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PEREX 
Checked and double checked. That's the all-the-way history of Amperex 

tubes through every stage of construction. No chances are taken. Even 

after tubes have been aged, seasoned and subjected to severe tests, each 

day's production must hurdle final examination in our x-ray rooms. Here, 

an exhaustive analysis is made to determine the presence of invisible 

defects. When we pronounce the tubes "bottled to perfection" — they 

are! More than 100 different types of Amperex tubes are available for 

broadcast, industrial and electro-medical applications. Each one with 

"Amperextras" which assure operating efficiency and longer life. 

AMPEREX ELECTRONIC PRODUCTS 
79 WASHINGTON STREET  • BROOKLYN 1, N. Y. 

-BLOOD PLASMA MEANS LiVES SAVED . . . KEEP IT FLO WING TO THE FRONT" 
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EXPERIVICE 
COUNTS 

in Radio Communications 

The years spent at 'Wilcox factories in 
the development and manufacturing 

of dependable radio equipment have 
made Wilcox the choice of major air. 

lines of the nation. Now, Wilcox 
equipment is performing also in mili-
tary aircraft operations over the globe. 

WILCOX ELECTRIC COMPANY 

Manufacturers of Radio Equipment 

Fourteenth & Chestnut, Kansas City, Mo. 

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



Meeting the Requiveinents ot Television, 

TM, and Ctitical Slectionie routtions 

‘113: U N'ill' OV VIAN AMS AVIN 

• AeTovox 'types 1S1SO an M iiots ate designe and d  S capac 

iot iiittahigh-

it equency applications patticulatly in television  d. V 

I. ttanstnitting 

equipment, and also tot ctitical electtonic iunctions, opetating at high 
it equencies. R i able  t use as iixed-iuning , by-pass, block- 

it , coupling, neu ttalizin  and con 

g an d antenna-seties capacitots. eadly adapt  to  

Losses  ate exiternely low due to highly tehned sulpliut dielecttic 

used.. Cotona losse s ate avo ided by the unique 
nsu lated  et  opetat 

design  situc-

lion, gtou nded case, and. I  tett ainal. 

When y out tequitem ents teach up into  apacitots 

the higli ing itequen• 

cies, jus t beat in mind these two Netovo-A.13-11-V c . 

• Villitl'T T. T OR LITT:RA:TORT. 

Type 1860 (see photo and above 
drawing) has suitably plated brass 
terminal mounted in mica insulat-
ing plate. Dimension A is from 2 

to 31/2 " 

10,000 test volts eft. .00001, 
.000025 and .00005 mid.: 5000 v., 
.00005 mid. 

Catalog lists maximum current in 
amperes at operating frequencies 
horn 1000 KC. to 75 MC. max., for 
both types. 

Type 1865 (no photo. but see draw-
ing above) differs in the use of 
cast-aluminum case and steatite 
insulator to support terminal and 
withstand higher voltages. Dimen-
sion A is from 2-11/16 to 6-11/16. 

•  • 
Tolerance for both types, plus/ 
minus 10% standard. Available in 
closer tolerances. Minimum toler-
ance, plus/minus 2 mmf. 

4 
4,41 

INDIVIDUALLY TESTED 

AEROVOX CORPORATION, NEW BEDFORD. MASS., U. S. A 
Export: 13 E. 40 Si , NEW YORK 16, N. Y. • Cable: 'ARLAB' • In Canada: AEROVOX CANADA LTD., HAMILTON, ONT. 

,/ 

SALES OFFICES IN ALL PRINCIPAL CITIES 

Proceedings of the I.R.El. Merck .1944 
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KILEY CRYSTALS 
RIDE WITH THE SCR-299 
Built by hallirraffers 

1 

0 NE of the outstanding achievements in wartime 
radio transmitter design is the SCR-299. Serving 

equally well as a mobile or stationary radio station, 
this now famous equipment is .doing a real job on our 
battle fronts. 

This war is run by radio. The vital imp6rtance of 
maintaining reliable communications necessitates the 
selection of quartz crystal units that are accurate and 
dependable. Bliley Crystals are engineered for service 
. . . they are used in all branches of military communi-
cations and are, of course, supplied for the SCR-299. 

4A 
Proceedings of the I.R.A.  March, 1944 



HO W TO PUT ONE AND ONE 

TOGETHER—AND GET ONE! 

rININING 

IT wasn't so long ago that soldering metal to glass was considered an impossibility. 
Yet today Corning Glass has developed a 
metallizing method whereby the base for 
the solder actually becomes an integral part 
of the glass itself, producing permanent 
hermetic seals. The metallized layer solders 
as easily as brass or copper and is not 
harmed by normal soldering temperatures. 
Parts can be soldered to it by an ordinary 
soldering iron, soft air-gas flame or induc-
tion heating. Truly, in this Case, you can 
put one and one together—and get one! 

Best of all, Corning type metallizing can 
now be applied to an extremely wide range 
of Corning's standard and extra-strong 
glasses. Where extreme resistance to ther-
mal or mechanical shock is required it can 
be applied to tempered glass. Where elec-
trical characteristics are of prime impor-
tance it can be applied to some of the special 
low-loss glasses such as Corning's "Pyrex" 
Multiform Glass No. 790. 

If you have a difficult assembly problem on 
units which must be sealed against leakage 
of air, oil or water —Corning's metallizing 
method may very well prove an efficient, 
money-saving answer for you. But whatever 
your problem, we want you to know that 
Corning's unmatched "know how" in glass 
is always at your service. As a starter we'd 
like you to have a free detailed study called 
"There Will Be More Glass Parts In Post-
war Electrical Products." Simply write the 
Electronic Sales Department P.3 Bulb and 
Tubing Division, Corning Glass Works, 
Corning, N. Y. 

Electronic efassware 
C.0111110 

.0414-,1 
PY/111.; 
• PAI. 

"PYREX" and "COI( N I NG" ore, registered trade-marks of Corning Glass Works 

Proceedings of thr 'SAE.  March, 1944 5A 
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A request on your letterhead 

will bring you Catalog 12 
showing the full line of Solar 
Capacitors. 

MANUFACTURI NG CORPORATION 
285 MADISON AVENUE • NE W YORK 17, N. Y. 

CAPACIT ORS  and RADI O  N OISE- S UPPRESSI O N  FILTERS 

OA 
11) 5218 

March, 1944 Proceedings of the I.R.E. 
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OFFICIAL PHOTOGRAPH 

U. S. ARMY AIR FORCE 

• Boring into the sunset, this 

Mitchell has a rendezvous with 
danger. Armed to the teeth, and 

freighted with destruction, she 

will fight her way in to the "tar-

get for tonight" and she will fight 

her way home again. She and 

her sisters have a deadly job to 
do, and radio will help them do it. 

Ground stations around the world depend 
heavily on the HRO receiver for depend-
able communications with aircraft. 

Proceedingi of the I.R.E.  March, 1944 
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STATES 
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SYLVANIA ELECTRIC PRODUCTS INC. 
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RAYTHEON 
HAZELTINE ELECTRONICS CORPORATION: 

I'  a y 1) a 1Z 

STROMBERG - CAR LSON 

Federal ?elephant. and Radio a)rporation 

Westinghouse 

GENERAL M OTORS GM 

JAMES MILLEN 
MFG. CO, INC. 

W URCIRER 

15 0 VA RI C K  STREET 

THE DAVEN COMPANY 

• lirel/Ift [W I/ 

CARD WELL  .-.s COOODIEN5111111 

WESTERN 
UNION 

fITS WART 11/ 

A TRANSFORMER 

SOURCE FOR LEADERS 

OF INDUSTRY! 

A list of UTC users reads 
like the blue book of in-

dustry. Chosen for quality, 

dependability and unusual 

designs, UTC has solved 

many tranformer applica-

tion problems. 

May we cooperate with 

you on your application? 

NE W YORK 13,  N. y. 

end/ 
Avh7tion Coipotation 

BRO WN 

1011 

(1 WeR AniwszA 

W ki riefr 

WESTON 

BRUSH 

POO 

31/R 104PHAtIC47/04S Al. 

SPERRY 
GYROSCOPE COMPANY. INC 

Bic011in, New York 
Doman ol he Sour, Colporation 

C at 

Western Electric 
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-BUNNELL 
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SEND FOR THESE NE W BOOKLETS TODAY! 

pti f 4  N E W g e,.. G UI DE S 

FOR DESIGNE S OF CO M  UNICATIONS EQUIP MENT 

---;\ 

D-C CAPACITORS—Lists ond describes 

o compiete range ot copocitors tor 
A00 to 

d-c oppl,cotions from   250,000  

volts• Booklet 3300. 
417tESS  lt4S 0. 0 09.1 e print s °I S01.-

DElt-SE MEO busbing as-
semblies, tecrninal boards 
On  many ether items 
available tot communico-

lions equipment. Booklet 3244. 

PRE ASSttABLED 100 0. 

CORESon--listsons 

sizes and 

oppitc  et nevi 
piece, thin-iontinotion 
cores Sot itigh-Ftequency 
equ‘pment. Booklet 3223-A. 

Whether it's a problem of stepping up d-c power ... 
reducing core assembly time ...locating the right high-
frequency insulators or high-voltage d-c capacitors in 
a hurry, you'll find the answer in these new Westing-
house publications. Complete listings of sizes, weights 
and dimensions, together with application guides 
make these booklets an invaluable aid in designing 

and ordering. 

These are only four examples of the help that 
Westinghouse can offer in the design and manufacture 
of communications equipment 

Westingho 
PLANTS IN 25 MIES...  OFFICES 

STEPPED-UP D-C 
VOLTAGES . . 

USE Ifit" P 
iu , 

A  " _t dyno-
win9  

°110131 'j? mions-
3242. 

gooi,let 

Other helpful publications are available on 

• Micarta insulating parts  • Instruments 
and materials  • Rectox rectifiers 

• Thermostats  • Relays 
• Contactors 

Whatever your problem, Westinghouse Communi-
cations Equipment and Communications Specialists 
can help you find a quick solution. Call on Westing-
house for help. Ask for the booklets you want from 
your Westinghouse representative, or write Westing-
house Electric & Mfg. Co., East Pittsburgh, Pa., 
Dept 7-N.  194613 

• , e,4 ? o n e  

RYWH O M/yit e N te e Riazt 
Proceedings of the I.R.E.  March, 1944 9A 



ii•  ‘ 

• II- ' 

,1 li. 

\So \\\ 
" • \ 

f i" ' •\ \ ,‘\ \ 6 \‘‘,1,1'. • 11111 "I 

V, '‘‘.\\ %i\  

f1 il t: 
• -.5-11 \ t - \ ° '  1 '' '''' 

Vto\.,A • t". ": '''''''' ' ''' 

() )))  ob.!tit:;:::,:,:::::: 

• i 0 , Ii? .' ' 

0)  ,1004::??? 

O W III  1.1?V to to ,. 
0/5  1 401101/11VII itro'iro'',, 
,t4P,411011/100/010/0 100040,7-4, 
'pi iilloilf iliffori,14,“ 1171,10,,votiviiiiioitov, tii.iirl'41111,1 of .0.• r 1 I F fit li d, ,0? • • 

I  C  e G  / e r a i  4 9 /1 1 / a1 , 8  l a w Morote sei",e, a6es 

for wo  that 
decades t  Federal 

has made better  tubes—tubes   

esg surpas s in d i n a  craft 
nd construction, 

in quality  perfor o 

of materials, in  s. 

znanship, in  ma nce. 

'The background develop oi  nintensthis recore  t 
achievement is the  ivl  re-

search  pr 

and  me t of a scion. 

tiiic and  oducing oontinues r  f 

ganization 

that  has  set  and c  to 
ma intain the highest  standards o 

the tube building art. 
And in support of federal 

lity a tube qua  nd performance is  
Federal customer service, always 

nd prepared 
rea dy a   to handle the 

broadcast  problems al   stations in 

meeting  or  emer an y requirement  . 

That is why Federal's estab-gency.  

lished reputation tor building bet-
ter  transmitting  and  rectifying 
tubes rests on an enduring founda-

tion; why Federal tubes doubly 
ensure customer satisfaction. 
This customer satisfaction, now 

enjoyed by many leading broad-
cast stations, is available to you. 
Whether  you require  tubes  oi 

standard types or whether you 
have a particular tube problem to 

solve, Federal service will prove 
profitable to your interests. 

e and engineer  
Federal's long experienc  - 
ing talent also are aaila ent that 

v ble for design-

ing transmitting equipm 
w ill meet yaw specific requirements. 

Federal Plephone and Radio N. 

Corporation 

VACUUM TUBE DIVISION  Newark,   J. 



COIL FORMS OF 

AND 

Cen  dite 
* Especially indicated 

where Low Thermal 
Expansion,  Hig 

Resistance to Heat 
Shock, Low Porosity 
and Low Loss Factor 

are requisites. 

Division of GLOBE-UNION INC., Milwaukee 

PRODUCERS OF VARIABLE RESISTORS • SELECTOR SWITCHES • CERAMIC CAPACITORS, FIXED AND VARIABLE • STEATITE INSULATORS 

Proceedings 01 the I.R.E. March, 



TODAY'S FAMILY ALBUM is no longer a pic-
torial record, but rather that treasured col-
lection of the world's favorite music and 
musicians—"Bix" Beiderbecke—Toscanini— 
Tibbett and Sinatra —Beethoven's Fifth and 
Fats Waller. 
So important have, these albums become 

that the first postwar demand of these record 
devotees will be a perfected, simple to oper-
ate, precision-performance record changer. 
We envision a device that not merely plays in 
sequence, but acts as a magical, mechanical 
master-of-ceremonies, performing for• unin-
terrupted hours, selecting at the owner's 
whim, executing request numbers, rendering 
encores, manipulating the records in any 
arrangement. 
We at G. I. are anticipating this demand. 

In the postwar era a still greater portion of 
our activities will be devoted to the mass pro-
duction of Automatic Record Changers with 
innovations and improvements of great sig-
nificance. 

\ e... 0 TINS try /04.080,50,,,,,e1„,  

1/m4m/ten" Wo/0. 
829 NEWARK AVENUE, ELIZABETH 3, N. J. 

PHONOGRAPH RECORD CHANGERS— HOME PHONOGRAPH RECORDERS— VAR!. 

ABLE TONING CONDENSERS—PV5114IITION TONING UNITE AND ACTUATORs 

I2A 
Proceedings of the I.R.E.  AI arch, 194.1 



'Power output, approx., at max. ratings 

H
ERE are two new high-power triodes departing radically from 
"conventional" design. They are geared to the present need 

for higher frequencies and higher powers in r-f heating appli-
cations, and the coming need for even better performance in 
broadcast equipment. And once again — it's an RCA develop-
ment that starts a trend. 

RCA-9C21 and 9C22 feature an ultra-modern mechanical 
structure of rugged design—a short structure utilizing an entrant 
metal header which shortens internal filament leads and pro-
vides an extremely short, heavy-current, low inductance path to 
the grid. As a result, excellent high-frequency performance is 
obtainable at full ratings up to 5 Mc, and at reduced ratings, 
as high as 25 Mc. 

Addition to the RCA high-power family of these two new 
types means exceptional flexibility of equipment design both for 
industrial uses in the war effort now and for future broadcast needs. 

RCA application engineers will be glad to assist you in apply-

BUY MORE WAR BONDS 

ing these tubes to your problems. Data sheets on the 9C21 and 
9C22 are available on request. Address RCA, Commercial Engi-
neering Section, 593 South 5th St., Harrison, New Jersey. 



MOCEL NO. IG32 4 50 7  

CONTINUOUS COVERAGE— 100 KC. TO 120 MC. • ALL FREQUENCIES FUNDAMENTALS 

A complete wide-range Signal Generator in keeping with the 
broader requirements of today's testing. Model 1632 offers accu-
racy and stability, beyond anything heretofore demanded in the 
test field, plus the new high frequencies for frequency modulated 
and television receivers, required for post-war servicing. Top-
quality engineering and construction throughout in keeping with 
the pledge of satisfaction represented by the familiar Triplett 
trademark. 
Of course today's production of this and other models go for 

war needs, but you will find the complete Triplett line the answer 
to your problems when you add to your post-war equipment. 

Tri lett 
ELECTRICAL 
BLUFFTON 

INSTRUMENT CO. 
OHIO * a * 

• Triple shielding throughout. Steel 
outer caw, steel inner case, plus 
copper plating, 

• All coils permeability tuned. Litz 
wire wound impregnated against 
humidity with "high-Q" cement. 

• Note sections individually shielded 
with pure copper. Entire unit en-
cased in aluminum shield. 

Proceedingr of the I.R.E.  March, 1944 



Ma COMPROMISE WM 

OR PEACE IN WAR 
On battlefronts ill over the world, ALS' MAG Steatite Insula-
tors contribute t--) high efficiency and constancy of operation 
of electronic devices for communications, firing controls and 

detection of enemy aircraft and submarines. Certainly there 
can be no compromise with Quality in this vital equipment. 

In the amazing electronic devices that ‘vill amplify sight and 

hearing, speed production through new processes and controls 
, and contribute immensely to a better way of life, Quality of 

insulation must be the first consideration. 

A
L of our thinking, planning, engineel- ag and research is devoted to improving the 
quality, precision and dielectric properties of ALS1MAG insulators. Our contributions dur-

ing the War are assurance that we will be ready to meet your postwar requirements with the very 

finest Steatite Ceramic insulation. 
Perhaps you as well as we are not permitted to disclose some developments as yet . . . but in 

the high frequency insulation of electronic devices you are planning for postwar production, we 
will be glad to lend our knowledge and exper ience gained from forty-two years of Ceramic 

Leadership. 

Army-Navy "E" . r 
First Awarded July 27-1942 --z. 
Second Award: "Star- Feki.ruaili 

13, 1943 - 
Third Award: "Star" Septereber„-1-

25, 1943 - 

AMERICAN LAVA CORPORATION 
CHATTANOOGA 5, TENNESSEE 

TI M/I  MAAR al G.STIOI D V t. •A111147 

DDT OF TODAY'S RESEARCH 

-TOMORROW IS ENGINEERED 

STEATITE CERAMIC INSULATORS 
CHARACTER/ST/CS TAILORED TO YOUR REQUIREMENTS 



StupakoirrubularCeramics are made 
of materials selected for your particular 
applications in thousands of designs— 
single or multiple hole tubing and 
solid rods in a wide size range —only 
a few designs are illustrated. 

Stupakoff products are backed 
by years of engineering and manu-
facturing experience. This experience 
is available to you upon request. 



One of the world's masterpieces 

in marble —"The Kiss", by the cel-
ebrated French sculptor, Auguste 
Rodin (1840-1917), creator of the 
famed and familiar"TheThinker". 

Machines can do 
takes more than machines to create an elec-

tronic tube  k tube may he brilliantly engineered 
for electronic and mechanical advancements. It may 
contain the highest quality components. Yet it will 
he no better in performance than the skill and care 
of the hands that assembled it. . . Each tube that 
leaves the UNITED testing line is an industrial mas-
terpiece. Into its manufacture has been wrought the 
perfect hand workmanship which is the counterpart 
of its perfect design. 

ELECTR ONICS  CO MPANY 
NE WARK, 2 

Transmitting Tubes EXCLUSIVELY Since 1934 



Photo Hommu,lond MN Co. 

an ical shock 38  insula 
In applications where m ech  is 

severe, specify MYKROY No.  - 
tion , especially developed to resist shock. 

Ample stocks of MYKROY ore  available in 
sheets  ond rods. We manufacture o wide 

of  component 
va riety   ports  involving 

MYK ROY os insulatio 
n. 

A jeep that goes bucking and chattering over a rocky, rutted road —or 

no road at all. A PT Boat smacking the waves at 45 knots . . . A battle-

ship whose broadsides seem to shake the enamel off the gunners' teeth. 

These are the places where MYKROY is the "perfect" insulation for radio 

and other electrical equipment . . . because MYKROY has mechanical 

strength comparable with that of cast iron. Under severe vibration or 
shock MYKROY will not warp or crack or otherwise yield to unbalance 

the precise adjustments of the apparatus. 

MYKROY will not pass or dissipate the higher frequencies, owing to 

its exceptional low-loss characteristics. Its absorption factor is vir-

tually nil. It will stand temperatures as high as 1000 F. It bonds 

and seals to metal . . . is relatively light in weight and can be 
machined to close tolerances, as well as molded. 

Bring us your insulating problems. Write for new catalog, 

detailed information and quotations. 

Mykroy is manufactured exclusively by 

70 CLIFTON BOULEVARD • CLIFTON, NE W JERSEY 

Chicago 47: 1917 NO. SPRINGFIELD AVENUE .. TEL. Albany 4310 

Export Office: 89 Broad Street, New York 4, N. Y. 



NOT SO GOOD TOO GOOD JUST RIGHT 

Admit it. Like any enlightened gentle-

man, you too are a connoisseur when it 

comes to women. You can pick 'em; and 

no fooling.  Feminine desirability we 

leave to you, but we do pride ourselves 

upon fashioning tubes "just right" for 

your electronic equipment. 

As you know, ideal production would 

yield only tubes with the exact character-

istics required.  In practice, Hytron sets 
close tolerances for all characteristics, 

and then painstakingly controls produc-

tion to hit uniformly the centers of those 

tolerances. 

oLoisT 
EXCLUSIV E 

MANUFACTURER 

SALE M  AN D  N 

OF 

Does it seem strange that Hytron rejects 

not only tubes "not so good" but also 

"too good"?  Consider a simple example. 

Mutual conductance is a figure of merit 

normally desired high. Once your circuit 

constants have been fixed for a standard 

tube, however, too great transconductance 

may give unstable performance. 

Hytron strives, therefore, to produce for 

you tubes which are standardized; uni-

form tubes which — as originals or spares 

— will always be just right for the war-

time radio and electronic applications you 

design. 

RADIO 
RECEIVING  TUBES 

wBuR IP  

BUY 

AN OTHER 

W AR  BOND 
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THERE ARE STILL 

UNDISCOVERED CONTINENTS 

COLUMBUS had a definite goal—a 

westbound sea route to Asia. But 

what he found was a new continent 

—a new source of Nature's wealth. 

Modern research also has its 
goals: it, too, is discovering new 

resources. Starting from the 

knowns of science, it charts its 
voyages into the unknown. Behind 

each voyage is a theory that there 
is a passageway. 

But research doesn't hold stub-

bornly to its theories. If it finds 
islands instead of a continent, it 

accepts them, for it expects the 

unexpected. It studies their rela-

tion to the known lands of science. 

And on the basis of its increased 

knowledge, it makes revised plans 

for progress. In science there is 

always a continent ahead. 

Just what research will disclose 
can never be forecast. But history 

has proved that from research flow 
discoveries of value to mankind. 

From Bell Telephone Laboratories 

there has poured a full stream of 

improvements in the telephone art. 

Bell Telephone Laboratories has 
kept America leading the world in 

telephony. And its researches have 

contributed importantly to other 

arts of communication—to the 
phonograph and sound-motion 

pictures, to radio broadcasting and 
television. 

Today, as ever since Pearl Har-
bor, its efforts in research and de-

sign are devoted to the war needs 
of the nation. 

When peace comes, its organized 
teams of research scientists and en-
gineers will continue to explore 

and invent and perfect for the im-

provement of telephony. 

BELL TELEPHONE SYSTE M 



Longer life and superior performance 
are distinguished characteristics of NORELCO 
Cathode Ray Tubes. These qualities are achieved by 
advanced production techniques—assured by perfect 
scores in 90 exacting tests of raw materials, parts, 
sub-assemblies, assemblies and performance. 

One of the 90, the torsion test, which follows the 
immersion test, is illustrated above. 
It is this precision, this relentless pursuit of per-

fection which has made North American Philips 
one of the leading producers of Cathode Ray Tubes. 
NORELCO power, transmitting and special-purpose 
tubes, quartz oscillator plates and communications 
equipment are doing wartime duty on land, on sea 
and in the air. And for those who carry this equip-
ment on to Victory, every °kelt on our inspection 
line is vital. 
Tomorrow, these skills, the heritage of long years 

of world-wide experience in electrical applications, 
will be available for the development of peacetime 
industries. 
For our war industries we now make Searchray 

(X-ray) apparatus for industrial and research appli-
cations; X-ray Diffraction Apparatus; Electronic 
Temperature Indicators; Direct Reading Frequency 
Meters; Electronic Measuring Instruments; High 
Frequency Heating Equipment; Tungsten and 
Molybdenum in powder, rod, wire and sheet form; 
Tungsten Alloys; Fine Wire of practically all draw-
able metals and alloys: bare, plated and enameled; 
Diamond Dies. 
And for Victory is e say: Buy More War Bonds. 

ore/co 
ELECTRONIC PRODUCTS by 

NORTH AMERICAN PHILIPS COMPANY, INC. 
Ese,cutive Offices: 100 East 42nd Street, New York 17, New York 

Factories in Dobbs Ferry, New York;I Mount Vernon, New York 
(Metalix Division); Lewiston, Maine (Elmet Division) 
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Above: UHF section of 161.1-mc mobile transmitter operated by WGAR, 

and designed by W. L WIDLAR, UHF Engineer for the Cleveland station. 

"The HK-24 is the best UHF tube 
for operation at 161.1-megacycles" 

The work of W L. Widlar in the ultra high frequen-
cies is attracting national attention. After several years 
of research and experiment between 30-mc and 250-

mc at W GAR, he designed a 157.5-mc AM mobile 
transmitter with an operating range of 17 miles. 

Two years ago the 157.5-mc special events mobile 
unit was modified into a 161.1-mc FM transmitter, 
which reduced noise and improved transmission, and 

has a satisfactory operating range of 20 miles from 
the receiving location. 

Now he is engaged in testing a 10-watt 225.6-mc 
crystal-controlled AM transmitter, and the results will 
be published in the near future. 

For the driver-amplifier and power-amplifier stages 
of these transmitters Mr. Widlar selected Gammatron 
tubes. 

"I know from experience," he says,"that the HK-24, 
because of its small physical size and high efficiency, 

20A 

is the only available UHF tube that will operate suc-
cessfully at 161.1-mc." 

In addition to small size and high efficiency, there 
are other reasons for the ability of HK-24's to pierce 
the ultra highs. For example, confined electron paths, 

getter-free bulbs that avoid metalized resistor effects, 
and lack of internal insulators. 

Heintz and Kaufman engineers constantly utilize 
the results of UHF field tests to design more efficient 
Gammatrons, and thus they are making an important 

contribution to the opening of new electronic fron-
tiers in the centimeter region. 

HEINTZ AND KAUFMAN LTD. 
SO UT H  SA N  FR A N CI S C O  • CALI F OR NI A 

*AC 

94,41,eitat,r40' ‘1 7 (1 1e 4 
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with AMERTRAN 

W S and  M B 
FILAMENT 

TRANSFORMER!, 

The ingenious terminal arrangement of AmerTran "WS" 

and "WSB" transformers eliminates exposed secondary 

leads to the transmitter rectifier filament.  The tube 

socket is integral with the transformer body and (in the 
"WSB") the center tap is brought out through the 

ceramic base. 

Rugged, moisture-proofed and insulated well above 
standard requirements (the test voltage is two and a half 

times their rated d.c. operating voltage), many of these 
transformers are being used in ratings formerly re-

stricted to oil-immersed apparatus. 

Among their features are completely enclosed wind-
ings, compound filled, full electrostatic shields and pri-

mary taps arranged to permit close control of secondary 

voltage.  Complete information covering "WS" and 
"WSB" Filament Transformers will be furnished upon 

request. Ask for catalog 14-5. 

AMERICAN TRANSFORMER COMPANY 
178 EMMET STREET  NEWARK 5, N. J. 

Pioneer Manufacturers 
of Transformers, Reactors 
and Rectifiers for Electronics 
and Power Transmission 

* 

'WS" Filament 

ransformer 50 VA 

ating, Test Voltage 

5,000 

Trans-

87 VA rating, 

est Voltage 55,000 

AmERTRAN 
Proceedings of the I.h L. 
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Veteran in 
Search of a 
Peacetime Future 
THIS veteran knows  of no  job  to come  back  
I to after the war. 

It was born of war necessity — built to per. 
form a strater i 
of aircraft.  purpose new in the story 

The requirements were an engineering chal-
lenge. It had to be strong to do its heavy 
work. Yet it had to be light and fit in the 
small space available. 

That is why even optimists doubted such a 
device could be built. 

But here it is: The Lear Actuator. 

Its job is operating flaps, landing gears, shut-
ters and other equipment on the power of an 

airplane storage battery. 

Now, of course, our plants are working round 
the clock to make enough of these for the 

fighting ships of Uncle Sam. 

But we know that such unique devices, the 
midget motors that drive them and all the 250 
Lear products, must have an important future 

in some peacetime products. 

They may park your car with the push of a 
button — or do any of thousands of jobs we 

haven't thought of. 
That is why we are telling you about them. 
We want to find jobs for these able veterans. 

that the kind of Imo., 

engul—ring thinking and product ion  tech-And we want you to 

pions: vivo,  and Grand RoPids. Mick. aBoticvailabiltsje.AT' 

• 
nique that made them possible is 

Now York, Los Angeles, Chicago, Ntroit, Clavolond, Provideric a. 
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140° cooler inside 
There is a piece of the stratosphere just 
beyond that glass door. The air pres-
sure is less than one-fourth of normal 
air pressure. And the temperature is 70 
degrees below zero. 

The Utah parts being tested are 
proving that their performance will be 
"as specified," whether they are to oper-
ate on the ground or high in the air. 

Radio Products Company, 

842 Orleans Street, Chicago 10, Illinois 

This and other tests which parts 
undergo in the complete Utah laboratory 
are particularly important in adapting 
the new electronic and radio develop-
ments—in making them militarily and 
commercially. usable—now, and to-
morrow! * * * 

Every Product Mode for the Trade, by 

Utah, Is Thoroughly Tested and Approved 

Keyed to "tomorrow's" demands: 

Utah transformers, speakers, vibrators, 

vitreous enamel resistors, wirewound controls, 

plugs, jacks, switches ond small electric motors. 

Proceedings of the I.R.E. 



Output meter calibrated 
in volts and decibels 

0 • • 

OtC.I BELS  • 

\ to w 

Separate input meter 
for making gain 
measurements 

NO ZERO SETTING 
REQUIRED—frequency 

always accurate 

POWEII 

ON OPP 

'S KIT PAk6E  INECI RANOC Ampuluot 

Standardized frequencies 
and voltage instantly 

available 

IMPEDANCE 

Anemia:ors provide 
to db in x db steps 

Output impedences 
selected by switch 

Six reasons why this 

AUDIO SIGNAL GENERATOR 
saves your time and insures better accuracy 

This all-in one combination of 
instruments insures the utmost 
of speed without sacrifice of 
accuracy in making certain lab-
oratory and production mea-
surements. The model 205AG 
consists of an -hp- Resistance 
Tuned Audio Oscillator, an out-
put meter, attenuator and an 
impedence matching system. In 
addition a separate input meter 

is provided. Thus no auxiliary equipment is required 
in making gain measurements. It is ideal for general 
laboratory applications because it supplies a known 
voltage and a known frequency at the commonly 
used impedence levels. 
Of outstanding importance is the fact that the Re-

sistance Tuned Oscillator requires no zero setting. The 
frequency drift is negligible even during the first few 

minutes of operation. The constant output of this oscil-
lator makes it ideal for checking frequency response of 
apparatus. Waveform distortion is very small, hence 
this instrument provides an excellent source of voltage 
for distortion measurements. 
Below is a block diagram showing the arrangement 

of the components in the Model 205AG Audio Signal 
Generator. Get full information about this and other 
-hp- laboratory instruments. Ask for your copy of the 
26-page fully illustrated catalog which gives valuable 
data on making tests and measurements as well as 
details of the -hp- line of instruments. 

OSC.LL•TOR 
5 .eit 
20 • 20.000 t p • 

500 
,00 DEI 

1.71 1 ,1,JATCR 

'COS or.. 

'0 DB 
A T  NUATOR 

DB ohDps 
6 

'Pael .0 bo wmPtl co, 

HEWLETT-PACKARD COMPANY 
Box 672, Station D, Palo Alto, California 
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can see • • 11 
Behind the "business end- of any weapon are carefully 
synchronized controls, intricate devices, and complex mech-
anisms. These delicate component parts are important factors 
contributing to over-all efficiency. 

Behind each DAVEN component is a specialized engineering 
skill. Behind each DAVEN instrument is the collective ex-
perience of trained craftsmen. These factors, in conjunction 
with our unexcelled mechanical and laboratory facilities, 
combine to form the unseen foundation upon which we 
construct precise and dependable apparatus. DAVEN in-
struments are preferred for radio, sound picture, television. 
and industrial applications. 

Have you a DAVEN catalog? In it, we list the most complete line of 
precision attenuators in the world, in addition to such specialized 
apparatus as Output Power Meters, Decade Resistance Boxes, Trans-
mission Measuring Sets, Electronic Frequency Meters, and many other 
types of Electrical Laboratory Test Equipment. 

THE DAVEN COMPANY 
191 CENTRAL AVENUE • NEWARK 4, NEW JERSEY 

Back the Invasion . . . Bum Another W ar Bond Today 



FIGHTER 
PLANES 
125 TUBES 

A JUMPING, 
ROARING, SNORTING 

JEEP 
NEEDS 20 TUBES 

i rk ik 

KEN-RAD  Every ship that sails the 

‘ 11111 r  sea  every plane that 
flies the air  every tank in every 
terrain must first have its full 
complement of electron tubes 

ELECTRON TUBES 

4447 
4 

A LARGE TANK 
USES 60 TUBES 

TRANS MITTING TUBES 

CATHODE RAY TUBES 

SPECIAL PURPOSE TUBES 

PARATROOPERS' ; 

RADIO SETS 
ARE ON THE  I 

MUST LIST 

-vr 

WALKIE-TALKIE 
EQUIPMENT INCLUDES 

7 TUBES 

CARRIERS AND THEIR PLANES 
REQUIRE OVER 40,000 RADIO TUBES 

17"7,V 

A BOMBER 
REQUIRES 

350 TUBES 

LIFE RAFTS 
CARRY AUTOMATIC 

RADIO TRANSMITTERS 

P-T BOATS 
ARE EQUIPPED 

WITH 600 TUBES 

Years before Pearl Harbor  Ken-Rad 

tubes were shipped to sixty coun-
tries on every continent  and to 
major islands in every sea  In war 
or peace Ken-Rad serves the world 

KEN•RAD 
EXECUTIVE  OFFICES 

O W E N S B O R O • K E N T U C K Y 
EXPORTS  IS  MOORE  STREET  NE W  YORK 

METAL AND VHF TUBES 

INCANDESCENT LA MPS 

FLUORESCENT LA MPS 

26A 
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—"services above and beyond 
the call of duty" 

Meeting specifications in producing communications equipment may be good enough, 
but recognition of noteworthy achievement comes only by surpassing ordinary 

duty calls. In radio communications, orders must be received and sent through mixtures of 
mechanical noise and artillery thunder. Here, orders must get through and RAULAND 
short-wave equipment is depended upon to deliver above and beyond the ordinary call of 
duty. To make RAULAND communication transmitters even more dependable, 

only RAULAND electroneered* tuning condensers are used. They are designed and built 
to minutely controlled variations and a fine degree of tuning and this is 

maintained through the toughest periods of maneuvers and battle operations. 

• Electroneering —the RAULAND term for engineering vision, design and precision manufacture. 

r RADIO — SOUND..., .....CO M MUNICATIONS1 

Electroneering is our business 

THE RAULAND CORPORATION ... CHICAGO, ILLINOIS 

Buy War Bonds and Stamps! Ratiland employees are still investing 10',', of their salaries in War Bonds 

Proceedings of the 1.1? 



AXACTING laboratory standards 
The reason for our successful interpretation of specialized production problems 
is an open secret. ECA has an invaluable supplement to sound experience and 
versatile facilities. This is the competitive spirit in our ranks fostered by both 
management and labor. Such a challenge to individual effort results in greater 
efficiency, greater economy, and a deeper insight into the assignment at hand. 

The ECA Laboratory Frequency Standard is an excellent example of our work. 
This unit is used in our production department for testing and calibrating 
equipment. It is a frequency standard providing checking of ultra-high fre-
quencies with an accuracy of one hundredth of one percent. It is composed 
of crystals and a series of frequency multipliers which multiply each crystal 
frequency 64 times. This unit was built in the ECA laboratory since there is 
no commercial equipment available that will guarantee the required accuracy 
at certain ultra-high frequencies. It has made possible the delivery of specially 
ruseded equipment for the war agencies. 

FIGHT HARD WITH WAR BONDS ... BUY ALL YOU CAN, AND MORE 

ELECTRONIC CORP. OF AMERICA 

100% 

IN WAR WORK . . 

OCCASIONALLY, 

HO WEVER, 

PRODUCTION 

SCHEDULES 

PERMIT US 

TO ACCEPT 

ADDITIONAL 

ASSIGNMENTS 

45 WEST 18th STREET • NE W YORK 11, N.Y. • WATKINS 9-1870 
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'wherever a tube 

Resistance Welding 

excumftee 

is used. 

Thyrafron tubes, working 

\  with other thyrotron or ig-

nitron tubes and usually a 

relay, control the current for 

spot, projection, scans and 
other types of resistance 

welding for lower  main-

tenance and better welds. 

THERE'S A JOB FOR 

BY GUARDIAN 
Your post-war product must stand the competition of price as 
well as quality. And manufacturers who use electron tubes to 
boost production, cut material costs, and increase product per-
formance, have the edge on competitors. Electronic control of 
resistance welding is one cost-saver to consider. 

In this, as in most other tube applications, the use of a relay 
increases efficiency. The Series 175 DC and Series 170 AC 
Relays by Guardian, when used in the output of the tube cir-
cuit, control external loads in accordance with the tube oper-
ating cycle. These relays have binding post terminals in place 
of solder lugs. Bakelite bases, molded to reduce surface leak-
age, give a higher breakdown factor. Contact capacity: 12 1/2  
amps., at 110 volts, 60 cycles, non-inductive. Information on 
contact combinations, coil voltages, and further data is yours 

for the asking. 

• II 

Consult Guardian wherever a tube is 
used. However, Relays by Guardian 
are NOT limited to tube applications 
but may be used wherever auto-
matic control is desired for making, 
breaking, or changing the charac-
teristics of electrical circuits. 

GUARDIAN V ELECTRIC 
1628-C W. WALNUT STREET  CHICAGO 12, ILLINOIS 

A CO MPLITT  LINT  OF  RELAYS  SERVING  ANITRICAN  WAN  INDUSTRY 

Proteedlnyt of the  R F  . Marrh, 1')44 
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For complete, balanced, 

fully guaranteed instrumentation • • • 

+ DuMont cathode.ray specialists 

have compiled and published a man-
ual and catalog just off the press. 
This book is replete with valuable data 

on calhode.ray principles and practice. 

as well as descriptions and ratings of 
DuMont tubes and equipment. Write 
on your business stationery for your 
registered copy. And do not hesitate 
to submit your cathode-ray problems 
for engineering collaboration. 

* Yes, DuMont makes both — cathode-ray tubes and instruments. 

Pioneer of the commercialized cathode-ray art, DuMont has always 

insisted that such equipment be developed, designed and built as a 

thoroughly coordinated whole, since basically the equipment is but an 
extension of the cathode-ray tube itself. 

* That is why DuMont tube specialists and instrument makers work 

side by side. Latest tube developments are immediately available to 

DuMont instrument makers. Contrariwise, as Du/vIont instrument mak-

ers evolve new circuits or functions, they can count on corresponding 
tube characteristics. Meanwhile four DuMont plants translate that ideal 

coordination into up-to-the-minute tubes and instruments. 

I# Always remember, DuMont makes both—tubes and equipment — 

for that complete, balanced, fully guaranteed instrumentation. 

ALIEN B. DU DUMONT LABORATORIES , INC., PASSAIC, NE W JERSEY • CABLE ADDRESS: WESPEXLIN, NEW YORK 

rea Aihumiliblinlabirsi el.go4 
Amilliksialli 416611116 4ima bmi b uishoo kidowdebid ame  
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EVERY R eCIA4-ffiCe Microphone is 

77 One outstanding Electro-Voice achievement is the Model 7-A, a desk 
mounting type communication microphone. Designed for and approved by 
the CAA, this microphone is extensively used for airport landing control in 
addition to a number of other sound pick-up applications. The smooth fre-
quency curve, rising with frequency, gives extremely high intelligibility, 
even under the most difficult conditions. 

Another . . . the now-famous Model T-45 "Lip Mike"... a noise-cancelling 
Differential Microphone . . . was designed by Electro-Voice in close col-
laboration with the Fort Monmouth Signal Corps. 

Every Dyna mic, Carbon and Velocity Microphone in our 

complete line is DESIGNED by ELECTRO-VOICE. 

We maintain a network of distributors throughout the country. If your limited quantity needs 
can be filled by any of our Standard Model Microphones, with or without minor modUications, 
we suggest that you contact your nearest radio parts distributor. 

OiCe MICRODHONES ELECTRO-VOICE MANUFACTURING CO., INC. 
1239 South Bend Ave. • South Bend 24, Indiana 
EXPORT DIVISION: 13 EAST 40th ST , NEW YORK 16. N. V. — U S A. CA WS , AIM 
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Increasingly there is need for close understanding and co-operation between 
two major groups in the radio-and-electronic industry: the commercial leaders 
and the engineering planners. The PROCEEDINGS OF THE I.R.E. offers its 
readers expressions of the viewpoints of members of the former group in the 
form of "guest editorials" which, it is felt, will be stimulating to the engineers 
and helpful to the industry. Accordingly there is here presented in the form 
in which it was received an analysis prepared for the PROCEEDINGS by the 
Vice-President of the Westinghouse Electric and Manufacturing Company— 
himself an outstanding and pioneer radio worker.  Tht Editor 

Postwar Applications of Wartime Engineering 

WALTER EVANS 

Radio engineers of our country are now veterans of two wars. Their achievements in World War I 
are well known to all, while their contributions made during the present conflict will be many times 

more spectacular and far-reaching. 

In the first World War, we heard the swan song of the spark transmitter and its companion crystal 
detector upon which communications in the preceding years had been based. The stimulation of 
military necessities brought into general use the three-element tube, and its associated technique. 

In the entire history of science, there has very likely been no parallel to the effort which has been 
applied to the use of radio during the present war for communications, ordnance, aids to aircraft, and 
other military applications. The laboratories of the Government, private individuals, and of the 
commercial companies have been vastly enlarged, and the contributions which the engineers are 
making to the success of the effort of the allied nations are truly magnificent. 

In all of this work, however, the radio engineer is incurring an obligation to his fellow men and to 
our civilization in the forthcoming years after victory is finally achieved. Out of the developments 
of the first war grew new and virile industries: radio broadcasting, the home-receiver field, sound 
movies, and some industrial applications. With the termination of the present conflict, the radio 
engineer will be equipped with the knowledge, technique, and even the facilities for industries yet 
unborn. The contribution of the radio engineer has resulted in vast manufacturing facilities; it be-
comes in a measure his obligation to keep those filled, and to supply useful work for the many men 
returning with technical training from the armed forces. 

This proposes a new and difficult problem. The engineer normally is supplied with the specifications 
of the result to be achieved, and works toward that end. In this case, he has the know-how and 
facilities or, one might say, he has the results, but must find the gainful use to which it can be put. 
Ii calls for a reversal of viewpoint and a brand of ingenuity found chiefly among the engineering and 
scientific talent of our country. That they will find such applications from which new industries will 

be developed, I have no doubt. 

- 4. 
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E. M. Deloraine 
E. M. Deloraine, general director of the laboratories division of 

Federal Telephone and Radio Corporation, manufacturing affiliate 
of International Telephone and Telegraph Corporation, was elected 
a director at a meeting on February 2, 1944, of the I. T. & T. Board 
of Directors. 
Mr. Deloraine, who has been closely associated with research and 

development activities of his organization since 1925, was born in 
Paris, France. Developing an interest in science at an early age, he 
received his first training in research in L'Ecole de Physique et 
Chimie, a branch of Paris University. He was interrupted in his 
studies in 1917 to join the French Army Signal Corps, and after the 
Armistice engaged in research work at the Eiffel Tower under Gen-
eral Ferrie, head of the French Signal Corps. He returned to college 
to complete his studies and, upon graduation as a physicist in 1920 
with highest honors, continued his work at the Eiffel Tower station. 
A year later he joined the London engineering staff of the Inter-
national Western Electric Company, later the International Standard 
Electric Company, under Sir Frank Gill, and began technical work 
in connection with broadcasting at the experimental station 2WP. 
Until 1925 he was responsible for part of the developments in Great 
Britain in connection with the first transatlantic telephone circuit. 
He was made European technical director of this latter company in 
1933. 
Mr. Deloraine was for a time actively in charge of developments 

which brought about the establishment of the first Madrid-Buenos 
Aires radiotelephone circuit. Under his direction in 1931 the first 
demonstrations of single-sideband short-wave radiotelephone were 
carried out between Buenos Aires and Madrid, and between Madrid 
and Paris, establishing the well-recognized improvements in trans-
mission efficiency and economies made possible by this method. 
In 1929 he demonstrated long-distance telephone communication 

to ships at sea, conducting for the first time telephone conversations 

with the S.S. Besengaria in mid-ocean. 
It was in the years following that Mr. Deloraine made some of his 

most important contributions in the development of ultra-high fre-
quencies. In 1931 and 1933 he established telephone and printer 
communications across the English Channel on approximately 1700 
megacycles, using very sharp beams, and in 1936 and 1937 made 
possible the first multichannel ultra-short-wave telephone link. Later 
he used ultra-high frequency in connection with television trans-
mission, including the construction of the station at the Eiffel Tower, 
providing the highest power used. 
He was also active in the advancement of high-power broadcast-

ing. As early as 1932 he established the Praiue Station with 120 
kilowatts carrier, followed two years later by the Budapest Station 
with the same carrier power and unique for its antifading mast 
antenna, over 1000 feet high, the highest antenna ever constructed. 
In 1939 he made a proposal to the French Post and Telegraph Ad-
ministration for a high-frequency broadcasting center of twelve sta-
tions of 150 kilowatts carrier each. This project was adopted. 
Mr. Deloraine was successful in directing experiments in connec-

tion with automatic radio compasses for aircraft. This technique was 
demonstrated in the United States for the first time in 1937. He 
came to this country in 1941 to take charge of the organization of 
the laboratories unit for Federal Telephone and Radio Corporation. 
Mr. Deloraine was made a Chevalier of the Legion of Honor in 

1938 for exceptional services to the Post and Telegraph Department 
of France, and he was elected Vice-President of the French Institute 
of Radio Engineers in 1939. He has been a member of the Inter-
national Consultative Committee of Long Distance Telephony since 
1927. He is also a member of the French and Belgian Societies of 
Electricians and the French Astronomical Society. He became a 
member of the Institute of Radio Engineers in 1940 and in 1941 was 
awarded the grade of Fellow. 
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Radio Progress 

Introduction 

W
AR requirements continued to dominate radio 
during 1943, particularly in the fields of engi-
neering and manufacturing. Standardization of 

specifications for component parts contributed greatly 
to the interchangeability of units and facilitated the 
quantity manufacture of preferred types. 
Public announcement was made of the extensive use 

of radio methods for the detection and location of dis-
tant objects but there has been no publication of the 
technical means employed. 

Transmitters and Antennas 
General 

In the fields of standard broadcasting, high-frequency 
broadcasting, facsimile broadcasting, and television, 
efforts were limited substantially to the maintenance of 

existing radio plant. 

Antennas 

Noteworthy contributions were published on the sub-
ject of antennas. One summarized progress in aircraft 
loop antennas used for reception and direction finding. 
It reported that low-impedance loops are used in prefer-
ence to the high-impedance type on transport and mili-
tary aircraft because of difficulties in hermetically seal-
ing such loops and because of the problem of construct-
ing and installing low-loss and low-capacitance trans-
mission lines. To obtain the required null for direction-
finding purposes, the antenna effect, resulting from the 
electrostatic component of a wave, must be overcome by 
the use of the tubular gap-type electrostatic shield. This 
shield also eliminates certain kinds of electrical noises 
and reduces characteristic aircraft precipitation static. 
The loop is normally located on top of or beneath the 
fuselage to minimize quadrantal errors caused by re-
flection or refraction of waves by the wings or fuselage. 
Iron-core loop antennas have been used quite ex-
tensively, although not in the United States. The iron 
core increases the Q which in turn increases the pickup. 
This type of core permits the use of fewer turns, smaller 
size, and improved aerodynamic design, the latter be-
cause the loop may be closer to the surface of the air-
craft without lowering the Q. 

(1) G. F. Levy, "Loop antennas for aircraft," PROC. I.R.E., vol. 31, 
pp. 56-66; February, 1943. 

The definition for the "effective length" of a transmit-
ting antenna, recently published, was used in deriving 
expressions for the radiation function, radiation resist-

' Decimal classification: R090. Original manuscript received by 
the Institute, January 10,1944. This report is based on material from 
the 1943 Annual Review Committee of the Institute of Radio Engi-
neers, as co-ordinated and edited by Laurens E. Whittemore and 
Keith Henney. 

During 1943* 

ance, directivity, and gain, of a two-antenna array 
(vertical) when the relative phase of excitation and cur-
rent amplitudes are of arbitrary value. 
(2) C. W. Harrison, Jr., "A note on the characteristics of the two-

antenna array," PROC. I.R.E., vol. 31, pp. 75-78; February, 
1943. 

An improved calculating machine was reported. It 
permits the calculation of the polar diagram produced 
by as many as five antennas situated anywhere within 
a circle of four wavelengths' diameter. The currents in 
the antennas may have any relative phases and magni-
tudes. The machine has been in constant service for 

about two years. 
(3) H. P. Williams, "A machine for calculating the polar diagram 

of an antenna system," Elec. Ccmgmun., vol. 21, pp. 103-111; 
1943. 

The theoretical optimum-current distribution on a 
vertical antenna of given length was defined as that 
current distribution giving the maximum possible field 
strength on the horizon for a given power output. The 
problem of determining such distributions was set up as 
a problem in the calculus of variations, and solution 
functions are derived for antennas varying in length 
from one eighth of a wavelength up to a full wavelength. 
It was shown that the apparent antenna performance 

obtained with the theoretical optimum distribution was 
as good as or better than that obtained with any practi-
cal distribution, and thus served to bound the improve-
ment in antenna performance which may be expected 
as a result of changes in current distribution. A curve of 
maximum possible field strength on the horizon for fixed 
power output versus antenna height was given. 
Finally, these theoretical optimum-current distribu-

tions were used to indicate the general class of distribu-
tions most likely to yield worth-while results in a search 
for practical optimum distributions. Several such practi-
cal distributions were considered in detail. 

