
Photo: Signal Corps, U. S. Army, Port Monmouth New Jersey, 

UNBARRED WORDS: THE MICROPHONE RESPONDS TO SPEECH 
THROUGH THE NEW DIAPHRAGM GAS MASK 

Proceedings 

of the  I . 

JULY 1943 
VOLUME 31 NUMBER 7 

Radio Engineer's Responsibilities 

Beyond Ultra-Short Waves 

High-Power Tubes 

Rectifier Operation 

Vee Antenna Radiation 

General Reactance Theorem 

Impedance-Measurement Charts 

Wartimc Radio Production 

Radio Standards Go to War 

Institute of Radio Engineers 



For a full measure of servi 

Not only are men being tried on battlefronts, the equipment 

that they employ is being subjected to equally critical tests... 

with the lives of the men as the stakes. We at home, entrusted 

with war contracts, are overcoming serious raw material 

shortages through laboratory and production developments, 

making each individual tube that we produce do more than its 

planned job ... and do it better. 

Through a series of design refinements, Amperex engineers 

have developed transmitting and rectifying tubes that are be-

ing operated for longer periods of time than hitherto had been 

practical. These new Amperex radio and Radar tubes present 

a dual economy ... many more hours of uninterrupted service 

... and priceless savings of scarce materials. 

AMPEREX ELECTRONIC PRODUCTS 
79 W ASHINGTON STREET • BROOKLYN, NE W YORK 
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so we brought the jungle to Chicago 

Sweltering jungle heat and ever-dripping moisture 

is a real test of endurance for our fighting men. But 

how about the Communications equipment upon 

which their very lives often depend? To find the 

answer, RAULAND engineers brought the jungle 

right into our laboratories! They built a large, glass-

enclosed, air-tight cabinet... provided it with the 

dripping wetness of saturated, super-heated air and 

RADIO... SOUND... -

tropical plants and lush vegetation, deep rooted in 

mossy loam. Into this "torture chamber" went 

RAULAND Communications equipment . . . to 

finally emerge with the correct answers to 

some very vital questions. A typical example of 

RAULAND engineering thoroughness in making 

certain that its precision instruments serve 

dependably under even the most trying conditions. 

n a l l hi n d :-..COMMUNICATIONS 

Electroneering is our business 

THE RAULAND CORPORATION ... CHICAGO, ILLINOIS 

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

Proceedings of the 1.R E.  July, 1943 



OUR WAR EFFORT 

From January 1941 to December 1942. 
Aerovox . . . 

• Stepped up production output 500% 
for our Armed Forces. 

• • • 
• Increased production floor space 
300%.  .  . 

• Sought, hired, trained, and put to 
work additional workers—a 300% in-
crease in productive personnel. 

• Opened second plant in Taunton. 
bringing work to available workers 
there. 

• And—doing more and more: grow-
ing week by week! 

• Be it tiny "postage-stamp" mica capacitor or large stack-mounting 

unit—regardless, it's a precision product when it bears the Aerovox 

name. 

Only the finest ruby mica is used. Each piece is individually 

gauged and inspected. Uniform thickness means meeting still 

closer capacitance tolerances. Also, sections are of exceptionally 

uniform capacitance, vitally essential for those high-voltage series-

stack capacitors. Meanwhile, the selection of perfect mica sheets ac-

counts for that extra-generous safety factor so characteristic of ALL 

Aerovox capacitors. 

Our new Transmitting Capacitor Catalog lists the outstanding 

choice of types. • Write on your business stationery for your reg-

istered copy. 

,ospAigo#2404 
INDIVIDUALLY TESTED 

AEROVOX  CORPORATION , NE W  ISE DFORD,  MA SS., U. S. A. • SALES  OFFICES  IN  ALL  PRINCIPAL  CITIES 

Export  100 VARICA ST N. Y. C.  •  Cable: 'A RLA S'  • In Canada AEROVOX CANADA LTD ., HAMILTON, ONT. 

I'r, . I,. i f fhe IP/ July, /')1' 



Today, thanks to the miracle of electronics, auto-

matic machines perform intricate tasks which only 

human hands, eyes and brains could once perform. 

One of these remarkable machines is the ELECTRIC 

SORTING MACHINE, pictured above, made by the com-

pany of the same name at Grand Rapids, Michigan. 

This sensitive device sorts and grades dried beans, 

peas or peanuts according to size or color  . sepa-

rates the perfect from the defective. With unerring 

A typical United 
industrial type tube 

"skill" it rejects foreign objects, such as pebbles, 

shells, .sticks, etc. 

The electronic "heart" of this intricate industrial 

machine is the modern vacuum tube, as perfected by 

the advanced engineering skill of UNITED.  We are 

proud that the makers of the ELECTRIC  SORTING 

MACHINE are among hundreds of manufacturers who 

insure maximum efficiency, long service and economy 

of operation by standardizing on UNITED tubes. 

UNITED ELECTRONICS CO MPANY 
NE WARK .111 111l- am NE W JERSEY 



LETHAL WEAPON 
IN THE W A R 
ON U-BOATS 

11 _ 4,•117,11 

THE NEW SCIENCE OF ELECTRONICS 
has profoundly changed the art of war. On land, in the 

air, above and below the surface of the sea, our forces 

fight today with electronic weapons of incredible power. 

speed. precision. It is satisfying to the men of Radio to 

know that these weapons have proved so successful on 

every battlefront where our boys, planes, tanks and 

ships have come to grips with the enemy. 

umni munkaise mekent... 

The revelations concerning RADAR and its part in 

the war came as no surprise to those whose job is to 
supply our fighting forces with modern electronic 
equipment. Since before Pearl Harbor these Ameri-
cans have been working shoulder to shoulder with 
our armed forces in applying the power of electronics 
to the art of war. Out of this united effort have come 
fighting weapons never before known—on land, at 
sea or in the air. In this pioneering work it has been 
National Union's privilege to play a progressively 

sAi,i111110 _ 

increasing part. A greater National Union has been 
built to cope with vastly larger responsibilities. Today, 
National Union is ready to consult with and assist 
other manufacturers in the use of electronic tubes. 
Tomorrow, when peace comes—when the industrial 
usage of electronics gets the green light—engineers 
and production men will find at National Union un-
excelled service and cooperation in perfecting new 
electronic applications for the production, testing and 
packaging of their products. 

NATIONAL UNION  RADIO  CORPORATION  • NE WARK,  N. J. • LANSDALE,  PA. 

NATIONAL WHO 
R A DI O  A N D 

0 
Transmitting Tubes. Cathode Ray Tubes  Receiving Tubes  Special Purpose Tubes  Condensers 

Volume Controls  Photo Electric Cells  Exciter Lamps  Panel Lamps  Flashlight Bulbs 

Proceedings of the IRE.  July, 1943 



114 WATT OR 1,000 WATTS r: 
give higher efficiency.. 

The vibrator is the most efficient means yet 

developed for changing DC current to AC. 

Only E • i, VIBRATOR 
Offer All These Advantages: 

1. CONVERSION—DC to AC, DC 

to DC, AC to DC;  AC  to AC. 

2. CAPACITIES —Up to 1,000 

Watts. 

3. VARIABLE FREQUENCIES---A 
power supply may be designed to 
furnish any frequency from 20 to 

280 cycles, or a controlled variable 
output within 0 5 % range of the 

output frequency. 

pov4ER SUPPLIES 

7. FLEXIBLE IN SHAPE, SIZE 
AND WEIGHT—The component 
ports of a vibrator power supply 
lend themselves to a variety of 
assembly arrangements which makes 
then n most flexible in meeting space 

and weight limitations. 

8. HIGHEST EFFICIENCY—E•L 
Vibrator Power Supplies provide the 
highest degree of efficiency avoil-
able in any type power supply. 

am ple, one E• L Power  Supply,  in 9. COMPLETELY  RELIABLE—U  

4. MULTIPLE INPUTS —for  se ex-

quantity production today, operates  on aircroft, tanks. PT boots,"W al 
from 6,12, 24, 110 volts DC or 110  Talkies," jeeps, peeps and other 
volts AC, and 220 volts AC, with a  military equipment, under toughest 
single stable output of 6 volts DC.  operating conditions has demon. 
5. MULTIPLE OUTPUTS—Any  stroted that E•L units hove what it 

takest 
number of output voltages may 
be secured from one power supply  10.  MINIMUM MAINTENANCE_ 

to suit individual needs.  There are no brushes,  armatures  
6. WAVE FORMS--A vibrator  or bearings requiring lubrication or  

power supply can be designed to  replacement because of wear. The 
provide any wave form needed for  entire unit may be sealed against 

the equipment to be operated.  dust Of 1110isOlfe. 

960 CONTACTS PER SECOND 

PERFECTLY SYNCHRONIZED 

VIBRATOR CONVERTERS 

require no service 

This is an inherent characteristic of the vibrator, because 
electrical and mechanical losses as well as wear are negli-
gible. Building on this fundamental, Electronic Laborato-
ries have extended the vibrator's field of usefulness by 
developing vibrator type power supplies which provide 
extraordinary adaptability, for all type.* of current conver-
sion, together with unusual efficiency and service life. 
Ingenuity of design and precision of manufacture make 

possible load capacities up to 1,000 watts in E.1, Vibrator 
Power Supplies. The 450-watt capacity, 120-cycle vibrator, 
illustrated above, for instance, has eight sets of contact 
points. Each of them must make 120 contacts per second, 
and each synchronized perfectly with every other contact. 
Adjusted and locked, that is exactly what they do—for life! 

Growing use of E-I, Vibrator Power Supplies in war 
equipment—land, sea and air—is evidence of their effi-
ciency and reliability under the most severe operating con-
ditions. Wherever you have a problem of current conver-
sion, E.1, engineers will he glad to work with you to meet 
it most effectively, and most economically. 

LABORATORIES, INC. 
ELECTRICAL PRODUCTS—Vibrator Power Supplies for 

Communications ... Lighting ... Electric Motor Operation ... 
Electric and Electronic Equipment on Land, Sea or in the Air. 

INDIANAPOLIS 



Here's design help on 

1/0 

Protection of sensitive radio parts against the paralyzing 

destructive forces of tropical high temperature and high humidity 

no longer need trouble you. Westinghouse engineers have co-

operated with many designers to work out a variety of solutions, 

of which the accompanying illustrations are typical examples. 

Perhaps these are directly applicable to your problem; or it may 

be that yours is completely different. In either case, trained and 

experienced Westinghouse representatives are ready to help 

you; call them today. Westinghouse Electric & Manufacturing 

Company, Dept. 7-N, East Pittsburgh, Pennsylvania.  J-94560 

Space heater and thermostatic 
control to maintain air tempera-
ture within the transmitter above 
the dew point. 

Westin house 
Proceedings of the I.R.E.  July, 1943 
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The Bendix Automatic Radio Compass 

consists of rotating loop antenna 

in streamlined housing, loop director, 

compass receiver, bearing indicator 

and (not shown) remote control unit. 

This equipment provides continuous 

indication of the direction of arrival 

of radio signals ... without the neces-

sity of computation or correction. 

BENDI-X RADIO; 

The products of this division ore vital members of The 

Invisible Crew"— precision equipment, controls and ac-

cessortes which 25 Bondix plants, coast to coast, ore 

speeding to our fighting crews on world battle fronts. 

1r -*  • 

/ 4 

tirift 
- -t• 

0 : 040 t ,  

THAT IS NEVER DROPPED! 

This Streamlined Object is Not a Bomb, but 

Part of the Bendix* Automatic Radio Compass! 

A highly sensitive receiver is the Bendix Auto-
matic Radio Compass. It operates from a loop antenna 
inside a streamlined, bomb-like housing. Automati-
cally, in response to a radio signal from any direction, 
the loop rotates and positions itself. A compass dial 
connected to it by Bendix Autosvn* units instantly 
indicates direction of signal. It puts the pilot "right 
on the beam"... and keeps him there. 

A typical member of "The Invisible Crew" of 
Bendix precision-built instruments, the Automatic 
Radio Compass is but one of many remarkable 
electronic devices now turned out in impressive 
quantities by the men and women of Bendix Radio. 

'Trade Marko of Kandla Aviation 

Corporation sod Subaidiarie• 

INF /NY/S/6'1f  W 

AP 
Pertei ,a,. 

fyco,menrdr 

))) 
AVIATION  CORPORATIO 

Proceedings of the I.R.E. July, 1943 



MEN OF ELECTRONICS 

CAN PICK THEIR O WN 

INDUSTRY IN POST WAR! 

Aviation? When the war is over, giant transport planes will 

fly almost with the speed of sound, and, through electronics, 

fly more safely. Radio? To FM will be added the wonders of 
seeing what is happening miles away, by means of electronic 
television. Agriculture—steel-making—medical science... 

Tomorrow the doors to all of these may be open to the 

electronic engineer. 

Almost every day new uses and potentialities for the science 
of the future unfold, many in the ultra-high frequency ranges 

where, a few years ago, it was thought electronics could serve 

no practical purpose. Within the "narrow" 100 to 1000 mega-
cycle range of the spectrum, particularly the former No Man's 

Land beyond 300 MC, a host of applications has been ais-
covered for this new science—for example, in the aircraft 

industry—itself limitless in peacetime possibilities. 

With the opening up of new portions of the frequency 
spectrum for practical use, men wise in the ways of electronics, 

or familiar with the theory of harnessing the electron, will be 

in demand everywhere. 

For the practical application of the electronic principle is 

going to require a new engineering of products, as well as the 

development of special devices and machines that speed up 
production...increase accuracy, or measure, control, record 

and perform the countless other things ens isioned in the 
coming Era of Electronics. And each of these represents 
opportunity—careers for the men in laboratory and field today 

hastening this stupendous new age. 

Spurred by war's demand for electronic devices, Isolantite 
is busy preparing for the vastly accelerated application of the 
electron tube at war's end. For it has been demonstrated in 

the crucible of war how important is insulation—high-grade 
insulation—to the performance of this equipment designed 

to accomplish things which man cannot. 

C E R A M I C  IN S U L A T O R S 

ISOLANTITE INC., BELLEVILLE, N. J. 

e 

1014 c 

1,000,000 MC 

100,000 MC 

10,000 MC 

1,000 MC 

100 MC 

10 MC 

100 KC 

10 KC 

TELEVISION 

Now a practical reality, electronic 

television has unlimited commer-
cial possibilities at war's end. 

AIRCRAFT RADIO 

Operating at 500 MC, radio alti-
meters Indicate plane's height over 
terrain by moons of electronics. 

700-MC BLIND LANDING 

Action of these high-frequency 
waves in guidance of planes 
may lead to other electronic 

applications. 1,000 KC 



IRC  RESISTORS  Send  the  Signal 

When trouble develops on a high voltage power 
line, time is of greatest essence. For in our fast-
moving electro-mechanical age, minutes quickly 
translate themselves into countless man-hours. 
Communications go -dead - . . . lights snuff out 
. . . vital production grinds to a sudden halt . . . 
and its ''taps- for a busy world. 

Another I R C Contribution 

Until comparatively ic.w ) cars ago, 
transmission interruptions occurred, 
it often required hours to locate the 
trouble. Today, thanks in part to 
the contribution of I It C research 
engineers, the point of disruption in 
any electrical circuit—whether power 
or communications—can readily be 
spotted in a matter of moments. 

\\! MI power 

4 1 

PARIABLI. 

Specially designed, IRC high voltage power rt-
sistors dependably dissipate the heavy loads and 
deliver the voltage required to operate trouble-
signalling mechanisms. On receipt of signal, other 
instruments in u'hich resistors play an important 
role accurately locate the point of disturbance 
within a feu' feet. 

Here at I R C we welcome—and usually solve— 
unusual problems in the field of resistance devices. 

And because I R C makes more 
types of resistance units, in more 
shapes, for more applications than 
any other manufacturer in the 
world, many leading engineers 
make it a point to seek our un-
biased counsel. There is no obliga-
tion, of course. 

INTERNATIONAL  RESISTANCE  CO MPANY 
401  N. BR OAD  STREET • PHIL ADELPHI A 
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BROWNING SIGNAL SYSTEM 
A PRODUCT OF 

BROWNING LABORATORIES RESEARCH 

SOLVES MANPOWER SHORTAGE 

The Browning Signal System 
lays down a protective wall, is on the 
job night and day, reduces guarding 
personnel, cuts guarding costs. 

BROWNING LABORATORIES, Inc. 
Proceedings of the I.R.E.  July, 1943 

751 MAIN STREET, W INCI JESTER, MASSACHUSETTS 
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Not an easy one... 
From guarding the law to—yes —delivering babies, a policeman's life is 

not an easy one. Needed in a thousand different places at one time, his head 
must remain cool, and his orders must be transmitted quickly, clearly and 
undistorted by any adjacent noises. 

Here, then, is another vital postwar use for Electro-Voice Microphones. 
It is impossible now to estimate the "good" which will be accomplished with 

the new Electro-Voice communication microphones for police applications. 

They are, we believe, incomparable from the standpoint of articulation 
(we can't tell you the percentage and you wouldn't believe it if we did!) 

level, reduction of background noise, stability, weight and size. 

II you are a contractor, directly serving the war, and are in need of this 
newest Electro-Voice, we'll gladly send you full particulars. Meanwhile, if 

your limited quantity needs may be filled by any of our Standard Model 
Microphones, with or without modifications, contact your local radio parts 

distributor. He can help solve your problems and speed your smaller orders. 

Note: Any model Electro-Voice Microphone may be submitted to 
your local supplier for TEST and REPAIR at our factory. 

./ 

ELECTRO-VOICE MANUFACTURING CO., Inc. • 1239 SOUTH BEND AVENUE • SOUTH BEND, INDIANA 

MICROPHONES 
Proceedings of the I.R.E.  Jul. 114$ 
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Designs for War. 

The hermetic sealing of transformers covers a wide 

range of problems, and an equally wide range of 

applications. The two units illustrated at the left, for 

example, represent a high voltage transformer for high 

altitude operation. and an audio unit weighing approx-

imately one ounce. 

There is more to hermetic sealing than meets the 

eye. The illustrations below show some of the factors 

contributing to the high quality of UTC hermetically 

sealed units. 

. For obvious reasons, the units illustrated are not actual war items. 

Engineering ... PRODUCT 

ENGINEERING CONFERENCE 

Engineering starts with research, continues through the 
conference table, and then goes through the proving of elec-
trical design, sealing methods, vibration test, etc. 

• 

DESIGN PROVING . . . AUDIO 

Engineering ... PRODUCTION 
APTITUDE TESTING assures 
worker suited to operation 

• MODERN METHODS 
induction heating 

DESIGN PROVING . . . POWER 

The production of war units generally requires 
precise control. This requireø the scientific choice of 
workers for specific operations . . . the use of mod-
ern methods throughout . . . and continuous control 
of quality and production flow. 

CONTINUOUS CONTROL for 
uniformity of production 

rar-400114111106 /Ma ' 
•  ' 
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Zday this 
flag-flies  over 

From this world headquarters for radio-
electronic research flow new weapons, 

new discoveries and inventions vital to 

the winning of an Allied victory! 

TODAY, over RCA Laboratories, flies a new 
distinguished battleflag—the coveted Army-

Navy "E" Award. 

One of the few laboratories in America to re-
ceive this award, RCA is at once proud of this dis-
tinction, and humbly aware of the responsibili-
ties that it imposes. For much of the progress of 
the entire radio-electronic industry stems from 
the work done in these laboratories. 

It was perhaps with this thought in mind that 
—at the dedication of the RCA Laboratories in 
Princeton—the Chief Signal Officer of the Army 
called them "The Hidden Battlefront of Research." 

HIDDEN — because, for the duration of the war, this 
magnificent building of 150 separate laboratories 

must be closed to all but the scientists and re-
search technicians who are working on radio-
electronic instruments important to our military 
effort. 

BATTLEFRONT because in the waging of modern 
warfare, radio-electronics is of first importance. It 
follows the flag and the fleet—locates the enemy— 
flashes urgent orders—safeguards the convoy— 
guides the bombers—directs the artillery—maneu-
vers the tank. This science fights on every front. 

And when that certain day of Victory comes, 
RCA Laboratories will be devoted to the happier 
task of making our peacetime wo4d richer, safer, 
more enjoyable and more productive— through 
new and finer products of radio, television and 
electronic research. 

OTHER SERVICES OF RCA WHICH HAVE EARNED OUR COUNTRY'S HIGHEST WARTIME AWARD'; 

The Army-Navy "E" flag, with two stars, 
flies over the RCA Victor Division plant at 
Camden, New Jersey. 

The Army-Navy ."E" flag, with one star, has 
been presented to the RCA Victor Division 
at Harrison, New Jersey. 

pit
The Army-Navy "E" flag, with one star; also  the U.S. Maritime  Commission  "M " Pennant  
and Victory Fleet Flag have been awarded to the Radiomarine Corporation of America in 
New York City. 

A Service of 

Radio Corporation of America RCA 
W ORLD HEADQUARTERS 

XII 

Proceedings of the I.R.E.  flay, 1943 
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Efficiency in Action... 
As always, Taylor is building the finest tubes possible to 

produce. Every Taylor Tube is designed and engineered to 

deliver maximum service under strenuous battle condi-

tions. Unfailing,"on the air" performance is their keynote--

extra power for vital communications is their heritage. 

You can rely on Taylor Tubes "More Watts Per Dollar" 

service in any situation. 

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

Proceedings of the I.R.E.  July, 1243 



YOUR DETERMINATION AND OURS! 
• We both have an identity of purpose —to produce dependable, first-class 

products on time —thus help shorten the war! We 

us to fulfill our end of the bargain which is the 

production of uniform special alloys and their de-

livery on schedule. Our entire mental and physical 

resources are directed to this end. 

know that you depend on 

• RIBB O N • STRIP •1 

0 

WILBUR B. DRIVER CO. 
NE W A R K  • NE W  JE R S E Y 

Proceedinos of ti  I k 
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MIDWESTERN PLANT NO.3 

To beat the band of Axis bandits, three Solar facto-
ries are now operating "round the clock". The men 
and women of Eastern Plants 1 and 2 were told 
"Well Done" by the Army and Navy; they proudly 
wear the Army-Navy "E". 
The Midwestern Plant has just started production; 

... ONE PURPOSE 

the men and women of this modern air-conditioned 
factory are ready to help you speed the day of Victory. 
If your capacitor or filter problem is made ours, 

you can be certain of "Quality Above All". 
Solar Manufacturing Corporation, General Offices: 

Bayonne, New Jersey. 

CAPACITORS 
CA P A CIT O R S  an d  RA DI O  N OI S E- S U P P R E S SI O N FI L T E R S 
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.  LOO KS INTO AN ATO M  
THE  CR YSTAL GAZ ER   

Hocus-pocus 
w ith a crystal ball  has  been  replaced  by  the  electron  

m icr oscope .   
.• and a host of other devices . . . that really give us a 

vision of the future. Today's unpublished observations ... censored by 

war secrecy ... will be the basis for tomorrow's industry. 

Stancor Transformers ore now fighting the war with armies 

of electrons . . . speeding the energies of military communications. 

But Stancor engineers are looking ahead • .. through the clearer-than-

crystal glass of scientific research ... to the practical problems of the 

coming age of electronics. 

1111111C 011 
O R P O R AT I 0 N 

ST A N D A R D  TR A N S F O R M E R 
1500 N ORT H HALSTE D STREET 

• CHIC A G O 
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IVILNY TIMES every day "surprise attacks" oc-
cur along your power line. Some heavy user 
momentarily stops operation. A sudden over 
voltage slams like lightning into delicate ma-
chines, precision tools or precious vacuum tubes. 
You can't see these blitz attacks but you can't 
escape seeing the results—higher percentage of 
rejections, damage to sensitive instruments, pre-
mature failure of expensive electronic tubes. 
Every unit, however small, is responsible for its 

own security. This cardinal rule of combat ap-
plies in production too. That is why, everywhere 
in industry, you will find SOLA CONSTANT VOLT-
AGE TRANSFORMERS on duty at important "out-
guard" posts. 
Sola "CVs" are especially designed to protect 

against surprise overload assaults. They will ab-

sorb voltage sags and surges as great as 30%— 
and still feed constant, rated voltage to your 
machines. Sturdy Sola sentinels ask no relief. 
Day and night, without care or supervision, they 
stick to their posts—instantaneous in action, 
without moving parts, self-protecting against 
short circuit. 
Many vital points in your production system 

are vulnerable to attack. Secure them with Sola 
"CVs". SOLA CONSTANT VOLTAGE TRANSFORM-
ERS are built in standard units from 10VA to 
15KVA capacity, or in special units to your 
specifications. 

Note to Industrial Executives: The problems solved 
by Solo "CV" transformers in other plants and products 
may have an exact counterpart in your own. Find out. Ask 
for bulletin KCV-74. 

nsformers 

Transformers for: Constant Voltage • Cold Cathode Lighting • Mercury Lamps • Series Lighting • Fluorescent Lighting • X-Ray Equipment • Luminous Tube Signs 

Oil Burner Igniti on • Radio • Power • Controls • Signal Systems • Door Bells and Chimes • etc. SOLA ELECTRIC CO., 2323 Clybourn Ave., Chicago, III. 
XIX 
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"My Boy Owns 
This Place!" 
.)k 

Some time ago I retired, just a 

good, old fashioned, real-American 

retirement ... thought I had served 

my time and done my share. 

When the war started I went back 

to work . . . a good tool maker can 

do a lot to help lick those fellows, 

you know. And it is fun to work for 

my boy. I'm proud of him and 

proud of America that makes men 

like him possible. He had the sante 

start I had only now he nuns this 

shop. And that is one of the things 

we are all fighting for —to pre-

serve that American FREEDOM of 

opportunity.. 

Pardon me, I've got tv?,rk to do 

now. When the war's over look tue 

up — on the front porch. 

hallirraffers 
CHICAGO, U. S. A. 
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SOME TI ME IN 19 

S MEDULIED FOR 

Anew and distinctly better type of h  adio com-

bination was about ready to make its bow to the 

American public when war drafted the complete 

Motorola facilities. Had this static and noise-free 

F-M receiver been seen and heard by the general pub-

lic, it would have aroused unqualified enthusiasm ... 

whetted an appetite that will have to he satisfied 

when Peace once again releases electronic talents and 

GREAT NEW 

ONOGRAPH-RADIO 
COMBINATION 

skills war-sharpened for radio's greatest progress and 

achievement.  Jim the interests of national defense, 

Motorola is now delivering the finest in F-M emer-

gency broadcast and receiving equipment. You may 

look for notable scientific developments in F-M radios 
from Motorola engineers. We can't say when . . . but 

we can say that no one will be ready sooner. 
Expect big things from Motorola! 

THE ARMY-NAVY "E" —Awarded for excellence in the produc-
tion of Communications Equipment for Americo'  s Armed Forces 

Motorola Radio Communications Systems 
esigned and Engineered to Fit Special 

CALVIN MFG. CORPORATION CHICAGO 
XXI 
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Only one American in many thousands 

is privileged to wear the "E" pin, symbolic 

of high achievement on the production 

front. It symbolizes skill and determina-

tion above and beyond the high average 

standard set by American Industry. , , The 

men and women of Connecticut Telephone 

& Electric Division have been honored by 

the Army-Navy Production Award twice 

in a period of six months. This symbol 

THE SKILL  THE WILL 
. . . &AI awl iootavz.aia 

of a job being well done in the cause of 

Victory is evidence, too, of what may be 

expected when the war is won.  , The 

manufacturer seeking cooperation in 

product engineering and improvement, 

the development of production control, or 

any problem involving the application of 

advanced electrical or electronic knowl-

edge, is cordially invited to discuss the 

matter with our engineering staff. 

\IFI W 

CONNECTICUT TELEPHONE & ELECTRIC DIVISION 

MERIDEN CONN. 

1943 CA.!.. Inc.. Meriden, Conrs. 

D E S I G N,  E N G I N E E R I N G  &  P R O D U C T I O N 

O F  PR E CI SI O N  EL E C T RI C A L  E Q UI P M E N T 
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/ I:N g T Y P E O F  C U T 
A N D FRE Q UE NC Y 
We have facilities for producing crystals to all 

temperature co-efficient and absolute frequency 

specifications. Our engineers have wide expe-

rience with all crystal types. In our Special 

Crystal Division we are ready to undertake 

NOW the development and production of any 

special and exacting crystal types that may 

assist you in the war effort. It it's "Rush" phone! 

A W-e CRYSTAL SE RVICE DIVISI ON 

PLY M O UT H  T H REE  T H REE 

1E101V-A FfEf'll 31-11)11/1 
P LVILIDa ff.2 9 111111)WIVW 

• I imp( NC:OICE 
hIUSIC • • 

AIKF 

IKK ATING I NS W 

11110% 
V 

jig/ MINTS 
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0 KEEP BROADCAST 

STATIONS OPERATING 

AT FULL EFFICIENCY 

RCA REBUILT TUBES 
A 100% SERVICE! 

Service facilities in charge of 
tube experts have been carefully 
geared to the task of rebuilding old 
tubes. Each Rebuilt Tube passes 
the same rigid tests applied to new 

RCA Tubes of the same type. To 
date, it has proved possible to 
supply rebuilt tubes for 100% of 
the old tubes returned under the 
RCA Rebuilt Tube Plan! 

RCA REBUILT TUBE PRICES* 

RCA-207  RCA-891  RCA-891-R RCA-892  RCA-892-R 
$233.75  $242.25  $298.50**  $242.25  $298.50** 

Net Sale Prices F.O.B. Shipping Point, Subject So Change or Withdrawal Without Notice. 

'Customer must return an equal quantity of RCA 
Tubes of similior types. 

From the commercial broadcast station standpoint, 
"RCA Rebuilts" represent the best news about Trans-
mitting Tubes since war shortages on new tubes first 
became a threat to continued efficient operation. 
Today, thanks to this RCA wartime emergency ser-

vice to the broadcast profession, an old tube may be 
"down" but by no means out. If it is one of the five 
popular types covered by the RCA Rebuilt Tube Plan, 
it may be exchanged for an RCA Rebuilt 
Tube of the same type. What's more, these 
RCA Rebuilt Tubes deliver the watts! Ratings 
and characteristics are identical with those 

"'Price after allowance of 550 credit for return 
of radiator. 

of new tubes. RCA Rebuilt Tubes carry a new tube 
guarantee for workmanship and materials. Since 
they are sold at 85% of the new tube price, service 
is adjusted on the basis of 85% of our standard 
adjustment policy. 

If your station uses any of the five listed Tube types, 
we suggest that you write today for full details on the 
RCA Rebuilt Tube Plan. Like other stations where 

many RCA Rebuilt Tubes are already in 
service, you will find it a logical answer to 
one of your most pressing wartime opera-
tions problems. 

RCA ELECTRON TUBES 
RCA Victor Division, RADI O CORPORATI ON OF AMERICA, Camden, N. J. 



Bachrach 

Edwin Howard Armstrong 
Edwin Howard Armstrong was born in New York City on De-

cember 18, 1890. In 1906 he entered the radio art as an amateur. 
Becoming a student at Columbia University, he received the de-
gree of E.E. in 1913. This university also conferred the honorary 
degree of Doctor of Science on him in 1929. He was awarded the 
same degree from Muhlenberg College in 1941. 
His professional career has been based since 1914 at the Mar-

cellus Hartley Research Laboratory at Columbia University. Be-
ginning as an assistant in the Department of Electrical Engineering, 
he next became a Trowbridge Fellow in 1915. From that date he 
worked as a collaborator of Professor Michael I. Pupin during the 
lifetime of that eminent scientist. Since 1934 he has been Professor 
of Electrical Engineering. 
In 1912, while studying the action of the then little-used audion 

detector (three-element vacuum tube), he discovered the presence 
of high-frequency currents in its plate circuit. This discovery led 
to the invention of regeneration and the vacuum-tube oscillator. 
He then disproved the currently accepted theory of the action of 
the triode, and published the correct explanation in 1914. 
In March, 1915, he presented the results of his work on regen-

eration before The Institute of Radio Engineers in a classic paper. 
The next year he presented a further paper describing an investiga-
tion which established experimentally the true nature of the detec-
tor heterodyne. In 1917, he was awarded the first Medal of Honor 
of the Institute for his work in regeneration and the generation of 
oscillations by vacuum tubes. Following an adverse decision by the 
Supreme Court of the United States on the question of priority of 
invention of these discoveries, Professor Armstrong returned the 
Medal to the Institute in 1934. The Board of Directors of the In-
stitute thereupon unanimously declined acceptance of the Medal 

and concurrently reaffirmed the original award. 
From 1917 to 1919 he served overseas in the Signal Corps, 

A.E.F., first as Captain and then as Major. He was given the deco-
ration of the Legion d'Horineur in 1919. In 1917 he invented the 
superheterodyne system of reception. In the same year, he first 
applied the master-oscillator type of transmitter to military com-
munication. The superregenerative circuit was the next of his dis-

coveries, in 1920. 
His principal activity from 1914 to 1922 was a study with Pro-

fessor Pupin of the problem of static elimination. The outcome of 
this work was unsuccessful. However, it laid the foundations of the 
invention of his system for reducing disturbances in radio signaling 
by means of frequency-modulation transmission and reception—a 
system described by him in a paper before the Institute in 1935. 
He has been the recipient of numerous medals and awards in-

cluding the Eggleston Medal of Columbia University in 1939, a 
National Modern Pioneer Plaque from the National Association of 
Manufacturers in 1940, the Holley Medal of the American Society 
of Mechanical Engineers in 1940, the Franklin Medal of The 
Franklin Institute in 1941, the John Scott Medal from the Board 
of City Trusts of the City of Philadelphia in 1941, and in 1943 
the Edison Medal, highest award of the American Institute of Elec-
trical Engineers. In 1935, the Radio Club of America, of which he 
was president for a number of years, established an award to be 
known as The Armstrong Medal. 
lie joined the Institute as an Associate in 1914, transferring to 

the grade of Fellow in 1927. He has been a member of its Board 
of Directors at various times, and has served as Chairman of the 
Awards Committee and as a member of a number of other com-
mittees. 
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POSXWAR PROBLEMS will differ in many respects from those of wartime. And in 
some ways, peace will bring more difficult and puzzling problems than did war. 
The conditions of a hard-won peace include more than the provision for a wide 
diversity and functional perfection of technical devices. These conditions in-
volve as well social, economic, and political elements which are always of im-
portance and sometimes controlling. 

Thus the readers of the PROCEEDINGS OF THE I.R.E. will assuredly derive in-
formation and benefit from so searching an analysis of the postwar problems in 
the field of radio-and-electronic engineering as is here presented by ope of the 
Institute's leading members—its present Secretary and its Past President, and 
Vice President of the Mackay Radio and Telegraph Company and of the 
Federal Telephone and Radio Corporation. The next step will be for the engi-
neers and their Institute to translate into action the guiding principles and plans 
here set forth. 

The Editor 

The Radio Engineer's Responsibilities 
of Tomorrow 

Haraden Pratt 

The professional engineer is inclined to be a creature devoted to details. He likes to work 
with tangible things and to be precise about them. If the factors he encounters in the exercise 
of his vocation cannot be evaluated in definite forms, he struggles to convert them into tan-
gibles and tries to cancel out all the variables possible. He thus finds himself more often 
than not, dealing with specific jobs, each one a bit detached from the next, and believes his 
work well accomplished when a satisfactory result has been achieved allowing him to break off 
and start afresh on the next perhaps not too closely related problem. 
But while busily meeting and overcoming such problems, radio engineers have been 

neglecting important overlying and contiguous phases of their profession. The proper con-
ception of engineering goes far beyond detailed technical matters, and embraces factors which 
present very important and fundamental aspects concerning the personal relations of the 
engineer with his profession, and the relations of his profession with society generally. 
Let us look a bit over the past: Radio started in the Nlaxwellian atmosphere of pure sci-

ence. After the turn of the century the electron theory seized the stage of scientific fancy 
leaving the infant radio communication art to struggle on without much skilled assistance 
either from pure science or from that instrumentality of applied science called engineering. 
The sudden and tremendous subsequent growth of radio broadcasting and communications 

316 
Proceedings of the I.R.E. 

July 



provided the urge toward intensive engineering development of all kinds of equipment, which 
development signalizes our present-day progress. Very much neglected through these years, 
among other things, has been one of those important and fundamental aspects that perhaps 
might well be called, "methods engineering." With the ever-increasing quantity of tangible 
jobs done, resulting in an array of ingeniously and excellently developed apparatuses, a 
tremendous stock pile of golden building blocks is accumulating, with few capable available 
architects to mould them into unified and integrated structures, and still fewer civic planners 
to arrange aggregations of such structures into well-arranged and self-sufficient communities. 
The radio engineer very definitely has the job of applying science to practical business and in 
fulfilling it shoulders the basic responsibility in performing this special mission of bringing 
the results of technical achievement and business enterprise together, of trying to plan meth-
ods whereby future growths will develop in as orderly a manner as possible. If he does not 
accomplish this, economic forces will tend to control progress; and after large investments be-
come involved, difficulties arise which prevent mankind from enjoying full benefits and a 

proper logical development becomes precluded. 
The engineer cannot stop when he has produced facilities. He must sell the existence of the 

facts known by him to those that do not know as much about them as he does. The engineer 
is not so well known as a good salesman. He must now take up a new role and indefatigably 
point out how future growth and prosperity in his field can only be achieved by utilizing tech-

nical attainments to their fullest. 
Radio and its allied fields are approaching a critical crossroads point in the continuing 

process of rapid evolution. The tremendous impetus that present conditions are making pos-
sible is causing the production of innumerable quantities of manifold varieties of building 
blocks, many of which are entirely new to us, both as to form and function, and which are 
capable of being used for edifices yet to be planned with designs yet to be evolved. Vision and 
imagination will not be lacking, but to build firmly and well, the engineer must now as never 
before, bear down resolutely and with determination, on the problem of dealing with variables 
on top of variables and doing job after job of "methods" and "system" engineering where 
delicately adjusted balances must be made between factual engineering matters and the more 
intangible economic and political factors. After all, the forte of the engineer is to "engineer" a 

proper fusion between science and the life of the people. 
Here is where our professional society of the I.R.E. must go to work. The flood of radio-

and-electronic instrumentabilitics about to pour upon us cannot be dammed. If not con-
trolled and diverted into ordered channels, it will seek its level wreaking along the way a toll 
of confusion and much disorder. Our Institute is the forum where the radio engineer can 
reach his brothers, and where all can foregather and forge their strength into an instrumental-
ity of influence upon society. It is an educational institution in a very postgraduate sense. 
Like all educational organizations, the professional society tends to give primary attention to 
tangible matters shirking the intangibles, and all must work together, Directors and Officers 
as well as Members, to curb this tendency and utilize the strength of the Institute and the 
pages of its PROCEEDINGS to develop larger and broader points of view. 
Science has brought powers to man such as he never had before. To a large extent these 

powers are uncontrolled. The engineer's training of using perceptive thought and the methods 
of critical planning give him a strength and hope which need only discipline and patience to 
overcome the existing confusions, and the way will gradually be cleared for further triumphs 

of control which will lead to the aquisition of still greater powers. 

13* 
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Beyond the Ultra-Short Waves* 
G. C. SOUTHWORTHt, FELLOW, I.R.E. 

Summary—This article reviews briefly the work done many 
years ago by the pioneering physicists with the so-called electric 
waves as well as the more recent efforts by engineers to put these 
waves to practical use. It also describes some of the expedients and 
changes of technic used to overcome difficulties as this work pro-
gressed to higher and higher frequencies. One, of fairly recent 
origin, is the wave-guide or hollow-pipe technic. The latter not only 

provides a simple and efficient way of propagating microwave power 
from one point to another but there have also grown from it some 
very interesting counterparts of the tuned circuits, the matching 
transformers, and the filters that have been in common use for some 
time at the lower frequencies. The possible bearing of this new 
technic on the future of electrical communications, as, for example, 

television, is pointed out. 

O
F THE many interesting trends that have de-
veloped in electrical engineering, perhaps none 
has been more spectacular than that toward the 

higher frequencies. No doubt many of the readers of 
this article remember when the term high frequency 
was used to distinguish 60 cycles from 25 cycles. At 
other times it was applied in a similar way to 500 
cycles, to 1000 cycles and sometimes to the whole band 
of frequencies then used in ordinary telephony. With 
the advent of radio and the general appreciation by 
engineers that radio waves were a kind of offspring of 
alternating currents, this high-frequency frontier 
surged forward almost as a flood, quickly passing from 
kilocycles to megacycles and thence to tens, hundreds, 
and, more recently, to thousands of megacycles. The 
latter is well past the region of ultra-short waves and 
in the region sometimes referred to as microwaves. 
Today the engineer pauses momentarily at an in-

definite but nevertheless real frontier somewhere above 
1000 megacycles. Naturally he is not the first to arrive 
on the scene. Those hardy pioneers, the physicists, 
have been here for years. The Cabots, the LaSalles, and 
the De Sotos passed by more than a half century ago. 
Even the Lewis and Clarks, the Daniel Boones, and 
the Kit Carsons have long since come and gone. Per-
haps it would be fair to say that the engineer is here 
as a kind of a homesteader. His is the very important 
task of breaking the primeval sod to sow the seeds 
that he hopes will place the countryside on a produc-

tive basis. 
In the paragraphs that follow, an effort will be made 

to collect together some of the information left by the 
early explorers. It is hoped that this will serve as a 
rough homesteader's map that will show in a general 
way the boundaries of the territory and perhaps also 
some of its more important physical features. Engi-
neering Baedekers for this region have not as yet 

appeared. 
• Decimal classification: R110. Original manuscript received 

by the Institute, February 17, 1943. Presented, Joint I.R.E.-
A.I.E.E. Winter Conference, New York, N. Y., January 28, 1943. 
t Bell Telephone Laboratories, Inc., Red Bank, New Jersey. 

WHY MICROWAVES 

Before proceeding with the task at hand, it may be 
well to review again the basic reasons for the trend 
toward the higher frequencies. It is almost axiomatic 
amongst communications engineers that the rate at 
which intelligence may be transmitted over a given 
facility, regardless whether this facility is some form 
of a wire line or radio, is more or less proportional to 
the width of the band of frequencies available. For 
example, ordinary dot-and-dash telegraphy trans-
mitted manually, may call for a band of frequencies a 
few tens of cycles wide whereas high-speed telegraphy, 
such as sent by mechanical means, will call for a band 
several tens or even hundreds of cycles wide. 
In a similar way, the bare essentials of telephone 

speech may be carried by a band a few hundred cycles 
wide whereas the finer qualities of naturalness may 
call for several thousands of cycles. In the case of tele-
vision, we now know that even the bare essentials will 
call for a band of a million cycles while for good defi-
nition we shall probably want ultimately a band of 5 

or 10 megacycles or even more. 
As is generally known, it is possible to group several 

independent channels of communication together and 
transmit the whole over a single facility. For example, 
it has for some time been common practice to transmit 
over an ordinary telephone line alternatively either a 
single telephone conversation or ten or a dozen closely 
spaced telegraph channels. In a similar way, it is pos-
sible to transmit over certain kinds of lines either 
several telephone channels or a very much larger num-
ber of telegraph channels. With the very special kind 
of telephone line known as the coaxial cable this 
scheme has been stepped up the scale to include either 
a single television channel or several hundred tele-
phone channels. In this case the number of possible 
telegraph channels would of course be very great 

indeed. 
Extrapolating the above trend, it seems reasonable 

that sometime we shall likewise want to transmit 
several television channels over a single facility. Bear-
ing in mind that each channel may need to occupy 
space comparable with the entire band which until 
recently was generally used for radio, it would appear 
that, if these lofty ambitions are to be realized, they 
will call for frequencies far beyond the frontiers now 

in general use. 
It also happens that as we pass to the higher fre-

quencies (shorter waves) it becomes feasible to build 
radio antennas of increasingly higher directivity, 
thereby conserving a very substantial amount of the 
power that is ordinarily wasted. Although these very 
short waves have definite limitations as regards 
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transmission to points far beyond the horizon, it is not 
impossible that for point-to-point work these limitations 
can be overcome, at least in part, by transmitting 
cross country from one tower top to another. 
As contrasted with this still speculative use of radio 

there is another equally good prospect that a very 
special kind of line can be devised that will guide these 
same waves, rather efficiently, from one point to 
another, possibly over the horizon, and do this with 
relative immunity from interference and atmospheric 
noise. It is still too early to appraise completely the 
merits of these two schemes but it is probable that 
here, as in other parts of the frequency spectrum, 
radio and the transmission line will each have its own 
peculiar field of usefulness and the two together will 
be mutually complementary in accomplishing a useful 
result. In this connection it may be of interest that 
there are several good reasons to believe that regard-
less which of these two methods of transmission may 
be used, the same general range of frequencies and the 
same general physical principles will be utilized. It is 
possible also that there will be a remarkable similarity 
in the terminal apparatus finally evolved. The basic 

principles of some of these components will be dis-
cussed more at length later. It is perhaps sufficient if 
we note at this point that there is not only a potential 
need for these very high frequencies but there seems 
to be in the making a radically new electrical technic 
that appears to apply particularly well to the problem 
to be solved. This solution is of course one of the 
interesting engineering tasks that lie immediately 
ahead. 

PIONEER HISTORY 

As is generally known, the first pioneer in the experi-
mental part of the nicrowave field was Heinrich 
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Fig. I—Pioneer progress toward very short electromagnetic waves. 

Hertz. Although his first experiments were conducted 
at a frequency of roughly 60 megacycles (X =5 meters), 
which is somewhat below the range of frequencies 
under discussion, he later extended them to 500 mega-
cycles (X =60 centimeters). His work was one of the 
outstanding accomplishments of the time and as might 
be expected, many of his young contemporaries turned 

to the interesting work which he had started. As he 
was overtaken early in life by a prolonged illness, much 
of his work was left for others to complete. He died in 
1894 at the untimely age of thirty-seven. It is of in-
terest that during his short life he not only produced 
and measured the first electric waves, but he also dis-
covered the photoelectric effect. It is said, too, that 
during some experiments on discharges in gases he 
barely missed the discovery of X rays. 
A detailed history of electric waves is quite outside 

the scope of the present article. It is, however, of 
interest that in the first decade following Hertz's dis-
covery the frequency frontier was rather quickly ex-
tended from 500 megacycles (X = 60 centimeters) to 
75,000 megacycles (X = 0.4 centimeter) whereas the 
further extension to 0.22 millimeter required almost 
thirty years. Fig. 1 shows as circles some of the dates 
and frequency limits reached in this early exploratory 
work. A complete record of the early work in micro-
waves would of course show a very large field of points 
most of which would lie above the limits specified 
in Fig. 1. 

