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St Altai) 
-- PERE ECI LI CLOSED AND 
POT I GHT EPI MEANS OE I US1  VV ebster 

Use KOVAR 
for sealing 
ELECTRONIC TUBES 
TRANSFORMERS 
RESISTORS 
CAPACITORS 
CONDENSERS 
VIBRATORS 
SWITCHES 
RELAYS, ETC. 
INSTRUMENTS 
GAUGES 
METERS 
RECEIVERS 
TRANSMITTERS 

"FOR GREAT 
ACHIEVEMENT" 

gel 1.1.0‘911P1.0  Il• P OGS1 Of11 0. 

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

Through the use of Kovar and glass 
your product can be sealed hermetically 

against all Tropical elements—extreme heat, 
excessive humidity, myriads of insects and 

strange fungus growths. 

Kovar is an alloy of cobalt, nickel and iron. A 
seal between Kovar and glass is produced by forming 

a chemical bond, through heating, in which the oxide of 
Kovar is dissolved into the glass. Kovar has the unique 
property of matching the expansion factor of hard or thermal 
shock resistant type glass—is readily formed by machining or 
deep drawing. 

Stupakoff supplies Kovar in sheet, rod, wire, tubing or fab-
ricated as eyelets, cups, flanges, etc., also Kovar-glass seals com-
plete, ready for soldering, welding or brazing to metal containers. 

Kovar IS the answer to permanent vacuum or pressure 
tight sealing. For further information on your specific problem, 
write Stupakoff today. 

BUY MORE WAR BONDS 

2.% 

SI N C E  18 9 7 

P,u)dgeced  tite Venice od Seca/towed 
STUPAKOFF CERAMIC AND MANUFACTURING CO., LATROBE PA. 
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• Functionally fitted to given applica-

tion—that's the keynote of the exten-
sive Aerovox oil-filled capacitor line. A 
plentiful selection of containers, mount-
ings, terminals, sizes and impregnants, 
assures virtually custom-built capaci-

tors with guaranteed performance. 

Aerovox offers both Hyvol and 
Hyvol-M (mineral oil) liquid impreg-
nants. For applications subjected to 
wide temperature variations, and where 
weight and size are important. Hyvol is 
recommended. Hyvol capacitors are 
considerably more constant with tem-
perature variations than are those with 

other impregnating materials of the 
same specific inductive capacity, show-

ing no capacitance drop until tempera-
tures of —20° F. (-29° C.) are reached. 
At —40° F. (-40° C.) the maximum ca-
pacitance drop that may be expected is 
of the order of 5 to 10%. 

Hyvol-M (mineral oil) capacitors have 

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

At any rate, Aerovox offers both 
Hyvol and mineral oil capacitors, as 
well as wax-impregnated units for lim-
ited service—along with that wide 
choice of containers, mountings, termi-
nals—to meet your exact needs. 

• NEW CATALOG lists the exceptionally wide selection of Aerovox 
oil capacitors, as well as other types. Write on business letterhead 
for registered copy available only to engineers, designers, electronic 
maintenance men, manufacturers of equipment, and executives. 

C"--
( 

INDIVIDUALLY TESTED 

AEROVOX CORPORATION, NEW BEDFORD, MASS., U. S. A. 

Export: 13 E. 40 ST., NEW YORK 16, N. Y. • Cable: 'ARLAB' • In Canada: AEROVOX CANADA LTD., HAMILTON, ONT. 

SALES OFFICES IN ALL PRINCIPAL CITIES 

Proceedings of the IR E.  August, 1944 
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AR MY-NAVY "E" WITH STARS 

Awarded Al! four Divisions of Raytheon for Cont,nued Excellence in ProducGon 

The electronic engineer is an impor-
tant part of the war effort, and his day 

has too few hours for him. His highly 

vital, specialized training and knowl-

edge are utilized to the utmost in de-

vising new electronic equipment to 

keep up with and anticipate the many 

demands of the modern warfare. 

Despite those many work-filled 

hours, the electronic engineer still 

finds time, here and there, to dream 

of the future and plan for the day when 

his skill will be turned to peacetime 

pursuits. He has wonderful plans for 

tomorrow: Ideas for a better and more 

comfortable life. Today, however, he 

is working to guarantee tomorrow. 

Raytheon is proud of its engineers 

and the job they are doing . . . and 

Raytheon is proud to have a part in the 

vitally important role that advanced 

electronic tubes and equipment are 

playing in the Allied Nations' drive 

for Victory. In the peace to come, 

Raytheon's advanced research and 

technique will assure Raytheon's con-

tinued leadership in the electronic era. 

HA HiOtt 
RAYTHEON MANUFACTURING COMPANY 

Waltham and Newton, Massachusetts 
DEVOTED TO RESEARCH AND THE MANUFACTURE OF TUBES AND EQUIPMENT FOR THE NE W ERA OF ELECTRONICS ; 

4' 
Proceedings of the IRE. August, 1941 
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MAKE ACCURATE TESTS 
AND MEASUREMENTS 

There is an -hp- Electronic 
strument for making most every 

important test or measurement in the field of radio and 
electronics. Their accuracy is unexcelled and their perform-

ance unequalled. Simplicity of operation makes for greater 
speed ... saves you valuable time whether on the production 
line or in the laboratory. Get the facts about -hp- Instru-

ments today. Ask for catalog number 17A. Also have your 
name put on the list for regular mailing of -hp- technical 
bulletins which give valuable current information about 
electronic instruments. No obligation, of course. 

HEWLETT-PACKARD COMPANY 
P. 0. BOX 823D, STATION A, PALO ALTO, CALIFORNIA 

Oft# 
NSTRUMENTS 

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

• Distortion Measurement 
• Generate Standardized Voltages 
• Measure Audio Frequencies 
• Gain Measurement 
• Voltage Measurement 
• Measure Network Response 
• Measure Wave Harmonics 
• Acoustic Measurement 
• Noise Analysis 
• Measure Frequency Response 
• Square Wave Measurement 

• Establish Standard Frequencies 
• Establish Standard Ratios by 
Attenuation 
• Provide Voltage for Bridge 
Measurement 

Special instruments and combina-
tions of instruments can be sup-
plied to fill your needs. Let our en-
gineers help solve your problem. 

Prch.teding.r of the I.R.E.  .4 isqust.  ; 
SA 
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Master testing instruments are required to be 

unfailingly accurate at all times. Comparable, 

for example, to the U. S. Master Clock which 

regulates all government time is the RAULAND 

Frequency Standard which makes possible the 

almost unbelievable control accuracy of1/100th 0/ 1%! 

Its maximum backlash is .007 of one degree or 

one part in fifty thousand . . . and this precision 

control is maintained throughout the entire 

range of minus 30° C. to plus 50° C! A typical 

example of RAULAND engineering thoroughness 

and craftsmanship. 

anship 
Trademarks of Craftsm  

Algae. Master Goternment 
Clock located at U. S. Bureau 
of Standard', Washington, D. C. 

Right: RAULAND 
Frequency Standard 

RADIO • RADAR • SOUND • 
COMMUNICATIONS • TELEVISION 

Electroneering is our business 

THE RAULAND CORPORATION  • CHICAGO 41, ILLINOIS 

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

Proceedings of the IRE.  August, 1944 



Visibility Zero... 

Mission Accomplished... 

Communications Completed... 

BUY MORE WAR BONDS 

RCA Aviation Radio Transmitter 

used in the PBY Catalina 

RCA Aviation Radio Receiver used 

in the PBY Catalina 

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

come back! 

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

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

RCA VICTOR DIVISION • CAMDEN, N. J. 

41pEADS THE WAY.. In Radio. .1'clevision ..Tubes 
phonographs.. Records.. Electronics 

o w, H  
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* The Pan American World Airwa, 
routes shown below are those in exi 
tence on December 7th, 1941. Preset 
routes cannot be shown. 
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PAN AMERICAN W ORLD AIR WAYS continues to perform a vital 
wartime service by speeding men and materials to every U. S. front 

and outpost... and AAC Precision Radio Products play an important 

part in this service. 
As the giant Clippers spread their wings across the world, AAC 

Products help to maintain communications along the lifelines of this 
vast system which flies to every continent on the globe. These products 

are in use at operations bases, both here and overseas. 

This is just one example of how the engineering and production 
skill of Aircraft Accessories Corporation serves the world's great air-
lines — as well as various branches of the armed forces. As one of 

America's largest producers of transmitters and other precision radio 
equipment, AAC offers the services of its Engineering Department in 

designing special equipment for you, without obligation. 

ELECTRONICS DIVISION 
KANSAS CITY, KANSAS 

El In war as in 
N-1  peace the PAA 
Clippers serve hu-
manity.Here 1810 
pounds of medical 

supplies go aboard 

atLaGuardia Field. 

(E-54) 

1 

J CCESS ORIES  ORPORATION 
and ELECTRONICS  • ENGINEERED PO WER CONTROLS 
New York,  N. Y.  Burbank, Calif.  Cable Address: AAC PRO 



ONE ALWAYS STANDS OUT 

IT'S THE QUALITY OF PERFORMANCE THAT COUNTS 

ALCO has been awarded for the fourth 

time the Army-Navy "E"A ward for con-

tinued excellence in quantity and quali-

ty of essential production. 

TRADE MARK REGISTERED U. S. PATENT OFFICE 

STEATITE CERAMIC INSULATORS 
There are many dancers in the ballet but only one Premiere Danseuse. It's 

the quality of performance that counts ... the exquisite skill and precision 

that is acquired only through long years of training and experience. 

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

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

from these years of experience is your assurance of the quality of ALSiMAG 
performance. 

AMERICAN LAVA CORPORATION 
CHATTANOOGA 5, TENNESSEE 

42nd  YE AR  OF  CER A MI C  LE A DERSHIP 
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Tests are meaningless unless the testing 
equipment is accurate. Utah's "bureau 
of standards" is kept under guard to 
assure absolute accuracy. ... these special 
testing devices, used to check the testing 
equipment on the line, are operated only 
by specially trained men and are never 
allowed to reach full-scale reading. 

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

doh 

*1191111111P 

testing the testers! 

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

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

radio and electronic ideas to military 
needs today—and will play an equally 
vital part in meeting commercial require-
ments tomorrow. 

*  * 

Every Product Made for the Trade, by 

Utah,IsThoroughlyTested and Approved 

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

speakers, vibrators, vitreous enamel resistors, wirewound controls, 

plugs, jacks, switches and small electric motors. 

Utah Radio Products Company, 842 Orleans Street, Chicago 10, III. 

I, t.ti. J ,V3" . • It,  1 R.E. August, 1 



W HERE TOMORRO W MEETS TODAY 

Up there 
above the clouds 

the Dreams of Tomorrow 
are being proven 

today 

SOARING COMBAT PLANES sing a song of the future! In 

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

Vision and inventive genius are required to originate such new 
developments, and in this field Small Electric Motors (Canada) 

Limited have been privileged to make important scientific contri-
butions. Out of the experience gained today by forward-looking 

firms like this, substantial benefits will accrue to the world of 
tomorrow. 

At the moment, Small Electric Motors is in full production for 

Victory but in the post-war field of electrical equipment the 
influence of this aggregation of creative engineering minds will 
also be recognized for specialized services of a high order. 

DESI G NERS 
AND MANUFACTURERS 
Of All Types of Precision 
Electrical Apparatus 

Including: 

D.C. & A.C. Motors for 
Specialized Purposes 
Aircraft Generators 

Aircraft Engine Starters 
Alternators 

Motor Generators 
Electric Pumps 

Motors with Governors 
Gyros, etc. 

Snibil a  & C al e & WOO 
(CANADA)  LI MI TE D 

L E A S I D E  •  T O R O N T O 
12A 
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W ATER and AIR COOLED 

TRANS MITTING AND 

RECTIFYING TUBES 

Even for small Amperex tubes, extraordinary 

processing temperatures are specified by our 

engineers. To achieve these, we employ high 

frequency induction heating with high 

power water cooled tube generators. This 

"Amperextra" drives the ocluded gases from 

the tube elements, after which they are pumped 

out in an operation for which specific and unique 

equipment was devised in our own tool shop. 

A better Amperex tube is the result . . . as 

substantiated by operating economy and an 

Increased number of working hours per tube. 

AMPEREX ELECTRONIC CORPORATION 
79 WASHINGTON STREET  BROOKLYN 1, N.Y 
WORT DIVISION: 13 EAST 401h STREET, NEW YORK 16, N. Y, CABLES: "ARLAB" 

SHARE YOUR BLOOD WITH A W OUNDED SOLDIER ...VISIT YOUR BLOOD BANK TODAY 

Proceedings  Ike I.R.E.  Angina, 1144 13A 



Capacities from 
6 to 2000 MMF 

Less than one half inch in diameter ... capacities from 

6 MMF to 2000 MMF . , ideal for numerous UHF 
and VHF applications. 

Mica discs of the highest grade, individually silvered 

for maximum stability and stacked to eliminate any 

book effect. The assembly is vacuum impregnated. 

Available in a variety of terminals. All units are 
color coded. 

Form 586 is available for additional information on 

these CENTRALAB Silver Mica Capacitors. 

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

14A 
Proceedings of thc I.R.E. August, 1944 



DEATH AT 20 METERS 
. . . or another reason for the long life of Gam matrons 

ONE out of every thousand Gammatron tubes 

is sacrificed in the Heintz and Kaufman lab-

oratory so that the operating life of similar Gam-

matrons may be periodically checked and assured. 

This thousandth tube oscillates at 20 meters, 

pouring its power into light bulbs until it finally 

fails. The length of its operating life is carefully 

recorded, and compared with the previous per-

formance of tubes of the same type. This is but 

one of 17 checks made in the Heintz and Kaufman 

laboratory to guarantee the efficiency and reliabil-

ity of every tube bearing the Gammatron label. 

Proceedings of the 1.R.E.  Augicrt, 1944 

Basically correct design, plus continuous 

mechanical and electrical tests, have led to wide-

spread recognition of Gammatrons as "the tubes 

that can take it." 

FOR VICTORY AND SECURITY BUY WAR BONDS 

HEINTZ AND KAUFMAN LTD. 
SOUTH SA N FRA NCISC O  • CALIF OR NIA, U. S. A 
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UNITED  TRANSFORMER COMPANY 

NI * YO R K I3. N 

ST.BotiisER & 
BOUR.   

M OBILL  FILFRIGERATI ON  DIVISION 
New •046• O U4CL C.C . .POCI 01.00 

.••• •••••• ...... 

TRIIRSf011filfR CO 

AUDIO DEVELOPMENT COMPANY 

COSOAROCATX:N COUIPSIDIT 

Torromn •••••• 
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AUTOMATIC AND K NOTS CONTROL M UIVAISNT 
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CONTR OL  CORPORATION 

ROLA COMPANY iN€ 
no ornoos o wn 

C MILAWO 40.4404 1 • 

Con\INu 
means- - - 

livsvarrh III Glass 

Meet our 9 best 

salesmen for Pyrex 

Metallized Bushings 

‘ V what they're  wor th! For  it's com-
panies could never  pay  these  "sa lesmen " 

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

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

SOLDERING METAL TO GLASS is one of the things 
they said "couldn't be done". . . but many com-
panies are now doing it every day. With Coming's 
method the base for the solder becomes part of the 
class itself providing a permanent hermetic seal. 

Electronic alassware 
••pyREx",,,,,/  (,1;"\ING"txre registered trade-marks of Corning Glass Works 

Proceed i4: of the I.R.E. 
spout, 1944 



Mr. Halligan says, "Those of us who are building radio communications equip-vv• J. 1-1 AI ir;AN President, 
Hallicrafters Radio . 

merit in this war anticipate a tremendous demand in the future for radios and radio 
. . telephones far plane to ground, sl-:p to shore use, and many other applications." 

"CO MMUNICATIONS EQUIPMENT IS ONLY AS GOOD 

AS ITS PO WER SUPPLY" 

"Radio equipment needs an efficient, reliable power supply," continues Mr. Halligan, 
"And for that reason, the radio industry is constantly on the alert for new and better 
power supplies and devices for adapting current for radio use. Such power supplies and 
such devices are of inestimable value to the communications equipment manufacturer." 

Electronic Laboratories has vibrator power supplies for use wherever current must 
be changed in voltage, frequency or type, or will engineer one to fit specific space, 
weight and voltage requirements. E•L Vibrator Power Supplies offer many advan-

tages for all current conversion requirements up to t 500 watts as a result of devel-
opment in circuits and design pioneered and perfected by Electronic Laboratories. 
E. L Power Supplies are definitely more efficient, and give substantially longer 
service life. In addition, they are highly versatile, permitting multiple inputs and 
outputs, any needed wave-form, great flexibility in shape and size, and a high de-
gree of voltage regulation when needed. They are economical in price and require 
almost no attention or maintenance. Their dependability is being demonstrated every-
day on the fighting fronts. E•L engineers offer consultation on power supply problems. 

E-L STANDARD PO WER SUPPLY 

MODEL 307 

For the operation of standard 110 volt AC equip-
ment, such as radios and small motors, from a 6 
volt battery. Characteristics: Input voltage, 6 v. 
DC; Output voltage, 115 v. AC; Output power, 
100 watts: Output frequency, 60 cycles. 

Piranha's: 71/2 x81/4 xlO'A in. Wicight: 23' pounds. 

Write for father 
information of this 
and other modeh 
of the extensile 
E-L line. 

e a-ifi e LAB ORAT ORIES  INC. 
L I IN DI A N A P O 

VIBRATOR POWER SUPPLIES FOR LIGHTING, COMMUNICATIONS, AND ELECTRIC MOTOR OPERATION  • ELECTRIC, ELECTRONIC AND OTHER EQUIPMENT 



Need a Motor   
that can lift   
500 times its   
own weight? 
THIS electric motor weighs only a pound. 

But more power is packed in that one 

pound of motor than has ever been before. 

With Lear gearing it can handle a quarter-ton 

load. 

And it has to be ready to do that in an instani 

Because this motor moves control flaps, and 

heater shutters on warplanes. And air pres-
sures mount high at the speed these ships fly. 

On aircraft, even the weight of a coat of paint 

has to be considered. So this motor had to be 

light. 

There's little room in an airplane. So it had 

to be small. 

Designing it meant starting from scratch. 
There was no precedent for this kind of en-

ginePring. 

You may never need a motor like this. It may 
cost more than you might want to pay. 

But if you are looking ahead toward manu-
facturing some peacetime product, we want 
you to know that such a motor has been de-
veloped along with 250 other Lear products. 

And equally isuportant, we want you to know 
that there is available the kind of engineering 
thinking that could conceive and produce it. 

PLANTS: Piqua, 0., and Grand Rapids, Mich. BRANCHES AT: 

New York, Los Angeles, Chicago, Detroit, Cleveland,ProvidOnCI. 



NOMINAL LOAD 300 VA, 50 60 CYCLES, 
115  VOLTS  INPUT, 0 TO  115  VOLTS 

OUTPUT 

With this new model, many smaller communications and 

industrial applications can have Transtat's smooth con-

trol, high efficiency and ruggedness. An ideal compo-

nent, this transformer—type  cc. voltage regulator is 

but one-half the size and less _than one-half the weight 

of the smallest previous TH Transtat. 

UNIFORM —Interchangeable Bakelite Bases 

In addition to the well-known Bakelite closeness of toler-

ance, these bases have insulating barriers between ter-

minals to prevent shorting of leads. 

Checked,* rotation of hood. 
*hoe! !throes*. the valley* 
hen table-resonated volt Is 

fts 

SMALLER 

LIGHTER 
HAN E 
BEFORE! 

MAXIMUM LOAD 340 VA, 50 ,60 CYCLES, 

115  VOLTS  INPUT, 0 TO  130 VOLTS 

OUTPUT 

FLEXIBLE —New Brush Assembly Facilitates 

Mounting Changes 

The unique brush arm shaft mechanism provides ease of 

change from table mounting to back of panel mounting 

or ganging.  Die cast brush arm permits quick brush 

changes, improves heat dissipation and has generous 

brush contact area. Other features include extra wire 

insulation and impregnation of core and coil with special 

synthetic phenolic varnish. For complete details write for 

bulletin. 

AMERICAN TRANSFORMER COMPANY, 178 Emmet St., Newark 5, N. 

Pot bock of Dame moviolos, awompcs frontlet as shows  Many M elts  ocwilbl•  ts• --ALIF  oa toriAllapet 
wh  the new Tronstot Is  soichwing. t C. 

sod tatters* shaft to preside  goosed  for  pefsohose  et  lutl'obto low voltage can be 
clockwise._ jitandissimos  towie  furnished as shown. 

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

Am IIE RTRA 

For rec Iflor plot* W o 
other h.v. eoolla  . 
now T anstat may b. con 
nested thus. 



Cross-section views of Type J Bradleyometers showing how 
terminals ore connected to resistor element. 

Type J Brodleyometer show• 
ing how low-resistance carbon 
brush makes a smooth contact 
with the resistor element. 

For War Service—use these solid molded resistors 

• • • not affected by cold, heat, or moisture 

Type JS Bradleyometer with a 
built-in switch. 

Bradleyometers may be used 
singly or assembled for dual 

—or triple construction to fit 
any electronic control need. 

The resistor element in Allen-Bradley Type J Bradleyometers 

has substantial thickness (approximately 1/32-inch thick), and in 

this respect differs from film, paint, or spray type resistors. The 

resistor is molded as a single unit with Insulation, terminals, face 

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

dered connections, or unreliable conducting paints. Allen-Bradley 

resistors are therefore reliable under all extremes of service 
conditions. 

During manufacture, the resistor element may be varied through-

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

Once the unit has been molded, however, its performance is not 

affected by heat, cold, moisture, or hard use. 

Bradleyometers are the only continuously adjustable composi-

tion resistors having a two-watt rating with a good safety factor. 

The Allen-Bradley Bradleyometer is the only commercial type ad-

justable resistor that will consistently stand up under the Army. 

Navy AN-QQ-S91 salt spray test. Write for specifications. 

Allen-Bradley Company, 114 W. Greenfield Ave. 

Milwaukee 4, Wisconsin 

ALLEN-BR 

1 
1/2  WATT 

FI XED 
RESIST ORS 

Brodleyunits are 
molded, fixed re-

sistors with lead 
wires embedded 
in homogeneous 

resistor material. 
They will sustain 
on  overload of 

ten times rating 

fora considerable 
period of time with-
out fa ilin g. No spe-

cial wax impreg-
nation isnecessary 
to pass the salt 
water immersion 
test. Available in 
standard  RMA 
values from  10 
ohms to 10 meg-
ohms in both the 
insulated and non. 
insulated types. 

ELEMENT ACTUAL SIZE 

DLEY 
FIXED & ADJUSTABLE RADIto RESISTORS 

, QUALITV 

JL 

0- • 

1 WATT 
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..• to CRYSTAL CLEANING 
T HIS is an actual photograph 
1 of the centrifugal air drier, 
or "spinner," used in Bliley pro-
duction to facilitate clean han-
dling of crystals during finishing 
and testing operations. Quartz 
blanks are dried in 5 seconds in 
this device which is powered 
with an air motor and spins at 
15,000 r.p.m. 

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

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

This technique is only one 
small example of the methods 
and tests devised by Bliley En-
gineers over a long period of 
years. Our experience in every 
phase of quartz piezoelectric ap-
plication is your 
assurance of de-
pendable and 
accurate crystals 
that meet the test 
of time. 

BLILEY  ELECTRIC  CO MPANY  - - ERIE,  PA. 

Proceedings of the I.R.E. August, 1944 
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INC. (OIL ASSEMBLY 
F THE 
E  U R METER 

100 /so 

c*O0 
C MILLIAMPERES 

MP2SM2000CMA 

• Aircraft type bracket as well as aircraft type 
jewels and pivots; ruggedly built; unaffected by 

vibration or humidity and temperature extremes 

• Specially built apparatus winds the armature on 
a precision coil form; the number of turns and the 
internal resistance of the armature are held to 
Close tolerances 

• Low resistance bronze torque springs are adjusted 

and tested before assembly; high torque to weight 
ratio; damping factor as prescribed by American 
Standard Association war standards 

• Pivots are microscopically inspected before as-
sembly; balance weights, made of selected beryl-
lium copper wire, are permanently fixed in place 

• DeJur Meters are characterized by their rugged-
ness, close tolerances, and highest quality materials 

YOUR BLOOD IS URGEikiTi ThibID ON THE ROAD TO BERLIN... DONATE A PINT To-THE RED CROSS TODAY 

Bour_ALLsa orporation o cttLINc, „ 

te . 

0.4„"0," 
NEW YORK PLANT: 99 Hudson Sir•sst, New York 13, N.Y. • CANADIAN SALES OFFICE: sao Kang Si,.., 

20A 
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mANUFAETURERS OF DelUR METERS, RHEOSTATS. POTENTIOMETERS AND OTHER PRECISION ElECTRON1( COMPONENTS 

CO N NECTIC UT SHELT O N, 



A White "Star" has,been_added to the "E" flag of the McElroy 

Manufacturing' Corporation, symbolizing that McElroy - 

workers have continued to excel in the production of radiotelegraph 

equipment for the Army and Navy. It is a matter 

of deep pride to us to learn that ours is the 

only organization of its kind in the country 

flying the White "Star" on our 

"E" flag. For this, our second award in 

six months. I publicly thank our loyal men 

and women employees and our suppliers. 

E ER C  AND NE E.  REATE.  ESION, 3  D.  ARE N  R SATISFIED WITH M DIO 

Proceedings of Ike I.R.B.  August, 1944 21A 
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Let TAYLOR Engineers Help You 
Whether your need of information is immediate or for 
postwar application, Taylor Tube Technicians are always 

at your service for consultation on any vacuum tube 

problem. If you are located near Taylor's headquarters 

in Chicago, you may find it convenient to come in 

for a personal discussion. If you wish to write, your 
correspondence is welcome. 

Ni TRANSMITTING \ ELECTRONIC 
\ RECTIFIER  \ INDUSTRIAL 

Buy War Bonds For Victory! 

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

Proceedings of the I.R.E. ' 
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NE W LETTER CONTEST 
for SERVICEMEN! 

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

Yes sir, guys, the hundreds of letters received were so swell that double first prize winners 

had to be awarded each of the first four months and there were triple first prize winners the 

fifth and last month ... 

SO- HERE WE GO AGAIN! 

Get in on this NE W letter contest —write and tell us your first hand experiences with all types 
of Radio Communications equipment 

built by Hallicrafters including the 

famous SCR-299! 

RULES FOR 
THE CONTEST 

Hallicrafters will give $100.00 for 

the best letter received during each 

of the five months of April, May, 

June, July and August. (Deadline: 

Received by midnight, the last day 

of each month.) ... For every serious 

letter received Hallicrafters will send 

$1.00 so even if you do not win a 

big prize your time will not be in vain. 

... Your letter will become the prop-

erty of Hallicrafters and they will 

have the right to reproduce it in a 

Hallicrafters advertisement. Write as 

many letters as you wish. V-mail let-

ters will do. . . . Military regulations 

prohibit the publication of winners' 

names and photos at present ... 

monthly winners will be notified im-

mediately upon judging. 

I B M 

BUY A WAR BOND TODAY! 

hallin-afters RADIO 

THE HALLICRAFTERS CO., MANUFACTURERS OF RADI O AND ELECTR ONIC EQUIP MENT, CHICA G O 16,  U. S. A. 
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THESE ARE 

THE WAR BONDS 

THAT COUNT... 

KEEP 

BUYING 

THEM 

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

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

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

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

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

,,\ 

ELECTRONIC CORP. OF AMERICA 
45 WEST 18th STREET • NEW YORK 11, N.Y. WATKINS 9-1870 

24A 
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HO W Pan American 

Airways PACKS 
al190 HOURS INTO A DAY 
rilHE minute the giant transatlan-
tic Pan American Clippers get 

back to their base, they get an ex-
haustive going over. 

It's thorough. And it's fast. 

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

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

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

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

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

put it on again many times wad it 
still locks. 

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

lasting. 

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

LOCKED ON 

THE BOLT BY 

THE ACTION OF 

THE GRIPPING 

RED COLLAR. 

THE COLLAR 

IS itAsric, 
THE NUT CAN BE 

USED TIME AND 

TIME AGAIN. 

t 
MADE IN ALL SINS AND TYPES — WITH 

THREADS TO FIT ANY STANDARD 

TYPES OF BOLTS. 

lIse CStppers' povierin% eng‘nes ore 
egulppecl vitth EfostIc Stop Nuts. 

OvelloolIng Is ionplIf , or 

teci  ttte ob-

sence of pIns, sgoshers  (Ater 

our:1%101.1es. 

*ESNA Anchor Nuts ollow ready 

raezestses ntotigih'ntspaercptdionstroo npeenitngsc, 0, 7 

stressed ski  o 
n loads. 

TR A D E  M A R K  OF 

ELASTIC STOP NUT CORPORATION 

OF AMERICA 

ELASTIC STOP NUTS 
Lock fast to make things last 

UNION, NE W JERSEY AND 

LINCOLN, NEBRAS KA 
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Talk is Important, here 
Transmitting orders, reporting results, ex-

changing information . . . even words of en-

couragement and commendation ... that's the 

service that Communication is performing in 

every phase of our military operations, and 

under the most adverse and difficult conditions. 

At the front, Communication . . . or just plain 

talk .. . is helping win battles, but at home talk 

could be fighting on the side of the enemy. 

That's why we must heed the warning, "Let 

the man with the 'mike' do your talking". 

He knows just what to say. 

THE ROLA CO MPANY, INC, • 2530 SUPERIOR AVENUE • CLEVELAND 14, OHIO 

Makers of Transformers,  coils, Head Sets and other Electronic Parts for Military Communications Systems 

MAKERS  OF  THE 

26.% 

April 8th a Star was added to Rola's Army-Navy "E" flag. 

FINEST  IN  SOUND  REPRODUCING  AND  ELECTR ONIC  EQUIPMENT 

Proceedings of the IR E.  lu in t, 1%14 



•Iltite tot loot copy 
ot "Esseottat Char-
acteristics'. Ole thost 
cotoptete dtgest ot tube 
iolototattoo avat‘abte 

The superiority of Ken-Rad "self-shielding" 
metal tubes isobest exemplified by 10 years' 

successful manufacture of over sixty million 
Today millions more are demanded by the 
military This experience and capacity becomes 
available for civilian requirements postwar 

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

KEWRAD 
EX E C U TI V E  O F FI C E S 

O W E N S B O R O • K E N T U C K Y 
EX P O R TS  .15  M O O R E  ST R E E T  NE W  Y O R K 

TRANS MITTING TUBES 

CATHODE RAY TUBES 

SPECIAL PURPOSE TUBES 

RECEI VI N G TUBES 

INCANDESCENT LAMPS 

FLUORESCENT LA MPS 
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AIR- WOUND 
Now, for the first time, you can get 

B & W Air- Wound Coils in very small 
sizes from 1/2"  to 11/4 " diameter, in 1/4 " 
steps, and in winding pitches from 44 
to 4 turns or less per inch. Almost any 
type of mounting can be supplied. 

Applications for these ti4 coils in-
clude: coil switching turret assemblies; 
intermediate frequency transformers; 
high-frequency r-f stages (low-powered 
transmitter or receiver); all types of 
test equipment involving tuned r-f cir-
cuits; high-frequency r-f chokes, and 
numerous others. 

MIDGET 
INDUCTORS 
The coils have a high 0, due to the 

almost total absence of insulating 
material in the electrical field. They are 
exceptionally light in weight and ex-

tremely rigid. Normally wound with 
tinned copper wire in sizes from ;:28 
to fl4, they can also be supplied with 
coin silver, coin silver jacketed, bare 

copper, or phosphor bronze wire. All 
types may be equipped with either 
fixed or variable internal or external 
coupling links, or other non-standard 

features. Samples on request to quan-
tity users. Send us your specifications! 

BARKER & WILLIA MSON 
235 FAIRFIELD AVENUE  UPPER DARBY, PA. 

AIR INDUCTORS • VARIABLE CONDENSERS • ELECTRONIC EQUIPMENT ASSEMBLIES 
Exclusive Export Representatives: Undideves, Inc., 10 Rocket*llor Plaza, Now York, N. Y., U. S. A. 

Proceeditsgs of the I.R.E. 
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HING LONG LIFE 
TUBES   

POWER  

TN transmitting tubes operating in 
I military communications at ultra high 
frequencies, long life and uniform elec-
tron emission are imperative require-
ments. The photograph illustrates one 
interesting tube manufacturing opera-
tion with the tungsten filaments being 
"flashed" in a hydrogen atmosphere as 
a protection against oxidation. 

North American Philips engineers 
build long life expectancy, optimum elec-
tron emission and all-round satisfactory 
performance into every NORELCO tube 
they manufacture. 

Although all the tubes we produce 
now go to the armed forces, we invite 
inquiries from prospective users. A list 
of tube types we are especially equipped 
to produce will be sent on request. 

A  'A 

In the North American Philips Company, there is gathered together a 
team of outstanding electronic engineers, captained by one of America's 
leading physicists, and coached by a group with world-wide experience 
resulting from fifty years of research and development in the electrical 
field. This new combination of technical talent has at its command 
many exclusive processes that insure electronic devices of the highest 
precision and quality. Today, North American Philips works for a 
United Nations' Victory; tomorrow, its aim will be to serve industry. 

ore co ELECTRONIC PRODUCTS by 
NORTH AMERICAN PHILIPS COMPANY INC. 

Executive Offices: 100 East 42nd Street, New York 17, N. Y. 

Factories in Dobbs Ferry, N. Y.; Mount Vernon, N. Y. 
(Metaliz Division); Lewiston, Maine (Elmet Division) 

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

NORELCO PRODUCTS! Quartz Oscillator Plates; 
Amplifier, Transmitting, Rectifier and Cathode 
Roy Tubes; Searchray (X-ray) Apparatus, X-ray 
Diffraction Apparatus; Medical X-ray Equipment, 
Tubes and Accessories; Electronic Measuring 
Instruments; Direct Reading Frequency Meters; 
High Frequency Heating Equipment; Tungsten 
and Molybdenum products; Fine Wire; Diomond 
Dies. When in New York, be sure to visit our 

Industrial Electronics Showroom. 
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RSAL MICROPHONES 

IN MILITARY APPLICATION 

Universal takes pride in producing these three types of 

Microphones at the request of the U. S. Army Signal 

Corps. These units represent but a small part of the 

skill and experience which has produced over 250 differ-

ent types and models made available to our customers. 

From Submarine Detectors to High Altitude Acoustic 
units, Universal's Engineering experience has covered 
World War II. 

These Microphones built without peace time glamour 

have every essential of military utility. When peace 

comes, Universal Microphones, with many innovations 
of design and accoutrements, will enter upon the post-

war scene. Universal includes among its electronic com-

munication components, in addition to microphones: 
Plugs, Jacks, Switches, and Cord Assemblies. 

UNIVERSAL MICROPHONE COMPANY 
INGLE WOOD, CALIFORNIA  • - • 

Proceedings of the 1.R.E.  August, 1941 



'47 

WRITE TODAY! 
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GET ACQUAINTED 

NO W WITH THE 

RESISTORS OF 

TOMORROW! 

HERE'S THE LATEST DATA • •  • 

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

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

Le  OtIt'l 
In si5 t0!' 5 

Reoun a " 

:CAS * "  
ii ; 

%*SAltekit  

/O tt  40,41); 

/  SPRAGUE 

. , 

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

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

Resistor types in this new catalog include: 
Wire-wound power types, 5-  Voltage divider sections, 10-, 
to 120-watts. Inductive and  15- and 25-watts. 
non-inductive.  Hermetically-sealed precision 

meter multipliers resistors. 
Megomax hermetically-sealed 
high-voltage, high-temperature 
resistors. 

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

Wire-wound bobbin types. 

SPRAGUE ELECTRIC COMPANY, Resistor Division 
(Formerly Sprague Specialties Co.)  NORTH ADAMS, MASS. 

T IN Em RESISTORS 

The Greatest Wire-Wound Resistor Development in 20 Years 

Proceedings of the 1 AR.E. August, 1944 
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MINIATURES 

ON THE ARMY-NAVY PREFERRED LIST 

;")--

The 17 RCA Miniatures shown on 

this page—all of them on today's Army-

Navy Preferred List of Vacuum Tubes—are: 

1A3—H-F diode 

1L4 —R-F amplifier pentode 

IRS — pentogrid converter 

155 — diode-pentode 

1T4 —R-F amplifier pentode 

3A4— power amplit r pentode 

3A5—H-F twin triode 

354—power amplifier pentode 

6AG5 —R-F amplifier pentode 

6ALS —twin diode 

6A06—Duplex-diode High-Mu triode 

6C4 —H-F power triode 

6J4—U-H-F amplifier triode 

6.16—twin triode 

9001 —Sharp cut-off U-H-F pentode 

9002—U-H-F triode 

9003— Super-control U-H-F pentod• 

Tm tubes like these —every  sing le one  of them developed 

by RCA— were destined for the spotlight — thanks to 
your recognition of their possibilities. 

The spotlight picked them up first in June, 1940, when 

the 'Personal Radio" was announced — the history-making 

portable designed around RCA's staunch little quartet, 
Miniatures 1R5, 1S4, 1S5, and 1T4. 

War found Miniatures instantly available for overseas 

service — for example, in such equipment as the para-
trooper's air-borne "Handie-Talkie.'! 

DEVELOPED BY RCA! 

Once Victory is won, it will be our privilege to work with 
you designers so that, together, we may play our continuing 

parts in miniature tube type development and use for 

peace-time purposes. We look forward to that day. And we 
will gladly advise you now which tubes--Miniatures, and 

others — will most likely be on RCA's post-War list of 

'Preferred Tube Types,:: if you will write to RCA Commer-

cial Engineering Section, 721 South 5th St., Harrison, N. J. 

The Magic Brain of all electronic equipment is aTube and 
.the fountain-head of modern Tube detelopment is RCA. 

BUY 
WAR 
BONDS 



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

The Editor 

The Radio Engineer's Stake in Our Future 

MILLER McCLINTTOCK 

One of the most inspiring elements in broadcasting lies not only in the breath-taking speed with which it has de-
veloped but likewise in the fact that the horizons ahead have no limitation. 
The miracle of radio as it stands today is the result of the imagination, skill, and scientific ability of radio engineers 

in all fields of electronics. Upon these engineers, we must continue tc depend for the expansion of radio to its full 
opportunities and responsibilities in the future. 
That which was an unbelievable phenomenon only a few years ago has now become an actuality. It is a simple 

commonplace to say that frequency modulation and television will be here in great volume in the postwar years. While 
its full development cannot yet be foreseen, it needs little discussion among radio engineers. 
We are less likely, however, to understand the impact of the radio industry upon the development of other indus-

tries and upon the molding of our social and economic life. 
Immediately after the war and in the years following, automobiles will return in full volume. There may be as 

many as 50,000,000 cars in this country ten years after peace. The principles are already laid whereby the highways 
of the future and the traffic system will largely be under electronic control. Each vehicle will be equipped with radio 
signals on its instrument panel telling, among other things, whether or not cars are coming from blind roadways or 
drives ahead. Traffic stop and go signals will be repeated in cars both by light and by sound. Continuous traffic in-
structions and directions will be available along each highway for each car. Touring passengers may enjoy a description 
of the historical and business significance of each of the miles of the highway pver which they pass. These mechanisms 
are not visionary but have been fully field-tested and probably no highway will be built in the future without comple42 
electronic equipment. 
There will be many electronic controls within cars themselves, such as electric bumpers pr..venting collisions and 

invisible electric tracks to guide vehicles around curves and obstacles. Passengers in cars will find it possible, at 60 
miles per hour, to call any telephone number in the country. The effects of these developments upon comfort, safety, 
and efficiency in highway traffic are beyond calculation. 
The application of radio to maritime and aerial navigation opens equally practical but, none the less, spectacular 

opportunities. Shipping upon the approaches to and in great harbors will no longer be fogbound. Ships will be guided 
to their berths and along their channels with complete security and efficiency. Collisions at sea will become something 
of history. 
Air liners similarly will descend unseeing in heavy weather to land with safety on their home runways. But to re-

turn to land transportation; radio as developed today has all of the elements necessary to make the tragic train dis-
asters of recent months only a memory. Full and complete radio train control is now available in several different forms. 
Engineers will never be without full information as to the clear track ahead and should they disregard warning control, 
the train control will be taken away from them. 
These are only a few of the marvels of radio which will be commonplace things of tomorrow. If one goes into the 

laboratories, the factory, the great steel mills, he only sees today the elementary beginnings of electronic controls of 
scientific processes and production which will revolutionize many industrial activities. 
All of these developments will be superimposed upon the greatly expanding services and obligations of radio com-

munications for the entertainment, information, and culture of our people and of the people of the whole world. In the 
hands of the radio engineer lies the opportunity and the capacity to make all of these marvels the servants of mankind. 
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Fabian Bachrach 

E. Finley Carter 
Board of Directors-1944 

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

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

radio division of the United Research Corporation, New 
York, a subsidiary of Warner Pictures, designing Bruns-
wick radios, circuits, and receivers. He holds a number 
of United States and foreign patents assigned .to General 
Electric, United Research, and Sylvania Electric Prod-

ucts, on devices ranging from electronic-control devices 
to single-frequency duplex transmission and reception 
systems, radio-receiver systems, and vacuum tubes. 
In September, 1932, he joined Sylvania Electric 

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

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

I. S. COGGESHALLf, FELLOW, I. R. E. 

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

I
T IS A felicitous circumstance. that the New York 
Section of The Institute of Radio Engineers should 
have chosen this auditorium of the "Telegraph 

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

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

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

'1' Decimal classification: 621.382. Original manuscript received by 
the Institute, May 5, 1944. Presented, New York Section, New York, 
N. Y., May 24, 1944. 
t General Cable Supervisor, Western Union Telegraph Company, 

New York, N. Y.  • 

against the demonstrated utility and obviousness of the 
alternative visual semaphore. 
The alphabetic code which Morse devised was a 

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

sound. 
Morse and his partner, Alfred Vail, were their own 

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

a good businessman. 
His influence upon Cyrus Field, who first joined 

Europe and America telegraphically, was direct and 
personal. Perhaps even more important for posterity, 
Morse fired the imagination of the youthful Edison and 
by that one circumstance alone catalyzed the electrical 
arts. Alexander Graham Bell was in quest of a harmonic 
telegraph when he stumbled upon the principle of elec-
trical transmission of speech and invented the telephone. 
The telegraph also was the early objective of Marconi, 
who sought a means for, and succeeded in, transmitting 
Morse code between mobile stations without wires; and 
of de Forest, whose vacuum tube, having already re-
vivified communication, promises to revitalize the use 
of power through industrial electronics. 
Morse lived his life within the narrow portion of the 
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electrical-communication spectrum lying between zero 
and 15 cycles per second and quite without the benefit 
of electrical engineering, for his art was itself the pro-
genitor of electrical engineering. Electrical and magnetic 
phenomena were originally the province of natural sci-
ence, or physics, and it was in the physics laboratory of 
New York University that Morse worked out his dream 
of 1832 and improved his original instruments to such 
an extent before patenting them in 1840 that it may be 
said that the telegraph was not a garret invention but 
one produced under college auspices. Morse also re-
ceived help on a university level from Henry's experi-
ments with powerful electromagnets at Princeton, and 
scientific support from the endorsement of his work by 
the Franklin Institute in Philadelphia. 
One of the first problems to be solved in the field was 

the matching of impedances of line and instruments for 
maximum energy transfer. While this was at first done 
by methods of cut and try, it was not long before a 

science grew up around the telegraph, and before its 
characteristics were made the subject of the first prac-
tical electrical measurements. Following the galvanom-
eter and the Wheatstone bridge, came Sir William 
Thomson, Lord Kelvin, who, in connection with the 
Atlantic cable, developed the laws of the flow of elec-
tricity along a wire having resistance and capacitive re-
actance, by analogy from the mathematical laws of the 
flow of heat along conductors. Kirchhoff derived the 
"telegraphic equation," relating propagation to the elec-
trical parameters of a circuit including inductive re-
actance and lealcance. Contemporaneously with the 
mathematicians and the physicists came the inventors, 
with their multiple-channel circuits, their tickers and 
printers, their improved batteries, and finally steam-
engine-driven dynamos for telegraph power. The tele-
graph electricians began to meet and exchange views. 
In Great Britain, the Society of Telegraph Engineers 
underwent metamorphosis into the present Institution 
of Electrical Engineers. In the United States, 21 tele-
graph men and four others joined to call into existence 
the American Institute of Electrical Engineers, the first 
two presidents of which were telegraph men. Many of 
the electrical engineering departments of today's uni-
versities were founded by men who themselves studied 
electricity in college physics because of their early inter-
est in telegraphy. When Andrew Carnegie, himself a 
Morse telegrapher, gave the Founder engineering socie-
ties their present headquarters building in New York, 
he said, with satisfaction: "Well! the telegraph boys will 
now have a comfortable place to meet." By these vari-
ous lines of genealogy do we electrical engineers, radio 
engineers, industrial electronics engineers, trace our 
ancestry back to Samuel Finley Breese Morse. 

II 

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

into reacting at a stepped-up tempo which, to historians, 
is the century's outstanding characteristic. 
Not all philosophers are in agreement that facility of 

communication, especially under electrical stimulus, is 
an unmixed blessing. It is interesting to note, for ex-
ample, that Morse's instrument had been writing its 
messages for only a year when Thoreau went to Walden 
Pond to think: 

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

By that standard, five generations of communication 
men since Morse have been wasting their time! Still, the 
mailbags do bulge, and the printing presses roar; the 

telegraph extends many miles beyond Maine and Texas; 
a thousand broadcast stations emit ten thousand news 
bulletins a day; and the telephone, in all candor, seldom 
finds us speechless. As nature is profligate, so are our 
communication facilities. We feel we are philosophical 
when we merely concede that nine tenths of them are 
wasted (at the usual tariffs), and hope that the remain-
der are of tremendous importance. 

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

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

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

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

III 

• Nevertheless, after giving the telegraph due credit 
for all its social benefits, it is a matter of common ob-
servation that it has not brought the millenium. At the 
time when Field stretched Morse's telegraph across the 
Atlantic, people generally thought that it might. It was 
predicted that the establishment of electrical communi-
cation between the nations would so merge their spheres 

of interest as to diffuse civilization, liberty, and law 
throughout the world. The poets burst forth with such 
paeons as this: 

"'Tis done! The angry sea consents. 
The nations stand no more apart: 
With clasped hands the continents 
Feel throbbings of each other's heart." 

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

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

duced intentiona lly, for  m ilitary  reasons.  Fact  and  pro-
paganda, it has been  foun d, are  equally  easily  translated  
into the long an d short  impulses  of  the  telegraph  codes.  
Words can be conven iently  twisted  into  ambiguity.  
Only a thin ve il separates  the  missions  of  news  to  inform  
in times of peace  an d to  influence  in time  of  war,  and  the  
veil is gently droppe d as  the  transition  takes  place.  Al-
most without being  aware  of  it, one  becomes  inured  to  
the truth, the half-trut h, and  anything  but  the  truth.  

IV 

Disillusioned though we, of the freemasonry of en-
gineering and science, may feel, and chagrined at the 
failure of half the world's leadership to employ the 
agency of worldwide facilities of communication to 
achieve enduring peace rather than to precipitate a 
technologically cunning but devastating and exhaustive 
war, nevertheless the future is inexorably being forged 
to impel a return to sanity on a global scale. The long-
term thesis still seems incontrovertible that improve-
ment of the quality of communication between the 
nations eventually will not fail to aid all mankind to 
find common interests and to pursue them in harmony. 
We may still look forward to that day when the inter-
change of thought between the citizens of all the world 
shall be so continuous, so untrammeled, and so intimate, 
that there will in fact be produced common denomina-
tors of high purpose, catholicity of interest, a human 
sympathy far wider than national borders or mother 
tongue, and genuine tolerance of differentiation. 
Surely, the communication engineer of the future, in 

harnessing electricity to world amity, will have some-
thing more fundamental to contribute than blind speed 
and a nerve-wracking staccato. Perhaps one means lies 
in the transmission of wider sidebands, more overtones, 
typifying more of the nuances of living. Bell showed the 
way in transmitting not alone the words, but the warmth, 
of the human voice. Television, which breaks the 
strangle hold of time on the motion picture's projection  pr 
of the human personality, will some day be an inter-  ot 
national accomplishment. Each step forward of this kind  ut 
will bring the rulers of the peoples, their leaders, and  me 
eventually the peoples themselves, closer together.  pr 
The possibilities are so intriguing, may one be for-  ful 

given for romanc ing ? Under  cond itions  of  idealized  Ha  

communication, diplomacy, if bungled at all, will be 
bungled at the top. For parliamen ts will no  longer  rati fy 
treaties, they will make them , in person , throug h trans-
oceanic, 24-hour, two-wa y, full-co lor  te lev ision,  in three  
dimensions on a 30-foo t screen , with binaural  sound  
channels, equipped with privacy  dev ices  and,  if desired,  
with English-Frenc h an d Frenc h-Eng lish speech  inver-
sion. The transm ission , in all likelihood,  will be  at  Gov-

ernment rates. Cigar smoke can  be blown  in locally  at  
both ends of the circu it, comp let ing  all  arrangements  
except the handshaking  which will have  to  be delegated  
to the diplomatic corps . The documents  themselves,  
including signa tures  will, of course,  be  exchanged  by  
facsimile before  the ink is dry.  Because  of  its  simplicity,  
the whole process  can  be repeated  as  often  as  the  trea-
ties so concluded are  denounce d by one  of  the  parties!  