(4) L. LaPaz and G. A. Miller, "Optimum current distributions on 
vertical antennas," PROC. I.R.E., vol. 31, pp. 214-232; May, 
1943. 

An expression was derived for the mutual impedance 
of a symmetrical center-driven antenna in proximity to 
an untuned parasitic element, when the wires are paral-
lel and are not displaced in length. An integral fre-
quently occurring in antenna problems was evaluated 
graphically over the range required in this analysis. 

(5) C. W. Harrison, Jr., "A note on the mutual impedance of an-
tennas," Jour. Appl. Phys., vol. 14, pp. 306-309; June, 1943. 

The cylindrical center-driven antenna was analyzed 
as a boundary-value problem of electromagnetic theory. 
An integral equation in the current (originally obtained 
in a different way by Hallen) was derived. Its solution 
was outlined briefly and the general formula was given. 
Complete curves for the distribution of current for a 
wide range of lengths and ratios of length to radius 

1944  Proceedings of the I.R.E.  125 



126 Proceedings of the I.R.E. March 

were given. These included curves showing the com-
ponents of current in phase with the driving-potential 
difference and in quadrature with this, and curves giving 
the magnitude of the current and its phase angle referred 
to the driving-potential difference. The conventionally 
assumed sinusoidal distribution of current was shown 
to be a fair approximation for extremely thin antennas 
and for thicker antennas which do not greatly exceed 
X/2 in length. 

(6) R. King and C. W. Harrison, Jr., "The distribution of a current 
along a symmetrical center-driven antenna," PROC. I.R.E., vol. 
31, pp. 548-567; October, 1943. 

The analysis previously made for the current distribu-
tion along a symmetrical center-driven antenna of non-
vanishing radius, and radiation field thereof, was ex-
tended to include long-wire center-driven antennas. The 
results of this investigation were then applied to obtain 
an approximate solution for the field of a long-wire 
resonant vee antenna. 

(7)  C. W. Harrison, Jr., "The radiation field of long wires, with ap-
plication to vee antennas," Jour. Appl. Phys., vol. 14, pp. 537-
544; October, 1943. 

The analytically difficult problem of determining the 
distribution of current in and the impedance of cylindri-
cal antennas was further illuminated by a series of 
papers. 

(8) N. Wells, "Discussion on 'aerial characteristics'," J.I.E.E., 
(London), vol. 90, pp. 24-25; March, 1943. 

(9) L. Brillouin, 'The antenna problem," Quart. App!. Math., vol. I, 
pp. 201-214; October, 1943. 

(10) E. T. Glas, "On radiation problems concerning vertical anten-
nas," (dissertation), published by Royal Administration of 
Swedish Telegraphs, Stockholm, 1943. 

International Broadcasting 

In the United States all international broadcasting 
continued to be supervised and controlled by the Office 
of War Information and the Office of the Co-ordinator 
of Inter-American Affairs. The number of transmitting 
stations, the facilities at each, and in several cases the 
operating powers were substantially increased. With few 
exceptions the antennas are of the rhombic type because 
of its flexibility, simplicity, and economy in critical 
materials. 

Frequency- Modulation Broadcasting 

Frequency-modulation broadcast stations licensed in 
the past in the United States continue to operate, 
although in some cases operating schedules were cur-
tailed. Applications to the Federal Communications 
Commission for postwar construction permits accumu-
lated, some being original applications but many being 
applications for reinstatement of permits which had 
been canceled since 1941. 

Frequency-Modulation Transmitters and Receivers for 
Emergency Service 

An interesting application of radio for inshore naviga-
tion was reported. United States Coast Guard buoys 
anchored near channel and harbor entrances were 

equipped with dual 5-watt transmitters operating be-
tween 286 and 315 kilocycles. These buoy radio beacons 
aided ships with radio direction finders through difficult 
waters when other means failed. The transmitters were 
powered with 14-volt storage batteries of sufficient ca-
pacity for 3 or 4 months of continuous operation. The 
two transmitters utilized a common output tank circuit 
and were alternately operated at about 7-second inter-
vals to flash identification signals consisting of 1000-
cycle modulation tone. Failure of either transmitter was 
evidenced by a longer interval between signals from the 
buoy. 

(11) "Buoy radiobeacons for inshore navigation," Eledronics, vol. 
16, pp. 88-91; July, 1943. 

TABLE I 

RADIO BROADCAST STATIONS FOR WHICH LICENSE'S AND CONSTRUCTION PERMITS 
ISSUED BY THE FEDERAL COMMUNICATIONS COMMISSION WERE 

OUTSTANDING ON DECEMBER 31, 1943 

Class of Broadcast Station Number of 
Licenses 

Number of 
Construction 
Permits 

Standard 
Commercial high-frequency 
(Frequency-modulation) 

Experimental high-frequency 
(Including 1 station operating under 
'special authorization' and 5 stations 
operating under 'temporary class 2" 
licenses) 

Commercial television 
Experimental television 
International 
Facsimile 
Noncommercial educational 

910 
42 

8 

5 
21 
18 

6 

Frequency Modulation 

2 
8 

3 

11 
0 
1 

Several papers of interest in the field of frequency 
modulation appeared during the years 1942-1943. Their 
emphasis was on the theory and operation of frequency 
modulation, and on specific pieces of frequency-modula-
tion equipment in commercial use. 
Frequency-modulated transmitters were improved 

by means of the Crosby push-pull circuit, such as is 
used in Philadelphia's frequency-modulation station, 
W69PH. This development, by using a push-pull circuit 
in conjunction with a reactance tube, balances out 
carrier-frequency instability due to power-supply varia-
tions. The high degree of performance' attained by this 
circuit recommends it for extension in new transmitters. 
An interesting detail of this particular transmitter in-
stallation is the method of tuning. Plate-tank tuning is 
accomplished by varying the capacitance between the 
metal shields in which the tube anodes are mounted. 

(12) M. G. Crosby, "Reactance-tube frequency modulators," RCA 
Rev., vol. 5, pp. 89-96; July, 1940. 

(13) E. S. Winlund and C. S. Perry, "A modern 10-kw frequency-
modulation transmitter," Electronics, vol. 15, pp. 40-43; March, 
1942. 

Studio-to-transmitter radio circuits were improved 
by means of high-fidelity transmission of studio pro-
grams to the main transmitters. 

(14) "F-M in S-T relay systems," Communications, vol. 22, pp. 16 and 18; July, 1942. 
(15) W. F. Goetter, "Frequency-modulation transmitter-receiver 

for studio-to-transmitter relay system," PROC. I.R.E., vol. 31, 
pp. 600-607; November, 1943. 
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The problems encountered in the development of one 
of the latest station monitors as well as a discussion of 
its underlying theory were reported. The unit described 
measured the mean frequency of the frequency-modu-
lated wave, always a difficult thing to do, by averaging 
over a period long compared with the period of the 

lowest modulating frequency. 
(16) H. R. Summerhayes, Jr., "260- to 350-megacycle converter unit 

for General Electric frequency-modulation station monitor," 
PROC. I.R.E., vol. 31, pp. 249-253; June, 1943. 

(17) H. R. Summerhayes, Jr., "A frequency-modulation station 
monitor," PROC. I.R.E., vol. 30, pp. 399-404; September, 1942. 

By using a high degree of negative feedback in the 
intermediate-frequency section, it was shown possible 
to minimize the intermediate-frequency bandwidth, as 
well as to make the detected output independent of 
amplitude without the use of a limiter stage. The method 
proposed was an extension of the same idea proposed in 
1939 by Carson and Chaffee. 
(18) D. A. Bell, "Reduction of band width in F.M. receivers," Wire-

less Eng., vol. 19, pp. 497-502; November, 1942. 
(19) J. R. Carson, "Frequency-modulation: theory of the feedback 

receiving circuit," Bell Sys. Tech. Jour., vol. 18, pp. 395-403; 
July, 1939. 

(20) J. G. Chaffee, "The application of negative feedback to fre-
quency-modulation systems," Bell Sys. Tech. Jour., vol. 18, pp. 
404-437; July, 1939. 

Other published papers contained reviews of the 
theory and application of this type of transmission. 
These papers were concerned with a general discussion 
of amplitude, frequency, and phase modulation, with 
particular emphasis on the modes of operation, modula-
tion factor, and the general frequency spectrum. Several 
reactance-tube networks were discussed, with emphasis 
being placed on the physical operation of these tubes as 
applied to modulated oscillators and amplifiers. Inter-
ference suppression in both amplitude-modulated and 
frequency-modulated systems was analyzed. 
(21) S. W. Seeley, "Frequency modulation,' RCA Rev., vol. 5, pp. 

468-480; April, 1941. 
(22) A. Hund, "Amplitude, frequency, and phase modulation rela-

tions," Electronics, vol. 15, pp. 48-54; September, 1942. 
(23) E. C. Cherry and R. S. Rivlin, "Non-linear distortion with par-

ticular reference to the theory of frequency modulated waves," 
part I, Phil. Meg., vol. 32, pp. 265-281; October, 1941; part II, 
vol. 33, pp. 272-293; April, 1942. 

(24) J. D. Weston, "Response of reactive networks to frequency-
modulated signals," Wireless Eng., vol. 19, pp. 251-253; June, 
1942. 

(25) H. Salinger, "Transients in frequency modulation," PROC. 
I.R.E., vol. 30, pp. 378-383; August, 1942. 

(26) A. Hund, "Reactance tubes in F-M applications," Electronics, 
vol. 15, pp. 68-71,143; October, 1942. 

(27) H. J. Reich, "Interference suppression in A-M and F-M," Com-
munications, vol. 22, pp. 7,16,19,20; August, 1942. 

Among other papers which relate to various applica-
tions of frequency modulation, the following may be 

Electronics 
Cathode-Ray Tubes and Television Tubes 

During the year 1943 the major effort in the develop-
ment of cathode-ray tubes was expended on the group 
of preferred types for the armed services. Practically all 
of the preferred types were put into production and most 
of them were being made in rather large volume. The 
Cathode-Ray Tube Committee of the Radio Manufac-
turers Association in the United States was quite active 
in standardizing new test methods and in making recom-
mendations on specifications. 
The magnetic-deflection and focus types of tubes be-

came very popular and demonstrated the advantages of 
their improved operating characteristics. Several of the 
electrostatic-deflection and focus types have shown the 
advantages of the special features which were introduced 
into their design, namely, better insulation, higher volt-
age operation, higher light output, better focus, higher 
deflection sensitivity, and improved high-frequency 

operation. 
Two small desk-type electron microscopes were de-

scribed and a number of papers appeared showing the 
varied applications of this new research tool. 
(33) V. K. Zworykin, "Electron microscopy in chemistry," Elec-

tronics, vol. 16, pp. 65-6,  , January, 1943. 
(34) C. H. Bachman and S. Ramo, "Electrostatic electron micros-

copy. II," Jour. Appl. Phys., vol. 14, pp. 69-77; February, 
1943. 

(35) C. H. Bachman and S. Ramo, "Electrostatic electron micros-
copy. III," Jour. A ppl. Phys., vol. 14, pp. 155-160; April, 1943. 

(36) R. G. Picard and 0. S. Duffendack, "Studies on the structure of 
thin metallic films by means of the electron microscope," Jour. 
Appl. Phys., vol. 14, pp. 291-305; June, 1943. 

(37) H. Green and E. F. Fullam, "Some applications of the high-re-
solving power of the electron microscope," _four. Appl. Phys., 
vol. 14, pp. 332-340; July, 1943. 

(38) C. Marton and S. Sass, "A bibliography of electron microscopy," 
Jour. Appl. Phys., vol. 14, pp. 522-531; October, 1943. 

Large High-Vacuum Tubes 

In the field of large high-vacuum tubes, publication 
of developments, especially in tubes for ultra-high fre-
quencies, was curtailed by wartime restrictions. 
Because of the increasing use of high-frequency power 

in industry, the trend was toward larger, sealed-off 
tubes. Tubes of 500 kilowatts and more were being de-
veloped with emphasis toward longer life. 
Ultra-high-frequency power tubes continued to be an 

active field of development, the tendencies being toward 
higher peak emission and higher powers. 

noted. 
(28) R. J. Pieracci, "A stabilized frequency-modulation system," 

PROC. I.R.E., vol. 30, pp. 76-80; February, 1942. 
(29) A. A. Skene and N. C. Olmstead, "A new frequency-modulation, 

broadcasting transmitter," PROC. I.R.E., vol. 30, pp. 330-335; 
July, 1942. 

(30) R. F. Guy and R. M. Morris, "NBC frequency-modulation field 
test," RCA Rev., vol. 5, pp. 190-226; October, 1940. 

(31) D Phillips, "Grounded-plate F-M amplifier notes," Communica-
tions, vol. 22, pp. 49-50; October, 1942. 

(32) H. DuVal, Jr., The tests that proved F-M vital to communica-
tions," Communications, vol. 22, pp. 5-7,30; February, 1942. 

(39) H. E. Hollmann, "Erzeugung und verstarkung von dezimeter 
und zentimeterwellen," Telegraphen- Ferns prech— Funk und 
Fernseh. Technik, vol. 2, pp. 281-293; November, 1942; vol. 2, 
pp. 322-331; December, 1942. 

(40) M. Johnson, "Physical foundations of radio. III. Hot cathode 
emission (metallic)," Wireless World, vol. 48, pp. 259-261; 
November, 1942. 

(41) M. Johnson, "Physical foundations of radio. IV. Composite 
cathodes, photosensitive surfaces, cold emission," Wireless 
World, vol. 48, pp. 291-293; December, 1942. 

(42) G. Bocking, "Velocity-modulation U-H-F generators," Wireless 
World, vol. 49, pp. 16-18; January, 1943. 

(43) H. J. Nolte, "Glass strain," Gen. Elec. Rev., vol. 46, pp. 275-280; 
May, 1943. 

(44) G. Chevigny, "Tubes for high-power short-wave broadcast 
stations—their characteristics and use," PROC. I.R.E., vol. 31, 
pp. 331-340; July, 1943. 
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(45) 0. H. Schade, "Analysis of rectifier operation, PROC. I.R.E., 
vol. 31, pp. 341-361; July, 1943. 

(46) R. I. Sarbacher and W. A. Edson, "Tubes employing velocity 
modulation," PROC. I.R.E., vol. 31, pp. 439-452; August, 1943. 

(47) R. I. Sarbacher, "Power-tube performance in class C amplifiers 
and frequency multipliers as Influenced by harmonic voltage," 
PROC. 1. R.E., vol. 31, pp. 607-625; November, 1943. 

(48) W. C. White, "Electron tubes," Radio News, vol. 30, pp. 50-51, 
102; November, 1943. 

Gas-Filled Tubes 

The majority of the published work on gas-filled 
types related to tube circuits and methods of use rather 
than to fundamental theories of discharge in gases. 
One new application brought forward in 1943 was the 

use of the Thyratron.for speed control of direct-current 
motors. Two papers relating to this application were: 
(49) E. E. Mayer, "Electronic control of d-c motors," Electronics, 

vol. 16, pp. 98-103, 215-217; May, 1943; pp. 119-125; June, 
1943; pp. 118-122; July, 1943; pp. 133-138,281-283; September 
1943; pp. 128- 133,312-313,316; October, 1943. 

(50) E. H. Vedder and K. P. Puchlowski, "Rectifier analysis—for 
direct current motor drive," Radionics, vol. I, pp. 3-7, Radio 
News, vol. 30, August, 1943. 

Papers relating to power installations of tank-type 
rectifiers were: 

(51) R. D. Evans, "Harmonics and load balance of multiphase 
rectifiers," Trans. A .I.E.E. (Elec. Eng., April, 1943), vol. 62, 
pp. 182-187; April, 1943. 

(52) A. Gaudenzi, "High-vacuum mutators for direct-current trans-
mission," Brown Boveri Rev., vol. 28, pp. 319-322; October, 1941. 

(53) H. Keller, "The high-power mutator for direct-current power 
transmission," Brown Boveri Rev., vol. 28, pp. 322-325; October, 
1941. 

A paper regarding stored-energy-type electronic-weld-
ing control was: 

(54) J. W. Dawson and H. Klemperer, "Variable waveform unit for 
testing aluminum welding," Electronics, vol. 16, pp. 62-66,201; 
February, 1943. 

Papers which assisted in the understanding of gas-
filled tube phenomena were: 

(55) J. D. Cobine and E. C. Easton, "Time lag of impulse breakdown 
at high pressures," Jour. Appl. Phys., vol. 14, pp. 321-331; July, 
1943. 

(56) E. Gerecke, "Mercury steel-tank mutators filled with rare 
gases," Bull. Ass. Suisse Elect., vol. 33, pp. 226-228, discussion, 
pp. 228-230; April 22,1942. 

(57) H. Y. Fan, "Thermionic emission from an oxide-coated cathode," 
Jour. Appl. Phys., vol. 14, pp. 552-560; October, 1943. 

Photoelectric Devices 

There was an expanding use of photoelectric devices 
in industrial applications. 
A contribution to the understanding of the cesium-

antimony photoelectric surface appeared in which a 
maximum sensitivity was reported for the stoichiometric 
ratio of 3:1 according to the relationship Sb Csa. 
(58) A. Sommer, "Photo-electric alloys of alkali metals," Proc. Phys. 

Soc., vol. 55, pp. 145-154; March, 1943. 

A number of papers appeared in which the photo-
electron multiplier was employed as a measuring device 
in scientific apparatus such as spectroscopic equipment. 

Small High-Vacuum Tubes 

In the field of small high-vacuum tubes, the most im-
portant feature of 1943 was probably the influence of the 
war on tube design, manufacturing, testing, and cor-
related matters essential to obtaining the best product 

for use in fighting a war of global proportions. In tube 
design and manufacturing, especial attention was given 
to tubes of sturdier construction, smaller size, improved 
ultra-high-frequency performance, reduced noise, and 
greater uniformity between the products of different 
manufacturers. Substantial progress was made in elimi-
nating special tube selections required to service some 
military equipment. Much attention was given to the 
design requirements of tubes expected to perform well 
under all combinations of high and low temperatures, 
low barometric pressure, high humidity, extreme shock 
and vibration, and the attack of insects, fungi, and salt 
spray. 

For new tubes which can be mentioned, conventional 
designs were employed but the trends of previous years 
toward closer spacings between electrodes, more precise 
construction, and reduction in size continued. It is of 
interest to note that the space requirements for con-
ventional heater-cathode types of radio-frequency am-
plifier tubes have in the period from 1929 to date 
dropped from approximately,16.5 cubic inches to about 
1.2 cubic inches, a reduction of over 90 per cent and that 
the heater power requirements have decreased in the 
same period from approximately 4.5 watts to about 1 
watt, a reduction of over 75 per cent. There was a large 
increase in production of miniature tubes, i.e., tubes 
of an inch in diameter with 7-pin button seal for the 
leads, without an external base. 

Television 
A curtailed schedule of broadcast television programs 

was maintained in the United States in 1943. The princi-
pal activity took place in the New York area, but there 
was also broadcasting in Schenectady, Philadelphia, Los 
Angeles, and Chicago. Programs originating in New 

York were again regularly relayed and rebroadcast at 
Schenectady and Philadelphia. 

Broadcasting equipment was essentially unchanged, 
except that some remote-pickup camera equipment, 
designed prior to the end of 1941, was first used on the 
air during 1943. 

In the New York area, stations WNBT (50 to 56 
megacyles), WCB W (60 to 66 megacycles), and W2XWV 
(78 to 84 megacycles) have provided a weekly period of 
simultaneous transmission of their test patterns. These 
simultaneous transmissions permit receiver installation 
and servicemen to obtain optimum performance on all 
these channels on one call. 

Approximately 145,000 "Air Wardens" have received 
a portion of their training through a series of lectures 
and films broadcast via television in co-operation with 
the New York City Police Department. A comparable 
number of "Fire Guards" are expected to be reached by 
similar means. 

Television receivers have been placed in six Army or 
Navy hospitals in the New York area to provide ad-
ditional entertainment for convalescent servicemen. 
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A type of cathode-ray control of television light valves 
was described early in the year. This tube provided a 
means for the control of a high-intensity light source 
for the projection of large-size television pictures of high 

brightness. 
The spectral characteristics of cathode-ray-tube 

screens for color television and their requirements for 
good color reproduction were published. 
Field tests carried on during the year have indicated 

that the lower-frequency television channels are more 
suitable for high-quality reception, principally because 
of greater freedom from multipath reception. 
(59) C. L. Townsend, "Contemporary problems in television sound," 

PROC. I.R.E., vol. 31, pp. 3-7; January, 1943. 
(60) G. L. Beers, "Focusing view-finder problem in television cam-

eras," PROC. I.R.E., vol. 31, pp. 100-106; March, 1943. 
(61) H. A. Breeding, "Mercury lighting for television studios," PROC. 

I.R.E., vol. 31, pp. 106-112; March, 1943. 
(62) 0. H. Schade, "Radio-frequency-operated high-voltage supplies 
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Facsimile 
Commercial radiophoto and facsimile-radio-circuit 

facilities between United States and foreign countries 
were increased during 1942 and 1943. The standards of 
service were improved to a point not theretofore at-
tained. Additional circuits connecting New York with 
Switzerland, Sweden, Cairo, and Brazil were put in 
operation. In the Pacific area, radiophoto circuits were 
placed in operation connecting San Francisco with 
China and Australia. A commercial radiophoto circuit 

the facsimile transmitter, operated by the railroad tele-
graph operator in a long section or division, was ar-
ranged to transmit train orders to any one of a number 
of recorders, all operating on a single-line pair and 
located at strategic points along the right of way. The 
operator would select the desired recorder by dialing, set 
the transmitter for the desired number of copies (one 
for each member of the train crew), and deposit the order 
into the facsimile transmitter. 
Temporary Facsimile Test Standards of the Institute 

were formulated for publication. 

Piezoelectricity 
A survey was made of the minerals found in the 

United States, with special reference to their piezo-
electric properties. Out of 830 minerals tested, only 17 
showed definite piezoelectric properties. Of these, 14 
were reported for the first time. None of them held out 
promise of useful applications. 
Considerable progress was made toward a standard 

terminology with respect to the axes and other proper-
ties of piezoelectric crystals, and their experimental 
determination. 
The applications of quartz crystals received consider-

able attention, both in the form of survey articles and 
in investigations of a more specialized nature. The use 
of X rays for determining the orientation of quartz 
crystals; and the inspection of quartz crystals to deter-
mine flaws, veils, and optical and electrical turning were 

discussed. 
On the theoretical side, a study was made of the 

mathematical treatment of the physical properties of 
crystals in general. Further progress was also made in 
the theoretical treatment of vibrating quartz plates, 
taking into account the interconnection between the 
various vibrational modes. In the main, the theoretical 
conclusions were found to be in good agreement with 

experimental results. 
Among recent applications of Rochelle salt may be 

mentioned a recording oscillograph, intended especially 
for use with a surface analyzer. To reduce or neutralize 
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nel to the Military Services. 
During the past year more than one million telegrams 

were handled by telefacsimile installations in operation 
in New York, Chicago, Atlanta, and San Francisco. 
Telefacsimile equipment was also performing a useful 
service in the train-dispatching field. In this application 
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Spectrographic Analysis in the 
Manufacture of Radio Tubes* 

S. L. PARSONSt, NONMEMBER, I.R.E. 

Summary—This paper describes the use of spectrographic meth-
ods in attacking some of the problems encountered in the manufac-
ture of radio tubes. Illustrations of the laboratory and apparatus are 
discussed. The techniques and use of qualitative spectrographic 
analysis in connection with chemical, metallurgical, ceramic, and 
fluorescent problems are described and illustrations of the applica-
Hon of quantitative spectrographic analysis to problems of routine 
inspection and control are given. 

THE branch of optics known  as  spectroscopy  has  

had a long and illustrious career since Newton, in 
1666, produced the first spectrum. Not only has 

the spectrograph been used in discovering several new 
elements, notably cesium, rubidium, and showing he-
lium in the sun before it was isolated on earth, but it is 
well known as having provided most of the evidence 
used in formulating our present theories of atomic 
structure. Spectrographic analysis had its beginning 
when it was found that the spectrum of the light emitted 
by an atom was as characteristic of that atom as a 
"fingerprint." The identification of these spectral finger-
prints then gave a means of qualitative chemical analy-
sis while the discovery that the intensity of the spectral 
lines is a function of the amount of element present, 

• Decimal classification: R33I. Original manuscript received by 
the Institute, June 30, 1943. Presented, Summer Convention, 
Cleveland, Ohio, June 29,1942. 
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provided a means of quantitative analysis. Early appli-
cations of spectrographic techniques to industrial prob-
lems were made without too careful attention to the lim-
itations of the method. This caused it to fall into bad 
repute so that it was only used for qualitative analysis, 
and rough quantitative analysis where the concentra-
tions were low and high precision was not necessary. 
Research carried forward during the last ten years has 
shown that the spectrograph can be used with considera-
ble advantage in many industrial problems. 
The spectrographic equipment was installed in the 

engineering research laboratory of Sylvania Electric 
Products with the thought in mind that it would be used 
as a tool in attacking chemical, metallurgical, fluorescent, 
and ceramic problems arising in the manufacture of ra-
dio tubes and lamps. 

It was soon found that the laboratory would have to 
be equipped to perform two functions. First, since a 
large number of jobs are handled that are of a trouble-
shooting nature, rather flexible equipment is needed to 
investigate the various types of problems. This means 
making qualitative analyses and developing methods 
and procedures for routine quantitative analysis, a defi-
nite research setup. Second, once the proper methods 
have been worked out, equipment must be available to 
perform analyses of a routine nature as a control of the 

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



Parsons: Spectrographic Tube Analysis 131 

materials used in manufacturing radio tubes. The spec-
troscopic section also has a long-range program involv-
ing the application of the techniques of absorption spec-
troscopy. However, at the present time we are only 
discussing the use of emission spectroscopy. 
Before going into the discussion of the use made of the 

spectrograph in attacking manufacturing problems, it 
may be of interest to see some of the equipment as set 
up in our laboratory for this work. Fig. 1 shows the 
spectrograph and arc bench in use at present. The spec-
trograph is a Bausch and Lomb instrument of the 
Littrow type equipped with both glass and quartz optics 
so that the region from 2000 to 10,000 angstroms can be 
covered with adequate dispersion for almost any type of 
material. The electrode stand is arranged on ways so 
that the distance from the arc to the spectrograph slit 
can be easily varied. This makes a simple, reproducible 
means of controlling the exposure so that representative 
sampling of the material in the arc is obtained. All other 
source equipment, such as a hydrogen discharge lamp, 

Fig. 1—Spectrograph and arc bench. 

rotating sectors, etc., are arranged w.th bases that fit on 
the ways so that the desired apparatus can be set in 
position on the arc bench. A hood is provided over the 
arc bench to carry away all fumes and vaporized material. 
This has proved to be very effective in preventing con-
tamination of a sample due to previous analyses The 
electrical equipment used to provide the various types 
of sources is isolated in the region behind the spectro-
graph and arc bench. Leads carrying the high voltage 
come through slots in the panel behind the arc stand and 
since all doors leading to the source area are equipped 
with safety switches which break the circuit if opened. 
the operators are protected from accidental contact 
with the high voltage. The types of sources provided are 
a 250-volt direct-current motor generator capable of 
supplying 50 amperes, which is used mainly for qualita-
tive analysis, a high-voltage transformer supplying 
1100, 2200, and 4400 volts alternating current at cur-
rents from 1.5 to 6 amperes used for quantitative analy-
sis, and several small power supplies used for exciting 
Geisler tubes, a hydrogen-discharge lamp, ultraviolet 
mercury arcs, and other gaseous discharges. There is 

Fig. 2—Electrode holders. 

now being installed a 40,000-volt interrupted-spark 
source after the design of Vincent and Sawyer,' which 
is not yet completed. The controls for these sources are 
mounted on a panel at the far end of the arc bench where 
they are readily accessible. The doors shown under the 
arc bench give access to various units that are at high 
potential and are also equipped with safety switches. 
Fig. 2 shows a close-up of the arc stand which holds 

the electrodes in position to be arced. A pair of carbon 
electrodes is shown clamped in the electrode holders. 
This pair of holders is equipped with water-cooling coils 
which lower the temperature of the electrodes and help 
to reduce background on the spectrographic plate. The 
electrode holders are readily removable and another set 
without water cooling can be installed when the high-
voltage spark is used. The lower holder is fixed, while the 
upper one is so mounted that it can be raised and low-
ered by means of a screw. This makes it possible to con-
trol the spacing of the carbon electrodes accurately. The 
whole assembly is enclosed in a protective shield, the 
door to which is shown swung open on the left. This 
door is also equipped with a safety switch which shuts 
off the arc supply when opened. The housing not only 
protects the operator from accidental contact with the 
high potential but also shields anyone working in the 

r 

Fig. 3—Photographic developing equipment. 

1 H. B. Vincent and R. A. Sawyer, "The spectrograph in the iron 
foundry," Jour. Appl. Phys.. vol. 8, pp. 163-173; March, 1937. 
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laboratory from the direct rays from the arc. The door 
to this shield has a small glass filter, of the type used in 
welders' helmets, inserted in it so that one may study 
the burning characteristics of the arc. 

Fig. 3 shows a portion of the darkroom. Use is made 
of three developing solutions, developer, hardener, and 
fixing bath. The trays for these solutions are arranged 
to be automatically rocked-by a motor to insure uniform 
agitation. The developer tray is made of stainless steel 
so that cooling water may be circulated in close contact 
with the developer in order to have a control over its 
temperature. With this setup, a very uniform plate proc-
essing has been secured, the calibration curve for one 
plate being almost identical to the next. The plate 
washer is shown at the back of the sink. It consists of a 
metal tube having a series of fine holes drilled in a line 
along one side. This produces a thin sheet of water across 
the plate and is quite effective in removing the fixer. 
Plates washed for two minutes in this device have kept 

Fig. 4—Densitometer. 

well over a period of three years. After washing, the 
plate is dried on a high-speed drier shown at the far end 
of the darkroom bench. The drier is merely a small 
transite box having nichrome heater coils in the bottom. 
The plate is laid in a frame on top of the box and the air 
stream from a fan blows across the top. This device will 
dry a plate so that it may be worked on in about two 
minutes. It is necessary, of course, to use a hardening 
solution after developing in order to keep the emulsion 
from shrinking. The refrigerator used for storing the 
photographic plates is not shown in this picture; how-
ever, it has been found indispensable since it makes pos-
sible the storing of plates for a year or more without 
marked deterioration of their sensitivity. 
The densitometer used in making quantitative spec-

trographic analyses is shown in Fig. 4. This instrument 
is of our own design and was built in the company shop. 
Essentially, it consists of a framework which holds the 
plate in a horizontal position so that it may be moved 
in two directions on sets of ways. A projection lamp 
located underneath the table is arranged to illuminate 
an area one inch square in the plane of the plate. A set 

of lenses and first-surface mirrors above the plate then 
project an enlarged image of the illuminated area onto 
the screen in front of the operator. This screen has a 
small slit in its center, behind which is located a barrier-
layer photoelectric cell. The output from the photoelec-
tric cell is fed to a wall-type galvanometer whose deflec-
tions are observed by means of a light beam and trans-
lucent scale. The scale is shown just above and to the 
rear of the plate stage. A system of clutches and controls 
is provided which makes it possible to shift rapidly to 
any desired portion of the plate. In operation, the plate 
is merely shifted about until the desired line appears at 
the edge of the photocell slit. At the turn of a switch, a 
motor drive causes the line to move across the slit at a 
uniform rate. As the line traverses the slit, the operator 
notes the maximum deflection of the galvanometer. 
This deflection is then used in calculating the concentra-
tion of the element in question. The instrument has a 
heavy cast-iron base and is very stable; it has required 
very little maintenance over the past two years. 
One of the main problems in applying spectroscopy to 

industry is the question of its possibilities and limita-
tions. Some seventy elements are detectable with an 
instrument having the dispersion and range of the one 
just described. It is rather embarrassing, however, to 
have to turn down requests for analyses of an organic 
impurity or sonic element such as sulfur or the halogens. 
The explanation that these elements can only be han-
dled by rather specialized techniques is apt to raise a 
question as to the usefulness of the spectrograph. Fortu-
nately, our chief chemist is familiar with spectroscopic 
techniques, and since all requests for analysis of a trou-
ble-shooting nature come directly to him, he is able to 
refer those problems which we are equipped to handle 
directly to us while the chemical-analytical section han-
dles those which we cannot do. The types of analysis 
which fall within the realm or the spectrograph have 
been thoroughly discussed with the heads of the metal-
lurgical and ceramic sections so that they too are famil-
iar with the service we can render. We are now called 
upon to apply spectrographic techniques to hundreds of 
different problems and have reached a point where the 
spectrographic laboratory is considered indispensable. 
In discussing the application of the spectrograph, it 

probably will be best to divide the work done into two 
groups: those problems that only require qualitative • 
analysis, and those that need quantitative analysis, or a 
combination of both. 

QUALITATIVE ANALYSIS 

Qualitative spectrographic analysis has proved itself 
very useful by providing clues which have led to solu-
tions of various manufacturing troubles. It is character-
istic of the method that it only requires a very small 
amount of sample and is capable of detecting almost 
infinitesimal amounts of about 70 of the 92 elements. A 
complete analysis covering all 70 elements could be 
made in a few hours. However, most samples only 
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require a check on about 25 elements so that sufficient 
information is obtained in less than an hour. A large 
number of qualitative analyses are made for the chemi-
cal laboratory which are used as pilot analyses for their 
quantitative determinations. These help them consid-
erably in planning their analytical procedures since the 
presence or absence of certain elements calls for different 

techniques. 
The factory frequently sends us radio tubes with 

small, mirror-like deposits on the insides of the bulbs, 
indicating the presence of some material evaporated 
from the parts during exhaust. These deposits are very 
small and require a sensitive method of analysis in order 
to determine what elements are present. By washing 
out the inside of the envelope with a small amount of 
dilute solution of nitric acid or aqua regia, and then 
evaporating the solution onto the flat ends of a pair of 
electrode carbons, it is possible to arc the electrodes and 
determine the elements present in the deposit. Such an 
analysis then makes it possible to track down the source 
of trouble, which may be contamination by copper from 
the welding electrodes or contaminations arising from 
the handling of plates or grids. 
Qualitative analysis has proved itself extremely useful 

in connection with the base pins of lock-in radio tubes. 
Manufacturing requirements are at least one melt per 
month of the alloy from which the wire for these pins is 
drawn. Upon changing over to a new melt, it was found 
that the sealing qualities of the new wire were quite in-
ferior to those of the wire used during the previous 
month. On running a comparison analysis of the two 
melts, the presence of a small amount of columbium was 
found in the inferior material. When the supplier 
checked back, it was found that i per cent of columbium 
had inadvertently been added to aid in drawing the 
wire. Since then, all new melts of material have been 
carefully analyzed for columbium before they are put in 
production. Later an improved melt of material was 
tested which had superior sealing qualities to the ordi-
nary run of pin alloy. Analysis of these pins showed an 
increase in the amount of aluminum present. This clue 
was followed by the metallurgical section to a point 
where it was proved that the optimum amount of alumi-
num is of the order of 2 per cent. A patent has been 

granted on this alloy. 
The electron emission from oxide-coated cathodes 

frequently is not satisfactory due to the presence of im-
purities such as lead, iron, and silicon. The spectro-
graph is usually called upon to aid in the search for the 
place where these impurities are introduced. The hop-
pers through which the wire runs as it is coated with the 
oxides have been analyzed qualitatively for the pres-
ence of elements which could cause the contamination 
and it has been found necessary to reject a number of 
them. Of course, it has sometimes been possible to trace 
the presence of these contaminants back to the original 
material, and now at least a qualitative check analysis 
is run of each new stock of raw material as it is received 

by the company, while some lots are analyzed quanti-

tatively. 
The search for sources of contamination of the various 

materials inside a radio tube goes on unendingly. Sam-
ples come to us in a great variety of forms; there may be 
washings from plates, micas, or stems, which have been 
evaporated down so that only a small black spot remains 
in a beaker. There may be a section of filament support 
which has a metallic deposit on it, or cathodes which 
have strangely discolored areas. Since the spectro-
graphic laboratory is somewhat separate from the other 
departments, its reports are unbiased and have helped 
solve many of these troubles. 
Another use for qualitative spectral analysis is found 

in the ease and speed with which it can be used to iden-
tify various materials. Spectra of the many different al-
loys and glasses used in different types of tubes have 
been recorded and one merely has to burn the unknown 
material in the arc and then compare the photographed 
spectrum with those on file to identify the material. 
This procedure is also used in sorting mixed lots of ma-
terial. An interesting case of using the spectrograph to 
detect mixed materials occurred recently. Four develop-
mental tubes when life-tested showed rather surprising 
results. The stem of one tube cracked after about 
twenty hours' life, while the other three operated satis-
factorily for over a thousand hours. Samples of the glass 
from the stems of all four tubes were qualitatively ana-
lyzed and the glass in the cracked stem was found to be 
of distinctly different composition. Upon checking back, 
it was found that one piece of stem tubing of an entirely 
different glass had been accidently included with the 
regular material. Subsequent tubes made with the cor-
rect glass proved entirely satisfactory. 
Frequently, it is found that a certain type tube on 

the market differs in its characteristics from those 
which we manufacture, or perhaps we are requested to 
make tubes similar to those of foreign manufacture. 
When this occurs, the engineer whose job it is to design 
the tube usually obtains samples of the unknown type 
and dismembers them. Small samples of all the various 
materials within the tubes are then sent to us for quali-
tative check. This gives enough information to deter-
mine what alloys are used for the various parts. 
Qualitative spectral analysis can be pushed to a point 

where it can be considered as semiquantitative. This has 
been done particularly in the analysis of materials used 
in making cathode-ray screens. In this case, samples are 
taken before and after a purifying procedure and are 
arced under identical conditions. It is then possible to 
compare the lines due to the various impurities and thus 
to determine whether or not the purification procedure 
is improving the material. Such a procedure has been 
used successfully for a period of over two years in work 
on the removal of iron, nickel, lead, manganese, and 
copper from zinc sulfate. At present, however, regular 
quantitative methods have been set up for these mate-
rials and will be discussed later. 
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QUANTITATI% E ANALYSIS 
Applications of quantitative spectrochemical analysis 

have not been of such a diversified nature as those dis-
cussed for qualitative analysis. The problems usually 
develop along the following lines. A qualitative study of 
the material over a period of time shows that some con-
stituent or impurity in the material is of importance and 
it is them deemed necessary to perform periodic quan-
titative analysis on this component in order to be sure 
its concentration remains within specifications. A num-
ber of quantitative analysis procedures have been set up 
in our laboratory in co-operation with various other de-
partments. In discussing the qualitative work, the im-
portance of an optimum amount of aluminum in pin 
material was pointed out. A procedure by which lock-in 
pin alloy is analyzed quantitatively for aluminum has 
been set up. Techniques for the quantitative analysis of 
impurities present in the barium, strontium, and cal-
cium carbonates used for emission coating on filaments, 
and a method of determining the concentration of tho-

BLACKENING 

PLATE  CALIBRATION CURVE 

-----

LOG INTENSITY 

Fig. 5—Calibration curve. 

rium in tungsten wire have been developed. A number of 
other procedures are also in use. However, since they all 
embody approximately the same techniques, it is felt 
that by describing the method used in analyzing for the 
small amounts of copper present in cathode-ray-tube 
screens, this type of analysis can best be illustrated. 
In general, there are two methods of performing quan-

titative spectrographic analysis. In the first, one exposes 
several groups of standards on the same plate with sam-
ples of the unknown and then by visually comparing the 
intensities of the spectral lines due to the impurity, he is 
able to arrive at the concentration. The second method 
is known as the internal-standard method and involves 
an intensity measurement of a spectrum line due to the 
impurity and also of a line due to the major component 
of the sample. The ratio of these intensities is then ob-
tained for a series of chemically analyzed or synthetically 
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prepared standards and a curve is plotted re lat ing  inten-
sity ratio and concentration. In ana lyz ing  an  un known,  
one only has to measure this intens ity rat io an d obta in 
the concentration from the curve . The secon d method  is 
used in nearly all cases in our  laboratory.  The first  
method is used occasionally when  it is wished to  form  an  
idea of the amount of some  element  present  without  
spending too much time deve loping  an  ana lys is proce-
dure. 
In order to prepare ca thode-ray -tu be screens  which  

will have the proper co lor  in operat ion,  it has  been  found  
necessary to have all the com ponent  mater ials  of  very  
high purity or at least of a contro llable pur ity.  The  pres-
ence of small amounts of copper , iron,  and  nickel  are  
sufficient to influence  the co lor  of the screen;  therefore,  
considerable work has  been  done  in arranging  purifica-
tion procedures for  the raw  mater ial.  The  spectrograph  
is used in chec king  quant itat ively  the  amounts  of  impu-
rity present. 

The amount of copper  present  in zinc  sulfate  runs  

around 0.00002 per cen t or  about two parts of co pper  to  
ten million parts of zinc  su lfate.  Since  th is is such  a small  
amount, it has been  foun d necessary  to  use  the  most  
sensitive source ava ilable. The only  source  which  has  
proved suitable for this wor k has  been  the  250-volt  di-
rect-current arc using a 15-ampere  arc  current.  In  order  
to perform the ana lys is, the zinc  sulfate  is evaporated  to  
dryness and packed into  a crater  drilled  in the  lower  
electrode, and a pointed, so lid car bon  is used  as  the  up-
per electrode. Some  difficu lty  was  experienced  in obtain-
ing carbon  which is free  of  copper.  Electrode  material  
was obtained from  a large  number  of  suppliers  and  ex-
periments were  also  ma de to  determine  the  suitability  of  
chemical-purifying  met hods. It was  finally  found,  how-
ever, that carbon  electro des  as  supplied  by  the  Dow  
Chemical Company were  su ita ble for  this  use.  It is nec-
essary to check eac h lot  of car bons  when  it arrives  as  oc-
casionally faint traces  of copper  are  present  which  
disturb the ana lys is. The sample  is arced  and  photo-
raphed on an Eastman  type  33  plate.  In  order  to  ob-
ain the intensity rat io of the copper  line  at  3247  ang-
troms to the interna l standard  line,  it is necessary  to  
now exactly how  the photographic  plate  responds  to  
he intensity of the light  incident  upon  it.  This  relation-
hip must be known  for  each  plate  and  is obtained  in the • 
ollowing manner. A pair of spectroscopically  pure  iron  

ectrodes having conically ground points are exposed on 
he plate using the 2200-volt alternating-current arc. 
he conditions have been chosen so as to be accurately 
producible. The relative intensities of ten lines in the 
on spectrum of about the same wavelength as the cop-
r impurity line have been determined by calibration 
ainst a step sector and a continuous source. To obtain 
e calibration curve for a plate, it is only necessary to 
ad the blackenings of each of these lines and plot them 
ainst their assigned relative intensities. A typical cali-
ation curve for the plates which are used is shown in 
g. 5. 
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In order to perform an analysis for copper, it is neces-
sary to know how the copper impurity line varies with 
changes in concentration. This relationship is obtained 
by exposing a series of standards whose concentrations 
are known and measuring the intensity ratio for each 
standard. Plotting the concentration against the inten-
sity ratio gives a curve of the form shown in Fig. 6. This 
curve shows the ratio of the intensity of the copper line 
3247 to the intensity of the background. Theoretically, 
the best results would be obtained by taking the ratio of 
the copper line to a line due to the major component 
which in this case would be zinc. However, since the zinc 
spectrum has only a few lines in this region and those 
present are much too intense, it has been found that us-
ing the background as an internal standard gives much 
better results. The curve in Fig. 6 was prepared from a 
set of synthetically contaminated standards. The purest 
stock solution the fluorescent laboratory had prepared at 
the time of making the full-line calibration curve still 
contained a small amount of residual copper so that 
when known amounts of copper were added to this stock 
solution, the effect of the residual became marked in the 
lower concentrations. This is shown in the noticeable 
deviation from a straight line which occurs at the lower 
part of the curve. For the analysis of the various lots of 
material prepared in the plant, the continuation of the 

01 

.001 

WORKING CURVE FOR COPPER IN ZNSO. 
RANGE 000005- 01 PERCENT 

LOG 1C°PP ER  
1BAGAGROUND 

Fig. 6-Analytical curve. 

point that their residual copper was reading about 
0.00002 per cent instead of the 0.000035 per cent experi-
enced formerly. A set of standards for the lower values 
was prepared from this solution and a new working curve 
was made. This curve is shown by the dotted line and is 
noticeably closer to the straight-line relationship we 
have assumed as correct. 
In discussing quantitative analysis, the first question 

asked is "What is the accuracy?" Table I shows the re-

TABLE I 
SPECTROGRAPHIC DETERMINATION or COPPER IN ZINC SULFATE 

N umber  Analysis 
Deviation from 

Average 
Per cent 
Deviation 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

0.0000140 
0.0000160 
0.0000150 
0.0000152 
0.0000172 
0.0000130 
0.0000148 
0.0000140 
0.0000145 
0.0000152 
0.0000150 
0.0000148 
0.0000122 
0.0000140 
0.0000150 
0.0000130 
0.0000140 
0.0000138 
0.0000156 
0.0000142 
0.0000148 
0.0000128 
0.0000130 
0.0000156 

0.0000005 
0.0000015 
0.0000005 
0.0000007 
0.0000027 
0.0000015 
0.0000003 
0.0000005 
0.0000000 
0.0000007 
0.0000005 
0.0000003 
0.0000023 
0.0000005 
0.0000005 
0.0000015 
0.0000005 
0.0000007 
0.0000011 
0.0000003 
0.0000003 
0.0000017 
0.0000015 
0.0000011 

3.4 
10.3 
3.4 
4.8 
18.6 
10.3 
2.7 
3.4 
--
4.8 
3.4 
2.7 
15.8 
3.4 
3.4 
10.3 
3.4 
4.8 
7.6 
2.7 
2.7 
11.7 
10.3 
7.6 
_--_ 

Average 0.0000145 Standard Deviation 
.0.8 percent 

5.9 

straight line was considered as being the true value. It 
has been shown by other workers that a portion of this 
deviation from a straight line is due to the effect of back-
ground; however, in our work we consider the straight 
line to be of sufficient accuracy to be used in control 
analysis of the materials. After such analyses had been 
performed for a period of six months, the fluorescent 
laboratory had developed purification procedures to a 

suits of twenty-four determinations of the same un-
known sample which had an average concentration of 
copper of 0.000014 per cent. The standard deviation, 
figured on the basis of the twenty-four samples, is 7.8 
per cent. This means that in a Gaussian distribution of 
random errors, 67 per cent of the results should deviate 
from the mean by not more than the standard deviation. 
The maximum error in this ,determination runs about 
± 16 per cent. This accuracy has proved to be sufficient 
for checking the material used in cathode-ray screens. 
Some investigation has been started towards increasing 
this accuracy; however, at present we are more inter-
ested in keeping the sensitivity of our method adequate 
for the demand. Our biggest worry is that the fluorescent 
laboratory will achieve a purification procedure which 
will be so good that traces of copper present will not be 
shown. 
Some of the analyses performed in this plant have 

been indicated. Since the materials are so varied, one 
must have available techniques and apparatus which 
are rather versatile in order to handle them. In most 
cases, an answer can be given within a couple of hours 
and on extremely important problems where speed is a 
major factor, definite information has been obtained in 
as short periods as half an hour. The spectrograph is of 
much use when it can be applied in connection with 
other branches of research. When the limitations and 
possibilities of the method are recognized throughout 
the organization, the application of the spectrographic 
technique can be made to pay large dividends. 
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Generation of High-Power Oscillations with a 
Magnetron in the Centimeter Band* 

N. F. ALEKSEEVt, NONMEMBER, I.R.E., AND D. D. MALAIROVt, NONMEMBER, I.R.E. 
Translated by I. B. Bensent, NONME KBER, I.R.E. 

Summary—Experiments are described for obtaining high-power 
oscillations from a four-cavity, water-cooled, demountable magne-
tron. Power outputs up to 300 watts at a wavelength of about 9 centi-
meters were measured. A sealed-off sample magnetron was built 
along similar lines and gave a power output of about 100 watts at the 
same wavelength under actual working conditions. An experimental 
magnetron was also built giving power output of two watts at a wave-
length of about 2.6 centimeters. 

I. INTRODUCTION THE WORK described in this ar ticle was  done  
during the years 1936 and 1937 for the purpose of 
producing high-power oscillations in the centi-

meter-wave band by the use of magnetrons. 
Previously published data indicated that 20 watts 

was the highest power obtainable at a wavelength 
shorter than 10 centimeters. The chief problem in ob-
taining higher power outputs has been the inability to 
obtain sufficient dissipation of power from the anode, a 
problem made more difficult by the low over-all effi-
ciency. To increase the high-frequency output power, it 
was necessary to introduce water cooling of the anode 
and, if possible, increase the size of the anode without 
increasing the wavelength. In addition, it was necessary 
to choose the proper shape of the anode cavity. The 
magnetron tubes described in this article all incorporate 
the oscillating circuit within the tube. 
The most promising modes of operation for a magne-

tron in the centimeter-wave band are of the so-called 
"electronic-oscillation" type or, as they are sometimes 
called, "oscillations of the first order." This is the case 
where n=1, the letter n designating the number of 
revolutions of the electron around its orbit during each 
complete electrical cycle. For this case of n= 1, the 
theoretical relationship between wavelength and field 
strength is HX =10,700 or 22,000, depending upon the 

• Decimal classification: R253 X R355.5. Original manuscript re-
ceived by the editor of the Journal of Technical Physics, April 28, 
1940. Translated from, and reprinted by permission of, the Journal of 
Technical Physics (Russian), vol. 10, 1940, pp. 1297-1300. Received 
by the Institute, May 22, 1943. 
• t Leningrad, U.S.S.R. 
$ Electronics Laboratory, General Electric Company, Schenec-

tady, N. Y. 

136 

mode of oscillations in the anode structure of the 
magnetron. 