If one examines the history of the so-called optical 
waves he finds a very similar situation. Beginning at 
the high-frequency end of the spectrum, progress 
toward the lower frequencies was at first fairly rapid 
but later numerous difficulties were encountered. By 
the year 1900, far infrared frequencies of roughly 3 
million megacycles (X =0.1  millimeter) had been 
reached. In this case a further progress of only tenfold 
required a period of twenty more years. This is shown 
in a rough way by the dots in the lower part of Fig. 1. 
The final closing of the gap between the infrared 

and electric waves remained for E. F. Nichols and 
J. D. Tear who succeeded in extending both frontiers 
as noted above until an overlap of approximately an 
octave was effected. More particularly, electric waves 
as short as 0.22 millimeter and heat waves as long as 
0.42 millimeter were produced. Shortly afterward 
A. Arkadiewa working in Russia produced electric 
waves as short as 0.08 millimeter. In both of the latter 
cases the electric waves appeared as a kind of harmonic 
or as overtone components of somewhat lower fre-
quencies. The power level was very low indeed. 
During the decade following 1910 it appeared that 

Mother Nature had firmly entrenched herself in the 
narrow band between 0.4 millimeter and 4 millimeters 
and persisted in denying admittance to all oncomers. 
This is perhaps worth noting for it is quite possible 
that the region that resisted exploration will also resist 
exploitation. 
As is generally known,  all  of  the  very  early  work  in 

microwaves made use of spark discharges. According 
to this method, two small conductors, often closely 
spaced spheres, were charged by means of a static 
machine or an induction coil until breakdown oc-
curred. At the time of breakdown, the path between 
the two spheres became semiconducting and the 
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configuration as a whole fell into oscillation. Although a countered the same kind of difficulties as the positive-
fair portion of the total stored energy was probably  and negative-grid oscillators. Amongst other limita-
dissipated as heat in the spark, there was a small but  tions, the physical dimensions of the component parts 
significant part left as radiation. In general, the wave-  became so small that it was difficult to dissipate, in 
length was proportional to the dimensions of the con-  the small space available, the heat losses that were 
ductors. Since the stored energy was also more or less  inherent in the device. Perhaps the highest frequency 
proportional to this dimension, it is evident that the  reported for a magnetron was the 50,000-megacycle 
power radiated fell off rapidly as work proceeded to  (X =0.6 centimeter) obtained by C. E. Cleeton and 
higher and higher frequencies. Since discharges were  N. H. Williams of the University of Michigan in 1936. 
relatively infrequent, the sustained power was at best  Some of the points reached in the development of the 
very low. The results were barely sufficient for the  magnetron are shown as dots in Fig. 1. It is inter-
fundamental investigations then. in progress and they  esting to note that by 1936, this continuous-wave 
offered little hope for any very interesting practical  frequency limit had been brought to substantially the 
applications,  same point that had prevailed for damped waves forty 

The need for simple sinusoidal oscillations in the  years earlier. This again reflects the difficulties en-
microwave range was appreciated at a very early date.  countered in the development of continuous-wave 
Soon after the development of the three-element tube,  sources, particularly at the higher frequencies. 
work was started toward extending its range into the  Fig. 1 above is intended mainly to illustrate the 
higher frequencies but here the difficulties were also  earlier history of microwave sources. It omits several 
great. The conventional three-element tube having  very interesting sources suggested within recent years, 
followed technics inherited from the manufacture of  as for example the Klystron by the Varian brothers 
lamp bulbs was at best ill adapted to the task at hand.  and similar devices by W. C. Hahn and G. F. Metcalf 
Then, too, there came a time when in spite of the close  and another of a somewhat different kind by A. V. 
spacing of the various electrodes and the tremendous  Haeff. These have not been included in Fig. 1 for the 
velocities with which electrons may travel, the latter  ultimate limits which can be reached by these devices 
were unable to cross from one electrode to another  are apparently not yet generally known. 
within the allotted time. With an appreciation of the  The long trek of the early explorers into the micro-
nature of the difficulties and with appropriate modifi-  wave region, as evidenced in Fig. 1, has of course given 
cations of structure, these, and other difficulties were  us a useful even though limited preview of the region 
temporarily overcome but they reappeared later at a ahead. There remains however much that is very im-
slightly higher frequency again to challenge the in-  portant to the engineer. In particular he needs to 
genuity of the designing engineer. There are plotted  know the relative powers that may be obtained with 
as triangles in Fig. 1 some of the more important steps  these various devices, the facility with which intelli-
taken in extending the range of conventional negative-  gence-bearing signals may be impressed upon their 
grid oscillators.  output and recovered at the receiving end and perhaps 

About 1920, Barkhausen, working with a particular  a host of other questions. It is outside of the scope of 
type of vacuum tube then in use, in Germany, dis-  the present article to discuss these matters except pos-
covered that for a certain range of positive voltages on  sibly to say that answers to certain of them have al-
the grid and somewhat smaller negative voltages on  ready been found and the way to some of the others 

the plate, he could produce small but nevertheless  seems assured. 
measurable oscillations. These were subsequently  LANGUAGE 
known as Barkhausen oscillations and they became the  As might be expected, the settlement of this new 
subject of considerable study not only in Germany  territory has made several new demands on the engi-
but also in England, France, and America. By a suit-  neer's vocabulary and perhaps also on his point of 
able modification of the electrodes, frequencies of  view. The flora and fauna in this region are, so to 
about 6000 megacycles (X =5 centimeters) were pro-  speak, somewhat different than those found in other 
duced by Kohl in Germany as early as 1928. There  parts of electrical engineering. 
are plotted, as squares on Fig. 1, some of the steps  Actually, of course, the differences between 60 cycles 
taken in developing the so-called Barkhausen oscilla-  and 6000 megacycles are rather superficial, for the 
tions.  same fundamental principles underlie the entire field 

A third source of continuous oscillations is the mag-  of electricity. The language difficulties, such as they 
netron. Proposed initially by A. W. Hull in 1921 it are, appear only because at high frequencies there are 
subsequently received considerable modification, no-  certain features that are of great importance which at 
tably by Habann in Germany and Hidetsugu Yagi  low frequencies are mainly of academic interest and 
and Kinjiro Okabe in Japan who split the anode  are usually forgotten. On the other hand, there are 
into two or more parts and thereby obtained improve-  certain other features important at low frequencies 
ments in both frequency and power output. Although  that may on occasion be overlooked at high fre-

it offered considerable promise, it too ultimately en-  quencies. 
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It so happens that the phenomena that one observes 
at low frequencies can most simply be described as 
currents flowing in go-and-return conductors of a wire 
line. There may be an occasion to refer also to lines of 
magnetic force but in so doing it is common to consider 
such lines as merely incidental to the flow of current. 
In certain of these branches of electrical engineering 
there is little occasion to use the idea of lines of electric 
force. Indeed there is sometimes a tendency to regard 
lines of electric force as a mysterious entity that be-
comes of importance only when high-voltage power 
tries to leap over insulators. 
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Fig. 2—Approximate configuration of lines of electric and magnetic 
force in a coaxial conductor and also in a shielded pair of con-
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As contrasted with low-frequency phenomena where 
the current concept is so very useful, microwave phe-
nomena often call for a point of view in which the 
flow of currents is relatively unimportant and both the 
magnetic and electric fields are extremely important. 
In fact, it becomes very difficult, if not impossible, to 
describe microwave phenomena without the concept 
of lines of force. According to this viewpoint the lines 
of electric force and lines of magnetic force are so in-
timately related that they may at times be regarded 
simply as different aspects of the same thing. As 
further evidence that the current concept may not 
always be adequate, it should be noted that there are 
certain cases in microwave technic where the type of 
circuit, containing ordinary go-and-return conductors, 
virtually ceases to exist. 

In explaining microwave phenomena, it is con-
venient to regard the transmission of power along a 
wire line as taking place through the space between 
the conductors and not through the conductors them-
selves. In this respect the conductors are relegated to 
the less spectacular but nevertheless important role of 
guiding the wave power residing between the wires 
from one point to another. This concept seems to hold 
regardless of whether the frequency is 60 cycles or 
6000 megacycles. In fact, it is possible in both cases to 
specify the power very simply in terms of the intensi-

ties of the electric and magnetic fields prevailing be-
tween the conductors and the velocity at which the 
configuration is propagated along the line. This prin-
ciple, which was first proposed by J. H. Poynting of 
the University of Birmingham, is so general that it 
applies not only to transmission along wire lines but 
to radio transmission and also to a relatively new form 
of transmission to be described very shortly. 
To illustrate the point in question there are shown as 

Fig. 2 the electromagnetic-wave configurations cor-
responding to transmission along both a shielded-pair 
transmission line and also along a coaxial-pair trans-
mission line. In both cases there are shown the relative 
directions of the electric force, (solid lines) and the 
magnetic force (dotted lines). The Poynting vector 
which represents the flow of power is perpendicular to 
both the electric and magnetic force. It therefore lies 
parallel to the conductors themselves. 

EXPERIMENTAL TECHNICS 

As the engineer has pushed his way upward to ever-
increasing frequencies, he has found it necessary to 
modify his methods from time to time. There are 
various ways by which this may be exemplified but 
perhaps the best is the matching of one impedance to 
another. Several of these modifications are shown in 
Fig. 3 together with a logarithmic scale of frequency 
extending up to the light frequencies. At low fre-
quency, a matching unit usually takes the form of the 
conventional iron-core transformer. The iron, amongst 
other things, permits us to use smaller structures and 
therefore less copper than might otherwise be possible. 
(See Fig. 3(A).) As we proceed to higher frequencies 
there may be occasion to remove the iron core, but 
still we keep the coils. In this region the phenomenon 
of resonance is in many cases avoided. 

Continuing to still higher frequencies there may be 
occasion to invoke resonance in order"to bring about 
matching and, accordingly, capacitances are often 
connected across both the primary and the secondary 
coils. (See Fig. 3(B).) Continuing still further into the 
region of high frequencies, both the coils and con-
densers become progressively smaller until at some 
point near that at which Hertz first worked, i.e., 100 
megacycles, they become inconveniently small. In 
this case, the complete transformer, including the two 
coils and condensers, if it were practicable to build 
them, might be placed inside a large sewing thimble. 
Obviously, devices of this kind can hardly be expected 
to dissipate very much power. Also numerous diffi-
culties are encountered when it becomes necessary to 
connect these small elements to other devices such as 
vacuum tubes. The necessary connecting wires them-
selves introduce reactances comparable with those of 
the coil and condenser and comparable with the cir-
cuit element to which it is to be connected. 
At this point the outlook might appear very dark 

indeed if it were not feasible to invoke another slightly 
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different technic almost as old but not as thoroughly 
exploited as that of the simple resonant circuit. It was 
first used by Hertz, Lecher, and other early workers 
in microwaves more than fifty years ago and more 
recently by development engineers working in the 
practical side of this field. Although often referred to 
as the Lecher-wire circuit, it is in reality an electrically 
long transmission line on which standing waves are 
set up. (See Fig. 3(C).) Since the phenomenon of stand-
ing waves is a kind of resonance we may obtain with 
such a Lecher circuit most of the necessary reactance 
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At this point the engineer, finding himself confronted 
with the problem of radiation, adopts the simple ex-
pedient of reshaping one of the two conductors of his 
Lecher frame into a hollow metal cylinder that com-
pletely encloses the second conductor and also the 
power residing between the two as shown in Fig. 3(D). 
Although the refinements just mentioned eliminate 

radiation and suffice for a certain range of frequencies, 
there soon comes a time when other difficulties of one 
kind or another are encountered. One of the more im-
portant of these difficulties is that of power losses 
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effects necessary for providing a match. An important 
feature is that this is done with an arrangement of 
sizable dimensions. Fig. 3(C) is a schematic representa-
tion of but one of several possible Lecher-frame 
coupling units. 
Although this arrangement works very well for a 

certain range of frequencies, there comes a time when 
even this scheme encounters serious difficulties. One, 
in particular, is radiation. The latter is the property 
of a circuit by virtue of which a portion of the resident 
power detaches itself and is lost to the surrounding 
space. Under many circumstances this is, of course, a 
very useful property for without it radio would not 
have been possible. It turns out, however, that at the 
higher frequencies radiation arising in rather unex-
pected places in a circuit may become so prominent 
as to be a problem. As will be readily appreciated, 
radiated power is equivalent to power dissipated in a 
resistance and hence has the effect of reducing the 
sharpness of the resonance effects. In the parlance of 
the engineer it reduces the Q of the circuit. 
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various regions of the frequency spectrum. 

within the resonant chamber itself. For instance, the 
metal conductors, no matter how heavy we make 
them, consume a fair amount of the total power. 
Another even more important loss is that due to any 
insulators that may be necessary for supporting the 
central conductor. Losses in the tuning element shown 
are particularly deleterious for the standing-wave 
principle by which we effect a match, implies a re-
peated excursion of waves back and forth through the 
resonant chamber. 
The load shown as a resistance in Fig. 3(D) is merely 

schematic. It may for example be a relatively long 
coaxial line leading to another sink of power some dis-
tance away, perhaps matched to the coaxial line by an-
other similar resonant transformer. When a coaxial 
line is to be connected to a resonant chamber the outer 
conductors are joined in the usual way. The central 
conductor may either protrude a short distance into 
the chamber or it may be given a short loop and be 
joined to a near-by point on the inner wall of the cham-
ber. The connecting line between the two resonant 
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chambers suggested above will also involVe losses, par-
ticularly if its length is considerable. True enough, 
some further improvement may be had by a proper 
choice of materials but these are merely the improve-
ments that result from good engineering and should 
not be considered at this time. It should be pointed out 
in passing that the difficulties just mentioned become 
particularly critical as the wavelength and hence the 
physical dimensions of the various elements become 
smaller. Anything we may do therefore that will tend 
to simplify the over-all structure and perhaps enlarge 
it relative to the wavelength, will be of help. 
At this point it will be only natural for the engineer 

to start an appraisal of the total losses of his system, 
As already mentioned, the insulator losses are usually 
very considerable and anything that can be done to 
reduce their number will represent a very definite im-
provement. A further appraisal of the various con-
ductor losses shows that in a coaxial system, by far the 
greater loss lies in the central conductor. They may 
readily be several times those associated with the sur-
rounding cylinder. Therefore if we are to have further 
improvements in the Q of the circuit we should prefer-
ably look both to the central conductor and to the 
insulators. If by chance a way can be found to elimi-
nate the central conductor, we can of course get rid 
of the insulators also. Such a venture vill of course be 
radical for by it we are seemingly throwing overboard 
the idea that the go-and-return conductor is a neces-
sary requisite for the transmission of power. Since this 
takes us into methods rather different from those com-
monly used in electrical engineering, it will be neces-
sary to digress for a time from our principal theme. 
However, for the sake of completeness there is in Fig. 
3(E) a schematic arrangement that might be expected 
to result from such a change. Its explanations must 
be left for later paragraphs. 
Also for the purpose of completeness, there are shown 

on the lower portion of this chart schematic arrange-
ments of two methods used in optics. The one to the 
right is a simple lens arrangement with object and 
image. This is assumed to represent methods typical 
of the visible part of the spectrum. At the left is an 
extremely interesting method used by R. XV. Wood 
of Johns Hopkins University perhaps thirty years ago 
to segregate long-wave components from the hetero-
geneous radiation from the XVelsbach mantle. It de-
pends for its action on the fact that the refractive in-
dex of quartz for wavelengths of around 0.1 milli-
meter is about 2.2 whereas that for the shorter waves 
is very much smaller. A lens made of quartz is so 
located relative to screens B and E that for long-wave 
radiation the two are at conjugate foci. Owing to the 
fact that the index of refraction for the shorter-wave 
components is relatively small, these rays actually 
diverge after leaving the lens. The relative ray paths 
of the two components are shown respectively as wavy 
lines and dots. 

In order to prevent the small amount of short wave 
radiation from passing directly through the lens and 
reaching the hole in screen E, a piece of foil D is 
fastened to the center of the quartz lens. A sensitive 
thermocouple and meter placed at the second iris 
shows the relative long-wave power. To test whether 
the short waves have been completely eliminated, a 
plate of rock salt is introduced in front of screen. The 
latter is transparent to the shorter waves but is opaque 
to waves a few tenths of a millimeter in length. If the 
deflection drops to a very low level we can be reason-
ably sure that no very considerable amount of short-
wave radiation is present. Sometimes two stages of 
focal isolation are necessary in order to obtain the 
desired high purity of waves. 

NEW MECHANISMS OF ELECTRICAL TRANSMISSION 

After more than a century of wire-line transmission 
and upwards to fifty .ears of radio one might reason-
ably ask if there could be any other mechanisms of 
electrical transmission besides radio and wire-line 
transmission now used by the engineer. Indeed the 
study of electrical transmission, conducted as it has 
been, by the means of both mathematics and physics, 
has told so comprehensive, a story as almost to preclude 
such a possibility. Nevertheless there are several such 
possibilities. They have for convenience been grouped 
into a single class and called wave-guide transmission. 
All of these newer mechanisms are peculiar to very 
high frequencies, much higher in fact than have, until 
recently, been used in any practical transmission sys-
tem. They are, therefore, of particular interest to the 
microwave field for by this technic we are again able 
to extend very materially the range of frequencies with 
which the engineer may work. 
In this newer form of transmission, the guiding 

structure may take any one of several different forms. 
In one case it may be a hollow metal pipe which with 
the present state of development may be two or three 
inches in diameter. In other cases it can be a somewhat 
smaller pipe filled with a low-loss dielectric, while in a 
third it may conceivably lw merely a wire of dielectric 
with no metal whatever present. This form of trans-
mission is not peculiar to circular guides. In fact there 
are many circumstances where rectangular guides are 
preferable. 

The several different mechanisms suggested above 
refer to possible modes of transmission. They differ 
amongst other ways by the orientations of the lines of 
force which go to make up the wave front and also by 
the dimensions of guide necessary to propagate the 
waves. The smallest diameter of pipe for a given mode 
varies inversely as the frequency and also inversely as 
the square root of the dielectric constant of the internal 
medium. For one particular mode, for which a con-
siderable amount of experimental work has already 
been done, the diameter must be at least 0.585 wave-
length. If a rectangular pipe is chosen the larger 
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SECTIONS THAOUGN 

dimension must be at least 0.5 wavelength. A little calcu-
lation shows that wavelengths of a few centimeters are 
needed for guides of practicable dimensions. 

MODES OF WAVES 

The configurations of four of the more important 
modes or types of waves that may be transmitted 
through a guide are shown in Fig. 4. Time does not 
permit us to discuss these waves in great detail except 
to say that both the one designated as TEn and that 
designated as TEN appear, at the moment, to be most 
useful. The latter, which is better known as the cir-
cular electric wave, has one very interesting character-
istic. Theoretically, at least, a wave of this type when 
propagated through a circular metal pipe of a given 
diameter suffers progressively less attenuation as the 
frequency is indefinitely increased. This suggests, 
vaguely at least, that sometime we may be able to 

A - 

* 

a 

Tmo, WAVE 

 :411  
• 

T M „ WAVE 
1 

„  -    
• •*s i • Io  •r,   

;  0;•.•  • ...•  • •  
••  ._   •  ‘• 

• . 
;•. ,,,r•  • --•   I 

01  • p j. 1    I 
*F. 

TE 01  WAVE 

4.•-_•..T.   . °",  -o7;k  3c   

,..Pio° °r 0°   
° 

le 'fr.  • • *.4• 4 41? 1°00 ° 
;44i,vo• •  "' • 7.1: • 

•   -.is° r• *irt.̀k.  °   
° -  • 

TE pi WAVE 

LOVES OF ELECTRIC FORCE   LINES Or mAGNEtiC FORCE 

• TOWARD OBSERVER  • AWAY FROM OBSERVER 

Fig. 4—Approximate configuration of lines of electric and magnetic 
force for four types of waves that may be propagated in a 
wave guide. 

obtain very low attenuations merely by increasing the 
frequency. The former mode which is now generally 
known as the dominant wave, is of even greater interest, 
partly because it can be maintained in a smaller pipe 
than the others and partly because it can easily be 
adapted to a great many projects for which we now 
have practical use. Because of its immediate interest, 

all discussions that follow will relate to this type of 

wave. 

FUNDAMENTAL PROPERTIES OF WAVE GUIDES 

A wave guide, like an ordinary transmission line, 
has a definite velocity of propagation, a characteristic 
impedance, and an attenuation. Although these quan-
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Fig. 5—Relative phase velocity of the transverse electric wave 
propagated through a three-inch hollow metal pipe. 

tities are amenable to calculation, their expressions are 
somewhat involved. For this reason they can perhaps 
best be shown in graphical form for some very reason-
able set of conditions that might be encountered in 
practice. This is done below for two of these quantities. 
For instance, Fig. 5 shows the relative phase velocity 
of propagation of the dominant or lowest-order wave 
at various frequencies, for a hollow metal pipe 3 inches 

in diameter. 
It will be observed that at frequencies above a cer-

tain very definite critical or cutoff limit, the phase 
velocity drops from infinity, first very suddenly and 
then more slowly and approaches the velocity of light 
as its asymptotic limit. This, it must be remembered, 
is a phase velocity and not the velocity at which 
energy is propagated. There is no violation of the 
accepted views concerning the optimum velocity of 
propagation of energy. It may be of interest to know 
that this relationship has been checked experimentally 
over a considerable range of frequencies and that the 
two have been found to agree within a small fraction 

of 1 per cent. 
The attenuation offered by a wave guide has been 

calculated for a considerable range of frequencies and 
this result has also been checked experimentally. 
Fig. 6 gives typical results not only for a wave guide 
but also for two particular types of coaxial conductors 
that might be used in microwave work. Curve A refers 
to the dominant or lowest-order wave in a 3-inch 
diameter copper pipe. It will be observed that the 
attenuation is infinite at cutoff but falls rapidly to a 
minimum at a frequency which turns out to be 3;18 
times the cutoff frequency, after which the attenuation 

increases m6re or less linearly. 
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Curve B of Fig. 6 refers to the corresponding attenu-
ation for a coaxial line having for its outer conductor 
the same 3-inch pipe assumed in curve A and for its 
inner conductor a diameter that will give a mini11111111 
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Fig. 6—Relative attenuations suffered by electromagnetic waves 
propagated through a wave guide as compared with the attenu-
ations through two representative coaxial cables. 

of attenuation. An allowance has also been made for 
insulator attenuation. For this case, the conductor and 
insulator attenuations are separately shown. This 
proportioning of diameters would presumably repre-
sent one of the better coaxial lines that might be used 
for microwave work. Such a line would obviously be 
more complicated than the corresponding wave guide 
and also more expensive. 
A comparison of curves A and B shows immediately 

that for the lower frequencies the coaxial line is by far 
the better. In fact the wave guide is altogether un-
suitable for very low-frequency work. At high fre-
quencies, on the other hand, the guide is to be pre-
ferred. It happens that this matter is somewhat more 
involved than might at first sight appear. In particular, 
when the guide is used at frequencies where the lower 
attenuations may be realized, certain higher-order 
waves such as already described may appear. The 
position of the first is noted by a transverse line on 
curve A. Although these higher-order waves need not 
necessarily appear, the engineer will in many instances 
prefer to operate his guide at frequencies where the 
higher-order waves cannot be sustained. 
It so happens that higher-order waves may also 

appear on coaxial lines. In fact they can accordingly 
occur at lower frequencies than for wave guides. 
This is shown by the transverse mark on curve B. 
It is evident, therefore, if we are to use coaxials for 
microwave work, we should not make them too large. 
This suggests that in practice we are not likely to 
realize quite as low attenuations as are indicated by 
curve B of Fig. 6. 
One of the limitations of the wave-guide type of line 

is that, for most circumstances, it must be a rigid in-

flexible pipe. The coaxial just described is also of this 
kind. However, it is possible with a coaxial line to 
make the diameter of both the outside and inside con-
ductors small and separate the two by some kind of a 
continuous low-loss insulator, thereby obtaining a 
measure of flexibility. 
A semiflexible coaxial of this kind would need to be 

kept to a diameter of perhaps one-half inch and per-
haps be made of woven conductor. Curve C of Fig. 6 
shows the calculated attenuation of a one-half inch 
coaxial with a 1/16-inch diameter inner conductor as-
suming the woven outer conductor is as good elec-
trically as solid material. This, of course, is by no 
means true. One of the better dielectric materials is 
assumed. It is fairly evident that we have paid dearly 
in attenuation for the flexibility feature. By the use of 
a small coaxial we have, of course, raised somewhat the 
limits at which higher-order waves may appear. 

SOME APPLICATIONS OF WAVE GUIDES 

It will be recalled that an ordinary two-conductor 
transmission line may be used in three rather funda-
mental ways. 

It may be used to propagate power from one 
point to another. 

(2) It may radiate power. 
(3) It may support standing waves and thereby 

provide the resonance phenomena so useful in 
effecting matches between sources and sinks of 
power. 

It is interesting that wave guides exhibit these same 
three rather fundamental properties and they can be 
used in the same corresponding ways all with certain 
outstanding advantages. The reactive property will be 
chosen as an example for it is particularly versatile in 
its application and it relates to the general picture 
shown in Fig. 3. • 

In carrying the reactive property into practice, use 
is made of arrangements that are strikingly like the 
resonant air columns or organ pipes so familiar in 
acoustics. In principle they are also similar to the 
resonant transmission lines or Lecher wires already 
mentioned. 

(1) 

(c) 

Fig. 7—Chamber suitable for demonstrating electrical resonance. 

One very simple approach to this 
imagine a short section of circular wave 
described in connection with Fig. 7. 1 
assume that it is 3 inches in diameter 
long and that it is closed at one end by a 
metal piston and closed at the other 

subject is to 
guide such as 
'o be specific, 
and 8 inches 
tight! y fitting 
by a circular 
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metal plate with an iris opening perhaps an inch in 

diameter. 
It is quite apparent that any small increment or 

pulse of power such as produced by a spark discharge, 
upon entering the iris, will be propagated along the 
guide and be reflected first by the piston and then by 
the iris plate, successively, until the energy is dissipated 
either in the metal walls or has escaped through the 
iris back to the outside space. Such a device is there-
fore a kind of an electrical echo chamber in which 
there is a very substantial amount of electrical re-

verberation. 
If the iris is too small, very little power can enter but 

once inside the power will probably reverberate longer 
before being completely dissipated. If the iris is large 
it is obvious that the opposite will be true. It is fairly 
evident that the period of these echoes will depend 
both on the velocity of propagation within the guide 
and on the distance from iris to piston. The rate of 
decay will depend not only on the iris diameter but 
also on the attenuation imposed by the material of 

the guide. 
Suppose next that we replace the pulse by a source 

of sinusoidal wave power of a given frequency f. It is 
fairly obvious that as we adjust the piston there will 
be certain lengths of the chamber at which a kind of 
resonance will be produced. In general resonance will 
appear at positions of the piston corresponding to one-
half wavelength as measured within the guide. To the 
source which in this case is assumed to be located at 
the iris, the chamber will appear as a kind of a reso-
nant circuit consisting of a coil and condenser in series 
with the source and in tune with the applied frequency. 
Since the velocity within the guide is in general greater 
than that of light, the dimensions of such a resonant 
chamber will be greater than for the corresponding 
Lecher-wire system. This is often an advantage, par-
ticularly where the frequency is so high that the 
Lecher-wire arrangement is inconveniently small. 
At another adjustment of the piston, we may picture 

a condition where the wave power reflected by the 
piston arrives at the iris in a phase that will oppose the 
wave power about to enter. Under this circumstance 
the chamber behaves somewhat like an antiresonant 
circuit, that is, a resonant coil and condenser con-
nected in parallel with the source. The first case prob-
ably looks to the source like a low impedance and the 
second like a high impedance. At intermediate adjust-
ments we may, of course, get intermediate effects. It 
would appear, therefore, that we have at our disposal 
the counterpart of the simple coil and condenser and 
that we may derive from it many of the effects familiar 
in electrical communications. Perhaps the most ob-
vious application is that of a wavemeter. Its accuracy 
will naturally depend on its sharpness of resonance. 
Wavemeters of this kind have been built and they are 

very useful. 
If we could take appropriate measuring apparatus 

inside the resonant chamber, we should find near the 
reflecting piston a region where the resultant electric 
intensity is very low. If the conductivity were infinite 
this intensity would actually be zero. At this point, 
however, the magnetic intensity is a maximum. This 
implies that in the adjacent wall, very high currents 
are flowing and that this is a region of low impedance. 
At a point along the guide a quarter wave removed 

from the piston we should find another plane in which 
the electric force is a maximum and the magnetic force 
is very small. It is convenient to regard this as a region 
of high impedance. Although this simple picture may 
not be quite correct it is nevertheless true that the 
first is a region where a mass of low-resistance material 
would tend to absorb power readily while the second 
is a region where high-resistance materials would ab-
sorb best. At intermediate points along the standing 
wave we should presumably be able to locate materials 
of intermediate resistivity and to expect absorption. 
Under this circumstance it is convenient to regard the 
resonant chamber as a kind of transformer that 
matches the absorber to a source of power, the source 
in this case being the iris through which power is 
entering the chamber. 
If what has been said is true, it should be possible 

to place the resonant chamber together with its ab-
sorbing element at the end of a wave guide and thereby 
terminate the line in its characteristic impedance. This 
is true and it can be verified very readily. It is of in-
terest that it is possible to replace this type of ter-
mination with a properly proportioned horn and obtain 
the same result. It would appear that merely by flaring 
the end of the pipe into a horn it had aided the wave 
power to escape. In the latter case it is convenient to 
think of the radiator as a kind of transformer that 
matches the guide to the outside medium. 

MEASURING THE MATCH 

It will be remembered that one of the criteria of 
termination in an ordinary transmission line is the 
absence of reflection. Since a reflected wave together 
with its corresponding incident wave gives rise to a 
standing wave, we may say that freedom from stand-
ing waves is also a criterion for termination. One of 
the more useful instruments of the wave-guide technic 
is based on this principle. This device is known as a 
standing-wave detector and it enables one to tell 
whether or not a line is properly terminated merely 
by measuring the relative magnitudes of the maxima 
and minima in the standing wave. 
The right-hand portion of Fig. 8(A) shows in a rough 

way a standing-wave detector. It consists of a probe 
which reaches into the wave guide and extracts a small 
amount of the passing-wave power and impresses the 
same on a crystal detector where a continuous electro-
motive force is produced. The latter actuates a near-by 
microammeter giving readings that may be made more 
or less proportional to power. The probe is made free 
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to move along a longitudinal slot in the wave guide to 
indicate the existence of any standing waves that may 
be present. 
If the probe of the standing-wave detector, which, 

let us say, follows the square law, is moved along the 

STANDING WAVE DETECTOR 

CARSON-COATE0 CLOTH 

RESISTIVE  PLATE 

OR FILM 
RESISTIVE ' ROD 

fel fcl 

(A) 

CONDUCTING RODS 

OR WIRES 

RESISTIVE 
MATERIAL 

(0) 

Fig. 8—Possible methods of terminating a wave guide in 
its characteristic impedance. 

slot until the maximum of standing wave is found, we 
may say that this reading is proportional to the square 
of the sum of the incident and reflected amplitudes. 
If it is shifted to a minimum, the new reading repre-
sents the square of the difference between the inci-
dent and reflected amplitudes. We may calibrate such 
a detector and thereafter be in a position to measure 
power. Also we may, if we like, deduce from these 
readings the reflected power and also the coefficients 
of transmission and reflection. 
It is fairly obvious that the standing-wave detector 

may be used not only to tell when a line is terminated 
in its characteristic impedance but also to detect the 
presence and nature of discontinuities that may un-
wittingly have been introduced into a line. Fig. 
shows one of several practicable forms which such 
standing-wave detector may take. 

9 

a 

Fig. 9—Standing-wave detector suitable for measuring the nature 
and magnitude of electric discontinuities in a wave guide. 

Referring again to the resonant chamber, let us en-
close in the chamber some absorbing medium as shown 
in Fig. 8(A). It is convenient to regard the whole as an 
impedance made up of a reactance and a resistance. 
We may fairly say that the absorber which, let us say, 
is a mass of carbon-coated cloth represents the resist-
ance component and the chamber the reactance com-
ponent. Presumably the latter may by proper adjust-

ment be made to present to the line to which it may 
be attached either a negative reactance or a positive 
reactance as the nature of the line may dictate. As a 
laboratory exercise, it is not at all difficult to find 
adjustments of iris diameter and piston setting to 
effect a degree of match such that the minimum read-
ings are at least 95 per cent of the maxima. 
In considering further the resonant chamber and its 

absorber, it is not difficult to see how reflected waves 
passing repeatedly back and forth through the semi-
conducting medium will finally be absorbed. It is only 
slightly less obvious that the mass of cotton could be 
replaced by a thin disk of semiconducting material 
placed in a transverse position across the guide as 
shown in Fig. 8(B). It is not at all obvious however 
that it can be replaced by a thin rod of resistance 
material connected across the diameter of the chamber 
as shown in Fig. 8(C). However, this turns out to be the 
case. Finally it would seem extremely unlikely that a 
tiny pAnticle of resistance material connected as shown 

Fig. 10—Receiver suitable for wave-guide use. 

in Fig. 8(D) could gather all of the energy entering the 
chamber but it turns out that this also can be done. 
This fact is very important from the'engineer's point 
of view for it enables him to impress substantially all 
of the wave power received from a wave-guide line 
onto a small object like a crystal detector or other 
element and thereby derive from the wave all of the 
signal characteristic's that may have been transmitted. 

Tut:. REcEivER 

The step-by-step reasoning followed in Fig. 8 has 
led ultimately to the rudiments of a receiver. Although 
the piston-iris arrangement is very suitable for ex-
planatory purposes, there are other arrangements more 
convenient for practical use. Fig. 10 shows an arrange-
ment of this kind. In this particular case the iris has 
been replaced by two coaxial tuners connected to op-
posite terminals of the crystal. Experiment shows that 
the coaxial tuners can in this case function as the iris. 
This is somewhat more convenient, particularly in the 
laboratory where adjustments are frequently made, 
than to vary the diameter and possibly the position of 
an iris. 
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THE GENERATOR 

It is generally true that a source of wave power such 
as a short-wave oscillator will work most efficiently 
when it looks into its own characteristic impedance. 
If a wave-guide line is not an appropriate load to such 
a source it would appear that we might use the hollow-
cavity type of transformer as a means of matching the 
source to the line. In addition, there are also possible 

and as a result 20-centimeter oscillations of consider-
able magnitude are built up on the Lecher-frame cir-
cuit. Under this circumstance, it is probably true that 
the tube is driven to the limits of its operating charac-
teristic. At any rate, harmonics of considerable magni-

tude are set up. The diameter of the pipe is so chosen 
that these harmonic waves (X=10 centimeters) are 
carried away. Such a generator, while not overly effi-

Fig. 11—Harmonic type of oscillator using a conventional negative-grid tube. 

cases where the chamber may be used as a frequency-
determining unit of high precision to be associated 
with an oscillator. 
There is shown in Fig. 11 an oscillator suitable for 

continuous waves of a frequency of 3000 megacycles 
(X =10 centimeters). As will be observed, it combines 
the older Lecher-wire technic with the newer wave-
guide methods. A three-electrode tube of conventional 
principles but of rather unusual design has its grid and 
plate terminals brought out at the opposite sides of a 
glass envelope. These are made a part of a Lecher-
wire circuit upon which waves having a length of 
roughly 20 centimeters are generated. Were it not for 
the surrounding pipe this would be the principal wave-
length generated and a considerable amount of 20-
centimeter power would be radiated. However, by sur-
rounding the generator with a 3-inch-diameter pipe, 
we are able to invoke the cutoff property already men-
tioned and thereby prevent the transmission of any 
appreciable amount of 20-centimeter power. It ap-
pears that under this circumstance the oscillator looks 
into a nondissipative load of considerable magnitude 

cient, can be modulated to give audible signals and is 
a very useful element in an experimental transmitting 

system. 

FILTERS 

Following the analogue of the resonant chamber and 
the various arrangements of coils and condensers 
further, we may expect that there should be pos-
sible a variety of filters. It will be sufficient to mention 
a few of the simpler forms. Some, at least, resemble 
the so-called acoustic filter. In Fig. 12(A) there is 
shown a side tube connected across a wave-guide line. 
By adjusting the length of this tube, relative to the fre-
quency, we may effectively place across the main wave 
guide either a high transverse impedance thereby 
allowing waves to pass freely or a low transverse im-
pedance thereby preventing their free passage. In the 
latter case it is almost as though the metal piston 
placed in the side chamber were transferred to a posi-
tion transverse to the main guide. As will be readily 
appreciated a multiplicity of these side chambers ar-
ranged perhaps as shown in Fig. 12(B) will permit the 
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passage of certain frequencies while inhibiting others. 
More particularly it passes all but a relatively narrow 
band of frequencies. It may conveniently be regarded 
as a band-reject filter. In this, as in ordinary radio 
practice, it is assumed that varying the tuning of a cir-
cuit at a fixed frequency is roughly equivalent to vary-
ing the frequency at a fixed tuning. 
Fig. 12(C) shows another kind of filter element that 

will also perform (in reverse order) the function just 
mentioned. At frequencies for which the chamber is 
tuned, wave power passes with little or no loss. At 
other frequencies, the chamber presents a high im-
pedance to the oncoming wave. It is therefore a kind 
of band-pass filter. It is convenient to regard this type 

(c) 

Fig. 12— l'wo simple forms of wave-guide filters. (A) and (B) pass 
all but certain selected bands of frequencies. (C) rejects all but 
certain selected bands of frequencies. 

of filter as a resonant chamber, like Fig. 7, in which 
for practical purposes, a source (power arriving at the 
input iris) is matched to a sink (power leaving the 
output iris). At this frequency the filter element and 
the line that follows offer no discontinuity to the inci-
dent wave power. At other frequencies there is a gross 
mismatch between the source and sink and the unit 
presents effectively a high series impedance (or low 
transverse impedance) to the oncoming wave power. 
As in the case of the simple resonant chamber, one 
may picture for himself a series of reflections that con-
spire to aid the wanted waves in passing through the 
chamber while rejecting these that are unwanted. 

GENERAL CONSIDERATIONS 

Returning again to Fig. 3, it should be evident that 
at some point in the frequency scale above 1000 mega-
cycles (X =30 centimeters) microwave technic is again 
destined to undergo a marked change. Methods using 
the conventional go-and-return conductor type of cir-
cuit give way to the somewhat simpler hollow-pipe or 
wave-guide circuit. These newer methods seem to be 
at their best in the centimeter-wavelength range. At 
the longer wavelengths, the component parts become 
inconveniently large. As we go to the shorter waves, 
it would appear that ability to manufacture small 
parts would become an important limitation. It may 
also turn out that losses in component parts may again 
return to haunt the engineer. What the technic will be 
beyond this point, we can only guess. 
From what has been said,' it is fairly evident that 

we have, in this newer wave-guide art, the high-fre-
quency counterparts of most of the essential circuit 
elements used in ordinary communications practice. 
Not only do we have a fairly efficient transmission line 
for propagating wave power from one point to another 
but we have in principle the necessary matching meth-
ods for impressing intelligence-bearing components 
onto the line and also the methods for recovering them 
at the receiving end. In addition there are also the 
essentials of a high-frequency filtering technic of the 
kind that has been so very useful at lower frequencies 
particularly in carrier-current practice. To this should 
be added a rather large variety of antennas for use in 
places where radio seems preferable. 

The adaptation of these rather fundamental -prin-
ciples to practical use is one of the interesting prob-

lems that lie ahead. What form this may assume and 
what direction it may take we cannot as yet be quite 
certain. It would appear, however, that in the region 
Beyond the Ultra Short Waves there will be interesting 
variety both in the principles and methods of electrical 
engineering. It is probable that the homesteader will, 
as usual, look forward with high hopes. 



Tubes for High-Power Short- Wave Broadcast 
Stations—Their Characteristics and Use* 

G. CHEVIGNYt, NONMEMBER, I.R.E. 

Summary—This paper outlines the vacuum-tube requirements 
necessary because of the increasing power of short-wave broadcast 

transmitters. 
Different ways of meeting the requirements are discussed: use 

of a large number of tubes in parallel; of demountable structures; 

or of sealed tubes. 
The development of a sealed tube capable of 200 kilowatts 

carrier output for two tubes in parallel is described. The main fea-
tures of the different parts of the tube are indicated together with 
its characteristics. A description is also given of some of the tools 
and machines specially developed for the manufacture of these 
tubes. 
A broadcast center in which the tubes are used is briefly de-

scribed. The salient points of the transmitting circuit and equipment 

are shown. A short description of high-power grid-controlled recti-
fiers is also given. 

INTRODUCTION 

ii1OR YEARS before the present War, there was a very rapid increase in the power of broadcast 
transmitters in Europe, brought about mainly by 

the importance attached to propaganda by radio. De-
spite limitations on power recommended by successive 
international meetings, the governments of European 
countries always tried to increase the emission of their 
broadcast transmitters as much as technically possible. 
As soon as progress in the manufacture of transmitting 
tubes and equipment made it possible to obtain a 
higher output, new stations were ordered or old sta-
tions were modernized so that the only limit to the 
power output of a station was, in fact, that imposed 
by the technical possibilities of the moment. 
This race toward higher powers, which took place at 

first on medium waves, was followed by a similar race 
on short waves. For instance, transmitters of 100 kilo-
watts carrier or more started regular operation on 
medium waves in 1931 and on short waves in 1939. 
The high output power of stations was often supple-
mented by efficient radiating systems, some of which 
were over 1000 feet high for medium-wave broadcast-
ing, or which used large numbers of highly directive 
antennas for short-wave broadcasting. 
As the demand toward still larger powers was quite 

apparent, development of a new type of high-power, 
short-wave vacuum tube was started in 1937 at the 
Paris Laboratory of the International Telephone and 
Telegraph Corporation. Two years later, in 1939, de-
sign of this tube had been completed and it was avail-
able when, in the same year, French authorities de-
cided to build a broadcast center with a large number 
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of short-wave channels each capable of a carrier 
of 150 to 200 kilowatts. 

GENERAL CONSIDERATIONS 

Before starting the design of the new tube, several 
different methods of meeting the requirements were 
considered. 
1. Use of a large number of high-power tubes con-
nected in parallel. 

2. Development of new demountable structures of 
suitable power. 

3. Development of a sealed tube of sufficient power 
output so that two tubes would be adequate in the 
last stage. 
A solution using four tubes in parallel had already 

been adopted for certain high-power transmitters; 
however, because of the many drawbacks, parallel 
operation was not considered entirely satisfactory for 
the following reasons: 
1. Operation of the transmitter is made more difficult. 
2. Critical adjustment of the circuits is necessary, par-
ticularly when two transmitters must be worked in 
parallel. 

3. Causes of stoppage of the station are considerably 
increased, making the station much less reliable. 
Demountable structures were rejected, although, 

from the standpoint of power output, they would have 
been adequate. They involve the following inherent 
objections: 
1. Require more careful handling than sealed-off 
tubes. 

2. Require highly trained maintenance personnel. 
3. Auxiliary pumping and conditioning equipment is 
essential. 

4. Provision of spares is complicated. 
5. Cost per hour per kilowatt is greater. 
While far from sturdy, sealed-off transmitting tubes, 

even in the largest sizes, are now being made suf-
ficiently strong to be shipped, stored, and installed 
safely with only reasonable care. To date, such is not 
the case with demountable tubes. 
Maintenance of demountable tubes is not simple. 

The same knowledge, skill, and care are required for 
the replacement of burned-out electrodes as is neces-
sary in their original manufacture. Personnel with 
normal experience in maintenance of electrical equip-
ment would require additional training in vacuum-
tube technique; for example, scrupulous chemical 
cleanliness is essential to the successful operation of 
high-vacuum, high-voltage devices. 
Demountable tubes while in operation require a 
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complete associated pumping system that does not 
differ materially from the equipment used in the man-
ufacture of sealed-off tubes. Such equipment usually 
comprises two diffusion pumps and a mechanical 
pump, the latter being arranged to run only when the 
degree of vacuum on the last stage of the diffusion 
pumps reaches a predetermined minimum value. Ro-
tating machinery, controls, and considerable space for 
piping and connections, all requiring continuous super-
vision, are involved. 

The problem of providing spares is also complicated 
by the use of demountable tubes. A complete spare 
tube and vacuum system must be kept in operation 
and ready for instant service. This equipment, because 
of its size and complexity, usually must be a perma-
nent installation making it necessary to arrange the 
transmitter circuit to be switched to the spare. Obvi-
ously, such an arrangement complicates the trans-
mitter design, especially at higher frequencies. In addi-
tion, other equipment must be maintained to pump 
and condition tubes that have been repaired. When 
parts, such as a filament or grid, are replaced in a de-
mountable structure, several hours of conditioning are 
required before the tube is fit for service. Such an 
amount of spare time would not ordinarily be available 
from the main high-voltage supply; hence an addi-
tional power source would be required. 
Opinions differ considerably regarding the relative 

cost of operation of demountable tubes and sealed-off 
tubes. In the case of the tubes under consideration, 
comparative calculations were made, taking into ac-
count the cost of the demountable tube, its associated 

Fig. 1—Demountable structure. 

equipment, and the maintenance cost. These calcula-
tions showed that, with a sealed-off tube life of 10,000 
hours (about two years' operation), the cost per hour 
of the sealed-off tube is lower. 
The demountable structures seem to be interesting 

only when the power output required is so high that it 
is impossible to make reliable sealed tubes at an eco-
nomical price. 
As it appeared quite feasible to proceed with the 

construction of sealed tubes, two of which would pro-
vide a carrier output of 200 kilowat Is on short waves. 
this solution was adopted. 

DESIGN OF THE TUBE 

Different possibilities of design of sealed tubes were 
examined. As is well known, there are two main types 
of structures of water-cooled tubes: one with the anode 
at one end and the grid and filament at the other, 
called the single-ended tube; the other with the anode 
in the middle with filament and grid brought out re-
spectively through each end of this anode, called the 
double-ended tube. Much discussion has taken place 
concerning the relative advantages and disadvan-
tages of these two types of structure. From the view-
point of production neither has any real advantage 
over the other. In the present case, the singled-ended 
structure was favored since it is easier to connect in 
the type of circuit planned for the transmitters. At high 
frequencies, the tube is an integral part of the circuit 
and it is highly advantageous that tube and circuit be 
well adapted to each other. 
For operation on the highest practical frequency, the 

tube over-all length was kept to the minimum and the 
diameter was made as large as possible. Thus the 
mechanical strength of the electrodes also was in-
creased. 

Before proceeding with the assembly of the sealed 
tubes, the filament and grid structures were both 
tested in a demountable unit which had been developed 
with a view to producing a demountable tube of power 
sufficient to give 500 kilowatts carrier output for two 
tubes in parallel. Several types of structures were tried 
and some life tests were started with a dissipation 

higher than that normally required to ensure stability 
of the parts. It was only when these electrodes were 
considered satisfactory that the first sealed tubes were 
assembled and tested. Only minor modifications of 
certain parts of the structure were then necessary, 
since the completed filament and grid units functioned 
as satisfactorily as in the demountable structure. Fig. 
1 shows a view of the demountable structure in which 
the electrodes of the tubes were tested. 
Fig. 2 is a view of the tube without its water jacket. 