V 

I have digresse d, an d I wish to  conclude  in serious  

vein. We radio-and-electronic eng ineers  inher it from  the  
past an unbroken  line  of tra dition  of  self-effacing  service  
for the benefit of man kind.  Where  there  have  been  
shortcomings they have  been  human,  understandable.  
Morse and the whole long  list of  his  predecessors  in 
physics and his successors  in engineering  did  their  best  
to add to the common  man 's knowledge  and  his  powers.  
After this war you  of my  au dience  are  going  to  continue  
in that tra dition  in the  fields  of  science,  communica-
tion, and industr ial electronics.  But  in the  meantime  
something has been  added to  the  engineering  profession;  
it has gathere d new  responsibilities  with  the  years.  More  
and more you  will be called  upon  not  merely  to  produce  
new implements for  the .exerc ise of  power  but,  as  an  
engineer, to influence  their use  and  to  prevent  their  
abuse. Whether  our  postwar  civilization  is to  be  better  
or worse, whether  there  will  ensue  a hiatus  of  prepara-
tion for another  struggle  or,  on  the  contrary,  a long  pe-
riod of peace  an d contentment,  will  depend  not so much 
upon the tools of progress  which  you  indiscriminately  

Dlace at thedisposal of your  fellow  men,  as  upon  the  
ofessional influence , ind ividually  and  in concert  with  
her engineers, which you  exert  upon  their  desire  to  
ilize them for  the greater  good.  To  the  extent  that  you  
et with a measure  of success,  may  the  engineering  
ofession, in taking  cred it, be  as  humble  and  as  thank-

as was Morse a hundred years ago today: "What 
th God Wrought!" 



Design of Electronic Heaters for Induction Heating* 
J. P. JORDANt, NONMEMBER, I.R.E. 

Summary—The design of vacuum-tube oscillators for induction 

heating involves many factors not usually encountered in radio 
practice. The choice of the circuit to be used, the tank current, operat-
ing frequency, and the physical construction are dependent upon a 
knowledge of the theoretical and practical requirements of induction 
heating, and an understanding of the operating conditions to be met 
in the average factory. It is concluded that either the Colpitts or the 
coupled-grid circuit meets the requirements, and an operating fre-

quency in the neighborhood of 500 kilocycles, with a tank current of 
from 100 to .300. amperes is desirable. In this paper, the induction-
heating theory necessary to substantiate the above conclusions to-
gether with a brief discussion of the other factors involved is 

presented. 
INTRODUCTION 

I
T IS odd that the equipment first used extensively 

in the manufacture of electron tubes should now be 

using these electron tubes so widely to fill a need in 

the industrial heating field. The so-called "bombarders" 

have been used since the early daysof tube manufacture to 
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Fig. 1—Electronic-heater installation used in the manufacture of 
vacuum tubes at the General Electric vacuum-tube plant. Each • 
group consists of two 5-kilowatt and two 15-kilowatt General 
Electric heaters. 

heat the internal elements during evacuation; only re-

cently have electronic heaters been widely used as a 

source of heat in industrial processes. The cause was 

largely one of lack of suitable equipment; up to relatively 

recently such equipment was designed and built for a 
specific use in plants well acquainted with the operation 

of radio equipment, with little thought being given to 

the physical and operational requirements of the aver-

age industrial user. (See Fig. 1.) 
The design and construction of suitable electronic 

heaters requires far more than a knowledge of oscillator 

circuits alone; it involves a search into the theory of 

eddy-current heating as applied to a wide variety of 

practical applications as well as an understanding of the 

requirements of the industrial user from the standpoint 

of cost, simplicity of operation, and physical sturdiness. 

• Decimal classification: R355.9 X R590. Original manuscript re-
ceived by the Institute, September 1, 1943; revised manuscript 
received, March 15, 1944. 
t Industrial Heating Engineering Division, General Electric 

Company, Schenectady, New York. 

Thus it is necessary first to examine the field in general 

and then to determine the operational characteristics of 

the electronic equipment required before attempting to 

judge the relative merits of the oscillator circuits avail-

able. 
OTHER EQUIPMENT IN USE 

High-frequency induction heating can be defined as 

the generation of su fficient heat in the surface of a con-

ducting mass to produce a desired result. 

Motor generators, operating at frequencies from 

1,000 to 11,000 cycles, are widely used for melting metals 

and heating metals for forging and hardening. For such 

service, the power requirements are usually high and 

depths of penetration of the heat are not too critical. 

In fact, for melting, the surface-heating effect is unde-

sirable; while for large shafts it is necessary that the 

energy input be fairly deep to avoid burning the surface 

before the required volu me is heated. 

Spark-gap equipment now in use is limited to fre-

quencies of the order of 200,000 cycles and powers of 

approximately 15 kilowatts output. When properly ap-

plied and conservatively rated, they will give good serv-

ice for hardening and brazing where the power require-

ments are not too heavy. 

To date, no vacuu m-tube oscillator has been built 

which can successfully compete economically with the 

motor-generator equip ment in its frequency range. 

Thus, the field of application for such oscillators lies in 

those jobs where the higher frequencies are necessary; 

i.e., where the generation of heat around sharp contours 

or in shallow layers is required. (See Fig. 2.) 

Fig. 2—Typical examples of brazed and hardened small parts. 

THEORY OF INDUCTION HEATING 
In induction heating, the heat is generated by PR 

losses produced by the eddy currents induced in the 

body. Hysteresis losses play a relatively minor part in 

the heating of magnetic materials. An approxi mate 

formula for such heating is 

AP = 1:112Vin—A ir (1) 
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where 

AP --=power dissipated by eddy currents 
H s= tangential component of magnetic flux at sur-

face of charge 
p= resistivity of charge 
= permeability 
f = frequency. 

Since eddy currents tend to flow on the surface rather 
than through a mass, a second factor must be considered, 
the depth of the peripheral layer in which the heat is 
generated. Thus p is the depth of the volume in which 
approximately 90 per cent of the heat is generated. 

P = 5300 V77 
where 

p= depth of penetration of uniform magnetization 
centimeters 

p= resistivity of charge ohm-centimeters 
p= permeability 
f = frequency cycles per second. 

(2) 

Thus, from (1) and (2), we obtain 

AP = Ht2p/162-2p.  (3) 

Examining these equations, it will be seen that the 
rate of heat input is directly proportional to the square 
roots of the frequency and the resistivity, and inversely 
proportional to the depth of penetration factor p; Also 
note that the permeability which has a value of 1 for 
all nonmagnetic materials, can be of major importance 
when heating magnetic metals below the "curie tempera-
ture" which is that temperature above which magnetic 
properties cease to exist and p becomes unity (1420 
degrees Fahrenheit for low-carbon steel). 
With the above background, it is now possible to 

outline those factors which must be considered when 
choosing an oscillator circuit for this application. 

FREQUENCIES USED 

It will be noted from the equations previously given 
that the heating varies as the square root of frequency. 

• A relatively large change in frequency produces only a 
minor change in the heating effect. Thus, the choice 
of an operating frequency depends more on the ease of 
application and convenience in construction of the 
equipment than on theoretical considerations. It has 
been found that only a small percentage of the applica-
tions thus far investigated require frequenciei above 1 
megacycle to obtain the desired heating effect. This is 
fortunate, since the design of the inductor coils becomes 
increasingly difficult as the frequency is raised over the 
1-megacycle point. At these higher frequencies (2 to 20 
megacycles), the heater coil and its leads become more 
and more a major element in the oscillator circuit, re-
quiring operating personnel with a knowledge of radio 
circuits not generally found in the average industrial 
plant. Frequencies below 200 kilocycles are not used 
generally because of the size and cost of the necessary 
capacitors and chokes. The optimum operating fre-

quency for the majority of applications is, therefore, in 
the neighborhood of 500 kilocycles. 

LOAD CHARACTERISTICS 

The output requirements are to some extent unique. 
In order to generate eddy currents of the desired magni-
tude in many parts, it is necessary to use currents of 
the order of 100 to 300 amperes. In a few applications 
even higher currents are desirable; up to 1500 amperes 
have been used. These currents must flow through coils 
which vary over a wide range of inductance and re-
sistance. Also, as the part heats up, the electrical char-
acteristics at the heater-coil terminals change due to the 
increased resistance of the charge ad the loss of magnet-
ism when heating steel. Thus, the reflected resistance 
and inductance change rapidly with time during the 
heating cycle. 

FACTORS INFLUENCING PHYSICAL FEATURES 

The possible location of such equipment and the 
probable training of the men who will be expected to 
operate it must also be considered. In general, since this 
is an industrial heat-treating tool, it can be expected 
that it will be placed either in the heat-treating room in 
close proximity with furnaces, ovens, lead pots, cyanide 
pots, etc., or directly in the factory processing lines for 
such uses as brazing, soldering, forging, and hardening. 
Thus, it must be operable under the conditions of dust, 
dirt, fumes, and vibration usual to such locations. Like-
wise, since no radio technician will be available in most 
cases, it is necessary that the circuit be as simple as pos-
sible to permit routine maintenance by the average 
plant-maintenance crew and to provide the maximum of 
reliability. 

The above considerations also affect the type of con-
trols that must be provided. They must be simple. A 
factory operator should not be expected to be able to 
adjust a number of controls to obtain a required power 
output. The optimum condition, which can be ap-
proached but not always obtained, is to supply a single 
ON-OFF push button with perhaps a single dantrol to 
produce the desired heating effect. (See Figs. 3,4, and 5.) 

CIRCUIT CONSIDERATIONS 

Thus, in the oscillator circuit to be used in this field 
the following conditions must be met: 

1. Low cost—initial and maintenance; 
2. Sturdy construction; 

3. Simplicity of operation and maintenance; 

4. Operating frequency should be of the order of 500 
kilocycles; 

5. Capable. of operating into a load of variable re-
sistance and inductance without the necessity for 
adjustment; 

6. Output currents in the order of 100 to 300 amperes 
should be available. 

A review of the above would indicate the self-excited 
oscillator, since its simplicity permits low cost and sturdy 
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construction while possible breakdowns are reduced by 
the elimination of extra elements. Because of the varia-
tion of the load characteristics during the heating cycle, 

Fig. 3—Inside view of the construction of a 15-kilowatt 
electronic heater. 

Fig. 4—Five-kilowatt electronic heater for high-frequency induction 
heating of metal parts. Worktable attached. 

a fixed-frequency device is ruled out and the obvious 
place for the heater coil is directly in the tank circuit, 
thus permitting the oscillator to compensate for these 
changes by shifting frequency. This requirement also 

Fig. 5—Five-kilowatt electronic heater, showing inside construction. 

eliminates the possibility of using a series of coupled 
tuned circuits to step up the current; in fact, it has been 
observed that by using three coupled resonant circuits 
between the oscillator and the load, it is impossible to 
heat a piece of steel above the magnetic point because 
of detuning as the load characteristics changed. 

Fig. 6—Colpitts-oscillator circuit. (Radio symbols.) 

Fig. 7—Colpitts-oscillator circuit. (Electrical 
engineering symbols.) 

The Colpitts-oscillator circuit (Figs. 6 and 7) which 
uses a split tank capacitor to obtain the necessary grid 
feedback voltage, and the inductively coupled grid oscil-
lator circuit (Figs 8 and 9) fill most of the above 
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requirements. It is, of course, necessary for efficient opera-
tion that the voltage applied between grid and cathode 
be approximately 180 degrees out of phase with the 
plate-to-cathode voltage. Thus the Hartley oscillator, 
which utilizes a split tank inductance for the grid volt-
age is ruled out because the load must, of necessity, be 
coupled into part of the tank-circuit inductance which 
would affect the grid-phase relationship. 

52 

Fig. 8—Coupled-grid oscillator circuit. (Radio symbols.) 

Of these two circuits, the Colpitts has two advan-
tages; 1. Somewhat greater stability, since the grid 
phasing is always constant; 2. Fewer controls, since the 
grid excitation is always fixed. The coupled-grid circuit, 
however, has the advantage of the use of a lower cost 
capacitor because of the elimination of the tap required 
in the Colpitts circuit. Also, in some applications, it is 
advantageous to be able readily to change the grid drive. 
Both circuits are in wide use today. 

Fig. 9—Coupled-grid oscillator circuit. (Electrical 
engineering symbols.) 

Figs. 6 to 9 show that coarse power control is ob-
tained by use of an autotransformer (or tapped plate 
transformer) and fine control by varying the grid-bias 
voltage. Resistors 1 and 2 limit the voltage surge which 
occurs on closing the main contactor. They are short-
circuited within  a few cycles by contactor K2. 
Capacitor C2 prevents any direct voltage from appear-
ing on inductor coils L2, while inductance Li and capaci-
tor Cl block the radio-frequency voltage from the recti-
fier tubes. Inductance L3 is a safety bleeder choke to 
provide a direct-current ground for the output induc-
tance. 
It will be noted that in the Colpitts circuit, induc-

tance L2, which includes the heater coil and an ad-
ditional internal inductance, is not directly grounded at 
one end as in the coupled-grid circuit but has a radio-
frequency ground point due to the ground between 
capacitors C3 and C4. Approximately 1/5 of the total 
radio-frequency tank voltage appears between this 
point and the cathode end of the inductance. When 

using small heater coils this is a disadvantage, since 
both sides of the coil are at a higher voltage to ground 
than in the inductively coupled grid circuit. However, 
for larger coils, or for series connection of a number of 
small ones, it is very advantageous since it greatly re-
duces the maximum voltage to ground appearing on 
them. Incidentally, the trend today is to use liquid-
filled tank capacitors rather than mica, since the better 
stability and loss characteristics of mica are unimportant 
compared to their inability to withstand overloads. 

TUBES USED 

Both air- and water-cooled tubes are in use today, 
each having their disadvantages. The air-cooled tubes 
are considerably higher in cost and require considerable 
maintenance in the cleaning of the air filters. With 
water-cooled tubes, some difficulty is encountered with 
condensation during humid summer days. Little dif-
ficulty has been encountered due to scale formation in 
the use of the average city water supply for cooling such 
tubes. 

The use of rectifiers rather than self-rectifying circuits 
is almost universal since the high cost of the average 
oscillator tube makes it necessary to use them as effi-
ciently as possible. A rectifier bank more than saves its 
cost in increasing the output kilowatt hours available 
from the oscillator tubes. 

The tube cost is a very important item in these equip-
ments and the average industrialist examines it in terms 
of cost per hour of operation. With an expected life of 
2000 hours at full rating, the replacement cost of some 
tube complements averages more than 21 cents per kilo-
watt-hour. By derating these same tubes and reducing 
the filament voltages, life can be extended to 10,000 
hours and the cost drops to 0.6 cent per kilowatt-hour. 
However, it Is envisioned that when conditions permit, 
a new line of tubes will be developed for this use-with 
lower initial cost and longer life ratings. 

SYMBOLS 

Cl = bleeder capacitor 

C2 = direct-current blocking capacitor 
C3= tank capacitor—plate section 
C4= tank capacitor—grid section 
C5=grid direct-current blocking capacitor 
Kl= main power contactor 
K2 =step start contactor 
L1 =high-frequency blocking choke 
L2 =tank inductance 
L3=safety bleeder choke 
R1, R2 =surge-limiting resistors 
R3=grid-biasing resistor 

R4 =grid-biasing resistor (variable) 
Ti =autotransformer 
T2 =- plate transformer 
V1 =rectifier tube bank 
V2 =oscillator tube 



Need for an Instrument to Measure pH in Localized 
Areas of the Mouth' 
B. 0. A. THOMASt, NONMEMBER, I.R.E. 

Summary—The loss of tooth structure in the cervical (neck) re-
gion of the tooth may occur as a result of (1) dental caries (decay), 
(2) abrasion (mechanical), (3) erosion (chemical), or (4) combina-
tions of (1), (2), and (3). This may lead to the condition known as 
"sensitive neck" of the tooth. Lost structure in the cervical area, 
just as in other parts of the tooth, must be replaced by means of 
fillings. Our problem is to prevent cervical tooth destruction and its 
subsequent unpleasant sequelae. 
The shallow, narrow gingival crevice around the neck of the tooth 

contains a fluid, the pH of which may or may not agree with that 
of the saliva. An acid fluid may decalcify the tooth structure with 
which it is in contact in the cervical region. Since the great majority 
of lesions occur on the side of the tooth next to the lip or cheek, does 
the fluid in the gingival crevice vary in pH locally in relation to a 

single tooth? 
The problem demands a much more sensitive indicator than the 

litmus papers which are in present use. The instrument must be 
capable of use directly in the oral cavity, and must require a mini-

mum of fluid. 
The author has reviewed the literature concerning technics for 

measuring pH, and has discussed the subject with a number of in-
vestigators who are using such methods. Since these methods do not 
give promise of easy adaptability to the present problem, they are not 

discussed here. 

D
ENTISTRY is a young profession. We are justly 
proud of what has been accomplished by clinical 

  and laboratory research during this first one 
hundred years of organized dentistry. A very great deal 
of this progress has been possible as a result of borrowing 
methods and instruments from other fields of scientific 
research. Examples of this are the use of radioactive 
isotopes, used in studying the interchange of mineral 
salts in calcified tooth structure; various applications of, 
the Roentgen ray and radium; and the use of vital 
stains in studying the growth and development of bone 

and teeth. 
However, we realize that the surface has hardly been 

scratched and that the two fundamental dental prob-
lems, dental caries (decay) and periodontoclasia (pyor-
rhea) are far from solution. 
Dental caries are well known to all. There is marked 

individual variation in susceptibility to them. The dis-
ease may attack any or all surfaces of teeth. The 
proximal and occlusal (masticating) surfaces are most 
often attacked, and in these regions, the sequence of 
development of the lesions is remarkably constant. 
However, in the cervical region, or neck, of the tooth, 
the loss of tooth substance may develop in any of several 
ways: (1) as caries proper; (2) as abrasion (especially 
from toothbrush). The liquid dentifrice companies 
capitalize on this! (3) as chemical erosions, due to de-

* Decimal classification: R800. Original manuscript received by 
the Institute, January 3, 1944. Presented, New York Section, New 
York, N. Y., October 6, 1943. 
t Laboratory of Oral Histology, School of Dental and Oral 

Surgery, Columbia University, New York, N. Y. 

calcification of the tooth structure in the cervical area. 
Once abrasion or erosion has destroyed some tooth 
structure, caries may sometimes be superimposed on the 
already existing lesion. 
When some of the tooth structure of the cervix has 

been lost, the condition known by the layman as 
"sensitive neck" may develop. There are chemical and 
restorative methods of treating this condition, but 
naturally, its prevention is the final goal for which we 
are striving. 

Fig. 1—Low-power photomicrograph showing a section of an 
upper molar tooth and its surrounding tissues. 

E =enamel 
D = dentin 
P =dental pulp ("nerve") 

P. M. = peridental membrane 
B =bone 
G = gingiva (gum tissue) 

G.C. =gingival crevice (area containing fluid which is discussed 
in the text) 

C=crack (artifact produced during preparation of specimen). 

There is a shallow crevice between the tooth and the 
gingival (or gum) tissue (Fig. 1). This crevice is filled 
with a fluid, the source of which has not been satis-
factorily explained. The pH of this fluid, as tested with 
litmus paper, may or may not agree with that of the 
saliva (Figs. 2 and 3). It is felt by some investigators 
that if the fluid is of low pH value, the mere fact of its 
constant contact with the cervical tooth structure is 
sufficient to explain decalcification of that area. If this 
is true, this fluid must vary in its acidity or alkalinity in 
localized areas of the same tooth, because the very 
great majority of cervical lesions is seen on the buccal 
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or labial surfaces, that is, the side of the tooth next to 
the cheek or lip. 

Attempts to measure the pH of plaques of foreign 
material on teeth surfaces have been reported. Colon-
metric methods were used. However, these methods are 
not satisfactory for working with fluid from the cervical 
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Fig. 2—Chart on which is recorded the results obtained by testing 
the pH of the fluid in the gingival crevice with red and blue litmus 
paper. Male, age .30 years. There has been no destruction of the 
teeth at the cervIcal ("neck") region in this case. (There is one 
amalgam filling, 71, see chart.) This is considered an average, or 
normal case. + =acid; 0 =neutral; — =alkaline. 

crevice because there is so little fluid present. At the 
present time we are working on the problem, using lit-
mus papers, gathering data which may be of heir; later 
in evaluating the various conditions we see. We realize, 
however, that the litmus papers will merely give us an 
idea as to whether the fluid in the gingival crevice of a 

single tooth is on the alkaline or acid side of neutrality. 
We believe an instrument, which could be used in the 

mouth to measure directly the pH of very localized 
areas, and requiring a minimum of fluid, would be of 
very great value in giving us some basic information in 
the problem of cervical tooth destruction. 
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Fig. 3.—Same as Fig 2. Female, age 21 years. This includes the 
record of two different sets of readings, taken on different days. 
The dark lines on the roots of some teeth indicate the degree of 
"recession of the gum tissue." 

Such an instrument would be extremely useful for 
many other purposes, such as determining the pH of 
(1) secretions in the ducts of glands, (2) vaginal mucosa 
during various phases of the menstrual and pregnancy 
cycles, and (3) bone lesions during infection and healing. 
The investigators in widely divergent fields would be 
thankful to have such an apparatus available. 

The Development of a New Station Location 
or Z- Marker Antenna System* 

J. C. HROAIADAt, ASSOCIATE, I.R.E. 
Summary—This Paper presents descriptive and flight-test information relating to a new type Z-marker antenna system which pos-

sesses a number of marked advantages and improvements over that used at present Z markers. The antenna consists of two spaced-dipole 
arrays, crossed at right angles to each other, and excited in quadrature time phase. 

The design of the arrays is based on the principle of proportioning dipole currents in accordance with the coefficients of the successive terms of the binomial expansion. 

The antenna is of simple and rugged design, capable of maintaining a high degree of marker-zone stability under rain, snow, and sleet con-
ditions, and lending itself to prefabrication in units and sections of transmission line for ease in field installation. 

The marker zone is considerably narrower than the zone provided by present Z markers and is ideally suited to instrument ap-
proaches. Whereas the height of present Z markers is limited to about 10,000 feet, the new marker antenna may readily be extended to over 
20,000 feet altitude with present transmitting equipment. 

Pilots have, heretofore, noted the apparent excessive broadening of the marker zone during flights off-course or on flights over the 
radio range at a large crab angle. This effect is greatly reduced with the new antenna, making it possible for the pilot to obtain a more accu-
rate fix on the range station. 

INTRODUCTION STATION location or Z markers used at radio range 
stations serve as a positive indication of the cone-
of-silence of the range and are the result of develop-

ment work carried on by engineers of the Civil Aero-

• Decimal classification: R526.1. Original manuscript received by 
the Institute, February 2, 1944. 
t Civil Aeronautics Administration, Washington, D. C. 
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nautics Administration during the years 1934 and 1937. 
The first of the present commercially manufactured Z 
markers was installed on the Federal Airways and com-
missioned for regular service in 1938.1 These 5-watt 
markers emit a cone of radio-frequency energy directed 

1W. E. Jackson and H. I. Metz, "The development, adjustment 
and application of the Z marker," Civil Aeronautics Authority, Tech-
nical Development Report No. 14, July, 1938. 
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vertically. The signal is transmitted continuously at 75 
megacycles and is modulated with a 3000-cycle tone. 
The experience gained during the past several years has 
proved these markers to be a valuable complement to 
the Federal aids to air navigation. 
The demand for increased stability, greater accuracy 

as a point of fix from which to begin the letdown pro-
cedure, and an increased height of signal zone to insure 
reception at higher altitudes, has indicated the need for 
an improved antenna system. 
It is the purpose of this paper to describe an experi-

mental Z-marker antenna system based on the radiation 
properties of spaced dipoles, having desirable features 
which will materially aid in increasing the accuracy of 
aircraft navigation, particularly during letdown pro-
cedures. 

DEsIGN AND DESCRIPTION 

Greater stability of the Z-marker zone can be accom-
plished by an antenna structure which is more rigid 
mechanically than the one used at present. Separating 
the individual elements of the antenna and their feeders 
to decrease their mutual coupling will facilitate the 
adjustment of the array and insure the stability of the 
final adjustment of the system. An increase in altitude 
of the zone can be accomplished by increasing the power 
in the present antenna, but in so doing the radiated 

, pattern will be expanded in all directions, resulting in a 
substantial broadening of the radiated beam at low 
altitudes. The accomplishment of an increased altitude 
of zone with a narrower zone at low altitudes necessi-
tates redesigning the antenna system in order to provide 
greater vertical gain and sharper vertical directivity. 
Increasing the gain and directivity of antenna arrays 

by means of spaced antennas, reflectors (both driven 
and parasitically excited), and stacked arrays is well 
known to the art. The utilization of these principles for 
the improvement of Z-marker antennas has been sug-
gested by Green.2Sharpness of vertical radiation may be 
obtained by using several rows of parallel dipoles spaced 
one-half wavelength apart in the rows and spacing the 
rows one wavelength apart. Green shows that in order 
to obtain substantial symmetry between the radiation 
in the vertical plane containing the radiators and in the 
vertical plane at right angles to the radiators, the an-
tenna array should form a square figure in the horizontal 
plane. The numerical progression of rows of radiators 
and radiators per row is as follows: 1-2, 2-4, 4-8, etc., 
respectively, where the first figure in the group indicates 
the number of rows and the second figure the number of 
radiators in each row. The total number of radiators 
increases as 2 2n1  where n, an integer, may be considered 
the number designating the successive stages in the ex-
pansion of the system. Thus, the third stage would re-
quire a total of 32 radiators, the 4-8 combination. Aside 
from the difficulties of construction and adjustment of 

2 A. L. Green, "Marker beacons for symmetrical radiation," 
Amalgamated Wireless (Australia) Tech. Rev., vol. 3, pp. 113-142; 
January, 1938. 

such a large number of radiators, the second stage of ex-
pansion, the 2-4 array, provides a vertical field pattern 
having two minor lobes which are 27 per cent as large as 
the major lobe, a condition which nullifies its usefulness 
as a zone marker. The 4-8 combination has six minor 
lobes, the greatest of which is approximately 23 per cent 
of the major lobe. A means of reducing the minor lobes 
offered by Green is to stack the antennas in the vertical 
plane. Two layers of the 2-4 combination will double 
the number of radiators and reduce the secondary lobes 
to only 17 per cent. Three layers will triple the number 
of radiators and reduce the lobes to only 10 per cent. It 
can easily be seen that the system proposed is inherently 
complex mechanically and electrically. 
John Stone Stone has shown* that a high degree of 

directivity may be secured from a rectangular antenna 
array by proportioning the currents along the rows and 
columns of the array in accordance with the coefficients 
of the successive terms of the binomial expansion 

n(n — 1) 
(a+ b)  â + —1 an-2b +  lx 2 an-2b2  etc., (1) 

where (n+1) = number of dipole elements in a row or 

column. 

KI 

dl 

Fig. 1—Pascal's triangle diagram illustrating the development of 
cophased collinear arrays having high directivity based on relative 
dipole current proportioning in accordance with the coefficients 
of the successive terms of the binomial expansion (a +b)̂, where 
n+1 = number of dipoles. 
(a) Single dipole element carrying unity current. 
(b) Two dipoles, each with unity current, spaced 2S degrees. 
(c) Three-dipole array, relative currents 1-2-1, evolved from two 

(b) arrays spaced 2S degrees. 
(d) Four-dipole array, relative currents 1-3-3-1, evolved from two 

(c) arrays spaced 2S degrees. 
(e) Five-dipole array, relative currents 1-4-6-4-1, evolved from 

two (d) arrays spaced 2S degrees. 

This process can be carried further to more extensive arrays. 
For spacings 25= 180 degrees, only the major lobe appears in the 
directive patterns. For some applications the spacing may be 
increased considerably beyond 180 degrees, resulting in greater 
sharpness of the major lobe, provided that minor lobes of a few 
per cent can be tolerated. 

For example, let us assume an array of three co-
phased collinear dipoles. Then, n = 2, and the rela-
tive amplitudes of the currents in the three dipoles 
would be 1+2/1+2(2 —1)/(1 X2) or 1 —2 —1. For 
four collinear dipoles, the relative amplitudes would be 
1 —3-3-1 and for five dipoles the relative amplitudes 
would be 1 —4-6-4-1. The relationship between 
dipole currents and the number of dipoles may be rep-
resented by Pascal's triangle, as shown in Fig. 1. This 
figure also illustrates the development of the binomial 

array. 

s United States Patent No. 1,643,323. 
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The free-space radiation patterns in the vertical plane 
for several arrays of half-wave dipoles are shown in Fig. 
2 and illustrate the application to spaced arrays of the 
principle of currents proportioned in accordance with 
the coefficients of the successive terms of the binomial 
expansion. Fig. 2 also shows the vertical patterns ob-
tained with two-, three-, and four-element arrays with 
unity current ratios. Considering only dipole spacings 
of 180 degrees, the two-element array with equal cur-
rents has a substantially wide pattern with no minor 
lobes. The addition of a third dipole in line, spaced 180 
degrees from an adjacent dipole and having a current 
amplitude equal to the other two dipoles, provides a 
sharper pattern but results in the addition of two minor  r 
lobes which are opposite in phase to the major lobe and 

have a maximum intensity of 11.7 per cent of the major  t 
lobe radiation. When the three dipole currents are pro-  I 
portioned in a 1-2-1 ratio, the minor lobes are entirely  s 
suppressed and the main lobe becomes slightly broader.  I 
The major-lobe sharpness may be increased by the use  r 
of four dipoles spaced 180 degrees and carrying equal  c 
currents. At an angle of 20 degrees from the vertical, the  m 
strength of the radiated signal may be reduced to 55.4  s 
per cent of the value obtained with the 3-element  t 
1-2-1 array. Minor lobes again develop which have a 
maximum value of 17 per cent of the maximum of the  in 
major lobe. These minor lobes may be eliminated, as  a 
before, by the proportioning  of the dipo le currents in a c 

1-3-3-1 ratio. Although the minor lobes are eliminated  p 
the main lobe becomes somewhat broader, since the  9 
radiation at an angle of 20 degrees from the vertical has  th 
been increased by 55.5 per cent over that obtained with  ot 
unity current in the four dipoles. However, the signal  p 
strength of the 1-3-3-1 array at an angle of 20 degrees  ab 
from the vertical is 86 per  cen t of the signa l obta ine d tu  
from the 1-2-1 array.  ar  
The radiation characteristic in the vert ica l plane  

which includes the elements of a four -element  array  pr  
with a 1-3-3-1 distribution of curren ts is pract ica lly the of  
same as that of a three-element array with a 1-1-1 dis- re 
tribution of currents, except that the m inor  lobes  have  tio  
been suppressed. The sharpening of the pattern  can  be to  
carried on further by the addition of more  dipoles  an d m 
by the proper proportioning of the curren ts. The se lec -
tion of the desired array becomes a pro blem  of economy  p1 

and compromise. In general, the intens ity of the m inor  ca  
lobes increases with increase in the num ber of ra diators  on  
unless the currents are properly propor tione d. In actua l at  
service, where the radiators are located a quar ter wave - fro  
length above a metallic counterpoise , the free -space  ve  
radiation characteristic will be modified by the fac tor  th  

sin (90 sin 0).  (2)  th 
It is possible to design an array in which the m inor  lobes  pla 
are only partially suppressed below a tolerable va lue . fro  
However, the limit of expansion of the array is governe d the 
by cost and space limitations, which increase with an  tim 
increase in the number of dipoles. In this developmen t air 
it was decided to limit the array to four dipoles.  sta 

A study was then made to determine the limits to 
which the radiation pattern could be sharpened by spac -
ing the elements of the array at distances greater  than  
180 degrees without impairing the usefulness of the sys-
tem as a zone marker. Fig. 2 also illustrates the patterns  
obtained from the 1-2-1 array with dipole spacings  of 
180, 200, 220, and 240 degrees. It is seen  that as  the 
spacing increases, the pattern becomes  shar per  with a 
slight tendency toward the production of minor  lobes . 
It is interesting to observe that the 1-2-1 array , us ing  
220-degree dipole spacing, has a shar pness  equa l to  the 
1-3-3-1 array, using a spacing of 180 degrees . The max i-
mum value of the minor lobe obtaine d with the 1-2-1 ar -
ay and 220-degree spacing is on ly 1.6 per  cent  of the 
maximum value of the major  lobe for  free -space  ra dia-
ion. This is reduced to 0.64 per  cent  when  the array  is 
ocated a quarter wave above  a me tallic counterpo ise.  A 
pacing of 240 degrees  shows  a slightly sharper  ma in 
obe pattern with 4.1 per  cen t m inor  lobes  for  free-space  
adiation. The minor lobe am plitu de re duces  to  2.2  per  
ent when the array is loca ted a quarter  wave  above  a 
etallic counterpoise . The m inor  lobes  are  present  with  
pacings of 200 and 220 degrees,  but  they  are  too  small  
o be indicated on the polar  co -or dinate  paper.  
Subsequent radiation  patterns  differ  from  those  shown  
Fig. 2 in that the re flect ions  from  the earth 's surface,  
ssuming perfect conduc ting  groun d, are  taken  into  
onsideration. Also , in Figs.  2, 3, and  4, the  radiation  
atterns have all been  plotte d to  a max imum  of  unity  at  
0 degrees from the hor izonta l plane.  The  patterns,  
erefore, do not show  the ga in of  one  array  over  the  
her and are no t compara ble on  the  basis  of  constant  
ower input to the arrays.  The numerical  figures  shown  
ove the radiators  on  the figures  are  relative  ampli-
des of the current  va lues  in the  elements  of  each  
ray. 
Fig. 3 shows the pattern  for  the  Z-marker  array  in 
esent use at radio range  stat ions.  The  array  consists  
two collinear, co phase d dipoles  carrying  equal  cur-
nts and spaced 180 degrees.  In  addition  to.  the  radia-

n pattern,/ 4(0) in a vertical plane  conta ining  theradia-
rs, the radiation  pattern  fB(0),  in a vertical  plane  nor-
al to the line  of the rad iators,  also  is shown.  These  
anes henceforth will be referred  to  as  the  A and  B 
anes. The solid of ra diat ion  would  resemble  a thick  
ctus leaf and the distance  from  the  origin  to  any  point  
its surface wou ld represent  the  relative  field  strength  
that particular  ang le measured  at  a constant  distance  
m the origin. The direction  of  the  electric  potential  
ctor at any point is at  all times  in a plane  containing  
e radiators and the po int  in question  and  is normal  to  
e line joining the po int  with  the  origin.  Thus,  in the  A 

ne the direction of the electric-potential vector varies 
m vertical at the earth's surface to horizontal above 
array. In the B plane the electric vector is at all 
es horizontal and parallel to the radiators. Since 
planes usually fly through the marker zones at a con-
nt altitude with the receiving antenna in a horizontal 
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Fig. 2— Free-space vertical-radiation pat t Ills for various numbers of cophased collinear dipoles, current ratios and spacings. Lower half of each pattern not shown. 
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position (below and in line with the axis of the fuselage), 
the patterns shown are not strictly representative of 
the voltage impressed on the receiving antenna as it is 
flown over the array. However, at high altitudes and 
near a point directly over the array, the effect of varying 
distance can be neglected. When an airplane is flying in 
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Fig. 3—Vertical radiation patterns; present Z-marker array. 

the A plane, the fA (0) pattern is to be considered, with 
proper emphasis being given to the angle between the 
electric-potential vector and the receiving antenna. The 
voltage impressed on the receiving antenna is the prod-
uct of the field strength and the cosine of this angle. The 
effect of this factor, which is equal to sin 0, where 0 is the 
elevation angle measured from the horizontal, is to 
sharpen the f4(0) pattern at low angles with only a 
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Fig. 4—Vertical-radiation patterns; spaced-dipole array. 

slight effect at the high angles. When the airplane is 
flown parallel to the A plane and to one side of the ar-
ray, the solid radiation pattern must be considered. 
However, at the instant it enters the B plane, the 
fB(0) pattern without modification represents the volt-
age impressed on the receiving antenna, since the elec-

tric-potential vector is parallel to the receiving antenna. 
When these factors are borne in mind, Fig. 3 indicates 
that an airplane flying parallel to the array and to one 
side of a point directly over the antenna will enter a 
signal zone of sufficient intensity to give a "light-on" 
indication at a greater distance to one side of the station 
than would be the case had the airplane flown through 
a point directly over the station. This phenomenon of 
the elongation of the "light-on" zone for flights parallel 
to the array and to one side results in a broad indication 
of the location of the Z marker. To reduce this broaden-
ing of the "light-on" zone, it is necessary to make the 
fn(0) pattern similar to the fA (0) pattern, neglecting, of 
course, the pattern of the receiving antenna. Although 
the JA (0) pattern of the 1-2-1 array (with 220-degree 
spacing) was considered satisfactory, its fn(0) pattern 
is identical with the f11(0) pattern of Fig. 3. To reduce 
the f8(0) pattern, the array was modified in such a man-
ner as to obtain the electrical equivalent of the 1-2-1 ar-
ray and thus maintain the f4(0) pattern. This was ac-

•• 
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Fig. 5— Vertical-radiation patterns; antennas a quarter 
wave above perfect earth. 

complished by splitting up the center element into two 
parallel dipoles, spaced 180 degrees and carrying equal 
currents. The net result is a four-dipole array, a plan 
view of which is shown in Fig. 4. ThefA (0) arn1f8(0) pat-
terns are illustrated in the same figure. The minor lobes 
of the fA (0) pattern are too small (0.64 per cent) to be 
drawn on polar co-ordinate paper. Fig. 5 shows the pat-
terns of Figs. 3 and 4 plotted in rectangular co-ordinates 
and gives a clear picture of the degree of sharpness ef-
fected by the new spaced-dipole array (SDA). It is also 
seen from Figs. 3, 4, and 5 that the sharpening effect, 
through the use of the spaced-dipole array design, has 
been greater in the fA (0) patterns than in the fu(0) pat-
terns. Fig. 5 also indicates that the present Z marker is 
more symmetrical than the spaced-dipole array. In 
practical terms this signifies, as will be shown later in 
discussion of the results, that the reduction in the 
elongated pattern, though substantial, was not so great 
as the reduction in the zone width. 

'The term "zone" is used to designate that region above the 
Z-marker antenna in which can be found a signal of sufficient field 
strength to light the Z-marker instrument light in an airplane. This 
region is often referred to as the "light-on" zone and is the useful 
region of the radiated beam. 
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During the early stages of development of this array, 
the end dipoles were also displaced so that each one was 
collinear with one of the center dipoles. This arrange-
ment resulted in a greater narrowing of the fB(0) pattern 
than that obtained with the final arrangement and in a 
greater reduction in the elongated pattern when flying 
parallel to the array and to one side. However, because 
of the arrangement of dipoles, the array was not sym-
metrical for angles measured either side of the normal 
to the collinear axis of the array in the horizontal plane. 

This dissymmetry resulted in a minor lobe of 17.5 per 
cent for radial flights over the array in a plane which 
made a 120-degree angle with the axis of the array. The 
maximum of the lobe occurred at an elevation angle of 
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10110 

FROM STATION IN FUT 

Fig. 6—Parallel-chord patterns of Z markers for 10,000-foot signal 

27.5 degrees. At 40 degrees it is still 12 per cent. This 
minor lobe was quite apparent both in the headset and 
on the marker-indicator lamp for parallel-chord flights 
to either side of the array at an altitude of 500 feet. For 
this reason the unsymmetrical arrangement was dis-
carded. The final arrangement of the spaced-dipole 
array has a minor lobe of 5.65 per cent for a 45-degree 
radial flight through the marker. However, this lobe lies 
along a 21-degree elevation angle. The horizontal dis-
tance for an altitude of 500 feet at 21 degrees elevation 
angle is 1374 feet. Examination of the elongated pat-
terns in Fig. 6 will show that this distance out along a 
45-degree radial is well outside the "light-on" zone of the 
marker. As the airplane is moved in nearer the array, 
the elevation angle increases. This fact may explain 
why no minor lobes are detected on parallel chord 
flights at an altitude of 500 feet either side of the sym-
metrical spaced-dipole array. The general equation for 
this array is 

F(0). = 1/2 [cos (A cos 0) + cos (B cos  0) 

[cos (90° cos a cos 0)/V1 — cos' a cos' 01 [sin (900 sin 0)1(3) 

where A =220 degrees cos a 
B=90 degrees sin a 
0= the elevation angle measured from the hori-

zontal plane 
a= the angle the vertical plane under considera-

tion makes with the collinear axis of the 

array. 

The first term of F(0)a is the array factor, the second the 
form factor of the dipoles, and the third the reflection 
factor of the ground or counterpoise. 

220. 

Ieo 

_L 

Fig. 7—Plan layout of the spaced-dipole Z-marker antenna. 

A plan diagram of the spaced-dipole antenna is shown 
in Fig. 7. The antenna consists of two of the arrays 
shown in Fig. 4, crossed at right angles and fed in quad-
rature time phase with respect to each other. The cen-
tral equivalent element of each 1-2-1 array is composed 
of two dipoles spaced one-half wavelength apart later-

ally, with each carrying unity current. Dipoles 1, 2, 3, 
and 4 constitute one array, while dipoles 5, 6, 7, and 8 
constitute the other array. The dipoles are individually 
supported on pedestals a quarter wavelength above a 
30-foot-square counterpoise consisting of 3-inch-square 
galvanized iron-wire mesh. The counterpoise is sup-
ported 6i feet above the ground, and is similar to that 

used on present Z markers. 

Fig. 8—Dipole antenna and tuning section. 

The radiating elements of the antenna are horizontal 
dipoles of i-inch copper tubing and are fed at their 
centers by means of 140-ohm dual-shielded transmission 
line. A schematic diagram of a dipole is shown in Fig. 8. 
Since the dipoles are fed at a point of low potential, they 
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are inherently free from insulation difficulties and make 
for a stable system which is little affected by rain, snow, 
or ice. A spreadout diagram of the feeding system is 
shown in Fig. 9. Stub sections of transmission line TA 

ARRAY • 

7 

Ti TA 

MRAT A 

4 

TO TRANSMITTER 

Fig. 9—Schematic diagram of spaced-dipole Z-marker 
antenna system. 

and TB are used to terminate the common feeders to the 
two arrays. The common feeder to array B is 90 electri-
cal degrees longer than the feeder to array A to provide 
the necessary quadrature phase relationship. A 2:1 stub 
section TL terminates the main feeder line. A view of 
the experimental antenna system is shown in Fig. 10.5 

.03A90,51 

Fig. 10—View of the experimental spaced-dipole 
Z-marker antenna system. 

FLIGHT TESTS 

The power into the spaced-dipole Z-marker antenna 
was adjusted to produce the same height of signal zone 
as that obtained from the present Indianapolis (ID) Z 
marker, and the gain of the receiver was adjusted so that 

Manufactured versions of marker antenna systems employ a 
galvanized-steel angle framework, although a wood frame was used 
in the test model. Since this work was completed, a standard dipole 
has been developed for use in marker antennas. The new dipole has 
2-inch diameter horizontal members, and the pedestal and fittings 
are of standard iron conduit and condulet fitting construc tion . A 
heavy water spray over the insulators causes less than 2 per cent 
change in field strength at 100 feet distance. Likewise, the use of 
solid dielectric flexible cables instead of the 1-inch dual-shielded 
transmission line and gas-sealed fittings is contemplated. The objec-
tive is to prefabricate dipoles and transmission-line sections in the 
factory for standardization and easy field assembly. 

the height of the signal zones of both markers was lim-
ited to approximately 10,000 feet above ground. Com-
parison flights were then made on the two markers and 
the width of the "light-on" zone was measured. Direct 
measurements of the light time with a stop watch were 
not considered accurate since the apparent brilliancy of 
the light is affected by the normal lighting in the air-
plane cabin, thus making it difficult to judge the exact 
brilliancy at which to begin and end the timing. It was 
therefore found expedient to measure the light time by 
means of a recorder. The 3000-cycle tone output of the 
receiver was rectified and applied to the recorder. The 
time during which the rectified signal voltage was equal 
to or greater than a predetermined value was scaled 

EAST FLIGHT 
INDIaNssous  NEW $DA 
Z-MARKER I-MARKER 

WEST FUGHT 
INOIANAPOUS  NEW SDA 

I-MARKER I-MARKER 

INDICATES LIGHT TIME AXIS  • 

Fig. 11—Copies of actual flight recordings of the present Z-marker 
and the new spaced-dipole array taken at various altitudes show-
ing comparisons of both arrays under identical flight conditions. 

from the chart recording, which moves through the re-
corder at a constant speed. The value of rectified voltage 
at which the time axis was established is equal to the 
maximum value of rectified voltage recorded at the top 
of the signal zone, namely, 10,000 feet. The width of the 
signal zone as measured in time was converted to dis-
tance in feet from readings of the indicated air speed, 
taking into, account the proper correction factors for 
temperature, altitude, wind direction, and wind velocity. 
Sample recordings of the signal zones of both Z mark-

ers for altitudes from 1000 to 9000 feet are shown in Fig. 
11. 

The height of the signal zone was obtained from re-
corder deflections taken on flights over the marker at 
two or more altitudes which are sufficient to insure linear 
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W A 

operation of the receiver. The maxima of the deflections 
were then plotted for various altitudes and a straight 
line was drawn through them. The altitude at which this 
line intersects the value used as a light-time axis is the 
height of the signal zone. Curve A of Fig. 12 illustrates 
such a signal-height determination. This curve inter-
sects the light-time axis at an altitude of 8800 feet. It 
will be noted that at low altitudes, the region of strong 
signal strengths, the maximum deflections are limited to 
eight units by the action of the automatic volume con-
trol of the receiver. The straight portion of curve A was 
extrapolated until it intersected the abscissa at zero 
altitude, point P. This method of determination was 
used to check the height of the signal zone of the spaced-
dipole array when the power to the array was increased 
to give a zone height of 20,000 feet. The airplane used 
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Fig. 12 —Signal-zone-height determination. 

wind. Flights were made in the east-west direction over 
both markers. The ratios of the widths of the patterns 
at several altitudes are tabulated in Fig. 13. 

for the test -flights was not capable of flying to 20,000 
feet, and it was necessary to resort to this method of 
extrapolation to determine the zone height. The maxi-
mum deflection of the recorder was determined for a 
test flight on the spaced-dipole signal zone at an alti-
tude (13,000 feet) sufficient to insure linear operation of 
the receiver. This deflection was plotted on Fig. 12, 
point F. A straight line was drawn through points P and 
F (curve B) and extended until it intersected the light-
time axis. The altitude at this point of intersection, 
21,500 feet, was the extrapolated height of the spaced-
dipole signal zone. Other values of recorder deflection 
versus altitude were determined by flight test on this 
signal zone up to 13,000 feet, and the curve is shown in 
solid line from point F to the limiting abscissa of re-
corder deflection. For all values of recorder deflection, 
which are directly proportional to field strengths, the 
ratio of altitudes for the straight portions of curves A 
and B is constant, thus substantiating the inverse law 
relating the attenuation of the electric field with dis-
tance along a constant elevation angle. 
The signal zones received from the spaced-dipole 

marker and the Indianapolis marker for altitudes up to 
10,000 feet above ground are shown in Fig. 13. These 
patterns were obtained under conditions of negligible 
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Fig. 13 —Z-marker patterns—measured zone widths for 
10,000-foot signals. 

Fig. 14 shows the same patterns as Fig. 13, except 
that the pattern for the spaced-dipole marker has been 
extended to 20,000 feet above ground, that is, twice the 
height of the Indianapolis marker. The current in the 
dipoles of the spaced-dipole antenna was raised to twice 
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Fig. 14—Z-marker patterns—measured zone widths for 
10,000- and 20,000-foot signals. 

the value which existed at the time the data for Fig. 13 
were obtained. Test flights were then made on. both Z 
markers up to and including an altitude of 13,000 feet. 
These test flights confirmed the data plotted in Fig. 14. 
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From these patterns it can be seen that the spaced-dipole 
marker zone is narrower than the present 2-marker zone 
below 5700 feet, even though its maximum height is 
twice that of the present Z. marker. The ratios of zone 
widths up to 5000 feet are tabulated in Fig. 14. 
The increase in the widths of the signal zones of both 

markers for parallel flights to each side of the marker 
antennas at an altitude of 500 feet above ground is 
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Fig. 15—Z-marker patterns under flight condition of large crab angle 

shown in Fig. 6. In these two tests the receiver sensi-
tivity was adjusted to give a signal zone height of 
10,000 feet. The elongated pattern for the spaced-
dipole Z marker is also shown for an altitude of '3000 
feet. The parallel-chord flights on the Indianapolis 
Z marker were not made in a truly east-west direction 
since the dipoles of this marker are aligned 30 degrees 
clockwise from the true north-south, east-west direc-
tion. 