This type of magnetron oscillation required relatively 
less powerful magnetic fields Which was an important 
factor from the viewpoint of reducing the size of the 
magnets. In addition, it was found that powerful mag-
netic fields produce back heating of the cathode which 
constituted a limit to the output of this form of tube. 
In the course of our experiments, oscillations for the 

case of n = were also discovered. In this case HX = 
6500 or 9000. Therefore, one complete revolution of the 
electron around its orbit occurred during the time of two 
complete electrical cycles. 

Fig. 1— Layout of the demountable magnetron. 

Other workers in this field have also obtained such 
oscillations experimentally. For the very short wave-
lengths, this n = mode may well become more desirable 
than the oscillations of the first order (n = 1). 

In the case of magnetrons for the centimeter-wave 
band, it was impossible to determine analytically the 
dimensions of the anode elements with any degree of 
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exactness so the optimum dimensions were determined 

experimentally. 

II. EXPERIMENTAL TECHNIQUE 

In order to test results with different shape of elec-
trodes, a demountable type of magnetron was built to 
operate with a continuously functioning vacuum pump. 
A cross section of this type of tube is shown in Fig. 1. 
The bottom flange of the magnetron was mounted di-
rectly on an oil-diffusion pump. The pumping system 
was operating continuously during the tests recorded 

here. 
The anodes were made out of pure solid copper having 

circular cross sections. This latter feature allowed the 
greatest accuracy in manufacture. They were cooled 
by water flowing through a copper tube attached to the 
circumference of the cylindrical anode structure. The 
copper tubes used to supply this cooling water also 
served as electrical leads. The ends of these copper tubes 
extended outside the magnetron through a quartz disk 

(see Fig. 1). 
An approximate determination of the power output 

of the tube was obtained from the brightness of in-
candescent load lamps. A more accurate determination 
was made from measurements of the increase in tem-
perature of the cooling water. This latter method was 
made accurate by measuring both the input and output 
water temperature by two thermocouples. These ther-
mocouples were connected differentially in the galva-
nometer circuit; therefore, they read directly the tem-
perature rise in the water due to power dissipation in the 
tube. This method excluded possible errors which might 
have been introduced by fluctuations in the tempera-

ture of the incoming water. 
By this method it was possible to determine very 

small water temperature differences and thus measure 
the power output even when the efficiency was as low as 

one or two per cent. 
The measurements of wavelength were made by 

means of Lecher-wire systems. 

cylindrical space in the anode material (dk) for the ac-
commodation of the cathode. This is because the anode 
potential Eb, the diameter of the hole for the cathode in 
the anode block, and the magnetic field strength H, are 
related by the equation Eb= ICH242. 

III. ANODE SHAPES 

The path of oscillations in the magnetron at these 
short wavelengths is determined by the design of the 
oscillating cavities in the anodes themselves. There are 
many possible variations in the shape of the anode cavi-
ties. In an anode with two slots, there may be one, two, 
or four actual resonant circuits. It is possible to connect 
in combination a large number of such cavities. An ex-
ample of this is shown in Fig. 2 and such a design was 
checked experimentally although in this article this par-
ticular scheme is not described in detail as it is rather 
bulky although capable of producing very high powers. 
High-power outputs were also obtained from what 

might be termed a single-cavity magnetron. 
Regardless of the design of anode used, it is desirable 

to use a high anode potential to obtain high power out-
puts. This also allows an increase in the diameter of the 

Fig. 2—Arrangement of an anode with single-cavity cells 
in combination. 

The ratio of do/dk should not be made smaller than a 
certain value. The diameter of a unit resonant anode 
cavity is expressed by do. For a single-cavity anode, it 
should not be made lower than 1.3. For a four-cavity 
anode, it may be as low as 1.1. If a decrease in this ratio 
below the above values were made, there resulted an 
abrupt drop in efficiency. The value of this limiting ratio 
for each form of anode depends upon other features of 
the design. At the same wavelength, in a four-cavity 
anode, larger dimensions of both da and dk are permissible 
and permit production of increased power outputs. 

IV. PRODUCTION OF HIGH-POWER OSCILLATIONS 

Characteristic performance data for the one-, two-, 
and four-cavity anodes are shown in Table I. 

TABLE I 

Test 
Num-
ber 

4/4 
Eb 
Volts 

2 

3 

4 

1.5 

2.0 

1.5 

1.5 

1.5 

1700 

1800 

2650 

4400 

3220 

b 

am-
peres 

Gauss 

Wave-
length 
in 

Centi-
meters 

140 

45 

360 

330 

160 

2600 

2000 

1350 

1950 

1650 

7.7 

9.9 

9.0 

9.0 

9.1 

FIX 

Out-
put 
Watts 

20000 

19800 

12100 

17500 

15000 

7 

170 

300 

116 

Per 
cent 
Effi-
ciency 

Remarks 

9 

18 

20 

22.5 

Anode shape 
of Fig. 3. 
Anode shape 
of Fig. 4 at 
low loading. 
Anode shape 
of Fig. 5. 
Same tube but 
higher H and 
E b.  Serious 
back heating. 
Same  anode 
but in a 
sealed-off 
tube. 

It is to be noted that the two-cavity magnetron whose 
performance is given in test 2 of Table I showed consid-
erably higher efficiency than the results on the single-
cavity magnetron given in test 1. It is to be noted, how-
ever, that its power output was lower which resulted 
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from the fact that the anode dimensions were not opti-
mum. (See Figs. 3 and 4.) 

3 D1AM. 

4.5 D1AM. 

6 QIAM4 

37 

Fig. 3—Single-cavity anode of a 7.7-centimeter magnetron. 
All dimensions are in millimeters. 

Fig. 4—Double-cavity anode of a 9.9-centimeter magnetron. 
All dimensions are in millimeters. 

It will be noted that the figures for tests 3 and 4 of 
Table I describing results with the four-cavity magne-
tron showed both higher outputs and efficiencies than 
those obtainable from the single- and two-cavity anodes. 
(See Fig. 5.) 

The condition of operation recorded for test 4 was 
characterized by increased magnetic field and this re-
sulted in extremely strong back heating (cathode con-
flagration) of the cathode. This back heating or increase 
of cathode temperature resulting from the oscillation of 
the tube was the chief cause for inability to go beyond a 
300-watt output in spite of the ample anode-cooling 
properties of the design. 
Another factor limiting the power output was the 

limitation of the high-voltage power supply. This latter 
limitation forced us to use extremely low series ballast 
resistors in the anode to cathode circuit. This rendered 
the cathode liable to destruction. With power outputs 
in the neighborhood of 100 watts at a wavelength of 9 
centimeters, it was possible to obtain high-frequency 
brush discharges into the air 5 millimeters long from the 
end of a piece of wire 0.33 millimeter in diameter. 

SLOT WIDTH 
EQUALS 10 

Fig. 5—A four-cavity anode of a 9.0-centimeter magnetron. 
All dimensions are in millimeters. 

A resonator made of 0.5-millimeter nichrome wire be-
came red hot if properly connected to the output of the 
magnetron when oscillated at a 60-watt output. 
Textolite type of insulation at such powers and fre-

quencies was entirely unsuitable for use as it caught on 
fire as soon as touched by the output leads or the reso-
nant output wires. 

Several sealed-off magnetrons were made with anodes 
of the same general design. They operated continuously 
and showed a stable output of 100 watts. The operating 
condition for a typical sample is recorded as test 5 in 
Table I. 

Variation of power output with power input for a 
typical sealed-off magnetron is shown by the curve of 
Fig. 6. In this case, the direct anode supply voltage was 

25 

P 
w "-
3 
0 
a. 20 
8 

I- • 15 
Ui 

U. 

• 10 
cc 

0 
z  •  5 

o 100  200  300 

P w a 
400 500 600 

Fig. 6—Power output versus power input of a 
sealed magnetron. 

Abscissa: Input watts. 
Ordinate: Relative power output. 

held constant so that the change of input power resulted 
entirely from a change of input current. 



V. MAGNETRONS FOR OUTPUTS AT STILL SHORTER 
WAVELENGTHS UNDER CONDITIONS WHEN n <1 

With four-cavity anodes of similar design but smaller 
proportionate size than those which have been described 
much higher frequency oscillations were obtained. Table 
II lists the experimental data obtained from two such 
magnetrons of the demountable type. 

TABLE II 

Test 
Num-
ber 

d./dk 

2 
1.4 
1.4 

Eb 
Volts 

lb 

am-
peres 

Gauss 

Wave-
length 
in 

Centi-
meters 

1570 
890 

190 
48 

1600 
2560 

5.5 
2.6 

Out-
put 
Watts 

Per 
cent 
Effi-
ciency 

8800 
6650 

20 
2 

7.0 
4.5 

The magnitude of the product of HA, shown in this 
table for the case where n =1, was approximately one 
half that necessary for oscillations of the first order 
where n = 1. 
A comparison of the operating conditions for two 

modes of oscillation in an identical magnetron is shown 
in Table III. The anode of this latter magnetron was of 

TABLE III 

Oscillation 
Mode Et. 

Volts 

Jo 
Milli-
amperes Gauss 

Wavelength 
in 

centimeters 

HX 

2600  208 
1000  118 

2160  7.6  16,400 
1150  7.5  8,600 

the four-cavity type having a diameter for the accom-
modation of the cathode of 4.4 millimeters, the diameter 
of each individual anode cavity being 6.8 millimeters. 
The width of the slot was 0.4 millimeter. Operating re-
sults, under conditions where n=, were critical, this 
being particularly true for changes in the strength and 
direction of the magnetic field. However, efficiencies as 
high as 8 per cent were observed. 
In order to obtain oscillations at still shorter wave-

lengths in the centimeter-wave band, this mode of oscil-
lation where n=1 would be of great advantage since the 
magnetic field required would be less than for the case 
where n=1 and this would result in reduced cathode 
back heating. This effect was found to be the chief ob-
stacle in obtaining higher power outputs at these fre-
quencies. However, there are a number of questions re-
quiring further study for obtaining oscillations of shorter 
wavelengths using this mode. 
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Paper Capacitors under Direct Voltages* 
M. BROTHERTONt, NONMEMBER, I.R.E. 

Summary—This article discusses and illustrates the influence 
of voltage, temperature, and materials on the life of paper capacitors 
under direct voltages. The life decreases as the applied voltage and 
ambient temperature increase. Operating voltages which are safe 
at room temperatures may produce rapid dielectric failure at high 
temperatures unless the most suitable materials and best manu-
facturing practices are employed. It is essential that temperature as 
well a. voltage be taken into account in the design, manufacture, and 
use of paper capacitors if trouble-free service is to be insured. Paper 
capacitors should be rated for a maximum direct operating voltage 
at a maximum ambient temperature. An accelerated life test on 
representative samples is the best criterion of the life performance 
that may be expected of a manufactured lot of capacitors in service. 
This article also describes some types of asphalt-sealed and 

hermetically sealed paper capacitors designed for direct-current 
operation in different types of service. 

ROBABLY no element is more familiar in tele-
phone and radio apparatus than the electric con-
denser or capacitor. It serves a variety of purposes: 

providing negative reactance, storing electric charge, 
passing alternating current, or blocking direct current. 
Technically, it provides capacitance, one of the three 
basic parameters of an electric circuit. 

• Decimal classification: R220 X R381. Original manuscript re-
ceived by the Institute, September 8, 1943. 

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

Most widely used is the impregnated-paper type since 
it provides capacitance in compact form at relatively 
low cost for all types of service where the high precision 
and stability and low losses of mica capacitors are not 

Fig. 1—Asphalt-sealed paper capacitors. 

essential. Where used for filtering, blocking, and by-pass 
purposes in radio or other communication equipment, 
the principal requirement is that they shall withstand 
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direct voltage over the service life of the equipment. 
Paper capacitors are, however, limited in their ability 
to withstand sustained direct voltages especially at high 
temperatures and this must be carefully taken into ac-
count by designers, manufacturers, and users of these 
capacitors to insure satisfactory service. These limita-
tions are becoming increasingly important with the pres-
sure on designers of communication apparatus to ac-
commodate more power in less space, resulting in higher 
apparatus temperatures. 
This article discusses the factors limiting the direct-

current life of paper capacitors. It also describes some 
types of paper capacitors developed by the Bell Tele-
phone Laboratories and manufactured by the Western 
Electric Company primarily for direct-current opera-
tion. 

PAPER CAPACITORS FOR Room TEMPERATURES 

The most widely used paper capacitor in the Bell 
System is the asphalt-sealed type, Fig. 1, which houses 
the capacitor unit in a metal can sealed with asphaltic 
compound. The one on the left has a capacitance of 1 
microfarad and the one at the right, 4 microfarads. 
Simplicity of design coupled with large production 
makes these capacitors small in size as well as low in 
cost. So many of them are now in use in the Bell System 
that the strips of paper in them, if fastened end to end, 
would extend to the moon and back with enough left 
over to go five times around the world. 
The capacitance is provided by a unit consisting of 

two strips of tin or aluminum foil separated by at least 
two thicknesses of paper, as shown in Fig. 2. The inter-

LAID-1N 
TERMINALS 

PAPER 

Fig. 2—Typical rolled-paper capacitor unit with "laid-in" terminals. 

leaved paper and foil are rolled together, dried, and im-
pregnated under compression to form a compact unit. 
It is not generally realized how thin the paper insulation 
between foils must be made to secure the small size 
desirable. A 1-microfarad unit capable of withstanding 
direct-current potentials up to 200 volts is smaller than 
a five-cent bar of chocolate. To accomplish this, the paper 
between foils must be somewhat less than a thousandth 

of an inch thick, and must be worked at approximately 
ninety times the voltage gradient on lamp cord in every-
day household use. A 1-microfarad paper-capacitor unit 
designed to operate under the low-voltage gradient used 
in lamp cord would be as large as a suitcase. 
The ability of the impregnated paper to withstand 

these severe voltage gradients has been made possible 
by minimizing the amount of chemically active mate-
rials such as acids, alkalies, and water in the paper and 
impregnant. These agents react in an electric field, and 
if present even in small amounts may result in rapid 
degeneration of the impregnated paper until dielectric 
failure occurs. Because of this high-voltage gradient, 
traces of impurities that are of little consequence in 
lamp-cord insulation would lead to rapid failure in paper 
capacitors. 
Asphalt-sealed capacitors are intended, in general, 

for indoor conditions at ambient temperatures from 
16 to 50 degrees centigrade; and under these conditions 
can be made to perform satisfactorily for long periods 
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Fig. 3—Cumulative-failure distribution curve showing effect of 
temperature at constant direct voltage. 

with ratings up to 200 volts. Waxes of the chlorinated 
and hydrocarbon types are permissible provided the 
other materials are of requisite purity and dryness. They 
are, however, limited in the temperitures at which they 
may be reliably operated. At temperatures above 50 de-
grees centigrade, some of the asphaltic sealing compound 
may drain from the container and expose the unit to the 
infiltration of moisture, and also some of the compound 
may migrate into the unit, causing destructive chemical 
action. Nor are they suited to extreme cold which may 
crack the protective jacket of the compound and expose 
the unit to moisture. 

PAPER CAPACITORS FOR WIDE TEMPERATURE RANGES 

In capacitors operating considerably above 50 degrees 
centigrade or below 0 degrees centigrade, it is not only 
essential to employ superior means of sealing but it is 
also desirable to choose oils rather than waxes as impreg-
nants. This avoids the limitation on ratings imposed by 
occurrence of solid to liquid transformations in region 
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Fig. 4—Cumulative-failure distribution curve showing effect of direct voltage at constant capacitor temperature. 

of softening points of waxes. It also avoids the greater 
tendency to dielectric failure exhibited by wax-impreg-
nated capacitors at temperatures below 0 degrees centi-
grade. Beyond these measures, it is vital to limit the 
choice of combination of paper, foil, and impregnant to 
those that are least sensitive to chemical deterioration. 
The importance of the latter factor is brought out by 

Fig. 3, which depicts test results on groups of oil-im-
pregnated capacitors (type 1) using materials that yield 
thoroughly satisfactory performance at temperatures of 
20 to 30 degrees centigrade. In this instance the life at 
90 degrees centigrade is only a small fraction of the life 
at room temperature. From an operating standpoint 
this means that the voltage at which this type of capac-
itor may be safely operated at 90 degrees centigrade is 
considerably less than the safe voltage at room tem-
peratures. The destructive effect of heat varies widely 
for different types of paper, impregnant, and foil mate-
rials and also depends on the amount of water or other 
contaminants present. 
There are other materials which are much less sensi-

tive to deterioration in this same higher range of tem-
perature. They generally follow much the same pattern 
except that the time scale for a given voltage is in-
creased many fold. Fig. 3 also illustrates the life at 90 
degrees centigrade for capacitors (type 2) using mate-
rials better suited to withstand high temperatures. At 
90 degrees centigrade the life of type 2 is approximately 
100 times the life of type 1 under the same voltage. 
The life of a paper capacitor under sustained direct 

voltage decreases rapidly as the voltages increases. 
Where a group of capacitors which have passed a suit-
able dielectric strength test is subjected to a sustained 

direct voltage, there is an initial period during which no 
significant failures' occur. (See Fig. 3.) At the end of 
this period there is a definite inflection in the failure 
distribution curve where significant failures start and 
thereafter continue to occur according to a definite pat-
tern. This initial period which we shall denote as  
represents the minimum life to be expected of the group 
under the specific applied voltage. It is this minimum 
life, rather than the average or maximum, which is of 
primary interest from the standpoint of insuring 
trouble-free capacitor operation. It has been found ex-
perimentally that "L" varies approximately as 1/En 
when "E" denotes the direct-current potential across 
the capacitor terminals. The value of "n" has been 
found experimentally to range from 4 to 6 for capacitor 
impregnants in general use at the present time, and on 
the basis of capacitance values up to 4 microfarads, 
ambient temperatures up to 85 degrees centigrade, test 
voltages up to 3000 volts, potential gradients up to ap-
proximately 1500 volts per mil of impregnated paper di-
electric, and provided the internally generated heat due 
to direct currents is small. 
It has been found to apply to liquid impregnants and 

also to waxes from room temperature up to near the 
melting point of the wax. There are indications that it 
does not apply where failure is apparently complicated 
by causes other than progressive deterioration of the 
dielectric attributable to externally applied heat and 
voltage; for example, with some wax-type impregnants 

"That is, ignoring the small percentage of capacitors of any test 
group which may fail early in the test due to random dielectric weak-
nesses, especially where the test voltage is appreciably above normal 
operating values." 
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Fig. 5—Cumulative-failure distribution curve at 80 degrees centigrade. 
1. Oil A versus oil B. 
2. Aluminum-foil versus tin-foil capacitors. 

which show a tendency to fail under direct-current po-
tentials during temperature swings below room tempera-
ture or during the change from solid to liquid at the 
melting point of the wax. 
This empirical formula for life versus voltage provides 

a valuable working basis for determining safe operating 
voltages by means of accelerated life tests. Fig. 4 shows 
cumulative-failure distribution curves at different volt-
ages plotted on the basis of "n". 5. With reference to 
Fig. 4, suppose a particular design of paper capacitor 
will be required to operate under a direct voltage (E) 
at ambient temperatures which may reach 90 degrees 
centigrade. Also, suppose that an adequate number of 
samples representing this capacitor show a life greater 
than 10 days under a voltage of 2.5E or 30 days at 2.0E 
at a sustained temperature of 90 degrees centigrade. It 
follows that this capacitor could be expected to have a 
life in excess of 1000 days when operated at the expected 
operating voltage (E) with the temperature sustained 
continuously at 90 degrees centigrade. Furthermore, a 
service life considerably in excess of 1000 days could 
be expected of this capacitor where, as in most types 
of service, the capacitor would not be operated 24 hours 
per day or continuously at the maximum temperature 
while under voltage. In some applications, such as tele-
phone repeaters and radio broadcast stations, capacitors 
may have to withstand voltage in combination with 
high ambient temperatures continuously. In engineering 
capacitor designs for such applications similar short-
time accelerated tests can also be used with due atten-
tion, of course, to the fact that 10- to 15-year life may 
be required. 

a 9 10 

Experience shows that no other single test provides 
an equal assurance of providing capacitors which will 
stand up in service than an accelerated life test on repre-
sentative samples. It is most desirable that capacitors 
which involve radically new design, new materials, new 
sources of supply for materials, or are required to meet 

Fig. 6—Hermetically sealed paper capacitors. 

service conditions not hitherto encountered should be 
rated only after life-testing under accelerated voltages 
and in combination with temperature conditions at least 
as severe as those in view. 
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Also, since the direct-voltage life of paper capacitors 
decreases as both temperature and voltage increase, the 
best practice dictates that they should be rated for a 
maximum direct operating voltage at a maximum am-
bient temperature. 
As previously indicated the quality and type of ma-

terials used for the impregnant and foil electrodes 
greatly affect life, especially at high temperatures. Fig. 
5 shows comparative life performance for capacitors im-
pregnated with two mineral oils which are used as 
capacitor impregnants. Oil A provides considerably 
longer life than oil B and aluminum foil is better than 
tin foil as an electrode material with either oil. The im-
portance of the electrode material also applies to other 
impregnants such as chlorinated diphenyl or castor oil. 
Consequently, the use of aluminum foil is preferred in 
capacitors intended for high-temperature operation. 
Since deterioration of the dielectric is accelerated in 

the presence of water even where the best materials 
are used, it is essential not only that the units be well 
dried initially but also that the casing used completely 
protect the capacitor units from moisture in service. 
This consideration is especially important in equip-
ments for the Armed Forces which are subject to vibra-
tion and shock in combination with extreme climatic 
conditions. This seal should remain airtight over an ex-
tremely wide range of temperature, and under severe 
mechanical shock. 
Fig. 6 shows two types of capacitors which are housed 

in containers with such hermetic seals. The capacitor 
shown at the left in Fig. 6 is filled and impregnated with 
a hydrocarbon wax; the terminals are brought out 
through neoprene-treated rubber-insulated leads and 
the hermetic seal is secured by a metal sleeve which is 
constricted on the rubber insulation and soldered to the 
container. They are widely used for by-pass and filtering 
purposes in carrier telephone, public address, and radio 
equipments for temperatures extending from above 
freezing to 65 degrees centigrade. Below the freezing 
point, their effectiveness is limited because they must be 
worked below normal rated voltage to secure satisfac-
tory life. 
The capacitor shown at the right has its leads brought 

out through molded phenol plastic and it is impregnated 
and filled with chlorinated diphenyl which is a heavy 
liquid. For the same capacitance and voltage rating, 
the type of capacitor shown at the right in Fig. 6 is 
considerably smaller than that shown at the left, be-
cause of the high dielectric constant of chlorinated di-
phenyl as compared with wax. Furthermore, they may 
be operated at temperatures from —50 to +85 degrees 

centigrade without damage, and they are much supe-
rior to wax-type capacitors for operation at high alter-
nating-current 60-cycle voltages. The chlorinated-di-
phenyl type has the disadvantage, however, that its 
capacitance decreases at subzero temperatures by an 
amount which is intolerable where high stability of 
capacitance is an essential requirement. Its small size 
is advantageous where it is necessary to accommodate 
large lumps of capacitance for blocking, filtering, and 
by-pass purposes where large variations in capacitance 
can be tolerated. The capacitor illustrated contains a 
stabilizing agent in the chlorinated diphenyl which ma-
terially increases the direct-voltage life of the capacitor 
especially when operated at temperatures in excess2 of 
50 degrees centigrade. 
For reasons of inability to withstand high and low 

temperatures or because of too great a variation of 
capacitance with temperature, none of the three types 
of capacitors discussed above is suitable where it is es-
sential to secure a small capacitance change in appa-
ratus operated over a temperature range extending from 
—40 to +85 degrees centigrade. To meet this require-
ment, a fourth type is provided which is impregnated 
and filled with a heavy mineral oil. This type has a 
very long direct-voltage life at high temperatures as well 
as low. Its total capacitance variation may be limited 
to 6 per cent over the above-mentioned temperature 
range at a frequency of 1000 cycles. This capacitor is 
housed in sealed containers similar in construction to 
those of Fig. 6. As regards size, mineral-oil capacitors 
are about the same as the hydrocarbon-wax capacitors 
and are, therefore, generally larger than the chlorinated-
diphenyl type for a specified capacitance and voltage 
rating. 
Today, large quantities of paper capacitors are being 

used by the Armed Forces in radio and other commu-
nication equipment. Such equipment is required to oper-
ate reliably under an exacting variety of climatic condi-
tions. The success or failure of military operations may 
hinge on the dependability of communication equip-
ment which may be rendered temporarily useless at a 
critical moment by the failure of a single paper capaci-
tor. Accordingly, it is especially important that design-
ers, manufacturers, and users of radio and other com-
munication equipment for the Armed Forces should 
take into account the influence of operating voltage, 
ambient temperature, and of materials on the life of 
paper capacitors under direct voltages. 

D. A. McLean, L. Egerton, C. T. Kohman, and M. Brotherton. 
"Paper dielectrics containing chlorinated impregnants, Indus. and 
Eng. Chem., vol. 34, pp. 101-109; January, 1942. 
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Summary—The performance characteristics of vacuum-tube 
amplifiers are analyzed by combining the fundamental relations 
governing the motions of electrons within the vacuum tube with the 
methods of circuit-network theory. The result is an equivalent net-
work based upon the electron-discharge stream rather than upon 

the external terminals of the tube. It is connected to the external 
terminals through simple impedance elements and allows the am-
plifier performance to be calculated in a comparatively straightfor-
ward manner even in the case of multielement tubes and when the 
electron transit time is not restricted to a small portion of the cycle. 
The phase delay in the transmission which results from electron 
transit time is calculated together with the input loading. This cal-
culated loading must be increased to include the effects of Maxwel-
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lian distribution of electrons, which may be disregarded for a first 
approximation in many other applications. The analysis methods are 
applicable to velocity variation devices as well as to density variation 
or space-charge control and methods of handling such problems are 
briefly illustrated. 

W ITH the increase of knowledge concerning the 
electronics of current flow inside of vacuum 
tubes, which has taken place during recent 

years, it now appears timely to review the situation and 
to arrange the resultant equations in a way better 
suited for physical interpretation and application. In 
doing this, it has been found that several properties of 
vacuum tubes may be demonstrated readily by selecting 
equivalent networks to represent the performance of the 
vacuum tube and its attached circuits in such a way that 
the equivalent network conforms most simply with the 
equations expressing the tube performance rather than 
with the physical configuration of the tubes as has been 
the custom heretofore. For example, the present con-
ventional-network representation of a three-element 
vacuum tube is based upon the three available terminals 
external to the glass envelope housing the electrodes of 
the tube and is drawn to represent the equivalent im-
pedances which would be measured looking into the 
various pairs of terminals thus exposed. The resulting 
network is in a convenient form to use when the im-
pedances so obtained are simple in nature. This is the 
case with triodes operating at low frequencies. It is true 
to a lesser extent with tetrodes and pentodes operating 
at low frequencies but it is not true at all with tubes 
operating at higher frequencies or when a more search-
ing analysis of multielement tubes, even at low fre-
quencies, is desired. 
The mathematical attack on the problem of tube 

performance proceeds from a somewhat different view-
point and the equations are set up in such a way that 
attention is centered on the beam of electrons flowing 
through the tube. The equations have been arranged in 
a fairly compact form' and the attempt has been made 
to transform them by straightforward mathematical 
manipulation into such a form that they coincide with 
the preconceived idea of the equivalent network of the 
tube based upon the hypothesis that it should be built 
around the three or more available external connections 
to the tube. The result was a network which, at moder-
ate frequencies and for triodes, was a more or less minor 
modification of our older network, and has been dis-
cussed in previous papers." When the procedure was 
applied to tetrodes and pentodes or when the triode net-
work was extended to higher frequencies, the network 

1 F. B. Llewellyn, "Electron Inertia Effects," Cambridge Univer-
sity Press, New York, N. Y., 1939. 

2 F. B. Llewellyn, "Equivalent networlcs of negative grid vacuum 
tubes at ultra-high-frequencies," Bell Sys. Tech. Jour., vol. 15, pp. 
575-586; October, 1936. 
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was more unsatisfactory. This led to the suspicion that 
the network constructed upon the principle of equiva-
lent impedances between the three or more external 
terminals to the tube is not the most convenient net-
work to use in the general case. Accordingly, it was 
abandoned entirely and the simplest network based 
upon the mathematical equations of the tube perform-
ance was sought, regardless of its relation to the external 
or apparent geometry of the tube. 
The result is a network which is much simpler than 

the former one for many purposes. Its use requires a 
little readjustment of preconceived ideas concerning the 
inner workings of vacuum tubes and difficulty in at-
tempting to explain it in a useful manner arises from the 
fact that it represents a combination of two techniques 
which at present are largely dealt with by two different 
groups of people without too much co-ordination be-
tween them. We have to employ what is generally called 
"electronics analysis." The people who handle this type 
of analysis are concerned with the functioning of the in-
side of the vacuum tube, with the paths or trajectories 
of the electrons, and with the forces acting upon them. 
They express their result in terms of a well-known quan-
tity called the "transconductance" of the vacuum tube 
in conjunction with the interelectrode capacitances. 
Having done this, the job of the electronics engineers is 
completed and the result is turned over to the other 
group, which is composed of circuit people. Taking the 
data supplied by the electronics group, these circuit 
people apply the principles of circuit analysis to deter-
mine the performance of the given tube when it is con-
nected to circuit arrangements of inductance, capaci-
tance, and resistance in various configurations. Their 
techniques and methods differ widely from those of the 
electronics group. 
In the present analysis both of these techniques have 

to be combined and intermingled in a manner that will 
require a considerable readjustment of viewpoint by 
both groups. However, the resulting network and physi-
cal ideas upon which it is based have already proved so 
helpful in analyzing the performance of tubes that it is 
felt that the time spent in a thorough explanation of the 
basic principles and a carrying out of the consequent 
analysis will be well repaid. 
Another situation that is unfortunate for the time 

being, but may eventually prove helpful, is the fact that 
the new network is most conveniently based on the 
"nodal" rather than on the "mesh" form of circuit analy-
sis and that the nodal analysis is less widely used and is 
therefore less familiar than the mesh analysis. More-
over, the network has some of its nodes located in the 
interior of the vacuum tube rather than coinciding with 
its external terminals. Specifically, the nodes are taken 
to coincide in position with the planes of the various 
grids within the tube but the nodal potentials are not the 
same as those of the grid wires themselves but cor-
respond to what the electronics people call the "effective 
potential" of the grid in question. 

The reason why this is the normal and natural way 
to select the nodes for the circuit analysis may be seen 
by starting from the electronics analysis and discussing 
its basic principles. To do this we must review briefly 
what has been published in several preceding papers.1-7  
First of all there is the concept of total current as dis-

tinguished from its components of conductions current 
and displacement current. The total current has the all-
important property that it always flows in closed paths 
so that if we were to select a fictitious tube or cylinder 
whose bounding walls coincided in space with the direc-
tion of current flow, then the total current flowing into 
one end of that tube would be exactly equal in every 
respect to the total current flowing out of the other end 
at the same instant of time. For example, if we have two 
parallel planes of practically infinite extent and select 
condition so that our tube is a right circular cylinder 
with its axis perpendicular to the two given planes, 
then the total current flowing into one end of the cylin-
der is exactly equal at every instant to the total current 
flowing out at the other end. 
This seems to be a simple and straightforward con-

cept but is likely to cause difficulty when the two com-
ponents of the total current, namely, conduction and 
displacement current, are confused with the total cur-
rent. To see this, suppose that electrons are injected uni-
formly for an instant perpendicularly through one of the 
two planes which cap the cylinder described above, and 
move across to the other plane. The electrons take a 
finite length of time to complete the path. At the instant 
that they cross the first plane, there is a certain current 
through that plane into, or out of, the corresponding end 
of the cylinder. According to the properties of total cur-
rent described above, precisely and exactly that same 
current flows out at the other end of the cylinder at the 
same instant. But, you say, how can this be when the 
electrons constitute a current and the electrons are mov-
ing only through the first surface? 
The answer, of course, is that the flow of electrons 

does not constitute the total current but only the con-
duction component of the total current and that the re-
maining component, consisting of displacement current, 
exactly fills up the gap between the current carried by 
• the electrons themselves and that required to make the 
total current flowing through both ends of the cylinder 
identical. 
This concept cannot be emphasized too strongly and 

3 W. E. Benham, "Theory of the internal action of thermionic 
systems at moderately high frequencies," Phil. Afag., vol. 5, pp. 
641-662; March, 1928; and vol. 11, pp. 457-517; February, 1931. 
' J. Muller, "Electronenschwingungen im Hochvakuum," Hoch-

frequenz. und Eleclroakustik, vol. 41, pp. 156-167; May, 1933. 
6 F. B. Llewellyn, "Operation of ultra-high-frequency vacuum 

tubes," Bell Sys. Tech. Jour., vol. 14, pp. 632-665; October, 1935. 
6 C. E. Fay, A. L. Samuel, %V. Shockley, "On the theory of space 

charge between parallel plane electrodes," Bell Sys. Tech. Jour., vol. 
17, pp. 49-79; January, 1938. 

L. C. Peterson, "Impedance properties of electron streams," Bell 
Sys. Tech. Jour., vol. 18, pp. 465-481; July, 1939. 
• Some writers use the term "convection" current for this quan-

tity. The meaning employed here will be clear from subsequent 
discussions. 
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the understanding of the properties of vacuum tubes 
with their interpretation in terms of geometrical figures 
depends upon its thorough appreciation. 

BASIC ELECTRONIC PRINCIPLES 

The basic configuration for the mathematical formu-
lation of vacuum-tube electronics is the flow of electrons 
between parallel planes. While it is true that a concen-
tric-cylinder arrangement is more suitable for some of 
our tubes, the mathematics for cylinders is so much 
more complicated than for planes, that the advantages 
of direct application. to cylindrical tubes is more than 
counterbalanced by the ease of manipulation in the 
parallel case. Moreover, there is a tendency apparent 
already toward making more of our tubes in the plane-
parallel form and fewer in the cylindrical. This is be-
cause of the practical advantages to be gained from a 
uniformly dense electron flow in comparison with a con-
verging or diverging one, and not because of ease of 
solving mathematical equations. The tendency is a for-
tunate one, however, for it allows direct application of 
the equations to be made to an increasingly greater 
number of tubes, and leaves the qualitative interpreta-
tion of the equations as sufficient foundation to form a 
basis of comparison for the performance of the other 
geometrical shapes. 
The basic picture upon which the analysis is built is 

shown in Fig. 1. The two parallel planes between which 
the electron flow takes place are marked a and b, and the 
flow is assumed to occur from left to right. The planes 
need not coincide with any particular electrodes of an 
actual vacuum tube, but may be located at will, subject 
only to the restrictions that the electron flow is perpen-
dicular to the planes, is essentially uniform over their 
surfaces, and that no electrodes of the actual tube are 
located between them. 
Strictly, the analysis is confined to consideration of 

electrons initially emitted from a thermionic cathode 
with a single value of velocity rather than with the 
Maxwellian spread which actually exists. Also, the elec-
trons must move from left to right only in Fig. 1; never 
from right to left. Cases where departures from these 
restrictions modify the conclusions are pointed out in 
several places in the following pages. 
As a given condition of the problem, a certain total 

current' per unit area is assumed to flow perpendicu-
larly between the planes. The electron flow being from 
left to right, it is appropriate to take the total current as 
flowing from right to left. In general, it consists of a 
constant component ID and a number of alternating 
components which may be designated by the general 
letter I, without any subscript. The total current per 
unit area is thus /D-F/. At any instant it has the same 
value at both planes a and b regardless of whether more 
electrons are passing through one plane than the other 
at that instant. 

9 Throughout this paper, the rationalized system of MKS units 
is used, so that lengths are in centimeters while electrical quantities 
are in the practical units of volts, amperes, ohms. 

Another given condition of the problem involves the 
velocities of the electrons. Just as the total current was 
separated into direct and alternating components, so 
also may the electron velocity be separated into direct 
and alternating components. One of these components, 
corresponding to the direct current, has a constant value 
for all time at a given plane, a or b. It may be expressed 
immediately in terms of the direct-current potential on 
that plane, by means of the equation 

VDe = 10-'mu2/2 or nVD = u2/2  (1) 

where VD is the direct-current potential in volts, u is the 
direct-current electron velocity in centimeters per sec-
ond, and tj =10 elm = 1.76 X10". In much of the follow-
ing analysis, it is simpler to deal with the direct-current 
electron velocity rather than the direct-current poten-
tial, but the one may always be expressed in terms of the 
other by use of (1). 
The alternating-current velocity v is a little harder to 

understand. Its significance may be explained if we 
imagine ourselves to be stationed at a given point in 
space and make a record of the time at which each elec-
tron passes us together with the velocity of the electron 

CURRENT FLOW 

ELECTRON FLOW 

Fig. 1—Basic picture for electronic analysis. 

at that instant. When these data are plotted with time 
as ordinate and velocity as abscissa, the points may be 
connected by a smooth curve showing velocity as a func-
tion of time. The average abscissa then gives the direct-
current velocity and the deviation from the average 
gives the alternating-current velocity. Unlike the direct-
current velocity, the alternating-current velocity cannot 
be expressed in terms of the direct-current potential by 
a simple relation such as (1). This distinction should be 
kept in mind, as it is very important. The velocity is a 
unique measure of the kinetic energy of the electron, 
but is not so simply related to the alternating-current 
potential or voltage except at such low frequencies that 
the voltage between the a plane and the b plane in Fig. 1 
does not change appreciably while the electron is passing 
between them. The total velocity at a given instant at 
the a plane may be written ua-Fv. while ub+vb expresses 
its value at the b plane. 

The third, and last, given condition is the conduction 
current. Its density at a given plane is the product of 
charge density and electron velocity. Like the total cur-
rent, it may be separated into direct and alternating 
components. The direct component is the same as ID, 
the direct component of the total current. The alternat-
ing component will be represented by the symbol q, so 
that the conduction current per unit area at the a plane 
in Fig. 1 is ID -Fqa while at the b plane it is /D-1-qb. 
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With these notations, the electronics analysis ex-
presses conditions between the a plane and the b plane 
by means of two sets of equations; the one set for direct-
current and the other set for alternating-current. It is 
true that distortion effects are not included in these equa-
tions and require further sets of equations for their anal-
ysis. This, however, is exactly analogous to the situation 
with which we have had to cope ever since the non-
linear properties of vacuum tubes were first analyzed, 
and should cause no confusion in the mind of the circuit 
engineer. 
The first set of equations, then, may be written as 

follows: 

= 3(1 — To/T) 

x = (1 — 03)(ua  ub)TI2  (2) 

(nle)ID = (U. + ub)21-/T2 

where I/ = 1.76 X10" has been encountered in connection 
with (1), the factor e = 1/(36r X10") is the permittivity 
of vacuum, n/e.-. 2 X10", the distance x is measured in 
centimeters from the a plane to the b plane, T is the 
time it takes an electron to traverse that distance, and 
ID is the current density in amperes per square centi-
meter. The reference time To and the space-charge fac-
tor  require further explanation, as follows: 
With reference to Fig. 1, and under the conditions 

that one and only one electron were introduced into the 
space between the two planes, the force acting on the 
electron would be a constant regardless of its position. 
The motion of the electron could therefore be calculated 
very easily and the time required for it to move from 
the a plane to the b plane may be found from the expres-
sion x= (u.-Fue)T012. Comparing this with the second 
of equations (2) we see that To is the value which T 
would approach when  approaches zero. That is, To is 
the transit time when there are no other electrons pres-
ent between the two planes besides the one under ob-
servation. This absence of other electrons is called the 
condition of zero space charge. 
In actual vacuum tubes there are usually many elec-

trons present between the two planes at any given in-
stant. Their presence modifies the force acting on any 
given electron, and the space-charge factor  is a meas-
ure of the effectiveness of that modification. In the usual 
treatment' of the direct-current space-charge problem 
the solutions of the fundamental equations are obtained 
in terms of parameters which are difficult to apply di-
rectly to the problem at hand. For this reason, it is ex-
pedient to rewrite the solutions in terms of direct-cur-
rent transit times as a parameter. Such a procedure al-
lows the degree of space charge to be specified quanti-
tatively by defining a space-charge factor, which we call 
As expressed in (2), it is zero when there is no space 

charge. As more and more electrons are injected 
through the a plane and move across to the b plane, the 
density of the space charge increases and r increases 
likewise. However, it is a well-known fact that the 
amount of electron current which may be injected 

through the a plane and that will thereafter move across 
to the b plane is not unlimited, but has an upper value 
beyond which it is impossible to force more electrons 
into the space without having some of them turn 
around and move backwards toward the a plane with 
a consequent reduction in the number crossing the b 
plane. The onset of this phenomenon occurs very sud-
denly for a critical value of the injected current which we 
shall call I„,. When that value of injected current is ex-
ceeded the performance of the vacuum tube changes 
character very markedly. The present analysis is con-
fined strictly to current values less than (or at most, 
equal to) the limiting value  The space-charge factor 
is defined in such a way that it varies from a value of 
zero for no space charge to a value of unity for complete 
space charge, the latter condition being that in which 
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Fig. 2—Graph of space-charge factor r. 

the injected current has its limiting value I.. The rela-
tion between the actual current ID, the limiting current 
I„„ and this space-charge factor ?' may be written 

/D/L, = (9/4)(1 — r/3)2.  (3) 

A graph of this function is shown in Fig. 2, and the 
formula for computing I„, may be obtained from (3) by 
setting r equal to unity and eliminating T between the 
second and third equations." It is 

n  r 2 (u.  /4)31 

I_ 9  X2 

In more convenient form, the velocities u,, 
be replaced by the potentials V D,, and VIA 
(1) and we have 

2.33 (07.0.  Njr)b)s 
= 
106 x2 

and ub may 
as given by 

(4) 

which will be recognized by electronics engineers as a 

10 It should be noted that we are concerned only with that solution 
of r which is physically realizable. 
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somewhat extended form of the familiar Child's equa-
tion which applies only to the case where the a plane 
coincides with a thermionic cathode, the potential VDa 
then becoming practically zero. 
In practice, the value of /„, is calculated from (4). 

Then given the actual current ID, the space-charge fac-
tor r is immediately obtained from the graph of Fig. 2. 
On first sight, the introduction of the space-charge fac-
tor may seem a useless encumbrance, but its utility has 
been amply justified. 

The alternating-current equations are now presented 
in terms of the space-charge factor rather than in terms 
of the direct current with the result that the different 
terms in the equations appear in such a form that their 
relative magnitudes may be directly compared. There 
are a great many possible choices for the space-charge 
factor, but after several trials, the form now presented 
appears to be the simplest, and it is easy to remember 
that its value always lies between the two limits of zero 
for no space charge and unity for complete space charge. 
Moreover, between two grids of a vacuum tube, its 
value is often extremely small and alternating-current 
terms containing it as a factor may then be disregarded 
with complete confidence, whereas in the older form of 
the alternating-current equations it was by no means a 
simple matter to decide when to disregard certain terms. 
With this introduction, we are ready for the alternat-

ing-current electronics equations and present them as 
follows :11 

Vb — Va = A*I  B*q„  C*va 

qb = D*I  E*q„  F*v.  .  (5) 

vb = G*1 ± 11*q.  Pv. 

The coefficients A* through I* are expressible in terms 
of direct-current quantities already defined together 
with the frequency of the alternating current considered. 
In doing this, it is convenient to use the usual complex 
current notation employed in alternating-current theory 
so that the coefficient A* for example has the form and 
properties of a circuit impedance with both real and 
imaginary components. A symbol 0 will also be used to 
represent the transit angle which is defined by the rela-
tions 

0 = 0.)T and 43 = i0,  i =  (6) 

co being the angular frequency as usual and T being the 
direct-current electron transit time between the a plane 
and the b plane. Three other special symbols, P, Q, and 
S will be employed for conciseness in writing the co-
efficients. They are defined on Table I together with 
their series expansions in powers of the transit-angle 
factor 0, these latter forms being especially useful at low 
frequencies where 3 has a relatively small magnitude. 
Besides the formulas for the coefficients in (5), Tables 

I and II contain a summary of all the formulas pre-
sented heretofore, both alternating- and direct-current 

It should be noted carefully that the form of (5) is slightly dif-
erent from (4.15), (4.16) and (4.17) in reference I. 

P= 1 — e- — e--13 

and also contain the limiting forms for the coefficients 
when the space charge approaches zero and when it ap-
proaches completeness, as found by allowing r to take 
the values 0 and 1, respectively. 

TABLE I 

ELECTRONICS EQUATIONS 

Numerics Employed: 

?I= 107 —= 1.77 X 10", e = 1/(36TX 10")  2X 102" 

Direct-Current Equations: 
Potential-velocity: ?I VD=4142 (1) 
Space-charge-factor definition: ?-= 3(1 — To/T) 
Distance: x= (1—r/3)(uo+ub)T/2  (2) 
Current density: (n/e)/D = (u.  uo)2r/ T2 
Space-charge ratio: /D//„,= (9/4)(1 — t73)2 (3) 

(See Fig. 2 for graph) 
Limiting-current density: 

= 2.33 (VVD.  V I/DO 
„, ' /  10  (4) '  x2 

Alternating-Current Equations: 
Symbols employed: 

= i0,  0 = cur,  i =  — 1 
02  03  04 

2  3  8 
02  03  04 

Q  =  1 —  e  — 
2 ± 6 — 24 • • 

/33 fp  os 
S=  

6 + 12 — 40 ± 180 • • 

General equations for alternating current 
q= alternating conduction-current density 
v =alternating velocity 

Vb —  V 0 = A*I  B*qa C*v, 

qb = D*I  E*q„  r̀v, 

vb = G*I  H*q„  rya 

(5) 

It may appear at first sight that the mass of equations 
contained in Tables I and II is of such complexity that 
it will be practically impossible to unravel a result of 
any practical application. Such is not the case however, - 
and a few examples will serve to show how quickly the 
applications may be interpreted in several simple cases. 
Of course, other more complicated applications lead to 
more complexity in the analytical formulation, but 
even there, the interpretation is usually readily appar-
ent, and quantitative calculations may be made with a 
reasonable amount of labor. 

PROPERTIES OF DIODES 

As a first example consider the case where no elec-
trons at all are present between the a plane and the 
b plane in Fig:1. Evidently then the injected alternating 
current q„ is zero, and likewise the space charge is zero, 
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TABLE H 

VALUES OF ALTERNATING-CURRENT COEFFICIENTS 

1  T2 1 [ 
A* = — (u. + ub) — — 1 — —(1 — 

2 #  3 
1 T2 

13* = — — [u.(P — OQ) — ubP + 1-(u. + u4P] 
e 133 
1 

C*,;= —  Ub) —(32 

D*_= 21- (ua  

.1* = 

+ ub\P 

Ub  

1 
E* = — [Ub — r(u.  ub)le-0 

Ub 

F.* = e ilea ub)i3e-P 
77 Pk  Ub 

n T2 1 
G* = 

II* = 

_ 
e ub 
r (u. + ub)ci — r) — e-0 

e 2 \ ub 

1 
/* = — [u. — 1-(u. + ub)]e-8 

Complete space-charge, = 1. 
(u. Ub)  P (1 ± 6S \ 

313 \ 
r2 

I3* = — — u.(2P — (3Q) 

#3 
2 

C* = — — (n. + Ub) — 
02 

(u. -1- ub\ P 

D* = 2  ub  ) 02 

U. 
E*= — —e 8 

F* — 

G* = — 

Ub 

2 (u„ 

T2 k 

n T2 - - (2P — 0Q) 
• 133 

II* = 0 
I* = — e-0 

± 

Ub  fte-0 

Ub 

[ub(P —  — 14.1'  t(u.  ub)Pj 

Zero space-charge, =0. 