The filament leads are at the top. On the side of the 
bulb, the grid is fastened through three leads formed 
by three copper caps. The copper anode is located at 
the bottom. Over-all length of the tube is about four 
feet. 
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FILAMENT 

Mos, of the design work was centered on the con-
struction of the filament structure. It would have been 
possible, for instance, either to use structures compris-
ing several V's, or parallel strands with springs applied 
at one end, or a self-supporting, parallel-strand struc-
ture without springs. 
Because of the necessity for supporting and guiding 

the springs, their use entails a complicated and bulky 
mechanical structure. Such structures, which must 
operate adjacent to filaments working at a high tem-
perature, are difficult to design and are very often a 
source of trouble; they also necessitate the use of 
numerous insulators which are generally fragile and 

difficult to outgas. 
The extra volume occupied by filament springs 

causes an appreciable increase in interelectrode capaci-

Fig. 2-3067A vacuum tube. 

tance which, in the case of a tube working on short 
wavelengths, is obviously undesirable. If, in addition, 
certain parts are subjected to high-frequency fields, 
operation becomes rather unreliable. It was conse-
quently decided to adopt a self-supporting structure 
with a minimum number of insulators and no springs 
to pull on the filament. 
The filament structure utilized is shown in Fig. 3. 

It comprises 18-filament strands connected in parallel. 
This filament was designed for direct-current or single-
phase alternating-current excitation but, with minor 
modifications, can be adapted to 3-phase alternating 
current. 
The strands are so connected that the current in two 

adjacent strands always flows in opposite directions. 

Fig. 3—Filament assembly. 

This is very important, since the action of the electro-
magnetic force is great due to the high current passing 
through the filament. With this arrangement the elec-
tromagnetic forces tend to bow out the filament, all 
the forces being radial and directed towards the out-
side. In order to prevent this distortion, strands having 
the same potential were fastened together at regular 
intervals. With the length of filament used, a fastening 
at two points suffices. 
In such structures, it is essential that the different 

strands expand equally when heated. Uniform expan-
sion can be obtained only by exercising the greatest 
care in selecting filament strands of practically identi-
cal diameter. The highly polished tungsten filaments 
are, therefore, manufactured to the very narrow limits 
of ±0.5 per cent of the diameter. The strands are all 
weighed when they are received and their diameters 
are measured on two perpendicular directions at sev-
eral points. Each strand is then placed in one of six 
groups. When selecting the 18 strands for a particular 
tube, all are taken from a single group but, even then, 
the strands are matched as closely as possible, the 
grouping being made merely to facilitate this final 

matching process. 
The strands are then shaped and heated in hydrogen 

in order to set them. One end of each strand is arc-
welded on short filament leads. Next, all the strands 
are placed on the stem, and the other ends of all the 
strands are arc-welded on the filament leads mounted 
on the stem. A suitable fixture is used to keep the 
strands in place and to guide them during the welding. 
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Fig. 4—Grid assembly. 

After that, the ends of the leads on all strands are 
welded together as well as to a central connector, the 
atomic hydrogen process being employed. With this 
method of assembly, the filament strands remain quite 
straight and parallel. 
Using leads at the common end of the strands, in-

stead of welding the filaments themselves onto the 
central connector, allows for an appreciable decrease 
of filament power and increases the rigidity of the 
filament structure. After the filament structure has 
been so completed, it is flashed in hydrogen by passing 
a suitable current through the filament strands in 
order to set it permanently. 

Fig. 5—Baking of anode structure. 

The filament supports comprise two molybdenum 
plates on one side of which the molybdenum leads of 
the filament strands are welded and on the other side 
of which large-diameter molybdenum rods are also 
welded. These are inserted into copper tubes in which 
they are fastened by means of screws. The ends of 
these copper tubes are themselves brazed inside of 
copper caps which are sealed on a moulded flare. The 
bottom end of the filament structure is provided with 
two shields and a guide rod which enters an insulator 

fastened at the end of the grid. It is to be noted that 
the bearing between this rod and the quartz insulator 
is not made directly but through another quartz in-
sulator mounted at the end of the rod. 

GRID AND ANODE 

Fig. 4 shows the grid structure. The grid is wound 
inside a cage consisting of six tungsten rods fastened 

Fig. 6—Filament anode assembly. 

on a support which is itself fastened on the three leads 
passing through the bulb. At the bottom of these rods, 
a support is provided for the quartz insulator which is 
used as a guide for the end of the filament structure. 
The grid winding is fastened on the leads by means 
of a tungsten spiral. 

The anode, which is made of copper and comprises 
several parts, can be seen in Fig. 5. The central part is 
provided with grooves in order to increase the anode 
dissipation. A cup is brazed on the bottom end. It is 
provided with a hole used during the assembly of the 
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tube to assure the centering of the filament structure. 
On the top of the central part, a collar with a feather 

edge is brazed, on which, in turn, a glass bulb is sealed. 
This part is adapted for water cooling to keep the 
copper seal at a sufficiently low temperature. 
Three radial arms for mounting the grid are sealed 

on the bulb. Then, the bulb is sealed on the anode and 
the whole structure is evacuated and left in stock for 
a sufficient number of weeks to make sure that the 
copper parts and the seals are airtight. 

ASSEMBLY 

To proceed with the assembly of the tube, the grid 
is mounted inside the anode and, next, the filament 
structure is sealed in place. 
Originally, the tube was sealed on a horizontal 

lathe; the operation, though feasible, was difficult due 
to the necessity of accurately centering the filament 
structure. Fig. 6 shows a tube being aligned in the 

centering device. 
At first, the filament was mounted in the anode in a 

vertical position and both structures were fastened on 
a common support. The whole assembly was then 
transferred to a lathe where the anode was fixed in one 
head while the filament support was fastened on the 
other head. Fig. 7 shows this sealing operation. 

Fig. 7--Sealing of the tube. 

In order to make the assembly of such tubes much 
easier and remove any danger of warping of the fila-
ment, a vertical lathe of a special design was devel-
oped. At the time, two possibilities were considered: 
rotating the flames with the tube fixed, or the flames 

fixed with the tube rotating. 
Design of a vertical lathe in which only the flames 

rotate involves certain delicate problems, but does not 
require accuracy so great as that of the other type. It 
is simpler in design and less expensive; however, the 
sealing operation requires, in addition to the rotating 
fires, a rotating graphite paddle to shape the glass, 
operation of this paddle being obtained by vertical 

motion of a disk on which a part of the paddle bears. 
Such an operation on a seal of large diameter is not so 
easy as the usual hand paddling of the seal when in 
rotation. In this latter case, the glass can be worked in 
a better manner. It was this main consideration which 

Fig. 8—Vertical sealing lathe. 

led to the design of a lathe utilizing fixed fires while the 

tube rotates. 
Fig. 8 shows the vertical lathe. The anode is fixed at 

the bottom of the lathe, passing through large ball 
bearings on which a suitable chuck is mounted. Fas-
tening the anode on this chuck is accomplished by 
means of a large wheel. The filament is mounted on a 
support which passes through the top head wbich is 
vertically movable by means of a large wheel. Both this 
and the bottom head are machined with very great 
accuracy so that the parts have an eccentricity less 
than 0.02 millimeter and the shafts are aligned within 
0.02 millimeter. The flames can be moved easily, and 

their position can be adjusted. 

EXHAUST 

After the tube is sealed, it is immediately put under 
rough vacuum. The tube is then exhausted. The ex-
haust station comprises a large movable platform 
which can be brought around the tube during the bak-
ing and moved back afterwards to leave the space 

around the tube free for the different connections dur-
ing the other operations of the exhaust. 
The exhaust process comprises the usual steps of 

baking, bombardment of electrodes and high-voltage 
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conditioning under high voltage with the filament cold. 
The total length of the exhaust of a tube varies from 
one tube to another but, on an average, takes approxi-
mately 35 hours. 
Before testing the tube, an X-ray picture is taken to 

Fig. 9-3067A vacuum tube with water jacket and truck. 

make sure of the shape of the electrodes and of their 
relative centering. 
Tests include the usual vacuum measurement and 

the determination of the static characteristics. The 
tube is formed, at first on direct current with high 
voltage up to the peak anode dissipation, and tested 
as a self-oscillator at 25,000 volts with 400 kilowatts 
output. 

COOLING 

Cooling of the tube is accomplished through a water 
jacket. With a flow of 60 gallons of water per minute, 
the anode is tested for a dissipation of 340 kilowatts, 
which corresponds to about 1.3 kilowatts per square 
inch of the anode, much more than needed under the 
normal operating conditions of the tube. Fig. 9 shows 
the tube mounted in the water jacket. The grid and 
filament seals need no special cooling. 

MOUNTING 

When used on medium wavelengths, the tube can 
be mounted on a small truck which makes it possible 
to replace the tube readily. At higher frequencies, the 
truck is too large and the tube is fastened on a suitable 
support. In both cases, corona shields are placed in the 

vicinity of the anode and grid seals, and a ring is used 
for the grid connections. 

CHARACTERISTICS 

Fig. 10 gives the filament characteristics of the 
tube, Type 3067A. For 100 amperes emission, the fila-
ment voltage required is 30 volts, corresponding to a 
power of above 19 kilowatts. The emission then is less 
than 5.5 milliamperes per watt which is a relatively low 
figure resulting in a filament life of more than 10,000 
hours. Vl'hile use of a filament working at such a low 
temperature increases the filament power, the cost per 
hour is, however, decreased by the considerable in-
crease in tube life. 

..1111111111111111111111  w illinmom 

ltIHI  
lllll  lllll lllllll 

11111111iIIH M111111111 lll lll 11111101filitiolif111inilliit 

111 0 ,44. llll .,,c  .  c 

IiiIiIEiIiI,i,,i,I :,.:Liet lllll 
111111111,111111 Hiligit HE WE 

,11 0 1,111 ,.1.  1 03  L111  .1  I  • 

lIlIHHIflullIIll1iIilIlIIi ffl1,i 

rd  !AZ (V.9 

i ll"  H i lli nil P 

FILAMENT 

Fig. 10—Tube type 3067A—emission characteristics. 
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Static characteristics are shown on Figs. 11, 12, and 
13. Table I summarizes the main characteristics of the 
t ube. 

The station in which these tubes were used com-
prised a group of two transmittei=' units, each unit 
composed of three final amplifiers and two modula-
tors. A single unit was, therefore, capable of radiating 

TABLE I 

TECHNICAL DATA 

Characteristics 
Filament voltage 
Filament current 
Total emission current 
Amplification factor 
Impedance 
Mutual conductance 
Grid-anode capacitance 
Grid-filament capacitance 

Water Circulation 
Normal water flow 
Pressure drop for normal flow 
Maximum water pressure 

Dimensions and Weight 
Over-all length 
Maximum diameter 
Net weight 

Limiting Conditions for Safe Operation 
Normal direct plate voltage 
Maximum plate dissipation 
Maximum grid dissipation 

Typical Operating Conditions on a Plate- Modulated Amplifier 100 Per cent Modu-
lation 

30 volts 
635 amperes 
100 amperes 
44 
720 watts 

50,000 micromhos 
110 micromicrofarads 
90 micromicrofarads 

60 gallons per minute 
15 pounds per square inch 
50 pounds per square inch 

47.5 inches 
20  inches 
104  pounds 

17,500 volts 
160 kilowatts 
3 kilowatts 

Working plate voltage  12,000 
Normal plate current  11 
Carrier output per tube  100 
Frequency  12 

11,500 
11 
90 
18 

11,000 volts 
11 amperes 
80 kilowatts 
22 megacycles 
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two separate programs simultaneously on different fre-
quencies so that, with both units, four separate pro-
grams could go on the air from the station at one time. 
The extra final amplifier in each transmitter unit per-
mitted wavelengths and antennas to be switched with-
out interrupting programs since these amplifiers could 
be readjusted with the power off. When power was 
applied, one of the modulators could be switched in-
stantly to the third final amplifier. Whichever amplifier 
had been left free could then also be readjusted after 
its power had been turned off. The process of switching 
frequencies was, consequently, continuous and unin-
terrupted. Ten directive antennas were provided at the 
station; twelve pretuned frequencies permitted opera-
tion in the radio-diffusion range of 6, 7, 9, 11, 15, 17, 
and 21 megacycles. All the commutations, that is, 
choice of frequency, choice of circuit, and choice of 
antenna, were automatic and controlled from the sta-
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Fig. 11—Tube type 3067A—plate characteristics. 

tion control desk. Three similar stations were under 
construction to provide in all twelve simultaneous pro-

grams. 
OUTPUT STAGE 

The low-power stages of the station were conven-
tional and need not be described. The last stages, how-
ever, possessed some unusual features. 
Two of the 3067A tubes were used in the final stage 

and were connected in a so-called inverted amplifier 
circuit. The high-frequency drive was applied on the 
filaments of the tubes, the grid being kept to a voltage 
very close to that of the ground. In each tube, the grid 
thus acted as a shield between the input circuit, which 
was the filament-grid circuit, and the output circuit, 
which was the grid-anode circuit. Among the advan-
tages of this kind of a circuit, the following can be in-
dicated: 
1. It is possible to reduce the value of the neutraliz-

ing condensers considerably or even, in certain cases, 
to eliminate them entirely. This is due to the fact that 
the coupling of the input and output circuits through 
the tube is caused solely by the capacitance between 

-  5,5'00  10000 
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Fig. 12—Tube type 3067A—plate characteristics—constant-
current curves. 

filament and plate, which is much smaller than that 
between filament and grid. A decrease in the circulat-
ing current consequently results in appreciably low-
ering the losses in the last stage. Elimination of the 
neutralizing condensers is particularly advantageous 
when the transmitter must operate on a relatively wide 

band of frequencies. 
2. The inverted amplifier can operate in a rather 

wide band of frequencies without having to modify the 
tuning. 
3. A large negative feedback is applied on the input 

circuit due to the fact that the plate current passes 
through the filament circuit. The latter circuit, being 
tuned, the alternating component of the plate current 
produces on the filament circuit a voltage in phase op-
position to the driving voltage. Hence stability of the 
last stage is increased since parasitic oscillations are 
suppressed. Harmonic distortion introduced by the 
last stage also is reduced. 

Fig. 13—Tube type 3067A—grid characteristics. 
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4. The inverted amplifier, as compared with the 
usual type amplifier, makes it possible to obtain a 
higher output inasmuch as an appreciable part of the 
high-frequency energy supplied to the antenna comes 
from the penultimate stage. 
Plate modulation was adopted. Its advantages can 

be summarized as follows: 
1. The modification of the high-frequency circuit 

necessary to change over from one frequency to an-
other does not alter the modulation characteristics as 
both circuits are entirely independent. 
2. With the exception of the last two stages, the 

high-frequency circuits are not modulated, allowing 
the use of shielded-grid tubes for these circuits. A very 
high gain per stage can be thus obtained without re-
quiring accurate adjustment of the operating condi-
tions. It is possible to overdrive the different stages in 
a manner such that the power which is obtained is 
practically independent of the driving conditions or of 
the bias of the tubes. This appreciably decreases noise 
due to the intermediate stages of the high-frequency 
circuits. 
3. The last stage of the transmitter always works at 

its maximum efficiency. 
4. The power which is absorbed by the last stage of 

the modulation amplifier is very small for the carrier, 
and the efficiency of the amplifier is up to 60 per cent 
for the maximum percentage of modulation of the 
transmitter. 
Another particularly interesting feature of the trans-

mitters was the use of a very large negative feedback 
which improves the characteristics of the transmitters. 

Fig. 15- Final amplifier. 

.1.11 

Fig. 16—Front panel—final amplifier. 

The advantages resulting from high negative feedback 
are: 

1. Total gain of the audio amplifier is kept prac-
tically constant throughout the frequency band. 
2. Variation in tube characteristics and some of the 

changes in the voltage supplies are compensated for. 
3. Harmonic distortion and noise introduced by the 

different amplifiers are considerably reduced. 
Fig. 14 shows the schematic of the different stages 

of the transmitter. Fig. 15 indicates the location of the 
tubes inside the last stage of the transmitter. Fig. 16 
illustrates the front view of the panel. 

POWER SUPPLY 

The power taken from the mains by the high-power 
rectifiers as a function of the level of modulation for 
150 kilowatts carrier and 13,000 volts applied to the 
anodes of the tubes for four programs simultaneously 
was as follows for the three last high-frequency stages 
and the last two modulating stages: 

Per Cent 
Modulation  Kilowatts 

0  1360 
3 . 3  1700 
80  2260 
100  2490 

To feed the different low- and high-power stages 
with high voltage, hot-cathode mercury-vapor recti-
fiers were used. Fig. 17 shows the type of units used for 
low power. They were small compact units built up 
exactly like oil-cooled transformers. They comprised a 
tank inside of which were mounted the filament 
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transformers, the high-tension transformers and the 
choke for the smoothing circuit. The different tubes and 
insu!ators through which the connections to the tubes 
were made were mounted on top of the tank. According 
to the power and voltage of the rectifier, forced ventila-

Fig. 17—Low-power rectifier unit. 

tion was provided on the base of each tube. The design 
of these units is such that they may be located inside 
a vault suitable for high voltage in the same manner 
as high-tension transformers are placed. 
In the case of the high-power stages, five high-power 

rectifier units were used for an output of 13,000 volts 
and 37 amperes. Taps were provided for 12,000 volts 
at 40 amperes and 11,000 volts at 40 amperes. Fig. 18 
shows a front view of the units. The rectifier tubes were 
of the grid-controlled type. Each unit comprised six 
tubes connected in the three-phase, full-wave, six-tube 
series circuit. Each tube was mounted on top of its 
filament transformer through the intermediary of a 
high-voltage insulator. They were all placed alongside 
of each other and each tube was surrounded by a shield 
at the base of which hot air at a constant temperature 
of 40 degrees centigrade was blown. 
The voltage of the rectifier could be varied from zero 

to peak voltage by applying properly phased pulses on 
the grids of the rectifier tubes. This excitation of the 
grid was accomplished by equipment which did not 
include rotating parts or moving relays; a special 
transformer was used comprising a magnetic circuit 
made partly of permalloy. One transformer was associ-
ated with each tube; its size was very small so that it 
could be included in the same tank as the filament 
transformer itself. It was supplied with alternating 

current from the same supply as that to be rectified. A 
direct current passed through one of the windings and 
was used as a control. Whenever the alternating cur-
rent through the winding changed polarity, the flux of 
the core was reversed, and a peaked wave was pro-
duced in a third winding. 
If the value of the direct current in this control 

winding Was increased, the peaked waves were dis-
placed with respect to the alternating-current cycles. 
The effect is illustrated in Fig. 19 which is an oscillo-
gram of the output voltage of the transformer. In this 
case, the peaked wave was displaced by 60 degrees for 
a 200-ampere-turn change in the control winding. If 
the current were reversed, the displacement of the 
peaked wave would have been in the opposite direction 
so that the total displacement would be 120 degrees. A 
further increase in the value.of direct current had the 
effect of completely saturating the core system with 
the result that peaked waves were no longer produced 
and the grid-control rectifier tubes were no longer ex-
cited. The displacement of the position of the pulse 
determined the corresponding variation of the time at 
which each rectifier tube in the circuit started; and, in 
the case of a three-phase, full-wave, six-tube series 
circuit, it was sufficient to move this sharp pulse by 90 
degrees to adjust the voltage from zero to peak voltage 
of the rectifier. In practice, variation of voltage by 
means of the control of the grid was used only during 
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Fig. 19—Wave shape of the peak wave used for firing grids and 
• displacement of the peaked waves by direct-current control. 

certain tests of the transmitter, when starting the 
transmitter, and to compensate for variation of the 
mains. This compensation could be practically auto-
matic as the amplitude of the direct current applied on 
the peak-wave transformers could be made a function 
of the rectified voltage, and an accurate compensation 
could be obtained. One very important characteristic 
of grid-control rectifiers is that the grid can be used to 
stop a rectifier in less than 20 milliseconds in case of a 
short circuit caused, for instance, by a flash arc inside 
the high-power vacuum tubes. Voltage can then be 
restored in a fraction of a second after the short circuit 
has been stopped; and, in this length of time, the volt-
age is applied at its minimum value and brought up 
to the maximum value of the rectifier without notice-
able interruption of the program. 



Analysis of Rectifier Operation* 
0. H. SCHADEt, MEMBER, I.R.E. 

Summary—An analysis of rectifier operation in principal cir-
cuits is made. The introduction of linear equivalent diode resist-
ance values permits a simplified and accurate treatment of circuits 
containing high-vacuum diodes and series resistance. The evalua-
tion of these equivalent resistance values and a discussion of emis-
sion characteristics of oxide-coated cathodes precede the circuit 

analysis. 
Generalized curve families for three principal condenser-input 

circuits are given to permit the rapid solution of rectifier problems 
in practical circuits without inaccuracies due to idealizing assump-

tions. 
The data presented in this paper have been derived on the basis 

of a sinusoidal voltage source. It is apparent that the graphic analy-
sis may be applied to circuits with nonsinusoidal voltage sources or 
intermittent pulse waves. 
It is also permissible to consider only the wave section during 

conduction time and alter the remaining wave form at will. Compli-
cated wave shapes may thus be replaced in many cases by a sub-
stantially sinusoidal voltage of higher frequency and intermittent 
occurrence as indicated by shape and duration of the highest volt-

age peak. 
The applications of these principles have often explained large 

discrepancies from expected results as being caused by series or 
diode resistance and excessive peak-current demands. 
Practical experience over many years has proved the correct-

ness and accuracy of the generalized characteristics of condenser-
input circuits. 

INTRODUCTION 

ECT I Fl ER circuits, especially of the condenser-
input type, are extensively used in radio and 
television circuits to produce unidirectional cur-

rents and voltages. The design of power supplies, grid-
current bias circuits, peak voltmeters, detectors and 
many other circuits in practical equipment is often 
based on the assumption that rectifier- and power-
source resistance are zero, this assumption resulting in 
serious errors. The rectifier element or diode, further-
more has certain peak-current and power ratings 
which should not be exceeded. These values vary con-
siderably with the series resistance of the circuit. 
General operating characteristics of practical recti-

fier circuits have been evaluated and used by the writer 
for design purposes and information since early 1934, 
but circumstances have delayed publication. Several 
papers" have appeared in the meantime treating 
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one or another part of the subject on the assumption 
of zero series resistance.  Practical circuits have 
resistance and may even require insertion of addi-
tional resistance to protect the diode and input con-
denser against destructive currents. The equivalent 
diode resistance and the emission from oxide-coated 
cathodes are, therefore, discussed preceding the gen-
eral circuit analysis. This analysis is illustrated on 
graphic constructions establishing a direct link with 
oscillograph observations on practical circuits. A de-
tailed mathematical discussion requires much space 
and is dispensed with in favor of graphic solutions, 
supplemented by generalized operating characteristics. 

I. PRINCIPLES OF RECTIFICATION 

General 

Rectification is a process of synchronized switching. 
The basic rectifier circuit consists of one synchronized 
switch in series with a single-phase source of single fre-
quency and a resistance load. The switch connection 
between load terminals and source is closed when 
source and load terminals have the same polarity, and 
is open during the time of opposite polarity. The load 
current consists of half-wave pulses. This simple cir-
cuit is unsuitable for most practical purposes, because 
it does not furnish a smooth load current. 
The current may be smoothed by two methods: (a) 

by increasing the number of phases, and (b) by insert-
ing reactive elements into the circuit. The phase num-
ber is limited to two for radio receivers. The circuit 
analysis which follows later on will treat single- and 
double-phase rectifier circuits with reactive circuit 
elements. 
Switching in reactive circuits gives rise to "tran-

sients." Current and voltage cannot, therefore, be com-
puted according to steady-state methods. 
The diode functions as a self-timing electronic 

switch. It closes the circuit when the plate becomes 
positive with respect to the cathode and opens the cir-
cuit at the instant when the plate current becomes 
zero. 
The diode has an internal resistance which is a func-

tion of current. When analyzing rectifier circuits, it is 
convenient to treat the internal resistance of the diode 
rectifier as an element, separated from the "switch 
action" of the diode. Fig. 1 illustrates the three circuit 
elements so obtained and their respective voltage-cur-
rent characteristics (see Section II). The diode charac-
teristic is the sum of these characteristics. The resist-
ance rd is effective only when the switch is closed, i.e., 
during the conduction period of the diode. The effec-
tive diode resistance must, therefore, be measured or 
evaluated within conduction-time limits. Consider a 
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switch in series with a fixed resistance and any number 
of other circuit dements connected to a battery of 
fixed voltage. The direct current and root-mean-square 
current which now in this circuit will depend on the 
time intervals during which the switch is closed and 
open; the resistance value is not obtainable from these 
current values and the battery voltage. The correct 
value is obtained only when the current and voltage 
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'I- NAL  + 
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NON - 
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0 

EA TENNALly 
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0 — *id 

GIOI A 
vOL 1 AGE 

C o  r 

=  EQUIVALENT Eifaco, T 

Fig. 1—Characteristics and equivalent circuit for 
high-vacuum diodes. 

drop in the resistance are measured during the time 
angle 4) (Fig. 2) when the switch is closed. 
The method of analysis of rectifier circuits to be dis-

cussed in this paper is based on the principle that the 
nonlinear effective resistance of the diode may be re-
placed analytically by an equivalent fixed resistance 
which will give a diode current equal to that obtained 
with the actual nonlinear diode resistance. The correct 
value to be used for the equivalent fixed resistance de-
pends upon whether we are analyzing for peak diode 
current, average diode current, or root-mean-square 
diode current. 
At the outset of an analysis amplitude and wave 

shape of the diode current are not known and the diode 
resistance must, therefore, be determined by successive 
approximations. 
The complexity of repeated calculations, especially 

on condenser-input circuits, requires that the operating 
characteristics of the circuit be plotted generally as 
functions of the circuit constants including series re-
sistance in the diode circuit as a parameter. 
Data for these plots (such as Figs. 3 to 7) are to be 

obtained by general analysis of circuits with linear re-
sistances. 

The solution of a practical condenser-input-circuit 
problem requires the use of three different equivalent 
linear circuits and diode resistance values. 
The resistance values are obtainable from the peak 

current alone because wave shape can be eliminated as 
a factor by means of a general relation given by (6). 
The practical analysis of condenser input circuits thus 
simplified, is carried out as follows: 
The average diode current is estimated roughly and 

the diode peak current is assumed to be four times the 
average value. The diode characteristic (Fig. 8) fur-

nishes an init iii peak- resistance value and (6) furnishes 
the other diude resistance values (see R. values in 
Fig. 9). 1)iti.ut (lilt put voltage and average current are 
now  obt,lincd ‘titli the equivalent average value R 
from t he resi)eti i V ,lot (Figs. 3 to 5) as a first approxi-
mation. Another chart (Fig. 6) furnishes the peak- to-
average-diode-currrn t rat io with the peak value R. and 
thus the peak current and diode peak resistance in 
close a pprox i ma I ion. 
A second approximation gives usually good agree-

ment between initial and obtained resistance values, 
which are then used to obtain other operating data. 
A theoretical treatment ofthe method just described 

will be omitted in favor of an analysis of operating 
characteristics of the rectifier tube itself. The user of 
tubes may welcome information on the subject of 
peak emission which is of vittd importance in the rating 
and trouble-free operation of any tube with an oxide-
coated cathode. 

H. ANODE AND CATHODE CHARACTERISTICS 
OF RECTIFIER TUBES 

Anode Characteristics 

1. Definitions of Resistance Values 

The instantaneous resistance (rd) of a diode is the ra-
tio of the instantaneous plate voltage ed to the in-
stantaneous plate current i,, at any point on the char-
acteristic measured from the operating point (see fig. 
I). It is expressed by 

r4 = 
ed 

ip 

The operating point (0) of a diode is a fixed point on 
the characteristic, marked by beginning and end of the 

• - •••• 

Fig. 2 Graphic evaluation of equivalent diode 
resistance values. 

(1) 

conduction time. It is, therefore, the cutoff point 1,1=0 
and E d = 0, as shown in Fig. I. The operating point is 
independent of the wave form and of the conduction 
time 4) (see Fig. 2). 

The peak resistance' (Pd) is a specific value of the in-
stantaneous resistance and is defined as 

For system of symbols, see Appendix. 
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Fig. 3—Relation of applied alternating peak voltage to direct output voltage in half-wave, condenser-input circuits. 

Od 
= — (see Fig. 2). 
ip 

The equivalent average resistance (fd) is defined on the 
(2) basis of circuit performance as a resistance value de-

termining the magnitude of the average current in the 
Peak voltage gd and peak current I„ are measured  circuit. The value fd is, therefore, the ratio of the aver-

age voltage drop 4 4,) in the diode during conduction 



Proceedings of the July 

2 

100 , 

90-

80 

60 

40 -

30   

TOTAL CIRCUIT RESISTANCE N SERIES _ 

WITH ONE BRANCH INCLUDING rd 

10 

10 

w CRL (C IN FARADS , RL.  N OHMS) 

Fig. 4—Relation of applied alternating peak voltage to direct output voltage in full-wave, condenser-input circuits. 

100 

* O. * 

time to the average current in(0)  during conduction 
time, or 

Td = _   

Inf.) 

(3) 

The curved diode characteristic is thus replaced by 
an equivalent linear characteristic having the slope fd 
and intersecting the average point A, as shown in Fig. 
2. The co-ordinates ed(.) and 1,,(0) of the average point 
depend on the shape of voltage and current within the 
time angle 4). The analysis of rectifier circuits shows 
that the shape of the current pulse in actual circuits 
varies considerably between different circuit types. 
The equivalent root-mean-square resistance (Ird1) is 

defined as the resistance in which the power loss Pd is 

1010 

1000 

12.5 

 .130 

.L:40 

 50 

217-70 

80 

90 

1000 

equal to the plate dissipation of the diode when the 
same value of root-mean-square current I Li flows in 
the resistance as in the diode circuit. It is expressed by 

Pd 
I rdl =   , 

1 I d12 

2. Heasurement of Equivalent Diode Resistances 

The equivalent resistance values of diodes can be 

measured by direct substitution under actual operating 
conditions. The circuit arrangement is shown in Fig. 
10. Because the diode under test must be replaced as a 
whole by an adjustable resistance of known value, a 
second switch (a mercury-vapor diode identified in the 
figure as the ideal diode) with negligible resistance 

(4) 
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= TOTAL CIRCUIT RESISTANCE IN SERIES 

WITH ONE BRANCH INCLUDING rd 

' I  1.1/1 

10  100 

w ORL (C IN FARADS, RL IN OHMS ) 

Fig.5-1(elation of applied alternating peak voltage to direct output voltage in condenser-input, voltage-doubling circuits. 

must be inserted in order to preserve the switch-action 
in the circuit. 
When a measurement is being made, the resistor Rd 

is varied until the particular voltage or current under 

1000 

observation remains unchanged for both positions of 
the switch S. We observe (1) that it is impossible to 
find one single value of Rd which will duplicate condi-
tions of the actual tube circuit, i.e., give the same 



346 Proceedings of the I.R.E. July 

tres•t 

3/v ld 3,40) 
troutinD 3/vid D -0 

3ivid siNti lall 

111;111111111 N 
111‘11111111111111111 

!̂ 
sure  M INN . 7. 
ININ FININN N 
au mum 
MI MINIUM 

1 I 

o 5», 8 _ N  (1  — 

1 1 I I 
III INtl  imilfilliii II 

"Iiiinrilliiiiiipliiilirmius 

111. 1111 1.1, 
Mil 11111111 

g 
11111V/Wlial MI  INN  M OM 2 

111111.1111111.1111111 ININ  ININ 
it  li Ngi NI  NI  M o w 

NI MI  .11111 III1  

11:15=E 

011111111 
IMBH111111 

 ! g21 

 1111111111 
ffl111 

minummwsKA im11111111111111111111 
11111111111111111 W 1111111111111111111111111 

1 111 

(i) 111111111111111111  . 

— 
a 

o)  • c 

 .. 
1111111111 liii Ira, r affia,' llllll lara•    • 

IJIM MU M111411:11 
0 - 00 . .  0 • In  M  CCC 

IL 

NNINNINII; 
111111111111•1„; 

l 

I  . 
MI I' 

di , in3Ititino 31Vld  3-0  
1, 3/V  3NO)  = iN3 r 3 3.1.v-id WV 3d  di 

values of peak, average, and root-mean-square current 
in the circuit; (2) that the ratio of these three "equiva-
lent" resistance values of the diode varies for different 
combinations of circuit elements; and (3) that the 
resistance values are functions of the current ampli-
tude and wave shape. 

3. Wave Forms and Equivalent Resistance Ratios for 
Practical Circuit Calculations 

The form of the current pulse in practical rectifier 
circuits is determined by the power factor of the load 
circuit and the phase number. Practical circuits may be 
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Fig. 7-Root-mean-square ripple voltage of condenser-input circuits. 

divided into two main groups: (a) circuits with choke-
input filter; and (b) circuits with condenser-input 

filter. 
The diode current pulse in choke-input circuits has a 

rectangular form on which is superimposed one cycle 
of the lowest ripple frequency. In most practical cir-
cuits, this fluctuation is small as compared with the 
average amplitude of the wave and may be neglected 
when determining the equivalent diode resistances. It 
is apparent then that the equivalent diode resistance 
values are all equal and independent of the type of 
diode characteristics for square-wave forms. Hence, for 

choke-input circuits, we have 

= fit = I r‘d.  (5) 

The diode current pulse in condenser-input circuits is 
the summation of a sine-wave section and a current 
having an exponential decay. It varies from a triangu-
lar form for  <20 degrees to a full half cycle (0=180 

200  4 600 a 6 
000 

2000 

degrees) as the other extreme. In Table I are given the 
ratios of voltages, currents, and resistance values dur-
ing conduction time for two principal types of rectifier 

TABLE 

Conduc-
tion 
Time 
Angle 

Wave 
Shape 

1p(m) 

t,, tp 

3/2-Power 
Rectifier 

Characteristic 

id* id 

Cd 

IraI 

Ca 

Rectangular 
Characteristic 

40) 

Degrees 

f.I20 

90 and 
ISO 

130 

Condenser-Input Circuits 

0.500 

0.637 

0.725 

0.577 0.593 

0.707 0.715 

0.780 0.787 

1.185 1.120 

1.1201.057 

1.085 1.030 

1.0 

1.0 

1.0 

2.00 

1.57 

1.38 

1.500 

1.272 

1.190 

180 

Choke-Input Circuits 

1.0 1.0 1.0 1.0 1.0 1.0 1.0 



348 Proceedings of the 1.R.E.  July 

characteristics: the 3/2-power-law characteristic of 
high-vacuum diodes, and the idealized rectangular 
characteristic of hot-cathode, mercury-vapor diodes. 
In this table, the designation iir1(40 represents the 
root-mean-square value of the current during the con-
duction time. 
It follows that the relation 

rd = °.88d = 0.931 rd l (0) 

is representative for the group of condenser-input cir-
cuits containing high-vacuum diodes, and holds within 
± 5 per cent over the entire range of variation in wave 

• 
a 
a 

100  

4 6 1 IIj  1 

DIODE VOLTS md = E0 

Fig. 8—Average anode characteristics of some RCA rectifier tu )es. 
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shape. The actual error in circuit calculations is smaller 
as the diode resistance is only part of the total series 
resistance in the circuit. 

CATHODE C II A RACTER I STICS 

Peak-Emission and Saturation of Oxide-Coated Cathodes 

The normal operating range of diodes (including in-
stantaneous peak values) is below the saturation po-
tential because the plate dissipation rises rapidly to 
dangerous values if this potential is exceeded. Satura-
tion is definitely recognized in diodes with tungsten or 
thoriated-tungsten cathodes as it does not depend on 
the time of measurement, provided the plate dissipa-
tion is not excessive. The characteristics of such diodes 
are single-valued even in the saturated range, i.e., the 
range in which the same value of current is obtained 
at a given voltage whether the voltage has been in-
creased or decreased to the particular value. 
Diodes with oxide-coated cathodes may have double-

valued characteristics because of the coating character-
istic. The cathode coating has resistance and capaci-
tance, both of which are a function of temperature, 
current, and the degree of "activation." 
A highly emitting monatomic layer of barium on 

oxygen is formed on the surface of the coating, which, 

when heated, supplies the electron cloud forming the 
space charge above the coating surface (see Fig. 11). 
The emission from this surface may have values as 
high as 100 amperes per square centimeter. The flow 
of such enormous currents is, however, dependent on 
the internal-coating impedance and is possible only 
under certain conditions. Special apparatus is required 
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to permit observation of high current values which, to 
prevent harm to the tube, can be maintained only over 
very short time intervals determined by the thermal 
capacity of the plate and coating. For example, an in-
stantaneous power of 15 kilowatts must be dissipated 
in the close-spaced diode type 83-v at a current of 25 
amperes from its cathode surface of only 1 square cen-

timeter. 

IDEAL 0.00E 
rOR ..ARGE 
CURRENTS 

E. 

OSC ILLOGRAPH 

TO MEASURE I.., 

Rr..S CURRENT 
OR Av. CuRRENT 

Fig. 10—Circuit for measuring equivalent diode 
resistance values. 

Equipment for such observations was built in June, 
1937, by the author after data obtained in 1935 on a 
low-powered curve tracer6 indicated the need for equip-
ment having a power source of very low internal impe-
dance for measurements on even relatively small diodes. 

I. Aleasurement of Diode Characteristics and Peak 

Emission 

The circuit principle is shown in Fig. 12. The second-
ary voltage of a 2-kilovolt-ampere transformer T„, is 

6 Demonstrated, Rochester Fall Meeting, Rochester, N. Y., 
November 18, 1935. 
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Fig. 13—Starting conditions in a full-wave, condenser-input circuit with large series resistance. 

TIME -- I' 

adjustable from zero to 2 kilovolts by means of an 
autotransformer TA. Transformer and line reactances 
are eliminated for short-time surge currents by a large 
condenser load (C=20 to 80 microfarads). The large 
reactive current is "tuned out" by a choke L of con-
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Fig. 11—Representation of cathode coating. 
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Fig. 12—Peak emission test circuit. 

siderable size. The voltage is applied through a large 
mercury diode and a synchronous contact arrangement 
m to the tube under test in series with a resistance box 
R, and a condenser input load CI, and RL. This load 
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permits adjustment of the peak-to-average current 
ratio. Variation of RL changes the average current. 
Variation of CL and phasing of the synchronous con-
tact m with respect to the 60-cycle line voltage permit 
regulation, within wide limits, of the rate of change and 
duration of the current pulses. 
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Fig. 14 —Double-valued characteristics of actual and artificial 
diodes showing coating saturation. 

The dynamic voltage-current characteristic of the 
tube under test is observed on a cathode-ray oscillo-
graph connected in the conventional manner. Calibra-
tion deflections are inserted (not shown) by other syn-
chronous contacts to provide accurate and simultane-
ously visible substitution co-ordinates which may be 
moved to any point in the characteristic. 
The motor-driven synchronous contactor closes the 

circuit at a desired instant of the line-voltage cycle. 
The circuit may then be maintained closed for approxi-
mately 30 cycles to allow decay of the starting tran-
sient (see Fig. 13). It is then opened for approximately 
70 cycles to allow time for the discharge of condenser 
CL. This cycle repeats continuously. The diode Ds in 
series with the tube under test protects it against dam-
age in case it breaks down or arcs, because the diode 
takes up the inverse voltage if a given small reversed 
current determined by R1 is exceeded. This condition is 
indicated by a small glow tube in shunt with Ds. 

2. Coating Characteristics 

A theory of electron movement and conditions in 
oxide coatings has been formulated after careful analy-
sis of saturation characteristics observed on the curve 
tracer. As saturated coatings produce closed reactive 
loops in the characteristic, it is found necessary to as-

sume the existence of a capacitance in the diode itself. 
Because of its large value (see Fig. 14 (c)), this capaci-
tance requires a dielectric thickness approaching crys-
tal spacing and, hence, must be located inside the 
coating. It is beyond the scope of this paper to report 
the many investigations which led to this particular 
conception. 
The oxide coating is an insulator at room tempera-

ture. At increased temperatures, it becomes conductive 
(normal operating temperatures are between 1000 and 
1100 degrees Kelvin). Electronic conduction may be 
thought of as occurring by relay movement of elec-
trons under the influence of electrostatic potentials in 
the coating, which is a layer containing insulating oxide 
crystals (shaded areas in Fig. 11) interposed with 
metal atoms and ions (circles). These have been pro-
duced during the activation and aging processes by 
high cathode temperature and electrolysis. The re-
quired potential gradients can be produced by rather 
small potentials because of the minute distances in the 
structure; the potential drop throughout the coating, 
therefore, is low under normal conditions. 
The conduction is high, when a sufficient number of 

relay paths not broken by oxides have been formed and 
when electron movement is facilitated by the loosening 
of the atomic structure which takes place at increased 
temperatures. 

The coating is not necessarily a homogeneous con-
ductor as it may consist of many sections operating in 
parallel but having different conductance values with 
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Fig. 15— Single-valued diode characteristics. 

individual temperature parameters. At increased plate 
potentials, poorly conducting sections tend to saturate, 
the section potential becoming more positive towards 
the surface. Negative-grid action of neighboring sec-
tions with higher conductivity may tend to limit emis-
sion from the surface over the poor section but the 
increased positive gradient towards the saturating sec-
tion causes it to draw electrons from the surrounding 
coating towards its surface. Further increase in cur-
rent demand may then saturate the better conducting 
paths and may even fuse them, thus forcing current 
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through poorer sections. Forced electron flow results 
in local power dissipation and temperature increases 
and may cause ionization and electrolysis accompanied 
by liberation of gas (oxygen) and formation of barium 
metal; i.e., it causes an accelerated activation process. 
These conditions in the diode coating, therefore, 

should furnish a voltage-current characteristic of 
purely ohmic character as long as activation-gas liber-
ation is substantially absent. Characteristics of this 
type are single valued. Single-valued characteristics 
indicate, however, unsaturated ohmic coating con-
ductance and limiting surface emission when moderate-
current densities are involved as will be apparent from 
the following discussion. As cathode and coating tem-
peratures are relatively slowly varying parameters, 
characteristics such as shown in Fig. 15 are observed 
on the cathode-ray curve tracer. The characteristic 
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Fig. 16—Characteristics and equivalent circuit for 
hot-cathode, mercury-vapor diodes. 

of diodes containing larger amounts of gas exhibits a 
discontinuity or "gas loop" (compare Fig. 16 (b)) 
which is recognized by the fact that corresponding 
current values after ionization require less diode po-
tential than before "breakdown." The characteristic, 
hence, is steeper than normal. 
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permit a total emission current of short duration much 
in excess of the possible steady-state conduction cur-
rent. The "transient-emission" current depends on the 
effective capacitance value of the blocking oxides, their 
series and shunt conductance in the coating, the emis-
sion and area of corresponding surface elements to the 
plate as well as on the external plate-circuit impedance, 
and the wave form of the applied plate voltage. 
For the purpose of analysis, therefore, we may draw 

representative networks such as shown in Figs. 17 or 

3. Transient Emission 
Let us now consider the action of insulating oxides 

in the coating. They block many possible electron 
paths to sections of the surface layer which, therefore, 
cannot emit steady electron currents. However, elec-
trons can be moved to the oxide surfaces and a dis-
placement current can flow in these coating sections 
allowing transient-emission currents to be drawn from 
the corresponding surface sections. 
The displacement current in the coating and the 

corresponding transient surface emission represent a 
certain fraction of the total diode current, which may 

ft,=Ed 
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COATING 
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   PLATE 

VACUUM 
SURFACE 

}COATING 

Fig. 17 (left) —Circuit network representing the 
coating impedance in high-vacuum diodes. 

Fig. 18 (right) —Same as Fig. 17 with resistances 
replaced by special diodes. 

18 and show the temperature-controlled coating con-
ductances rc as a network of "close-spaced diodes" 
which may conduct in two directions, each one having 
a single-valued characteristic which may be unsatu-
rated or saturated depending on the assumed condi-
tions in the coating; the conductance values of these 
"diodes" depend on the number of parallel or series 

paths they represent. 
The diode contains, therefore, in its coating, a type 

of condenser-input load circuit, which is analyzed 
later on in this paper; its action explains double-valued 
voltage-current characteristics obtainable from the 
diode alone. 
Consider a high plate voltage suddenly applied by 

means of a switch to a diode as in the circuit of Fig. 19. 

SWITCH 

TO 
OSCILL-
GRAPH 

/dm 

TIME 

(0)  (b) 

Fig. 19—Circuit for observation of peak 
emission transients. 

If the coating is not limiting, the current obtained is 
that at a point P on the corresponding diode character-
istic. Hence, the current wave form in the circuit is as 
shown in Fig. 19(a). If the surface emission is assumed 
to be unchanged, but the coating conductance is lim-
ited, due to an insufficient number of "coating diodes" 
and too many nonconducting oxide groups, the wave 
form of Fig. 19 (b) is obtained. At the instant when 
the switch is closed the current value I is demanded by 
E d from the surface layer; the conduction current in 
the coating is limited to the value I by saturation of 
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the "coating diodes." Because of the oxide capacitance, 
a displacement current can flow and charge up the 
oxides, but their charge may be limited by hypotheti-
cal series diodes. 

The coating resistance is extremely low' below satu-
ration, but becomes infinite when the conduction cur-
rent is saturated; the charging current must then flow 
in the plate circuit. (external) of the diode. The total 
plate current is, therefore, the sum of the conduction 
current I, and a "transient-emission" current. The 
"coating transient" decays to zero the same as normal 
transients at a rate depending on the actual shunt-
conductance value and the total series resistance in the 
circuit (Fig. 19(b)). The decay can be changed by add-
ing external resistance in the plate circuit. When the 
surface emission is good, i.e., as long as the total vac-
uum-space plate current is space-charge-limited, the 
current will rise initially to the value (point P) deter-
mined by the applied potential, but will then decay to 
the saturation value determined by the coating con-
ductance. 

The condition of oxide-coated cathodes can, there-
fore, not be judged alone by their capability of furnish-
ing high peak currents, but the time of current flow 
and the current wave form must also be carefully con-
sidered, because the diode characteristic may not be 
single-valued. Fig. 14 shows characteristics which are 
not single-valued. It should be noted that the charac-
teristic loops are formed in the opposite sense as gas 
loops. Their extent depends on the time interval in-
volved and the current value exceeding the unsatur-
ated conductance current. An artificially produced 
characteristic of this type is also shown in Fig. 14(c). 
The loop size can be varied by adjusting the cathode 
temperature of the shunting diode. Both diodes had 
single-valued characteristics. 

4. Current Overload and Sputter 

The degree of activation is not stable during the life 
of the cathode. Coating conductance and surface 
emission change. Factors affecting the change are the 
coating substances, the evaporation rate of barium 
which depends on the base material, and the operating 
conditions to which the cathode is subjected. This life 
history of the cathode is the basis on which current 
ratings are established. Rectifier tubes especially are 
subject to severe operating conditions. If a diode is 
operated with too high a current in a rectifier circuit 
and its surface emission is decreased to the saturation 
value, then the tube-voltage drop will increase rapidly 
and cause excessive plate dissipation and destruction 
of the tube. Should the coating conductance in this 
diode decrease to a value which limits the demanded 
current, power is dissipated in the now-saturated coat-
ing with the result that the coating-voltage drop and 
coating temperature are raised. The voltage and tem-

7 Its magnitude depends on the number of series diodes and, 
hence on the barium content and thickness of the coating. 

perature rise in the coating may cause reactivation but 
also may become cumulative and melt the coating 
material. We may consider that good conducting paths 
are fused or that a dielectric breakdown of oxide ca-
pacitance occurs; in any event vapor or gas discharges 
result from saturated coatings. In most cases break-
down occurs during one of the following inverse voltage 
cycles as observed on the curve tracer. A saturation 
loop is first formed as shown in Fig. 14 and a certain 
time must be allowed for diffusion of the gas into the 
vacuum space. Fusion of coating material may also 
occur during the conduction period. These breakdowns 
are known as "sputter," and in usual circuits destroy 
the cathode. 