During these flights it was discovered that the air-
craft receiving antenna had a greater pickup on the right 
side than on the left side of the airplane for the same 
angle of reception with respect to a vertical plane 
through the receiving antenna. Therefore, it was neces-
sary to average the data obtained and to compensate 
for this difference in pickup as well as for differences in 
signal widths computed for flights in opposite direc-
tions. The composite averages for both the spaced-
dipole and the Indianapolis markers are shown in Fig. 
6. The area within the patterns represents the hori-
zontal area at an altitude of 500 feet over which a signal 
equal to or greater than a value sufficient to light the 
signal lamp will be received for parallel flights to either 
side of the station and perpendicular to the major 
axes of the elliptical patterns. The average widths 
of the curves in the major directions are as follows: 
for the spaced-dipole marker, 1900 feet; for the In-
dianapolis marker, 2800 feet; a ratio of 0.68. The fact 
that the ratio of the average distances in the major 
directions is not so low as the widths of the signal 
zones at 500 feet, as shown in Fig. 13, can be accounted 
for by the slightly greater degree of symmetry of the 
Indianafolis marker array, as explained previously. 
The ratio of the major to the minor axis at a 500-

foot altitude for the spaced-dipole Z marker is 4.75, and 
for the Indianapolis marker it is 4.5. This is further sub-
stantiation of the differences in symmetry. 
If the limit of the major axis of the elongated pattern 

were plotted for various altitudes, it would have the 
form of thefa(0) curves of Figs. 3 and 4. If the receiving 
pattern of the airplane antenna were uniform for various 
angles in a plane normal to the antenna axis, the ratios 
of the width of the fB(0) curve to the width of the fA(0) 
curve at various relative altitudes would give a close 
approximation of the ratios of the major to the minor 
axes of the elongated patterns at those altitudes. Actu-
ally, the ratios as measured are slightly greater than 
those predictable by the vertical patterns in Figs. 3 and 
4. From these tests and calculations made of the air-
plane receiving patterns it may be concluded that the 
width of the signal zone and the elongation of the pat-
tern for parallel flights to one side of the Z marker are 
also functions of the characteristics of the receiving an-
tenna on the airplane. 
The results of test flights made during a time of high 

winds aloft are shown in Fig. 15. These flights were 
made during the time the unsymmetrical array was be-
ing used. The crab angle was 17.5 degrees and the wind 
velocity averaged 50 miles per hour between 2000 and 
10,000 feet above ground. It will be noted that the en-
largement of the pattern is more pronounced in the case 
of the Indianapolis marker than in the case of the spaced-
dipole marker. A comparison of Figs. 13 and 15 shows 
that even under this extreme crab angle the spaced-
dipole marker pattern is only slightly larger than the 
Indianapolis marker pattern shown in Fig. 13, which 
was obtained under the most favorable wind condi-
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Fig. 16— Horizontal pattern of spaced-dipole Z marker for 
radial flights at altitudes of SOO, 2000, and 5000 feet. 

tions. The zone width due to crabbing is increased be-
cause of the increased pickup of the receiving antenna 
as the axis of the antenna is turned away from the di-
rection of flight. It is to be expected that the enlarge-
ment of the symmetrical spaced-dipole Z-marker pat-
tern due to crabbing will be slightly greater than that 
for the unsymmetrical spaced-dipole Z marker, due to 
its larger /B(0) pattern, but still not as great as that for 
the Indianapolis Z marker. 

The horizontal cross-sectional patterns of radial 



flights over the marker are not circular at all altitudes. 
This may be ascribed to the fact that the received field 
along different radii over the marker is the vector re-
sultant of the fields from both arrays in quadrature time 
phase. Horizontal patterns were taken on radial flights 
at altitudes Of 500, 2000, and 5000 feet (Fig. 16). The 
height of the spaced-dipole marker was 10,000 feet dur-
ing these tests. The 2000-foot and 5000-foot patterns 
are almost square. The 500-foot pattern is practically 

circular. 
Fig. 17 shows a plot of the zone widths of the In-

dianapolis and the new spaced-dipole markers, similar lo to that illustrated in Fig. 14 except that the light-on 
period is plotted in terms of time in seconds versus alti-
tude, for 120 miles per hour, ground speed. 

CONCLUSION 

It has been shown that the spaced-dipole antenna 
system possesses a number of distinct advantages over 
that used with present Z markers and will provide pilots 
with a more accurate fix because the zone width is con-
siderably less at all altitudes up to 10,000 feet. The 
marker zone can be extended to 20,000 feet altitude 
without modification of the present transmitters. Under 
these conditions the zone width will be less than that of 
present markers up to 5700 feet. The broad marker zone 
normally observed on flights off to one side of the 
marker, or under conditions involving a large crab angle, 

is appreciably reduced. The radiating elements are of 
simple and rugged design and will provide stable Z-
marker signals under adverse climatic conditions. The 
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Fig. 17—Z-marker patterns, width in seconds, for 
120-mile-per-hour ground speed. 

dipoles and precut sections of transmission line may be 
assembled in the factory as prefabricated units ready 

for field installation. 
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Vacuum Capacitors* 
G. H. FLOYDt, ASSOCIATE, I.R.E. 

Summary—This paper describes the properties, characteristics, 
and uses of the vacuum capacitor. The constructional details of two 
General Electric vacuum capacitors, the GL-1L38 and the GL-1L22, 
are discussed. Design considerations are discussed from the view-
point of both the designer andthe manufacturer. Capacitance formulas 
are giv en, and the equation for energy loss is derived. Operating 
character istics and ratings of the vacuum capacitor are considered, 
and the effects of humidity, temperature, and vibration are noted. 
The advantages of the vacuum capacitor are thoroughly discussed 
and the applications which are brought about because of these ad-

vantages are described. 

I. INTRODUCTION W HEN the word "capacitor" is brought up in a 
discussion, the average engineer immediately 
attempts to classify the particular capacitor un-

der discussion in one of four general capacitor groups— 
paper, mica, electrolytic, or air. It is the purpose of this 
paper to present some of the details of a rapidly growing 
newcomer to the capacitor group; namely, the vacuum 
capacitor. The idea of enclosing capacitor electrodes in 

• Decimal classification: R381. Original manuscript received by 
the Institute, November 15, 1943; revised manuscript received, 
May 5, 1944. Presented, Rochester Fall Meeting, November 8, 1943. 
t General Electric Company, Schenectady, New York. 

an evacuated bulb is not new. It has not been until re-
cently, however, that new application demands and the 
advantages of newly designed vacuum capacitors caused 
them to be required in large quantities. 
Recent strides in the design of aircraft to operate at 

high altitudes have opened up many new and interesting 
problems in the design of radio equipment to accompany 
these high-flying airplanes. Most of the electronic de-
sign problems can be ably solved if the'following points 
are taken into consideration. The points given are only 
those which arise due to the extraordinary service con-
ditions under which military aircraft operate. 
1. Low Temperatures: Temperatures of —50 degrees 

centigrade are not unusual at altitudes of more than 

40,000 feet. 
2. High Temperatures: With aircraft operating in all 

climates, temperatures of 60 degrees centigrade may be 

experienced. 
3. Low Pressures: At 40,000 feet altitude, the pres-

sure is approximately 5.5 inches of mercury. 
4. High Humidity: This effect is aggravated by the 

rapid descent of aircraft into regions of normal pressure, 
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temperature, and humidity, as the radio apparatus will 
still be at very low temperature and condensation of the 
water vapor present may cover the surface of all equip-
ment. 

The vacuum capacitor has many advantages which 
allow it to operate satisfactorily under the conditions 
described above. 

Two such capacitors, the GL-1L38 and the GL-1L22 
are shown in Fig. 1. 

Fig. 1. 

Top—GL-1L38 vacuum capacitor. 
Bottom—GL-1L22 vacuum capacitor. 

II. CONSTRUCTIONAL DETAILS 
Size 

The smaller the vacuum capacitor can be made, the 
more it can be used to advantage. Weight is also a con-
sideration, but this is associated with internal construc-
tion as well as with size. The mechanical consideration 
of size, which is almost entirely a manufacturing prob-
lem, is second in importance to electrical considerations. 
Electrically, the size will depend upon three factors: 
1. Length of the external path required to withstand 

the rated voltage at the low pressures encountered at 
high altitudes. 
2. Spacing of the internal electrodes required to give 

the proper capacitance and the rated voltage break-
down. 
3. Bulb shape and size required to keep high-loss ma-

terials out of the radio-frequency field present between 
the capacitor electrodes. (In the case of capacitors used 
for direct-current blocking applications, the last point 
is not important.) 
The first factor, that of the length required for suffi-

cient external breakdown, is important in that it dictates 

the over-all length of the capacitor. The use of skirts to 
increase the effective length of path is not practical, as 
the vacuum enclosure is usually a glass bulb, and adding 
skirts to a glass bulb would be costly. Furthermore, 
these skirts would add to the diameter of the capacitor. 
The last two factors jointly determine the diameter of 

the capacitor. The internal spacing required will depend 
upon the geometry of the electrodes and the capacitance 
required. The power factor of the bulb used will deter-
mine the distance required between the internal elec-
trodes and the bulb to avoid excessive dielectric loss due 
to the radio-frequency field. 

Evacuated Envelope 

Fig. 2 shows the two types of evacuated envelopes in 

Fig. 2—Two types of evacuated envelopes for vacuum capacitors. 

use for vacuum capacitors. Type A (left figure) makes 
use of the flare-to-bulb type of seal, and type B (right 
figure) employs the fernico-to-glass, edge-type seal. 
Each type has its advantages and disadvantages. Type 
A may make use of any combination of metal and glass 
whose coefficients of expansion match well enough to al-
low a seal to be made. Several leads may be run through 
the press, allowing for a variety of internal mounting 
schemes. The choice of glass allows the use of one which 

has a low power factor. Type A is not mechanically 
strong since it is inherent in this design that the stress 
of mounting is either on the leads themselves or on the 
glass envelope. Also, the leads do not lend themselves 
readily to simple mounting of the internal elements by 
mass-production methods. If concentric electrodes are 
used, the leads must be perfectly straight for precise 
mounting. 

Type B uses end cups of fernico, an alloy of iron, 
nickel, and cobalt and a borosilicate glass with the 
same expansion coefficient. Other metal-glass combina-
tions may of course be used. The edge-type seal pro-
vides a strong mechanical joint. As may be seen in Fig. 
2, the fernico is embedded in the glass cylinder, and the 
glass makes a vacuum-tight seal on both the inside and 
outside of the fernico cup. The ferrule which is welded 
in the center of the fernico cup on the outside provides 
an axial support which is readily employed in the ac-
curate line-up of the internal elements. A metal ex-

haust tube, seen on the lower end of type B is brazed to 
the fernico cup. 

I. 
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The main disadvantages of type B are that the fernico 
cup presents a high-loss material to the high-frequency 
field, and the necessarily heavy glass adds slightly to the 
loss because of its thickness. 

Internal Construction 

The space inside a cylindrical bulb is best utilized 
when the coaxial cylinder type of capacitor is employed. 
A cross section of a GL-1L38 vacuum capacitor using 
this type of construction is shown in Fig. 3. The 
GL-1L38 is rated at 50 micromicrofarads and 7500 volts 
peak. The over-all length is 3-Pir inches, and the diameter 

is lt inches. 
The coaxial cylinders are shown at A. The ends of the 

cylinders are spun over towards each other for ease in 
welding. The copper cylinders are welded between a ring 
of nickel B and a steel backup plate C. This backup 
plate provides a strong support for the cylinders, and 
lessens the possibility of the cylinders deforming under 
heat or vibration. It also permits the use of a thin end 

cup of fernico. 
D, E, and F are, respectively, the exhaust tubulation, 

the support ferrule, and the fernico end cup. 
The glass-to-metal seal is made by lining up the upper 

and lower assemblies in a vertical machine which ac-
curately aligns the two assemblies on the center line of 
the ferrules. The-glass bushing G is held in place by a 
centering clamp, and the upper and lower seal made 
simultaneously by high-frequency induction heating. 
As the seal is made, the hot fernico cups are pressed into 
the glass bushing a predetermined distance. 
After exhaust and subsequent processing, the silver-

plated-copper end caps H are soldered on the ferrules. 
The size of these caps is such that the whole unit may be 
mounted in standard-size fuse clamps. 
The problem of selecting metals for use as cylinders in 

the vacuum capacitor involves the same considerations 
as the choice of any metal for use inside a vacuum tube. 
Availability, ease of forming, freedom from gas, melting 
point, and impedance to high-frequency current are, in 
general, the main factors to consider. 
The thickness of the coaxial cylinders is limited on the 

one hand by the strength required. Cylinders which are 
too thin are difficult to mount. On the other hand, in-
creasing the thickness of the cylinders cuts down the 
spacing, decreases the breakdown voltage, and increases 
the capacitance. A thickness of 0.010 inch has been 

found satisfactory in the GL-1L38. 

III. DESIGN CONSIDERATIONS 

Capacitance Calculations 

The formula for the calculation of the capacitance of 
concentric coaxial cylinders is expressed as 

C = O. 2416(L)/logio D1/D2 (1) 

where 

C= the capacitance in micromicrofarads 
L= the overlap of the two cylinders in centimeters 

DI = the inside diameter of the outer cylinder in centi-

meters 
D2 = the outside diameter of the inner cylinder in cen-

timeters 
Equation (1) will give the capacitance of a pair of 

cylinders. To calculate the capacitance for a set of co-
axial cylinders, it is necessary to calculate the capaci-
tance for each pair of cylinders and add the respective 

results obtained. 
The result will not be the exact capacitance of the 

finished capacitor, as the formula neglects end effect. In 

Fig. 3—Cross section of GL-1L38 vacuum capacitor. 

general, the extra capacitance due to end effect will de-
pend upon 1. number of cylinders, 2. thickness of 
cylinders, 3. length of cylinders, and 4. spacing between 
end of cylinders and opposing cylinder supports. 
The importance of the end effect in the over-all calcu-

lations will be governed entirely by the construction of 
the capacitor. In the GL-1L38, the end effect causes an 
increase of approximately 6 micromicrofarads over the 
calculated capacitance. In this case, the end effect 
amounts to more than 10 per cent of the total capaci-

tance. 
Equation (1) assumes that the cylinders are perfectly 

coaxial. Any variation from this condition will change 
the capacitance. A variation in spacing due to axial dis-
placement of the cylinders increases the capacitance, 
but .the change is not large until the two cylinders are 
almost touching. This is one advantage which the co-
axial type of construction enjoys over the flat-plate type 
of capacitor construction. 

Spacing 
Under perfect conditions, a spacing of 0.050 inch be-

tween two electrodes in a perfect vacuum should hold 
off voltages of 50 to 75 kilovolts. The exact hold-off volt-
age would depend upon the type of electrodes used. In 
the manufacture of vacuum capacitors it is virtually 
impossible to achieve these perfect conditions. Inas-
much as the breakdown voltage depends upon several 
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factors, it is necessary to investigate the relative impor-
tance of these factors. Other than the spacing factor, the 
important factor is the degree of vacuum obtainable in 
the envelope. The General Electric vacuum capacitors 
are processed to a degree of vacuum which will ensure 
stable operation without being affected by ionization of 
residual gas. As a further precaution, smooth and well-
rounded surfaces on the metal are desirable to prevent 
any sharp breaks in the high-voltage field. 
The major problem in the manufacture of vacuum 

capacitors is undoubtedly the assembly of the coaxial 

111 

Fig. 4—Enlarged cross section of hot end of GL-1L38. 

cylinders. A generous allowance for misalignment must 
be made. This allowance, in most cases, is large enough 
to overshadow the effect of the other breakdown voltage 
factors. 

Energy Losses 

The losses in vacuum capacitors of the type under dis-
cussion may be attributed mainly to two sources: 
1. Resistance loss in the metallic structure. 
2. Ionic loss in the material subjected to the high-fre-

quency field. 
The resistance loss at frequencies up to 50 megacycles 

may be considered as negligible. The construction of a 
vacuum capacitor of the GL-1L38 type is such that the 
cross-sectional area of conducting surfaces is large. 
There are no wire leads between which the current must 
divide. In this way the resistance is kept to a minimum. 
The ionic loss in the material subjected to the high-

frequency field presents the main design problem. The 
care with which this problem is handled will determine 
the maximum frequency and voltage limits of the vac-
uum capacitor. 
Extensive tests have shown that the major part of 

the loss of the vacuum capacitor occurs in the glass en-
velope. 
Fig. 4 shows a vacuum capacitor of the GL-1L38 type 

with one quarter in cross section. Coaxial cylinders A 

and B are connected to end C. The full voltage across 
the capacitor, therefore, appears between the ends of 
cylinders A and B and end D. The voltage stress is par-
ticularly high between cylinder A and the junction of 
the fernico E to the glass F. The glass in that portion of 
the capacitor is, therefore, subjected to a very strong 
high-frequency field. 

In order to make a seal to the fernico end, a borosili-
cate glass must be used. The loss that takes place in this 
glass is caused by the mobility of the alkali ions present. 
The high-frequency field induces a voltage in the glass, 
and the current that results is carried by these ions. The 
accompanying effect is the heating of the glass due to the 
passage of current. 

Failure occurs when the heat generated by the ionic 
loss can no longer be radiated or conducted away from 
this band of glass. When this occurs, the heat begins to 
raise the temperature of the glass in the portion of the 
envelope that is closest to the end of cylinder A. At one 
point around the circumference of the tube, this effect 
will be greater than that at any other point. At this 
point a runaway effect occurs which punctures the glass 
envelope. In any capacitor which is constructed as shown 
in Fig. 4 the failure occurs in the section of glass which 
is immediately adjacent to the fernico head E. 

Before further capacitors could be designed intelli-
gently, it became necessary to determine just what fac-
tors contributed to this heating. The current and volt-
age relationships in any capacitor are expressed by 

V = /Z.  (2) 

The first assumption to be made in the simplification 
of the formula is that the resistance to radio-frequency 
current in the circuit is. negligible. The reason  for  ma k-
ing this assum ption  will be shown later. With the as-
sumption made, the formula becomes 

V = 1/27fC.  (3) 
Inasmuch as the tests were to be made with vacuum 

capacitors of one capacitance, the formula becomes 

V = KI/f.  (4) 
It is obvious from (4) that temperature-rise measure-

ments cannot be made as a function of any one of the 
three variables while holding the other two variables 
constant. Before proceeding further it was therefore 
necessary to make a third and final assumption. 
It had been noticed that when capacitors failed due 

to the puncture of the glass, the end which punctured 
would be at a very high temperature whereas the oppo-
site end would be only moderately warm. Further tests 
were conducted under conditions which caused the fail-
ure to occur- in a matter of seconds. Under these condi-
tions, the end which did not puncture was found to be 

at room temperature. Tests conducted at various cur-
rents and voltages and at different frequencies showed 
that regardless of the current, this one end remained at 
room temperature. It was only when the puncture took 
a long time to occur that the cold end was raised in tem-
perature. The conclusion reached was that the circuit 
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current had no effect in producing heat, and that the 
cold end became heated only when the time of punctur-
ing was sufficiently long to allow heat to be conducted 
from the hot end to the cold end. This was a logical con-
clusion, as any heat due to resistance must of necessity 
have been produced uniformly throughout the length of 

the capacitor. 
Therefore, the assumption was made, that at the fre-

quencies at which the tests were made (1 to 30 megacy-
cles) the temperature rise was independent of the capacitor 

circuit current. 
It now became possible to run tests holding one varia-

ble constant, and taking readings of the second variable 
versus temperature rise. The third variable, current, 
had to vary in accordance with (4), but its effect could 
be neglected. 
A method had to be found by which it would be pos-

sible to measure the temperature of the glass without 
disturbing the results of the test. Some means had to be 
used, therefore, to measure the temperature when the 
voltage was removed from the capacitor. This required 
the use of a device which would come to temperature 
quickly. Thermometers were not used for this reason. 
The solution was found by employing a thermocouple. 

The junction of the thermocouple was attached to a 
hinged arm. During the time the voltage was applied to 
the capacitor, this arm was held in position away from 
the glass. As a temperature reading could be taken in five 
seconds after the removal of voltage, there was no ap-
preciable heat loss from the glass in the time required to 
get this reading. 
For the purpose of the tests, the capacitors were run 

at one voltage and frequency until a stable temperature 
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Fig. 5—Vacuum-capacitor temperature-rise characteristics 
—constant-frequency curve. 

was reached. The holder for the thermocouple junction 
was made from a heat-resistant material. It was st2aped 
so that the thermocouple junction was covered 1n all 

sides except where it came in contact with the capacitor. 
The hinge was arranged so that the junction touched the 
glass on the capacitor at precisely the same point for 
each temperature measurement. 
Fig. 5 shows the curves of temperature rise in degrees 

centigrade versus kilovolts. The temperature rise is the 
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Fig. 6—Vacuum-capacitor temperature-rise characteristics 
—constant-voltage curve. 

rise over ambient temperature experienced by the glass 
on the hot end of the capacitor. The voltage is the root-
mean-square radio-frequency voltage applied across the 
capacitor. These curves approximate the square law 
curve, or 

T = K'172.  (5) 

In (5) the constant K' is a constant that changes with 
the frequency. By solving for this constant K' it can be 
shown that it varies as 

K' = K"f.  (6) 

This relationship may also be checked by plotting 
temperature rise versus frequency. It is evident from 
Fig. 6, which shows this curve, that the temperature rise 
varies directly with the frequency. This enables the final 
formula to be expressed as 

T =  fV2 (7) 

where  T= the temperature rise above ambient tem-
perature of the glass on the hot end of 
the capacitor 

K" = the ionic loss constant for any one type of 
capacitor 

f= the frequency of the voltage applied 
V= the voltage across the capacitor. 

The only controllable factor in (7) is the constant 
K". It is evident that the chemical composition of the 
glass used will cause each type of glass to have a differ-
ent constant. For this reason it is necessary to choose a 
glass which will contribute a minimum ionic loss. 
While conducting the tests on the capacitors, the tem-

perature-rise measurements were made at a point on the 
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glass nearest the termination of the outer metal cylin-
ders, as this point was found to be the hottest. Following 
this line of reasoning, capacitors were made up with this 
outer cylinder of varying lengths. When the outer cylin-
der was of zero length, the former cold end became the 
hot end. The temperature rise was not so high as before, 
as the glass was a greater distance from the new outer 
cylinder. When the outer cylinder was one half normal 

Fig. 7—Cross section of GL-1L22 vacuum capacitor. 

length, the temperature rise was greatest in the central 
portion of the glass envelope. This cylinder length was 
found to be optimum, as the heat generated had a 
greater opportunity to be conducted away, gnd the 
temperature rise was therefore less than with the full-
length cylinder. 
These tests gave rise to the new type of design used 

in the General Electric 16-kilovolt capacitor line. One of 
these capacitors, the GL-1L22, is shown in cross section 
in Fig. 7. The GL-1L22 is rated at 25 micromicrofarads 
at 16 kilovolts peak voltage. The outer cylinder has been 
made shorter so that it terminates in the center of the 
capacitor. The glass in the center of the bulb has been 
bulged out so that a large distance is obtained between 
the end of the outer cylinder and the inside of the glass. 
The end of the outer cylinder has been rolled over, 
further to reduce the electrical stress set up in the glass. 

IV. OPERATING CHARACTERISTICS AND RATINGS 

Voltage and Current Relationships 

In comparison to capacitors subject to atmospheric 
pressures, the breakdown voltage of a vacuum capacitor 
is relatively more constant throughout life. There may 
be an occasional minute quantity of gas released in-
ternally, due to overload or voltage surge. A voltage 
surge above the rating of the capacitor does not punc-
ture the dielectric, and the tendency is for the capacitor 
to clean up. The breakdown voltage, therefore, normally 
reverts to its original value. In operation, there is no di-
electric to deteriorate with time. 
The current ratings of the General Electric vacuum 

capacitors are obtained indirectly from (7). As it is de-
sirable to use the vacuum capacitors under varying con-
ditions of voltage and frequency, it is impossible to rate 

the capacitors correctly by stating only a maximum cur-
rent. The criterion of maximum operation is the energy 
loss. The ratings used, therefore, are those which will 
cause the vacuum capacitor to operate at some given 
maximum temperature when operated at maximum rat-
ings. By the same reasoning as that applied to current, 
it is impossible to give only a maximum frequency limit. 
The following is an example of the current, voltage 

and frequency ielationships. A GL-1L38 will have a 
temperature rise of approximately 40 degrees centigrade 
when operated at 6 megacycles, 10 amperes root-mean-
square current, and 7.5 kilovolts peak voltage. By the 
use of (7) the voltage at 10 megacycles may be com-
puted which will give the same temperature rise. This 
voltage is 5.8 kilovolts, and the corresponding current is 
12.6 amperes root-mean-square. At 40 megacycles, the 
voltage is 2.9 kilovolts and the current is 25 amperes 
root-mean-square. 

Temperature Coefficient 

The expansion and contraction due to temperature 
changes of the glass and metal parts in the types of' 
capacitors under discussion are a complex movement. As 
the capacitor becomes heated, the following changes 
take place: 
1. 'Vie glass envelope tends to lengthen along its 

axis, causing a decrease in capacitance. 

2. The glass envelope tends to enlarge in diameter, 
placing a bending stress on the fernico end cup, and 
tending to displace the cylinders on their axes. 
3. The fernico end cup tends to enlarge its diameter, 

at a different expansion rate from that of the glass 
envelope, adding its effect to that of (2) above. 
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Fig. 8— Temperature coefficient curve for GL-1L38 
vacuum capacitor. 

4. The copper cylinders tend to lengthen along their 
axes, causing an increase in the capacitance. 
5. The copper cylinders tend to enlarge their diam-

eter, causing the capacitance either to increase or de-
crease, depending upon which cylinder is considered. 
Fig. 8 shows a curve of capacitance versus tempera-

ture 0,r the GL-1L38. The curve is that of one particu-
lar Apacitor. The temperature coefficient for that 

49.90    
-100 
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particular capacitor, computed on the part of the curve 
from —50 degrees centigrade to +100 degrees centi-
grade, is 27.0 X10-° micromicrofarad per micromicro-
farad per degree centigrade. 
The coefficients of expansion of the various materials 

used in the GL-11.38 would cause a much greater change 
in capacitance if figured individually, but we find that 
the interactions between the materials compensate for 
one another to produce a very satisfactory temperature 
coefficient. 

Humidity and Vibration Effects 

Changes in humidity have no effect upon the capaci-
tance of the vacuum capacitors. As moisture can affect 
only the outside surface of the capacitors, high humidity 
may cause a slight leakage current across the outside of 
the capacitor. Specimens cooled to approximately —30 
degrees centigrade, and then placed in a high-humidity 
atmosphere w ere Covered  M I th  condensed droplets of 
water. This moisture affected the creepage breakdown 
potential on the outside of the capacitor momentarily, 
but the surface dried in a few seconds and the external 
breakdown potential returned to normal. This drying 
takes place best when the capacitor is operating at some-
where near normal ratings. 
In the case of a capacitor operating in an atmosphere 

of high humidity, where there are no temperature 
changes to cause sudden condensttion, the decrease in 
creepage breakdown potential is less noticeable than in 
the case above. Under any conditions of high humidity, 
the breakdown path on the GL-1 L38 and similar capaci-
tors is still sufficiently long to ensure that the break-
down voltage is greater than the capacitor ratings, even 
at altitudes up to 30,000 feet. 
Vibration does not affect a cylindrical-type capacitor 

in the same manner as it does a flat-plate capacitor. In 
the latter type, displacement of the plates by vibration 
is accompanied by a capacitance change which is in di-
rect ratio to the displacement. Such is not the case in 
cylindrical-construction vacuum capacitors. 
Fig. 9 shows the relationship between capacitance 

change and axial displacement. This curve is a hyper-
bolic cosine function, and may be computed from 

C = 1/2 [cosh-'  (1301 — R, — R2')1(2RIR M1-' (9) 

where 

C=the capacitance in micromicrofarads per centi-
meter of overlap 

D = the axial displacement of the cylinders in centi-
r  meters 

= the radius of the outer cylinder in centimeters 
= the radius of the inner cylinder in centimeters 

This formula' is for -the case where the two cylinders 
are contained one within the other. 
Fig. 9 is plotted for the General Electric GL-1L38 

capacitor. An axial displacement of 0.010 inch, which is 

William R. Smythe, "Static and Dynamic Electricity," McGraw-
Hill Book Company, New York, N. Y., 1939. 

a displacement of approximately 20 per cent of the spac-
ing, causes a change in capacitance from 50.0 micro-
microfarads to 50.7 micromicrofarads, or less than one 
and one half per cent of the total capacitance. 
The usual displacement caused by vibration is not an 

axial displacement, as the axes of the concentric cylin-
ders are not free to move. Vibration causes a motion 
which tends to bend the cylinders, the pivot point being 
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the point where the cylinders are attached to their end 
plates. This motion has an effect on the capacitance 

which is even less than the effect produced by the axes 
being displaced. For these reasons, the vacuum capaci-
tor is affected a minimum amount by vibrations. 

V. ADVANTAGES 

Due to the Vacuum 

As would be expected, most of the advantages of vac-
uum capacitors stem from the fact that the dielectric 
employed is a vacuum. The main advantages gained 

from this are: 
I. Stable Dielectric Constant: Unlike any other form 

of capacitor, the vacuum capacitor has a dielectric con-
stant whose value is unity. This value stays constant 
regardless of temperature change or humidity change. 
Changes in capacitance due to temperature change re-
sult entirely from the fact that the mechanical structure 

changes size, and as shown in Fig. 9 these changes are 
very small. Capacitance change due to temperature 

change of the dielectric does not exist. 
2. Stable Internal Breakdown Voltage: This is one 

of the very important advantages of the vacuum capaci-
tor. Humidity cannot be present to cause lowering of the 
breakdown voltage. Low air pressures, such as those 
found at high altitudes, do not change the breakdown 

voltage. 
3. Low Loss: The fact that all capacitors, with the 

exception of air and vacuum capacitors, use some ma-
terial as a dielectric which contributes a dielectric loss, 
means that inherently vacuum capacitors are lower-loss 



devices than capacitors using some material as a dielec-
tric. 

4. Ability to Withstand Overvoltages: The vacuum 
capacitor does not depend upon a solid dielectric for its 
voltage insulation. For that reason, there is no dielectric 
to puncture if overvoltages are applied to the capacitor. 
On either direct current or radio frequencies, overvolt-
ages may cause a discharge to take place internally. In 
most of these cases, this discharge is not injurious to the 
vacuum capacitor, and when the overvoltage is removed, 
the capacitor will function as usual. Overvoltages may 
harm the capacitor if there is sufficient power in the 
source. The heat generated by the arc in this case may 
be enough to melt the internal electrodes. 
5. Maintenance: A minimum of maintenance is re-

quired on vacuum capacitors. Dirt and dust cannot af-
fect the internal structure of the vacuum capacitor. Ex-
ternally, it takes a great deal of contamination to lower 
the breakdown voltage to a point where cleaning is re-
quired. 

Advantages Derived from the Mechanical Construction 

1. Size: In comparison to capacitors which use a high 
dielectric constant, vacuum capacitors are not small. 
However, in comparison with high-voltage, high-fre-
quency capacitors, vacuum capacitors are very compact. 
Their compact size allows them to be used with ad-
vantage in high-frequency circuits where long leads and 
bulky apparatus cause inefficiency. 
2. Sturdiness: Normally, tubes made of glass and 

metal are not considered durable. The vacuum-capaci-
tor construction produces a tube which is mechanically 

strong. Such vacuum capacitors have been dropped 
from heights of several feet without sustaining damage. 
Capacitance is very stable even under conditions of 
heavy vibration. 
The vacuum capacitor is also very strong thermally. 

General Electric vacuum capacitors may be cooled to 
—50 degrees centigrade and immersed immediately in 
water at 100 degrees centigrade without harm. 
3. Interchangeability: These types of vacuum capaci-

tors are designed with sturdy terminals which allow 
them to be plugged in and out of circuits with ease. 

VI. APPLICATIONS 

For the most part vacuum capacitors are used in ap-
plications where their particular characteristics result in 
the greatest benefit to the user. Obvious applications of 
vacuum capacitors, with their constant breakdown 
voltage, are in aircraft installations. All other conditions 
of military-aircraft applications are met by vacuum 
capacitors. Sturdiness, low maintenance cost, and abil-
ity to withstand extremes of temperature and humidityi 
make vacuum capacitors ideal for this service. 
Interchangeability is advantageous in the design of 

high-frequency oscillators or amplifiers where flexibility 
is desirable. In these applications, tuning may be ac-
complished by variable inductances. 
Induction-heating oscillators of the self-excited types 

require blocking and by-pass capacitors. In high-power 
units, the current-carrying ability of these capacitors 
must be large. Vacuum capacitors are able to pass higher 
currents per unit size than any other type of capacitor, 
and may be used in parallel quite readily. 

Characteristics of Voltage- Multiplying Rectifiers* 
D. L. WAIDELICHt, ASSOCIATE, I.R.E., AND C. L. SHACKELFORDt, ASSOCIATE, I.R.E. 

Summary—A combined experimental and theoretical analysis is 
used to determine the manner in which the characteristics of the 
half-wave and full-wave voltage-doubling rectifier circuits depend 
upon the resistance of the diodes and upon the load resistance. The 
characteristic curves reproduced include those for the load voltage, 
ripple voltage, and maximum tube currents. Since it was found that 
the rectifier characteristics are nearly independent of the load-resist-
ance parameter in the usual operating range, it is possible to obtain 
general characteristics which hold not only for the doublers but also 
for multiplying rectifier circuits of higher orders. Various combina-
tions of these multiplying circuits are also discussed.  . 

INTRODUCTION 

iiHE increase in the use of small vacuum-tube de-
vices and other instruments requiring a direct 
voltage has created a demand for data suitable 

for use in the design of the necessary power supplies 

'' Decimal classification: R134 X R149. Original manuscript re-
ceived by the Institute, October 26, 1943; revised manuscript 
received, March 3, 1944. 
t University of Missouri, Columbia, Missouri. 
$ Westinghouse Electric and Manufacturing Company, Bloom-

field, New Jersey. 
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for such instruments. The present shortage of certain 
types of transformers brings new attention to voltage-
multiplying circuits and their operating characteristics. 
This paper presents the results of a combined experi-
mental and theoretical analysis to determine some of 
the more important characteristics of two of the many 
rectifier circuits using vacuum-type diodes. The operat-
ing characteristics were determined in the laboratory, 
while the limits of the characteristics, as a parameter of 
the circuits approached zero or infinity, were determined 
by mathematical means. The results of the study 
of the limits led to the solution of a general method of 
determining the limits for many voltage-multiplying 
circuits, and a way of using these limits as an aid in de-
termining the approximate operating characteristics 
was found. 

Two diode rectifier circuits having capacitance filters 
have been considered in detail in this analysis. These 
circuits, the half-wave and the full-wave voltage-

, 
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doubling rectifiers, have a direct terminal voltage of ap-
proximately twice the maximum value of the input 
alternating voltage at no load when the diode resistance 
drop is low. Roberts' and Schade2 have made a study of 
some of the characteristics of the full-wave doubling 
circuit but have not considered the half-wave voltage-
doubling circuit. Previous mathematical analyses2.4 have 
considered the two doubler circuits with the main 
simplifying assumption that there was no voltage drop 
across the tubes when conducting. It was also stated 
that further work should be done to remove .this as-
sumption, and the results of this work are contained in 
this paper. A complete mathematical analysis of these 
circuits was not made, because it was found that a com-
bined experimental and mathematical analysis gave the 
desired results in much less time. This analysis develops 
characteristics for the output voltage, the maximum 
tube current, the inverse peak voltage, and the per cent 
ripple in the load voltage for both circuits. 

DOUBLER CHARACTERISTICS 

Previous mathematical analyses',2 of rectifier circuits 
have shown that the circuit characteristics are depend-
ent upon the parameter coCRL, where RL is the resistance 
in ohms of the load, C is the capacitance in farads of the 
condenser across the load, and w is the product (24) 
where f is the frequency of the supply voltage in cycles 
per second. All characteristics given in this analysis, 
other than limiting characteristics, are plotted against 
this load-resistance parameter. The direct-voltage out-
put data are given in the form of the ratio of the 
direct voltage across the load divided by the maximum 
value of the alternating input voltage; the maximum 
tube-current characteristics are given as ratios of the 
maximum values of the current passing through the 
tube to the average direct current passing through the 
tube. The inverse peak voltage has its characteristic 
shown as the ratio of the inverse peak voltage to the 
maximum value of the input alternating voltage. The 
ripple content of the load voltage is plotted as the per 
cent ratio of the effective output ripple voltage to the 
average value of the output voltage. 
This analysis, like that of Roberts,' assumes that the 

resistance R, of the diode is constant and the current 
varies directly with the voltage. While this is not exactly 
true physically, it is a good approximation over the 
range of operation for many diodes and is mathematical-
ly and experimentally convenient. The parameter for 
each curve of the characteristic family is the ratio of the 

N. H. Roberts, "The diode as a half-wave, full-wave and voltage 
doubling rectifier," Wireless Eng., vol. 13, pp. 351-362, July, 1936; 
and pp. 423-470; August, 1936. 

2 0. H. Schade, "Analysis of rectifier operation," PROC I.R.E., 
vol. 31, pp. 341-361; July, 1943. 

3 D. L. Waidelich, "The full-wave voltage-doubling rectifier cir-
cuit," PROC. I.R.E., vol. 29, pp. 554-558; October, 1941. 

4 D. L. Waidelich and C. H. Gleason, "The half-wave voltage-
doubling rectifier circuit," PROC. I.R.E., vol. 30, pp. 535-541; De-
cember, 1942. 

'D. L. Waidelich, "Diode rectifying circuits with capacitance 
filters," Trans. A.I.E.E. (Elec. Eng., December, 1941), vol. 60, pp. 
1161-1167; December, 1941. 

load resistance RL to the diode resistance Rr. Charac-
teristic curves showing RL/R,.= co as a parameter are 
calculated curves taken from mathematical analyses3.4 
of these circuits assuming no tube drop, i.e., R is zero. 
By similar calculations it is possible to obtain the curves 
for RL/R,.= 0. For the characteristic curves of the other 
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Fig. 2—The load-voltage ratio curves of the half-wave doubler. 
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values of the Rai?, parameter ranging between zero 
and infinity, the end points of the curves at wCRL, = 0 
and r...)CRL= Go are easily calculated as shown in Ap-
pendix B. The curves in between these end points are 
then filled in experimentally. The characteristics apply 
only to circuits having capacitance filter. 
The circuit for the half-wave doubler is shown in 

Fig. 1(a). The half-wave doubler-voltage ratio curves, 
Fig. 2, show that a voltage multiplication of 1 and 
greater is not accomplished unless the Rai?, ratio is 
more than ten, and the multiplication does not become 
appreciable until this ratio becomes fifty or greater. 
The limits which the voltage curves of this family tend 
to approach, as wCRL approaches zero or infinity, are 
given in tabular form in Fig. 3. For purposes of compari-
son the limits of the half-wave and full-wave rectifier 
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circuits with capacitance filters are also given. The 
equations for the end points of the voltage characteris-
tics have been solved in Appendix_ B, and the calculated 
results are shown in the form of curves in Fig. 4. The 
characteristics of Fig. 2 are somewhat indicative of the 

LIMITING FUNCTIONS FOR CHARACTERISTICS 
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Fig. 4—The load-voltage ratio curves of either doubler for 
limiting values of coCRL. 
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Fig. 5—The maximum tube-current ratio curves of the 
half-wave doubler. 

voltage regulation of the circuit because an increase in 
the load is represented by a decrease in the load re-
sistance. The maximum tube current ratio curves are 
shown in Fig. 5 and the inverse peak-voltage ratio 
characteristics in Fig. 6. The ripple characteristics for 
the half-wave doubler are given in Fig. 7. The limits 
that these curves approach as coCRL approaches zero and 
infinity are tabulated in Fig. 3. 
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Fig. 6—The inverse peak-voltage ratio curves of the 
half-wave doubler. 
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Fig. 7—The per cent ripple curves of the half-wave doubler. 

The maximum tube-current characteristics for the 
half-wave doubler are from data taken for both tubes. 
In general, T1 conducts higher current peaks than does 
7.2. When the peaks are approximately equal in both 
tubes, the maximum shifts erratically between the 
tubes. The characteristics shown were determined from 
the greater of the two current peaks. The inverse peak-
voltage ratio curves are from data taken for T1. In 
general, the inverse peak voltage appearing across T1 
is greater than that across T2; however, for light loads 
the two inverse peak voltages are substantially equal. 
A schematic diagram of the full-wave doubler circuit 

is shown in Fig. 1(b). The characteristics of Fig. 8 show 
that a voltage multiplication of one and greater is ob-
tained only when the Rai?, ratio is 10 or greater. Fig. 9 
shows the maximum tube-current characteristics; Fig. 
10, the inverse peak-voltage curves; and Fig. 11, the 
percentage ripple in the output voltage. The curves, 
with the exception of the ripple characteristics, ap-
proach the same limits as do the half-wave doubler 
characteristics. 

ft, 
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Neither of the doubler circuits shows a multiplication 
greater than 1 when the ratio of the load resistance to 
the tube resistance is less than 10. The characteristics 
of the two circuits are very similar; the full-wave doubler 
showing better regulation and stability than the half-
wave circuit. For values of o.)CRL less than 100, the 
voltage ratios of the full-wave doubler are always larger 
than those of the half-wave doubler. The maximum 
tube-current characteristics of the half-wave doubler 
have larger values in general than those of the full-wave 
circuit, although both sets approach the same limit for 
decreasing values of coCRL. The inverse peak voltages of 
the full-wave doubler are higher than those of the half-
wave doubler for the most part. As coCRL, increases, the 
inverse peak-voltage curves approach values dependent 
upon the VL/E,,, ratio of the respective circuits. The Itheoretical maximum ripple occurs for coCRL equal to 
zero and is 121.2 per cent for the half-wave doubler and 
48.3 per cent for the full-wave doubler. When both 

I coCRL and Rai?, are greater than 10, the ripple r is very 
nearly equal to (109/coCRL) for both circuits. The shapes 

! of the ripple curves are similar, and all approach zero 
f as coCRL approaches infinity. For low values of coCRL 
the ripple of the half-wave doubler is approximately 
twice that of the full-wave doubler for a given value of 
°JCR!, and has a fundamental ripple frequency of one 

! . half that of the full-wave doubler. For either circuit the 
use of a diode having a greater resistance or the addition 
of series resistance in the diode circuit does not material-
ly reduce the amount of ripple except for high values of 

I wCRL. 

METHOD OF ANALYSIS 

The data were obtained in a manner similar to the 
method of Roberts.' A type 83 mercury-vapor diode 
with a resistance in series with its cathode was used to 
simulate the vacuum diode because this allowed a means 
of varying the diode resistance and made the test cir-
cuits very flexible. The limits approached by the char-
acteristics as coCRL, approaches zero and infinity are 
determined by the artifice that the capacitance is zero 
at wCRL = 0 and is infinite at coCRL =  . An equivalent 
circuit for the, first condition shows no capacitances. 
The second condition, that the capacitance be infinite, 
is to say that it is so large that, once charged, it main-
tains a constant voltage across its terminals and the 
equivalent circuit may show a source of constant volt-
age in the position of the condenser. The curves of the 
end points for the two circuits considered are given in 
Fig. 4; they are plotted against tam—' (RL/R,) in degrees. 
The calculated end points were compared with the ex-
perimental data, and it was found that the error varied 
from 2 to 6 per cent for most of the different circuits 
and characteristics. 
The calcuations were performed by writing the 

Kirchhoff equations for the circuit under examination 
according to the proper equivalent•circuit and solving. 
Details of the method are given in Appendix B. The 

method of letting the condensers be of zero capacitance 
to determine the end points does not serve to give a 
solution for the full-wave doubler or more complex 
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Fig. 8—The load-voltage ratio curves of the full-wave doubler. 
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full-wave doubler. 
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circuits, and other means must be used. Other analyses'.' 
have shown that the ripple is 121.2 per cent for the half-
wave and 48.3 per cent for the full-wave circuits at 
°JCR', equal to zero, and this is apparently a general 
characteristic of the circuits so long as the filter is pure 
capacitance. 
The condition that the voltage across the condensers 

is constant at coCRL equal to infinity serves in all cases, 
and this end point is of more importance than the 
other. For, if these infinite limit end points are de-
termined, the characteristics for VL/E. and ESE.„ in 
most practical cases, are determined because the char-
acteristics of the circuits for all except the higher values 
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of RL/R, are almost flat from the region of (JCR/. = 00 
down through the operating range. The i„,//, charac-
teristics have more slope, and consequently the de-
termination of the end point may not give a value suf-
ficiently near to the actual value of the characteristic; 
however, if only a knowledge of the region of operation 
is required, the value of the end point at coCRL, = ce will 
almost always serve. 

THE GENERAL VOLTAGE-MULTIPLYING CIRCUIT 

The investigation of the voltage ratio characteristic 
end points at coCRL = co yields the same form of equa-
tions for all half-wave voltage multiplier circuits. The 
equations differ only by a constant of multiplication in 
each case. The general form is 

(1/n)(RLIR„)= F(VanE„,) 
where 

F(V nEm) 
27(V LInE„,) 

2.V1— (V L/ nE„,)2— (V L/ nE„,) [7r-2 sin--' (VL/nE„,)] 

and n is the multiplication factor or number of tubes. 
The inverse peak-voltage-ratio end points, in each case, 
then become EP/Em =1-1- (V anE„,), and the maximum 
tube-current-ratio end points may be found from 
i„,//,= (1/n)(Ra R,)[(nE./ V L)— 1]. The ripple in all 
cases is zero per cent. 
These relations allow the development of curves for 

end points at coCRL= cc which apply to half-wave 

voltage-multiplying circuits in general, and these curves 
are shown in Fig. 12. 
Of all the single-phase rectifier circuits capable of 

voltage multiplication by a factor greater than 1, the 
half-wave circuits are the most common. The half-wave 
doubler, is the most elementary of the family and is 
shown in Fig. 13(a). It is distinctive of the half-wave 
multipliers that the addition of a stage consisting of one 
diode and one condenser to an existing circuit will in-
crease the multiplication of the circuit by a factor of 1. 
A family of such circuits may be constructed. Fig. 13(b) 
shows a series of such stages so that if the diode resist-
ance is low and the load resistance high, a steady volt-
age of approximately 6E,, may be obtained between 
points P 6 and G. Even voltage multiples are obtained 
between P. and G, n being even; odd multiples are ob-
tained between P„ and X, n being odd. These voltages 
are a steady direct voltage; however, an oscillating 
voltage with a peak value of (n-I-1)Em when n is even 
may be obtained between P. and X. 
Fig. 12 shows end points for circuits-of this type. 

Values of coCRL used are usually so large that the Opera-

(a) 

(d) 

Fig. 13 —Various voltage-multiplying rectifier circuits. 
(a) half-wave doubler 
(b) half-wave multiplier 
(c) full-wave multiplier (quadrupler) 
(d) hybrid multiplier (tripler) 

tion points of such circuits may be determined from the 
end-point curves alone. This is important because the 
circuits are such that a complete analysis would be very 
difficult if not impossible. Such circuits have been men-
tioned by several authors6-9  but no attempts have been 

'H. Greinacher, auber eine Methode, Wechselstrom mittels 
elektrischer Ventile und Kondensatoren in hochgespannten Gleich-
strom umzuwandeln," Zeit. fur Phys., vol. 4, pp. 195-205; February, 1921. 

7 J. D. Cockcroft and E. T. S. Walton, "Experiments with high 
velocity positive ions—F,urther developments in the method of ob-
taining high velocity positive ions," Proc. Royal Soc., series A, vol. 
136 pp. 619-630; June, 1932. 
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made to advance a method of predetermining the 
operation of a given circuit of this type beyond the 
doubler or tripler stages. 
Voltage-multiplication circuits may be designed to 

operate in such a manner that they may be classed as 
full-wave multipliers. One such circuit, the full-wave 
doubler, is shown in Fig. 1(b). Another full-wave multi-
plier is illustrated in Fig. 13(c) and is a voltage quad-
rupler, i.e.: a voltage of approximately 4Em may be 
obtained between X and Y if the RL/R, ratio and 
coCRL are large. 
Examination of the circuit of Fig. 13(c) shows that 

the section to the right of the alternating-current input 
terminals is the half-wave doubler of Fig. 13(a). The 
section of the circuit to the left of the input is similar 
with the exception that the tubes are reversed in posi-
tion. In operation, the circuit may be compared with 
two half-wave doublers arranged so that one of the out-
put condensers receives charge every half cycle and the 
charges are equal in magnitude. Then if point Y is at a 
potential of approximately 2Em positive with respect to 
G, point X is at a similar potential negative with respect 
to G. In the steady state, a potential of approximately 
4Em obtains between X and Y. The circuit may be ex-
panded as previously described for half-wave circuits. 
In such a case, two stages, one on each side of the 

, • alternating-current, input, are added simultaneously, 
and the load is connected between the extreme terminals 

. of the circuit. It is possible to have a different number of 
I stages on each side of the alternating-current input, but 1 an unbalance in the output voltage would result with a 
fundamental component appearing in the output ripple 

voltage. 1 The circuit of Fig. 13(c) will give only even-integral 
voltage multiplications. Odd-integral multiplications 
may be obtained by means of the circuit of Fig. 13(d), 
a tripler. As in the previous case, the section to the right 
of the input is the half-wave doubler, while the section 
to the left appears as the same circuit inverted and with 
the tubes reversed. Although. this arrangement is such 
that one of the load condensers receives charge every 
half cycle, it cannot be called a full-wave circuit because 
the charges are not of equal magnitude. 
• Although the curves of Fig. 12 were developed for 
half-wave multipliers, they can be extended to full-wave 
circuits because the operation of the full-wave circuits is 
similar to two half-wave circuits in series. 
If VL' is the voltage between the terminals of the full-

wave multiplier, then VL = (1/2) VL' is the voltage sup-
plied by one of the half-wave multiplier sections. Each 
of the two half-wave sections loses an equal amount of 
charge to the load resistance. Therefore, the half-wave 
section operates as though it worked into a load resist-
ance RL = (1/2)RL' where RL' is the complete load re-
sistance. If the complete multiplication of the full-wave 
° S. Gradstein, "Modern high-voltage equipment," Philips Tech. 

