution
can be found by using a Heaviside formula

or the Laplacian method. A simple example
will illustrate this process.

VOO' =

©)

Fig. 1

In Fig. 1 the voltage Voy=0 when ¢<0,
and constant when ¢>0 produces the re-
sponse voltage Voo':

_ Va(l/R + PC)
1/r + 1/R 4+ PC’

where PC is the operational admittance for
C. By Heaviside's expansion theorem

00/

g(P) £(0) M. g(P,) exp (— P.t)
W@ T TR @y "
Therefore,
V=V [_‘/’ 1/R=(1/r+1/K)
Ty /R (/1 41/R)
Y} ]
w (~ze ) ]
or,

)
Y SRR TN RC 46

NorMAN E. POLSTER

Research Department

Leeds and Northrup Co.

Philadelphia, Pa.

Quarterly of Applied
Mathematics

A new periodical in the field of applied
mathematics has appeared through the issu-
ance, in April, 1943, of the first number of the
Quarterly of Applied Mathematics. Its pur-
pose is stated to be an attempt “to meet the
needs of certain mathematicians and engi-
neers whose interests extend beyond the ac-
cepted boundaries of their respective groups.
These mathematicians find their greatest
interest in the applications of mathematics
to physical problems, and these engineers
seck solutions of practical problems by ad-
vanced mathematical methods.” As exam-
ples of subjects lying within the circle of
interest of the new journal are mathematical
theories related to engineering problems,
c.g., in “fluid mechanics, elasticity, plastic-
ity, thermodynamics,” and certain phases of
classical mechanics and electrical engineer-
ing. Of possible interest to radio-and-elec-
tronic engineers are papers in the first two
issues of the Quarterly dealing with vibra-
tions of a clamped plate under tension, the
theory of direct image errors, the impedance
of a transverse wire in a rectangular wave
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guide, and forced vibrations of systems with
nonlinear restoring force. The annual sub-
scription price is $6.00, and orders may be
addressed to the Quarterly of Applied Mathe-
matics, Brown University, Providence 12,
Rhode Island.

Books

Reference Manual—Cathode-
Ray Tubes and Instruments

Published (1943) by Allen B. DuMont
Laboratories, Inc., 2 Main St., Passaic, N. .
116 pages. 87 figures. 93 X114 inches. Free
on written request on business stationery.

This loose-leaf manual on cathode-ray
oscillograph equipment is a de luxe presenta-
tion of the engineering requirements of such
equipment, especially when used in the
highly specialized measurement and research
fields. It particularly directs the attention of
oscillograph users to the most effective utili-
zation of the many features provided in a
modern oscillograph.

It is combined with the technical data
about the most popular items of DuMont
equipment, embracing complete oscillo-
graphs, cathode-ray tubes, and certain as-
sociated items that are necessary in particu-
lar tests.

It gives the reader a complete review of
what he needs to know in order to use an
oscillograph as an item in his tests, and shows
what models are most suitable for the job.
The binding permits the inclusion of supple-
ments when issued to cover future develop-
ments. This service will also, in all likelihood,
include additions to the section “Application
Notes,” which bids to be a valuable feature
of the manual.

RaLprH R. BATCHER
Hollis, L. I.,, N. Y.

Practical Radio for War Train-
ing, by M. N. Beitman

Published (1943) by Supreme Publica-
tions, 328 S. Jefferson St., Chicago, Ill. 332
pages+4-page index. 288 figures. 6X9
inches. Price, $2.95.

This book was written to present to
those without previous radio training or
knowledge the elementary theory of elec-
tricity and radio with special emphasis on
radio repair, adjustment, and operation. It is
entirely nonmathematical. Its appeal is
primarily to the beginner, either in home-
study or war-training courses. For this class
of students it should prove useful. It is
probable that those pursuing somewhat
more advanced radio and electrical work
who have not had practical experience will
be able to profit by a reading of this book
because of the emphasis which is placed on
practical matters.

A fair idea of the nature and scope of the
material covered can best be obtained by a
consideration of the type of topic listed in
the table of contents. The following list is not
complete but is probably representative:

What Makes Up a Radio Receiver

Mechanics of Radio

Circuits Using Resistors

Properties of Coils and Transformers

Proceedings of the I.R.E.

Circuits

How Meters Work

Vacuum Tubes

Power Supplies

Audio Amiplifiers and Accessories

Test Equipment Using Meters

Electronic Test Equipment, etc.

The book is well and generously illus
trated and appears to be thoroughly up to
date. The subjects of frequency modulation
and television are not included. However, it
is quite likely that a discussion of such sub-
jects is beyond the scope of an elementary
text.

W. O. SWINVARD
Hazeltine Electronics Corporation
Chicago, I

Basic Electricity for Commu-
nication, by W. H. Timbie

Published (1943) by John Wiley and
Sons, Inc., 601 W. 26 St., New York 1
N. Y. 590 pages+13-page index-ix pages.
464 figures. 53 X81% inches. Price, $3.50.

The author has had years of experience
as a teacher and as a writer of books on
elementary electric-circuit theory as a re-
sult of which he is unusually well qualified
for the task in hand. In introducing electri-
cal principles he uses familiar illustrations
from everyday experiences and presents the
results in clear-cut, easily understandable
English.

‘‘Basic Electricity’’ will appeal to those
having a limited mathematical foundation
and especially to those who are trying to
improve their usefulness through individual
study. I'he treatment is adequate for most
purposes and the many problems that are
worked out in detail will prove helpful in
familiarizing the reader with methods of
solving problems. About half of the book is
devoted to direct-current circuits, including
ammeters, voltmeters, and \Vheatstone
bridges, and the remainder is divided about
equally between alternating-current circuits
and electronic phenomena including various
applications of electronic tubes to com
munication purposes.

H. M. TurNEk
Yale University
New Haven, Conn.

High Frequency Thermionic
Tubes, by A. F. Harvey

Published by John Wiley and Sous,
Inc., 440 Fourth Avenue, New York, N. Y.
229 pages+6-page index+viii pages. 99
figures. 53X 8% inches. Price, $3.00.

The title of this book describes very
well its scope and contents. It is hardly a
textbook but will form a valuable addition
to the library of every tube engineer work-
ing on short-wave tubes (and that includes
nearly all of them these days).