1  P 1 
A* = —e (ub + ub) —2 —0 

1 P 
13* = — — [tio(P — (3Q) — ubP] 

e #' 

C* = 0 

D* = 0 

E* = 

F.* = 0 

n T2 1 
G* = — — — — [ub(P — PQ) — u.P] 

e #3 ub 

fl  P ( u. -1- ub\ e--0 
H* = 

e 2 k  Ub  1 /3 

I* = — e-13 
ub 

giving 1-=0. With this value, the coefficient C* on Table 
II is zero, and the first of equations (5) on Table I be-
comes 

Vb —  V a = A *I.  (7) 

This shows immediately that A* is the impedance be-
tween unit area of the two parallels planes. From Table 
II, for zero space charge, the formula for A* is A* 
=(1/e)(u.-Fub)(7.02/2)(1/(3). However, from (2) for 
= 0 we have x = (u.-Fub)(T0/2). Substituting this into 
the above expression for A* and remembering that 
= icor we have 

A* = x/eito.  (8) 

Now (8) is precisely the equation for the impedance be-
tween two parallel plane conductors in vacuum, and may 
be written 

A* = 1/ itoC,  C = e/x  (9) 

which shows, in agreement with well-known relations, 
that the capacitance per unit area between parallel 
planes is e/x farads. 
As a second example, the same pair of parallel planes 

will be considered, but it will now be postulated that 
one of the planes is a thermionic electron-emitting cath-

ode. If this is taken to be the a plane, and if the b plane 
is operated at a positive direct-current potential with 
respect to the a plane, then electrons move across the 
intervening space in accordance with Fig. 1. There are 
two cases to be considered. In the first case, the direct-
current potential on the b plane is sufficiently high to 
draw off all of the emission from the cathode so that the 
initial alternating conduction current q„ is necessarily 
zero. In the second case the direct-current potential is 
low enough so that only part of the available cathode 
emission is drawn off, which happens when the electric 
field intensity at the surface of the cathode approaches 
zero, and corresponds to the complete space-charge 
condition where r= 1. Thus, on Table II for complete 
space charge, and for the initial velocity 14,, equal to 
zero, the coefficient IP likewise becomes zero. It follows 
then, that in any event, the B*q„ term of the first of 
equations (5) on Table I is zero for parallel planes 
where one of them is a thermionic cathode, regardless of 
the degree of space charge. 
Moreover, the initial electron velocity is determined 

solely by the cathode temperature, and is not affected 
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by the alternating current, so that v0 is zero as far as the 
signal is concerned. 
For a diode vacuum tube, therefore, the complete 

electronics alternating-current equation is, from (5) 

Vb — V a = AI  (10) 

and differs from (7) only in the fact that r is not put 
equal to zero in writing the expression for A* from Table 

The generalization can be extended even further. 
Whenever electrons arc injected across the a plane of a 
parallel-plane arrangement in a constant stream so that 
q. and v,, are zero, the diode equation is again given by 
(10). Thus the coefficient A* is the general impedance of 
a diode whether one of the planes be a thermionic cath-
ode, with or without complete space charge or whether 
electrons are injected across the initial plane in a con-
stant stream. 
It will be helpful to investigate the characteristics of 

this general diode impedance in greater detail. As a 
foundation for the diode impedance characteristics the 
most useful basis is the complete space-charge condition. 
The equations needed are the expression for A* taken 
from Table II with r= 1 and the expressions for direct-
current potential, VD, and direct-current density ID 
from (2) on Table I. Thus we have for complete space 
charge 

z =A r*-1 =- (1 / e)(u + 110(7'2 / 3) (1 i3) [1 + 65 /133] 

n(Nrri;  0 -7Tb) = i(ua  u0  . (11) 

(n/e)ID = (u0-1- ub)2/T2 

By combination of these three equations, the transit 
time T and the direct-current velocities u0 and fib may 
be replaced by the direct current ID and the direct-cur-
rent potential VDa and VDb giving 

2 (VV  D. N/T---/Db )2[ 2 ± 12S1 . 
(12 3  ) 0  04 

The coefficient 2(-VITD-a-F -V VDI)2/3/D in this expression 
is of special significance. When the a plane is a thermi-
onic cathode, so that VDa may be taken as zero, corre-
sponding to zero electron velocity of emission, the co-
efficient is merely 2 VDo/3/D. This is the expression for 
the inverse slope of the static characteristic of a diode 
operating with complete space charge, and hence may be 
represented by the symbol 7.0, the zero-frequency value 
of the diode resistance. 
In the more general case of (11) where the electron 

velocities at the a plane are not necessarily zero, but 
where the coefficient has the generalized form 2(N/VDT, 
-1-‘11-717b)2/3ID we may still denote it by 7.0, because for 
low frequencies, the bracketed factor in (12) reduces to 
unity, as may be proved by using the series expansion 
for S given in Table I, and allowing /3 to approach zero. 
In general, then, for a diode with complete space-

charge we have 

(13) 

where ro = 2 (07m+ V -Voo)2/3/D• 
For z = r+ix, Table III contains the calculated values 

for the diode resistance r and reactance x as a function of 
frequency in terms of the transit angle 0 given by 
4?=i0=iwT and Fig. 3 shows a graph of the same data. 
Also on Fig. 3 the dotted curve represents the react-
ance of a parallel-plate condenser with the same dimen-
sions as the space-charge diode. It is related to the tran-
sit angle as follows: 
At extremely high frequencies, the impedance (13) 

approaches the value z„, ro(2/13) or, by use of (11) in-
stead of (12) the same impedance may be written 

(1/e)(u.-1-ub)(T2/6)(2/13). Comparison shows that 
ro = (1/e)(u.-Fub)(T2/6). However, from Table I for com-
plete space charge x=(ua-Fub)T/3 so that ro may be 
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Fig. 3—Diode impedance with complete space charge. 

written ro = (x/e)(T/2)=(x/fico)(13/2). From the ex-
planation given in connection with (8) it is evident that 
x/eico is the impedance of a parallel-plate condenser 
coinciding in dimensions with the diode now under con-. 
sideration. The diode reactance for extremely high fre-
quencies is therefore identical with that of a parallel-
plate condenser in free space, and is not modified by the 
presence of electrons. The dotted curve in Fig. 3 is ob-
tained from the relation 

= ro(2/0)  (14) 
which may be written immediately from the foregoing 
discussion. In the form T=2Cro this equation has been 
discussed at some length by Benham.' 
At lower frequencies, the space-charge diode react-

ance departs from this value and eventually approaches 
zero. It is often convenient, however, to work with 
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admittances and Fig. 4 is a graph of the data used in Fig. 
3, but plotted on an admittance basis. Also, on Fig. 4 
there are plotted the low- as well as the high-frequency 
asymptotes of the susceptance. The former is given by 
(30/10)go =(3/5)coe/x and the latter by (012)go=weix, 
where go =1/ro. 
The low-frequency impedance consequently may be 

represented as a resistance in parallel with a capaci-
tance. More elaborate circuits to cover a wider frequency 
range may be devised. One such circuit has been dis-
cussed by Benham.3 Rather than try to find a generally 
valid equivalent diode network which would be quite 

TABLE 111 

DIODE RESISTANCE AND REACTANCE 

r/r.  -x/r. 

0.4 
1.0 
1.4 

1.571 
2 

1.8 
3 
r = 2.356 

4 
2.8 
3.142 
3.6 
4.0 

= 

3 
- r= 4.712 
2 

5.2 
5.6 

2r= 6.283 
6.8 
7.2 

-  V Iv 
2 

8.4 
9.0 

3r= 9.42 
10. 

7 
r=10.99 

2 
4:=12.56 

7.85 

0.9894 
0.9351 
0.8760 

0.8460 

0.8019 

0.6806 

0.5752 
0.4928 
0.3848 
0.2969 

0.1633 

0.0928 
0.0486 
0. 
--0.0174 
--0.0220 

-0.0185 

--0.00998 
-0.00021 
44).006084 
14).01094 

14).010669 

o. 

o. 
0.1192 
0.2883 
0.3886 

0.4272 

0.4748 

0.5669 

0.6151 
0.6366 
0.6453 
0.6359 

0.5878 

0.5388 
0.4939 
0.4151 
0.3599 
0.3224 

0.2731 

0.2437 
0.2222 
0.2122 
0.2032 

0.1926 

0.1712 

complicated, it is thought better to consider the diode 
complete in itself as a new impedance element and to 
become familiar with its characteristics. 
The resistive component of the diode impedance has 

been discussed many times, but it is important to note 
again that it passes through zero at transit angles of 
27r, 4r, and so forth, and again at transit angles of ap-
proximately 3r, 57r, and so forth, being negative in sign 
whenever the transit angle lies between any whole num-
ber of cycles and that number increased by approxi-
mately a half cycle. The values of these negative max-
ima are given to a close approximation by 

r_ = - 12r0/03 
= 2ret  ir/2 = (/2)(1 + 4n) n = 1, 2, 3, • • • . (15) 

At this point, it may be well to remind the reader of 
the fact that the electronics equations are based on an 
idealization which assumes that all electrons start from 
the cathode with the same (extremely small) velocity 
and that none of them turns back. Actually, the veloci-
ties of emission follow the Maxwellian distribution, and 
with normal voltages on the anode, a potential mini-
mum or space-charge barrier is formed in front of the 
cathode, before which large numbers of electrons stop 
and then return to the cathode. The electronics ideali-

zation becomes more exact when the a plane in Fig. 1 is 
taken just beyond this potential minimum, so that the 
region under analysis contains no returning electrons. 
When this is done, the impedance given by the equations 
and shown graphically in Figs. 3 and 4 must be modi-
fied by the addition of the impedance between the a plane 
and the actual cathode in order to give the impedance 
presented between the actual electrodes of the tube. It 
can be shown that the impedance between the a plane and 
cathode contains a resistive component which becomes 
quite important at high frequencies and for small cur-
rent densities so that the actual negative resistance ex-
hibited in Fig. 3 may be decreased or even masked 
completely unless care is taken to reduce the cathode 
temperature to a point where the number of emitted 
electrons is not greatly in excess of that required to fur-
nish those flowing to the anode. 
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Fig. 4-Diode admittance with complete space charge. 

We have now seen how to apply the coefficient A* to 
find the impedance of planar diodes with no space 
charge and with complete space charge. The remaining 
case of partial space charge in diodes is managed in the 
same way, and no particular difficulty will be experi-
enced in handling the resistive component of the im-
pedance; in fact it is given precisely by the graph of Fig. 
3, and the factor ro requires only a minor modification 
from the form given under (13). The reactive component 
is more complicated, and the difference is made appar-
ent when a thermionic cathode is taken as the a plane. 
For complete space charge, the static characteristic of 
current versus voltage follows the well-known Child's 
equation, given by (4) with VDa set equal to zero. The 
slope of that curve gives the zero-frequency resistance 
ro, and the zero-frequency reactance approaches zero. 
However, just as soon as the applied voltage is made 
high enough to draw off all of the electrons which the 
cathode is capable of emitting, complete space charge no 
longer exists, and the voltage-current characteristic has 
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a slope indicative of infinite resistance at zero frequency. 
It follows that the zero-frequency impedance of the 
diode with incomplete space charge is reactive, and that 
the reactance approaches infinity just as in a condenser, 
as the frequency approaches zero. Thus the reactance 
curve of Fig. 3 cannot apply to partial space charge, 
though as we shall see, the dotted curve for zero space 
charge does not apply exactly either. 
In this general case, the resistive and reactive com-

ponents of the impedance A* are conveniently separated 
by writing i0 for f3 and separating the real and the 
imaginary parts. By using the direct-current relations 
on Table I to eliminate T and after some minor alge-
braic rearrangement, we have 

2 
A* = 

3 

(N/r7r7,  NA-7Do)2 12 
1.2   [2(1 — cos  — 0 sin 0] 

In 04 

2  (NA-7D„ + N/VDo)2 12 
i  0   
3  ID  04 

•[ea — ± co + cos e) — 2 sin 0] 6 
x (1 — 1") 

we (1 —  
(16) 

Here the first term on the right is the resistive compon-
ent, while the last two together constitute the reactive 
component. For complete space charge, this should re-
duce to the form (13), which it does when r is made 
unity. Now r appears merely as a multiplier in the first 
two terms on the right and consequently Table III and 
Fig. 3 represent the general resistance characteristic of 
parallel-plane diode where the zero-frequency series re-
sistance ro is redefined as 

2  (N RET,  N/VD)2 
ro =  (17) 

3  ID 

They also represent one component of the general 
diode reactance, with (17) for ro. But this reactance ap-
pears in series with a simple capacitance, whose react-
ance is given by the last term in (16). The capacitance is 
(€/x) (1 —173)/ (1 —0, which approaches infinity as  ap-
proaches unity. 
The general diode impedance between virtual 

cathode and anode thus consists of three impedance 
elements in series. The first is a resistive impedance 
given by the resistance curve of Fig. 3. The second is a 
reactive impedance given by the reactance curve of Fig. 
3. The third is a simple capacitance whose value is 
C(1 —r/3)/(1 —) where C, as in (9), is the capacitance 
between parallel conductors in free space, separated by 
the distance between the a plane and the b plane of the 
actual diode under consideration. 
At very high frequencies, the general impedance (16) 

approaches 

A* = — 12ro(sin 0)108 — i(x/we)  (18) 

as may be seen by expressing the coefficient of the sec-
ond term on the right of (16) in terms of x and then 

combining the second with the last term, letting 0 be-
come very large and discarding lower powers of 0 in 
comparison with higher powers. This is a resistance in 
series with a simple capacitance, and the impedance of 
both is again given by Fig. 3 for large values of 0. The 
capacitance again is merely that which would exist be-
tween parallel conducting plates located at the a plane 
and the b plane and having only free space between 
them. 
Oscillation possibilities of diodes are indicated by (18) 

but they have been discussed beforec" and the discus-
sion will not be repeated here. 

MULTIELEMENT TUBES IN GENERAL 

So much then for diodes. The building up of the 
equivalent network of the multielement vacuum tube 
may now be undertaken. The picture is illustrated by 
Fig. 2 and the method is merely to imagine several cas-
cade arrangements of the parallel plane diode geometry 
of Fig. 1. In Fig. 5, a tetrode is shown for example, and 
between the cathode and control grid there exist condi-
tions analogous to those shown in Fig. 1 when the 
proper values for the boundary conditions at a and b are 
selected. Again, between the control grid and the screen 
another parallel plane diode may be envisioned with 
different boundary conditions and different values of the 
space-charge factor from those existing in the first-
named region. A similar diode is located between the 
screen and the plate. The joining together of the cas-
caded-diode arrangement is accomplished by an ap-
proximation which experience and analysis have shown 
to be very nearly exact. The grid wires themselves dis-
turb the simple uniform relations of a parallel-plane-
diode arrangement. We, therefore, imagine the fictitious 
planes separating consecutive diodes to be located ex-
tremely near the grid wires but not quite including them. 
However, the final plane for the region (1) in Fig. 5 and 

(1) 
2  3 

(2)  ri  (3) 

S3  I 

13 

Fig. 5—General diagram of multielement vacuum tube. 

the initial plane for region (2) are taken to be so close 
together that their potentials, both alternating and 
direct, are the same. This potential is called the "effec-
tive potential" of the grid. Its value is determined in 
such a way that currents and potentials existing in the 
consecutive diodes are identical with those which would 
occur if the grid were removed and substituted by a solid 

" F. B. Llewellyn and A. E. Bowen, "Ultra-high-frequency oscil-
lations by means of diodes," Bell Sys. Tech. Jour., vol. 18, pp. 280-
291; April, 1939. 
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metallic plate having on its two surfaces the requisite 
boundary conditions; that is, of conduction current and 
electron velocity entering the one surface and leaving 
the other. The grid wires themselves are at a different 
potential from this effective potential of the grid plane 
and the grid current is the difference between the total 
current flowing out of the left-hand surface of the ficti-
tious plane and that flowing into its right-hand surface, 
illustrated by the difference between /land 12 in Fig. 5. 
In order to provide for this difference in potential be-
tween the grid wires and the grid plane, it is obviously 
necessary to suppose the proper impedances and current 
sources to be connected between the grid wires and the 
fictitious solid plane at the effective potential of the 
grid. These questions will be dealt with later. 
For the present, attention is confined to the main 

electron stream which originates at plane (0) in Fig. 5, 

the initial conditions specified for region (1). Moreover, 
when plane (0) is a thermionic cathode with complete 
space charge, E1* is zero because ua is then zero on Table 
II. When there is not complete space charge qo is zero, 
so that the Ei*qo term above may be dropped in either 
case. It will be found convenient in later work to express 
these relations in terms of V1, in which case they be-
come: 
/1 = Vi/A1*, qi = 171(D NA2*), vi = VI(G1*/A1*). (19) 

For region (2) and denoting conditions at the right-hand 
end of region (2) by the subscript 2, we have from (5) on 
Table I 

V2 — V1 = A212 ± B2*aiqi  C2*v 
q2 = D2*I2  E2*aiqt  F2*vi 
V3 = Gz*/2  H2*alql  /2*Th. 

From (19) the qt and v1 may be eliminated giving 

/2 =  (V2 —  VI VA 2* •-• (VI M l*A 2*)( B2*ai Di* C2*Gi*) 

q2 = (V2 — V1) D2*/11  2* ±  (V1/A l*A 2*) [A 2*(DI*421E2* GI*F2*) — D2* (Di*aiB2* Gi*C2*) I • 

1,2 = (V2 — V1) G2*/A 2* +  (Vi/AI*A 2* ) [A 2* (Di*ajr/2* Gl*/2*)  G2* (D1*a1 B2* Gl*C2*) 

either from a hot cathode or by being injected through 
the plane at a constant rate and velocity. In region (1) 
between planes 0 and 1, therefore, the simple diode equa-
tions apply directly, and the impedance is given by A* 
in (10) or (in greater detail) in (16). 
For the region (2) in Fig. 5 conditions are not quite so 

simple, because theelectrons do not cross plane land enter 
region (2) in a smooth continuous stream, but on the con-
trary, they enter in groups or bunches moving at varia-
ble velocities, having been acted on by the high-fre-
quency voltage between 0 and 1. However, (5) on Table 
I provides the means of calculating the initial conduc-
tion current and velocity of electrons injected into re-
gion (2) because the electrons enter region (2) with the 
same velocity with which they leave region (1), and the 
conduction current entering region (2) must also be the 
same as that leaving region (1) whenever the grid at 1 is 
at a negative potential, so that no electrons strike it and 
are thus prevented from moving into region (2). When 
this is not the case (that is, when the grid is positive, 
and therefore the wires collect some of the approaching 
electrons), the conduction current per square centimeter 
injected into region (2) is less than that leaving region 
(1). The fraction a may be used to represent this de-
crease in conduction current so that, if q is the conduc-
tion current leaving region (1), then aq is the conduction 
current entering region (2). The fraction (1 —a) is the 
differential capture fraction of the grid; that is, it is the 
ratio of the increment of electron current captured by 
the grid to a small increment of emitted electron cur-
rent. 
Denoting conditions at the right-hand boundary of 

region (1) by the subscript 1, we have then, from Table 
I, for V.= 0: V1= A N I, q =  -FEt*qo, Vi = GNI where 
the remaining terms of (5) have disappeared because of 

(20) 

For regions (3), (4), etc., a similar procedure is fol-
lowed and the results may be summarized by writing 

/1 =  V1Y11 

/2 =  (V2 —  V1)Y22  VIY12 

/3 = (V3 — V2) Y33 — (V2 — VI) Y23 

/4 = (V4— V3)Y44 — (V3 — V2)ya, 

— (V2— VOY24 — 

Viy13 

etc., where the admittances are given by 

yli = 1/A1*, y22 = 1/A2*, y33 = 1/A 3, etc. 

Y12 =  (1/111*A2*)(Di*ceiB2* Gl*C2*) 

Y23 =  O M 2*A 3*)( D2*a2 B3* G2*C3*) 

Y13 =  i*A 2*A 3*) [A 2* [ a2 B3* (Di*a 1E2* + Gi*F2*) 

C3*(Di*ai//2* Gz*/2*) 

— a2/33*D2*(Di*a B2* + Gi*C2*) 

C3*G2*(Di*aiB2* Gi*C2*) ] 

etc. 
The formulation of (21) immediately suggests that 

any region, say the third, can be represented as shown in 
Fig. 6. Here the third region is represented by a box 
with the current /3 flowing into and out of it. The ad-
mittance y33 has two constant-current (or current-regu-
lated) sources connected across it, one for each preced-
ing region in Fig. 5. One current source impresses the 
current Ib= (V2— 171) y23 on the admittance y33 while 
the other current source impresses on it the current 
= V1 y13. The sum of the currents entering the node at 

Vs thus gives 12= lb— Ib— h which is in accord with (21) 
and demonstrates the correctness of the equivalent dia-
gram of Fig. 6. 
The equivalent diagram of the entire electron stream 

of Fig. 5 is then as shown in Fig. 7. The constant-current 

(21) 

, (22) 
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generators play a role analogous to that of the con-
stant-voltage µ generators with which the older conven-
tional vacuum-tube network represents the control of 
the plate current by means of the grid voltage. In Fig. 7 
the controls on the various regions are in terms of im-
pressed currents rather than impressed voltages and the 
currents in turn are expressed in terms of the voltages on 
the equivalent planes of the various grids rather than in 
terms of the voltages on the grid wires themselves. As 
soon as a relation between the grid voltage and the volt-
age on the equivalent grid plane is found, then the ad-
mittances y12, Yu, etc., may be multiplied by the cor-
responding factor to give the transadmittance from the 

THIRD REGION 

Fig. 6—Equivalent network of third region. 

control grid to some other electrode. At low frequencies, 
these transadmittances should degenerate into our usual 
transconductances, and it will be shown later that they 
do just that. First however, it seems advisable to give a 
more detailed analysis of the transadmittances as ap-
plied to the electron stream itself as in Fig. 7. 

DISCHARGE PATH WITH SPACE-CHARGE CONTROL 

For this example a tube operating with complete 
space charge in region (1) will be taken where the 0 
plane represents a thermionic cathode. In succeeding 
regions, a very good approximation to conditions in the 
usual type of space-charge control tube will be obtained 
if we assume the space charge in those regions to be very 

(v/2-vi)y23  

1/012  / ViY13 1  
V 

Yii Y22 Y33 

Fig. 7—Equivalent network of electron stream of Fig. 5. 

small. Justification for making this approximation may 
be had by calculating the value of the space-charge fac-
tor for most of our conventional triodes, tetrodes, and 
pentodes. This may be done with the aid of the formulas 
on Table I together with the graph of Fig. 2. 
For example, from (4) on Table I with VDb=100, 

VD62-= 4, x=0.1 we require about 400 mils of current per 
square centimeter to form complete space charge be-
tween the grid and the screen. The current actually 
drawn by such a tube would be in the neighborhood of 
some 30 milliamperes per square centimeter. From this, 

= 0.075 and thence from Fig. 2 the space-charge 
factor r is only 0.033. In many practical tubes the factor 
is much smaller than this. 
Accordingly, in all but region (1) it will produce a 

negligible error if we disregard terms containing t" in 
the expressions for the coefficients in (22). From Table 
II it is seen that C*, D*, and P are then zero for all ex-
cept region (1). Moreover, in region (1) where we have 
complete space charge, II* is zero immediately, and 
both B* and E* are small enough to be neglected because 
µa, the electron velocity at the cathode, is only a small 
fraction of an equivalent volt. The result is that (22) 
takes the following form: 

Yu = 1/A 1*,  Y22 = 1/A2*, 

3,12 = aiDi*B2*Mi*A 2* 

Y23 =  0 

Y13 =  aicr2D1*E2*B3VA i*A 3* 

The coefficients y22 and y33 are the reciprocals of the 
A* values with no space charge and are shown by (9) to 
be equal to icoC, where C is the free-space capacitance 
between solid planes coinciding with the grids in ques-
tion. The coefficient yu has likewise been discussed in 
analyzing complete space-charge diodes, and is plotted 
on Fig. 4 from data on Table III obtained from (11), 
or from (16) with = 1. 
The transadmittances yn and y.3 in (23) are even 

more interesting. The fact that the factor 1/A: appears 
in both, shows that they are proportional to 1/ro as 
given by (13). Now, the reciprocal of ro is (3/2)/n/ VD' 
for region (1) and may conveniently be written go. In 
this form, we recognize (—go) as the low-frequency 
transconductance of the tube referred to the effective 
potential of the grid. It differs slightly from the cathode 
mutual conductance  by a factor which is approxi-
mately equal to µAl -Pp+ 4/3 • x2/x1) but which will be 
derived in more exact form presently. 
Detailed expressions for the transadmittances are ob-

tained of course by substituting from Table II into (23), 
giving 

and 

l 

(01 2A 1* ) (14 1  21 2) 

(2(2/11) (2/ 22) 
Y12 — a  r „ — 2( )2) - 112" 2 (24) 

Y13 = aia2 (012A  14.)  e--01  (2/032) , [u2(P3-133Q3) — u3P3 j. (25), 
(u2+143) 

These equations may be plotted for particular cases, 
but more information of a general nature may be ob-
tained by investigating their behavior, first at mod-
erately low frequencies where the series expansions on 
Table I for P, Q, and S may be used, and second at 
extremely high frequencies where the magnitude of 
(3=i0 is large compared to unity. A most significant 
thing to notice in (25), however, is that in any event 
the transit time through region (2) appears only in the 
form e—'82. This means that the sole effect of that region 
upon regions following it is to delay transmission to 
them. 

Y33 = 1/A 3* 

. (23) 
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It is useful to keep in mind the limiting values at very 
low and very high frequencies which are approached by 
the factors grouped within the several sets of parentheses 
in (24) and (25). These limiting values may be tabu-

lated for reference as follows: 

2P1  

V12A 1*) 
1 2 [un-i(Pn — $,,Q,,) —   

ons  U. ± 14_1 

go  (— 1) 
2 (un_i —  

13„\  un 

In between these limiting forms, the behavior of 
(2/31)/(fl12 A1*) is especially important. Its phase varies 
widely but its magnitude remains within about 30 per 
cent of the low-frequency magnitude go. Fig. 8 shows 
the phase and magnitude in terms of the low-frequency 
magnitude go. The low as well as the high-frequency 
asymptotes of the phase are indicated by the dotted 
lines. As calculated later, the former is given by 
—11 01/30 and the latter is evidently ir —01. The cross-
over point a occurs at 01= 30 7r/19. 
Going back now to the general admittances (24) and 

(25) and writing their low-frequency values in detail, we 

have 

11  1  N/ VD1  2N/ VD2 

Y12  alg0 [ 1 0 1 +  02    ,  /Tr  i 
a0  v Di  v r D2 / 

11  11  VVni -I- 2VVD2 
- (-- 012 + — 0102  . -I-

150  90  VVITI  A/i7r;-2- 

1  VVD1 ± 3VVD2  
+  022 —  _  ) + • . . ] 
12  VVD1 + 0 71)2 

and 

(26) 

Y13  ala2go [  11  1  V VD2  2 VV 7:13 01-1-02-1--  03   

30  3 0 -7D24- V-1-7D3 

11  11  VVD2 -1-2VirD; 
0,0,   

150  90  VVD2i- VV-D-3 

1  ,s,1177,2+3N/VD3  11 
4._ 022  +   12 0102 

„.  •4_47--v - D3  0 3 _ 

1  A/VT)2+2A, Rrn + 1 022)  
+—  0203   

O rin -I- 0 -7172  2 
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Thus writing yio= —ata2goei. we have, for small values 
of the transit angle 0; that is for small enough values of 
4, so that tan 4, may be replaced by 4, itself: 

(27) 

11 
(1) =  01 ±  02 ±  1 03  A/ V-1-22  2 V VD-3 ) .  (28) 

30  3  /V + /V 

When the screen and plate are at approximately the 
same potential, so that V D2 and V D2 are about equal, 
the phase of the transadmittance is 

- (11  1 —  -I- 02  _03).  (29) 
30  2 

In this form, it is easy to visualize the contribution to 
the total phase of the transadmittance which is pro-
duced by the individual transit angles in the three re-

gions of the tetrode. 
For a pentode, the transadmittance from region (1) to 

the output region (4) would have the phase 

The minus sign appears in these equations, as usual, 
and denotes the current-voltage relations in vacuum 
tubes which produce a decrease in output voltage when 
the control-grid voltage is increased. That is, with the 
current directions assumed in Fig. 7, the transconduct-
ance of a normal vacuum tube turns out to be a negative 
number." The phase of the transadmittance referred to 
the electron stream may be found from (27) for tetrodes. 

u This is contrary to the usual practice. To bring the analysis into 
line with standard practice involves a change in assumed current 
direction in the second and third regions of Fig. 5, and therefore 
would have complicated the presentation of the viewpoint. 

= — (11-30 01+02+03+ 1 04 NiVT:13  2VVD4) . (30) 
3  VV  D8  VV—D4 

Fig. 8 shows the contribution of region 1 to the total 

phase angle. 
As far as the magnitude of these transadmittances is 

concerned, it is evident from (26) and (27) that the fre-
quency produces no appreciable effect until the product 

of two of the individual transit angles becomes appreci-
able compared with unity. The first effect of electron 
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Fig. 8—Phase and magnitude of the trans-
admittance factor 2.1311gotiM,.. 

transit time is thus to cause a rotation in the phase of 
the transadmittance with practically no change in its 

magnitude. 
In (26) and (27) the a factors denote the electrons 

which are not captured by the various grids in their 
passage through the tube. In the usual tube where the 
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first grid is negatively biased, and consequently cap-
tures no electrons, the corresponding factor al is unity. 
If the electrons were focused well enough so that the 
screen captured no electrons, then a2 would likewise be 
unity, but in most practical tubes it lies in the neighbor-
hood of 0.7 or 0.8. 
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Fig. 9-Phase of transadmittance. 

Turning now from these low-frequency approxima-
tions to a case where the transit angle in all regions ex-
cept the last is large compared to unity while in the last 
region it is very small, we have the following forms for 
(24) and (25): 

[y12-- -1-goale-je i 1 i 
02  0 7/11 ±2 V VD2 

3 Viin-i-EVIT-D2 
(31) 

[ 
03  V V D-2 ± 2 V V D3 ] 

Y13  +- gOala2e-i( " 82)  1 i    I.  (32) 
3 N/V0-2-+-VVo-3 

Here the effect of all regions preceding the last one is 
merely to rotate the phase of the transadmittance with-
out changing its magnitude. The final region, which is 
the second for (31) and the third for (32), does not affect 
the magnitude so long as the transit angle across it is 
very small. The effect on phase, however, should be 
noted, and we have for the tetrode, from (32) 

1  N/VD2  2V VD3 
=-- r - (01 ± 02  —  03   J.  (33) 

3  A/VD-2+ VI7D-3 
This should be compared with (28) and shows that the 
effect of making the transit angles in regions (1) and (2) 
very large is merely to change the rate of phase increase 
with frequency by changing the contribution of region 
(1) from 11 01/30 to (0 —7r). The additive term 7r enters 
because the sign preceding the right hand term of (27) 
is minus while in (32) it is plus, thus indicating a phase 
shift of 180 degrees. This may be seen by referring to the 
high-frequency phase asymptote on Fig. 8 which ap-
plies to the contribution of 01 in triodes and tetrodes. 

March 

A sketch of the total phase of the transadmittance of 
tetrodes is shown in Fig. 9, which is plotted for the case 
where the effective screen and plate potentials are the 
same. At low frequencies, the phase follows the straight 
line labelled 11 01/30+02+0s/2. At very high frequen-
cies it follows the straight line labelled 01+02+03/2 
which may be extrapolated back to zero frequency and 
intercepts the 0 axis at a phase of r radians in accord 
with (33). At intermediate frequencies the phase of the 
transadmittance changes from one of these straight lines 
to the other as shown by the solid line of the drawing. 
The point where the two straight lines intersect cor-
responds to 01=307r/19 as in Fig. 8 regardless of the 
values of 02 and 03, and this holds even when the screen 
and plate effective potentials are not the same, as was 
assumed in drawing Fig. 9. 
When we remove the restriction that the transit 

angle across the output region is small and replace it by 
the opposite one, namely that the transit angle across 
all regions including the input shall be large, then the 
transadmittances for the triode and tetrode become, 
from (24) and (25), 

Y12 =  crigoe-'6, 
— N/VD2e-'6. 

1i02(VVD1  VVD2) 

V VD-2 - N/VD-3 e-
yu = eriazgoe-"°.+°2)   

/03( 07D; + 7VD3) 
These are to be compared with (31) and (32) in investi-
gating the effect of large output transit angles. The rela-
tions may be easily seen from (35) when it is assumed 
that the screen and plate effective potentials are the 
same so that V D2 =  V D3. When this is the case 

Y 13  =  atazgo 1 sin 103/1031 e-i(0,4-8 ,+18,). (36) 

The phase again follows the high-frequency asymptote 
of Fig. 9. The magnitude follows a fluctgating curve as 
shown in Fig. 10, which, however, applies only for the 
large transit angles assumed in (36). Whenever sin 03/2 
has the value of unity, the transadmittance is in. 
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Fig. 10-Magnitude of transadmittance as a function of 
output transit angle. 

versely proportional to 03/2, and hence decreases as 
the frequency increases. This would apparently indicate 
that the gain of an amplifier tube would necessarily de-
crease when the output transit angle is made large, but 
such a sweeping generalization is in fact not warranted, 
as the following argument will show. 



1944 Llewellyn and Peterson: Vacuum-Tube Networks  157 

The voltage gain of an amplifier, measured in terms of 
an input voltage, which for this example may be taken 
as VI, is given by the expression. 

G = aia2g0XQ(11103)  (37) 

where XQ is the antiresonant impedance of a simple 
tuned circuit connected across the output. The symbol Q 
has its usual meaning of the ratio of reactance to resist-
ance of the inductance element, and X is the reactance 
of either the inductance or the capacitance element of 
the circuit. Here we take it to be the capacitance, and 
assume that the output capacitance reactance, 1/c4C3 
= 1/Iy331 in Fig. 7 comprises the whole of X. Writing 
this value into (37) we have G=a1a2go Q(1/0313'331 ) 
=go Q( I A 3*  I M O.  From Table II, for no space charge 
the value of A 3* may be inserted in terms of the veloci-
ties, u2 and u3 which determine the potentials VD2 and 

V Da. This gives 

G = (aia2g0Q1w2e)(u2 -1- 143)  (38) 

and shows that as long as the potentials on screen and 
plate are held fixed so that 142 and u3 are constant, the 
gain does not change at a given frequency when the out-
put space between planes 2 and 3 is lengthened. In the 
lengthening process, the capacitance naturally de-
creases so that a corresponding increase in tuning in-
ductance is required, and for constancy of gain this must 
be accomplished without changing its Q. 
When the effect of change in frequency is considered, 

the formulas tell another story. The gain is inversely 
proportional to the square of the frequency under the 
conditions of (38), for constant Q and constant biasing 
voltages, and when the output region is adjusted to 
maintain the transit angle such that sin 03/2 is unity. 
This does not look particularly favorable for very high 
frequencies and the difficulty arises from the restrictions 
of voltage and transit angle placed upon (38). A better 
idea of what may be accomplished at high frequencies 
may be obtained by supposing that V D2 and V Da are 
high enough and that the distance x3 is short enough 
so that the transit angle across the output region is very 
small. In that event (32) expresses the transadmittance 
and the gain may be written 

G = alazgoXQ  (39) 

which differs from (37) by the absence of 03/2 in the 
denominator. Replacing X by its equivalent in terms of 

the distance x3 we have 

G = ala2g0Qx3/we  (40) 

which now replaces (38). Hence, when the output transit 
angle is small, the gain is independent of frequency if 
the value of the output capacitive reactance is held con-
stant, for a given Q. This is merely the situation which 
has been encountered from the time when the first 
vacuum-tube amplifier was built, and is familiar to all 
amplifier-circuit engineers. The only new features intro-
duced here by ultra-high-frequency operation are the 
restriction that the output transit angle shall be small, 
and the property of the amplifier that the output phase 

may lag considerably behind that of the input as shown 
in the discussion in connection with (35) and Fig. 9. 
These gains expressed by the preceding equations are 

in terms of voltage only and have to be interpreted in 
terms of power before they become really significant. In 
doing this, the input impedance to the vacuum tube be-
comes a controlling factor, and the remarks made just 
following (15) take on added importance. 

EXTENSION TO EXTERNAL TERMINALS 

The foregoing analysis applies to gain in voltage from 
a given high-frequency voltage VI applied between the 
equivalent plane of the control grid and the cathode and 
to an output measured between the equivalent plane of 
the screen (or suppressor in pentodes) and the plate. It 
says nothing about the loss in getting from a signal on 
the grid wires to the voltage on the equivalent grid 
plane, nor does it include a drop in output occasioned 
by getting from the equivalent plane of the screen out 
to the screen wires themselves. It would apply to actual 
tubes only if the tt's of the individual grids were all 
infinite. Fortunately, a situation somewhat equivalent 
to this can be created at extremely high frequencies, but 
to describe it we must first consider relations between 
the various potentials at the equivalent grid planes and 
those on the grid wires themselves. 
In doing this, the first thing to notice is that the po-

tential difference between any grid plane and the cor-
responding grid wires may be expressed by an equation 
which has the general form of (5) on Table I and that 
the velocities of the electrons entering the differential 
region around the grid wires must be the same as of those 
which pass through the grid. Also, if the conduction cur-
rent which passes through the grid is aq, then that mov-
ing toward the grid is (1 —a)q. For this region between 
grid plane and grid wires, the transit angle is extremely 
small, and it is accordingly appropriate to use (5) as a 
formula for calculation with the transit angle allowed to 
approach zero. The result for any grid is therefore an 
equation in the form of (21) for the corresponding region 
where however, (1 —a) replaces a in the coefficients (22) 
and the transit angle approaches zero. Thus, for the 
control, or first, grid, the second equation of (21) gives 
the required form and we have 

ig = (V° —  Vino  (41) 

where yg is an admittance between the equivalent grid 
plane and the grid wires, and 1g is a transadmittance 
between region (1) and the region between the equiva-
lent plane and the grid wires. For the next grid, or 
screen, we have to follow the form of the third equation 

of (21) giving 
I. = (V, — V2)y, — (V2— V i)y2, — viyi.  (42) 

where the y's have analogous meanings to those in (41). 
In substituting the coefficients of (22) to find the ap-
propriate values of the admittances above, it is allowa-
ble to disregard space charge on the basis of the same 
arguments used in arriving at (23) for the intergrid re-

gions. 
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The admittances y„ and y. are thus of the form of the 
coefficient A* for no space charge, and accordingly rep-
resent pure capacitances, C„ and C., respectively. Their 
magnitudes cannot be predicted from the simple geome-
try of planar regions because the region now considered 
is an equivalent one representing current flow from the 
equivalent plane of the grid to the grid wires, and is in 
actuality far from planar in configuration. The impor-
tant thing is that, as part of the connecting network be-
tween the equivalent grid plane and the grid itself, there 
exists a simple capacitance. From a different argument 
it will turn out that the magnitude of the capacitance 
may be very simply expressed in terms of the amplifica-
tion (or screening) factor of the grid in question. 

Yii  741- C22  I  c 3, 

 Ii 

r a t r-° -Z-A " c   v0. 13  I I 

c,T 
VOts 

Fig. 11—General vacuum-tube network with 
space charge in region (1) only. 

In regard to the transadmittances, y2. is zero for the 
same reason that y23 is zero in (23) and the other trans-
admittances, yig and Yia  follow the forms of y12 and 3,13 
respectively, in (23) where the only change necessary is 
to make B2* apply to the region between equivalent-
control-grid plane and the control grid itself, and simi-
larly to make Bg* apply to the region between equiva-
lent screen plane and the screen itself. 
Substituting into (23) from Table II, and allowing 

the transit angle from the equivalent planes to the grids 
themselves to approach zero, we have 

yo =  y. = koC, 

= (1 —  (43) 

= ai(1 — a2)golke—i(e.+0.) 

In these equations golPe—i°1 is the function in the first 
column of the table following (25) and is plotted on 
Fig. 8. 
The similarity of yk, and Yl.  to the forms of (31) and 

(32) is immediately apparent. The interpretation is that 
the electron stream causes a current to be impressed 
upon any region which it enters, and that when the 
stream passes the screen, for example, the conduction 
current splits into a fraction a2 which proceeds into the 
screen-plate region and impresses on it a current which 
conforms to the characteristics of that region, while the 
remaining fraction (1 —a2) proceeds to the screen and 
impresses on the screen a current which conforms to the 
characteristics of the region between the equivalent plane 
of the screen and the screen wires. Because the transit 
angle through this latter region is extremely small its 

effect on the impressed current reduces to the factor 
unity (with a minus sign). 
When the first grid is operated at a negative-bias po-

tential, no electrons can hit it, and consequently the 
factor al in (43), is unity. It results that yi9 is then zero, 
and the control grid is connected to the electron stream 
through a simple capacitance, C.. 
Even though the capacitances C. and C. have not yet 

been expressed in explicit form, we are in a position to 
draw the equivalent network of the entire vacuum tube 
in which the relation between the grids and the electron 
stream is taken into account in addition to the simpler 
network of Fig. 7, which expresses the electron stream 
only. This general vacuum-tube network is shown in Fig 
11, where the admittances between the various grid 
planes are shown as simple capacitive elements in ac-
cord with the approximation that the space charge is 
negligible in those regions. The constant-current gene-
rators across the several elements impress currents upon 
the nodes at 1, 2, 3, G, and Sin accord with the formulas 
developed above for the trahsadmittances. When the 
control grid is negative, the current impressed between 
1 and G disappears, for then yip is zero since the capture 
fraction (1 —al) in (43) is then zero. Again, in Fig. 11, 
only one current generator appears between nodes 2 and 
3 instead of two generators, as in Fig. 7. This is because 
lack of space charge in the second region, between 1 and 
2, has reduced the corresponding transadmittance y23 to 
zero. 

The extension of the diagram of Fig. 11 to tubes with 
three, four, or more electrodes consists merely in insert-
ing more sections similar in form to the one between 
nodes 1 and 2 with corresponding impressed currents 
and capacitances connecting the inserted region with the 
corresponding grid. 

The current generators in shunt with the various re-
gions in Fig. 6 could, if we wished, be replaced by voltage 
generators located in series with the capacitances C22, 

C33, C., and C.. In this form the generators would have 
more the appearance of the A generators of our conven-
tional vacuum-tube equivalent circuits. They would be 
less convenient to use however, and would not be the 
same as our usual µ generators in any event. One of their 
inconvenient properties would be that the generated 
voltage would be required to approach infinity as the , 
frequency approach zero. This is evident when it is con-
sidered that an infinite voltage is required to send a 
given current through a capacitance at zero frequency. 
All in all, the admittance diagram of Fig. 11 with its 

internal nodes and impressed currents has been found 
to have many advantages over the conventional im-
pedance diagram with meshes referred only to the avail-
able external terminals of the tube. 
The capacitances C 22 , Cm etc., are merely the elec tro -

static capacitances which would exist in free space be-
tween solid conducting planes coinciding with the re-
spective grids or plate as the case may be. The capaci-
tances Co, C. between the electron stream and the grid 
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wires are related to C22 and Cg3 by the low-frequency 
screening factor of the corresponding grid, so that 
Cg/C22=µ0 and Ca/C32 =pt.. Direct application of the 
analysis based on the equivalent network of Fig. 11 will 
now be applied to show how this comes about as well as 
to find the equivalent potentials of the internal nodes. 

GENERAL NETWORK 
The generalized circuit network for a normal pentode 

where the space charge is small except near the cathode 
is illustrated in Fig.12 where the control grid, screen, and 
suppressor are labeled, respectively G, S, and T. The 
plate is identical with node 4 and therefore does not need 
an additional symbol. Current directions are indicated 
by arrows in the usual way, and the method is to sum up 
the currents entering and leaving each of the three nodes 

1, 2 and 3. Thus we have 

for node 1,  /,, +lb= ra +viy32 + Viyig 

for node 2, I.+ I.-I-170,12= lb + Viyi34- Viyi.  (44) 

for node 3, rd + Is+ viy33= I + VIY14  171Yle 

and for the various currents 

14 =  V 1 Y221  I t,  =  ( V2  V O Y22,  =  ( V3 —  V 033, 

I,/  =  ( V4  —  V3)31449  Ig =  (Vg—VOY0 
/. = (V. — V2)y.,  It = (V t — VOy i. 

When these are substituted into (44) it is convenient to 
set up the resulting equations in the form of an array. 

Thus 

V1 V2 

V2 is the plate potential. Dividing through by y22 and 

solving for 172 we have 

V2 +  (Yg/Y22) Vg 

V  —   I 4- Y g/ Y22 + (yudy22)[1 +(y12+ 311 0 / Y 11 1  (47) 

which bears a certain resemblance to the approximate 
formula which was mentioned earlier for the effective 
potential of the grid plane, namely, 

V2 + A V° 
Vi =   (48) 

1  (4/3)(x2/x2) 

To. show that (48) is, in fact, an approximation for the 
more accurate form (47) we have to write the admit-

V0-0  Y11 

V1,12 

v, t Y22 

V1,12 

V2 

T Yg 

Val 

Fig. 13—Triode equivalent network. 

tances in terms of the coefficients given by (23) and then 
substitute the forms given on Table II. It is at once evi-
dent that the ratio Yu/Y22 may be taken as the very gen-
eral form for the amplification factor µ, and hence that 

V3 

(y22 + Y22 +  Yg ±  Y12 ±  Yip) 

(y13 + yi. — Y12 —  322) 

(y14 + yit — y13) 

—  Y22 

(y22 ±  Y33 ±  y.) 
—  Y33 

Before proceeding with a discussion of the general 
solution of these equations, we can gain a better insight 

1.10,12 

911  Y22 

la  Ib 
Voq g 

V1112  V1113  V19 3  VI914 

VI Yi g  V W'S 

144 

'17 

Vint 

It 

Fig. 12—Generalized pentode network with 
space charge in region (I) only. 

V014 

into their significance by taking the first one alone. The 

equation is 

Vi(Y11 ±  Y22 +  Yg ±  Y12 ±  yip) =  VgYg  V2Y22. 
(46) 

It applies directly to a triode as shown in Fig. 13, where 

V1 = 

—  Y33 

(Y44 +  Y33 ±  y 

V gy, 
Vgy, 

(V or, + V 4Y44) • 

(45) 

in the special case 

IL =  Yg/Y22 =  C g/ C22 
(49) 

which allows us to find Cg in terms of µ and vice versa. 
Then, at very low frequencies and for negative-grid 

tubes, the form of (47) becomes 

V2 ± 

V1  (50) 
4 x2  1  02  VVD1  2 V VD2 1 

1 ± 
3 x1L  z 01 v VDI  N I/7 ;2 

which shows the extent of the correction which should 
be made to (48). The approximation involved in (50) is 
the disregard of space charge between grid and plate. 
Its inclusion results in an expression which has been 
given before' but which may be written more conven-
iently in terms of the space-charge factor 1.2 of the second 

region as follows: 

V2 +  tiiVg 

4 x2 1 1 02 VVD1 2N/VD2  
1 +    1 + 

3 xi  1 —  -21.3 [.  2 01 V VDi  V VD2 201 202 /J 

(50a) 
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Here  is still given by yo/y22 but is no longer equal to 
C„/C22 as in (49). Instead, its general form for low fre-
quencies and with negative-control grid is 

= 
Yo 

= 

C. ( 1 — t-2 

Y22  C22 \ 1 — ?'2/3/  (49a) • 

Also, in evaluating the transit-angle ratio 02/01 in (50a) 
care must be taken to include space charge in the second 
region, since it modifies 02. 

It is interesting to note that the modification pro-
duced by space charge in the second region is of the same 
form as that affecting the last term of the diode im-
pedance (16). 
At high frequencies, y22 in (49a) becomes modified 

and, for rather large values of 1-2 the amplification factor 
then takes on the properties of a complex number hav-
ing a phase angle. At extremely high frequencies, it 
again becomes real and is given by (49). While interest-
ing from an academic point of view, these properties 
seldom have very much practical importance in conven-
tional tubes where (49) applies quite well. 
It is important to notice that neither (50) nor (50a) 

involves any factors which are different at zero fre-
quency from their values at extremely low frequencies, 
and they contain no terms such as go involving slopes of 
static characteristics. It follows that (50) gives the 
effective potential of the grid plane for direct current 
as well as for low-frequency alternating current. Ac-
cordingly, it is extremely useful in design work where 
the current to be drawn from a given cathode is limited 
by the emission capabilities of the thermionic surface, 
and hence, for a given location of the grid, the applied 
potentials VD„ and VD2  must be selected so that the ef-
fective potential VD1 will be low enough so as not to 
draw the entire emitted current away from the cathode 
and hence destroy the space-charge control. 
It is true that at direct current the potential Vi in 

(50) becomes VD1 and the equation then involves VD1 
in a complicated manner, but the term involving it on 
the right-hand side of the equation is not large, and it is 
sufficiently accurate to use (48) to find a first approxi-
mation to VD1 and then to use this approximate value 
in the right-hand side of (50) to obtain a more accurate 
calculation. Similar considerations apply to (50a). 
When the frequency is increased enough so that the 

transit angles become important, a further correction is 
needed in (50). However, all of the transit-angle terms 
appear in the correction term of (50) and hence the 
equation is a fair approximation for all moderately low 
frequencies as it stands. At extremely high frequencies, 
substitution from Table II into (47) together with the 
appropriate approximations shows that the effective po-
tential then approaches: 

V2 + AV,  
V1 =  (51) 

1 -I- AL -I- x2/x1 

This is just the value that would be found for the effec-
tive potential in case there were no electrons whatever 
within the tube. Comparison with (50) shows the small 

range of values through which the effective potential 
changes, both as the frequency changes from zero to 
extremely large values and as the space charge changes 
from completeness at the cathode to zero in all regions. 
Based on this fact, the proposal has sometimes been 

made that an approximate equation of the form of (48) 
be used in the general analysis of the performance of 
vacuum tubes.' " However, in the light of the discussion 
which brought us to the equivalent network of Figs. 11 
or 12 it seems better to use the diagram directly, regard-
ing it as part of the complete circuit where the various 
external-circuit-impedance elements are connected to 
the tube terminals, and general circuit analysis is em-
ployed to give the currents and voltages in all of its 
parts as desired. Moreover, the simple relation which 
gives the effective potential in the form (48) is useful 
only when the potential V2 is known. In triodes, this is 
the case, for V2 then denotes the anode potential. For 
screen tubes, it is the effective potential of the screen, 
and the more comprehensive set of equations given by 
the array (45) must be resorted to when the various 
equivalent potentials are desired with a degree of exact-
ness. 

Yit  Cf I  C3 
C3- /V\r..". - 1  2 

Ib 
Ig 

VIY12  V1,1 3 

Fig. 14—Approximate network for screen tube 
with negative-control grid. 