Rev., vol. 1, pp. 6-10; January, 1936. 
D. L. Waidelich, "Voltage multiplier circuits," Electronics, vol. 

14, pp. 28-29; May, 1941. 

circuit is n', the multiplication of one of the half-wave 
sections is n = (1/2)n'. 
By the same reasoning, the end point of the voltage-

ratio characteristic for (ACRL approaching infinity for 
one of the half-wave sections is given in Fig. 12 by the 
co-ordinates tan-' (RLInR,), (VanE„,). If these co-
ordinates are evaluated in terms of the full-wave multi-
plier, they become tari-' (RI,' in' R,),  /niE,„). Then 
the voltage ratio curve of Fig. 12 must be applicable 
to full-wave multiplier circuits as well as half-wave 
circuits. This same reasoning may be applied to the 

circuits typified by Fig. 13(d). 
The above process may be carried through to show 

that the curves of Fig. 12 apply to the full-wave circuits 
of Fig. 13 for the inverse peak voltage and maximum 
tube-current ratios. It must be borne in mind, however, 
that the slope of the current ratio characteristic is con-
siderable in comparison with the other characteristics, 
and, therefore, the end-point calculation, singly, does not 
give a good approximation to the value of the charac-
teristic unless the operating point is very high on the 
tan--' (RL/R,-) scale. However, the full-wave-circuit cur-
rent characteristics have less slope in the operating 
range than do the half-wave circuits. 

APPENDIX A—NOMENCLATURE 

C= capacitance of either condenser in half-wave and 
full-wave doubler circuits. 

= capacitance of input condenser in half-wave 
doubler circuit; also one ()lithe output condensers 
in the full-wave doubler circuits. 

C2 = capacitance of output condenser in half-wave 
doubler circuit and of the other condenser in the 

full-wave doubler circuit. 
E.= the maximum value of the alternating supply 

voltage. 
E,= the inverse peak voltage, across a diode. 
eL = the instantaneous voltage across the load re-

sistance. 
e,, = the instantaneous inverse voltage across a diode. 
/ = the average direct load current. 
I.= the effective load current. 
Ir= the average tube current. 
i= the instantaneous load current. 
= the maximum tube current. 

RL = the resistance of the load. 
R,.= the resistance of a diode. 
r = per cent ripple in load voltage. 
t = time in seconds. 
VL = the average direct voltage across the load. 
= the voltage across condenser CI. 

V2 = the voltage across condenser C2. 

a = the angle in radians at which a diode begins to 

conduct current. 
I3= the angle in radians at which a diode ceases to 

conduct current. 
= 27rf, where f is the frequency of the alternating-

current supply in cycles per second.  • 
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APPENDIX B— ANALYSIS 

The case of the half-wave voltage doubler will be 
treated in detail. All other circuits were solved by the 
same methods. In the circuit of Fig. 1(a) let VI, positive 
on the right, be the voltage across the input condenser 
and V2, positive at the top, be the voltage across the load 
condenser. Let R. be in series with each cathode. Let it 
flow in the input loop, positive in the plate to cathode 
direction, and i2 flow in the loop formed by the load and 
the two tubes, also positive in plate-to-cathode direction. 
A. Ratio of the average direct voltage to the maximum 
of the alternating input voltage. 
1. coCRL. co. 

The condensers are assumed to be so large that a con-
stant voltage VI is maintained across the input con-
denser and a constant voltage Vg across the load. 
By Kirchhoff's equations, 

E., sin cat — j1R — VI = 0  (1) 
and  E. sin cot  V2 +  "- V1 = 0.  (2) 

The tube T1 starts to conduct at the angle 
04= a1= sin-1 ( 

and stops conducting at the angle 0.4=131=7—al. The 
average current is then 

1 f  0, 
/1  —  (E. Sin Wi — V Od(cd) 

2TR, a, 
or 

1 
/1= —  21/E„.2— Vi2—  [r — 2 5in-1 (VI/E)]1• 

27R, 

The tube 7' 2 starts conducting at 
cot= «2= sin-1 ( V1— V2)/E. 

and ends at cot =i32= — a2. The average current is 

/2 =   
1  {    

2 Y.E.2 — (171 1/2)2 
27rR,   

— (V2 — Vi) [r — 2 sin-1 ( 172  Vi  ) ]  .  (4) 

The average current must also satisfy 
/1 = /2 = V2/RL.  (5) 

Equating (3) and (4) to (5) and solving the equations 
obtained, 

and 

(T17) CRL, 

(3) 

V2/E,„ = VL/E„, = 21/1/E„,  (6) 

2(Vi/E„,) 

2i'1— (V 1/ E.) 2—(1 "1/ E,,,)[r —2 sin-1 (Vi/E„,)I 

Equations (6) and (7) relate the parameter (RL/R.) 
with the ratio of the average direct voltage across the 
load to the maximum of the alternating input voltage. 
This relationship is plotted in Fig. 4. 
2. coCRL =O. 

Assuming zero capacitance, the input is open-circuited 
and VL/E„,= 0 per cent for all values of (RL/R6). 
B. Ratio of the maximum tube current to the average 
tube current. 

1. coCRL= 00. 
Substituting (6) into (1) and (2), it is found that the 

same maximum current appears in each tube 

(7) 

with 

= (1/R„)(E,n — V1)  (8) 

then 

i.,/  = (1/2)(RL/R,)[(E„,/Vi) — 1].  (9) 

Equation (9) becomes indeterminate at (Vi/E,,,)  equal 
to zero, and the limit of (i„,//,) as ( VI/E„,) approaches 
zero is found from the conditiopth at, as VI approaches 
zero, RL approaches zero and 

1 
/, = —  — sin cotd(o)t) 

f  E. 

2r  R. 

which integrates to  (1/70(E./ R.); 

therefore,  =  (10) 

2. coCRL =O. 

The circuit becomes nonoperative when the capaci-
tance is made zero, and the limit of the current ratio as 
wCRL approaches zero is determined in the same manner 
as given in the solution for the lower limit of the 
c4CRL = 00 curve 

i„,//, = r.  (11) 

C. Ratio of the inverse peak voltage to the maximum 
of the alternating input voltage. 

1. coCRL = 00 

The instantaneous inverse voltage across the diode is 
ep=E„, sin cot+ ( VL/2), and the peak inverse voltage is 
then E.=  VL/2). 

Thus,  Ep/E = 1 ± (VL/2E„,)  (12) 

where relative values of (RL/R,) and ( VL/E.) are de-
termined by (6) and (7).  • 
2. c4CRL =O. 

The circuit becomes nonoperative and E,,/E,,,= O. 
D. Per cent ripple in load voltage. 
1. coCRL = 

Since an infinite capacitance is assumed, r = 0 per 
cent. 
2. coCRL =O. 

The limit of the ripple percentage as coCRL approaches 
zero is determined by making Cg, the capacitance across 
the load, zero and allowing CI to remain finite. The 
equivalent circuit for conduction of current through RL 
then consists of CI, R,, and RL in series and 

i= (E„,/z) sin (cot-I-0) 

= 1 (  y 

2irk z ) -e 
sin' (wt  0)d(cot) 

which gives 

/82 = (11/4)(E„, 
The average current is 

27\ z  
which integrates to 

sin (cot + 0)d(wt) 

(13) 

I = (1/7r)(E,„/z).  (14) 
By the use of (13) and (14) substituted into 

r = (100//)\//62 — /2 

the ripple is r =121.2 per cent. The ripple is then inde-
pendent of CI. 
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Current and Power in Velocity-Modulation Tubes* 
L. J. BLACKt, ASSOCIATE, I.R.E., AND P. L. MORTONt, ASSOCIATE, I.R.E. 

Summary—This paper gives a physical and mathematical analysis 
of velocity modulation. The velocity modulation is expressed in terms 
of a variation with time of density at any distance from the modulat-
ing source. This time-density variation is developed as a Fourier 
series having Bessel coefficients and has the same form as Webster's 
expression for current. The high-frequency current and power in-
duced in a resonant circuit by the variable-density electron stream 
are calculated. The effects of transit time through the resonant cir-
cuit of the modulating source and of the output circuit are included 
in the calculations. The possibility of using a steady stream of elec-
trons passing through a single resonator as a transit-time oscillator 

is discussed. 

INTRODUCTION 

T
HE physical concepts which underlie the opera-
tion of velocity-modulation devices such as the 
Klystron are relatively new'.2 and quite different 

from those applicable to the usual vacuum tube, and 
the already extensive literature on the subject does not 
seem to contain an adequate treatment of these con-
cepts. Webster's mathematical analysis of the Klystron,' 
which has been commonly followed,' gives correct re-
sults under certain limiting conditions, but the deriva-
tion is open to certain misinterpretations.' Previous 
treatments also have neglected the effects of transit time 
between the grids which produce the velocity modula-
tion and between those which utilize it, and the results, 
for some practical applications, are therefore only ap-
proximations. The present paper is intended to give a 
fairly complete physical and mathematical treatment 
of the mechanism of velocity modulation and an analysis 
of the process in which power is delivered to a tuned 
circuit by the modulated electron stream. 
In a velocity-modulation tube an electron stream is 

projected through two sets of grids. The first set, re-
ferred to as the buncher, produces the velocity modula-
tion, while the second set, or catcher, receives high-
frequency energy from the modulated stream. As il-
lustrated in Fig. 1, the electrons all enter the buncher 
with the velocity vo, determined by the direct accelerat-
ing voltage Eo, but they emerge with varying velocities 
because of the alternating voltage applied between the 
two grids. The variation of velocity produces bunching 
of the electrons. The bunching produced at any point, 

• Decimal classification: RI30. Original manuscript received by 
the Institute, October 29, 1943; revised manuscript received, March 
8, 1944. 
t University of California, Berkeley, California. 
1W. C. Hahn and G. F. Metcalf, "Velocity-modulated tubes," 

• PROC. I.R.E., vol. 27, pp. 106-116; February, 1939. 
'R. H. Varian and S. H. Varian, "High-frequency oscillator and 

amplifier," Jour. A ppi. Phys., vol. 10, pp. 321-327; May, 1939. 
'D. L. Webster, "Cathode ray bunching," Jour. Appl. Phys., vol. 

10, pp. 501-508; July, 1939. 
R. I. Sarbacher and W. A. Edson, "Tubes employing velocity 

modulation," PROC. I.R.E., vol. 31, pp. 439-452; August, 1943. 
• J. G. Brainerd, Glenn Koehler, Herbert J. Reich, and L. F. 

Woodruff, "Ultra-high-frequency techniques," D. Van Nostrand Co., 
New York, N. Y., 1942, p. 334. 

distant s from the buncher, can be expressed as a varia-
tion of electron density with time at this point. The 
variable-density stream, passing through the two grids 

Cathode 

 till''' 
E.  

v. 

Buncher 

v..▪ v. sin wt. 

E. sin wt. h.-1 ' 

Catcher 

I.0-11•11 
Fig. 1—Schematic diagram of a velocity-modulation tube. 

of the catcher, induces a current in the catcher circuit. 
The first problem is to find the variation of electron 
density as a function of time, and the second problem is 
to find the current induced in the catcher by the variable-

density electron stream. 

MODULATION OF TIIE ELECTRON STREAM 

The velocity of the electrons emerging from the 
buncher at time 1, is 

= • /(2q/m)E41  (E,/E0) sin wit] 

= voN1 + (E,/E0) sin wit  (1) 
where q and m are the charge and mass of an electron, 

and 

vo = 5.93-107v  centimeters per second. (2) 

The subscript (1) will be used to designate quantities 
measured at the buncher x = 0, while the subscript (2) 
will be reserved for quantities measured at the catcher, 
x=s. For E,/E0<<1 this becomes 

v = vo(1  (1/2)(Ei/E0) sin wii) 
= vo(1  (Vi/vo) sin coti) 

where  vi/vo = (1/2)(EdEo) 

and is small compared with unity. 
The charge density at x=s is 

qN2 
p2 = limit 

x2 

where N2 is the number of electrons in a volume element 
of length Ax2 and cross section equal to that of the beam. 
Since the velocity modulation vi/vo is assumed small 

qN2 qN2 
limit —  — limit  (6) 
azt—ry)  X2  Ass—v Vait2 

(3) 
(4) 

(5) 

where it is the interval of time required for the group 
of N 2 electrons to pass the plane at x=s. 
The time 12 at which an electron reaches s is equal to 

the time ti at which it emerged from the buncher, plus 
the transit time: 

12 = 11+   
vo(1  (vi/vo) sin cal) 

11+ s/vo — (svi/v02) sin coti.  (7) 
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An electron arriving at x =s during the interval Ati 
may have emerged from the buncher at any time ti 
which will satisfy (7). Since electrons leave the buncher 
at a uniform rate, the number of electrons comprising 
N2 may readily be computed after the interval or in-
tervals during which they left the buncher are identified. 
The intervals in question are shown in Fig. 2(C). 

(B) TRANSIT T
IME 

CATCHER, 
t2 

sin c.t. 

• 
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_  

I 
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_ 
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___ 
t 
Lt, 

Al2 

I I 
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I 

II 
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TIME  OF DEPARTURE  FROM  THE  BUNCHER, I. 

Fig. 2—Fundamental relations of velocity modulation. 

In Fig. 2(A) are plotted the velocities of the electrons 
against the time of departure from the buncher. The 
number of electrons leaving the buncher per second is 
constant and equal to io/q where io is the beam current. 
The variation of the velocity with departure time, ti, 
results in a variation of the "transit time" required to 
travel the distance s. This transit time is plotted as a 
function of departure time in Fig. 2(B). 
Fig. 2(C) is a graph of (7) and shows the times of ar-

rival, at x =s, of the different electrons as a function of 
their times of departure from x=0. The curve is plotted 
for a particular value of buncher voltage Ei sufficiently 
large so that certain accelerated electrons actually over-
take and pass other electrons which left the buncher 
at earlier times. Thus the electrons which arrive during 
the interval At2 at time a left the buncher during the 
corresponding single interval WI. However, those which 
arrive during the interval At2 at time b left the buncher 
during three separate intervals, as shown by the dotted 
lines. 

The number N2 which appears in (6) is 

io  io 
N2 =  Ati = — AL , Ali 

where the summation includes all intervals W I cor-
responding to the particular interval It in question. 
Upon substitution, the charge density at x = s becomes' 

P2 = limit • i0  Ail  E limit — j. (9) 
At,-.o VO  AI2  Vo  At3-.0 At2 

0 

3 
5 Li 
rl 4  
0 

•D 
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1 • 0.5 
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4--- r • vs 

r • 1 0 

r • 0.6 
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ar--10 w/ 6 
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3 

TIME OF ARRIVAL AT THE CATCHER, OE INADIA15111 

Fig. 3—Variation of charge density with time at the catcher and wave 
forms of the catcher current. 

(8) 

rr 

The ratios At1/At2 are to be computed from (7). If both 
sides of (7) are multiplied by co, and a new variable in-
troduced it becomes 

02 = 01 — r sin 01  (10) 

where 01= WI, 02 = (A)(12 S/V0) and r =cosvi/v02. Equation 
(9) now becomes 

P2 = 
Jo  Ae, _ E limit — • 
Vo  6,02 

If 01, in (10), is plotted against 02 the graph of Fig. 3(A) 
results, and the ratio M 1/6,02 becomes, in the limit, the 
slope of the curves. Curves are plotted for three different 

° Webster (see footnote reference 3) writes an equation similar to 
(9) but without the summation sign, stating that it follows from con-
tinuity. Such an equation can be derived from the conservation of 
charge only upon the assumption that the velocity modulation is 
sufficiently small so that electrons do not overtake and pass others 
which left the buncher at earlier times. 
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values of r, 0.5, 1.0, and 1.5. It will be noted that for 
r <1 the slope of the curve is always positive and finite. 
For r =1 the slope becomes infinite at one point in the 
cycle. This implies an infinite charge density, which 
means simply that electrons which left the buncher one 
after the other arrive simultaneously. Infinite charge 
density can, of course, never actually exist because of the 
finite size of the electron. For r >1 the slope of the curve 
is negative at certain points. This is not to be inter-
preted as a negative charge density. It means that elec-
trons which left the buncher in one sequence arrive in 
the reverse order. For this reason, the magnitude, only, 
of the slope must be used in computing the charge 
density from (11). Thus, (11) should be written 

i0 
P2 =  mit 

Vo 

A01 

6.02 
(12) 

A plot of the charge density against 02 for the three 
values of r is shown in Fig. 3(B). Since 02 is proportional 
to 12 this graph shows how the density of charge arriving 
at x =s varies with time. The wave form of the catcher 
current, which is studied in a later section, is plotted 

in Fig. 3(C). 
From (10) 

limit 
tc0a-c0 

Afh 

A02 - 1 
1 

1 — r cos 01 
(13) 

Therefore the chaige density as a function of 02 can be 
expressed by the parametric equations 

io  1 
P2 = 

vo  1 — r cos 01 

02 = 01 — r sin 01.  (14) 

For a particular value of 02 there may be several values 
of 01. Each such value contributes a term to the sum-
mation in the expression for Ps. 
The charge density p2 can be expressed explicitly 

in terms of 02 by expanding it in a Fourier series: 

P2 = ao  al cos 02 + • • • ± a. cos n02 + • • • 

b1 sin 02  • • • -I- b„ sin n02 + • • • 

where 
1 2r 

a0= -
27rJ 0 

1 io  P2  f 27 I 1—r cos 01 
I d02 — — 

27 vo  I 1—r cos ei 
d01= 

io 

Vo 

The summation of (14) is automatically taken care of 
when the variable of integration is changed since all 
values of 01 will be included in the integration. 

n 

1  2r 
P2 COS 02.d02 

7r Jo 

1 io 12r 
= — — 
7 Do J o 

i0 
= 2  

vo 

cos n(01 — r sin 0) •dOi 

where J„(nr) is the Bessel function of the first kind 
order n. 

b,, 

Therefore, 

P2 . sin n02 d02 

sin n(01 — r sin 01).d01 = 0. 

co i0 
P2 =  1 + 2 E Jn(nr) cos n021 . 

Vo 

(15) 

In this equation 02 = Ca2 and 

r = cosvi/vo2 = vi/vo(cos/vo) = (1/2)(Ei/Eo)(cosivo). 

The current induced in a tuned circuit by this vari-
able-density stream of electrons is calculated in the 
next section, following a method applied by North7 to 
the general problem of transit-time phenomena between 

parallel-plane electrodes. 

THE CATCHER CURRENT 

In order to abstract energy from the electron stream 
it is passed through two grids, connected to a tuned 
circuit as shown in Fig. 4: As a small quantity of elec-
tricity Zig passes from x = 0 to x=d, a current Ai, is 

Al 
1 Al 

o  d 

Fig. 4—The catcher circuit. 

induced in the pair of grids.8 This element of current is 

Ai = (Aq)v/d = (pv0,61)vId.  (16) 

Since the velocity modulation produced by the buncher 
is usually small, the velocity of all electrons entering 
the first grid has been taken as equal to the average 
velocity vo. This approximation is equivalent to neglect-
ing second-order terms in the final result. The total 
current at any time t is obtained by integrating the 
effects of all the charges moving in the space between 
the grids. These charges have entered the space during 
the interval r beginning at time £—r, hence the current is 

= — f  ptovdto  (17) 
vo 

d t—, 

where to is the time a particular element of charge 
entered the space, and v, is its velocity at the time 1, for 
which the current is computed: pt0 is the charge density 
at x=0 at the time to. The interval r is the transit time 
of the electrons which are just leaving the space through 
the second grid at the time 1. Due to the acceleration 
produced by the alternating voltage between the grids, 

7 D. 0. North, "Analysis of the effects of space charge on grid 
impedance," PROC. I.R.E., vol. 24, pp. 108-136; January, 1936 . 

of  6 C. K. Jen, "On the induced current and energy balance in elec-
tronics," PROC. I.R.E., vol. 29, pp. 345-349; June, 1941. See also the 
references given. 
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the velocity of a particular electron, and the transit 
times of different electrons, vary with time. The ac-
celeration produced by the alternating voltage is 

d2x/dt2 = [(— q)E2/nul] cos n(wt ± a)  (18) 

where —q is the charge on the electron, and Ey cos 
n(wt-i-a) is the voltage of the first grid with respect to 
the second grid. Let E2=P2E0, where P2:5- 1. Then 
since 2qE0/m =v02, (18) becomes 

d2x/de  _ (vo2P2/2d) cos n(0.4 ± a) 

= — (v0P2/2r0) cos n(wt + a)  (19) 

where ro=d/vo and will be referred to as the normal 
transit time. Integrating (19) the velocity is 

vt = dx/dt =.— (v0P2/2ronw)[sin n(wt + a) 

— sin n(wto  a)] ± vo.  (20) 

Evaluation of the integral gives a direct current plus 
a series of alternating-current components. The par-
ticular component that delivers energy to the tuned 
circuit is the one having the frequency to which the 
circuit is tuned. Therefore, in evaluating the integral 
only terms contributing to this frequency are retained. 
These terms give a current i': 

= io{r/ro  (2.1„(nr)/ronco)[sin nwt — sin nw(t — 7")] 
—(P2/2(ronw) 2) [cos n(wt-l-a)— cos n(wl — wr+a) 

rnw sin n(wt  a)11.  (24) 

Since r varies periodically the first term in the bracket 
contains  alternating-current  components.  Letting 
cor =0 and coro =00, equation (24) can be expanded and 
written: 

sin n0/21  P2  
= io [  { 2J „(nr) [cos ( na  [1 — cos n91} cos n(w1 ± a) 

Oo 2 no )J L n00/2 J 2(n00)2 

2J„(nr) [sin  P. na    [nO — sin nO] } sin n(wt  a)]• 
L _n20 )J r  nOo/ 2sin n0/2 -1 2(n0o) 2  

Integrating again, the position, x, measured from the 
first grid, is 

x = (v0P2/270(nw)2) [cos n(wt + a) — cos n(wto + a) 
nw(t — to) sin n(wto + a)]  (t — to)vo; (21) 

or 

(25) 

The alternating-current components in the term 
0/00 can be obtained from (21), which becomes, for 
x=d, 

1 = P2/2(n00)2[cos n(wt + a) — cos n(wt + a — 0) -I- nO sin n((.0i  a — 0)]  0/0o 

0/0o = 1 — (P2/2(n00)2)[1 — cos nO — nO sin nO] cos n(wt ± a) 
— (P2/2(n0o)2) [n8 cos nO — sin 2/0] sin n(wt ± a). (26) 

From (15) the charge density passing x=0 at time to Substituting (26) in (25) and omitting the direct-current 
is  term gives 

10)  [sin n0/21  P2 r  — cos i::)00—y.„ nO sin nO 
= io{ 2J„(nr) [cos  na 

2  n00/2 J 2 L 
na  _n0)1 [sin no/21  P2 r n0(1 — cos nO) — 2 sin nO 

io{ 2J„() isin 
2 J L nO0/2 J 2 1  (n00)2 

io 
pio = — [ 1 ± 2 EJ„(nr) cos nwto]. 

Vo  I 

cos n(0.4 ± a) 

sin n(cot + a).  (27) 

Since the cosine term of (27) is in phase with the voltage 
(22)  E2 cos n(wt+a), the average power delivered to the 

circuit is 

nOo )] [sin n00/2 1  P2 [2(1 — cos nOo) — nOo sin nOo ] }.IV = E210 {J„(nr) [cos ( na ± — 
2   n00/2  _I  4 L  (n00̀ 

and the efficiency is 

n = P2 {./.(nr) [cos ( na + —n0o)] [ sin n00/2 1 P2 r 2(1 — cos n0o) — nO0 sin n00] } 
100 per cent. 2  n00/2  ..I  4 L  (nOor 

From (17) the current is 

Vo f  [1+2  J n(nr) cos ludo] 
d  VO 

VOP2 
  sin n(wt+ a) — sin n(wto-Fa)) -Fvo ]dto. (23) 

[ 2romo 

4 
(28) 

(29) 

Here 00 has been written for 0. This substitution is 
equivalent to neglecting small components of current of 
frequencies different from no.) and hence has negligible 
effect upon the power or efficiency. The second term in 
the brackets of (28) and (29) is due to the additional 
modulation produced by the alternating voltage as the 
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electron stream passes through the catcher grids. For 
values of nO0 less than 27r this term represents energy 
given to the electron stream by the tuned circuit, and 
hence a slight decrease in efficiency. The relatively small 
magnitude of this term is shown by the graph (for 
P=1) of Fig. 5. For certain values of nOo greater than 

21i- cos ne.I
 - ne..pn nI)
. 

0 I 

0 05 

0 

060 

• 

TRANSIT  ANGLE — ne. 

Fig. 5—Decrease in efficiency, due to modulation introduced by the 
catcher voltage for E2 = E0, plotted against transit angle. 

27r, this term shows energy to be abstracted from the 
electron stream, corresponding to the negative resist-
ance encountered in diode analysis.7.9." 
Since the voltage is supported by energy abstracted 

from the electron stream, its phase angle a will be de-
termined by the condition cos (na-Fn00/2)= 1. For this 
condition, (29) is 

sin n0012 
n = P2 1 J.(nr)   

n00/2 

P2 [ 2(1 — cos n0o) — nO0 sin nOo ] } 
100 per cent. (30) 

4  (n0o)2 
The efficiency will be a maximum for the nth harmonic 
when J„(nr) is a maximum and P2 =1. The maximum 
values of J„(nr) and the corresponding values of r are 
given in Table I. The maximum efficiencies for opera-

TABLE I 

n  1 2 3 4 5 10 

Max. J.(nr) 0 •58  0.49 0.43 0.40 0.37 0.30 

r 1.84 1.52 1.40 1.33 1. 28  1.20  

tion at the fundamental or at various harmonics are 
plotted as functions of the transit angle in Fig. 6. For 
zero transit angle the catcher current is simply the 
charge density times the velocity vo. This assumption is 
implicit in the analyses of Webster3 and of Condon'1 
and the efficiencies they give agree with the initial 
points on the curves of Fig. 6. In a practical design, the 
transit angle may be 7r/2 or larger. A transit angle of 
r/2 would correspond to a spacing of approximately 

*W. E. Benham, "Theory of the internal action of thermionic 
systems at moderately high frequencies," Phil. Mag., vol. 5, pp. 641-
662; March, 1928; and vol. 11, pp. 457-517; February, 1931. 

10 F. B. Llewellyn, "Operation of ultra-high-frequency vacuum 
tubes," Bell Sys. Tech. Jour., vol. 14, pp. 632-665; October, 1935. 
u E. U. Condon, "Electronic generation of electromagnetic oscil-

lations," Jour. Appi. Phys., vol. 11, pp. 502-506; July, 1940. 

1.5 millimeters in a 10-centimeter Klystron operating 
at a plate potential of 1000 volts. If this transit angle 
of 7r/2 is neglected in calculating the maximum efficiency 
for the fundamental, the value obtained will be about 
21 per cent high.i2 

WAVE FORM OF CATCHER CURRENT 

The wave form of the catcher current can be plotted 
by use of the curves of Fig. 3(A). If the interaction of 
the catcher voltage with the electron stream is neglected, 
(17) can be written 

vo fPt 
— 
d 

dx Px 
dto = vo f —dx. 

dto d 
(31) 

In this expression, the integral is the average charge 
density in the catcher space. From (12) the average 
charge density over a time interval 4102 is 

SO 

n.I \I n.2  

D arr 
rr 

TRANSIT  TIME   
19.•2TI PERIOD  OF  FUNDAMENTAL 

Fig. 6—Maximum efficiency as a function of transit angle. 

p2 (aver.) = 2:1 -) E I -A641 1.  (32) 
vo  A02 

The value of this average charge density is equal to the 
integral of (31) when A02 is taken equal to the transit 
time between the catcher grids. Therefore, the catcher 
current can be written 

82 = joEl 6,02  
/102 

where the interval M 2 must be taken equal to 00. 
Plots of the current wave form for transit angles of 

r/8, r/4, and r/2 are shown in Fig. 3(C). In a Klystron 
operating at 10 centimeters with a beam voltage of 1000 
volts, these transit angles correspond to grid spacings of 
0.375, 0.75, and 1.5 millimeters, respectively. It is ap-
parent that in practical operation the wave form of the 
'catcher current differs decidedly from that of the 
charge density; in particular, the infinite peaks present 

22  H. E. Hollmann, "Theoretical and experimental investigations 
of electron motions in alternating fields with the aid of ballistic 
models," PROC. I.R.E., vol. 29, pp. 70-79; February, 1941. Hollmann 
gives, without derivation, an equation for efficiency which is intended 
to take account of transit angle, but which is apparently in error. 

(33) 
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in the charge-density variation do not appear in the 
current. 

TRANSIT-TIME EFFECTS AT THE BUNCHER 

Equations (1) and (3), which express the velocity of 
electrons emerging from the buncher, are based on the 
assumption of zero transit time between the two grids 
of the buncher. The effects of a finite transit time are to 
decrease the magnitude of the velocity modulation for a 
given modulating voltage, to shift the phase of the 
modulated velocity, and to introduce electronic loading 
of the driving source. 
Let the modulating voltage be El sin cot' and be con-

sidered positive when it accelerates the electrons. The 
velocity of electrons emerging from the buncher grids 
can be obtained by substituting a= 90 degrees in (20): 

v, = — (v0E1/2cor0E0) [cos cal — cos co(t1 — 70) ] vo (34) 

where To is the transit time between grids, and ti-7 is 
written for to. Letting wro =00, (34) can be written in the 
form 

(sin 00/2) 
Vt = V  -f- o [I  (E1/2E0)    sin (cati — (00/2))].  (35) 

00/2 

For zero transit angle, (35) reduces to (3). A finite 
transit time through the buncher reduces the modula-
tion by the same factor which, because of finite transit 
time through the catcher, appears in (27). The phase 
angle 00/2 appearing in (35) can be taken into account 
by measuring the distance s from the center of the 
buncher, when this distance is used in over-all transit-
time calculations. 
The average power required from the source of 

buncher voltage can be obtained directly from the 
second term of (28), by substituting E1 for E o  and 
changing the sign: 

r 2(1 — cos 00) — 00 sin 00]  = —E12 G (36) 
W = Eoio 

400'  2 

where Ei is the peak value of the buncher voltage, and 
G is the conductance between the grids of the buncher 
due to the electronic loading. From (36), G can be 
written 

G = io 2(1 — cos 00) — 00 sin 00 
(37) 

E0 L  2002 
The magnitude of G in mhos for any transit angle 00 is 
equal to the corresponding ordinate of Fig. 5 multiplied 
by 210/E0, since for this case n=1. For a transit angle 
of r/2, corresponding to a grid spacing of 1.5 millimeters 
in a 10-centimeter Klystron operating at a potential, 
E0, of 1000 volts, and a beam current of 50 milliamperes, 
this represents an electronic loading of 4.35 micromhos 
or 230,000 ohms. This value of resistance is of the same 
order of magnitude as the shunt impedance of the cavity 
resonators usually used for bunching." For these operat-
ing conditions, the alternating-current power absorbed 
by the electron stream is but a very small percentage of 
the .direct-current-power input Eoio, amounting to 
0.0435 per cent if El =E0/10. 
It will be noted that the input resistance is negative 

for certain transit angles. This shows the possibility of 
using a steady stream of electrons passing through a 
single resonator as a transit-time oscillator. The cri-
terion for sustained oscillations is that the positive 
shunt resistance of the resonator be not less than the 
negative shunt resistance introduced by the electron 
stream. For the typical operating conditions of E0= 1000 
volts and io = 50 milliamperes, the lowest negative re-
sistance obtainable corresponds to a transit angle of 
57r/2, and has a value of 422,000 ohms. This value could 
be lowered by operating with a lower voltage and a 
higher beam current. From published values of the 
shunt resistance at resonance of cavity resonators," it 
is not unreasonable to predict oscillations in such a 
system, although its efficiency would be low. A negative 
plate resistance is also .obtained in a simple diode for 
the same transit angles which give a negative resistance 
between the buncher grids. This effect has been used to 
produce 10-centimeter oscillations in specially con-
structed diodes." For the case of a temperature-limited 
diode, the expression for plate resistance would differ 
only by a constant from (37).16 

13  See page 331 of footnote reference 5. 
14  F. B. Llewellyn and A. E. Bowen, "The production of ultra-

high-frequency oscillations by means of diodes," Bell Sys. Tech. Jour., 
vol. 18, pp. 280-291; April 1939. 

See page 214 of footnote reference 7. 

Correction 

Paul E. Chamberlain has brought to the attention of 
the editors an error in "The Graphical Design of 
Cathode-Output Amplifiers," by David L. Shapiro, 
which appeared on pages 263 to 268 of the May, 1944, 
issue of the PROCEEDINGS. In column 2 on page 266, 
ninth line from the bottom, the sentence should read as 
follows: 

"At point P, the handbook gives g„, as about 1600 
micromhos. The plate current is 9 milliamperes and the 
screen current is 2.6 milliamperes, so the cathode cur-
rent is 11.6 milliamperes, and the slope of the cathode-
current line; will be 11.6/9 X1600 X 10-6 = 2060 X 10." 
The correction is in italics. 



A Mechanical Theory of Electron-Image Formation* 
KURT SCHLESINGERt, ASSOCIATE, I.R.E. 

Summary—The formation of an electron image and its optical 
constants, such as magnification and position, is predicted from 
the simple assumption of transversal deflection in true proportion to 
the radial distance off the axis. The treatment is mechanical, rather 
than optical. Investigation of the electron trajectory is avoided. 
At first, the deflecting forces are supposed to act only in a negligi-

ble portion of the electron path. It is found that there exists for this 
case a "thin-lens law" which differs from the optical analogy only in 
that the distances are replaced by transit times. The resulting expres-
sion for electron-optical magnification is a ratio of transit times. Ap-
plications of these deductions are made for some particular electron 
tubes. 
The mechanical treatment is then used in connection with an ex-

tended field with a variable deflection constant all along the axis. The 
constants of thick lenses, either electric, magnetic, or combined 
fields, are expressed in terms of three integrals of the deflection with 
respect to transit time. The first of these integrals gives the focal 
length, the second the magnification, and the third the positions of 
corresponding object and image planes. All results are available in 
a graph of a family of hyperbolas for various operation parameters. 
The plane accelerating field, which forms a virtual rather than a real 
electron image, is studied in the same manner. 
Appendix A gives the mathematical proof of convergence of the 

series of functions used for approximation. Appendix B gives an 
analytical function for the potential distribution in the electron gun, 
which simplifies the discussion of such systems and helps to show 
that they act as positive lenses under all circumstances. 

I. INTRODUCTION M ANY excellent discussions of the fundamentals 
of electron-optical instruments have been pub-
lished in recent years.'-' The majority of these 

publications has emphasized analogies between electron 
optics and light optics. In dealing with electron lenses, 
the traditional method has been to determine the elec-
tron trajectories first, either theoretically by step-by-
step methods,4.5 or graphically by methods such as by 
trajectory plotters, 6•7 or, more recently, experimentally 
by the rubber model.' A few publications have discussed 
electron lenses without use of the electron path.°3° 

The present paper disregards all analogies with optics 
and treats the matter from a somewhat different point of 
view; the electron motion is being considered as a purely 
mechanical problem. This analysis yields a correlation 
between magnification and transit time, which proves 
useful in the design of electron-optical instruments, in 
particular those with thin lenses, even with combined 
electric and magnetic fields. This reasoning is then ap-
plied to paraxial rays in extended fields. It is possible to 

• 
apply the transit-time theorem to the equivalent thin 
lens of such fields. In doing so, information is readily 
obtained about magnification and optical constants of 
such systems, without knowledge of the trajectory. The 
accuracy of the results depends upon the number of 
terms considered in a series expansion. Only first-order 
approximations for electric and magnetic lenses and for 
plane accelerating fields are 
Higher-order approximations 
same method. 
The purpose of this paper is not so much to supple-

ment prior information as to present a method that may 
prove useful in the design and understanding of electron-
optical instruments. 

II. THE THIN LENS 

Let us consider the arrangement shown in Fig. 1, in 

• Decimal classification: R388 X R583. Original manuscript re-
ceived by the Institute, December 6, 1943; revised manuscript re-
ceived, April 24, 1944. Presented, Indianapolis Section, Indianapolis, 
Ind., January 21, 1944. Note: The preparation of this paper was es-
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Laboratories in October, 1941. 
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presented in this paper. 
may be obtained by the 

hi 

Fig. 1—Derivation of the "thin-lens" law. 

which the object 00' of height ho is a source of mass 
points of mass µ which are emitted at various angles 
with radial velocities to and which are accelerated along 
the axis. We suppose that no radial forces act upon the 
particles until they reach the plane C which they strike 
at a distance R off the axis. In the plane C, we as-
sume that a finite impulse I (R)= F • r, directed toward 
the axis, acts upon the particle. r is the transit time in 
the "lens" C. This impulse is a function of the radial 
distance alone, and is independent of the angle at 
which the particle arrives at C. 
We attempt to establish the conditions under which 

all particles originating from any point in the object 
plane converge to a single point on the image plane II'. 
Since there is no radial force in the space either in front 
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of or behind the "lens" C, the radial component of mo-
tion may readily be written in the following form: 

ho  toTo = R  (1) 
hi = R  tiTi.  (2) 

In these equations, To and Ti represent the transit times 
required for the mass points to traverse their paths in 
the object and image spaces respectively. The radial 
velocities to and ti remain unaltered during the path 
outside the lens. The radial impulse acting on a particle 
in the plane C causes a change in the momentum of the 
particle given by 

A(ti — to) = — 1.  (3) 

(The impulse I is taken as positive, if directed towards 
the axis.) By adding (1) and (2) and combining the sum 
with (3), we obtain 

R [1/To + 1/Ti] — [hs/Ti ho/To] = //A.  (4) 

We now define the image distance b as the distance 
between the lens C and the point I, where a particle 
emitted from 0 on the axis, having passed through the 
object distance a and the lens C, reaches the axis again. 
For any such ray (1 in the figure), the conditions are by 
definition 

ho = 0 and  hi = O.  (5) 

Substituting (5) into (4), we find that particles originat-
ing from and meeting on the axis obey the following form 
of (4): 

R [1/To  1/  = //µ.  (4a) 

In order for the point I to be the image of 0, it is neces-
sary that all particles emerging from 0, regardless of 
their different values of radial velocity, must meet again 
at I. Since we have assumed the object and image spaces 
to be free of radial forces, various initial velocities to 
must mean different values of R. Hence the condition 
for the particles to meet again at I is that the transit 
time Ti must be independent of R. This is satisfied only 
if the impulse I (R) is a linear function of R. We intro-
duce, accordingly, a time constant 7.1 such that 

= R/Tf.  (6) 

It is seen immediately that (4a) becomes 

I  1/T0  1/T, = 1/T1 (7) 

This is the fundamental equation for thin-lens action 
upon corpuscular rays. T f turns out to be the focal tran-
sit time, and its value on either side of the lens is equal 
to that on the opposite side. It has been shown that the 
"thin-lens" formula for the mechanical model is a rela-
tion between transit times rather than between dis-
tances as encountered in elementary optics. 
It remains to be shown that mass points which start 

from an object point 0' not on the axis meet in a cor-
responding image point I'. Let us consider that ray 2 in 
Fig. 1 is such a path starting from a point 0', ho off the 

axis, and reaching the lens C at a distance R off the axis. 
To find the impulse I which acts upon that particle 
within the lens we must remember that the impulse does 
not depend upon the angle of incidence, but depends 
solely upon the distance R. Accordingly, we may find 

the impulse for ray 2 readily from (4a) which holds for 
ray 1. If we still keep in mind that the two transit times 
To and Ti are identical for both rays 1 and 2 in the 
spaces outside the lens, then it follows that (4a) must 
hold in combination with (4), and that they have the 
group of values R, To, Ti, and I in common. We find, 
therefore, by subtraction of (4a) from (4) 

hi/T + ho/To = 0.  (4b) 

Since this equation no longer contains R, it follows 
that all rays emerging from 0' recombine at I'. Equation 
(4b) gives immediately an expression for the ratio of the 
distances I hi and I hoe, which is the magnification of 
the system 

m = Ti/To.  (8)11 

This is the transit-time theorem of electron-optical mag-
nification, a formula which proves to be of great prac-
tical value, as will be discussed later. 
For corresponding points on the axis, having radial 

velocities too and to respectively, we obtain tooTo= R 
= — t,oTi. In this case the transit-time theorem yields 
another definition of magnification: 

m = — too/t10.  (8a) 

This is a form to which we shall refer later in the theory 
of thick lenses. 
By combining the lens formula (7) and the magnifica-

tion formula (8) one finds that 

T/Tf = (m  1)2/m  (9) 

where T=To+Ti represents the total transit time from 
object to image. Since the expression on the right has a 
minimum value for m = 1, it is apparent at once that 
unit magnification results in the "shortest possible tube," 
that is, a system for which the total transit time is equal 
to four times the focal transit time. It will be shown that 
this is also true in the general case of extended fields. 

III. APPLICATION OF THE TRANSIT-TIME THEOREM 

The transit-time theorem has been derived from a 
purely mechanical standpoint. Although most electron-
optical instruments operate with distributed electric or 
magnetic fields, extended too much along the axis to be 
considered as thin lenses, it is nevertheless quite useful 
to apply the transit-time theorem to such instruments 
in order to obtain an approximation of the magnification 
to be expected. Such application is possible as soon as 
the position of an equivalent thin lens is defined reason-
ably well. To find the transit times for a given potential 
distribution, the following reasoning is used. 
If V (0,z) is the potential distribution along the axis, 

the transit .time for an electron accelerated by V to 
traverse the distance z—z0 is 

1 f 2" 
1/170.0 

where f3= V2e/µ = 5,95 1O centimeter persecond volt312. 

u In m= —W ho, the negative sign indicates inversion of the 
image. 

dz 
(10) 

1 
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In the special case of a linear potential distribution, this 
integral reduces to 

T = 2(z - zo)/VV(g)  VV(20) • VP.  (10a) 

It is a general property of circular symmetry that the 
potential V (r, z) at any point in the field may be ex-
pressed in terms of the potential along the axis V (0, z) 
and its even derivatives :12 

TI  V (TM =  V(0,z) TI   (r2122)-17 ms>" 
+ 0122.42.1,0.0 m _  (11) 

Consequently, the radial component of force acting upon 
a particle of charge e becomes 
F=e • ,91/7,9r= -er [2 • V(0,2)722- 2* r 4V(0,2)(4)/22. 42+ • • • 

±(_ n. r2n-22n . V(2n)/22. 42  (2n)1 (12) 

where 1701(20  stands for the 2nth derivative of the po-
tential Vo along the axis. From (12) we deduce that the 
object and image spaces may be considered to be free 
from radial impulses provided that their potential dis-
tribution along the axis is a linear function" of z. In prac-
tice, such systems, known as electron accelerators, are 
frequently encountered. They consist either of a series 
of metallic rings along which a constant-voltage gradi-
ent is maintained by bleeders, or of a graphite coating 
in the form of spirals through which an adequate cur-
rent flows, producing a linear voltage drop. It follows 
from (12) that such linear accelerators do not exhibit 
lens action. They do, however, influence the electron-
optical magnification noticeably, as will be observed in 
the following. 

"3  

a 

Fig. 2—Cathode-ray tube with accelerators and electrostatic lens. 
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Let us now consider Fig. 2a, which  electro-
static system that •is representative of several prac-

12 L. Marton and R. G. E. Hutter, "The transmission type of 
electron microscope and its optics," PROC. I.R.E., vol. 32, pp. 3-12; 
January, 1944. 
u This accounts for parabolic trajectories in the arrangement of 

Fig. 1. 

shows an 

tical devices. This system consists of a lens region, con-
fined between the adjacent diaphragms 2 and 3, and two 
electron accelerators, which form the object and image 
spaces confined between the diaphragms 1 and 2, and 3 
and 4. The four diaphragms are at the potentials Vol, 

!III 
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a 

Fig. 3—Image tube with a, fixed magnification and 
b, variable. 

1702, Vil, and 1712 as noted in Fig. 2b. The potential gradi-
ent in the two spaces is made constant over most of the 
electron path. Under the assumption that the nonlinear-
ity of the potential is more or less confined to the region 
2-3, the transit-time theorem (8) may be applied di-
rectly by considering the object and image transit times 
to be given according to (10). Therefore, it is found that 

tn= b/oVVoi-1- .‘51-.02A/V1i -1- V V12.  (13) 

This yields the electron-optical magnification of any 
device of the type of Fig. 2a with an equivalent thin lens 
acting between four electrodes at predetermined poten-
tials. 
One such device is Zworykin's "image tube."" This 

instrument is shown schematically in Figs. 3a with fixed 
magnification and in Fig. 3b with variable magnifica-
tion. In both forms a ring accelerator extends over the 
distance a from the photocathode IC to the lens L, while 
the image space consists of a uniformly coated wall and 
may be considered field-free. The lens action in Fig. 3a is 
brought about by a potential difference maintained be-
tween the boundary diaphragms of the object and image 
spaces, and is assumed to be ideal for paraxial rays (6). 
In the tube in Fig. 3b, a special diaphragm D is ar-
ranged between the object and image spaces so that it 
can be connected to either one of them. Applying (13) 
to these systems, we must set Vol = 0 and 17;1= Vi2= Ve, 
the latter being true because of the uniform coating 
along the wall of the image space. Hence it follows that 

m = b/2a-V1702/VL.  (13a) 

In the system in Fig. 3a, it is found that the potential 

14 V. K. Zworykin and G. A. Morton, "Applied electron optics," 
Jour. Opt. Soc. Amer., vol. 26, pp. 181-189; 1936. 



486  Proceedings of the I.R.E. August 

difference between the two spaces is very small com-
pared with V1, and hence the magnification is very 
nearly b/2a. It is apparent that the magnification of the 
system in Fig. 3b, however, is greater than b/2a when 
the switch is in position 2, (that is, when the diaphragm 
D is connected to the image space), since the transit 
time in the object space is smaller, and is less than 

1  
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a 

Fig. 4—Cathode-ray tubes with combined electric 
and magnetic fields. 

b/2a when the switch is in position 1. Intermediate 
values are obtained when the diaphragm is connected to 
a potentiometer between 1 and 2. 
To give yet another illustration of the usefulness of 

transit-time theorem, we consider the two tubes indi-
cated in Figs. 4a and 4b. In both cases the lens action is 
brought about by a short or shielded magnetic coil C, 
which is to focus the image of the first diaphragm D on 
the screen S. Both tubes are of the same length, but the 
tube shown in Fig. 4a acts with constant acceleration 
over its entire length, whereas the one shown in Fig. 4b 
has a uniform coating so that the electrons traverse most 
of their path at a constant maximum speed. As will be 
shown later, the two principal planes of short coils coin-
cide with the plane of symmetry of the windings, or the 
gap in the magnetic shield, provided that the speed of 
the electron is not subject to too great an alteration in 
the lens. The magnification may be estimated, therefore, 
not only in the case of constant field outside the lens, 
but even in cases of nonlinear potential distribution (as 
in Fig. 4b), so long as the electrostatic-lens action intro-
duced by such nonlinear fields remains negligible com-
pared with that of the magnetic lens. 
In Fig. 4a the electrons enter at the diaphragm D 

with a speed equivalent to Vo volts and because of a 

homogeneous coating on the tube wall move with con-
stant acceleration to the screen, which they reach with 
a speed equivalent to V; volts. In this case, the only 
radial impulses are produced by the coil C. The poten-
tial V. at the lens at z =a may be written 

V. = Vo(b/ a + b) + V ,(a/ a + b)  (14) 

and, by (13), the magnification is 

1 -I- N/Vo/ V, • (mo  1)/1 + mo(Vo/V,) 
m =    (15) 

1 ± NAM°  1)/1  mo (V0/V,) 

where mo =b/a is the "optical" magnification of the sys-
tem. 
In Fig. 5a, m is plotted against mo for different values 

of Vo: Vi. It is seen that a considerable reduction of the 
spot on the screen may be obtained by decreasing Vo. 
With a total tube length of 36 centimeters, for instance, 
of which only 4 centimeters is given to the object space, 
the "optical" magnification would be mo = 8, whereas 
the electronic magnification turns out to be one fourth 
of that value by reducing the potential of the diaphragm 
to 1 per cent of that of the screen. With a screen poten-
tial of 5000 volts and a diaphragm bias of 50 volts, for 
instance, the resolving power of the system in Fig. 4a 
can be increased four times over that of a tube with con-
stant speed. 
In the system shown in Fig. 4b, the electrons reach 

their maximum speed after traversing the short distance 
X along the axis. The potential distribution along the 
axis is very nearly exponential and may be expressed as 

V(2) = V1(1 — (V; — V o/V,)e-zlx).  (16) 

The slope constant X may be determined experimentally 
to be of the order of magnitude of one fourth of the tube 
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Fig. 5—Electronic magnification of the tubes shown in Fig. 4. 

diameter. The transit time for an electron to traverse 1 
centimeters in the field defined by (16) follows from 
(10): 

Ti [1 + (X//) In (2/1  Vo/V,]).  (17) 

Apparently, this transit time is not much longer than it 
would be for electrons traveling over the whole tube 
length with maximum velocity. This would require a 
transit time of 

'we 
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Tmin = 1/ft(//N/V,).  (18) 

As a matter of fact, the actual transit time may be 
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written in terms of Tr.i. as follows: 
T =  -I- 0.7X/0 

or  AT/T = 0.7X//. 