There are only six chapters, the funda-
mentals being clecared away in the first
chapter so that the body of the text deals
with the subject in hand. Material on the
magnetron covers nearly half the total
pages of text and this proportion seems
justifiable. Retarding field tubes and the
Klystron and allied tubes are also ade-
quately covered for the scope of the book.
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In general, the text 13 of two sorts: (1) a
brief résumé of the published material of
workers in the field; and (2) details of the
work of the author, largely of an experi-
mental nature on certain aspects of his
subject, such as usc of positive ions for the
study of retarding field tube phenomena,
and several of the characteristics of the
magnetron.

An excellent feature of the book is
the bibliography. There are over 500 refer
ences and they are grouped together at the
end of each chapter, which in some ways
1s more useful than cluttering up each page
with them or putting them in one large
list at the end of the book.

It is interesting, but regrettable, to note
that of the 160 references included relating
to the oscillating type of magnetron, the
only ones listed prior to 1932 are by Ger
man or Japanese workers.

The author appears to have omitted
the first disclosure, published in English
on the split-anode oscillating magnetron
This appeared in the June, 1928, PROCEED
INGs of the I.R.E. under the title “Beam
Transmission of Ultra Short Waves.” The
author was H. Yagi. Part 11 of this paper
is devoted to oscillating magnetrons capa
ble of producing oscillations as low as 12
centimeters in wavelength. In a number of
respects, this was a prophetic paper.

American readers may not like the un
familiar British-tube-type numbers par
ticularly under pictures, some of which are
of well-known American types.

The author groups oscillating mag
netrons into three classes or “regimes” as
he naines them. One of these, he terms the
“dynatron regime.” This may be confusing
to American readers who have come to as
sociate this word with the utilization of
secondary emission. The author, however,
uses it in connection with a negative resist
ance characteristic rather than secondary
emission

One cannot help but admire the cour
age of any author who will publish in the
year 1943 a book on “high-frequency
tubes.” IHe must either have been well in
sulated from recent military applications
in this field or, s is more likely, been
severely limited in what he could present
to his readers from the material at hand

This book will probably be as much up
to date on its subject as is possible for the
duration and as such will be found useful,
by radio and also, as we now can say,
radar engineers.

W. C. WHITE
General Electric Company
Schenectady, N. Y

Radio Troubleshooter’s Hand-
bpok (Third Revised Edi-
tion), by Alfred A. Ghirardi

Published by Radio and Technical Pub
lishing Co., 45 Astor Place, New York 3
N. Y. 738 pages+-6-page index+viii pages
112 figures. 8§ X 111 inches. Price, $5.00.

This is a working manual prepared from
radio receiver case histories, for the assist
ance of radio repairmen in trouble shooting,
adjusting, and making repairs. This third
edition has been greatly enlarged in the
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amount of material compiled and contains
190 pages of reference data on tubes and
other radio components of value to repair-
men, in addition to the specific data on re-
ceiver set troubles.

A radio engineer may have a hard time
justifying the method of repairing receivers
on which this book is based in that it re-
places the importance of knowledge of prin-
ciples with experience—more specifically the
experience of others repairing those same
receiver models. It might be a good thing
if this handbook became required reading
for those design engineers and others in-
volved in the production of sets that have
the worst case histories, for pointing out how
not to do things, in order to improve a re-
ceiver's reliability in the future.

RALPH R. BATCHER
Hollis, L. 1., N.Y.

Radio Engineers’ Handbook,
by Frederick Emmons Ter-
man

Published (1943) by McGraw-Hill Book
Company, 330 W. 42 St, New York 18,
* N.Y. 995 pages+23-page index+xi pages.
869 figures. 6 X9 inches. Price, $6.00. Bound
in maroon imitation leather, semiflexible
covers.

Prepared by one of the most eminent
authors of radio engineering textbooks, this
reference volume is distinguished by the
same thorough research and masterful pres-
entation as his previous works. Compiling
a handbook is a difficult problem of space
allotment and the selection of material; the
author has done well in concentrating on the
aim of completeness with brevity, so the
result is not only the most up-to-date but
also the best organized handbook in the
radio field.

The presentation is directed to radio
engineers who have had college training or
special radio courses. While little space is
devoted to theory and textbook explana-
tions, the basic principles are summarized
as an introduction to the information pre-
sented by formulas, curves, charts, and
tables. This gives the reader much more
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confidence in using the material, and the
extensive citations to other publications
give him ample guidance for verifying the
information in the handbook or studying
{urther into the subject. The magnitude
of the work is indicated by the fact that it
contains material selected from 1500 refer-
ences cited and other sources too numerous
to list. Every section is not only a short
course of study but an inspiration to further
investigation. Departing from the usual
practice of having each section written by a
different specialist, the preparation of this
handbook by a single author has done much
to unify the style and to minimize duplica-
tion of subject matter. The difficulty of dif-
ferent systems of units still remains, but no
simple solution of this problem has been
found.

The scope is similar to that of earlier
radio handbooks. After a brief mathematical
introduction as an aid in using the formulas,
there is much information on the design of
circuit components of all kinds.

The section on circuit theory is an ex-
cellent compilation of the principal theorems
and design formulas of resonant circuits
and wave filters, even to the basic relations
between amplitude and phase.! This is ac-
companied by a very good treatment of
transmission lines and one of the first con-
cise summaries of wave guides and cavity
resonators. The latter includes tables and
curves of the cutoff frequency and attenua-
tion in wave guides, and the Q and resonant
impedance of cavity resonators. The com-
panion subject of horns is well treated in
another section with antennas

Vacuum tubes and their direct applica-
tions occupy more than one third of the
volume. The treatment of the various types
of tubes includes an unusual collection of
design information on electron lenses. In the
section on amplifiers, most attention is paid
to audio-frequency amplifiers, their amplifi-
cation and phase characteristics. Video-
frequency and radio-frequency amplifiers
also are well treated. All kinds of oscillators,
especially ultra-high-frequency oscillators,
are covered in another section, followed by
modulators, detectors, and power rectifiers.
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One fifth of the bouok is devoted to wave
propagation and antennas. In many ways,
this is the outstanding contribution of the
Handbook, because such a careful selection
and correlation has been required to give the
reader a fairly complete collection of data
while minimizing duplication and confusion
among the various original authors. The
data on wave propagation over the earth
which have been published by K. A. Norton
and C. R. Burrows, are well summarized.
This is followed by a treatment of the iono-
sphere and of the factors governing the
choice of an operating frequency. In the
field of antennas, special attention is paid to
radiation resistance and mutual impedance
of various systems, and to the directivity
of arrays, horns, and reflectors. Many types
of antennas are described, concluding with
the wide-band antennas used for television.