A complete solution of (45) is quite complicated when 
the coefficients of Table II are substituted to give the 
explicit forms of the y's. A great simplification occurs 
without much loss of accuracy when the admittances are 
evaluated in their very high-frequency forms. When this 
is done, the transadmittances are all found to be negligi-
bly small compared with the self-admittances. To show 
the extent of the approximation involved, it may be re-
marked that it would yield (51) ins,tead of (50) when 
applied to the triode. The arbitrary introduction 
of (4/3)x2/xi for x2/xi in the result would make the ap-
proximation even better. The ratio of the other dis-
tances, such as x3/x2 for example, should not be changed , 
for the factor 4/3 appears because of space charge near 
the cathode, and hence is connected with x, but not with 
any of the other x's where the space-charge is small. 
Attempts to arrange the result to conform with the 

form (51) have not proved particularly helpful for the 
general multielement tube, although for tetrodes some 
gain may be obtained in interpretive ease. The general 
forms for the internal nodes VI, ITS,  and V3 for pentodes 
at low frequency thus become, from (45), 

" D. 0. North, "Analysis of the effects of space charge on grid 
impedance," PROC. I.R.E., vol. 24, pp. 108-136; January, 1936. 
" H. Zuhrt, "Die Leistungsverstarkung bei ultrahohen Fre-

quenzen und die Grenze der Rtickkopplungsschwingungen," Hoch-
frequenz. mut Ekktroakustik, vol. 47, pp. 79-88; March, 1936; and 
vol 49, pp. 73-87; March, 1937. 
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V, = 

1•2 = 

= 

( 
V4 + ASVT + A2 1 ± Ai + —) V. -1- R1 + pi + - 1 + Ps  —  — 

X3 Xs Xs Xs 

X4)  X4 X4  Xs —)(  

(1 + µ1 --) (1  /12  --) (1  — (1 +  ± —3 —x1 —x2 — (1 + ps 
4 x2 X3  X4  4 X2) X4 

3 X1 X3 

[ 1. 4  P31 .7' +  P2 (1 +  P3  1- .1 (1 +  Pt + ±  +  (1 ± Pa ± —X4 )Piro 
X3  3  Xt  X2  X3 

1(1 + A3 + (1 ± AS + X4) Xs 
3 x1/  x2,  Xs 3 x1/ x3 \  Xs Xs 

4 x2 x2)  x3]  xs 4 X2 Xs X4 
(r. + A314(1 + A, + - •)(1 + A2  — (1 + Al +  -xi)1,2v. + - —pjVg 

3 xl  x2 X2  Xs X2 Xs 

X 4)X s 

Xs X2 

4 x2) .x4  xor, 
(1 4- pi  — —)(1 + xe2  —)(1  (1 +  (1 + AS  — 

X3  3  XI  X3  X3  X2 

4 x2  .r,  xo 

3 x  X2 

These may be reduced to the forms applying to tetrodes 
by allowing 1.12 in (52) to become very large and discard-
ing all terms of which it is not a factor. The potential 
rr then becomes the plate potential Vs of the tetrodc and 

we have for the tctrode 

VS+/A2Vs+ (1 +As+ XS/X2)PIVO 
VI = 

(1+4114-4x2 13x1)(1+ps-Fxs/x2) — xs/x2 

(ra-i-P2174)(1+Pi-1-4/3(x2/x1))-1-(x3/x2)1.41V, • 

(1 -1-sar1-4  x2/3x1)(14-p21-xs/x2) — .r, /x2 

(53) 

ALLOWABLE APPROXIMATIONS 

These general forms are naturally fairly complicated. 
The same equations would be obtained on the basis of 
any kind of equivalent network, and the complexity is 
not a result of the particular equivalent network chosen, 
but of the attempts to take everything into considera-
tion in the analysis of the tube performance. In dealing 
with pentodes and tetrodes in the past, we have seldom 
attempted to do this but have been content with certain 
approximations, such for example as assuming that the 
effective screen potential is near enough to that of the 
screen-grid wires so that they may be taken to be the 
same in calculating the effective potential of the con-
trol grid. The result, of course, is to change (52) or (53) 
into the simpler form (48) where V2 is assumed to be the 
same as the known screen potential. 
In analyzing the general performance of the tube 

when connected into an external circuit these state-
ments have even greater force. Analysis of the entire 
equivalent circuit of Fig.12 together with external-circuit 
connections would be an extremely tedious affair, and 
the result would include many effects which are dis-
carded in ordinary low-frequency analysis as being 
negligibly small. For instance, in finding the perform-
ance of pentodes and tetrodes in amplifier circuits it is 
practically never necessary to include the effect of the 
capacitance between plate and control grid because it is 
so small that no appreciable effect on the result follows 
from disregarding it altogether. In Figs. 11 and 12 this 
capacitance feedback is naturally included in the corn-

. (52) 

plete diagram as shown even though it does not appear 
explicitly as a condenser connected between plate and 
control grid but rather as a coupling between the input 
and output circuits through the mutual admittances 
yo, yo, and y,. When the screening factors are high 
enough, and when the screen and the suppressor are con-
nected to the cathode, the diagram of Figs. 11 or 12 falls 
apart into two separate portions, the one involving only 
the input system and the other only the output system. 
This is shown in Fig. 14 which illustrates the approxi-

mate equivalent diagram of a screen tube with negative-
control grid. It will be found to be sufficiently accurate 
to handle all cases where the plate—control-grid ca-
pacitance may be neglected in the conventional diagram 

and where the screen is tied down to the cathode for 
alternating currents. The negative bias of the control 
grid has eliminated the impressed current Viyig of Fig. 9 
from node 1 in Fig. 14, and with the second node 
grounded, it is unnecessary to include any impressed 

currents on it. 
With an output circuit of admittance Vz connected 

between plate and cathode (that is, between plate and 
node 2) so that it is in shunt with the capacitance Co, 
the output voltage is evidently given by the potential 
drop produced by the impressed current Voyi, flowing 
through the parallel combination of load admittance 
and yos, the admittance of C3. The result is 

Vout = VS — V2 = VIY13/(1.1 )'33)•  (54) 

Taking yis from its detailed equation (25), we see from 
(27) that at low frequencies and for al = 1 it reduces to 
(-0(280) where (1 —a2) is the capture fraction of the 
screen, and (54) then becomes, in terms of impedances 

rather than admittances, 

Zi(l/i X3)  
Vous = — Via2go  (55) 

Zi  1/i Xo / 
— Via2goZo 

where Zo is the impedance of the parallel combination of 
C3 and the external load Z1. In this form a close analogy 
can be recognized to the usual equation 

Vout =  Vog a0 (56) 
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where g. is the control-grid--plate transconductance. 
The difference between (55) and (56) is that the former 
is expressed in terms of the total transconductance 
(—go), the screen "escape" factor a2, and the potential 
at the node 1, while the latter is expressed in terms of the 
external transconductance g. and the potential on the 
grid wires. 
The relation between these two potentials has already 

been worked out and, for the grounded screen approxi-
mation now employed, reduces to (50) at low frequen-
cies. With the screen and node 2 at ground, the alternat-
ing potential V2 is zero, and we have V1 immediately in 
terms of V. By substitution into (55) and comparison 
with (56) we have then 

gm = — ago 

then to make a separate calculation of the potential on 
the nodes in relation to that on the external grid termi-
nal. This viewpoint is especially helpful when, as very 
often happens, the potential on the grid terminal is not 
known anyway, but the voltage somewhere back in the 
network connected to the grid is given and the grid volt-
age must be found by calculation. As shown by Fig. 14 
in such a case it is just as easy to calculate the voltage at 
1 as it is to calculate the voltage at G because the two 
points are connected by the simple capacitance G, which 
can be thought of as forming part of the external circuit. 

INPUT IMPEDANCE 

It becomes essential then in either case to know the 

111 

4 x2  1  02  Y VD1 +  2 071)1 1 

1 +  [ 1 ± 

3 xi 2 oi  VVD2 

At high frequencies the external transadmittance 
from grid to plate is naturally more complicated, and 
the more general form (25) should be used for yi3 in (54) 
to replace the low-frequency value ( —a2go). Also, the 
relation between V1 and 17,, is not quite so simple as the 
one given by (50) and the general form (47) should be 
used. As explained before, however, this latter makes 
less difference than might be expected. However, includ-
ing both of these effects, we can write the external trans-
admittance y,„, as follows, first for moderately low fre-
quencies where transit-time effects are just beginning 
to be important, and second for extremely high frequen-
cies, where the transit angles are large compared with 
unity. 
1. For moderately low frequencies 

y„, = gme-i•  (58) 

where 

2. For very 

(57) 

input impedance of the tube. This will be calculated 
between the nodes 0 and 1, but may be referred to the 
grid immediately merely by adding the capacitive react-
ance I /icoC,,. 

C 

GO —. -11. •  •  

Yin 

Vic* 

Yin 
It  C2 T  fib 

0  •   
/7/77/A4,7444/7 
cAimooc 

Fig. 15—Input admittance network for the tube of Fig. 14. 

For calculating the input impedance between 0 and I 
the diagram of Fig. 15 is helpful. This is a redrawing of 
the pertinent portion of Fig. 14 with the capacitance C2 
shown in a clearer way for the impedance calculation. As 

[II 7 x 2 ± 1) 1 +  + _4 f2. (1 + 1 02 3VVT,2 5VVD2  ] oi 

30  18 z,  3 z1 8 02  N/VD2  N/17122 

— — 1 + 
4 z2[  1 02 N/V1T2 2%/17-i-,2 1 

3 xi 2 Oi  VVD2 
+ 

+ 1 [VVD2 4- 2VVD2  133. 

3 VITD2 N/V-D-3 

high frequencies 
[  VV  V - ' D2 —  /;7__  --4 

y.  --1- a2go 
1 +  ± x2/xi 

Comparison of these with (27) and (35), respectively, 
shows the modification produced in attempting to relate 
the transadmittance to the external grid terminal of the 
tube rather than to the internal node at 1 on Fig.14.The 
formulas, especially that for the phase of the transad-
mittance at moderately low frequencies, are much more 
awkward to handle. While the corrections are small, 
they may nonetheless be of importance in broadband-
feedback-amplifier design. While it does not overcome 
the over-all calculation difficulties, it does simplify the 
qualitative interpretation to divide up the problem by 
referring the transadmittance to the internal nodes an d  

0 / 2 )  D 2 ±  N IFID 2) ] . 
(59) 
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1. For moderately low frequencies 

0,2[  22 02 virot + 2VV  V  -I-D2 5 (02 VD, 3VVD21 

20  9 0, N/I'D, + VVD2  3 Oil Viro-i-i- VVo2 J 
_ + 

[ 
+ iw — c, 1 + 

3  2 0, VIID,  N/VD2 
_  .____ ) -II- .6.21  (61 ) 

4  (  1 02 VVD, -I- 2N/VD2  

2. For very high frequencies 02) sin (0, 
F,,  -I- CO  + — —sin  Od.  (62) 

2go N/IPL:, sin 0, — N/VD2  -I-  3 02  

2 0, 

These represent a resistive element in shunt with a 
capacitive element between the node 1 and the cathode 
in Fig. 14.The capacitance C. must be added in series to 
give the final grid-cathode impedance. Inasmuch, how-
ever„ ,s C. is normally much greater than C, and CI in 
parallel, the effect will be small, and (61) and (62) give 
a fair approximation to the input admittance as they 

stand. 
As an alternative to adding the capacitance C„ to the 

equivalent network represented by (61) and (62) an-
other method may be followed, which amounts to the 
same thing. This consists in noting that (47) expresses 
the general relation between V, and  and that V2 is 
zero for the example of Fig. 14. Hence,since we can derive 
immediately from Fig. 15 the relation P..= 1%.( Vt/ 
it follows that we have only to multiply the admittance 
between cathode and node 1 by the ratio V,/ V. in order 
to find the external admittance between cathode and 
grid. As shown before, that ratio is given with fair ac-
curacy by (50) for low frequencies and by (Si) for very 
high ones, although to be exact, one more term in the 
series expansions leading to (50) should have been re-
tained as well as the next lower order reactive term in 
(51). The approximation therefore amounts to omitting 
a very small phase shift that occurs in translating the 
admittance from the.node 1 to the grid wires. 
Without the details of this transformation we can see 

directly from (61) and (62) what the character of the in-
put admittance is going to be. 
In the low frequency case, from (61) it is evident that 

a resistive component appears across the input which is 
proportional to a first approximation to the total trans-
conductance go and to the square of the frequency. This 
input loading has been discussed at some length in pre-
vious papers'. "." and is one of the important causes of 
loss of amplification when the attempt is made to use 
tubes with cathode and screen tied together for frequen-
cies where the transit angles begin to be appreciable. 
Here again the remarks following equation (15) apply 
with special force, and the effect of the virtual cathode is 
to add a resistive component to the input impedance, 
which becomes especially important at the higher fre-
quencies. It should be remarked, also, that even a small 
amount of inductance in the cathode lead between the 
point where the screen is tied in and the actual ther-
mionic surface will act to increase the input conductance 
to values markedly greater than are predicted from (61) 

alone. 
This whole question of impedance in the leads to the 

various tube elements is extremely important" at high 
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frequencies, and a large part of the present-day ad-
vances in the construction of vacuum tubes for high fre-
quencies and for broadband amplification has been ob-
tained by reducing the lead lengths and arranging them 
to decrease both electrostatic and electromagnetic 

couplings. 
In regard to the input conductance at very high fre-

quencies, (62) shows that it can become either positive or 
negative, or zero depending upon the relative biasing 
voltages and transit angles. As a rough approximation, 
it may be assumed that 02 is a good deal less than 0, and 
that l'D2  is much greater than V Di. The high-frequency 
conductance then attains a value which is roughly given 
by (2go sin 01)/02, which decreases as the frequency in-
creases. At the same time the susceptance increases, 
which would indicate that the input losses may be very 
low at the higher frequencies, or may even become nega-
tive. This condition is somewhat modified, however, by 
losses occasioned between the cathode and the potential 
minimum, so that practically the input losses will be 
greater than predicted by the simple theory. 

AMPLIFICATION BY VELOCITY VARIATION 

The methods of analysis developed in the preceding 
pages are applicable to a method of high-frequency am-
plification "' which has been called "velocity modula-
tion" though "velocity variation" would more aptly de-
scribe the principle, and will be used hereafter in this 
paper. In that method, electrons are accelerated from a 
cathode and are shot at high velocity through an input 
cavity and then through an output cavity, with the 
space between the two great enough so that the transit 
angle between exit from the input cavity and entrance 
to the output cavity is fairly large. The velocity-varia-
tion method differs from that described for space-charge 
control in that the electrons enter the input cavity at 
high velocity while in space-charge control they start 
from the cathode with very low velocity. 
In adapting the mathematical analysis which has 

been used here for the space-charge control to the re-
quirements of velocity variation, the fundamental forms 
of Tables I and II require no change, except perhaps the 
comments that in long drift tubes of the type sometimes 
employed with velocity circuits, the parallel-plane as-
sumption is not strictly applicable when the space-

Ut  M . J. O. Stnitt and A. van der Ziel, "The causes for the increase 
of the admittances of modern high-frequency amplifier tubes on short 
waves,* PROC. I.R.E., vol. 26, pp. 1011-1033; August, 1938. 

" W . C. Hahn and G. F. Metcalf, "Velocity-modulated tubes," 
PROC. I.R.E., vol. 27, pp. 106-117; February, 1939. 

IS  D. L. Webster, "cathode-ray bunching,' Jour. ANA. Phys. 
vol. 10, pp. 501-508; July, 1939. 
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charge factor r is large. For small values of this factor', 
however, the relations are correct as they stand. 
The schematic diagram of Fig. 5 is also pertinent as 

well as the network of Fig. 7. The general equations (21) 
and (22) apply but here the detailed similarity ceases and 
different initial conditions must be used for the evalua-
tion of the A*, B*, C*, etc., functions in which the admit-
tances are expressed. Thus, instead of B2* in (5) being 
zero because the electron velocity at node zero is small we 
have the alternating conduction current equal to zero 
so that the term Bi*qo in (5) drops out just as it did be-
fore, though for a different reason. Similarly Ci*vo is zero 
because the initial alternating-current velocity is zero. 
In applying the formulas of Table II to the evaluation 

of the admittances in (22) an enormous simplification 
can be made without loss of the fundamental principles 
of velocity variation if we assume that the space-charge 
factor  is very small in all regions involved, including 
the input cavity. With this assumption, all of the self-
admittances, yii, Y22, y33, etc., in (22) become purely 
capacitive. The transadmittances Y12, Y13, Y23, etc., in 
volve r at least once in each term, and hence r cannot be 
placed exactly equal to zero without loss of the energiz-
ing force in the velocity-variation system. However, it 
is evident that terms containing r, r, etc., may safely 
be disregarded in comparison with those which contain 
r to the first power only. Since C*, D*, and F* all contain 
r as a factor, and moreover, are the only coefficients on 
Table II that do contain  as a simple factor, it follows 
that we can discard all terms which contain the 
products of any two of these coefficients, C*, D*, and F*. 
The only one of the transadmittances which is of in-

terest to us in analyzing velocity variation is y13. This is 
because we are not concerned with conditions between 
nodes 1 and 2 which alone involve y12 and because the 
potential between nodes 1 and 2 is practically zero (or 
the impedance infinite) so that y23 (V2— V1) does not in-
troduce any effect into the output cavity. 
With these stipulations, the transadmittance of a 

velocity variation tube is expressed by 

ot2D1*  B3* G1*  B3* GI*  C3* 
Y13=  (32E2*  a2F2* *A*  12* 

A i*  A 3* Ai*  A3 i  A3- 

where  may be set equal to zero everywhere except in 
the evaluation of C*, D*, and F* where it must be re-
tained. Upon substitution from Table II and after rear-
rangement in the same manner employed for space-
charge control tubes, (63) may be written 

Y13 = — iala2 
ID  [V D2 

2VD2 V D1 

4 /  V 02 

V D1 

0701   ) 

.%/vTD-0 VV;i 

(63) 

-VVD2 
02 +  03]  (64) 

VI7D2  VVD2 

where, according to usual practice, the transit angles 01 
and 03 are taken to be small. When they are extremely 
small, and when, moreover, V D1 = V D2 so that the elec-
trons move through the space with constant velocity, 
(64) reduces to - 

Yld  laia2(JD/VD2)102e-i8,  (65) 

which is the same equation that has been given by oth-
ers'7 for the velocity variation system. 
In all of the foregoing discussion, the question of noise 

has been left out of consideration. Its influence will, of 
course, have a most important bearing on the type of 
structure and the transit angles chosen for particular 
purposes. That is another question, however, and to deal 
with it adequately would require another paper perhaps 
longer than this one. 

SYNOPSIS OF PRINCIPAL RESULTS 

The basic geometrical configuration considered is 
shown in Fig. 1. The two parallel planes between which 
the electrons travel are marked a and b and the electron 
flow is taken to occur from left to right. It is empha-
sized that analysis throughout the paper is confined to 
single-valued velocity electron streams. As given con-
ditions, are assumed the total current, the conduction 
current, and the electron velocity at the a plane in the 
figure. After separation of these quantities into direct-
and alternating-current components, two sets of equa-
tions are given: (2) for direct current and (5) for alter-
nating current. A new space-charge parameter /' is de-
fined and Tables I and II summarize the most im-
portant material pertaining to (2) and (5). Tables I and 
II are of fundamental importance for the paper. 
The basic equations are first applied to a diode and 

the cases of complete and partial space charge are con-
sidered in greater detail. For complete space charge 
Figs. 3 and 4 show real and imaginary parts of the 
impedance and the admittance as functions of the 
transit angle. This diode impedance is composed of a 
resistance in series with a negative reactance. The re-
sistance component may assume negative as well as 
positive values. 

In the case of partial space charge the diode impe-
dance may be broken up into three elements in series. 
The first is a resistive element, the second a negative 
reactance element, and the third a pure capacitance. 

Mnitielement Tubes 

With the diode background the building-up of the 
equivalent network may be undertaken. The method is 
to imagine several cascade arrangements of the parallel-
plane diode geometry of Fig. 1. As an illustration of this 
method the tetrode of Fig. 5 is chosen. Between the 
cathode and control grid exist conditions similar to 
those in Fig. 1 when proper boundary conditions at the 
a and b planes are selected. Between control grid and 
screen another parallel-plane diode may be envisioned 
but with appropriate boundary conditions and a differ-
ent value of the space-charge factor from that existing 
in the first-mentioned region. A similar diode is located 
between the screen and the plate. These diodes are to be 
joined together by relating the boundary conditions at 
the grid plane in terms of an effective potential. The 
grid wires themselves are at a different potential from 
this effective potential and the grid current is the differ-
ence between the total current flowing out of the left-
hand surface of the fictitious plane and that flowing 
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into its right-hand surface. This is illustrated by the  pressed upon any region which it enters, and that when, 
difference between the currents II and /2 in Fig. 5.  for example, the stream passes the screen the conduction 
Similar considerations apply to the other grids. Atten-  current splits into a fraction a2 which proceeds into the 
tion is first directed to the main electron stream as-  screen-plate region and impresses on it a current which 
sutned to originate at plane 0 in Fig. 5. For region (1)  conforms to the characteristics of that region, while the 
the diode equations apply directly. For region (2)  remaining fraction (1 —a2) proceeds to the screen and 
equations (5) on Table I provide the means for cal-  impresses on the screen a current conforming to the 
culating the initial conduction current and velocity so  characteristics of the region between the equivalent 
that currents and velocity at the right-hand end of re-  screen plane and the screen wires. The general vacuum-
gion (2) can be calculated. For regions (3), (4), etc., a tube network now becomes that shown in Fig. 11. The 
similar procedure is followed. The result is given by (21)  admittances between the various grid planes are those 
and (22). From (21) the equivalent circuits of Figs. 6 and  of pure capacitances by virtue of the assumption of 
7 follow. The constant-current generators shown on  negligible space charge in these regions. The constant-
these figures play a role similar to the familiar constant-  current generators impress currents upon the nodes at 
voltage m generators. The impressed currents are ex-  1, 2, 3, G, and S. When the control grid is biased nega-
pressed in terms of the voltages of the equivalent grid  tively, the impressed current generator between 1 and G 

planes rather than in terms of the grid-wire voltages. As  disappears. 
soon as the relations between the grid voltages and the  The capacitances C22• C22, etc., are the electrostatic 
equivalent grid plane voltages have been found the ad-  capacitances existing in free space between solid con-
mittance coefficient y given by (22) can be extended to  ducting planes coinciding with the respective grids or 
include the grid terminals of the tube. Before this is un-  plate. The capacitances C. and C. between the electron 
dertaken a more detailed analysis of the admittance co-  stream and the grid wires are related to the capacitances 
efficients (22) is desirable. The example chosen is a C21 and Cu by the low-frequency amplification factors 
tetrode operated with complete space charge in region  of the grids. 
(1) and with so small a space charge in succeeding re-  General  Network 
gions that the space-charge factor for these regions is The principal object of this section is to calculate the 
very small. This operating condition corresponds to the effective potentials as well as to express the amplifica-
usual one. The admittance coefficients (22) become sim-  . tion !actors as ratios of two capacitances. The equiva-
plified and are now given by (23). Detailed expressions lent network of Fig. 11 serves as a basis and a pentode is 
for the transadmittances for any frequency are given by chosen for illustration. The equivalent circuit of the 
(24) and (25). For moderately low frequencies, (24) and pentode is shown in Fig. 12 where the control grid, screen 
(25) may be expanded and yield (26 ) and (27 ). These and suppressor are labelled G, S, and T, respectively. 
equations show that as far as the magnitude of the Direct application of the circuit equations results in (45) 
transadmittances is concerned the frequency has only for the unknown effective potentials VI, V2, and Vs. 
a small effect. The most important effect of transit time As an introduction to the general case a triode is first 
in this frequency range is to cause a rotation in the considered and (47) gives the effective grid potential 
phase of the transadmittance. Another case of interest at any frequency for this type of tube and (49 ) gives the 
occurs when the transit angle in all regions except the 
last is large while in the last it is small. Equations (31)  amplification factor as a ratio between the capacitances 

C. and C22. For moderately low frequencies and with  
and (32) apply for this case. The total phase of the disregard of space charge in the grid-anode region, (47) 
transadmittance of a tetrode is shown in Fig. 9. goes over into (50). Inclusion of space charge gives 
When all regions have large transit angles (24 ) and 

(25) degenerate into (34) and (35). The magnitudes of 
(50a) for the effective potential and (49a) for the am-
plification factor. It is important to observe that neither , 

the transadmittances now follow fluctuating curves. (50) nor (50a) contains any factors which are different 
Fig. 10 shows one example. Voltage gains for several at zero frequency from their values at moderately low 
conditions are given by (38) and (40). frequencies. It thus follows that (50) holds both for 

direct and alternating current. At very high frequencies 
(51) gives the effective potential. A comparison with 
(50) shows that the effective potential passes through 
only a very small range of values as the frequency 
changes from zero to extremely large values. 
The complete solution of (45) is quite complicated. 

Simplification and not much loss of accuracy occurs 
when the admittances are given their high-frequency 
forms. When this is done equations (52) are obtained. 

Extension to External Terminals 

The analysis so far would apply to actual tubes if the 
At's of the individual grids were infinitely large. This not 
being the case, the existing relations between the poten-
tials of the equivalent grid planes and those of the grid 
wires must be considered. Equation (5) on Table I fur-
nishes the basis. In applying (5) it is assumed that be-
tween any equivalent grid plane and the corresponding 
grid the transit angle as well as the space-charge factor 
are very small. The admittance coefficients between the 
equivalent grid plane and the grid then assume the 
values given by (43). From (43) the interpretation fol-
lows that the electron stream causes a current to be im-

Allowable Approximations • 
The general forms of the effective potentials are 

fairly complicated and it is natural to search for allowa-
ble approximations. It would, for example, be a tedious 
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and involved affair to analyze the entire circuit of Fig. 
12. The result would, however, include effects which usu-
ally are discarded in ordinary low-frequency analysis. 
For instance, in finding the performance of pentodes or 
tetrodes it is rarely necessary to include the capacitance 
between plate and control grid. In Figs. 11 and 12 this 
capacitance is included although it does not appear ex-
plicitly. Furthermore, when the amplification factors are 
very large and when the screen and suppressor are tied 
to the cathode the circuits of Figs. 11 and 12 fall apart 
into two separate portions, namely, one involving only 
the input system and ,another only the output system. 
Fig. 14 illustrates the approximate equivalent circuit of 
a tetrode with negatively biased control grid. 
With the equivalent circuit of Fig. 14 as a basis the 

control grid-plate transconductance is given by (57) for 
very low frequencies and at moderately low frequencies 
by (58). At extremely high frequencies it is given by (59). 

Input Impedance 

The input impedance of the tetrode of Fig. 14 is con-
sidered in this section. It is calculated between the 
nodes 0 and 1 but it may easily be referred to the grid 

Fig. 2---Graph of Space-Charge 
Factor 
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Fig. 3-Diode Impedance with 
Complete Space Charge 
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by adding the reactance of the capacitance C.. The gen-
eral expression for input admittance between nodes 0 
and 1 is given by (60). At moderately low frequencies it 
is given by (61) and at very high frequencies by (62). 
Both of these expressions represent a resistive element 
in shunt with a capacitive element and the capacitance 
C. must be added in series to give the grid-cathode im-
pedance. For moderately low frequencies the resistive 
component across the input is very roughly proportional 
to the total transconductance and to the square of the 
frequency. At very high frequencies the resistive com-
ponent across the input may become either positive, 
negative or zero. The clean-cut results of the analysis 
are modified to some extent by the Maxwellian distribu-
tion of velocities of emitted electrons. 

Amplification by Velocity Variation 

As a further illustration of the generality of the meth-
ods, an expression for the transadmittance of the con-
ventional planar velocity variation amplifier tube is 
given. The result (69) is identical with the usual formu-
las when the assumed conditions of operation are the 
same. 

APPENDIX 

TABLES OF VALUES USED IN FIGURES 2, 3, 4, 8, AND 10, 
Fig. 4-Diode Admittance r.is with 

Complete Space Charge 

(Radians) Conductance Susceptance 
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Fig. 8-Phase and Magnitude of 
the Function (1/g.)(2Pi/ditA I*) 
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Fig. 10 -Magnitude of Transadmittance 
as a Function of Output Transit Angle 
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Absolute Altimeters* 
LT.-COL. PETER C. SANDRETT0t, SENIOR MEMBER, I.R.E. 

Summary —Recognizing the necessity for knowing accurately 

the distance between an airplane and the ground as a means for 
improving the safety of aerial navigation, workers in electronics and 

allied fields attempted for years to develop a successful device. A 

commercial model was finally developed in 1938. This article is a 
technical history of absolute-altimeter developments. 

S
INCE the advent of aircraft, the method used for 
determining altitude has been the aneroid altime-
ter. This device consists merely of an expansible 

chamber geared to a pointer. This pointer deflects pro-
portionally to the pressure exerted on the chamber by 
the surrounding air. Of course the deflection of this 
meter bears no direct relation to the distance between 
it and the terrain below. The meter is calibrated to read 
in feet, "standard" air conditions being assumed. An 
adjustment for the known conditions of the air is pro-
vided. At terminals the ground-station personnel ad-
vise the pilot by radio of the barometric pressure exist-
ing on the ground, and the pilot makes this adjustment 
on his altimeter. The altimeter then reads the approxi-
mate elevation of the airplane above sea level, and if the 
elevation above sea level of the ground directly below 
is known, it is possible by subtraction to determine the 
height of the airplane above the ground. In order to 
know accurately the distance between the airplane and 
the ground below, it is necessary to know, in addition 
to the reading of the meter, the air pressure and tem-
perature. Consequently, it can be seen that the aneroid 
altimeter cannot be trusted as an indicator of the 
proximity of the adjacent terrain. 
A reasonable question concerns the necessity for 

knowing this height with such great accuracy. Some of 
the first references to altimeters that would read the 
distance to the terrain below (known as absolute al-
timeters) mentioned their use as landing aids. When 
instruments were first used to make flights above and 
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through overcasts, many accidents occurred because the 
airplane deviated from true course and collided with 
high-altitude terrain. Flying at that time was permitted 
at altitudes lower than the adjacent terrain, and often 
the course was through canyons where small deviations 
caused collision. Flying at altitudes sufficient to clear 
all adjacent terrain was not commonly practiced because 
of the characteristics of the older airplanes and their 
lack of oxygen equipment. Later, high-altitude flying 
became a rule, but the absolute altimeter was again 
considered as an independent means for checking in-

strument landing systems. 
The necessity for an instrument of this character was 

recognized by inventors and many patents have been 
granted covering these devices. Currently, however, only 
one such apparatus unit is available commercially. 
Much of the work done on these devices followed three 
principles. These are the speed of sound and its reflection 
from a hard surface; the change in the specific capaci-
tance of a condenser with the variation of the proximity 
of a conductor (the earth); and the speed of radio waves, 
together with their reflection by the earth. Commercial 
models that utilized two of these three principles were 

produced. 

PRINCIPLE OF THE SONIC ALTIMETERS 

The use of sound as a means for measuring distance 
followed from the successful use of this principle as a 
sounding device on boats (see Fig. 1). Briefly, it con-
sists of a powerful sound generator from which sound is 
transmitted down from the airplane to the ground. 
This sound is reflected by the ground, and the returning 
echo acts upon a sensitive detector. The sound emitted 
from the generator is (with one exception) in the form 
of a short pulse so that it has ceased before the reflected 
sound reaches the detector. The third item in this in-
strument is a device that measures the interval between 
the time that the sound leaves the generator and reaches 
the detector. This indicator is calibrated to read directly 

in feet. 
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SOUND GENERATORS 

Because of the high level of the noise from the aircraft 
motors and propellers and the loss in intensity of the 
generated sound as it travels to the ground and returns, 
it is necessary that the initial sound intensity emitted 
by the generator be high. In order that the sound gen-
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Fig. 1—Principal elements used in sonic altimeters. 

erator may be light and yet very powerful, special de-
signs are required, and these designs have been the 
subject of much attention by the various inventors. 
Chemical, electrical, mechanical, and compressed gas 
supplies have been used for generating the sound.' 
In all but one design it was possible for the generator 
to store energy between pulses and release this energy 
in a single powerful burst. 
In the "Behmlot" apparatus the transmitter consisted 

of a pistol that was fired at intervals. This system pro-
duced a very intense sound, yet the sound-generator 
weight was low, provided that only a small number of 
soundings was taken. This device was developed as 
early as 1924. Of course, the sound from this equipment 
had a random frequency range. The duration of this 
sound is not known, but it was emitted at 3-second in-
tervals. In 1928, Nandillon worked on a sonic-altimeter 
development utilizing an armature-excited directive 
diaphragm without a horn. A constant frequency of 
3500 cycles was emitted at intervals of about 0.005 
second. These intervals were manually variable with 
the altitude. Rice of the General Electric Company 
produced the only near-commercial device in the United 
States. This unit was flight-tested by United Air Lines 
in 1933 and 1934, although work was done on it as early 
as 1929. Literature available states that compressed gas 
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was bled from the engine cylinders and stored under 
pressure to be used later in actuating a whistle. How-
ever, the General Electric unit tested by United Air 
Lines used an electrically actuated hammer and anvil. 
The frequency of the whistle is reported as 3000 cycles 
per second for a duration of 0.01 second repeated at 
intervals of 2 seconds. This same characteristic applied 
approximately to the anvil generator. Work was also 
done in 1931 by Florisson of the Societe de Condensation 
et d'Applications Mechaniques of Paris. His generator 
also consisted of a whistle and a conical horn. A small air 
compressor was carried for the purpose of supplying air 
for the whistle. The frequency of the whistle is not 
known, but it had a duration of about 0.03 second and 
was repeated at intervals of 1.1 seconds. 
• Dubois-Laboureur, in 1932, developed a device for 
the Constructions Electro-mechaniques d'Asnieres using 
a siren with a constant frequency of about 1500 cycles 
per second. This sound had a duration of 0.013 second 
and was repeated at 0.7 second at low altitudes and 2 
seconds at high altitudes. Also in 1932, Jacques-Badin 
worked with an electromagnetically excited diaphragm 
attached to an exponential horn. This system differed 
from the others in that the 200-cycle note was emitted 
continuously. In 1934, Delsasso used a mechanically 
excited diaphragm with a 2000-cycle note and a duration 
of 0.02 second. The "Echoscope" developed sometime 
prior to 1936 used a compressed-air-driven siren and 
parabolic horn emitting a 200-cycle note for a period 
of 0.02 second and repeated at an unknown interval. 

SOUND DETECTOR 

The devices that have been used for sound detectors 
on the various sonic altimeters are as many and as 
varied as the devices that have been used for sound gen-
erators. The Behmlot made use of a carbon microphone 
at the end of a horn, whereas Nandillon used an electro-
magnetic microphone. Literature reports Rice using a 
stethoscope, earpieces, acoustical filter, and horn, but 
the device tested by United Air Lines used an electro-
magnetic receiver, horn, wave filter, and amplifier. 
Essentially the same equipment was also used by Du-
bois-Laboureur and Jacques-Badin. The latter group 
secured further filtering by the use of an acoustical 
filter in addition to the electric filter, whereas the former 
used a tuned diaphragm on the microphone for the same 
purpose. Florisson used the system reported for Rice 
but added an additional acoustical filter. Delsasso used 
an electrical contact on a resonant diaphragm, whereas 
the Echoscope, like the Dubois-Laboureur device, used 
a tuned electromagnetic microphone. It can be seen that 
the means employed for detecting the reflected sound in 
the presence of the noise from the motor and propellers 
was the use of an audio frequency appreciably different 
from the major sound components of the airplane noise 
and filters for separating the generated frequency from 
the noise components. Because of the random frequency 
spectrum of the sound generated by the gun, a filter 
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could not be applied to the Behmlot system. The fact 
that the Nandillon system is not described as using a 
filter is not significant because of the limited information 
on this secret development. All the other systems used 
filters. Three different types of filters—tuned dia-
phragm, electric, and acoustic—were employed by the 
jacques-Badin device. 

DISTANCE INDICATORS 

The distance indicators for the sonic altimeters are, 
of course, time-interval indicators calibrated in feet. 
Some of the devices used automatic indicators, and 
others required manipulation or continuous observation 
by the operator. In the early Behmlot system a dial 
rotating continuously at a constant speed was em-
ployed. The operator noted the time when he discharged 
the cartridge and again when he heard the reflected 
signal. Later this system was improved by connecting 
an optical attachment to the indicator. This optical 
system was quite ingenious. As the gun was fired, an 
electromagnet released a spring-acutated pointer which 
traveled across the scale at a constant speed. To this 
pointer there was attached a mirror which reflected light 
from a small lamp to a translucent scale. When the re-
flected signal was received, it was amplified and applied 
to an electromagnet which in turn actuated a mechani-
cal reed. At the end of this reed was a lens positioned in 
front of the small lamp. The motion of the lens caused a 
deflection of the light beam and produced a positive in-
dication on the translucent scale. Florisson used an indi-
cator similar to that employed in the early Behmlot 
system, except that an auxiliary pointer was added to 
indicate the position of the timing hand when the sound 
was generated. This was later replaced with a light 
traveling across a scale, which was extinguished when 
sound was heard. 
In the Nandillon system an indicator similar in prin-

ciple to those described was used. The timing motor 
drove a lamp located at the end of an arm, at a constant 
speed. For one position of the lamp a contact was made 
which energized the sound generator. When the sound 
reached the detector, it was amplified and used to 
energize a magnet located below the lamp and actuating 
a shutter on it. The resulting spot of light was visible 
on a translucent scale in front of the lamp assembly. 
Indicators of this type are known as chronoscopes and 
were used in modified forms by Delsasso and in the 
Echoscope as well as by the investigators previously 
mentioned. In each case there is a constant-speed motor 
driving an indicator. When the returning sound wave 
reaches the detector, its presence is announced by a 
visual or aural sensation. The position of the indicator 
is noted, and its deflection from the starting point is 
proportional to time elapsed or distance to the ground. 
The indicator for the early Behmlot system was merely 
an aural indicator combined with a pointer, the Floris-
son used a light that was carried by the constant-speed 
motor and was extinguished, the Nandillon a light 

controlled by a shutter, the Delsasso a neon lamp il-
luminated by the signal, and the Echoscope a mechani-
cal pointer actuated by an electromagnet which is de-
energized by the returning sound. 
The General Electric system tested by United Air 

Lines was intended primarily for use with instrument 
landing and did not have a direct indicator. The pilot 
noted the time that elapsed between the time when he 
heard the direct sound and the time when he heard the 
reflected sound, and it was intended that he learn to 
associate acoustically this time with altitude. The 
theory behind this procedure was that the pilot cannot 
know directly his altitude as he looks out but is, never-
theless, able to make a landing; hence he should be able 
to learn to associate his distance with an aural impres-
sion. By using a long tube between the receiving horn 
and the microphone of the detector, the accuracy of 
the instrument at low altitudes was increased, so when 
the pilot heard the direct and reflected signals coincide, 
he knew he had reached some predetermined terrain 
clearance. 

Fig. 2—Electronic indicator used with the Dubois-Laboureur sonic 
altimeter. 

The Dubois-Laboureur system made use of an elec-
tronic indicator. The circuit for this device is shown in 
Fig. 2. In this circuit, G is the air-driven generator, 
which is a governor-controlled motor-driven siren. The 
motor that drives the siren also serves to operate the 
air valve V. The end of the valve shaft also serves as 
a commutator. Normally a battery B1 is connected 
through the contacts K1 of the valve shaft to the relay 
K 2. This causes K2 to hold its contacts open, but when 
the valve shaft moves and furnishes air to the siren, the 
contacts at K1 open and allow the relay contacts to 
close. These contacts short-circuit condenser C and 
microphone Al. The momentary break in the current 
through the relay induces a voltage in the secondary of 
transformer  This surge in the secondary is sufficient 
to cause the neon tube N1 to conduct, allowing current 
to flow through R1 from B2. The second neon tube N 2 

merely serves as a voltage regulator. The potential 
developed across R1 causes the condenser C to be 
charged (after K 2 has again closed), and as the charge 
on this condenser grows, the plate current of the vacuum 
tube increases. When the sound is received by the micro-
phone, it is rectified by the copper-oxide rectifier, and 
this voltage applied to N 2 causes the potential across it 
to be reduced, and N1 stops conducting. This process is 
continuous, so the reading of the meter Al is a function 
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of the average charge on the condenser C, which in turn 
is a function of the length of time between the period 
when C was discharged and when N1 stopped conduct-
ing, that is, the period of time between the generation 
of the sound pulse and its detection. 
A number of these indicators give only an intermit-

tent indication. That is, the indicator gives a true read-
ing only when the sound returns, after which the 
pointer, lamp, etc., are no longer energized. In the 
methods using light, an impression of continuous indi-
cation can be obtained if the pulses are sent out at a 
speed greater than the persistency of vision. Jacques-
Badin used a system in which a single pulse is sent out, 
but the generator is not further energized until the signal 
returns. Upon returning, the received pulse automati-
cally operates the switch controlling the energy to the 
sound generator, thereby sending out a second pulse. 
The rate at which these pulses are sent out is a function 
of the distance to the ground; that is, if the time between 
the sound transmission and reception is zero, the signal 
would be sent out continuously. The frequency at which 
these pulses are sent out is measured with a direct-
reading frequency meter which is calibrated in feet. 

LIMITATIONS OF SONIC ALTIMETERS 

The most severe limitation of the sonic altimeter is 
due to the low speed of sound. As the speed of the air-
plane increases, the use of sound as a distance-measuring 
device becomes less practical and cannot be used when 
the airplane has reached the speed of sound. The com-
paratively slow speed of sound also limits the maximum 
useful altitude. On the assumption that there are no 
other problems, the length of time required to secure 
an indication is excessive at high altitudes. A modern 
transport airplane traveling at a speed that will be 
regarded as slow in the future covers a mile in about 
20 seconds, yet this same amount of time is required 
for the sound to reach the ground and indicate in the 
cockpit of an airplane flying at the common altitude 
of 11,000 feet. This factor alone would render the sonic 
altimeter ineffective as an en-route flying device. An-
other factor limiting the usefulness of the sonic alti-
meter is the amount of power required in order to 
overcome the noise of the aircraft motors. If the sound 
transmitter is considered to be feeding its energy to a 
cone, the apex of which is the sound source, then the 
following equation may be written: 

p = 134(cos O/H)/(W/1 — cos 0) 

where H= height, feet 
p =sound pressure, bars 
W= sound power, watts 
4, =half the angle of the cone of sound 
8= angle between cone axis and the vertical. 

(1) 

From this expression it can be seen that the angle of 
the cone of sound should be kept small; that is, the 
energy should be concentrated in as small an area as 

possible. For constant values of p, 0, and 6, the fol-
lowing equation may be written: 

W ac 1/2.  (2) 

That is, the amount of power varies as the square of the 
height. Aside from these factors, sound is absorbed (for 
300-cycle tones) at a rate of about  decibel per hundred 
feet, and about 7 decibels are lost during the reflection 
at the ground. It can be seen that for high altitudes the 
sound power required alone renders the device imprac-
tical. 

PERFORMANCE OF SONIC ALTIMETERS 

Sound powers of the order of 100 watts were used in 
some of the altimeters constructed. With this power, 
performance is reported for altitudes as high as 1400 
feet. Without exception, readings at this elevation u ere 
made in airplanes with engines idling or in lighter-than-
air craft with the motors shut off. The usual practical 
altitude with airplanes flying at high speed was more 
nearly 150 feet. The weight of these devices varied with 
the source of power employed. Weights reported varied 
from 20 to 61 pounds. The maximum altitude (for any 
condition) to gross-weight ratio varied from 8 to 48 
feet of elevation per pound of weight. 

COMMERCIAL AVAILABILITY 

The only unit advertised as commercially available 
in this country was the Rice-General Electric device. It 
is believed that this item was discontinued in about 
1934. The Behmlot and the Echoscope were available 
in Germany in 1935 and the Florisson-SCAM and the 
Dubois-Laboureur-CEMA were available in France in 
1933. 

THE CAPACITANCE ALTIMETER 

During the period when extensive development of the 
sonic altimeter was undertaken, work was also done on 
altimeters utilizing the capacitance principle. It appears. 
however, that most of this work was done by or associ-
ated with branches of the United States Services, and 
no extensive literature covering this subject has been 
published. It is not known whethe? Europeans worked 
along this line of endeavor. 
The capacitance altimeter makes use of two conduc-

tors or plates mounted on a supporting structure outside 
the airplane. Electrically, then, these conductors wilt 
have capacitance to the structure of the airplane and 
to each other. This is shown in Fig. 3. The conductors 

Fig. 3—Capacitances which exist 
between the electrodes of a 
capacitance-type  altimeter 
when the airplane is in free 
space. 

Airplane 

are A and B, and there exists a capacitance A to the 
airplane, B to the airplane, and between A and B. As 
the airplane arrives from free space to proximity with 
the ground, two other capacitances appear—one from 
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each conductor to ground as shown in Fig. 4. The three 
capacitances of Fig. 3 are equivalent to a single ca-
pacitance between the conductors, which equivalent 
capacitance is shown in Fig. 5 as CABP. The capaci-
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Fig. 4—Capacitances which exist 
between the electrodes of a 
capacitance-type  altimeter 
when the airplane approaches 
the earth. 
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Fig. 5—Equivalent capacitances 
existing between the elec-
trodes of a qapacitance alti-
meter for the condition shown 
on Fig. 4. 

tances between individual conductors and ground can be 
grouped as CABB. The latter capacitance varies with the 
distance of the airplane from ground, and the develop-
ment of the capacitance altimeter consists in devising 
an accurate means for measuring the change to this 
capacitance with change in altitude. 

MAGNITUDE OF CAPACITANCE 

If the diameter of the conductors forming the con-
denser plates in a capacitance altimeter is small com-
pared with the length, the following formula2 expresses 
the capacitance of these wires to ground: 

O. 2416L 
C =   (3) 

logio (2L/d) — k2 

where C= capacitance, micromicrofarads 
L= length of conductor, centimeters 
d =diameter of wire, centimeters 
h= height above ground, centimeters 

k2= logiolL/4h+ V1+(LI4h)21. 

Assuming that a wire having a diameter of 0.2 centi-
meter and a length of 250 centimeters is used for a con-
ductor, the capacitance of this wire when 10 and 100 
feet above ground will be 20.7 and 20.2 micromicro-
farads, respectively. It can be seen that the capaci-
tance change will be extremely small, and special means 
must be employed in order to detect these changes. 

THE GUNN ALTIMETER 

An altimeter of this period was developed by Dr. 
Gunn of the United States Navy and is briefly described 
in the literature.3 This device gave successful readings to 
altitudes of 100 feet, and with additional development 
it was thought possible to increase this altitude to 200 
feet. A circuit' of the Gunn device is shown in Fig. 6. 
Referring to this figure, a radio-frequency oscillator 

I "Radio instrument and measurements," Bur. Stand. Circ., no. 
74, second edition, p. 237; March, 1924. 

3 L. A. Hyland, "True altitude meters," Aviation, p. 1322; Octo-
ber 27, 1928. 

Ross Gunn, "Device for Indicating Small Changes of Capacity," 
U. S. Patent No. 1,701,975, February 12, 1929. 

composed of coils LI, L2, tuning condenser C1, and vacu-
um tube V1 feeds power to an external circuit via 
coupling coil L3. This energy is connected to two differ-
entially wound coils L4 and L5. These coils are tuned by 
condensers C2 and C3 and couple energy to coil LI. 
Since the voltage induced in coil L. is a function of the 
current in coils L4 and L4 and since these coils are identi-
cal and differentially wound, no voltage will be induced 
in L. if the currents in these coils are equal. The magni-
tude of this induced voltage is indicated by meter M 
of the vacuum-tube voltmeter composed of 112, RI, M, 
and the necessary batteries. Across • coil L2 there are 
attached two wires forming the external condensers. 
The condensers C2 and C3 are adjusted when the air-
plane is on the ground so that the voltage induced in 
L6  is minimum. The effect of voltage remaining is 
canceled by an adjustment of the vacuum-tube volt-

Fig. 6—The Gunn capacitance-altimeter circuit. 

meter bias, which is controlled by potentiometer Ri. 
After the airplane leaves the ground, the capacitance 
across C4 and C6 decreases, thereby causing an unbalance 
in the currents because the current in L6 decreases. A 
voltage is developed therefore across L6 which causes a 
deflection in meter M proportional to the unbalance 
and, hence, proportional to the height. In order to ac-
centuate this unbalance an additional tuned circuit 
consisting of coil L7 and condenser C6 is added in series 
with coupling coil L3. This circuit is parallel resonant 
and, hence, keeps the current through L4 and L6 to a 
low value. Because of the high Q of coil L7, changes in 
C2 and C3 produce detuning of this circuit and increase 
the current through L4 and L6, and, hence, the current 
unbalance. 

RESULTS OF CAPACITANCE ALTIMETER DEVELOPMENT 

There seems to be no record of commercial-capaci-
tance altimeter installations. Publications give the 
weight of one of these devices as 20 pounds. Obviously 
this weight is very low, so it could not have been the 
limitation of the device. Consideration of the problem 
involved indicates, however, that extreme stability, 
both electrically and mechanically, is necessary for 
proper operation of the device. Literature mentions 
the effect of wing flexure as a source of instability; 
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hence, all components must be very small in order that 
capacitance values remain fixed. It is doubted that these 
values could be maintained sufficiently stable for prac-
tical airline use where equipment must function day in 
and day out without attention by the designing en-
gineers. Essentially, the device was satisfactory only 
as a landing aid, and was not suitable for en route 
flying. A device 4atisfactory for this purpose alone, but 
capable of withstanding service, would probably be 
somewhat heavier. Whether these considerations were 
the factors that prevented the capacitance altimeter 
from becoming a: successful commercial product is not 
known, but apparently no commercial production was 
attempted. 

RADIO ALTIMETERS 

There are probably more patents covering various 
forms of radio altimeters than of any other absolute 
type. From all these patents, there is only one unit 
available on the market at this time, although the recent 
developments in microwave apparatus may introduce 
more. The unit now available or a modified form using 
microwaves may be adopted for commercial use in the 
future. 

EARLY RADIO ALTIMETERS 

Early radio altimeters attempted to measure altitude 
by sending out a radio signal which was reflected from 
the earth and by reading the intensity of the reflected 
wave. This system met with little success for two 
reasons. One was that the intensity was as much a func-
tion of the terrain over which the airplane was flying 
as it was of the height above the terrain. The second was 
that there were standing waves produced in space, so 
the signal sometimes decreased as the altitude de-
creased. The latter difficulty could have been corrected 
by using a very low frequency, but the effectiveness of 
the radiation on the airplane (for a maximum allowable 
size) decreases as the wavelength increases, and the 
first difficulty discussed would not have been corrected 
by this means. The solution worked out consisted in 
using still shorter wavelengths and counting the number 
of nodes and antinodes in the standing wave through 
which the airplane passed as it ascended or descended. 
To illustrate, if a wavelength of 100 feet were employed 
at the transmitter and the airplane began its ascent and 

Fig. 7—Circuit of the early radio altimeter. 

passed through two nodes (regions of minimum signal) 
the distance traversed would have been equivalent to 
three quarters of a wavelength, or 75 feet. 
The circuit' of Fig. 7 shows the apparatus used with 

one form of this device. This apparatus consists largely 
of a regenerative receiver which serves as a transmitter 
as well as a receiver. The phase of the energy received 
serves to change (in a sinusoidal manner with altitude) 
the frequency of the device. This change is heard in 
the headphones. Increase and decrease of frequency as 
a function of altitude are shown in Fig. 8. Notice that 

Lower  Mean  Higher 
frequency 

Fig. 8—Change of frequency with altitude which occurs for the radio 
altimeter of Fig. 7. 

the amount of deviation of the frequency from the mean 
also varies with altitude. This is because the amount of 
energy that returns decreases with altitude and, hence, 
affects the amount of deviation. The transmitted and 
received energies are separated by using a loop antenna 
that may be oriented for minimum direct pickup. The 
disadvantage of this system is immediately apparent 
because it is necessary for the pilot to remember the 
number of nodes through which the airplane has passed 
in the process of ascending and descending. 