(17a) 
(17b) 

This means that the actual transit time, taking into ac-
count the small initial velocity, is only a few per cent 
larger than it would be in the absence of the low-voltage 
region near the diaphragm D. Consequently, the "elec-
tronic" magnification cannot be expected to differ 
greatly from the "optical" magnification b/a. By appli-
cation of the transit-time theorem, 

1 -I- X/b In (2/1 -I- V(z)/Vi) 
(19) 

1 -I- X/a In (1 -I- V(z)/Vi/1  V0/V1) 

This has been plotted in Fig. 5b for the same tube 
length and lens position as in Fig. 5a, that is, with the 
dimensions 1=36; X=1.2 centimeters. It is noted that 
the influence of the primary voltage is much smaller 
than in the previous case of constant acceleration. The 
reduction in spot size is always less than 20 per cent, 
even with negligible speed in the object space. Hence, it 
is seen that reduction of the voltage in the object plane 
does not result in an efficient reduction of spot size on 
the screen for constant-speed systems, but only for 
tubes with long electron accelerators. Whether the use 
of the latter is justified is a matter of production costs. 

= 

IV. MATHEMATICAL THEORY OF THE 
"THICK" LENS 

A study of the motion of electrons in extended axially 
symmetric fields is to be undertaken next. Let us con-
sider the path 1 in Fig. 6 in which an electron starts at the 
point 0 on the axis with a radial velocity to and finally 
reaches the point I on the axis. The electron is accele.--
ated along the axis z by an electric field with the poten-

F71;et 

N  fr;/1-41 

Fig. 6—Derivation of "thick-lens" law. 

tial V(z) and is subjected to the radial forces F(r) 
throughout its entire path. 
The only assumption necessary regarding F(r) is its 

proportionality to the distance r off the axis at all points 
along the path. This restricts us, practically, to paraxial 
rays. Accordingly, the radial component of force is ex-
pressed as 

F(r) = — K(z)•r  (20) 

in which K(z) is the force exerted on the particle at unit 
distance off the axis, and may be called the "deflection 
constant." K depends explicitly upon z and is positive 
so long as the force F is directed toward the axis. The 
equations of motion then become 

mf = — K(,)•r  (21a) 
and  = e•dV(0,z)Idz.  (21b) 

The latter equation may be integrated to give 

dt = dz/N/ Wri..VV (0,0 = dz/I3VV(o..)•  (22) 

This will enable us to transform time integrals into path 
integrals. 
,The usup.1 method of procedure is to eliminate t from 
(21a) and (21b), in order to establish a differential equa-
tion for the trajectories. We choose a different way of 
computation, however, which will give us the desired in-
formation about the rays in the vicinity of the object 
and image directly, without dealing with the trajectory 
problem at all. To this end, let us write the integral of 

(21a) in the following form: 
1 

t(t) = — — f K(z) •rdt + to.  (23) 
IL Jo 

We separate K, which depends on z alone, from the 
trajectory r(t), by successive partial integration: 

g g 
Krdt = r  Kdt — t f dtf Kdt 

o  o 

f  dt  dtf e Kdt — •  (24) 
0 

The result is the following series development in terms of 
successive derivatives of the trajectory with respect to 
time: 

t(t) — to = — 'NO  tQ2(t) — K23(1) + • • • 
dn—lr 

E (_ 1)n  Q.. 

The coefficients Q. are defined as follows: 
1 f  t 

Qi = —  Kdt 
A 0 

Q2 =  f Kdt  f Qidt 1 t dtf t A 0  0  0 
8 

Qn    

0 

(23a) 

(25) 

Q,n(t = 0) = 0  (tn = 1, 2, • • • , n). 

These are, obviously, the integrals of deflection with re-
spect to time. By means of (22), they may be trans-
formed into the following integrals with respect to z: 

I. f a Kitt • dz 
Jo N/iqz) 

1 dz 

134.1 0 
dz 

fog—,/K/vAdz-
It is to be noted that these integrals have the dimen-

Qi(z) = 

Q(z) = 

1. 

sions 

(25a) 

[Q„(z)] = secn-2 .  (26) 

One observes, especially, that Q2 is a pure number. It is 
evident from (25a) that if K(z) is known, all these 
quadratures may be evaluated without difficulty in any 
practical case, at least by graphical methods. 
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The expression (23a) for the radial velocities is in the 
form of an infinite series of functions of t, in which each 
term is a product of the (n —1)st derivative of r, taken 
at t, and the definite integral Q „, taken between zero and 
t. It is shown in the Appendix, that this series is con-
vergent, provided that no is analytic at least over the 
range — e <t < 21 +e; e > 0 where T  is the total transit 
time between object and image. Furthermore, the maxi-
mum absolute value of the terms is shown to decrease at 
least as 1/n or faster than 1/n. Under these conditions, 
first-order approximations may be obtained, within the 
range in question, by breaking the expansion (23a) off 
after the second term. Better approximations may be 
obtained, by considering subsequently further terms. 
However, the first-order approximation is already in 
good agreement with experimental results in cases of 
sufficiently strong fields. By breaking (23a) off at n =2, 
we obtain 

t(1) 
to — r(1)Q2(1) 

— Q2(1) 
(28) 

If we consider an electron reaching the axis at z=/, 
r =0, after a total transit time t = T, we obtain 

t0/t(1) = 1 — Q2[z =  (29) 

It is seen, therefore, that the ratio of the radial veloci-
ties at the two intersections with the axis is the same for 
all rays, since Q2 is taken along the axis rather thaii along 
any individual path. If the given distributed field were 
replaced by an equivalent "thin lens," located at C in 
Fig. 6 the same ratio would result for the hypothetical 
path 2 as for the actual path 1 and it would be equal to 
the ratio of transit times in front of and behind the lens, 
and hence to the magnification. Hence, for a thick elec-
tron lens, the transit-time theorem (8a) yields 

m = Q2(1) — 1  (30) 

that is, the electronic magnification of a thick lens is 
equal to the second-order integral of the deflection with 
respect to the total transit time, minus 1. It will be 
shown later that this theorem makes it possible to find 
the picture size for any given image position without 
even knowing the object position. To find the latter, a 
second integration of (23a) is necessary: 

co 

r = it +  E (- 1) n •n•r (n-1) Qn-1-1.  (31) 

This series is convergent because of the convergence of 
(23a). By breaking the expansion off after n =2, we ob-

tain for No 
tot +  2i Q3(1) 

r(t) — 
1 4- Q2(1) 

and, if the ray is to intersect the axis, (r( T) = 0) after 
the total transit time t = T, this reduces to 

— (t0/t) = 2Q3(T)/T.  (33) 

By combining this with (30), there results 

T =  2Qa(1)1022(1) —  1.  (34) 

It will be shown in the following section that (30) and 

(32) 

(34) are necessary and sufficient to find both the mag-
nification and positions of the corresponding object and 
image planes of the system. The position of the equiva-
lent thin lens may also be found on the transit-time 
curve by making use of the following relation, which 

results from (30) and (8): 
To = T/Q2(/).  (35) 

V. THE ELECTROSTATIC LENS. THE 
HYPERBOLIC DIAGRAM 

Let us consider an electrostatic field, described by a 
potential plot V  (r, z) as obtained with the aid of an 
electrolytic trough. This field may be expressed in terms 
of its potential distribution along the axis V (0, z), as 
shown in (11). Then, from (12), one finds the radial com-
ponent of force for paraxial electrons 

F, =  —  (E/2) Vo " •r  (36) 

and also the "deflection constant" K  as defined in (20) 

K(5) = (e/2)(d2V/dz2).  (20a) 

Inserting this into (25), we find the integral coeffi-
cients 

Q =  $2- n 
1 is dz 
4  J 0 A/17 fdz dz  

o vv •••  fo " \/-i-7 • (25)  

122 turns out to be independent of j3. The magnification 
(30) is therefore also independent of ft.  In the expres-
sions for the transit time, (34) and (10), both sides are 
found to have the factor 1/0 in common. This indicates 
that the optical constants are independent of the nature 
of the charged particles. They may be found, therefore, 
by using these four integral coefficients: 

•  dz  cm 

Jo  o- N 7V  volt " , 

• f V "  Volt '/2 

121  = f   dz   
0  cm 
•  dz 

Q2 = f  Q1  — 

0  0 7 

z dz  c m 

Q3 = f  Q2  -    

0  \AI Volt " 

To illustrate the use of the new method of calculation 
we treat the problem of the "electron gun." The entire 
procedure is indicated in Fig. 7 in successive steps. Fig. 
7a shows the constructional details of the system, and 
Fig. 7b indicates the axial potential distribution, ob-
tained with the aid of an electrolytic trough. The plot 
was taken for Vo =1000 volts and Vi = 4600 volts, but 
the behavior of the system for any arbitrary gun voltage 
V. may be found by adding the following voltage v to 
the original-values of the plot 

v = V;(170 — V0)/(V. — Vo).  (38) 
This has been done in the diagram for three values of 
gun voltages. ( V, =1000, 750,500 volts; v = 0, —300 and 
—550 volts, respectively.) 

The first integral 121, obtained from this potential dis-
tribution, either by graphical integration or by an 

Qo = (37a) 

(37b) 

(37c) 

(37d) 
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analytical method, (Appendix B) has been plotted for vari-
ous voltages in Fig. 7c. Qi, which is recognized as the 
radial impulse, has the value zero in the object plane, 
rises to a maximum at the exit of the gun, and then falls 
to a constant value after leaving the lens. This reflects 
the presence of both positive and negative lens action 
in electron guns. 
The second integral of deflection Q2 is readily ob-

tained from Qi by graphical integration according to 
(37c), and is shown in Fig. 7d. Q2 gives us immediate 
information about four optical constants of the system: 
(1) the second focal point F2, (2) the second principal 
plane H2, (3) the second focal length 12, and (4) the 
magnification m. This is so because of the following 
reasoning. 
Due to the fact that Qi is a constant in the image 

space, the graphical representation of Q2 versus distance 
eventually becomes a straight line with the slope 
Quid-VV., as seen in the graph Fig. 7d. We prolong this 
line backward until it intersects the axis at a point 
H2 (Z =zh), and the line at unit distance parallel to the 
axis at a point above F2 (z =z,). It is easy to see that the 
latter intersection yields the second focus of the system, 
since the magnification there becomes zero (equation 
(30)) and the total transit time becomes infinite (equa-
tion (34)). The fact that the intersection of Q2 with the 
axis gives the position 112 of the second principal plane 
may likewise be proved in an elementary manner. 
Hence, the second focal length is 

and 

12 —  —  ,  (39)15 
Qw  dZ/1/ V 

Q2i = QUA/TIC (Z  ZH) = (Z  ZI1)/12.  (40) 

Fig. 7f shows how the magnification is obtained from 
the graph for any arbitrary image plane and voltage 
ratio. According to (30), the magnification m can be 
read numerically from the intersection of Q2 with the 
screen plane. Equation (30) furnishes the following ex-
pression for the magnification of a thick electrostatic 
lens: 

1  ' dz  rdz 
m = —  —    1  (41) 

4J0 N/V J0 N/V 

an expression which is invariable with respect to the 
multiplication of all potentials by the same constant 
factor. Thus, the magnification remains unaltered so 
long as the ratio V,/ Vo is constant. Furthermore, it does 
not depend on the elm ratio: the lens acts for ions as 
well as for electrons. Finally, the magnification is found 
directly from the image distante, even before the cor-
responding object distance is known. 

115 In general, (39) is not the equivalent of the graphical construc-
tion as outlined in Fig. 7d. It anticipates the result correctly only 
when Q2(z) is already a straight line, before intersecting the unit 
horizontal. This holds for strong fields and relatively short lenses. 
For weak fields however, (39) cannot replace the graphical construc-
tion, which is usually more accurate than the formula. The latter may 
be inaccurate to about 50 per cent. (See G. N. Plass, "Electrostatic 
electron lenses with a minimum of spherical aberration," Jour. Appi. 
Phys, vol. 13, no. 1, pp. 50-51; January, 1942.) 

To find the object distance, it is necessary to use (34) 
for the total transit time. This equation may be inter-
preted geometrically as an intersection between the fol-

lowing two curves: 

y = 2Q3/(Q2 — 1)  (42a) 
Y = Qo + constant.  (42b) 

If we introduce a new reference system in which all 
distances x are measured from the second principal plane 
(x =z—zh ), we may write Q2 from (40), 

Q2 =  x/12.  (40a) 

The integration Q =.1Q2(dz/VV) may now be carried 
out formally, and one obtains the form for the curve y 
from (42a) 

= (1A/VOIx(x — E)/(x — 12)] 
in which the small length t has the value 

J. r. 
vs 

(43) 

(44) 

This is a small correction factor, which is negligible in 
many special cases. 
Equation (43) is for a hyperbola which has the 

asymptotes 
= 12 

y= 

(45a) 

(45b) 

In Fig. 7g, three of these hyperbolas for different gun 
voltages have been drawn. These hyperbolas all have 
the asymptote (456) in common, as shown. 
Hence, in order to obtain any pair of corresponding 

image and object planes, it is necessary to proceed as 
follows: Find the intersection of the hyperbola (43) with 
the screen plane z = z„ and draw the transit-time curve 

z dz 
Y = 00 = 10 N/V(z)  (37a) 

through this point. This, in turn, intersects the axis at 
the desired object abscissa, and vice versa. Any pair of 
corresponding planes may be determined by shifting the 
Qo curve vertically and finding its intersections with the 
axis and the hyperbolas respectively. By doing this for 
several gun voltages, the relation between object dis-
tance and voltage is readily found, as shown in Fig. 7g. 
The results are in good agreement with the experimental 
data of the literature."' 
There are four special cases to be emphasized: 
(1) Screen at F2. z= z1. The geometrical construction 

leads to the fact that the object is located at infinity, 
that is, that F2 is indeed the second focus of the system. 
(2) Screen at infinity. zi = cc. The asymptote (456) has 

the same slope as the branch of the transit-time curve 
(37a) in the image space. By bringing the latter into 
coincidence with the asymptote, the first focal point F1 
is obtained by the intersection with the axis. This is 
shown in Fig. 7 for several gun voltages. 
(3) The shortest possible tube. If the screen is at twice 

the focal distance from the second principal plane H2, 

is See Section 6.6 of footnote reference 2. 



1944 

1.7.1r 7.71."7" 7.7  7.-  frf. ,.• 1,14: 

Schlesinger: Electron-Image Formation 

x = 2f2, then by (43) the hyperbolas, as well as the total 
transit time, are at a minimum. The magnification is 
unity. Hence, for any magnification different from unity 
the tube is longer than the shortest possible tube, the 
length of which still depends upon the voltage ratio. 
(4) The equivalent thin-lens position is readily found 

from (35) and has been constructed in Fig. 7h. It is 
found to fall short of the first focal point F1, which it ap-
proaches more and more as the screen is further removed. 
Its position is nearly constant with respect to the gun 
voltage, however, and is found to be fixed at about 1.5 
gun diameters inside the gun, in excellent agreement 

with measurements." 
Thus, to summarize briefly, all optical qualities of a 

given axially symmetric field may be determined ana-
lytically, simply by evaluation of the first three integrals 
of deflection with respect to time. Of these, Q1 gives the 
focal length, Q2 the magnification, and Q the positions 
of image and object in the form of an hyperbolic dia-
gram, which may easily be drawn for all voltage ratios. 

VI. THE MAGNETIC LENS 

With the same method outlined in the preceding sec-
tion, the optical constants of extended magnetic fields 
may be determined by simple graphical integration, as 
soon as the magnetic-field strength Ho along the axis is 
known. This may be determined readily with the search-
coil method. In some of the simpler cases, Ho may also 

be computed theoretically. 
As is well known, the transverse component of a com-

bined electrostatic and magnetic field exerted on par-
axial electrons is given by 

Fr = — (er/2) [V" + (112)(€10H1  (46) 

and is thus the sum of an electrostatic action, due to the 
curvature of the equipotential surfaces (treated in the 
preceding section), and of a magnetic "lens" action. The 
"deflection constant" K of the latter alone follows from 

the definition (20): 
K(2) = — (02/4) .Hs  (20b) 

and the integral coefficients become 

Q1 =  1 )33 dz H2   ; 
z   

16  0 N/V 

Q2 = 2-13 2. f z—dL. H2  dz • p= ; 
16  0 VV  0  VT/ 

Q3  r2  dz r. dz  f z  dz 
_ ; 

16  Jo -vv J. vv 0 vv 
=  dz z dz f  dz 

- - •  H2-- f = 
Q. =  04—n 

16  o VV  Jo VV  Jo V V 

The expression for Q2, which is proportional to eht in-
forms us that any increase in riotential must be com-
pensated for by a reinforcement of the magnetic field 
of the magnitude of the square root of the increase, if 
the magnification is to be kept constant and the image 
kept in focus. The remainder of the analytical procedure 

"See pp. 110-117 of footnote reference 2. 

is the same as in the electrostatic case, as is also the 
hyperbolic diagram and its use for the determination of 
object and image planes and magnification. 
For example, the field distribution H2(z) and the first 

two integrals for a short coil have been drawn in Fig. 8. 
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Fig. 8—Proof that the circular magnetic ring 
acts as a "thin lens." 

It has been assumed that the field distribution is iden-
tical with that produced by a single circular loop of 
radius p. Thus 

(H/H0)' =  [1 -I- (z/P)213.  (47) 

By carrying out the first two integrations graphically, 
under the assumption of constant electron speed under 
the lens, it is found that the straight-line portion of Q2 

intersects the axis in the plane of symmetry of the coil. 
This proves, therefore, that for such a short coil, the 
tw9 principal planes coincide with the plane of symme-
try and with each other. This justifies the treatment of 
such coils as "thin lenses," as has been done in Part I of 

this paper. 

VII. THE PLANE ACCELERATING FIELD 

We wish to demonstrate how the method of the inte-
grals of deflection may be applied to a case in which no 

Fig. 9—Electron trajectory in plane accelerating field. 

real image, but only a virtual one, is formed by an 
axially symmetric field. We consider the motion of elec-
trons emanating from the cathode of a cathode-ray tube 
under the influence of a field described by 

V(2) = 170•(z/zOn  n < 2.  (48) 

Langmuir's law is an example: 
V"2 = z21/c;  C = 2.33 X 10-6 
V(2) = Vo• (00413 .  (48a) 

In Fig. 9, let z = 0 be the cathode surface, and r(z) the 
electron trajectory. The tangent to the latter at point P 
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may intersect the axis at a point P2 at a distance s from 
the cathode. Choosing s as negative, if P2 is behind the 
cathode surface, we find from Fig. 8 that 

s = z — r/tan a = z — (r/t)/3•VV(.).  (49) 

For r(z) and t(z) we may use (28) and (32), each of 
which contains the initial radial speed to. Combining 
these with (49), we obtain 

S =  Z 

(1 — Q2)Qo  2Q3 

1 ± Q2 — QoQi 
We thus find that to and 13 have canceled out. All rays, 
therefore, seem to originate from one and the same spot 
Pa, which is the "virtual image" of the emitting center 
at the cathode surface." 
By carrying out the integrations, it is found that, 

although Qo remains finite,  (22, and 423 become in-
finite for z=0, so long as n<2. The ratios Q2: Q1 and 
Qa:Qi remain finite, however, and we evaluate them by 
extending the integration up to a boundary (5 near the 
cathode and then determining lims.0 Qn/Qi. Thus 

lirn Q2/Q1 = 2/(2 — n)-z/VV(,); 

V V(z) (50) 

S-42 
lirn Q3/Qi = 2/(2 — r)2.z2/1/(,).  (51) 

It is to be noted that 

lim Q3/Qi = 1/2 Dim Q2/(2112. 

Combining these relations with (49), one finds ' 

s = z — VV (,) Q2/Qi = — n/(2 — n) • z. (52) 

That is, the virtual image is located behind the cathode 
for all potential distributions which increase with less 
than the second power of z. 
To find the actual trajectories in such fields all that is 

necessary is to write down the geometrical expression of 
the fact that all rays seem to emerge from the same 
point P2, as defined by (52): 

— s z = [r/(dr/dz)]; dr/dz = (2 — n)/2 r/z.  (53) 

Hence, the form of the trajectories follows immediately: 

r = constant z1-"/2.  (54) 

In the case of Langmuir's space-charge law, for exam-
ple, with n = 4/3 the electrons describe cubic parabolas: 

r = constant -NYE  (55) 

and the virtual image of the center of emission is always 
twice the distance behind the cathode, that the plane of 
the observer is in front of it. 
In the case under consideration, the electrons, which 

arrive in the plane z = zo, appear to have emerged from a 
plane at z= — 2zo with a constant speed of Vo electron 
volts. 

APPENDIX A 

Proof of Convergence of Series-Expansion (23a) 

It is to be shown that 
CO 

5,1, = E (- 1)nr(g) -')•Q„(t)  (56) 

"This neglects the initial axial electron-velocities at the cathode 
surface. 

is convergent. Let km.x be the greatest absolute value of 
the coefficient of deflection existing in the tube. Then, 
assuming that k takes the value of kmax everywhere along 
the axis, we can establish the following upper limit for Q. 

Qn I 1/ • Kin.- tn/n!.  (57) 

We assume r(t) to be analytic for />0. If r(t) is analytic 
for 1=0, it must also be analytic within a circle of radius 
e around 1=0. Hence, for any 0 __t.T,r(t) is analytic 
within a circle of radius (t+e) and center t. For such 
functions, Cauchy's inequality" holds: 

< 31 • (72 — 1)!/(1  (58) 

where If is the maximum value of r(t) within that circle. 
From (57) and (58): 

Kmax 
S= E1r('-"11Q.1 <  Aft ± 1  t  (59)  

14. 1  n \1-1- e 

This series is convergent, because t (t+e) is a proper 
fraction for 0  The convergence of (59) is a suffi-
cient condition for the convergence of (56). 

APPENDIX B 

Evaluation of the Impulse Integral Q1 

Ability to determine the first integral Q1 implies a 
knowledge of the second derivative of the potential and 
Qa is therefore not readily obtained from graphical rep-
resentations. Its computation may be greatly simplified 
if an analytical function may be found, which approxi-
mates the experimental distribution closely. In the case 
of the electron gun, it has been found that data from the 

Fig. 10—Focal length of a bipotential lens as a function of 
electrode-voltage ratio. 

electrolytic trough may be represented fairly well by 
the hyperbolic tangent 

V. = V41 + a tanh (z — z,,,)/X]  (60) 
where 

V„, = (V: + Vo)/2;  a = (V, — V0)/(V,  Vu). 

In this equation, 2X is the subtangent at the point of 
symmetry as shown in Fig. 7b. Using (56), the first 

" E.T.Whittacker and G. N.Watson, "A Course of Modern Analy-
sis," fourth edition, Cambridge University Press, London, England, 
1927, page 91, §5.23. 



integral Qj, or the impulse of the lens, may immediately 
be written 

Q1 = Vlim/a • X [(78"2 — (1/3)7212) 
(70 1/2  (l/3),),z3/2)] 

is = V./V.. 

This has been plotted in Fig. 7c. 
In this connection, it may be shown that symmetric 

fields, as expressed by (60) exhibit positive lens action 
under all circumstances. Equation (61) may be brought 
into the following form between the limits V= Vo and 
V= 

Qii= (113X) WV, — 0 -1021(VVi + VV;).  (61a) 

This is seen to be always positive regardless of whether 
the gun voltage is lower or higher than the final electrode 
voltage. For the focal length, we find from (39) 

where 

(61) 

1 -I- vvo/vi  
= 3X    •  (39a) 

(1 — N/V0/Vi)2 

This, too, is found to be positive for both accelerating 
and decelerating systems. It is plotted in Fig. 10. Ap-
parently, f =3X is about the shortest focal length which 
may be obtained with either very small gun voltages or 
quite large ones Vol V, =1/10, and Vo/ V, =10. Thi s 
shortest focal length is about twice the gun diameter. 
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The following statement is a revision of the material appearing on pages 175 
and 176 of the March, 1944, issue of the PROCEEDINGS. The attention of the 
reader is accordingly directed to the corresponding changes. 

The Editor 

Standard-Frequency Broadcast Service of National 

Bureau of Standards* 

T
HIS service comprises the broadcasting of stand-
ard frequencies and standard time intervals from 
the Bureau's radio station W WV near Washing-

ton, D. C. It is continuous at all times day and night, 
from 10-kilowatt radio transmitters, except on 2500 
kilocycles per second where 1 kilowatt is used. The serv-
ices include: (1) standard radio frequencies, (2) standard 
time intervals accurately synchronized with basic time 
signals, (3) standard audio frequencies, (4) standard 
musical pitch, 440 cycles per second, corresponding to 
A above middle C. 
The standard-frequency broadcast service makes 

widely available the national standard of frequency, 
which is of value in scientific and other measurements 
requiring an accurate frequency. Any desired frequency 
may be measured in terms of any one of the standard 
frequencies, either audio or radio. This may be done by 
the aid of harmonics and beats, with one or more auxil-
iary oscillators. 
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 frequen-
cies are: 
2.5 megacycles ( =2500 kilocycles= 2,500,000 cy-

cles) 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 second 

and 4000 cycles per second, are broadcast on the radio 
carrier frequencies. Both are broadcast continuously on 
10 and 15 megacycles. Both are on the 5 megacycles in 
the daytime, but only the 440 is on the 5 megacycles 
from 7:00 P.M. to 7:00 A.M., Eastern War Time. Only 
the 440 is on the 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 laboratory measure-
ments. 
In addition there is on all carrier frequencies a pulse 

of 0.005 second duration which occurs at intervals of 
precisely 1 second. The pulse consists of 5 cycles, each 

• Decimal classification: R355. Original manuscript received by 
the Institute, June 19, 1944. 

August, 1944 Procee4ings of the I.R.E.  493 



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 physical 
measurements, and may be used as an accurate time 
signal. On the 59th second of every minute the pulse is 
omitted. 
The audio frequencies are interrupted precisely on the 

hour and each 5 minutes thereafter; after an interval of 
precisely 1 minute they are resumed. This 1-minute in-
terval is provided in order to give the station announce-
ment and to afford an interval for the checking of radio-
frequency measurements free from the presence of the 
audio frequencies. The announcement is the station call 
letters (WWV) in telegraphic code (dots and dashes), 
except at the hour and half hour when a detailed an-
nouncement is given by voice. 
The accuracy of all the frequencies, radio and audio, 

as transmitted, is better than a part in 10,000,000. 
Transmission effects in the medium (Doppler effect, 
etc.) may result at times in slight fluctuations in the 
audio frequencies as received; the average frequency 
received is however as accurate as that transmitted. The 
time interval marked by the pulse every second is accu-

rate 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 throughout 
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 to the Na-
tional Bureau of Standards, Washington, D. C. 

I.R.E. People 

Certificate of Appreciation 

to Dr. Armstrong 

Dr. Edwin H. Armstrong has been pre-
sented with the Chief Signal Officer's Cer-
tificate of Appreciation by Major General 
H. C. Ingles, Chief Signal Officer, at a recent 
ceremony in the Pentagon Building at 
Arlington, Virginia. 
In handing the first Certificate to Dr. 

Armstrong in recognition of "loyal and patri-
otic services" during two wars, General 
Ingles said in part: 
"Those of us who have been associated 

with you through the years know how un-
sparingly you have contributed your talents 
and your time to the development of Signal 
Corps equipment which is now proving its 
superiority on every front. We recall that 
you perfected the superheterodyne receiver 
during the first World War and your more 
recent waiver of royalties on your frequency-
modulation patents is still fresh in our 
memories. In addition, you have undertaken 
vital contract development work for the 
Signal Corps and given generously of your 
knowledge and advice in the conduct of 
many experiments." 
The Certificate was designed as a testi-

monial to individuals and companies who 
have performed notable services beyond the 
normal requirements of duty but who are 
not under the direct control of the War De-
partment and are therefore not eligible for 
the Secretary of War's civilian award or the 
Army-Navy "E." 
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THE INSTITUTE OF RADIO ENGINEERS 
INCORPORATED 

SECTION MEETINGS 

ATLANTA  CHICAGO  CLEVELAND  DETROIT  LOS ANGELES 

September 15  September 15  September 28  September 15  September 19 

NEW YORK  PHILADELPHIA  PITTSBURGH  PORTLAND  WASHINGTON 

September 6  October 5  October 9  August 14  October 9 

SECTIONS 

ATLANTA —Chairman, Walter Van Nostrand; Secretary, Ivan Miles, 554-14 St., N. W., Atlanta, Ga. 

BALTIMORE —Chairman, G. J. Gross; Secretary, A. D. Williams, Bendix Radio Corp., E. Joppa Rd., Towson, Md. 

BOSTON —Chairman, R. F. Field; Secretary, Corwin Crosby, 16 Chauncy St., Cambridge, Mass, 

BUENOS AIRES —Chairman, L. C. Simpson; Secretary,  I. C. Grant, Venezuela 613, Buenos Aires, Argentina. 

BUFFALO-NIAGARA —Chairman, A. J. Dybowski; Secretary, H. G. Korts, 51 Kinsey Ave., Kenmore, N. Y. 

CHICAGO—Chairman, W. 0. Swinyard; Secretary, A. W. Graf, 4 Midway Ct., Hammond, Ind. 

CINCINNATI —Chairman, J. L. Hollis; Secretary, R. S. Butts, Box 1403, Cincinnati 2, Ohio. 

CLEVELAND —Chairman, A. S. Nace; Secretary, Lester L. Stoffel, 1095 Kenneth Dr., Lakewood, Ohio 

CONNECTICUT VALLEY —Chairman, R. E. Moe; Secretary, L. A. Reilly, 989 Roosevelt Ave.; Springfield, Mass. 

DALLAS-FORT WORTH —Chairman, D. J. Tucker; Secretary, P. C. Barnes, WFAA-WBAP, Grapevine, Texas. 

DAYTON — Chairman, I. H. Gerks; Secretary, Joseph General, 1319 Superior Ave., Dayton, 7, Ohio. 

DETROIT —Chairman, R. A. Powers; Secretary, R. R. Barnes, 1411 Harvard Ave., Berkley, Mich. 

EMPORIUM —Chairman, H. D. Johnson; Secretary, A. Dolnick, Sylvania Electric Products, Inc., Emporium, Pa. 

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, 33, Calif. 

MONTREAL—Chairman, F. S. Howes; Secretary, J. A. Campbell, Northern Electric Co., Ltd., 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, T. A. Smith; Secretary, S. Gubin, RCA Victor Division, Radio Corporation of America 

Bldg. 8-10, Camden, N. J. 

PITTSBURGH —Chairman, T. C. Kenny; 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, G. R. Town; Secretary, Harold Goldberg, Stromberg-Carlson Co., Rochester 9, N. Y. 

ST. LOUIS—Chairman, N. B. Fowler; Secretary, C. H. Meyer, KFUO, 801 DeNIun Ave., St. Louis, NI°. 

SAN FRANCISCO —Chairman, W. G. Wagener; Secretary, R. V. Howard, Associated Broadcasters, Inc., Mark Hopkins 
I lotel, San Francisco 6, Calif. 

SEATTLE —Chairman, F. B. Mossman; Secretary, E. H. Smith, Apt. K, 1620-14 Ave., Seattle, 22, Wash. 

TORONTO —Chairman, E. 0. Swan; Secretary, Alexander Bow, Wire Products, Ltd., 2738 Dundas St., W., 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, Munsey Bldg., Washing-
ton, D. C. 

WILLIAMSPORT —Chairman, H. E. Smithgall, Jr.; Secretary, K. E. Carl, Williamsport Technical Institute, Williams-
port, Pa. 



Institute News and Radio Notes 

Constitutional Amendment Section 

INSTITUTE DUES ARE Low 

The dues in the Institute are far below what they 
should be, judging by comparable dues of other engi-
neering societies. An average for ten such societies is $20, 
$18.80, and $12+ for grades corresponding to our Fel-
low, Senior Member, and Member-Associate. Our dues 
are $10, $10,. and $6 and the Board proposes $15, $15, 
$10—$7, which is still very moderate. 

PLANS 
The Board will, if the dues are increased, plan as far 

as possible to restore its activities to the prewar stand-
ard. The office staff must be increased, and larger quar-
ters must be secured. The Board will make plans so that 
the flood of technical papers expected after the war can 
be promptly handled. The technical developments dur-
ing the past three years are astounding in number and 
scope. The membership will want to read about them 
just as quickly as the articles can be put into print. They 
will chafe if there is delay due to a rationing but of 
PROCEEDINGS pages as has happened in past times. It 
will be worth money to the membership to secure 
prompt publication. It will cost money to do it. 
The Board has received complaints that certain sub-

jects are seldom if ever treated in the PROCEEDINGS. The 

Board would like to cover the entire field each year. 
Additional editorial and papers-procurement staff are 
necessary if this is to be accomplished. 
Many sections ask for larger rebates. This can be done 

if the dues are increased sufficiently. 
The Board wishes the Institute to be able to do other 

things related to the activities of the Radio Technical 
Planning Board which it helped to found, and to which 
it contributes for its operation. 
The Board has received requests for other kinds of 

services. The Board would like to give these services to 
the members. At present it is not possible to do so. 

SUMMARY 

Prior to the war, the Institute was having difficulty 
staying within its budget. Wage levels have since in-
creased. Paper, printing, and rents have risen. Increased 
advertising has been a much-needed aid, but cannot 
primarily be depended upon for postwar operation. 
The Institute dues are much lower than in other soci-
eties. A flood of technical papers is expected after the 
war. Increased services to members should be given. The 
Board believes an increase in dues will place the Insti-
tute in a safer position not only to carry on at its present 
standard, but to do more for its members in the future. 

A MESSAGE FROM THE PRESIDENT 

The Constitution of the Institute provides a means by 
which a group of members may submit a petition to 
amend it. Recently the President received such a peti-
tion which he submitted to the Board of Directors, and 
which will be mailed with a letter ballot to each voting 
member after an opportunity has been given for discus-
sion in the PROCEEDINGS and at Section Meetings. This 
latter arrangement is in accordance with a suggestion 
the President has made on previous occasions that such 
opportunity be given in the case of all Amendments 
submitted to the membership. 
Since no letter accompanied the petition the peti-

tioners' reasons for offering the proposed amendment 
are not known. It reads as follows: 

"No person shall be eligible for appointment by the 
Board as Director, Secretary, Treasurer, or Editor 
after having accepted five such appointments to any 
or several of these offices." 

Since this proposal does not now apply to the person 
who is your President he feels it to be his obligation to 
present his views regarding it to the Members of the 
Institute, which are as follows: 

1. The President and Vice-President serve the Insti-
tute by giving thought to the broader policy mat-
ters, but it is the Administrative Officers, namely, 
the Secretary, Treasurer, and Editor who are re-
sponsible for the day-by-day work. Since the 
Board of Directors is authorized by the Constitu-
tion to manage the affairs of the Institute, it must 
have the authority to appoint the Administrating 
Officers of its selection. The proposed Amendment 
would greatly limit the Board in carrying out its 
functions. 

2. Since the Constitution provides that the Secretary, 
Treasurer, and Editor must be Members of the 
Board, they cannot avoid holding two appointed 
offices at the same time; therefore, under the pres-
ent proposal they would have to be replaced by 
inexperienced men at the end of two years. This is 
an unbusinesslike and impracticable arrangement, 
as under it the Institute would be operated by offi-
cers who would not have an opportunity to serve 
long enough to become familiar with their duties, 
an unthinkable situation. Most technical and sci-
entific societies continue their officers over long 
periods of time. 
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3. The Constitution provides that three Directors 
are elected every year for three year terms, in order 
to provide overlap and continuity of experience 
and policy. The proposed Amendment does not 
provide for any method whereby continuity of ex-
perience and efficiency can be secured for the im-
portant jobs of Secretary, Treasurer, and Editor. 

4. The field from which the Board can secure suitable 
candidates for these posts is very limited, and the 
factors that so limit it are beyond the control of 
the Institute. The qualifications for these positions 
must be high and stringent. The duties involved 
are numerous and complicated. The Officers are 
called upon to attend at least ten Board Meetings 
and twelve Executive Committee Meetings or a 
total of twenty-two a year not to speak of other 
urgent meetings and calls upon their time. The 
candidates must be close enough to New York so 
that they are easily accessible to Headquarters. 
The qualifications require a willingness to serve 
and also to devote, without compensation, the very 
considerable amount of time involved. There are 
indeed few men having these qualifications and of 
these only a few whose services can be obtained. 
In my opinion the limitations imposed by the pro-
posed Amendment would, because of this reason 
alone, greatly_ lower the standards of management 
of your Institute in the course of a short time. 

IBoard of Directors 

June 7 Meeting: At the regular meeting 
of the Board of Directors, which was held 
on June 7, 1944, the following were present: 
H. M. Turner, president; R. A. Hackbusch, 
vice-president; S. L. Bailey, Alfred N. Gold-
smith, editor; R. F. Guy, R. A. Heising, 
treasurer; F. B. Llewellyn, Haraden Pratt, 
secretary; B. J. Thompson, L. P. Wheeler, 
W. C. White, and W. B. Cowilich, assistant 
secretary. 
Membership: The following applications 

for membership, which were recommended 
by the Executive Committee, were ap-
proved: for transfer to Senior Member grade, 
R. T. Gabler, F. L. Hopper, J. L. Potter, 
J. D. Schantz, L. E. Thompson, and W. L. 
Webb; for admission to Senior Member 
grade, Pierre Mertz and W. W. Salisbury; 
for transfer to Member grade, V. H. Camp-
bell, A. P. Chesney, Albert Dolnick, W. E. 
Dulin, W. C. Freeman, Jr., E. M. Johnson, 
W. D. Johnson, M. B. Kline, W. P. Mueller, 
J. G. Rountree, M. 0. Schilling, Herbert 
Sherman, H. E. Smithgall, Jr., and W. H. 
Warren; for admission to Member grade, 
A. G. Cooley, D. W. Hunt, V. C. Rideout, 
F. B. Schramm, and T. D. Talmage; Asso-
ciate grade, 174; and Student grade, 77. 
Executive Committee Actions: The ac-

tions of the Executive Committee at its 
May 2, 1944 meeting were unanimously rati-
fied. 

COMMUNICATION 

The Editor, 
Proceedings of the I.R.E., 
New York, N. Y. 
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318 Monmouth Avenue, 
Town of Mount Royal, 
P.Q. June 16, 1944. 

DEAR SIR, 

I am a little surprised that Lt. Comdr. Van Dyck 
should have adopted the academic type of defence in 
his letter of 17th May regarding the Montreal petition. 
In doing so he has revealed the issue in a very fortunate 
manner. From his definitions it is sufficiently clear that 
the word "Associate" may properly be applied to those 
with inherent qualifications, whereas "Affiliate" signifies 
a membership which is granted as an act of goodwill 
towards one who is wanted in the Institute but who 
cannot claim membership as a natural right. 
So long as this is an institute of radio engineers, and 

not a fraternal order of those -interested in radio, it 
would seem that Lt. Comdr. Van Dyck's recourse to the 
dictionary has lent ample support to the stand taken by 
the Montreal petitioners. I, for one, like his definitions 
and hope he will abide by them. The real issue, of 
course, is whether the Institute of Radio Engineers is to 
be what in turn its name implies. 

Yours faithfully, 
L. T. BIRD 

Committees: On recommendation of the 
Executive Committee, the following mem-
bers were appointed to the particular com-
mittees indicated below: 

INVESTMENTS 
Fulton Cutting 

PAPERS PROCUREMENT 
ELECTRON TUBES 

J. R. Nelson, Chairman 
INSTRUMENTATION 

Howard Tyzzer, Chairman 
RADIO BROADCASTING 

R. E. Coram  G. W. Lang 
Henry Grossman  P. F. Robinson 

R. E. Shelby 
TIMERS AND TECHNICAL CONTROLS 
J. M. Cage  J. P. Taylor 
V. M. Sherman  V. E. Trouant 

P. B. Weiss 

The Board expressed its appreciation of 
the efforts of Mr. Dorman Israel, in his ca-
pacity as Chairman of the Papers Procure-
ment Committee, and its gratification with 
the excellent results from the work done, and 
unanimously authorized Editor Goldsmith 
to convey these expressions to Mr. Israel. 

Technical 

CIRCUITS 
J. M. Miller 
ELECTRONICS 

E. C. Homer  J. R. Steen 
RADIO WAVE PROPAGATION 

R. L. Smith-Rose 

TELEVISION 
George Fyler  H. T. Lyman 

SYMBOLS 
E. W. Shafer, Chairman 

Deaths 
Stuart Ballantine: President Turner re-

ported that Stuart Ballantine, who was 
President of the Institute in 1935, died on 
May 7, 1944. Flowers and a letter of con-
dolence were sent by the Institute to Mrs. 
Ballantine and her reply was read at the 
meeting. 
Miss Agnes Irene Dunne: The Board of 

Directors sent flowers to the late Miss 
Dunne, who died on May 14, 1944, and a 
letter of condolence to the family. Miss 
Dunne was an employee of the Institute 
since its inception. 
Certfficate of Incorporation: Treasurer 

Heising stated that copies of the recently 
amended charter of the Institute were 
mailed to the Board members on May 31, 
1944. 
WPB Paper Limitation Order L-244: 

Another written appeal from this order had 
been mailed on May 25, 1944, to the War 
Production Board, in a further attempt to 
obtain the additional paper allotment 
needed for increasing the substance weight 
of the paper stock, the number of pages, and 
the number of copies for new members and 
subscribers. 
Collective Bargaining: The committee 

report, dated June 5, 1944, was reviewed by 
Chairman White. The recommendation of 
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the committee, in the revised form quoted 
below, was unanimously approved. 
"That, a statement be prepared, with the 

aid of counsel, on the various aspects of col-
lective bargaining for radio engineers. After 
review by the Committee on Professional 
Recognition, it is to be submitted for ap-
proval by the Board for distribution to the 
membership either by publication in the 
PROCEEDINGS Or in the form of a pamphlet 
available to members on request." 
Canadian Membership: Vice-President 

Hackbusch reviewed the developments in 
the Canadian situation relating to collective 
bargaining for engineers, and also referred 
to the Canadian Wartime Labour Relations 
Regulations known as Order-in-Council P.C. 
1003 on the subject of collective bargaining. 
Particular attention was called to the 

steps being taken by the Toronto and Mon-
treal Sections to circularize their members 
on the question of professional recognition 
and collective bargaining. 
Nominations: The following nominations 

were approved by the Board of Directors for 
the 1945 elective offices: 

PRESIDENT 
W. L. Everitt 
VICE-PRESIDENT 
H. J. van Bijl 
DIRECTORS 
1945-1948 

S. L. Bailey  F. M. Ryan 
E. F. Carter  B. E. Shackelford 
Keith Henney  W. 0. Swinyard 

Constitution and Laws 
Constitution: Attention was tailed to the 

fact that the Constitutional amendments, 
which had been approved by the voting 
membership in 1943, were adopted by the 
Board of Directors at its meeting on Sep-
tember 8, 1943, and not on October 8, 1943 
as incorrectly shown in the current copies of 
the Constitution. 
It was unanimously approved to use 

September 8, 1943, as the date of adoption 
of the 1943 Constitutional amendments, 
when reprinting the Constitution and any 
other forms containing a reference to the 
particular date. 
Constitutional Amendments: The follow-

ing proposed amendment was adopted to be 
voted on together with the proposed "Mon-
treal amendment": 

ARTICLE IV 

Section 1—The proposed amendment, to 
be worded as quoted and on the ballot to be 
accompanied by the dual explanation stated 
in parentheses, was unanimously approved. 
Under the heading "Annual Dues": 
"Delete '$10' after word 'Fellow' and 

substitute '$15.' 
"Delete '$10' after words 'Senior Mem-

ber' and substitute '$15.' 
"Delete 36' after word 'Member' and 

substitute '$10.' 
"Delete '$6' after word 'Associate' and 

substitute '$7,' for the first five years of 
membership as (Affiliate and prior member-
ship as)" Associate; thereafter $10 beginning 
the January first following. The clause 
changing the dues from $7 to $10 after five 
years of membership as (Affiliate and prior 
membership as)* Associate shall not take 
effect until January 1, 1946.' 

"* Note—Parentheses will be eliminated 
if the 'Montreal amendments' are adopted, 
while the words within the parentheses will 
be deleted if such amendments fail." 
(The wording of this amendment, ex-

cluding parenthetical parts and note, is 
drawn up to apply to the present Constitu-
tion as it now stands, and affects only the 
figures and words mentioned. The "Mon-
treal amendments" also on this ballot, if 
approved, will change other words inde-
pendently of this amendment. Wordings 
which are contingent upon the adoption of 
the "Montreal amendments" are in paren-
theses and are noted.) 

ARTICLE II 

Section 1A—The wording of this pro-
posed amendment, previously approved, was 
revised to read as follows: 
"Article II, Section 1A—At the time of 

the adoption of the seventh amendment, all 
Senior Members shall become Members, all 
Members shall become Associates, and all 
Associates shall become Affiliates. Associates 
of record for three years shall be sent a no-
tice of such change and shall be given an 
opportunity good for six months to be re-
stored to continuous Associate membership 
by showing that they are or have been engi-
neers, or scientists, or teachers in radio or 
allied fields." 
The following amendments were ap-

proved by the Board: 

ARTICLE I 

Section 2—Insert after the first word 
"be" the following words "scientific, liter-
ary, and educational. Its aims shall include" 
making it read "Sec. 2—Its objects shall be 
scientific, literary, and educational. Its aims 
shall include the advancement of the theory 
and practice of radio, etc." 

ARTICLE II 

Section le—The proposed amendment of 
Article 11, Section le, indicated below, was 
unanimously approved. 
Delete in Article II, Section le, every-

thing after the word "Student" and substi-
tute "who may participate in meetings, wear 
the badge of the Institute, and receive pub-
lications designated by the Board of Direc-
tors, but who shall have no other rights and 
privileges." 

ARTICLE VII 

Section 1—This additional proposed 
amendment of Article VII, Section 1, was 
unanimously approved. Insert in the second 
paragraph, second sentence, between the 
words "before" and "August," the words 
"twelve o'clock noon on the last weekday 
prior to" making it read "For acceptance, a 
letter of petition must reach the executive 
office before twelve o'clock noon on the last 
weekday prior to August fifteenth of any 
year, etc." 
In the fifth paragraph, fourth sentence, 

insert between the words "office" and "prior" 
the words "before twelve o'clock noon on the 
last weekday" making it read "Only ballots 
arriving at the executive office before 
twelve o'clock noon on the last weekday 
prior to October twenty-fifth shall be 
counted." 

ARTICLE IX 

Delete title and both Sections 1 and 2. 
Substitute—"Sections and Other Groups." 
Section 1. The Board of Directors may 

authorize the establishment of Sections and 
other groups of members for the purpose of 
promoting the interests of the Institute. The 
Board of Directors may, at its discretion, 
terminate the existence of any such group." 

ARTICLE X 

Section 2—The wording of this amend-
ment, also previously approved, was revised 
as follows: 
After the first sentence, insert this word-

ing: "The ballots, after marking, shall be 
placed in plain sealed envelopes, enclosed 
within mailing envelopes marked 'ballot' 
and bearing the member's written signature. 
Only ballots within signed outer envelopes 
shall be counted. No votes by proxy shall be 
counted. Only ballots arriving at the execu-
tive office prior to the stated time limit shall 
be counted." 