As the author explains, the intended sec-
tion on television would have delayed the
book beyond the period of war work, so the
publication was not held up for the com-
pletion of this material.

After a brief introduction to navigation
aids, the Handbook closes with a brief out-
line of the more common measurements on
circuits and tubes.

The practical viewpoint of the author is
exemplified by his having given a favored
location (inside the back cover) to the re-
actance chart, which has become the most
essential single piece of reference material
used by both practical designers and re-
search workers. On the other hand, no at-
tempt has been made to supplant the ex-
cellent handbooks of vacuum-tube manu-
facturers in this field where new types and
new applications are developing so rapidly.

This Handbook is recommended as a
welcome addition to the library of every
radio engineer who is alert to the advances
in his profession and who is anxious to ac-
complish the best work within limited time.

H. A. WHEELER
Hazeltine Electronics Corporation
Little Neck, L. 1., N. Y.

* F.E. Terman, “Network theory, filters. and equal-
izers”, Proc. LR.E,, vol. 31, pp. 164-175, 233-240;
and 288-30%; April, May and June, 1943. (This is a
preprint of a section from the Handbook.)
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\V. F. GOETTER

W. F. Goctter (A'41) was born at Hills
boro, Oregon, in 1912, He joined the Gen-
eral Electric Company shortly after receiv-
ing the B.S. degree in electrical engineering
from Oregon State College in 1937. Upon
completion of the test course, Mr. Goetter
entered the radio transmitter engineering
department and became intimately associ-
ated with the development of frequency-
modulation broadcast equipment. Since the
beginning of the war his work has been on
secret apparatus for the armed forces. He is
a member of Eta Kappa Nu, Phi Kappa
Phi, Tau Beta Pi, and an associate member
of Sigma Xi.

Raymond A. Heising (A'20-F'23) was
born on August 10, 1888, at Albert Lea,
Minnesota. He received the E.E. degree in
1912 from the University of North Dakota
and the M.S. degreec in 1914 from the
University of Wisconsin. Since 1914 he
has been a member of the technical staff of
the engineering department of the Western
Electric Company and its successor, the Bell
Telephone Laboratories. Mr. Heising de-
veloped and constructed the experimental
transoceanic radiotelephone transmitter used
at Arlington in 1915 and the constant-cur-
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rent modulation system used almost exclu-
sively in World War [ radiotelephones and
in carly broadcast transmitters. During
World War 1, he developed radiotelephone
sets for the United States Army and Navy
and educated in his laboratory men who be-
came radio communication instructors in the
Signal Corps. Since the war, he has con
tinued research and development work in

RaymonD A. HEIsING

connection with ship-to-shore operation,
short- and long-wave transoceanic circuits,
ultra-short waves, piezoelectric devices, War
11 problems, etc. He was awarded the Morris
Liebmann Memorial Prize in 1921 and was
President of the Institute in 1939.

Stanford C. Hooper (F'28-A’33) was
born on August 16, 1884, at Colton, Cali-
fornia. He was graduated from the United
States Naval Academy in 1905; became an
Ensign in 1907, Lieutenant in 1910, Lieu-
tenant Commander in 1916. Commander in
1921, Captain in 1927, and Rear Admiral in
1938. During World War I, he served on
various naval vessels. He instructed in elec-
tricity, physics, and chemistry at the Naval
Academy from 1910 to 1911. From 1912 he
served for two years as the first Fleet Radio

Proceedings of the 1. R.E.

Sz aNForn C. Hoorer

Officer, resuming that post again from 1923
to 1925. For cleven years between 1914 and
1928 he was in charge of the Radio Division
of the Navy Department and later served
as Director of Naval Communications until
1935 when he was transferred as Director
of the Technical Division, under the Chief
of Naval Operations. In 1942 he was ap
pointed General Consultant for Radio and
Underwater Sound for the Navy.

Admiral Hooper was the first technical
adviser to the Federal Radio Commission
and he attended various national and inter-
national radio conferences. He was awarded
the Institute Medal of Honor in 1934 for the
orderly planning and systematic organiza-
tion of radio communication in the Govern-
ment Service with which he was associated
and the concomitant and resulting advances
in the development of radio equipment and
procedure. He has also been awarded the
following decorations and medals: Navy
Cross; Mexican Service Medal; Victory
Medal, Destroyer Clasp; American Defense
Service Medal; and the Legion of Honor.

For a biographical sketch of Ronold
King see the ProceepiNGs for October
1943; for Robert 1. Sarbacher, August, 1943.
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WITH IRC RESISTORS

Scientists have long known that living tissue
generates minute electric potentials. But only
recently have researchists been able to adapt this
knowledge to clinical use on the human brain
through means of the Electroencephalograph.

In its functioning, tiny electrodes are fastened
to the skin by collodion at the points indicated
in the illustration. The average potentials of
only 50 microvolts are led to a high-gain am-
plifier and enlarged to a size where the waves
are easily visualized. Comparative studies of the
graphs obtained from various brain areas indi
cate and localize the presence of abnormalities,
if any exist.

Quite naturally for such a sensitively adjusted
instrument, measuring minute voltages, details

S

November, 1943

of resistor construction are of vital importance
in addition to the inherent stability, precision,
low noise level and other characteristics which

ANOTHER IRC DEVELOPMENT

are fundamental requirements. I R C is proud to
have collaborated in the evolution of the Elec-
troencephalograph and to have had its resistors
and specialized engineering skill play a part in
its development.

If you are seeking unbiased counsel on a resis-
tance problem, consult I R C—the company that
makes resistor units of more types, in more shapes
for more applications than any other manufac-
turer in the world.