A second type of sputter is caused by the intense 
electrostatic field to which projecting "high spots" on 
the plate or cathode are subjected. The resulting cur-

rent concentration causes these spots to vaporize with 
the result that an arc may be started. Hundreds of 
scintillating small spots can be observed at first at 
very high applied surge potentials, but may be cleared 
after a relatively short time. 

Transient peak currents of 25 amperes per square 
centimeter have been observed from well-activated 
oxide-coated cathodes. The stable peak emission over 
an extended period is usually less than one third of 
this value. 

5. llot-Cathode ifercury-Vapor Diodes 

The breakdown voltage Ei of mercury vapor for 
cumulative ionization is a function of the gas pressure 
and temperature. It is approximately 10 volts in the 
RCA-83 and similar tubes. A small electron current 
begins to flow at E =0 (see Fig. 16), and causes ioniza-
tion of the mercury vapor. This action decreases the 
variational diode resistance r„ to a very low value. 
The ionization becomes cumulative'at a certain cur-
rent value (r, =0 at 40 milliamperes in Fig. 16(a)), 
and causes a discontinuity in the characteristic. Hence, 
it is not single-valued within a certain voltage range. 
Beyond this range (see Fig. 16(b)), the slope (rp) of 
the characteristic becomes again positive until satura-
tion of the emitter is reached. 

For circuit analysis, the mercurv-vapor diode may 
be replaced by a bucking batters. having the voltage 
Ei and a fixed resistance. as shown in Fig. 16(c); or the 
diode characteristic may be replaced by an ideal rec-
tangular characteristic and its equivalent resistance 
values and the series resistance rd, as shown. 
The first representation is adequate for most prac-

tical calculations. The value rd, is in the order of 4 ohms 
for small rectifier tubes. The low series resistance and 
the small constant-voltage drop E, are distinct ad-
vantages for choke-input filters, as they cause very 
good regulation; the low resistance, however, will give 
rise to enormously high starting transients in con-
denser-input circuits, in case all other series resistances 
are also small. The destruction of the coating in 
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mercury-vapor diodes is caused by concentration of cur-
rent to small sections of the coating surface and not by 
heat dissipation in the coating. Mercury-vapor diodes 
as well as high-perveance (close-spaced), high-vacuum 
diodes having oxide cathodes should, therefore, be pro-
tected against transient-current overloads when they 
are started in low-resistance circuits to prevent de-
struction of the cathode coating. 

6. Protective Resistance Values. 
Very high instantaneous peak currents may occur 

in noninductive condenser-input circuits when the cir-
cuit is opened long enough to discharge the condenser, 
but reclosed before the cathode temperature of the 
diode has decreased substantially. The maximum peak 
current L ax occurs when closing the circuit at peak 
line voltage. At the instant of switching, C is a short 
circuit and the current 7„,.. is limited only by the 
seri,,:s resistance (including diode) of the circuit, 

I„,a. = 
0. M ax 

R. 

For a given maximum diode current ldmax and the cor-
responding diode peak voltage Edrmix,  the minimum 
effective series resistance R. in the circuit must hence 
be 

R, = 
j max —  Rdmax 

idmlx 

This limiting resistance must be inserted in series with 
low-impedance sources (power line in transformerless 
sets). Commercial power transformers for radio re-
ceivers have often sufficient resistance besides some 
leakage reactance to limit starting currents to safe 
values. 

III. CIRCUIT ANALYSIS 
General 
The rectifier diode is a switch operated in syn-

chronism with the applied alternating-current fre-
quency. Switching in reactive circuits causes tran-
sients. The total current in the circuit may be regarded 
as the sum of all steady-state currents and transient 
currents within the time between two switching opera-
tions. Steady-state voltages (e.) and currents (10 in the 
particular circuit before and after switching are deter-
mined without difficulty. It is very helpful to draw 
them approximately to scale and with proper phase 
relation. 
The switching time of the diode is then located on 

the graph. Currents change at switching time to from 
il to i2 =2.(2, +it and voltages from el to e2=e.(2)+e,. 
The transients it or e, are zero, when the current 
change dos not occur in an inductive circuit or when 
a voltage change is not required on a capacitance at 
the time of switching. A sudden change Ai l. or tie, 
demanded at to causes transients. They initially cancel 
the change Ai ', or Ae, because an inductance offers 
infinite impedance to an instantaneous change in total 

current and a capacitance offers zero impedance to an 
instantaneous voltage change. 
The initial transient values are, therefore, 

i,(0) in L = — 
and 

ei(o)  on C = — Aec. 

The transients decay exponentially from their initial 

value. 
According to the decay time of the transients, funda-

mental rectifier circuits may be classified into two 
principal groups: (1) circuits with repeating transients 
in which the energy stored in reactive elements de-
creases to zero between conduction periods of the 
diode; and (2) circuits with chain transients in which 
(a) the magnetic energy stored in the inductance of 
the circuit remains above zero value, and (b) the elec-
tric energy stored in the capacitance of the circuit re-
mains above zero value. The much used "choke-input" 
and "condenser-input" circuits fall under the second 
group. 
We shall analyze the operation in important cir-

cuits, i.e., the full-wave choke-input circuit and con-
denser-input circuits. 

1. The Full- Wave Choke-Input Circuit 

a) Operation of circuits with L and R. in the common 
branch circuit 

Circuit and operation are shown in Fig. 20. The 
analysis is made by considering first one of the diodes 
short-circuited to obtain the phase relation of the al-
ternating voltage a-, and the steady-state current i,„ as 
shown. If we assume that the diode DI closes the circuit 
I at the time ë=0, a transient it with the initial value 
2j(0) = —i,(0) will flow in the circuit. The total current 
i is the sum of the currents LI -I-i,. It starts, therefore, 
at zero and rises as shown until the second switching 
operation occurs at the commutation time t=r when 
the second diode D2 receives a positive plate voltage. 
The total current i in circuit II after t =r is again the 
sum of currents 1.2-Fit (17.2 has reversed polarity with 
respect to i, i and is not shown in Fig. 20) but the 
initial value 1,(o) of the second transient is increased 
by the value i(,) now flowing in the common circuit 

inductance L. 
The current it(0) increases, therefore, at every new 

switching time until the decay of the transient ii(n), 
during the time 1-=r, is numerically equal to the 
steady-state current rise 21.(o). For the final operating 
current at the nth commutation time (see right side 
of Fig. 20) 

f. (0) )(1  e-n.i2r9 = _ 21.(o)  

= f.(0) — (2i,(0)/1 — e- 11.12F9. (7) 

A broken line is shown connecting all commutation-
current values. This line represents closely the average 
current 7 in the common circuit branch. The final 
average current 7 in the load resistance R. is given by 
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(7), when the transient decay iroo  during the time r 
(Fig. 20) can be regarded as linear (low stea(Iy-
state power factor of circuit). The average plate cur-
rent per diode is 7 ,,= 0.57 , since each diode conducts 

i -AMPERES 

.40 

.30 

.20-

.10 

'so) 

—.10-

'(21r) 

it 
5.* 

F2 

0  2;  3-yr  57, 

TI ME 

The full-wave choke input circuit with capacitance-
shunted resistance load 
For large capacitance values the by-passed load re-

sistance RL of practical circuits is equivalent to a 

Wiz-12 =495 SIN cot 
Lel = 377 

L =14.5 HENRIES 

R = 1050 OHMS 

Fig. 20—Starting and operating conditions of an 

alternately, and passes a current pulse shown by the 

shaded area in Fig. 20. With the numerical values of 
the circuit Fig. 20 substituted in (7) we obtain 

7 = 0.298 ampere. 

The oscillogram in Fig. 21 was taken on circuit Fig. 20. 

Fig. 21 -0scillograms taken with circuit of Fig. 20. 

Ow 

=5560 OHMS 

Is m .x. =.089 A 

= 79.1 e 

aperiodic full-wave, choke-input rectifier circuit. 

battery having a voltage En =M I., where 7 is the 
average load current or battery-charging current. The 
sircuit operation (see Fig. 22) is described by obtaining 
I as a function of n,,. The final commutation current 

which is closely the average current 7 is given by 

7  = (711 +  — 211(0,1(1 — *."FL) (7b) 

and similar to (7) except for an increase of the tran-
sient term due to the battery current In = E B: R,. 

Equation (7b) is valid only over a range of load or 
battery voltage (Li) in which switching time and 
conduction period of the diodes are constant ( r). 
This range is shown by the solid part of curve F in 
Fig. 22 and ends at a particular current and voltage 
of the circuit characteristic marked the "critical point." 
The critical Point is the operating condition at which 

the instantaneous current i in the common branch 

circuit has zero value at one instant. An analysis shows 
that in the range Tit= e„,„„ to TB= EB' each diode 
circuit operates independently as a half-wave rectifier 
circuit (battery-charg(.r operation, curve II in Fig. 22). 
Current commutation begins at P.:hi; the diode cir-
cuits begin to interact, but the conduction angle is 
,till  <tr. 

_The conduction angle increases from rt, =0 at 
Els = J., . to rtr=r at the critical point Es" which marks 
the beginning of chain current operation. 
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The critical operating condition is obtained by 
solving for 1=0 with 4)=7r or by equating the direct 
current to the negative peak value of the total alter-
nating current in L. The critical point is hence specified 
by a certain current or by a certain ratio K of direct-

500 

1141 

400 
, 

e mAx 

BEGINNING or CURRENT 
/  COM MUTATION 

Es CRITICAL POINT 

/BEGINNING OF 
CHAIN CuRRENTS -.-

• Es•  "  F 
cc  1. j 
Li 
300-

I-

'.-  21 OF HALF-WAVE 

200-

If we neglect harmonics higher than 2F, which con-
tribute little to the peak value because of phase shift 
and increasing attenuation in L, the peak ripple cur-
rent (equation (10)) becomes 

imin =  4 / 3 /r( eMAX/Z (217 )) 

TOTAL VOLTAGE 

/E = Es+I x Rs 

315y. 

•  OPERATION 

RANGE w THOuT  -**-- N. 
COMMUTATION  -....... 

F FULL WAVE 
(CHAIN-CURRENT 

FORMULA) 

0  20  40  _  60 
AVERAGE CURRENT I — MA. 

100 

=495 SIN cut 
= 377 

Rs =110 OHMS 
L =14.5 HENRIES 

0 = 88.9* 

Fig. 22 —Operating characteristic of a full-wave, choke-input rectifier circuit with battery load 
AB or resistance load RL=EB/7 shunted by a large capacitance. 
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CRITICAL LOAD-CONDITION OF CIRCUIT 
AS SHOWN ABOVE WITH THE FOLLOWING 
VALUES: 

=495 SIN 3771 
Rs = 3770 OHMS 
L=10HENRIES,caL = 3770 OHMS 
0=45* 

Fig. 23 (kft) —Graphic solution for the critical load condition with 
negligible series resistance. 

Fig. 24 (right)—Same as Fig. 23 but with large series resistance. 

current resistance to alternating-current impedance in 
the circuit. With reference to the equivalent circuit 
treated in the following section, a relation to the funda-
mental alternating-current component of the rectified 
current (see (10)), i.e., to the impedance Z(2p),  at 
double line frequency is more useful. We set, therefore, 

(R.+ RI) 

Zor, 

and determine significant values of K for particular 
circuit impedance conditions. 

= K (8) 

and setting it equal to the average current 

7 = 2/7r(g,,,../(R.+RL)) 

we obtain K=1.5 for the ratio as shown in (8). 
The exact solution for the critical current can be 

obtained from a graphic analysis by simple reasoning 
for the case R. =0. The general solution will only be 
indicated. It is obtained by drawing the comple-
mentary curve (1 —10 of the total transient beginning 
at the time e=0 (see Figs. 23 and 24) and shifting it 
upward until it touches the current 1., thus solving 
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for i =0 at the point of contact. Note that  is the 
same at 4 and r in both cases shown. 
For R.=0, the transient section becomes a straight 

line having the slope 2/r and running parallel to the 
peak-to-peak connecting line of i,. The sine-wave slope 
2/r = —cos x gives the point of contact at X =50.4 de-
grees (Fig. 23). and the peak ripple current is obtained 
from 

= 0.211 

50.4 
Sj 50.-1° —  I = 0.211i.„,,,, 

90 

j max 

Equating this value to the average current given by 
(10), we obtain the value K =1/0.211=1.51 for cir-

IZOMMu TA TED 
:..NE -wAvE GENERATOR 

(0) 

CORE-LOSS 
SHUNT REsisTANCE (c) 

Fig. 25—Components of equivalent and practical full-wave, 
choke-input circuits. 

cuits with R.=0. The graphic analysis of circuits with 
larger resistance (see Fig. 24) furnishes K values suffi-

ciently close to 1.5 to justify the use of this constant 
for all practical purposes. For practical circuits with 
2w/,>>1/2wC we may further write 7,(21,)•-20.,/, and 
obtain the critical inductance 

L0';̀.:2(R, = R!),12tek = (R. + R0/67rF.  (9) 

c) Equivalent circuit for the chain current operating 
range (0=r or (1?„1-RL)<1.5Z(20 

Inspection of (7b) shows that average and commuta-
tion current are directly proportional to the sum of 
battery current 7a and a term having a constant cur-
rent value "/K" for a given circuit and constant line 
voltage. Equation (7b) can be changed into the form 

7 = KR.) /(Ri. + 

indicating that the secondary circuit may be replaced 
by an equivalent circuit without switches and ener-
gized by a voltage which contains a constant direct-

, The relation L0=24/1000 was given on an empirical basis 
for 0)=377 by F. S. Dellenbaugh, Jr., and R. S. Quinby, "The 
important first choke in high-voltage rectifier circuits," QST, vol. 
16; pp. 14-19; February, 1932. 

RESiSTANCF 
01 EHoKi 

current component E— 11;1?.. The equivalent voltage 
in the circuit is the commutated sine wave resulting 
from the sequence of positive half cycles +6 and -1-(72 
in the range irk= r. The equivalent circuit is shown in 
Fig. 25(a). The single generator may be replaced by 
a battery and a series of sine-wave generators (Fig. 
25(b)) having amidit tides and frequencies as given bv 
the following equation of (In. commutated sine wave: 

),7„,„„  cos )1'. 2 cos 4F  2 cos (d" 
er.=  1— •). (10) 

1-3  3-5  5 7. 

All current components in the circuit may now be 

computed separately by steady-state methods; the 
direct-current component is the total average voltage 
T in the circuit. 
Some useful relations of voltage components are: 

Line voltage induced in ()he half of the secondary 
‘vinding (root-mean-square) 

, = 1.1T 

Total average voltage 

0.90 T: 
T = , 

to . 

Voltage of frequency 2F (root-mean-square) 

=  • 
( 0.424 ! E 

E  , (0.471 -R 

Voltage of frequency 4F (root-mean-square) 

{ 0.085 
R10. = 

0. 0945T 

Total choke voltage (rmit-iiican-square) 

1‘  - 
= ‘o. 4 82-R  , 

(11) 

The current components in the common circuit branch 
are calculated from the above voltages divided by 
the impedance of one branch circuit at the particular 
frequency. Because the current is commutated every 
half cycle of the line frequency from one to the other 
branch circuit, the average current in each diode cir-
cuit is one half of the total average current; and root-
mean-square values of currents or current components 

in each branch circuit are obtained by multiplying the 
root-luvan-square current values in the common cir-
cuit branch by 1 'N/2. The peak current in each diode 
circuit has the Sa tin  v.ilue as in the common circuit 
branch. 

Average load current 

7 — 
R. + RL 

Average plate current (per diode) 

7p= 0.57  (12a) 
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Double-frequency current (root-mean-square) in com-
mon circuit branch 

I 7  — 
I Inv'  

Z(2r) 

Total current (root-mean-square) in common circuit 

branch 

I /IL = •'721T-TTN; 
Root-mean-square diode current or root-mean-square 
current per transformer winding 

- 

- 

Peak diode current 

Id = I +  X \ 2) 

D-C 
OUTPUT 

EFFECTIVE 
AVERAGE VOLTAGE 

(12b) 

The regulation curve for a circuit with high-vacuum 
diodes is the sum of the 3/2-power-law diode charac-
teristic and the ohmic series resistance r2 of one branch 
circuit as shown in Fig. 26. The curve is correct for 
constant voltage ë and beyond the critical current 
value. In practical circuits, the voltage source e has 
a certain equivalent resistance, which must be added 
to r2. The regulation curve Fig. 26 is invalid below the 
critical current value and must be replaced by a curve 
following the laws discussed for Fig. 22. 
The equivalent internal resistance of the rectifier 

circuit as a direct-current supply source is the slope 
of the regulation curve at the current value under con-
sideration. This value should be used for steady-
output conditions only, since the reactances in the 
load circuit cause transients at the instant of sudden 
load changes. 

SLOPE= r, 

STATIC 
CHA_FiAqT ER IS T IC 

21t1 
REGULATION CURVE 

rs Fd r2 
P=R5+R, 

D-C LOAD CURRENT 

Fig. 26—Regulation characteristic of a full-v,,t \ , choke-circuit with high-vacuum diode. 

CENTER-TAPPED 
A-C VOLTAGE SOURCE 

The total power dissipated in diode and load circuits 
of the practical secondary circuit shown in Fig. 25(c) 
is the sum of the power losses in the circuit resistances. 
In equation form, it is 

Total power =series-resistance loss 
+choke-core loss 
+direct-current power in load. 

The plate dissipation per diode is given by 

Pd = 0.51 /12), X 1 raj.  (13) 

With reference to (5), we have 

= 0.5 /1/,' (14) 

where d is the diode voltage taken from the static 
diode characteristic at the output-current value 7. 

d) Regulation 

The regulation of choke-input circuits is determined 
by the total series resistance Rs, since the voltage F. in 
the circuit is constant in the useful chain current range 
for an energizing alternating voltage of constant 
value. Thus, the regulation curve has the slope Ws 
(see Fig. 26), which includes the diode resistance. 

2. The Condenser-Input Circuit 

In rectifier circuits with shunt-condenser-input 
loads, the condenser is alternately charged and dis-
charged. In the final state of operation, charge and 
discharge are balanced. The graphic analysis of such 
circuits is comparatively simple and readily followed. 
Formulas for the calculation of specific circuit condi-
tions are easily derived from the constructions. 

a) Circuits without series resistance 

The graphic analysis of a half-wave rectifier circuit 
without series resistance (Rs) is illustrated in Fig. 27. 
Steady-state voltage ë and current i are constructed 
on the assumption that the diode is short-circuited. 
The steady-state condenser voltage ë coincides with 
e because Rs= 0. 
The diode timing is as follows: 
The diode opens the circuit at point 0 when the 

diode current becomes zero. 
Since the condenser-discharge circuit consists of C 

and RL, the condenser voltage decays exponentially 
as shown. At point C it has become equal to the 
energizing voltage F. The diode becomes conducting 
and closes the circuit. Because there is no potential 
difference between the steady-stage voltages ë and Fr, 
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the condenser does not receive a transient charge. The  base. Hence, the average plate current is as shown in 
current, therefore, rises instantly to the steady-state  (iv). 

(1, value of the f, curve and follows it until zero at point 0. iv.  7,=  =  (1 — cos 0).  (17) 
The timing of the full-wave circuit in Fig. 28 is quite  2ir 

similar. The time for the condenser discharge through 
v. Average current 7 and voltage Tin the load resistor 

RL is reduced since ec meets the positive half cycle ë2 
are 

and thus closes the circuit through D 2.  Point C in 7 =7,,  for  n = 
Fig. 28 is located at a higher value of ë than in Fig. 27.   

7 = 27,, for  = 2 The conduction an'gle  is consequently reduced al-  n   j, .  (18) 
though C, RL, and 0 have the same values in both  T:=7RL 
circuits. The average current in the full-wave circuit  i. The diode peak current i„ is, obviously 
is, therefore, smaller than twice that of the half-wave 
circuit. 

C = 4 ssf 
RL=1500 OHMS 
Rs= 0 

E.150 sin 3771 

12 
C  
Rt.= 1500 OHMS 
Rs= 0 

4,=a2=-150 sin 3771 

Fig. 27 (left)—Graphic solution of operation for a half-wave, con-
denser-input circuit without series resistance. 

Fig. 28 (rigla) —Graphic solution of operation for a full-wave, Con-
denser-input circuit without series resistance. 

Some of the relations obtainable directly from Figs. 
27 and 28 are 

1.  the conduction angle 4, = 180° — (-) — I:). (15 ) 

The intersection of ë with the decaying voltage e, 
furnishes for half-wave operation (n =1) and full-wave 
operation (n =2) 

ii.  sin /3 = sin (-)e-(ri-o+s)iwcni  for  n = 11_ 

and  sin 0 = sin (-35-(44+8 R.,culL )  for  n = 2f 
(16) 

where 7, (4, and # in the exponents are in radius. This 
equation may be solved graphically or by trial and 
error, varying #. 

iii. The average current during conduction time is 

/(0) = /„(1 — cos  

It is the area under a sine-wave section divided by its 

and 

1,, = 1„ 

= i. sin 

for (1, > 90°) 

for 4, < 90°1 • 
(19) 

The performance of these circuits, hence, is deter-
mined by their power factor coCRL and the phase num-
ber n. It ,vill be evident from  the following that the 
series resistance R, of practical circuits appears as an 
additional parameter which cannot be neglected. 

I)) Circuits with series resistance 

In circuits with series resistance, the steady-state 
condenser voltage Fr does not coincide with the supply 

Fig. 29—Graphic solution of operation for a half-wave, condenser-
input circuit with series resistance. 

RS 2 20 OHMS  "ims x = 150 v 
Rt. = 1500 OH MS  w  377 
C = 4,sse 

A 

4 1.  1500 T  oHus 
el 

PARALLEL 
LOAD CIRCUIT 

A 

1. 4.775 me 

81 021-1M46 5 

EQUIV. SERIES 
CIRCUIT AT 

377 

RL(sERI(s) 

Fig. 30—Equivalent series circuit for the analysis of half-wave, 
condenser-input circuits with R. >0. 
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voltage e, as illustrated in Figs. 29 and 30. Phase dis-
placement and magnitudes of current and voltage 
under steady-state conditions are required for analysis 
of the circuit and are computed in the conventional 
manner. The parallel circuit CI I R. is converted into 
an equivalent series circuit to determine the angles 8 
and 0' by which i is leading ac and e, respectively. The 
steady-state condenser voltage ec in the parallel circuit 
equals the voltage across the equivalent circuit as 
shown by the vector diagram in Fig. 30. 
The diode opens the circuit at the instant id= 0. For 

circuit constants as in Fig. 30, the diode current id 
substantially equals it at the time of circuit interrup-
tion because the transient component it' of the current, 
as shown later, has decayed to a negligible value. 
Point 0 is thus easily located. In circuits with large 
series resistance, however, id = 0 does not coincide with 
=0 due to slow decay of the transient it'. In both 
cases the condenser voltage e(0) equals the voltage 
"t(0) at the time 0, because id =0 and consequently there 
is no potential difference on Rs and transients do not 
occur at 0. The condenser voltage decays exponentially 
on RL from its initial value at 0, as discussed for cir-
cuits with Rs =0, and meets the supply voltage ë again 

1.0 500 0 
>  Cl 

400 cd' B  L5 o  C2 

A 
250   

250  300  350 
e(0) c2 

.5 

(a) 

-mem 
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0 
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-200 

-300 

-400 
164 8 

Fig. 31-0scillograms taken with circuit of Fig. 30. 
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=17.9. ee= 88. e 
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Fig. 32—Graphic solution of final operating conditions for circuit in Fig. 13. 

at point C. At this instant (to), the diode closes the 
circuit. Current and voltage, however, do not rise to 

their steady-state values as in circuits with Rs=0, 
because the steady-state voltage Er(o)  differs from the 
line voltage E(o) by the amount Aer=itcoRs. A tran-
sient voltage of initial value et(o) = — (ittoRs) occurs 
on C. It drives transient currents it, and it" determined 
by Ohms law through the resistances Ra and R. re-
spectively. (See Fig. 30.) 

OHMS 

The transients e, and  prevent voltage and current 
from following the steady-state wave forms, as 

id =  1. + it' —  f.(0)e—g/(RelI RL)C 

and 
Ftt + et =  RiLone —t/(RdiRL)cr 

between the time to and the opening time at 0. 
For small values Rs and C, the transient decay is 

rapid as shown in Fig. 29 and point 0 is readily 

(20) 

(21) 
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determined. The oscillogram Fig. 31 was taken on the 
circuit Fig. 30 and checks the graphic construction. 
The solution of operating conditions in circuits with 

large time constants requires additional steps, as ee 
and id do not reach steady-state values before L =0. 
The diode opens the circuit earlier at an angle fr, which 
increases from cycle to cycle as shown for a full-wave 
circuit in Fig. 13. The condenser voltage ec rises in 
successive conduction periods until its numerical decay 
over RL equals the numerical rise during 4). This final 
condition is shown in Fig. 32(b). The graphic solution 
for the final operating condition is illustrated in Fig. 
32(a) and is made as follows: 

Steady-state current L and voltage ë1 are drawn 
with proper phase relation. A closing time to is assumed 
near the estimated average output voltage, condition 
A in Fig. 32(a) assumes L(o) =0.7A and F(0) = 258 volts 
at to. The current transient it' is subtracted graphi-
cally from L. Only two points ti and to are necessary 
near the intersection; to gives a decay of 57.4 per cent 
and then to gives a decay of 50 per cent from Lon . The 
intersection with the Lo curve gives a solution for 
equal to 0 and determines line 0, which gives et =308 
volts which is also the voltage ec. This voltage decays 
now over RL until it intersects the following half cycle 
12 for closing time C2 at point A =283 volts which is 
the second closing time. As this voltage is higher than 
the initially assumed voltage (F(o)=258 volts), the 
final condition is not yet reached. A second trial 
marked B was made with an initial voltage es(0) =333 
volts and furnished F(2) = 319 volts at C2. The correct 
condition Fo) =F{2) is obtained from the auxiliary graph 
in Fig. 32(a) in which the voltage pairs A and B are 
connected by a straight line, which intersects the 45-
degree line E(o)Ct =ë(0)C2 at the point X, and provides 
the solution for the final condition e(0) = 306 volts. If 
desired this value can be checked and corrected by 
exact calculation. 
The final construction in Fig. 32(b) was made with 

this value. The shaded areas include the amplitude 
values id and ec during 4) which are given by (20) and 
(21). 

The average current during 4) is the area under the 
sine-wave section minus the area under the exponen-
tial curve it, both divided by the base. This furnishes 

id(0) = L ax [(cos  — COS (Cts  13' )) 

— (wCR'(1 — €—.1"'"') sin (0 + t3)I/4)  (22) 

with R' =Rs j IRL and 4), fl and #' determined graphi-
cally from the construction or by trial of values. The 
average plate current per diode is again 

7, = id(0) 157360° 

and the direct load current in this full-wave circuit is 
7= 27,. In case of large time constants, as in the ex-
ample, the average condenser voltage Ec is quite ac-
curately obtained from 

0.5(em)  ec(4))  (23) 

and the load current by Ohms law 7= Tr/RL. 
The root-mean-square values of ripple voltage and 

diode current are needed for many calculations. They 
may be obtained for all cases from 

and 

E kripple) = 0.321(e .x 

_  /360° 
ipi=1.upv 

ec(m in)) (24) 

(25) 

Equation (24) holds within 10 per cent for wave 

shapes varying from a sine-wave to a saw-tooth and 
(25) gives better than 5 per cent accuracy for all 
wave shapes occurring in condenser-input circuits. 

c) Generalized operation cliracteristics (steady-state 
operation) 

It has been shown that the conduction angle is a 
function of the circuit constants in condenser-input 
circuits. The section of the energizing voltage Jutilized 
during conduction time has, therefore, no fixed value 
as in choke-input circuits where 41=180 degrees and 
where the voltage ë during cp is a half sine wave. It is, 
therefore, not possible to derive a general equivalent 
circuit for condenser-input circuits which contains a 
voltage source of fixed wave shape and magnitude.' 
Steady-state conditions as well as transients are 

controlled by the circuit constants, which are con-
tained in the product coCR L. The angle 4, depends 
further on the relative magnitudes of RI, and Rs and 
is, therefore, described in general if also the ratio 
Rs/RL is known. General curve families may thus be 
evaluated which show the dependent variables E, 1, 
and I in terms of ratio versus the independent variable 
(...)CRL for various parameter values Rs/RL. The series 
resistance Rs includes the equivaleitt diode resistance 
which is evaluated by means of (6), because the cur-
rent wave is periodic in the final operating state. The 
reasoning leading to (6) is not applicable to a single 
transient, as obtained for starting conditions of rec- • 
tifier circuits. 

Generalized characteristics have been evaluated for 
the three types of circuits shown in Fig. 9. The charac-
teristics in Figs. 3, 4, and 5 show the average voltage 
E across the load resistance RL as a function of wCRL, 
and Rs for half-wave, full-wave, and voltage-doubling 
circuits. They permit the solution of the reversed 
problem to determine the magnitude of the applied 
voltage necessary to give a certain average voltage 
output for a given load. The series-resistance value Rs 
includes the equivalent average resistance d of one 
diode and the power-transformer resistances as re-
flected into one secondary winding. As their complete 

The equivalent voltage may be expressed by a Fourier series 
for each individual case as shown for the simplest case R. -=0 by 
M. B. Stout in footnote reference 1; the method, however, is hardly 
suitable for practical circuit analysis. 



1943 Schade: Analysis of Rectifier Operation  361 

calculation required too much time, the characteristics 
were plotted from accurately measured values. The 
measurements were made on circuits of negligible in-
ductive reactance. Series-resistance values in these 
circuits were determined accurately by the method 
shown in Fig. 10. Table II gives a number of calculated 

TABLE II 

Type of  i 
Condenser-  ‘li cRI, 

- R s 0 0 
E id 

-,-- 
141 
-,;--- 
1p Input 

Circuit 
n RL 

degrees degrees .. 
e... l  p 

Half- Wave 
n=1 

0.5 
I. 
2. 
2.26 
4. 
8. 
16. 
32. 
64. 

2. 
2.26 
4. 
4. 

.10 

.147 

.05 

.10 

26.5 
45.0 
63.4 
66.15 
75.9 
82.9 
86.4 
88.2 
89.1 

-- 
SO. 
65.1 
56. 

153.5 
134.0 
111.6 
106.4 
87.1 
65.1 
48.6 
35.3 
25.1 

121. 
123. 
99.3 
108.4 

0.335 
0.384 
0.486 
0.503 
0.623 
0.742 
0.862 
0.930 
0.996 

0.434 
0.428 
0.632 
0.537 

3.33 
3.68 
4.61 
4.91 
6.60 
9.86 
13.92 
19.90 
27.5? 

4.48 
4.42 
5.28 
5.14 

1.69 
1.81 
2.00 
2.02 
2.24 
2.60 
3.00 
3.51 
4.16 

1.9 
1.88 
2.1 
2.0 

1.75 
1.90 
2.17 
2.24 
2.55 
3.00 
3.50 
4.15 

2.05 
2.04 
2.20 
2.08 

Full- Wave 
n=2 

1.  , 
2. 
4. 
4.52 
8. 
16. 
32. 
64. 

4. 
4.52 
8. 
30.2 

.05 

.0735 

.05 

.10 

26.5 
45.0 
63.4 
66.15 
75.9 
83.0 
86.4 
88.2 

-- 
SO. 
56. 
17.9 

142.5 
121.0 
92.6 
86.8 
67.0 
49.0 
35.6 
25.4 

104. 
105. 
90. 
100.6 

0.644 
0.678 
0.740 
0.744 
0.816 
0.885 
0.945 
0.999 

0.671 
0.636 
0.710 
0.646 

3.47 
4.17 
6.06 
6.55 
9.30 
13.74 
19.70 
27.1? 

5.43 
5.35 
6.20 
5.39 

values which show the accuracy of the curves to be 
approximately 5 per cent or better. 
In compiling the data for the current-ratio charac-

teristics in Fig. 6, it was found that the three rectifier-
circuit types could be shown by a single family after 
a "charge factor" n was added to the product of the 
circuit constants coCRL and to Rs as shown in Table II. 
The factor n is unity for the half-wave circuit. For the 
full-wave circuit, n is 2 because the condenser C is 
charged twice during one cycle. For the voltage-
doubling circuit, n is  because the two condensers 
require together twice the charge to deliver the same 
average current at double voltage. The values in the 
table indicate that the factor n is actually not a con-
stant. The mean value of the current ratios does, how-
ever, not depart more than 5 per cent from the true 
value, the error being a maximum in the steep portion 
of the curves and decreasing to zero at both ends. The 
upper section of Fig. 6 shows the ratio of root-mean-
square current to average current per diode plate. 
This family is of special interest in the design of power 
transformers and for computation of diode plate dissi-
pation. 

Fig. 7 shows the root-mean-square value of the 
ripple voltage across R. in per cent of the average 
voltage. 
The voltage-doubling circuit shown with the other 

two condenser-input circuits in Fig. 9 may be regarded 
in principle as a series connection of two half-wave 
rectifier circuits. Each condenser is charged separately 
during conduction time of one diode, but is discharged 
in series with the other condenser during the time of 
nonconduction of its associated diode. The analysis 
of operation is made according to the method dis-
cussed but will not be treated. The average anode 
characteristics of RCA rectifiers are shown in Fig. 8. 
The method of carrying out a practical analysis by 
use of these curve families has been outlined in the 
first section of this paper. 

APPENDIX 

System of Symbols 

The number of special symbols and multiple index-
ing have been greatly reduced by introducing four 

special signs for use with any symbol. 

1) The symbols in general are of standard notation, 
lower case letters i, r, indicate instantaneous, sec-
tional, or variable values and capital letters I and 
R indicate steady values. 

2) Special values 
a) Sinusoidal voltages or currents are indicated by 
a sine-wave sign above the symbol e, 1, E. Their 
maximum values are indicated by index, E„,., 

Rintur• 
b) Peak values are indicated by a circumflex; ec, 
1, td, maximum peak values are written imax, etc. 

c) Average values are indicated by a horizontal bar; 

R., 7, W. 
d) Root-mean-square values are indicated by ver-

tical bars 1E1, 1/1, IR.'. 

3) An index in parenthesis specifies the time at which 
the symbol is valid, i.e., its numerical value. Hence, 
L(.) is the steady-state alternating-current value 
at the time r and it(o) is the transient current at 
the time 0. When used with an average or root-
mean-square value, the time index specifies the 
period over which average or root-mean-square-
values are taken, such as 1(0) , lip' (0) . A conduction. 
time index (0) on resistance values such as id, 
is unnecessary. (See definition.) 



Radiation from Vee Antennas* 
CHARLES W. HARRISON, JR•t, ASSOCIATE, I.R.E. 

Summary—Certain aspects of the directional qualities of a non-
resonant inclined vee antenna are discussed briefly. Formulas, 
based on the assumption of a perfectly conducting earth, are de-
rived for the radiation intensity in two planes. These relations show 
that the antenna is unidirectional when center driven. Its wide-
band performance, combined with ease of erection and low cost 
should make it an attractive antenna, particularly for receiving 
applications. 

RADIATION from rhombic antennas has been 
treated by Bruce, Beck, and Lowry.' A more 
complete mathematical analysis of the rhombic 

antenna problem is due to Foster.' The writers has 
given an elementary discussion of the inclined rhombic 

antenna, restricting the analysis to the vertical plane 
containing the principal axis. An antenna related to 
the inclined rhombic consists of two wires spread out 
from their supporting pole, and run directly into the 
ground at their outer extremities as shown in Fig. 1. 
Such an inclined vee antenna is terminated by the 
earth. For the present purposes, nonresonant operation 
will be assumed. 
In solving the problem of the nonresonant inclined 

vee antenna, an exponential current distribution, 
neglecting attenuation, is assumed. Additionally, it is 
desirable to proceed on the basis of a perfectly con-
ducting earth in that a solution of sufficient simplicity 
cannot be obtained for the antenna when it is located 
above an earth of finite constants. In this connection 
it should be remembered that horizontal rhombic-
antenna design is based largely upon equations ob-
tained on a basis of the assumption of a perfectly con-
ducting earth. 
The equations needed are 

N = f 10(sleisr' (*a  # (1.5' (1 ) 

cos  = cos 0 cos 0' -I- sin 0 sin 0' cos (4) — 4,')  (2) 

No = (N, cos  ± N, sin 0) cos 0 — N. sin 0 (3) 

No = — Nz sin q5 ± N. cos (i)  (4) 

IC2 Nat)*  NoN0*.  (5) 

In these relations 
N is the electric radiation vector. 

• Decimal classification: R111.2 XR125. Original manuscript 
received by the Institute, September 30, 1942; revised manuscript 
received, February 24, 1943. 
t Cruft Laboratory, Harvard University, Cambridge, Massa-

chusetts. 
1 E. Bruce, A. C. Beck, add L. R. Lowry, "Horizontal rhombic 

antennas," PROC. I.R.E., vol. 23, pp. 24-46; January, 1935. 
2 Donald Foster, "Radiation from rhombic antennas," PROC. 

I.R.E., vol. 25, pp. 1327-1353; October, 1937. 
3 Charles W. Harrison, Jr., "The inclined rhombic antenna," 

PROC. I.R.E., vol. 30, pp. 241-244; May, 1942. The following cor-
rections should be made to this paper: In (7) the exponent in the 
first integral should read — j2r /X(1— x).The curves shown in Figs. 
2 to 7 inclusive are drawn for X =25 meters. 
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h(s') is the complex current in amperes flowing in the 
antenna element ds'. This current is a function of 
the distance s in meters along the antenna. 

/3( =27/X) is the propagation constant in radians per 
meter. 

(r', 0', 4/) are the spherical co-ordinates of a point on 
any wire. 

p" 
'Point of Transmission 
Line Attachment 

Antenna 

Plane of 
Perfect Earth 

Antenna Image 

X 

Fig. 1—Nonresonant inclined vee antenna with image. 

4, is the angle formed by the radii (0', 4?) and (0, 40, 
where the latter are the spherical co-ordinates of a 
typical point anywhere in the far zone of the an-
tenna. 0 and 0' are measured from the positive Z 
axis; 4) and 4, from the positive X axis. 

(N., N„, NO or (No, No) are the rectangular or spheri-
cal components of the electric radiation vector N 
at the point (0, 4)). 

No*, No* means the conjugate of No, No, respectively. 

of the I.R.E. 
July, 1943 
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K2 is the radiation function which depends on the  For the vertical-plane directional characteristic it 
orientation of the radiated wave and not upon the  is readily shown that 
distance. The field strength in any direction (0, 0) 
is proportional to the square root of this factor. 
In Fig. 1 is shown an inclined nonresonant vee an-

tenna with image. In this drawing, and in the following 
mathematics 
n is one half the apex angle of the isosceles triangle ob-
tained by projecting the sides of the antenna onto 

the horizontal plane. 
-y is the angle made by the antenna wires with the 
horizontal plane. 

1 is the length of antenna leg. Equal leg lengths are 

assumed. 
A relation between n, 7, and the semiangle between 

the wires at the supporting pole 7 is 

=  sin-' (cos 7 sin n).  (6) 

It is desirable to work from the origins 0 and 0' 
shown, for the elemental antenna lengths are along 
lines of constant (0', 0') for each integration. Once the 
radiation vectors have been found for 0 and 0', those 
at 0' may be referred to 0 by finding the phase differ-
ence between these origins projected upon the typical 
radius vector. This transfer is effected by use of the 
relations 

=  X 3002411 sin yew' 

X 4 =  X 4"ei2filein  COil O. (7) 

If the antenna is driven at the top of the supporting 
pole, the currents in the antenna and image branches 
may be written 

= — 1,2 =  /0 cos 7 cos ne-0 8 

1,3 = — /z4 = — /0 cos 7 cos  

1,1 = 1.2 = /0 cos 7 sin ne-'8* 

=  11,4 =  /0 COS 7 sin ne-)0*" 

1,1 = — /‘2 = /0 sin -ye-03 * 

/,3 = —  /0 sin -ycoa".  (8) 

Here s refers to 0; s" to 0'. Equation (8) in conjunc-
tion with (1) may be used to calculate the electric ra-
diation vectors in rectangular co-ordinates. Then the 
vectors computed with respect to 0' are transferred 
to 0 by means of (7). After ascertaining the spheri-
cal co-ordinates of points on the antenna wires (in-
cluding the image), (2) may be applied to deter-
mine cos  for each case. It will be discovered that 
Cos  cos 4,2 cos  # COS 04. Thus it is impractica-
ble to attempt a summation of the rectangular compo-
nents of the electric radiation vector in the general case. 
Considerable simplification is achieved by restricting 
the analysis to the plane y =0, and to the plane z =h. 
Happily the field patterns in the vertical and hori-
zontal planes as here defined are usually of most in-
terest, the general directivity equation being of value 
principally in radiation-resistance determinations. 

cos 411 = cos 11/2 = 

cos 4/3 

also 

and 

= COS  = 

cos 0 sin 7 + sin 0 cos 7 cos n 

— cos 0 sin 7  sin 0 cos 7 cos n (9) 

Ns = N. cos 0 — N. sin 0 = 0  (10) 

= N v.  (11) 

For this case 

K2 = N.N.* =  

2 sin2 (1 — cos #1) 
= / 4/0 cos -y sin n  2 

}   

2 sin — (1 — cos tki) 
2 

(1 — cos Cr 

1 - cos 01 

sin — (1 — cos 4.3) 
2 

cos (31 sin 7 cos 0) 
1 — cos Oa 

01 
sin2 — (1 — cos 03) 

2 
(12) 

(1 — cos 03)2 

This equation was obtained for 4, =0 degrees. The field 
strength in the vertical plane in the forward direction 
is proportional to the square root of (12). When 
0=180 degrees, for cos  and cos 11,3 write —cos Os 
and —cos  respectively. The field pattern in the 
vertical plane, for either the forward or backward di-
rection, is obtained when 0 505+90 degrees. 
For the horizontal directional characteristic in the 

plane z =h, 

also 

and 

COS 4/i = COS 11, 3 = cos 7 

cos 1k2 = COS lk  = cos 7 

cos (4) — 

cos (0 + n) 

N# = — N. sin 0 + N, cos 0= 0 

N. = — N. 

For this case 

K2 = No/Ve* = N.N,* 

= {41, sin 7} 2 

sin2 
131 

costh) 
2 

13  (1 — cos 01)2 

2 sin — (1 — costki) 
2 

1 — cos 
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sin — (1 — cos 02) 
2 

cos (fit cos -y sin 4) sin n) 
1 — cos 4,2 

sin2 !9-t- (1 — cos 02) 
2 

(1 — cos  
(16) 

The field strength in the horizontal plane is propor-
tional to the square root of (16). 
It is to be observed that when 0= +90 degrees, and 

4)=0 degrees, both (12) and (16) reduce to zero. When 
0= +90 degrees, and 4)=180 degrees the same condi-
tion obtains. Accordingly, (16) does not convey any 
information relative to the azimuthal width of the 
major lobe. Unfortunately a simple formula has not 

f.= 328' 
h = 60' 
1-= 25 ° 
f = 12 mc/sec 

Er.+90% I O 

directional characteristic when driven at the top of 
the supporting pole, but shows entirely different direc-
tional properties when driven at the base of one leg. A 
discussion of this alternative mode of operation is 
reserved for another paper. 
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Note Added in Proof: 

The Mackay Radio and Telegraph Company has 
been kind enough to supply the writer with the follow-
ing practical details relative to inclined vee antennas 
actually in use by the corn[Any for receiving: 

60' 

PLANE  OF PERFECT EARTH 

Fig. 2—Relative field intensity in the vertical plane for a nonresonant inclined vee antenna. 

been developed for the azimuth pattern for an arbi-
trary value of 0. 

In Fig. 2 is shown a typical field pattern in the verti-
cal plane, computed from (12). Points were determined 
at intervals of 10 degrees, no attempt being made to 
locate accurately the positions of minimum field. For 
this calculation, 1= 328 feet, h = 60 feet, r =25 degrees, 
and f =12 megacycles per second. The dimensions 
given here are in no way indicative of an optimum 
design. If the leg length is fixed by space considera-
tions, and the pole height has been decided upon, the 
optimum angle r for a given frequency may (in many 
cases) be satisfactorily determined by the calculation 
of several field patterns using (12). In other instances, 
the most direct approach is probably to calculate N,, 
N„, and N, directly, and then apply (3), (4), and (5) 
in sequence. 
The nonresonant inclined vee antenna shows a uni-

The vee legs are approximately 1000 feet long, with 
the outer end of each leg grounded. The supporting 
pole is around 90 feet in height, and the angle at the 
apex is determined the same way as it is for horizontal 
vee antennas. The orientation is such that the line of 
the great-circle path from the station to be received 
bisects the angle between the wires at the supporting • 
pole. The antenna, if constructed over earth of suit-
able constants, is essentially aperiodic, and has a 
satisfactory frequency coverage of 3 to 1. In order to 
cover this broad band of frequencies, the usual design 
is to restrict the apex of the vee in an exponential form 
so that a good match is obtained to the transmission 
line. The antenna is not ordinarily used for transmit-
ting, as other types are more satisfactory for this pur-
pose. It is covered by U. S. Patent 2,081,162, which is 
owned by the NIackay Radio and Telegraph Company, 
New York, N. Y. 



Summary—Foster's reactance theorem for the driving-point 
impedance of a two-terminal electric network is extended to more 
general cases comprising mechanical and acoustical as well as 
electrical systems. The network may contain distributed but finite 
elements besides the lumped ones. The driving force also may be 
distributed instead of being concentrated at a point. For the latter 
case, it is suggested that a quantity mass driving-point impedance 
is to be introduced, which has properties similar to simple impe-
dance. Applications of the theorem to cases of practical importance 

are discussed. 

INTRODUCTION 

I
N electric-circuit analysis, there is a well-known 
theorem, usually referred to as Foster's reactance 
theorem,' which states that the driving point im-

pedance of a finite two-terminal electric network 
formed of dissipationless elements is a pure reactance. 
This reactance is an odd rational function of frequency 
and is completely determined, except for a constant 
factor, by assigning its resonances (i.e., the zeros) and 
antiresonances (i.e., the poles) which occur alternately 
as the frequency goes up. Such an impedance can be 
realized by combining antiresonant circuits in series or 
resonant circuits in parallel. It has been shown later by 
Cauer2 that the same can be realized also as a ladder 
network either with inductive series arms and capaci-
tive shunt arms or with capacitive series arms and 
inductive shunt arms. This theorem has been found 
very useful in solving electric-circuit problems and in 
electric-network designs. 
In treating problems on mechanical and acoustical 

systems, however, it is the usual practice to consider 
them in terms of electrical analogies, and it is desirable 
to see how closely they do resemble the electrical sys-
tem in this respect of driving-point impedances. That 
the separation properties of the poles and zeros exist 
also in a system of rigid bodies has been shown already 
by Routh' long ago. It is the purpose of this paper 
to show that this property of the driving-point im-
pedances is quite a general one, existing in mechanical 
and acoustical systems as well as the electrical ones. A 
further purpose is to generalize the theorem to systems 
containing distributed elements besides the lumped 
ones and also to cases where the driving force is not 
acting at a single point but distributed evenly along a 
line or over an area, such as in radio antennas, in 

• Decimal classification: 1045. Original manuscript received 
by the Institute, December 11,1942. 
t Electrical Engineering Department, National Tsinghua Uni-

versity, Kumming, China. 
1 R. M. Foster, "A reactance theorem," Bell Sys. Tech. Jour., 

vol. 3, pp. 259-268; April, 1924. 
2 W. Cauer, A rchiv fur Electrolech., vol. 17, P. 355; 1927. 
3 E. J. Routh, "The Advanced Part of a Treatise on the Dy-

namics of a System of Rigid Bodies," The Macmillan Company, 
New York, N. Y., 1884, pp. 36-38. 