Constitutional-Amendment  Petition: 
President Turner read an undated petition, 
which had been addressed to him, with the 
proposal that Article VII of the Constitu-
tion be amended with the addition of the fol-
lowing wording: 
"No person shall be eligible for appoint-

ment by the Board as Director, Secretary, 
Treasurer, or Editor after having accepted 
five such appointments to any or several of 
these offices." 
The names of the 54 signers were read by 

the Assistant Secretary and it was noted that 
48 were voting members in good standing 
and six nonvoting Associates. 
The petition, complying with the Con-

stitution insofar as the required number of 
signatures of voting members is concerned, 
was referred to Chairman Heising of the 
Constitution and Laws Committee, for sub-
mission to legal counsel with regard to 
compliance with the amendment Section of 
the Constitution of the Institute. 
President Turner requested the Assistant 

Secretary to send a letter of acknowledg-
ment to each qualified signer of the petition, 
and also to ask for expressions of the reasons 
prompting the proposal, which would be 
used to enlighten the membership. It was 
further requested that such expressions 
should reach the Institute office by July 20, 
1944, if they are to be published in the Sep-
tember issue of the PROCEEDINGS. 
T. L. Eckersley: The quoted citation, for 

the Fellowship awarded to Mr. Eckersley at 
the last meeting, was unanimously ap-
proved: 
"For his outstanding contributions to 

the theory and practice of radio-wave-propa-
gation research. Both his approach to the 
problem from the standpoint of practical 
communications and his invention of mathe-
matical tools useful in the computation of 
radiated fields are achievements of lasting 
value acclaimed by the whole radio world, 
and form a monument of which he may be 
justly proud." 
Radio Technical Planning Board: Secre-

tary Pratt, as the Institute Representative 
on the RTPB, reviewed his report accompa-
nied by copies of letters to RTPB Chairman 
Baker. In that correspondence, Secretary 
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Pratt raised procedural objections to the 
steps taken by Chairman Baker in bringing 
about changes in the two matters, listed be-
low, and explained the reasons fcr not voting 
on the matters involved: 

Name and Scope of RTPB Panel 5 
RTPB Publicity Policy 
It was further reported that the men-

tioned subjects would be discussed at the 
next RTPB meeting, which is expected to 
be held in the near future. 

Standardization 

The following matters were given con-
sideration from the standpoint of expanding 
radio-engineering standardization in the 
postwar period: 
Radio Technical Planning Board: The 

quoted resolution, which was read and dis-
cussed, was referred to the Executive Com-
mittee for recommendations to be available, 
if possible, for the September meeting of the 
Board: 
"Resolved, That it is the sense of the 

Board of Directors that the Radio Technical 
Planning Board has certain long-term con-
structive aspects in the field of engineering 
standardization, particularly along system 
lines, and 
"That such activities of the RTPB are of 

particular interest to the I.R.E., and 
"That the Institute should, from time to 

time, support, sponsor, and appropriately 
contribute to the guidance of such activities, 
and 
"That the Institute should be prepared 

to act, at the request of the RTPB, as an 

analytic and validating group between the 
RTPB and the Sectional Committee on 
Radio of the ASA, as well as the Interna-
tional Standards Association or an equiv-
alent international standardizing body, and 
"That the President of the Institute is 

empowered and requested to study and re-
port such activities to the Board and to 
recommend that such steps as he deems ap-
propriate shall be taken in relation there-
with." 
ASA Special Conference on Planning: 

Dr. Llewellyn stated that this conference, 
held on May 5, 1944, was devoted to a dis-
cussion of standardization after the war. 
1945 Winter Technical Meeting: Presi-

dent Turner reported the action of the 
Executive Committee in approving the listed 
dates and program and the stated meeting-
name, which had been proposed by Dr. 
Austin Bailey, chairman of that meeting: 
January 24 to 27, 1945, inclusive. 

Executive Committee  
June 6, 1944, Meeting: The following 

members were present at the June 6, 1944, 
meeting of the Executive Committee: 
H. M. Turner, president; E. F. Carter, 
Alfred N. Goldsmith, editor; R. A. Heising, 
treasurer; F. B. Llewellyn, Haraden Pratt, 
secretary; and W. B. Cowilich, assistant 
secretary. 
Amendment of Certificate of Incorpora-

tion: Treasurer Heising stated that a certi-
fied copy of the Institute's revised charter, 

filed on May 2, 1944, with the New York 
Department of State under the official title 
quoted, had been received from General 
Counsel Zeamans, and that copies of it had 
been mailed to the Board members. "Certifi-
cate of Change of Purposes and Powers and 
Provisions of Certificate of Incorporation, 
Change in Number of Directors, Change in 
Time of Holding Annual Meeting of The 
Institute of Radio Engineers, Incorporated." 
ASA Special Conference on Planning: 

Dr. Llewellyn reported on the particular 
conference, held on May 5, 1944, minutes of 
which had been received by the Institute. 
President Turner, who attended the 

meeting, described the views which he ex-
pressed there and which are summarized in 
this extract from the mentioned minutes: 
"Professor Turner of the Institute of Radio 
Engineers said his group was especially in-
terested in international standardization. 
The ASA should survey the wartime stand-
ards to determine which should be discarded; 
continue the work of co-ordination of stand-
ards with the Canadian, British, and South 
American groups; strive toward world stand-
ards through the International Electro-
technical Commission; and co-ordinate the 
work of the Radio Technical Planning Board 
with the ASA." The subject was discussed 
and referred to the Board for further con-
sideration. 
Proceedings: As a result of the reduced 

number of extra copies printed, necessitated 
by the WPB paper-limitation regulations, 
the March and April, 1944, issues of the 
PROCEEDINGS are now entirely out of stock. 

National Electronics Conference 

In keeping with its objective to serve as 
"a national forum on electronics and its engi-
neering applications" two addresses key-
noting the National Electronics Conference 
will be delivered. These are "Electronic Re-
search Opens New Frontiers," by Ralph 
Beal and "Electronics In Industry," by 
W. C. White. 
Technical papers on a wide range of in-

dustrial, medical, measurement, and com-
munication topics will be presented at the 
conference to be held at the Medinah Club 
of Chicago on October 5 to 7, 1944. As 
Chairman of the Program Committee, Pro-
fessor A. B. Bronwell, Northwestern Uni-
versity, Evanston, Illinois, has prepared a 
program of broad interest covering the en-
tire electronic field. Subject to minor changes 
and several additions already planned, the 
technical program will include presentation 
of the following papers: 
"Color and Ultra-High Frequency Televi-
sion," by P. C. Goldmark, Columbia 
Broadcasting System 

"A Lighthouse Tube; A Pioneer Ultra-High-
Frequency Development," by E. D. 
McArthur and E. F. Peterson, General 
Electric Company 

"Audible Audio Distortion," by H. H..Scott, 
General Radio Company 

"Principles of Klystron Amplifiers," by Rob-
ert Haxby, Sperry Gyroscope Company 

"Radio Relay Systems," by C. W. Hansel!, 
RCA Laboratories 

"Broad-Band Carrier and Coaxial-Cable 
Networks," by F. A. Cowan, American 
Telephone and Telegraph Company 

"Development of Electronic Tubes," by 
I. E. Mouromtseff, Westinghouse Electric 
and Manufacturing Company 

"Theorem of Lorentz and Its Importance 
for Problems of Electrons in Magnetic 
Fields," by Leon Brillouin. Columbia 
University 

"Theory of Microwave Oscillation Gener-
ators Using Velocity-Modulated Electron 
Beams," by E. U. Condon, Westinghouse 
Electric and Manufacturing Company 

"The Supersonic Eccoscope, An Instrument 
for Inspecting the Interior of Metal Parts 
by Means of Sound Waves," by F. A. 
Firestone, University of Michigan 

"Electronic Mechanisms in the Process 
Plant and Industrial Laboratory," by 
T. A. Cohen, Wheelco Instrument Com-
pany 

Dynamic Strain Gages," by C. A. Dohren-
wend, Armour Research Foundation 

"High-Frequency Induction Heating of 
Metals," by C. J. Madsen and R. M. 

Baker, Westinghouse Electric and Manu 
facturing Company 

"New Methods and Techniques in High-
Frequency Heating," by Eugene Mittel-
mann, Illinois Tool Works 

"Electronic Power Converters," by E. F. W. 
Alexanderson, General Electric Company 

"Electronic Measurements of Nonelectrical 
Quantities in Industrial Processes," by 
H. D. Middell, General Electric Company 

"The Mass Spectrometer and its Practical 
Applications," by J. Hipple, Westing-
house Electric and Manufacturing Com-
pany 

"Design Factors in the Application of Relays 
to Electronic Circuits," by R. H. Herrick, 
Automatic Electric Company 
A discussion forum on educational prob-

lems in the electronic field will be held on 
Sattrday, October 7 with representatives of 
engineering colleges. 
Announcement of the final program, 

together with details concerning the Na-
tional Electronics Conference will be made 
about September 1, when registration for 
the conference will be accepted by Professor 
P. G. Andres, Chairman of the Arrange-
ments Committee, who may be addressed at 
the Illinois Institute of Technology, 3300 
Federal Street, Chicago, Illinois. 
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Correspondence 

Father-and-Son Night for 
Sections 
The following communication was orig-

inally addressed to Dr. B. E. Shackleford, 
chairman of the Membership Committee of 
the New York Section and a member of its 
Executive Committee. Certain favorable re-
actions to the proposed plan prompt its 
presentation in these columns. It is sug-
gested that the Section officers consider this 
or similar plans and communicate their 
viewpoints to Mr. W. B. Cowilich, Assistant 
Secretary of the Institute of Radio Engi-
neers, who will to-ordinate these opinions 
and present ttem to the Executive Com-
mittee and Board of Directors for their in-
formation and guidance. 

The Editor 

Dr. B. E. Shackleford 
Radio Corporation of America 
New York 20, New York 

Dear Dr. Shackleford: 

During the past few years the Institute 
of Radio Engineers has experienced a most 
gratifying growth in membership. Part of 
this has been the result of the untiring 
efforts of the Membership Committee, part 
to our many good friends in the I.R.E., who, 
from time to time, solicit people in their 
organizations, and part is attributable to the 
War Effort, since thousands of men, who 
might have been otherwise engaged, are now 
working on radio-and-electronic problems. 
In order that the splendid progress we have 
made may continue, it is necessary that we 
do not relax our efforts, but go even further 
in establishing a solid foundation for future 
memberships. 
Several years ago the Institute recog-

nized the importance of interesting the 
college and university students in our or-

Books 

Industrial Electronic Control, 
by W. D. Cockrell 
Published (1944) by McGraw-Hill Book 

Company, 330 West 42nd St., New York 18, 
N. Y. 242 pages-I-5-page index  pages. 
175 illustrations. 81 X51 inches. Price, $2.50. 

This book appears to be intended for 
use primarily by technical men having little 
or no previous background in electronics; for 
example, mechanical, civil, chemical, or elec-
tric power engineers, who find themselves 
engaged in work in which a knowledge of 
the applications of electronic devices in the 
manufacturing industries is important. The 
book is descriptive rather than highly ana-
lytic in nature, and is evidently intended to 
impart a quick rather than a thorough 
knowledge. There are many very good and 
well-prepared circuit diagrams, also dia 
grams showing instantaneous variations of 
voltage and current in electronic circuits. No 
mathematical analyses of any kind are at-
tempted, the author depending entirely on 
qualitative descriptions of the various rela-
tionships involved to convey an understand-

Correspondence on both technical and 
nontechnical subjects from readers of 
the PROCEEDINGS OF THE I.R.E. is in-
vited, subject to the following condi-
tions: All rights are reserved by the 
Institute. Statements in letters are ex-
pressly understood to be individual 
opinion of writer, and endorsement or 
recognition by the I.R.E. is not implied 
by publication. All letters are to be 
submitted  as  typewritten,  double-
spaced, original copies. Any illustra-
tions are to be submitted as inked 
drawings. Captions are to be supplied 
for all illustrations. 

ganization. This had a twofold purpose; 
altruistically, to assist the student and to 
give him a broader vision of the radio engi-
neering field; practically, to secure members 
who eventually would be among the leaders 
in their profession. This plan has worked out 
exceedingly well and has been to the mutual 
benefit of both the student and the I.R.E. 
It would appear that even more atten-

tion might be given to the younger group of 
men who are now in the Institute and to 
those even younger boys who are not eligible 
for membership. Many of the more mature 
members of the I.R.E. have growing sons, 
some of whom are intensely interested in 
radio. 
To foster this growing interest, the Sec-

tions might consider the idea of a Father-
and-Son night once a year, or more as they 
see fit. Since the I.R.E. was founded on 
May 13, this day, or a day near that date, 
might well serve as an appropriate night; 
thus, too, Founders' Day could come to 
have more importance in the active life of 
the Institute. 
Such a meeting might well take the form 

of a dinner followed by a semitechnical pro-
gram. Several movies are available—"Elec-

ing of circuit behavior. The descriptions of 
the sequence of circuit events in various 
types of industrial electronic circuits are 
brief but good. The book should be useful. 
The treatment begins with a description 

of vacuum tubes, both high-vacuum and 
gaseous. This description presumes on the 
part of the reader only such knowledge as 
any engineer may be expected to have 
acquired as a part of his basic training. There 
follow brief descriptions of the important 
nonelectronic components used in electronic 
circuits, such as transformers, inductors, 
capacitors, etc., also very brief comments on 
measuring instruments. The simpler recti-
fier, amplifier, oscillator, timing, and phase-
shift circuits are then discussed descrip-
tively and very briefly. The latter part of 
the book contains fairly detailed qualitative 
analyses of the behavior of the more common 
photoelectric, motor-control, and welder-
control circuits. 
This book is a first edition, and is up to 

date. It obviously profits greatly from the 
practical experience and background of its 
author, who is engaged in work in the indus-
trial electronic field with the General Elec-
tric Company. The whole treatment is prac-
tical in nature. Although it does not include 
thorough analytical treatments of any part 

tronics at Work" and "Crystals Go to War,' 
for example. A display of old and new radio 
equipment with someone to explain it would 
be interesting, particularly if the boys were 
permitted to handle the material. A trip of a 
transmitting station or broadcast studio 
might also serve. It is reasonable to presume 
that the Fathers would be pleased by the 
opportunity to have their sons meet the sons 
of their friends in the I.R.E. and the boys 
undoubtedly would enjoy it. 
If the Institute wished to interest this 

younger group more extensively, a junior 
section might be organized with certificates 
issued to qualifying members and a name, 
such as "Sparks" given it. Meetings could be 
opened to all boys interested and a commit-
tee made responsible to lead and assist the 
boys. The chairman of the committee might 
be an adult Section member and his com-
mittee men Student members in the com-
munity. Thus, our Student members would 
form a link between the fathers and their 
sons and would have the opportunity of 
serving the Institute in an executive capac-
ity. An annual prize might be offered to the 
boy writing the best paper on a selected sub-
ject. If enough interest were shown, a small 
publication, containing elementary papers 
on radio and electronics, might be published. 
Obviously, when the boys from such 

groups as those proposed above, go to col-
lege, the matter of Student membership will 
be taken for granted. At the conclusion of 
their academic life, membership in the I.R.E. 
will be but a simple transfer. The Institute 
thereby would practically handpick its fu-
ture members and bring them up in the best 
interests of the engineering fraternity. The 
high standing of the Institute would be 
raised even higher by this procedure, for our 
Associate members would be the cream of 
the crop and would be a group which for 
many years had been under the influence of 
the I.R.E. 

Helen M. Stote 
Associate Editor 

of the field of electronics, it gives references 
to textbooks which do give such analytical 
treatments. Of course, no book of 242 pages 
can include an elementary infroduction to 
the field, and in addition a comprehensive 
survey coverage of all important industrial 
electronic circuits. There are some important 
applications that are treated very sketchily 
if at all, one of them being that of servo 
controls. The most serious criticism of the 
book is perhaps that it is overly brief. 
There are several very useful appendixes, 

including one describing the graphical sym-
bolism used in the book (General Electric 
practice is followed for the most part), one 
giving color coding for resistors and capaci-
tors, one including very useful nomographs 
for values of capacitive and inductance re-
actance, one giving time-constant curves, 
one stating the essential rating properties of 
the various polyphase rectifier circuits, and 
one on elementary optics. Probably one of 
the most useful parts of the book is this op-
tical appendix, which gives certain very ele-
mentary but essential facts of optics as 
related to mirrors, lenses, and light filters. 

W. G. Dow 
Electrical Engineering Department 

University of Michigan 
Ann Arbor, Michigan 



1944  Institute News and Radio Notes  501 

Hyper and Ultra-High Fre-
quency  Engineering,  by 
Robert I. Sarbacher and 
William A. Edson 
Published (1944) by John Wiley and 

Sons, Inc., 601 West 26th St., New York 1, 
N. Y. 632 pages+12-page index +xv pages. 
329 figures, 51X81 inches. Price, $5.50. 
The stated field of coverage of this book 

is "all phases of hyper-frequency engineer-
ing" and to the extent that wartime condi-
tions permit most of the field has been 
treated more or less thoroughly. 
There is a distinct difference in styling 

and lack of continuity between the first sev-
eral chapters and the later ones which de-
tracts from the book's value. Through no 
fault of the authors, much of the material 
in these later chapters is obviously dated 
and will require revision at an early date if 
the book is to avoid obsolescence. Neverthe-
less, these chapters present a rather good 
story of prewar ultra-high-frequency prac-
tice which is of real value as a text. 
The provision of both problems and liter-

ature references pertinent to each chapter 
adds a good deal to the value and usability 
of the book. 
The field-theory treatment in the first 

12 chapters is very complete but is highly 
mathematical and best suited for students 
with more mathematical maturity and theo-
retical interests than the average engineering 
student. 
On the whole, this volume contains a 

very large amount of valuable material and 
will prove to be useful although the treat-
ment is such that the entire work probably 
should not be presented to one class of stu-
dents. 

E. D. MCARTHUR 
General Electric Company 

Schenectady, N. Y. 

Radio Data Charts (Third Edi-
tion), by R. T. Beatty (revised 
by J. McG. Sowerby) 
Published (1943) by Iliffe and Sons, 

Ltd., Dorset House, Stamford St., London 
S. E. 1, England. 85 pages +40 illustrations. 
8X101 inches. Price, 7/6. 

These charts are a collection of nomo-
graphs which should be very useful to any 
one designing receivers. With the exception of 
electronic devices, the data cover a large 
portion of the problems encountered in re-
ceiver design. A brief but clear explanation 
and the solution of a typical problem accom-
panies each nomograph, and little or no 
knowledge of theory is necessary in making 
use of the abacs. 
A group of five charts covers the interre-

lations of inductance, capacitance, and fre-
quency throughout the range from short 
waves to audio frequencies. The design of 
inductance coils having minimum radio-
frequency resistance and inductances rang-
ing from 0.2 to 10,000 microhenries is a 
simple procedure using the nomographs. 
Two charts are devoted to showing the ef-
fects of screening cans upon inductance and 
resistance. 
The characteristic impedance and at-

tenuation of transmission lines as well as the 
Q of quarter-wave resonant lines may be 
quickly determined. 

A number of graphs covers the design of 
power transformers and chokes at the British 
standard frequency of 50 cycles per second 
rather than the American standard of 60 
cycles per second. 
There are also included data on direct-

current resistance of wire of various alloys, 
parallel-tuned circuits, coupled-tuned cir-
cuits, loudspeaker dividing networks, deci-
bels, Ohm's law, power dissipation by 
resistors, attenuation circuits, and wire 
tables. In all there are 40 nomographs. 
The second edition of this collection ap-

peared some years ago. In this third edition 
the data have been brought completely up 
to date. It is top bound and paper covered. 

P. S. CARTER 
RCA Laboratories 

Rocky Point, Long Island, New York 

Practical Analysis of Ultra 
High Frequency Transmis-
sion Lines, Resonant Sec-
tions,  Resonant  Cavities, 
Wave Guides, by J. R. 
Meagher and H. J. Markley 
Published (1943) by RCA Service Com-

pany, Inc., Camden, N. J. 24 pages. Many 
figures. 8* X11 inches. Paper cover. (An 
I.R.E. member may obtain a copy from the 
publisher without cost.) 

This booklet is an excellent condensed 
description of the more important charac-
teristics and uses of the devices listed in its 
title. It is intended mainly as a pictorial 
background for the technician engaged in 
making installations and field tests. The 
generous use of well-selected diagrams makes 
the treatment useful and suggestive to the 
trained engineer entering this special field. 
The first half is devoted to transmission 

lines, standing waves, resonant sections, the 
use of sections of lines as impedance elements 
or impedance-matching transformers, the 
tuned section as an insulator, the line-bal-
ance converter, characteristic impedance, 
velocity, and the excess attenuation caused 
by standing waves. The slotted measuring 
line is described, with curves to enable its 
use without compulsations. The remaining 
space is devoted to wave guides, types of 
propagation, methods of impedance match-
ing, and resonant cavities. 

H. A. WHEELER 
Hazeltine Electronics Corporation 

Little Neck, L. I., N. Y. 

Klystron Technical Manual 
Published (1944) by Sperry Gyroscope 

Company, Inc., Manhattan Bridge Plaza, 
Brooklyn 1, New York. 91 pages+3-page 
index. 26 figures. 6/ X91 inches. No charge. 
Available on request to Sperry. 

According to the foreword, "This manual 
is concerned with the underlying principles 
of velocity-modulation tubes, . . . , rather 
than their application.... The present 
manual is intended for use by readers who 
have an understanding of electronic phe-
nomena and such knowledge is a necessary 
prerequisite to effective use of this manual.* 
Within the limits so defined, the authors 
have produced a booklet that is at once 
clear, concise, and which contains a sur-
prisingly large amount of useful information. 

The properties of drift tubes and reflection 
tubes both are dealt with, and frequency and 
amplitude modulation are included in the 
properties discussed. In this connection, the 
use of the term "velocity modulation" to 
mean velocity variation of the electron 
stream becomes particularly confusing, 
when true modulation effects are discussed 
in the same paragraph. The term probably 
has become too widespread for a change to 
be recommended now, but it represents a 
departure from the I.R.E. definition of 
"modulation" (3R1). It would have been 
helpful in the manual to have separate 
figures for showing the application to ampli-
fication and to oscillation. Also, the scales 
on the graphs in some cases are without 
labeling and the units in some of the equa-
tions are not named. Despite these and a 
few other somewhat similar omissions, those 
having an understanding of electronic phe-
nomena will probably have little difficulty 
and will be glad to have the graphs, tables, 
and descriptions of operating adjustments 
which are included. • 
The manual closes with a fairly compre-

hensive bibliography and a list of patents 
bearing on the subject. 

F. B. LLEWELLYN 
Bell Telephone Laboratories, Inc. 

New York, New York 

Erzwungene  elektrische 
Schwingungen an rotations-
symmetrischen Leitern bei 
zonaler Anregung, by Ernst 
Metzler 
Published (1943) by Verlag A. G. Gebr. 

Leeman and Company, Zurich. 120 pages+ 
17 illustrations. 6} X9 inches. Price, Fr. 
6.80—Rm. 4.10. 

This book is primarily a research pam-
phlet, based on the author's own work in 
antenna theory. The treatment is mathe-
matical, not too easy reading, and as a whole 
it is suggestive rather than exhaustive. 
The problem considered is that of deter-

mining the current distribution on perfectly 
conducting antennas, bounded by surfaces 
of revolution, when excited by a uniform 
zonal electromotive force. The solution given 
is in the form of an infinite series involving 
the characteristic functions of the corre-
sponding free-oscillations problem, so that 
the method is applicable only when the solu-
tion for free oscillations is known. The au-
thor discusses the solution for ellipsoids, 
spheres, and thin cylinders. 
In the second part of the book the cy-

lindrical solution is compared with some of 
the author's experimental work, but this 
part is not very satisfactory since there are 
no experimental points near the maximum 
values of the input resistance, where com-
parison between theory and experiment is 
most needed. 
A fairly extensive bibliography is in-

cluded, and the results of other research 
workers in this field are discussed through-
out, but it is unfortunate that the author is 
not familiar with all of the work that has 
been done in this country in the last few 
years. 

MARION C. GRAY 
Bell Telephone Laboratories 

New York, N. Y. 



Report of the Secretary 1943 

This report has been prepared to inform 
the membership of the activities of the In-
stitute during 1943. 

Membership 
The paid membership reached 11,079, 

representing a gain of 2285 members or 
26 per cent for the year and a new high in 
Institute membership. Fig. 1 indicates the 
trend of the membership since 1912, the 
year of establishment of the Institute. 
The domestic membership increased 27 

per cent and the foreign membership, de-
spite wartime restrictions, showed a gain of 
18 per cent. 
The proportion of the total membership 

outside the United States and its possessions 
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The distribution of the membership by 
grades, including that of Senior Member 
which had been adopted, is analyzed in 
Table L 

TABLE I 

M EMBERSHIP DISTRIBUTION BY GRADES 
Per Cent 

Fellow  185  1.7 
Senior Member  886  8.0 
Member  17  0.2 
Associate  7,705  69.5 
Student  2,286  20.6 

11,079  100.0 

The total of 2745 new members elected 
to the Institute represents an increase of 
32.9 per cent in comparison with the 2065 
of the previous year. 
The 2783 applications for admission and 
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FIG. 1—The variation in paid membersh'p is shown by the 
solid graph. The dotted line is for the number of pages of 
technical and editorial material in the PROCEEDINGS. Start-
ing in 1939, a larger format was used and the scale of pages 
should be divided by 2.2. 

was 10.7 per cent, as compared with 11.6 per 
cent in 1942. 
The number of members in the British 

Empire rose 22.6 per cent in 1943, as com-
pared with the increment of 13.6 per cent 
during 1942. The total of the 1943 European 
membership represents an increase of 8.5 per 
cent due mainly to the gain in England, 
whereas a loss of 4.2 per cent occurred 
during the previous year. 
The South American membership of 120 

includes a reduction of three members, or 
2.4 per cent, in contrast with the total for 
1942. 
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The activities of the Membership Com-
mittee, under the direction of Chairman 
B. J. Thompson, and of the Admissions 
Committee, under Chairman G. T. Royden, 
necessitated in part by the adoption of the 
Constitutional amendments, were largely re-
sponsible for the new high in Institute 
membership that took place in 1943. 
The Sections and many of the members 

accounted for a volume of applications that 
was substantially in excess of that of the 
previous year. 

Proceedings 

Several new features were inaugurated 
in 1943 including the use of pictures on the 
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FIG. 2—Income and expenses are plotted for the life 
of the Institute. 

transfer, received during the year, include a 
gain of 40 per cent over the 1984 submitted 
during 1942. The number of Student appli-
cations was 21 per cent larger than that for 
the previous year. The applications, for all 
other elective grades combined increased 
59 per cent, in contrast with a reduction of 
four per cent in the previous year. 
• The increase in number of workers in the 
radio and allied fields and of those trained 
for radio equipment in the armed services, 
brought about as the result of the war, has 
continued to expand the field from which the 
Institute obtains new members. 

front cover, frontispieces in each issue, and 
guest editorials, which appear monthly. A 
total of 79 technical papers and 48 book re-
reviews was included in volume 31 of the 
PROCEEDINGS. There were published 700 
pages of technical and editorial material, as 
compared with 560 pages in 1942. 
Because of severe paper limitations, it 

has been necessary to cut the weight of 
paper stock by almost 50 per cent. Other 
technical economics, which were put into 
practice, made it possible to save space and 
paper. 
The Institute regrets having to reduce 
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the weight of the paper stock used in print-  sented during the two-day session. More 
ing the PROCEEDINGS, and the consequent  than 270 members and guests attended the 
annoyance to readers caused by such condi-  banquet. A total of 524 were registered. 
tion. Numerous measures have been taken 
in an effort to make the PROCEEDINGS as 
readable as possible under the circum-
stances and, still, to provide sufficient copies 
for the steadily increasing membership. 
In addition to his duties as Editor of the 

PROCEEDINGS, Dr. Goldsmith took on the 
added responsibility of becoming Managing 
Editor. Partly as a result of his untiring 
efforts in behalf of the PROCEEDINGS, the 
high quality of the publication was upheld 
and the many innovations for some of which 
he was directly responsible greatly enhanced 
its value. A wide range of added responsibil-
ities have devolved upon the Associate 
Editor, Miss Helen M. Stote, and have been 
capably carried out. Mr. Israel, as Chairman 
of the Papers Procurement Committee, 
effectively devoted great amounts of time 
and effort to the PROCEEDINGS and was most • 
successful in securing many papers for publi-
cation. Dr. Llewellyn, as Chairman of the 
Papers Committee, was responsible for the 
oustandingly successful work done by that 
group. The authors who submitted papers 
to the PROCEEDINGS were unfailingly co-
operative and provided it with manuscripts 
of great merit. The editorial readers of the 
submitted papers unstintingly gave valuable 
time and thought to their duties. In spite of 
many difficulties, the printer maintained his 
accustomed standard of high performance. 
Greater elasticity in placement was per-

mitted between certain portions of the 
editorial and advertising sections of the 
PROCEEDINGS SO that now considerable edi-
torial material is to be found in the adver-
tising section. Page numbers in the adver-
tising section are now in arabic numerals 
followed by a letter, in place of the Roman 
numerals formerly used. 

Sections 
A total of 211 Section meetings was held 

by the Institute's 27 Sections during 1943. 
This number of meetings is 5 per cent in 
excess of those in 1942. 
The proportion of the total membership 

in Section territories was reduced from 85 to 
76 per cent in 1943. Numerically, the total 
membership in Sections rose from 6525 to 
R421 at the end of 1943. 

Visits of the President 
President Wheeler visited the Boston, 

Philadelphia, and  Washington Sections 
during 1943. 

Winter Technical Meeting 
The 1943 Winter Technical Meeting, 

held on January 28 and 29 in New York 
City, included the presentation of 22 tech-
nical papers. There were 808 present at the 
banquet. The registered attendance totaled 
1704 members and guests. 

Rochester Fall Meeting 
The Rochester Fall Meeting took place 

on November 8 and 9 in Rochester, New 
York. There were 12 technical papers pre-

Board of Directors 
The Board of Directors held II meetings 

during 1943. 

Executive Committee 
The Executive Committee held 12 meet-

ings during the same period. 

Administrative Committees 
The 15 administrative committees, whose 

activities bear directly on the manifold 
operations of the Institute and relations 
with members, held 17 meetings during the 
year and in addition accomplished a large 

INCOME 

volume of work through the greater use of 
correspondence and the telephone. 

Special Committees 
Six special committees, appointed to 

carry out assignments relating to Institute 
activities, held 20 meetings and also utilized 
correspondence and the telephone in per-
forming their duties. 

Technical Committees 
The meetings of the 30 technical com-

mittees totaled ten in comparison with seven 
in the previous year. In some cases, the 
committee work was partially or wholly 
done through the medium of correspond-
ence. 

Comparative Statement of Income and Expenses for the Years 
Ending December 31, 1943, and 1942 

1943  1942 
Dues, Current and in Arrears   $ 59,866.05 $ 49,363.60 
Entrance and Transfer Fees   4,818.00  3,551.00 
Subscriptions   12,123.37  8,773.06 
Advertising   77,858.27  38,010.00 
Binders, Bound Volumes, Emblems, Reprints   4,239.32  3,643.59 
Interest from Investments'   1,410.37  1,414.47 
Conventions   —  2,970.37 
Miscellaneous   717.34  2,527.48 

TOTAL INCOME   $161,032.72  $110,253.57 

EXPENSES 
Advertising Commissions, Salaries, Expenses   $ 26,904.20 $ 13,214.89 
Bad Debts, Less Recoveries2   2,496.78  2,854.24 
Binders, Bound Volumes, Emblems, Reprints   2,960.86  2,730.82 
Conventions   365.86  4,447.60 
Membership Solicitation   333.60  401.50 
New York Meetings   —  866.81 
Office   8,859.71  7,097.98 

1943  1942 
Depreciation   $  843.03  $  775.05 
Insurance   227.72  200.14 
Postage   3,959.85  2,858.56 
Stationery, Supplies   2,926.61  2,417.40 
Telegraph, Telephone   902.50  846.83 

Printing   
PROCEEDINGS   
Standards   
Yearbook   
Miscellaneous   

33,085.90 
855.95 

2,357.69 

21,061.31 
2,533.35 
3,725.84 
376.51 

Professional Services, Accounting, and Management 
Rent and Electricity   
Salaries   
General   24,266.07 
PROCEEDINGS   5,002.00 
Standards   
Yearbook 

Sections   
Radio Technical Planning Board   
Securities Exchange Loss'   
Miscellaneous   

20,541.41 
4,153.78 
3,259.90 
1,717.56 

36,299.54  27,697.01 

540.00 
3,880.54 
29,268.07 

5,446.15 
1,108.33 
2,747.07 
3,529.17 

TOTAL EXPENSES   $124,739.88 
CARRIED TO SURPLUS   $ 36,292.84 

700.00 
3,650.32 
29,672.65 

4,196.54 

2,518.64 

$100,049.00 
$ 10,204.57 

1 Morris Liebmann Memorial Fund and Prize not included in this accounting. 
2 At least 99 per cent of this amount represents nonpayment of dues. 
'Sale of Baltimore and Ohio Railroad bonds considered to be advisable. 
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Summary of Meetings 
The foregoing groups held a total of 70 

meetings, which are analyzed in Table II, 
or 11 more than in the previous year: 

TABLE II 
M EETINcs HELD DURING 1943 

11  Board of Directors 
12  Executive Committees 
17  Administrative Committees 
10  Technical Committees 
20  Special Committees 

70 

Constitution and Bylaws 
During the year, the Constitution was 

amended by vote of the membership. The 
amendments included a revision of the 
membership structure, a broadening of the 
engineering field of the Institute, an increase 
in the period for paying dues, changing the 
title of "Chairman of the Board of Editors" 
to that of "Editor," a modification to facili-
tate office management, and delineating the 
terms of appointed officers. 
Several amendments of the Bylaws were 

also adopted. 

Awards 
The Institute Medal of Honor for 1943 

was presented to Dr. William Wilson for his 
achievements in the development of modern 
electronics, including its application to 
radiotelephony, and for his contributions to 
the welfare and work of the Institute. 
The Morris Liebmann Memorial Prize 

for 1943 was given to Dr. W. L. Barrow for 
his theoretical and experimental investiga-
tions of ultra-high-frequency propagation in 
wave guides and radiation from horns, and 
the application of these principles to engi-
neering practice. 
In recognition of their contributions to 

radio, the following ten members of the 
Institute were transferred to the Fellow 
grade: 

Andrew Alford  D. E. Harnett 
I. S. Coggeshall  D. D. Israel 
J. B. Dow  A. G. Jensen 
Lee Du Bridge  G. F. Metcalf 
P. C. Goldmark  Irving Wolff 

Finances 
The comparative statement of income 

and expenses for the calendar years 1943 
and 1942, reproduced herewith, is taken 
from the auditor's reports, prepared by 
Klauser and Todt, Certified Public Ac-
countants. Also, the income and expenses 
for each year of the life of the Institute are 
charted in the accompanying Fig. 2. 

Headquarters Office 
During the year there was considerable 

turnover of clerical personnel. In addition, 
the Cashier was granted a leave of absence 
due to illness. 
At the close of the year the staff totaled 

16 full-time employees, excluding the per-
sonnel of the advertising section employed 
on a contractual basis. 
The adoption of an overtime policy and 

certain changes in methods and forms made 
it possible, with no increase in number of 
employees, to keep abreast of the increasing' 
volume of work resulting primarily from the 
all-time high in Institute membership. 

Deaths 
The deaths of one Fellow, seven Senior 

Members, ten Associates, and a Student, 
whose names are listed below, were reported 
during 1943: 

FELLOW 

Stone, John Stone (M'13-F'15) 

SENIOR MEMBER 

Carter, A. J. (M'36-SM'43) 
De Burgh, D. H. (A'24-M'26-SNI'43) 

June 12, 1944 

Grimes, David (A'20-M'28-SM'43) 
Hanson, M. P. (A'21-M'29-SM'43) 
Knight, A. W. (A'25-M'36-SNI'43) 
Terrey, C. J. (A'41-M'43-SM'43) 
Thompson, S. T. (A'34-M'41-SM'43) 

ASSOCIATE 

Angus, G. W. (A'31) 
Barstow, Allan (A'41) 
Brimberg, Isaac (A'36) 
Grimly, E. C. (A'39) 
Hard, J. M. B. (A'33) 
Hodgson, Edward (A'23) 
Kirkland, R. D. (A'31) 
Larson, J. M. (A'42) 
Thompson, Thomas (A'42) 
Wadsworth, H. A. (A'35) 

STUDENT 

M ott, J. B. (S'42) 

Acknowledgment 

Further and substantial progress was 
made by the Institute during 1943 under the 
able and active leadership of President 
Lynde P. Wheeler. Among the year's notable 
accomplishments are the new all-time record 
in number of members, and the formation of 
the Radio Technical Planning Board in 
which the Institute played a major part. 
Despite the wartime limitations, the 

Board of Directors, the Executive Com-
mittee, and the other committees contrib-
uted amply of their time and efforts which 
enabled the Institute to have one of the 
most successful years in its history. 

Respectfully submitted, 

HARADEN PRATT 
Secretary 



Contributors 

LEONARD J. BLACK 

Leonard J. Black (A'31) was born at 
Santa Clara, California, on July 29, 1905. 
He received the B.S. degree in electrical 
engineering in 1928, the M.S. degree in 
1930, and the Ph.D. degree in 1935 from 
the University of California. From 1928 
to 1929 Dr. Black was with the Pacific 
Telephone and Telegraph Company. He 
was instructor in electrical engineering at 
the University of California from 1931 to 
1940 when he became assistant professor. 

Ivan S. Coggeshall (A'26-M'29-F'43) was 
born at Newport, Rhode Island, on Septem-
ber 30, 1896, and attended Worcester Poly-
technic Institute. Since 1917 he has been 
employed by the Western Union Telegraph 
Company in New York, having been ap-
pointed, in 1927, general traffic supervisor of 
the company's submarine cable system. Mr. 
Coggeshall is a Lieutenant Commander in 
the United States Naval Reserve, and serves 
on the Cable Committee of the Board of 
War Communications. He is a director of the 
Mexican Telegraph Company, a director of 
the Institute of Radio Engineers, and a 

IVAN S. COGGESHALL 

member of Tau Beta Pi and the American 
Institute of Electrical Engineers. 

George H. Floyd (S'41-A'43) was born 
on May 24, 1917 at Toledo, Ohio. He re-
ceived the B.S. degree in electrical engineer-
ing from the University of Arizona in 1941. 
Since that time he has been employed as an 
engineer in the tube division of the elec-
tronics department of General Electric at 
Schenectady, New York. Mr. Floyd is a 
member of Tau Beta Pi and Pi Mu Epsilon. 

GEORGE H. FLOYD 

Joseph C. Hromada (J'27-A'27) was 
born in Chicago, Illinois, on November 4, 
1906. He received the B.S. degree in elec-
trical engineering from Armour Institute of 
Technology in 1929. The same year he 
entered the employ of the Government as a 
junior radio engineer in the airways division, 
Bureau of Lighthouses, Washington, D. C., 
being promoted to assistant radio engineer in 
1931. He was successively associate radio 
engineer and radio engineer, engaged in the 
development of radio aids to air navigation 
in the Bureau of Air Commerce, which later 
became the Civil Aeronautics Authority. In 
1939 he was transferred to Indianapolis, 
Indiana, as chief of the experimental station, 
which had just been established. He re-
mained as chief of the station until July, 
1942, when he returned to Washington, 
D. C., as assistant chief of the technical 
development division, which position he now 
holds. 
Mr. Hromada is a member of Eta Kappa 

Nu. He has served on various aviation radio 
committees and is the author of a number 
of papers dealing with developments of radio 
aids to air navigation. 

J. P. Jordan, was born in Montana in 
1914. After receiving his B.S. degree in 

JOSEPH C. HROMADA 

electrical engineering from the Moore School 
of Electrical Engineering, University of 
Pennsylvania, Mr. Jordan went on test at 
General Electric. 
In March, 1939, he became identified 

with the application and design of electronic 
heaters in the radio transmitter engineering 
department. 
On January 1, 1943, he was transferred 

to the company's industrial heating division 
and placed in charge of the electronic heating 
applications section. 
Mr. Jordan is an Associate member of 

the American Institute of Electrical Engi-
neers. 

Paul L. Morton (A'43) was born at Silao, 
Mexico, on May 14, 1906. He received the 
B.S. degree in electrical engineering from 
the University of Washington in 1931, the 
M.S. degree from the Massachusetts Insti-
tute of Technology in 1938, and the Ph.D. 
degree from the University of California in 
1943. Dr. Morton was an instructor at the 
University of Washington from 1935 to 

• 

J. P. JORDAN 
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PAUL L. MORTON 

1937, research assistant in charge of the Net-
work Analyzer at the Massachusetts Insti-
tute of Technology from 1938 to 1939, and 
since 1939 has been a member of the electri-
cal engineering staff at the University of 
California, becoming an assistant professor 
in 1943. 

Kurt Schlesinger (A'41) was born on 
April 20, 1906, in Berlin, Germany. In 1928 
he received the engineer's diploma, and in 
1929 the degree of Doctor of Applied Physics 
both from Technische Hochschule in Berlin. 
From 1929 to 1930 he was research physicist 
in Ardenne Research Laboratory, Berlin, 
and from 1931 to 1937 was chief engineer in 
the television department of Loewe Radio 
Company, also in Berlin. In 1938 Dr. Schles-
inger became affiliated with the Radio and 
Cables-Grammont in Paris, France, where 
he devoted his time to television develop-
ment. From 1941 to the present time he has 
been a research engineer for the Radio 
Corporation of America, attached to the 
laboratory at Purdue University. 

Charles L. Shackelford (S'41-A'44) was 
born at Wagoner, Oklahoma, on October 19, 
1918. He received the B.S. degree in elec-
trical engineering from the Oklahoma Agri-
cultural and Mining College in 1941 and 
the M.S. degree from the University of 
Missouri in 1942. He was a teaching assistant 
in the electrical engineering department of 
the University of Missouri during 1941 and 
1942. Since 1942 Mr. Shackelford has been 

KURT SCHLESINGER 

with the Westinghouse Electric and Manu-
facturing Company. At present he is an 
engineer in the electronics engineering divi-
sion of that company's Bloomfield, New 
Jersey works. Mr. Schackelford is an as-
sociate member of the American Institute of 
Electrical Engineers and a member of Sigma 
Xi, Eta Kappa Nu, and Sigma Tau. 

Bernard 9. A. Thomas was born on De-
cember 14, 1912, at Hankinson, North 
Dakota. He is the recipient of the following 

• C. L. SHACKELFORD 

BERNARD 0. A. THOMAS 

degrees: D.D.S., 1935; B.A., 1936; and M.S. 
in dental surgery, all from the University of 
Minnesota; D.D.S., Columbia University, 
1940; at present, candidate for the Ph.D. 
degree in Anatomy at Columbia. 
From June to October, 1935, Dr. Thomas 

practised dentistry at Faribault, Minnesota; 
October, 1935, to September, 1939, he was a 
dental intern at the Minnesota General Hos-
pitals, Minneapolis; October, 1936, to Sep-
tember, 1939, Fellow in dental surgery, 
Mayo Foundation, Rochester, Minnesota; 
1940 to date, instructor in oral histology and 
operative dentistry, Columbia University, 
School of Dental and Oral Surgery, Presby-
terian Medical Center, New York, N. Y. 
He is a member of the American Dental 
Association, New York and Minnesota; 
State Dental Societies, First District Dental 
Society of the State of New York; Inter-
national Association for Dental Research; 
New York Academy of Sciences; American 
Association for the Advancement of Science; 
Mayo Foundation Alumni Association; Psi 
Omega; Omicron Kappa Upsilon; Sigma Xi; 
Active Fellow, New York Academy of 
Dentistry; American Association of Dental 
Editors; and Licensee, National Board of 
Dental Examiners. Dr. Thomas is the ab-
stracts editor of the Annals of Dentistry and 
faculty advisor of the Dental Abstracts 
Society at Columbia University. 

For a biographical sketch of D. L. 
‘VAIDELICH, see the PROCEEDINGS for June, 
1944. 
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TYPE 6AL5 
(Developmental 

Hytron D27) 

BASING 

Pin 1 — Cathode 1 

Pin 2 — Plate 2 

Pin 3 — Heater 

Pin 4 — Heater 

Pin 5 —  Cathode 2 

Pin 6 — Shield 

Pin 7 —  Plate 1 

CONSTRUCTIONAL 
FEATURES 

.1  Rugged  moun t is 
I supported by short, 

heavy stem leads as 
well as by top mica. 

eh Close  cathode-to-
'''.  plate spacing gives 

high  perveance. 
11,1ole plot° cooling fins.) 

.1 Electrostatic  shield 
connec ts to pin 6. 

A  Baffle mica shields 

-r  the elements from 
getter spray. 

la  Miniature stem per-
mits negligible lead 
inductance and min-
imum interelectrode 

capacitances. 

S A L E M 
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The 6AL5 fills the need for a high perveance twin diode with the 
low voltage drop required for many special r.f. circuit applications. 
WPB and the Services consider diode connection of the 6J6 twin 

triode (and other triodes) to be a wasteful misuse. With minor 
changes of socket wiring, the 6AL5 easily replaces the diode-
connected 6J6. 

Specifically manufactured and rated as a diode, the 6AL5 is 
tested as a diode. Close production control keeps within a narrow 

range the cutoff characteristic in the contact potential region. De-
signed throughout for efficiency on high and very-high radio 

frequencies, the 6AL5 has a separately connected shield which 
may be grounded to isolate the two diodes and their associated 
circuits. A midget miniature bulb permits extra space savings. 

Possible uses include: Detector and AVC, clipper, limiter, 

FM frequency discriminator, special high-frequency diode, 
power rectifier. 

HYTRON TYPE 6AL5 
Very-High-Frequency Twin Diode 

ELECTRICAL CHARACTERISTICS 

Heater potential (AC or DC) .. ........ . • . . . . .6.3 volts 
Heater current • . . ............. . ........ .0.3 amperes 
Peak inverse potentialt . ................ 460 max. volts 
Heater-cathode potentialt ............... 350 max. volts 
Peak plate current per plate t . ............ .60 max• ma. 
Average plate curre-nt per platet . • .....10 max. DC ma. 

INTERILECTEODE CAPACITANCES 

Plate 1 to plate 2 ................... .. • .. .0.015 mmf. 
Plate to cathode ........................ .. .2.8 ma& 
Cathode to all" . ..... .. • • • . • " . .. . . ..... 3.8 mmf. 

Capacitances are averages with dose-fitting shield. 

PHYSICAL CHARACTERISTICS 
Bulb ........ .. ......... . ............ .. .T-5Y2 midget 
Base .......................... Miniature button 7-pin 
Height ovetall.... .................. ..1.82 inches max. 
Diameter . .. • ... ................... . . . .0.75 inch max. 
I Maximum ratings shovm are absolute; design maximum* should be 
approximately 10% lower to allow for line voltage variation*. 

• Value is for one of the two twin diode sections. 

RECEIVING TUBES 

vox 
\Q V Zoom) mIsStet-- 

N E W B U R Y P O RI,  M A S S.     

BUY AN OTHER W AR BO ND 
33A 



Precision  grinder —a  cog" in the 

Remler tool room which is equipped 
with complete facilities 

THE SU M OF SMALL JOBS well 

done adds up to the mighty effort neces-

sary to achieve the long hard march to 

victory. Remler's contribution to the 

common task is the manufacture of com-

plete sound transmitting systems, radio 

. . . plugs and connectors. Twenty-five 

years of experience in electronics and 

plastics plus complete modern facilities 

for planning, design and manufacture 

are at the disposal of prime contractors. 

Further assignments welcome. 

Wire or telephone if we can be of assistance 

REMLER COMPANY, LTD. 
2101 Bryant St. • San Francisco, 10, California 
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PLUGS & 
CONNECTORS 
Signal Corps and 
Navy Specifications 

Types:  P 

50-A  61  74  114 
54  62  76  119 
55  63  77  120 
56  64  104  124 
58  65  108  125 
59  67  109  127 
60  68  112  149 

150 
159 
160 
291-A 
354 

PIP  PL O  PLS 

56 
59 
60 
61 
62 
63 
64 

65 
67 
74 
76 
77 
104 

56 
59 
60 
61 
62 
63 
64 

65 
67 
74 
76 
77 
104 

56 
59 
60 
61 
62 
63 

64 
65 
74 
76 
77 
104 

NAF 
No. 212938-1 

Other Designs to Order 

RE MLER 
SINCE 1918 

-Onnounciny g Com munication ff uipment 

BALTIMORE 

"Recent Experiences with United States Mili-

tary Equipment In the South Pacific Combat 
Zone," by E. A. Post, Aircraft Radio Laboratories; 

May 23, 1944. 
BUFFALO-NIAGARA 

"The Uses and Applications of the Cathode. 

Ray Oscilloscope," by F. A. Lidbury, Oldbury 

Electro-Chemical Company; May IS, 1944. 
Election of Officers; May 18, 1944. 