S INTERNATIONAL RESISTANCE COMPANY

401 N. Broad Street - Philadelphia 8, Pa.
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ATLANTA
The Use of Radio-Frequency Prehieating in the
Molding of Plastica,” by Scott Helt, Southern Pla
ics Company; June 18, 1943

DESTINY

BurraLo-N1AGAKA

Measurements of Audio Amplifier,” by Howard
Stephenson, WBEN; September 22, 1943

Ciiicaco

“Mass Production of Quartz Crystals,” by Frank
Brewster, Galvin Manufacturing Corporation; Sep-
|  tember 17, 1943,
“Methods and Equipment of Airline Radio
Avigation,” by L. H. Cameron, Bruce Montgomery,
| and George Levy, United Air Lines; September 17,
1943
CINCINNATI
“Enginecring Questions and Answers on Plas-
tics,” by N. A. Backscheider, Recto Molded Prod-
i ucts, Inc.; September 14, 1943,

[]
CLEVELAND

| “Frequency Modulation versus Amplitude
|  Modulation at High Frequencies,” by Raymond
|  Guy, National Broadcasting Company; June 24,
1943.
INDIANAPOLIS

“The Electron Microscope and Its Applica-
tions,” by M. C. Banca, RCA Victor Division; Sep-
tember 17, 1943.

KaNsas City

“Measuring Velocity of Small Arms-Ammunition
by Electronic Methods,” by Kirk Phaling, Reming-
ton Arms Company, Inc.; September 21, 1943,

" Directional Antennas for Broadcast Stations,
by M. W. Woodward, Commercial Radio Equip-
ment Company; September 21, 1943.

PITTSBURGH

Dinner Meeting—Election of Officers for 1943-
1944 season, June 14, 1943,

SAN Francisco

“Characteristics of the lonosphere,” by Robert
Helliwell, Stanford University; September 1, 1943.

“Propagation of Radio Waves through the
Ionosphere,” by Karl Spangenberg, Stanford Uni
versity; September 1, 1943,

“Electronic Applications in the Ship Productio
Program,” by N. E. Porter, Richmond Shipyard
No. 1; June 3, 1943

WASHINGTON
“A Wide-Band Oscilloscope,” by E. D. Cook,
General Electric Company; June 14, 1943,
“Microwave Electronics,” by E. U. Condon,
Westinghouse Electric and Manufacturing Com
pany; September 13, 1943

from deep within the transparent beauty of
Mother Quartz comes o thin radio-active
crystal. When diamond-cut and perfectly
fashianed it keeps frequency constant in spite
of mechanical maladjustment — contrals the
destiny af our vital war communications!

Scores of scientific steps go into the finishing
of each crystal —the kind of precision work-

manship yau'd expect of Wallace Craftsmen
—the kind you’ll find in Wallace Peace-time
Praducts.

The following indicated admissions
and transfers of membership have been
approved by the Admissions Committee.

Objections to any of these should reach
the Institute office by not later than No-
vember 30, 1943

Transfer to Senior Member

Wm.T.WarLace Mre. Co.

General Offices: PERU, INDIANA | Fomeio. 30 i Mo R B
Catile Assembly Division: ROCHESTER, INDIANA

Speir, F.H., 324 Rosemary Ave, Ambler, Pu
34A Proceedings of the 1.R.F November, 1943
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Lug Type Fixed Resistors
Dividohm Adjustable Resistors
Wire Leod Resistors
Flexible Leod Resistors
“Cornb” Resistors
Ferrule Resistors

Edison Bose Resistors
Precision Resistors
Brocket Resistors
Non-Inauctive Resistors
Topped Resistors
Cortridge Type Resistors
Strip Type Resistors

WHATEVER your resistance problems may be...you are
sure to find the right answer at Ohmite. Our extensive range of
types and sizes makes possible an almost endless variety of reg-
ular or special resistors to meet every requirement. Core sizes

range from 214" diameter by 20" long to 35" diameter by 1°
long . . . and are produced with standard or special windings,
terminals and other features. Many are stock units.

Because of their extra dependability under the most critical
operating conditions, Ohmite Resistors are used today in all
types of electronic and electrical applications .. . inplanes, tanks,
ships, in laboratory research and development, in scientific
instrcuments and in the production tools of war.

Send for Catalog and Engineering Monual £40
Write on company letterhead for complete
beﬁ[ful 9G-page guide in the selection
and application of resistors, rbeostats,

tap switches, chokes and attenuators.
OMMITE MANUFACTURING COMPANY
4881 Flournoy Street * Chicago 44, U.S.A.

Cut-away view of Ohmite

Vitreous Enameled Resistor

The resistance wire is evenly wound on
porcelain core, rigidly beld in place, in-
swlated and protected by Obmite vitreous
enamel. Dissipases beat rapidly— pre-
vents hot spots and failures. Core sizes
range from 2%° diameter by 20° long
to 5% diameier by 1° long.
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To Meet Your Specifications

PERFORMANCE is the real measure of success in winning
the war, just 4s it will be in the post-war world. New and
better ideas—production economies—speed—all depend upon
inherent skill and high precision ... For many years our
flexible organization has taken pride in doing a good job for
purchasers of small motors. And we can help in creating and
designing, when such service is needed. Please make a note

of Alliance and get in touch with us.

ALLIANCE DYNAMOTORS

Built with greatest precision and
“know how”’ for low ripple—high effi-
ciency —low drain and a minimum of
commutation tronsients. High produc-
tion here retains to the highest degree
all the “‘criticals” which are so im-
portant in airborne power sources.

ALLIANCE D. C. MOTORS

Incorporate precision tolerances
throughout. Light weight—high effi-
ciency—compactness. An achieve-
ment in small size and in power-to-
weight ratio. Careful attention has
been given to distribution of losses
as well as their reduction to a minimum.

Remember Alliance!

MANUFACTURING CO.

ALLIANCE.

(Continued from page 34A)

Admission to Senior Member
Clegg, J. E., Torside, St. Andrews Rd., Malvern
Worce., England

Transfer to Member

Benowitz, H. S., 1301 Scneca Ave., New York, N. Y.