THE ALEXANDERSON ALTIMETER 

A device using a modified form of the principle de-
scribed above was developed by Dr. Alexanderson of 
the General Electric Company and was widely re-
ported in many periodicals in 1928 and 1929. In this 
device,' Alexanderson attempted to develop a mechan-
ical "memory." Like many other altimeters of this 
period, its use as a means for landing under low-ceiling 
conditions was the major purpose of the development. 
Two oscillators were used in this device, their output 

frequencies beating together in a detector. These oscil-
lators are shown as 02 and 02 in Fig. 9. Oscillator 02 is 
connected to an antenna A. As the reflected wave 
reaches this antenna the frequency of 02 varies, as has 

g "Radio altimeters," Science and Invention, vol. 16, pp. 952-953; 
February, 1929. 
I Ernst F. W. Alexanderson, "Method and Means for Indicating 

Altitude from Aircraft," U. S. Patent No. 1,913,148, June 6, 1933. 
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previously been described. This frequency beats with a 
fixed frequency from oscillator 02 in detector D. Actu-
ally 02 has three frequencies that may be selected at 
will by manipulating control K. As K is moved, three 
windows of different colors are placed over light L. 
Transformer T is tuned to some frequency higher than 
the normal beat frequencies. This transformer is, in 
fact, a frequency discriminator and passes current pro-
portional to frequency. This current is used to charge 
condenser C via rectifier R. This rectifier is inserted so 
that the charging mechanism will not discharge C even 
though, for the moment, there is no voltage from T. 
Thus, each time that a high-frequency peak (Fig. 8) 
is present, C charges and retains the charge. Each suc-
ceeding peak adds charge to C. As the charge on C in-
creases, the plate current of the vacuum-tube voltmeter 
V increases and is recorded on the meter M. This plate 
current is normally zero because the grid of the tube is 

A 

Fig. 9—The Alexanderson radio altimeter. 

normally biased to the cutoff point by a bias battery 
(not shown). Thus, in a step-by-step process, meter M 
reads altitude. When the current flowing through M 
reaches a given value, the relay S2 operates, thereby 
causing light L to be illuminated. This occurs at the 
point where M is reading full scale. At this time the 
pilot changes the frequency of 02, thereby increasing 
the range of the instrument. He must also press switch 
SI to discharge condenser C. 
Apparently no commercial exploitation of this device 

was attempted; at least its sales were not publicized. 
The reason it was not installed extensively on aircraft 
was not discussed in contemporary literature. The 
maximum altitude of the device was between 3000 and 
4000 feet, and this would appear to have been sufficient 
to make the device worth while. The weight involved is 
not known, but it probably was not excessive. A study 
of the instrumentation involved leads to the conclusion 
that excessive attention was necessary on the part of the 
pilot. Whether or not this conclusion is correct is not 

known. 

HISTORY OF THE WESTERN ELECTRIC RADIO 
ALTIMETER 

This device, sometimes called the "terrain-clearance 
indicator," is herein designated by the term "Western 
Electric" because it is being currently manufactured 
and sold by this concern. The responsibility for its de-
velopment rests on a large group of individuals and 

several organizations. Actually, all these should be 
credited for its ultimate production. The fact that a unit 
accomplishing the feat attempted by so many previous 
experimenters was finally produced certainly is attended 
with honor sufficient for all involved. No doubt other 
devices (possibly more successful) will soon reach the 
market, but there is no denying that this unit was the 
first to be successfully demonstrated and sold on a com-
mercial scale. 
The commercial development of this device can be 

traced back to work done by Professor Everitt of Ohio 
State University in 1928 and 1929 under a grant from 
the Daniel Guggenheim Fund for the promotion of 
Aeronautics.' In this work the principles later utilized 
in the Western Electric device were fully developed. 
No successful commercial model resulted from this 
work, however, largely because of the radio frequency 
used and because the grant obtained from the fund was 
exhausted. Professor Everitt realized at that time the 
limitation of the frequency he employed, but current 
vacuum-tube technique did not permit the generation 
of appreciable power at very high frequencies. In 1930, 
Lloyd Espenchied of the American Telephone and Tele-
graph Company applied for a patent° on a device some-
what similar to that used by Everitt. The original ap-
plication was divided in 1936, and a patent covering 
this device was issued in the same year. The extent of 
the development work done under this patent prior to 
1937 is believed to be only a mathematical analysis by 
the Bell Telephone Laboratories (associated with the 
American Telephone and Telegraph Company). In the 
meantime, R. C. Newhouse, one of the students who 
had worked on the altimeter under Everitt, was em-
ployed by the Bell Telephone Laboratories. The Com-
munications Laboratories of United Air Lines were 
familiar with Newhouse's work and in 1937-1938 nego-
tiated with the Western Electric Company for the 
development of such a device. Development work for 
the Western Electric Company is done by the Bell 
Telephone Laboratories, which organization had by this 
time developed tubes capable of producing appreciable 
power at frequencies in excess of 900 megacycles. Ex-
perienced personnel, equipment, and a patent were all 
available, so a successful model was developed and 
demonstrated to the public in the United Air Lines 
Laboratory airplane in the Fall° of 1938. 

PRINCIPLE OF WECO ALTIMETER 

The principle of this altimeter can best be described 
by considering the space between the airplane and the 
ground as a two-wire transmission line with its end open. 
If a voltage is connected across one end of the line, an 
electric wave will travel down it, reach the open point, 

7 "Solving the Problem of Fog Flying," Daniel Guggenheim Fund 
for the Promotion of Aeronautics, p. 29; 1929. 
• Lloyd Espenschied, "Method and Means for Measuring Alti-

tude of Aircraft," U. S. Patent No. 2,045,072, June 23, 1936. 
• Henry W. Roberts, "The absolute altimeter," Aero Digest, 

p. 87; November, 1938. 
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and be reflected back to the source of the voltage. An 
appreciable length of time is required for this wave to 
travel from the voltage source to the open end of the 
line and back again, so when it reaches the source its 
phase will not be the same as the phase of the source 
voltage. This voltage will then add vectorially to the 
source voltage, making the terminal voltage either 
greater or less than the voltage of the generator when 
it is not connected to the line. This voltage, for a given 
length of line and for generators of the same charac-
teristic impedance and open-circuit voltage, will vary 
as a function of the frequency employed. This fact fol-
lows because (although the time required for the elec-
tric wave to travel to the open terminal and return is 
the same for two different frequencies) if one of these is 
half the frequency of the other, the voltage at the lower 
frequency will rise from zero to some finite maximum 
peak value in the same time that the higher-frequency 
voltage rises to a maximum and again decreases to zero. 
If the generator is made with a variable-frequency con-
trol and adjusted first to a frequency that gives maxi-
mum voltage then to the next successive frequency 
again producing maximum voltage, it will be found that 
the difference between the two frequencies corresponds 
to an electrical length of one-half wavelength." If the 
distance to the point of reflection is D, then 

D = aXi =  (4) 

where a= a constant 
X1= wavelength corresponding to fi 
_A= first frequency 
1,1.- velocity of propagation along the transmis-

sion line 

If the second frequency at which maximum voltage was 
observed is f2, then 

D = (a + 1/2)X2 = (a + 1/ 2)V2/ f2.  (5) 

In this equation a second velocity of propagation for 
the second frequency is written as V2. Substituting (4) 
in (5), 

D = (Df1/171+ 1/2)V2/12.  (6) 

Solving for D in terms of both frequencies 

VIV2/D = 2(Vif2 — 172.11) •  (7) 
For air 1,1 and V2 will be equal to each other and equal 
to c, the velocity of radio waves in space; therefore 

D = c/2(12 —10 •  (8) 

This equation means, then, that if two arithmetically 
successive frequencies are known for which the voltages 
present at the terminals are the same, the length of the 
transmission line (or the space from airplane to ground) 
may be calculated. 
Suppose that the difference between these "measur-

ing" frequencies is allowed to remain the same for any 
value of line distance equal to nD, then, 

nD = 0.5c/ f din  (9) 

'° W. L. Everitt, "Communication Engineering," McGraw-Hill 
Book Company, Inc., New York, N. Y., p. 131, 1932. 

where fa is the difference frequency equal to fl 
This expression means that only one nth of the previ-

ous frequency difference is required to measure a dis-
tance n times the length of that previously measured. 
Or, in other words, for the same frequency difference, 
there will be n times more voltage peaks at the generator 
terminals. 
For a known frequency difference, then, it is possible 

to know the distance merely by sweeping the voltage. 
generator between two known frequencies and counting 
the number of times that a terminal voltmeter is ob-
served to rise to a maximum. Another method for mak-
ing this determination is to sweep between the two 
frequencies in a given time interval and measure the 
frequency of the energy pulses occasioned by the voltage 
rise. This latter principle is the method actually em-
ployed. 

THE WECO ALTIMETER 

This device" consists of six major units. A transmitter 
delivers about 10 watts to a ,dipole antenna located be-
low one wing of the airplane and is frequency-modulated 
between 410 and 445 megacycles. This modulation is 
accomplished at a rate of 60 cycles per second. The 
energy from the transmitting antenna strikes the 
ground and is reflected back to the airplane where it is 
received by an antenna connected to a receiver. The 
receiver and transmitter are shielded from each other, 
and the antennas are arranged for minimum coupling; 
however, a certain amount of energy from the trans-
mitting antenna reaches the receiving antenna and, 
hence, adds and subtracts to the reflected energy in the 
manner discussed for the transmission line. The rectified 
output of the receiver increases and decreases at a fre-
quency which is a function of the distance from the air-
plane to the ground. Incorporated in the receiver is an 
electronic-frequency meter. This is really a rate-of-
energy pulse counter with an indicating milliameter 
which is calibrated to read zero to 5000 feet. In order to 
increase the accuracy of the readings, the scale of the 
meter extends over a range of 270 degrees. The first 1000 
feet are on an expanded portion oi the scale, and the 
smallest division represents 10 feet. 
It is necessary to provide certain apparatus for sup-

plying proper voltage and current to the plate and fila-
ment of the transmitter tube and to the plates of the' 
receiving tubes, so all equipment of this type is assem-
bled on a single chassis and constitutes the sixth unit 
of this altimeter. 

Performance 

The Western Electric absolute radio altimeter is 
capable of reading distances from 20 to 5000 feet. From 
5000 to 15,000 feet, the needle rests against the 5000-
foot mark. Above 15,000 feet the readings are somewhat 
less than 5000 feet. The claimed accuracy within the 

" Lloyd Espenschied and R. C. Newhouse, "A terrain clearance 
indicator," Bell Sys. Tech. Jour., vol. 18, p. 222; January, 1939. 



5000-foot limit is about 10 per cent. Deviation from 
absolute accuracy is caused by variations in the amount 
of frequency change, errors in the audio-frequency 
counter circuit, and errors in the instrument used to 
read elevation. Since this accuracy is on a percentage 
basis, its actual value increases for low altitudes and 
makes the device useful as an instrument landing check. 
The weights of the major apparatus units are as 

follows: 
Pounds 

Transmitter     13.9 
Receiver   9.56 
Power unit   15 
Meter   1.25 
Two antennas   3 . 4 

Total   43 . 11 

The weight performance is about 116 feet per pound. 
To this weight must be added that of the transmission 
lines, mounting rack, and other incidentals common to 
all aircraft installations of radio apparatus. The total 
weight installed is about 60 pounds. 
One of the biggest objections to this device is the pe-

culiar characteristics of the microwave-oscillator tube 

filament. The low-voltage filament makes necessary a 
large power loss. This apparatus takes a total drain of 
25.2 amperes from an airplane's 12-volt supply. The 
usual generator on the airplane has a capacity of 50 
amperes; thus, if installed, the altimeter would use one 
half the power available from one generator. If the tube 
could be changed to one with a more conventional os-
cillator filament, this drain would be reduced by about 
8 amperes. 
Aside from the characteristic listed above, one of the 

objections to the device lies in its lack of a minimum 
altitude indicator. A pilot can hardly be expected to eye 
the meter continually as he flies along the airways, but 
would do this only for certain maneuvers. If he felt he 
knew his position accurately, the meter probably would 
not be consulted. This device, to be useful as an air-
ways warning instrument, should be equipped with a 
light, buzzer, or other indicator that would warn when 
elevations of 1000 feet or less have been passed; also, 
another device to indicate elevations of less than 500 
feet might be desirable. This altimeter unfortunately 
does not include these features. In the experimental 
models, sensitive current relays were used to provide 
this warning, but they did not operate successfully be-
cause of their susceptibility to vibration. 

Standard-Frequency Broadcast Service of 
National Bureau of Standards* 

TWO changes beginning February 1, 1944, are an-
nounced in the standard-frequency broadcast 

  service of the National Bureau of Standards. One 
is the addition of a new radio frequency, 2500 kilocycles 
per second, at night. The other is omission of the pulse 
on the 59th second of every minute. The entire service 
is described here. It comprises the broadcasting of 
standard frequencies and standard time intervals from 
the Bureau's radio station W WV near Washington, 
D. C. The service is continuous at all times day and 
night, from 10-kilowatt radio transmitters. The services 
include: (1) standard radio frequencies, (2) standard 
time intervals accurately synchronized with basic time 
signals, (3) standard audio frequencies, and (4) standard 
musical pitch, 440 cycles per second, corresponding to 
A above middle C. 
The standard-frequency broadcast service makes 

widely available the national standard of frequency, 
which is of value in scientific and other measurements 
requring an accurate frequency. Any desired frequency 
may be measured in terms of any one of the standard 
frequencies, either audio or radio. This may be done by 

• Decimal classification: R555. Original manuscript received by 
the Institute, January 24, 1944. 

the aid of harmonics and beats, with one or more 
auxiliary oscillators. 
At least three radio carrier frequencies are on the air 

at all times, to insure reliable coverage of the United 
States and other parts of the world. The radio fre-
quencies are: 

2.5 megacycles ( =2500 kilocycles= 2,500,000 cycles) 
per second, broadcast from 7:00 P.M. to 9:00 A.M. 
Eastern War Time (2300 to 1300 Greenwich 
Mean Time). 

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

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

15 megacycles ( =15,000 kilocycles =15,000,000 cy-
cles) per second, broadcast from 7:00 A.M. to 
7:00 P.m., Eastern War Time (1100 to 2300 
Greenwich Mean Time). 

Two standard audio frequencies, 440 cycles per sec-
ond and 4000 cycles per second, are broadcast on the 
radio carrier frequencies of 5, 10, and 15 megacycles. 
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The audio frequency 440 cycles only is broadcast on 2.5 
megacycles. The 440 cycles per second is the standard 
musical pitch, A above middle C; the 4000 cycles per 
second is a useful standard audio frequency for labora-
tory measurements. 
In addition there is on all carrier frequencies a pulse 

of 0.005 second duration which occurs periodically at 
intervals of precisely 1 second. The pulse consists of 5 
cycles, each of 0.001 second duration, and is heard as a 
faint tick when listening to the broadcast; it provides a 
useful standard of time interval, for purposes of physi-
cal measurements, and may be used as an accurate time 
signal. On the 59th second of every minute the pulse is 
omitted. 
The two audio frequencies are interrupted precisely 

on the hour and each five minutes thereafter; after an 
interval of precisely 1 minute they are resumed. This 
1-minute interval is provided in order to give the station 
announcement and to afford an interval for the checking 
of radio-frequency measurements free from the presence 
of the audio frequencies. The announcement is the sta-
tion call letters (WWV) in telegraphic code (dots and 
dashes), except at the hour and half hour when a de-
tailed announcement is given by voice. 
The accuracy of all the frequencies, radio and audio, 

as transmitted, is better than 1 part in 10,000,000. 
Transmission effects in the medium (Doppler effect, 

I.R.E. People 

SYLVANIA PROMOTES CONNOR TO 
WEST COAST POSITION 

George C. Connor, radio field engineer 
with Sylvania Electric Products, Inc., and 
active in the radio tube manufacturing in-
dustry, has been appointed manager of the 
California division of his company's equip-

GEORGE C. CONNOR 

ment tube sales. Mr. Connor's headquarters 
will be in the Los Angeles office, 555 South 
Flower Street. 
Mr. Connor has a background of seven-

teen years in radio engineering, the last ten 

etc.) may result in slight fluctuations in the audio fre-
quencies as received at a particular place; the average 
frequency received is however as accurate as that trans-
mitted. The time interval marked by the pulse every 
second is accurate to 0.000.01 second. The 1-minute, 
4-minute, and 5-minute intervals, synchronized with the 
seconds pulses and marked by the beginning or ending 
of the periods when the audio frequencies are off, are 
accurate to a part in 10,000,000. 
The beginnings of the periods when the audio fre-

quencies are off are so synchronized with the basic time 
service of the United States Naval Observatory that 
they mark accurately the hour and the successive 
5-minute periods. 
Of the radio frequencies on the air at a given time, the 

lowest provides service to short distances, and the high-
est to great distances. Reliable reception is in general 
possible at all times throughout the United States and 
the North Atlantic Ocean, and fair reception through-
out the world. 
Information on how to receive and utilize the service 

is given in the Bureau's Letter Circular, "Methods of 
using standard frequencies broadcast by radio," ob-
tainable on request. The Bureau welcomes reports of 
difficulties, methods of use, or special applications of 
the service. Correspondence should be addressed Na-
tional Bureau of Standards, Washington, D. C. 

of them as field engineer in the equipment 
sales division of Sylvania. He has been an 
I.R.E. Associate member since 1935. For the 
past year, Mr. Connor has been working 
with government radio laboratories on mili-
tary electronic equipment. Previous to his 
joining Sylvania, he was associated with the 
Brunswick Radio Corporation and with the 
Bremer Tully Manufacturing Company. 
The West Coast is home territory to Mr. 
Connor, who was born in Hoquiam, Wash-
ington. He has a wide acquaintance with 
engineers and business men in the west. 

W. R. DAVID NAMED SALES 
MANAGER 

W. R. David has been named sales 
manager of broadcast equipment for the 
transmitter division of the General Electric 
Company's electronics department. In this 
capacity, Mr. David will be responsible for 
the sales of both amplitude- and frequency-
modulation broadcast equipment, with head-
quarters at Schenectady. 
A native of Lair, Kentucky, Air. David 

earned his B.S. degree in mechanical and 
electrical engineering at the University of 
Kentucky (Lexington) in 1919. He was em-
ployed by the General Electric Company in 
July of that year as a student engineer at 
Schenectady. He has been employed in radio 
application and sales engineering work since 
June, 1921. 
During this period, Mr. David has had 

continuous and initimate contact with 
General Electric radio engineering, re-
search, development, design, as well as radio 
manufacturing activities and sales work. His 

proposition, application, and sales engineer-
ing experience has included work on spark 
transmitters for land stations and ships, 
commercial telegraph and telephone re-
ceivers, Alexanderson alternators with all 
associated apparatus, electronic-tube tele-
graph and telephone transmitters for land 
stations and ships, radio direction finders, 
aircraft radio transmitters and receivers, 
radio measuring instruments, police radio 
equipment, radio broadcasting transmitters 
including all sizes up to 500 kilowatts, and 
the electron microscope. 

W. R. DAVID 

Mr. David has been an Associate mem-
ber of the Institute of Radio Engineers 
since 1926. 
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Institute News and Radio Notes 

Board of Directors 
The 1943 Board of Directors held its final 

meeting on January 5, 1944. The following 
attended this meeting: R. A. Heising, 
treasurer (chairman); H. M. Turner, presi-
dent-elect; R. A. Hackbusch, vice-president-
elect (guest); E. F. Carter, W. L. Everitt, 
Alfred N. Goldsmith, editor; R. F. Guy 
(guest); F. B. Llewellyn, B. J. Thompson, 
and W. B. Cowilich, assistant secretary. 
The formal business transacted at this 

meeting was the approving of the minutes 
of the December 1, 1943 meeting. 

The annual meeting of the Board of Di-
rectors took place on January 5, 1944 and 
was attended by H. M. Turner, president; 
R. A. Hackbusch, vice-president; W. L. 
Everitt, Alfred N. Goldsmith, editor; R. F. 
Guy, R. A. Heising, treasurer; F. B. Llewel-
lyn, Haraden Pratt, secretary; B. J. Thomp-
son, H. A. Wheeler, and W. B. Cowilich, 
assistant secretary. 
These applications for membership were 

approved: for transfer to Senior Member 
grade, C. E. Atkins, H. H. Brauer, V. N. 
James, H. B. Martin, C. B. Persons, A. L. 
Samuel, M. 0. Sharpe, and G. R. Town; for 
admission to Senior Member grade, S. S. 
Attwood and H. B. Riblet; for transfer to 
Member grade, J. G. Alverson, J. 0. Ashton, 
Eldridge Buckingham, C. IV. Harrison, Jr., 
and J. H. Hidy; for transfer to Associate 
grade, 5; for admission to Associate grade, 
153; and, for admission to Student grade, 83. 
The following officers were reappointed 

for 1944: R. A. Heising, treasurer; Haraden 
Pratt, secretary; and Alfred N. Goldsmith, 
editor. 
The five directors appointed for 1944 are 

S. L. Bailey, E. F. Carter, I. S. Coggeshall, 
C. B. Jolliffee, and H. J. Reich. 
To serve during 1944, the personnel of 

the following twelve committees were 
named: Admissions, Awards, Board of 
Editors, Constitution and Laws, Executive, 
Investment, Membership, Nominations, Pa-
pers, Public Relations, Sections, and Tellers. 
The Committee on Registration of Engi-

neers was abolished but its functions were 
transferred to the I.R.E. Committee on 
Professional Representation. 
H. R. Zeamans was reappointed General 

Counsel for 1944. 
The bank resolutions for the "General 

Account" and the "Special Account," the 
latter requiring only the Secretary's signa-

. ture for withdrawal, were authorized. 
Another bank resolution applying to the 

"Office Account," providing for withdrawal 
on the signature of the Assistant Secretary 
and for funds for the payment of current 
bills, was given approval. 
The bank resolution, authorizing the 

members of the Investment Committee to 
sign orders on the custodian of the Insti-
tute's securities, was also approved. 
The actions of the Executive Committee, 

taken at its meeting on November 30, 1943, 
were ratified. 
On recommendation of the Executive 

IMPORTANT NOTICE 

Members and subscribers are urged 
to keep their back copies of the 
Proceedings. Because of the severe 
paper limitation, the Proceedings' 
print order is necessarily restricted. 
When issues are out of date, they 
no longer will be available. It is 
anticipated that after the war there 
will be a heavy demand for back 
copies, especially from libraries and 
foreign sources. These back copies 
will not be obtainable from the In-
stitute, but it is hoped that members 
and subscribers can, from time to 
time and upon request, supply these 
issues. 

Committee, the proposed 1944 Budget was 
approved, subject to further study of the 
indicated trend of increase in rate of dis-
bursements over rate of increase of re-
ceipts. 
The membership dues of the Institute, 

which are low in comparison with those of 
other societies, were given consideration. 
In view of the upward trend in expenses, the 
desirability of increasing these dues from 
the present levels was discussed at length. 
The formation of the Dayton (Ohio) 

Section to include the following counties, 
recommended by the Executive Committee, 
was approved: 
Counties: Clark, Darke, Greene, Mont-

gomery, Preble, and Warren. 
The citations for the Medal of Honor, 

Morris Liebmann Memorial Prize, and 
eleven Fellowship awards were accepted. 
A report was given relative to the ar-

rangements and budget for the 1944 Winter 
Technical Meeting. 
Arrangements were made for establish-

ing a Committee on Education and ap-
pointing the personnel. Approval was given 
to steps to be taken relative to amending 
the Bylaws for the purpose of providing 
for the addition of the Committee on Educa-
tion to the list of standing committees. 
The Engineers' Council for Professional 

Development was discussed from the stand-
point of the Institute's affiliation with that 
organization. 
The resignation of H. A. Wheeler from 

the chairmanship of the I.R.E. Committee 
on Professional Recognition, due to the pres-
sure of other work, was accepted with the 
understanding that Mr. Wheeler would 
continue to serve as a member of that group. 
W. C. White, a member of the committee, 
was appointed chairman. 
Treasurer Heising, as chairman of the 

Office Quarters Committee, reported on the 
progress being made in the search for a 
building, suitable for purchase as a perma-
nent home for the Institute. 
Editor Goldsmith presented a report 

relative to the outcome of the Institute's 
recent appeal, for 1944 paper allotment for 
the PROCEEDINGS, which had been made to 
the War Production Board. 
A report on the recent activities and 

trends of the Radio Technical Planning 
Board and its Panels was made by Secretary 
Pratt, the Institute's Representative on the 
named organization. 

Executive Committee 
At the meeting of the Executive Com-

mittee, held on January 4, 1944, the follow-
ing were present: R. A. Heising, treasurer 
(chairman); H. M. Turner, president-elect; 
Alfred N. Goldsmith, editor; Haraden Pratt, 
Secretary; and W. B. Cowilich, assistant 
secretary. 
These applications for membership were 

approved and recommended to the Board of 
Directors for confirming action: for transfer 
to Senior Member grade, C. E. Atkins, 
H. H. Brauer, V. N. James, H. B. Martin, 
C. B. Persons, A. L. Samuel, M. 0. Sharpe, 
and G. R. Town; for admission to Senior 
Member grade, S. S. Attwood and H. B. 
Riblet; for transfer to Member grade, J. G. 
Alverson, J. 0. Ashton, Eldridge Bucking-
ham, C. W. Harrison, Jr., and J. H. Hidy; 
for transfer to Associate grade, 5; for ad-
mission to Associate grade, 153; and, for 
admission to Student grade, 83. 
Assistant Secretary Cow ilich reported on 

several office-personnel matters, including 
the employment of an additional typist, and 
the extent of the overtime work during 
December. The decision was made to review 
salaries of the staff employees. 
A request relating to the Engineering 

Science Management War Training Courses, 
to be given at Columbia University, was 
given consideration. 
The report on the 1944 budget, prepared 

by Secretary Pratt, was discussed and 
recommended to the Board of Directors for 
conditional approval. 
Steps were taken leading to the audit of 

the Institute's financial records for 1944. 
The personnel of the following standing 

committees, to serve during 1944, were 
recommended to the Board of Directors for 
appointment: Admissions, Board of Edi-
tors, Investment, Membership, Papers, Pub-
lic Relations, and Sections. 
Editor Goldsmith reported that the pro-

posed personnel for the Papers Procure-
ment Committee would be available in the 
near future, when it is expected the re-
organization of the named committee will 
have been completed. 
It was recommended that the Board of 

Directors abolish the Committee on Regis-
tration of Engineers and transfer its func-
tions to the I.R.E. Committee on Profes-
sional Representation. 
Editor Goldsmith stated that the Tem-

porary Facsimile Test Standards is in the 
process of printing and would soon be dis-
tributed to the membership. 
Approval was granted to the recom-

mendation that the Board of Directors 
officially establish the Dayton (Ohio) Sec-
tion. 
The proposed budget for the 1944 Win-

ter Technical Meeting was given considera-
tion and proposed for Board acceptance. 
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High 

New York Winter 

The Convention is opened by Dr. Shackelford flanked by Junior 
Past-President L. P. Wheeler and President H. M. Turner. 

Chief Engineer of the Federal Communications Commission 
E. K. Jett addressing the Saturday morning session. 

W. L. Barrow receives from the President the 
Morris Liebmann Memorial Prize. 

Commander J. J. Raby, U. S. Navy, aviation-radio hero, gives 
an inspiring address at the banquet. 
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Lights 

Technical Meeting 

Part of the Sections Committee hard at work. (Left to right, 
facing camera and table) Dr. W. L. Everitt, Director; A. B. 
Bronwell, Chicago Section; E. S. Heiser, Twin Cities; W. M. 
Smith, Connecticut Valley; R. S. Ould, Washington; H. D. 
Johnson, Emporium; (partly hidden) F. C. Everett, Cleve-
land; C. F. Dougherty, Atlanta; G. T. Royden, Admissions 
Committee; Past-President L. P. Wheeler; J. A. Fitch, Wash-
ington; LeRoy Fiedler, Buffalo-Niagara. (Back to camera, 
foreground to right background) Beverly Dudley, Chicago; 
D. J. Tucker, Dallas; B. R. Teare, Pittsburgh; C. R. Town, 
Rochester; J. V. Wilcox, Kansas City; (almost hidden) W. P. 
West, Philadelphia; John Miller, New York; (head only 
showing) E. E. Alden, Indianapolis; A. N. Curtiss, Indian-
apolis. (Back row, left to right) J. C. R. Punchard, Mon. 
treal; L. T. Bird, Montreal; R. G. Anthes, Toronto; E. 0. 
Swan, Toronto; H. B. Richmond, Boston; R. E. Hopkins, 
Los Angeles. 

Haraden Pratt receives the I.R.E. 1943 Medal of 
Honor from President Turner. 

W. R. G. Baker summarizes the organization and work of 
Radio Technical Planning Board. 

Major (,(.11( ral Roger B. Colton, of the Signal Corps, at the 
banquet. The previous night he addressed A.I.E.E. and I.R.E. 
in joint session. 
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1944 Winter 
Technical Meeting 

The Winter Technical Meeting was held 
on January 28 and 29 in New York City, 
with headquarters at the Hotel Commodore. 
A total of 1704 members and guests were 
registered. The average daily registration of 
852 is the highest in the history of such In-
stitute meetings. 
During the two days there were four 

technical sessions at which 22 papers were 
delivered. 
Dual sessions were conducted during the 

morning and afternoon of the first day and 
received the approval of those attending. 
The large attendance at all sessions indi-
cated the careful arrangement of the papers, 
particularly at the dual sessions. 
These papers were presented at the 

meeting: 

Friday, January 28 

"Electronic Tin Fusion," by H. C. Hum-
phrey, Westinghouse Electric and Manu-
facturing Co. 

"The Amplidyne System of Control," by 
E. F. W. Alexanderson, K. K. Bowman, 
and M. A. Edwards, General Electric 
Company. 

"Joint Army and Navy Tube Standardiza-
tion Program," by Lieutenant C. W. 
Martel, United States Army, and J. W. 
Greer, United States Navy. 

"A New Studio-to-Transmitter Antenna," 
by M. W. Scheldorf, General Electric 
Company. 

"Orthicon Cameras in Television Studio 
Work," by H. R. Lubcke, Don Lee 
Broadcasting System. 

"The Modification of Noise by Certain Non-
linear Devices," by D. 0. North, Radio 
Corporation of America. 

"Some Experiments Relating to the Statis-
tical Theory of Noise," by C. M. Burrill, 
Radio Corporation of America 

"Intermittent Behavior in Oscillators," by 
W. A. Edson, Bell Telephone Labora-
tories, Inc. 

"The Limitations Imposed by Quantum 
Theory on Resonator Control of Elec-
trons," by L. P. Smith, Cornell Uni-
versity (temporarily RCA Consultant). 

"The Piston Attenuator," by H. A. Wheeler, 
Hazeltine Electronics Corporation. 

"Equivalent Circuits for Discontinuities in 
Transmission Lines," by J. R. Whinnery 
and H. W. Jamieson, General Electric 
Company. 

"Transmission-Line Analogies of Plane Elec-
tromagnetic Waves," by A. B. Bronwell, 
Northwestern University. 

Three Papers, viz.: 
"Equivalent Circuit of the Field Equations 
of Maxwell," by Gabriel !Cron. 

"A New Approach to the Solution of High-
Frequency Field Problems," by J. R. 
Whinnery and Simon Ramo. 

"Alternating - Current  Network -Analyzer 
Studies of Electromagnetic-Cavity Reso-
nators," by J. R. Whinnery, C. Concordia, 
W. Ridgway, and Gabriel Kron. 

Presented by J. F. McAllister, J., General 
Electric Co. 

SYMPOSIUM: "THE WORK OF THE RADIO 
TECHNICAL PLANNING BOARD." 

W. R. G. Baker, Chairman of the Radio 
Technical Planning Board. 

Alfred N. Goldsmith, Chairman of Panel 1 
—Spectrum Utilization 

C. B. Holliffe, Chairman of Panel 2 — 
Frequency Allocation 

R. M. Wise, Chairman of Panel 3—High-
Frequency Generation 

H. S. Frazier, Chairman of Panel 4— 
Standard Broadcasting 

C. M. Jansky, Jr., Vice-Chairman of 
Panel 5—Very-High-Frequency Broad-
casting 

D. B. Smith, Chairman of Panel 6—Tele-
vision 

J. V. L. Hogan, Chairman of Panel 7— 
Facsimile 

Haraden Pratt, Chairman of Panel 8— 
Radio Communication 

E. W. Engstrom, Chairman of Panel 9— 
Relay Systems 

W. P. Hilliard, Chairman of Panel 10— 
Radio Range, Direction, and Recognition 

D. W. Rentzel, Chairman of Panel 11— 
Aeronautical Radio 

C. V. Aggers, Chairman of Panel 12— 
Industrial, Scientific, and Medical Equip-
ment 

D. E. Noble, Chairman of Panel 13— 
Portable, Mobile, and Frequency Service 
Communications 

Saturday, January 29 

"Design Technique versus Service Require-
ments," by I. W. Stanton, Radio Corpora-
tion of America. 

"Radio in Service of Home and Nation," by 
Arthur Stringer, National Association of 
Broadcasters. 

SYMPOSIUM: "ENGINEERING WORK OF THE 
FEDERAL COMMUNICATIONS COMMIS-
SION." 

"General Introduction," by E. K. Jett, 
Chief Engineer of the Federal Com-
munications Commission and Chief of 
Several Engineering Divisions. 

"Timely Broadcast Matters," by G. P. 
Adair, Assistant Chief Engineer and 
Chief of the Broadcast Division of the 
FCC Engineering Department. 

"Police, Aviation, and Maritime Services," 
by W. N. Krebs, Chief of the Safety and 
Special Services Division of the FCC 
Engineering Department. 

"International Point-to-Point and Alloca-
tion Problems," by P. F. Siling, Chief 
of the International Division of the 
FCC Engineering Department. 

"Radio Progress in Canada," by R. A. 
Hackbusch, Vice President and Managing 
Director, Stromberg-Carlson Company, 
Ltd. 

"Peace, War, and Future Application of 
Radio in China," by T. M. Liang, Chinese 
Supply Mission. 

"Standardization of Service Equipment," by 
Commander A. B. Chamberlain, United 
States Navy. 

The Chairmen at the technical sessions 
were H. M. Turner, president-elect; L. P. 
Wheeler, junior past president; F. S. Barton, 

junior past vice-president; Haraden Pratt, 
secretary; R. A. Hackbusch, vice-president-
elect; and Lloyd Espenschied, chairman-
elect of New York Section. 
Exhibits of the captured enemy radio 

equipment and the communications equip-
ment standards for the Army, Navy and Air 
Corps were centers of considerable interest. 
The banquet held on Friday evening, 

January 28, at the Hotel Commodore, was 
attended by 808 members and guests, the 
largest group ever to assemble at an Insti-
tute banquet. The program, under the di-
rection of George Lewis as Master of Cere-
monies, included presentation of awards; 
the annual address of the retiring presi-
dent, by L. P. Wheeler; and the speaker of 
the evening, Commander J. J. Raby, 
United States Navy. 
The awards, presented by President 

Turner, are given below with the names of 
the recipients and the citation in each case: 

MEDAL OF HONOR FOR 1944 

Haraden Pratt. In recognition of his engi-
neering contributions to the development 
of radio, of his work in the extension of 
communication facilities to distant lands, 
and of his constructive leadership in 
Institute affairs. 

MORRIS LIEBMANN MEMORIAL 
PRIZE FOR 1943 

Wilmer L. Barrow. For his theoretical and 
experimental investigations of ultra-high-
frequency propagation in wave guides and 
radiation from horns, and the application 
of these principles to engineering prac-
tice. 

FELLOWSHIPS 

Stuart L. Bailey. For pioneering accomplish-
ment in the application of radio engineer-
ing principles to the solution of technical 
problems in broadcasting. 

Charles R. Burrows. For his contributions in 
the field of radio wave propagation, par-
ticularly for his investigations of propaga-
tion along the ground at ultra-high fre-
quencies. 

Murray C. Crosby. For his contributions to 
the development of high-frequency radio 
communications:Including a careful study 
of frequency modulation. 

Harry Diamond. For his contributions to the 
development and application of radio aids 
in air navigation and meteorology. 

Carl B. Feldman. For his investigations of, 
the characteristics of radio waves and his 
developments in antennas and receiving 
systems. 

Keith Henney. In recognition of his ac-
complishments in obtaining publication of 
the technical information essential to the 
radio engineer. 

Dwight 0. North. For his contributions to the 
knowledge of the fundamentals of vacuum-
tube performance, especially with regard 
to fluctuation phenomena and the effects 
of electron transit time. 

Kenneth A. Norton. in recognition of his 
work in applying his conclusions from 
the theory of radio wave propagation 
to the problems of frequency allocation. 
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Stuart W. Seeley. For the development of 
practical apparatus for the radio indus-
try, particularly in the fields of television 
and high-frequency broadcast reception. 

Donald B. Sinclair. For the development 
and application of various types of net-
works for high-frequency measurement of 
impedance. 

Leo C. Young. In recognition of his pioneer 
work on the causes of the vagaries of 
short-wave propagation and for his in-
valuable contributions to the efficient 
operation of an outstanding research 
laboratory. 
Messrs. Pratt and Barrow, recipients of 

the two highest awards of the Institute, de-
livered timely speeches. 
Those called upon to speak were Major 

General R. B. Colton, Signal Corps, United 
States Army; E. K. Jett, chief engineer, 
Federal Communications Commission; W. 
R. G. Baker, chairman, Radio Technical 
Planning Board; F. S. Barton, junior past 
vice-president of the Institute; R. A. Hack-
busch, vice-president-elect of the Institute; 
R. H. Marriott, first president of the Insti-
tute; and B. E. Shackelford and Austin 
Bailey, chairman and vice-chairman of the 
Winter Technical Meeting, respectively. 
A large number of members attended the 

annual meeting of the Sections Committee, 
which was held on Thursday, January 27, 
at the Hotel Commodore. Many of the 
Sections were represented and the several 
matters on the agenda were discussed at 
length. Among the subjects given considera-
tion were Section reports, increasing the 
scope of Institute activities, the need for in-
creasing membership dues, and the desira-
bility of purchasing a permanent home for 
the Institute. 
The joint A.I.E.E.-I.R.E. session on the 

evening of January 27, at the Engineering 
Societies Building in New York City, was 
well attended. The paper of the evening, 
"Enemy Army Communications Equip-
ment," was presented by Major General 
R. B. Colton, Signal Corps, United States 
Army, and followed by an inspection of ex-
hibited captured apparatus. 
The annual meeting of the Institute, 

with President Turner presiding, was called 
to order at approximately 11 o'clock on 
Friday morning, January 28. The meeting 
was devoted to amending the Institute's 
charter, on which the notice was mailed 
during December 1943 to all members. 
It should be noted that preprint copies 

of the papers, given at the Winter Techni-
cal Meeting, were not made and therefore 
are not available from the Institute. It is 
the intention to have as many of these 
papers as possible published in the forth-
coming issues of the PROCEEDINGS, but no 
assurance can be given that all of them will 
be published. 
The general committee for the Winter 

Technical Meeting consisted of B. E. 
Shackelford, chairman; Austin Bailey, vice-
chairman; I. S. Coggeshall, E. J. Content, 
W. B. Cowilich, H. F. Dart, G. A. Downs-
brough, Alfred N. Goldsmith, F. A. Gun-
ther, George Lewis, F. B. Llewellyn, J. R. 
Poppele, Haraden Pratt, H. A. Wheeler, and 
L. J. Woods. 

Correspondence 

A NOTE ON FREQUENCY-MODULA-
TION TERMINOLOGY 

The fundamental theory of frequency 
modulation is simple and straightforward. 
With the exception of sideband analysis in-
volving Bessel functions the mathematics 
required to present frequency modulation is 
on a level covered by any undergraduate 
course in engineering. Still the frequency-
modulation theory is quite an obstacle to the 
average student or engineer, who often 
seems to get more confused regarding the 
fundamental principles the more articles and 
books he reads on the subject. This state of 
affairs is probably due to the rapid develop-
ments in the frequency-modulation field, 
which has resulted in a-rather vague ter-
minology and few generally adopted defini-
tions. 
The confusion about fundamental con-

cepts is present in the term modulation it-
self. This term is used in two different senses: 

1. as a characteristic property of a wave, 

2. as the process of, or method for, changing a 
pure sine wave into a wave of that property. 

The first sense is more fundamental than 
the second, but the present modulation ter-
minology is largely based on the latter. In 
this connection it is natural to refer to the 
excellent work done by The Institute of 
Radio Engineers in their Standards of 
1938, although it is hardly to be expected 
that five years of rapid development in the 
field have left these standards untouched by 
obsolescence. In the Standards (1T24 and 
1T25) the difficulties just mentioned are 
avoided by reserving the term "modulation" 
for the second sense only and using the term 
"modulated wave" to express the first sense. 
This is logical and satisfactory but some-
what contrary to general usage. We do not 
think this is too serious, but everyone using 
the word "modulation" should be aware of 
its ambiguity and make clear what he means. 
Another cause of much unnecessary con-

troversy is that in general no clear distinction 
is made between a single "modulated wave" 
and a "transmission of modulated waves." 
Whenever the collective properties of all pos-
sible modulated waves in a certain trans-
mission channel, or the waves produced by a 
particular process of modulation, are dis-
cussed, the term "modulated wave" is inade-
quate. The word "transmission" seems the 
collective term most suitable for this pur-
pose. 

AN APPROACH TO THE THEORY 

Attacking the subject from the funda-
mental aspect we have a sine wave 

e = E„, sin 0(0,  (1) 

where e is the instantaneous value, E., the 
real amplitude, and ci,(1) the instantaneous 
(electric) angle, which may be written 

440  o + 4nt  itnt2 ÷  -I- • • • . (2) 

The instantaneous frequency f, and the 

instantaneous angular velocity we =Zell are 
defined by the relation 

= dldi (0)1,  (3) 

which gives 

44) =  f', di.  (4) 

If we, for instance, want to use the wave to 
carry intelligence, we may control E„, or OW 
or both. Only two fundamental, independent 
types of modulated waves are possible. All 
other types are necessarily modifications or 
combinations of the two. The first type is 
known as an amplitude-modulated wave, the 
other type is best described as a frequency-
modulated wave (or angle-modulated wave). 
The instantaneous angle (kW may be ex-
pressed in another parameter than fre-
quency, but the frequency seems to be the 
most important parameter. Note that in the 
above discussion no limitation is imposed on 
the fashion in which the frequency may vary, 
no relation given between the signal voltage 
and the frequency variation produced. The 
concepts introduced are, and should be, as 
general as possible. 
With reference to the above discussion 

the following tentative definitions are for-
mulated: 
Definition 1. An amplitude-modulated 

sinusoidal wave is a wave whose amplitude va-
ries as a function of the instantaneous value of 
another wave (for instance, a signal wave). 

Definition 2. A frequency-modulated sinu-
soidal wave is a wave whose instantaneous 
frequency varies as a function of the instan-
taneous value of another wave (for instance, a 
signal wave). 

These proposed definitions follow closely 
the I.R.E. definition of a modulated wave 
(1T25) but are considerably more general 
than the I.R.E. definitions of the same terms 
(1T26, 1T28), which, for instance, do not 
account for all kinds of spurious modulations 
often encountered in practice. Further, those 
definitions introduce a strict relation be-
tween wave and signal, appropriate when 
defining a method of modulation but hardly 
justified in a general definition of a modulated 
wave. 
A frequency-modulated wave described 

by Definition 2 may be written, with full 
generality, 

E., sin t(t)  = E. sin ( fu dl-Felno)  (5) 

where ibo is the initial phase angle or initial 
phase. The instantaneous angular velocity of 
the voltage phasor' may, in a special case 
of particular interest, be of the form 

co, = + Ago COS  (6) 

I The term "phasor" is preferred for vec-
tor, which thus could be reserved for exclu-
sive use in the vector analysis. The term 
"phasor" is used by the American Institute 
of Electrical Engineers. It may be of interest 
to mention that the European engineers 
have been using for many years a term, 
which in translation woad be called 
"pointer" (referring to the pointer or hand 
of a meter or a clock). 
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where 0 is the angular velocity of the fre-
quency deviation. 

This gives 

e E„, sin  (0, + Au, cos 01)(11  (11.0], 

or 

e = E„, sin [wi  mi sin SU  cDol,  (7) 

where In/ =A(.0/0=Af/F = modulation index. 
The restrictions imposed so far by using 

a sine wave are not serious, as all periodic 
waves can be built up from sine-wave com-
ponents. A single frequency-modulated wave 
is defined by a set of values E., co, 0, mf, and 
to', which do not reveal anything about the 
source or the method used for its generation. 
However, a transmission utilizing fre-

quency-modulated waves will generally con-
tain waves with a wide range of modulation 
indexes, and the nature of the transmission 
will depend very much on how the modula-
tion index varies with signal amplitude and 
frequency. Fundamentally, there are three 
cases: 

(a) The frequency deviation tif is propor-
tional to the signal amplitude and inde-
pendent of the signal frequency, 

(b) the modulation index mf is proportional 
to the signal amplitude and independent 
of the signal frequency, 

(c) the modulation index mf is proportional 
to the signal amplitude but is any other 
function of the signal frequency than in 
(a) and (b). 

Thus, although there are logically only 
two types of modulated waves, amplitude 
and frequency modulation, transmissions 
utilizing frequency modulation require fur-
ther classification. As it is largely a question 
of the audio-frequency (or signal-frequency) 
response of the modulating equipment, a 
similar classification of amplitude-modulated 
waves is quite possible, although there is no 
need for it. 
What about phase modulation? To see 

that question in its proper light, let us con-
sider methods of producing frequency-
modulated waves. If the output of the 
microphone or television camera linearly 
controls co, a transmission of type (a) is ob-
tained. Equation (7) illustrates the produced 
waves with 0 representing the frequency of 
the modulating signal. Another well-known 
method of producing frequency-modulated 
waves is to add to the electric angle a sys-
tematically controlled phase angle B(1). (The 
initial phase angle 4,0 (equation (2), (4) and 
(5)) is by definition a constant and can not 
serve as a control variable.) 
Keeping w constant and adding the phase 

quantity 0(t), we obtain 

e = E. sin [wt  ibo  0(0],  (8) 

so that for an assumed modulation 

0(1) = + M sin SU,  (9) 

e = E„, sin kd  mi sin ni  On (10) 

where mi 
This expression for a frequency-modu-

lated wave is identical with (7), but a trans-
mission using this kind of modulator will not 

be the same as produced by a reactance-tube 
modulator, because vs/ depends on the signal 
frequency in a different manner: if AO is inde-
pendent of the signal frequency, we shall 
obtain a transmission of type (b) above. 

SUGGESTED TECHNICAL TERMS 

It is tempting to refer to transmissions of 
type (a) as "frequency modulation" and of 
type (b) as • "phase modulation" and it is 
often done.' Let us consider this critically. 
First, would the word "modulation" intro-
duce any ambiguity when used to classify 
transmissions? In our opinion, this is not the 
case, since the properties of a transmission 
of modulated wave is very intimately con-
nected with the equipment used to produce 
it. It is very serious, however, that we would 
use the word "frequency-modulated," classi-
fying modulated waves, and the words 
"frequency modulation," classifying the 
transmissions, with different meanings. In 
the first case there are no restrictions im-
posed on the relation between "signal wave" 
and frequency deviation, in the second there 
is a very narrow restriction, as expressed in 
the description of type (a) above. Similarly, 
in type (b) there is a restriction on the rela-
tion between "signal wave" and phase devia-
tion, that would not be indicated by the 
term "phase modulation." We must use 
terms that clearly express these restrictions. 
Now, according to common parlance, a 
transducer where the ratio of output to input 
is largely independent of frequency is said to 
have a flat response. This suggests the terms 
"flat frequency modulation" and "flat phase 
modulation" for transmissions of type (a) 
and (b), respectively. In the last term it 
might seem desirable to discard the contro-
versial expression "phase modulation" alto-
gether, but we have not been able to find 
another name as brief and significant as 
"flat phase modulation." 
It is well known that present frequency. 

modulation broadcast stations do not use 
transmissions of either type (a) or (b), but 
rather a compromise, or modification, of the 
two. This compromise is to its nature de-
scribed by the high-tone emphasis curve 
recommended by the Federal Communica-
tions Commission and actually used in some 
instances in the amplitude-modulation field 
before the advent of commercial frequency 
modulation. As this type of transmission is 
adopted as a standard, "standard frequency 
modulation" (or standard broadcast fre-
quency modulation) seems the logical name 
for it. The definition of the terms introduced 
above are then as follows: 

Definition 3. A transmission of frequency-
modulated waves is said to use fiat frequency 
modulation, FFM, if the amplitude of the fre-
quency deviation from the nominal (carrier) 
frequency is proportional to the amplitude 
and independent of the frequency of the 

'See H. Stockman, "Superheterodyne 
converter terminology," Electronics, vol. 16, 
pp. 144-331; November, 1943. The funda-
mental idea of classifying transmissions 
was outlined in a footnote, but subsequent 
discussion has resulted in the new terms 
given above. 

modulating wave (for instance a signal 
wave). 

Definition 4. A transmission of frequency. 
modulated waves is said to use flat phase 
modulation FPM, if the amplitude of the 
phase deviation from the average phase is 
proportional to the amplitude and independ-
ent of the frequency of the modulating wave 
(for instance a signal wave). 

Definition 5. A transmission of frequency-
modulated waves is said to use standard fre-
quency modulation, SFM, if the amplitude of 
the frequency deviation from the nominal 
(carrier) frequency is proportional to the 
amplitude of the signal to be transmitted 
but varies with the signal frequency accord-
ing to the standard accentuation curve. 

The various terms introduced above may 
be grouped in Table I: 

TABLE I 

TFIE 
ENTIRE 
ART 

TYPE OF TRANSMISSION 

FM 
OFM 
FPM 
SFM 

flat frequency modulation 
fiat phase modulation 
standard frequency modulati on 

The SFM transmission may be consid-
ered as a combination of FFM at low modu-
lation frequencies and FPM at high modula-
tion frequencies, or SFM may be thought of 
as FFM transmission with the signal empha-
sized above a given crossover frequency. 
This brings up for consideration the term 
emphasizer, and for the receiving side the 
corresponding term de-emphasizer. Confu-
sion often occurs when these terms are mixed 
with the differentiating or integrating action 
employed in practice to make possible the 
use of any type of equipment for any type of 
transmission. The devices producing the dif-
ferentiating or integrating action are, if ideal, 
differentiators and integrators, and these 
terms may be used to distinguish sharply 
against networks employed for emphasis or 
de-emphasis from a given crossover fre-
quency. The simultaneous appearance of 
differentiation, integration, emphasis and 
de-emphasis in a complete system is illus-
trated by Table II. 