DALLAS-FORT W ORTH 

"Tone Channeling," by Ralph Rea, Civil Aero-

nautics Authority; June 15. 1944. 

DETROIT 

"Comparison of Amplitude Modulation and 

Frequency Modulation As Applied to Police Radio 
Systems." by Edwin Denstaedt; Detroit police Ra-

dio; May 19, 1944. 
"The Radio Engineer Cannot Become A Soli-

fidian," by Beverly Dudley, Electronics: June 16, 

1944. 
EMPORIUM 

"The Klystron." by D. R. Hamilton, Sperry 

Gyroscope Company; June 6. 1944. 

NEW YORK 

The First Joint Radio Old Timers Meeting. 

G. H. Clark. Master of Ceremonies; June 7. 1944. 

PITTSBURGH 

Business Meeting; June 12. 1944. 
Election of Officers; June 12. 1944. 

PORTLAND 

"Broadcast Antenna Design and Adjustment 
Considerations." by Wilson Pritchett, Oregon State 
College; June 9. 1944. 

ET. Louts 

"Frequency Modulation," by M. W. Woodward, 
Commercial Radio Equipment Company; May 25. 
1944. 

Election of Officers. May 25, 1944. 

TWIN CITIES 

"Precision Measurements and Production Today 
by Duall,* by R. 0. Wredberg. Duall Twin Cities 
Company; May 23. 1944. 

W ASHINGTON 

"Postwar Electronics." by F. H. McIntosh, Con-
sulting Radio Engineer; June 12. 1944: 

W ILLIAMSPORT 

'The Handling of Telegrams by Facsimile,' by 
I. S. Coggeshall. Western Union Telegraph Com-
pany; May 5. 1944. 

'Electronic Voltage Regulators.' by L. I. Knud-
son, Sylvania Electric Products. Inc.; June 9, 1944: 

The following admissions and transfers 
were approved on July 5, 1944. 

Admission to Member 

Backer, C. M., Biltmore Hotel. Dayton 2, Ohio 
Bennett, H. W., 143 Rockland Rd., Bridgeport, 

Conn. 

Bowyer, V. T., B.A.C., 1520 New Hampshire Ave.. 
Washington. D. C. 

Brett. 11. M.. 166 Mountain Way. Rutherford, N. J. 

(Continued on page 37A) 
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1111011f1MIC 
SHO WS 

A WIDE 

BAND OF 

FREQUENCIES 

ALL 

AT ONCE 

Pa •ramic reception is defined as t  SIMULTANEOUS VISUAL reception 

of a multiplicity of radio signals • er a broad band of frequencies. It is a 

technique that literally allows  ou to see what you are missing. In com-
munications, for example, w I e ordinarily only one station may be received 

at one time, with Panora  c reception, the presence and characteristics — 
signal strength, frequ  cy stability, modulation, etc. — of a number of 

stations may be se n concurrently. 

''G In other appli ations, as well, Panoramic reception permits you to see 

what your' missing. In direction finding, signals too weak to give an 
aural in cation can be made to give a satisfactory bearing with its 

use. I transmission, field strength and frequency of transmitter 
ca be accurately compared with a standard signal. And in produc-

son, Panoramic reception may be utilized to compare components 

with a standard. 

Why not let one of our engineers explain to you the principle of 
Panoramic technique, and how it may be used to your advantage. 

PANORAMIC 

V 

= FL. 
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CAL SERVICE ON INDUSTRIAL 

we. 

ELECTRONIC TUBES 

he demand for electronic tubes for industrial equipment has 
Limped by leaps and bounds, as more and more electronic equipment 
has been used for faster and more accurate production. 

Like all tube manufacturers, Westinghouse until recently has been 
hard pressed to make deliveries. a*, 
Today our production is high enough to ease this situation. Many 
types of tubes are available in limited quantities. We can even deliver 
spare tubes for many electronic devices. 

Looking ahead to continued development of electronic equipment in 
industry, postwar, we now have a plan to make Westinghouse Elec-
tronic Tubes quickly and easily available. Stocks of the most widely 
used tubes are now available through Westinghouse Electronic Tube 
Distributors and Westinghouse District Warehouses. As rapidly as 
possible additional types will be added to local stocks to make a 

complete line of Quality Controlled 
Westinghouse Electronic Tubes avail-

Westin 
PLANTS IN 25 CITIES ... 

Westinghouse Electric & Manufacturing Co. 
Electronic Tube Sales Dept. 
Bloomfield, N. J. 

able to everyone. 

1 a  Included in this new distribution setup house., .-1 is a plan for surve ying  the electron ic tube 

I \  serve their requiremen ts. It will be to your 
needs of individua l tube users  to better  

\ advantage to have your plan included in 
I this survey. Fill in the coupon below 

and without obligating you in any way, 
a representative will call and give you 
complete details and ntake the survey. 

OFFICES EVERYWHERE 

Please have your representative call and explain your plan for 

surveying our Electronic Tube needs. 

Name  

Address 

36A 
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Membership 
(Continued front page 34A) 

Jensen, A. K.. 5511 Homeside Ave.. Los Angeles, 
Calif. 

Kintzel. J. D.. c/o A. C. Nielsen Co., 2101 W. 
Howard St.. Chicago. III. 

Knight, A. R., 1657 Hearthstone Dr., Dayton, 10, 
Ohio 

Rhein, G. W., Mackay Radio and Telegraph Co., 
67 Broad St.. New York, 4, N. Y. 

Rudensey, M. B.. 15 Walter Pl., Irvington. N. J. 

Sandberg. D. A.. 872 Clifton Crest Ter., Cincinnati. 
Ohio 

Schutz, H.. 54 Lyme Rd.. Hanover, N. H. 

Stafford, J. W.. Apt. 315. 26 Concord Ave.. Cam-
bridge, 39. Mass. 

Wright. C. M.. 19 Glen Ave.. Ottawa. Ont.. Canada 
Zink. A. J.. Jr., 64 Whither St., Andover. Mass. 

Transfer to Me mber 

Browder, J. E., 365 Stewart Ave.. Garden City. 
L. I., N. Y. 

Cafferata. H.. Knotty Ash, Greenvrays, Broomfield 
Rd.. Chelmsford. Essex. England 

Choat, W. F.. 38 Grenview Blvd.. Toronto. Ont..* 
Canada 

Eubank, R. N.. 1227 Windsor Ave.. ?Richmond 22. 
Va. 

Fleming. C. C.. 173-08-82 Ave., Jamaica, L. I. 
N. Y. 

Giacoletto, L. J.. Eatontown Signal Laboratory, Ft. 
Monmouth, N. J. 

Goodell. E. M.. 224 E. Third St., Emporium, Pa. 
Greene, F. M., Apt. 3, 5311 -38 Ave., Hyattsville, 

Md. 
Haynes. N. M., 1115B., Ninth St.. Far Rockaway, 

L. I.. N. Y. 
Hoisington. D. B., 48-02 Brovrvale La.. Little Neck. 

L. I.. N. Y. 
Hopkinson. T. W., 600 Bashford La., Alexandria. 

Va. 

LaPierre, V. M., Pan American-Grace Airways, 
Inc., Lima. Peru 

McKnight, G. P., 325 Charles St., St. Marys'. Pa. 
Nye. J. H.. 4035 Ithaca St., Elmhurst, L. I., N. Y 
Petts. R. G.. 1004 Cherry St., Williamsport, Pa. 
Priebe. F. K., 40 Woodland Dr.. Fair Haven, N. J. 
Reash. C. W., Box 11, Emporium, Pa. 
Seidner. J. H., 516 E. Alleghany Ave., Box 401, 

Emporium. Pa. 

Shultise, Q. M., 64 Avenue of Two Rivers, Rumson, 
N. J. 

Siemens, R. H.. c/o RCA Argentina, Paroissien 
3906 Buenos Aires, Argentina 

Summerford. D. C., 3037 Wirth Ave., Louisville 4, 
Ky. 

Swan, E. 0., CKRL. 444 University Ave.. Toronto. 
Ont., Canada 

Swendson. L. G., 30 Miller Ave., Fairfield, Ohio 

Talpey,  R.  G.,  Stromberg-Carlson  Company, 
Rochester, N. Y. 

Van Niman, R. T.. c/o Motiograph. 4431 W. Lake 
St., Chicago, Ill. 

Wainwright. R. M.. Rm. 3D320, Pentagon-OCSig0, 
Washington, 25, D. C. 

White, S. D., Bell Telephone Laboratories, 463 West 
St., New York, N. Y. 

Admission to Senior Member 

Barrett, A. E., Rm. 506 Grafton Hotel, 1139 Con-

necticut Ave.. N. W., Washington 6, D. C. 
Benning, H. H., Bell Telephone Laboratories, 463 

West St.. New York, N. Y. 
Dearle, R. C., University of Western Ontario, Lon-

don, Canada 
deBivar. A. M. B.. Rua Rodrigo da Fonseca, 135-4 

Lisbon, Portugal 
Morrical, K. C.. Underwater Sound Laboratory. 

Harvard University, Cambridge, Mass. 

Transfer to Senior Member 

Akerman, B., 2646 Cheshire Bridge Rd., N. E., 
Atlanta, Ga. 

Avery, R. D., 27 Violet Ave.. Mineola, L. I., N. V. 
Bauer. B. B., 1179 S. Harvey Ave., Oak Park, Ill. 

Callanan, J. A., fi825 N. Olcott Ave., Chicago. Ill. 
(Continued on page 38A) 
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Use Capacitors by 

INDUSTRIAL CONDENSER 
CORP. 

Capacitors used in Dumont's famous oscillo-

scopes are especially designed, engineered 

and manufactured for unusual perform-

ance under difficult operating conditions. 

PAPER, OIL AND ELECTROLYTIC CAPACITORS 

INDUSTRIAL 
CONDENSER 

COR P ORATI O N 
1725 W. NORTH AVE., CHICAGO 22, U. S. A. 

DISTRICT  OFFI CES  IN  PRI NCIPAL  CITIES 

QUICK  DELIVERY  FROM  DISTRIBUTOR'S  STOCKS 
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Pioneers in the 

Communications Field 

TURNER 
22 D Dynamic 

TURNER 
999 Balanced Line Dynamic 

For Crystal-Clear Reproductiou 
in ANY Climate —Indoors or Out 

TURNER 
Microphones 

For crisp, clear reproduction of ANY sound without dis-
tortion—Turn to a TURNER. These microphones are 
scientifically engineered to faithfully reproduce all grada-
tions of volume, to amplify ONLY those vibrations re-
ceived by the diaphram without adding any of the har-
monics. On land, on sea, and in the air—from the arctic 
to the tropics, TURNER stands up and delivers intelli-
gibility under varying acoustic conditions. 

22 D Dynamic 

A top-performing general utility microphone 
with high level dynamic cartridge. Reproduces 

smoothly at all frequencies. Has a range of 40-
8,000 cycles with output of -54DB. Available 

in 200 or 500 ohms or hi-impedance. 

999 Balanced Line Dynamic 

Especially engineered for those who insist on 
professional results under all conditions. Voice 
coil and transformer leads insulated from micro-
phone case. Line is balanced to the ground. 
Range 40-9,000 cycles with output of -52DB. 
Available in 200 or 500 ohms or hi-impedance. 

Write for FREE 

TURNER Catalog 

Crystal Alicrophorses Licensed Under Patents of the Bruits Development Co. 

THE TU RNER CO. 
CEDAR W WII'S. IO WA 

38A 

Membership 
(Continued f eons page 384) 

Chakravarti. S. P., 8 Camac St., Calcutta, India 

Co!neon. P. B.. Underwater Sound Laboratory. Ft. 

Trumbull, New London. Conn. 
Corderman. R. C., 45 Clinton Ave., Maplewood, 

N. J. 
Cotter,  W.  F.,  Stromberg-Carlson  Company. 

Rochester. N. Y. 

Curtiss. A. N.. 5521 N. Pennsylvania St.. Indian-
apolis. 5, Ind. 

Frankel. S.. 72-38 -113 St.. Forest Hills, L. I., N. Y. 
Gessford. R. K., Sylvania Electric Products. Inc_ 

Emporium. Pa. 
Heiser, E. S., 208 Uptown Post Office. St. Paul. 

Minn. 
Hendricks, L. A.. Aircraft  Radio Laboratory. 

Wright Field, Dayton. Ohio 

Huxtable, C. K.. 736 Michigan Ave., Evanston. Ill. 

Kaufman. J.. Box 406. Ross. Calif. 
Luttgens, H. C.. c/o National Broadcasting Corn. 

pally. Merchandise Mart. 222 N. Bank 

Dr.. Chicago. 54. Ill. 
McNally. J. 0.. Bell Telephone Laboratories, 443 

West St.. New York. N. Y. 
Miles. P. D.. 707 Berry St., Falls Church. Va. 
Nlossman. F. .. 3822 -43 Ave., N. E.. Seattle 5. 

Wash.Pounsett, F. H. R., 23 Parkhurst Blvd.. Leaside, 

Ont.. Canada 
Serr a, R.. 786 Palmer Rd.. Bronxville. N. Y. 
Sussman. H., 1909 Hollingshead Ave., Pennsauken. 

N. J. 
Wagener. W. G.. c/o Heinz and Kaufman. Ltd. 

South San Francisco. Calif. 
Williams, E. M., Research Division. Aircraft Raci) 

Laboratory, Vright Field. Dayton, Oh., 

Woonton. G. A.. 714; Maitland St.. London. Ont.. 
Canada 

The following admissions to Associate 
grade were approved on July 5, 1944. 

Apple. H. L.. Box 173. College Park. Md. 
Artkin. W. H.. Jr., 101 Armstrong Ave., Toronto. 

Ont.. Canada 

Ayton, J.. 314 W. Fifth St.. Emporium. Pa. 
Ba ther. G. L.. c 'o Fleet P. 0. San Francisco. Calif. 
Baird. J. W.. Highway Patrol Radio WANL. 

Elizabethtown. N. C. 
Bard. L. T.. 5512 Park Heights Ave., Baltimore 15, 

111d. 
Barron. F. E., 1108 E. Broad, Montoursville. Pa. 
Barb. D. L.. 375 Union Ave.. Williamsport. Pa. 

Beckstead. D. L.. 168$ Sunset Cliff Blvd.. San 
Diego 7. Calif. 

Behr. J.. 118-44 -223 St.. St. Albans 11, L. I.. N. Y. 
Bellinger, G. B.. 1515 W. Munroe St.. Chicago 7. III. 
Berger. A. L., 78 Eighth Ave.. Brooklyn 15, N. Y. 
Berinsky. M., 130 W. 91 St., New Yotk, N. V. 
Bernat. L., 5200 Blackstone Ave.. Chicago. Ill. 
Bernstein, C.. 159 Gelston Ave.. Brooklyn 9. N. Y. 
Biddle. H. A.. 50 E. Wister St.. Germantown, Pa 

Blackmon. T. NI., 3111 Midvale Ave.. Los Angeles 
34. Calif. . 

Bolenbaugh, R. K.. 30 Ritchie Ave.. Wyoming, 
Ohio 

Bose. G. L.. 299 Jackson St.. Hempstead. L. I., 
N V. 

Brown, B. B.. 32 Hawthorne Ave., Princeton. N. J. 
Brown, E. M., 273 N. Franklin St., Hempstead 

L. L. N. Y. 
Brown. H. It.. 3435 Heaton St., Fresno 2. 

Bundy. R. F.. Jr.. 109 Ave. L. Newark, N. J. 
Burton, B. L.. ato S. Caroline Ave., S. E.. Washing-

ton. D. C. 

Bussom. C. J., 600 Wyoming St., Williamsport. Pa. 
Caproni. G. A.. 912 North 47. Seattle 3. Wash. 
Chase. M. N.. 308B S. Freeman St.. Inglewood. 

Calif. 

Cheadle, J. N.. 502 S. Duluth Ave.. Sioux Falls. 
S. D. 

Churchman. A., 95 Ipwich Rd.. Colchester, Essex. 
England 

Clark. J. H., 237 Heath St.. Buffalo 14. N. V. 

Condon. It. J., Office of War Information. APO 887, 
Postmaster. New York, N. V. 

(Continued on gewe 404) 
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TEAM BEHIND THE BOMBER TEAM 
• Just as seven men fight as a team in a bomber, 
seven girls work as a team at a Sylvania Radio Tube 
assembly bench. 

Thousands of fine precision radio tube parts are 
assembled into a finished product that must pass 
rigorous tests for ruggedness and sensitivity. 

This is work that calls for the feminine touch, pa-
tience and sense of detail. Each girl "plays the 
position" on the team best suited to her ability. 

Sylvania assembly teams compete with each other. 
But the champion in accuracy always takes pre-

cedence over the champion in speed. 

This teamwork is just another example of how 

Sylvania maintains radio tube production at the 

highest standard of quality anywhere known. 

You can sell Sylvania Radio Tubes with complete 

confidence. 

Quality That Serves the War Shall Serve the Peace 

RADIO DIVISION  EMPORIUM, PENNSYLVANIA 

SYLVANIA 
ELECTRIC PRODUCTS INC. 

RADIO TUBES, CATHODE RAY TUBES, ELECTRONIC DEVICES, INCAN-

DESCENT LAMPS, FLUORESCENT LAMPS, FIXTURES AND ACCESSORIES 

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



• • • as importan 
as the circuit itself! 

• Practical filter designs involve important compromises 

between several related factors if physical specifications 

and attenuation  characteristics  are to be achieved  for 

predetermined circuit requirements. The overall performance 

of any design depends largely upon the carefulness and 

accuracy with which these considerations are carried out. 

Behind every ADC Filter stands years of practical design 

experience—the type of knowledge that makes it possible 

to turn out filters for the most exacting service applications. 

Membership 
(Continued from Page 314) 

Culp. H. R. ART 1/c, 2713 Lawnview, Corpus 

Christi, Texas 
Cummings, W. D., 911 Shawnee St.. Pittsburgh 19, 

Pa. 
Daly, G. M.. 509 Harrison Ave.. West Collings-

wood, N. J. 
Davidson. C. F., G.P.O. Radio Laboratories, Palace 

of Engineering. Wembley, Middlesex. Eng. 
Dorman, C. H.. 4415 W. Dakota St.. Seattle 6. 

Wash. 
Downie, W. A., 1552 E. 76 St., Seattle 5, Wash. 
Downs, G. L., 70 E. Vans St., Watertown, Mass. 
Dowsley, R. E., 178 Glengariff Rd., Massapequa 

Park, L. L. N. Y. 
DrIggs. L. O., 3414 -25 Ave. S.. Minneapolis, Minn. 
Dutton, I. L., 1595 Clay St., San Francisco. 

Exley, G. A., 2205 Arden Rd., Baltimore 9, Md. 
Fennel, D. C., 1441 Drummond St.. Montreal. Que.. 

Canada 
Fort, W. G. S., Fairchild Aircraft, Burlington, N. C. 
Friedman, H., 6087 Pickford Pl., Los Angeles 35. 

Calif. 
Gallagher. C. B., 1544 Rolling Rd., Relay 17, Md. 
Gilleran, J. J., 1434 Neilson St., Berkeley. Calif. 
Gore, J. K., Box 189. Emporium, Pa. 
Gould, N. G., 75 Winn Rd. Lee. London. S. E. 12. 

England 
Gull, H. P.. Fleet P. 0., New York. N. Y. 
Gunther. H. S., 355 E. 50 St., New York 22, N. V. 
Hall. C. H.. 1823 Lincoln Dr.. Williamsport, Pa. 
Hangen, W. E.. R.F.D. I. Box 225. Dayton, Ohio 
Hannah. W. M., 29 Pennington St.. Paterson 3. 

N. J. 
Hartmann. C. L., 4113 W. Cornelia Ave., Chicago 

41. Ill. 
Healy, L. J.. 3822 Ridgecroft Rd., Baltimore 6, Md. 
Heyd, J. W., 873 St. Agnes Ave.. Dayton 7, Ohio 
Hilderbrand, E. A., RCA Service Co.. Bldg. 5-6, 

Camden, N. J. 
Hoddinott, E. V., 102 W. Clay St., Baltimore I. Md. 
Hummel, J. F., 568 Locust St.. Lancaster, Ohio 
Ito, M., 36-55 -36 St., Long Island City I. L. 1.. 

N. Y. 
Jones. E. J.. 78 Dellwood Rd.. Cheektowaga 21. 

N. Y. 
Kantrowe, J. H.. 402-5 Mutual Home Bldg.. Day. 

ton 4. Ohio 
Kenigson, R. B.. Lt.. APO 887. New York, N. Y. 
Kenney, W., Graybar Electric Co., 201 Sante Fe 

Ave., Los Angeles 12, Calif. 
Killen, C. W., 601 Park Ave., Piqua, Ohio 
Knight, J.. 3 Bond St., Maroubra, N. S. W., Au,. 

tralia 
Lee. M., 148 Lafayette Ave., Brooklyn. N. Y. 
Levan. M. T., 36 Reed St.. Buffalo 12, N. Y. 
Levine, S., Shore Gardens—Apt. 213.. Bath Ave.. 

Long Branch, N. J. 
Levine, S., 805 St. Marks-Ave.. Brooklyn 13, N. "s' 
Lindgren. J. R., 32 Lexington Ave.. Dayton 7, Ohio 
Lloyd, A. T.. 2223 N. Brighton St.. Burbank. Cali. 

fornia 
Longacre. H. C. Mc.. 117 Eldred St., Williamsport. 

Pa. 
Lorenz, R. J., Naval Ordnance Laboratory. Wash-

ington. D. C. 
Lott. A. L., Tait Rd.. Old Greenwich, Conn. 
Lowden, R. W., 3a. Pembroke Bldgs., Park St.. 

Camberley. Surrey, England 
Mangini, F. A.. Jr., 144-21 -77 Ave.. Flushing. 

L. I., N. Y. 
Martowicx, C. T., 116 E. Seventh St., New York. 

N. Y. 
Mason. G. D., 1011 W. 34 St.. Los Angeles 7, Cali-

fornia 
McClain, H. C., 1839 N. 53 St.. Seattle 5, Wash. 
McDade, Everest. do Southland News Co.. Chat-

tanooga. Tenn. 
MeMordie. F., 86-A Yorkway. Dundalk, Baltimore 

22. Md. 
Mike'', W. G., 1505 Lady St.. Columbia 7, S. C. 
Miller. H. M.. 1001 Elmire St.. Williamsport 13. Pa. 
Millington. J. W., 2237 Calder Ave.. Beaumont. 

Texas 

(Continued on page 424) 
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"INDUCTED 
FREQUENCY 

HEATING"? 

Call it what you will —electronic, 

induction or electro-static heat-

ing—there is a specific Cardwell 

Air Capacitor, variable or fixed, 

for any "di-electric heating" ap-

paratus using a vacuum tube os-

cillator as the radio frequency 

power Source. 

The Cardwell "T" and "P" types 

of variable air capacitors, illus-

trated, represent general frame 

size and construction found most 

acceptable for this equipment. 

Smaller sizes may be had for 

electronic sewing machines and 

similar applications. 

Available, or quickly made to speci-

fications, are either single or dual sec-

tion models ... furnished with airgaps 

up to one-half inch between rotor and 

stator plates, and with your required 

capacities. 

A cooperative Cardwell Engineer will 

advice you as to the type of capacitor 

your problem demands. Discover for 

yourself why Cardwell Condensers con-

tinue to be famous in the field as 

the ... 

ST A N D AR D  OF  CO M P ARIS O N 

CARD WELL  CONDENSERS 

,HI  •Lt11.1  D  C•BD .Ilk  CO. , 0•• ,, 0 14 

• •tc ,••  ,,,,,, 

Have you a LOW-RESISTANCE 
MEASUREMENT PROBLEM? 
... from 10 ohms to .00005 ohms 

Need a quick, accurate method for testing bond or 
contact resistance against a predetermined low-

resistance standard? 
Shallcross Low Resistance Test Sets are available 

in a variety of portable and semi-portable types to 
facilitate the making of a large number of tests with-
out the use of a bridge. Whether for production 
line testing of contact resistance of electrical equip-
ment, or field testing of railway or aircraft bonding, 
they offer maximum efficiency and economy. 
Shallcross Type 645 (illustrated) is completely self-

contained and may be used either in a fixed position 
or  suspended  comfortably  from  the  operator's 
shoulders for held work. A connection is made to one 

side of the bond or contact under test and the Pistol 
Grip Exploring Probe touched to the other side for a 
fast, accurate reading on the meter. Bar-to-bar com-
mutator resistance measurements are as simple to 

make as a voltmeter reading. 

,cses" 
4 WRITE! The complete lints at 
Shallcross Low Resistance Test Sets is 

described in the bulletui illustrated 
Wnto lot a today —or tell us what your 
test problem is and let our engine•rs 

snake suggestions. 

For Field, Production, or 
Laboratory Testing of Low 
Resistances Encountered in: 

Bonds of all types 

Radio-electronic 
Equipment 

Contact-resistance of any 
Electrical Equipment 

Bar-to-bar Commutator 
Resistance Readings 

. .. and many others 

SHALLCROSS MFG. CO. 
DEPT. IR-84 , COLLINGDALE, PA. 

ENGINEERING - DESI G NI N G  • M A N UFACTURI N G 
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Maximum attenuation of rejection fre-
quencies and minimum insertion loss at 
pass band frequencies, together with 
cicsie tolerances and stability, are the 
usual filter requirements of the audio 
engineer. 

The special design of Thordarson filter 
coils insures the desired Q at pm-deter-
mined frequencies .Time-tested produc-
tion arm inspection methods result in 
uniform perforro.Ince to meet your exact 
need; Thordarson filters b re available 
with glass seal terminals, as illustrated, 
for c“mplete hermetic Ni..ding. 

WRITE US RIG' 50160 YOUR 
filffR PROIll( MS 

MM. 

TRANSFORMER DIVISION 
THORDARSON ELECTRIC TAFG.CO. 
500 W. HURON ST., CHICAGO. ILL. 

re„,24.0,t,"wit s'Atect eriies ,514-ce 1895 
ORIGINATORS OF TRU-FIDELITY AMPLIFIERS 

42A 

Membership 
Continued Porn rage 40A) 

Macon. J. G., F45 Corrientes. Piso 5. Dept. 55' 
Buenos Aires, Argentina 

O'Brien. F. B.. 16037 Junaluska Way, Pacific Pali-

sades. Calif. 
Offner, A., 1596 W. Seventh St.. Brooklyn 4, N. Y. 
Owens. W. It, 25 E. 9 St., Hialeah. Fla. 
Palmer. N. R.. c/o National Broadcasting Service 

Box 3045. Wellington, C. 1.. New Zealand 
Parkhurst. R. G.. 2817 Connecticut Ave., N. W., 

%Vashington 8, D. C. 
Picardy, P., 123-01 -97 Ave.. Richmond Hill 19, 

L. I., N. Y. 

Pittenger. C. H.. 309 N. Pike St.. New Carlisle, 
Ohio 

Porter. B. E.. WSIX, Inc.. Nashville Trust Bldg.. 
Nashville 3, Tenn. 

Porter, B. F.. 1650 Bathurst St., Toronto. Ont., 
Canada 

Pride. D. W., 110 Irving St.. Cambridge 38. Mass 
Rankin, S. J.. Rt. 3. Box 1366. Bremerton. Wash. 

Rardin. V. E., RD111 1,C., Fleet P. 0.. New York. 
N. Y. 

Ftasche. D. 0., 2214 Lincoln Ave.. Granite City, III, 

Raymond. N.. 1667 Shadyside Rd.. Baltimore 18. 
Md. 

Secundino, R. D.. Cangallo 1227. Buenos Aires, 
Argentina 

Riley. D. H.. 500 %V. 112 St.. New York 25. N. Y. 
Robinson. A. J., Jr., 109 W. Fifth St., Emporium, 

Pa. 

Roshon. J. R., 2570 Morse Rd.. Route 3, Wester-
ville. Ohio 

Ruebhausen. V., 500 N. Elmhurst Rd.. Prospect 

Heights. III. 
Russell. J. D., Jr.. KFCID. Anchorage. Alaska 

Rylewicx, C.. 1344 W. 18 PL. Chicago 8, III. 
•-t. Cyr. A. L.. Box 44. Armonk, N. Y. 
samoluk. P.. 11721 -147 St., S. Ozone Park 20, 

L. I.. N. Y. 

Sarett. M.. 51 %Vashington Village. Asbury Park. 
N. J. 

Sayers. G. S., 34 Luxor View. Hare Hills, Leeds 8. 
l'orksture. England 

Seshadri. T. N.. Presidency College. Madras. South 
India 

Shattuck, H. L.. 172 Burke Dr.. Buffalo 21. N. Y. 

Shaw. G. W.. 1637 Fifth Ave.. Oakland 6. Calif. 

Sherr. J. B.. 21 Pennsylvania Ave.. Towson 4. Md. 
sindair. D. C., 36 South Second St., Fairfield. Ohio 

•-lehan, J. W., Erskine Rd.. R.F.D. I. Stamford, 
Conn. 

Smedley. C. F.. 119 S. Williams St.. Troy. Ohio 

Smith. A. A., Route 1, Box 571. Selma, Calif. 

Starr, J. 0., 3 Hudson Ter., Dobbs Ferry, N. Y. 
Stephens. E. T., 4274 St. Louis Ave., St. Louis IS. 

Mo. 
Strock. R. L.. 674 Jefferson Ave.. Buffalo 4. N. Y. 

Taylor. J. H.. 243 Linden Ave.. Towson 4. Md. 
Taylor.  1212 lona Ave.. Wellston. St. Louis 14. 

Mo. 
Teres, B. W.. 2813 Boarman Ave.. Baltimore 15. 

Md. 

%Vagner. L. P.. Jr., 5302 Plymouth Rd.. Baltimore 
14. Md. 

%Vaitkeneus. J., 111 Second Ave.. N.. Troy, N. Y. 

Whitty, V. E.. 1 1 1-75 Ave.. Oakland, Calif. 
Wunoe. R. J., 36 % Maybelle Ave., Oakland 2, 

Calif. 
Zeltnger. G.. Haifa. Box 1239. Palestine 

Zeuschner, R F. 5030 W. Altgeld St., Chicago 39. 

The names of Students transferred to 
the Associate Grade for the letters H 
through S.  The letters A through G 
were published in the July, 1944, issue. 

Haden. Janes C.. Cleveland Heights. Ohio 
Haertig, Manfred M.. Astoria. Oregon 

Halpern. Robert L.. Philadelphia, Pa. 
Haney. Ralph W., Washington, 20. D. C. 
Hardenbergh, George A.. St. Paul. Minn. 

Harrell, Bert F.. Cambridge. Mass. 
Harrell. John W., Wichita. Kan. 
Harris, F. 11., Jr.. Bellevue. D. C. 

(Continued es page 454) 
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THE BRO WNING FREQUENCY METER, used 
by police and other emergency radio facilities 
for the past five years, is still the best meter for 
such services — because it was specifically de-
signed for them. The design, which permits de-
termination of any five frequencies from 1.5 to 
120 Mc., makes for simplicity of operation 
which requires less than one minute to check 
one frequency. All Browning development work 
aims at specific, rather than broad, uses. Thus, 
all Browning equipment is best for its particular 
job. Furthermore, Browning Laboratory facili-
ties are available for study and solution of your 
own, specific electronic engineering problems. 

Write for data. 

BROWNING 
LABORATORIES,  INCORPORATED 
WINCHESTER,  MASSACHUSETTS 

maardiatis, 
Proceedings of the I.R.E.  August, 1114 



N Or  0 0  

ESTABLISHED 1910 

• 
A 

TOMMIE 

tiamparlund precision variable capacitors have just the right amount of 

TORQUE, to permit smooth and accurate adjustment. You don't have to 

tht rough and jumpy action when you tune with Hammarlund variables. 

THE HAMMARLUND MFG. CO., INC., 460 W. 34T" ST., N.Y. C. 
ANUFACTURERS OF PRECISION CO M MUNICATIONS EQUIP MENT 
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Membership 
(Continued from page 42A) 

Hartford. Walter W., Jr.. Newtonville. Mass. 
Hartley, Harry F., Jr..Philadelphia, Pa. 
Hastings. Henry A., Hasbrouck Heights. N. J. 
Hazelwood. Charles F.. Jr., Schenectady, N. Y. 
Herman, Jerome B.. Glendale, Calif. 
Hersh. John F.. Cambridge. Mass. 
Hickey. John S., Jr.. Bronx. N. Y. 
Rime.. B. T., Jr., West Palm Beach. Fla. 

Himmel. Leon. New York, 53. N. Y. 
Hodder. Wayne K.. Cambridge, 39. Mass. 

Hoglund. Ralph H.. Cambridge. Mass. 
Holzman, George R.. Richmond Hill. L. I., N. Y. 
Hornberg, Kenneth 0., Washington. D. C. 
Houck, G. B.. Jr.. Port Chester. N. Y. 
Hu. Han Chuan. Lancaster. Pa. 
Huggins, W. H.. Corvallis, Ore. 
Mlle, Francis H., Montreal W.. Que.. Canada 

keelson. William H., New York. N. Y. 
Jackson, Robert Jr.. Philadelphia. Pa. 

Jaeger. Carl H., Los Angeles, Calif. 
James. Edward W., New York. N. Y. 
James, Samuel D.. Lyle, Wash. 
Janney, Douglas B.. Schenectady. N. Y. 
Jazwa. John J.. San Francisco, Calif. 
Johns, Carol N., Cambridge. 38. Masa. 
Johnson, Charles Y., Arlington, Va. 
Johnson. Warren C., Bloomfield, N. J. 
Johnston. Stephen L.. Atlanta, Ga. 
Jones. Clarence W., Boston. Mass. 
Jones, Ernest A., Pomeroy, Ohio 
Jones. Richard C., Arlington. 74, Mass. 
Joy. Clyde R.. Jr.. Keokuk, Iowa 
ICan. George, Washington, D. C. 
ICatch, Michael, Montreal, Que., Canada 
Kauke, John R., Washington. 20, D. C. 
Keene. Robert E., Pensacola. Fla. 
Kelly. R. D., Mobile, 3, Ala. 
Kelsey, James R., St. Paul, Minn. 
Kerby, Gordon A., Larchmont, N. Y. 
Kerr. William, Jr., Knoxville, Tenn. 
ICiyokawa, Siegeo, Philadelphia, 19. Pa. 
Klaus. George H., St. Albans. L. I., N. Y. 
Knox, James L., Schenectady, N. Y. 
Kostecki, Walter, Roslindale, Mass, 
Kotlewski, John P.. Toledo. Ohlo 
Kovacs. Forest M.. Schenectady. 8. N. Y. 
Krevsky, Seymour, Long Branch, N. J. 
Kuck, Burton M., Cincinnati. 8, Ohio 
Kult, Milton L., Elgin. Ill. 
Lacy, Peter 13.. Jacksonville, Fla. 
Lamb. William X., Jr.. Garden City, L. I.. N. Y. 
Langenwalter, Daniel F., Ithaca, N. Y. 
Lanter, Robert J., Springfield. Ohio 
Lawrence, Nelson S., Newark, 4, N. J. 
Lebowitz. Robert A., Brooklyn, N. Y. 
Lee, Frederick B.. San Francisco, Calif. 
LeVay. Thurston C.. Little Neck. L. I.. N. Y. 
Levenson. Donald W.. Camden, N. J. 
Levine. Donald J., Brooklyn, 4, N. Y. 
Levy. Warren W., Philadelphia. Pa. 
Loy, B. James, Schenectady, N. Y. 
Lindheim, Stephen, Berkeley, 4, Calif. 
Lissauer. Saul. Cambridge. Mass. 
Lorber, Robert P., Vineland, N. J. 
Love, Archibald L.. Schenectady, 5, N. Y. 
Loveberg, Anaheim G., Jr.. Washington, D. C. 
Lyon. Richard E., Cambridge. Mass. 
Maiden, Robert M.. Washington. 20. D. C. 
Mahng. Henry F., Jr., Cambridge. Mass. 
Managan. W. W.. Lake Charles. La. 
Marken, John H.. Washington, 20, D. C. 
Markowitz, Julius S., New York, N. Y. 
Marshall, Samuel L.. Brooklyn, N. Y. 
Martin, William. Cambridge, Mass. 
Martin. William S., Montreal, Que., Canada 
Matthews, Leigh M., Portsmouth, Va. 
Mauldin. Henry W., Jr., Atlanta, Ga, 
McArthur, Harvey K., Ada, Okla, 
McCleece. Howard M.. Passaic, N. J. 
McCloud. Willy. W., Washington. D. C. 
Merrill, F. Gordon. Hackensack, N. J. 
Messerschmidt. Henry L.. South Plainfield. N. J. 
McDowell, James M., Pittsburgh, Pa. 
Michaelson, Merton W., Bremerton, Wash. 
Middlecoff, Harry W., Silver Spring. Md. 

(Continued on page 46A) 
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In Endless Variety 
for Emergency Shipment to Industry 
For want of a Switch, many days could be lost! And when it's 
vital war work that is delayed, that Switch assumes tremendous 
importance. Now, war industries from coast to coast can get 
quantities of Switches of many different kinds, with amazing 

speed and efficiency. We three distributors have organized a 
National Industrial Emergency Service which delivers Switches 
and thousands of other Radio and Electronic Items to war in-

dustries with a degree of speed heretofore considered impossible. 
Get the benefit of this competent service. Oversized, over-diversi-
fied stocks, expert technicians, unique streamlined methods  . 
every facility is employed to help keep your work on schedule! 

Send us a test order, or ask for all the facts NOW! 

WRITE OR PHONE YOUR NEAREST DISTRIBUTOR 

TERMINAL RADIO CORP. 
85 Cortlandt St., Phone WOrth 2-4416  NE W YORK 7 

W ALKER-JIMIESON, INC. 
311 S. Western Ave., Phone Canal 2525  CHICAGO 1 2 

RADIO SPECIALTIES CO. 
20th & Figueroa, Phone Prospect 7271 LOS ANGELES 7 

NATIONAL INDUSTRIAL EMERGENCY SERVICE 
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MODEL 79-B 

SPECIFICATIONS:  . 

FREQUENCY: continuously variable 60 to 100,000 cycles. 
PULSE WIDTH: continuously variable 0.5 to 40 microseconds. 

OUTPUT VOLTAGE: Approximately 150 volts positive. 

OUTPUT IMPEDANCE: 6Y6G cathode follower with 1000 ohm load. 

R. F. MODULATOR: Built-in carrier modulator applies pulse modulation to any 
r.f. carrier below 100 mc. 

MISCELLANEOUS: Displaced sync output, individually calibrated frequency and 
pulse width dials, 117 volt, 40-60 cycles operation, size 14"x10"x10", 
wt. 31 lbs. 

Price: $295.00 F.O.B. BOONTON  Delivery on priority 

MEASUREMENTS  CORPORATION 
BOONTON • NE W JERSEY 

SEM TODR 
THIS F014 

TELLS HOW TO 
QUICKLY AND EASILY 

CODE WIRES 

5a ged  7 .  • NE W  INSTALLATIONS 

• WIRE ASSEMBLIES  • MAINTENANCE JOBS 

E-Z CODE Wire Markers come on handy cards. They 
are simple to use, stick quickly, no moistening, stay on 
and stand abuse. 
Our standard types fit most coding requirements, 

although special codes, sizes and arrangements can be 
made to your specifications. Prompt deliveries. 

Write today to 

WESTERN  LITHOGRAPH  CO MPANY 

Dept. A7, 600 East 2nd St., Los Angeles 54, California 

E-Z a de WIRE MARKERS 
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READY TO USE 

PEEL OFF STRIP 

EACH WIRE CODED 

Membership 
(( untinued f,o m page 45/1) 

Middleton, David, Cambridge, Mass. 
Miles. Raymond C., New York. N. Y. 
Miller. W. Bernard, Tacoma, Wash. 
Miller. George J., Valparaiso, Ind. 
Mills, Morris H., Camp Edwards, Mass. 
Mirman, Irving. New Orleans. La. 
Mitchell, Frederick A., Rochester, N. Y. 
Money, Lloyd J., Seminole. Okla. 
Montgomery. John N., Claysville. Pa. 
Montgomery, Thomas J., Burbank. Calif. 
Morgan, Carl W.. Watertown, N. Y. 
Morgan, Zeddy K.. Jr., Asheville, N. C. 
Morgen. Melvin, Brooklyn. N. Y. 
Morrow. Charles T., Cambridge. Mass, 
Moster, Clarence R.. Washington. 20, D. C. 
Mudgett. Arthur H., Wanamassa, N. J. 
Murphy. Arthur F.. Cambridge. Mass. 
Newby. David H.. Hampton, Va. 
Newman, Benjamin T., Fairfield, Ohio 
Nibbe, George H., Arlington. 74, Mass. 
Nicholas. John F., Cambridge, Mass. 
Oglesby. R. G.. Miami, Fla. 
Ohlsson, Robert L., Cambridge, Mass. 
Onativia, Jose M., Buenos Aires, Argentina 
Owen, Edward A., Brunswick, Maine 
Packard, Martin E., Pittsburgh, 21, Pa. 
Paradise, Forrest, Billerica, Mass. 
Parker. Joe R., Westmont. N. J. 
Parker. Thomas J., San Diego, 6, Calif. 
Parr, Albert F. W., Red Bank. N. J. 
Pavlasek. Tomas J. F.. Montreal, Que., Canada 
Peach, Samuel E., Baldwin. Miss. 
Peck, Stuart M., Robins Field, Ga. 
I'eery, G. M., Hot Springs, Va. 
Pennie, Donald F., Minneapolis, Minn. 
Peskin. Edward. New York. N. V. 
Petrak, Jack R.. San Francisco, Calif. 
Petree. Ben, St. Joseph. Mo. 
Pike, Beuhring W., Watertown, Mass. 
Pon, H. R.. Ottawa. Ont., Canada 
Powers, Aaron B., Cambridge. 38, Mass. 
Powers, Donald M.. Boston. 15. Mass. 
Pritchett, Wilson. Corvallis„ Ore. 
Quinby, Gilbert F., Merchantville, N. J. 
Raburn. Louis, Cambridge, Mass. 
Radcliffe, John C., Austin, Texas 
Ratner, Maxwell, New York, 63. N. Y. 
Rehberg, Charles F., Jackson Heights. L. I., N. Y. 
Reno. Herbert, Denver, Colo. 
Reynolds, Merl T.. Schenectady, 4. N. Y. 
Rice. William E., Mobile. 7. Ala. 
Richardson. Evan E., St. Louis. Mo. 
Ridgely, Neville R., Jr., Towson, Md. 
Robinson. David, New Canaan. Conn. 
Robinson. Harold S., Seeley. Calif. 
Robinson. James G., Princeton, N. J. 
Robinson, Joseph A.. Sacramento, Calif. 
Robinson, William A., Toronto, Ont., Canada 
Rocamora, Richard L., Mount Vernon, N. Y. 
Romano, Frank J., Brooklyn, N. Y. 
Ronzheimer. Stephen P.. Chicago. III. 
Rosenthal. Daniel. Camden, N. J. 
Rossoff. Arthur L., South Ozone Park. L. I.. N. Y. 
Rubenson. Joseph G., Brooklyn, 30, N. Y. 
Rypstra, Bart. Jr.. Charlotte. Mich. 
Saenz. Alberto M., Buenos Aires. Argentina 
Sanderford, Roger M.. Jr.. Schenectady, 8, N. Y. 
Sartori. Eugene F.. New York. N. Y. 
Savadelis. Ignatius C., Arlington. N. J. 
Schreiner. Kenneth E., Boston, Mass. 
Schultz, Arthur J.. Emporium, Pa. 
Schwartz. Ralph J., New York. 31. N. Y. 
Scott. Sydney R., Brooklyn, N. Y. 
Seibert. Robert M.. San Francisco. Calif. 
Seigle. Robert K., Rolla, Mo. 
Shackelford, Charles L., Bloomfield. N. J. 
Shadowitz, Albert, Far Rockaway, L. I.. N. Y. 
Shapiro, Oscar, Berkeley. Calif. 
Shaw, Clyde E., Angola, Ind. 
Shaw, D. T., Ottawa, Ont., Canada 
Sheldon. Howard W.. Philadelphia, Pa. 
Sheppard, C. Bradford. New York. 16. N. Y. 
Shipek, Robert H., Seattle, Wash. 
Shmulevitz, Bernard, New York. N. Y. 
Simpson, Frank W., Ottawa. Ont.. Canada 

(Ctmtinued on page 56A) 

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



Claroater stobilized 'lament 
gless-lik•  'stance res  

bonded coa  
ppoeting ring. to ItnkgeliPetermeu."""r 

Extreme immunity to hu 
midity,  temperature 
other climatic variations. an  

Split-finger  contact  rides 
over•urfac  glass.like 

resta isnce  *le-
sement..Posoitive contact at all 
etin 
gs. Minimized noise. 

Minimum  wear  d 

i 

...seecilf-laupricatealdloyelemenu; antdo 

contact. rmoothest rotation. 

*  Results speak. Users have promptly 
spotted something new and better in 

none-wire potentiometers and rheostats. To-
day Clarostat Type 37 Composition-Element 
Controls  enjoy  tremendous  popularity. 
Don't take our word for it. Just try these 
controls for yourself. 

Literature  on  request. 
Let us quote on your 
requirement,. 

—mane 

CIAROSTAT MFG. CO., Inc. • 285-1 N.65 St., Brooklyn, N.Y. 

E V . radio developments are being 

worked out behind these new doors.¶On 

the success of its past achievements Pacific 

Division's Radio Engineering Laboratory 

has earned for itself a greatly expanded 

workshop. ¶The same engineers who 

developed the Gibson Girl Emergency 

Transmitter. . . who pioneered in radio 

remote control equipment, now have the 

full facilities to accelerate their develop-

ment work. Principally they are working 

on a new interpretation of simplified UHF 

for aircraft and other uses. The doors of 

this new laboratory will open tomorrow 

when this development is perfected. 

7 )47C/. D Msion 
—Bend/A' Aviation Corporation 

N O R T H  H OLL Y W O O D,  CALir 

Before Pearl Harbor Pacific Division developed 
the famous Gibson Girl Emergency Transmitter. 
which is now/standard equipment on every A.A.F. 
and A. T. C. airplane making overwater flights. 
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RADI O 

ENGINEERS 

W ANTED 
Radio Engineer for installa-

tion, maintenance and servic-

ing essential electronic equip-

ment in United States and 

abroad.  Electrical  back-

ground and practical radio 

experience required. Age 28-

40. Salary $3600 up plus liv-

ing expenses. Wire or write 

Radio Division, 2519 Wilkens 

Avenue, Baltimore 23, Mary-

land, for application forms. 

Westinghouse 
Electric & Manufacturing 

Company 

ENGINEERING OPENINGS 
• Project Supervisor 
Permanent position with an established 
concern manufacturing communications 
equipment. 

Prefer top-notch man with UHF experi-
ence who can take charge of develop-
ment or design project. 

Salary commensurate with ability. 

Additional compensation for assignment 
of patents to company. 

Pleasant working conditions. 

W.M.C. rules observed. 

• Technical Manuscript 
Writer 

To assist engineers with preparation of 
manuscripts for publication, and to 
supervise  preparation  of  instruction 
books for radio equipment. Salary com-
mensurate with ability and experience. 
Send complete details of experience, 
draft status, and recent photograph in 
first letter. State salary expected, and 
if now employed in war industry, state 
condition of availability. 

Address 

DALE POLLACK, Eng. Dir. 
TEMPLETONE RADIO CO. 

Makers of Temple Radios 

MYSTIC, CONN. 

FIELD SERVICE ENGINEERS 
For Domestic and foreign Service 
Also Instruction book writers. 
Good knowledge of Radio and 

Or experience in technical writing. 
Essential workers need release. 

HAZELTINE ELECTRONICS  CORP. 
58-25 Little Neck Parkway  Little Neck, Long Island 

The following positions of interest to I.R.K. 
members has, been reported as open. Apply 

in writing, addressing reply to company men-
tioned or to Box No.   

The lrutitute reserves the right to Mow any an-
nouncement without giving • reason for tern refusal. 

PROCEEDINGS of the I.R.E. 
330 West 42nd Street, New York 18, N.Y. 

AUTO-RADIO-SET DESIGNER 

An auto-radio-set design engineer with pre-
war experience needed immediately for post-
war development. Write fully, outlining experi-
ence, salary expected, etc. Address your letter 
to Box 341. 

ELECTRONIC ENGINEER 

An engineer is required to head a department 
of industrial electronics in consulting engineer-
ing firm. Must have had experience in this field. 
Salary as well as a share in the profits. Please 
write to Box 342 giving detailed information 
on education and experience. 

ELECTRONIC ENGINEER 
• 

A desirable position is open in the Electronic 
Research Division of one of our clients, a well-
established industrial concern in Chicago. Man 
with mechanical engineering background pre-
ferred. Position has to do with the manufactur-
ing problems of industrial electronic equipment 
and is permanent. Give full information to 
include extent and nature of education and 
experience, salary expected, age,  draft  and 
marital status. Write to Business Research Cor-
poration, 79 West Monroe Street, Chicago 3, 
Illinois. 