Bliss, A. O., 2585 S, Bayshore Dr., Miaml, Fla.

Ruckelshaus, J. G., 110 Pomeroy Rd., Madison,
N.J

Stewart, R. D., No. 10, The Garrison, Barbados,
B.W.I

Admission to Member

Davis, A. C., 1508 W. Verdugo Ave., Burbank.
Calif.

Fagen, M. D., 16A Forest St., Cambridge, Mass.

Finke, H. A., 74 Jefferson Rd., Princeton, N. J.

Iannelll, E., 86 Webster Ave., Harrison, N. Y.

Mutlin, C. J., Department of Physics, St. Louls Uni-
versity, St. Louis, Mo.

Munlz, R., 7243 Shore Rd., Brooklyn, N. Y.

Nelson, 1., 320 Broadway, Bismarck, N. D.

Stanton, A. N., Box 541, Southern Methodist Uni
versity, Dallas, Texas

Whiting, W. E., 447 Douglas St., Bakersfield, Calif

The following admissions to Associate
were approved by the Board of Directors
on October 6, 1943

Adler, H. J., 1205 Sherwin Ave., Chicago, Ili.

Albright, E. L., 163 King George §t.. Annapolis,
Md

Alsbrook, G. R., 667 Leath St., Memphis, Tenn.

Anderson, D. A, 41 Hopewell Ave., Ottawa, Ont
Canada

Backman, J. A., 902 Broadway, Bend, Ore.

Beck, E. A., 420 W. Michigan Ave., Jackson, Mich

Becker, H. W., 126 Benson Ave., Vallejo, Calif.

Bellare, D., 1609 W. Sixth St., Brooklyn 23, N. Y

Beresford, B. P. A, 31 Blyth St., Brunswick, Mel
bourne, Victoria, Australia

Berlin, L., Hq. Co., A.P.O. 77, c/o Postmaster, Lo
Angeles, Calif.

Billington, R. M., The Directorate, Posts and Tele
graphs Department, Baghdad, Iraq

Bracken, J. F., 25 Lake St., Arlington. Mass.

Brewer, G. R.. 135 St. Paul St., Brookline 46, Mass

Byers, A. C., Radiation Laboratory, Massachusetts
Institute of Technology, Cambridge 39, Mass

Bush, R. R., RCA Laboratories, Princeton, N. J

Carr, V. R., 1729 Newport Ave., Chicago 13, 111

Christiansen, W. G., 328 E. Church Rd., Elkins
Park, Philadelphia 17,.Pa.

Christophel, G. H., R.F.D. 1, Edwardsburg, Mich

Claridge, G. C.. 11406 S. Edbrooke, Chicago, I

Colen, N. H., 2132 N. Kedzie Blvd., Chicago, Il

Coles, K. E., 9153 Boleyn. Detroit, Mich.

Cooke, H. S., Machlett Laboratories, Inc., 25 Grand
St., Norwalk, Conn.

Cottington, H. T., Box 76, Winona, Ont., Canada

Crandall, W. E,, U. S. Naval Mine Warfare Test
Station, Solomons, Md.

Dabell, H., 386 Broxtowe Lane, Nottingham, Eng-
land

David, G. B., 812 E. Main St., Lexington 37, Ky.

Davidson, D., 439 Marlboro St., Boston 15, Mass

Davis, S., 351—99 St., Brooklyn, N. Y.

Davis, W. L., 118 Allenhurst Rd., Buffalo 14, N. Y.

De Glanville, R. G., A.S.E.E., Royal Fort, Bristol 8,
England

Duff G., 694 Duquesne St., Montreal, Que.,

Canada

Dunn, R. F.. 501 W, 135 St., New York, N. Y

Durkovic, J., 2115 8. 18 Ave., Broadview, 111

Dusek, J. F.. 45-41—39 Pl., Long Island City 4,
L. Ly N. Y

Edwards, R. S., 351 Front St., Hempstead, L. L.,
N. Y

Evacns. (W. C. B., 9816 Madison Ave., South Gate,

ali

(Continued on page 384

Proceedings of the I.R.E November, 194




Proceedings of the I.RE.

wry 7////0 TBARS /

HE war record of America’s radio ‘tube engi-
neers is an impressive one. Yet these able and
ingenious men, too, have their “problem children".

In this category are the miniature tubes used by
our combat troops in communication radio sets.
Admittedly these tubes are tough little “hombres”
— especially “tough’ for that selected group of
engineers whose responsibility is to produce them
by the tens of thousands. Only because of the
sweat and tears of these men has the flow of mini-
atures to our armed forces been maintained and
steadily expanded month after month.

That National Union is one of the nation’s im-
portant manufacturers of miniatures is evidence of
the success of N.U. engineers in helping to solve
one of this Industry’s most difficult war production
problems. Thus do research and development ex-
periences in wartime build a reservoir for post-war
accomplishment. Whenever problems involving
vacuum tube design and application press for
solution, look to National Union engineers for
the answers. Leatn to count on National Union,

NATIONAL UNION RADIO CORPORATION, NEWARK, N. J.
Factories: Newark and Maplewood, N.J., Lansdale and Robesonia, Pa.

RADIO AND ELECTRONIC TUBES

Tronsmitting, Catbode Ray, Receiving, Special Purpose Tubes » Condensers » Volume Comtrols s Pboto Elactric Callss Panel Lamps « Flasblight Bulbs

November, 1943
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The Army-Navy "E" proudly
flies over the Chicago Trans.
former plant—awarded for ex
cellence in war production

(Continued from page 36A)