A General Reactance Theorem for Electrical, 
Mechanical, and Acoustical Systems* 

DAH-YOU MAAt, NONMEMBER, I.R.E. 

microphone and loudspeakers, and the like. Practical 
applications of the theorem are discussed. 

I. PROOF OF THE THEOREM FOR LUMPED 
ELECTRIC NETWORKS 

In terms of the mesh currents, the equations of any 
passive dissipationless network driven by an electro-
motive force el in mesh 1 can be written as* 

Zilil  ZI2i2 

Z2Iil  Z22i2 +  •  • +  Z2nia 

= el 

= 0 

zn2i2  • • + znnin = 0 

where the  are the mesh currents and 

(1) 

1 

Zr. = Zar =  (1 — W 2LrsCrs)  (2) 

iCt C„ 

is the mesh or mutual impedance according as r =s or 
On solving (1) for the currents, it yields 

A ire%  Ariel 
j,. =   (3) 

where 

D = 

Zil  ZI2 • • • Zi n 

Z2I  Z22 • ' • Z2n (4) 

Zn1  Zn2 • • • Znn 

and A,. is its cofactor corresponding to the element 
z,.. Each term of D contains n factors of the form (2) 
and each term of Ars contains only (n —1) such factors. 
Therefore the driving-point impedance takes the form 

e  D  Fn(w2) 

it  Au  jwFs--1(0)2) 

where F„ and F„_1 are rational functions in co2 of 
nth and (n —1)st degrees, respectively. So it is evi-
dent that Z11 is a pure reactance given by the form 
— F,,(w2)/coF„_1(to2) which is an odd rational function of 
frequency. The resonances correspond to the zeros of 
D and the antiresonances to those of A11. It can be 
shown that these frequencies, i.e., the roots of the sym-
metrical determinants D and Au, are all real. From (1) 
it is seen that All is the determinant of the network 
when the first mesh does not exist. Thus the poles of 
Z11 coincide with the resonances of the network with 
the first mesh open. This is exactly what one expects 
from physical considerations. 

4 Cf., e.g., E. A. Guillemin, "Communication Networks," John 
Wiley and Sons, New York, N. Y., 1931, vol. 1, p. 139. 

(5) 
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It remains yet to be shown that the poles and zeros 
are alternate, which is the direct consequence of the 
positiveness of the slope of the driving-point imped-
ance with respect to the frequency. This latter prop-
erty can be shown in various ways. A simple proof 
based on energy considerations is as follows.° Taking el 
as reference, i.e., considering it as a real quantity, it is 
evident that all the mesh currents are pure imaginary. 
Therefore the totA potential energy of the system is 
given by' 

1  iris 
V = — - E 

2 (r,s  W 2Crs 

and the total kinetic energy by' 

1 
T  — — E Lra 

2 (.4) 

In terms of V and T, (5) can be rewritten as 

C12 
Z11 

2fid(V — T) 

In order to find the variation of the impedance with the 
frequency, differentiate (1) with respect to jw and solve 
for the derivative of 

(6) 

(7) 

aii 1 
— = — —(111,4 1, 
ajw 

where 

/12A 21 + • • + 

=  ( Li,. ( L  +   1  ). 

2 
i 

(Arl.  O M 2r 

+ (L„,. +  1 ) 
co2C„,. 

(5a) 

(8) 

(9) 

Substituting in the values of the A's and H's, it yields 

and 

ai, 1,4  
= el w 2C r. aj  E Lr.iri.) co   

2 
— (V + T) 
Cl 

ei ai,  2 
= — — —  = — — (V + T). 

ajw  i 12  

(8a) 

(10) 

Now that i is pure imaginary and the potential and 
kinetic energies are all real and positive, it is evident 
that aZaajw is always positive. So the driving-point 
reactance is an increasing function of the frequency 
and its poles and zeros are necessarily alternate. It is 
also obvious that Zn has no double poles nor double 

6 A similar proof has been given by E. A. Guillemin, "Com-
munication Networks," vol. 2, John Wiley and Sons, New York, 
N. Y., 1935, pp. 226-229. 

Cf. Sir James Jeans, "The Mathematical Theory of Electricity 
and Magnetism," Cambridge University Press, New York, N. Y., 
1933, 13. 95. 

7 See p. 443 of footnote reference 6. 

zeros and hence neither D nor Aii can have double 
roots. From the above conclusions, one can write 

Zii — 
w (1  w2 2) (1 _ 0) 2/(44 2)  f I 

02 /0 2n-2 9 

where 

H(1— 632/(012)(1— (02 / (439 • • • (1 02 /W2n-1 2) 

0 <  WI <  W2 <  W3 <  • • • < W2n —2 <  W2n-1 

(11) 

giving the alternate poles and zeros of the driving-point 
impedance. To realize Zu in simple forms, one has at 
least four different ways, viz., 
(1) by separating Z11 into partial fractions with 

jcoL, 
terms of the form  , one gets a series corn-1 _ c4,2/(0, 2 

bination of antiresonant circuits; 
(2) by separating 1/Zii into partial fractions with 

jwC, 
terms of the form  , one gets a parallel com-

1 _0)2442 

bination of resonant circuits; 

(3) by reducing Zil into a continuous fraction of the 
1  1  1 

form • • , one gets a 
jwC1 jc4L2 jo, C2 

ladder network with inductive series arms and capaci-
tive shunt arms; and 
(4) by reducing Zu into a continuous fraction of the 

1  1  1 
form (jwC1)-I -1-   

▪ (jwC2)-' ▪ (jw/.2)-' 
one gets a ladder network with capactive series arms 
and inductive shunt arms. 
These are exactly the Foster's and Cauer's forms. 

II. MECHANICAL AND ACOUSTICAL SYSTEMS 

It is seen that the above treatment is by no means 
restricted to electrical systems, lip a mechanical sys-
tem, one may take e as the driving force, i the vibrat-
ing velocity, L the mass, and C the mechanical com-
pliance (the reciprocal of the stiffness), and (1) will 
still hold as the equations of motion. By following 
exactly the above steps, it can be shown that Foster's 
reactance theorem is true for a mechanical impedance 
which is defined as the ratio of the driving force to the 
vibrating velocity produced at the driving point. And 
similarly in an acoustical system, one takes e as the 
driving sound pressure, i the volume current of the 
vibrating air, L the inertance, and C the acoustic 
capacitance, and obtains Foster's reactance theorem 
for an acoustic impedance which is defined as the ratio 
of the driving sound pressure to the volume current 
produced at the driving point. 

Thus one sees that Foster's theorem applies to the 
three kinds of systems equally well and a general im-
pedance can always be reduced to the four simple 
forms discussed in the last section. These forms are 
shown in Fig. 1 for the three kinds of systems. 
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III. SYSTEMS WITH DISTRIBUTED ELEMENTS8 

In encountering a distributed element, one may con-
sider it as formed of a large number of infinitesimal 
constituents, each of which has the nature of a lumped 
element. Thus a distributed system is nothing but the 
limiting case of a lumped network when the number 
of meshes becomes large and the elements in the indi-
vidual meshes become small. As a result, the positive-
ness of aZii/djo.) is still true but the number of poles 
and zeros will be infinite. In other words, the driving-
point reactance is no more a rational function of the 
frequency, and (11) becomes 

II(1 — 0/0)12)(1 — 0)2/442) • • • 
—   iw(1 _ wv„,22)(1 _ w2/w42) . . . 

where both the numerator and the denominator have  and the mechanical driving-point impedance is 

(12) 

a2n 1 a2n 
a x2 e2 012 

(13) 

where c2= 21T/ M, with the boundary condition that 

an  F cos cot 
n=0 at x=+/ and —=F   at x= ±0  (14) 

Ox  2T 

where x = +0 indicates that x is slightly greater or less 
than zero. The solution of (13) is 

w 
cF cos cot sin — (1 + x) 

c 
n =   for x 5 o  (15) 

co 
2Tco cos — 1 

C 

Bec-trical  --11— —ra6L-

Mechanical ; 

P\codical  -7- 1 

C L 

_ 1L—IL. 

„ F U T 4+  

Foster's Forms  Cauer's Forms 
Fig. 1—Basic forms of electrical, mechanical, and acoustical impedances. 

an infinite number of factors. The theorem can be 
formulated as follows: 

The driving-point impedance of a dissipation-
less network (electric, mechanical, or acoustic) 
containing distributed elements is a pure react-
ance, which is an odd function of the frequency. 
This function has an infinite number of poles and 
zeros occurring alternately as the frequency goes 
up. 

It takes an infinite number of lumped elements if one 
tries to realize such an impedance in the simple forms 
given by Foster and Cauer, unless approximations are 
made (see Section V). To illustrate the properties of 
the distributed networks, let us take a simple example 
of a stretched flexible string of length 2/, mass M, and 
tension T. If the displacement of the string at any 
point is n, for a force F cos cot applied normally at the 
mid-point of the string, the equation of motion is 

' See Brune, Jour. Math. and Phys. (M.I.T.), vol. 10, pp. 191-
235; 1931. 

F cos cot 
Z11 =  . 

icon 

which has poles at 

and zeros at 

0.) = 

Cl, = 

= 2T 

r-o  .  w 
lc tan — 

C 

hwc 

1 

(2h ± 1)wc 

21 

MP 

(16) 

(17) 

h being zero or an integer. Using the infinite product 
expansion° for the tangent, (16) can be rewritten as 

2T(1 — co2/4)12)(1 — Oho?) • • • 
Zli = .   

uo/(1 — (02/w22)(1 — 0/(042) • • • 

where 

(18) 

= rwc/21,  r = 1, 2, 3, • • • .  (19) 

. Cf. E. T. Whittaker and G. N. Watson, "Modern Analysis," 
Cambridge University Press, 1935, p. 136. 
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5  4 

Fig. 2—Driving-point reactance of a flexible string 
(arbitrary units). 

5 6 7 

Equation (18) has exactly the form of (12). From the 
similarities between the three kinds of systems, it is 
seen that (18) also gives the form of the driving-point 
impedance of a dipole antenna or an open transmission 
line in the electrical case and that of a closed pipe in 
the acoustical case. In all these simple cases, the driv-
ing-point impedance has poles and zeros equally spaced 
along the frequency scale. In less simple systems they 
will not be so. For example, a uniform bar clamped at 
one end and driven at the other by a shearing force 
has an impedance, found with a similar method, 

QS0µ3(1 ± cosh Al cos /1/) 
Zn =   

joi(sin a cosh a - sinh pl cos a) 
where Q is the Young's modulus, 1 the length, S the 
cross-sectional area of the bar, K the radius of  gyra-
tion of S about a median line, and µ = V 4 pc02/(20, p be-
ing the density of the bar. Using again the infinite 
product expansion, it yields 

V SK 2  _ .2/0,12)( 1 _ w2/w3 2) . . . 
tii =   

/3 .iw( 1 — (03/c022)(1 — 02/0,42) • • - 

the critical angular frequencies being given by 

= 0, 1.1194T, 4.908r, 7.104r, 15.939r, 
1)/2 

(20) 

(21) 

19.60r, •  (22) 

Again a form of (12) is obtained, although the spacings 
of the poles and zeros are no longer uniform, as in 
the above simple cases. 
It is evident, from the above derivation, that the 

theorem is still true when both lumped and distributed 
elements exist in the same system. A simple illustra-
tion is that of a dissipationless transmission line of 
length 1 terminated at a lumped reactance X. If L 
and C are the inductance and capacitance per unit 
length (loop), the equations of motion will be 

ae 
— = — jcoLi, 
ax 

ai 
— = — jcoCe 
ax (23) 

with the boundary conditions that 

e = el at x = 0 and e/i = jX at x = 1. (24) 

Solving for the current, one gets 

i = ei 

where 

Zo cos — (1 — x) — X sin — (1 — x) 

j(Zo sin ±1.1 1 -I- X cos -'-u-1) 

(25) 

Zo =  L/C  and  c = 1/VLC  (26) 

and the driving-point impedance is given by 

to sin —I -I- X cos —• 1 

Zn = 
r=0 

= jZo• 

Zo cos —1 — X sin — 
a c 

(27) 

The distribution of the poles and zeros of Z11 will di•-. 
pend on the form of X, but its slope 

aZ 

1  ax (7,02 c. +zo — aw 
ajw 

(Zo cos —• 1 — X sin 
_ 1\ 2 

C  ) 

(28) 

is evidently positive for all values of the frequency, 
whatever X may be. 

IV. A FuaTifER EXTENSION 

The theorem can be extended further to cases where 
the driving force is also distributed. Consider first a 
lumped network driven by equal forces in all its 
meshes. The equations become 

Ziiii  ZI2i2  "  '  Zi ni” =  e 

z2Iii  Z22i2 +  • ' • ±  z2,,i  =  e 

I il  Z R2 i2  •  +  Z1 ,1  =  e 

On solving it yields 

= — E 
D 

Summing up 

(29) 

(30) 

E = • E  (31) 
— 

Now if one defines the ratio of the total driving force 
to the average of the currents produced in all the 
meshes as the mass driving-point impedance and de-
notes it with Zoo, it is seen that 

Zoo = 
n2e  n2D 

E  E A„ 
(Jr. in terms of the energies, 

Zoo = 
n'e2 

2jco(i' — T) 

(32) 

(33) 
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V and T being given by (6) and (7), respectively. The 
zeros of Zoo correspond to the roots of the determinant 
D, just as in the case of the simple driving-point im-
pedance discussed in Section I. Therefore the zeros of 
the driving-point impedance of a network are not 
changed by changing the mode of driving it. The 
change occurs only in the redistribution of the poles. 
It is easily seen that the mass driving-point impedance 
is also a pure reactance given by an odd rational func-
tion of frequency. In order to see how Zoo varies with 
frequency, one may perform as before and find that 

air 1 
—  = — — EHAn 
ajw  D (a) 

and 

(34) 

2 
E = — 1 E  =  (V ± T)  (35) 

ajw  D 

by (6), (7), (9), and (30). The rate of change of ZOO 
with frequency is 

aZoo  2n2(I' (36) 
 io 2 ajw 

Now that the i's are all pure imaginary quantities 
and V and T are always real and positive, it is evident 
that aZoo/ajw is always positive and Zoo possessed 
alternate poles and zeros. Thus the mass driving-point 
impedances have properties similar to the simple ones 
and the above discussions on the latter are all applica-

ble to the present case. 
It goes without saying that the above analysis ap-

lies to mechanical and acoustical systems, too. Fur-
ther, the system may be formed of distributed ele-
ments, in which case the driving force will be dis-
tributed uniformly over the elements and one will be 
aCtually getting a "driving-line" or a "driving-area" im-
pedance. As a matter of fact, this extension of Foster's 
reactance theorem is more important for the dis-
tributed networks which are encountered more fre-
quently than the lumped ones especially in mechanical 
and acoustical systems and in electrical systems at high 

frequencies. 
Take a simple example of the single string discussed 

in Section III and subject it to a uniform sinusoidal 
driving force off cos cot per unit length. The equation 

of motion is now'° 

a2n I a277 
cos cat  (37) 

ax2 c2 at. 

and the boundary condition is that 

= 0 at x = + 1.  (38) 

" Cf. P. M. Morse, "Vibrations and Sound," John Wiley and 
Sons, New York, N. Y., 1936, p. 96. 

On solving, it yields 

2lf cos cot  co  co ( 
n =   cos — x/cos — l — 1).  (39) 

w2M  c  c 

The average vibrating velocity is 

iw  21f cos cut ( 
—  ndx = 
21 —I jcaM 

w  w 
1 — tan — / — /).  (40) 

c  c 

The mechanical mass driving-point impedance is found 

as 

Zoo = 

which has zeros at 

jcoM 

1 — — tan — 
wi c 

(41) 

— = 0.5r, 1.5r, 2.57, 3.5r, • • •  (42) 

as in the case 
and poles at 

of simple driving force in Section III, 

wl 
— = 0,1.43037,2.45917,3.47127, • • • .  (43) 

The latter are still alternate with the zeros although all 
displaced to higher positions on the frequency scale 
from the values given by (17). 
A slightly more complicated case is that of a circular 

membrane under a uniform sinusoidal pressure f cos cut 
per unit area, such as that used in a condenser micro-

phone. Let the membrane have a radius R, mass M, 
surface tension T and is fixed at the periphery. The 

equation of motion is 

0271  I  an  1 a2n _ 
(31.2 r Or  c2 at2 

with the boundary condition that 

= 0 at r = R. 

The solution can be found 

IrR2f cos col [j o(cor)  j o(coR 

c /  c ) = 

cos wt  (44) 

(45) 

(46) 1] 
JO being the Bessel's function of the first kind and 
zeroth order. The average velocity of vibration of the 
membrane is then 

(W 
[  2.1 [ C 1?— ) 

.1e4 R  710f cos w1 
f  2rrdr=   1    (47) 

TR'  ../W M  (J R ./0  /C a \ 

C 

Ji being the Bessel's function of the first kind and first 
order. So the mechanical mass driving-point impedance 

takes the form 
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Zoo = jwM 

toR Jo  (wR 

C  C 

col? Jo icoR\  2 Ji tuR\ 

c  c ) 
or, by using the infinite product expansions,9 

Zoo = 
gw.T(1 _ oiwi 2)(1 _ w2/w12) 

iw(1 _ 0/w2 2)(1 _ .2/a,42) . . 

whose poles occur at the angular frequencies 

rc  rc 
wo, co2, 04 • • • = 0, 1 .6343 —1 2.6855 — 

and zeros at 

‘01, Will W6 ' • 

(49) 

(50) 

7C  rc  7C 
= 0.7655 —, 1.7571 —, 2.7546 —,  (51) 

The poles and zeros are alternate but the spacing be-
tween a pole and the next zero becomes small at higher 
frequencies. 
By a similar method it can be founded that for a 

circular thin plate clamped at the edge the mechanical 
mass driving-point impedance is given by 

128421:3(1 _ 0.,2A,12)( 1 _ 0/04 2) . . 
Zoo =   (52) 

s2)R2iw(1  oic,„22)(1  04,42) ... 

whose critical angular frequencies are given by 

V 3p(1 — s2) 
wR2   = 0, 3.2365r, 11.1012r, 12.655r, Qh2 

26.898r, 28.274r, •  (53) 

where Q is the Young's modulus, s the Poisson's ratio, 
p the density, R the radius, and 2h the thickness of the 
plate. The form of Zoo is quite similar to that of the 
membrane except for the unequal spacings of the poles 
and zeros. The function Zoo for the membrane and the 
plate is plotted in Fig. 3. It is seen that they are quite 
similar to the plot for the uniform string driven by a 
concentrated force so far as the general character is 

4 
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Fig. 3—Mass driving-point reactances of membrane and 

plate (arbitrary units). 

concerned and it seems to be a general property of the 
mass driving-point impedances that the poles get 

(48)  closer and closer to the subsequent zeros as the fre-
quency goes up. This is because of the integration for 
the averaging which brings in a factor inversely pro-
portional to the frequency to one of the terms, as seen 
from (40) and (47). And this factor is the chief reason 
of this closing up of the poles and zeros. 

V. APPLICATIONS AND CONCLUDING REMARKS 

in the above discussions only simple examples have 
been treated. The theorem is, however, quite a general 
one and it applies to more complicated systems just as 
well. It may prove useful in the considerations of elec-
tric-circuit problems at ultra-high frequencies, where 
all circuit elements are distributed. And also in more 
complicated vibration prohlems, one example is that 
of room acoustics, which is nothing but a three-dimen-
sional vibration problem. 
A radio engineer usually takes mechanical systems 

such as microphone diaphragms and acoustical systems 
such as small air chambers as simple resonant sys-
tems." The above discussion serves to show how good 
these approximations are. Since in most mechanical 
and acoustical systems only distributed elements are 
present, there are always an infinite number of reso-
nances and antiresonances. The exact form of the im-
pedance is 

11(1  wva,12)( 1 _ w2/0,32) . . . 
Zoo —   (12a) 

iw( I wv‘,22)(1  0/w4 2) . . 

Within a limited range of frequency the factors corre-
sponding to the critical frequencies not in or at the 
vicinity of the interested range may be taken as con-
stants, and the system is taken approximately as one 
with a finite number of poles and zeros. For instance, 
if only low frequencies are of interest, the higher fac-
tors may all be omitted (the approximation will be 
especially good for the mass driving-point impedances 
on account of the close spacing of the poles and zeros 
at higher frequencies). A first approximation is to omit 
all except the first critical frequency besides zero and 
one gets 

Zoo  + jcal/c012 (54) 
/to 

which is the impedance of a simple resonant circuit. 
Applying this to the cases of the membrane and plate 
in the last section, one obtains, respectively, 

8r T 
Zoo =  1.3832.40M  (55) 

and 

128rQhs 
Zoo    + 1 .8583jwM  (56) iwo  s2)R2 

11 For numerous examples, see H. F. Olson and F. Massa, "Ap-
plied Acoustics," Blakiston Company, Philadelphia, Pa., 1939. 
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which give the effective stiffnesses and the effective 
masses for the membrane and plate used in simple 
calculations. It is obvious that the approximate results 
are valueless when the driving frequency approaches 
the first pole w2. When this happens, it will be neces-
sary to take into account also the first antiresonant 
frequency, thus obtaining a series-resonant circuit in 
parallel with a capacitance; or the first pole together 
with the second zero, thus obtaining two series-reso-
nant circuits in parallel for the approximate represen-
tation of the distributed system. In Fig. 3 the reactance 
of a simple resonant circuit is plotted in order to com-
pare with the actual reactances of the membrane and 
the plate. It is seen that below the first resonant fre-
quency there is practically no difference between the 
three curves and the difference becomes more and more 
pronounced as the frequency goes up. To represent the 
actual system with a simple resonant circuit, the error 
is within 5 per cent for frequencies up to one and one 
half times the first resonant frequency for the mem-
brane and up to two times it for the plate. If the ap-
proximation is used primarily in the neighborhood of 
the first resonant frequency, a result better than (54) 
is obtained by taking only the first resonant factor and 
substituting wi for co in the rest, thus, 

H(1 — 0/642)(1 _ wi vw3 2, . . )  • 
ZOO — iw(1  4,12/0,22)(1  4,12/w4 2) 

(57) 

and instead of (55) and (56), one has 

26.269T 
Zoo --=   1.4127jculf  (58) 

and 

Zoo = 
411.3Qh3 

io)(1  s2) R2 
+ 1 .9007jcaf  (59) 

respectively. Similar methods may be applied in the 
consideration of other vibrating systems. 
In the above, the properties of the driving-point im-

pedances, in a broader sense, have been discussed and 
it is shown that Foster's reactance theorem applies to 
all vibrating systems. However, one's attention has 
been confined to the vibration produced at the point 
or points where the driving force is applied. In numer-

ous other problems frequently encountered, the vibra-
tion produced at points other than the driving point 
are of importance. For instance, in a carbon micro-
phone, while the force acts on the surface of the dia-
phragm the vibration produced at the center point 
alone is responsible for the electrical output. Also in a 
transmitting radio antenna, while the driving is at one 
end, the average current accounts for the electromag-
netic-wave radiation. All these cases, in which the ac-
tion and the effect are not at the same place, will be 
discussed in a later paper concerning transfer im-

pedances. 
The reciprocal of the driving-point impedance, the 

driving-point admittance, possesses exactly the same 
properties as the impedance and in some cases the use 
of the admittance is more desirable than the use of the 
impedance itself. From (12a), the mass driving-point 
admittance has the form 

1  _ ,,,2/0)2 2)(1 _  . . 
100 = — =   (12b) 

Zoo H(1 — 0/042)(1 — 0/642) • • • 

which has alternate poles and zeros just as Zoo does. 
It will be of interest to note that the driving-point 

impedance or admittance retains its general form even 
after the system is coupled to some other systems not 
of the same kind. For example, an electrical system 
may be coupled to a mechanical one or vice versa by 
electrostatic, electromagnetic, piezoelectric, or mag-
netostrictive means; and the mechanical system may, 
in turn, be coupled to an acoustical system through a 
diaphragm or the like, and so on. The driving-point 
impedance will be changed when the coupling exists, 
but the separation property of the poles and zeros will 
remain just the same. Take a simple example of an 
electrical system coupled to a mechanical one with a 
coupling constant K. The resulting driving-point im-

pedance can be found as12 

Z = Z. + K2/ZM  (60) 

where Z. is the driving-point impedance of the electri-
cal system when the coupling does not exist and Zm 
that of the mechanical system at the coupling point. 
It is evident that Z is still an increasing function of the 
frequency and hence has alternate poles and zeros. 

12 A. E. Kennelly, 'Electrical Vibrating Instruments," The 
Macmillan Company, New York, N. Y., 1923. 



Charts for Simplifying High-Impedance Measurements 
with the Radio-Frequency Bridge* 

R. L. NIELSENt, ASSOCIATE, I.R.E. 

Summary—The equal-arm capacitance bridge for making radio-
frequency impedance measurements gives excellent results with 
very little labor, provided the magnitude of the unknown impedance 
is not too high. If the unknown is high, and if its components change 
rapidly with frequency, it is desirable from the standpoint of ease 
of balance and accuracy of determination to shunt the unknown at 
the bridge terminals with a high-quality fixed condenser of known 
capacitance. The difficulty with this so-called shunt-condenser 
method has been the tedious calculations necessary to convert 
bridge readings into resistance and reactance of the unknown. In 
this paper there are presented charts which allow this conversion to 
be made quickly and easily. This should make possible more ex-
tensive use of the shunt-condenser method, especially in the 
standard broadcast band where there is considerable need for this 
type of measurement. In an example on the use of the charts there 
is pointed out a further advantage of the shunt-condenser method, 
the possibility for interpolation between bridge readings in the case 
of impf:clances which change very rapidly with the frequency. 

INTRODUCTION 

THERE ARE several reasons why the common 
radio-frequency bridge takes the form of an 
equal-arm,' or one-to-one ratio, capacitance 

bridge in which the unknown impedance is balanced 
directly against the built-in bridge arm containing 

Fig. 1—Schematic of General Radio Type 516-C 
radio-frequency bridge. 

standard variable resistance R and capacitance C in 
series, Fig. 1. One reason is that the fixed bridge arms 
cannot feasibly have a ratio different from one-to-one 
due to the difficulty of balancing the shunt admittances 
in the proper ratio. Another is that high variable re-

sistance added to the standard arm is not desirable due 
to difficulties of inductive compensation of high-resist-
ance steps.' Because of its one-to-one ratio, the bridge 

• Decimal classification: R241.5. Original manuscript received 
by the Institute, June 26, 1942; revised manuscript received, 
March 9, 1943. 

University of Minnesota, Minneapolis, Minnesota. 
I R. F. Field, "An equal-arm capacitance bridge," Gen. Rod. 

Exp., vol. 4, pp. 1-8; January, 1930. 
3 R. F. Field, "Constant inductance resistors," Gen. Rad. Exp., 

vol. 8, pp. 6-9; March, 1934. 
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can conveniently be used for the measurement of low 
impedances which are of the same order of magnitude 
as the standards built into the bridge, but it does not 
lend itself so well to the determination of high imped-
ances. Thus, unless some other bridge connection is 
possible, the convenience and accuracy of bridge 
methods must sometimes be sacrificed if the unknown 
impedance is too high. 
There is, however, at least one connection which 

allows the standard bridge to measure, accurately and 
conveniently, high impedances which are beyond the 
range of the built-in standards. This is the so-called 
shunt-condenser connection, in which the unknown 
impedance is shunted, at the bridge terminals, by a 
low-loss, fixed condenser of known capacitance. If the 
shunt capacitance is properly chosen, the bridge bal-
ance is sharp and easy to make using only the internal 
bridge standards. The disadvantage of this method is 
the tediousness of the calculations which are necessary 
in order to convert the bridge settings into ohms im-
pedance of the unknown. 

It is thought that if this conversion could be made 
more simply, the shunt-condenser connection would 
find more application; accordingly, charts have been 
prepared which give, with a minimum of effort, both 
the resistive and reactive components of the unknown 
impedance in terms of the bridge settings at balance. 
The charts are particularly applicable to a large and 
important class of high impedances associated with the 
effects of parallel-resonance—half-wave antennas, 
resonant transmission lines, choke coils at their reso-
nant frequencies, and the like. Not only are the im-
pedances in this group high, but their two components 
change so rapidly and abruptly with frequency that 
bridge balance using any other method is difficult to 
attain; expert operators must spend considerable time 
in the mere mechanics of adjustment, and the inexpert 
are inclined to give up. 

METHODS IN BRIDGE MEASUREMENT 

There are several ways in which an unknown im-
pedance may be connected to the terminals of a radio-
frequency bridge; the connection to use in any particu-
lar instance depends upon the nature and magnitude 
of the unknown  impedance. Three common connec-

tions, each with its equivalent circuit, are shown in 
Fig. 2. 

Fig. 2(a) shows the simple direct connection which re-
quires that the magnitude of the unknown  impedance  
Z. he within the range  of the built-in  bridge  standards.  

In particular R. cannot exceed about 110 ohms unless 
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it is desirable to add series resistance to the standard 
arm, and C. must fall within the approximate limits 
100 to 1000 micromicrofarads. This method is however 
the most convenient one to use, if possible, because 
the unknowns R. and C. are read directly on the bridge 

at balance. 
Fig. 2(b) is the connection to use in case the equiva-

lent-series reactance of the unknown is a capacitance 
greater than 1000 micromicrofarads or is inductive in 
nature, provided of course that R, is less than 110 ohms 
or that it is feasible to add extra resistance to the 
standard bridge arm. The fixed standard condenser C1 
in series with the unknown allows the combination to 
be balanced on the bridge. Equations for finding R. 
and X, from the balanced-bridge readings R and C are 
easy to apply, and in fact charts for making this con-
version have been drawn.' 
If the magnitude of the unknown is high and particu-

larly if its components also change rapidly with fre-

(a) 

Rx..13  Xx = 

Rx.R 

fLc 
t 

(c) 

_I_ _r_zx   }c, 
R   

+ (X -X1)8 

+ X(X-X 

x: 

v X litirC  N.I/viCe 
"31 wee, 

Fig. 2—Equivalent series circuit for various methods of connecting 
the unknown impedance. 

quency, the above methods of connection are often 
very difficult and sometimes impossible to apply. In 
this case the shunt-condenser method of connection, 
Fig. 2(c), is useful. The high-quality fixed condenser C. 
in shunt with the unknown reduces the impedance of 
the combination to such a value that it can be balanced 
on the bridge. Several advantages of this method can 
be enumerated as follows. 
1. It is a most reliable method because no series im-
pedance need be added to the balance arm of the 
bridge. The parallel combination of the unknown 
impedance and the standard fixed condenser 
looks, at the bridge terminals, like a low imped-
ance. 

2. It keeps the impedance of the four bridge arms 
more nearly equal in magnitude, thus insuring 
good balance sensitivity. 

3. It allows for easy balance in antenna and parallel-
resonance measurements where the resistance and 
reactance components change very rapidly with 
frequency. This obviates "hunting" for each new 
balance and allows for reliable interpolation be-

"A chart for use with the type 516-C radio-frequency bridge," 
Gets. Red. Exp., vol. 15, pp. 7-8; February, 1941. 

tween bridge-balance settings, if necessary. This 
latter point will be further brought out in an 
example to follow, see Fig. 3. 

C  R 
Wit  ohms 

500  100 

400 80 

300  60 

200  40 

100  20 

0  0 
1250  1300  1400  1500 

FREQUENCY In KILOCYCLES per SECOND 

Fig. 3—Bridge readings for illustrative example. Unknown was a 
150-foot length of concentric cable short-circuited at the far end 
so as to form a quarter-wave line. 

4. It reduces interference from local broadcast sta-
tions, and frequently allows antenna measure-
ments to be made in the daytime. 

The only difficulty with this method of connection 
is that the transformation equations for converting 
bridge readings R and C into ohms impedance R. and 
X. are so long and tedious to apply. This is especially 
true if a large number of readings is necessary in order 
to plot the curves R. and X, versus frequency. For 
this reason the following conversion charts,' which 
make this transformation with a minimum of effort, 
have been prepared. 

CHARTS FOR THE SHUNT-CONDENSER CONNECTION 

In the equations of Fig. 2(c) the following notation 
has been used: 
Z. =R.-1-jX., the unknown 
R= bridge-arm resistance 
X =1/wC, C the bridge-arm capacitance 
X. = Z. = 1/coC., C. is shunting capacitance, its losses 

have been neglected 
co =27f, f the frequency of the oscillator in cycles 

per second. 
By algebraic manipulation of the equations in Fig. 

2(c) a separation of variables is effected and they can 

be written as follows: 

Cs. 500 Ina 

R  I  Ca)2 
1 — — 

R.  C 
= w2C!R2 = k2 (1) 

C.W X,  C. 
Ca ) +  (1  co2C2R2 —  • (2) 

1—CecoX, ( 1 C C  CI  

Here k2 is any constant and R./R and fX, are con-
sidered as secondary variables. By defining a transfer 

constant K such that 

K = logiofR,  (3) 

• Charts which provide a partial solution to the equations have 
been previously published. See "Antenna measurements with the 
radio-frequency bridge," Gen. Red. Exp., vol. 17, pp. 1-8; June, 
1942. 
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k2 = co2C,2 R2 = 471-2C; •102K, 

and the fundamental equations are then 

R. 

R 

1 

47r2C1 • 102K -I- (1 - -C2a-)2 

(4) 

fX. = 

900 1000 

1  47r2C.2 • 102K -  - 
ci 

27rC. 
472 C.2.1021C ±  (1 

5 

(5) 

Equations (3), (4), and (5) are plotted, for various 
values of K, to form the accompanying charts, Figs. 
4 to 7. 
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The range of bridge capacitance C covered in the 
charts is up to 1000 micromicrofarads. The charts are 
plotted for a constant value of C. of 500 micromicro-
farads, which is probably the most useful single value 
as it lies at the mid-point of the scale of C. Two charts 

3000 

2000 

1000 
en 

0 

—1000 

X 

1300 1350 
1450  kris 1500  

CABLE INPUT MPEDANCE 

Fig. 8—Impedance of the cable from the data of Fig. 3, obtained 
by use of the conversion charts. 

each of resistance and reactance are plotted, one cover-
ing the entire capacitance range, the other being an 
enlargement of the center section and most useful por-
tion of the first, and moreover extending the range to 
lower values of K. The transfer constant K is given as 
an insert on the three of the four charts that had room 
for it (its absence on the fourth is no drawback inas-
much as K is the same for all charts and need be found 
only once for each bridge balance). 
The resistance charts were conveniently made on 

semilogarithmic paper in order to handle a range of 
R./R of some 107. The reactance charts also plot 
nicely on semilog paper with one difficulty, namely, the 
problem of passing through zero. This was handled by 
the insertion of linear paper for low values of the mag-
nitude offX„ Linear paper was arbitrarily inserted for 
fX. between + 3.18 X108, the reason being that 
+3.18X108 is a "natural" break in the graph sheet 
because it is the limit of the constant K curves for 
K--00. The vertical scale on the linear paper was 
chosen so that it matches that on the log paper at the 
point of junction. Therefore, no break in the curves is 
apparent, and no cognizance need be taken of the 
change in scale when reading the charts. 
The use of the charts is probably best illustrated by 

following step by step through a numerical example. 
Let C. be 500 micromicrofarads and f be 900 kilocycles 
per second, and suppose bridge balance is obtained for 
R=35 ohms and C=488 micromicrofarads. The capac-
itance 488 lies within the range covered by the enlarged 
section charts; so it is useful to turn first to Fig. 5. On 
the insert of that chart the mantissa of K is read 
directly (from 3.5 on the R scale and 9 on the f scale) 

as 1.5. Mentally adding to this the sum of the charac-
teristics of logio 35 and logio 900,000 gives K as 
1.5+1 +5 equals 7.5. On Fig. 5 we look to the inter-
section of the K=7.5 line with the C=488 line, and read 
on the scale of ordinates the product fX.= 1.05 X105. 
From  this X.= (1.05 X 109)/(9X 10) = 1170 ohms. 
On Fig. 7 the intersection of the similarly labeled 
lines gives for the quotient R./R=94, from which 
R1=94(35) =3290 ohms. The total impedance becomes 
3290+j1170 ohms. 

APPLICATION TO A TYPICAL PROBLEM 

It is well known5 that a low-loss transmission line, if 
its receiving end is short-circuited, will exhibit at its 
input end wide fluctuations in impedance as the ap-
plied signal frequency is varied. Whenever the fre-
quency is such that the line represents any odd multiple 
of a quarter wavelength, the impedance will be high, 
the resistance component will pass sharply through a 
maximum, and the reactance component will rapidly 
change sign. Impedance measurements of this kind 
are difficult to make, and frequently they are just not 
made through the entire high-impedance range. 
As an example of the facility which the shunt-

condenser method affords when conversion charts are 
available, data are shown for the input impedance of 
a 150-foot length of ceramic insulated concentric cable 
short-circuited at the far end. Fig. 3 shows the data as 
taken on the bridge with C. =500 micromicrofarads. 
These data were converted by means of the charts into 
the impedance variations of Fig. 8. Of course plotting 
of the bridge data as in Fig. 3 is not necessary in gen-
eral, but it illustrates what can be done if necessary or 
desirable. Several points of importance should be 
noted: 

1. All readings are obtained on the built-in bridge 
standards directly, and balance is sharp. 
2. Starting below and going right through the criti-

cal frequency range, the bridge settings Rand C change 
slowly and monotonically despite the violent fluctua-
tions of R. and X. Balance need not be hunted with 
difficulty at each new frequency even though, as is the . 
case here at 1400 kilocycles, the reactance changes at 
the rapid rate of about 150 ohms per kilocycle. 
3. If plotting of the actual resistance R. and re-

actance X. shows certain critical points to have been 
missed, it is evident from Fig. 3 that interpolation be-
tween successive bridge readings can confidently be 
made. This cannot be done for R. and X. directly, 
especially in the neighborhood of peak values. 
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Wartime Radio Production* 
RAY C. ELLISt, NONMEMBER, I.R.E. 

W HEN I talk to some people about radio pro-
duction and supplies, they think that I am re-
ferring to the sets still to be found in Cortlandt 

Street. It is pleasant, indeed, to address the members of 
The Institute of Radio Engineers, for you are men who 
appreciate radio's part in defeating the Axis, who are 
keenly aware of the problems of radio, and know how 
to go about solving them. 
When the program for production of military radio 

started, the manufacturers knew little about produc-
tion for the Armed Services. It is vastly different to 
produce radios which fit comfortably in a corner of 
the living room and those which will take part in the 
front-line fight. The difference is greater than between 
a well-groomed and polished civilian and a toughened 
Commando or Ranger, for the civilian can become a 

Commando. 
Back in 1940 and 1941, the industry was turning out 

the sets made for our leisure rather than to take part 
in the world struggle. Although 13,000,000 of them 
were fabricated in 1941, from the military point of 
view, radio wasn't much. In July, 1941, military pro-
duction was $8,000,000 per month, and by the end of 
the year was $15,000,000 per month. The War Produc-
tion Board had not yet been formed; and within the 
Office of Production Management, predecessor of the 
WPB, radio was an obscure unit of the Fire Control 
and Optics Branch. The events at Pearl Harbor had 
not yet fractured our peace. It was not apparent that 
the munitions program would grow to its present 
height and that, as part of this program, production 
of military radio would reach an output of over 
$200,000,000 per month. It was not known that in but 
a few months the United States would be at war and 
that the facilities of a peacetime industry, among them 
the plants of some fifty-odd home-radio producers, 
would be placed at the service of our Armed Forces. 
Because it was not evident in 1941 that virtually all 
industry soon would go to war, all types of military 
production was increased by adding new plant and 
facilities and by hiring new workers. 
Early in 1942, production of home and automobile 

sets was cut 40 per cent by General Limitation Order 
No. L-44. As of April 23, 1942, production of civilian 
radio sets virtually stopped. Facilities, materials and 
manpower were released for war work. Military pro-
duction, which at first had been undertaken by a 
handful of companies, now was widely divided. Today, 
about 1500 concerns participate in production of radio 

• Decimal classification: R560. Original manuscript received by 
the Institute, January 28, 1943. Presented, Winter Conference, 
New York, N. Y., January 28, 1943. 
f Radio-Radar  D. Division, War Production Board, Washington, 
C. 

and detector equipment for the Army, the Navy, and 

for our Allies. 
As the industry pushed its production figures up-

ward, shortages of materials which, at first, were 
merely occasional and relatively mild, became more 
severe. Conservation orders solved part of the problem. 
A few months ago, for example, use of steatite talc for 
other than a few designated purposes, including the 
manufacture of electronic insulators, first was re-
stricted and then prohibited altogether. Recently, re-
strictions were placed upon deliveries of mica in order, 
among other things, to insure a greater supply for the 
production of radio condensers. Similar orders were 
promulgated to cover nickel, zinc, and other materials. 
These orders alone do not solve the problem. They 

do, indeed, stop the use of a host of materials for non-
essential purposes. They prevent dissipation of our re-
sources on mere comforts, when there is a war to fight. 
They eliminate much of the competition of peacetime 
luxury with the rigors of war production. 
What conservation orders cannot do is equitably 

dole out materials to the different war industries, 
whose needs often conflict. Every material which is 
needed by a radio manufacturer is also needed by 
someone else. Every ounce of material which goes to 
one war industry in a sense is taken from another. To 
distribute the materials in accord with the require-
ments of each branch of the Armed Services requires a 
new instrument, notably, the Controlled Materials 
Plan, with which you will become more familiar as the 

months go by. 
In our industry, leading components such as elec-

tronic tubes, transformers, etc., are on the B-1 list. 
Just as we must avoid waste of materials by producing 
some end products in amounts greater than are im-
mediately required, so production of components must 
be synchronized with that of completed equipment. 
Seeing to it that component production and shipment 
is scheduled to the basic radio program is one of the 
major problems of 1943. It is a problem which scrupu-
lous care and constant ingenuity will solve. 
For the producers of electronic equipment, the major 

problem for this year lies in finding the engineer, the 
chemist, and the key-production supervisors in suf-
ficient numbers. It is true that the universities have 
trimmed their liberal-arts courses and that the students 
are learning one or another of the physical sciences. 
However, while many of these young men are studying 
Maxwell's equations, while they are observing the 
ways and foibles of the electron, they are also dreaming 
of themselves in uniform. How many will come to our 
laboratories and plants? How many will be permitted 

to stay? 
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In general, then, the problem of war production, in 
radio as elsewhere, is to keep output in line with the 
requirements of war. That involves synchronizing the 
various kinds of output. It requires that the factors 
of production, namely, facilities, materials, manpower, 
be available where needed. The WPB, in co-operation 
with the Armed Services, is endeavoring to minimize 
these problems. 
Within the Radio Division there are three groups 

which handle the three major problems of war produc-
tion. There is a program group which keeps abreast 
of the requirements for military electronic equipment. 
Another group, working primarily with the B-1 com-
ponents, sees to it that critical materials are delivered 
at the right time and delivered to the right places. A 
resources group makes certain that equipment and 
facilities of the industry are adequate to meet the 
schedules which have been set. There is a separate 
group in full charge of the maintenance of our civilian 
radio equipment. Finally, there is a new Radio Field 
Operations section working within the WPB regional-
office structure, which assists the manufacturers at 
their plants, helping to solve their specific problems 
outside of Washington. 
An Engineering Advisory Section closely watches 

the developmental work going on in the laboratories 
in order that, when new devices reach the production 
stage, there be facilities to undertake the production 
swiftly; and also that these new designs use the mini-
mum critical materials and components. 
The Radio Division, as you know, is concerned pri-

marily with war production which comprises all but a 
negligible volume of the present output of the industry. 
Nevertheless, it is vital that the broadcasting stations 
and the radio sets in our homes be maintained. 
A separate group within the Division keeps constant 

check over the amounts of materials and the quantities 
of components needed to keep the civilian network of 
radio communications in repair. It is true that broad-
casting stations no longer may expand their facilities 
and that manufacturers no longer may put new sets on 
the market. To keep existing broadcasting and receiv-
ing apparatus in working order requires some part of 
the output of the radio industry; it is the Division's 
responsibility to determine what this part is and to see 
that its efforts are properly allocated. 
I think that we are becoming familiar with the fact 

that while we may have sufficient food, there is less 
variety. Civilian radio is in approximately the same 
position as domestic housekeeping. The radio set is to 
get its proper allotment of tubes and condensers. How-

ever, the great variety of designs for each component is 
not feasible in wartime. The group in charge of civilian 
production has done much work in the direction of 
standardizing the components which enter civilian 
manufacture. 
Since the manufacture of standard parts economizes 

use of our resources, one effect is to insure that the 
radio sets in our homes will be adequately nourished. 
In describing the organization of the Radio Division, 

mention must be made of the Field Section. Until 
recently, a radio manufacturer with a problem to solve 
felt that he was virtually forced to come to Washing-
ton. While the WPB maintained regional offices, the 
regional men were not radio specialists, trained in the 
peculiar problems confronting the radio manufacturers. 
Although we are always delighted to see you, the Field 
Section was set up in order to allow you to stay at 
home. The men in the field are sufficiently informed to 
handle intelligently a great many of the NVPB prob-
lems, which in the past seemed impossible to deal with 
anywhere except in the Nation's capital. 
This, gentlemen, is a general and rather rough de-

scription of the Division of the WPB which supervises 
in an over-all manner, the war production of your in-
dustry. You will readily appreciate that the job of 
channeling a military program into production time-
tables, of finding the resources with which to produce 
each component, of watching new developments, and 
of maintaining our civilian radio system is a broad as-
signment that involves a great amount of subsidiary 
detail. It does; and the handling of that detail is re-
flected in the setup of our organization. It is, however, 
only the broad outline which I have sketched. 
When production one year ago was less than 

815,000,000 a month, the organization was much 
simpler. There were fewer problems and less to watch. 
As production grew to more than fourteen times that 
amount within a year's time, a morC"complex organiza-
tion was needed. 

You are well aware that by the end of 1943 produc-
tion will be far above present levels. As the figures 
steadily climb toward our 1943 goals, it is almost cer- • 
tain that new problems will emerge. These problems 
may require changes in the structure and functions 
of the Radio Division. You may be sure that the men 
in the Division are sufficiently open-minded, sufficiently 
elastic of attitude, to alter their own routines to con-
form to the developments in this war industry. We 
welcome any suggestions from The Institute of Radio 
Engineers which will assist the WPB, the Services, and 
Industry, to reach our 1943 objectives. 