ENGINEERS FOR INDUSTRIAL 
ELECTRONICS 

Experienced engineers wanted for design and 
Application engineering of electronics to indus-
try in a consulting engineering firm. Position 
,iffers unusual opportunity to qualified? reliable 
and responsible man. Present work will be on 
war contracts. Write to Box 343. 

RADIO ENGINEERS AND DRAFTSMAN 

A progressive and long.established radio com-
munications company offers permanent position 
for qualified radio engineer. Opening also avail-
able for equipment development engineer. Drafts-
man needed. New York and vicinity. Write to 
Box 344. 

ELECTRONIC ENGINEER 

The Brush Development Company requires, 
for one of its research and development pro-
grams, the services of an electronic engineer 
preferably with acoustic or vibration experience, 
including a working knowledge of electrical-
mechanical analogies, The project has immediate 
war applications and will continue as an im-
portant post-war activity. Write Personnel Di-
rector, The Brush Development Company, 3311 
,Perkins Avenue, Cleveland 14, Ohio. 

ENGINEERS AND DRAFTSMEN 

A nationally known aviation accessory corpor-
ation now formulating post-war plans can use 
the services of several electrical, mechanical and 
electronic engineers, experienced in research and 
development work. 
Draftsmen: Also a number of design, detail 

and layout men, excellent working conditions. 
Give full dettils of past experience and edu-

cation as well as draft status and salary re-
ceived in first letter. Location, Metropolitan New 
York. Address Box 338. 

DESIGNER 

A central New England manufacturer em-
ploying over 1000 people needs draftsman-design-
er on telephone and signaling (mechanical) ap-
paratus. 
Knowledge of die-casting and plastic applica-

tions desirable. W MC regulations prevail. Write 
to Box 339. 

(Continued on page 50A) 

THE TUBES YOU CAN 
DEPEND UPON 

GE R A 
Rectifiers -Phototubes - Electronic Tubes 

Prompt deliveries on most types 
SEND FOR CATALOG 

CONTINENTAL ELECTRIC COMPANY 
041.C .C•  GENEVA, lit.. 

fin .011. 0.4.1101., .••• 
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IBC WILL BE READY 
with TYPE M W WIRE W OUND RESISTORS 

Just as quickly as Allied Arms put an end to the 
hideous holocaust, I R C again will assume its 
rightful position as industry's number one source 
for all types of resistors. That greater quantities... 
at lower costs than ever, can be offered is estab-
lished by the fact that I R C is operating on a mass 
production basis, the world's largest resistor plants. 

ENGINEERING COUNSEL AVAILABLE 
I R C's engineering staff will be glad to share with 
interested executives its knowledge and experience 
gained through years of specialization in the manu-
facture of resistance devices for practically every 
kind of application. 
It is quite possible a parallel case to your own 

may have been already studied and solved, 
in which event you can save valuable time.  0:0.0 OR 

No obligation is entailed, and, of course, 
your confidence will be respected. 

I {  Z - V  U M ,  I 

FEATURES OF MW WIRE WOUND RESISTORS 

1. Provide light weight, low temperature rise power-
type resistors for use where space and weight are vital 
factors. 

2. Allow as many as six sections in a single molded 
resistor for flexibility of design needs. 

3. Flat, wire wound resistor strip is insulated for 
mounting to chassis by high pressure molding in 
special asbestos-filled phenolic compound. 

4. Permanently attached metal bracket with 
mounting feet permits attachment of resistor 

to any flat metal surface to increase heat 
Pfcro dissipation. 

**, 5. Rating established at a common-sense 
,--  temperature rise of 100° C. 

g roma 01-

,) 

401 N. Broad St. Philadelphia 8, Pa. 

IRC makes more types of resistance units, In more shapes, for more applications than any other manufacturer In the world. 
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fravared atRox 

Nature of the Work: Designing the follow. 
ing components far electronic equipment: 

0 
Power transformers up to 5 kw 

Reactors 

Audio transformers 

Special filters (for television, etc.) 

Tuning systems 

R-f coils and transformers (including 
powdered-iron-core types) 

All of these positions are now connected 
with direct war work. 

(0) Good Future: These positions are fiot 
temporary. Every one of them offers a 
good future after the war. 

• Location: At our Camden, N. J. plant. 

-•"' Pays Starting rate depends on your 
experience and ability. Rates are com-
parable to those for similar positions 
throughout the industry. 

Security: When you work at RCA, you can 
be sure you are with a solid organization 
—25 years in the field, and today more 
progressive than ever. 

Other Positions Available: Our engineer-
ing and manufacturing organizations are 
always looking for good engineering 
talent. If you do not qualify for the 
positions listed, but are interested in a 
good future at RCA, let us hear from you. 

WMC Regulations will bestrictly followed. 
If you don't know how they affect you, 
write us about yourself and we will check 
with WMC or USES. 

WRITE TODAY! Don't wait — write us 
about yourself right away. If RCA has a 
position for which you qualify, a personal 
interview will be arranged. Address: 
Radio Corporation of America, Personnel 
Administration, Camden, N. J. 

Personnel Administration 

RADIO CORPORATION 
OF AMERICA 

RCA VICTOR DIVISION • CAMDEN, N. J. 

IIISTRUMERT DELIVERIES! 
War work has expanded Triplett production far 
beyond previous capacities and, with the experience 
of more than forty years of instrument manufactur-
ing, has bettered the Instruments coming off the 
production lines. 
Now —better instruments are ready for general 

use. Place your orders, at once, with Triplett — 
headquarters for instruments made to one fine 
standard of engineering. 

STANDARDS ARE SET SY 

• D'Arsonval Moving Coil D C 
Instruments 

• Double Iron Repulsion A C 
Instruments 

• Electrodynamometer A.C,D.C. 

• RI' and Rectifier Types, 
Saes 2" through 7' 

TRIPLETT ELECTRICAL INSTRUMENT CO. 
BLUFFTON • OHIO 

(Continued front page 484) 

DEVELOPMENT ENGINEERS 
Mechanical and electrical. Graduate or equiva. 

lent training. Required for development work in 
1. Electro-mechanical devices, communication 

the following branches: 
systems. Must be interested in development 
and familiar with magnetic circuits. 

2. Measuring and control instruments. Back-
ground should be in electrical engineering, 
including electronics. 

Statement of availability required. Address 
Box 340. 

ELECTRICAL AND RADIO ENGINEERS 
Interesting development work and test equip-

ment design for mass production of electro-
acoustical devices. Experience in electronics, 

Sherron 
Electronics 

acoustics or audio desirable. 
Excellent working conditions and post-war 

opportunities  with  long-established  manufac-
turer. 
Call, or write to Chief Engineer, Dictograph 

Corporation, 95-25 149th Street, Jamaica, L.I., 
N.  

PHYSICISTS AND ELECTRICAL 
ENGINEERS 

Needed in connection with the manufacture of 
a wide variety of new and advanced types of 
communications equipment and special electronic 
products. Apply or write, giving full qualifica-
tions, to D. L. R., Employment Dept., Western 
Electric Company, Hawthorne Station, Chicago 
23, Illinois. 

POST-WAR RADIO ENGINEER 
Experienced radio engineer wanted for broad-

cast-receiver designs, production and detailing. 
Position open now. Progressive mid-west plant. 
Salary commensurate with- ability and previous 
experience;  starting  salary  $6000.  Describe 
former work and background, and enclose a 
small picture (which will not be returned) if 
possible. All replies held in strictest confidence. 

(Continued on page 52A) 

A manufacturer's engineering service or-
ganization offering complete Laboratory 
and Manufacturing facilities. Electronic 
Test Equipment and Production Devices 
developed or built to specifications. 

In more and more electronic plants— 
where the ideal is the standard. Sherron 
Test Units are standard equipment. 

SHERR O N  METALLIC  CORP. 
1201 FLUSHING AVENUE  BROOKLYN 6, N. Y. 
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RADIO PARTS OF 

"TAYLOR 

LA MINATED 

PLASTICS" 

RADIO ENGINEERS who are up 

On Wises modern 

are using more and more 

•  • 

laminated Plastic, in the 

•  •  • 

blueprint. of POST- WAR radio.. 

• 

The reran:dirt, of Pherud Fibre. 

• •  • 

anti N'olcanired libre. a. ill, 

•  •  • 

dielectric qualities. strength-sleight 

.  .  • 

•arintion•. and marbinenbibl, 

•  •  • 

• a miss- pr otIticti.trt 

ba•i• i• bringing 

scores of inquiries to T a, to, 

•  •  • 

(tail.. Wril R E1ALOME !mu,. too. 

Moss-prod...cad by ma dames/1 front hobos of 
Pha•toi flbris. No radio port cornbirnss Let 
..•,ght, Irak disrlecty.c Quoloty. {eve ononnw• 

absorption, ond the abiity to wnhatand terror* 

shock. WItot•yer combisation of gual.tios you 
n s a rote cos. ilde•d that coal b• 

TAYLO R  FI B RE 
CO MPANY 

LAMINATED PLASTICS. PHENOL FIBRE •VULCANIZED fIBIE 
Sheets, Rods, Tubes, and Fabncated Parts 
N O R RI S T O W N,  P E N N S Y L V A NI A 

O F FI C E S  IN  P RI N CI P A L  CI TI ES 

P OC ill e Coast Headquarters: 

544 S. SAN  PEDR O  STREET,  LOS  AN GELES 

1001 USES 
e.denAed  ja4 

0.? se44.4. 
VERSATILITY and dependability were paramount when 
Alliance designed these efficient motors — Muhum in Partyil 
. . . 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. 

74lliance Pucaiaot 
O ur  long establi•hed standards iit pressii.iii mann-
(Attila-mg from highest grade materials are strictly 
adhered to in these n1, “1, I, 1. , 1,,,re  !.,niz  lute without 
breakdowns. 

EFFICIE NT 
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 I WO 

P. . . Alliance motors also can be furnished, in 
quantitv, with sariations to adapt them to specific 
applications. 

DEPENDABLE 
Both these models uphold the .111s.tx‘e 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. 

"v15-- Fell Sas 
.AI••••  u m' 
14'  !  3'•' 

New Model "K"— Fall Size 
Moser Aiwa-err 

2,,' x 2'.'  3 

Remember Alliance. 
—YOUR ALLY IN WAR AS IN PE ACE 

A L LI A N C E  . 0 H1 0 
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TECII NICAL 
NOTES 

Excerpts from  New Home 
Study Lessons Being Prepared 
under the Direction of the 
(RV Director of Engineering 

Texts 

"Phase Inverter 
Circuit" 

In the August issue of its monthly 
magazine, .CREI  NEWS, The 
Capitol Radio Engineering Insti-
tute continues its series of inter-
esting technical articles. The com-
ing issue deals with an interest-
ing type of phase inverter circuit, 
particularly suitable for wide 
band operation, such as for a 
cathode-ray oscilloscope. 

Part I, which appears in the Aug-
ust issue, describes the circuit, 
compares it with other types of 
phase  inverter  circuits,  and 
analyzes its basic action. 

A second article on the phase in-
verter circuit will appear in the 
September issue of the CREI 
NEWS. It will evaluate its gain 
and its stability under variable 
operating conditions. 

We are making these technical 
articles available to every inter-
ested radioman. If you want to 
receive these articles on the phase 
inverter circuit, and other articles 
to follow, merely write to the 
Capitol Radio Engineering Insti-
tute, and ask for the August issue 
of the CREI NEWS containing 
this article. This and other future 
issues will be sent to you free and 
without obligation. 

*  * 

The subject of "Phase Inverter 
Circuit" is but one of many that 
are being constantly revised and 
added to CREI lessons by A. 
Preisman, Director of Engineer-
ing Texts, under the personal 
supervision of CREI President, E. 
H. Rietzke, CREI home study 
courses are of college calibre for 
the  professional  engineer and 
technician who recognizes CREI 
training as • proven program for 
personal advancement in the field 
of Radio-Electronics. Complete 
details of the home study counsels 
sent on request.. . . Ask for 36. 
page booklet. 

CAPITOL RADIO 
ENGINEERING INSTITUTE 

E. H. RIETZKE, President 

Home Study Courses in Practical Radio-
Electronics Engineering for Professional 

Self•Improvement 

Dept. PR-8, 3224-16th St. N.W. 

WASHINGTON 10, D.C. 
Contractors no the U. S. Navy—U. S. 
Coast  Guard — Canadian  Broadcasting 
Corp. — Producers of Well-trained Tech-

nical Radiomen for Industry. 

(( ontinued from page 30/1) 

Our employees know of this advertisement. Write 
to Box 330. 

ELECTRONIC ENGINEER 
With ability to design audio-amplifier and 

audio circuits from low-power up to 500 watts. 
Must be familiar with amplifier circuits and 
components presently used in this field. Should 
be familiar with various audio-switching cir-
cuits, impedance matching, and filter design, 
and have a basic knowledge of transformer de-
signs. Should have strong background in funda-
mentals, as our transmission problems involve 
both acoustic and audio measurements. Man 
with practical production experience is desired, 
in preference to theorist unfamiliar with modern 
production practices and procedures. Write to 
Box 331. 

SALES ENGINEER 
Wartime and post-war opportunity in Chicago 

territory for a manufacturer whose products are 
well-known and widely used, especially in the 
electronic field. Applicant must have engineering 
training or at least five years of practical ex-
perience in engineering or manufacturing. Pre-
fer man between 30 and 35 years of age. Write 
stating details of education, age, previous con-
nections, experience and salary. If already en-
gaged in war work, require a statement of avail-
ability. Address Box 332. 

ELECTRONIC ENGINEERS 
Leading television and electronics organiza-

tion in Manhattan needs first-class engineers spe-
cializing in electronics, physics, physico-chemis-
try, and high-vacuum technique, for research de-
velopment mainly on important post-war prod-
ucts. Give full details of experience and salary. 
Replies held in strictest confidence. Write to 
Box 333. 

TELEVISION ENGINEERS 
Long-established and well-known company re-

quires Television Engineers: 
1) Graduate engineers having had definite ex-
perience in the Television field, transmitters 
or receivers 

2) Cathode Ray Tube Research Engineer 
3) Mechanical Engineer and Designer 
Excellent opportunity for well qualified men. 

War work now, Television later. Applicants must 
be U. S. citizens. 
Company located in New York. Our staff 

knows of this advertisement and replies will be 
kept confidential. Write, giving all details, to 
Box 334. 

CHIEF MECHANICAL ENGINEER 
Mid-west radio-electronics manufacturer has 

immediate position open. Post-war future for 
engineer experienced with small parts or in radio' 
development laboratory. Salary open. Premium 
for unusual man. Confidence respected. Write to 
Box 335. 

SENIOR RADIO ENGINEERS 
Mid-west radio-electronics manufacturer has 

present and post-war positions for one chief 
mechanical engineer, and two research, three de-
velopment, two production, one specifications-
and-standards engineers. Salaries open. Confiden-
tial inquiries respected. Write Box 336. 

RADIO EXECUTIVE 
Mid-west radio-electronics manufacturer seeks 

assistant chief engineer capable of wider respon-
sibilities. Salary open. All queries confidential. 
Write Box 337. 

ELECTRICAL ENGINEERS AND PHYSICISTS 
Need a few men with sound training and some 

experience in the lighting and electronics fields 
to work on the design, development, or produc-
tion of indicated products. The exact type of 
work will depend upon the individual's intrresta 
and experience. Positions offer definite oppor-
tunities. Advanced degrees in electrical engineer-
ing or physics desirable, but not essential. Open-
ings in Pennsylvania and Salem, Massachusetts. 
Write to Sylvania Electric Products, Inc., In-

dustrial Relations Department, 254 Essex Street. 
Salem, Massachusetts. 

ELECTRICAL ENGINEERS 
Graduate electrical engineers or men with 

equivalent industrial experience, needed for the 
development and design . of pocket-size radio 
and audio-frequency equipment. Especially in-
terested in qualified engineers looking to post-

(Continued on page 54.-i) 

Immediate Delivery! 

WIDE RANGE 
VACUU M TUBE 
VOLT METERS 

• High input impedance for both AC mod 
DC measurements. 

• Convenient, low capacity "Probe" especial-
ly adapted to high frequency radio use -
100 megacycles and over. 

• Self-regulating operation from power line; 
no batteries. 

• Multiple voltage ranges — accurate and 
.table. 

BULLETIN ON REQUEST 

ALFRED W. BARBER 
LABORATORIES 

34-04 Francis Lewis Blvd.  Flushing, N.Y. 

SERVES 
THE 

ELECTRONIC 
INDUSTRY 

Designed to meet the most rigorous 
specifications for precision. every 
CML unit is equipment of accredited 
performance. 

ROTOBRIDGE  .. This automatic 
inspector checks for Proper wiring, 
correct resistance, capacity and in-
ductance values in all types of elec-
tronic equipment. 

MODEL 1100. MODEL 1110 . . . 
Voltage  regulated  power  supply 
Units: with extremely low noise level 
and excellent regulation. 

MODEL 1420 GENERATOR . . . 
Furnishes test power over a wide 
frequency range: may also be em-
ployed in 3-phase circuits. 

MODEL 1200 STROBOSCOPE  
Stops motion within range of 600 to 
600.000 R.P.M. 

WRITE FOR DESCRIPTIVE 
BULLETINS 

COMMUNICATION 
MEASUREMENTS 
LABORATORY 
120 GREENWICH ST., NEW YORK 6, N.Y. 
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3/8" COAXIAL 
TRANSMISSION 

LINE 

QUICK DELIVERY can be made on this extremely 
low loss transmission line. Especially suited for RF 
transmission at high or ultra-high frequencies, it 
has wide application (1) as a connector between 
transmitter and antenna, (2) for interconnecting 
RF circuits in transmitter and television apparatus, 
(3) for transmitting standard frequencies from 
generator to test positions, and (4) for phase 
sampling purposes. 
Andrew type 83 is a NI" diameter, air-insulated, 

coaxial transmission line. The outer conductor ma-
terial is soft-temper copper tubing, easily bent to 
shape by hand and strong enough to withstand 
crushing. Spacers providing adequate mechanical 
support are made of best available steatite and 
contribute negligibly to power loss. 
Accessory equipment for Coaxial Transmission 

Line, illustrated: 
Type 853 Junction Box: Right angle box requirea 

where very sharp right angle turn is necessary. 
Type 825 Junction Box: Three way T box for 

joining three lines at right angles. 
Type 1601R Terminal: Gas tight end terminal 

with exclusive Andrew glass to metal seal. Incorpo-
rates small, relief needle valve for discharging gas. 
Type 810 C  tor: Cast bronze outer con-

nector with copper sleeve for inner conductor. 

Andrew Company manufactures all sizes in coaxial 
transmission lines and all necessary accessories. 

Write for Descriptive Catalog 

Type 810 

Type 853 

Type 825 

Type 1601R 

Andrew Type 83 (h" diameter) coaxial transmis-
sion line is manufactured in 100 foot lengths and 
may be purchased in coils of this length or in 
factory spliced coils of any length up to 1/2  mile. 

ANDREW CO. 

363 EAST 75th STREET 

CHICA G O 19, ILLI N OIS 
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Wherever Precision 
Coun  st••• 

2 517 

Products of "MERIT" are passing the test 
Complying with the most exacting requirements for precision 
workmanship and durable construction. MERIT has established 
its ability to produce in quantity and deliver promptly— 

Transformers • Coils • Reactors • Electrical Windings of All Types for 
Radio, Radar and Electronic Applications. 

Today these dependable MERIT precision parts are secret wea-
pont; tomorrow when they can be shown in detail as MERIT 
standard products you will want them in solving the problems of 
a new electronic era. 

Was/rated: High Voltage Transformers A-2123 (small) and 
A.2 124. De,igned for high altitudes. Oil-filled and Hermetic sealed,— 

MERIT COIL & TRANSFORMER CORP. 
311 North Desplaines St.  CHICAGO 6, ILL. 

During peacetime, as the World's largest loop 
aerial manufacturers, our job was to build the 
highest "Q" loop for every size and kind of 
radio receiver. If you make midgets you get 
the same DX Isoso-loop quality that goes into 
the large consoles. All of our present day 
efforts are devoted to making DX Xtals but we 
would like to discuss your post war receiver 

plans with you. 

XTALS 
GENERAL OFFICES. 1200 N. CLAREMONT AVE , CHICAGO 22, ILL, U.S A 

STAMPING GROUNDS 

,lor SMALL TOUGH 

JOBS... 

• •••••• 
••••••••4 

'ELECTRONIC 
TUBE PARTS 
AND SHIELDS 

111°  

_ 
•••°°° ""177---. -----

GOAT serves almost every electronic tube manufac-

turer with a tremendous variety of stock and special 

ports mode of any metal to any degree of accuracy. 

C ii AT 
METAL STA MPINGS, INC. 

/44 riddarce •if THE FRED GOAT CO., INC. Ea /193 

314  DEA N  IT., BR O OKLY N,  I?, N.  Y 

(Continued frow. page 52A) 

war period who, at present, are not being used 
in their highest skill or capacity. Company is 
well established in electronic field and located 
in suburb of a large New England city. Reply 
to Box 320. 

ELECTRICAL ENGINEERS 

Electrical engineers needed with experience 
in the transformer or rotary-equipment field, 
either in design, technical, or production work. 
Company manufactures the smaller types of 
transformers. 
Starting salary range will be between $4,000 

and $6,000 per year. Write to Box 322. 

RADIO ENGINEERS 
Radio engineers wanted with at least two 

years design and development experience with 
radio-communications-equipment manufacturer 
on items subsequently satisfactorily produced in 
quantity. Knowledge and experience in two-
way mobile equipment, low-power transmitters, 
receivers, and control equipment essential. Per-
manent position, West Coast manufacturer. Will 
pay expenses to coast for interview if qualifica-
tions satisfactory. Write giving complete past 
experience, employment record, salary received. 
and technical references to Box 323. 

RADIO AND ELECTRONICS ENGINEERS 
Engineers with the ability and experience 

required to design and develop radio and elec-
tronic equipment. 
The men who qualify will become permanent 

members of engineering staff, and will partici-
pate in the post-war program of a progressive 
and well-established company. This firm has 
excellent laboratory facilities, and is one of 
the leaders in its field. 
All inquiries will be kept confidential. Send 

all details of experience, etc. with reply to 
Box 326. 

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.   
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UTTELIFIUSE 
with an 

ORDINARY FUSE 

ORDINARY FUSE 

I Cap cemented on. 

Easily loosened. 

2 No reinforcement of 

fuse element. 

3 Mechanically polar-

ised. Responds to vi-
bration. 

4 Unprotected against 
contraction  and  ex-
pansion. 

LITTELFUSE 

I LOCKED CAP AS-
SEMBLY  (Pat.).  No 
cement. 

2 Elements twisted at 
90° against sever vi-

bration. 

3 Mechanically  de• 
polarized against vi-

bration. 

4 "Gooseneck" takes 
up  contraction  and 

expansion. 

ENGINEERED FOR TODAY'S 
NEW CIRCUIT PROTECTION! 

"Quicker than a short circuit." 

Extraordinary circuit protection is 
now imperative in ever-widening 
fields of electrical products. Littel-
fuse engineering meets and antici-
pates these demands. 
Every Littelfuse is thoroughly pre-

tested before delivery. 
If your problem is circuit protec-

tion Littelfuse can help you. 

LITTELFUSE Inc. 
263 Ong St., El Monte, California 

4793 Ravenswood Ave., Chicago 40, III. 

HE called himself a "philan-

thropist-, and yet the door of his villa at Torquay in France was 

nailed with notices for unpaid debts. He gave away discoveries 

worth millions of dollars to the communications industries. He 

founded the modern science of telephonic communication. His 

name? Oliver Heaviside. 

Advance theories of communication have been forced into practice 

by urgent war needs. Fundamental to oll new developments, in this 

and other fields of electricity, is the transformer. Stancor engineers 

are fully conscious of their responsibility to keep pace with and to 

set pace in their transformer designs for tomorrow's 

peacetime industry. 

SE N D FOR N E W CO MPLETE CATALOG \%rirwwrie . 

STANCOR 
7144t44vice/r4 

STANDARD TRANSFORMER CORPORATION 

1500 NORTH HALSTED ST. • CHICAGO 22 

Manufacturers of quality transformers. 
reactors, power packs and allied products 

for the electronic industries. 

• • • • • • • • • • • 
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JT'S the FINAL ANALYSIS that tells the story when 
dynamotors reach this test board. During manufacture, 
countless checks and measurements are made of the 
various component parts. Then, after assembly and 
preliminary inspection, each unit undergoes an extended 
operation test on the run-in line. But the dynamotor must 
still prove itself by successfully passing a series of tests 
which are the basis of Eicor quality . .. using the 
finest test-equipment obtainable. 

First, each unit is checked at over-voltage and overload 
to establish a predetermined electrical factor of safety. 
This is followed by a complete point-by-point check of 
the dynamotor and its performance, based on EICOR 
design specifications. Output, regulation, speed, and 
efficiency, together with other test data, are carefully 
noted for engineering appraisal. 

Specializing, as we do, in the design 
and manufacture of rotary electrical 
equipment, our extensive experience 
is fully utilized in building the 
world's finest dynamotors and motors. 

E rte'COOk IMP., 1501 W. Congress St., Chicago, U.S.A. 
DYNA M OT ORS • D. C. M OTORS • PO WER PLA NTS • CO NVERTERS 

Export: Ad Aprierna, 89 Broad St., New York, U. S. A. Cable: Aurremo, New York 

oromule, 

Membership 
(Continued from page 464) 

Slaughter, William J.. Bloomfield. N. J. 
Smerke, Francis P., Fort Worth, Texas 
Smith. Harry H., Berkeley, Calif. 
Smith, Harry T.. Shively. Ky. 
Smith, Philip J., Schenectady. N. Y. 
Smith, Robert L., Montreal. Que.. Canada 
Smith. Sidney T., Anaconda, D. C. • 
Snowdon. Stanley C., Pasadena. Calif. 
Soderman, Robert A.. Cambridge, Mass. 
Steinhoff. Reynold. Newark, 8. N. J. 
Stodolka, James P., St. Paul, Minn. 
Stone, Jack, Detroit, Mich. 
Stone. John E., Rockport, Mass. 
Stout, Jack E., Dalhart. Texas 
Sudman. Israel H., Cambridge. Mass. 
Sukup. John P.. Milwaukee, Wis. 
Sullivan, William L.. Dayton, Ohio 
Supitilov, Michael C., Cambridge. Mass. 
Sweetland, Richard N.. Canoga Park. Calif. 
Taylor. Charles A.. Hampton, Va. 
Thompson, Allan G., Washington, 2, D. C. 
Thompson. Malcolm F.. Atlanta, Ga. 
Thompson. Robert J., Eglin Field. Fla. 
Timperley, Fred G.. New Haven, Conn. 
Totah. Edward J., New York. N. Y. 
Tuerck, William, Jr.. Springfield, Mass. 
Turco, Joe, Salem, Mass. 
Turner, Thomas B.. New York, N. Y. 
Turner, William R., Washington. 20. D. C. 
Tuttle. Richard W., Wallingford. Conn. 
Unger, John W., Princeton, N. J. 
Vallarino, A. R., Bronx. N. Y. 
Valle, Ben E., Los Angeles. Calif. 
Van Duyne. John P.. Nutley, N. J. 
Van Meter, David. New York. N. Y. 
Walcutt. J. L.. Washington, D. C. 
Walker. Eschol L., Jr., Pittsburgh, Pa. 
Waltmlre. W. Allen, Los Angeles, Calif. 
Washburn, Fred L., Jr., Washington. D. C. 

(Continued on page .584) 

•  Complete range of sizes 

and alloys for Transmit-

ting, Receiving. Battery 

and Miniature Tubes . . 

•  Melted and worked to 

assured maximum uni-

formity and strength 

•  SPECIAL ALLOYS mode to 

meet  individual specifi-

cations. Inquiries invited. 

Write for list of stock alloy , 

44 GOLD ST  "!\  NE W TOcK 

SN E t a 1.001 
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A GOOD  NA ME TO 
KEEP IN MIND . . • 

Here's why: 
The HARVEY organization de-

votes itself entirely to the development 
and  production of electronic and 
radio equipment and components. 
The HARVEY organization has 

the engineering and creative resources 
to assure you a source of supply of 
the utmost reliability. This was true 
long before the present crisis and in-
tensive war work of the highest im-
portance has vastly increased our 
scope and facilities for present and 
postwar usefulness to you. 
For radio-electronic apparatus you 

can depend on and for assistance on 
your present or projected plans re-
member— 

HARVEY 
"AMPLI-STRIP" 
For I-F and AUDIO Amplification 

HARVEY Regulated Power Supply 104PA 
(Mrrite for new bullefin) 

HARVEY RADIO LABORATORIES, INC. 
441 CONCORD AVE • CAMBRIDGE 38, MASS 

- 

#zz 

TRANSFORMERS 
UNDER THE SEA 
The utmost in dependability, accuracy 

and ruggedness is an absolute must where 
a single failure can end all. 
The finest in men and team work, plus 

the best in modern equipment account for 
the outstanding success and low losses 
of the United States Submarine Services. 
Chicago Transformer is proud to manu-

facture transformers of the type required 
for these underwater craft. 

CHICAGO TRANSFORMER 
(ct 

DIVISI O N  OF  ESSE X  WIRE  CORP OR ATI O N 

3501  WEST  ADDIS O N  STREET 

CHIC A G O, 18 

\ 
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ESSENTIAL INSTRUMENTS IN WAR SERVICE 

in modern warfare it hi 
vitally important that com-
munication systems never 
falter. .. that they function 
with maximum efficiency at 
all times. 

Electronic Test and Meas-
uring Instruments safeguard 
and protect our fighting men 
against Communication fail-
ures. It is our job to build 
and deliver these essential 
instruments of war to the 
fighting fronts. 

- BOONTON RADIO 
ely,e-tedw-/r BOONTON, N.J. 

DESIGNERS AND MANUFACTURERS OF THE "0" METER ..  OX-CHECKER ... FREQUENCY MODULATED SIGNAL 

GENERATOR  BEAT FREQUENCY GENERATOR  AND OTHER DIRECT READING TEST INSTRUMENTS 

•/ 

PERMANENT MAGNETS 
MANUAL 

From many years experience in the pro-
duction of ALNICO permanent magnets, 
The Arnold Engineering Company has 
prepared an authoritative, up-to-date 
manual of valuable information on the 
design, production and application of 
the modern permanent magnet. 

Contents include such subjects as Magnet 
Materials, Resistance Comparisons, Physical and Magnetic 
Properties, Demagnetization and Energy Curves, Fabrication, 
Design and Testing. Charts and tables illustrate and explain 
various aspects of the discussion. 

Recent improvements have opened many new fields for per-
manent magnets to reduce the cost and improve the efficiency 
of many devices. 

Write today for your copy on your company letterhead. 

MINAN„? 
oirrs 

(in ARNOLD ENGINEERING COMPAN?\ 
147 EAST O NTARI O STREET, CHICAG O 11, ILLIN OIS 

\  Specialists in the Manufacture of ALNICO PERMANENT MAGNETS  / 

MAKES Ii-
he  _ 

After t Others Failed ... 
"k" ° bort" was  ble to develop a 

o.. searrnotot edesigns for tbe Armed VOteco 

Intteitelde ad  t 

, tube.% rwrtoutoircesatoreb4c 0 rteyd. 

as wc11 Cl the capacities  f  . 

Miter large stncotor 

manufacturers, %corking too a 

Sp eed1Voy Specifics. 

It you nevi motors or gearrnotors t oUT 

or  stand. 

eta ., special application. bring y  problem 

to SpeedWay• M stwa otOt OUtpittf sop Irmo W OO 

tions• 

t 1/3 h.p. Unlimited gear sstios available tt001 
Stock gears. Write for our recommendations OS 
O 
Siltite fa Speealloy.11 Ile.  ot  Bulletin 

your war or po r problem. V e 

slowing stenclara A.C•, D.C., arid Duivet-

031 Motors and seer:motors. 

CO. 
SPEEDWAY MANUFACTURING   
1878 S. 52nd Ave., Cicero 50, III. 

(Continued from page 56A) 

Waterman, Charles H.. Roxbury, Mass. 
Watson. Gordon D., Valcartier, Que., Canada 
Wear. James. Freeport, L. I., N. Y. 
Weissman. Jack G., Philadelphia, Pa. 
Welsh, Duane C.. Wibaux. Mont. 
White, Lee It. Washington. D. C. 
White, Roger E.. Washington. D. C. 
Whitman. Glenn Earl. Wollastod, Mass. 
Wieland. Elmer S.. Dayton. Ohio 
Wheeler, William R.. Emporium, Pa. 
White. Gerald T., Visalia, Calif. 
Wilcox. Robert E.. Snohomish, Wash. 
Wilcox, Roy C., Lancaster. Pa. 
Wilhelm, John F., Lancaster, Pa. 
Willard. R. S., Jr., Coatesville. Pa. 
Willett. Edward, New York, N. Y. 
Williams. John S., White Land. Ind. 
Williamson, Thomas L. It, Brooklyn, N. Y. 
Winchester, Dean S.. Schenectady. N. Y. 
Wojcik, B. M., San Francisco, Calif. 
Wong. Herbert F., San Francisco, Calif. 
Wood, Harris O., Philadelphia. Pa. 
Wood, Robert F., Bridgeport. Conn. 
Wortman. J. W.. Palo Alto, Calif. 
Wulfsberg, Arthur H.. Emporium, Pa. 
Yaeger. John R., Queens Village. L. I., N. Y. 
Yoder, D. Raymond, East Orange, N. J. 
Zdan. William, Brooklyn. 17, N. Y. 
Zetrouer, Wallace F., Rochelle. Fla. 
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G-E VISUAL ALIGN MENT SIGNAL GE NERATOR 

— used in conjunction with a cathode-
ray oscilloscope for alignment of radio 
frequency tuned circuits. Particularly 
suitable for production testing, re-
search and development on i-f ampli-
fiers — and for many other kinds of 
laboratory and production work. 
Because of the wide variety of uses 

possible, this versatile instrument is a 

. great time-saver where reliable and 
rapid results are desired. 
Other units in the new General 

Electric line of laboratory measuring 
instruments include: G-E power sup-
plies, wave meters, wide band cscil-
loscopes, square wave generators. 
Electronics Dept., GENERAL ELECTRIC 
CO., Schenectady, N. Y. 

GENERAL ELECTRIC 
164 Cl 

ELECTRO NIC  M EAS U RI NG  INSTR U ME NTS 

Coto-Coil 
Electrical Coil Windings 

Since 1917 

. .. are playing a part in this war, at the con-
trols in planes, tanks and radio communica-
tions ... just as they helped win the first world 
war. 

In their new plant, Coto-Coil offers a wealth 
of engineering experience to design and super-
vise the winding ... to apply modern methods 
of impregnation ... to produce a superior coil 
capable of functioning under the most severe 
conditions. 

Most of our energies are engaged with wartime con-
tracts but allow for a proportion of industrial needs. 
Phone, wire or write. 

Coto-Coil 
Company Inc. 

65 Pavilion Ave. 

Providence 5. R.I. 

IF YOUR PRODUCTS NEED 

A BETTER 

INSULATING VARNISH 

...YOU NEED 

THIS BOOKLET! 

Q-Max A-27 Radio Frequency Lacquer 

has been subjected to exacting tests 

for surface and volume resistivity, 

dielectric constant, power factor, loss 

factor, density, viscosity, acidity, 

flash point, solids content and dry-

ing time. 

Actual results of these tests, pub-

lished in an attractive 24-page illus-

trated booklet, will be sent on request 

to engineering or purchasing execu-

tives. Write on your company letter-

head, or use the coupon below. 

a n w o ot icit a io x 

PRODUCTS  COMPANY, INC. 

744 BROAD ST., NEWARK, N. J. 

Factory: 346 Bergen Ave. 

/ewe,/ City, N. J. 

Communication Products Company, Inc. 
744 Broad Street, Newark, N. J. Dept. J 23 

Send: Q-Max A-27 Lacquer Booklet 

Name   

Company 

Address  
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Doing an Outstanding Job 
Jackson Service Labs provide cus-
tom-built appearance, but are com-
prised entirely of standard Jackson 
instruments—providing testing facil-
ities to suit individual requirements. 
New ones aren't available now, of 

course, but will be again—some day. 
But many of them are still perform-
ing—easing the work of service men 
everywhere, and contributing to the 
greater satisfaction of radio listeners. 

The dependable performance of 
these pre-war Jackson instruments is 
more than matched by the stamina 
and accuracy of today's war-time mod-
els. Either or both, they demonstrate 
the INTEGRITY OF DESIGN that 
you'll want in your post-war instru-
ments—by Jackson! 

Buy War Bonds and Stamps Today, 

New Jackson Instruments, improved through 
war-time design and tested by war-time use, 
will be available to cope with the tremendous 
post-war radio rush. In the meantime, main-
tenance of Jackson instruments is an obliga-
tion that we honor as promptly as possible 
under war-time conditions. 

Model 632 Audio Oscillator 

JAC iSON 
gbie 6Wchkai Yea'  cYte thermen4 

JACKS ON  ELECTRICAL  INSTRU ME NT  CO MPA NY,  DAYT ON,  OHI O 

Be up to date on 

Electromagnetic 
Theory 
Read 

by 

SIMON RAMO, Elec-
tronics Laboratory of 
General Electric Com-
pany an  Union Col-
lege, and 

JOHN  R.  W HIN-
NERY,  Electronics 
Laboratory of Gen-
eral Electric Company 

Written from an engineering stand-
point, the material in this book has 
proved highly successful in training 
radio engineers. 

For here's a book that . . . 

Relates ....field and wave theory. 

Supplies ...the fundamentals of ultra-
high frequency engineering. 

Explains ...high-frequency circuits and 
how to apply the field and 
wave theory in modern 
radio. 

Includes ...physical pictures and useful 
methods for the calculation 
of characteristics of radio 
system components. 

Requires ...only a basic knowledge of 
elementary  calculus  and 
physics to _understand its 
content. 

Increase your skill in using this essential 
field and wave theory by studying the 
excellent  illustrations.  Check  your 
knowledge against the diagrams, charts, 
problems and tables reproduced in 
"Fields and Waves in Modern Radio." 

503 Pages  Illustrated  S5.00 

ON APPROVAL COUPON 

JOHN WILEY & SONS, Inc. 
440 Fourth Avenue, New York 16. N.Y. 

Please send me on ten days' approval a copy of 
FIELDS and WAVES IN MODERN RADIO. At 
the end of that time. if I decide to keep the book 
I will remit $5.00 plus postage; otherwise I will 
return the book postpaid. 

Name   

Address   

City and State 

Employed by 
IRE-8-44 
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• Range; Model  P-3 shown, 0-
10,000 v. D.C., 0-8,000 v. A.C. 
Model P.1, smaller, sloping panel, 
0-4,000 V. D.C. P-2 has added 
3,000 v. A.C. outlet. 

• Continuously variable voltage over 
entire range. 

• Operates directly from 110.130 v. 
50/60 cycle A.C. line. Panel light 
indicates "On." 

• Breakdown indicated by red signal 
light. Built-in meter indicates direct-
reading voltage. 

• Uniform maximum current 5 milli-
amperes on P-1, 50 milliamperes on 
P-3 over entire voltage range. 

• Fine-grained crackled-enamel metal 
cabinet. 15" x 21" x 28" H. 

• Simple, positive, safe and quick means 
of testing voltage breakdown of materials 
or components. Safety switch makes 
power supply inoperative if chassis is 

removed from cabinet. To speed up pro-
duction testing, with absolute safety, 
drawer-switch test fixtures are available. 

Typically an "Industrial Instrument." 

• Write for Bulletin . . . 

When contracts, new specs, pilot runs and 
general production troubles pile up — the 
skeleton in your closet may well become 
your "harnesses." That's where we shine — 
because the Wallace Organization is made 
up of skilled radio craftsmen that take 
harness and cable jobs in stride. 
Our wartime work includes crystals, oscilla-
tors, cables, harnesses, both radio and ra-

dar. We'd like to give you a hand 
today, when speed means cap-
tured enemy territory or tomorrow 
when it means captured markets. 

Phone Peru, 151 

WM.T.WALLACE MFG. [E1 
General Offices: PERU, InDumn 

(able Assembly Division: ROCHESTER, inoging 

• 
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Ready August 15th 1 

ULTRA-HIGH-FREQUENCY 

RADIO ENGINEERING 
A  By Willis L. Emery 

Radio Engineer, Naval Research Laboratory 

Both the theory of ultra-high-fre-

quency and the practical operation 

of ultra-high-frequency equipment 

are covered in this book, It provides 

the special training in this held pre-

scribed for the armed forces, and is 

also an excellent handbook for any-

one operating or manufacturing 

ultra - high - frequency equipment. 

Laboratory exercises for practical 

training are included. Techniques of 

ultra - high - frequency work are 
stressed. $3.50 (probable) 

The Macmillan Co., 60 5th Ave., N.Y. 11 

In Everything of Uncle 
Sam's that "flies, floats 

or shoots" 

NATIONAL  THENOLITE • 
F I B  larnmated BAKEUTI 

—because of their lightness in weight, 
high dielectric strength, ready machine. 
ability, exceptional wearing and other 
qualities —ore playing a vital part. 

"BACK  THE ATTACK" with WAR  BONDS 

NATIONAL VULCANIZED 
FIBRE CO. 

Offices in Principal Cities 
WIL MINGTON, DELA WARE 

THE MODEL 5-A DECADE BOX 
RANGE: I I 1,1 10 OHMS 
In Steps of 

ONE OHM 
i'liCIFICATIONS • All re• 
tors non-inductively  wound 

with wire having a temperature 
co•efficient of .00002 between 
20° and 100° Centigrade.  • 
New type Oak Decade Switches 

used throughout • Heavy-duty binding posts w ill accommo date  up  to  # 10  • Pane l of Bakel ite 
engraved by, new —cut-in— process • Housed in hand-ru bbed, Oak ca binet  • Size 181/2" 
6V2" x 3V2' • 

NO W AVAILABLE FOR PROMPT DELIVERY ON PRIORITY 
$59.50 AA-3 OR BETTER—Price   

Superior Instruments Co., Dept. H, 227 Fulton  Stree t, New  Yor k 7, New  Yor k 

Section Meetings   
Membership .. 
Positions Open    
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G-E Safety Door 
Interlock Switch 

OPEN the door and the power's 
off! Prevents accidents, pro-

tects equipment. Will not fail 

mechanically. For complete 
details, write: 

GENERAL  ELECTRIC 
ELECTRONICS DEPARTMENT  SCHENECTADY, NY. 

45A 
6IA 

62A 



AZ 

• 

TYPE  SPG* 
RATINGS . . .05 to 2.0 mfd. 600 V. D. C. 

.05 mid. to 1.0 mfd. 1,000 V. D. C. 
STANDARD CAPACITANCE TOLERANCE . . . 20 %** 
TEST VOLTAGE   Twice D. C. rating 
GROUND TEST . . . . .   . 2,500 Volts D. C. 
OPERATING TEMPERATURE ; . -55° F to 185 ° F 
SHUNT RESISTANCE 

.05 to 0.1 mfd. 20,000 megohms 

.25 to 0.5 mfd. 12,000 megohms 
1.0 mfd. 10,000 megohms 
2.0 mfd.  5,000 megohms 

POWER FACTOR 1,000 cycles —.002 to .005 
CONTAINER SIZE 
\X idth 'A", length 15/18", height 2'/4" 

MOUNTING HOLE CENTERS   11/2 " 

,oskrTSCHMA 

• MASSA U4 
ci 

• 
A small part in victory today...A BIG PART IN INDUSTRY TOMORROW 

Old Mining Shaft at New. 
gate Prison in Granby, Conn. 
The Granby Mines, perhaps 
the most historic in America, 
are over 225 years old. 

The Capacity to "TAKE IT!" 
Tobe Capacitors have proved they can "take it"— 
under all operating conditions. Their reputation 
for long life and dependability has grown con-
stantly through sixteen years of specialized capac-
itor manufacturing experience. Behind this rec-
ord stands unceasing Tobe research, frequent and 
rigid inspections and conservative ratings. The 
Tobe SPG capacitor illustrated below is a good 
example of Tobe quality. Top grade materials, 
of course. Kraft tissue, aluminum foil. Mineral oil 
impregnated and filled, in a streamlined drawn 
container, hermetically sealed. Designed for 
operation under a wide temperature range. Tobe 
engineers are at your ready disposal in all 
capacitor problems. Inquiries and requests for 
samples will receive prompt attention. 

SPECIFICATI O NS 

SPG-CAPACITORS  MIDGET SPG-CAPACITORS 
SPGM* TYPE 

RATINGS . . . .05, .1 and 
2 x.05  600 V. D. C. 

.05 and .1  1,000 V. D. C. 

STANDARD CAPACITANCE TOLERANCE . . . 20 %" 

GROUND TEST   2,500 V. D. C. 

OPERATING TEMPERATURES. . -55 ° F to 185 ° F 

SHUNT RESISTANCE . . . . 20,000 megohms 

POWER FACTOR . . At 1,000 cycles —.0075 

CONTAINER SIZE 
Width 5/8", length 15/16% height 111 /64' 

MOUNTING HOLE CENTERS   11/4 " 

MIDGET 
SPG 

CAPACITOR 

SPG 
CAPACITOR 

Data sheets showing complete code number for units having a specific capaci-
tance value and voltage rating available on request. **Other tolerances available. 

Illustrations show capacitors with terminals on bottom. 
Capacitors also available with terminals on top. 
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3-25A3 (25T) 

Here are TWO NEW TUBES in the Eimac line 

Plate Dissipation (wattt) 
Amplification Factor 'Filament Volts 
Filament Current (a 
Interelectrode Cap 

Grid to Plate 
Grid to Fibo 
Plate to Filargien't  0 

Maximum Retinas 
(Class C amp!' 
Plate Voltage,  2000 volts  2000 vo 
Plate Current (  75 mills  75 mills 
Grid Current (DC)  20 mills_  TO mills 

Maximum Plate 
Dissipation (watts)  25  25 

Follow the 1eack4feto 

mailer brothers of the Eimac 35T and 35TG, these 

two triodes are filling a need in high-frequency equip-

ment of relatively low- powered class. They attain a 

high order of efficiency on frequency in the VHF range 

and perform equally well at lower frequencies. 

In every way these two are worthy additions to the 

Eimac family. ... embodying all the Eimac features in-

cluding complete freedom from premature emission 

failures due to gas released internally. 

Complete data is available without obligation. Write 

for it today. Also ask for your complimentary copy of 

Electronic Telesis, a sixty-four page booklet which gives 

the fundamentals of Electronics and many of its appli-

cations. Written in layman's language, this booklet 

will assist engineers in explaining the art to novices. 

EITEL-McCULLOUGH, INC., 893 San Mateo Avenue, San Bruno, California 
Plants located ot: San Bruno, California  .-  and Salt Lake City, Utah A tt  A ttit.  

8•3 .port Agents: FRAZAR E. HANSEN, 30! (lay Street, San Francisco 11. Ca/if, US. A.. 
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(CAPACITORS! 

In a recent independent inquiry, 
2.000 radio and electrical engineers were asked 
to name the capacitor they prefer. Four out of 
five said Cornell-Dubilier. 
You can be sure that such emphatic preference is 
based on present dependable performance rather 
than on past reputation. solely. And now, what 
does this mean to you? 
It means, that no matter how tough your capaci-
tor problem may be ... no matter how intricate 
the equipment required to solve it ... no matter 
how much research may be required to find the 
answer: you will get all this and more at C-D. 
There is scarcely a capacitor type that we haven't 
already made, and if we haven't, the experience 
acquired in thirty-four years of manufacture will 
certainly enable us to design the capacitor you 
need. Write to Cornell-Dubilier Electric Corpo-
ration. So. Plainfield, N. J. 

etizeaLe't re-g- dereich meni -  

Type YAB is a compact low-capacity, dykanol impreg-
nated and filled bypass capacitor: hermetically sealed; 

range at 600 V., .05 mfd. to 1 mid.. 
range at 100 V., .05 mfd. to .5 mfd. 

IC  x- ink e  -  u its it 1 ii. 

MICA  •  DYKA N OL  • PAPE R  • WET  AN D  DRY  ELE CTR OLYTIC S 

RIR AHR 
YAB-6055 

2X.5 MR) 

60 0 VDC 

191  1944 

Kea. U. 8. Pat: Off. 



NO hasty development or Chinese copy 

of the units of some other manufacturer, 

the popular Types 214-314 Rheostats 

have been made by us for many years. 

The Type 214 was first brought out in 

its present general form in 1919. As 

materials improved . . . better wire . . . 

better insulation . . . more accurate 

winding methods . . . better mechanical 

design of molded form, winding cards 

and contact arms . . . the Type 214 

gradually reached its present stage. 

They are being turned out just as 

quickly and in just as large volume as 

we are able. After the war we may have 

some radical improvements in our entire 

rheostat line. In the meantime when 

ordering rheostats that look like G-R, 

why not buy G-R, if our present deliv-

ery schedules meet your requirements. 

GENERAL RADIO COMPANY Cambridge 39, Massachusetts 
NEW YORK  CHICAGO  LOS ANGELES 