Faltin, J. W., 95 N. Clinton Ave.. Bay Shore, L. L,
N. Y
Farmer, J. C., ¢/o Air Ministry, Tels. 2 (b), 37 Ju-
lian Rd., Bristol 9, England
Filizola, V. F., 5327 Loma Linda St., Los Angeles 27,
Calif
Fiorilli, N. J., A.P.O. 952, c/o Postmaster, San
Franclsco, Calif.
Floegel, M. E., 328 Customhouse, San Francisco,
Calif
Freezee, W. D., 320 Enos Pl., Hohokus, N. J.
Friedberg, M. R., 432 Arlington Pl., Chicago 14, Il
Gaillard, R. L., 331 E. 14 St., New York 3, N. Y.
George, B , 22 King Edward Rd., Oxhey, Wat-
ford, Herts., England
Gilbert, J., 566 W. 159 St., New York, N. Y.
Gilford, S., 2103 Suitland Ter., S.E., Washington,
D.C.
Gillis, F. D., 48 Maywood St., Roxbury, Mass.
Goddard, R. C., 14 Summit St., East Orange, N. J.
Goodman, G. H., 919 E. 50 St., Chicago 15, Ill.
| Gorton, G. D., 682 S. Trolo St., Los Angeles, Calif.
Graves, C. C., 515 Lee St., College Park, Ga.
Grissom, O. -, 729 Delaware Ave., Buffalo 9, N. Y.
Hadley, M., 95 Field Rd., Longmeadow, Mass.
Hamm, H. W,, 817 White St., Springfield, Mass.
Harrls, L. F., USMC Air Station, Cherry Point,
N.C
Hassell, P. A,, U. S. Navy Receiving Ship, Building
104, Philadelphia, Pa.
Herrod, R. A,, Jr,, General Electric Company, 1635
i Broadway, Fort Wayne, Ind.
|  Hollingsworth, K. M., Capitol Radio Engineering
| Institute, 3226—16 St., Washington 10, D. C.
‘ Hunter, J. H. C., 21 Brook Way, Blackheath, Lon-
don, S. E. 3, England
Hunton, W. F., 1227 Linden Ave., Baltimore 17,

Md.
Jaeger, J. H., Bell Telephone Laboratories, 463
West St., New York, N. Y.
Johnson, C. F., Jr., 48 Roberts St., Watertown,
Of CU SIOM DES I G N Jones, T. L., 28 Parkland. Kirkwood 22, Mo.
Rt L Lawson, S. A, 4682—24 St., S., Arlington, Va.
e g Lord, A. S., 1808 Snyder Ave., Belmar, N. J.
Loveday, D. W., R.F.D. 6, Portland, Maine
A rgan- Mason, V. O., H.M.A.S. Rushcutter, Sydney,
< ol x . y X % N.S.W., Australia
“1zation speCIallZlng eXC| swely mn the McGlone, J. M., 5929 N. Paulina St., Chicago, Ili
Michon, E., 6907 DeNormanville, Montreal, Que.,
Canada
Moats, WV, E., Fairburn, Ga.
of small transformers and reactors. Mooers. C. N., Naval Ordnance Laboratory, Wash-

ington Navy Yard, Washington, D. C
Mushrush, R. S., Jr., 8 State St., Schenectady, N. Y

Conn.
Johnson, P. A., 5453 Nebraska Ave., N.\W., Wash-
ington, D. C.

design and manufacture of all types

Housed in our modern dOYIigh' p|anf O’D;nncll, J. A., 63 Wyneva St., Philadelphia 44,
a
are qom,p|efe Iabora'ory Qnd plan' Ostg‘w(,js M., 1727 Riggs Pl., N.W.,, Washington 9,
ol %+ £ . Palmer, W. G., Camp Lejeune, New River. N. C
fQC|I|t|eS for the handllng Of everY Pennini, R. V., 361 South Ave., Whitman, Mass

Pudney, L. C., 98 Gudgeheath Lane, Farcham,
Hants., England

Rivman, L. H., 763 Eastern Pkwy., Brooklyn, N. ¥

Roberts, W. A., 13 Hillbury Rd., London S.W. 17,
England

Royalty, J.. Jr., St. Paul Hotel, Dallas 1, Texas

Ryrle, K. S., 2 St. James Ave., Whetstone, London
N. 20, England

Schumacher, J."H., 4041 N. Kostner Ave., Chicago,
1

Schwarzlose, P, F., 212 E. E Laboratory, Univer-
sity of Illinois, Urbana, 1l

Schwennesen, D., 6827 Loleta Ave., Chicago 30, Ii.

operation in the mahufacture of fine
transformers for Electronic Devices.

Secber, R. Gv, 3042 N. T - Chi LI
CORPORATION b RNl R o 0.
DIVISION OF ESSEX WIRE CORPORATION N.Y.

3501 WEST ADDISON STREET - CHICAGO,I8 Sherken. J. 1. 2813 E. 14 5t. Brooklyn, N. ¥

Shilzony, F. N., Box 2601, Washington 13. D. C
(Continued on page 424)
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Attenuators provide

NO ZERO SETTING 110 db in 1 db steps
REQUIRED — frequency &

always accurate

e

3 OVUTPIT LEVEL

POWER
on 5=) OFF
INPUT RANGE FREQ RANQE A AvPL)TuDE {MPEDANCE

@ AN = o
W - § -

Output meter calibrated
in volts and decibels

A~

Standardized frequencies
and voltage instantly
available

b5 20 59 Output impedences
LTS selected by switch

srrirsconas co. O
:

Sy

Six reasons why this

AUDIO SIGNAL GENERATOR

saves your time and insures better accuracy

This all-in-one combinationof  minutes of operation. The constant output of this oscil-
instruments insures the utmost  lator makes it ideal for checking frequency response of
of speed without sacrifice of apparatus. Waveform distortion is very small, hence

accuracy in making certain lab-  this instrument provides an excellent source of voltage
oratory and production mea- for distortibn measurements.
surements. The model 205AG Below is a block diagram showing the arrangement

q consists of an -hp- Resistance  of the components in the Model 205AG Audio Signal
s'%:‘::ﬁﬁ;;:;m Tuned Audio Oscillator, anout-  Generator. Get full information about this and other
measurements put meter, attenuator and an -hp- laboratory instruments. Ask for your copy of the
impedence matching system.In  26-page fully illustrated catalog which gives valuable
addition a separate input meter  data on making tests and measurements as well as

is provided. Thus no auxiliary equipment is required  details of the -4p- line of instruments.
in making gain measurements. It is ideal for general
laboratory applications because it supplies a known

= 5 1N \;A' RAY -
voltage and a known frequency at the commonly 0SCiLLATOR I ,,fﬁ——) w0008 | woos [ taanss s
500 -ohm|METER| [ AT TENUATOA ATTEHUATOR| | ’5

used impedem.:e lcycls. . 202000000 | e ] H 008 vess | 1 vlvess |
Of outstanding importance is the fact that the Re- ==t

oum | N
sistance Tuned Oscillator requires no zero setting. The Wtmal foad 1o by vied o

hgh impedanct equ'pmant

frequency drift is negligible even during the first few

@ HEWLETT-PACKARD COMPANY

e Box 235R, Station A, Palo Alto, California
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PAPER, OIL AND ELECTROLYTIC CAPACITORS

INDUSTRIAL
CONDENSER

CORPORATION
1725 W. NORTH AVE., CHICAGO, U. S. A.