Radio Standards Go to War* 
HAROLD P. WESTNIANt, MEMBER, I.R.E. 

Summary—World War I clearly demonstrated the economies 

which engineering standards provide. To obtain such benefits in 
the radio field at this time, the War Committee on Radio is de-
veloping, under the war procedure of the American Standards 
Association, standards for radio components. The wartime and 
peacetime procedures of preparing standards are described. 
To be most useful, single designs of components must be 

chosen which are suitable for all military and naval conditions 
which may be met all over the world, and each part must carry 
unchanged its own identification number throughout all of the 
branches of the Armed Services. These standards must not only 
give complete instructions to the manufacturer who produces the 
component but must also provide the equipment design engineer 

with all the data he needs. 
To permit the inspection of components by personnel with 

sharply limited engineering knowledge, the standards are written 
in simple language and mathematics and other complexities are 

avoided. 

W
ORLD WAR I introduced standards into 
many fields that had not previously been in-
terested in them and extended and intensified 

their application in numerous other industries. In fact, 
that conflict undoubtedly did more to establish the 
value of standards as an effective method of increasing 
production and reducing waste of both materials and 
man-hours of labor than any other single event. It is 
not strange, therefore, that another war should call 
upon the standards mechanism for assistance in pro-

ducing the implements of its trade. 
The interlude of peace between these two world-

wide conflicts has provided a period of consolidation of 
the type that men seem to need between spurts of high 
activity. In this peacetime interval, much has been 
learned of methods of developing standards, of making 
their availability known to those who should be in-
terested, and of putting them in operation effectively 
and with least upset to existing systems. We are, ac-
cordingly, in an excellent position to do a fine piece 

of standardizing at this time. 
Radio, being a relatively young engineering field, has 

benefited from standardization for a substantial num-
ber of its years. Engineering standards' exclusively on 
radio were first published in this country about thirty 
years ago. Manufacturing standards' were developed 
later as a result of the problems of supplying broadcast 
receiving apparatus to the public. Both types of stand-

• Decimal classification: R200 XR560. Original manuscript re-
ceived by the Institute, January 25, 1943. Presented, Winter Con-
ference, New York, N. Y., January 28, 1943. 
t Secretary, War Committee on Radio, American Standards 

Association, New York, N. Y. 
1 Preliminary Report of the Committee on Standardization of 

the Institute of Radio Engineers, Inc., September 10, 1913. 
2 Issued by The Association of Manufacturers of Electrical Sup-

plies in September, 1924, and continued by the National Electrical 
Manufacturers Association to August, 1928. Succeeding manu-
facturers standards were published by the Radio Manufacturers 
Association starting March 1, 1929. 

ards have been continuously developed and effectively 
applied since their introduction. 
These peacetime standards may be divided into four 

classes: (a) definitions of technical terms; (b) letter 
and graphical symbols; (c) methods of testing and 
rating components and equipment; and (d) physical 
dimensions. Because theory must precede practice—it 
would be difficult to make something without thinking 
about it first—the earliest standards leaned heavily 
towards the defining of terms. This has continued to be 
an essential study, for if we do not speak the same 
language we might just as well not speak. 
Letter and graphical symbols may well be considered 

the shorthand of terminology and their standardization 
follows logically. These first two classes get little if any 
attention during war and may be considered primarily 
as peacetime projects. 
In contrast to peacetime requirements, wartime 

places most emphasis on physical equipment. Although 
no belligerent dares give up research on the assumption 
that the war will last too short a time to permit its 
fruits to lead the way to victory, nevertheless, wartime 
is production time, in earnest, and the wheels of in-
dustry must spin fast and purposefully. Each day's 
battle is fought with the things at hand regardless of 
their limitations and not with those which are being 
designed or conceived, however excellent and effective 
they will be at some future date. 
Furthermore, peacetime standards have another 

limitation which cannot be tolerated during war. They 
ignore the differences in material and labor costs 
among the various manufacturers, depending on sales 
and advertising mechanisms to adjust selling prices 
and keep the more expensively manufactured product 
on the market and its fabricator in business. There can 
be only one economy in wartime. Each item must be 
produced in the shortest time with the least expendi-
ture of materials and manpower. 
Approximately three months after this country was 

precipitated into the war, S. K. Wolf, of the Radio 
and Radar Division of the War Production Board, ar-
ranged through the American Standards Association 
for a conference which resulted in the establishment 
of the War Committee on Radio of which he is chair-

man. 
The War Committee on Radio does not operate 

under the same procedure as the Sectional Committee 
on Radio which, since 1923, has been responsible for 
peacetime radio standards. The Sectional Committee 
is comprised of representatives of the manufacturers 
and consumers actively interested in the radio field. 
Its subcommittees are similarly representative and are 
responsible for preparing drafts of proposed standards. 
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It is the function of the Sectional Committee to be 
certain that, in the preparation of standards, all view-
points are obtained and given adequate consideration. 
The drafts which are accepted by the Sectional Com-
mittee are next examined by the sponsor, The Institute 
of Radio Engineers, to ascertain that both the proce-
dure of developing the proposed standard and its 
technical contents, are satisfactory. The Electrical 
Standards Committee of the American Standards As-
sociation then reviews the procedure and if it is ap-
proved, recommends the adoption of the standard to 
the Standards Council where final validating action 
occurs. This is an exceedingly thorough process which 
guarantees that all minorities are protected. It re-
quires a substantial amount of time and is, therefore, 
not strictly suitable for a wartime program. 
The War Committee on Radio, which is charged 

with preparing standards for radio components for 
use in equipment for our Armed Services, consists of a 
group of individuals who are skilled in the production 
processes and requirements for such radio equipment. 
They are not chosen as representatives of any organiza-
tion in this field. This permits them to vote on pro-
posed standards as individuals and saves much time 
that would be required in referring proposals back to 
large organizations which must search their internal 
structures for comments and criticisms. 
The War Committee selects relatively small task 

groups or drafting committees which are charged with 
the responsibility of preparing the proposed standards. 
Usually a series of drafts are made, each based on 
criticisms of a previous one. As each draft is completed 
it is sent to all known interested groups and individuals 
with requests for comments. The last draft is circu-
lated in printed form and is made as nearly like the final 
copy as knowledge at that stage of the work permits. 
A meeting of the task group is then held to make all 

final changes prompted by the criticisms submitted 
and the document in its revised form as approved by 
the task group is sent to the War Committee on Radio 
for ballot. After approval by the War Committee 
final action of adoption is taken in behalf of the Stand-
ards Council by the Chairman of that body on the 
recommendation of the Electrical Standards Com-
mittee. 
A few weeks after the War Committee on Radio was 

set up and its personnel established, a second meeting 
was held and a project to draft purchase specifications 
for fixed mica-dielectric capacitors was initiated. This 
was to be a "guinea pig" to test the possibilities of 
doing a successful job and of developing a workable 
procedure. 
Strangely enough, one of the most time-consuming 

problems did not concern technical design or manu-
facture. Each branch of the Services identifies its radio 
equipment and component parts by a code group of 
letters and numbers. This permits bookkeeping, in-
ventory, and other records to be kept of the apparatus. 

For a component to be interchangeable among all 
branches of the Armed Services, it must be identified 
in all of them by the same code designation. A change 
like this may seem simple but when it is applied to 
thousands of components it is not insignificant. How-
ever, our Armed Services were willing to accept the 
confusion and possibilities for error which a change of 
this kind inevitably brings and the development of a 
new identification system was undertaken. 
As a result of much consideration, a system was 

evolved which is applicable to all components. It con-
sists of alternate groups of letters and numbers and 
follows a definite pattern in which the differences be-
tween the components are indicated successively from 
the coarsest to the finest. Thus, the first two letters 
indicate the kind of component, such as a fixed mica-
dielectric capacitor, a variable composition resistor, or a 
steatite standoff insulator. The next numbers identify. 
the drawing which establishes the physical size of the 
unit. The variations within these groups are then in-
dicated in finer and finer steps by means of the succeed-
ing code groups. No two parts having significant engi-
neering differences may carry the same designation. To 
avoid possible errors in handwriting or telegraphic 
messages ordering replacement parts, the four letters, 
I, 0, Q, and Z are not used as they may be confused 
with numbers. 

When it was evident that the work on fixed mica-
dielectric capacitors showed excellent prospects of a 
successful conclusion, another meeting of the War 
Committee on Radio was held and a comprehensive 
program was inaugurated. 

The following subjects are now on the agenda of the 
War Committee. 

(a) Components 
Connectors 
Crystals and Holders 
Dry Batteries 
Dynamotors 
Fixed Capacitors 
Fixed Resistors 
Tube Sockets 
Variable Resistors 
Vibrators 

(b) Materials 
Insulating Materials 

(c) Processes 
Metallic Surface Coatings 
Organic Surface Coatings 
Soldering 

The objective of the program is to produce a series 
of specifications which provide a range of components 
suitable for practically all normal designs of radio-and-
electronic equipment for use by the Armed Services. 
These specifications must cover all the significant 
physical and electrical requirements of each compo-
nent and the necessary tests to insure that they are 
suitable for the services to which they may be applied. 
No further technical data should be required by either 
the manufacturer of the component or the equipment 
design engineer. The components must be suitable for 
operation at any place on the surface of the earth, or 
above it. 
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Further factors that are desired include (a) inter-
changeability among all branches of the Armed Serv-
ices, (b) increased production, (c) reduced wastage of 
materials, critical or otherwise, (d) conservation of 
labor time, and (e) clarity of presentation to avoid 
unnecessary difficulties between manufacturing and 
inspection personnel. 
The tremendous importance of radio in this war has 

increased the demand for experienced personnel to the 
point where the supply is hopelessly inadequate. This 
forces the utilization of nonengineering personnel in 
all positions where a brief training period will develop 
reasonably adequate abilities. The inspection of radio 
components to see that they comply with the purchase 
specifications is one service in which relatively un-
trained personnel can be utilized. It is anticipated that 
in the near future many of our government inspectors 
will be girls having general high-school educations and 
a couple of months' intensive training in the inspection 
of some particular component. 
Under these conditions, specifications must be simply 

and clearly phrased. While this does not outlaw the use 
of technical terms, they should not be employed un-
necessarily nor should they be overly complex. Simple 
language is vastly to be preferred to that which "makes 
an impression." 
Formulas should be avoided if at all possible. Often 

they may be replaced by simple graphs or even by 
tables where the number of factors under consideration 
is not too large. Where formulas must be used, they 
should be reduced to the simplest form and care taken 
to define all terms fully, including the units of meas-
urement. So far as possible, common units such as 
inches and pounds, should be used instead of centi-
meters and grams. 
Almost all components are tested over various ranges 

of temperature. Industrial thermometers which are 
found in the field may be calibrated for either the 
Fahrenheit or centigrade systems. This requires that 
all temperatures be designated in both values and it is 
unwise to depend on a conversion table to which ref-
erence will have to be made while reading a test pro-
cedure. It is much better to give both readings by 
putting one in parentheses after the other. 
It must always be kept in mind that the inspector 

will probably not be an engineer and, therefore, cannot 
be expected to use engineering judgement. When a list 
of tests is given to determine the goodness of the prod-
uct, the number of failures permitted without penalty 
to the manufacturer must be clearly shown. If too 
many failures occur, the inspector should be instructed 
as to the next step. It should not be left to the inspector 
to decide whether (a) to reject the actual components 
which failed, (b) complain to the foreman of the pro-
duction line, (c) search through the manufacturing 
processes for the cause of the failures, or (d) shut down 
the whole production line. 
Fortunately, we may expect the qualification tests, 

which are performed to prove the effectiveness of the 
original design, to be made by engineers or under the 
immediate direction of an engineer. These tests are 
extremely thorough and rigorous. They include life 
testing and therefore require many days for their 
completion. 
In view of the many new manufacturers who have 

limited or no experience in this field of production, the 
specifications go beyond qualification and production 
tests. Definite tests are required at regular intervals of 
production to provide reasonably thorough checks on 
the entire manufacturing system. These production-
sampling tests are made under the observance and 
authority of the government inspector. A manu-
facturer does not have the right to engage in an un-
economical process which wastes materials and man-
power simply because he may still be able to meet his 
production quotas. If his production sampling shows 
too large a rejection percentage, he must stop his pro-
duction line until the trouble has been located and 

remedied. 
Tests should be based on the performance of the 

component and not on its materials or constructional 
features. This gives the designer the widest possible 
latitude and avoids modification of the test methods or 
requirements if some materials become unavailable at 
a future time. Provisions for substitute materials are 
always included and acceptance is based on a qualifica-
tion test to prove that the substitute material is ade-
quate for its purpose. 
In peacetime, uneconomical designs often result 

from fancied or real necessities on the part of the equip-
ment designers. In an attempt to reduce the size and 
weight of a unit, the designer may demand, let us say, 
a higher capacitance in a given molded case than has 
been available previously. This results in a capacitor 
stack which is so large that there is insufficient molding 
material around it to hold it firmly and thereby main-
tain its value constant, or the slight amount of tipping 
which may occur in the molding process may expose 
the stack and ruin the capacitor. It is conceivable to 
manufacture such units with shrinkages of 50 or 60 
per cent, provided someone wants the good ones suf-
ficiently to pay as well for the rejects. However, with 
mica on the critical list, we cannot afford to throw any 
of it away and if a designer needs such a unit so greatly 
that he cannot do without it, it should be ordered as a 
special design and not be included among the standard 
values. If it were made standard simply because it 
could be manufactured and was needed for a small part 
of the total production, it is certain that most designers 
in choosing a by-pass or blocking capacitor of a given 
physical size would automatically pick the largest 
capacitance value on the list on the theory that it 
cannot be too large but it can be too small. This would 
tend to concentrate production on the most uneco-
nomical sizes. 
Dimensional standards to secure interchangeability 
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are thought of in peacetime as primarily a benefit to 
the ultimate consumer. While this is a vital factor 
under war conditions, the benefit goes much further. 
A manufacturer who is building equipment for several 
branches of the Armed Services, may require many 
thousand components of a given size on one production 
schedule and a few dozen for another. He could not 
previously combine the orders to the parts manu-
facturer because the type numbers were not the same 
and there might be other subtle differences. Unified 
procurement specifications will clarify this situation 
to the benefit of everyone concerned. 
Every effort is being made to develop specifications 

for components which are suitable for operation any-
where on the surface of the earth, below the sea, or in 
the sky above. This is a global war and our fighting 
forces will be found in every climate. Any component 
which is limited to one extreme service, as in the arctic 
or the tropics, presents a serious problem. It requires 
that the piece of equipment and spare parts be ear-
marked for that particular climate. If changes in the 
course of the war demand unanticipated concentra-
tions in some other climate, the equipment cannot be 
diverted there without the delay of replacing the com-
ponents which are unsuited for the new destination. 
Information on the placement of substantial orders for 
apparatus for a certain climate would be extremely 
valuable to the enemy who would be forewarned of 
things to come. 
A next logical step to the adoption by the Armed 

Services of common purchase specifications for radio 
components would be a unified system of inspection 
and qualification testing. It is recognized that there 
are numerous difficulties in setting up such a system 
but it is questioned whether any of these offer prob-
lems as complex and extensive as the acceptance of thll. 

new numbering system. The advantages of dealing 
with a single responsible and authoritative laboratory 
on any given component are manifold and compelling 
from the viewpoint of both the Armed Services and 
industry. 
All war standards expire when peace arrives. This, 

and the fact that military requirements are very dif-
ferent from those for the civilian, has permitted the 
problems of war standards to be viewed without any 
strong commercial bias on the part of component and 
apparatus manufacturers. It is almost certain that 
little or no military radio equipment will be ordered 
for a substantial time after the cessation of hostilities. 
Thus, there will be no postwar military market to 
divide but, rather, a complete shift to civilian radio 
prod ucts. 
The existence of several' billion dollars worth of 

equipment throughout the various branches of the . 
Armed Services, bearing common type numbers and 
built under specifications which are the product of the 
country's most experienced engineers, will do much to 
continue these standards in operation. This gives rise 
to the hope that we shall never again be caught with 
such a variety of "standards" as to be essentially with-
out any. 

The function of the American Standards Association 
in this program is to provide the rules, guidance, and 
secretarial assistance. None of these, nor all three, can 
of themselves produce standards. The outstanding co-
operation of the three major groups, the Armed Serv-
ices, the equipment manufacturers, and the component 
suppliers has made possible the extensive results which 
have already been achieved. They give promise of a 
fulfilled schedule in the near future which should do 
much for that early and victorious peace which is so 
desired by us all. 

Corrections 

There has been brought to the attention of the 
editors by the author, on the suggestion of a reader of 
the corresponding paper, an error in equation (6) of 
George F. Levy's paper, "Loop Antennas for Aircraft," 
which appeared on pages 56-67 of the February, 1943, 
issue of the PROCEEDINGS. This equation should read 

— 1 
(R0 jo.d.0) 

coCr 
Z =   

1 
(ALL0 - 

E. H. Schulz, on the suggestion of a reader of his 
paper, "Comparison of Voltage- and Current-Feed-
back Amplifiers," which appeared on pages 25 to 28 
of the January, 1943, issue of the PROCEEDINGS, has 
called the attention of the Editor to the following 
corrections: 

In equation (3) Z, should be replaced by V1 

In equations (5) and (6) a minus sign should be 
placed in front of M. 

In the sentence following equation (4) V1 should be 
replaced by V,. 



Discussion on 

"Thermal-Frequency-Drift Compensation"* 
T. R. W . BUSHEY 

Herbert Sherman': Mr. Bushby's article is of great 
interest in present military communications design. 
The design of military communication equipment must 
consider, among other factors, the effect of varying 
temperature on the equipment, and Mr. Bushby's 
article is therefore very opportune. 
Unfortunately, he omits the discussion of a very 

basic point to his whole article. On page 548, Section 
III, he says, "If we make the simplifying assumption 
that 0 varies linearly with frequency, it can be shown 
that it will have its minimum value, integrated 
throughout the range, when OL,2-FOH,2 is a minimum, 
and that OL, and OH, will then have opposite signs." It 
seems that this basic criterion is established on the 
premise of finding the smallest average 0 over the fre-
quency range. 
This criterion is not the most desirable condition. 

Since the frequency drift of a superheterodyne oscil-
lator is primarily limited by the intermediate-fre-
quency bandwidth, consideration of the percentage 
(or if I may coin a word, "permegage") frequency drift 
is not of primary importance. 
The optimum condition may be one of two choices 

depending on the application of the equipment. 

(1) Making the absolute frequency drift as low as 
possible at the most unfavorable frequency, 

or 

(2) Making the average absolute frequency drift a 
minimum. 

The mathematical conditions for the first are not yet 
obvious and the mathematical conditions of the second 
(i.e., making the area under the curve of f versus Of 
equal a minimum) leads to a cubic equation which 
complicates the solution; therefore, results are not yet 
available for easy comparison with Mr. Bushby's work. 
It is quite possible in light of the other approxima-

tions made by Mr. Bushby that the difference is not of 
great importance, but the prospective user of his re-
sults should be made aware of the criterion on which 
these results were obtained; that the lowest average 
percentage frequency drift was found rather than the 
lowest average, or maximum, absolute frequency drift. 

T.R. W.Bushby2: I thank Mr. Sherman for his com-
ment on my paper and for the opportunity of amplifying 
a point of evident interest, as I have had another 
inquiry on the same subject. 

• PROC. I.R.E., vol. 30, pp. 546-554: December, 1942. 
Philadelphia Signal Corps Procurement District, Philadelphia, 

Pennsylvania. 
2 Amalgamated Wireless, Australasia, Ltd., Ashfield, N.S.W., 

Australia. 

As Mr. Sherman has premised in paragraph 2 of his 
letter, the criterion is established on the basis of de-
termining the minimum average 0 (drift factor) 
throughout the frequency range and not the minimum 
average f0 (drift in kilocycles). It is also necessary to 
add that the sign of 0 must be disregarded for two 
reasons. First, the direction of drift is usually of little 
concern, the modulus being of importance, and second, 
if the sign be not disregarded, the solution results in 
OL, = —OH, (average 0 zero), which is the condition for 

lowest maximum 101 and not necessarily nor usually 
the condition for minimum average 101 throughout 
the range, save in the special case of the variable-
inductance-tuned circuit as shown in (12a) and (12b) 

in the paper. 
In paragraph 3, Mr. Sherman states "This criterion 

is not the most desirable condition," and I agree that 
under certain circumstances this may be so. For in-
stance, in a system utilizing continuous-wave telegra-
phy, it might be desirable to aim at minimum average 
1101 rather than minimum average 101. Innumerable 
considerations may enter into the question, but speci-
fications usually call for the drift to be less than a 
given figure expressed in parts per million per degree 
centigrade, which is 101. Mr. Sherman then mentions 
the superheterodyne oscillator and I would point out 
that the discussion of section III of the paper is not 
applicable to padded circuits, which are dealt with in 
section VII, where it is shown that provided 0 does 
in fact vary linearly with frequency, it can be zero 
throughout the range. 
Regarding Mr. Sherman's first "optimum condi-

tion," it is possible to have zero drift at any one fre-
quency in the range by simply regarding the circuit 
as fixed tuned at that frequency (section II), and this 
probably accounts for his statement that "the mathe-
matical conditions for the first are not yet obvious." 
The selection of an arbitrary frequency for zero drift 
may result in excessive drift at one or other of the fre-
quency extremes, and it was just this circumstance 
that prompted the search for an optimum condition. 
The condition for minimum average 101 throughout 

the range is demonstrated geometrically as follows: 
Remembering the assumption of linearity, the straight 
line 0 versus f may have one of three positions: (i) It 
may concide with the zero axis, a special case dealt 
with in section IV of the paper. (ii) If it does not coin-
cide with the zero axis, it can touch it at only one 
point. That is to say, failing (i), 0 can be zero at one 
frequency only. (iii) It may be either completely 
above or below the zero axis, that is, it need not touch 
it at all. These two positions are combined for the pur-
pose of the demonstration. Neglecting (i) it may be 
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said that the line either does or does not cross the zero  A B' +C. The first area is obviously the lesser, so 
axis.  that we establish the condition that minimum average 

01 occurs when the line crosses the zero axis and 0 1.' 

and OH, will then have opposite sign. In the similar 
right triangles A and B, the heights are respectively 
Or and Ow and the bases respectively gOL, and OH, 
where g is any factor. Therefore average 101 is pro-
portional to A +B which equals g/2(0v2+011,2) which 
has its minimum value when 0v2-1-01r2 is a minimum, 
as stated in the paper. 
This leads readily to a solution for minimum average 

1101 on the assumption that f0 instead of 0 varies 
a  linearly with frequency. I cannot state to what ex-

tent this assumption is justified in practice. Substitut-
ing f0 for 0 in the figure, the line will cross the zero 
axis as in the previous case and we then have 

A+B=f1.2(g/2)(0L,2±koH,2) 

where k=fH2/fL2 as in the paper. This expression has 
its minimum value when OL,24-kOH•2 is a minimum. 

Therefore in the figure, assume that line a-b or line  This is the most satisfactory solution I am able to 
a-b' represents the condition for minimum average  give to Mr. Sherinan's second "optimum condition:" 
101 which is then proportional to area A + B or area  The lowest maximum 101 occurs when 0v= —011,‘/k. 

0 
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Board of Directors 

The regular meeting of the Board of 
Directors, held on May 5, 1943, was at-
tended by L. P. Wheeler, president; S. L. 
Bailey, W. L. Barrow, E. F. Carter, I. S. 
Coggeshall, W. L. Everitt, H. T. Friis, 
Alfred N. Goldsmith, editor; G. E. Gus-
tafson, 0. B. Hanson, R. A. Heising, 
treasurer; F. B. Llewellyn, B. J. Thomp-
son, H. M. Turner, H. A. Wheeler, W. C. 
White, and W. B. Cowilich, assistant 
secretary. 

The following applications were ap-
proved: for transfer to Member grade 
from F. S. Howes, Glenn Koehler, J. D. 
Kraus, and W. G. McConnel; for admis-
sion to Member grade from 0. S. Schairer; 
and 106 for Associate, 149 for Student, and 
3 for Junior grades. 

The resolution, given below and relat-
ing to the named Constitutional Amend-
ment included with those reported in the 
April, 1943, issue of the PROCEEDINGS, was 
adopted: 

Article III, Section 7: "Resolved, that 
the Constitutional Amendments pro-
posed by the Board of Directors at its 
February 3, 1943, meeting, be altered 
to the extent of changing the word 
'three' to 'four' in Article III, Sec-
tion 7." 

This amendment, following consideration 
by legal counsel, will be submitted to a 
vote by the membership. 

With respect to the Institute's par-
ticipation in studies of postwar problems 
of the radio industry, unanimous approval 
was given to a plan describing the organ-
ization and activities of a proposed "Radio 
Technical Planning Association," as em-
bodied in exemplary fashion in a proposed 
charter for that organization. 
The committee, consisting of Secretary 

Pratt, chairman; Editor Goldsmith, B. J. 
Thompson, and H. M. Turner, was ap-
pointed and given the responsibility of 
promoting the R.T.P.A. plan among the 
proposed sponsors named in the charter, of 
redrafting the charter to meet with the 
views of the representatives, of estimating 
the amount of the first year's budget for 
the information of the sponsors, and of re-
ferring the redrafted charter to all sponsors 
with the recommendation for unanimous 
adoption. 
A discussion took place on the Senate 

Bill S-702, which proposes the mobilization 
of the scientific and technical resources of 
the nation and the establishment of an 
Office of Scientific and Technical Mobiliza-
tion. The committee, appointed to in-
vestigate the subject Bill, includes S. L. 
Bailey, chairman; E. W. Engstrom, and 
F. E. Terman. 
The nominations for officers and direc-

tors were made as follows: 

For President-1944 
H. M. Turner 

For Vice President-1944 

E. M. Deloraine 

For Directors-1944-1946 

S. L. Bailey 
G. E. Gustafson 
R. F. Guy 

R. K. Potter 
F. X. Rettenmeyer 
W. C. White 

An increase in the maximum balance of 
the Office Account was authorized. 
Permission was given to the Chicago 

Section to affiliate with the Illinois Engi-
neering Council. 

Important Notice 

The Post Office Depart-
ment requests the co-opera-
tion of patrons in order to 
simplify distribution and pro-
mote delivery of mail in New 
York City. The delivery dis-
trict number for The Insti-
tute of Radio Engineers is 18. 
Mail should be addressed to 
the Institute as follows: 

Institute of Radio Engineers 
330 West 42nd Street 
New York 18, N. Y. 

President  Wheeler announced  the 
resignation of A. F. Van Dyck, now on 
active service in the United States Navy, 
as chairman of the Admissions Committee. 
G. T. Royden, a member of that com-
mittee, was appointed to fill the chair-
manship vacancy. 
The report on the Institute's invest-

ments, prepared by Treasurer Heising, 
was discussed. 
President Wheeler called attention to 

the serious illness of John Stone Stone, 
President of the Institute in 1915. 

Executive Committee 

The Executive Committee met on 
May 4, 1943, and those present were L. P. 
Wheeler, chairman; Alfred N. Goldsmith, 
editor; R. A. Heising, treasurer; Haraden 
Pratt, secretary; II. A. Wheeler, and 
W. B. Cowilich, assistant secretary. 
Office  management  matters  were 

handled including certain resignations, 
sick leaves, promotions, new employ-
ments, overtime work, and summer office 

hours. It was agreed to recommend to the 
Board of Directors that a change be made 
in the maximum balance of the Office 
Account; that the initial dues' billing date 
be changed from December 1 to December 
27, with due allowance for transit time in 
case of foreign members; and, that the 
termination date on unpaid memberships 
be changed from April 1 to May 1. 
Approval was given to the installation 

of a payroll-check system. 
The 1943 audit of the Institute's finan-

cial records and other related office mat-
ters were discussed. 
A report was given by H. A. Wheeler 

relative to the Institute's membership in 
the Audit Bureau of Circulations, and the 
work and records involved in the prepara-
tion of reports for that organization. 
The insurance policy on back issues of 

the PROCEEDINGS was renewed at a lower 
premium. 
For confirming action by the Board of 

Directors, approval was given to the ap-
plication for transfer to Member grade in 
the names of F. S. Howes, Glenn Koehler, 
J. D. Kraus, and W. G. McConnel; for 
admission to Member grade in the name of 
0. S. Schairer; and to 106 applications for 
Associate, 149 for Student, and three for 
Junior grades. 
The assistant secretary submitted the 

requested analysis of delinquent member-
ships for each of the last five years, and it 
was noted that the total number of de-
linquents for the current year is the lowest 
of these years. 
It was reported by the assistant secre-

tary that the records of recent years are 
being checked relative to the status of the 
Institute representation on other bodies, 
and that letters requesting additional in-
formation are being mailed to the present 
Institute representatives,in this cate-
gory. 
The request of the Chicago Section to 

affiliate with the Illinois Engineering 
Council was discussed and referred to the 
Board of Directors with recommendation 
that permission be granted. 
Chairman Wheeler stated that he and 

Institute's General Counsel Zeamans re-
cently presented the Institute's appeal for 
exception to the modified Paper Limita-
tion Order to the War Production Board, 
at Washington. Supplementary data were 
requested by WPB and the assistant secre-
tary, in collaboration with Editor Gold-
smith and General Counsel Zeamans, was 
instructed to prepare such additional in-
formation. 
On recommendation of WPB careful 

consideration was given to the early use of 
lighter-weight paper on the cover and in-
side pages of the PROCEEDINGS as a means 
of conserving paper. Appropriate steps 
will follow. 
Editor Goldsmith announced that the 

Cumulative Index (1913-1942) would be 
distributed with, and as a supplement to, 
the June issue of the PROCEEDINGS. 
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Correspondence 
Concerning Proposed 
Constitutional 
Amendments 

From: F. E. TERMAN 

The writer has tead with interest the 
correspondence appearing in the May, 1943 
issue of the PROCEEDINGS relative to pro-
posed constitutional amendments affecting 
the membership structure of the Institute. 
He feels that one of the important aspects 
of this proposal is being overlooked, and 
would accordingly like to add a few words 
to the discussion. 
The proposed constitutional amend-

ments provide that the privilege of voting 
for Institute officers shall be extended to 
the new Member grade which, with the 
Senior Members and Fellows, is intended 
to represent the professional radio engi-
neers; i.e., those who have been in the 
profession a reasonable length of time and 
are making radio engineering their life 
work. 
The present constitution withholds the 

voting privilege from all Associated who 
joined the Institute since this constitution 
became effective, even though many of 
these new Associated are professional radio 
engineers of maturity. The only Associates 
who now are privileged to vote are those 
whose membership dates back, without a 
break, to before the adoption of the present 
constitution. The number of such voting 
Associates is decreasing year by year and 
within a very short time the majority of 
the Institute members who are professional 
radio engineers will have no say in the 
affairs of the Institute. 
It is not believed that the present 

situation is a healthy one for the Institute. 
Approval of the proposed new constitu-
tional amendments will remedy this situa-
tion by enabling all who have definitely 
established themselves as professional 
radio engineers to participate in Institute 
affairs. Furthermore, the proposed consti-
tution extends the voting privilege to these 
engineers without requiring that they pay 
the high dues that go with the present 
Member (the new Senior Member) grade, 
thus removing the dollar sign from the 
voting privilege. 

F. R. LACK 

At the regular meeting of the Board of 
Directors of the Western Electric Com-
pany held May 11, 1943, Frederick R. 
Lack was elected a vice president of the 
Company. Mr. Lack, who resigned as an 
officer of Western Electric on November 1 
last year to become director of the Army 
and Navy Electronics Procurement Agency 
with offices in Washington, will now resume 
the direction of Western Electric's Radio 
Division in New York. 
His Washington assignment marked 

the second occasion during Mr. Lack's 31 
years with the company when he has en-
tered the wartime services of the United 
States. During World War I, he enlisted in 
the Signal Corps and saw action in France. 
Mr. Lack entered the manufacturing 

department of Western Electric August 1, 
1911, as an assembler. Following his re-
turn from France in 1919, he was assigned 
to development work on radiotelephony. 
As an outgrowth of this, he supervised the 
installation of a radiotelephone link be-
tween Peking and Tientsin. 
Entering Harvard as a special student 

in 1923, he earned his B.S. degree with 
high honors in two and a half years. 
Re-entering the Bell System as a mem-

ber of Bell Telephone Laboratories, he en-
gaged at first in studies preliminary to the 

F. R. LACK 

short-wave transatlantic radio. As a part of 
these studies, Mr. Lack carried on a re-
search program on the use of piezoelectric 
crystals in radio-frequency generators. 
This work led to the use of quartz-crystal 
oscillators in the transatlantic radio, broad-
casting, aviation, police, and marine radio 
fields. 

During this phase of Mr. Lack's career 
he also had charge of designing and build-
ing the ship equipment for the Bell Sys-
tem's first commercial installation of ship-
to-shore radiotelephone on the Leviathan. 
In charge of vacuum-tube development 

from 1935 to 1939, when he became man-
ager of Western Electric's Specialty Prod-
ucts Division, Mr. Lack directed the engi-
neering of tubes for use on ultra-high-fre-
quency radio and for high-power opera-
tions, which are fundamental to the pres-
ent manifold applications of radio in war 
operations. He is a Fellow of The Institute 
of Radio Engineers. 

WILLIAM J. KNOCIIEL 

William J. Knochel has been appointed 
assistant superintendent of electronics 
manufacturing of the Westinghouse Elec-
tric and Manufacturing Company. He will 
be responsible for co-ordinating the manu-

facture of electronic tubes. Mr. Knochel 
joined the Westinghouse Company as a 
draftsman in 1929. He has been associated 
with radio-tube engineering and manufac-
turing activities since 1933, and was ap-
pointed engineer and production supervisor 
of electronic tubes in 1942. 
He is an Associate member of the 

Institute of Radio Engineers, and a mem-
ber of the American Institute of Electrical 
Engineers, and the American Welding 
Society. He received his technical training 
at Newark Technical School, Columbia 
University,  and  Stevens  Institute of 
Technology. 

DIRECTIONAL U-H-F ANTENNA 

A new radio-relay antenna for studio-
to-transmitter service has been developed 
by engineers of the General Electric Elec-
tronics Department at Schenectady, N. Y. . 
It is designed for relaying frequency-
modulation programs from the studio to 
the main transmitter via any one of the 23 
assigned channels centering on 337 mega-
cycles. One of the new antennas is in oper-
ation at Schenectady where it is installed 
atop a building to relay programs of fre-
quency-modulation station W85A, with 
studios in the building, to the station's 
main transmitter in the Helderberg Moun-
tains, 12 miles away. 
According to M. W. Scheldorf, Associ-

ate member of the Institute and General 
Electric electronics engineer, "The an-
tenna concentrates its radiation in a 
narrow beam in the desired direction 
only, in accordance with well-defined and 
narrow limitations of the Federal Com-
munications Commission. The antenna 
consists essentially of five sets of simple 
dipole antennas, properly mounted and 

connected electrically in a manner to 
achieve the necessary radiation pattern. 
The entire electrical system is mounted 
within a nonmetallic housing which pro-
tects it from rain, snow, and ice. It is made 
to mount easily on a single metal pole." 
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NEW ACOUSTIC STETHOSCOPE 

A new acoustic stethoscope has been 
developed in RCA Laboratories so sensi-
tive in its range of hearing that it intro-
duces many sounds doctors have never 
heard. This stethoscope, developed by 
Dr. Harry F. Olson, promises to widen the 
study of sound within the human body. 
The beat of the heart, normal or abnormal, 
respiratory rattles, peristaltic squeaks, 
murmurs and groans, all are amplified to 
facilitate diagnosis, based upon the struc-
ture of sound. 
It has been found that the sounds of 

the body range from 40 to 4000 cycles, the 
full range of which are covered for the first 
time by the new stethoscope. Above 4000 
cycles most of the sounds in the body are 
so weak that they are masked by the am-
bient random noises generated within the 
body. It is explained that respiratory 
sounds such as wheezes and the rushing of 
air are of a complex nature. Therefore, in 
designing the new stethoscope to gain 
maximum intelligence, the instrument 
transmits all frequencies over the range 
from 40 to 4000 cycles without attenua-
tion or discrimination. The ordinary steth-
oscope has an effective range between 200 
and 1500 cycles. 
The advantages of the new stethoscope, 

according to Dr. Olson, come from the 
fact that it couples the ears of the diagnos-
tician much more closely to the human 
body through the employment of a re-
versed taper tube which results in greatly 
improved matching of the acoustic ele-
ments. Thus, sounds produced by the 
organs of the body are heard more clearly 
and their range is greatly widened. In fact, 
so many new sounds are heard with the 
instrument, that a filter is built into it to 
enable the user, by simply turning a knob. 
to limit the range at will. This was done 
at the suggestion of one of the testing 
physicians in order to prevent confusion 
until the meaning of the new sounds can 
be determined through further study. It 
also makes the stethoscope a more flexible 
tool of the doctor. 
In discussing the practical application 

of the acoustic stethoscope, he pointed out 
that the conventional type of instrument 
is not effective with the lower sound fre-
quencies of the heart or with the higher 
frequencies produced in the chest. The 
new stethoscope is expected to be invalu-
able by making these frequencies available 
to the physician. 
"By the application of modern acoustic 

principles, the new stethoscope has been 
developed in which the disadvantages of 
existing stethoscopes have been elimi-
nated," said Dr. Olson. "As a result, the 
performance of the new stethoscope is far 
superior to existing instruments." 

Detection of weak sounds by means of 
an ordinary stethoscope is limited, ac-
cording to him, by the presence of noise 
which blankets the desired sound. "For the 
most part," he said, "such extraneous 
sounds are caused by the movement of 
clothing, and room noises, most of which 
are air-borne. The new stethoscope is in-
sensitive to air-borne noise because of the 

high mismatch between the air and the 
stethoscope. The ordinary acoustic stetho-
scope is one of the most useful instruments 
which the physician uses in mediate aus-
cultation (study of body sounds by the 
stethoscope). By means of the stethoscope 
the physician is able to study sounds pro-
duced within the heart, lungs, stomach, 
intestines, or other portions of the body, 
and to determine whether normal or ab-
normal conditions exist as indicated by 
sounds. Obviously, it is the structure of the 
sound, which involves the intensity, the 
fundamental frequency, and the harmonic 
components, that makes it possible to 
diagnose normal or abnormal conditions 
by auscultation." The stethoscope was 
invented in the early years of the nine-
teenth century by a French physician, 
R.T.H. Laennec. Until now, there has 
been very little advance in its basic de-
sign. 
Dr. Olson has been in charge of RCA's 

acoustics research as related to radio, 
sound motion pictures, and phonograph 
sound pickup and reproduction for many 
years. He is an Associate of the Institute 
of Radio Engineers. 

CALIBRATING WA VEMETERS 

In this global war, Army and Navy 
radio transmitters have to work equally as 
well in the frozen Arctic as in the steaming 
tropics. But to do this, they have to be 
adjusted accurately for the effect of 
changes in temperature and humidity. 
For this purpose, a wavemeter is used—a 
device against which the wave length of 
the transmitting set can be checked and 
corrected. 
Unfortunately, the same atmospheric 

conditions that knocked radio transmitters 
off their wavelength did the same thing to 
wavemeters. In fact, these meters could 
be exactly calibrated the day they were 
manufactured, and then be grossly in-
accurate 24 hours' later, if there was a 
marked change in the weather. 
PhiIco engineers and production ex-

perts wrestled with this problem for an 
extended period, finally concluding that 
some change in the construction of the 
wavemeter would be necessary to make it 
"weatherproof." By introducing a thermo-
static control into the radio circuit of the 
wavemeter, they worked out a self-com-
pensating device in which the effective 
length of the wire in the control coil was 
increased or reduced, as temperature 
varied, to maintain the same exact wave-
length at all times. The principle adapted 
to this essential war service is similar to 
that used in thermostats for automatic 
heating in thousands of American homes. 

Chief credit for this engineering contri-
bution goes to E. 0. Thompson, Phi!co 
Engineering Department, and David Sun-
stein of the Phi!co Factory Organization, 
who were officially cited for their work by 
the Board for Individual Awards of the 
War Production Board. Mr. Thompson is 
an Associate member of the Institute. 

Books 

Electrical Counting, by W. B. 
Lewis 
Published by the Cambridge Univer-

sity Press, 60 Fifth Avenue, New York, 
N. Y., 1942. 144 pages. 73 figures. Si X8t 
inches. Price, $2.50. 
This is a book in which a physicist 

analyzes the application on electronic-
engineering techniques to the special need 
for particle-counting devices in the field of 
experimental nuclear physics. On the side 
of the specific application, there are in-
cluded chapters descriptive of ion trails, 
counting ionization chambers, Geiger-
Muller tube counters, statistics of random 
distribution as applied to interpretation of 
data obtained from counters, and the vari-
ous problems involved in interpreting 
counter data in terms of particle energies. 
On the engineering side, there are chapters 
dealing with resistance-coupled amplifier 
design, noise limits, oscillographic record-
ing, feedback, triggering, electronic and 
electromechanical-count  recorders,  and 
discrimination between impulses, both as 
to magnitude and time of occurrence. 
It is presumed that the reader knows 

the terminology of experimental physics 
and is familiar with the general basic Prin-
ciples of use of electronic tubes. Where 
amplifier circuits discussed extend beyond 
the simpler ones commonly used, quantita-
tive as well as qualitative discussion of 
their behavior is included. 
Although written primarily for special-

ists in a particular field, this book can be 
very useful to an engineer concerned with 
amplifier-circuit techniques, even though 
he has no interest whatever in the specific 
laboratory applications. There are useful 
discussions of causes of certain kinds of 
trouble and of ways to eliminate them 
The treatment is concise but clear, and the 
illustrations are very helpful. 

W. G. Dow 
University of Michigan 
Ann Arbor, Michigan 

Alternating-Current Circuits, 
by E. M. Morecock 
Published by Harper and Brothers, 49 

W. 33 Street, New York, N. Y. 172 
pages +3-page index -Fxii pages. 116 fig-
ures. 6X9 inches. Price, $2.75. 
This is an elementary textbook in-

tended for students who have not had cal-
culus. The subject is presented clearly with 
the aid of many simple diagrams. Not the 
least important are the systematic instruc-
tions and suggestions for study and labo-
ratory procedure, preparation of reports, 
etc. There are many examples with an-
swers. 
The subjects are alternating-current 

waves, vectors and complex quantities, 
and single and polyphase systems. There is 
some attention to radio problems, such as 
resonance. Tables of trigonometric func-
tions are appended. 

H. A. WHEELER 
Hazeltine Electronics Corporation 

Little Neck, L. I., N. Y. 



Contributors 

GEORGEs CH1VIGNY 

Georges Chevigny was born at Paris, 
France, on August 15, 1901. After receiving 
his B.S. degree from Paris University, he 
was graduated as a physicist from the 
"Ecole de Physique et Chimie de Paris" 
in 1922. 
He started his career in the communica-

tions industry with an associate company 
of the International Telephone and Tele-
graph Company, Le Materiel Telepho-
nique, Paris, in 1923. Mr. Chevigny spe-
cialized in vacuum-tube development from 
1933 onward and was later placed in charge 
of vacuum-tube research and develop-
ment, both for radio and wire transmission. 
Since 1941, he has continued his activi-

ties along the same lines in the laboratories 
of the Federal Telephone and Radio 
Corporation in New York. His principal 
efforts have been directed towards the de-
velopment of very high-power tubes, both 
sealed and demountable. He also has de-
voted  much attention  to ultra-high-
frequency tubes. 

Ray C. Ellis was born at Warren. Mas-
sachusetts and was educated at the Massa-

chusetts Institute of Technology and Tri 
State College. 
He was the manager of the Delco Divi-

sion of General Motors before his present 
association  with  the War Production 
Board. In June, 1941, the present Radio 
and Radar Division started as a one-man 
organization as a unit of the Optics and 
Fire Control Section, Ordnance Branch, 
Production Division, WPB, with Mr. Ellis 
as head of the unit. Today Radio and Radar 
is a Division with Mr. Ellis as Director. 

R. L. Nielsen (S'40-A'41) was born at 
St. Paul, Minnesota, on October 8, 1913. 
He received the B.E.E. degree from the 
University of Minnesota in 1936, and the 
M.S. in 1942. From 1937 to the present 

R. L. NIELSEN 

Mr. Nielsen has been an assistant and in-
structor in the electrical engineering de-
partment at the Univerkity of Minnesota. 
He is a member of Eta Kappa Nu, Tau 
Beta Pi, and Sigma Xi. 

George C. Southworth (M'26-F'42) 
was born at Little Cooley. Pennsylvania, 
on August 24, 1890. He received the 
bachelor's and master's degrees from Grove 
City College and doctorate from Yale Uni-
versity. Prior to 1923 he was a teacher of 
physics and radio. Most of the period since 
has been spent on communications re-
search in the Bell System. Dr. Southworth 
is the author of papers relating to radio 
transmission, earth currents, antenna ar-
rays, and the principles of wave-guide 
transmission. He has lectured before the 
Institute of Radio Engineers and other 
technical societies on subjects of popular 
scientific interest. He is a Fellow of the 
American Physical Society and the Ameri-
can Association for the Advancement of 
Science. 

G. C. SOUTH WORTH 

Harold P. Westman (J'24-A'25-M'30) 
was born in Springfield, Massachusetts, 
on May 29, 1904. 
After attending grammar school in 

New York City, he worked for a number 
of electrical and radio organizations. He 
became active in amateur radio in 1919. 
In 1926, Mr. 1Vestman joined the staff 

of the American Radio Relay League be-
coming Technical Editor of QST two years 
later. In 1929, he was appointed Assistant 
Secretary of the Institute of Radio Engi-
neers and was named Secretary early in 
1930. He was actively associated with the 
standardization work of the Institute and 
served as its representative on several com-
mittees of the American Standards Asso-
ciation. In March, 1942, he became Secre-
tary of the War Committee on Radio. His 
services were loaned on a full-time basis to 
this project in the early fall of that year 
and at its close he resigned as Secretary of 
the Institute becoming a member of the 
staff of the American Standards Association 

• 

For a biographical sketch of Charles W. 
Harrison, Jr., see the PROCEEDINGS for 
February, 1943; for Otto H. Schade, see 
the PROCEEDINGS for April, 1943. 
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Better control for America's might 
Victory is based upon the simple proposition that a fighting man must be equipped with 

the fighting best. And "fighting best" applies to component parts as well as to the material 

which does the actual shooting. DAVEN Attenuators have met the most critical standards for 

accurate and consistent service . . . abroad and at home. In a tank or a plane or a ship ... 
in manufacturing plants where weapons are produced, DAVEN Attenuators are actively 

engaged in increasing efficiency and speeding production. 

More than 80 models of Output Power Meters, Transmission Measuring Sets, Decade Resistance Boxes, Attenua-
tion Networks, Volume Level Indicators and many other types of D,4VEN Laboratory Test Equipment are used 
extensively in electrical, broadcast, sound picture and television fields. The D,4VEN catalog lists the most complete 

line of precision Attenuators in the world. We'll be glad to send you a copy. 