TABLE II 

FM 
TRANSMITTERS 

Reactance-tube 
modulator 

Integrator plus 
phase modulator 

Phase modulator 

Differentiator plus 
reactance-tube 
modulator 

Emphasizer plus 
reactance-tube 
modulator 

Integrator plus 
emphasizer plus 
phase modulator 

FM 
TRANS. 
MISSION 

FFM 

FPM 

SFM 

FM 
RECEIVERS 

i
Receiver for FFM 

(Receiver for FPM 
plus differentiator) 

I
Receiver for FPM 
(Receiver for FFM 
plus integrator) 

(Receiver for SFM 

l(Receiver for FFM plus de-emphasizer) 

(Receiver for FPM 
plus  differentiator 
plus de-emphasizer) 

Terms such as "reactance-tube modula-
tor" and "phase modulator" are used only to 
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give an idea of one possible arrangement on 
the transmitting side. 
The thoughts here presented are intended 

to provide a common foundation for discus-
sion. Much controversy and confusion is 
caused when a new rapidly developing field 
borrows words from common language with-
out defining explicitly the new concepts they 
shall cover. The basic definitions must fulfill 
a number of severe requirements; they must 
be fundamental, logical, dear, and must sat-
isfy practical needs, in school as well as in 
the field. 
We express the hope that these lines may 

stimulate other workers to clarify the defini-
tions and improve the terminology. 

HARRY STOCKMAN  GUNNAR HOK 
Cruft Laboratory  Radio Research Labo-

ratory 

Harvard University 
Cambridge, Massachusetts 

Books 

Moderne  Mehrgitter—Elek-
tronenriihren (Modern Mul-
tigrid Electron Tubes), by 
M. J. 0. Strutt. Second, en-
larged and improved edition. 
Published (1940) by Julius Springer, 

Berlin, Germany. Now available in Litho-
print from Edwards Brothers, Inc., Ann 
Arbor, Mich. 278 pages + 5-page index 
+VIII pages. 242 figures. 81X5l  inches. 
Price, $5.00. 

This book is a new edition which includes 
both parts of the previous two-volume work 
under the same title. The earlier books were 
published very soon after their manuscripts 
had been completed. In the present edition, 
Dr. Strutt has made a number of improve-
ments and the presentation was revised so 
as to include new material. The first of the 
two main parts covers the construction, op-
eration, and characteristics of multigrid 
tubes, and is divided into a section on high-
frequency amplification, one on mixers, and 
one on audio-frequency power amplifiers. 
The second main part treats the fundamen-
tal physical principles involved in such tubes 
and has a section on tube behavior under 
quasi-stationary conditions and one on the 
behavior in the short-wave region. Thus, al-
though the first part is of direct interest 

• chiefly to the user of tubes, the second part 
is of particular concern to vacuum-tube 
design engineers. 
The book presents a comprehensive pic-

ture of multigrid receiving tube practice as 
it stood at the beginning of the war. The 
author was well qualified to write such a 
book, having previously published much of 
the material as original work during his 
many years with the Philips organization. 
Although a number of the details will be-
come somewhat outmoded by war develop-
ments, especially in the ultra-high-frequency 
field, much of the book is sufficiently funda-
mental to retain its usefulness. It should be 
noted that, in accord with the title, diode 

and triode tubes receive practically no atten-
tion, probably on the assumption that these 
are adequately treated in standard texts. 
This is indeed true, as far as fundamentals 
are concerned; however, the omission limits 
the reference value of the present book since 
it contains no material on oscillators, recti-
fiers, diode detectors, and radio-frequency 
power amplifiers. On the other hand, the 
book emphasizes details of comparatively 
recent receiving-tube developments, such as 
converter tubes, and treats high-frequency 
tube admittances and fluctuation noise from 
a modern point of view; this distinguishes 
the book from the less specialized standard 
texts and makes it of considerably greater 
value to radio receiving tube and radio re-
ceiver engineers. 

E. W. HEROLD 
RCA Laboratories 
Princeton, N. J. 

Short Wave Wireless Commu-
nication, Fourth Edition, by 
A. W. Ladner and C. R. 
Stoner 
Published (1943) by John Wiley and Sons, 

Inc., 601 West 26 Street, New York 1, N. Y. 
568 pages + 5-page index + xiv pages. 342 
figures. 6X81 inches. Price, $6.00. 

This book covers in a general way the 
principles and practices of short- and ultra-
short-wave radio communications. Certain 
sections of the book describe equipment and 
practices followed abroad and particularly 
in England. The fourth edition contains 
much of the material contained in the pre-
vious editions. It has been revised and 
brought up to date, insofar as the authors 
were permitted to do so under wartime re-
strictions, by the addition of new material. 
The chapters on propagation, transmission 
lines, and antennas cover these subjects in a 
clear and concise manner. 
The book is largely nonmathematical. 

The mathematics which appear in the book 
are not involved and should be readily fol-
lowed by those who  ould be interested in 
the subject matter of this book. 
The book is well written, clear, easily 

understood, and generously illustrated. 
There are included 151 selected references 
which are grouped at the end of the chapters 
and pertain to the subject covered by the 
proceeding chapter. The references are use-
ful to those readers who wish to investigate 
and study a subject further. 
This book would be useful to executives 

and engineers in radio communications to 
provide them with general knowledge of the 
practices and problems encountered in the 
short wave radio field. It also would be a 
useful reference book to students in com-
munications courses to give them an outline 
of the problems and practices in the practical 
application of the more theoretical principles 
which they are studying and in particular to 
the practices followed abroad. 

CARL E. SCHOLZ 
Mackay Radio and Telegraph Company 

67 Broad Street 
New York 5, N. Y. 

Principles of Aeronautical Ra-
dio Engineering, by P. C. 
Sandretto 
Published (1943) by McGraw-Hill Book 

Company, 330 West 42 Street, New York 
18, N. Y. 406 pages +8-page index +xiii 
pages. 223 figures. Cri X 9} inches. Price, 
$3.50. 

This is a survey of the special problems 
encountered in the extension of radio engi-
neering into the aeronautical field. It as-
sumes a general knowledge of radio engineer-
ing principles and is essentially a practical 
book. The author has been objective in his 
approach to the problems and perhaps un-
duly modest in the discussion of them. 
Radio ranges, direction finders, markers, 

instrument landing systems, absolute alti-
eters, and communication systems form 
the main divisions of the book. The discus-
sions are well balanced so far as is possible 
within the limits of present restrictions. It is, 
of course, impossible to treat fully each of 
the subjects listed above within the covers 
of a book of this size. However, there is 
much practical information for both the de-
signing and the operating engineer. 
At the end of each chapter, there is a 

short bibliography, and at the end of the 
book an appendix, "Mechanical Require-
ments for Aircraft Radio Equipment," as 
specified by the airline companies. 
Additional editing of the text would 

have been helpful, and in the interest of 
eliminating an occasional awkward sentence. 
The frequent statement that a matter re-
ferred to would be "discussed later" without 
the specific reference is at times annoying. 
These minor details, however, detract little 
from the value of Colonel Sandretto's con-
tribution. 

B. E. SHACKELFORD 
Radio Corporation of America 

30 Rockefeller Plaza 
New York 19, N. Y. 

Graphical  Constructions  for 
Vacuum Tube Circuits, by 
Albert Preisman 
Published (1943) by McGraw-Hill Book 

Co., 330 W. 42 St., New York 18, N. Y. 234 
pages + 3-page index + x pages. 125 figures. 
5i X84 inches. Price, $2.75. 
The author defines the scope of this new 

volume as covering graphical constructions 
for solutions to problems involving non-
linear circuits, particularly those involving 
vacuum tubes. This subject is covered quite 
completely. The book will be of value to 
designers of equipment using vacuum tubes 
and also to designers of tubes themselves. 
The chapter on balanced amplifiers should 
be particularly useful. The chapter on re-
active loads gives a powerful method for 
attacking problems involving reactive loads. 
For practical purposes such problems are 
most quickly solved experimentally, but 
nevertheless it occasionally is useful to have 
another method of solution, even though 
quite laborious. The information is presented 
clearly and with considerable detail so that 
an extensive background is not needed to 
follow the reasoning. In discussing the op. 



timum load resistance for class A ampli-
fiers, the author is apparently not aware 
of Warner and Loughren's excellent paper 
in the December, 1926, PROCEEDINGS of the 
I.R.E., with the result that he fails to 
bring out the fact that the optimum load 
resistance is twice the tube-plate resistance 
only if the plate-dissipation rating of the 
tube is not exceeded. This section of the book 
is somewhat vague. On the whole, this 
volume should be valuable to engineers in 
the electronic field. 

E. E. SPITZER 
Radio Corporation of America 

Lancaster, Pa. 

Electric Circuits, by the De-
partment of Electrical Engi-
neering of the Massachusetts 
Institute of Technology. 
Published (1940) by John Wiley and 

Sons, Inc., 601 West 26 Street, New York, 1, 
N. Y. 767 pages + 14-page index  xxxiii 
pages. 420 figures. 61 X91 inches. Price, $6.50 

This is a new printing of one of the series 
of books on different branches of electrical 
engineering written, in collaboration, by 
members of the staff of the Department of 
Electrical Engineering at the Massachusetts 
Institute of Technology. This series is in-
tended to provide "a basic course covering 
subjects of fundamental importance for all 
students of electrical engineering, regardless 
of their ultimate specialty." In its scope the 
present work includes cases where radiation 
in the form of electromagnetic waves plays a 
small or minor role, that is, briefly, circuits 
of lumped rather than distributed constants. 
After an extensive introductory section 

on fundamental circuit parameters, their 
calculation and representation in concrete 
form, there begins the main part of the book, 
that is, the chapters on circuit analysis. 

Contributors 

Here the treatment progresses by steps 
in logical order from the case of simple re-
sistance networks acted on by constant 
applied electromotive forces to transients in 
circuits including inductance and capaci-
tance also, acted on by suddenly applied 
constant voltage. A chapter on steady-state 
values in alternating-current circuits leads 
to the case of transients occurring during 
switching operations, and so on to coupled 
circuits and multibranch networks. Chap-
ters are included also on polyphase currents, 
theory of symmetrical components, electro-
mechanically coupled circuits, and tran-
sients in nonlinear circuits. 
The whole development leaves nothing 

to be desired in the way of clearness of state-
ment and attention to detail. Especial atten-
tion is directed in all cases to emphasis and 
reiteration of the underlying assumptions 
and limitations. The teacher will find the 
book a veritable mine of interesting and 
suggestive material. The many problems 
are devised to furnish interesting and perti-
nent illustrations of the subject matter of 
the text. Especially readable and illuminat-
ing are the introductory paragraphs at the 
beginning of each section. The electrical en-
gineer will find the book a valuable reference 
source. For the average undergraduate stu-
dent, however, the treatment is so advanced 
and the ground covered is so extended that 
the use of the book should follow an orienta-
tion course of a more elementary nature. 

FREDERICK W. GROVER 
Union College 

Schenectady, N. Y. 

Radio  Materiel  Guide,  by 
Francis E. Almstead and 
F. R. L. Tuthill 
Published (1943) by McGraw-Hill Book 

Co., 330 W. 42 Street, New York 18, N. Y. 
130 pages + 6-page index. 155 figures. 
51 + 71 inches. Price, $2.00. 

This book was planned as the classroom 
text for a short course in radio theory and 
equipment for military applications. It is 
hard to see how this text can be stretched to 
cover the 16-week training period stated, 
since many subjects are covered with the 
conciseness of a dictionary, by a sentence or 
a paragraph at the most. It will at least 
give the trainee an idea of how the commoner 
pieces of apparatus appear and what they 
are for, if not how they function. 

RALPH R. BATCHER 
Radio Engineering Consultant 

St. Albans, L. I., N. Y. 

Fundamental  Radio  Experi-
ments, by Robert C. Higgy 

Published (1943) by John Wiley and 
Sons, Inc., 601 W. 26 St., New York, 1, 
N. Y. 91 pages  3-page index + vi pages. 71 
figures. 6X81 inches. Price, $1.50. 

This book shows a good selection of 
types of apparatus to be experimented 
upon, is well laid out, has good diagrams, 
and the first few experiments are good. 
On the other hand, the advanced ex-

periments are much too short. The author 
attempts to cover too much ground in a 
small text. It is not suitable for college 
grade work, although it might find applica-
tion in short-term qualitative courses, such 
as some ESMWT. 

GEORGE PHIL 
Electrical Engineering Department 

Northeastern University 
Boston, Mass. 

MANFRED BROTIIERTON 

Manfred Brotherton was graduated from 
the University of London, King's College, 
in 1921, after he had seen service with the 
British Army during World War I. Subse-
quently, he worked with Professor 0. W. 
Richardson in thermionic research and was 
awarded the doctorate of philosophy in 
1924. After joining the apparatus devel-
opment department of Bell Telephone 
Laboratories in 1927, Mr. Brotherton spent 
several years in the development of filters 
and equalizers and he is now engaged in the 
development of paper condensers. 

Frederick B. Llewellyn (A'23-F'38) was 
born September 16, 1897, in New Orleans, 
Louisiana. Between 1915 and 1922 he spent a FREDERICK B. LLEWELLYN 
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total of three years as a radio operator with 
the United States Navy and on ships of the 
merchant marine. In 1922 he was graduated 
from Stevens Institute of Technology with 
the degree of Mechanical Engineer, and in 
1928 received the degree of Doctor of 
Philosophy in Physics from Columbia Uni-
versity. Joining the engineering department 
of the Western Electric Company in 1923, 
he was transferred to the Bell Telephone 
Laboratories when that company was 
formed in 1925 and has remained with them 
ever since. He has been primarily concerned 
with radio and circuit research which has ex-
tended to the analysis of the electronic be-
havior of vacuum tubes at high frequencies. 
Several papers by Dr. Llewellyn have ap-
peared in the PROCEEDINGS and in 1936 he 
was awarded the Morris Liebmann prize for 
work on constant-frequency oscillators and 
on vacuum-tube electronics at high fre-
quencies. 

Dah-You Mae was born on March I, 
1915, in Peiping (then Peking) China. He was 
graduated from the National University of 
Peking (Peiping) in 1936 with a degree of 

DAH-YOU M AA 

B.Sc. in physics. He held a Tsinghua fellow-
ship, won by competitive examination, 
from August, 1937, to January, 1940, to 
pursue graduate work in the United States. 
Dr. Maa spent one year at the University 
of California in Los Angeles and the follow-
ing two at Harvard where he received a 
Whiting fellowship during 1939-1940. He 

• Paper published In July. 1943. issue of the PRO-
CESDINGS. 

received the degrees of M.A. in 1939 and 
Ph.D. in physics in 1940 from Harvard. 
From 1940 to 1942 he was an assistant pro-
fessor and later professor in electrical engi-
neering at the National Tsinghua Uni-
versity (Kunming, China). Dr. Maa has 
published a few papers on acoustics and is 
still working in that field. 

L. C. PETERSON 

Stuart L. Parsons was born in Gobles, 
Michigan, on September 6, 1912. He re-
ceived the B.S. degree in physics in 1938 and 
the M.S. degree in physics in 1939 from the 
University of Michigan. He was a research 
assistant in the department of engineering 
research in Michigan, where he worked un-
der Drs. Sawyer and Vincent on the de-
velopment of apparatus and techniques for 
spectrochemical routine control labora-
tories. Mr. Parsons joined the research 
laboratory of Sylvania Electric Products, 
Inc., in September, 1939, where he has 
worked on spectroscopic problems and is at 
present in charge of the optics section. 

L. C. Peterson (A'32) was born in Vat-
berg, Sweden. He studied at Chalmers 
Technical University in Gothenberg and 
took further courses at the Technical Uni-
versities in Berlin and Dresden in Germany. 
After finishing these studies, Mr. Peter-
son took the test course at the General 
Electric Company in Schenectady. A year 

later he became a member of the develop-
ment and research department of the 
American Telephone and Telegraph Com-
pany. In 1931 he transferred to the Bell 
Telephone Laboratories as a member of the 
Technical Staff. Here his work has been 
largely concerned with the analysis of cir-
cuits and with vacuum-tube performance at 
radio frequencies. 

Peter C. Sandretto (A'30-M'40-SM'43) 
was born April 14, 1907, at Pont Canavese, 
Italy. He received the B.S. degree in electri-
cal engineering from Purdue University in 
1930 and the E.E. degree in 1938. From 1925 
to 1930 he was a broadcast radio operator; 
from 1930 to 1932 a member of the technical 
staff of the aircraft radio group of the Bell 
Telephone Laboratories; from 1932 to 1938 
a communications engineer for United Air 
Lines Transport Corporation, and served 
as superintendent of the communications 
laboratory for United Air Lines until 1942, 
when he entered military service. He was 
assistant chief of the radar division, Direc-
torate of Communications, until 1943, at 
which time he served as signals liaison officer 
at the Air Ministry in London. Lieutenant 

PETER C. SANDRETTO 

Colonel Sandretto is at present director of 
the analytical department of the First 
Proving Ground Electronics Unit of the 
Air Force. Since 1942 he has been on the 
Papers and Papers Procurement Committees 
of the I.R.E. He is a member of Eta Kappa 
Nu. 
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ATLANTA —Chairman, C. F. Daugherty; Secretary, Ivan Miles, 554-14 St., N. W., Atlanta, Ga. 
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INDIANAPOLIS —Chairman, A. N. Curtiss; Secretary, E. E. Alden, WIRE, Indianapolis, Ind. 

KANSAS CITY —Chairman, A. P. Stuhrman; Secretary, R. N. White, 4800 Jefferson St., Kansas City, Mo. 

LOS ANGELES —Chairman, L. W. Howard; Secretary, Frederick Ireland, 1000 N. Seward St., Hollywood, 38, Calif. 

MONTREAL—Chairman, L. T. Bird; Secretary, J. C. R. Punchard, Northern Electric Co., 1261 Shearer St. 
Montreal, Que., Canada. 

NEW YORK —Chairman, Lloyd Espenschied; Secretary, J. E. Shepherd, 111 Courtenay Rd., Hempstead, L. I., N. Y. 

PHILADELPHIA—Chairman, W. P. West; Secretary, S. Gubin, RCA Victor Division, Radio Cor wation of America 
Bldg. 8-10, Camden, N. J. 

PITTSBURGH —Chairman, B. R. Teare; Secretary, R. K. Crooks, Box, 2038, Pittsburgh, 30, Pa. 

PORTLAND —Chairman, W. A. Cutting; Secretary, W. E. Richardson, 5960 S.W. Brugger, Portland, Ore. 

ROCHESTER —Chairman, 0. L. Angevine, Jr.; Secretary, G. R. Town, Stromberg-Carlson Co., Rochester, N. Y. 

ST. LOUIS —Chairman, N. J. Zehr; Vice Chairman, C. F. Meyer, KFUO, 801 DeMun Ave., St. Louis, Mo. 

SAN FRANCISCO —Chairman, W. G. Wagener; Secretary, R. V. Howard, 225 Mallorca Way, San Francisco, Calif. 

SEATTLE—Chairman, F. B. Mossman; Secretary, E. H. Smith, Apt. K, 1620-14 Ave., Seattle, 22, Wash. 

TORONTO —Chairman, R. G. Anthes; Secretary, J. T. Pfeiffer, Erie Resistor of Canada, Ltd., 128 Peter St., Toronto, 
Ont., Canada. 

TWIN CITIES—Chairman, E. S. Heiser; Secretary, B. R. Hilker, KSTP, St. Paul Hotel, St. Paul, Minn. 

WASHINGTON —Chairman, J. D. Wallace; Secretary, F. W. Albertson, c/o Dow and Lohnes, E Street between 13th 
and 14th Sts., Washington, D. C. 



fkCwiif6e holy 
with 
RHEOST ATS 

Once the grim business of war is concluded, you 
can count on I R C to deliver vast quantities of 
resistance devices of all types. Then, too, I RC's 
nation-wide network of Distributors will be 
prepared to render prompt service in supplying 
resistor requirements. 
Built to surpass rigid Army-Navy "specs,— 

I R C Resistors will offer greater values than 
ever because of modern mass production methods 
and greatly increased plant capacity. 

INQUIRIES INVITED 
It's none too soon for manufacturers of electronic 
equipment to survey their immediate post-war 
resistor needs. If you anticipate design or engi-
neering problems involving resistances, 0‘-t, FOR 

we may be able to help in their solu-
tion. Feel free to call upon us and 
be assured your confidence will be 
respected. 

fEe 
111. 

• 

QUALITY FEATURES OF IRC RHEOSTATS 

1. All metal shatter and vibration-proof con-
struction. 

2. Design provides almost 50% less temperature 
rise than other types for equal wattage rating 

and size. 

3. Aluminum construction provides light weight. 

4. Uniform spacing and tight winding of resist-
ance element. 

5. Enclosed construction as protection against 

p(Rfo  dust, dirt and damage to the moving parts. 

#4. 6. Clock spring between central 

er:-  terminal and slide eliminates one 
wiping contact and spring. 

pAl ARE tlb 

INTERNATIONAL RESISTANCE CO. 
401 N. Broad St. Philadelphia 8, Pa. 

IRC mak•s rnor• typ•s of r•sIstionc• units, In more shap•s, for mor• applications than any oth•r manutactur•r In th• world. 

5111 
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Drawn fro m 
the Statue 

8 of Her mes. 
•  by Praalteles. 

NC. 

THE LATEST IDEA in true Hermetic 
Sealing is a Thordarson development 
TRANSFORMER TERMINALS IN GLASS 

The above types are suitable for use anywhere 
in the world, regardless of cli matic conditions. 

TRANSFORMER DIVISION 

THORDARSON ELECTRIC ROCCO. 
300 WEST HURON STREET, CHICAGO. L 

sygee.a...c.;Fes ,544.ce- Aff3- 

. . ORIGINATORS OF TRU-FIDELITY AMPLIFIERS 

Ii 

ATLANTA 

'Pulsing Methods for the Measurement of the 

Distance to a Fault on a Transmission Line,' by 
M. A. Hormel!, Georgia School of Technology; Sep-
tember 30. 1943. 1 

'Electronic Aids in the Detection and Correc-

tion of Impaired Hearing,' by Ben Akerman, Radio 
Station WGST; November 26. 1943. 

BUFFALO- NIAGARA 

'Radio-Frequency  Bridge  Measurements of 
Transmission Lines,' by H. J. Bergmann, Radio 

Station WBEN. Inc.; January 12, 1944. 

CINCINNATI 

Sound Movie —'Crystals Go to War,' by Reeves 
Sound Laboratory; January 18, 1944. 

Demonstration and Discussion on Crystals, by 

R. S. Butts, Tedford Crystal Laboratories; January 
IS, 1944. 

CHICAGO 

'Electronic Octane Indicator,' by Alfred Cross-
ley, Consulting Engineer; January 21, 1944. 

eONNECTICUT VALLEY 

'Quartz Crystals,' by William Parrish and 

II. N. Brown. North American Philips Company, 
Inc.; January 20, 1944. 

D ALLAS-FORT W ORTH 

"Communication Engineering Applied to Vac-
uum-Tube Hearing Aids," by W. D. Penn, Vacolite 
Company; December 22, 1943. 

Annual Meeting, Election of Officers; January 
13, 1944. 

Movies, 'Frequency Modulation," January 13, 
1944. 

D ETROIT 

Symposium — Wartime Radio Problems; De-
cember 17. 1943. 

Election of Officers; December 17, 1943. 

E MPORIUM 

'Some Broad Aspects of Engineering,' by E. F. 
Carter, Sylvania Electric Products, Inc.; December 
29, 1943. 

INDIANAPOLIS 

'Application of Kraus Corner Antenna,' by 
S. R. Anderson, Civil Aeronautics Authority; De-
cember 17. 1943. 

Los ANGELES 

'Microwave Oscillators,' by W. H. Pickering. 
California Institute of .Technology; January 18, 
1944. 

M ONTREAL 

'Physiological Problems Attendant upon High 

Altitude and Combat Flying,' by Keneth Evelyn; 
December 8. 1943. 

NE W YORK 

•Flightray and Electronic Multiple Instrument 
Indicator." by M. F. Q. Gemmill, Sperry Gyroscope 
Company, Inc.; November 3, 1943. 

'Television Broadcast Coverage,' by Allen Du-

Mont and T. T. Goldsmith. Jr., Allen B. DuMont 
Laboratories; December 1, 1943. 
Election of Officers; December 1, 1943. 

'Standardization of Quartz-Crystal Units.' by 
K. S. Van Dyke, War Department; January 5, 1944. 
Movies, 'Crystals Go to War,' by Reeves Sound 

Laboratories, Inc.. and United States Signal Corp.; 
January 5, 1944. 

PHILADELPHIA 

'Coupling Devices for Radio-Frequency Induc-
tion Heating,' by W. M. Roberds, RCA-Victor 
Division; January 13. 1944. 
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Used successfully by leading fluorescent ballast 
and fixture manufacturers for years. 

Available in sizes and ratings to fit existing 
equipment. 

Although normally used at 70° C. (Under-
writers' requirements) these capacitors are 
designed for long life at 85° C. (See life test 
chart below.) 

Power factor at operating voltage and tempera-
ture under 2%. (Schering Bridge measurement.) 

• 
• 
• 
•... 

. 

6%.%,%%. ........... „..... „ . 

VOLTA6E EATING 

Based on .Spragme 4.6 mid. Type PX oil-impreg-
nated capacitor in standard oval container 
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Remler craftsman heat treats welding 
and cutting dies and tools for automatic 

screw machines. 

ELECTRONIC TOOLS OF WAR... 
in quantity and on time! There are no 

delays because Remler has the facilities 

and experience to do the job from de-

sign to finished product —plus the know-

how to cut production time which fre-

quently permits quotations at lower 

prices. This organization of skilled spe-

cialists manufactures components and 

complete electronic equipment for our 

armed forces and components for your 

application. Inquiries invited. 

Wire or telephone if we can be of assistance 

REMLER COMPANY, LTD. 

2101 Bryant St. • San Francisco, 10, California 

PLUGS & 
CONNECTORS 

Signal Corps and 
Navy Specifications 

Types: 
50-A 61 
54  62 
55  63 
56  64 
58  65 
59  67 
60  68 

74 
76 
77 
104 
108 
109 
112 

PL 
114 
119 
120 
124 
125 
127 
149 

150 
159 
160 
291-A 
354 

P LP  PL PL S 

56  65  56  65 
59  67  59  67 
60  74  60  74 
61  76  61  76 
62  77  62  77 
63  104  63  104 
64  64 

56  64 
59  65 
60  74 
61  76 
62  77 
63  104 

N A F 
1136-1 No. 212938-1 

Other Designs to Order 

RE MLER 
SINCE 1918 

-Onnounciny & Com munication 4 uipment 

(Continued from page 34A) 

PITTSBURGH 

'Train Communication." by P. N. Bosaart, 
Union Switch and Signal Company; December 13, 

1943. 
PORTLAND 

'Manufacture and Characteristics of Rochelle-
Salt Crystals,' by J. B. Hine. U. S. Army Special-
ized Training Corps; December 3, 1943. 

"Electronics in Medical Research," by Fred 
Claussen, University of Oregon Medical School; 
January 26, 1944. 
Election of Officers; January 26, 1944. 

ROCHESTER 

'War Production Problems in the Rochester 
Area,' by Lieutenant Colonel P. H. Downing, U. S. 
Army Air Forces Materitl Center; January 20, 1944. 
'Industrial Safety—Safe Operation of Small 

Plants." by A. L. Cobb and John L. Norris, East-
man Kodak Company; R. F. Mullen, General Mo-
tors Corporation; C. J. Schneider, Quality Mattress 
Company; and A. T. Anderson, Factory Insurance 
Association; January 20, 1944. 

ST. LOUIS 

'Circuit Testing with Square and Saw-Tooth 
Waves," by D. L. Waidelich, University of Mis-
souri; January 7, 1944. 

SAN FRANCISCO 

'Needs for the Development of an Antenna and 
the Steps Taken in Its Development,' by R. V. 
Howard, Associated Broadcasters, Inc.; Decem-
ber 1, 1943. 

'Technical Explanation of the Antenna," by 
F. R. Brace, Associated Broadcasters, Inc.; De-
cember 1, 1943. 
Election of Officers; December 1, 1943. 

TWIN CITIES 

"Some Notes on the Design and Construction of 
a Rombic Antenna," by C. E. Swanson. Northwest 
Airlines, Inc.; December 15, 1943. 
Movies. 'Crystals Go to War," by Reeves 

Sound Laboratories; December 15, 1943. 

WASHINGTON 

'Reclaiming 'Dry-Cell' Batteries,' by R. N. 
Eubank, Virginia Electric Power Company; Janu-
ary 10, 1944. 

Movies, 'Crystals Go to War," by Reeves 
Sound Laboratories; January 10, 1944. 

The following admissions and transfers 
were approved by the Board of Directors 
on February 2, 1944. 

Admission to Senior Member 

Lehmann. G. J.. Hotel Croydon, 12 E. 86 St.. New 
York, N.Y., 

Transfer to Senior Member 
Andres, L. J., 6415 Ravenswood Ave., Chicago, 26, 

Kraemer, G. S., Apt. 608, 1160 Fifth Ave.. New 
York. 29, N. Y. 

Leydorf. G. F., 3546 Herschel View. Cincinnati. 8, 
Ohio, 

Newlon, A. E., Research Department, Stromberg-
Carlson Co., Rochester, N. Y. 
(Continued en page 38A) 
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GOOD GRIDS ASSURE 
GOOD RECEPTION 

The engineers at TUNG-SOL are skeptics. They 
never accept anything as final in the manufacture 
of electronic tubes. Research and development 
are continuous in the TUNG-SOL laboratories. 

The "flat grid" for beam type tubes was a Tung-
Sol refinement. "Flat" winding made possible the 
perfect alignment of beam type grids, which was 
difficult to achieve with the conventional circular 
or oval winding. Another grid-making "bug" 
eliminated by Tung-Sol was the tendency of grid 
supports to "bow" in any direction. The supports 

ADVANTAGES OF FLAT GRID WINDING 

(Left) The flat-wound grid 
in TUNG-SOL tubes is sized 
on a machine that "sets" the 
grid, thus holding perfect 
pitch and alignment. 

(Right) In the circular-
wound grid,  there is no 
"set" or rigidity established, 
hence wires can sag and get 
out of alignment. 

of all Tung-Sol grids remain true and parallel. 

And so it has been with every detail of design and 
construction of TUNG - SOL electronic tubes. 
Long before Pearl Harbor they were "Vibration-
Tested." That is one of the reasons why they have 
stood up so well in war service. Manufacturers of 
Electronic Controls and Devices, and users of 
Electronic Equipment will find TUNG-SOL tubes 
dependable and efficient. TUNG-SOL engineers 
are at your service in the development and im-
provement of electronic products of all kinds. 

TUNGESOL 
ELECTRONIC TUBES 

TUNG-SOL LAMP W ORKS INC., NE WARK 4, NE W JERSEY 
ALSO MANUFACTURERS OF MINIATURE INCANDESCENT LAMPS, ALL-GLASS SEALED BEAM HEADLIGHT LAMPS AND CURRENT INTERMITTORS 
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Permoflux 
DYNA MIC HEADPHONES 

.. • their extra sensitivity, wide frequency 
response and high operating efficiency 
provide improved intelligibility and greater 
safety at all altitude levels. 

BUY WAR BONDS FOR VICTORY! 

PER MOFLUX CORPORATION 
4916-22 W. Grand Ave., Chicago 39, III. 

PIONEER MAE/UFACTURERS OF PERMANENT MAGNET DYNAMIC TRANSDUCER; 

(Contniued from page 364) 

Admission to Member 

Chambers, A. G.. Port R.D.F. Officer, Kisey Flats. 
Freetown. British West Africa 

Gelzer, J. R., 1618 S. Dixon Cir., Cincinnati. Ohio. 
Watson. W. R., 34573 Chestnut St.. Wayne, Mich. 

Transfer to Member 

Eichel, J. H., Feberal Communications Commission, 
641 Washington St., New York. N. V. 

Fricker, J. N., 46 Claydon Rd., Garden City, L. I., 
N. Y. 

Reid. J. D.. Box 67, Mt. Healthy, Ohio 
Reynolds, C. B., Federal Communications Com-

mission, 641 Washington St., New York, 
N. Y. 

Speakman, E. A., Naval Research Laboratory, 
Anacostia Station, D. C. 

Thompson. L., Jr., Communications Engineering 
Branch, War Department, Washington, 
D. C. 

Varone. R. A., 256 White Horse Pike, Audubon, 
N. J. 

Watson, H. M., 3622 Clinton Ave., Richmond, 
Calif.' ' 

West, W. P., 522 Arbutus St., Philadelphia, Pa. 

The following admissions to Associate 
grade were approved by the Board of 
Directors on February 2, 1944. 

Abeliansky, M. F., Herrera 527, Philips. Buenos 
Aires, Argentina. 

Aldrich, R. W., Radiation Laboratory, Massachu-
setts Institute of Technology. Cambridge, 
38, Mass. 

Alexander, S. N., 2128 Key Blvd., Arlington. 
Arnson, R. B., 370 Riverside Dr.. New York, N. Y. 
Baltsley, J. V., 126 Callan Ave., Evanston, 111. 
Bard, E., A. Del Valle 1270, Vicente Lopez, F.C.C.A.. 

Argentina. 
Bartlett, B. R., 184-12 Galway Ave.. St. Albans, 

L.  N. Y. 
Baxter, C. L., 448 S. Fourth St., Maplewood, N. J. 
Bender, W., 106 Bedford St., New York. 14. N. Y. 
Berger, H. P., 1183 South Ave., Wilkinsburg. Pa. 
Born, B. S., 351 Mattison Ave.. Ambler, Pa. 
Bramwell, F.. 59 Decatur St.. Brooklyn. N. Y. 
Bray, J. W., 1710 S. Carrollton Ave., New Orleans, 

18. La. 
Bresee, W. H., 117 W. Fourth St.. Emporium, Pa. 
Brodsky, L., 1936 Putman Ave.. Ridgewood. L. I., 

N. Y. 
Brown, C. E., Jr., Radio City, Milwaukee, 1, Wis. 
Brown, D. P. E., 26, Warlters Rd., Holloway, Lon-

don. N. 7., England. 
Bulkiey, A. W., 6907 Avondale Rd., Baltimore, 12. 

Md. 
Burton. B. S.. 1247 S. W. 16 St., Miami, 35, Fla. 
Butcher, J. H., 213 Kent Pl. Blvd.. Summit, N. J. 
Carlson, M. R., 22 Farwell Pl., Cambridge, 38, 

Mass. 
Carrier, R. D., 2737 E. 13 Ave.. Denver, Colo. 
Cavalier°, L. J., Beruti 3848, Buenos Aires, Argen-

tina. 
Chemkalis, L. G., 150 W. 91 St., New York, N. Y. 
lancaglini, H. R., Ituzaingo 138. San Isidro, 

F.C.C.A., Argentina. 
Cicierska. J. E., 385 E. Eighth St., New York. 9. 

N. Y. 
Clark. J. T., 6829 N. NVayne Ave., Chicago, 26. III. 
Cook. H. L., 3467 W. Alys, Denver, 9, Colo. 
Coombs, J. M., 2429 Revere Ave.. Dayton, 10. 

Ohio. 
Cooper, G. R., Purdue University. West Lafayette. 

Ind. 
Cox, E. E., 2029 Brighton, Kansas City, Mo. 
Curt°, E. L., Cnel. Eatebam Bonorino 574, Buenos 

Aires. Argentina. 
Davidson. G. L., Route 1, Box 66D, Sussex. Wis. 
Davis, A., Bon Air Apts., Catonsville. Md. 

(Continued on page 404) 
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THE MARK OF EXCELLENCE 

02-

A war correspondent in the So!omens asked a tired marine what he thought he was fighting fors The • 

marine's face lit up. 

"Gosh," he whispered, "what I'd give for a piece of blueberry pie!" 

To that marine "blueberry pie" summed up the democratic way of life . .. the dates . . . the movies 
... the ball games .. . home cooking ... warm family ties .  and the joy of walking in the woods 

without fear of a lurking sniper. 

Homely things like these are what we are all fighting for . . . the soldier in his job . . . you in your 

job . . . we in our job of building dependable Kenyon transformers as fast as we know how. 

Most of us can hurry the day when that fighting marine can have his pie. We can buy an extra 
dollar's worth of bonds this week ... give a pint of blood every few months ... save scrap metal, 

rubber and rags ... and we can stay on the job every day, all day. 

Let's not let the boys wait for their pie a minute longer than they must. 

KENT ON TRANSFORMER  CO Inc. 8N,47ORRY STREET 
tw  RK, U. S. A. 
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Shallcross INSTRUMENTS for 
ELECTRICAL MEASUREMENTS 
Ayrton Universal Shunts 
Standard-, Secondary-, and 
Multi-Resistance Standards 
Decade Potentiometers 
Decade Resistance sores 

tei,agohmmeters 
Percent Limit Bridges 
Wheatstone Bridges 

Kelvin-Wheatstone Bridges 
Low-Resistanco Test Sets 

High-Voltage 
Measuring Apparatus 
Special Telephone and 
Telegraph Instruments 
... and many others 

Whether for laboratory, school, pro-

duction, or maintenance use, Shallcross 

offers an extensive line of electrical 

measuring apparatus, fully tested and 

proved through years of use under all 

conditions and in all parts of the world. 

WRITE FOR CATALOG —or describe your re-

quirements and our engineers will gladly 

make specific recommendations. 

XHALLCROSS MFG. CO. 
EN GI NEERI N G • DESI G NI N G  • MA NUFACTURI N G 

Dept. IR-34  Collingdale, Pa. 

PrIbared by The HARRY P. BRIDGE COMPANY, PHILADELPHIA, PA. 

40A 

(Continued from page 38A) 

Davis, C. R.,239 S. Greenmount Ave., Springfield, 
Ohio. 

Davis, E. D., 9022 Dayton Ave., Seattle, 3, Wash. 
Del Giorno, A. E., 1461-36 Holly Ave., Flushing. 

L. I., N. Y. 
Dellamula, F., lrigoyen 2273, Buenos Aires, Argen-

tina. 
Dodge, G. A., 21 N. Marquette St., Madison. Wis. 
Dolinko, L., 907 Argyle St.. Chicago. Ill. 
Drukey, D. L.., 25 Claremont Ave., Apt. 11C. New 

York, N. Y. 
Duffill, C. D., Bebedero 4001, Buenos Aires. Argen-

tina. 
Eckstein, E. A., 1400 Harmon Pl., Minneapolis, 

M 
Elias, A. H.i.nGon. lfarini 380, Buenos Aires, Argentina 
Eiras, R., Santa Magdalena 663. Eto. 5, Buenos 

Aires, Argentina. 
Epstein. M., 1071 -55 St., Brooklyn. N. Y. 
Fordham, C. E., APO 963, c/o Postmaster, San 

Francisco, Calif. 
Frakes, S. E., Division C.. c/o Fleet Post Master. 

New York, N. Y. 
Fraim, E. G., 1419 Sherwin, Apt. 3, Chicago. 26, III. 
Frank, N. B. Route 2, Box 10, Fort Worth. Texas. 
Garretson, T. A., 105 State St., Perth Amboy, N. J. 
Censer, A.. 402 Pacific Ave., Jersey City, N. J. 
Gillette, D., 313 Y.M.C.A., Passaic, N. J. 
Goldschvartz. J. M., Caseros 796, 72p—Dto. A.. 

Buenos Aires. Argentina. 
Gonzalez, F.. Quintino Bocayuva 837 Dpto. C.. 

Buenos Aires. Argentina. 
Gormsen, S. T., 8 Dickinson St., Princeton, N. J. 
Gorton, E. D.. 101 Sycamore St., Durand, Mich. 
Gregory, G. S.. East Brewster Radio D. F. Station. 

Box 247, East Brewster. Mass. 
Greiner, W. W., 515 E. 14 St., Winfield, Kan. 
Hanks, H. P., WOLS, Florence, S. C. 
Harris, L. R., 66 Houghton Ave., S., Hamilton. 

Ont., Canada. 
Hart. H. W., 5 Erwin Pl., Caldwell, N. J. 
Harvey, G. L.. Cruft Laboratory, Harvard Univer-

sity. Cambridge, Mass. 
Head, J. W., 18693 Woodingham Dr., Detroit, 21. 

Mich. 
Hemingway, J. L., Continental Air Lines. Hanger .3, 

Municipal Airport, Denver, 7, Colo. 
Higa, W. H.. 415 W. Gilmore, Angola, Ind. 
Hines, W. S., 404 Atlantic Ave., Long Branch, N. J. 
Hodgson, C. C. V.. 5, Countess Dr.. Denton, New-

castle-upon-Tyne, 5, England. 
Hodgson. C. L. 2085 S. Williams St.. Denver, 10, 

Colo. 
Horbach, S., 6 Hayward St., Presque Isle. Me. 
Houston, C. M., Route 2, Box 197B, Troutdale, 

Oregon. 
Howard, R., Byron Ave. E.. Sutton. Surrey. Eng-
land 

Huber, W. A., 50 W. Sylvania Ave., Neptune City. 
N. J. 

Hunt, J. M., Eagle Mt. Lake, Fort Worth, Texas. 
Ikerd, H. M., Naval ResearchLaboratory, Bldg. 47, • 

Anacostia Station. D. C. 
Jackson, E. A., Ponus Ave., R.F.D. 3, Norwalk, 

Conn. 
Jadraque. J. M., Fabrics Argentina de Productos 

Electricos S. A., Herrera 527, Buenos 
Aires, Argentina 

Jarvis, L., 152 Wheeler Ave., Toronto, 8, Ont., 
Canada. 

Jenks. F. A., 109 Greystone Rd., Rockville Centre. 
L. I., N. Y. 

Jensen, K. S., Box 1663, Santa Fe. New Mexico. 
Jones, W. A., 3205 —C Defence Ter., Philadel-

phia, 29, Pa. 
Kahle. D. D., 375 Osceola St., Denver. 4, Colo. 
Keagy, W. R., Jr., 1R32 Sperry Gyroscope Co.. 

Garden City. L. I., N. Y. 
Kibler. A. C., Bass Rd.. R-1, Macon, Ga. 
Kopeny, L. J., 2240 N. Kilpatrick, Chicago. 39, 

IU. 

(Continued on page 44A) 
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SIG SI%es for SIG Jobs 

The Model "U" shown above is 12" in diameter and rated 

at 1000 watts. The Model "L" is 4" in diameter and rated 

at 150 watts. Other models in this series of larger units 

are 10", 8", 6" and 5" in diameter and rated at 750, 500, 

300 and 225 watts respectively. These rheostats handle 

tough applications with ease. They provide permanently 

smooth, close, trouble-free control on big jobs. Made in single 

or tandem assemblies, in straight or tapered winding, 

from 25 watts to 1000 watts. 

""broweit Eoo4- Co Reoateueee Plot,tem,: 
Write on company letterhead for 96-page Industrial Catalog and 

Engineering Manual No. 40. 

OHMITE MANUFACTURING CO., 4861 Flournoy St., Chicago 44, 
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A SCIENCE—dertaeoa 
THUNDERSTORM 

BEN FRANKLIN dared to prove the relation between lightning 
and static electricity with a kite, key and string, during a 

thunderstorm. With luck he lived to give impetus to the new 

science of electricity ... This same adventurous experimental 

spirit has been shown throughout the history of electrical 

science in America. 

In Stancor laboratories interest centers upon the transformer: 

the master coordinator of electronic energy. While Stancor 

Transformers now are being used for control systems in war, 

military challenge has produced important new developments 

for use in peace-time industry ... For tomorrow, Stancor —k 

a name to remember. 

SPE CI FY s 17A N It 
STANDARD  TRANSFORMER  CORPORATI ON 
1500 NORTH  HALSTED STREET - CHICAGO 

anufacturers of quality transformers, reactors, rectifiers, 
power packs and allied products for the electronic industries. 

*They look, measure 
and operate the same 
—these glarostat wire-wound 
and composition-element 
midget controls. Fully inter-
changeable, mechanically. 
Can be made up in various 
tandem assemblies. 
Clarostat Type 37 midget com-
position-element controls have 
been available for several 
years past. Their stabilized 
element has established new 
standards for accurate resist-
ance values, exceptional im-
munity to humidity and other 
climatic conditions, and long 
trouble-free service. 1 watt. 
500 ohms to 5 megohms. 
)And now the Clarostat Type 
43 midget wire-wound is also 
available, to match Type 37— 
matched in appearance, 
dimensions, rotation, switch. 
2 watts. 1 io 10,000 ohms. 
For neatness, compactness, 
convenience, trouble-free op-
eration—just specify Clarostat 
matched midget controls. 

* Write for literature ... 

CLOOSTAT 

, 

47A 

CLAROSTAT MFG. CO., Inc. • 285-7 N. 6th St., Brooklyn, N.Y. 
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HERE'S HOW MICAMOLD 
HELPS PROJECT-ENGINEERS 
WITH CAPACITOR PROBLEMS 

THIS WA  $ THE 

SMALLEST MOLDED 

PAPER CAPACITOR 

EVER MADE. BUT 

...IT WASN'T SMALL 

ENOUGH. 

PROJECT 

ENGINEERS NEEDED 

SMALLER COMPONENT 

FOR ULTRA-COMI)ACT MILITARY RADIO 

MICAMOLD ENGINEERS WERE HANDED 

THE PROBLEM. 

TYPE 338 IS THE RESULT. 

The Type 338 is a paper by-pass capacitor molded in bakelite. Specially 

designed manufacturing equipment was built to produce it. The Type 338 

is very small, measuring only 3/4" x 7A 6" x '1/4 2". And it weighs but 2.5 

grams. These units are used in large quantities in their special application. 

IF YOU HAVE A CONDENSER DESIGN PROBLEM, MAY WE SUGGEST THAT 

YOU CALL ON 

The solution to this problem is but one of the innumerable instances in 

which Micamold has successfully collaborated with project engineers. We 

would like to work with you on present or postwar applications. If it is 

electrically or mechanically possible, we can produce capacitors ... any 

type and size ... to your specifications. 

MICA MOLD RADIO CORPORATION 
1087 FLUSHING AVENUE  BROOKLYN 6, N Y. 

BUY 
MORE 
WAR 
BONDS 

—.NOW 
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Where the Transformers of 

Tomorrow are Working Today 
In all branches of the service and in 
all parts of the world Transformers that 
will play a large part in the homes and 
industry of tomorrow are being tested 
today under the most severe conditions. 

Chicago Transformer is proud to be 
manufacturing and designing units of 

this type. 

CHICAGO TRANSFORMER 
DI VISI O N  OF  ESSE X  WIRE  COR P OR ATI O N 

3501  WEST  ADDIS O N  STREET  •  CHIC A G 0.18 

(Continued from page 40A) 

Kravetz, J., 72 Barker Ave.. Eatontown, N. J. 
Lambton, F. R., 5830 Monkland Ave., Montreal. 

Que., Canada. 
LaZelle. L. L., 3649-45 St.. San Diego. Calif. 
Learned. A. J.. 2216 South Ave., Syracuse. 7, N. Y. 
Leslie, D. A., 122 Sheehan St.. Gisborne, New 

Zealand. 
Levialdi, A.. L. I. R., Philips Herrera 527. Buenos 

Aires, Argentina. 
Levine, A. M., 96-09-66 Ave.. Forest Hills, 

L. I., N. Y. 
Levinthal. E. C., Sperry Gyroscope Co., Research 

Laboratory, Garden City, L. I., N. Y. 
Levy, R. S.. 33 Dorchester Rd., Buffalo, 13. N. Y. 
Lewis, W. D., Bell Telephone Laboratories, Box 

107, Red Bank, N.J. 
Logemann, H., Jr.. 20 Chauncy St., Cambridge, 38, 

Mass. 
Loomis, G. W., Box 1032, San Bernardino, Calif. 
Marchese, T. J., II Vine St., Nutley, N. J. 
Mazzeo, R., Varela 655, Buenos Aires, Argentina. 
McCarn, G. B., 641 Adams St., Denver, 6, Colo, 
McKeon, T., 1237 S. E. 32 Pl., Portland, IS, Oregon. 
Miller, R. L., 3106 N. Eighth, Paducah, Ky. 
Miller, V. F., SO N. Munn Ave., East Orange, N. J. 
Mills, A., 516 W. Addison. Chicago. 13, Ill. 
Mills, W. T., Jr., 18 Northampton Ave., Berkeley, 

7, Calif. 
Mitchell, A., 23 Maintenance Sqd., Great Bend, 

Kan. 
Mitchell, M. W., 1959 Uinta St., Denver, 7, Colo. 
Monroe, W. J., 3044 N. 27 St.. Kansas City, Kan. 
Morecroft, J. H., Jr., 6091 S. Adams St.. Glendale, 

5, Calif. 
Murdock, M. J., 1533 S. E. 56 Ave., Portland, 15, 

Oregon. 
Nandin, H. E., Maza 1260, Buenos Aires, Argentina. 
Newell, B. J., 204 N. Brighton Ave.. Dallas. Texas 
Nielsen, K. M., Samuel Gompers Trades School, 

22 and Bartlett, San Francisco, Calif. 
Nielsen, W. B., 204 S. Veitch St., Arlington, Va. 
Niemiec, T. W., 95 Prescott St.. Cambridge. 39, 

Mass. 
Nitschke, N. E., 334 Ridgefield Ave., Bridgeport. 8, 

Conn. 
Paul, S. J., 1300 Greeby St., No. 2. Philadelphia, 

I I,Pa. 
Phillips, J. D., American Lake Gdns., Tacoma. 

Wash. 
Pikelin, J.,  Rivadavia 5131. Buenos Aires, Argen-

tina. 
Pleak, H. C., 135 E. Fourth St., Emporium. Pa. 
Plessinger. E., 59 Black-Rock Ave., Bridgeport. 