DISTRICT OFFICES IN PRINCIPAL CITIES
QUICK DELIVERY FROM DISTRIBUTOR'S STOCKS

Espey Honored

A happy addition to the growing list of
firms serving the Radio Industry who have
won the Army-Navy “E” Award is The
Espey Manufacturing Company of New
York City. The presentation of the award
will be on November Sth at 4 p.M. in the
New York Times Hall, 240 West 44th
Street, New York City. Alois Havrilla will
serve as Master of Ceremony. Lt. Col
Walter B. Brown, Chairman of Employees
Relation Section, Office of the Chief Signal
Officer, U. S. Army will make the award
which will be received for the company by
Harold Shevers, President. Sidney Cohen,
shop stewart will accept for the employees.

Amperex Wins “E”

Amperex Electronic Products, Inc. of
Brooklyn has also won the Army-Nav
“E” Award for excellence in production
The presentation will be made November
3rd at 4 p.m. at Hotel St. George, Brook-
lyn, N. Y. Nathan Goldman, President of
Amperex will accept for the company. The
Amperex company is well known to our
readers for its transmitting tubes.

“E” Flag to Chicago Telephone

The Chicago Telephone Supply Com-
pany of Elkhart, Indiana manufacturers of
electro-mechanical components since 1896,
was awarded the Army-Navy “E” on Sep
tember 15, 1943. The presentation cere-
mony was held at the plant with W. A
Nicely, sales manager, acting as master of
ceremonies. Lieutenant Colonel J. M. Nie-
haus, Regional Labor Officer of the Signal
Corps, made the presentation speech and
Mr. Floyd Best, President of Chicago Tele-
phone Supply accepted the award for the
company.

Prior to Pearl Harbor, Chicago Tele-
phone Supply was widely known in the
trade, primarily as highly specialized quan-
tity producers of variable resistors. When
America joined in the war against the Axis
powers, Chicago Telephone Supply ..
while continuing to produce millions of
variable resistors went into additional
production of a line of other components
and accessories for electronic equipment
required by our Armed Forces.

Star Added to Solar “E” Flag

The War Department has notified the
Solar Manufacturing Corporation of 285
Madison Avenue, New York City, with
plants in Bayonne and West New York,
Ne\\" Jersey, that it has been awarded an
additional star for continuance of an excel-
lent production record since the “E” flag
was awarded six months ago. The Solar
Company has been recognized as a pioneer
in the use of blind employees for precision
work in assembling capacitors used in elec-
tronic appliances.

(Continued on page 42A4)
Proceedings of the 1.R.E. November, 1943




Proceedings of the I.R.E. November, 1943 41




ntinued from page 384)

Simmons, S. H., 1421 Olive St., Elkhart, Ind.

Singh, R., Amar Villa, Civil Lines, Gujranwala,
Punjab, India

Small 63 Kendall Ave., Maplewood, N. J.

Smith, A. H., 4330 Tyler St., Sioux City 20, lowa

Stacy, J., 48 Lexington Ave., Bloomfield, N. J

Stephanson, 5151 Cote des Neiges Rd., Mon-
treal, Que., Canada

Sullivan, V. J., 127 South St., Oyster Bay, 1015
N Y

Sweet, D. H., 189 W. Madison St., Chicago 2, Il

Teeuw. J.. 1653—Ninth Ave., San Diego 1. Calif.

Teommey, G. H., Jr., 88 Hart St., Lynbrook, ) PR 1,

Y
Thompson, Mrs. L., Jr., 526—18 St. S., Arlington,
Va

Townes, W. D., 708 Wesley St., Petersburg, Va

Valladares, J. B., 166-13—33 Ave., Flushing, L.
I.. N..Y,

Verton, M. P., A P.O. 953, c¢/o Postmaster, San
Francisco, Calif

Vettel, V. P, 5817 N.E. 14 Ave,, Portland 11, Ore

Wallin, W., 61 Rlvercliff Dr., Devon, Conn.

Westrate, M, C., 504 N. Parkside Ave., Chicago, Ill

Wickes, T. K., 116 Oxford St.. Cambridge, Mass

Williams, C. E., 6 Acuba Rd., Liverpoo! 15, England

Williams, L. C., 124 S. Lafayette Ave,, Lexington
23, Ky

Winslow, J., 4828 S. Kostner Ave., Chicago 32, IlL

Wolbrecht, M. E., 1377 N. Wilton Pl., Hollywood
28, Calif.

Wolfskill, J. R., 131 Hudson Ave., Red Bank, N. J.

Yusufzai, A. U, K., Karani Bldg., Victoria Gardens,
Bombay, India

Army-Navy “E’ Honor Roll

(Continued from page 40A4)

Sprague Production Wins Star

For the second time in less than a year,
the Sprague Specialties Company of North
Adams, Mass. makers of Sprague Capaci-
tors and Koolohm Resistors has won the
coveted Army-Navy Production Award
The second award, made to the men and
women of the company by Under Secretary
of War, Robert P. Patterson on September
25th thus adds the \White Star to the
Army-Navy Production Award “E” flag
originally presented to the company in an
impressive ceremony.on April 2nd of this
year and which was attended by Governor
Saltonstall of Massachusetts and high offi-
cials of the armed services.

Another RCA Plant Honored

Award of the Army-Navy “E” flag to
the Indianapolis plant of the RCA Victor
Division of Radio Corporation of America
is the fifth such award to be won by RCA.

The RCA plant at Camden, N. ], first
flew the Army-Navy “E” flag in January
1942. Since that date three stars, which
denote continued excellence in production,
had been added.