Ordering standard components and equipment may facilitate deliveries. 

THE DAVEN COMPANY 
158 SUMMIT STREET 

Procredimiii  thr  1. I 

• NE WARK. NEW JERSEY 



LOOK WHAT THIS hp INSTRUMENT 

can do for you 
Meet the Requirements of the Most Exacting A. F. Production 
Test Problem. Combined with an -hp- resistance tuned Oscillator 
all of the measurements usually required on audio equipment can 

be made quickly and accurately with a minimum of additional 

equipment. 

Measure Total Harmonic Distortion at Nine Specific Frequencies. 
The Model 325B is designed to measure total harmonic distortion 

at the nine specific frequencies recommended by the FCC for mea-

surements on frequency modulation as well as amplitude modulation 

equipment. On special order, filters for other frequencies from 30 

cps to 20 KC can be supplied. The amplifier and voltmeter section 

is flat from 10 cps to 100 KC so that harmonics as high as the 5th of 

20 KC will be correctly indicated. 

Measure Noise and Hum Level in A. F. Equipment. Sufficient sen-
sitivity is available in the Model 325B to measure noise and hum 

level in audio frequency equipment such as amplifiers and broadcast 

equipment. With the addition of a detector, distortion and noise 

level can be measured in carrier output of transmitting equipment. 

Use It as a Vacuum Tube Voltmeter. The instrument can be used 
as a voltmeter for measuring voltage level, power output, amplifier 

gain, and in making all of the other measurements for which a high 

impedance voltmeter with a wide frequency range is necessary. 

The vacuum tube voltmeter section is a two stage amplifier with 

feedback to insure stable operation. It is identical with the Model 

Voltmeter face. Note that collage and D. B. are calibrated separately. 

400A voltmeter except the frequency range is limited to 

100 KC. The input amplifier of 325B can be used directly 

with the voltmeter section to give full scale indication on . 

3 MV 

Use It as a High Gain Amplifier. Terminals at the meter 
output are provided for waveform observations with an 

oscilliscope and to allow the instrument to be used as a 

high gain amplifier. The overall gain is 75 DB from 10 cps 
to 100 KC. 

Model 325B Noise and Distortion Analyser is 
almost indispensable for laboratories or prod:it-lion 

tests in the audio frequency field. Many outftanding 

features are not mentioned here. Write for complete 

details today. 

HEWLETT-PACKARD CO. 
STATION A, BOX 235A, PALO ALTO, CALIFORNIA 
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rtICTROMIR 
WITH 

UT OF TODAY'S RESEARCH • • • TOMORROW IS ENGINEERED 

I
N that Better World which you are Elec-
troneering, substitute materials of lesser 

performance have no place. 

It is a well known fact that the prop-

erties of steatite for high frequency insula-

tion are not duplicated. 

ALS1MAG lifts the properties of steatite 

to highest levels of dielectric and mechani-

cal strength. ALSIMAG Steatite Ceramic 

insulators are custom made to your design. 

1  1  1 

Do your Electroneering . . . your 

planning, thinking and designing with 

ALS1MAG steatite in mind. Our research 

people will gladly cooperate in today's 

blueprint or tomorrow's production. 

41st YEAR OF CERA MIC LEADERSHIP 

LAVA CORPORATION 



TESTED ON AN ATOLL 

ON a tiny strip of coral . . . an observation post 
pierces the dawn with cryptic messages that may 

spell the difference between victory and defeat. Duty on 
this speck on your map calls for iron men and de-
pendable equipment. 
Under the toughest of conditions . . . under the 

roughest of handling . . . far from sources of replace-
ment . . . parts must work—for men's lives hang in the 
balance. Utah Parts are passing this final test on tiny 
atolls, in steaming jungles, on burning sands in all 
parts of the world—from pole to pole. 
A shooting war is also a talking war. The weapons of 

communications must have the same dependability and 
non-failing action as weapons of destruction. These 
qualities are built into Utah Parts at the factory where 

soldiers of production are working 100% for Victory. 
In Utah laboratories, engineers and technicians are 
working far into the night developing new answers to 
communication problems—making improvements on 
devices now in action. 

But "tomorrow" all this activity, all this research, 
all this experience learned in the hard school of war, 
will be devoted to the pursuits of peace. Thanks to the 
things now going on at Utah—there will be greater 
convenience and enjoyment in American homes . . . 
greater efficiency in the nation's factories. UTAH 
RADIO PRODUCTS COMPANY, 842 Orleans Street, 
Chicago, Ill. Canadian Office: 560 King Street West, 
Toronto. In Argentine: UCOA Radio Products Co., SRL., 
Buenos Aires. Cable Address: UTARADIO, Chicago. 

PA RTS FO R RA DIO, ELECTRICAL AND ELEC TRO NIC DEVI CES, INCL UDI NG 

SPEAKERS, TRA NSFOR MERS,  VI BRATORS, VITREOUS ENA MELED RESISTORS, 

WI RE WO UN D CO NT ROLS, PL UGS, JA CKS, S WIT C HES, ELECT RI C M OT O RS 
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ONE  eg TO PROVIDE THE EQUIPMENT 

VR105-30 and VR150-30 

iseous voltage-regulator tubes 

arTO SEND TH  ESSAGE 

• Miss Gertrude Theberge, , 
records results of 955 
ultra-high-frequency per-

, formance tests. 

Specialists on the Factory Front must back up those 

on the Fighting Front. As an American, you would be 

proud to see at Hytron carefully trained girls holding 

down important supervisory and technical jobs, and 

displaying manual dexterity on fine work which a 

watchmaker would admire. 

friere at Hytron we realize fully our responsibility for 

fashioning well the radar, radio, and electronic tubes 

upon whose performance the lives of our fighting men 

depend. To fulfill this trust, we have gone all out to 

train hundreds of new specialists capable of building 

to exacting standards countless dependable War 

tubes. That their skills may help bring closer the day 

when our boys come marching home, is the sole pur-

pose of all Hytron employees. 

1944d  Ca 9ze deieife ..ietneffeiveleere,  ..?4ere41;1 e *ecer;let, 

RA DI O  TU B E S 

SALE M  AN D  NE WB U R YP ORT,  M ASS. 



ONE OF A SERIES OF ADVERTISEMENTS SHOWING DeJUR PRECISION PRODUCTS IN ACTION ON THE HOME FRONT 

IN GOOD WOR T ORDER... 

America is watched over by people ..."little people" ... the policeman, the druggist, the 

shopkeeper, the repairman and so on. Bulking large in the life of the community these 

days is the radio serviceman ...he's got to keep present sets operating for the duration. 

Because his must be dependable equipment, you'll find that a DeJur Meter is the heart 

of his sensitive testing and checking apparatus. He has learned from long and con-

stant use that this meter is consistently accurate, that it can take a lot of punishment, 

and that it can save precious time by enabling him to get to the bottom of the trouble 

immediately. For the fine job that the Radio Servicemen are doing in wartime America, 

the needle of the DeJur Meter points with pride. 

KEEP BUYING 1VAR BONDS AND STAMPS 

Awarded for Excellence in Pro-

duction and Quality of Material 

DVALA-In   4sto ,apALRArao_N_ 
SHELT O N,  CO N NECTIC UT 

NEW YORK PLANT: 99 Hudson Street. New York City  •  CANADIAN SALES OFFICE: 560 King Street West. Toronto 
\\ 
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YOU CAN HELP US 
American workers on the production front are contributing to Victory 

as surely as if they were helping to fire the guns on the fighting fronts; and 

there must be no let-up until Victory is made complete. Electronic Corporation 

of America is now 100 % engaged in secret war work ... but we can do more! 

The highly skilled personnel of EC A is pledged to do all in its power . . . and 

then a little more . . . as its part in winning the war sooner. 

To Manufacturers and Government Agencies 

The Electronic Corporation of America factory is perfectly 

set up for the manufacture and assembly of electronic 

devices and equipment. ECA invites inquiries from manu-

facturers and government agencies who can make use of 

our facilities and experience to help win the war sooner. 

'Let's Win the War Now!  . . with the Utmost in Production -

Buy More —AND MOR E — War Bonds! 

••••• =011/N4•01.011111111IPN W- 4211161r• 
.va ml ninfil 

H A 
[ECTRONIC CORPORATI ON OFAMERIbr' 

ELECT R O NIC  CO R P O R ATI O N  OF  A ME RIC A 
A5  W EST  18th  ST REET.  NE W  YORK  CITY  •  •  •  PH O NE  W Atkins  9-1 87 0 
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'Tooling  to  a Victoty—the convetsion ot mote than %loop 
can plants into wat poduction was the most gigantic achievement 
industtial histoty • Will the business oi tooling up tot peace ptel. 

sent like ditticulties? Not it we plan ahead! Genetal Insttument's 
teseatch and engineeting facilities ate now devoted to wat ettosts, 
but we ate looking to the tutute -when the accumulated slc..111 and 

expetience ot today will be divetted to solving the mechanical 
and electtical  oblerns ot tomottow .1-10w about that idea ot youts? 

W M not bting that btain child to us soya 

- 4, • 

Arneti-t4eiond. es for m 

gets hove enjoyed be r reception be-

--or, than  quarter ceo. 

n big citi  ond rem 

rsilli  ote towns oll over 

tury  ons of owners of home radio 
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THERE IS ONLY ONE MYCALEX 

60 CLIFTON BOULEVARD 

.m.41 4,1 111 r " 1111 d r 

/  " O W 
--MO W 

A secret weapon stands guard. It keeps constant vigil 
of our battleships, watches faithfully over the skies and 

storms cannot blind its sure stab for hostile aircraft and 

measures the distances, points the swift annihilation of 
waves make possible this new miracle. The electronic 

MYCALEX plays its part in making this secret weapon available to aid us—plays its part 

in this as faithfully, as dependably, as in all other applications. There is scarcely a phase of 

the entire war program in which MYCALEX is not performing, as reliably as it has for more 
than a quarter century of peace-time services. Navy and Army approval is the reward for 

years of dependability, and the Mycalex Corporation of America has been labouring night 

and day since before Pearl Harbor to meet the needs of our armed forces. 

The return of peace will reveal new realities born of the blood and smoke of war, and 

MYCALEX will serve as always in these visions turned reaL 

MYCALEX is not the name of a class of materials. MYCALEX is the registered trade-name 

for low-loss insulation manufactured only by the Mycalex Corporation of America in the 
Western Hemisphere. MYCALEX is specified by engineers because MYCALEX is required. 

There is only one MYCALEX. 

art of RADAR . . 

along our shores, rides on the bridges 

the seas. Darkness, rain, clouds, and 
ships. RADAR locates enemy targets, 

vandal raiders. Ultra-high frequency 

age shrivels the forces of barbarism. 

T N!  IN 1./ L A PPIS IL 

Trade Mark Reg. U. S. Pat Off. 

MYCALEX CORPORATION OF AMERICA 
Exclusive Licensee under all patents of MYCALEX (PARENT) CO. Ltd. 

CLIFTON, NE W JERSEY 

Proceedings of the 
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HUNDREDS Of COMPONENTS A MINUTE 
...EVERY MINUTE-EVERY DAY! 

IRON CORE PROBLE MS 

ANSWERED 

Stackpole knows iron cores— 
knows their applications—and 

knows how to make units of the 
proper characteristics and 
shapes to match today's re-

quirements. High among more 
recent developments in this 

line are Stackpole Iron Cores 
for modern high frequency 
equipment When you need cores, 

it pays to try Stackpole first! 

Every minute, every day, Stackpole electronic components to 
the tune of hundreds of units are being completed—each one 
ear-marked for an inconspicuous but highly important part 
in the war effort. 

These Stackpole items include iron cores, line switches, 
slide-action switches, fixed resistors, and standard variable 
resistors as well as those designed for dusty, extremely humid, 
or salt spray conditions. 

Stackpole facilities—long among the very largest—have been 
greatly expanded. Stackpole engineers have the all-essential 
"know how" to help solve your resistance problems. Stackpole 
service assures personalized attention to your requirements. 

STACKP OLE CARB O N  CO MPA NY 
Electronic Components Division • St. Marys, Penna. 

STACKPOLE MAKES THESE PRODUCTS 
Brushes for oll rotating equipment • Carbon, Graphite, Molded Metal, and Composition 

Contacts • Powder Metallurgy Components • Bearings • Anodes • Electrodes • Power 
Tube Anodes • Brazing Blocks • Welding Rods, Electrodes and Plates • Packing, 

Piston, and Seal Rings • Flashlight Battery Carbons • and numerous others. 

E 
MOLDED METAL POWDER AND CARBON PRODUCTS 

Proceedings of the I 



your RCA M ilk aril 

EQUIP MENT DISTRIBUTOR! 
...'Round the Corner Supplier of Electronic Items to War Industry 

Need RCA Tubes and other electronic equipment 

in a hurry? 
Need "trade-wise" expediting on important material 

orders that require intelligent follow-through? 
Then get in touch with your 
hearest RCA Tube and Equip-
ment Distributor today! Filling 
hurry-up priority orders—often 
from stock—is his business. If 
he hasn't got what you need, 
he'll know where to obtain it 
as fast as priorities permit. He 
knows the trade. He knows 
delivery conditions. Equally im-

J TECHNICALLY-IN 

J NORMALLY I. 

FAST D 

INTELLIGEN 

RCA ELEC 

FORMED SERVICE 

ARGE STOCKS 

ELIVERIES 

T EXPEDITING 

portant, he knows the technical angles of the equip-
ment that he sells. You'll find his technical help and 
suggestions invaluable—and these, like his delivery 
facilities, pertain not only to RCA Tubes and Equip-

ment, but to countless other 
related electronic items pro-
duced by many other manufac-
turers as well. 
There are over 300 of these 

RCA Distributors throughout 
the United States to serve you. 
If you do not already know 
the one nearest you, a list 
will gladly be sent on request. 

ON TUBES 
RCA Victor Division, RADI O CORP ORATI O N OF A MERICA, Camden, N. J. 



Headphones 

Buy BONDS For 
VICTORY! 

Permoflux Dynamic Headphones 
Meet the Challenge —They 
Breathe and Outperform at 
any Level   

Efficiency in action is their keynote! 
Designed for instantaneous pressure 
difference compensation at all altitudes, 
Permoflux Dynamic Headphones provide 
extra efficiency and greater safety under 
every battle condition. Today's Permoflux 
developments will set the pace for peace 
time tomorrow. Inquiry is invited on 
essential sound reproduction problems. 

TRADE 

H  

( rooN N MARK 

C O RP O R ATI O N 
4916-22 W. Grand Ave., Chicago, III. 

PIONEER MANUFACTURERS OF PERMANENT MAGNET DYNAMIC TRANSDUCERS 

POSITIONS OPEN 
The following positions of interest to I.R.E. 
members have been reported as open. Ap-
ply in writing, addressing reply to company 
mentioned or to Box No.   

PROCEEDINGS of the I.R.E. 

330 West 42nd Street, New York, N. Y. 

RADIO ENGINEERS 

Qualifications should consist of a Class A 
"ham" license, good electrical background, 
and knowledge of building your own trans-
mitter, receiver and test equipment. 
Positions available in laboratory, testing 

and design work with a mid-west manufac-
turer engaged '100 per cent in production of 
war equipment. "Ham's Paradise" with an-
nual salary ranging from $3000 to $5000. 
Applicants, not now employed at highest 

skill and able to obtain release, are requested 
to send full data including draft status, sal-
ary required, and a small photo (which will 
not be returned). Address Box 295. 

ENGINEER 

Electrical  or  electrochemical  engineer, 
thoroughly versed in the theory of liquid 
and solid dielectrics, to direct a research 
and development program in the development 
and application of dielectrics to capacitors. 
This is an unusual opportunity for a capable 
engineer interested in his present and post-
war future. Write to Industrial Condenser 
Corporation, 1725 VV. North Avenue, Chi-
cago, Ill. 

ENGINEERING RESEARCH DIRECTOR 

A leading manufacturer of small compact 
electrical parts, widely used in communica-
tion equipment and industry in general, seeks 
engineer to direct its research activities 
leading to development of new products. 
Qualifications  must  include  thorough 

knowledge of fundamental physical sciences, 
.,ttility to do and direct research work, re-
..urcefulness, originality, and a sufficiently 
practical slant to conserve time and energy. 
Interesting work. Remuneration depend-

ing on the individual. Location in eastern 
Pennsylvania. 
In  reply,  state complete qualifications 

which will be kept confidential. Those en-
gaged in war work cd(nnot be considered. 
Address Box 296. 

ELECTRO-ACOUSTIC ENGINEER 

One experienced in laboratory develop• 
ment and research activities. New position 
open in the development of war-production 
items. Situation includes excellent opportuni-
ties for post-war employment. Salary open 
Write Personnel Manager, Universal Micro. 
phone Co , Box 299, Ini.flewood, California. 

ELECTRICAL ENGINEERS — 
PHYSICISTS 

Radio or ultra-high frequency experience 
desirable but not essential. Interesting radio 
tube development work. Good location. Lan -

caster,  Pennsylvania.  Address replies to 
Personnel  Dept.,  RCA, Victor  Divisioo, 
Harrison, N.J. If you are using your fun 
skill, full time on war work, please do not 
apply. 

RADIO AND COMMUNICATIONS 

Commonwealth of Australia War Supplies 
Procurement requires high type man to 
take charge of Radio and Communications 
Department in Washington, D.C. Qualifica-
tions: general knowledge of radio and com 
munications gained in either purchase or 
sales field. Draft exempt. Excellent oppor-
tunity for right man with salary commensur-
able. For interview, write Box 293. 

(Continued on page lvi) 
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TYPICAL  EXA MPLES  OF 

MYKROY APPLICATIONS 

Stand-off Insulators 

Variable condensers 

Tube and Crystal Sockets 

Mounting strips 

Structural supports 
for radio circuits 

Plug-in bates 

insulated couplings 

Lead-in insulators 

Antenna reel insulators 

Motor generator 
brush holders 

Padding condenser supports 

High voltage arc shields 

Oscillator circuits 

Fined condensers 

Impregnated resistors 

Radio frequency coil forms 

Radio frequency 
panel assemblies 

Radio frequency switches 

Relay bases and arms 

DOESN'T DRINK! 
One of the many reasons why MYKROY is a more efficient insulating material is that 

MYKROY is non-porous. Its superior mica and specially prepared glass are fused in 

intimate molecular contact. Hence, hydroscopic absorption and adsorption of oils, 

vapors or moisture are virtually nil. Surface treatment and impregnation are not 

needed. 
This advance over old-style ceramics makes MYKROY a more dependable in-

sulator under conditions of heat and humidity ... whether in steaming jungle, dense 

ocean fog or the acid-laden vapors of a submarine. 

MYKROY dissipates negligible electrical energy throughout the entire range of 

frequencies. It bonds inherently with metals, and will not warp. MYKROY combines 

extreme lightness in weight with mechanical strength comparable to cast iron. It can 

be machined or molded with great precision. 
Ask our engineers for detailed specifications concerning MYKROY —the perfect 

insulation for today's more exacting needs. 

ABSORPTION FACTOR .02 % IN 48 HOURS 

MYKROY IS SUPPLIED IN SHEETS AND RODS .. . MACHINED OR MOLDED TO SPECIFICATIONS 

M A DE  EX CL USI VELY  BY 
70 CLIFT O N BO ULE V AR D  • CLIFT O N, NE W JERSE Y 

Chicago: 1917 NO. SPRINGFIELD AVENUE . . . TEL Albany 4310 
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BATTLE OF PRODUCTION 

4 1 HOEMAKER stick to thy last" may have been 

good advice once ... but it doesn't apply in the 

Battle of Production, where the ability of American 

industry to enter new fields and make new things 

has amazed the world. 

Take Rola, for example. Recognized for years as a 

leading maker of Sound Reproducing Equipment, 

Rola's principal war assignment became the manu-

facture of various types of transformers for the 

intricate communications systems of our Army and 

Navy Air Forces. 

The specifications were unusually "tough" but Rola 

was equipped to do the unusual. Calling upon the 

skill and ingenuity of its people and upon an expe-

rience that dates from the very beginning of Radio 

Communications, Rola 'tooled up". New machines 

NAN. 

_  • - 

ftrt. r--)1 
/ 

were designed, new methods and processes devised, 

new tests and inspections employed, so that today 

the name "Rola" on a transformer is as much a 

hall-mark of quality as it is on the 25,000,000 radio 

loud-speakers that Rola has produced. 

If transformers are a part of any product you are mak-

ing, Rola solicits an opportunity to discuss your re-

quirements with you. Many of the country's foremost 

prime producers of communications equipment have 

found our product and our performance eminently 

satisfactory. We are sure you would, too. The Rola 

Company, I nc., 2530 Superior Ave., Cleveland, Ohio. 

f 

RECEIVER OUTPUT • MODULATION • MICROPHONE 

FILAMENT • AUDIO INPUT • RADIO STAGE • POWER • CHOKE COILS 

HEAD SETS • RELATED ELECTRONIC ITEMS 

12 0 LA 
MAKERS OF THE FINEST IN SOUND REPRODUCING AND  ELECTRONIC EQUIPMENT 



Reliability * BUILT IN * 
for The Nerve Centers of Air Lines 

The dependability of Wilcox equipment has been proved in use by 
leading air lines. Today, the entire output of Wilcox factories goes to 
military needs. Wilcox was chosen to help win the war by "building 
in" reliability for vital communications. When the war is over, Wilcox 
facilities will be ready to keep pace with a greater air-borne world. 

Wilcox installations.  Photo, courtesy American Airlines 

There MUST Be Dependable Communications 

Communication Receivers 

Aircraft Radio 
Airline Radio Equipment 

Transmitting Equipment 9
 WILCOX ELECTRIC COMPANY 

Quality Manufacturing of Radio Equipment 

14th & Chestnut  Kansas City, Missouri 

Peoceedin v of the I.R.E.  July, 151 
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AVAILABLE FOR REASONABLY PRO MPT DELIVERY 

Enlarged manufacturing facilities have en-

abled National to offer reasonably prompt 

delivery on many small parts to those who have the 

necessary priorities. The sockets, coil forms, RF 

chokes, Grid Grips, couplings and rotor shaft locks 

shown in the photograph above are available on es-

pecially good delivery schedules, and in the case of 
a few items, limited quantities may even be shipped 
from stock. 

Proceedings of the I.R.E.  July. 1943 



Where was RCA on the night of January 2, 1940? 

• January 2, 1940 — 23 months and 5 days 

before Pearl Harbor — where was RCA on that night? 

• It was at the point of launching a 

peace-time program that was to be recognized 

eventually as an important military measure. For that 

program was one of simplification. 

• It was called the RCA Preferred Type Tube 

Program and was inaugurated because the several hundred 

different tube types then in existence resulted 

in short, uneconomical manufacturing runs, complex problems 

of warehousing and replacements, and other 

inefficiencies which made it impossible to give 

the ultimate customer the maximum of dependable service 

and the greatest value for his money. 

• With the advent of war, the government recognized 

the advantages of such a program and 

issued an "Army-Navy Preferred List of Tube Types." 

The latest revision of this list is doted March 1, 1943. 

We will be glad to send you a copy on request. 

• The urgent requirements of war 

are proving the worth of this program in releasing 

for other purposes the large quantities 

of materials ordinarily tied up in many types and styles of tubes. 

Also, the principle of Preferred Type Tubes 

is proving a blessing on the fighting fronts— 

where vital replacements can be expedited 

for equipment designed to use standard types of tubes. 

* Buy United States War Bonds and Stamps * 

RCA 
ELECTRON 
TUBES 

RCA VICTOR DIVISION • RADIO CORPORATION Of AMERICA 

CAMDEN, N 

.-.4almasetwo*"*""'• 
_ 

- 

_ 
• 
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TUBE RECOMMENDATIONS 
FOR POST-WAR DEVELOPMENTS 
The advantages of the Preferred Type Tube Program are 

so far-reaching that it is only logical to assume that we 

will continue the program after the war. Our applications 

engineers will be glad to consult with equipment manu-

facturers concerning the tube types most likely to be on our 

list of post-war preferred types. 



Remler made plugs and connectors of the following types are used 

by more than fifty concerns engaged in manufacturing communi-
cations equipment for the U. S. Army Signal Corps: 

Made to 

ARMY SIGNAL 

CORPS SPECIFICATIONS 

Typos:  PL 

50-A 61  74 114 150 
54  62  76 119 159 
55  63  77 120 160 
56  64 104 124 354 
58  65 108 125 
59  67 109 127 
60  68 112 149 

PIP 

56  65 
59  67 
60  74 
61  76 
62  77 
63 104 
64 

PLO  PLS 

56 
59 
60 
61 
62 
63 
64 

65 
67 
74 
76 
77 
104 

56 
59 
60 
61 
62 
63 

64 
65 
74 
76 
77 
104 

Special Designs to Order 

Remler is equipped to manufacture other plugs and connectors of 

special design—in large quantities. Submit specifications. 

Prompt Delivery • Inspection 

Signal Corps inspectors in attendance. Uniformity assured —no 

rejects. Write, wire or telephone if we can be of assistance. 

Remler facilities and production techniques 
frequently permit quotations at lower prices 

Manufacturers of Communication Equipment 
SINCE 1918 

REMLER COMPANY, Ltd. • 2101 Bryant St., • San Francisco, Calif. 

Section Meetings 
BOSTON 

"Evaluation of Plastics," by W. A. Zinzow, 
Bakelite Corporation; May 7, 1943. 

An Address by Dr. L. P. Wheeler, Presi-
dent of The Institute of Radio Engi-
neers; May 7, 1943. 

CHICAGO 

"Transmission Lines and Wave Guides," 
by Dr. C. S. Roys, Illinois Institute of 
Technology; May 21, 1943. 

"Directional and Nondirectional Systems," 
by Dr. R. J. Moon, University of Chi-
cago; May 21, 1943. 

"Coupling and Phasing Devices," by Dr. 
V. J. Andrew, Victor J. Andrew Com-
pany; May 21, 1943. 

CINCINNATI 

"The Electron Microscope," by Professor 
A. F. Prebos, Ohio State University; 
April 20, 1943. 

KANSAS CITY 

"A Low-Frequency Exponential Horn of 
Small Dimensions," by R. N. White, 
Transcontinental and Western Air, Inc.; 
January 28, 1943. 

"Piezoelectric Applications," by Ashly 
Elbl, Crystal Products Company; May 
13, 1943. 

"The De Rosa System of Artificially Pro-
duced Wide-Range Audio," by H. K. 
Morgan, Transcontinental and Western 
Air, Inc.; May 13, 1943. 

Los ANGELES 
"A Wide-Band  Cathode-Ray Oscillo-
scope," by Dr. E. D. Cook (Presented 
by P. G. Caldwell), General Electric 
Company; April 20, 1943. 

"Practical Applications of the Wide-Band 
Cathode-Ray Oscilloscope," by Harold 
Jury,  Don Lee Television Station 
W6XAO; April 20, 1943. 

MONTREAL 
Trip to Factory of Canadian Vickers, Ltd., 
Montreal; April 24, '1943. 

NEW YORK 
"Recording from the Air as a Hobby," by 
T. R. Kennedy, Jr., The New York 
Times; May 5, 1943. 

"Need for Signal Corps Officers: Education 
and Other Requirements, and Procedure 
for Applying for Commissions," by Lt. 
Col. K. D. Johnson and Major Theodore 
Simon, both U. S. Army; May 12, 194; 

PHILADELPHIA 
"New York-Philadelphia Television Ra-
dio Relay," by F. J. Bingley, Philco 
Radio and Television Corporation; May 
6, 1943. 

PITTSBURGH 

"Introspective Inventory of an Engineer-
ing Education," by R. N. Harmon, 
Westinghouse Electric and Manufactur-
ing Company; February 8, 1943. 

"Broadcast Studio Acoustics," by G. M. 
Nixon, National Broadcasting Com-
pany; March 8, 1943. 

"The Electron Microscope," by Dr. C. S. 
Barrett, Carnegie Institute of Technol-
ogy; April 20, 1943. 

(Continued on page xliv) 
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BLUEPRINTS OF SAFETY 

BRING NG 'EM BACK...ALIVE 
Smash the objectives—then high-tail for home 

—that's the jobiof our Bomber Command . . . 

And because the use of quartz crystals, 

in radio transmitting equipment is the only 

way to insure the stability of prearranged 

frequencies, so vital in guiding pilots there 

and back, the A. A. C. method of manufac-

turing them is of particular importance. . . 
Among other rigid specifications, our 

"Blueprints of Safety" demand, that A_ A. C. 

Crystals be ground to —.0001 of an inch 

tolerance  P S.-

Check our interesting story on deliveries! 

ELE CI R O-N.Lcs 

111111.11.1111 4  ITESSOBIES VORPOII 1711f. 
MANLPFACT.URERS Of 

'PRECISION AIRCRAFT EQUIP MENT 
HYDRAULICS   ELECTRONICS 

tiw., CALIF.  • KANSAS CI1Y,KANS • NE W YORK., N. Y. • CABLE A.DDRFSS: AACPRO 
L. 



DISTRICT OFFICES IN  PRINCIP AL CITIES 

QUICK DELIVERY FROM DISTRIBUTOR'S STOCKS 

N.C.0 

PAPER, OIL AND ELECTROLYTIC CAPACITORS 

INDUSTRIAL 
CONDENSER 

Section Meetings 
(Continued from page xlii) 

ROCHESTER 

"Noise Measurement with the Sound-
Level Meter," by Benjamin Olney, 
Stromberg-Carlson Telephone Manufac 
turing Company; April 15, 1943. 

"The Conservation of Critical Materials," 
by Dr. H. S. Osborne, American Tele-
phone and Telegraph Company; May 6, 
1943. 

"The Conservation of Critical Materials," 
by E. M. MacDougal, War Production 
Board; May 6, 1943. 

ST. Louts 

"Rectifier Circuits for Voltage Doubling," 
by Professor D. L. Waidelich, University 
of Missouri; April 24, 1943. 

WASHINGTON 

"Recent Deli.telopments in the Design, 
Testing, and Application of Solid Dielec-
tric Transmission Lines," by Dr. Harner 
Selvidge, U. S. Office of Scientific Re-
search and Development; May 10, 1943. 

Membership 
The following indicated admissions and 

transfers of membership have been ap-
proved by the Admissions Committee. Ob-
jections to any of these should reach the 
Institute office by not later than July 31, 
1943. 

Transfer to Member 
Goldman, S., 37 Fairmount Ter., Bridge-

port, Conn. 
Seaton, S. S., 5241 Broad Branch Rd., 

N.W., Washington, D. C. 
Szildai, G. C., Maxwell's La., Box 

Princeton, N. J. 

Admission to Member 
Cole, D. D., 2 Lindon St., Haddonfield, 

N. J. 
Forsyth, P. G., British Ministry of Supply 

Mission, 1139 Connecticut Ave., 
Washington, D. C. 

Gunzbourg, P. M., 61 Broadway, New 
York, N. Y. 

Hancock, G. N., 1785 Massachusetts Ay(, 
Washington, D. C. 

Toeppen, M. K., 3217 Old Dominion Blvd, 
Alexandria, Va. 

Ziegler, M., Herrera 527, Buenos Aires, 
Argentina 

The following admissions and transfers 
of membership were approved by the 
Board of Directors on June 2, 1943. 

Transfer to Member 
Bennett, R., Radio Division, Bureau of 

Ships, Navy Dept., Washington, 
D. C. 

Eilenberger, S. D., 6309-13 -27 Ave., 
Kenosha, Wis. 

Harvey, H. C., 406 E. Big Bend Blvd., 
Webster Groves, Mo. 

Jutson, R. P., Bell Telephone Laboratories, 
463 West St., New York, N. Y. 

(Continued on page xlvi) 
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AMERICAN MEN and AMERICAN SHIPS 
are equal to any occasion... 

n itan st 

n 

used 

PIONEER MANUFACTURER OF 

TRANSFORMERS, REACTORS AND RECTIFIERS 

FOR ELECTRONICS AND POWER TRANSMISSION 

IN THE beginning the enemy I had a field day. But it's 

the end of a war that deter-

mines the victor. 

Already, the United States 

Navy has proven that it is 
master of the best the Axis 

can produce. That goes for 
personnel, for ships and for 

equipment. 

Take Radar, for example. 
Only a nation of the greatest 

inventiveness and highest 
technical development could 

OFFICIAL U. S. NAVY PHOTO 

have produced the quality of 

Radar equipment that helped 

to smash the Jap at Midway, 

Coral Sea and elsewhere. 

We contemplate the future 

of the war and of our Coun-
try with complete confidence. 

Our Armed Forces, assisted 
by American technical knowl-
edge and industry, will win 

in the end. 
• 

AMERICAN 
TRANSFORMER COMPANY 

178 EMMET STREET, NEWARK, N. J. 

AmERIIIIMN 
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AL LI A N C E  .0 H1 0 

To Meet Your Specifications 

PERFORMANCE is the real measure of success in winning 

the war, just as 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 transients. 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! 
—YOUR ALLY IN WAR AS IN PEACE 

xlvi 

Membersh p 
(Continued from page xliv) 

Long, F. V., Box 1725, Delray Beach, Fla. 
Richey, J. L., Oa klynne, Princeton Junc-

tion, N. J. 
Singelton, H. C., 2005 N. E. 28 Ave., Port-

land, Ore. 
Smith, A. H. R., College of Engineering, 

Rutgers University, New Bruns. 
wick, N. J. 

Admission to Member 

Davis, S. L., Miller Rd. and Hoyt St., 
Darien, Conn. 

Milne, G. 0., do Blue Network Co., Inc., 
30 Rockefeller Pl., New York, 
N. Y. 

Patrick, K. R., No. 1 Wireless School, 
Montreal, Que.. Canada 

Pumphrey, F. H., 4621 23 St., North, 
Arlington, Va. 

Tynan, A. G., 1525 Haynes Ave., Kokomo, 
I nd. 

Admission to Associate 
Aderhold, H. J., 111 E. Arlington Hts, 

North Augusta, S. C. 
Allender, F. L., 418-11 St., Dunbar 

W. Va. 
Bailey, K. D., 331 Beechwood Ave., Nor-

folk, Va. 
Bartholomew, L. E., 57 Dentonia Pk. Ave., 

Toronto, Ont.. Canada 
Bassett, F. E., Jr., 1328 Grinnell St., Key 

West, Fla. 
Bennett, A. E., 3304 Forest Lawn Ave., 

Omaha, Neb. 
Bennon, M., 1320 S. 5th St., Philadelphia 

Pa. 
Berger, M., 221 S. W. Third Ave., Ft 

Lauderdale, Fla. 
Bierkamp, C. S., Jr., 1413 Wilson Ave., 

Youngstown, Ohio 
Booker, C. C., No. 1 Wireless School, 

Montreal, Que., Canada 
Botticher, G. H. L., 712 N. Penn. Avi 

Webb City, Mo. 
Brinkman, H. A., 901 S. Washington St., 

Alexandria, Vk. 
Brown, W. R., 305 Main St., Toledo, Ohio 
Browning, J. H., c/o Fleet P. 0., San 

,Francisco, Calif. 
Bryant, H. G., Jr., Box 262, Athens, Ga 
Bucher, T. T. N., 1604 Powder Mill La 

Wynnewood, Pa. 
Buus, B. R., General Electric Co., Nela 

Pk., Cleveland, Ohio 
Callaway, D. E., 433 Ellis St., San Fran-

cisco, Calif. 
Chan, G., 600 Great North Rd., Auckland, 

W. 2, New Zealand 
Chapman, C. N., 228 Ashworth Ave., 

Toronto, Ont., Canada 
Collins, E. N., Jr., 314 McDowell Rd., 

Lexington, Ky. 
Collins, W. G., 4648 Saratoga Ave., Ocean 

Beach, Calif. 
Colman, A., 21 W. Mosholu Pkwy., N., 

Bronx, N. Y. 
Corcoran, G. F., Elec. Engr. Dept., Univ. 

of Maryland, College Pk., Md. 
Cornwell, R. C., 605 Mt. Prospect Ave., 

Newark, N. J. 
Clutterbuck, E. L., Westinghouse Electiric 

and Manufacturing Co., Third 
and Elm Sts., Cincinnati, Ohio 

(Continued on page xlviii) 
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* The Shure Reactance Slide 
Rule has been offered since 
February, 1943. Engineers, 
technicians and students have 
been requesting it at the rate 
of approximately 10,000 per 
month. 

MIC R OP H O NES 

Mr. B. B. Bauer, Chief Engineer 

of Shure Brothers, inventor of 
the Shure Reactance Slide Rule 

Our Engineering Staff is pleased to serve 51,158* Engineers, 
Technicians and Students with the 

Shure Reactance Slide Rule 
D uring these days, while our efforts are devoted to the job of supplying the 
Army, Navy, and Air Force with microphones, we are pleased that our engi-
neering department has also been of additional service to industry. 
51,158 engineers, technicians and students have found the Shure Reactance 

Slide Rule a big help in radio computations. Makes the calculation of com-
plicated problems in resonant frequencies extremely simple. Also helps in the 
solution of circuit problems involving inductances and condensers. Covers a 
frequency range of 5 cycles per second to 10,000 megacycles. Indispensable 
for radio and electrical engineers, technicians and circuit designers. 

If you haven't your Slide Rule—we will be pleased to send it to you with 
complete instructions. Kindly send 10c in coin to cover handling. 

SHURE BROTHERS, Dept. 174P, 225 West Huron St., Chicago, U.S. A. 
niirgm rs and ,tianufacturers of Microphones and Acoustic Devices 

l',  erdirifir o/ Ih  I.I? July,  I 



Membership 

KELVIN-  BRIDGE NO. 637 
WHEATS TONE 

A SHALLCROSS Development 

A wide range resistance- measuring instru-

ment —combining the features of the Kelvin 

and the Wheatstone Bridge. 

IT MEASURES... 

Low resistances  between 0.001  and  1 

ohm on the Kelvin range. 

Normal resistances between 10 ohms 

and 1 1,000,000 ohms on the Wheatstone 

range.  _Asi a  

A portable instrument of moderate a 

curacy for practical resistance measure-

m(:nts for factory, service shop and field use. 

Add7ess Dept. 23  

&teat-end aod 7/6tfeeta 
Accurate Resistors —Switches —Special Equipment and 
Special Measuring Apparatus for Production and Rou-
tine Testing of Electrical Equipment on Militcry Aircraft 
... Ships . . . Vehicles ... Armament ... and Weapons 

-IALLCROSS MFG. CO. 
COLLINGDALE, PENNA. 

(Continued from page xlvi) 

Cook, F. D., 1206 Elmwood Ave., Evans-
ton, III. 

Covington, 0. C., c/o Fleet P. 0., New 
York, N. Y. 

Craig, J. H., 2718 Minnesota Ave., S. E., 
Washington, D. C. 

Crossley, R. C., 2346 Ashland Ave., Evans-
ton, Ill. 

Daniels, V. L., 1918 Thurston Ave., 
Racine, Wis. 

Davison, M. C., 60 Broughton St., Tona-
wanda, N. Y. 

Devol, G. C., Jr., 342 W. Putnam Ave., 
Greenwich, Conn. 

Dike, E. E., 452 Victoria Pk. Ave., 
Toronto, Ont., Canada 

Ehrensaft, H., 4345 N. Sawyer Ave., 
Chicago, Ill. 

Elliott, T. A., 5406 Belmont Ave., Dallas, 
Texas 

Ellis, R. E., 4710 Nichols Ave., S. W., 
Washfngton, 20, D. C. 

Else, S. C., 92 Farnham Ave., Toronto, 
Ont., Canada 

Emmett, R. A., 2811 Pennsylvania Ave., 
D. E. Washington, D. C. 

Feilen, A. E., c/o Fleet P. 0., New York, 
N. Y. 

Fleming, J. Y., No. 1  ireless School, 
Montreal, Que., Canada. 

Fisher, J. T., 34 Keystone Ave., Upper 
Darby, Pa. 

Fraser, W. T., No. 1 Wireless School, 
Montreal, Que., Canada 

Frieberg, M., 642 Oak St., Cincinnati, Ohio 
Gable, M. L., 309 W. Harris Ave., La-

Grange, Ill. 
Galbreath, J. R., Box 105 Lansdale, Pa. 
Ghosh, S. P., 726 Cooper St. Camden, 

N. J. 
Glasgow, W. S., 5011 West 30 St., Little 

Rock, Ark. 
Godley, P. F., Jr., 29 Lake Ave., River-

head, L. I., N. Y. 
Greig, J. H., North Beach, Md. 
Grubb, D. L., 236 Paiko Dr., Honolulu, 

T. H. 
Hanson, A. W., Tumbarumba, The GroN. 

Bridgmorth, Kngland 
Hanscome, T. D., 3516 B St., S. E., Wash-

ington, D. C. 
Harcher, A. J., Box 262, Eighth and 

Washington Sts., Lansdale, Pa. 
Harper, E. E., Traymore Apts., Virginia 

Beach, Va. 
Hargreaves, R. F., 3120 N. E. 31 Ave., 

Portland, Ore. 
Harris, H. W., 129 Eng. Bldg., Univ. of 

Md., Columbia, Mo. 
Hayford, N., 3236 Mayflower St., Jackson 

ville, Fla. 
I feil, S. H., 725 Folk St., Easton, Pa. 
Hilburn, E. D., 4111 E. Washington St., 

Indianapolis, Ind. 
Hohmann, E. H., 198 Lexington St., 

Belmont, Mass. 
Hundstad, C. E., 1630 Carrie St., Schenec-

tady, N. Y. 
Hurlburt, R. R., No. 1 Wireless School„ 

Montreal, Que., Canada 
Johannesen, J. D., 1921 K St., N. W. 

Washington, D. C. 
Jones, M. W., 5241 Broad Branch Rd., 

N. W., Washington, D. C. 
Keith, R. M., Jr., 3161 North Elston Ave., 

Chicago, Ill. 
(Continued on page I) 
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...AND VO IS ANYTHING UPWARDS OF I Ky.! 
If you're dealing with voltages of a type 

indicated by the above formula—well, we don't 
have to tell you that the job of finding suitable 
components is a tough one, especially if these 

V's are working into low Z's. 

Obviously then, we don't pretend that transient 
voltages of this order haven't been a contributing 
factor to premature gray hairs for Sprague en-
gineers charged with developing condensers and 
Koolohm Resistors to meet these difficult spec-
ifications. They have—and some problems re-

SPRAGUE 
SPECIALTIES COMPANY 

NORTH ADAMS, MASS. 

main to be solved. We're working on them now! 

On the other hand, more often than not, emi-
nently suitable components have been forthcom-
ing. A typical illustration is the Sprague Type 
PX-25 "VITAMIN Q" Paper Capacitor that 
reads "off scale" on megohm bridges at more 

than 200,000 megohms. 

Let us know just what your problems are, and 
how the capacitors are to be used. We'll make 
our recommendations accordingly—telling you 
frankly and honestly just what you can expect. 

SUB-CONTRACTORS, ATTENTION! 

Sprague Specialties Company will be machine 

glad to 

hear from reliable firms having screw 
and metal stamping facilities available for sub-
contract wor k on high-priority orders; also from 
concerns equipped to make up  jigs and fixtures, 

and having  female help available. 
f. V4. Mei AM ARA, Purchasing Agent 

Telephone: HO W ADAMS (MASS.) 04 

MANUFACTURERS OF A COMPLETE LINE OF RADIO and INDUSTRIAL CAPACITORS and KOOLOHM RESISTORS 
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...get vital radio and electronic 
parts and equipment — Quickly! • 

Research in electronics is now devoted almost exclusively 

to wartime applications —and every minute counts in war! 

Electronic engineers and research technicians need not 

delay completion of vital projects for lack of parts or 

equipment. Lafayette Radio Corp. is headquarters for 

every nationally known manufacturer in the field. 

The reputation of Lafayette Radio Corp. for complete 

stocks and prompt deliveries is well known to thousands 

of electronic engineers. We can fill your needs —quickly! 

Write today for FREE 130 page Radio and 

Electronic Parts and Equipment Catalog . . . 

Address Dept. 7113 

tor. 

LAFAYETTE RADIO CORP. 
*  901 W. JACKSON BLVD. 

*  265 PEACHTREE STREET 

CHICAGO, ILLINOIS 
ATLANTA, GEORGIA 

Membership 
(Continued from page xlviii) 

Kelly, H. P., 50 Park Ter., West, New 
York, 34, N. Y. 
D.  F.,  1225  Jefferson  Ave., 
Winston-Salem, N. C. 

Kenney, 'I'. C., KDKA, Grant Bldg., 
Pittsburgh, Pa. 

Kirkpatrick, E. L., 3964 Nichols Ave., 
S. W., Washington, D. C. 

Kirschner, M., 859 Jennings St., Bronx, 
N. Y. 

Kleeberg, S. L., 2 Catherine St., Schenec-
tady, N. Y. 

Klug, J. D., 2142 Scheffer Ave., St. Paul, 
Minn. 

Koivu, J. C., 403 W. 6th St., Emporium, Pa. 
Konersman, E. J., 8 Bellemonte Ave., 

Lakeside Pk., Covington, Ky. 
Lee, J. W. H., No. 1 Wireless School, 

Montreal, Que., Canada 
Lekberg, D. G., ,10 Marsh Ave., Worcester, 

Mass: 
Leonard, J., Midland Radio and Television 

School, Athens, Ga. 
Lichtenstein, R. M., Reed College, Port-

land, Ore. 
MacLean, W. C., No. 1 Wireless School, 

Montreal, Que., Canada 
Majors, V. R., General Delivery, Heber, 

Calif. 
Margolis, D., Sylvania Electric Products 

Inc., Montoursville, Pa. 
Manley, J. M., Bell Telephone Labora-

tories, Murray Hill, N. J. 
Markman, E. L., Georgian La., Darien, 

Conn. 
Markham, T. R., No. 1 Wireless School, 

Montreal, Que., Canada 
McCormick, E. M., 424 N. E. 10 Ave., Ft. 

Lauderdale, Fla. 
McLaughlin, R. B., Naval Auxiliary Air 

Facility, Otter Pt., Alaska 
McVay, M. S., Naval Research Labora-

tories, Anacostia Station, D. C. 
Miller, A., 179 Kent St., Brookline. Mass. 
Miller, R. F., 2248-14 St., Cuyahoga 

Falls, Ohio 
Mortlock,  A.,  28  Cornwallis  Gdns., 

Hastings, England 
Moyer, G. E., McConnellstown, Hunt 

County, Pa. 
Munsell, A. F., 4615 Oakland St., Phila-

delphia, Pa. 
Nicholson, G. D., 5913 Roosevelt Blvd 

Philadelphia, Pa. 
Norgorden, 0., 166 Chesapeake St., S. W., 

Washington, D. C. 
Nurmela, G. E., 736 Wilcox Ave., Bronx, 

New York, 61, N. Y. 
)Neil J. A., 3101 Lawton St., San Fran-

cisco, Calif. 
u•-.horn, R. L., 822 Wesley Ave., Evanston, 

Pace, M. W., Box 662, Athens, Ga. 
Paine, H. G., 3317 B St., S. E., W'ashing-

ton, D. C. 
Parker, R. 0., 4216 Nicholas Ave., S. W., 

Washington, D. C. 
Parsegian, V. L., C. J. Tagliabue Manu-

facturing Co., Park and Nostrand 
Ayes., Brooklyn, N. Y. 