Conn. 
Potocki, J. A., 165 Eight* St., Jersey City, N. J. 
Prangley, C. F., 135 S. LaSalle St., Chicago. 3, III. 
Quirk, C. J., 531 -30 St., West Palm Beach, Fla. 
Raffo, C. J., Nicasio Orono 75. Buenos Aires. Ar-

gentina. 
Ramsey. W. S., 247 W. 149 St.. New York. 30, N. Y. 
Raymond, K. N.. 2601 S. Humbolot St., Denver, 

10, Colo. 
Reber, E., 465 Starkweather Ave.. Plymouth, Mich. 
Rehrig, N. W.. 315 Lindbergh Ave.. York. Pa. 
Reilly, W. J., 178 E. Wilkes Barrie St.. Easton, Pa. 
Renner, G. W., 51 Bellevue St., Dorchester, 25. 

Mass. 
Rexon, L. M., Radio Corporation of America. 

Front and Cooper Sts., Camden. N. J. 
Robertson, J. W., R.F.D. 8, Box 64. Roanoke. Va. 
Robyn. A., 3081 N. Sycamore St.. Santa Ana. Calif. 
Saberson, C. J., 5603 S. Wood St., Chicago, 36, III. 
Sargent, R. E., 4233 Quitman St.. Denver. 12. 

Colo. 
Schenck. L.. 15 Washington St., Newark, 2, N. J. 
Schneider, C. A., 449 Lloyd Pl., Cincinnati, 19, 

Ohio 
Schatz, F. V., 708 Cliveden Rd., Sudbrook Park. 

Pikesville, 8, Md. 

(Continued on page 49A) 
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Long ago National Union engineers had 
to strike out for themselves in search 
of new metals, alloys and coatings. The 
extremely high temperatures employed 

in tube making—brazing, for example, at 2 to 5 
times the heat customarily used—ruled out the 
use of metals common to most industries. 

So from the nation's electronic tube labora-
tories there has come a whole new group of 
metals and combinations of metals. Here are 
special alloys for filaments, coils, grid wires, 
getters, electron guns and many other uses. And 

as these metals have provided characteristics not 
previously available, they have literally pulled 
wonders out of the magic hat of electronics. 

In metallurgy, as in other sciences related to 
tube making, National Union is helping to push 
back the frontiers of electronic knowledge. And 
in the war record of National Union tubes you 
will see how well this scientific approach to tube 
building is paying off. For better tubes, after 
the war—Count on National Union. 

NATIONAL UNION RADIO CORPORATION, NE WARK, N. J. 
Factories: Newark and Mali kwood, N. J., Lansdale and Robesonia, Pa. 

NATIONA  UNION 
RADIO AND ELECTRONIC TUBES 
Transmitting, Cathode Ray, Receiving, Special Purpose Tubes • Condensers • Volume Controls • Photo Electric Cells . Panel Lamps • Flashlight Bulbs 
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VERSATILITY and dependability were paramount when 
Alliance designed these efficient motors — Mu/turn in Parvo! 
. . . They are ideal for operating fans, movie projectors, light 
home appliances, toys, switches, motion displays, control systems 
and many other applications . . . providing 
economical condensed power for years of 
service. 

4iliance 
Our long established standards of precision manu-
facturing from highest grade materials are strictly 
adhered to in these models to insure long life without 
breakdowns. 

EFFICIENT 
Both the new Model "K" Motor and the Model "MS" 
are the shaded pole induction type — the last word in 
efficient small motor design. They can be produced 
in all standard voltages and frequencies with actual 
measured power outputs ranging upwards to 1 /100 
H. P. . . Alliance motors also can be furnished, in 
quantity, with variations to adapt them to specific 
applications. 

DEPENDABLE 
Both these models uphold the Alliance reputation for all 
'round dependability. In the busy post-war period, 

there will be many "spots" 
where these Miniature Power 
Plants will fit requirements ... 
Write now for further infor-
mation. 

Model "MS" — Full Size 
Motor Measures 

x 2 x 35X" 

New Model "K"—Fsill Size 
Motor Measures 

2%." x 238" x 3 

Remember Alliance! 
—YOUR ALLY IN WAR AS IN PEACE 

' 

New Equipment Notes 

BX-22.3 

"Coprox," a group of copper oxide rec-
tifiers, has been announced by Bradley 
Laboratories, Inc. Gold contacts on the 
copper oxide "pellets," highly adaptable 
mountings, and pre-soldered lead wires, or 
other arrangements to prevent overheating 
during assembly of equipment using these 
rectifiers, are innovations. BX-100, a cen-
ter  tap, full wave rectifier is completely en-
closed in Bakelite and rectifies high fre-
quency curpnt, operating in special cir-
cuits up to 8 megacycles. BX-22.3 is a 
double bridge rectifier, with excellent tem-
perature and temperature-current char-
acteristics. BX-22.5 is a single half-wave 
rectifier, BX-22.2 a full wave, and BX-22.4 
a double half-wave. Conservative ratings 
show very low forward resistance, com-
bined with high leakage resistance. Full 
information can be obtained from Bradley 
Laboratories, Inc., 82 Meadow Street, 
New Haven 10, Conn. 

• 

• 

CH °took 
WIRE & RIBBON 
FOR VACUUM TUBES 

Complete range of sizes 
and alloys for Transmit-
ting, Receiving. Battery 
and Miniature Tubes.. 

Melted and worked to 
assured maximum uni-
formity and strength 

WIRES drawn to .0005" diameter 
RIBBON rolled to .0001" thick 

• SPECIAL ALLOYS made to 

meet individual specifica-

tions. Inquiries invited. 

Write for list of stock alloys 

SIGMUND COHN 
44 GOLD ST. 

SINCE 

NEW YORK 

1901 
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GET YOUR COPY NOW! 

•  C A T A  R C 6 

S I A ° 4 1 1 ° 111 2 

ELECT R O NIC 

CO MPO NE NTS  \\\ 
10 14 

1,110 AND VA•lAeLl “ Si V OSS. 1at, Lit4l AND Sli,l CO   S WIIC KIS 

CHICAGO, ILL. 
A. A. Woods, 643 RO4CO• 

INDIANA, SO. ILLINOIS 
and EASTERN IO WA 

C. R. Booth, 340 N. Michigan Avis., 
Chicago 

LOS ANGELES, CALIFORNIA 
H. A. Lasur•, 2216 W. 11th St. 

PHILADELPHIA, PA. 
J. R. B•ngis, 6710 Hollis St. 

Complete catalog listings, dimension diagrams 
of every unit, up-to-the-minute engineering data 
on fixed and variable resistors for radio and 
other electronic uses, iron cores of all types, 
and inexpensive slide, line, and rotary-action 
switches. . . . 
That's the story of this new 36-page Stackpole 

Electronic Components Catalog, just off the press. 
Write, wire or ask your Stackpole District Engi-
neer for a copy today. Please ask for Catalog R6. 

HESE ELECTRONIC DIVISION ENGINEERS TO SERVE YOU 

CINCINNATI, OHIO 
W m. C. Laing, 3233 Lamb•rt Plac• 

DETROIT, MICHIGAN 
J. E. Volirn•r,  18310 P•nnington 
Drly• 

KANSAS CITY, MO. 
Maury E. B•ttis,  Mfr's.  Exchang• 
Bldg. 

MINNEAPOLIS, MINNESOTA 
J. H. H•imann Company 
1218 Harmon Plac• 

NE W YORK, N. Y. 
Jos•ph Sprung, 234 W. 31st St. 

PLAINVILLE, COMM. 
Karl Dornish, 103 Farmington Av•. 

TORONTO, ONT., CANADA 
A. A. McQu••n, 204 King St., East 

STACKPOLE CARBON CO., ST. MARYS, PA. 

ELECTR O NIC  CO MP O NE NTS 
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CARDIAC MUSCLE 

Uhe anatomy of any well designed motor or 
dynamotor must necessarily include that life-giving part, 

the armature. Like the human heart, this armature is 
actuated by one type of energy and supplies another—to 
suit the requirements. 

Building the armatures of EICOR units, from 
design specifications to final inspection, is a job for 
specialists. Materials must be specified, machined, and 
assembled ... commutators fabricated ... the core 
insulated, wound and connected ... windings 
impregnated and baked . .. surfaces ground .. . the 
assembly dynamically balanced, tested and inspected 
... every detail a series of precise operations. The 
painstaking care used in building these armatures is 
reflected in the quiet, vibrationless operation of the 
Eicor motors and dynamotors so frequently specified 
for critical applications. 

The armature illustrated is an example of hundreds 
of designs, each one engineered for a particular appli-
cation.This one is the heart of a 24 volt motor rated 
.5 horsepower for continuous duty at 4000 R. P. M. 

ElICC O M [WC* 1501 W. Congress St., Chicago, U.S.A. 
DYNAMOTORS • 0. C. MOTORS • PO WER PLANTS • CONVERTERS 

Export  Ad Avr:emo, 89 Brood St., New York, U. S A Coble Aurtema, New York 

101-REM   

a.. 101 4II 

RADIO 
ANTENNAS 
Are Speeding 
the Day of Victory! 

Premax Antennas in standard 

and special designs are proving 

themselves every day at airports, 

in military and commercial instal-

lations on land and sea. For the 

important task of maintaining 

communications under most ad-

verse conditions, Premax Anten-

nas are outstanding. 

Emergency repair crews in pub-

lic utilities are also finding these 

Antennas equally valuable in their 

regular work. 

Undoubtedly one of Premax's 

many standard or special designs 

will admirably fill your require-

ments for dependable antennas 

and mountings. 

Send for complete details. 

Division Chisholm-Ryder Co., Inc. 

4403 Highland Ave.  Niagara Falls, N.Y. 
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Behind the scenes in Precision Aircraft Radio Manufacture ... One of a series, Kodachrome by BR Photo 

I CARE and CRAFTSMANSHIP—SPEED and ACCURACY... All must be there, whether you are guiding a Bomber to its 
target or meeting wartime schedules on precision equipment. 

So today, Bendix Radio has combined Old Crafts with New 

Skills to maintain our precision workmanship at the speed and 
accuracy demanded on wartime assembly lines. Assemblies 
which once took hours now are completed in minutes...and 
all to the same high standard of perfection. 

One example from many: Back of our production line, 
the pattern-maker pictured above is fashioning a jig for his 

co-worker on the assembly line. This jig will speed and simplify 

the positioning and assembly of those small, precision-made 
parts which contribute to the accurate, built-in performance so 

with the new skills 

characteristic of Bendix*  Aircraft Radios and Direction Finders. 

In building complex, yet compact and rugged Radio equip-

ment for the Armed Forces, Bendix care and craftsmanship 
combine with speed and accuracy to hasten the day of Victory. 
Then, in peacetime, Bendix Radio Equipments will resume 

their part in the expanding network of air transport through-

out the United States and the World. 

M E li/S alf CRE W 

Pt' CCII/0/1 

fq wp ment 43, en 4* 
Asfitoionco,potation 

*TRADE MARK OF 0E5015 AVIATION CORPORATION 

- 
BENDI X RADIO 

BENIIII RADIO  DIVISION  OF  THE  BENDIX  AVIATION  CORPORATION 



how many hours in a week? 

Electronic engineers have been working 

hard against time ever since Pearl Harbor. 

As far as they are concerned it's always 

"five minutes to twelve"— for they must 

not only keep up with, but must anticipate 

the vast requirements of modern warfare. 

And they are coming through — with the 

THE MANUFACTURE OF TUBES 
4111 

AND DEVOTED TO RESEARCH AND 
If II illi.  

most of the best electronic equipment for 

the Allies— on time! 

Raytheon-designed equipment and 

Raytheon-made tubes are serving on all 

battlefronts—with that "Plus-Extra" per-

formance quality that has always been 

associated with the name Raytheon. 

ARMY-NAVY "E" WITH STAR 
Awarded All Four Divisions of Raytheon 
for Continued Excellence in Production 

EQUIPMENT FOR THE NEW ERA OF ELECTRONICS 

L 



(Continued from page 44A) 

Scott, C. R., 37 Shields Rd., Motherwell, Scotland 

Shaw, M., Route 3. Box 442B, Los Gatos. Calif. 

Sipman, L. C., Casilla De Correos 135, Buenos 
Aires, Argentina 

Smith. N. A.. c/o Lloyds Bank, Ltd., 40 Victoria 
St., London, S. W. 1., England. 

Smith. R. J., 325 E. 41 St., New York, 17, N. Y. 
Southwick, A. F., 4880 Clay, Denver, 11. Colo. 
Starbuck. W. L., 2517 W. 26 Ave., Denver, Colo. 

Stiles, W. J., 182 Tremont St.. Boston, 12. Mass. 
Stoddard. J. R., Radiation Laboratory. Massa-

chusetts Institute of Technology. Cam-

bridge, 38, Mass. 

Stratton, A., 244 Montrose Ave., Welling, Kent, 
England 

Suarez, C. A., Tucuman 3457, Buenos Aires, Argen-

tina. 
Switzer, W. H., 733 W. 107 St.. Los Angeles. 44. 

Calif. 
Tehan, M. F., 35 Perry St.. New York, 14, N. Y. 

Tepper, J. L., Treinto y Tres 1467. Buenos Aires, 

Argentina 
Theuriet, L. A., 1947 -33 Ave., San Francisco, 16, 

Calif. 
Thomas, J. E., 212 S. Second St., Clearfield, Pa. 

Thompson, C. L.. 504 Lexington Ave., El Cerrito. 

Calif. 
Tarpley, M. W., 225 Lyle Ave., College Park, Ga. 

Troutman, E. L., 2491 N. W. 56 St., Miami, 38, 

Fla. 
Tuttle, J. M., 635 E. Santa Anita, Burbank. Calif. 

Usher, R., 10524-116 St., Edmonton, Alta., Canada. 
N'aldes, S. A., Santa FE 1731 Piso 6, Dto. N.. 

Buenos Aires, Argentina. 

Van Alstyne. Richfield, Wis. 
Vannote, W. M., 100 Kingsland Rd.. Clifton, N. J. 

Visscher, J. F., Esmeralda 722. Buenos Aires, Ar-
gentina. 

Walker, H. E., Yale University, New Haven, Conn. 
Warren. W. H., 31 Stephen St., Montclair, N. J. 
Warshaw, D., 3417 Avenue U. Brooklyn, N. Y. 
Watts. J., 163 Third St., Newark. N. J. 
Wehmann, G. W.. 214 W. Fourth St., Emporium. 

Pa. 
Weinstein. F., 2726 Valentine Ave.. Bronx, 58, 

N. Y. 
Wheaton, T. H., 1267 Trenton St., Denver, 7, Colo. 

Whiddett, S. D., Fairview. Coedkernew, near 
Newport, Monmouthshire. England. 

White, L. C., 3236 N. E. 63 Ave., Portland, Oregon. 
Whyman, E. W., 3711 S. Race St., Marion, Ind. 

Williams. J. F., 923 Capitol Ave., San Francisco. 
Calif. 

Wilson, H. C., 12 Landscape Ave., Yonkers, N Y. 

Woodbury, W. F., 8 Alden Ave., Valley Stream. 
L. I., N. Y. 

Zarate, E. C., Bolivia 35, Piso Dto, B., Buenos 
Aires, Argentina. 

OUR MEN NEED 

* BO O K S * 

SEND 
ALL YOU CAN SPARE 

DISTRI CT  OFFI CES  IN  PRI N CIPAL  CITIES 

Q UICK DELIVERY FR O M DISTRIBUT OR'S ST OCKS 

THE 
CONDENSER 
LINE OF 

UNSURPASSED 
QUALITY 

PAPER, OIL AND ELECTROLYTIC CONDENSERS 

INDUSTRIAL 
CONDENSER CORPORATI ON 
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Look Ilito This HARVEY 
REGULATED POWER SUPPLY 
For a dependable, controllable source 

of laboratory D.C. power, you'll find the 
HARVEY 106 PA just what the doctor 
ordered. Designed to operate from 115 
volts A.C. it has a D.C. output variable 
from 200 to 300 volts, and is capable of 
regulation to within one per cent. 
There are separate fuses on each trans-

former primary as well as the D.C. out-
put circuit; pilot lights on each switch; a 
D.C. volt-meter for measuring output 
voltage; a handy two-prong plug or 

binding posts for the power output. 
Years of specialization in the develop-

ment and building of radio and elec-
tronics apparatus such as this Power 
Supply, I-F and Audio "Ampli-Strips," 
Radio Transmitters, Police and Marine 
Telephone Units qualify us to assist you 
in the development and production of 
electronics equipment calling for a high 
degree of technical knowledge and facili-
ties. Whenever you have a problem of 
this character get in touch with 

HARVEY RADIO LABORATORIES, INC. 
447 CONCORD AVE., CAMBRIDGE 38, MASS. 

Cinaudagraph Speakers. Inc. 
3911 S. Michigan Ave., Chicago 

The following positions of iiut ct to I.R.E. 
members have been reported as open. Apply 
in writing, addressing reply to company men-
tioned or to Box No.   

The Institute reserves the right to refuse any an-
nouncement without giving a reason for the refusal. 

PROCEEDINGS of the I.R.E. 
330 West 42nd Street, New York 18, N.Y. 

TEST EQUIPMENT ENGINEER 

To design, build and maintain electronic test 
boards and equipment; for electrical manufac-
turer. Right man can advance to process or 
product engineer with post-war possibilities. Long 
established Chicago manufacturer. Give details. 
Statement of availability required. Address Box 
No. 314. 

PRODUCT ENGINEER 

With gm,ral background of education and 
experience to assist in development and improve-
ment of new and old products such as automatic 
record changers, recorders, pick-ups, switches, 
timers and relays. Combination of mechanical 
and electrical designing ability necessary. Good 
future for qualified man. Chicago manufacturer. 
Give details. StAement of availability required. 
Address Box No. 315. 

ENGINEER 
Growing organization needs electrical engineer 

as supervisor of electronic laboratory. He should 
be able to design resonant filters, audio and 
power transformers. Good Salary and oppor-
tunity for permanent interest in company. Write 
and state qualifications. Box 317. 

ENGINEERS, PHYSICISTS, DRAFTSMEN 

Opportunities with growing organization doing 
both war and essential civilian production. Recent 
graduates with adequate training will be con-
sidered for these positions: 
Electrical Engineers and Physicists for re-

search and development work on vacuum tubes, 
circuits, electroacoustic devices and related meas-
uring equipment. 
Design Engineers and Draftsmen for design 

and production work on communication equip-
ment. 
Certificate of availability required. Write to 

Director of Research, Sonotone Corporation, 
Elmsford, New York. 

RADIO ENGINEERS 
Radio Engineer for installation, maintenance 

and servicing essential electronic equipment in 
United States and abroad. Electrical background 
and practical radio experience required. Age 
28-40. Salary $3,600 up, plus living expenses. 
Wire or write for application forms to Westing-
house Electric & Manufacturing Company, Radio 
Division, 2519 Wilkens Avenue, Baltimore 23, 
Maryland. 

RADIO ENGINEERS 

Graduate engineers with laboratory experience 
needed for research and development work. Pet 
manent employment with progressive corpora-
tion located in small city in central Pennsylvania. 
Persons now employed at essential activities at 
their highest skill cannot be considered without 
a statement of availability. Write for application 
form to Airplane & Marine Instruments, Inc., 
Clearfield. l'enn•ylvania. 

RADIO AND ELECTRONICS ENGINEERS 
We are seeking the services of one or two 

trained engineers who have had ample experi-
ence in transmitting-tube engineering. The men 
selected will not only be concerned with current 
war production, but should eventually fill good 
positions in postwar operation. 
Also, we are looking for a few young engineers 

with good schooling and background to be trained 
for transmitting-tube development and produc-
tion. 
This is an excellent opportunity for men who 

qualify to connect with a progressive, highly re-
garded  manufacturer  of transmitting  tubes. 
Many special benefits will be enjoyed in your 
association with this company. 
Please reply in writing, giving complete de-

(Continued on page 54A) 

504 Proceedings of the I.R.E.  March, 1944 



Gel IN ON THIS! 
SERVICE MEN... 
KEEP SENDING THOSE LETTERS! 

'Bill Halligan says that all the contest 

entries he's received so far have been swell — 

he wants more letters tellin' about actual 

experiences with all types of Radio Com-

munications equipment built by Hallicrafters 

including the SCR-299r 

RULES FOR THE CONTEST 
Hallicrafters will give $100.00 for the best letter 

received during each of the five months of November, 

December, January, February and March. (Deadline: 

Midnite, the last day of each month.) 

For every serious letter received Hallicrafters will 

send $1.00 so even if you do not win a big prize your 
time will not be in vain. 

Your letter will become the property of Hallicrafters 
and they will have the right to reproduce it in a Halli-

crafters advertisement. Write as many letters as you 

wish. V-Mail letters will do. 

MILITARY  REGULATIONS  PROHIBIT  THE  PUBLICATION  OF 
WINNERS  NAMES AND PHOTOS AT PRESENT... MONTHLY 

WINNERS WILL BE NOTIFIED IMMEDIATELY UPON JUDGING. 

BUY MORE BONDS! tiox 

hallin-afters RADIO 
THE HALLICRAFTERS CO., MANUFACTURERS OF RADIO AND ELECTRONIC EQUIPMENT, CHICAGO 16, U. S. A. 
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Ptoduct4 
"MERIT" 
iffe Radio Paired 

... PARTS manufactured ex-
actly to the most precise 
specifications. 

Long manufacturers of com-
ponent radio parts, MERIT 
entered the war program as 
a complete, co-ordinated 
manufacturing unit of skilled 
radio engineers, experienced 
precision work men and 
skilled operators with the 
most modern equipment. 

MERIT quickly established 
its ability to  understand 
difficult requirements, quote 
intelligently and produce in 
quantity to the most exact-
ing specifications. 

Transformers—Coils—Re-
actors—Electrical Windings 
of All Types for the Radio 
and Radar Trade and other 
Electronic Applications. 

c C 
Since 1924 

MERIT COIL & TRANSFORMER CORP. 
311 North Desplaines St.  •  CHICAGO 6, ILL. 

THE ISOSONLOOP? 

This was the highest "0" loop known 
It went into vast numbers of pre-war 
receivers. For the present, all of our 
efforts are devoted to making DX Xtals 
but when Peace comes, we hope to be, 
once again, the World's Largest Loop. 
Aerial Manufacturers. 

May we help you with your post war plans" 

LX CPYSTAL CC. 
GENERAL OFFICES: 1841 W. CARROLL AVE., CHICAGO, ILL., U.S.A. 

XTALS 

LABORATORY 
STANDARDS 

Standard Signal 

Generators 

Square Wave 

Generators 

Vacuum Tube 

Voltmeters 

U. H. F. 

Noisemeters 

Pulse 

Generators 

Moisture 

Meters 

MEASUREMENTS 
CORPORATION 

Boonton, New Jersey 
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For Operating 

110-Volt A.C. 

Equipment 

from 

110-Volt D. C. 

Power Source 

THE 61e MODEL 262 
TYPICAL APPLICATIONS OF MODEL 262 

The operation of —Radio Receivers • Radio Transmitters • Public Address 

Systems • Radio-Phonographs • Inter-Office Communication Systems • 

Sewing Machines • Electric Fans • Office Equipment • Electric Trains 

• This unit was designed for, and has met, the severe demands of war-

time service for the operation of 110-volt A.C. radios, on land and 

sea, with complete success. It is engineered to eliminate R.F. noise 

over a frequency band from 550 kilocycles to 20 megacycles, and will 

operate satisfactorily under wide extremes of temperature and humidity. 

Further information on this and other El, Vibrator Power Supplies 

will be gladly supplied on request. 

LABORATORIES, INC. 
E • L ELECTRICAL PRODUCTS —Vibrator Power 
Supplies for Communications ... Lighting . . El•ctric 
Motor Operation . . . Electric, Electronic and other 
Equipment ... on Land, Srta or In the Air. 

INDIANAPOLIS 

Eq. MODEL 262 SPECIFICATIONS 
AND PERFORMANCE DATA 

LOAD POWER FACTOR: 85% to 100 % 

INPUT: 110 volts D.C. 

OUTPUT: 110 volts A.C. 

OUTPUT POWER: 250 volt-a mperes 

FREQUENCY: 60 cycles 

EFFICIENCY: 85% at rated load 

REGULATION: 15% approximately 

TEMPERATURE RISE: 50 degrees F. 

HummiTy: Will operate under any degree 
of humidity up to 95% 

VIBRATION: U nit is built to withstand 
severe shock and sudden jar 

SIZE: Length, 10%"; width, 97/"; height, 
W 2"; weight, 28  pounds 

OTHER Eq. 110-VOLT MODELS 

Watt  Load 
Model  Rating  Power Factor 

267   2-5 Watts  High 
261   5-75 Watts   High 
204  50-150 Watts  High 
262   250 Watts  High 
260   250 Watts  Low 
263   400 Watts  Low 
264   500 Watts  High 
268   750 Watts  Low 
269   1500 Watts   Low 
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MULTIPLE UTILITY 

M ULTIPLE utility is one of the many 
outstanding features that makes General 
Electric ELECTRONIC MEASURING INSTRU-
MENTS practically pay for themselves in 
added service. Designed in the famous 
G-E electronics laboratories, this ncw 
line offers a wide choice of compact 
apparatus, for service, maintenance 
and research. 
y G-E unimeters, capacitometers, audio 
oscillators, wide band oscilloscopes, 
square wave generators, signal genera-
tors, power supply units—all give you 
dependable service in measuring 
electronic circuits and component parts. 

While these sturdy, shock-resistant 
units are now in production chiefly for 
the Armed Forces, they may be pur-
chased on a priority if you are engaged 
in war work. After victory, of course, 
the complete line will be available to 
everybody. . . . General Electric, 
Schenectady, New York. 

• We invite your inquiry for G-E elec. 
ironic measuring equipment made 
to meet your specific requirements. 

FR EE 

CATALOG 

ELECTRONICS 
DEPARTMENT 
GENERAL ELECTRIC CO. 
Schenectady, N. Y. 
Please send, without obligation to me. 
the General Electric Testing Instru-
ment Catalog. P-3 (loose-leaf), for my 
Information and files. 

Name   

Company   

Address   

GENERAL E ELECTRIC 
177-C3 

Electronic Measuring Instruments 

(Continued from page 50A) 

tails, past experience, etc. Interviews will be 
promptly arranged. Persons in war work or es-
sential activity not considered without statement 
of availability. Address, Chief Engineer, United 
Electronics Company, 42 Spring Street, Newark 
2. New Jersey. 

ELECTRONIC OR AMPLIFIER 
ENGINEERS 

A well-known company is in need of engi-
neers experienced in the design and use of elec-
tronic equipment, particularly audio and con-
trol amplifiers. 
Also, laboratory assistants and junior engi-

neers, who are experienced in testing and labora-
tory work on electronic apparatus. 
Send complete details to Post Office Box 30, 

Bloomfield, New Jersey. 

ENGINEERS AND DRAFTSMEN 

EXECUTIVE ENGINEER: Graduate electri-
cal engineer with 15 years' experience in radio 
research and development, associated with the 
manufacturing of radio equipment. 
DESIGN DRAFTSMEN: Experience in ra-

dio communications equipment drafting, as as-
sistant, associate or draftsman. 
ENGINEERING ASSISTANTS: May be ra-

dio engineers with about five years' experience, 
preferably in the manufacturing of radio equip-
ment. 
Positions offer post-war opportunities. Salaries 

open. Location, Connecticut. Send full details 
to Box 312. 

RADIO ENGINEER 

Experienced in the manufacture and testing 
of ultra-high-frequency apparatus; must be cap-
able 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. 

ELECTRICAL AND RADIO DESIGN 
ENGINEERS 

Familiar with analysis and design of com-
plex circuits similar to those used in radio 
transmitter equipment. Should have five years 
full-time commercial or research experience. 
Must have B.S. in E.E., or equivalent; thorough 
grounding in engineering electronics and fa. 
miliarity with high-voltage rectifier systems. 
Apply in writing, to Personnel Office, Radia-
tion  Laboratory, University  of  California, 
Berkeley, California. 

RADIO TECHNICIAN 

In Brooklyn war plant. Must be able to use 
test equipment, to set up and use laboratory test 
instruments and supervise production testing of 
radio parts and electronic equipment. N'ill con-
sider men with amateur radio experience. State 
age, education, experience. Availability certifi-
cate required. Write to Box 308. 

ELECTRONIC TUBE DESIGN ENGINEER 
Experience in actual design and manufacture 

of large high-vacuum tubes, or electrical and 
mechanical design, as well as in process, test, 
and application techniques. Essential workers 
need release statement. Write to Box 309, 
giving complete details including salary expected. 

ELECTRONIC DESIGN ENGINEERS 

One of the largest manufacturers of radio 
equipment, located in Eastern Massachusetts, 
has openings for several engineers. Work in-
volves design and development of electronic 
apparatus having a wide field of application 
both now and after the war. 
A Master's degree, or a B.S. degree in Elec-

trical Engineering with two years' experience 
in electronic work, would be desirable but not 
absolutely necessary, depending upon the indi-
vidual. Those now employed in an essential 

(  ifiialoPi page 36.4) 

W ir rOltriffiR 1 
V 
, 

New War Te niques 
Will Improve Peace:rime 

TRANSFORMERS 
Military demands have condensed two 
decades of electronics progress into 
two years— into developments that 
will mean superior Peerless Trans-
formers when the war is over. 

Peerless Transformers already embody 
such features as the exclusive Vac-
Sealing process, hermetic sealing, new 
compound treatment, more lasting 
finishes and an improved winding 
technique. Plant facilities have grown 
and new die making machines add to 
production — all ready for your needs 
when peace comes again. 

Peerless Stock Transformers are available 
in a wide range of designs and capa-
cities...Special Transformers will be 
built to your specifications. 

to 

ems 

"There is a Peerless 
Quality Transformer 

for Every Purpose" 

Write for 
complete specifications 

and catalog 

EER1E5 
6920 McKinley Avenue 

Los Angeles 1, California 
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SEQUEL TO "KNOW-HOW"... a n 06: 

The manufacture of delicate electronic equipment is not just a post-war dream 

with I. C. E.! Every day, carefully packed boxes leave the I. C. E. plant ... bound for 

action. Obviously, just where and how this equipment is being used cannot be 

told. But we can tell you this: After the war when you're ready to put electronics 

to work in your plant ... I. C. E. will be ready to work for you. Ready not only with 

the "know-how," but with the equipment and manpower necessary to produce 

what you want... when you want it! 

. the pro mise of great things to come 

IN DUST RI AL  St CO M ME RCI AL ELECT R O NICS 
BEL M O NT, CALIF OR NIA 
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Harnesses — made to your toughest "specs" — 
that's one of our big dishes. Several internation-
ally known radio manufacturers can tell you that 
Wallace methods help them get the production 
they want. Of course, it's all in winning the war 
but it's fine training for competitive peacetime 
operation, too. Perhaps we can use this experi-
ence to help you get the jump on competition 
once peace is declared. 

WillIWALLACE MFG. [a 
General Offices: PERU, IRD1111111 

Cable Assembly Division: ROCHESTER, inolAnn 

(Continued front page 544) 
activity must be able to obtain release. Appli-
cants should submit their qualifications and 
salary expected to Box 307. 

RADIO ENGINEERS AND TECHNICIANS 
A progressive company with a sound back-

ground in radio and electronics needs, at once, 
several men with training and experience in any 
phase of the radio industry. The work open is 
vital to the war effort but offers a promising 
post-war future for the right men. College 
degree or equivalent experience necessary. Men 
now engaged at highest skill on war production 
should not apply. Write Box 294. 

ELECTRICAL OR CHEMICAL ENGINEER 
... thoroughly versed in the theory of liquid 

and solid dielectrics for the position of chief 
engineer. To direct the research, development 
and general laboratory on capacitors and capaci-
tor applications. This is an unusual opportunity 
for a capable engineer interested in his present 
and postwar future. Write to Industrial Con-
denser Corp.. 1725 W. North Ave., Chicago, Ill. 

LOUD SPEAKER ENGINEER 
A medium-size manufacturing organization, 

with a concrete financial foundation, requires an 
engineer experienced in loud-speaker design and 
acoustics, plus knowledge audio-amplifier design 
and construction. 
This compan§' has been successful in manu-

facturing identical prewar equipment now being 
produced for the war effort, and shall continue 
without interruption upon the resumption of 
post-war activities. Laboratory and plant lo-
cated in Brooklyn, N.Y. 
If interested in a permanent position with an 

excellent future, write to Box 318 and include 
full details. 

PHYSICIST OR ELECTRICAL ENGINEER 
Leading manufacturer of industrial radio-

frequency equipment desires the services of a 
physicist or electrical engineer to direct de-
velopmental and applications laboratory. This 

(Contitsued on page MA) 

ENGINEER FOR DEVEL-
OPMENT AND PRODUC-
TION OF ELECTROLYTIC 
AND SOLID DIELECTRIC 

CONDENSERS 

By well established medium sized 
manufacturing concern in Southern 
California. 

NVe are looking for an expert in the field 
of condenser manufaciltring who is thor-
oughly familiar with methods and the 
designing of machinery and equipment 
used in the fabrication of electrolytic and 
paper condensers. A degree in chemistry 
or physics is desirable but not absolutely 
necessary; however, extensive practical 
experience is required. 

If you meet these requirements, please 
state in your application your experience, 
past connections and salary expected. 
Your reply will be kept confidential and 
will be returned upon request. An inter-
view can be arranged. 

BOX 316 

THE INSTITUTE OF RADIO 
ENGINEERS 

330 West 42nd Street 

New York IS. N.Y. 
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is also a tribute to 
NYT TRANSFORMER 

efficiency 
More than on order, th• command to submerge 

is proof of a conlidenc• in personnel and 

equipment Where pressure, cl•pth and enemy 

dirtitructiv•ness are constant threats, apparatus 

must operate smoothly, instantly and efficiently 

The N-Y-T Sample Department provides just 

such equipment — audio and  power trans-

formars, chokes and filters —specially designed 

to function perfectly at all times  Moisture 

corrosion,  vibration and concussion — usual 

deterrents to highly-sensitive equipment opera-

lion —are of no consequ•nc• in N Y T units 

custom built for the particular job 

Whether your post-war product involves a 

marine, aviation or industrial transform•r for 

unusual  application  or  performance,  the 

N  Y T Sample Department can fulflIl the 

requirement 

NE W YORK 
TRANSFORMER 
COMPANY 

t\TYr 

"KNOW-HOW" 
• in Design 

• in Manufacture 

• in Delivery 

pRACTICAL experience sharpened and broadened by the exacting test of war. 
Such is the story of Templetone's amazing 
progress and growth in the field of elec-
tronics. From the designing stage, through 
every phase of manufacture to "on the 
dot" deliveries, Templetone's proven 
"know-how" in serving Uncle Sam pre-
sages even greater Templetone progress in 
the peacetime era to come. 

Electronics Division 

TE MPLETO NE 
RADIO CO MPA NY 

Mystic, Conn. 

24-26 W AVFPLY M ACE NF W YORK, N. Y. 
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A Low Power Factor 
is Characteristic of 
Q-Max A-27 Lacquer 

4-4T17111i; 
4/114•48 101.“1 
MOLVII 416 ~W 
NO M 

Comparison of the curves published in 
the new Q-Max A-27 Booklet indicates 
that the power factor of Q-Max, along 
with its dielectric constant, decreases as 
the frequency increases. This is a cor-
relation to be expected for it is known 
that the power factor curve reaches a 
maximum whenever the material under-
goes any form of polarization. The 
power factor of Q-Max continues to 
decrease gradually from one megacycle 
up to 30 megacycles, indicating that 
probably no further change will take 
place until atomic polarization of the 
material occurs. Polarization in Q-Max 
films, should it occur, would probably 
take place somewhere in the upper limit 
of the frequency band. 
A new booklet-24 profusely illus-

trated pages—provides full details of the 
electrical and mechanical properties of 
Q-Max A-27 Radio Frequency Lacquer. 
Send for your copy now. 
Other C. P. products available to the 

communications industry are: a radi-
ation-free copper or aluminum Coaxial 
Transmission Line, Auto-Dryaire for 
dehydrating transmission lines, new 
Sterling Switches, Antennas and Radi-
ating Systems. 

PRODUCTS 0 COMPANY, INC. 

744 BROAD ST., NE WARK, N. J. 

Factory: 346 Bergen Ave., 

Jersey City, N. J. 

Communication Products Company, Inc. 
744 Broad Street, Newark, New Jersey 

Send: D Q-Max A-27 Lacquer Booklet 

Data on   

Name   

Company   

Addre:s   

58‘ 

NINO 

Pwilfaiuncatce gotefineeited electiwwic(744#4340teia 
THE ACME ELECTRIC & MANUFACTURING CO. • CUBA, N.Y. • CLYDE, N.Y. 

2 
MANUFACTURING COMPANY, INC. 

RADI O RECEIVERS  • PH ON OGRAPHS 

TELEVISION  • ELECTRONIC TEST EQUIPMENT 
SIGNAL GENERATORS  • AUDIO OSCILLATORS 
Licensed by RCA  •  Hazeltine  •  Armstrong F. M. 

305 EAST 63rd ST., NEW YORK 21, N. Y. PHONE REGENT 7-3090 
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What Price Pilots? 

lincle Sam takes a new 
recruit of top-notch physical and mental 

ability, and makes a combat pilot of 
him in two years, at a cost of S30.000. 
Trained and equipped to perfection, 

he will be a sure-fire success as a fight-
ing man. But what about the day his 
combat iob is finished — can we be as 
certain that he will come back to 

" Among our contributions to his c quip-

men'  are  communications  equipment 

and aircraft ignition components. Con-

necticut Telephone and Electric Division 

employees are over 99̂ o pledged to 

regular payroll deductions on an aver-

age of 15", of their incomes. 

a nation of opportunity and prosperity? 
Regular, substantial investment in 

war bonds is a double-edged sword 
that helps fight the war and assures 

a prosperous postwar economy. It is 
your duty and ours to encourage those 
who work with and for us to invest 

regularly and substantially . . . for 
everybody's future. 

CONNECTICUT TELEPHONE & ELECTRIC DIVISION 

MERIDEN 

01A1 

c-5P1. Nou  I 

CONNECTICUT 

Pr 1944 Great Arneriran laduttries. In  iletodrn. Iona. 
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DRY AIR PUMP 
for Economical Dehydration of Air 

for filling Coaxial Cables 

This easily operated hand pump quickly and effi• 
ciently dehydrates air wherever dry air is required. 
One simple stroke of this pump gives an output of 
about 23 cubic inches. It dries about 170 cubic feet 
of free air (intermittent operation), reducing an 
average humidity of 60% to an average humidity of 
10%. The transparent main barrel comes fully 
equipped with one pound of air drying chemical. 
Inexpensive refills are available. 

The Andrew Dry Air Pump is ideal for maintaining 
moisture-free coaxial cables in addition to having a 
multitude of other applications. 

Catalog describing coaxial cables and accessories Ire* 
on request. Write Jur inlormation on ANTENNAS 
and TUNING and PHASING EQUIPMENT. 

AMR?" 

ANDREW CO.) 

363 EAST 75th ST., CHICAGO 19, ILL. 

PERMANENT MAGNETS 

THE Arnold Engineering Company is 
thoroughly experienced in the production 

of all ALNICO types of permanent magnets 

including ALNICO V. All magnets are com-

pletely manufactured in our own plant 

under close metallurgical, mechanical and 

magnetic control. 

CTHE ARNOLD ENGINEERING COMPANY) 
141 EAST ONTARIO STREET. CHICAGO Ii. ILLINOIS 

(Continued from page 56A) 

field is expanding rapidly and offers excellent 
opportunities for advancement. Position of a 
permanent nature. Present activities devoted 
entirely to the war effort. Address replies to 
Box 306. 

SOUND AND PROJECTION ENGINEERS 
Openings exist for sound and projection en-

gineers. Several years experience in the installa-
tion and maintenance of 35 mm motion-picture 
equipment of all types required. Must be draft 
exempt or over draft age and free to travel any-
where in the United States. Basic starting salary 
$3200. U. S. Army Motion Picture Service, En-
gineering and Maintenance Division, 3327-A 
 use Street, St. Louis, Missouri. 

RADIO ENGINEERS 
Permanent  radio-engineering  position  In 
Southern California for men with creative and 
design aptitude, especially with UHF circuits. 
Starting salary and advancement depends upon 
the engineer's experience and ability. 
Applications are solicited from persons that 

are not using their highest skills in war work. 
Write complete qualifying educational train-

ing and experience to Chief Radio Engineer, 
Bendix Aviation, Ltd.. in care of The Shaw 
Company, 816 W. 5th Street, Los Angeles 13, 
California 

ELECTRONIC ENGINEER 
or electrical engineer with high frequency ex-
perience, preferably with some background in 
mechanical engineering. Position with well es-
tablished company of known reputation in the 
Middle- West with post-war possibilities in the 
manufacture of industrial electronic equipment. 
State education, experience, salary expected, 
marital and draft status. Write Box 313. 

The foregoing positions of interest to I.R.E. mem-
bers have been reported as open. Apply in writ-
ing, addressing reply to company mentioned or 
to Box No.   

WRITE FOR 
YOUR COPY 
TODAY 

MOTOR CATALOG 
Describes and gives dimensions 
and output of small motors from 
1/3000 h.p. to 1/3 h.p. plain and 
back-geared  motors, for AC., 
D.C., or Universal operation—de-
pendable. efficient and economi-
cal SpeedWay Motors embodying 
the  "know  how"  developed 
through more than 30 years of 
specialization in small motors— 
the "know how" that has answered 
so many war problems for all 
branches of the service. 

If you use small motors, write for 
this new catalog today. If you 
have small motor problems, send 
in your specifications for Speed 
Way's recommendations. 

60A 

5PtttWai MANUFACTURING CO., 15755. 52,5 Am, CICERO, ILLINOIS 
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'Me magic 4 
ELECTRONICS... 

NO word in industry has achieved more fame 
than "electronics". Perhaps its excessive use has over 
emphasized the wonders of an electronic world. However, 
there is the undeniable fact that the magical performance 
of electronic equipment is unexcelled. 
An outstanding example is the SECO automatic voltage 

regulator. When its electronic "genie" ...a special bridge 
and thyratron tube circuit ... detects any fluctuation in 
A-C line voltage, a variable voltage transformer is author-
ized to correct for a constant output voltage. 
This improved type regulator retains all the desirable 

characteristics inherent in the variable voltag, auto. 
transformers. 

• HIGH EFFICENCY — 98% or better at full load. 
• NO WAVE FORM DISTORTION. 

• LO W EXCITING CURRENT. 

• LO W COST PER KVA. 

And it also has additional features offered by no other 
automatic voltage regulating equipment, 

• NO INTERNAL MECHANICAL ADJUSTMENTS. 
• OPERATION NOT AFFECTED BY LOAD OR 
PO WER FACTOR. 

• OUTPUT VOLTAGE AND SENSITIVITY 
ADJUSTABLE OVER WIDE RANGE 

• CORRECTS A WIDE RANGE OF INPUT 
VOLTAGES. Standard models correct for input 
voltage variations of plus and minus 17.5 % out-
put voltage. 

For all electrical and electronic applications, this modern 
voltage control is available for 115, 230, or 440 volt cir-
cuits in capacities up to 75 KVA. 

Send for Bulletins 

149 ER and 163 ER 

SUPERIOR ELECTRIC COMPANY 
321 LAUREL STREET, BRISTOL, CONNECTICUT 
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Only 

250 
EACH 

WHEN THE NAVY WANTS ACTION IT'S 

C e e a O re e af  

... and %hen it's time for action on your 

electronic problems, come to Operadio—one 

of the first to build and deliver the vital 

Comm llll ication Control Equipment shown 

fll)Ose on board a ''flat-top". The U.S. N al, y 

placed full responsibility vv ith Operadio for 

its design, engineering, and manufacture. 

Perhaps the same facilities can serve you! 

oPERADio 
...6"c7;-67,Aree ._.53/E-c4r6SX-

OPERADIO 1ANUFACTURING CO., ST, CHARLES, ILL. 

jai WI a  
&  A LLI E D 'S R er fti d 

R•F RES ON ANCE 
& COIL WI N DI N G 

CALCULATOR 

Dual-pur-
pose Calcula-

tor devised by Allied 
for fast, accurate determi-

nation of resonance factors and 
coil winding data. Easy to use. 
No. 37-955. Postpaid, only 25c 

A teece d;1 R a di o 

D at a H a n d b o o k 

Formulas, stand-
ards, data, tables, 
charts —used in 

solution  of 
radio and elec-
tronic problems. 
No. 37-754. Net 
postpaid . . 25c 

ALLIE D RADI O CORP. 
833 W. Jackson, Dept C3-C-4, 

Chicago 7, Minot* 
4+, 

ALLIED RADIO 
Eoeuidigg c:oc Rade." ague Eeectlosiza 

THE TUBES YOU CAN 
DEPEND UPON 

CUR JiiN I 
Rectifiers - Phototubes - Electronic Tubes 

Prompt deliveries on most types 
SEND FOR CATALOG 

C ONTINENTAL ELECTRIC C O MPA NY 
Ow0100 W WI  GENEVA, ILL.  iiirw VO W P OO 

*el  Mu1.1  301 W 161, 61 
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The Model 610-B MEG-0- METER 

.\ New Battery Operated 

INSULATION TESTER 

The Model 510-11 as ideal for either bench 
or field 'cork. Operates on 2 soll•eontoined 
hatter", 

SUPERIOR INSTRUMENTS CO., Dept. H, 

instantly measures the exact 
leakage of all insulation from 
zero up to-200 MEGOHMS 
at a test potential of 500 
VOLTS D.C. 

• No Hand 
Cranking 

• Direct Reading 

• 3 Ranges: 0-20 M 
Ohms/2 Meg./200 Meg. 

227 Fulton SL, New York 7, N. Y. 

$62.50 
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Time alone can prove how good capacitors are. The enviable reputation of 

Tobe Capacitors for long life rests on ass almost complete absence of "returns". 

Such things don't "just happen". Back of Tobe Capacitors are constant 

research, specialized manufacturing experience and rigid inspections. Ratings 

are always on the conservative side. 

Whatever your condenser problems, we invite you to put them up to our 

engineers. You will receive prompt service and close co-operation. 

IRS 605, 
5 mfd. 600 volts 

SIZE--
Overall height 5" 

CONTAINER-
13/i6" x 21/2 " x 4" 

Dimensions of other 
TRS models on 
request. 

L. 

‘I 
st4FO• 
kg) R111414. 

LONG LIFE ASSURED 

osCHMAiviv  

SPECIFICATIONS FOR 
g 

• M AS SAC' '‘IS  
CAPACITY—.1 to 50.0 mfd. 

WORKING VOLTAGE-
600 volts DC to 6,000 

volts DC. 

IRS CAPACITORS 

SHUNT RESISTANCE-
15,000 megohms per mfd. 

• RESISTANCE Terminal b Case-
10,000 megohms minim um: 

POWER FACTOR—.002 to .005 

VOLTAGE TEST Terminal to Case--
2,500 VDC for 600 volt 
condensers. 

Capacitor unit tested at 21/2  times rated voltage. 

Universal (wrap around) L or foot type and screw Spade-lug 

mounting brackets can be supplied. 

A small part in Victory today . . . A BIG PART IN INDUSTRY TOMORRO W 
(13, 
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the amateur is 
still in radio... 
No other industry has had the benefit of such an eager and 
proficient group of supporters as the radio amateur. 
By his own experimentations and inventions, and because 

of the extreme demands he made upon radio equipment, the 
radio amateur has been the driving force behind many of the 
major developments in radio. Out of the amateur testing 
grounds have come advanced techniques and vastly superior 
equipment of which Eimac tubes are an outstanding example. 
Eimac tubes created and developed with the help of radio 

amateurs, possess superior performance characteristics and 
great stamina. They will stand momentary overloads of as 
much as 600% and they are uncondi-  Follow the leaders to 
tionally guaranteed against premature 
failure due to gas released internally. 
These are good reasons why Eimac tubes •.' 
are first choice among leading elec-
tronic engineers throughout the world.  grusEg 

EITEL-McCULLOUGH, Inc., SAN BRUNO, CALIF. 
Plants at: Salt Lake City, Utah and San Bruno, California 

F.xperf Agents: FRAZAR 6. HANSEN, jot Clay S   
Saw Fraecure, Grliferoria, U. S. A. 

754 

Eimac 2 5 OT 



Type DY Dykanol bypass capacitors 
are speciall) designed for the excessive highs and 
lows of temperature and humidity—the extremes 
of everything wind, weather and water can offer 
on aircraft, submarines and surface ships. The extra 
endurance found in these and all other C-D capa-
citors stems from 33 years of doing one thing well 
—making capacitors and nothing else. For complete 
description of Type DY write to Cornell-Dubilier 
Electric Corporation. South Plainfield, New Jersey. 

IT S C-D FOUR TO ONE: In an independent inquiry 

Just completed, 2,000 electrical engineers were asked to 
list the first, second and third manufacturers coming to mind 
when thinking of capacitors. When all the returns were 
in, Cornell-Dubilier was far in the lead — receiving almost 
four times as many "firsts" as the next named capacitor. 
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USE VARIACS* 
for Efficient 
Voltage Control 

Hundreds of thousands of Variacs are used to 
control motor speed, heat, light and power, 
and to compensate for under-voltage or over-
voltage lines. 

Variacs have • Low LOSSES 
• 1:0011 !REGULATION 

• SMALL SIZE 
• LINEAR VOLTAGE ADJUST MENT 

These features, plus General Radio quality con-
struction are the reasons for the wide acceptance 
of the. Variac wherever variable a-c voltage is re-
quired. 
Variacs are more efficient, more economical, and 
more convenient to use than resistive controls. 

The Variac is an autotransformer with a 
toroidally shaped winding. As the control 
dial is rotated, a carbon brush traverses 
the winding, turn by turn. The brush posi-
tion at any setting determines the output 
voltage, which is read directly from the 
dial. 

Bulletin No. 862 describes current models 
of the Variac. Write for your copy today. 

Variacs are available for 60-cycle service in 9 models rang-
ing from 170 va to 7 kva. They can be assembled in gangs 
for 3-phase operation in power ratings up to 25 kva for line 
voltages up to 460. 

GENERAL RADIO COMPANY 
*The name Variac is a registered trade mark of the 
General Radio Company. The Variac is manufac-
tured and sold under U. S. l'atent No. 2,009.013. 

Cambridge 39, Massachusetts 
NEW YORK  CHICAGO  LOS ANGELES 