The Harrison, N. J., plant of RCA Vic-
tor won the flag in September 1942, and
now has one star.

Radiomarine Corporation of America,
awarded the Army-Navy “E” flag in De-
cember 1942, has had a star added. The
workers of this division also have been pre-
sented with the United States Maritime
Commiission’s “M” Pennant and Victory
Fleet flag.

The Army-Navy “E” flag was unfurled
at RCA Laboratories, Princeton, N. J.

Proceedings of the I.R.E November, 1943



MICROPHONES = Under Glass

~We call it the Il room at the plant
because that’s where we make those very
special Il microphones. But this we
can say. New techniques in microphone
manufacture involve such extreme care that
workers operate in dustproof glass en-
closed areas which are air conditioned and
humidity controlled. Precision made—they
are designed to stand up and perform under
extremely difficult combat conditions.

Shure Brothers, 225 W. Huron St., Chicago

Designers and Manufacturers of Microphones and Acoustic Devices

Proceedings of the I.R.E. November, 1943
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70 Types

PLUGS & CONNECTORS

ARMY SIGNAL CORPS SPECIFICATIONS

Remler Facilities and Production
Techniques Frequently Permit
Quotations at LOWER FPRICES

Remler made plugs and connectors of the following types
are used by more than fifty concerns engaged in manu-
facturing communications equipment for the U. S. Army
Signal Corps:

Types: PL PLP

PLQ PLS

50-A 61 74 AR50 [W56 <65 56 65 56 64
54 62 76 119 159 59 67 59 67 59 65
55 63 77 120 160 60 74 60 74 60 74
56 64 104 124 354 61 76 61 76 61 76

58 65 108 125 62 77 | 62 77 | 62 77
59 67 109 127 63 104 | 63 104 | 63104
112149 64 64

60 68

Special Designs to Order

Remler Tool and Die, Plastic Molding and Automatic Screw
Machine Divisions are equipped to manufacture plugs and
connectors of special design in large quantities. Submit
specifications.

Wire or felephone if we can be of assistance

REMLER COMPANY, LTD. * 2101 Bryant St. * San Francisco, 10

REMLER

-gnnouncing & Communication Zgui/ament

Manufacturers of Communication Equipment Since 1918

The following positions of interest to LR.E.
members have been reported as open. Apply
In writing, addrssing reply to company mentioned
or to Box No. ..

The Institute reserves the right to refuse any an-
nouncement without giving a reason for the refusal.

PROCEEDINGS of the LR.E.
330 West 42nd Street, New York 18, N.Y.

ELECTRONIC DESIGN ENGINEERS

One of the largest manufacturers of radio
equipment, located in Eastern Massachusetts,
has openings for several engineers, Work in-
volves design and development of electronic
apparatus having a wide field of application
both now and atter the war.

A Master's degree, or a B.S. degree in Ele
trical Engineeging with two years’ experience
in electronic worﬁ. would be desirable but not
absolutely necessary, depending upon the indi-
vidual. Those now employed in an essential
activity must be able to obtain release. Appli
cants should submit their qualifications and
salary expected to Box 307.

RADIO ENGINEERS AND TECHNICIANS

A progressive company with a sound back-
ground in radio and clectronics needs, at once,
everal men with training and experience in any
phase of the radio industry, The work open is
vital to the war effort but offers a promising
ost-war future for the right men. College
egree or equivalent experience necessary. Men
now engaged at highest skill on war production
should not apply. Write Box 294,

ELECTRICAL OR CHEMICAL ENGINEER

. thoroughly versed in the theory of li d
and solid dielectrics for the position of .Lc
engineer. To direct the research, development
and general laboratory on capacitors and capaci
tor applications. This is an unusual opportunity
for a capable engineer interested in his present
and postwar future. Write to Industrial Con-
denser Corp., 1725 W. North Ave., Chicago, Ill.

RADIO ENGINEERS

Transcontinental & Western Air, Inc. has
openings at Kansas City for three Radio En-
gineers in the Communications Department. Ap-
plicants should have completed an electrical or
radio engineering course, or should have had one
tqtwo year} of practical experience. These open-
ngs arc({)er.manen!‘

or additional details and application forms,
write to Personnel Department, Transcontinental
& Western Air, Inc., Kansas City, Missouri.

PATENT ATTORNEYS

Patent attorneys, who are electronic physicists
and electrical or radio engineering graduates
who have maintained contact with the field of
high-frequency electronics, radio manufacture,
carrier-current telephony, and light-current cir
cuit design and computing, can make a sub
stantial contribution in research or development
jobs with one of the Nationa! Defense Research
Comumittec laboratories located in the East. The
project is secret but is one of the most urgent
of all research jobs now under way for the
Government

An clectrical engineering background in light
currents is essential, and amateur radio experi
ence, 1luventive ability and ingenuity in the
design and layout of radio equipment would be
of considerabie help.

Facilitics for specialized refresher praining
and orientation in the particular field may be
available. Anyone who possesses these qualifica-
tions and is interested in a vital wartime de-
velopment job for the duration may get further
details on request. All inquiries will be held
confidential. Address Box 299,

(Continued on page 48A4)
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NORTH AMERICAN PHILIPS COMPANY, INC.

Has Opportunities for
Well Trained, Highly Qualified
Electronic Engineers
Commercial Engineers

Electvonic Engineers — O pportunities
exist in the designing, development
and manufacturing of electronic prod-
ucts in general, particularly cathode
ray, transmitting and special-purpose
tubes; communications, electronic and
precision test equipment. High calibre
men wanted with proven technical abil-
ity and a well-balanced background of
acoustics, broadcasting, frequency mod-
ulation and ultra-high frequencies.

Also an opportunity for a physio-chem-
ist, preferably with electrochemical
experience.

Woman with technical knowledge will
be considered.

Commercial Engineers—Several are re-
quired. Should have a sound technical
experience in any one, or a combination
of the following fields: communica-
tions, special device circuits, quartz
crystal and electronic tube applications;
quartz crystal and electronic tube man-
ufacturing processes.

Also one man who should have a back-
ground as metallurgist or physicist and

preferably some practical experience
with x-ray techniques.

Duties of Commercial Engineers will
consist largely of per