Pelonio, A. J., 2428 Chestnut St., Oakland, 
Calif. 

Prishchepenko, B. G., 3355--16 St., N. W., 
Washington, D. C. 

(Continued on page hi) 
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From the Atlantic to the Pacific; 
from the great cities to the tiny 
hamlets; from the mighty and the 
humble—come tangible evidences of 
America's payment to humanity. 

Giving of our sons and our resources and our dollars 
. . . to free the world from dictators and tyrants. We 
of Kenyon know that building a better transformer is 
but a small accomplishment when you consider the 
whole of the war effort. However, that is our part, 

and we're giving it our best . . . and when the dawn of 
peace-day breaks, we'll be tremendously thankful that 
we did. Come on—everybody—faster, better—better, faster! 

dti: tyrants not will -9 iow my head 

nor sell my ,0,40, ae inL, Wire./ 
Willingly  i Isar sacrifice and pain. 

Willingly —9 sissy. in democracy; name 

Until my 1,41 to humanity has Lien paid 

Wilt -9 /ace d. dawn unafraid 

KENYON TRANSFORMER CO 111 Inc40 BARRY STREET t,. NEW YORK, U. S. A. 

YOUR PINT OF BLOOD CAN SAVE A SOLDIER'S LIFE... VISIT YOUR LOCAL RED CROSS BLOOD BANK TODAY. 



Membership 
(CoMumcd from page 1) 

It takes more than mere "book learn-

ing" ... more even, than an "all out" 

determination to succeed, in order to 

build a leader. ... Nothing else can take 

the place of long experience, painstak-

ingly accumulated through years of 

conscientious research and the burning 

of the midnight oil. Thordarson engi-

neers hove always followed this tradition. 

The result is a type of leadership, 

accepted and unquestioned, among all 

who appreciate real transformer quality 

ELECTRIC MFG. CO MPANY 
SOO WEST HURON STR UT. t.HICAGO. 

S I'poe s gel tee- /g95 
ORIGINATORS OF TRU-FIDELITY AMPLIFIERS 

Reynolds, G. A., 301 Seventh Ave., N., 
Nashville, Tenn. 

Richard, V. W., 36 Salem La., Red Bank, 
N. J. 

Riley, R. R., 134 Irvington St., S. W., 
Anacostia Station, D. C. 

Roberts, H. C., 108 Talbot Laboratories, 
Urbana, Ill. 

Rueppel, G. E., St. Louis University, St. 
Louis, Mo. 

Ruff, H. M., 565 Golden Ave., Topeka, 
Kan. 

Ryan, J. U. C., 22 Hillcrest Ave., Yonkers, 
N. Y. 

Schenk, P. J., Hq. 1, Fighter Command, 
Mitchel Field, L. I., N. Y. 

Schoenuetter, H. K., 153 W. Hancock 
Ave., Athens, Ga. 

Scott, J. E., Jr., San Bernardino Valley 
Junior College, San Bernardino, 
Calif. 

Sees, J. E., 423 Mellon St., S. E., Washing-
ton, D. C. 

Simberkoff, S. W., 160 E. Fourth St., Mt. 
Vernon, N. Y. 

Shaw, G. L., Y.NI.C.A., Rahway, N. J. 
Sidhu, H. S., Indian Institute of Science, 

Bangalore, India 
Sinclair, G. W., No. 1 Wireless School, 

Montreal, Que., Canada 
Skinner, E. E., Officer's Club, Boca Raton 

Field, Fla. 
Smith, G. G., No. 1 Wireless School, Mon-

treal, Que., Canada 
Smith, P. A., 1608 Ashland Ave, Des 

Plaines, Ill. 
Smith, W. T., 1414 Harrison St., Topeka, 

Kan. 
Staahl, G. E., Northwestern technological 

Institute, Evanston, Ill. 
Stang, R. A., 1404 8th Ave., Neptune, N.J. 
Stevens, J. E., 9944 National Blvd., 1,0. 

Angeles, Calif. 
Stewart, J. W., 436 Case Ave., St. Paul, 1, 

Minn. 
Surridge, N. H., 2044 Melrose Ave., 

N.D.G., Montreal, Que., Canada 
Sweet, J. L., No. 1 Wireless School, Mon-

treal, Que., Canada 
Thumm, R. N., Northeast Airlines, Inc 

Presque Isle, Maine 
Tipton, W. F., Burnside Laboratories, 

E. I. DuPont De Nemours and 
Co., Pennsgrove, N. J. 

Thielking, D. H., Sylvania Electric Prod-
ucts Inc., Ipswich, Mass. 

Voorhies, H. G., Jr., Radiation Labora-
tories, 1‘1.1.T., Cambridge, Mass. 

Walden, G. R., 300 Berkeley St., Boston, 
Mass. 

Webb, L. R., No. 1 Wireless School, Mon-
treal, Que., Canada 

Westbrook, R. D. Naval Research Labora-
tories, Anadostia Station, D. C. 

White, W. A., Forest Heights, R. 2, 
Anacostia, D. C. 

White, W., Radiation Laboratories M.I.T., 
77 Massachusetts Ave., Boston, 
Mass. 

Wirtanen, C. W., 185 W. Prospect St., 
Jackson, Mich. 

Wright, 0. N., 132 Reilly St., Coral Hills, 
Md.-Via Bennings, D. C. Zone 19 
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The Institute of Radio Engineers 
. serves those engaged in radio and allied fields through the presentation and publication 

of technical information on the subjects. 

THE PROCEEDINGS, the official magazine of I.R.E., has been published without 
interruption since 1913 when the first issue appeared. The contents of each paper pub-
lished in the PROCEEDINGS are the responsibility of the author and are not binding on 
the Institute or its members. Material appearing in it may be reprinted or abstracted 
in other publications on the express condition that specific reference shall be made to 
its original appearance in the PROCEEDINGS. Illustrations of any variety, however, may 
not be reproduced without specific permission from the Institute. 

STANDARDS reports are pub-
lished from time to time and are 
sent to each member without 
charge. Current reports include 
two each on Radio Receivers, 
Transmitters and Antennas, and 
Radio Wave Propagation, and one 
each on  Electroacoustics, and 
Facsimile; a detailed description 
of these reports will be sent on re-
quest. 

MEMBERSHIP has grown from 
a few dozen in 1912 to approxi-
mately eight thousand. Practically 
every country in the world in 
which radio engineers may be 
found is represented in our roster. 
Dues for the five grades of mem-
bership range from $3.00 to $10.00 
per year. The PROCEEDINGS is sent 
to each member without further 
payment. 

SECTIONS in twenty-seven cities 
in the United States, Canada, and 
Argentina hold regular meetings. 
The chairmen and secretaries of 
these sections are listed on the 
page opposite the first article in 
this issue. 

SUBSCRIPTIONS are accepted 
for the PROCEEDINGS at $10.00 per 
year in the United States of 
America,  its  possessions,  and 
Canada; when college and public 
libraries order direct from the In-
stitute, the subscription price is 
$5.00. For other countries there is 
an additional charge of $1.00 for 
postage. 

APPLICATION for ASSOCI-
ATE membership may be made by 
using the convenient blank on this 
page, or preferably on written re-
quest to the Institute headquar-
ters. 

The Institute of Radio Engineers, Inc. 
330 West 42nd Street 
New York, N.Y. 

Convenient Associate Membership Blank 

The Institute of Radio Engineers 
Incorporated 

330 West 42nd Street, New York, N.Y. 

To the Board of Directors 

Gentlemen: 

I hereby make application for ASSOCIATE membership in the Institute 
of Radio Engineers on the basis of my training and professional experience 
given herewith, and refer to the sponsors named below who are personally 
familiar with my work. 

I certify that the statements made in the record of my training and pro-
fessional experience are correct, and agree if elected, that I shall be governed 
by the Constitution of the Institute so long as I continue a member. Further-
more I agree to promote the objects of the Institute so far as it shall be in 
my power. 

(Sign with pen) 

(Address for mail) 

(City and State) 

(Date) 

SPONSORS 
(Signatures not required here) 

Mr.   

Address   

City and State   

Mr.   

Address   

City and State   

Mr.   

Address   

City and State   

Fill Out Reverse Side Also 

Proceedings of the 1.R.1:. July, 1941 
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H O W TO APPLY FOR ASSOCIATE M E MBERS HIP 
MONTH DURING 

Wince' 
APPLICATION 
REACH!, I.R.S. 
HEADQUARTERS 

GIIRDE-4 

Jan.,  Feb. 

Mar., Apr., May 

June, July, Aug. 

Sept., Oct., Nov. 

Dec. 

REMIT TANCE SCHEDULE 

AMOUNT Or REMITTANCE (= ENTRANCE 17114-DUZE) 
W it ICII SHOULD Accou PANT APPLICATION 

ASSOCIATE 

$7.50 (=$3+$4.50•) 

6.00 (= 3+ 3.00') 

4.50 (=. 3+ 1.50•) 

9.00 (= 3+ 6.00•) 

7.50 (= 3+ 4.50) 

PERIOD COVERED SY 
DUES PAYMENT 

Apr.-Dec. 
year)1 

July. Dec. 
Year)? 

Oct. .Dec 
year)t 

Jan.•Dec. 
year) 

Apr.-Dec. 
year)I 

(9 mo. of current 

(6 mo. of current 

(3 mo. of current 

(entire next 

(9 mo. of next 

1 You can obtain the PROCEEDINGS for the entire year by including with 
your application a request to that effec t an d a rem ittance  of $9.00. 
• Associate dues include the price of the PROCEEDINGS, as follows: 1 year, 
$5.00; 9 months, $3.75; 6 months, $2.50; 3 months, $1.25. This ma y no t 
be deducted from the dues payment. 

lo Qualify for Associate membership, an applicant must be 
at least 21 years of age, of good character. and be interested 
in or connected with the study or application of radio science 
or the radio arts. 

An Application should be filed, preferably on blanks obtain-
able on request from I.R.E. Headquarters or from the secre-
tary of your local Section. If more convenient, however, the 
accompanying abbreviated form may be submitted. Additional 
information will be requested later on. 

Sponsors who are familiar with the work of the applicant 
must be named. There must be three, preferably Associates, 
Members, or Fellows of the Institute. Where the applicant is 
so located as not to be known to the required number of 
member sponsors, the names of responsible nonmembers may 
be given. 

Entrance Fee and Dues: The Associate entrance fee is $3.00. 
Annual dues are $6.00 per year, which include the price of the 

PROCEEDINGS as explained in the accom-
panying remittance schedule. 

Remittance: Even though the I.R.E. Con-
stitution does not require it, you will bene-
fit by enclosing a remittance with your ap-
plication. We can then avoid delaying the 
start of your PROCEEDINGS. 

The mailing of your PRocEEIDNGs will 
start with the next issue after your elec-
tion, if you enclose your entrance fee and 
dues as shown by the totals in the accom-
panying remittance schedule. Any extra 
copies sent in advance of the period for 
which you pay dues are covered by your 
entrance fee. 

(Typewriting preferred in filling in this form) No.   

RECORD OF TRAINING AND PROFESSIONAL 

EXPERIENCE 

Name 

Present Occupation 
(Title and name of concern) 

Business Address   

Home Address   

Place of Birth  Date of Birth  Age   

Education   

Degree 

(Give full name, last name first) 

(College)  (Date received) 

TRAINING AND PROFESSIONAL EXI'ERIENCE 
(Give dates and type of work, including details of present activities) 

Record may be continued on other sheets this size if space is insufficient. 

Receipt Acknowledged  Elected  Notified   

4111  Fill Out Reverse Side Also 

Should you fail to be elected, your en-
tire remittance will be returned. 

OTHER GRADES are available to 
qualified applicants. Those who are be-
tween the ages of eighteen and twenty-
one may apply for Junior grade. Stu-
dent membership is for full-time stu-
dents in engineering or science courses 
in colleges granting degrees as a result 
of a four-year course. A special appli-
cation blank is provided and requires 
the signature of a faculty member as 
the sole sponsor. Member grade is open 
to older engineers with ..4everal years 
of experience. Fellow grade is by in-
vitation only. Information and applica-
tion blanks for these grades may be ob-
tained from the Institute. 

SUPPLIES 

BACK COPIES of the PROCEEDINGS may 
be purchased at $1.00 per copy and a list 
of those available will be sent on request. 
Members of the Institute in good stand-
ing are entitled to a twenty-five per cent 
discount. 

VOLUMES, bound in blue buckram, may 
be purchased for $14.25; $11.25 to mem-
bers. 

BINDERS are $1.50 each. The volume 
number or the member's name will be 
stamped in gold for fifty cents additional. 

INSTITUTE EMBLEMS of fourteen-
carat gold with gold lettering on an 
enameled background are available. The 
lapel buton is $2.75; the lapel pin with 
safety catch is $3.00; and the watch 
charm is $5.00. All of these are mailed 
postpaid. 

liv 
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DRAWING of fine wire for delicate 
I./precision instruments depends on the 

accuracy with which the diamond dies are 

made. Philips manufacture these dies 

down to .0008 of an inch with diamond 

drilling machines developed by Philips 

engineers. 

This operation—as well as the actup I draw-

ing of the wire—calls for extreme precision 

and exemplifies the wide technical knowl-

edge and skill behind all Philips products. 

Today, the research and experience of the 

North American Philips Company in elec-

tronics are devoted to the single aim of 

aiding the United Nations war effort. To-

morrow, this knowledge will aid industry 

in creating a new world for free men. 

Products For Victory include Cathode 
Ray Tubes: Amplifier Tubes; Rectifier 

Tubes; Transmitting Tubes; Electronic 

Test Equipment; Oscillator Plates; Tung-

sten and Molybdenum in powder, rod, 

wire and sheet form; Tungsten Alloys; 

Fine Wire of all drawable metals: bare, 

plated and enameled; Diamond Dies; 

X-Ray Apparatus for industrial, research 

and medical applications. 

NORTH AMERICAN PHILIPS COMPANY, INC. 
Y 1 " 

er  jle4etetch aiuI gerekh II w nl 

Fortoriv• in  Err,'. N  %fo nt %.  N Y. (Philips Motalis (orp.); Lewiston. Maine (Elem.' Division) 
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(Continued /tom page xxxvi) 

ENGINEERS—PHYSICISTS 
Radio engineers, elei ironic engineers, elec. 

trical engineers, physicists. A non•profit re. 
search laboratory engaged in urgent war re-
search must increase its scientific staff. Men 
or women (college graduates) with experi-
ence in vacuum tube circuit design, construe. 
lion of aircraft radio equipment and design 
of  small  electromechanical  devices  are 
needed. Salaries range from $3,000 to $8,000 
depending upon experience, ability, educa-
tion and past earnings. 
Apply by mail to Airborne Instruments 

Laboratory, Columbia University Division 
of War Research, Box 231, Mineola, N.Y. 

RADIO ENGINEERS AND 
TECHNICIANS 

A progressive company with a sound back-
ground in radio and electronics needs, at 
once, several men with training and expert. 
ence in any phase of the radio industry. The 
work open is vital to the war effort but 
offers a promising post-war future for the 
right men. College degree or equivalent ex-
perience necessary. Men now engaged at 
highest skill on war production should not 
apply. Write Box 294. 

RADIO ENGINEER 
‘Vanted for general work covering design 

and installation with major communication 
company chiefly in New York area. Technical 
graduate preferred. Must have car. Position 
not limited to duration. Addre.s Box 298. 

RADIO ENGINEERS AND 
TECHNICIANS 

in critical war industry. Opportunity for 
several competent men in research and pro-
duction engineering on Government con-
tracts. Work is with a company well known 
in the radio industry, located in a Michigan 
city. Send full particulars of your experience 
and photo. Address Box 284. 

NAVAL ORDNANCE LABORATORY 

The Naval Ordnance Laboratory, located 
in NVashington, D.C., is a research develop-
ment agency of the Bureau of Ordnance, 
concerned with the design of new types of 
naval mines, depth charges, aerial bombs 
and other ordnance equipment, including 
measures for the protection of ships against 
mines. 
This laboratory needs physicists and elec-

trical engineers with electronics experience, 
mechanical engineers familiar with the de. 
,ign of small mechanical movements or 
mechanisms, and personnel for technical re-
port writing and editing. Write to Naval 
Ordnance Laboratory, Navy Yard, Wash-
ington, D.C. 

RADIO ENGINEERS AND 
TECHNICIANS 

Technicians with specialized engineering 
knowledge. Perform efficient maintenance 
and adjustment of radiotelegraph operating 
office equipment. Technical knowledge of 
special radio and related equipment needed 
in the Service. Must be capable of sending 
and receiving the International Morse Code 
at a minimum speed of 20 words per minute 
and must hold a Federal License as required 
by law. 
Radio Instructor on operation and main-

tenance of radio transmitting equipment. 
Maintenance Engineers to keep machinery, 

mechanical equipment, radio-communication 
operating machines, and radio instruments in 
good repair. Construct and install new ap-
paratus. A combination of maintenance me• 
chanic and machinist duties. 
Maintenance Electricians to take charge 

of all plant maintenance pertaining to all the 
,dectrical facilities, wiring and machinery. 
Must be capable of doing mechanical con-
-aruction of communication equipment and 
electrical wiring, and work from blueprints. 
Address Box 283. 

ENGINEERS 

The salary is open and depends only upon 
the ability and experience of the engineer. 
1. Electronic and radio engineers to de 
sign electronic navigation and common, 
cation equipment for aircraft. 

(Continued on page 1viii) 
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Facts about 

STEATITE 
LO W LOSS 

INSULATORS 

NO SHORTAGE EXISTS 

in STEATITE parts  so necessary 

in Radio and Radar Equipment 

for the war effort—the demand is 

being met. 

EXPERIENCE ENGINEERING STAFF 

......with years of training in re-

search and the development of 

methods and processes _so neces-

sary to produce precision made 

STEATITE parts of rigid and 

exacting specifications. 

BUY WAR 
BONDS 

• 

AMPLE FACILITIES 

--are available for producing 

precision made extruded, pressed 

and machined STEATITE parts 

---NO SHORTAGE exists of pro-
duction facilities. 

SUBSTITUTES 

--for STEATITE are no longer 

necessary-- STEATITE parts 

are available for prompt de-

livery in all sizes, shapes and 
quantities. 

For the duration zoo per cent of our attention— 

all personnel and equipment—is being 

used to hasten Victory. 

_YenTiA11011 
"for great 

achievement" 

STUPAKOFF CERAMIC AND MANUFACTURING CO., LATROBE, PA. 

CeAa4tt . 102 -titZ W Oted 
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JACKSON INSTRUMENTS are found 

NOT FAR BEHIND THE FRONT! 

"Handle talkies" — miniature trans-
mitter-receivers, each not much larger 
than a carton of cigarettes —are in 
constant use by our fighting men 
over-seas. 
These important little instruments 

are aiding the airplane spotters, the 
reconnaissance squads, and even the 
commanders who are directing 
attacks. 
But occasionally, of course, severe 

usage may put these little "talkies" 

Model 642 Multirm.t.•r 

out of order . . . and then the Signal 
Corps experts —quite possibly aided 
by Jackson testing equipment —will 
soon have the "talkie" back in opera-
tion. 
Jackson production is now entirely 

war work. We are happy in doing our 
best toward helping to keep vital war 
communication lines open. 

1 1 1 

All Jackson employees —a full 100% —are buying 
Wu Bonds on a payroll deduction plan. Let's 
ALL go all-out for Victory. 

Model 652 Audio Oscillator 

JAC kSON 
(Vecideai 9hdi 7 Ylidwinell6 

JACKS ON  ELECTRI CAL  INSTRU MENT  CO MPANY,  DAYT ON.  O HI O 

((ontinued from page It,i) 

2. Mechanical engineers familiar with and 
interested in the design of small pre-
cision equipment and familiar with shop 
practice and tools. 

3. Engineers familiar with the design of 
components for electronic equipment. 

4. Technical men able to write technical 
material for instruction books. 

These positions can lie permanent for the 
right men. Excellent opportunities for ad. 
vancement. 
Engineers with experience are preferred. 

but the right persons do not need experi 
ence if they have the ability to learn and 
the required aptitude. Applications may be 
male or female. Persons already engaged in 
war work cannot be considered. 
1'rite directly to Chief Engineer, Bendix 

Radio Division, Bendix Aviation Corp., Bal. 
timore, Maryland giving complete details of 
education and experience. 

ELECTRONIC ENGINEERS 

Engineers v, it Ii bat kerounds for atoustn•. 
supersonics, broadcasting, frequency modu• 
lation, or ultra-high frequencies. Applicants 
should not be subject to immediate draft call 
and should not Ile engaged at their highest 
skilled war work. An engineering degree is 
desirable but not required. 
Women with similar technical knowledge 

and experience will be considered. 
Company is a large electrical manufac-

turer and is within twenty minutes com-
muting distance of New York City. Salaries 
are commensurate with education and experi-
ence. Address Box 287. 

RADIO ENGINEER 

Experienced in the manufacture and test-
ing of ultra-high-frequency apparatus; must 
be capable of taking complete charge of war 
projects. Splendid opportunity. War workers 
at highest skill need not apply. 
Inquiries will be kept confidential. Please 

state age, experience, and salary expected. 
Write Box 288. 

RADIO INSTRUCTION-BOOK 
WRITERS 

Thorough knowledge of radio principles 
and ability to describe in simple terms the 
operation of UHF circuits required. Work 
relates to instruction books for electrical ap-
paratus. Excellent opportunity to do essential 
work in very essential war industry. Salary 
depends upon qualifications and experience. 
Replies solicited from Engineers, Patent 

Attorneys, Teachers and others qualified. 
Write complete qualifications and salary 

desired to Hazeltine Electronics Corporation, 
I 77  Broadway, New York, N.Y. 

RADIO ENGttlEER 
Nlathematical knowledge to include trigo-

nometry and elementary calculus. Must be 
familiar with all types of circuits for recep-
tion and transmission on frequencies up to 
200 mC/s. Knowledge of transtnission lines, 
aerial arrays, television and cathode-ray. 
tube technique desirable. Must also have 
knowledge of radio test equipment and must 
understand any circuit diagram. 
Prefer man conversant with manufacture, 

repair and fault location on all types of 
transmitters and receivers. Addres• Hos 289. 

RADIO ENGINEER 
Ept•cATI(IN: Minimum of two years 

college in Electrical Engineering. 
EXPERIENCE: Minimum of two years in 

radio test or engineering, or five years in 
electrical control work (power station or 
telephone central•office wiring, etc.). 
Must be of a type qualified to interpret and 

clarify with inspectors and responsible execu-
tives electrical specifications, problems of 
manufacture, test and 111Spert1011.  Address 
Box 201). 

ELECTRO-MAGNETIC ENGINEER 

Unusual opportunity for engineer with 
vision for new ideas in design work with 
nationally known, long established firni in 
Eastern Pennsylvania, now 100% 011  war 
work. Firm large enough to make remun-
eration attractive, small enough to insure 

(Consinued on Page lx) 
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At\ 
EFFICIENT VHF OPERATI ON 

WITH GA M MATRON HK-24's 

The high efficiency of 11K-24 Cam-
matrons at very high frequencies is 
the result of two things: the long, 
capped tantalum plate which con-
fines the entire electron stream for 
useful output, and the fact that the 
grid is closely spaced to the filament 
for short electron time-flight. 
The HK-24 triode is easy to neu-

tralize, and parasitic oscillation is 
avoided, because the inter-electrode 
capacities are low and the grid and 
plate leads are short. The grid to 
plate capacity is only 1.7 micro-
microfarads. 
For maximum and typical ratings 

of the HK-24 as an r. f. power ampli-
fier, audio amplifier, crystal oscilla-
tor, doubler, or tripler,write for data. 

James N. Whitaker, chief transmitting engineer of The Hummarlund Mfg. Co., Inc. 
is shown with the remarkable very high frequency transmitter he recently designed. 

FRO M 25 TO 125 MEGACYCLES 

...without reneutralization 

PICTURED above is the new Ham-marlund AW-1042, undoubtedly 

the first neutralized power amplifier 
to operate on 28, 56, and 112 meg-
acycles without reneutralization. 

High stability is not the only 

news-worthy feature of this new 

transmitter. It has been engineered 
with such skill that it replaces an 
accepted transmitter of similar per-

formance requiring twice the power 

input and weighing seven times as 

much! 
The AW-1042 produces 50 watts 

of useful carrier power with either 

audio or narrow-band frequency 
modulation, both of which are crys-

tal-controlled. It offers CW, tone 

telegraph, and phone performance. 

Hammarlund's AW-1042 elo-
quently demonstrates the ability of 

their engineers to evaluate design; 
and Heintz and Kaufman, Ltd. is 

proud that HK-24's are used in the 
final, as well as in the three pre-

ceding doubler stages. 
States Mr. Whitaker: "I chose 

HK-24 Gammatrons because their 

mechanical and electrical character-

istics render them particularly suit-
able for high frequency operation 

with unusually high efficiency and 

stability." 

HEINTZ AND KAUFMAN, LTD. 

SOUTH SAN FRANCISCO, CALIFORNIA, U. S A 

9401l4N4r4OK 7ceise4 
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An Opportunity 

We Need a 
Radio Engineer (Senior Grade) to Design Communications Receivers. 

The man qualified for this position is now employed in an essential indus-
try, but not to full capabilities at his greatest skill. He can obtain a Cer-
tificate of Availability. He is 35 to 40 years of age with an E.E. degree from 
a leading technical college. In addition to a broad design experience, he 
has a wide knowledge of modern manufacturing methods. 

The qualified engineer will become responsible for receiver design and 
head a development group of 8 or 10 engineers. 

To the qualified man the salary will be in excess of $5,000 per year for a 
work week of 48 hours. 

This is permanent employment with a long-established communications 

manufacturer now devoted 100% to making military radio and telephone 
equipment. Please write to: 

• BOX NUMBER 297 
The Institute of Radio Engineers 

330 West 42nd St. 

New York, N.Y. 

• FORWARD-LOOKING COMPANY 

NEEDS ENGINEERS.  
• A progressive company with an expanding engineering department is seek-
ing several good men —but of course cannot take men now employed at their 
highest skills in war industry. 

One should have a good theoretical knowledge of acoustics and ex-
perience with magnetic circuits and acoustical measurements. 

Another is needed for laboratory measurements on a-f communica-
tions apparatus. He will design and supervise equipment for produc-

tion testing, maintaining laboratory standards, and he should be 
familiar with government specifications and inspection procedure. 

A third man must be familiar with the application and molding 
techniques of plastics. He should have several years of design ex-
perience on small electrical apparatus and an understanding of 
magnetic and electrical circuits. 

These men will be concerned now with war contracts and planning post-
war developments in a technically expert organization that's going places. 
Write, phone or wire the Chief Engineer, giving background and salary re-
quirements. 

GREAT AMERICAN INDUSTRIES, INC. 
70 Britannia St., Meriden, Conn. 

(Continued front page I 

recognition. Training in design of relays, 
timers and solenoids would be helpful. Write 
Box 255, 

PATENT ATTORNEY 

Patent Attorney to join small Patent De-
partment. Write Personnel Director, Brush 
Development Company, 3311 Perkins Ave-
nue, Cleveland, Ohio. 

RADIO ENGINEER 

Opening in engineering department of con-
cern making communication apparatus. Pre-
fer college graduate  with  ultra.high-fre. 
quency experience, but lack of experience in 
this field will not bar an adaptable man. 
Duties involve developing, designing and 

carrying the product through the shop with 
a minimum of supervision. If inexperienced, 
the duties would be the same under super-
vision. The company is engaged in war ac-
tivity exclusively and expects to continue 
this work after the war. 
Salary $2,500 to $5,000 depending upon 

qualifications.  Pleasant surroundings and 
working conditions. If now employed in war 
work, a release from the employer must be 
obtainable. Addrets: Chief Engineer, Tem. 
pletone Radio Company, Mystic, Conn. 

TECHNICAL AND SCIENTIFIC AIDS 

Federal government needs aids for re-
search and testing in the following fields: 
chemistry, geology, geophysics, mathematics, 
metallurgy, meteorology, physics, and radio. 
The positions pay $1,620 to $2,600, plus 
overtime. 
For the assistant grade, applications will 

be accepted from persons who have completed 
1 year of paid experience or a war training 
course approved by the U. S. Office of Edu-
cation. One year of college study, including 
1 course in the option applied for, is also 
qualifying. Persons now enrolled in war 
training or college courses may apply, sub-
ject to completion of the course. For the 
higher grades successively greater amounts 
of education or experience are required. 
The majority of positions are in Washing. 

ton, D.C., but some will be filled in other 
parts of the United States. There are no 
age limits, and no written test is required. 
Persons using their highest skills in war 
work are not encouraged to apply. 
Applications will be accepted at the U. S 

Civil Service Commission, Washington, DX . 
until the needs of the service have been m. t 

INSTRUCTORS IN ADVANCED 
ARMY-NAVY PROGRAM 

Prominent  Eastern  technic al  in,titute 
needs additional instructors in officer train-
ing program in modern electronics and radio 
applications. An excellent opportunity to ac-
quire advanced knowledge and to render 
important service in war effort. Men having 
various degrees of qualifications are needed, 
from recent graduates in Electrical Engineer-
ing or Physics to those with long experience 
in radio engineering or teaching. Salary ac-
cording to qualifications and experience. Ap-
plicants must be U. S. citizens of unimpeach-
able reputation. Any inquiries will be treated 
as highly confidential. Please send personnel 
data and photograph to Box 292. 

Attention Employers . 

Announcements for "Positions Open" are ac 
cepted without charge from employers offer 
ing salaried employment of engineering grade 
to I.R.E. members. Please supply complete 
information  and  indicate  which  detail , 
should he treated as confidential. Address 
"POSITIONS OPEN," Institute of Radio 
Engineers, 330 West 42nd Street, New York, 
N.Y. 

The Institute reserves the right to refuse any 

announcement without giving a reason for the 
refusal. 
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Tot • . • 
will use James Knights 
PfeCiSiOn Crystals in your 
broadcast receivers of 
tomorrow! Today, new 
James Knights develop-
ments make it possible to 
supply large numbers of 
Crystals of many types 
for the Nation's needs. If 
you have a vital Crystal 
problem—we can help you. 

PRECISION CUTTERS OF QUARTZ 
FOR RADIO AND OPTICAL USES 

Proceedings of the I.R.E.  July, 1943 
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Harvey UHX-25 

25-watt General Purpose Radio Telephone 

Transmitter available for operation between 

1.5 M. C. and 30 M. C. 

HARVEY Radio Laboratories, Inc. 
447 CONCORD AVENUE•CAMBRIDGE•MASSACHUSETTS 

In cutting quartz down into 
wafer-thin fighting Xtals the DX 
Crystal Company is pacing the 
industry. Speed, precision and 
dependability are prime watch. 
words of those who help make 
these vital parts. 

B U Y  M O R E  B O N D S ! 

GENERAL OFF ICES: 1 841 W. CARROLL AVE , CHICAGO, ILL., U S A. 

When Orders Must 

Get Through, It's 

TUBULAR METAL 
ANTENNAS 
Premax Adjustable Metal 

Antennas in both Standard 
and Special designs are win-
ning the war with the Allied 
Nations . . . on land, on sea 
and in the air! 

If one of the Standard de-
signs will not do your particu-
lar job, Premax can make a 
Special type for the occasion. 
Send  for Special  Bulletin 
showing Standard Antennas 
and Mountings. 

liemaxiochch 
DIVISION OF 

CHISHOLM-RYDER CO., INC. 
4301 Highland Ave. Niagara Falls. N.Y. 

/  I  /./ H 



1. Enemy planes rise  2. Radar sends out beam of ultra-high-frequency waves, reflected back 
from distant carieldt.  to instruments which determine planes' location, speed, and direction. 

RADAR 
"The whole history of Radar has 

been an example of successful 

collaboration between Allies on 

an international scale." 

THE NE W YORK TIMES,  MAY  16 

THIS amazing electronic invention that 
locates distant planes and ships despite 
darkness and fog is a great co-operative 
achievement of Science and Industry. 

In this country and in the British Isles, 
over zoo° scientists and engineers, some 

The facts about working alone, some in the Army and 
the Navy, many in research laboratories 
of colleges and industrial firms, joined 
eagerly in the search for Radar knowledge. 

Team-work that succeeded. Once this 
electronic device had been perfected, in-
dustry after industry rallied to the 
nation's call to manufacture Radar. 
General Electric is proud to have played 
a large part, with other manufacturers, 
in supplying to the Army and Navy this 
key weapon whose peacetime applica-
tions hold so high a promise. 

As early as the Twenties, G-E engi-
neers and scientists were developing the 
kind of high-frequency tubes, circuits 
and apparatus that make Radar possible. 
Thus long before 
Pearl Harbor, G.E. 
was able to build 
Radar equipment.  G.E employees are now purchasing over SI,000,000 in 

3. Interceptor planes then surprise 
and destroy the advancing enemy. 

Post-war applications will be many. 
Radar will guard and guide the flight of 
great commercial transports. Planes will 
land blind. Transoceanic liners will slip 
safely into fog-bound harbors — all with 
Radar detection equipment. 

In addition to Radar, General Electric 
is supplying to the Army, Navy, and Ma-
rines radio transmitters, antennae and 
receivers, carrier-current equipment, all 
kinds of electronic measurement equip-
ment, and monitors. Electronics Depart-
ment,GeneralElectric,Schenectady,N .Y Y. 

Tune In General Electric's W ORLD TODAY and 

hoar the news from the men who see it happen. 
every evening except Sunday at 6:45 E. W.T. over 

C  S S   On Sunday evening listen to the G-E 

Mazda Lamp program over N B C  network 

GENERAL ELECTRIC 
War Bonds weekly 
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PERMANENT 
MAGNETS 

our 

and 

THE Arnold Engineering Company produces 
all ALNICO types including ALNICO V. All 

magnets are completely manufactured in 
own plant under close metallurgical, mechanical 
magnetic control. 

Engineering assistance by consultation or 
correspondence is freely offered in solution of your 
magnetic design problems. All inquiries will receive 
prompt attention. 

THE ARNOLD ENGINEERING COMPANY 
147 EAST ONTARIO ST. • CHICAGO. ILLINOIS 

T RI PLETT 
awordat INSTIIIHRIITS 

IR ip LEI I 
moDEL 372  

InSke.  
"An Arneficsreed fre• 
Vibratl "  masi• 
encY  •• •  by dsbilaY 

fawn fe s f reeds 

t ruPi " rr ° uenzY — 
„false --- eck  ific re. 

V oltage to  sPec  
quirernessts.  „ pros. 

M ust s aft°  e. 
Unstely full ssz 

Deliveries under government requirements are far 
cilitated by two large sub-contracting organizations 
combining to greatly increase Triplett output. 

TRIPLETT ELECTRICAL INSTRUMENT CO.  • BLUFFTON, OHIO 

4.0  14r-a/ie 
CAt ONOWNIS 

• 

• 

• 

* Yes sir, you see them every-
where—those green-colored special-
inorganic-cement-coated power re-
sistors. But more particularly in air-
craft electrical, electronic and radio 
assemblies that must stand up, re-
gardless. 

Greenohms can take an awful 
beating. Even when seriously over-
loaded--red hot—they won't burn 
out, flake, peel, crack. Standard 
units: 10 and 20 watts fixed: adjust-
able, up to 200 watts. Also special 
types with choice of windings, taps, 
terminals, mountings. Remember, 
only Clarostat makes Greenohms. 

* CettztuIL  ... 

CLAROSTAT 

!. .060)AAliA  

ClAROSTAT MFG. CO., Inc. • 285-7 N. 65 St, Brooldyn, N. Y. 
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Said the Patrol Plane to the Carrier: 

"Enemy raider sighted 
-- due North!" 

They work together better ... 

because they can talk together 

I Ter 

The streaking 
Reconnaissance plane 
Can't wait 
Until its wheels touch 
The lifting flat top 
To tell its news.. . 

While still 
Only a growing shape 
Over the horizon 
This homing eagle 
Calls to the mother ship... 
Summons its brother warbirds 
To the kill . . . 
By radio. 

In a matter of minutes 
The whole angry brood 
Will swarm down 
And polish off 
The fleeing cruiser that 

Just a few seconds before 
Was a threat 
To our bridge of ships... 

Seconds count 
In this thundering war 
Of time and teamwork... 
And seconds are saved 
By the radiotelephone. 

Today, modern radio equipment 
Designed and manufactured 
By I.T.&T. associate companies 
Is helping Uncle Sam's fighting forces 
Work together 
On land, sea, and in the air . . . 

Tomorrow, the broad experience 
Of I.T.&T. 
In the field of communications 
Will help men build 
A better world. 

INTERNATIONAL TELEPNONE AND TELEORAPN CORPORATION 67 Broad Si., New York, N. Y. 

Manufacturing Anociate: 
FEDERAL TELEPHONE AND RADIO CORPORATION 
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and Antenna Equipment 

If you need ceramic insulated coaxial cables, you are 

invited to consult the engineering staff of the Victor J. Andrew 

Company for recommendations to meet your requirements. The 

Andrew Company, pioneer specialists in the manufacture of 

antenna equipment, is now in a position to take additional orders, 
in quantity, for all sizes of ceramic insulated coaxial cables and 
equipment for all applications. 

If coaxial cab/es are your problem . . . write for new catalog 
showing complete line of coaxial cables and accessories. 

ANP"" 

VICTOR J. ANDREW co. 
363 East 75th Street, CHICAGO, ILLINOIS 

ANTENNA EQUIPMENT 

;trt. 

Grey matter--as measured in terms of 

Victory in war, or progress in peacetime 

a decisive, tangible factor. Strate-

gies, techniques and analyses —whether 

for military or commerce —are its by-

products.  Success is directly proportion-

ate to the quality involved. 

The  calibre  of N-Y-T  engineering  is 

proved by the thousands  of new trans-

former designs evolved to individual re-

quirements over the past few years. 

These audio and power components are 

now assuming a vitally important role 

in World War II, in Army, Navy and Air 

Corps applications. 

When the world crisis is over, and our 

present 100 % Victory effort terminates, 

N-Y-T engineers and technicians will be 

available for collaboration in the solu-

tion of your transformer problems. The 

vast experience gained now, should be 

of tremendous value then. 

NE W YORK 
TRANSFORMER 
COMPANY 

24-26 WAVERLY PLACE NE W YORK, N. Y. 

1', ,ceedings of the 1.11.1.:  %ill, IQ!: 
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SALUTE TO THE IVORLD OF TOMORROW! 

DESIGNERS 
AND MANUFACTURERS 

of all types of precision 
electrical apparatus 
including 
D.C. & A.C. Motors for 
specialized purposes 
Aircraft Generators 

Aircraft Engine Starters 
Alternators 

Motor Generators 
Electric Pumps 

Motors with Governors 
Gyros, ete. 

HINGS will be—must be—different after the 
war. Men are fighting today not only to main-

tain civilization—but to improve it. 

The motor cars, the planes, the homes, the 
electrical appliances of the future will be fan-
tastically different — efficient beyond our 

present dreams, 

Industrial leadership in this world of tomorrow 
will be won by today's most forward-minded 
organizations. This new spirit of progressive 
enterprise is typified by Small Electric Motors 

(Canada) Limited. 

Here, where all activities are geared to war 
production, the groundwork is already set. 
through research and invention, for revolution-
ary peace-time products for ships and planes— 
for homes and factories! 

sm.& adhic maiou (e.da.) 2/waled 
LEASIDE  • TORONTO 12  • CANADA 

4 
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A Flag with 16.200 Stars 

THE service flag of the Bell System 
had 46,200 stars on May 1. It has a 
lot more now. Telephone men and 
women are serving with the armed 
forces everywhere. 

Those who are right in the middle 
of the fighting realize especially the 
importance of the telephone job 
back home. 

"Tell the gang," their letters say, 
"to keep on plugging. 

"We wouldn't have the stuff for 
fighting if the rest of the Bell Sys-

tem wasn't sticking to the job and 
pushing through the calls that get 
things done. 

"Takes team-work to win a war — 
especially a big one like this." 

BELL TELEPHONE SYSTEM 

*  Your continued help in making only vital calls to 

war-busy centers is more and more essential every day. 
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for eustassivi resistance 
today and tomorrow • • 

Many factors contribute to the permanent performance of Ohmite Units -factors of 
design and construction that enable them to meet every condition of service 

. . . to withstand shock, vibration, heat and humidity. .. and keep 

going. These characteristics make Ohmite Rheostats, Resistors, Chokes and 
Tap Switches especially well fit for today's critical wartime needs. 

What's more ... Ohmite leadership in developing an 

extensive range of types and sizes has made it possi-

ble to serve innumerable applications. All this, 
of course, makes them readily applicable for the new 

peacetime products of tomorrow. Ohmite Engineers 

are glad to assist on any problem for today .. . or tomorrow. 

Write on company letterhead for helpful Industrial Catalog and 
Engineering Manual No. 40. 

Send for Handy Ohmite Ohm's Law Calculator. Thou-

sands of these Ohmite Calculators are in practical use today. Figures 
ohms, watts, volts, amperes—quickly, easily. Solves any Ohm's Law prob-
lem with one setting of the slide. All values are direct reading. Send 

only 10c in coin to cover handling and mailing. (Also available in quantities.) 

O H MITE  M A N U F ACT U RI N G  C O M P A N Y 
4 8 6 0 FL O U R N O Y  STRIRT,  CHIC A G O,  U.  5.  A. 
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Available in sizes up t‘,  K \ \ 

large amounts of POWER 
can now be controlled by a 

push button or automatic device 

Choose P O WE RSTAT M OT OR D RI VE N V ARIABLE 

T RA NSF O R ME RS for control. When regulation of 

voltage, current or power is nessesary in your design, 

PoWERSTATS are the answer to your most rigid speci-

fications. This equipment is an engineered combina-

tion of a PO WE RSTAT V ARIABI.E T RA NSF OR MER and 

a highly damped low speed motor of advanced design. 

for 

SM OOTH STEPLESS CONTROL 

EXACTI NG CORRECTION 

FREEDOM FROM OVERSHOOTI NG 

ZERO W AVE FORM DISTORTION 

CONNECTION TO AUTOMATIC OR PUSH 

BUTTON CONTROL STATIONS 

GOOD REGULATION W HERE OUTPUT IS TO BE 

INDEPENDENT OF LOAD ANL) PO WER FACTOR 

SELECT 

PO WERSTAT MOTOR DRIVEN VARIABLE TRANSFORMERS 

Send for PO WERSTAT Bulletin N o. 149 ER and 

Auto matic Voltage Regulator Bulletin N o. 163 ER. 

SUPERIOR ELECTRIC CO. 
174 LA U REL ST. BRIST OL, C O N N. 

Positions Open 

Section Meetings 

Membership 

INDEX 
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The characteristic you demand in a capacitor is long life. And in this 
all-important matter the record of Tobe Capacitors is an enviable one, 
with almost complete absence of "returns." 

Lasting stamina is built into Tobe Capacitors through every step in their 
manufacture and is cross-checked by frequent, rigid inspections. Electrical 
ratings are always on the conservative side. Research is continuous in the 
search for an even better way, an even higher standard. 

Type DP Molded Paper Capacitor shown below is the first oil. 
impregnated condenser to be found physically and electrically inter-
changeable with the majority of mica capacitors used in the by-pass and 
coupling circuits of radio and radar equipment. For the first time since 
its introduction we are now in position to accept immediate orders with 
prompt delivery assured. 

LONG LIFE 

SPECIFICATIONS — 
CAPACITANCE 
WORKING VOLTAGE 
SHUNT RESISTANCE 

WORKING TEMPERATURE RANGE 
OPERATING FRECUENCY RANGE 

POWER FACTOR 

TYPE DP CAPACITOR 
.001 to .01 mfd. 

  600 volts DC— flash test 1800 volts DC 
  At 185° F.— 1000 megohms or greater 

At 72° F.-50000 megohms or greater 
  Minus 50° F. to plus 185° F. 
  Upper limit 40 megacycles 

Q at one megacycle-25 or better 
At 1000 cycles—.005 to .006 

Ihesc capacitors meet Army and Navy requirements for immersion seal. 

0-1SCHNIAN4,  

MASSACAk 
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A SMALL PART IN VICTORY TODAY—A BIG PART IN INDUSTRY TOMORRO W 
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F ortxmately  not need to worry to abott t a sttbstittlte to 

Ste atite, 

since it is novz Mote available than.  rrnerly proposed sttbstittites. 

*1 e ate ecktivipPed to ixonish. Steatite coi forms 1.1P to 5 inches diarn-

etet  and pressed pieces to approxirnatelY E. inches scOate. 010 po 

pro-

1 

dttction, engineering and laboratory facilities ate at yotir dis sal. 



Today, time isn't the methodical ticking away of the minutes and hours. 

Today, time is LIFE —life which is often absolutely dependent on the 

split-second accuracy and unfailing reliability of communications in action. 

We have made it our responsibility to provide capacitors that you can 

depend on, no matter how tough the operating conditions might be. We 

can do this because 33 years of invaluable experience goes into the mak-

ing of every C-D capacitor. Cornell-Dubilier Electric Corporation, South 

Plainfield, New Jersey. 

M O RE  IN  USE  TO D A Y  TH A N  A N Y  OT H E R  M A K E 

Cornell-Duhilier 
capacitors Mica • Dykanol 

the order 
must get 
through 

CYLI NDRI C AL  FILTER  CAPACIT ORS 

TYPE  TQ 

The type TQ Dykanol Filter Capacitors are supplied with 
two insulated terminals and universal mounting bracket 
for mounting either above or below subpanel assembly. 
These units are ideally suited for high power amplifying 
systems, where utmost dependability is essential and 
space limitations are severe. Check these unusual features. 
Impregnated and filled with Dykanol, the non-inflam• 
mahle chlorinated diphenyl impregnant, of outstanding 
dielectric characteristics. 
Dried, impregnated and filled under continuous vacuum 
and then hermetically scaled. 
Glazed porcelain or bakelite terminal insulators—accord• 
ing voltage rating of unit. 
Rigidly tested and conservatively rated. Will safuly ••p, 
crate at 10% overloading. 
The type TO Dykanol capacitors and others 
in the complete C-I) line are described in 
Catalog I 6()T now available. 

• Pap•r • Wet & Dry El•ct rolytics 
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MAINTENANCE  N 
;4  helps to keep them in service 

* Thousands of users of General 
Radio instruments find our SERVICE 
AND MAINTENANCE NOTES useful 
in keeping their instruments in serv-
ice. If you do not already have these 
notes for your GR instruments, send 
us  the  type numbers and serial 
numbers of the equipment you have. 
Your service notes will he forwarded 
promptly. 

Your impedance bridge, like your automobile, needs occa-
sional cleaning and lubrication. 
Moving contacts wear out faster when dry and when dust gets 

into them. Neglect may result in failure when equipment is 
needed most. 
Periodic maintenance will go a long way toward keeping your 

electrical test equipment in trouble-free operation. Increased 
life and reliability will more than repay you for the effort. Set 
up a definite maintenance program for your test equipment. 

GENERAL RADIO COMPANY • Cambridge, Massachusetts 
NE W YORK  LOS ANGELES 


